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ȼɵɜɨɞɵ 
Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɞɚɪɧɨ – ɜɨɥɧɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɪɨɲɤɨɜɵɯ ɫɦɟɫɟɣ Al+10% 

ɦɚɫ.ɋ ɢ Al+10 ɦɚɫ.% Al2O3 ɜ ɦɟɞɧɵɯ ɤɚɩɫɭɥɚɯ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɚɬɟɪɢɚɥɵ ɫ 
ɩɥɨɬɧɨɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɬɟɨɪɟɬɢɱɟɫɤɨɣ, ɚ ɬɚɤ ɠɟ ɭɥɭɱɲɟɧɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɬɚɤɢɟ ɤɚɤ ɬɜɺɪɞɨɫɬɶ, ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ. Ɍɚɤ ɠɟ ɭɫɬɚɧɨɜɥɟɧɨ ɱɬɨ 
ɱɚɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɩɟɪɟɯɨɞɢɬ ɜ ɧɚɧɨɫɬɪɭɤɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫ ɪɚɡɦɟɪɨɦ ɫɬɪɭɤɬɭɪɧɵɯ 
ɷɥɟɦɟɧɬɨɜ 10 ɧɦ ɢ ɮɨɪɦɢɪɭɸɬɫɹ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫ ɜɟɥɢɱɢɧɨɣ 350 Ɇɉɚ. 
 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ: 
 

1. S. N. Kulkov, S. A. Vorozhtsov, V. F. Komarov, V. V. Promakhov. Structure, 
phase composition and mechanical properties of aluminum alloys produced by shock-
wave compaction. Russian Physics Journal, Vol. 56, No. 1, 2013. pp. 85-89. 

2. ɍɦɚɧɫɤɢɣ ə.ɋ., ɋɤɚɤɨɜ ɘ.Ⱥ., ɂɜɚɧɨɜ Ⱥ.ɇ.,  Ɋɚɫɬɨɪɝɭɟɜ Ʌ.ɇ. 
Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɹ, ɪɟɧɬɝɟɧɨɝɪɚɮɢɹ ɢ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ. ɂɡɞ-ɜɨ: 
ɦɟɬɚɥɥɭɪɝɢɹ, Ɇɨɫɤɜɚ, 1982.  

3. Ⱥ.Ⱥ. Gromov, S.A. Vorozhtsov, V.F. Komarov, G.V. Sakovich, Yu. I. Pautova, 
M. Offermann. Ageing of nanodiamond powder: Physical characterization of the 
material. Materials Letters, 2013, Vol. 91, pp. 198-201. 

4. Faulkner E.A. Calculation of stored energy from broadening of X-ray diffraction 
lines. Phil. Mag. 5, 1960, pp.519-521. 

 
 

ȼɅɂəɇɂȿ ɉȺɊȺɆȿɌɊɈȼ ɆɂɄɊɈȾɍȽɈȼɈȽɈ ɈɄɋɂȾɂɊɈȼȺɇɂə ɇȺ 
ɒȿɊɈɏɈȼȺɌɈɋɌɖ ɂ ɋɆȺɑɂȼȺȿɆɈɋɌɖ ɄȺɅɖɐɂɃɎɈɋɎȺɌɇɕɏ 

ɉɈɄɊɕɌɂɃ 
 

1,2ɘ. ɉ. ɒɚɪɤɟɟɜ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɮ.-ɦ.ɧ. 
2ȼ.ȼ ɑɟɛɨɞɚɟɜɚ, ɫɬɭɞɟɧɬ ɝɪ. 0ȾɆ31, ȿ.Ƚ. Ʉɨɦɚɪɨɜɚ1, ɚɫɩɢɪɚɧɬ 

1ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɩɪɨɱɧɨɫɬɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɋɈ ɊȺɇ, 634021, ɝ. Ɍɨɦɫɤ, ɩɪ. 
Ⱥɤɚɞɟɦɢɱɟɫɤɢɣ 2/4, 

2Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 634050, ɝ. Ɍɨɦɫɤ, ɩɪ. Ʌɟɧɢɧɚ 30, 
ɬɟɥ.(3822)-444-555 

E-mail: vtina5@mail.ru 
 
Ⱥɤɬɭɚɥɶɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ ɩɪɢ ɥɟɱɟɧɢɢ ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɞɟɮɟɤɬɨɜ ɨɩɨɪɧɨ-

ɞɜɢɝɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɤɚɡɚɥɨɫɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɤɨɦɩɨɡɢɬɨɜ 
ɧɚ ɨɫɧɨɜɟ ɤɚɥɶɰɢɣɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɬɢɬɚɧɚ ȼɌ1–0, ɬ.ɤ. 
ɬɢɬɚɧ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɚ 
ɧɚɧɟɫɟɧɢɟ ɤɚɥɶɰɢɣɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ ɩɪɢɞɚɟɬ ɢɦɩɥɚɧɬɚɬɭ ɛɢɨɚɤɬɢɜɧɵɟ ɫɜɨɣɫɬɜɚ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɤɚɥɶɰɢɣɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ ɦɟɬɨɞɨɦ ɦɢɤɪɨɞɭɝɨɜɨɝɨ 
ɨɤɫɢɞɢɪɨɜɚɧɢɹ ɤ ɨɫɧɨɜɧɵɦ ɫɜɨɣɫɬɜɚɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɢɯ ɩɨɜɟɞɟɧɢɟ ɜ ɠɢɜɨɦ 
ɨɪɝɚɧɢɡɦɟ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ: ɦɨɪɮɨɥɨɝɢɸ (ɩɨɪɢɫɬɨɫɬɶ), ɬɨɩɨɝɪɚɮɢɸ (ɲɟɪɨɯɨɜɚɬɨɫɬɶ), 
ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ, ɫɦɚɱɢɜɚɟɦɨɫɬɶ (ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ/ɝɢɞɪɨɮɨɛɧɨɫɬɶ) ɢ ɬ.ɞ. ȼ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɷɬɢ ɫɜɨɣɫɬɜɚ ɡɚɜɢɫɹɬ ɨɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɧɟɫɟɧɢɹ, ɬɚɤɢɯ 
ɤɚɤ ɧɚɩɪɹɠɟɧɢɟ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ, ɜɪɟɦɹ ɧɚɧɟɫɟɧɢɹ, ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɬ. 
ɞ. ɉɨɷɬɨɦɭ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɢɤɪɨɞɭɝɨɜɵɯ ɤɚɥɶɰɢɣɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɱɬɨɛɵ 
ɨɛɟɫɩɟɱɢɬɶ ɢɯ ɜɵɫɨɤɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ. ɐɟɥɶɸ ɞɚɧɧɨɣ 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
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ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ ɧɚ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɤɚɥɶɰɢɣɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ. 

Ɉɛɴɟɤɬɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɉɨɤɪɵɬɢɹ ɧɚɧɨɫɢɥɢɫɶ ɧɚ ɦɚɬɟɪɢɚɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɟ, ɚ 

ɢɦɟɧɧɨ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɵɣ ɬɢɬɚɧ ȼɌ1-0. Ɉɛɪɚɡɰɵ ɧɚɪɟɡɚɥɢɫɶ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧ 
ɪɚɡɦɟɪɨɦ 10×10×1 ɦɦ3. Ɇɢɤɪɨɞɭɝɨɜɨɟ ɨɤɫɢɞɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɭɫɬɚɧɨɜɤɟ 
MicroArc–3.0 ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɢ 
ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɝɢɞɪɨɤɫɢɚɩɚɬɢɬɚ [1]. ɉɚɪɚɦɟɬɪɵ 
ɧɚɧɟɫɟɧɢɹ ɋɚɊ ɩɨɤɪɵɬɢɣ: ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɚ – 100 ɦɤɫ, ɱɚɫɬɨɬɚ ɫɥɟɞɨɜɚɧɢɹ 
ɢɦɩɭɥɶɫɨɜ – 50 Ƚɰ, ɜɪɟɦɹ ɧɚɧɟɫɟɧɢɹ – 5-10 ɦɢɧ, ɧɚɩɪɹɠɟɧɢɟ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɜ 
ɫɥɟɞɭɸɳɢɯ ɩɪɟɞɟɥɚɯ – 150 ÷ 400 ȼ [2-3]. Ɇɨɪɮɨɥɨɝɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɋɚɊ ɩɨɤɪɵɬɢɣ 
ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɊɗɆ) ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ 
ɦɢɤɪɨɫɤɨɩɟ SEM 515 (Phillips). ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɢɡɦɟɪɹɥɢ ɧɚ ɩɪɨɮɢɥɨɦɟɬɪɟ Hommel-
etamic T1000 ɩɨ ɩɚɪɚɦɟɬɪɭ Ra. Ⱦɥɹ ɨɰɟɧɤɢ ɫɦɚɱɢɜɚɟɦɨɫɬɢ ɋɚɊ ɩɨɤɪɵɬɢɣ ɩɪɨɜɨɞɢɥɢ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɉɈ DSA1 ɧɚ ɭɫɬɚɧɨɜɤɟ Easy Drop (KRUSS). ȼɧɚɱɚɥɟ 
ɢɡɦɟɪɹɥɢ ɤɪɚɟɜɵɟ ɭɝɥɵ ɫ ɜɨɞɨɣ ɢ ɝɥɢɰɟɪɢɧɨɦ ɦɟɬɨɞɨɦ ɥɟɠɚɳɟɣ ɤɚɩɥɢ ɫɨɝɥɚɫɧɨ 
ɭɪɚɜɧɟɧɢɸ ɘɧɝɚ: 

 cosɀȽɌɀɌȽ      (1) 
ɝɞɟ  – ɤɪɚɟɜɨɣ ɭɝɨɥ, ɀȽɌɀɌȽ  ,,  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɧɚ 
ɝɪɚɧɢɰɚɯ ɬɜɟɪɞɨɟ ɬɟɥɨ-ɝɚɡ, ɬɜɟɪɞɨɟ ɬɟɥɨ-ɠɢɞɤɨɫɬɶ, ɠɢɞɤɨɫɬɶ-ɝɚɡ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɷɧɟɪɝɢɸ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ Ɉɭɷɧɫɚ-
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ɀ  ,,,  – ɞɢɫɩɟɪɫɢɨɧɧɚɹ ɢ ɩɨɥɹɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɞɥɹ ɠɢɞɤɨɫɬɢ ɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ıɀ – ɩɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ (ɉɗ) ɞɥɹ 
ɬɟɫɬɨɜɨɣ ɠɢɞɤɨɫɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ  
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɋɚɊ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɮɟɪɨɢɞɚɥɶɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɨ ɫɤɜɨɡɧɵɦɢ ɩɨɪɚɦɢ. Ȼɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɟ 
ɧɚɱɢɧɚɟɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ 
150 ȼ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ, ɩɨɫɥɟ ɷɬɨɝɨ ɬɨɤ ɩɚɞɚɟɬ ɞɨ ɧɭɥɹ. ɉɪɢ ɬɚɤɨɦ ɧɚɩɪɹɠɟɧɢɢ 
ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ – ɷɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɮɟɪɨɥɢɬɨɜ (ɪɢɫ.1ɚ). ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɩɪɢ 150 
ȼ Ra = 1-1,5 ɦɤɦ (ɪɢɫ. 2ɚ, ɬɚɛɥ.1). ɉɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ 200 ɞɨ 300 ȼ ɩɪɢɜɨɞɢɬ 
ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɜɪɟɦɟɧɢ ɧɚɧɟɫɟɧɢɹ ɞɨ 10 ɦɢɧ. 
ɋɬɪɭɤɬɭɪɚ ɬɚɤɢɯ ɩɨɤɪɵɬɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɮɨɪɦɢɪɨɜɚɜɲɢɦɢɫɹ ɫɮɟɪɨɥɢɬɚɦɢ ɫɨ 
ɫɤɜɨɡɧɵɦɢ ɩɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ ɪɚɡɦɟɪɚɯ («ɧɚɛɭɯɚɸɬ») ɫ ɪɨɫɬɨɦ 
ɧɚɩɪɹɠɟɧɢɹ ɨɬ 15 ɞɨ 40 ɦɤɦ, ɚ ɪɚɡɦɟɪ ɩɨɪ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 5 ɞɨ 15 ɦɤɦ (ɪɢɫ. 1ɛ,ɜ). 
ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɋɚɊ ɩɨɤɪɵɬɢɣ ɫ ɪɨɫɬɨɦ ɧɚɩɪɹɠɟɧɢɹ ɨɬ 200 ɞɨ 300 ȼ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɨɬ 2,5 ɞɨ 5,5 ɦɤɦ (ɪɢɫ. 2ɚ, ɬɚɛɥ. 1). Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ 350 ɞɨ 
400 ȼ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɟɪɟɯɨɞɨɦ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ ɜ ɞɭɝɨɜɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɪɚɡɪɭɲɟɧɢɸ «ɧɚɛɭɯɲɢɯ» ɫɮɟɪɨɥɢɬɨɜ ɢ ɩɨɹɜɥɟɧɢɸ ɨɫɤɨɥɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɪɢɫ.1ɝ). 
ɉɪɢ ɷɬɨɦ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɋɚɊ ɩɨɤɪɵɬɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 6 ɞɨ 8 ɦɤɦ (ɪɢɫ. 2ɚ, 
ɬɚɛɥ.1). ɂɡ ɪɢɫ. 2ɚ ɜɢɞɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɰɟɫɫɚ ɦɢɤɪɨɞɭɝɨɜɨɝɨ 
ɨɤɫɢɞɢɪɨɜɚɧɢɹ 150÷400 ȼ ɩɚɪɚɦɟɬɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɥɢɧɟɣɧɨ. 
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Ɋɢɫ. 1. ɊɗɆ- ɢɡɨɛɪɚɠɟɧɢɹ ɋɚɊ ɩɨɤɪɵɬɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɹɠɟɧɢɹɯ 

ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ, ȼ: ɚ) 150 ɛ) 200, ɜ) 300, ɝ) 400 
 

Ɍɚɛɥɢɰɚ 1. ɒɟɪɨɯɨɜɚɬɨɫɬɶ, ɤɪɚɟɜɨɣ ɭɝɨɥ ɢ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɋɚɊ ɩɨɤɪɵɬɢɣ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɹɠɟɧɢɹɯ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ 
Ʉɪɚɟɜɨɣ ɭɝɨɥ ș, ɝɪɚɞ ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ, ɦɇ/ɦ 

U, ȼ Ra, ɦɤɦ ȼɨɞɚ Ƚɥɢɰɟɪɢɧ ɉɨɥɧɚɹ Ⱦɢɫɩɟɪɫ. 
ɫɨɫɬɚɜɥ. 

ɉɨɥɹɪɧɚɹ 
ɫɨɫɬɚɜɥ. 

150 1,16±0,20 30,80±1,08 68,40±4,50 119,50±3,23 3,82±0,69 115,68±2,54 
200 2,99±0,16 23,90±0,42 46,10±1,43 80,99±0,82 1,70±0,15 79,29±0,67 
250 4,25±0,17 17,70±1,45 36,40±2,93 73,81±3,04 7,86±1,03 66,95±2,01 
300 5,28±0,10 12,50±1,63 25,70±2,29 74,28±1,75 9,73±0,60 64,55±1,15 
350 5,91±0,18 7,40±1,65 15,30±1,21 73,44±1,24 13,81±0,44 59,63±0,81 
400 7,38±0,26 - - - - - 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɦɚɱɢɜɚɟɦɨɫɬɢ ɋɚɊ ɩɨɤɪɵɬɢɣ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 

ɨɬ 150 ɞɨ 350 ȼ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ș ɨɬ 35 ɞɨ 5° ɫ ɜɨɞɨɣ ɢ ɨɬ 70 ɞɨ 
15° ɫ ɝɥɢɰɟɪɢɧɨɦ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɢɯ ɝɢɞɪɨɮɢɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ș < 90°. Ɉɞɧɚɤɨ ɩɪɢ 
ɧɚɩɪɹɠɟɧɢɢ 400 ȼ ɧɟ ɭɞɚɟɬɫɹ ɩɨɦɟɪɢɬɶ ɤɪɚɟɜɨɣ ɭɝɨɥ, ɜ ɫɜɹɡɢ ɫ ɦɝɧɨɜɟɧɧɵɦ 
ɜɩɢɬɵɜɚɧɢɟɦ ɤɚɩɥɢ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɋɚɊ ɩɨɤɪɵɬɢɹ. ɉɪɢ ɷɬɨɦ ɫ ɪɨɫɬɨɦ ɧɚɩɪɹɠɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɭɛɵɜɚɟɬ ɩɨ ɝɢɩɟɪɛɨɥɟ ɨɬ 120 ɞɨ 70 ɦɇ/ɦ (ɪɢɫ.2ɛ, ɬɚɛɥ.1). ɗɬɨ 
ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɪɚɫɬɟɬ ɨɬ 1 ɞɨ 8 ɦɤɦ ɫ ɩɨɜɵɲɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɨɬ 150 ɞɨ 400 ȼ (ɪɢɫ.2ɚ). ɂɡ ɪɢɫ. 2ɛ-ɜ 
ɜɢɞɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɋɚɊ ɩɨɤɪɵɬɢɹ ɭɛɵɜɚɟɬ ɩɨ ɝɢɩɟɪɛɨɥɟ ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɧɚɩɪɹɠɟɧɢɹ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ. 

ȼɵɜɨɞɵ 
1. ɉɨɥɭɱɟɧɨ, ɱɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɆȾɈ 150 ÷ 400 ȼ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 

ɋɚɊ ɩɨɤɪɵɬɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬ 1 ɞɨ 8 ɦɤɦ. 
2. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ 150 ÷ 350 ȼ ɤɪɚɟɜɵɟ ɭɝɥɵ ɫ ɜɨɞɨɣ ɢ 

ɝɥɢɰɟɪɢɧɨɦ ɭɦɟɧɶɲɚɸɬɫɹ ɨɬ 35 ɞɨ 5° ɢ ɨɬ 70 ɞɨ 15°, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɭɛɵɜɚɟɬ ɩɨ ɝɢɩɟɪɛɨɥɟ ɨɬ 120 ɞɨ 70 ɦɇ/ɦ.  

3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɋɚɊ ɩɨɤɪɵɬɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra ɩɨ ɝɢɩɟɪɛɨɥɟ, ɬɚɤɠɟ, ɤɚɤ ɢ ɨɬ 
ɧɚɩɪɹɠɟɧɢɹ. 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
 

170 

4. Ʉɚɥɶɰɢɮɨɫɮɚɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɦɢɤɪɨɞɭɝɨɜɨɝɨ 
ɨɤɫɢɞɢɪɨɜɚɧɢɹ, ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɹɜɥɹɸɬɫɹ 
ɛɢɨɫɨɜɦɟɫɬɢɦɵɦɢ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɨɫɬɟɨɢɧɬɟɝɪɚɰɢɢ ɤɨɫɬɧɨɣ ɬɤɚɧɢ. 
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Ɋɢɫ. 2. Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra (ɚ) ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ (ɛ) ɨɬ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ (ɜ) 
 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ: 

 
1. ɉɚɬɟɧɬ 2385740 ɊɎ. Ȼɢɨɚɤɬɢɜɧɨɟ ɩɨɤɪɵɬɢɟ ɧɚ ɢɦɩɥɚɧɬɚɬɟ ɢɡ ɬɢɬɚɧɚ ɢ ɫɩɨɫɨɛ 

ɟɝɨ ɩɨɥɭɱɟɧɢɹ / ȿ.ȼ. Ʌɟɝɨɫɬɚɟɜɚ, ɘ.ɉ. ɒɚɪɤɟɟɜ, Ɍ.ȼ. Ɍɨɥɤɚɱɟɜɚ, Ⱥ.ɂ. Ɍɨɥɦɚɱɟɜ, 
ɉ.ȼ. ɍɜɚɪɤɢɧ. Ɂɚɹɜɥɟɧɨ 17.09.2008. Ɉɩɭɛɥ. 10.04.2010 ɝ. Ȼɸɥ. ʋ 10. – 12 ɫ. 

2. Ʌɟɝɨɫɬɚɟɜɚ ȿ. ȼ., Ʉɨɦɚɪɨɜɚ ȿ. Ƚ., ɒɚɪɤɟɟɜ ɘ. ɉ., ɍɜɚɪɤɢɧ ɉ. ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ 
ɜɥɢɹɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɤɚɥɶɰɢɣɮɨɫɮɚɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɬɢɬɚɧɟ // ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ. – 2011. – ʋ13. 
– ɋ. 456-464. 

3. Ʌɟɝɨɫɬɚɟɜɚ ȿ.ȼ., ɒɚɪɤɟɟɜ ɘ.ɉ. Ƚɧɟɞɟɧɤɨɜ ɋ.ȼ., Ʉɨɦɚɪɨɜɚ ȿ.Ƚ., ȿɝɨɪɤɢɧ ȼ.ɋ., 
ɋɢɧɟɛɪɸɯɨɜ ɋ.Ʌ., Ʌɹɦɢɧɚ Ƚ.ȼ., ɏɥɭɫɨɜ ɂ.Ⱥ. Ɇɢɤɪɨɞɭɝɨɜɵɟ ɤɚɥɶɰɢɣɮɨɫɮɚɬɧɵɟ 
ɩɨɤɪɵɬɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɬɢɬɚɧɚ: ɦɨɪɮɨɥɨɝɢɹ, ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ // Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ. – 2013.–ʋ4.–ɋ.48-56. 

 
 

ɂɁɍɑȿɇɂȿ ɎȺɁɈȼɕɏ ɉɊȿȼɊȺɓȿɇɂɃ ȼɈɅɖɎɊȺɆȺɌȺ ɐɂɊɄɈɇɂə, 
ɉɈɅɍɑȿɇɇɈȽɈ ȼ ɍɋɅɈȼɂəɏ ȽɂȾɊɈɌȿɊɆȺɅɖɇɈȽɈ ɋɂɇɌȿɁȺ 

 
ȼ.ɋ. ɒɚɞɪɢɧ, ɦɚɝɢɫɬɪɚɧɬ ɝɪ. 10309 

Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 634050, ɝ. Ɍɨɦɫɤ, ɩɪ. Ʌɟɧɢɧɚ, 36, 
ȿ.ɋ. Ⱦɟɞɨɜɚ, ɚɫɩɢɪɚɧɬ, C.ɇ. Ʉɭɥɶɤɨɜ, ɞ.ɮ.-ɦ.ɧ., ɩɪɨɮ., 

ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɩɪɨɱɧɨɫɬɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɋɈ ɊȺɇ, 634021, ɝ. Ɍɨɦɫɤ, ɩɪ. 
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ȼɜɟɞɟɧɢɟ 
ȼɨɥɶɮɪɚɦɚɬ ɰɢɪɤɨɧɢɹ, ZrW2O8, ɨɛɥɚɞɚɟɬ ɚɧɨɦɚɥɶɧɵɦ ɬɟɩɥɨɜɵɦ ɫɜɨɣɫɬɜɨɦ –

ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɬ −273 ɞɨ 770 °ɋ, ɤɨɬɨɪɵɣ 
ɪɚɜɟɧ Į = −9,6ā10-6 ɋ-1. Ɍɪɚɞɢɰɢɨɧɧɨ ɜɨɥɶɮɪɚɦɚɬ ɰɢɪɤɨɧɢɹ ɩɨɥɭɱɚɸɬ ɬɜɟɪɞɨɮɚɡɧɨɣ 
ɪɟɚɤɰɢɟɣ ɦɟɠɞɭ ɨɤɫɢɞɚɦɢ ɰɢɪɤɨɧɢɹ ɢ ɜɨɥɶɮɪɚɦɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 1110 °ɋ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɤɚɠɭɳɭɸɫɹ ɩɪɨɫɬɨɬɭ, ɞɚɧɧɵɣ ɦɟɬɨɞ ɢɦɟɟɬ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɧɟɞɨɫɬɚɬɤɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɢɫɩɚɪɟɧɢɟ ɨɤɫɢɞɚ ɜɨɥɶɮɪɚɦɚ ɩɪɢ ɜɵɫɨɤɢɯ 


