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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʨʳʚʥʳʭ ʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ! 

P(t) 
ʐɸʈ 

ʂʦʨʧʫʩ 

ɺɺ 

Ç ʇʨʦʪʝʢʘʥʠʝ  ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩ ʫʯʝʪʦʤ 

ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ 

Ç ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ ʠ ʩʞʘʪʠʠ 

ʩʠʩʪʝʤʳ 

Ç ɿʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʘʟʨʫʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ  ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʘʪʝʨʠʘʣʝ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

Ç ɿʘʣʝʯʠʚʘʥʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʚʨʝʞʜʝʥʠʡ 

ʄʦʜʝʣʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ: 

ʉʬʝʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ˮ͔͔͙͔ͣͤͤ͘ ͙ͫͦͪͦͫͭ͟ ͔͒ͺͦͪͣ͊ͼ͙͙ 

a 

g 

V 

L+V 

L 

e 

ˤͪ͘·͍͔ͤͦ ͙͔ͫ͗͊ͭ ΄͊ͪ͊ Fe 

R,ʩʤ 

t,
 ʤ
ʢ
ʩ 
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ɺʟʨʳʚʥʳʝ ʥʘʛʨʫʞʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

˽͍͍ͦͫͦͦͤͦ͟͡͡·͔  ͙͙͙̇ͤ͒ͪ͡;͔͙͔ͫ͟  ˿ͺ͔͙ͪ;͔͙͔ͫ͟ 



ʅʘʛʨʫʞʝʥʠʝ ï ʣʝʛʢʦʛʘʟʦʚʳʝ ʧʫʰʢʠ ʢʘʣʠʙʨʘ 44ʤʤ, ʜʠʘʛʥʦʩʪʠʢʘ ï ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ VISAR, PDV 
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ɹʘʣʣʠʩʪʠʯʝʩʢʠʝ ʥʘʛʨʫʞʘʶʱʠʝ ʫʩʪʘʥʦʚʢʠ, ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪ 

ɸʣʤʘʟʥʳʝ ʥʘʢʦʚʘʣʴʥʠ- ̫ ʯʝʡʢʘ ʪʠʧʘ Boehler-Almax.  

ʀʟʣʫʯʝʥʠʝ ï MoKŬ ɚ = 0,711 Ȕ. ʇʝʨʝʜʘʶʱʘʷ ʩʨʝʜʘ ï NaCl. (Dʈ = Ñ0,3 ɻʇʘ) 

ʉʪʨʫʢʪʫʨʘ - ʩʚʝʪʦʚʳʝ ʤʠʢʨʦʩʢʦʧʳ,  Neophot-21 ʠ ʜʨ; ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʬʘʟʦʚʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚʳ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Quanta-200; ʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ  JEM-200CX;  

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (CuKa); ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ - ʇʄʊ-3 ʧʨʠ ʥʘʛʨʫʟʢʝ 50 ʛ; 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʠʘʧʘʟʦʥ ʥʘʛʨʫʞʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʟʝʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʎʃʌʀ ʈʌʗʎ-ɺʅʀʀʊʌ ʠ ʕʌʋ 
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      ʅʝʤʥʦʛʦ ʠʩʪʦʨʠʠ. ʃʘʟʝʨʥʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ˮ͔ͤͭͪͺ͔͔ͪͦͣͭͪ  
˸͚͔͊͟͡Έͫͦͤ͊ 

1965, Sandia 

ˮ͔ͤͭͪͺ͔͔ͪͦͣͭͪ·  
͙̅͊͋ͪ-˽͔ͪͦ 

1968  -LLNL, 1974  - CEA,  
1983 ς ˤ˹ˮˮ̏̅Τ 1999 - ˤ˹ˮˮ́̅ 
2003  - LLNL ς мр ͍͊ͤ͊ͦ͟͡ Σ  
2008  - AWE ς с ͍͊ͤ͊ͦ͟͡ 

VISAR 1972 ς L.Barker, Sandia; 1988 ς ˥ ΦˮΦ˴͔͊ͤ͡ΈΣ ˮ˽̆̅Τ  
1990 ς LANL, 36-Point VISAR System Trailer; 
2006 ς ˤ˹ˮˮ́̅Σ ˤ˹ˮˮ̏̅  

PDV ς  
HET-V 
ό˶˥˸ύ 

1988 ς B.T. Neyer 
1999 ς Oliver Strand, LLNL ς  м ͊ͤ͊͟͡Σ нллп ς 4 
͊ͤ͊͊͟͡, 2006 (LLNL) ς он ͊ͤ͊͊͟͡, 2012 ς 96 ͟ ͍͊ͤ͊ͦ͡ 
ˤ˹ˮˮ́̅ ς 2011 -м ͊ͤ͊͟͡Σ нлмн ς п ͊ͤ͊͊͟͡Σ   
2015 ς млу ͍͊ͤ͊ͦ͟͡ 

15-channel Fabry-Perot, NTS U1a /circa 2003 
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      ʅʝʤʥʦʛʦ ʠʩʪʦʨʠʠ ï ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʨʳʯʘʛʘ 

1. Owen J.D., Davies R.M. // Nature. 1949. V. 164. P. 752. 
2. Allen W.A., McClary C.L. // Rev. Sci. Instrum. 1953. V. 24. P. 165. 
3. Fowles DΦwΦ κκ WΦ !ǇǇƭΦ tƘȅǎΦ мфсмΦ ±Φ онΦ Ѕ уΦ tΦ мптрΦ 

˩ΦˢΦ ˴͍ͦͦ͘͡Σ ˤΦˮΦ ͍́͊ͪ͗͊ͤͦΣ ˮΦˤΦ ͔͙́͡;ͦ͟Σ ˨Φ˥Φ ˽͍͊ͤͪ͊ͭͦ͟. ˿ ͍͙͎͍͒ͦ͊Ύ ͙ ͦͭͦ͟͡Έͤ͊Ύ 
ͨͪͦ;ͤͦͫͭΈ ͔͚͊͊ͤͤͦ͘͟͡ ͙ͫͭ͊͡ ол̆˥˿ˢ ͙ͨͪ ͍ͪ͘·͍ͤͦͣ ͎͔͙͙ͤ͊ͪͯ͗ͤ ͍ ͙ͦ͋͊ͫͭ͡ 
͔͙ͨͪͦͭ͊ͤ͟Ύ ͍͔ͭͪ͒ͦͺ͎͊ͤͦͦ͘ ͔͍ͨͪͪ͊΅͔͙ͤΎΦ ˨͔ͺͦͪͣ͊ͼ͙Ύ ͙ ͪ͊ͪͯ͘΄͔͙͔ͤ 
͔͙͍ͣ͊ͭͪ͊ͦ͡Σ нлмнΣ Ѕ уΣ ͫΦ он-38 

ɺ.ʀ. ʊʘʨʞʘʥʦʚ. ʇʊʕ, 2022, ˉ 1, ʉ. 106ï119 
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ʄʝʪʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʨʳʯʘʛʘ. ʎʝʨʠʡ. 

x = 0,90 ͣ  ͣ x = 5,05 ͣ  ͣ

ɼʚʫʢʨʘʪʥʦʝ  ʥʘʛʨʫʞʝʥʠʝ ʮʝʨʠʷ: ʥʦʨʤʘʣʴʥʘʷ ʜʝʪʦʥʘʮʠʷ ʊɻ46 ʯʝʨʝʟ ʚʦʟʜʫʰʥʳʡ 

ʟʘʟʦʨ 5 ʤʤ + ʩʣʦʡʢʘ ï ʤʝʜʴ 10,0 ʤʤ + ʘʮʝʪʦʥ 7,0 ʤʤ + ʤʝʜʴ 7,0 ʤʤ;  

ʪʦʣʱʠʥʘ ɺɺ: ʩʣʝʚʘ ï 10 ʤʤ, ʩʧʨʘʚʘ ï 30 ʤʤ 

˩ΦˢΦ ˴ ͍ͦͦ͘͡Σ 
ˤΦˮΦ ́ ͍͊ͪ͗͊ͤͦΣ 
ˮΦˤΦ ́ ͔͙͡;ͦ͟, 
˨Φ˥Φ ˽ ͍͊ͤͪ͊ͭͦ͟Σ ˨Φ˽Φ ˴ ͯ;ͦ͟Σ  
˸ΦˢΦ ˾ ͊͡Έ͙͍ͤͦ͟, ͙  ͒ͪΦ  
˭˹̉ ς 2014 
 
1-м ͎͙͚ͯͨͪͯ ͙ ͺ͍͊ͦ͘·͚ 
͔͍͔͙͙ͨͪ͒ͫͭͤ͟ 
2-н ͍ͦͫͤͦͤ͊Ύ ͙ͨ͊ͫͭ͡;͔ͫ͊͟Ύ 
͍ͦͤ͊͡ 
3-о ͍ͭͦͪ͊Ύ ͍ͦͤ͊͡ ͍ a-ͺ͔͊͘ 
4-п ͍ͭͦͪ͊Ύ ͍ͦͤ͊͡ ͍ g-ͺ͔͊͘ 
5-р ͍͔ͨͦͭͦͪͤͦ ͎͔͙͔ͤ͊ͪͯ͗ͤ 



15-channel Fabry-Perot, NTS U1a /circa 2003 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʩ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʌʘʙʨʠ-ʇʝʨʦ 

2 ς ͊ͤ͊͟͡Έͤ·͚ ͔ͦͣͨͫ͟͟͡ ˤ˹ˮˮ́̅ όˤ˹ˮˮˢύ 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

2,2 2,7 3,2 3,7 4,2 4,7

t, ʤʢʩ

U, ʢʤ/ʩ

ɽ.ɸ. ʂʦʟʣʦʚ, ɺ.ʀ. ʊʘʨʞʘʥʦʚ... ʈʘʟʛʦʥ ʫʜʘʨʥʠʢʘ, ʚʨʝʤʝʥʥʘʷ ʨʘʟʚʝʨʪʢʘ  

ɸ.ɺ. ʌʝʜʦʨʦʚ... ʇʨʦʬʠʣʴ ʫʜʘʨʥʦʡ  ʚʦʣʥʳ ʚ ʩʪʘʣʠ 12ʍ18ʅ10ʊ. 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʩ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʌʘʙʨʠ-ʇʝʨʦ 

2 ς ͊ͤ͊͟͡Έͤ·͚ ͔ͦͣͨͫ͟͟͡ ˤ˹ˮˮ́̅ όˤ˹ˮˮˢύ 

ʈʌʗʎ-ɺʅʀʀʊʌ. ʃʘʟʝʨ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ʙʦʣʝʝ 100 ʤʢʩ  

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʌʇ / VISAR 

531,7 ͤ  ͣ

ɺʦʣʦʢʦʥʥʳʡ ʚʳʚʦʜ ʠʟʣʫʯʝʥʠʷ; 

ʀʤʧʫʣʴʩʥʘʷ ʤʦʱʥʦʩʪʴ:  ʙʦʣʝʝ 100 ɺʪ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ: 

ʧʦ ʫʨʦʚʥʶ 0,5 ʙʦʣʝʝ 150 ʤʢʩ  

ʧʦ ʫʨʦʚʥʶ 0,9 ʙʦʣʝʝ 100 ʤʢʩ 

ʇʨʠʤʝʥʝʥʠʝ 

Å ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

Å ʀʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ, ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʘʭ 

Å ɺʠʙʨʦʤʝʪʨʠʷ 

Å ʃʘʟʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ VISAR 

Barker Lynn M. The Accuracy of VISAR 

Instrumentation. In Proc. 10th SCCM, 1997 ï 
çʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʤʠ VISAR ʦʪ 0,5 % ʜʦ 1 % ʜʦʩʪʠʛʘʝʪʩʷ 

ʙʝʟ ʢʘʢʠʭ ʣʠʙʦ ʚʠʜʠʤʳʭ ʫʩʠʣʠʡéè (ʧʨʠ ʥʘʥʦʩʝʢʫʥʜʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ). 

Barker Lynn M. The Development of the VISAR, and Its 

Use in Shock Compression Science. In Proc. 11th Shock 

Compression of Condensed Matter,  c.11-17, 1999.  
ʇʘʪʝʥʪ ˉ2638582 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʄʇʂ G01B 9/02 (2006.01) 

çɼʚʫʭʢʘʥʘʣʴʥʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚè 

ʈʌʗʎ-ɺʅʀʀʊʌ: ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ VISAR  
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      VISAR. ʆʙʨʘʙʦʪʢʘ, ʘʥʘʣʠʟ ʧʨʦʬʠʣʝʡ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ PDV / HET-V 

MPDV Prototype 32-Probe System  

1x, 2x, 4x, 8x or 16x multiplexing  

(circa August 2011) ʂʦʤʧʣʝʢʩʳ PDV ʈʌʗʎ-ɺʅʀʀʊʌ ʩ ʚʨʝʤʝʥʥʳʤ ʠ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ  
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ PDV / HET-V 

ʐʠʨʠʥʘ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ  

(ʧʦ ʃʦʨʝʥʮʠʘʥʫ) ʤʝʥʝʝ 5 ʢɻʮ 

ʇʨʠʤʝʥʝʥʠʝ 

Å ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

Å ʀʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ, ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʘʭ 

Å ɺʠʙʨʦʤʝʪʨʠʷ 

Å ʃʘʟʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

Å ʆʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ 

ʇʨʝʠʤʫʱʝʩʪʚʘ 

Å ʉʪʘʪʫʩ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ.   ɿʘʱʠʱʝʥʳ ʧʘʪʝʥʪʘʤʠ ˉ 2554337, ˉ2664758 

Å ɸʜʘʧʪʠʨʦʚʘʥʳ ʢ ʧʦʚʳʰʝʥʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʘʤ 

ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʰʫʤʦʚ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʦʪʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʚʫʭ ʢʘʥʘʣʘʭ ʤʝʥʝʝ 

Ñ15ʄɻʮ ʟʘ 17 ʯʘʩʦʚ 

ʈʌʗʎ-ɺʅʀʀʊʌ. ʕʨʙʠʝʚʳʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ PDV / MPDV  



14 

      ɻʠʙʨʠʜʥʳʝ ʣʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ PDV / HET-V 

 PDV - AFVISAR  PDV -TDV 

A.V. Pavlenko, S.S. Mokrushin, A.A. Tyaktev, and N.B. Anikin. A hybrid interferometric system for velocity measurements in shock-wave experiments 

/ Rev. Sci. Instrum. 92, 015104 (2021); https://doi.org/10.1063/5.0029815  

https://doi.org/10.1063/5.0029815
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ PDV / HET-V. ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

ʈʝʘʣʠʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʛʥʘʣʦʚ PDV 
 

Å ʉʢʦʣʴʟʷʱʝʝ ʦʢʦʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ʉʧʝʢʪʨʦʛʨʘʤʤʘ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʩʠʛʥʘʣʘ, ʨʘʟʙʠʪʦʛʦ ʥʘ ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ ʨʘʚʥʳʝ ʰʠʨʠʥʝ ʦʢʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

Å ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʠʣʴʙʝʨʪʘ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʢʚʘʜʨʘʪʫʨʥʦʝ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʠʛʥʘʣʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʟʘ ʩʠʛʥʘʣʘ. ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʬʘʟʳ ʧʦ ʚʨʝʤʝʥʠ.  

Å ʇʨʷʤʦʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ï ʇʝʨʚʳʡ ʩʧʦʩʦʙ - ʥʘʭʦʞʜʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʠʦʜ ʠʣʠ ʯʘʩʪʦʪʫ 

ʙʠʝʥʠʡ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʷʤʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ - ʥʘʭʦʞʜʝʥʠʝ ʬʘʟʳ ʢʘʢ ʘʨʢʩʠʥʫʩʘ ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ 

ʚʠʜʫ ʩʠʛʥʘʣʘ, ʘ ʟʘʪʝʤ ʠ ʝʛʦ ʯʘʩʪʦʪʫ ʢʘʢ ʧʨʦʠʟʚʦʜʥʫʶ ʬʘʟʳ. ʇʨʠʚʝʜʝʥʠʝ ʩʠʛʥʘʣʘ ʢ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʵʤʧʠʨʠʯʝʩʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʥʘʭʦʞʜʝʥʠʝʤ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ. 

Å ʄʝʪʦʜ ʣʦʢʘʣʴʥʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʠʛʥʘʣʘ ʠʣʠ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ, ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʘ ʥʘ ʟʘʜʘʥʥʦʤ ʦʪʨʝʟʢʝ (ʦʢʥʝ). ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʤʧʣʠʪʫʜʥʦʡ ʦʛʠʙʘʶʱʝʡ ʥʘ ʦʪʨʝʟʢʝ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ɻʘʫʩʩʦʚʦʡ ʢʨʠʚʦʡ. 

Å ʆʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ PDV ʩʠʛʥʘʣʦʚ ï ʤʝʪʦʜ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ*, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʩʠʛʥʘʣʫ ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʸʨʪʢʠ ʧʦ ʧʨʠʙʣʠʞʸʥʥʦʡ ʬʘʟʝ ʩʠʛʥʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʦʡ.  
 

*Rev. Sci. Instrum. 92. 075104 (2021);  

doi:10.1063/5.0044154 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ PDV / HET-V. ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ* 

*Rev. Sci. Instrum. 92. 075104 (2021); doi:10.1063/5.0044154; ɿʅʏ-2021; ʍʅʏ-2022 
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 ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ PDV / HET-V. ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 
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      ʉʦʚʤʝʱʝʥʠʝ ʠʟʤʝʨʝʥʠʡ VISAR - ʌʇ - PDV / HET-V 

ɽ.ɸ. ʂʦʟʣʦʚ, ɺ.ʀ. ʊʘʨʞʘʥʦʚ, ʀ.ɺ. ʊʝʣʠʯʢʦ, ɸ.ɺ. ʇʘʚʣʝʥʢʦ, ʉ.ʅ. ʄʘʣʶʛʠʥʘ, ʠ ʜʨ. ʉʪʨʫʢʪʫʨʘ ʟʦʥʳ ʨʝʘʢʮʠʠ 

ʜʝʪʦʥʠʨʫʶʱʝʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʊɸʊɹ. ʕʢʩʧʝʨʠʤʝʥʪ. ɿʅʏ, ʉʥʝʞʠʥʩʢ, 2012.;  

ʉʪʨʫʢʪʫʨʘ ʟʦʥʳ ʨʝʘʢʮʠʠ ʊɸʊɹ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʠ ʧʝʨʝʩʞʘʪʦʡ ʜʝʪʦʥʘʮʠʠ. ʍʅʏ, ʉʘʨʦʚ, 2013. 
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x10
ps =32,2ҕ0,6 ɻʇʘ,   

us = 2,40ҕ0,05 ʢʤ/ʩ,    

 

pJ  =26,5ҕ0,6 ɻʇʘ,   

uJ = 1,99ҕ0,04 ʢʤ/ʩ. 

 

 
ps =37,85 ɻʇʘ, 

k=1,401 

 

ps =41,07 ɻʇʘ, 

k=1,509 

 

ps =47,7 ɻʇʘ, 

k=1,759 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʯʠʨʧʠʨʦʚʘʥʥʳʤ ʠʤʧʫʣʴʩʦʤ 

˨͙͔ͭ͡͡ΈͤͦͫͭΈ ͎͔ͪΌ΅͔͎ͦ ͔͎͊ͪͤͦͦ͘͡ ͙ͣͨͯ͡Έͫ͊Σ ͨͫ 0,9 

͔͎͙̏ͤͪΎ ͎͔ͪΌ΅͔͎ͦ ͔͎͊ͪͤͦͦ͘͡ ͙ͣͨͯ͡Έͫ͊Σ ˨  ͗ 10,6 ς 12,8 

˸͔͒ͤ·͔ ͙ͣ΄͔͙ͤΣ ͣ͟ ͣ 5;  10 

˨͙͔ͭ͡͡ΈͤͦͫͭΈ ͙ͦͤ͒ͪͯ͘Ό΅͔͎ͦ ͔͎͊ͪͤͦͦ͘͡ ͙ͣͨͯ͡Έͫ͊Σ ͨ ͫ 110 

ˤ͔͔͔ͪͣͤͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ ͔ͣͭͦ͒͊Σ ͨ ͫ 10 

˽͍͔͔ͪͦͫͭͪ͊ͤͫͭͤͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ  ͍͟ ͔͊ͤ͊͡ 0̟, ͣ͟ ͣ 10,7 

˽͍͔͔ͪͦͫͭͪ͊ͤͫͭͤͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ  ͍͟ ͔͊ͤ͊͡ 2 0̟, ͣ͟ ͣ 6,9 

ɽ.ʉ. ɹʦʨʠʩʦʚ, ɼ.ʉ. ɻʘʚʨʠʣʦʚ, ʅ.ʖ. ʊʠʪʘʨʝʥʢʦ. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ  

ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʂʆʈʆʉʊʀ ʈɸɿʃɽʊɸ ɺɽʑɽʉʊɺɸ ʇʈʀ ʀɿʆʍʆʈʀʏɽʉʂʆʄ  

ʅɸɻʈɽɺɽ ʋʃʔʊʈɸʂʆʈʆʊʂʀʄ ʃɸɿɽʈʅʓʄ ʀʄʇʋʃʔʉʆʄ, ɿʅʏ-2023 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʯʠʨʧʠʨʦʚʘʥʥʳʤ ʠʤʧʫʣʴʩʦʤ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʠʰʝʥʷʤʠ 10 ʤʢʤ 

˽͔͊ͪ͊ͣͭͪ· Ή͔͙͔ͫͨͪͣͤͭ͊͟ ˭ͤ͊;͔͙͔ͤ 

͔͎͙̏ͤͪΎ ͔͎͊ͪͤͦͦ͘͡ ͙ͣͨͯ͡Έͫ͊ ͤ͊ ͔͚ͣ͒ͤͦ ͙ͣ΄͔͙ͤΣ ˨͗ 12,4 

ˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͡ ͔͎͊ͪͤͦͦ͘ ͙ ͣͨͯ͡Έͫ͊ ͤ  ͊ͣ ͙΄͔͙ͤΣ ˤͭκͫͣ2 2Ö1018 
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      ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʯʠʨʧʠʨʦʚʘʥʥʳʤ ʠʤʧʫʣʴʩʦʤ 

˸͔͒ͤ͊Ύ ͙ͣ΄͔ͤΈ мл ͣͣ͟Σ  
͙ͣ͊ͫͣ͊͟͡Έͤ͊Ύ ͫͦͪͦͫͭ͟Έ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͙ͨͦͭͤͦͫͭ͡ 

ср ͣ͟κͫ ͒͡Ύ млрп ͤͣ ͙              по ͣ͟κͫ ͒͡Ύ рнт ͤͣ 

˽͔͊ͪ͊ͣͭͪ· Ή͔͙͔ͫͨͪͣͤͭ͊͟ ˭ͤ͊;͔͙͔ͤ 

͔͎͙̏ͤͪΎ ͔͎͊ͪͤͦͦ͘͡ ͙ͣͨͯ͡Έͫ͊ ͤ͊ ͔͚ͣ͒ͤͦ ͙ͣ΄͔͙ͤΣ ˨͗ 12,4 

ˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͡ ͔͎͊ͪͤͦͦ͘ ͙ ͣͨͯ͡Έͫ͊ ͤ  ͊ͣ ͙΄͔͙ͤΣ ˤͭκͫͣ2 2Ö1018 
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ʇʨʦʬʠʣʠ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ, ʮʠʨʢʦʥʠʡ ʕ100 
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ʇʨʦʬʠʣʠ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ, ʮʠʨʢʦʥʠʝʚʳʡ ʩʧʣʘʚ ʕ635 

V = 0,3 ʢʤ/ʩ;  ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ V = 0,22 ʢʤ/ʩ; ʊ = 210 ʉ̄;  
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ʇʨʦʬʠʣʠ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ, ʮʠʨʢʦʥʠʝʚʳʡ ʩʧʣʘʚ ʕ125 

V = 0,3 ʢʤ/ʩ;  
V = 0,5 ʢʤ/ʩ;  



̏ммл 

̏сор 

25 

ʎʠʨʢʦʥʠʡ, ʮʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʟʘʪʫʭʘʥʠʝ ʫʧʨʫʛʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ 

ÅG.E. Duvall. In: Stress Waves in Inelastic Solids, edited by H. Kolsky and W. Prager, 1964  
ÅAhrens T.J. and Duvall G.E. J. Geophys. Res., 71(18), 4349-4360 (1966).  

ÅJ. R. Asay, G. R. Fowles, and Y. Gupta, J. Appl. Phys. 43, 744 (1972). 
Åɻ.ɺ. ɻʘʨʢʫʰʠʥ, ɻ.ʀ. ʂʘʥʝʣʴ, ʉ.ɺ. ʈʘʟʦʨʝʥʦʚ.  ʌʊʊ, 2012. ʊ. 54, ˉ 5. 
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ʎʠʨʢʦʥʠʡ, ʮʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʦʪʢʦʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ 

„ πȢτπς
ὠ

ὠ

Ȣ

 

„ πȢωφ
ὠ

ὠ

Ȣ

 

ʉʧʣʘʚʳ  Zr ï 1% Nb ʉʧʣʘʚ   

Zr  ï 2,5 % Nb 

ʎʠʨʢʦʥʠʡ  

ʕ100 


