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ʃɸɿɽʈʅɸʗ ʌʀɿʀʂɸ ʀ ɺʆʃʆʂʆʅʅɸʗ ʆʇʊʀʂɸ 
ɼʠʥʘʤʠʢʘ ʪʝʧʣʦʚʦʛʦ ʧʝʨʝʧʫʪʳʚʘʥʠʷ 

ʚ ʤʦʜʝʣʠ ʊʘʚʠʩʘ-ʂʘʤʤʠʥʛʩʘ 

ʩ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʥʦʛʦʬʦʪʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ɹʘʛʨʦʚ ɸ.ʈ. 

ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʦʣʸʚʘ, ʉʘʤʘʨʘ 

ɽ-mail: alexander.bagrov00@mail.ru 

DOI: 10.24412/cl-35673-2025-1-8-10 

ʂʚʘʥʪʦʚʳʝ ʧʝʨʝʧʫʪʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʬʠʟʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʢʚʘʥʪʦʚʦʡ ʦʙʨʘʙʦʪʢʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʬʠʟʠʢʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʢʚʘʥʪʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ [1]. ʂʚʘʥʪʦʚʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ 

ʨʝʟʦʥʘʪʦʨʦʚ (ʈʂʕɼ) ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʧʝʨʝʧʫʪʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʥʦʛʦʢʫʙʠʪʥʳʭ 

ʩʠʩʪʝʤ [2]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʈʂʕɼ ʫʜʘʣʦʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʧʫʪʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʢʫʙʠʪʦʚ 

ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʢʦʣʴʮʘ ʩ 

ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʧʨʠʤʝʩʥʳʝ ʩʧʠʥʳ [3]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤ ʢʫʙʠʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʚʳʜʝʣʝʥʥʳʤʠ ʤʦʜʘʤʠ ʨʝʟʦʥʘʪʦʨʦʚ ʚ ʨʘʤʢʘʭ ʈʂʕɼ, ʦʩʥʦʚʘʥʳ ʥʘ 

ʤʦʜʝʣʠ ɼʞʝʡʥʩʘ-ʂʘʤʤʠʥʛʩʘ ʠ ʝʸ ʦʙʦʙʱʝʥʠʷʭ (ʩʤ. ʩʩʳʣʢʠ ʚ [4]). ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʭyʢʫʙʠʪʥʳʭ ʩʠʩʪʝʤ ʧʦʩʚʷʱʘʶʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ 

(ʩʤ. ʩʩʳʣʢʠ ʚ [5]). ʀʥʪʝʨʝʩ ʢ ʪʨʭyʢʫʙʠʪʥʳʤ ʩʠʩʪʝʤʘʤ ʦʙʫʩʣʦʚʣʝʥ 

ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʪʨʭyʢʫʙʠʪʥʳʭ ʚʝʥʪʠʣʝʡ ï ʊʦʬʬʦʣʠ ʠ 

ʌʨʝʜʢʠʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʢʦʜʳ 

ʢʚʘʥʪʦʚʳʭ ʢʦʨʨʝʢʮʠʡ ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ [6]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʨʠ ʠʜʝʥʪʠʯʥʳʭ 

ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʘʪʦʤʘ (ʢʫʙʠʪʘ) Q1, Q2 ʠ Q3. ʂʫʙʠʪ Q1 ʩʚʦʙʦʜʥʦ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʝ ʨʝʟʦʥʘʪʦʨʦʚ, ʘ ʢʫʙʠʪʳ Q2 ʠ Q3 ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʟʦʥʘʪʦʨʘʭ ὥ ʠ ὦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʞʜʳʡ ʠʟ ʢʫʙʠʪʦʚ 
Q2 ʠ Q3 ʨʝʟʦʥʘʥʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʜʥʦʤʦʜʦʚʳʤ ʪʝʧʣʦʚʳʤ ʧʦʣʝʤ 

ʩʚʦʝʛʦ ʠʜʝʘʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʥʦʛʦʬʦʪʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʫʯʘʝʤʦʡ ʤʦʜʝʣʠ. ɿʜʝʩʴ ɤc ï ʯʘʩʪʦʪʘ 

ʨʝʟʦʥʘʪʦʨʘ, ɤq = mɤc ï ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʚ ʢʫʙʠʪʝ ʤʝʞʜʫ 

ʚʦʟʙʫʞʜʸʥʥʳʤ ȿἃ ʠ ʦʩʥʦʚʥʳʤ ȿἃ ʫʨʦʚʥʷʤʠ, m ï ʢʨʘʪʥʦʩʪʴ 

ʬʦʪʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ȿὭἃ ï ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʨʦʚʥʠ, 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ k = m ī 1. 

ɻʘʤʠʣʴʪʦʥʠʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷʭ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 Ὄ ɾ„ ὥ „ ὥ „ ὦ „ ὦ , (1) 

ʛʜʝ ὥ ὥ ʠ ὦ ὦ ï ʦʧʝʨʘʪʦʨʳ ʨʦʞʜʝʥʠʷ (ʫʥʠʯʪʦʞʝʥʠʷ) ʬʦʪʦʥʘ ʚ 

ʤʦʜʝ ʨʝʟʦʥʘʪʦʨʘ ὥ ʠ ὦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, „  ʠ „   ï ʧʦʚʳʰʘʶʱʠʡ ʠ 

ʧʦʥʠʞʘʶʱʠʡ ʦʧʝʨʘʪʦʨʳ ʚ -ʤ ʢʫʙʠʪʝ Ὦ ςȟσ, ɾ ï ʢʦʥʩʪʘʥʪʘ ʢʫʙʠʪ-

ʬʦʪʦʥʥʦʡ ʩʚʷʟʠ. 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʫʙʠʪʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʪʠʥʥʦ ʧʝʨʝʧʫʪʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ GHZ-ʪʠʧʘ: 
ȿὋ πἃ ÃÏÓגȿȟȟἃ ÓÉÎגȿȟȟἃ, 
ȿὋ πἃ ὥȿȟȟἃ ὦȿȟȟἃ ὧȿȟȟἃ Ὠȿȟȟἃ, 
ȿὋ πἃ ὥȿȟȟἃ ὦȿȟȟἃ ὧȿȟȟἃ Ὠȿȟȟἃ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷ ʤʳ ʚʳʙʠʨʘʝʤ ʪʝʧʣʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩ ʤʘʪʨʠʮʝʡ ʧʣʦʪʥʦʩʪʠ 

” π
ὲ

ρ ὲ
ȿὲἃἂὲȿȟ 

ʛʜʝ ὲ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʚ ʤʦʜʝ ʨʝʟʦʥʘʪʦʨʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʧʝʨʝʧʫʪʳʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ 

(1) ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʦʧʝʨʘʪʦʨ ʵʚʦʣʶʮʠʠ Ὗ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʦʚʧʘʜʝʥʠʷ Ὂ [7]. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʢʨʘʪʥʦʩʪʴ 

ʬʦʪʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ά ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʧʝʨʝʧʫʪʘʥʥʦʩʪʴ 
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ʢʫʙʠʪʦʚ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʥʘʤʠ ʨʘʥʝʝ ʤʦʜʝʣʠ çʠʟʦʣʠʨʦʚʘʥʥʳʡ ʢʫʙʠʪ+ʜʚʘ 

ʢʫʙʠʪʘ ʚ ʦʙʱʝʤ ʨʝʟʦʥʘʪʦʨʝè ʩ ʤʥʦʛʦʬʦʪʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʛʜʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʨʘʪʥʦʩʪʠ ʬʦʪʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʝʨʝʧʫʪʳʚʘʥʠʷ ʜʣʷ GHZ-ʩʦʩʪʦʷʥʠʷ ȿὋ πἃ [5]. 

1. Huang H.-L., Wu D., Fan D., Zhu X., J. Sci. China Inf. Sci. 2020, 63, 

180501. 

2. De Bernardis D., Mercurio A., De Liberato S., J. Opt. Soc. Am. B. 

2024, 41, 206ï221. 

3. Xiang Z.-L., Ashhab S., You J.Y., Nori F., Rev. Mod. Phys. 2013, 85, 

623ï653. 

4. Larson J., Mavrogordatos T., Parkins S., Vidiella-Barranco A., J. Opt. 

Soc. Am. B. 2024, 41, JCM1ïJCM4. 

5. Bagrov A.R., Bashkirov E.K., Quantum Inf. Process. 2025, 24, 154. 

6. Reed M.D., et al., Nature. 2012, 482, 382ï385. 

7. Jozsa R., J. Mod. Opt. 1994, 41, 1758ï1775. 
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ɻʦʣʴʤʠʝʚʳʡ ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ, 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʧʦ ʯʘʩʪʦʪʝ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʦ 1,15 ɻɻʮ 

ʟʘ ʩʯʝʪ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʜ 

ɻʘʬʫʨʦʚ ʕ.ʄ., ʌʠʣʘʪʦʚʘ ʉ.ɸ., ʂʘʤʳʥʠʥ ɺ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: eldar.gafurov88@gmail.com 

DOI: 10.24412/cl-35673-2025-1-11-12 

ʃʘʟʝʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ (ʋʂʀ) 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʙʣʠʟʠ 2 ʤʢʤ ʥʘʭʦʜʷʪ ʤʥʦʞʝʩʪʚʦ 

ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ: ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ [1], ʣʘʟʝʨʥʘ ̫ ʘʙʣʷʮʠ ̫ [2] ʠ ʦʧʪʠʯʝʩʢʘʷ ʢʦʛʝʨʝʥʪʥʘʷ 

ʪʦʤʦʛʨʘʬʠʷ [3]. ɺ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʛʝʥʝʨʘʮʠʷ ʋʂʀ 

ʩ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ (ʏʉʀ) ʦʪ 1 ɻɻʮ ʠ ʙʦʣʝʝ ʦʩʪʘʪyʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʚ ʨʝʞʠʤʝ ʘʙʣʷʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [4]. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʏʉʀ ʚ ʣʘʟʝʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʧʘʩʩʠʚʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʤʦʜ ʷʚʣʷʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʦʜ (ɻʉʄ) [5]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɻʉʄ ʚ ʨʝʟʦʥʘʪʦʨ 

ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʜʦʙʘʚʣʷʶʪ ʚʦʣʦʢʥʦ ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʨʦʛʘ ʨʘʩʱʝʧʣʝʥʠʷ ʩʦʣʠʪʦʥʘ ʟʘ ʩʯʪy ʩʤʝʱʝʥʠʷ ʯʠʩʪʦʡ ʜʠʩʧʝʨʩʠʠ 

ʨʝʟʦʥʘʪʦʨʘ ʠʟ ʘʥʦʤʘʣʴʥʦʡ (ï) ʦʙʣʘʩʪʠ ʚ ʦʙʣʘʩʪʴ ʥʦʨʤʘʣʴʥʦʡ (+) 

ʜʠʩʧʝʨʩʠʠ [6]. 

ʂʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʦʣʴʤʠʝʚʦʛʦ ʣʘʟʝʨʘ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ: 1 ʤ ʢʚʘʨʮʝʚʦʛʦ ʚʦʣʦʢʥʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ 

ʛʦʣʴʤʠʷ (Ho3+); 2,7 ʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ; 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʜʣʷ ʚʚʦʜʘ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ; ʦʧʪʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ. 

ʅʘʢʘʯʢʫ ʛʦʣʴʤʠʝʚʦʛʦ ʣʘʟʝʨʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʪʪʝʨʙʠʝʚʳʤ ʚʦʣʦʢʦʥʥʳʤ 

ʣʘʟʝʨʦʤ (ɚ=1130 ʥʤ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʪʠʚ ʦʙʭʦʜʘ ʨʝʟʦʥʘʪʦʨʘ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 2 ɺʪ). ɺʳʚʦʜ ʠʟʣʫʯʝʥʠʷ ʠʟ ʨʝʟʦʥʘʪʦʨʘ 

ʛʦʣʴʤʠʝʚʦʛʦ ʣʘʟʝʨʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʯʝʨʝʟ ʦʪʚʝʪʚʠʪʝʣʴ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ 30/70 (30% ʠʟʣʫʯʝʥʠʷ ʚʳʭʦʜʠʣʦ ʠʟ 

ʨʝʟʦʥʘʪʦʨʘ). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʘʩʳʱʘʶʱʠʡʩʷ ʧʦʛʣʦʪʠʪʝʣʴ ï ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. 

ɺ ʨʝʟʦʥʘʪʦʨ ʜʦʙʘʚʣʝʥʦ 10 ʤ ʚʦʣʦʢʥʘ UHNA4 (Coherent) ʩ ʚʳʩʦʢʠʤ 
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ʟʥʘʯʝʥʠʝʤ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ NA = 0,35 ʠ ʜʠʩʧʝʨʩʠʝʡ ʛʨʫʧʧʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 2,04 ʤʢʤ ɓ2 å +0,086 ʧʩ2/ʤ. ʇʦʣʥʘʷ ʜʣʠʥʘ 

ʨʝʟʦʥʘʪʦʨʘ ʩʦʩʪʘʚʠʣʘ 13,7 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ 

ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 15,5 ʄɻʮ. ʏʠʩʪʘʷ ʜʠʩʧʝʨʩʠʷ ʨʝʟʦʥʘʪʦʨʘ 

ʩʦʩʪʘʚʠʣʘ ɓ2L å +0,5 ʧʩ2. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʥʘʙʣʶʜʘʣʠ 

ʤʥʦʛʦʠʤʧʫʣʴʩʥʫ  ʁ ʛʝʥʝʨʘʮʠ,ʁ ʧʝʨʝʭʦʜʷʱʫ  ʁ ʚ ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ 

ɻʉʄ ʩ ʧʦʚʳʰʝʥʠʝʤ ʏʉʀ. ɿʘʚʠʩʠʤʦʩʪʴ ʏʉʀ ʦʪ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ 

ʠʤʝʣʘ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 1(ʘ)). ʕʥʝʨʛʠʷ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʨʦʩʪʦʤ ʏʉʀ (ʨʠʩ. 1(ʙ)). 

  
ʘ) ʙ) 

ʈʠʩ. 1. ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʏʉʀ ʦʪ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ; ʙ) ɿʘʚʠʩʠʤʦʩʪʴ 

ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ ʦʪ ʏʉʀ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʦʥʥʳʡ 

ʛʦʣʴʤʠʝʚʳʡ ʣʘʟʝʨ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʋʂʀ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 2,04 ʤʢʤ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʦʪ 1,44 ʜʦ 1,52 ɺʪ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʝʨʝʩʪʨʦʡʢʘ ʏʉʀ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 248 ʄɻʮ (16 

ʛʘʨʤʦʥʠʢʘ) ʜʦ 1149 ʄɻʮ (74 ʛʘʨʤʦʥʠʢʘ) ʟʘ ʩʯʝʪ ɻʉʄ. ʇʨʠ ʵʪʦʤ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4 ʜʦ 5 ʧʩ, ʘ 

ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʦʚ ʦʪ 13 ʜʦ 51 ʧɼʞ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʪy ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ ˉ 24-72-10120. 

1. Tanaka N. et al., Appl. Phys. Express, 2025, 18, 032001. 

2. Kim B. et al., Sensors, 2016, 16(5), 598. 

3. Courvoisier C. et al., Laser Physics, 2004, 14(4), 507ï514. 

4. Kerse C. et al., Nature, 2016, 537, 84-88. 

5. Fermann, M. E. et al., Optics Letters, 1996, 21(13), 970. 

6. Wang Y., et al., Scientific Reports, 2017, 7(1), 7779. 
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ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʝ ZGP 

ʩ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʦʡ Tm3+,Ho3+:YSGG ʣʘʟʝʨʦʤ 

ɻʘʬʫʨʦʚʘ ʃ.ɺ., ʆʚʯʘʨʝʥʢʦ ɹ.ɼ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
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ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʜʠʘʧʘʟʦʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ (ʦʢʦʣʦ 3ï5 ʤʢʤ) [1] ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ çʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚè ʤʦʣʝʢʫʣ 

[2]. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʘʟʝʨʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʚʳʩʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʤʝʜʠʮʠʥʝ [3, 4], ʩʧʝʢʪʨʦʩʢʦʧʠʠ [5, 

6], ʛʘʟʦʘʥʘʣʠʟʝ [7], ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʥʘʢʘʯʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʩʚʝʪʘ [8], ʠ ʪ. ʜ. 

ʆʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 3ï25 ʤʢʤ ʚʳʩʪʫʧʘʝʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ 

ʛʝʥʝʨʘʮʠʷ ʩʚʝʪʘ (ʇɻʉ) ʥʘ ʢʨʠʩʪʘʣʣʝ ZnGeP2 (ZGP) ʩ ʥʘʢʘʯʢʦʡ ʚ 

ʦʙʣʘʩʪʠ 2 ʤʢʤ [9]. ʊʠʧʠʯʥʦʡ ʩʭʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ 2 ʤʢʤ 

ʠʟʣʫʯʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʥʘʢʘʯʢʘ ʛʦʣʴʤʠʝʚʦʛʦ ʢʨʠʩʪʘʣʣʘ (YAG:Ho3+) 

ʚʦʣʦʢʦʥʥʳʤ ʪʫʣʠʝʚʳʤ (Tm3+) ʣʘʟʝʨʦʤ [9, 10]. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʳʩʪʫʧʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʠʩʪʦʯʥʠʢʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʣʝʛʠʨʦʚʘʥʥʳʭ Tm3+ ʠ Ho3+, ʩ ʪʦʨʮʝʚʦʡ ʥʘʢʘʯʢʦʡ 

[11ï14] ʠ ʩ ʧʦʧʝʨʝʯʥʦʡ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ ʚ ʢʚʘʥʪʨʦʥʘʭ [15]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʝ ZGP ʧʨʠ ʦʧʪʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 2 ʤʢʤ 

ʠʟʣʫʯʝʥʠʝʤ Tm3+,Ho3+:YSGG ʣʘʟʝʨʘ ʩ ʧʦʧʝʨʝʯʥʦʡ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ. 

ʉʦʟʜʘʥ ʫʥʠʢʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ 2 ʤʢʤ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʘ Tm3+,Ho3+:YSGG ʩ ʧʦʧʝʨʝʯʥʦʡ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ 

(ʩʫʤʤʘʨʥʘʷ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʜʦʩʪʠʛʘʣʘ 20 ʢɺʪ ʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 796 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 1 ʤʩ ʠ 

ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ 2 ɻʮ). ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʥʫʪʘʷ ʚʳʭʦʜʥʘʷ 

ʵʥʝʨʛʠʷ ɽ ʚ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 1,1 ɼʞ, ʚ 

ʨʝʞʠʤʝ ʘʢʪʠʚʥʦʡ ʤʦʜʫʣʷʮʠʠ ʜʦʙʨʦʪʥʦʩʪʠ ʥʘ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʤ 

ʟʘʪʚʦʨʝ ʥʘ ʙʘʟʝ ʢʨʠʩʪʘʣʣʘ KGW (ʢʘʣʠʡ-ʛʘʜʦʣʠʥʠʝʚʳʡ ʚʦʣʴʬʨʘʤʘʪ) ʚ 

ʮʫʛʝ ʠʤʧʫʣʴʩʦʚ ï 200 ʤɼʞ. 

ʇʦʣʫʯʝʥʘ ʇɻʉ ʥʘ ʢʨʠʩʪʘʣʣʝ ZGP (ʫʛʦʣ ʩʨʝʟʘ ɗ=54,4Á) ʚ ʩʭʝʤʝ 

ʚʥʝʰʥʝʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʥʘʢʘʯʢʦʡ ʮʫʛʦʤ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ 

mailto:lidiya.shirkina@mail.ru


 
ʃɸɿɽʈʅɸʗ ʌʀɿʀʂɸ ʀ ɺʆʃʆʂʆʅʅɸʗ ʆʇʊʀʂɸ 

 14 

2 ʤʢʤ ʠʟʣʫʯʝʥʠʷ Tm3+,Ho3+:YSGG ʣʘʟʝʨʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʛʝʥʝʨʘʮʠʷ ʠʟʣʫʯʝʥʠ ̫ʚ ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʩ ʩʠʛʥʘʣʴʥʦʡ (3,8 ʤʢʤ) 

ʠ ʭʦʣʦʩʪʦʡ (4,5 ʤʢʤ) ʚʦʣʥʘʤʠ. 
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ʉʚʝʨʭʙʳʩʪʨʘʷ ʘʥʠʟʦʪʨʦʧʠʷ 
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ʌʠʣʘʤʝʥʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʦʥʢʦʛʦ ʧʨʦʪʷʞʝʥʥʦʛʦ ʩʚʝʪʷʱʝʛʦʩʷ ʥʠʪʝʦʙʨʘʟʥʦʛʦ ʢʘʥʘʣʘ 

(ʬʠʣʘʤʝʥʪʘ), ʪʦ ʝʩʪʴ, ʭʘʨʘʢʪʝʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʦ ʩʨʝʜʦʡ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʣʠʥʝʡʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʩʨʝʜʝ (ʢʝʨʨʦʚʩʢʘʷ ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʘ) ʠ ʧʣʘʟʤʝ 

(ʜʝʬʦʢʫʩʠʨʦʚʢʘ ʧʣʘʟʤʦʡ) [1]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʬʠʣʘʤʝʥʪʘʮʠʠ ʦʩʦʙʝʥʥʦ 

ʚʳʜʝʣʷʶʪʩʷ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʚʝʜʥyʥʦʡ ʩʚʝʨʭʙʳʩʪʨʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [2]. ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʚʳʟʚʘʥʥʦʝ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʨʦʮʝʩʩ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ 

ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥ ʧʦ 

ʬʘʟʦʚʦʤʫ ʠʟʤʝʥʝʥʠʶ, ʧʨʦʠʩʭʦʜʷʱʝʤʫ ʩ ʟʘʜʝʨʞʢʦʡ ʚ ʥʝʩʢʦʣʴʢʦ 

ʧʠʢʦʩʝʢʫʥʜ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʥʘʢʘʯʢʠ [3ï4]. ɹʦʣʝʝ ʪʦʛʦ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʟʤʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ɺʳʷʚʣʝʥʠʝ ʧʦʜʦʙʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʤʝʪʦʜʦʤ ʥʘʢʘʯʢʘ-

ʟʦʥʜʠʨʦʚʘʥʠʝ [4]. ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʨʘʟʜʝʣʝʥʠʠ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ ʥʘ ʜʚʘ: ʩʠʣʦʚʦʡ, ʠʤʝʶʱʠʡ ʥʝʦʙʭʦʜʠʤʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʠʣʘʤʝʥʪʘ, ʠ ʟʦʥʜʠʨʫʶʱʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʣʠ ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʫʛʣʦʤ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ 

ʩʠʣʦʚʦʛʦ ʧʫʯʢʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʚʣʠʷʥʠʝ ʨʝʬʨʘʢʮʠʠ ʠʟʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʂʝʨʨʘ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʮʝʥʠʚʘʪʴ ʣʦʢʘʣʴʥʫʶ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʫʯʢʝ ʙʝʟ ʧʨʷʤʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʟʘʜʘʯ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʨʘʩʰʠʨʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʨʝʜʳ (ʜʘʚʣʝʥʠʝ, ʪʠʧ 

ʛʘʟʘ) ʠ ʫʩʣʦʚʠʡ ʬʦʢʫʩʠʨʦʚʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʫʣʴʪʠʛʠʛʘʚʘʪʪʥʦʡ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʢʨʠʩʪʘʣʣʝ Ti:Sa (ʜʣʠʥʘ ʚʦʣʥʳ 

800 ʥʤ, ʵʥʝʨʛʠʷ ʚ ʠʤʧʫʣʴʩʝ ʜʦ 3 ʤɼʞ, ʜʠʘʤʝʪʨ ʧʫʯʢʘ 12 ʤʤ ʧʦ 

ʫʨʦʚʥʶ 1ù(e2), ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʦ 1 ʢɻʮ). ʃʘʟʝʨʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʨʘʟʜʝʣʷʣʠ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʩʠʣʦʚʦʡ ʠʤʧʫʣʴʩ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʣʘʤʝʥʠʪʘ ʧʫʪʝʤ ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʛʘʟʦʚʫʶ ʢʘʤʝʨʫ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʘʟʘʤʠ ʧʨʠ ʨʘʟʥʦʤ ʜʘʚʣʝʥʠʠ; ʟʦʥʜʠʨʫʶʱʠʡ ʠʤʧʫʣʴʩ 

(~1% ʠʩʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ) ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʩʠʣʦʚʦʤʫ ʠʤʧʫʣʴʩʫ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʠʣ ̫

ʧʣʘʟʤʝʥʥʦʛʦ ʢʘʥʘʣʘ ʠ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʟʦʥʜʠʨʫʶʱʠʡ ʧʫʯʦʢ ʥʘʧʨʘʚʣʷʣʠ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʄʘʡʢʝʣʴʩʦʥʘ ʩʦ 

ʩʤʝʱʝʥʥʳʤ ʧʣʝʯʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

ʧʨʠʤʝʥʷʣʠ ʬʠʣʴʪʨʘʮʠʁ ʚ ʌʫʨʴʝ-ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɸʙʝʣʷ [5]. ɼʣʷ ʣʦʢʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ 

ʤʦʱʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʠʣʘ ʤʝʪʦʜʠʢʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

[6]. 
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ɺʩy ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʠʛʨʘʝʪ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʦʩʥʦʚʘʥ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ 

ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʘʭ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʧʨʠ ʧʦʤʦʱʠ 

ʩʦʣʠʪʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʛʝʥʝʨʘʮʠʷ 

ʠʟʣʫʯʝʥʠʷ ʩ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ ʙʦʣʝʝ 3 ʦʢʪʘʚ ʚʧʣʦʪʴ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩʨʝʜʥʝʛʦ ʀʂ (ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ). ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʛʝʥʝʨʘʮʠʠ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ ʰʠʨʠʥʦʡ 4 ʦʢʪʘʚʳ ʙʳʣʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ɺʂʈ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ [2] 

(ɺʂʈ ï ʚʳʥʫʞʜʝʥʥʦʝ ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ). ʆʜʥʘʢʦ, 

ʦʜʥʦʢʘʩʢʘʜʥʦʝ ɺʂʈ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʫʶ ʚʝʣʠʯʠʥʫ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ 

ʦʪʣʠʯʥʳʭ ʦʪ ʜʠʘʧʘʟʦʥʘ ʥʘʢʘʯʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɺʂʈ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʟʘʪʨʘʚʢʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʩʪʦʢʩʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [3]. ʕʪʦ, ʚʦ-ʧʝʨʚʳʭ, 

ʜʘyʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʠʟʣʫʯʝʥʠʝ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʫʣʫʯʰʘʝʪ 

ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʥʠʞʘ̫  ʟʘʰʫʤʣʝʥʥʦʩʪʴ 

ʫʩʠʣʠʚʘʶʱʝʛʦʩʷ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʳ, 

ʩʧʝʢʪʨʘʣʴʥʦ-ʫ ʠhʨʝʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʬʘʟʦʚʦʡ ʩʘʤʦʤʦʜʫʣʷʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʫʰʠʨʝʥʠʝʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʙʝʟ ʧʦʪʝʨʠ ʝʛʦ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʚʘʨʮʝʚʳʡ ʧʦʣʳʡ ʚʦʣʦʢʦʥʥʳʡ ʩʚʝʪʦʚʦʜ ʜʣʠʥʦʡ ʦʢʦʣʦ 2 ʤ ʩ 

ʩʝʨʜʮʝʚʠʥʦʡ ʜʠʘʤʝʪʨʦʤ 65 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʦʢ ʢʘʧʠʣʣʷʨʦʚ 

1,3 ʤʢʤ, ʟʘʧʦʣʥʝʥʥʳʡ ʘʨʛʦʥʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʥʘʢʘʯʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʪʪʝʨʙʠʝʚʳʡ ʣʘʟʝʨ (ʊɽʊɸ-6, Avesta), 
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ʛʝʥʝʨʠʨʫʶʱʠʡ ʠʤʧʫʣʴʩʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 250 ʬʩ ʜʦ 12 ʧʩ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 1,032 ʤʢʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ ʚ ʪʘʢʫʶ ʥʝʣʠʥʝʡʥʫʶ ʩʨʝʜʫ ʠʤʧʫʣʴʩʦʚ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 250 ʬʩ ʠ ʵʥʝʨʛʠʝʡ ʜʦ 7 ʤʢɼʞ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʫʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʚʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 950ï1175 ʥʤ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʘʨʛʦʥʘ 33 ʘʪʤ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʫʰʠʨʝʥʠʝʤ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʧʨʠ ʵʪʦʤ ʜʦʚʦʣʴʥʦ ʛʣʫʙʦʢʘʷ 

ʤʦʜʫʣʷʮʠʷ ʝʛʦ ʘʤʧʣʠʪʫʜʳ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʣʠʷʥʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʠ ʚʳʩʰʠʭ ʤʦʜ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ (ʩʝʨʳʡ), ʩʧʝʢʪʨ ʚʳʭʦʜʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʢʨʘʩʥʳʡ) 

 
ʈʠʩ. 2. (ʘ) ï ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ɸʂʌ) ʩʞʘʪʦʛʦ ʠʤʧʫʣʴʩʘ; 

(ʙ) ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ɸʂʌ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʨʝʤʝʥʥ·ʝ ʩʞʘʪʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-

ʫʰʠʨʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʨʝʩʩʦʨ 
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ʠʤʧʫʣʴʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʨʳ ʨʘʚʥʦʩʪʦʨʦʥʥʠʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʧʨʠʟʤ ʠʟ 

ʩʪʝʢʣʘ ʊʌ-8. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʤʧʫʣʴʩʳ ʤʠʥʠʤʘʣʴʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 80 ʬʩ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʞʘʪʠʷ ʙʦʣʝʝ 3. 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ɸʂʌ) ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʞʘʪʳʭ 

ʠʤʧʫʣʴʩʦʚ ʥʘ ʨʠʩ. 2 ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʧʦʙʦʯʥʳʝ ʧʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʳʩʰʠʭ ʤʦʜ ʚ ʧʦʣʦʤ ʩʚʝʪʦʚʦʜʝ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʠʠ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʠʤʧʫʣʴʩʦʚ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʘʧʝʨʪʫʨʫ ʧʫʯʢʘ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʥʘʢʘʯʢʠ ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʪʦʢʩʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ɺʂʈ ʚ 

ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʭ ʩʚʝʪʦʚʦʜʘʭ ʩ ʧʦʣʦʡ ʩʝʨʜʮʝʚʠʥʦʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ɻʣʘʜʳʰʝʚʫ ɸ.ɺ., ʢ.ʬ.-ʤ.ʥ. ʂʨʳʣʦʚʫ ɸ.ɸ. ʠ ʗʮʝʥʢʦ ʖ.ʇ. ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʩʤʫʪʦʚʳʭ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ 
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ɺʠʩʤʫʪʦʚʳʝ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʛʝʥʝʨʘʮʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 1,15ï1,78 ʤʢʤ. ɻʝʥʝʨʘʮʠʷ 

ʚ ʣʘʟʝʨʘʭ ʩ ʘʢʪʠʚʥʳʤʠ ʩʨʝʜʘʤʠ ʥʘ ʙʘʟʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʪʝʭ ʞʝ ʜʣʠʥʘʭ ʚʦʣʥ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʣʘʟʝʨʘʤ ʥʘ ʦʩʥʦʚʝ 

ʚʠʩʤʫʪʦʚʳʭ ʘʢʪʠʚʥʳʭ ʩʚʝʪʦʚʦʜʦʚ. 

ʀʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʢʦʛʝʨʝʥʪʥʫʶ ʦʧʪʠʯʝʩʢʫʶ ʪʦʤʦʛʨʘʬʠʶ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʬʦʪʦʘʢʫʩʪʠʯʝʩʢʠʝ 

ʩʝʥʩʦʨʳ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʘʟʝʨʳ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʦʜʥʫ ʠʣʠ ʜʚʝ 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʤʦʜʳ, ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʜʣʷ 

ʨʷʜʘ ʥʘʫʯʥʳʭ ʟʘʜʘʯ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʜʦʙʥʳʭ ʣʘʟʝʨʦʚ, ʠ ʚʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ 

ʛʝʨʤʘʥʦʩʠʣʠʢʘʪʥʦʛʦ ʚʠʩʤʫʪʦʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʪʠʧʘ PANDA. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʘʟʝʨʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʦʜʥʫ ʠʣʠ 

ʜʚʝ ʦʨʪʦʛʦʥʘʣʴʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʤʦʜʳ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ 

ʫʩʠʣʠʪʝʣʷ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ [2, 3]. ɺ ʨʘʤʢʘʭ 

ʵʪʦʡ ʤʦʜʝʣʠ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʚʠʩʤʫʪʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ (ɺɸʎ) ʦʧʠʩʳʚʘʶʪʩʷ ʵʣʣʠʧʩʦʠʜʘʤʠ ʩ ʛʣʘʚʥʦʡ (ʎȟ) ʠ 

ʧʦʧʝʨʝʯʥʳʤʠ (ʎȟ) ʦʩʷʤʠ, ʨʠʩ. 1 (ʘ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʘʜʘʶʱʝʛʦ (ʠʣʠ ʠʩʧʫʩʢʘʝʤʦʛʦ) ʠʟʣʫʯʝʥʠʷ ʠ ʦʩʝʡ 

ʵʣʣʠʧʩʦʠʜʘ. ʆʪʥʦʰʝʥʠʝ ʩʝʯʝʥʠʡ ʚʜʦʣʴ ʧʦʧʝʨʝʯʥʦʡ ʠ ʛʣʘʚʥʦʡ ʦʩʝʡ 

(ʎȟ/ʎȟ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʘʨʘʤʝʪʨ ʘʥʠʟʦʪʨʦʧʠʠ. ɼʣʷ ɺɸʎ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʢʨʝʤʥʠʝʤ (Si), ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ 0,415 
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[4]. ʄʦʜʝʣʴ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʦʪʨʦʧʥʦʝ ʘʟʠʤʫʪʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺɸʎ. 

ʄʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ [2, 3], ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ 

ʯʠʩʣʝʥʥʦʡ ʩʠʤʫʣʷʮʠʠ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʘ ʚ ʦʜʥʦʡ ʠ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʤʦʜʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʵʤʠʩʩʠʠ ʜʣʷ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʤʦʜ 

ʧʨʝʜʩʪʘʚʠʤ rʚ ʚʠʜʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩ. 1. (ʙ): 

 ʎȟʇȟʃȟʖȟʃ ʎȟ ʇ ʎȟ ʇ ÓÉÎʃÃÏÓʖ ʃ ʎȟ ʇ, (1) 

 ʎȟʇȟʃȟʖȟʃ ʎȟʇ ʎȟʇ ÓÉÎʃÓÉÎʖ ʃ ʎȟʇ, (2) 

ʛʜʝ ɚ ð ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ɗ ð ʫʛʦʣ ʤʝʞʜʫ ʛʣʘʚʥʦʡ ʦʩʴʶ 

ʵʣʣʠʧʩʘ ʠ ʦʩʴʶ OX, ɤ ð ʫʛʦʣ ʤʝʞʜʫ ʧʨʦʝʢʮʠʝʡ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʦʩʠ 

ʵʣʣʠʧʩʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ZOY ʠ ʦʩʴʶ OY, ɗǋ ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʠ ʦʩʴʶ OY (ʤʝʜʣʝʥʥʘʷ ʦʩʴ ʩʚʝʪʦʚʦʜʘ 

PANDA). 

ʇʦʛʣʦʱʝʥʠʝ (ʫʩʠʣʝʥʠʝ) ʧʦʜʛʨʫʧʧʳ ɺɸʎ ʚʳʨʘʞʘʝʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ: 

 ɻȟ ʇȟʃ ὔ ː
᷿ ᷿ ȟȟȟ

ȟ
ȟ

ȟ

ȟ

᷿ ᷿
  (3) 

ʛʜʝ N ð ʢʦʥʮʝʥʪʨʘʮʠʷ ɺɸʎ, ɻ ð ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʪʠʷ. 

ʋʨʘʚʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʣʷ ʦʙʝʠʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʤʦʜ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʠʤʳ ʚ ʚʠʜʝ 

ȟ ȟ
В Ὅὲὺᾀȟʃ Ὣȟ ʇȟʃ ɻȟ ʇȟʃ

ɻȟ ʇȟʃ ὖȟ ᾀȟʃ Ὤ Ўʇ
В ȟ

Ὣᴜ ὰ ὖȟ ᾀȟʃ  (4) 

ȟ ȟ
В Ὅὲὺᾀȟʃ Ὣȟ ʇȟʃ ɻȟ ʇȟʃ

ɻȟ ʇȟʃ ὖȟ ᾀȟʃ Ὤ Ўʇ
В ȟ

Ὣᴜ ὰ ὖȟ ᾀȟʃ  (5) 

ʛʜʝ g ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, Ὅὲὺ ð ʠʥʚʝʨʩʠʷ k-ʡ ʛʨʫʧʧʳ, nk ð

ʯʠʩʣʦ ʧʦʜʛʨʫʧʧ, l i ð ʥʝʧʨʦʩʚʝʪʣʷʝʤʳʝ ʧʦʪʝʨʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʥyʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘʢʘʯʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦʡ ʦʩʠ ʩʚʝʪʦʚʦʜʘ, ʨʠʩ. 1. (ʚ). 



 
ʃɸɿɽʈʅɸʗ ʌʀɿʀʂɸ ʀ ɺʆʃʆʂʆʅʅɸʗ ʆʇʊʀʂɸ 

 22 

(a)  (ʙ)   

(ʚ)  

ʈʠʩ. 1. ʕʣʣʠʧʩʦʠʜʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʵʤʠʩʩʠʠ (a), 

ʦʨʠʝʥʪʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ (ʙ), 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʦʪ ʫʛʣʘ ɗǋ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʘʥʠʟʦʪʨʦʧʠʠ (ʚ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʝʥʥʳʤ ʵʬʬʝʢʪʠʚʥʦʩʪʷʤ ʛʝʥʝʨʘʮʠʠ ʛʝʨʤʘʥʦʩʠʣʠʢʘʪʥʦʛʦ 

ʚʠʩʤʫʪʦʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʪʠʧʘ 

PANDA ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʘʥʠʟʦʪʨʦʧʠʠ, ʨʘʚʥʦʤ 0,415, 

ʨʠʩ. 1. (ʚ). 

1. X. Lin, Y. Liang, L. Jin, et al., Sensors. 2019, 19, 4632. 

2. L.J. Wang, J.T. Lin, and Peida Ye, IEEE J. Quantum. Electron. 1998, 

34, 413. 

3. P. Wysocki, and V. Mazurczyk, J. Lightwave Technol. 1996, 14, 572. 

4. A.V. Elopov, K.E. Riumkin, F.V. Afanasiev, et al., Opt. Lett. 2024, 49, 

5300. 
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ʋʩʠʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ SiV-ʮʝʥʪʨʦʚ ʚ ʥʘʥʦʘʣʤʘʟʘʭ, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʘʟʦʪʦʤ, ʧʨʠ ʜʚʫʭʮʚʝʪʥʦʤ ʣʘʟʝʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ɾʠʚʦʧʠʩʮʝʚ ɸ.ɸ., ʈʦʤʰʠʥ ɸ.ʄ., ʇʘʩʪʝʨʥʘʢ ɼ.ɻ. 

 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: azh253@gmail.com 

DOI: 10.24412/CL-35673-2025-1-23-24  

ʎʝʥʪʨʳ ʢʨʝʤʥʠʡ-ʚʘʢʘʥʩʠʷ (SiV ) ʚ ʥʘʥʦʘʣʤʘʟʘʭ ʦʙʣʘʜʘʶʪ 

ʷʨʢʦʡ ʠ ʫʟʢʦʧʦʣʦʩʥʦʡ (~6 ʥʤ) ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ ʙʣʠʞʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (738 ʥʤ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʠ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʚʘʥʪʦʚʦʡ ʬʦʪʦʥʠʢʝ [1] ʠ ʢʚʘʥʪʦʚʦʡ ʩʝʥʩʦʨʠʢʝ [2]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ SiV-ʮʝʥʪʨʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɺ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 

ʨʘʙʦʪʘʭ ʜʣʷ SiV-ʮʝʥʪʨʦʚ ʚ ʦʙʲʸʤʥʳʭ ʘʣʤʘʟʘʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʟʘʤʝʱʘʶʱʝʛʦ ʘʟʦʪʘ (NS) ʥʘ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʮʝʥʪʨʦʚ [3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʜʚʫʭʮʚʝʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ SiVï ʮʝʥʪʨʦʚ ʚ ʥʘʥʦʘʣʤʘʟʘʭ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʘʤʝʱʘʶʱʝʛʦ ʘʟʦʪʘ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (HPHT). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʢ ʦʩʥʦʚʥʦʤʫ ʚʦʟʙʫʞʜʘʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

660 ʥʤ (10 ʤɺʪ) ʩʣʘʙʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ (<100 

ʤʢɺʪ) ʫʩʠʣʠʚʘʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ SiVϖ ʚ 2ï10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ 660 ʥʤ ʣʘʟʝʨʘ. 

ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NS ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 

1000 ppm. ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ (ʜʦ 10-ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 4 ppm, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ NS ʠ SiVϖ. 
ʀʟʫʯʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʣʫʢʪʫʘʮʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʮʝʥʪʨʦʚ SiVϖ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ 

ʚʦʟʙʫʞʜʝʥʠʷ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʪʦʣʴʢʦ 660 ʥʤ ʣʘʟʝʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʥʘ ̫ʛʨʫʧʧʠʨʦʚʢʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ ʧʦʨʷʜʢʘ 40 ʥʩ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʣʦʚʫʰʝʯʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʦʙʘʚʣʝʥʠʝ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ʧʦʜʘʚʣʷʝʪ 
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ʘʤʧʣʠʪʫʜʫ ʵʪʦʛʦ ʧʠʢʘ; ʵʬʬʝʢʪ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʧʨʠ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ 532 ʥʤ ʣʘʟʝʨʘ 500 ʤʢɺʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʧʪʠʯʝʩʢʦʡ 

ʠʦʥʠʟʘʮʠʝʡ ʟʘʤʝʱʘʶʱʝʛʦ ʘʟʦʪʘ (NS З N ). ɺ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʟʘʤʝʱʸʥʥʳʡ ʘʟʦʪ ʚʳʩʪʫʧʘʝʪ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʘ ʜʣʷ SiVï, ʚʨʝʤʝʥʥʦ 

ʧʝʨʝʚʦʜʷ ʝʛʦ ʚ ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʝ ʜʚʘʞʜʳ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ SiV2ï. ɼʦʙʘʚʣʝʥʠʝ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʜʦʥʦʨʦʚ ʘʟʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʨʝʛʫʣʠʨʫʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʟʘʨʷʜʦʚʫʶ ʜʠʥʘʤʠʢʫ ʮʝʥʪʨʦʚ SiV ʠ ʠʭ ʬʦʪʦʥʥʫʶ 

ʵʤʠʩʩʠʶ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʥʘʜʸʞʥʳʭ ʠ ʫʧʨʘʚʣʷʝʤʳʭ 

ʢʚʘʥʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ SiV-ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-

14-00129 (https://rscf.ru/project/23-14-00129/). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ 

ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʠʟʤʝʨʝʥʠʡ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 

ʨʘʤʘʥʦʚʩʢʠʤ ʣʠʜʘʨʦʤ 

ʂʘʩʴʷʥʠʢ ʅ.ʀ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: kasnik46@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-25-28 

ʃʠʜʘʨʳ, ʠʟʤʝʨʷʶʱʠʝ ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʚʳʙʨʘʥʥʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʦʣʫʯʘʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ. ʆʜʥʘʢʦ, ʚʦ ʤʥʦʛʠʭ ʣʠʜʘʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʥʘʣʠʟʠʨʫʶʪ ʪʦʣʴʢʦ ʧʦʣʥʫ  ʁ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʦʩʪʘʚʣʷʷ ʙʝʟ ʚʥʠʤʘʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪ ʠʟʤʝʨʝʥʠʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [1]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟʣʫʯʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦ, ʘ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠʟʣʫʯʝʥʠʷ (ʘʥʠʟʦʪʨʦʧʠʷ) ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, 

ʦʪ ʫʛʣʘ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʤʦʣʝʢʫʣ ʬʣʫʦʨʦʬʦʨʘ, ʘ ʪʘʢʞʝ ʦʪ ʚʨʘʱʘʪʝʣʴʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʣʝʢʫʣ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʞʝʪ ʜʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʪʤʦʩʬʝʨʥʦʤ ʘʵʨʦʟʦʣʝ, ʦʜʥʘʢʦ, 

ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʱʸ ʥʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪ ʪʠʧʘ ʘʵʨʦʟʦʣʷ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʨʘʪʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦʛʦ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(ɓ532, ɓF ʠ GF) ʚ ʥʦʯʴ ʩ 26 ʥʘ 27 ʠʶʥʷ 2023 ʛ. ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1ʘ [2]. 

ʉʣʦʡ ʜʳʤʘ ʩ ɓF ʜʦ 7,0Ŀ10ī4 ʄʤī1ʩʨī1 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 

4-10 ʢʤ. ɺʥʫʪʨʠ ʩʣʦʷ ʜʳʤʘ GF ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3Ŀ10ī4, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʜʳʤʘ, ʪʦʛʜʘ ʢʘʢ ʚʳʰʝ 6 ʢʤ GF ʫʤʝʥʴʰʘʝʪʩʷ 

ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ʂʨʠʩʪʘʣʣʳ ʣʴʜʘ ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʯʘʩʪʠʮ ŭ532 ʩ 3% ʥʘ ʚʳʩʦʪʝ 6 ʢʤ ʜʦ 20% ʥʘ ʚʳʩʦʪʝ 8 

ʢʤ (ʨʠʩʫʥʦʢ 1ʙ). ʀʟʣʫʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʠʣʴʥʦ ʜʝʧʦʣʷʨʠʟʦʚʘʥʦ. 
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ɺʥʫʪʨʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ŭF ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60%, ʪʦʛʜʘ ʢʘʢ ʚʳʰʝ 2 

ʢʤ ʦʥ ʧʘʜʘʝʪ ʜʦ 45%. ʇʨʦʮʝʩʩʳ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ŭF 

ʜʳʤʘ. 

 
ʈʠʩ. 1. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʘʵʨʦʟʦʣʷ ɓ532 ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ɓF, ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ GF 

(ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ŭ532 ʠ ŭF (ʙ). 

ɺʦʜʷʥʦʡ ʧʘʨ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʪʤʦʩʬʝʨʳ, ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʜʘʨʳ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʨʘʤʘʥʦʚʩʢʠʝ ʣʠʜʘʨʳ). ɼʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʟʝʨʥʦʝ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ. ʆʜʥʘʢʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʚ 

ʪʨʦʧʦʩʬʝʨʝ ʜʳʤʦʚʳʭ ʰʣʝʡʬʦʚ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʠʥʜʫʮʠʨʫʝʪ ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʩʧʝʢʪʨ 

ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʝʪ ʦʙʣʘʩʪʴ ʣʠʥʠʡ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʚ ʢʘʥʘʣʝ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ (ʦʢʦʣʦ 407,5 ʥʤ) ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʚʢʣʘʜ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʜʳʤʘ. ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ 

ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʢʘʥʘʣʝ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚʦʟʤʦʞʥʦ ʧʫʪʤy ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʣʠʥʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ (ʤʝʥʝʝ 2%), ʪʦʛʜʘ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 
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ʠʟʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦʣʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ɿ  [2]. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ŭF=50%, 

60%, 70%. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ ʢʘʥʘʣʝ ʠʟʤʝʨʝʥʠʷ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ ŭW=2%. 

 
ʈʠʩ.2. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ , ʚʳʟʚʘʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ, ʢʘʢ ʬʫʥʢʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ɿ  ʜʣʷ ʪʨʭy ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ŭF=50%, 

60%, 70%. 

ʀʟʤʝʨʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʳʤʘ ʠ ʛʦʨʦʜʩʢʦʛʦ ʘʵʨʦʟʦʣʷ. ʊʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʣʠʜʘʨʦʤ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʜʳʤʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʨʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʠʟʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʘʵʨʦʟʦʣʷ. 
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ʅʝʜʘʚʥʦ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʛʘʟʦʨʘʟʨʷʜʥʳʝ 

ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ (ɻʈɺʃ) ʥʘ ʘʪʦʤʘʭ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʚ ʜʠʘʧʘʟʦʥʝ 2ï2,5 ʤʢʤ [1ï4]. ʇʨʠ ʵʪʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʛʝʥʝʨʘʮʠʶ ʚ ɻʈɺʃ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʢʦʣʦ 3,5 ʤʢʤ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʣʳʡ ʨʝʚʦʣʴʚʝʨʥʳʡ ʩʚʝʪʦʚʦʜ (ʈʉ), ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ɻʈɺʃ, ʠʤʝʝʪ ʟʦʥʫ ʧʨʦʧʫʩʢʘʥʠʷ (ʨʠʩ. 1), ʘ 

ʨʘʙʦʯʠʝ ʛʘʟʦʚʳʝ ʩʤʝʩʠ (ʥʘʧʨ., HeïXe) ʩʧʦʩʦʙʥʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚ ʵʪʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʯʠʥʦʡ, ʧʦ ʢʦʪʦʨʦʡ ʥʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʛʝʥʝʨʘʮʠʷ ʚ ʦʙʣʘʩʪʠ ʨʷʜʦʤ ʩ 3,5 ʤʢʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʟʦʥʘʪʦʨʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ɻʈɺʃ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʚ 

ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɸʢʪʠʚʥʦʡ ʟʦʥʦʡ ʚ ɻʈɺʃ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʈʉ, ʚ ʧʦʣʦʡ 

ʩʝʨʜʮʝʚʠʥʝ ʢʦʪʦʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʉɺʏ (ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ) 

ʨʘʟʨʷʜ. ʀʤʧʫʣʴʩʥʦʝ ʉɺʏ ʠʟʣʫʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʝ 2,45 ɻɻʮ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ 20ï80 ʤʢʩ ʠ ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ 400 ɻʮ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʨʝʥʠʝ ʨʘʟʨʷʜʘ ʠ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ɻʈɺʃ. ʂʦʥʮʳ ʈʉ ʛʝʨʤʝʪʠʯʥʦ ʟʘʜʝʣʘʥʳ ʚ ʤʠʥʠʘʪʶʨʥʳʝ ʚʘʢʫʫʤʥʳʝ 

ʢʘʤʝʨʳ. ɺʦ ʚʩʝʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ɻʈɺʃ ʟʝʨʢʘʣʘ (ʛʣʫʭʦʝ 

ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ) ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʩʪʳʢʦʚʘʥʳ 

ʢ ʢʦʥʮʘʤ ʩʚʝʪʦʚʦʜʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʟʝʨʢʘʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ ɻʈɺʃ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʝʨʤʝʪʠʟʘʮʠʠ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ɻʈɺʃ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1ï4]. 

ʅʘʠʙʦʣʝʝ ʨʘʟʫʤʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʩʝʣʝʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚʠʜʠʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʝʨʢʘʣ ʨʝʟʦʥʘʪʦʨʘ 

ɻʈɺʃ ʦʪʜʝʣʴʥʦ ʦʪ ʨʘʙʦʯʝʛʦ ʛʘʟʦʚʦʛʦ ʦʙʲʤyʘ (ʨʠʩ. 1). ʀ ʭʦʪʷ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʠʜʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʪʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʠʪ ʨʘʟʤʝʱʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʦʧʪʠʯʝʩʢʠʡ 
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ʬʠʣʴʪʨ, ʧʨʠʟʤʘ ʠ ʪ. ʜ.) ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ ʠ ʚʭʦʜʘʤʠ 

ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨ. ʆʢʦʰʢʠ ʢʘʤʝʨ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜ 

ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ (ʥʘʧʨ., ɹʨʶʩʪʝʨʘ). ʇʦʩʢʦʣʴʢʫ ʟʝʨʢʘʣʘ ʚ ʩʭʝʤʝ ʥʘ 

ʨʠʩ. 1 ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʠʭ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʚʦʙʦʜʥʦ 

ʤʝʥʷʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʨʝʟʦʥʘʪʦʨ. ʆʜʥʦ 

ʟʝʨʢʘʣʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʛʣʫʭʠʤ, ʘ ʜʨʫʛʦʝ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ, ʠʣʠ ʞʝ 

ʩʜʝʣʘʪʴ ʦʙʘ ʟʝʨʢʘʣʘ ʛʣʫʭʠʤʠ. ʅʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʳʚʦʜ 

ʠʟʣʫʯʝʥʠʷ ʠʟ ɻʈɺʃ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʘ ̫ ʧʣʘʩʪʠʥʢʘ, 

ʧʦʚʝʨʥʫʪʘ ̫ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʨʝʟʦʥʘʪʦʨʘ. ʇʨʠ 

ʵʪʦʤ ʜʦʙʘʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʚʥʦʩʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʨʝʟʦʥʘʪʦʨ. ʉʦʛʣʘʩʥʦ 

ʨʘʙʦʪʝ [5], ʜʣʷ ʛʘʟʦʚʳʭ ʣʘʟʝʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʝʪ ʦʜʥʦʨʦʜʥʦʝ 

ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʛʝʥʝʨʘʮʠʠ, ʚ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʠ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʣʘʟʤʳ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʚ ʧʦʣʦʤ ʢʘʥʘʣʝ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 100 ʤʢʤ. ɺ ɻʈɺʃ 

ʫʢʘʟʘʥʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ ʜʘʚʣʝʥʠʡ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ 

ʙʦʣʝʝ 100 ʪʦʨʨ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ɻʈɺʃ 

ɻɿ ð ʛʣʫʭʦʝ ʟʝʨʢʘʣʦ, ʇɿ ð ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ ʟʝʨʢʘʣʦ, ʆʇ ð ʵʣʝʤʝʥʪ 

ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʆɹ ð ʦʢʦʰʢʦ ɹʨʶʩʪʝʨʘ, ɺʇ ð ʚʳʚʦʜʷʱʘʷ 

ʧʣʘʩʪʠʥʢʘ, ʈʉ ð ʧʦʣʳʡ ʩʚʝʪʦʚʦʜ ʨʝʚʦʣʴʚʝʨʥʦʛʦ ʪʠʧʘ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʨʝʟʦʥʘʪʦʨʘ ɻʈɺʃ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1, ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘ ̫ʜʣʷ ʚʘʨʠʘʮʠʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʝʟʦʥʘʪʦʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʙʦʪʝ ɻʈɺʃ ʩ ʪʘʢʠʤ ʨʝʟʦʥʘʪʦʨʦʤ, ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ  
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ʙʣʘʛʦʜʘʨʠʪ ʜ.ʬ.-ʤ.ʥ. ɹʫʬʝʪʦʚʘ ʀ.ɸ., ʢ.ʬ.-ʤ.ʥ. ʄʠʥʝʝʚʘ ɸ.ʇ., 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʚʘʥʪʦʚʳʭ ʠ ʬʦʪʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʮʝʥʪʨʘʤ ʦʢʨʘʩʢʠ ʚ ʘʣʤʘʟʝ, ʩʣʫʞʘʱʠʤ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʩ ʨʝʢʦʨʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ɼʝʙʘʷ (2230 ʂ). 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ 

ʧʘʨʘʤʘʛʥʠʪʳʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ ʚ ʘʣʤʘʟʝ ʷʚʣʷʶʪʩʷ ʘʟʦʪʥʦ-

ʚʘʢʘʥʩʠʦʥʥʳʝ (NV) ʢʦʤʧʣʝʢʩʳ [1, 2]. ʉ ʪʘʢʠʤʠ ʮʝʥʪʨʘʤʠ ʤʦʞʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ ʦʜʠʥʦʯʥʳʤʠ ʩʧʠʥʦʚʳʤʠ ʢʚʘʥʪʦʚʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʧʨʠʯʝʤ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʝʛʦ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʚʳʩʪʨʘʠʚʘʪʴ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ. ɺʘʞʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʩʧʠʥʘʤʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʩʪʦʷʥʥʳʝ ʠ 

ʧʝʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʦʜʠʥʦʯʥʳʭ NV-ʮʝʥʪʨʦʚ 

ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʟʜʘʥʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʚʘʢʘʥʩʠʠ ʠ ʤʝʞʜʦʫʟʣʠʷ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʜʚʘ ʵʪʘʧʘ: 

(1) ʩʦʟʜʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ 

ʠʣʠ ʤʦʱʥʳʤ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ; (2) ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ 

(Ḑ700ï1000 ÁC), ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʤʠʛʨʘʮʠʶ ʠ ʦʙʲʝʜʠʥʝʥʠʝ ʜʝʬʝʢʪʦʚ 

ʩ ʧʨʠʤʝʩʥʳʤ ʘʟʦʪʦʤ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʩ 

ʢʦʪʦʨʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ NV-ʮʝʥʪʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʝʛʦ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ [3, 4]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʙʳʣʘ ʤʠʥʠʤʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʧʝʨʚʠʯʥʳʭ ʜʝʬʝʢʪʦʚ. 

ɼʣʷ ʩʠʥʪʝʟʘ NV-ʮʝʥʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʝ 

ʤʥʦʛʦʠʤʧʫʣʴʩʥʦʝ ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʈʘʥʝʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚ 

ʦʙʨʘʟʮʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ (~1 ppm) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʘʩʩʠʚʳ NV-ʮʝʥʪʨʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʧʦʣʫʯʝʥʠʝ ʦʜʠʥʦʯʥʳʭ (ʦʧʪʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ) ʮʝʥʪʨʦʚ ʚ 

ʩʚʝʨʭʯʠʩʪʦʤ ʘʣʤʘʟʝ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ. 
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ɼʣʷ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʧʫʣʴʩʳ ʪʨʝʪʴʝʡ 

ʛʘʨʤʦʥʠʢʠ Ti:Sapphire ʣʘʟʝʨʘ (ʜʣʠʥʘ ʚʦʣʥʳ 800 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ 120 ʬʩ, ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 1 ʢɻʮ). ɸʣʤʘʟʥʳʡ 

ʦʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ (100) CVD-ʤʦʥʦʢʨʠʩʪʘʣʣ ʩ ʨʘʟʤʝʨʘʤʠ 

2Ĭ2Ĭ0,3 ʤʤ, ʜʦʣʷ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʣʘ <5 ppm, ʜʦʣʷ ʙʦʨʘ <0,05 ppm. 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʢʘʥʠʨʫʶʱʫ  ʁ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʫ  ʁ (ʌʃ) ʤʠʢʨʦʩʢʦʧʠ,ʁ 

ʜʠʩʧʝʨʩʠʦʥʥʫ  ʁ ʠ ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʠ.ʁ ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʝʜʠʥʠʯʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ ʠʟʤʝʨʷʣʠ ʩʪʘʪʠʩʪʠʢʫ 

ʬʦʪʦʥʦʚ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʍʵʥʙʝʨʠ ɹʨʘʫʥʘ ï ʊʚʠʩʩʘ. ʈʝʣʴʝʬ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʬʠʣʦʤʝʪʨʘ ʙʝʣʦʛʦ ʩʚʝʪʘ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʙʣʫʯʝʥʠʶ ʦʙʨʘʟʮʘ 

ʠʤʧʫʣʴʩʘʤʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ 5% ʠ 7,5% ʦʪ ʧʦʨʦʛʘ 

ʦʜʥʦʠʤʧʫʣʴʩʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ, ʨʘʚʥʦʛʦ 3,6 ɼʞ/ʩʤ2. ʂʦʣʠʯʝʩʪʚʦ 

ʠʤʧʫʣʴʩʦʚ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 2Ĭ107. ʆʙʣʫʯʸʥʥʳʝ ʦʙʣʘʩʪʠ 

ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ r ʥʘ ʨʠʩ. 1. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʥʦʛʦʠʤʧʫʣʴʩʥʦʝ 

ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʌʃ ʮʝʥʪʨʦʚ, 

ʧʨʠʯʸʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʣʘʟʝʨʥʳʭ 

ʠʤʧʫʣʴʩʦʚ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʜʝʬʝʢʪʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ NV-ʮʝʥʪʨʘʤʠ, ʧʨʠʯʤy, 

ʚ ʥʫʞʥʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. 

 
ʈʠʩ. 1. ʆʧʪʠʯʝʩʢʠʝ (ʩʣʝʚʘ) ʠ ʌʃ (ʩʧʨʘʚʘ) ʢʘʨʪʳ ʦʙʣʫʯʥyʥʳʭ ʟʦʥ: (a-b) 

0,27 ɼʞ/ʩʤ2, 7Ĭ106 ʠʤʧʫʣʴʩʦʚ, ʢʨʘʪʝʨ 400 ʥʤ, ʠ (c-d) 0,18 ɼʞ/ʩʤ2, 

9Ĭ106 ʠʤʧʫʣʴʩʦʚ, ʢʨʘʪʝʨ 100 ʥʤ. ɻʣʫʙʠʥʘ ʬʦʢʫʩʠʨʦʚʢʠ Ḑ0 ʠ 
Ḑ3,5 ʤʢʤ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʠ ʌʃ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʄʝʪʦʜʦʤ ʍʵʥʙʝʨʠ ɹʨʘʫʥʘ ï ʊʚʠʩʩʘ ʙr ʣʘ ʠʟʤʝʨʝʥʘ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʬʦʪʦʥʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʅʘʙʣʶʜʘʝʤʳʡ ʚ ʥʝʡ ʷʚʥʳʡ ʧʨʦʚʘʣ ʚ 

ʦʙʣʘʩʪʠ ʥʫʣʝʚʦʡ ʟʘʜʝʨʞʢʠ (ʜʦ 0,08), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʤ 

ʵʬʬʝʢʪʝ ʘʥʪʠʛʨʫʧʧʠʨʦʚʢʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʮʝʥʪʨʳ 

ʷʚʣʷʪʁʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ 

ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʝʜʠʥʠʯʥʳʭ 

NV-ʮʝʥʪʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʣʠʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʧʦʨʦʛʘ ʛʨʘʬʠʪʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ 

ʵʪʦʤ ʨʝʞʠʤʝ NV-ʮʝʥʪʨʦʚ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʦʜʠʥʦʯʥʳʝ ʜʝʬʝʢʪʳ, ʠ ʠʭ ʢʣʘʩʪʝʨʳ. ʉʫʜʷ 

ʧʦ ʦʯʝʥʴ ʧʦʩʪʝʧʝʥʥʦʤʫ ʧʦʷʚʣʝʥʠʶ NV-ʮʝʥʪʨʦʚ ʠ ʠʭ ʝʜʠʥʠʯʥʦʩʪʠ, 

ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʛʝʥʝʨʠʨʫʝʪ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʚʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʥʠʤʘʣʴʥʦ ʧʦʚʨʝʞʜʘʝʪ 

ʨʝʰyʪʢʫ ʘʣʤʘʟʘ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʜ.ʬ.-ʤ.ʥ. ʂʦʥʦʥʝʥʢʦ ɺ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ. 
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ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʃʠʫʚʠʣʣʷ-ʬʦʥ ʅʝʡʤʘʥʘ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ, 

ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʚʥʝʰʥʠʤ ʦʢʨʫʞʝʥʠʝʤ 

ʂʫʨʢʦʚ ɺ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʥʘʭʦʞʜʝʥʠʶ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʵʚʦʣʶʮʠʠ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ 

ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʚ ʤʘʨʢʦʚʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʪʝʦʨʠʷ 

ʨʝʣʘʢʩʘʮʠʠ ʈʝʜʬʠʣʜʘ [1, 2]). ʕʪʘ ʟʘʜʘʯʘ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ 

ʧʝʨʚʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʩʦʟʜʘʥʠʠ ʢʚʘʥʪʦʚʳʭ ʤʦʜʝʣʝʡ 

ʤʠʛʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʙʳ ʫʯʠʪʳʚʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʫʧʘʢʦʚʢʫ ʙʝʣʢʦʚ ʠ ʧʠʛʤʝʥʪʦʚ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʵʢʩʠʪʦʥʦʚ ʌʨʝʥʢʝʣʷ ʜʣʷ ʩʣʫʯʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ 

ʧʠʛʤʝʥʪʦʚ ʩ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʤʦʜʘʤʠ ʩʘʤʠʭ ʧʠʛʤʝʥʪʦʚ ʠ ʩ 

ʙʣʠʞʘʡʰʠʤ ʙʝʣʢʦʚʳʤ ʦʢʨʫʞʝʥʠʝʤ [1ï3]. ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʪʝʦʨʠʠ ʌʨʝʥʢʝʣʷ ʙʳʣʠ ʨʘʥʝʝ ʧʨʠʤʝʥʝʥʳ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʠʛʤʝʥʪ-

ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʩʦʟʜʘʥʦ ʦʜʥʦʟʥʘʯʥʳʭ ʵʢʩʠʪʦʥʥʳʭ ʤʦʜʝʣʝʡ ï 

ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʶʪ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ 

ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʟʘʢʨʳʚʘʶʱʝʝ ʧʫʪʠ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ, ʚʣʠʷʥʠʝ ʙʝʣʢʦʚʦʛʦ ʦʢʨʫʞʝʥʠ ̫ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ 

ʙʦʣʴʰʠʤʠ ʦʙʲʤyʘʤʠ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʃʠʫʚʠʣʣʷ ʜʣʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ, 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʫʟʢʠʝ ʤʝʩʪʘ ʧʨʠ 

ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʃʠʫʚʠʣʣʷ-ʬʦʥ ʅʝʡʤʘʥʘ ʤʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ- ʠ ʪʨʸʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʣʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ 

ʙʫʜʝʪ ʨʘʩʩʯʠʪʘʥ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʪʝʥʟʦʨ, ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ 
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ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ 

ʨʝʟʦʥʘʥʩʥʳʤ ʦʙʨʘʟʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʚʦʟʙʫʞʜʸʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʸʪ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʪʝʥʟʦʨʘ ʠ 

ʜʠʥʘʤʠʢʠ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʪʨʘʥʩʧʦʨʪ ʵʥʝʨʛʠʠ ʚ ʪʘʢʠʭ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ, ʢʘʢ ʭʣʦʨʦʩʦʤʳ, ʬʠʢʦʙʣʠʩʠʦʩʦʤʳ, ʘ ʪʘʢʞʝ ʬʦʪʦʩʠʩʪʝʤʳ 

1 ʠ 2 ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʠ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʘʩʝʣʸʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʥʪʝʥʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʜʝʩʷʪʢʦʚ 

ʬʝʤʪʦʩʝʢʫʥʜ ʜʦ ʩʦʪʝʥ ʧʠʢʦʩʝʢʫʥʜ ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦ 

ʚʳʯʠʩʣʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʠʚ ʩʪʨʦʝʥʠʝ 

ʘʥʪʝʥʥ, ʯʪʦ, ʚʚʠʜʫ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩʜʝʣʘʪʴ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ʇʠʱʘʣʴʥʠʢʦʚʫ ʈ.ʖ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ 

ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ ʚʦʣʦʢʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 

ʥʘ ʦʩʥʦʚʝ ʢʦʥʫʩʥʦʛʦ ʩʚʝʪʦʚʦʜʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʠʪʪʝʨʙʠʝʤ 

ʄʠʭʘʡʣʦʚ ɽ.ʂ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʠʤ. ɽ.ʄ. ɼʠʘʥʦʚʘ, ʄʦʩʢʚʘ 
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ʂʦʥʫʩʥʳʝ ʩʚʝʪʦʚʦʜʳ (ʂʉ), ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʪʪʝʨʙʠʝʤ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʦʣʠ ʬʠʥʘʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʚ ʩʠʩʪʝʤʘʭ 

ʘʨʭʠʪʝʢʪʫʨʳ MOPA. ɹʣʘʛʦʜʘʨʷ ʧʣʘʚʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʠʘʤʝʪʨʘ, ʂʉ 

ʩʦʯʝʪʘʶʪ ʙʦʣʴʰʦʡ ʜʠʘʤʝʪʨ ʧʦʣʷ ʤʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʚʝʪʦʚʦʜʘ ʩ 

ʨʘʙʦʪʦʡ ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʨʝʞʠʤʝ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʂʉ ʦʙʣʘʜʘʶʪ 

ʢʦʤʧʘʢʪʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʘʪʴ ʩʫʙ-

ʄɺʪ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʳʭʦʜʝ ʘʢʪʠʚʥʦʛʦ 

ʩʚʝʪʦʚʦʜʘ [1]. ɼʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪ ʂʉ ʦʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʠʟʘʡʥʦʚ ʩʚʝʪʦʚʦʜʦʚ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʤʦʜʳ 

(ɹʇʄ). ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ɹʇʄ ʩʚʝʪʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʤʝʥʝʥʠʡ ʪʨʝʙʫʝʪʩʷ 

ʨʘʙʦʪʘ ʚ ʩʪʨʦʛʦ ʦʜʥʦʤʦʜʦʚʦʤ ʨʝʞʠʤʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʨʷʜʝ ɹʇʄ 

ʩʚʝʪʦʚʦʜʦʚ ʚʦʟʤʦʞʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʜ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ (ʄɺʇ). ɺ 

ʨʘʙʦʪʝ [2] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʪʝʭʥʠʢʘ M2 ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʄɺʇ ʜʘʞʝ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ M2, ʙʣʠʟʢʠʭ ʢ 1,0. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ ʠ ʜʦʣʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʄɺʇ ʚ 

ʫʩʠʣʠʪʝʣʝ ʥʘ ʦʩʥʦʚʝ ʂʉ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʦʜ ʚ ʩʚʝʪʦʚʦʜʘʭ (S2). ʕʪʘ 

ʪʝʭʥʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʩʩʠʚʘ ʩʧʝʢʪʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ, ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʰʠʭ ʤʦʜ, ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʧʨʦʬʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʘʟʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʳʭʦʜʥʦʛʦ 

ʧʫʯʢʘ [3]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʂʉ ʩ ʜʚʦʡʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ 

ʜʣʠʥʦʡ 2,3 ʤ, ʫ ʢʦʪʦʨʦʛʦ ʜʠʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ/ʩʝʨʜʮʝʚʠʥʳ 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʦʪ 80/8 ʜʦ 408/42 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘ ʩʯʝʪ ʩʪʨʦʛʦ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʭʦʜʥʦʛʦ ʢʦʥʮʘ, ʪʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʂʉ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʜ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ (ʄɺʇ) ʚ ʚʳʭʦʜʥʦʤ 
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ʠʟʣʫʯʝʥʠʠ ʥʘ ʫʨʦʚʥʝ ʤʝʥʝʝ 0,3%, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ ʚ 

ʘʥʘʣʦʛʠʯʥʦʤ ʂʉ ʚ [4]. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʄɺʇ ʠ 

M2 < 1,2, ʤʳ ʥʘʙʣʶʜʘʣʠ ʥʝʙʦʣʴʰʠʝ ʠʩʢʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ ʧʨʠ 

ʫʩʠʣʝʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ (ʰʠʨʠʥʘ ʣʠʥʠʠ 0,16 

ʥʤ ʧʦ ʧʦʣʫʚʳʩʦʪʝ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ) ʚ ʂʉ ʜʦ 

50 ɺʪ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ 

ʜʦʣʷ ʄɺʇ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɹʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʠʩʢʘʞʝʥʠʝ ʧʫʯʢʘ ʚʳʟʚʘʥʦ ʚʦʟʙʫʞʜʝʥʠʝʤ 

ʦʙʦʣʦʯʝʯʥʳʭ ʤʦʜ ʥʘ ʚʭʦʜʥʦʡ ʩʚʘʨʢʝ ʂʉ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʜʦʣʴ ʂʉ ʠʟ-ʟʘ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʜʠʘʤʝʪʨʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʩʝʨʜʮʝʚʠʥʝ. 

 
ʈʠʩ. 1. ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʧʨʠ ʤʦʱʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 50 ɺʪ. 

ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʚʭʦʜʥʦʡ ʩʚʘʨʢʠ ʂʉ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ 

ʄɺʇ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ ʦʜʥʦʛʦ ʂʉ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʄɺʇ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʜʝʮʝʥʪʨʠʨʦʚʘʥʠʝ 

ʩʚʝʪʦʚʦʜʦʚ ʥʘ 1ï2 ʤʢʤ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ (çʧʣʦʭʘʷè ʩʚʘʨʢʘ). ɺʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 

ʩʚʘʨʢʘ (çʭʦʨʦʰʘʷè ʩʚʘʨʢʘ). ɺ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭ çʭʦʨʦʰʝʡè 

ʩʚʘʨʢʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩʨʝʜʩʪʚʦ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʰʠʭ ʤʦʜ (CMS), 
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ʘʥʘʣʦʛʠʯʥʦʝ CMS, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ [5]. ʌʫʥʢʮʠʷ CMS 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʨʘʥʝʥʠʠ ʣʶʙʳʭ ʚʦʟʙʫʞʜʥyʥʳʭ ʦʙʦʣʦʯʝʯʥʳʭ ʤʦʜ ʠʟ 

ʦʙʣʘʩʪʠ ʩʚʘʨʢʠ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʂʉ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʜʘʚʣʝʥʠʶ 

ʄɺʇ ʚ ʚʳʭʦʜʥʦʤ ʠʟʣʫʯʝʥʠʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʠ ʫʩʠʣʝʥʠʠ 

ʩʠʛʥʘʣʘ ʜʦ 50 ɺʪ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ M2 ʙʳʣ ʤʝʥʴʰʝ 1,2. ɸʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ ʄɺʇ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʢʠ S2, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʥʦʛʦʣʫʯʝʚʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ (MPI) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʩʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʄɺʇ ʚ ʩʣʫʯʘʝ 

çʧʣʦʭʦʡè ʩʚʘʨʢʠ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʜʘʚʣʝʥʠʝ ʦʙʦʣʦʯʝʯʥʳʭ ʤʦʜ ʚ 

ʤʝʩʪʝ ʩʚʘʨʢʠ ʧʨʠ ʧʦʤʦʱʠ CMS ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʄɺʇ ʚ 

ʂʉ ʜʦ ī30 ʜɹ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʨʘʥʝʝ 

ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʠʩʢʘʞʝʥʠʡ ʠ ʦʪʢʣʦʥʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʫʯʦʢ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʠ ʫʩʠʣʝʥʠʠ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʫʩʠʣʠʪʝʣʷʭ ʥʘ ʦʩʥʦʚʝ ʂʉ, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʪʪʝʨʙʠʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʤʦʱʥʦʩʪʠ ʜʦ 50 ɺʪ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʩʪʘʚʠʣ 17 ʜɹ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ʃʠʭʘʯʝʚʫ ʄ.ɽ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʠʘʧʘʟʦʥʝ 0,5ï0,725 ʤʢʤ 

ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʩ NVī-ʮʝʥʪʨʘʤʠ ʦʢʨʘʩʢʠ 

ʄʠʨʦʥʦʚ ʉ.ɸ.1, ɻʣʘʜʠʣʠʥ ɸ.ɸ.1, ɻʝʥʠʥ ɼ.ɽ.2, ʈʠʧʝʥʢʦ ɺ.ʉ.2 

ʂʦʤʘʨʦʚʘ ʇ.ɽ.2, ʉʘʤʦʣʦʚ ɸ.ɺ.2, ʇʝʨʝʩʝʜʦʚʘ ɼ.ɸ.2 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʜʚʫʭʬʦʪʦʥʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɼʌʂʄ) 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʜʠʘʧʘʟʦʥʝ 0,5ï0,725 ʤʢʤ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʩ  

NVī-ʮʝʥʪʨʘʤʠ ʦʢʨʘʩʢʠ. ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʘʣʤʘʟ ʩ NVī-ʮʝʥʪʨʘʤʠ 

ʦʢʨʘʩʢʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʢʘʢ ʘʢʪʠʚʥʘʷ ʩʨʝʜʘ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ. ʇʦʵʪʦʤʫ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ NVī-ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʦʚ [1]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʢʨʠʩʪʘʣʣ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ, 

ʚʳʨʘʱʝʥʥʳʡ ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʨʘʟʝʮ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʙʳʣ ʣʝʛʠʨʦʚʘʥ ʘʟʦʪʦʤ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʜʠʘʧʘʟʦʥʝ  

(1ï4)Ĭ1019 ʩʤī3 ʠ ʧʦʜʚʝʨʛʥʫʪ ʨʘʜʠʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 3 ʄʵɺ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʚ ʠʥʝʨʪʥʦʡ 

ʩʨʝʜʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ɼʌʂʄ (ʜʚʫʭʬʦʪʦʥʥʘʷ 

ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ) [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʦʥʬʦʢʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ ʬʠʨʤʳ CarlZeiss (LSM 710 NLO). 

ɼʚʫʭʬʦʪʦʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ 

ʜʠʘʧʘʟʦʥʝ 0,74-0,76 ʤʢʤ. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 440-725 ʥʤ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 10 ʥʤ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ ʚ 

ʦʙʣʘʩʪʠ ʩʲʸʤʢʠ 1Ĭ1Ĭ3 ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʦʩʢʠʝ ʢʘʨʪʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʨʠʩ. 1) ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 521, 628, 715 ʥʤ. ɺ 

file:///D:/YandexDisk/Work/СМУ/Прохоровские%20недели%20'25/Сборник%20трудов/sa.mironov@kapella.gpi.ru
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ʢʨʠʩʪʘʣʣʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 4 ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: 

- ʉʚʦʙʦʜʥʳʡ ʦʙʲʸʤ ï çʦʙʲʸʤè. ʆʙʣʘʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʦʙʦʜʥʘʷ ʦʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ, ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʩʧʝʢʪʨʦʤ, 

ʦʜʥʦʨʦʜʥʘʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ~70 ʤʢʤ. ɽ yʩʧʝʢʪʨ ʚ 

ʦʩʥʦʚʥʦʤ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʣʠʥʠʡ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ~525, 

~628, ~715 ʥʤ, ʘ ʪʘʢʞʝ ʣʠʥʠʡ ~570 ʠ ~680 ʥʤ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʦʙʲʤyʘè ʠʟʤʝʥʷʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

- ʇʨʠʢʨʘʝʚʘʷ ʦʙʣʘʩʪʴ ʩ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʜʝʬʝʢʪʦʤ ï 

"ʜʝʬʝʢʪ". ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ 630 ʥʤ ʟʜʝʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʚ çʦʙʲʤyʝè. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ 715 ʠ 521 ʥʤ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ çʦʙʲʤyʦʤè. 

- çʊʸʤʥʘʷ ʦʙʣʘʩʪʴ ʚ ǌʜʝʬʝʢʪʝǌè. ʆʙʣʘʩʪʴ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʥʫʪʨʠ ʢʨʫʧʥʦʛʦ ʜʝʬʝʢʪʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʣʠʥʠʡ ʟʜʝʩʴ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

çʦʙʲʤyʦʤè. 

- çʎʠʣʠʥʜʨè ï ʦʙʣʘʩʪʴ ʩ ʧʦʥʠʞʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʦʙʲʸʤʝ 

ʦʙʨʘʟʮʘ ʠ ʦʩʦʙʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɼʌʂʄ ʚ ʨʝʞʠʤʝ ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʜʦʢʘʟʘʣʘ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇɼʎ ʢʨʠʩʪʘʣʣʦʚ 

(PDC, polycrystalline diamond compact, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʘʣʤʘʟ) ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ 

ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʘʣʤʘʟʝ. 

ɺʳʷʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʳʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ 630 ʥʤ ʚ çʜʝʬʝʢʪʝè (ʙʦʣʝʝ ʯʝʤ ʚ 

ʪʨʠ ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ çʦʙʲʤyʘè) ʠ ʦʙʱʝʝ ʧʦʜʘʚʣʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʪʸʤʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʉʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʇɼʎ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʝʪ ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʦʙʣʘʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ 

ɼʌʂʄ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇɼʎ ʠ ʠʭ ʦʙʲʤyʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʢʘʨʪʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ 

ʜʝʬʝʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ 
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ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ɼʌʂʄ ʜʣʷ ʪʨʭyʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʝʬʝʢʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝ ʪʦʣʴʢʦ ʘʣʤʘʟʘ, ʥʦ ʠ ʜʨʫʛʠʭ 

ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

 
ʈʠʩ. 1. ʇʣʦʩʢʠʝ ʢʘʨʪʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʨʠʚʝʜʸʥʥʳʝ ʥʘ ʨʘʟʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ; çʜʝʬʝʢʪè (1), çʪʸʤʥʘʷ ʦʙʣʘʩʪʴ ʚ 

ǌʜʝʬʝʢʪʝǌè (2), ʩʚʦʙʦʜʥʳʡ çʦʙʲʸʤè (3) ʠ çʮʠʣʠʥʜʨè (4). 

1. Savvin A., Dormidonov A., Smetanina E. Nature communications. 

2021, 12, 7118. 

2. V.P. Kalinushkin, O.V. Uvarov, A.A. Gladilin. J. Electron. Mater. 2018, 

47, 5087. 
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ɻʝʥʝʨʘʮʠʷ ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʩʚʳʰʝ ʦʜʥʦʛʦ ɼʞ 

ʚ ʥʘʥʦʩʝʢʫʥʜʥʦʤ ɺʂʈ-ʣʘʟʝʨʝ ʥʘ ʢʨʠʩʪʘʣʣʝ BaWO4 

ʇʝʛʘʥʦʚ ɽ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: eapeganov@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-43-44 

ʈʘʟʚʠʪʠʝ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʦʚ ʚ ʤʝʜʠʮʠʥʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʫʯʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʧʘʢʪʥʳʝ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʧʠʢʦʚʫʶ ʤʦʱʥʦʩʪʴ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʦʭʚʘʪʳʚʘʶʱʝʤ ʚʠʜʠʤʫʶ ʠ ʙʣʠʞʥʶʶ ʠʥʬʨʘʢʨʘʩʥʫʶ 
ʦʙʣʘʩʪʴ [1, 2]. 

ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʚʦʟʥʠʢʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʫʯʝʚʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʨʘʟʤʝʨʦʤ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ɺʂʈ 

(ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ) ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʳ ʧʦ 

ʨʘʟʤʝʨʫ ʘʧʝʨʪʫʨʳ (ʜʦ ~7 ʤʤ) ʠ ʚʳʭʦʜʥʦʡ ʵʥʝʨʛʠʠ (ʜʦ 0,25 ɼʞ ʚ 

ʠʤʧʫʣʴʩʝ), ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ, 

ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ 

ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ [3, 4]. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ 

ʧʦʜʭʦʜʷʱʝʡ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʩ ʚʳʩʦʢʦʡ ʣʫʯʝʚʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʩʧʦʩʦʙʥʦʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʣʠʥ ʚʦʣʥ ʠʟ 

ʪʠʧʦʚʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ YAG:Nd 

ʠ YLF:Nd ʚ ʦʙʣʘʩʪʴ ʜʣʠʥ ʚʦʣʥ 1100ï1400 ʥʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʘʟʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ 

ʥʘ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʤ ʢʨʠʩʪʘʣʣʝ BaWO4 (ʘʧʝʨʪʫʨʦʡ 21Ĭ27 ʤʤ). ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʛʝʥʝʨʘʮʠʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʦʢʩʦʚʳʭ ʢʦʤʧʦʥʝʥʪ 

ɺʂʈ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1167 ʠ 1308 ʥʤ ʩ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 

1,5 ɼʞ ʧʨʠ ʥʘʢʘʯʢʝ ʠʤʧʫʣʴʩʘʤʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10ï20 ʥʩ ʠ ʵʥʝʨʛʠʝʡ 

ʧʦʨʷʜʢʘ 7 ɼʞ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʠʟʢʦʜʦʙʨʦʪʥʘʷ 

ʨʝʟʦʥʘʪʦʨʥʘʷ ʩʭʝʤʘ ʩ ʟʝʨʢʘʣʘʤʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʜ ɺʂʈ-

ʠʟʣʫʯʝʥʠʝ. ʅʘʢʘʯʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʟʣʫʯʝʥʠʝʤ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ʩ ʘʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ʙʘʟʝ ʥʝʦʜʠʤʦʚʦʛʦ 

mailto:eapeganov@yandex.ru
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ʩʪʝʢʣʘ (1053 ʥʤ) ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ 

ʧʷʪʥʫ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ɺʂʈ ʩʦʩʪʘʚʣʷʝʪ 

~2 ɼʞ ʜʣʷ ʧʝʨʚʦʡ ʩʪʦʢʩʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ~3,5 ɼʞ ʜʣʷ ʚʪʦʨʦʡ, ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʠʟʣʫʯʝʥʠʷ 1,3 ɼʞ (1167 ʥʤ) ʠ 0,3 ɼʞ 

(1308 ʥʤ) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ~20% (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʵʥʝʨʛʠʠ ɺʂʈ (E) ʦʪ ʵʥʝʨʛʠʠ ʥʘʢʘʯʢʠ 

(Ep). 

ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ɺʂʈ-ʣʘʟʝʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ 

BaWO4 ʙʦʣʴʰʦʡ ʘʧʝʨʪʫʨʳ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʝʨʚʫ  ʁʩʪʦʢʩʦʚʫ ʢʦʤʧʦʥʝʥʪʫ ɺʂʈ. 

ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʛʥʫʪʳ ʨʝʢʦʨʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: ʵʥʝʨʛʠʷ ʜʦ 1,3 ɼʞ ʚ 

ʝʜʠʥʠʯʥʦʤ ʠʤʧʫʣʴʩʝ ʜʣʷ ʧʝʨʚʦʡ ʩʪʦʢʩʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ 0,3 ɼʞ ʜʣʷ 

ʚʪʦʨʦʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʬ.-ʤ.ʥ. ʉʤʝʪʘʥʠʥʫ ʉ.ʅ. ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʠ ʧʦʤʦʱʴ ʚ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

1. Tarasov A., Chu H. Applied Sciences. 2023, 13(18), 10195. 

2. Murray J.T., Powell R.C., Peyghambarian N. Optics Letters. 2018, 

20(9), 1017ï1019. 

3. Lueangarun S., Namboonlue C., Tempark T. Journal of Cosmetic 

Dermatology. 2021, 20(6), 1700ï1708. 

4. Basiev T.T., Danileiko Yu.K., Doroshenko M.E., et al. Laser Physics. 

2004, 14(7), 917ï921. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʢʪʠʚʥʦʛʦ ʩʪʝʢʣʘ 

ʄʫʨʘʪʦʚ ɼ.ɸ.1, ʇʫʩʪʦʚʘʣʦʚ ɸ.ɺ.2 

1- ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ (ʈʋɼʅ) 

2- ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʈʕɸ, ʄʦʩʢʚʘ 

ɽ-mail: a1p3@mail.ru 

DOI: 10.24412/cl-35673-2025-1-45-46 

ɻʨʘʜʠʝʥʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʬʦʪʦʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʤʦʜʫʣʷʪʦʨʳ 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ, ʚʦʣʥʦʚʦʜʥʳʝ ʣʘʟʝʨʳ ʠ ʜʨ. ʂ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʤ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʥʠʟʢʠʝ ʧʦʪʝʨʠ, ʧʨʦʩʪʦʪʫ ʩʪʳʢʦʚʢʠ ʩ ʦʧʪʠʯʝʩʢʠʤ ʚʦʣʦʢʥʦʤ, ʘ 

ʚ ʩʣʫʯʘʝ ʚʦʣʥʦʚʦʜʥʳʭ ʣʘʟʝʨʦʚ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʧʦʣʷ ʚ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ 

ʧʨʠ ʦʜʥʦʤʦʜʦʚʦʤ ʨʝʞʠʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ [1]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʚʦʣʥʦʚʦʜʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʦʢʩʠʜʘ ʩʚʠʥʮʘ ʚ ʩʠʣʠʢʘʪʥʦʤ 

ʣʘʟʝʨʥʦʤ ʩʪʝʢʣʝ ɻʃʉ-6. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʜʥʦʛʦ ʩʣʦʷ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʧʦʣʝʡ ʚʦʣʥʦʚʦʜʥʳʭ ʤʦʜ ʙʳʣʘ ʨʝʰʝʥʘ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʤʝʜʣʝʥʠʷ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʠʣʠ ʚ 

ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʨʘʩʯʪyʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʚʦʣʥʦʚʦʜʥʦʤ ʩʣʦʝ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʦʣʥʦʚʦʜ ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʦʜ, 

ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʦʣʥʦʚʦʜ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʦʜʥʫ-ʜʚʝ ʤʦʜʳ, ʠ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʤʝʜʣʝʥʠʷ ʧʨʦʚʦʜʷʪ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʘʭ ʜʠʬʬʫʟʠʠ. ɺʳʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ. ɸʜʝʢʚʘʪʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʧʨʦʚʝʨʷʶʪ ʧʦ ʦʪʢʣʦʥʝʥʠʷʤ ʨʘʩʯʪyʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʤʝʜʣʝʥʠʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʠʥʠʤʠʟʘʮʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʦʚʳʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, 
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ʚʩʪʨʦʝʥʥʳʭ ʚ ʚʳʙʨʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

[2,3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʯʠʩʣʝʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ D = (2,43 Ñ 0,03) Ĭ10ī2 ʤʢʤ2/ʯ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ 520 ÁC ʠ ʥʦʨʤʠʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

Q0,6328 = (3,28 Ñ 0,05) Ĭ10ī2 ʤʢʤ, Q1,15 = (2,78 Ñ 0,05) Ĭ10ī2 ʤʢʤ ʜʣʷ 

ʚʦʣʥʦʚʦʜʦʚ ʩ ʪʦʣʱʠʥʦʡ ʧʣʥyʢʠ ʦʢʩʠʜʘ ʩʚʠʥʮʘ h=66 ʥʤ ʥʘ ʜʣʠʥʘʭ 

ʚʦʣʥ 0,6328 ʠ 1,15 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ n(x) 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʬʫʥʢʮʠʷ 

 ὲὼ ὲ
Ѝ ϽϽ

Ὡὼὴ
ϽϽ

, (1) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝ ʜʠʬʬʫʟʠʠ ʠʟ ʙʝʩʢʦʥʝʯʥʦ 

ʪʦʥʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʬʬʫʟʘʥʪʘ. ɿʜʝʩʴ n3 ð ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʦʜʣʦʞʢʠ, D ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, t ð ʚʨʝʤʷ ʜʠʬʬʫʟʠʠ, Q ð 

ʥʦʨʤʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʦʣʱʠʥʳ ʧʣʥyʢʠ ʠ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʜʠʬʬʫʟʘʥʪʘ. 

1. Jia Y., Chen F. Chin. Opt. Lett. 2019, 17. 

2. Hertel P., Menzler H.P. Appl. Phys. B. 1987, 44, 75ï80. 

3. K.S. Chiang, Ch. L. Wong. Optical Engineering. 2005, 44(5), 054601. 
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ɼʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʠ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʥʳʭ ʧʫʯʢʦʚ 

ʚ ʬʦʢʫʩʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʍʫʜʦʚ ɸ.ɺ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʥʝʣʠʥʝʡʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʬʦʢʫʩʝ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʷ ʚ ʣʘʟʝʨʥʦʤ ʬʦʢʫʩʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ, ʘ ʟʘʪʝʤ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʝʡ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʫʯʢʘ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʣʘʟʝʨʘ ʩʣʘʙʦ ʟʘʚʠʩʠʪ 

ʦʪ ʝʛʦ ʤʦʱʥʦʩʪʠ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ ʧʝʪʘʚʘʪʪʥʦʡ 

(ʇɺʪ, 1015 ɺʪ) ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ [1ï3] ʜʝʬʦʨʤʘʮʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʙʳʣʠ ʙʳ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʥʘʙʣʶʜʝʥʠʷʭ ʵʬʬʝʢʪʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʣʦʢʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʧʦʣ̫. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʪʫʥʥʝʣʴʥʘʷ 

ʠʦʥʠʟʘʮʠʷ ʘʪʦʤʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʠ ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʛʦʟʘʨʷʜʥʳʝ 

ʠʦʥʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʟʘʨʷʜʦʚʦʡ ʢʨʘʪʥʦʩʪʠ ʠʦʥʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʦ ʧʠʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʘʢ 

ʠ ʦ ʬʦʨʤʝ ʬʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʪʘʪʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 

1022 ɺʪ/ʩʤ2 ʩ ʨʘʟʨʝʞʝʥʥʦʡ ʛʘʟʦʚʦʡ ʤʠʰʝʥʴʶ ʠʟ ʘʪʦʤʘʨʥʦʛʦ ʥʝʦʥʘ. 

ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʘʣʴʥʦ-ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʠʜʘʶʱʠʭ ʣʘʟʝʨʥʳʡ ʬʦʢʫʩ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʫʣʝʚʫ  ʁ ʛʘʫʩʩʦʚʫ ʤʦʜʫ. ɼʠʥʘʤʠʢʫ 

ʵʣʝʢʪʨʦʥʦʚ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʫʪʸʤ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 
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ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʥʫʣʝʚʦʡ 

ʩʢʦʨʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʤ ʪʫʥʥʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʦʪ ʠʭ 

ʩʦʩʪʦʷʥʠʷ (ʟʘʨʷʜʦʚʦʛʦ ʯʠʩʣʘ ʦʩʪʦʚʘ ʠ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʥʘ), ʘ ʪʘʢʞʝ ʦʪ ʥʘʧʨʷʞʥyʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʧʦʣʷ, ʦʧʠʩʳʚʘʣʠ 

ʬʦʨʤʫʣʘʤʠ ʇʝʨʝʣʦʤʦʚʘ ï ʇʦʧʦʚʘ ï ʊʝʨʝʥʪʴʝʚʘ (PPT) [5, 6]. ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʦʥʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʫʥʥʝʣʴʥʦʤ ʨʝʞʠʤʝ 

(ʧʘʨʘʤʝʪʨ ʂʝʣʜʳʰʘ [5, 6] ʤʥʦʛʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ) ʠ ʠʤʝʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʛʜʘ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʠʦʥʠʟʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠʦʥʠʟʘʮʠʠ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʦ ʚʳʭʦʜʫ ʠʦʥʦʚ ʨʘʟʣʠʯʥʦʡ ʢʨʘʪʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʠʢʦʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ, 

ʬʦʢʫʩʠʨʦʚʢʠ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʤʧʫʣʴʩʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʣʝʪʘʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʣʘʥʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʫʩʪʘʥʦʚʢʝ XCELS ʚ 

ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ [3]. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ  
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ʂʝʨʘʤʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ, ʣʝʛʠʨʦʚʘʥʥʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ ʢʘʯʝʩʪʚʝ ʣʘʟʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʵʪʦʤ ʣʶʪʝʮʠʡ-ʘʣʶʤʠʥʠʝʚʳʡ ʛʨʘʥʘʪ (LuAG) 

ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʙʨʘʟʮʳ ʢʝʨʘʤʠʢ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ ʚ 

ʚʘʢʫʫʤʝ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu 

UV-3101PC ʚ ʜʠʘʧʘʟʦʥʝ 200ï3000 ʥʤ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

0,05 ʥʤ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʩʝʨʠʠ ʢʝʨʘʤʠʢ LuAG ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʣʝʛʠʨʫʶʱʝʛʦ ʠʦʥʘ ʵʨʙʠʷ 1ï50 ʘʪ. %. ʅʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ 

ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʦʦʪʥʝʩʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʠʦʥʝ ʵʨʙʠʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʨʠʚʦʜʠʪ ʣʠ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʠʦʥʘ ʚ ʦʙʨʘʟʮʘʭ ʢʝʨʘʤʠʢ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠ ʁʩʪʨʫʢʪʫʨʳ ʰʪʘʨʢʦʚʩʢʠʭ ʧʦʜʫʨʦʚʥʝʡ ʠʦʥʘ 

Er3+. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʴ ʩʧʝʢʪʨʘ, ʛʜʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʝʨʝʭʦʜʘʤ 4I15/2 Ÿ 4S3/2 + 2H11/2 + 4F7/2. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʣʝʛʠʨʫʶʱʝʛʦ 

ʠʦʥʘ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʣʠʥʠʠ Er ʩʤʝʱʘʶʪʩʷ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʥʦ ʥʘ ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ 

(Ò0,1 ʥʤ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʣʳʤ ʨʘʟʣʠʯʠʝʤ ʚ ʨʘʟʤʝʨʘʭ ʠʦʥʦʚ Er ʠ Lu 

(0,1004 ʥʤ ʠ 0,0977 ʥʤ [1], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʧʝʢʪʨʘʤ ʧʨʦʧʫʩʢʘʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʰʪʘʨʢʦʚʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʫʨʦʚʥʝʡ ʠʦʥʘ Er ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʠʨʫʶʱʝʛʦ ʠʦʥʘ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ LuAG, ʦʜʥʘʢʦ ʪʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ 

ʜʘʪʴ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

mailto:tsvetkovvladimir3@gmail.com
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ʈʠʩ. 1. ʉʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ Er:LuAG 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʨʙʠʷ 1ï20 ʘʪ. % ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 
4I15/2 Ÿ 4S3/2 + 2H11/2 + 4F7/2. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʛʨʫʧʧʝ ʊʘʨʘʣʘ ɺ.ɸ. ʠʟ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʪʨʫʜʥʠʢʘʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ ʀʆʌ ʈɸʅ ʟʘ 

ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

1. Shannon R.D., Acta Cryst. 1976, A32, 751ï767. 
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ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ʉʈɽɼ 

ʀ ʅʀɿʂʆʈɸɿʄɽʈʅʓʍ ʉʀʉʊɽʄ 
ɻʠʧʝʨʫʩʠʣʝʥʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

ʥʝʣʠʥʝʡʥʦ-ʚʘʢʫʫʤʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʙʦʟʝ-ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 

ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʣʷʨʠʪʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʝ 

ɺʦʣʢʦʚʘ ɺ.ɺ., ʐʫʤʠʣʢʠʥʘ ʖ.ʈ., ʌʠʣʘʪʦʚ ɺ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄʦʩʢʚʘ 

ɽ-mail: volkovavv1@student.bmstu.ru 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʦʠʩʢ ʬʠʟʠʢʠ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ. ʊʘʢ, ʥʘʙʣʶʜʘʝʤʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʥʘʨʫʰʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʯʝʪʥʦʩʪʠ ʧʨʠ ʩʠʣʴʥʳʭ ʷʜʝʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (ʩʠʣʴʥʘʷ CP-ʧʨʦʙʣʝʤʘ) ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʡ ʥʦʚʦʡ ʛʣʦʙʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ U(1) 

(ʩʠʤʤʝʪʨʠʷ ʇʝʯʯʝʠ-ʂʚʠʥʥ), ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʚʳʝ, 

ʝʱʝ ʥʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ī ʘʢʩʠʦʥʳ. ʆʙʣʘʜʘʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (U(1)), ʘʢʩʠʦʥʳ a ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʩʧʦʩʦʙʥʳ ʨʦʞʜʘʪʴʩʷ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʢʘʥʘʣʝ ɔɔŸa, ʯʪʦ ʜʝʣʘʝʪ 

ʵʪʠ ʯʘʩʪʠʮʳ ʥʝ ʪʦʣʴʢʦ ʢʨʘʡʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʧʨʝʦʙʣʘʜʘʥʠʷ ʪʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʜ ʙʘʨʠʦʥʥʳʤ ʫʞʝ ʩ ʧʝʨʚʳʭ ʤʠʥʫʪ 

ʞʠʟʥʠ ɺʩʝʣʝʥʥʦʡ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʘʥʘʣʳ ʜʦʤʠʥʠʨʫʶʪ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ), ʥʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘʚʠʪʴ ʚʦʧʨʦʩ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʘʢʩʠʦʥʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʦʧʪʠʯʝʩʢʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʧʦʩʚʷʱʝʥʘ 

ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ɺ [1] ʥʘʤʠ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʬʝʡʥʤʘʥʦʚʩʢʘʷ ʜʠʘʛʨʘʤʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʝʫʧʨʫʛʦʤʫ ʜʚʫʭʬʦʪʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ɔɔŸa, 

ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʘʢʩʠʦʥʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʣʷʨʠʪʦʥʥʦʤ ʢʦʥʜʝʥʩʘʪʝ ɹʦʟʝ-

ʕʡʥʰʪʝʡʥʘ (ɹʕʂ), ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʧʦʣʦʩʪʠ: ʙʦʟʝ-ʵʡʥʰʪʝʡʥʦʚʩʢʠʡ ʢʦʥʜʝʥʩʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʝʜʠʥʩʪʚʦ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʚʘʥʪʦʚ ɔ, ʘ 

ʩʠʥʛʫʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ɹʕʂ ʨʝʟʦʥʘʥʩʥʦ 
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ʫʩʠʣʠʚʘʝʪ ʧʨʦʮʝʩʩ, ʜʝʣʘʷ ʘʢʩʠʦʥʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʰʥʝʛʦ ʢʨʠʦʩʪʘʪʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʧʦʣʦʩʪʠ, ʧʦʵʪʦʤʫ ʚ [2] ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʟʝ-

ʢʦʥʜʝʥʩʘʮʠʠ ʩʚʝʪʘ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʯʘʩʪʠʮ-ʧʦʩʨʝʜʥʠʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʥʦʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʜʦʙʩʪʚʦ ʧʦʣʫʯʝʥʠʷ ɹʕʂ cʚʦʜʠʪʩʷ ʥʘ ʥʝʪ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʩʣʠʷʥʠʷ ʧʦʣʷʨʠʪʦʥʦʚ ʚ ʚʝʱʝʩʪʚʝ ʠʟ-ʟʘ ʥʝʥʫʣʝʚʦʛʦ 

ʢʚʘʜʨʘʪʘ ʠʭ 4-ʠʤʧʫʣʴʩʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ 

ʩʚʝʜʝʥʠʷ [3] ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʝ 

ʧʦʣʷʨʠʪʦʥʦʚ ʩ ʥʫʣʝʚʳʤ ʢʚʘʜʨʘʪʦʤ ʯʝʪʳʨʝʭʠʤʧʫʣʴʩʘ ð ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʪʘʢʠʭ ʢʚʘʟʠʯʘʩʪʠʮ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ, ʢʘʢ ʫ ʚʘʢʫʫʤʘ. ʊʘʢʠʝ ʧʦʣʷʨʠʪʦʥʳ ʚ [3] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʥʘʟʳʚʘʪʴ ʫʥʠʪʘʨʥʳʤʠ, ʦʜʥʘʢʦ ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʥʝʜʦʨʘʟʫʤʝʥʠʡ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʘʯʥʳʤ ʥʘʟʳʚʘʪʴ ʠʭ 

ʪʨʘʥʩʧʘʨʝʥʪʥʳʤʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʙʦʟʝ-ʢʦʥʜʝʥʩʘʮʠʠ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ 

ʧʦʣʷʨʠʪʦʥʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘʤʠ ʚ [4], ʛʜʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʬʦʪʦʥʥʦʤ ʢʨʠʩʪʘʣʣʝ 

ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ɹʝʪʝ-

ʉʦʣʧʠʪʝʨʘ ʜʣʷ ʩʚʷʟʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʣʷʨʠʪʦʥʦʚ ʚ 

ʬʦʪʦʥʥʦʤ ʢʨʠʩʪʘʣʣʝ (ʨʠʩ. 1) ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ɔɔŸa ʚ ʪʨʘʥʩʧʘʨʝʥʪʥʦʧʦʣʷʨʠʪʦʥʥʦʤ ʢʘʥʘʣʝ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʠʤʫʣʷʮʠʠ ʨʝʘʢʮʠʠ ʨʝʟʦʥʘʥʩʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʢʚʘʥʪʦʚʳʭ 

ʩʦʩʪʦʷʥʠʡ ʙʦʟʝ-ʢʦʥʜʝʥʩʘʪʘ. ʋʜʝʨʞʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʯʣʝʥʦʚ ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʚ ʨʷʜ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʞʝ 

ʠ ʚʳʩʰʠʭ ʥʝʫʧʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ: ɔɔɔ, ɔɔɔɔ ʠ ʪ.ʜ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʘʛʥʠʪʦʪʚʸʨʜʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ RFe11X (ʛʜʝ R ð 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʘ X ð ʧʝʨʝʭʦʜʥʳʡ ʵʣʝʤʝʥʪ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʩʪʨʫʢʪʫʨʫ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ThMn12, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʷ RFe11Ti. ʕʪʠ 

ʤʘʪʝʨʠʘʣʳ ʜʦʣʛʦʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳʜʘʶʱʠʤʩʷ ʤʘʛʥʠʪʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. 

ʋʧʦʤʷʥʫʪʳʝ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʤʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʧʦʜʨʝʰʸʪʢʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʳʯʥʦ ʞʝʣʝʟʘ ʠ/ʠʣʠ ʢʦʙʘʣʴʪʘ. ʇʝʨʝʭʦʜʥʳʝ 

ʤʝʪʘʣʣʳ ʚʥʦʩʷʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʘʥʠʟʦʪʨʦʧʠʶ ʠʟ-ʟʘ 

ʩʣʘʙʦʛʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʷʞʸʣʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʘʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʫʣʫʯʰʘʝʪ ʜʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʜʚʫʭʧʦʜʨʝʰʸʪʦʯʥʦʛʦ 

ʬʝʨʨʠʤʘʛʥʝʪʠʢʘ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʣʥʦʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ TmFe11Ti ʠ ʝʛʦ ʥʠʪʨʠʜʘ 

TmFe11TiN1 ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 100 ʊʣ. ʊʘʢʞʝ 

ʧʦʩʪʨʦʝʥʳ ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ï ʪʝʤʧʝʨʘʪʫʨʘè. ɺʳʙʦʨ ʠʤʝʥʥʦ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʧʨʠʣʦʞʝʥʥʳʭ ʢʘʢ 

ʚʜʦʣʴ ʣʛyʢʦʡ ʦʩʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c), ʪʘʢ 
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ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ (ʚ ʙʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ab). ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, 

ʪ.ʢ. ʢʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʩʠʣʴʥʳʭ ʧʦʣʷʭ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ. 

ɺ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʜʨʝʰʸʪʦʢ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʫʪʸʤ ʤʠʥʠʤʠʟʘʮʠʠ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʚʝʣʠʯʠʥʫ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʤʝʞʧʦʜʨʝʰʸʪʦʯʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Bex ʠ ʢʦʥʩʪʘʥʪʳ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ K1, ʘ ʪʘʢʞʝ 

ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʤʘʛʥʠʪʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ 

ʜʣʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʤ. ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʣʝʚʘ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʤʦʥʦʢʨʠʩʪʘʣʣʘ TmFe11Ti, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 4,2 ʂ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʧʨʠʣʦʞʝʥʥʳʭ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ [001] ʠ [100]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʧʦʣʫʯʝʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʜʚʫʭʧʦʜʨʝʰʸʪʦʯʥʦʛʦ ʬʝʨʨʠʤʘʛʥʝʪʠʢʘ. ʉʧʨʘʚʘ: 

ʤʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ TmFʝ11Ti ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ, ʧʨʠʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʦʩʝʡ [001] ʠ [100]. 

ɸʚʪʦʨ ʨʘʙʦʪʳ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ, ʢ.ʬ.-ʤ.ʥ. ʇʣʦʭʦʚʫ ɼ.ʀ., ʘ ʪʘʢʞʝ ʢ.ʬ.-ʤ.ʥ. 

ʂʦʩʪʶʯʝʥʢʦ ʅ.ɺ., ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʨʘʩʯʪyʘʭ ʠ 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ (ʅʎʌʄ), 
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ʧʨʦʝʢʪ çʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʠʣʴʥʳʭ ʠ ʩʚʝʨʭʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭè 

(ʰʠʬʨ çʅʎʌʄ-7-2325è). 
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ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
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ʅʘʩʳʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ [1-3], ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ T<5 ʂ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ SmB6 [4], ʧʨʠʥʷʪʦ ʦʙʲʷʩʥʷʪʴ ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʢʦʥʝʯʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ SmB6 ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʩ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʝʡ [5]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʯʨʝʟʚʳʯʘʡʥʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʝʬʝʢʪʥʦʛʦ ʩʣʦ̫ [6]. ʆʜʥʘʢʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʛʝʢʩʘʙʦʨʠʜʘ ʩʘʤʘʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʠʟʤʝʨʝʥʠʡ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ SmB6. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ SmB6 (100), ʚʳʨʘʱʝʥʥʦʛʦ ʩ ʦʜʥʠʤ 

ʧʨʦʭʦʜʦʤ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ, ʧʦʜʚʝʨʛʘʣʘʩʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʣʠʨʦʚʢʝ 

ʘʣʤʘʟʥʳʤ ʘʙʨʘʟʠʚʦʤ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʟʝʨʥʘ 10/7, 4/2, 2/1, 1/0, 0,5/0. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʣʩʷ ʮʠʢʣ ʠʟʤʝʨʝʥʠʡ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ RH ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1,7ï300 ʂ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʜʦ 8 ʊʣ. ʂʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʘʣʤʘʟʥʦʛʦ ʘʙʨʘʟʠʚʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ Ra ʧʦʚʝʨʭʥʦʩʪʠ SmB6 

ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 100 ʜʦ 1 ʥʤ. ʆʜʥʘʢʦ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ 1,9 ʂ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʘ ʥʝʤʦʥʦʪʦʥʥʳʤ ʦʙʨʘʟʦʤ. ʊʘʢ ʫʜʝʣʴʥʦʝ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʨʠʩ. 1) ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 6,9 ʜʦ 0,98 ʆʤĬʩʤ, 

ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʫʤʘ ʧʨʠ ʚʝʣʠʯʠʥʝ ʟʝʨʥʘ 2/1. ʇʦʜʚʠʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ ʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1,1ï13,3 ʩʤ2/(ɺĬʩ) ʠ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʫʤʦʤ ʧʨʠ ʚʝʣʠʯʠʥʝ ʟʝʨʥʘ 2/1, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʠʟʤʝʥʷʷʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 8,9Ĭ1016ï5,6Ĭ1018 ʩʤī3, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʝ ʟʝʨʥʘ ʘʣʤʘʟʥʦʛʦ 

ʘʙʨʘʟʠʚʘ. 

 

ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʠ 

ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 1,9 ʂ (ʥʠʞʥʷʷ ʧʘʥʝʣʴ) ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ 

ʘʣʤʘʟʥʦʛʦ ʘʙʨʘʟʠʚʘ. ʂʨʘʩʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʟʥʘʯʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ [6]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʘʣʤʘʟʥʦʛʦ 

ʘʙʨʘʟʠʚʘ ʦʪ 10/7 ʜʦ 2/1, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ 79 ʜʦ 35 ʥʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, 



 
21ï23 ʦʢʪʷʙʨʷ 2025 ʛ. 
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ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ SmB6 ʧʘʜʘʝʪ ʦʪ 6,9 ʜʦ 0,98 ʆʤĬʩʤ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʘʙʨʘʟʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ 

ʚʣʠʷʥʠʷ ʜʝʬʝʢʪʥʦʛʦ ʩʣʦʷ ʥʘ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ 

ʜʣʷ ʘʙʨʘʟʠʚʘ 2/1. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ 50 ʨʘʟ ʠ 

ʨʦʩʪ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 5 ʨʘʟ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʙʣʶʜʘʝʤʳʝ 

ʥʝʤʦʥʦʪʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʦʙʫʩʣʦʚʣʝʥʳ ʢʦʥʢʫʨʝʥʮʠʝʡ ʩʢʦʨʦʩʪʠ ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ ʠ 

ʪʝʤʧʘ ʛʝʥʝʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʘʙʨʘʟʠʚʘ. 

ʇʨʠ ʧʦʣʠʨʦʚʢʝ SmB6 ʘʙʨʘʟʠʚʦʤ ʤʠʥʠʤʘʣʴʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ 

ʧʦʣʫʯʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ 

ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʣʠʨʦʚʢʠ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ɻʣʫʰʢʦʚʫ ɺ.ɺ., ɹʦʞʢʦ ɸ.ɼ., ɸʥʠʩʠʤʦʚʫ ʄ.ɸ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ 

ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɺʳʥʫʞʜʝʥʥʘʷ (ʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ) ʛʝʥʝʨʘʮʠʷ 

ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʣʷʨʠʪʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ɺʦʣʢʦʚʘ ɺ.ɺ., ʂʫʣʘʛʠʥʘ ʄ.ɸ., ʏʝʙʘʢʦʚʘ ʉ.ɸ., ʌʠʣʘʪʦʚ ɺ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄʦʩʢʚʘ 
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ʊʨʘʥʩʧʘʨʝʥʪʥʳʝ (ʪʨʘʥʩʧʘʨʝʥʪʥʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ, ʫʥʠʪʘʨʥʳʝ) 

ʧʦʣʷʨʠʪʦʥʳ ɔT ī ʢʚʘʥʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʝʱʝʩʪʚʝ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʨʝʜʘ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠ-ʧʨʦʟʨʘʯʥʘ, ʪʦ 

ʝʩʪʴ, ʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ [1]. ʀʥʪʝʨʝʩ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʣʷʨʠʪʦʥʦʚ 

ʚʳʟʚʘʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʧʨʦʩʚʝʪʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʦʧʪʠʯʝʩʢʠʡ ʪʨʘʥʟʠʩʪʦʨ), ʪʘʢ ʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʩʠʦʥʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ a ʚ ʢʘʥʘʣʝ ɔTɔT Ÿ a, ʰʠʨʠʥʘ 

ʢʦʪʦʨʦʛʦ ʚ ʥʝʣʠʥʝʡʥʦʦʧʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʜʜʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʶ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʣʷʨʠʪʦʥʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʠ 

ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʢʚʘʟʠʯʘʩʪʠʮ ʚ ʨʝʞʠʤʝ 

ʫʩʠʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʦʛʨʘʥʠʯʠʤʩʷ ʫʜʝʨʞʘʥʠʝʤ ʪʦʣʴʢʦ ʛʣʘʚʥʦʛʦ ʯʣʝʥʘ 

ʚ ʨʷʜʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ (ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ), ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʪʘʚʠʪʴ ʦʧʪʠʯʝʩʢʫʶ ʩʨʝʜʫ ʩʠʩʪʝʤʦʡ ʥʝʟʘʚʠʩʠʤʳʭ 

ʥʝʟʘʪʫʭʘʶʱʠʭ ʧʦʣʷʨʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ 

 ʀʖ ρ В ,  

ʛʜʝ ʠʥʜʝʢʩʦʤ j ʦʪʤʝʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ɤ0j, ʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʝʩʘ ʟʘʧʠʩʘʥʳ 

ʯʝʨʝʟ ʧʣʘʟʤʝʥʥʳʝ ʯʘʩʪʦʪʳ ɤpj [2]. 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʝʜʠʥʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, 

ʩʢʘʞʝʤ i, ʚʢʣʘʜ ʨʝʟʦʥʘʥʩʦʚ jÍi ʥʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʠ ʧʦʪʦʤʫ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʥʘ: 

 ʀʖ ρ В ḳʀ ḳʀ .  

ɿʜʝʩʴ ʚʳʨʘʞʝʥʠʶ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ ʩʦʧʦʩʪʘʚʣʝʥʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ŮÐ, ʚʚʝʜʝʥʘ 
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ʵʬʬʝʢʪʠʚʥʘʷ ʯʘʩʪʦʪʘ ʧʨʦʜʦʣʴʥʦʡ ʤʦʜʳ ɤl ſ (ɤ0
2 + ɤp

2/ŮÐ)İ, ʘ ʠʥʜʝʢʩ i 

ʦʧʫʱʝʥ. 

ʊʦʛʜʘ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ n ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ ʨʘʚʝʥ 

 ὲʖ ʀʖʈ ʀ ʈ,  

ʧʦʵʪʦʤʫ ʫʩʣʦʚʠʝ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʠ 

 ὲʖ ρ  

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʣʷʨʠʪʦʥʦʚ ʥʘ ʯʘʩʪʦʪʝ 

 ʖ . 

ɺ ʩʣʫʯʘʝ ʜʚʫʭ ʙʣʠʟʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʣʠʥʠʷ ɤT ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʣʦʪʥʦ ʟʘʞʘʪʘ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʦʥʘʥʩʥʦ-

ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʢʚʘʟʠʯʘʩʪʠʮ 

 ʍ ᷿
ᴆ

ᴆ

Ὧ ͯ .  

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʣʷʨʠʪʦʥʦʚ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʠʣʝʥʥʦʡ ʨʝʟʦʥʘʥʩʘʤʠ ʛʝʥʝʨʘʮʠʠ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ 

ʧʦʣʷʨʠʪʦʥʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ f-ʵʣʝʤʝʥʪʦʚ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ, ʘ 

ʪʘʢʞʝ ʚ ʦʧʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ, ʜʦʧʠʨʦʚʘʥʥʳʭ ʢʘʢ ʚʳʨʦʞʜʝʥʥʳʤʠ 

ʫʨʦʚʥʷʤʠ (ʚʳʨʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʩʥʠʤʘʝʪʩʷ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʧʦʣʝʤ, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʪʦʥʢʦʛʦ 

ʤʫʣʴʪʠʧʣʝʪʘ), ʪʘʢ ʠ ʧʨʠʤʝʩʥʳʤʠ ʫʨʦʚʥʷʤʠ ʚʙʣʠʟʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʫʨʦʚʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʴʰʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʣʝʛʠʨʦʚʘʥʠʝ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ 

ʦʙʣʘʩʪʠ ʢʨʘʷ ʟʘʧʨʝʱʝʥʥʦʡ ʬʦʪʦʥʥʦʡ ʟʦʥʳ ʢʘʢ ʩʧʦʩʦʙʥʦʝ ʦʙʝʩʧʝʯʠʪʴ 

ʨʝʘʣʠʟʘʮʠʶ ʫʩʠʣʝʥʥʦʡ ʪʨʘʥʩʧʘʨʝʥʪʥʦʧʦʣʷʨʠʪʦʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

1. ɻʦʨʝʣʠʢ ɺ.ʉ., ʌʠʣʘʪʦʚ ɺ.ɺ. ʀʥʞʝʥʝʨʥʳʡ ʞʫʨʥʘʣ: ʥʘʫʢʘ ʠ 

ʠʥʥʦʚʘʮʠʠ, 2013, 8, 907. 

2. Kurosawa T., J. Phys. Soc. Jpn., 1961, 16(7), 1298ï1308. 
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ɻʠʙʨʠʜʥʳʝ ʧʝʨʦʚʩʢʠʪʳ ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ CH3NH3PbI3 

(MAPbI3), ʦʙʣʘʜʘʷ ʚʳʜʘʶʱʠʤʠʩʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1]. 

ʇʨʷʤʦʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʧʪʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

(1,6 ʵɺ) ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʤʠ ʷʯʝʡʢʘʤʠ 27% [2]. ʇʦʥʠʤʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ MAPbI3 ʚʘʞʥʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ MAPbI3. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʧʳʪʢʘ 

ʦʙʲʷʩʥʝʥʠʷ ʬʝʥʦʤʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʪʦ ʥʘ ʜʘʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʙʦʣʴʰʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʥʢʠʝ 

ʧʣʝʥʢʠ ʧʝʨʦʚʩʢʠʪʘ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɻʦʪʦʚʳʡ ʨʘʩʪʚʦʨ 

ʧʝʨʦʚʩʢʠʪʘ MAPbI3 ʦʩʘʞʜʘʣʩʷ ʥʘ ʧʦʜʣʦʞʢʫ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʩʷ, ʘ 

ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʩʷ ʧʨʠ 100Áʉ. ʊʦʣʱʠʥʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 300 ʥʤ, ʘ ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʢʠ ʙʳʣʘ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ. ʇʦʚʝʨʭ ʧʣʝʥʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʩʘʞʜʘʣʠʩʴ ʟʦʣʦʪʳʝ ʢʦʥʪʘʢʪʳ ʚ 

ʧʣʘʥʘʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 

ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 10ī3 ʇʘ. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ MAPbI3 (ʨʠʩ. 1, 

ʢʨʠʚʘʷ çʕʢʩʧʝʨʠʤʝʥʪè), ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚʙʣʠʟʠ 1,6 ʵɺ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ 
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ʩʚʝʪʘ, ʚʝʣʠʯʠʥʘ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʦʩʪʘʪyʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ. ʆʙʳʯʥʦ, ʦʞʠʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ ʢʚʘʥʪʦʚ ʩʚʝʪʘ (hɜ > Eg). 

 
ʈʠʩ. 1. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ MAPbI3. 

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʩʚʷʟʘʥʦ ʩ 

ʚʢʣʘʜʦʤ ʬʘʟʳ PbI2, ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʤʘʪʝʨʠʘʣʝ. ɺʚʠʜʫ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʊʘʢ ʢʘʢ ʧʝʨʦʚʩʢʠʪ MAPbI3 ʥʝʩʪʘʙʠʣʝʥ, ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʢʘʪʠʦʥ CH3NH3
+ (MA+) ʤʦʞʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ï PbI2, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʧʨʷʤʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ [3, 4]. ʇʦʧʳʪʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʝʣʴʶ, ʚʢʣʶʯʘʶʱʝʡ ʢʦʨʥʝʚʳʝ 

ʧʦʛʣʦʱʝʥʠʷ ʚʙʣʠʟʠ 1,6 ʠ 2,4 ʵɺ, ʘ ʪʘʢʞʝ ʭʚʦʩʪ ʋʨʙʘʭʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʪʘʢʞʝ ʥʘ ʨʠʩ. 1 (ʢʨʠʚʘʷ çʇʦʣʥʘʷ ʤʦʜʝʣʴè). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ,  

ʜ.ʬ.-ʤ.ʥ. ʄʠʭʘʣʝʚʠʯʫ ɺ.ɻ. ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

1. Miah Md.H., Rahman Md.B., Nur-E-Alam M. et al., RSC Adv. 2025, 

15(1), 628ï654. 

2. https://www.nrel.gov/pv/cell-efficiency. 

3. Barb® J., Newman M., Lilliu  S.J. et al., Mater. Chem. A, 2018, 6, 

23010ï23018. 

4. Amasev D.V., Mikhalevich V.G., Tameev A.R. et al., Semiconductors 

2020, 54(6), 654ï657. 

https://www.nrel.gov/pv/cell-efficiency


 
ʅʆɺʓɽ ʄɸʊɽʈʀɸʃʓ, ɸʂʊʀɺʅʓɽ ʉʈɽɼʓ ʀ ʅɸʅʆʉʊʈʋʂʊʋʈʓ 

 

 64 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʤʦʣ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʣʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ 

ɸʥʜʨʝʝʚ ɺ.ʀ.1,2, ɹʫʣʳʛʠʥ ɽ.ɸ.1, ʇʦʧʦʚ ʀ.ɸ.1, ʅʦʚʠʢʦʚ ɺ.ʉ.1, 

ʂʫʟʥʝʮʦʚ ʉ.ʄ.1 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 

ɽ-mail: vova23.07.04@icloud.com 

DOI: 10.24412/cl-35673-2025-1-64-66 

ɸʢʨʠʣʦʚʳʝ ʦʣʠʛʦʤʝʨʳ (ɸʆ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʰʠʨʥʳʡ 

ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʘ ʢʦʥʮʘʭ ʤʦʣʝʢʫʣ ʘʢʨʠʣʦʚʳʝ ʠʣʠ 

ʤʝʪʘʢʨʠʣʦʚʳʝ (CH2=C(CH3)COOï) ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʜʝʣʠʡ, ʬʦʪʦʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʣʝʝʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʠ ʪ.ʜ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʤʧʦʟʠʮʠʠ (ʢʦʤʧʘʫʥʜʳ), ʚ ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ 

ʚʭʦʜʷʪ ɸʆ, ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʶʪ ʦʪʚʝʨʞʜʝʥʠʶ, ʧʨʠʤʝʥʷʷ ʧʨʠ ʵʪʦʤ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʦʟʜʝʡʩʪʚʠʡ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʨʝʘʢʮʠʶ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ: ʬʦʪʦʦʙʣʫʯʝʥʠʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʋɿɺ) ʠ 

ʪ.ʜ. ʇʦʜʙʠʨʘʷ ʩʦʩʪʘʚ ʢʦʤʧʘʫʥʜʘ ʠ ʨʝʞʠʤʳ ʦʪʚʝʨʞʜʝʥʠʷ, ʤʦʞʥʦ 

ʚʘʨʴʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ɸʆ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʜʝʣʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʦʤʧʘʫʥʜʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʚʝʨʞʜʝʥʠʷ, ʠ ʠʟʫʯʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ɸʆ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʨʪʦʜʦʥʪʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʎʝʥʪʨʝ ɹʠʦʬʦʪʦʥʠʢʠ ʀʆʌ ʈɸʅ. ʀʩʭʦʜʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʥʠʭ ʩʣʫʞʠʪ 

ʤʝʜʠʮʠʥʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʩʤʦʣʘ ñDental Clear Pro Resinò (Harz 

Labs, ʈʦʩʩʠʷ), ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ 

ʦʣʠʛʦʫʨʝʪʘʥʤʝʪʘʢʨʠʣʘʪ (ʆʋʄ, 50ï70 ʤʘʩʩ. %) ʠ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 

ʜʠʤʝʪʘʢʨʠʣʘʪ (ʇʕɻ ʜʠʤʝʪʠʣʘʢʨʠʣʘʪ, 30ï50 ʤʘʩʩ. %). ʆʪʚʝʨʞʜʝʥʠʝ 
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ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʠ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʋɿɺ ʠ 

ʬʦʪʦʦʙʣʫʯʝʥʠʝ. 

ɺ ʩʤʦʣʫ ʚʚʦʜʠʣʠʩʴ ʜʚʘ ʪʠʧʘ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ): ʅʏ ʪʠʪʘʥʘ ʠ ʅʏ 

ʦʢʩʠʜʘ ʪʠʪʘʥʘ. ɺʚʝʜʝʥʠʝ ʅʏ ʚ ʩʤʦʣʫ ʧʨʠʟʚʘʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʙʫʜʫʱʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʵʪʦʤ 

ʪʘʢʞʝ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʪʚʝʨʞʜʥyʥʦʡ 

ʩʤʦʣʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʅʏ ʪʠʪʘʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʯʥʦʩʪʴ. ɼʣʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʅʏ ʪʠʪʘʥʘ, ʠ ʦʙʨʘʟʮʦʚ ʙʝʟ ʅʏ 

ʧʨʦʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 73 ° 5 ʄʇʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʚʝʜʝʥʠʝ ʚ ʩʤʦʣʫ ʅʏ 

ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɸ 

ʠʤʝʥʥʦ, ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʪʚʝʨʞʜʥyʥʦʡ ʩʤʦʣʳ, ʩʦʜʝʨʞʘʱʝʡ ʪʘʢʠʝ 

ʯʘʩʪʠʮʳ, ʙʳʣʘ 65 ° 5 ʄʇʘ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʚʳʷʚʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʩʤʦʣʳ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʚʝʨʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʚʣʠʷʪʴ ʥʘ ʝʸ ʧʨʦʯʥʦʩʪʴ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʂʈ ʥʝʦʪʚʝʨʞʜʥyʥʦʡ ʩʤʦʣʳ, ʘ 

ʪʘʢʞʝ ʦʪʚʝʨʞʜʸʥʥʦʡ ʩʤʦʣʳ ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ. ʉʧʝʢʪʨʳ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 785 ʥʤ ʠ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʨʘʟʨʝʰʝʥʠʠ 1,5 ʩʤī1. 

ʃʠʥʠʠ ʂʈ ʩ ʯʘʩʪʦʪʘʤʠ ʦʢʦʣʦ 375, 1404 ʠ 1639 cʤī1 ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʚ ʢʦʥʮʝʚʳʭ ʤʝʪʘʢʨʠʣʦʚʳʭ ʛʨʫʧʧʘʭ ʚ ʤʦʣʝʢʫʣʘʭ ʆʋʄ ʠ 

ʇʕɻ ʜʠʤʝʪʠʣʘʢʨʠʣʘʪʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʚ ʩʧʝʢʪʨʘʭ 

ʦʪʚʝʨʞʜʸʥʥʦʡ ʩʤʦʣ r ʵʪʠ ʣʠʥʠʠ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ, ʣʠʙʦ ʠʤʝʶʪ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʯʝʤ ʚ ʩʧʝʢʪʨʝ ʥʝʦʪʚʝʨʞʜʸʥʥʦʡ 

ʩʤʦʣʳ. ʊʘʢʠʤʠ ʦʙʨʘʟʦʤ, ʟʘʪʫʭʘʥʠʝ ʵʪʠʭ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ 

ʦʪʚʝʨʞʜʥyʥʳʭ ʩʤʦʣ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʢʨʳʪʠʝʤ ʉ=ʉH2 ʠ ʉ=O ʩʚʷʟʝʡ ʚ ʢʦʥʮʝʚʳʭ 

ʤʝʪʘʢʨʠʣʦʚʳʭ ʛʨʫʧʧʘʭ. 

ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʧʠʢʦʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʠ ʂʈ ʩ 

ʯʘʩʪʦʪʦʡ 1639 cʤī1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʉ=ʉ 

ʩʚʷʟʝʡ ʚ C=CH2 ʛʨʫʧʧʘʭ, ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʦʜʥʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ: ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʉ=ʉ ʩʚʷʟʝʡ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 90ï95% ʠ ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʨʝʞʠʤʘ 

ʦʪʚʝʨʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʢʦʥʚʝʨʩʠʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 
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ɺ ʩʧʝʢʪʨʘʭ ʂʈ ʦʪʚʝʨʞʜʥyʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʅʏ 

ʪʠʪʘʥʘ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ ʥʘ ʯʘʩʪʦʪʝ 

818 ʩʤī1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ ʦʪʚʝʨʞʜʥyʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʅʏ ʠʣʠ ʩʦʜʝʨʞʘʱʠʭ ʅʏ ʦʢʩʠʜʘ ʪʠʪʘʥʘ. ɼʣʷ ʇʕɻ 

ʜʠʤʝʪʠʣʘʢʨʠʣʘʪʘ ʵʪʘ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʦʤʫ ʉïOïC 

ʢʦʣʝʙʘʥʠʶ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʇʕɻ [1]. ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ, ʦʜʥʘʢʦ 

ʤʦʞʝʪ ʠʟʤʝʥʠʪʩʷ ʠʭ ʜʣʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʝʥʠʝ ʣʠʥʠʠ ʂʈ ʥʘ 

ʯʘʩʪʦʪʝ 818 ʩʤī1 ʚ ʩʧʝʢʪʨʘʭ ʂʈ ʦʪʚʝʨʞʜʥyʥʳʭ ʩʤʦʣ ʩ ʅʏ ʪʠʪʘʥʘ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʙʦʣʝʝ ʜʣʠʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʇʕɻ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʪʚʝʨʞʜʥyʥʳʤʠ ʩʤʦʣʘʤʠ, 

ʢʦʪʦʨʳʝ ʣʠʙʦ ʩʦʜʝʨʞʘʪ ʅʏ ʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʣʠʙʦ ʥʝ ʩʦʜʝʨʞʘʪ ʅʏ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʂʈ ʥʝʦʪʚʝʨʞʜʸʥʥʦʡ ʠ ʦʪʚʝʨʞʜʸʥʥʳʭ ʩʤʦʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʅʏ ʪʠʪʘʥʘ ʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʩʤʦʣʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʇʕɻ 

ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʧʨʦʯʥʦʩʪʴ 

ʦʪʚʝʨʞʜʥyʥʦʡ ʩʤʦʣʳ ʥʘ ʫʨʦʚʥʝ ʦʙʨʘʟʮʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʅʏ. ʆʜʥʘʢʦ 

ʵʪʦʪ ʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʚʦʜʝ ʚ ʩʤʦʣʫ ʅʏ ʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

1. Moran M.B., Martin G.C., J. Macromol. Sci.-Chem., A. 1983, 19, 611ï

618. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ InSb ʠ ʬʝʨʦʤʘʛʥʝʪʠʢʘ MnSb 

ɹʠʢʪʝʝʚ ɸ.ɸ.1, ʅʝʯʫʰʢʠʥ ʖ.ɹ.2 

1- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: bikteev04@mail.ru 

DOI: 10.24412/cl-35673-2025-1-67-69 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ InSb ʠ 

ʬʝʨʦʤʘʛʥʝʪʠʢʘ MnSb. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʤʝʞʬʘʟʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʪʠʧ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʨʦʞʜʝʥʥʦʡ p-ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 

InSb ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʜʣʷ spin-down 

ʥʦʩʠʪʝʣʝʡ. ʆʩʫʱʝʩʪʚʣʸʥ ʩʠʥʪʝʟ ʧʣʸʥʦʢ ʩʦʩʪʘʚʘ InSbïMnSb (50:50) 

ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʳʣʝʥʠʷ. ʄʦʨʬʦʣʦʛʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʝʞʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ MnSb ʠ p-ʪʠʧ GaSb. ʋʩʪʘʥʦʚʣʝʥʦ: 

ʜʣʷ spin-down ʥʦʩʠʪʝʣʝʡ, ʜʦʤʠʥʠʨʫʶʱʠʭ ʚ ʧʨʦʚʦʜʠʤʦʩʪʠ MnSb, 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʤʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ, ʪʘʢ ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʨʘʙʦʪʘ 

ʚʳʭʦʜʘ MnSb (ʌ_ʄ) ʚʳʰʝ, ʯʝʤ ʫ GaSb (ʌ_ʇ); 

ʜʣʷ spin-up ʥʦʩʠʪʝʣʝʡ ʨʝʘʣʠʟʫʝʪʩʷ pïp ʢʦʥʪʘʢʪ, ʥʝʚʳʧʨʷʤʣʷʶʱʠʡ, ʥʦ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʢʦʥʪʘʢʪʥʦʡ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ. ʕʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɿʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ MnSbïGaSb [1] 

mailto:bikteev04@mail.ru
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ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʸʥ ʜʣʷ InSb, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʠ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʦʞʠʜʘʝʤʳʝ ʪʠʧʳ ʢʦʥʪʘʢʪʦʚ ʜʣʷ spin-down ʠ spin-up ʥʦʩʠʪʝʣʝʡ. 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ MnSbïA3B5 ʧʦ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 
ʇʦʣʫʧʨʦʚʦʜʥʠʢ ʐʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ Ὁ, ʵɺ 

ʈʘʙʦʪʘ 

ʚʳʭʦʜʘ 

ˡ̃ , ʵɺ 

ʂʦʥʪʘʢʪ ʧʦ  

spin-down 

ʂʦʥʪʘʢʪ ʧʦ  

spin-up 

GaSb ~0,7 ~4,7 ʆʤʠʯʝʩʢʠʡ pïp  

ʥʝʚʳʧʨʷʤʣʷʶʱʠʡ 

InSb ~0,17 ~4,6ï4,8 ʆʤʠʯʝʩʢʠʡ / 

ʐʦʪʪʢʠ 

pïp,  

ʚʦʟʤʦʞʥʦʝ 

ʚʳʨʦʞʜʝʥʠʝ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʜʣʷ InSb ʠʟ-ʟʘ ʫʟʢʦʡ ʟʦʥʳ (Ὁ å 0,17 ʵɺ) 

ʩʦʭʨʘʥʷʝʪʩʷ ʦʤʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʜʣʷ spin-down, ʦʜʥʘʢʦ ʧʨʠ ʩʣʘʙʦʤ 

ʣʝʛʠʨʦʚʘʥʠʠ ʚʦʟʤʦʞʝʥ ʐʦʪʪʢʠ-ʙʘʨʴʝʨ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʣʸʥʢʠ ʩʦʩʪʘʚʘ InSbïMnSb 

50%ï50% ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʚ ʚʘʢʫʫʤʝ. ʇʣʸʥʢʠ 

ʦʩʘʞʜʝʥʳ ʥʘ ʧʦʜʣʦʞʢʠ ʠʟ ʩʠʪʘʣʣʘ, ʢʨʝʤʥʠʷ, ʩʘʧʬʠʨʘ, ʦʨʠʝʥʪʘʮʠʝʡ 

[001]. 

ʇʦʨʷʜʦʢ ʥʘʧʳʣʝʥʠʷ: Mn, Sb, In. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʧʣʸʥʦʢ 

ʩʦʩʪʘʚʠʣʘ ~0,5 ʤʢʤ. ʄʘʩʩʳ ʥʘʚʝʩʦʢ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʫʨʘʚʥʝʥʠʷ ʃʝʥʛʤʶʨʘ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʩʩʳ ʥʘʚʝʩʦʢ ʦʪ ʩʦʜʝʨʞʘʥʠʷ MnSb 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʚʝʩʦʢ ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ MnSb. 

ʄʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). ɼʣʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʘʩʪʘ 
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ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʝʪʝʢʪʦʨ E-T (ʨʠʩ. 3ʘ, ʙ), ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ð 

ʜʝʪʝʢʪʦʨ BSE (ʨʠʩ. 3ʚ). 

 

ʈʠʩ. 3. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʦʢ InSb-MnSb ʜʦ ʦʪʞʠʛʘ (ʘ) ʠ ʧʦʩʣʝ 

ʦʪʞʠʛʘ (ʙ, ʚ). 

ʆʪʞʠʛ ʧʨʠ 400 ÁC ʚʳʟʳʚʘʝʪ ʜʠʬʬʫʟʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ (ʈʉʄɸ) ʚʳʷʚʣʝʥʦ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩ ʣʦʢʘʣʴʥʳʤ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ Mn ʠʣʠ In, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʘ 

ʠʟ ʬʘʟ InSb ʠ MnSb (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ (ʘʪ. %) ʜʦ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ. 
ʄʘʪʝʨʠʘʣ ɼʦ ʦʪʞʠʛʘ ʇʦʩʣʝ ʦʪʞʠʛʘ 

ʌʘʟʘ 1 (InSb) ʌʘʟʘ 2 (MnSb) 
Mn 33 Ñ 1 19 30 

In 20 Ñ 1 34 5 

Sb 48 Ñ 1 47 65 

ʇʨʦʚʝʜʸʥ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʠʥ-

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ MnSbïInSb. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʪʘʢʪʳ 

MnSb ʩ InSb ð ʦʤʠʯʝʩʢʠʝ ʜʣʷ spin-down ʥʦʩʠʪʝʣʝʡ. ʇʦʣʫʯʝʥʳ 

ʧʣʸʥʢʠ InSbïMnSb (50:50). ʄʝʪʦʜʘʤʠ ʈʕʄ ʠ ʈʉʄɸ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʪʞʠʛ ʧʨʠ 400Áʉ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʚʫʭʬʘʟʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ 

InSbïMnSb. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʩʧʠʥʪʨʦʥʠʢʠ. 

1. Sartipi E., Hojabri A., Bouchani A., Shakib M.H. Chinese Journal of 

Chemical Physics. 2011, 24, 155ï161. 
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ʉʠʥʪʝʟ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 

ʧʦʨʦʰʢʦʚ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Na2BaY4F16:Er 3+,Yb3+ 

ɺʦʣʯʝʢ ɸ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: angelina.vol4ek@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-70-71 

ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ NaFïBaF2ïRF3 (R ð 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ʉʫʱʝʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤʳ NaFïBaF2ïGdF3, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʩʝʤʴ ʬʘʟ [1]. ɺ ʩʠʩʪʝʤʝ NaFïBaF2ïYF3 ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ 

ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʟʫʯʝʥʳ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʳ ʧʷʪʴ ʬʘʟ. 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʷʚʣʷʝʪʩʷ ʬʘʟʘ Na2BaY4F16 

ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ [2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣ ʩʠʥʪʝʟ ʧʦʨʦʰʢʦʚ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʬʘʟʳ Na2BaY4F16 ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ Er ʠ Yb, ʘ ʪʘʢʞʝ ʠʭ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ. 

 
ʈʠʩ. 1. ʊʠʧʠʯʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

Na2Ba(Y0.87Er0.01Yb0.12)4F16. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʦʚ NaF, BaF2 ʠ YF3, ʚʟʷʪʳʭ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. ʀʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ ʫʧʘʢʦʚʳʚʘʣʠ ʚ ʥʠʢʝʣʝʚʳʝ 

ʢʘʧʠʣʣʷʨʳ ʠ ʧʦʤʝʱʘʣʠ ʚ ʥʠʢʝʣʝʚʳʡ ʢʦʥʪʝʡʥʝʨ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʠʨʦʛʠʜʨʦʣʠʟʘ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʩʦʟʜʘʥʘ ʬʪʦʨʠʨʫʶʱʘʷ ʘʪʤʦʩʬʝʨʘ HF. 

ɼʣʷ ʝʸ ʩʦʟʜʘʥʠʷ ʚʥʫʪʨʴ ʥʠʢʝʣʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʧʦʤʝʱʘʣʠ BaF2ĿHF, 

ʢʦʪʦʨʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 224Áʉ ʨʘʟʣʘʛʘʣʩʷ ʜʦ BaF2 ʠ HF. ʉʧʝʢʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 760Áʉ ʚ ʪʝʯʝʥʠʝ 336 ʯ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ 

ʦʙʨʘʟʮʦʚ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. 
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ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʜʥʦʬʘʟʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʬʘʟʝ Na2BaY4F16 

(ʨʠʩ. 1). 

ɹʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʘʧ-ʢʦʥʚʝʨʩʠʦʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ Na2BaY4F16:Er3+,Yb3+ ʧʨʠ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʠʪʪʝʨʙʠʷ ʠ ʵʨʙʠʷ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʘʧ-ʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 974 ʥʤ ʠ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ 1 ɺʪ/ʩʤ2. 

ɺ ʩʧʝʢʪʨʘʭ ʚʳʷʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʨʙʠʷ 

ʚ ʟʝʣʝʥʦʡ ʠ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ (ʨʠʩ. 2), ʘ ʪʘʢʞʝ ʦʮʝʥʝʥʳ 

ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ ʘʧ-ʢʦʥʚʝʨʩʠʦʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Yb (12 ʤʦʣ. %) ʠ Er (1 ʤʦʣ. %) ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʘʧ-ʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʕɺ) 

5,5%. ʉʨʘʚʥʝʥʠʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʬʪʦʨʠʜʥʳʤʠ ʣʶʤʠʥʦʬʦʨʘʤʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʘʷ ʚʝʣʠʯʠʥʘ ʕɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ [3, 4]. 

1. Pavlova L.N., Fedorov P.P., Oôkhovaya L.A., et al., Cristallogr. Rep., 

1993, 38(2), 221ï224. 

2. ɺʦʣʯʝʢ ɸ.ɸ., ʇʦʤʠʥʦʚʘ ɼ.ɺ., ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ɸ. ʠ ʜʨ. ʆʧʪʠʢʘ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 2025, 133(3), 281ï286. 

3. Madirov E.I., Konyushkin V.A., Nakladov A.N, et al., J. of Materials 

Chemistry C. 2021, 9(10), 3493. 

4. Kaiser M., W¿rth C., Kraft M., et al., Nanoscale. 2017, 9(28), 10051. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʘʥʠʟʦʪʨʦʧʠʠ 

ʤʘʛʥʠʪʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʊʉʇ-ʣʝʥʪ 

ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʠʥʥʠʥʛʘ 

ɻʘʨʠʧʦʚʘ ʊ.ʌ.1,2, ʄʘʣʷʚʠʥʘ ɸ.ʖ.2, ʄʘʨʪʠʨʦʩʷʥ ʀ.ɺ.2 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʚʘ 

ɽ-mail: garipovatf@gmail.com 

DOI: 10.24412/cl-35673-2025-1-72-74 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʣʝʥʪʳ ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʱʥʳʭ ʤʘʛʥʠʪʦʚ. ʂʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʘʢʠʭ 

ʣʝʥʪ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʪʦʢ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʙʤʦʪʦʢ ʤʘʛʥʠʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʥʳʭ 

ɺʊʉʇ-ʣʝʥʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʠʥʥʠʥʛʘ 

(ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ) ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ɺʊʉʇ ʣʝʥʪ ʥʘ ʦʩʥʦʚʝ YBCO, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ çʉ-ʠʥʥʦʚʘʮʠʠè (ʈʦʩʩʠʷ), ʨʘʟʤʝʨʦʤ 4Ĭ4 ʤʤ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ɺʊʉʇ-ʣʝʥʪ ʠ 

ʜʚʫʭ ʣʝʥʪ, ʦʙʣʫʯʝʥʥʳʭ ʠʦʥʘʤʠ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ Quantum Design MPMS ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 5 ʊʣ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 4,2 ʜʦ 77,4 ʂ. 

ʇʦʣʫʯʝʥʳ ʧʝʪʣʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ɺʊʉʇ-ʢʦʤʧʦʟʠʪʦʚ 

(ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ (Hastelloy-276) ʧʨʠ 

ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʷ ʦʪ 0Á ʜʦ 80Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ. 

ʀʟ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ 

(ʨʠʩ. 2). ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʤʘʛʥʠʪʥʳʝ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʊʉʇ-ʢʦʤʧʦʟʠʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʝʪʣʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʤʘʣʳʭ ʫʛʣʦʚ 

ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ. ɸʥʠʟʦʪʨʦʧʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʚʷʟʘʥʘ ʩ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ 

ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʘʙʨʠʢʦʩʦʚʩʢʠʭ ʚʠʭʨʝʡ ʚ ʧʣʦʩʢʦʩʪʠ 
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ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ CuO2 ʧʣʦʩʢʦʩʪʷʭ ʠ 

ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʭ ʚʠʭʨʝʡ ʤʝʞʜʫ ʥʠʤʠ [1ï2]. ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 

ʫʯʠʪʳʚʘʣʘʩʴ ʘʥʠʟʦʪʨʦʧʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʜʣʦʞʢʠ. 

 
ʈʠʩ. 1. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ɺʊʉʇ-ʣʝʥʪʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T = 10 ʂ ʧʨʠ ʨʘʟʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 50 ʂ ʧʨʠ ʨʘʟʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʣʷ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ (ʘ), ʘ ʪʘʢʞʝ ʦʙʣʫʯʝʥʥʳʭ ʩ 

ʬʣʶʝʥʩʦʤ 1Ĭ1011 ʩʤī2 (b) ʠ 1Ĭ1012 ʩʤī2 (ʩ) ʦʙʨʘʟʮʦʚ. 
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ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʇʦʢʨʦʚʩʢʦʤʫ ʉ.ɺ., 

ɸʟʘʨʝʚʠʯʫ ɸ.ʅ., ɹʦʛʘʯʫ ɸ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʧʨʦʝʢʪ "ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʢʣʘʩʩʘ ʤʝʛʘʩʘʡʝʥʩ 

NICA (ʆʀʗʀ)" ˉ FSWU-2025-0014. 
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ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʛʨʘʥʠʮʘ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ 

ʚ ʚʦʜʥʦʤ ʢʦʣʣʦʠʜʝ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ 

ɼʠʢʦʚʩʢʘʷ ɸ.ʆ., ɹʘʡʤʣʝʨ ʀ.ɺ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ.ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
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DOI: 10.24412/cl-35673-2025-1-75-77 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1] ʠ ʤʝʜʠʮʠʥʝ [2], ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʛʨʝʛʘʮʠʠ [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʢʦʣʣʦʠʜʘ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʘʛʨʝʛʘʮʠʠ, ʠʥʠʮʠʠʨʫʝʤʳʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʙʝʟ ʚʥʝʰʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʠʣʠ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʮʝʩʩʳ ʘʛʨʝʛʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʧʣʘʟʤʦʥʥʦʤʫ ʨʝʟʦʥʘʥʩʫ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʀʩʭʦʜʥʳʡ ʢʦʣʣʦʠʜ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 15 ʥʤ (ʨʠʩ. 1ɸ, 

ʯʝʨʥʘʷ ʣʠʥʠʷ I), ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ [4] ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩ ʧʠʢʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 521 ʥʤ 

(ʨʠʩ. 1ɺ, ʯʝʨʥʘʷ ʣʠʥʠʷ I). 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʯʘʩʪʠʮ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 2,5Ĭ1013 ʰʪ/ʤʣ (ʨʠʩ. 1ʉ, IV). ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʛʦ ʧʦʨʦʛʘ ʥʘʯʠʥʘʣʩʷ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʡ 

ʥʝʦʙʨʘʪʠʤʦʡ ʘʛʨʝʛʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʡʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ 

ʩʠʩʪʝʤʳ ʩ ʨʦʟʦʚʦʛʦ ʥʘ ʪʝʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ (ʨʠʩ. 1ʉ) ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʝʟʢʠʤ ʧʘʜʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʨʠʩ. 1ʉ, V). 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚ ʭʦʜʝ ʘʛʨʝʛʘʮʠʠ ʚʳʷʚʠʣ ʩʜʚʠʛ 

ʧʠʢʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 521 ʥʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 1ɺ). ʕʪʦ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʫʜʣʠʥʸʥʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ 

[4]. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʣʣʦʠʜʘ, ʦʩʪʘʚʘʣʩʷ 

ʥʝʠʟʤʝʥʥʦ ʚʳʩʦʢʠʤ ʦʢʦʣʦ ī30 ʤɺ (ʨʠʩ. 1D) [5]. 

ʊʝʦʨʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʣʣʦʠʜʦʚ (ɼʃʌʆ), ʫʯʠʪʳʚʘʶʱʘʷ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦ ʧʨʠʪʷʞʝʥʠʝ 
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[6], ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʵʪʦʪ ʬʝʥʦʤʝʥ, ʢʣʶʯʝʚʫʶ ʞʝ ʨʦʣʴ ʚ ʘʛʨʝʛʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʠʛʨʘʶʪ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʝ ʠ ʜʠʧʦʣʴ-ʟʘʨʷʜʦʚʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [6]. ɺʢʣʶʯʠʚ ʵʪʠ ʩʠʣʳ ʚ ʤʦʜʝʣʴ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʙʣʠʟʢʦʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ. 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʣʣʦʠʜʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ 

(I ï 14,17, II ï 91,17, III ï145,6, IV ï 248,6, V ï 361,61 ʤʢʛ/ʤʣ). 

A ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. 

B ï ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʣʣʦʠʜʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʥʦʨʤʠʨʦʚʘʥʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 360 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ 6s- ʠ 5d-ʫʨʦʚʥʷʤʠ. 

C ïɿʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦ-ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʥʦʯʘʩʪʠʮ. 

D ï ʀʟʤʝʥʝʥʠʝ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʚ ʢʦʣʣʦʠʜʝ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʥʘʥʦʯʘʩʪʠʮ 

ʟʦʣʦʪʘ ʩʫʱʝʩʪʚʫʝʪ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʜʦ ʢʦʪʦʨʦʛʦ 

ʢʦʣʣʦʠʜ ʥʘʥʦʯʘʩʪʠʮ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɼʣʷ ʚʦʜʥʳʭ 

ʢʦʣʣʦʠʜʦʚ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦʨʷʜʢʘ 15 ʥʤ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

1013 ʥʯ/ʤʣ, ʯʪʦ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʫʢʘʟʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʦʣʣʦʠʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ ʫʜʣʠʥʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʫʢʦʚʦʜʠʪʝʣʶ ʮʝʥʪʨʘ 

ɹʠʦʬʦʪʦʥʠʢʠ ʀʆʌʈɸʅ ʜ.ʙ.ʥ. ɻʫʜʢʦʚʫ ʉ.ɺ. ʠ ʚʝʜʫʱʝʤʫ ʥʘʫʯʥʦʤʫ 

ʩʦʪʨʫʜʥʠʢʫ ʢ.ʬ.-ʤ.ʥ. ʉʠʤʘʢʠʥʫ ɸ.ɺ. 
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ɸʥʠʟʦʪʨʦʧʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ 

ʫʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʢʦʤʧʦʟʠʪʘʤ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤ. ʇʦʜʦʙʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʠ ʙʦʣʝʝ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʤʝʪʘʣʣʧʦʣʠʤʝʨʥʳʝ ʤʠʢʨʦ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ (ʄʇʂ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʠʟ ʩʝʙʷ ʚʟʚʝʩʴ ʧʨʦʚʦʜʷʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʟʘʜʘʥʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʤʠʢʨʦ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ, ʩʧʠʥʪʨʦʥʠʢʝ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ, 

ʩʝʥʩʦʨʠʢʝ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ 

ʤʘʪʨʠʯʥʳʡ ʩʠʥʪʝʟ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ 

ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʩʩʠʚʳ 

ʦʜʥʦʤʝʨʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʪʨʦʛʦ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʦʩʪʘʚʘ, ʘ ʩʘʤ ʧʦ ʩʝʙʝ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʚʘʨʠʘʙʝʣʴʥʳʤ, ʯʪʦ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʫʧʨʘʚʣʷʪʴ ʠʪʦʛʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʨʦʜʳ ʠ ʭʘʨʘʢʪʝʨʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʢʦʚʳʭ 

ʤʝʤʙʨʘʥ ʞʝʣʝʟʦʥʠʢʝʣʝʚʳʤ ʩʧʣʘʚʦʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʷʜʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʪʝʥʟʦʜʘʪʯʠʢʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʳʩʪʫʧʘʣʠ 

ʤʝʪʘʣʣʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʪʦʣʱʠʥʘ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ ð 12 ʤʢʤ; ʧʣʦʪʥʦʩʪʴ ʧʦʨ ʤʘʪʨʠʮʳ ð 

1,2Ĭ109 ʰʪ/ʩʤ2; ʜʠʘʤʝʪʨ ʧʦʨ ð 100 ʥʤ; ʨʘʟʙʨʦʩ ʥʘʢʣʦʥʦʚ ʧʦʨ ʚ 

mailto:doludenko.i@yandex.ru


 
21ï23 ʦʢʪʷʙʨʷ 2025 ʛ. 

 79 

ʧʝʨʚʦʡ ʧʨʦʝʢʮʠʠ ð Ñ30Á; ʨʘʟʙʨʦʩ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʧʦʨ ʚʦ ʚʪʦʨʦʡ 

ʧʨʦʝʢʮʠʠ ð Ñ0,5Á; ʜʣʠʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ð ʦʪ 0,5 ʜʦ 5,5 ʤʢʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʨʘʟʮʘ; ʤʘʪʝʨʠʘʣ ð Fe24Ni76. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʘʤʝʪʨ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 5ï10% ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʧʦʨ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʠʭ ʦʢʠʩʣʝʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ. ʊʘʢʞʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʦʪ ʚʨʝʤʝʥʠ ʨʦʩʪʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ 

ʯʝʪʳʨʸʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʄʇʂ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʣʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʤʘʪʨʠʮʳ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʥʘʥʦʩʪʨʫʢʪʫʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʩʝʯʝʥʠʡ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʧʦʯʝʢ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʟʝʮ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʜʣʠʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʧʣʦʰʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʮʝʧʠ ʚ ʣʶʙʦʤ ʠʟ ʚʳʙʨʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ [1]. 

ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʜʚʫʭʢʦʥʪʘʢʪʥʦʤʫ ʤʝʪʦʜʫ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 5 ʤʤ. ɿʘ ʥʫʣʝʚʦʡ ʫʛʦʣ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʣʦʩʢʦʩʪʠ 

ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʟʙʨʦʩʘ ʫʛʣʦʚ (ʧʝʨʚʘʷ ʧʨʦʝʢʮʠʷ), ʜʘʣʝʝ ʫʛʦʣ ʤʝʥʷʣʩʷ 

ʥʘ 30Á, 45Á, 60Á, 90Á. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʫʛʣʘ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ, ʘ ʠʤʝʥʥʦ, ʚ ʨʝʞʠʤʝ ʟʘʧʠʩʠ 

ʚʦʣʴʪ- ʘʤʧʝʨʦʛʨʘʤʤʳ (ɺɸʍ) ʠ ʚ ʨʝʞʠʤʝ ʟʘʧʠʩʠ ʭʨʦʥʦʘʤʧʝʨʦʛʨʘʤʤʳ 

(ʍɸ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʝ ʠʟʤʝʥʷʣʦʩʴ 

ʧʦʩʣʝ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʫʛʣʦʚ, ʠ ʙʳʣʦ ʨʘʚʥʦ 0,01, 

0,1, 0,5, 1, 2 ʠ 5 ɺ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʛʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ɺɸʍ ʧʦʢʘʟʘʣʠ, ʥʘʛʣʷʜʥʫʶ ʥʝʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʠʟʤʝʨʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʠ 

ʜʦʩʪʠʛʘʣʦ 42 ʢʆʤ. ʆʜʥʘʢʦ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʫʪʝʤ ʟʘʧʠʩʠ ʍɸ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 



 
ʅʆɺʓɽ ʄɸʊɽʈʀɸʃʓ, ɸʂʊʀɺʅʓɽ ʉʈɽɼʓ ʀ ʅɸʅʆʉʊʈʋʂʊʋʈʓ 
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ʄʘʢʩʠʤʫʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ 0,01ï1 ɺ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

60Á, ʦʜʥʘʢʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 2 ʠ 5 ɺ, ʤʘʢʩʠʤʫʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 45Á. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩʨʝʜʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʥʘ ʫʛʣʝ 60Á ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʦʪ 0,01 ʜʦ 1 ɺ ʩʥʠʞʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʧʨʠ 2 ʠ 5 ɺ ð ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʳ ʧʝʨʢʘʣʷʮʠʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʦʙʣʘʩʪʷʭ 

ʩʙʣʠʞʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʙʦʝʚ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʙʦʷ ʧʦʣʠʤʝʨʘ [2]. ʇʦʜʦʙʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ 

ʚʦʟʥʠʢʘʶʱʠʝ ʵʬʬʝʢʪʳ ʧʨʠ ʭʘʦʪʠʯʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ 

ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʄʇʂ ʚ ʦʙʣʘʩʪʷʭ 

ʩʝʥʩʦʨʠʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʟʫʯʠʪʴ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʤʘʪʨʠʮʳ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʄʇʂ. ɹr ʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ 

ʥʘʥʦʧʨʦʚʦʣʦʢ ʥʘʯʠʥʘʷ ʩ ʚʝʣʠʯʠʥʳ ʙʦʣʝʝ 2,5 ʤʢʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʭ ʧʝʨʝʩʝʯʝʥʠʡ [3]. 

ʀʩʧʦʣʴʟʫʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʄʇʂ. ɹʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʛʨʫʟʘ ʩ ʜʘʚʣʝʥʠʝʤ ʥʘʯʠʥʘʷ ʦʪ 

0,8 ɻʇʘ. ʕʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʘʪʯʠʢʦʚ 

ʤʠʢʨʦʜʘʚʣʝʥʠʷ ʠ ʪʝʥʟʦʜʘʪʯʠʢʘʭ. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ZrO 2, 
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ʉʦʟʜʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʪʚʝʨʜʦʦʢʩʠʜʥʳʤʠ ʪʦʧʣʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʊʆʊʕ) 

ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ, ʘʚʪʦʥʦʤʥʦʛʦ ʧʠʪʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ ʥʘʩʝʣʝʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʊʆʊʕ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʚʩʝʭ ʦʙʣʘʩʪʝʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɹʦʣʴʰʫʶ 

ʨʦʣʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ ʠʛʨʘʝʪ ʦʩʥʦʚʥʦʡ 

ʝʸ ʢʦʤʧʦʥʝʥʪ ï ʪʚʸʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ. ʉʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʊʆʊʕ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩ 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʤʠ ʪʦʧʣʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʆʜʥʠʤ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʭʦʨʦʰʠʤʠ ʨʘʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʊʆʊʕ ʷʚʣʷʶʪʩʷ ʪʚʸʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʚʸʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʪʘʨʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʜʠʦʢʩʠʜʝ 

ʮʠʨʢʦʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʦʤ ʠʪʪʝʨʙʠʷ. ɼʠʘʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʪʘʙʠʣʠʟʠʨʠʟʫʶʱʠʭ ʦʢʩʠʜʦʚ ʙʳʣ ʚʳʙʨʘʥ ʦʪ 8 ʜʦ 12 

ʤʦʣ. %. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʥʘʧʨʘʚʣʝʥʥʦʡ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʨʘʩʧʣʘʚʘ ʚ ʭʦʣʦʜʥʦʤ ʢʦʥʪʝʡʥʝʨʝ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈʉ ʠ ʇʕʄ ʧʦʟʚʦʣʠʣʦ ʨʘʟʜʝʣʠʪʴ ʜʣʷ ʨʘʟʥʳʭ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʦʢʩʠʜʦʚ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʪ ʙʣʠʟʢʦʡ ʢ ʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ tǌ-ʬʘʟʳ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʪʝʧʝʥʴ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ c/a = 1, ʥʦ ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʠʦʥʦʚ 

ʢʠʩʣʦʨʦʜʘ ʚʜʦʣʴ ʦʩʠ ʩ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʚ ʪʝʯʝʥʠʝ 400 ʯʘʩʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ ʤʝʥʷʣʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʢʩʠʜʘ ʦʪ tǌ-ʬʘʟʳ ʢ 

ʢʫʙʠʯʝʩʢʦʡ ʬʣʶʦʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ. ʊʘʢ, ʛʨʘʥʠʮʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʫʙʠʯʝʩʢʦʛʦ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʢʩʠʜʦʤ ʠʪʪʝʨʙʠʷ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʦʣ. %, ʘ ʜʣʷ ʜʣʷ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ï 

12 ʤʦʣ. %. 

ʇʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ Yb2O3, ʚʳʰʝ, ʯʝʤ ʫ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ Y2O3. ʇʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ tǌ-ʬʘʟʳ 

ʦʙʣʘʜʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʢʩʠʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ 

ʦʪʞʠʛʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʢʩʠʜʘ. ʇʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʢʩʠʜʘ ʜʝʛʨʘʜʘʮʠʷ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ Yb2O3, ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʨʠʩʪʘʣʣʘʭ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ Y2O3. 

ʀʟʫʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʨʠʯʠʥʳ ʩʪʘʨʝʥʠʷ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ZrO2, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ Yb2O3 ʠ Y2O3 ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ t-ʬʘʟʳ ʠ ʫʧʦʨʷʜʦʯʝʥʠʝ ʠʦʥʦʚ 

ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʪʚʨyʜʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʀʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʩʪʘʚʦʚ ʢʨʠʩʪʘʣʣʳ 

(ZrO2)0,9(Yb2O3)0,1 ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ 
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ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʧʦʢʘʟʳʚʘʶʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʢʦʣʣʝʢʪʠʚʫ 

ʣʘʙʦʨʘʪʦʨʠʠ çʌʠʘʥʠʪè ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʬʦʪʦʜʠʦʜʳ 

ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 1,7ï3,8 ʤʢʤ 

ʥʘ ʦʩʥʦʚʝ GaSb/GaInAsSb/GaAlAsSb ʠ InAs/InAsSbP 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʂʦʥʦʚʘʣʦʚ ɻ.ɻ., ʇʠʚʦʚʘʨʦʚʘ ɸ.ɸ. 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

ɽ-mail: glebkonovalov@mail.ioffe.ru 

DOI: 10.24412/cl-35673-2025-1-84-85 

ʌʦʪʦʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠʟ ʫʟʢʦʧʦʣʦʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ A3B5 ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʚ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʘʟʦʚ, ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʧʝʢʪʨʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʠʙʦʨʳ ʩ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʳʰʝ 1,7 ʤʢʤ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʦʪʦʜʠʦʜʳ ʥʘ 

ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ InP/In0,53Ga0,47As ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʠʞʝ 1,7 ʤʢʤ, ʦʪʩʫʪʩʪʚʫʶʪ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʦʡ ʚʳʰʝ 1 ʄɻʮ ʠ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʳʰʝ 

2,0 ʤʢʤ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʜʠʦʜʦʚ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ InP/InGaAs ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʦʩʥʦʚʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ GaSb/GaInAsSb/GaAlAs. ɺ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʬʦʪʦʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ GaSb/GaInAsSb/GaAlAs 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʦʪ 0,2 ʤʤ 

ʜʦ 2 ʤʤ, ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ, ʠ ʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʳʩʦʢʫʶ ʪʦʢʦʚʫʶ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 

2,0ï2,4 ʤʢʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʠ ʩʚʝʨʭʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʌɼ ʥʘ ʦʩʥʦʚʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ GaSb/GaInAsSb/GaAlAsSb ʩ ʜʠʘʤʝʪʨʘʤʠ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ 100 ʠ 50 ʤʢʤ. ɺ ʌɼ ʩ ʜʠʘʤʝʪʨʦʤ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ 50 ʤʢʤ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʟʜʝʣʝʥʠʝ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʠ ʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʤʝʟʳ ʙʳʣʠ 

ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʬʨʦʥʪʘʣʴʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʦʩʪʠʢʦʚʳʤ 

ʢʦʥʪʘʢʪʦʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʬʦʪʦʜʠʦʜʥʦʛʦ ʯʠʧʘ 

ʧʦʟʚʦʣʠʣ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ ʩʭʝʤʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ð ʚʨʝʤʝʥʠ ʟʘʨʷʜʢʠ-ʨʘʟʨʷʜʢʠ ʙʘʨʴʝʨʥʦʡ ʸʤʢʦʩʪʠ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʌɼ. ɼʦʩʪʠʛʥʫʪʦ 
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ʚʳʩʦʢʦʝ, 50ï100 ʧʩ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʌɼ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

GaSb/GaInAsSb/GaAlAsSb. 

 

ʈʠʩ. 1 ʌʦʪʦʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ GaSb/GaInAsSb/GaAlAs 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʝʘʣʠʟʦʚʘʪʴ ʬʦʪʦʜʠʦʜʳ, 

ʢʦʪʦʨʳʝ ʙʳ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 

2,4 ʤʢʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʘ ʚʳʙʨʘʥʳ ʪʝʭʥʦʣʦʛʠʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ InAs/InAsSbP. ʌʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ 1,5ï

3,8 ʤʢʤ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʬʦʪʦʜʠʦʜʦʚ ʥʘ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ InAs/InAsSbP ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝ ʞʝ ʧʦʜʭʦʜʳ, ʯʪʦ 

ʠ ʜʣʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʬʦʪʦʜʠʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

GaSb/GaInAsSb/GaAlAs. 
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ʉʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʝʨʘʤʠʢʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʧʣʘʚʣʝʥʥʳʭ ʪʚʨyʜʳʭ ʨʘʩʪʚʦʨʦʚ 

(ZrO 2)0,90(Sc2O3)0,09(Yb2O3)0,01 

ʂʦʯʝʰʢʦʚʘ ɺ.ɸ., ʉʠʜʦʨʦʚʘ ʅ.ɺ., ʃʘʨʴʢʠʥʘ ʄ.ɸ., ʃʘʨʠʥʘ ʅ.ɸ. 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ, ʉʘʨʘʥʩʢ 
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ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [1]. 

ʊʚʸʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [2ï

4]. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʠ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʝʨʘʤʠʢʠ ʩʦʩʪʘʚʘ (ZrO2)0,90(Sc2O3)0,09(Yb2O3)0,01, ʠʟ ʧʦʨʦʰʢʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʤy ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʀʩʭʦʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʚ ʭʦʣʦʜʥʦʤ ʪʠʛʣʝ. ʆʙʨʘʟʮʳ 

ʢʝʨʘʤʠʢʠ ʬʦʨʤʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ɺʳʙʦʨ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʦʢʩʠʜʦʚ (Sc2O3 ʠ Yb2O3) ʠ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (9 ʤʦʣ.% ʠ 1 ʤʦʣ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ [5, 6]. ɸʚʪʦʨʘʤʠ ʜʘʥʥʳʭ ʨʘʙʦʪ ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʚʨyʜʳʭ ʨʘʩʪʚʦʨʦʚ ZrO2ïSc2O3ïR2O3 

(ʛʜʝ R ð Y, Yb, Gd, Tb) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʢʩʠʜʘ 

ʩʢʘʥʜʠʷ ʠ ʚʠʜʘ ʩʦʣʝʛʠʨʫʶʱʝʛʦ ʦʢʩʠʜʘ R2O3. ɺ ʭʦʜʝ ʧʨʦʚʝʜʥyʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʪʚʨyʜʦʛʦ ʨʘʩʪʚʦʨʘ 

(ZrO2)0,90(Sc2O3)0,09(Yb2O3)0,01. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʝʨʘʤʠʢʠ ʠ ʧʦʨʦʰʢʘ-

ʧʨʝʢʫʨʩʦʨʘ (ZrO2)0,90(Sc2O3)0,09(Yb2O3)0,01 ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ). 
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ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʧʘʢʪʳ ʠ ʧʦʨʦʰʢʠ 

(ZrO2)0,90(Sc2O3)0,09(Yb2O3)0,01 ʦʜʥʦʬʘʟʥʳ ʠ ʦʙʣʘʜʘʶʪ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʬʣʶʦʨʠʪʘ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɼʣʷ ʢʝʨʘʤʠʢʠ ʧʘʨʘʤʝʪʨ ʘ ʩʦʩʪʘʚʣʷʝʪ 

5,093(1) ¡, ʘ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ 5,096(1) ¡. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈʉ ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʰʢʘ-

ʧʨʝʢʫʨʩʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ tǌ-ʬʘʟʝ, ʢʦʪʦʨʘʷ ʙʣʠʟʢʘ ʢ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ ʬʣʶʦʨʠʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟ ʩʧʝʢʪʨʘ ʂʈʉ ʚʳʷʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʰʢʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʧʦʤʦʣʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʤʝʣʴʥʠʮʝ ʩ ʰʘʨʘʤʠ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʂʈʉ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʠʤʝʩʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʘʣʠʯʠʝʤ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʝʯʠ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʧʝʢʘʥʠʝ ʢʝʨʘʤʠʢʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ  

ʜ.ʬ.-ʤ.ʥ. ʈʷʙʦʯʢʠʥʦʡ ʇ.ɸ. ʠ ʢ.ʬ.-ʤ.ʥ. ʊʘʙʘʯʢʦʚʦʡ ʅ.ʖ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ 

ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɸʚʪʦʨʳ ʪʘʢʞʝ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʪ.ʥ. ʃʦʤʦʥʦʚʦʡ ɽ.ɽ. ʟʘ 

ʚʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ (ʢʦʜ ʥʘʫʯʥʦʡ 

ʪʝʤʳ FZRSï2025ï0001) ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌɻɹʆʋ 

ɺʆ çʄɻʋ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘè. 
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ʇʦʣʠʤʦʨʬʠʟʤ ʪʦʥʢʠʭ ʧʣʝʥʦʢ CdTe 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ 

ʂʦʰʝʣʝʚ ʀ.ʆ., ɺʦʣʯʢʦʚ ʀ.ʉ., ʈʝʟʥʠʢʦʚʘ ʇ.ɺ., ʇʦʜʢʫʨ ʇ.ʃ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ. 

ɽ-mail: iliakoscheleff@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-88-90 

ʊʝʣʣʫʨʠʜ ʢʘʜʤʠʷ (CdTe) ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʠ ʚʳʜʝʣʷʝʪʩʷ ʩʨʝʜʠ ʘʥʘʣʦʛʦʚ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʩʚʦʡʩʪʚ. 

CdTe ʠʤʝʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ɽg = 1,5 ʵɺ ʧʨʠ 

ʊ = 300 ʂ [1], ʚ ʩʚʷʟʠ ʯʝʤ ʦʥ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ~32% ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʙʦʣʝʝ 1 ɺ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʙʦʣʝʝ 30 ʤɸ/ʩʤ2 [2]. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʝʥʠʡ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ CdTe ʷʚʣʷʝʪʩʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʇʨʠʤʝʨʘʤʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ CdTe ʷʚʣʷʶʪʩʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʧʣʝʥʢʠ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʜʣʦʞʢʘʭ (Si, GaAs, Al 2O3 ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʧʦʜʣʦʞʢʘʭ ʩ ʧʨʦʚʦʜʷʱʠʤʠ 

ʩʣʦʷʤʠ (FTO, ITO). 

ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʉdTe ʚʳʨʘʱʠʚʘʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʤʝʪʦʜʠʢʝ 

ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ (~10ī8ï3Ĭ10ī7 ʤʙʘʨ) ʥʘ ʧʦʜʣʦʞʢʠ Si (111), Al 2O3 

(0001), ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ (ʩʪʝʢʣʦ ʧʨʝʜʤʝʪʥʦʝ ʉʇ-7102, ʆʆʆ 

çʄʠʥʠʃʘʙè, ʈʦʩʩʠʷ) ʠ FTO- ʠ ITO-ʩʪʝʢʣʘ. ʊʦʣʱʠʥʳ ʧʨʦʚʦʜʷʱʠʭ 

ʩʣʦʝʚ ʜʣʷ FTO- ʠ ITO-ʩʪʝʢʦʣ ʩʦʩʪʘʚʣʷʣʠ ~500 ʥʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ 8 ʄʆʤ/ʢʚ ʜʣʷ FTO-ʩʪʝʢʣʘ ʠ 10 ʄʆʤ/ʢʚ ʜʣʷ ITO-ʩʪʝʢʣʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʦʜʣʦʞʢʠ Si, Al 2O3, FTO- ʠ ITO-ʩʪʝʢʦʣ ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ 

~(310 Ñ 2)ÁC. ɺ ʩʣʫʯʘʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʘʤʦʨʬʥʦʤ 

ʩʠʣʠʢʘʪʥʦʤ ʩʪʝʢʣʝ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʛʨʝʚ ʧʦʜʣʦʞʝʢ ʜʦ ~(310 Ñ 2)ÁC 

(CdTe/Glass 1) ʠ ʜʦ ~(500 Ñ 2)ÁC (CdTe/Glass 2). ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʩʪʦʯʥʠʢʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ (700 Ñ 2)ÁC. ɺʨʝʤʷ 

ʦʩʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 60 ʤʠʥʫʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʚ ʧʦʨʦʰʦʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ CdTe 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʧʦ 

ʢʨʠʩʪʘʣʣʫ ʥʝ ʙʦʣʝʝ 0,2%), ʚʳʨʘʱʝʥʥʳʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ 
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ʆʙʨʝʠʤʦʚʘïʐʫʙʥʠʢʦʚʘ ʚ ʀʥʩʪʠʪʫʪʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʪʦʥʢʠʭ ʧʣʝʥʦʢ CdTe ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʤʝʪʦʜʘʤʠ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʕɼʉ/EDX), ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ/AFM), 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ/XRD) ʠ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

EDX ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JCM 

6000 Plus (Jeol, ʗʧʦʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʩʪʘʚʢʠ ʜʣʷ EDX-

ʘʥʘʣʠʟʘ. ɸʉʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Solver Pro-M (NT MDT, ʈʦʩʩʠʷ) ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ 

ʨʝʞʠʤʝ ʠ ʚ ʨʝʞʠʤʝ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ. ʈʌɸ-ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʧʦʨʦʰʢʦʚʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ XôPert PRO MPD 

(Panalytical, ʅʠʜʝʨʣʘʥʜʳ). ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NTEGRA SPECTRA (ʅʆɺɸ ʉʇɹ, 

ʈʦʩʩʠʷ). 

ʄʝʪʦʜʦʤ XRD ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʥʢʠʝ ʧʣʝʥʢʠ CdTe, ʚʳʨʘʱʝʥʥʳʝ 

ʥʘ ʧʦʜʣʦʞʢʘʭ Al 2O3 (0001) ʠ Si (111) ʦʙʣʘʜʘʣʠ ʭʘʨʘʢʪʝʨʥʦʡ 

ʘʢʩʠʘʣʴʥʦʡ <111> ʪʝʢʩʪʫʨʦʡ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ CdTe. ʅʘ Al 2O3 (0001) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ ~310 ÁC ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ 

ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ ~250 ÁC 

ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʢʫʙʠʯʝʩʢʘʷ, ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ. 

ʅʘ ʩʠʣʠʢʘʪʥʦʤ ʩʪʝʢʣʝ ʦʙʥʘʨʫʞʝʥʘ ʧʨʝʚʘʣʠʨʫʶʱʘʷ ʦʨʠʝʥʪʘʮʠʷ 

(111). ʊʦʥʢʘʷ ʧʣʝʥʢʘ, ʚʳʨʘʱʝʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 

~310 ÁC ʦʙʣʘʜʘʣʘ ʥʝ ʪʦʣʴʢʦ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʦʡ CdTe, ʥʦ ʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ. ʊʦʥʢʘʷ ʧʣʝʥʢʘ, ʚʳʨʘʱʝʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʜʣʦʞʢʠ ~500 ÁC, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ. ɺ ʩʣʫʯʘʝ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʩʪʝʢʣʘʭ ʩʦ ʩʣʦʷʤʠ FTO ʠ ITO, 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʠʢʠ ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ CdTe. ʇʠʢʠ CdTe 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʱʝʥʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʙʳʪʢʦʤ Cd ʚ ʪʦʥʢʠʭ 

ʧʣʝʥʢʘʭ. ɺʦʟʥʠʢʘʝʪ ʵʪʦ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʩʢʦʨʦʩʪʷʭ ʨʦʩʪʘ ʧʣʝʥʢʠ ʠ 

ʩʢʦʨʦʩʪʷʭ ʜʝʩʦʨʙʮʠʠ ʘʪʦʤʦʚ Cd ʠ Te c ʧʦʜʣʦʞʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʕɼʉ-ʘʥʘʣʠʟʘ. 

ʄʝʪʦʜʦʤ AFM ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʮʝʣʦʤ 

ʥʝʦʜʥʦʨʦʜʝʥ, ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʠʩʪʘʣʣʠʪʳ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ (ʦʪ 300 ʜʦ 500 ʥʤ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʘʛʣʦʤʝʨʘʪʘʤʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʦʢʨʳʪʳʭ ʩʣʦʝʤ ʦʢʩʠʜʦʚ 

Te. ʄʝʪʦʜʦʤ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʧʨʝʮʠʧʠʪʘʪʳ ʊʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠ ʧʣʝʥʦʢ. ʄʝʪʦʜʦʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 



 
ʅʆɺʓɽ ʄɸʊɽʈʀɸʃʓ, ɸʂʊʀɺʅʓɽ ʉʈɽɼʓ ʀ ʅɸʅʆʉʊʈʋʂʊʋʈʓ 
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ʧʦʢʘʟʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ Te ʧʨʝʮʠʧʠʪʘʪʳ, ʘ ʪʘʢʞʝ ʧʠʢʦʚ, ʩʦʦʪʥʦʩʠʤʳʭ ʩ 

ʦʢʩʠʜʦʤ Teïɔ-TeO2 ʠʣʠ TeO. 

 
ʈʠʩ. 1. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 100ï700 ʩʤī1 ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

CdTe ʥʘ ʨʘʟʥʳʭ ʧʦʜʣʦʞʢʘʭ. 

ʄʝʪʦʜʘʤʠ XRD, AFM, ʨʘʤʘʥʦʚʩʢʦʡ ʠ EDX ʩʧʝʢʪʨʦʩʢʦʧʠʡ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʥʢʠʝ ʧʣʥyʢʠ, ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʣʦʞʢʘʭ, ʪʘʢʠʭ ʢʘʢ Al2O3 (0001), Si (111), FTO- ʠ ITO-ʩʪʝʢʣʘʭ, ʘ 

ʪʘʢʞʝ ʘʤʦʨʬʥʦʤ ʩʠʣʠʢʘʪʥʦʤ ʩʪʝʢʣʝ. ʆʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ Te 

ʧʨʝʮʠʧʠʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʦʢʩʠʜʘ Teïɔ-TeO2 ʠʣʠ TeO. ʇʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʜʦ 310Áʉ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʫʙʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ CdTe ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ 

Al 2O3. ʇʨʠ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʘʤʦʨʬʥʦʛʦ 

ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚʶʨʮʠʪʥʦʡ ʠ 

ʩʬʘʣʝʨʠʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʡ CdTe. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ ʠʟ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʜʦ 500Áʉ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ CdTe, ʥʝʩʤʦʪʨʷ ʥʘ 

ʘʤʦʨʬʥʦʩʪʴ ʧʦʜʣʦʞʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. 

1. G. Fonthal., L. Tirado-Mejēa, J.I. Marēn-Hurtado, et. al. Journal of 

Physics and Chemistry of Solids. 2000, 61(4), 579ï583. 

2. S. R¿hle. Solar energy. 2016, 130, 139ï147. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ  

ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʧʘʣʦʚʳʭ ʧʣʝʥʦʢ  

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ  

ʠ ʤʝʞʯʘʩʪʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʂʨʳʣʦʚ ʖ.ʄ., ʇʘʩʪʝʨʥʘʢ ɼ.ɻ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: payday780400@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-91-93 

ʌʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʦʧʘʣʦʚʳʭ ʧʣʝʥʦʢ ʩ ɻʎʂ 

ʩʪʨʫʢʪʫʨʦʡ ð ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

(ʚʦʣʥʦʚʦʜʳ, ʩʝʥʩʦʨʳ, ʣʘʟʝʨʳ) ʙʣʘʛʦʜʘʨʷ ʠʭ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ 

ʧʨʦʩʪʦʪʝ ʩʠʥʪʝʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [1]. 

ʆʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʵʪʦʤ ð ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʝʟʜʝʬʝʢʪʥʳʭ 

ʦʧʘʣʦʚʳʭ ʩʪʨʫʢʪʫʨ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʙʘʣʘʥʩʘ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʥʦʜʠʩʧʝʨʩʥʳʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ (ʄʉʏ) ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʩʙʦʨʢʠ. 

ʈʘʚʥʦʚʝʩʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʠʣ ð ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʦʪʪʘʣʢʠʚʘʥʠʷ (Pi) ʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʘ ʧʨʠʪʷʞʝʥʠʷ (Pm) ð 

ʦʧʨʝʜʝʣʷʶʪ ʫʢʣʘʜʢʫ ʄʉʏ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʸʤʘ 

(SiO2). ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [2], ʚ ʩʫʩʧʝʥʟʠʷʭ ʄʉʏ ʩʠʣʳ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ (Pi) ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʠʪʷʞʝʥʠʝʤ (Pm) ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʤ ʢʨʠʪʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʝʥʦʢ: 

1. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʠʟ-ʟʘ 

ʢʘʧʠʣʣʷʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʫʩʠʣʝʥʥʳʭ ʜʠʩʙʘʣʘʥʩʦʤ. 

2. ʌʨʘʛʤʝʥʪʘʮʠʷ ʧʣʝʥʢʠ ʥʘ ʜʦʤʝʥʳ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ 

ʚʥʫʪʨʠ ʜʦʤʝʥʦʚ, ʩʥʠʞʘʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ɹʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʜʦ ʫʨʦʚʥʷ <70% ʠʣʠ ʜʘʞʝ <10% [2]. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ɼʃʌʆ [2], ʤʦʞʥʦ ʩʥʠʟʠʪʴ Pi ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʯʘʩʪʠʮ (1). ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʟʚʠʚʘʝʪ ʜʘʥʥʳʡ ʧʦʜʭʦʜ. 

 ὖ
‐‰
ς
ὶ…Ὡ…Ὄ

ςρ Ὡ…Ὄ
 (1) 

 ὖ Ȣ (2) 
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ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʥʝʝ 50 ʤɺ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʷʝʤʳʤ ɕ-ʧʦʪʝʥʮʠʘʣʦʤ (ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʦʤ) ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 10%. ʉʥʷʪʘʷ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ "Zetasizer Nano" 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ 

ʩʫʩʧʝʥʟʠʠ ʄʉʏ ʢʨʝʤʥʝʟʸʤʘ (ʨʠʩ. 1) ʠʤʝʝʪ 3 ʤʠʥʠʤʫʤʘ, ʜʚʘ ʠʟ 

ʢʦʪʦʨʳʭ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ: ʧʨʠ pH ʦʢʦʣʦ 2,5, 5,5 ʠ 8. 

 
ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʦʪ pH ʚʦʜʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʄʉʏ SiO2 ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 240 ʥʤ. 

ʉʢʘʯʢʦʦʙʨʘʟʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 1) ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ 

ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʪ ʦʪ ʠʦʥʥʦʡ ʩʠʣʳ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪʩʷ 

ʥʝʣʠʥʝʡʥʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪ ʠ ɦʝʣʦʯʝʡ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʠʥʠʤʫʤ ʧʨʠ pH=5,5 ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʚ ʨʘʙʦʪʝ [2]. ʈʝʟʢʠʡ ʧʝʨʝʭʦʜ ɕ ʦʪ pH=6 ʢ pH=5,5 

ʩʚʷʟʘʥ ʩ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʠʦʥʥʦʡ ʩʠʣʳ ʩ I=0,007 ʜʦ I=0,02. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʝʥʠʷ ɕ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ŭ, ʪʘʢ ʢʘʢ ʠʦʥʳ H+ 

ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʶʪ ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ SiO2 ʯʝʨʝʟ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ/ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʛʨʫʧʧ SiOH. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɕ, ʯʝʨʝʟ ʬʦʨʤʫʣʳ (1) ʠ (2) 

ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ ʧʨʠʪʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʩʠʣ Pi ʠ Pm ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʫʙʤʠʢʨʦʥʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ r ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2. ʇʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ ʧʨʠʪʷʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʚʝʥʩʪʚʝ ʵʪʠʭ ʩʠʣ 
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ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ r. ɼʘʥʥʳʝ ʨʘʩʯʝʪʳ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʚʦʟʨʘʩʪʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʠʩʣʦʪʳ ʧʨʠ ʧʦʥʠʞʝʥʠʠ pH, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ ʠ ʢʦʘʛʫʣʷʮʠʠ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ pH=5,5, ʧʨʠ ʢʦʪʦʨʦʤ 

ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 22 ʥʤ, ʘ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ 

ʠʤʝʝʪ ʪʦʣʱʠʥʫ ʦʢʦʣʦ 1,5 ʥʤ. 

 
ʈʠʩ. 2. ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣ ʦʪʪʘʣʢʠʚʘʥʠʷ (Pi) ʧʨʠ 

ʨʘʟʥʳʭ pH ʠ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ (Pm) ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘʚ. ʣʘʙ. ʈʘʣʴʯʝʥʢʦ ɺ.ɻ. ʠ 

ʩ.ʥ.ʩ. ʉʦʚʳʢʫ ɼ.ʅ. ʟʘ ʧʦʤʦʱʴ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʠ 

ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɸ ʪʘʢʞʝ ʩ.ʥ.ʩ. ʄʘʩʘʣʦʚʫ ɺ.ʄ. ʠʟ ʀʌʊʊ ʈɸʅ 

ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʫʩʧʝʥʟʠʠ ʚʦʜʥʦʡ SiO2. 

1. Norris D.J., Vlasov Y.A. Advanced materials. 2001, 13(6), 371ï376. 

2. ʇʣʝʭʘʥʦʚ ɸ.ʀ., ʂʘʣʠʥʠʥ ɼ.ɺ., ʉʝʨʜʦʙʠʥʮʝʚʘ ɺ.ɺ. ʈʦʩʩʠʡʩʢʠʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. 2006, 1(1-2), 245ï251. 
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ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʣʴʛʠʥʘʪʥʳʭ ʩʬʝʨ, 

ʧʦʣʫʯʝʥʥʳʭ ʵʤʫʣʴʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, 

ʢʘʢ ʥʦʩʠʪʝʣʝʡ ʥʫʢʣʠʜʦʚ ʚ ʨʘʜʠʦʵʤʙʦʣʠʟʘʮʠʠ 

ʂʫʟʥʝʮʦʚʘ ɼ.ɺ., ʏʝʨʥʳʭ ʀ.ʅ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 
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ʈʘʜʠʦʵʤʙʦʣʠʟʘʮʠʷ ð ʵʪʦ ʤʝʪʦʜ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʤʠʢʨʦʩʬʝʨ 

ʩ ʨʘʜʠʦʥʫʢʣʠʜʦʤ ʚ ʘʨʪʝʨʠʶ, ʩʥʘʙʞʘʶʱʫʶ ʦʧʫʭʦʣʴ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ [1]. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʜʣʷ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʥʳʭ ʛʠʜʨʦʛʝʣʝʡ, 

ʩʰʠʪʳʭ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ (Ca2+, Ba2+, Fe3+ ʠ ʪ.ʜ.), ʚʚʠʜʫ ʠʭ ʚʳʩʦʢʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ [2]. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʦʩʠʪʝʣʷʤ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʜʣʷ ʨʘʜʠʦʵʤʙʦʣʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʤʝʪʨʦʚʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʸ 

ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʩʦʩʫʜʠʩʪʦʤʫ ʨʫʩʣʫ ʢ ʦʧʫʭʦʣʠ. ʋʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʩʬʝʨ 

ʫʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʣʷʥʦ-ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʠʥʠʮʠʘʮʠʝʡ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʜʠʦʥʫʢʣʠʜʘ 

ʜʣʷ ʨʘʜʠʦʵʤʙʦʣʠʟʘʮʠʠ ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ 90Y ʟʘ ʩʯʪy ʝʛʦ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (Tİ = 2,67 ʩʫʪ., Eɓmax = 2,28 ʄʵɺ (100%)), 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʥyʥʫʶ ʜʦʟʫ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ 

ʮʝʣʝʚʦʡ ʦʨʛʘʥ [3]. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʤʫʣʴʩʠʦʥʥʦʤʫ ʩʠʥʪʝʟʫ 

ʤʠʢʨʦʩʬʝʨ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʠ ʠʟʫʯʝʥʠʶ ʠʭ 

ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʫ Y3+. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʵʤʫʣʴʩʠʦʥʥʳʡ ʩʠʥʪʝʟ 

ʤʠʢʨʦʩʬʝʨ ʩ ʚʥʫʪʨʝʥʥʝʡ ʠʥʠʮʠʘʮʠʝʡ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ɸʣʴʛʠʥʘʪʥʳʝ 

ʛʝʣʠ ʧʦʣʫʯʘʣʠ ʩʰʠʚʢʦʡ ʠʦʥʘʤʠ Ca2+ ʠ Y3+, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ CaCO3 ʠ YPO4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʧʦʤʦʱʴʶ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʦʟʠʪʥʳʝ ʤʠʢʨʦʩʬʝʨʳ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʴʥʫʶ ʬʘʟʫ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ 

(ɻɸʇ), ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ ʭʦʨʦʰʠʝ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢʦ ʤʥʦʛʠʤ ʨʘʜʠʦʥʫʢʣʠʜʘʤ [4]. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɻɸʇ ʥʘ ʩʦʩʪʘʚ, ʨʘʟʤʝʨ ʠ ʤʦʨʬʦʣʦʛʠʶ 

ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦʩʬʝʨ. ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 
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ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʇʦ ʜʘʥʥʳʤ 

ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 60 ʤʢʤ. ɼʣʷ 

ʚʳʩʫʰʝʥʥʳʭ ʤʠʢʨʦʩʬʝʨ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʠʟʦʪʦʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʠʟʦʪʦʥʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ ʥʘʙʫʭʘʥʠʝ ʩʬʝʨ, ʩʰʠʪʳʭ ʢʘʣʴʮʠʝʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʜʦ ʠʩʭʦʜʥʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʤʙʦʣʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʚ ʨʘʤʢʘʭ ʪʝʨʘʧʠʠ. 

ɼʣʷ ʚʳʩʫʰʝʥʥʳʭ ʤʠʢʨʦʩʬʝʨ, ʩʦʜʝʨʞʘʱʠʭ 20% ɻɸʇ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʠʦʥʦʚ Y3+ ʠʟ ʨʘʩʪʚʦʨʘ Y(NO3)3 ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʨʙʮʠʦʥʥʳʝ ʸʤʢʦʩʪʠ ʦʙʨʘʟʮʦʚ. ɼʣʷ 

ʢʘʣʴʮʠʝʚʳʭ ʩʬʝʨ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ (220 ʤʛ/ʛ) ʚʳʰʝ, ʯʝʤ ʜʣʷ 

ʠʪʪʨʠʝʚʳʭ (48 ʤʛ/ʛ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʤʦʨʬʦʣʦʛʠʝʡ 

ʤʘʪʝʨʠʘʣʦʚ. ʂʠʥʝʪʠʢʘ ʩʦʨʙʮʠʠ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʜʚʫʭ 

ʨʝʞʠʤʘʭ: ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʚʩʝʭ ʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʪʠʚʘ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʢʠʥʝʪʠʢʘ ʩʦʨʙʮʠʠ Y3+ 

ʧʦʜʯʠʥʷʝʪʩʷ ʤʦʜʝʣʠ ʧʩʝʚʜʦʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʩʦʨʙʮʠʠ ʠʪʪʨʠʝʚʳʭ ʩʬʝʨ ʚʳʰʝ ʚ ʪʨʠ ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʬʝʨʘʤʠ, 

ʩʰʠʪʳʤʠ ʢʘʣʴʮʠʝʤ (0,024 ʠ 0,008 ʛ/ʤʛ/ʤʠʥ). ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ʚʥʫʪʨʠʯʘʩʪʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʵʪʘʧʘ ʩʦʨʙʮʠʠ ʥʘ ʢʘʞʜʦʤ 

ʤʘʪʝʨʠʘʣʝ: ʩʦʨʙʮʠʷ ʥʘ ʜʦʩʪʫʧʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧʘʭ ʘʣʴʛʠʥʘʪʘ 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʬʠʟʠʯʝʩʢʘʷ ʩʦʨʙʮʠʷ ʥʘ ʚʢʣʶʯʝʥʥʦʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ (ɻɸʇ/YPO4) ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʩʦʨʙʮʠʷ-ʜʝʩʦʨʙʮʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʩʠʪʝʣʝʡ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦʩʬʝʨ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 
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ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʠʜʝʡʥʦʝ ʚʜʦʭʥʦʚʝʥʠʝ ʨʘʙʦʪʳ. 
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ʕʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʤʝʩʠ ɾʂ-1289 ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʤʘʪʠʯʝʩʢʦʛʦ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ɾʂ-1289 ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ (ī40 ʜʦ +60 ÁC), ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʙʠʣʴʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [1]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʣʘʥʘʨʥʳʭ ʠ ʛʦʤʝʦʪʨʦʧʥʳʭ ʷʯʝʡʢʘʭ 

ʪʦʣʱʠʥʦʡ 20 ʤʢʤ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ī60 ʜʦ +70ÁC ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʤʝʪʨʠʠ, ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 20 ɻʮ ï 80 ʄɻʮ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ȹn, ʧʘʨʘʤʝʪʨʦʤ 

ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʦʨʷʜʢʘ S, ʧʦʨʦʛʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʌʨʝʜʝʨʠʢʩʘ 

Vth, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ȹŮ ʠ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ 

ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ Ű. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʥʳ ʚʦʣʥʳ, ʫʤʝʥʴʰʘʷʩʴ ʦʪ 0,26 ʧʨʠ ī40ÁC ʜʦ 0,08 

ʧʨʠ +60ÁC ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 450 ʥʤ. ʇʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ S, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʠʟ ʜʘʥʥʳʭ ȹn ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʍʘʣʣʝʨʘ [2], ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ 

ʪʦʯʢʝ ʧʨʦʩʚʝʪʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

ʘ) ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ȹn ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 450, 550 ʠ 650 ʥʤ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʦʧʦʩʪʘʚʠʤʫʶ ʜʠʩʧʝʨʩʠʶ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ; ʙ) ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʦʨʷʜʢʘ S(T), 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʫʩʨʝʜʥʝʥʥʳʤ ʜʘʥʥʳʤ. ʀʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ 
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ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

0,01 ʤʢʩ ʧʨʠ +54ÁC ʜʦ 0,19 ʤʩ ʧʨʠ ī36ÁC. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʟʫʶʪ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩ 

ʫʣʫʯʰʝʥʥʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʆʩʦʙʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

(ī40 ʜʦ 0ÁC), ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 
ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʥʝʤʘʪʠʯʝʩʢʦʡ ʬʘʟʝ ɾʂ-1289: a) 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ȹn ʥʘ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ; b) 

ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʦʨʷʜʢʘ S. 

1. Pusenkova A., Galstian T., Mol. Cryst. Liq. Cryst. 2020, 703, 39ï51. 

2. Ranjikesh A., Choi J.C., Park J.S. et al., J. Mol. Liq. 2017, 230, 280ï

289. 
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ʌʦʪʦʢʦʥʚʝʨʩʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ʠ ʧʨʦʟʨʘʯʥʳʭ ʛʠʙʨʠʜʥʳʭ ʵʧʦʢʩʠ-ʘʢʨʠʣʘʪʥʳʭ/SiO2 ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʠʥʢʘʧʩʫʣʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʂʫʯʝʨʦʚ ʈ.ʅ., ʏʝʢʫʣʘʝʚ ʀ.ʉ., ʂʫʨʠʣʦʚ ɸ.ɼ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: rn.kucherov@gmail.com 

DOI: 10.24412/cl-35673-2025-1-99-101 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʦʩʥʦʚʥʦʤ ʠʣʠ ʟʘʢʫʧʘʶʪʩʷ ʟʘ ʨʫʙʝʞʦʤ, 

ʠʣʠ ʫʩʪʫʧʘʶʪ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʫʨʦʚʥʝ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ. ʇʨʠ ʵʪʦʤ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢ 

ʥʘʥʝʩʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (spin-coating, ʩʪʨʫʡʥʘʷ ʤʠʢʨʦʧʝʯʘʪʴ ʠ ʪ. ʜ.). ɼʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʚʠʣʦ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩ ʪʦʣʩʪʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʥʦʚʳʭ ʧʨʦʟʨʘʯʥʳʭ 

ʋʌ-ʦʪʚʝʨʞʜʘʝʤʳʭ ʵʧʦʢʩʠ-ʘʢʨʠʣʘʪʥʳʭ/SiO2 ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʣʸʥʢʘʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ OLED-ʜʠʩʧʣʝʷʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʬʦʪʦʢʦʥʚʝʨʩʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ 

(ʂʊ) CdSe/CdS/ZnS, ʦʙʣʘʜʘʶʱʠʭ ʪʦʣʩʪʦʡ ʦʙʦʣʦʯʢʦʡ, ʯʪʦ 

ʧʘʩʩʠʚʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʥʠʞʘʷ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʢʦʥʚʝʨʩʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʂʊ ʨʝʰʘʝʪ ʤʥʦʛʦ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʧʨʦʩʪʘʷ ʥʘʩʪʨʦʡʢʘ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ, 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʬʦʪʦʢʦʥʚʝʨʩʠʦʥʥʦʤ ʩʣʦʝ ʟʘ ʩʯʸʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʟʢʘʷ ʧʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʆʜʥʘʢʦ 

ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦ ʧʦʜʙʠʨʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʂʊ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 

ʷʚʣʝʥʠʝ ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ ʬʦʪʦʢʦʥʚʝʨʩʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ-ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʟʨʘʯʥʳʝ 

ʵʧʦʢʩʠ-ʘʢʨʠʣʘʪʥʳʝ (ɽɸ) ʤʘʪʝʨʠʘʣʳ, ʠʟ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ ʇʕʆ-113ʂ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. 

ʉʠʥʪʝʟ ʧʦʣʫʯʝʥʥʳʭ ɽɸ ʩʦʝʜʠʥʝʥʠʡ (EAK, AEP, TMPA) ʦʧʠʩʘʥ ʚ 
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ʨʘʙʦʪʝ [1], ʦʥ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʢʦʥʚʝʨʩʠʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ, ʚ ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʣʩʷ ʤʘʪʝʨʠʘʣ 

ɽɸ/ʂʊ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʊ. ʉʪʝʧʝʥʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʬʦʪʦʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʵʪʦʛʦ ʧʦʚʦʨʦʪʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ [2]. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 400 ʥʤ ʩʦʩʪʘʚʣʷʝʪ 46% (ʨʠʩ. 1), ʘ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 440 ʥʤ ð 25%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʊ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʥʘʢʘʯʢʠ 400 ʥʤ. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ɽɸ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʪʝʭʥʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʠʭ ʩʦʟʜʘʥʠʷ ʟʘ ʩʯʸʪ ʦʙʲʝʜʠʥʝʥʠʷ ʬʫʥʢʮʠʡ 

ʬʦʪʦʢʦʥʚʝʨʩʠʦʥʥʳʭ ʠ ʟʘʱʠʪʥʳʭ ʩʣʦʸʚ. ʊʘʢ, ʥʘʣʠʯʠʝ ʵʧʦʢʩʠʜʥʳʭ 

ʛʨʫʧʧ ʠ ʥʘʥʦʯʘʩʪʠʮ SiO2 ʵʬʬʝʢʪʠʚʥʦ ʟʘʱʠʱʘʝʪ ʂʊ ʦʪ ʜʝʛʨʘʜʘʮʠʠ, 

ʚʳʟʚʘʥʥʦʡ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʷʚʣʝʥʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ 

(ʨʠʩ. 2), ʋʌ-ʠʟʣʫʯʝʥʠʝ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʘʢʨʠʣʘʪʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. 
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ʈʠʩ. 2. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʂʊ ʚ ʨʘʟʣʠʯʥʳʭ ɽɸ 

ʩʦʩʪʘʚʘʭ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ SiO2. (ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ: 

ç*è ð ʧʦʤʫʪʥʝʥʠʝ, ç^è ð ʩʤʦʨʱʝʥʥʦʩʪʴ, ç~è ð ʢʨʫʧʥʳʝ ʪʨʝʱʠʥʳ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʦʟʜʘʥʳ ʬʦʪʦʢʦʥʚʝʨʩʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʜ.ʬ.-ʤ.ʥ. ʏʘʫʩʦʚʫ ɼ.ʅ. ʠ ɼʝʞʫʨʦʚʫ ʉ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ 

ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩ. ʟʘʜʘʥʠ ̫ ʄʠʥʦʙʨʥʘʫʢʠ 

(ʄʦʣʦʜʝʞʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ) FFWF-2022-0002 

çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ, MeO/Me/MeO 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ OLED 

ʤʠʢʨʦʜʠʩʧʣʝʝʚè. 

1. Dezhurov S.V., Chekulaev I.S., Kucherov R.N. et al., J. Progress in 

Organic Coatings. 2025, 200, 109052. 

2. Liang K.L., Kuo W.H., Shen H.T. et al., J. ACS Photonics. 2024, 11(8), 

2981ï2991. 
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ʅʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʠ ʩʚʦʡʩʪʚʘ ʢʦʣʣʦʠʜʥʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ AgInS2 

ʃʠʤ ɺ.ɺ.1, ʐʘʣʘʛʠʥ ɸ.ʖ.1, ʄʠʣʝʥʢʦʚʠʯ ʊ.1 

ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ɼʦʣʛʦʧʨʫʜʥʳʡ  

E-mail: lim.vv@phystech.edu 

DOI: 10.24412/cl-35673-2025-1-102-104 

ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʛʢʦ 

ʠ ʪʦʯʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʫʜʦʙʩʪʚʘ ʥʘʥʝʩʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʣʦʞʢʠ [1, 2]. ʂʦʣʣʦʠʜʥʳʝ 

ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʂʂʊ), ʦʙʣʘʜʘʶʱʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʤ 

ʩʧʝʢʪʨʝ, ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ, ʥʘʧʨʠʤʝʨ, ʚ 

ʪʝʭʥʦʣʦʛʠʠ QLED ʧʨʠʤʝʥʷʶʪʩʷ ʂʂʊ CdSe [3]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʜʦʙʥʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʦʥʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï 

ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdSe, ʯʪʦ ʩʦʟʜʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʨʠʩʢʠ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ [4]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠ ʩʚʦʡʩʪʚʘ ʢʦʣʣʦʠʜʥʳʭ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ AgInS2, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ CdSe. 

AgInS2 ʠʤʝʝʪ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʦʮʝʥʠʚʘʝʤʫʶ ʚ 

1,87 ʵɺ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠ ʙʦʨʦʚʩʢʠʡ ʨʘʜʠʫʩ ʵʢʩʠʪʦʥʘ, 

ʨʘʚʥʳʡ 5,5 ʥʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʯʘʩʪʠʮʘʤ ʠʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʛʣʦʱʘʪʴ ʠ ʠʟʣʫʯʘʪʴ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʂʂʊ AgInS2 ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʛʠʜʨʦʣʠʟʫ [5]. 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ AgInS2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʣʣʦʠʜʥʦʛʦ ʩʠʥʪʝʟʘ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʧʨʠʤʝʥʷʣʩʷ ʥʦʚʳʡ ʩʝʨʥʳʡ ʧʨʝʢʫʨʩʦʨ (0,4 ʄ ʨʘʩʪʚʦʨ S ʚ ʜʝʮʝʥʝ-1 

ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʜʦʩʪʫʧʥʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʩʠʥʪʝʟʝ ʪʨʦʡʥʳʭ ʂʂʊ 

ʧʨʝʢʫʨʩʦʨʘʤ (ʜʦʜʝʢʘʥʪʠʦʣ-1 [6], ʙʠʩʪʨʠʤʝʪʠʣʩʠʣʠʣʩʫʣʴʬʠʜ [7], 

ʨʘʩʪʚʦʨ ʩʝʨʳ ʚ ʦʢʪʘʜʝʮʝʥʝ-1 [8] ʠ ʜʨ.). 

mailto:lim.vv@phystech.edu
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ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʂʂʊ AgInS2, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ 

ʚʨʝʤʝʥʘʭ ʩʠʥʪʝʟʘ, ʪʝʤʧʝʨʘʪʫʨʘ 150ÁC. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʩʠʥʪʝʟʝ ʧʨʠʤʝʥʷʣʩʷ ʜʝʢʘʥ, ʘ ʚ ʨʦʣʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ ð ʦʣʝʠʣʘʤʠʥ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʤ. ʨʠʩ. 1). ʀʩʪʦʯʥʠʢʘʤʠ ʩʝʨʝʙʨʘ ʠ 

ʠʥʜʠʷ ʚʳʩʪʫʧʠʣʠ ʠʭ ʩʪʝʘʨʘʪʳ. ʇʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʧʨʦʭʦʜʠʣ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʣʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʨʠʤʝʥʷʣʦʩʴ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʠʟ ʟʦʣʝʡ ʚ ʪʝʪʨʘʭʣʦʨʵʪʠʣʝʥʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ. 

ʌʦʪʦʛʨʘʬʠʠ ʇʕʄ ʚʳʷʚʠʣʠ ʥʝʦʙʳʯʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʥʘʥʦʯʘʩʪʠʮ. ʇʫʪʸʤ ʦʩʘʞʜʝʥʠʷ ʟʦʣʷ ʂʂʊ AgInS2 ʥʘ ʚʩʪʨʝʯʥʦ-

ʰʪʳʨʝʚʳʝ ʵʣʝʢʪʨʦʜʳ ʠʟ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ 

ʠʭ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʩʦʟʜʘʥʠʷ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʰʝʥʠʷ ˉ 075-03-

2024-107 ʦʪ 17.01.2024 ʛ. (ʧʨʦʝʢʪ ˉ FSMG-2024-0009). 
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ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 
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ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɸʥʠʟʦʪʨʦʧʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʝ yʚʣʠʷʥʠʝ ʥʘ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʧʨʠ ʩʞʘʪʠʠ 

ʅʠʢʠʬʦʨʦʚ ɻ.ɸ., ɻʘʣʠʤʟʷʥʦʚ ɹ.ʅ. 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ 

ɽ-mail: nikiforov121998@mail.ru  

DOI: 10.24412/cl-35673-2025-1-105-106 

ʇʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

[2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʩʞʘʪʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʤʦʜʫʣʴ ʖʥʛʘ ʠ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ 

ʧʦʨʠʩʪʳʡ ʥʠʢʝʣʠʜ ʪʠʪʘʥʘ ʟʘ ʩʯʝʪ ʪʘʢʠʭ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʩʚʝʨʭʫʧʨʫʛʦʩʪʴ, ʵʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ [3]. 

ʉ ʧʦʤʦʱʴʶ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [4], 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʦʜʝʣʠ ʧʦʨʠʩʪʦʛʦ 

ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʠʩʪʦʩʪʠ 0,78 ,0,68 ,0,58 = ה ʠ 

ʭʘʨʘʢʪʝʨʥʳʤ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʦʤ 25 ʥʤ. ʈʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʣʦʩʴ ʚ 

NPT-ʘʥʩʘʤʙʣʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ. 

ɸʥʠʟʦʪʨʦʧʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʘ ʯʝʨʝʟ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʡ ʤʘʪʨʠʮʳ ʚʜʦʣʴ ʦʩʠ Ox. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 1, 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʠʩʪʝʤʫ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʥʠʪʝʡ 

ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 5 ʥʤ. ɼʝʬʦʨʤʘʮʠʷ 

ʚʳʧʦʣʥʷʣʘʩʴ ʚ NVT-ʘʥʩʘʤʙʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʩʦ ʩʢʦʨʦʩʪʴʶ Ů 

= 2,5 ʧʩī1. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʪʥʦʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʜʦʣʴ ʦʩʠ Ox. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʜʫʣʴ ʖʥʛʘ ʠ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ʚʜʦʣʴ ʵʪʦʡ ʦʩʠ ʚ 

2,75, 3,26 ʠ 2,42 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʠʟʦʪʨʦʧʥʦʡ ʧʣʦʩʢʦʩʪʠ YZ, ʜʣʷ 
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ʧʦʨʠʩʪʳʭ ʤʦʜʝʣʝʡ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ‰ = 0,58, 0,68 ʠ 0,78 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʤʦʜʝʣʴ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ‰ = 0,68 ʚʩʣʝʜʩʪʚʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʦʪʥʦʰʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚʜʦʣʴ ʦʩʠ ʆʭ ʠ ʚʜʦʣʴ ʠʟʦʪʨʦʧʥʦʡ 

ʧʣʦʩʢʦʩʪʠ YZ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʥʦʩʪʴ ʚ ʧʦʜʦʙʥʳʭ 

ʥʠʪʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʫʤʝʥʴʰʘʝʪʩʷ. 

 
ʈʠʩ. 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʦʨʠʩʪʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʥʠʢʝʣʠʜʘ 

ʪʠʪʘʥʘ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ‰ = 0.78. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʜ.ʬ.-ʤ.ʥ. ʄʦʢʰʠʥʫ ɸ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʚ 2024 ʛʦʜʫ 

ɸʢʘʜʝʤʠʝʡ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ ʛʨʘʥʪʘ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʥʘʫʯʥʳʭ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ. 
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ʅʦʚʳʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ: ʧʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 
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ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʢʦʣʦ 31% ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʦʣʠʤʝʨ-ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ 

ʢʦʤʧʦʟʠʪʘʤ, ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʚʷʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʙʣʶʜʘʝʤʘʷ ʪʝʥʜʝʥʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʫʩʠʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʤʝʜʠʮʠʥʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ 

ʬʠʟʠʯʝʩʢʠ, ʭʠʤʠʯʝʩʢʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʮʝʣʝʚʦʛʦ ʫʯʘʩʪʢʘ [1]. ʄʦʜʠʬʠʢʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʧʦʣʠʤʝʨʘ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ (PCL) ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʩ ʚʚʝʜʸʥʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ (TiOϜ, ZnO) ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 
ʧʝʨʝʚʷʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʬʦʪʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʝʨʝʥʦʩ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʚʦʜʳ ʚ ʜʠʭʣʦʨʤʝʪʘʥ, 

ʧʦʣʫʯʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ, ʚʚʝʜʝʥʠʝ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨ ʠ, ʥʘʢʦʥʝʮ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʣʸʥʦʯʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

(ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ) ʚʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʚ 

ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ï 0,012 ʛ/ʣ (0,001 ʤʘʩ.%). 

ʈʘʟʤʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʦʮʝʥʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʌʫʨʴʝ-ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʚ 

ʜʠʘʧʘʟʦʥʝ 400ï4000 ʩʤī1. ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ 
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ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷʮʠʦʥʥʦ-ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɹʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʮʝʥʠʚʘʣʠ ʥʘ ʢʫʣʴʪʫʨʝ 

ʢʦʞʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʯʝʣʦʚʝʢʘ (HSF) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʊʊ-ʪʝʩʪʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦ 

ʩʪʘʙʠʣʴʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʨʘʟʤʝʨʘ ʘʛʣʦʤʝʨʘʪʦʚ ʯʘʩʪʠʮ ʚ ʜʠʩʧʝʨʩʠʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʪʨʠʢʩʝ. 

ʉʨʘʚʥʝʥʠʝ ʌʫʨʴʝ-ʀʂ ʩʧʝʢʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʠʟʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʙʨʘʟʮʳ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ZnO ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʟʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ ʠ 

ʫʩʠʣʝʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʦʜʠʬʠʢʘʮʠʷ 

TiO2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʠʢʦʤ ʥʘʙʫʭʘʥʠʷ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʢʦʤʧʦʟʠʪʳ ʥʝ ʦʙʣʘʜʘʶʪ 

ʚʳʨʘʞʝʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʉʥʠʞʝʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʢ, ʘ ʥʝ ʩ ʠʭ 

ʛʠʙʝʣʴʶ. 
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ʈʠʩ. 1. ʌʫʨʴʝ-ʀʂ ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ PCL ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʚʷʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʸʪ ʚʳʙʦʨʘ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʣʘʩʪʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ., ʜʦʮ. ʂʦʟʣʦʚʫ ɺ.ɸ. ʠ ʢ.ʭ.ʥ., ʩ.ʥ.ʩ ʐʘʙʘʣʠʥʦʡ ɸ.ɺ. ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. 
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Cʠʥʪʝʟ ʦʧʘʣʦʧʦʜʦʙʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʠʟ ʤʦʥʦʩʣʦʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʩʫʙʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʘʣʤʘʟʥʦʡ ʧʦʜʣʦʞʢʝ 

ʆʩʷʥʠʥ ɼ.ʅ.1, ʄʘʨʪʴʷʥʦʚ ɸ.ʂ.1, ʌʝʜʦʪʦʚ ʇ.ɺ.1, ʈʫʥʠʥʘ ʂ.ʀ.2 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 

ɽ-mail: osyanin@nsc.gpi.ru 

DOI: 10.24412/cl-35673-2025-1-110-112 

ʆʧʘʣʦʧʦʜʦʙʥʳʝ ʩʣʦʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

(SiC) ʷʚʣʷʶʪʩʷ ʬʦʪʦʥʥʳʤ ʢʨʠʩʪʘʣʣʦʤ ʩ ʚʳʩʦʢʠʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʢʦʥʪʨʘʩʪʦʤ (Ů=6,6) ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʬʦʪʦʥʠʢʠ. 

ʆʧʘʣʦʧʦʜʦʙʥʳʝ ʬʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʟ SiC ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ (ʘ) 

ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʪʨʘʞʘʶʱʠʭ ʧʦʢʨʳʪʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, (ʙ) ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʠʭ ʂʇɼ ʠ 

ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʥʠ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʝʟʤʘʨʢʝʨʥʳʭ ʙʠʦʩʝʥʩʦʨʘʭ ð ʫʩʪʨʦʡʩʪʚʘʭ, ʩʧʦʩʦʙʥʳʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʚʝʨʭʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʣʠ ʚʥʫʪʨʠ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʠʝ ʩʝʥʩʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʬʦʪʦʥʥʦʡ ʩʪʦʧ-ʟʦʥʝ, 

ʤʦʜʫʣʠʨʫʝʤʦʡ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɻʎʂ 

ʩʪʨʫʢʪʫʨʳ ʦʧʘʣʘ [2]. 

ɺ ʨʘʤʢʘʭ ʪʝʢʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʘ ʦʧʘʣʦʧʦʜʦʙʥʦʛʦ ʤʦʥʦʩʣʦʷ ʠʟ SiC ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʘʣʦʚʦʛʦ 

ʰʘʙʣʦʥʘ/ʪʝʤʧʣʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [3]. ɺ ʭʦʜʝ ʧʨʦʮʝʜʫʨʳ ʧʦʜʣʦʞʢʫ ð 

ʤʦʥʦʢʨʠʩʪʘʣʣ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ð ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

1,2 ʤʢʤ/ʩ ʚʳʪʷʛʠʚʘʣʠ ʠʟ ʩʫʩʧʝʥʟʠʠ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ SiO2 ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 240 ʥʤ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʪʷʛʠʚʘʥʠʷ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʦʧʘʣʦʚʳʡ ʤʦʥʦʩʣʦʡ ð ʪʝʤʧʣʘʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʥʝʛʦ 

ʥʘʥʦʩʠʣʠ ʩʣʦʡ SiC ʧʫʪʸʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʯʘʩʪʦʪʝ 

ʤʘʛʥʝʪʨʦʥʘ 2,45 ɻɻʮ, ʉɺʏ ʤʦʱʥʦʩʪʠ 4,5 ʢɺʪ, ʪʝʤʧʝʨʘʪʫʨʝ 715ï

840 ÁC, ʜʘʚʣʝʥʠʠ ʚ ʢʘʤʝʨʝ 70 ʊʦʨ, ʨʘʩʭʦʜʝ ʛʘʟʦʚ CH4, H2 ʠ 5% ʩʤʝʩʠ 

SiH4 ʚ ʚʦʜʦʨʦʜʝ ʩ ʨʘʩʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20, 400 ʠ 80 ʩʤį/ʤʠʥ. 
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ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʩʢʦʨʣʫʧ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʦʩʘʞʜʝʥʠʷ ʠʩʭʦʜʥʫʶ ʦʧʘʣʦʚʫʶ ʤʘʪʨʠʮʫ ʫʜʘʣʠʣʠ 

ʪʨʘʚʣʝʥʠʝʤ ʚ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ. 

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) (ʨʠʩ. 1), ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʤʦʥʦʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 90ï95%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʧʣʦʭʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʧʨʠʩʪʘʚʢʘ çOxford INCA X-MAXè ʢ ʈʕʄ) ʚʳʷʚʠʣ 

ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʣʴʢʦ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʢʠʩʣʦʨʦʜʘ. 

ʈʘʟʤʝʨʳ ʩʢʦʨʣʫʧ: ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ D å 290 Ñ 11 ʥʤ, ʚʥʫʪʨʝʥʥʠʡ ð 

240 Ñ 9 ʥʤ; ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ȹl ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 25 ʥʤ (ʦʢʦʣʦ 9% 

ʦʪ ʚʥʝʰʥʝʛʦ ʜʠʘʤʝʪʨʘ); ʨʘʟʤʝʨ ʜʦʤʝʥʦʚ ð 2 Ñ 1 ʤʢʤ. 

  
ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʷ ʈʕʄ 

ʤʦʥʦʩʣʦʷ ʩʢʦʨʣʫʧ SiC ʥʘ ʘʣʤʘʟʝ 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʤʦʥʦʩʣʦʷ ʩʢʦʨʣʫʧ SiC (ɗ = 0Á).  

ɼʣʠʥʘ ʚʦʣʥʳ ɹʨʵʛʛʦʚʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ ʜʣʷ ʤʦʥʦʩʣʦʷ ʧʨʠ 

ʧʘʜʝʥʠʠ ʣʫʯʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ ɚmax(111) å 520 ʥʤ 

(ʨʠʩ. 2). ɹʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ɹʨʵʛʛʘ 

ʜʣʷ ʦʧʘʣʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ɻʎʂ ʛʨʘʥʠ (111): 

 ʇ  ςὨ ʀ ίὭὲʃ, (1) 

ʛʜʝ d111 = 0,816 D ð ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ ʦʧʘʣʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʬʝʨ 

ʜʠʘʤʝʪʨʦʤ D, Ůeff ð ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; 

Ůeff = ŮSiO2 f + (1 ï f) Ůair, f = 0,74 ð ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ɗ ð ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ (0Á ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ). 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ SiC ʩʢʦʨʣʫʧʳ ʩʦʩʪʦʷʪ ʠʟ ʩʧʣʦʰʥʳʭ 

ʩʪʝʥʦʢ ʪʦʣʱʠʥʦʡ ȹl = 25 ʥʤ, ʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʧʦ ʫʨʘʚʥʝʥʠʶ 



 
ʅʆɺʓɽ ʄɸʊɽʈʀɸʃʓ, ɸʂʊʀɺʅʓɽ ʉʈɽɼʓ ʀ ʅɸʅʆʉʊʈʋʂʊʋʈʓ 
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(1) ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʧʠʢ ʥʘ ɚmax(111) å 687 ʥʤ, ʢʦʪʦʨʳʡ ʜʘʣʝʢʦ ʦʪ 520 ʥʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʪʦʣʴʢʦ ʝʩʣʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʣʱʠʥʘ ȹl ʚ 10 ʨʘʟ ʤʝʥʴʰʝ. ɼʘʥʥʦʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʪʝʥʦʢ SiC 

ʧʦʨʠʩʪʘʷ ï ʚ ʠʪʦʛʝ Ůeff ʩʥʠʞʘʝʪʩʷ ʩ 2,76 ʜʦ Ůeff = 1,21, ʘ ʚʤʝʩʪʝ ʩ ʥʝʡ ʠ 

ʟʥʘʯʝʥʠʝ ɚmax(111) ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1). ʊʘʢʦʝ ʧʦʨʠʩʪʦʝ ʩʪʨʦʝʥʠʝ 

ʩʪʝʥʦʢ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʦʙʨʘʟʮʘ ʬʦʪʦʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʠʟ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʢʦʨʣʫʧ SiC ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ (3CïSiC). ɺ ʩʧʝʢʪʨʘʭ ʟʘʤʝʪʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʣʠʥʠʷ 

ʧʦʧʝʨʝʯʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʬʦʥʦʥʥʦʡ ʤʦʜʳ SiC ʥʘ 791 ʩʤī1, ʢʦʪʦʨʘʷ 

ʩʤʝʱʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʥʘʧʨʷʞʸʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ: ʫ ʘʣʤʘʟʘ ʦʥ ʨʘʚʝʥ 

1,0Ĭ10ī6 ʂī1, ʘ ʫ ʢʫʙʠʯʝʩʢʦʛʦ SiC ð ʦʢʦʣʦ 5,9Ĭ10ī6 ʂī1. ɼʣʷ ʣʠʥʠʠ 

ʧʨʦʜʦʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʳ 3CïSiC ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʜʦ å945 ʩʤī1 ʠ ʨʘʩʰʠʨʝʥʠʝ ʰʠʨʠʥʳ ʣʠʥʠʠ ʜʦ ȹɜ å 

28 ʩʤī1. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʢʘʢ ʦ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ SiC, ʪʘʢ ʠ ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʷʭ ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʧʘʣʦʧʦʜʦʙʥʦʛʦ ʤʦʥʦʩʣʦʷ ʠʟ ʧʫʩʪʦʪʝʣʳʭ 

ʩʢʦʨʣʫʧ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʘʣʤʘʟʥʳʭ ʧʦʜʣʦʞʢʘʭ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʩʝʥʩʦʨʘʭ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

1. Becker C. et al. Scientific reports. 2014, 4(1), 5886. 

2. Fan X. et al. Analytica Chimica Acta. 2008, 620(1 2͂), 8ï26. 

3. Sovyk D., Krylov Y., Fedorova I., et al. Surfaces and Interfaces. 2024, 

51, 104764. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʸʥʦʢ ʧʦ ʤʝʭʘʥʠʟʤʫ ɺʦʣʴʤʝʨʘ-ɺʝʙʝʨʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʜʠʩʧʣʝʝʚ, ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʝʡ, ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ [1]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚ 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʵʣʝʢʪʨʦʜʳ, ʩʦʯʝʪʘʶʱʠʝ 

ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ 

ʩʚʝʪʘ ʜʣʷ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʧʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʜʚʫʢʨʘʪʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʧʦʨʦʛʘ Ag ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ITO (In2O3:Sn), ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨ 

ITO/Ag/ITO, ʛʜʝ ʦʢʩʠʜʳ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ 

ʧʣʸʥʦʢ, ʥʦ ʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʧʦʚʳʰʘʷ 

ʦʧʪʠʯʝʩʢʦʝ ʧʨʦʧʫʩʢʘʥʠʝ [2]. 

ʅʘʧʳʣʝʥʠʝ ITO ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʘʛʥʝʪʨʦʥʥʳʤ RF ʤʝʪʦʜʦʤ ʚ 

ʘʪʤʦʩʬʝʨʝ Ar, ʘ ʥʘʧʳʣʝʥʠʝ Ag ð ʨʝʟʠʩʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟ Mo 

ʣʦʜʦʯʢʠ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ Ag, ITO (250 ¡)/Ag ʠ 

ITO (250 ¡)/Ag/ITO (250 ¡) ʩ ʚʘʨʠʘʮʠʝʡ ʪʦʣʱʠʥ Ag. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚʚʝʜʸʥ ʦʮʝʥʦʯʥʳʡ ʧʘʨʘʤʝʪʨ 

FoM [3]: 

 Ὂέὓ
̒ ̑ ȢȢ  ̎̍

̐̏̃
 (1) 

ʛʜʝ Tʩʨ (400..700 ʥʤ) ð ʫʩʨʝʜʥʸʥʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ ʦʪ 400 ʜʦ 700 ʥʤ, Rʧʦʚ ð ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʪʦʣʱʠʥʘʭ ʚʧʣʦʪʴ ʜʦ 50 ¡ ʩʪʨʫʢʪʫʨʳ Ag ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʩʪʨʦʚʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ (ʙʦʣʝʝ 100 ʄʆʤ/ʢʚ) 

(ʨʠʩ. 1). ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʪʨʫʢʪʫʨ ITO/Ag, ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ 

mailto:parashchuk.ns@mail.ru
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ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʧʦʨʦʛʘ ʚʧʣʦʪʴ ʜʦ 22 ¡, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʷ ITO (ʨʠʩ. 1). ʉʤʝʱʝʥʠʝ 

ʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʪʘʢʞʝ ʦʪʨʘʞʝʥʦ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʪʨʫʢʪʫʨ, 

ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʧʦʨʦʛʘ ʧʨʦʧʘʜʘʝʪ ʵʬʬʝʢʪ 

ʧʘʨʘʟʠʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘ ʦʩʪʨʦʚʢʘʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʰʝʨʦʭʦʚʘʪʦʩʪʷʭ ʩʪʨʫʢʪʫʨ [4]. 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʥʘ 

ʧʝʨʢʦʣʷʮʠʦʥʥʳʡ ʧʦʨʦʛ Ag ʠ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʦʧʫʩʢʘʥʠʷ ʜʘʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. 

ɼʦʙʘʚʣʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ITO ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʩʪʨʫʢʪʫʨ 

ITO/Ag/ITO, ʛʜʝ ʚʝʨʭʥʠʡ ʩʣʦʡ ITO ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʨʝʜʥʝʝ 

ʦʧʪʠʯʝʩʢʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1) ʟʘ ʩʯʸʪ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ Rʧʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ FoM 

ʢʘʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ Ag, ʪʘʢ ʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ITO/Ag ʩʪʨʫʢʪʫʨʘʤʠ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʜʣʦʞʢʠ ʩʣʦʝʤ ITO 

ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʧʝʨʢʦʣʷʮʠʦʥʥʳʡ ʧʦʨʦʛ Ag ʜʦ 22 ¡, ʧʨʠ ʵʪʦʤ 

ʩʪʨʫʢʪʫʨʳ ITO/Ag/ITO ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʫʣʫʯʰʠʚ ʧʘʨʘʤʝʪʨ FoM, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. 
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ʆʜʥʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʤʦʣ ʜʣʷ ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ 
ʧʝʯʘʪʠ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ ï ʩʤʦʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʢʨʠʣʘʪʦʚ (ʄɸ). 
ʀʟʜʝʣʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʤʝʪʘʢʨʠʣʘʪʥʳʭ ʩʤʦʣ ʧʨʠ ʧʦʤʦʱʠ 
ʬʦʪʦʧʝʯʘʪʠ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʘʷ 
ʪʦʯʥʦʩʪʴ ʧʝʯʘʪʠ, ʧʨʠʝʤʣʝʤʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ), ʠ 
ʥʝʜʦʩʪʘʪʢʦʚ (ʥʘʧʨʠʤʝʨ, ʥʝʚʳʩʦʢʘʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʟʘ ʩʯʝʪ 
ʥʝʧʦʣʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ). ɺʚʝʜʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʳ 
(ʅʏ) ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ 
ʄɸ ʩʤʦʣ ʢʦʤʧʦʟʠʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʦʚʳʰʘʪʴ 
ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʘʪʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʩʥʠʞʘʷ 
ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʦʚʳʰʘʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 
ʧʨʠʜʘʚʘʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʫ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 
ʦʩʥʦʚʝ ʄɸ ʩʤʦʣʳ, ʩʦʯʝʪʘʶʱʝʛʦ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ (ʟʘ ʩʯʝʪ 
ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ) ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ (ʟʘ ʩʯʝʪ 
ʧʨʠʩʫʪʩʪʚʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ) ʩʚʦʡʩʪʚʘ. ʅʏ ʥʘ ʦʩʥʦʚʝ Ti 
ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʚ ʚʦʜʝ (TiO2) ʠ ʭ.ʯ. 
ʘʮʝʪʦʥʝ (Ti). ʅʏ TiO2 ʙʳʣʠ ʧʝʨʝʥʝʩʝʥʳ ʠʟ ʚʦʜʳ ʚ ʘʮʝʪʦʥ ʧʫʪʝʤ 
ʪʨʸʭʢʨʘʪʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩ ʟʘʤʝʥʦʡ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. 
ʇʦʩʣʝ ʵʪʦʛʦ ʜʠʩʧʝʨʩʠʠ ʅʏ ʙʳʣʠ ʩʤʝʰʘʥʳ ʩ ʄɸ ʩʤʦʣʦʡ ʚ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,1, 0,01 ʠ 0,001 ʦʙ. %. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʤʦʣ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʉʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 
ʢʦʤʧʦʟʠʪʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʚ ʦʙʣʘʩʪʠ 1611 ʠ 
1637 ʩʤī1 ʚ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 1). 
ʆʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 0,01 ʠ 0,001 ʦʙ. % ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 
ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʠʢʦʚ, ʩʚʷʟʳʚʘʝʤʦʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 
ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʠʢʦʚ, ʩʚʷʟʳʚʘʝʤʦʝ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʬʝʥʦʤʝʥ ʤʦʞʝʤ ʙʳʪʴ ʩʚʷʟʘʥ ʢʘʢ ʩ ʚʣʠʷʥʠʝʤ 
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ʚʚʝʜʝʥʥʳʭ ʅʏ ʥʘ ʧʨʦʮʝʩʩ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʘʢ ʠ ʩ 
ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʤʝʪʦʜʘ ʦʮʝʥʢʠ. 

 
ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʧʣʦʱʘʜʠ ʧʦʜ ʧʠʢʘʤʠ 

1611 ʠ 1637 ʩʤī1 ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʋʌ-ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ 
ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʅʏ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʦʧʪʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʪʘʢʨʠʣʘʪʥʦʡ ʤʘʪʨʠʮʳ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 
ʤʝʪʘʢʨʠʣʘʪʥʦʡ ʩʤʦʣʳ ʩ ʚʚʝʜʝʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ti ʠ TiO2 ʧʦ 
ʜʘʥʥʳʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʨʦʩʪʘ ʠ 
ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʧʦʩʣʝ 24 ʯʘʩʦʚ 
ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: ʧʦʣʠʤʝʪʘʢʨʠʣʘʪʥʳʝ ʢʦʤʧʦʟʠʪʳ ʩ TiO2 
ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʢ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʠʡ (ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ E. coli 
ʥʘ 2ï3 ʧʦʨʷʜʢʘ), ʪʘʢ ʠ ʙʘʢʪʝʨʠʮʠʜʥʳʡ ʵʬʬʝʢʪ (ʛʠʙʝʣʴ 95ï98% 
ʢʣʝʪʦʢ). ʄʘʪʝʨʠʘʣʳ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ti ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ 
ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʦʟʠʪʳ ʩ 
ʦʢʩʠʜʦʤ ʪʠʪʘʥʘ ʧʨʦʷʚʠʣʠ ʙʦʣʴʰʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʪʠʪʘʥʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 
ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʠʟʜʝʣʠʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 
ʢ.ʬ.-ʤ.ʥ. ʂʦʟʣʦʚʫ ɺ.ɸ. ʠ ʢ.ʭ.ʥ. ʐʘʙʘʣʠʥʦʡ ɸ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ 
ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 



 
ʅʆɺʓɽ ʄɸʊɽʈʀɸʃʓ, ɸʂʊʀɺʅʓɽ ʉʈɽɼʓ ʀ ʅɸʅʆʉʊʈʋʂʊʋʈʓ 
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ʇʣʸʥʢʠ ʘʤʦʨʬʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (a-SiC) ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʰʠʨʦʢʘʷ ʟʘʧʨʝʱʸʥʥʘʷ ʟʦʥʘ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʚʳʩʦʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ, ʘ ʪʘʢʞʝ ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʧʪʦ- ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ [1ï3]. ʉʦʯʝʪʘʥʠʝ a-SiC ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʣʘʟʤʦʥʥʳʭ ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [3, 4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 

çʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʧʦʢʨʳʪʳʝ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʤ a-SiC (a-SiC:H) ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ (ʇʅʏAg) ʠ ʦʩʪʨʦʚʢʦʚʳʝ ʧʣʸʥʢʠ Ag, 

ʦʩʘʞʜʸʥʥʳʝ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʨʝʤʥʠʝʚʳʝ ʧʣʘʩʪʠʥʳ (ʩ-Si) p-

ʪʠʧʘ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 1ï10 ʆʤĬʩʤ ʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (111). ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ 

ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʩʪʨʦʚʢʦʚʳʭ 

ʧʣʸʥʦʢ Ag ʥʘ c-Si ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʜʦʨʦʛʦʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ 

ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ Ag ʠʟ ʨʘʩʪʚʦʨʘ 0,02ʄ AgNO3 + 5ʄ HF 

(ʚ ʦʙʲʸʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:1, 1:3, 1:5) ʚ ʪʝʯʝʥʠʝ 30 ʩ. ɼʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʨʦʚʢʦʚʦʡ ʧʣʝʥʢʠ Ag ʚ ʇʅʏAg ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 500Áʉ ʥʘ ʚʦʟʜʫʭʝ. ɿʘʪʝʤ ʥʘ ʧʦʣʫʯʝʥʥʳʝ 

ʩʣʦʠ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʙʳʣ ʥʘʥʝʩʝʥ ʩʣʦʡ a-Si1īxCx:H ʤʝʪʦʜʦʤ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʩʤʝʩʠ CH4, SiH4 ʠ Ar. 

ʉʦʦʪʥʦʰʝʥʠʝ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ ʫʛʣʝʨʦʜ- ʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ CH4/[CH4 + SiH4] = 0,8, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʩʪʘʚʫ ʧʣʝʥʢʠ ʩ x = 0,58. ɺʘʨʴʠʨʫʷ ʚʨʝʤ ̫ʦʩʘʞʜʝʥʠʷ a-SiC:H, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʦʣʱʠʥʳ ʩʣʦʝʚ: 30, 50 ʠ 100 ʥʤ. 

mailto:kristina_prigoda@mail.ru
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ʄʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ a-SiC:H/Ag/c-

Si ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʨʝʙʨʷʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʙʝʟ ʧʨʠʤʝʩʝʡ. ʊʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ ʧʠʢʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ SiC ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʥʝʩʝʥʥʳʝ 

ʩʣʦʠ a-SiC:H ʷʚʣʷʶʪʩʷ ʘʤʦʨʬʥʳʤʠ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 

ʜʣʷ ʥʘʢʣʦʥʥʳʭ ʫʛʣʦʚ ʧʘʜʝʥʠʷ. ʇʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ 

ʧʩʝʚʜʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʦʩʪʨʦʚʢʦʚʳʭ ʧʣʸʥʦʢ ʠ ʇʅʏAg ʙʝʟ 

ʩʣʦʷ a-SiC:H ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʦʷʚʣʝʥʠʝ ʦʙʲʸʤʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ Ag (~317 ʥʤ), ʘ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩʦ ʩʣʦʝʤ a-SiC:H ʵʪʦʪ 

ʨʝʟʦʥʘʥʩ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘ ʩʧʝʢʪʨʘʭ ʜʣʷ ʦʩʪʨʦʚʢʦʚʳʭ ʧʣʸʥʦʢ Ag ʢʘʢ ʩʦ 

ʩʣʦʝʤ a-SiC:H, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ, ʦʙʥʘʨʫʞʝʥʦ ʧʨʦʷʚʣʝʥʠʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ Ag, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʦʪ ʤʦʨʬʦʣʦʛʠʠ ʩʝʨʝʙʨʷʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʜʣʦʞʢʝ, ʠ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʩʣʦʷ a-SiC:H ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. 

ʅʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚ s-

ʧʦʣʷʨʠʟʘʮʠʠ (RS) ʜʣʷ ʩʪʨʫʢʪʫʨʳ a-SiC:H/ʇʅʏAg/c-Si ʧʨʠ ʨʘʟʥʳʭ 

ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʦʙʨʘʟʝʮ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʴ: ʚ 

ʜʠʘʧʘʟʦʥʝ 701ï768 ʥʤ ʠʤʝʝʪʩʷ ʨʝʟʢʠʡ ʧʨʦʚʘʣ ʧʦʯʪʠ ʜʦ ʥʫʣʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʜʣʷ 

ʩʪʨʫʢʪʫʨʳ a-SiC:H/ʇʅʏAg/ʩ-Si ʩʦ ʩʣʦʷʤʠ a-SiC:H ~50 ʠ ~100 ʥʤ ʠ ʥʝ 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩʦ ʩʣʦʝʤ a-SiC:H ~30 ʥʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ a-SiC:H, ʥʘʥʝʩʸʥʥʦʛʦ ʥʘ ʇʅʏAg. 

ʋʥʠʢʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ a-SiC:H/Ag/ʩ-Si ʜʝʣʘʶʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʬʦʪʦʥʠʢʘ ʠ 

ʩʝʥʩʦʨʠʢʘ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ɾʘʨʦʚʦʡ ʖ.ɸ., ʘ ʪʘʢʞʝ ʢ.ʬ.-ʤ.ʥ. ɻʨʫʜʠʥʢʠʥʫ ʉ.ɸ. ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 24-22-00334). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʞʝʣʝʟʘ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʉʘʣʦʤʘʪʠʥʘ ɸ.ʖ.1,2 

1- ʋʜʤʫʨʪʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʋʨʆ ʈɸʅ, ʀʞʝʚʩʢ 

2- ʀʞʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʊ. ʂʘʣʘʰʥʠʢʦʚʘ, 

ʀʞʝʚʩʢ 

ɽ-mail: salomatinaau@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-121-123 

ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʦʪʣʠʯʥʳʝ ʦʪ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʰʠʨʥʳ: 

ʵʣʝʢʪʨʦʥʠʢʘ, ʵʥʝʨʛʝʪʠʢʘ, ʤʝʜʠʮʠʥʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʜʨ. ʌʫʥʢʮʠʦʥʘʣ 

ʧʣʝʥʦʢ ʥʝ ʦʛʨʘʥʠʯʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʥʦ ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ. 

ɺʩʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʦʠʩʢʠ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʩʚʷʟʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ɿʘʢʦʥʘ ʄʫʨʘ [1]. ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ 

ʧʨʝʜʣʘʛʘʶʪ ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʦʧʪʠʯʝʩʢʫʶ ʵʣʝʢʪʨʦʥʠʢʫ, ʙʠʦ- ʠ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʫ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʘʢʞʝ ʩʯʠʪʘʝʪʩʷ 

ʩʧʠʥʪʨʦʥʠʢʘ, ʦʙʣʘʩʪʴ ʚ ʢʦʪʦʨʦʡ ʯʪʝʥʠʷ, ʟʘʧʠʩʴ ʠ ʭʨʘʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʘ, ʘ ʥʝ ʝʛʦ 

ʟʘʨʷʜʘ. ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʧʠʥʪʨʦʥʠʢʝ ʚ ʩʦʩʪʘʚʝ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ. ʀʟʫʯʝʥʠʝ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʜʥʘ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʦʣʱʠʥʳ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʞʝʣʝʟʘ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʥʥʠʭ ʨʘʙʦʪ ʘʚʪʦʨʘ [2, 3]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ 

ʧʦʜʭʦʜʘ: ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʘʪʦʤʦʚ ʩʠʩʪʝʤʳ ʠ ʤʦʜʝʣʴ ʩʧʠʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʜʣʷ ʫʯʝʪʘ 

mailto:salomatinaau@yandex.ru
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ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʆʩʥʦʚʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʘʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʣʫʞʠʪ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʃʘʥʞʝʚʝʥʘ [4] ʠ ʫʨʘʚʥʝʥʠʝ ʃʘʥʜʘʫ ð ʃʠʬʰʠʮʘ ð 

ɻʠʣʙʝʨʪʘ [5]. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘ [6] ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ LAMMPS [7]. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥʦ ʜʣʷ Ŭ-Fe ʩ ʆʎʂ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʪʝʯʝʥʠʠ 10 ʧʩ (ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

1 ʬʩ). ʊʦʣʱʠʥʘ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 2 ʘʪʦʤʥʳʭ ʩʣʦʝʚ 

(å0,58 ʥʤ) ʜʦ 11 ʘʪʦʤʥʳʭ ʩʣʦʚ (å3,19 ʥʤ) ʧʨʠ ʪʨʸʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʞʠʤʘʭ: 300, 77,35 ʠ 8 ʂ. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʚ ʧʣʝʥʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ Fe ʚ ʧʣʸʥʢʘʭ 

ʪʦʣʱʠʥʦʡ 2 ʘʪʦʤʥʳʭ ʩʣʦʷ å0,58 ʥʤ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 

300 (ʘ), 8 (ʙ) ʠ 77,35 ʂ (ʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʞʝʣʝʟʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʘʪʦʤʦʚ Fe ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʧʨʠ ʪʨʸʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʚʳʩʪʨʘʠʚʘʣʠʩʴ ʚ ʥʝʷʚʥʦ 

ʚʳʨʘʞʝʥʥʫʶ ʩʪʝʥʢʫ ɹʣʦʭʘ. ʇʨʠʯʠʥʦʡ ʥʝʷʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 77,35 ʠ 8 ʂ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚʠʭʨʝʧʦʜʦʙʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ð ʩʢʠʨʤʠʦʥʳ. 

ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʪʨʝʢʦʚʦʡ ʧʘʤʷʪʠ, 

ʷʚʣʷʶʱʝʡʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. 
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ɼʚʦʡʥʦʡ ʧʝʨʦʚʩʢʠʪ ʬʝʨʨʦʤʦʣʠʙʜʘʪ ʩʪʨʦʥʮʠʷ Sr2FeMoO6 (ʜʘʣʝʝ 

SFMO) ð ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʧʠʥʪʨʦʥʠʢʠ, ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʂʶʨʠ 410ï450 ʂ, ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (~40%) ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ 100 % ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ 

[1]. ʇʣʝʥʢʠ SFMO ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʧʠʥʪʨʦʥʠʢʠ (ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʘʤʷʪʠ, ʩʝʥʩʦʨʦʚ, ʣʦʛʠʢʠ) [2, 3]. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʡʩʪʚ SFMO 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʣʝʥʢʠ SFMO ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʠʦʥʥʦ-ʣʫʯʝʚʳʤ ʤʝʪʦʜʦʤ ʥʘ 

ʧʦʣʠʢʦʨʦʚʫʶ ʧʦʜʣʦʞʢʫ Al 2O3 ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ Z-400 

ʬʠʨʤʳ "Leybold-Heraeus", ʦʩʥʘʱʝʥʥʦʡ ʙʝʟʤʘʩʣʷʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʪʢʘʯʢʠ ʥʘ ʙʘʟʝ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʘ. ʆʪʞʠʛ ʧʣʝʥʦʢ 

ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ ʧʦʣʠʢʦʨʦʚʫʶ ʧʦʜʣʦʞʢʫ ʧʨʠ 900Áʉ ʚ ʪʝʯʝʥʠʝ 0,5; 1; 

1,5 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 5% H2/Ar. ɻʘʟʦʦʙʨʘʟʥʘʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʩʤʝʩʴ 5% H2/Ar ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʚ 

ʵʪʦʡ ʩʤʝʩʠ ʵʬʬʝʢʪʳ ʩʪʘʨʝʥʠʷ ʧʣʝʥʦʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳ [4]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ SFMO 0,5 ʯ; SFMO 1 ʯ; SFMO 1,5 ʯ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ SFMO ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʥʘ ʥʘʥʦʣʘʙʦʨʘʪʦʨʠʠ 

NTEGRA Prima (NT-MDT, ʈʦʩʩʠʷ) ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ 

Gwyddion. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʣʝʥʦʢ SFMO. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʝʮ ʧʣʸʥʢʠ 
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SFMO, ʦʪʦʞʞʥyʥrʡ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʧʦʢʘʟʘʣ ʥʘʠʤʝʥʴʰʫʶ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ (ʪʘʙʣʠʮʘ 1). 

     
ʈʠʩ. 1. ʉɿʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ SFMO. 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʷʷ Rʘ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ Rms ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʨʘʟʮʦʚ SFMO, ʩ ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʩʪʴʶ ʦʪʞʠʛʘ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ, ʥʤ 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʪʞʠʛʘ, ʯ 

0,5 1 1,5 

Rʘ 8,2 3,9 19,3 

Rms 11,1 4,8 24,5 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟʤʝʨʷʣʩʷ ʪʦʢ ʤʝʞʜʫ 

ʟʦʥʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ SFMO (ʩ Ag-ʢʦʥʪʘʢʪʦʤ). ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ī10 ʜʦ +10 ɺ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ SFMO ʦʪ 

ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ (ʨʠʩ. 2). 
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ʅʘʧʨʷʞʝʥʠʝ, ɺ 
ʈʠʩ. 2. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ SFMO. 

ɺ ʨʝʞʠʤʝ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʢʘʥʪʠʣʝʚʝʨʘ MFM_LM 

ʥʘ ʚʪʦʨʦʤ ʧʨʦʭʦʜʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

SFMO 0,5 ʯ SFMO 1 ʯ SFMO 1,5 ʯ 
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ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ SFMO. ɼʣʷ ʦʙʨʘʟʮʘ SFMO 

1,5 ʯ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ 

(ʨʠʩ. 3). 

    
ʈʠʩ. 3. ʀʟʦʙʨʘʞʝʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʘʟʳ ʤʘʛʥʠʪʥʦʛʦ 

ʩʠʛʥʘʣʘ ʦʙʨʘʟʮʘ SFMO 1,5 ʯ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ʂʠʩʝʣʝʚʫ ɼ.ɸ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʧʦʣʥʝʥʳ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 
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ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦ-ʩʣʦʞʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

Zr 1īx(Gd0,2Y0,2Yb0,2Ho0,2Er 0,2)xO2īy 

ʊʘʧʝʨʦ ʄ.ʂ.1,2, ʇʦʩʝʣʝʥʥʦʚ ɸ.ɼ.2 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʀʉè, 

ʄʦʩʢʚʘ 

ɽ-mail: tapero.maksim@gmail.com 

DOI: 10.24412/cl-35673-2025-1-127-128 

ʉʚʦʡʩʪʚʘ ʯʘʩʪʠʯʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ 
(ʏʉʎ) ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʷ ʩ 
ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʩʢʘʣʴʧʝʣʠ, ʦʨʪʦʧʝʜʠʯʝʩʢʠʝ ʠ 
ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ. 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʏʉʎ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʶʪʩʷ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤʠ, ʥʦ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 
ʩʪʝʧʝʥʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʟ-ʟʘ ʥʠʟʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ 
ʢʘʪʠʦʥʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 1400Áʉ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 
ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʠʩʧʦʣʴʟʫʶʪ ʚʚʝʜʝʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʦʢʩʠʜʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ [1] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 
ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ (ʠʟʥʘʯʘʣʴʥʦ 
ʧʨʠʤʝʥʷʚʰʠʡʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʣʘʚʦʚ) ï ʧʦʚʳʰʝʥʠʝ ʵʥʪʨʦʧʠʡʥʦʛʦ 
ʚʢʣʘʜʘ ʩʤʝʰʝʥʠʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥ ʥʝ ʧʝʨʝʚʝʩʠʪ ʟʥʘʯʝʥʠʝ 
ʵʥʪʘʣʴʧʠʠ ʩʤʝʰʝʥʠʷ. ʕʪʦʛʦ ʜʦʙʠʚʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʣʝʥʠʷ 
ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʦʙʳʯʥʦ ʦʪ ʧʷʪʠ ʠ ʙʦʣʝʝ) ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ 
ʚ ʨʘʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʩʦʣʝʛʠʨʦʚʘʥʠʝ ʏʉʎ 
ʨʘʟʥʳʤʠ ʦʢʩʠʜʘʤʠ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 
ʤʘʪʝʨʠʘʣʳ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ 
ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 
ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʩʝʨʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦ-ʩʣʦʞʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ 

mailto:tapero.maksim@gmail.com
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ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ ʠʪʪʨʠʷ, ʛʘʜʦʣʠʥʠʷ, 
ʠʪʪʝʨʙʠʷ, ʛʦʣʴʤʠʷ ʠ ʵʨʙʠʷ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʦʢʩʠʜʦʚ ʠʟʤʝʥʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 4 ʤʦʣ. %. 
ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʨʘʩʧʣʘʚʘ ʚ ʭʦʣʦʜʥʦʤ ʪʠʛʣʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 
ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 
ʢʦʤʧʦʥʝʥʪʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
ʦʜʥʦʨʦʜʥʦ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʠʭ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ 
ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʩʝ 
ʢʨʠʩʪʘʣʣʳ, ʢʨʦʤʝ Zr0,961(Gd0,2Y0,2Yb0,2Ho0,2Er0,2)0,039O1,981 ʦʙʣʘʜʘʣʠ 
ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʦʚʝʜʝʥʠʝ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʚʳʩʦʢʦʤ 
ʨʘʟʨʝʰʝʥʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʝ 
ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʬʘʟʳ t ʠ tǋ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ. ʇʨʠ 
ʫʚʝʣʠʯʝʥʠʠ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʦʢʩʠʜʦʚ 
ʢʦʣʠʯʝʩʪʚʦ t-ʬʘʟʳ ʫʤʝʥʴʰʘʣʦʩʴ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʚʷʟʢʦʩʪʴ 
ʨʘʟʨʫʰʝʥʠʷ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʧʦ 
ɺʠʢʢʝʨʩʫ. ʋʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 
ʦʢʩʠʜʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ 
ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ (~16 ʄʇʘĀʤ0,5) ʥʘʙʣʶʜʘʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 
Zr0,951(Gd0,2Y0,2Yb0,2Ho0,2Er0,2)0,049O1,975, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʙʣʠʟʦʢ ʢ 
ʛʨʘʥʠʮʝ t/(t+ʩ) ʬʘʟ ʨʘʚʥʦʚʝʩʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. ʇʨʦʯʥʦʩʪʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʣʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʥʘʨʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ZrO2ï3 ʤʦʣ. % Y2O3. 

ʊʘʢ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ, ʣʠʙʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 
ʚʣʘʞʥʦʩʪʠ, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʏʉʎ ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ 
ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ 
Zr1īx(Gd0,2Y0,2Yb0,2Ho0,2Er0,2)xO2īy ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʪʞʠʛʘ ʧʨʠ 1600 ʉ̄ ʥʘ ʚʦʟʜʫʭʝ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 134 ʉ̄. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ 
ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 
ʜʝʛʨʘʜʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ 
ʧʨʠʯʠʥʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 
ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ. 

1. Schneider J.M., J. Appl. Phys. 2021, 130, 150903. 
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ɸʧʢʦʥʚʝʨʩʠʦʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʰʪʘʨʢʦʚʩʢʦʛʦ ʫʨʦʚʥ ̫4S3/2 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʠʦʥʘ Er 3+ 

ʚ ʢʨʠʩʪʘʣʣʘʭ CaF2: Er 3+ 

ʊʠʤʦʬʝʝʚʘ ɽ.ʕ.1, ʐʘʡʜʫʣʠʥ ɸ.ʊ.1,2, ʉʠʣʘʝʚ ɻ.ʆ.2,3 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʐʕè, ʄʦʩʢʚʘ 

3-ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ 
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ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʘʥʘʣʠʟ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʰʪʘʨʢʦʚʩʢʦʛʦ ʫʨʦʚʥʷ 4S3/2 ʠʦʥʘ Er3+ 

ʚ ʢʨʠʩʪʘʣʣʘʭ CaF2 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʫ 

ʢʚʘʥʪʦʚʦʛʦ ʚʝʥʪʠʣʷ CNOT ʚ ʩʚʝʨʭʙʳʩʪʨʳʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʘʭ 

[1]. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʰʪʘʨʢʦʚʩʢʠʡ ʫʨʦʚʝʥʴ 4S3/2(1) ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʩʪʦʷʥʠʝʤ |1> ʢʫʙʠʪʘ, ʘ ʥʠʞʝʣʝʞʘʱʠʡ ʰʪʘʨʢʦʚʩʢʠʡ ʫʨʦʚʝʥʴ 4I9/2(1) 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʦʷʥʠʝʤ |0> ʢʫʙʠʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʞʥʠʡ 

ʰʪʘʨʢʦʚʩʢʠʡ ʫʨʦʚʝʥʴ 4I15/2(1) ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʩʦʩʪʦʷʥʠʝʤ |0ǋ> ʢʚʘʥʪʦʚʦʛʦ ʚʝʥʪʠʣʷ 

CNOT. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʮʝʩʩ ʘʧʢʦʥʚʝʨʩʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʘʨʘʟʠʪʥʳʤ 

ʵʬʬʝʢʪʦʤ, ʥʘʨʫʰʘʶʱʠʤ ʧʨʘʚʠʣʴʥʫʶ ʨʘʙʦʪʫ ʚʝʥʪʠʣʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʦʟʙʫʞʜʘʷ ʩʦʩʪʦʷʥʠʝ |1> ʢʫʙʠʪʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚʝʥʪʠʣʝʤ. 

ɹʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʩʧʝʢʪʨ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʨʠʩʪʘʣʣʘ CaF2: 0,03 ʤʦʣ. % Er3+ ʧʨʠ 77 ʂ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 781,1 ʥʤ (ʨʠʩ. 1ʘ), ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʝʟʦʥʘʥʩʝ ʩ ʧʝʨʝʭʦʜʦʤ 4I15/2(1) Ÿ 4I9/2(1) ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ C4v. 

ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʣʠʥʠʷ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʥʘ 

ʧʝʨʝʭʦʜʝ 4S3/2(1) Ÿ 4I15/2(5) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 551,35 ʥʤ. ɹʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ 

CaF2:0,3 ʤʦʣ. % Er3+ ʧʨʠ 77 ʂ ʦʪ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ (ʨʠʩ. 1ʙ), ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʬʦʨʤʫʣʦʡ y = a xb. ʇʨʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ b = 3, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʨʭyʬʦʪʦʥʥʦʤ ʧʨʦʮʝʩʩʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʦʙʘʚʣʝʥʘ 
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ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ b = 2, ʢʦʪʦʨʘʷ 

ʛʦʨʘʟʜʦ ʭʫʞʝ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʢʨʠʚʫʶ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʦʜʥʦʬʦʪʦʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʫʨʦʚʥʷ 4I9/2 ʩ ʵʥʝʨʛʠʝʡ 12803 ʩʤī1 ʚʦʟʙʫʞʜʝʥʠʝ ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʪ ʥʘ 

ʫʨʦʚʝʥʴ 4D5/2 ʩ ʵʥʝʨʛʠʝʡ ~38400 ʩʤī1 ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʭʬʦʪʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʘʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʬʦʥʦʥʥʦʡ ʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʙʫʞʜʝʥʠʝ 

ʧʝʨʝʭʦʜʠʪ ʥʘ ʫʨʦʚʝʥʴ 4S3/2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʠʟʤʝʨʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ (~0,5 ʤɺʪ), ʢʦʪʦʨʘʷ ʝʱʝ ʥʝ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʫʨʦʚʥʷ 4S3/2(1). ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘʩʝʣʝʥʥʦʩʪʴ ʩʦʩʪʦʷʥʠ ̫ |0> ʢʫʙʠʪʘ, ʯʪʦ 

ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʢʚʘʥʪʦʚʦʛʦ ʚʝʥʪʠʣʷ 

CNOT. 

ʘ) ʙ)  

ʈʠʩ. 1. ʘ) ʉʧʝʢʪʨ ʩʝʣʝʢʪʠʚʥʦʡ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʨʠʩʪʘʣʣʘ CaF2:0,03 ʤʦʣ. % Er3+ ʧʨʠ T = 77 ʂ ʧʨʠ ʣʘʟʝʨʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 781,1 ʥʤ, ʠʟʤʝʨʝʥʥʳʡ ʥʘ ʧʝʨʝʭʦʜʝ 
4S3/2(1) Ÿ 4I15/2(5); ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʦʣʦʩʳ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʢʨʠʩʪʘʣʣʝ CaF2:0,3 ʤʦʣ. % Er3+ ʦʪ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɹr ʣʘ ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘ 

ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ CaF2:0,03 % Er3+ ʥʘ ʧʝʨʝʭʦʜʝ 4S3/2З4I15/2 ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 77 ʜʦ 273 ʂ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʣʘʟʝʨʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʜʣʠʥʦʡ ʚʦʣʥʳ 781,0 ʥʤ ʥʘ ʧʝʨʝʭʦʜʝ 4I15/2(1)З4I9/2(1) 

(ʨʠʩ. 2). ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʣʠʥʠʡ ʠ ʠʭ ʫʰʠʨʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ 
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ʧʝʨʝʭʦʜʘʭ ʩ ʥʠʞʥʝʛʦ ʰʪʘʨʢʦʚʩʢʦʛʦ ʫʨʦʚʥʷ 4S3/2(1) ʤʝʥʴʰʝ 

ʧʦʜʚʝʨʞʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʩʜʚʠʛʫ ʠ ʦʜʥʦʨʦʜʥʦʤʫ ʫʰʠʨʝʥʠʶ, ʯʝʤ 

ʧʝʨʝʭʦʜʳ ʩʦ ʚʪʦʨʦʛʦ ʰʪʘʨʢʦʚʩʢʦʛʦ ʫʨʦʚʥʷ 4S3/2(2). ʊʦ ʞʝ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʠ ʦ ʧʝʨʝʭʦʜʘʭ ʥʘ ʰʪʘʨʢʦʚʩʢʠʝ ʫʨʦʚʥʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
4I15/2. ʏʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʣʝʞʘʱʠʡ ʰʪʘʨʢʦʚʩʢʠʡ ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ 

ʢʦʥʝʯʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʪʝʤ ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʜʚʠʛ ʠ ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ. ʊʘʢ ʢʘʢ ʠʤʝʥʥʦ ʧʝʨʝʭʦʜ 4S3/2(1ǋ)З4I15/2(1) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʦʛʦ ʚʝʥʪʠʣʷ CNOT, ʪʦ ʜʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʚʝʩʦʤʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʚʳʙʦʨʘ ʢʨʠʩʪʘʣʣʘ 

CaF2: Er3+ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʚ ʢʨʠʩʪʘʣʣʝ CaF2:0,03% Er3+ ʧʨʠ 

ʣʘʟʝʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 781,0 ʥʤ ʥʘ ʧʝʨʝʭʦʜʝ 
4I15/2(1) З 4I9/2(1). 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʠʤ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʷʤ: ʜ.ʬ.-ʤ.ʥ. ʆʨʣʦʚʩʢʦʤʫ ʖ.ɺ. ʠ ɺʘʡʥʝʨʫ ʖ.ɻ. ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

1. Vladimir Hizhnyakov, Vadim Boltrushko, Helle Kaasik, and Yurii 

Orlovskii, Optics Communications. 2021, 485, 126693. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ 

ʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʸʥʥʳʭ ʦʢʩʠʜʘʤʠ ʩʪʘʣʝʡ 

ʍʘʣʷʚʠʥʘ ɸ.ɸ.1,2, ʂʣʘʫʟ ɸ.ɺ.1, ɹʦʛʘʯʝʚ ɸ.ɸ.1 

1- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ. 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʀʉè, 

ʄʦʩʢʚʘ 

ɽ-mail: khalyavina@itep.ru 

DOI: 10.24412/cl-35673-2025-1-132-134 

ɼʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʸʥʥʳʝ ʦʢʩʠʜʘʤʠ (ɼʋʆ) ʩʪʘʣʠ ʩ ʬʝʨʨʠʪʥʦ-

ʤʘʨʪʝʥʩʠʪʥʦʡ (ʬ.-ʤ.) ʤʘʪʨʠʮʝʡ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʦʚ ʜʝʣʝʥʠʷ ʠ 

ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʚ ʬ.-ʤ. ʤʘʪʨʠʮʝ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʥʳʭ ʯʘʩʪʠʮ ʙʫʜʫʪ 

ʚʳʜʝʨʞʠʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʜʦ 200 ʩʤʝʱʝʥʠʡ ʥʘ ʘʪʦʤ (ʩʥʘ) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ (300ï700) ÁC [1,2]. ʆʜʥʘʢʦ, ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ɼʋʆ 

ʩʪʘʣʝʡ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʠ ʧʨʦʮʝʩʩʳ 

ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʳ. ʅʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʪʦʤʥʦ-ʟʦʥʜʦʚʦʡ 

ʪʦʤʦʛʨʘʬʠʠ (ɸɿʊ) [3] ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ rʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʧʨʠ 650 ÁC ʚ 

ʪʝʯʝʥʠʝ 500 ʠ 1000 ʯʘʩʦʚ ʪʨʭy ɼʋʆ ʩʪʘʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ɿʘʷʚʣʝʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ɼʋʆ ʩʪʘʣʝʡ, ʘʪ. % 

(Fe-ʙʘʣʘʥʩ) 
ʄʘʪʝʨʠʘ
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʪʦʤʥʳʝ ʢʘʨʪʳ (ʪʨʭyʤʝʨʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ) ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʟʦʥʜʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʙʣʘʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʨʷʜʫ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ð ʢʣʘʩʪʝʨʳ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʜʩʠʩʪʝʤʝ ʢʣʘʩʪʝʨʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ. ʇʦʩʣʝ ʩʪʘʨʝʥʠʷ 

ʚ ʪʝʯʝʥʠʝ 500 ʯ ʦʙʥʘʨʫʞʝʥʦ: CrïYïO ʢʣʘʩʪʝʨʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

4 ʥʤ ʠ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (48Ĭ1022) ʤī3 ʚ Eurofer ODS, ʢʣʘʩʪʝʨʳ 

CrïYïOïTi ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 4 ʥʤ ʠ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

(21Ĭ1022) ʤī3 ʚ ʩʪʘʣʠ 10ʉr ODS, ʠ ʢʣʘʩʪʝʨʳ CrïYïOïTi ʨʘʟʤʝʨʘʤʠ 

4 ʥʤ ʠ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (60Ĭ1022) ʤī3 ʚ ʩʪʘʣʠ KP-3 ODS. ʇʦʩʣʝ 

ʩʪʘʨʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 1000 ʯ ʪʠʧ ʢʣʘʩʪʝʨʦʚ ʥʝ ʠʟʤʝʥʠʣʩʷ, ʘ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʠʣʠ: ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 4 ʥʤ ʠ ʦʙʲʸʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (37Ĭ1022) ʤī3 ʚ Eurofer ODS, ʨʘʟʤʝʨ 4 ʥʤ ʠ ʦʙʲʸʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (15Ĭ1022) ʤī3 ʚ ʩʪʘʣʠ 10ʉr ODS, ʠ ʨʘʟʤʝʨ 3 ʥʤ ʠ ʦʙʲʸʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (62Ĭ1022) ʤī3 ʚ ʩʪʘʣʠ KP-3 ODS. 

  
(ʘ) (ʙ) 

ʈʠʩ. 1. ɸʪʦʤʥʳʝ ʢʘʨʪʳ ʩʪʘʣʠ KP-3 ODS ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ 

ʧʨʠ 650ÁC ʚ ʪʝʯʝʥʠʝ 500 ʯ(ʘ) ʠ ʚ ʪʝʯʝʥʠʝ 1000 ʯ (ʙ). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ, 

ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʦʚ. ʆʪʤʝʯʘʝʪʩʷ 

ʨʦʩʪ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʣʠ ʨʦʩʪʝ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ) ʧʨʠ ʩʪʘʨʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 500 ʯ. ʇʦʩʣʝ ʩʪʘʨʝʥʠʷ ʚ 
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ʪʝʯʝʥʠʝ 1000 ʯ ʦʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʢʣʘʩʪʝʨʦʚ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʴʶ 

ʩʦʜʝʨʞʘʱʝʡ ʩʪʘʜʠʠ ʟʘʨʦʞʜʝʥʠʷ, ʨʦʩʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʘʣʝʩʮʝʥʮʠʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʬ.-

ʤ.ʥ. ʈʦʛʦʞʢʠʥʫ ʉ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ ʂɸʄʀʂʉ 

(http:/kamiks.itep.ru) ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. 

1. Xu S., Zhou Z., Jia H. et al., J. Steel research int. 2018, 90, 1800594. 

2. Rogozhkin S.V., Klauz A.V., Bogachev A.A. et al., J. Physics of 

Atomic Nuclei. 2022, 85. 1998ï2006. 

3. Michael K. Miller. Atom probe tomography, Oak Ridge, Tennessee 

37831-6136, Review of Scientific Instruments. 78, 031101 (2007). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  

ʏʝʩʥʦʢʦʚʘ ɸ.ɺ.1, ɿʘʚʦʨʦʪʥʘʷ ʋ.ʄ.1, ʉʪʘʪʥʠʢ ɽ.ʉ.1, 

ɹʝʣʴʤʝʩʦʚ ɸ.ɸ.2, ɺʠʥʶʢʦʚ ɸ.ɺ.2 

1- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʀʉè, 

ʄʦʩʢʚʘ 

2- ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ 

ɽ-mail: aleeenachesnokova@mail.ru 

DOI: 10.24412/cl-35673-2025-1-135-137 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʊʕ) ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ [1]. ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʘʢʠʭ ʊʕ ʷʚʣʷʶʪʩʷ ʤʝʤʙʨʘʥʥʦ-

ʵʣʝʢʪʨʦʜʥʳʝ ʙʣʦʢʠ (ʄʕɹ) ʩ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʊʘʢʠʝ ʄʕɹ 

ʩʦʩʪʦʷʪ ʠʟ: ʤʝʤʙʨʘʥʳ (ʜʣʷ ʦʙʤʝʥʘ ʧʨʦʪʦʥʘʤʠ ʠ ʙʣʦʢʠʨʦʚʢʠ 

ʵʣʝʢʪʨʦʥʦʚ), ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʣʦʝʚ (ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ) ʠ 

ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʦʝʚ (ʜʣʷ ʧʦʜʚʦʜʘ ʛʘʟʦʚ-ʨʝʘʛʝʥʪʦʚ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʜʦʚ). ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʄʕɹ ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʠʟ-ʟʘ ʜʝʛʨʘʜʘʮʠʠ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʨʫʰʝʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ (ʤʝʞʜʫ ʵʣʝʢʪʨʦʣʠʪʦʤ, 

ʛʘʟʦʤ-ʨʝʘʛʝʥʪʦʤ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ), ʩʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʘʜʛʝʟʠʠ ʩʣʦʝʚ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʨʬʝʡʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠ ʠʟ-ʟʘ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʜʝʛʨʘʜʘʮʠʠ ʄʕɹ [3]. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʧʝʨʝʯʥʳʭ 

ʩʨʝʟʦʚ ʄʕɹ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʭʨʫʧʯʠʚʘʥʠʝʤ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 (ʘ) ʧʦʢʘʟʘʥ ʦʙʨʘʟʝʮ ʄʕɹ ʥʘ ʦʩʥʦʚʝ 

ʤʝʤʙʨʘʥʳ ʪʠʧʘ Gore ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʘʢʪʠʚʘʮʠʠ, 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 0,6 ɺ 

ʠ ʧʨʠ ʧʦʜʘʯʝ ʫʚʣʘʞʥʸʥʥʳʭ ʚʦʜʦʨʦʜʘ ʠ ʚʦʟʜʫʭʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʉʕʄ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ 

ʣʦʢʘʣʴʥʳʭ ʨʘʩʩʣʦʝʥʠʡ ʄʕɹ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, 

ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʤʝʤʙʨʘʥʫ, ʠ ʵʣʝʢʪʨʦʜʘ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 
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ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʤʝʤʙʨʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʛʠʜʨʘʪʘʮʠʠ. 

ʊʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʄʕɹ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʄʕɹ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚʳʤʳʚʘʥʠʝ ʠʦʥʦʤʝʨʘ ʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ. ʕʪʦ 

ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʨʫʰʘʝʪʩʷ ʪʨʝʭʬʘʟʥʳʡ ʢʦʥʪʘʢʪ ʠ ʩʦʢʨʘʱʘʝʪʩʷ ʨʝʩʫʨʩ ʪʘʢʦʛʦ ʊʕ [4]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʛʨʘʮʠʷ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʯʘʩʪʠʮʳ Si) ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʝʨʥʠʣ. 

 

   

  

 

 
ʈʠʩ. 1. (ʘ) ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʄʕɹ ʠ ʝʛʦ ʕɼʉ-

ʢʘʨʪʠʨʦʚʘʥʠʝ. ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ: 

(ʙ) ʫʛʣʝʨʦʜʘ, (ʚ) ʬʪʦʨʘ, (ʛ) ʧʣʘʪʠʥʳ, (ʜ) ʢʨʝʤʥʠʷ, (ʝ) ʩʝʨʳ. ʅʘ (ʞ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʕɼʉ-ʩʧʝʢʪʨ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʭ.ʥ. ʃʝʚʯʝʥʢʦ ɸ.ɺ., ʢ.ʬ.-ʤ.ʥ. 

ʉʘʣʠʤʦʥʫ ɸ.ʀ. ʠ ʜ.ʬ.-ʤ.ʥ. ʂʦʨʩʫʥʩʢʦʤʫ ɸ.ʄ. ʠ ʟʘ ʧʦʩʪʘʥʦʚʢʫ 

ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʉʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ˉ ʂ1-

2022-0032 ʄʘʪʝʨʠʘʣʳ ʙʫʜʫʱʝʛʦ (ʧʨʦʛʨʘʤʤʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ çʇʨʠʦʨʠʪʝʪ-2030è) ʠ ʧʨʦʝʢʪʘ çʅʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʝʥʩʦʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡè (FFSG-2024-0006, ˉ ʛʦʩ. 

ʨʝʛʠʩʪʨʘʮʠʠ 124013000692-4). 

1. Inaba M., Quinson J., Bucher J.R. et al. J. Vis. Exp. 2018, 133, e57105. 

2. Ngo T.T., Yu T.L., Lin H.-L. J. Pow. Sour. 2013, 225, 293ï303. 

3. Young A.P., Stumper J., Knights S. et al., J. The Electrochem. Soc. 

2010, 153(3), B425ïB436. 

4. ɻʘʣʣʷʤʦʚ ʄ.ʆ., ʍʦʭʣʦʚ ɸ.ʈ. ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʧʦʣʠʤʝʨʥʦʡ 

ʤʝʤʙʨʘʥʦʡ: ʄʘʪʝʨʠʘʣʳ ʢ ʢʫʨʩʫ ʧʦ ʦʩʥʦʚʘʤ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʄʦʩʢʚʘ, 2014. 
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ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 
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ʧʨʠʤʝʥʝʥʠʡ 

ʏʝʢʫʣʘʝʚ ʀ.ʉ., ʂʫʯʝʨʦʚ ʈ.ʅ., ʂʫʨʠʣʦʚ ɸ.ɼ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
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ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ [1ï2]. ɺ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʡ 

ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʠʥʪʝʟ ʵʧʦʢʩʠ-ʘʢʨʠʣʘʪʥʦʛʦ (ʕɸ) ʤʦʥʦʤʝʨʘ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (SiO2) [3]. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʚ ʩʚʷʟʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʨʤʦ- ʠ ʬʦʪʦʩʰʠʚʘʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 
ʈʠʩ. 1. ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʵʧʦʢʩʠ-ʘʢʨʠʣʘʪʥʦʛʦ ʤʦʥʦʤʝʨʘ. 
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ʉʠʥʪʝʟ ʕɸ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ï ʇʕʆ-113ʂ, TMPA, ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ [4]. 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʥʦʤʝʨʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʀʂ-

ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩ. 1). 

ʈʘʟʤʝʨ ʜʦʧʠʨʫʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ 

ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (DLS) ʠ ʩʦʩʪʘʚʠʣ 17 ʥʤ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠʚʝʣʦ ʢ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʷʟʢʦʩʪʴ ʁ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʟʠʪʘ. ʊʘʢ 

ʚʢʣʶʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʦʥʦʤʝʨ ʧʨʠʚʝʣʦ ʢ ʤʦʥʦʪʦʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦ ʚʩʸʤ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʠ 

ʪʝʤʧʝʨʘʪʫʨ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪ ʥʘʥʦʩʠʣʩʷ ʥʘ ʩʪʝʢʣʷʥʥʫʶ 

ʧʦʜʣʦʞʢʫ ʜʣʷ ʦʮʝʥʢʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʦʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʫʶʱʝʛʦ 

ʩʣʦʷ ʜʣʷ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʩʧʝʢʪʨʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʣʸʥʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʥʦʯʘʩʪʠʮ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʪʦʣʱʠʥʦʡ 20 ʤʢʤ. ʕɸ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʧʨʦʧʫʩʢʘʥʠʝʤ ʚʳʰʝ 98% ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʫʟʢʦʡ ʧʦʣʦʩʦʡ 

ʋʌ-ʦʪʚʝʨʞʜʝʥʠʷ (350ï390 ʥʤ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʟʨʘʯʥʦʛʦ ʬʦʪʦʨʝʟʠʩʪʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ~1 ʤʢʤ. 

 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʵʧʦʢʩʠ-ʘʢʨʠʣʘʪʥʦʛʦ 

ʤʦʥʦʤʝʨʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʤʦʥʦʤʝʨ ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʦʙʣʘʜʘʝʪ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʥʠʢʠ. ɼʘʥʥʳʡ 

ʤʦʥʦʤʝʨ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʘʥʠʯʥʳʭ ʦʨʠʝʥʪʠʨʫʶʱʠʭ ʧʦʢʨʳʪʠʷ ʜʣʷ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɸ 
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ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʢʘʟʘʪʝʣ ɹ ʧʨʝʣʦʤʣʝʥʠʷ ʠ 

ʚʷʟʢʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʘʝʤʳʭ 

ʬʦʪʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦʤʠʤʦ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʥʦʤʝʨ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʸʥ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʨʴʝʨʥʳʭ ʩʣʦʸʚ ʜʣʷ ʫʩʪʨʦʡʩʪʚ QLED 

ʠ OLED. ɺ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʚʘʞʥʦ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩ 

ʥʠʟʢʦʡ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ 

ʛʠʙʢʦʩʪʠ ð ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʜ.ʬ.-ʤ.ʥ. ʏʘʫʩʦʚʫ ɼ.ʅ. ʠ ɼʝʞʫʨʦʚʫ ʉ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ 

ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

1. Liu J. et al. Optoelectronics-Materials and Devices. 2015, 57ï81. 

2. Kurilov A.D., Chausov D.N., Osipova V.V., et al. Soft Matter. 2023, 

19(11), 2110ï2119. 
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ʉʝʣʝʢʪʠʚʥʘʷ ʣʘʟʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘʥʦʯʘʩʪʠʮ La1īxīyYxNdyF3, 

ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʤʝʪʦʜʦʤ 

ʐʘʡʜʫʣʠʥ ɸ.ʊ.1,2 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ çɺʐʕè, ʄʦʩʢʚʘ 

ɽ-mail: shatarte@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-141-142 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʢʫʙʠʪʥʳʭ ʩʚʝʨʭʙʳʩʪʨʳʭ 

ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ 

ʠʦʥʘʤʠ (ʈɿʀ) [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʧʦʣʦʞʝʥʠʝ 4f ʫʨʦʚʥʝʡ ʈɿʀ ʯʫʚʩʪʚʠʪʝʣʴʥ r ʢ ʚʦʟʙʫʞʜʝʥʠʶ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʦʩʝʜʥʠʭ ʈɿʀ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 
ʰʪʘʨʢʦʚʩʢʫʶ ʙʣʦʢʘʜʫ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʦʛʦ ʚʝʥʪʠʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʅɽ (CNOT). ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʚʳʙʨʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʈɿʀ ʦʙʨʘʟʫʶʪ ʢʫʙʠʪʳ, ʘ 

ʩʦʚʝʨʰʝʥʠʝ ʦʧʝʨʘʮʠʡ ʥʘʜ ʥʠʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʣʘʟʝʨʥʳʭ -́ʠʤʧʫʣʴʩʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦ 

ʢʫʙʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʩ 
ʙʦʣʴʰʠʤ ʥʝʦʜʥʦʨʦʜʥʳʤ ʫʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʪʜʝʣʴʥʳʝ ʠʦʥʳ ʠʣʠ ʛʨʫʧʧʳ ʠʦʥʦʚ ʤʦʛʫʪ 
ʚʦʟʙʫʞʜʘʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʧʝʢʪʨʘʣʴʥʦ ʫʟʢʠʤʠ ʣʘʟʝʨʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʧʨʝʜʝʣʘʭ ʥʝʦʜʥʦʨʦʜʥʦ 
ʫʰʠʨʝʥʥʦʛʦ ʢʦʥʪʫʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʙʦʣʴʰʠʤ ʥʝʦʜʥʦʨʦʜʥʳʤ ʫʰʠʨʝʥʠʝʤ 
ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʫʙʠʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘʥʦʯʘʩʪʠʮʳ (ʅʏ) 

La1īxīyYxNdyF3 (x = 0,1, 0,16, 0,3; y = 0,01, 0,001) ʩ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʮʝʨʠʪʘ. ʄʘʪʝʨʠʘʣʳ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʩʘʞʜʝʥʠʝʤ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ (200Áʉ, 1 ʯ) ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʩ 1 ʠ 2 ʤʘʛʥʝʪʨʦʥʘʤʠ (ʪʠʧ 1 ʠ ʪʠʧ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜ rʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʇʕʄ), ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʈʌɸ), ʩʧʝʢʪʨʘʣʴʥʦ-
ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʀʟʤʝʨʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 6 ʂ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʠʤʧʫʣʴʩʥʳʤ ʣʘʟʝʨʦʤ ʥʘ ʢʨʘʩʠʪʝʣʝ 

(ʨʦʜʘʤʠʥ 6G) ʚ ʜʠʘʧʘʟʦʥʝ 577ï585 ʥʤ (ʰʠʨʠʥʘ ʣʠʥʠʠ 0,0065 ʥʤ). 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʠ ʇʕʄ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʅʏ ʦʙʦʠʭ 

ʪʠʧʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʠ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʳʤʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʧʦ ʨʘʟʤʝʨʘʤ. ʆʜʥʘʢʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʅʏ ʪʠʧʘ 1 ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʫʰʠʨʝʥʥʳʤʠ 
ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ, ʘ ʠʭ ʢʠʥʝʪʠʢʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʪʫʭʘʝʪ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʜʣʷ ʅʏ ʪʠʧʘ 2. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʩ 2 ʤʘʛʥʝʪʨʦʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʠʤʝʩʠ ʆʅ-ʛʨʫʧʧ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʲʝʤʝ ʅʏ. 
ʉʝʣʝʢʪʠʚʥʦʡ ʣʘʟʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʚ ʅʏ ʪʠʧʘ 2 ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʪʨʠ ʦʧʪʠʯʝʩʢʠʭ ʮʝʥʪʨʘ (ʆʎ) ʜʣʷ ʩʦʩʪʘʚʦʚ 
La0,99īxYxNd0,01F3 (x = 0,1 ʠ 0,16) ʠ ʯʝʪʳʨʝ ʜʣʷ ʩʦʩʪʘʚʘ 

La0,69Y0,3Nd0,01F3. ʏʝʪʚʝʨʪʳʡ ʆʎ ʚ ʅʏ ʩʦʩʪʘʚʘ La0,69Y0,3Nd0,01F3, 

ʚʝʨʦʷʪʥʦ, ʦʢʘʟʘʣʩʷ ʧʨʠʤʝʩʥʦʡ ʬʘʟʦʡ YF3, ʢʦʪʦʨʘʷ ʥʝ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʤʝʪʦʜʦʤ ʈʌɸ. ɺʝʣʠʯʠʥʘ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʰʠʨʝʥʠʷ ʥʘ 

ʧʝʨʝʭʦʜʘʭ 4I9/2(1)З4G5/2(1) ʠ 4F3/2(1)З4I9/2(1) ʦʢʘʟʘʣʘʩʴ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʠʧʘ ʆʎ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʪʪʨʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʰʠʨʝʥʠʝ ʨʦʩʣʦ ʦʪ 10 ʜʦ 37 ʩʤī1 ʜʣʷ ʧʝʨʝʭʦʜʘ 
4I9/2(1)З4G5/2(1), ʘ ʜʣʷ ʧʝʨʝʭʦʜʘ 4F3/2(1)З4I9/2(1) ʦʪ 44 ʜʦ 50 ʩʤ-1, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʫʙʠʪʦʚ. ʇʦ ʠʟʤʝʨʝʥʥʦʡ ʢʠʥʝʪʠʢʝ ʥʘ 

ʧʝʨʝʭʦʜʝ 4F3/2(1)З4I9/2(1) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʘʢʨʦʧʘʨʘʤʝʪʨʳ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʫʰʝʥʠʷ ɔ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʠʧʦʚ ʆʎ ʠ ʨʦʩʣʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʪʪʨʠʷ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʢʨʦʧʘʨʘʤʝʪʨʦʚ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ 
ʦ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʪʫʰʘʱʠʭ ʘʢʮʝʧʪʦʨʦʚ (ʆʅī-ʛʨʫʧʧ) ʚʙʣʠʟʠ 

ʜʚʫʭ ʪʠʧʦʚ ʆʎ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʪʴʝʛʦ, ʥʘʠʤʝʥʝʝ ʧʦʪʫʰʝʥʥʦʛʦ, ʯʪʦ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʜʝʢʦʛʝʨʥʮʠʠ ʧʦʩʣʝʜʥʝʛʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʤʥʦʛʦʢʫʙʠʪʥʳʭ ʩʚʝʨʭʙʳʩʪʨʳʭ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤ 

ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʚʳʙʦʨʦʤ ʪʠʧʘ ʆʎ ʠ ʘʪʦʤʥʳʤ ʩʦʩʪʘʚʦʤ ʅʏ. 
ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜ.ʬ.-ʤ.ʥ. 

ʆʨʣʦʚʩʢʦʛʦ ʖ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʆʨʣʦʚʩʢʫʶ ɽ.ʆ. ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ, ʘ ʢ.ʬ.-ʤ.ʥ. ɼʦʣʛʦʚʘ ʃ. 
ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 
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ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʣʝʛʢʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ, ʘ ʪʘʢʞʝ ʥʘʥʦʩʠʪʴ ʥʘ 

ʧʦʜʣʦʞʢʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʪʘʢʠʝ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʵʣʝʢʪʨʦʥʠʢʝ. [1, 2]. ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʫʞʝ ʫʩʧʝʰʥʦ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʤʦʥʠʪʦʨʳ ʢʦʤʧʴʶʪʝʨʦʚ ʠ 

ʪʝʣʝʚʠʟʦʨʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ QLED [3]. ʉʦ ʚʨʝʤʝʥʝʤ 

ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʫʜʘʣʦʩʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ 

ʨʘʩʭʦʜʦʚ ʥʘ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʠʭ ʤʘʩʩʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʦʣʠ ʣʶʤʠʥʦʬʦʨʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʦʣʣʦʠʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdSe, ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʢʦʪʦʨʳʭ 

ʪʱʘʪʝʣʴʥʦ ʦʪʨʘʙʦʪʘʥ. ʆʜʥʘʢʦ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

ʢʘʜʤʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʩʠʥʪʝʟʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdSe [4]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʩʩʣʝʜʫʶʪʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʳ 

CuInS2, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʶʪ ʠ ʠʩʧʫʩʢʘʶʪ ʩʚʝʪ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʧʝʢʪʨʘ. ʇʨʠ ʠʭ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʩʘʤ ʥʘʥʦʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʛʠʜʨʦʣʠʟʫ ʥʘ ʚʦʟʜʫʭʝ [5]. ʐʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ CuInS2 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,53 ʵɺ, ʨʘʜʠʫʩ ʵʢʩʠʪʦʥʘ ɹʦʨʘ ð 4 ʥʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʧʝʢʪʨʘ [6]. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʪʨʦʡʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CuInS2 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʢʫʨʩʦʨʳ ʩʝʨʳ, ʥʝ ʧʨʦʠʟʚʦʜʠʤʳʝ 

ʨʦʩʩʠʡʩʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ [7]. 

ʇʨʝʢʫʨʩʦʨ ʩʝʨʳ ʥʘ ʦʩʥʦʚʝ ʜʝʮʝʥʘ-1, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʈʦʩʩʠʠ, 

ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ CuInS2 ʙʳʣ ʚʳʙʨʘʥ ʧʨʝʢʫʨʩʦʨ, 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 0,4 ʄ ʩʝʨʳ ʚ 10 ʤʣ ʜʝʮʝʥʘ-1 ʧʨʠ 
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150ÁC. ʉʠʥʪʝʟʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʘʧʦʣʷʨʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʘʭ. 

ɺ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʠʥʜʠʷ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʣʣʦʠʜʥʦʛʦ ʩʠʥʪʝʟʘ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʚʚʝʜʝʥʠʝ ʧʨʝʢʫʨʩʦʨʘ ʩʝʨʳ ʚ ʨʘʩʪʚʦʨ 

ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʢʫʨʩʦʨʦʚ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʘ 

ʠʤʝʥʥʦ ʩʤʝʩʠ CuCl ʠ ʩʦʣʝʡ ʠʥʜʠʷ (ʭʣʦʨʠʜʘ, ʡʦʜʠʜʘ ʠ ʩʪʝʘʨʘʪʘ) 

ʦʙʨʘʟʫʶʪ ʛʦʤʦʛʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʚ ʩʤʝʩʠ ʦʣʝʠʣʘʤʠʥ - ʘʣʢʘʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 100ÁC. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠ 

ʤʦʨʬʦʣʦʛʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʥʜʠʷ. 

ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʨʝʜʳ ʠ ʧʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʣʢʘʥʘʭ ʩ ʨʘʟʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʠʧʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʭʣʦʨʠʜ ʠʥʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʢʘʥʦʚ 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʝʢʘʥ ʠ ʮʝʪʘʥ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʚ ʈʦʩʩʠʠ. ɺ ʜʝʢʘʥʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ (9 ʥʤ), ʪʦʛʜʘ ʢʘʢ ʚ ʮʝʪʘʥʝ 

ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 14 ʥʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝ ʩʪʝʘʨʘʪʘ 

ʠʥʜʠʷ ʧʝʨʝʜ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʠʟ-ʟʘ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʚʣʘʛʝ ʚʦʟʜʫʭʘ. ɻʘʣʦʛʝʥʠʜʳ ʠʥʜʠʷ, ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʷ ʚʣʘʛʫ ʠʟ 

ʚʦʟʜʫʭʘ, ʦʩʣʦʞʥʷʶʪ ʧʨʦʮʝʩʩ ʚʟʚʝʰʠʚʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʩʪʝʘʨʘʪ ʠʥʜʠʷ ʥʝ 

ʛʠʛʨʦʩʢʦʧʠʯʝʥ ʠ ʥʝ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚʣʘʛʦʡ ʚʦʟʜʫʭʘ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ɺ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʂʂʊ CuInS2 ʚʠʜʝʥ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʤʘʢʩʠʤʫʤ ʥʘ 540 ʥʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʠʩʭʦʜʥʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 110 ʜʦ 150ÁC ʩ ʭʣʦʨʠʜʦʤ ʠʥʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. 

ʌʦʨʤʘ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʦʪʤʝʯʝʥʘ ʛʨʘʥʠʮʘ ʧʦʛʣʦʱʝʥʠʷ ʧʦʨʷʜʢʘ 

650 ʥʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʥʦʢʨʠʩʪʘʣʣʳ CuInS2 ʠʤʝʶʪ ʬʦʨʤʳ 

ʪʝʪʨʘʵʜʨʦʚ ʠ ʫʩʝʯʝʥʥʳʭ ʪʝʪʨʘʵʜʨʦʚ, ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʯʘʩʪʠʮ 

ʦʢʦʣʦ 9 ʥʤ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ SAED ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʭʘʣʴʢʦʧʠʨʠʪʘ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʩʠʥʛʦʥʠʝʡ. ʅʘʙʣʶʜʘʝʤʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʚʝʩʪʥʳʤ ʦʙʨʘʟʮʘʤ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ CuInS2. 

ʂʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʂʂʊ CuInS2 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʠʥ-ʢʦʘʪʠʥʛʘ ʥʘ 
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ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠʣʠ ʧʦʜʣʦʞʢʘʭ ʠʟ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʣʘʜʢʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘ ʟʦʣʦʪʳʭ ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʭ ʵʣʝʢʪʨʦʜʘʭ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʪʦʥʢʠʝ ʩʣʦʠ ʂʂʊ, ʠʩʧʦʣʴʟʫʷ ʧʦʩʣʦʡʥʫʶ ʟʘʤʝʥʫ ʥʘ ʨʦʜʘʥʠʜ 

ʘʥʠʦʥʳ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʘ NH4SCN ʚ 2-ʧʨʦʧʘʥʦʣʝ. 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʡ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʟʘʩʚʝʪʢʝ ʦʙʨʘʟʮʘ ʩʚʝʪʦʜʠʦʜʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 405 ʥʤ. ʀʟ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʨʦʡʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CuInS2 ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʘʟʦʚʳʭ ʢʘʨʪʠʥ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʤʦʜʝʣʴʥʳʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ. 

ʄʦʜʝʣʴʥʳʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʧʣʘʟʤʝʥʥʦʤ ʤʠʢʨʦʦʙʲʝʢʪʝ ʩ ʢʦʩʠʥʫʩʦʦʙʨʘʟʥʳʤ ʧʨʦʬʠʣʝʤ ʤʝʪʦʜʦʤ 

ʈʳʪʦʚʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [1]. 

ʆʙʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʧʣʘʟʤʝʥʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʪʨʘʩʩʠʨʦʚʢʠ 

ʯʝʨʥʳʭ ʠʣʠ ʩʚʝʪʣʳʭ ʣʠʥʠʡ, ʚʳʯʠʪʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ 

ʩʜʚʠʛʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʙʝʣʷ ʠ ʜʨʫʛʠʭ ʜʝʡʩʪʚʠʡ. ɺʩʝ 

ʦʥʠ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʯʘʩʪʦ ʪʨʝʙʫʶʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʤʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʩʜʝʣʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʬʠʣʦʤʝʪʨʠʠ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʝʛʨʝʩʩʠʠ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʝʥʥʳʭ ʮʠʣʠʥʜʨʦʚ (ʨʘʜʠʫʩʘ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʧʦ ʤʦʜʝʣʴʥʳʤ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʝʜʦʙʫʯʝʥʥʳʝ ʜʣʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ImageNet ʤʦʜʝʣʠ, ʠʪʦʛʦʚʳʡ ʩʣʦʡ ʚ ʢʦʪʦʨʳʭ ʟʘʤʝʥʷʣʩʷ 

ʥʘ ʨʝʛʨʝʩʩʠʦʥʥʳʡ. ɺ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʟʘʤʦʨʘʞʠʚʘʣʦʩʴ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (backbone ʤʦʜʝʣʠ). ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʵʪʠ 

ʩʣʦʠ ʨʘʟʤʦʨʘʞʠʚʘʣʠʩʴ ʠ ʧʨʦʠʩʭʦʜʠʣʦ ʜʦʦʙʫʯʝʥʠʝ ʚʩʝʡ ʤʦʜʝʣʠ (fine-

tuning). ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ (MSE), ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʠʟʘʪʦʨʘ ʙʳʣ 

ʚʳʙʨʘʥ Adam. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʦʰʠʙʢʫ ʤʝʥʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʫʩʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʧʦ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʤ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 24-

79-10167). 

1. Parkevich E.V. et al., Phys. Rev. E. 2024, 109(5), 055204. 

2. Khorin P.A. et al., App. Sci. 2023, 13(8), 4831. 
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ʕʤʠʪʪʘʥʩ ʵʣʝʢʪʨʦʥʦʚ, ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚ ʢʠʣʴʚʘʪʝʨʥʦʡ ʚʦʣʥʝ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʄʠʣʠʮʢʠʡ ʄ.ʖ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: militskiy.maxim@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-148-149 

ʃʘʟʝʨʥʦʝ ʢʠʣʴʚʘʪʝʨʥʦʝ ʫʩʢʦʨʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ (LWFA) ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ ʯʘʩʪʠʮ. 

ʕʪʦʪ ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʫʣʴʪʨʘʙʳʩʪʨʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʢʩʧʦʟʠʮʠʶ, ʪʘʢʞʝ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʦʜʚʠʥʫʪʳʝ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʤʦʛʨʘʬʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ). 

ʂʣʶʯʝʚʳʤ ʧʨʦʮʝʩʩʦʤ ʚ LWFA ʷʚʣʷʝʪʩʷ ʠʥʞʝʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʫʩʢʦʨʷʶʱʫʶ ʬʘʟʫ ʧʣʘʟʤʝʥʥʦʡ ʚʦʣʥʳ [1]. ʅʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʩʘʤʦʠʥʞʝʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʳ ʧʨʠ 

ʨʘʟʚʘʣʝ ʧʣʘʟʤʝʥʥʦʡ ʚʦʣʥʳ - ʥʝʣʠʥʝʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʵʣʝʢʪʨʦʥʳ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚ ʢʠʣʴʚʘʪʝʨʥʦʝ ʧʦʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʣʥʦʚʦʛʦ ʦʧʨʦʢʠʜʳʚʘʥʠʷ [2, 3]. ʆʜʥʘʢʦ ʚ ʥʝʜʘʚʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʥʝ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ: ʦʪ ʚʳʩʪʨʝʣʘ ʢ 

ʚʳʩʪʨʝʣʫ ʟʘʨʷʜ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ. ɺʦʧʨʦʩʳ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʵʪʦʤʫ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʚʘʣʠʩʴ ʥʝʠʟʫʯʝʥʥʳʤʠ ʜʚʘ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʘʩʧʝʢʪʘ: ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʠʥʞʝʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʅʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʮʝʣʴʶ 

ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʥʘʙʣʶʜʘʝʤʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘʨʷʜʘ ʧʫʯʢʘ ʠ 

ʠʟʫʯʝʥʠʷ ʵʚʦʣʶʮʠʠ ʵʤʠʪʪʘʥʩʘ ʚ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ PIC-ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʠʥʞʝʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʫʩʢʦʨʝʥʠʝʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʬʨʦʥʪʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ: 

1) ʜʠʥʘʤʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʨʷʜʘ ʧʫʯʢʘ; 

2) ʵʚʦʣʶʮʠʶ ʵʤʠʪʪʘʥʩʘ ʚ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ; 
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3) ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʙʠʣʴʥʳʭ LWFA-ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ 

ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʇʦʧʨʫʞʝʥʢʦ ʉ.ɺ. ʠ 

ɾʠʜʢʦʚʫ ɸ.ɻ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʨʘʩʯʸʪʘʭ ʠ 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

1. Zhidkov A., Koga J.K., Hosokai T., et al. Physics of Plasmas. 2010, 

17(8), 083101. 

2. Kumar P., Yu K., Zgadzaj R., et al. Evolution of the self-injection 

process in the transition of an LWFA from self-modulation to blowout 

regime. arXiv: Plasma Physics, 2020. 

3. Kumar P., Yu K., Zgadzaj R., Physics of Plasmas. 2021, 28(1), 013102. 
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ɻʝʥʝʨʘʮʠʷ ʧʣʘʟʤʳ 

ʚʥʫʪʨʠ ʣʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʫʟʳʨʴʢʘ 

ʚ ʥʝʧʦʣʷʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʈʦʛʘʯʝʚʩʢʘʷ ɸ.ɺ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
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ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ in situ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʣʦʞʥʦʤ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʦʧʝʨʘʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʧʨʝʨʳʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ʥʘʧʨʠʤʝʨ, 

ʤʘʰʠʥʥʦʛʦ ʤʘʩʣʘ) ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʩʪʦʷʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʤʝʩʠ ʦʧʨʝʜʝʣʷʶʪ ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ð ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʪʦʤʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ 

ʵʪʦʤ ʦʪʙʦʨ ʧʨʦʙ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥ (ʛʝʥʝʨʘʪʦʨʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ 

ʫʜʘʣʝʥʥʳʭ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ), ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʘʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚʥʫʪʨʠ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʣʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ 

(ʉʃʀʇ) ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥ ʜʚʫʭʠʤʧʫʣʴʩʥʳʡ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʜʣʷ ʧʨʷʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʩʝʡ 

ʤʝʪʘʣʣʦʚ ʚ ʤʘʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʙʦʪʘʶʱʝʤ ʜʚʠʛʘʪʝʣʝ. ʇʝʨʚʳʡ 

ʥʘʥʦʩʝʢʫʥʜʥʳʡ ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩ ʩʦʟʜʘʝʪ ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ ʚʥʫʪʨʠ 

ʞʠʜʢʦʩʪʠ, ʘ ʚʪʦʨʦʡ ʛʝʥʝʨʠʨʫʝʪ ʧʣʘʟʤʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʚʥʫʪʨʠ ʵʪʦʛʦ ʧʫʟʳʨʴʢʘ (ʨʠʩ. 1). ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʧʣʘʟʤʳ ʩ 

ʚʳʩʦʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ-ʰʫʤ ʥʝʦʙʭʦʜʠʤʦ ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʧʣʘʟʤʫ ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ ʥʘ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʴ-ʛʘʟ ʚ ʦʧʪʠʤʘʣʴʥʳʡ 

ʤʦʤʝʥʪ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʥʝʨʛʠʠ 

ʣʘʟʝʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʰʠʥʥʦʛʦ ʤʘʩʣʘ ʥʘ ʜʠʥʘʤʠʢʫ ʧʫʟʳʨʴʢʘ. ɹʳʣʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʚʪʦʨʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, 

ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʧʣʘʟʤʫ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʘʢʪʥʦʛʦ ʟʦʥʜʘ ʜʣʷ 
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ʥʝʧʨʝʨʳʚʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʞʠʜʢʦʩʪʝʡ ʚ ʨʘʙʦʪʘʶʱʠʭ 

ʜʚʠʛʘʪʝʣʷʭ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʜʭʦʜʘ ʜʚʫʭʠʤʧʫʣʴʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʦʙʲʝʤʝ 

ʞʠʜʢʦʩʪʠ: ʩʦʟʜʘʥʠʝ ʧʫʟʳʨʴʢʘ (ʘ) ʠ ʛʝʥʝʨʘʮʠʷ ʧʣʘʟʤʳ (ʙ). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ,  

ʢ.ʬ.-ʤ.ʥ. ʃʝʜʥʝʚʫ ɺ.ʅ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʈʅʌ) 

(ʩʦʛʣʘʰʝʥʠʝ ˉ 25-29-00835). 

 



 
ʌʀɿʀʂɸ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʀ ʄɽɼʀʎʀʅʉʂʀʍ ʇʈʀʃʆɾɽʅʀʁ 

152 

ʌʀɿʀʂɸ ɹʀʆʃʆɻʀʏɽʉʂʀʍ 

ʀ ʄɽɼʀʎʀʅʉʂʀʍ ʇʈʀʃʆɾɽʅʀʁ 
ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ɸʣʝʢʩʘʥʜʨʦʚʘ ʇ.ɺ.1, ɿʦʪʦʚ ɸ.ʂ.1, ɸʣʝʢʩʝʝʚʘ ɸ.ʀ.2, ɿʘʡʮʝʚ ʂ.ʀ.1, 

ɼʦʣʛʘʥʦʚʘ ʀ.ʅ.1,3 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʦʨʬʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɸ.ʇ. ɸʚʮʳʥʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʭʠʨʫʨʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɹ.ɺ. ʇʝʪʨʦʚʩʢʦʛʦè, ʄʦʩʢʚʘ 

3- ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʤʝʥʠ ʖ.ɸ. ʆʩʠʧʴʷʥʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ 
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ʃʘʟʝʨʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʪʦʯʥʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʚʘʟʠʚʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ [1ï4]. 

ʀʟʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʣʘʟʝʨʦʚ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʚ ʪʢʘʥʷʭ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ [5]. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ >1 ʤʢʩ ʵʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʝʪʩʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʴʶ, ʚʳʟʳʚʘʷ ʝʝ ʥʘʛʨʝʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʘʛʫʣʷʮʠʠ, ʠʩʧʘʨʝʥʠʶ ʪʢʘʥʝʚʦʡ ʚʦʜʳ ʠ 

ʨʘʟʨʫʰʝʥʠʶ ʪʢʘʥʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ 

(<1 ʤʢʩ) ʵʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʪʢʘʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʢʘʢ ʘʙʣʷʮʠʷ ʠ 

ʬʦʪʦʜʝʩʪʨʫʢʮʠʷ [6]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʷʛʢʠʝ ʪʢʘʥʠ ʧʨʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 

ɺ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨ Nd:YAG cʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 1,064 ʤʢʤ, ʵʥʝʨʛʠʝʡ ʚ 1 

ʠʤʧʫʣʴʩʝ Eʠʤʧ = 1 ɼʞ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ tʠʤʧ = 213 ʤʢʩ, 

ʠʟʤʝʨʝʥʥʦʛʦ ʧʦ ʰʠʨʠʥʝ ʥʘ ʧʦʣʫʚʳʩʦʪʝ; ʘ ʚʦ ʚʪʦʨʦʤ ʨʝʞʠʤʝ, ʚ 

ʢʦʪʦʨʦʤ ʛʝʥʝʨʠʨʫʝʪʩʷ ʮʫʛ ʠʤʧʫʣʴʩʦʚ ð Nd:YAlO 3 ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 1,08 ʤʢʤ, ʵʥʝʨʛʠʝʡ ʚ 1 ʠʤʧʫʣʴʩʝ Eʠʤʧ = 140 ʤɼʞ, 

ʵʥʝʨʛʠʝʡ ʚ ʮʫʛʝ Eʮʫʛ = 1 ɼʞ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ tʠʤʧ = 1 ʤʢʩ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʮʫʛʘ ʠʤʧʫʣʴʩʦʚ tʮʫʛ = 213 ʤʢʩ, ʧʝʨʠʦʜʦʤ ʩʣʝʜʦʚʘʥʠʷ 
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ʠʤʧʫʣʴʩʦʚ ʚ ʮʫʛʝ Tʠʤʧ = 34,3 ʤʢʩ (ʩʤ. ʨʠʩ. 1). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʪʢʘʥʴ ʧʝʯʝʥʠ (ʢʨʳʩʳ). ʉ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, 

ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʪʢʘʥʴʶ, ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʣʫʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 5 

ʩʝʢʫʥʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʝʤʝ ʪʢʘʥʠ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʙʣʘʩʪʴ ʢʦʘʛʫʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʣʘʩʴ ʯʝʨʝʟ 

ʦʜʠʥʘʢʦʚʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ (ʯʝʨʝʟ 3 ʠ 11 

ʩʫʪʦʢ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʮʫʛʘ 

ʤʠʢʨʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʘʛʫʣʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʥʠʞʝʥʠʶ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʢʘʥʠ. 

 
ʈʠʩ. 1. ɺʨʝʤʝʥʥʘʷ ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ: ʩʠʥʠʤ ʮʚʝʪʦʚ ʧʦʢʘʟʘʥ ʨʝʞʠʤ 

ʩʚʦʙʦʜʥʦʡ ʛʝʥʝʨʘʮʠʠ (ɚ = 1,064 ʤʢʤ), ʢʨʘʩʥʳʤ ï ʛʝʥʝʨʘʮʠʷ ʮʫʛʘ 

ʠʤʧʫʣʴʩʦʚ (ɚ = 1,08 ʤʢʤ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʤʠʢʨʦʩʝʢʫʥʜʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʤʠʥʠʤʘʣʴʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʙʣʠʟʣʝʞʘʱʠʭ ʪʢʘʥʝʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʘʙʣʷʮʠʠ ʵʤʘʣʠ ʠ 

ʜʝʥʪʠʥʘ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ ʣʘʟʝʨʥʦʡ ʣʠʪʦʪʨʠʧʩʠʠ, ʘ 

ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʪʯʘʪʢʠ. 
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ʈʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʙʠʦʩʝʥʩʦʨʘ 

ʩ ʤʦʣʝʢʫʣʷʨʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʮʝʥʪʨʦʚ ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʪʚʝʨʜʦʡ ʬʘʟʝ 
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ʉ ʨʘʟʚʠʪʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʩʨʝʜ 

ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʦʩʝʥʩʦʨʠʢʠ. ɹʠʦʩʝʥʩʦʨʳ ʩʧʦʩʦʙʥʳ ʧʨʝʜʝʣʴʥʦ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʝʚʳʭ ʘʥʘʣʠʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʠ ʝʝ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ, ʧʨʠʯʝʤ ʩʫʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢʞʝ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʝʣʫ ʦʙʥʘʨʫʞʝʥʠʷ, ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʨʘʟʣʠʯʠʪʴ ʙʣʠʟʢʠʝ ʜʨʫʛ ʜʨʫʛʫ ʟʥʘʯʝʥʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ [1, 2]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʘʜʘʧʪʠʚʥʘʷ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʫʩʠʣʠʚʘʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʨʘʙʦʪʳ ʙʠʦʩʝʥʩʦʨʘ. 

ʉʪʝʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ 

çʩʝʥʩʦʨʥʳʝ ʩʣʦʠè, ʥʘʨʘʱʠʚʘʷ ʠʭ ʧʦʚʝʨʭ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʨʦʚʥʦʛʦ ʩʪʝʢʣʘ ʤʠʢʨʦʩʢʦʧʘ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʥʩʦʨʥʦʛʦ ʯʠʧʘ. 

ʂʘʞʜʳʡ çʩʣʦʡè ʙʠʦʩʝʥʩʦʨʘ ʬʦʨʤʠʨʦʚʘʣʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ 

ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ, ʢʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʚʝʨʭʥʠʝ ʩʣʦʠ ʙʠʦʩʝʥʩʦʨʘ ʦʪʜʝʣʷʣʠʩʴ ʦʪ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷʷ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʶ, 

ʚʘʨʴʠʨʫʷ ʚʝʣʠʯʠʥʫ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʙʠʦʩʝʥʩʦʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʩʣʦʡʥʘʷ ʙʠʦʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ, ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ 

ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ï ʘʥʪʠʛʝʥʦʚ 

ʢ ʢʦʨʦʥʘʚʠʨʫʩʫ SARS-CoV-2, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣ ʙʠʦʪʠʥʘ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʫʩʠʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʠʯʝʤ ʋʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʳʣʦ ʚʳʟʚʘʥʦ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʠʦʩʝʥʩʦʨʘ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ 

ʥʘʩʪʨʘʠʚʘʣʩʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʚʝʱʝʩʪʚʫ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʳʭ ʮʝʥʪʨʦʚ 

ʩʚʷʟʳʚʘʥʠʷ ʘʥʪʠʪʝʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʩʣʦʷ 

ʙʠʦʩʝʥʩʦʨʘ, ʠʟʤʝʥʷʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʨʘʟʨʝʰʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ [3]. 

ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʨʦʚʦʜʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ï ʉʂʀ-ʭʝʤʦʩʝʥʩʦʨʘ. ʕʪʦʪ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʦʚʥʦʛʦ ʩʪʝʢʣʘ ʤʠʢʨʦʩʢʦʧʘ [4, 5]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʫʧʝʨʣʶʤʠʥʝʩʮʝʥʪʥʳʡ 

ʜʠʦʜ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 850 ʥʤ. ʀʟʣʫʯʘʝʤʳʡ ʜʠʦʜʦʤ ʩʚʝʪ 

ʧʨʦʭʦʜʠʣ ʯʝʨʝʟ ʩʢʘʥʠʨʫʶʱʠʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʌʘʙʨʠ-ʇʝʨʦ ʠ ʧʦʧʘʜʘʣ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʦʚʥʦʛʦ ʩʪʝʢʣʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ ʚʪʦʨʦʛʦ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʠ ʩʝʥʩʦʨʥʦʛʦ ʯʠʧʘ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʪʨʘʞʝʥʥʦʝ ʦʪ 

ʩʪʝʢʣʘ ʠʟʣʫʯʝʥʠʝ ʧʦʧʘʜʘʣʦ ʥʘ ʤʘʪʨʠʮʫ 16-ʙʠʪʥʦʡ ʇɿʉ ʢʘʤʝʨʳ, ʛʜʝ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʩʠʛʥʘʣʘ, ʯʪʦ ʦʟʥʘʯʘʣʦ ʠʟʤʝʥʝʥʠʝ 

ʪʦʣʱʠʥʳ ʙʠʦʩʣʦʷ. ɹʣʘʛʦʜʘʨʷ ʠʟʤʝʥʝʥʠʶ ʬʘʟʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʙʠʦʩʣʦʷ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʘʜʘʧʪʠʚʥʦʡ 

ʙʠʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʩʚʝʨʭʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʘʥʪʠʛʝʥ ʢ ʢʦʨʦʥʘʚʠʨʫʩʫ SARS-

CoV-2, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʠʦʩʝʥʩʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʙʠʦʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʩʣʦʞʥʳʭ ʩʨʝʜ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ʅʠʢʠʪʠʥʫ ʇ.ʀ., ʠ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ çɹʠʦʬʦʪʦʥʠʢʘè 

ʎɽʅʀ ʀʆʌ ʈɸʅ, ʚ ʯʘʩʪʥʦʩʪʠ ɿʥʦʡʢʦ ʉ.ʃ., ʆʨʣʦʚʫ ɸ.ɺ. ʠ 

ɹʨʘʛʠʥʦʡ ɺ.ɸ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ ˉ 25-12-00373. 

1. Justino C.I.L. et al., TrAC ï Trends in Analytical Chemistry. 2016, 85, 

36ï60. 

2. Moulahoum H. et al., Biosensors and Bioelectronics. 2024, 264, 

116670. 

3. Bragina V.A. et al., Nanomaterials. 2022, 12, 1579. 

4. Orlov A.V. et al., International Journal of Molecular Sciences. 2022, 

23, 4474. 

5. Nekrasov N. et al., Nanomaterials. 2021, 11, 226. 

6. Nikitin P.I. et al., Quantum Electronics. 2000, 30, 1099ï1104. 
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ʉʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʝ 

ʥʘʥʦʯʘʩʪʠʮ HfO2 ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ 

ɹʠʢʝʝʚ ɸ.ʉ., ʍʨʫʱʘʣʠʥʘ ʉ.ɸ., ɸʣʝʢʩʝʝʚʘ ɸ.ʉ., ʐʣʷʧʢʠʥʘ ɺ.ʀ. 

 ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ, ʉʘʨʘʥʩʢ 

ɽ-mail: artem.bikeev.02@mail.ru 

DOI: 10.24412/cl-35673-2025-1-158-158 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʯʘʩʪʠʮ HfO2, ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʠʦʥʘʤʠ Yb3+ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ Yb3+ ʠʟʣʫʯʝʥʠʝʤ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ (ɚ = 

1,5 ʤʢʤ) ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ çʙʝʣʦʝè ʠʟʣʫʯʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [1, 

2]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʪʝʧʣʦʚʫʶ ʧʨʠʨʦʜʫ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vivo, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʠʮ HfO2 ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ ʜʣʷ ʫʩʠʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʢʘʥʴ [3], ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʣʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ [4]. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʜ.ʬ.-ʤ.ʥ. ʈʷʙʦʯʢʠʥʦʡ ʇ.ɸ. ʠ ʜ.ʤ.ʥ. ʂʫʣʠʢʦʚʫ ʆ.ɸ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ 

ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ 

(ʛʨʘʥʪ ˉ 25-22-00281). 
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ʵʣʝʢʪʨʦʥʠʢʘ, 2021, 51(11), 1038ï1043. 

4. P.A. Ryabochkina1, S.A. Khrushchalina, O.A. Kulikov, et al., Bulletin 

of Materials Science, 2025, 48, 42. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʛʘʥʜʦʚ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʦʚ 

ʤʝʪʦʜʦʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ɻʠʣʴʬʘʥʦʚʘ ɸ.ɸ.1,2 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2-ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ, ʄʦʩʢʚʘ 

ɽ-mail: Gilfanova_0703@mail.ru 

DOI: 10.24412/cl-35673-2025-1-159-161 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ 

ʪʦʯʥʳʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʥʠʢʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʝʱʝʩʪʚ. ʄʝʪʦʜ 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʥʝ 

ʨʘʟʨʫʰʘʝʪ ʦʙʨʘʟʝʮ ʠ ʜʘʸʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʩʧʝʢʪʨʳ, ʦʪʨʘʞʘʶʱʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ [1]. ʉʨʝʜʠ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʠʟʫʯʝʥʠʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʛʘʥʜʦʚ ʥʠʢʦʪʠʥʦʚʳʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ (ʅɸʍʈ) ð ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ [2]. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʸʪʦʤ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʰʠʨʦʢʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʙʠʦʬʠʟʠʢʠ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʠ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʷʜʘ ʣʠʛʘʥʜʦʚ ʅɸʍʈ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʀʟʥʘʯʘʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʜʝʚʷʪʴ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʛʘʥʜʦʚ: ʛʝʢʩʘʤʝʪʦʥʠʡ, ʜʝʢʘʤʝʪʦʥʠʡ, ʭʦʣʠʥ, 

ʤʝʢʘʤʠʣʘʤʠʥ, ʪʫʙʦʢʫʨʘʨʠʥ, ʮʠʪʠʟʠʥ, N-ʤʝʪʠʣʮʠʪʠʟʠʥ, ʜʠʛʠʜʨʦ-ɓ-

ʵʨʠʪʨʦʠʜʠʥ (DHɓE), ʧʨʦʢʘʠʥʘʤʠʜ. ʉʝʤʴ ʠʟ ʵʪʠʭ ʚʝʱʝʩʪʚ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʧʝʨʚʳʝ. ʈʝʛʠʩʪʨʘʮʠʷ 

ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Senterra II ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 532 ʥʤ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4 ʩʤī1. ʆʙʨʘʟʮʳ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʙʘʟʦʚʘʷ 

ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ: ʚʳʯʠʪʘʥʠʝ ʬʦʥʘ, ʥʦʨʤʘʣʠʟʘʮʠʷ, 
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ʩʛʣʘʞʠʚʘʥʠʝ ʤʝʪʦʜʦʤ ʉʘʚʠʮʢʦʛʦ ð ɻʦʣʝʷ. ʆʩʥʦʚʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʤʦʜʳ ʚ ʩʧʝʢʪʨʘʭ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʘʣʝʝ 

ʙʳʣ ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʄɻʂ) ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʩʢʨʳʪʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ. 

 
ʈʠʩ. 1. ɻʨʘʬʠʢ ʄɻʂ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʄɻʂ-ʛʨʘʬʠʢ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʛʨʫʧʧʠʨʦʚʢʫ ʣʠʛʘʥʜʦʚ ʧʦ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʧʨʠʟʥʘʢʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʛʦʥʠʩʪʳ ʠ ʘʥʪʘʛʦʥʠʩʪʳ ʅɸʍʈ ʟʘʥʷʣʠ 

ʥʝʟʘʚʠʩʠʤʳʝ ʢʣʘʩʪʝʨʳ, ʦʪʨʘʞʘʷ ʨʘʟʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʭ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʶ ʧʦʣʦʩ. ʄʦʜʫʣʷʪʦʨ ʧʨʦʢʘʠʥʘʤʠʜ ʟʘʥʷʣ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʦʟʠʮʠʶ ʥʘ ʛʨʘʬʠʢʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʀʥʪʝʨʝʩʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʩʦʚʧʘʜʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʜʝʢʘʤʝʪʦʥʠʷ ʠ 

N-ʤʝʪʠʣʮʠʪʠʟʠʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ɻʂ) ð 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʝ ʚ ʩʪʨʦʝʥʠʠ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

(ʧʦʩʪʨʦʝʥʠʝ ʜʝʥʜʨʦʛʨʘʤʤʳ ð ʜʝʨʝʚʘ ʢʣʘʩʪʝʨʦʚ) ʧʦʜʪʚʝʨʜʠʣʘ ʵʪʦʪ 

ʨʝʟʫʣʴʪʘʪ: ʜʝʢʘʤʝʪʦʥʠʡ ʠ N-ʤʝʪʠʣʮʠʪʠʟʠʥ ʦʢʘʟʘʣʠʩʴ ʚ ʦʜʥʦʡ ʠ ʩʘʤʦʡ 

ʥʘʠʤʝʥʴʰʝʡ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʚʝʪʚʠ ʜʝʥʜʨʦʛʨʘʤʤʳ, ʯʪʦ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʭʦʜʩʪʚʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʢʘʠʥʘʤʠʜ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʤʦʜʫʣʷʪʦʨʘʤ, 

ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʦʪʜʘʣʸʥʥʳʤ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʚ 

ɻʂ-ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʠ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ 

ʫʥʠʢʘʣʴʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʪʣʠʯʘʶʱʠʝ ʝʛʦ ʢʘʢ ʦʪ 

ʘʛʦʥʠʩʪʦʚ, ʪʘʢ ʠ ʦʪ ʘʥʪʘʛʦʥʠʩʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʷʚʣʝʥʥʦʡ ʚ ʤʝʪʦʜʘʭ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʥʘʜʸʞʥʦ ʚʳʷʚʣʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʧʦ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʧʨʠʟʥʘʢʘʤ. ʈʘʙʦʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʦʚ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʧʝʨʩʧʝʢʪʠʚʫ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ,  

ʢ.ʬ.-ʤ.ʥ. ʇʨʦʭʦʨʦʚʫ ʂ.ɸ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʠ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɸ ʪʘʢʞʝ ʜʦʢʪʦʨʫ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ ʋʪʢʠʥʫ ʖ.ʅ. ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʮʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʈʘʟʚʠʪʠʝ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʸʤʥʠʢʦʚ ʪʝʨʘʛʝʨʮʦʚʦʛʦ (ʊɻʮ) 
ʠʟʣʫʯʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ ʧʨʠʚʝʣʦ ʢ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 
ʤʝʪʦʜʦʚ ʊɻʮ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 
ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʉʨʝʜʠ ʯʘʩʪʦ ʦʙʩʫʞʜʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʷʶʪ ʤʝʜʠʮʠʥʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ [1], 
ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʤʘʪʝʨʠʘʣʦʚ [2] ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪ [3], ʘ 
ʪʘʢʞʝ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ [4]. ʆʜʥʘʢʦ ʨʷʜ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʊɻʮ 
ʪʝʭʥʦʣʦʛʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʨʦʙʣʝʤʘ ʥʠʟʢʦʛʦ 
ʜʠʬʨʘʢʮʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʊɻʮ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʣʠʥʟ ʠ ʟʝʨʢʘʣ. ɺ 
ʯʘʩʪʥʦʩʪʠ, ʥʠʟʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʊɻʮ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ 
ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʫʩʨʝʜʥʸʥʥʦʡ (ʧʦ ʧʣʦʱʘʜʠ ʧʫʯʢʘ ~ ɚ) ʦʮʝʥʢʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʦʙʲʝʢʪʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠʤʤʝʨʩʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʨʘʟʨʝʰʝʥʠʷ ʠ ʧʨʝʦʜʦʣʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ɸʙʙʝ. ɼʘʥʥʳʡ 
ʧʦʜʭʦʜ ʚʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ 
ʯʘʩʪʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʠ 
ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʜʝʪʝʢʪʦʨʦʚ [5, 6]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ 
ʠʤʧʫʣʴʩʥʳʡ ʊɻʮ ʤʠʢʨʦʩʢʦʧ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʝ 
ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠʤʤʝʨʩʠʠ ʠ 
ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʊɻʮ ʠʤʧʫʣʴʩʥʦʡ 
ʚʠʟʫʘʣʠʟʘʮʠʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠ ʜʝʪʝʢʪʦʨʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʊɻʮ 
ʠʤʧʫʣʴʩʦʚ ʚ ʜʘʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʪʦʧʨʦʚʦʜʷʱʠʝ 
ʘʥʪʝʥʥʳ (ʌʇɸ) ʥʘ ʦʩʥʦʚʝ GaAs, ʚʳʨʘʱʝʥʥʦʛʦ ʧʨʠ ʥʠʟʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ ʩʧʠʨʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 
ʅʘʢʘʯʢʘ ʠ ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʘʨʳ ʌʇɸ ʠʟʣʫʯʘʪʝʣʴ-ʜʝʪʝʢʪʦʨ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʵʨʙʠʝʚʳʤ ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʦʤ 
(Avesta EFOA-SH) ʩ ʛʝʥʝʨʘʮʠʝʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 
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780 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ḗ100 ʬʩ, ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ 
ḗ80 ʄɻʮ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ḗ140 ʤɺʪ. ʈʝʛʠʩʪʨʘʮʠʷ ʚʨʝʤʝʥʥʦʛʦ 
ʧʨʦʬʠʣʷ ʊɻʮ ʠʤʧʫʣʴʩʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʠʮʳ ʜʣʠʥʳ 
ʦʧʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʧʫʯʢʘ ʥʘʢʘʯʢʠ ʠ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺ ʊɻʮ ʪʨʘʢʪʝ 
ʠʟʣʫʯʝʥʠʝ ʢʦʣʣʠʤʠʨʫʝʪʩʷ ʧʘʨʦʡ ʣʠʥʟ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 
ʚʳʩʦʢʦʦʤʥʦʛʦ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʟʦʥʥʦʡ ʧʣʘʚʢʠ (High 
Resistivity Float Zone Si ð HRFZ-Si), ʠ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʡ 
ʧʣʦʪʥʦʩʪʠ (High Density Polyethylene ð HDPE), ʦʪʨʘʞʘʝʪʩʷ ʦʪ 
ʩʝʪʯʘʪʦʛʦ ʧʨʦʚʦʣʦʯʥʦʛʦ ʩʚʝʪʦʜʝʣʠʪʝʣʷ ʠ ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ ʩ ʟʦʣʦʪʳʤ 
ʧʦʢʨʳʪʠʝʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʙʲʝʢʪʦʤ, ʨʘʟʤʝʱʝʥʥʳʤ ʥʘ ʦʙʨʘʪʥʦʡ 
ʩʪʦʨʦʥʝ ʠʤʤʝʨʩʠʦʥʥʦʡ ʣʠʥʟʳ ʠʟ HRFZ-Si. 

ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 
ʧʦʤʦʱʠ ʊɻʮ ʤʠʢʨʦʩʢʦʧʘ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʊɻʮ 
ʠʤʧʫʣʴʩʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ 
ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʊɻʮ 
ʠʤʧʫʣʴʩʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ. ʅʘ 
ʨʠʩ. 1(ʘ) ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 
ʧʫʪʸʤ ʥʘʧʳʣʝʥʠʷ ʟʦʣʦʪʘ ʯʝʨʝʟ ʤʘʩʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʥʘ ʠʟ HRFZ-
Si. ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʣʝʟʚʠʷ, ʚ ʢʦʪʦʨʦʤ 
ʬʫʥʢʮʠʷ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ (ʌʈʊ) ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʢʘʢ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʦʪʨʘʞʝʥʠʷ ʦʪ 
ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣïʚʦʟʜʫʭè. ʇʦʩʣʝ ʯʝʛʦ ʨʘʟʨʝʰʝʥʠʝ ʢʘʢ ʚʦ 
ʚʨʝʤʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʦʣʫʰʠʨʠʥʘ 
ʌʈʊ. ʅʘ ʨʠʩ. 1(ʙ) ʧʦʢʘʟʘʥʦ ʊɻʮ ʠʟʦʙʨʘʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 
ʬʨʘʛʤʝʥʪʫ ʥʘ ʬʦʪʦ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʥʘ ʧʠʢʝ ʊɻʮ ʠʤʧʫʣʴʩʘ Emax. 
ʆʪʤʝʪʠʤ, ʯʪʦ Emax ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ 
ʤʝʪʘʣʣʘ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟʳ ʥʘ ˊ. ʅʘ ʨʠʩ. 1(ʚ) ʠ (ʛ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 
ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʊɻʮ ʠʤʧʫʣʴʩʦʚ E(t) ʠ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ 
ʤʦʱʥʦʩʪʠ |E(ɜ)|2 ʜʣʷ ʦʙʦʠʭ ʩʣʫʯʘʝʚ. ʅʘ ʨʠʩ. 1(ʜ),(ʝ) 
ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʊɻʮ ʠʤʧʫʣʴʩʘ 
E(x,t) ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʝʪʘʣʣ-ʚʦʟʜʫʭ ʜʣʷ EṶ ʠ E ,᷆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʆʮʝʥʢʠ ʨʘʟʨʝʰʝʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ŭ ʜʣʷ ʵʪʠʭ ʩʣʫʯʘʝʚ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ Emax ʠ Emax/Emin ʥʘ ʨʠʩ. 1(ʞ), ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 
ŭ = 0,136ï0,2ɚʥ (ɚʥ ḗ 0,36 ʤʤ ð ʜʣʠʥʘ ʥʝʩʫʱʝʡ ʚʦʣʥʳ). ɸʥʘʣʦʛʠʯʥʳʝ 
ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ |E(ɜ)|2 ʠ ʬʘʟʳ ʌ[E(ɜ)] 
ʥʘ ʨʠʩ. 1(ʟ)ï(ʥ) ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ɜ = 0,5ï1,7 ʊɻʮ. ʏʘʩʪʦʪʥʦ-
ʟʘʚʠʩʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 0,147ï0,304ɚ ʠ 
0,047ï0,156ɚ ʜʣʷ ʘʤʧʣʠʪʫʜʥʦʡ ʠ ʬʘʟʦʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʘʜʝʥʠʝ 
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ʨʘʟʨʝʰʝʥʠʷ ʩ ʨʦʩʪʦʤ ɜ ʦʙʲʷʩʥʷʝʪʩʷ ʘʙʝʨʨʘʮʠʷʤʠ ʦʧʪʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ. 

 
ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 
ʩʚʝʨʭʨʘʟʨʝʰʘʶʱʝʛʦ ʊɻʮ ʠʤʧʫʣʴʩʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ 
ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠʤʤʝʨʩʠʠ. (ʘ) ʌʦʪʦʛʨʘʬʠʷ ʪʝʩʪʦʚʦʛʦ ʦʙʲʝʢʪʘ. (ʙ) ʊɻʮ 
ʠʟʦʙʨʘʞʝʥʠʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʥʘ ʧʠʢʝ ʊɻʮ ʠʤʧʫʣʴʩʘ (Emax) ʚʦ 
ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. (ʚ), (ʛ) ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ E(t), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 
ʦʪʨʘʞʝʥʠʠ ʦʪ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʢʨʝʤʥʠʡ-ʚʦʟʜʫʭ ʠ ʢʨʝʤʥʠʡ-ʤʝʪʘʣʣ, ʠ ʠʭ 
ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʦʱʥʦʩʪʠ |E(ɜ)|2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ʜ), (ʝ) ʀʟʤʝʥʝʥʠʝ 
ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʊɻʮ ʠʤʧʫʣʴʩʘ E(t) ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ-ʚʦʟʜʫʭ 
ʜʣʷ EṶ ʠ E||, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ʞ) ʈʘʟʨʝʰʝʥʠʝ ŭ/ɚʥ (ɚʥ ḗ 0,36 ʤʤ ð 
ʜʣʠʥʘ ʥʝʩʫʱʝʡ ʚʦʣʥʳ) ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ 
Emax ʠ Emax/Emin. (ʟ), (ʠ) ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ |E(ɜ)|2 ʥʘ 
ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ-ʚʦʟʜʫʭ ʜʣʷ EṶ ʠ E||, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ʢ) ʈʘʟʨʝʰʝʥʠʝ 
ŭ/ɚ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ |E(ɜ)|2. (ʣ)-(ʥ) 

ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʘʟʳ ʌ[E(ɜ)]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʠʤʧʫʣʴʩʥʦʡ ʊɻʮ 
ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠʤʤʝʨʩʠʠ ʠʤʝʝʪ 
ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʤʠʢʨʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʩʫʙʚʦʣʥʦʚʳʤ 
ʨʘʟʨʝʰʝʥʠʝʤ. 
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ʄʦʩʢʚʘ 

ɽ-mail: i@ivajull.ru 

DOI: 10.24412/cl-35673-2025-1-165-166 

ʇʦʣʠʢʘʧʨʦʣʘʢʪʦʥ (PCL) ð ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʡ 

ʧʦʣʠʵʬʠʨ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1], ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʝ. ʆʥ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʦʪʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʣʦʞʝʥʠʷ [2]. ʄʦʜʠʬʠʢʘʮʠʷ 

ʮʝʧʠ [ï(CH2)5ïCOïOï]n ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ PCL ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʛʦ ʢʘʨʢʘʩʘ ʰʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʝʙʫʝʪ ʧʦʚʳʰʘʪʴ 

ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʥʘʧʨʠʤʝʨ, ʟʘ 

ʩʯʸʪ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʘʢʪʠʚʘʮʠʠ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʚʠʪʠʷ ʙʘʢʪʝʨʠʡ ʚ ʨʘʥʝ, ʚ ʩʦʩʪʘʚ ʰʦʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʪʦʤ ʯʠʩʣʝ ʚʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʨʙʮʠʠ ʥʘ 

ʦʙʳʯʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ PCL ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʪʨyʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʙʘʮʠʪʨʘʮʠʥ ʠ ʥʝʦʤʠʮʠʥ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʙʘʥʝʦʮʠʥʘ, ʘ ʪʘʢʞʝ ʭʣʦʨʛʝʢʩʠʜʠʥʘ. ʉʪʨʫʢʪʫʨʫ 

ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʡ, ʤʦʜʝʣʠʨʦʚʘʣʠ 

ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ COOH-ʛʨʫʧʧʳ (PCL-COOH), ʘ ʘʢʪʠʚʘʮʠʶ ʧʣʘʟʤʳ  

1-ʵʪʠʣ-3(-3-ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʤʠʜ, ʜʘʣʝʝ EDC (PCL-

COOHEDC) ʦʩʫʱʝʩʪʚʣʷʣʠ ʟʘʤʝʱʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʚ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʝ ʥʘ EDC. ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʚ ʧʘʢʝʪʝ 

DFTB+ (Density Functional based Tight Binding) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ 3ob (third-order parametrization for organic and biological 

systems). 

mailto:i@ivajull.ru
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ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ PCL 

ʫʣʫʯʰʘʝʪ ʠʭ ʩʦʨʙʮʠʶ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɸʢʪʠʚʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ EDC ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʜʣʦʞʢʦʡ. ʇʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʘʷ ʩʦʨʙʮʠʷ ʚ ʩʠʩʪʝʤʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʭʣʦʨʛʝʢʩʠʜʠʥ, ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʜʥʦʡ 

ʩʚʷʟʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʟʘʨʷʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʝʡ. 

 
ʈʠʩ. 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʘʮʠʪʨʘʮʠʥʘ ʩ ʯʠʩʪʦʡ ʠ  

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʜʣʦʞʢʦʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ. 

ɺʳʨʘʞʘʶ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ʉʦʨʦʢʠʥʦʡ ʃ.ʖ. ʠ ʜ.ʬ.-ʤ.ʥ. ʉʦʨʦʢʠʥʫ ʇ.ɹ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ 

ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ˉ 24-79-10121). 

1. Hirsch W.D.B. et al., Polymers. 2024, 16, 2271. 

2. Rahimkhoei V. et al., Journal of Biological Macromolecules. 2023, 

253(1), 126642. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʦʡʥʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ 

ʧʦʣʠʣʘʢʪʠʜ ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ï ʧʦʣʠʣʘʢʪʠʜ 

ʠ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 

ʂʦʟʣʦʚʘ ʃ.ʖ.1, ʃʶʙʠʤʦʚʩʢʠʡ ʉ.ʆ.1, ʌʦʤʠʥʘ ʖ.ʉ.2, 

ɿʘʛʦʩʢʠʥ ʖ.ɼ.2, ʉʝʜʫʰ ʅ.ɻ.2,3, ʅʦʚʠʢʦʚ ɺ.ʉ.1 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ 

3- ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: lus.kozlowa2011@kapella.gpi.ru 

DOI: 10.24412/cl-35673-2025-1-167-169 

ɸʤʬʠʬʠʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʪʨʦʡʥʳʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ 

ʧʦʣʠʣʘʢʪʠʜïʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣïɹʧʦʣʠʣʘʢʪʠʜ (ʇʃɸïʇʕɻïʇʃɸ) 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʏʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, 

ʘ ʛʠʜʨʦʛʝʣʠ ð ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʠʥʪʝʟ ʣʠʥʝʡʥʳʭ ʪʨʦʡʥʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʇʃɸïʇʕɻïʇʃɸ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʫʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ L-, D- ʠʣʠ 

D, L-ʣʘʢʪʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇʕɻ ʚ ʢʘʯʝʩʪʚʝ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʦʧʦʣʠʤʝʨʦʚ ʇʃɸïʇʕɻïʇʃɸ ʠ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʙʣʦʢʦʚ ʇʕɻ ʠ ʇʃɸ ʠ ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʙʣʦʢʦʚ ʇʃɸ. ʀʟʤʝʥʝʥʠʝ ʜʣʠʥ ʛʠʜʨʦʬʦʙʥʦʛʦ ʠ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʙʣʦʢʦʚ 

ʠ ʩʦʜʝʨʞʘʥʠʷ L- ʠ D-ʟʚʝʥʴʝʚ ʚ ʙʣʦʢʘʭ ʇʃɸ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ), ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ). ɼʣʷ ʛʠʜʨʦʛʝʣʝʡ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʈʉɸ ʠ ɼʉʂ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʩʚʝʪʘ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʢʘʢ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʕɻ ʠ 

ʇʃɸ. ʆʜʥʘʢʦ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ ʇʃɸïʇʕɻïʇʃɸ ʠ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʂʈ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʨʦʡʥʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʇʃɸïʇʕɻï

ʇʃɸ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʩʦʧʦʣʠʤʝʨʦʚ. ʊʨʦʡʥʳʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʕɻ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʄʄ), ʩ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʠ ʵʥʘʥʪʠʦʤʝʨʥʳʤ ʩʦʩʪʘʚʦʤ ʙʣʦʢʦʚ ʇʃɸ. ʉʧʝʢʪʨʳ 

ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1,5 ʩʤī1 ʟʘʧʠʩʘʥʳ ʥʘ ʂʈ-ʤʠʢʨʦʩʢʦʧʝ 

Senterra II (Bruker, ʉʐɸ) ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 785 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ɼʉʂ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʂʈ ʩʦʧʦʣʠʤʝʨʦʚ (L-ʇʃɸ)ïʇʕɻï(L-ʇʃɸ) ʠ 

ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ 

ʘʤʦʨʬʥʦʛʦ ʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ L-ʇʃɸ, ʞʠʜʢʦʛʦ ʇʕɻ600 ʩ 

ʄʄ, ʨʘʚʥʦʡ 600 ɼʘ*, ʠ ʪʚʝʨʜʦʛʦ ʇʕɻ4600 ʩ ʄʄ, ʨʘʚʥʦʡ 4600 ɼʘ. 

ʉʧʨʘʚʘ ʫʢʘʟʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥ ʙʣʦʢʦʚ ʇʃɸ ʠ ʇʕɻ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʠʩ. 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ 

ʂʈ ʩʦʧʦʣʠʤʝʨʦʚ (L-ʇʃɸ)ïʇʕɻï(L-ʇʃɸ) ʠ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʛʠʜʨʦʛʝʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʫʙʣʝʪʘ ʣʠʥʠʡ ʂʈ L-ʇʃɸ 

ʦʢʦʣʦ 400 ʩʤī1, ʷʚʣʷʶʱʝʛʦʩʷ ʤʘʨʢʝʨʦʤ ʥʘʣʠʯʠʷ Ŭ-ʬʘʟʳ L-ʇʃɸ ʩ 

                                                           
* ɼʘʣʴʪ·ʥ ʠʣʠ ʘʪʦʤʥʘʷ ʝʜʠʥʠʮʘ ʤʘʩʩʳ, ʚʥʝʩʠʩʪʝʤʥʘʷ ʝʜʠʥʠʮʘ ʤʘʩʩʳ, ʨʘʚʥʘʷ 
1/12 ʤʘʩʩʳ ʩʚʦʙʦʜʥʦʛʦ ʧʦʢʦʷʱʝʛʦʩʷ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ 12ʉ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 



 
21ï23 ʦʢʪʷʙʨʷ 2025 ʛ. 

 169 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʦʡ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʉʂ) ʙʣʦʢʦʚ L-ʇʃɸ ʠ ʚ ʩʦʧʦʣʠʤʝʨʘʭ, ʠ ʚ 

ʛʠʜʨʦʛʝʣʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʙʣʦʢʘ L-ʇʃɸ. ʉʂ ʙʣʦʢʦʚ L-ʇʃɸ ʚ ʛʠʜʨʦʛʝʣʷʭ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ, ʯʝʤ 

ʉʂ ʙʣʦʢʦʚ L-ʇʃɸ ʚ ʩʦʧʦʣʠʤʝʨʘʭ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʠʛʦʪʦʚʣʝʥ 

ʛʠʜʨʦʛʝʣʴ. 

ʀʥʪʝʨʝʩʥʳʤ ʠ ʥʝʦʞʠʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʦʧʦʣʠʤʝʨʘʭ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥ ʙʣʦʢʦʚ ʇʃɸ:ʇʕɻ 0,5:1 ʠ 1:1 ʚʤʝʩʪʦ ʜʫʙʣʝʪʘ 

ʣʠʥʠʡ ʂʈ ʇʃɸ ʦʢʦʣʦ 400 ʩʤī1 ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ, 

ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʳ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʘʤʦʨʬʥʦʛʦ  

L-ʇʃɸ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʮʝʧʠ ʚ 

ʙʣʦʢʘʭ L-ʇʃɸ ʥʘʭʦʜʷʪʩʷ ʚ ʬʘʟʝ, ʦʪʣʠʯʥʦʡ ʢʘʢ ʦʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʪʘʢ ʠ ʦʪ ʘʤʦʨʬʥʦʡ. 

ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʂʈ ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʛʠʜʨʦʛʝʣʝʡ ʩʦ 

ʩʧʝʢʪʨʘʤʠ ʞʠʜʢʦʛʦ ʠ ʯʘʩʪʠʯʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʇʕɻ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʉʂ ʙʣʦʢʦʚ ʇʕɻ ʚ ʩʦʧʦʣʠʤʝʨʘʭ ʠ ʛʠʜʨʦʛʝʣʷʭ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʇʃɸ. ʕʪʠ ʚʳʚʦʜʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ ɼʉʂ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥ ʙʣʦʢʦʚ ʇʕɻ ʠ ʇʃɸ ʚ 

ʩʦʧʦʣʠʤʝʨʘʭ ʠ ʛʠʜʨʦʛʝʣʷʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʂʈ ʦʢʦʣʦ 2880 ʠ 2947 ʩʤī1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʉH2-ʛʨʫʧʧ ʚ ʇʕɻ ʠ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʉH3-ʛʨʫʧʧ ʚ ʇʃɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ 

ʧʠʢʦʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʪʠʭ ʣʠʥʠʡ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʤʦʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʇʕɻ ʠ ʇʃɸ ʚ 

ʩʦʧʦʣʠʤʝʨʘʭ L-, D- ʠ D, L-ʣʘʢʪʠʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ 

ʩʧʝʢʪʨʦʚ ʂʈ ʛʠʜʨʦʛʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦ 

ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʨʳʣʘ ʧʦʣʦʩʳ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʆʅ-ʩʚʷʟʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʂʈ 

ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥ ʙʣʦʢʦʚ ʇʕɻ ʠ ʇʃɸ ʚ ʪʨʦʡʥʳʭ 

ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘʭ ʇʃɸïʇʕɻïʇʃɸ ʠ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ 

ʩʦʧʦʣʠʤʝʨʦʚ. 
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ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

 ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʪʢʘʥʝʡ 

 ʞʝʣʫʜʦʯʥʦ-ʢʠhʝʯʥʦʛʦ ʪʨʘʢʪʘ 

ʂʨʠʚʝʮʢʘʷ ɸ.ɸ.1,2, ʂʫʩʪʦʚ ɼ.ʄ.1, ʈʦʤʘʥʠʰʢʠʥ ʀ.ɼ.1 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʀʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʙʠʦʤʝʜʠʮʠʥʳ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʀʌʀ, ʄʦʩʢʚʘ 
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ɺ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨ ʩ ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʪʘʢʠʭ ʢʘʢ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʪʝʨʘʧʠʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʜʝʥʪʠʯʥʦ ʜʣʷ ʚʩʝʭ 

ʧʘʮʠʝʥʪʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ [1]. ʋʯʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʧʦʟʚʦʣʷʝʪ, 

ʫʩʨʝʜʥʷʷ ʧʘʨʘʤʝʪʨʳ ʪʢʘʥʝʡ ʦʜʠʥʘʢʦʚʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʩʚʝʪʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʪʢʘʥʝʡ [2]. ʆʮʝʥʢʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ in vivo ʷʚʣʷʝʪʩʷ 

ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʦʡ ʟʘʜʘʯʝʡ [3, 4], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʞʠʚʳʭ 

ʪʢʘʥʝʡ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʥʘʯʝʥʠʡ ʜʣʷ ʨʝʟʝʮʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ [5, 6]. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ 

ʘʣʛʦʨʠʪʤʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʢʘʥʝʡ ex vivo ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʪʢʘʥʠ ʚʢʣʶʯʘʣʠ ʦʙʨʘʟʮʳ ʦʨʛʘʥʦʚ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʨʝʟʝʮʠʨʦʚʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʭʠʨʫʨʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʚ ʋʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʂʣʠʥʠʯʝʩʢʦʡ ʙʦʣʴʥʠʮʝ ˉ1 ʇʝʨʚʦʛʦ 

ʄɻʄʋ ʠʤ. ʉʝʯʝʥʦʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ 6 ʵʢʟʝʤʧʣʷʨʦʚ ʤʳʰʝʯʥʦ-ʩʝʨʦʟʥʦʛʦ 

ʠ 4 ʩʣʠʟʠʩʪʦ-ʧʦʜʩʣʠʟʠʩʪʦʛʦ ʩʣʦʝʚ ʞʝʣʫʜʢʘ, ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪ ʪʦʥʢʦʡ 

ʢʠʰʢʠ, ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʩʣʠʟʠʩʪʦ-ʧʦʜʩʣʠʟʠʩʪʳʡ ʠ ʤʳʰʝʯʥʦ-ʩʝʨʦʟʥʳʡ 

ʩʣʦʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ex vivo ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʩ 

ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ Hitachi (U-3400). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python. ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ɹʀʆʉʇɽʂ (ʃʕʉɸ-01) ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʘʜʘʧʪʘʮʠʠ 
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ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ in 

vivo ʢʣʠʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʘ ʥʘʯʘʣʴʥʘʷ ʚʝʨʩʠʷ 

ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʨʝʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʙʨʘʪʥʦʤ 

ʤʝʪʦʜʝ ʜʦʙʘʚʣʝʥʠʷ-ʫʜʚʦʝʥʠʷ. ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʂʫʙʝʣʢʠ ð ʄʫʥʢʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʣʘʥʠʨʫʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ, ʘ ʪʘʢʞʝ ʝʸ 

ʤʦʜʠʬʠʢʘʮʠʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʦʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ, ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɽʛʦ ʚʥʝʜʨʝʥʠʝ ʚ ʢʣʠʥʠʯʝʩʢʫʶ 

ʧʨʘʢʪʠʢʫ ʧʦʟʚʦʣʠʪ ʧʝʨʝʡʪʠ ʢ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʣʝʯʝʥʠʶ ʚʦ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ ʩ ʣʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʬ.-ʤ.ʥ. ʉʘʚʝʣʴʝʚʦʡ ʊ.ɸ. ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʫʯʘʩʪʠʝ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜ.ʤ.ʥ. ʃʸʚʢʠʥʫ ɺ.ɺ. ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʠ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʩʣʦʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ 

ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʛʨʘʥʪ ˉ 
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ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʷʜʦʚ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ 
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ʗʜʳ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʚʢʣʶʯʘʷ ʟʤʝʡ, ʩʢʦʨʧʠʦʥʦʚ, ʧʘʫʢʦʚ ʠ 

ʜʨ., ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʩʤʝʩʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʣʢʦʚʳʭ 

ʠ ʧʝʧʪʠʜʥʳʭ ʪʦʢʩʠʥʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʦʝ, ʚ 

ʦʩʥʦʚʥʦʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʥʝʢʦʪʦʨʳʝ ʪʦʢʩʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʂʦʥʪʨʘʙʘʥʜʘ ʧʨʦʜʫʢʪʦʚ ʜʠʢʦʡ ʧʨʠʨʦʜʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʜʦʚ 

ʞʠʚʦʪʥʳʭ ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʘ ʠʭ ʥʝʟʘʢʦʥʥʳʡ 

ʦʙʦʨʦʪ ʟʥʘʯʠʪʝʣʝʥ. ɿʘʯʘʩʪʫʶ ʥʝ ʫʜʘʝʪʩʷ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʝʚʦʟʠʤʳʡ 

ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʷʜʦʤ ʞʠʚʦʪʥʦʛʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʦʜʫ 

ʢʦʥʪʨʘʙʘʥʜʠʩʪʦʚ ʦʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʙʳʩʪʨʦʛʦ ʠ 

ʧʨʦʩʪʦʛʦ ʘʥʘʣʠʟʘ ʷʜʦʚ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʦʥʦʚ ʦʙ ʦʭʨʘʥʝ ʜʠʢʦʡ ʧʨʠʨʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʷʜʦʚ ʞʠʚʦʪʥʳʭ ʘʢʪʫʘʣʴʥʘ ʢʘʢ ʜʣʷ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʷʜʘ 

ʦʪ ʚʝʱʝʩʪʚʘ ʜʨʫʛʦʡ ʧʨʠʨʦʜʳ (çʥʝ-ʷʜʘè), ʪʘʢ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʣʘʩʩʘ ʷʜʦʚʠʪʦʛʦ ʞʠʚʦʪʥʦʛʦ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʉʂʈ) ʩʚʝʪʘ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʤʝʩʷʤ ʚʝʱʝʩʪʚ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ, ʪʘʢʠʭ ʢʘʢ ʷʜʳ, 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʧʨʷʤʦʝ (ʙʝʟ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ) ʠʟʤʝʨʝʥʠʝ ʩʫʭʠʭ ʦʙʨʘʟʮʦʚ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʄɻʂ) ʉʂʈ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ 

ʦʙʨʘʟʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʙʠʙʣʠʦʪʝʢʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ [1, 2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʂʈ ʷʜʦʚ 

ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ, ʥʘʨʷʜʫ ʩ ʥʠʤʠ, ʩʧʝʢʪʨʳ ʨʷʜʘ çʥʝ-

ʷʜʦʚè. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʷʜʳ ʩʣʝʜʫʶʱʠʭ ʞʠʚʦʪʥʳʭ: ʟʤʝʡ, 

ʩʢʦʨʧʠʦʥʦʚ, ʧʘʫʢʦʚ, ʧʯʝʣʳ ʠ ʩʢʦʣʦʧʝʥʜʨʳ. ɺ ʢʘʯʝʩʪʚʝ çʥʝ-ʷʜʦʚè 

ʙʳʣʠ ʚʟʷʪʳ ʚʝʱʝʩʪʚʘ ʩʣʝʜʫʶʱʝʡ ʧʨʠʨʦʜʳ: ʘʤʠʥʦʢʠʩʣʦʪʳ, ʙʝʣʢʦʚʳʝ 
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ʪʦʢʩʠʥʳ ʠ ʙʝʣʢʠ ʜʨʫʛʦʡ ʧʨʠʨʦʜʳ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʩʧʝʢʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ɹr ʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʛʨʫʧʧʠʨʦʚʢʝ ʩʭʦʞʠʭ ʧʦ ʩʦʩʪʘʚʫ 

ʷʜʦʚ ʥʘ ʄɻʂ-ʢʘʨʪʝ. ʏʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʷʜʦʚ ʠ çʥʝ-ʷʜʦʚè ʪʘʢʞʝ 

ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʄɻʂ-ʢʘʨʪʳ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʟʣʠʯʝʥʠʝ ʷʜʦʚ ʠ ʨʷʜʘ çʥʝ-ʷʜʦʚè ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ 

ʬʫʥʢʮʠʡ (ɸɼʌ, DFA). ʇʨʠʤʝʥʷʷ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʩʣʝ ʄɻʂ, ʚʟʷʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ, ʜʘʥʥʳʝ 

ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʤʦʞʥʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʠʚ ʤʦʜʝʣʴ ʥʘ 

ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʨʦʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʘ ʜʚʝ ʛʨʫʧʧʳ 

ʥʦʚʳʭ ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ (ʷʜʳ/çʥʝ-ʷʜʳè). 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʚʳʛʣʷʜʠʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʜʦʚ ʞʠʚʦʪʥʳʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʧʝʮʠʘʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʘʵʨʦʧʦʨʪʘʭ ʠ ʧʦʛʨʘʥʠʯʥʳʭ ʧʫʥʢʪʘʭ 

ʧʨʦʧʫʩʢʘ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ ʀɹʍ ʈɸʅ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʤʦʱʴ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʥʘʩʪʦʷʠɦʭ 

ʪʝʟʠʩʦʚ. 
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ʈʘʟʨʘʙʦʪʢʘ ʙʝʟʤʝʪʦʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ 

ʜʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʢʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʩ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʪʘʨʛʝʪʥʦʡ ʜʦʩʪʘʚʢʠ 

ʅʦʚʠʯʠʭʠʥ ɼ.ʆ.1, ɹʝʣʷʢʦʚ ʅ.ɸ.1,2, ɼʨʝʩʚʷʥʥʠʢʦʚʘ ɸ.ɸ.1,3 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ɼʦʣʛʦʧʨʫʜʥʳʡ 

3- ʌɻɸʆʋ ɺʆ "ʈʦʩʩʠʡʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʝʜʠʮʠʥʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʇʠʨʦʛʦʚʘ" ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʨʝʪʝʪʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʙʝʟʤʝʪʦʯʥʳʭ 

ʙʠʦʩʝʥʩʦʨʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʙʝʣʦʢ-

ʙʝʣʦʢ, ʙʝʣʦʢ-ʣʠʛʘʥʜ, ɼʅʂ-ʙʝʣʦʢ ʠ ʜʨ.) ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʝʥʠʝ ʙʝʣʦʢ-ʣʠʛʘʥʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʤʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʘʛʝʥʪʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʠʦʢʦʥʲʶʛʘʪʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʣʠʛʘʥʜʘ - ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʦʩʪʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʠ 

ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʜʦʩʪʘʚʢʠ ʨʘʟʣʠʯʥʳʭ ʘʛʝʥʪʦʚ 

(ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʜʨ.) ʚ ʢʣʝʪʢʠ, 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʬʦʣʘʪʥʳʝ ʨʝʮʝʧʪʦʨʳ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʜʣʷ 

ʦʥʢʦʣʦʛʠʠ ʠ ʪʝʨʘʧʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʤʝʪʦʯʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʯʠʧʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʢʦʚ (ʘʥʪʠʪʝʣ) ʩ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʬʦʣʠʝʚʦʡ 

ʢʠʩʣʦʪʦʡ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʩʝʥʩʦʨʥʳʝ ʯʠʧʳ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʜʦʨʦʛʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʤʠʢʨʦʩʢʦʧʥʳʝ ʧʦʢʨʦʚʥʳʝ 

ʩʪʝʢʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʤʦʜʠʬʠʢʘʮʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʄʝʪʦʜʠʢʠ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʦʣ ʠ ʝʸ ʜʘʣʴʥʝʡʰʝʡ 
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ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʘʤʠʥʠʨʦʚʘʥʠʷ ʠ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʠʛʘʥʜʘ, 

ʠʤʝʶʱʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ 

ʙʠʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʠʪʘʤʠʥ ɺ9 ð ʬʦʣʠʝʚʫʶ 

ʢʠʩʣʦʪʫ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʢʦʥʲʶʛʘʮʠʠ ð ʧʨʠʨʦʜʥʳʝ 

ʥʦʩʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʜʝʢʩʪʨʘʥ ʠ ʞʝʣʘʪʠʥ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟ-ʟʘ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, 

ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ, ʥʝʠʤʤʫʥʦʛʝʥʥʦʩʪʠ, ʠ ʧʨʦʩʪʦʪʳ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ. 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʠʦʢʦʥʲʶʛʘʪʘ çʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ-

ʞʝʣʘʪʠʥè ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [2]. ʂʦʥʲʶʛʘʮʠʶ ʬʦʣʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʜʝʢʩʪʨʘʥʦʤ ʧʨʦʚʦʜʠʣʠ ʩʥʘʯʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1,1-

ʢʘʨʙʦʥʠʣʜʠʠʤʠʜʘʟʦʣʘ ʜʣʷ ʘʢʪʠʚʠʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʜʝʢʩʪʨʘʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʘʣʴʥʝʡʰʝʡ ʢʦʥʲʶʛʘʮʠʝʡ ʩ 

ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʤʦʱʴʶ ʢʘʨʙʦʜʠʠʤʠʜʥʦʛʦ ʤʝʪʦʜʘ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʙʠʦʢʦʥʲʶʛʘʪʦʚ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʯʠʧʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʢʘʨʙʦʜʠʠʤʠʜʥʦʛʦ ʤʝʪʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ 

ʨʘʚʥʦʚʝʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʙʝʣʢʦʚʳʤʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʙʝʟʤʝʪʦʯʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʙʠʦʩʝʥʩʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʬʘʟʦʚʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʤʝʨʷʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʪʦʣʱʠʥʫ ʙʠʦʩʣʦʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʳʚʘʥʠʷ ʘʥʪʠʪʝʣ ʠʟ 

ʨʘʩʪʚʦʨʘ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʝʥʩʦʨʥʦʛʦ ʯʠʧʘ [3ï5]. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʢʘʢ ʢʦʥʩʪʘʥʪʳ ʘʩʩʦʮʠʘʮʠʠ (ka) ʠ 

ʜʠʩʩʦʮʠʘʮʠʠ (kd) ʠ ʨʘʚʥʦʚʝʩʥʳʝ ʧʘʨʘʤʝʪʨʳ ð ʨʘʚʥʦʚʝʩʥʳʝ 

ʢʦʥʩʪʘʥʪʳ ʘʩʩʦʮʠʘʮʠʠ (KA) ʠ ʜʠʩʩʦʮʠʘʮʠʠ (KD) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʪʝʣ ʩ ʙʠʦʢʦʥʲʶʛʘʪʘʤʠ çʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ-

ʜʝʢʩʪʨʘʥè ʠ çʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ-ʞʝʣʘʪʠʥè, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʘʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʯʠʧʘʭ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʝ kon ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʪʝʣ ʩ ʙʠʦʢʦʥʲʶʛʘʪʦʤ çʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ-
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ʜʝʢʩʪʨʘʥè, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʢʘʢ ʥʘ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʘʤʠʥʠʨʦʚʘʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʯʠʧʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʪʝʤ ʩʘʤʳʤ ʙʦʣʝʝ 

ʙʳʩʪʨʫʶ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʘʩʩʦʮʠʘʮʠʠ ʘʥʪʠʪʝʣ ʩ ʙʠʦʢʦʥʲʶʛʘʪʦʤ 

çʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ-ʜʝʢʩʪʨʘʥè, ʯʝʤ ʩ ʙʠʦʢʦʥʲʶʛʘʪʦʤ çʬʦʣʠʝʚʘʷ 

ʢʠʩʣʦʪʘ-ʞʝʣʘʪʠʥè. ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʘʤʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʷ koff 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʪʝʣ ʩ ʙʠʦʢʦʥʲʶʛʘʪʦʤ çʬʦʣʠʝʚʘʷ 

ʢʠʩʣʦʪʘ-ʞʝʣʘʪʠʥè, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʥʘ ʘʤʠʥʠʨʦʚʘʥʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʯʠʧʘʭ, ʘ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ð ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʪʝʣ ʩ 

ʙʠʦʢʦʥʲʶʛʘʪʦʤ çʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ-ʜʝʢʩʪʨʘʥè, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʥʘ 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʯʠʧʘʭ. ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ KA ʠ ʂD, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʘʬʬʠʥʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ 

ʦʢʘʟʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʪʠʪʝʣ ʩ ʙʠʦʢʦʥʲʶʛʘʪʦʤ çʬʦʣʠʝʚʘʷ 

ʢʠʩʣʦʪʘ-ʜʝʢʩʪʨʘʥè, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʥʘ ʘʤʠʥʠʨʦʚʘʥʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʯʠʧʘʭ, ʘ ʥʘʠʤʝʥʝʝ ʘʬʬʠʥʥʳʤ ʠ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤ ð 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʪʠʪʝʣ ʩ ʙʠʦʢʦʥʲʶʛʘʪʦʤ çʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ-

ʜʝʢʩʪʨʘʥè, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʥʘ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʯʠʧʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʙʠʦʩʝʥʩʦʨʥʳʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʯʠʧʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʫʯʘʪʴ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʘʬʬʠʥʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʪʝʣ ʩ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʪʢʨʦʶʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʙʫʜʫʱʠʭ ʩʪʨʘʪʝʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ 

ʙʠʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ  

ʢ.ʬ.-ʤ.ʥ. ʅʠʢʠʪʠʥʫ ʇ.ʀ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʉʘʧʬʠʨʦʚʳʝ ʘʧʧʣʠʢʘʪʦʨʳ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʇʣʘʪʦʥʦʚʘ ɸ.ɸ.1, ɼʦʣʛʘʥʦʚʘ ʀ.ʅ.1,2, ɿʦʪʦʚ ɸ.ʂ.1 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʤʝʥʠ ʖ.ɸ. ʆʩʠʧʴʷʥʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʘʧʬʠʨʦʚʳʝ ʘʧʧʣʠʢʘʪʦʨʳ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʘʥʘʣʠʟ ʜʠʬʬʫʟʥʦ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʊʘʢʠʝ ʘʧʧʣʠʢʘʪʦʨʳ ʦʙʣʘʜʘʶʪ ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʩʪʦʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʘʜʘʧʪʠʨʫʝʤʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ [1, 2]. 

ʉʘʧʬʠʨʦʚʘʷ ʢʦʥʪʘʢʪʥʘʷ ʯʘʩʪʴ ʘʧʧʣʠʢʘʪʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʠʦʠʥʝʨʪʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ [3]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʢʘʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʬʫʟʥʦ 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ [4]: 

 Ὅʍ ϽὩ , (1) 

ʛʜʝ ɟ ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ ʜʝʪʝʢʪʦʨʘ ʠ ʠʩʪʦʯʥʠʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ ʠʣʠ ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʥʠʤʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʉ1 

ʠ ʉ2 ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʢʘʥʠ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʝʪʝʢʪʦʨʘ, ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, ʧʦʪʝʨʠ ʚ ʚʦʣʦʢʥʘʭ ʠ ʜʨ., ʉ2 å ɛeff ð 

ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, ʧʘʨʘʤʝʪʨ m ʟʘʚʠʩʠʪ ʦʪ 

ʜʠʘʧʘʟʦʥʘ ʨʘʩʩʪʦʷʥʠʡ ɟ [4]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ɟ ʦʪ 1 ʜʦ 1,5 ʤʤ, ʢʦʛʜʘ m 

å 1. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (1) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

mailto:platlina.hibou2001@yandex.ru
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 Ὅ ʍ ὰὲὍʍϽʍ ὰὲ ὅ ὅϽʍ, (2) 

ɸʧʧʨʦʢʩʠʤʠʨʫʷ (2) ʧʨʷʤʦʡ, ʧʦʣʫʯʠʤ ʝy ʥʘʢʣʦʥ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ɛeff. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʟʦʥʜʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʪʢʘʥʝʠʤʠʪʠʨʫʶʱʠʝ ʞʠʜʢʦʩʪʥʳʝ ʬʘʥʪʦʤʳ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʞʠʨʦʚʦʡ ʵʤʫʣʴʩʠʠ (ʃʠʧʦʧʣʶʩ 20, B.Braun Melsungen AG, 

ʄʝʣʴʟʫʥʛʝʥ, ɻʝʨʤʘʥʠʷ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʩʩʝʷʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʤʫʣʴʩʠʠ; ʜʚʫʭʩʣʦʡʥʳʝ ʬʘʥʪʦʤʳ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʛʦ ʛʝʣʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 8% (ʚʝʨʭʥʠʡ ʩʣʦʡ) ʠ 

5% (ʥʠʞʥʠʡ ʩʣʦʡ) ʞʠʨʦʚʦʡ ʵʤʫʣʴʩʠʠ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ d. ɸ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɛeff ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʟʜʦʨʦʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʨʳʩ 

ʠ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫ ʥʠʭ ʜʠʘʙʝʪʘ. 

ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʘ) ɼʣʷ ʜʚʫʭʩʣʦʡʥʳʭ ʬʘʥʪʦʤʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʩʣʦʠʩʪʳʝ ʪʢʘʥʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʩʨʝʜʥʝʥʥʳʡ ʩ ʫʯʝʪʦʤ 

ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʜʦ ʪʨʸʭ ʤʤ, ʫʩʨʝʜʥʝʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʩʣʘʙʣʝʥʠʷ ʚʝʨʭʥʝʛʦ ʤʘʪʝʨʠʘʣʘ ï 8% ʞʠʨʦʚʦʡ 

ʵʤʫʣʴʩʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ ʢ ʩʣʦʷʤ ʠ 

ʚʢʣʶʯʝʥʠʷʤ ʥʘ ʛʣʫʙʠʥʝ ʜʦ ʪʨʸʭ ʤʤ (ʨʠʩ. 1ʘ)). 

ʙ) ɼʣʷ ʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʫ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 9,6% ʜʣʷ ʩʣʘʙʦʨʘʩʩʝʠʚʘʶʱʠʭ ʩʨʝʜ ʠ <1% ʜʣʷ 

ʩʠʣʴʥʦʨʘʩʩʝʠʚʘʶʱʠʭ (ʨʠʩ. 1ʙ). 

ʚ) ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʦʞʠ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʢʨʳʩ ʩ 

ʜʠʘʙʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʢʦʞʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʙʝʜʨʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʢʨʳʩ ʥʠʞʝ, ʯʝʤ ʫ ʢʨʳʩ ʩ ʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʜʠʘʙʝʪʦʤ. 
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ʈʠʩ. 1. ʆʧʨʝʜʝʣʝʥʠʝ ɛeff ʬʘʥʪʦʤʦʚ (ʘ) ʜʚʫʩʣʦʡʥʳʭ ʩ ʨʘʟʥʦʡ ʪʦʣʱʠʥʦʡ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ (ʙ) ʦʜʥʦʨʦʜʥʳʭ ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʞʠʨʦʚʦʡ 

ʵʤʫʣʴʩʠʠ. 

 
ʈʠʩ. 2. ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ɛeff ʢʦʥʪʨʦʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʢʨʳʩ ʠ ʢʨʳʩ ʩ ʜʠʘʙʝʪʦʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʦʥʜʘ ʢ ʠʟʤʝʥʝʥʠʷʤ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʢʘʥʝʠʤʠʪʠʨʫʶʱʠʭ ʬʘʥʪʦʤʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʬʦʪʦʥʠʢʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʢ.ʬ.-ʤ.ʥ. ʂʦʯʠʝʚʫ ɼ.ɻ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʣʘʢʪʠʜʘ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ 

ʉʝʣʠʭʦʚʘ ɸ.ʅ.1,2, ʂʦʟʣʦʚʘ ʃ.ʖ.1, ʉʸʤʠʥ ɸ.ʄ.1,2, 

ʃʶʙʠʤʦʚʩʢʠʡ ʉ.ʆ.1, ʇʫʯʢʦʚ ɸ.ɸ.3,4, ɹʘʢʠʨʦʚ ɸ.ɺ.3,4, ʉʝʜʫʰ ʅ.ɻ.3,4, 

ʅʦʚʠʢʦʚ ɺ.ʉ.1, ʂʫʟʥʝʮʦʚ ʉ.ʄ.1 

1ï ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2ï ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 

3ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ "ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ", ʄʦʩʢʚʘ 

4ï ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

ɽ-mail: 221000@muctr.ru 

DOI: 10.24412/cl-35673-2025-1-180-182 

ʇʦʣʠʣʘʢʪʠʜ (ʇʃɸ) ð ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ, ʵʢʦʣʦʛʠʯʥʳʡ ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʡ ʧʦʣʠʤʝʨ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʝʞʝʛʦʜʥʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʇʃɸ ʠ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʫʧʘʢʦʚʢʠ, ʚ 3D ʧʝʯʘʪʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ɿʚʝʟʜʦʦʙʨʘʟʥʳʝ ʦʣʠʛʦʤʝʨʳ ʣʘʢʪʠʜʘ (ʃɸ) ð ʵʪʦ ʦʜʥʘ ʠʟ 

ʤʦʜʠʬʠʢʘʮʠʡ ʇʃɸ, ʠʤʝʶʱʘʷ ʨʘʟʚʝʪʚʣʸʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ 

ʥʝʩʢʦʣʴʢʦ ʮʝʧʝʡ ʠʩʭʦʜʷʪ ʠʟ ʦʙʱʝʛʦ ʮʝʥʪʨʘ-ʷʜʨʘ. ʊʘʢʠʝ ʦʣʠʛʦʤʝʨʳ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʰʠʪʳʭ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʘʨʢʘʩʦʚ ʠ ʤʘʪʨʠʮ ʜʣʷ 

ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠ ʩʠʥʪʝʟʝ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪ ɹ ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʣʠʥʫ ʣʫʯʝʡ, 

ʵʥʘʥʪʠʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʮʝʧʝʡ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʉʂ). ʕʪʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʨʦʬʠʣʴ ʜʝʛʨʘʜʘʮʠʠ ʠ 

ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʃɸ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ (ʈʉɸ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

mailto:221000@muctr.ru
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ʧʨʦʚʦʜʠʪʴ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʤʠʢʨʦʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʠʟʜʝʣʠʷ. ʆʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʂʈ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʫʪʠʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʃɸ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʃɸ. 

ʎʝʣɹʁ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʦʚ ʂʈ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʃɸ ʦʪ ʯʠʩʣʘ ʠ ʜʣʠʥʳ ʣʫʯʝʡ, 

ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʮʝʧʝʡ, ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʉʂ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʃɸ. ɼʣʷ ʵʪʦʛʦ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʩʧʝʢʪʨʳ ʂʈ 3- ʠ 6-ʣʫʯʝʚʳʭ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʦʣʠʛʦʤʝʨʦʚ L- ʠ D,L-ʃɸ 

ʩ ʜʣʠʥʘʤʠ ʣʫʯʝʡ n = 25 ʠ 100 ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ ʠ D,L-ʃɸ ʩ n ʦʪ 10 ʜʦ 100, ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ L-

ʃɸ ʩ ʨʘʟʣʠʯʥʦʡ ʉʂ, ʘ ʪʘʢʞʝ D,L-ʇʃɸ. ʆʙʨʘʟʮʳ ʦʣʠʛʦʤʝʨʦʚ ʠ 

ʧʦʣʠʤʝʨʦʚ L-ʃɸ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ 

ʘʤʦʨʬʥʦʡ ʬʦʨʤʝ. ɺʩʝ ʦʙʨʘʟʮʳ ʦʣʠʛʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ D,L-ʃɸ 

ʙʳʣʠ ʘʤʦʨʬʥʳʤʠ ʠʟ-ʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ D- ʠ L-ʟʚʝʥʴʝʚ 

ʚʜʦʣʴ ʮʝʧʠ. 

 
ʈʠʩ. 1. (ʘ) ʉʧʝʢʪʨʳ ʂʈ ʣʠʥʝʡʥʳʭ ʠ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ 

ʠ ʧʦʣʠʤʝʨʦʚ L-ʃɸ; (ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʣʠʥʠʡ ʂʈ ʇʃɸ I411/I874 ʦʪ ʉʂ ʦʣʠʛʦʤʝʨʦʚ, ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ 

L-ʃɸ. 

ʉʧʝʢʪʨʳ ʂʈ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 

ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʂʈ ʤʠʢʨʦʩʢʦʧʘ Senterra II (Bruker Optics, 

ʉʐɸ) ʧʨʠ 180Á-ʨʘʩʩʝʷʥʠʠ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1,5 ʩʤī1 



 
ʌʀɿʀʂɸ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʀ ʄɽɼʀʎʀʅʉʂʀʍ ʇʈʀʃʆɾɽʅʀʁ
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ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 785 ʥʤ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 100 ʤɺʪ. 

ʉʂ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʂʈ I411/I874 ʩ ʯʘʩʪʦʪʘʤʠ 

ʦʢʦʣʦ 411 ʠ 874 ʩʤī1 ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʉʂ ʇʃɸ [1]. ʅʘ ʨʠʩ. 1a 

ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʂʈ ʠʩʩʣʝʜʫʝʤʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ L-ʃɸ, ʘ 

ʥʘ ʨʠʩ. 1ʙ ï ʟʘʚʠʩʠʤʦʩʪʴ I411/I874 ʦʪ ʉʂ. ʅʘ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʦʙʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʦʧʦʣʠʤʝʨʦʚ L-ʃɸ ʠ Ů-

ʢʘʧʨʦʣʘʢʪʦʥʘ [1]. ɺʠʜʥʦ, ʯʪʦ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. ʉʂ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʣʫʯʝʡ ʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʜʣʠʥʳ (ʨʠʩ. 1ʙ). 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʂʈ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʤʦʥʦʤʝʨʦʚ 

L-ʃɸ ʠ D,L-ʃɸ (ʨʘʮʝʤʠʯʝʩʢʘʷ ʩʤʝʩʴ L- ʠ D-ʣʘʢʪʠʜʘ). 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʂʈ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ 

ʤʦʥʦʤʝʨʦʚ L-ʃɸ ʠ D,L-ʃɸ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʂʈ ʦʢʦʣʦ 475 ʠ 

657 ʩʤī1 ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʦʣʠʛʦʤʝʨʘ ʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʉʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʣʠʥʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʤʝʨʘ. 

1. Liubimovskii S.O., Novikov V.S., Anokhin E.V., et al., Spectrochim. 

Acta Part A Mol. Biomol. Spectrosc. 2025, 336, 126018. 
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ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʤʝʨʦʚ 

ʣʘʢʪʠʜʘ ʠ Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ ʠ ʠʭ ʩʤʝʩʝʡ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʉʸʤʠʥ ɸ.ʄ.1,2, ʂʦʟʣʦʚʘ ʃ.ʖ.1, ʃʶʙʠʤʦʚʩʢʠʡ ʉ.ʆ.1, 

ʂʘʣʠʥʠʥ ʂ.ʊ.3, ɹʘʢʠʨʦʚ ɸ.ɺ.3,4, ʉʝʜʫʰ ʅ.ɻ.3,4, 

ʂʫʟʥʝʮʦʚ ʉ.ʄ.1, ʅʦʚʠʢʦʚ ɺ.ʉ.1 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 

3- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ 

4- ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

E-mail: amsyomin@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-183-185 

ʆʣʠʛʦʤʝʨʳ ʣʘʢʪʠʜʘ (ʃɸ) ʠ Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ (ʂʃ) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʣʷ 3D-ʧʝʯʘʪʠ, ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʠ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. 
ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ, ʫʜʦʙʥʳʤ ʠ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ. ʊʝʤ ʥʝ 
ʤʝʥʝʝ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʤʝʨʦʚ ʃɸ ʠ ʂʃ ʠ ʠʭ ʩʤʝʩʝʡ. 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʉʂ) ʠ 
ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʉʇ) ʦʣʠʛʦʤʝʨʦʚ ʃɸ ʠ ʂʃ, ʘ ʪʘʢʞʝ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʉʂ ʠʭ ʩʤʝʩʝʡ. 
ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ ʠʩʩʣʝʜʦʚʘʥʳ ʩʝʨʠʠ ʣʠʥʝʡʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ L-ʣʘʢʪʠʜʘ (L-ʃɸ), D,L-ʣʘʢʪʠʜʘ (D,L-ʃɸ) ʠ ʂʃ ʩʦ ʉʇ ʦʪ 
10 ʜʦ 100 ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʘ ʪʘʢʞʝ ʩʤʝʩʠ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 

L-ʃɸ ʠ ʂʃ ʩʦ ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 100 ʠ ʩ ʨʘʟʣʠʯʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʈ-ʤʠʢʨʦʩʢʦʧʘ Senterra II (Bruker, ʉʐɸ) ʩʦ 
ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1,5 ʩʤī1 ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʧʝʢʪʨʦʚ 

ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 785 ʥʤ. 
ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʉʇ ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ ʠ D,L-ʃɸ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ 

ʂʈ ʧʦʣʠʣʘʢʪʠʜʘ (ʇʃɸ) ʠ ʩʦʠʥʠʮʠʘʪʦʨʘ ʩʠʥʪʝʟʘ 1,12-ʜʦʜʝʢʘʥʜʠʦʣʘ. ɺ 

mailto:amsyomin@yandex.ru
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ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʠ 1,12-

ʜʦʜʝʢʘʥʜʠʦʣʘ ʦʢʦʣʦ 2850 ʩʤī1 ʠ ʣʠʥʠʠ ʇʃɸ ʦʢʦʣʦ 2947 ʩʤī1 
ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʉʇ ʦʣʠʛʦʤʝʨʦʚ ʣʘʢʪʠʜʘ ʜʦ 50 ʤʦʥʦʤʝʨʥʳʭ 

ʟʚʝʥʴʝʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 
I2850/I2947 ʦʪ ʉʇ ʦʣʠʛʦʤʝʨʦʚ ʦʜʠʥʘʢʦʚʘʷ ʜʣʷ ʦʣʠʛʦʤʝʨʦʚ ʃɸ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʝʧʝʥʠ 
ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ 
ʩʧʝʢʪʨʘʤ ʂʈ ʉʂ ʧʦʣʠ(L-ʣʘʢʪʠʜʘ) (L-ʇʃɸ) ʠ ʙʣʦʢʦʚ L-ʇʃɸ ʚ 

ʩʦʧʦʣʠʤʝʨʘʭ L-ʃɸ ʠ ʂʃ [1] ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʉʂ ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʠ 
ʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ L-ʇʃɸ ʩ ʯʘʩʪʦʪʘʤʠ 411 ʠ 

874 ʩʤī1. ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʉʂ  
L-ʇʃɸ, ʠʟʤʝʨʝʥʥʦʡ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʉʂ 
ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʉʇ ʦʣʠʛʦʤʝʨʘ, ʥʦ 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʠ ʦʪ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʩʠʥʪʝʟʘ 
(ʥʘʧʨʠʤʝʨ, ʨʝʞʠʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ). 

ʈʠʩ. 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʝʢʪʨʳ ʂʈ ʩʤʝʩʝʡ ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ ʠ 
ʂʃ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥʦ ʧʦ ʧʠʢʦʚʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʧʦʣʦʩ ʇʃɸ ʦʢʦʣʦ 2947 ʩʤī1 ʠ 
ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ) (ʇʂʃ) ʦʢʦʣʦ 2914 ʩʤī1 (ʨʠʩ. 1ʙ). ʕʪʠ ʧʦʣʦʩʳ 

ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʤʦʣʝʢʫʣ 
ʠ ʉʂ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 

100ī1400 ʩʤī1 (ʨʠʩ. 1ʘ). ʅʘ ʨʠʩ. 2ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 
ʦʪʥʦʰʝʥʠ ̫ ʧʠʢʦʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ I2947/(I2947+I2914) ʦʪ ʤʦʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʇʃɸ ʜʣʷ ʩʤʝʩʝʡ ʦʣʠʛʦʤʝʨʦʚ ʃɸ ʠ 

ʂʃ ʠ ʜʣʷ ʩʤʝʩʝʡ L-ʇʃɸ ʠ ʇʂʃ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2ʙ, 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʨʷʤʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 
I2947/(I2947+I2914) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʪʥʦʰʝʥʠʝ I874/(I1110+I874) 

ʧʠʢʦʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʠ ʇʃɸ ʦʢʦʣʦ 874 ʩʤī1 ʠ ʣʠʥʠʠ ʇʂʃ 
ʦʢʦʣʦ 1110 ʩʤī1. ʅʘ ʨʠʩ. 2ʘ ʧʦʢʘʟʘʥʦ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʦʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʇʃɸ ʜʣʷ ʩʤʝʩʝʡ 
ʦʣʠʛʦʤʝʨʦʚ ʃɸ ʠ ʂʃ ʠ ʜʣʷ ʩʤʝʩʝʡ L-ʇʃɸ ʠ ʇʂʃ. ɼʘʥʥʳʝ ʣʠʥʠʠ 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʉʂ ʦʣʠʛʦʤʝʨʦʚ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʘʤʠ ʚ ʦʙʣʘʩʪʠ 2500ï3300 ʩʤī1. ʇʦʵʪʦʤʫ 

ʟʘʚʠʩʠʤʦʩʪʴ I874/(I1110+I874) ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ 
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ʧʨʷʤʦʡ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʘʚʘ ʩʤʝʩʝʡ. 

  

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʂʈ ʩʤʝʩʝʡ ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ ʠ ʂʃ ʚ ʜʠʘʧʘʟʦʥʘʭ 

150ī1400 ʩʤī1 (ʘ) ʠ 2500ī3300 ʩʤī1 (ʙ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ L-ʃɸ ʠ ʂʃ. 

 

ʈʠʩ. 2. ʆʪʥʦʰʝʥʠʷ ʧʠʢʦʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʂʈ ʇʃɸ ʠ ʇʂʃ 

I874/(I1110+I874) (ʘ) ʠ I2947/(I2947+I2914) (ʙ) ʢʘʢ ʬʫʥʢʮʠʠ ʤʦʣʴʥʦʛʦ 
ʩʦʜʝʨʞʘʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ L-ʇʃɸ ʚ ʩʤʝʩʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʧʣʘʚʥʳʭ ʩʤʝʩʝʡ L-ʇʃɸ ʠ ʇʂʃ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʂʈ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ 
ʦʣʠʛʦʤʝʨʦʚ ʃɸ ʠ ʂʃ ʠ ʠʭ ʩʤʝʩʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 
ʦʩʥʦʚʝ ʦʣʠʛʦʤʝʨʦʚ ʃɸ ʠ ʂʃ. 

1. Liubimovskii S.O. et al. Spectrochim. Acta Part A Mol. Biomol. 
Spectrosc. 2025, 336, 126018. 
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ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʠʣʠ ʘʛʨʝʛʘʮʠʠ. ʀʭ ʩʪʘʙʠʣʴʥʘʷ ɓ-ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʨʦʪʝʦʣʠʟʫ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʨʦʩʪʫ. ɼʘʥʥʳʝ ʬʠʙʨʠʣʣʳ 

ʚʦʚʣʝʢʘʶʪ ʦʢʨʫʞʘʶʱʠʝ ʠʭ ʙʝʣʢʠ ʚ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ, ʥʘʨʫʰʘʷ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʤʠʣʦʠʜʥʳʝ ʬʠʙʨʠʣʣʳ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʤʝʜʠʮʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ 

ʘʛʨʝʛʘʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ (ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ, ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ), ʘ 

ʪʘʢʞʝ ʧʨʠ ʩʘʭʘʨʥʦʤ ʜʠʘʙʝʪʝ 2-ʪʠʧʘ ʠ ʜʠʘʣʠʟʥʦʤ ʘʤʠʣʦʠʜʦʟʝ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʭʘʥʠʟʤ ʬʠʙʨʠʣʣʦʛʝʥʝʟʘ 

ʦʩʪʘʸʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ [2]. 

ʄʝʪʦʜʳ ʜʝʛʨʘʜʘʮʠʠ ʘʤʠʣʦʠʜʦʚ ʚʢʣʶʯʘʶʪ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʫʣʴʪʨʘʟʚʫʢ); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ (ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʦʣʝʢʫʣ: ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʝʧʪʠʜʳ, ʬʝʨʤʝʥʪʳ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ: ʛʨʘʬʝʥ, ʬʫʣʣʝʨʝʥʳ ʠ ʜʨ. 

ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʝʛʨʘʜʘʮʠʠ 

ʥʝʧʨʠʤʝʥʠʤʳ in vivo ʠʟ-ʟʘ ʩʠʩʪʝʤʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʜʘʞʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʬʠʙʨʠʣʣ (ʥʘʧʨʠʤʝʨ, ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʋʌ-ʦʙʣʫʯʝʥʠʝʤ) ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʣʠʛʦʤʝʨʳ, 

ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʠʩʭʦʜʥʳʝ ʬʠʙʨʠʣʣʳ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʜʝʛʨʘʜʘʮʠʠ ʘʤʠʣʦʠʜʥʳʭ 

ʬʠʙʨʠʣʣ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʘʣʩʷ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʙʨʠʣʣ in vitro, ʘ ʪʘʢʞʝ ʧʦʜʙʠʨʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʠʙʨʠʣʣ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʨʘʟʤʝʨ, ʧʣʦʪʥʦʩʪʴ ʠ ʪ.ʜ.). ɺ ʢʘʯʝʩʪʚʝ 
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ʤʦʜʝʣʴʥʳʭ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʙʳʣ ʚʳʙʨʘʥ ʣʠʟʦʮʠʤ ʠʟ ʷʠʯʥʦʛʦ 

ʙʝʣʢʘ (HEWL). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ ʧʨʠʤʝʥʷʣʠ ʥʝʩʢʦʣʴʢʦ 

ʤʝʪʦʜʠʢ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʨʘʟʫʤʝʚʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ 

(ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ), ʜʦʙʘʚʣʝʥʠʝ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ 

ʘʛʝʥʪʦʚ (ʛʫʘʥʠʜʠʥʛʠʜʨʦʭʣʦʨʠʜ), ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ 

ʚʳʜʝʨʞʠʚʘʥʠʷ (ʦʪ 1 ʯʘʩʘ ʜʦ 2 ʥʝʜʝʣʴ), ʪʝʤʧʝʨʘʪʫʨʳ (22ï65Áʉ),ʘ 

ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (200ï800 ʦʙ/ʤʠʥ). ʅʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʡ 

ʤʝʪʦʜʠʢʠ: 3ʄ ʛʫʘʥʠʜʠʥʛʠʜʨʦʭʣʦʨʠʜʘ ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

(800 ʦʙ/ʤʠʥ) ʠ ʪʝʤʧʝʨʘʪʫʨʝ 65Áʉ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʭy ʯʘʩʦʚ. 

ɸʤʠʣʦʠʜʥʳʝ ʬʠʙʨʠʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʣʠʟʦʮʠʤʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 2 ʤʛ/ʤʣ. ɼʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʘʤʠʣʦʠʜʥʳʝ ʬʠʙʨʠʣʣʳ ʙʳʣʠ ʦʯʠʱʝʥʳ ʦʪ 

ʛʫʘʥʠʜʠʥʛʠʜʨʦʭʣʦʨʠʜʘ ʧʫʪʤy ʜʠʘʣʠʟʘ (4 ʯʘʩʘ, ʜʠʘʣʠʟʥʘʷ ʢʘʤʝʨʘ ʩ 

ʨʘʟʤʝʨʦʤ ʧʦʨ ʚ 7 ʢɼʘÀ). 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʶ ʩ ʜʦʙʘʚʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʟʦʥʜʘ ʪʠʦʬʣʘʬʠʥʘ ʊ (ThT) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 Õʄ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʬʠʯʥʳʤ ʠʤʝʥʥʦ ʢ ʦʣʠʛʦʤʝʨʥʳʤ ʘʤʠʣʦʠʜʥʳʤ ʬʠʙʨʠʣʣʘʤ ʠ ʟʘ 

ʩʯʸʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʥʠʤʠ ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʫʝʤʳʭ ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɸʤʠʣʦʠʜʥʳʝ 

ʬʠʙʨʠʣʣʳ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʧʫʪʝʤ ʚʳʩʫʰʠʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʶʜʳ. ʀʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʩʢʦʧʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝ ʚʩʝ 

ʘʛʨʝʛʠʨʦʚʘʚʰʠʝ ʙʝʣʢʠ ʧʝʨʝʭʦʜʷʪ ʚ ʬʠʙʨʠʣʣʳ: ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ 

ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʦʬʠʙʨʠʣʣ ʠ ʧʨʦʪʦʬʠʣʘʤʝʥʪʦʚ. ʈʘʟʤʝʨʳ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 5 ʜʦ 200 ʥʤ ʚ ʜʠʘʤʝʪʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʣʠʥʫ 

ʤʦʛʣʠ ʜʦʭʦʜʠʪʴ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ (ʨʠʩ. 1). 

ʉ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʤʠʣʦʠʜʥʳʤʠ ʬʠʙʨʠʣʣʘʤʠ ʠ ʠʩʭʦʜʥʳʤ 

ʙʝʣʢʦʤ ð ʣʠʟʦʮʠʤʦʤ. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʧʨʦʚʦʜʠʣʠ 

                                                           
À ʂʦʤʤʝʨʯʝʩʢʠʡ ʪʠʧ ʤʘʨʢʠʨʦʚʢʠ ʨʘʟʤʝʨʦʚ ʧʦʨ ʤʝʤʙʨʘʥ ʩ ʧʦʤʦʱʴʶ 

ʥʦʤʠʥʘʣʴʥʦʡ ʦʪʩʝʢʘʝʤʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢɼʘ ï 

ʢʠʣʦʜʘʣʴʪʦʥʘʭ (ʩʤ ʩʩʳʣʢʫ ʥʘ ʩ. 168) 1 ʢɼʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10ï15 ʥʤ 
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ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ ʧʫʪʝʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʫʧʝʨʥʘʪʘʥʪʘ ʦʩʘʜʦʢ 

ʚʳʩʫʰʠʚʘʣʠ ʚ ʩʫʭʦʞʘʨʦʚʦʤ ʰʢʘʬʫ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʩʧʝʢʪʨʦʛʨʘʤʤʘʤ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ ʧʦ 

ʩʤʝʱʝʥʠʷʤ ʧʠʢʦʚ ʘʤʠʣʦʠʜʥʳʭ ʬʠʙʨʠʣʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʟʦʮʠʤʘ. 

 
ʈʠʩ. 1. ʉʥʠʤʦʢ ʘʤʠʣʦʠʜʥʦʡ ʬʠʙʨʠʣʣʳ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, ʢ.ʙ.ʥ., 

ʩ.ʥ.ʩ. ʉʘʨʠʤʦʚʫ ʈ.ʄ., ʤ.ʥ.ʩ. ʄʝʪʚʝʝʚʦʡ ʊ.ɸ. ʄʦʣʴʢʦʚʦʡ ɽ.ɸ. ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʤʦʱʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʠʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʏʝʨʥʠʢʦʚʘ ʋ.ɼ.1,2, ʉʢʠʨʜʘ ɸ.ʄ.1,3, ɺʦʣʢʦʚ ɺ.ɺ.1,2, ʆʨʣʦʚ ɸ.ɺ.1 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʚʘ 

3- ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ 
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ʀʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʀʍɸ) ð ʵʢʩʧʨʝʩʩʥʳʡ 

ʤʝʪʦʜ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʞʠʜʢʠʡ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ð ʘʥʘʣʠʪ, ʧʦʤʝʱʘʝʪʩʷ ʪʝʩʪ-ʧʦʣʦʩʢʘ, ʥʘ 

ʢʦʪʦʨʦʡ ʚ ʚʠʜʝ ʪʝʩʪʦʚʦʡ ʣʠʥʠʠ ʥʘʥʝʩʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʘ ʢ 

ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʚʝʱʝʩʪʚʫ [1]. ʉʯʠʪʳʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʢʨʘʰʠʚʘʥʠʷ ʪʝʩʪʦʚʦʡ ʣʠʥʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʘʥʘʣʠʪʘ 

ʚ ʦʙʨʘʟʮʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ð ʦʜʠʥ 

ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʙʳʩʪʨʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʘʢ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ [2, 3], 

ʪʘʢ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [4], ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ 

ʟʘʙʦʨʘ ʧʨʦʙ.r ʉʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʍɸ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʠʥʚʘʟʠʚʥʦ, ʥʘʧʨʠʤʝʨ, ʧʦ ʘʥʘʣʠʟʫ ʩʣʶʥʳ, 

ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʨʢʝʨʦʚ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʪʳʩʷʯʠ ʨʘʟ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʨʦʚʠ. ʕʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪʴ ʦʢʘʟʘʥʠʝ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʢʦʛʝʨʝʥʪʥʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ [5, 6] ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʠʦʨʘʩʧʦʟʥʘʶʱʠʝ ʘʥʪʠʪʝʣʘ, 

ʦʙʣʘʜʘʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʘʩʩʦʮʠʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ 

ʢ ʥʝʩʢʦʣʴʢʠʤ ʘʥʘʣʠʪʘʤ. ʉ ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʳʭ ʘʥʪʠʪʝʣ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: (ʘ) ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʀʍɸ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʦʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ð 

ʧʨʦʪʷʞʸʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʠʭ ʦʪʢʣʠʢʘ; (ʙ) ʨʘʟʨʘʙʦʪʘʥʳ ʀʍɸ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʟʦʣʦʪʳʭ 
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ʥʘʥʦʯʘʩʪʠʮ (ɿʅʏ) ʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʢʦʚʦ-

ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʘʥʪʠʛʝʥʘ (ʈʕɸ) ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʀʍɸ ʪʝʩʪ-ʩʠʩʪʝʤ ʪʘʢʞʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ 

ʙʠʦʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʘʥʪʠʪʝʣʘʤʠ ʢ ʈʕɸ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩʵʥʜʚʠʯ-ʠʤʤʫʥʦʘʥʘʣʠʟ. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʭʝʤʘ ʀʍɸ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʵʪʘʧʦʤ ð ʧʦʛʨʫʞʝʥʠʝʤ ʪʝʩʪʦʚʦʡ ʧʦʣʦʩʢʠ ʚ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʘ ʢ ʈʕɸ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ɿʅʏ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʥʪʠʚʠʜʦʚʳʤʠ ʘʥʪʠʪʝʣʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ (ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ) ʫʣʫʯʰʠʪʴ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʈʕɸ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʘ ʥʘ ʦʩʥʦʚʝ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʫʪʸʤ 

ʩʦʦʩʘʞʜʝʥʠʷ ʩʦʣʝʡ ʞʝʣʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʢʨʳʚʘʣʠʩʴ 

ʦʙʦʣʦʯʢʦʡ ʠʟ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʦ ʤʝʪʦʜʫ ʐʪʦʙʝʨʘ ʠ ʩʦʝʜʠʥʷʣʠʩʴ ʚ 

ʧʨʦʪʷʞʸʥʥʳʝ ʢʣʘʩʪʝʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩ ʠʥʜʫʢʮʠʝʡ 50 ʤʊʣ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʙʳʣʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʠ ʧʦʢʨʳʪʘ ʟʦʣʦʪʳʤʠ ʩʘʪʝʣʣʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʙʳʣʠ ʙʠʦʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʝʮʠʬʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢ 

ʭʣʦʨʘʤʬʝʥʠʢʦʣʫ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʥʘʥʦʤʝʪʦʢ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʀʍɸ ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʠʙʠʦʪʠʢʘ ʭʣʦʨʘʤʬʝʥʠʢʦʣʘ ʚ ʦʙʨʘʟʮʘʭ ʩʣʦʞʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ. 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʧʨʦʪʷʞʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 

ʞʝʣʝʟʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʟʦʣʦʪʳʤʠ ʩʘʪʝʣʣʠʪʘʤʠ 

ʄʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʍɸ, ʧʦʟʚʦʣʠʣʠ ʫʣʫʯʰʠʪʴ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʢʘʢ 

ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɿʅʏ, ʪʘʢ ʠ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ 

ʀʍɸ (ʜʦʩʪʠʛʥʫʪʳ ʧʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʨʷʜʘ ʘʥʘʣʠʪʦʚ 10 ʧʛ/ʤʣ). 
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ɸʚʪʦʨ rʚʳʨʘʞʘʪʁ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʝʡ 

çɹʠʦʬʦʪʦʥʠʢʘè ʎɽʅʀ ʀʆʌ ʈɸʅ, ʅʠʢʠʪʠʥʫ ʇ.ʀ., ʠ ʚʩʝʤʫ 

ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 
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ʈɸɼʀʆʌʀɿʀʂɸ ʀ ɸʂʋʉʊʀʂɸ 
ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʦʚʦʛʦ ʧʦʣʷ 

ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʥʘ ʘʨʢʪʠʯʝʩʢʦʤ ʰʝʣʴʬʝ 

ɹʦʜʞʦʥʘ ʉ.ɼ.1,2,3, ʉʠʜʦʨʦʚ ɼ.ɼ.1, ʃʫʥʴʢʦʚ ɸ.ɸ.1,3 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ 

3- ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 

ʄʦʩʢʚʘ 

ɽ-mail: bodjona@kapella.gpi.ru 

DOI: 10.24412/cl-35673-2025-1-192-194 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʦʚʦʛʦ ʧʦʣʷ ʚʝʪʨʦʚʦʛʦ 

ʚʦʣʥʝʥʠʷ ʚ ʤʝʣʢʦʤ ʤʦʨʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʯʸʪ ʩʪʨʫʢʪʫʨʳ ʜʥʘ. 

ʈʘʥʝʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 3D ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘ ʤʝʣʢʦʚʦʜʥʦʤ ʫʯʘʩʪʢʝ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ (ʨʠʩ. 1ʘ) [1] ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʦʣʴ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʩʘʜʢʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʦʚʦʛʦ ʧʦʣʷ 

ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʜʝ [2]. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠ ̫

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʜʥʘ ʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʥʦʛʦ ʩʣʦʷ ʥʘ ʰʫʤʦʚʦʝ ʧʦʣʝ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘ 

ʯʘʩʪʦʪʝ 500 ɻʮ. 

ʄʝʪʦʜʳ ʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʞʝ, 

ʢʘʢ ʠ ʚ [2], ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʜʥʦʤ ʩʣʦʝ, ʢʦʪʦʨʘʷ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ὧ ὧ ᾀ ʠ ʟʘʜʘʸʪʩʷ ʪʨʝʤʷ 
ʚʠʜʘʤʠ ʛʨʘʜʠʝʥʪʥʳʭ ʧʨʦʬʠʣʝʡ (ʨʠʩ. 1ʙ), ʚʟʷʪʳʭ ʠʟ ʦʪʢʨʳʪʦʡ ʙʘʟʳ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [3]. 

  
(ʘ) (ʙ) 

ʈʠʩ. 1. ʊʨʸʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʜʥʝ cb(x, y, z) (ʘ), 

ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʜʥʦʤ ʩʣʦʝ cw(z) (ʙ). 
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ʉʥʘʯʘʣʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʟʚʫʢʦʚʦʝ ʧʦʣʝ ʦʜʠʥʦʯʥʦʛʦ 

ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʯʝʪʚʝʨʪʠ 

ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʥʘ: 

ʚʦʜʦʧʦʜʦʙʥʦʝ (cb å cw) ʠ ʘʢʫʩʪʠʯʝʩʢʠ ʞʸʩʪʢʦʝ (cb > cw). ʊʦʛʜʘ, ʩʨʝʜʥʠʝ 

ʧʦ ʛʣʫʙʠʥʝ ʧʦʪʝʨʠ TL ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

 Ὕὒὶ ρπÌÇ
᷿ Ƞ

᷿ Ƞ
, (1) 

ʛʜʝ P(r; zrq) ï ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʥʘ ʛʣʫʙʠʥʝ 

ʧʨʠʝʤʥʠʢʘ zrq, P0(r0; zrq) ï ʥʦʨʤʠʨʦʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, H(r) ï 

ʛʣʫʙʠʥʘ ʚʦʣʥʦʚʦʜʘ. ʈʘʩʯʸʪʳ ʘʟʠʤʫʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʪʝʨʴ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʚʫʢʘ ʜʦ 5 ʢʤ, ʫʩʨʝʜʥʸʥʥʳʭ ʧʦ ʛʣʫʙʠʥʝ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ cw(z) ʧʦʪʝʨʠ ʤʝʥʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʦʙʣʘʩʪʠ ʩ ʚʦʜʦʧʦʜʦʙʥʳʤ ʜʥʦʤ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʦʥʠ ʤʦʛʫʪ 

ʫʚʝʣʠʯʠʚʘʪʩɹ ̫ ʥʘ 20 ʜɹ ʠ ʙʦʣʴʰʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʤʝʥʴʰʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʩ ʜʥʦʤ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʛʨʘʜʠʝʥʪʘ. 

 
ʈʠʩ. 2. ɸʟʠʤʫʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʠʭ ʧʦ ʛʣʫʙʠʥʝ ʧʦʪʝʨʴ. 

ʂʨʫʛʠ ʠʤʝʶʪ ʨʘʜʠʫʩ 5 ʢʤ. 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦʣʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚ ʢʨʫʛʝ ʨʘʜʠʫʩʦʤ 5 ʢʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʢʣʘʜ ʙʦʣʝʝ ʜʘʣʴʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʰʫʤʦʚʦʝ 

ʧʦʣʝ ʚ ʮʝʥʪʨʝ ʢʨʫʛʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʫʤʤʘʨʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʫʤʘ, ʩʦʙʨʘʥʥʦʛʦ ʩʦ ʚʩʝʡ ʦʙʣʘʩʪʠ [2]. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ 

ʛʨʘʜʠʝʥʪ 

ʅʫʣʝʚʦʡ 
ʛʨʘʜʠʝʥʪ 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʛʨʘʜʠʝʥʪ 

ɾ
ʝ
ʩ
ʪ
ʢ
ʦ
ʝ
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ʅʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʧʦʯʪʠ 3 ʜɹ) ʚʠʜʥʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʪʠʧʘʤʠ ʜʥʘ ʚ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. 

ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʚʦʜʥʦʛʦ ʩʣʦʷ ʚʣʠʷʝʪ ʥʘ ʩʫʤʤʘʨʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʣʘʙʝʝ: ʥʝ ʙʦʣʝʝ 1,5 ʜɹ ʤʝʞʜʫ ʛʨʘʜʠʝʥʪʥʳʤʠ ʧʨʦʬʠʣʷʤʠ. 

ʊʘʙʣʠʮʘ 1. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʰʫʤʘ (ʚ ʜɹ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʜʥʘ ʠ ʟʥʘʢʘ ʛʨʘʜʠʝʥʪʘ cw(z). 
ʊʠʧ ʜʥʘ ɻʨʘʜʠʝʥʪ 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʅʫʣʝʚʦʡ ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ɾʝʩʪʢʦʝ 68,7 69,3 70,2 

ɺʦʜʦʧʦʜʦʙʥʦʝ 66,5 66,9 67,4 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʤʦʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʰʫʤʦʚʦʛʦ ʧʦʣʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʳʝ ʦʪʣʠʯʠʷ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʝʸ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʤʦʜʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ ʜʦʤʠʥʠʨʫʶʪ 

ʥʠʟʰʠʝ ʤʦʜʳ, ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ï ʤʦʜʳ ʚʳʩʦʢʠʭ ʥʦʤʝʨʦʚ. 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʜʥʘ. 

 

 

ʈʠʩ. 3. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʤʦʜʦʚʳʝ ʘʤʧʣʠʪʫʜʳ ʰʫʤʦʚʦʛʦ ʧʦʣʷ 

ʚ ʪʦʯʢʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʤyʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʘʞʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʚʝʪʨʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘ 

ʘʨʢʪʠʯʝʩʢʦʤ ʰʝʣʴʬʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʦʚʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʟʚʫʢʦʚʳʭ ʧʦʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʪy ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ ˉ22-72-10121, https://rscf.ru/project/22-72-10121/. 
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ʇʨʦʙʣʝʤʳ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʧʨʦʜʦʣʴʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ 

ʚ ʪʦʥʢʠʭ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʄʘʢʘʣʢʠʥ ɼ.ʀ.1,2 

1- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

2- ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʈʕɸ, ʄʦʩʢʚʘ 

ɽ-mail: dmitrymakalkin@yandex.ru 

DOI: 10.24412/cl-35673-2025-1-195-197 

ɺʘʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝ y ʚʝʣʠʯʠʥʳ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ: ʠʟʤʝʨʝʥʠʝ 

ʦʩʪʘʪʦʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ, ʨʘʩʯʪy 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʫʛʦʩʪʠ [1]. ʉʫʱʝʩʪʚʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʛʨʫʧʧʦʚʫʶ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʦʜʥʘʢʦ, ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ 

ʚʦʣʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʘ ʠ ʟʘʚʠʩʠʪ ʠ ʦʪ ʜʠʩʧʝʨʩʠʠ, ʠ ʦʪ 

ʜʠʩʩʠʧʘʮʠʠ, ʠ ʦʪ ʜʠʬʨʘʢʮʠʠ, ʠ ʦʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʨʝʜʳ. ʅʘʧʨʦʪʠʚ, 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ ʥʠ 

ʜʠʩʩʠʧʘʮʠʶ, ʥʠ ʜʠʩʧʝʨʩʠʶ, ʠ, ʥʘʦʙʦʨʦʪ, ʩ ʝ y ʧʦʤʦʱʴʶ ʧʦʣʫʯʠʪʴ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʙʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʨʝʜʳ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʝʪʦʜ ʬʦʪʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʵʭʦ-ʨʝʞʠʤʝ, ʢʦʪʦʨʳʡ 

ʩʦʯʝʪʘʝʪ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʣʦʢʘʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʜʦʩʪʫʧ 

ʣʠʰʴ ʢ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʦʙʨʘʟʮʘ, ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʦʧʪʠʯʝʩʢʫʶ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ [2]. ʊʝʭʥʠʯʝʩʢʠ ʵʪʦ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʩ ʧʦʤʦʱʴʶ ʜʝʬʝʢʪʦʩʢʦʧʘ ʋɼʃ-2ʄ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ 

ʧʨʠʥʮʠʧʫ ʪʝʨʤʦʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

(ʋɿ) ʠʤʧʫʣʴʩʘ (50 ʥʩ), ʧʨʦʭʦʜʷʱʝʛʦ ʚ ʦʙʨʘʟʝʮ, ʠ ʧʨʠʥʠʤʘʶʱʝʛʦ ʝʛʦ ʚ 

ʵʭʦ-ʨʝʞʠʤʝ. ʋɿ-ʠʤʧʫʣʴʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʚʠʜʝ ʷʚʣʷʣʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʋɿ-ʧʫʯʢʦʤ ʩ ʛʘʫʩʩʦʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ (ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʫʯʢʘ ʧʦ ʫʨʦʚʥʶ ʘʤʧʣʠʪʫʜʳ 1/e 

ʨʘʚʝʥ 2,7 ʤʤ). 

ʀʜʝʷ ʧʨʦʰʣʦʡ ʨʘʙʦʪʳ [3] ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ 

ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʝʢʦʥʚʦʣʶʮʠʠ ʩʠʛʥʘʣʘ ʩ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠʤyʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʣʠʪʢʘʭ ʀʦʛʘʥʩʦʥʘ ʪʦʣʱʠʥʦʡ 1 ʠ 1,9 ʤʤ. ɺ 

ʵʪʦʪ ʨʘʟ ʜʣʷ ʪʝʭ ʞʝ ʩʘʤʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʬʘʟʦʚʫ  ʁʩʢʦʨʦʩʪʴ ʧʦ 
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ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ ʚ ʩʧʝʢʪʨʘʭ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʪʨʘʞʝʥʠʡ (2-ʛʦ 

ʠ 3-ʛʦ) ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʦʪ 0 ʜʦ 25 ʄɻʮ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ï 

ʯʝʪʚʝʨʪʴ ʦʪ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ 100 ʄɻʮ). ʂʘʞʜʳʡ ʩʧʝʢʪʨ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢ ʩʠʛʥʘʣʘʤ 

ʦʪʨʘʞʝʥʠʡ ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʋɿ-ʧʫʯʢʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʠʬʨʘʢʮʠʠ, 

ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʀʟʚʝʩʪʥʘʷ ʤʦʜʝʣʴ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʧʨʘʚʦʯʥʦʝ ʩʣʘʛʘʝʤʦʝ ʜʣ̫ ʬʘʟʳ ʩʠʛʥʘʣʘ (ʧʨʠʥʠʤʘʝʤ 

ʧʨʦʜʦʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʫ ʟʘ ʥʦʣʴ) [4]: 

 ɝʒ ὥὶὧὸὫʌϽɡᾀ Ὑ , (1) 

ʛʜʝ Ὀ
Ͻ

ϽϽ
 ï ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ, Ὑ ᾀϽρ  ï ʨʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ ʬʨʦʥʪʘ ʧʫʯʢʘ, ɡ ï ʝʜʠʥʠʯʥʘʷ ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, z ï 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʧʫʪʴ, a0 ï ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʫʯʢʘ, c ï 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʯʘʩʪʦʪʦʡ f. 

ʇʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʦʜʚʝʨʛʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʯʝʨʝʟ 

ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʦʝ ʧʦʧʨʘʚʦʯʥʦʝ ʩʣʘʛʘʝʤʦʝ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʙʝʟ ʦʙʨʘʙʦʪʢʠ (ʢʨʘʩʥʘʷ 

ʣʠʥʠʷ) ʠ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʜʠʬʨʘʢʮʠʠ (ʩʠʥʷʷ ʣʠʥʠʷ) ʜʣʷ ʦʙʨʘʟʮʘ 

ʪʦʣʱʠʥʦʡ 1,0 ʤʤ. ʂʦʤʧʝʥʩʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʧʦʣʦʛʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ʢʨʠʚʦʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʧʦ 

ʯʘʩʪʦʪʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ ʥʘ 10 ʤ/ʩ. ʅʘ ʛʨʘʬʠʢʝ ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʦ ʟʥʘʯʝʥʠʝ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ 

ʪʦʛʦ ʞʝ ʩʠʛʥʘʣʘ ʚʨʝʤʷʧʨʦʣʪyʥʳʤ ʤʝʪʦʜʦʤ (ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ 

ʦʙʨʘʙʦʪʢʠ). ʉʝʨʦʡ ʟʦʥʦʡ ʦʪʤʝʯʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ, 

ʚʳʟʚʘʥʥʘʷ ʧʨʠʙʦʨʥʦʡ ʦʰʠʙʢʦʡ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ~5 ʤʢʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ, ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʚʳʨʘʞʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʟʥʘʯʝʥʠʡ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ï ʦʩʦʙʝʥʥʦ ʵʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʩʧʝʢʪʨʘ ʩʘʤʦʛʦ ʪʦʥʢʦʛʦ 

ʦʙʨʘʟʮʘ: ʧʨʠ ʯʘʩʪʦʪʝ ʥʠʞʝ 6 ʄɻʮ ʜʣʠʥʘ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʣʥʦʚʦʡ 

ʧʨʦʮʝʩʩ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʡ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʥʘ ʩʠʣʴʥʦʝ 

ʨʘʟʣʠʯʠʝ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ 

ʜʠʬʨʘʢʮʠʠ ï ʦʩʦʙʝʥʥʦ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʝʝ ʪʦʣʩʪʦʛʦ ʦʙʨʘʟʮʘ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ çʥʘʢʦʧʣʝʥʠʝʤè ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʠʬʨʘʢʮʠʝʡ. 
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ʄʦʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʜʝʢʘʜʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʤʝʣʢʦʚʦʜʥʦʤ ʚʦʣʥʦʚʦʜʝ 

ʐʝʧʝʣʴ ʀ.ɸ.1, ʉʠʜʦʨʦʚ ɼ.ɼ.2, ɹʦʜʞʦʥʘ ʉ.ɼ.1,2,3, ʃʫʥʴʢʦʚ ɸ.ɸ.1,2 

1- ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄʦʩʢʚʘ 

2- ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

3- ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ 

ɽ-mail: sidorov@kapella.gpi.ru 

DOI: 10.24412/cl-35673-2025-1-198-200 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʚʠʜʝ ʣʦʢʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ ʜʥʘ ʚ ʨʘʤʢʘʭ ʥʘʪʫʨʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʨʘʩʩʝ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʤʝʞʤʦʜʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [1]. ɸʥʘʣʠʟ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʪʜʝʣʴʥʳʭ 

ʚʦʣʥʦʚʦʜʥʳʭ ʤʦʜ ʤʦʞʝʪ ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʜʦʣʴ ʜʚʫʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʪʨʘʩʩ: 

ʘ ï ʩ ʤʘʣʳʤ ʧʝʨʝʧʘʜʦʤ ʛʣʫʙʠʥ, ʙ ï ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʜʥʷʪʠʝʤ ʜʥʘ. 

ɺ ʩʝʥʪʷʙʨʝ 2024 ʙʳʣ ʧʨʦʚʝʜʸʥ ʥʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʟʘʣʠʚʝ 

ʇʦʩʴʝʪʘ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ (ʨʠʩ. 1). ʀʩʪʦʯʥʠʢ ʟʚʫʢʘ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ 

ʚʙʣʠʟʠ ʤʳʩʘ ʐʫʣʴʮʘ ʚ ʧʨʠʜʦʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʣʫʙʠʥʝ 34 ʤ ʠ ʠʟʣʫʯʘʣ 

ʩʠʛʥʘʣ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʚ ʧʦʣʦʩʝ ʦʪ 200 ʜʦ 2000 ɻʮ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 20 ʩ [2]. ʇʨʠyʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʢʤ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʮʝʧʦʯʢʫ ʛʠʜʨʦʬʦʥʦʚ çʄʆʃʃʖʉʂè [3]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʜʚʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʪʨʘʩʩʳ: ʧʨʠ 

ʥʘʣʠʯʠʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ ʜʥʘ (ʨʠʩ. 1ʙ) ʠ ʩ ʤʘʣʳʤ ʧʝʨʝʧʘʜʦʤ 
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ʛʣʫʙʠʥ (ʨʠʩ. 1ʘ). ʂʦʥʪʨʦʣʴ ʛʠʜʨʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

CTD-ʟʦʥʜʘ. 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʦʛʨʘʤʤʳ ʧʝʨʚʳʭ ʯʝʪʳʨʭy ʤʦʜ: 

ʣʝʚʘʷ ʢʦʣʦʥʢʘ ï ʪʨʘʩʩʘ ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʜʥʷʪʠʝʤ ʜʥʘ; 

ʧʨʘʚʘʷ ï ʩ ʤʘʣʳʤ ʧʝʨʝʧʘʜʦʤ ʛʣʫʙʠʥ. 

ʇʨʝʜʩʪʘʚʣʷʷ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʚʦʣʥʳ (ʤʦʜʳ) [4], ʥʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʳ 

ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʧʝʨʚʳʭ ʯʝʪʳʨʸʭ ʤʦʜ. ʇʨʠ ʥʘʣʠʯʠʠ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʜʥʷʪʠʷ ʜʥʘ ʥʘ ʪʨʘʩʩʝ (ʣʝʚʘʷ ʢʦʣʦʥʢʘ ʥʘ ʨʠʩ. 2) ʧʦʷʚʣʷʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʥʴʰʝ ʦʩʥʦʚʥʦʛʦ, ʯʪʦ 

ʟʘʤʝʪʥʦ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʸʭ ʤʦʜ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʝʞʜʫ ʤʦʜʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ çʧʝʨʝʢʘʯʢʘè ʵʥʝʨʛʠʠ ʟʘ ʩʯʸʪ ʵʬʬʝʢʪʘ ʤʝʞʤʦʜʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʣʦʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (ʛʦʨʢʝ). ɺ ʩʣʫʯʘʝ 
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ʪʨʘʩʩʳ ʩ ʤʘʣʳʤ ʧʝʨʝʧʘʜʦʤ ʛʣʫʙʠʥ ʪʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 

ɿʜʝʩʴ ʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʚʦʜʥʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʣʠ ʪʝʨʤʦʢʣʠʥ ʥʘ ʛʣʫʙʠʥʝ 20 ʤ (ʨʠʩ. 1). ʇʨʠ 

ʪʘʢʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 800 ɻʮ ʛʨʫʧʧʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʤʦʜ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʦʤʝʨʦʚ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʩʢʦʨʦʩʪʴ 

ʥʠʟʰʠʭ ʤʦʜ. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʭy ʤʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʤʦʜʦʚʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ 

ʨʘʥʴʰʝ ʧʨʦʷʚʣʷʶʪʩʷ ʤʦʜʳ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʦʤʝʨʦʚ. 

 
ʈʠʩ. 3. ʄʦʜʝʣʴʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʧʝʨʚʳʭ ʯʝʪʳʨʭy ʤʦʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʥʠʟʰʠʭ ʤʦʜ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʨʘʥʥʠʝ ʚʨʝʤʝʥʥʳʝ 

ʧʨʠʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʜ ʥʘ ʪʨʘʩʩʝ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʠ ʰʝʣʴʬʦʚʳʭ ʫʩʣʦʚʠʷʭ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʊʆʀ ɼɺʆ ʈɸʅ 

ʂʦʚʟʝʣʶ ɼ.ɻ. ʠ ɹʝʟʦʪʚʝʪʥʳʭ ɺ.ɺ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʪy ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ ˉ 22-72-10121, https://rscf.ru/project/22-72-10121/. 
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ʆʈɻɸʅʀɿɸʊʆʈʓ ʂʆʅʌɽʈɽʅʎʀʀ
 

 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʌʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

çʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè 

ʐʂʆʃɸ-ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɪʅʓʍ  

çʇʈʆʍʆʈʆɺʉʂʀɽ ʅɽɼɽʃʀè 

ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

ʇʝʯʘʪʘʝʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʦʨʠʛʠʥʘʣ-ʤʘʢʝʪʦʤ 

ɼʠʟʘʡʥ ʦʙʣʦʞʢʠ ʄ.ʅ.  ʄʘʷʢʦʚʦʡ 

ʈʝʜʢʦʣʣʝʛʠʷ: ɺ.ɺ. ɻʣʫʰʢʦʚ, ʄ.ʗ. ɻʨʠʰʠʥ, ɸ.ɺ. ʂʫʣʝʙʷʢʠʥ, 

ɼ.ɺ. ʇʦʤʠʥʦʚʘ, ʀ.ɼ. ʈʦʤʘʥʠʰʢʠʥ 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ɺ.ɽ. ʐʫʢʰʠʥ 

ʉʚʸʨʩʪʘʥʦ 10.09.2025 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 12.09.2025 

ʌʦʨʤʘʪ 60Ĭ90 1/16. ʋʩʣ. ʧʝʯ. ʣ. 12,75. 

ʊʠʨʘʞ 100 ʵʢʟ. ɿʘʢʘʟ ˉ ʇʅ-2025. 

ʆʪʧʝʯʘʪʘʥʦ ʚ PRESSFACTOR 

ʛ. ʄʦʩʢʚʘ, ɼʝʨʙʝʥʝʚʩʢʘʷ ʥʘʙʝʨʝʞʥʘʷ ʜ. 7, ʩ. 2. 
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