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Оɩɬɢɦɢɡаɰɢɹ ɫɩɟɤɬɪаɥɶɧых ɢ ɷɧɟɪɝɟɬɢчɟɫɤɢх ɩаɪаɦɟɬɪɨв  

ɥаɡɟɪɧɨɣ ɬɟɪаɩɢɢ ɧɟɨɧаɬаɥɶɧɨɣ ɠɟɥɬɭхɢ 
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ɉɪɟɞɥɨɠɟɧ ɧɟɢɧɜɚɡɢɜɧɵɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥя ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɨɬɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸ-
ɳɢɯ ɜ ɤɨɠɟ ɧɨɜɨɪɨɠɞɟɧɧɨɝɨ ɜɨ ɜɪɟɦя ɮɨɬɨɬɟɪɚɩɢɢ ɠɟɥɬɭɯɢ, ɩɨɡɜɨɥяɸɳɢɣ ɨɰɟɧɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɥɟɱɟɧɢя ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɤɪɟɬɧɨɣ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɨɫɜɟɳɟɧɧɨɫɬɶ ɤɨɠɢ 
ɩɚɰɢɟɧɬɚ. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɪɟɧɢяɯ ɫɩɟɤɬɪɨɜ ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢя ɤɨɠɢ ɩɚɰɢɟɧɬɚ ɞɨ ɧɚɱɚɥɚ ɢ ɜ 
ɩɪɨɰɟɫɫɟ ɥɟɱɟɧɢя, ɫɜɟɪɯɛɵɫɬɪɵɯ ɚɥɝɨɪɢɬɦɚɯ ɪɚɫɱɟɬɚ ɩɨɬɨɤɨɜ ɦɧɨɝɨɤɪɚɬɧɨ ɪɚɫɫɟяɧɧɨɝɨ ɤɨɠɟɣ ɢɡɥɭɱɟɧɢя 
ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ ɛɢɥɢɪɭɛɢɧɚ (ɫ ɭɱɟɬɨɦ ZZ-ɛɢɥɢɪɭɛɢɧɚ, ZE-ɛɢɥɢ-
ɪɭɛɢɧɚ ɢ ɥɸɦɢɪɭɛɢɧɚ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥя ɞɨɫɬɢɠɟɧɢя ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɨɬɨɬɟɪɚɩɢɢ ɫɥɟ-
ɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɟɬɨɞɢɨɞɧɵɟ ɢɫɬɨɱɧɢɤɢ ɫ ɦɚɤɫɢɦɭɦɨɦ ɢɡɥɭɱɟɧɢя ɜ ɞɢɚɩɚɡɨɧɟ 484—496 ɧɦ. 

Кɥючɟвыɟ ɫɥɨва: ɧɟɨɧɚɬɚɥɶɧɚя ɠɟɥɬɭɯɚ, ɥɚɡɟɪɧɚя ɬɟɪɚɩɢя, ɤɨɠɚ, ɨɩɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɫɩɟɤɬɪ 
ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢя. 

Ввɟɞɟɧɢɟ 
Жɟɥɬɭɯɚ ɪɚɡɜɢɜɚɟɬɫя ɭ ɧɨɜɨɪɨɠɞɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɤɨɩɥɟɧɢя ɜ ɤɪɨɜɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɜ ɬɤɚɧяɯ ɤɨɠɧɨɝɨ ɩɨɤɪɨɜɚ ɢɡɛɵɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɤɭɥ ZZ-ɛɢɥɢɪɭɛɢɧɚ — ɬɨɤɫɢɱɧɨɝɨ 
ɩɢɝɦɟɧɬɚ, ɨɛɪɚɡɭɸɳɟɝɨɫя ɢɡ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢя ɷɪɢɬɪɨɰɢɬɨɜ. ɇɚɢɛɨɥɟɟ ɪɚɫ-
ɩɪɨɫɬɪɚɧɟɧɧɵɣ ɦɟɬɨɞ ɥɟɱɟɧɢя ɝɢɩɟɪɛɢɥɢɪɭɛɢɧɟɦɢɢ — ɮɨɬɨɬɟɪɚɩɢя, ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨ-
ɞɢɬ ɢɡɨɦɟɪɢɡɚɰɢя ɧɚɯɨɞяɳɢɯɫя ɜ ɧɟɣ ZZ-ɦɨɥɟɤɭɥ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɚɥɨɬɨɤɫɢɱɧɵɯ ɮɨɬɨɢɡɨɦɟ-
ɪɨɜ — ZE, EZ ɢ LR (ɥɸɦɢɪɭɛɢɧ). ȿZ-ɛɢɥɢɪɭɛɢɧ, ɩɨɝɥɨɳɚя ɤɜɚɧɬ ɢɡɥɭɱɟɧɢя, ɜɩɨɫɥɟɞɫɬɜɢɢ 
ɬɚɤɠɟ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫя ɜ LR. Ɇɨɥɟɤɭɥɵ LR ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɝɢɞɪɨɮɢɥɶɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɦɨɥɟɤɭɥɚɦɢ ZZ-ɛɢɥɢɪɭɛɢɧɚ ɢ ɟɝɨ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɦɢ ɢɡɨɦɟɪɚɦɢ, ɩɨɷɬɨɦɭ ɨɧ ɯɨɪɨɲɨ ɪɚɫɬɜɨ-
ɪяɟɬɫя ɜ ɜɨɞɟ ɢ ɥɟɝɤɨ ɜɵɜɨɞɢɬɫя ɢɡ ɨɪɝɚɧɢɡɦɚ. 

В ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɟ ɨɫɬɭɬɫɬɜɭɟɬ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ 
ɩɪɨɜɟɞɟɧɢя ɮɨɬɨɬɟɪɚɩɢɢ ɠɟɥɬɭɯɢ. Уɫɬɚɧɨɜɤɢ ɞɥя ɮɨɬɨɬɟɪɚɩɢɢ ɪɚɡɧɨɨɛɪɚɡɧɵ, ɤɚɤ ɢ ɢɫɩɨɥɶɡɭɟ-
ɦɵɟ ɜ ɧɢɯ ɢɫɬɨɱɧɢɤɢ ɢɡɥɭɱɟɧɢя. В ɪяɞɟ ɫɥɭɱɚɟɜ ɫɨɜɪɟɦɟɧɧɚя ɮɨɬɨɬɟɪɚɩɢя ɯɚɪɚɤɬɟɪɢɡɭɟɬɫя 
ɧɢɡɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢ ɫɨɩɪяɠɟɧɚ ɫ ɜɪɟɞɧɵɦɢ ɩɨɛɨɱɧɵɦɢ ɷɮɮɟɤɬɚɦɢ ɩɟɪɟɞɨɡɢɪɨɜɤɢ. Эɬɨ 
ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɨɜ ɦɨɧɢɬɨɪɢɧɝɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɨɬɨɬɟɪɚɩɢɢ 
ɠɟɥɬɭɯɢ, ɩɨɡɜɨɥяɸɳɢɯ ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɞɥя ɩɚɰɢɟɧɬɚ ɫɩɟɤɬɪɚɥɶɧɵɟ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɢɡɥɭɱɟɧɢя. 

1. Мɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢɡɨɦɟɪɢɡаɰɢɢ ɛɢɥɢɪɭɛɢɧа 
ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢя ɫɤɨɪɨɫɬɢ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ ɛɢɥɢɪɭɛɢɧɚ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛя ɧɚɯɨɠɞɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɬɨɱɧɢɤɚ ɢɡɥɭɱɟɧɢя D(λ); ɢɡɦɟɪɟɧɢɟ ɫɩɟɤɬɪɚ 
ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢя (ДɈ) ɫɜɟɬɚ ɨɬ ɤɨɠɢ ɩɚɰɢɟɧɬɚ; ɨɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɱɟɫɤɢɯ ɢ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɠɢ, ɜɥɢяɸɳɢɯ ɧɚ ɩɟɪɟɧɨɫ ɜ ɧɟɣ ɢɡɥɭɱɟɧɢя, ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɧɟɜяɡɤɢ 
ɦɟɠɞɭ ɫɩɟɤɬɪɚɦɢ ДɈ ɤɨɠɢ, ɢɡɦɟɪɟɧɧɵɦ ɢ ɪɚɫɫɱɢɬɚɧɧɵɦ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɩɟɪɟɧɨɫɚ ɢɡɥɭɱɟɧɢя 
ɜ ɤɨɠɟ; ɜɵɱɢɫɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢя ɩɥɨɬɧɨɫɬɢ ɢɡɥɭɱɟɧɢя Φ(z, λ) ɩɨ ɝɥɭɛɢɧɟ ɤɨɠɢ z ɜ ɫɩɟɤɬɪɚɥɶ-
ɧɨɦ ɞɢɚɩɚɡɨɧɟ ɮɨɬɨɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢя [λ1, λ2] ɩɪɢ ɟɞɢɧɢɱɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɤɨɠɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɟ ɧɚɣɞɟɧɧɵɦɢ ɨɩɬɢɱɟɫɤɢɦɢ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ; 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɨɤɫɢɱɧɨɝɨ ZZ-ɛɢɥɢɪɭɛɢɧɚ ɜ ɧɟɬɨɤɫɢɱɧɵɣ ɢ ɜɨɞɨɪɚɫ-
ɬɜɨɪɢɦɵɣ ɮɨɬɨɢɡɨɦɟɪ LR ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢя: 
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    (1) 

ɝɞɟ ZZ ɢ ZE — ɦɨɥяɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɝɥɨɳɟɧɢя ɮɨɬɨɢɡɨɦɟɪɨɜ ɛɢɥɢɪɭɛɢɧɚ ZZ ɢ ZE  
(ɫɦ–1/ɦɤM); ZE, ZZ, LR — ɤɜɚɧɬɨɜɵɟ ɜɵɯɨɞɵ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ ZZ→ZE, ZE→ZZ 
ɢ ZZ→LR ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; h = 6.63 · 10–34 Дɠ · ɫ — ɩɨɫɬɨяɧɧɚя ɩɥɚɧɤɚ; ɫ = 3 · 1010 ɫɦ/ɫ — ɫɤɨ-
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ɪɨɫɬɶ ɫɜɟɬɚ; Nȝ = 6.02 · 1023 ɦɨɥɶ–1 — ɱɢɫɥɨ Аɜɨɝɚɞɪɨ; Le ɢ Ld — ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɬɨɥɳɢɧɵ ɷɩɢ-
ɞɟɪɦɢɫɚ ɢ ɞɟɪɦɵ; z1 = Le; z2 = Le + Ld. 

Кɨɧɰɟɧɬɪɚɰɢɸ ɛɢɥɢɪɭɛɢɧɚ ɜ ɬɤɚɧɢ CTB ɦɨɠɧɨ ɨɩɪɟɞɟɥяɬɶ ɧɟɢɧɜɚɡɢɜɧɨ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟ-
ɪɟɧɢɣ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɥɢ ɫɩɟɤɬɪɚɥɶɧɨ-ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ДɈ ɬɤɚɧɢ [1]. ɉɪɟɞɥɨ-
ɠɟɧɧɵɟ ɪɟɲɟɧɢя ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪяɦɵɯ ɢ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ, ɩɨɡɜɨɥяɸɬ ɜɵɩɨɥɧяɬɶ ɨɛɪɚɛɨɬɤɭ 
ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. Дɥя ɛɵɫɬɪɨɝɨ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨ-
ɫɬɢ ɢɡɥɭɱɟɧɢя ɜ ɤɨɠɟ (z, ) ɦɨɠɟɬ ɫ ɭɫɩɟɯɨɦ ɢɫɩɨɥɶɡɨɜɚɬɶɫя ɩɨɥɭɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɩɪɟɞ-
ɥɨɠɟɧɧɵɣ ɜ ɪɚɛɨɬɟ [2]. Ɍɨɱɧɨɫɬɶ ɬɚɤɨɝɨ ɪɚɫɱɟɬɚ ɫɪɚɜɧɢɦɚ ɫ ɬɨɱɧɨɫɬɶɸ ɦɟɬɨɞɚ Ɇɨɧɬɟ-Кɚɪɥɨ, 
ɨɞɧɚɤɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɦɟɬɨɞɨɜ ɨɬɥɢɱɚɸɬɫя ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪяɞɤɨɜ. 

Аɧɚɥɢɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ɫɩɟɤɬɪɚ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɨɠɢ, ɢɡɦɟɪяɟɦɨɣ ɩɪɢ ɧɚɥɢ-
ɱɢɢ ɛɚɡɵ ɦɟɠɞɭ ɢɫɬɨɱɧɢɤɨɦ ɢ ɩɪɢɟɦɧɢɤɨɦ ɢɡɥɭɱɟɧɢя, ɩɪɟɞɥɨɠɟɧɚ ɜ [3]. Ɇɨɞɟɥɶɧɵɦɢ ɩɚɪɚ-
ɦɟɬɪɚɦɢ яɜɥяɸɬɫя ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢя ɤɨɠɢ; ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɟяɧɢя ɫɨ-
ɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ ɩɪɢ  = 400 ɧɦ; ɞɨɥя ɪɚɫɫɟяɧɢя Ɇɢ ɜ ɨɛɳɟɦ ɪɚɫɫɟяɧɢɢ ɬɤɚɧɢ ɩɪɢ 
 = 400 ɧɦ; ɩɚɪɚɦɟɬɪ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɟяɧɢя Ɇɢ; 
ɬɨɥɳɢɧɚ ɷɩɢɞɟɪɦɢɫɚ; ɨɛɴɟɦɧɚя ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɥɚɧɢɧɚ ɜ ɷɩɢɞɟɪɦɢɫɟ; ɨɛɴɟɦɧɚя ɤɨɧɰɟɧɬɪɚɰɢя 
ɤɚɩɢɥɥяɪɨɜ ɜ ɞɟɪɦɟ; ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɤɚɩɢɥɥяɪɨɜ; ɦɨɥяɪɧɚя ɤɨɧɰɟɧɬɪɚɰɢя ɨɛɳɟɝɨ ɝɟɦɨɝɥɨɛɢɧɚ 
ɜ ɤɪɨɜɢ; ɫɬɟɩɟɧɶ ɨɤɫɢɝɟɧɚɰɢɢ ɤɪɨɜɢ, ɤɨɧɰɟɧɬɪɚɰɢɢ ZZ- ɢ ZE-ɛɢɥɢɪɭɛɢɧɚ ɜ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭ-
ɞɚɯ ɞɟɪɦɵ. Ɉɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɛɳɟɝɨ ɛɢɥɢɪɭɛɢɧɚ ɜ ɤɪɨɜɢ ɢ ɜ ɨɤɪɭɠɚɸɳɟɣ ɬɤɚɧɢ ɩɨ-
ɥɨɠɢɦ ɪɚɜɧɵɦ 5. В ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ ɛɢɥɢ-
ɪɭɛɢɧɚ ɢ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ ɛɢɥɢɪɭɛɢɧɚ ɱɟɪɟɡ ɫɬɟɧɤɢ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ, ɨɞɧɚɤɨ, ɭɱɢɬɵɜɚя 
ɦɚɥɨɫɬɶ ɜɥɢяɧɢя ɛɢɥɢɪɭɛɢɧɚ ɜ ɤɪɨɜɢ ɧɚ ɫɜɟɬɨɜɨɟ ɩɨɥɟ ɜ ɤɨɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɢɥɢɪɭɛɢɧɨɦ ɜ 
ɬɤɚɧяɯ ɞɟɪɦɵ, ɞɥя ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ. 

2. Аɧаɥɢɡ ɷɮɮɟɤɬɢвɧɨɫɬɢ ɦɟɬɨɞа 
Эɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɟɧɚ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɵɯ ɪɟɲɟ-

ɧɢɣ ɭɪɚɜɧɟɧɢя ɩɟɪɟɧɨɫɚ ɢɡɥɭɱɟɧɢя ɜ ɫɪɟɞɟ, ɦɨɞɟɥɢɪɭɸɳɟɣ ɤɨɠɭ. ɋɢɝɧɚɥɵ ДɈ ɤɨɠɢ r(λ) ɪɚɫ-
ɫɱɢɬɚɧɵ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Кɚɪɥɨ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ “ɜɟɫɚ” ɮɨɬɨɧɨɜ, ɜɵɥɟɬɟɜɲɢɯ ɢɡ 
ɤɪɭɝɨɜɨɣ ɩɪɢɟɦɧɨɣ ɩɥɨɳɚɞɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɪɟɞɵ, ɤ ɨɛɳɟɦɭ “ɜɟɫɭ” ɜɫɟɯ ɮɨɬɨɧɨɜ, ɜɜɟɞɟɧɧɵɯ 
ɜ ɫɪɟɞɭ ɜ ɩɪɟɞɟɥɚɯ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ. Дɢɚɦɟɬɪ ɨɫɜɟɬɢɬɟɥɶɧɨɣ ɢ ɩɪɢɟɦɧɨɣ ɩɥɨɳɚɞɨɤ 
ɡɚɞɚɜɚɥɫя 0.8 ɦɦ, ɪɚɫɫɬɨяɧɢɟ ɦɟɠɞɭ ɢɯ ɰɟɧɬɪɚɦɢ — 0.83 ɦɦ. ɉɥɨɬɧɨɫɬɶ ɢɡɥɭɱɟɧɢя ɧɚ ɝɥɭɛɢɧɟ 
ɫɪɟɞɵ z ɪɚɫɫɱɢɬɚɧɚ ɩɭɬɟɦ ɫɭɦɦɢɪɨɜɚɧɢя “ɜɟɫɚ” ɜɫɟɯ ɮɨɬɨɧɨɜ, ɩɪɨɥɟɬɟɜɲɢɯ ɱɟɪɟɡ ɭɪɨɜɟɧɶ z ɜɨ 
ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢяɯ. Ȼɢɨɩɚɪɚɦɟɬɪɵ ɤɨɠɢ, ɜɥɢяɸɳɢɟ ɧɚ ɩɪɨɰɟɫɫ ɩɟɪɟɧɨɫɚ ɜ ɧɟɣ ɢɡɥɭɱɟɧɢя, ɜɨɫ-
ɫɬɚɧɚɜɥɟɧɵ ɢɡ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɩɟɤɬɪɚ ДɈ ɤɨɠɢ () = r()/r(ref) (ɝɞɟ  = 450—750 ɧɦ ɢ 
ref = 750 ɧɦ), ɤɨɬɨɪɵɣ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɨɜɵɯ ɚɩɟɪɬɭɪ ɜɨɥɨɤɨɧ ɢ ɧɚ ɩɪɚɤɬɢɤɟ ɨɩɪɟɞɟɥяɟɬɫя 
ɩɭɬɟɦ ɫɨɩɨɫɬɚɜɥɟɧɢя ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɢɝɧɚɥɨɜ ДɈ ɤɨɠɢ ɢ ɛɟɥɨɝɨ 
ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɚɬɟɥя (ɩɪɢ ɷɬɨɦ ɧɟ ɬɪɟɛɭɟɬɫя ɡɧɚɧɢя ɨɩɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɨɪɧɨɝɨ ɨɬɪɚ-
ɠɚɬɟɥя). Иɫɯɨɞɧɵɟ ɫɩɟɤɬɪɵ () (ɪɢɫ. 1, а) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɞɢɧɚɤɨɜɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɢɡɨɦɟɪɨɜ 
ɛɢɥɢɪɭɛɢɧɚ ɜ ɤɨɠɟ ɢ ɪɚɡɥɢɱɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɞɪɭɝɢɯ ɟɟ ɯɪɨɦɨɮɨɪɨɜ (ɝɟɦɨɝɥɨɛɢɧɚ, ɦɟɥɚɧɢɧɚ, 
ɤɨɥɥɚɝɟɧɚ). Ɉɫɜɟɳɟɧɧɨɫɬɶ ɤɨɠɢ ɩɨɥɚɝɚɥɚɫɶ ɧɟ ɡɚɜɢɫяɳɟɣ ɨɬ  ɢ ɪɚɜɧɨɣ 1 ɦВɬ/ɫɦ2. Ɋɚɫɩɪɟɞɟɥɟ-
ɧɢя ɩɥɨɬɧɨɫɬɢ ɢɡɥɭɱɟɧɢя (z, ) ɩɨ ɝɥɭɛɢɧɟ ɤɨɠɢ ɢ ɞɥɢɧɟ ɜɨɥɧɵ ɫɜɟɬɚ ɪɚɫɫɱɢɬɚɧɵ ɦɟɬɨɞɨɦ [2] 
ɫ ɭɱɟɬɨɦ ɧɚɣɞɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɛɢɨɩɚɪɚɦɟɬɪɨɜ ɤɨɠɢ. Зɚɜɢɫɢɦɨɫɬɢ MLR(), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɫɦɨɞɟɥɢɪɨɜɚɧɧɵɦ ɫɩɟɤɬɪɚɦ () ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɢɡ ɧɢɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1, ɛ. Вɢɞɧɨ, 
ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥяɟɬ ɩɨɥɭɱɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɟ ɨɰɟɧɤɢ MLR() ɜ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɨɛɥɚɫɬɢ ɩɨɝɥɨɳɟɧɢя ɫɜɟɬɚ ɢɡɨɦɟɪɚɦɢ ɛɢɥɢɪɭɛɢɧɚ (450—530 ɧɦ). 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1, ɛ, ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɮɨɬɨɬɟɪɚɩɢɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɜɟɬɨɪɚɫɫɟяɧɢя ɢ ɩɢɝɦɟɧɬɚɰɢɢ ɤɨɠɢ ɧɨɜɨɪɨɠɞɟɧɧɨɝɨ. 
Эɤɪɚɧɢɪɭɸɳɟɟ ɜɥɢяɧɢɟ ɦɟɥɚɧɢɧɚ ɢ ɝɟɦɨɝɥɨɛɢɧɚ ɩɪɨяɜɥяɟɬɫя ɜ ɭɲɢɪɟɧɢɢ ɫɩɟɤɬɪɚ MLR() ɢ 
ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɛɢɥɢɪɭɛɢɧɚ. Вɥɢяɧɢɟ ɪɚɫɫɟяɧɢя ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨ-
ɦɭ ɢɡɦɟɧɟɧɢɸ ɮɨɪɦɵ ɫɩɟɤɬɪɚ MLR(), ɨɞɧɚɤɨ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ 
MLR().Иɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɩɟɤɬɪɵ MLR() ɢɦɟɸɬ ɦɚɤɫɢɦɭɦ ɜɛɥɢɡɢ  
λ = 490 ± 6 ɧɦ ɢ ɟɝɨ ɩɨɥɨɠɟɧɢɟ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨ-
ɠɢ. В ɫɜяɡɢ ɫ ɷɬɢɦ ɞɥя ɞɨɫɬɢɠɟɧɢя ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɨɬɨɬɟɪɚɩɢɢ ɧɟɨɧɚɬɚɥɶɧɨɣ 
ɠɟɥɬɭɯɢ ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɥɚɡɟɪɵ ɢɡ ɷɬɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨ- 
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Ɋɢɫ. 1. ɉɪɢɦɟɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢя ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ ɛɢɥɢɪɭɛɢɧɚ (ɛ) 
ɩɨ ɫɩɟɤɬɪɭ ДɈ ɤɨɠɢ (а); ɤɪɢɜɵɟ — ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ () ɢ MLR() ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Кɚɪɥɨ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɤɨɠɢ, ɬɨɱɤɢ — ɪɟɡɭɥɶɬɚɬɚɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢя MLR(). 

ɝɨ ɞɢɚɩɚɡɨɧɚ, ɩɨɫɤɨɥɶɤɭ ɜɟɫɶ ɢɡɥɭɱɚɟɦɵɣ ɢɦɢ ɫɜɟɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɨɦɟɪɢɡɚɰɢɸ ɛɢɥɢɪɭɛɢɧɚ, 
ɬɨɝɞɚ ɤɚɤ ɱɚɫɬɶ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢя ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɢ ɝɚɥɨɝɟɧɧɵɯ ɥɚɦɩ ɥɟɠɢɬ ɜɧɟ ɡɨɧɵ ɩɨɝɥɨ-
ɳɟɧɢя ɛɢɥɢɪɭɛɢɧɚ. ɉɪɢ ɷɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢя ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫя ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɞɥя 
ɤɚɠɞɨɝɨ ɧɨɜɨɪɨɠɞɟɧɧɨɝɨ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɢɧɜɚɡɢɜɧɵɟ ɢɡɦɟɪɟɧɢя CTB, ɩɪɨɜɨɞɢɦɵɟ ɱɟɪɟɡ ɧɟɤɨɬɨɪɵɟ ɜɪɟ-
ɦɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜ ɬɟɱɟɧɢɢ ɮɨɬɨɬɟɪɚɩɢɢ, ɧɟ ɞɚɸɬ ɚɞɟɤɜɚɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɤɨɪɨɫɬɢ ɫɧɢ-
ɠɟɧɢя ɤɨɧɰɟɧɬɪɚɰɢɢ ZZ-ɛɢɥɢɪɭɛɢɧɚ ɜ ɬɤɚɧɢ ɢ ɤɪɨɜɢ, ɩɨɫɤɨɥɶɤɭ CTB ɦɨɠɟɬ ɢɡɦɟɧяɬɶɫя ɤɚɤ ɡɚ 
ɫɱɟɬ ɩɪɨɰɟɫɫɚ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ ɛɢɥɢɪɭɛɢɧɚ ɜ ɬɤɚɧɢ, ɬɚɤ ɢ ɡɚ ɫɱɟɬ ɩɨɫɬɭɩɥɟɧɢя ɛɢɥɢɪɭɛɢɧɚ ɢɡ 
ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɬɤɚɧɶ. Ɋɚɡɞɟɥɟɧɢɟ ɜɥɢяɧɢɟ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɢɡɦɟɪяɟɦɵɟ 
ɡɧɚɱɟɧɢя CTB ɧɟ ɩɪɟɞɫɬɚɜɥяɟɬɫя ɜɨɡɦɨɠɧɵɦ.  

Заɤɥючɟɧɢɟ 
ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥяɟɬ ɨɩɪɟɞɟɥяɬɶ ɫɤɨɪɨɫɬɶ ɫɧɢɠɟɧɢя ZZ-ɛɢɥɢɪɭɛɢɧɚ ɜ ɬɤɚɧɢ, 

ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɨɰɟɫɫɨɦ ɟɝɨ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ, ɩɪɢɱɟɦ ɢɡɦɟɪɟɧɢя ɷɬɨɣ 
ɫɤɨɪɨɫɬɢ ɦɨɝɭɬ ɜɵɩɨɥɧяɬɶɫя ɟɳɟ ɞɨ ɧɚɱɚɥɚ ɮɨɬɨɬɟɪɚɩɢɢ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɭɸ 
ɨɫɜɟɳɟɧɧɨɫɬɶ ɤɨɠɢ ɤɨɧɤɪɟɬɧɨɝɨ ɩɚɰɢɟɧɬɚ ɫ ɭɱɟɬɨɦ ɟɟ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨ-
ɫɬɟɣ. Дɥɢɬɟɥɶɧɨɫɬɶ ɮɨɬɨɬɟɪɚɩɢɢ, ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫя ɢɫɯɨɞя ɢɡ ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɨɛɳɟɝɨ ɛɢɥɢɪɭɛɢɧɚ ɜ ɬɤɚɧɢ ɢ ɫɤɨɪɨɫɬɢ ɟɝɨ ɮɨɬɨɢɡɨɦɟɪɢɡɚɰɢɢ. Ɉɞɧɚɤɨ ɞɥя ɷɬɨɝɨ ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɫɜяɡɢ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɮɨɬɨ-
ɢɡɨɦɟɪɢɡɚɰɢɢ ɛɢɥɢɪɭɛɢɧɚ ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢя ɛɢɥɢɪɭɛɢɧɚ ɜ ɤɪɨɜɢ ɧɨɜɨ-
ɪɨɠɞɟɧɧɵɯ ɡɚ ɜɪɟɦя ɮɨɬɨɬɟɪɚɩɢɢ ɢ ɫɤɨɪɨɫɬɶɸ ɧɚɪɚɫɬɚɧɢя ɛɢɥɢɪɭɛɢɧɚ ɜ ɬɤɚɧɢ ɞɨ ɧɚɱɚɥɚ ɮɨɬɨ-
ɬɟɪɚɩɢɢ. 
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Optimization of Spectral and Energy Parameters of Laser Therapy  

of Neonatal Jaundice 
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A non-invasive method for monitoring the effectiveness of photochemical processes occurring in the skin 
of newborn jaundice during phototherapy has been developed, which make it possible to evaluate the 
effectiveness of treatment with the use of specific therapeutic setting and to optimize the illumination of the skin 
of the patient. The method is based on measurements of the diffuse reflectance spectra of the skin of the patient 
prior to and during treatment, ultra-fast algorithm for calculating of multiply scattered flows inside and outside 
the skin, and the analytical model of the process of photoisomerization of bilirubin (subject to ZZ-bilirubin, ZE-
bilirubin and lyumirubina). It is shown that in order to achieve maximum effectiveness of phototherapy, the light 
from the spectral range of 484—496 nm must be used. 
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