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ɺʚʝʜʝʥʠʝ 

 

ʊʝʦʨʠʷ ʚʣʦʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ 

ʬʫʥʢʮʠʡ ʚʦʟʥʠʢʣʘ ʚ 30 ï ʭ ʛʦʜʘʭ XX ʚʝʢʘ ʚ ʨʘʙʦʪʘʭ ʉ.ʃ. ʉʦʙʦʣʝʚʘ [1], [2] ʚ 

ʩʚʷʟʠ ʩ ʨʝʰʝʥʠʝʤ ʨʷʜʘ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɺ ʥʘʯʘʣʝ 50 ï ʭ ʛʦʜʦʚ 

ʉ.ʄ. ʅʠʢʦʣʴʩʢʠʡ [3], [4] ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʧʨʠʙʣʠʞʝʥʠʷ ʬʫʥʢʮʠʡ ʧʦʩʪʨʦʠʣ 

ʪʝʦʨʠʶ ʚʣʦʞʝʥʠʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ 

( )nr

p EH , ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʦʨʝʤ 

ʚʣʦʞʝʥʠʷ ʠ ʧʦʣʫʯʠʣ ʦʙʨʘʱʝʥʠʝ ʪʝʭ ʪʝʦʨʝʤ ʚʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʢʘʩʘʣʠʩʴ 

ʧʝʨʝʭʦʜʘ ʢ ʤʥʦʛʦʦʙʨʘʟʠʷʤ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʤʝʪʨʠʢʠ. 

ɼʘʣʝʝ, ʩʧʫʩʪʷ ʧʦʯʪʠ ʜʝʩʷʪʠʣʝʪʠʝ, ʆ.ɺ. ɹʝʩʦʚ [5], [6] ʧʦʩʪʨʦʠʣ ʪʝʦʨʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚ ( )nr

p EB , ʠʥʪʝʨʝʩʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʤ, ʯʪʦ ʦʥʠ, ʧʦʜʦʙʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘʤ ( )nr

p EH , ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʦʨʝʤ 

ʚʣʦʞʝʥʠʷ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʘ ʪʝʦʨʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʘʩʴ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʩʝʡʯʘʩ 

(ʩʤ., ʥʘʧʨ. ʚ ʨʘʙʦʪʘʭ [1] - [53]). 

 ɺ ʨʘʟʚʠʪʦʡ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʠ ʤʥʦʛʠʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʛʜʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʣʘʩʩʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʝʧʝʥʥʳʭ 

ʬʫʥʢʮʠʡ, ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʤʳʩʣʝ ʚʭʦʜʷʱʠʭ ʚ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʢʣʘʩʩʦʚ, ʚ 

ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʇ.ʃ. ʋʣʴʷʥʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʣ (ʩʤ., ʥʘʧʨ., [7], [8] 

ʠ [9]), ʠ ʚ ʨʷʜʝ ʚʘʞʥʝʡʰʠʭ ʩʣʫʯʘʝʚ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʤ ʞʝ ʪʦʥʢʠʭ 

ʤʝʪʦʜʦʚ ʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʬʫʥʢʮʠʡ, ʧʦʣʫʯʠʣ ʨʝʰʝʥʠʷ ʥʦʚʳʭ ʟʘʜʘʯ, 

ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ 

ʚʣʦʞʝʥʠʷ ʜʣʷ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

ʇʝʨʚʘʷ ʦʙʱʘʷ ʪʝʦʨʝʤʘ ʚʣʦʞʝʥʠʷ, ʥʦʩʷʱʘʷ ʭʘʨʘʢʪʝʨ ʥʝʦʙʭʦʜʠʤʳʭ ʠ 

ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ, ʚʳʨʘʞʝʥʥʳʭ ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʜʫʣʴ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʊʝʦʨʝʤʘ ɸ. ʇʫʩʪʴ ʜʘʥʳ ()dw  - ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʯʠʩʣʘ 

¤<<¢ qp1 . ʊʦʛʜʘ  
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 ɿʘʤʝʯʘʥʠʝ. ɼʦʩʪʘʪʦʯʥʘʷ ʯʘʩʪʴ ʢʨʠʪʝʨʠʷ (0.1) ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʣʫʯʝʥʘ ɾ. ʇʝʪʨʝ (1966) [10], ʇ. ɻʨʠʚʘʨʦʤ (1966) [11], ʂ.ʂ. ɻʦʣʦʚʢʠʥʳʤ 

(1967) [12] ʠ ʇ.ʃ. ʋʣʴʷʥʦʚʳʤ (1967), ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ï ʇ.ʃ. ʋʣʴʷʥʦʚʳʤ [9].  

 ɺʧʦʩʣʝʜʩʪʚʠʠ ʟʘʜʘʯʠ ʚ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʚ ʩʪʠʣʝ 

ʧʦʩʪʘʥʦʚʢʠ ʇ.ʃ.ʋʣʴʷʥʦʚʘ ʙʣrʠ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʥʦʛʠʭ 

ʤʘʪʝʤʘʪʠʢʦʚ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ: 

ɺ.ɸ. ɸʥʜʨʠʝʥʢʦ, ʕ.ɸ. ʉʪʦʨʦʞʝʥʢʦ, ɺ.ʀ. ʂʦʣʷʜʘ, ʄ.ʂ. ʇʦʪʘʧʦʚ, ʄ.ʌ. 

ʊʠʤʘʥ, ʃ. ʃʝʡʥʜʣʝʨ, ʆ.ɺ. ɹʝʩʦʚ, ɺ.ʇ. ʀʣʴʠʥ, ʇ. ʆʩʚʘʣʴʜ, ʅ. ʗʭʦʥʩʦʥ, ʖ.ɺ. 

ʅʝʪʨʫʩʦʚ, ʄ.ʃ. ɻʦʣʴʜʤʘʥ, ʄ. ʄʠʣʴʤʘʥ, ʂ.ɾ. ʅʘʫʨʳʟʙʘʝʚ, ʅ. ʊʝʤʠʨʛʘʣʠʝʚ, 
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ɽ.ʉ. ʉʤʘʠʣʦʚ, ɻ. ɸʢʠʰʝʚ, ʄ. ɽʩʤʘʛʘʥʙʝʪʦʚ, ʄ.ɹ. ʉʠʭʦʚ, ʄ.ɸ. ɾʘʡʥʠʙʝʢʦʚʘ,  

ʉ.ʉ. ʂʫʜʘʡʙʝʨʛʝʥʦʚ, ɽ.ɾ. ɸʡʜʦʩʦʚ, ʃ.ʂ. ʇʘʥʜʞʠʢʠʜʟʝ, ʃ.ɸ. ʐʝʩʪʝʨʥʝʚʘ, 

ʃ.ɺ. ʄʘʪʚʠʶʢ ʠ ʜʨʫʛʠʝ (ʦʙʟʦʨ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʤ., ʥʘʧʨ., ʚ ʩʪʘʪʴʷʭ 

ɺ.ɸ. ɸʥʜʨʠʝʥʢʦ [13], ʅ. ʊʝʤʠʨʛʘʣʠʝʚʘ [14], [15], ɺ.ʀ. ʂʦʣʷʜʳ [16], [17]). 

 ʊʝʤʘʪʠʢʘ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʣʝʞʠʪ ʚ ʨʫʩʣʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʥʘʭʦʞʜʝʥʠʝ ʫʩʣʦʚʠʡ ʚʣʦʞʝʥʠʷ 

ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʩ ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʧʨʠʨʘʱʝʥʠʷ (1 ʨʘʟʜʝʣ) ʠ ʤʥʦʛʦʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʬʫʥʢʮʠʡ, ʧʦʣʫʯʘʶʱʠʭʩʷ 

ʧʨʠ ʟʘʤʝʥʝ ʩʪʝʧʝʥʥʦʛʦ ʤʦʜʫʣʷ ʛʣʘʜʢʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʜʫʣʴ ʛʣʘʜʢʦʩʪʠ ʠ ʦʙʳʯʥʦʡ ʣʝʙʝʛʦʚʩʢʦʡ ʥʦʨʤʳ ʥʘ 

ʩʤʝʰʘʥʥʫʶ ʥʦʨʤʫ (2 ʨʘʟʜʝʣ). 

ʉʥʘʯʘʣʘ ʧʨʠʚʝʜʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʨʝʜʝʣʝʥʠʷ. 

 ʇʫʩʪʴ  ( )1,0Lp
( ¤<¢p1 ) - ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʭ ʠʟʤʝʨʠʤʳʭ (ʟʜʝʩʴ ʠ 

ʚʩʶʜʫ ʥʠʞʝ ʚ ʩʤʳʩʣʝ ʃʝʙʝʛʘ) ʥʘ [0,1] ʬʫʥʢʮʠʡ f , ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʢʦʥʝʯʥʘ ʥʦʨʤʘ 
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ʇʫʩʪʴ nR , ʢʘʢ ʦʙʳʯʥʦ, n - ʤʝʨʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʦʯʝʢ 

( )nxx ,...,1=x  ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ɺʩʶʜʫ ʥʠʞʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

( )L nR¤
 ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʤʝʨʠʤʳʭ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʥʘ nR  ʬʫʥʢʮʠʡ. 

 ɺʩʶʜʫ ʚ ʪʝʢʩʪʝ ʧʨʠʥʷʪʦ ʩʦʛʣʘʰʝʥʠʝ: ʧʨʠ ¤=r  
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ʇʫʩʪʴ ʜʘʥ ʤʫʣʴʪʠʠʥʜʝʢʩ ( )1,..., np p=p , ʛʜʝ ( )1  1,...,jp j n¢ <¤ = .  

ʏʝʨʝʟ ( ) ( )nppn RLRL n,...,1¹p
 ʦʙʦʟʥʘʯʘʶʪ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʠʟʤʝʨʠʤʳʭ ʬʫʥʢʮʠʡ  

() ( )1,..., nf f x x=x , ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʝʯʥʘ ʩʤʝʰʘʥʥʘʷ ʥʦʨʤʘ 
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n n

n

p p
p p
p

p

n n

R R

f f x x dx dx dx

-

ë û
è øî îå õî îé ù

= æ öì üé ùæ ö
î îç ÷é ùê úî îí ý

ñ ñp

. 

ʇʨʠ ppp n===...1  ʧʦʣʫʯʘʝʤ 

()

1

f
n

p
p

p

R

f f d
ë ûî î

¹ =ì ü
î îí ý
ñp

x x . 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʯʝʨʝʟ ( ) , ,..., ,...C Ca ba b =  ʦʙʦʟʥʘʯʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʟʘʚʠʩʷʱʠʝ ʣʠʰʴ ʦʪ ʚʭʦʜʷʱʠʭ ʧʘʨʘʤʝʪʨʦʚ , ,...a b  ʠ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʨʘʟʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʫʣʘʭ. ʇʫʩʪʴ A ʠ B  - ʥʝʢʦʪʦʨʳʝ ʯʠʩʣʦʚʳʝ 
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ʬʫʥʢʮʠʠ, ʧʨʠʯʝʤ A ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ. ʊʦʛʜʘ ʟʘʧʠʩʠ , ,...( )B O Aa b= ,    
, ,...

B A
a b
<<  

ʙʫʜʫʪ ʦʟʥʘʯʘʪʴ ( ), ,...B ʉ Aa b¢ . ʇʨʠ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ A ʠ B ʟʘʧʠʩʴ BA
,...,ba
=B  

ʦʟʥʘʯʘʝʪ 
, ,... , ,...

ɸ B A
a b a b
<< <<.       

 ʇʫʩʪʴ ()dw ï ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ [0,1] ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ 

ʫʩʣʦʚʠʷʤ: 

() () () ( ) () ()hwdwhdwhwdww +¢+¢¢¢= 00  ( )10 ¢+¢¢¢ hdhd . 

ʊʘʢʠʝ ʬʫʥʢʮʠʠ ʥʘʟʳʚʘʶʪ ʤʦʜʫʣʷʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

 ʇʫʩʪʴ ( ),p fw d ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ f  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

( )0,1pL , ʪ.ʝ. 

( ) ( ) () ( )

1
1

0
0

, sup 0 1

h p
p

p
h

f f x+h - f x dx
d

w d d
-

< ¢

ë û
= < ¢ì ü

í ý
ñ .   (0.2) 

 ʇʦʣʦʞʠʤ 

 

{ })10()(),(:)1,0( ¢¢¢Í= ddwdww fLfH p

p

p ,     (0.3)  

ʛʜʝ ()w d-ʟʘʜʘʥʥʳʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

 ʇʫʩʪʴ 1 p¢ <¤,  10 <¢a . ʇʫʩʪʴ )1,0(pLf Í , ʪʦʛʜʘ  ʬʫʥʢʮʠʶ  

( ) ( ) ()
,

1

,
0

, sup    0 1

h

p
p

p
h

f f x hx f x dx

a

a

a
d

w d d
< ¢

E

ë ûî î
= + - < ¢ì ü

î îí ý
ñ ,  (0.4) 

ʛʜʝ   ( ) ( ){ }, 0,1  : 0,1h x x hxaaE = Í + Í , ʥʘʟʳʚʘʶʪ ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠ f  ʚ )1,0(pL . 

 ɿʘʤʝʪʠʤ, ʯʪʦ Z. Ditzian ʠ V. Totik [18] ʚʚʝʣʠ ʠ ʠʟʫʯʘʣʠ ʦʙʱʠʡ ʩʣʫʯʘʡ, 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ (0.4) ʬʫʥʢʮʠʠ ax  ʥʘ 

ʥʝʧʨʝʨʳʚʥʫʶ ʥʘ [ ]1,0  ʬʫʥʢʮʠʶ ()xj . 

ʗʩʥʦ, ʯʪʦ, ʧʨʠ 0a=  ʠʤʝʝʤ ( ) ( )dwdw ,,,0 ff pp = . 

ʈʘʟʫʤʝʝʪʩʷ, ʚʝʩʴ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ 

ʧʝʨʝʥʦʩʠʪʩʷ ʠ ʥʘ ʩʣʫʯʘʡ ʤʦʜʫʣʝʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʇʫʩʪʴ 1 p¢ <¤,  10 <¢a , ()wd- ʟʘʜʘʥʥʳʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

ʏʝʨʝʟ w
a pH ,

~
 ʦʙʦʟʥʘʯʠʤ ʢʣʘʩʩ ʚʩʝʭ ʥʝʚʦʟʨʘʩʪʘʶʱʠʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

)1,0(pLf Í  ʪʘʢʠʭ, ʯʪʦ 

( ) )10()(,, ¢¢¢ ddwdwa fp
. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʧʨʠ 10 21 <<¢ aa  ʜʣʷ ʚʩʷʢʦʡ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ )1,0(pLf Í  ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

( ) ( )dwdw aa ,, ,, 21
ff pp ²  ( )10 <<d , 

cʪʘʣʦ ʙʳʪʴ, ʠ ʚʣʦʞʝʥʠʝ 



6 

 

w
a

w
a pp HH ,, 21

~~
Ë . 

ʇʫʩʪʴ ¤<< mn,0 . ʇʨʦʩʪʨʘʥʩʪʚʦ ʃʦʨʝʥʮʘ ( )nm,L  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʠʟʤʝʨʠʤʳʭ ʚ ʩʤʳʩʣʝ ʃʝʙʝʛʘ ʥʘ [0,1] ʬʫʥʢʮʠʡ f , ʜʣʷ ʢʘʞʜʦʡ 

ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʝʯʥʘ ʚʝʣʠʯʠʥʘ 

()[ ]
îý

î
ü
û

îí

î
ì
ë
=ñ

-

dxxfxf
nm

n
n

nm

*

1

0

1

,
. 

 ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʃʦʨʝʥʮʘ ( )nm,L  ʙʫʜʝʪ 

ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ( )¤<¢pLp 1  ʪʦʣʴʢʦ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ 

 a) ¤<<> ɜp 0,m ; 

 b) pɜp <<= 0,m . 

ʇʨʠ ʜʘʥʥʦʤ ʮʝʣʦʤ 1k²  ʚʩʷʢʫʶ ʥʝʧʨʝʨʳʚʥʫʶ ʥʝʫʙʳʚʘʶɦ ʫʶ ʥʘ [0,1] 

ʬʫʥʢʮʠʶ ()kw dʪʘʢʫʶ, ʯʪʦ (ʉ>0-ʯʠʩʣʦ) 

() () ()( )0 0,     0 1k k

k k kCw h w h d w d d h- -= ¢ < < ¢ 

ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʝʡ ʪʠʧʘ ʤʦʜʫʣʷ ʛʣʘʜʢʦʩʪʠ k- ʛʦ ʧʦʨʷʜʢʘ. 

ɻʦʚʦʨʷʪ, ʯʪʦ ʬʫʥʢʮʠʷ ()ty  ʧʦʯʪʠ ʫʙʳʚʘʝʪ  ʥʘ [0,1], ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʯʠʩʣʦ 1²C  ʪʘʢʦʝ, ʯʪʦ ʧʨʠ ʚʩʝʭ 0 11 2¢ < ¢t t  ʚʳʧʦʣʥʝʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 

() ()12 tCt yy ¢ . 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ,  0b bW >  ʢʣʘʩʩ ʚʩʝʭ ʥʝʧʨʝʨʳʚʥʳʭ ʩʪʨʦʛʦ ʚʦʟ-

ʨʘʩʪʘʶʱʠʭ ʥʘ [ ]1,0  ʬʫʥʢʮʠʡ ()dw  ʪʘʢʠʭ, ʯʪʦ 

() () () bddwww -== ,11,00  ʧʦʯʪʠ ʫʙʳʚʘʝʪ ʥʘ [ ]1,0 . 

ɺʝʢʪʦʨ-ʬʫʥʢʮʠʷ () () ()( )dwdwd n,...,1=ɤ  ʧʨʠʥʘʜʣʝʞʠʪ (ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ) ʢʣʘʩʩʫ Wb, ʛʜʝ ( )1,..., nb bb= , ʝʩʣʠ ()
jj bdw WÍ  ʧʨʠ ʢʘʞʜʦʤ 

{ }nj ,...,2,1Í . 

ʇʫʩʪʴ ( ) ( )1 1,..., , 1 , ,..., ,  1n j n jp p p k k k= ¢ <¤ = ²p k - ʮʝʣʳʝ ʯʠʩʣʘ ʠ 

( )nf L RÍ p
. ʇʦʣʦʞʠʤ ( )1,2,...,j n=   

( ) ( )10sup,
1

, ¢¢D=

¢
Í

ddw

d

p

k

he
Rh

k

px ff j

j

h

j

j ,   (0.5) 

ʛʜʝ ej - ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʦʩʠ x j  ʠ 

( ) ( ) ( )1 1

0

,..., 1 ,..., ,...,
j

jj

j j

k
k mk m

he n k j j n

m

f x x C f x x mh x
-

=

D = - +ä . 

ʌʫʥʢʮʠʷ (0.5) ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʫʣʝʤ ʛʣʘʜʢʦʩʪʠ ʧʦʨʷʜʢʘ k j  ʬʫʥʢʮʠʠ f ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʭj . 

ʇʫʩʪʴ ( ) ¤<¢= jn ppp 1,,...,1p , ¤¢<q0 , ( ) 1,,...,1 ²= jn kkkk - ʮʝʣʳʝ ʯʠʩʣʘ, 

ʟʘʜʘʥʘ ʚʝʢʪʦʨ - ʬʫʥʢʮʠʷ () () ()( )dwdwd n,...,1=ɤ  ʪʘʢʘʷ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ 
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{ }nj ,...,2,1Í   ()0 0jw = , () ()dww ,11 =  ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ [0,1] ʠ ʧʫʩʪʴ 

( )nf L RÍ p
.  

ʉʣʝʜʫʷ ʄ.ʃ. ɻʦʣʴʜʤʘʥʫ [19], ʦʧʨʝʜʝʣʠʤ ʘʥʠʟʦʪʨʦʧʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʪʠʧʘ ʅʠʢʦʣʴʩʢʦʛʦ - ɹʝʩʦʚʘ ( )ȸ nRq

ɤ

p  ʚ ʩʤʝʰʘʥʥʦʡ ʥʦʨʤʝ  ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʚʩʝʭ ʬʫʥʢʮʠʡ ( )nf L RÍ p , ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʝʯʥʘ ʚʝʣʠʯʠʥʘ  

( )

()

()

()

1

1

1 0

,
   0< <

j

j

k
n

x j

j j j

t f d t
f f ʧʨʠ

t t

q q
w w

q
w wB

=

ë ûè øî î
é ù= + ¤ì ü
é ùî îê úí ý

äñ
p

p
, 

(0.6) 

( )

()0 11

,
sup      .

j

j

k
n

x

tj j

t f
f f ʧʨʠ

t

w
q

wB
< ¢=

= + =¤ä
p

p
 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ k, ʭʦʪʷ ʵʪʦ ʥʝ ʦʪʨʘʞʝʥʦ ʚ 

ʦʙʦʟʥʘʯʝʥʠʠ. 

 ʇʫʩʪʴ () () ()( )dwdwd n,...,1=ɤ , ʛʜʝ ()0 0jw = , () ()dww ,11 =  

ʥʝʧʨʝʨʳʚʥʳ ʠ ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʪʁ ʥʘ [0,1].  ʇʨʠ ʢʘʞʜʦʤ nj ,...,2,1=  ʜʣʷ 

ʬʫʥʢʮʠʠ ()dwju=  ʨʘʩʩʤʦʪʨʠʤ, ʦʙʨʘʪʥʳʝ ʬʫʥʢʮʠʡ  ()uj

1-w  ʠ ʧʦʣʦʞʠʤ 

() ()Ô
=

-- =W=
n

j

j uu
1

11 wd .     (0.7) 

ʌʫʥʢʮʠʷ ()dW=u  - ʦʙʨʘʪʥʘʷ ʢ ʬʫʥʢʮʠʠ (0.7) ʥʘʟʳʚʘʝʪʩʷ ʩʨʝʜʥʝʡ 

ʬʫʥʢʮʠʝʡ ʩʠʩʪʝʤʳ (){ }n
jj 1=

dw . 

ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ () 1WÍdwj  ʚʚʝʜʝʥʦ ɺ.ʀ. ʂʦʣʷʜʦʡ (ʩʤ., 

ʥʘʧʨ., [ 16] ). ɺ ʩʣʫʯʘʝ bj ²1, ʩʨʝʜʥʷʷ ʬʫʥʢʮʠʷ ()dW=u  ʠʟʫʯʘʣʘʩʴ ʄ.ʃ. 

ɻʦʣʴʜʤʘʥʦʤ [ 19] . ʊʘʤ ʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ()
nbbd ,...,1

WÍɤ , ʪʦ 

()

ä

WÍW

=

n

j j

t

1

1

1

b

ɤ . 

ɺ.ʀ. ʂʦʣʷʜʘ [17] ʜʘʣ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʤʦʜʫʣʷ ʥʝ-

ʧʨʝʨʳʚʥʦʩʪʠ:  

() ( ) () ( )10maxinf,...,,
1

10
...

1
1

¢<=W=W
¢¢

<<
=ÖÖ

ddwwwd
d

dddd jj
nj

n

j

n

ɤ .   (0.8) 

ʇʫʩʪʴ ʜʘʥ ʤʫʣʴʪʠʠʥʜʝʢʩ ( ) njjn ,...,1 ,0 :,...,1 =²= nnnɜ . ʌʫʥʢʮʠʶ 

() ( )nzzggg
n

,...,1,...,1 nn=¹ z  

ʥʘʟʳʚʘʶʪ ʮʝʣʦʡ ʬʫʥʢʮʠʝʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ɜ, ʝʩʣʠ ʜʣʷ ʥʝʝ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

1) ʦʥʘ ʝʩʪʴ ʮʝʣʘʷ ʬʫʥʢʮʠʷ ʧʦ ʚʩʝʤ ʧʝʨʝʤʝʥʥʳʤ, ʪ.ʝ. ʨʘʟʣʘʛʘʝʪʩʷ  

ʚ ʘʙʩʦʣʶʪʥʦ ʩʭʦʜʷʱʠʡʩʷ ʜʣʷ ʚʩʝʭ ( )1,..., nz z z=  ʩʪʝʧʝʥʥʦʡ ʨʷʜ 



8 

 

() ää
=

²²

==

nl
l

n

n

k

k

n

k

kk zzaazg

,...,1

1

1

0

1,...,

0

...
k

k

k z .  

2) ʜʣʷ ʚʩʷʢʦʛʦ e>0  ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ Ae ʪʘʢʦʝ, ʯʪʦ 

ʜʣʷ ʚʩʝʭ nzz ,...,1  ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 

( )
( )ä

A¢ =

+

n

j

jj z

n ezzg 1,...,1

Ůn

e . 

ɺʝʣʠʯʠʥʫ 

()
1 1

,...,1

,..., ,...,inf
n n

n
g

E f f g
n n

n n n n= -
p p

, 

ʛʜʝ ʥʠʞʥʷʷ ʛʨʘʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʚʩʝ ( )nRLg
n

pÍnn,...,1
, ʥʘʟʳʚʘʶʪ ʧʦʣʥʳʤ 

ʥʘʠʣʫʯʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʬʫʥʢʮʠʠ ( )nf L RÍ p
  ʮʝʣʳʤʠ ʬʫʥʢʮʠʷʤʠ 

1,..., n
gn n 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ 1,..., nn n ʧʦ ʧʝʨʝʤʝʥʥʳʤ 1,..., nx x . ʌʫʥʢʮʠʶ 

( )njg
j

,...,1, =¤n  ʥʘʟʳʚʘʶʪ ʮʝʣʦʡ ʬʫʥʢʮʠʝʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ jn  ʧʦ 

ʧʝʨʝʤʝʥʥʦʡ jx . 

ɸʥʘʣʦʛʠʯʥʦ, ʚʝʣʠʯʠʥʫ 

()
,

, ,inf
j j

j
g

f f g
n

n n
¤

¤ ¤E = -
p p

, 

ʛʜʝ ʥʠʞʥʷʷ ʛʨʘʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʚʩʝ ( )nRLg pÍ¤,1n
, ʥʘʟʳʚʘʶʪ ʯʘʩʪʥʳʤ 

ʥʘʠʣʫʯʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʬʫʥʢʮʠʠ ( )nf L RÍ p   ʮʝʣʳʤʠ ʬʫʥʢʮʠʷʤʠ ,j
gn ¤ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ jn ʧʦ ʧʝʨʝʤʝʥʥʦʡ jx . 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʷ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

 ɺ ʧʦʩʪʘʥʦʚʢʘʭ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʧʨʠʚʣʝʢʘʶʪʩʷ ʨʘʟʥʳʝ ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ. 

 ʇʨʝʞʜʝ, ʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʬʦʨʤʫʣʠʨʦʚʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ, ʫʩʣʦʚʠʤʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʠʥʦʣʦʛʠʝʡ. 

ʇʫʩʪʴ 1M  ʠ 2M  ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ. ɿʘʧʠʩʴ 1 2M MË  ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʤʥʦʞʝʩʪʚʦ 1M  ʝʩʪʴ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʤ ʩʤʳʩʣʝ 

ʤʥʦʞʝʩʪʚʘ 2M , ʧʨʠ ʵʪʦʤ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ç1M  ʚʣʦʞʝʥʦ ʚ 2M è. 

ɽʩʣʠ 1M  ʠ 2M  ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʥʦʨʤʘʤʠ 

1M
Ö  ʠ 

2M
Ö , ʪʦ ʟʘʧʠʩʴ 1 2M MË  ʦʟʥʘʯʘʝʪ, ʯʪʦ 1M  ʝʩʪʴ ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʤʥʦʞʝʩʪʚʘ 2M  ʠ ʜʣʷ ʚʩʷʢʦʡ  ʬʫʥʢʮʠʠ 1Mf Í  ʚʳʧʦʣʥʝʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 

12 MM
fCf ¢ , ʛʜʝ ʉ ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʬʫʥʢʮʠʠ f. 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʨʝʯʴ ʙʫʜʝʪ ʠʜʪʠ ʦ ʚʣʦʞʝʥʠʠ ʢʣʘʩʩʦʚ, ʘ ʚʦ ʚʪʦʨʦʤ 

ʨʘʟʜʝʣʝ ʦ ʚʣʦʞʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʇʝʨʚʘʷ ʪʝʦʨʝʤʘ ʚʣʦʞʝʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ɽ. ʊʠʪʯʤʘʨʰʝʤ [ 21] ʚ 1927 

ʛʦʜʫ, ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʩʨʘʟʫ ʞʝ ʫʩʠʣʝʥ ɻ. ʍʘʨʜʠ ʠ ɼ. ʃʠʪʪʣʚʫʜʦʤ [ 22] , 

ʜʦʢʘʟʘʚʰʠʤ ʚʣʦʞʝʥʠʝ ( )¤<<¢ qp1  
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( ) ( )( ), 1 1 ,Lip p Lip p q qa aË - - .     (0.9) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ,  ʥʝʫʩʠʣʷʝʤʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʚʣʦʞʝʥʠʷ (0.9)  

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʇ.ʃ. ʋʣʴʷʥʦʚʳʤ [ 7]  ʚ 1967 ʛ. 

ʋʪʚʝʨʞʜʝʥʠʝ (0.9) ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ, ʠʤʝʶʱʘʷ 

ʩʪʝʧʝʥʥʫʶ ʛʣʘʜʢʦʩʪʴ ʚ ʤʝʪʨʠʢʝ pL , ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʤʝʪʨʠʢʝ qL  

ʚ ʩʪʝʧʝʥʥʦʡ ʞʝ ʰʢʘʣʝ ʪʝʨʷʝʪ ʛʣʘʜʢʦʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ qp 11 - . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʝʠʟʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʪʝʦʨʝʤʘʭ 

ʚʣʦʞʝʥʠʷ ʨʘʟʥʳʭ ʤʝʪʨʠʢ ʜʣʷ ʢʣʘʩʩʦʚ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʤʥʦʛʠʭ 

ʧʝʨʝʤʝʥʥʳʭ-ʉʦʙʦʣʝʚʘ 
nr

pW )1,0( , ʅʠʢʦʣʴʩʢʦʛʦ 
nr

pH )1,0( , ɹʝʩʦʚʘ nr

pB )1,0(,q , ʨʘʚʥʦ 

ʢʘʢ ʠ ʚ ʪʝʦʨʝʤʘʭ ʚʣʦʞʝʥʠʷ ʊ.ʀ. ɸʤʘʥʦʚʘ ʜʣʷ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʩ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʩʤʝʰʘʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 
nr

pSB )1,0(,q , ʛʜʝ ʛʣʘʜʢʦʩʪʴ r 

ʪʝʨʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʝʣʠʯʠʥʳ n(1/p-1/q) ʠ (1/p-1/q), ʘ ʪʘʢʞʝ ʚ 

ʪʝʦʨʝʤʘʭ ʚʣʦʞʝʥʠʷ ʨʘʟʥʳʭ ʤʝʪʨʠʢ ʜʣʷ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʵʪʦ ʩʚʦʡʩʪʚʦ ʧʝʨʝʥʦʩʠʪʩʷ ʠ ʥʘ ʩʣʫʯʘʡ, 

ʠʟʫʯʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [24] ʅ.  ʊʝʤʠʨʛʘʣʠʝʚʘ, ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʳ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʨʘʟʜʝʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 ʊʝʦʨʝʤʘ ɺ (ʅ. ʊʝʤʠʨʛʘʣʠʝʚ [24]). ʇʫʩʪʴ ʜʘʥʳ ()dw - ʤʦʜʫʣʴ  

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʯʠʩʣʘ ¤<¢p1 , ¤<<n0 , ¤<<m0 . ʊʦʛʜʘ 

1) ʝʩʣʠ ,0pm n> < <¤, ʪʦ 

( ) +¤<ö
÷

õ
æ
ç

å
ÚË ä

¤

=

-öö
÷

õ
ææ
ç

å
-

1

1
11

1
,

n

vp

P
n

nLH wnm
m

n
w

;   (0.10) 

 2) ʝʩʣʠ p=m  ʠ p<<n0 , ʪʦ 

( )
( )

+¤<ö
÷

õ
æ
ç

å
ÚË ä

¤

= nnn

vpLH v

n p

vP

1

ln

1
,

10

ww .    (0.11) 

(ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ () ( ){ }( )2 0 1Ow d w d d= ¢ ¢). 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ çʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪè  ʠʟ (0.10)-(0.11) ʚ ʨʘʟʥʳʭ 

ʚʠʜʘʭ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʘʭ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ (ʩʤ., ʥʘʧʨ., [25]). 

ɽʱʝ ʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʟʚʘʥʦ ʧʨʝʜʣʦʞʝʥʥʳʤ Z. Ditzian 

ʠ V. Totik [18] ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ()()fpx ,jw , 

ʢʦʪʦʨʳʡ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥ ʟʘʤʝʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʥʘ [ ]1,0  ʬʫʥʢʮʠʠ ()xj  ʥʘ 

ʬʫʥʢʮʠʶ ax , ʪ.ʝ. ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ (2). 

 ʀʟʚʝʩʪʥʘ ʩʣʝʜʫʶʱʘʷ 

 ʊʝʦʨʝʤʘ ʉ (N.X. Ky [26]). ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 10    ,1 <¢¤<¢ ap . ʊʦʛʜʘ 

ʜʣʷ ʣʙʁʦʡ ʬʫʥʢʮʠʠ ( )f LpÍ 01,   ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

() ( )
( )

î
ý

î
ü

û

î
í

î
ì

ë

+¢ ñ
++

*

*

1

1
1

, ,
,

x

p

p

p
fdt

t

tf
pʉxf

a

aw
a  ( )10 ¢<x .   (0.12) 
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 ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʪʦʛʦ ʠ ʜʨʫʛʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ  [26] ʩ ʥʘʰʠʤʠ, 

ʩʬʦʨʤʫʣʠʨʫʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟ ʨʘʙʦʪʳ [26] ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ 

ʪʝʦʨʝʤʳ (ʥʫʤʝʨʘʮʠʷ ʩʦʦʪʥʦʰʝʥʠʡ ʚ [26] ʟʜʝʩʴ ʩʦʭʨʘʥʝʥʘ ʚ ʩʢʦʙʢʘʭ ʚʠʜʘ //). 

 ʊʝʦʨʝʤʘ D (N.X. Ky [26]). ʇʫʩʪʴ ()dw - ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʜʘʥʳ 

ʯʠʩʣʘ 10    ,1 <¢¤<¢ ap . ʊʦʛʜʘ ʫʩʣʦʚʠʝ 

+¤<ö
÷

õ
æ
ç

å
ä
¤

=

-+

1

2 1

n

qp

q
q

n
n w
a

      (0.13) 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʣʦʞʝʥʠʷ 

( )1,0,

q

p LH Ëw
a ,      (0.14) 

ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʡ ʫʩʣʦʚʠʡ (ʣʝʤʤʘ 2 ʚ [26])  

/22/   
()

0inflim
0

>
­ t

t

t

w
,  

/23/   
()

(){ }( )
1

1

0

 0

ph

p

p

t
dt O h h

t

a

a

w
w

+

+
= ­ñ , 

/24/   
() ()

( )
1

1

1
   0

p p

p p

h

t h
dt O h

t ha

w w

+

+

ë ûî î
= ­ì ü
î îí ý

ñ . 

 ɼʦʩʪʘʪʦʯʥʦʩʪʴ ʫʩʣʦʚʠʷ (0.13) ʜʣʷ ʚʣʦʞʝʥʠʷ (0.14) ʚ [26] 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʚ ʧʫʥʢʪʝ b) ʩʣʝʜʩʪʚʠʷ 1 ʚ ʚʠʜʝ (ʘʨʛʫʤʝʥʪ ʧʨʠ j ʥʝ ʫʢʘʟʘʥ) 

/19/     ¤<ö
÷

õ
æ
ç

å
ä
¤

=

*-

1

2 1
,

n p

qqp

q

n
fn

a
wja ,  

ʛʜʝ j - ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ [ ]1,0  ʬʫʥʢʮʠʷ. 

ɿʜʝʩʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʟʦʰʣʘ ʦʧʝʯʘʪʢʘ ʧʨʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ () qttʌ =  ʙʦʣʝʝ 

ʦʙʱʝʛʦ ʫʩʣʦʚʠʷ ʚʣʦʞʝʥʠʷ  

/17/    ¤<
ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å
ä
¤

=

*
+

1

1

2

1
,

1

n p

p

n
fnʌ

n
a

a

w  

(ʩʤ. ʪʘʢʞʝ ʩʣʝʜʩʪʚʠʝ 2 ʚ [26]). 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʊʝʦʨʝʤʘ 1.1.  ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ  1 ,0 1p a¢ <¤ ¢ <. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʡ 

ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ( )1,0pLf Í  ʩʧʨʘʚʝʜʣʠʚʦ 

ʥʝʨʘʚʝʥʩʪʚʦ  

() ( ) ( )10

122,

,

1

1
1

11

2

1

,

¢<

î
î

ý

î
î

ü

û

î
î

í

î
î

ì

ë

+
ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å
-

¢ ñ
+

---

xfdt

t

tf

pcxf
x

p

p

p

aa
aw

a .  (0.15) 

ɿʘʤʝʯʘʥʠʝ. ʇʨʠ 0=a  ʥʝʨʘʚʝʥʩʪʚʦ (0.15) ʩʦʚʧʘʜʘʝʪ ʩ ʦʮʝʥʢʦʡ  

ʕ.ɸ. ʉʪʦʨʦʞʝʥʢʦ [27]. 

 ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ a ʚ ʦʧʨʝʜʝʣʝʥʠʠ (0.4) ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʨʝʜʣʦʞʝʥʠʠ. 
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ʋʪʚʝʨʞʜʝʥʠʝ. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1 , 0 1p a¢ <¤ ¢ < ʠ g ʪʘʢʠʝ, ʯʪʦ 

1 1
0 1

p p
a g< + - < <. ʊʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

( )
1 1

1

,

1
, 0 1

p

p
x

g
a

a g
w d d d

å õ
-æ ö

- ç ÷å õ
< ¢æ ö

ç ÷
.    (0.16) 

ʉʨʘʚʥʠʤ ʥʝʨʘʚʝʥʩʪʚʘ (0.12) ʠ (0.15). ʆʪʤʝʪʠʤ, ʯʪʦ ʦʮʝʥʢʘ (0.15) ʥʝ 

ʭʫʞʝ ʦʮʝʥʢʠ (0.12) (ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʘʥʦ ʚ ʟʘʤʝʯʘʥʠʡ ʧʦʩʣʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʧʨʝʜʣʦʞʝʥʠʷ 1) 

( )
( )10

,
122,

1

1
1

*

,
1

1
1

11

2

1*

,

<<<<
ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å
-

ññ
+++

---

xdt

t

tf
dt

t

tf

x p

p

x p

p

a

a

aa
a

w
w

. 

ɼʘʣʝʝ, ʚ ʩʠʣʫ (0.16) ʠʤʝʝʤ (1 , 0 1p a¢ <¤ ¢ < ʠ g ʪʘʢʠʝ, ʯʪʦ 

1 1
0 1

p p
a g< + - < <) 

2

1 11
,1

1
1

1
,2 2 1

1
p

x p

t
x

dt
x

t

aa
a g

g

w - --

+

å õå õ
-æ öæ öæ ö

ç ÷ç ÷
ñ  ( )10 <<x     (0.17) 

ʠ 

( )10
11

,
1

1

1

1
1

1

1
1

,

<<Ö

ö
÷

õ
æ
ç

å

ù
ú

ø
é
ê

è

öö
÷

õ
ææ
ç

å
-

-
-++

ñ x

x

x
dt

t

t
x

p
x p

p

g
a

a
g

a

gaw

=B .   (0.18) 

ʂʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ (0.17) ʦʮʝʥʢʘ (0.15) ʥʝʫʣʫʯʰʘʝʤʘ ʧʦ ʧʦʨʷʜʢʫ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʬʫʥʢʮʠʶ, ʘ ʠʤʝʥʥʦ ʬʫʥʢʮʠʶ ()
1

f x
xg
= , ʜʣʷ 

ʢʦʪʦʨʦʡ ʦʙʝ ʯʘʩʪʠ (0.15) ʠʤʝʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʦʨʷʜʦʢ 
1

xg
. ʆʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʨʠ 
pp

1
1

1
0 <<-+< ga  ʠʟ (0.18) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (0.12) ʜʘʝʪ 

ʟʘʚʳʰʝʥʥʫʶ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʫʱʫʶ ʩʪʝʧʝʥʥʫʶ ʬʫʥʢʮʠʶ ʦʮʝʥʢʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ (0.15). 

ʊʝʧʝʨʴ ʩʨʘʚʥʠʤ ʢʘʯʝʩʪʚʦ ʠʟʚʝʩʪʥʦʡ (N.X.ʂʫ) ʠ ʥʦʚʦʡ ʦʮʝʥʦʢ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʞʜʦʤʫ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ¤<¢p1 , 10 <<a ,  0 1t< < 

( )( )tg
a ddw =B,,

-xp .  

ʇʨʝʜʣʦʞʝʥʠʝ. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ ¤<¢p1  ʠ 10 <¢a .  ʊʦʛʜʘ ʜʣʷ 

ʬʫʥʢʮʠʠ ()
gx

xf
1

=  ʧʨʠ ( )atg --= 1
1

p
, 10 <<t  ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʤʝʝʪ 

ʧʦʨʷʜʦʢ ( ) tg
a ddw =B,,

-xp  ʠ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 

1) ʝʩʣʠ 0 1t< <,  0 1a¢ <, ʪʦ ʦʮʝʥʢʘ (0.15) ʪʦʯʥʘ ʜʣʷ ʚʩʝʭ 
( )at -

<¢
1

1
1 p , 
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2) ʝʩʣʠ  1 p¢ <¤ ʠ 0 1t< <, ʪʦ ʦʮʝʥʢʘ (0.15) ʪʦʯʥʘ ʜʣʷ ʚʩʝʭ 1
1

1 <<- a
tp

, 

3) ʝʩʣʠ 0 1a¢ < ʠ 1 p¢ <¤, ʪʦ ʦʮʝʥʢʘ (0.15) ʪʦʯʥʘ ʜʣʷ ʚʩʝʭ 
( )a

t
-

<<
1

1
0

p
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʦʚʘʷ ʦʮʝʥʢʘ (0.15) ʪʦʯʥʘ, ʠʟʚʝʩʪʥʘʷ - 

(0.12) ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ ʩʤʳʩʣʝ ʟʘʚʳʰʝʥʘ. 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʪʝʦʨʝʤʘʤ ʚʣʦʞʝʥʠʷ ʢʣʘʩʩʦʚ 
w
a pH ,

~
 ʚ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʃʦʨʝʥʮʘ ( ).,nmL  

ɺ ʩʣʫʯʘʝ ʟʘʜʘʯ ʚʣʦʞʝʥʠʷ ʢʣʘʩʩʦʚ 
w
a pH ,

~
 ʚ ʢʣʘʩʩʳ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʯʝʨʝʟ 

ʥʝʚʦʟʨʘʩʪʘʶʱʠʝ ʧʝʨʝʩʪʘʥʦʚʢʠ f*  (ʚ ʠʭ ʯʠʩʣʝ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʃʦʨʝʥʮʘ), ʚ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʠʰʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʥʝʚʦʟʨʘʩʪʘʶʱʠʭ ʬʫʥʢʮʠʡ ʠʟ ʢʣʘʩʩʘ 
w
a pH ,

~
. 

ʉʧʨʘʚʝʜʣʠʚʘ 

ʊʝʦʨʝʤʘ 1.2. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1 p m¢ < , ( )0 1 1 1pa m¢ < - - , 0 n< <¤. 

ʇʫʩʪʴ ʪʘʢʞʝ ʜʘʥ ʥʝʢʦʪʦʨʳʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ()w d. ʊʦʛʜʘ ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʠʤʝʣʦ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ 

( )nmw
a ,

~
, LH pË , 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 
1 1

1
1

1

1
v

p
v

n

n
n

a m

w

å õ
- -æ ö¤ - ç ÷

=

å õ
<¤æ ö

ç ÷
ä .     (0.19) 

ʊʝʦʨʝʤʘ 1.2 ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʦʟʥʘʯʘʝʪ ʩʣʝʜʫʶʱʝʝ. ɼʦʩʪʘʪʦʯʥʦʩʪʴ: 

ʩʫʱʝʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘ ( ) 0,,,, >nmwapʩ  ʪʘʢʘʷ, ʯʪʦ ʜʣʷ ʚʩʷʢʦʛʦ pLf Í  ʠʣʠ, ʯʪʦ 

ʪʦ ʞʝ ʩʘʤʦʝ, ʜʣʷ ʣʶʙʦʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʠ pLf Í  (ʠ 

ʪʦʛʜʘ *ff ¹ ) ʚʳʧʦʣʥʝʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 

( )( )¤<<--<¢¤<<¢ nmam 0,/1/110,1 pp  

()[ ] ¢
îý

î
ü
û

îí

î
ì
ë

ñ
- n
m

n
n

1

1

0

1
* dxxxf ( )

1 1
1

1
*

,

1

1
, , , , ,

v

p

p p
n

ʩ p n f f
n

a m
n

aa w mn w

å õ
- -æ ö¤ - ç ÷

=

è ø
å õé ù+æ öé ùç ÷

é ùê ú

ä . 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ: ʪʨʝʙʫʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ 

1 1
1

1

1

1
v

p

n

n
n

a m

w

å õ
- -æ ö¤ - ç ÷

=

å õ
=¤æ ö

ç ÷
ä  ʧʦʩʪʨʦʠʪʴ 

ʬʫʥʢʮʠʶ w
apHff ,

* Í=  ʪʘʢʫʶ, ʯʪʦ 

()[ ] +¤=ñ
-

dttft
nm

n

*

1

0

1

. 

ʉʣʝʜʩʪʚʠʝ 1. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ ¤<<¢<¢ qp10 a , ()dw  - ʤʦʜʫʣʴ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʊʦʛʜʘ 

( ) +¤<ö
÷

õ
æ
ç

å
ÚË ä

¤

=

-
-
-ö
÷

õ
æ
ç

å

-

0

1
1

1

1

1

,

1
1,0

~

k

qp

q

q

p
k

kLH waaw
a .   (0.20) 



13 

 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ a=0 ʫʩʣʦʚʠʝ ʚʣʦʞʝʥʠʷ ʚ (0.20) ʩʦʚʧʘʜʘʝʪ ʩ 

ʢʨʠʪʝʨʠʝʤ  ɻʨʠʚʘʨʘ -  ʇʝʪʨʝ ï ɻʦʣʦʚʢʠʥʘ - ʋʣʴʷʥʦʚʘ (ʪʝʦʨʝʤʘ ɸ).  

¤<ö
÷

õ
æ
ç

å
ÚË ä

¤

=

-

k
kLH

k

qp

q

q

p

1
)1,0(

~

1

2

ww . 

 ɿʘʤʝʯʘʥʠʝ 2. ʇʨʠ 0=a  ʫʩʣʦʚʠʝ (0.13) ʪʘʢʞʝ ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʣʦʚʠʝʤ 

ʚʣʦʞʝʥʠʷ )1,0(q

p LH Ëw  (ʪʝʦʨʝʤʘ ɸ), ʧʨʠ 10 <<a  ʜʦʩʪʘʪʦʯʥʳʝ ʯʘʩʪʠ ʫʩʣʦʚʠʡ 

(0.13) ʠ (0.20) ʨʘʟʣʠʯʥʳ. 

 ɿʘʤʝʯʘʥʠʝ 3. ʇʨʠ 0=a  ʪʝʦʨʝʤʘ 1.2 ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʚʳʤ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʢʨʠʪʝʨʠʝʚ ʅ. ʊʝʤʠʨʛʘʣʠʝʚʘ ʠʟ ʪʝʦʨʝʤʳ ɺ, ʘ ʧʨʠ 0̧a  

ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʩʣʫʯʘʝʤ ʚ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ. ʉʦʜʝʨʞʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʷ 0̧a  

ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ 

 ʉʣʝʜʩʪʚʠʝ 2. ʇʫʩʪʴ ¤<<¢ mp1 , 0 1,a¢ <   ¤<<n0 , ( ) kw d d=  

(0 1)k< <  ʠ 
1 1 1

1
k

p
r

a m

è ø
= - -é ù
- ê ú

. ɽʩʣʠ 0̧r , ʪʦ ʚʣʦʞʝʥʠʝ 

( )nmd
a ,

~
, LH
k

p Ë  

ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 0r< . 

 ʊʝʦʨʝʤʘ 1.3. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ ¤<<<¢¤<¢ na 0,10,1 p p<<n0 . 

ʇʫʩʪʴ ʪʘʢʞʝ ʜʘʥ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ()dw . ʊʦʛʜʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʤʝʣʦ 

ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ 

( )nw
a ,

~
, pLH p Ë , 

ʜʦʩʪʘʪʦʯʥʦ, ʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ () ( ){ }( )100 2 ¢¢= ddwdw , ʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

( )3

1 1

lnn p
n

n n

n

n
w

¤

=

å õ
<+¤æ ö

ç ÷
ä . 

 ɿʘʤʝʯʘʥʠʝ. ʋʩʣʦʚʠʝ ʚʣʦʞʝʥʠʷ ʚ ʪʝʦʨʝʤʝ 1.3 ʦʪ a ʟʘʚʠʩʠʪ ʣʠʰʴ ʚ 

ʬʦʨʤʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ( )an,,pc  ʚ ʥʝʨʘʚʝʥʩʪʚʝ (f  - ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʠʟ ( )1,0pL ) 

( )
( )

( )( ) ù
ù

ú

ø

é
é

ê

è
+ö
÷

õ
æ
ç

å

+

¢ ä
¤

=1
,

1
,

2ln

1
,,

n
L

p

pL pf
n

f

nn

pcf n

nn
wan . 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʦ ʚʣʦʞʝʥʠʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʠʧʘ ʅʠʢʦʣʴʩʢʦʛʦ-ɹʝʩʦʚʘ ( )ȸ nRq

ɤ

p  ʩ ʤʦʜʫʣʷʤʠ 

ʛʣʘʜʢʦʩʪʠ ʚ ʩʤʝʰʘʥʥʦʡ ʥʦʨʤʝ. 

ʅʘʯʥʝʤ ʩʦ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ. ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʯʠʩʣʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ , ,p q q ʠ ʬʫʥʢʮʠʶ ɤ ʠʤʝʝʪ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ: 

( ) ( )Ln q n

p R RqB Ëɤ ?      (0.21) 

ɺ ʩʣʫʯʘʝ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʡ w ʟʜʝʩʴ ʧʝʨʚʳʝ ʪʝʦʨʝʤʳ ʚʣʦʞʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʉ.ʄ. ʅʠʢʦʣʴʩʢʠʤ (ʩʣʫʯʘʡ q=¤) ʠ ʆ.ɺ. ɹʝʩʦʚʳʤ (ʩʣʫʯʘʡ ¤<¢q1 ), 



14 

 

ʢʦʪʦʨʳʝ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʮʠʷʭ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ 

ʤʘʪʝʤʘʪʠʢʦʚ (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʤ., ʥʘʧʨ., ʊʨʠʙʝʣʴ [ 28] ). 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʚ ʦʙʳʯʥʦʡ ʥʝʩʤʝʰʘʥʥʦʡ ʥʦʨʤʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʄ.ʃ. 

ɻʦʣʴʜʤʘʥʦʤ [19]. ʀʤʝʥʥʦ, ʠʤ  ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ  

ʊʝʦʨʝʤʘ ɽ (ʄ.ʃ. ɻʦʣʴʜʤʘʥ [19]). ʇʫʩʪʴ  1 ¤¢<¢ qp ( ) ( )( )L n nR C R¤ ¹ , 

{ }1,...,j nÍ , 0 q< ¢¤, ( )nbbb ,...,1=   0< j jkb< , ()( )t Í Wbw , k j ²1- ʧʦʨʷʜʢʠ 

ʤʦʜʫʣʝʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ( )n

p RqB
ɤ  ʠ  

 ʧʨʠ ,

1  ʧʨʠ .

q q
q

q

*
<¤ë

=ì
=¤í

 

ʊʦʛʜʘ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʤʝʣʦ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ 

( ) ( )Ln q n

p R RqB Ëɤ , 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

()

1

1 11

1

0

,
p q

q t t t dt

r r

q

å õ
- -æ ö

-ç ÷

ë ûè øî î
é ùA ¹ W <¤ì ü
é ùî îê úí ý

ñ    (0.22) 

ʛʜʝ  

î
í

î
ì

ë

>
-

¢¤

=
.

,

*

*

*

*

qʧʨʠ
q

q

qʧʨʠ

q
q

q

q

r  

ɿʜʝʩʴ, ʥʘʧʦʤʥʠʤ, ()uW - ʩʨʝʜʥʠʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʪ.ʝ. ʩʨʝʜʥʷʷ 

ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ (){ }ujw , ʪ.ʝ. 

() ()
1

1

1

-

=

-

ö
ö

÷

õ

æ
æ

ç

å
=W Ô

n

j

j uu w , 

ʟʜʝʩʴ ()t1-j  ʦʟʥʘʯʘʝʪ ʦʙʨʘʪʥʫʶ ʬʫʥʢʮʠʶ ʢ ()tj . 

 ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʚʣʦʞʝʥʠʝ (0.21) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʣʝʙʝʛʦʚʩʢʠʝ 

ʥʦʨʤʳ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʘʩʩʦʚ ʩʤʝʰʘʥʥʳʝ. ʀʤʝʥʥʦ, ʧʫʩʪʴ ( )1,..., np p=p , 

( )1  1,...,jp j n¢ <¤ = . ( )1,..., nq q=q , ( )1  1,...,j jp q j n¢ < <¤ = . 

 ɿʘʜʘʯʘ: ʧʨʠ ʢʘʢʠʭ ʥʝʫʣʫʯʰʘʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʯʠʩʣʘʤʠ 

¤¢<q0 , ¤¢<¢ 111 qp ,é, ¤¢<¢ nn qp1  ʠ ʬʫʥʢʮʠʷʤʠ nww,...,1  

ʠʤʝʝʪ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ ʨʘʟʥʳʭ ʤʝʪʨʠʢ ( ),...2,1=n   

( ) ( )nqqn

pp RLRB nn

n

,...,,...,

,,...,
11

1
Ë

ww

q ? 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʩʥʦʚʥʦʡ ʪʝʦʨʝʤʳ ʚʪʦʨʦʛʦ ʨʘʟʜʝʣʘ ʩʣʝʜʫʝʪ ʩʭʝʤʝ 

ʨʘʩʩʫʞʜʝʥʠʡ ʠʟ ʩʪʘʪʴʠ [19] ʄ.ʃ. ɻʦʣʴʜʤʘʥʘ, ʩ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʣʫʯʘʶ ʩʤʝʰʘʥʥʳʭ ʥʦʨʤ ʚ ʣʝʤʤʘʭ 6 ʠ 8. 

 ʅʘʤʠ ʜʦʢʘʟʘʥʘ  
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 ʊʝʦʨʝʤʘ 2.4. ʇʫʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ( )njj ,...,1=  ʜʘʥʳ ʯʠʩʣʘ 1 j jp q¢ < ¢¤ 

( ) ( )( )L n nR C R¤ ¹ , 0 q< ¢¤, jj k<<b0 , ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʶʱʠʝ ʤʦʜʫʣʠ ʛʣʘʜʢʦʩʪʠ 

()dwj  ʧʦʨʷʜʢʘ jk  ʪʘʢʠʝ, ʯʪʦ () 00 =jw , ()11 =jw , () jttj

b
w

-
Ö ʧʦʯʪʠ ʫʙʳʚʘʝʪ ʥʘ 

( ]1,0 . 

 ʇʫʩʪʴ ()dW  ʝʩʪʴ ʩʨʝʜʥʠʡ ʤʦʜʫʣʴ ʛʣʘʜʢʦʩʪʠ ʩʠʩʪʝʤʳ nww,...,1 . 

 ʊʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʦʞʠʤ 

îí

î
ì
ë

=¤=

¤<
=

njʚʩʝʭʧʨʠqʝʩʣʠ

jʥʝʢʦʪʦʨʦʤʧʨʠqʝʩʣʠq
q

j

jj

,...,1,1

,,min
*  

ʠ 

î
í

î
ì

ë

>
-

¢<¤

=
.

,0

*

*

*

*

qʧʨʠ
q

q

qʧʨʠ

q
q

q

q

r  

 ʊʦʛʜʘ ʫʩʣʦʚʠʝ 

()
()( )

¤<

î
î

ý

îî

ü

û

î
î

í

îî

ì

ë

ù
ù
ù

ú

ø

é
é
é

ê

è

ù
ù
ú

ø

é
é
ê

è

W
W¹¹ ñ Ô

=

ö
ö

÷

õ

æ
æ

ç

å
-

-

rr

wwq
w

1

1

0 1

11

1,...,,,,

1
1 t

dt

t
tAA

n

j

qp

j

jj

nqp , 

ʜʦʩʪʘʪʦʯʥʦ, ʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ nj
nj

qqq ==
¢¢

*

1
min , ʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʣʦʞʝʥʠʷ 

( ) ( )nqqn

pp RLRB nn

n

,...,,...,

,,...,
11

1
Ë

ww

q . 

ɿʘʤʝʯʘʥʠʝ. ʇʨʠ 1 1... , ...n np p p q q q= = = = = = ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ 

2.4   ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʤʦʡ 1 ʠʟ [19]. ʇʨʠ ʥʝʩʦʚʧʘʜʘʶʱʠʭ jp  ʠʣʠ 

ʥʝʩʦʚʧʘʜʘʶʱʠʭ jq  ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ 2.4 ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ. 

 ʇʝʨʝʡʜʝʤ ʢ ʩʣʝʜʩʪʚʠʷʤ ʜʦʢʘʟʘʥʥʦʡ ʪʝʦʨʝʤʳ. 

ɿʘʜʘʯʘ: ʧʨʠ ʢʘʢʠʭ ʥʝʫʣʫʯʰʘʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʯʠʩʣʘʤʠ 

( ),...2,1=nn , ¤¢<q0 , 0,...,01 >> nrr , ¤¢<¢ 111 qp ,é, ¤¢<¢ nn qp1  

ʠʤʝʝʪ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ 

( ) ( )nqqnrr

pp RLRB nn

n

,...,,...,

,,...,
11

1
Ëq ? 

ʆʪʚʝʪ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʜʘʝʪ 

 ʉʣʝʜʩʪʚʠʝ1. ʇʫʩʪʴ ( ),...2,1=nn , ¤¢<q0 , 0,...,01 >> nrr , 

¤¢<¢ 111 qp ,é, ¤¢<¢ nn qp1 .  

 ʊʦʛʜʘ 

1) ʝʩʣʠ +¤<==
=

nj
nj

qqq *

,...,1
min , ʪʦ 

( ) ( )

î
î

í

î
î

ì

ë

ö
ö

÷

õ

æ
æ

ç

å
-=¢<

ö
ö

÷

õ

æ
æ

ç

å
->+¤<<

ÚË

ä

ä

=

=

.
111

1,0

,
111

1,0

1

*

1
,...,,...,

,,...,
11

1
n

j jjj

n

j jjjnqqnrr

pp

qpr
q

qpr
RLRB nn

n

q

q

q
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2) ʝʩʣʠ ¤=== nqq ...1 , ʪʦ 

( ) ( )

î
î

í

î
î

ì

ë

=¢<

>+¤<<

ÚË

ä

ä

=

=

.
1

1,10

,
1

1,0

1

1,...,

,,...,
1

1 n

j jj

n

j jjnnrr

pp

pr

pr
RCRB n

n

q

q

q
 

ɺ ʯʘʩʪʥʦʩʪʠ [37, 38] 

( ) ( ) 10
,...,

, ¢<ÚË qq

nnp

n

p

n

p RCRB . 

3) ɽʩʣʠ ¤<<¤=== + nqqqq ,...,1,... 11 nn  ʠ +¤<==
=

nj
j

qqq *

,...,1
min

n
, ʪʦ 

( ) ( )

î
î

í

î
î

ì

ë

ö
ö

÷

õ

æ
æ

ç

å
-+=¢<

ö
ö

÷

õ

æ
æ

ç

å
-+>+¤<<

ÚË

ää

ää

+==

+==
¤¤ +

.
1111

1,0

,
1111

1,0

11

*

11
,...,,,...,,...,

,,...,
11

1
n

j jjjj jj

n

j jjjj jjnqqnrr

pp

qprpr
q

qprpr
RLRB nn

n

n

n

n

n

q

q

q

n  

ʉʣʝʜʩʪʚʠʝ 2. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ ¤¢<¢ 111 qp ,é, ¤¢<¢ nn qp1 , 0>jr , jl- 

ʣʶʙʦʝ ( )nj ,...,1= . ʇʫʩʪʴ ʪʘʢʞʝ ʜʘʥʳ () ( )ttt jjr

j /1ln
l

w = , ʦʪʩʶʜʘ 

() ( )ttt n

nn

n rr

rr

rr
/1ln

11
1

11
11

11
1 ...

...

...

1
--

--

-- ++

++

++
W

ll

=B  

ʠ 
()( )

( )tt
t

n

j jjjn
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n

j jjjn
jj qprrr

rr

qprrr
n

j
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j

/1ln
1

1
11

1

11
11

1
11

1

111

...

...111

...

1

1

11

1

ää

ö
ö

÷

õ

æ
æ

ç

å

W

=
--

--

=
-- ö

ö

÷

õ

æ
æ

ç

å
-

++

++
-

ö
ö

÷

õ

æ
æ

ç

å
-

++
-

=

ö
ö

÷

õ

æ
æ

ç

å
-

-Ô

ll

w
=B . 

ʆʪʩʶʜʘ 

()
()( )

( )tt
t

t

n

j jjjn

nn
n

j jjjn
jj qprrr

rr

qprrr
n

j

qp

j

/1ln
1 1

11
1

11
11

1
11

1

111
1

...

...111
1

...

1

1

11

1

ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å
--

++

++

ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å
--

++

=

ö
ö

÷

õ

æ
æ

ç

å
-

-

ää

ö
ö

÷

õ

æ
æ

ç

å

W
W =

--

--

=
--

Ô

ll

w
=B . 

 ʇʦʣʦʞʠʤ ( )[ ]**

1
11

1

11

11 /
111

1
...

...
qq

qprrr

rr n

j
jjjn

nn -Ö
ù
ù

ú

ø

é
é

ê

è
ä ö

ö

÷

õ

æ
æ

ç

å
--

++

++
¹

=
--

--

qq
ll

t . 

ʊʦʛʜʘ  

1) ( ) ( )

î
î

í

î
î

ì

ë

¢<¢+¤¢<<<¤-ä ö
ö

÷

õ

æ
æ

ç

å
-=

+¤¢<+¤<<¤-ä ö
ö

÷

õ

æ
æ

ç

å
->

ÚË

=

=

ö
÷

õ
æ
ç

å
+¤<=

= .0,0,0,1,
111

1

,0,,
111

1

*

1

1

min

,...,,...,,,...,

,,...,

*

,...,1

111

1

qʠ
qpr

qpr
RLRB

n

j
jjj

n

j
jjj

qq

nqqnrr

pp

j
nj

nnn

n

qtqt

qt

ll

q
 

ɽʩʣʠ ä ö
ö

÷

õ

æ
æ

ç

å
-=

=

n

j
jjj qpr1

111
1  ʠ 0>t , ʪʦ ʚʣʦʞʝʥʠʝ 1) ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʣʶʙʳʭ 

+¤¢<q0 . 
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2) ( ) ( )
( )

î
î
î
î

í

îî
î
î

ì

ë

¢<¢ä=

+¤¢<<<¤-ä=

+¤¢<+¤<<¤-ä>

ÚË

=

=

=

¤===

,10,0,
1

1

,0,1,
1

1

,0,,
1

1

1

1

1

...

,...,,,...,

,,...,

1

11

1

qt

qt

qt

ll

q

n

j
jj

n

j
jj

n

j
jj

qq

nnrr

pp

pr

pr

pr

RCRB
n

nn

n

  

( ) ( )
( ) í

ì
ë

¢<¢

+¤¢<<<¤-
ÚË

¤=== .10,0

,0,1

...

,...,,

,

1

1

qt

qtll

q

n

n

qq

nnp

n

p RCRB . 

ɽʩʣʠ ä=
=

n

j
jj pr1

1
1  ʠ 0>t , ʪʦ ʚʣʦʞʝʥʠʝ 2) ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʣʶʙʳʭ +¤¢<q0 . 

3) ( ) ( )ÚË +

=

+¤+¤

+¤<==<

nqq

qqq

nrr

pp RLRB n

nj
nj

nn

n

,...,,,...,

min1

,...,,,...,

,,...,
1

,...,1

*

11

1

nll

q

 

î
î

í

î
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ì

ë

¢<¢+¤¢<<<¤-
ö
ö

÷

õ

æ
æ

ç

å
-+=

+¤¢<+¤<<¤-
ö
ö

÷

õ

æ
æ

ç

å
-+>

Ú

ää

ää

+==

+==

.0,0ʠ0,1,
1111

1

,0,,
1111

1

*

11

11

q
qprpr

qprpr

n

j jjjj jj

n

j jjjj jj

qtqt

qt

n

n

n
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ɽʩʣʠ ää

+==
ö
ö

÷

õ

æ
æ

ç

å
-+=

n

j jjjj jj qprpr 11

1111
1

n

n

 ʠ 0>t , ʪʦ ʚʣʦʞʝʥʠʝ 3) ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʣʶʙʳʭ 

+¤¢<q0 . 

 ɿʘʤʝʯʘʥʠʝ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʣʝʜʩʪʚʠʷ 1 ʪʝʦʨʝʤʳ 2.4 

ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟ Ä17 ʢʥʠʛʠ [6] ʠ ʩʪʘʪʴʠ 

ʄ.ʃ. ɻʦʣʴʜʤʘʥʘ [19]. ʈʝʟʫʣʴʪʘʪʳ ʩʣʝʜʩʪʚʠʷ 2 ʢʘʢ ʥʘʤ ʢʘʞʝʪʩʷ, ʷʚʣʷʶʪʩʷ 

ʥʦʚʳʤʠ. 
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1 ʆ ʚʣʦʞʝʥʠʠ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ 
w
a pH ,

~
 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʃʦʨʝʥʮʘ 

 

1.1 ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ 

 

 ʃʝʤʤʘ 1 (ʩʤ., ʥʘʧʨ., [4, ʩʪʨ.216]). ɼʣʷ ʣʶʙʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ 

q,t  ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  {} 0,0 ²
¤

= ttt aa  ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ: 

q

t

t

t

q
l

t

t

l

l aa äää
¤

=

-

=

¤

=

- <<ö
÷

õ
æ
ç

å

000

22 tt . 

ʃʝʤʤʘ 2 (ʇ.ʃ. ʋʣʴʷʥʦʚ [9, ʩʪʨ. 659]). ʇʫʩʪʴ ʢʦʥʝʯʥʘʷ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ()xb ʥʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘ );1[ +¤ ʠ ( )+¤¤-Í ,t  ï 

ʥʝʢʦʪʦʨʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. ʊʦʛʜʘ 

( ) () () ( ) ()äää
¤

=

-
¤

=

-
¤

=

- <<<<
1

1

32

1 2222
n

nn

nn

nn nn bbb t

t

t

t

t . 

ʃʝʤʤʘ 3 (ʇ.ʃ. ʋʣʴʷʥʦʚ [9, ʩʪʨ. 660]). ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 

( )0, 1 ,1rn n> Í - , ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ()w d. ʊʦʛʜʘ, ʝʩʣʠ 

1

1r

n

n
n

nw
¤

-

=

å õ
=+¤æ ö

ç ÷
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 ʃʝʤʤʘ 4 (ʅ. ʊʝʤʠʨʛʘʣʠʝʚ [24, ʩʪʨ.171]). ʇʫʩʪʴ ʜʘʥʦ ʯʠʩʣʦ 0>v   ʠ 

ʧʫʩʪʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ {}¤
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 ʃʝʤʤʘ 5 (ʄ.ʌ. ʊʠʤʘʥ, ɸ.ʀ. ʈʫʙʠʥʰʪʝʡʥ ʩʤ. [29]). ɽʩʣʠ ( )¤­®kbk  ʠ 
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ʧʨʠ ʣʶʙʦʤ ¤<<r0  ʩʭʦʜʷʪʩʷ ʠʣʠ ʨʘʩʭʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

 

 

1.2 ʆʮʝʥʢʘ ʩʚʝʨʭʫ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ 

 

ʀʤʝʝʪ ʤʝʩʪʦ 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ( )1,0pLf Í . ɺʳʙʝʨʝʤ ʯʠʩʣʦ 0k NÍ  ʪʘʢ, ʯʪʦ 
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ʆʧʨʝʜʝʣʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ { }kh , ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʮʝʣʦʤ 0kk² , ʠʤʝʝʤ 
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ʪʝʤ ʩʘʤʳʤ, ʥʝʨʘʚʝʥʩʪʚʦ (1.3) ʜʦʢʘʟʘʥʦ. 

ɼʘʣʝʝ, ʧʨʠ ʮʝʣʦʤ 0kk²  ʠ 
1

1 1

1 1

2 2
k k

x
a a

+

- -

< ¢ , ʩʧʨʘʚʝʜʣʠʚʦ 

1 1 1 1 1 1 1

1 ( ) 1 1 ( ) 1 ( ) 1 ( )

2
2 2 2 2 2 2 2

k k k k k k k k kk

C C C C
a a a

a a a a a a a

a a a a
- +

- - - - - - -

+
+ = + = + = = 

2

1
2

1

1 2

1 1 1 1 1

2 1
1

1 1 2 1 12

2
2 2 2 2

k k k k

a

a

a

a a a a a

-

-

+ -
-

- - - - -

- è ø+
+é ù= = = + ¢
é ù
é ùê ú

 

2
0 01 2 2 2 22

11 1 1

1 1 1 1 1 1 1
0 1

2 2 2
22 2 2

k k
ʧʨʠ

a a a
aa a a

a
+ - - + -

-- - -

+ ¢ + < = < + = <, 

ʪ.ʝ. ʥʝʨʘʚʝʥʩʪʚʦ (1.4) ʜʦʢʘʟʘʥʦ. 
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ʩʪʘʣʦ ʙʳʪʴ, ʥʝʨʘʚʝʥʩʪʚʦ (1.5) ʜʦʢʘʟʘʥʦ. 

 ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʦʮʝʥʢʝ ʩʥʠʟʫ ʤʦʜʫʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ( ), ,p f taw
*  
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ʪʝʤ ʩʘʤʳʤ, (1.6) ʜʦʢʘʟʘʥʦ. 
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ʇʦʢʘʞʝʤ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʤʦʥʦʪʦʥʥʦʩʪʠ ʤʦʜʫʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʧʦʣʫʯʠʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ (1.8) ʜʦʢʘʟʘʥʦ. 
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ʆʪʩʶʜʘ, ʜʣʷ ʣʶʙʦʛʦ 0 1x¢ <, ʙʫʜʝʤ ʠʤʝʪʴ 
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ʊʝʤ ʩʘʤʳʤ, ʪʝʦʨʝʤʘ 1.1 ʜʦʢʘʟʘʥʘ ʧʦʣʥʦʩʪʴʶ. 

ɿʘʤʝʯʘʥʠʝ. ʇʨʠ 0=a  ʥʝʨʘʚʝʥʩʪʚʦ (1.1) ʩʦʚʧʘʜʘʝʪ ʩ ʦʮʝʥʢʦʡ  

ʉʪʦʨʦʞʝʥʢʦ ʕ.ɸ. [27]. 

 ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ a ʚ ʦʧʨʝʜʝʣʝʥʠʠ (0.4) ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ  

ʧʨʝʜʣʦʞʝʥʠʠ. 

 ʋʪʚʝʨʞʜʝʥʠʝ 1. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1 , 0 1p a¢ <¤ ¢ < ʠ g ʪʘʢʠʝ, ʯʪʦ 

1 1
0 1

p p
a g< + - < <. ʊʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ ʪʘʢʞʝ ʦʮʝʥʢʫ ʩʥʠʟʫ ʜʣʷ ʤʦʜʫʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 



24 

 

( )
( )

() ö
÷

õ
æ
ç

å
¢¢

-
- h

x
hIhpʉ p

p

p

,
1

, ,1

1
1

1

1 ga

g
a wg . 
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ʦʪʩʶʜʘ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 0 1h< ¢ ʠ 1pg <, ʠʤʝʝʤ 

( )11 1 2hx
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a-< + ¢, 
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< - ¢

+
. 
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
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p f h h h
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å õ
-æ ö-

- ç ÷-
ë û
ì ü
í ý

, 

ʪʝʤ ʩʘʤʳʤ, ʫʪʚʝʨʞʜʝʥʠʝ 1 ʜʦʢʘʟʘʥʦ. 

ɿʘʤʝʯʘʥʠʝ 1. ʇʨʠ 1 , 0 1p a¢ <¤ ¢ < ʠ g ʪʘʢʠʭ, ʯʪʦ 
1 1

0 1
p p

a g< + - < <, 
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 ɿʘʤʝʯʘʥʠʝ 2. ʇʦʣʴʟʫʷʩʴ ʫʪʚʝʨʞʜʝʥʠʝʤ 1, ʦʧʨʝʜʝʣʠʤ ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʠ 
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ʩʪʘʣʦ ʙʳʪʴ, ʧʨʠ ʚʩʝʭ a: 
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a g
å õ

< < - -æ ö
ç ÷

 ʥʝʨʘʚʝʥʩʪʚʦ (0.12) ʠʤʝʝʪ ʣʠʰʥʠʡ 
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1.3 ʆ ʚʣʦʞʝʥʠʠ ( )nmw
a ,

~
, LH pË  ( )pm¸  

 

ʀʤʝʝʪ ʤʝʩʪʦ 

 ʊʝʦʨʝʤʘ 1.2. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1 p m¢ < , ( )0 1 1 1pa m¢ < - - , 0 n< <¤.  

ʇʫʩʪʴ ʪʘʢʞʝ ʜʘʥ ʥʝʢʦʪʦʨʳʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ()w d. ʊʦʛʜʘ ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʠʤʝʣʦ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ 

( )nmw
a ,

~
, LH pË ,      (1.11) 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 
1 1

1
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1
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2
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a m

w

å õ
-æ ö¤ - ç ÷

=

å õ
<¤æ ö

ç ÷
ä .     (1.12) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ  (1.12)  ʠ 
w
a pHf ,

~
Í .  ʊʦʛʜʘ  
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, 1 2, 0 1p f C t C C t C t ta a a

aw a w a w- - -¢ ¢ < <. 
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ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ: 
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ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 1 0C >  ʪʘʢʦʝ, ʯʪʦ () 10 f x C¢ ¢  ʧʨʠ ʚʩʝʭ 0 1x¢ ¢. 
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ʉʪʘʣʦ ʙʳʪʴ, ʚ ʩʠʣʫ (1.12), ʙʫʜʝʤ ʠʤʝʪʴ ( )nmw
a ,

~
, LH pË . ɺʣʦʞʝʥʠʝ 

(1.11), ʠ, ʪʝʤ ʩʘʤʳʤ, ʜʦʩʪʘʪʦʯʥʘʷ ʯʘʩʪʴ ʪʝʦʨʝʤʳ ʜʦʢʘʟʘʥʘ. 

      ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ ʥʝ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ (1.12), ʪ. ʝ.  
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 ʇʦʢʘʞʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ )(xf ʪʘʢʘʷ, ʯʪʦ 

() w
a pHxf ,

~
Í  ʠ  ( ),f L mnÎ . 
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ʩʭʦʜʷʪʩʷ ʠ ʨʘʩʭʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʘʢ ʯʪʦ, ʚ ʩʠʣʫ (1.13), ʠʤʝʝʤ 
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( )
1 1

1 1 ,1
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n
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a m

è ø
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- ê ú
.      (1.15) 

ʋʩʣʦʚʠʷ (1.14) ʠ (1.15) ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʚʦʜʘʤʠ ʣʝʤʤʳ 

3. 

ʀʩʢʦʤʫʶ ʬʫʥʢʮʠʶ ʦʧʨʝʜʝʣʠʤ ʨʘʚʝʥʩʪʚʦʤ 
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( ]
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1
1

, 0,1
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t
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= Íñ ,      (1.16) 
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,    (1.17) 

ʛʜʝ ʯʠʩʣʘ { }nB  - ʯʠʩʣʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʣʝʤʤʳ 3. 

ʌʫʥʢʮʠʷ ( )f x  ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ ʠ ʥʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ( ]0,1 . 

 ɼʦʢʘʞʝʤ ʚʢʣʶʯʝʥʠʝ 
w
a pHf ,

~
Í . 

ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʝʣʠʯʠʥʳ 

() () ( )
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I h f x f x hx dx

a

aè ø= - +
ê úñ ,    (1.18) 

ʛʜʝ 

( ) ( ){ }, 0,1 : 0,1hE x x hxaa= Í + Í , 

ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ 

() (){ }( 0)pI h O h hw= ­ .     (1.19) 

ʆʪʩʶʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʠ ʚʢʣʶʯʝʥʠʝ ( )1,0pLf Í . 
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è ø
é ù¢ + = = = ¢
é ù
ê ú

, 

ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʦʦʪʥʦʰʝʥʠʝ (1.20) ʜʦʢʘʟʘʥʦ. 

ɼʘʣʝʝ, ʧʨʠ 
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< + ¢ .      (1.21) 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 
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é ù
ê ú

, 

ʪ.ʝ. ʩʦʦʪʥʦʰʝʥʠʝ (1.21) ʜʦʢʘʟʘʥʦ. 

 ʆʮʝʥʠʤ ʩʚʝʨʭʫ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ( ) 10,, ¢<ttfpaw : 
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 ʆʮʝʥʠʤ 1I . ʇʨʠ 1

1 1

1 1
0

2 2
k k

k n ʠ x
a a

+

- -

¢ ¢ < ¢ , ʠʤʝʝʤ (ʩʤ. (1.20)) 

1 1
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, ,

2
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ʠ ʧʦʪʦʤʫ 
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() 1k kxh h h-¢ + . 

ʆʪʩʶʜʘ ʜʣʷ 1I , ʫʯʠʪʳʚʘʷ  (1.17), ʧʦʣʫʯʠʤ 
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ʇʨʠʤʝʥʠʚ ʦʧʨʝʜʝʣʝʥʠʝ (ʩʤ. (1.17)) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { }kh  ʠ ʣʝʤʤʫ 3, 

ʠʤʝʝʤ 
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.     (1.22) 

 ʆʮʝʥʠʤ 2I . ʇʨʠ 
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² < ¢ , ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ (1.21) ʠ 

ʣʝʤʤʫ 1, ʠʤʝʝʤ 
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ʇʨʠʤʝʥʷʷ ʦʧʨʝʜʝʣʝʥʠʝ (ʩʤ. (1.17)) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { }kh , ʧʦʣʫʯʠʤ 
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ʪʝʤ ʩʘʤʳʤ ʩʦʦʪʥʦʰʝʥʠʝ 

2

1

2

p

n
I w

å õ
<< æ ö

ç ÷
      (1.23) 

ʜʦʢʘʟʘʥʦ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (1.22) ʠ (1.23) ʧʦʣʫʯʠʤ (1.19). 

 ʆʩʪʘʝʪʩʷ ʧʦʢʘʟʘʪʴ  ( , )f L mnÎ . ɺ ʩʠʣʫ ʣʝʤʤʳ 3 ʚʳʧʦʣʥʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ  
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ʆʪʩʶʜʘ ʠ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʃʦʨʝʥʮʘ, ʦʧʨʝʜʝʣʝʥʠʷ (ʩʤ. (1.17)) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { }kh  ʠ ʣʝʤʤʳ 3, ʧʦʣʫʯʠʤ 
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ʋʪʚʝʨʞʜʝʥʠʝ ( , )f L mnÎ  ʠ ʪʝʤ ʩʘʤʳʤ, ʥʝʦʙʭʦʜʠʤʘʷ ʯʘʩʪʴ ʪʝʦʨʝʤʳ 

ʜʦʢʘʟʘʥʘ. ʊʝʦʨʝʤʘ 1.2 ʜʦʢʘʟʘʥʘ ʧʦʣʥʦʩʪʴʶ. 

ɿʘʤʝʯʘʥʠʝ 1. ʇʫʩʪʴ ʜʘʥʳ ¤<¢p1 , 10 21 <<¢ aa  ʠ ()dw  - ʤʦʜʫʣʴ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʠ 

( )1,0pLf Í , ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 
w
a

w
a pp HH ,, 21

~~
Ë . 

 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ 10 21 <<¢ aa , ʘ f - ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ ʥʘ (0, 1] ʠ ¤<¢p1 . ɼʣʷ ʢʘʞʜʦʛʦ 10 ¢<h  ʠ ( ]1,0Íx  

ʠʤʝʝʤ 21 aa
hxxhxx +>+ . ʆʙʦʟʥʘʯʠʤ () () ( )aa hxxfxfxg +-= . ʊʦʛʜʘ ʜʣʷ ʚʩʝʭ 
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( ]1,0Íx  ʪʘʢʠʭ, ʯʪʦ 11 ¢+
a

hxx  ʠ 12 ¢+
a

hxx  ʚʝʨʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 
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ff pp >>  

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
w
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w
a pp HH ,, 21

~~
Ë . 

ɿʘʤʝʯʘʥʠʝ 2. ʉʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 
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 ʥʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʚʩʝʭ 10 <<a  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 1). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʚʩʝʭ 1 20 1d d< < < ʧʦ ʣʝʤʤʝ  

ʉ.ɹ. ʉʪʝʯʢʠʥʘ, ʘ ʠʤʝʥʥʦ, 
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ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʠʤʝʝʤ 
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ʆʪʩʶʜʘ, 
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1 1p p p
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h h h
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w w w
j

>> =
è øê ú

, 

ʦʪʢʫʜʘ 

()[ ] 03

2 >²= Chh aa
j , 

ʪʝʤ ʩʘʤʳʤ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʜʦʢʘʟʳʚʘʝʪ ʫʪʚʝʨʞʜʝʥʠʝ 1). 

ɺ ʩʣʫʯʘʝ 2) ʦʛʨʘʥʠʯʠʤʩʷ ʩʣʫʯʘʝʤ ʩʪʝʧʝʥʥʦʛʦ ʤʦʜʫʣʷ ʛʣʘʜʢʦʩʪʠ: 
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ɺ ʫʩʣʦʚʠʠ 2) ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 
( )( ) ppp hh --- << bba 11

, 

ʦʪʩʶʜʘ 
( )( )bab --- << 11 ppp hh , ʠ ʪʦʛʜʘ 

( )( ) ( )babab ---- <<Ú<< 111 1 pppp hhh . 

ʇʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ( )ba -<< 11 ph  ʥʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 10,0 <<> ba . 

ʇʦʣʫʯʝʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʜʦʢʘʟʳʚʘʝʪ ʫʪʚʝʨʞʜʝʥʠʝ 2). 

ʉʦʦʪʥʦʰʝʥʠʷ 1) ʠ 2) ʧʦʢʘʟʳʚʘʶʪ ʥʝʚʝʨʥʦʩʪʴ ʫʩʣʦʚʠʡ /23/ ʠ /24/ ʠʟ [26]. 

ʉʣʝʜʩʪʚʠʝ 1. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ ¤<<¢<¢ qp10 a , ()dw  - ʤʦʜʫʣʴ 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ mn==q  ʠ ( )11110 <--<¢ qpa , 

ʧʨʠʚʝʜʝʥʥʳʡ ʢʨʠʪʝʨʠʡ  ʧʨʠ mn==q  ʠ ( ) 11110 =--<¢ qpa , ʩʣʝʜʫʝʪ ʠʟ 
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 ɿʘʤʝʯʘʥʠʝ 3. ʇʨʠ 0=a  ʪʝʦʨʝʤʘ 1.2 ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʚʳʤ ʠʟ 
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ʩʣʫʯʘʡ. ʊʘʢ, ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʷ 0̧a  ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ 

 ʉʣʝʜʩʪʚʠʝ 2. ʇʫʩʪʴ 1 p¢ <¤ 0 1,a¢ <   0 ,n m< <¤, ( ) kw d d=   (0 1)k< <  
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ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 0r< . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ( ) kw d d=  (0 1)k< <  ʠʟ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ 

(1.12) ʠʤʝʝʤ 
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ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʠ ʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʧʨʠʚʝʜʝʥʥʦʛʦ 

ʫʪʚʝʨʞʜʝʥʠʷ.  

ʉʣʝʜʩʪʚʠʝ ʜʦʢʘʟʘʥʦ. 

 ɿʘʤʝʯʘʥʠʝ 4. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ( )ma 111 --² p  ʜʣʷ ʚʩʷʢʦʛʦ 

ʤʦʜʫʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ () 0̧dw  ʫʩʣʦʚʠʝ (1.12) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʦʛʜʘ () ddw >>, ʠ ʧʦʪʦʤʫ ʚ ʩʠʣʫ (1.14) ʠʤʝʝʤ 
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 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ (1.27). 
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ʇʦʩʢʦʣʴʢʫ ʠʟ (1.30) ʩʣʝʜʫʝʪ ʩʭʦʜʠʤʦʩʪʴ ʨʷʜʘ 
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ʊʦʛʜʘ (ʩʤ. (1.30)) 

( ) ( ),...1,
2

3
, 001, +=ö

÷

õ
æ
ç

å
<<

-
nnnf

n

p

pn aawx .    (1.32) 
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( ) ( ) ( )1 1 0 02 , 1,...
k

p
p

k k k k k n n

n
n

n
l l x x+ +- = - = +.  (1.33) 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

[ ] [ ] [ ]1 1 1 1

1

2 2 2
p p pk k n

n n k k k k n n

k n k n

x x l l l l l l
¤ ¤

- - -

+ + + +

= = +

- = - - - = -ä ä , 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ (1.33). 
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n na a q qè ø- = - + ¢ <ê ú , 

( ) ( )12 1 2 2 1 2n n

na a q+ è ø- = - +ê ú , 

ʪʦ ʧʨʠ  2 1nq<   ʠʤʝʝʤ ( ) ( )12 1 2 2 1n na a+è ø è ø- = -ê ú ê ú, ʘ ʧʨʠ ( )2 1 0 1n n nq e e¡ ¡= + < <,  

ʧʦʣʫʯʠʤ ( ) ( )12 1 2 2 1 1n na a+è ø è ø- = - +ê ú ê ú. 

ɼʘʣʝʝ, ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʮʝʣʦʤ 0 0n >  ʠ ʚʩʝʭ ʮʝʣʳʭ 0n n²  ʚʳʧʦʣʥʝʥʦ 

( )2 1 10n aè ø- >ê ú .  
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ʆʪʩʶʜʘ, ʧʨʠ ʚʩʝʭ ʮʝʣʳʭ  0n n²  ʠʤʝʶʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʘ ( )10ʠʣʠn =e  

( ) ( ) ( ) ( )12 1 2 1 1 2 2 1 2 1n n n n

na a a e a+è ø è ø è ø è ø- - - - = - + - - ²ê ú ê ú ê ú ê ú 

( ) ( )2 1 2 1 1 8n n

n na e a eè ø² - + ² - - + ²ê ú . 

ʆʪʤʝʪʠʤ, ʯʪʦ 

( ) ( ) ( )2 1 2 1 2 1

1 1 1

2 2 2
n n n

n

p p p

a a q a
w w w

è ø è ø- - + -
ê ú ê ú

å õ å õå õ
= æ ö æ öæ ö æ ö æ öç ÷ ç ÷ ç ÷

. 

ʇʨʠʤʝʥʠʚ ʣʝʤʤʫ 5 ʢ ʨʷʜʫ (1.35) ʧʨʠ 
1

2
n

p

n

n

m

å õ
-æ ö
ç ÷= , 

( )[ ]ö
÷

õ
æ
ç

å
=
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w

122
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÷
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ww .   (1.36) 

 ʇʦʣʦʞʠʤ  

( )[ ]ö
÷

õ
æ
ç

å
=

-a
w

122

1
m

p

mA . 

ʊʦʛʜʘ 0mɸ ʧʨʠ m® ¬¤. ʆʧʨʝʜʝʣʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ {}nx  ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

( )[ ] ( )[ ]
[ ]112 12

++-
-

-
-= mmmmk

AA
k

Am

a
x

a
 

( )[ ] ( )[ ] ()( )aaa 0

1 ,11212,...,1,0 mmk mm ²----= +
.   (1.37) 

ʀʟ ʥʝʨʘʚʝʥʩʪʚʘ 1m mɸ ɸ+²  ʩʣʝʜʫʝʪ   

1) ʧʨʠ ( )[ ] ( )[ ] ( )[ ]21212,...,1,0,12 1 ----=+-= + aaa mmm kkn  

( )[ ] ( )[ ] ( )[ ]
[ ] +--

-
-=-=- +++-+-+ mmmmmkknn AAA

k
Amm 1112121

12 a
xxxx
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( )[ ]
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( )[ ]
[ ] 0

12

1

12

1
11 ²-

-
=-

-

+
+ ++ mmmmmm

AAAA
k

aa
,   (1.38) 

2) ʧʨʠ ( )[ ]112 1 --= + amn  

( )[ ] ( )[ ]
( )[ ] ( )[ ]

( )[ ]
[ ] =--

-

----
-=- ++

+

--- ++ 11

1

12112 12

11212
11 mmmm
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m AAAAmm

a
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xx
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÷
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11212
1 mmm
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1 11 ²-
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=-ö
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õ

æ
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å

-

+--
-= ++ mmm
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mmm
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m

AAAA
a

e

a

ea
. (1.39) 

ʆʪʩʶʜʘ, ʧʦʣʫʯʠʤ  ( )0n nx® ¬¤, ʩʪʘʣʦ ʙʳʪʴ  

( )1 .n k k

k n

x x x
¤

+

=

= -ä  

 ɼʦʢʘʞʝʤ, ʯʪʦ  
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( ) 0 01

1
( , 1,...)

2

p

n n
O n n n

a
x w

-=

ë ûå õ
= = +ì üæ ö

ç ÷í ý
.   (1.40) 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ mA  ʠʤʝʝʤ 

( )[ ] ( )[ ]ö
÷

õ
æ
ç

å
=

-- aa
wx

1212
2

1
mm

p . 

ʊʦʛʜʘ, ʠʟ (1.37) ʠ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ { }2( ) ( ) (0 1)t O t tw w= ¢ ¢, ʠʤʝʝʤ ʧʨʠ 

( )[ ] ( )[ ] ( )[ ] ( )[ ]( )11211212,...,1,012 1 -+-=----=+-= +
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mmmm kkn eaaaa   

( )[ ] ( )[ ] ( )[ ] ( )[ ] <<ö
÷

õ
æ
ç

å
<<ö
÷

õ
æ
ç

å
¢¢=

---+- aaaa
wwxxx
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m . 

 ʇʦʣʦʞʠʤ 

( )
1

1 ,p
n n nt x x+= -       (1.41) 

ʠ ʦʧʨʝʜʝʣʠʤ ʩʥʘʯʘʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
1

2n
h
å õ
æ ö
ç ÷

,  

 0 0

1
( , 1,...),

2
nn

n n nh t
å õ

= = +æ ö
ç ÷

       (1.42) 

ʟʘʪʝʤ ʬʫʥʢʮʠʶ 

()

0

0 01

1 1 1
, ( , 1,...),

2 2 2

1
0 ,1 .

2

n n n

n

ʧʨʠt n n n

t

ʧʨʠt

h

h
+

ëå õ å ø
Í = +æ ö æî ù

î ç ÷ ç ú
=ì

å øî Íæ ùî ç úí

 

ʀʟ (1.40) ʠ (1.41) ʙʫʜʝʤ ʠʤʝʪʴ 

( )
1

1

1

p
p

n n n nt x x x+= - ¢ << 

( ) ( )

1

0 01 1

1 1
( , 1,...)

2 2

p
p

n n
n n n

a a
w w

- -

ë ûå õ å õ
<< = = +ì üæ ö æ ö

ç ÷ ç ÷í ý
.  (1.43) 

ʇʦʵʪʦʤʫ, ʠʟ (1.41) ʠʤʝʝʤ 

0 0( , 1,...)p

n k

k n

n n nx t
¤

=

= = +ä .     (1.44) 

ʊʝʧʝʨʴ, ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʶ 
11 1

( ) ( ) 0 1.p

x

f x t t dt ʧʨʠ xh
- -

= < ¢ñ    (1.45) 

ʇʨʠ ʚʩʝʭ 1x>  ʧʦʣʦʞʠʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ( ) 0f x = . 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ ()f x  ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʘ. ʀʟ ʫʩʣʦʚʠʷ 

()1 0f =  ʚʳʪʝʢʘʝʪ, ʯʪʦ, ( ) 0f x ²  ʠ ( ) 0f x ®  ʧʨʠ 1x¬, ʪʘʢ ʯʪʦ ( )f x  

ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ.  

ʇʦʢʘʞʝʤ, ʯʪʦ 
w
a pHf ,

~
Í . ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ  

() ( )
,

1

( )

h

p
p

E

I h f x f x hx dx

a

a
ë ûî îè ø= - +ì üê ú
î îí ý
ñ  

ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 

() (){ } 0I h O h ʧʨʠ hw= ­+.    (1.46) 

ʆʪʩʶʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʠ ʚʢʣʶʯʝʥʠʝ ( )0,1pf LÍ . 

 ʇʫʩʪʴ 0 1h< ¢. ʊʦʛʜʘ ʜʣʷ  ʥʝʢʦʪʦʨʦʛʦ 0n²   

( )( ) ( )1 1 1

1 1

2 2
n n

h
a a+ - -
< ¢ .       (1.47) 

ʆʮʝʥʠʤ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ( )hfp ,,aw . ʀʤʝʝʤ 

() ( )
,

( )

h

p
p

E

I h f x f x hx dx

a

a
ë ûî îè ø= - + ¢ì üê ú
î îí ý
ñ  

( )

1

2

0

( )

n

p

f x f x hx dxa

ë û
î îè ø¢ - + +ì üê ú
î î
í ý

ñ  

( )
1

1 2

1

2

( ) ( ) ( )

n

p
p pf x f x hx dx I h I ha

ë û
î îè ø+ - + = +ì üê ú
î î
í ý

ñ .  (1.48) 

ʆʮʝʥʠʤ ()1

pI h . ʇʨʠʤʝʥʠʤ ʦʧʨʝʜʝʣʝʥʠʝ (1.45) ʬʫʥʢʮʠʠ  )(xf . ʊʦʛʜʘ  

() ( )
1

1 1

12 2 1

1

10

2

( ) ( )

n k

k

p
x hx

p
p p

k n x

I h f x f x hx dx t t dt dx

a

a h

+

+¤ - -

=

è ø
è ø= - + ¢ é ùê ú

é ùê ú
äñ ñ ñ . 

ɼʣʷ ʢʘʞʜʦʛʦ nk²  ʠʤʝʝʤ 

1

1 1 1
.

2 2 2k k n
h

a -
+ Ö ¢  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

1 1 1

1 1 2 1 1 1 2

2 2 2 2 2 2 2 2 2

n n

k k k n k n k n k

h a a

a a a- - + +

è ø
+ ¢ + Ö ¢ + =é ù

ê ú
 

( )1 1 1 11

1 1 1 1 1 1 1

2 2 2 2 2 22
n k n n nk n

ʧʨʠ k n
a- - + - -- +

è ø è ø
+ << = << + =é ù é ù

ê ú ê ú
. 
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ʇʦʵʪʦʤʫ, ʚ ʩʠʣʫ (1.42) 

()
1

1 1 1 1

1 1 1 1

1 12 2 2 21 1

1

11 1 1 1

2 2 2 2

( ) ( )

k n k m

k k k m

p p

k
p p p

k n k n m n

I h t t dt dx t t dt dxh h

-

+ + + +

¤ ¤- - - -

= = = -

è ø è ø
é ù é ù

¢ ¢ <<é ù é ù
é ù é ù
ê ú ê ú

ä ä äñ ñ ñ ñ  
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2 2
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p
k m

k p

m
k n m n

h
¤

-

= = -

è øå õ
<< é ùæ ö

ç ÷é ùê ú
ä ä . 

ʆʪʩʶʜʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʤʝʥʷʷ ʣʝʤʤʫ 1, ʩʦʦʪʥʦʰʝʥʠʷ (1.42), (1.41) ʠ 

(1.40), ʧʦʣʫʯʠʤ 

()1

1

1 1
2 2 2 2

2 2

p p
m kk

p k kp p

m k
k n m n k n

I h h h
¤ ¤
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= = - =
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<< << <<é ù é ùæ ö æ ö

ç ÷ ç ÷é ù é ùê ú ê ú
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h t x x
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<< << << - <<æ ö
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k n

a
x x x w

¤

+ -
=

å õ
<< - << <<æ ö
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w w
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å õ
<< <<æ ö

ç ÷
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

(){ }( )1 ( ) 0 .p pI h O h hw= ­+      (1.49) 

ʆʮʝʥʠʤ 2 ( )pI h . ʀʤʝʝʤ 

( ) ( )
1

1

1 21

2

01 1

2 2

( ) ( ) ( )
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n k

np p
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I h f x f x hx dx f x f x hx dxa a
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è ø è ø= - + = - +
ê ú ê úäñ ñ . 

ʇʨʠ 
1

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

2 2k k
x k n

+
< ¢ = - ʧʦʣʫʯʠʤ 

( ) ( )1 1

1 1 1 1

2 22 2 2 2
k kn nk k

x hxa
a aa a- -

+ ¢ + = + = 

( ) ( )( )1 1 11 1 1

1 1 1 1 1 1 1

2 2 2 2 22 2
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ʧʨʠk n
a a- - -- + - + - - +

è ø è ø
= + ¢ + ¢ = ¢é ù é ù

ê ú ê ú
. 

ʊʦʛʜʘ ʜʣʷ t , ( ) 1 1

1 1
, ,

2 2k k
t x x hxa

+ -

å ø
Í + Ëæ ù

ç ú
 ʠʤʝʝʤ 

1

1 1
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2 2k k
th h h

-

å õ å õ
¢ +æ ö æ ö
ç ÷ ç ÷

. 

ʆʪʩʶʜʘ ʠ ʠʟ (1.48) ʧʦʣʫʯʠʤ 
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<< = <<ä ñ ñ ñ , 

ʪ.ʝ. 

()1

2 1

p

p p

p

h

t
I (h) h dt

t

w
+

<<ñ . 

ʇʨʠʤʝʥʷʷ ʫʩʣʦʚʠʝ  

{ }2( ) ( ) (0 1)Ow d w d d= ¢ ¢, 

ʧʦʣʫʯʠʤ 

() () ()
21 1 1

2 1 2 1 1

pp p

p p p p

p p p p

h h h

tt t dt
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t t t t

ww w
+ + +

<< << = <<ñ ñ ñ  

( ) ( )
( ) ()

1

1

p p

p p p p

p p pp

h

h hdt
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th h h

w w
w w

+
<< << = <<ñ , 

ʦʪʢʫʜʘ 

(){ }( )2 ( ) 0p pI h O h hw= ­ .     (1.50) 

ʇʦʜʩʪʘʚʣʷʷ ʩʦʦʪʥʦʰʝʥʠʷ (1.49) ʠ (1.50) ʚ (1.48) ʙʫʜʝʤ ʠʤʝʪʴ  

{ }( ) ( ) ( 0)I h O h hw= ­ .    (1.51) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʶʯʝʥʠʝ 
w
a pHf ,

~
Í  ʜʦʢʘʟʘʥʦ.  

ʆʩʪʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ f  ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ ( )vpL , . 

ʀʟ  ʦʧʨʝʜʝʣʝʥʠʷ (1.45) ʬʫʥʢʮʠʠ f , ʫʯʠʪʳʚʘʷ  () 0²th ʠʤʝʝʤ ,...)1,( 00 += nnn  
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ʆʪʩʶʜʘ, ʧʦʣʫʯʠʤ 
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ɺ ʩʠʣʫ (1.42), ʠʤʝʝʤ 
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ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ (1.41), ʧʦʣʫʯʠʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʪʚʝʨʞʜʝʥʠʝ ( )vpLf ,Î , ʠ, ʪʝʤ ʩʘʤʳʤ, ʥʝʦʙʭʦʜʠʤʘʷ 

ʯʘʩʪʴ ʜʦʢʘʟʘʥʘ. ʊʝʦʨʝʤʘ 1.3 ʜʦʢʘʟʘʥʘ ʧʦʣʥʦʩʪʴʶ. 

 ɿʘʤʝʯʘʥʠʝ. ʋʩʣʦʚʠʝ ʚʣʦʞʝʥʠʷ ʚ ʪʝʦʨʝʤʝ 1.3 ʦʪ a ʟʘʚʠʩʠʪ ʣʠʰʴ ʚ 

ʬʦʨʤʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʚ ʥʝʨʘʚʝʥʩʪʚʝ (f  - ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʠʟ ( )1,0pL ) 
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2 ʆ ʚʣʦʞʝʥʠʠ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʪʠʧʘ ʅʠʢʦʣʴʩʢʦʛʦ - ɹʝʩʦʚʘ 

ʚ ʩʤʝʰʘʥʥʦʡ ʥʦʨʤʝ 

 

2.1 ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ 

 

 ʃʝʤʤʘ 1. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1>a , 0 q< ¢¤, 0>ja , ( )1 1,...,jq j n¢ ¢¤ =  

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (){ }
0j t

tn
¤

=
 ( )1,...,j n= ,  ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 
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 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʦʢʘʞʝʤ ʣʝʤʤʫ ʜʣʷ *q q< <¤ (ʦʩʪʘʣʴʥʳʝ ʩʣʫʯʘʠ 

ʜʦʢʘʟʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ). ʇʦʣʦʞʠʤ 00 =l  ʠ ʚʳʙʝʨʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
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ʯʪʦ ʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ (2.2). 
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ʪʝʤ ʩʘʤʳʤ, ʣʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

 ʃʝʤʤʘ 2 (ʩʤ.[ 19] ). ʇʫʩʪʴ   ¤¢<<¢ rqp1  ʠ ʟʘʜʘʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (){ }
0t

tn
¤

=
  ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ (2.1) ʠ ʧʫʩʪʴ ʜʘʥ 

ʨʷʜ ʚʠʜʘ 
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x xy y
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=ä  ( )( )loc 1

1ʚ L R , 

ʛʜʝ () ()11 RLRL rp
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 ʃʝʤʤʘ 3 (ʅʝʨʘʚʝʥʩʪʚʦ ʨʘʟʥʳʭ ʤʝʪʨʠʢ ʅʠʢʦʣʴʩʢʦʛʦ ʚ ʩʤʝʰʘʥʥʦʡ 

ʥʦʨʤʝ [ 30] , ʩʪʨ.125). ʇʫʩʪʴ 1 j jp q¢ < ¢¤ ʠ  ()
1,..., n

g xn n - ʮʝʣʘʷ ʬʫʥʢʮʠʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ nnn,...,1   ʧʦ ʧʝʨʝʤʝʥʥʳʤ  nxx ,...,1 . ʊʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ 
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qq
gg

,...,
,...,
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11
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1
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1
1 nnnn nÔ
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-
<< . 

 ʃʝʤʤʘ 4 (ʅʝʨʘʚʝʥʩʪʚʦ ʖʥʛʘ ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʥʦʨʤʳ [6], ʩʪʨ. 24). 

ʇʫʩʪʴ ʜʘʥʳ ( )1,..., np p=p , ( )1,..., nq q=q , ¤¢¢¢ jj qp1 ,  

( )1,..., nr r=r ,
1 1

1j

j j

r
p q

å õ
= - -æ öæ ö
ç ÷

, ʬʫʥʢʮʠʠ ( )npp
RLf n,...,1Í  ʠ ( )nrr

RLK n,...,1Í ,   

() () ( )
nR

I x f y K y x dy= -ñ . 

ʊʦʛʜʘ  

nnn pprrqq
fKI

,...,,...,,..., 111

<< . 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ( )njqp jj ,...,1==  

pq
fKI

1
<< . 

 ʇʦʣʦʞʠʤ (,...2,1,0=t ) 

  () () ( ) ( )(){ }tnpp

t PFQRLxQʪ n ËÍ= xn psup:,...,1

,p , 

ʛʜʝ 

 ( ) (){ }1,...,  : ,  1,...,n

t n j jP R t j nx x x x n= = Í ¢ = , 

F- ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʚ 
nR .  

 ʃʝʤʤʘ 5. ʇʫʩʪʴ ( )1,..., np p=p , ¤<¢ jp1 , nj ,...,1= , ʜʘʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { } ( )
0

( ) 1,...,j t
t j nn
¤

=
=  ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ (2.1) ʠ 
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=
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j tt
1

nn . ʊʦʛʜʘ ʜʣʷ ʚʩʷʢʦʡ ʬʫʥʢʮʠʠ ( )npp
RLf n,...,1Í   ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

() () ()
0

 : t

t

Q f x Q x
¤

=

=ä  (ʚ ( )npp
RL n,...,1 ), () npptt mQ ,...,, 1nÍ    (2.4) 

  ʬʫʥʢʮʠʠ tQ    ʤʦʞʥʦ ʚʳʙʨʘʪʴ  ʪʘʢʠʤʠ, ʯʪʦ 

( )() ( ),...5,4,,0 210 =<<¢= - tfEQfQQ tt pppp n     (2.5) 

ʛʜʝ ( )() ( ) ( )() nn ppttt fEfE
,...,2,...,22 11 --- = nnn p

 -  ʧʦʣʥʳʝ ʥʘʠʣʫʯʰʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ʮʝʣʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ  ʧʦʨʷʜʢʘ ( )2-t
j
n  ʧʦ j  - ʦʡ ʧʝʨʝʤʝʥʥʦʡ 

( )nj ,...,1= . 



47 

 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ( )npp
RLf n,...,1Í  ʠ ʧʫʩʪʴ ( ),f xns  ʩʫʤʤʘ ɺʘʣʣʝ-

ʇʫʩʩʝʥʘ ʧʦʨʷʜʢʘ 1( ,..., )nn n n=  ʬʫʥʢʮʠʠ ()f x  (ʩʤ., ʥʘʧʨ., [4], ʩʪʨ. 295), ʪ.ʝ. 

( ) ( )()ñ -=
nR

n
duufuxVxf nn

p
s

1
, , 

ʛʜʝ 
2

2
1 1

sin1 1 1
( ) cos cos2

j

j

n n
j j

j j j j j

j jj j j j

y x
V x dy x x

x x

n

n

n

n n
n n= =

è ø= = -ê úÔ Ôñ , 

ʧʨʠʯʝʤ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ () 0>nM  (ʟʘʚʠʩʷʱʝʛʦ ʪʦʣʴʢʦ ʦʪ n)  ʠ ʚʩʝʭ 

( )njj ,...,10 =>n  ʚʳʧʦʣʥʝʥʳ ʥʝʨʘʚʝʥʩʪʚʘ 

( ) ()nMV nRL
¢1,...,1n . 

 ʊʘʢ ʢʘʢ ( ) ( )nRLxfV 1,...,1, Ín , ʪʦ ʚ ʩʠʣʫ ʥʝʨʘʚʝʥʩʪʚʘ ʖʥʛʘ ʜʣʷ ʩʤʝʰʘʥʥʦʡ 

ʥʦʨʤʳ (ʃʝʤʤʘ 4), ʠʤʝʝʤ 

1
( , )f x V fn ns <<

p p
. 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʚʩʷʢʦʛʦ ( )np RLf Í  ʬʫʥʢʮʠʷ ( )xf ,ns  ʝʩʪʴ ʮʝʣʘʷ 

ʬʫʥʢʮʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ n. ɽʩʣʠ ()xfn  ʝʩʪʴ ʮʝʣʘʷ ʬʫʥʢʮʠʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ n, ʪʦ ʜʣʷ ʚʩʝʭ nRxÍ  ʠʤʝʝʪ ʤʝʩʪʦ  

( ) ()xfxf nnns =, . 

 ʈʘʚʝʥʩʪʚʦ ( ) ()xfxf nnns =,  ʚ ʩʣʫʯʘʝ ʚʝʢʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ( )nnnn ...,,1=  

ʣʝʛʢʦ ʩʣʝʜʫʝʪ ʠʟ ʩʣʫʯʘʷ ʩʢʘʣʷʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʩʢʦʣʴʢʫ ʷʜʨʦ ɺʘʣʣʝ-

ʇʫʩʩʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʤʝʨʥʳʭ ʷʜʝʨ. 

 ɺ ʩʘʤʦʤ ʜʝʣʝ, ʠʤʝʝʪ ʤʝʩʪʦ (ʦʛʨʘʥʠʯʠʤʩʷ ʩʣʫʯʘʝʤ ( )21,,2 nnn==n ) 

( ) ( ) ( ) ( ) =Ö-Ö-= ñ
2

212121 2121,2211221, ,
1

,,
R

duduuufuxVuxVxxf nnnnnnn
p

s  

( ) ( ) ( ) =ö
ö
÷

õ
æ
æ
ç

å
Ö-Ö-= ñ ñ

1 1
2121 1221,2211 ,

11

R R

duduuufuxVuxV nnnn
pp

 

( ) ( ) ( ).,,
1

21,121,11 21
1

211
xxfduxufuxV

R

nnnnn
p

=Ö-= ñ  

 ʇʫʩʪʴ ( )npp
RLf n,...,1Í  ʠ ʧʫʩʪʴ  ( ) ()xgfxg nn =,  ʝʩʪʴ ʬʫʥʢʮʠʷ, ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʧʨʠʙʣʠʞʘʶʱʘʷ f  ʚ ( )npp
RLf n,...,1Í  ʮʝʣʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ( )nnnn ,...,1= . 

 ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ ʪʦʞʜʝʩʪʚʦ ( ) ()xgx nnns ¹,g  ʠ ʣʠʥʝʡʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ 

ʩʚʝʨʪʢʠ ns, ʧʦʣʫʯʠʤ  

  ( ) () ( ) () () ( )+-¢-+-¢-
ppp

xgfxfxgxgfxfxf vvvvvv ,,, sss  

 () () ( )() () ()ppp
fExgxfVxfxg vvvv <<-+<<-+ 1

1
.   (2.6) 

 ɼʘʣʝʝ, ʧʦʣʦʞʠʤ (ʩʤ. ʪʘʢʞʝ (2.1)) 

( ) ()( )1 1 0
, ,Q Q f x f x

n
s= =  
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ʠ 

( ) ( )( ) ( )( )1 2
, , , 2,3,... .t t t t

Q Q f x f x f x ʧʨʠ t
n n
s s

- -
= = - =  

ʆʪʩʶʜʘ ʠʤʝʝʤ (ʩʤ. (2.6)) 

( ) ( )() ( )¤­­<<-=- --

=

ä NfEfQf NN

N

t

t 011

1

pp
p

nns , 

ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ (2.4) 

ʊʦʛʜʘ ʚ ʩʠʣʫ (2.6) 

( )( ) () ( )( ) ()1 2
, ,t t t

Q f x f x f x f x
n n
s s

- -
¢ - + - <<

p pp
 

( )() ( )() ( )()ppp
fEfEfE ttt 221 --- <<+<< nnn . 

ɺʢʣʶʯʝʥʠʝ () npptt mQ ,...,, 1nÍ  ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʝʤʳ ʃ.ʐʚʘʨʮʘ.  ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

 ʃʝʤʤʘ 6. ʇʫʩʪʴ ( ) ( )1 1,..., ,    ,...,n np p q q= =p q , 1 j jp q¢ < ¢¤, ʟʘʜʘʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (){ }
0j t

tn
¤

=
, j n=1,..., ,  ʢʘʞʜʘʷ ʩ ʫʩʣʦʚʠʝʤ  (2.1)  ʠ  ʧʫʩʪʴ 

ʜʘʥʦ ʨʘʟʣʦʞʝʥʠʝ 

() () ()
0

 : t

t

Q f x Q x
¤

=

=ä  (ʚ ( )npp
RL n,...,1 ), () npptt mQ ,...,, 1nÍ   (2.7) 

ʇʫʩʪʴ ʪʘʢʞʝ 

    
îí

î
ì
ë

=¤=

¤<
=

.,...,1,1

,,min
*

njʚʩʝʭʧʨʠqʝʩʣʠ

jʥʝʢʦʪʦʨʦʤʧʨʠqʝʩʣʠq
q

j

jj

 

ʊʦʛʜʘ ʚʝʨʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 

( ) ()

**

îý

î
ü

û

îí

î
ì

ë

ù
ú

ø
é
ê

è
¢ äÔ

¤

= =

ö
ö

÷

õ

æ
æ

ç

å
-

q

t

q

t

n

j

qp
j Qtcf jj

1

0 1

11

,,
pq

qp nn .    (2.8) 

 ɺ ʩʣʫʯʘʝ nppp === ...1  ʠ nqqq === ...1  ʣʝʤʤʘ 6 ʜʦʢʘʟʘʥʘ ʄ.ʃ. 

ɻʦʣʴʜʤʘʥʦʤ [19]. 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʴ ʣʝʤʤʫ ʜʣʷ ʢʦʥʝʯʥʳʭ ʩʫʤʤ, ʘ 

ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʚ ʦʮʝʥʢʝ (2.8). 

 ɽʩʣʠ ʚʩʝ ( 1,2,..., )jq j n=¤ = , ʪʦ 1q*=  ʠ ʥʝʨʘʚʝʥʩʪʚʦ (2.8) ʩʣʝʜʫʝʪ ʠʟ (2.7) 

ʩ ʧʦʤʦʱʴʶ ʥʝʨʘʚʝʥʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʥʝʨʘʚʝʥʩʪʚʘ ʅʠʢʦʣʴʩʢʦʛʦ (ʣʝʤʤʘ 3): 

()äÔä
¤

= =

¤

=

<<<<
0

,...,
1

1

0
,...,,..., 111

t
ppt

n

j

p
j

t
qqtqq n

j
nn

QtQf n . 

 ʇʫʩʪʴ jq <¤ ʧʨʠ ʥʝʢʦʪʦʨʦʤ { }nj ,...,1Í .  

 ʉʥʘʯʘʣʘ ʜʦʢʘʞʝʤ ʣʝʤʤʫ ʧʨʠ 3n= . ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ 2q q*= ,  ʪ.ʝ.  

( )1 2 3, ,q q qq =  ʠ 1 2 3 2,q q q q² ² , 

ʠ ʧʦʪʦʤʫ ( )3*

1 ,, qqq=q . 

 ʊʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 
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( ) ()

**

îý

î
ü

û

îí

î
ì

ë

ù
ú

ø
é
ê

è
¢ äÔ

¤

= =

ö
ö

÷

õ

æ
æ

ç

å
-

q

t

q

t

j

qp
j Qtcf jj

1

0

3

1

11

,,
pq

qp nn . 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʣʝʤʤʳ 2 ʜʣʷ ʧʦʯʪʠ ʚʩʝʭ ( ) 2

21, Rxx Í  ʧʦʣʫʯʠʤ 

( ) () ( )1 1

1 1

1 1

2 3 1 1 2 3

0

 , , , ,p q
tq p

t

f x x c t Q x xn
¤

-

=

ë û
Ö ¢ Öì ü

í ý
ä . 

ʇʦʣʦʞʠʤ 

() () ( )
1

11
3

32

11

12 ,,
pt

qp
xt xxQtx Ö=

-
ny . 

 ʇʨʠʤʝʥʷʷ ʣʝʤʤʫ 2  ʜʣʷ ʧ.ʚ. 1

3 Rx Í , ʧʦʣʫʯʠʤ () ()( )ttrqp 222 ,1 nn =¤¢<<¢  

( ) () <<Ö<<ÖÖ ä
¤

=
2

3
2

1
0

3,,
qt

xt
q

q
xf y  

() () () ()
22

22

2
3

2
3

1

0

11

2

11

2

q

t

q

qp
p

xt
qr

r
xt tt

ý
ü
û

í
ì
ë

ùú

ø
éê

è
Ö+Ö<<ä

¤

=

--
nyny . 

 ɼʘʣʝʝ, ʚ ʩʠʣʫ ʥʝʨʘʚʝʥʩʪʚʘ ʅʠʢʦʣʴʩʢʦʛʦ (ʣʝʤʤʘ 3) ʠʤʝʝʤ 

() () ()
2

3
2

3

11

2
p

xt
rp

r
xt t Ö<<Ö

-
yny , 

ʦʪʢʫʜʘ 

( ) () ()
22

22

2
3

2
1

1

0

11

23,,
q

t

q

qp
p

xt
q

q
txf

ý
ü
û

í
ì
ë

ùú

ø
éê

è
Ö<<ÖÖ ä

¤

=

-
ny . 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

( ) () () ( )
22

21
2211

21

1

0
,3

11

2

11

1,3 ,,,,
q

t

q

ppt
qpqp

qq
xQttxf

ý
ü
û

í
ì
ë

ùú

ø
éê

è
ÖÖ<<ÖÖ ä

¤

=

--
nn . 

ʀ, ʥʘʢʦʥʝʮ, ʚ ʩʠʣʫ ʥʝʨʘʚʝʥʩʪʚʘ ʄʠʥʢʦʚʩʢʦʛʦ ʧʨʠ 1
2

3 ²
q

q
, ʠʤʝʝʤ ( )*2 qq =  

() () ( ) =
ý
ü
û

í
ì
ë

ùú

ø
éê

è
ÖÖ<<ä

¤

=

--

3

22

21
2211

321

1

0
,3

11

2

11

1,,
,,

q

q

t

q

ppt
qpqp

qqq
xQttf nn  

() () ( ) =
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

ý
ü
û

í
ì
ë

ùú

ø
éê

è
ÖÖ=ñä

¤

=

--

3

1

2

3

2

21
2211

1

3

0
,3

11

2

11

1 ,,

q

R

q

q

t

q

ppt
qpqp dxxQtt nn  

() () ( )
( )

=

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ùú

ø
éê

è
ÖÖ= ä

¤

=

--

3
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3

2

3

2

21
2211

1

0
,3

11

2

11

1 ,,

q

q

qt

q

ppt
qpqp

q

q

xQtt nn  
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() () ( ) <<
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

ùú

ø
éê

è
ÖÖ= ä

¤

=

--

2

2

3

2

21
2211

1

0
,3

11

2

11

1 ,,

q

q

qt

q

ppt
qpqp xQtt nn  

() () ( ) =
ö
ö
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÷

õ

æ
æ
æ

ç

å

ùú

ø
éê

è
ÖÖ<<ä

¤

=

--

2
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2

21
2211

1

0
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11
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qpqp xQtt nn  
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æ
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å

îý
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û
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ùú
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ÖÖ<<äñ
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1
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2211
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qpqp dxxQtt nn  
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÷
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æ
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ÖÖ=ä
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=

--
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2211
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,,3
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qppt
qpqp xQtt nn  

() () () =
ö
ö

÷

õ

æ
æ

ç

å

ùú

ø
éê

è
<<ä

¤

=

---
22

321
332211

1

0
,,

11

3

11

2

11

1

q

t

q

pppt
qpqpqp Qttt nnn  

() () () <<
ö
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÷

õ

æ
æ

ç

å

ùú

ø
éê

è
=
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ä
¤

=

---
q

t

q

t
qpqpqp Qttt

1

0

11

3

11

2

11

1 332211
p

nnn  

()

**

öö
ö

÷

õ

ææ
æ

ç

å

ù
ú

ø
é
ê

è
<<äÔ

¤

= =

ö
ö

÷

õ

æ
æ

ç

å
-

q

t

q

t

n

j

qp
j Qt jj

1

0 1

11

p
n . 

 ʀʪʘʢ, ʜʣʷ ʩʣʫʯʘʷ 3=n , ʧʨʠ  ( )1 2 3, ,q q q=q , 2
3.2,1

min qq j
j

=
=

  ʣʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ 3>n  ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ 3=n . ʀʤʝʥʥʦ, ʩʛʨʫʧʧʠʨʫʝʤ ʟʘʜʘʥʥʳʝ nqq ,...,1  

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1). ʇʫʩʪʴ kqq =* , ʛʜʝ 1²k  (ʧʦʩʣʝʜʥʝʝ, ʝʩʣʠ ʪʘʢʦʚʳʭ ʙʦʣʴʰʝ ʦʜʥʦʛʦ), 

2). ʇʨʝʜʩʪʘʚʠʤ ʥʘʙʦʨ ( )nqq ,...,1  ʚ ʚʠʜʝ ( )nkk qqqqq ,...,,,,..., 111 +

*

- , ʟʘʪʝʤ 

ʧʦʚʪʦʨʷʝʤ ʨʘʩʩʫʞʜʝʥʠʷ ʚ ʩʣʫʯʘʝ 3=n . 

ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

 ʃʝʤʤʘ 7. ʇʫʩʪʴ ( )1,..., ,    np p=p ¤<¢ jp1 ( )nj ,...,1= ,  ( )npp
RLf n,...,1Í . ʊʦʛʜʘ 

ʚʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʨʘʚʝʥʩʪʚʘ (1²jk -ʮʝʣʳʝ ʯʠʩʣʘ( )nj ,...,1= ) 

()
ö
ö

÷

õ

æ
æ

ç

å
¢ä

= j

n

j

k

x fcfE j

j n
wn

1
,

1

,pp
, ( ) njjn ,...,1,0,,...,1 =²= nnnn .  (2.9) 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʚʝʜʝʤ ʧʨʠ 2=n  (ʩʣʫʯʘʡ 2>n  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦ). ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʦʚʪʦʨʷʝʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʝʨʘʚʝʥʩʪʚʘ (2.9) ʚ 

ʩʣʫʯʘʝ 
pL  ʥʦʨʤʳ ʠʟ [4] ʠ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʮʝʣʳʭ 
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ʬʫʥʢʮʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ( ) njjn ,...,1 ,0 :,...,1 =²= nnnn , 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʥʘʠʣʫʯʰʠʝ ʧʨʠʙʣʠʞʝʥʠʷ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʥʦʞʠʪʝʣʷ):  

() ( ) ( ) ( ) ( )+-<<-¢ ¤
ppp 21,2121,21, ,,,,

12121
xxgxxfxxgxxffE nnnnn  

( ) ( ) ä
=

¤ ö
ö

÷

õ

æ
æ

ç

å
=öö
÷

õ
ææ
ç

å
+öö
÷

õ
ææ
ç

å
<<-+

2

1
,

2

,

1

,21,21,

1
,

1
,

1
,,, 2

2

1

1211
j j

k

x

k

x

k

x fffxxgxxg j

j n
w

n
w

n
wnnn ppp

p
. 

ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

 ʃʝʤʤʘ 8. ʇʫʩʪʴ  ( )nqq ,...,1=q , ¤<< jq1 , nj
nj

qqq ==
=

*

,...,1
min  ʠ ʟʘʜʘʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (){ }
0j t

tn
¤

=
 ( )1,...,j n= ,  ʢʘʞʜʘʷ  ʚʠʜʘ  (2.1) ʩ 2>jn , 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { }¤
=0t

j

tg  ʪʘʢʠʝ ʯʪʦ j

tt gg= . ʇʫʩʪʴ 

ʪʘʢʞʝ ʜʘʥʳ  ʤʥʦʞʝʩʪʚʘ 

( )
()

()~
,..., : , ,...,P R

t
t j nt n

n j

j

j j= = Í ¢ ¢ =
ë
ì
î

íî

û
ü
î

ýî
x x x

n

n
x n1

2
1 , 

ʬʫʥʢʮʠʠ tq  ʪʘʢʠʝ, ʯʪʦ ( )() ()tt PCFq
~

0

¤Íx   ʠ  

() () ()Ô
=

²
n

j

jtt tncxq
1

1 ng    ʧʨʠ () 1max
,...,1

¢
=

tx jj
nj
n ,    (2.10) 

() ( ) ()( )Ô
=

--

¢
n

j

jjtt
j

j

txncxq
1

1

2 ,
aa

nga  ʜʣʷ ʚʩʝʭ 0ja²  ʠ ʚʩʝʭ nRxÍ  ö
÷

õ
æ
ç

å
+¤=:

0

1 . (2.11) 

ʊʦʛʜʘ ʜʣʷ ʣʶʙʳʭ ʮʝʣʳʭ ʯʠʩʝʣ  0 1 2¢ < ¢¤t t   ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ 
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ʧʦʩʪʦʷʥʥʘʷ ʚ ʢʦʪʦʨʦʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ {} 1,tgt  ʠ 2t. 
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ʪʝʤ ʩʘʤʳʤ, ʜʣʷ ʩʣʫʯʘʷ 2q q*=  ʠ 2=n  ʣʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

 ʀʪʘʢ, ʚ ʩʣʫʯʘʝ 2n=  ʣʝʤʤʘ ʜʦʢʘʟʘʥʘ. ʇʨʠ 3n²  ʣʝʤʤʘ ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦ. 
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ʊʝʤ ʩʘʤʳʤ, ʦʮʝʥʢʠ (2.25)  ʧʦʣʥʦʩʪʴʶ ʜʦʢʘʟʘʥʳ. 

 ʇʦʵʪʦʤʫ, ʟʘʤʝʥʷʷ A
~

 ʚ ʥʝʨʘʚʝʥʩʪʚʘʭ (2.23) ʠ (2.24) ʥʘ A, ʧʦʣʫʯʠʤ 
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 ʅʘʢʦʥʝʮ, ʜʦʢʘʞʝʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʣʝʜʫʶʱʝʡ ʜʚʫʩʪʦʨʦʥʥʝʡ  ʦʮʝʥʢʠ 
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 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʠʩʢʨʝʪʠʟʠʨʫʷ ʠʥʪʝʛʨʘʣ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (){ }¤=0ttn , 
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 ɼʘʣʝʝ, ʧʦʩʢʦʣʴʢʫ 
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ʪʦ ʫʙʝʞʜʘʝʤʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ (2.27) 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʷ  (2.27),  ʠ, ʪʝʤ ʩʘʤʳʤ, ʚ ʩʠʣʫ (2.26), 

ʥʝʨʘʚʝʥʩʪʚʦ (2.22)  ʜʦʢʘʟʘʥʦ. 

 ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʤʦʜʫʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ (ʩʤ. [17]) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ ʜʣʷ ʩʨʝʜʥʝʛʦ ʤʦʜʫʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʘ 
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 ʊʝʧʝʨʴ ʧʨʦʠʟʚʝʜʷ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ ()n1-W=u , ʧʦʣʫʯʠʤ 
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 ɺ ʠʪʦʛʝ ʠʟ ʦʮʝʥʦʢ (2.17), (2.22), (2.28) ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʳ 

ʅʠʢʦʣʴʩʢʦʛʦ ï ɹʝʩʦʚʘ, ʧʦʣʫʯʠʤ ʠʩʢʦʤʦʝ ʥʝʨʘʚʝʥʩʪʚʦ 
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ʪ.ʝ. ʩʧʨʘʚʝʜʣʠʚʦ ʚʣʦʞʝʥʠʝ   ( ) ( )nqqn

pp RLRB nn

n

,...,,...,

,,...,
11

1
Ë

ww

q . 

 ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ  ()( )t Í Wbw , nj
nj

qqq ==
¢¢

*

1
min  ʠ ¤=¹

n
AA wwq ,...,,,, 1qp . 

ʊʦʛʜʘ ʥʘʡʜʝʪʩʷ ʬʫʥʢʮʠʷ ()f x  ʪʘʢʘʷ, ʯʪʦ ( )npp RBf n

n

ww

q

,...,

,,...,
1

1
Í , ʥʦ 

( )nqq
RLf n,...,1Î . 

 ʇʦ ʜʘʥʥʳʤ ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʤʦʜʫʣʷʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ()jw d 

ʧʦʨʷʜʢʘ jk , ʪʘʢʠʭ, ʯʪʦ () ()0 0, 1 1j jw w= =, ʦʧʨʝʜʝʣʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

(ʩʤ.(2.23)) 
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 ʊʦʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ()tjn  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ (2.1) ʩ 2²jn , 

nj ,...,1= : 
( )

()
2

1
²

+

tv

tv

j

j
. 

 ʇʨʠ 0< <bj jk  ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ   ( )npp RB n

n

ww

q

,...,

,,...,
1

1
 

ʟʘʜʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʷʤʠ (2.4), ʜʣʷ ʢʦʪʦʨʳʭ (ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʣʷ ʩʢʘʣʷʨʥʦʛʦ p  

ʩʤ. [35], ʘ ʩʣʫʯʘʡ ʚʝʢʪʦʨʥʦʛʦ p  ʜʦʢʘʟʳʚʘʝʪʩʷ ʟʘʤʝʥʦʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ 

ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʢʩʪʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ) 
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ä p

    (2.29) 
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f f f*B B
¹ .      (2.30) 

 

 ʇʫʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 0tg²  ʪʘʢʦʚʘ, ʯʪʦ 
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ä Ô .     (2.31) 

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ tQ  ( ),...1,0=t  ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ (2.29) ï (2.30) ʚʦʟʴʤʝʤ 

ʬʫʥʢʮʠʠ tq  ʠʟ ʣʝʤʤʳ 9, ʠ ʧʦʣʦʞʠʤ 
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() () () ( )( )
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:        ʚ  L ,n
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Q f x q x R
¤
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=ä p
     (2.32) 

 ʇʦʢʘʞʝʤ, ʯʪʦ ʜʣʷ ʵʪʦʡ ʬʫʥʢʮʠʠ f  ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ (2.29). 

 ʇʦ ʫʩʣʦʚʠʶ (2.31) ʠ ʧʦ ʩʚʦʡʩʪʚʫ (2.13) ʬʫʥʢʮʠʠ ()xqt , ʠʤʝʝʤ 
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ʀʟ  (2.32), ʫʯʠʪʳʚʘʷ (2.30) ʠ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʧʦʣʫʯʠʤ  
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 ʀʪʘʢ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (2.31) ʨʷʜ ʚ (2.32) ʦʧʨʝʜʝʣʷʝʪ 

ʥʝʢʦʪʦʨʫʶ ʬʫʥʢʮʠʶ f  ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ( )npp RB n
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 ʊʝʧʝʨʴ ʜʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ¤=¹
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AA wwq ,...,,,, 1qp  ʬʫʥʢʮʠʷ f  ʥʝ 

ʧʨʠʥʘʜʣʝʞʠʪ ( )nqq
RL n,...,1 . 

 ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ¤<jq  ʭʦʪʷ ʙʳ ʜʣʷ ʦʜʥʦʛʦ ʥʦʤʝʨʘ j . 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʃʠʪʪʣʚʫʜʘ- ʇʵʣʠ ʠ ʥʝʨʘʚʝʥʩʪʚʘ (2.12), ʠʤʝʝʤ  
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ɽʩʣʠ +¤==== nqqq ...21 , ʪʦ ʚ ʩʠʣʫ (2.10) ʧʦʣʫʯʠʤ 
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 ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (2.25) ʠ ʠʟ ʫʩʣʦʚʠʡ ¤=¹
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 ʇʦʣʦʞʠʚ ʚ ʣʝʤʤʝ 2 
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j
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-=a , ʚ ʩʠʣʫ (2.35), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ (2.2), ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ {}
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 ɼʦ ʩʠʭ ʧʦʨ, ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ {}tg  ʠʟ ʣʝʤʤʳ 8 ʙʳʣʦ ʥʘʣʦʞʝʥʦ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʫʩʣʦʚʠʝ ï ʝʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ. 
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 ʇʦʣʦʞʠʤ ()
1

1

1

j

n
t

p
t t j

j

a a tg n
å õ
-æ ö- æ ö

ç ÷

=
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(2.36) 
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ʪ.ʝ. ʚʳʧʦʣʥʝʥʦ (2.35). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʦʪʤʝʪʠʣʠ ʚʳʰʝ, ʬʫʥʢʮʠʷ ( )npp RBf n

n

ww

q

,...,

,,...,
1
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Í . 

 ʆʩʪʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ( )nqq
RLf n,...,1Î . ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʴʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʨʷʜʳ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ (2.33) ʠ (2.34) ʨʘʩʭʦʜʷʪʩʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ¤<nq . ʊʦʛʜʘ, ʚ ʩʠʣʫ (2.33) ʠ ʚʪʦʨʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

(2.36), ʧʦʣʫʯʠʤ  
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ʊʝʤ ʩʘʤʳʤ, ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (2.33) ʠ (2.34) ʩʣʝʜʫʝʪ, ʯʪʦ ( )nqq
RLf n,...,1Î . 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

 ɿʘʤʝʯʘʥʠʝ. ʇʨʠ 1 1... , ...n np p p q q q= = = = = =  ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ 

2.4   ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʤʦʡ 1 ʠʟ [19].  ʇʨʠ ʥʝʩʦʚʧʘʜʘʶʱʠʭ jp  ʠʣʠ 

ʥʝʩʦʚʧʘʜʘʶʱʠʭ jq  ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ 2.4 ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ. 

 ʇʝʨʝʡʜʝʤ ʢ ʩʣʝʜʩʪʚʠʷʤ ʜʦʢʘʟʘʥʥʦʡ ʪʝʦʨʝʤʳ. 

ɿʘʜʘʯʘ: ʧʨʠ ʢʘʢʠʭ ʥʝʫʣʫʯʰʘʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʯʠʩʣʘʤʠ 

( ),...2,1=nn , ¤¢<q0 , 0,...,01 >> nrr , ¤¢<¢ 111 qp ,é, ¤¢<¢ nn qp1  

ʠʤʝʝʪ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ 
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ʀʤʝʝʪ ʤʝʩʪʦ 

 ʉʣʝʜʩʪʚʠʝ1. ʇʫʩʪʴ  ( ),...2,1=nn , ¤¢<q0 , 0,...,01 >> nrr , 

¤¢<¢ 111 qp ,é, ¤¢<¢ nn qp1 .  
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ʉʣʝʜʩʪʚʠʝ 1 ʜʦʢʘʟʘʥʦ. 
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 ʠ 0>t , ʪʦ ʚʣʦʞʝʥʠʝ 3) ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʣʶʙʳʭ 

+¤¢<q0 . 

 ɿʘʤʝʯʘʥʠʝ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʣʝʜʩʪʚʠʷ 1 ʪʝʦʨʝʤʳ 2.4 

ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟ Ä17 ʢʥʠʛʠ [6] ʠ ʩʪʘʪʴʠ 

ʄ.ʃ. ɻʦʣʴʜʤʘʥʘ [19]. ʈʝʟʫʣʴʪʘʪʳ ʩʣʝʜʩʪʚʠʷ 2 ʢʘʢ ʥʘʤ ʢʘʞʝʪʩʷ, ʷʚʣʷʶʪʩʷ 

ʥʦʚʳʤʠ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʧʝʨʝʤʝʥʥʦʛʦ 

ʧʨʠʨʘʱʝʥʠʷ (ʧʝʨʚʳʡ ʨʘʟʜʝʣ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʩʤʝʰʘʥʥʦʡ 

ʥʦʨʤʝ (ʚʪʦʨʦʡ ʨʘʟʜʝʣ).  

ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 1. ʅʘʭʦʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʚʣʦʞʝʥʠʷ ʢʣʘʩʩʦʚ 

ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ. 

 2. ʅʘʭʦʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʚʣʦʞʝʥʠʷ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʬʫʥʢʮʠʡ ʪʠʧʘ ʅʠʢʦʣʴʩʢʦʛʦ-ɹʝʩʦʚʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʦʜʫʣʝʤ ʛʣʘʜʢʦʩʪʠ ʚ ʩʤʝʰʘʥʥʦʡ ʥʦʨʤʝ. 

 ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ: 

- ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʩʚʝʨʭʫ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ 

( )0,1pf LÍ  ʯʝʨʝʟ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ. 

- ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʣʦʞʝʥʠʷ ( ), ,pH Lw

a mnË  

(ʩʣʫʯʘʡ pm̧ ). 

- ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʣʦʞʝʥʠʷ 
,

q

pH Lw

a Ë . 

- ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʣʦʞʝʥʠʷ ( ), ,pH Lw

a mnË  

(ʩʣʫʯʘʡ pm= ), ʧʨʠʯʝʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʣʦʚʠʡ ʜʦʢʘʟʘʥʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ.  

- ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʣʦʞʝʥʠʷ 

( ) ( )nqqn

pp RLRB nn

n

,...,,...,

,,...,
11

1
Ë

ww

q , ʧʨʠʯʝʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʣʦʚʠʡ ʜʦʢʘʟʘʥʘ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʙʦʪʘ ʥʦʩʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ 

ʧʨʠʤʝʥʝʥʠʷʤʠ. 
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