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ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʭʝʤʳ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʬʝʨʤ, ʦʙʣʘʜʘʶʱʠʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʳʚʦ-

ʜʷʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʬʝʨʤʳ ʠ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. ɼʣʷ ʦʙʦʙʱʝʥʠʷ ʨʷʜʘ 

ʨʝʰʝʥʠʡ ʜʣʷ ʬʝʨʤ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ ʥʘ ʦʙʱʠʡ ʩʣʫʯʘʡ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʠʥʜʫʢʮʠʠ. ɺʩʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʫʟʣʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʄaple. ɼʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʫʣʘʭ, ʧʨʠʚʣʝʢʘʶʪʩʷ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʪʦʨʳ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʄaple.  ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘ-

ʷʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʯʠʩʣʝ ʧʘʥʝʣʝʡ ʬʝʨʤʳ ʩʪʘʥʦʚʷʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʷʝʤʳʤʠ. ʇʨʠʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʩʭʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʫʟʣʦʚ. ʅʘʡʜʝʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʨʝʰʝʥʠʷ. ɿʘʜʘʯʘ 

ʨʝʰʝʥʘ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʚʳʙʦʨʝ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʧʨʦʝʢʪʠʨʫʝ-

ʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʤʘ, ʠʥʜʫʢʮʠʷ, ʄaple, ʧʨʦʛʠʙ, ʠʟʤʝʥʷʝʤʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ. 
 

ɺʚʝʜʝʥʠʝ 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [1-7] ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʷʶʪ ʩʚʦʶ 

ʤʦʥʦʧʦʣʠʶ ʧʨʠ ʦʮʝʥʢʝ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʧʨʦʩʪʳʭ ʬʦʨʤʫʣ ʠʤʝʶʪ ʦʯʝʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘ ʩʯʝʪ ʧʨʦ-

ʩʪʦʪʳ ʠ ʪʦʯʥʦʩʪʠ. ɹʝʟʫʩʣʦʚʥʦ, ʬʦʨʤʫʣʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʢʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʣʫʯʠʪʴ ʚ ʦʙʱʝʤ ʚʠʜʝ ʥʝʚʦʟʤʦʞʥʦ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʠ ʥʝ ʩʪʘʚʷʪʩʷ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʚ 

ʩʣʫʯʘʝ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʩʦʦʨʫʞʝʥʠʷ ʨʝʰʠʪʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʥʝʩʣʦʞʥʦ. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʜʝʣʘʝʪ ʵʪʦ ʚʦʟʤʦʞʥʳʤ. ʇʨʠ ʵʪʦʤ ʩʘʤʳʝ ʧʨʦʩʪʳʝ ʨʝʰʝʥʠʷ ʵʪʦʛʦ 

ʚʠʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʜʘʯʘʤ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʧʨʠʤʝʨ ʬʝʨʤ, ʚ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʦ 

ʯʠʩʣʦ ʧʘʥʝʣʝʡ, ʧʦʣʦʞʝʥʠʝ ʦʧʦʨ ʠ ʚʠʜ ʥʘʛʨʫʟʢʠ. ʆʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʰʝʥʠʷ 

ʦʪ ʨʘʟʤʝʨʦʚ, ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ ʠʣʠ ʥʘʛʨʫʟʦʢ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʧʨʘ-

ʚʦ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʦʜʥʘʢʦ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚʝʩʴʤʘ ʫʟʢʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʨʝʩʥʝʝ ʠ 

ʧʦʣʝʟʥʝʝ ʜʣʷ ʧʨʘʢʪʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʨʤʫʣʳ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʬʝʨʤ ʩ ʨʘʟʣʠʯʥʳʤ 

ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ. ʇʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ ʧʣʦʩʢʠʭ [8-17] ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʬʝʨʤ [18-21]. ɿʘʜʘʯʠ ʨʝʰʝʥʳ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ, ʧʨʠʤʝʥʠʤʳʤ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʩʪʘʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʠʤʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʤʝʶʱʠʭ ʥʝʢʦʪʦʨʳʝ ʷʯʝʡʢʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ [22,23]. ʇʨʦʙʣʝʤʳ ʨʝ-

ʛʫʣʷʨʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʘʢʞʝ ʚ [24-30]. ʄʝʪʦʜʦʤ ʚ [31-36] ʠʥʜʫʢʮʠʠ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʨʝʰʝʥʳ ʪʘʢʞʝ ʟʘʜʘʯʠ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʨʝʛʫʣʷʨʥʳʭ ʬʝʨʤ. ɺ 

ʪʘʢʠʭ ʟʘʜʘʯʘʭ ʤʘʩʩʘ ʩʦʩʨʝʜʦʪʘʯʠʚʘʣʘʩʴ ʚ ʫʟʣʘʭ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʙʟʦʨ ʨʘʙʦʪ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝ-

ʪʦʜ ʠʥʜʫʢʮʠʠ ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣ ʜʣʷ ʧʨʦʛʠʙʘ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʧʣʦʩʢʠʭ ʬʝʨʤ ʘʨʦʯʥʦ-

ʛʦ ʪʠʧʘ, ʧʨʠʚʝʜʝʥ ʚ [37]. 

_____________________ 

É ʂʠʨʩʘʥʦʚ ʄ. ʅ., 2019 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʚʳʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʩ 

ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʦʨʘʤʠ. 

ʉʭʝʤʘ ʬʝʨʤʳ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  ʈʘʩʩʤʦʪʨʠʤ ʧʣʦʩʢʫʶ ʨʝʰʝʪʯʘʪʫʶ ʬʝʨʤʫ (ʨʠʩ. 1) 

ʩ 2n ʧʘʥʝʣʷʤʠ ʚ ʥʠʞʥʝʤ ʧʦʷʩʝ. ʆʩʦʙʝʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʦʨʳ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʫʩʣʦʚʠʷ ʦʧʠʨʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʰʝʪʢʘ ʬʝʨʤʳ ʪʘʢʦʚʘ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʦʩʪʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʦʡ. ʏʠʩʣʦ ʩʪʝʨʞʥʝʡ ʚ ʬʝʨʤʝ ʚʤʝʩʪʝ ʩ ʧʷʪʴʶ ʩʪʝʨʞʥʷʤʠ, ʤʦ-

ʜʝʣʠʨʫʶʱʠʤʠ ʦʧʦʨʳ, ʨʘʚʥʦ 8 10m n= +, ʘ ʯʠʩʣʦ ʰʘʨʥʠʨʦʚ  .  ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʬʝʨ-

ʤʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʦʩʪʘʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ ʧʝʨʝʢʨʳ-

ʪʠʷ (ʨʠʩ. 2). ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʚ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʡ ʬʦʨʤʝ.  

 
ʈʠʩ. 1. ʌʝʨʤʘ, n=6 

 
ʈʠʩ. 2. ʌʝʨʤʘ ʚ ʩʦʩʪʘʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, n=6 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʤ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ ʬʝʨʤʳ ʥʘ ʷʟʳ-

ʢʝ ʄaple [38]. ɺ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ, ʜʣʷ ʯʝʛʦ ʫʟʣʳ ʠ ʩʪʝʨʞʥʠ ʥʫʤʝʨʫʶʪ-

ʩʷ (ʨʠʩ. 3). ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚʳʙʨʘʥʦ ʚ ʣʝʚʦʡ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ ˉ 1.  

 
ʈʠʩ. 3. ʅʫʤʝʨʘʮʠʷ ʫʟʣʦʚ ʠ ʩʪʝʨʞʥʝʡ,  n=4 

ʂʦʦʨʜʠʥʘʪʳ ʚʚʦʜʷʪʩʷ ʚ ʮʠʢʣʘʭ ʧʦ ʯʠʩʣʫ ʫʟʣʦʚ: 

2 4 2 4

2 1 2 1

4 2 4 2 4 2

2 ( 1), 0, 1,...,2 1,

(2 1), 5 , 1,...,2 2,

( 1), ( 1),

, (5 ).

i i

i n i n

i n i n

i n n i n

x a i y i n

x a i y h i n

x a i y h i

x x ai y h i

+ + + +

+ + + +

+ + + + +

= - = = +

= + = = -

= - = +

= + = -

  

4 5n+
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ɼʣʷ ʚʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʫ ʧʦʨʷʜʢʘ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʝʞʥʝʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʟʘʜʘʥʠʝʤ ʛʨʘʬʘ ʚ 

ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʠʩʢʠ, 1,...,iN i m=  , ʩʦʜʝʨʞʘʱʠʝ ʥʦʤʝ-

ʨʘ ʰʘʨʥʠʨʦʚ ʧʦ ʢʦʥʮʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʨʞʥʝʡ. ʉʪʝʨʞʥʠ ʧʦʷʩʦʚ, ʥʘʧʨʠʤʝʨ, ʢʦʜʠʨʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2

[ , 1], 1,..,2 ,

[ 2 1, 2 2], 1,..,2 3.

i

i n

N i i i n

N i n i n i n+

= + =

= + + + + = +
 

ɺ ʤʘʪʨʠʮʫ G  ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʫʟʣʦʚ ʨʘʟʤʝʨʦʤ m m³  ʟʘʥʦʩʷʪʩʷ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʧʨʦʝʢʮʠʷʤ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ x ʟʘʥʦʩʷʪʩʷ ʚ ʥʝʯʝʪʥʳʝ ʩʪʨʦʢʠ, ʥʘ ʦʩʴ y ð ʚ 

ʯʝʪʥʳʝ. 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʫʟʣʦʚ ʧʦ ʢʦʥʮʘʤ ʩʪʝʨʞʥʝʡ 

2, 1, 2, 1,1, 2,, , 1,...,
i i i ii N N i N Nl x x l y y i m= - = - =  , 2 2

1, 2,i i il l l= + . ʇʝʨʚʳʡ ʠʥʜʝʢʩ i ʚ ʥʦʤʝʨʝ
 ,i jN  ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʩʪʝʨʞʥʷ, ʚʪʦʨʦʡ j ï ʥʦʤʝʨʫ ʢʦʤʧʦʥʝʥʪʳ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ j=1 ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʥʦʤʝʨʫ ʰʘʨʥʠʨʘ ʚ ʫʩʣʦʚʥʦʤ ʥʘʯʘʣʝ ʩʪʝʨʞʥʷ, j=2 ʦʧʨʝʜʝʣʷʝʪ ʥʦʤʝʨ ʝʛʦ ʢʦʥʮʘ. 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚ Gʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

   , , ,2/ , 2 2 , , 1,2, 1,..., ,q i j i i iG l l q N j q m j i m=- = - + ¢ = = 

, , ,1/ , 2 2 , , 1,2, 1,..., .q i j i i iG l l q N j q m j i m= = - + ¢ = = 

ʋʩʠʣʠʷ ʚʦ ʚʩʝʭ ʩʪʝʨʞʥʷʭ ʚʳʯʠʩʣʷʶʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ S B=G , 

ʛʜʝ S  ʚʝʢʪʦʨ ʫʩʠʣʠʡ ʚ ʩʪʨʝʞʥʷʭ, B  ð ʚʝʢʪʦʨ ʥʘʛʨʫʟʦʢ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠʣʦ-

ʞʝʥʥʳʝ ʢ ʫʟʣʫ i, ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʥʝʯʝʪʥʳʝ ʵʣʝʤʝʥʪʳ 2 1iB -, ʚʝʨʪʠʢʘʣʴʥʳʝ ï ʚ ʯʝʪʥʳʝ 2iB . 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘʭʦʜʠʤ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ 1S B-=G . 

ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʄaple [38] ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʘʢʝʪʘ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ Linear Algebra ʠ ʢʦʜʠʨʫʝʪʩʷ ʧʨʦʩʪʦ:  S:=1/G.B: .  ʇʝʨʚʳʝ ʚʳʯʠʩʣʝ-

ʥʠʷ ʫʩʠʣʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʧʘʥʝʣʝʡ n ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʟʘʜʘʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟ-

ʤʝʨʦʚ ʚ ʚʝʱʝʩʪʚʝʥʥʦʡ ʬʦʨʤʝ, ʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʚʳʨʦʞʜʝʥʠʝ ʦʧʨʝʜʝʣʠ-

ʪʝʣʷ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʬʘʢʪʫ ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ ʚʦʟʤʦʞ-

ʥʳʭ ʩʢʦʨʦʩʪʝʡ ʫʟʣʦʚ ʠʟʤʝʥʷʝʤʦʡ ʬʝʨʤʳ (ʨʠʩ. 4).  

 

 
 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʚʦʟʤʦʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʫʟʣʦʚ ʠʟʤʝʥʷʝʤʦʡ ʬʝʨʤʳ, n=2 

ʉʪʝʨʞʥʠ 15 ʠ 20 ʩʦʚʝʨʰʘʶʪ ʤʛʥʦʚʝʥʥʳʝ ʧʦʚʦʨʦʪʳ ʚʦʢʨʫʛ ʤʛʥʦʚʝʥʥʳʭ ʮʝʥʪʨʦʚ ʩʢʦʨʦʩʪʝʡ 

1K  ʠ 2K , ʩʪʨʝʞʥʠ 2, 3, 5, 6, 10 ʠ 11 ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʩʚʦʠʭ ʢʦʥʮʦʚ. ʆʧʦʨʳ ʠ ʦʩʪʘʣʴʥʳʝ 

ʩʪʝʨʞʥʠ ʥʝʧʦʜʚʠʞʥʳ. ʆʯʝʚʠʜʥʦ ʩʦʦʪʥʦʰʝʥʠʝ / / (2 )v c u a= . 

ʊʦʣʴʢʦ ʧʨʠ ʨʘʩʯʝʪʝ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ ʠʣʠ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ  ʬʘʢʪ ʚʳ-

ʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʠʪʝʣʷ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʝʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʦ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ n ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 2, 3, 5, 7,  8, 10, 12, 13, 15, 17, 18 ... . ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʯʝʚʠʜ-
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ʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʵʪʠʭ ʯʠʩʝʣ. ʀʩʢʣʶʯʘʷ ʠʭ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʚʚʝʜʝʤ ʬʫʥʢʮʠʶ 

(5 ( 1) 10 ) / 4kn k= - - + . ʊʝʧʝʨʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝ-

ʣʝʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ k, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʷʜ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤ ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʜʦʧʫʩʪʠʤʳʤ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ.  

ʇʨʦʛʠʙ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʬʝʨʤʳ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ ʄʘʢʩʚʝʣʣʘ ï 

ʄʦʨʘ 

                                          
5

1

m
j j j

j

S s l

EF

-

=

D=ä  ,                                                                   (1) 

ʟʜʝʩʴ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ: kS ï  ʫʩʠʣʠʷ ʚ ʩʪʝʨʞʥʷʭ ʬʝʨʤʳ  ʦʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ,   

ks ï  ʫʩʠʣʠʷ ʦʪ ʝʜʠʥʠʯʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʟʣʫ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ, 

kl  ï ʜʣʠʥʳ ʩʪʝʨʞʥʝʡ. ʄʘʪʝʨʠʘʣ ʩʪʝʨʞʥʝʡ ʠ ʧʣʦʱʘʜʴ ʠʭ ʩʝʯʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʦʜʠʥʘʢʦ-

ʚʳʤʠ. ɼʣʷ ʚʩʝʭ ʩʪʝʨʞʥʝʡ ʬʝʨʤʳ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ  ʨʘʚʝʥ  E. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʜʘʚʘʷ ʚ 

ʧʨʦʛʨʘʤʤʝ k=1, 2, 3, ..., ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

( )( )

( )( )

( )( )

3 3 3 2

3 3 2

3 3 3 2

1

2

3

100 17 40 / 2 , 

148 5 / , 

2036 47 ,

...

56 / 2

 

P a c h h EF

P a c h EF

P a c h h EF

D

D

D

+

+ +=

+

+

=

=

 

ɺʩʝ ʵʪʠ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʦʙʱʠʡ ʚʠʜ: 

( )( )3 3 3 2

1 2 3 / , P C a C c C h h EFD + +=                                                     (2) 

ʛʜʝ 2 2=c a h+ . ʆʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ 3a  ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʜʣʷ 

ʬʝʨʤ ʩ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ n=1,...,18. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 50, 148, 1018, 

1784, 5610, 8196, 18538, 24672, 46514, 58500, 98250, 118968, 184458, 217364, 317850, 366976, 

513138, 583092. ʈʝʢʫʨʨʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʤʫ ʧʦʜʯʠʥʷʶʪʩʷ ʯʣʝʥʳ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ, ʜʘʝʪ ʦʧʝʨʘʪʦʨ
 
 rgf_findrecur  : 

 

1, 1, 1 1, 2 1, 3 1, 4 1, 5 1, 6 1, 7 1, 8 1, 94 4 6 6 4 4k k k k k k k k k kC  C C C C C C C C C- - - - - - - - -= + - - + + - - + . 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ ʪʨʝʙʫʝʪʩʷ ʯʝʪʥʦʝ ʯʠʩʣʦ ʯʣʝʥʦʚ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʜʣʠʥʫ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʜʨʦʙʥʳʤʠ, ʘ ʧʨʠ ʧʨʦʚʝʨʢʝ ʠʭ ʨʝʰʝʥʠʷ  ʯʠʩʣʝʥʥʳʤ ʤʝ-

ʪʦʜʦʤ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʦʰʠʙʢʠ. ʈʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʘʝʪ ʦʧʝʨʘʪʦʨ  rsolve: 
4 3 2

1 (250 4(125 53( 1) ) (518 318( 1) )

316(1 ( 1) ) 15( 1) 15) / 48.

k k

k k

C k k k

k

= + - - + - - +

+ - - + - -                                      (3)

 

ɸʥʘʣʦʛʠʯʥʦ, ʥʦ ʠʟ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʬʦʨʤʫʣʳ: 
2

2

3

(10 (10 19)(1 ( 1) )) / 8,

2( 4)(1 ( 1) ).

k

k

C k k

C k

= + - - -

= + - -                                                              (4)

 

ɺ ʩʣʫʯʘʝ ʥʘʛʨʫʟʢʠ ʥʘ ʫʟʣʳ ʥʠʞʥʝʛʦ ʧʦʷʩʘ (ʨʠʩ. 5) ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʦʨʤʫʣʳ (2) ʠʤʝʶʪ 

ʧʦʭʦʞʫʶ ʬʦʨʤʫ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʪʝʭ ʞʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
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4 3 2

1

2

2

3

(250 4(125 53( 1) ) (218 318( 1) ) 16(1 ( 1) ) 75( 1) 75) / 48,

5(2 (2 1)(1 ( 1) )) / 8,

2 (1 ( 1) ).

k k k k

k

k

C k k k k

C k k

C k

= + - - + - - + - - - - +

= + - - -

= - -
    (5)            

 

 
ʈʠʩ. 5. ʌʝʨʤʘ, n=4. ʅʘʛʨʫʟʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʥʠʞʥʝʤʫ ʧʦʷʩʫ 

  ɹʦʣʝʝ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʫʣʝ ʧʨʦʛʠʙʘ (2) ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʦʜʥʦʡ ʩʠʣʳ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ (ʨʠʩ. 6): 

3 2

1

2

3

(20 30(1 ( 1) ) 10(4 3( 1) ) 3( 1) 3) /12,

5(2 1 ( 1) ) / 4,

2(1 ( 1) ).

k k k

k

k

C k k k

C k

C

= + - - + - - - - +

= + - -

= - -
                                (6) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʟʘʜʘʯʝ ʦ ʜʝʡʩʪʚʠʠ  ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ.  

 
ʈʠʩ. 6. ʌʝʨʤʘ, n=4. ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʩʠʣʘ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʦʛʠʙ. ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʬʝʨʤʫ ʧʦʩʪʦʷʥ-

ʥʦʡ ʜʣʠʥʳ ʩ ʧʦʩʪʦʷʥʥʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʥʘʛʨʫʟʢʦʡ. ʀʥʪʝʨʝʩʥʦ ʧʨʦʩʣʝʜʠʪʴ, 

ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʠ ʝʩʪʴ ʣʠ ʢʘʢʠʝ-ʥʠʙʫʜʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ 

ʚʳʙʦʨʫ ʵʪʦʛʦ ʯʠʩʣʘ. ɼʣʷ ʵʪʦʛʦ ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢʠ ʨʝʰʝʥʠʡ (2)  ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʥʘʡʜʝʥ-

ʥʳʤʠ ʜʣʷ ʥʘʛʨʫʟʢʠ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ ʧʨʠ 0 2( 2)P n P= +  , 4L na=  (ʨʠʩ. 7).  ʆʪʥʦʩʠʪʝʣʴʥʳʡ 

ʧʨʦʛʠʙ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 0' / ( )EF P LD D=  . 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ 

ʥʘʛʨʫʟʢʠ. L=60 ʤ, 1ï h=1 ʤ; 2ï h=2 ʤ; 3ï h = 6 ʤ 
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ʂʨʠʚʳʝ ʠʤʝʶʪ ʨʝʟʢʠʝ ʩʢʘʯʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʥʝʫʜʘʯʥʳʡ ʚʳʙʦʨ ʯʠʩʣʘ ʧʘʥʝʣʝʡ 

ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʠʪʴ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ ʧʨʠ k=6 ʠ k=7 

ʨʘʟʣʠʯʘʝʪʩʷ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʘʥʝʣʝʡ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʨʦʣʝʪʝ ʠ 

ʥʘʛʨʫʟʢʝ) ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ, ʭʦʪʷ ʠ ʥʝ ʤʦʥʦʪʦʥʥʦ, ʥʦ ʨʘʩʪʝʪ. ɺ ʩʠʩʪʝʤʝ ʄaple ʤʦʞʥʦ 

ʥʘʡʪʠ ʧʨʝʜʝʣ lim '/ / (4 )
k

k h LD
­¤

=  , ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʥʘʣʠʯʠʠ ʥʘʢʣʦʥʥʦʡ ʘʩʠʤʧʪʦʪʳ ʩ ʪʘ-

ʢʠʤ ʫʛʣʦʤ. 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʩʣʫʯʘʷ ʥʘʛʨʫʞʝʥʠʷ 

ʥʠʞʥʝʛʦ ʧʦʷʩʘ, ʠʤʝʶʪ ʧʦʜʦʙʥʳʡ ʚʠʜ. ʕʪʘ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʡ ʩʠʣʳ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʚʠʜ (ʨʠʩ. 8). 

 

 

 
 

ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʜʣʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. L=60 ʤ, 

1ï h = 1 ʤ; 2ï h = 2 ʤ; 3ï h = 6 ʤ 

 

 

ʂʨʠʚʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʩʠʣʴʥʳʝ ʠʟʣʦʤʳ ʠ ʪʘʢʞʝ ʥʝ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʫʪ, ʥʦ ʧʦʨʷʜʦʢ ʢʨʠ-

ʚʳʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪ ʧʨʠ k=4, ʤʝʥʷʝʪʩʷ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʬʝʨʤʘ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʪʦʡ ʥʝ ʩʘʤʘʷ ʞʝʩʪʢʘʷ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ 2 ʠ 3 ʧʨʠ k=4.  

ɸʥʘʣʠʟ ʨʝʰʝʥʠʷ ʠ ʢʨʠʚʳʭ ʥʘ ʨʠʩ. 6 ʠ 7 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʛʠʙʘ ʦʪ ʚʳʩʦ-

ʪʳ ʥʝʣʠʥʝʡʥʘʷ. ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ ʥʘ ʨʠʩ. 9 ʧʨʠ ʜʣʠʥʝ ʧʨʦʣʝʪʘ L=40 ʤ ʚ ʩʣʫʯʘʝ ʨʘʚʥʦ-

ʤʝʨʥʦʛʦ ʟʘʛʨʫʞʝʥʠʷ ʫʟʣʦʚ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʬʝʨʤʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʪʦʯʢʘ ʤʠʥʠʤʫʤʘ ʚʳʨʘʞʝʥʘ ʩʠʣʴʥʝʝ (k=10) ʠʣʠ ʩʣʘʙʝʝ 

(k=2). ʆʜʥʘʢʦ ʦʥʘ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʝʪ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʜʝʣ, ʚʳʨʘʞʘʶʱʠʡ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʘʩʠʤʧʪʦʪʳ 
2lim '/ (10 26 83 ( 1) (26 83)) / (8 ) 0k

h
h P k k k LD

­¤
= + + - - + >. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʢʚʘʜʨʘʪʠʯʥʘʷ. ʕʪʦ ʪʘʢʞʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʟ ʛʨʘ-

ʬʠʢʘ ʥʘ ʨʠʩ. 8. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ. ʇʦʤʠʤʦ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʚʘʞʥʦʡ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʦʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʧʦ ʩʪʝʨʞʥʷʤ ʧʦʷʩʦʚ ʠ ʨʝʰʝʪʢʠ. ʉʨʝʜʩʪʚʘ ʄaple ʧʦʟʚʦ-

ʣʷʶʪ ʵʪʦ ʥʘʛʣʷʜʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ, ʚʳʜʝʣʠʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʩʞʘʪʳʝ 

ʩʪʝʨʞʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʨʘʩʯʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʨʘʩʪʷʥʫʪʳʝ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʥʘ 

ʧʦʪʝʨʶ ʧʨʦʯʥʦʩʪʠ. 
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ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʦʪ ʚʳʩʦʪʳ h ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ  

ʥʘʛʨʫʟʢʠ, L = 40 ʤ 

 

ʅʘ ʩʭʝʤʘʭ ʨʠʩ. 10 ʠ 11, ʧʦʩʪʨʦʝʥʥʳʭ ʜʣʷ ʩʣʫʯʘʷ ʟʘʛʨʫʞʝʥʠʷ ʥʠʞʥʝʛʦ ʧʦʷʩʘ, ʩʞʘʪʳʝ 

ʩʪʝʨʞʥʠ ʚʳʜʝʣʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ, ʨʘʩʪʷʥʫʪʳʝ ï ʢʨʘʩʥʳʤ. ʊʦʣʱʠʥʘ ʣʠʥʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʫʩʠʣʠʷʤ. ʎʠʬʨʘʤʠ ʫʢʘʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 0/S P, ʛʜʝ 0 (/ 2 3)P P n= - . ɼʣʷ ʩʨʘʚʥʝ-

ʥʠʷ ʦʜʥʘ ʩʭʝʤʘ (ʨʠʩ. 10)  ʧʨʠʚʝʜʝʥʘ ʜʣʷ ʯʝʪʥʦʛʦ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʤʝʞʜʫ ʦʧʦʨʘʤʠ, ʜʨʫʛʘʷ (ʨʠʩ. 11) ð 

ʜʣʷ ʥʝʯʝʪʥʦʛʦ. ʇʨʠʥʷʪ ʧʨʦʣʝʪ  L=4na= 50 ʤ, ʚʳʩʦʪʘ h=2 ʤ.  

 

 
 

ʈʠʩ. 10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʧʨʠ  n=4, k=1, a= L/(4n)= 3,12 ʤ 

 

 
ʈʠʩ. 11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʧʨʠ  n=6, k=2, a=L/(4n)=2,08 

 

ʉʦʧʦʩʪʘʚʣʷʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ n= 4 ʠ n=6, ʟʘʤʝʯʘʝʤ, ʯʪʦ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʠʥʝ 

ʧʨʦʣʝʪʘ, ʚʳʩʦʪʝ ʬʝʨʤʳ ʠ ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʝ ʫʩʠʣʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʝʨʞʥʷʭ ʦʪʣʠʯʘʶʪʩʷ  ʥʝ 

ʪʦʣʴʢʦ ʧʦ ʚʝʣʠʯʠʥʝ (ʚ ʙʦʢʦʚʳʭ ʩʪʦʡʢʘʭ ʦʪʣʠʯʠʝ ʚ ʜʚʘ ʨʘʟʘ), ʥʦ ʠ ʟʥʘʢʦʤ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨ-

ʥʦ ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʨʝʘʢʮʠʠ ʚʪʦʨʦʡ ʩ ʢʨʘʷ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʳ. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʨʘʟʛʨʫʞʘʷ ʪʝʤ ʩʘʤʳʤ ʙʦʢʦʚʫʶ ʦʧʦʨʫ, ʵʪʘ ʦʧʦʨʘ, ʠʤʝʷ ʨʘʩʪʷʛʠʚʘʶʱʝʝ 

ʫʩʠʣʠʝ, ʪʦʣʴʢʦ ʥʘʛʨʫʞʘʝʪ ʩʞʘʪʫʶ ʙʦʢʦʚʫʶ ʦʧʦʨʫ. ʕʪʦʪ ʞʝ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʜʨʫʛʠʭ 
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ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ k. ʆʙʦʙʱʘʷ ʦʧʠʩʘʥʥʳʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʧʘʥʝʣʝʡ, ʧʦ-

ʣʫʯʠʤ ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ (ʟʥʘʢ ʨʝʘʢʮʠʠ  ʦʙʨʘʪʥʳʡ ʢ ʟʥʘʢʫ ʫʩʠʣʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʧʦʨ-

ʥʦʤ ʩʪʝʨʞʥʝ): 

 

                              (5 ( 1) ) / 2, (( 1) (2 1) 1) / 4k k

A BY Pk  Y P k= + - =- - + +.   

 

ʕʪʦʪ ʬʘʢʪ ʧʦʜʩʢʘʟʳʚʘʝʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʤʳ ʩ ʪʘʢʦʡ ʩʭʝʤʦʡ ʧʨʠ ʯʝʪʥʦʤ ʯʠʩʣʝ k ʥʝ-

ʨʘʮʠʦʥʘʣʴʥʦ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʜʚʘ ʨʘʩʢʦʩʘ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʦʢʘʟʳʚʘʶʪʩʷ 

ʩʞʘʪʳʤʠ, ʘ  ʵʪʦ ʟʘʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʝʨʞʥʠ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʩʝʯʝʥʠʝʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦ-

ʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʞʘʪʳʭ ʩʪʝʨʞʥʝʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʝʜʣʦʞʝʥʘ ʥʝ ʩʦʚʩʝʤ ʦʙʳʯʥʘʷ ʩʭʝʤʘ ʬʝʨʤʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʦʨʳ ʚʳʨʘʚʥʠʚʘʶʪ 

ʫʩʠʣʠʷ ʧʨʠ ʦʧʠʨʘʥʠʠ, ʘ  ʩʢʦʰʝʥʥʳʝ ʢʨʘʷ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʜʝʣʘʶʪ ʝʝ ʫʜʦʙʥʦʡ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʧʦʢʨʳʪʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʥʝ ʧʦʟʚʦ-

ʣʷʶʱʫʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʚʳʨʝʟʘʥʠʷ ʫʟʣʦʚ ʠ ʤʝʪʦʜ ʩʝʯʝʥʠʡ, ʬʝʨʤʘ ʜʦʧʫʩʢʘʝʪ ʜʣʷ ʧʨʦʛʠʙʘ ʢʦʤʧʘʢʪʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʝhʥʠʝ. ʃʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ 

ʥʘʛʨʫʟʢʠ,  ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʦ ʧʨʦʛʠʙʝ. ɼʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʦʯʥʦʩʪʴ, ʥʝ ʟʘʚʠʩʷʱʘʷ  ʦʪ 

ʩʣʦʞʥʦʩʪʠ ʬʝʨʤʳ (ʯʠʩʣʘ ʧʘʥʝʣʝʡ). ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠ ʚʝʩʴʤʘ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʧʘʥʝʣʝʡ 

ʩʢʣʦʥʥʳ ʢ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ. ʕʪʦ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯʘʭ ʚ ʩʠ-

ʩʪʝʤʝ ʄaple. ʀʩʢʫʩʩʪʚʝʥʥʦ ʟʘʥʠʞʘʷ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ (ʧʘʨʘʤʝʪʨ Digits) ʠ ʨʝʰʘʷ ʟʘʜʘʯʫ 

ʯʠʩʣʝʥʥʦ ʚ ʪʦʡ ʞʝ ʧʨʦʛʨʘʤʤʝ, ʚ ʢʦʪʦʨʦʡ ʚʳʚʦʜʠʣʠʩʴ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʦʛʠʙʘ, ʤʦʞʥʦ ʚ ʵʪʦʤ 

ʫʙʝʜʠʪʴʩʷ. ʅʝ ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ ʚʨʝʤʷ ʩʯʝʪʘ. ɽʱʝ ʦʜʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʷʚʠʣʦʩʴ ʥʝʦʞʠʜʘʥʥʦ, ʢʦʛʜʘ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ 

ʧʘʥʝʣʝʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʨʘʩʯʝʪʳ ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʦʧʫʩʪʠʣʠ ʟʘ ʩʯʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʩʯʝʪʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʩʦʚʩʝʤ ʥʝ-

ʤʥʦʛʦ ʠʟʤʝʥʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ, ʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʢʘʨʪʠʥʳ 

ʚʦʟʤʦʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʫʟʣʦʚ (ʩʤ. ʨʠʩ. 2) ʫʞʝ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʚ ʥʦʣʴ ʥʝ 

ʦʙʨʘʪʠʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʩʯʝʪʝ ʤʦʜʝʣʠ ʬʝʨʤʳ ʩ ʞʝʩʪʢʠʤʠ ʢʨʝʧʣʝʥʠʷʤʠ ʚ ʫʟʣʘʭ 

ʤʦʞʥʦ ʫʧʫʩʪʠʪʴ ʩʣʫʯʘʠ, ʦʧʘʩʥʳʝ ʜʣʷ ʰʘʨʥʠʨʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʫʪ ʜʝʨ-

ʞʘʪʴʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʞʝʩʪʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʟʣʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʳʣʦ ʙʳ ʨʘʟʫʤʥʝʝ ʧʨʦʩʪʦ 

ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʪʴ ʯʠʩʣʦ ʧʘʥʝʣʝʡ ʠ ʬʝʨʤʘ ʙʳʣʘ ʙʳ ʞʝʩʪʢʦʡ ʜʘʞʝ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʞʝʩʪʢʠʭ 

ʩʚʷʟʝʡ ʚ ʫʟʣʘʭ. 

ɽʩʣʠ ʢʨʘʪʢʦ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ  ʛʣʘʚʥʳʭ ʚʳʚʦʜʦʚ ʠʟ ʨʘʙʦʪʳ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʜʚʘ. ʇʝʨʚʦʝ ð 

ʧʨʦʩʪʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʧʨʦʛʠʙʝ ʬʝʨʤʳ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʩʪʝʨʞʥʝʡ 

ʚʦʟʤʦʞʥʦ ʠ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳʤ. ɺʪʦʨʦʝ ð ʬʝʨʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʢʨʳʪʳʝ 

ʠ ʦʧʘʩʥʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʠʥʦʛʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʦʜʥʦʤ ʯʠʩʣʝ ʧʘʥʝʣʝʡ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ 

ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ. ʇʝʨʝʥʦʩ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʜʥʠʭ ʬʝʨʤ ʥʘ ʜʨʫʛʠʝ, ʩʣʝʜʫʝʪ ʜʝʣʘʪʴ 

ʦʩʪʦʨʦʞʥʦ, ʠʤʝʷ ʚ ʚʠʜʫ ʫʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʚʳʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʠʪʝʣʷ.  
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʝʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʠʪʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ (ʪʦʥʢʘʷ ʞʸʩʪʢʘʷ ʧʣʠʪʘ), ʦʩʥʦʚʘʥ-

ʥʦʡ ʥʘ ʛʠʧʦʪʝʟʘʭ ʂʠʨʭʛʦʬʬʘ-ʃʷʚʘ. ʇʦʜʦʙʥʳʝ ʧʣʠʪʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʰʝʥʠʝ ʄ. ʃʝʚʠ ʚ ʦʜʠʥʘʨʥʳʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʨʷʜʘʭ. ɺʳʚʦʜʷʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʚʩʝʭ ʩʣʫʯʘʷʭ ʟʘʢʨʝʧʣʝʥʠʷ ʢʨʘʝʚ ʧʣʠʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʨʝʰʝʥʠʝ ʃʝʚʠ. ɺʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Mathcad, ʚ 

ʩʨʝʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʷ-

ʣʠʩʴ ʩ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʪʝʭ ʞʝ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʇʂ ʃʠʨʘ. ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʢ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʃʝʚʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʠʪʘ, ʧʨʦʛʠʙ, ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʧʦʧʝʨʝʯʥʘʷ 

ʩʠʣʘ, Mathcad, ʄʂʕ. 

 
ʈʝʰʝʥʠʝ ʃʝʚʠ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʢʦʥʮʝ 19-ʛʦ ʚʝʢʘ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʣʠʪʳ, ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʨʘʷ ʢʦʪʦʨʦʡ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʤʦʛʫʪ ʙʳʪʴ ʰʘʨ-
ʥʠʨʥʦ ʦʧʝʨʪʳ, ʟʘʱʝʤʣʝʥʳ ʠʣʠ ʩʚʦʙʦʜʥʳ [1, 2, 3]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚʩʝ ʢʨʘʷ ʧʣʠʪʳ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ ʣʠʙʦ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʨʘʷ ʰʘʨʥʠʨʥʦ 
ʦʧʝʨʪʳ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʢʨʘʷ ʟʘʱʝʤʣʝʥʳ. ʇʨʠ ʵʪʦʤ ʧʣʠʪʘ ʥʘʛʨʫʞʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ-
ʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʉʦʦʪʥʦʰʝʥʠʷ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʩʣʫʯʘʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʰʝ-
ʥʠʷ ʃʝʚʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʠʟʛʠʙ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʠʪ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʟʘʛʨʫʞʝʥʠʠ, ʧʨʠʚʝʜʝ-
ʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʝʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʠʪʳ (ʨʠʩ. 1), ʫ ʢʦʪʦʨʦʡ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞ-
ʥʳʭ ʢʨʘʷ OC ʠ AB ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ, ʘ ʢʘʞʜʳʡ ʠʟ ʜʚʫʭ ʜʨʫʛʠʭ ʢʨʘʝʚ OA ʠ BC ʤʦʞʝʪ ʙʳʪʴ 
ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳʤ, ʟʘʱʝʤʣʝʥ ʠʣʠ ʩʚʦʙʦʜʝʥ. ʅʘʛʨʫʟʢʘ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʦʣʴʥʦʡ 
ʬʫʥʢʮʠʠ ʜʚʫʭ ʘʨʛʫʤʝʥʪʦʚ ήὼȟώ. 

 
ʈʠʩ. 1. ʇʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʠʪʘ 

_________________________________ 
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ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʠʪʳ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʯʝʨʝʟ ʝʝ ʧʨʦʛʠʙ w(x,y). ʌʫʥʢʮʠʷ w(x,y)  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʉʦʬʠ ɾʝʨʤʝʥ ï

 ʃʘʛʨʘʥʞʘ [ ]1 3-   

4 4 4w w w q(x,y)
2

4 2 2 4 Dx x y y

µ µ µ
+ Ö + =

µ µ µ µ
 (1) 

ʠ ʥʘ ʢʨʘʷʭ ʆʉ ʠ ɸɺ ʧʨʠ x = 0 ʠ x = a ʩʣʝʜʫʶʱʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

2w
w 0, 0.

2x

µ
= =

µ
 (2) 

ɿʜʝʩʴ 

( )
3E h

D
212 1

Ö
=

-n

 ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ, E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ,  

ɜ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, h ï ʪʦʣʱʠʥʘ ʧʣʠʪʳ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1) ï (2) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 

( )m

m 1

w Y (y) sin x ,
¤

=

= Ö lä  (3) 

ʛʜʝ m / al= p, mY (y)  ï ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʦʜʥʦʛʦ ʘʨʛʫʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʷ (2) ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ mY (y)  ʧʦʜʩʪʘʚʠʤ (3) ʚ (1), ʬʫʥʢʮʠʶ 

ʥʘʛʨʫʟʢʠ q(x,y)  ʨʘʟʣʦʞʠʤ ʚ ʨʷʜ ʌʫʨʴʝ ʧʦ ʩʠʥʫʩʘʤ ʠ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʪʘʢʞʝ ʧʦʜʩʪʘ-

ʚʠʤ ʚ (3). ʇʦʩʣʝ ʵʪʦʛʦ ʩʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ ʧʨʠ ( )sin xl ʠ ʧʨʠʨʘʚʥʷʝʤ ʠʭ ʥʫʣʶ. ʇʦʣʫʯʠʤ 

ʣʠʥʝʡʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ: 

IV 2 " 4 m
m m m

q
Y 2 Y Y

D
- l +l =,  (4) 

ʛʜʝ ( )
a

m
0

2
q (y) q(x,y) sin x dx

Da
= Ö Ö lñ . 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

()m 1m 2m 3m 4m mY y C ch y C ysh y C sh y C ych y F (y),= l + l l + l + l l + (5) 

ʛʜʝ mF (y)  - ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4), ʢʦʪʦʨʦʝ ʚʦʟʴʤʝʤ ʚ ʚʠʜʝ [1]:  

( ) ( ) ( )
y a

m 2

0 0

1 1
F (y) y t ch y t sh y t q(x, y)sin x dx dt

Da

ûëè ø
= - l - - l - Ö lè ø è øì üê ú ê úé ùl lê úí ý

ñ ñ . (6) 

ʇʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ 1m 2m 3m 4mC , C , C , C  ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʟʘʢʨʝʧʣʝʥʠʷ ʛʨʘ-

ʥʠʮ ʧʣʠʪʳ OA ʠ BC (ʩʤ. ʨʠʩ. 1). ɺʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʢʨʝʧʣʝʥʠʷ ʵʪʠʭ ʛʨʘʥʠʮ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʃʝʚʠ [1-3] ʠʩʯʝʨʧʳʚʘʶʪʩʷ ʰʝʩʪʴʶ ʩʣʫʯʘʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʥʠʞʝ. 

1. ʆʙʘ ʢʨʘʷ OA ʠ BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ.  
2

2

2

2

w
0 x a, y 0 : w 0, 0;

y

w
0 x a, y b : w 0, 0.

y

ë µ
¢ ¢ = = =î

µî
ì

µî¢ ¢ = = =
î µí

  (7) 

ʀʟ (7) ʩ ʫʯʝʪʦʤ (3) ʥʘʡʜʝʤ 

m m m mY (0) 0, Y (0) 0, Y (b) 0, Y (b) 0.¡¡ ¡¡= = = =  (8) 

2. ʂʨʘʷ OA ʠ BC ʟʘʱʝʤʣʝʥʳ. 
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w
0 x a, y 0 : w 0, 0;

y

w
0 x a, y b : w 0, 0.

y

µë
¢ ¢ = = =î µî

ì
µî¢ ¢ = = =

î µí

  (9) 

 

ʀʟ (9) ʩ ʫʯʝʪʦʤ (3) ʧʦʣʫʯʠʤ 

m m m mY (0) 0, Y (0) 0, Y (b) 0, Y (b) 0.¡ ¡= = = =  (10) 

 

3. ʂʨʘʡ OA ʟʘʱʝʤʣʝʥ, BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪ. 

2

2

w
0 x a, y 0 : w 0, 0;

y

w
0 x a, y b : w 0, 0.

y

µë
¢ ¢ = = =î µî

ì
µî¢ ¢ = = =

î µí

  (11) 

ʀʟ (11) ʩ ʫʯʝʪʦʤ (3) ʙʫʜʝʤ ʠʤʝʪʴ 

m m m mY (0) 0, Y (0) 0, Y (b) 0, Y (b) 0.¡ ¡¡= = = =  (12) 

 

4. ʂʨʘʡ OA ʩʚʦʙʦʜʥʳʡ, BC ʟʘʱʝʤʣʝʥ. 

( )
2 2 3 3

2 2 3 2

w w w w
0 x a, y 0 : 0, 2 0;

y x y x y

w
0 x a, y b : w 0, 0.

y

ë µ µ µ µ
¢ ¢ = +n = + -n =î

µ µ µ µ µî
ì

µî¢ ¢ = = =
î µí

  (13) 

ʀʟ (13) ʩ ʫʯʝʪʦʤ (3) ʥʘʡʜʝʤ 

            2 2

m m m m m m m mY (0) (2 ) Y (0) 0, Y (0) Y (0) 0, Y (b) 0, Y (b) 0.¡¡¡ ¡ ¡¡ ¡-l Ö -n Ö = -nÖl Ö = = =  (14) 

 

5. ʂʨʘʡ OA  ʩʚʦʙʦʜʥʳʡ, BC  h ʘʨʥʠʨʥʦ ʦʧʝʨʪ. 

( )
2 2 3 3

2 2 3 2

2

2

w w w w
0 x a, y 0 : 0, 2 0;

y x y x y

w
0 x a, y b : w 0, 0.

y

ë µ µ µ µ
¢ ¢ = +n = + -n =î

µ µ µ µ µî
ì

µî¢ ¢ = = =
î µí

  (15) 

ʀʟ (15) ʩ ʫʯʝʪʦʤ (3) ʧʦʣʫʯʠʤ 
2 2

m m m m m m m mY (0) (2 ) Y (0) 0, Y (0) Y (0) 0, Y (b) 0, Y (b) 0.¡¡¡ ¡ ¡¡ ¡¡-l Ö -n Ö = -nÖl Ö = = = (16) 

 

6. ʂʨʘʷ OA ʠ BC ʩʚʦʙʦʜʥʳʝ.  

( )
2 2 3 3

2 2 3 2

0 x a, y 0,b :

w w w w
0, 2 0.

y x y x y

¢ ¢ =ë
î
µ µ µ µì
+n = + -n =îµ µ µ µ µí

  (17) 

ʀʟ (17) ʩ ʫʯʝʪʦʤ (3) ʙʫʜʝʤ ʠʤʝʪʴ 

                           

2 2

m m m m m m

2 2

m m m m m m

Y (0) (2 ) Y (0) 0, Y (0) Y (0) 0,

Y (b) (2 ) Y (b) 0, Y (b) Y (b) 0.

¡¡¡ ¡ ¡¡ë -l Ö -n Ö = -nÖl Ö =î
ì
¡¡¡ ¡ ¡¡-l Ö -n Ö = -nÖl Ö =îí

  (18) 
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ʇʦʜʩʪʘʚʣʷʷ ʚ (8), (10), (12), (14), (16), (18) ʚʳʨʘʞʝʥʠʷ (5) ʠ ʨʝʰʘʷ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝ-

ʤʫ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 1m 2m 3m 4mC , C , C , C  

(ʪʘʙʣ. 1). ɺʭʦʜʷʱʠʝ ʚ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʬʫʥʢʮʠʠ mF (y)  ʠʤʝʶʪ ʚʠʜ 

( ) ( ) ( )
y a

m 2

0 0

1
F (y) sh t y t y q(x, t) sin x dx dt,

Da

ûë î
¡ = lÖ - ÖlÖ - Ö Ö lè øì üê úl îí ý

ñ ñ  

( ) ( ) ( )
y a

m

0 0

1
F (y) ch t y t y sh t y q(x, t) sin x dx dt,

Da

ûë- î
è ø¡¡= lÖ - ÖlÖ - + lÖ - Ö Ö lè ø è øì üê ú ê úê úl îí ý
ñ ñ

( ) ( ) ( ) ( )
y a

m

0 0

1
F (y) sh t y t y 2ch t y q(x, t)sin x dx dt.

Da

ë ûî
è ø¡¡¡= lÖ - ÖlÖ - + lÖ - Ö lè ø è øì üê ú ê úê ú
î ýí
ñ ñ  

ʀʟ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʣʝʜʫʶʪ ʫʩʣʦʚʠʷ 

                                        m m m mF (0) F (0) F (0) F (0) 0¡ ¡¡ ¡¡¡= = = =. 

 
ʀʟʣʦʞʝʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʠʪ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ [6] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Mathcad. ʇʨʦ-

ʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʟʚʝʩʪʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ ʧʣʠʪʳ, ʟʥʘʯʝʥʠʷʤ ʫʧʨʫʛʠʭ ʧʦʩʪʦ-

ʷʥʥʳʭ ʠ ʚʠʜʫ ʥʘʛʨʫʟʢʠ ʥʘʡʪʠ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʟʥʘʯʝʥʠʷ ʧʨʦʛʠʙʘ ʧʣʠʪʳ, ʠʟʛʠʙʘʶʱʠʭ ʠ ʢʨʫ-

ʪʷʱʝʛʦ ʤʦʤʝʥʪʦʚ, ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʠ ʧʦʩʪʨʦʠʪʴ ʦʙʲʸʤʥʳʡ ʛʨʘʬʠʢ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʚʝʣʠʯʠʥ. 

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʨʝʧʦʜʘʚʘʥʠʠ ʪʘʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʢʘʢ "ʊʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ", "ʊʝʦʨʠʷ ʨʘʩʯʝʪʘ ʧʣʘ-

ʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ" ʠ ʪ. ʜ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʨʷʜ ʠʩʪʦʯʥʠʢʦʚ [4, 5], ʩʦʜʝʨʞʘʱʠʭ ʪʘʙʣʠʮʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩ-

ʯʝʪʦʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʠʪ. ʅʝʜʦʩʪʘʪʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʪʘʙʣʠʮ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʥʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʩʢʨʝʪʥʳʡ ʥʘʙʦʨ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʢʦʪʦʨʦʝ ʬʠʢʩʠʨʦʚʘʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʚʠʜʦʚ ʟʘʛʨʫʞʝʥʠʷ. ɼʣʷ ʜʨʫʛʠʭ 

ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʦʜʷʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʬʦʨʤʫʣʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʝʦʙ-

ʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʠ ʫʤʝʥʠʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʥʢʨʝʪʥʦʡ ʧʣʠʪʳ ʤʝʪʦʜʦʤ ʃʝʚʠ ʠ ʩ 

ʧʦʤʦʱʴʶ ʇʂ ʃʠʨʘ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ˉ11. ɼʣʷ ʘʥʘʣʠʟʘ 

ʪʦʯʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚʳʧʦʣʥʷʣʦʩʴ ʨʘʟʙʠʝʥʠʝ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝ-

ʤʝʥʪʳ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʣʠʪʫ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ a 2,8ʤ, b 3,8ʤ= = ʠ ʚʳʩʦʪʦʡ h 0,08ʤ=  ʠʟ 

ʤʘʪʝʨʠʘʣʘ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ 0,13n=  ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

7E 3,6 10ʢʇʘ.= Ö  ɿʥʘʯʝʥʠʷ ʧʨʦʛʠʙʦʚ ʠ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ ʥʘʡʜʝʤ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

0 0x 1,8ʤ, y 1,0ʤ.= =  ɺ ʪʘʙʣ. 2-4 ʠ ʥʘ ʨʠʩ. 2-11 (Mathcad) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʝ 
2q(x,y) 4ʢʅ ʤ= .  
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ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ὅ , ὅ , ὅ , ὅ  

 

ʂʨʘʷ OA ʠ BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ 

 

( ) ( ) ( )( ) ( )2 2

1m 2m 4m m m m m m 3m m 4m m m mC 0, C 0, C F (b) F (b) 2 sinh , C F (b) C cosh sinh¡¡= = = l - l a =- + a a a  

ʂʨʘʷ OA ʠ BC ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʳ 

 

( ) ( )

( )
( ) ( )2

m m m m m m m m m m m m m

1m 2m 3m 4m 3m2 22 2
m mm m m

b sinh F (b) sinh( ) cosh( ) F (b) sinh( ) cosh( ) F (b) bsinh F (b)
C 0, C , C , C C

sinh( )sinh( )

¡ ¡l l + a -a a a +a a - l
= = = =-

a - al a - a
 

ʂʨʘʷ OA ʠ BC ʩʚʦʙʦʜʥʳʝ 

 

( ) ( )
2

22 2
22 2 m m m m

m m m m m m m m m m2 2

m m

F (b) F (b) (2 ) F (b)3 2 3 2
1 sinh( ) , 2 F (b) 1 sinh( ) sinh( ) (1 )cosh( ) ,

1 1

¡¡ ¡¡¡ ¡å õå õ è ø- +l -n- n-n - n-n
D =a n- - a D =- n - a -n a - a +a -n aæ öæ ö é ù

-n l l -nç ÷ ê úç ÷

2 2

m m m m 2m 4m
m m m m m m m 2m 4m 1m 2m 3m 4m2 2

m m m m

F (b) (2 )F F (b) 3 2 2 1
4 (1 )sinh( ) F (b) sinh( ) (1 )cosh( ) , C , C , C C , C C

1 1 1

¡¡¡ ¡ ¡¡å õè ø- +l -n D D- n-n - +n
D = a -n a - n - a -a -n a = = = =æ öé ù

l l -n D D -n -nê úç ÷

 

 

ʂʨʘʡ OA  ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥ, BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪ 

 

( ) ( )

( )

( )

( )

2

m m m m m m m m m m m m m m m m

1m 2m 3m 4m 3m2 2

m m m m m m m m

sinh( ) cosh( ) F (b) sinh( ) cosh( ) F (b) 2cosh( ) sinh( ) F (b) bsinh( )F (b)
C 0, C , C , C C

2 sinh( )cosh( ) 2 sinh( )cosh( )

¡¡ ¡¡l a +a a + a -a a l a +a a - a
= = = =-

l a - a a l a - a a
 

 

2
4
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 

 

ʂʨʘʡ OA ʩʚʦʙʦʜʥʳʡ, BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪ 

 

( ) ( )m m

m m m m m m m m m m m m m m m m

3 sinh( ) 3 sinh( )2 1 2
sinh( ) cosh( ) cosh( ) sinh( ) cosh( ) sinh( ) cosh( ), 2 F (b) cosh( )

1 1 1 1 1

-n a -n aè ø è ø+n nå õ è ø
D = a a - a +a a - a +a a a a - a D =- +a a +æ öé ù é ùé ù-n -n -n -n -nç ÷ ê úê ú ê ú

  

m m m m 2m
m m m 4m m m m m m m m 2m 4m 1m 3m 4m2 2

m m m m

F (b) F (b) 2 4 2C1 2 2 1
sinh( ) cosh( ) , sinh( ) cosh( ) F (b) sinh( ) cosh() , C , C , C , C C

1 1 1 1 1

¡¡ ¡¡- D D -+n n +nå õ å õ å õ
+ a +a a D = a a - a + a a - a = = = =æ ö æ ö æ ö
l -n l -n -n D D -n -nç ÷ ç ÷ ç ÷

  

 

ʂʨʘʡ OA ï ʩʚʦʙʦʜʥʳʡ, BC ï ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥ 

 

( ) ( )
( )

( ) ( ) ( ) ( ) ( )m

m m m m m m m m m m m m

2cosh2 1 1
sinh cosh sinh sinh cosh cosh sinh

1 1 1 1

aå õ +n +nå õ å õå õ
D = a a - a +a a - a +a a a a - aæ öæ ö æ öæ ö

-n -n -n -nç ÷ ç ÷ç ÷ç ÷
,  

( )
( ) ( ) ( )m m

m m m m m m m

m

2cosh F (b) 1
2 F (b) sinh sinh cosh ,

1 1

¡aå õ +nå õ
D =- +a a + a +a aæ ö æ ö

-n l -nç ÷ç ÷
  

( ) ( ) ( ) ( )m
m m m m m m m m

m

F (b) 2 1
4 sinh cosh F (b) cosh sinh ,

1 1

¡- +nå õ å õ
D = a a - a + a a - aæ ö æ ö

l -n -nç ÷ ç ÷
 

2m m m 4m m m 1m 2m 3m 4m

2 1
C 2 , C 4 , C C , C C

1 1

- +n
=D D =D D = =

-n -n
 

2
5
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ʂʨʘʷ OA ʠ BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ 
ʊʘʙʣʠʮʘ 2

 

ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʇʂ ʃʠʨʘ 
ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʩʨʝʜʝ Mathcad 

ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,1 ʤ ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,05 ʤ ʈʝʰʝʥʠʝ ʄ. ʃʝʚʠ 

ύὼȟώ πȟφωπ ʤʤ ύὼȟώ πȟφωπ ʤʤ ύὼȟώ πȟφωπ ʤʤ 

ὓ ὼȟώ ρȟτσσ ʢʅ ὓ ὼȟώ ρȟτσυ ʢʅ ὓ ὼȟώ ρȟτσφ ʢʅ 

ὓ ὼȟώ ρȟπχ ʢʅ ὓ ὼȟώ ρȟπχσʢʅ ὓ ὼȟώ ρȟπχσ ʢʅ 

ὗ ὼȟώ πȟψχρ ʢʅȾʤ ὗ ὼȟώ πȟψχρ ʢʅȾʤ ὗ ὼȟώ πȟψχς ʢʅȾʤ 

ὗ ὼȟώ ρȟπυψ ʢʅȾʤ ὗ ὼȟώ ρȟπυω ʢʅ ὗ ὼȟώ ρȟπυω ʢʅ 

Ὄὼȟώ πȟσςρ ʢʅ Ὄὼȟώ πȟσςρ ʢʅ Ὄὼȟώ πȟσςρ ʢʅ 
 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʧʨʦʛʠʙʦʚ w, ʤʤ 

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ὓ, ʢʅ 

 

ʈʠʩ. 4. ɻʨʘʬʠʢ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ H, ʢʅ 
 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ὗȟʢʅʤϳ  

ʂʨʘʡ OA ʩʚʦʙʦʜʥʳʡ, BC ʟʘʱʝʤʣʸʥ. 
ʊʘʙʣʠʮʘ 3

 

ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʇʂ ʃʠʨʘ 
ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ  

ʚ ʩʨʝʜʝ Mathcad 

ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,1 ʤ ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,05 ʤ ʈʝʰʝʥʠʝ ʄ. ʃʝʚʠ 

ύὼȟώ ρȟσφφ ʤʤ ύὼȟώ ρȟσφυ ʤʤ ύὼȟώ ρȟσφυ ʤʤ 

ὓ ὼȟώ ςȟφψπ ʢʅ ὓ ὼȟώ ςȟφψτ ʢʅ ὓ ὼȟώ ςȟφψτ ʢʅ 

ὓ ὼȟώ πȟφυπ ʢʅ ὓ ὼȟώ πȟφυρ ʢʅ ὓ ὼȟώ πȟφυρ ʢʅ 

ὗ ὼȟώ ρȟςυς ʢʅȾʤ ὗ ὼȟώ ρȟςυς ʢʅȾʤ ὗ ὼȟώ ρȟςυς ʢʅȾʤ 

ὗ ὼȟώ πȟςυρ ʢʅȾʤ ὗ ὼȟώ  πȟςυρʢʅȾʤ ὗ ὼȟώ πȟςυρ ʢʅȾʤ 

Ὄὼȟώ πȟςτψ ʢʅ Ὄὼȟώ  πȟςτωʢʅ Ὄὼȟώ πȟςτω ʢʅ 
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ʈʠʩ. 6. ɻʨʘʬʠʢ ʧʨʦʛʠʙʦʚ w, ʤʤ  

ʈʠʩ. 7. ɻʨʘʬʠʢ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ὓ , ʢʅ 

 

ʈʠʩ. 8. ɻʨʘʬʠʢ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ H, ʢʅ 

 
ʈʠʩ. 9. ɻʨʘʬʠʢ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ὗȟʢʅʤϳ  

 
ʈʠʩ. 10. ɻʨʘʬʠʢ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ὓ, ʢʅ 

 
ʈʠʩ.11. ɻʨʘʬʠʢ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ὗȟʢʅʤϳ  

 

ɺ ʪʘʙʣ. 4-5 ʠ ʥʘ ʨʠʩ. 13-24 (Mathcad) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʥʘʛʨʫʟʢʝ ( )( )2 2q(x,y) 4x a x y b yʢʅ ʤ= - - (ʨʠʩ. 12). 

 
ʈʠʩ. 12. ɺʠʜ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʠʪʫ 
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ʂʨʘʡ OA ʟʘʱʝʤʣʝʥ, BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪ 
ʊʘʙʣʠʮʘ 4 

ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʇʂ ʃʠʨʘ 
ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ  

ʚ ʩʨʝʜʝ Mathcad 

ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,2 ʤ ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,1 ʤ ʈʝʰʝʥʠʝ ʄ. ʃʝʚʠ 

ύὼȟώ ςȟυσρ ʤʤ ύὼȟώ ςȟυρψ ʤʤ ύὼȟώ ςȟυρψ ʤʤ 

ὓ ὼȟώ υȟωυρʢʅ ὓ ὼȟώ φȟπρυ ʢʅ ὓ ὼȟώ φȟπτσ ʢʅ 

ὓ ὼȟώ σȟσωρ ʢʅ ὓ ὼȟώ σȟτψπ ʢʅ ὓ ὼȟώ σȟυρφ ʢʅ 

ὗ ὼȟώ ρȟτρρ ʢʅȾʤ ὗ ὼȟώ ρȟσυφ ʢʅȾʤ ὗ ὼȟώ ρȟσυφ ʢʅȾʤ 

ὗ ὼȟώ ρυȟρρψ ʢʅȾʤ ὗ ὼȟώ ρυȟςπφ ʢʅȾʤ ὗ ὼȟώ ρυȟςττ ʢʅȾʤ 

Ὄὼȟώ ρȟχψρ ʢʅ Ὄὼȟώ ρȟχωπ ʢʅ Ὄὼȟώ ρȟχωσ ʢʅ 

 
ʈʠʩ. 13. ɻʨʘʬʠʢ ʧʨʦʛʠʙʦʚ w, ʤʤ 

 
ʈʠʩ. 14. ɻʨʘʬʠʢ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ὓ,ʢʅ 

 

  

 
ʈʠʩ. 15. ɻʨʘʬʠʢ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ H, ʢʅ 

 
ʈʠʩ. 16. ɻʨʘʬʠʢ ʧʦʧʝʨʝʯʥʳʭ ὗȟʢʅʤϳ  

 

 

 
ʈʠʩ. 17. ɻʨʘʬʠʢ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ὓ , ʢʅ 

 
ʈʠʩ. 18. ɻʨʘʬʠʢ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ὗ , ʢʅʤϳ  
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ʂʨʘʡ OA ʩʚʦʙʦʜʝʥ, BC ʰʘʨʥʠʨʥʦ ʦʧʝʨʪ 
ʊʘʙʣʠʮʘ 5

 

ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʇʂ ʃʠʨʘ 
ʇʨʦʛʠʙʳ ʠ ʫʩʠʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ  

ʚ ʩʨʝʜʝ Mathcad 

ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,2 ʤ ʉʝʪʢʘ ʩ ʰʘʛʦʤ 0,1 ʤ ʈʝʰʝʥʠʝ ʄ. ʃʝʚʠ 

ύὼȟώ χȟτφς ʤʤ ύὼȟώ χȟτυυ ʤʤ ύὼȟώ χȟτχτ ʤʤ 

ὓ ὼȟώ ρυȟχτψ ʢʅ ὓ ὼȟώ ρυȟψχχ ʢʅ ὓ ὼȟώ ρυȟωφπ ʢʅ 

ὓ ὼȟώ τȟπυς ʢʅ ὓ ὼȟώ τȟπχφ ʢʅ ὓ ὼȟώ τȟπψω ʢʅ 

ὗ ὼȟώ υȟψτφ ʢʅȾʤ ὗ ὼȟώ υȟψσπ ʢʅȾʤ ὗ ὼȟώ υȟψσυ ʢʅȾʤ 

ὗ ὼȟώ τȟτυπ ʢʅȾʤ ὗ ὼȟώ τȟυπω ʢʅȾʤ ὗ ὼȟώ τȟυπυ ʢʅȾʤ 

Ὄὼȟώ πȟςφτ ʢʅ Ὄὼȟώ πȟςφψ ʢʅ Ὄὼȟώ πȟςχψ ʢʅ 

 
ʈʠʩ. 19. ɻʨʘʬʠʢ ʧʨʦʛʠʙʦʚ w, ʤʤ 

 
ʈʠʩ. 20. ɻʨʘʬʠʢ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ὓ,ʢʅ 

 
ʈʠʩ. 21 - ɻʨʘʬʠʢ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ H, ʢʅ 

 
ʈʠʩ. 22 - ɻʨʘʬʠʢ ʧʦʧʝʨʝʯʥʳʭ ὗȟʢʅʤϳ  

 

 

ʈʠʩ. 23. ɻʨʘʬʠʢ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ὓ , ʢʅ 

 
 

ʈʠʩ. 24. ɻʨʘʬʠʢ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ὗ , ʢʅʤϳ  

 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʃʝʚʠ ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʧʨʦʛʠʙʦʚ ʠ ʩʠʣʦʚʳʭ ʬʘʢ-

ʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 7õ9 ʯʣʝʥʦʚ ʨʷʜʘ. ɽʩʣʠ ʞʝ ʬʫʥʢʮʠʷ ʟʘʛʨʫʞʝʥʠʷ ʟʘʜʘʝʪʩʷ ʛʣʘʜʢʦʡ ʬʫʥʢ-
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ʮʠʝʡ, ʪʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 % ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ 3õ5 ʩʣʘʛʘʝʤʳʤʠ. ʈʷʜʳ ʜʣʷ ʧʨʦʛʠʙʦʚ ʩʭʦ-

ʜʷʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʜʣʷ ʤʦʤʝʥʪʦʚ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ - ʤʝʜʣʝʥʥʝʝ. ʇʨʠ ʯʠʩʣʝ ʩʣʘʛʘʝʤʳʭ ʙʦ-

ʣʝʝ 9 ʚ Matchad ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʃʝʚʠ ʠ ʄʂʕ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʭʦʜʠʪʩʷ ʢ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʤʫ. ʇʨʠ ʨʘʟʤʝʨʘʭ ʂʕ 0,05ʭ0,05 ʤ (ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 4256) ʯʠʩʣʝʥʥʦʝ ʠ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 4 ʟʥʘʯʘʱʠʭ ʮʠʬʨ (ʩʤ. 

ʪʘʙʣ. 2, 3). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʨʝʜʢʦʡ ʩʝʪʢʠ 0,1ʭ0,1 ʤ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʰʝʥʠʷʤʠ ʥʝ 

ʧʨʝʚʦʩʭʦʜʠʪ 0,5 % (ʩʤ. ʪʘʙʣ. 4, 5) ʠ ʣʠʰʴ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 3,6 % (ʩʤ. ʪʘʙʣ. 5). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʇʂ ʃʠʨʘ ʟʘʜʘʥʠʝ ʟʘʛʨʫʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʧʦ-

ʩʣʝʜʥʠʭ ʧʣʘʪʥʳʭ ʚʝʨʩʠʷʭ ʧʨʦʛʨʘʤʤʳ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ʉʘʤʫʣʴ, ɺ. ʀ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 

ʚʫʟʦʚ. / ɺ. ʀ. ʉʘʤʫʣʴ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ï ʄ.: ɺʳʩʰ. ʰʢʦʣʘ, 1982. ï 264 ʩ. 

2. ɸʣʝʢʩʘʥʜʨʦʚ, ɸ. ɺ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ: ʫʯʝʙ. ʜʣʷ ʩʪʨʦʠʪ. ʩʧʝʮ. 
ʚʫʟʦʚ / ɸ. ɺ. ɸʣʝʢʩʘʥʜʨʦʚ, ɺ. ɼ. ʇʦʪʘʧʦʚ. ï ʄ.: ɺʳʩʰ. ʰʢʦʣʘ, 1990. ï 400 ʩ. 

3. ʊʠʤʦʰʝʥʢʦ, ʉ. ʇ. ʂʫʨʩ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ / ʉ. ʇ. ʊʠʤʦʰʝʥʢʦ; ʧʦʜ ʨʝʜ. ʕ. ʀ. ɻʨʠʛʦʣʶ-

ʢʘ. ï ʂʠʝʚ: ʅʘʫʢʦʚʘ ɼʫʤʢʘ, 1972. ï 507 ʩ. 

4. ʂʘʣʤʘʥʶʢ, ɸ. ʉ. ʈʘʩʯʝʪ ʧʣʘʩʪʠʥʦʢ: ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ / ɸ. ʉ. ʂʘʣʤʘʥʶʢ; ʧʦʜ ʨʝʜ.  

ʀ. ʂ. ʉʥʠʪʢʦ. ï ʄ.: ɻʦʩ. ʠʟʜ. ʣʠʪ. ʧʦ ʩʪʨ-ʚʫ, ʘʨʭ-ʨʝ ʠ ʩʪʨʦʠʪ. ʤʘʪ-ʘʤ, 1959. ï 212 ʩ. 

5. ɺʘʡʥʙʝʨʛ, ɼ. ɺ. ʈʘʩʯʝʪ ʧʣʘʩʪʠʥ. / ɼ. ɺ. ɺʘʡʥʙʝʨʛ, ɽ. ɼ. ɺʘʡʥʙʝʨʛ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ï 

ʂʠʝʚ: ɹʫʜiʚʝʣʴʥʠʢ, 1970. ï 436 ʩ. 

6. ʈʝʟʫʥʦʚ, ɸ. ɺ.,ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʡ ʧʣʠʪʳ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʟʘʛʨʫʞʝʥʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʦʧʠʨʘʥʠʷ ʢʨʘʝʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ ʃʝʚʠ. ï ɸ. ɺ. ʈʝʟʫʥʦʚ, ʖ. ʅ. ʂʫʣʠʢʦʚʘ. ï ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 2019615169 ʦʪ 19 ʘʧʨʝʣʷ 2019 

(http://new.fips.ru/publication-web/publications/document?type=doc&tab= 

PrEVM&id=ED2D0AA5-AFA7-4692-9D8C-A812117868AA). 

 

References 

1. Samul V.I. Basics of the Theory of Elasticity and Plasticity: Proc. manual for university stu-

dents. 2nd ed. revised. M.: Higher School, 1982. 264 p. 

2. Aleksandrov A.V., Potapov V.D. Fundamentals of the theory of elasticity and plasticity: 

Proc. for builds specialist. universities. M.: Higher School, 1990. 400 p. 

3. Timoshenko S.P. Course of the theory of elasticity. By ed. Grigolyuk E.I. Kiev: Naukova 

Dumka, 1972. 507 p. 

4. Kalmanyuk A.S. The Calculation of Records: A Reference Manual. By ed. Snitko I.K. M.: 

State. ed. literature on building, architecture and building materials, 1959. 212 p. 

5. Weinberg, D.V., Weinberg, E.D. Calculation of plates. 2nd ed. revised. Kiev: Budivelnik, 

1970.  436 p. 

6. Rezunov A.V., Kulikova Yu.N. Investigation of the stress-strain state of a rectangular plate 

with arbitrary loading and various ways of supporting edges using the Levy solution. Cetifi-

cate of state registration of computer programs No. 2019615169 dated April 19, 2019 

(http://new.fips.ru/publication-web/publications/document?type=doc&tab= PrEVM & id = 

ED2D0AA5-AFA7-4692-9D8C-A812117868AA). 

 



31 
 

ANALYSIS OF STRESSED-DEFORMED STATE  

RECTANGULAR PLATE WITH DIFFERENT METHODS  

 OF THE SURFACING OF THE EDGES AND ARBI TRARY LOADING  

 

A. V. Rezunov
1
, Yu. N. Lyutoeva

2 

 

Voronezh State Technical University
1, 2 

Russia, Voronezh 

 
1
 PhD of Physical and Mathematical Sciences, Assoc. Prof. of the Department of Structural Mechanics 

   Tel.: + 7 (910) 7440700, e-mail: rezav1950@rambler.ru 
2
 MA Student of the Department of Structural Mechanics  

 

 

The calculation of a rectangular slab according to the technical theory (thin rigid slab), based 

on the Kirchhoff-Love hypotheses, is considered in this article. Such plates are most widely used in 

construction practice. For the calculation, the solution of M. Levi in a single trigonometric series is 

applied. Analytical expressions for the desired quantities are derived for all cases of fixing the edges 

of the slab for which it is possible to use the Levy solution. Calculations are performed using the 

Mathcad computer math package, in the medium of which the computer program was developed 

and registered. The results obtained were compared with the numerical solution of the same prob-

lems with the help of PC Lyra. The convergence of the numerical solution to the Levy analytical 

solution was investigated with decreasing finite element sizes. 
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ʉʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʘʷ ʙʘʣʦʯʥʘʷ ʬʝʨʤʘ ʩ ʚʦʩʭʦʜʷʱʠʤʠ ʨʘʩʢʦʩʘʤʠ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʷʩʘʤʠ ʫʩʠʣʝʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʨʘʩʢʦʩʘʤʠ. ʅʘ ʧʦʣʦʚʠʥʝ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʬʝʨʤʘ ʥʘʛʨʫʞʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ 

ʫʟʣʘʤ ʩʠʣʘʤʠ. ʇʨʦʛʠʙ ʬʝʨʤʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʄʘʢʩʚʝʣʣʘ-ʄʦʨʘ. ʋʩʠʣʠʷ ʚ ʩʪʝʨʞʥʷʭ ʚ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʤ ʚʠʜʝ ʥʘʭʦʜʷʪʩʷ ʤʝʪʦʜʦʤ ʚʳʨʝʟʘʥʠʷ ʫʟʣʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ ʩʠʤʚʦʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ Maple. ʇʦ ʜʘʥʥʳʤ 

ʨʝʰʝʥʠʷ ʩʝʨʠʠ ʟʘʜʘʯ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʢʦʤʦʡ ʬʦʨʤʫʣʳ. ʆʙʱʠʡ ʯʣʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʤʘ, ʧʨʦʛʠʙ, ʠʥʜʫʢʮʠʷ, Maple 

 

ʌʝʨʤʳ ʦʙʳʯʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ. ʕʪʠ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ,  ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʞʝ ʨʘʩʯʝʪʳ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʩʪʝʤ ʩʠʤʚʦʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (Reduce, Maple, Maxima, 

Derive ʠ ʜʨ.), ʚʩʪʨʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ, ʦʩʦʙʝʥʥʦ ʪʝ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʫʣʳ. ɺ [1] ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʦʛʠʙʘ ʧʣʦʩʢʠʭ ʬʝʨʤ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘ-

ʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʩʩʯʠʪʘʪʴ ʰʧʨʝʥʛʝʣʴʥʫʶ ʬʝʨʤʫ ʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʥʘʛʨʫʟʢʫ. ʀʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʘʷ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʦʧʘʩʥʦʡ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʝʤ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʝʡ 

ʩʠʤʤʝʪʨʠʯʥʘʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʝʨʤʫ ʩ ʫʩʠʣʝʥʥʳʤʠ ʚʦʩʭʦʜʷʱʠʤʠ ʨʘʩʢʦʩʘʤʠ (ʨʠʩ. 1), ʨʘʚʥʦʤʝʨʥʦ ʟʘ-

ʛʨʫʞʝʥʥʫʶ ʧʦ ʧʦʣʦʚʠʥʝ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ. ɺ ʢʘʞʜʫʶ ʧʘʥʝʣʴ ʬʝʨʤʳ ʜʦʙʘʚʣʝʥʳ ʜʚʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʦʡʢʠ ʠ ʜʚʘ ʨʘʩʢʦʩʘ. ɺ ʬʝʨʤʝ ʩ n ʧʘʥʝʣʷʤʠ ʚ ʧʦʣʦʚʠʥʝ ʧʨʦʣʝʪʘ ʩʦ-

ʜʝʨʞʠʪʩʷ N=24n+4 ʩʪʝʨʞʥʷ ʚʤʝʩʪʝ ʩ  ʪʨʝʤʷ ʩʪʝʨʞʥʷʤʠ, ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʦʧʦʨʳ. ʈʘʩʯʝʪ ʫʩʠ-

ʣʠʡ ʧʨʦʠʟʚʝʜʝʤ ʧʦ ʧʨʦʛʨʘʤʤʝ [1] ʤʝʪʦʜʦʤ ʚʳʨʝʟʘʥʠʷ ʫʟʣʦʚ. 

 

 
 

ʈʠʩ. 1. ʌʝʨʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʚʥʦʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ, n=3 

__________________ 

É ʊʢʘʯʫʢ ɻ.ʅ., 2019 
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ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʨʘʩʯʝʪʘʭ ʨʷʜʘ ʘʨʦʯʥʳʭ [2-13] ʠ ʬʝʨʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʛʦ ʪʠʧʘ [14-23]. ʉʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʝ ʨʝʰʝʪʯʘʪʳʝ ʬʝʨʤʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʡ ʬʦʨʤʝ ʚ [24-29]. ʈʝʰʝʥʠʝ ʜʣʷ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʩʢʦʡ ʬʝʨʤʳ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ ʧʦʣʫʯʝʥʦ ʚ 

[30]. ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʛʠʙʘ ʰʧʨʝʥʛʝʣʴʥʳʭ ʬʝʨʤ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʥʘʡʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [31-

34].  ʌʝʨʤʳ, ʜʦʧʫʩʢʘʶʱʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʯʠʩʣʝ ʧʘʥʝʣʝʡ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʠʟʤʝʥʷʝʤʦʩʪʴ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ [35-37]. 

ɺʩʝ ʰʘʨʥʠʨʳ ʠ ʩʪʝʨʞʥʠ ʥʫʤʝʨʫʶʪʩʷ (ʨʠʩ. 2). ʉʥʘʯʘʣʘ ʥʫʤʝʨʫʶʪʩʷ ʩʪʝʨʞʥʠ ʧʦʷʩʦʚ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ), ʟʘʪʝʤ ʩʪʝʨʞʥʠ ʨʝʰʝʪʢʠ.  ɺ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ. ʇʨʠʚʝ-

ʜʝʤ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ ʩʠʩʪʝʤʳ Maple: 

 

>for i to 2*n+1 do x[i]:=3*a*(i -1): y[i]:=0: end: 

>for i to n do   

>   x[i+2*n+1]:=3*i*a -2*a:      y[i+2*n+1]:=h:  

>   x[i+3*n+1]:=3*i*a+3*a*n -a:  y[i+3*n+1]:=h:  

>   x[i+4*n+1]:=3*i*a -a:        y[i+4*n+1]:=2*h: 

>   x[i+5*n+1]:=3*i*a+3*a*n -2*a:y[i+5*n+1]:=2*h:  

> end: 

>for i to 6*n+1 do  x[i+6*n+1]:=i*a-a:y[i+6*n+1]:=3*h: end: 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ, ʥʝ ʟʘʚʠʩʷʱʝʝ ʧʦ 

ʬʦʨʤʝ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ: 

3 3 3 2( ) / (2 ),EP Aa Bc Ch hD= + +  

ʛʜʝ 2 2c a h= + ð  ʜʣʠʥʘ ʢʦʨʦʪʢʦʛʦ ʨʘʩʢʦʩʘ. ɺʩʝ ʪʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʯʠʩʣʘ ʧʘ-

ʥʝʣʝʡ, ʥʘʡʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʥʜʫʢʮʠʠ. 

 

 
ʈʠʩ. 2. ʅʫʤʝʨʘʮʠʷ ʫʟʣʦʚ ʠ ʩʪʝʨʞʥʝʡ, n=1 

 

ʆʧʝʨʘʪʦʨ rgf_findrecur  ʠʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ genfunc ʧʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʘ ʜʝʩʷʪʠ 

ʬʝʨʤ ʜʘʝʪ ʣʠʥʝʡʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʨʝʢʫʨʨʝʥʪʥʳʝ  ʫʨʘʚʥʝʥʠʷ ʧʦʨʷʜʢʦʚ 5 ʠ 3: 

1 2 3 4 55 10 10 5n n n n n nA A A A A A- - - - -= - + - +; 

1 2 33 3n n n nB B B B- - -= - + ; 

1 2 33 3n n n nC C C C- - -= - + . 

ʉ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ rsolve ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʦʚ ʯʝʪʚʝʨʪʦʛʦ 

ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʯʠʩʣʫ ʧʘʥʝʣʝʡ: 

4 3 2(15 4 7 2 ) / 4A n n n n= + + + , 2(9 3 ) / 2B n n= + , 2(9 9 8) / 2C n n= - + . 
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ʅʘʡʜʝʥʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʠ ʨʘʟʤʝʨʦʚ ʬʝʨʤʳ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʮʝʥʦʯʥʫʶ ʧʨʠ ʵʩʢʠʟʥʦʤ ʨʘʩʯʝʪʝ ʬʝʨʤʳ ʠʣʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʯʠʩ-

ʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

 ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʨʦʛʠʙʘ

' / ( )sEF PLD =D , (3 1)sP P n= - ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʧʨʠ ʜʣʠʥʝ ʧʨʦʣʝʪʘ L=100 ʤ.  

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ, 

 ʚʳʩʦʪʘ h ʚ ʤʝʪʨʘʭ 

 

ɼʣʠʥʘ ʧʘʥʝʣʠ a ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʣʝʪʘ: 

a=L/(6n). ʇʨʠ ʤʘʣʳʭ n (ʥʘʯʘʣʦ ʛʨʘʬʠʢʘ) 

ʧʨʦʛʠʙ ʧʘʜʘʝʪ, ʟʘʪʝʤ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ 

ʨʘʩʪʝʪ, ʩʪʨʝʤʷʩʴ ʢ ʥʘʢʣʦʥʥʦʡ ʘʩʠʤʧʪʦʪʝ. 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʘʩʠʤʧʪʦʪʳ ʤʦʞʥʦ 

ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʝʣʘ 

lim '/ 3 / (2 ).
n

n h LD
­¤

=
 

ɺ ʩʠʩʪʝʤʝ Maple ʵʪʘ ʦʧʝʨʘʮʠʷ ʚʳʛʣʷʜʠʪ 

ʪʘʢ: limit (Del/n, n=infinity). 

ʕʢʩʪʨʝʤʘʣʴʥʘʷ (ʤʠʥʠʤʫʤ) ʪʦʯʢʘ 

ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʟʥʘʯʝʥʠʡ n=4...8. 

ʅʘʡʪʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʤʠʥʠ-

ʤʫʤʝ ʧʨʦʛʠʙʘ ʚ ʩʠʩʪʝʤʝ Maple ʥʝ ʫʜʘʝʪʩʷ.  

ʉʨʝʜʩʪʚʘʤʠ Maple ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ ʬʝʨ-

ʤ .r ʅʘ ʨʠʩ. 4 ʩʠʥʠʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʩʞʘʪʳʝ ʩʪʝʨʞʥʠ, ʢʨʘʩʥʳʤ ð ʨʘʩʪʷʥʫʪʳʝ. ʎʠʬʨʘʤʠ 

ʫʢʘʟʘʥʳ ʫʩʠʣʠʷ ʚ ʩʪʝʨʞʥʷʭ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʩʠʣʝ P. ʈʘʩʯʝʪʳ ʧʨʦʠʟʚʝʜʝʥʳ ʧʨʠ a=4 ʤ, h = 3 ʤ. 

 

 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ, n=2 

 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʣʦʩʢʠʭ ʬʝʨʤ, ʧʦʣʫʯʝʥʥʳʝ 

ʘʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʚ ʩʠʩʪʝʤʝ ʩʠʤʚʦʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple [38,39] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʠʥʜʫʢʮʠʠ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʙʦʪʝ [40]. 
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THE FORMULA FOR THE DEPENDENCE OF THE DEFLECTION OF AN 

ASYMMETRICALLY LOADED FLAT TRUSS WITH REINFORCED BRACES ON THE 

NUMBER OF PANELS 
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Statically determinate girder with upward braces and parallel belts reinforced with additional 

braces. On the half of the upper belt, the truss is loaded with forces evenly distributed over the 

nodes. The deflection of the truss is calculated by the Maxwell-Mohr formula. The forces in the 

rods in the analytical form are the method of cutting nodes according to the program of symbolic 

transformations Maple. According to the solution of a series of problems with different successively 

increasing number of panels, a sequence of coefficients of the desired formula is obtained. The 

General term of the coefficients sequence is determined by solving a linear homogeneous recurrent 

equation. 
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ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʧʝʢʪʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʳʭ ʨʝʛʫʣʷʨʥʳʭ ʩʠ-

ʩʪʝʤ. ʆʙʥʘʨʫʞʝʥʦ ʩʚʦʡʩʪʚʦ ʚʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩʠʩʪʝʤ ʩ ʤʝʥʴʰʠʤ ʧʦʨʷʜʢʦʤ ʚ ʩʧʝʢʪʨʳ ʩʠ-

ʩʪʝʤ ʩ ʙʦʣʴʰʠʤ ʧʦʨʷʜʢʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʚʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝ 

ʦ ʢʦʣʝʙʘʥʠʠ ʫʧʨʫʛʦ ʩʦʝʜʠʥʝʥʥʳʭ ʛʨʫʟʦʚ ʥʘ ʛʣʘʜʢʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʨʝʧʣʝʥʠʷ ʩʠʩʪʝʤʳ. ɺ ʟʘʜʘʯʝ ʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʢʦʣʝʙʘʥʠʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʨʫʟʦʚ 

ʥʘ ʫʧʨʫʛʦʡ ʥʝʚʝʩʦʤʦʡ ʙʘʣʢʝ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʳʩʰʘʷ ʯʘʩʪʦʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʛʨʫʟʦʚ. ʆʧʨʝ-

ʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʦʤ ʚʣʦʞʝʥʠʷ, ʩʚʝʣʦʩʴ ʢ ʥʘʭʦʞʜʝʥʠʶ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʙʠʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʚʦʡʩʪʚʦ ʚʣʦʞʝʥʠʷ, ʩʧʝʢʪʨ, ʙʘʣʢʘ, ʚʳʩʰʘʷ 

ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʙʠʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ 

 

Introduction. Analysis of eigenfrequency spectra of mechanical systems and structures is of 

great practical importance. In [1] on the specifics of the spectrum of oscillations of the system is 

proposed to detect defects in products. The temperature and the crystallographic orientation of the 

lattice, as shown in [2], affect the spectrum of the oscillations of the single-crystal rotor blades of 

the engine. Analysis of the adequacy of the mathematical model of the compressor-condenser unit 

in [3] is carried out on the spectrum of oscillations obtained by the finite element method.  

Among the mechanical systems and building structures, a class of regular systems can be 

singled out separately, having periodically repeated elements or groups of elements in their struc-

ture [5 -8]. We show that the spectra of some regular systems have one previously unnoticed prop-

erty ð the embedding property of frequency spectra. 

Natural oscillations of regular trusses were studied in [9-13]. 

 

Cargo system on a smooth plane fixed on one side. Consider the equations of small oscilla-

tions of the system of loads connected by linear elastic elements (springs) with stiffness c (Fig. 1). 

 

 
Fig. 1. Cargo system with elastic bonds on a smooth plane, n=6 

 

 

____________________ 

É ʂʠʨʩʘʥʦʚ ʄ. ʅ., 2019 
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Applying the Lagrange formalism, we introduce generalized coordinates ð linear displace-

ments of loads. The kinetic energy of the system of loads of the same mass m has the form 

2

1

/ 2,
n

k

k

T m x
=

= ä
                                                                

(1) 

where kx  is the velocity  of the k-th point. The coordinate  0x  corresponds to the attachment point 

of the left spring.  The potential energy of compression of springs has the form 

2
1 0

1

( ) / 2, 0.
n

k k

k

c x x xP -

=

= - =ä  

We write the system of n Lagrange equations of the 2nd kind (k=1,...,n)   

k k k

d T T

dt x x x

På õµ µ µ
- =-æ ö

µ µ µç ÷
 , 

in matrix form 

 

[ ] 0,nmX D X+ =                                                              (2) 

where [ ]nD  is the stiffness matrix, Xð the displacement vector of loads of length n, Xð vector 

of accelerations. For n=4 this matrix, for example, has the form 

[ ]4

2 0 0

2 0

0 2

0 0

c c

c c c
D

c c c

c c

-è ø
é ù
- -
é ù=
é ù- -
é ù

-ê ú

 .                                                   (3) 

 Note that this matrix is not symmetric with respect to the side diagonal. If we multiply (2) 

by the matrix of compliance [ ]nB  inverse to [ ]nD , then taking into account the substitution 

0sin( )X A tw j= +  equivalent to the replacement 
2X Xw=- , the problem is reduced to the prob-

lem of the eigenvalues of the matrix [ ]nB : 2[ ]nm B X Xw = , where ( )n

kl  the eigenvalue corre-

sponds to the eigenfrequency w, or ( )[ ] n

n kB X Xl=  . At n=4 the matrix [ ]nB  has the form 

[ ]4

1 1 1 1

1 2 2 21

1 2 3 3

1 2 3 4

B
c

è ø
é ù
é ù=
é ù
é ù
ê ú

. 

The elements of the upper (right) triangle of this symmetric matrix in General for an arbitrary 

value n have the form: 

, , 1,..., , 0,..., 1.i i jb i i n j j n+ = = - = - 

Eigenfrequency spectra for systems with different number of loads at c=1 N/m, m =1 kg are 

shown by curves (Fig. 2). Conventionally, each curve connects the points corresponding to the fre-

quencies of the system with n masses, and k is the number of frequencies. 
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Fig. 2.  Eigenfrequency spectra of unilaterally fixed cargoes, 1c-  

 

Discovered the next match of frequencies: 

(2) (7) (12) 1 (2) (7) (12) 1
51 2 3 2 8

(4) (7) (10) 1 (3) (10) (17) 1
51 2 3 2 8

(3) (10) (17) 1
3 8 13

... 0,618 , ... 1,618 ,

... 1,000 , ... 1,247 ,

... 1,802 , ...

c c

c c

c

w w w w w w

w w w w w w

w w w

- -

- -

-

= = = = = =

= = = = = =

= = =

  

The observed patterns allow to obtain some frequencies without resorting to calculations: 

(5 3) 1 (5 3) 1 (3 1) 1 (7 4) 1
3 1 3 1

(7 4) 1
5 2

0,618 , 1,618 , 1,000 , 1,247 ,

1,802 , 1,2,...

k k k k
k k k k

k
k

c c c c

c k

w w w w

w

- - - - + - - -
- -

- -
-

= = = =

= =
 

The list goes on. 

 

Cargo system on the plane, fixed on both sides. The equations of oscillation of loads, 

connected by springs, not stressed at rest (Fig. 3), almost no different from the previous example. 

The potential energy of compression of springs has the form: 

1
2

1 0 1

1

( ) / 2, 0.
n

k k n

k

c x x x xP
+

- +

=

= - = =ä  

 

 
 

Fig. 3. Cargo system with elastic ties on a smooth plane 

 and double-sided fastening, n=6 
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The stiffness matrix in (2) at n=4 differs from (3) only in the element on the last line and has 

the form  

[ ]4

2 0 0

2 0

0 2

0 0 2

c c

c c c
D

c c c

c c

-è ø
é ù
- -
é ù=
é ù- -
é ù

-ê ú

.

 
The matrix of compliance inverse to the matrix [ ]nD   has the property of symmetry. At n=4 

it has the form: 

[ ]4

4 3 2 1

3 6 4 21

2 4 6 35

1 2 3 4

B
c

è ø
é ù
é ù=
é ù
é ù
ê ú

. 

A generalization of the form of this matrix to the General case is obvious. The compliance 

matrices for an arbitrary number of loads n have the form 

1 ... 2 1

1 2( 1) ... 4 2
1

[ ] 2 3( 1) ... 6 3
( 1)

... ... ... ... ...

1 2 ... 1

n

n n

n n

B n n
n c

n n

-è ø
é ù
- -

é ù
é ù= - -

+ é ù
é ù
é ù-ê ú

 . 

 

Graph of frequency distribution in the spectra (Fig. 4) with a different number of masses is 

similar to the schedule in figure 2. However, there is a fundamental difference that constitutes the 

main idea of this article. If in the first problem on the oscillation of loads fixed on the one hand 

there is only a coincidence of some frequencies, here, in the symmetric problem, the frequency 

spectra { }, 1,2,...k kW =  have the property of embedding (Fig. 5): { } { }a bW WË , where ,a b  is the 

number of masses in the systems.  We have the following relations at k =1,2,é 

1 2 1 2 3 2 3 4 3 4 5 4{ } { }, { } { }, { } { }, { } { },...k k k kW W W W W W W W+ + + +Ë Ë Ë Ë              (4) 

Moreover, these relations admit one more simple generalization: 

( 1){ } { }, , 1,2,...,j j k j j kW W+ +Ë =                                          (5)

 

Fig. 4. Spectra of the eigenfrequencies of the system of goods two sides  fixed, 1c- . Hori-

zontal lines indicate the matching frequency 
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Fig. 5. The attachment of the spectra of eigenfrequencies of the system loads, mounted on two sides 

 

Loads on an elastic beam (version 1). Consider the vertical oscillations of the system of 

loads of mass m, located on a linearly elastic weightless beam at the same distance from each other 

and from the supports (Fig. 6). 

 

 
Fig. 6. Beam with masses, n=9 (version 1) 

 

The differential equation of small oscillations of this system does not differ from equation 

(2), where X  ï the vector of vertical displacements of masses, and the elements of the matrix of 

compliance, inverse to [ ]nD , are calculated by the Maxwell-Mohr formula: 

,

0

,

L
i j

i j

m m
b dx

EJ
=ñ  

where ( )im x  and  ( )jm x  are the diagrams of bending moments in the beam from the action of ver-

tical unit forces applied to the places of masses i and j (Fig. 7), where EJ is the bending rigidity of 

beams. Diagrams of moments included in the Maxwell ï Mohr formula have the form 

 
Fig. 7. Moment plots for calculating the elements of the compliance matrix 
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Maximum plot values:  

( ) ( ) / , , ,k k k kM x x L x L k i j= - =                                                    (6) 

where L=(n+1)a is the beam length. If the loads are at the same distance from each other and from 

the supports (span split with step a), then , , .kx ak k i j= =  Plots have an analytical expression 

( ) / , 0 ,
( )

( ) ( ) / ( ), .

k k k k
k

k k k k

xM x x x x
m x

L x M x L x x x L

¢ ¢ë
=ì

- - ¢ ¢í
  

Thus, the coefficients of the compliance matrix have the form 

2 2 3

,

0

, ,

( 1)( 2 ( 1))
, ,

, .

L
i j

i j

j i i j

m m i j n i j j n a
b dx j i

EJ EJ

b b j i

- - + - +
= = >

= ¢

ñ
 

At n = 4 the matrix has the form: 

[ ]
3

4

32 45 40 23

45 72 68 40

40 68 72 4530

23 40 45 32

a
B

EJ

è ø
é ù
é ù=
é ù
é ù
ê ú

. 

           The eigenvalue ( )n

kl  of this matrix corresponds to the eigenfrequency 
( ) ( )1/n n

k k mw l= . The 

spectra of own frequencies of fluctuations, related to 
3/ ( )EJ ma , for beams with various numbers 

of goods displayed curves (Fig. 8) similar curves in figures 2 and 4. 

 
 

Fig. 8. Natural frequency spectra of loads on the beam, n = 1-48 (version 1) 
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Fig. 9. The attachment of the spectra of eigenfrequencies of the system loads on the beam. Same 

frequency are underlined 

There is also an embedding of spectra of the form (4) and (5) found in the problem of loads 

with elastic bonds on a smooth plane (Fig. 3). The dimensionless oscillation frequency 
(1)

1 6 2,449w = =  at n=1 coincides with the known result for the oscillation frequency of the load 

on a beam length 2a: 
36 / ( )EJ maw=  [14]. 

Loads on a shortened elastic beam (version 2). Consider another fastening of masses, also 

evenly distributed over the beam (Fig. 10). The difference from the previous problem is the short-

ened distances of the initial and last masses to the supports. Here the beam length L=na. 

 

 

 
 

Fig. 10. Beam with masses, n=7, (version 2) 

 

The maximum values of the moments plots are calculated by the same formulas (6), where 

( 1/ 2), , .kx a k k i j= - =  The coefficients of the compliance matrix, the eigenvalues of which de-

termine the oscillation frequency, have the form 

3 2 21 2
,

0

, ,

(2 1)(2 2 1)(2( 2 ) 1) / (48 ), ,

, .

L

i j

j i i j

m m
b ds a i j n i j i j nj n nEJ i j

EJ

b b j i

= = - - - + - - - + + <

= ¢

ñ

 

At n=4 the matrix has the form 

4[ ]B =
. 
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Let's write the sets of eigenvalues 
( ) ( ) ( ) ( )

1 2{ , ,... }n n n n
nl l lL =  of several matrices, where the 

lower index means the eigenvalue number, the upper ï the order of the system. Let us refer these 

values to 
(1) 3
1 / 48 / ( )a EJl = : 

(1) (2) (3)

(4) (5)

(6)

{1}, {1, 8}, {1, 8 / 3, 40},

{1, 8, 64 44 2}, {1, 52 / 5 4 5 , 156 68 5},

{1, 8 / 3,8,40,320 184 3}.

L = L = L =

L = ° L = ° °

L = °

 

 

 
Fig. 11   

 

You can see that the embedding of spectra here is simpler than (4). At k=1,2,é we have: 

1 2 2 3 3 4 4{ } { }, { } { }, { } { }, { } { },k k k kW W W W W W W WË Ë Ë Ë  

or { } { }, , 1,2...j jk j kW WË = . The latter equality also means that if the number of masses with this 

arrangement on the beam is expressed as a Prime number, then in the case of joint operation of sev-

eral similar systems with different number of loads, there will be no internal resonance phenome-

non. Another property of the frequency spectra found is that the higher frequency here does not de-

pend on the number of loads n, while for the first variant of the cargo arrangement  (Fig. 6) this fre-

quency increases with n smoothly, asymptotically approaching the value 

3 148 / ( ) 6,928EJ ma cw -= º  (Fig. 8) ð the highest frequency for the second variant of the loca-

tion of goods.  In fact, this corresponds to the principle of Saint-Venant.  

Conclusion.  The analysis of the spectra of frequencies of natural oscillations of two simple 

regular systems have identified a property investment or spectra match the frequency of the systems 

of different order. This property makes it possible in some cases to easily obtain simple solutions to 

the eigenfrequency problems of large-dimensional systems, reducing them to simple systems. A 

simple illustrative representation of the frequency spectra in the form of certain curves connecting 

the frequency points of the spectra is proposed. Formulas for matrix elements whose eigenvalues 

determine the frequencies of the system are obtained for an arbitrary order of the system. In the 

problem of small oscillations of loads on the beam it is shown that the higher frequency of oscilla-

tions does not depend on the number of loads. 
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ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʙʦʪʳ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʤʦʩʪʦʚ ï ʫʯʝʪ ʚʣʠʷ-

ʥʠʷ ʩʜʚʠʛʘ ʤʝʞʜʫ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʠ ʩʪʘʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʅʘʜʝʞʥʦʩʪʴ 

ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʧʫʪʝʤ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʦʦʨʫʞʝʥʠʷ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʦ-

ʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʲʝʜʠʥʝʥʠʷ ʙʝʪʦʥʘ ʠ ʩʪʘʣʠ. 
ʇʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʯʝʪʘ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʤʦʩʪʦʚ ʦʪʤʝ-

ʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʞʝʩʪʢʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʜʣʷ ʩʚʷʟʫʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩʪʘʣʴʥʦʡ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʯʘʩʪʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʝʪʘ 

ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʢʦʥʝʯʥʦʡ ʩʜʚʠʛʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʰʚʦʚ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʪʘʣʴʥʦʡ ʙʘʣʢʠ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʦʡ, ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʩʪʘʥʜʘʨʪʘʭ, ʠ ʠʭ ʩʢʦʨʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ ʚ ʩʦʩʪʘʚʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʷʚʣʷʝʪʩʷ, ʙʝʟʫʩʣʦʚʥʦ, ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʊʈ ʊʉ 014/2011. 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʯʝʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʩʜʚʠʛʦʚʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʨʘʩʯʝʪ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ 

ʥʘʜʝʞʥʦʩʪʠ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʟʘʢʣʘʜʳʚʘʝʤʳʡ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʠ ʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦ-

ʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ; ʫʧʦʨ ʞʝʩʪʢʠʡ, ʛʠʙʢʠʡ, ʥʝʧʨʝʨʳʚʥʳʡ; ʘʥʢʝʨ 

 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʫʧʦʨʦʚ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

çʫʩʠʣʠʝ-ʩʜʚʠʛè. ɺ ɽʚʨʦʢʦʜʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʩʦ ʩʪʘʣʴʥʳʤʠ 

ʙʘʣʢʘʤʠ ʥʘʟʳʚʘʶʪ ʩʦʝʜʠʥʠʪʝʣʷʤʠ (connectors). ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʠʤʝʥʷʶʪ ʪʝʨʤʠʥ çʫʧʦʨè, ʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʧʦʨ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʜʚʠʛ, ʥʦ ʠ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʦʪʨʳʚ ʧʣʠʪʳ), ʝʛʦ ʥʘʟʳʚʘʶʪ ʘʥʢʝʨʦʤ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʘʙʦʪʳ ʫʧʦʨʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʞʝʩʪʢʠʝ ʠ ʛʠʙʢʠʝ. ʂ ʦʪʜʝʣʴʥʦʤʫ ʚʠʜʫ ʦʪʥʦ-

ʩʷʪ ʫʧʦʨʳ ʚ ʚʠʜʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ (ʛʨʝʙʝʥʯʘʪʳʝ). ʊʘʢʞʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʣʠʪ ʩ ʧʦʷ-

ʩʦʤ ʙʘʣʢʠ ʧʨʠʤʝʥʷʶʪ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʙʦʣʪʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʨʝʥʠʷ:  ʩʪʘʣʴ-

ʩʪʘʣʴ; ʩʪʘʣʴ-ʙʝʪʦʥ; ʢʣʝʝʚʦʡ ʢʦʥʪʘʢʪ. 

ʇʨʠ ʞʝʩʪʢʦʤ ʫʧʦʨʝ ʙʝʪʦʥ ʨʘʚʥʦʤʝʨʥʦ ʩʤʠʥʘʝʪʩʷ ʥʘ ʫʧʦʨʥʦʡ ʧʣʦʱʘʜʢʝ [1]: ʩ ʨʦʩʪʦʤ 

ʩʜʚʠʛʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʙʝʪʦʥ, çʥʘʪʘʣʢʠʚʘʷʩʴè ʥʘ ʞʝʩʪʢʠʡ ʫʧʦʨ, ʨʘʟʨʫʰʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʢʦʣʘ ʩ ʫʢʣʦʥʦʤ 1:2é1:2,5. 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ ʫʧʦʨʘ (ʧʝʨʝʭʦʜʦʤ ʝʛʦ ʚ ʪʠʧ ʛʠʙʢʦʛʦ) ʝʛʦ ʜʝʬʦʨʤʘʮʠʠ ʧʦ 

ʚʳʩʦʪʝ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤʠ, ʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ ʤʝʥʷʶʪ ʟʥʘʢ.  

___________________ 
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ɺ ʛʠʙʢʠʭ ʫʧʦʨʘʭ ʥʘʠʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʙʝʪʦʥʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʫ ʧʦʷʩʘ (ʪ. ʝ. 

ʚʙʣʠʟʠ ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʫʧʦʨʘ ʢ ʧʦʷʩʫ). ʇʨʠ ʩʤʝʱʝʥʠʠ ʧʣʠʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʷʩʘ ʙʝʪʦʥ 

çʜʚʠʛʘʝʪʩʷè ʧʦ ʛʠʙʢʦʤʫ ʫʧʦʨʫ, ʨʘʩʪʷʛʠʚʘʷ ʝʛʦ ʠ ʦʪʨʳʚʘʷ ʦʪ ʧʦʷʩʘ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʕʪʘʧʳ ʨʘʟʨʫʰʝʥʠʷ ʛʠʙʢʦʛʦ ʫʧʦʨʘ 

 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʦʨʘ ʣʶʙʦʛʦ ʪʠʧʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ: 

- ʨʘʟʨʫʰʝʥʠʝ ʙʝʪʦʥʘ ʧʦʜ ʫʧʦʨʦʤ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʩʞʘʪʠʷ ʧʨʝʚʳʰʘʝʪ Rb; 

- ʨʘʟʨʫʰʝʥʠʝ ʩʪʘʣʠ ʫʧʦʨʘ ʠʣʠ ʤʝʩʪʘ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʘʣʢʦʡ (ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ  ʩʦʚ-

ʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʜʚʠʛʘ ʠ ʨʘʩʪʷʞʝʥʠʷ). 

ʄʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʧʦʜ ʫʧʦʨʦʤ ʦʯʝʥʴ ʩʣʦʞʝʥ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ, ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʙʝʪʦʥʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ 

ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʟʘ ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ (ʥʘʩʪʫʧʣʝʥʠʷ 

ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ), ʢʘʢ ʧʨʘʚʠʣʦ, ʙʝʨʫʪ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʤʝʱʝʥʠʷ ʧʣʠʪʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʦʷʩʘ. ɿʘ ʥʦʨʤʘʪʠʚʥʫʶ ʚʝʣʠʯʠʥʫ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʥʠʤʘʶʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝ-

ʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ  

„ ὼ ὼӶ ὲ ρȟ 

ʛʜʝ ὼӶ ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳ; 

       xi ï i-ʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳ; 

       n ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ (ʠʩʧʳʪʘʥʠʡ). 

 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʶʪ ʜʝʣʝʥʠʝʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʫʩʠʣʠʷʤʠ 

ʩʜʚʠʛʘ ʧʣʠʪʳ. ɽʩʣʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʪʢʣʘʜʳʚʘʪʴ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ, ʘ ʧʦ ʚʝʨʪʠ-

ʢʘʣʠ ï ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʨʘʚʥʫʶ ʦʪʥʦʰʝʥʠʶ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʢ ʧʨʝʜʝʣʴʥʦʡ, 
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ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʩʪʫʧʘʝʪ ʨʘʟʨʫʰʝʥʠʝ: Vd/Vu, ʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡ ʛʠʙʢʠʭ ʩʪʝʨʞ-

ʥʝʚʳʭ ʫʧʦʨʦʚ ʛʨʘʬʠʢ ʜʝʬʦʨʤʘʮʠʡ ʩʜʚʠʛʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʋʩʨʝʜʥʝʥʥʳʡ ʛʨʘʬʠʢ ʜʝʬʦʨʤʘʮʠʡ ʩʜʚʠʛʘ 

 

ʅʘ ʫʯʘʩʪʢʝ 1-2 ʨʦʩʪ ʥʘʛʨʫʟʢʠ ʧʨʦʭʦʜʠʪ ʙʝʟ ʚʠʜʠʤʳʭ ʜʝʬʦʨʤʘʮʠʡ; ʥʘ ʫʯʘʩʪʢʝ 2-3 

ʥʘʛʨʫʟʢʘ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʨʝʥʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ; ʥʘ ʫʯʘʩʪʢʝ 3-4 ʨʦʩʪ ʜʝʬʦʨʤʘʮʠʡ ʦʧʝʨʝʞʘ-

ʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʥʘʛʨʫʟʢʠ. 

ʊʦʯʢʘ ʧʝʨʝʣʦʤʘ 3 ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ [2, 3], ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʯʠʩ-

ʣʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʫʧʦʨʦʚ ʚ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ ʨʘʩʯʝʪ-

ʥʳʭ ʤʦʜʝʣʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʂʕ ʦʪʥʦʰʝʥʠʝ Vd/Vu, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʣʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝ-

ʨʝʭʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʪʦʯʢʘ 3 ʥʘ ʨʠʩ. 2), ʚʘʨʴʠʨʫʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʫʧʦʨʦʚ ʠ ʠʤʝʝʪ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ȹ = 0,18 ʤʤ ʧʨʠ Vd/Vu = 0,5.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʘʷ ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʛʠʙʢʦʛʦ ʰʪʳʨʝʚʦʛʦ ʫʧʦʨʘ ʥʘ ʦʧʪʠ-

ʤʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʝʛʦ ʨʘʙʦʪʳ (ʦʪʨʝʟʦʢ 2-3, ʨʠʩ.2) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʝʛʦ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ: 

ὅ
πȢυὠ

πȢρψϽρπ
ςχψπὠ  

ʢʅ

ʤ
Ȣ 

 

ɾʝʩʪʢʠʡ ʫʧʦʨ ʩʦʛʣʘʩʥʦ [1] ʠʤʝʝʪ ʥʝʫʧʨʫʛʠʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ: ʩʪʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʩʜʚʠʛ ʩ ʧʦʚʪʦʨʥʳʤʠ ʟʘʛʨʫʞʝʥʠʷʤʠ ʠ ʨʘʟʛʨʫʟʢʘʤʠ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʫʧʝʥʝʡ ʥʘʛʨʫʟʢʠ ʚʳ-

ʷʚʠʣʠ ʥʘʢʦʧʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʜʚʠʛʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʦʜʫʣʷ ʫʧʨʫʛʠʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ʧʦ ʤʝʨʝ ʵʪʦʛʦ ʥʘʢʦʧʣʝʥʠʷ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʩʜʚʠʛʘ ʜʣʷ ʞʝʩʪʢʦʛʦ ʫʧʦʨʘ ʥʘ 

ʫʨʦʚʥʝ ȹ=0,5 ʤʤ ʥʘʩʪʫʧʠʣʘ ʧʨʠ Vd/Vu = 0,7. 

ʅʝʧʨʝʨʳʚʥʳʝ ʛʨʝʙʝʥʯʘʪʳʝ ʫʧʦʨʳ ʩʦʛʣʘʩʥʦ [4] ʧʨʠ ʥʘʛʨʫʟʢʝ 50 % ʦʪ ʧʨʝʜʝʣʴʥʦʡ ʧʦʢʘ-

ʟʘʣʠ ʧʝʨʝʤʝʱʝʥʠʝ 0,021 ʤʤ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʧʝʨʝʤʝʱʝʥʠʡ ʛʠʙʢʠʭ ʩʪʝʨʞʥʝʚʳʭ ʠ 

ʞʝʩʪʢʠʭ ʫʧʦʨʦʚ. ʉʪʦʣʴ ʤʘʣʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʠ ʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ 

ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʰʠʨʦʢʠʤ ʚʢʣʶʯʝʥʠʝʤ ʚ ʨʘʙʦʪʫ ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ 

ʛʨʝʙʥʶ ʙʝʪʦʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʧʝʨʝʯʥʳʭ ʩʪʝʨʞʥʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʠ ʧʘʟʳ ʛʨʝ-

ʙʝʥʢʠ (ʨʠʩ. 3). ɿʜʝʩʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʞʠʤʘʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 224 ʪ/ʤ
2
, ʥʘ ʢʨʘʶ ʙʝʪʦʥʥʦʡ 

ʧʦʣʦʩʳ ʥʘʧʨʷʞʝʥʠʝ ʧʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʜʦ 162 ʪ/ʤ
2
. ʎʝʥʪʨʘʣʴʥʳʡ ʧʫʩʪʦʡ ʫʯʘ-
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ʩʪʦʢ ï ʩʪʘʣʴʥʘʷ ʧʦʣʦʩʘ (ʛʨʝʙʝʥʢʘ), ʥʝ ʧʦʢʘʟʘʥʘ ʨʠʩ. 3 ʩ ʮʝʣʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʚ ʙʝʪʦʥʝ. 

 
ʈʠʩ. 3. ʄʦʟʘʠʢʘ ʥʦʨʤʘʣʴʥʳʭ (ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʜʚʠʛʘ) ʥʘʧʨʷʞʝʥʠʡ  

ʚ ʙʝʪʦʥʝ ʧʣʠʪʳ ʰʠʨʠʥʦʡ 40 ʩʤ, ʚʳʩʦʪʦʡ 20 ʩʤ, ʧʦ ʨʘʟʨʝʟʫ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʪʝʨʞʥʷ ʛʨʝʙʝʥʯʘʪʦʛʦ ʫʧʦʨʘ 

 

ʂʦʥʩʪʨʫʢʮʠʠ ʫʧʦʨʦʚ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʧʦʨʦʚ. 

1. ɾʝʩʪʢʠʡ ʫʧʦʨ, ʫ ʢʦʪʦʨʦʛʦ ʫʧʦʨʥʘʷ ʧʣʘʩʪʠʥʘ ʧʦʜʢʨʝʧʣʝʥʘ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʨʝʙʨʘʤʠ 

(ʨʠʩ. 4).  
ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʧʦ ʝʸ ʧʣʦʱʘʜʠ 

(ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʵʧʶʨʘ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ). ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʦʨʘ ʩʦ-

ʛʣʘʩʥʦ [5]: 

Ὓ ρȢφὙὃȟ  ï ʧʦ ʧʨʦʯʥʦʩʪʠ ʚ ʘʚʪʦʜʦʨʦʞʥʳʭ, ʛʦʨʦʜʩʢʠʭ ʠ ʧʝʰʝʭʦʜʥʳʭ ʤʦʩʪʘʭ; 

Ὓ ςὙὃȟ  ï ʧʦ ʧʨʦʯʥʦʩʪʠ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʘʭ; 

Ὓ ρȢυά Ὑὃȟ  ï ʧʦ ʚʳʥʦʩʣʠʚʦʩʪʠ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʘʭ. 

ɿʜʝʩʴ Sh, Sw ï ʩʜʚʠʛʘʶʱʠʝ ʫʩʠʣʠʷ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʦʜʠʥ ʫʧʦʨ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ;  

Ab,dr ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʷʪʠʷ ʙʝʪʦʥʘ ʫʧʦʨʦʤ; ʧʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʜʫʛʦʦʙʨʘʟ-

ʥʳʭ ʫʧʦʨʘʭ ï ʧʣʦʱʘʜʴ ʠʭ ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ;  

mb1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʙʝʪʦʥʘ ʧʦʜ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʦʡ 

ʩʦʛʣʘʩʥʦ 7.26 [5]. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4. ɾʝʩʪʢʠʡ ʫʧʦʨ 
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ɼʣʷ ʘʚʪʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ, ʪ. ʢ. ʧʨʦʚʝʨʢʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝ ʚʳʧʦʣʥʷʪʴ, 

ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʩʜʚʠʛʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʬʦʨʤʫʣʝ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦ-

ʩʪʦʚ. 

ʈʘʩʩʪʘʥʦʚʢʘ ʞʝʩʪʢʠʭ ʫʧʦʨʦʚ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʚʝʪʫ ʤʝʞʜʫ ʞʝʩʪʢʠʤʠ ʫʧʦʨʘʤʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 8-ʢʨʘʪʥʦʡ ʩʨʝʜ-

ʥʝʡ ʪʦʣʱʠʥʳ ʧʣʠʪʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʜʝʣʝʥʠʝʤ ʧʣʦʱʘʜʠ ʫʯʠʪʳʚʘʝʤʦʡ ʚ ʩʦʩʪʘʚʝ ʩʝʯʝʥʠʷ ʧʣʠʪʳ 

(ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʙʨʘʤʠ ʠʣʠ ʚʫʪʘʤʠ) ʥʘ ʨʘʩʯʝʪʥʫʶ ʰʠʨʠʥʫ bsl; 
- ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʚʝʪʫ ʤʝʞʜʫ ʞʝʩʪʢʠʤʠ ʫʧʦʨʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ 3,5-ʢʨʘʪʥʦʡ ʚʳʩʦʪʳ 

ʨʘʩʯʝʪʥʦʡ ʧʣʦʱʘʜʠ ʩʤʷʪʠʷ ʙʝʪʦʥʘ ʫʧʦʨʦʤ. 

2. ɻʠʙʢʠʝ ʫʧʦʨʳ ʚ ʚʠʜʝ ʧʨʦʢʘʪʥʳʭ ʰʚʝʣʣʝʨʦʚ, ʜʚʫʪʘʚʨʦʚ, ʫʛʦʣʢʦʚ ʙʝʟ ʧʦʜʢʨʝʧʣʷʶʱʠʭ 

ʨʝʙʝʨ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ɻʠʙʢʠʡ ʫʧʦʨ 

 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʛʣʘʩʥʦ [5]: 

Ὓ πȢυυὸ πȢυὸ ὦ ρπὙȟ  
ʛʜʝ Sh ï ʩʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʫʧʦʨ, ʢʅ;  

tfr ï ʩʫʤʤʘ ʨʘʜʠʫʩʘ ʟʘʢʨʫʛʣʝʥʠʷ ʠ ʥʘʠʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ ʧʦʣʢʠ ʧʨʦʢʘʪʥʦʛʦ ʧʨʦʬʠʣʷ, ʩʤ;  

tw ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʧʨʦʢʘʪʥʦʛʦ ʧʨʦʬʠʣʷ, ʩʤ;  

bdr ï ʰʠʨʠʥʘ ʧʣʦʱʘʜʠ ʩʤʷʪʠʷ ʙʝʪʦʥʘ ʫʧʦʨʦʤ, ʩʤ;  

Rb ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʩʞʘʪʠʶ, ʄʇʘ. 

3. ɻʠʙʢʠʡ ʥʘʢʣʦʥʥʳʡ ʘʥʢʝʨ ʠʟ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʪʣʝʚʦʡ 

ʘʥʢʝʨ (ʨʠʩ. 6). 

 
ʈʠʩ.6. ʇʝʪʣʝʚʦʡ ʘʥʢʝʨ 

 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʡ ʚʝʪʚʠ ʩʦʛʣʘʩʥʦ [5]: 

Ὓ πȢρὃ άὙὧέί‌Ὠ ρπὙίὭὲ‌Ƞ 

Ὓ πȢρὃ άὙ ὧέί‌πȢψίὭὲ‌ȟ 
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ʛʜʝ Sh ï ʩʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʘʥʢʝʨ, ʢʅ;  

Aan ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ ʘʥʢʝʨʘ ʠʣʠ ʚʝʪʚʠ ʘʥʢʝʨʘ, ʩʤ
2
;  

Ŭ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʘʥʢʝʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ;  

Ry ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ, ʄʇʘ. 

ɼʣʷ ʘʥʢʝʨʦʚ, ʨʘʟʚʝʜʝʥʥʳʭ ʚ ʧʣʘʥʝ, ʚ ʬʦʨʤʫʣʘʭ ʚʳʰʝ ʚʤʝʩʪʦ cosŬ ʩʣʝʜʫʝʪ ʧʦʜʩʪʘʚʣʷʪʴ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ὧέί‌Ͻὧέί‍, ʛʜʝ ɓ ï ʫʛʦʣ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʝʡ ʘʥʢʝʨʘ ʠ ʥʘʧʨʘʚʣʝ-

ʥʠʝʤ ʜʝʡʩʪʚʠʷ ʩʜʚʠʛʘʶʱʝʡ ʩʠʣʳ. 

ʉʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʩʞʘʪʳʤʠ ʥʘʢʣʦʥʥʳʤʠ ʘʥʢʝʨʘʤʠ, ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 25% ʧʦʣʥʦʛʦ ʩʜʚʠʛʘʶʱʝʛʦ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʨʘʩʩʯʠʪʳʚʘʝʤʦʤ ʫʯʘʩʪʢʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʢʣʦʥʥʳʭ ʘʥʢʝʨʦʚ ʠʟ ʧʦʣʦʩʦʚʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ tan ʦʪ 8 ʜʦ 20 ʤʤ ʠ 

ʰʠʨʠʥʦʡ ʦʪ 20 ʜʦ 80 ʤʤ ʩʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ Sh, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʘʥʢʝʨ ʠʣʠ ʦʜʥʫ ʚʝʪʚʴ 

ʧʝʪʣʝʚʦʛʦ ʘʥʢʝʨʘ, ʧʨʦʚʝʨʷʶʪ ʧʦ ʬʦʨʤʫʣʝ  

Ὓ πȢρὃ άὙὧέί‌ὸ ρπὙ Ͻὃ ίὭὲ‌, 

ʛʜʝ tan, ʩʤ; Rb, ʄʇʘ; Aan, ʩʤ
2
. 

4. ʆʙʲʝʜʠʥʝʥʠʝ ʞʝʩʪʢʠʭ ʫʧʦʨʦʚ ʠ ʧʝʪʣʝʚʳʭ ʘʥʢʝʨʦʚ (ʨʠʩ. 7). 

 
ʈʠʩ. 7. ʆʙʲʝʜʠʥʝʥʥʳʡ ʞʝʩʪʢʠʡ ʫʧʦʨ ʠ ʧʝʪʣʝʚʦʡ ʘʥʢʝʨ 

 

ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ ʞʝʩʪʢʠʭ ʫʧʦʨʦʚ ʠ 

ʥʘʢʣʦʥʥʳʭ (ʧʝʪʣʝʚʳʭ) ʘʥʢʝʨʦʚ ʜʦʧʫʩʢʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʠʭ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ, ʧʦʣʘʛʘʷ ʧʦʣ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʲʝʜʠʥʠʪʝʣʴʥʦʛʦ ʰʚʘ ʨʘʚʥʳʤ ʩʫʤʤʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʫʧʦʨʦʚ ʠ ʘʥʢʝʨʦʚ.  

ɼʣʷ ʘʚʪʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ 

Ὓ ρȢφὙὃȟ ὓὭὲπȢρὃ άὙὧέί‌Ὠ ρπὙίὭὲ‌Ƞ πȢρὃ άὙ ὧέί‌πȢψίὭὲ‌ ; 

ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ 

Ὓ ςὙὃȟ ὓὭὲπȢρὃ άὙὧέί‌Ὠ ρπὙίὭὲ‌Ƞ πȢρὃ άὙ ὧέί‌πȢψίὭὲ‌ . 

  5. ʋʧʦʨʳ PBL (Perfobond Leisten), ʦʥʠ ʞʝ perforated-plate dowels, ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ 

ʧʣʘʩʪʠʥʳ ʩʦ ʰʧʦʥʢʘʤʠ (ʨʠʩ. 8). 

          

ʘ)                                                                       ʙ) 

ʈʠʩ.  8 (ʥʘʯʘʣʦ). ʇʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ ʩʦ ʰʧʦʥʢʘʤʠ  



56 
 

 
ʚ) 

ʈʠʩ. 8 (ʦʢʦʥʯʘʥʠʝ). ʇʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ ʩʦ ʰʧʦʥʢʘʤʠ:  

ʘ) ï ʦʜʠʥʦʯʥʳʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ; ʙ) ï ʧʘʨʥʳʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ; 

ʚ) - ʢʦʤʙʠʥʘʮʠʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ ʠ ʛʠʙʢʠʭ ʰʪʳʨʝʚʳʭ ʫʧʦʨʦʚ 

 

ɿʘ ʨʫʙʝʞʦʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʫʧʦʨʳ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ, 

ʦʜʠʥʦʯʥʳʝ ʠʣʠ ʧʘʨʥʳʝ, ʩʦ ʩʪʝʨʞʥʷʤʠ ʚ ʦʪʚʝʨʩʪʠʷʭ ʠʣʠ ʙʝʟ ʥʠʭ, ʢʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʢʦʤ-

ʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʤʝʩʪʥʦ ʩ ʛʠʙʢʠʤʠ ʩʪʝʨʞʥʝʚʳʤʠ ʫʧʦʨʘʤʠ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠʟʣʦʞʝʥʘ ʚ çʊʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʩʪʘʣʴʥʳʭ ʠ ʩʪʘʣʝʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè ʗʧʦʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʥʞʝʥʝʨʦʚ-ʩʪʨʦʠʪʝʣʝʡ (Standard specifications 

for steel and composite structures, JSCE, 2009). ɺ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥʘʭ ʩʦ ʰʧʦʥʢʘʤʠ 

ʩʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʙʝʪʦʥʦʤ, ʟʘʧʦʣʥʷʶʱʠʤ ʦʪʚʝʨʩʪʠʷ (ʰʧʦʥʢʦʡ). ʋʚʝʣʠʯʝ-

ʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʚ ʦʪʚʝʨʩʪʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʪʝʨʞʥʝʡ. ʈʘʩ-

ʯʝʪʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʙʝʟ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʪʝʨʞʥʷ ʧʦ ʙʝʪʦʥʫ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ὗ
σȢσψὨ

ὸ
Ὠ
Ὑ ρςρπππ

‎
ȟ  

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

συψππ ̊ Ὠ
ὸ

Ὠ
Ὑ ρωτπππ ̊ ȟ 

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʧʝʨʬʦʨʘʮʠʠ, ʤʤ;  

t ï ʪʦʣʱʠʥʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʣʘʩʪʠʥʳ, ʤʤ;  

Rb ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ;  

ɔb ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʨʘʚʥʳʡ 1,3. 

ʈʘʩʯʝʪʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʩ ʧʦʧʝ-

ʨʝʯʥʳʤ ʩʪʝʨʞʥʝʤ ʧʦ ʙʝʪʦʥʫ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

ȟὗ
ρȢτυὨ Ὠ Ὑ ὨὙ ρπφρππ

‎
ȟ  

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

χσςππ ̊ Ὠ Ὠ Ὑ ὨὙ τψψπππ ̊ ȟ 
ʛʜʝ  ds ï ʜʠʘʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ ʚ ʦʪʚʝʨʩʪʠʠ, ʤʤ;  

Rs ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ ʨʘʩʪʷʞʝʥʠʶ, ʄʇʘ;  

ɔb ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʨʘʚʥʳʡ 1,3. 

ʈʘʩʯʝʪʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʧʦ 

ʩʪʘʣʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

ὗ πȢωφςὙὃȟ  
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ʛʜʝ  Ry ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ, ʄʇʘ;  

An ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ ʥʝʪʪʦ (ʧʦ ʦʪʚʝʨʩʪʠʶ), ʤʤ
2
. 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʧʦ ʩʪʘʣʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʳ Qs ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʧʨʦʯ-

ʥʦʩʪʠ ʚʩʝʛʦ ʫʧʦʨʘ ʥʘ ʩʜʚʠʛ ʧʦ ʙʝʪʦʥʫ Qb. 

6. ʅʝʧʨʝʨʳʚʥʳʝ ʛʨʝʙʝʥʯʘʪʳʝ ʫʧʦʨʳ (ʨʠʩ. 9). 

 

 
ʈʠʩ. 9. ʅʝʧʨʝʨʳʚʥʳʝ ʛʨʝʙʝʥʯʘʪʳʝ ʫʧʦʨʳ 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʥʝʧʨʝʨʳʚʥʳʭ ʛʨʝʙʝʥʯʘʪʳʭ ʫʧʦʨʦʚ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʧʦ ʆɼʄ 

218.4.003-2009. ʆʙʲʝʜʠʥʝʥʠʝ ʤʦʥʦʣʠʪʥʦʡ ʧʣʠʪʳ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʩʦ ʩʪʘʣʴʥʦʡ ʛʣʘʚʥʦʡ ʙʘʣʢʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝʨʳʚʥʳʭ ʛʨʝʙʝʥʯʘʪʳʭ ʫʧʦʨʦʚ ʚ ʚʠʜʝ ʩʪʘʣʴʥʦʡ ʧʦʣʦʩʳ, ʧʨʠ-

ʚʘʨʠʚʘʝʤʦʡ ʢ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ ʚ ʧʨʦʮʝʩʩʝ ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ. 

ʋʧʦʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚʦʩʧʨʠʥʠʤʘʶʪ ʫʩʠʣʠʷ ʩʜʚʠʛʘ ʠ ʦʪʨʳʚʘ. 

ɻʨʝʙʝʥʯʘʪʳʝ ʫʧʦʨʳ ʠʤʝʶʪ ʥʘʢʣʦʥʥʳʝ ʧʨʦʨʝʟʠ ʧʦʜ ʫʛʣʦʤ ʧʨʠʤʝʨʥʦ 60
0
, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʝ ʩ ʰʘʛʦʤ 150-200 ʤʤ. ʇʨʠ ʰʠʨʠʥʝ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʜʦ 300 ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʦʜʠʥʦʯʥʳʡ ʛʨʝʙʝʥʴ, ʙʦʣʝʝ 300 ʤʤ ï ʜʚʦʡʥʦʡ. ʊʦʣʱʠʥʫ ʛʨʝʙʥʷ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʦʡ 16-20 ʤʤ. 

ʇʦʧʝʨʝʯʥʳʝ ʩʪʝʨʞʥʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʧʘʟʳ ʠ ʦʪʚʝʨʩʪʠʷ ʛʨʝʙʥʷ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʘʢ 

ʛʠʙʢʠʝ ʩʪʝʨʞʥʝʚʳʝ ʫʧʦʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [5] ʧʨʠ l/d>4.2 

Ὓ Ὠ ρπὙȟ  

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʩʤ;  

l ï ʜʣʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʩʤ;  

Rb ï  ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ, ʄʧʘ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘ ʩʨʝʟ 

Ὓ πȢπφσὨάὙȟ  
ʛʜʝ Ry ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʄʇʘ;  

m ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 1,0. 

 

ʈʘʩʯʝʪʥʦʝ ʫʩʠʣʠʝ ʩʨʝʟʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʙʝʪʦʥʥʳʤʠ ʰʧʦʥʢʘʤʠ ʚ ʧʘʟʘʭ ʛʨʝʙʥʷ, ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

Ὓ πȟρὙȟ ὃ ὲȟ  
ʛʜʝ Rb,cut ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʩʜʚʠʛ, ʄʇʘ;  

Acut ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʰʧʦʥʢʠ, ʩʤ
2
;  

ns ï ʯʠʩʣʦ ʰʧʦʥʦʢ ʥʘ ʨʘʩʯʝʪʥʦʤ ʫʯʘʩʪʢʝ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʦʯʥʦʩʪʠ ʛʨʝʙʝʥʯʘʪʦʛʦ ʫʧʦʨʘ ʥʘ ʩʜʚʠʛ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʚʩʸ ʩʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʧʦʧʝʨʝʯʥʳʝ ʩʪʝʨʞʥʠ, ʧʨʦʭʦʜʷʱʠʝ ʩʢʚʦʟʴ ʧʘʟʳ ʠ ʦʪ-

ʚʝʨʩʪʠʷ ʛʨʝʙʥʷ (ʚʣʠʷʥʠʝ ʨʘʙʦʪʳ ʙʝʪʦʥʥʳʭ ʰʧʦʥʦʢ Sb ʩʦʩʪʘʚʣʷʝʪ 3-5%, ʠ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ). 
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7. ɻʠʙʢʠʝ ʰʪʳʨʝʚʳʝ ʫʧʦʨʳ ʩ ʛʦʣʦʚʢʘʤʠ (ʨʠʩ. 10) 

 

 
ʈʠʩ. 10.  ɻʠʙʢʠʝ ʰʪʳʨʝʚʳʝ ʫʧʦʨʳ ʩ ʛʦʣʦʚʢʘʤʠ 

 

ɻʠʙʢʠʝ ʰʪʳʨʝʚʳʝ ʫʧʦʨʳ ʩ ʛʦʣʦʚʢʘʤʠ (ʘʥʢʝʨʘ ʅʝʣʴʩʦʥʘ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʤʠʨʝ ʩʧʦʩʦʙʦʤ ʦʙʲʝʜʠʥʝʥʠʷ. ʇʨʘʚʠʣʘ ʨʘʩʩʪʘʥʦʚʢʠ ʠ ʨʘʩʯʝʪʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʥʦʨʤʘʪʠʚʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʪʨʘʥ. ʆʜʥʘʢʦ ʚ ʥʦʨʤʘʭ ʈʌ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʰʴ 

ʧʨʘʚʠʣʘ ʨʘʩʯʝʪʘ, ʘ ʧʨʘʚʠʣʘ ʨʘʩʩʪʘʥʦʚʢʠ ʦʛʨʘʥʠʯʝʥʳ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʚ ʩʚʝʪʫ ʤʝʞ-

ʜʫ ʘʥʢʝʨʘʤʠ ï ʥʝ ʤʝʥʝʝ 3-ʭ ʜʠʘʤʝʪʨʦʚ ʩʪʝʨʞʥʷ ʘʥʢʝʨʘ, ʧ.9.40 [5]. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʩʩʪʘʥʦʚʢʝ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʰʪʳʨʝʚʳʭ ʫʧʦʨʦʚ ʫʢʘʟʘʥʳ 

ʚ ʨʘʟʜʝʣʝ 6.6.5 [6]: 

- ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʚʝʪʫ ʤʝʞʜʫ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʛʦʣʦʚʢʠ ʫʧʦʨʘ ʠ ʥʠʞʥʝʡ ʘʨʤʘʪʫʨʦʡ ʧʣʠʪʳ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 30 ʤʤ; 

- ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʜ ʩʪʘʣʴʥʦʡ ʙʘʣʢʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʧʣʠʪʘ ʠʤʝʝʪ ʫʪʦʣʱʝʥʠʝ, ʥʘʨʫʞ-

ʥʳʝ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʫʪʦʣʱʝʥʠʷ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʨʷʤʦʡ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦʜ 

45
0
 ʦʪ ʥʘʨʫʞʥʦʛʦ ʢʨʘʷ ʩʪʝʨʞʥʷ ʘʥʢʝʨʘ; 

- ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ ʦʪ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʫʪʘ ʜʦ ʩʪʝʨʞʥʷ ʘʥʢʝ-

ʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 50 ʤʤ; 

- ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʫʪʦʣʱʝʥʠʷ ʧʣʠʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʦʧʝʨʝʯʥʳʝ ʩʪʝʨʞ-

ʥʠ, ʨʘʩʧʦʣʘʛʘʝʤʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 40 ʤʤ ʥʠʞʝ ʛʦʣʦʚʢʠ ʘʥʢʝʨʘ, ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʦʪʨʳʚʫ; 

- ʨʘʩʩʪʦʷʥʠʝ eD ʤʝʞʜʫ ʢʨʘʝʤ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʢʨʘʝʤ ʧʦʣʢʠ ʙʘʣʢʠ, ʢ ʢʦʪʦ-

ʨʦʡ ʦʥ ʧʨʠʚʘʨʠʚʘʝʪʩʷ, ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 25 ʤʤ (ʜʣʷ ʩʞʘʪʦʡ ʧʦʣʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʘʢʞʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  Ὡ ωὸ ςσυὙϳ  ȟ  ʛʜʝ tf ï ʪʦʣʱʠʥʘ ʧʦʣʢʠ, Ryn ï ʥʦʤʠʥʘʣʴʥʳʡ 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʄʇʘ); 

- ʚʳʩʦʪʘ ʩʪʝʨʞʥʷ ʘʥʢʝʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 3d, ʛʜʝ d ï ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ; 

- ʜʠʘʤʝʪʨ ʛʦʣʦʚʢʠ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 1,5d, ʘ ʝʸ ʚʳʩʦʪʘ ï ʥʝ ʤʝʥʝʝ 0,4d; 

- ʰʘʛ ʫʧʦʨʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʜʚʠʛʘʶʱʝʛʦ ʫʩʠʣʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 5d, ʘ ʚ ʧʦʧʝ-

ʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʥʝ ʤʝʥʝʝ 2,5d ʚ ʩʧʣʦʰʥʳʭ ʤʦʥʦʣʠʪʥʳʭ ʧʣʠʪʘʭ ʠ 4d ʚ ʠʥʳʭ ʩʣʫʯʘʷʭ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʰʘʛ ʫʧʦʨʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʜʚʠʛʘʶʱʝʛʦ ʫʩʠʣʠʷ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳ-

ʰʘʪʴ ʪʦʣʱʠʥʫ ʧʣʠʪʳ ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ, ʠʣʠ 800 ʤʤ.  

- ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʩʪʝʨʞʥʷ ʫʧʦʨʘ d ʢ ʪʦʣʱʠʥʝ ʧʦʣʢʠ, ʢ ʢʦʪʦʨʦʡ ʦʥ ʧʨʠʚʘʨʠʚʘʝʪʩʷ, 

tf, ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ: 

d Ò 1.5Ŀtf ï ʜʣʷ ʨʘʩʪʷʥʫʪʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʫʧʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʩʪʝʥʢʦʡ; 

d Ò 2.5Ŀtf ï ʜʣʷ ʧʨʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʝʨʞʥʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘʜ ʩʪʝʥʢʦʡ.  

ʉʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ Sh, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʛʠʙʢʠʡ ʰʪʳʨʝʚʦʡ ʫʧʦʨ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʜʣʠʥʳ 

ʩʪʝʨʞʥʷ ʢ ʝʛʦ ʜʠʘʤʝʪʨʫ l/d Ò 4.2 

Ὓ πȢςτὰὨρπὙȟ  
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ʘ ʧʨʠ l/d > 4,2 

Ὓ Ὠ ρπὙȟ  
 

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʩʤ;  

l ï ʜʣʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʩʤ;  

Rb ï  ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘ ʩʨʝʟ 

Ὓ πȢπφσὨάὙȟ  
ʛʜʝ Ry ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʄʇʘ;  

m ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 1,0 ʜʣʷ ʘʚʪʦʜʦʨʦʞʥʳʭ ʠ 0,9 ʜʣʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʩʜʚʠʛʦʚʳʭ ʞʝʩʪʢʦʩʪʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʲʝʜʠʥʝʥʠʷ. 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʥʘʪʫʨʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʷ ï ʛʠʙʢʠʭ ʩʪʝʨʞʥʝʚʳʭ ʫʧʦʨʦʚ, ʧʨʠ ʥʘʛʨʫʟʢʝ V=0,5Vʠ  ʥʘ 

ʦʜʠʥ ʫʧʦʨ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʜʚʠʛʘ ʩʦʩʪʘʚʣʷʝʪ 0,18 ʤʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʩʪʳʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ὅ
πȢυὠ

πȢρψϽρπ
ςχψπὠȟ 

ʛʜʝ ʉ ï ʣʠʥʝʡʥʘʷ ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʦʜʥʦʛʦ ʫʧʦʨʘ, ʢʅ/ʤ.  

ʊʘʙʣʠʮʘ 1 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʦʨʦʚ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʙʝʪʦʥʘ ʧʣʠʪʳ (ʢʅ) 

 

ɼʠʘʤʝʪʨ 

ʫʧʦʨʘ d, 

ʩʤ 

ʂʣʘʩʩ ʙʝʪʦʥʘ ʧʣʠʪʳ 

ɺ25 ɺ30 ɺ35 ɺ40 

Rb = 13 

ʄʇʘ 

Rb = 15,5 

ʄʇʘ 

Rb = 17,5 

ʄʇʘ 

Rb = 20 

ʄʇʘ 

1 11,402 12,450 13,229 14,142 

1,4 22,347 24,402 25,928 27,718 

1,6 29,188 31,872 33,866 36,204 

1,9 41,160 44,944 47,756 51,053 

2,2 55,184 60,257 64,027 68,448 

2,5 71,261 77,812 82,680 88,388 

 

ʊʘʙʣʠʮʘ 2 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʪʳʢʘ (ʢʅ/ʤ
3
) 

ɼʠʘʤʝʪʨ 

ʫʧʦʨʘ 

d, ʩʤ 

ʂʣʘʩʩ ʙʝʪʦʥʘ 

ɺ25 ɺ30 

ʗʯʝʡʢʘ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ, ʤʤ ʗʯʝʡʢʘ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ, ʤʤ 

200ʭ200 300ʭ300 400ʭ400 200ʭ200 300ʭ300 400ʭ400 

1,4 1553147 994014.1 559132.9 1695925 1085392 610533.1 

1,6 2028600 1298304 730296 2215086 1417655 797431 

1,9 2860643 1830812 1029832 3123618 1999115 1124502 

2,2 3835322 2454606 1380716 4187897 2680254 1507643 

2,5 4952637 3169688 1782949 5407925 3461072 1946853 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2 

ɼʠʘʤʝʪʨ 

ʫʧʦʨʘ 

d, ʩʤ 

ʂʣʘʩʩ ʙʝʪʦʥʘ 

ɺ35 ɺ40 

ʗʯʝʡʢʘ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ, ʤʤ ʗʯʝʡʢʘ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ, ʤʤ 

200ʭ200 300ʭ300 400ʭ400 200ʭ200 300ʭ300 400ʭ400 

1,4 1802021 1153294 648727.6 1926442 1232923 693519 

1,6 2353660 1506343 847317.7 2516169 1610348 905820.8 

1,9 3319029 2124178 1194850 3548191 2270842 1277349 

2,2 4449889 2847929 1601960 4757132 3044564 1712567 

2,5 5746241 3677594 2068647 6142990 3931514 2211476 

 

ɺʳʨʘʟʠʚ ʉ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʜʚʠʛ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʣʫʯʘʝʤ 

ὅ
ὠ

ȟ‏
Ȣ 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʛʦ ʫʧʦʨʘ ʧʨʠ l/d > 4,2 

ὠ Ὠ ρπὙȢ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʘʷ ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʦʜʥʦʛʦ ʫʧʦʨʘ, ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʝʛʦ 

ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ, ʨʘʚʥʘ: 

ὅ ςχψπὠ ψχωρȢρσὨ Ὑ   
̋˚

̍
ȟ̉ ̌ ̉ψωφȟρτὨ Ὑȟ   

̓

̍
ȟ 

ʛʜʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, ʚ ʚʳʯʠʩʣʝʥʠʷ ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ d ʩʣʝ-

ʜʫʝʪ ʧʦʜʩʪʘʚʣʷʪʴ ʚ ʩʤ, ʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ Rb ï ʚ ʄʇʘ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʜʠʘʤʝʪʨʦʚ ʩʪʝʨʞʥʝʡ, ʢʣʘʩʩʦʚ ʙʝʪʦʥʘ ʦʪ ɺ25 ʜʦ ɺ40 

ʠ ʷʯʝʝʢ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ ʦʪ 200ʭ200 ʤʤ ʜʦ 400ʭ400 ʤʤ, ʦʧʨʝʜʝʣʠʤ ʠʥʪʝʨʚʘʣ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʞʝʩʪʢʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʪʳʢʘ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ï ʵʪʦ ʫʩʠʣʠʝ ʚ ʢʅ, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ 

ʧʨʠʣʦʞʠʪʴ ʢ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʩʪʳʢʘ (1 ʤ
2
), ʯʪʦʙʳ ʩʜʚʠʛ ʩʦʩʪʘʚʠʣ 1 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠ-

ʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ï ʢʅ/ʤ
3
. ɼʣʷ ʷʯʝʡʢʠ 200ʭ200 ʤʤ ʧʨʠʥʷʪʦ 25 ʫʧʦʨʦʚ ʥʘ 1 ʤ

2
, ʜʣʷ 300ʭ300 ʤʤ 

ï 16 ʫʧʦʨʦʚ ʥʘ 1 ʤ
2
, ʜʣʷ 400ʭ400 ʤʤ ï 9 ʫʧʦʨʦʚ ʥʘ 1 ʤ

2
. 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʩʪʳʢʘ ʥʘ ʝʜʠʥʠʮʫ ʝʛʦ ʧʣʦʱʘʜʠ ʜʣʷ ʫʧʦʨʦʚ ʜʠʘʤʝʪʨʦʤ ʦʪ 14 

ʤʤ ʜʦ 25 ʤʤ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 560 ʄʅ/ʤ
3
 ʜʦ 6150 ʄʅ/ʤ

3
. 

ʇʨʝʦʙʨʘʟʫʝʤ ʪʘʙʣ. 2 ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʠʘʤʝʪʨʘ ʫʧʦʨʘ 

ʠ ʰʠʨʠʥʳ ʧʦʷʩʘ, ʥʘ ʙʘʣʢʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʜʚʠʛʫ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 3 ʫʧʦ-

ʨʘ ʚ ʨʷʜʫ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 

ʇʦʛʦʥʥʘʷ ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʩʪʳʢʘ  

ʧʨʠ 3-ʭ ʫʧʦʨʘʭ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʷʜʫ (ʢʅ/ʤ
2
) 

ɼʠʘʤʝʪʨ 

ʫʧʦʨʘ 

d, ʩʤ 

ʂʣʘʩʩ ʙʝʪʦʥʘ 

ɺ25 ɺ30 

ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʜʚʠʛʘ, ʤʤ 

ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʜʚʠʛʘ, ʤʤ 

200 300 400 200 300 400 

1,4 931888,2 745510,5 559132,9 1017555 814044,2 610533,1 

1,6 1217160 973728.1 730296 1329052 1063241 797431 

1,9 1716386 1373109 1029832 1874171 1499336 1124502 

2,2 2301193 1840955 1380716 2512738 2010191 1507643 

2,5 2971582 2377266 1782949 3244755 2595804 1946853 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 3 

ɼʠʘʤʝʪʨ 

ʫʧʦʨʘ 

d, ʩʤ 

ʂʣʘʩʩ ʙʝʪʦʥʘ 

ɺ35 ɺ40 

ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʜʚʠʛʘ, ʤʤ 

ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʫʧʦʨʦʚ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʜʚʠʛʘ, ʤʤ 

200 300 400 200 300 400 

1,4 1081213 864970,2 648727,6 1155865 924692 693519 

1,6 1412196 1129757 847317,7 1509701 1207761 905820,8 

1,9 1991417 1593134 1194850 2128915 1703132 1277349 

2,2 2669933 2135947 1601960 2854279 2283423 1712567 

2,5 3447745 2758196 2068647 3685794 2948635 2211476 

 

ɺʳʚʦʜʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʲʝʜʠʥʝʥʠʷ ʠʥʪʝʨʚʘʣ 

ʣʠʥʝʡʥʳʭ ʩʜʚʠʛʦʚʳʭ ʞʝʩʪʢʦʩʪʝʡ  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʞʜʫ 560 ʠ 3700 ʄʅ/ʤ
2
. ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʞʝʩʪʢʦʩʪʠ ʩʪʳʢʘ ʩ ʞʝʩʪʢʠʤ ʫʧʦʨʦʤ ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ [1] ʠʤʝʝʪ ʟʥʘ-

ʯʝʥʠʝ ʧʦʨʷʜʢʘ 1300 ʄʅ/ʤ, ʠ ʧʨʠ ʩʨʝʜʥʝʤ ʰʘʛʝ ʫʧʦʨʦʚ 1 ʤ ʣʠʥʝʡʥʘʷ ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ 

ʩʪʳʢʘ ʨʘʚʥʘ
 
1300 ʄʅ/ʤ

2
, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʳʢʘʤ ʩ ʛʠʙʢʠʤʠ ʩʪʝʨʞʥʝʚʳʤʠ ʫʧʦ-

ʨʘʤʠ: 

 

‒̇̆̒̓̋̉̊ ̔̐̏̑

φυ ̓Ⱦ̔ ̐̏Ͻ̑ῥ̐̏Ⱦ̑̍ ̆̓̑

πȟυ ̍ ̍
ρσππ 

˙˚

̍
Ȣ 

 

ʇʦʛʦʥʥʘʷ ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʥʝʧʨʝʨʳʚʥʳʭ ʛʨʝʙʝʥʯʘʪʳʭ ʫʧʦʨʦʚ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ [7], ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

ʦʢʦʣʦ 19000 ʄʅ/ʤ
2
, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʜʣʷ ʛʠʙʢʠʭ ʩʪʝʨʞʥʝʚʳʭ ʠ ʦʙʳʯʥʳʭ 

ʞʝʩʪʢʠʭ ʫʧʦʨʦʚ: 

‒̘̜̄̑̆̂̆̎́̓̊ ̔̐̏̑

τππ ̋ Ⱦ̊̍ ̆̓̑

πȟπςρ ̍ ̍
ρωπππ 

˙˚

̍
Ȣ 

 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ ʛʨʝʙʝʥʯʘʪʳʤʠ 

ʫʧʦʨʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ [7], ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʛʠʧʦʪʝʟʝ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, ʘ ʜʘʥ-

ʥʳʡ ʪʠʧ ʩʦʝʜʠʥʝʥʠʷ ʩʯʠʪʘʪʴ ʥʝʧʦʜʘʪʣʠʚʳʤ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʏʘʩʪʴ 2: ʦʙʱʠʝ ʧʨʘʚʠʣʘ ʠ ʧʨʘʚʠʣʘ ʜʣʷ ʤʦ-

ʩʪʦʚ. ï ʄ.: ʀʟʜ-ʚʦ ʄʀʉʀ-ʄɻʉʋ, 2014 ï 351 ʩ. 
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CLASSIFICATION OF STRUCTURES COMBINING REINFORCED CONCRETE  
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One of the important issues on the work of steel-reinforced concrete bridges ï taking into 

account the impact of the shift between concrete and steel structural elements. The reliability and 

durability of the structure depend on improving the accuracy of the calculation by modeling the ac-

tual operation of the structure of any complexity. However, it is necessary to develop a science-

based methodology for the calculation of models of steel-concrete superstructures and structures 

combining concrete and steel. 

In the analysis of experimental and theoretical studies of the calculation of steel-reinforced 

concrete bridges, there are significant differences in the stiffness values obtained by different au-

thors for the binding elements of steel and reinforced concrete parts of the cross section of the struc-

ture. The requirements for the technology of calculation of steel-concrete span structures of bridges, 

including taking into account the ultimate shear stiffness of the joints of the steel beam with rein-

forced concrete slab, are not regulated in the developed interstate standards, and their early devel-

opment as part of national standards is certainly one of the most important tasks in the implementa-

tion of TR CU 014/2011. 

The proposed algorithm of calculation with the ability to take into account the flexibility of 

the shear connection allows you to Refine the calculation of steel-concrete span structures of bridg-

es in accordance with modern computing power, allows you to increase the level of reliability of 

bridge structures, laid at the design stage. 

 

Keywords: connecting elements of reinforced concrete and steel part of the superstructure; 

rigid, flexible, continuous support; anchor 
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ʈʘʩʩʤʦʪʨʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʦʢʨʳʪʠʷ ʚ ʚʠʜʝ ʪʨʝʭʛʨʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʙʣʦʢʦʚ. ʇʨʝʜ-

ʣʦʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʧʦʨʥʳʭ 

ʩʪʦʝʢ ʙʣʦʢʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʢʠʭ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʘ. ɺʳ-

ʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʢʨʳʪʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʙʣʦʢ, ʘʨʢʘ, ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ, ʥʝʩʫʱʠʝ 

ʙʘʣʢʠ, ʩʚʷʟʠ, ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ. 

ɺʚʝʜʝʥʠʝ 

 

ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩʪʠʤʫʣʠʨʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʤʦʜʝʨʥʠʟʘ-

ʮʠʶ ʟʘʩʪʨʦʡʢʠ ʠ ʠʟʤʝʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʣʠʢʦʚ ʘʵʨʦʧʦʨʪʦʚ. ʉʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʪʨʝʙʫʝʪ ʦʪ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʧʦʠʩʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ, ʨʘʩʯʝʪ ʢʦʪʦʨʳʭ, 

ʙʘʟʠʨʫʷʩʴ ʥʘ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʦ ʩʥʠʞʝʥʥʦʡ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴʶ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʟʜʘʥʠʝ ʘʵʨʦʚʦʢʟʘʣʘ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʰʠʨʠʥʫ 80-91,8ʤ, ʜʣʠʥʫ 285ʤ, ʠ 

ʨʘʟʜʝʣʝʥʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʰʚʘʤʠ ʥʘ ʪʨʠ ʯʘʩʪʠ (ʨʠʩ. 1). 

  
 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʨʳʪʠʷ ʘʵʨʦʚʦʢʟʘʣʘ 

______________________________________________ 

É ɹʝʣʷʝʚʘ ʉ.ʖ., ʌʣʘʚʠʘʥʦʚ ɺ.ʄ., ʐʨʘʤʦʚ ʈ.ʂ., 2019 
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ʅʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ ʧʦʢʨʳʪʠʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʨʳʣʘ ʟʜʘʥʠʷ ʧʨʠʥʷʪʳ ʚ ʚʠʜʝ ʪʨʝʭ-

ʛʨʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʙʣʦʢʦʚ ʧʨʦʣʝʪʘʤʠ 80 - 91,8 ʤ ʩ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʚ ʢʦʥʴʢʝ 

24-29 ʤ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʙʣʦʢ ʧʦʢʨʳʪʠʷ: 

1) V-ʦʙʨʘʟʥʘʷ ʘʨʢʘ; 2) ʙʘʣʢʘ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ; 3) ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʚʷʟʝʚʳʝ ʬʝʨʤʳ; 

4) ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ; 5) ʜʠʘʛʦʥʘʣʴʥʳʝ ʩʚʷʟʠ 

 

ʐʘʛ ʙʣʦʢʦʚ ʩʦʩʪʘʚʠʣ 30ʤ. ʂʘʞʜʳʡ ʙʣʦʢ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʣʦʩʢʦʡ ʜʚʫʭʰʘʨʥʠʨʥʦʡ 

V-ʦʙʨʘʟʥʦʡ ʘʨʢʠ ʠ ʜʚʫʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʙʘʣʦʢ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʟ-

ʤʝʱʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʚʷʟʝʚʳʝ ʬʝʨʤʳ. ɹʘʣʢʠ ʩʦʝʜʠʥʝʥʳ ʩ ʘʨʢʦʡ ʰʝʩʪʴʶ ʨʷʜʘʤʠ ʰʘʨʥʠʨʥʦ 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʨʘʟʜʚʘʠʚʘʶʱʠʭʩʷ ʩʪʦʝʢ ʠ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ, ʨʘʩʢʨʝʧʣʷʶʱʠʤʠ ʘʨʢʠ ʚ 

ʙʦʢʦʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʥʝʠʟʤʝʥʷʝʤʦʩʪʴ ʙʣʦʢʘ. ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ ʠhʨʠʥʘ ʙʣʦʢʘ, ʪ.ʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʝʩʫʱʠʤʠ ʙʘʣʢʘʤʠ, - 15ʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʙʣʦʢʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʠʟʤʝʥʷʝʤʳʡ ʢʦʤ-

ʧʣʝʢʩ ʢʦʥʴʢʦʚʦʡ ʥʝʨʘʟʨʝʟʥʦʡ ʙʘʣʢʦʡ ʠ ʩʠʩʪʝʤʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. 3).  

 

 
 

ʈʠʩ. 3. ʄʦʜʝʣʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ 

 

1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʇʦʢʨʳʪʠʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʥʘ ʜʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʩʘ ʢʨʦʚʣʠ ʠ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʚʝʪʨʦʚʦʡ ʠ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʦʢ ʧʦ ʉʇ 20.13330.2016. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ ʧʨʠʥʷʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʢʨʳʪʠʷ ʦʪʩʫʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʭʦʜʘ ʦʪ ʚʝʩʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʟʝʤʣʝ ʢ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʧʦʢʨʳʪʠʝ Õ 

ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʝ. ʇʦʵʪʦʤʫ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʢʨʳʪʠʷ ʜʘʥʥʳʝ ʢʦʵʬ-
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ʬʠʮʠʝʥʪʳ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʩʭʝʤʘʤ ʉʇ 20.13330.2016. ʉ ʮʝʣʴʶ ʦʪʳʩʢʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʥʝʚʳʛʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʟʘʛʨʫʞʝʥʠʷ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦ-

ʨʷʜʢʝ ʠ ʥʘ ʧʦʣʦʚʠʥʝ ʧʨʦʣʝʪʘ, ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʉʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʦʢʨʳʪʠʷ ʚʳʧʦʣʥʷʣʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʃʠʨʘ ʉɸʇʈ. ɺ 

ʠʩʭʦʜʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 4) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʪʠʧʘ ʂʕ10 ʩ ʧʨʠʩʚʦʝʥʠʝʤ ʵʣʝʤʝʥʪʘʤ ʥʝʩʫʱʝʛʦ ʙʣʦʢʘ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʞʝʩʪʢʦʩʪ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʘʨʢʠ ʠ ʙʘʣʢʠ ï ʢʦʨʦʙʯʘʪʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʥʴʢʦʚʘʷ ʙʘʣʢʘ ï ʪʨʝʭʛʨʘʥʥʦʛʦ ʩʝ-

ʯʝʥʠʷ ʠʟ ʪʨʫʙ, ʩʚʷʟʠ ʠ ʩʪʦʡʢʠ ï ʠʟ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʧʨʷʤʦʰʦʚʥʳʭ ʪʨʫʙ. ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʪʠ-

ʧʦʚ ʩʝʯʝʥʠʡ ʧʦʤʠʤʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʵʣʝʤʝʥʪʘ ʫʯʠ-

ʪʳʚʘʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʟʣʦʚʳʭ ʩʦʧʨʷʞʝʥʠʡ. 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʣʦʢʘ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʉʇ 16.13330.2016  ʥʘ 

ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʨʘʩʯʝʪʥʳʝ ʩʦʯʝʪʘʥʠʷ ʫʩʠʣʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʩ ʥʝʨʘʮʠ-

ʦʥʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʝʯʝʥʠʷʤʠ. ʊʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʙʣʦʢʘ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʩʞʘʪʠʝ ʠ ʠʤʝʶʱʠʤʠ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʚʦʙʦʜʥʫʶ ʜʣʠʥʫ, ʷʚ-

ʣʷʶʪʩʷ ʜʠʘʛʦʥʘʣʴʥʳʝ ʩʚʷʟʠ (ʨʠʩ.2, ʧʦʟ.5) ʠ ʩʪʦʡʢʠ (ʨʠʩ. 2, ʧʦʟ. 4), ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʙʘʣʢʠ 

ʧʦʢʨʳʪʠʷ. ʊʘʢ, ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʝʡ ʧʨʠ ʧʨʦʜʦʣʴʥʦʡ ʩʞʠʤʘʶʱʝʡ ʩʠʣʝ N=-1500 ʢʅ ʠ ʨʘʩ-

ʯʝʪʥʦʡ ʜʣʠʥʝ 34 ʤ ʙʳʣʘ ʧʦʜʦʙʨʘʥʦ ʪʨʫʙʯʘʪʦʝ ʩʝʯʝʥʠʝ 8ɲ20ʭ12ʤʤ, ʜʣʷ ʩʪʦʝʢ ʩ ʨʘʩʯʝʪʥʦʡ 

ʜʣʠʥʦʡ 28 ʤ ʧʨʠ ʫʩʠʣʠʠ N=-1600 ʢʅ ʧʨʠʥʠʤʘʣʩʷ ʧʨʦʬʠʣʴ 7ɲ20ʭ12ʤʤ. ʇʦʤʠʤʦ ʟʥʘʯʠʪʝʣʴʥʦ-

ʛʦ ʨʘʩʭʦʜʘ ʩʪʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʰʘʨʥʠʨʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʪʘʢʠʭ ʤʘʩʩʠʚʥʳʭ ʧʨʦ-

ʬʠʣʝʡ ʫʩʣʦʞʥʷʝʪ ʫʟʣʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠ-

ʣʠʡ ʚ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʫʟʣʫ ʵʣʝʤʝʥʪʘʭ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʚ ʨʘʩʯʝʪʝ. 

 

 
ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ 

 

 

2. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ 

 

ʇʦʜ ʦʧʪʠʤʘʣʴʥʳʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʥʠʤʘʶʪ ʩʥʠʞʝʥʠʝ ʤʝʪʘʣʣʦ-

ʝʤʢʦʩʪʠ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʩʪʦʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝ-

ʰʝʥʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [1-6] ʷʚʣʷʶʪʩʷ: ʠʟʤʝʥʝʥʠʝ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʦ ʜʣʠʥʝ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʦʙʣʝʛʯʝʥ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʨ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʠʙʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʪʦʣʴʢʦ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʂʨʠʪʝʨʠʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʷʚ-

ʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʠ ʩʪʦʠʤʦʩʪʠ ʦʙʲʝʢʪʘ, ʥʦ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʨʤʳ 

ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ [5, 6]. 
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ʋʤʝʥʴʰʝʥʠʝ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʥʝʩʫʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʙʣʦʢʘ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʦʧʦʨʥʳʭ ʩʪʦʝʢ ʠ ʟʘʤʝʥʦʡ ʜʠʘʛʦʥʘʣʴʥʳʭ 

ʩʚʷʟʝʡ ʠʟ ʪʨʫʙ ʛʠʙʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʢʘʥʘʪʦʚ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʣʝʛʢʦʡ ʠ ʘʞʫʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʩʪʦʡʢʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩʠʩʪʝʤʘ ʠʟ 

ʪʨʝʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʥʠʪʝʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʭ ʢʨʝʧʣʝʥʠʷ ï 

çʟʚʝʟʜè (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʩʪʦʡʢʠ-ʤʘʯʪʳ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʪʦʡʢʠ ʘʥʘʣʦʛʠʯʝʥ ʨʘʙʦʪʝ ʤʘʯʪʳ ʥʘ ʦʪʪʷʞʢʘʭ. ʗʚʣʷʷʩʴ ʫʧʨʫ-

ʛʦʧʦʜʘʪʣʠʚʳʤʠ ʦʧʦʨʘʤʠ ʩʪʚʦʣʘ ʩʪʦʡʢʠ, ʪʨʦʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʝ ʫʩʪʦʡʯʠʚʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʩʦ-

ʢʨʘʱʘʷ ʨʘʩʯʝʪʥʫʶ ʜʣʠʥʫ ʪʨʫʙʳ. ʏʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʪʦʝʢ-ʤʘʯʪ ʠ ʧʦʜʦʙʨʘʪʴ ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʫʩʠʣʠʝ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ, ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʦʪʜʝʣʴʥʦ ʦʪ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʙʣʦʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʣʷ ʢʘʥʘʪʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʛʦ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʚʫʭʫʟʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʂʕ308. ʅʘʛʨʫʟʢʠ ʥʘ ʩʪʦʡʢʠ ʧʨʠʥʠʤʘʣʠʩʴ ʠʟ ʥʘʠʙʦʣʝʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʈʉʋ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʥʠʭ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ: N=1600ʢʅ, 

Mx=57,9ʢʅÖʤ, My=102,4 ʢʅÖʤ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʉʭʝʤʘ ʟʘʛʨʫʞʝʥʠʷ ʩʪʦʝʢ-ʤʘʯʪ 

 

ɺʝʣʠʯʠʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʳʯʠʩʣʷʣʘʩʴ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʫʪʝʤ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʪʷʞʝʥʠʷ 

ʪʨʦʩʦʚ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ ʦʪ 90 ʜʦ 180 ʢʅ (ʨʠʩ. 7). ʇʨʠ ʵʪʦʤ ʚ ʦʪʪʷʞʢʘʭ ʩʪʦʡʢʠ ʥʝ 

ʜʦʧʫʩʢʘʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʙʳ ʠʭ ʚʳʢʣʶʯʝʥʠʝ ʠʟ 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. 
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ʈʠʩ. 7. ɿʘʜʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʪʪʷʞʢʘʭ 90 ʢʅ, 135 ʢʅ, 180 ʢʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʘʩʯʝʪ ʪʨʦʩʦʚ ʚʳʧʦʣʥʷʣʩʷ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [7]. ɼʣʷ ʦʪʪʷʞʝʢ ʙʳʣ ʧʦʜʦʙʨʘʥ 

ʢʘʥʘʪ ï Teufelberger QS8168XK Ï14 , ʫʩʠʣʠʝ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 192 

ʢʅ, ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʯʝʥʠʝ ʪʨʫʙʳ-ʩʪʦʡʢʠ ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ  

377ʭ10. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʉʇ 16.13330.2016 (ʨʠʩ. 8) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʝ ʩʪʦʡʢʠ-ʤʘʯʪʳ ʚʚʦʜʠʣʠʩʴ ʚ ʦʙʱʫʶ 

ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʧʦʢʨʳʪʠʷ (ʨʠʩ. 9). ʋʩʠʣʠʷ ʚ ʩʪʚʦʣʝ ʩʪʦʡʢʠ-ʤʘʯʪʳ 

ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʝʝ ʚ ʦʙʱʫʶ ʩʭʝʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʧʦʜʙʦʨʘ ʚʝʣʠʯʠʥʳ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ. 

ʘ)  

 
ʙ)  

 
 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʪʦʝʢ-ʤʘʯʪ: 

 ʘ) ʧʦ 1 ɻʇʉ; ʙ) ʧʦ 2 ɻʇʉ 
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ɼʠʘʛʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʠʟ ʪʨʫʙ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʪʨʝʭ-

ʛʨʘʥʥʳʭ ʙʣʦʢʦʚ, ʚ ʥʦʚʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 9) ʟʘʤʝʥʷʣʠʩʴ ʛʠʙʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ - ʢʘʥʘʪʘ-

ʤʠ. ɺʝʣʠʯʠʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʚʷʟʷʭ ʥʘʟʥʘʯʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ 

ʥʠʭ ʥʝ ʚʦʟʥʠʢʘʣʦ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ ʦʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʚʳʧʦʣʥʷ-

ʣʦʩʴ ʜʣʷ ʦʧʦʨʥʳʭ ʩʪʦʝʢ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʫʩʠʣʠʷ ʫʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʚʳʰʘ-

ʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 1,2 ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʞʠʤʘʶʱʝʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʠ ʥʘʟʥʘʯʝʥʳ ʠʟ 

Teufelberger QS8168XK Ï40 ʧʨʠ ʫʩʠʣʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʠʭ 1486 ʢʅ. 

 
 

ʈʠʩ. 9. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʭʝʤʘ ʩ ʚʚʝʜʝʥʥʳʤʠ ʩʪʦʡʢʘʤʠ-ʤʘʯʪʘʤʠ ʠ ʛʠʙʢʠʤʠ ʩʚʷʟʷʤʠ 

 

ʅʘ ʨʠʩ. 10-11 ʧʦʢʘʟʘʥʳ ʤʦʟʘʠʢʠ ʧʨʦʜʦʣʴʥʳʭ ʩʠʣ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ ʵʣʝʤʝʥʪʘʭ 

ʥʝʩʫʱʝʛʦ ʙʣʦʢʘ ʧʦʢʨʳʪʠʷ ʜʦ ʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ.  
ʘ)  

 
 

ʙ) 

 
ʈʠʩ. 10. ɿʥʘʯʝʥʠʷ N (ʢʅ) ʚ ʵʣʝʤʝʥʪʘʭ ʥʝʩʫʱʝʛʦ ʙʣʦʢʘ: 

ʘ) ʜʦ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ʙ) ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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ʘ) 

 
 

 

ʙ) 

 
ʈʠʩ. 11. ɿʥʘʯʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʄʫ (ʢʅ*ʤ) ʚ ʵʣʝʤʝʥʪʘʭ ʥʝʩʫʱʝʛʦ ʙʣʦʢʘ: 

ʘ) ʜʦ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ʙ) ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

 

 

ʅʘ ʨʠʩ. 12-14 ʧʦʢʘʟʘʥʳ ʤʦʟʘʠʢʠ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʪ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦʤ ʙʣʦʢʝ ʧʦʢʨʳʪʠʷ ʜʦ ʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʮʝʣʦʤ, ʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ ʠʟʤʝʥʠʣʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ. ʉʨʘʚʥʠ-

ʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʅɼʉ ʠʩʭʦʜʥʦʡ ʩʭʝʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʧʦʩʣʝ ʝʝ ʦʧʪʠʤʠʟʘʮʠʠ (ʨʠʩ.10-

14) ʧʦʢʘʟʘʣ: 

1) ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʩʠʣ ʚ V ï ʦʙʨʘʟʥʦʡ ʘʨʢʝ ὔ - ʥʘ 0.5 %, ὔ   ʥʘ 4 % ; 

2) ʫʤʝʥʴʰʝʥʠʝ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ  ʄʫ ʚ ʩʝʯʝʥʠʷʭ  V ï ʦʙʨʘʟʥʦʡ ʘʨʢʠ:  

   ʄ  ʥʘ 2 %,  ʄ  ʥʘ -0.2 %; 

3) ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʩʠʩʪʝʤʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ X ʥʘ 1%, ʦʩʠ Y  

     ʥʘ 1 %, ʦʩʠ Z ʥʘ 2 %. 
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ʘ)  
 

 
 

 

ʙ)  
 

 
 
 
 

ʈʠʩ. 12. ʄʦʟʘʠʢʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʠ ʍ: 

ʘ) ʜʦ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ʙ) ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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ʘ)  
 

 
 

 

 

ʙ) 

 

 
 
 

 
ʈʠʩ. 13. ʄʦʟʘʠʢʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʠ ʋ: 

ʘ) ʜʦ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ʙ) ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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ʘ) 
 

 
 

 

 

ʙ) 
 

 
 

ʈʠʩ. 14. ʄʦʟʘʠʢʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʠ ʋ: 

ʘ) ʜʦ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ʙ) ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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ɺʳʚʦʜʳ 

 

1. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʩʪʦʝʢ-ʤʘʯʪ ʠ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʧʦʟʚʦʣʠʣʠ ʩʥʠʟʠʪʴ 

ʨʘʩʭʦʜ ʩʪʘʣʠ ʥʘ ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ ʚ 1,8 ʨʘʟ, ʥʘ ʜʠʘʛʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʚ 25 ʨʘʟ, ʥʘ ʪʨʝʭʛʨʘʥʥʳʡ 

ʙʣʦʢ ʧʦʢʨʳʪʠʷ ʚ ʮʝʣʦʤ ʚ 3 ʨʘʟʘ. 

2. ʇʨʝʜʣʦʞʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝ-

ʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠ-

ʟʦʚʘʥʘ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʩʯʝʪʦʚ. 

3. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʩʦʟʜʘʥʠʝʤ ʫʟʣʦʚʳʭ ʩʦʧʨʷʞʝʥʠʡ ʵʣʝʤʝʥʪʦʚ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʚʝʯʘʶʱʠʭ ʧʨʠʥʷʪʳʤ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ï ʄ.: ʎʅʀʀʇʈʆɽʂʊʉʊɸʃʔʂʆʅ-
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ʆʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ  ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʦʛʦ ʧʣʠʪʥʦʛʦ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʘʤ 

ʩʙʦʨʥʦʡ ʠ ʤʦʥʦʣʠʪʥʦʡ ʯʘʩʪʝʡ ʩʦʩʪʘʚʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʨʦʩʘ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʳ. ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʪʦʜʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʠ ʥʘʛʨʫʞʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟ-

ʢʦʡ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʦʛʦ ʵʨʛʦʜʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʤ ʦʞʠʜʘʥʠʝʤ, ʜʠʩʧʝʨʩʠʝʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ  ʧʨʦʮʝʜʫʨʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʦ-

ʞʝʥʠʷʭ ʪʝʦʨʠʠ ʚʳʙʨʦʩʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʟʘ ʧʦʩʪʦʷʥʥʳʡ ʥʦʨʤʘʣʴʥʳʡ ʩʣʫ-

ʯʘʡʥʳʡ ʫʨʦʚʝʥʴ ʩ ʟʘʜʘʥʥʳʤ ʩʨʝʜʥʠʤ ʠ ʩʪʘʥʜʘʨʪʦʤ, ʦʪʚʝʯʘʶʱʝʡ ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʥʝʩʫʱʝʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ.  

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ 

ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ. ʀʟʫʯʘʶʪʩʷ  ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ ʟʘʛʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʤʦʩʪ, ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚʝʨʦʷʪʥʦʩʪʥʘʷ 

ʦʮʝʥʢʘ ʥʘʜʸʞʥʦʩʪʠ, ʪʝʦʨʠʷ ʚʳʙʨʦʩʦʚ ʥʦʨʤʘʣʴʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʟʘʛʨʫʞʝ-

ʥʠʷ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ, ʨʘʟʙʨʦʩ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʛʨʫʟʦʢ , 

 
ɺʚʝʜʝʥʠʝ 

 

ʉʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʥʝʩʫʠɦʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʯʘʩʪʦ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʘʧʠʪʘʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʥʦʰʝʥʥʳʭ ʧʨʠ ʜʣʠ-

ʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʤʦʩʪʳ [1]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʙʦʨʥʦ-

ʤʦʥʦʣʠʪʥʳʭ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʝʥʦ ʩʦʚʤʝʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʦʚʳʭ ʠ ʩʦʭʨʘʥʷʝʤʳʭ ʦʪ ʩʪʘʨʳʭ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʜʣʠ-

ʪʝʣʴʥʦʝ ʚʨʝʤʷ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʙʦʨʥʦ-

ʤʦʥʦʣʠʪʥʳʭ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʜʥʘʢʦ ʜʣʷ ʪʘʢʠʭ ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴʶ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʵʪʘʧʥʦʩʪʠ ʟʘʛʨʫʞʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʡ ʥʝʩʦʚʤʝʩʪʥʦʩʪʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʘʤ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ [2].   

________________________________________________ 
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝ-

ʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ,  

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩ-

ʯʝʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʠʜʝ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʦʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ, ʪʘʢ ʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʬʣʫʢʪʫʘʮʠʠ ʫʯʠʪʳʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ [2]. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʩʯʠʪʘʝʪʩʷ ʧʦ-

ʩʪʨʦʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʥʘ ʩʦʦʨʫʞʝʥʠʷ  ʥʘʛʨʫʟʦʢ ʚ ʚʠʜʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ [3-4]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʠʩʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʩʯʝʪ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʘʤʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʩʚʷʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣ-

ʛʦʨʠʪʤʦʚ [9-13]. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʧʨʠʤʝʨʝ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʦʛʦ ʤʦʩʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʘʧʨʦʙʠʨʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ ʧʣʠʪʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʚ ʚʠʜʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ - 

ʜʣʷ ʧʨʝʜʝʣʴʥʳʭ  ʫʩʠʣʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘʛʨʫ-

ʟʦʢ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʚʳʧʦʣʥʝʥʳ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [4]. 

 

1. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʩʦʩʪʘʚʥʦʡ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʚʳʙʨʦʩʦʚ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ [2-4]. 

ɼʣʷ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʢ ʧʦʜʚʝʨʛʘʶʱʠʤʩʷ ʩʦʚʤʝʩʪʥʦʤʫ ʜʝʡʩʪʚʠʶ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʫʧʨʦʱʝʥʠʷ: 

¶ ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ ʫʩʠʣʠʷ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʩʯʠʪʘʶʪʩʷ 

ʥʦʨʤʘʣʴʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʵʨʛʦʜʠʯʝʩʢʠʤ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʟʘʜʘʥʥʳʤ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ά , ʩʪʘʥʜʘʨʪʦʤ „ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ὑ †; 

¶ ʧʨʝʜʝʣʴʥʳʝ ʫʩʠʣʠʷ R ʚ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʘʭ ʩʦʦʨʫʞʝʥʠʷ ʤʦʜʝʣʠʨʫʶʪʩʷ ʥʝ 
ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʨʝʤʝʥʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩ ʟʘʜʘʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘ-

ʥʠʷʤʠ  ά  ʠ ʩʪʘʥʜʘʨʪʦʤ „, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦ-

ʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘʛʨʫʟʢʘʤ ʩʙʦʨʥʦʡ ʠ ʤʦʥʦʣʠʪʥʦʡ ʯʘʩʪʝʡ ʩʦʩʪʘʚʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʨʘʟʙʨʦʩʘ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ; 

¶ ʩʪʝʧʝʥʴ ʩʦʚʤʝʩʪʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘʛʨʫʟʢʘʤ ʦʮʝʥʠʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʤ Kc, ʨʘʚʥʳʤ ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʩʦʩʪʘʚ-

ʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʨʘʟʥʦʩʪʠ ʧʨʝʜʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʦʙʲʝʜʠʥʝʥʥʦʡ  ʠ ʩʦʧʨʦ-

ʪʠʚʣʷʶʱʝʡʩʷ ʨʘʟʜʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ;  

¶ ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʨʘʩ-

ʯʝʪʘʭ ʩ ʧʦʤʦʱʴʶ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʥʦʨʤʘʤʠ  ʠʣʠ ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ 

ʩʦʩʪʘʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 1+Õ. 
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ɻʨʘʬʠʯʝʩʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʟʘʛʨʫʞʝʥʠʷ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʣʝʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʙʦʪʝ [4] ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1, ʛʜʝ ʥʘʨʷʜʫ ʩʦ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʝʡ ʥʘʛʨʫʟʢʠ F(t) ʧʦʢʘʟʘʥ ʩʣʫʯʘʡʥʳʡ ʧʦʩʪʦʷʥ-

ʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʝʣʴʥʦʛʦ ʫʩʠʣʠʷ  R  ʢʦʥʩʪʨʫʢʮʠʠ. 

 

 

ʈʠʩ. 1 ʈʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʠʣʠʡ ʠ ʠʭ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 
 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʧʦʣʦʩʦʡ 

ʧʨʦʝʟʜʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʡ ʧʣʠʪʳ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʚʳʙʨʦʩʦʚ ʥʦʨʤʘʣʴʥʦʡ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ ʟʘ ʟʘʜʘʥʥʳʡ 

ʫʨʦʚʝʥʴ  ʚʳʯʠʩʣʠʤ ʧʦ ʬʦʨʤʫʣʝ [3] 

                                                 Ὗ ÅØÐ
  

 ,                                                 (1) 

ʛʜʝ ά ȟ„ȟά ȟ„ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʳ ʥʘʛʨʫʟʦʢ ʠ ʧʨʝʜʝʣʴʥʳʭ 

ʫʩʠʣʠʡ; 

T - ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʟʘʛʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠ-

ʢʘʝʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʨʝʚʳʰʝʥʠ ̫ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʠʣʠʝʤ ʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪ ɹU ʦʪʢʘʟʦʚ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʤʘʣʦʡ, ʚʝʨʦʷʪʥʦʩʪ ɹʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʵʣʝʤʝʥʪʝ 

ʤʦʩʪʘ  ʟʘ ʩʨʦʢ ʩʣʫʞʙʳ t ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʭʝʤʝ çʨʝʜʢʠʭ ʩʦʙʳʪʠʡè [3]: 

                                 ὗὸ ρ  ÅØÐὟ ὸ.                                                       
(2) 

ʇʦ ʥʘʡʜʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʘʭ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘʜʝʞʥʦʩʪʠ ʙʝʟʦʪʢʘʟ-

ʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʪʝʭ ʞʝ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʩʦ-

ʦʪʥʦʰʝʥʠʷ: 

                                       Ὄὸ ρ ὗὸȢ                                                            (3) 

ʅʘʜʝʞʥʦʩʪʴ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʮʝʣʦʤ ʜʣʷ ʧʨʦʠʟ-

ʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ Ὄ̒ ὸ ʦʧʨʝʜʝʣʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ [4] ʯʝʨʝʟ ʥʘʜʝʞʥʦʩʪʠ ʜʚʫʭ ʧʣʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʧʦʣʦʩʘʭ ʧʨʦʝʟʜʘ Hʧ ʧʨʷʤʦʛʦ  ʠ  H0 ʠ ʦʙʨʘʪʥʦʛʦ  ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʡ: 

 

                                                       Ὄ̒ ὸ  Ὄ̐ Ὄ̏ .                                                             (4) 
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ɼʘʣʝʝ ʧʦ ʚʳʯʠʩʣʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ  ʧʨʦʯʥʦʩʪʠ:  

 

                                 ”̒ ÌÏÇ ρ ρ  Ὄ̒  Ƞ          Ὧ Ȣ                                               (5) 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ  

Ὕ ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ (2), ʟʘʜʘʚʘʷʩʴ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ὗ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ U: 

                                      Ὕ   .                                                                      (6) 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ, ʠʤʝʶʱʠʭ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʳ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ Mathcad ʜʣʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʩʦ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʤ ʧʨʦʣʝʪʥʳʤ ʩʪʨʦʝʥʠʝʤ.  

 

2. ɸʧʨʦʙʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ  ʤʝʪʦʜʠʢʠ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ 
 

2.1. ʆʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʠ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʠʥʷʪ ʫʯʘʩʪʦʢ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ 

ʧʣʠʪʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʩʪʘ ʥʘ ʤʦʥʪʘʞʥʦʡ ʧʣʦʱʘʜʢʝ ʧʣʦʪʠʥʳ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 

ɻʕʉ [5] ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ɸ14 ʠ ʅ14. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʦʜʠʥʘʢʦʚʳʭ ʧʣʠʪʥʳʭ ʧʨʦʣʝʪʦʚ ʤʦʩʪʘ ʩ ʙʘʣʦʯʥʦʡ ʨʘʟʨʝʟʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʧʦʣʥʦʡ 

ʜʣʠʥʦʡ lʧ=8,20 ʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2.  ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʤʦʩʪʘ 

 
ʅʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʠʟ ʚʦʩʴʤʠ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʭ ʧʣʠʪ ʧʦʣʥʦʡ ʜʣʠʥʦʡ 8,2 ʤ ʠ ʩʝʯʝʥʠʝʤ  0,9ʭ0,25 ʤ [5]. ʅʘʜ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʦʧʦ-

ʨʘʤʠ ʩʙʦʨʥʳʝ ʧʣʠʪʳ ʩʤʦʥʪʠʨʦʚʘʥʳ ʧʦ ʨʘʟʨʝʟʥʦʡ ʩʭʝʤʝ. ʄʝʞʜʫ ʩʦʙʦʡ ʩʙʦʨʥʳʝ ʧʣʠʪʳ ʦʙʲ-

ʝʜʠʥʝʥʳ ʤʦʥʦʣʠʪʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʤʝʞʜʫ ʧʣʠʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʨʭ 

ʩʙʦʨʥʳʭ ʧʣʠʪ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʥʝʨʘʟʨʝʟʥʦʡ ʥʘʜ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʦʧʦʨʘʤʠ 

ʥʘʢʣʘʜʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʤʦʥʦʣʠʪʥʦʡ ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 0,125 ʤ. ɸʨʤʠʨʦʚʘʥʠʝ ʩʙʦʨʥʳʭ 

ʧʣʠʪ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʞʜʫ ʩʙʦʨʥʳʤʠ ʧʣʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʢʦʥʩʦʣʴʥʦʡ ʧʣʠʪʳ ʩ 

ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʧʨʠʚʝʜʝʥʳ ʚ ʥʘʰʝʡ ʧʫʙʣʠʢʘʮʠʠ [5], ʧʦʩʚʷʱʝʥʥʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ 

ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʝ ʨʠʩʢʘ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʨʝʢʦʥ-

ʩʪʨʫʠʨʫʝʤʦʛʦ ʤʦʩʪʘ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʷ. 
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2.2. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʜʝʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʧʣʠʪ  

ʙʝʟ ʫʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʛʨʫʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʨʘʟʜʝʣʝ 1 ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʝʪʦʜʠʢʠ 

ʚʳʧʦʣʥʠʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚ ʢʦʥʩʪʨʫʢʮʠʶ 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʣʠʪ ʙʝʟ ʫʯʝʪʘ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʧʫʙʣʠʢʘ-

ʮʠʠ [5]. ʆʜʥʘʢʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴ-

ʥʳʭ ʫʩʠʣʠʡ ʠʩʧʦʣʴʟʫʝʤ ʫʪʦʯʥʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʦʧʠʩʘʥʥʦʡ ʥʘʤʠ ʚ ʩʪʘʪʴʝ 

[8] ʧʨʦʛʨʘʤʤʝ ʥʝʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʥʦʡ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʩ ʫʯʸʪʦʤ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʙʦʨʥʦʡ ʠ ʤʦʥʦ-

ʣʠʪʥʦʡ ʯʘʩʪʝʡ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʦʜʨʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʣʠʪ ʇ1 ʠ ʇ6, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʧʦʣʦʩʘʤʠ ʧʨʦʝʟʜʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

ʣʝʚʦʡ (ʨʠʩ. 3) ʠ ʧʨʘʚʦʡ (ʨʠʩ. 6) ʩʪʦʨʦʥʘʭ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠʥʷʪʳ ʠʟʛʠʙʘ-

ʶʱʠʝ ʤʦʤʝʥʪʳ ʚ ʩʨʝʜʥʠʭ ʩʝʯʝʥʠʷʭ. ʀʭ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʣʠʪʳ ʇ1 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 

1 , ʘ ʜʣʷ ʇ6 ï ʚ ʪʘʙʣ. 2.   

 
 

ʈʠʩ. 3.  ʈʘʩʧʦʣʦʞʝʥʠʝ   ʧʣʠʪʳ ʇ1 ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʷ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

 

ʊʘʙʣʠʮʘ 1 

ʂʩ , 
% 

  ʇʘʨʘʤʝʪ-

ʨʳ  

ʥʘʛʨʫʟʢʠ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ  

ʧʨʝʜʝʣʴʥʦʛʦ ʠʟʛʠʙ. ʤʦʤʝʥʪʘ 

ʈʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʜʸʞʥʦʩʪʠ 

ʧʣʠʪʳ 

ůq mMq mM D ů ɜ ɓ Q H ɟ k 

ʢʅ*ʤ ʢʅ*ʤ ʢʅ*ʤ (ʢʅ*ʤ)
2
 ʢʅ*ʤ - - - - ʙʝʣʘ - 

0 35,6 264,7 326,5 691,2 26,3 0,081 1,397 8,12E-02 0,911 1,09 1,23 

10 35,6 264,7 336,5 420,8 20,5 0,061 1,746 
4,04E-
02 

0,959 1,39 1,27 

20 35,6 264,7 368,5 528,3 23,0 0,062 2,450 
7,14E-
03 

0,993 2,15 1,39 

30 35,6 264,7 401,1 670,7 25,9 0,065 3,098 
9,76E-
04 

0,999 3,01 1,52 

40 35,6 264,7 446,3 798,5 28,3 0,063 3,995 
3,23E-
05 

1,000 4,49 1,69 

50 35,6 264,7 496,1 869,7 29,5 0,059 5,005 
2,80E-
07 

1,000 6,55 1,87 

60 35,6 264,7 536,1 917,4 30,3 0,056 5,806 
3,19E-
09 

1,000 8,50 2,03 

70 35,6 264,7 578,0 1524,0 39,0 0,068 5,929 
1,52E-
09 

1,000 8,82 2,18 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ, 1 

ʂʩ , 
% 

  ʇʘʨʘʤʝʪ-

ʨʳ  

ʥʘʛʨʫʟʢʠ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪ-

ʨʳ  

ʧʨʝʜʝʣʴʥʦʛʦ ʠʟʛʠʙ, ʤʦ-

ʤʝʥʪʘ 

ʈʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʜʸʞʥʦʩʪʠ 

ʧʣʠʪʳ 

   

ůq mM mM D ů ɜ ɓ Q H ɟ k 

ʢʅ*ʤ ʢʅ*ʤ ʢʅ*ʤ 
(ʢʅ*ʤ)

2
 

ʢʅ*
ʤ - - - - ʙʝʣʘ - 

80 35,6 264,7 601,1 1516,3 38,9 0,065 6,375 9,12E-11 1,000 
10,0
4 

2,27 

90 35,6 264,7 635,7 1426,7 37,8 0,059 7,149 4,38E-13 1,000 
12,3
6 

2,40 

100 35,6 264,7 651,0 1506,5 38,8 0,060 7,334 1,12E-13 1,000 
12,9
5 

2,46 

    

ɻʨʘʬʠʯʝʩʢʦʝ  ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ  ʩʙʦʨʥʦʡ ʠ ʤʦʥʦʣʠʪʥʦʡ  ʯʘʩʪʝʡ  

ʩʦʩʪʘʚʥʦʡ ʧʣʠʪʳ ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ 4 ʠ 5. ʅʘ ʵʪʠʭ ʛʨʘʬʠʢʘʭ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦ-

ʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʯʘʩʪʝʡ  ʩʦʩʪʘʚʥʦʡ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪʳ. 

  
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ  

ʜʝʬʦʨʤʘʮʠʡ ʯʘʩʪʝʡ ʧʣʠʪʳ 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ  

ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ  

ʜʝʬʦʨʤʘʮʠʡ ʯʘʩʪʝʡ ʧʣʠʪʳ 

 
ʈʠʩ. 6. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʣʠʪʳ ʇ6 ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʷ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʊʘʙʣʠʮʘ 2 

ʂʩ , 
% 

ʇʘʨʘʤʝʪʨʳ  

ʥʘʛʨʫʟʢʠ 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ  

ʧʨʝʜʝʣʴʥʦʛʦ ʠʟʛʠʙ, ʤʦʤʝʥʪʘ 

ʈʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʜʸʞʥʦʩʪʠ 

ʧʣʠʪʳ 

ůq mMq mM D ů ɜ ɓ Q H ɟ k 

ʢʅ*ʤ ʢʅ*ʤ ʢʅ*ʤ (ʢʅ*ʤ)
2
 ʢʅ*ʤ - - - - ʙʝʣʘ - 

0 32,1 252,1 369,9 769,9 27,7 0,075 2,776 2,75E-03 0,997 2,56 1,47 

10 32,1 252,1 392,8 602,9 24,6 0,063 3,481 2,50E-04 0,998 3,60 1,56 

20 32,1 252,1 423,0 621,1 24,9 0,059 4,206 1,30E-05 1,000 4,89 1,68 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2 

ʂʩ , 
% 

ʇʘʨʘʤʝʪʨʳ  

ʥʘʛʨʫʟʢʠ 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ  

ʧʨʝʜʝʣʴʥʦʛʦ ʠʟʛʠʙ, ʤʦʤʝʥʪʘ 

ʈʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʜʸʞʥʦʩʪʠ 

ʧʣʠʪʳ 

ůq mMq mM D ů ɜ ɓ Q H ɟ k 

ʢʅ*ʤ ʢʅ*ʤ ʢʅ*ʤ (ʢʅ*ʤ)
2
 ʢʅ*ʤ - - - - ʙʝʣʘ - 

30 32,1 252,1 473,4 1115,4 33,4 0,071 4,777 8,91E-07 1,000 6,05 1,88 

40 32,1 252,1 517,0 1069,8 32,7 0,063 5,781 3,71E-09 1,000 8,43 2,05 

50 32,1 252,1 572,2 1031,3 32,1 0,056 7,049 9,02E-13 1,000 12,05 2,27 

60 32,1 252,1 622,6 1408,5 37,5 0,060 7,502 3,14E-14 1,000 13,50 2,47 

70 32,1 252,1 668,9 2069,3 45,5 0,068 7,487 3,52E-14 1,000 13,45 2,65 

80 32,1 252,1 695,2 2045,6 45,2 0,065 7,989 0,000 1,000 >13 2,76 

90 32,1 252,1 734,5 1925,0 43,9 0,060 8,874 0,000 1,000 >13 2,91 

100 32,1 252,1 751,5 2009,6 44,8 0,060 9,058 0,000 1,000 >13 2,98 

 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝʜʝʣʴʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʫʯʠʪʳʚʘʝʪʩʷ ʵʪʘʧʥʦʩʪʴ 

ʟʘʛʨʫʞʝʥʠʷ ʩʥʘʯʘʣʘ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʩʙʦʨʥʦʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠ ʚʝʩʦʤ ʥʝʟʘʪʚʝʨʜʝʚʰʝʡ ʤʦʥʦ-

ʣʠʪʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʡ, ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ï ʟʘʛʨʫʞʝʥʠʝ ʩʦʩʪʘʚʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ  - ʥʘʛʨʫʟʢʦʡ ʦʪ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʥʘʠʙʦ-

ʣʝʝ ʦʧʘʩʥʦʝ ʧʦʣʦʞʝʥʠʝ.   

ɻʨʘʬʠʯʝʩʢʦʝ  ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʩʙʦʨʥʦʡ ʠ ʤʦʥʦʣʠʪʥʦʡ ʯʘ-

ʩʪʝʡ ʩʦʩʪʘʚʥʦʡ ʧʣʠʪʳ ʇ6 ʥʘ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʥʘ ʨʠʩ 7 ʠ 8. ʅʘ ʵʪʠʭ ʛʨʘʬʠʢʘʭ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʧʣʠʪʳ ʇ1,  ʚʠʜʝʥ  ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʝʡ  ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʯʘʩʪʝʡ  ʩʦʩʪʘʚ-

ʥʦʡ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪʳ. 

 

 

 

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ  

 ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ   ʯʘʩʪʝʡ ʣʠʪʳ 

 

 

ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ  

ʦʪ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʯʘʩʪʝʡ  ʧʣʠʪʳ 

 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʧʣʠʪ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʨʠʩ 9 ʧʨʠʚʝʜʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ 

ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʩʪʦʨʦʥʘʭ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ  ʚ ʚʠʜʝ 

ʢʦʣʦʥʥ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ɸ14 ʜʣʷ ʚʘʨʠʘʥʪʘ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ 

ʂʩ =30 %. 
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ʈʠʩ. 9.  ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ  

ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʧʣʠʪʳ ʜʣʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

 ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʂʩ = 30 %  

 

ʇʨʠʚʝʜʝʥʥʳʡ ʛʨʘʬʠʢ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʝ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʜʝʞʥʦʩʪʠ ʚʩʝʭ ʩʙʦʨʥʦ-

ʤʦʥʦʣʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʣʦʥʥ ʚʨʝʤʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʨʘʚʠʣʘʤʠ ʧʨʦʝʟʜʘ ʚʩʪʨʝʯʥʳʭ  ʢʦʣʦʥʥ ʘʚʪʦʤʦʙʠ-

ʣʝʡ  ʧʦ ʘʚʪʦʜʦʨʦʞʥʳʤ  ʤʦʩʪʘʤ. ʀʟ ʥʝʛʦ ʚʠʜʥʦ , ʯʪʦ ʥʘʠʤʝʥʝʝ ʥʘʜʝʞʥʦʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝ-

ʥʠʠ ʥʘ ʣʝʚʦʡ ʩʪʦʨʦʥʝ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʷʷ ʧʣʠʪʘ ʇ1, ʘ ʥʘ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ - ʧʣʠʪʘ ʇ6.  

 

2.2. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʩ ʫʯʝʪʦʤ   ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʛʨʫʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ ʧʨʠʥʷʪ ʦʜʠʥ ʛʦʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʤʝʥʪʳ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʦʜʠʥ ʨʘʟ ʧʨʠʙʣʠʞʘ-

ʝʪʩʷ ʢ ʩʣʫʯʘʡʥʦʤʫ ʫʨʦʚʥʶ, ʦʪʚʝʯʘʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʧʨʝʜʝʣʴʥʦʛʦ ʫʩʠʣʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʪʘʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʢʘ 

ʦʮʝʥʢʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʫʯʝʪʘ ʫʩʪʘʣʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʞʝʣʝ-

ʟʦʙʝʪʦʥʘ.  

ʊʘʙʣʠʮʘ 3  

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʘ ʜʚʫʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʨʘʟʥʳʭ ʩʪʦʨʦʥʘʭ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʩʦʩʪʘʚʥʳʭ ʧʣʠʪ 

 

ʉʪʝʧʝʥʴ ʩʦʚʤʝʩʪʥʦʩʪʠ, % 
ʕʬʬʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ U, 1/ʛʦʜ 

ʚ ʧʣʠʪʝ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ  

ʊ, ʣʝʪ ʇ1 ʇ6 

0 1,000 3.77E-01 2.10E-02 

10 1,000 2.18E-01 2.34E-03 

20 1,000 5.00E-02 1.44E-04 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 3 

ʉʪʝʧʝʥʴ ʩʦʚʤʝʩʪʥʦʩʪʠ, % 
ʕʬʬʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ U, 1/ʛʦʜ 

ʚ ʧʣʠʪʝ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʊ, ʣʝʪ ʇ1 ʇ6 

30 1,000 8.25E-03 1.11E-05 

40 1,000 3.42E-04 5.52E-08 

50 1,000 3.64E-06 1.62E-11 

60 1,000 4.78E-08 6.01E-13 

70 1,000 2.32E-08 6.73E-13 

80 1,000 1.49E-09 0.00 

90 1,000 8.00E-12 0.00 

100 1,000 2.09E-12 0.00 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 3, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ  

ʩʦʚʤʝʩʪʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʯʘʩʪʝʡ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʙʨʦʩʳ ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʚ ʧʣʠʪʘʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʙʫʜʫʪ ʯʘʩʪʳʤʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʦʪ-

ʢʘʟʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʨʘʩʯʝʪʦʚ ʠʟʤʝʥʝʥʠʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʸʞʥʦʩʪʠ ʤʦʩʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣ. 4 ʜʣʷ ʪʦʛʦ ʞʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʊʵʬʬ= 1 ʛʦʜ (365ʜʥʝʡ). 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 4 ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞ-

ʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʛʨʫʞʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʪʨʝʙʦʚʘʥʠʡ ʢ  ʵʨʛʦʜʠʯʝʩʢʠʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʫʯʘʡʥʳʤ ʬʫʥʢ-

ʮʠʷʤ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 10 . ʇʨʠ ʨʦʩʪʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʜʝʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-

ʛʦ ʩʦʦʨʫʞʝʥʠʷ ʩʥʠʞʘʝʪʩʷ. ɻʨʘʬʠʢʠ ʩʥʠʞʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ.  

                                                                                                                                    ʊʘʙʣʠʮʘ 4 

ʈʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ 

ʧʣʠʪʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʩʪʘ ʜʣʷ ʨʘʟʥʳʭ ʩʨʦʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ   

 ʉʪʝʧʝʥʴ ʩʦʚ-

ʤʝʩʪʥʦʩʪʠ,  

% 

ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʸʞʥʦʩʪʠ ʤʦʩʪʘ  

ʜʣʷ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʙʝʣ  

1 2 5 10 20 

0 0,484 0,261 0,064 0,00819 0,00015 

10 0,705 0,449 0,176 0,051 0,00537 

20 1,313 1,023 0,656 0,406 0,2 

30 2,085 1,785 1,393 1,101 0,817 

40 3,466 3,165 2,768 2,467 2,167 

50 5,439 5,138 4,74 4,439 4,138 

60 7,321 7,02 6,622 6,321 6,02 

70 7,634 7,333 6,935 6,634 6,333 

80 8,826 8,525 8,127 7,826 7,525 

90 11,097 10,796 10,398 10,097 9,796 

100 11,68 11,379 10,981 10,68 10,379 
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ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʸʞʥʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʩʪʘ  

ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʙʲʝʜʠʥʝʥʠʷ ʩʙʦʨʥʦʡ ʠ ʤʦʥʦʣʠʪʥʦʡ ʯʘʩʪʝʡ ʩʝʯʝʥʠʷ 

 

ɺʚʦʜʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʨʦʚʥʠ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ, ʤʦʞʥʦ ʧʦ ʵʪʠʤ ʛʨʘʬʠʢʘʤ ʦʧʨʝʜʝʣʷʪʴ  ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʥʦʡ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʪʝʧʝʥʠ ʩʦʚʤʝʩʪʥʦʩʪʠ  ʠ ʟʘʜʘʥʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʴ  ʥʘ ʫʨʦʚʥʝ 20 ʣʝʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʝʞʥʦʩʪʠ   

ɟ=4 ʙʝʣʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʝʧʝʥʴ ʩʦʚʤʝʩʪʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʙʦʨʥʦʡ ʠ ʤʦʥʦʣʠʪʥʦʡ ʯʘʩʪʝʡ ʥʘ 

ʫʨʦʚʥʝ 50 %.  

ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʧʨʦʙʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠ-

ʢʠ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʧʦʣ-

ʥʝʥʳ ʨʘʩʯʝʪʳ ʠʟʤʝʥʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʮʝʣʦʤ ʧʦ ʬʦʨʤʫʣʝ (4) ʠʟ 

ʥʘʡʜʝʥʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʠʤʝʥʝʝ ʥʘʜʝʞʥʳʭ ʧʣʠʪ ʥʘ ʣʝʚʦʡ (ʇ1) ʠ ʧʨʘʚʦʡ 

(ʇ6) ʩʪʦʨʦʥʘʭ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.  5 ʠ 

ʥʘ ʨʠʩ. 11. 

ʊʘʙʣʠʮʘ 5 
ʈʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ 

ʧʣʠʪʥʦʛʦ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʩʪʘ  

ʜʣʷ ʨʘʟʥʳʭ ʩʨʦʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ   

 

ʕʬʬʝʢʪʠʚʥʳʡ 

ʧʝʨʠʦʜ 

ʥʘʛʨʫʞʝʥʠʷ, 

ʣʝʪ 

ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʸʞʥʦʩʪʠ 

ʤʦʩʪʘ ʚ ʮʝʣʦʤ (ʙʝʣ) ʜʣʷ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ   

1 2 5 10 20 

1 (365 ʜʥʝʡ) 5.439 5.138 4.74 4.439 4.138 

0,5 ( 87 ʜʥʝʡ) 5.138 4.837 4.439 4.138 3.837 

1/12 (31 ʜʝʥʴ) 4.36 4.059 3.661 3.36 3.059 
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ʈʠʩ. 11. ɿʘʚʠʩʠʤʦʩʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʸʞʥʦʩʪʠ ʤʦʩʪʘ ʚ ʮʝʣʦʤ 

  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʝʨʠʦʜʘʭ ʥʘʛʨʫʞʝʥʠʷ 
 

ʉʦʧʦʩʪʘʚʣʷʷ ʧʨʠʚʝʜʝʥʥʳʝ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʝʨʠʦʜʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʛʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ, ʤʦʞʥʦ  ʟʘʤʝʪʠʪʴ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʦʢʘ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ  ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʚʨʝʤʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʦʜʠʢʦʡ 

ʨʘʩʯʝʪʘ ʧʦ çʩʭʝʤʝ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡè, ʥʝ ʫʯʠʪʳʚʘʶʱʝʡ ʫʩʪʘʣʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ.  

 

ɺr ʚʦʜʳ 

 

¶ ʇʨʝʜʣʘʛʘʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ 
ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʦʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʚ ʚʠʜʝ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʵʨʛʦʜʠʯʝʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ, ʦʧʨʦʙʠʨʣʦʚʘʥʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʫʢʦʥʩʪʨʫʢʮʠʠ ʩʫ-

ʱʝʩʪʚʫʶʱʝʛʦ ʜʣʠʪʝʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʩʙʦʨʥʦ-ʤʦʥʦʜʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʧʨʦʣʝʪ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ 

¶ ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʜʝʡʩʪʚʫʶʱʠʤʠ 
ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʨʦʩʘ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʦ-

ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʩʪʘ ʚ ʮʝʣʦʤ.  

¶ ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ  ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ.  
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The methodology and results of calculating the reliability and durability of the span of a reinforced concrete 

slab road bridge are described, taking into account the influence of resistance of loads to the combined and mono-

lithic parts of the composite section, as well as the parameters of variation of the strength characteristics of concrete 

and reinforcement. The probabilistic method is based on the ideas of loading by a temporary load in the form of a 

random ergodic process with given statistical characteristics: expectation, variance, and correlation function. Com-

putational procedures are based on the provisions of the theory of emissions of a stationary normal random function 

for a constant normal random level with a given average and standard that meets the limit state of the supporting 

structure. 

The results of numerical studies of the reliability and durability of the precast-monolithic structure of a slab 

span structure reconstructed for modern temporary loads of a road bridge are presented. The dependences of reliabil-

ity and durability are studied depending on the effective loading period of the transport structure. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ ʚ ʤʦʥʦʣʠʪʥʦʤ ʠʩ-

ʧʦʣʥʝʥʠʠ. ɺ ʦʩʥʦʚʫ ʵʪʦʡ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʳ ʛʠʙʨʠʜʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʫʯʪʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ ʦʪ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ ʚ ʥʝʤ 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʠ ʘʨʤʘʪʫʨʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʰʝ-

ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʯʝʪʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʘʢʝʪʘʭ ʉɸʇʈ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥ, ʛʠʙʨʠʜʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʥʝʩʫʱʘʷ ʩʠʩʪʝʤʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʠʜʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝ-

ʱʠʥ. 
 

ɺʚʝʜʝʥʠʝ 
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ʜʘ ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʪʦʯʢʝ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʚʷʟʠ ʥʘʧʨʷʞʝʥʠʡ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ ʜʣʷ 

ʥʠʭ ʦʙʣʘʜʘʶ ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʥʘʫʢʠ, ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʜʦ ʩʠʭ ʧʦʨ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʦʚ ʦʪ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʚ ʦʩʥʦʚʥʦʤ, ʨʘʟʣʠʯʠʝ ʜʠʘʛʨʘʤʤ ʥʘ ʦʩʝʚʦʝ ʩʞʘʪʠʝ ʠ 

ʨʘʩʪʷʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʛʨʫʞʝʥʠʷ. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʥʦʨʤ ʥʝ ʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʧʨʠʥʠʤʘʝʤʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʧʦ-

ʩʣʝʜʥʠʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʦʨʠʡ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʘʛʨʘʤʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʝʪʦʥʘ ʥʘ ʦʩʝʚʦʝ ʩʞʘʪʠʝ ʩ ʥʠʩʧʘʜʘʶʱʝʡ ʚʝʪʚʴʶ. ʅʠʩʧʘʜʘʶʱʘʷ ʚʝʪʚʴ ʬʦʨʤʘʣʴʥʦ ʦʙʦʩʥʦʚʳ-

ʚʘʝʪʩʷ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʵʪʠ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʜʚʫʭ ʛʨʫʙʳʭ 

ʜʦʧʫʱʝʥʠʡ, ʥʘʨʫʰʘʶʱʠʭʩʷ ʚ ʩʪʘʜʠʷʭ ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʩʣʦʚʥʳʭ, ʘ ʥʝ ʠʩʪʠʥ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʛʠʧʦʪʝʟʳ 

ʩʧʣʦʰʥʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ, 

ʚʦʩʧʨʠʥʠʤʘʶʱʝʝ ʫʩʠʣʠʝ, ʢʘʨʜʠʥʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʯʘʩʪʥʦʩʪʠ,  

___________________________________________ 

É ʊʨʝʱʝʚ ɸ. ɸ., ʊʝʣʠʯʢʦ ɺ. ɻ., ɿʦʣʦʪʦʚ ʅ. ɺ., 2019 
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ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʙʝʪʦʥʥʳʭ ʢʫʙʦʚ ʧʘʜʝʥʠʝ ʧʨʠʣʦʞʝʥʥʦʛʦ ʫʩʠʣʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʦʬʦʨʤʣʝ-

ʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʦʤʢʥʫʪʳʭ ʧʠʨʘʤʠʜ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʨʫʰʝʥʠʠ ʛʠʧʦ-

ʪʝʟʳ ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ. ʅʠʩʧʘʜʘʶʱʠʝ ʚʝʪʚʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝ-

ʥʠʝ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʩʣʦʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʢʦʛʜʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʙʨʘʟʮʝ ʪʘʢ  

ʥʘʟʳʚʘʝʤʘʷ çʰʝʡʢʘè ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʩʝʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷ-

ʥʠʝʤ. ʊʘʢ, ʯʪʦ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʜʠʘʛʨʘʤʤ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʠʩʪʠʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʠʩʧʘʜʘʶʱʘʷ  

ʚʝʪʚʴ ʠʩʯʝʟʘʝʪ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʪʳ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʙʝʪʦʥʦʚ 

ʚ ʨʘʤʢʘʭ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʥʘʧʨʷʞʝʥʠʡ [1]. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʪʝʦʨʠʠ ʤʦʞʝʪ ʧʦ-

ʩʣʫʞʠʪʴ ʜʦʣʛʠʝ ʛʦʜʳ ʢʘʢ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʘʤ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʚʠʚʘʶʪʩʷ ʫʧʨʫʛʦʧʣʘ-

ʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʠʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʚʦʟʥʠʢʘʶʪ ʠ ʨʘʩʢʨʳʚʘʶʪʩʷ ʪʨʝʱʠʥʳ ʚ ʙʝʪʦʥʝ. ɼʣʷ 

ʫʯʝʪʘ ʧʦʜʦʙʥʦʛʦ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʪʨʝʙʫʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʝ ʨʘʩʯʝʪʥʦʡ ʙʘʟʳ, ʚʚʠʜʫ ʪʦʛʦ ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ [1, 2]. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʦʠʩʪʳʡ ʛʠʙʨʠʜʥʳʡ ʢʦʥʝʯʥʳʡ 

ʵʣʝʤʝʥʪ (ʂʕ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʯʝʪʝ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʝʪʦʥʘ ʦʪ ʚʠʜʘ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʝʛʦ ʠʟʤʝʥʝʥʠʷ), ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʱʠʥ ʚ ʥʝʤ ʠ ʧʨʦʮʝʩʩʘ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʤʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʘʧʨʦʙʠ-

ʨʦʚʘʥ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʘʚʪʦʨʦʚ [2, 3] ʠ ʤʥʦʛʦʣʝʪʥʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ɾɹʂ, ʚ ʢʦʪʦʨʳʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʣʦʞʝʥʳ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʢʠ [4]. 

ɼʣ̫ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʝʩʫʱʠʭ ʩʠʩʪʝʤ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʳʭ ʂʕ ʩ ʧʷʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ, ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʢʦʪʦʨʳʭ, 

ʧʦʣʫʯʝʥʘ ʜʣʷ ʪʨʝʫʛʦʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʅɼʉ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. ɺʩʝ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʩʘʤʠ ʤʘʪʨʠʮʳ ʛʠʙʨʠʜʥʦʛʦ ʂʕ ʧʦ-

ʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [2, 3]. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʂʕ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʦʨ-

ʤʘʣʠʟʤ ʊʠʤʦʰʝʥʢʦ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʧʝʨʝʯʥʳʝ ʩʜʚʠʛʠ ʧʨʠ ʧʨʝʥʝʙʨʝʞʝʥʠʠ ʥʦʨʤʘʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʧʣʦʱʘʜʢʘʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʶ ʠʟʛʠʙʘ ʵʣʝʤʝʥʪʘ 33s . 

ʆʩʥʦʚʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʩʚʷʟʠ ʪʝʥʟʦʨʦʚ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ }]{[}{ s=Ae , 

ʷʚʣʷʶʱʠʭʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʪʝʥʮʠʘʣʘ 1W  [1], ʛʜʝ 
ʊʝʝe }{}{ 2313122211 ggg= ; 

}{}{ 2313122211 tttss=s ; [ ] [ ( , , , , )]ɸ Ax h j s t=  ï ʤʘʪʨʠʮʘ ʧʦʜʘʪʣʠʚʦʩʪʝʡ ʨʘʟʤʝʨʦʤ 5Ĭ5 (ʩ ʫʯʝ-

ʪʦʤ ʦʙʩʫʞʜʝʥʥʳʭ ʜʦʧʫʱʝʥʠʡ), ʚ ʢʦʪʦʨʦʡ ʵʣʝʤʝʥʪʳ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ,/ 0Ss=x  ,/ 0St=h  ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʡ j ʠ ʫʨʦʚʥʷ ʜʦʩʪʠʛʥʫʪʳʭ ʥʘʧʨʷʞʝʥʠʡ ijs , 

/ 3;ij ijs s d=  
0,5( / 3) ;ij ijS St=  

2 2 0,5
0 ( ) ;S s t= +  ij ij ijS s sd= - .  

ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ [2, 3] 

 

                                            }]{[}{ eB=s ;                       
[][]

1
.B A

-
=

                                         (1) 
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ʋʩʠʣʠʷ ʚ ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ [2, 3]: 

 

( )
/2 /2 /2

3 3 3 3 3

/2 /2 /2

; ; , , 1,2 .

h h h

i j i j i j i j i i

h h h

N dx M x dx Q dx i js s t
- - -

= = = =ñ ñ ñ                     

(2) 

 

ʆʙʦʙʱʝʥʥʳʡ ʩʠʣʳ ʠ ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ 
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; ;
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(3) 

ʛʜʝ 

/2 /2 /2

2

3 3 3 3 3

/2 /2 /2

; ;

h h h

km km km km km km

h h h

C B d x K B x d x D B x d x
- - -

= = =ñ ñ ñ  ï ʠʥʪʝʛʨʘʣʳ ʦʪ ʞʝʩʪʢʦ-

ʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʗʩʥʦ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʠ ʜʠʘʬʨʘʛʤ ʞʝʩʪʢʦʩʪʠ, ʬʦʨ-

ʤʠʨʫʶʱʠʭ ʥʝʩʫʱʠʡ ʦʩʪʦʚ ʟʜʘʥʠʷ, ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ çʙʝʪʦʥ-ʘʨʤʘʪʫʨʘè ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ. ʕʪʘ ʤʦʜʝʣʴ ʜʦʣʞ-

ʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʝʤʣʝʤʦʡ ʠ, ʙʝʟʫʩʣʦʚʥʦ, ʨʝʘʣʠʟʫʝʤʦʡ. ʕʪʘ ʤʦʜʝʣʴ ʩʦʭʨʘʥʷʝʪ  ʦʪʜʝʣʴ-

ʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʦʩʚʦʙʦʜʠʪʴʩʷ ʦʪ ʩʣʝʜʫʶʱʠʭ [3, 4]:  

1) ʘʢʪʠʚʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ;  

2) ʛʘʙʘʨʠʪʳ ʧʣʠʪ ʠ ʜʠʘʬʨʘʛʤ ʟʜʘʥʠʷ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ 

ʘʨʤʘʪʫʨʳ, ʠ ʦʥʘ ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʩʣʦʝʤ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ;  

3) ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ, ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʘʢʝʪʦʤ 

ʬʠʢʪʠʚʥʳʭ ʩʣʦʝʚ:  

ʘ) ʩʣʦʠ ʙʝʪʦʥʘ, ʥʝ ʠʤʝʶʱʠʝ ʪʨʝʱʠʥ;  

ʙ) ʩʣʦʠ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʥʝ ʠʤʝʶʱʠʝ ʪʨʝʱʠʥ; ʚ) ʩʣʦʠ ʙʝʪʦʥʘ, ʠʤʝʶʱʠʝ ʪʨʝʱʠʥʳ;  

ʛ) ʩʣʦʠ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʠʤʝʶʱʠʝ ʪʨʝʱʠʥʳ;  

ʜ) ʩʣʦʠ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʠʤʝʶʱʠʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʪʨʝʱʠʥʳ;  

4) ʥʘʧʨʷʞʝʥʠʷ ʚ ʘʨʤʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʂʕ ʨʘʚʥʳ ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʠʡ ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʳ, 

ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʨʘʚʝʥʩʪʚʦ ʠʭ ʜʝʬʦʨʤʘʮʠʡ;  

5) ʩʨʝʜʠʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʯʣʝʥʠʪʩʷ ʥʘ ʩʝʪʴ ʛʠʙʨʠʜʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʨʘʟʙʠʝʥʠʷ ʥʘ ʩʣʦʠ; 

6) ʞʝʩʪʢʦʩʪʴ ʬʠʢʪʠʚʥʦʛʦ ʩʣʦʷ ʜʘʥʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʨʘʟʤʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʩʴ 

ʩʣʦʡ; 

7) ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʚ ʬʠʢʪʠʚʥʦʤ ʩʣʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʩʣʦʚʠʶ ʧʨʦʯʥʦʩʪʠ ʇ. ʇ. ɹʘ-

ʣʘʥʜʠʥʘ [1, 3];  
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8) ʪʨʝʩʥʫʚʰʠʡ ʬʠʢʪʠʚʥʳʡ ʩʣʦʡ ʚ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ ʦʙʣʘʜʘʝʪ ʪʨʝʱʠʥʘʤʠ ʩʢʚʦʟʥʳʤʠ ʠ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ. ʈʘʩʪʷʥʫʪʳʡ ʙʝʪʦʥ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʤ ɺ.ʀ. ʄʫʨʘʰʝʚʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʙʝʪʦʥʘ [3, 5];  

9) ʪʨʝʱʠʥʳ ʚ ʙʝʪʦʥʝ ʬʠʢʪʠʚʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʤ ʪʝʣʦʤ 

ʩ ʠʟʦʪʨʦʧʥʦʡ ʧʣʦʩʢʦʩʪʴʶ, ʚʜʦʣʴ ʪʨʝʱʠʥ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ 

ʢʘʞʜʳʡ ʩʣʦʡ. 

 

ʉʣʦʠ ʙʝʪʦʥʘ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ. ʊʝʥʟʦʨʳ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (1). 

ʉʣʦʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʥʷʪʳʤ ʛʠʧʦʪʝʟʘʤ ʤʘʪʨʠʮʘ çʫʧʨʫʛʦ-

ʧʣʘʩʪʠʯʥʦʩʪʠè ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʣʦʝʚ ʙʝʟ ʪʨʝʱʠʥ ʦʧʨʝʜʝʣʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

                                                   [][]
1

,SB A B
-
è ø= +ê ú                                                    (4) 

ʛʜʝ )1/(
2

1111 SSS
EB n-m= ; )1/(

2

2222 SSS
EB n-m= ; )]1/(1)1/(1[

221133 SSSS
EB nmnm +++= ; 

)1/(
1144 SSS

EB nm+= ; )1/(
2255 SSS

EB nm+= ; 0=
Sij

B  ï ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪ-

ʨʠʮʳ ][
S

B ; SE  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʘʨʤʘʪʫʨʳ, sn  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʘʨ-

ʤʘʪʫʨʳ; 11 11/S i i SA S hm = , 22 22/si i SA S hm =  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʨʤʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʦʩʝʡ ʭ1 

ʠ ʭ2 ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ; siA  ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʝʨʞʥʷ; 11 22,i iS S  ï 

ʰʘʛ ʩʪʝʨʞʥʝʡ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʷʤ ʭ1 ʠ ʭ2; Sh  ï ʩʫʤʤʘʨʥʘʷ ʪʦʣʱʠʥʘ ʘʨʤʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ.  

ʏʣʝʥʳ ʤʘʪʨʠʮʳ 
1[ ]A -

 ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ (4) ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʪʝʤ ʞʝ ʬʦʨʤʫʣʘʤ, ʥʦ ʚ ʥʠʭ 

ʚʤʝʩʪʦ ʩʫʤʤʘʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ijs  ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʙʝʪʦʥʝ ï Bijs . 

ʉʣʦʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. ʀʟ-ʟʘ ʧʨʠʥʷʪʦʛʦ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʦʥʠ 

ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʧʨʠ 

        ( )( )( )( )2 2 2 2 2

11 22 12 23 13 11 22 11 223 0bt b bt bR R R Rs s t t t s s s s+ + Ö + + - - - + - >,        (5) 

ʛʜʝ 11 22 12 13 23, , , ,s s t t t ï ʥʘʧʨʷʞʝʥʠʷ ʙʝʪʦʥʘ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ; ,bt bR R  ï ʧʨʝ-

ʜʝʣ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʦʩʝʚʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (8) ʚ ʙʝʪʦʥʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʱʠʥʘ ʚ ʧʣʦʩʢʦʩʪʠ, ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʛʣʘʚʥʦʤʫ ʨʘʩʪʷʛʠʚʘʶʱʝʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ, ʠʟ-ʟʘ ʤʘʣʦʡ ʚʝʣʠ-

ʯʠʥʳ ʬʠʢʪʠʚʥʦʛʦ ʩʣʦʷ, ʢʘʢ ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʘʚʣʝʥʠʝ ʪʨʝʱʠʥ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ 1
c ʢ ʥʦʨʤʘʣʠ ʪʨʝʱʠʥʳ ʦʪ ʦʩʠ ʭ1. 

ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʪʨʝʱʠʥ ʚ ʤʦʥʦʩʣʦʝ ʵʣʝʤʝʥʪʘ ʙʝʪʦʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʦʨʪʦʪʨʦʧʥʫʶ ʩʨʝʜʫ, 

ʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ çʯʠʩʪʦʤ ʚʠʜʝè ʧʦʪʝʥʮʠʘʣʘ 1W  [1], ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʜʠʣʘʪʠ-

ʨʫʶʱʝʛʦ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʶʱʝʛʦʩʷ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʪʘʥʦʚʠʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ. ʇʦ-

ʪʝʥʮʠʘʣʴʥʦʩʪʴ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ ʠʟ-ʟʘ ʩʦ-

ʭʨʘʥʥʦʩʪʠ ʩʧʣʦʰʥʦʩʪʠ ʙʝʪʦʥʘ. ɺ ʵʪʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ ʦʧʨʝʜʝʣʷʝʤ 

ʩʝʢʫʱʠʤ ʤʦʜʫʣʝʤ ʙʝʪʦʥʘ BE  ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ çʇʫʘʩʩʦʥʘè Bn  ʠʟ ʫʨʘʚʥʝʥʠʡ: 
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( )* * * * * * *

22 12 11 22 22 22 11 /B Be A A Es s s n s= + = - ;   
* * *

22 12 221/ ; /B BE A A An= =- , 

ʛʜʝ 
*

12A , 
*

22A  ï ʢʦʤʧʦʥʝʥʪʳ ʤʘʪʨʠʮʳ ʧʦʜʘʪʣʠʚʦʩʪʝʡ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʫʨʘʚʥʝʥʠʡ ʩʧʣʦʰʥʳʭ 

ʙʝʪʦʥʥʳʭ ʩʣʦʝʚ; 
*

ijs  ï ʥʘʧʨʷʞʝʥʠʷ ʙʝʪʦʥʘ ʚ ʧʦʚʝʨʥʫʪʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ ʭ
*
10ʭ
*
2, 

ʦʨʠʝʥʪʠʨʫʝʤʦʡ ʧʦʜ ʫʛʣʦʤ 1
c ʢ ʩʠʩʪʝʤʝ ʭ10ʭ2. 

ʇʨʠ ʧʦʚʦʨʦʪʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ, ʦʨʠʝʥʪʠʨʫʝʤʦʡ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʝʱʠʥʳ, ʠʤʝʝʤ 

{ } [ ]{ }
ɺ

e A s* * *= . ʇʨʠ ʵʪʦʤ ʠʤʝʝʤ 
1[ ] [ ]B A -* *= . ʇʝʨʝʩʯʠʪʘʚ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʭ
*
10ʭ
*
2 ʢ ʠʟʥʘʯʘʣʴʥʦʡ, ʤʦʞʥʦ ʦʬʦʨʤʠʪʴ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʙʝʪʦʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʚʨʝ-

ʞʜʝʥʠʡ .][][ 1-= cʩ AB  

ʉʣʦʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. ʇʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʨʘʙʘʪʳʚʘʥʠ-

ʝʤ ʢʨʠʪʝʨʠʷ ɹʘʣʘʥʜʠʥʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʦʝ ʂʕ, ʘ ʚ ʥʝʨʘʚʝʥʩʪʚʦ (5) ʚʚʦʜʷʪʩʷ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʙʝʪʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Bijs  ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʩʣʦʷ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʨʝʱʠʥ ʚ ʙʝʪʦʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʦʤ 1
c, ʢʦʛʜʘ ʧʨʠʥʠʤʘ-

ʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʙʝʪʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʉʚʷʟʴ ʪʝʥʟʦʨʦʚ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝ-

ʥʠʡ ʙʝʪʦʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʱʠʥ ʚ ʧʦʚʝʨʥʫʪʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʜʦʙʥʦ 

ʩʚʷʟʷʤ ʚ ʙʝʪʦʥʝ ʩ ʪʨʝʱʠʥʘʤʠ ï },]{[}{ ***=
ɺ

Ae s  ʛʜʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʵʪʦʡ ʤʘʪʨʠʮʳ ʚʳʯʠʩ-

ʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

                    
);/(1

11
w
ɺ
ɽA =*          ;/

12 ɺɺ
ɽA n-=*           ;/1

22 ɺ
ɽA =*   

                   
);/()1(2

6644
wn
ɺɺ
ɽɸA +== **

         ,/)1(2
55 ɺɺ

ɽA n+=*                                (6) 

ʛʜʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʭ
*
1 ʩʝʢʫʱʠʡ ʤʦʜʫʣʴ ʙʝʪʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ BE w (w ï ʬʫʥʢʮʠʷ 

ʥʘʨʫʰʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʙʝʪʦʥʘ 0 1w< ¢).  

ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʘʪʨʠʮʘ çʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʥʦʩʪʠè ʙʝʪʦʥʘ ʩ ʨʘʩʪʨʝʩʢʠ-

ʚʘʥʠʝʤ ʩʣʦʷ ʞʝʣʝʟʦʙʝʪʦʥʘ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ, ʯʪʦ ʠ ʜʣʷ ʙʝʪʦʥʘ 
1][][ -= cʩ AB

B , ʥʦ ʧʨʠ ʫʯʝʪʝ 

ʫʨʘʚʥʝʥʠʡ (6).  

ʄʘʪʨʠʮʘ çʫʧʨʫʛʦʧʣʘʩʪʠʯʥʦʩʪʠè ʜʣʷ ʘʨʤʘʪʫʨʳ ʩʣʦʷ ʞʝʣʝʟʦʙʝʪʦʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʱʠʥ 

ʚ ʥʘʯʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ ʭ10ʭ2 ʥʝ ʠʟʤʝʥʷʝʪ ʩʚʦʡ ʚʠʜ, ʥʦ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ SE  ʤʝʥ̫-

ʶʪʩʷ ʥʘ skkE  ï ʩʝʢʫʱʠʝ ʤʦʜʫʣʠ ʘʨʤʘʪʫʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʝʡ ʭ1 ʠ ʭ2, ʘ skkn  ï ʝʝ ʧʝʨʝ-

ʤʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (k=1, 2): 

)1/(
2

11111111 SS

ʉ

S
EB nm -= ;     )1/(

2

22222222 SS

ʉ

S
EB nm -= ;     )1/(

11111144 SS

ʉ

S
EB nm+= ;  

  
)]1/()1/(

22222211111133 SSSS

ʉ

S
EEB nmnm +++= ;      )1/(

22222255 SS

ʉ

S
EB nm+= ,             (7) 

ʛʜʝ ʩ ʫʯʝʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʦʩʪʘ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʘʨʤʘʪʫʨʳ, ʝʝ ʧʘʨʘʤʝʪʨʳ ʚʳ-

ʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:  
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; ;

/ ; 0,5 ,
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²îí  

ʛʜʝ Rsïʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʫ (ʧʨʝʜʝʣ ʪʝʢʫ-

ʯʝʩʪʠ) ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ. 

ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ w ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʷʟʘʥ 

ʬʫʥʢʮʠʝʡ ɺ. ʀ. ʄʫʨʘʰʝʚʘ:  

                                        ( )/ ,S sn B snE E Ey w= +                                      (17) 

ʛʜʝ snE  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʘʨʤʘʪʫʨʳ ʧʦ ʥʦʨʤʘʣʠ ʢ ʪʨʝʱʠʥʝ. 

ʇʘʨʘʤʝʪʨ ɣS ʦʙʳʯʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ɻʝʥʠʝʚʘ ɻ. ɸ., 

ʂʠʩʩʶʢʘ ɺ. ʅ. ʠ ʊʶʧʠʥʘ ɻ. ɸ. [5]. ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ w, ʢʦ-
ʪʦʨʦʝ ʤʦʞʥʦ ʨʝʰʠʪʴ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

ʉʣʦʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʪʨʝʱʠʥ. ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʥʘʯʘʣʴ-

ʥʳʭ ʪʨʝʱʠʥ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʝʱʠʥʳ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝ-

ʥʠʡ. ʊʦʛʜʘ ʤʘʪʨʠʮʘ çʫʧʨʫʛʦʧʣʘʩʪʠʯʥʦʩʪʠè ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʣʦʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ][][ ʩ
S

BB = . 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʥʘ ʟʘʜʘʯʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʅɼʉ 

7-ʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ (ʨʠʩ. 1, 2.1, 2.2). ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ: ʘ) ʪʦʣʱʠʥʘ ʧʝʨʝʢʨʳʪʠʡ 250 ʤʤ; ʙ) ʪʦʣʱʠʥʘ ʧʠʣʦʥʦʚ 350 ʤʤ. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʚʣʠʷʥʠʝ ʦʩʥʦʚʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ, ʘ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʞʝʩʪʢʠʤ ʟʘʱʝʤ-

ʣʝʥʠʝʤ ʧʠʣʦʥʦʚ ʚ ʬʫʥʜʘʤʝʥʪʝ ʠ ʦʩʥʦʚʘʥʠʠ. ʂ ʟʜʘʥʠʶ ʧʨʠʢʣʘʜʳʚʘʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʛʨʫʟ-

ʢʠ ʥʘ ʧʝʨʝʢʨʳʪʠʷʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ï ʧʦ ʜʚʫʤ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʬʘʩʘʜʘʤ.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ʈʠʩ. 1. ʇʣʘʥ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʟʜʘʥʠʷ 
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ʈʠʩ. 2.1. ɸʢʩʦʥʦʤʝʪʨʠʷ ʟʜʘʥʠʷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         

                           ʈʠʩ 2.2. ʖʞʥʳʡ ʬʘʩʘʜ ʟʜʘ-

ʥʠʷ 

 

ʄʦʥʦʣʠʪʥʳʡ ʙʝʪʦʥ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʧʨʠʥʷʪ ʩ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ 28,4R ʄʇʘ-=  [1, 3]. ʇʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ ʘʨʤʠʨʦʚʘʥʳ ʩʝʪʢʘʤʠ ʠʟ ʩʪʝʨʞʥʝʡ Ï14 ʤʤ 

A400 (ʟʘʱʠʪʥʳʡ ʩʣʦʡ 35 ʤʤ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 400p ʄʇʘs = ), ʘʨʤʘʪʫʨʘ ʧʠʣʦʥʦʚ ʧʨʠʥʷʪʘ 

ʩʠʤʤʝʪʨʠʯʥʘʷ ʜʚʫʤʷ ʩʝʪʢʘʤʠ ʠʟ ʩʪʝʨʞʥʝʡ Ï12 ʤʤ A400 (ʟʘʱʠʪʥʳʡ ʩʣʦʡ 30 ʤʤ). ʍʘʨʘʢʪʝʨ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

 

 
 

ʈʠʩ. 3. ʅʘʛʨʫʟʢʠ ʠ ʚʦʩʪʦʯʥʳʡ ʬʘʩʘʜ ʟʜʘʥʠʷ 
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ʈʠʩ. 4 ʠ 5 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʦʛʠʙʳ w  (ʤ) ʧʝʨʝʢʨʳʪʠʡ ʚ ʦʙʦʟʥʘʯʝʥʥʳʭ ʪʦʯʢʘʭ (ʨʠʩ. 

2.1). ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʫʯʝʪʦʤ ʩʨʘʚʥʝʥʠʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟ ʧʘʢʝʪʦʚ 

STARK ES, ANSYS ʠ LIRA-SAPR. 

 
     ʈʠʩ. 4. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ 1                                ʈʠʩ. 5. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʪʦʯʢʝ 1 

ʚ ʧʣʠʪʝ 1, ʤ                                                                      ʧʣʦʩʢʦʩʪʠ 2, ʤ 

 

 

ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʘ ʷʩʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ. ɺʳʯʠʩʣʝʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ANSYS ʩ ʫʯʝʪʦʤ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʙʝʪʦʥʘ, ʚ ʪʦʯʢʘʭ ʵʢʩʪʨʝʤʫʤʘ ʥʘ 19%. ʆʪʢʣʦʥʝʥʠʷ ʧʦ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

ʢʦʣʝʙʣʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ï25% ʜʦ +45%. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʟʜʘʥʠʷ 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʰʠʨʦʢʦ ʵʢʩʧʣʫʘʪʠʨʫʝ-

ʤʳʤʠ ʉɸʇʈ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʙʝʪʦʥʘ ʦʪ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ 

ʫʯʝʪ ʧʦʷʚʣʝʥʠʷ ʠ ʨʦʩʪʘ ʪʨʝʱʠʥ, ʫʧʨʫʛʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʘʨʤʘʪʫʨʳ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʥʘʛʨʫʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʚ ʫʜʦʙʥʦʡ ʬʦʨʤʝ ʜʣʷ ʮʠʬ-

ʨʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʦʩʪʘʚʝ Bim-ʪʝʭʥʦʣʦʛʠʡ. 

 

ɺʳʚʦʜʳ 

 

ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʥʝʫʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʘ ʦʪ ʚʠ-

ʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʚʦʟʤʦʞʥʳʭ ʝʛʦ ʠʟʤʝʥʝʥʠʷʭ, ʧʦʷʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʪʠʧʘ 

ʪʨʝʱʠʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʝ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɼʉ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʵʪʦʤʫ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʫʩʣʦʞʥʝʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚ ʙʦʣʝʝ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. 
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The finite-element model of deformation-strength calculation of the spatial load-bearing sys-

tem of a multi-storey building made of reinforced concrete in monolithic construction is developed. 

This model is based on hybrid elements, which take into account the dependence of the mechanical 

properties of concrete on the type of stress state, the presence of cracks in it and the occurrence of 

plastic deformation of the reinforcement. Some decisions on the basis of the accepted model in com-

parison with calculations in industrial CAD packages are analyzed. 
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ʀʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʜʝʬʦʨʤʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʤʝʥʥʳʭ ʟʜʘʥʠʡ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʛ. ʊʘʤʙʦʚʝ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʟʜʘʥʠʡ ʠ ʘʥʘ-

ʣʠʟ ʧʨʠʯʠʥ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. ɺʳʧʦʣʥʝʥ  ʨʘʩʯʝʪʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʧʨʦʩʘʜʦʯʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʄʂʕ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʜʘʥʠʷ, ʦʩʥʦʚʘʥʠʷ, ʦʩʘʜʢʠ, ʪʨʝʱʠʥʳ, ʨʘʩʯʝʪʳ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  

 

ɺʚʝʜʝʥʠʝ  

ʅʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ "ʥʝʜʦʧʫʩʪʠʤʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟ-

ʥʦʩʪʠ ʦʩʘʜʦʢ ʬʫʥʜʘʤʝʥʪʦʚ" ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ: 

¶ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʤʠ ʜʝʬʦʨʤʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

¶ ʚʳʩʦʢʦʡ ʧʨʠʨʦʜʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘ-

ʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʬʫʥʜʘʤʝʥʪʘ Emax/Emin >1,5. 

¶ ʚʟʘʠʤʥʳʭ ʚʣʠʷʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʩʪʨʦʡʢʠ ʢ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʟʜʘʥʠʶ 

ʥʦʚʦʛʦ; 

¶ ʧʨʦʩʘʜʢʠ - ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʩʘʜʢʠ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʟʘʤʘʯʠʚʘʥʠʠ ʧʨʦʩʘʜʦʯʥʦʛʦ 

ʛʨʫʥʪʘ;  

¶ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ, ʥʘʙʫʭʘʥʠʷ ʠʣʠ ʟʘʤʝʨʟʘʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʘ ʚʦʜʦʥʘʩʳʱʝ-

ʥʦʛʦ ʛʨʫʥʪʘ, ʩʢʣʦʥʥʦʛʦ ʢ ʧʦʜʦʙʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ; 

¶ ʨʘʟʨʳʭʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʥʫʣʝʚʦʛʦ ʮʠʢʣʘ ʠʣʠ ʧʨʠ ʚʳʚʝʪʨʠʚʘ-

ʥʠʠ (ʧʦʜʪʘʧʣʠʚʘʥʠʝ ʠ ʧʨʦʤʝʨʟʘʥʠʝ ʢʦʪʣʦʚʘʥʘ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ); 

¶ ʫʩʣʦʚʠʡ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʩʥʠʞʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʥʪʦʚ). 

ʆʙʩʣʝʜʦʚʘʥʠʝ 332-ʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ ʚ ʛ. ʊʘʤʙʦʚʝ ʚ ʧʝʨʠʦʜ 

2006-2018 ʛʛ. [3 - 6, 9] (ʨʠʩ. 1, ʪʘʙʣ. 1) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʬʦʨʤʘʮʠʡ 

ʚʳʟʚʘʥʦ ʠʤʝʥʥʦ ʧʨʦʙʣʝʤʘʤʠ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʫʯʪʝʥʳ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʧʨʦʩʘʜʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ, ʟʘʤʘʯʠʚʘʥʠʝ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʩʝ-

ʟʦʥʥʦʡ ʚʝʨʭʦʚʦʜʢʦʡ, ʚʳʩʦʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʦʚ, ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʣʦ-

ʞʝʥʠʷ, ʧʨʠʩʪʨʦʡʢʠ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʚ ʟʦʥʝ ʚʟʘʠʤʥʳʭ ʚʣʠʷʥʠʡ, ʟʘʣʦʞʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ 

____________________________________________________________ 

É ɼʘʥʠʰ ɸ. ɹ., ʃʝʜʝʥeʚ ɺ. ɺ., ʉʘʚʠʥʦʚ ʗ. ɺ., ɸʣʴ-ɹʫʭʝʡʪʠ ɸ. ʗ., 2019 
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ʚ ʟʦʥʝ ʧʨʦʤʝʨʟʘʥʠʷ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 64 % ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʚʳʙʦʨʢʠ 

ʟʜʘʥʠʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʡ ʩʪʘʪʠʩʪʠʢʦʡ ʧʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ  

ʚ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʷʭ ʛ. ʊʘʤʙʦʚʘ 

 

 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʛ. ʊʘʤʙʦʚʝ 

 

ʇʧ. ʉʪʘʜʠʷ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ  

ʟʜʘʥʠʷ 

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʏʠʩʣʦ 

ʩʣʫʯʘʝʚ 

 

% 

1 

 

ʇʨʦʩʘʜʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ 63 19,0 

2 ɼʚʠʞʝʥʠʝ ʚʝʨʭʦʚʦʜʢʠ (ʧʦʜʪʦʧʣʝʥʠʝ ʪʝʨʨʠʪʦ-

ʨʠʠ) 
6 1,8 

3 ʀʟʤʝʥʯʠʚʦʩʪʴ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʣʘʥʝ 105 31,6 

4 
ʅʘʣʠʯʠʝ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʦʜ ʧʦʜʦʰ-

ʚʦʡ ʬʫʥʜʘʤʝʥʪʘ 

ʏʘʩʪʠʯʥʦʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʩʪʘʨʳʭ ʬʫʥʜʘ-

ʤʝʥʪʦʚ 

5 1,5 

5 ʅʘʩʳʧʥʳʝ ʛʨʫʥʪʳ 11 3,3 

6 ʅʘʜʩʪʨʦʡʢʘ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʙʝʟ ʫʩʠʣʝ-

ʥʠʷ ʬʫʥʜʘʤʝʥʪʘ 
5 1,5 

7 ʇʨʠʩʪʨʦʡʢʘ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʙʝʟ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 
12 3,6 

8 ɿʘʣʦʞʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ ʚ ʟʦʥʝ ʧʨʦʤʝʨʟʘʥʠʷ 11 3,3 

9 
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ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ 11 3,3 

10 ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʉʄʈ 13 3,9 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 

ʇʧ. ʉʪʘʜʠʷ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ  

ʟʜʘʥʠʷ 

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʏʠʩʣʦ 

ʩʣʫʯʘʝʚ 

 

% 

11  ʆʪʩʪʫʧʣʝʥʠʷ ʦʪ ʧʨʦʝʢʪʘ 1 0,3 

12 ɿʘʤʘʯʠʚʘʥʠʝ ʠ (ʠʣʠ) ʧʨʦʤʦʨʘʞʠʚʘʥʠʝ ʜʥʘ ʢʦʪ-

ʣʦʚʘʥʘ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʝʝ ʚʨʝʤʷ 
6 1,8 

13 

ʕ
ʢ
ʩ
ʧ
ʣ
ʫ
ʘ
ʪ

ʘ
-

ʮ
ʠ
ʷ

 

ʅʘʨʫʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠ-

ʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 
7 2,1 

14 ʌʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ > 50 % 54 16,3 

15 ɸʚʘʨʠʠ ʩʝʪʝʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʢʘʥʘʣʠʟʘʮʠʠ 15 4,5 

16 ɼʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 7 2,1 

ʆʙʱʝʝ ʯʠʩʣʦ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʟʜʘʥʠʡ ʚ ʚʳʙʦʨʢʝ: 332 100 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ 

ʧʨʠʯʠʥʘʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ, ʢʦʪʦʨʳ-

ʤʠ ʷʚʣʷʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ (ʧʨʦʩʘʜʢʠ) ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ. ɿʥʘʯʠʪʝʣʴ-

ʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʛʨʫʥʪʘʭ [8]. 

ʇʦʯʪʠ ʚʩʝ ʢʠʨʧʠʯʥʳʝ ʟʜʘʥʠʷ ʚ ʊʘʤʙʦʚʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʝʨʘʚʥʦ-

ʤʝʨʥʳʤ ʦʩʘʜʢʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʘ ʠʭ ʬʘʩʘʜʘʭ ʠʤʝʝʪʩʷ ʩʝʪʴ ʪʨʝʱʠʥ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠ-

ʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ ʜʦ 10 ʤʤ. ʕʪʠ ʪʨʝʱʠʥʳ ʯʘʩʪʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫ ʦʢʦʥʥʳʭ ʧʝʨʝʤʳʯʝʢ, ʨʘʟʜʝ-

ʣʷʷ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʷʜʳ ʧʨʦ-

ʩʪʝʥʢʦʚ ï çʩʪʦʣʙʳè. ʍʘʨʘʢʪʝʨ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʜʘʥʠʡ ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʜʚʠʛ çʩʪʦʣʙʦʚè (ʨʠʩ. 2) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʜʚʠʛʘ 

ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʪʥʦʩʪʴ, ʥʘʢʣʦʥ ʠ ʰʠʨʠʥʫ ʨʘʩʢʨʳ-

ʪʠʷ ʪʨʝʱʠʥ. 

 

 
ʈʠʩ. 2. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʩʭʝʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ  

ʢʘʤʝʥʥʳʭ ʟʜʘʥʠʡ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʭʘʨʘʢʪʝʨ-

ʥʳʡ ʫʯʘʩʪʦʢ ï ʢʚʘʨʪʘʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʝ 

ʛʦʨʦʜʘ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʫʣʠʮʘʤʠ: ʉʦʚʝʪʩʢʘʷ, ʏʠʯ-

ʢʘʥʦʚʘ, ʂ. ʄʘʨʢʩʘ ʠ 1-ʷ ʇʦʣʢʦʚʘʷ. ɺ ʥʘʰʝʤ ʨʘʩ-

ʧʦʨʷʞʝʥʠʠ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʩ-

ʢʦʚʩʢʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʘʨʪʠʠ ʇʅʀʀʀʉ 

1988 ʛʦʜʘ [4] ʜʣʷ ʵʪʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩ. 3 ʘ, ʙ), ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʜʝʬʦʨʤʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʫʭ ʩʣʦʝʚ ʜʝʣʶ-

ʚʠʘʣʴʥʳʭ ʩʫʛʣʠʥʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʛʣʫʙʠ-

ʥʘʭ 1,5é4,5 ʤ (ʚʝʨʭʥʠʡ ʩʣʦʡ) ʠ  4,5é9 ʤ (ʧʦʜ-

ʩʪʠʣʘʶʱʠʡ). ʕʪʠ ʩʣʦʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ, ʪ.ʢ. 

ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ 4-5-

ʵʪʘʞʥʳʭ ʟʜʘʥʠʡ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʜʘʥʥʦʛʦ ʢʚʘʨʪʘ-

ʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʞʠʣʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʩʭʝʤʘʤʠ, ʪʠʧʘʤʠ 

ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʤ ʥʘʨʫʞʥʳʭ ʩʪʝʥ. ʆʙ-
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ʩʣʝʜʦʚʘʥʠʷ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ ʜʘʥʥʦʛʦ ʢʚʘʨʪʘʣʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʘʧʨʝʣʝ 2019 ʛ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʶʪ ʟʜʘʥʠʷ ʩ ʢʠʨʧʠʯʥʳʤʠ ʥʘʨʫʞʥʳʤʠ ʩʪʝʥʘʤʠ ʥʘ ʣʝʥʪʦʯʥʳʭ ʢʠʨ-

ʧʠʯʥʳʭ ʬʫʥʜʘʤʝʥʪʘʭ.  

ʈʠʩ. 3. ʉʭʝʤʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʜʚʫʭ ʩʣʦʝʚ ʩʫʣʠʥʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʚʘʨʪʘʣʣʘ: 

ʘ) ʧʝʨʚʳʡ ʩʣʦʡ ʤʦʱʥʦʩʪʴʶ 3-4 ʤ; ʙ) ʚʪʦʨʦʡ ʩʣʦʡ ʩʫʣʠʥʢʦʚ ʤʦʱʥʦʩʪʴʶ 2-3,5 ʤ 

  

ʅʘ ʨʠʩ. 3 ʮʚʝʪʘʤʠ ʚʳʜʝʣʝʥʳ ʟʦʥʳ ʧʦ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʟʜʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʩʦʚ-

ʤʝʱʝʥʥʦʡ ʩ ʧʣʘʥʦʤ ʟʜʘʥʠʡ ʩʭʝʤʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʡ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʟʜʘʥʠʡ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʦʢʘʟʘʣʠʩʴ ʯʝʪʳʨʝ ʟʜʘʥʠʷ: ˉ 174, 89, 91, 62, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʠʭ ʬʫʥ-

ʜʘʤʝʥʪʦʚ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 6-12 ʄʇʘ. ʂʠʨʧʠʯʥʦʝ 

ʟʜʘʥʠʝ ˉ 89 ʠʤʝʝʪ ʩʚʘʡʥʳʡ ʬʫʥʜʘʤʝʥʪ, ʧʦʵʪʦʤʫ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʥʝʤ ʤʠʥʠʤʘʣʴʥʳ. ɿʜʘʥʠʷ ˉ 

91 ʠ 62 ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʝ, ʥʘ ʠʭ ʬʘʩʘʜʘʭ ʪʨʝʱʠʥʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ɿʜʘʥʠʝ ˉ 174 ʢʠʨʧʠʯʥʦʝ, 

ʦʥʦ ʠʤʝʝʪ ʥʘ ʬʘʩʘʜʘʭ ʤʥʦʞʝʩʪʚʦ ʪʨʝʱʠʥ ʩ ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ ʙʦʣʝʝ 5 ʤʤ (ʪʘʙʣ. 2).  ʇʨʠ ʝʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʤʝʯʝʥ ʨʷʜ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ: ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥ ʠ ʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʢ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʦʩʘʜʢʘʤ [2,3 - 6]. 

ʊʘʙʣʠʮʘ 2  

ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʟʜʘʥʠʷʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʚʘʨʪʘʣʘ 

 
ʅʦʤʝʨ 

ʜʦʤʘ 

ʄʘʪʝʨʠʘʣ 

ʩʪʝʥ 

ʊʠʧ  

ʬʫʥʜʘʤʝʥʪʘ 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ  

ʩʭʝʤʘ 

ʕʪʘʞʥʦʩʪʴ/ 

ʛʦʜ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ 

ʉʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘ-

ʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

(ʚʪʦʨʦʛʦ ʩʣʦʷ)   

s =ɽmʘʭ/ɽmin 

ʐʠ-

ʨʠʥʘ 

ʨʘʩ-

ʢʨʳʪʠʷ 

ʪʨʝ-

ʰʠʥ, 

ʤʤ 

174 ʂʠʨʧʠʯ  ʃʝʥʪʦʯʥʳʡ  ʅʝʩʫʱʠʝ ʧʨʦʜʦʣʴʥʳʝ ʩʪʝʥʳ 

(ʩʪʘʣʠʥʢʘ). 

4/1958 1,67 (1,67) ɹʦʣʝʝ 5 

89 ʂʠʨʧʠʯ  ʉʚʘʡʥʳʡ  9/1985 2,3 (1,67) 3-5 

ʦʜʥʘ 

ʪʨʝʠɦ-

ʥʘ 

91 ʂʨʫʧʥʳʝ ʧʘ-

ʥʝʣʠ 

ʃʝʥʪʦʯʥʳʡ 

ʩʙʦʨʥʳʡ ʞ/ʙ 

ʥʘ ʧʦʜʫʰʢʘʭ 

ʅʝʩʫʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ, 

ʥʘʨʫʞʥʳʝ ʧʘʥʝʣʠ ʥʘʚʝʩʥʳʝ. 

5/1980-85 1,67 (1,4) 0 

62 5/1980-85 1,16 (1,5) 0 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2 

 
ʅʦʤʝʨ 

ʜʦʤʘ 

ʄʘʪʝʨʠʘʣ 

ʩʪʝʥ 

ʊʠʧ ʬʫʥʜʘ-

ʤʝʥʪʘ 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʕʪʘʞʥʦʩʪʴ/ 

ʛʦʜ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ 

ʉʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨ-

ʤʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ 

(ʚʪʦʨʦʛʦ ʩʣʦʷ)   

s =ɽmʘʭ/ɽmin 

ʐʠ-

ʨʠʥʘ 

ʨʘʩ-

ʢʨr-

ʪʠʷ 

ʪʨʝ-

ʰʠʥ, 

ʤʤ 
176 ʂʠʨʧʠʯ ʢʝʨʘ-

ʤʠʯʝʩʢʠʡ 

ʃʝʥʪʦʯʥʳʡ ʠʟ 

ʢʝʨʘʤʠʯʝʩʢʦ-

ʛʦʢʠʨʧʠʯʘ 

ʅʝʩʫʱʠʝ ʧʨʦʜʦʣʴʥʳʝ ʩʪʝʥʳ 

(ʩʪʘʣʠʥʢʘ) 

4/1950-60 1 (1) 1-3 

176 ʢ1 4/1950-60 1 (1) 1-3 

176 ʢ2 4/1950-60 1 (2,3) 0 

176 ʢ3 4/1950-60 1 (1) 1-3 

32 ʃʝʥʪʦʯʥʳʡ ʠʟ 

ʩʙʦʨʥʳʭ ʙʝ-

ʪʦʥʥʳʭ ʙʣʦ-

ʢʦʚ ʌɹʉ 

ʅʝʩʫʱʠʝ ʧʨʦʜʦʣʴʥʳʝ ʩʪʝʥʳ 4/1980-90 1 (1) 0 

34 4/1980-90 1 (1) 1-3 

36 4/1980-90 1 (1) 1-3 

58 ʂʨʫʧʥʳʝ ʧʘ-

ʥʝʣʠ 

ʃʝʥʪʦʯʥʳʡ 

ʩʙʦʨʥʳʡ ʞ/ʙ 

ʥʘ ʧʦʜʫʰʢʘʭ 

ʅʝʩʫʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ, 

ʥʘʨʫʞʥʳʝ ʧʘʥʝʣʠ ʥʘʚʝʩʥʳʝ. 

5/1980-85 1 (1,33) 0 

60 1 (1,4) 0 

223 ʂʠʨʧʠʯ ʢʝʨʘ-

ʤʠʯʝʩʢʠʡ 

ʅʝʩʫʱʠʝ ʧʨʦʜʦʣʴʥʳʝ ʩʪʝʥʳ 5/1990 1 (1,25) 0 

225 5/1990 1 (1,33) 1-3 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʞʠʣʦʝ ʯʝʪʳʨʝʭʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʧʦ ʫʣ. ʉʦʚʝʪʩʢʦʡ, 174 ʩ ʜʝʨʝʚʷʥ-

ʥʳʤʠ ʧʝʨʝʢʨʳʪʠʷʤʠ, ʧʦʩʪʨʦʝʥʥʦʝ ʚ 1958 ʛ. (ʨʠʩ. 4). ʇʦ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤ ʞʠʣʴʮʦʚ, ʟʜʘʥʠʝ 

ʥʘʯʘʣʦ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʩʪʨʦʡʢʠ. ʅʘ ʬʘʩʘʜʘʭ ʦʙʥʘʨʫʞʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ 

ʥʘʢʣʦʥʥʳʝ ʪʨʝʱʠʥʳ, ʨʘʩʢʨʳʚʘʶʱʠʝʩʷ ʢʚʝʨʭʫ. ʆʥʠ ʚʝʝʨʦʦʙʨʘʟʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʬʘʩʘʜʘʤ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,3 ʤʤ/ʛʦʜ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʘʪʠʛʨʘʬʠʠ, ʟʜʘʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʧʨʘʚʦʛʦ 

ʩʢʣʦʥʘ ʜʦʣʠʥʳ ʨʝʢʠ ʎʥʳ. ɿʜʝʩʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʊʘʤʙʦʚʘ. ʇʦʜ 

ʢʫʣʴʪʫʨʥʳʤ ʩʣʦʝʤ ʠ ʯʝʨʥʦʟʝʤʦʤ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʛʣʫʙʠʥʳ ʜʦ ʜʚʫʭ ʤʝʪ-

ʨʦʚ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʝʣʶʚʠʘʣʴʥʳʝ (ʩʢʣʦʥʦʚʳʝ) ʩʫʛʣʠʥʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ 

ʣʠʥʟʳ ʤʝʣʢʠʭ ʧʝʩʢʦʚ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 4 (ʥʘʯʘʣʦ). ʉʭʝʤʘ ʪʨʝʱʠʥ ʥʘ ʛʣʘʚʥʦʤ ʬʘʩʘʜʝ ʜʦʤʘ ʧʦ ʫʣ. ʉʦʚʝʪʩʢʦʡ:  

ʘ) ʬʦʪʦ ʛʣʘʚʥʦʛʦ ʬʘʩʘʜʘ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ; ʙ) ʩʭʝʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʘʚʥʦʛʦ ʬʘʩʘʜʘ 

ʘ) 
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ʈʠʩ. 4 (ʦʢʦʥʯʘʥʠʝ). ʉʭʝʤʘ ʪʨʝʱʠʥ ʥʘ ʛʣʘʚʥʦʤ ʬʘʩʘʜʝ ʜʦʤʘ ʧʦ ʫʣ. ʉʦʚʝʪʩʢʦʡ: 

 ʘ) ʬʦʪʦ ʛʣʘʚʥʦʛʦ ʬʘʩʘʜʘ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ; ʙ) ʩʭʝʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʘʚʥʦʛʦ ʬʘʩʘʜʘ 

 

ʌʫʥʜʘʤʝʥʪʳ ʠ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ, ʠʤʝʶʪ ʪʦʣʱʠʥʫ 

510 ʤʤ. ɺ ʧʨʝʜʝʣʘʭ ʧʣʘʥʘ ʟʜʘʥʠʷ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʩʫʛʣʠʥʢʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

6 ʜʦ 14 ʄʇʘ, ʚʪʦʨʦʛʦ - 6 ʜʦ 12 ʄʇʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʩʢʦʚʩʢʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʘʨʪʠʠ 

ʇʅʀʀʀʉ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʛʦʨʦʜʘ ʧʣʦʱʘʜʴʶ 100 ʤ
2 
(ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʟʜʘʥʠʷ) ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ s = ɽmʘʭ/ɽmin= 1,5é3 (ʨʠʩ. 5). 

 
 
 

ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ 

ʜʝʬʦʨʤʘʮʠʷ ʜʣʷ 1-ʛʦ ʠ 2-ʛʦ ʩʣʦʷ 

ʛʨʫʥʪʘ ʧʦ ʫʣ. ʉʦʚʝʪʩʢʘʷ, 174:  

ʘ) ʧʣʘʥ-ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦ-

ʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ (ʄʇʘ) 1-ʛʦ  

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʩʫʛʣʠʥʢʦʚ  

ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʣʦʞʝʥʠʷ  

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʟʜʘʥʠʷ;  

ʙ) 2-ʛʦ ʩʣʦʷ; 

 

 

 

 

 

 

 

 

ɼʣʷ ʜʘʥʥʦʛʦ ʟʜʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʉʂɸɼè ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʥʝʩʫʱʠʝ ʠ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʣʘ-

ʩʪʠʥ ʩ ʪʦʣʱʠʥʘʤʠ, ʞʝʩʪʢʦʩʪʷʤʠ ʠ ʚʝʩʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ [2, 7]. 

ʈʘʩʯʝʪ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʘʚʠʣ ʉʇ 63.13330. 

2012, ʨʘʩʯʝʪ ʢʦʤʙʠʥʘʮʠʡ ʥʘʛʨʫʟʦʢ - ʧʦ ʥʦʨʤʘʤ ʉʅʠʇ-2.01.07-85*. ʈʘʩʯʝʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘ-

ʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʩʦʯʝʪʘʥʠʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʦ-

ʢʘʟʘʣʠ ʩʫʤʤʘʨʥʫʶ ʥʘʛʨʫʟʢʫ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ 572,8 ʢʅ/ʤ
2
. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʝʣʠ 

ʉ1 ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʪʜʝʣʴʥʦ ʚ ʧʨʦʛʨʘʤʤʝ çCrossè, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʉʂɸɼ (ʨʠʩ. 6). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʝʣʠ ʉ1 ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʪʜʝʣʴʥʦ ʚ ʧʨʦʛʨʘʤʤʝ çCrossè, ʚʭʦʜʷʱʝʡ ʚ ʩʦ-

ʙ) 

 

 

 6 ʄʇʘ 

8 ʄʇʘ 

10 ʄʇʘ 

12 ʄʇʘ 

ʘ) ʙ) 
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ɼʠʘʧʘʟʦʥʳ ʊ/ʤ
3

 244,423 - 260,208

 260,208 - 275,993

 275,993 - 291,778

 291,778 - 307,563

 307,563 - 323,347

 323,347 - 339,132

 339,132 - 354,917

 354,917 - 370,702

 370,702 - 386,487

 386,487 - 402,272

 402,272 - 418,057

 418,057 - 433,842

 433,842 - 449,627

 449,627 - 465,412

 465,412 - 481,197

 481,197 - 496,982

ʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʉʂɸɼ (ʨʠʩ. 6). ɻʨʫʥʪʦʚʳʝ ʫʩʣʦʚʠʷ ʚʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʭʝʤʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʩʣʦʷʤ (ʨʠʩ. 5, ʘ, ʙ) ʯʝʨʝʟ ʚʦʩʝʤʴ ʩʢʚʘʞʠʥ.   

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ (Cross) 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʝʣʠ 2444,23 ʢʅ/ʤ
3 
 (ʨʠʩ. 6). 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʘʩʪʝʣʠ ˞ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʝʣʠ - 4969,82 ʢʅ/ʤ
3
. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʝʣʠ - 3742,02 ʢʅ/ʤ
3
. 

ʅʠʞʥʷʷ ʦʪʤʝʪʢʘ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ - 10,55 ʤ. 

ʊʦʣʱʠʥʘ ʩʞʠʤʘʝʤʦʡ ʩʣʦʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ - 8,75 ʤ. 

ʉʨʝʜʥʷʷ ʦʩʘʜʢʘ - 15,742 ʩʤ. 

ʂʨʝʥ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ - 0,094 ʛʨʘʜ. 

ʉʫʤʤʘʨʥʘʷ ʥʘʛʨʫʟʢʘ - 42458,8 ʢʅ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʝʣʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʚ ʧʨʦʨʘʤʤʝ çCrossè, ʙʳʣʠ ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʚ 

ʧʦʩʪʨʦʝʥʥʫʶ ʥʘʤʠ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʚ çʉʂɸɼʝè. ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʪʦʨʘʷ ʠʪʝʨʘʮʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʳ ʢʘʨʪʠʥʳ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʟʜʘʥʠʷ (ʨʠʩ. 7, 8, 9).  

 
 

ʈʠʩ. 7. ʉʫʤʤʘʨʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ (ʤʤ) 


