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ɷʗʚʙʚʢʝʚ
˜˽˾˳˾˾˱̀˰˷˸˵ ́̋̀̌˵˲˾˹ ˱˰˷̋ ˸ ˲˰̀˸˰̂˸˲˽˾́̂̌ ̂˵̅˽˾˻˾˳˸̇˵-
́˺˸̅ ˿̀˸˵˼˾˲ ˸ ˼˵̂˾˴˾˲ ˿˾˻̃̇˵˽˸̏ ˿˾˻˸˼˵̀˽̋̅ ˿˾˺̀̋̂˸˹ 
˴˰̎̂ ˲˾˷˼˾˶˽˾́̂̌ ̄˾̀˼˸̀˾˲˰̂̌ ˿˾˺̀̋̂˸̏ ́˾ ́˿˵̆˸˰˻̌˽̋-
˼˸ ́˲˾˹́̂˲˰˼˸. ˘˷ ́̃̉˵́̂˲̃̎̉˸̅ ̂˵̅˽˾˻˾˳˸˹, ˰ ˺˰˶˴˰̏ ˸˷ 
˽˸̅ ˸˼˵˵̂ ́˲˾˸ ˴˾́̂˾˸˽́̂˲˰ ˸ ˽˵˴˾́̂˰̂˺˸, ˾˿̀˵˴˵˻̏̎̉˸˵ 
˳̀˰˽˸̆̋ ˸̅ ˿̀˸˼˵˽˸˼˾́̂˸, ˱˾˻̌̈˾˹ ˿̀˰˺̂˸̇˵́˺˸˹ ˸˽̂˵̀˵́ 
˿̀˵˴́̂˰˲˻̏̎̂ ̂˵̅˽˾˻˾˳˸˸ ˸́˿˾˻̌˷˾˲˰˽˸̏ ̄˾̂˾˿˾˻˸˼˵̀˽̋̅ 
˼˰̂˵̀˸˰˻˾˲, ˲ ̂˾˼ ̇˸́˻˵ ̂˵̅˽˾˻˾˳˸̏ ̃˻̌̂̀˰̄˸˾˻˵̂˾˲˾˳˾ 
˾̂˲˵̀˶˴˵˽˸̏ (UV-̂˵̅˽˾˻˾˳˸̏). ˔˰˽˽˰̏ ̂˵̅˽˾˻˾˳˸̏ ̃˶˵ 
̈˸̀˾˺˾ ̀˰́˿̀˾́̂̀˰˽˵˽˰ ˽˰ ˗˰˿˰˴˵, ̂˵˿˵̀̌ ˾˽˰ ˿˾́̂˵˿˵˽˽˾ 
˷˰˲˾˵˲̋˲˰˵̂ ́˲˾˹ ̀̋˽˾˺ ˲ ˠ˾́́˸˸ ˸ ˽˰ ˿˾́̂́˾˲˵̂́˺˾˼ ˿̀˾-
́̂̀˰˽́̂˲˵. ˟˵̀́˿˵˺̂˸˲˽̋˼ ˾̂˲˵̂˲˻˵˽˸˵˼ UV-̂˵̅˽˾˻˾˳˸˸ 
̏˲˻̏˵̂́̏ UV LED-˾̂˲˵̀˶˴˵˽˸˵. ˕˳˾ ˾̂˻˸̇˸̂˵˻̌˽˾˹ ̇˵̀̂˾˹ 
̏˲˻̏˵̂́̏ ˸́˿˾˻̌˷˾˲˰˽˸˵ ˸́̂˾̇˽˸˺˾˲ ́ ̃˷˺˸˼ ˴˸˰˿˰˷˾˽˾˼ 
˸˷˻̃̇˵˽˸̏, ́˼˵̉˵˽˽̋˼ ˲ ˴˻˸˽˽˾˲˾˻˽˾˲̃̎ ˾˱˻˰́̂̌ ̃˻̌-
̂̀˰̄˸˾˻˵̂˾˲˾˳˾ ́˿˵˺̂̀˰ — 395–410 ˽˼, ̇̂˾ ˽˰˺˻˰˴̋˲˰˵̂ 
́̃̉˵́̂˲˵˽˽̋˵ ˾˳̀˰˽˸̇˵˽˸̏ ˽˰ ́˾́̂˰˲̋ ̀˵̆˵˿̂̃̀ ̄˾̂˾˿˾-
˻˸˼˵̀˸˷̃̎̉˸̅́̏ ˺˾˼˿˾˷˸̆˸˹ (ˤ˟˚) [1, 2]. ˒ ˴˰˽˽˾˼ ́˻̃̇˰˵ 
˾˿̀˵˴˵˻̏̎̉˸˼ ̏˲˻̏˵̂́̏ ˿˾˴˱˾̀ ˿˻˵˽˺˾˾˱̀˰˷˾˲˰̂˵˻̏, 
˿˾́˺˾˻̌˺̃ ˸˼˵˽˽˾ ˿̀˸̀˾˴˾˹ ˾˻˸˳˾˼˵̀˰, ˽˰˻˸̇˸˵˼ ˲ ˵˳˾ 
́̂̀̃˺̂̃̀˵ ˴˲˾˹˽̋̅ –ˡ=ˡ– ́˲̏˷˵˹ ˸ ̀˰˷˻˸̇˽̋̅ ̄̃˽˺̆˸˾˽˰˻̌-
˽̋̅ ˳̀̃˿˿ ˾˱̃́˻˾˲˻˸˲˰̎̂́̏ ˾́˽˾˲˽̋˵ ́˲˾˹́̂˲˰ ̄˾̀˼˸̀̃˵-
˼˾˳˾ ˿˾˺̀̋̂˸̏ [3]. ˒ ˺˰̇˵́̂˲˵ ˿̀˸˼˵̀˰ ˽˰ ˴˸˰˳̀˰˼˼˵ (̀˸́. 1) 
˿̀˵˴́̂˰˲˻˵˽˾ ́̀˰˲˽˵˽˸˵ ˿˾ ̀̏˴̃ ̍˺́˿˻̃˰̂˰̆˸˾˽˽̋̅ ́˲˾˹́̂˲ 
˿˾˺̀̋̂˸˹ ˲ ˷˰˲˸́˸˼˾́̂˸ ˾̂ ˿̀˸̀˾˴̋ ˿˻˵˽˺˾˾˱̀˰˷˾˲˰̂˵˻̏, 
˸́˿˾˻̌˷̃˵˼˾˳˾ ˲ ̀˵̆˵˿̂̃̀˵

ˠ˸́. 1. ˡ̀˰˲˽˸̂˵˻̌˽˰̏ ̅˰̀˰˺̂˵̀˸́̂˸˺˰ ̍˺́˿˻̃˰̂˰̆˸˾˽˽̋̅ ́˲˾˹́̂˲ 
˿˾˺̀̋̂˸˹ ˿˾ 10-˱˰˻˻̌˽˾˹ ˾̂˽˾́˸̂˵˻̌˽˾˹ ˾̆˵˽˺˵: 1 — ̍˿˾˺́˸˰˺̀˸˻˾˲̋˹ 
˿˻˵˽˺˾˾˱̀˰˷˾˲˰̂˵˻̌; 2 — ̃̀˵̂˰˽˰˺̀˸˻˾˲̋˹ ˿˻˵˽˺˾˾˱̀˰˷˾˲˰̂˵˻̌; 3 — 

˿˾˻˸̍̄˸̀˰˺̀˸˻˾˲̋˹ ˿˻˵˽˺˾˾˱̀˰˷˾˲˰̂˵˻̌

˚̀˾˼˵ ˲̋˱˾̀˰ ˿˻˵˽˺˾˾˱̀˰˷˾˲˰̂˵˻̏ ˽˵˼˰˻˾˲˰˶˽˾˵ ˷˽˰̇˵-
˽˸˵ ˸˼˵˵̂ ˲̋˱˾̀ ˰˺̂˸˲˽˾˳˾ ̀˰˷˱˰˲˸̂˵˻̏, ˲̋˿˾˻˽̏̎̉˵˳˾ 
̀˰˷˽˾˽˰˿̀˰˲˻˵˽˽̋˵ ̄̃˽˺̆˸˸: ˾̂ ̀˵˳̃˻̏̂˾̀˰ ˲̏˷˺˾́̂˸ ˴˾ 
˰˺̂˸˲˽˾˳˾ ́˾˿˾˻˸˼˵̀˸˷̃̎̉˵˳˾́̏ ˰˳˵˽̂˰, ́̃̉˵́̂˲˵˽˽˾ 
˾˿̀˵˴˵˻̏̎̉˵˳˾ ́˲˾˹́̂˲˰ ̄˾̀˼˸̀̃˵˼˾˳˾ ˿˾˺̀̋̂˸̏ [4, 5]. 
˞˳̀˰˽˸̇˵˽˸˵˼ ˸́˿˾˻̌˷˾˲˰˽˸̏ ˰˺̂˸˲˽̋̅ ̀˰˷˱˰˲˸̂˵˻˵˹ ˲ 

0

1

2

3

4

5

А
ɞɝ
ɟɡ
ɢɨ
ɧɧ
ɚя

 ɩ
ɪɨ
ɱɧ
ɨɫ
ɬɶ

, 
А
ɞɝ
ɟɡ
ɢɨ
ɧɧ
ɚя

 ɩ
ɪɨ
ɱɧ
ɨɫ
ɬɶ

, 

Н
/ɤ
ɜ.
ɦ
ɦ

Н
/ɤ
ɜ.
ɦ
ɦ

1 2 3 4

Кɨɦɩɨɡɢɰɢɢ (ɬɚɛɥ.1)Кɨɦɩɨɡɢɰɢɢ (ɬɚɛɥ.1)ɿʣʡʤʣʜʝʫʝʝ ʣʖʥʕʜʫʣʗ

̄˾̂˾˿˾˻˸˼˵̀˸˷̃̎̉˸̅́̏ ́˸́̂˵˼˰̅ ̏˲˻̏˵̂́̏ ˸̅ ˽˵˳˰̂˸˲˽˾˵ 
˲˻˸̏˽˸˵ ˽˰ ˰˴˳˵˷˸̎ ˿˾˺̀̋̂˸˹ ˿̀˸ ˸˷˱̋̂˾̇˽˾˼ ́˾˴˵̀˶˰˽˸˸ 
˲ ˺˾˼˿˾˷˸̆˸˸.
˒˰˶˽̋˼ ˰˳˵˽̂˾˼ ̃˿̀˰˲˻˵˽˸̏ ́˲˾˹́̂˲˰˼˸ ˿˾˺̀̋̂˸˹ ̏˲˻̏˵̂-
́̏ ˸́˿˾˻̌˷˾˲˰˽˸˵ ˲ ̀˵̆˵˿̂̃̀˰̅ UV LED-˾̂˲˵̀˶˴˰˵˼̋̅ ˤ˟˚ 
̈˸̀˾˺˾˳˾ ́˿˵˺̂̀˰ ̂˵̅˽˾˻˾˳˸̇˵́˺˸̅ ˴˾˱˰˲˾˺, ˽˰˿̀˸˼˵̀, 
˿̀˾˼˾̃̂˵̀˾˲ ˰˴˳˵˷˸˸. ˟˾˻̏̀˽̋˵ ̄̃˽˺̆˸˾˽˰˻̌˽̋˵ ˳̀̃˿˿̋ 
˲ ˸̅ ́̂̀̃˺̂̃̀˵ ˾˱˵́˿˵̇˸˲˰̎̂ ˰˺̂˸˲˽˾˵ ˲˷˰˸˼˾˴˵˹́̂˲˸˵ 
«́̃˱́̂̀˰̂–˰˴˳˵˷˸˲» ˸ ˿̀˸˲˾˴̏̂ ˺ ˿˾˲̋̈˵˽˸̎ ˰˴˳˵˷˸˾˽˽˾˹ 
˿̀˾̇˽˾́̂˸ ˿˾˺̀̋̂˸̏ [6, 7].
ˡ̂˾˸̂ ̃̇˸̂̋˲˰̂̌ ˸ ˽˰˻˸̇˸˵ ˲ ̀˵̆˵˿̂̃̀˵ ˴˾˱˰˲˾˺, ̍˺̀˰˽˸̀̃-
̎̉˸̅ ́˲˵̂˾˲˾˹ ˿˾̂˾˺ ˸ ́̃̉˵́̂˲˵˽˽˾ ́˽˸˶˰̎̉˸̅ ˸˽̂˵˽́˸˲-
˽˾́̂̌ ˸˷˻̃̇˵˽˸̏ ˿˾ ˳˻̃˱˸˽˵ ́˻˾̏, ˰ ̂˰˺˶˵ ̂˾˻̉˸˽̃ ́˻˾̏: 
̄˾̀˼˸̀˾˲˰˽˸˵ ̂˾˻́̂˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹ ́˾˿̀̏˶˵˽˾ ́ ˾˿̀˵-
˴˵˻˵˽˽̋˼˸ ́˻˾˶˽˾́̂̏˼˸ ˿̀˾̂˵˺˰˽˸̏ ̀˵˰˺̆˸˸ ́̈˸˲˺˸ ˿˾ 
˳˻̃˱˸˽˵ ́˻˾̏, ˿˾́˺˾˻̌˺̃ ˿̀˾˽˸˺˽˾˲˵˽˸˵ ˸˷˻̃̇˵˽˸̏ ̍˺́˿˾-
˽˵˽̆˸˰˻̌˽˾ ́˽˸˶˰˵̂́̏ ˿˾ ̂˾˻̉˸˽˵ ˿˾˺̀̋̂˸̏. ˢ˵̅˽˾˻˾˳˸̇˵-
́˺˸ ̍̂̃ ˿̀˾˱˻˵˼̃ ̀˵̈˰̎ ,̂ ˿̀˸˼˵˽̏̏ ́˲˵̂˾˴˸˾˴˽̋˵ ˸˷˻̃-
̇˰̂˵˻˸ (LED-˸́̂˾̇˽˸˺˸), ̍˼˸̂˸̀̃̎̉˸˵ ˿˾̂˾˺, ˴˾́̂˰̂˾̇˽̋˹ 
˴˻̏ ˸˽˸̆˸˰̆˸˸ ̀˰˴˸˺˰˻̌˽˾˹ ́̈˸˲˺˸ ˽˰ ˳˻̃˱˸˽̃ ˴˾ 300 ˼˺˼. 
Э̂˾ ˿˾˷˲˾˻̏˵̂ ˿˾˻̃̇˰̂̌ ˵˴˸˽̋˵ ̂˾˻́̂˾́˻˾˹˽̋˵ ˿˾˺̀̋̂˸̏ 
́ ˽˸˷˺˾˹ ˲˵̀˾̏̂˽˾́̂̌̎ ˿˾́˻˵˴̃̎̉˵˳˾ ˾̂́˻˰˸˲˰˽˸̏ ˾̂ ˿˾˴-
˻˾˶˺˸ ˸ ̃˹̂˸ ˾̂ ˿̀˰˺̂˸˺˸ ˿˾́˻˵˴˾˲˰̂˵˻̌˽˾˳˾ ˽˰́˻˰˸˲˰˽˸̏ 
˿˾˺̀̋̂˸̏ [8, 9].

ɼʕʙʕʬʕ ʝʦʦʠʚʙʣʗʕʢʝя — ˿˾˻̃̇˸̂̌ ́̂˰̆˸˾˽˰̀˽̋˵ ̂˾˻́̂˾́-
˻˾˹˽̋˵ (˴˾ 300 ˼˺˼) ˿˾˺̀̋̂˸̏ ́ ˲̋́˾˺˾˹ ́̂˵˿˵˽̌̎ ˰˴˳˵˷˸˸ 
˺ ́̂˵˺˻̃ (́̂˵˺˻˾˲˾˻˾˺˽̃), ̅˰̀˰˺̂˵̀˸˷̃̎̉˸˵́̏ ˲̋́˾˺˾˹ 
̂˲˵̀˴˾́̂̌̎. ˡ ̃̇˵̂˾˼ ̃˺˰˷˰˽˽̋̅ ˿̀˵˴˿˾́̋˻˾˺ ˲ ˺˰̇˵́̂˲˵ 
˾˱̊˵˺̂˾˲ ˸́́˻˵˴˾˲˰˽˸̏ ˱̋˻˸ ˲̋˱̀˰˽̋ ˺˾˼˿˾˷˸̆˸˸ ˽˰ ˾́˽˾-
˲˵ ˰˻˸̄˰̂˸̇˵́˺˸̅ ̃̀˵̂˰˽˰˺̀˸˻˰̂˾˲. 

Эʟʦʤʚʥʝʡʚʢʧʕʠʱʢʕя ʬʕʦʧʱ
˒̋˱˾̀ ˾́˽˾˲˽˾˳˾ ˿˻˵˽˺˾˾˱̀˰˷˾˲˰̂˵˻̏, ˰ ˲ ̀˰˱˾̂˵ ˸́˿˾˻̌-
˷˾˲˰˽̋ ˾˻˸˳˾˼˵̀̋ ˸˷ ̀̏˴˰ ̃̀˵̂˰˽˰˺̀˸˻˰̂˾˲, ˴˻̏ ˺˾̂˾̀̋̅ 
̅˰̀˰˺̂˵̀˵˽ ˽˰˸˱˾˻˵˵ ́˱˰˻˰˽́˸̀˾˲˰˽˽̋˹ ˺˾˼˿˻˵˺́ ́˲˾˹́̂˲ 
˿˾ ̀̏˴̃ ˾́˽˾˲˽̋̅ ̍˺́˿˻̃˰̂˰̆˸˾˽˽̋̅ ˿˾˺˰˷˰̂˵˻˵˹ (̀˸́. 1), 
˾˿̀˵˴˵˻˸˻˸ ̂̀˵˱˾˲˰˽˸̏ ˺ ̅˰̀˰˺̂˵̀˸́̂˸˺˰˼ ˿˾˺̀̋̂˸̏: ˲̋-
́˾˺˰̏ ˰˴˳˵˷˸˾˽˽˰̏ ˿̀˾̇˽˾́̂̌, ̍˻˰́̂˸̇˽˾́̂̌ ˸ ˿̀˾̇˽˾́̂̌ ˽˰ 
˸́̂˸̀˰˽˸˵.
ˡ˾́̂˰˲˻˵˽̋ ̀˵̆˵˿̂̃̀̋ UV LED-˾̂˲˵̀˶˴˰˵˼̋̅ ˺˾˼˿˾˷˸̆˸˹ 
˽˰ ˾́˽˾˲˵ ˰˻˸̄˰̂˸̇˵́˺˸̅ ̃̀˵̂˰˽˰˺̀˸˻˰̂˾˲ ́ ˿̀˸˼˵˽˵˽˸˵˼ 
́˼˵́˸ ˰˺̂˸˲˽̋̅ ̀˰˷˱˰˲˸̂˵˻˵˹: 
− ˼˵̀˺˰˿̂˾˼˾˴˸̄˸̆˸̀˾˲˰˽˽̋˹ ˿˾˻˸̍̄˸̀˰˺̀˸˻˰̂ ́˾ ˷˽˰̇˵-
˽˸˵˼ ̄̃˽˺̆˸˾˽˰˻̌˽˾́̂˸ (f) 3,2;
− ̍̂˾˺́˸˻˸̀˾˲˰˽˽̋˹ ̂̀˸˼˵̂˸˻˿̀˾˿˰˽̂̀˸˰˺̀˸˻˰̂ ́˾ ˷˽˰̇˵-
˽˸˵˼ ̄̃˽˺̆˸˾˽˰˻̌˽˾́̂˸ (f) 3,0;
− ˿˾˻˸˿̀˾˿˸˻˵˽˳˻˸˺˾˻̌˼˾˽˾˰˺̀˸˻˰̂ ́˾ ˷˽˰̇˵˽˸˵˼ ̄̃˽˺̆˸-
˾˽˰˻̌˽˾́̂˸ (f) 1,0.
ˡ˾˾̂˽˾̈˵˽˸˵ ˺˾˼˿˾˽˵˽̂˾˲ ˾˻˸˳˾˼˵̀˽˾-˼˾˽˾˼˵̀˽˾˹ ́˼˵́˸ 
˲ ̀˵̆˵˿̂̃̀˵ ́˾́̂˰˲˸˻˾ 1,3:1.
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ʄʅʃɹʈɿʇЫ ɽ ɽʆʆʀɺɹʃɷɵʂɽʔ

˒ ˺˰̇˵́̂˲˵ ˿̀˾˼˾̃̂˵̀˾˲ ˰˴˳˵˷˸˸ ˲ ́˾́̂˰˲̋ ˺˾˼˿˾˷˸̆˸˸ 
˲˲˾˴˸˻˸ ˰˴˳˵˷˸˾˽˽̋˵ ́˼˾˻̋ ˴˲̃̅ ̂˸˿˾˲ (˾˴˽˾- ˸ ˴˲̃̅̄̃˽˺-
̆˸˾˽˰˻̌˽̋˵: ˾˱̀˰˷̆̋ 1 ˸ 2 ́˾˾̂˲˵̂́̂˲˵˽˽˾), ˰ ̂˰˺˶˵ ˴˾˱˰˲˺̃ 
˰̆˵̂˾˱̃̂˸̀˰̂˰ ̆˵˻˻̎˻˾˷̋ ˲ ̀˰˷˽̋̅ ˺˾˻˸̇˵́̂˲˰̅ (˾˱̀˰˷̆̋ 3 
˸ 4). ˔˻̏ ˲́˵̅ ˺˾˼˿˾˷˸̆˸˹ ˿̀˸˼˵˽̏˻˸ ̄˾̂˾˸˽˸̆˸˸̀̃̎̉̃̎ 
́˼˵́̌ ˱˵˽˷˾̄˵˽˾˽˰, 2,4,6-̂̀˸˼˵̂˸˻˱˵˽˷˾˸˻˴˸̄˵˽˸˻̄˾́̄˸-
˽˾˺́˸˴˰ ˸ α-˳˸˴̀˾˺́˸˺˵̂˾˽˾˲.
˚˾˼˿˾˷˸̆˸˸ ́˼˵̈˸˲˰˻˸ ́ ˿˾˼˾̉̌̎ ˱˸́˵̀˽˾˹ ˼˵˻̌˽˸̆̋ 
Diold ST-1651. ˞̂˲˵̀˶˴˵˽˸˵ ˿˾˺̀̋̂˸˹ ˿̀˾˲˾˴˸˻˸ ́ ˿˾˼˾-
̉̌̎ LED-˻˰˼˿̋ TNL 18W ˲ ̂˵̇˵˽˸˵ 30 ́. ˞̂˽˾́˸̂˵˻̌˽̃̎ 
̂˲˵̀˴˾́̂̌ ˿˾˺̀̋̂˸̏ ˸˷˼˵̀̏˻˸ ˽˰ ˿̀˸˱˾̀˵ ˢ˜-1 ˲ ́˾˾̂˲˵̂-
́̂˲˸˸ ́ ˓˞ˡˢ 5233-89, ˰˴˳˵˷˸˾˽˽̃̎ ˿̀˾̇˽˾́̂̌ ˿˾˺̀̋̂˸̏ — 
˽˰ ˿̀˸˱˾̀˵ Neurtek KN-10 ˲ ́˾˾̂˲˵̂́̂˲˸˸ ́ ˓˞ˡˢ 32299-2013.
˝˰ ̀˸́. 2 ˿̀˸˲˵˴˵˽̋ ̀˵˷̃˻̌̂˰̂̋ ˸́˿̋̂˰˽˸˹ ˿˾˺̀̋̂˸˹ ˿˾ 
˴˲̃˼ ˾́˽˾˲˽̋˼ ̍˺́˿˻̃˰̂˰̆˸˾˽˽̋˼ ˿˾˺˰˷˰̂˵˻̏˼: ˰˴˳˵˷˸˾˽-
˽˰̏ ˿̀˾̇˽˾́̂̌ ˸ ˾̂˽˾́˸̂˵˻̌˽˰̏ ̂˲˵̀˴˾́̂̌, ˴˸˽˰˼˸˺̃ ˸˷˼˵-
˽˵˽˸̏ ˺˾̂˾̀̋̅ ˾̆˵˽˸˲˰˻˸ ˲˾ ˲̀˵˼˵˽˸ ˴˾ 14 ́̃ ,̂ ˲̋˴˵̀˶˸-
˲˰̏ ˿˾˺̀̋̂˸̏ ˿̀˸ ˵́̂˵́̂˲˵˽˽˾˼ ˾́˲˵̉˵˽˸˸ (˴˽˵˲˽˾˹ ́˲˵̂). 

ˠ˸́. 2. З˰˲˸́˸˼˾́̂̌ ˰˴˳˵˷˸˾˽˽˾˹ ˿̀˾̇˽˾́̂˸ ˿˾˺̀̋̂˸̏ (Н/˼˼2) ˾̂ ˲̀˵-
˼˵˽˸, ˿̀˾̈˵˴̈˵˳˾ ˿˾́˻˵ ˵˳˾ ̄˾̀˼˸̀˾˲˰˽˸̏: ́˲˵̀̅̃ — ˽˵˿˾́̀˵˴́̂˲˵˽˽˾ 
˿˾́˻˵ ˾̂˲˵̀˶˴˵˽˸̏, ˲˽˸˷̃ — ̇˵̀˵˷ 14 ́̃̂ ˿˾́˻˵ ˾̂˲˵̀˶˴˵˽˸̏

˜˾˶˽˾ ˺˾˽́̂˰̂˸̀˾˲˰̂̌, ̇̂˾ ˽˰˸˱˾˻̌̈˵˹ ˰˴˳˵˷˸˾˽˽˾˹ ˿̀˾̇-
˽˾́̂̌̎ ̅˰̀˰˺̂˵̀˸˷̃̎̂́̏ ˿˾˺̀̋̂˸̏, ˿˾˻̃̇˵˽˽̋˵ ˸˷ ˺˾˼-
˿˾˷˸̆˸˹ ˾˱̀˰˷̆˾˲ 1 ˸ 2, ˲ ́˾́̂˰˲ ˺˾̂˾̀̋̅ ˱̋˻˸ ˲˺˻̎̇˵˽̋ 
˿̀˾˼˾̃̂˵̀̋ ˰˴˳˵˷˸˸, ˿̀˸ ̍̂˾˼ ̄̃˽˺̆˸˾˽˰˻̌˽˾́̂̌ ˿̀˾˼˾-
̃̂˵̀˰ ̃˲˵˻˸̇˸˲˰˵̂́̏ ˽˵́̃̉˵́̂˲˵˽˽˾, ̅˾̂̏ ̍̂˾ ˸ ˿˾˲̋̈˰˵̂ 
˰˴˳˵˷˸˾˽˽̃̎ ˿̀˾̇˽˾́̂̌ ̄˾̀˼˸̀̃˵˼˾˳˾ ˿˾˺̀̋̂˸̏. ˒˲˵˴˵˽˸˵ 
˲ ̀˵̆˵˿̂̃̀̃ ˰̆˵̂˾˱̃̂˸̀˰̂˰ ̆˵˻˻̎˻˾˷̋ (˺˾˼˿˾˷˸̆˸˸ ˾˱-
̀˰˷̆˾˲ 3 ˸ 4) ˿̀˸˲˾˴˸̂ ˺ ˷˽˰̇˸̂˵˻̌˽˾ ˼˵˽̌̈˵˹ ˰˴˳˵˷˸˾˽˽˾˹ 
˿̀˾̇˽˾́̂˸ ˿˾˺̀̋̂˸˹, ̅˾̂̏ ̃˲˵˻˸̇˵˽˸˵ ́˾˴˵̀˶˰˽˸̏ ̂˰˺˾˹ ˴˾-
˱˰˲˺˸ ˲ ̀˵̆˵˿̂̃̀˵ ˴˰˵̂ ˾˱̉˸˹ ˿˾˻˾˶˸̂˵˻̌˽̋˹ ̍̄̄˵˺ .̂ ˘˷ 
˴˰˽˽̋̅ ̂˰˺˶˵ ́˻˵˴̃˵̂ ˿̀˾̏˲˻˵˽˸˵ ˾̂̀˸̆˰̂˵˻̌˽˾˳˾ ̍̄̄˵˺̂˰ 
́˽˸˶˵˽˸̏ ˰˴˳˵˷˸˸ ˿˾˺̀̋̂˸˹ ́ ̂˵̇˵˽˸˵˼ ˲̀˵˼˵˽˸: ˿̀˰˺̂˸̇˵-
́˺˸ ˴˲̃˺̀˰̂˽˾˵ ́˽˸˶˵˽˸˵ ˰˴˳˵˷˸˾˽˽˾˹ ˿̀˾̇˽˾́̂˸ ˽˰ ̄˾˽˵ 
́̂˰˱˸˻̌˽˾˳˾ (˾˱̀˰˷˵̆ 2) ˸˻˸ ́˻˰˱˾˲̋̀˰˶˵˽˽˾˳˾ (˾˱̀˰˷˵̆ 
1) ̃˲˵˻˸̇˵˽˸̏ ̂˲˵̀˴˾́̂˸ (˴˻̏ ˺˾˼˿˾˷˸̆˸˹ ́ ́˾˴˵̀˶˰˽˸˵˼ ˲ 
̀˵̆˵˿̂̃̀˵ ˰̆˵̂˾˱̃̂˸̀˰̂˰ ̆˵˻˻̎˻˾˷̋ - ˷˽˰̇˸˼˾˳˾). ˔˰˽˽̋˹ 
̍̄̄˵˺̂ ˼˾˶˽˾ ˾˱̊̏́˽˸̂̌ ̂˾˻̌˺˾ ˿̀˾˴˾˻˶˰̎̉˵˹́̏ ˿˾˻˸-
˼˵̀˸˷˰̆˸˵˹, ˿̀˾˸́̅˾˴̏̉˵˹ ˲ ˿̀˾̆˵́́˵ ̅̀˰˽˵˽˸̏ ˿˾˺̀̋̂˸̏ 
˿̀˸ ˵́̂˵́̂˲˵˽˽˾˼ ˾́˲˵̉˵˽˸˸, ˲̋˷̋˲˰̎̉˵˹ ˴˾˾̂˲˵̀˶˴˵˽˸˵ 
˿˾˺̀̋̂˸̏ ˿˾ ˳˻̃˱˸˽˵ ́˻˾̏ ˸, ˺˰˺ ́˻˵˴́̂˲˸˵, ˵˳˾ ̃́˰˴˺̃.
˝˰ ˱˰˷˵ ˠ˦ ˞˛˜˘˒ ˡ˟˱˓ˣ ˼˵̂˾˴˾˼ ́˿˵˺̂̀˾́˺˾˿˸˸ ˺˾˼˱˸˽˰-
̆˸˾˽˽˾˳˾ ̀˰́́˵̏˽˸̏ ˱̋˻˸ ˸́́˻˵˴˾˲˰˽̋ ˾˱̀˰˷̆̋ ˿˾˺̀̋̂˸˹, 
́̄˾̀˼˸̀˾˲˰˽˽̋̅ ˸˷ ˺˾˼˿˾˷˸̆˸˹ ˾˱̀˰˷̆˰ 2, ̀˰˷˻˸̇˽˾˹ ̂˾˻-
̉˸˽̋: 60, 120, 200, 250 ˸ 300 ˼˺˼. ˘́́˻˵˴˾˲˰˽˸˵ ˿̀˾˲˾˴˸˻˸ 
́ ˿˾˼˾̉̌̎ ̀˰˼˰˽˾˲́˺˾˳˾ ̍˺́˿̀˵́́-́˿˵˺̂̀˾˼˵̂̀˰ SENTERRA 
(Bruker) ˲ ́˿˵˺̂̀˰˻̌˽˾˼ ˴˸˰˿˰˷˾˽˵ 45–3700 ́˼–1 ́ ˸́˿˾˻̌-

˷˾˲˰˽˸˵˼ ˻˰˷˵̀˰ ́ ˴˻˸˽˾˹ ˲˾˻˽̋ 532 ˽˼. ˝˵˿˾́̀˵˴́̂˲˵˽˽˾ 
˸˷̃̇˰˻˸ ˾˱˻˰́̂̌ ́˿˵˺̂̀˾˲ ́ ˾˶˸˴˰˵˼̋˼ ˽˰˻˸̇˸˵˼ ˿˾˻˾́ 
˲ ˾˱˻˰́̂˸ ˲˾˻˽˾˲˾˳˾ ̇˸́˻˰ 1636 ́˼–1, ́˾˾̂˲˵̂́̂˲̃̎̉˵˳˾ 
˴˵̄˾̀˼˰̆˸˾˽˽̋˼ ˺˾˻˵˱˰˽˸̏˼ ˰˻˸̄˰̂˸̇˵́˺˸̅ -C=C- ́˲̏˷˵˹ 
(̀˸́. 3).

ˠ˸́. 3. ˡ˿˵˺̂̀̋ ˺˾˼˱˸˽˰̆˸˾˽˽˾˳˾ ̀˰́́˵̏˽˸̏ ́˲˵̂˰ ˿˾˺̀̋̂˸̏˼˸ ̀˰˷-
˻˸̇˽˾˹ ̂˾˻̉˸˽̋ ˿̀˸ ˿˾˲˵̀̅˽˾́̂˽˾˼ ́˺˰˽˸̀˾˲˰˽˸˸ ˽˰ ́˿˵˺̂̀˾˼˵̂̀˵ 
SENTERRA

˝˰ ̀˸́. 4 ˿̀˸˲˵˴˵˽̋ ̀˵˷̃˻̌̂˰̂̋ ˰˽˰˻˸˷˰ ˸˽̂˵˽́˸˲˽˾́̂˸ 
˿˸˺˾˲ ˲ ˾˱˻˰́̂˸ ˲˾˻˽˾˲˾˳˾ ̇˸́˻˰ 1636 ́˼–1 ˽˰ ́˿˵˺̂̀˰̅, ˿˾-
˻̃̇˵˽˽̋̅ ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ ̂˾˻́̂˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹, ˺˰˺ 
˽˰ ˿˾˲˵̀̅˽˾́̂˸, ̂˰˺ ˸ ˽˰ ˳˻̃˱˸˽˵ 100 ˼˺˼.

ˠ˸́. 4. З˰˲˸́˸˼˾́̂̌ ˸˽̂˵˽́˸˲˽˾́̂˸ ˿˸˺˾˲, ́˾˾̂˲˵̂́̂˲̃̎̉˸̅ ˺˾˻˵˱˰-
˽˸̏˼ -C=C- ́˲̏˷˵˹ ˲ ́˿˵˺̂̀˰̅ ˺˾˼˱˸˽˰̆˸˾˽˽˾˳˾ ̀˰́́˵̏˽˸̏ ˾̂ ̂˾˻̉˸˽̋ 
˿˾˺̀̋̂˸̏: 1 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ ˽˰ ˿˾˲˵̀̅˽˾́̂˸; 2 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ 
˽˰ ˳˻̃˱˸˽˵ 100 ˼˺˼

˘˷ ˿̀˵˴́̂˰˲˻˵˽˽̋̅ ˴˰˽˽̋̅ ́˻˵˴̃˵ ,̂ ̇̂˾ ˸˽̂˵˽́˸˲˽˾́̂̌ 
˿˸˺˾˲, ́˾˾̂˲˵̂́̂˲̃̎̉˸̅ ˺˾˻˵˱˰˽˸̏˼ ˴˲˾˹˽̋̅ ̃˳˻˵̀˾˴-̃˳˻˵-
̀˾˴˽̋̅ ́˲̏˷˵˹ ̃˲˵˻˸̇˸˲˰˵̂́̏ ́ ̀˾́̂˾˼ ̂˾˻̉˸˽̋ ˿˾˺̀̋̂˸̏, 
˰ ̍̂˾ ́˲˸˴˵̂˵˻̌́̂˲̃˵̂ ˾ ˽˵̀˰˲˽˾˼˵̀˽˾́̂˸ ˾̂˲˵̀˶˴˵˽˸̏ ˲ 
́˻˾˵. ˜˾˶˽˾ ˺˾˽́̂˰̂˸̀˾˲˰̂̌, ̇̂˾ ́̂˵˿˵˽̌ ˾̂˲˵̀˶˴˵˽˸̏ ˲ 
˿˾˲˵̀̅˽˾́̂˽˾˼ ́˻˾˵ ́̃̉˵́̂˲˵˽˽˾ ˽˸˶˵, ˰ ̍̂˾ ˼˾˶˽˾ ˾˱̊̏́-
˽˸̂̌ ˱˻˾˺˸̀̃̎̉˸˼ ˲˻˸̏˽˸˵˼ ˺˸́˻˾̀˾˴˰ ˲˾˷˴̃̅˰ ˽˰ ˿̀˾̆˵́́ 
˿˾˻˸˼˵̀˸˷˰̆˸˸.
˝˰ ̀˸́. 5 ˿̀˵˴́̂˰˲˻˵˽˾ ̀˰́˿̀˵˴˵˻˵˽˸˵ ˸˽̂˵˽́˸˲˽˾́̂˸ ˿˸˺˾˲ 
˽˰ ́˿˵˺̂̀˰̅ ˺˾˼˱˸˽˰̆˸˾˽˽˾˳˾ ̀˰́́˵̏˽˸̏, ˿˾˻̃̇˵˽˽̋̅ ˿̀˸ 
́˺˰˽˸̀˾˲˰˽˸˸ ˿˻˵˽˾˺ ̂˾˻̉˸˽˾˹ 60 ˼˺˼, ́˾˾̂˲˵̂́̂˲̃̎̉˸̅ 
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ʄʅʃɹʈɿʇЫ ɽ ɽʆʆʀɺɹʃɷɵʂɽʔ

˴˵̄˾̀˼˰̆˸˾˽˽̋˼ ˺˾˻˵˱˰˽˸̏˼ ˰˻˸̄˰̂˸̇˵́˺˸̅ -C=C- ́˲̏˷˵˹. 
ˡ˺˰˽˸̀˾˲˰˽˸˵ ˿̀˾˲˾˴˸˻˸ ˽˰ ˿˾˲˵̀̅˽˾́̂˸ ˸ ˿˾ ˳˻̃˱˸˽˵ ˿˾-
˺̀̋̂˸̏ ́ ̈˰˳˾˼ 10 ˼˺˼. 
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ˠ˸́.5 ˠ˰́˿̀˵˴˵˻˵˽˸˵ ˸˽̂˵˽́˸˲˽˾́̂˸ ˿˸˺˾˲, ́˾˾̂˲˵̂́̂˲̃̎̉˸̅ ˺˾˻˵˱˰-
˽˸̏˼ -C=C- ́˲̏˷˵˹, ˲ ́˿˵˺̂̀˰̅ ˺˾˼˱˸˽˰̆˸˾˽˽˾˳˾ ̀˰́́˵̏˽˸̏ ˿̀˸ ̀˰˷˻˸̇˽˾˹ 
˳˻̃˱˸˽˵ ́˺˰˽˸̀˾˲˰˽˸̏ ˿˾˺̀̋̂˸˹ ̂˾˻̉˸˽˾˹ 60 ˼˺˼: 1 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ 
̇˵̀˵˷ 1 ́̃̂ ˿˾́˻˵ ̄˾̀˼˸̀˾˲˰˽˸̏; 2 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ ̇˵̀˵˷ 7 ́̃̂ ˿˾́˻˵ 
̄˾̀˼˸̀˾˲˰˽˸̏; 3 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ ̇˵̀˵˷ 14 ́̃̂ ˿˾́˻˵ ̄˾̀˼˸̀˾˲˰˽˸̏ 

˟˾˻̃̇˵˽˽̋˵ ˷˰˲˸́˸˼˾́̂˸ (̀˸́. 5) ˿˾˴̂˲˵̀˶˴˰̎̂ ˳˸˿˾̂˵˷̃ 
˾ ̂˾˼, ̇̂˾ ́ ̂˵̇˵˽˸˵˼ ˲̀˵˼˵˽˸ (˴˾ 14 ́̃̂) ˲ ˳˻̃˱˸˽˵ ̂˾˽˺˾́-
˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹ ˿̀˾̆˵́́ ˿˾˻˸˼˵̀˸˷˰̆˸˸ ˿̀˾˴˾˻˶˰˵̂́̏.
ˠ˵˷̃˻̌̂˰̂̋ ˸́́˻˵˴˾˲˰˽˸̏ ˿˾˺˰˷̋˲˰̎ ,̂ ̇̂˾ ̂˰˺˾˹ ˶˵ ˿̀˾̆˵́́ 
˽˰˱˻̎˴˰˵̂́̏ ˸ ˲ ̂˾˻́̂˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸̏̅. ˝˰ ̀˸́. 6 ˿̀˸-
˲˵˴˵˽̋ ˴˰˽˽̋˵ ˿˾ ˺˾˽˲˵̀́˸˸ ˴˲˾˹˽̋̅ ̃˳˻˵̀˾˴-̃˳˻˵̀˾˴˽̋̅ 
́˲̏˷˵˹ ˿˾ ˳˻̃˱˸˽˵ ˴˾ 100 ˼˺˼ ˿˾˺̀̋̂˸̏ ̂˾˻̉˸˽˾˹ 300 ˼˺˼ 
˴˻̏ ̂˾˳˾ ˶˵ ˲̀˵˼˵˽˽˾˳˾ ˴˸˰˿˰˷˾˽˰ (˴˾ 14 ́̃̂).
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ˠ˸́.6. ˠ˰́˿̀˵˴˵˻˵˽˸˵ ˸˽̂˵˽́˸˲˽˾́̂˸ ˿˸˺˾˲, ́˾˾̂˲˵̂́̂˲̃̎̉˸̅ ˺˾˻˵˱˰˽˸̏˼ 
-C=C- ́˲̏˷˵˹, ˲ ́˿˵˺̂̀˰̅ ˺˾˼˱˸˽˰̆˸˾˽˽˾˳˾ ̀˰́́˵̏˽˸̏ ˿̀˸ ̀˰˷˻˸̇˽˾˹ ˳˻̃˱˸˽˵ 
́˺˰˽˸̀˾˲˰˽˸̏ ˿˾˺̀̋̂˸˹ ̂˾˻̉˸˽˾˹ 300 ˼˺˼: 1 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ ̇˵̀˵˷ 1 ́̃̂
˿˾́˻˵ ̄˾̀˼˸̀˾˲˰˽˸̏; 2 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ ̇˵̀˵˷ 7 ́̃̂ ˿˾́˻˵ ̄˾̀˼˸̀˾˲˰˽˸̏; 
3 — ˿̀˸ ́˺˰˽˸̀˾˲˰˽˸˸ ̇˵̀˵˷ 14 ́̃̂ ˿˾́˻˵ ̄˾̀˼˸̀˾˲˰˽˸̏ 

˟˾˻̃̇˵˽˽̋˵ ˴˰˽˽̋˵ ˴˾́̂˾˲˵̀˽˾ ˿˾˴̂˲˵̀˶˴˰̎̂ ˳˸˿˾̂˵˷̃ ˾ 
˽˵˳˰̂˸˲˽˾˼ ˲˻˸̏˽˸˸ ˽˰ ˰˴˳˵˷˸˾˽˽̃̎ ˿̀˾̇˽˾́̂̌ ˿˾˺̀̋̂˸˹ 
̍̄̄˵˺̂˰ ˿̀˾˴˾˻˶˰̎̉˵˹́̏ ˿˾́˻˵ ˿̀˵˺̀˰̉˵˽˸̏ ̍˺́˿˾˷˸̆˸˸ 
˿˾˻˸˼˵̀˸˷˰̆˸˸, ˿̀˾̏˲˻̏̎̉˵˹́̏ ˲ ˿̀˾̆˵́́˵ ˸̅ ́˲˵̂˾˲˾˳˾ 
̅̀˰˽˵˽˸̏ ˸ ˲̋˷̋˲˰̎̉˵˹ ˵˳˾ ̃́˰˴˺̃. ˟̀˸ ̍̂˾˼ ́̀˰˲˽˵˽˸˵ 
˷˰˲˸́˸˼˾́̂˵˹ ˽˰ ̀˸́. 5 ˸ ̀˸́. 6 ˴˰˵̂ ˾́˽˾˲˰˽˸˵ ̃̂˲˵̀˶˴˰̂̌, 
̇̂˾ ˲ ˾˴˽˾˼ ˸ ̂˾˼ ˶˵ ˲̀˵˼˵˽˽ó˼ ˴˸˰˿˰˷˾˽˵ ˼˾˶˽˾ ˽˰˱˻̎-
˴˰̂̌ ̀˰˷˽̋˹ ̅˰̀˰˺̂˵̀ ˿̀˾̆˵́́˰ ̀˰́˺̀̋̂˸̏ ˴˲˾˹˽̋̅ ́˲̏˷˵˹ 

́ ̂˵̇˵˽˸˵˼ ˲̀˵˼˵˽˸ ˲ ˿˾˺̀̋̂˸̏̅ ̀˰˷˽˾˹ ̂˾˻̉˸˽̋. ˔˻̏ 
̂˾˽˺˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹ (̀˸́. 5) ˴˰˶˵ ˿˾́˻˵ 14 ́̃̂ ̅̀˰˽˵˽˸̏ 
˽˰˱˻̎˴˰˵̂́̏ ˽˵̀˰˲˽˾˼˵̀˽˾́̂̌ ˾̂˲˵̀˶˴˵˽˸̏ ˿˾ ˳˻̃˱˸˽˵ 
́˻˾̏, ˲ ̂˾ ˲̀˵˼̏ ˺˰˺ ˴˻̏ ̂˾˻́̂˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹ ˽˰ ̂˵̅ ˶˵ 
˳˻̃˱˸˽˰̅ (˴˾ 50 ˼˺˼) ˽˰ 14-˵ ́̃̂˺˸ ˽˰˱˻̎˴˰˵̂́̏ ˾˴˸˽˰˺˾˲˰̏ 
́̂˵˿˵˽̌ ˺˾˽˲˵̀́˸˸ ˴˲˾˹˽̋̅ ́˲̏˷˵˹ ˿˾ ˳˻̃˱˸˽˵ ́˻˾̏. ˑ˾˻˵˵ 
̂˾˳˾, ˿̀˰˺̂˸̇˵́˺˸ ̂˰˺˰̏ ˶˵ ́̂˵˿˵˽̌ ˺˾˽˲˵̀́˸˸ ˽˰˱˻̎˴˰˵̂́̏ 
˸ ˽˰ ˱˾˻̌̈˵˹ ˳˻̃˱˸˽˵ — ˴˾ 100 ˼˺˼.
ˠ˵˷̃˻̌̂˰̂̋ ˸́́˻˵˴˾˲˰˽˸̏ ˿˾˷˲˾˻̏̎̂ ́˴˵˻˰̂̌ ́˻˵˴̃̎̉˸˵ 
˲̋˲˾˴̋:
− ́˲˵̂˾˲˾˵ ̅̀˰˽˵˽˸˵ ˿˾˺̀̋̂˸˹, ˿˾˻̃̇˰˵˼̋̅ ̂˵̅˽˾˻˾˳˸˵˹ UV 
LED-˾̂˲˵̀˶˴˵˽˸̏, ˲́˵˳˴˰ ́˾˿̀˾˲˾˶˴˰˵̂́̏ ˿̀˾˴˾˻˶˰̎̉˵˹́̏ 
˿˾́˻˵ ˾˺˾˽̇˰˽˸̏ ̍˺́˿˾˷˸̆˸˸ ˿˾˻˸˼˵̀˸˷˰̆˸˵˹, ̍̄̄˵˺̂˸˲-
˽˾́̂̌ ˺˾̂˾̀˾˹ ˱̃˴˵̂ ˾˿̀˵˴˵˻̏̂̌́̏ ˽˵ ̂˾˻̌˺˾ ̀˵̆˵˿̂̃̀˽̋˼ 
́˾́̂˰˲˾˼ ˺˾˼˿˾˷˸̆˸˸, ˽˾ ˸ ̂˾˻̉˸˽˾˹ ̄˾̀˼˸̀̃˵˼˾˳˾ ˿˾-
˺̀̋̂˸̏;
− ˿˾́̂̍˺́˿˾˷˸̆˸˾˽˽˰̏ ˿˾˻˸˼˵̀˸˷˰̆˸̏ ˱˾˻˵˵ ̍̄̄˵˺̂˸˲˽˾ 
˿̀˾̅˾˴˸̂ ˲ ˳˻̃˱˸˽˵ ́˻˾̏ ˸ ˿̀˰˺̂˸̇˵́˺˸ ˽˵ ˿̀˾̏˲˻̏˵̂́̏ ˽˰
˿˾˲˵̀̅˽˾́̂˸, ̇̂˾ ˾˱̊̏́˽˸˼˾ ˸˽˳˸˱˸̀˾˲˰˽˸˵˼ ˿̀˾̆˵́́˰ 
˺˸́˻˾̀˾˴˾˼ ˲˾˷˴̃̅˰;
− ˴˻̏ ̂˾˽˺˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹ ˿̀˾̆˵́́ ́˲˵̂˾˲˾˳˾ ̅̀˰˽˵˽˸̏ 
˿̀˾˲˾̆˸̀̃˵̂ ˿̀˾̏˲˻˵˽˸˵ ̍̄̄˵˺̂˰ ˿̀˾˴˾˻˶˰̎̉˵˹́̏ ˿˾-
˻˸˼˵̀˸˷˰̆˸˸ ˲ ˳˻̃˱˸˽˵ ́˻˾̏ ˸ ˿̀˸˲˾˴˸̂ ˺ ˽˵̀˰˲˽˾˼˵̀˽˾́̂˸
˾̂˲˵̀˶˴˵˽˸̏; ˿̀˸ ̍̂˾˼ ˼˰˺́˸˼˰˻̌˽˰̏ ́̂˵˿˵˽̌ ˺˾˽˲˵̀́˸˸ 
˴˲˾˹˽̋̅ ́˲̏˷˵˹ ˴˾́̂˸˳˰˵̂́̏ ˽˰ ˳˻̃˱˸˽˵ ́˻˾̏ 50 ˼˺˼ ˿˾́˻˵
́˲˵̂˾˲˾˳˾ ̅̀˰˽˵˽˸̏ ˲ ̂˵̇˵˽˸˵ 14 ́̃̂;
− ˴˻̏ ̂˾˻́̂˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹ ˽˵̀˰˲˽˾˼˵̀˽˾́̂̌ ˾̂˲˵̀˶˴˵-
˽˸̏ ˿̀˸́̃̉˰ ˸˷˽˰̇˰˻̌˽˾, ́ ˼˾˼˵˽̂˰ ̄˾̀˼˸̀˾˲˰˽˸̏ ˿˾-
˺̀̋̂˸̏ ˿˾˴ ˲˾˷˴˵˹́̂˲˸˵˼ ˸˽˸̆˸˸̀̃̎̉˵˳˾ ˸˷˻̃̇˵˽˸̏. ˞˽˰ 
˿̀˾̏˲˻̏˵̂́̏ ˷˽˰̇˸̂˵˻̌˽̋˼ ˺˾˻˸̇˵́̂˲˾˼ ˽˵̀˰́˺̀̋˲̈˸̅́̏ 
˴˲˾˹˽̋̅ ́˲̏˷˵˹ ˽˰ ˳˻̃˱˸˽˵ >50 ˼˺˼. ˡ˲˵̂˾˲˾˵ ̅̀˰˽˵˽˸˵ ̂˾˻-
́̂˾́˻˾˹˽̋̅ ˿˾˺̀̋̂˸˹ ̂˰˺˶˵ ˿̀˸˲˾˴˸̂ ˺ ̍̄̄˵˺̂̃ ˿̀˾˴˾˻˶˰-
̎̉˵˹́̏ ˿˾˻˸˼˵̀˸˷˰̆˸˸, ˿̀˸ ̍̂˾˼ ˲̋̀˰˲˽˸˲˰˵̂́̏ ́̂˵˿˵˽̌ 
˺˾˽˲˵̀́˸˸ ˴˲˾˹˽̋̅ ́˲̏˷˵˹ ˿˾ ̂˾˻̉˸˽˵ ˿˾˺̀̋̂˸̏ ˽˰ ˳˻̃˱˸˽̃ 
˴˾ 100 ˼˺˼ ˲ ̂˵̇˵˽˸˵ 14 ́̃ .̂

И́́˻˵˴˾˲˰˽˸̏ ˿̀˾˲˵˴˵˽̋ ́ ˸́˿˾˻̌˷˾˲˰˽˸˵˼ ˾˱˾̀̃˴˾˲˰˽˸̏ ̀˵́̃̀́˽˾˳˾ 
̆˵˽̂̀˰ ˝˰̃̇˽˾˳˾ ˿˰̀˺˰ С˟˱ГУ «˞˿̂˸̇˵́˺˸˵ ˸ ˻˰˷˵̀˽̋˵ ˼˵̂˾˴̋ ˸́-
́˻˵˴˾˲˰˽˸̏ ˲˵̉˵́̂˲˰»/Scientifi c research were performed at the Center for 
Optical and Laser Research of Research park of St. Petersburg State University 

˿˾ ́˾˳˻˰̈˵˽˸̎ № С˞-˝˟-9 ˾̂ 10.02.2016.

ʆʤʝʦʣʟ ʠʝʧʚʥʕʧʨʥʰ
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