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ȶ Ɏɚɛɜɚɝɟ ɚ ɛɑɜɑɔɓɟɣɑəɔɔ ɘɔəɑɜɌɗɚɏɔɣɑɝɖɔɡ  

ɚɍɜɌɓɢɚɎ ɔɓ ɘɟɓɑɕəɧɡ ɖɚɗɗɑɖɢɔɕ.  

II. ȶɌəəɚəɔɞ ɔ ɗɑɏɑɜəɔɞ ɔɓ  

ɘɑɝɞɚɜɚɒɐɑəɔɫ ȭɟɖɟɖɌ (ȳɌɍɌɕɖɌɗɨɑ) 

 

ȶɌɝɌɞɖɔə Ȭ.Ȯ.1, ɄɖɚɐɌ ȼ.2, ɃɟɖɌəɚɎ ȹ.Ȯ.3 

 
1ȸɔəɑɜɌɗɚɏɔɣɑɝɖɔɕ ɘɟɓɑɕ ɔɘ. Ȭ.ȱ. ɀɑɜɝɘɌəɌ ȼȬȹ, ȸɚɝɖɎɌ, anatoly.kasatkin@gmail.com 

2ȰɑɛɌɜɞɌɘɑəɞ ɏɑɚɗɚɏɔɣɑɝɖɔɡ əɌɟɖ, ɠɌɖɟɗɨɞɑɞ əɌɟɖɔ, ȸɌɝɌɜɔɖɚɎ ɟəɔɎɑɜɝɔɞɑɞ, ȭɜəɚ, Ƀɑɡɔɫ 
3ȴəɝɞɔɞɟɞ ɛɜɚɍɗɑɘ ɡɔɘɔɣɑɝɖɚɕ ɠɔɓɔɖɔ ȼȬȹ, ɃɑɜəɚɏɚɗɚɎɖɌ ȸɚɝɖɚɎɝɖɚɕ ɚɍɗ. 

 

 

ȼɑɐɖɔɑ ɝɟɗɨɠɌɞɧ ɎɔɝɘɟɞɌ ɖɌəəɚəɔɞ Bi2O(SO4)(OH)2 ɔ ɗɑɏɑɜəɔɞ Bi12.67 O14(SO4)5 ɟɝɞɌəɚɎɗɑəɧ əɌɘɔ Ɏ ɜɑɓɟɗɨ-

ɞɌɞɑ ɛɑɜɑɔɓɟɣɑəɔɫ ɚɍɜɌɓɢɚɎ ɎɔɝɘɟɞɔəɌ ɔɓ ɎɚɗɨɠɜɌɘɚɎɚɏɚ ɘɑɝɞɚɜɚɒɐɑəɔɫ ȭɟɖɟɖɌ (Ȯ. ȳɌɍɌɕɖɌɗɨɑ), ɡɜɌəɫ-

ɥɔɡɝɫ Ɏ ɝɔɝɞɑɘɌɞɔɣɑɝɖɚɕ ɖɚɗɗɑɖɢɔɔ ȸɔəɑɜɌɗɚɏɔɣɑɝɖɚɏɚ ɘɟɓɑɫ ɔɘ. Ȭ.ȱ. ɀɑɜɝɘɌəɌ ȼȬȹ ɛɚɐ əɚɘɑɜɚɘ 
56077. ȺɍɌ ɘɔəɑɜɌɗɌ ɞɑɝəɚ ɝɜɌɝɞɌɪɞɝɫ ɘɑɒɐɟ ɝɚɍɚɕ Ɏ ɝɚɝɞɌɎɑ ɛɚɗɔɘɔəɑɜɌɗɨəɧɡ ɛɝɑɎɐɚɘɚɜɠɚɓ ɛɚ ɏɜɟɍɚ-

ɚɍɜɌɓɚɎɌəəɧɘ ɖɜɔɝɞɌɗɗɌɘ ɎɔɝɘɟɞɔəɌ, ɚɍɜɌɓɟɫ ɛɜɚɒɔɗɖɔ ɐɗɔəɚɕ ɐɚ 4 ɝɘ ɔ ɘɚɥəɚɝɞɨɪ ɐɚ 0.5 ɝɘ. ɉɘɛɔ-
ɜɔɣɑɝɖɔɑ ɠɚɜɘɟɗɧ: ɖɌəəɚəɔɞ Bi2.0 6S0.97 O5(OH)2, ɗɑɏɑɜəɔɞ Bi12.6 7S5.00 O34. ȻɌɜɌɘɑɞɜɧ ɘɚəɚɖɗɔəəɧɡ ɩɗɑɘɑə-

ɞɌɜəɧɡ ɫɣɑɑɖ: ɟ ɖɌəəɚəɔɞɌ a = 7.691(1), b = 13.874(2), c = 5.6569(8) ¡, ȁ = 109.23(1)Á, V = 569.90(9) ¡ı ɔ Z  = 4; 

ɟ ɗɑɏɑɜəɔɞɌ: a = 11.197(2), b = 5.714(1), c = 11.879(2) ¡, ȁ = 99.37(2)Á, V = 749.9(2) ¡ı ɔ Z = 1. Ƚɔɗɨəɧɑ ɛɚɗɚɝɧ 
Ɏ ȶȼ-ɝɛɑɖɞɜɌɡ: ɟ ɖɌəəɚəɔɞɌ 111, 121, 144, 184, 221, 318, 437, 450, 560, 619, 983, 1059, 3439 ɝɘð1, ɟ ɗɑɏɑɜ-

əɔɞɌ 150, 183, 216, 313, 474, 969 ɝɘð1. ȺɍɌ ɘɔəɑɜɌɗɌ əɌɕɐɑəɧ ɎɛɑɜɎɧɑ əɌ ɞɑɜɜɔɞɚɜɔɔ ȼɚɝɝɔɕɝɖɚɕ ɀɑɐɑ-

ɜɌɢɔɔ. 
 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɖɌəəɚəɔɞ, ɗɑɏɑɜəɔɞ, ɎɚɗɨɠɜɌɘɚɎɚɑ ɘɑɝɞɚɜɚɒɐɑəɔɑ ȭɟɖɟɖɌ, Ȯɚɝɞɚɣəɚɑ ȳɌɍɌɕɖɌɗɨɑ, ɛɑɜɑ-
ɔɓɟɣɑəɔɑ, ɛɑɜɎɌɫ əɌɡɚɐɖɌ Ɏ ȼɚɝɝɔɔ. 
 

ȮɎɑɐɑəɔɑ 
Ƚɚɚɍɥɑəɔɑ ɛɜɔəɌɐɗɑɒɔɞ ɖ ɝɑɜɔɔ ɝɞɌɞɑɕ, ɛɚɝɎɫ-

ɥɑəəɧɡ Ɏɚɛɜɚɝɟ ɛɑɜɑɔɓɟɣɑəɔɫ ɘɔəɑɜɌɗɚɏɔɣɑɝɖɔɡ 

ɚɍɜɌɓɢɚɎ ɔɓ ɘɟɓɑɕəɧɡ ɖɚɗɗɑɖɢɔɕ. Ȯ ɛɑɜɎɚɕ ɔɓ əɔɡ 
ɜɌɝɝɘɌɞɜɔɎɌɗɔɝɨ ɚɍɥɔɑ Ɍɝɛɑɖɞɧ ɛɑɜɑɔɓɟɣɑəɔɫ 

ɛɜɔɘɑəɔɞɑɗɨəɚ ɖ ɘɔəɑɜɌɗɚɏɔɣɑɝɖɔɘ ɝɚɍɜɌəɔɫɘ ɗɪ-
ɍɧɡ ɘɟɓɑɑɎ, ɚɍɝɟɒɐɌɗɔɝɨ ɚɝəɚɎəɧɑ əɌɛɜɌɎɗɑəɔɫ ɔ 

ɝɟɍɦɑɖɞɧ ɛɚɎɞɚɜəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɘɟɓɑɕəɚɏɚ ɘɌɞɑ-

ɜɔɌɗɌ ɔ ɜɑɓɟɗɨɞɌɞɧ, ɖ ɖɚɞɚɜɧɘ ɚəɚ ɘɚɒɑɞ ɛɜɔɎɑɝɞɔ 
(ȶɌɝɌɞɖɔə, 2020). ȹɔɒɑ ɜɑɣɨ ɛɚɕɐɑɞ ɚ ɛɜɌɖɞɔɣɑ-

ɝɖɚɘ ɜɑɓɟɗɨɞɌɞɑ ɛɑɜɑɔɓɟɣɑəɔɫ ɖɚəɖɜɑɞəɧɡ ɚɍɜɌɓ-
ɢɚɎ ɔɓ ɝɔɝɞɑɘɌɞɔɣɑɝɖɚɕ ɖɚɗɗɑɖɢɔɔ ȸɔəɑɜɌɗɚɏɔɣɑ-

ɝɖɚɏɚ ɘɟɓɑɫ ɔɘ. Ȭ.ȱ. ɀɑɜɝɘɌəɌ ȼȬȹ (ɐɌɗɑɑ ð ȸȸɀ).  

Ȯ ɜɌɘɖɌɡ ɛɜɚɎɚɐɔɎɤɔɡɝɫ əɌɘɔ ɗɑɞɚɘ 2019 ɏɚɐɌ 
ɜɌɍɚɞ ɛɚ ɛɑɜɑɔɓɟɣɑəɔɪ ɚɍɜɌɓɢɚɎ ɝɟɗɨɠɚɝɚɗɑɕ Ɍɕɖɔ-

əɔɞðɎɔɝɘɟɞɔəɚɎɚɕ ɝɑɜɔɔ ɔɓ ɝɚɍɜɌəɔɫ ȸȸɀ ɍɧɗɔ 

ɚɞɚɍɜɌəɧ ɛɜɚɍɧ ɚɞ ɚɍɜɌɓɢɚɎ, ɓɌɛɔɝɌəəɧɡ Ɏ ɘɟɓɑɕ-
əɚɘ ɖɌɞɌɗɚɏɑ ɛɚɐ ɚɍɥɔɘ əɚɘɑɜɚɘ 56077  ɖɌɖ çɎɔɝ-

ɘɟɞɔə ɝ ɍɌɓɚɎɔɝɘɟɞɔɞɚɘè ɔɓ ɎɚɗɨɠɜɌɘɚɎɚɏɚ ɘɑɝɞɚ-

ɜɚɒɐɑəɔɫ ȭɟɖɟɖɌ (ȳɌɍɌɕɖɌɗɨɑ). ȰɑɞɌɗɨəɚɑ ɔɝɝɗɑɐɚ-
ɎɌəɔɑ ɐɌəəɧɡ ɛɜɚɍ ɝ ɛɚɘɚɥɨɪ ɚɛɞɔɣɑɝɖɚɕ ɘɔɖɜɚ-

ɝɖɚɛɔɔ, ɝɖɌəɔɜɟɪɥɑɕ ɩɗɑɖɞɜɚəəɚɕ ɘɔɖɜɚɝɖɚɛɔɔ, 
ɩɗɑɖɞɜɚəəɚ-ɓɚəɐɚɎɚɏɚ ɘɔɖɜɚɌəɌɗɔɓɌ, ɛɚɜɚɤɖɚɎɚɕ 

ɜɑəɞɏɑəɚɏɜɌɠɔɔ ɔ ȶȼ-ɝɛɑɖɞɜɚɝɖɚɛɔɔ ɎɧɫɎɔɗɚ, ɣɞɚ 

Ɏɔɝɘɟɞɔə Ɏ ɟɖɌɓɌəəɚɘ ɚɍɜɌɓɢɑ ɣɌɝɞɔɣəɚ ɓɌɘɑɥɑə 
ɐɎɟɘɫ ɜɑɐɖɔɘɔ ɝɟɗɨɠɌɞɌɘɔ Bi ð ɖɌəəɚəɔɞɚɘ ɔ ɗɑ-

ɏɑɜəɔɞɚɘ. çȭɌɓɚɎɔɝɘɟɞɔɞè (ɝɞɌɜɚɑ əɌɓɎɌəɔɑ ɍɔɝɘɟ-
ɞɔɞɌ) Ɏ ɩɞɔɡ ɛɜɚɍɌɡ əɌɘɔ əɑ ɚɍəɌɜɟɒɑə. 

ȶɌəəɚəɔɞ Bi2O(SO4)(OH)2 ɎɛɑɜɎɧɑ ɍɧɗ ɚɛɔɝɌə əɌ 

ɘɑɝɞɚɜɚɒɐɑəɔɔ Tunnel  Extension  Ɏ ɤɞɌɞɑ ɊɞɌ, 
ȽɄȬ, Ɏ Ɏɔɐɑ əɌɡɚɐɫɥɔɡɝɫ Ɏ ɖɎɌɜɢɑ ɌɏɜɑɏɌɞɚɎ ɍɑɝ-
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