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ɺ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ ʚʳʧʦʣʥʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʤʝʪʦʜʠʢʠ ʨʘʩ-

ʯʝʪʘ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʟʘʜʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ. ɺʳʧʦʣʥʝʥʦ ʩʦʧʦʩ-

ʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ SIMION ʠ CPO. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʪʘʪʠʢʘ, ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʤʝʪʦʜ ʢʦʥʝʯʥʦʛʦ ʦʙʲ-

ʝʤʘ, ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʝʪʢʠ, ʤʝʪʦʜ ɹʦʨʠʩʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ. 
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1. ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʨʘʩʯʝʪʘ ʜʚʠʞʝʥʠʷ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʣʷʭ ʥʦʩʠʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʩʯʝʪ ʩʘʤʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʜʦʚ, ʚʦʟʤʦʞʥʦ, ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢ ʞʝ ʨʘʩʯʝʪ 

ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʪʠʭ ʧʦʣʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʣ. ʇʨʠʯʝʤ 

ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʚ ʩʚʷʟʢʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʥʦ ʚʳʧʦʣʥʷʪʴ ʠʥʪʝʨʧʦʣʷ-

ʮʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠʟ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʩʝʪʢʠ ʢ ʪʝʢʫʱʝʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʯʘʩ-

ʪʠʮ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʙʦʣʝʝ ʦʙʱʝʛʦ ʤʝʪʦʜʘ ʯʘʩʪʠʮ-ʚ-

ʷʯʝʡʢʘʭ (PIC-ʤʝʪʦʜ), ʢʦʪʦʨʳʡ ʜʦʣʛʦʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫ-

ʙʝʞʦʤ [1-4]. ʆʪʣʠʯʠʝ ʦʪ PIC-ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘ-
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ʨʷʜʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʠʮʘʤʠ, ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ 

ʩʠʩʪʝʤʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʜʚʠʞʝʥʠʝ ʩʘʤʠʭ ʵʪʠʭ ʯʘʩʪʠʮ. 

ɺʚʠʜʫ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʠʢʠ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʝʝ ʨʝʰʝʥʠʝ. 

2. ʆʧʠʩʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʝʪʦʜʠʢʠ 

2.1. ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʠ ʩ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʝʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʜʦʚ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʩ 

ʥʫʣʝʚʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ: 

 
2 2

1 22 2

1
0;  ( , )

D

f r z
r z r r n

j j j j
j aj a

µ

µ µ µ µå õ
D = + + = + =æ ö

µ µ µ ç ÷µ
 (1) 

ɿʜʝʩʴ r  - ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ; z - ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʘ; j - ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʧʦʣʷ; Dµ  - ʛʨʘʥʠʮʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; n  - ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
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ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ (2) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʝ. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʵʪʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʙʘʨʠ-

ʮʝʥʪʨʘʤ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʠʟʣʦʞʝʥʥʘʷ ʚ [5]. 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ (2) ʧʦ çʦʙʲʝʤʫè k -ʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ:  
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ʊʝʧʝʨʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ɻʨʠʥʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʠʥʪʝʛʨʘʣʘ (ʪʨʝ-

ʫʛʦʣʴʥʠʢʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ), ʩʪʦʷʱʝʛʦ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

(3), ʧʦʣʫʯʠʤ 
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ʟʜʝʩʴ kS  - ʧʣʦʱʘʜʴ k -ʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ʥʘʜ ʚʝʣʠʯʠʥʦʡ ʦʟʥʘʯʘ-

ʝʪ ʝʝ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ çʦʙʲʝʤʫè k -ʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ɼʘʣʝʝ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʪʨʝ-

ʫʛʦʣʴʥʠʢ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʛʨʘʥʝʡ, ʪ.ʝ. ʠʥʪʝʛʨʘʣ ʚ (4) ʟʘʤʝʥʷʝʪʩʷ ʩʫʤʤʦʡ 
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ʟʜʝʩʴ kr  - ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʙʘʨʠʮʝʥʪʨʘ k-ʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʧʨʦʮʝʜʫʨʫ ʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥ ( )
,n k

zjµ µ  ʠ ( )
,n k

rjµ µ  ʯʝʨʝʟ ʮʝʥʪʨ n-ʡ ʛʨʘʥʠ k-ʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʘ ʪʘʢ ʞʝ ʚʝʣʠʯʠʥʳ ( )
k

rjµ µ  ʚ ʪʦʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʨʠʮʝʥʪʨʫ ʪʨʝʫʛʦʣʴ-

ʥʠʢʘ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʐʘʙʣʦʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ( )
k

rjµ µ  - ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʠʤʝʶʱʠʝ ʦʙʱʫʶ ʛʨʘʥʴ ʩ 
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k -ʤ. ʐʘʙʣʦʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥ ( )
,n k

zjµ µ  ʠ ( )
,n k

rjµ µ  - ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʭʦʪʷ ʙʳ ʦʜʥʫ ʠʟ ʪʦʯʝʢ n-ʡ ʛʨʘʥʠ k-ʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʨʝʤʝʥʥʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʚʥʳʡ ʤʝʪʦʜ ʈʫʥʛʝ - ʂʫʪʪʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ɼʣʷ ʫʩʢʦ-

ʨʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʩʝʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʰʘʛ ʧʦ 

ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ ʥʘʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʷʪʴ ʵʚʦʣʶʮʠʶ ʨʝʰʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʨʝʰʝʥʠʝ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʮʝʜʫʨʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʝʨʰʝʥʘ (ʠʥʜʠʢʘʪʦʨʦʤ ʵʪʦʛʦ ʩʣʫʞʠʪ ʚʝʣʠ-

ʯʠʥʘ 1max /i i
kk k

k
j j t+- . ɿʜʝʩʴ i  - ʥʦʤʝʨ ʬʠʢʪʠʚʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ; k  - ʥʦʤʝʨ ʪʨʝʫʛʦʣʴ-

ʥʠʢʘ) ʠ ʚ ʩʠʩʪʝʤʝ ʚʳʯʠʩʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʝʢʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʰʘʙʣʦʥ ï ʩʘʤ 

ʪʨʝʫʛʦʣʴʥʠʢ ʠ ʝʛʦ ʩʦʩʝʜʠ. 

2.2. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʜʣʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʡ 

ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ ɹʦʨʠʩʘ [1-2, 6]. ʅʝ ʙʫʜʝʤ ʧʨʠʚʦʜʠʪʴ ʟʜʝʩʴ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʤʝʪʦʜʘ, ʪʘʢ 
ʢʘʢ ʠʭ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʠʩʪʦʯʥʠʢʘʭ. ʆʪʤʝʪʠʤ ʣʠʰ,ɹ ʯʪʦ ʩʫʪʴ 

ʤʝʪʦʜʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪ-

ʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʠʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʠ ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʆʪʤʝʪʠʤ ʜʘʣʝʝ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʝʨʚʘʷ ʩʚʷʟʘʥʘ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚ-

ʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʉʫʪʴ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʩ-

ʣʠ ʧʝʨʝʡʪʠ ʧʨʠ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʦʪ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ, ʪʦ ʚ 

ʧʦʣʫʯʠʚʰʫʶʩʷ ʩʠʩʪʝʤʫ ʚʦʡʜʫʪ ʩʣʘʛʘʝʤʳʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ 1 r , ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʘʩʪʠʮʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʩʴ. ʉ ʯʠʩʣʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʙʫʜʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʧʨʠ 0r , ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʪʴ ʰʘʛ ʠʥʪʝʛ-

ʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʯʘʩʪʠʮʳ ʢ ʦʩʠ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ 

ʪʨʫʜʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ [1, 6], ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ɹʦʨʠʩʦʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʫʨʘʚ-

ʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʝʰʘʶʪʩʷ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʙʝʟ ʫʯʝʪʘ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʣ, ʘ ʟʘʪʝʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɹʦʨʠʩʘ, ʢʘʢ ʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʩ 

ʧʝʨʝʰʘʛʠʚʘʥʠʝʤ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0.5t t+ D, ʘ ʢʦʦʨ-

ʜʠʥʘʪʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t t+D. ʇʨʠ ʵʪʦʤ ʥʘ ʩʘʤʦʤ ʧʝʨʚʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʥʘʯʘʣʴʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʠʟʚʝʩʪʥʳ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t . ʊʦ ʝʩʪʴ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ ʪʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʩʢʦʨʦʩʪʠ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0 0.5t t- D. ɺ [6] ʧʨʠʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʘʚʠʣʴʥʦ ʚʳ-

ʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0 0.5t t- D ʚ ʩʣʫʯʘʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪ-

ʨʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʦʰʠʙʢʫ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ  
0 0.5t t

v
- D

 ʦʧʨʝʜʝʣʝʥʳ ʥʝʚʝʨʥʦ. 

2.3. ʀʥʪʝʨʧʦʣʷʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢ ʪʝʢʫʱʝʤʫ ʧʦʣʦʞʝʥʠʶ ʯʘʩʪʠʮʳ ʠ 

ʧʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʯʘʩʪʠʮʘ ʥʘ ʩʝʪʢʝ 

ʅʘ ʪʨʝʫʛʦʣʴʥʦʤ ʵʣʝʤʝʥʪʝ ʩʝʪʢʠ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʢ ʪʝʢʫʱʝʤʫ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʯʘʩʪʠʮʳ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʥʝʡʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ. ʆʙʦʟʥʘʯʠʤ 

( , )k
nN z r  - ʣʦʢʘʣʴʥʫʶ ʙʘʟʠʩʥʫʶ ʬʫʥʢʮʠʶ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʣʷ k-ʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

n-ʡ ʚʝʨʰʠʥʳ (n - ʥʦʤʝʨ ʣʦʢʘʣʴʥʦ ʧʨʦʥʫʤʝʨʦʚʘʥʥʦʡ ʚʝʨʰʠʥʳ, ʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ 3), ʪʦʛʜʘ 

ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ f  ʚ ʫʟʣʘʭ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʠ ʯʘʩʪʠʮʘ ʩ ʢʦʦʨʜʠ-



ɼʠʢʘʣʶʢ ɸ.ʉ.   ɺʝʨʠʬʠʢʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

 4 

ʥʘʪʘʤʠ ( , )j jz r  ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘ k, ʪʦ ʜʣʷ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ ( , )j jz r  ʠʤʝ-

ʝʤ [2]: 

 ( ) ( )( )
3

1

, , ,k k k
j j n j j n n

n

f z r N z r f z r
=

=ä , (6) 

ʛʜʝ ( , )k k
n nz r  - ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ʇʨʦʙʣʝʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʠ ʨʘʩ-

ʯʝʪʝ ʧʨʦʝʢʮʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ rE  ʠ zE  ʦʥʠ ʠʟʚʝʩʪʥʳ ʚ ʙʘʨʠʮʝʥʪʨʘʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʘ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (6) ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʵʪʠ ʬʫʥʢʮʠʠ ʚ ʫʟʣʘʭ ʩʝʪʢʠ, ʪʦ ʝʩʪʴ ʚ ʚʝʨʰʠʥʘʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʙʘʨʠʮʝʥʪʨʦʚ ʪʨʝ-

ʫʛʦʣʴʥʠʢʦʚ ʚ ʫʟʣʳ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ [7]. ʉ 

ʧʦʤʦʱʴʶ ʥʝʝ ʤʦʞʥʦ, ʟʥʘʷ ʪʦʧʦʣʦʛʠʶ ʩʝʪʢʠ, ʚʳʯʠʩʣʠʪʴ ʚʝʩʘ, ʘ ʟʘʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʚ ʙʘʨʠʮʝʥʪʨʘʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʚ ʫʟʣʘʭ ʨʘʩ-

ʯʝʪʥʦʡ ʩʝʪʢʠ. ʇʦʪʦʤ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ, ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ (6), ʤʦʞʥʦ ʙʳʩʪʨʦ ʨʘʩʩʯʠʪʳ-

ʚʘʪʴ ʟʥʘʯʝʥʠʷ ʩʠʣʳ.  
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʫ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʦʞʥʦ ʪʘʢ ʞʝ ʚʳʧʦʣʥʷʪʴ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʛʜʝ ʰʘʙʣʦʥʦʤ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʩʦʩʝʜʥʠʝ ʩ ʪʝʤ, 

ʚ ʢʦʪʦʨʦʤ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʠʮʘ. ʆʜʥʘʢʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʧʦʢʘ ʝʱʝ ʥʝ ʙʳʣ ʠʩ-

ʩʣʝʜʦʚʘʥ. 

ʊʘʢ ʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʪʦʜ ʧʦʠʩʢʘ ʯʘʩʪʠʮ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪ-

ʢʝ. ɺʘʨʠʘʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʧʨʝʜʣʦʞʝʥ ʚ [2]. ʏʪʦʙʳ ʯʘʩʪʠʮʘ 

ʥʘʭʦʜʠʣʘʩʴ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʣʠʥʝʡʥʳʭ ʙʘʟʠʩʥʳʭ 

ʬʫʥʢʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʯʘʩʪʠʮʳ, ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜ-

ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ, ʪʦ ʯʘʩʪʠʮʘ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʜʘʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʨʠʯʝʤ ʝʝ ʩʣʝʜʫʝʪ ʧʨʦ-

ʜʦʣʞʠʪʴ ʠʩʢʘʪʴ ʟʘ ʛʨʘʥʴʶ ʧʨʦʪʠʚʦʣʝʞʘʱʝʡ ʪʦʡ ʚʝʨʰʠʥʝ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ 

ʙʘʟʠʩʥʘʷ ʬʫʥʢʮʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ 

3.1 ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 1 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʫʶ ʪʝʩʪʦʚʫʶ ʟʘʜʘʯʫ. ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʴ ʠ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʅʘ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʤʝʱʝʥʳ ʵʣʝʢ-

ʪʨʦʜʳ. ʌʦʨʤʘ ʵʣʝʢʪʨʦʜʦʚ ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʢʨʳʪʘʷ ʢʨʫʛʦʤ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ 

(ʩʪʘʢʘʥʦʦʙʨʘʟʥʳʝ ʵʣʝʢʪʨʦʜʳ). ʃʝʚʳʡ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 30 ʢɺ, ʧʨʘʚʳʡ ʧʦʜ ʥʘ-

ʧʨʷʞʝʥʠʝʤ 0 ʢɺ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʜʚʫʭ ʧʨʦʪʦʥʦʚ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ. ʀʟʥʘʯʘʣʴʥʦ 

ʧʨʦʪʦʥʳ ʟʘʜʘʶʪʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 1 ʵɺ. ʅʘ-

ʧʨʘʚʣʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʩʪʨʝʣʢʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ. 1. ʅʘʯʘʣʴʥʘʷ ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʧʨʦʪʦʥʦʚ: 1 2 ʩʤr = , 2 2.1 ʩʤr = .  

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘ-

ʥʠʮʝ ʦʙʣʘʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʫʩʣʦʚʠʷ ʅʝʡʤʘʥʘ (ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʪʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ çʪʠʧ 1è): 
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ʊʘʢ ʞʝ ʥʘ ʵʪʦʡ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʩʣʫʯʘʡ 0j  ʧʨʠ ,r z¤. ɺʳʚʦʜ ʫʢʘʟʘʥʥʳʭ ʛʨʘ-

ʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʟ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʜʣʷ ʩʣʫʯʘʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠʚʝʜʝʥ ʚ [8]. 
ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʘʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʉʦʦʪʚʝʪʩʪʚʫʶ-
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ʱʠʝ ʛʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. ʎʚʝʪʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʳ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʫʭ ʯʘʩʪʠʮ. ʊʘʢ ʞʝ ʥʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚ [ɺ]. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʅʝʡʤʘʥʘ, ʥʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɺʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʢ ʠʟʤʝʥʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʧʦʣʝʪʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ.  

 

ʈʠʩ. 1. ʇʘʨʘʤʝʪʨʳ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ˉ1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʘ ʵʣʝʢʪʨʦʜʦʚ ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤ 

ʮʚʝʪʦʤ. ʋ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʟʘʜʘʶʪʩʷ 2 ʧʨʦʪʦʥʘ, ʪʨʘʝʢʪʦʨʠʠ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʠʤ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ. ʉʦ-

ʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CPO, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2. ʉʨʝʜʠ ʩʨʘʚʥʠ-

ʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʚʳʣʝʪʘ ʯʘʩʪʠʮʳ ʠʟ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

ʨʘʜʠʘʣʴʥʘʷ ʠ ʦʩʝʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; ʚʨʝʤʷ, ʥʘʭʦʞʜʝ-

ʥʠʷ ʯʘʩʪʠʮʳ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʦʪ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʜʦ ʤʦʤʝʥʪʘ ʚʳʣʝʪʘ). ɼʘʥ-

ʥʳʝ ʪʘʙʣ. 1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʝʪʘʤ ʜʣʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʅʝʡʤʘʥʘ (ʨʠʩ. 2). ɼʘʥʥʳʝ 

ʪʘʙʣ. 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʝʪʘʤ ʜʣʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʨʠʩ. 3). ʂʘʢ ʚʠʜ-

ʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʘ ʤʝʪʦʜʘ ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʩʝʤ ʧʘʨʘ-

ʤʝʪʨʘʤ. ʀʟ ʜʚʫʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚ-

ʣʷʝʪ maxe ~8.5 %. ʕʪʦ ʨʘʟʥʠʮʘ ʧʦʣʫʯʘʝʪʩʷ ʜʣʷ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ ʚʳʣʝʪʘ ʚ ʩʣʫʯʘʝ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʯʘʩʪʠʮʘ ʩ ʥʘʯʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ 2 ʩʤr=  (ʪʘʙʣ. 2). 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ˉ1. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [ɺ] ʨʘʩʩʯʠʪʘʥ 

ʜʣʷ ʩʣʫʯʘʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʅʝʡʤʘʥʘ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʊʘʙʣʠʮʘ 1 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘʤ 

ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ CPO. ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ ˉ1. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʅʝʡʤʘʥʘ (ʨʠʩ. 2) 

 r = 2.0 ʩʤ r = 2.1 ʩʤ 

 ʜʘʥʥʘʷ ʨʘʙʦʪʘ CPO ʜʘʥʥʘʷ ʨʘʙʦʪʘ CPO 

Vz [ʩʤ/ʩ] 2.397E+08 2.397E+08 2.397E+08 2.397E+08 

Vr [ʩʤ/ʩ] - 2.818E+06 - 2.691E+06 - 4.005E+06 - 3.901E+06 

r [ʩʤ] 1.805 1.864 1.778 1.836 

t [ʩ] 1.190E-07 1.180E-07 1.197E-07 1.187E-07 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ˉ1. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [ɺ] ʨʘʩʩʯʠʪʘʥ 

ʜʣʷ ʩʣʫʯʘʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 
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