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ȶɔɲɎ - 9 ɗɔɝɞɚɛɌɐɌ 2021 ɜɚɖɟ 

Ȭ.ȸ. ȽɌɠɜɚəɚɎ, 

ɌɝɛɱɜɌəɞ ȣəɝɞɔɞɟɞɟ ɏɑɚɠɱɓɔɖɔ ɱɘ. Ƚ.ȣ. 

ȽɟɍɍɚɞɱəɌ ȹȬȹ ȿɖɜɌɲəɔ 



ȳ ɖɚɒəɔɘ ɜɚɖɚɘ ɟ ɝɎɱɞɱ Ɏɝɑ ɍɱɗɨɤ ɎɔɜɌɓəɚ ɝɛɚɝɞɑɜɱɏɌɯɞɨɝɫ ɞɑəɐɑəɢɱɫ ɐɚ 

ɓɍɱɗɨɤɑəəɫ ɝɛɚɒɔɎɌəəɫ ɛɌɗɔɎəɚ-ɑəɑɜɏɑɞɔɣəɔɡ ɜɑɝɟɜɝɱɎ. ȭɌɏɌɞɚ ɖɜɌɲə, 

ɘɌɪɣɔ əɑɓəɌɣəɱ ɓɌɛɌɝɔ ɖɗɌɝɔɣəɔɡ ɎɔɐɱɎ ɑəɑɜɏɚəɚɝɱɲɎ, ɛɚɎəɱɝɞɪ 

ɓɌɗɑɒəɱ Ɏɱɐ ɖɚə'ɪəɖɞɟɜɔ ɝɎɱɞɚɎɚɏɚ ɜɔəɖɟ ɑəɑɜɏɑɞɔɣəɚɲ ɝɔɜɚɎɔəɔ. Ȱɗɫ 

ɑɖɚəɚɘɱɖɔ ȿɖɜɌɲəɔ ɢɑ ɞɌɖɚɒ ɎɌɒɗɔɎɑ ɛɔɞɌəəɫ. 

Ⱥɐəɔɘ ɓ əɌɕɌɖɞɟɌɗɨəɱɤɔɡ ɝɟɣɌɝəɔɡ ɓɌɎɐɌəɨ ɝɎɱɞɚɎɔɡ əɌɟɖɚɎɔɡ 

ɐɚɝɗɱɐɒɑəɨ ɯ ɜɚɓɜɚɍɖɌ ɞɌ ɛɚɤɟɖ ɌɗɨɞɑɜəɌɞɔɎəɔɡ, Ɍɍɚ ɐɚɐɌɞɖɚɎɔɡ, 

ɐɒɑɜɑɗ ɑəɑɜɏɱɲ. Ⱥɐəɑ ɓ ɞɌɖɔɡ ɐɒɑɜɑɗ - ɏɌɓɚɎɱ ɏɱɐɜɌɞɔ. 

ȸɚɗɑɖɟɗɫɜəɔɕ ɝɖɗɌɐ ɏɱɐɜɌɞɟ ɛɜɔɜɚɐəɚɏɚ ɏɌɓɟ, ɠɚɜɘɟɗɌ ɝɛɚɗɟɖɔ ɞɌ ɓɜɌɓɖɌ 

ɏɱɐɜɌɞɟ Ɏ ɛɜɔɜɚɐəɔɡ ɛɚɜɌɡ 



ɀɱɓɔɣəɱ ɎɗɌɝɞɔɎɚɝɞɱ ɏɌɓɚɏɱɐɜɌɞɎɘɱɥɟɪɣɔɡ ɐɚəəɔɡ ɚɝɌɐɱɎ (ȯȮȰȺ) 

ɫɎɗɫɪɞɨ ɝɚɍɚɪ əɌɐɓɎɔɣɌɕəɚ ɎɌɒɗɔɎɟ ɱəɠɚɜɘɌɢɱɪ ɐɗɫ ɜɚɓɜɚɍɖɔ ɘɑɞɚɐɱɎ 

ɲɡ ɛɚɤɟɖɟ ɞɌ ɜɚɓɎɱɐɖɔ. ȣɝəɟɪɣɱ ɞɑɡəɚɗɚɏɱɲ ɎɔɫɎɗɑəəɫ ȯȮȰȺ ɚɝəɚɎɌəɱ əɌ 

ɎɔɖɚɜɔɝɞɌəəɱ ɠɱɓɔɣəɔɡ ɎɗɌɝɞɔɎɚɝɞɑɕ ɏɱɐɜɌɞɟ ɱ ɏɱɐɜɌɞəɌɝɔɣɑəɔɡ ɛɚɜɱɐ.  

 

Ȯ ɗɌɍɚɜɌɞɚɜɱɫɡ ɜɱɓəɔɡ ɖɜɌɲə ɝɎɱɞɟ ɝɞɎɚɜɑəɱ ɜɱɓəɚɘɌəɱɞəɱ ɟɝɞɌəɚɎɖɔ ɐɗɫ 

ɟɞɎɚɜɑəəɫ ɱ ɐɚɝɗɱɐɒɑəəɫ ɠɱɓɔɣəɔɡ ɎɗɌɝɞɔɎɚɝɞɑɕ ɤɞɟɣəɔɡ ɏɌɓɚɏɱɐɜɌɞɱɎ 

ɘɑɞɌəɟ Ɏ ɣɔɝɞɚɘɟ Ɏɔɏɗɫɐɱ. Ȭɗɑ əɌɜɌɓɱ ɐɟɒɑ ɘɌɗɚ Ɏɱɐɚɘɚ ɛɜɚ ɠɱɓɔɣəɱ 

ɎɗɌɝɞɔɎɚɝɞɱ ȯȮȰȺ ɜɱɓəɚɏɚ ɏɜɌəɟɗɚɘɑɞɜɔɣəɚɏɚ ɞɌ ɜɑɣɚɎɔəəɚɏɚ ɝɖɗɌɐɟ, ɥɚ 

ɓəɌɣəɚ ɟɝɖɗɌɐəɪɯ ɲɡ ɛɚɤɟɖ ɞɌ ɜɚɓɎɱɐɖɟ ɓɌ ɐɚɛɚɘɚɏɚɪ ɐɔɝɞɌəɢɱɕəɔɡ 

ɏɑɚɠɱɓɔɣəɔɡ ɘɑɞɚɐɱɎ. Ȼɜɔɝɟɞəɱɝɞɨ ɏɌɓɚɏɱɐɜɌɞɱɎ Ɏ ɘɚɜɝɨɖɔɡ ɎɱɐɖɗɌɐɌɡ 

ɝɟɞɞɯɎɚ ɓɘɱəɪɯ ɲɡ ɠɱɓɔɣəɱ ɎɗɌɝɞɔɎɚɝɞɱ, ɥɚ əɌɐɌɯ ɘɚɒɗɔɎɱɝɞɨ ɎɔɫɎɗɑəəɫ 

ɛɜɔɝɟɞəɚɝɞɱ ɢɔɡ ɝɛɚɗɟɖ ɓɌ ɐɚɛɚɘɚɏɚɪ ɏɑɚɠɱɓɔɣəɔɡ ɐɚɝɗɱɐɒɑəɨ. 

 

ȼɚɓɜɚɍɖɌ ɞɌ ɝɞɎɚɜɑəəɫ ɑɖɝɛɑɜɔɘɑəɞɌɗɨəɚɏɚ ɗɌɍɚɜɌɞɚɜəɚɏɚ 

ɘɚɐɟɗɨəɚɏɚ ɖɚɘɛɗɑɖɝɟ (ȷȸȶ) ɐɗɫ ɠɚɜɘɟɎɌəəɫ ɤɞɟɣəɔɡ ɏɌɓɚɏɱɐɜɌɞɱɎ 

ɘɑɞɌəɟ ɟ ɜɱɓəɚɘɌəɱɞəɔɡ ɗɱɞɚɗɚɏɚ-ɏɜɌəɟɗɚɘɑɞɜɔɣəɔɡ ɘɌɞɜɔɢɫɡ (ɛɱɝɖɚɎɔɖɔ, 

Ɍɜɏɱɗɱɞɔ, ɌɗɑɎɜɚɗɱɞɔ ɞɚɥɚ) ɞɌ ɎɔɘɱɜɪɎɌəəɫ ɲɡ ɠɱɓɔɣəɔɡ ɎɗɌɝɞɔɎɚɝɞɑɕ Ɏ 

ɞɑɜɘɚɐɔəɌɘɱɣəɔɡ ɟɘɚɎɌɡ ɐɚəəɔɡ ɎɱɐɖɗɌɐɱɎ Ƀɚɜəɚɏɚ ɘɚɜɫ, ɐɚɓɎɚɗɔɞɨ 

ɛɱɐɎɔɥɔɞɔ ɑɠɑɖɞɔɎəɱɝɞɨ ɏɑɚɠɱɓɔɣəɔɡ ɘɑɞɚɐɱɎ ɲɡ ɛɚɤɟɖɟ, ɜɚɓɎɱɐɖɔ ɞɌ 

ɚɛɞɔɘɱɓɟɎɌɞɔ ɞɑɡəɚɗɚɏɱɪ ɜɚɓɜɚɍɖɔ ɜɚɐɚɎɔɥ ɘɑɞɌəɚɏɱɐɜɌɞɱɎ.  

 

Ȯ ɑɖɝɛɑɜɔɘɑəɞɌɗɨəɔɡ ɟɘɚɎɌɡ ɛɚɜɫɐ ɓ ɞɑɛɗɚ- ɑɗɑɖɞɜɚɛɜɚɎɱɐəɱɝɞɪ ɞɌ 

ɤɎɔɐɖɚɝɞɫɘɔ ɛɚɓɐɚɎɒəɱɡ ɱ ɛɚɛɑɜɑɣəɔɡ ɡɎɔɗɨ ɤɞɟɣəɔɡ 

ɏɌɓɚɏɱɐɜɌɞɎɘɱɥɟɪɣɔɡ ɐɚəəɔɡ ɎɱɐɖɗɌɐɱɎ ɛɑɜɑɐɍɌɣɌɯɞɨɝɫ ɎɔɘɱɜɪɎɌɞɔ 

ɛɌɜɌɘɑɞɜɔ ɛɜɟɒəɚɲ ɐɑɠɚɜɘɌɢɱɲ, ɘɱɢəɚɝɞɱ, ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɜɚɓɛɌɐɟ, ɥɚ 

ɐɚɓɎɚɗɔɞɨ ɎɔɖɚəɌɞɔ ɞɑɚɜɑɞɔɣəɔɕ ɌəɌɗɱɓ ɐɗɫ ɛɚɍɟɐɚɎɔ ɘɚɐɑɗɑɕ, 

ɓɌɝəɚɎɌəɔɡ əɌ ɜɱɓəɔɡ ɏɱɛɚɞɑɓɌɡ ɲɡ ɏɑəɑɓɔɝɟ. 
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Ȯ ȣəɝɞɔɞɟɞɱ ɏɑɚɠɱɓɔɖɔ ɱɘ. Ƚ.ȣ. ȽɟɍɚɞɱəɌ ȹȬȹ ȿɖɜɌɲəɔ ɜɚɓɜɚɍɗɑəɚ ɘɌɖɑɞ 

ɑɖɝɛɑɜɔɘɑəɞɌɗɨəɚɏɚ ɗɌɍɚɜɌɞɚɜəɚɏɚ ɖɚɘɛɗɑɖɝɟ ɐɗɫ ɟɞɎɚɜɑəəɫ ɞɌ 

ɎɔɘɱɜɪɎɌəəɫ ɠɱɓɔɣəɔɡ ɎɗɌɝɞɔɎɚɝɞɑɕ ɤɞɟɣəɔɡ ɏɌɓɚɏɱɐɜɌɞɚɎɘɱɥɟɪɣɔɡ  

ɐɚəəɔɡ ɚɝɌɐɱɎ [ȶɚɍɚɗɑɎ, ȸɔɡɌɕɗɪɖ, ȽɌɠɜɚəɚɎ, 2021 ]  ɱ ɛɜɚɐɚɎɒɟɪɞɨɝɫ 

ɜɚɍɚɞɔ ɛɚ ɎɔɏɚɞɚɎɗɑəəɪ ɞɌ ɎɐɚɝɖɚəɌɗɑəəɪ ɕɚɏɚ ɚɖɜɑɘɔɡ ɘɚɐɟɗɱɎ.  

ȺɝəɚɎəɔɘ ɖɚɘɛɚəɑəɞɚɘ  ɏɱɐɜɌɞəɚɏɚ ɘɚɐɟɗɪ ɯ ɐɎɱ ɖɌɘɑɜɔ Ɏɔɝɚɖɚɏɚ ɞɔɝɖɟ, ɎɔɏɚɞɚɎɗɑəɱ ɱɓ 

əɑɜɒɌɎɱɪɣɚɲ ɝɞɌɗɱ ɐɚɎɒɔəɚɪ 350 ɘɘ, ɐɱɌɘɑɞɜɚɘ 70ɘɘ, ɞɚɎɥɔəɚɪ ɝɞɱəɖɔ 12ɘɘ  ɞɌ Ɏəɟɞɜɱɤəɱɘ ɚɍ'ɯɘɚɘ 

550  ɘɗ. ȶɌɘɑɜɔ əɌ ɐɎɚɡ ɛɜɚɞɔɗɑɒəɔɡ ɝɞɚɜɚəɌɡ ɘɌɪɞɨ ɎɱɐɛɚɎɱɐəɱ ɓ'ɯɐəɌəəɫ ɱ ɠɱɞɔəɏɔ ɐɗɫ ɛɱɐ'ɯɐəɌəəɫ 

ɏɌɓɚɎɔɡ ɞɜɟɍɚɛɜɚɎɚɐɱɎ ɞɌ ɑɗɑɖɞɜɔɣəɔɡ ɎɔɎɚɐɱɎ Ɏɱɐ ɐɌɞɣɔɖɱɎ ɞɑɘɛɑɜɌɞɟɜɔ, ɞɑɛɗɚɛɜɚɎɱɐəɚɝɞɱ, 

ɑɗɑɖɞɜɚɛɜɚɎɱɐəɚɝɞɱ ɞɌ Ɍɖɟɝɞɔɣəɔɡ ɐɌɞɣɔɖɱɎ. ȽɔɝɞɑɘɌ ɓ ɐɎɚɡ ɖɌɘɑɜ ɜɚɓɘɱɥɟɯɞɨɝɫ Ɏ ɞɑɜɘɚɝɞɌɞɱ,  ɫɖɔɕ 

ɐɗɫ ɎɱɐɞɎɚɜɑəəɫ ɞɑɘɛɑɜɌɞɟɜ əɔɒɣɑ 0ÁȽ, ɛɚɘɱɥɟɯɞɨɝɫ Ɏ ɘɚɜɚɓɔɗɨəɟ ɖɌɘɑɜɟ.  

ȾɑɜɘɚɝɞɌɞ ɚɍ'ɯɘɚɘ 80  ɗɱɞɜɱɎ ɓɌɛɚɎəɪɯɞɨɝɫ ɝɟɘɱɤɤɪ ɑɞɔɗɑəɏɗɱɖɚɗɪ ɱ Ɏɚɐɔ Ɏ ɜɱɎəɔɡ ɚɍ'ɯɘəɔɡ 

ɛɜɚɛɚɜɢɱɫɡ. ȻɑɜɤɌ ɖɌɘɑɜɌ ɝɗɟɒɔɞɨ ɐɗɫ ɝɞɌɍɱɗɱɓɌɢɱɲ ɞɑɘɛɑɜɌɞɟɜɔ ɏɌɓɟ, ɫɖɔɕ ɛɚɐɌɯɞɨɝɫ Ɏ ɜɚɍɚɣɔɕ 

ɝɚɝɟɐ, ɐɑ ɛɜɚɡɚɐɔɞɨ ɜɑɌɖɢɱɫ ɟɞɎɚɜɑəəɫ ɏɌɓɚɏɱɐɜɌɞɟ.  



ȾɑɘɛɑɜɌɞɟɜɌ ɞɑɜɘɚɝɞɌɞɟ Ɏɔɘɱɜɪɯɞɨɝɫ ɓɌ ɐɚɛɚɘɚɏɚɪ ɐɎɚɡ ɛɗɌɞɔəɚɎɔɡ 

ɞɑɜɘɚɛɑɜɑɞɎɚɜɪɎɌɣɱɎ ɚɛɚɜɟ (ȾȱȼȬ ȾȽȻ - Pt 100 ) Ⱦ1 ɱ Ⱦ2, ɫɖɱ ɜɚɓɞɌɤɚɎɌəɱ 

Ɏɝɑɜɑɐɔəɱ ɞɑɜɘɚɝɞɌɞɟ ð ɚɐɔə ɟ Ɏɑɜɡəɱɕ ɣɌɝɞɔəɱ ɱ ɐɜɟɏɔɕ ɛɚɍɗɔɓɟ ɐəɌ. 

ȾɑɘɛɑɜɌɞɟɜəɔɕ ɜɑɒɔɘ ɞɑɜɘɚɝɞɌɞɟ ɖɚəɞɜɚɗɪɯɞɨɝɫ ɞɌ ɎɔɝɞɌɎɗɫɯɞɨɝɫ ɓɌ 

ɐɚɛɚɘɚɏɚɪ ɎɔɘɱɜɪɎɌɣɌ ɞɔɛɟ Ⱦȼȸ101 (ȺȮȱȹ).  

Ȱɗɫ ɎɔɘɱɜɪɎɌəəɫ ɞɌ ɎɝɞɌəɚɎɗɑəəɫ ɞɑɘɛɑɜɌɞɟɜəɚɏɚ ɏɜɌɐɱɯəɞɟ ɎɓɐɚɎɒ 

ɐɚɎɒɔəɔ ɜɚɍɚɣɚɲ ɖɌɘɑɜɔ ɛɱɐ ɣɌɝ ɛɜɚɢɑɝɟ ɟɞɎɚɜɑəəɫ (ɜɚɓɛɌɐɟ) ɏɌɓɚɏɱɐɜɌɞɟ 

ɎɔɖɚɜɔɝɞɚɎɟɯɞɨɝɫ ɐɑɖɱɗɨɖɌ ɞɑɘɛɑɜɌɞɟɜəɔɡ ɐɌɞɣɔɖɱɎ Ⱦ3,4  (ȾȱȼȬ ȾȽ - 

Pt 1000 ). Ⱦɔɝɖ Ɏɝɑɜɑɐɔəɱ ɝɚɝɟɐɱɎ Ɏɔɘɱɜɪɯɞɨɝɫ ɓɌ ɐɚɛɚɘɚɏɚɪ ɐɌɞɣɔɖɱɎ ɞɔɝɖɟ 

ɖɚɘɛɌəɱɲ DWYER  INSTRUMENS  INC .(ȽɄȬ), Ɍ ɕɚɏɚ ɓəɌɣɑəəɫ ɫɖ ɱ ɓəɌɣɑəəɫ 

ɞɑɘɛɑɜɌɞɟɜɔ ɍɑɓɛɑɜɑɜɎəɚ ɜɑɯɝɞɜɟɪɞɨɝɫ ɎɔɘɱɜɪɎɌɣɌɘɔ ȺȮȱȹ ɞɔɛɟ Ⱦȼȸ-

202  ɞɌ Ⱦȼȸ-101  ɓ ɛɚɐɌɗɨɤɔɘ ɛɱɐõɯɐəɌəəɫɘ ɐɚ ɖɚɘɛ'ɪɞɑɜɌ ɣɑɜɑɓ 

ɛɑɜɑɞɎɚɜɪɎɌɣ ɱəɞɑɜɠɑɕɝɟ USB \RS485  ɓ ɎɱɐɛɚɎɱɐəɔɘ ɛɜɚɏɜɌɘəɔɘ 

ɓɌɍɑɓɛɑɣɑəəɫɘ.  

ȽɡɑɘɌ ɛɱɐɖɗɪɣɑəəɫ ɎɔɘɱɜɪɎɌɣɱɎ ȺȮȱȹ ɣɑɜɑɓ ɛɑɜɑɞɎɚɜɪɎɌɣ ȬȽ-4 ɐɚ USB -

ɛɚɜɞɟ ɖɚɘɛ'ɪɞɑɜɌ 
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ʉʪʘʙʽʣʽʟʘʪʦʨ
     ʩʪʨʫʤʫ

ʄʂ

Ȱɗɫ ɎɔɘɱɜɪɎɌəəɫ ɞɑɛɗɚɠɱɓɔɣəɔɡ 

ɎɗɌɝɞɔɎɚɝɞɑɕ ɏɱɐɜɌɞɚɎɘɱɥɟɪɣɔɡ ɚɝɌɐɱɎ 

ɓɌɝɞɚɝɚɎɟɯɞɨɝɫ ɘɑɞɚɐ ɢɔɗɱəɐɜɔɣəɚɏɚ 

ɓɚəɐɟ [Von  Herzen , R.P. &  Maxwell , A .E., 

1959 ]  

Ⱦɑɛɗɚɠɱɓɔɣəɱ ɎɗɌɝɞɔɎɚɝɞɱ 

ȭɗɚɖ-ɝɡɑɘɌ ɎɔɘɱɜɪɎɌəəɫ ɞɑɛɗɚɛɜɚɎɱɐəɚɝɞɱ 

ɏɱɐɜɌɞɚɎɘɱɥɟɪɣɔɡ ɚɝɌɐɱɎ 

Ȼɚɝɞɱɕəɔɕ ɝɞɜɟɘɟ I ɛɚɐɌɪɞɨ əɌ 

əɌɏɜɱɎɌɗɨəɔɕ ɑɗɑɘɑəɞ ɓ ɚɛɚɜɚɘ R. 

ȱɠɑɖɞɔɎəɌ ɛɚɞɟɒəɱɝɞɨ Q ɫɖɚɏɚ 

ɎɔɓəɌɣɌɯɞɨɝɫ ɛɚ ɠɚɜɘɟɗɱ, Q=2ĬI 2
R 

ɐɑ ɘəɚɒəɔɖ 2 ɎɜɌɡɚɎɟɯ ɏɑɚɘɑɞɜɱɪ 

əɌɏɜɱɎɌɗɨəɚɏɚ ɐɜɚɞɟ, ɫɖɔɕ  

ɜɚɓɘɱɥɑəɔɕ ɛɚ Ɏɝɱɕ ɐɚɎɒɔəɱ ɏɚɗɖɔ 

ɓɚəɐɌ ɟ Ɏɔɏɗɫɐɱ ɛɑɞɗɱ. Ⱦɑɛɗɚ Ɏɱɐ 

əɌɏɜɱɎɌɣɌ ɛɜɔɓɎɚɐɔɞɨ ɐɚ ɓɘɱəɔ 

ɞɑɘɛɑɜɌɞɟɜɔ T, ɎɔɘɱɜɪɎɌəɚɲ 

Ɏɝɑɜɑɐɔəɱ ɓɚəɐɟ, ɛɚ ɓɌɖɚəɟ 

[Blackwell , J.H., 1954]:  

ǤT= AĬln  (t) + B,  

ɐɑ t - ɣɌɝ ɟ ɝɑɖɟəɐɌɡ, əɌ ɛɜɚɞɫɓɱ 

ɫɖɚɏɚ ɜɚɓɱɏɜɱɎɌɯɞɨɝɫ ɓɜɌɓɚɖ. 

 

ȿ ɫɖɚɝɞɱ ɛɑɜɎɔəəɔɡ ɛɑɜɑɞɎɚɜɪɎɌɣɱɎ 

ɞɑɘɛɑɜɌɞɟɜɔ ɎɔɖɚɜɔɝɞɚɎɟɪɞɨɝɫ 

ɘɱəɱɌɞɪɜəɱ ɛɜɑɢɔɓɱɕəɱ 

ɞɚəɖɚɛɗɱɎɖɚɎɱ ɛɗɌɞɔəɚɎɱ 

ɞɑɜɘɚɜɑɓɔɝɞɚɜɔ Pt1000. ȰɌəɱ 

ɞɑɜɘɚɜɑɓɔɝɞɚɜɔ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɱ 

0ÜȽ ɘɌɪɞɨ ɚɛɱɜ 1 ɖȺɘ, Ɍ Ɏ ɐɱɌɛɌɓɚəɱ 

ɞɑɘɛɑɜɌɞɟɜ Ɏɱɐ -5ÁȽ ɐɚ 20ÜȽ ɕɚɏɚ 

ɚɛɱɜ ɓɘɱəɪɯɞɨɝɫ ɗɱəɱɕəɚ Ɏɱɐ 0,95 ɐɚ 

1, 1 ɖȺɘ.  

 

ȿ ɫɖɚɝɞɱ ɛɜɑɢɔɓɱɕəɚɏɚ ɢɔɠɜɚɎɚɏɚ 

ɞɑɜɘɚɎɔɘɱɜɪɎɌɗɨəɚɏɚ ɛɜɔɗɌɐɟ 

ɐɚɢɱɗɨəɚ ɎɔɖɚɜɔɝɞɚɎɟɎɌɞɔ ɝɱɏɘɌ-

ɐɑɗɨɞɌ ɌəɌɗɚɏɚɎɔɕ ɢɔɠɜɚɎɔɕ 

ɛɑɜɑɞɎɚɜɪɎɌɣ(ȬɂȻ) ɱ 

ɜɌɞɱɚɘɑɞɜɔɣəɟ ɝɡɑɘɟ ɛɱɐɖɗɪɣɑəəɫ 

ɐɚ əɨɚɏɚ ɞɑɘɛɑɜɌɞɟɜəɚɏɚ ɐɌɞɣɔɖɌ 

(Texas Instruments Inc ., 2013).  



ȸɚɐɟɗɨ ɎɔɘɱɜɪɎɌəəɫ ɑɗɑɖɞɜɚɛɜɚɎɱɐəɚɝɞɱ ɏɱɐɜɌɞɚɎɘɱɥɟɪɣɔɡ ɚɝɌɐɱɎ  

ȱɗɑɖɞɜɚɛɜɚɎɱɐəɱɝɞɨ ȯȯ ɘɌɪɞɨ ɞɔɛɚɎɟ 

ɑɖɝɛɚəɑəɞəɟ ɓɌɗɑɒəɱɝɞɨ Ɏɱɐ 

ɞɑɘɛɑɜɌɞɟɜɔ: 

Ȓ (T) =Ȓ
0
 Ҏ ɑ-ȱɌ / RT

,  

ɐɑ Ȓ
0 - 
ɛɚɝɞɱɕəɌ, ȱɌ - ɑəɑɜɏɱɫ 

ɌɖɞɔɎɌɢɱɲ, R - ɏɌɓɚɎɌ ɝɞɌɗɌ, Ⱦ - 

ɞɑɘɛɑɜɌɞɟɜɌ.  

ȱɗɑɖɞɜɚɛɜɚɎɱɐəɱɝɞɨ ɣɔɝɞɚɏɚ ɏɱɐɜɌɞɟ 

ɘɑɞɌəɟ (ɞɚɍɞɚ ɍɑɓ ɚɝɌɐɱɎ) 

ɖɚɗɔɎɌɪɞɨɝɫ Ɏɱɐ 10
-5

 ɐɚ 10
-4

 Ƚɘ/ɘ, Ɍ ɓ 

ɣɔɝɞɚɏɚ ɗɨɚɐɟ - əɌ ~ 400% Ɏɔɥɑ.  

ȱɗɑɖɞɜɚɛɜɚɎɱɐəɱɝɞɨ ɏɱɐɜɌɞɟ ɘɑɞɌəɟ 

əɌɍɌɏɌɞɚ ɘɑəɤɑ əɱɒ ɘɚɜɝɨɖɚɲ Ɏɚɐɔ 

(~ 10
-1

 ɐɚ 10 Ƚɘ/ɘ) ɱ əɌɍɌɏɌɞɚ ɍɱɗɨɤɑ, 

əɱɒ ɖɎɌɜɢɟ (<10
-18

 Ƚɘ/ɘ). 



Ȱɗɫ ɛɜɚɎɑɐɑəəɫ ɑɖɝɛɑɜɔɘɑəɞɌɗɨəɔɡ ɎɔɘɱɜɱɎ Ɍɖɟɝɞɔɣəɔɡ ɎɗɌɝɞɔɎɚɝɞɑɕ 

ɎɔɖɚɜɔɝɞɚɎɟɪɞɨɝɫ ɝɛɑɢɱɌɗɨəɱ ɘɚɐɟɗɱ, ɫɖɱ ɛɜɔɓəɌɣɑəɱ ɐɗɫ ɎɔɘɱɜɪɎɌəəɫ 

ɤɎɔɐɖɚɝɞɑɕ ɛɚɓɐɚɎɒəɱɡ (ȼ) ɱ ɛɚɛɑɜɑɣəɔɡ (S) ɡɎɔɗɨ ɏɱɐɜɌɞɚɎɘɱɥɟɪɣɔɡ ɚɝɌɐɱɎ 

.  

ȮɔɘɱɜɪɎɌəəɫ ɣɌɝɟ ɜɚɓɛɚɎɝɪɐɒɑəəɫ ɛɜɟɒəɔɡ ɡɎɔɗɨ ɟ ɓɜɌɓɖɟ ɓɐɱɕɝəɪɯɞɨɝɫ əɌ 

ɜɚɓɜɚɍɗɑəɱɕ ɐɎɚɖɌəɌɗɨəɱɕ ɟɗɨɞɜɌɓɎɟɖɚɎɱɕ ɱɘɛɟɗɨɝəɱɕ ɟɝɞɌəɚɎɢɱ. ȺɐəɚɣɌɝəɚ 

Ɏɔɘɱɜɪɯɞɨɝɫ ɣɌɝ ɜɚɓɛɚɎɝɪɐɒɑəəɫ ɛɚɎɓɐɚɎɒəɱɡ ɱ ɛɚɛɑɜɑɣəɔɡ ɛɜɟɒəɔɡ ɡɎɔɗɨ, 

ɝɔɏəɌɗɔ ɫɖɔɡ ɜɚɓɐɱɗɑəɚ ɛɚ Ɍɘɛɗɱɞɟɐɱ ɱ ɣɌɝɞɚɞɱ. ȻɚɡɔɍɖɌ ɜɚɓɜɌɡɟəɖɟ ɤɎɔɐɖɚɝɞɑɕ ɓ 

ɟɜɌɡɟɎɌəəɫɘ ɛɚɡɔɍɖɔ ɎɔɘɱɜɪɎɌəəɫ ɣɌɝɟ ɜɚɓɛɚɎɝɪɐɒɑəəɫ ɱɘɛɟɗɨɝɱɎ ɱ ɐɚɎɒɔəɔ 

ɓɜɌɓɖɌ Ɏ ɟɘɚɎɌɡ Ɏɔɝɚɖɚɏɚ ɞɔɝɖɟ ɱ ɞɑɘɛɑɜɌɞɟɜɔ ɝɞɌəɚɎɔɞɨ əɑ ɍɱɗɨɤɑ Ñ1% ɐɗɫ V
P
 ɱ 

Ñ1,2% ɐɗɫ V
S
. 



ȳɌɏɌɗɨəɔɕ Ɏɔɏɗɫɐ ɚɖɜɑɘɔɡ ɝɖɗɌɐɚɎɔɡ ɑɖɝɛɑɜɔɘɑəɞɌɗɨəɚɏɚ 

ɖɚɘɛɗɑɖɝɟ ɐɗɫ ɎɔɎɣɑəəɫ ɠɱɓɔɣəɔɡ ɎɗɌɝɞɔɎɚɝɞɑɕ ɤɞɟɣəɚ 

ɝɠɚɜɘɚɎɌəɔɡ ɏɌɓɚɏɱɐɜɌɞɎɘɱɥɟɪɣɔɡ ɐɚəəɔɡ ɎɱɐɖɗɌɐɱɎ 

ɺʠʪʷʞʥʠʡ ʰʢʘʬ 

ʇʫʣʴʪ ʫʧʨʘʚʣʽʥʥʷ 
ʉʦʩʫʜʠ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ 


