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ʌʀɿʀʂɸ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆʁ ʇʃɸɿʄʓ 

ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ 
 

 

ʆ ɺʆʃʅʆɺʆʄ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ʕʃɽʂʊʈʆʅʆɺ ɺ ʂʈʀʆɻɽʅʅʆʁ ʇʃɸɿʄɽ 

ʉ ɺʓʈʆɾɼɽʅʅʓʄʀ ʕʃɽʂʊʈʆʅɸʄʀ 

ɻʘʙʳʰʝʚ ɼ.ʅ., ʈʫʭʘʜʟʝ ɸ.ɸ. 

ʌɻɹʇ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄ. 119991, ʫʣ. ɺʘʚʠʣʦʚʘ 38 

 

ɸʥʥʦʪʘʮʠʷ 

          ʀʩʧʨʘʚʣʝʥʘ ʥʝʪʦʯʥʦʩʪʴ, ʜʦʧʫʱʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [1] ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʨʠʦʛʝʥʥʦʡ ʧʣʘʟʤʝ ʩ ʚʳʨʦʞʜʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʠʩʧʨʘʚʣʝʥʥʘʷ ʬʦʨʤʫʣʘ ʣʠʰʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʫʣʳ (2.4), 

ʧʦʣʫʯʝʥʥʦʡ ʚ [1]. ʂʘʯʝʩʪʚʝʥʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʦʙʤʝʥʥʦʝ ʚʦʣʥʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʪʷʛʘʪʝʣʴʥʳʤ, ʩʦʭʨʘʥʷʝʪʩʷ, ʤʝʥʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ. 

ɺ ʨʘʙʦʪʝ [1] ʙʳʣ ʚʳʯʠʩʣʝʥ ʧʦʪʝʥʮʠʘʣ ʦʙʤʝʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʨʠʦʛʝʥʥʦʡ ʧʣʘʟʤʝ ʩ ʚʳʨʦʞʜʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ɺʦʣʥʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʤʝʥʦʤ ʠʦʥʥʦ-ʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʦʥʥʦ-ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ 
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(1) 

ʟʜʝʩʴ m ʠ eT  ð ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ ʠ  ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ (ʵʥʝʨʛʠʷ) ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʧʣʘʟʤʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, M  ʠ iT  ð ʤʘʩʩʘ ʠʦʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʘ Fe  ʠ 

Fv  ð ʵʥʝʨʛʠʷ ʌʝʨʤʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʩʢʦʨʦʩʪʴ ʚ ʚʳʨʦʞʜʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʝ, en ð 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, kw  ð ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ, Tiv  ð ʩʢʦʨʦʩʪʴ ʠʦʥʦʚ ʧʣʘʟʤʳ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʨʝʜʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ( )kij

d
,we  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [2] 
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ddd
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,                                            (2) 

ʛʜʝ r
d

 ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ, ʘ v
d

 ð ʩʢʦʨʦʩʪʴ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʦʜʠʥ ʵʣʝʢʪʨʦʥ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʧʦʢʦʷʱʠʤʩʷ, ʘ ʚʪʦʨʦʡ ʜʚʠʞʫʱʠʤʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ v
d

 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ. ɺʝʣʠʯʠʥʘ ( ) ( )k
k

kk
k ij

ji
dd

,,
2

wewe =  ð ʵʬʬʝʢʪʠʚʥʘʷ 

ʧʨʦʜʦʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ [1] ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ( )k,we , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʘʯʘʣʴʥʦʡ 

ʟʘʜʘʯʝ ʨʘʟʚʠʪʠʷ ʚ ʧʣʘʟʤʝ ʠʦʥʥʦ-ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʤʥʠʤʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ[2]. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʞʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ ʙʝʟ ʤʥʠʤʦʡ ʯʘʩʪʠ [3]: 
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k -+= . (3) 
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ɿʜʝʩʴ ʣʝʥʛʤʶʨʦʚʩʢʘʷ ʯʘʩʪʦʪʘ ʠʦʥʦʚ ʨʘʚʥʘ Mne iLi

24pw = , ʘ ʜʝʙʘʝʚʩʢʠʡ ʨʘʜʠʫʩ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʯʘʩʪʦʪʦʡ mne eLe

24pw =  ʨʘʚʝʥ 3LeFD vr w= .ʇʨʠ 

ʚʳʯʠʩʣʝʥʠʠ (2) ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ[4]. 

ʇʦʜʩʪʘʚʣʷʷ (3) ʚ ʬʦʨʤʫʣʫ (2), ʧʦʣʫʯʘʝʤ 
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2 = . ʇʦʩʢʦʣʴʢʫ ʚ ʧʣʘʟʤʝ 1<<a , ʪʦ 10 <<x . 

ʇʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʟ (4) ʧʦʣʫʯʘʝʤ 
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ʛʜʝ ()kxx 00 = . ʄʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʯʘʩʪʴ ()rU 2  ʧʦʪʝʥʮʠʘʣʘ ()rU  ʚ ʚʠʜʝ 
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ʟʜʝʩʴ 0>e  ð ʫʞʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. ɸʢʢʫʨʘʪʥʳʝ ʚʳʯʠʩʣʝʥʠʷ 

ʠʥʪʝʛʨʘʣʦʚ ʚ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʘʶʪ ʚʳʨʘʞʝʥʠʝ 
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ʥʝ ʩʦʜʝʨʞʘʱʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠ 0e , ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʦʞʠʤ 0:=e . 

ʀʥʪʝʛʨʘʣʳ, ʚʭʦʜʷʱʠʝ ʚ (8), ʟʘʜʘʶʪʩʷ ʚ ʢʣʘʩʩʝ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ [5] ʠ ʧʦʣʫʯʠʣʠ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ. ʇʦʵʪʦʤʫ (8) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 () ( )[ ] ( )[ ]{ } ( )[ ] ( )[ ]{ }uxuxuxuxuxuxuJ 000000 1Si1Sisin1Ci1Cicos ++--+--= . (9) 

ɺʚʦʜʷ ʙʝʟʨʘʟʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ Drr=r , ʟʘʧʠʩʳʚʘʝʤ ʧʦʪʝʥʮʠʘʣ ʚ ʚʠʜʝ 
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ʛʜʝ 
22

0 rr += uax . ʌʫʥʢʮʠʷ ()uJ  ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚʳʭʦʜʠʪ ʥʘ ʢʦʥʩʪʘʥʪʫ 

( )rp aJ
u

sin-=
¤

, ʧʦʵʪʦʤʫ ʠʥʪʝʛʨʘʣ ʚ (10), ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʨʘʩʭʦʜʠʪʩʷ. ʆʜʥʘʢʦ, ʚ 
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ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʥʝʰʥʠʡ ʠʥʪʝʛʨʘʣ ʚ (5) ʜʦʩʪʘʪʦʯʥʦ ʙʨʘʪʴ ʥʝ ʜʦ +Ð, ʘ ʜʦ sLi vk w=max , 

ʛʜʝ Mv Fs e= . ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʬʦʨʤʫʣʳ (1.4) ʜʣʷ ʩʧʝʢʪʨʘ 

ʠʦʥʥʦʛʦ ʟʚʫʢʘ [1]: sLi kv²w . ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʠʪʴ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ (7) ʠ (10) ʟʥʘʯʝʥʠʝʤ rr == Drku maxmax  (
F

ene
k

e

p 2

max

4
= , 

e

F
D

ne
r

24p

e
=

). ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ 
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ʈʠʩ.1. ʕʩʢʠʟ ʧʦʪʝʥʮʠʘʣʘ ()rU  ʢʘʢ ʩʫʤʤʳ ()r1U  ʠ ()r2U . 

ɼʘʣʝʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝ ʧʦʪʝʥʮʠʘʣʳ ʠ ʬʫʥʢʮʠʠ ʚ ʪʝʢʩʪʝ, 

ʪʘʙʣʠʮʝ ʠ ʥʘ ʛʨʘʬʠʢʘʭ ʙʫʜʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʚ ʝʜʠʥʠʮʘʭ Dre2
. 

ʇʦʪʝʥʮʠʘʣ ()rJU  ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 2. 

  

ʈʠʩ.2. ʉʣʝʚʘ ð ʧʦʪʝʥʮʠʘʣ ()rJU  ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ 
210347,1 -Ö=a . ʉʧʨʘʚʘ ð ʪʦʪ 

ʞʝ ʛʨʘʬʠʢ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʩʠ r. 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʚʠʜʥʦ, ʯʪʦ ʚʙʣʠʟʠ ʥʫʣʷ ʧʨʝʦʙʣʘʜʘʝʪ ʦʪʪʘʣʢʠʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, 

ʥʦ ʫʞʝ ʧʨʠ 045,7=r  ʦʪʪʘʣʢʠʚʘʥʠʝ ʩʤʝʥʷʝʪʩʷ ʧʨʠʪʷʞʝʥʠʝʤ, ʪʘʢ ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ 

ʧʦʪʝʥʮʠʘʣʘ, ʨʘʚʥʳʡ 
310206,2 -Ö- , ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ ʟʥʘʯʝʥʠʷ 0,199=r . ɼʘʣʝʝ  ʵʥʝʨʛʠʷ 

ʧʨʠʪʷʞʝʥʠʷ ʦʩʣʘʙʝʚʘʝʪ, ʠ ʦʢʦʣʦ 7,411=r  ʧʨʠʪʷʞʝʥʠʝ ʩʤʝʥʷʝʪʩʷ ʦʪʪʘʣʢʠʚʘʥʠʝʤ. ɼʘʣʝʝ 

ʟʥʘʢ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʜʦʣʞʘʝʪ ʯʝʨʝʜʦʚʘʪʴʩʷ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʠʤʝʨʥʦ ʢʘʞʜʳʝ 

66022 ºpa  ʜʝʙʘʝʚʩʢʠʭ ʨʘʜʠʫʩʦʚ. 
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ɺʳʚʦʜʳ 

1. ʄʦʜʝʣʴ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [1], ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝ ʩ ʚʳʨʦʞʜʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʭʦʣʦʜʥʳʤʠ ʠʦʥʘʤʠ, ʚ ʢʦʪʦʨʦʡ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠʦʥʥʳʡ ʟʚʫʢ. ɺʦʣʥʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʦʙʤʝʥʦʤ ʠʦʥʥʦ ï ʟʚʫʢʦʚʳʤʠ ʚʦʣʥʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʪʷʞʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʙʦʣʴʰʝ ʜʝʙʘʝʚʩʢʦʛʦ ʨʘʜʠʫʩʘ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʵʢʨʘʥʠʨʦʚʘʥʥʦʝ 

ʢʫʣʦʥʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

2. ʊʦʯʥʘʷ ʤʦʜʝʣʴ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʣʫʯʘʝ 

ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʧʦʨʷʜʢʘ  6.10
3 
ʘʪʤʦʩʬʝʨ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 150 ʂ. ɺʦʟʤʦʞʥʦ ʣʠ ʚ ʪʘʢʦʡ ʧʣʘʟʤʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʩʣʦʚʠʷ ʜʣʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ  ʧʨʦʙʣʝʤʫ ʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʦʪʜʝʣʴʥʦʡ ʩʪʘʪʴʝ. 
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ʈɸɿʈʗɼ ʅʀɿʂʆɻʆ ɼɸɺʃɽʅʀʗ ɺ ʉʄɽʉʀ ʀʅɽʈʊʅʓʍ ɻɸɿʆɺ ʉ ʇɸʈɸʄʀ 

ɺʆɼʓ: ʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ ʇʈɸʂʊʀʏɽʉʂʀɽ ʇʈʀʄɽʅɽʅʀʗ 

ʅ. ɸ. ʊʠʤʦʬʝʝʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʙ. 7/9,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʇʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʠʤʝʩʠ ʚ ʧʣʘʟʤʝ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠʚʦʜʠʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʣʘʟʤʝ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʯʘʩʪʦ ʥʘʯʠʥʘʶʪ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʦʡ ʜʦʙʘʚʢʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʟʨʷʜʳ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʜʦʙʘʚʢʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢʘʢ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʷʜ ʚ ʩʤʝʩʠ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʩ 

ʧʘʨʘʤʠ ʚʦʜʳ, ʧʨʠʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ [1-3] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʦʡ ʨʘʟʨʷʜ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʩʠʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ ʛʠʜʨʦʢʩʠʣʘ ʆʅ 306.4 nm. ʈʠʩʫʥʦʢ 1 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʧʦʣʦʩʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʦʩʪʘʣʴʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 220-940 nm. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʚʦʜʠʣʠʩʴ ʚ 

ʨʘʟʨʷʜʥʳʡ ʦʙʲʝʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʦʨʮʠʷʤʠ. ʉʠʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ ʆʅ 306.4 nm 

ʥʘʪʦʣʢʥʫʣʦ ʥʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʝʟʨʪʫʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʋʌ ʠʟʣʫʯʝʥʠʷ (ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ). 
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ʈʠʩ .1. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ DC ʨʘʟʨʷʜʘ ʚ ʩʤʝʩʠ ʘʨʛʦʥʘ ʩ ʧʘʨʘʤʠ ʚʦʜʳ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʚ 

ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ. ɼʘʚʣʝʥʠʝ ʘʨʛʦʥʘ PRG =1330 Pa, ʨʘʟʨʷʜʥʳʡ ʪʦʢ i = 200 mA [1-3]. 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʦʚ ʚ ʩʤʝʩʠ Ar ʩ 

ʧʘʨʘʤʠ ʚʦʜʳ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʢʠ ʧʦʢʨʳʪʘ ʩʣʦʝʤ ʣʶʤʠʥʦʬʦʨʘ [4,5]. 

ʃʶʤʠʥʦʬʦʨ ʠʛʨʘʣ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʨʦʡʥʫʶ ʨʦʣʴ: 1) ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʣʶʤʠʥʦʬʦʨ 

ʭʦʨʦʰʦ ʧʦʛʣʦʱʘʝʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʜʝʣʷʝʪ 

ʠʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʧʨʠʯʝʤ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʚʦʜʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʥʦʢ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ ʟʘʜʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʨʷʜʘ, ʚ ʢʦʪʦʨʦʤ ʚʦʜʘ ʚʚʦʜʠʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʦʨʮʠʷʤʠ [1-3]), 2) ʣʶʤʠʥʦʬʦʨ ʷʚʣʷʣʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʨʘʟʣʦʞʝʥʠʷ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʘʪʦʤʘʨʥʳʡ ʚʦʜʦʨʦʜ ʠ ʤʦʣʝʢʫʣʳ ʛʠʜʨʦʢʩʠʣʘ (ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʧʝʢʪʨʝ 

ʘʪʦʤʘʨʥʳʭ ʣʠʥʠʡ ʚʦʜʦʨʦʜʘ), ʠ 3) ʥʘʣʠʯʠʝ ʣʶʤʠʥʦʬʦʨʘ ʧʨʠʙʣʠʞʘʣʦ ʢʦʥʩʪʨʫʢʮʠʶ 

ʨʘʟʨʷʜʘ ʢ ʨʝʘʣʴʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʩʚʝʪʘ. ʇʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʪʝʥʦʢ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ: ʧʨʠ 20
ʦ
ʉ ʠ 90

ʦ
ʉ. ʅʘʛʣʷʜʥʦ ʚʠʜʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʧʝʢʪʨʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʧʣʦʰʥʦʡ ʩʧʝʢʪʨ ʥʘ ʨʠʩʫʥʢʝ 2 ï ʩʚʝʯʝʥʠʝ ʪʨʝʭʧʦʣʦʩʥʦʛʦ 

ʣʶʤʠʥʦʬʦʨʘ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʧʦʣʦʩʦʡ ʆʅ 306.4 nm. ʀʥʪʝʛʨʘʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʣʶʤʠʥʦʬʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ ʣʠʥʠʡ ʘʨʛʦʥʘ ʠ ʚʦʜʦʨʦʜʘ. 
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Fig.2. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʘ (Ar+H2O) ʧʨʠ 20

ʦ
ʉ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 90

ʦ
ʉ (ʧʫʥʢʪʠʨ). 

PRG = 133 Pa, i = 0.3 A [4].  

 

ʀʟʤʝʨʝʥʠʝ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʦʛʦ ʨʘʟʨʷʜʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʛʦ 

ʩʚʝʪʦʦʪʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʚʝʪʦʚʦʡ ʦʪʜʘʯʠ ʨʘʟʨʷʜʘ ʙʝʟ ʣʶʤʠʥʦʬʦʨʘ [4,5]. 

ʈʠʩʫʥʦʢ 3 ʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʚʝʪʦʦʪʜʘʯʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ ʜʣʷ 

ʪʨʝʭ ʩʤʝʩʝʡ Ar+ʅ2ʆ, Ne+ʅ2ʆ, Kr+ʅ2ʆ. ɺʠʜʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʟʨʷʜ ʩ ʘʨʛʦʥʦʤ ʠʤʝʝʪ 

ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʩʚʝʪʦʦʪʜʘʯʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʦʢʦʣʦ 55-60
ʦ
ʉ.    

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʘʟʤʳ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʝ ʩʚʦʡʩʪʚʘ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ  

- ʦʧʪʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʟʤʝʨʝʥʥʫʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʆʅ 306.4 nm, ʩʦʩʪʘʚʣʷʝʪ (1-2) ʈʘ; 

- ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʛʣʘʚʥʳʤ ʧʨʦʮʝʩʩʦʚ ʧʦʷʚʣʝʥʠʷ ʤʦʣʝʢʫʣ ʛʠʜʨʦʢʩʠʣʘ 

ʷʚʣʷʶʪʩʷ ʪʫʰʘʱʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ ʚʦʟʙʫʞʜʝʥʥʳʤʠ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʤʠ) ʘʪʦʤʘʤʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ: Rg* + H2O  OH(A
2S+

) + H + Rg, ʧʨʠʯʝʤ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʛʠʙʝʣʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʠʥʝʨʪʥʦʛʦ 

ʛʘʟʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ PH2O > 0.1 Pa; 

- ʠʟʣʫʯʝʥʠʝ ʛʠʜʨʦʢʩʠʣʘ 306.4 nm ʩʦʟʜʘʝʪʩʷ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʛʠʜʨʦʢʩʠʣʘ, ʨʦʞʜʝʥʥʳʤʠ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʨʝʘʢʮʠʠ (ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʪʩʫʪʩʪʚʫʝʪ); 

- ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʨʘʟʨʷʜʝ ʚ ʯʠʩʪʦʤ ʠʥʝʨʪʥʦʤ ʛʘʟʝ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʧʨʫʛʠʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʩ ʘʪʦʤʘʤʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ; 

- ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʫʧʨʫʛʠʤʠ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ; 
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- ʦʩʥʦʚʥʳʤʠ ʠʦʥʘʤʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʘʟʤʝ ʷʚʣʷʶʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʦʥʳ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. 

 

 

Fig.6. ʉʚʝʪʦʦʪʜʘʯʘ ʨʘʟʨʷʜʦʚ ʚ ʩʤʝʩʠ ʧʘʨʦʚ ʚʦʜʳ ʩ Ar, Ne ʠ Kr ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ. PRG = 133 Pa, i = 0.3 A [4].  

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʪʦʢʘ ʨʘʟʨʷʜʘ ʠ ʙʘʣʘʥʩʘ ʯʠʩʣʘ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʦʪ ʚʥʝʰʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʪʦʤʦʚ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ No ʠ ʤʦʣʝʢʫʣ ʚʦʜʳNH2O, ʨʘʜʠʫʩʘ 

ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ R ʠ ʚʝʣʠʯʠʥʳ ʪʦʢʘ i:  

E @ CE (NoNH2O)
1/2 

 ,   ne @ Cn (No/NH2O)
1/2 

iR
ï2

 ,   Nm @ Cm (ZmiNoR
2
)
ï1

 . 

ɿʜʝʩʴ Zmi ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʩʪʫʧʝʥʯʘʪʦʡ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠʟ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 
3
ʈ2), ʢʦʵʬʬʠʮʠʝʥʪʳ CE, Cn ʠ Cm ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʦʥʩʪʘʥʪʳ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʩʣʘʙʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ (ʪʝʤʧʝʨʘʪʫʨʳ) ʵʣʝʢʪʨʦʥʦʚ.  

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʙʘʣʘʥʩʘ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ Nm, ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʛʠʜʨʦʢʩʠʣʘ ʚ ʦʩʥʦʚʥʦʤ NOH ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ 

N*OH ʩʦʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ NH ʜʘʣʦ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ:  

Nm = Cm(NoR
2
)
ï1

, NOH = COHNH2O, 

N*OH = C*OH(NH2O/No)R
ï2

[Z*qu + C** OHiNo(No/NH2O)
1/2

], NH = CHNH2O, 

ʛʜʝ Z*qu ʝʩʪʴ ʢʦʥʩʪʘʥʪʘ ʪʫʰʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʛʠʜʨʦʢʩʠʣʘ OH(A
2S+
). ʂʘʢ ʠ ʨʘʥʴʰʝ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ Cm, COH, C*OH, C** OH ʠ CH ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʬʫʥʢʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʦʥʩʪʘʥʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ ʧʦʟʚʦʣʠʣʠ ʪʘʢʞʝ ʥʘʡʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʦʣʦʩʳ 

ʆʅ 306.4 nm ʠ ʩʚʝʪʦʚʫʶ ʦʪʜʘʯʫ ʧʣʘʟʤʳ. ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 

ʠʟʤʝʨʝʥʥʳʤʠ ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ. 
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ʀʩʧʦʣʴʟʫʷ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʪʨʠ ʚʦʟʤʦʞʥʳʭ 

ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ 306.4 nm ʤʦʣʝʢʫʣʳ ʛʠʜʨʦʢʩʠʣʘ 

ʜʣʷ ʩʣʫʯʘʷ ʨʘʟʨʷʜʘ ʚ ʩʤʝʩʠ ʘʨʛʦʥʘ ʩ ʧʘʨʘʤʠ ʚʦʜʳ [6]. 

1. ɼʦʙʘʚʣʝʥʠʝ ʢ ʘʨʛʦʥʫ ʜʨʫʛʠʭ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʪʝʥʮʠʘʣʳ 
ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʠ (Ne, He). ʀʜʝʷ ʩʦʩʪʦʠʪ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʆʅ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠʭ ʜʠʬʬʫʟʠʠ ʢ ʩʪʝʥʢʘʤ ʨʘʟʨʷʜʘ. ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʷʝʤʳʡ 

ʠʥʝʨʪʥʳʡ ʛʘʟ ʜʦʣʞʝʥ ʠʛʨʘʪʴ ʨʦʣʴ çʙʫʬʝʨʘè, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ 

ʯʘʩʪʠʮ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ ɖ ʤʦʣʝʢʫʣʘʤʠ 

ʛʠʜʨʦʢʩʠʣʘ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ɖ ~ bi/ɚOH, ʛʜʝ bi ʝʩʪʴ 

ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʘʨʛʦʥʘ ʠ ɚOH ʝʩʪʴ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ ʆʅ. ɸʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʝʦʥʘ ʠ/ʠʣʠ ʛʝʣʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʠʣʴʥʝʝ ʟʘʤʝʜʣʷʝʪ ʜʠʬʬʫʟʠʶ 

ʤʦʣʝʢʫʣ ʆʅ, ʯʝʤ ʫʤʝʥʴʰʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʘʪʦʤʳ ʥʝʦʥʘ ʠ ʛʝʣʠʷ ʥʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʟʦʥʘʥʩʥʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʠʦʥʦʚ ʘʨʛʦʥʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʧʨʦʮʝʥʪʦʚ, ʘ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʙʘʚʣʷʝʤʦʛʦ ʛʘʟʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ, ï ʜʦ 2-2.5 ʨʘʟ.  

2. ʋʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʛʠʜʨʦʢʩʠʣʘ ʚ ʨʘʟʨʷʜʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʫʩʢʦʨʷʶʱʝʛʦ ʨʘʟʚʘʣ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʘʪʦʤʘʨʥʳʡ ʚʦʜʦʨʦʜ ʠ 

ʛʠʜʨʦʢʩʠʣ. ʀʟʚʝʩʪʥʦ (ʩʤ. ʥʘʧʨ. [7]), ʯʪʦ ʪʘʢʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʦʢʠʩʴ ʪʠʪʘʥʘ 

TiO2, ʢʦʪʦʨʘʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ: 

H2O Ÿ OH + H. ɺʢʣʶʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ ʧʣʘʟʤʳ 

ʧʦʢʘʟʳʚʘʝʪ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʛʠʜʨʦʢʩʠʣʘ ʚ 

ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʋʌ-

ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ ʆʅ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʛʠʜʨʦʢʩʠʣʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʦʮʝʥʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʜʦ ʪʨʝʭ ʨʘʟ, ʯʪʦ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɖ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʨʘʟʨʷʜʘ.  

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʧʠʪʘʥʠʷ ʨʘʟʨʷʜʘ. 

ʀʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʠʪʘʥʠʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʠʤʧʫʣʴʩʝ ʪʦʢʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʨʷʜʘ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʵʥʝʨʛʠʠ, ʠʜʫʱʝʡ ʥʘ ʥʝʫʧʨʫʛʠʝ 

ʧʨʦʮʝʩʩʳ, ʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʦʡ. 

ʀʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʚ ʩʤʝʩʠ ʘʨʛʦʥʘ ʩ ʧʘʨʘʤʠ ʚʦʜʳ ʦʙʣʘʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ï ʚʦʟʤʦʞʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʘʟʘ ʧʦʩʣʝʩʚʝʯʝʥʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ 

ʫʤʝʥʴʰʘʶʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʫʚʝʣʠʯʠʚʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ, 

ʨʘʩʩʝʠʚʘʝʤʫʶ ʚ ʧʣʘʟʤʝ. ʀʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʧʦʜʪʚʝʨʜʠʣʠ ʜʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦʪ ʬʘʢʪʦʨ ʷʚʠʣʩʷ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, 

ʯʪʦ ʥʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʫʩʣʦʚʠʷ ʨʘʟʨʷʜʘ, ʚ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʘʤʠ ʛʠʜʨʦʢʩʠʣʘ ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ 

ʚ ʨʘʟʨʷʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ.  
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ʉʊɸɹʀʃʀɿɸʎʀʗ ʇʃɸɿʄɽʅʅʆ-ʇʓʃɽɺʓʍ ʉʊʈʋʂʊʋʈ ʇɽʈɽʄɽʅʅʓʄ 

ʕʃɽʂʊʈʀʏɽʉʂʀʄ ʇʆʃɽʄ 

ʃ.ʄ. ɺʘʩʠʣʷʢ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ, ʄʦʩʢʚʘ, ʫʣ. ʀʞʦʨʩʢʘʷ 13, ʩʪʨ. 2 

 

ɺ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʠ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʘʭ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʳʣʝʚʳʝ ʦʙʣʘʢʘ ʠʟ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʣʦʚʫʰʢʝ, ʩʦʟʜʘʥʥʦʡ ʧʦʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ, ʠ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟʚʝʩʪʥʳ ʢʘʢ ʧʳʣʝʚʘʷ ʧʣʘʟʤʘ [1, 2]. ʂʨʦʤʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʠʥʦʢ ʚʣʠʷʶʪ ʠ 

ʥʝʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʠʣʳ ʠ ʧʦʣʷ, ʪʘʢʠʝ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʦʝ ʪʝʧʣʦʚʦʝ ʧʦʣʝ ʠ ʩʠʣʘ ʫʚʣʝʯʝʥʠʷ 

ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʚ ʧʣʘʟʤʝ. ɼʦʣʛʦʞʠʚʫʱʠʝ ʧʣʘʟʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʣʦʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʵʥʝʨʛʝʪʠʢʫ ʪʘʢʠʭ 

ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʳʣʝʚʳʭ ʙʫʨʴ ʥʘ ɿʝʤʣʝ ʠʣʠ 

ʥʘ ʄʘʨʩʝ. ɺ ɺʘʢʫʫʤʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʠʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ 

ʢʦʩʤʦʩʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ [1].  

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʯʘʩʪʠʮʳ ʚʥʝʰʥʝʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʣʦʡ ʤʦʞʥʦ ʚʳʟʚʘʪʴ 

ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʠʮ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʨʝʟʦʥʘʥʩʝ, ʢʦʛʜʘ 

ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ ʙʫʜʝʪ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮ ʚ 

ʫʜʝʨʞʠʚʘʶʱʝʡ ʠʭ ʧʣʘʤʝʥʥʦʡ ʣʦʚʫʰʢʝ. ɺʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʳʣʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʣʘʟʤʝ 

ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʘʩʪʠʮʳ ʚʥʝʰʥʝʡ ʩʠʣʦʡ, ʥʦ ʠ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʣʦʚʫʰʢʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʈʝʘʢʮʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʩʣʫʯʘʷ ʩʠʣʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʨʘʩʢʘʯʢʝ ʢʦʣʝʙʘʥʠʡ ʥʠʞʥʠʡ ʨʝʟʦʥʘʥʩ 

ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʦʛ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʚʳʟʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʠʮ, ʥʦ ʠ ʩʜʝʣʘʪʴ 

ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ. 

ʇʦʩʢʦʣʴʢʫ ʦʙʱʘʷ ʤʘʩʩʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʤʘʩʩʳ ʦʢʨʫʞʘʶʱʝʡ 

ʧʣʘʟʤʳ, ʘ ʟʘʨʷʜ ʥʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮʘʭ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʦʪ 

ʦʜʥʦʠʤʝʥʥʦʛʦ ʟʘʨʷʜʘ  ʚ ʧʣʘʟʤʝ, ʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʙʣʘʢʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʜʦʣʞʥʘ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʩʝʛʦ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ʊʘʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʳʣʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ, ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʫʯʢʘʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʣʘʟʝʨʦʤ. ʏʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʛʝʨʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 
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ʜʝʩʷʪʢʦʚ, ʧʦʵʪʦʤʫ ʯʘʩʪʦʪʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʛʝʨʮ, ʯʪʦ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ ʛʨʦʟʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʘʪʤʦʩʬʝʨʝ ʟʘ ʩʯʝʪ ʟʚʫʢʦʚʳʭ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʣʥ. 

ʋʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. ʆʜʥʘʢʦ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʨʝʘʢʮʠʷ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʯʘʩʪʦʪʳ, ʥʦ ʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʤʠʩʷ ʩʣʘʙʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʦʣʷʤʠ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʩʠʣʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʛʨʘʥʠʯʥʳʝ ʧʳʣʝʚʳʝ 

ʯʘʩʪʠʮʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʭ ʜʚʠʞʝʥʠʝ ʠ ʯʘʩʪʠʯʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʢ 

ʚʦʟʤʫʱʝʥʠʶ ʧʣʘʟʤʝʥʥʦʡ ʣʦʚʫʰʢʠ, ʫʜʝʨʞʠʚʘʶʱʝʡ ʯʘʩʪʠʮʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʠ 

ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʪʜʝʣʠʪʴ ʚ ʦʪʢʣʠʢʝ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʯʘʩʪʠʮ ʦʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʋʤʝʥʴʰʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʥʝ 

ʩʜʚʠʛʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ, ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ. ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠʣʠ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ ʫʞʝ 

ʠʤʝʶʱʝʡʩʷ. 

ɺ [3] ʥʘʥʦʩʝʢʫʥʜʥʳʝ ʠʤʧʫʣʴʩʳ ʘʤʧʣʠʪʫʜʦʡ 1-17 ʢɺ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 20 ʥʩ 

ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʥʘ ʦʜʥʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ 14 ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʥʘʜ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ 

ɺʏ-ʨʘʟʨʷʜʘ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʥʘʯʠʥʘʶʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ɸʤʧʣʠʪʫʜʘ ʦʩʮʠʣʣʷʮʠʡ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ 150 ʤʢʤ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ 1.5 ʢɺ ʜʦ 650 ʤʢʤ ʧʨʠ 8.1 ʢɺ. ɼʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʧʦʨʦʛ ʧʦ ʯʘʩʪʦʪʝ ʠ ʧʦʨʦʛ ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʢʦʪʦʨʦʝ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʄʘʪʴʝ. ʋʨʘʚʥʝʥʠʝ ʄʘʪʴʝ 

ʠʤʝʝʪ ʜʚʘ ʪʠʧʘ ʨʝʰʝʥʠʡ, ʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮ 

ʦʛʨʘʥʠʯʝʥʘ, ʠ ʥʝʫʩʪʦʡʯʠʚʳʝ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʥʘʨʘʩʪʘʝʪ. ʅʘʣʠʯʠʝ 

ʣʠʥʝʡʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʥʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʣʠʰʴ ʩʤʝʱʘʝʪ ʠ ʩʫʞʘʝʪ ʛʨʘʥʠʮʳ 

ʟʦʥ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ.  

ɺ [4] ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʳʣʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʩʪʨʘʪʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʤʧʫʣʴʩʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 40 ʥʩ ʠ ʘʤʧʣʠʪʫʜʦʡ 10-20 ʢɺ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ, ʚ ʦʩʥʦʚʥʦʤ, ʙʫʜʝʪ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʟʘʨʷʜʘ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ. ɿʘʨʷʜʢʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʩʝʢʫʥʜ, ʘ ʫʤʝʥʴʰʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʠʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʚʨʝʤʷ ~10
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 ʩʝʢ. ʕʪʦ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʣʳ ʥʘ ʧʳʣʝʚʫʶ ʯʘʩʪʠʮʫ. ʇʨʠ ʯʘʩʪʦʪʘʭ 10-20 ɻʮ 

ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʧʳʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʠʩʯʝʟʘʶʪ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 25 ɻʮ. 

ʇʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʨʷʜ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʚʩʝʭ ʯʘʩʪʠʮʘʭ, ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʩʝ ʯʘʩʪʠʮʳ. ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʤʠʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʪʦʣʴʢʦ ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ.  

ɺ ʨʘʙʦʪʝ [5] ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ ʧʣʘʟʤʝ ɺʏ 

ʨʘʟʨʷʜʘ ʧʨʠʤʝʥʷʣʘʩʴ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ (ʅʏ) ʘʤʧʣʠʪʫʜʳ ɺʏ ʥʘʧʨʷʞʝʥʠʷ (13,56 

ʄɻʮ), ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʨʘʟʨʷʜ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʝ ʜʠʘʤʝʪʨʦʤ 5 ʩʤ ʩ 

ʤʝʞʵʣʝʢʪʨʦʜʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 4 ʩʤ ʚ ʚʦʟʜʫʭʝ ʧʨʠ 0,1-0,5 ʊʦʨʨ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 100-110 ɺ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 5 ʤʤ ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʤ 

ʚʳʰʝ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʘʣʶʤʠʥʠʷ ʜʠʘʤʝʪʨʦʤ 1-5 

ʤʢʤ ʚ ʩʣʦʝ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 200 ʤʢʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʦʢʦʣʦ 300 ʤʢʤ. 

ʇʦʣʠʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʦʢʠʩʠ ʤʘʛʥʠʷ 5-20 ʤʢʤ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʣʦʝ ʥʘ 

ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʠʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʙʣʶʜʘʣʘʩʴ ʙʦʣʝʝ 

ʧʣʦʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʧʨʠ ʛʣʫʙʠʥʝ ʤʦʜʫʣʷʮʠʠ 10%. ʇʨʠ ʚʩʝʭ 

ʯʘʩʪʦʪʘʭ ʤʦʜʫʣʷʮʠʠ ʯʘʩʪʠʮʳ ʩʦʚʝʨʰʘʶʪ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ʤʥʦʛʦ ʤʝʥʴʰʝʡ, 

ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʯʘʩʪʦʪʝ ʤʦʜʫʣʷʮʠʠ ʦʢʦʣʦ 
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50 ɻʮ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʯʘʩʪʠʮ ʠ ʩʪʨʫʢʪʫʨʳ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʩʪʘʙʠʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, 

ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʩʣʦʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʄʦʜʫʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʜʚʦʝʥʠʶ 

ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ ʩʣʦʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʠ ʧʝʨʝʭʦʜʫ ʯʘʩʪʠʮ ʠʟ ʞʠʜʢʦʩʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ, ʙʣʠʟʢʦʤʫ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ ʚ 

ʩʣʦʝ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ 

ʧʝʨʝʤʝʥʥʦʤ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʚ ʩʣʦʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʜʝʡʩʪʚʫʝʪ 

ʥʝʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ ʩʠʣʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʢ ʮʝʥʪʨʫ ʣʦʚʫʰʢʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. ʕʪʘ ʩʠʣʘ ʘʥʘʣʦʛʠʯʥʘ ʩʠʣʘ ɺʏ ʜʘʚʣʝʥʠʷ, 

ʫʜʝʨʞʠʚʘʶʱʘʷ ʠʦʥʳ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʣʦʚʫʰʢʝ ʇʘʫʣʷ. ɼʣʷ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʥʠʞʝ 50 

ɻʮ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʯʘʩʪʠʮ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 16-24 ɻʮ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʠʮ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʥʦʨʦʜʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʥʘ ʄʂʉ ʚ ʮʝʥʪʨʝ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʩʪʴ, 

ʩʚʦʙʦʜʥʘʷ ʦʪ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ - ʚʦʡʜ. ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʥʘ ɺʏ ʵʣʝʢʪʨʦʜʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʅʏ ʥʘʧʨʷʞʝʥʠʷ ʚʦʡʜ ʠʩʯʝʟʘʝʪ, ʠ ʩʪʨʫʢʪʫʨʘ ʠʟ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʩʷ ʩʧʣʦʰʥʦʡ [6]. 

ɿʘʢʨʳʪʠʝ ʚʦʡʜʘ ʩʚʷʟʘʥʦ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ, ʩʦʟʜʘʥʥʦʡ 

ʫʩʨʝʜʥʝʥʥʳʤʠ ɺʏ ʧʣʘʟʤʝʥʥʳʤʠ ʧʦʣʷʤʠ, ʧʨʠ ʝʝ ʤʦʜʫʣʷʮʠʠ ʅʏ ʥʘʧʨʷʞʝʥʠʝʤ. ʕʪʘ ʩʠʣʘ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʅʏ ʤʦʜʫʣʷʮʠʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʳʣʠʥʢʠ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʣʦʚʫʰʢʠ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ z. ɼʚʠʞʝʥʠʝ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʳ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʦʡ  ɤ=2ˊf ʠ ʤʝʜʣʝʥʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ, ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʵʪʠʤ ʦʩʮʠʣʣʷʮʠʷʤ. ʕʪʘ ʩʠʣʘ ʤʦʞʝʪ ʙʳʪʴ 
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, ʛʜʝ ɽ -ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʦʚʫʰʢʠ, ʄ ï ʤʘʩʩʘ ʧʳʣʝʚʦʡ ʯʘʩʪʠʮʳ. ʇʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʪʦʡ ʩʠʣʳ ʩʤʝʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʣʝʝ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʦ 

ʝʩʪʴ ʢ ʮʝʥʪʨʫ ʣʦʚʫʰʢʠ, ʠ ʫʣʫʯʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʨʷʞʝʥʥʦʡ ʧʳʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʄʦʜʫʣʷʮʠʶ ʧʣʘʟʤʝʥʥʦʡ ʣʦʚʫʰʢʠ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ  2 - 200 ɻʮ. ɹʝʟ 

ʤʦʜʫʣʷʮʠʠ ʯʘʩʪʠʮʳ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʛʘʶʪʩʷ ʦʢʦʣʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʯʘʩʪʠʮʳ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʠ ʞʝʩʪʢʦ ʧʨʠʚʷʟʘʥʳ ʢ ʩʚʦʝʤʫ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ.  

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʧʳʣʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ɺʏ ʠ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʘʭ ʠʩʯʝʟʘʶʪ, 

ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʥʝ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʧʣʘʟʤʝ, ʧʦʩʢʦʣʴʢʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʨʘʟʨʷʜʦʚ, ʠʩʯʝʟʘʶʪ ʩʪʨʘʪʳ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʣʦʚʫʰʢʠ ʪʘʢʞʝ ʠʩʯʝʟʘʶʪ. ɺ ʢʦʨʦʥʥʦʤ ʨʘʟʨʷʜʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʚʦʟʜʫʭʘ ʟʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʥʝʫʩʪʦʡʯʠʚʳ, ʙʦʣʝʝ ʪʦʛʦ, ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʳʣʠ ʠʟ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʜʦʣʛʦʞʠʚʫʱʠʭ ʩʠʩʪʝʤ ʠʟ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʣʦʚʫʰʢʫ.  

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʠʝ ʣʦʚʫʰʢʠ ʇʘʫʣʷ [7] ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʣʘʢʦʚ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʣʠʥʝʡʥʳʝ ʣʦʚʫʰʢʠ ʇʘʫʣʷ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ, ʥʘ 

ʢʦʪʦʨʳʝ ʧʦʜʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟ. ɺ ʪʘʢʦʡ 

ʣʦʚʫʰʢʝ ʥʘʤ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʦʙʣʘʢʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʘʤʠ 5-30 ʤʢʤ 

ʩ ʟʘʨʷʜʘʤʠ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʵʣʝʢʪʨʦʥʦʚ [8, 9]. ɺ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʣʦʚʫʰʢʝ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 1,3 ʩʤ ʠ ʜʣʠʥʦʡ 6,5 ʩʤ ʤʝʞʜʫ ʪʦʨʮʝʚʳʤʠ ʟʘʧʠʨʘʶʱʠʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ ʟʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʫʜʝʨʞʠʚʘʣʠʩʴ ʧʝʨʝʤʝʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʦʣʷʤʠ ʯʘʩʪʦʪʦʡ 50-500 ɻʮ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʢɺ. ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ 

ʚ ʣʦʚʫʰʢʝ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʥʳʤ ʠ ʥʝ ʧʨʝʚʳʰʘʣʦ ʜʚʫʭʩʦʪ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʨʘʩʪʘʣʢʠʚʘʥʠʷ ʦʙʣʘʢʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮʳ ʚʳʪʘʣʢʠʚʘʝʪ ʠʟʙʳʪʦʯʥʳʝ ʯʘʩʪʠʮʳ ʠʟ ʣʦʚʫʰʢʠ. 

ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ, ʙʦʣʝʝ 2000 ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʣʦʚʫʰʢʘ ʩ 
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ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ (ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ - 3 ʩʤ, ʜʣʠʥʘ - 33 ʩʤ) ʠ ʫʚʝʣʠʯʝʥʘ 

ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ (ʩʤ. ʜʦʢʣʘʜ ʚ ʪʨʫʜʘʭ ʜʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ). ʊʘʢʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʣʷ ʚʧʦʣʥʝ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʙʣʘʢʘ ʟʘʨʷʞʝʥʥʳʭ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚʦ ʚʨʝʤʷ ʛʨʦʟʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʣʘʟʤʳ 

ʨʘʟʨʷʜʘ ʧʫʪʝʤ ʤʦʜʫʣʷʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʨʷʜʘ, ʣʠʙʦ ʥʘʣʦʞʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʣʠʙʦ ʜʨʫʛʠʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʟʚʫʢʦʤ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʩʪʨʫʢʪʫʨʳ, ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʧʣʦʪʥʦʩʪʠ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʤʦʜʫʣʷʮʠʠ ʠʣʠ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʘʯʢʘ ʢʦʣʝʙʘʥʠʡ, ʚʧʣʦʪʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ I.13ʇ çʊʝʧʣʦʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠè. 
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ʇʣʘʟʤʘ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ  

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʧʫʯʢʦʚʦʡ 

ʧʣʘʟʤʳ [1-5]. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʫʜʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ, 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʠʭ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʨʷʜ ʥʦʚʳʭ ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʩʠʣʴʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʦʚ ʬʦʪʦʥʦʚ ʩ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʘʪʦʤʘʤʠ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʧʣʦʪʥʦʡ ʨʝʟʦʥʘʥʩʥʦ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʦʡ [7ï9]. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʦʥʪʘʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʪʘʢʦʡ ʩʨʝʜʝ ʠ ʝʝ ʚʣʠʷʥʠʝʤ ʥʘ 

ʮʝʣʳʡ ʨʷʜ ʷʚʣʝʥʠʡ ʚ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʝ.  
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʷʞʝʥʥʦʡ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʨʝʟʦʥʘʥʩʥʦ ʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʳ ʩ 

ʫʩʧʝʭʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʘʢʩʠʘʣʴʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʚʦʣʥʦʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʚʦʣʥ ʠʦʥʠʟʘʮʠʠ (ɺɺʀ), ʚ ʢʦʪʦʨʳʭ 

ʫʜʘʝʪʩʷ ʩʦʟʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ [6,10]. ʆʙʠʣʠʝ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ ʚ 

ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥʦʚʦʜʘʭ ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ ʨʝʟʦʥʘʥʩʥʦ ʧʦʛʣʦʱʘʶʱʝʡ 

ʩʨʝʜʦʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʧʣʘʟʤʳ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʚ ʠʥʝʨʪʥʳʭ 

ʛʘʟʘʭ ʚʙʣʠʟʠ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʦʧʪʠʯʝʩʢʠ ʧʣʦʪʥʦʡ 

ʨʝʟʦʥʘʥʩʥʦ ʧʦʛʣʦʱʘʶʱʝʡ ʧʨʦʪʷʞʝʥʥʦʡ ʩʨʝʜʦʡ ʙʳʣʘ ʩʦʙʨʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ, ʙʣʦʢ ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

ʀʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʯʘʩʪʦʪʦʡ ʜʦ 100 ɻʮ, ʩʦʟʜʘʚʘʣʩʷ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦ ʯʠʩʪʦʤ ʥʝʦʥʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 1 ʜʦ 100 ʊʦʨ. ʀʟʫʯʘʝʤʳʡ ʨʘʟʨʷʜ ʧʨʦʠʩʭʦʜʠʣ ʚ 

ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ ʜʣʠʥʦʡ 42 ʩʤ, ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ, ʩʥʘʙʞʝʥʥʦʡ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʦʣʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʨʠʩ.2). ʈʘʟʨʷʜʥʘʷ ʪʨʫʙʢʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʢʨʘʥ 

ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ. ʂ ʵʣʝʢʪʨʦʜʘʤ ʪʨʫʙʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʘʢʩʠʘʣʴʥʳʭ 

ʢʘʙʝʣʝʡ ʧʦʜʚʦʜʠʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʩʦʙʨʘʥʥʦʛʦ 

ʧʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʭʝʤʝ. ɻʝʥʝʨʘʪʦʨ ʠʤʝʣ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʭʦʜʘ, ʠ ʧʦʟʚʦʣʷʣ  

ʚʳʨʘʙʘʪʳʚʘʪʴ  ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠʤʧʫʣʴʩʳ ʥʘʧʨʷʞʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 40 ʢɺ, 

ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʜʦ 100 ɻʮ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʦʣʫʚʳʩʦʪʝ ʦʢʦʣʦ 100 ʥʩ.  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ɺɺʀ ʚʜʦʣʴ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʥʝʩʢʦʣʴʢʦ ʝʤʢʦʩʪʥʳʭ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ  ʨʘʩʩʪʦʷʥʠʷʭ 10 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉ 

ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʢʨʘʡʥʠʝ ʜʘʪʯʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʦʪ 

ʛʨʘʥʠʮ ʵʢʨʘʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʝʚʳʰʘʶʱʝʤ ʜʚʦʡʥʦʡ ʜʠʘʤʝʪʨ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ. 

ʈʷʜʦʤ ʩ ʢʘʞʜʳʤ ʝʤʢʦʩʪʥʳʤ ʜʘʪʯʠʢʦʤ ʠʤʝʣʦʩʴ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʚʦʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʛʘʟʘ ʚʜʦʣʴ ʪʨʫʙʢʠ. ʄʝʞʜʫ ʵʢʨʘʥʦʤ ʠ 

ʟʘʟʝʤʣʝʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʚʢʣʶʯʘʣʩʷ ʰʫʥʪ ʠʟ ʤʘʣʦʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʝʣʠʯʠʥʦʡ 50 ʆʤ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ çʦʙʨʘʪʥʦʛʦ 

ʪʦʢʘè. ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʧʨʠʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʩʮʠʣʣʦʛʨʘʬʳ ʪʠʧʘ Tektronix 

TDS 2024B, TDS 3032 (Tektronix, ʉʐɸ).  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨ 

ʪʠʧʘ ND:YAG (LQ 629-100, Solar Laser Systems, ɹʝʣʘʨʫʩʴ), ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʧʦʣʠʭʨʦʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʝ ʧʦ ʯʘʩʪʦʪʝ ʠʟʣʫʯʝʥʠʝ. ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ-ʩʧʝʢʪʨʦʛʨʘʬʦʤ MS7504i (ʉʇ ʉʆʃɸʈ ʊʀʀ, ɹʝʣʘʨʫʩʴ), 

ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʌʕʋ ʪʠʧʘ Hamamatsu H6780-20 (Hamamatsu Photonics 

K.K., ʗʧʦʥʠʷ) ʠ ʇɿʉ ï ʢʘʤʝʨʘ HS 102H (PROSCAN special instruments, ɹʝʣʘʨʫʩʴ) ʚ 

ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʪʨʠʯʥʳʡ ʧʨʠʙʦʨ ʩ 

ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ (ʇɿʉ) ʤʦʜʝʣʠ S9840 ʬʠʨʤʳ Hamamatsu. ʂʦʣʠʯʝʩʪʚʦ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 2048x14. ʆʙʣʘʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 200 ï 

1100 ʥʤ. 
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ʈʠʩ. 1. ɹʣʦʢ  ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 1-Nd:YAG ʣʘʟʝʨ LQ629-100, ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʥʘ ʚʳʭʦʜʝ ʧʦʩʣʝ ʫʜʚʦʝʥʠʷ 355 ʥʤ. 2-ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʩʚʝʪʘ LP601, 

ɼʣʠʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʦʪ 410 ʜʦ 680 ʠ ʦʪ 730 ʜʦ 2500 (8 

ʤɼʞ@650ʥʤ). 3-ʉʪʝʢʣʷʥʥʘʷ ʧʣʘʩʪʠʥʘ. 4-ʃʠʥʟʳ. 5-ɹʣʦʢʠʨʘʪʦʨ ʣʫʯʘ. 6-ɽʤʢʦʩʪʥʳʝ 

ʜʘʪʯʠʢʠ, ʚʜʦʣʴ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ. 7-ʈʘʟʨʷʜʥʘʷ ʪʨʫʙʢʘ.8-ʆʙʲʝʢʪʠʚ.9-ʉʧʝʢʪʨʦʛʨʘʬ 

MS7504i. 10-ʇɿʉ ʢʘʤʝʨʘ.11-ɺʘʢʫʫʤʥʳʡ ʧʦʩʪ ʦʪʢʘʯʢʠ ʠ ʥʘʧʫʩʢʘ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ (Ne, He, 

Ar). 12-ɿʝʨʢʘʣʘ. 13-ʌʦʪʦʢʘʪʦʜ. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʣʘʟʤʝʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʉʪʝʢʣʷʥʥʘʷ ʪʨʫʙʢʘ (5), ʵʢʨʘʥ (3), ʵʣʝʢʪʨʦʜ (2), 

ʢʚʘʨʮʝʚʦʝ ʦʢʦʰʢʦ ʜʣʷ ʚʳʚʦʜʘ ʠʟʣʫʯʝʥʠʷ (1), ʥʘʧʫʩʢ ʛʘʟʘ (4), ʠʟʦʣʷʪʦʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ 

ʧʨʦʙʦʶ ʩ ʵʣʝʢʪʨʦʜʘ ʥʘ ʵʢʨʘʥ (6). 

ʕʢʩʧʝʨʠʤʝʥʪ 

 

ʃʘʟʝʨʥʳʝ ʠʤʧʫʣʴʩʳ ND:YAG (LQ 629-100, Solar Laser Systems, ɹʝʣʘʨʫʩʴ) ʣʘʟʝʨʘ (1) 

ʩ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ 100 ɻʮ, ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʣʠʥʟ (4), ʬʦʢʫʩʠʨʫʶʱʠʭ ʠ ʢʦʣʣʠʤʠʨʫʶʱʠʭ 

ʣʫʯ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥʳ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ (7) ʜʦ ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ 2 ʤʤ, ʧʨʦʧʫʩʢʘʣʠʩʴ ʩʢʚʦʟʴ 

ʨʘʟʨʷʜʥʫʶ ʪʨʫʙʢʫ (7). ʇʦʣʳʝ ʵʣʝʢʪʨʦʜʳ ʧʦʟʚʦʣʷʣʠ ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʳʝ ʢʚʘʨʮʝʚʳʝ ʦʢʥʘ 

ʧʨʦʧʫʩʢʘʪʴ ʣʘʟʝʨʥʦʡ ʠʟʣʫʯʝʥʠʝ ʚʜʦʣʴ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ. ʉʘʤʘ ʨʘʟʨʷʜʥʘʷ ʪʨʫʙʢʘ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʶʩʪʠʨʦʚʦʯʥʦʤ ʩʪʦʣʠʢʝ, ʠʤʝʚʰʝʤ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʠʤʠʪʠʨʦʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʢ  ʦʩʠ ʨʘʟʨʷʜʥʦʡ 

ʪʨʫʙʢʠ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʢʫʩʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʠʚʘ ʥʘ 
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ʚʭʦʜʥʫʶ ʱʝʣʴ ʩʧʝʢʪʨʦʛʨʘʬʘ (9). ʉʧʝʢʪʨʦʛʨʘʬ ʧʦʟʚʦʣʷʣ ʦʮʠʬʨʦʚʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʚʳʭʦʜʝ ʩ ʧʦʤʦʱʴʶ ʇɿʉ ʢʘʤʝʨʳ (10).  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʙʠʨʘʣʦʩʴ ʨʘʟʣʠʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝʤ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ 

ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʨʘʟʨʷʜʦʤ ʚ ʪʨʫʙʢʝ ʠ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ, ʤʝʥʷʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ ʚ ʤʦʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʚ 

ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤ ʩʧʝʢʪʨʦʛʨʘʬʦʤ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʤʦʜʝʣʠ ʠ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʚʦʣʥ ʠʦʥʠʟʘʮʠʠ (ɺɺʀ) ʚ ʢʦʘʢʩʠʘʣʴʥʳʭ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʨʘʟʨʷʜʥʳʭ 

ʪʨʫʙʢʘʭ, ʦʧʨʝʜʝʣʝʥʳ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʠʦʥʠʟʘʮʠʠ, ʥʘ ʬʨʦʥʪʝ ʚʦʣʥʳ 

ʠʦʥʠʟʘʮʠʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʦʚ ʩʚʝʯʝʥʠʷ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʠ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ 

ʧʣʘʟʤʳ ʚʙʣʠʟʠ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʚ ʥʝʦʥʝ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʡ ʛʘʟʘ 1ï100 Toʨ ʠ ʘʤʧʣʠʪʫʜ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʢ ʵʣʝʢʪʨʦʜʘʤ ʥʘʧʨʷʞʝʥʠʷ 20ï40 

ʢɺ. ɺʳʧʦʣʥʝʥʳ ʜʝʪʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʥʘʨʘʙʦʪʢʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ  ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʚ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʧʣʘʟʤʝʥʥʦ-ʧʫʯʢʦʚʳʭ ʨʘʟʨʷʜʘʭ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʣʦʪʥʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʧʨʠʤʝʨʥʦ ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʚʨʝʤʝʥ, ʯʪʦ ʠ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʫʤʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʬʨʦʥʪʘ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʦʣʥʳ ʠʦʥʠʟʘʮʠʠ ʠ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʦʣʥʳ ʠʦʥʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʝʤʥʦʡ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʬʦʨʤʳ ʩʪʨʫʢʪʫʨʳ ʬʨʦʥʪʘ ɺɺʀ. ɺʳʧʦʣʥʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʬʨʦʥʪʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʚʦʣʥ ʠʦʥʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʠ ʘʤʧʣʠʪʫʜʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʚʦʣʥ ʠʦʥʠʟʘʮʠʠ. 

          ʀʟʫʯʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʨʘʟʨʷʜʦʚ ʚ ʥʝʦʥʝ ʚʙʣʠʟʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺɺʀ ʚ ʧʣʘʟʤʝʥʥʦʤ ʚʦʣʥʦʚʦʜʝ. 

ʅʘ ʨʠʩ.3-4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʟʦʥʜʠʨʫʶʱʝʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʚʦ ʚʨʝʤʷ ʨʘʟʨʷʜʘ ʚ ʥʝʦʥʝ ʠ ʦʪʥʦʰʝʥʠʝ 

ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʨʘʟʨʷʜ ʢ ʠʩʭʦʜʥʦʤʫ ʩʧʝʢʪʨʫ ʣʘʟʝʨʘ. ɿʦʥʜʠʨʫʶʱʝʝ 

ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʭʦʜʠʪ ʚ ʮʝʥʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʘ ʥʘ 

ʚʳʭʦʜʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʝʨʠʬʝʨʠʡʥʫʶ ʦʙʣʘʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ ʥʝʦʥʘ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʝʤ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʨʠʩ.5. ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʣʘʟʝʨʘ ʠ ʬʨʦʥʪʦʤ ɺɺʀ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʦʙʣʘʩʪʷʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ ʥʝʦʥʘ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.6. 
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ʈʠʩ.3. ʆʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʪʦʣʙʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʛʘʟʘ P=25 

ʊʦʨ, ʘʤʧʣʠʪʫʜʝ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷ 

U=28 ʢɺ. ɿʘʜʝʨʞʢʘ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 

ʣʘʟʝʨʘ ʠ ʨʘʟʨʷʜʘ (ʘ) 10 ʥʩ, (b), 60 ʥʩ, (ʩ) 180 

ʥʩ. 1-ʩʧʝʢʪʨ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʨʘʟʨʷʜʝ, 2-

ʩʧʝʢʪʨ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʨʘʟʨʷʜʝ. 

649 650 651 652
0

1

2

3

l ,ʥʤ

I 2
/I

1

 ʩ) 

ʈʠʩ.4. ʆʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʰʝʜʰʝʛʦ ʨʘʟʨʷʜ ʢ ʠʩʭʦʜʥʦʤʫ ʩʧʝʢʪʨʫ 

ʣʘʟʝʨʘ ʜʣʷ ʫʩʣʦʚʠʡ ʨʠʩ.3. 



24 

649 650 651 652

0

1

2

0

10

26

46

58

l ,ʥʤ

I
,
 
ʦ
ʪ
ʥ
.
ʝ
ʜ
.

ɿ
ʘ
ʜ
ʝ
ʨ
ʞ
ʢ
ʘ
,
 
ʥ
ʩ

 
ʈʠʩ.5. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʣʘʟʝʨʘ ʠ 

ʬʨʦʥʪʦʤ ɺɺʀ ʧʨʠ P=25 ʊʦʨ, U=28 ʢɺ. 
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ʈʠʩ.6. ʍʘʨʘʢʪʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʥʝʦʥʘ ʦʪ ʚʨʝʤʝʥʠ 

ʚ ʧʣʘʟʤʝ ʟʘ ʬʨʦʥʪʦʤ ɺɺʀ. 

 

ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʘʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ ʢʦʥʪʫʨ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ  ʧʦʛʣʦʱʝʥʠʷ ʠʤʝʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ 

ʚʙʣʠʟʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʠʜʘ (ʨʠʩ. 4ʙ). ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʝʢʪʨʘ ʧʨʦʧʫʩʢʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʠʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʛʣʦʱʘʶʱʠʭ ʘʪʦʤʦʚ.   

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ 

ʧʨʦʧʫʩʢʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʠʜʘ ʚʙʣʠʟʠ ʫʟʢʠʭ ʨʝʟʦʥʘʥʩʦʚ. 
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 ʍʦʪʷ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʩʪʘʪʴʠ ɸʨʦʥʦʚʘ ʠ ɹʦʤʘ [1] ʧʨʦʰʣʦ ʙʦʣʝʝ 50 ʣʝʪ, ʜʦ 
ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʵʬʬʝʢʪʘ ɸʨʦʥʦʚʘ-ɹʦʤʘ (ɸɺ) ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 
ʚʥʠʤʘʥʠʝ [2-5]. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʤʘʛʥʠʪʥʦʤʫ ɸɺ ʵʬʬʝʢʪʫ, ʚʢʣʶʯʘʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, [6]). ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʦʙʩʫʞʜʝʥʠʶ ʚʦʧʨʦʩʘ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ɸɺ ʵʬʬʝʢʪʝ (ʩʤ. [6,7] 
ʠ ʮʠʪʠʨʦʚʘʥʥʫʶ ʪʘʤ ʣʠʪʝʨʘʪʫʨʫ), ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ [8,9]. ɺʦʧʨʦʩ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ɸɺ ʵʬʬʝʢʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʩʘʝʪʩʷ 
ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [10]. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 
ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʧʝʨʝʯʥʦʡ ʯʘʩʪʴʶ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 
ʤʘʛʥʠʪʥʳʡ ʵʬʬʝʢʪ ɸɺ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ 
ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ɸɺ ʩʦʟʜʘʝʪ ʚʠʜʠʤʦʝ 
ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʧʦʩʪʫʣʘʪʘʤʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʧʨʦʪʠʚ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
ʧʦʪʝʥʮʠʘʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʳʙʦʨʘ ʝʛʦ ʢʘʣʠʙʨʦʚʢʠ. ʊʨʝʙʦʚʘʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 
ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʥʝʩʢʦʣʴʢʦ ʩʫʞʘʝʪ ʧʨʦʠʟʚʦʣ ʚ ʚʳʙʦʨʝ ʵʪʦʡ ʬʫʥʢʮʠʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 
ʢʘʣʠʙʨʦʚʢʘ ʃʦʨʝʥʮʘ). ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʣʠʙʨʦʚʢʠ ʃʦʨʝʥʮʘ ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 
ʧʨʦʙʣʝʤʳ ʧʨʠ ʢʚʘʥʪʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʘʢ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʥʦʚʷʪʩʷ ʟʘʚʠʩʠʤʳʤʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, 11[18]). ɽʩʣʠ ʞʝ 
ʧʨʠʟʥʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʪ.ʝ. 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ) ï ʪʨʝʙʦʚʘʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 
ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʦʙʱʝ ʠʟʣʠʰʥʠʤ. ʇʦʵʪʦʤʫ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʫʣʦʥʦʚʩʢʘʷ, ʪʘʢ ʠ ʜʨʫʛʠʝ ʷʚʥʦ ʥʝ ʢʦʚʘʨʠʘʥʪʥʳʝ ʢʘʣʠʙʨʦʚʢʠ, ʧʝʨʝʯʝʥʴ 
ʢʦʪʦʨʳʭ ʚʝʩʴʤʘ ʰʠʨʦʢ.  

ʅʘ ʯʝʤ ʞʝ ʦʩʥʦʚʘʥʦ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠʤʝʥʥʦ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʦʩʥʦʚʦʡ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʦʙʳʯʥʦ ʥʝ ʦʙʩʫʞʜʘʝʤʳʡ ʧʦʩʪʫʣʘʪ ʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʜʣʷ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʦʣʝʡ (ʩʤ., ʥʘʧʨʠʤʝʨ, [12]). ʅʦ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 
ʦʙʦʙʱʝʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ 
ʩʠʩʪʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʣʴʢʦ ʜʣʷ ʫʩʨʝʜʥʝʥʥʳʭ (ʠʣʠ ʥʘʙʣʶʜʘʝʤʳʭ) 
ʟʥʘʯʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʦʧʝʨʘʪʦʨʦʚ - ʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ), 
ʚʭʦʜʷʱʠʭ ʚ ʵʪʠ ʫʨʘʚʥʝʥʠʷ.  

ɺ ʩʠʣʫ ʣʠʥʝʡʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʧʦʩʪʫʣʘʪ ʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʠʭ 
ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʆʜʥʘʢʦ ʦʙʨʘʪʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, 
ʥʝʩʧʨʘʚʝʜʣʠʚʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʨʝʙʦʚʘʥʠʝʤ, ʯʪʦʙʳ ʫʨʘʚʥʝʥʠʷ 
ʜʚʠʞʝʥʠʷ ʜʣʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʦʣʝʡ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ ʪʦʣʴʢʦ ʧʦʩʣʝ 
ʧʨʦʮʝʜʫʨʳ ʫʩʨʝʜʥʝʥʠʷ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
ʦʛʨʘʥʠʯʠʪʴʩʷ ʚʚʝʜʝʥʠʝʤ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʥʝʦʙʭʦʜʠʤʦ 
ʚʚʦʜʠʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʘʨʷʞʝʥʥʳʤʠ 
ʯʘʩʪʠʮʘʤʠ [12]. ʇʨʠ ʵʪʦʤ, ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʷʚʣʷʝʪʩʷ 
ʦʪʩʫʪʩʪʚʠʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʦʣʴʥʳʤ ʚʦʣʥʘʤ ʚ ʚʘʢʫʫʤʝ, ʪ. ʝ. 
ʦʪʩʫʪʩʪʚʠʝ ʚʦʣʥ, ʚ ʢʦʪʦʨʳʭ ʚʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʦʣʥʦʚʦʛʦ 
ʚʝʢʪʦʨʘ ʷʚʣʷʶʪʩʷ ʢʦʣʣʠʥʝʘʨʥʳʤʠ.  
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ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ ʠ ʩʢʘʣʷʨʥʳʝ ʬʦʪʦʥʳ (ʩʤ., 
ʥʘʧʨʠʤʝʨ, [13]), ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ "ʥʝʬʠʟʠʯʝʩʢʠʤʠ" (ʚʠʨʪʫʘʣʴʥʳʤʠ), ʪʘʢ ʢʘʢ, ʚ ʧʨʦʪʠʚʥʦʤ 
ʩʣʫʯʘʝ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʙʫʜʫʪ ʥʝʩʧʨʘʚʝʜʣʠʚʳ. ʅʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 
ʧʨʦʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʦʙʩʫʞʜʝʥʠʷ, ʚ ʪʨʝʙʦʚʘʥʠʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 
ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɽʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʘ ʯʪʦ ʞʝ ʚʟʘʤʝʥ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ? 

ʉʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʮʝʧʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ. ɹʫʜʝʤ  
ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ἋἺ,ὸ ʠ ʩʢʘʣʷʨʥʦʛʦ •Ἲ,ὸ 
ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʙʨʘʟʫʶʱʠʭ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ (4-ʚʝʢʪʦʨ) 
ὃ‘ḳ •,Ἃ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ  ɼʘʣʘʤʙʝʨʘ 
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ɺ ʩʠʣʫ ʣʠʥʝʡʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ɼʘʣʘʤʙʝʨʘ (1), (2) ʦʥʠ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʩʨʝʜʥʠʭ 
ʟʥʘʯʝʥʠʡ ộὃ‘Ớ ʠ ộὮ‘Ớ. 

ɺ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ [14] ʢʚʘʥʪʦʚʘʥʥʦʝ ʩʚʦʙʦʜʥʦʝ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʜʥʦʨʦʜʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ɼʘʣʘʤʙʝʨʘ 
(ʫʨʘʚʥʝʥʠʷʤ (1), (2) ʚ ʦʪʩʫʪʩʪʚʠʝ ʟʘʨʷʜʦʚ) 

ὃ‘= 0.                                                                             (3) 
ʆʜʥʘʢʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʧʨʦʮʝʜʫʨʳ ʢʚʘʥʪʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʃʦʨʝʥʮʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 
ộὃ‘Ớ (ʩʤ. ʧʦʜʨʦʙʥʝʝ [12-14]) 

‘ộὃ
‘Ớ= 0.                                                                      (4) 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫʩʣʦʚʠʝ (4) ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝ ʜʣʷ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 4-ʚʝʢʪʦʨʘ ὃ‘, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 
ʢʘʣʠʙʨʦʚʢʝ ʃʦʨʝʥʮʘ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ [13], ʘ ʜʣʷ ʝʛʦ 
ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ộὃ‘Ớ.  

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʢʦʤʧʦʥʝʥʪʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ ὃ‘  ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʠ ʢʚʘʥʪʦʚʘʥʠʠ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʢʣʘʜʳʚʘʷ 
ʦʛʨʘʥʠʯʝʥʠʷ (4) ʥʘ ʚʝʢʪʦʨʳ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʊʝʧʝʨʴ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʫʩʣʦʚʠʝ (4) ʥʝ ʟʘʚʠʩʠʪ ʷʚʥʦ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ 
ʦʪʩʫʪʩʪʚʠʷ ʟʘʨʷʜʦʚ, ʧʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʧʦʩʪʫʣʠʨʦʚʘʪʴ ʝʛʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʊʦʛʜʘ ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ɼʘʣʘʤʙʝʨʘ (1), (2) ʜʣʷ 
ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (4) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ 
ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ộἏỚ►,ὸ ʠ ʤʘʛʥʠʪʥʦʛʦ ộἒỚ►,ὸ ʧʦʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ 

ộἏỚ=
1

ὧ

ộἋỚ

ὸ
ộɳ•Ớ,         ộἒỚ= ὶέὸộἋỚ,                                            (5) 

 ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ộὃ‘Ớ ʠʤʝʶʪ ʚʠʜ 
ộὃ‘Ớ ‘ộὃ

Ớ= 4“ộὮ‘Ớ.                                                         (6) 
ɿʜʝʩʴ, ʢʘʢ ʦʙʳʯʥʦ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʠʥʜʝʢʩʘʤ. 

ʋʯʠʪʳʚʘʷ ʪʝʧʝʨʴ ʫʩʣʦʚʠʝ (4), ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ɼʘʣʘʤʙʝʨʘ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 
ộὃ‘Ớ= 4“ộὮ‘Ớ,                                                                      (7) 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʳʤ ʫʨʘʚʥʝʥʠʷʤ (1), (2) ʜʣʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. 
ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʥʝʣʴʟʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʢʩʠʦʤʫ, ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʙʘʟʠʩʦʤ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 
ɼʘʣʘʤʙʝʨʘ (2) ʜʣʷ 4-ʚʝʢʪʦʨʘ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʳʡ ʧʨʠ ʵʪʦʤ 
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ʩʪʘʥʦʚʠʪʴʩʷ ʧʦʣʥʦʩʪʴʶ ʦʜʥʦʟʥʘʯʥʳʤ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʠʟʤʝʨʠʤʦʩʪʠ 
ʪʦʣʴʢʦ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 
ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ.  ɺʳʙʦʨ ʙʘʟʦʚʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 
ʫʨʘʚʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʳʝ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʤʝʶʱʠʭʩʷ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʠ ʥʘʙʣʶʜʘʝʤʳʝ ʚʝʣʠʯʠʥʳ. ʉ ʵʪʦʡ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ (2), ʥʘʨʷʜʫ ʩ ʫʩʣʦʚʠʝʤ ʃʦʨʝʥʮʘ (4) ʜʣʷ ʩʨʝʜʥʠʭ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʘ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ 
ʠʤʝʝʪ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʫʜʘʝʪʩʷ ʦʙʦʡʪʠ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 
ʦʙʳʯʥʦʤ ʢʚʘʥʪʦʚʘʥʠʠ ʧʦʣʝʡ, ʘ ʠʤʝʥʥʦ, ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʘʣʠʙʨʦʚʢʠ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʧʦʪʝʥʮʠʘʣʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ - 
ʢʚʘʥʪʳ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʩʢʘʣʷʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʚʘʢʫʫʤʝ ï ʥʝ ʷʚʣʷʶʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤʠ: 
ʫʨʘʚʥʝʥʠʷʤ ɼʘʣʘʤʙʝʨʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ  ὃ‘  ʚ ʚʘʢʫʫʤʝ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʝʰʝʥʠʷ ʢʘʢ ʚ ʚʠʜʝ 
ʧʦʧʝʨʝʯʥʳʭ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʧʦʪʝʥʮʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʣʷʨʥʳʝ ʠ 
ʧʨʦʜʦʣʴʥʳʝ ʢʚʘʥʪʳ ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 
ʚʝʣʠʯʠʥʳ ʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʘʙʣʶʜʘʝʤʳʤʠ, ʥʘʨʷʜʫ ʩ ʢʚʘʥʪʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ɸ.ɸ. ʈʫʭʘʜʟʝ ʟʘ ʧʦʣʝʟʥʳʝ ʦʙʩʫʞʜʝʥʠʷ. 
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ʄʆɼʀʌʀʂɸʎʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ʇʆʃʀʇʈʆʇʀʃɽʅɸ 

 ɹɸʈʒɽʈʅʓʄ ʈɸɿʈʗɼʆʄ 

ʃ.ʄ. ɺʘʩʠʣʷʢ, ʉ.ʇ. ɺʝʪʯʠʥʠʥ, ɺ.ʗ. ʇʝʯʝʨʢʠʥ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ, ʀʞʦʨʩʢʘʷ 13, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʦʡ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ, ʥʦ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʘʥʘ ʩ 

ʪʝʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʣʘʟʤʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ, ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʠ ʢʨʦʤʝ ʪʦʛʦ 

ʨʷʜ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʨʝʜʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʟʘʜʘʯ, ʢ ʢʦʪʦʨʳʤ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ: ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚ ʧʣʘʟʤʝ, ʪʨʘʚʣʝʥʠʝ ʠ 

ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʛʘʟʦʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʤʝʤʙʨʘʥ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʠʭ ʛʘʟʦʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʨʘʙʦʪʢʘ ʚʦʣʦʢʦʥ ʚ ʪʝʢʩʪʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ 

ʩʤʝʩʦʚʳʭ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʚʝʜʝʥʠʷ ʧʨʦʧʠʪʦʢ, ʫʣʫʯʰʘʶʱʠʭ ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ [1-4]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʤʦʜʠʬʠʢʘʮʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʣʘʟʤʦʡ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʦʙʨʘʙʦʪʢʘ ʙʘʨʴʝʨʥʳʤ ʨʘʟʨʷʜʦʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʯʪʦ ʠʤʝʝʪ 

ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʨʘʟʨʷʜʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʟʤʦʡ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʘʨʲʝʨʥʳʡ ʨʘʟʨʷʜ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ (~ 3 

eV), ʢʦʪʦʨʳʝ ʨʦʞʜʘʶʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ ʩʪʨʠʤʝʨʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʝʨʝʥʦʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʙʘʨʲʝʨʥʳʤ ʨʘʟʨʷʜʦʤ ʚ ʚʦʟʜʫʭʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʨʘʟʤʝʨʦʤ 75ʭ10 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 1,5 ʤʤ. 

ɿʦʥʘ ʦʙʨʘʙʦʪʢʠ ʨʘʟʨʷʜʦʤ ʩʦʩʪʘʚʣʷʣʘ 10ʭ10 ʤʤ. ɹʘʨʲʝʨʥʳʡ ʨʘʟʨʷʜ ʩʦʟʜʘʚʘʣʩʷ ʚ ʚʦʟʜʫʰʥʦʤ 

ʧʨʦʤʝʞʫʪʢʝ ʩ ʟʘʟʦʨʦʤ 0,3 ʤʤ. ɸʥʦʜ ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʧʦʣʠʨʦʚʘʥʥʦʡ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ 

ʨʘʟʤʝʨʘʤʠ 10ʭ10 ʤʤ ʧʣʦʪʥʦ ʧʨʠʞʠʤʘʣʩʷ ʢ ʦʙʨʘʟʮʫ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ʂʘʪʦʜ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ɹʘʨʲʝʨʥʳʡ ʨʘʟʨʷʜ ʩʦʟʜʘʚʘʣʩʷ ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʯʘʩʪʦʪʦʡ 20 ʢɻʮ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʯʘʩʪʦʪʦʡ 50 ɻʮ. ʈʘʟʨʷʜʥʳʡ ʪʦʢ 

ʦʛʨʘʥʠʯʠʚʘʣʩʷ ʙʘʣʣʘʩʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʟʘʟʦʨʝ ʩʦʩʪʘʚʣʷʣʘ 4,9 ʢɺ. ʊʦʢ, ʙʘʨʲʝʨʥʦʛʦ ʨʘʟʨʷʜʘ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʛʨʘʬʘ 

Tektronix DPO7054C ʥʘ ʙʝʟʳʥʜʫʢʮʠʦʥʥʦʤ ʰʫʥʪʝ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R=5 ʆʤ. ɺʦ ʚʨʝʤʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʨʷʜʘ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘʭ ʪʦʢʘ ʥʘʙʣʶʜʘʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʠʢʦʚ ʪʦʢʘ ʨʘʟʣʠʯʥʦʡ ʘʧʤʧʣʠʪʫʜʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʤʝʥʝʝ 50-100 ʥʩ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʪʨʠʤʝʨʥʳʭ ʨʘʟʨʷʜʦʚ ʚ ʚʦʟʜʫʰʥʦʤ 

ʟʘʟʦʨʝ. ʆʮʝʥʦʯʥʘʷ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʩʪʨʠʤʝʨʥʦʛʦ ʤʠʢʨʦʨʘʟʨʷʜʘ ʩʦʩʪʘʚʣʷʝʪ 5-10 ʤʢɼʞ. 

ʌʦʪʦʛʨʘʬʠʷ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʚʠʜʥʳ ʣʠʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʦʛʨʘʬʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ  ʩʦʩʪʘʚʣʷʝʪ 500 -800  ʥʤ, ʘ ʰʠʨʠʥʘ 2 -4  ʤʢʤ.   
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ʈʠʩ. 1. ʌʦʪʦ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ 

ʂ=40. ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 300ʭ220 ʤʢʤ. 

 

ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʙʘʨʲʝʨʥʳʤ ʨʘʟʨʷʜʦʤ ʚ ʪʝʯʝʥʠʝ 1 

ʤʠʥʫʪʳ ʚʠʜʥʦ, ʯʪʦ ʩʣʝʜʳ ʥʘʯʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʫʤʝʥʴʰʘʶʪʩʷ (ʨʠʩ.2), ʘ 

ʧʨʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ  ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʠʩʯʝʟʘʶʪ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ.2. ʌʦʪʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ - 1 

ʤʠʥʫʪʘ. ʅʘʧʨʷʞʝʥʠʝ U= 4,9 ʢɺ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʂ=40. ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ 300ʭ220 ʤʢʤ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʢʘʧʝʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʜʦʩʪʠʛʘʷ 2 - 4 ʤʢʤ ʧʨʠ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ (ʨʠʩ. 2). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʦ 10 ʤʠʥʫʪ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʢʘʧʝʣʴ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (6-12 ʤʢʤ), ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʷʥʠʷ ʥʝʙʦʣʴʰʠʭ ʢʘʧʝʣʴ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʧʣʝʥʢʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. (ʨʠʩ. 3). ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 
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ʧʨʦʬʠʣʦʛʨʘʬʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʪʘ ʢʘʧʝʣʴ (ʨʠʩ.2) ʩʦʩʪʘʚʣʷʝʪ 200 -300 ʥʤ ʠ  ʜʣʷ ʢʘʧʝʣʴ 

(ʨʠʩ.3) ʩʦʩʪʘʚʣʷʝʪ 600-800 ʥʤ.  

 

 
 

ʈʠʩ.3  ʌʦʪʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ - 10 

ʤʠʥʫʪ. ʅʘʧʨʷʞʝʥʠʝ U= 4,9 ʢɺ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʂ=40. ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ 300ʭ220 ʤʢʤ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʧʦʣʠʨʦʧʠʣʝʥʘ 

ʙʘʨʲʝʨʥʳʤ ʨʘʟʨʷʜʦʤ ʩ ʵʥʝʨʛʠʝʡ ʠʤʧʫʣʴʩʦʚ 5-10 ʤʢɼʞ, ʩʢʦʨʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 50 - 80 ʥʤ/ʤʠʥ. ʄʝʭʘʥʠʟʤ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʧʣʦʚʦʡ. ʅʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʵʣʝʢʪʨʦʥʘʤʠ, ʪʘʢ ʠ ʟʘ 

ʩʯʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʝʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ, ʨʝʢʦʤʙʠʥʘʮʠʠ ʠʭ 

ʨʘʜʠʢʘʣʦʚ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩʦʙʠʨʘʝʪʩʷ ʚ ʢʘʧʣʠ ʟʘ 

ʩʯʝʪ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆʃʔʊ-ɸʄʇɽʈʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻɽʅɽʈɸʊʆʈʆɺ 

ʕʃɽʂʊʈʆʅʅʓʍ ʇʋʏʂʆɺ ʉ ɺʓʉʆʂʆɺʆʃʔʊʅʓʄ ʊʃɽʖʑʀʄ ʈɸɿʈʗɼʆʄ 

ɸ.ʀ. ɻʦʣʦʚʠʥ 

ɻʅʎ ʌɻʋʇ çʎʝʥʪʨ ʂʝʣʜʳʰʘè, ʆʥʝʞʩʢʘʷ 8, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʛʝʥʝʨʘʪʦʨʳ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʬʬʝʢʪʝ ʫʙʝʛʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

ʅʝʩʦʤʥʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʷ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʨʦʤʦʟʜʢʠʭ ʫʟʣʦʚ ʚʳʚʦʜʘ ʧʫʯʢʘ ʠʟ ʚʘʢʫʫʤʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʷʚʣʷʝʪʩʷ ʥʘʢʘʯʢʘ ʣʘʟʝʨʦʚ [1], ʦʜʥʘʢʦ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʜʨʫʛʠʝ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʫʯʢʦʚʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [2]. ʇʨʠʯʝʤ ʝʩʣʠ ʜʣʷ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʪʦ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʦʚʘʥ ʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʥʘʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʨʘʟʨʷʜʘ ð ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʩ ʫʙʝʛʘʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʘʟʘʭ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ (ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʪʳʩʷʯ ʇʘ). ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʚ ʫʜʦʙʥʦʡ ʬʦʨʤʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʨʘʚʥʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. 

 

ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʎʝʥʪʨʝ ʂʝʣʜʳʰʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ [3] ʠ [4]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ, ʩʭʝʤʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʢʘʪʦʜʘ 1, ʚʪʫʣʢʠ 2, ʧʨʦʢʣʘʜʢʠ 3, ʠʟʦʣʠʨʫʶʱʝʡ 

ʧʨʦʩʪʘʚʢʠ 4 ʠ ʘʥʦʜʘ ʚ ʚʠʜʝ ʰʘʡʙʳ 5. ʂʦʣʣʝʢʪʦʨ ʵʣʝʢʪʨʦʥʦʚ 6 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʪʦʢʘ ʧʫʯʢʘ. ɻʝʥʝʨʘʪʦʨ ʨʘʟʤʝʱʘʣʩʷ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ (ʨʠʩ. 2). ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʥʝʨʘʪʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ [3]. 
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ʈʠʩʫʥʦʢ 2. ɻʝʥʝʨʘʪʦʨ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ. 

 

ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʷʣʠʩʴ ʚ ʚʦʟʜʫʭʝ ʩ ʜʘʚʣʝʥʠʝʤ ʦʪ 90 ʇʘ ʜʦ 400 ʇʘ 

ʠ ʚ ʛʝʣʠʠ ʪʝʭʥʠʯʝʩʢʦʤ ʤʘʨʢʠ ɸ ʩ ʜʘʚʣʝʥʠʝʤ ʜʦ 3000 ʇʘ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʟʜʫʭʘ ʚ ʛʝʣʠʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʠ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 0,1 ʜʦ 10 ʦʙʲʝʤʥʳʭ ʧʨʦʮʝʥʪʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚ ʧʘʨʘʭ ʚʦʜʳ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 150 ʜʦ 500 ʇʘ.  

ʇʨʠʤʝʨʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʦʟʜʫʭʘ ʠ ʛʝʣʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

ʊʘʢ, ʜʣʷ ʚʦʟʜʫʭʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʦʢʘʟʘʣʘ: 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʢʨʠʚʦʡ 1 ð 1.17 ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
=0.8, ʢʨʠʚʦʡ 2 ð 

2.36 c R
2
=0.991, ʢʨʠʚʦʡ 3.1 ð 2.01 c R

2
=0.96, ʢʨʠʚʦʡ 3.2 ð 2.39 c R

2
=0.995, ʢʨʠʚʦʡ 4 ð 

2.39 c R
2
=0.995. ɺ ʛʝʣʠʠ  ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʢʨʠʚʦʡ 1 ð 2.4 c R

2
=0.996, ʢʨʠʚʦʡ 2 ð 1.86 c 

R
2
=0.994, ʢʨʠʚʦʡ 3.1 ð 1.84 c R

2
=0.998, ʢʨʠʚʦʡ 3.2 ð 0.83 c R

2
=0.999, ʢʨʠʚʦʡ 4.1 ð 1.31 c 

R
2
=0.982, ʢʨʠʚʦʡ 4.2 ð 2.6 c R

2
=0.975, ʢʨʠʚʦʡ 4.3 ð 2.05 c R

2
=0.911. ɺ ʮʝʣʦʤ, ʦʙʨʘʙʦʪʢʘ 

ʢʘʢ ʥʘʰʠʭ ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ [5], [6] ʠ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʜʘʝʪ ʩʪʝʧʝʥʴ ʦʪ 1.5 ʜʦ 2.8. ʇʨʠ ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʪʝʧʝʥʴ ʙʣʠʟʢʘ ʢ 2, ʨʝʞʝ ð 

ʜʦʩʪʠʛʘʝʪ 2.5. 

 

 
ʈʠʩʫʥʦʢ 3. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʚʦʟʜʫʭʝ (ʩʣʝʚʘ) ʠ ʛʝʣʠʠ (ʩʧʨʘʚʘ). 
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ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [6] ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 400 ʠ 600 ʥʩ. ʇʨʠ ʵʪʦʤ ʧʦ ʦʮʝʥʢʘʤ ʘʚʪʦʨʘ [6] ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʢʘʪʦʜʘ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʡ ʧʝʨʝʟʘʨʷʜʢʝ ʙʳʩʪʨʳʤʠ ʘʪʦʤʘʤʠ ʪʨʝʙʫʝʪʩʷ 

ʧʦʨʷʜʢʘ 370 ʥʩ, ʪʦ ʝʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʙʳʣʘ ʩʨʘʚʥʠʤʘ ʩ ʚʨʝʤʝʥʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʦʥʳ ʢʘʪʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨ [6] ʧʨʝʜʧʦʣʘʛʘʣ ʢʫʙʠʯʝʩʢʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʦʜʥʘʢʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ʦʪ 1.74 ʜʦ 2.46 ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʨʫʛʠʤ ʜʦʩʪʫʧʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʚʢʣʶʯʘʷ ʥʘʰʠ ʠʟʤʝʨʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [7] ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʥʝʨʘʪʦʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ ʠ ʧʦʣʫʯʝʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʷʜʘ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ 

ʤɻʠʪʠʨʫʶʪʩʷ ʢʘʪʦʜʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʦʥʘʤʠ ʠ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ 

ʨʝʟʦʥʘʥʩʥʦʡ ʧʝʨʝʟʘʨʷʜʢʝ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʵʤʠʪʠʨʫʝʤʳʝ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʭʦʜʷʪ ʚ ʨʝʞʠʤ ʫʙʝʛʘʥʠʷ 

ʠ ʫʩʢʦʨʷʶʪʩʷ ʚ ʢʘʪʦʜʥʦʤ ʩʣʦʝ ʜʦ ʵʥʝʨʛʠʠ, ʨʘʚʥʦʡ ʧʨʠʣʦʞʝʥʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. ʅʝʫʧʨʫʛʠʝ 

ʩʦʫʜʘʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʠʦʥʦʚ, ʙʦʤʙʘʨʜʠʨʫʶʱʠʭ ʢʘʪʦʜ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠʦʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ ɹʝʪʝ. 

ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʢʘʪʦʜʘ ʠʦʥʘʤʠ ʦʧʠʩʳʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝʤ ʇʫʘʩʩʦʥʘ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʠʦʥʳ 

ʜʚʠʞʫʪʩʷ ʢ ʢʘʪʦʜʫ ʚ ʨʝʞʠʤʝ ʘʥʦʤʘʣʴʥʦʛʦ ʜʨʝʡʬʘ, ʪʦ ʝʩʪʴ ʠʭ ʩʢʦʨʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʨʥʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ. ʂʘʢ ʠ ʚ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʠ ʕʥʛʝʣʷ ʠ ʐʪʝʝʥʙʝʢʘ [8], ʧʨʠ 

ʦʮʝʥʢʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʢʘʪʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʣʠʥʝʡʥʦ ʫʙʳʚʘʝʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫ ʢʘʪʦʜʘ ʜʦ ʥʫʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʤʝʨʫ ʦʙʣʘʩʪʠ ʢʘʪʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʅʘ ʘʥʦʜʝ, ʫʜʘʣʝʥʥʦʤ ʦʪ ʢʘʪʦʜʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ L<d, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʨʘʟʨʳʚ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʨʷʜʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ ʠ 

ʩʨʝʜʥʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʨʷʜʦʤ ʥʘ ʘʥʦʜʥʦʡ ʩʝʪʢʝ. ɺ ʨʘʙʦʪʝ [9] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ L>0,1d 

ʚʣʠʷʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʥʦʜʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʷʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʟʤʝʨʘ ʟʦʥʳ ʢʘʪʦʜʥʦʛʦ ʧʘʜʝʥʠʷ d ʠ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʷʜʘ. ʈʘʟʤʝʨ d ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 10 ʢɺ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʘʥʥʳʭ [8] ʜʣʷ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʨʘʟʨʷʜʘ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 20 ð 30% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʛʘʟʘ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʷʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʝ 
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ʛʜʝ J ð ʧʦʣʥʳʡ ʪʦʢ ʨʘʟʨʷʜʘ, U ð ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, p ð ʜʘʚʣʝʥʠʝ ʛʘʟʘ, T ð ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ, ɜ ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ  ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʷʜʘ [9],  ʬʫʥʢʮʠʷ f ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ʤʥʦʛʦ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʩʣʦʚʠʝʤ (16) ʨʘʙʦʪʳ [7]. ʕʪʦʤʫ 

ʫʩʣʦʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʠʷ ʩʚʳʰʝ 2 ð 5 ʢɺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʛʘʟʘ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ɜ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,4 ʜʦ 0,5 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʛʘʟʘ ʠ 

ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʛʝʣʠʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʦʪ 2 ʜʦ 10 ʢɺ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʜʘʝʪ 0,42ºɜ  ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʜʝʪʝʨʤʠʥʘʮʠʠ 0,9982ºR . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʯʝʪʥʘʷ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʩʪʝʧʝʥʠ  2,9 ð 3,0. ʕʪʦ ʙʣʠʟʢʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ [6] ʢʫʙʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ, ʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʈʘʩʭʦʞʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʥʘʛʨʝʚ ʛʘʟʘ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʫʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʤ.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʮʝʥʢʠ ʚʳʧʦʣʥʝʥʳ ʚ [10]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʥʘʛʨʝʚʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚ ʨʘʟʨʷʜʝ ʤʥʦʛʦ ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) 

ʚʦʣʴʪ-ʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 
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ʛʜʝ ʬʫʥʢʮʠʷ f1 ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚʳʰʝ f. ʊʦʢ ʚ ʵʪʦʤ 
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ʩʣʫʯʘʝ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘʧʨʷʞʝʥʠʶ ʚ ʩʪʝʧʝʥʠ 1,2õ1,3 ʠ ʜʘʚʣʝʥʠʶ ʚ ʩʪʝʧʝʥʠ 2/3. ʊʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʦʪ ʜʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʡ ʜʣʷ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʞʝ ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʘ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʪʝʧʣʦʦʙʤʝʥ ʚʥʦʩʠʪ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ, ʪʦ  
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ʂʘʢ ʠ ʨʘʥʝʝ, ʬʫʥʢʮʠʷ  f2 ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʪʦʢ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʥʘʧʨʷʞʝʥʠʶ ʚ ʩʪʝʧʝʥʠ  2,1õ2,2 ʠ ʜʘʚʣʝʥʠʶ ʚ ʩʪʝʧʝʥʠ 4/3. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʚʳʚʦʜʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʠʟ ʛʘʟʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʘʢʦ ʠʟʣʫʯʝʥʠʝ ʛʘʟʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʪʴʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ ʠ ʢʦʥʢʨʝʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʢ ʧʨʠʚʦʜʠʤʳʤ ʚ [11] ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʰʝʢ 

ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʪʣʝʶʱʠʤ ʨʘʟʨʷʜʦʤ (ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʣʠʥʝʡʥʦʡ ï ʦʪ ʜʘʚʣʝʥʠʷ). ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʪʘʢʠʝ ʧʫʰʢʠ ʘʥʘʣʦʛʠʯʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʛʝʥʝʨʘʪʦʨʘʤ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʦʛʦ ʨʘʟʨʷʜʘ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʘʥʦʜʥʦʡ ʧʣʘʟʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʢʘʪʦʜʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʩ ʫʯʝʪʦʤ ʥʘʛʨʝʚʘ ʛʘʟʘ ʚ ʨʘʟʨʷʜʝ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʤʝʶʱʠʤʩʷ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʨʘʟʨʷʜʘ. 
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ɸʇʇʈʆʂʉʀʄɸʎʀʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼʈɽʁʌɸ ʀʆʅʆɺ ɺ ʉʆɹʉʊɺɽʅʅʆʄ 

ɻɸɿɽ 

ʈ.ʀ. ɻʦʣʷʪʠʥʘ, ʉ.ɸ. ʄʘʡʦʨʦʚ 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝʡʬʘ ʠʦʥʦʚ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʛʘʟʝ 

ʜʣʷ ʛʝʣʠʷ, ʥʝʦʥʘ, ʘʨʛʦʥʘ, ʢʨʠʧʪʦʥʘ, ʢʩʝʥʦʥʘ, ʘ ʪʘʢʞʝ ʮʝʟʠʷ, ʨʫʙʠʜʠʷ ʠ ʨʪʫʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʘʟʘ 4.2, 77, 300, 1000, 2000 ʂ ʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ - ʦʪ 1 ʜʦ 10000 Td. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʦʜʝʣʴ ʠʦʥ ʘʪʦʤʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ [9 - 12]. ɺ ʥʝʡ 

ʫʯʠʪʳʚʘʣʠʩʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ ʩ ʘʪʦʤʘʤʠ, ʨʝʟʦʥʘʥʩʥʘʷ ʧʝʨʝʜʘʯʘ 
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ʟʘʨʷʜʘ ʠ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʝʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʤ. [9, 10, 12]).  

ɺʳʯʠʩʣʷʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʝʡʬʘ ʠʦʥʦʚ ï 

ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʠ ʧʦʜʚʠʞʥʦʩʪʴ, ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʠʦʥʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʜʦʣʴʥʦʡ ʠ 

ʧʦʧʝʨʝʯʥʦʡ ʜʠʬʬʫʟʠʠ, ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʠ ʯʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠ ʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʯʘʩʪʦʪʳ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ï ʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ, 

ʨʘʩʩʝʷʥʠʷ ʥʘʟʘʜ, ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʤʘʣʳʝ ʫʛʣʳ ʧʨʠ ʜʘʣʝʢʠʭ ʧʨʦʣʝʪʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʫʪʦʯʥʠʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʧʨʠʙʣʠʞʝʥʠʡ. ʀʟ ʚʩʝʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʠʰʴ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ʆʩʪʘʣʴʥʳʝ ʧʦʣʫʯʘʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʤʦʜʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʠʮʠʝʥʪʦʚ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʜʠʬʬʫʟʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʅʝʨʥʩʪʘ-

ʊʘʫʥʩʝʥʜʪʘ-ʕʡʥʰʪʝʡʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʕʡʥʰʪʝʡʥʘ ʠʣʠ ʪʝʦʨʠʷ ʐʦʪʢʠ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʘʤʙʠʧʦʣʷʨʥʫʶ ʜʠʬʬʫʟʠʶ ʚ ʪʨʫʙʢʝ. ʀʟ ʪʝʦʨʠʠ ɺʘʥʴʝ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ [4, 5, 13], ʠʟ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʏʝʧʤʝʥʘ-ʕʥʩʢʦʛʘ ï ʵʬʬʝʢʪʠʚʥʫʶ ʯʘʩʪʦʪʫ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʝʯʝʥʠʝ [4, 13, 

14]. 

ʉʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʠʦʥʦʚ ʚ ʛʘʟʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʦʜʥʦʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

u KE= ,        (1) 

ʛʜʝ K ïʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ, E  - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦʦʙʱʝ ʛʦʚʦʨʷ 

ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʪʦ ʝʛʦ ʩʤʳʩʣ 

ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʤ ʧʦʣʝ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʨʘʚʥʘ ʥʫʣʶ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ 

ʠʦʥʦʚ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʛʘʟʝ ʦʯʝʥʴ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ 

ʌʨʦʩʪʘ [13, 14]: 
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1
E E

u a b
N N

-

å õ
= +æ ö
ç ÷

.       (2) 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

/E N  ʠʤʝʝʪ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: a ï ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʧʨʝʜʝʣʝ ʩʣʘʙʦʛʦ ʧʦʣʷ ʠ 1/ ( / )heatingb E N= . 

ɺʝʣʠʯʠʥʘ ( / )heatingE N  - ʵʪʦ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʚ ʢʦʪʦʨʦʤ ʠʟ-ʟʘ ʨʘʟʦʛʨʝʚʘ ʠʦʥʦʚ ʧʦʜʚʠʞʥʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ ʌʨʦʩʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʢʦʨʝʥʴ ʠʟ ʜʚʫʭ ʨʘʟ. ʆʙʘ ʵʪʠ ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʦʤʦʚ ʠ ʥʝ ʟʘʚʠʩʷʪ 

ʦʪ ʠʭ ʧʣʦʪʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 300 ʂ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚʩʝʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ ʬʦʨʤʫʣʝ ʌʨʦʩʪʘ (2) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʛʘʟʘ - ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʩʣʘʙʦʤ ʧʦʣʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ: 

( )
1/2

0 0/ 1 /pol atoma K N T e= ³ + .      (3) 

ɿʜʝʩʴ 
0e - ʧʦʜʛʦʥʦʯʥʳʡ ʧʘʨʘʤʝʪʨ, 

atomT  ʠ N  - ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʘʪʦʤʦʚ, ʟʥʘʯʝʥʠʝ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ polK ʚ ʝʜʠʥʠʮʘʭ ʩʤ
2
/(ɺ ʩ) ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ 

19

0 2.686763 10N = ³  ʘʪʦʤʦʚ ʚ ʩʤ
3
 (ʯʠʩʣʦ ʃʦʰʤʠʜʪʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ 

( )
1/2

13.853pol dK a m
-

=         (4) 

- 
da  - ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʚ ʢʫʙʠʯʝʩʢʠʭ ʘʥʛʩʪʨʝʤʘʭ, m - ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʚ ʛ ʥʘ ʤʦʣʴ [5]. ɺ 

ʊʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ polK  ʠ ʧʘʨʘʤʝʪʨʘ 
0e . 

ʊʘʙʣ. 1. ɿʥʘʯʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ. 
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System Kpol , ʩʤ
2
/ʩ ɺ 

0e,  K (E/N)0, Td 
da¡

3 

He+ in He
 

21.6 90 16 0.205 

Ne+ in Ne
 

6.8 210 34 0.397 

Ar+ in Ar
 

2.42 240 73 1.642 

Kr+ in Kr
 

1.36 330 106 2.480 

Xe+ in Xe
 

0.85 270 122 4.010 

Rb+ in Rb
 

0.31 370 123 46.0 

Cs+ in Cs
 

0.23 330 103 57.0 

Hg+ in Hg
 

0.35 58 63 5.1 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (3) ʧʦʜʦʙʨʘʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʬʦʨʤʫʣʦʡ ʌʨʦʩʪʘ (2), ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ ʦʜʠʥʘʢʦʚʦʤ ʭʘʨʘʢʪʝʨʝ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʘʟʘ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ ʠ ʩʣʘʙʦʤ ʧʦʣʝ 

ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʨʘʚʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ polK . ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʧʘʨʘʤʝʪʨʘ 
0e ʚ (3) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ. ɺ ʩʣʫʯʘʝ 
0atomT e<<  ʠ 2

0

1

2
mu e<<   

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʘ ʩ ʘʪʦʤʘʤʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. ɺʪʦʨʦʝ 

ʫʩʣʦʚʠʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʩʣʘʙʦʩʪʠ ʚʣʠʷʥʠʷ ʧʦʣʷ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ. 

ɼʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʚʠʞʥʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʛʦʥʢʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʟʥʘʯʝʥʠʝ 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ( / )heatingE N , ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʜʚʠʞʥʦʩʪʴ 

ʠʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1.414 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʦʯʝʥʴ ʩʣʘʙʦʤ ʧʦʣʝ. 

ʇʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʘʷ ʬʦʨʤʫʣʘ: 

( )0 01/ ( / ) 1 1.5 /atomb E N T e= + .       (5) 

ɿʜʝʩʴ 
0( / )E N  - ʚʝʣʠʯʠʥʘ ʨʘʟʦʛʨʝʚʘʶʱʝʛʦ ʧʦʣʷ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ. ɿʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 
0( / )E N  ʜʣʷ ʵʪʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ  

1/2

0 0 0( / ) (2 ) / polE N m K Ne=         (6) 

 ʊ.ʦ. ʠʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʜʣʷ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ  

( ) ( ) ( )

1/2

0 0

1/2 1/2

0 0 0

1
1 / 2 / 1 1.5 /

pol pol

atom atom

K N K N E E
u

N NT m Te e e

-

å õ³ ³
= ³ + ³ ³æ ö

æ ö+ +ç ÷

.  (7) 

ʏʘʩʪʦ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʠʦʥʦʚ ʚ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ ʨʘʚʥʘ ʘʪʦʤʥʦʡ ʠʟ-ʟʘ 

ʨʘʚʝʥʩʪʚʘ ʤʘʩʩ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʤʝʥʫ ʵʥʝʨʛʠʝʡ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ. ʅʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʨʘʩʯʝʪʳ, ʚʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʘʪʦʤʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ 

ʤʦʞʝʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ, ʥʘʧʨʠʤʝʨ, ʜʣʠʥʳ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ.  

ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠʦʥʦʚ ʩʚʷʟʘʥʘ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʦʥʦʚ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

21 3
v

2 2
effm Teà ð= à ð=.        (8) 

ʀʤʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ, ʥʘʧʨʠʤʝʨ, ʨʘʜʠʫʩʘ ɼʝʙʘʷ. 
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ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʠʦʥʘ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ (ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʷ ɺʘʥʴʝ [1 - 5, 9]:  

  
1 1 3

2 2 2
atom atom atom atommT M T Teà ð= + +,      (9) 

ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʜʚʫʭ ʩʦʨʪʦʚ - ʠʦʥʦʚ ʠ ʘʪʦʤʦʚ (ʠʣʠ ʤʦʣʝʢʫʣ) ʩ 

ʤʘʩʩʘʤʠ m ʠ atomM  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʚʳʡ ʯʣʝʥ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʯʠʪʳʚʘʝʪ ʵʥʝʨʛʠʶ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʪʦʨʦʡ ï ʭʘʦʪʠʟʘʮʠʶ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʚ ʧʦʣʝ ʵʥʝʨʛʠʠ, ʪʨʝʪʠʡ ï 

ʭʘʦʪʠʯʝʩʢʦʝ ʪʝʧʣʦʚʦʡ ʜʚʠʞʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʪʦʤʦʚ aT . ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʩʣʫʯʘʡ ʜʨʝʡʬʘ ʠʦʥʦʚ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʛʘʟʝ ʠ ʧʦʣʦʞʠʤ, ʯʪʦ ʤʘʩʩʳ 

ʠʦʥʘ ʠ ʘʪʦʤʘ ʨʘʚʥʳ 
atomM m= . ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʫʪʦʯʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ɺʘʥʴʝ 

(15) ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʣʠʞʝʥʠʡ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʧʨʠʚʦʜʷʪ 

ʢ ʚʳʨʘʞʝʥʠʶ [1 - 5]: 

  
23 3 1
(1 )

2 2 2
eff atomT T mu b= + +,       (10) 

ʛʜʝ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ( , / )atomT E Nb  ʚ ʨʘʤʢʘʭ ʜʚʫʯʣʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [1 - 5]. ʇʨʠ ( , / ) 0atomT E Nb =   

ʛʦʚʦʨʷʪ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʇʨʠ ( , / ) 1atomT E Nb =  ʠʤʝʝʤ 

ʩʦʦʪʥʦʰʝʥʠʝ ɺʘʥʴʝ (9). 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʨʘʟʦʛʨʝʚʘ ʠʦʥʦʚ ʧʦʢʘʟʳʚʘʶʪ: 

1) ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʦʤʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʟʦʛʨʝʚʘ ʦʯʝʥʴ ʚʝʣʠʢʦ; 

2) ʉʦʦʪʥʦʰʝʥʠʝ ɺʘʥʴʝ ʩ 1b=  ʣʫʯʰʝ ʦʧʠʩʳʚʘʝʪ ʩʣʫʯʘʡ ʩʣʘʙʦʛʦ ʧʦʣʷ, ʢʦʛʜʘ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; 

3) ʉʦʦʪʥʦʰʝʥʠʝ ɺʘʥʴʝ ʩ 0b=  ʣʫʯʰʝ ʦʧʠʩʳʚʘʝʪ ʩʣʫʯʘʡ ʩʠʣʴʥʦʛʦ ʧʦʣʷ, ʢʦʛʜʘ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʨʝʟʦʥʘʥʩʥʦʡ ʧʝʨʝʜʘʯʝʡ ʟʘʨʷʜʘ; 

4) ɼʘʞʝ ʦʯʝʥʴ ʩʣʘʙʳʭ ʧʦʣʷʭ ʨʘʟʦʛʨʝʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʧʦʣʷ 
ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ - ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʦʛʨʝʚ ʚʦ ʤʥʦʛʦ ʨʘʟ ʙʦʣʴʰʝ; 

5) ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʩʠʣʴʥʳʭ ʧʦʣʷʭ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʦʛʨʝʚʦʤ ʠʦʥʦʚ ʥʝʣʴʟʷ 
ʧʨʝʥʝʙʨʝʛʘʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʠʭ ʘʥʘʣʠʟʦʤ ʧʦʢʘʟʳʚʘʶʪ ʚʘʞʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʨʘʟʦʛʨʝʚ ʠʦʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʛʝʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʘ ʠʤʝʥʥʦ, 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʳʣʝʚʦʡ ʧʣʘʟʤʦʡ [6]. ʅʦ ʧʦʤʠʤʦ ʵʪʦʛʦ ʦʥʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ 

ʚ ʩʤʝʩʠ ʪʷʞʝʣʦʛʦ ʠ ʣʝʛʢʦʛʦ ʛʘʟʦʚ [7], ʧʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʣʝʪʦʤ ʩʛʫʩʪʢʘ 

ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʠʦʥʦʚ ʚ ʦʢʨʫʞʘʶʱʠʡ ʛʘʟ [8], ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʠʦʥʥʦʛʦ ʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʦʩʘʞʜʝʥʠʷ, ʨʘʩʧʳʣʝʥʠʷ ʚ 

ʤʘʛʥʝʪʨʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʪ.ʜ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʆʀɺʊ ʈɸʅ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ʥʦʤʝʨ 14-12-01440). 
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ʄʆɼɽʃʔ ɿɸʄɽɼʃɽʅʅʆɻʆ ʀ ʋʉʂʆʈɽʅʅʆɻʆ ʈɸʉʐʀʈɽʅʀʗ 

ɻʈɸɺʀʊɸʎʀʆʅʅʆ ï ʇʃɸɿʄɽʅʅʆɻʆ çʂʈʀʉʊɸʃʃɸè ɺʉɽʃɽʅʅʆʁ 

ʖ.ɸ. ɻʨʠʙʦʚ, ʉ.ɸ. ʊʨʠʛʝʨ 

ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ, ʀʞʦʨʩʢʘʷ 13, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺʚʝʜʝʥʠʝ 
           ɺʩʝʣʝʥʥʘʷ ʠʤʝʝʪ ʟʘʛʘʜʦʯʥʳʝ ʂʨʫʧʥʦ-ʄʘʩʰʪʘʙʥʳʝ (ʂʄ) ʩʚʦʡʩʪʚʘ: ʂʄ-

ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʠʟʦʪʨʦʧʥʦʩʪʴ, ʂʄ-ʧʣʦʩʢʦʩʪʥʦʩʪʴ [1] ʠ ʂʄ-ʧʝʥʦʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʧʫʩʪʦʪʘʤʠ ~10
8
 ʩʚʝʪʦʚʳʭ ʣʝʪ [2], ʟʘʥʠʤʘʶʱʠʤʠ ~50% ʝʝ ʦʙʲʝʤʘ [3]. ɼʦ ʩʠʭ ʧʦʨ çʥʝ 

ʥʘʡʜʝʥʦ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʱʝʡ ʪʝʦʨʠʠè ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʵʪʦʡ ʂʄ-

ʧʝʥʳ [3]. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝ ʦʙʲʷʩʥʷʝʪ ʂʄ-ʦʜʥʦʨʦʜʥʦʩʪʴ, 

ʪʨʝʙʫʶʱʫʶ ʝʝ ʥʠʯʪʦʞʥʦ ʤʘʣʳʭ (10
-59

) ʥʘʯʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ [4]; ʥʝ ʷʩʥʘ ʪʘʢʞʝ ʧʨʠʨʦʜʘ 

ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ - ʊʝʤʥʦʡ ʕʥʝʨʛʠʠ (DE) ʚʦ ɺʩʝʣʝʥʥʦʡ [5], [6]. ʀʜʝʷ 

ʛʠʧʝʨʠʥʬʣʷʮʠʠ - ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 3D-ʛʠʧʝʨʩʬʝʨʳ (Guth 1981 [7]), ʢʦʛʜʘ ʚʩʷ 

ʚʠʜʠʤʘʷ ʯʘʩʪʴ ɺʩʝʣʝʥʥʦʡ ʩʪʘʣʘ ʧʣʦʩʢʠʤ ʦʜʥʦʨʦʜʥʳʤ çʧʷʪʥʳʰʢʦʤè ʥʘ ʥʝʡ, ʨʝʰʘʝʪ ʨʷʜ 

ʧʨʦʙʣʝʤ ʢʦʩʤʦʣʦʛʠʠ, ʥʦ ʮʝʥʦʡ ʚʳʭʦʜʘ ʟʘ ʧʨʝʜʝʣʳ ʜʦʩʪʫʧʥʳʭ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʩʰʪʘʙʦʚ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʳʪʘ. ʅʫʞʥʘ ʮʝʣʦʩʪʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ LCDM & ʛʠʧʝʨʠʥʬʣʷʮʠʠ 

ʩ ʷʩʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʜʦʤʠʥʠʨʫʶʱʠʭ Dɽ ʠ ʊʝʤʥʦʡ ʄʘʪʝʨʠʠ (Dʄ) [8] ʠ ʂʄ-

ʩʚʦʡʩʪʚ.  

         ʉʪʘʥʜʘʨʪʥʘʷ LCDM-ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʆʊʆ ʕʡʥʰʪʝʡʥʘ [10] (ʩ ʤʘʩʩʦʡ ɺʩʝʣʝʥʥʦʡ 

ʄɺʩ(ʛʨ)>0), ʂʦʩʤʦʣʦʛʠʯʝʩʢʦʤ ʇʨʠʥʮʠʧʝ (ʂʇ), ʍʦʣʦʜʥʦʡ Dʄ (CDM) ʠ ʛʠʧʦʪʝʟʝ ʦ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʝ L>0 (DE ʚʘʢʫʫʤʘ). ɸʣʴʪʝʨʥʘʪʠʚʘ LCDM-ʢʦʩʤʦʣʦʛʠʠ - 

çʥʝʚʝʩʦʤʳʝè ɻʨʘʚʠʪʘʮʠʦʥʥʦ ʅʝʡʪʨʘʣʴʥʳʝ ɺʩʝʣʝʥʥʳʝ (ɻʅɺ) ʩ L=0: (ʘ) ɼʠʨʘʢʘ-ʄʠʣʥʝ [11] 

ʠ (ʙ) ʢʦʤʧʦʟʠʪʥʳʡ ɻʅɺ-ʐʘʨ [12], ʟʘʧʦʣʥʝʥʳʝ ʧʦʨʦʚʥʫ ʤʘʪʝʨʠʝʡ ʠ ʘʥʪʠʤʘʪʝʨʠʝʡ ʩʦ 

ʚʟʘʠʤʥʦʡ DE-ʘʥʪʠʛʨʘʚʠʪʘʮʠʝʡ. ɻʅɺɼʠʨʘʢʘ-ʄʠʣʥʝ [11] (ʢʘʢ ʠ LCDM) ʦʩʥʦʚʘʥʘ ʥʘ ʆʊʆ+ʂʇ ʠ 

ʧʘʨʘʜʠʛʤʝ ʨʘʩʰʠʨʝʥʠʷ ʤʝʪʨʠʢʠ. [11] ʜʘʝʪ ʂʄ-ʧʣʦʩʢʦʩʪʥʦʩʪʴ ʠ ʧʦʪʦʢ ʍʘʙʙʣʘ, ʥʦ ʥʝ 

ʦʙʲʷʩʥʷʝʪ (ʘ) ʂʄ-ʦʜʥʦʨʦʜʥʦʩʪʴ, ʧʝʥʦʦʙʨʘʟʥʦʩʪʴ, ʫʩʢʦʨʝʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ ʠ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʂʇ [9] ʠ ʦʪʨʠʮʘʝʪ (ʙ) ʥʘʣʠʯʠʝ ʬʨʘʢʮʠʡ ʆʙʳʯʥʦʡ ʄʘʪʝʨʠʠ/ɸʥʪʠʤʘʪʝʨʠʠ 

(ʆʄ)/(ʆɸʄ) ʠ ʊʝʤʥʦʡ ʄʘʪʝʨʠʠ/ɸʥʪʠʤʘʪʝʨʠʠ (DM/DAM) [12], [13]. ʕʪʠ ʙʘʟʦʚʳʝ ʬʨʘʢʮʠʠ 

ʠ ʠʭ ʘʥʪʠʛʨʘʚʠʪʘʮʠʷ ʧʨʝʜʩʢʘʟʘʥʳ ʚ [13]-[15] ʠ ʧʨʠʥʷʪʳ ʟʘ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ɻʅɺ-ʐʘʨʘ [12].  

 

ɻʅɺ-ʐʘʨ ʢʘʢ ʩʘʤʦʧʦʜʦʙʥʦ ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʢʨʠʩʪʘʣʣ ʠʟ +ʄʛʨ  ʠ ïʄʛʨ ʢʣʘʩʪʝʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ɻʅɺ-ʐʘʨ [12] ʢʘʢ ʛʠʛʘʥʪʩʢʠʡ ɻʅɺ-ʂʨʠʩʪʘʣʣ (ɻʅɺʂ), ʯʪʦ ʧʨʦʷʩʥʷʝʪ (ʘ) 

ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʩʘʤʦ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʂʄ-ʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʭʘʙʙʣʦʚʩʢʦʤ ʧʦʪʦʢʝ 

ɺʩʝʣʝʥʥʦʡ ʠ (ʙ) ʧʨʠʨʦʜʫ ʧʦʨʦʞʜʝʥʠʷ ʂʄ-ʧʝʥʳ ʠ ʨʦʣʴ çʥʝʚʠʜʠʤʦʡè DE ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ 

ɻʅɺʂ-ʐʘʨʘ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ 2D-ʛʨʘʥʠʮʝʡ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʦʜʥʦʨʦʜʥʦʡ, ʛʨʘʚʠʪʘʮʠʦʥʥʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʤʝʩʴʶ ʢʣʘʩʪʝʨʦʚ ʤʘʪʝʨʠʠ +ʄʛʨ(ʆʄ+DM) ʠ ʘʥʪʠʤʘʪʝʨʠʠ ï

ʄʛʨ(ʆɸʄ+DAM) ʩ Sʄɺʩ.ʠʥʝʨʪ>0. ʅʝʚʝʩʦʤʳʡ ʢʨʠʩʪʘʣʣ ʩʘʤʦʧʦʜʦʙʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʧʦ ʠʥʝʨʮʠʠ ʚ 
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ʧʫʩʪʦʝ ʙʝʩʢʦʥʝʯʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ cʦ ʩʪʘʪʠʯʥʦʡ ʤʝʪʨʠʢʦʡ ʠ L=0. ʂʇ 

çʩʦʙʣʶʜʘʝʪʩʷè ʣʠʰʴ ʚ ʮʝʥʪʨʝ ɻʅɺ-ʐʘʨʘ (ʈʠʩ. 1), ʧʦʧʨʘʚʢʠ ʆʊʆ ʢ ʅʴʶʪʦʥʫ, ʤʘʣʳʝ ʚ 

ʦʙʳʯʥʦʡ ʢʦʩʤʦʣʦʛʠʠ [16], ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʠʟ-ʟʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ɻʅɺ-

ʐʘʨʘ [12]. ʇʨʦʩʪʝʡʰʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ  ɻʅɺ-ʐʘʨʘ ʧʨʠ ʪʨʝʙʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʰʝʥʠʶ ʦʪʚʝʯʘʶʱʝʤʫ ʭʘʙʙʣʦʚʩʢʦʤʫ ʟʘʢʦʥʫ  (r~Vr t) ʨʘʟʙʝʛʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʠ 

ʥʘʙʣʶʜʘʝʤʦʡ ʦʜʥʦʨʦʜʥʦʡ ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ  n(r,t)~1/tį ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ  

F(Vr )~ Vr Į. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʩʣʝʜʫʝʪ ʠʟ ʫʨʘʚʥʝʥʠʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ 

ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʳ ʢʣʘʩʪʝʨʦʚ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ 

 

                Ön/Öt+ (1/r) Ö(r
2
n Vr)/Ör= 0, Ö Vr /Öt+ Vr (ÖVr /Ör)= 0   (1) 

 

ʇʦʪʨʝʙʦʚʘʚ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ (ʙʦʣʴʰʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʘʩʰʪʘʙʳ) ʠ ʧʦʣʘʛʘʷ Vr 

= H(t)r  ʧʦʣʫʯʘʝʤ ʠʟ (1) 

                   Ön/Öt+ 3nH(t) = 0,  ÖH (t)/Öt+ H 
2
(t) = 0                                                 (2) 

ʈʝʰʝʥʠʝ (2) ʜʣʷ ʚʝʱʝʩʪʚʘ ʠʟʥʘʯʘʣʴʥʦ ʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ  

ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʩ ʤʦʤʝʥʪʘ t0 ʠʟ ʤʘʣʦʡ ʩʬʝʨʳ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ R (t= t0), ʠʤʝʝʪ ʚʠʜ (t> 

t0), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ  

 

n(t) = 3Nt0
3
/4pR 

3
(t= t0)t 

3
= 3N /4pVR 

3 
t
3
;  H(t) = 1/t ;  VR =R(t= t0)/t0=const;            (3) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʟʘʜʘʯʝ ʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʥʝʡʪʨʘʣʴʥʦʡ ʨʘʩʰʠʨʷʶʱʝʡʩʷ 

ɺʩʝʣʝʥʥʦʡ ʨʝʰʝʥʠʝ H(t) = 1/t  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ T=1/t, ʛʜʝ t - 

ʵʪʦ ʪʝʢʫʱʝʝ ʚʨʝʤʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʍʘʙʙʣʘ 

ʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ H(t)=67,8 (km/s)/Mpc ʜʘʝʪ ʜʣʷ ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ 

ʧʨʠʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ 

T~ 13,8 * 10
9 
ʣʝʪ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʲʷʩʥʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ɺʩʝʣʝʥʥʦʡ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ. 

ʂʨʘʝʚʳʝ DE-ʵʬʬʝʢʪʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 1Dɻʅʂ, 2Dɻʅʂ ʠ 3Dɻʅʂ ʢʨʠʩʪʘʣʣʘʭ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʢʣʘʩʪʝʨʳ ʤʘʪʝʨʠʠ +ʄʛʨ(ʆʄ+Dʄ) ʠ ʘʥʪʠʤʘʪʝʨʠʠ ïʄʛʨ(ʆɸʄ+Dɸʄ) 

ʦʜʥʦʨʦʜʥʦ ʟʘʧʦʣʥʷʶʪ ɻʅɺ-ʐʘʨ ʠ ʥʝʪ ʚʟʘʠʤʥʦʡ ʘʥʥʠʛʠʣʷʮʠʠ (ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ [17]), ʪ.ʝ. 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʦʪʪʘʣʢʠʚʘʥʠʷ Uʛʨ~MʛʨĮ/r ʙʣʠʞʘʡʰʠʭ ʢʣʘʩʪʝʨʦʚ +ʄʛʨ ʠ ïʄʛʨ ʤʥʦʛʦ 

ʙʦʣʴʰʝ ʠʭ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Uʛʨ>> Ekin=|Min|VĮ/2, (V ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ). ʏʪʦ 

ʝʩʪʴ ʫʩʣʦʚʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʥʝʡʪʨʘʣʴʥʦʡ ʩʤʝʩʠ ɻʅɺ, ʧʦʭʦʞʝʝ ʥʘ ʫʩʣʦʚʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ [18]. ʅʠʞʝ ʜʘʥʳ ʧʨʠʤʝʨʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ɻʅʂ:   

1Dɻʅʂ ï Dɽ0D ʜʣʷ 1D-ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ ʩ ʤʘʩʩʘʤʠ +mʛʨ ʠ ïmʛʨ, r1D = |mʛʨ|/b,        

SF ʢʨ. (ʦʪʪʘʣʢ.)  º 0,8GmĮ/bxĮ > 0, (ʦʪʪʘʣʢʠʚʘʥʠʝ ʥʘ ʢʦʥʮʘʭ ʚʜʦʣʴ ʦʪʨʝʟʢʘ ʚʦʚʥʝ). 

1Dɻʅʂ ï Dɽ1D ʜʣʷ 1D-ʢʦʣʴʮʘ ʨʘʜʠʫʩʘ R ʩ ʤʘʩʩʘʤʠ +mʛʨ ʠ ïmʛʨ, rl = |mʛʨ|/aR:         

SFr(ʚʳʪʘʣʢ.)= |m|ar º +1,3 Gmrr/R > 0,  (ʚʳʪʘʣʢʠʚʘʥʠʝ ʨʘʜʠʘʣʴʥʦ ʦʪ ʮʝʥʪʨʘ ʢʦʣʴʮʘ). 

2Dɻʅʂ ï Dɽ1D ʜʣʷ ʧʣʦʩʢʦʡ ʢʚʘʜʨʘʪʥʦʡ 2D-ʨʝʰʝʪʢʠ ʩ +mʛʨ ʠ ïmʛʨ, bʨʝ hʠ r2D = |mʛʨ|/bĮ:  

SF|| (ʦʪʪʘʣʢ.)  º 0,45[GmĮ/bĮ] > 0,  (ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʪ ʛʨʘʥʠʮ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʚʦʚʥʝ). 

3Dɻʅʂ ï Dɽ2D ʜʣʷ ʢʫʙʠʯʝʩʢʦʡ 3D-ʨʝʰʝʪʢʠ ʩ +mʛʨ ʠ ïmʛʨ ʠ ʧʝʨʠʦʜʦʤ b, r3D = |mʛʨ|/bį: 

F (̂ʦʪʪʘʣʢ.) º 0,3GmĮ/bĮ > 0,  (ʦʪʪʘʣʢʠʚʘʥʠʝ ʥʘ 2D-ʛʨʘʥʠʮʝ  ̂ ʛʨʘʥʠʮʝ ʥʘʨʫʞʫ) 

2Dɻʅʂ ï Dɽ2D ʜʣʷ 2D-ʨʝʰʝʪʢʠ ʥʘ ʩʬʝʨʝ ʨʘʜʠʫʩʘ R ʩ +mʛʨ ʠ ïmʛʨ, r2D = |mʛʨ|/aĮRĮ:                    

SFr(ʚʳʪʘʣʢ.) º 1,6 Gm [m/b ] /R > 0, b=aR, (ʚʳʪʘʣʢʠʚʘʥʠʝ ɻʅʂ-ʩʬʝʨʳ ʠʟ ʮʝʥʪʨʘ ʥʘʨʫʞʫ). 

çɸʪʦʤʳè ʚ ʠʜʝʘʣʴʥʦʤ ʢʫʙʠʯʝʩʢʦʤ 3Dɻʅʂ-ʢʨʠʩʪʘʣʣʝ ʩ ʧʝʨʠʦʜʦʤ b ʩʪʘʙʠʣʴʥʳ -  ʥʘʭʦʜʷʪʩʷ 

ʚ ʣʦʢʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʷʤʘʭ Ugr(x,y,z)~[(Dx)Į,(Dy)Į,(Dz)Į] (ʧʨʠ rgr.3D=0, rinert.3D=|m|/bį>0) 

ʠ ʦʜʥʦʨʦʜʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʘʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʫʜʝʪ ʩʘʤʦ-ʚʳʨʘʚʥʠʚʘʪʴʩʷ. ʃʠʰʴ ʯʘʩʪʠʮʳ °m 

ʥʘ 2D-ʛʨʘʥʠʮʝ 3Dɻʅʂ-ʢʨʠʩʪʘʣʣʘ ʥʝʫʩʪʦʡʯʠʚʳ ʠ ʙʫʜʫʪ çʢʦʥʜʝʥʩʠʨʦʚʘʪʴʩʷè ʚ ʤʘʩʩʳ +nm, -

nm ʩ ʩʦʩʝʜʷʤʠ. 2Dɻʅʂ-ʢʨʠʩʪʘʣʣ ʩ ʤʘʩʩʘʤʠ °nm ʠ ʧʝʨʠʦʜʦʤ b ʥʘ R-cʬʝʨʝ ʧʦʣʦʩʪʠ ʚ 3D-

ʢʨʠʩʪʘʣʣe ʩ ʤʘʩʩʘʤʠ °m ʠ ʪʝʤ ʞʝ ʧʝʨʠʦʜʦʤ b ʥʘʯʥʝʪ ʨʘʩʰʠʨʷʪʩʷ ʚ ʝʛʦ ʪʦʣʱʫ ʝʩʣʠ ʩʠʣʳ 
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ʚʳʪʘʣʢʠʚʘʥʠʷ ʩʬʝʨʳ 1,6Gnm[nm/b]/R>0,3GmĮ/bĮ, ʪ.ʝ 1,6 nĮ > 0,3 R/b. ʂʦʥʜʝʥʩʘʮʠʷ ʚʩʝʡ 

ʤʘʩʩʳ 3D-ʢʨʠʩʪʘʣʣʘ ʩ ʧʝʨʠʦʜʦʤ b ʠʟ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ (4/3)pRį ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 4pRĮ 

ʵʪʦʡ ʞʝ ʩʬʝʨʳ ʩ ʤʘʩʩʘʤʠ nm ʠ ʪʝʤ ʞʝ ʧʝʨʠʦʜʦʤ b ʜʘʝʪ ʨʘʚʝʥʩʪʚʦ nm4pRĮ/bĮ = 

m(4/3)pRį/bį, ʦʪʢʫʜʘ n = R/3b ʠ (ʛʨʫʙʦʝ) ʫʩʣʦʚʠʝ ʨʦʩʪʘ ʪʘʢʦʡ ʧʫʩʪʦʡ ʧʦʣʦʩʪʠ 1,6nĮ >0,3R/b 

ʚʦʟʥʠʢʘʝʪ ʫʞʝ ʧʨʠ R>2b. ʕʪʦ ʠʤʝʝʪ ʩʣʝʜʩʪʚʠʝ, ʨʝʰʘʶʱʝʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʳʭ 

ʧʫʟʳʨʴʢʦʚ ʚʥʫʪʨʠ 3D-ʢʨʠʩʪʘʣʣʘ ʠʟ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʩʪʝʧʝʥʥʦʡ ʥʝʤʠʥʫʝʤʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ 2D-ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʫʶ ʧʝʥʫ ɺʩʝʣʝʥʥʦʡ, ʛʜʝ SFr(ʚʳʪʘʣʢ.)º1/R ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʫʟʳʨʴʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʯʝʚʠʜʥʦʤʫ ʚʳʨʘʚʥʠʚʘʥʠʶ ʨʘʟʤʝʨʦʚ 

çʧʫʟʳʨʴʢʦʚè ʠ ʩʘʤʦ-ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʝʥʦʦʙʨʘʟʥʦʡ ʬʘʟʳ ɻʅɺʂ-ʐʘʨʘ. ɻʅʂ-

ʧʫʟʳʨʴʢʠ, ʩʦʙʨʘʥʥʳʝ ʚ ʦʙʲʝʤʥʫʶ ʧʝʥʫ, ʙʫʜʫʪ ʤʝʭʘʥʠʯʝʩʢʠ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʚʧʦʣʥʝ ʩʧʦʩʦʙʥʳ ʩʘʤʦʧʦʜʦʙʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʰʠʨʷʪʴʩʷ ʧʦ ʠʥʝʨʮʠʠ, 

ʩʦʭʨʘʥʷʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʛʣʦʚʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʩʘʤʦʧʦʜʦʙʥʦ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ɻʅʂ2Dïʩʬʝʨ. ʃʠʰʴ ʩʚʦʙʦʜʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʝʥʳ 

ɻʅɺʂ-ʐʘʨʘ (ʥʝ ʫʨʘʚʥʦʚʝʰʝʥʥʳʡ ʩʥʘʨʫʞʠ) ʙʫʜʝʪ ʨʘʩʰʠʨʷʪʴʩʷ ʨʘʜʠʘʣʴʥʦ ʩ ʫʩʢʦʨʝʥʠʝʤ 

aRɺʩ.>0 ʚ ʧʫʩʪʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ɻʅɺ-ʐʘʨʘ (ʈʠʩ. 1 ʩʧʨʘʚʘ).  

 

ʇʨʠʨʦʜʘ ʵʧʦʭ ʟʘʤʝʜʣʝʥʥʦʛʦ ʠ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. 

ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʵʧʦʭʦʡ ʫʩʢʦʨʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʩʪʦʪ ʚʥʫʪʨʠ ʝʱʝ 3D-ɻʅʂ-ʩʠʩʪʝʤʳ, 

ʙʫʢʚʘʣʴʥʦ ʚʪʷʛʠʚʘʶʱʠʭ ʚ ʩʝʙʷ ʠ ʢʦʥʜʝʥʩʠʨʫʶʱʠʭ ʝʛʦ 3D-ʪʝʣʦ - ʩ ʵʬʬʝʢʪʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʩʘʩʳʚʘʥʠʷ ʚʩʝʡ 3D-ʩʠʩʪʝʤʳ çʚʥʫʪʨʴè, ʩʣʝʛʢʘ ʪʦʨʤʦʟʷʱʝʝ ʭʘʙʙʣʦʚʩʢʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ɻʅʂ-ʐʘʨʘ, ʘɺʩ<0 (ʵʧʦʭʘ I). ʅʦ ʧʦʣʥʦʝ ʚʩʧʝʥʠʚʘʥʠʝ ʧʦʨʘʞʜʘʝʪ (ʵʧʦʭʫ II ) 

ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʘɺʩ>0 ʛʨʘʥʠʮ ɻʅʂ-ʐʘʨʘ c ʧʨʦʥʠʢʘʥʠʝʤ 

ʵʪʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʥʫʪʨʴ ɺʩʝʣʝʥʥʦʡ.  

 
ʈʠʩ. 1. ʕʧʦʭʘ I ʟʘʤʝʜʣʝʥʥʦʛʦ (ʩʣʝʚʘ)       ʠ ʵʧʦʭʘ II  ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʩʧʨʘʚʘ). 

 

Cʦʙʩʪʚʝʥʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʠ ʢʫʙʠʯʝʩʢʦʛʦ çʤʦʜʫʣʝʡè ɻʅʂ. 

ɻʅʂ ʦʜʥʦʨʦʜʝʥ ʠ ʥʝʚʝʩʦʤ ʥʘ ʤʘʩʰʪʘʙʘʭ R >> b~2Mpc. [19], [12].  

 
ʈʠʩ. 2: ʈʘʥʥʷʷ ~3Dɻʅʂ ɺʩʝʣʝʥʥʘʷ      ʉʦʚʨʝʤʝʥʥʘʷ ~2Dɻʅʂ-ʧʝʥʦʦʙʨʘʟʥʘʷ ɺʩʝʣʝʥʥʘʷ 

 

ʂʫʙ - çʤʦʜʫʣʴè 3Dɻʅʂ-ʢʨʠʩʪʘʣʣʘ  (ʵʧʦʭa I) (ʈʠʩ. 2, ʩʣʝʚʘ) ʠʤʝʝʪ 8 ʪʦʯʝʯʥʳʭ ʤʘʩʩ +/-mʛʨ ʩ 

Smʛʨ=0. ʆʪʥʦʰʝʥʠʝ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ 

+SU
3D

rep.ʛʨ.~mĮ/b>0 ʢ ʵʥʝʨʛʠʠ ʧʨʠʪʷʞʝʥʠʷ SU
3D

attr.ʛʨ~(-mĮ/b)<0 ʥʝ ʟʘʚʠʩʠʪ ʦʪ b ʠ ʝʩʪʴ 

|ʂ
3D
ɻʅʂ|º62rep.gr/38attr.gr.>1. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʅʝʡʪʨʘʣʴʥʳʝ ʂʫʙʳ (ʕʅʂ) ʠʟ 8 ʢʫʣʦʥʦʚʩʢʠʭ  

ʟʘʨʷʜʦʚ +/-q ʩʪʷʥʫʪʩʷ, ʧʦʨʦʞʜʘʷ ʩʪʘʙʠʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʪ.ʢ. |ʂ
3D
ʕʅʂ|=|1/ʂ

3D
ɻʅʂ|<1. 

ʂʚʘʜʨʘʪ - çʤʦʜʫʣʴè 2Dɻʅʂ-ʢʨʠʩʪʘʣʣʘ (4 ʤʘʩʩʳ +/-mʛʨ ʩ Smʛʨ=0) ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ 

ʂ
2D
ɻʅº74%/26% ʩʦʙʩʪʚʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʢ ʧʨʠʪʷʞʝʥʠʶ [13] ʠ 
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ʦʪʥʦʩʠʤ ʢ ʙʦʣʝʝ ʧʦʟʜʥʝʡ 2D-ʧʝʥʦʦʙʨʘʟʥʦʡ ʵʧʦʭʝ II, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ  ʜʘʥʥʳʤʠ WMAP 

(2008) ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʦʟʜʥʝʡ - ʧʝʥʦʦʙʨʘʟʥʦʡ ʵʧʦʭʠ: ʂWʄɸʈ.ʵʢʩʧ. = rDE / (rDM+rOM) º 

74%/26% [20]. 

ɹʦʣʝʝ ʛʣʫʙʦʢʠʡ ʢʦʩʤʦʩ ʜʘʝʪ ʂʇʣʘʥʢ.ʵʢʩʧ. = rDE / (rDM+rOM) º 68% / 32% [1] (ʢʘʢ ʩʤʝʩʴ  

ʵʧʦʭ I ʠ II). ɺʟʷʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʂ
2D
ɻʅʂ=74%/26% ʠ ʂ

3D
ɻʅʂ=62%/38%, ʧʦʣʫʯʠʤ 

(ʂ
3D

+ʂ
2D

)/2 º 68% / 32 % , ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʂʇʣʘʥʢ.ʵʢʩʧ., ʦʭʚʘʪʠʚʰʠʤ ʚʣʠʷʥʠʝ ʜʚʫʭ ʵʧʦʭ:  

(1) ɹʦʣʝʝ ʨʘʥʥʝʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʵʧʦʭʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʟʘʤʝʜʣʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

(2) ʉʦʚʨʝʤʝʥʥʦʡ ʧʝʥʦʦʙʨʘʟʥʦʡ ʵʧʦʭʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 2D-ɻʅʂ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʟʙʝʛʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʙʣʠʞʝ ʢ ʛʨʘʥʠʮʝ ɻʅɺʂ-ʐʘʨʘ.         

 

ɺʳʚʦʜʳ 

      ɼʘʥʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʘʤʦʧʦʜʦʙʥʦ ʨʘʟʙʝʛʘʶʱʝʛʦʩʷ ʧʨʠʤʝʨʥʦ ʧʦ ʍʘʙʙʣʫ, 

ʥʝʚʝʩʦʤʦʛʦ çʢʨʠʩʪʘʣʣʘè ɺʩʝʣʝʥʥʦʡ, ʦʪʯʘʩʪʠ ʙʣʠʟʢʘʷ ʢʨʠʩʪʘʣʣʘʤ, ʛʜʝ ʜʝʡʩʪʚʫʶʪ ʩʭʦʜʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ (ʦʪʪʘʣʢʠʚʘʥʠʝ +M ʠ -M 

ʢʣʘʩʪʝʨʦʚ ʠ ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʜʥʦʠʤʝʥʥʳʭ ʟʘʨʷʜʦʚ). ʆʜʥʘʢʦ ʵʚʦʣʶʮʠʷ ɻʅʂ-ɺʩʝʣʝʥʥʦʡ ʠʜʝʪ 

ʚʦʧʨʝʢʠ ʦʙʳʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 0DĄ1DĄ2DĄ3D ʢʘʢ çʜʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷè ʚ 

ʥʠʪʝʚʠʜʥʫʶ cosmic net - çʠʩʧʘʨʝʥʠʝè ʨʘʟʤʝʨʥʦʩʪʠ 3DĄ2DĄ1DĄĄ0D ɻʅʂ ʧʣʶʩ 

ʢʦʥʜʝʥʩʘʮʠʷ [15] ʚʦ ʚʩʝ ʙʦʣʝʝ ʩʚʝʨʭʪʷʞʝʣʳʝ çʘʪʦʤʳè ɻʅʂ (+M/-M ʢʣʘʩʪʝʨʳ). ʇʦʢʘʟʘʥ (ʘ) 

ʤʝʭʘʥʠʟʤ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ (ʙ) ʧʨʠʨʦʜʘ ʩʤʝʥʳ ʵʧʦʭ ʘɺʩ<0 Ą ʘɺʩ>0. ʇʨʠ ʙʝʩʢʦʥʝʯʥʦʤ 

ʨʘʟʙʝʛʘʥʠʠ ʦʜʠʥʦʢʠʭ ʩʫʧʝʨʢʣʘʩʪʝʨʦʚ ɻʅɺ-ʐʘʨʘ ʚʦ ʚʥʝʰʥʝʝ ʩʪʘʪʠʯʥʦʝ ʝʚʢʣʠʜʦʚʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ L=0 [12] Urep.ʛʨĄ0, ʘɺʩĄ0 ʠ ʦʞʠʜʘʝʤʘ ʩʚʝʨʭʜʦʣʛʘʷ çʪʝʧʣʦʚʘʷ ʞʠʟʥʴè, 

ʩʦʭʨʘʥʝʥʠʝ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ - ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʩʫʧʝʨʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʘʪʦʤʦʚ ʚ çʙʦʣʴʰʦʤ 

ʨʘʟʨʳʚʝè.  

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ɸ.ʄ. ʀʛʥʘʪʦʚʫ ʠ ɸ.ɸ. ʈʫʭʘʜʟʝ ʟʘ ʧʦʣʝʟʥʳʝ ʦʙʩʫʞʜʝʥʠʷ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʙʣʠʤʘʮʠʠ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ (ʊɿʇ) ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʵʥʪʘʣʴʧʠʡʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʦʙʫʩʣʦʚʣʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʚ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʧʨʠ ʵʪʦʤ ʩʣʦʞʥʳʭ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1]. ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʦʜʦʙʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʧʦʪʦʢʝ ʭʠʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʡ ʧʣʘʟʤʳ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʘʜʝʞʥʳʡ ʛʝʥʝʨʘʪʦʨ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ (ɻʅʇ) [2-4], ʚ 

ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʦʵʥʪʘʣʴʧʠʡʥʳʡ ʧʣʘʟʤʝʥʥʳʡ ʧʦʪʦʢ ʠʥʝʨʪʥʳʭ 

ʛʘʟʦʚ (ʘʨʛʦʥʘ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ ʪʳʩʷʯ ʜʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʛʨʘʜʫʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʣʘʟʤʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ɻʅʇ ʩ ʚʠʭʨʝʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʠ 

ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʢʘʥʘʣʦʤ ʚʳʭʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʨʠʩ.1), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʠʝ ʨʘʩʭʦʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʝʩʫʨʩ ʧʣʘʟʤʦʪʨʦʥʘ, ʵʬʬʝʢʪʠʚʥʳʡ ʥʘʛʨʝʚ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʤʘʣʳʝ ʪʝʧʣʦʚʳʝ 

ʧʦʪʝʨʠ ʚ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʯʘʩʪʷʭ ʫʩʪʨʦʡʩʪʚʘ. ʆʩʥʘʱʝʥʠʝ ʧʣʘʟʤʦʪʨʦʥʘ ʛʘʟʦʚʳʤ ʪʨʘʢʪʦʤ ʩ 

ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʢʘʥʘʣʦʤ ʚʳʭʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʛʦʨʝʥʠʝ ʜʫʛʠ ʚ 

ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʚʭʦʜʝ [3,4]. 

ɻʅʇ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘ ʚʳʭʦʜʝ ʩʣʘʙʦʨʘʩʭʦʜʷʱʫʶʩʷ ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʶ ʘʨʛʦʥʘ ʩ 

ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ (2Ŭ=12
0
) ʜʠʘʤʝʪʨʦʤ D=5õ8 ʤʤ ʩ ʵʥʪʘʣʴʧʠʝʡ h=5õ10 ʢɼʞ/ʛ ʠ 

ʩʨʝʜʥʝʤʘʩʩʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ T=5õ10 ʢʂ, ʧʨʠ ʧʦʣʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʜʫʛʦʚʦʛʦ 

ʨʘʟʨʷʜʘ P=5õ15 ʢɺʪ ʠ ʨʘʩʭʦʜʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ G=1õ3 ʛ/c.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʷʜʘ ʚ ʛʝʥʝʨʘʪʦʨʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ 

ʷʚʣʷʝʪʩʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ). ʇʘʜʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ɺɸʍ ʜʣʷ ɻʅʇ ʩ 

ʧʨʦʜʦʣʴʥʳʤ ʧʦʪʦʢʦʤ ʛʘʟʘ ʠ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡʩʷ ʜʣʠʥʦʡ ʜʫʛʠ, ʚʦ-ʧʝʨʚʳʭ, ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʪʦʯʥʠʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʠʣʳ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝ ʛʦʨʝʥʠʷ ʜʫʛʠ ʧʘʜʘʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʱʥʦʩʪʴ ʜʫʛʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʪʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʩʫʨʩ ɻʅʇ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʩʠʣʳ ʪʦʢʘ ʜʫʛʠ [3]. 

ɼʣʷ ʦʮʝʥʢʠ ʂʇɼ ʧʣʘʟʤʦʪʨʦʥʘ h ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʚ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʝ 

ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʂʇɼ ʧʣʘʟʤʦʪʨʦʥʘ ʩʦʩʪʘʚʠʣ h~ 60%. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʣʘʟʤʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʣʳ ʪʦʢʘ, ʨʘʩʭʦʜʘ ʛʘʟʘ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʧʣʘʟʤʦʪʨʦʥʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʧʣʘʟʤʦʪʨʦʥʘ P=5õ10 ʢɺʪ ʚ 

ʘʨʛʦʥʝ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ  10õ30 ʤʤ ʧʣʘʟʤʝʥʥʘʷ ʩʪʨʫʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʝʝ ʧʘʜʝʥʠʠ 

ʥʘ ʢʘʣʦʨʠʤʝʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʚ ʧʨʝʜʝʣʘʭ 0.02õ1 ʢɺʪ/cʤ
2
. 
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ʉʢʦʨʦʩʪʴ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟʤʝʨʝʥʠʝʤ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʪʨʫʙʢʠ ʇʠʪʦ, ʧʨʝʜʩʪʘʚʣʷʚʰʝʡ ʩʦʙʦʡ 

ʠʟʦʛʥʫʪʫʶ ʢʘʧʠʣʣʷʨʥʫʶ ʪʨʫʙʢʫ, ʟʘʢʣʶʯʝʥʥʫʶ 

ʚ ʤʝʜʥʳʡ ʢʦʨʧʫʩ, ʢʦʪʦʨʳʡ ʦʭʣʘʞʜʘʣʩʷ 

ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʘʚʣʝʥʠʝ 

ʠʟʤʝʨʷʣʦʩʴ ʪʦʢʦʚʳʤ ʜʘʪʯʠʢʦʤ Honeywell 

Eclipse OEM Pressure Transducer ʩ ʨʘʙʦʯʠʤ 

ʜʠʘʧʘʟʦʥʦʤ P=0é20.413 ʘʪʤ ʩ ʭʦʣʦʩʪʳʤ ʪʦʢʦʤ 

i0=4 ʤA ʠ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʷ ʦʪ ʪʦʢʘ dP/di=1.2927Ŀ10
8
 ʇʘ/A. ʊʦʢ 

ʠʟʤʝʨʷʣʩʷ ʮʠʬʨʦʚʳʤ ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʦʤ ʩ 

ʪʦʯʥʦʩʪʴʶ ŭi=1 ʤʢɸ. ʀʟʤʝʨʝʥʠʝ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʰʘʛʦʤ ʚʜʦʣʴ ʦʩʠ 

ʩʪʨʫʠ Ўὼ= 10 1  ʤʤ, ʧʨʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷ ʪʦʢʘ I1=150 ɸ ʠ I2=200 ɸ. ʇʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʜʘʪʯʠʢʘ ʦʪ ʜʘʚʣʝʥʠʷ ʠ 

ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

”=
ὴ‘(Ὕ)

ὙὝ
, (p ï ʩʪʘʪʠʯʝʩʢʦʝ (ʘʪʤʦʩʬʝʨʥʦʝ) 

ʜʘʚʣʝʥʠʝ, T ï ʪʝʤʧʝʨʘʪʫʨʘ, ‘= ‘(Ὕ)  ï ʩʨʝʜʥʷʷ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʤʝʩʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ), ʠ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ὺ= 2
ὴ0 ὴ

”

1
2
, ʛʜʝ ὴ0 ὴ ʠʟʤʝʨʷʝʪʩʷ ʪʦʢʦʚʳʤ ʜʘʪʯʠʢʦʤ [5]. 
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ʈʠʩ.2. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʷʜʘ ʘʨʛʦʥʘ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʦʢʦʵʥʪʘʣʴʧʠʡʥʦʛʦ 

ʧʦʪʦʢʘ ʧʨʠʤʝʥʷʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ [3,6] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʢʘʥʘʣʴʥʦʛʦ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ AvaSpec 2048 ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0.2õ0.5 ʥʤ, 

ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʣ ʤʦʥʠʪʦʨʠʥʛ  ʠʟʣʫʯʝʥʠʷ (ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 3-4 ʩʧʝʢʪʨ/ʩ) ʚʜʦʣʴ ʦʩʠ 

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʧʣʘʟʤʦʪʨʦʥʘ, 

ʨʘʙʦʯʠʡ ʛʘʟ ʘʨʛʦʥ: 1 ï ʢʘʪʦʜ, 2 ï ʩʦʧʣʦ-

ʘʥʦʜ, 3 ï ʢʦʨʧʫʩ, 4 ïʪʨʫʙʢʘ ʦʭʣʘʞʜʝʥʠʷ 

ʢʘʪʦʜʘ 
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ʧʦʪʦʢʘ ʧʣʘʟʤʳ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 240õ1000 ʥʤ. ʇʨʠʤʝʨʳ ʭʘʨʘʢʪʝʨʥʳʭ ʩʧʝʢʪʨʦʚ 

ʘʨʛʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3. 

 

 
ʈʠʩ.3. ʍʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʘʨʛʦʥʘ (ʪʦʢ ʜʫʛʠ 250 A) 

 

ʅʘʣʠʯʠʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʝʢʪʨʘʭ ʧʣʘʟʤʳ ʘʨʛʦʥʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʣʠʥʠʡ ʘʪʦʤʘʨʥʦʛʦ 

ʘʨʛʦʥʘ ArI ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ çʙʦʣʴʮʤʘʥʦʚʩʢʦʡ ʵʢʩʧʦʥʝʥʪʳè ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʊʝ [3,6]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʧʦ ʧʦʣʫʰʠʨʠʥʝ ʣʠʥʠʡ HŬ ʠ Hɓ.   ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ ʧʨʠ ʪʦʢʝ 250 ɸ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʠʦʩʝʚʦʡ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʩʦʩʪʘʚʠʣʠ ʊʝ=12 ʢʂ, ne=10
17

 cʤ
-3

. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʭ  ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1 [7]. 

 

ʊʘʙʣʠʮʘ 1. ʆʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʳʙʨʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 

I, A 200 A 250 A 

T, K 11815.79 12181.19 

Cp, ɼʞ/ʤʦʣʴĿʂ 163.1062 182.1594 

Cp, ɼʞ/ʤʦʣʴĿʂ  4082.964 4559.912 

Cv, ɼʞ/ʤʦʣʴĿʂ 154.80 173.85 

k, (ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ) 1.05368 1.04780 

a, ʤ/ʩ (ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ) 1608.66 1628.78 

ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3 

0.04126 0.04002 

ln(k) 0.05229 0.04669 

1-ʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ "ln(k)" 0.000021648 0.000014873 

 

ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0õ30 

ʤʤ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʣʘʟʤʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 990 ʜʦ 300 ʤ/c (ʨʠʩ.4).  

 


