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ʈʠʜʙʝʨʛʦʚʩʢʠʝ ʘʪʦʤʳ  
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ȤɉɂɊɎɐɆɇɋɓɔɄɊɇ ɆɄɕɗ ɒɊɆɃɇɒɅɐɄɓɌɊɗ ɂɔɐɎɐɄ 

ɼʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ 
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ʈʠʜʙ. 

ʘʪʦʤ a 

ʈʠʜʙ. 

ʘʪʦʤ b 

ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

V ~ 10 ʄɻʮ   ʧʨʠ   n = 50, R º 5 ʤʢʤ 
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|gð 

|rð 

ʦʜʠʥ ʘʪʦʤ 

M. Lukin   et al.   PRL 87 (2001) 037901  

M.Saffman et al., Rev. Mod. Phys. 82, 2313 (2010) 

 

D.Comparat et al., J. Opt. Soc. Am. B 27, A208 (2010) 

|ggð 

|rgð |grð 

|rrð 

ʜʚʘ ʘʪʦʤʘ 
Y= |rgð+|grð 
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212 W=W
1W

NN 1W=W

ȦɊɑɐɍɞɏɂɡ ɃɍɐɌɂɆɂ Ʉ ɎɇɉɐɓɌɐɑɊəɇɓɌɊɗ ɂɏɓɂɎɃɍɡɗ 

ʋʩʣʦʚʠʝ ʥʘʙʣʶʜʝʥʠʷ: 

dErr  >>   Dn - ʰʠʨʠʥʳ 

ʩʧʝʢʪʨʘ ʣʘʟʝʨʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ 



Fidelity of two-qubit gates F~80%. 
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ʋʤʝʥʴʰʝʥʳ ʬʘʟʦʚʳʝ 

ʰʫʤʳ ʨʠʜʙʝʨʛʦʚʩʢʠʭ 

ʣʘʟʝʨʦʚ. ʇʦʣʫʯʝʥʦ 

WR=2 ʄɻʮ,  

T2 =27 ʤʢʩ. 

 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʚ 

2019 ʛʦʜʫ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʥʦʩʪʴ 

ʜʚʫʭʢʫʙʠʪʦʚʳʭ 

ʦʧʝʨʘʮʠʡ ʜʣʷ 

ʩʦʩʝʜʥʠʭ ʢʫʙʠʪʦʚ 

F=97-98% 
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ȿɌɓɑɇɒɊɎɇɏɔɂɍɞɏɂɡ ɕɓɔɂɏɐɄɌɂ Ȫȶȱ ȳȰ ȲȢȯ Ɇɍɡ ɒɇɂɍɊɉɂɘɊɊ 
ɌɄɂɏɔɐɄɝɗ ɄɝəɊɓɍɇɏɊɋ ɓ ɐɆɊɏɐəɏɝɎɊ ɂɔɐɎɂɎɊ 87Rb Ʉ ɎɂɓɓɊɄɂɗ 

ɐɑɔɊəɇɓɌɊɗ ɆɊɑɐɍɞɏɝɗ ɍɐɄɕɚɇɌ 



ˮΦˮΦˣ͔͔͍ͭͪͦΣ ˩ΦˢΦ̒͟΄͙ͤ͊Σ ˤΦ˸Φ͙̏ͤͭͤΣ ˨ΦˣΦ͔́ͪͭΈΎ͍ͦ͟Σ ˴Φ̑Φ˸͙ͭΎ͙ͤͤΣ ˹ΦˤΦˢ͡ΈΎ͍ͤͦ͊Σ ˮΦˮΦ˾Ύ͋ͼ͔͍ 

ˮΦˮΦˣ͔͔͍ͭͪͦ ͙ ͒ͪΦΣ ˬ̏́̅ΣΣ 159όоύΣ м όнлнмύΤ ˮΦˮΦˣ͔͔͍ͭͪͦ ͙ ͒ͪΦΣ ˴͍͊ͤͭΦ Ή͔͙ͭͪͦͤ͊͟͟͡Σ 51(6), 464 (2021) 

˻͙͍͒ͤͦͯ͋ͭͦ͟·͔ ͍͍͊ͤͭͦ͟·͔ ͔ͦͨͪ͊ͼ͙͙ ͤ͊ ˿ˤ̉-͔͔ͨͪͻ͔ͦ͒ ͍ ͍͒ͯͻ 
͙ͦ͒ͤͦ;ͤ·ͻ ͊ͭͦͣ͊ͻ Rb ͍  ͍͒ͯͻ ͙ͦͨͭ;͔͙ͫ͟ͻ ͙͒ͨͦ͡Έͤ·ͻ ͍ͦͯ͡΄͊͟ͻ 

             ˮ ͙ͤͫͭͭͯͭ ͺ͙͙͙͘͟ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡ ͙ͣΦ ˢΦˤΦ ˾͍͗͊ͤͦ͊ ˿ ˻ ˾ˢ˹ 

× ˾͔͙͍͊ͦ͊ͤ͘͡ ͊͘ͻ͍͊ͭ ͙ ͔͙͔ͯ͒ͪ͗͊ͤ ͍͒ͯͻ ͍͊ͭͦͣͦ 87Rb ͍  ͍͒ͯͻ 
͙ͦͨͭ;͔͙ͫ͟ͻ ͙͒ͨͦ͡Έͤ·ͻ ͍ͦͯ͡΄͊͟ͻΦ  

× ˽ͦͯ͡;͔ͤ· ͦͫͼ͙͡͡Ύͼ͙͙ ͔͔͔͚ͤ͊ͫͤͤͦͫͭ͡ ˾͙͊͋ ͤ͊ Ϧ;͍͊ͫͦͦͣϦ 
˿ˤ̉-͔͔ͨͪͻ͔ͦ͒ рS1/2(F=2, MF=0)­5S1/2(F=1, MFҐлύ ͍ ͊͗͒ͦͣ͟ 
͔͊ͭͦͣ ͫ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͔͊͒ͪͫ͊ͼ͙͔͚. 

× ˻ͫͼ͙͡͡Ύͼ͙͙ ˾͙͊͋ ͫ ͍͔͍ͦͦͭͭͫͭͯΌͭ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔ͦͨͪ͊ͼ͙͚ 
ˢ͒͊ͣ͊ͪ͊ ͙ ˹˩ ͫͦ ͔͔͚ͫͪ͒ͤ ͭͦ;ͤͦͫͭΈΌ фт°3%. 

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͙͙͊ͨͫ͘ ͦͫͼ͙͡͡Ύͼ͙͚ ˾͙͊͋Σ ͙͍͔͔ͨͪ͒ͤͤ·ͻ ͟ ͣ͊ͫ΄ͭ͊͋ͯ 
ͨͦ͡΅͙͊͒ ˿ˤ̉-͙ͣͨͯ͡Έͫ͊Φ ˤ͔͙ͪͭ͊͟͡Έͤ·͔ ͙͙͙ͤ͡ ͊͒͊͘Όͭ ͭͦ;͙͟ м-п ͒͡Ύ 
͔͔͔ͨͪͫ;͔͙ͤΎ ͨͦ͡΅͔͚͊͒ p/2, p, 3p/2, 2p ͫ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͙ͣ 
ͦͫͼ͙͡͡Ύͼ͙Ύ͙ͣ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͭͦ;͙ͤͦͫͭ ͍·͔͙ͨͦͤͤ͡Ύ ͙͍ͦ͒ͤͦͯ͋ͭͦ͟·ͻ 
͔ͦͨͪ͊ͼ͙͚Φ ό͊ύ ˻ͫͼ͙͡͡Ύͼ͙͙ ˾͙͊͋ ͍ ͍ͦͯ͡΄͔͟ м ͙ ͔͔͔ͨͪͪͫͭͤ͊͟Ύ ͔ͨͦͣͻ͊ ͍ 
͍ͦͯ͡΄͔͟ н ͙ͨͪ ͚͔ͤ͊ͫͭͪͦ͟ ͯ͡;͊ ͔͊ͪ͊͘͡ ͔͊͒ͪͫ͊ͼ͙͙ ͤ͊ ͍ͦͯ͡΄ͯ͟ н 
(FAOD=99,5 ˸ ˥ͼύΦ ό͋ύ ˻ ͫͼ͙͡͡Ύͼ͙͙ ˾͙͊͋ ͍ ͍ͦͯ͡΄͔͟ н ͙ ͔͔͔ͨͪͪͫͭͤ͊͟Ύ ͔ͨͦͣͻ͊ 
͍ ͍ͦͯ͡΄͔͟ м ͙ͨͪ ͚͔ͤ͊ͫͭͪͦ͟ ͯ͡;͊ ͔͊ͪ͊͘͡ ͔͊͒ͪͫ͊ͼ͙͙ ͤ͊ ͍ͦͯ͡΄ͯ͟ м 
(FAOD=100,5 ˸ ˥ͼύΦ ˶͔͊ͪ͘ ͔͊͒ͪͫ͊ͼ͙͙ ͍·͍͙ͦ͒ͭ ͊ͭͦͣ ͙͘ ͔ͪͦͤ͊ͤͫ͊͘ ͫ ˿ˤ̉Φ 

˾͔͙͍͊ͦ͊ͤ͘͡· ͙͍ͦ͒ͤͦͯ͋ͭͦ͟·͔ ͔ͦͨͪ͊ͼ͙͙ ͫ ͍͒ͯͣΎ 
͙ͦ͒ͤͦ;ͤ·͙ͣ ͙͊ͭͦͣ͊ͣ 87Rb ͍  ͍͒ͯͻ ͙ͦͨͭ;͔͙ͫ͟ͻ ͙͒ͨͦ͡Έͤ·ͻ 
͍ͦͯ͡΄͊͟ͻΦ ˶͍ͦͯ΄͙͟ ͫͺ͙͍ͦͪͣͪͦ͊ͤ· ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·ͣ 
ͣͦ͒ͯ͡Ύͭͦͪͦͣ ͍͔ͫͭ͊ ͙ ͙͒ͤͤͦ͡ͺͦͯͫͤ͟·ͣ ͦ͋Ά͔͙͍ͭͦͣ͟ 
͙ͫͤ͊ͪͯ͗ ͍͚͊ͯͯͣͤͦ͟ ͔͊ͣͪ͟· ˸ ˻˶Φ  ˢͭͦͣ· 
͔͎͙͙ͪͫͭͪͪͯΌͭͫΎ sCMOS ͍ ͙͔͔͚͒ͦ͊ͣͪͦ͟ ͨͦ ͙͎ͫͤ͊ͯ͡ 
͔͚ͪͦͤ͊ͤͫͤͦ͘ ͺ͔ͯͦͪͫ͡ͼ͔ͤͼ͙͙Φ ˾͊ͫͫͭͦΎ͙͔ͤͣ ͔ͣ͗͒ͯ 
͍ͦͯ͡΄͙͊ͣ͟ ͣͦ͗ͤͦ ͍ͯͨͪ͊͡ΎͭΈΦ ˿ͦͫͭͦΎ͙͔ͤ ͊ͭͦͣ͊ 
͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͣͭͦ͒ͦͣ ͍·͙͍͙ͭ͊͊ͤ͟͡Ύ ͊ͭͦͣ͊ ͙͘ ͍ͦͯ͡΄͙͟ 
͙͔͙͍ͤͭͤͫͤ·ͣ ͔͊ͪͤ͘͡·ͣ ͙ͣͨͯ͡ΈͫͦͣΦ  

8 



ȱɍɂɏɊɒɕɠɔɓɡ ɟɌɓɑɇɒɊɎɇɏɔɝ ɑɐ ɒɇɂɍɊɉɂɘɊɊ ɆɄɕɗɌɕɃɊɔɐɄɝɗ 
ɌɄɂɏɔɐɄɝɗ ɐɑɇɒɂɘɊɋ ɏɂ ɐɓɏɐɄɇ ɄɐɉɃɕɈɆɇɏɊɡ ɒɊɆɃɇɒɅɐɄɓɌɊɗ 

ɓɐɓɔɐɡɏɊɋ 

ɼʦʙʘʚʣʝʥʳ ʣʘʟʝʨʳ ʧʝʨʚʦʡ (795 ʥʤ) ʠ ʚʪʦʨʦʡ (473 ʥʤ) ʩʪʫʧʝʥʝʡ ʚʦʟʙʫʞʜʝʥʠʷ 

ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʘ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ. 

9 

ʈʝʘʣʠʟʦʚʘʥʳ ʤʘʩʩʠʚʳ ʩ 3 

ʠ 4 ʦʜʠʥʦʯʥʳʤʠ ʘʪʦʤʘʤʠ 



ʃʘʟʝʨʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʩʦʩʪʦʷʥʠʡ  

ʙʝʟ ʵʬʬʝʢʪʘ ʦʪʜʘʯʠ ʠ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ (ʪʝʦʨʠʷ) 

I.I.Ryabtsev et al., Phys. Rev. A,  

2011, v.84, p.053409 

0321 ¹++ kkk
CCC

5S 

nP 

6S 

5P 

780 ʥʤ 

1367 ʥʤ 

743 ʥʤ 

Rb 
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ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʘʟʝʨʥʳʤ p - ʠʤʧʫʣʴʩʦʤ 

I.I.Ryabtsev et al., Phys. Rev. A, 

2011, v.84, p.053409 

11 
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ȳɗɇɎɂ ɟɌɓɑɇɒɊɎɇɏɔɂɍɞɏɐɋ ɕɓɔɂɏɐɄɌɊ Ɇɍɡ ɊɉɕəɇɏɊɡ ɗɐɍɐɆɏɝɗ 
ɒɊɆɃɇɒɅɐɄɓɌɊɗ ɂɔɐɎɐɄ Rb Ʉ ɎɂɅɏɊɔɐɐɑɔɊəɇɓɌɐɋ ɍɐɄɕɚɌɇ 

ʆʙʲʝʤ 

ʣʘʟʝʨʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ 

ʨʘʟʤʝʨʦʤ 

~20 ʤʢʤ. 

 

 

ʉʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ  

R ~10 ʤʢʤ. 



ȮɂɅɏɊɔɐɐɑɔɊəɇɓɌɂɡ ɍɐɄɕɚɌɂ 

13 



ȳɑɇɌɔɒɝ ɔɒɇɗɖɐɔɐɏɏɐɅɐ ɄɐɉɃɕɈɆɇɏɊɡ Ʉ ɒɂɃɐɔɂɠɛɇɋ ȮȰȭ 

5S 

nP 

6S 

5P 

780 ʥʤ 

1367 ʥʤ 

743 ʥʤ 

Rb ɺʘʨʴʠʨʫʶʪʩʷ ʯʘʩʪʦʪʳ ʈʘʙʠ ʠ ʦʪʩʪʨʦʡʢʘ d1 

ɺ.ʄ.ʕʥʪʠʥ ʠ ʜʨ., ɾʕʊʌ 143, 831 (2013) 

14 



ȴɇɐɒɊɡ ɔɒɇɗɖɐɔɐɏɏɐɅɐ ɍɂɉɇɒɏɐɅɐ ɄɐɉɃɕɈɆɇɏɊɡ 
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ɺ.ʄ.ʕʥʪʠʥ ʠ ʜʨ., ɾʕʊʌ 143, 831 (2013) 15 
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ȴɇɐɒɊɡ ɔɒɇɗɖɐɔɐɏɏɐɅɐ ɍɂɉɇɒɏɐɅɐ ɄɐɉɃɕɈɆɇɏɊɡ 

ɺ.ʄ.ʕʥʪʠʥ ʠ ʜʨ., ɾʕʊʌ 143, 831 (2013) 16 



ȳɒɂɄɏɇɏɊɇ ɔɇɐɒɊɊ Ɋ ɟɌɓɑɇɒɊɎɇɏɔɂ 

ɺ.ʄ.ʕʥʪʠʥ ʠ ʜʨ., ɾʕʊʌ 143, 831 (2013) 17 



37P3/2 

37P3/2 

ȴɒɇɗɖɐɔɐɏɏɐɇ ɄɐɉɃɕɈɆɇɏɊɇ ɓ ɕɄɇɍɊəɇɏɏɐɋ ɐɔɓɔɒɐɋɌɐɋ 

ʀ.ʀ.ʈʷʙʮʝʚ ʠ ʜʨ., ʋʌʅ 186, 206 (2016) 
18 



ʉʧʝʢʪʨʳ ʪʨʝʭʬʦʪʦʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʳʩʦʢʠʭ 

ʨʠʜʙʝʨʛʦʚʩʢʠʭ nP ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ Rb 

19 



ʊʨʝʭʬʦʪʦʥʥʦʝ 

ʣʘʟʝʨʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʨʠʜʙʝʨʛʦʚʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 37ʈ  

ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ 

ʦʩʮʠʣʣʷʮʠʷʤʠ ʈʘʙʠ ʥʘ 

ʢʨʳʣʴʷʭ ʨʝʟʦʥʘʥʩʘ 

20 

ɽ.ɸ.ʗʢʰʠʥʘ ʠ ʜʨ., 

ʂʚʘʥʪʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ 

48(10), 886 (2018) 



ȮɏɐɅɐɂɔɐɎɏɝɇ ɓɑɇɌɔɒɝ ɔɒɇɗɖɐɔɐɏɏɐɅɐ ɍɂɉɇɒɏɐɅɐ ɄɐɉɃɕɈɆɇɏɊɡ 

21 ɽ.ɸ.ʗʢʰʠʥʘ ʠ ʜʨ., ɾʕʊʌ, 2020, ʪ.157, ʚ.2, ʩ.206 
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ʜʝʪʝʢʪʦʨʦʤ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ T 

ʀʟʤʝʨʷʝʤʳʝ ʤʥʦʛʦʘʪʦʤʥʳʝ 

ʩʠʛʥʘʣʳ ʜʣʷ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ  

ʘʪʦʤʦʚ.  

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʘʪʦʤʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʟʘ ʣʘʟʝʨʥʳʡ  

ʠʤʧʫʣʴʩ ʠʟ ʘʥʩʘʤʙʣʷ N0 ʘʪʦʤʦʚ 

)!(!

!
)1(

0

00

NNN

N
ppP

NNNstrong
N

-
-=

- ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʙʫʜʠʪʴ N 

ʘʪʦʤʦʚ ʠʟ ʘʥʩʘʤʙʣʷ N0 ʘʪʦʤʦʚ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ S ~ 1   <<    N0 ~ 10, ʬʦʨʤʫʣʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʪʦʯʥʦʤʫ ʟʥʘʯʝʥʠʶ N0 
22 

0330 NpNn r==



ʄʥʦʛʦʘʪʦʤʥʳʝ ʩʧʝʢʪʨʳ ʠ 

ʜʠʥʘʤʠʢʘ ʪʨʝʭʬʦʪʦʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ 39ʈ ʚ ʘʪʦʤʘʭ Rb 
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(ʘ)-(ʝ) ɿʘʧʠʩʴ S - ʩʠʛʥʘʣ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʨʝʜʥʝʤʫ ʯʠʩʣʫ 

ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ 

ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩ. ɿʘʧʠʩʠ S1-S5 - ʩʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʘʥʩʘʤʙʣʝʡ 

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʠʩʣʦʤ ʨʠʜʙʝʨʛʦʚʩʢʠʭ 

ʘʪʦʤʦʚ N=1-5 ʧʨʠ t = 4 ʤʢʩ. ʀʭ ʩʫʤʤʘ ʜʘʝʪ 

ʧʦʣʥʳʡ ʠʟʤʝʨʷʝʤʳʡ ʩʠʛʥʘʣ S. ʉʧʣʦʰʥʳʝ 

ʢʨʠʚʳʝ ï ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʪʨʝʭʬʦʪʦʥʥʦʡ 

ʯʘʩʪʦʪʝ ʈʘʙʠ Ý/(2p) = 0,2 ʄɻʮ, ʩʨʝʜʥʝʤ 

ʯʠʩʣʝ ʘʪʦʤʦʚ N0=10 ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ 

ʨʝʛʠʩʪʨʘʮʠʠ ʊ=0,6. (ʞ)-(ʤ) ʊʦ ʞʝ ʩʘʤʦʝ 

ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʨʝʟʦʥʘʥʩʦʚ ʚ ʮʝʥʪʨʝ 

ʣʠʥʠʠ ʧʝʨʝʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ N0=13. 

W1=6  ʄɻʮ       W2=200 ʄɻʮ     W3=2 ʄɻʮ 

ɻ1=0,3 ʄɻʮ      ɻ2=0,3 ʄɻʮ       ɻ3=10 ʢɻʮ 

d1=+80 ʄɻʮ     d2=+82 ʄɻʮ      d3= -162 ʄɻʮ 
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(ʘ)-(ʝ) ɿʘʧʠʩʴ S - ʩʠʛʥʘʣ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʨʝʜʥʝʤʫ ʯʠʩʣʫ 

ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ 

ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩ. ɿʘʧʠʩʠ S1-S5 - ʩʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʘʥʩʘʤʙʣʝʡ 

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʠʩʣʦʤ ʨʠʜʙʝʨʛʦʚʩʢʠʭ 

ʘʪʦʤʦʚ N=1-5 ʧʨʠ t = 4 ʤʢʩ. ʀʭ ʩʫʤʤʘ ʜʘʝʪ 

ʧʦʣʥʳʡ ʠʟʤʝʨʷʝʤʳʡ ʩʠʛʥʘʣ S. ʉʧʣʦʰʥʳʝ 

ʢʨʠʚʳʝ ï ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʪʨʝʭʬʦʪʦʥʥʦʡ 

ʯʘʩʪʦʪʝ ʈʘʙʠ Ý/(2p) = 0,36 ʄɻʮ, ʩʨʝʜʥʝʤ 

ʯʠʩʣʝ ʘʪʦʤʦʚ N0=5 ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ 

ʨʝʛʠʩʪʨʘʮʠʠ ʊ=0,6. (ʞ)-(ʤ) ʊʦ ʞʝ ʩʘʤʦʝ 

ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʨʝʟʦʥʘʥʩʦʚ ʚ ʮʝʥʪʨʝ 

ʣʠʥʠʠ ʧʝʨʝʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ N0=13. 

W1=10  ʄɻʮ     W2=500 ʄɻʮ     W3=14 ʄɻʮ 

ɻ1=0,3 ʄɻʮ      ɻ2=0,3 ʄɻʮ       ɻ3=10 ʢɻʮ 

d1=+80 ʄɻʮ     d2=+82 ʄɻʮ      d3= -162 ʄɻʮ 

ʄʥʦʛʦʘʪʦʤʥʳʝ ʩʧʝʢʪʨʳ ʠ 

ʜʠʥʘʤʠʢʘ ʪʨʝʭʬʦʪʦʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ 39ʈ ʚ ʘʪʦʤʘʭ Rb 



ʂʘʢ ʜʦʩʪʠʯʴ ʦʩʮʠʣʣʷʮʠʡ ʈʘʙʠ ʩ ʙʦʣʴʰʠʤ ʢʦʥʪʨʘʩʪʦʤ ʠ ʚʨʝʤʝʥʝʤ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ? 
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ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʨʘʩʯʝʪʘ ʦʩʮʠʣʣʷʮʠʡ 

ʈʘʙʠ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʪʨʝʭʬʦʪʦʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʘʪʦʤʘ Rb ʚ 

ʨʠʜʙʝʨʛʦʚʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ  39ʈ ʧʨʠ 

ʪʨʝʭʬʦʪʦʥʥʦʡ ʯʘʩʪʦʪʝ 

ʈʘʙʠ Ý = 360 ʢɻʮ ʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʧʘʨʘʟʠʪʥʳʭ ʫʰʠʨʝʥʠʡ: 

  

(ʘ) G1=G2=300 ʢɻʮ, 

G3=10 ʢɻʮ, GZ=100 ʢɻʮ;  

(ʙ) G1=G2=G3=10 ʢɻʮ, 

GZ=100 ʢɻʮ; 

(ʚ) G1=G2=G3=10 ʢɻʮ, 

GZ=0;  

(ʛ) G1=G2=G3=1 ʢɻʮ, GZ=0. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʪʨʘʩʪʘ ʠ ʚʨʝʤʝʥʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʢʣʶʯʘʪʴ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʫʞʘʪʴ ʰʠʨʠʥʳ ʣʠʥʠʡ ʣʘʟʝʨʦʚ ʜʦ <1 

ʢɻʮ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʦʪʩʪʨʦʡʢʠ ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʜʦ ~1 ɻɻʮ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʄɻʋ ʩ ʤʘʩʩʠʚʦʤ ʘʪʦʤʦʚ Rb ʚ ʣʦʚʫʰʢʘʭ 
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ʆʧʪʠʢʘ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ,  

2020, ʪʦʤ 128, ʚʳʧ. 8, 

1063 

ʕʢʩʧʝʨʠʤʝʥʪʳ ɺʅʀʀʌʊʈʀ ʩ ʘʪʦʤʘʤʠ Rb ʚ ʷʯʝʡʢʝ 



ȤȽȤȰȦȽ 

Åɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʪʨʝʭʬʦʪʦʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʜʣʷ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʘʥʩʘʤʙʣʝʡ ʠʟ N=1-5 ʭʦʣʦʜʥʳʭ ʨʠʜʙʝʨʛʦʚʩʢʠʭ 

ʘʪʦʤʦʚ Rb, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʤʘʣʦʤ ʦʙʲʝʤʝ ʚʦʟʙʫʞʜʝʥʠʷ (ʨʘʟʤʝʨʦʤ 

~20 ʤʢʤ) ʧʨʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʪʦʜʦʤ ʉʀʕʇ. 

Åɼʣ ̫ ʨʠʜʙʝʨʛʦʚʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 39P ʧʨʠ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʣʩʷ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʘ ʧʨʠ 

ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʠʣʠ ʥʘ ʥʘʩʳʱʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʠʤʝʣʠʩʴ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ.  

Åʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ 

ʠ ʧʦʣʫʯʝʥʦ ʠʭ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ. 

Åʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʪʨʘʩʪʘ ʠ ʚʨʝʤʝʥʠ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʢʣʶʯʘʪʴ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʩʫʞʘʪʴ ʰʠʨʠʥʳ ʣʠʥʠʡ ʣʘʟʝʨʦʚ ʜʦ <1 ʢɻʮ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʦʪʩʪʨʦʡʢʠ ʦʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʜʦ ~1 ɻɻʮ. 
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