
 

ȷɌɍɚɜɌɞɚɜɔɫ ʈ4 

ȹɌəɚɞɑɡəɚɗɚɏɔɔ ɖɚɘɛɚɓɔɢɔɚəəɧɡ ɘɌɞɑɜɔɌɗɚɎ ɔ 

ɞɚəɖɚɛɗɑəɚɣəɧɡ ɝɞɜɟɖɞɟɜ 

ȳɌɎɑɐɟɪɥɔɕ ɗɌɍɚɜɌɞɚɜɔɑɕ ɖ.ɞ.ə., ɐɚɢ. ȼɧɒɔɖɚɎ ȴɗɨɫ ȬəɌɞɚɗɨɑɎɔɣ 

 

ȳɌɐɌɣɔ 

¶ ȴɝɝɗɑɐɚɎɌəɔɫ ɔ ɜɌɓɜɌɍɚɞɖɔ Ɏ ɚɍɗɌɝɞɔ ɝɚɓɐɌəɔɫ əɚɎɧɡ ɞɚəɖɚɛɗɬəɚɣəɧɡ 

ɘɌɞɑɜɔɌɗɚɎ ɝ ɘəɚɏɚɟɜɚɎəɑɎɚɕ ɝɞɜɟɖɞɟɜɚɕ. 

¶ ȴɝɝɗɑɐɚɎɌəɔɑ ɠɟəɐɌɘɑəɞɌɗɨəɧɡ ɚɝəɚɎ ɝɚɓɐɌəɔɫ əɌəɚɝɞɜɟɖɞɟɜɔɜɚɎɌəəɧɡ ɔ 

əɌəɚɜɌɓɘɑɜəɧɡ ɝɔɝɞɑɘ, ɠɟəɖɢɔɚəɔɜɟɪɥɔɡ Ɏ ɤɔɜɚɖɚɘ ɐɔɌɛɌɓɚəɑ 

ɩɗɑɖɞɜɚɘɌɏəɔɞəɚɏɚ ɔɓɗɟɣɑəɔɫ. 

¶ ȼɌɓɜɌɍɚɞɖɌ ɝɛɑɢɔɌɗɨəɧɡ ɘɌɞɑɜɔɌɗɚɎ ɔ ɛɚɖɜɧɞɔɕ ɐɗɫ ɩɗɑɘɑəɞɚɎ 

ɖɚəɝɞɜɟɖɢɔɔ ɗɑɞɌɞɑɗɨəɧɡ ɌɛɛɌɜɌɞɚɎ. 

¶ ȼɌɓɜɌɍɚɞɖɌ ɠɟəɖɢɔɚəɌɗɨəɧɡ ɘɌɞɑɜɔɌɗɚɎ ɐɗɫ ɝɑəɝɚɜəɧɡ ɟɝɞɜɚɕɝɞɎ. 

¶ ȶɚɘɛɗɑɖɝəɌɫ ɡɌɜɌɖɞɑɜɔɓɌɢɔɫ ɞɚəɖɚɛɗɬəɚɣəɧɡ ɘɌɞɑɜɔɌɗɚɎ. 

¶ ȼɌɓɜɌɍɚɞɖɌ ɞɑɡəɚɗɚɏɔɕ ɔ ɝɚɓɐɌəɔɑ ɞɑɡəɚɗɚɏɔɣɑɝɖɚɏɚ ɚɍɚɜɟɐɚɎɌəɔɫ ɐɗɫ 

əɌəɑɝɑəɔɫ ɛɚɗɔɘɑɜəɧɡ ɛɚɖɜɧɞɔɕ Ɏ ɎɌɖɟɟɘɑ. 

ȶɚəɞɌɖɞɧ 

Ⱦɑɗ. +7 (495) 485-93-44 

E-mail : nanocom@yandex.ru  



 

ɉȶȽȻȱȼȴȸȱȹȾȬȷɈȹȺȱ ȺȭȺȼȿȰȺȮȬȹȴȱ ȴ ȸȱȾȺȰɇ 

ȴȽȽȷȱȰȺȮȬȹȴȵ 

Ƚɛɑɖɞɜɚɘɑɞɜ ɖɚɘɍɔəɌɢɔɚəəɚɏɚ ɜɌɝɝɑɫəɔɫ WITec 500 Alpha  əɌ ɍɌɓɑ ɖɚəɠɚɖɌɗɨəɚɏɚ 

ɘɔɖɜɚɝɖɚɛɌ ɝ Ɏɚɓɘɚɒəɚɝɞɨɪ ɖɌɜɞɔɜɚɎɌəɔɫ 

 

Ƚɛɑɖɞɜɚɘɑɞɜ ɖɚɘɍɔəɌɢɔɚəəɚɏɚ ɜɌɝɝɑɫəɔɫ WITec 500 Alpha  ɛɜɑɐəɌɓəɌɣɑə ɐɗɫ 

ɗɚɖɌɗɨəɚɏɚ ɡɔɘɔɣɑɝɖɚɏɚ ɌəɌɗɔɓɌ ɛɚɎɑɜɡəɚɝɞɑɕ. ȿɝɞɜɚɕɝɞɎɚ ɝɛɑɖɞɜɚɘɑɞɜɌ ɛɚ 

ɛɜɔəɢɔɛɔɌɗɨəɚ əɚɎɚɕ ɝɡɑɘɑ, əɑ ɝɚɐɑɜɒɌɥɑɕ ɓɑɜɖɌɗ, ɛɚɓɎɚɗɫɑɞ ɐɚɝɞɔɣɨ 

ɖɚɩɠɠɔɢɔɑəɞɌ ɛɑɜɑɐɌɣɔ ɔɓɗɟɣɑəɔɫ ɐɚ 0.9, ɣɞɚ ɝɟɥɑɝɞɎɑəəɚ ɝəɔɒɌɑɞ Ɏɜɑɘɫ 

əɌɖɚɛɗɑəɔɫ ɝɛɑɖɞɜɌ, Ɏɜɑɘɫ ɜɑɏɔɝɞɜɌɢɔɔ ɖɌɜɞɧ ɔ ɟɎɑɗɔɣɔɎɌɑɞ ɝɚɚɞəɚɤɑəɔɑ 

ɝɔɏəɌɗ/ɤɟɘ. ȼɑɏɔɝɞɜɌɢɔɫ ɖɌɜɞɧ ɝɛɑɖɞɜɚɎ ɖɚɘɍɔəɌɢɔɚəəɚɏɚ ɜɌɝɝɑɫəɔɫ ɝ ɛɗɚɥɌɐɔ 

25 Į 25 ɘɖɘ ɝɚɝɞɌɎɗɫɑɞ ~10 ɘɔəɟɞ. 

 
Ⱥɝɚɍɑəəɚɝɞɔ: 

¶ ȶɌɜɞɔɜɚɎɌəɔɑ ɝɛɑɖɞɜɚɎ 

¶ ȷɌɓɑɜɧ 532 əɘ, 785 əɘ 

¶ ȰɔɠɜɌɖɢɔɚəəɧɑ ɜɑɤɬɞɖɔ 600 g/mm, 1800 g/mm 

¶ ȸɌɗɚɑ Ɏɜɑɘɫ ɔɓɘɑɜɑəɔɕ 

¶ ȿɎɑɗɔɣɑəəɚɑ ɝɚɚɞəɚɤɑəɔɑ ɝɔɏəɌɗ/ɤɟɘ 

¶ Ⱦɚɣəɚɝɞɨ ɛɚɓɔɢɔɚəɔɜɚɎɌəɔɫ ɐɚ 50 əɘ 

¶ ȻɜɚɏɜɌɘɘəɚɑ ɟɛɜɌɎɗɑəɔɑ Ɏɝɑɘɔ ɩɗɑɘɑəɞɌɘɔ ɟɝɞɜɚɕɝɞɎɌ 

ȶɚɘɛɗɑɖɝ ɔɓɘɑɜɑəɔɫ ɩɗɑɖɞɜɚɡɔɘɔɣɑɝɖɔɡ ɔ ɩɗɑɖɞɜɚɠɔɓɔɣɑɝɖɔɡ ɛɌɜɌɘɑɞɜɚɎ əɌ 

ɍɌɓɑ ɛɜɔɍɚɜɚɎ Solartron  Analytical  

ȶɚɘɛɗɑɖɝ ɚɝəɚɎɌə əɌ ɤɔɜɚɖɚɛɚɗɚɝəɚɘ ɛɚɞɑəɢɔɚɝɞɌɞɑ/ɏɌɗɨɎɌəɚɝɞɌɞɑ SI 1287, 

ɝɚɛɜɫɒɬəəɚɘ ɝ ɔɘɛɑɐɌəɝəɧɘ/Ɍɘɛɗɔɞɟɐəɚ-ɠɌɓɚɎɧɘ ɌəɌɗɔɓɌɞɚɜɚɘ SI 1260. 

Ȼɜɔɍɚɜɧ ɛɚɓɎɚɗɫɪɞ ɜɑɏɔɝɞɜɔɜɚɎɌɞɨ ɞɚɖɔ Ɏ ɐɔɌɛɌɓɚəɑ 2 Ȭ - 10-11 A; ɐɔɌɛɌɓɚə 

ɐɚɝɞɟɛəɧɡ əɌɛɜɫɒɑəɔɕ Ñ12 Ȯ (ɝ ɞɚɣəɚɝɞɨɪ 1 ɘɖȮ). Ȱɚɝɞɟɛəɧ ɜɌɓɎɬɜɞɖɔ 



 

ɛɚɞɑəɢɔɌɗɚɎ ɝɚ ɝɗɚɒəɚɕ ɘɚɐɟɗɫɢɔɑɕ; Ɍɘɛɗɔɞɟɐəɚ-ɠɌɓɚɎɧɕ ɌəɌɗɔɓɌɞɚɜ 

ɛɜɑɐəɌɓəɌɣɑə ɐɗɫ əɌɗɚɒɑəɔɫ ɣɌɝɞɚɞəɧɡ ɓɌɎɔɝɔɘɚɝɞɑɕ (Ɏ ɐɔɌɛɌɓɚəɑ 0,01 ȯɢ ð 

1ȸȯɢ) əɌ ɩɖɝɛɑɜɔɘɑəɞ SI 1287. ȼɑɌɗɔɓɟɪɞɝɫ ɐɎɟɡ-, ɞɜɬɡ-, ɔ ɣɑɞɧɜɬɡɖɚəɞɌɖɞəɧɑ 

ɝɡɑɘɧ ɛɚɐɖɗɪɣɑəɔɫ. 

Ȯ ɐɚɛɚɗəɑəɔɑ ɖ ɛɜɔɍɚɜɟ ɔɘɑɪɞɝɫ ɒɔɐɖɚɝɞəɧɑ ɩɗɑɖɞɜɚɡɔɘɔɣɑɝɖɔɑ ɫɣɑɕɖɔ 

ɐɗɫ ɔɓɘɑɜɑəɔɫ ɖɚɜɜɚɓɔɔ ɘɌɞɑɜɔɌɗɚɎ. Ȱɗɫ ɔɓɘɑɜɑəɔɫ ɩɗɑɖɞɜɚɠɔɓɔɣɑɝɖɔɡ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɞɎɬɜɐɧɡ ɞɚəɖɔɡ ɛɗɬəɚɖ ɔɝɛɚɗɨɓɟɪɞɝɫ ɐɎɟɡɖɚəɞɌɖɞəɧɑ 

ɔɓɘɑɜɔɞɑɗɨəɧɑ ɫɣɑɕɖɔ, ɔɓɏɚɞɌɎɗɔɎɌɑɘɧɑ Ɏ ɗɌɍɚɜɌɞɚɜɔɔ ʈ4 ɛɜɔ ɛɚɘɚɥɔ ɘɑɞɚɐɚɎ 

ɎɌɖɟɟɘəɚɕ ɔɚəəɚ-ɛɗɌɓɘɑəəɚɕ ɚɍɜɌɍɚɞɖɔ ɘɌɞɑɜɔɌɗɚɎ ɔ ɠɚɞɚɗɔɞɚɏɜɌɠɔɔ. Ȱɚɝɞɟɛəɧ 

ɞɑɘɛɑɜɌɞɟɜəɧɑ ɔɓɘɑɜɑəɔɫ ɩɗɑɖɞɜɚɛɜɚɎɚɐəɚɝɞɔ əɌ Ɏɚɓɐɟɡɑ Ɏ ɐɔɌɛɌɓɚəɑ 20ÁȽ - 

120ÁȽ. Ȱɚɛɚɗəɔɞɑɗɨəɚ ɔɘɑɑɞɝɫ Ɏɚɓɘɚɒəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɔɓɘɑɜɑəɔɕ ɛɜɔ 

ɞɑɘɛɑɜɌɞɟɜɌɡ -40ÁȽ - +60Á Ɏ ɠɚɜɎɌɖɟɟɘɑ. 

 

 

Ȭɞɚɘəɚ-ɝɔɗɚɎɚɕ ɘɔɖɜɚɝɖɚɛ Solver Pro NT -MDT  

ȻɜɑɐəɌɓəɌɣɑə ɐɗɫ ɔɝɝɗɑɐɚɎɌəɔɫ ɘɚɜɠɚɗɚɏɔɔ, ɗɚɖɌɗɨəɧɡ ɠɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɡ 

ɝɎɚɕɝɞɎ ɔ ɘɑɡɌəɔɣɑɝɖɔɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɛɚɎɑɜɡəɚɝɞɔ. ɄɑɜɚɡɚɎɌɞɚɝɞɨ ɛɚɎɑɜɡəɚɝɞɔ əɑ 

ɐɚɗɒəɌ ɛɜɑɎɧɤɌɞɨ 3 ɘɖɘ. Ȱɚɝɞɟɛəɚɑ ɛɗɌəɌɜəɚɑ ɜɌɓɜɑɤɑəɔɑ ɝɚɝɞɌɎɗɫɑɞ 10 əɘ ɛɜɔ 

ɞɚɣəɚɝɞɔ ɚɛɜɑɐɑɗɑəɔɫ Ɏɧɝɚɞɧ ɐɚ 5 əɘ. ȸɌɖɝɔɘɌɗɨəɧɕ ɜɌɓɘɑɜ ɝɖɌəɌ ɝɚɝɞɌɎɗɫɑɞ 50 

Į 50 ɘɖɘ. ȸɔɖɜɚɝɖɚɛ ɜɌɍɚɞɌɑɞ Ɏ ɖɚəɞɌɖɞəɚɘ ɔ ɛɚɗɟɖɚəɞɌɖɞəɚɘ ɜɑɒɔɘɑ. 

ȼɑɌɗɔɓɚɎɌəɧ ɝɗɑɐɟɪɥɔɑ ɘɑɞɚɐɔɖɔ ɔɓɘɑɜɑəɔɫ: ɩɗɑɖɞɜɚɝɞɌɞɔɣɑɝɖɌɫ ɘɔɖɜɚɝɖɚɛɔɫ, 

ɔɓɘɑɜɑəɔɑ ɝɚɛɜɚɞɔɎɗɑəɔɫ ɜɌɝɞɑɖɌəɔɪ ɞɚɖɌ, ɔɓɘɑɜɑəɔɑ ɗɚɖɌɗɨəɚɕ ɛɚɎɑɜɡəɚɝɞəɚɕ 

ɒɑɝɞɖɚɝɞɔ, ɝɔɗɚɎɌɫ əɌəɚɗɔɞɚɏɜɌɠɔɫ, ɌəɚɐəɌɫ əɌəɚɗɔɞɚɏɜɌɠɔɫ, ɘɌɏəɔɞəɚ-ɝɔɗɚɎɌɫ 

ɘɔɖɜɚɝɖɚɛɔɫ. 

 



 

 
 

ȽɛɑɖɞɜɌɗɨəɧɕ ɩɗɗɔɛɝɚɘɑɞɜ çȽɛɑɞɖɜɚɌəɌɗɔɞɔɣɑɝɖɔɕ ɖɚɘɛɗɑɖɝ çȽȬȯ ð 1891èè 

 

ȻɜɑɐəɌɓəɌɣɑə ɐɗɫ ɔɓɘɑɜɑəɔɫ ɚɛɞɔɣɑɝɖɔɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɞɚəɖɔɡ ɛɗɑəɚɖ ɔ 

ɘəɚɏɚɝɗɚɕəɧɡ ɝɞɜɟɖɞɟɜ. ȽɛɑɖɞɜɌɗɨəɧɕ ɐɔɌɛɌɓɚə ɝɚɝɞɌɎɗɫɑɞ 350 ð 1100 əɘ. ȿɏɗɧ 

ɔɓɘɑɜɑəɔɫ 450Á - 700Á ɝ ɤɌɏɚɘ 50Á. ȰɔɌɛɌɓɚə ɔɓɘɑɜɫɑɘɧɡ ɞɚɗɥɔə 1 ð 10000 əɘ. 

ȰɔɌɘɑɞɜ ɝɎɑɞɚɎɚɏɚ ɛɫɞəɌ əɌ ɚɍɜɌɓɢɑ 3 ɘɘ. Ⱦɚɣəɚɝɞɨ ɔɓɘɑɜɑəɔɫ ɞɚɗɥɔə ɐɚ 5 ¡. ȶ 

ɛɜɔɍɚɜɟ ɛɜɔɗɌɏɌɑɞɝɫ ɛɜɚɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑəɔɑ, ɛɚɓɎɚɗɫɪɥɑɑ ɛɜɚɎɚɐɔɞɨ ɜɌɝɣɑɞɧ 

ɞɚɗɥɔə ɝɗɚɑɎ ɔ ɚɛɞɔɣɑɝɖɔɡ ɛɌɜɌɘɑɞɜɚɎ ɘəɚɏɚɝɗɚɕəɧɡ ɝɞɜɟɖɞɟɜ ɔ ɖɚɘɛɚɓɔɞɚɎ. 

Ȼɜɔɍɚɜ ɔɓɏɚɞɚɎɗɑə ȴəɝɞɔɞɟɞɚɘ ɠɔɓɔɖɔ ɛɚɗɟɛɜɚɎɚɐəɔɖɚɎ ȽȺ ȼȬȹ. 

 

 
 

ȴəɞɑɜɠɑɜɑəɢɔɚəəɧɕ ɞɚɛɚɏɜɌɠ Zygo New View 7200  

 

Ȼɜɔɍɚɜ ɛɜɑɐəɌɓəɌɣɑə ɐɗɫ ɔɓɘɑɜɑəɔɫ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɞɚɛɚɗɚɏɔɔ ɛɚɎɑɜɡəɚɝɞɔ. 

Ȼɜɔəɢɔɛ ɜɌɍɚɞɧ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɌɎɞɚɘɌɞɔɣɑɝɖɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɔəɞɑɜɠɑɜɑəɢɔɚəəɚɕ 



 

ɖɌɜɞɔəɧ ɘɚəɚɡɜɚɘɌɞɔɣɑɝɖɚɏɚ ɗɌɓɑɜəɚɏɚ ɔɓɗɟɣɑəɔɫ Ɏ ɖɌɒɐɚɕ ɞɚɣɖɑ ɖɌɐɜɌ, 

ɐɚɝɞɟɛəɚɏɚ ɐɗɫ ɔɓɘɑɜɑəɔɫ. ȼɑɓɟɗɨɞɌɞɚɘ ɫɎɗɫɑɞɝɫ ɖɌɜɞɌ Ɏɧɝɚɞ ɔ ɜɌɝɝɣɔɞɌəəɧɑ əɌ 

ɑɬ ɚɝəɚɎɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɤɑɜɚɡɚɎɌɞɚɝɞɔ ɔ əɑɚɐəɚɜɚɐəɚɝɞɔ ɛɚɎɑɜɡəɚɝɞɔ ɐɗɫ 

ɚɛɞɔɣɑɝɖɚɏɚ ɔɓɚɍɜɌɒɑəɔɫ, ɛɚɗɟɣɑəəɚɏɚ Ɏ ɏɑɚɘɑɞɜɔɔ əɌ ɚɞɜɌɒɑəɔɑ ɛɜɔ ɛɚɘɚɥɔ 

ɚɍɦɑɖɞɔɎɚɎ ɝ 10Į, 50Į ɔ 100Į ɖɜɌɞəɧɘ ɟɎɑɗɔɣɑəɔɑɘ. ȼɌɓɜɑɤɑəɔɑ ɛɚ ɎɑɜɞɔɖɌɗɔ 

ɐɚɝɞɔɏɌɑɞ 0,2 əɘ. ȻɗɌəɌɜəɚɑ ɜɌɓɜɑɤɑəɔɑ ɝɚɝɞɌɎɗɫɑɞ 600 əɘ. 

 

 
 

Ȼɜɔɍɚɜ ɐɗɫ ɔɓɘɑɜɑəɔɫ ɝɎɑɞɚɜɌɝɝɑɫəɔɫ 

 

Ȼɜɔɍɚɜ ɝɚɓɐɌə əɌ ɚɝəɚɎɑ ɎɔɓɟɌɗɨəɚɏɚ ɏɚəɔɚɘɑɞɜɌ. ȻɚɓɎɚɗɫɑɞ ɔɓɘɑɜɫɞɨ 

ɔəɐɔɖɌɞɜɔɝɧ ɜɌɝɝɑɫəɔɫ ɘɚəɚɡɜɚɘɌɞɔɣɑɝɖɚɏɚ ɗɌɓɑɜəɚɏɚ ɔɓɗɟɣɑəɔɫ ɚɛɞɔɣɑɝɖɔ 

ɛɜɚɓɜɌɣəɧɡ ɝɜɑɐ. ȿɏɗɚɎɚɑ ɜɌɓɜɑɤɑəɔɑ ɝɚɝɞɌɎɗɫɑɞ 30Á. Ȯɚɓɘɚɒəɚ ɚɛɜɑɐɑɗɑəɔɑ 

ɔəɞɑɏɜɌɗɨəɚɏɚ ɝɎɑɞɚɜɌɝɝɑɫəɔɫ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɔəɞɑɏɜɔɜɟɪɥɑɕ ɝɠɑɜɧ. Ƚɞɑəɐ 

ɔɘɑɑɞ ɘɚɐɟɗɨəɚɑ ɟɝɞɜɚɕɝɞɎɚ, ɚɝəɌɥɬə əɌɍɚɜɚɘ ɐɑɜɒɌɞɑɗɑɕ ɚɍɜɌɓɢɌ ɔ ɔɝɞɚɣəɔɖɚɎ 

ɔɓɗɟɣɑəɔɫ. ȰɔəɌɘɔɣɑɝɖɔɕ ɐɔɌɛɌɓɚə ɐɑɞɑɖɞɚɜɌ ɔɓɗɟɣɑəɔɫ ɛɚ ɔəɞɑəɝɔɎəɚɝɞɔ 

ɝɚɝɞɌɎɗɫɑɞ 5 ɛɚɜɫɐɖɚɎ. 

 

 
 

Ƚɛɑɖɞɜɚɠɚɞɚɘɑɞɜ Ƚɀ-56, ȺȺȺ çȷɚɘɚ-Ƚɛɑɖɞɜè 

 

ȽɛɑɖɞɜɌɗɨəɧɕ ɐɔɌɛɌɓɚə 200 ð 1100 əɘ. ȽɛɑɖɞɜɌɗɨəɚɑ ɜɌɓɜɑɤɑəɔɑ 0,5 əɘ. 

ȻɚɓɎɚɗɫɑɞ ɔɓɘɑɜɫɞɨ ɝɛɑɖɞɜɧ ɛɜɚɛɟɝɖɌəɔɫ (ɛɜɔ ɟɏɗɑ ɛɌɐɑəɔɫ ɚɞ 0 ɐɚ 90Á ɝ 



 

ɞɚɣəɚɝɞɨɪ ɟɝɞɌəɚɎɖɔ 1Á) ɔ ɚɞɜɌɒɑəɔɫ (ɛɜɔ ɟɏɗɑ ɛɌɐɑəɔɫ 10Á ɔ 45Á), Ɍ ɞɌɖɒɑ 

ɐɔɠɠɟɓəɚɑ ɚɞɜɌɒɑəɔɑ Ɏ ɝɛɑɖɞɜɌɗɨəɚɘ ɐɔɌɛɌɓɚəɑ 300 ð 800 əɘ. 

 

 
 

ȴȶ-ɀɟɜɨɑ ɝɛɑɖɞɜɚɘɑɞɜ Thermo Nicolet  IR200  

 

Ȼɜɔɍɚɜ ɘɚɐɔɠɔɢɔɜɚɎɌə ɝ Ɏɧəɑɝɑəɔɑɘ ɚɛɞɔɣɑɝɖɚɕ ɝɡɑɘɧ ɓɌ ɖɚɜɛɟɝ ɟɝɞɜɚɕɝɞɎɌ, ɣɞɚ 

ɐɌɬɞ ɤɔɜɚɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ɛɚ ɎɧɝɞɜɌɔɎɌəɔɪ ɚɛɞɔɣɑɝɖɚɕ ɝɡɑɘɧ, Ɏ ɣɌɝɞəɚɝɞɔ, 

Ɏɚɓɘɚɒəɚ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɤɔɜɚɖɚɏɚ ɖɜɟɏɌ ɐɑɜɒɌɞɑɗɑɕ ɚɍɜɌɓɢɌ. Ȯ ɐɌəəɚɘ ɝɗɟɣɌɑ 

ɏɑɚɘɑɞɜɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɚɍɜɌɓɢɌ əɑ ɚɏɜɌəɔɣɑəɧ ɖɪɎɑɞəɧɘ ɚɞɐɑɗɑəɔɑɘ ȴȶ-

ɝɛɑɖɞɜɚɘɑɞɜɌ. 

Ƚɛɑɖɞɜɚɘɑɞɜ ɛɚɓɎɚɗɫɑɞ ɔɓɘɑɜɫɞɨ ȴȶ ɝɛɑɖɞɜɧ ɚɞɜɌɒɑəɔɫ ɔ ɛɜɚɛɟɝɖɌəɔɫ Ɏ 

ɝɛɑɖɞɜɌɗɨəɚɘ ɐɔɌɛɌɓɚəɑ 7400 ð 350 ɝɘ-1. ȽɛɑɖɞɜɌɗɨəɚɑ ɜɌɓɜɑɤɑəɔɑ ɛɜɔɍɚɜɌ 

ɝɚɝɞɌɎɗɫɑɞ 2 ɝɘ-1. Ƚɚɚɞəɚɤɑəɔɑ ɝɔɏəɌɗ/ɤɟɘ (peak-to-peak, əɌɖɚɛɗɑəɔɑ Ɏ ɞɑɣɑəɔɑ 1 

ɘɔəɟɞɧ, 4 ɝɘ-1) ɝɚɝɞɌɎɗɫɑɞ 10000/1. ȶ ɛɜɔɍɚɜɟ ɛɜɔɗɌɏɌɑɞɝɫ ɛɜɚɏɜɌɘɘəɚɑ 

ɚɍɑɝɛɑɣɑəɔɑ EZ-OMNIC, ɐɗɫ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ. 

 

 
 

ȿɝɞɌəɚɎɖɔ ɐɗɫ əɌəɑɝɑəɔɫ ɞɚəɖɔɡ ɛɗɬəɚɖ Ɏ ɎɌɖɟɟɘɑ 

ȮɌɖɟɟɘəɧɑ ɟɝɞɌəɚɎɖɔ, ɘɚɐɔɠɔɢɔɜɚɎɌəəɧɑ əɌ ɍɌɓɑ ɟɝɞɌəɚɎɚɖ ɞɔɛɌ ȿȼȸ, 

ɛɜɑɐəɌɓəɌɣɑəəɧɑ ɐɗɫ əɌəɑɝɑəɔɫ ɞɚəɖɔɡ ɛɗɬəɚɖ ɛɜɔ ɛɚɘɚɥɔ ɘɌɏəɑɞɜɚəəɚɏɚ 

ɜɌɝɛɧɗɑəɔɫ əɌ ɎɜɌɥɌɪɥɔɕɝɫ ɍɌɜɌɍɌə. ȿɝɞɌəɚɎɖɔ ɔɘɑɪɞ ɘɚɐɟɗɨəɚɑ ɟɝɞɜɚɕɝɞɎɚ; 

ɔɝɛɚɗɨɓɟɪɞɝɫ ɘɌɏəɑɞɜɚəɧ ɛɚɝɞɚɫəəɚɏɚ ɞɚɖɌ ɝ ɜɌɓɘɑɜɚɘ ɘɔɤɑəɔ ɚɞ 6 ɐɚ 20 ɝɘ, ȮɃ-

ɘɌɏəɑɞɜɚəɧ 13,56 ȸȯɢ ɔ ɔɚəəɧɑ ɔɝɞɚɣəɔɖɔ ɐɗɫ ɚɍɜɌɍɚɞɖɔ ɛɚɎɑɜɡəɚɝɞɔ. 



 

ȳəɌɣɔɞɑɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɜɌɓɗɔɣəɧɡ ɩɗɑɘɑəɞɚɎ ɟɝɞɌəɚɎɖɔ, ɎɖɗɪɣɌɫ ɍɗɚɖɔ ɛɔɞɌəɔɫ 

ɘɌɏəɑɞɜɚəɚɎ ɔ ɖɚɘɛɚəɑəɞ, ɜɑɏɟɗɔɜɟɪɥɔɡ ɐɔəɌɘɔɖɟ ɞɑɣɑəɔɫ ɏɌɓɌ ɣɑɜɑɓ ɌɛɛɌɜɌɞ, 

ɐɌɪɞ ɏɔɍɖɚɝɞɨ Ɏ ɟɛɜɌɎɗɑəɔɔ ɛɜɚɢɑɝɝɚɘ əɌəɑɝɑəɔɫ ɞɚəɖɔɡ ɛɗɬəɚɖ. Ȯɚɓɘɚɒəɚ 

əɌəɑɝɑəɔɑ ɘɑɞɌɗɗɔɣɑɝɖɔɡ ɛɗɬəɚɖ ɔ ɐɔɩɗɑɖɞɜɔɣɑɝɖɔɡ ɛɗɬəɚɖ, ɎɖɗɪɣɌɫ ɜɑɌɖɞɔɎəɚɑ 

ɜɌɝɛɧɗɑəɔɑ. ȹɑɖɚɞɚɜɧɑ ɝɛɑɢɔɌɗɨəɧɑ ɘɌɏəɑɞɜɚəəɧɑ ɟɝɞɜɚɕɝɞɎɌ ɝɖɚəɝɞɜɟɔɜɚɎɌəɧ 

ɐɗɫ ɜɌɝɛɧɗɑəɔɫ ɘɌɏəɔɞəɧɡ ɘɌɞɑɜɔɌɗɚɎ. 

 

ȿɣɌɝɞɚɖ ɠɚɞɚɗɔɞɚɏɜɌɠɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ 

ȿɣɌɝɞɚɖ ɚɍɚɜɟɐɚɎɌə Ɏɝɑɘ əɑɚɍɡɚɐɔɘɧɘ ɚɍɚɜɟɐɚɎɌəɔɑɘ ɐɗɫ ɛɜɚɎɑɐɑəɔɫ 

ɠɚɞɚɗɔɞɚɏɜɌɠɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ, ɎɖɗɪɣɌɫ ɟɝɞɌəɚɎɖɔ ɐɗɫ əɌəɑɝɑəɔɫ ɠɚɞɚɜɑɓɔɝɞɌ, 

ɩɖɝɛɚəɔɜɚɎɌəɔɫ (UV/Vis), ɝɚɎɘɑɥɑəɔɫ, ɞɜɌɎɗɑəɔɫ, ɟɐɌɗɑəɔɫ ɚɝɞɌɞɖɚɎ ɠɚɞɚɜɑɓɔɝɞɌ 

ɔ ɘɔɖɜɚɝɖɚɛɔɣɑɝɖɚɏɚ ɖɚəɞɜɚɗɫ ɖɌɣɑɝɞɎɌ ɝɞɜɟɖɞɟɜ. ȴɝɛɚɗɨɓɟɑɞɝɫ ɛɚɓɔɞɔɎəɧɑ ɔ 

əɑɏɌɞɔɎəɧɑ ɠɚɞɚɜɑɓɔɝɞɧ. ȿɣɌɝɞɚɖ ɝɚɛɜɫɒɬə ɝ ɟɝɞɌəɚɎɖɌɘɔ ɐɗɫ əɌəɑɝɑəɔɫ ɞɚəɖɔɡ 

ɛɗɬəɚɖ ɔ ɔɚəəɚɏɚ ɞɜɌɎɗɑəɔɫ Ɏ ɎɌɖɟɟɘɑ. Ȱɚɝɞɟɛəɚɑ ɗɔɞɚɏɜɌɠɔɣɑɝɖɚɑ ɜɌɓɜɑɤɑəɔɑ - 

0,5 ɘɖɘ. 

 
 

ȴəɒɑəɑɜəɚ-ɞɑɡəɔɣɑɝɖɔɕ ɟɣɌɝɞɚɖ 

ȴəɒɑəɑɜəɚ-ɞɑɡəɔɣɑɝɖɔɑ ɜɌɍɚɞɧ ɛɚ əɌɗɌɒɔɎɌəɔɪ ɚɛɧɞəɚ-ɗɌɍɚɜɌɞɚɜəɚɕ ɞɑɡəɔɖɔ, 

ɚɞɗɌɐɖɌ ɩɗɑɖɞɜɚɞɑɡəɔɣɑɝɖɔɡ ɟɝɞɜɚɕɝɞɎ ɔ ɔɓɏɚɞɚɎɗɑəɔɑ ɘɌɖɑɞɚɎ ɘɑɞɌɘɌɞɑɜɔɌɗɚɎ. 

 

ȿɝɞɌəɚɎɖɔ ɐɗɫ əɌəɑɝɑəɔɫ ɛɚɗɔ-ɛɌɜɌ-ɖɝɔɗɔɗɑəɚɎɧɡ ɛɚɖɜɧɞɔɕ 



 

ȿȮȻ ð 2: ȿɝɞɌəɚɎɖɌ ɜɌɓɜɌɍɚɞɌəɌ ɐɗɫ əɌəɑɝɑəɔɫ ɛɚɖɜɧɞɔɫ əɌ ɖɜɟɛəɚɏɌɍɌɜɔɞəɧɑ 

ɐɑɞɌɗɔ ɔ ɚɍɜɌɓɢɧ (ɜɌɓɘɑɜɚɘ ɐɚ 500 ɘɘ.).  

Ⱦɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɟɝɞɌəɚɎɖɔ: ɚɍɦɑɘ ɖɌɘɑɜɧ 100 ɗ; ɛɜɑɐɑɗɨəɚɑ 

ɚɝɞɌɞɚɣəɚɑ ɐɌɎɗɑəɔɑ 0,1 ȻɌ; Ɏɜɑɘɫ ɎɧɡɚɐɌ əɌ ɜɑɒɔɘ 30 ɘɔə.; ɜɌɝɡɚɐ ɘɚəɚɘɑɜɌ 1 ɏ. 

əɌ 0,65 ɘɖɘ ɛɚɖɜɧɞɔɫ; ɝɖɚɜɚɝɞɨ əɌɛɧɗɑəɔɫ 3,5 ɘɖɘ ɓɌ 1 ɣɌɝ. 

 

ȿȮȻ ð 3: ȿɝɞɌəɚɎɖɌ ɜɌɓɜɌɍɚɞɌəɌ ɐɗɫ ɍɧɝɞɜɚɏɚ əɌəɑɝɑəɔɫ ɞɚɗɝɞɧɡ ɛɚɖɜɧɞɔɕ əɌ 

ɚɛɞɔɣɑɝɖɔɑ ɐɑɞɌɗɔ (Ɏ ɞɚɘ ɣɔɝɗɑ: ɛɚɗɟɝɠɑɜɧ ɔ Ɏɧɛɟɖɗɧɑ ɗɔəɓɧ) ɜɌɓɘɑɜɚɘ ɐɚ 100 

ɘɘ,, ɟɝɞɌəɚɎɖɌ ɚɍɚɜɟɐɚɎɌəɌ ɝɔɝɞɑɘɚɕ ɎɜɌɥɑəɔɫ ɐɑɞɌɗɑɕ Ɏ ɞɜɑɡ ɛɗɚɝɖɚɝɞɫɡ.  

Ⱦɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɟɝɞɌəɚɎɖɔ: ɚɍɦɑɘ ɖɌɘɑɜɧ 7,5 ɗ; ɛɜɑɐɑɗɨəɚɑ 

ɚɝɞɌɞɚɣəɚɑ ɐɌɎɗɑəɔɑ 0,1 ȻɌ; Ɏɜɑɘɫ ɎɧɡɚɐɌ əɌ ɜɑɒɔɘ 15 ɘɔə.; ɜɌɝɡɚɐ ɘɚəɚɘɑɜɌ 1 ɏ. 

əɌ 2,3 ɘɖɘ ɛɚɖɜɧɞɔɫ; ɝɖɚɜɚɝɞɨ əɌɛɧɗɑəɔɫ 7 ɘɖɘ ɓɌ 1 ɣɌɝ; əɑɚɐəɚɜɚɐəɚɝɞɨ ɛɚ 

ɞɚɗɥɔəɑ ɛɜɔ əɌɛɧɗɑəɔɔ ɚɛɞɔɣɑɝɖɔɡ ɐɑɞɌɗɑɕ əɑ ɍɚɗɑɑ 10 %. 

 

ȬɛɛɜɑɞɔɜɚɎɌəɔɑ: ȿɝɞɌəɚɎɖɔ ɘɚɏɟɞ ɍɧɞɨ ɟɖɚɘɛɗɑɖɞɚɎɌəɧ ɝɔɝɞɑɘɚɕ 

ɛɗɌɓɘɚɡɔɘɔɣɑɝɖɚɏɚ ɌɛɛɜɑɞɔɜɚɎɌəɔɫ ɛɚɐɗɚɒɑɖ Ɏ ɖɌɘɑɜɑ. ȻɜɚɢɑɐɟɜɌ 

ɌɛɛɜɑɞɔɜɚɎɌəɔɫ ɓɌəɔɘɌɑɞ 5 ɘɔəɟɞ ɔ əɑ Ɏɗɔɫɑɞ (ɟɡɟɐɤɌɑɞ) ɚɛɞɔɣɑɝɖɔɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɐɑɞɌɗɑɕ ɔ ɚɍɜɌɓɢɚɎ. ȮɑɗɔɣɔəɌ Ɍɐɏɑɓɔɔ ɛɚɖɜɧɞɔɫ ɖ ɜɌɓəɚɜɚɐəɧɘ 

ɘɌɞɑɜɔɌɗɌɘ ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɌɛɛɜɑɞɔɜɚɎɌəɔɫ ɛɜɑɎɧɤɌɑɞ 0,5 ȸȻɌ. 



 

ȮɌɖɟɟɘəɧɑ ɟɝɞɌəɚɎɖɔ ɐɗɫ ɩɗɑɖɞɜɚəəɚ-ɗɟɣɑɎɚɏɚ ɔɝɛɌɜɑəɔɫ 

ȿɝɞɌəɚɎɖɔ ɩɗɑɖɞɜɚəəɚ-ɗɟɣɑɎɚɏɚ ɔɝɛɌɜɑəɔɫ ɛɜɑɐəɌɓəɌɣɑəɧ ɐɗɫ əɌəɑɝɑəɔɫ ɞɚəɖɔɡ 

ɛɗɬəɚɖ ɤɔɜɚɖɚɏɚ ɖɜɟɏɌ ɎɑɥɑɝɞɎ. Ȱɗɫ ɔɝɛɌɜɑəɔɫ ɔɝɛɚɗɨɓɟɪɞɝɫ ɖɚɘɛɌɖɞɔɜɚɎɌəəɧɑ 

ɘɌɞɑɜɔɌɗɧ ð ɞɌɍɗɑɞɖɔ ɐɔɌɘɑɞɜɚɘ ɛɚɜɫɐɖɌ 1 ɝɘ, ɣɞɚ ɐɌɬɞ ɤɔɜɚɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ɛɚ 

ɔɝɛɌɜɑəɔɪ ɤɔɜɚɖɚɏɚ ɖɜɟɏɌ ɎɑɥɑɝɞɎ. ȿɝɞɌəɚɎɖɔ ɚɝəɌɥɑəɧ ɝɔɝɞɑɘɌɘɔ ɚɛɞɔɣɑɝɖɚɏɚ 

ɖɚəɞɜɚɗɫ ɞɚɗɥɔəɧ Dinoptic (Optical monitor 590 ), ɐɗɫ ɖɚəɞɜɚɗɫ ɞɚɗɥɔəɧ 

ɔɝɛɚɗɨɓɟɪɞ ɝɛɟɞəɔɖ əɌ ɚɛɞɔɣɑɝɖɔ ɛɜɚɓɜɌɣəɚɕ ɛɚɐɗɚɒɖɑ. ȽɔɝɞɑɘɌ ɞɌɖɒɑ ɚɝəɌɥɑəɌ 

ɎɜɌɥɌɪɥɔɘɝɫ ɐɑɜɒɌɞɑɗɑɘ ɛɚɐɗɚɒɖɔ. ȿɝɞɌəɚɎɖɔ ɔɝɛɚɗɨɓɟɪɞɝɫ ɐɗɫ əɌəɑɝɑəɔɫ 

ɚɐəɚɝɗɚɕəɧɡ ɔ ɘəɚɏɚɝɗɚɕəɧɡ ɚɛɞɔɣɑɝɖɔɡ ɛɚɖɜɧɞɔɕ. 

 

ȮɌɖɟɟɘəɌɫ ɟɝɞɌəɚɎɖɌ ɖɜɔɚɡɔɘɔɣɑɝɖɚɏɚ ɝɔəɞɑɓɌ ɘɑɞɌɗɗɚɛɚɗɔɘɑɜəɧɡ 

ɞɚəɖɚɛɗɑəɚɣəɧɡ ɛɚɖɜɧɞɔɕ ȿȮȻ ð 2ȶ. 

 

ȿɝɞɌəɚɎɖɌ ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɌɞɨ ɞɚəɖɚɛɗɑəɚɣəɧɑ ɖɚɘɛɚɓɔɢɔɚəəɧɑ 

ɘɑɞɌɗɗɚɛɚɗɔɘɑɜəɧɑ ɛɚɖɜɧɞɔɫ. Ȼɚɖɜɧɞɔɑ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɛɚɗɔɘɑɜəɟɪ 

ɘɌɞɜɔɢɟ əɌ ɚɝəɚɎɑ ɛɚɗɔ-ɛ-ɖɝɔɗɔɗɑəɌ ɝ Ɏɖɗɪɣɑəəɧɘɔ Ɏ əɑɬ ɣɌɝɞɔɢɌɘɔ ɝɑɜɑɍɜɌ 

əɌəɚɘɑɞɜɚɎɚɏɚ ɜɌɓɘɑɜɌ. 

 



 

ȮɌɖɟɟɘəɌɫ ɟɝɞɌəɚɎɖɌ ȿȮȹ ð 20Ƚ 

 

ȿɝɞɌəɚɎɖɌ ɛɜɑɐəɌɓəɌɣɑəɌ ɐɗɫ ɘɌɏəɑɞɜɚəəɚɏɚ ɜɌɝɛɧɗɑəɔɫ ɘɑɞɌɗɗɔɣɑɝɖɔɡ, 

ɚɖɝɔɐəɧɡ ɔ ɛɚɗɔɘɑɜəɧɡ ɛɚɖɜɧɞɔɕ əɌ ɖɜɟɛəɚɏɌɍɌɜɔɞəɧɑ ɐɑɞɌɗɔ ɜɌɓɘɑɜɚɘ ɐɚ 3,5 

ɘɑɞɜɚɎ. ȿɝɞɌəɚɎɖɌ ɚɝəɌɥɑəɌ ɜɚɍɚɞɚɘ-ɘɌəɔɛɟɗɫɞɚɜɚɘ, ɛɚɓɎɚɗɫɪɥɔɘ ɛɜɚɔɓɎɚɐɔɞɨ 

əɌəɑɝɑəɔɑ əɌ ɖɜɟɛəɚɏɌɍɌɜɔɞəɧɑ ɐɑɞɌɗɔ ɛɜɚɔɓɎɚɗɨəɚɕ ɠɚɜɘɧ. 

 

 
 

  



 

ȰȺȽȾȴȲȱȹȴɋ 

Ⱦɚəɖɚɛɗɬəɚɣəɧɑ ɘɌɞɑɜɔɌɗɧ əɌ ɚɝəɚɎɑ ɘɌɏəɔɞəɧɡ ɛɗɬəɚɖ ɐɗɫ ȽȮɃ ɐɔɌɛɌɓɚəɌ 

ȽɚɓɐɌəɧ ɞɚəɖɚɛɗɬəɚɣəɧɑ ɘɌɞɑɜɔɌɗɧ, ɚɍɗɌɐɌɪɥɔɑ Ɏɧɝɚɖɔɘ ɛɚɏɗɚɥɑəɔɑɘ ȽȮɃ 

ɔɓɗɟɣɑəɔɫ Ɏ ɐɔɌɛɌɓɚəɑ ɚɞ 0,5 ɐɚ 10 ȯȯɢ. ȰɌəəɧɑ ɚɍɦɑɖɞɧ ɝɗɟɒɌɞ ɚɝəɚɎɚɕ ɐɗɫ 

ɘɑɞɌɘɌɞɑɜɔɌɗɚɎ ɔ ɔɓɐɑɗɔɕ ɝɛɑɢɔɌɗɨəɚɏɚ əɌɓəɌɣɑəɔɫ ɐɗɫ ȽȮɃ ɐɔɌɛɌɓɚəɌ. 

ȴɝɝɗɑɐɚɎɌəɔɫ, əɌɛɜɌɎɗɑəəɧɑ əɌ ɜɌɓɜɌɍɚɞɖɟ ɞɚəɖɚɛɗɬəɚɣəɧɡ ɘɌɞɑɜɔɌɗɚɎ ɛɜɔɎɑɗɔ 

ɖ ɝɚɓɐɌəɔɪ əɚɎɚɏɚ əɌɟɣəɚɏɚ ɛɚɐɡɚɐɌ ɖ ɛɜɚɎɑɐɑəɔɪ ɎɌɖɟɟɘəɧɡ ɔɚəəɚ-ɛɗɌɓɘɑəəɧɡ 

ɛɜɚɢɑɝɝɚɎ. Ȯ ɖɌɣɑɝɞɎɑ ɛɜɔɘɑɜɌ ɝɗɑɐɟɑɞ ɟɖɌɓɌɞɨ ɔɝɛɚɗɨɓɚɎɌəɔɑ Ɏ ɖɌɣɑɝɞɎɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɎɌɖɟɟɘəɚɏɚ ɘɌɏəɑɞɜɚəəɚɏɚ ɛɜɚɢɑɝɝɌ ɣɌɝɞɚɞəɚɕ ɐɔɝɛɑɜɝɔɔ 

ɘɌɏəɔɞəɚɕ ɛɜɚəɔɢɌɑɘɚɝɞɔ əɌəɚɝɔɘɚɕ ɛɗɬəɖɔ. 

ɉɖɝɛɑɜɔɘɑəɞɌɗɨəɧɕ ɢɔɖɗ ɜɌɍɚɞ ɛɚ ɐɌəəɚɘɟ əɌɛɜɌɎɗɑəɔɪ ɎɖɗɪɣɌɑɞ 

ɘəɚɏɚɛɌɜɌɘɑɞɜɔɣɑɝɖɔɕ ɖɚəɞɜɚɗɨ ɎɌɖɟɟɘəɚɏɚ ɛɜɚɢɑɝɝɌ, ɖɚɘɛɗɑɖɝəɧɕ ɠɔɓɔɖɚ-

ɡɔɘɔɣɑɝɖɔɕ ɌəɌɗɔɓ ɞɚəɖɔɡ ɛɗɬəɚɖ ɔ ɘɚɐɔɠɔɖɌɢɔɪ ɍɗɚɖɚɎ ɎɌɖɟɟɘəɚɕ ɟɝɞɌəɚɎɖɔ. 

ɉɖɝɛɑɜɔɘɑəɞɌɗɨəɌɫ ɍɌɓɌ əɌɝɣɔɞɧɎɌɑɞ ɍɚɗɑɑ 2000 ɚɍɜɌɓɢɚɎ ɚɐəɚɝɗɚɕəɧɡ 

ɘɌɏəɔɞəɧɡ ɛɗɬəɚɖ ɔ ɘəɚɏɚɝɗɚɕəɧɡ ɘɌɏəɔɞəɧɡ ɛɗɬəɚɖ ɝ ɐɔɩɗɑɖɞɜɔɣɑɝɖɔɘɔ 

ɛɜɚɝɗɚɕɖɌɘɔ ɝ ɖɚɗɔɣɑɝɞɎɚɘ ɝɗɚɬɎ ɐɚ 200 ɤɞɟɖ. Ƚɜɑɐɔ ɔɝɛɚɗɨɓɚɎɌəəɧɡ ɔɝɡɚɐəɧɡ 

ɎɑɥɑɝɞɎ əɌɡɚɐɫɞɝɫ ɘɑɞɌɗɗɧ Fe, Co, Ni  ɔ ɞɎɬɜɐɧɑ ɜɌɝɞɎɚɜɧ əɌ ɔɡ ɚɝəɚɎɑ. 

 
 

ȴəɞɑɏɜɔɜɚɎɌəəɧɑ ɘɑɘɍɜɌəɧ ɐɗɫ Ɏɚɐɚɜɚɐəɧɡ ɞɚɛɗɔɎəɧɡ ɩɗɑɘɑəɞɚɎ 

ȼɌɓɜɌɍɚɞɌəɌ ɞɑɡəɚɗɚɏɔɫ ɔɓɏɚɞɚɎɗɑəɔɫ ɖɌɞɌɗɔɞɔɣɑɝɖɔɡ ɝɗɚɬɎ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 

ɘɌɏəɑɞɜɚəəɚɏɚ ɜɌɝɛɧɗɑəɔɫ ɐɗɫ Ɏɚɐɚɜɚɐəɧɡ ɞɚɛɗɔɎəɧɡ ɩɗɑɘɑəɞɚɎ. ȺɝəɚɎəɧɘ 

ɐɚɝɞɔɒɑəɔɑɘ ɫɎɗɫɑɞɝɫ ɚɝɟɥɑɝɞɎɗɑəɔɑ əɌəɑɝɑəɔɑ əɌəɚɖɜɔɝɞɌɗɗɔɣɑɝɖɚɕ ɔ 

Ɍɘɚɜɠəɚɕ ɛɗɌɞɔəɧ əɌ əɌɠɔɚə. Ȼɚɘɑɥɑəɔɑ əɌɠɔɚəɌ Ɏ ɎɌɖɟɟɘəɟɪ ɖɌɘɑɜɟ ɔ 

ɚɞɖɌɣɖɌ ɐɚ ɝɜɑɐəɑɏɚ (10-4 ɘɘ ɜɞ. ɝɞ.) ɎɌɖɟɟɘɌ ɛɜɔɎɚɐɔɞ ɖ əɑɚɍɜɌɞɔɘɚɘɟ ɟɡɟɐɤɑəɔɪ 

ɔɚəəɚɕ ɛɜɚɎɚɐɔɘɚɝɞɔ ɛɚɗɔɘɑɜɌ; ɛɜɚɎɑɐɑəɔɑ ɘɌɏəɑɞɜɚəəɚɏɚ ɜɌɝɛɧɗɑəɔɫ ɛɗɌɞɔəɧ 

ɛɜɔ ɛɚɎɧɤɑəəɚɘ ɚɝɞɌɞɚɣəɚɘ ɎɌɖɟɟɘɑ ɛɜɔɎɚɐɔɞ ɖ əɌəɑɝɑəɔɪ ɘɑɞɌɗɗɌ əɔɓɖɚɏɚ 

ɖɌɣɑɝɞɎɌ. ȼɌɓɜɌɍɚɞɌə ɞɑɡəɚɗɚɏɔɣɑɝɖɔɕ ɛɜɚɢɑɝɝ, ɛɜɔɎɚɐɫɥɔɕ ɖ ɛɚɗɟɣɑəɔɪ 

ɛɜɚɞɚəɛɜɚɎɚɐɫɥɑɕ ɘɑɘɍɜɌəɧ ɝ əɌəɑɝɬəəɧɘ ɖɌɞɌɗɔɞɔɣɑɝɖɔɘ ɝɗɚɑɘ ɝ Ɏɧɝɚɖɚɕ 

ɩɠɠɑɖɞɔɎəɚɝɞɨɪ. 

ȽɚɎɘɑɝɞəɚ ɝ ȴəɝɞɔɞɟɞɚɘ ɛɜɚɍɗɑɘ ɡɔɘɔɣɑɝɖɚɕ ɠɔɓɔɖɔ ȼȬȹ (ȴȻɁɀ ȼȬȹ) ɔ 

ɖɌɠɑɐɜɚɕ əɑɚɜɏɌəɔɣɑɝɖɚɕ ɡɔɘɔɔ ɡɔɘɔɣɑɝɖɚɏɚ ɠɌɖɟɗɨɞɑɞɌ ȸɚɝɖɚɎɝɖɚɏɚ 

ɟəɔɎɑɜɝɔɞɑɞɌ Ɏɧɛɚɗəɑəɧ ɝɍɚɜɖɔ ɠɟəɖɢɔɚəɔɜɟɪɥɔɡ Ɏɚɐɚɜɚɐəɧɡ ɞɚɛɗɔɎəɧɡ 

ɩɗɑɘɑəɞɚɎ Ɏɧɝɚɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɔ. 


