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Abstract 

The article discusses one of the types of building envelopes, wall panels on a wooden frame. Thermophysical 

characteristics of wall panels are investigated, and two variants of their joint operation with a ventilated facade 

system are compared. 

ɸʥʥʦʪʘʮʠʷ 

ʄʘץʘʣʘʜʘ ʘʨʘʣʘʩ ʦץʰʘʫʣʘסʳʰ ײץʨʳʣʳʩ ײץʨʳʣʳʤʜʘʨʳʥʳש ʙʽʨʽ ï ʘסʘʰ ץʘץשʘʣʳ ץʘʙʳʨסʘ ʧʘʥʝʣʴʜʝʨʽ 

 ʞʝʣʜʝʪʽʣʛʝʥ שʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʽʧ, ʦʣʘʨʜʳץ ץʞʳʣʫʬʠʟʠʢʘʣʳ שʘ ʧʘʥʝʣʴʜʝʨʽʥʽסʘʙʳʨפ .ʘʨʘʩʪʳʨʳʣʘʜʳץ

 .ʤʳʩʳ ʩʘʣʳʩʪʳʨʳʣʘʜʳײʞ שʘʩʳʥʳץʩײʳ ʝʢʽ ʥסʘʥʜʘסʦʣʜʘʥץ ʡʝʩʽʤʝʥ ʙʽʨʛʝװʘʩʙʝʪ ʞץ

 

Keywords: timber frame, wall panel, thermal conductivity, ventilated facade, air velocity, air gap, average 

temperature, thermal resistance, thermophysical characteristics 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʘסʘʰ ץʘץשʘ, ץʘʙʳʨסʘ ʧʘʥʝʣʽ, ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ, ʞʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪ, ʘʫʘʥʳץ שʦʟסʘʣʳʩ 

ʞʳʣʜʘʤʜʳסʳ, ʘʫʘ ץʘʙʘʪʳ, ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽ, ʞʳʣʫʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ 

 

 ʳʟʫʜʘסʨײʠʤʘʨʘʪʪʘʨʜʳ ʪס ʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘײפ

 ʘסʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʩʘʥ ʘʣʫʘʥ. ʆʣʘʨץ

 ʦʡʳʣʘʪʳʥ ʙʘʩʪʳ ʪʘʣʘʧ ï ʘʜʘʤ ᴇʤʽʨʽ ʤʝʥץ

ʜʝʥʩʘʫʣʳסʳ װʰʽʥ ץʘʫʽʧʩʽʟʜʽʛʽ, ʩʝʥʽʤʜʽʣʽʛʽ ʞᴅʥʝ 

ʞʳʣʫᴇʪʢʽʟʛʽʰʙʝʫʰʽʣʽʛʽ. ʆʜʘʥ ʢʝʡʽʥ ï ʦʥʳש ʙʘסʘʩʳ, 

ʵʩʪʝʪʠʢʘʣʳץ ʪʘʣסʘʤʜʳʣʳסʳ ʞᴅʥʝ ץʦʣʜʘʥʫ 

ᴅʤʙʝʙʘʧʪʳסʳ. 

ʄʘʪʝʨʠʘʣʜʘʨʜʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש 

ʙʽʨʽ ï ʦʣ ʦʥʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ. 

ɾʳʣʫʜʳש ʙʽʨ ʙʝʪʪʝʥ (ʞʳʣʳʨʘץ) ʝʢʽʥʰʽ ʙʝʪʢʝ 

(ʩʘʣץʳʥʳʨʘץ) ᴇʪʫ ץʘʩʠʝʪʽ ʦʥʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ײפʨʳʣʳʩ ʩʘʣʘʩʳ 

 ʰʽʥ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽ 0,175 ɺʪ/ʤÁʉ ʪᴇʤʝʥװ

ʤʘʪʝʨʠʘʣʜʘʨ ʞʳʣʫʦץʰʘʫʣʘסʳʰ ʤʘʪʝʨʠʘʣʜʘʨסʘ 

ʞʘʪʘʜʳ. ɿʘʤʘʥʘʫʠ ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽ 0,05 ɺʪ/ʤÁʉ-ʜʝʥ 

ʪᴇʤʝʥ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʧʘʡʜʘ ʙʦʣʜʳ. 

ʊᴇʤʝʥʜʝʛʽ 1-ʩʫʨʝʪʪʝ ײץʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ 

 ʩʘʣʳʩʪʳʨʤʘʣʳ שʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʜʝשʛʝʡʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

  
1-ʩʫʨʝʪ. ϧϰʨʳʣʳʩʪʘ Ϩʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳϬ ʞʳʣʫϺʪʢʽʟʛʽʰʪʽʢ ʜʝϬʛʝʡʣʝʨʽ 

 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝש ʪᴇʤʝʥ 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʢʝ ײץʨסʘץ ʘʫʘ ʠʝ (ʰʘʤʘʤʝʥ 

0,023 ɺʪ/ʤÁʉ). ʆץʰʘʫʣʘסʳʰ ץʘʙʳʨסʘ 

 ʳʣʘʫʣʘʨʳ ʙʘʨ ʢʝʫʝʢʪʽשʨʳʣʳʤʜʘʨʳʥʜʘ ʘʫʘ ʩʘײץ

ʤʘʪʝʨʠʘʣʜʳ ץʦʣʜʘʥʫ ʦʥʳש ʪᴇʤʝʥ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʘʙʽʣʝʪʪʽʣʽʛʽʥץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ײץʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘסʳ ʞʳʣʫ 

ʩʘץʪʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʩʦסשʳ ʞʝʪʽʩʪʽʢʪʽש ʙʽʨʽ ï ʦʣ 

ʞʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪʪʝʨʜʽ ץʦʣʜʘʥʫ ᴅʜʽʩʽ. ʄײʥʜʘʡ 

 ʘʣʳʧʪʳץ ʩʘʪ ïץʳ ʥʝʛʽʟʛʽ ʤʘסʦʣʜʘʥʫʜʘץ ʘʩʙʝʪʪʝʨʜʽץ

ʪʝʤʧʝʨʘʪʫʨʘʣʳ-ʳʣסʘʣʜʳʣʳץ ʨʝʞʠʤʜʝʛʽ 

 שʨʳʣʳʤʜʘʨʳʥʳײץ ʳʰסʰʘʫʣʘץʦ שʠʤʘʨʘʪʪʳס
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ʞʳʣʫʦץʰʘʫʣʘסʳʰ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʥʦʨʤʘʪʠʚʪʽʢ 

ʪʘʣʘʧʪʘʨʜʳש ʜʝשʛʝʡʽʥʝ ʜʝʡʽʥ ʢᴇʪʝʨʫ [1]. 

ɾʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪʪʝʨʜʝʛʽ ʘʫʘ ץʘʙʘʪʳ ʢʝʣʝʩʽ 

ʪʘʣʘʧʪʘʨʜʳ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ: 

1) ʦץʰʘʫʣʘסʳʰ ײץʨʳʣʳʤʜʘʨʜʳש r ʣסʘʣʜʳʣʳץ 

ʨʝʞʠʤʽʥ ʩʘץʪʘʫ; 

 ʳʟʳʧץ ʥ ʨʘʜʠʘʮʠʷʩʳʥʘʥװʨʳʣʳʤʜʘʨʜʳ ʢײץ (2

ʢʝʪʫʜʝʥ ʩʘץʪʘʫ; 

 ʘʣʜʘʥסʳʣ ץʨʳʣʳʤʜʘʨʜʳ ʘʪʤʦʩʬʝʨʘʣʳײץ (3

ʩʘץʪʘʫ. 

ɾʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪʪʝʨʜʽש ʪײʪʳʥʫʜʘסʳ 

ʞʳʣʫʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʦʣʞʘʫ ʜᴅʣʜʽʛʽʥ 

ʘʨʪʪʳʨʫ װʰʽʥ ʙʘʨʣʳץ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ 

ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢʝʰʝʥʜʽ ʪװʨʜʝ 

ʟʝʨʪʪʝʫ ץʘʞʝʪ [2, 3, 4, 5]. 

ɼᴅʩʪװʨʣʽ ʦץʰʘʫʣʘסʳʰ ײץʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש (ʢʽʨʧʽʰ, ʞʝשʽʣʙʝʪʦʥʜʳ 

ʧʘʥʝʣʴʜʝʨ ʤʝʥ ʙʣʦʢʪʘʨ) ʞʳʣʫᴇʪʢʽʟʫʛʝ ʢʝʜʝʨʛʽʩʽ 0,8-

1,4 ʤ2Áʉ/ɺʪ ײץʨʘʡʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʞʳʣʫᴇʪʢʽʟʫʛʝ 

ʢʝʜʝʨʛʽʩʽ 5,6 ʤ2Áʉ/ɺʪ-ץʘ ʞʝʪʝʪʽʥ ʟʘʤʘʥʘʫʠ 

ʦץʰʘʫʣʘסʳʰ ײץʨʳʣʳʤʜʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʣʘʨʜʳש 

ʙʽʨʽ ï ʪʠʽʤʜʽ ʞʳʣʫʦץʰʘʫʣʘסʳʰ ץʘʙʘʪʪʘʨʳ ʙʘʨ 

ʢᴇʧץʘʙʘʪʪʳ ʦץʰʘʫʣʘסʳʰ ץʘʙʳʨסʘ ײץʨʳʣʳʤʜʘʨʳ. 

ʆʩʳ ʤʘץʘʣʘʜʘ ʘסʘʰ ץʘץשʘʣʳ ץʘʙʳʨסʘ 

ʧʘʥʝʣʴʜʝʨʽʥʽש ʞʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪʪʽש ʝʢʽ ʥײʩץʘʩʳʥ 

 ʩʠʧʘʪʪʘʤʘʣʘʨʳ ץʳ ʞʳʣʫʬʠʟʠʢʘʣʳסʘʥʜʘסʦʣʜʘʥץ

 :ʘʨʘʩʪʳʨʳʣʘʜʳץ

1-ʥײʩץʘ ï ʘסʘʰ ץʘץשʘʣʳ ץʘʙʳʨסʘ ʧʘʥʝʣʴʜʝʨʽ 

ʤʝʥ סʠʤʘʨʘʪʪʳש ʪʝʤʽʨʙʝʪʦʥ ץʘץשʘʩʳʥʘ ʠʽʣʽʤʜʽ 

ʙʘʡʣʘʥʳʩʪʘʨ ʘʨץʳʣʳ ʙʝʢʽʪʽʣʝʪʽʥ ʢʽʨʧʽʰʧʝʥ 

 ;ʨʳʣʳʤײץ ʘʥסʘʧʪʘʣץ

2-ʥײʩץʘ ï סʠʤʘʨʘʪʪʳש ʪʝʤʽʨʙʝʪʦʥ 

ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʤʝʪʘʣʣ ʙʘʡʣʘʥʳʩʪʘʨʤʝʥ ʙʝʢʽʪʽʣʛʝʥ 

ʢʝʨʘʤʦʛʨʘʥʠʪʪʽ ʪʘץʪʘʣʘʨʤʝʥ ץʘʧʪʘʣסʘʥ ײץʨʳʣʳʤ. 

-ʘʩʠʝʪʪʝʨʽ 2.04ץ ʘʥ ʤʘʪʝʨʠʘʣʜʘʨסʘʙʳʣʜʘʥפ

 .ʘʥסʘʙʳʣʜʘʥץ ʈ ɽɾ [2] ʩᴅʡʢʝʩפ 106-2012

ʂʣʠʤʘʪʪʳץ ʞʘסʜʘʡ ʅײʨ-ʉײʣʪʘʥ ץʘʣʘʩʳ װʰʽʥ 

 שʘʥ, ʝסʘʙʳʣʜʘʥץ ʈ ɽɾ 2.04-01-2017 [6] ʙʦʡʳʥʰʘפ

ʩʫʳץ ʘʡʣʘʨ - ץʘשʪʘʨ ʤʝʥ ʘץʧʘʥʜʘ ʦʨʪʘʰʘ ʘʫʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ -27 Áʉ. ɽʩʝʧʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨ ʨʝʪʽʥʜʝ 

 ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ שʘʥ ʽʰʢʽ ʘʫʘʥʳסʘʙʳʣʜʘʥץ

ὸ̨  20Áʉ ʞᴅʥʝ ץʘʪʳʩʪʳץ ʳʣסʘʣʜʳʣʳ55% = ̨• ץ. 

 ʘʙʘʪʳʥʘ ʜʝʡʽʥʛʽץ ʽʰʢʽ ʙʝʪʽʥʝʥ ʘʫʘ שʘʥʳסʘʙʳʨפ

ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʩʽ 4 ʤ2 Áʉ/ɺʪ ײץʨʘʡʜʳ. 

 ʘʩʳ 42ʭ145 ʤʤץשʘץ שʧʘʥʝʣʴʜʽ ץʘʣʳסʘʙʳʨפ

 ,ʘʥסʘʰʪʘʥ ʞʘʩʘʣסʪʳ ʪʠʧʪʽ ʘץʘʥ ʞʘʧʳʨʘץʳʣץ

 :ʨʘʜʳײʘʙʘʪʪʘʨʜʘʥ ʪץ ʘסʘʙʳʨץ

 ʳ ɿ ̄̋=̓12,5ʤʤ ʛʠʧʩʦʢʘʨʪʦʥסʜʳשʘʣʳץ -

ʪʘץʪʘʣʘʨʳ (ʛʢʪ), ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ‗̄ ̋̓ = 0,21 ɺʪ/(̍Ј  שʘʙʘʪʪʳץ ,˞(

ʙʫᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʢʝʜʝʨʛʽʩʽ Ὑ̄ ̋̓ πȟσ ̍ Ͻ̒ Ͻ́̃ Ⱦ́
̍ ;̄ 

 ʘʥסʪʘʣץʥʪʘײ ʳ ɿ ̗́̇=̓12ʤʤסʜʳשʘʣʳץ -

ʮʝʤʝʥʪʪʽ ʘסʘʰ ʞʦץשʘʣʳ ʪʘץʪʘʣʘʨ (ʮʘʞʪ), 

ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ‗̗ ́̇̓ 

= 0,26 ɺʪ/(̍Ј  ʙʫᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʢʝʜʝʨʛʽʩʽ שʘʙʘʪʪʳץ ,˞(
Ὑ̗ ́̇̓πȟτ ̍ Ͻ̒ Ͻ́̃ Ⱦ́̍ ;̄ 

- ʙʫʦץʰʘʫʣʘסʳʰ ץʘʙʘʪ (ץʘʣʳשʜʳסʳ 200 ʤʢʤ 

ʙʦʣʘʪʳʥ ʧʦʣʠʵʪʠʣʝʥ ʧʣʝʥʢʘʩʳ) ץʘʙʘʪʪʳש 

ʙʫᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʢʝʜʝʨʛʽʩʽ Ὑ̂ ̔̏ ̙χȟσ ̍ Ͻ̒ Ͻ́̃ Ⱦ́

̍ ;̄ 

- ʪʳסʳʟʜʳסʳ 35 ʢʛ/ʤ3, ץʘʣʳשʜʳסʳ 

ɿ ̍̍=̓150ʤʤ ʙʦʣʘʪʳʥ ʤʠʥʝʨʘʣʜʳ ʤʘץʪʘʣʳ ʪʘץʪʘ 
(ʤʤʪ), ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 

‗̍ ̍ ̓= 0,045 ɺʪ/(̍Ј )˞, ʤʘʪʝʨʠʘʣʜʳש ʙʫᴇʪʢʽʟʛʽʰʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ‘̍ ̍̓ 0,5 ɺʪȾ̍Ј˞ 

 ʘʥסʪʘʣץʥʪʘײ ʳ ɿ ̗́̇=̓12ʤʤסʜʳשʘʣʳץ -

ʮʝʤʝʥʪʪʽ ʘסʘʰ ʞʦץשʘʣʳ ʪʘץʪʘʣʘʨ (ʮʘʞʪ), 

ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ‗̗ ́̇̓ 

= 0,26 ɺʪ/(̍Ј  ʙʫᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʢʝʜʝʨʛʽʩʽ שʘʙʘʪʪʳץ ,˞(
Ὑ̗ ́̇̓πȟτ ̍ Ͻ̒ Ͻ́̃ Ⱦ́̍ ;̄ 

- ʪʳסʳʟʜʳסʳ 90 ʢʛ/ʤ3, ץʘʣʳשʜʳסʳ ɿ ̍̍ ̐= 50ʤʤ 
ʙʦʣʘʪʳʥ ʤʠʥʝʨʘʣʜʳ ʤʘץʪʘʣʳ ʪʘץʪʘ (ʤʤʪ), 

ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 

‗̍ ̍ ̓= 0,045 ɺʪ/(̍Ј )˞, ʤʘʪʝʨʠʘʣʜʳש ʙʫᴇʪʢʽʟʛʽʰʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ‘̍ ̍̓ 0,5 ɺʪȾ̍Ј˞ 

- ʘʫʘ ץʘʙʘʪʳ 40 ʤʤ. 

1-ʥײʩץʘסʘ ʩᴅʡʢʝʩ ϸʨʣʝʫʰʽ ʢʽʨʧʽʰ Ϩʘʙʘʪʳ ï 

 ʳ ɿ ̋=120ʤʤ, ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢסʜʳשʘʣʳץ

ʢʦʵʬʬʠʮʠʝʥʪʽ ‗̋=0,87 ɺʪ/(̍Ј )˞ ʩʠʣʠʢʘʪʪʳ 

ʢʽʨʧʽʰʪʝʥ ʞʘʩʘʣʘʜʳ. פʘʣʘʥסʘʥ ʢʽʨʧʽʰʪʽש ʘʩʪʳסשʳ 

ʞᴅʥʝ װʩʪʽשʛʽ ץʘʙʘʪʪʘʨʳʥʜʘ ʘʫʘ ʘʣʤʘʩʫʳʥ 

 ʫʳʩʪʘʨץ ʨʽʥʜʝʛʽװʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʦʩ ʞʽʢʪʝʨ ʪץ

 ʘʙʘʪʳ ʧʘʥʝʣʴʛʝץ ʳ ʢʽʨʧʽʰץʘʥ, ʩʳʨʪסʘʨʘʩʪʳʨʳʣץ

ʠʽʣʽʤʜʽ ʙʘʡʣʘʥʳʩʪʘʨʤʝʥ ʙʝʢʽʪʽʣʝʜʽ. ɹʘʡʣʘʥʳʩ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʦʨʪʘʰʘ ʩʘʥʳ 6 ʰʪ/ʤ2. ɸʫʘ 

 ʤʘʢʩʠʤʘʣʜʳ ʙʠʽʢʪʽʛʽ 15ʤ. ʂʽʨʧʽʰʪʽ שʘʙʘʪʳʥʳץ

ᴅʨʣʝʫʰʽ ץʘʙʘʪʳ ʙʘʨ ʥײʩץʘ ʩײʣʙʘʩʳ 2-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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2-ʩʫʨʝʪ. Ϸʨʣʝʫʰʽ ʢʽʨʧʽʰ Ϩʘʙʘʪʳʤʝʥ ϨʘʧʪʘʣϤʘʥ Ϩʘʩʙʝʪ ʞϮʡʝʩʽ 

1 ï̔ ʨʛʝʪʘʩ; 2 ï ϸʨʣʝʫʰʽ Ϩʘʙʘʪ ʽʨʛʝʪʘʩʳ; 3 ï ʜʝʬʦʨʤʘʮʠʷʣʳϨ ʞʽʢ; 4 ï ʛʠʜʨʦʠʟʦʣʷʮʠʷ Ϩʘʙʘʪʳ;  

5 ï ʘʨʤʘʪʫʨʘʣʳϨ ʪʦʨ; 6 ï ʘʥʢʝʨ(ʠʽʣʽʤʜʽ ʙʘʡʣʘʥʳʩ); 7 ï ʤʠʥʝʨʘʣʜʳ ʤʘϨʪʘʣʳ ʪʘϨʪʘ  

 

2-ʥײʩץʘסʘ ʩᴅʡʢʝʩ 10ʭ600ʭ600 ʤʤ 

ʢʝʨʘʤʦʛʨʘʥʠʪʪʽ ʪʘϨʪʘʣʘʨʤʝʥ Ϩʘʧʪʘʫʜʘ ʪʘץʪʘʣʘʨ 

ʙʽʨ-ʙʽʨʽʥʝʥ 8...10 ʤʤ ʘʨʘץʘʰʳץʪʳץʪʘ 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. ɽʩʝʧʪʝʫʜʝ ʙײʣ ʪʘץʪʘʣʘʨʜʳש 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽ ʝʩʢʝʨʽʣʤʝʡʜʽ. ʂʝʨʘʤʦʛʨʘʥʠʪ 

ʪʘץʪʘʣʘʨ ʪʽʢ ʦʨʥʘʣʘʩץʘʥ ʙʘסʳʪʪʘʫʳʰ 

ʧʨʦʬʠʣʴʜʝʨʛʝ, ʘʣ ʧʨʦʬʠʣʴʜʝʨ ʙʦʣʘʪ ʢʨʦʥʰʪʝʡʥʜʝʨ 

ʘʨץʳʣʳ ʪʝʤʽʨʙʝʪʦʥ ʘʨʘʞʘʙʳʥʜʘʨסʘ ʙʝʢʽʪʽʣʝʜʽ. ɸʫʘ 

 ʤʘʢʩʠʤʘʣʜʳ ʙʠʽʢʪʽʛʽ 30ʤ. 3-ʩʫʨʝʪʪʝ שʘʙʘʪʳʥʳץ

ʢʝʨʘʤʦʛʨʘʥʠʪʪʽ ʪʘץʪʘʣʘʨʤʝʥ ץʘʧʪʘʣסʘʥ ץʘʩʙʝʪ 

ʞװʡʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 
3-ʩʫʨʝʪ. ʂʝʨʘʤʦʛʨʘʥʠʪʪʽ ʪʘϨʪʘʣʘʨʤʝʥ ϨʘʧʪʘʣϤʘʥ Ϩʘʩʙʝʪ ʞϮʡʝʩʽ 

1 ï ʢʨʦʥʰʪʝʡʥ; 2 ï ʥʝʛʽʟʛʽ ʧʨʦʬʠʣʴ; 3 ï ʢʝʨʘʤʦʛʨʘʥʠʪʪʽ ʪʘϨʪʘ;  

4 ï ʤʠʥʝʨʘʣʜʳ ʤʘϨʪʘʣʳ ʪʘϨʪʘ; 5 ï ʘʫʘ Ϩʘʙʘʪʳ 

 

ɸʫʘ ץʘʙʘʪʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʩʳʨʪץʳ ʘʫʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘʥ ʪᴅʫʝʣʜʽ, ʩʦʥʜʳץʪʘʥ ʙײʣ 

ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʞʘʣʧʳ ʞʘסʜʘʡסʘ ʝʩʝʧʪʝʫ ʤװʤʢʽʥ 

ʝʤʝʩ. ɽʩʝʧ ʞװʨʛʽʟʫʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡ 

ʤʝʥ ץʘʙʳʨסʘʥʳש ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʩʽʥ ʙʽʣʫ ץʘʞʝʪ. 

ɸʫʘ ץʘʙʘʪʳʥʜʘסʳ ʘʫʘ ʘʣʤʘʩʫʜʳש ʙʘʩץʘ 

ʧʘʨʘʤʝʪʨʣʝʨʽ (ʘʫʘ ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ʞʳʣʫ ʘʣʤʘʩʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ) ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʜʘʥ ʘʩʘ ʪᴅʫʝʣʜʽ 

ʝʤʝʩ ʞᴅʥʝ ʘʫʘ ץʘʙʘʪʳʥʜʘסʳ ץʦʩʳʤʰʘ ʪʠʽʤʜʽ 

ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʩʽ ʤʝʥ ʩʳʨʪץʳ ץʘʙʘʪʪʳש ʰʘʨʪʪʳ 

ʦʨʪʘʰʘ ʳʣסʘʣ ʙʝʨʫʛʝ ʢʝʜʝʨʛʽʩʽ ʜʝ ᴅʨ ʪװʨʣʽ 

ʢʣʠʤʘʪʪʳץ ʘʡʤʘץʪʘʨʜʘ ʘʟ ᴇʟʛʝʨʝʜʽ. ɽʩʝʧʪʝʫ ʝש ʩʫʳץ 

ʘʡʜʳש ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ װʰʽʥ ʞװʨʛʽʟʽʣʝʜʽ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ײץʨʳʣʳʤʥʳש ʳʣסʘʣʜʳʣʳץ 

ʨʝʞʠʤʽʥ ʝʩʝʧʪʝʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

 

ɸʫʘ ץʘʙʘʪʳʥʜʘסʳ ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 

ʘʫʘ ץʦʟסʘʣʳʩʳ ʞʳʣʜʘʤʜʳסʳʥ ʘʥʳץʪʘʫ 

ɸʫʘ ץʘʙʘʪʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʘʣʜʳʥ-ʘʣʘ 

ʘʥʳץʪʘʣסʘʥ ʘʫʘʥʳץ שʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ ʘʨץʳʣʳ 

ʪʘʙʳʣʘʜʳ.  

ɹײʣ ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʘ ץʘʙʘʪʳʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝʥ ʞᴅʥʝ ץʘʙʳʨסʘ ʤʝʥ ץʘʩʙʝʪʪʽש 

ʞʳʣʫʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘʥ ʪᴅʫʝʣʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʩʳʨʪץʳ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʞʝʣʜʽש 

ʙʘסʳʪʳ ʤʝʥ ʞʳʣʜʘʤʜʳסʳ ʜʘ ᴅʩʝʨ ʝʪʝʜʽ. 

ɹײʜʘʥ ʙʘʩץʘ ὸ̏ ץʘʩʙʝʪ ʙʠʽʢʪʽʛʽʥʝʥ ʪᴅʫʝʣʜʽ, 

ʥʝײסʨʣʳʤ ʘʫʘ ʘʡʥʘʣʘʪʳʥ ʙʠʽʢʪʽʢ ʞʦסʘʨʳ ʙʦʣסʘʥ 

ʩʘʡʳʥ, ʩʦײסʨʣʳʤ ὸ̏ (ʰʝʢʪʽ ʤᴅʥʽʥʝ ʜʝʡʽʥ ײʤʪʳʣʘʜʳ) 

ʞᴅʥʝ Ὑ̏
́̔ ́́̂

 ʞʦסʘʨʳ. 

ɽʩʝʧʪʝʫ ʙʽʨʪʽʥʜʝʧ ʞʘץʳʥʜʘʫ ᴅʜʽʩʽʤʝʥ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. [4, 7]  
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ɸʫʘʥʳץ שʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ ʤʳʥʘ 

ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 
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ʤײʥʜʘסʳ, 

h ï ʘʫʘ ץʘʙʘʪʳʥʘ ʘʫʘʥʳש ʢʽʨʛʝʥʽʥʝʥ ʰʳץץʘʥסʘ 

ʜʝʡʽʥʛʽ ʙʠʽʢʪʽʢʪʽש ʤᴅʥʽ, ʤ;  

ὸ̏ȟὸ̒ ï ʘʫʘ ץʘʙʘʪʳʥʜʘסʳ ʘʫʘʥʳש ʦʨʪʘʰʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞᴅʥʝ ʩʳʨʪץʳ ʘʫʘʥʳש 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ, Áʉ; 

В‚ - ʞʝʨʛʽʣʽʢʪʽ ʢʝʜʝʨʛʽʣʝʨʜʽש 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽץ שʦʩʳʥʜʳʩʳ. 

ɸʫʘ ץʘʙʘʪʳʥʜʘסʳ ʘʫʘʥʳש ʦʨʪʘʰʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʳʥʘ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 

ù
ù
ú

ø

é
é
ê

è
é
ê

è

ö
ö
÷

õ
æ
æ
ç

å
--ÖÖ--=

A

A
AAA

x

h

h

x
tttt c exp1)( ;(2) 

ʤײʥʜʘסʳ,  

ci

c

c

i

i

RR

R

t

R

t

t
11

-

-

=A  ï ʘʫʘ ץʘʙʘʪʳʥʜʘסʳ ʘʫʘʥʳש 

ʰʝʢʪʽ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, Áʉ; 
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ʢʝʟʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ tǓ hʝʢʪʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ ʝ 

ʝʩʝ (ʝ2,7) ʘʟʘʡסʘʥ ʢʝʟʜʝʛʽ ʰʝʢʪʽ ʪʝʤʧ ʩᴅʡʢʝʩ 

ʢʝʣʝʪʽʥ ʰʘʨʪʪʳ ʙʠʽʢʪʽʢ, ʤ; 

ὸ̨ ï ʽʰʢʽ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, Áʉ; 

1005-ic  
ʉʢʛ

ɼʞ
AÖ

 ʘʫʘʥʳש ʤʝʥʰʽʢʪʽ 

ʞʳʣʫʩʳʡʳʤʜʳʣʳסʳ; 

( ) 3/273/353 ʤʢʛtʦi +-g ï ʘʫʘʥʳש 

ʦʨʪʘʰʘ ʪʳסʳʟʜʳסʳ; 

-iR  ʘʙʘʪʳʥʘץ ʽʰʢʽ ʙʝʪʽʥʝʥ ʘʫʘ שʘʥʳסʘʙʳʨץ 

ʜʝʡʽʥʛʽ ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʩʽ, ;/2 ɺʪʉʤ AÖ  

 

,/,/1/1 2 ɺʪʉʤRR ʢʘʫʘʢʘʙʩc

AÖ++- Öaa  (3) 

 

ʤײʥʜʘסʳ, 

ʢR ï ʩʳʨʪץʳ ץʘʧʪʘʫʜʳש ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʩʽ, 

ʤ2 ϽÁʉ/ɺʪ; 

ʘʫʘʢʘʙa  - ʘʫʘ ץʘʙʘʪʳʥʜʘסʳ ʞʳʣʫ ʘʣʤʘʩʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ, ɺʪ/̍ ϽÁʉ). 

ɸʫʘ ץʘʙʘʪʳʥʜʘסʳ ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘ 

  : שʘʩʙʝʪʪʽץ

1) ᴅʨʣʝʫʰʽ ʢʽʨʧʽʰ ץʘʙʘʪʳʥʜʘ  
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A
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Ö
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Ö
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-

=
; (4) 

 

2) ʢʝʨʘʤʦʛʨʘʥʠʪ ʪʘץʪʘʣʘʨʤʝʥ ץʘʧʪʘʫʜʘ  

 

ʉ

ɺʪʉʤɺʪʉʤ

ɺʪʉʤ

ʉ

ɺʪʉʤ

ʉ

R A

A

A

A

A
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87,26
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1

/4

1
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-=

Ö
+

Ö

Ö

-
+

Ö

-

=
; (5) 

 

ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʝʣʜʝʪʽʣʛʝʥ ʘʫʘ 

 ʳ ʦʨʪʘʰʘ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳסʘʙʘʪʳʥʜʘץ

ʘʥʳץʪʘʣʜʳ.  

ʕʤʧʠʨʠʢʘʣʳץ ʪʝשʜʝʫʤʝʥ ʰʝʰʽʣʝʪʽʥ ʙʘʩץʘ 

ʧʘʨʘʤʝʪʨʣʝʨ ʩʳʟʳץʪʳץ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ, 

ʝʩʝʧʪʝʫʣʝʨ ʠʪʝʨʘʮʠʷʣʳץ ᴅʜʽʩʧʝʥ ʞװʨʛʽʟʽʣʝʜʽ. 

ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʪᴇʤʝʥʜʝʛʽ 1,2-ʂʝʩʪʝʣʝʨʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ.  

1-ʂʝʩʪʝ 

ɽש ʩʫʳץ ʙʝʩ ʢװʥʜʽʢʪʝʛʽ ʘʫʘ ץʘʙʘʪʳʥʜʘסʳ ʘʫʘ ʘʣʤʘʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽ.  

(ᴅʨʣʝʫʰʽ ʢʽʨʧʽʰʧʝʥ ץʘʧʪʘʣסʘʥ ץʘʩʙʝʪ ʞװʡʝʩʽʥʜʝ) 

ὺ́ ̔ ́́̂,  

ʤ/ʩ 

́ ̔ ́́̂,  

ɺʪ/̍ϽÁʉ) 

ὸ, Áʉ ὼ, ʤ ὸ̏, Áʉ ̨, ʢʛ/ʤ3 

0,000 9,6 -25,42 0,000 -25,14 1,42 

0,106 10,6 -25,6 0,818 -25,37 1,43 

0,099 10,5 -25,6 0,77 -25,36 1,43 

0,099 10,5 -25,6 0,77 -25,36 1,43 

 

ɽʩʝʧʪʝʫʜʽש ʩʦסשʳ ץʘʜʘʤʳʥʜʘ ʘʫʘ 

ʞʳʣʜʘʤʜʳסʳʥʳש ᴇʟʛʝʨʽʩʽ 5% ʢʝʤ, ץʘʡʪʘʣʘʫ 

ʧʨʦʮʝʩʽʥ ʪʦץʪʘʪʫסʘ ʙʦʣʘʜʳ. 

ɸʫʘ ץʘʙʘʪʳ ʤʝʥ ץʘʩʙʝʪ ץʘʙʘʪʳ ʘʨץʳʣʳ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ץʦʩʳʤʰʘ ʪʠʽʤʜʽ ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʥʽ 

ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 

A

A

tt

tt

tt
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RR
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11
; (6) 

ɹײʣ ʞʘסʜʘʡʜʘ ɺʪʉʤRʪʠʽʤʘʫʘʢʘʙ /23,0 2 AÖ=  

ʂʝʨʘʤʦʛʨʘʥʠʪʪʽ ʪʘץʪʘʣʘʨʤʝʥ ץʘʧʪʘʣסʘʥ 

ʦץʰʘʫʣʘסʳʰ ץʘʙʳʨסʘ ײץʨʳʣʳʤʳʥʳש ʘʫʘ 

 ʳ ʘʫʘ ʘʣʤʘʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽ 2-ʂʝʩʪʝʜʝסʘʙʘʪʳʥʜʘץ

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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2-ʂʝʩʪʝ 

ɽש ʩʫʳץ ʙʝʩ ʢװʥʜʽʢʪʝʛʽ ʘʫʘ ץʘʙʘʪʳʥʜʘסʳ ʘʫʘ ʘʣʤʘʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽ.  

(ʂʝʨʘʤʦʛʨʘʥʠʪ ʪʘץʪʘʣʘʨʤʝʥ ץʘʧʪʘʣסʘʥ ץʘʩʙʝʪ ʞװʡʝʩʽʥʜʝ) 

ὺ́ ̔ ́́̂,  

ʤ/ʩ 
́ ̔ ́́̂, ɺʪ/̍ϽÁʉ) ὸ, Áʉ ὼ, ʤ ὸ̏, Áʉ ̨, ʢʛ/ʤ3 

0,000 9,6 -26,23 0,000 -26,23 1,43 

0,343 11,4 -26,47 0,195 -26,65 1,43 

0,311 11,3 -26,47 0,178 -26,64 1,43 

0,313 11,3 -26,47 1,179 -26,64 1,43 

 

ɽʩʝʧʪʝʫʜʽש ʩʦסשʳ ץʘʜʘʤʳʥʜʘ ʘʫʘ 

ʞʳʣʜʘʤʜʳסʳʥʳש ᴇʟʛʝʨʽʩʽ 5% ʢʝʤ, ץʘʡʪʘʣʘʫ 

ʧʨʦʮʝʩʽʥ ʪʦץʪʘʪʫסʘ ʙʦʣʘʜʳ. 

2-ʰʽ ʥײʩץʘ ʙʦʡʳʥʰʘ ץʘʙʘʪʳ ʤʝʥ ץʘʩʙʝʪ ץʘʙʘʪʳ 

ʘʨץʳʣʳ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʦʩʳʤʰʘ ʪʠʽʤʜʽ ʪʝʨʤʠʷʣʳץ 

ʢʝʜʝʨʛʽ:  

ɺʪʉʤRʪʠʽʤʘʫʘʢʘʙ /16,0 2 AÖ=  

 ʘʰ ʥʝʛʽʟʜʽסʘʙʘʪʪʳ ʘץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʢᴇʧפ

ʦץʰʘʫʣʘסʳʰ ץʘʙʳʨסʘ ʧʘʥʝʣʴʜʝʨʽʥʽש ʞʳʣʫᴇʪʢʽʟʫʛʝ 

ʢʝʜʝʨʛʽʩʽ ʞʘסʳʥʘʥ ʜᴅʩʪװʨʣʽ ײץʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʘʥ ᴅʣʜʝץʘʡʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽ 

ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽ ץʘʙʳʨסʘ 

ʧʘʥʝʣʴʜʝʨʽʥʽש ʞʳʣʫʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʘʨʪʪʳʨʫסʘ ᴅʨʣʝʫʰʽ ʢʽʨʧʽʰ ץʘʙʘʪʳʤʝʥ ץʘʧʪʘʣסʘʥ 

ʞʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪ ʞװʡʝʩʽ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ʆʣ ʢᴇʧץʘʙʘʪʪʳ ʦץʰʘʫʣʘסʳʰ ץʘʙʳʨסʘ 

-ץʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץʨʳʣʳʤʜʘʨʳʥ ʩʳʨʪײץ

ʘʪʤʦʩʬʝʨʘʣʳץ ᴅʩʝʨʣʝʨʜʝʥ ץʦʨסʘʡ ʦʪʳʨʳʧ, 

 .ʢʝʜʝʨʛʽ ʙʝʨʝʜʽ ץʦʩʳʤʰʘ 0,23 ʤ21Áʉ/ɺʪ ʪʝʨʤʠʷʣʳץ
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Abstract 

This work is devoted to the study of the dependence of the activity of binary titanium-tungsten oxide systems 

in the reaction of ethanol conversion on the acidity of the surface. It was found that diethyl ether and acetaldehyde 

are mainly formed at low temperatures, while at high temperatures ethanol is converted to ethylene. It was shown 

that the reaction of formation of ethylene proceeds at centers of acidic nature. 
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Introduction .  

It is known that catalysts based on tungsten oxides 

are highly active and selective in the reactions of partial 

oxidation of organic compounds [1-3]. We have previ-

ously shown that on titanium-tungsten oxide catalysts, 

ethanol is converted in a high yield into products such 

as ethylene and diethyl ether [4]. A continuation of 

these studies is the present work, which is devoted to 

the study of the effect of the surface acidity of titanium-

tungsten oxide catalysts on their activity in the reaction 

of ethanol conversion into compounds such as diethyl 

ether, acetaldehyde, and ethylene. 

Experimental part .  

Mixed titanium-tungsten oxide catalysts of vari-

ous compositions were prepared by coprecipitation 

from aqueous solutions of tungsten chloride and ammo-

nium. The obtained mixture was successively evapo-

rated and dried at 100-120ÁC, decomposed at 250ÁC 

until the complete evolution of chlorine vapor and ni-

trogen oxides, and then calcined at 600ÁC for 10 hours. 

Thus, 9 catalysts were synthesized with an atomic ratio 

of elements from Ti:W=1:9 to Ti:W=9:1. The activity 

of the synthesized catalysts was studied on a flow-

through unit with a tubular reactor in the temperature 

range 100-500ÁC. The reactor was loaded with 5 ml of 

the investigated catalyst with a grain size of 1.0ï2.0 

mm, and its activity in the reaction of ethanol conver-

sion was studied. 

Results and discussion.  
It is known that, in heterogeneous catalysis, the 

acid ï base properties of solid catalysts affect the activ-

ity and selectivity of many catalytic reactions [5, 6]. In 

this regard, we have studied the acidic properties of the 

surface of titanium-tungsten oxide catalysts, by the 

measure of which we have chosen the rate of the reac-

tion of isomerization of butene-1 to butenes-2. 

The study of the activity of titanium-tungsten ox-

ide catalysts in the isomerization of butene-1 to 

butenes-2 showed that the isomerization reaction on ti-

tanium-tungsten oxide catalysts begins at a temperature 

of 150ÁC. With an increase in the reaction temperature, 

the yields of butenes-2 sharply increase and at a reac-

tion temperature of 350ÁC reach their maximum value 

(63.6%). The highest yield of 2-butenes on the studied 

catalysts reaches 89.1%. The ratio of the yields of trans 

and cis isomers of butenes-2 on the studied catalysts 

varies within the range of 0.4 - 1.14. It should be noted 

that for the samples rich in tungsten, the ratio of the 

yields of the trans and cis isomers is much lower than 

unity, while for the samples rich in titanium, this value 

changes in the range 1 ï 1,15. The studies performed 

allow us to say that at temperatures up to 300ÁC the 

yields of butene-1 isomerization products increase with 

an increase in titanium in the catalyst composition, 

while at higher temperatures the dependence of the 

isomerization rate on the atomic ratio of titanium to 

tungsten has the form of a curve with two maxima. Fig-

ure 1 shows the dependence of the yields of trans and 

cis butenes-2 on the atomic ratio of titanium to tungsten 

at a temperature of 300 Á C. As can be seen from Figure 

1, with an increase in the amount of titanium in the 

composition of the binary catalyst, the yields of 2-

butenes increase from 31.5% for the Ti-W = 1-9 cata-

lyst to 89.1% for the Ti-W = 9-1 sample. 

The products of the conversion of ethanol over ti-

tanium-tungsten oxide catalysts, as the studies have 

shown, are ethylene, acetaldehyde and diethyl ether. 

The yield and distribution of ethanol conversion prod-

ucts strongly depend on both the reaction temperature 

and the atomic ratio of titanium to tungsten in the cata-

lyst composition. 
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Fig. 1 

Dependence of the yields of trans and cis butenes-2 on the atomic ratio of titanium to tungsten. T = 250 Á C 

 

The dependence of the activity of titanium-tung-

sten oxide catalysts on their composition in the oxida-

tion of ethanol at a temperature of 200ÁC is shown in 

Figure 2. As can be seen from Figure 2, the yield of 

diethyl ether with an increase in the amount of titanium 

in the binary titanium-tungsten oxide catalyst first in-

creases on the sample Ti:W=3:7 reaches its highest 

value equal to 49.8%. With a further increase in the ti-

tanium content in the catalyst composition, the yield of 

diethyl ether decreases and on the sample Ti:W=7:3 its 

yield is zero. On catalysts with a higher titanium con-

tent, the diethyl ether formation reaction does not pro-

ceed. The yield of ethylene with an increase in the tita-

nium content in the composition of the binary catalyst 

increases. Figure 2 also shows that the yield of acetal-

dehyde for samples with a predominance of tungsten 

depends little on the atomic ratio of titanium to tung-

sten, while for samples with a predominance of tita-

nium, its maximum yield is observed for the sample Ti: 

W = 8: 2. Thus, the reaction of ethylene formation pro-

ceeds on the catalysts rich in titanium, while the reac-

tion of formation of diethyl ether proceeds on the sam-

ples rich in tungsten. From the data shown in Fig. 2, we 

can also say that at 200ÁC the maximum ethanol con-

version on the studied samples reaches up to 70%. 

 
Fig. 2. 

Dependence of the product yields of the reaction of ethanol conversion  

on the Ti-W-O catalytic system. T = 200ÁC. 

 

Thus, on the basis of the carried-out studies, it can 

be said that on titanium-tungsten oxide catalysts at low 

temperatures the reaction of ethanol conversion with 

the formation of diethyl ether and acetaldehyde pre-

vails, while at high temperatures the dehydration reac-

tion with the formation of ethylene prevails. It should 

also be noted that the catalysts rich in titanium are ac-

tive in the reaction of formation of ethylene, while the 
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samples rich in tungsten are active in the reaction of 

formation of diethyl ether. 

We have studied the dependence of the activity of 

binary titanium-tungsten oxide catalysts on their acid-

ity, by the measure of which we have chosen the rate of 

the reaction of isomerization of butene-1 to butenes-2. 

The dependences of the yields of ethylene and diethyl 

ether, as well as the conversion of propylene on the de-

gree of butene-1 isomerization on titanium-tungsten 

oxide catalysts are shown in Figure 3. As can be seen 

from the figure, the yield of diethyl ester decreases, but 

yield of ethylene increases with the change in the de-

gree of isomerization. Based on the results obtained, it 

can be assumed that the reaction of formation of eth-

ylene occurs at centers of acidic nature. 

Conclusion  
The reaction of ethylene formation proceeds on 

the catalysts rich in titanium, while the reaction of for-

mation of diethyl ether proceeds on the samples rich in 

tungsten. The reaction of formation of ethylene occurs 

at centers of acidic nature. 

 
Fig.3 Dependence of the activity of titanium-tungsten oxide catalysts in the reaction of ethanol conversion on the 

degree of isomerization of butene-1 to butenes-2. 
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Abstract 
This article presents the results of the work done to obtain complex compounds of the resorcinols with ortho-

toluidine and to study the biological activity of the compounds obtained. 
ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʝʟʦʨʮʠʥʘ ʩ ʦʨʪʦ-ʪʦʣʫʠʜʠʥʦʤ ʠ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
 
Keywords: hydrogen bonding, salt bridj, resorcinol, ortho-toluidine, spectroscopy. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʨʦʜʥʳʡ ʩʚʷʟ, ʩʦʣʝʚʦʡ ʤʦʩʪʠʢ, ʨʝʟʦʨʮʠʥ, ʦʨʪʦ-ʪʦʣʫʠʜʠʥ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 
 
ʈʝʛʫʣʷʮʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʦʩʪ 

ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ɸʥʘ-
ʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʠʟʠʦʣʦʛʠʯʝ-
ʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʨʝʛʫʣʷ-
ʮʠʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ 
ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʷ-
ʟʘʥʥʳʭ ʩ ʫʨʦʞʘʡʥʦʩʪʴʶ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʝʝ ʢʘʯʝʩʪʚʘ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʝʩʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʫ-
ʱʝʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 
ʚʝʱʝʩʪʚ, ʩ ʫʯʝʪʦʤ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ 
ʚʝʱʝʩʪʚ ʚ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ ʚ ʤʘʣʳʭ ʜʦʟʘʭ. ɺ ʵʪʦʤ 
ʧʣʘʥʝ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩ-
ʧʦʣʴʟʫʷ ʧʨʠʨʦʜʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝ-
ʱʝʩʪʚʘ [1, 2]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʬʠʟʠʦʣʦʛʠʯʝ-
ʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʚ ʪʦʤ ʯʠʩʣʝ 
ʙʠʦʩʪʠʤʫʣʠʨʫʱʠʝ ʩʚʦʡʩʪʚʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʨʝʟʦʨʮʠʥʫ. ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʦʨʮʠʥʘ ʧʨʝʜ-
ʣʦʞʝʥʳ ʢʘʢ ʬʫʥʛʠʮʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ. ʅʝʩʤʦʪʨʷ ʥʘ 
ʷʚʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʦʚ ʥʘ 
ʦʩʥʦʚʝ ʨʝʟʦʨʮʠʥʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝ-
ʟʦʨʮʠʥʫ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʢ ʙʠʦʩʪʠʤʫʣʷʪʦʨʳ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʯʪʠ ʥʝ ʧʨʦʚʦ-
ʜʷʪʩʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʦʨʮʠʥʘ ʧʨʦʷʚʣʷʶʪ 
ʙʠʦʩʪʠʤʫʣʠʨʫʶʱʠʝ ʠ ʛʦʨʤʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʧʦ-
ʩʦʙʩʪʚʫʷ ʫʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ, ʘ ʟʘʩʦʣʝʥ-
ʥʦʩʪʴ ʧʦʣʝʡ, ʧʦʩʝʷʥʥʳʭ ʩʦʣʦʜʢʦʡ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ [3, 4]. 
ʈʘʥʝʝ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʩʦ-
ʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ) ʨʝʟʦʨʮʠʥʘ ʩ ʛʠʜʨʘʟʠʥʦʡ ʠ 
2,4-ʜʠʥʠʪʨʦʬʝʥʠʣʛʠʜʨʘʟʠʥʦʡ, ʦ-ʘʤʠʥʦʬʝʥʦʣʦʤ, 
ʠʟʫʯʝʥʳ ʠʭ ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʥʘ ʚʩʭʦʞʝʩʪʴ 
ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʨʪʦ-ʪʦʣʫʠʜʠʥ 
ʩʯʠʪʘʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʦʙ-
ʣʘʜʘʝʪ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʩʪʠʤʫʣʷʪʦʨʦʤ. ɼʣʷ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 
ʨʝʟʦʨʮʠʥʘ, ʚ ʵʪʦʤ ʵʪʘʧʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʥʘʤʠ ʧʦʣʫ-
ʯʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʦʨʮʠʥʘ ʩ ʦʨʪʦ-
ʪʦʣʫʠʜʠʥʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:1, 1:2 ʠ ʦʧʨʝʜʝʣʝʥʳ 
ʥʝʢʦʪʦʨʳʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 
ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʭʘʨʘʢʪʝʨʠʟʦ-
ʚʘʥʳ ʤʝʪʦʜʘʤʠ ʋʌ- ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ. ʊʘʢ, 
ʚ ʋʌ-ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʩʦʦʪʥʦ-
ʰʝʥʠʠ 1:1, ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 
ɚ=278 ʥʤ, ʦʪʚʝʯʘʶʱʠʡ ʩʠʩʪʝʤʝ ʙʝʥʟʦʣʥʦʡ ʯʘʩʪʠ 
ʤʦʣʝʢʫʣʳ ʨʝʟʦʨʮʠʥʘ. ɺ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʘʭ 
ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 3390-3200 ʩʤ-1 
ʤʦʞʥʦ ʚʠʜʝʪʴ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʥʦ-
ʩʷʱʠʝʩʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 
ʛʨʫʧʧ ʚ ʘʩʩʦʮʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦ-
ʣʦʩʳ ʜʣʷ ʩʘʤʦʛʦ ʨʝʟʦʨʮʠʥʘ ʩʜʚʠʥʫʪʳ ʥʘ 15-25 ʩʤ-1 
ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ 
ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʙʝʥʟʦʣʴ-
ʥʦʡ ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 1620-1510 ʩʤ-1 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 



12 Danish Scientific Journal No47, 2021 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʦʨʪʦ-ʪʦʣʫʠʜʠʥʘ ʚ ʢʦʤ-
ʧʣʝʢʩʝ ʧʦʚʳʰʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʯʝʨʝʟ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ 
ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʜʨʦʢ-
ʩʠʣʴʥʳʭ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʨʝʟʦʨʮʠʥʘ ʠ ʘʤʠ-
ʥʦʛʨʫʧʧ ʦʨʪʦ-ʪʦʣʫʠʜʠʥʘ. ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠ-
ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝ-
ʜʝʥʳ ʚ ʪʘʙʣ. ˉ1. 

ʊʘʙʣʠʮʘ 1.  
ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʉʦʦʪʥʦʰʝʥʠʝ ʨʝʟʦʨ-
ʮʠʥ:ʦʨʪʦ-ʪʦʣʫʠʜʠʥ 

ʊ.ʧʣ. ʦC. ʀʂ-ʩʧʝʢʪʨ ɜ(-
ʆʅ), ʩʤ-1 

ʋɹ, ɚmax. (H2O), 
lgŮ 

ɺʳʭʦʜ % 

1:1 101-102 3350-3200 278 (4,0) 90 

1:2 88-89 3390-3230 284 (4,2) 85 

 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʦʩʥʦʚʥʦʡ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʭʣʦʧʯʘʪʥʠʢ. 
ʇʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʭʣʦʧʢʘ ʠ ʫʣʫʯʰʝʥʠʝ ʝʛʦ 
ʢʘʯʝʩʪʚʘ ï ʦʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʘʷ 
ʧʝʨʝʜ ʭʠʤʠʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚ-
ʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʥʦʚʴ ʧʦʣʫʯʝʥ-
ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʣʘʙʦʨʘ-
ʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʤʝʪʦʜʫ ʂʣʠʥʮʝʚʠʯʘ. ʅʘʠʣʫʯ-
ʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʚʘʨʠʘʥʪʝ ʧʨʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 
1:2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. ˉ2. 

ʊʘʙʣʠʮʘ 2.  
ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʦʨʮʠʥʘ ʩ ʦʨʪʦ-ʪʦʣʫʠʜʠʥʦʤ 
(ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2) ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ (ʚ %) 

ʉʦʝʜʠʥʝʥʠʝ  10-2  10-3  10-4  10-5  10-6  
ʂʦʤʧʣʝʢʩ  91 89 77 65 - 

ʦʨʪʦ-ʪʦʣʫʠʜʠʥ 85 76 62 53 - 

ʄʀɺɸʃ  87 79 71 62 - 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ (ʵʪʘʣʦʥ)  86 78 70 60 - 

ʂʦʥʪʨʦʣʴ (ʚʦʜʘ)  56 56 56 56 - 

 
ɼʣʷ ʦʧʳʪʦʚ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʨʪʦ-ʪʦʣʫʠʜʠʥʘ, ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ 
ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʩʝʣʴʩʢʦʤ ʭʦ-
ʟʷʡʩʪʚʝ ʄʀɺɸʃʘ ʠ ʵʪʘʣʦʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-2-
10-6 ʤʦʣʴ/ʣ. ʉʝʤʝʥʘ ʭʣʦʧʯʘʪʥʠʢʘ ʟʘʤʘʯʠʚʘʣʠ ʚ ʧʨʠ-
ʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-
ʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʥʘʙʣʶʜʘʣʠ ʚ 
ʪʝʯʝʥʠʝ 5 ʜʥʝʡ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ, 
ʠʩʩʣʝʜʫʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʨʘʚʥʝ-
ʥʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʦʨʪʦ-ʪʦʣʫʠʜʠʥ, ʄʀɺɸʃ ʠ ʵʪʘʣʦʥ, 
ʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʪʨʦʣʷ ʵʪʦ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʦʢʘʟʳ-
ʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ [5].  
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ: ʋʌ-ʩʧʝʢʪʨʳ ʨʝ-

ʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦ-ʤʝʪʨʝ Shimadzu-
1280 (ʗʧʦʥʠʷ), ʀʂ-ʌʫʨʴʝ 2000 ʬʠʨʤʳ çPerkin-
Elmer ʩ ʧʨʠ-ʩʪʘʚʢʦʡ ʅʇɺʆè (ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢ-
ʪʫʨʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ). ʄʘʛʥʠʪʥʘʷ 
ʤʝʰʘʣʢʘ ʄʄ-5 (ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʦʛʦ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʷ); ʨʦʪʦʨʥʳʡ ʠʩʧʘʨʠʪʝʣʴ ʀʈ-1ʄ2 (ʜʣʷ ʚʳʧʘʨʠʚʘ-
ʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ). 
ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʦʨʮʠʥ-ʦʨʪʦ-ʪʦʣʫ-

ʠʜʠʥ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1: 0,22 ʛ ʨʝʟʦʨʮʠʥ (2 ʤʤʦʣʴ) 
ʠ 0,214 ʛ ʦʨʪʦ-ʪʦʣʫʠʜʠʥʘ (2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 15 
ʤʣ 50 %-ʥʦʤ ʚʦʜʥʦʤ ʩʧʠʨʪʝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 30-40 ʦʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ 
ʩʧʠʨʪ ʦʪʛʦʥʷʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ, ʦʩʪʘʪʦʢ 
ʣʠʦʬʠʣʠʟʦʚʘʣʠ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʢʨʝʤʦ-
ʚʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ 90%. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ 
ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʝʘʛʝʥʪʦʚ 1:2 ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯ-
ʥʳʤ ʦʙʨʘʟʦʤ. 
ɺʳʚʦʜ  
ɺʧʝʨʚʳʝ ʧʨʝʧʘʨʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥ ʩʫ-

ʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʟʦʨʮʠʥʘ ʩ ʦʨʪʦ-ʪʦʣʫ-
ʠʜʠʥʦʤ. ʍʘʨʘʢʪʝʨ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʫʩʪʘʥʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʀʂ-
ʩʧʝʢʪʨʦʚ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʚʟʘ-
ʠʤʦʜʝʡʩʪʚʠʠ ʨʝʟʦʨʮʠʥʘ ʩ ʦʨʪʦ-ʪʦʣʫʠʜʠʥʦʤ ʠʤʝʶʪ 

ʤʝʩʪʦ ʛʠʜʨʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʚʦʜʦʨʦʜʥʳʝ 
ʩʚʷʟʠ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʶʪ ʩʨʘʚʥʠʪʝʣʴʥʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʦʝʜʠʥʝʥʠʷ. 
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The purpose of this article is to build a mathematical model for calculating the stress-strain state of structural 
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1. Introduction   
The introduction of new types of concrete and 

composite reinforcement is becoming widespread in 

modern construction. This determines the urgency of 

developing a rational model of interaction of reinforce-

ment with concrete.  

Composite reinforcement has been considered a 

promising alternative to steel reinforcement, especially 

in concrete structures exposed to aggressive environ-

ments. Such structures include, in particular, multi-lay-

ered road pavement. Mechanical loads and temperature 

changes, changes in humidity lead to the gradual de-

struction of the road surface. For hard roads with ce-

ment-concrete pavement under the action of mechani-

cal loads from vehicles there is an accumulation of 

damage during operation. This leads to cracks. To pre-

vent these phenomena and increase the service life of 

the road structure, use the reinforcement of upper road 

pavement, and sometimes the lower layers of pave-

ment. 

Wide using of composite reinforcement related to 

a unique combination of high strength, corrosion re-

sistance and low cost. The glass fiber reinforcement 

bars are widely used in structural engineering as rein-

forcement of concrete structures [1]. Testing of compo-

site elements under direct tension is of fundamental im-

portance to reveal the tension load response and crack-

ing behavior of reinforced concrete [2, 3].  

Bond performance of reinforced concrete is of 

prime importance in the study of load transfer mecha-

nism from concrete to inner reinforcing bar and vice 

versa [4]. The first purpose of this article is to construct 

analytical dependences that allow to model the process 

of adhesion of reinforcement to concrete. The second 

focuses of this study is to conduct numerical experi-

ments to analyze the effect of model parameters on the 

distribution of normal forces in the reinforcing bar and 

concrete. 

2. Formulation of the Problem 

Consider the problem of the stress-strain state of 

a reinforced concrete rod under the conditions of pull-

ing out the reinforcement.  

Under certain assumptions, the process of inter-

action of reinforcement with concrete can be analyzed 

by the behavior of the threaded connection of two 

parts: a concrete sleeve with an internal thread and a 

reinforcement rod with a corresponding external 

thread.  

Whenever external load is applied on concrete, 

ʢeinforcing bar receives part of the load through load 

transfer mechanism from concrete to steel or compo-

site armature [4]. When tensile force is applied to the 

reinforcing bar, it develops stress components parallel 

and perpendicular to the contact surface. Consider the 

distribution of normal force directed parallel to the 

rod. 

To analyze the stress-strain state of the rod under 

certain assumptions, consider a simplified calculation 

scheme: a reinforcing rod that interacts with a con-

crete block on a section of length l .  

Two identical oppositely directed tensile forces 

F  act on the rod and on the block. To determine the 

analytical dependence of the distribution of normal 

forces aN  acting in the reinforcing rod in the speci-

fied anchoring area, consider the design element of the 

rod, the length d x of which is assumed to be suffi-

ciently small. An analytical model of the bond rein-

forcement with concrete consists of a second-order 

linear differential equation [5): 

2
2

2

a
a

b b

d N F
k N c

d x E A
- =- Ö .   (1) 

Here c ï the empirical proportionality factor, 

bE  ï elastic modulus of concrete, 

bA  ï the cross-sectional area of the concrete 

block. 

When solution the equation (1), we take into ac-

count the boundary conditions: 

()0 0aN = , ()aN l F= . (2)  

The solution of the boundary-value problem (1)ï

(2) has the form: 

The general solution of the linear inhomogeneous 

differential equation (1) we can search in the standard 

form:  

() ( ) ( )1 2 2
exp expa

b b

c F
N x C kx C kx

k E A
= + - + Ö

. (3) 
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You can also get the general solution of equation 

(1) in the form: 

() ( ) ( )1 2 2a

b b

c F
N x ʉ sh kx ʉ ch kx

k E A
= + + Ö . (4) 

The integration constants 
1ʉ and 

2ʉ  in expres-

sions (3) or (4) are determined from the boundary condi-

tions (2) of the boundary value problem. These constants 

depend on the mechanical and geometric characteristics 

of the structural material of the reinforcing rod and the 

concrete block. Also, the solution of the boundary value 

problem (1)ï(2) significantly depends on the empirical 

coefficient c . 

For fiberglass reinforcing rod, analytical depend-

ence (4) allows approximation in the form: 

()
( )
( )a

sh k x
N x F

sh k l
= Ö .   (5) 

In the interval [0, ]x lÍ  the value of 
aN  by 

construction and according to formulas (3)ï(5) varies 

from 0 to F. 

3. Simulation results 

Having obtained a mathematical model and ana-

lytical dependences of the distribution of normal forces, 

we need to analyze the influence of mechanical and ge-

ometric characteristics of the reinforcing bar and ce-

ment block on the bond stress behavior between con-

crete and reinforcing. Here we performed several nu-

merical simulations using the Maple- program system. 

Table 1  

List of Parameters for numerical simulation 

Symbol Parameters Values for model 

aE  Elastic modulus of reinforcing (fiberglass), MPa 45 000 

bE  Elastic modulus of concrete, MPa 30 000 

d  Nominal diameter of reinforcing rod, mm 14 

l  Bonded length, 5l d= , mm 70 

b side of the cross section of the concrete block, mm 150 

F  External force, kN 80 

 

The comparative analysis of the obtained experi-

mental data shows that the magnitude of the normal 

forces in the reinforced rod significantly depends on the 

choice of the empirical coefficient c. Figure 1 shows 

that for 
52 10c= Ö  the dependence ()aN x  is sig-

nificantly nonlinear.  

 

N  , kNa

52 10c= Ö

x, mm
0,8 l

 
Figure 1. Distribution of normal forces in a reinforced rod (fiberglass)  

If 
32 10c= Ö , then the distribution of normal 

forces in the reinforced rod is almost linear (Fig. 2, a). 

To analyze the influence of the empirical coefficient on 

the value of normal effort, a graph of the dependence of 

()aN x  at 
42 10c= Ö  (Fig. 2, b) is also con-

structed. 
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a) 

 
b) 

Figure 2. Influence of the empirical coefficient on the distribution of normal forces  

 

Figure 1 shows that the graph ()aN x  has an in-

flection point. Accordingly, on the graph for the inten-

sity ()q x  of normal stresses we obtain the extremum 

point. Here we have: 

ad N
q

d x
= . 

For the numerical parameters listed in table 1, 

graphs were constructed to solution the boundary value 

problem (1) ï (2) and for the main part of this solution. 

Figure 3 shows these graphs for the fiberglass-reinforc-

ing rod. Here, curve 1 is constructed for analytical de-

pendence (4), and curve 2 corresponds to formula (5). 

N  , kNa

x, mm
0,9 l

52 10c= Ö

1

2

 
a) 

N  , kNa

x, mm
=l

52 10c= Ö

1 2

 
b) 

Figure 3. Normal force (curve 1) and thereof main part (curve 2) in a fiberglass reinforcing rod 

 

Comparative analysis Fig. 3, a) and Fig. 3, b) 

show that the differences between (4) and (5) are insig-

nificant and observed only for small values x. There-

fore, only the main part (5) can be used for further stud-

ies of the stress-strain state of the reinforcement. Simi-

lar graphs for the case of steel reinforcement show a 

more significant difference between the curves. This 

means that for the analysis of the stress-strain state of 

the steel reinforcing rod it is necessary to use the ana-

lytical dependence (4). 

 

4. Conclusions 

For the problem of pulling out the reinforcing bar 

from concrete, a second-order differential equation is 

constructed and boundary conditions are defined. An-

alytical dependencies for the distribution of normal 

stresses on the length of a reinforcing bar are con-

structed. The calculation scheme of the problem has 

certain assumptions and simplifications, but the pro-

posed analytical dependencies are fully consistent 

with the experimental data.  
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They will be useful in analytical predications of 

load-deformation relationships of reinforced concrete 

structures. They can be used as a basis for comparison 

with the results of other calculation methods, for ex-

ample, numerical methods of mechanics of a deform-

able solid. 
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ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɺɽʅʊʀʃʗʊʆʈʅʆʁ ʌʋʅʂʎʀʀ ʋ ʏɽʃʆɺɽʂɸ ɺ ʋʉʃʆɺʀʗʍ 

ʅʆʈʄʆɹɸʈʀʏɽʉʂʆʁ ɻʀʇɽʈʆʂʉʀʀ 

 

ʂʦʟʫʧʠʮʘ ɻ. 

ʎʝʥʪʨ ʤʝʜʠʮʠʥʳ ʠ ʚʘʣʝʦʣʦʛʠʠ çʃʀʊʊʃè 

ʃʷʩʢʦʚʩʢʘʷ ʅ.  

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

Abstract 

The dynamics studied changes in ventilation function with the assessment of external respiration, intrapulmo-

nary gas exchange, gas homeostasis, shifts the acid-base status during the inhalation of 100% oxygen (60 min or 

more) in 108 males aged 20-30. Three types of fan replies: "gipoventilyatsionny" "hyperventilation", "mixed". It 

is expected that the types of fan responses vary from individual to individual. It was found that one of their effective 

adaptation mechanisms for maintaining homeostasis in the gas hyperventilation types of responses to Ki-pero-

ksicheskuyu load can reduce the effectiveness of the ventilation-perfusion relationships in the lungs and the inclu-

sion of intrapulmonary shunt. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʠʥʘʤʠʢʝ ʠʟʫʯʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʩ ʦʮʝʥʢʦʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ, 

ʚʥʫʪʨʠʣʸʛʦʯʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ, ʛʘʟʦʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʩʜʚʠʛʦʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʝʯʝʥʠʝ ʠʥʛʘ-

ʣʷʮʠʡ 100% ʢʠʩʣʦʨʦʜʘ (60 ʤʠʥ ʠ ʙʦʣʝʝ) ʫ 108 ʣʠʮ ʤʫʞʩʢʦʛʦ ʧʦʣʘ ʚ ʚʦʟʨʘʩʪʝ 20-30. ɺʳʷʚʣʝʥʦ ʪʨʠ ʪʠʧʘ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ: çʛʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡè, çʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʡè, çʩʤʝʰʘʥʥʳʡè. ʇʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʪʠʧʳ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʜʥʠʤ ʠʭ ʜʝʡʩʪʚʝʥʥʳʭ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʛʘʟʦʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʦʨʛʘʥʠʟʤʘ ʧʨʠ 

ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʪʠʧʘʭ ʦʪʚʝʪʦʚ ʥʘ ʛʠʧʝʨʦʢʩʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦ-ʧʝʨʬʫʟʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʣʸʛʢʠʭ ʠ ʚʢʣʶʯʝʥʠʝ ʚʥʫʪʨʠʣʸʛʦʯʥʦʛʦ ʰʫʥʪʘ. 

 

Keywords: Hyperoxia, ventilation function, hyperventilation, hypoventilation 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʠʧʝʨʦʢʩʠʷ, ʚʝʥʪʠʣʷʪʦʨʥʘʷ ʬʫʥʢʮʠʷ, ʛʠʧʝʨʚʝʥʠʣʷʮʠʷ, ʛʠʧʦʚʝʥʪʠʣʷʮʠʷ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʠʩʣʦʨʦʜʦʪʝʨʘʧʠʷ ʷʚʣʷʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʩ ʨʝʩʧʠʨʘ-

ʪʦʨʥʦʡ ʜʠʩʬʫʥʢʮʠʝʡ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʩʦʤʘʪʠʯʝ-

ʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [1, 2, 3, 4]. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʠʥʛʘʣʷʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʧʦʜʘʯʠ ʢʠʩʣʦʨʦʜʦʙʦʛʘʱʸʥ-

ʥʳʭ ʩʤʝʩʝʡ, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʩʦʩʪʦʷʥʠʷ ʚʝʥʪʠʣʷ-

ʪʦʨʥʦʡ ʬʫʥʢʮʠʠ, ʛʘʟʦʚʦʛʦ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʨʦʚʠ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʶʱʠʝ ʚʦ ʚʨʝʤʷ ʩʝ-

ʘʥʩʦʚ ʢʠʩʣʦʨʦʜʦʪʝʨʘʧʠʠ ʚʦʟʤʦʞʥʳʝ ʛʠʧʝʨʚʝʥʪʠʣʷ-

ʮʠʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʣʠʩʠʤʧʪʦʤʥʳʤʠ ʧʨʦʷʚʣʝ-

ʥʠʷʤʠ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʩʠʥʜʨʦʤʘ ʤʦʛʫʪ 

ʦʩʪʘʚʘʪʴʩʷ ʚʥʝ ʧʦʣʷ ʟʨʝʥʠʷ ʚʨʘʯʘ ʠ ʩʦʟʜʘʚʘʪʴ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ.  

ʇʦʩʢʦʣʴʢʫ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʦ ʥʘʩʪʦʷ-

ʱʝʛʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʠʣʦʩʴ ʤʥʝʥʠʝ ʦ ʜʝʧʨʝʩʩʠʚʥʦʤ 

ʚʣʠʷʥʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʝʥʪʠʣʷʪʦʨʥʫʶ ʬʫʥʢʮʠʶ, 

ʩʣʫʯʘʠ ʧʦʷʚʣʝʥʠʷ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʠ ʠ ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʡ ʛʠʧʦʢʘʧʥʠʠ ʠ ʘʣʢʘʣʦʟʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʦʩ-

ʥʦʚʥʦʤ ʢʘʢ ʧʨʝʜʚʝʩʪʥʠʢʠ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʨʛʘʥʠʟʤ [5,6,7]. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ ʮʝʣʴʶ ʥʘʩʪʦʷ-

ʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʨʝ-

ʩʧʠʨʘʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʳʭ ʦʪʨʝʟʢʦʚ ʚʨʝʤʝʥʠ ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʦʙʘ-

ʨʠʯʝʩʢʦʡ ʛʠʧʝʨʦʢʩʠʠ ʠ ʩʦʧʨʷʞʸʥʥʳʭ ʩ ʥʝʡ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʛʘʟʦʚʦʛʦ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʳʭʘʥʠʷ ʢʠʩʣʦ-

ʨʦʜʦʙʦʛʘʱʸʥʥʳʤʠ ʩʤʝʩʷʤʠ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 108 ʜʦʙʨʦʚʦʣʴʮʝʚ-ʤʫʞʯʠʥ ʚ 

ʚʦʟʨʘʩʪʝ 18-24 ʣʝʪ. ʆʙʩʣʝʜʫʝʤʳʝ ʣʠʮʘ ʙʳʣʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʤʠ, ʥʝ ʠʤʝʣʠ ʫʢʘʟʘʥʠʡ ʚ ʘʥʘʤʥʝʟʝ 

ʥʘ ʙʨʦʥʭʦʣʸʛʦʯʥʫʶ ʧʘʪʦʣʦʛʠʶ ʠ ʦʙʣʘʜʘʣʠ ʩʨʝʜʥʠʤ 

ʫʨʦʚʥʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ 

ʩʧʠʨʦʛʨʘʤʤʘ ʩ ʧʦʤʦʱʴʶ ʨʝʩʧʠʨʦʛʨʘʬʘ ʦʪʢʨʳʪʦʛʦ 

ʪʠʧʘ. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʜʳʭʘʥʠʷ (
¶

V E) ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʝʛʦ 



18 Danish Scientific Journal No47, 2021 

ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʟʘ ʜʝʩʷʪʠʤʠʥʫʪʥʳʝ ʠʥʪʝʨ-

ʚʘʣʳ ʜʳʭʘʥʠʷ ʚʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ (
¶

V E10-
¶

V E60), 

ʘ ʪʘʢʞʝ ʧʷʪʠʤʠʥʫʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚ ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ (
¶

V E5ɺ, 
¶

V E10ɺ). ʇʦ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʤʫ ʤʝʪʦʜʫ ʇʨʠʩʪʣʠ-ʍʦʣʜʝʥʘ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʈɸʆ2), ʫʛʣʝʢʠʩ-

ʣʦʛʦ ʛʘʟʘ (ʈɸʉʆ2) ʚ ʘʣʴʚʝʦʣʷʨʥʦʤ ʚʦʟʜʫʭʝ. ʅʘ ʤʠʢ-

ʨʦʘʥʘʣʠʟʘʪʦʨʝ ʆʈ-210 ʬʠʨʤʳ Radelkis ʬʠʢʩʠʨʦʚʘ-

ʣʦʩʴ ʧʘʨʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʈʘʆ2), 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ʈʘʉʆ2) ʠ ʨH ʚ ʘʨʪʝʨʠʘʣʠʟʦʚʘʥʥʦʡ 

ʢʨʦʚʠ, ʚʟʷʪʦʡ ʠʟ ʢʦʥʮʝʚʦʡ ʬʘʣʘʥʛʠ ʧʘʣʴʮʘ ʢʠʩʪʠ. 

ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʤʝʨʷʣʦʩʴ ʩʠʩʪʝʤʥʦʝ 

ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ (ɸɼ) ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʬʠʨʤʳ Medicor. ʏʘʩʪʦʪʘ ʩʝʨ-

ʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʫʣʴʩʦʪʘʭʦʤʝʪʨʘ ð 082. 

ʇʦ ʠʩʪʝʯʝʥʠʠ 10 ʤʠʥ ʘʜʘʧʪʘʮʠʠ ʜʳʭʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʩʧʠʨʦʛʨʘʬʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʜʘʯʘ ʯʠ-

ʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ (100% ʆ2, 1 ʘʪʘ, ʈIʆ2 = 700 ʤʤ ʨʪ. 

ʩʪ., 931ʢʇʢ) ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʰʣʘʥʛʦʚ ʩ ʧʦʤʦʱʴʶ ʧʝ-

ʨʝʢʣʶʯʝʥʠʷ ʢʨʘʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʸʤ-

ʢʦʩʪʝʡ 500 ʠ 1000 ʣ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʦʥʪʨʦʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʫ ʪʝʭ ʞʝ ʣʠʮ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʜʳʭʘʥʠʠ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ. 

ʀʩʧʳʪʫʝʤʳʝ ʜʳʰʘʣʠ ʯʠʩʪʳʤ ʢʠʩʣʦʨʦʜʦʤ ʯʝ-

ʨʝʟ ʟʘʛʫʙʥʠʢ ʥʝ ʤʝʥʝʝ 60 ʤʠʥʫʪ ʩ ʝʞʝʤʠʥʫʪʥʦʡ ʟʘ-

ʧʠʩʴʶ ʩʧʠʨʦʛʨʘʤʤʳ. ʏʝʨʝʟ ʢʘʞʜʳʝ 5 ʤʠʥ ʦʧʨʝʜʝ-

ʣʷʣʦʩʴ ɸɼ ʠ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʫʣʴʩ, ʯʝʨʝʟ ʢʘʞʜʳʝ 10 

ʤʠʥ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʅʘ 

ʪʨʠʜʮʘʪʦʡ ʠ ʰʝʩʪʠʜʝʩʷʪʦʡ ʤʠʥʫʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʥʘ ʧʷʪʦʡ ʠ ʜʝʩʷʪʦʡ ʤʠʥʫʪʘʭ ʜʳʭʘʥʠʷ ʘʪʤʦ-

ʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ, 

ʧʦʚʪʦʨʷʣʩʷ ʟʘʙʦʨ ʢʨʦʚʠ ʠʟ ʧʘʣʴʮʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨH. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʫʪʨʠʣʸ-

ʛʦʯʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩ-

ʣʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ ʘʣʴʚʝʦʣʷʨʥʦ-ʘʨʪʝʨʠ-

ʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʠʩʣʦʨʦʜʘ ʠ ʨʘʩʯʸʪʥʳʭ ʬʦʨʤʫʣ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʰʫʥʪʘ [1, 8]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝ-

ʪʦʜʦʤ ʜʝʩʢʨʠʧʪʠʚʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ, ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ, ʜʠʩʧʝʨʩʠ-

ʦʥʥʦʛʦ, ʬʘʢʪʦʨʥʦʛʦ, ʢʣʘʩʪʝʨʥʦʛʦ ʠ ʜʠʩʢʨʠʤʠʥʘʥʪ-

ʥʦʛʦ ʘʥʘʣʠʟʦʚ [9]. ʈʘʩʩʯʠʪʳʚʘʣʦʩʴ ʪʘʢʞʝ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ (X), ʩʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ (s). ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʠʤʦʩʪʠ\ ʨʘʟʣʠʯʠʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶ-

ʜʝʥʪʘ ʠ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʢʨʠʪʝʨʠʷ ʐʝʬʬʝ. ʈʘʟʣʠʯʠʷ 

ʩʯʠʪʘʣʠʩʴ ʟʥʘʯʠʤʳʤʠ ʧʨʠ ʨ Ò0,05. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ ʧʘʢʝʪʘ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ çStatisticaè ʬʠʨʤʳ StatSoft.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʝ ʦʪʚʝʪʳ ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʦʨʛʘ-

ʥʠʟʤʘ ʥʘ ʠʥʛʘʣʷʮʠʶ ʢʠʩʣʦʨʦʜʦʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʤʠ ʠ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʩʭʝʤʫ ʫʩʨʝʜʥʸʥ-

ʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʠʧʦʚ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ ʚʦ ʚʨʝʤʷ ʜʳʭʘʥʠʷ 100% ʆ2 

ʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʢʣʘ-

ʩʪʝʨʥʳʡ ʘʥʘʣʠʟ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʫʧʧʠʨʫʶʱʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʲʸʤʳ ʚʝʥʪʠʣʷʮʠʠ ʥʘ 

ʚʩʝʤ ʠʟʫʯʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʙʩʣʝʜʫʝʤʳʝ ʨʘʟʜʝʣʠʣʠʩʴ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʦʪʚʝʪʘ 

(61% ʦʙʩʣʝʜʫʝʤʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ) ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦʝ 

ʫʛʥʝʪʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʣʸʛʢʠʭ ʚ ʧʝʨʚʳʝ 

ʜʝʩʷʪʴ ʤʠʥʫʪ ʢʠʩʣʦʨʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʚʦʟʚʨʘʪʦʤ ʜʦ ʫʨʦʚʥʷ ʠʩʭʦʜʥʳʭ 

ʚʝʣʠʯʠʥ (çʛʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡè ʦʪʚʝʪ). ʅʘ ʨʠ-

ʩʫʥʢʝ 1 ʦʥ ʦʙʦʟʥʘʯʝʥ ʢʘʢ ʢʣʘʩʪʝʨ 3. 

ʄʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ (21,3% ʦʙʩʣʝʜʫʝ-

ʤʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ) ʦʢʘʟʘʣʩʷ ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚ ʪʝʯʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʜʝʩʷʪʠ ʤʠʥʫʪ ʠʥʛʘʣʷ-

ʮʠʠ ʯʠʩʪʳʤ ʢʠʩʣʦʨʦʜʦʤ ʦʙʲʸʤʳ ʚʝʥʪʠʣʷʮʠʠ ʜʦʩʪʦ-

ʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ, ʟʘʪʝʤ ʜʠʥʘʤʠʢʘ VE ʚʳʭʦʜʠʣʘ 

ʥʘ ʧʣʘʪʦ ʜʦ ʢʦʥʮʘ ʧʨʦʙʳ. ʄʳ ʥʘʟʚʘʣʠ ʝʛʦ çʛʠʧʝʨ-

ʚʝʥʪʠʣʷʮʠʦʥʥʳʤè ʪʠʧʦʤ (ʥʘ ʨʠʩ. 1 ð ʢʣʘʩʪʝʨ 1). 

ʀ, ʥʘʢʦʥʝʮ, ʩʘʤʳʤ ʨʝʜʢʠʤ ʦʢʘʟʘʣʩʷ ʚʪʦʨʦʡ ʪʠʧ 

ʚʝʥʪʠʣʷʮʠʠ ð 9,7% ʦʙʩʣʝʜʫʝʤʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ (ʥʘ 

ʨʠʩ. 1 ð ʢʣʘʩʪʝʨ 2), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʪʝʤ, 

ʯʪʦ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʴ ʤʠʥʫʪ ʧʨʦʙʳ ʦʪʤʝʯʘʣʘʩʴ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʛʥʝʪʝʥʠʶ ʚʝʥ-

ʪʠʣʷʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʣʸʛʢʠʭ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʚʘ-

ʜʮʘʪʴ ʤʠʥʫʪ ʜʳʭʘʥʠʷ 100% ʆ2 ʄʆɼ ʫʚʝʣʠʯʠʚʘʣʩʷ 

ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʠ ʚʳʭʦʜʠʣ ʥʘ ʧʣʘʪʦ ʜʦ ʢʦʥʮʘ ʧʨʦʙʳ. 

ʕʪʦʪ ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ ʤʳ ʥʘʟʚʘʣʠ çʩʤʝʰʘʥʥʳʤè.  
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ʈʠʩ.1. ʊʠʧʳ ʨʝʘʢʮʠʡ ʣʸʛʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʜʳʭʘʥʠʷ 100% ʆ2 ʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ  

(ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ) 

 

ɺʩʝ ʠʟʤʝʥʝʥʠʷ ʣʸʛʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʧʨʦʪʝ-

ʢʘʣʠ ʚ ʛʨʘʥʠʮʘʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʚʝʣʠ-

ʯʠʥ. ʏʘʩʪʦʪʘ ʜʳʭʘʥʠʷ ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟ-

ʤʝʥʷʣʘʩʴ. ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʙʲʸʤʦʚ ʚʝʥʪʠʣʷʮʠʠ 

ʦʙʫʩʣʘʚʣʠʚʘʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʜʳʭʘʥʠʷ. 

ɸʥʘʣʠʟ ʬʦʨʤʳ ʢʨʠʚʳʭ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʦʪʚʝʪʳ ʥʘ ʛʠʧʝʨʦʢʩʠʯʝʩʢʫʶ ʠʥ-

ʛʘʣʷʮʠʶ ʧʨʠ ʨʘʟʥʳʭ ʪʠʧʘʭ ʨʝʘʢʮʠʡ ʘʧʧʘʨʘʪʘ ʚʥʝʰ-

ʥʝʛʦ ʜʳʭʘʥʠʷ ʠʤʝʶʪ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʝ ʬʘʟʳ. ʂʣʶ-

ʯʝʚʳʤ, ʧʝʨʝʣʦʤʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʧʝʨʝ-

ʩʪʨʦʡʢʠ ʬʫʥʢʮʠʠ ʜʳʭʘʥʠʷ ʙʳʣʠ ʧʝʨʚʳʝ 

ʜʝʩʷʪʴ-ʜʚʘʜʮʘʪʴ ʤʠʥʫʪ ʠʥʛʘʣʷʮʠʠ ʯʠʩʪʳʤ ʢʠʩʣʦʨʦ-

ʜʦʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʵʪʦ ʚʨʝʤʷ ʟʘʧʫʩʢʘʶʪʩʷ ʤʝʭʘ-

ʥʠʟʤʳ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ ʦʪ ʠʟʙʳʪʢʘ ʢʠʩʣʦʨʦʜʘ. 

ʕʪʘ ʬʘʟʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʧʫʩʢʦʚʦʡè, ʧʝ-

ʨʝʭʦʜʠʣʘ ʚ ʬʘʟʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʩʪʦʷʥʩʪʚʘ ʦʙʲʸ-

ʤʦʚ ʚʝʥʪʠʣʷʮʠʠ, ʠʣʠ ʬʘʟʫ çʩʪʘʙʠʣʠʟʘʮʠʠè. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʥʫʪʨʠʣʸʛʦʯʥʦʛʦ ʛʘʟʦʦʙ-

ʤʝʥʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʪʠʧʳ ʚʝʥʪʠʣʷʮʠʠ ʩʦʧʨʦ-

ʚʦʞʜʘʣʠʩʴ ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʣʴʚʝʦʣʷʨʥʦʤ ʚʦʟʜʫʭʝ (ʪʘʙʣʠʮʘ 

1). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʳʨʘʞʝʥʥʦʩʪʴ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʟʘ-

ʚʠʩʝʣʘ ʦʪ ʪʠʧʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʛʠʧʝʨʦʢ-

ʩʠʯʝʩʢʠʡ ʩʪʠʤʫʣ.  

ʇʨʠ çʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʦʤè ʪʠʧʝ ʚʝʥʪʠʣʷʮʠʠ 

ʫʤʝʥʴʰʝʥʠʝ ʈɸʉʆ2 ʙʳʣʦ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ, 

ʧʨʠ çʛʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʦʤè ð ʥʘʠʤʝʥʝʝ ʟʘʤʝʪʥʳʤ, 

ʘ ʧʨʠ çʩʤʝʰʘʥʥʦʤè ð ʟʘʥʠʤʘʣʦ ʢʘʢ ʙʳ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʥʘʟʚʘʥʥʳʤʠ ʚʳʰʝ ʪʠ-

ʧʘʤʠ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, çʛʠ-

ʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡè ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʜʝʨʞʘʥʠʠ ʙʘ-

ʣʘʥʩʘ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ. ʅʘʠʤʝʥʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ çʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʡè 

ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ. ɺʩʝ ʦʪʤʝʯʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʚʝʥʪʠʣʷʮʠʠ ʧʨʦʪʝʢʘʣʠ ʥʘ ʬʦʥʝ ʩʪʘʙʠʣʴʥʦʛʦ 

ʧʫʣʴʩʘ ʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1 

ɼʝʩʢʨʠʧʪʠʚʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠʟʤʝʥʝʥʠʡ ʈɸʉʆ2  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʠʥʛʘʣʷʮʠʶ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʉʦʩʪʦʷʥʠʝ 
ɺʨʝʤʷ, 

ʤʠʥ 

ʈɸʉʆ2, ʤʤ ʨʪ. ʩʪ. 

ʊʠʧʳ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ 

ɻʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʉʤʝʰʘʥʥʳʡ ɻʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡ 

X  s X  s  X  s  

ʂʦʥʪʨʦʣʴ 36,8 1,1 36,8 0,3 36,7 1,0 

ɼ
ʳ
ʭ
ʘ
ʥ
ʠ
ʝ
 
ʯ
ʠ
ʩ
ʪ
ʳ
ʤ
 

 

ʢ
ʠ
ʩ
ʣ
ʦ
ʨ
ʦ
ʜ
ʦ
ʤ

 10 29,1* 1,2 32,9 2,2 34,5 1,1 

20 26,2* 1,0 28,2* 1,5 33,5 1,5 

30 25,4* 1,3 26,0* 0,5 32,9* 1,1 

40 24,0* 1,3 27,2* 1,7 32,6* 1,2 

50 23,9* 1,2 25,4* 0,3 31,9* 1,1 

60 25,3* 1,8 27,0* 1,5 33,4 1,4 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 
5 29,4* 1,2 29,1* 0,9 29,4* 1,4 

10 27,0* 1,8 29,1* 0,9 31,8* 1,2 

* - ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʳʤ ʚʝʣʠʯʠʥʘʤ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (p<0,05) 
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ʆʪ ʪʠʧʦʚ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʛʠʧʝʨʦʢʩʠ-

ʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʟʘʚʠʩʝʣʠ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ pH ʘʨ-

ʪʝʨʠʘʣʠʟʦʚʘʥʥʦʡ ʢʨʦʚʠ (ʨʠʩ. 2).  

ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʚʩʝʭ ʪʠʧʘʭ ʚʝʥʪʠʣʷʮʠʠ ʦʪ-

ʤʝʯʘʣʩʷ ʩʜʚʠʛ pH ʚʧʨʘʚʦ. ɺʦ-ʚʪʦʨʳʭ, ʚʝʣʠʯʠʥʘ 

ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘʭʦʜʠʣʘʩʴ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʦ ʩʪʝ-

ʧʝʥʴʶ ʛʠʧʝʨʧʥʦʵ ʠ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʠ çʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʦʤè ʠ çʩʤʝʰʘʥʥʦʤè ʪʠʧʘʭ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ. ɿʥʘʯʠʪ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

çʛʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡè ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʘʟʦʚʦʛʦ ʛʦʤʝʦ-

ʩʪʘʟʘ ʦʨʛʘʥʠʟʤʘ. 

0,08

0,09

0,10

0,11

0,12

0,13

0,14

0,15

0,16

D
p
H
,
 
ʫ
.
 
ʝ
.

ɻʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʡʉʤʝʰʘʥʥʳʡɻʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡ

ʊʠʧ ʚʝʥʪʠʣʷʮʠʠ

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʛʨʘʜʠʝʥʪʘ pH ʦʪ ʪʠʧʦʚ ʣʸʛʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʜʳʭʘʥʠʷ 100% ʆ2 

(pH ʨʘʩʩʯʠʪʘʥ ʥʘ 60 ʤʠʥʫʪʝ ʜʳʭʘʥʠʷ ʯʠʩʪʳʤ ʢʠʩʣʦʨʦʜʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ) 

 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʦʚ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ ʚʦ 

ʚʨʝʤʷ ʜʳʭʘʥʠʷ 100% ʆ2 ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʘʯʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʜʠʩʢʨʠʤʠʥʘʥʪ-

ʥʳʡ ʘʥʘʣʠʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʪʠʧʦʚ ʚʝʥʪʠʣʷʪʦʨʥʳʭ 

ʦʪʚʝʪʦʚ ʥʘ ʥʦʨʤʦʙʘʨʠʯʝʩʢʫʶ ʛʠʧʝʨʦʢʩʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ. ʈʘʟʨʘʙʦʪʘʥʳ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʝ ʬʫʥʢʮʠʠ, 

ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʦʥʥʳʝ ʤʝʪʢʠ ʪʠʧʦʚ ʚʝʥʪʠʣʷʮʠʠ ʧʨʠ ʜʳʭʘʥʠʠ 

100% ʆ2 ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

ʊɺ1 = 3,43³
¶

V Eʧ - 0,08³
¶

V E10 + 0,96³
¶

V E20 - 

0,87³
¶

V E30 + 1,82³
¶

V E40 -0,77³
¶

V E50 - 0,04³
¶

V E60 + 

0,39³
¶

V E5ɺ + 0,20³
¶

V E10ɺ - 19,90, 

ʛʜʝ ʊɺ1 ð çʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʡè ʪʠʧ ʚʝʥʪʠ-

ʣʷʮʠʠ, 
¶

V Eʧ ð ʄʆɼ ʚ ʢʦʥʪʨʦʣʝ, 
¶

V E10 - VE60 ð ʄʆɼ 

ʥʘ 10-60 ʤʠʥʫʪʘʭ ʛʠʧʝʨʦʢʩʠʯʝʩʢʦʡ ʧʨʦʙʳ, 
¶

V E5ɺ, 
¶

V E10ɺ ð ʄʆɼ ʥʘ 5, 10 ʤʠʥʫʪʘʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ-

ʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʊɺ2 = 3,4³
¶

V Eʧ + 0,75³
¶

V E10 + 0,96³
¶

V E20 - 

0,33³
¶

V E30 + 3,55³
¶

V E40 - 1,63³
¶

V E50 - 0,18³
¶

V E60 + 

1,70³
¶

V E5ɺ - 1,09³
¶

V E10ɺ - 44,72, 

ʛʜʝ ʊɺ2 ð çʩʤʝʰʘʥʥʳʡè ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ. 

ʊɺ3 = 3,01³
¶

V Eʧ - 0,36³
¶

V E10 - 0,52³
¶

V E20 - 

0,63³
¶

V E30 + 4,83³
¶

V E40 + 0,12³
¶

V E50 - 0,58³
¶

V E60 + 

2,04³
¶

V E5ɺ - 1,76³
¶

V E10ɺ - 46,94, 

ʛʜʝ ʊɺ3 ð çʛʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡè ʪʠʧ ʚʝʥʪʠ-

ʣʷʮʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʚʝʥʪʠʣʷʮʠʠ ʬʦʨʤʘʣʴʥʦ 

ʩʣʝʜʫʝʪ ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʷ 
¶

V E ʚ ʧʨʠʚʝʜʸʥʥʳʝ 

ʚʳʰʝ ʬʦʨʤʫʣʳ ʠ ʚʳʯʠʩʣʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʠʧʘ ʚʝʥʪʠʣʷʮʠʠ. ʆʙʩʣʝʜʫʝʤʳʝ ʙʫʜʫʪ ʦʪ-

ʥʦʩʠʪʴʩʷ ʢ ʪʦʤʫ ʪʠʧʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʝ ʊɺ 

ʤʘʢʩʠʤʘʣʴʥʦ. 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʛʠʧʝʨʚʝʥʪʠʣʷ-

ʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʛʠʧʝʨʦʢʩʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʧʘʜʝʥʠʡ ʪʠʧʦʚ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʜʳʭʘʥʠʝ ʘʪʤʦʩʬʝʨʥʳʤ 

ʚʦʟʜʫʭʦʤ ʚ ʫʩʣʦʚʠʷʭ ʩʧʠʨʦʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ 

ʠ ʜʳʭʘʥʠʝ ʯʠʩʪʳʤ ʢʠʩʣʦʨʦʜʦʤ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʣʠʮʘʭ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʪʘʢʠʝ ʩʦʚʧʘʜʝʥʠʷ ʚ ʚʳʙʦʨʢʝ 

ʧʨʝʦʙʣʘʜʘʣʠ ʠ ʩʦʩʪʘʚʠʣʠ 68,3%. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʪʚʝʪʥʘʷ ʨʝʘʢʮʠʷ ʦʨʛʘʥʠʟʤʘ ʥʘ 

ʜʳʭʘʥʠʝ 100% ʢʠʩʣʦʨʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚ-

ʣʝʥʘ ʢʦʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʚʦ ʚʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ (668°40,2 ʤʤ ʨʪ. 

ʩʪ.), ʢ 60-ʦʡ ʤʠʥʫʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʈʘʆ2 ʥʝ ʧʨʝʚʳ-

ʰʘʣʦ ʫʩʨʝʜʥʸʥʥʳʭ ʚʝʣʠʯʠʥ 141,7°10,4 ʤʤ ʨʪ. ʩʪ. ʩ 

ʚʳʨʘʞʝʥʥʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 
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(100ï320 ʤʤ ʨʪ. ʩʪ.). ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʘʣʴʚʝʦʣʷʨʥʦ-

ʘʨʪʝʨʠʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜ-

ʥʝʤ 555 ʤʤ ʨʪ. ʩʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʣʸʛʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʈɸʉʆ2, ʈɸʆ2 ʠ ʈʘʆ2 

ʧʨʠ ʛʠʧʝʨʦʢʩʠʠ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ 

ʦʪ ʘʣʴʪʝʨʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʝʥʪʠʣʷʮʠ-

ʦʥʥʦ-ʧʝʨʬʫʟʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʣʸʛʢʠʭ. ʅʘʤʠ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʦʚ ʣʸʛʦʯʥʦʡ ʚʝʥʪʠʣʷ-

ʮʠʠ ʚ ʥʘʯʘʣʝ ʛʠʧʝʨʦʢʩʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, 

çʚʳʤʳʚʘʝʤʦʛʦè ʠʟ ʛʠʧʝʨʚʝʥʪʠʣʠʨʫʝʤʳʭ ʘʣʴʚʝʦʣ, ʠ 

ʦʛʨʘʥʠʯʝʥʠʝ ʝʛʦ ʵʣʠʤʠʥʘʮʠʠ ʚ ʢʦʥʮʝ ʢʠʩʣʦʨʦʜʥʦʡ 

ʥʘʛʨʫʟʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ 

ʘʣʴʚʝʦʣʷʨʥʦʡ ʧʦʨʮʠʠ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ (ʜʣʷ 

ʈɸʉʆ2 r = -0,95 ʚ ʥʘʯʘʣʝ ʧʨʦʙʳ, r = 0,08 ʚ ʢʦʥʮʝ 

ʧʨʦʙʳ; ʜʣʷ ʈɸʆ2 r = 0,94 ʠ r = -0,26, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ). ʕʪʦʪ ʧʘʨʘʜʦʢʩʘʣʴʥʳʡ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩ-

ʥʠʪʴ, ʝʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʘʥʘʣʦʛʠʯ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʄʆɼ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʧʨʷʞʝʥ ʩ ʈʘʆ2 

(r = 0,89, p<0,05). ʊʦ ʝʩʪʴ, ʧʦʥʠʞʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ 

ʘʣʴʚʝʦʣʷʨʥʦʤ ʚʦʟʜʫʭʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʘʨʪʝʨʠʘʣʠʟʦʚʘʥʥʦʡ ʢʨʦʚʠ. ʋʢʘ-

ʟʘʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʙʲʸʤʘʤʠ ʚʝʥʪʠ-

ʣʷʮʠʠ, ʧʘʨʮʠʘʣʴʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʣʴʚʝʦʣʷʨʥʦʤ ʚʦʟʜʫʭʝ, ʥʘʧʨʷʞʝʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ʚ ʘʨʪʝʨʠʘʣʠʟʦʚʘʥʥʦʡ ʢʨʦʚʠ ʭʦʨʦʰʦ ʦʧʠ-

ʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ (ʤʥʦʞʝʩʪʚʝʥʥʳʡ R=0,62; 

F(3,37)=7,7434, p<0,00039): 
¶

V E60 = 0,79ʈɸʉʆ2-60 ð 0,39ʈɸʆ2-60 + 

0,169ʈʘʆ2-60 + 206,8 

ʆʜʥʠʤ ʠʟ ʦʙʲʷʩʥʝʥʠʡ ʦʪʤʝʯʝʥʥʳʭ ʚʟʘʠʤʦʦʪ-

ʥʦʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠʣʸ-

ʛʦʯʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ. ɻʠʧʝʨʧʥʦʵ ʧʨʠ ʛʠʧʝʨʦʢʩʠʠ ʚʳ-

ʟʳʚʘʝʪ ʣʠʙʦ ʩʙʨʦʩ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʧʦ ʚʥʫʪʨʠʣʸʛʦʯ-

ʥʳʤ ʰʫʥʪʘʤ, ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʸʨʪʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʣʠʙʦ ʪʦ ʠ ʜʨʫʛʦʝ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʳʩʢʘʟʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥ-

ʥʳʭ ʥʘʤʠ ʨʘʩʯʸʪʦʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʰʫʥʪʘ. ʈʘʩ-

ʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʰʝʩʪʠʜʝʩʷʪʦʡ ʤʠʥʫʪʝ ʜʳʭʘ-

ʥʠʷ 100% ʢʠʩʣʦʨʦʜʦʤ ʚʥʫʪʨʠʣʸʛʦʯʥʳʡ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʠʡ ʰʫʥʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʩʝʤʴ ʨʘʟ (ʩ 5 ʜʦ 31-37%). 

ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠʩʴ ʧʣʦʪʥʳʝ ʜʦʩʪʦʚʝʨʥʳʝ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʚʳʨʘʞʝʥʥʦʩʪʠ 

ʚʥʫʪʨʠʣʸʛʦʯʥʦʛʦ ʰʫʥʪʘ ʩ ʈʘʆ2 (r = -0,95), ʈɸʉʆ2 (r 

= -0,65) ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʩ ʈɸʆ2 (r = 0,68). 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʢʣʶ-

ʯʝʥʠʷ ʚʥʫʪʨʠʣʸʛʦʯʥʦʛʦ ʰʫʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʢ ʛʠʧʝʨʦʢʩʠʠ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʝʥʠʷ 

ʤʦʞʝʪ ʩʪʘʪʴ ʚʢʣʶʯʝʥʠʝ ʵʬʬʝʢʪʘ Landin (ʮʠʪ. ʧʦ 

10), ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʵʣʠʤʠʥʘʮʠʠ ʘʟʦʪʘ ʠʟ ʘʣʴ-

ʚʝʦʣ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʣʣʘʙʠʨʦʚʘʥʠʝʤ ʠʭ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ð ʫʚʝʣʠʯʝʥʠʠ ʰʫʥʪʠʨʦʚʘʥʠʷ ʥʝʦʢʩʠʛʝ-

ʥʠʨʦʚʘʥʥʦʡ ʢʨʦʚʠ. 

ɺʓɺʆɼʓ 

1. ʇʨʠ ʧʦʤʦʱʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝ-
ʣʝʥʦ ʪʨʠ ʪʠʧʘ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʛʠʧʝʨʦʢ-

ʩʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. ɼʣʷ ʧʝʨʚʦʛʦ ʪʠʧʘ (çʛʠʧʦʚʝʥʪʠ-

ʣʷʮʠʦʥʥʦʛʦè) ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʫʛʥʝʪʝʥʠʝ ʚʝʥ-

ʪʠʣʷʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʣʸʛʢʠʭ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʴ ʤʠʥʫʪ 

ʜʳʭʘʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʦʨʤʘʣʠʟʘ-

ʮʠʝʡ ʄʆɼ. ɺʪʦʨʦʡ ʪʠʧ (çʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʡè) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʥʳʤʠ ʦʙʲʸʤʘʤʠ ʚʝʥʪʠʣʷ-

ʮʠʠ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʧʨʦʙʳ. ʊʨʝʪʠʡ ʪʠʧ (çʩʤʝ-

ʰʘʥʥʳʡè) ʦʪʣʠʯʘʝʪʩʷ ʜʝʧʨʝʩʩʠʝʡ ʚʝʥʪʠʣʷʮʠʠ ʚ 

ʧʝʨʚʳʝ 10 ʤʠʥʫʪ ʛʠʧʝʨʦʢʩʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤ ʛʠʧʝʨʧʥʦʵ ʜʦ ʢʦʥʮʘ ʧʝʨʠʦʜʘ ʜʳʭʘʥʠʷ 

ʯʠʩʪʳʤ ʢʠʩʣʦʨʦʜʦʤ. ʅʘʠʙʦʣʝʝ ʬʠʟʠʦʣʦʛʠʯʥʳʤ ʷʚ-

ʣʷʝʪʩʷ çʛʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡè ʪʠʧ ʚʝʥʪʠʣʷʮʠʠ. 

2. ʇʝʨʝʩʪʨʦʡʢʘ ʬʫʥʢʮʠʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ ʚ 
ʦʪʚʝʪ ʥʘ ʛʠʧʝʨʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʣʠʯʘʝʪʩʷ 

ʬʘʟʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ. ʂʣʶʯʝʚʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝ-

ʤʝʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʜʚʘʜʮʘʪʴ ʤʠʥʫʪ ʛʠʧʝʨʦʢʩʠʠ. 

ʕʪʦ çʧʫʩʢʦʚʘʷè ʬʘʟʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʠʥʠʮʠʠʨʫ-

ʶʪʩʷ ʩʠʩʪʝʤʥʳʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ ʦʪ 

ʠʟʙʳʪʢʘ ʢʠʩʣʦʨʦʜʘ. ʆʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʬʘʟʫ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʧʦʩʪʦʷʥʩʪʚʘ ʦʙʲʸʤʦʚ ʚʝʥʪʠʣʷʮʠʠ, ʠʣʠ 

ʬʘʟʫ çʩʪʘʙʠʣʠʟʘʮʠʠè. 

3. ʊʠʧʳ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʛʠʧʝʨʦʢ-
ʩʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʟʘʚʠʩʷʪ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. çɻʠʧʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡè ʪʠʧ 

ʚʝʥʪʠʣʷʮʠʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʧʦʜʜʝʨʞʘʥʠʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. 

4. ʆʜʥʠʤ ʠʟ ʜʝʡʩʪʚʝʥʥʳʭ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝ-
ʭʘʥʠʟʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʛʘʟʦʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʦʨʛʘ-

ʥʠʟʤʘ ʧʨʠ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʪʠʧʘʭ ʦʪʚʝʪʦʚ ʥʘ 

ʛʠʧʝʨʦʢʩʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦ-ʧʝʨʬʫʟʠʦʥʥʳʭ ʦʪ-

ʥʦʰʝʥʠʡ ʚ ʣʸʛʢʠʭ ʠ ʚʢʣʶʯʝʥʠʝ ʚʥʫʪʨʠʣʸʛʦʯʥʦʛʦ 

ʰʫʥʪʘ. 

5. ʈʘʟʨʘʙʦʪʘʥʳ ʢʣʘʩʪʝʨʥʘʷ ʠ ʜʠʩʢʨʠʤʠʥʘʥʪ-
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ʉʪʦʣʷʨʝʥʢʦ ʇ.ʖ. 

ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ 

ʭʠʨʫʨʛʠʠ ʠ ʩʪʦʤʘʪʦʣʦʛʠʠ ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɹʘʡʨʠʢʦʚ ʀ.ʄ. 

ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʡ ʰʢʦʣʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ ʭʠʨʫʨʛʠʠ ʠ ʩʪʦʤʘʪʦʣʦʛʠʠ 

ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɼʝʜʠʢʦʚ ɼ.ʅ. 

ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʝʥʠʝʤ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ ʭʠʨʫʨʛʠʠ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ-ʂʨʘʝʚʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʙʦʣʴʥʠʮʳ ˉ 1 ʠʤ. ʧʨʦʬ. ʉ.ɺ. ʆʯʘʧʦʚ-

ʩʢʦʛʦ, ʛ. ʂʨʘʩʥʦʜʘʨ 

ɹʘʡʨʠʢʦʚ ɸ.ʀ. 

ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ 

ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

Abstract 

The beginning of a series of articles on the history of the development of trau-matology of the maxillofacial 

area is published in No. 39/2020ï46/2021. The ninth part is dedicated to the contribution of Finnish surgeons and 

dentists. During the First World War, Richard Faltin (1867 1952) systematized gunshot wounds of the face, gave 

specific practical recommendations for the treatment of wounds and their complications. In 1916, to prevent the 

threat of asphyxia in fractures of the chin part of the lower jaw, Faltin proposed a bandage with extraoral traction, 

the imposition of a ligature on the tongue. Illustrations of the applied methods of treatment are given. To be con-

tinued.  

ɸʥʥʦʪʘʮʠʷ 

ʅʘʯʘʣʦ ʮʠʢʣʘ ʩʪʘʪʝʡ ʧʦ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʪʨʘʚʤʘʪʦʣʦʛʠʠ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ ʦʙʣʘʩʪʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 

ˉ 39/2020ï46/2021. ɼʝʚʷʪʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʚʢʣʘʜʫ ʬʠʥʩʢʠʭ ʭʠʨʫʨʛʦʚ ʠ ʟʫʙʥʳʭ ʚʨʘʯʝʡ. ɺ ʛʦʜʳ ʇʝʨʚʦʡ 

ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʈʠʯʘʨʜ ʌʘʣʴʪʠʥ (1867 1952) ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣ ʦʛʥʝʩʪʨʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʣʠʮʘ, ʜʘʣ 
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ʢʦʥʢʨʝʪʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʣʝʯʝʥʠʶ ʨʘʥʝʥʠʡ ʠ ʠʭ ʦʩʣʦʞʥʝʥʠʡ. ɺ 1916 ʛʦʜʫ ʜʣʷ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʫʛʨʦʟʳ ʘʩʬʠʢʩʠʠ ʧʨʠ ʧʝʨʝʣʦʤʘʭ ʧʦʜʙʦʨʦʜʦʯʥʦʡ ʯʘʩʪʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʌʘʣʴʪʠʥ ʧʨʝʜʣʦʞʠʣ ʧʦ-

ʚʷʟʢʫ ʩ ʚʥʝʨʦʪʦʚʳʤ ʚʳʪʷʞʝʥʠʝʤ, ʥʘʣʦʞʝʥʠʝ ʣʠʛʘʪʫʨʳ ʥʘ ʷʟʳʢ. ʇʨʠʚʝʜʝʥʳ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ. ʇʨʦʜʦʣʞʝʥʠʝ ʩʣʝʜʫʝʪ. 

 

Keywords: history, Richard Faltin (1867 1952), First World War, jaw wounds, asphyxia. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʪʦʨʠʷ, ʈʠʯʘʨʜ ʌʘʣʴʪʠʥ (1867 1952), ʇʝʨʚʘʷ ʤʠʨʦʚʘʷ ʚʦʡʥʘ, ʯʝʣʶʩʪʥʳʝ ʨʘʥʝʥʠʷ, 

ʘʩʬʠʢʩʠʷ. 

  

ɺɺɽɼɽʅʀɽ. ɺ ʢʦʥʮʝ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ 

ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʨʰʘʣ ʌʝʨʜʠʥʘʥʜ ʌʦʰ (Ferdinand 

Foch, 1851ï1929), ʚʝʨʭʦʚʥʳʡ ʛʣʘʚʥʦʢʦʤʘʥʜʫʶʱʠʡ 

ʩʦʶʟʥʳʤʠ ʘʨʤʠʷʤʠ ʟʘʷʚʠʣ: çɽʩʣʠ ʌʨʘʥʮʠʷ ʥʝ ʙʳʣʘ 

ʩʪʝʨʪʘ ʩ ʢʘʨʪʳ ɽʚʨʦʧʳ, ʪʦ ʤʳ ʦʙʷʟʘʥʳ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʈʦʩʩʠʠè. ʆʜʥʘʢʦ ʢ ʢʦʥʮʫ ʚʦʡʥʳ ʨʫʩʩʢʠʝ ʙʨʠʛʘʜʳ 

ʙʳʣʠ ʧʨʝʜʘʥʳ ʟʘʙʚʝʥʠʶ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚʦ 

ʌʨʘʥʮʠʠ. ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʬʨʦʥʪʝ ʧʦʩʣʝ 3-ʭ ʣʝʪ ʠ 4-

ʭ ʤʝʩʷʮʝʚ ʚʦʦʨʫʞʝʥʥʦʛʦ ʢʦʥʬʣʠʢʪʘ ʩʦʟʜʘʣʦʩʴ ʪʷ-

ʞʝʣʦʝ ʧʦʣʦʞʝʥʠʝ: ʧʦʯʪʠ 2 ʤʠʣʣʠʦʥʘ ʫʙʠʪʳʭ ʠ ʧʨʦ-

ʧʘʚʰʠʭ ʙʝʟ ʚʝʩʪʠ ʠ 4 ʤʠʣʣʠʦʥʘ ʨʘʥʝʥʳʭ, ʠʟ ʢʦʪʦ-

ʨʳʭ 5%  ʚ ʣʠʮʦ (ʨʠʩ. 1) [1]. 11 ʥʦʷʙʨʷ 1918 ʛ. ʌʦʰ 

ʧʨʠʥʷʣ ʧʨʦʩʴʙʫ ɻʝʨʤʘʥʠʠ ʦ ʧʝʨʝʤʠʨʠʠ. 

 
ʈʠʩ. 1. ʂʫʟʴʤʘ ʉʝʨʛʝʝʚʠʯ ʇʝʪʨʦʚ-ɺʦʜʢʠʥ çʅʘ ʣʠʥʠʠ ʦʛʥʷè (1916 ʛ.).  

ʍʦʣʩʪ, ʤʘʩʣʦ. 196 Ĭ 275 ʩʤ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʈʫʩʩʢʠʡ ʤʫʟʝʡ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʌʦʰ ʚʳʩʪʫʧʘʣ ʟʘ ʤʠʨʥʳʝ ʫʩʣʦʚʠʷ, ʧʦ ʢʦʪʦʨʳʤ 

ɻʝʨʤʘʥʠʷ ʙʦʣʴʰʝ ʥʠʢʦʛʜʘ ʥʝ ʩʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʫʛʨʦʟʫ ʜʣʷ ʌʨʘʥʮʠʠ. ʆʥ ʩʯʠʪʘʣ ɺʝʨʩʘʣʴʩʢʠʡ ʜʦʛʦ-

ʚʦʨ ʩʣʠʰʢʦʤ ʤʷʛʢʠʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɻʝʨʤʘʥʠʠ ʠ, 

ʢʦʛʜʘ ʜʦʛʦʚʦʨ ʧʦʜʧʠʩʳʚʘʣʩʷ 28 ʠʶʥʷ 1919 ʛʦʜʘ, ʟʘ-

ʷʚʠʣ: çʕʪʦ ʥʝ ʤʠʨ. ʕʪʦ ʧʝʨʝʤʠʨʠʝ ʥʘ ʜʚʘʜʮʘʪʴ ʣʝʪè. 

ɽʛʦ ʩʣʦʚʘ ʦʢʘʟʘʣʠʩʴ ʧʨʦʨʦʯʝʩʢʠʤʠ: ɺʪʦʨʘʷ ʤʠʨʦʚʘʷ 

ʚʦʡʥʘ ʥʘʯʘʣʘʩʴ ʜʚʘʜʮʘʪʴʶ ʛʦʜʘʤʠ ʧʦʟʞʝ [2].  

ʌʠʥʩʢʠʝ ʜʦʙʨʦʚʦʣʴʮʳ ʚ ʨʫʩʩʢʦʡ ʘʨʤʠʠ ʚ 

ʇʝʨʚʫʶ ʤʠʨʦʚʫʶ ʚʦʡʥʫ 1914ï1918 ʛʛ. ï ʦʢʦʣʦ 700 

ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʠʛʥʦʨʠʨʦʚʘʣʠʩʴ ʠʩʪʦʨʠʢʘʤʠ, ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʥʦʡ 

ʠ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʬʠʥʩʢʦʡ ʠʩʪʦʨʠʠ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ çɿʘʙʳʪʳʝ 

ʠʩʪʦʨʠʝʡ. ʌʠʥʩʢʠʝ ʜʦʙʨʦʚʦʣʴʮʳ ʚ ʨʫʩʩʢʦʡ ʘʨʤʠʠ ʚ 

                                                           
1 ʈʠʯʘʨʜ ɺʠʣʴʛʝʣʴʤ ɻʦʪʣʠʙ ʌʘʣʴʪʠʥ (ʨʦʜʠʣʩʷ 28 ʦʢʪʷʙʨʷ 

1867 ʛ. ʚ ɺʳʙʦʨʛʝ; ʫʤʝʨ 23 ʘʚʛʫʩʪʘ 1952 ʛ. ʚ ʍʝʣʴʩʠʥʢʠ) 

ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʝ 1914ï1918 ʛʛ.è ʊ. Hoppu [3] 

ʠʟʫʯʘʶʪʩʷ ʤʦʪʠʚʳ ʜʦʙʨʦʚʦʣʴʮʝʚ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 

ʥʘ ʩʣʫʞʙʫ ʠ ʠʭ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʝʩʴʤʘ ʞʝʨʪʚʝʥ-

ʥʘʷ ʩʣʫʞʙʘ ʚ ʨʦʩʩʠʡʩʢʦʡ ʘʨʤʠʠ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʤʘʩʰʪʘʙʝ ʧʦʪʝʨʠ ʬʠʥʩʢʠʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʙʳʣʠ 

ʩʪʦʣʴ ʞʝ ʚʝʣʠʢʠ, ʢʘʢ ʠ ʧʦʪʝʨʠ ʜʨʫʛʠʭ ʥʘʮʠʦʥʘʣʴʥʦ-

ʩʪʝʡ ʚʦ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʝ. ɹʦʣʝʝ ʦʜʥʦʛʦ ʠʟ ʯʝ-

ʪʳʨʝʭ ʥʠʢʦʛʜʘ ʥʝ ʚʝʨʥʫʣʠʩʴ ʠʟ ʵʢʩʧʝʜʠʮʠʠ ʥʘ ʨʦ-

ʜʠʥʫ. 

ɺʂʃɸɼ ʌʀʅʉʂʀʍ ɺʈɸʏɽʁ 

ʈʠʯʘʨʜ ʌʘʣʴʪʠʥ ï ʜʨʫʛ ʠ ʩʦʨʘʪʥʠʢ ʉʝʚʝ-

ʨʠʥʘ ʊʠʛʝʨʩʪʝʜʪʘ 

ɺʦ ʚʨʝʤʷ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʈʠʯʘʨʜ ʌʘʣʴ-

ʪʠʥ1 (Richard Wilhelm Gottlieb Faltin ï ʨʠʩ. 2) ʨʘʙʦ-

ʪʘʣ ʜʦʮʝʥʪʦʤ ʭʠʨʫʨʛʠʠ ʚ 1902ï1917 ʛʛ., ʭʠʨʫʨʛʦʤ 

ï ʬʠʥʩʢʠʡ ʭʠʨʫʨʛ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ, ʧʨʦ-

ʬʝʩʩʦʨ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘʯʘʣʴʥʠʢ ʬʠʥʩʢʦʡ 
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ʥʘ ɺʦʩʪʦʯʥʦʤ ʬʨʦʥʪʝ ʚ ʧʦʣʝʚʦʤ ʛʦʩʧʠʪʘʣʝ ʂʨʘʩ-

ʥʦʛʦ ʂʨʝʩʪʘ ʌʠʥʣʷʥʜʠʠ, ʥʘʯʘʣʴʥʠʢʦʤ ʧʦʣʝʚʦʛʦ ʣʘ-

ʟʘʨʝʪʘ ʌʠʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦʧʝʯʝʥʠʷ ʦ ʨʘʥʝʥʳʭ ʠ 

ʙʦʣʴʥʳʭ ʚʦʠʥʘʭ, ʩʚʝʨʭʰʪʘʪʥʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʠ ʟʘ-

ʚʝʜʫʶʱʠʤ ʢʣʠʥʠʢʦʡ ʦʙʱʝʡ ʭʠʨʫʨʛʠʠ ʚ ʍʝʣʴʩʠʥʢʠ 

ʚ 1917ï1935 ʛʦʜʘʭ. ʏʣʝʥ-ʦʩʥʦʚʘʪʝʣʴ ʭʠʨʫʨʛʠʯʝ-

ʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʝʛʦ ʧʝʨʚʳʡ ʧʨʝʜʩʝʜʘʪʝʣʴ ʚ 1926ï

1930 ʛʦʜʘʭ. ɹʳʣ ʚʦʝʥʥʳʤ ʭʠʨʫʨʛʦʤ ʌʠʥʩʢʦʛʦ ʂʨʘʩ-

ʥʦʛʦ ʂʨʝʩʪʘ ʚ ʄʘʥʴʯʞʫʨʠʠ ʚʦ ʚʨʝʤʷ ʈʫʩʩʢʦ-ʷʧʦʥ-

ʩʢʦʡ ʚʦʡʥʳ, ʚ ʈʦʩʩʠʠ ʚʦ ʚʨʝʤʷ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ 

ʚʦʡʥʳ, ʘ ʪʘʢʞʝ ʚ ʕʬʠʦʧʠʠ ʚ 1935ï1936 ʛʦʜʘʭ. ɺʦʟ-

ʛʣʘʚʣʷʣ ʂʨʘʩʥʳʡ ʂʨʝʩʪ ʌʠʥʣʷʥʜʠʠ ʧʦ ʩʢʦʨʦʡ ʧʦ-

ʤʦʱʠ. ʈ. ʌʘʣʴʪʠʥ ʫʯʘʩʪʚʦʚʘʣ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʤʠʩ-

ʩʠʷʭ ʥʘ ʩʝʤʠ ʚʦʡʥʘʭ, ʧʦʣʫʯʠʣ ʟʚʘʥʠʝ ʧʦʣʢʦʚʥʠʢʘ 

ʤʝʜʠʮʠʥʩʢʦʡ ʩʣʫʞʙʳ ʚ 

 
ʈʠʩ. 2. ʈʠʯʘʨʜ ʌʘʣʴʪʠʥ. ʌʦʪʦʛʨʘʬʠʷ ʩʜʝʣʘʥʘ 11 ʠʶʣʷ 1916 ʛ. 

 

1941 ʛʦʜʫ. ʇʦʣʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʈ. ʌʘʣʴʪʠʥʘ ʢʘʢ 

ʭʠʨʫʨʛʘ ʙʳʣʦ ʦʯʝʥʴ ʰʠʨʦʢʦ, ʥʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝ-

ʨʝʩ ʜʣʷ ʥʝʛʦ ʧʨʝʜʩʪʘʚʣʷʣʘ ʧʣʘʩʪʠʯʝʩʢʘʷ ʭʠʨʫʨʛʠʷ, 

ʪʨʘʚʤʘʪʦʣʦʛʠʷ ʠ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʘʷ ʭʠʨʫʨʛʠʷ. ʈ. 

ʌʘʣʴʪʠʥʫ ʠʥʦʛʜʘ ʧʨʠʭʦʜʠʣʦʩʴ ʦʧʝʨʠʨʦʚʘʪʴ ʜʦ 19 

ʧʘʮʠʝʥʪʦʚ ʚ ʜʝʥʴ [4]. 

ʈ. ʌʘʣʴʪʠʥ ʚʣʘʜʝʣ ʤʥʦʛʠʤʠ ʠʥʦʩʪʨʘʥʥʳʤʠ 

ʷʟʳʢʘʤʠ ʠ ʠʤʝʣ ʦʙʰʠʨʥʫʶ ʧʝʨʝʧʠʩʢʫ ʧʦ ʚʩʝʡ ɽʚ-

ʨʦʧʝ. ɺ ʧʠʩʴʤʘʭ ʦʥ ʦʙʩʫʞʜʘʣ ʩ ʢʦʣʣʝʛʘʤʠ ʨʘʟʣʠʯ-

ʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ. 

ʈ. ʌʘʣʴʪʠʥ ʨʘʙʦʪʘʣ ʧʦʤʦʱʥʠʢʦʤ ʚʨʘʯʘ ʭʠʨʫʨ-

ʛʠʯʝʩʢʦʡ ʙʦʣʴʥʠʮʳ ʚ ʍʝʣʴʩʠʥʢʠ 1896ï1900, ʠʥʪʝʨ-

ʥʦʤ ʚ ʭʠʨʫʨʛʠʯʝʩʢʦʤ ʛʦʩʧʠʪʘʣʝ ʚ ʍʝʣʴʩʠʥʢʠ (1902ï

1917 ʛʛ.), ʘʜʲʶʥʢʪ-ʧʨʦʬʝʩʩʦʨʦʤ ʚ ʀʤʧʝʨʘʪʦʨʩʢʦʤ 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (1902ï1917 ʛʛ.), 

                                                           
ʩʠʩʪʝʤʳ ʩʢʦʨʦʡ ʧʦʤʦʱʠ. ɺ ʛʦʜʳ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣ ʦʛʥʝʩʪʨʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʣʠʮʘ, ʜʘʣ 

ʢʦʥʢʨʝʪʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʣʝʯʝʥʠʶ. 

ʧʝʨʩʦʥʘʣʴʥʳʤ ʵʢʩʪʨʘʦʨʜʠʥʘʨʥʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʛ. ʍʝʣʴʩʠʥʢʠ (1917ï1935 ʛʛ.), ʘ ʪʘʢʞʝ 

ʟʘʥʠʤʘʣ ʨʘʟʣʠʯʥʳʝ ʚʦʝʥʥʳʝ ʚʨʘʯʝʙʥʳʝ ʜʦʣʞʥʦʩʪʠ 

ʚʦ ʚʨʝʤʷ ʇʝʨʚʦʡ ʛʨʝʢʦ-ʪʫʨʝʮʢʦʡ ʚʦʡʥʳ ʚ 1897 ʛʦʜʫ, 

ʈʫʩʩʢʦ-ʷʧʦʥʩʢʦʡ ʚʦʡʥʳ (1904ï1905 ʛʛ.), ʇʝʨʚʦʡ 

ʤʠʨʦʚʦʡ ʚʦʡʥʳ (1914ï1918 ʛʛ.), ɻʨʘʞʜʘʥʩʢʦʡ 

ʚʦʡʥʳ ʚ ʌʠʥʣʷʥʜʠʠ (1918 ʛ.), ɺʪʦʨʦʡ ʠʪʘʣʦ-ʘʙʠʩ-

ʩʠʥʩʢʦʡ ʚʦʡʥʳ (1935ï1936 ʛʛ.), ɿʠʤʥʝʡ ʚʦʡʥʳ 

(1939ï1940 ʛʛ.) ʠ ʚʦʡʥʳ-ʧʨʦʜʦʣʞʝʥʠʷ (1941ï1944 

ʛʛ.). ʆ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʘʨʴ-

ʝʨʝ ʈ. ʌʘʣʴʪʠʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ 

ʢʦʥʮʝ ʚʦʡʥʳ-ʧʨʦʜʦʣʞʝʥʠʷ, ʦʥ ʨʘʙʦʪʘʣ ʚ ʚʦʝʥʥʦʤ 

ʛʦʩʧʠʪʘʣʝ ʥʘʯʘʣʴʥʠʢʦʤ ʦʪʜʝʣʝʥʠʷ ʯʝʣʶʩʪʥʦ-ʣʠʮʝ-

ʚʦʡ ʭʠʨʫʨʛʠʠ ʚ 77-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ (ʨʠʩ. 3) [4]. 

ʉʳʥ ʢʦʤʧʦʟʠʪʦʨʘ ʈʠʯʘʨʜʘ ʌʘʣʴʪʠʥʘ ʩʪʘʨʰʝʛʦ, ʤʥʦʛʦʣʝʪ-

ʥʠʡ ʜʨʫʛ ʠ ʢʦʣʣʝʛʘ ʉʝʚʝʨʠʥʘ ʊʠʛʝʨʩʪʝʜʪʘ. 
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ʈʠʩ. 3. ʇʨʦʬʝʩʩʦʨ ʈʠʯʘʨʜ ʌʘʣʴʪʠʥ ʚ ʩʚʦʸʤ ʨʘʙʦʯʝʤ ʢʘʙʠʥʝʪʝ 

 

ɼʦ 1915 ʛ. ʘʩʬʠʢʩʠʷ ʠʟ-ʟʘ ʟʘʧʘʜʝʥʠʷ ʷʟʳʢʘ ʧʨʠ 

ʩʤʝʱʝʥʠʠ ʢʟʘʜʠ ʦʪʣʦʤʢʦʚ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʤʦʛʣʘ 

ʙʳʪʴ ʧʨʝʜʫʧʨʝʞʜʝʥʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʦʣʴʢʦ ʪʨʘ-

ʭʝʦʪʦʤʠʝʡ. ʀʟʚʝʩʪʥʫʶ ʨʦʣʴ ʚ ʩʥʠʞʝʥʠʠ ʧʦʢʘʟʘʥʠʡ 

ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʨʘʭʝʦʪʦʤʠʠ ʩʳʛʨʘʣʘ ʧʨʝʜʣʦʞʝʥ-

ʥʘʷ ʈ. ʌʘʣʴʪʠʥʳʤ ʧʦʚʷʟʢʘ. ɺʦ ʚʨʝʤʷ ʚʦʡʥʳ ʦʥ ʩʠ-

ʩʪʝʤʘʪʠʟʠʨʦʚʘʣ ʦʛʥʝʩʪʨʝʣʴʥʳʝ ʨʘʥʝʥʠʷ ʣʠʮʘ ʠ ʜʘʣ 

ʢʨʘʪʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʣʝʯʝʥʠʶ [5ï7]. 

ɼʦʢʪʦʨ ʌʘʣʴʪʠʥ ʦʧʫʙʣʠʢʦʚʘʣ ʚ 1916 ʛʦʜʫ ʜʚʝ 

ʩʪʘʪʴʠ ʚ ʄʝʜʠʮʠʥʩʢʦʤ ʞʫʨʥʘʣʝ ʂʨʘʩʥʦʛʦ ʂʨʝʩʪʘ 

ɿʘʧʘʜʥʦʛʦ ʬʨʦʥʪʘ: çʆ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʳʭ ʭʠʨʫʨʛʠ-

ʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʣʝʯʝʥʠʠ 

ʨʘʥʝʥʠʡ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠè (ʨʠʩ. 4) [6] ʠ çʃʠʮʝʚʳʝ 

ʠ ʯʝʣʶʩʪʥʳʝ ʦʛʥʝʩʪʨʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʠʭ ʣʝ-

ʯʝʥʠʝè [7]. 

 
ʈʠʩ. 4. ʆʙʣʦʞʢʘ ʧʨʠʣʦʞʝʥʠʷ ʢ ʞʫʨʥʘʣʫ ʄʝʜʠʮʠʥʩʢʠʡ ʚʝʩʪʥʠʢ, 1916, ˉ 1. [6]  
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ɺ ʧʝʨʚʦʡ ʩʪʘʪʴʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʠʶʣʝ 1916 

ʛʦʜʘ, ʈ. ʌʘʣʴʪʠʥ ʦʪʤʝʯʘʝʪ, ʯʪʦ çʥʠ ʚ ʦʜʥʦʡ ʠ ʧʨʝʜ-

ʰʝʩʪʚʫʶʱʠʭ ʚʦʡʥ ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʶʩʪʥʳʭ ʨʘʥʝʥʳʭ 

ʥʠ ʚ ʘʙʩʦʣʶʪʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ, ʥʝ 

ʙʳʣʦ ʪʘʢ ʚʝʣʠʢʦ, ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʡ; ʧʝʨʚʦʝ ʧʦ ʧʦʥʷʪ-

ʥʳʤ ʧʨʠʯʠʥʘʤ, ʧʦʩʣʝʜʥʝʝ ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʩʧʦʩʦʙʘʤ ʚʝʜʝʥʠʷ ʚʦʡʥʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʛʦʣʦʚʘ ʠ 

ʨʫʢʠ ʙʦʣʝʝ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʪʝʣʘ ʦʪʢʨʳʪʳ ʜʣʷ ʥʝʧʨʠ-

ʷʪʝʣʴʩʢʦʛʦ ʦʛʥʷ. ɺʩʷʢʠʡ, ʢʪʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʷʧʦʥʩʢʦʡ 

ʚʦʡʥʝ, ʜʦʣʞʝʥ ʩʦʛʣʘʩʠʪʴʩʷ, ʯʪʦ ʣʝʯʝʥʠʝ ʯʝʣʶʩʪʥʳʭ 

ʨʘʥʝʥʠʡ ʦʩʪʘʚʣʷʣʦ ʞʝʣʘʪʴ ʤʥʦʛʦʛʦ. ɺ ʣʫʯʰʝʤ ʩʣʫ-

ʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʦʩʴ ʥʝʫʩʪʨʘʥʠʤʦʝ ʦʙʝʟʦʙ-

ʨʘʞʠʚʘʥʠʝ ʣʠʮʘ. ɺ ʩʢʦʣʴʢʠʭ ʞʝ ʩʣʫʯʘʷʭ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʪʷʞʝʣʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʜʳʭʘʥʠʷ 

ʠ ʧʠʪʘʥʠʷ, ʨʘʥʝʥʳʝ ʧʦʛʠʙʘʣʠ  ʪʨʫʜʥʦ ʫʯʝʩʪʴ.  

ɺ ʙʘʣʢʘʥʩʢʦʡ ʚʦʡʥʝ, ʩʫʜʷ ʧʦ ʠʤʝʶʱʠʤʩʷ ʦʪʯʝ-

ʪʘʤ, ʜʝʣʦ ʦʙʩʪʦʷʣʦ, ʚʝʨʦʷʪʥʦ, ʥʝ ʣʫʯʰʝ. 

ɺ ʥʘʩʪʦʷʱʫʶ ʚʦʡʥʫ ʵʪʠ, ʜʦʩʪʦʡʥʳʝ ʩʦʞʘʣʝ-

ʥʠʷ, ʨʘʥʝʥʳʝ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ; 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʪʳʣʫ, ʚʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ, ʠʤʝʶʪʩʷ 

çʯʝʣʶʩʪʥʳʝ ʣʘʟʘʨʝʪʳè ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʦʙʫʯʝʥʥʳʤ 

ʧʝʨʩʦʥʘʣʦʤ ʠ ʩʦ ʚʩʝʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʨʠʩʧʦʩʦʙʣʝ-

ʥʠʷʤʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʪʘʥʦʚʢʘ ʣʝʯʝʥʠʷ ʯʝʣʶʩʪʥʳʭ 

ʨʘʥʝʥʳʭ ʥʘ ʧʝʨʝʚʷʟʦʯʥʳʭ ʧʫʥʢʪʘʭ ʠ ʚ ʧʝʨʝʜʦʚʳʭ 

ʣʘʟʘʨʝʪʘʭ ʜʘʣʝʢʦ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ. ʕʪʦ ʟʘʚʠʩʠʪ, ʧʦ ʤʦʝʤʫ ʤʥʝʥʠʶ, ʥʝ ʩʪʦʣʴʢʦ 

ʦʪʪʦʛʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʝʨʝʜʦ-

ʚʳʭ ʦʪʨʷʜʦʚ ʠ ʧʦʜʚʠʞʥʳʭ ʣʘʟʘʨʝʪʦʚ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʥʦ ʜʦʩʪʠʞʠʤʳʡ 

ʠʜʝʘʣ, ʩʢʦʣʴʢʦ ʦʪʪʦʛʦ, ʯʪʦ ʚʨʘʯʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʷʩ-

ʥʠʣʠ ʩʝʙʝ ʢʘʢ ʩʚʦʠ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʜʦʧʝʯʥʳʤ ʨʘʥʝʥʳʤ, ʪʘʢ ʠ ʪʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʣʝʯʝʥʠʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʝʰʠʪʴè (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʅʘʯʘʣʦ ʩʪʘʪʴʠ ʈ. ʌʘʣʴʪʠʥʘ 

 

çɹʳʣʦ ʙʳ ʥʝʧʦʟʚʦʣʠʪʝʣʴʥʦ ʪʝʧʝʨʴ, ʯʪʦʙʳ ʪʦʪ 

ʠʣʠ ʠʥʦʡ ʧʨʦʮʝʥʪ ʯʝʣʶʩʪʥʳʭ ʨʘʥʝʥʳʭ ʧʦʛʠʙʘʣ ʙʳ 

ʦʪ çʫʜʫʰʝʥʠʷè (ʘʩʬʠʢʩʠʠ) ʠʣʠ ʦʪ ʦʩʣʦʞʥʝʥʠʡ ʚ 

ʣʝʛʢʠʭ, ʘ ʪʝʤ ʙʦʣʝʝ ʦʪ ʛʦʣʦʜʥʦʡ ʩʤʝʨʪʠ. ʊʦʯʥʦ 

ʪʘʢʞʝ ʥʝʜʦʧʫʩʪʠʤʦ, ʯʪʦʙʳ ʚʨʘʯʠ ʫʜʦʚʣʝʪʚʦʨʷʣʠʩʴ 

ʣʠʰʴ ʩʦʭʨʘʥʝʥʠʝʤ ʞʠʟʥʠ ʙʦʣʴʥʦʤʫ ʠ ʥʝ ʦʙʨʘʱʘʣʠ 

ʥʠʢʘʢʦʛʦ ʚʥʠʤʘʥʠʷ ʥʘ ʪʦ, ʯʪʦ ʣʠʮʦ ʙʦʣʴʥʦʛʦ ʤʦʞʝʪ 

ʦʩʪʘʪʴʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʩʤʝʱʝʥʠʷ ʦʪʣʦʤʢʦʚ ʯʝʣʶʩʪʠ ʠ 

çʩʤʦʨʱʠʚʘʥʠʷè ʨʫʙʮʦʚ, ʥʘ ʚʩʶ ʞʠʟʥʴ çʢʨʠʚʳʤ ʠ 

ʙʝʟʦʙʨʘʟʥʳʤè, ʯʪʦ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʞʝʚʘʥʠʝ 

ʪʚʝʨʜʦʡ ʧʠʱʠ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ ʛʣʦʪʘʥʠʝ, 

ʨʝʯʴ ʙʫʜʝʪ ʥʝʷʩʥʘ. ɺʩʝ ʵʪʠ ʧʦʩʣʝʜʩʪʚʠʷ ʦʛʥʝʩʪʨʝʣʴ-

ʥʳʭ ʨʘʥʝʥʠʡ, ʚ ʦʛʨʦʤʥʦʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʥʝʠʟʙʝʞʥʳʤʠ, ʥʦ ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩ 

ʙʦʣʴʰʠʤ ʠʣʠ ʤʝʥʴʰʠʤ ʫʩʧʝʭʦʤ ʫʩʪʨʘʥʝʥʳ. ʄʳ 

ʜʦʣʞʥʳ ʧʦʵʪʦʤʫ ʚʤʝʥʠʪʴ ʩʝʙʝ ʚ ʦʙʷʟʘʥʥʦʩʪʴ ʚʩʝʤʠ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʥʘʩ ʩʨʝʜʩʪʚʘʤʠ ʙʦʨʦʪʴʩʷ ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʈʝʰʘʪʴ ʵʪʫ ʪʨʫʜʥʫʶ ʟʘ-

ʜʘʯʫ ʤʦʞʝʪ ʧʦʤʦʯʴ ʟʫʙʥʦʡ ʚʨʘʯ, ʭʦʨʦʰʦ ʟʥʘʢʦʤʳʡ 

ʩ ʧʨʦʪʝʟʥʦʡ ʪʝʭʥʠʢʦʡè. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʌʘʣʴʪʠʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʙʷʟʘʥ-

ʥʦʩʪʠ ʭʠʨʫʨʛʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʩʘʤʦʤʫ ʩʝʙʝ, ʠ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʩʪʳʝ ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʠʤʝʶʱʠʝʩʷ ʚ ʝʛʦ ʨʘʩʧʦʨʷʞʝʥʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʵʪʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʝʣʶʩʪʥʳʤ ʨʘʥʝʥʳʤ ʌʘʣʴ-

ʪʠʥ ʩʪʘʚʠʪ ʧʝʨʝʜ ʭʠʨʫʨʛʦʤ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ (çʧʦ-

ʢʘʟʘʥʠʷè): 
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1) ʥʝʤʝʜʣʝʥʥʦ ʫʩʪʨʘʥʠʪʴ ʟʘʪʨʫʜʥʝʥʠʝ ʜʳʭʘ-

ʥʠʷ ʠ ʫʛʨʦʟʫ ʘʩʬʠʢʩʠʠ, ʚʳʟʚʘʥʥʳʝ ʟʘʧʘʜʝʥʠʝʤ 

ʷʟʳʢʘ; 

2) ʟʘʙʦʪʠʪʴʩʷ ʦ ʜʦʩʪʘʪʦʯʥʦʤ ʧʠʪʘʥʠʠ ʨʘʥʝ-

ʥʦʛʦ; 

3) ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʤʝʱʝʥʠʝ ʦʪʣʦʤʢʦʚ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʦʙʝʟʦʙʨʘʞʠʚʘʶʱʝʛʦ ʨʫʙʮʦʚʦʛʦ ʩʤʦʨʱʠʚʘ-

ʥʠʷ; 

4) ʧʨʠʚʝʩʪʠ ʨʘʥʝʥʦʛʦ ʚ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʝʛʦ ʵʚʘʢʫʠʨʦʚʘʪʴ ʚ ʥʘʜʣʝʞʘʱʝʝ 

ʤʝʩʪʦ, ʛʜʝ ʦʥ ʤʦʛ ʙʳ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʠʟʣʝ-

ʯʝʥʠʝ. 

ʕʪʠ ʧʦʢʘʟʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʠʩʭʦʜʷʱʝʤ ʧʦ-

ʨʷʜʢʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʭ ʟʥʘʯʝʥʠʶ. 

ʏʘʩʪʦ, ʠ ʜʘʞʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʥʝ 

ʪʦʣʴʢʦ ʧʝʨʚʫʶ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʟʘʜʘʯʠ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʦʜʥʠʤ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝ-

ʨʦʧʨʠʷʪʠʝʤ. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʦ ʩʚʦʝʤʫ ʨʝʟʫʣʴ-

ʪʘʪʫ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʩʦʩʪʦʠʪ ʧʨʦʩʪʦ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʳʪʷʞʝʥʠʷ ʚʧʝʨʝʜ ʧʦʜʙʦ-

ʨʦʜʦʯʥʦʡ ʯʘʩʪʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ; ʝʩʣʠ ʠʤʝʝʪʩʷ ʜʝ-

ʬʝʢʪ ʢʦʩʪʠ, ʪʦ ʦʪ ʤʷʛʢʠʭ ʯʘʩʪʝʡ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʞʝ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʳ ʚ ʧʦʩʣʝʜʥʠʭ, ʧʨʦʩʪʦ ʦʪ ʷʟʳʢʘ. 

ʕʪʦ ʤʝʨʦʧʨʠʷʪʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʚ ʣʶʙʦʤ 

ʧʝʨʝʚʷʟʦʯʥʦʤ ʧʫʥʢʪʝ, ʢʘʢ ʠ ʚ ʛʦʩʧʠʪʘʣʝ. 

ʆʯʝʥʴ ʨʝʜʢʦ ʩʣʫʯʘʝʪʩʷ, ʯʪʦʙʳ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʫ 

ʤʘʥʠʧʫʣʷʮʠʶ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʣʠʟʠ ʠ ʢʨʦʚʠ ʠʟ 

ʛʣʦʪʢʠ, ʜʳʭʘʥʠʝ ʥʝ ʩʪʘʣʦ ʙʳ ʩʚʦʙʦʜʥʳʤ. ʊʦʛʜʘ ʧʨʠ-

ʯʠʥʘ ʟʘʪʨʫʜʥʝʥʠʷ ʜʳʭʘʥʠʷ ʣʝʞʠʪ ʠʣʠ ʚ ʦʪʝʢʝ ʛʦʣʦ-

ʩʦʚʳʭ ʩʚʷʟʦʢ, ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʦʨʦʜʥʦʛʦ ʪʝʣʘ ʚ 

ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʷʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʫʞʥʦ ʧʨʠʙʝʛ-

ʥʫʪʴ ʢ ʪʨʘʭʝʦʪʦʤʠʠ. 

ʋʩʪʨʘʥʠʚ ʟʘʪʨʫʜʥʝʥʠʝ ʜʳʭʘʥʠʷ, ʤʳ ʪʝʤ ʩʘʤʳʤ 

ʥʝ ʪʦʣʴʢʦ ʩʧʘʩʘʝʤ ʨʘʥʝʥʦʛʦ ʦʪ ʘʩʬʠʢʩʠʠ (çʟʘʜʫʰʝ-

ʥʠʷè), ʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʩʪʨʘʥʷʝʤ ʦʧʘʩ-

ʥʦʩʪʴ ʦʩʣʦʞʥʝʥʠʡ ʚ ʣʝʛʢʠʭ. ʀ ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʪʘʢ 

ʢʘʢ ʦʧʳʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴ-

ʰʘʷ ʯʘʩʪʴ ʯʝʣʶʩʪʥʳʭ ʨʘʥʝʥʳʭ ʧʦʛʠʙʘʝʪ ʦʪ ʦʩʣʦʞ-

ʥʝʥʠʡ ʚ ʣʝʛʢʠʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʦʪ ʤʥʦʞʝʩʪʚʝʥ-

ʥʳʭ ʛʘʥʛʨʝʥʦʟʥʳʭ ʣʝʛʦʯʥʳʭ ʘʙʩʮʝʩʩʦʚ. 

ʀ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʪʦʨʦʡ ʟʘʜʘʯʠ, ʧʦ ʤʥʝʥʠʶ 

ʈ. ʌʘʣʴʪʠʥʘ, çʚʳʪʷʞʝʥʠʝ ʜʘʝʪ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʪ-

ʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳè. ɻʣʦʪʘʥʠʝ, ʘ ʚʤʝʩʪʝ ʩ ʪʝʤ ʠ 

ʨʝʯʴ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʪʘʢ 

ʫʣʫʯʰʘʶʪʩʷ, ʯʪʦ ʜʘʣʴʥʝʡʰʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʨʦʤʝ 

ʢʦʨʤʣʝʥʠʷ ʯʝʨʝʟ ʟʦʥʜ, ʩʪʘʥʦʚʷʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʠʟʣʠʰʥʠʤʠ. ɽʩʣʠ ʛʣʦʪʘʥʠʝ ʫ ʨʘʥʝʥʦʛʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʥʘʩʪʦʣʴʢʦ ʭʦʨʦʰʦ, ʯʪʦ ʧʠʪʘʥʠʝ ʝʛʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ, ʪʦ ʵʪʦ ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ, ʪʘʢ ʢʘʢ ʘʢʪ ʛʣʦʪʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʨ-

ʞʘʪʴ ʚ ʧʦʨʷʜʢʝ ʚʝʨʭʥʠʝ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ, ʠ ʪʝʤ 

ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪ ʦʧʘʩʥʦʩʪʴ ʘʩʧʠʨʘʮʠʦʥʥʦʡ (çʛʣʦ-

ʪʘʪʝʣʴʥʦʡè) ʧʥʝʚʤʦʥʠʠ. ʀʥʦʛʜʘ, ʦʜʥʘʢʦ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʦʜʠʪʴ ʧʠʱʫ ʠʣʠ ʞʠʜʢʦʩʪʴ ʨʘʥʝ-

ʥʦʤʫ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ ʠʣʠ ʢʘʢʠʤ-ʥʠʙʫʜʴ ʜʨʫʛʠʤ 

ʧʫʪʝʤ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʨʘʥʝʥʦʛʦ ʜʦ-

ʩʪʘʪʦʯʥʳʤ ʧʠʪʘʥʠʝʤ, ʯʪʦʙʳ ʦʥ ʥʝ ʧʦʛʠʙ ʦʪ ʠʩʪʦʱʝ-

ʥʠʷ. ʌʘʣʴʪʠʥ ʧʠʰʝʪ: çʂʪʦ ʩʣʳʰʘʣ ʨʘʩʩʢʘʟʳ ʨʘʥʝ-

ʥʳʭ ʦʙ ʠʭ ʧʝʨʝʞʠʚʘʥʠʷʭ ʚ ʧʝʨʚʳʝ ʜʥʠ ʧʦʩʣʝ ʨʘʥʝ-

ʥʠʷ, ʪʦʪ ʧʦʣʫʯʠʣ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʢʦʨʤʣʝʥʠʝ ʯʝʨʝʟ 

ʟʦʥʜ ʩʣʠʰʢʦʤ ʤʘʣʦ ʚ ʭʦʜʫ ʥʘ ʧʝʨʝʚʷʟʦʯʥʳʭ ʧʫʥʢ-

ʪʘʭ ʠ ʚ ʧʝʨʝʜʦʚʳʭ ʣʘʟʘʨʝʪʘʭ. ʅʝʢʦʪʦʨʳʝ ʨʘʥʝʥʳʝ 

ʮʝʣʳʤʠ ʜʥʷʤʠ ʣʠʰʝʥʳ ʙʳʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʠ-

ʪʘʪʴʩʷ ʠʣʠ ʜʘʞʝ ʧʨʦʛʣʦʪʠʪʴ ʥʝʤʥʦʛʦ ʞʠʜʢʦʩʪʠ, ʠ 

ʥʠʢʪʦ ʥʝ ʚʚʝʣ ʠʤ ʟʦʥʜʘ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʠʭ ʩʪʨʘʜʘ-

ʥʠʷ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʠʟ-

ʤʝʥʝʥʦè. 

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʪʦʣʴʢʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʟʦʥʜʦʚ ʠ ʚʚʦʜʠʪʴ ʠʭ ʚʩʝʛʜʘ, ʢʦʛʜʘ ʚ ʵʪʦʤ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. ɺʚʦʜʠʪʴ ʣʠ ʟʦʥʜ ʯʝʨʝʟ 

ʨʦʪ ʠʣʠ ʯʝʨʝʟ ʥʦʩ ʠ ʦʩʪʘʚʣʷʪʴ ʣʠ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫ-

ʯʘʝ ʟʦʥʜ ʧʦʩʪʦʷʥʥʦ (ç§ demeureè), ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʙʝʟʨʘʟʣʠʯʥʳʤ. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʜʨʝʥʘʞʥʦʡ ʪʨʫʙʢʦʡ. 

 ɽʩʣʠ ʚʳʧʦʣʥʝʥʠʝ ʜʚʫʭ ʧʝʨʚʳʭ ʧʦʢʘʟʘʥʠʡ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ, ʪʦ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʪʴʝʛʦ 

ʧʦʢʘʟʘʥʠʷ ʚ ʦʙʱʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʪʨʫʜʥʝʝ. ɹʳʚʘʶʪ 

ʩʣʫʯʘʠ, ʠ ʢ ʩʯʘʩʪʴʶ, ʠʭ ʙʦʣʴʰʠʥʩʪʚʦ, ʢʦʛʜʘ ʤʦʞʥʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ, ʜʦʩʪʠʛʥʫʪʴ ʮʝʣʠ ʦʜʥʠʤ ʚʳʪʷ-

ʞʝʥʠʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʳʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʨʝʝhʥʠʝ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʪʨʫʜ-

ʥʳʤ, ʠ ʟʘʜʘʯʘ ʵʪʘ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʪʨʫʜʥʝʝ, ʝʩʣʠ 

ʩʪʨʝʤʠʪʴʩʷ ʜʦʚʝʩʪʠ ʣʝʯʝʥʠʝ ʨʘʥʝʥʦʛʦ ʜʦ ʢʦʥʮʘ. ʅʦ 

ʦʙ ʵʪʦʤ ʚ ʩʪʘʪʴʝ ʥʝ ʠʜʝʪ ʨʝʯʴ.  

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʪʴʝʛʦ 

ʧʦʢʘʟʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʩʪʥʦʡ ʦʩʥʦʚʳ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ. ʀʟ 

ʦʩʪʘʚʰʠʭʩʷ ʢʦʩʪʥʳʭ ʯʘʩʪʝʡ, ʠʣʠ ʞʝ ʦʪʯʘʩʪʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ, ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ, ʢʦʪʦʨʘʷ ʫʜʝʨʞʠ-

ʚʘʣʘ ʙʳ ʦʪʣʦʤʢʠ ʚ ʧʨʘʚʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʙʳ ʜʦʩʪʘʪʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʣ 

ʪʷʞʝʩʪʠ, ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʩʠʣʝ ʤʳʰʮ ʠ ʩʤʦʨʱʠʚʘʶ-

ʱʝʡ ʩʠʣʝ ʨʫʙʮʦʚ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʘʧʘʜʝʥʠʝ 

ʤʷʛʢʠʭ ʪʢʘʥʝʡ. ʊʦʣʴʢʦ ʪʘʢʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʠʟʙʝ-

ʞʘʪʴ ʜʝʬʦʨʤʘʮʠʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʠ ʣʠʮʘ. ʅʫʞʥʦ 

ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʘʚʠʣʴʥʦʝ ʩʪʦʷ-

ʥʠʝ ʦʪʣʦʤʢʦʚ ʯʝʣʶʩʪʠ ʩ ʟʫʙʘʤʠ, ʪʦ ʝʩʪʴ ʘʨʪʠʢʫʣʷ-

ʮʠʶ (ʧʨʠʢʫʩ), ʥʦ ʠ ʥʘ ʢʨʘʝʚʳʝ ʝʝ ʯʘʩʪʠ, ʠ ʠʤʝʥʥʦ 

ʥʘ ʩʨʝʜʥʶʶ ï ʧʦʜʙʦʨʦʜʦʯʥʳʡ ʦʪʜʝʣ. 

ʇʨʠ ʟʫʙʦʚʨʘʯʝʙʥʳʭ ʩʧʦʩʦʙʘʭ ʚʨʘʯʠ ʦʙʨʘʱʘʣʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʢʫʩ, ʦʩʪʘʚʣʷʷ ʙʝʟ 

ʚʥʠʤʘʥʠʷ ʢʨʘʝʚʳʝ ʦʪʣʦʤʢʠ. ɹʝʟ ʩʦʤʥʝʥʠʷ, ʚʦ ʤʥʦ-

ʛʠʭ ʩʣʫʯʘʷʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʥʝʥʠʷʭ ʙʦʢʦʚʳʭ ʦʪʜʝ-

ʣʦʚ ʯʝʣʶʩʪʠ, ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠ-

ʢʫʩʘ ʩʜʝʣʘʥʦ ʫʞʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ. ʆʧʳʪ ʫʙʝʜʠ-

ʪʝʣʴʥʦ ʧʦʢʘʟʘʣ ʌʘʣʴʪʠʥʫ, ʯʪʦ ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʪʘʢ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʨʘʝʚʳʝ ʦʪʣʦʤʢʠ 

ʠʤʝʶʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʢʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʧʦʜʙʦʨʦʜʦʯʥʘʷ ʯʘʩʪʴ ʩ ʝʝ ʦʪʨʦʩʪʢʘʤʠ ʜʣʷ ʧʨʠ-

ʢʨʝʧʣʝʥʠʷ ʤʳʰʮ ʷʟʳʢʘ, ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʧʨʦʬʠʣʷ ʣʠʮʘ ʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʷʟʳʢʘ. ɽʩʣʠ ʦʪʣʦʤʢʠ ʧʦʜʙʦʨʦʜʢʘ ʧʨʝʜʦʩʪʘʚʣʝʥʳ 

ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʩʠʣʝ ʤʳʰʮ, ʪʦ ʷʟʳʢ ʟʘʧʘʜʘʝʪ ʥʘʟʘʜ, 

ʛʣʦʪʘʥʠʝ, ʨʝʯʴ ʠ ʜʳʭʘʥʠʝ ʟʘʪʨʫʜʥʷʶʪʩʷ, ʠ ʨʘʥʝʥʳʡ 

ʧʨʠʦʙʨʝʪʘʝʪ, ʢʨʦʤʝ ʪʦʛʦ, çʦʪʚʨʘʪʠʪʝʣʴʥʳʡ ʚʠʜè, 

ʢʘʢʦʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʫ çʤʠʢʨʦʛʥʘʪʦʚè. ɺ ʧʦʜʦʙ-

ʥʦʤ ʩʣʫʯʘʝ ʌʘʣʴʪʠʥ ʩʯʠʪʘʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʥʝ 

ʪʦʣʴʢʦ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʧʨʠʢʫʩ, ʥʦ ʠ ʚʳʚʝʩʪʠ ʚʧʝʨʝʜ 

ʟʘʧʘʚʰʠʝ ʦʪʣʦʤʢʠ ʧʦʜʙʦʨʦʜʢʘ. 

ʄʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʠʜʘ ʣʠʮʘ ʠʤʝʝʪ ʦʙ-

ʣʘʩʪʴ ʚʦʩʭʦʜʷʱʝʡ ʚʝʪʚʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ, ʭʦʪʷ 

ʫʧʣʦʱʝʥʠʝ ʠ ʟʘʧʘʜʝʥʠʝ ʟʘʜʥʝʡ ʯʘʩʪʠ ʱʝʢʠ, ʢʦʪʦʨʦʝ 

ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʝʬʝʢʪʘʭ ʵʪʦʡ ʯʘʩʪʠ 

ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ, ʚʩʝ ʞʝ ʦʙʝʟʦʙʨʘʞʠʚʘʝʪ ʣʠʮʦ. ʂ 
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ʩʦʞʘʣʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʟʘʪʨʫʜʥʠʪʝʣʴ-

ʥʳʤ ʧʨʠʜʘʪʴ ʵʪʦʡ ʯʘʩʪʠ ʥʦʨʤʘʣʴʥʫʶ ʬʦʨʤʫ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʝʬʝʢʪʘʭ ʢʦʩʪʠ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʪʴʝʛʦ ʧʦʢʘʟʘʥʠʷ ʜʦʣʞʥʳ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʚʳʧʦʣʥʷʪʴʩʷ ʦʙʱʠʝ ʭʠʨʫʨʛʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʣʫʯʰʝʝ ʟʘʞʠʚʣʝ-

ʥʠʝ ʨʘʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʩʦʚʝʨʰʝʥʥʦ ʦʪʜʝʣʠʚ-

ʰʠʝʩʷ ʦʩʢʦʣʢʠ ʠ ʟʫʙʳ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʥʝʜʨʷʶʪʩʷ ʚ 

ʤʷʛʢʠʝ ʯʘʩʪʠ ʠ ʦʩʦʙʝʥʥʦ ʧʦʜ ʷʟʳʢ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʜʘʣʝʥʳ. ɺʩʝ ʞʝ ʦʩʢʦʣʢʠ, ʝʱʝ ʩʦʭʨʘʥʠʚʰʠʝ ʩʚʦʶ 

ʩʚʷʟʴ ʩ ʤʷʛʢʠʤʠ ʪʢʘʥʷʤʠ, ʦʩʦʙʝʥʥʦ ʥʠʞʥʝʛʦ ʢʨʘʷ 

ʯʝʣʶʩʪʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʥʦ-

ʛʜʘ, ʢʘʢ ʫʯʠʪ ʦʧʳʪ, ʧʨʠʨʘʩʪʘʶʪ. çʀ ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʩʚʦʝʛʦ ʦʤʝʨʪʚʝʥʠʷ, ʦʥʠ ʚʩʝ ʞʝ ʠʤʝʶʪ ʦʯʝʥʴ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʩʤʳʩʣʝ ʨʘʟʜʨʘʞʠʪʝʣʷ ʜʣʷ ʢʦʩʪʝʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʜʢʦʩʪʥʠʮʳ ʥʠʞʥʝʡ ʯʝ-

ʣʶʩʪʠè. 

ʆʩʪʨʳʝ ʦʩʢʦʣʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʨʝʜʠʪʴ 

ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʣʠ ʫʜʘʣʝʥʳ, 

ʠʣʠ ʞʝ ʩʛʣʘʞʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʩʪʥʳʭ ʱʠʧʮʦʚ. ɺʦ-

ʦʙʱʝ, ʧʨʠ ʫʭʦʜʝ ʟʘ ʨʘʥʦʡ ʥʫʞʥʦ ʪʱʘʪʝʣʴʥʦ ʦʙʩʣʝ-

ʜʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʣʠʯʠʷ ʠʭ ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦʙʳ ʧʦ 

ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʙʝʞʘʪʴ ʚʪʦʨʠʯʥʳʭ ʢʨʦʚʦʪʝʯʝ-

ʥʠʡ. ʇʦʩʣʝʜʥʠʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ-

ʨʝʜʢʦ, ʯʘʱʝ ʚʩʝʛʦ ʠʟ ʚʝʪʚʝʡ ʠʣʠ ʠʟ ʩʪʚʦʣʘ ʥʘʨʫʞʥʦʡ 

ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ, ʨʝʞʝ ʚʥʫʪʨʝʥʥʝʡé ʆʩʦʙʝʥʥʦ ʩʣʝ-

ʜʫʝʪ ʟʘʙʦʪʠʪʴʩʷ ʦ ʥʘʣʦʞʝʥʠʠ ʰʚʦʚ ʥʘ ʱʝʢʠ, ʥʦʩ, 

ʛʫʙʳ, ʷʟʳʢ ʠ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʨʪʘ, ʧʦʩʣʝʜʥʝʝ 

ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʠʷ ʧʦʣʦʩʪʠ ʨʪʘ ʦʪ ʥʘʨʫʞʥʦʡ ʨʘʥʳ. 

ʌʘʣʴʪʠʥ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʚʨʘʯʝʡ, ʟʘʥʠʤʘʶ-

ʱʠʭʩʷ ʣʝʯʝʥʠʝʤ ʯʝʣʶʩʪʥʳʭ ʨʘʥʝʥʠʡ, ʥʘ ʢʦʩʤʝʪʠ-

ʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʮʘ. ɼʣʷ ʯʝʣʶʩʪʥʳʭ ʨʘʥʝʥʳʭ 

ʚʠʜ ʣʠʮʘ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʵʪʦʤ 

ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʠʟ ʦʯʝʥʴ ʩʪʘʨʘʪʝʣʴʥʦʛʦ ʫʧʦʪʨʝʙ-

ʣʝʥʠʷ ʟʝʨʢʘʣʘ ʨʘʥʝʥʳʤʠ ʚʦ ʚʨʝʤʷ ʠʭ ʚʳʟʜʦʨʦʚʣʝ-

ʥʠʷ. çʇʦʵʪʦʤʫ ʚʩʝ ʢʦʩʤʝʪʠʯʝʩʢʠʝ ʩʪʨʝʤʣʝʥʠʷ ʚʨʘʯʘ 

ʙʫʜʫʪ ʩ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʚʩʪʨʝʯʝʥʳ ʠ ʥʘʜʣʝʞʘʱʠʤ 

ʦʙʨʘʟʦʤ ʦʮʝʥʝʥʳ. ʂʦʥʝʯʥʦ, ʠʟ ʩʦʣʜʘʪʘ, ʫ ʢʦʪʦʨʦʛʦ 

ʚ ʢʣʦʯʢʠ ʨʘʟʦʨʚʘʥʦ ʣʠʮʦ, ʥʝʣʴʟʷ ʫʞʝ ʩʜʝʣʘʪʴ ɸʜʦ-

ʥʠʩʘ, ʥʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʯʪʦʙʳ ʝʛʦ ʨʘʟʙʠʪʘʷ ʥʠʞ-

ʥʷʷ ʯʝʣʶʩʪʴ ʟʘʞʠʣʘ ʚ ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʠ 

ʯʪʦʙʳ ʜʝʬʦʨʤʠʨʫʶʱʠʝ ʨʫʙʮʦʚʳʝ ʪʷʞʠ ʩʦʚʝʨ-

ʰʝʥʥʦ ʦʙʝʟʦʙʨʘʟʠʣʠ ʝʛʦ ʣʠʮʦè.  

ɽʩʣʠ ʚʩʣʝʜʩʪʚʠʝ ʪʷʞʝʣʦʡ ʪʨʘʚʤʳ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʣʦʞʝʥ ʧʝʨʚʠʯʥʳʡ ʰʦʚ, ʘ ʥʫʞʥʦ ʚʳʞʜʘʪʴ 

ʦʯʠʱʝʥʠʷ ʨʘʥʳ, ʪʦ ʩʣʝʜʫʝʪ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʳʭ ʧʦʣʦʩʦʢ ʣʠʧʢʦʛʦ ʧʣʘʩʪʳʨʷ ʠʣʠ ʬʠʢʩʠʨʫ-

ʶʱʠʭ ʰʚʦʚ ʧʦʧʳʪʘʪʴʩʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʩʤʦʨ-

ʱʠʚʘʥʠʶ ʪʢʘʥʝʡ. 

ʂʘʢ ʚ ʥʘʯʘʣʝ ʣʝʯʝʥʠʷ ʯʘʩʪʦ ʧʦʣʝʟʥʦ ʥʘʣʦʞʠʪʴ 

ʧʦʚʷʟʢʫ, ʧʨʠʞʠʤʘʶʱʫʶ ʥʠʞʥʶʶ ʯʝʣʶʩʪʴ ʢ ʚʝʨʭ-

ʥʝʡ, ʪʘʢ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʰʠʨʝʥʠʝ 

ʩ ʧʦʤʦʱʴʶ ʨʦʪʦʨʘʩʰʠʨʠʪʝʣʷ Heister`ʘ, ʠʣʠ ʜʝʨʝ-

ʚʷʥʥʦʛʦ ʢʣʠʥʘ, ʠʣʠ ʚʠʥʪʘ, ʯʪʦʙʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦ-

ʚʘʪʴ ʥʘʯʠʥʘʶʱʝʤʫʩʷ ʩʚʝʜʝʥʠʶ ʯʝʣʶʩʪʝʡ. 

ɼʘʣʝʝ ʌʘʣʴʪʠʥ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʪʱʘʪʝʣʴʥʦʛʦ ʦʯʠʱʝʥʠʷ ʧʦʣʦʩʪʠ ʨʪʘ ʤʝʭʘʥʠʯʝʩʢʠ ʩ 

ʧʦʤʦʱʴʶ ʧʠʥʮʝʪʘ ʠʣʠ ʚʘʪʥʳʤ ʰʘʨʠʢʦʤ, ʧʨʦʧʠʪʘʥ-

ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʣʦʩ-

ʢʘʥʠʝʤ 4ï6 ʨʘʟ ʚ ʜʝʥʴ ʪʝʧʣʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ. ʍʦʪʷ 

ʙʳ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʩ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʵʪʘ çʯʠʩʪʢʘ 

ʨʪʘè ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʩʘʤʠʤ ʚʨʘʯʦʤ. 

ʍʦʪʷ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʳʭ 3-ʭ ʧʦʢʘʟʘʥʠʡ, 

ʯʝʪʚʝʨʪʦʝ ʫʞʝ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʪʧʘʜʘʝʪ, ʪʝʤ ʥʝ ʤʝ-

ʥʝʝ ʫʛʨʦʞʘʶʱʘʷ ʦʧʘʩʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ (çʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʛʦè) ʢʨʦʚʦʪʝʯʝʥʠʷ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʝ-

ʧʷʪʩʪʚʠʝʤ ʜʣʷ ʵʚʘʢʫʘʮʠʠ ʨʘʥʝʥʦʛʦ. ʈʘʥʝʥʳʡ ʙʝʟ 

ʦʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʵʚʘʢʫʠʨʦ-

ʚʘʥ, ʧʨʝʞʜʝ ʯʝʤ ʵʪʘ ʦʧʘʩʥʦʩʪʴ ʥʝ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʫʞʝ ʧʨʠ 

ʧʝʨʚʦʤ ʦʩʤʦʪʨʝ ʨʘʥʳ, ʠʣʠ ʞʝ ʧʦʟʜʥʝʝ, ʠʣʠ ʞʝ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʨʫʙʮʝʚʘʥʠʷ ʥʝʣʴʟʷ ʙʫ-

ʜʝʪ ʝʝ ʦʧʘʩʘʪʴʩʷ. 

ɿʘ ʚʨʝʤʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌʘʣʴʪʠʥʘ ʯʝʨʝʟ ʌʠʥ-

ʣʷʥʜʩʢʠʡ ʣʘʟʘʨʝʪ ʚ ɺʠʣʴʥʝ ʠ ʇʦʣʦʮʢʝ ʧʨʦʰʣʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʶʩʪʥʳʭ ʨʘʥʝʥʳʭ. ʆʥ ʧʠ-

ʰʝʪ: çʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʥʪʝʨʝʩ ʢ ʧʦʜʦʙʥʳʤ ʨʘ-

ʥʝʥʳʤ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʥʘʯʘʣʝ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʷ ʨʘʩʧʦʣʘʛʘʣ ʣʠʰʴ ʦʙʳʢʥʦʚʝʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʚʦʝʥʥʦʤʫ ʭʠʨʫʨʛʫ ʚ ʧʦʣʝ-

ʚʦʤ ʣʘʟʘʨʝʪʝ, ʫʩʣʦʚʠʷ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʣʠʩʴ ʪʘʢ, 

ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʠʭ 4-ʭ ʤʝʩʷʮʝʚ ʧʨʝʙʳʚʘʥʠʷ ʚ 

ɺʠʣʴʥʝ ʠ ʟʘʪʝʤ ʚ ʇʦʣʦʮʢʝ ʩ ʷʥʚʘʨʷ 1916 ʛʦʜʘ ʷ ʫʞʝ 

ʨʘʩʧʦʣʘʛʘʣ ʦʪʜʝʣʝʥʠʝʤ ʚ 40 ʢʨʦʚʘʪʝʡ ʜʣʷ ʯʝʣʶʩʪ-

ʥʳʭ ʨʘʥʝʥʳʭ, ʠ ʠʤʝʣ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʟʫʙ-

ʥʦʛʦ ʚʨʘʯʘ, ʭʦʨʦʰʦ ʟʥʘʢʦʤʦʛʦ ʩ ʫʯʝʥʠʝʤ ʦ ʧʨʦʪʝʟʘʭ 

ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʟʫʙʥʳʭ ʪʝʭʥʠʢʦʚè. ʌʘʣʴʪʠʥ 

ʦʪʤʝʯʘʝʪ, ʯʪʦ ʦʧʳʪ ʣʝʯʝʥʠʷ ʯʝʣʶʩʪʥʳʭ ʨʘʥʝʥʠʡ 

ʙʳʣ ʜʣʷ ʥʝʛʦ ʦʯʝʥʴ ʧʦʫʯʠʪʝʣʝʥ. ʏʪʦʙʳ ʫʜʘʯʥʦ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʣʝʯʝʥʠʝʤ, ʦʥ ʜʦʣʞʝʥ ʙʳʣ ʚʥʘʯʘʣʝ ʧʨʠ-

ʜʫʤʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʩʧʦʩʦʙʳ. ɼʘʣʝʝ ʌʘʣʴ-

ʪʠʥ ʦʧʠʩʳʚʘʝʪ ʪʝ ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʝ ʦʥ 

ʧʨʠʤʝʥʷʣ ʚ ʌʠʥʣʷʥʜʩʢʦʤ ʣʘʟʘʨʝʪʝ, ʧʦʣʘʛʘʷ, ʯʪʦ ʵʪʠ 

ʧʨʦʩʪʳʝ ʩʧʦʩʦʙʳ ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʷʢʦʤʫ ʭʠ-

ʨʫʨʛʫ, ʙʝʟ ʦʩʦʙʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠ ʙʝʟ ʦʩʦʙʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʯʝʪʳʨʝ ʧʦʢʘʟʘ-

ʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʜʦ-

ʩʪʫʧʥʳ ʜʣʷ ʭʠʨʫʨʛʘ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳ ʜʣʷ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʵʪʠʭ ʨʘʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʦʙʱʠʝ ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʧʨʠʥ-

ʮʠʧʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʠʤʝʶʪ ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ, ʧʦʪʦʤʫ ʯʪʦ ʜʝʣʘʶʪ ʭʠʨʫʨʛʘ ʥʝʟʘʚʠʩʠ-

ʤʳʤ ʦʪ ʟʫʙʥʦʛʦ ʚʨʘʯʘ. 

ʈ. ʌʘʣʴʪʠʥ ʧʨʠʤʝʥʷʣ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ: 

1) ʇʦʩʪʦʷʥʥʦʝ ʚʥʝʨʦʪʦʚʦʝ ʚʳʪʷʞʝʥʠʝ. 2) 

ʆʩʪʝʦʩʠʥʪʝʟ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʩʣʦʚʘ. ʆʙʘ 

ʩʧʦʩʦʙʘ ʧʨʠʤʝʥʷʣʠʩʴ ʢʘʞʜʳʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʞʝ ʩʣʫʯʘʷʭ ʤʦʛʣʠ ʩʦʯʝʪʘʪʴʩʷ. 

ʀʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʢʘʟʘʥʦ ʚʳ-

ʪʷʞʝʥʠʝ  ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʣʥʦʛʦ ʨʘʟʲʝʜʠʥʝʥʠʷ ʠ 

ʩʤʝʱʝʥʠʷ ʦʪʣʦʤʢʦʚ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʠ ʟʘʧʘʜʝʥʠʷ 

ʷʟʳʢʘ. ɼʝʬʦʨʤʘʮʠʷ ʯʝʣʶʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ ʵʪʦʤ 

ʩʧʦʩʦʙʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘ-

ʥʝʥʘ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʘ. ʆʩʦʙʝʥʥʦ ʧʦʢʘ-

ʟʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʪʷʞʝʥʠʝ ʚ ʩʣʫʯʘʷʭ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʭ çʫʛʣʦʚʳʭ ʧʝʨʝʣʦʤʦʚè, ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷ-

ʱʠʭ ʦʛʥʝʩʪʨʝʣʴʥʳʭ ʧʝʨʝʣʦʤʦʚ ʚ ʦʙʣʘʩʪʠ ʟʫʙʦʚ 

ʤʫʜʨʦʩʪʠ. ʊʦʯʥʦ ʪʘʢʞʝ ʚ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ 

ʦʛʥʝʩʪʨʝʣʴʥʳʭ ʧʝʨʝʣʦʤʦʚ ʩ ʙʦʣʴʰʠʤʠ ʠʣʠ ʤʝʥʴ-

ʰʠʤʠ ʜʝʬʝʢʪʘʤʠ ʙʦʢʦʚʳʭ ʯʘʩʪʝʡ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ, 

ʚʳʪʷʞʝʥʠʝ ʜʘʝʪ ʦʪʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʏʪʦʙʳ ʜʦ-

ʩʪʠʛʥʫʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʠʟʣʝʯʝʥʠʷ, ʯʘʩʪʦ, ʥʦ ʥʝ 

ʚʩʝʛʜʘ, ʥʫʞʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʜʨʫʛʠʤ ʭʠʨʫʨʛʠʯʝʩʢʠʤ 

ʠʣʠ çʦʨʪʦʦʜʦʥʪʦʣʦʛʠʯʝʩʢʠʤè ʤʝʪʦʜʘʤ. 
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ʌʘʣʴʪʠʥ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʳʤʠ ʜʣʷ 

ʣʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʠ ʩ ʧʝʨʝʣʦʤʘʤʠ ʠʣʠ ʜʝʬʝʢ-

ʪʘʤʠ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ. ɽʩʣʠ ʤʷʛʢʠʝ 

ʯʘʩʪʠ ʝʱʝ ʩʦʭʨʘʥʝʥʳ, ʪʦ ʠ ʟʜʝʩʴ ʚʳʪʷʞʝʥʠʝ ʜʘʝʪ 

ʧʨʝʢʨʘʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʥʘʯʘʣʝ ʦʥ ʧʨʦʩʪʦ ʦʙʚʠʚʘʣ 

ʦʜʥʦʡ ʧʝʪʣʝʡ ʤʷʛʢʠʝ ʯʘʩʪʠ (ʢʦʞʫ ʠ ʦʩʪʘʪʢʠ 

ʥʘʜʢʦʩʪʥʠʮʳ) ʰʝʣʢʦʚʦʡ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʠʪʴʶ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʨʝʟʘʥʠʷ ʥʠʪʠ, ʤʝʞʜʫ ʥʠ-

ʪʴʶ ʠ ʤʷʛʢʠʤʠ ʪʢʘʥʷʤʠ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʦʩʪʠ ʨʪʘ ʦʥ 

ʟʘʢʣʘʜʳʚʘʣ ʥʝʙʦʣʴʰʦʡ ʪʘʤʧʦʥ ʠʣʠ ʜʨʝʥʘʞʥʫʶ 

ʪʨʫʙʢʫ. ɽʱʝ ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʠʥʦʛʜʘ ʜʫʛʦʦʙʨʘʟ-

ʥʫʶ, ʠʟʦʛʥʫʪʫʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʦʨʤʝ ʧʦʜʙʦʨʦʜʢʘ, 

ʘʣʶʤʠʥʠʝʚʫʶ ʠʣʠ ʧʨʦʚʦʣʦʯʥʫʶ ʰʠʥʫ. ʊʘʢʠʤ ʩʧʦ-

ʩʦʙʦʤ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠʜʘʪʴ ʧʦʜʙʦʨʦʜʢʫ, ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ, ʥʦʨʤʘʣʴʥʫʶ ʬʦʨʤʫ, ʥʦ ʠ ʚʦʩʧʨʝʧʷʪ-

ʩʪʚʦʚʘʪʴ ʩʤʝʱʝʥʠʶ ʙʦʢʦʚʳʭ ʦʪʣʦʤʢʦʚ ʢ ʩʝʨʝʜʠʥʝ.  

ɽʩʣʠ ʦʩʪʘʚʠʪʴ ʚʳʪʷʞʝʥʠʝ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʙʝʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʰʠʥʳ, ʪʦ ʭʦʪʷ ʚ ʧʨʦʬʠʣʴ 

ʠ ʧʦʣʫʯʠʪʩʷ ʥʦʨʤʘʣʴʥʳʡ ʠʣʠ ʜʘʞʝ ʩʣʠʰʢʦʤ ʚʳʪʷ-

ʥʫʪʳʡ ʧʦʜʙʦʨʦʜʦʢ, ʦʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʨʠʩʢ ʧʦʣʫ-

ʯʠʪʴ ʥʝʧʨʘʚʠʣʴʥʳʡ ʧʨʠʢʫʩ ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ ʦʪʣʦʤ-

ʢʦʚ. ɽʩʣʠ ʞʝ ʠʟʤʝʥʷʪʴ ʝʞʝʜʥʝʚʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʳ-

ʪʷʞʝʥʠʷ, ʧʦʜʪʷʛʠʚʘʷ ʧʦʧʝʨʝʤʝʥʥʦ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ, 

ʪʦ ʪʘʢʠʝ ʩʣʫʯʘʠ ʤʦʞʥʦ ʠʥʦʛʜʘ ʣʝʯʠʪʴ ʥʝʜʝʣʷʤʠ, ʠ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʝʬʦʨʤʠʨʫʶ-

ʱʝʤʫ ʚʣʠʷʥʠʶ ʩʤʦʨʱʠʚʘʥʠʷ, ʧʦʢʘ ʥʝ ʧʨʝʜʩʪʘʚʠʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʠʪʴ ʙʦʣʴʥʦʛʦ ʟʫʙʥʦʤʫ 

ʚʨʘʯʫ. 

ʀ ʟʜʝʩʴ ʪʘʢʞʝ ʌʘʣʴʪʠʥ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʨʠ ʦʛʥʝʩʪʨʝʣʴʥʳʭ ʨʘʥʝʥʠʷʭ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʦʪʣʦʤʢʠ ʧʦʜʙʦ-

ʨʦʜʢʘ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʩʠʣʝ 

ʤʳʰʮ ʷʟʳʢʘ ʠ ʤʳʰʮ, ʧʨʠʢʨʝʧʣʷʶʱʠʭʩʷ ʢ ʧʦʜʲ-

ʷʟʳʯʥʦʡ ʢʦʩʪʠ, ʩʤʝʱʘʶʪʩʷ ʜʘʣʝʢʦ ʢʟʘʜʠ. ɽʩʣʠ ʞʝ 

ʥʝ ʦʙʨʘʪʠʪʴ ʥʘ ʥʠʭ ʚʥʠʤʘʥʠʷ ʥʠ ʧʨʠ ʚʳʪʷʞʝʥʠʠ, ʥʠ 

ʚʦʦʙʱʝ ʚʦ ʚʨʝʤʷ ʣʝʯʝʥʠʷ, ʪʦ ʞʝʣʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʠ ʚʦʚʩʝ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʩʤʝʪʠʯʝ-

ʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. ʀ ʪʦʣʴʢʦ ʝʩʣʠ ʦʪʣʦʤʢʠ ʧʦʜʙʦ-

ʨʦʜʢʘ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʫʪʝʤ ʙʫʜʫʪ ʚʳʜʚʠʥʫʪʳ ʚʧʝ-

ʨʝʜ, ʮʝʣʴ ʙʫʜʝʪ ʚʧʦʣʥʝ ʜʦʩʪʠʛʥʫʪʘ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʩ ʧʦʜʙʦʨʦʜʦʯʥʳʤʠ ʦʪʣʦʤʢʘʤʠ ʥʫʞʥʦ ʜʝʡʩʪʚʦʚʘʪʴ, 

ʩʤʦʪʨʷ ʧʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ. ʀʥʦʛʜʘ ʌʘʣʴʪʠʥ ʦʙʚʠ-

ʚʘʣ ʧʦʜʙʦʨʦʜʦʯʥʳʡ ʦʪʣʦʤʦʢ ʣʠʛʘʪʫʨʥʦʡ ʧʨʦʚʦʣʦ-

ʢʦʡ, ʢʦʪʦʨʫʶ ʧʨʠʢʨʝʧʣʷʣ ʢ ʚʳʪʷʛʠʚʘʶʱʝʡ ʙʦʢʦʚʦʡ 

ʦʪʣʦʤʦʢ ʧʝʪʣʝ, ʠʥʦʛʜʘ ʟʘʩʪʘʚʣʷʣ ʜʝʡʩʪʚʦʚʘʪʴ ʚʳʪʷ-

ʞʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʜʙʦʨʦʜʦʯʥʳʡ ʦʪʣʦ-

ʤʦʢ. ɺʦʦʙʱʝ ʩʣʫʯʘʠ ʩ ʧʝʨʝʣʦʤʘʤʠ ʩʨʝʜʥʝʛʦ ʦʪʜʝʣʘ 

ʤʝʥʝʝ ʧʦʜʭʦʜʷʪ ʢ ʣʝʯʝʥʠʶ ʚʳʪʷʞʝʥʠʝʤ, ʯʝʤ ʢ ʣʝʯʝ-

ʥʠʶ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɿʘʪʝʤ ʈ. ʌʘʣʴʪʠʥ ʦʧʠʩʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʳ-

ʧʦʣʥʝʥʠʝ ʚʳʪʷʞʝʥʠʷ. ɻʣʘʚʥʦʝ, ʯʪʦʙʳ ʫʩʪʨʦʠʪʴ ʚʳ-

ʪʷʞʝʥʠʝ ʦʪ ʩʝʨʝʜʠʥʳ ʧʦʜʙʦʨʦʜʦʯʥʦʛʦ ʦʪʜʝʣʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢʧʝʨʝʜʠ. ʃʫʯʰʝ ʚʩʝʛʦ ʧʦʜ ʤʝʩʪʥʳʤ 

ʦʙʝʟʙʦʣʠʚʘʥʠʝʤ ʩʜʝʣʘʪʴ ʤʘʣʝʥʴʢʠʡ ʧʨʦʢʦʣ ʥʘ ʧʦʜ-

ʙʦʨʦʜʢʝ, ʧʨʦʩʚʝʨʣʠʪʴ ʝʛʦ ʩʚʝʨʭʫ ʠ ʩʧʝʨʝʜʠ ʚʥʠʟ ʠ 

ʢʟʘʜʠ, ʧʨʦʚʝʩʪʠ ʩʚʝʨʣʦ ʯʝʨʝʟ ʚʪʦʨʦʡ ʧʨʦʢʦʣ ʥʘ ʟʘʜ-

ʥʝʡ ʯʘʩʪʠ ʧʦʜʙʦʨʦʜʢʘ, ʠ ʩʥʘʙʜʠʚ ʝʛʦ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʧʨʦʚʦʣʦʢʦʡ (ʩʝʨʝʙʨʷʥʦʡ ʠʣʠ ʙʨʦʥʟʦʘʣʶʤʠʥʠ-

ʝʚʦʡ), ʚʳʚʝʩʪʠ ʥʘʟʘʜ (ʨʠʩ. 6). ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʙʦʣʴ-

ʰʫʶ ʢʨʠʚʫʶ ʠʛʣʫ ʩ ʦʪʚʝʨʩʪʠʝʤ ʥʘ ʢʦʥʮʝ ʯʝʨʝʟ 

ʩʜʝʣʘʥʥʳʝ ʧʨʦʢʦʣʳ ʩʧʝʨʝʜʠ ʥʘʟʘʜ, ʦʙʭʦʜʷ ʧʦʜ-

ʢʦʞʥʦ ʧʦʜʙʦʨʦʜʦʢ (ʨʠʩ. 7). ɿʘʭʚʘʪʠʚ 2-ʡ ʢʦʥʝʮ ʧʨʦ-

ʚʦʣʦʢʠ, ʚʳʚʦʜʷʪ ʠʛʣʫ ʦʙʨʘʪʥʦ. ʆʙʘ ʢʦʥʮʘ ʟʘʢʨʫʯʠ-

ʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʨʫʢʦʡ ʠ ʜʝʣʘʶʪ ʧʝʪʣʶ ʜʣʷ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʚʳʪʷʛʠʚʘʶʱʝʛʦ ʰʥʫʨʘ (ʨʠʩ. 8). ɽʩʣʠ ʧʦʜ 

ʨʫʢʦʡ ʥʝ ʠʤʝʝʪʩʷ ʢʦʩʪʥʦʛʦ ʩʚʝʨʣʘ, ʪʦ ʤʦʞʥʦ ʧʨʦʩʪʦ 

ʦʙʚʠʪʴ ʧʝʪʣʝʦʙʨʘʟʥʦ ʢʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦ-

ʣʦʢʦʡ ʠʣʠ ʰʝʣʢʦʚʦʡ ʥʠʪʴʶ. ʕʪʦʪ ʩʧʦʩʦʙ ʠʤʝʝʪ, ʦʜ-

ʥʘʢʦ ʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʤʝʞʜʫ 

ʧʦʣʦʩʪʴʶ ʨʪʘ ʠ ʢʘʥʘʣʦʤ ʜʣʷ ʚʳʪʷʛʠʚʘʶʱʝʡ ʧʨʦʚʦ-

ʣʦʢʠ, ʯʪʦ ʣʝʛʢʦ ʤʦʞʝʪ ʜʘʪʴ ʧʦʚʦʜ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʬʣʝʛʤʦʥ. 
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ʈʠʩ. 6ⱷ8. ʕʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʚʳʪʷʞʝʥʠʷ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ: ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ, ʧʨʦʩʚʝʨʣʝʥʥʦʝ ʚ ʧʦʜʙʦʨʦ-

ʜʦʯʥʦʤ ʦʪʜʝʣʝ ʢʦʩʪʥʦʛʦ ʦʪʣʦʤʢʘ, ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʢʘ, ʦʙʨʘʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʨʦʚʦ-

ʣʦʢʘ ʚʳʚʦʜʠʪʩʷ ʯʝʨʝʟ ʤʷʛʢʠʝ ʪʢʘʥʠ ʧʦʜʙʦʨʦʜʢʘ 

 

ʀʥʦʛʜʘ ʌʘʣʴʪʠʥ ʚʢʦʣʘʯʠʚʘʣ ʚ ʟʘʜʥʶʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʧʦʜʙʦʨʦʜʢʘ ʩʥʠʟʫ ʩʟʘʜʠ ʚʚʝʨʭ ʠ ʚʧʝʨʝʜ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ, ʰʚʝʜʩʢʠʡ ʩʪʝʥʥʦʡ ʢʨʶʯʦʢ çRecordè. 

ʂʨʶʯʢʠ ʵʪʠ ʜʝʨʞʘʪ, ʦʜʥʘʢʦ, ʨʝʜʢʦ ʙʦʣʝʝ 3-ʭ ʥʝʜʝʣʴ, 

ʟʘʪʝʤ ʦʥʠ ʨʘʩʰʘʪʳʚʘʶʪʩʷ ʠʣʠ ʣʦʤʘʶʪʩʷ. ɺ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʚʨʝʤʝʥʥʦ ʦʙʦʡʪʠʩʴ ʨʳʙʦ-

ʣʦʚʥʳʤ, ʠʣʠ ʢʘʢʠʤ-ʥʠʙʫʜʴ ʜʨʫʛʠʤ ʠʤʧʨʦʚʠʟʠʨʦ-

ʚʘʥʥʳʤ ʢʨʶʯʢʦʤ, ʠʣʠ ʧʨʦʚʝʜʝʥʥʳʤ ʯʝʨʝʟ ʤʷʛʢʠʝ 

ʯʘʩʪʠ ʰʚʦʤ, ʠʣʠ ʜʘʞʝ ʧʦʣʦʩʢʘʤʠ ʣʠʧʢʦʛʦ ʧʣʘ-

ʩʪʳʨʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʚʳʪʷʞʝʥʠʝ ʦʪ ʟʫʙʦʚ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʠʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʧʝʨʝʜʥʠʭ ʟʫʙʦʚ, ʠʣʠ ʦʪ ʪʦʣʩʪʦʡ 

ʧʨʦʚʦʣʦʯʥʦʡ ʜʫʛʠ, ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʚʦʟʤʦʞʥʦ 

ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʟʫʙʦʚ ʪʦʥʢʦʡ ʣʠʛʘʪʫʨʥʦʡ 

ʧʨʦʚʦʣʦʢʦʡ. ɿʜʝʩʴ ʥʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦ-

ʨʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʙʦʣʴʥʦʡ ʧʦʣʫʯʠʣ ʫʞʝ ʩʚʦʡ ʟʫʙʦ-

ʚʨʘʯʝʙʥʳʡ ʧʨʦʪʝʟ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʧʨʦʜʦʣ-

ʞʘʪʴ ʚʳʪʷʞʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʧʨʦʪʝʟʘ. 

 ɺʥʘʯʘʣʝ, ʧʦʢʘ ʙʦʣʴʥʦʡ ʝʱʝ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʠ-

ʜʝʪʴ ʠʣʠ ʧʦʜʥʷʪʴʩʷ ʩ ʢʨʦʚʘʪʠ, ʚʳʪʷʛʠʚʘʶʱʠʡ ʰʥʫʨ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʯʝʨʝʟ ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʥʘ ʚʠʥʪʝ ʢ 

ʇ-ʦʙʨʘʟʥʦʡ ʨʘʤʝ ʙʣʦʢ ʠʣʠ ʝʱʝ ʧʨʦʱʝ ʯʝʨʝʟ ʥʠʞʥʠʡ 

ʢʨʘʡ ʢʨʦʚʘʪʠ, ʠ ʥʘʛʨʫʟʠʪʴ ʝʛʦ ʦʪ 200 ʜʦ 400 ʛ. ʂʘʢ 

ʪʦʣʴʢʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʩʣʝʜʫʝʪ ʥʘʣʦʞʠʪʴ 

ʦʩʦʙʦ ʜʣʷ ʢʘʞʜʦʛʦ ʙʦʣʴʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʛʠʧ-

ʩʦʚʳʭ ʙʠʥʪʦʚ ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʫʪʘ, ʰʣʝʤʦʦʙʨʘʟ-

ʥʫʶ ʧʦʚʷʟʢʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʴʥʦʤʫ ʩʚʦ-

ʙʦʜʥʦ ʜʚʠʛʘʪʴʩʷ ʠ ʭʦʜʠʪʴ. ʏʘʩʪʦ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ 

ʵʪʦʪ ʰʣʝʤ ʝʱʝ ʜʦ ʥʘʨʢʦʟʘ, ʧʨʦʚʦʜʠʤʦʛʦ ʜʣʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠ ʧʝʨʝʚʷʟʢʠ ʨʘʥʳ. ʆʙʳʯʥʦ ʰʣʝʤ ʜʝʣʘʶʪ 

ʯʝʨʝʟ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʙʦʣʴʥʦʡ çʦʧʨʘʚʠʣʩʷ ʦʪ ʦʧʝʨʘʮʠʠè. ɽʩʣʠ, ʢʘʢ ʥʘʧʨʠ-

ʤʝʨ ʚ ʌʠʥʣʷʥʜʩʢʦʤ ʣʘʟʘʨʝʪʝ, ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʫʞʝ ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʰʣʝʤʦʚ, ʪʦ ʤʦʞʥʦ ʚʨʝ-

ʤʝʥʥʦ ʥʘʣʦʞʠʪʴ ʦʜʠʥ ʠʟ ʥʠʭ. 

ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʌʠʥʣʷʥʜʩʢʦʤ ʣʘʟʘʨʝʪʝ ʛʠʧʩʦ-

ʚʳʡ ʰʣʝʤ ʠʟʛʦʪʦʚʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʫʪ ʜʣʠʥʦʡ ʦʢʦʣʦ 75 ʩʤ, ʰʠʨʠʥʦʡ 

ʦʢʦʣʦ 2 ʩʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 4 ʤʤ, ʚʳʛʠʙʘʝʪʩʷ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʜʥʝʡ ʯʘʩʪʠ ʰʝʠ ʠ 

ʟʘʪʳʣʢʫ, ʯʪʦ ʝʩʣʠ ʦʜʠʥ ʝʛʦ ʢʦʥʝʮ ʧʨʠʣʝʛʘʝʪ ʢ 

vertebra prominens, ʪʦ ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ, ʥʝ ʢʘʩʘʷʩʴ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʦʣʦʚʳ ʠ ʪʝʤʝʥʠ, ʜʫʛʦʦʙʨʘʟʥʦ ʫʭʦ-

ʜʠʪ ʚʧʝʨʝʜ, ʪʘʢ, ʯʪʦ ʝʛʦ ʢʦʥʝʮ ʥʘʭʦʜʠʪʩʷ ʦʪ ʨʪʘ ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 25 ʩʤ. ʇʨʠʢʨʝʧʣʝʥʠʝ ʵʪʦʡ ʰʠʥʳ ʦʙ-

ʣʝʛʯʘʝʪʩʷ, ʝʩʣʠ ʟʘʜʥʷʷ ʯʘʩʪʴ ʝʝ ʩʥʘʙʞʝʥʘ ʧʦʧʝʨʝʯ-

ʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʰʠʥʦʡ ʜʣʠʥʦʡ ʦʢʦʣʦ 8 ʩʤ. ʏʘʱʝ 

ʘʚʪʦʨ ʧʦʜʢʨʝʧʣʷʣ ʠ ʫʜʣʠʥʷʣ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ ʰʠʥʳ 

ʵʣʘʩʪʠʯʝʩʢʦʡ ʜʝʨʝʚʷʥʥʦʡ ʣʫʯʠʥʢʦʡ (ʨʠʩ. 9 ʠ 10). 

ʕʪʦ ʠʤʝʝʪ ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʯʪʦ ʵʣʘʩʪʠʯʥʦʩʪʴ 

ʰʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ ʝʝ ʦʪʦʜʚʠ-

ʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʘʣʴʰʝ ʚʧʝʨʝʜ. ʅʘʠʣʫʯʰʝʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ï ʵʪʦ ʦʢʦʣʦ 35 ʩʤ. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʢʦʥʮʘ 

ʰʠʥʳ ʦʪ ʧʦʜʙʦʨʦʜʢʘ ʢʦʨʦʯʝ, ʪʦ ʵʪʦ ʤʝʰʘʝʪ ʛʣʘʟʘʤ 

ʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʢʦʩʦʛʣʘʟʠʝ. ʐʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʟ-

ʛʦʪʦʚʣʝʥʳ ʠʟ ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʠʟ 

ʩʪʘʣʠ, ʰʝʣʢʘ, ʞʝʩʪʠ ʠʣʠ ʜʝʨʝʚʘ (ʙʦʯʘʨʥʳʡ ʦʙʨʫʯ). 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʫʪʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʦʪʯʘʩʪʠ ʚ ʤʘʣʦʤ ʝʛʦ ʚʝʩʝ; ʦʪʯʘʩʪʠ ʚ ʣʝʛʢʦʩʪʠ, ʩ ʢʦ-

ʪʦʨʦʡ ʝʛʦ ʤʦʞʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴ ʠʣʠ ʠʟʛʠʙʘʪʴ ʚ ʞʝ-

ʣʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ɺ ʩʠʜʷʯʝʤ ʧʦʣʦʞʝʥʠʠ ʙʦʣʴʥʦʛʦ ʝʛʦ ʛʦʣʦʚʘ, ʟʘ-

ʪʳʣʦʢ ʠ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʪʫʣʦʚʠʱʘ ʩʧʝʨʝʜʠ ʜʦ ʚʳʩʦʪʳ 

ʩʦʩʢʦʚ ʧʦʢʨʳʚʘʶʪʩʷ ʚʘʪʦʡ. ɻʠʧʩʦʚʳʡ ʙʠʥʪ ʚʝʜʝʪʩʷ 

ʦʪ ʦʜʥʦʛʦ ʩʦʩʢʘ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʝ ʧʣʝʯʦ ʢʦʣʦ 

ʯʝʨʝʟ ʟʘʜʥʶʶ ʯʘʩʪʴ ʰʝʠ ʢʚʝʨʭʫ ʚʦʢʨʫʛ ʣʙʘ, ʢʦʣʦ 

ʢʥʠʟʫ ʯʝʨʝʟ ʟʘʜʥʶʶ ʯʘʩʪʴ ʰʝʠ, ʯʝʨʝʟ ʚʪʦʨʦʝ ʧʣʝʯʦ 

ʢ ʩʦʩʢʦʚʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʫʩʠʣʝʥʠʷ, ʥʝʩʢʦʣʴʢʦ ʪʫʨʦʚ 

ʙʠʥʪʘ ʚʝʜʫʪʩʷ ʧʦʧʝʨʝʢ ʯʝʨʝʟ ʟʘʜʥʶʶ ʯʘʩʪʴ ʰʝʠ ʠ 

ʧʣʝʯʠ. ɿʘʪʝʤ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʠ ʚʛʠʧʩʦʚʳʚʘʝʪʩʷ ʪʘ-

ʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʘʣʶʤʠʥʠʝʚʘʷ ʰʠʥʘ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʚʷʟʢʠ ʜʦʩʪʘʪʦʯʥʦ ʪʨʝʭ 

ʙʠʥʪʦʚ. ʅʦʞʦʤ ʠʣʠ ʛʠʧʩʦʚʳʤʠ ʥʦʞʥʠʮʘʤʠ ʩʛʣʘʞʠ-

ʚʘʶʪʩʷ ʢʨʘʷ, ʪʘʢ ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ʣʝʛʢʦ ʩʥʠʤʘʝʤʳʡ ʩ 

ʧʣʝʯʝʚʳʤ ʱʠʪʦʤ ʰʣʝʤ (ʨʠʩ. 10). 
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ʄʝʞʜʫ ʧʝʨʝʜʥʠʤ ʢʦʥʮʦʤ ʰʠʥʳ ʠ ʧʨʦʚʦʣʦʯʥʦʡ 

ʧʝʪʣʝʡ ʥʘ ʧʦʜʙʦʨʦʜʢʝ ʥʘʪʷʛʠʚʘʝʪʩʷ ʪʦʥʢʘʷ ʜʨʝʥʘʞ-

ʥʘʷ ʪʨʫʙʦʯʢʘ ʠʣʠ ʪʦʥʢʠʡ ʨʝʟʠʥʦʚʳʡ ʞʛʫʪ. ʅʘʧʨʘʚ-

ʣʝʥʠʝ, ʪʘʢʞʝ, ʢʘʢ ʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ 

ʣʝʛʢʦ ʨʝʛʫʣʠʨʫʝʤʳ ʤʘʥʠʧʫʣʷʮʠʷʤʠ ʥʘ ʩʘʤʦʡ ʰʠʥʝ. 

ʆʙʳʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ  ʚʧʝʨʝʜ ʠ ʥʝʤʥʦʛʦ ʚ ʩʪʦ-

ʨʦʥʫ ʟʜʦʨʦʚʦʡ ʯʘʩʪʠ. ʏʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʦʪʣʦʤʢʦʚ ʩ ʥʘʠʤʝʥʴʰʝʡ ʩʠʣʦʡ ʥʘʪʷʞʝʥʠʷ, ʨʝ-

ʢʦʤʝʥʜʫʝʪʩʷ ʙʦʣʴʥʦʤʫ ʣʝʞʘʪʴ ʥʘ ʟʜʦʨʦʚʦʡ ʩʪʦʨʦʥʝ. 

ʄʦʞʥʦ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʢʘʢ ʤʥʦʛʦ ʩʤʝʱʝʥʠʝ ʦʪ-

ʣʦʤʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʙʦʣʴʥʦʛʦ. ʅʝʢʦʪʦʨʦʝ 

ʠʩʧʨʘʚʣʝʥʠʝ ʯʝʣʶʩʪʠ ʧʦʣʫʯʘʝʪʩʷ ʫʞʝ, ʝʩʣʠ ʙʦʣʴ-

ʥʦʡ ʣʝʞʠʪ ʥʘ ʟʜʦʨʦʚʦʡ ʩʪʦʨʦʥʝ. ʇʨʠ ʧʦʣʦʞʝʥʠʠ ʥʘ 

ʩʧʠʥʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʩʠʣʘ ʚʳʪʷʞʝ-

ʥʠʷ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʩʤʝʱʝʥʠʷ, ʯʝʤ ʚ ʩʠʜʷʯʝʤ ʧʦ-

ʣʦʞʝʥʠʠ. 

ʍʠʨʫʨʛ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʧʝʨʝʜʦʚʳʭ ʣʠʥʠʷʭ, 

ʜʦʣʞʝʥ ʠʥʦʛʜʘ, ʯʪʦʙʳ ʧʨʠʢʨʝʧʠʪʴ ʚʪʦʨʦʡ ʢʦʥʝʮ 

ʚʳʪʷʛʠʚʘʶʱʝʛʦ ʰʥʫʨʘ, ʧʨʠʙʝʛʥʫʪʴ ʢ ʠʤʧʨʦʚʠʟʘ-

ʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʚʠʣʢʦʦʙʨʘʟʥʦʡ ʠʚʦʚʦʡ ʠʣʠ ʙʝʨʝ-

ʟʦʚʦʡ ʚʝʪʢʠ, ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʬʫʨʘʞʢʝ, ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʩʥʦʩʥʦʝ ʚʳʪʷʞʝʥʠʝ (ʨʠʩ. 11).



32 Danish Scientific Journal No47, 2021 

 
ʈʠʩ. 11 

 

ʊʦʛʦ ʞʝ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʟʦʛʥʫʪʦʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1 ʤʝʪʨ ʜʣʠʥʦʡ, ʞʝʣʝʟ-

ʥʦʡ ʧʨʦʚʦʣʦʢʦʡ (ʨʠʩ. 12. Hauptmeyer). ɺʤʝʩʪʦ 

ʛʠʧʩʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʣʝʤʘ 

ʪʘʢʞʝ ʢʘʨʪʦʥ (ʨʠʩ. 13 ʠ 14). ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ, ʚʦ ʚʨʝʤʷ ʧʝʨʝʚʦʟʢʠ ʚ ʣʘʟʘʨʝʪ ʚʳʪʷʛʠʚʘʶʱʠʡ 

ʰʥʫʨ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʘʤ ʨʘʥʝʥʳʡ ʠʣʠ ʝʛʦ ʪʦ-

ʚʘʨʠʱ. 

 
ʈʠʩ. 12 
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ʈʠʩ. 13 

 

 
ʈʠʩ. 14 

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʦʣʴʰʠʭ ʜʝʬʝʢʪʦʚ, ʯʪʦʙʳ ʧʦ-

ʣʫʯʠʪʴ ʧʦʣʥʦʝ ʫʢʨʝʧʣʝʥʠʝ ʦʪʣʦʤʢʦʚ, ʜʦʩʪʘʪʦʯʥʦ 4

8 ʥʝʜʝʣʴ. ʀʥʦʛʜʘ ʠ ʦʯʝʥʴ ʦʙʰʠʨʥʳʝ ʜʝʬʝʢʪʳ ʧʨʠ 

ʣʝʯʝʥʠʠ ʚʳʪʷʞʝʥʠʝʤ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʙʳʪʴ ʟʘʤʝ-

ʱʝʥʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʴʶ. ʂʘʢ 

ʪʦʣʴʢʦ ʥʘʯʘʣʘʩʴ ʢʦʥʩʦʣʠʜʘʮʠʷ, ʤʦʞʥʦ ʜʦʩʪʘʚʠʪʴ 

ʙʦʣʴʥʦʤʫ ʥʝʢʦʪʦʨʦʝ ʦʙʣʝʛʯʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʣʝʪ-

ʥʶʶ ʞʘʨʫ ï ʫʜʘʣʠʪʴ ʦʙʣʝʛʘʶʱʫʶ ʣʦʙ ʯʘʩʪʴ ʰʣʝʤʘ 

ʠ ʟʘʤʝʥʠʪʴ ʝʝ ʥʝʩʢʦʣʴʢʠʤʠ ʪʫʨʘʤʠ ʙʠʥʪʘ (ʨʠʩ. 15). 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʥʘ ʥʦʯʴ ʠ 
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ʈʠʩ. 15. ʇʦʚʷʟʢʘ ʌʘʣʴʪʠʥʘ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʩʬʠʢʩʠʠ ʠ ʜʣʷ ʚʳʪʷʞʝʥʠʷ ʦʪʣʦʤʢʦʚ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ 

ʧʨʠ ʦʛʥʝʩʪʨʝʣʴʥʳʭ ʧʝʨʝʣʦʤʘʭ 

 

ʚʦʚʩʝ ʩʥʠʤʘʪʴ ʰʣʝʤ. ɺʧʨʦʯʝʤ, ʙʦʣʴʥʳʝ ʥʝ ʞʘ-

ʣʫʶʪʩʷ ʥʘ ʰʣʝʤ, ʝʩʣʠ ʪʦʣʴʢʦ ʦʥ ʭʦʨʦʰʦ ʧʦʜʦʛʥʘʥ, 

ʥʘʦʙʦʨʦʪ ʦʥʠ ʦʯʝʥʴ ʙʣʘʛʦʜʘʨʥʳ ʟʘ ʪʦ ʦʙʣʝʛʯʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʦʥ ʠʤ ʜʦʩʪʘʚʣʷʝʪ. ɽʞʝʜʥʝʚʥʦ ʰʣʝʤ ʩʥʠʤʘ-

ʝʪʩʷ ʜʣʷ ʫʭʦʜʘ ʟʘ ʛʦʣʦʚʦʡ. 

ʇʨʦʢʦʣʳ ʥʘ ʧʦʜʙʦʨʦʜʢʝ ʥʝʨʝʜʢʦ ʠʥʬʠʮʠʨʫ-

ʶʪʩʷ, ʯʪʦ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʘʚʪʦʨʘ, ʥʠʢʦʛʜʘ ʥʝ ʩʣʫ-

ʞʠʣʦ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʭ ʦʩʣʦʞʥʝʥʠʡ. 

ɹʦʣʴʥʳʝ ʩ ʙʦʣʴʰʠʤʠ ʢʦʩʪʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʣʝʯʝʥʳ ʚʳʪʷʞʝʥʠʝʤ, ʧʦʵʪʦʤʫ 

ʜʦʣʞʥʳ ʢʘʢ ʤʦʞʥʦ ʩʢʦʨʝʝ ʧʝʨʝʧʨʘʚʣʷʪʴʩʷ ʚ ʙʦʣʴ-

ʥʠʮʳ, ʠʤʝʶʱʠʝ ʟʫʙʦʚʨʘʯʝʙʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ. ʂʘʢ 

ʪʦʣɹʢʦ ʨʘʥʝʥʳʡ ʧʦʣʫʯʠʣ ʩʚʦʡ ʰʣʝʤ, ʦʥ ʫʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʵʚʘʢʫʠʨʦʚʘʥ, ʝʩʣʠ ʪʦʣʴʢʦ ʥʝʪ ʜʨʫʛʠʭ ʧʨʦʪʠʚʦ-

ʧʦʢʘʟʘʥʠʡ. ɼʣʷ ʵʚʘʢʫʘʮʠʠ ʞʝʣʘʪʝʣʴʥʦ ʩʥʘʙʜʠʪʴ ʨʘ-

ʥʝʥʦʛʦ ʙʦʣʝʝ ʢʦʨʦʪʢʦʡ ʰʠʥʦʡ. 

(ʇʨʦʜʦʣʞʝʥʠʝ ʩʣʝʜʫʝʪ) 
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Abstract 

New energy-saving technologies in the construction industry open up fundamentally new opportunities for 

reducing emissions of harmful substances into the atmosphere. Energy-saving construction technologies are an 

effective and environmentally sound method of meeting the growing demand for energy every year. The purpose 

of the article is to study the features of energy saving in an energy-saving house. This article uses theoretical and 

empirical research methods. The result of this thesis was that the world experience of using energy-saving 

technologies in construction, the main ways to improve the energy efficiency of residential buildings were studied. 

ɸשʜʘʪʧʘ 

 שʘ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳסʥʝʤʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʘʪʤʦʩʬʝʨʘװ ʘ ʵʥʝʨʛʠʷשʳ ʞʘסʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘײפ

ʰʳסʘʨʳʣʫʳʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʪװʙʝʛʝʡʣʽ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʘʰʘʜʳ. ʕʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ ײץʨʳʣʳʩʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʵʥʝʨʛʠʷסʘ ʞʳʣ ʩʘʡʳʥ ᴇʩʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʩײʨʘʥʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʪʠʽʤʜʽ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ʩʘʫʘʪʪʳ ᴅʜʽʩʽ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. ʄʘץʘʣʘʥʳש ʤʘץʩʘʪʳ ï ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ װʡʣʝʨʜʝʛʽ 

ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʜʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʟʝʨʪʪʝʫ. ɹײʣ ʤʘץʘʣʘʜʘ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʤʧʠʨʠʢʘʣʳץ ʟʝʨʪʪʝʫ 

ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ײפʨʳʣʳʩʪʘסʳ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʩʽ, 

ʪײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘʨʳʥʳש ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʥʝʛʽʟʛʽ ʞʦʣʜʘʨʳ ʟʝʨʜʝʣʝʥʜʽ. 

 

Keywords: saving energy resources, çpassiveè house, overhead costs, çactiveè house, reduce heat loss, 

ventilated structures, environmental safety. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʵʥʝʨʛʠʷ ץʦʨʳʥ װʥʝʤʜʝʫ, çʧʘʩʩʠʚè װʡ, װʩʪʝʤʝ ʰʳסʳʥʜʘʨ, çʙʝʣʩʝʥʜʽè װʡ, ʞʳʣʫ 

ʰʳסʳʥʳʥ ʪᴇʤʝʥʜʝʪʫ, ʞʝʣʜʝʪʽʣʝʪʽʥ ײץʨʘʣʳʤʜʘʨ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ. 

 

ʕʥʝʨʛʠʷ ץʦʨʳʥʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ ʝʣʽʤʽʟʜʽש 

 .ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʳʟʜʳ ʬʘʢʪʦʨʜʳשʘʟʽʨʛʽ ʤʘץ

ʕʢʦʣʦʛʠʷ, ʛʝʦʣʦʛʠʷ ʞᴅʥʝ ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨ 

ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʤᴅʣʽʤʝʪʽʥʝ ʩװʡʝʥʩʝʢ, פʘʟʘץʩʪʘʥ 

ʪᴅʫʝʣʩʽʟʜʽʢ ʘʣסʘʥʥʘʥ ʙʝʨʽ ʛʘʟ ץʦʨʣʘʨʳʥʳש 

ʙʝʢʽʪʽʣʛʝʥ ᴇʩʽʤʽ 506 ʤʣʨʜ ʪʝʢʰʝ ʤʝʪʨʜʽ ײץʨʘʡʜʳ, ʘʣ 

ʤײʥʘʡ ץʦʨʣʘʨʳʥʳʢʽ ï 2,5 ʤʣʨʜ ʪʦʥʥʘ. ɹײʣ ʙʽʟʜʽש ʝʣ 

ᴅʣʝʤʥʽש ʦʥ ʙʝʩ ʞʝʪʝʢʰʽ ʝʣʽʥʽץ שʘʪʘʨʳʥʘ ʢʽʨʝʜʽ 

ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. ʆʩʳʣʘʡ ᴇʥʜʽʨʫʜʽש ʘסʳʤʜʘסʳ 

ʜʝשʛʝʡʽ ʞᴅʥʝ ʨʝʩʫʨʩ ץʦʨʣʘʨʳʥʳש ᴇʟʛʝʨʤʝʛʝʥ ʢᴇʣʝʤʽ 

ʩʘץʪʘʣʘʪʳʥ ʙʦʣʩʘ, פʘʟʘץʩʪʘʥʜʘסʳ ʪʘʙʠסʠ 

ʨʝʩʫʨʩʪʘʨʜʳש ᴇʥʜʽʨʽʩʽ 50 ʞʳʣסʘ ʜʝʡʽʥ ʞʝʪʫʽ 

ʤװʤʢʽʥ. 

ʕʥʝʨʛʠʷ ץʦʨʳʥ װʥʝʤʜʝʫ ï XXI סʘʩʳʨʜʳש ʝש 

ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ. ɹʽʟʜʽץ שʦסʘʤʥʳש 

ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʜʘʤʳסʘʥ ʝʣ ץʘʪʘʨʳʥʜʘסʳ 

ʦʨʥʳ ʤʝʥ ʭʘʣʳץʪʳש ᴇʤʽʨ ʩװʨʫ ʜʝשʛʝʡʽ ʪʽʢʝʣʝʡ ʦʩʳ 

ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. 

 ʳ ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥ ʪʠʽʤʜʽסʩʪʘʥʜʘץʘʟʘפ

 ʞᴅʥʝ ץʰʽʥ ʵʢʦʥʦʤʠʢʘʣʳװ ʦʣʜʘʥʫץ

 ʰʘʨʪʪʘʨʜʳ ʦʨʳʥʜʘʫ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

ʤʘץʩʘʪʳʥʜʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳ2004 ש 

ʞʳʣסʳ 9 ʰʽʣʜʝʜʝʛʽ ˉ588 çʕʣʝʢʪʨ ʵʥʝʨʛʝʪʠʢʘʩʳ 

ʪʫʨʘʣʳè ɿʘשʳ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳ2012 ש 

ʞʳʣסʳ 13 ץʘשʪʘʨʜʘסʳ ˉ541-IV çʕʥʝʨʛʠʷ װʥʝʤʜʝʫ 

ʞᴅʥʝ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʪʫʨʘʣʳè ɿʘשʳ 

ʩʠʷץʪʳ ʥʦʨʤʘʪʠʚʪʽʢ-ץײץʳץʪʳץ ʞᴅʥʝ ʟʘשʥʘʤʘʣʳץ 

ʙʘʟʘʩʳ ʙʘʨ. 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ɿʘשʜʘʨ ʤʝʤʣʝʢʝʪʪʽש 

ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ ʩʘʷʩʘʪʳʥʳש ʥʝʛʽʟʛʽ 

 ʥʝʤʜʝʫװ ʳʥʜʘʡʜʳ, ʵʥʝʨʛʠʷץʠʜʘʪʪʘʨʳʥ ʘʡסʘץ

ʘʷʩʳʥʜʘסʳ ʩʪʘʥʜʘʨʪʪʘʫסʘ, ʩʝʨʪʠʬʠʢʘʪʪʘʫסʘ ʞᴅʥʝ 

ʤʝʪʨʦʣʦʛʠʷסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ʙʝʣʛʽʣʝʡʜʽ, 
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ʵʥʝʨʛʠʷʥʳ ʪײʪʳʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥʝ ʤʝʤʣʝʢʝʪʪʽʢ 

 ʘסʡʳʤʜʘʨײ ,ʘʣʘʫʜʳ ʽʩʢʝ ʘʩʳʨʫʜʳסʘʜʘץ

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫʜʽ, ʩʦʥʳʤʝʥ 

 ,ʨʝʩʫʨʩʪʘʨʜʳ ʝʩʝʧʢʝ ʘʣʳʧ ץʘʪʘʨ ʵʥʝʨʛʝʪʠʢʘʣʳץ

ʤʝʤʣʝʢʝʪʪʽʢ ʙʘʩץʘʨʫʜʳש ʥʝʛʽʟʜʝʨʽʥ ʘʡץʳʥʜʘʡʜʳ. 

ʄʝʤʣʝʢʝʪʽʤʽʟʜʝʛʽ ʵʥʝʨʛʠʷʥʳ ʝש ʙʝʣʩʝʥʜʽ 

ʪײʪʳʥʫʰʳʣʘʨʜʳש ʙʽʨʽ ï ײץʨʳʣʳʩ ʩʘʣʘʩʳ. ʊᴅʞʽʨʠʙʝ 

ʦʩʳ ʩʘʣʘʜʘ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʜʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש 

ʝʜᴅʫʽʨ ʢᴇʧ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ 

ʞʦʣʳʥʳש ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ï ɻ ʥʝʨʛʠʷ 

 .ʡʜʽ ʩʘʣʫװ ʥʝʤʜʝʫʰʽװ

ɹװʛʽʥʜʝ ʞʘʡʣʳ, ʳסשʘʡʣʳ ᴇʤʽʨ ʩװʨʫ ʞʘסʜʘʡʳʥ 

ʞʘʩʘʫ ʤʘץʩʘʪʳʥʜʘ ʤװʣʜʝ ʪᴅʫʝʣʩʽʟ ʵʥʝʨʛʠʷ ʞװʡʝʩʽ 

ʙʘʨ ץʦʩʘʣץʳ ʰʳסʳʥʜʘʨʜʳ ץʘʞʝʪ ʝʪʧʝʡʪʽʥ, 

ʵʥʝʨʛʠʷʥʳ ʘʟ ʪײʪʳʥʘʪʳʥ ʝʨʝʢʰʝʣʽʛʽ ʙʘʨ ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽ, ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ, ʧʘʩʩʠʚʪʽ װʡ ʥʝʤʝʩʝ ʵʢʦ-

 ʡʣʝʨʜʽװ ʥʜʘʡײʠʤʘʨʘʪ ʜʝʧ ʘʪʘʡʜʳ. ɹס ʡʜʽװ

ʞʦʙʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʽ ï ʞʳʣʫʦץʰʘʫʣʘʫ 

ʞװʡʝʩʽʥʽש ʟʘʤʘʥʘʫʠ ʤʘʪʝʨʠʘʣʜʘʨʳʥ, ץʘʙʳʨסʘʣʳץ, 

ʪᴇʙʝʣʽʢ ʞᴅʥʝ ʽʨʛʝʪʘʩʪʳץ ʞʳʣʫ, ʙʫ ʞᴅʥʝ ʩʫ ʦץʰʘʫʣʘʫ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ 

ʞʝʨ ץʦʡʥʘʫʳʥʳש ʞʳʣʫʳ, ʩʫ ʞᴅʥʝ ʢװʥ ʵʥʝʨʛʠʷ 

ʢᴇʟʜʝʨʽʥ ʞʠʥʘʡʪʳʥ ץʦʥʜʳʨסʳʣʘʨʜʳ ʦʨʥʘʣʘʩʪʳʨʫ. 

ʕʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ ײץʨʳʣʳʩʪʘʨʜʳ ʜʘʤʳʪʫ 

ʞʳʣʫʜʳ ʪʠʽʤʜʽ ʩʘץʪʘʧ, ʨʝʩʫʨʩʪʘʨʜʳ ʘʟ ʪײʪʳʥʘʪʳʥ 

 שʪʘʨʜʳץʩʪʽʢ ʭʘʣʳװʘʥ ʩʦʣʪץʘ ʪʳʨʳʩסʡʣʝʨʜʽ ʩʘʣʫװ

ʪʘʨʠʭʠ ʤᴅʜʝʥʠʝʪʽʥʝʥ ʙʘʩʪʘʫ ʘʣʘʜʳ. 

ɽש ʘʣסʘʰ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʞʘשʘ ײץʨʳʣʳʩ 

ʥʦʨʤʘʣʘʨʳ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨʳ ʉʢʘʥʜʠʥʘʚʠʷ 

ʝʣʜʝʨʽʥʜʝ, ʷסʥʠ 1977 ʞʳʣʳ ɼʘʥʠʷʜʘ (Danish BR77 

standard) ʞᴅʥʝ 1980 ʞʳʣʳ ʐʚʝʮʠʷʜʘ (SBN-80, 

Svensk Bygg Norm) ʤʝʤʣʝʢʝʪʪʽʢ ʜʝשʛʝʡʜʝ 

 ʘסʥᴅʪʠʞʝʩʽʥʜʝ, 1988 ʞʳʣ שʘʥ. ʉʦʥʳסʘʙʳʣʜʘʥץ

 ʳ ʞʳʣסʠʤʘʨʘʪʪʘʨʳʥʜʘס ʡװ ʳʥסʨײʘʨʘʡ ʐʚʝʮʠʷ ʪץ

ʩʘʡʳʥסʳ ʞʳʣʫ ʪײʪʳʥʫʜʳ 1978 ʞʳʣʳ 60 ʢɺʪ/ʩʘס-ʪʘʥ 

28 ʢɺʪ/ʩʘץ-סʘ ʘʟʘʡʪʪʳ, ʘʣ ɼʘʥʠʷ ᴇʟ ʢʝʟʝʛʽʥʜʝ 1985 

ʞʳʣסʘ ץʘʨʘʡ 1972 ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪײʨסʳʥ 

 ʘ ʢʝʤס-ʘ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ 28%סʡʜʽ ʞʳʣʳʪʫװ

ʞײʤʩʘʜʳ. ײפʨʳʣʳʩʪʘסʳ ʜʘʪ ʞᴅʥʝ ʰʚʝʜ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʳ ᴅʣʽ ʢװʥʛʝ ʜʝʡʽʥ 

ᴅʣʝʤʜʝʛʽ ʝץ שʘʪʘש ʩʪʘʥʜʘʨʪʪʘʨ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. 

ʄʳʩʘʣʳ, ʰʚʝʜʪʽʢ SBN-80 ʩʪʘʥʜʘʨʪʳ ʪʽʧʪʽ ʍʍɯ 

 ʛʝʡʽשʜʝ שʙʘʩʳʥʜʘ ʜʘ ᴇʟ ʪʘʣʘʧʪʘʨʳʥʳ שʘʩʳʨʜʳס

ʙʦʡʳʥʰʘ ʙʘʩץʘ ʝʫʨʦʧʘ ʝʣʜʝʨʽʥʽש ʥʦʨʤʘʣʘʨʳʥʘʥ 

ʘʩʳʧ ʪװʩʢʝʥ ʙʦʣʘʪʳʥ [1]. 

ɽʛʝʨ 90-ʰʳ ʞʳʣʜʘʨʜʳש ʙʘʩʳʥʘ ʜʝʡʽʥ, ʷסʥʠ 

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ סʠʤʘʨʘʪʪʘʨʜʳ ʪײʨסʳʟʫ 

 ʥʝʤʜʝʫװ ʙʘʩʳʥʜʘ ʵʥʝʨʛʠʷʥʳ שʨʳʣʳʩʳʥʳײץ

ʙʦʡʳʥʰʘ ʽʩ-ʰʘʨʘʣʘʨʜʳ ʟʝʨʜʝʣʝʫ ʙʘʩʪʳ 

 שʪʳ ʪʫʜʳʨʩʘ, ʦʥʜʘ 90-ʰʳ ʞʳʣʜʘʨʜʳץʫʰʳʣʳסʳʟʳץ

ʦʨʪʘʩʳʥʜʘ ʘʫʳʨʣʳץ ʮʝʥʪʨʽ ʵʥʝʨʛʠʷʥʳ ץʦʣʜʘʥʫ 

ʪʠʽʤʜʽʣʽʛʽʥʽש ʤᴅʩʝʣʝʩʽʥ ʟʝʨʪʪʝʫʛʝ ʘʫʳʩʪʳʨʳʣʘʜʳ 

ʞᴅʥʝ ʙʽʨ ʤʝʟʛʽʣʜʝ ʤʠʢʨʦʢʣʠʤʘʪʪʳש ʩʘʧʘʩʳʥ 

ʢᴇʪʝʨʫʛʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʰʽ 

ʰʝʰʽʤʜʝʨʛʝ ʙʘʩʳʤʜʳʣʳץ ʙʝʨʽʣʝʜʽ. ʕʥʝʨʛʠʷ 

 שʜʝʨʽʥʽשʠʤʘʨʘʪʪʘʨʜʳ ʜʘʤʳʪʫ ʢʝʟʝס ʥʝʤʜʝʫʰʽװ

 ʘʰʘץʨʳʣʳʩ, ʙʘʩײץ ʪʳץʨʘײʠʩʳʥʜʳ ʪʘʤʘʤʜʘʣʫʳʥʘ ʪץ

ʘʡʪץʘʥʜʘ çSustainable buildingè ײץʨʳʣʳʩʳ 

ʪᴅʞʽʨʠʙʝʩʽ ʙʦʣʜʳ. ʄײʥʜʘʡ סʠʤʘʨʘʪʪʘʨ װʰ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʳ סײʳʤʜʳ ʙʽʨʪײʪʘʩ װʡʣʝʩʪʽʨʝʜʽ, ʦʣʘʨ: װʡ-

ʞʘʡʣʘʨʜʳש ʳסשʘʡʣʳ ʤʠʢʨʦʢʣʠʤʘʪʳ, ʪʘʙʠסʘʪ 

ʵʥʝʨʛʠʷʩʳʥ ʙʘʨʳʥʰʘ ץʦʣʜʘʥʫ, סʠʤʘʨʘʪʪʳש 

ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʽ. 

ɽʫʨʦʧʘʣʳץ ʦʜʘץ ʝʣʜʝʨʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ 

ᴅʜʽʩʪʝʤʝʛʝ ʩʘʡ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ ʢᴇʟץʘʨʘʩʳ 

ʙʦʡʳʥʰʘ ʪײʨסʳʥ װʡʣʝʨ ץʘʨʘʧʘʡʳʤ װʡʛʝ (ʵʥʝʨʛʠʷ 

ʨʝʩʫʨʩʪʘʨʳʥ ʪײʪʳʥʫ - ʞʳʣʳʥʘ 1 ʰʘʨʰʳ ʤʝʪʨʛʝ 400 

ʢɺʪÖʩʘס), ʘʟ ʵʥʝʨʛʠʷ ʪײʪʳʥʘʪʳʥ װʡʛʝ (70 ʢɺʪÖʩʘס-ʪʘʥ 

ʘʟ), çʧʘʩʩʠʚè װʡʛʝ (15 ʢɺʪÖʩʘס-ʪʘʥ ʘʩʧʘʡʪʳʥ) ʞᴅʥʝ 

çʙʝʣʩʝʥʜʽè װʡʛʝ ʙᴇʣʽʥʝʜʽ. çʇʘʩʩʠʚè װʡ ʜʝʛʝʥʽʤʽʟ װʡ 

ʤװʤʢʽʥ ʙʦʣסʘʥʰʘ ʘʟ ʞʳʣʫʜʳ ʰʳסʘʨʳʧ, ʞʳʣʜʳש ʢʝʟ 

ʢʝʣʛʝʥ ʤʝʟʛʽʣʽʥʜʝ ʳסשʘʡʣʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ 

 ʩʘʪץʣ ʤʘײʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. ɹץ

"ʪʝʨʤʦʩ ᴅʩʝʨʽʥ" ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʳʣʫ 

ʦץʰʘʫʣʘʫʜʳש, ʞʘʙʳץ ʞʳʣʫ ʞװʡʝʩʽʥ ʞᴅʥʝ 

ʨʝʢʫʧʝʨʘʪʠʚʪʽ ʞʝʣʜʝʪʫʜʽש ʢᴇʤʝʛʽʤʝʥ ʽʩʢʝ ʘʩʘʜʳ. 

ʊʠʽʩʽʥʰʝ, ʤײʥʜʘʡ װʡʣʝʨʜʝ, ʤʳʩʘʣʳ, 1995 ʞʳʣסʳ 

ʥʝʤʽʩʪʽʢ German Thermal Insulation Ordinance ʞʳʣʫ 

ᴇʪʢʽʟʙʝʡʪʽʥ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩʘʡ ʞʘʩʘʣסʘʥ ʞʘשʘ 

 ʘ ʘʟ ʵʥʝʨʛʠʷʣʘʨס-ʘʥʜʘ 80%סʘʨʘץ ʘסʠʤʘʨʘʪʪʘʨס

ʞײʤʩʘʣʘʜʳ. פʘʟʽʨʛʽ ʪʘשʜʘ Passivhaus ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ 

ʢᴇʟץʘʨʘʩʳ ʙʦʡʳʥʰʘ ᴅʣʝʤʜʝʛʽ ʞʝʪʝʢʰʽ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ (ʥʝʛʽʟʛʽ 

ʥʝʤʽʩʪʽʢ ʥײʩץʘʜʘʥ ʙʘʩץʘ ʦסʘʥ ץײʩʘʩ ʪʘʣʘʧʪʘʨ ᴇʟʛʝ ʜʝ 

ʪʘʥʳʤʘʣ ʘʟ ʵʥʝʨʛʠʷ ʪײʪʳʥʘʪʳʥ ʢʘʥʘʜʘʣʳץ R-2000 

 .ʨʳʣʳʩ ʩʪʘʥʜʘʨʪʳʥʜʘ ʙʘʨ) [1]ײץ

90-ʰʳ ʞʳʣʜʘʨʜʳש ʩʦשʳʥʜʘ ɽʫʨʦʧʘʣʳץ ʦʜʘץ 

çɻʝʬʝʦʩè ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʨʥʘʡʳ ʙʘסʜʘʨʣʘʤʘʥʳ 

 ʘʷʩʳʥʜʘ שʜʘʨʣʘʤʘʥʳסʘʨʞʳʣʘʥʜʳʨʜʳ. ʆʩʳ ʙʘץ

2000-2001 ʞʳʣʜʘʨʳ ɹʘʪʳʩ ɽʫʨʦʧʘʥʳש ʙʝʩ 

ʤʝʤʣʝʢʝʪʽʥʜʝ ʧʠʣʦʪʪʳץ ʥʳʩʘʥʜʘʨʜʳײץ שʨʳʣʳʩʳ, 

ʷסʥʠ çʧʘʩʩʠʚʪʽè ʘʟ ʞᴅʥʝ ʢᴇʧ ץʘʙʘʪʪʳ סʠʤʘʨʘʪʪʘʨ 

ʤʝʥ ʪײʪʘʩ ʪײʨסʳʥ װʡ ʢʝʥʪʪʝʨʽ ʩʘʣʳʥʜʳ. ɻʝʨʤʘʥʠʷ 

ʝʣʽʥʜʝ ʙʘʨʣʳסʳ 6000 ʜᴅʣ ʩʦʥʜʘʡ װʡʣʝʨ ʙʘʨ. ɹװʛʽʥʛʽ 

ʪʘשʜʘ ʩʦʣ ʪᴅʨʽʟʜʝʩ װʡʣʝʨ ʐʚʝʮʠʷ, ɸʚʩʪʨʠʷ, 

ʌʠʥʣʷʥʜʠʷ, ʐʚʝʡʮʘʨʠʷʜʘ ʩʘʣʳʥʳʧ ʞʘʪʳʨ. 2003 

ʞʳʣʳ ʦʩʳʥʜʘʡ ʘʣסʘʰץʳ װʡ ʉʦʣʪװʩʪʽʢ ɸʤʝʨʠʢʘʜʘסʳ 

ʕʨʙʘʥʘ ץʘʣʘʩʳʥʜʘ ʩʘʣʳʥʜʳ. ʂᴅʜʽʤʛʽ װʡʛʝ ץʘʨʘסʘʥʜʘ 

çʧʘʩʩʠʚ װʡè ʞʳʣʳʪʫסʘ 90% ʘʟ ʵʥʝʨʛʠʷʥʳ ץʘʞʝʪ 

ʝʪʝʜʽ, ᴅʡʪʩʝ ʜʝ ʤײʥʜʘʡ װʡ ʢᴅʜʽʤʛʽ ץʘʨʘʧʘʡʳʤ װʡʛʝ 

 ʳʤʙʘʪ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ɽʫʨʦʧʘץ ʘʥʜʘ 10-25%סʘʨʘץ

ʝʣʜʝʨʽʥʜʝʛʽ ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥʳש ʙʘסʘʩʳʥ 

ʝʩʢʝʨʩʝ (ɻʝʨʤʘʥʠʷʜʘסʳ ʪײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘʨʳʥ 

ʞʳʣʳʪʫ ʙʦʡʳʥʰʘ ʰʳסʳʥʜʘʨ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ 

ʧᴅʪʝʨʜʽ ʞʘʣʜʘʫ ʙʦʡʳʥʰʘ ʙʘʨʣʳץ ʰʳסʳʥʜʘʨʜʳש 

20%-ʳʥ ײץʨʘʡʜʳ), ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥʜʘʨʳʥ 

ʘʟʘʡʪʫʜʳש ʝʩʝʙʽʥʝʥ ʘʣʳʥסʘʥ ʵʢʦʥʦʤʠʢʘʣʳץ ᴅʩʝʨ 7-

10 ʞʳʣʜʳש ʽʰʽʥʜʝ ʢװʨʜʝʣʽ ʰʳסʳʥʜʘʨʜʳש ʢᴇʣʝʤʽʥʽש 

 .ʘʶʳʥ ᴇʪʝʡʜʽסʣײ

ᴄʨʠʥʝ, çʧʘʩʩʠʚ װʡʣʝʨè ʪᴅʨʽʟʜʽ ʵʥʝʨʛʠʷ 

 ʘʨʘʧʘʡʳʤץ ʠʤʘʨʘʪʪʘʨʜʳ ʩʘʣʫ ʢᴅʜʽʤʛʽס ʥʝʤʜʝʫʰʽװ

 ʩʪʝʤʝװ ʪʘʡץʘʥʜʘ ʘʡʪʘʨʣʳסʠʤʘʨʘʪʪʘʨʤʝʥ ʩʘʣʳʩʪʳʨס

ʰʳסʳʥʜʘʨʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ɼʝʛʝʥʤʝʥ, ʈassivhaus 

ʩʪʘʥʜʘʨʪʳ ʝʩʝʧʪʝʫʣʝʨʽ ʙʦʡʳʥʰʘ, çʧʘʩʩʠʚ װʡʜʽè ʽʩʢʝ 

 ʘʥ 1991 ʞʳʣʳ ʙʘʩʪʘʧ ʦʪʳʟ ʞʳʣ ʽʰʽʥʜʝ ʦʩʳץʦʩץ

ʘʩʪʘʤ ʰʳסʳʥʜʘʨʜʳ ʢװʨʪ ץʳʩץʘʨʪʫʜʳש ʞʦʣʜʘʨʳ 

ʪʘʙʳʣʜʳ. ɽʛʝʨ ʙʘʩʪʘʧץʳ ʢʝʟʝשʜʝ סʠʤʘʨʘʪʪʘʨʜʳ 

çʪʠʽʤʜʽ ʞʦסʘʨʳ ʵʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫè װʰʽʥ 

ʦʨʪʘʰʘ ʝʩʝʧʧʝʥ 60 ʤʳש ʝʫʨʦ ץʦʩʳʤʰʘ ʩʘʣʫ ʢʝʨʝʢ 

ʙʦʣʩʘ, ʘʣ ʙװʛʽʥʜʝ ʦʣʘʨ 10 ʤʳשʥʘʥ 20 ʤʳש ʝʫʨʦסʘ 

ʜʝʡʽʥ ײץʨʘʡʜʳ (װʡʜʽש ᴇʣʰʝʤʽʥʝ, ʢᴇʣʝʤʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ, ʷסʥʠ װʡ ʥʝײסʨʣʳʤ װʣʢʝʥ ʙʦʣʩʘ, 

ʩʦײסʨʣʳʤ װʩʪʝʤʝ ʰʳסʳʥʜʘʨ ʘʟ ʙʦʣʘʜʳ). ɹᴅʣʢʽʤ, 

 èשʡʣʝʨʜʽװ ʣʛʽʩʽʥʜʝʛʽ çʧʘʩʩʠʚװ ʜʘ ʥʝʤʽʩשʘʟʽʨʛʽ ʪʘץ

ʞʦʙʘʣʘʫʰʳʣʘʨʳ ʰʝʰʧʝʛʝʥ ʞʘʣסʳʟ ʤʘשʳʟʜʳ 

ʤᴅʩʝʣʝʩʽ ï ʦʣʘʨʜʳש ʆʨʪʘʣʳץ ɽʫʨʦʧʘʥʳש ʢʣʠʤʘʪʪʳץ 
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ʰʘʨʪʪʘʨʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ. ʊʝʭʥʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨ 

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙײʣ װʡʣʝʨʜʽ ʩʦʣʪװʩʪʽʢ ʝʥʜʽʢʪʽ50 שÁ-

ʪʘʥ ʞʦסʘʨʳ ʞʝʨʣʝʨʽʥʜʝ ʪײʨסʳʟʫ ʢʝʟʽʥʜʝ (ʤʳʩʘʣʳ, 

ʉʦʣʪװʩʪʽʢ ʉʢʘʥʜʠʥʘʚʠʷ ʝʣʜʝʨʽʥʜʝ) ʞʦסʘʨʳʜʘ 

ʘʪʘʣʳʧ ʢʝʪʢʝʥ װʩʪʝʤʝ ʰʳסʳʥʜʘʨ ʝʜᴅʫʽʨ ʘʨʪʘʜʳ. 

çʇʘʩʩʠʚè װʡʣʝʨʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʫ 

 שʠʤʘʨʘʪʪʘʨ ʤʝʥ ʠʤʘʨʘʪʪʘʨʜʳס ʰʽʥ ʪʠʧʪʽʢװ

 ʘʨʘʫץ ʘʡʪʘץ ʠʷʪץײʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʤ ץʨʘʣʳʤʜʳײץ

ʢʝʨʝʢ. ʄײʥʜʘʡ װʡʜʝ ʞʳʣʫסʘ ʢʝʪʝʪʽʥ ʞʳʣʫ 

ʵʥʝʨʛʠʷʩʳʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʰʳסʳʥʳ 15 

ʢɺʪÖʩʘס/(ʤ2Öʞʳʣ) ʘʩʧʘʫʳ ץʘʞʝʪ. ɹײʣ ʰʘʤʘ, ʞʫʳץʪʘʧ 

ʘʣסʘʥʜʘ, ʙʽʨ ʰʘʨʰʳ ʤʝʪʨʛʝ 7-10 ɺʪ ʞʳʣʫʜʳש 

ʝʩʝʧʪʽʢ ץʫʘʪʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʷסʥʠ ʢᴅʜʽʤʛʽ 

 ʝʩʝʧʪʽʢ שʡʝʣʝʨʽʥʽװʞʳʣʫ ʞ שʡʣʝʨʜʽװ ʘʨʘʧʘʡʳʤץ

 ץʨʤʳʩʪʳײʪ ץʨʘʡʜʳ. ɹʘʨʣʳײץ 10% שʫʘʪʳʥʳץ

 ʳ ʵʥʝʨʛʠʷʥʳץʘʥ ʙʘʩʪʘʧסʘʞʝʪʪʽʣʽʢʪʝʨʛʝ ʘʨʥʘʣץ

ʞʘʣʧʳ ʪײʪʳʥʫ (ʦʥʳש ʽʰʽʥʜʝ ʞʳʣʫ, ʳʩʪʳץ ʩʫ ʞᴅʥʝ 

ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ) 120 ʢɺʪÖʩʘס/(ʤ2Öʞʳʣ) ʘʩʧʘʫʳ 

ʪʠʽʩ. ɹײʣ ʦʨʪʘ ʝʩʝʧʧʝʥ ʙװʛʽʥʜʝ װʡ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ 

ʪײʨʤʳʩʪʳײץ ץʨʘʣʜʘʨ ʤʝʥ ʞʘʨʳץʪʘʥʜʳʨʫסʘ סʘʥʘ 

ʢʝʪʝʪʽʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫʜʘʥ ʜʘ ʘʟ. ɽʛʝʨ 

 ʘʥסʳ 2 ʢʽʨʧʽʰʪʝʥ ʩʘʣʳʥסʜʳשʘʣʳץ ʘסʘʙʳʨץ

 ʡʤʝʥװ ʡʜʽ çʧʘʩʩʠʚʪʽèװ ʘʨʘʧʘʡʳʤ ʙʝʨʽʢ ʢʽʨʧʽʰʪʽץ

ʞʳʣʫʜʳ ʩʘץʪʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʦʡʳʥʰʘ 

ʩʘʣʳʩʪʳʨʩʘ, ʦʥʜʘ ʩʳʨʪץʳ ʪʝʤʧʝʨʘʪʫʨʘ -26 ʛʨʘʜʫʩ 

ʘʷʟ ʙʦʣסʘʥ ʢʝʟʽʥʜʝ ʞᴅʥʝ ʞʳʣʫ ʢᴇʟʜʝʨʽʥ ᴇʰʽʨʛʝʥʜʝ, 

 ʡʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʪᴅʫʣʽʛʽʥʝ +2-3װ ʘʨʘʧʘʡʳʤץ

ʛʨʘʜʫʩץʘ, çʧʘʩʩʠʚʪʽè װʡʜʝ +16 ʛʨʘʜʫʩץʘ ʜʝʡʽʥ 

ʪᴇʤʝʥʜʝʡʜʽ. ʉʦʣ ʩʝʙʝʧʪʽ, ץʘʪʪʳ ʘʷʟʜʘ ʜʘ ʪʘʤʘץ 

ᴅʟʽʨʣʝʫʜʝʥ, ʪײʨʤʳʩʪʳץ ʪʝʭʥʠʢʘʥʳש ʞײʤʳʩʳ ʤʝʥ 

ʞʘʨʳץʪʘʥ ʙʦʣʘʪʳʥ ʞʳʣʫʜʳש ʘʨץʘʩʳʥʜʘ װʡʜʽש 

ʽʰʽʥʜʝ ץʘʣʳʧʪʳ ʤʠʢʨʦʢʣʠʤʘʪ ʩʘץʪʘʣʘʜʳ. 

çɹʝʣʩʝʥʜʽè װʡʛʝ ʪʦץʪʘʣʘʪʳʥ ʙʦʣʩʘץ, ᴇʟʽʥ 

ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞᴅʥʝ ʳʩʪʳץ ʩʫʤʝʥ 

 שʡʣʝʨʜʽװ ʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʪʳʥ çʧʘʩʩʠʚèץ

ʜʘʤʫʳʥʳש ʢʝʣʝʩʽ ʢʝʟʝשʽ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. ʉʦסשʳ 

ʫʘץʳʪʪʘ çʙʝʣʩʝʥʜʽè װʡʣʝʨʜʽ ᴅʜʝʪʪʝʛʽ 

ʞʘʙʜʳץʪʘʥʜʳʨʫ ʨʝʪʽʥʜʝ ʩʫʜʳ ʞʳʣʳʪʫסʘ ʘʨʥʘʣסʘʥ 

ʢװʥ ʩᴅʫʣʝʣʽʢ ʢʦʣʣʝʢʪʦʨʳ, סʠʤʘʨʘʪ ʪᴇʙʝʩʽʥʜʝʛʽ ʢװʥ 

ʩᴅʫʣʝʣʽʢ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʩʳ ʞᴅʥʝ ʞʝʨʜʽש ʥʝʤʝʩʝ 

ʪײʨʤʳʩʪʳץ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʪᴇʤʝʥ ʧʦʪʝʥʮʠʘʣʜʳ 

ʞʳʣʫʳʥ ʳʩʪʳץ ʩʫסʘ ʘʡʥʘʣʜʳʨʘʪʳʥ ʞʳʣʫ ʩʦʨסʳʩʳ 

 ʡ ʵʣʝʢʪʨװ ʳʟ çʙʝʣʩʝʥʜʽèסʥʠ, ʥʘסʦʣʜʘʥʳʣʘʜʳ. ʗץ

ʩʪʘʥʮʠʷʩʳ ʨʝʪʽʥʜʝ ʜʝ ʞײʤʳʩ ʞʘʩʘʡʜʳ. 

 ʥʝʤʜʝʫʰʽװ ʩʪʘʥʜʘ ʵʥʝʨʛʠʷץʘʟʘפ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʜʽʨʫ ʩʘʣʘʩʳʥʜʘ ʪʝʢ 2010-2011 

ʞʳʣʜʘʨʳ ʢᴇʨʽʥʝʪʽʥ ʥᴅʪʠʞʝʣʝʨ ʧʘʡʜʘ ʙʦʣʘ ʙʘʩʪʘʜʳ. 

ʉʦʥʜʘʡ-ʘץ, ʙʽʨʰʘʤʘ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʪʝʢ ʪʠʧʪʽʢ ʪײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘʨʳʥʜʘ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʠʟʥʝʩ-ʢʣʘʩʩʪʳ ʞᴅʥʝ ʪʘשʜʘʫʣʳ 

ʪײʨסʳʥ װʡ ʢʝʰʝʥʜʝʨʽʥʽש, ʢʝʟ ʢʝʣʛʝʥ ʩʝʛʤʝʥʪʪʝʨʜʝʛʽ 

ʢʦʤʤʝʨʮʠʷʣʳץ ʞʳʣʞʳʤʘʡʪʳʥ ʤװʣʽʢ 

ʦʙʲʝʢʪʽʣʝʨʽʥʽש ʞʘʧʧʘʡ ײץʨʳʣʳʩʳ ʢʝʟʽʥʜʝ 

ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ. ʊײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘʨʳʥʳש 

 ץʰʽʥ ʜʘʥʠʷʣʳװ ʦʣʜʘʥʫץ ʨʳʣʳʩʳʥʜʘ ʞʘʧʧʘʡײץ

Rockwood ʢʦʤʧʘʥʠʷʩʳʥʳש Green balance ʵʢʦ-

 Ruralzed שʳʣʰʳʥ ʢʦʤʧʘʥʠʷʩʳʥʳסʘ ,שʡʣʝʨʽʥʽװ

ʞʦʙʘʣʘʨʳ ʘʡʨʳץʰʘ ʢʝʣʝʰʝʢʪʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. 

 ʣʽʢװʘʟʽʨ ʝʣʽʤʽʟʜʝ ʞʳʣʞʳʤʘʡʪʳʥ ʤפ

ʥʘʨʳסʳʥʳש ʞʘשʘ ʩʝʛʤʝʥʪʽ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ 

ʥʳʩʘʥʜʘʨʜʳש ʥʘʨʳסʳ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ץʘʣʳʧʪʘʩʳʧ 

ʞʘʪʳʨ. פʘʟʽʨʛʽ ʪʘשʜʘ ʥʘʨʳץʪʳ94% ש-ʳʥ ʢʝשʩʝʣʽʢ 

ʦʨʪʘʣʳץʪʘʨ, 4%-ʳʥ ᴅʨ ʪװʨʣʽ ʤʘץʩʘʪʪʘסʳ ᴅʣʝʫʤʝʪʪʽʢ 

ʥʳʩʘʥʜʘʨ ʞᴅʥʝ 2%-ʳʥ ʪײʨסʳʥ װʡ ʢʝʰʝʥʜʝʨʽ 

 ʪʘʫ ʧʝʥץʨʘʡʜʳ. ʕʥʝʨʛʠʷ ʪʠʽʤʜʽ ʞʘʙʜʳײץ

ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨ ʞʦʙʘʥʳש ᴇʟʽʥʜʽʢ 

ʠʥʚʝʩʪʠʮʠʷʣʳײץ ץʥʳʥ ʦʨʪʘʰʘ ʝʩʝʧʧʝʥ ʘʣסʘʥʜʘ 

 ᴇʟʽʥ-ᴇʟʽ שʥʝʤʜʝʫʰʽ ʰʝʰʽʤʜʝʨʜʽװ ʘ, ʵʥʝʨʛʠʷס-20%

ʘץʪʘʫʳʥʳש ʦʨʪʘ ʤʝʨʟʽʤʽʥ 8 ʞʳʣסʘ ײʣסʘʡʪʘʜʳ. 

ʊײʨסʳʥ ʞᴅʥʝ ץʦסʘʤʜʳס ץʠʤʘʨʘʪʪʘʨʜʘסʳ ʞʳʣʫ 

ʞʦסʘʣʪʫסʘ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʽ ײץʨʘʣʳʤʜʳץ 

ʞװʡʝʣʝʨʜʽש ʰʝʰʽʤʜʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ʕʥʝʨʛʠʷ ʪʠʽʤʜʽ ʩʳʨʪץʳ ץʦʨʰʘʫ ײץʨʘʣʳʤʜʘʨʳʥʳש 

ʝײ שʪʳʤʜʳ ʪװʨʣʝʨʽ ʙʦʣʳʧ ʤʠʥʝʨʘʣʜʳ ʪʠʽʤʜʽ 

ʤʘʪʝʨʠʘʣʜʘʨ ץʦʣʜʘʥʳʣסʘʥ ץʘʙʳʨסʘʣʘʨ ʤʝʥ 

ʞʘʙʳʥʜʘʨʜʳש ʢᴇʧ ץʘʙʘʪʪʳ ײץʨʘʣʳʤʜʘʨʳ ʩʘʥʘʣʘʜʳ. 

ɾʳʣʫʜʳ װʥʝʤʜʝʫʜʽש ʥʝʛʽʟʛʽ ץʦʨʳʥ 

 ʠʤʘʨʘʪʪʘʨʳʥ ʞʳʣʳʪʫס ʡװ ʳʥסʨײʳ ʪסʦʣʜʘʥʳʩʪʘץ

ʢʝʟʽʥʜʝ ʽʩʢʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ. ʉʳʨʪץʳ 

 ʳʥʳʥ ʰʘʤʘʤʝʥסʘʣʘʨʜʳ ʞʳʣʳʪʫ ï ʞʳʣʫ ʰʳסʘʙʳʨץ

12-15% ʪᴇʤʝʥʜʝʪʝʪʽʥ, ʝץ שʳʤʙʘʪ ʪײʨʘʪʳʥ ʞᴅʥʝ 

ʝשʙʝʢ ʢᴇʧ ʞײʤʩʘʣʘʪʳʥ װʜʝʨʽʩ. ʉʳʨʪץʳ 

 שʙʝʣʛʽʣʽ ʞᴅʥʝ ʢʝ שʝ שʘʣʘʨʜʳ ʞʳʣʳʪʫʜʳסʘʙʳʨץ

ʪʘʨʘʣסʘʥ ᴅʜʽʩʪʝʨʽʥʝ ʢʝʣʝʩʽ ʘʪʘʣסʘʥʜʘʨ ʞʘʪʘʜʳ: 

ʩʳʨʪץʳ ץʘʙʳʨסʘʣʘʨʜʳ ʞʳʣʳʪʫʜʳש ʞʝʣʜʝʪʽʣʝʪʽʥ 

 ʨʘʣʳʤʜʘʨʳ ʥʝʤʝʩʝ, ᴅʜʝʪʪʝ, ʞʝʣʜʝʪʽʣʝʪʽʥײץ

 ʪʘץʨʘʣʳʤ; ʤʠʥʝʨʘʣ ʤʘײץ ʘʩʙʝʪʪʝʨ ʜʝʧ ʘʪʘʣʘʪʳʥץ

ʞᴅʥʝ ʧʦʣʠʩʪʠʨʦʣ ʪʘץʪʘʣʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ 

ʞʘʩʘʣסʘʥ, ʦʣʘʨʜʳ ʪʽʢʝʣʝʡ ץʘʙʳʨסʘסʘ ʥʝʤʝʩʝ ץʘץשʘסʘ 

ʙʝʢʽʪʫʛʝ ʙʦʣʘʪʳʥ ʩʳʨʪץʳ ץʘʙʳʨסʘʣʘʨʜʳ 

ʞʳʣʳʪʫʜʳש ʞʝʣʜʝʪʽʣʤʝʛʝʥ ײץʨʘʣʳʤʜʘʨʳ, ʩʦʥʜʘʡ-

ʘץ ʞʝʨʛʽʣʽʢʪʽ ʞʳʣʳʪץʳʰʪʘʨ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʦʩʳ 

ʥײʩץʘʣʘʨʜʳש ʙʘʨʣʳץ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʪװʨʣʽ 

ʢʦʤʙʠʥʘʮʠʷʣʘʨʳ [2]. 

ʊʝʨʝʟʝʣʝʨ ʘʨץʳʣʳ ʞʳʣʫ ʞʦסʘʣʪʫ ʞʘʣʧʳ 

 שʘʣʪʫʳʥʳסʳʣʳ ʞʳʣʫ ʞʦץʨʘʣʳʤʜʘʨʳ ʘʨײץ ʦʨʰʘʫץ

40%-ʥʘ ʪʝש, ʩʦʣ װʰʽʥ ʝש ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝ 

ʪʝʨʝʟʝʣʝʨʜʽש ʞʳʣʫ ץʦʨסʘʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʢʝʨʝʢ. 

ɸסʘʰʪʘʥ ʞʘʩʘʣסʘʥ ʪʝʨʝʟʝ ʪʦʣʪʳʨʤʘʣʘʨʳ ʞᴅʥʝ װʰ 

ᴅʡʥʝʢʪʽ ʰʳʥʳ ʧʣʘʩʪʠʢ ʥʦʨʤʘʪʠʚʪʽʢ ʞʳʣʫ 

 ʘʡʪʘפ .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʪʘʣʘʧʪʘʨʳʥ שʘʫʜʳסʦʨץ

 ʳʥʳʥסʳʣʳ ʞʳʣʫ ʰʳץʨʫʜʘ ʪʝʨʝʟʝʣʝʨ ʘʨײץ

ʪᴇʤʝʥʜʝʪʫ ʪʝʨʝʟʝʥʽש ʞʘץʪʘʫ ʤʘשʜʘʡʰʘʩʳʥ 

ʦʨʥʘʪʳʧ, ʞʘץʪʘʫʣʘʨʜʳ ʞʳʣʳʪʫ ʘʨץʳʣʳ ʞᴅʥʝ ʜʘʨʘ 

ʥʝʤʝʩʝ ʞײʧʪʘʩʪʳʨʳʣסʘʥ ʞʘץʪʘʫʤʝʥ ʪʝʨʝʟʝʣʽʢ 

ʙʣʦʢʪʳש ᴅʡʥʝʢʘʨʘʣʳץ ʢʝשʽʩʪʽʛʽʥʝ ʞʘʨʳץᴇʪʢʽʟʛʽʰ 

ʵʢʨʘʥʜʳ ʦʨʥʘʪʫ ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʤװʤʢʽʥ. 

ʕʢʨʘʥʜʳ ʦʨʥʘʪʫ ץʘʙʘʪʪʘʨʜʘסʳ ʪʘʙʠסʠ ʢʦʥʚʝʢʮʠʷסʘ 

ʰʝʢʪʝʫ ץʦʶסʘ ʞᴅʥʝ ʪʝʨʝʟʝʣʝʨʜʝʛʽ ʝʩʝʧʪʽʢ 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʨʝʞʠʤʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ײפʨʘʣʳʤʜʘʨʜʳש ʞʘʨʳץ-ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ 

ʞʳʣʫ-ʪʝʭʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʙʽʨ ʫʘץʳʪʪʘ ץʘʪʘʨ 

ʝʩʢʝʨʩʝ, ʵʢʨʘʥʜʘʨʳ ʙʘʨ ʪʝʨʝʟʝʣʝʨ ʞʦסʘʨʳ ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽʣʽʢʢʝ ʠʝ. 

 ʥʝʤʜʝʫʜʽ ʜʘʤʳʪʫװ ʨʳʣʳʩʪʘ ʵʥʝʨʛʠʷʥʳײפ

ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʞʳʣʫ ʰʘסʳʣʳʩʪʳʨסʳʰ 

ᴅʡʥʝʢʪʝʨʽ ʙʘʨ ʪʝʨʝʟʝʣʝʨ ʩʘʥʘʣʘʜʳ. ɹײʥʜʘʡ 

ʪʝʨʝʟʝʣʝʨʜʽ ʪײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘʨʳʥʳש 

 ʘס-ʳʥʳʥ 40%סʦʣʜʘʥʫ ʞʳʣʫ ʰʳץ ʨʳʣʳʩʳʥʜʘײץ

ʜʝʡʽʥ ʘʟʘʡʪʫסʘ ʞʘסʜʘʡ ʪʫסʳʟʘʜʳ. ɹײʣ ʢʝʟʜʝ װʩʪʝʤʝ 

ʰʳסʳʥʜʘʨʜʳש ᴇʪʝʣʽʤʜʽʣʽʛʽ ʙʽʨ ʞʘʨʳʤ ʞʳʣʜʘʥ 

ʘʩʧʘʡʜʳ. 

ʊʝʨʝʟʝ ʞʘץʪʘʫʣʘʨʳ ʘסʘʰ, ʙʦʣʘʪ ʞᴅʥʝ 

ʘʣʶʤʠʥʠʡ ʩʠʷץʪʳ ʜᴅʩʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ 

ʞʘʩʘʣʘʜʳ. ʊʝʨʝʟʝ ʞᴅʥʝ ʝʩʽʢ ʙʣʦʢʪʘʨʳʥʳש 

 ʘʥ ʧʦʣʠʤʝʨʣʽסʘ ʘʨʥʘʣסʦʣʜʘʥʫץ ʨʘʣʳʤʜʘʨʳʥʜʘײץ
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ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʘʨʘʩʳʥʜʘ ʧʦʣʠʵʬʠʨ ʰʘʡʳʨʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʰʳʥʳ ʪʦʣʪʳʨʳʣסʘʥ ʪʝʨʤʦʨʝʘʢʪʠʚʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨ, ʷסʥʠ ʧʦʣʠʵʬʠʨʣʽ ʧʣʘʩʪʠʢʪʝʨ ץʦʣʘʡʣʳ. 

ʆʩʳ ʤʘʪʝʨʠʘʣʜʘʨ ʪʝʨʤʦʧʣʘʩʪʠʢʪʝʨʛʝ ʪᴅʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʞʦץ ʧʦʣʠʤʝʨʣʝʨʜʽש ʙʘʨʣʳץ ʦש 

 ʘʩʠʝʪʪʝʨʽʥʝ ʠʝ. ʄʳʩʘʣ ʨʝʪʽʥʜʝ ʧʦʣʠʵʬʠʨʣʽ ʰʳʥʳץ

ʧʣʘʩʪʠʢʪʝʨ ʘסʘʰʪʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽʥʝ, ʤʝʪʘʣʜʳש 

ʙʝʨʽʢʪʽʛʽ ʤʝʥ ײʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽʥʝ, ʙʠʦʣʦʛʠʷʣʳץ 

ʪᴇʟʽʤʜʽʣʽʛʽʥʝ, ʧʦʣʠʤʝʨʜʽש ʳʣסʘʣ ʞᴅʥʝ 

ʘʪʤʦʩʬʝʨʘʣʳץ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʠʝ. 

ʊײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘʨʜʳ ץʘʡʪʘ ײץʨʫ ʢʝʟʽʥʜʝ 

ʢᴇʙʽʥʝʩʝ ʞʦסʘʨʳ ʞʳʣʫ ʩʘץʪʘסʳʰ ץʘʩʠʝʪʽ ʙʘʨ ʞʝשʽʣ 

 ʘʥסʨʘʣʳʤʜʘʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʘʩʘʣײץ

ʤʘʥʩʘʨʜʘ ץʘʙʘʪʪʘʨʳ ʩʘʣʳʥʘʜʳ. 

ʄʘʥʩʘʨʜʘ ץʘʙʘʪʪʘʨʳʥʳץ שʘץשʘʣʘʨʳʥʳש ʞʝשʽʣ 

 שʘʰʪʳסʪʠʽʤʜʽ ʰʝʰʽʤʽ ʨʝʪʽʥʜʝ ʘ שʨʘʣʳʤʜʘʨʳʥʳײץ

ʞᴅʥʝ ʤʝʪʘʣʜʳש ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝʛʽ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʤʝʪʘʣʣ-ʘסʘʰ 

 ʦʣʜʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʝʪʘʣʣץ ʨʘʣʳʤʜʘʨʳʥײץ

ʪʘʙʘץ ʧʝʥ ʦʥʳ ʩʳסʘʪʳʥ ʘסʘʰ ʪʘץʪʘʣʘʨʜʳש ʙʽʨʣʝʩʢʝʥ 

ʞײʤʳʩʳ ײץʨʘʣʳʤʥʳש ʩʘʣʤʘסʳʥ ʝʜᴅʫʽʨ ʘʟʘʡʪʫסʘ 

ʞᴅʥʝ ʜʝ ץʘʞʝʪʪʽ ʞװʢʢᴇʪʝʨʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥ 

 ʳʥʳʥ 4 ʝʩʝסʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʣ ʰʳץ

ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 ʰװ-ʳ ʝʢʽסʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʞʫʳʨʜʘפ

ʦʥʞʳʣʜʳץʪʘ ץʦʣʜʘʥʳʩʪʘסʳ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ 

ʪʘʫʳʩʫ ʞᴅʥʝ ʞʘשʘ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʞʝʪʢʽʣʽʢʩʽʟ 

ʜʘʤʳʪʫ ʢʝʟʝשʜʝʨʽʥʽש ʪװʡʽʩʢʝʥ ʢʝʟʽʥʜʝ ʵʥʝʨʛʠʷ 

ʨʝʩʫʨʩʪʘʨʳʥʳש ʪʘʧʰʳʣʳסʳ ʤʝʥ ʢʝʥʝʪʪʝʥ 

 ʪʫʳʥʜʘʡʪʳʥʳ ʞᴅʥʝ ʦʣʘʨʜʳ שʳʤʙʘʪʪʘʫʳʥʳץ

 .ץʥʝʤʜʝʫ ʤᴅʩʝʣʝʩʽ ʙʘʩʳʤ ʙʦʣʘʪʳʥʳ ʘʡʜʘʥ ʘʥʳװ

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ײץʨʳʣʳʩʪʳץ ᴇʥʽʤʜʝʨʜʽ ʞʘʩʘʫ, 

ʞʘשʘʨʪʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʘʷʩʳʥʜʘ ײץʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʙײʡʳʤʜʘʨʳʥʳש, ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ 

ʞʘʙʜʳץʪʘʨʜʳש ʞᴅʥʝ ʨʝʪʪʝʣʝʪʽʥ ʵʥʝʨʛʠʷʤʝʥ 

 ʘʨʳסʞʳʣʫ ʙʝʨʫʛʝ ʞʦ שʡʝʣʝʨʽʥʽװʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞץ

ʢʝʜʝʨʛʽ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʘʨ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ 

ʢᴇʣʝʤʜʽʢ-ʞʦʩʧʘʨʣʳץ ʞᴅʥʝ ײץʨʘʣʳʤʜʳץ 

ʰʝʰʽʤʜʝʨʜʽ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦʥʳ ʧʘʡʜʘʣʘʥʫ ʝʩʝʙʽʥʝʥ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʳʥʳʥ ʘʟסʠʤʘʨʘʪʪʘʨʜʘ ʞʳʣʫ ʰʳס

ʙʘʩʳʤ ʬʘʢʪʦʨסʘ ʘʡʥʘʣʘʜʳ. ײפʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ, ʙײʡʳʤʜʘʨʳʥ ʞᴅʥʝ ʞʘʙʜʳץʪʘʨʳʥ 

ʜʘʤʳʪʫʜʳװ שʩʪʝʤ ʙʘסʳʪʳ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ 

ʪװʨʣʝʨʛʝ ʪʠʝʩʽʣʽ ʙʦʣʘʜʳ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, 

 ,ʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥײץ ,ʡʝʣʝʨʜʽװʞ ץʨʘʣʳʤʜʳײץ

ʙײʡʳʤʜʘʨʳʥ ʞᴅʥʝ ʞʘʙʜʳץʪʘʨʳʥ ʜʘʤʳʪʫ ʍʍɯ 

 ,ʥʝʤʜʝʫװ ʦʨʪʘʩʳʥʜʘ ʵʥʝʨʛʠʷʥʳ שʘʩʳʨʜʳס

ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ, ʪʝʭʥʦʣʦʛʠʷʣʳʣʳץ, 

ʢɻʦʥʦʤʠʢʘʣʳʣʳײץ ,ץʨʳʣʳʩʪʘסʳ ʝש ʘʟ ʝשʙʝʢ 

ʩʳʡʳʤʜʳʣʳץ, ʪײʨסʳʥ ʞᴅʥʝ ץʦסʘʤʜʳץ 

 ʘʨʪʫשʨʫ ʤʝʥ ʞʘײץ ʘʡʪʘץ ʠʤʘʨʘʪʪʘʨʜʳס

ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫ ʪʘʣʘʧʪʘʨʳʥ 

 ʳʪʪʘʨסʘ ʙʘשʘʟʽʨʛʽ ʞᴅʥʝ ʞʘץ ʘʪʪʘʥʜʳʨʘʪʳʥסʘʥʘץ

ʙʦʡʳʥʰʘ ʞװʨʝʜʽ ʜʝʧ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. 

ʕʥʝʨʛʠʷ ʪʠʽʤʜʽ סʠʤʘʨʘʪʪʘʨ ʙʘʪʳʩ ʝʣʜʝʨʽʥʜʝ ᴇʟ 

ʪʘʥʳʤʘʣʜʳʣʳסʳʥʘ ʠʝ ʙʦʣʜʳ ʞᴅʥʝ ʩʦʣʘʨʜʳש 

ʤʳʩʘʣʳʥʜʘ ץʘʟʽʨʛʽ ʢʝʟʜʝ ʙʽʟʜʽש ʘʡʤʘץʪʘʨʜʘ ʞʦʙʘʣʘʨ 

ᴅʟʽʨʣʝʥʫʜʝ. ʕʥʝʨʛʠʷ װʥʝʤʜʝʫʰʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

 ʦʣ ʞʝʪʽʤʜʽץ ʙʽʨʰʘʤʘ ʘʫʜʘʥʜʘʨʳʥʜʘ שʩʪʘʥʥʳץʘʟʘפ

ʞᴅʥʝ ʩײʨʘʥʳʩץʘ ʠʝ ʙʦʣʘ ʙʘʩʪʘʜʳ. 
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Abstract 

This article discusses ways to represent the electrical load in the simulation of various modes of the IEEE-14 

test circuit. A comparison of the results of calculating the safety coefficients for static aperiodic stability with 

different modeling of the electrical load is carried out. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʪʝʩʪʦʚʦʡ ʩʭʝʤʳ IEEE-14. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʟʘʧʘʩʘ ʧʦ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ. 

 

Keywords: electrical load, power, conductivity, current, static load characteristic, safety coefficient. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʤʦʱʥʦʩʪʴ, ʧʨʦʚʦʜʠʤʦʩʪʴ, ʪʦʢ, ʩʪʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ ʥʘʛʨʫʟʢʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ.  

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ 

(ʜʘʣʝʝ - ʋʈ) ʠʣʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ 

ʧʦ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʤʝʶʪʩʷ 

ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʕʕʉ), 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝ-

ʣʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʭʘʨʘʢ-

ʪʝʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʦʩʪʴ, 

ʧʦʪʨʝʙʣʷʝʤʫʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʠʩʦ-

ʝʜʠʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʵʣʝʢʪʨʦʧʨʠʝʤ-

ʥʠʢʘ) ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ (ʕʕ), ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʦ-

ʧʨʠʝʤʥʠʢʦʤ, ʧʝʨʝʭʦʜʠʪ ʚ ʜʨʫʛʦʡ ʚʠʜ ʵʥʝʨʛʠʠ, ʪʘʢ 

ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɸ ʚ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʟʣʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʪʦ ʟʜʝʩʴ ʨʝʯʴ ʠʜʝʪ ʦʙ ʕʕ, ʢʦʪʦ-

ʨʘʷ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʵʣʝʤʝʥʪʘʤ. ʊʦ ʝʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʤʦʱʥʦʩʪʴʶ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʝʥʥʳʭ ʚ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠ-

ʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʜʘʥʥʦʤʫ ʫʟʣʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ [1, ʉ. 84].  

ʇʨʠ ʚʳʙʦʨʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʥʘ ʕɺʄ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʪʦʯ-

ʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʋʈ, ʩʪʘ-

ʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

1) ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʫʩʪʘ-

ʥʦʚʦʢ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ: ʘ) 

ʙʳʪʴ ʥʝʠʟʤʝʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ; ʙ) ʠʟʤʝʥʷʪʴʩʷ ʚ ʦʜ-

ʥʦʡ ʠʟ ʬʘʟ; ʚ) ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʩʝʭ ʬʘʟʘʭ; ʛ) ʩʦʧʨʦ-

ʚʦʞʜʘʪʴʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠʣʠ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʥʘʛʨʫʟʢʫ ʚ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʩʝʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʩʠʤʤʝʪʨʠʯʥʫʶ, 

ʨʝʟʢʦʧʝʨʝʤʝʥʥʫʶ, ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʥʝʣʠʥʝʡ-

ʥʫʶ; 

2) ʚʠʜ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ, ʪ. ʝ. ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʪʠ; 

3) ʮʝʣʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʪ. ʝ. ʜʣʷ ʯʝʛʦ ʧʨʦ-

ʚʦʜʷʪʩʷ ʚʳʯʠʩʣʝʥʠʷ, ʢʘʢʠʝ ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ ʠʣʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [2, 3]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʛʨʫʟʢʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʙʳʯʥʦ ʧʨʠʥʷʪʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 ʄʦʱʥʦʩʪʴʶ, ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ, ʈʥ = 

const, Qʥ = const; 

2 ʇʦʩʪʦʷʥʥʳʤʠ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ ʥʘ ʟʝʤʣʶ, 

gʥ = const, bʥ = const; 
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3 ʉʪʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʉʍʅ), ʪ. 
ʝ. ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʝʡ ʥʘʛʨʫʟʢʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʈʥ (U), Qʥ (U); 

4 ʊʦʢʦʤ, ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʤʦʜʫʣʶ ʠ ʧʦ ʬʘʟʝ, 
Iʧʘ = const, Iʧr = const [4, ʉ. 47-48]. 

ɼʘʣʝʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʢʘʞʜʦʤ ʩʧʦʩʦʙʝ ʟʘʜʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʦʜʨʦʙʥʝʝ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʉʧʦʩʦʙ ʟʘʜʘ-

ʥʠʷ ʥʘʛʨʫʟʢʠ 
ʄʦʱʥʦʩʪʴʶ, ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ  

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʨʝʞʠʤʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, 

ʛʜʝ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ [5, ʉ. 51].  

ɼʦʩʪʦʠʥʩʪʚʘ 
ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʜʣʷ ʕʕʉ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ [4, ʉ. 47; 6, ʉ. 168]. 

ʅʝʜʦʩʪʘʪʢʠ 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʨʘʩʯʝʪʝ ʋʈ ʩʝʪʠ, ʝʩʣʠ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʕʕ ʧʦʜʜʝʨ-

ʞʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. ʕʪʠ ʦʰʠʙʢʠ 

ʥʝʙʦʣʴʰʠʝ, ʝʩʣʠ ʩʝʪʴ ʟʘʛʨʫʞʝʥʘ ʫʤʝʨʝʥʥʦ, ʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʤʝʶʪʩʷ ʩʠʣʴʥʦ ʟʘʛʨʫ-

ʞʝʥʥʳʝ ʩʝʪʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

- ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʘʩʯʝʪʘʭ ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦʡ ʠ ʥʫʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʦʡ ʩʧʦʩʦʙ 

ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ [6, ʉ. 168]. 

ʆʩʦʙʝʥʥʦʩʪʠ 

ʅʘʣʠʯʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʈʇʅ, ʦʩʥʘʱʝʥʠʝ ʥʝʨʝʛʫʣʠʨʫʝ-

ʤʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ ʣʠʥʝʡʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʘʚ-

ʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠʣʠ ʚʦʣʴʪʦʜʦʙʘʚʦʯʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʤʝʩʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ʫʧʨʘʚʣʷʝʤʳʝ ʙʘʪʘʨʝʠ, 

ʢʦʥʜʝʥʩʘʪʦʨʳ, ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʪ. ʜ.) - ʚʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦ-

ʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʘʭ ʕʕʉ [4, ʉ. 47; 6, ʉ. 168]. 

ʉʧʦʩʦʙ ʟʘʜʘ-

ʥʠʷ ʥʘʛʨʫʟʢʠ 
ʇʦʩʪʦʷʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʠ ʨʘʩʯʝʪʝ ʨʝʞʠʤʘ ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʚʦʜʘʭ ʥʘʛʨʫʟʦʢ [6, ʉ. 168]. 

ɼʦʩʪʦʠʥʩʪʚʘ 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʫʯʝʪʫ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʥʝʠʟʤʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ [6, ʉ. 169]. 

ʅʝʜʦʩʪʘʪʢʠ 

ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘʛʨʫʟʢʠ ʩʘʤʘ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ [4, ʉ. 47; 6, ʉ. 169]. 

ʆʩʦʙʝʥʥʦʩʪʠ 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʧʦʩʪʦʷʥʥʳʤʠ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉʍʅ ʚ ʚʠʜʝ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʧʘʨʘʙʦʣ: 

G = IG / Uʌ = ã3 Ŀ IG / U = P / U 2, 

B = IB / Uʌ = ã3 Ŀ IB / U = Q / U 2, 

ʦʪʢʫʜʘ  

P = G Ā U 2, Q = B Ā U 2 [4, ʉ. 47; 5, ʉ. 53; 6, ʉ. 169]. 

ʉʧʦʩʦʙ ʟʘʜʘ-

ʥʠʷ ʥʘʛʨʫʟʢʠ 
ʉʍʅ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʋʈ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ. 

ɼʦʩʪʦʠʥʩʪʚʘ 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ, ʪʘʢ 

ʢʘʢ ʦʪʨʘʞʘʝʪ ʝʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʛʨʫʟʢʠ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ [4, ʉ. 47; 6, ʉ. 161].  

ʅʝʜʦʩʪʘʪʢʠ 

ʇʦʣʫʯʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʉʍʅ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳ-

ʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʠʧʦʚʳʤʠ ʉʍʅ, ʢʦʪʦʨʳʝ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʧʦ ʩʦʩʪʘʚʫ ʥʘʛʨʫʟʢʫ [4, ʉ. 47; 5, ʉ. 52; 6, ʉ. 161]. 

ʆʩʦʙʝʥʥʦʩʪʠ 

ʇʨʠ ʧʦʤʦʱʠ ʉʍʅ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʛʨʫʟʢʫ ʚ ʚʠʜʝ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚʳʰʝ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʴʟʫʶʪʩʷ ʥʝʧʦʣʥʳʤʠ ʉʍʅ [7; 8, ʉ. 87; 9]. 

ʋʯʝʪ ʉʍʅ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʩʣʝʘʚʘʨʠʡ-

ʥʳʭ ʋʈ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ [6, ʉ. 164-165]. 

ʉʧʦʩʦʙ ʟʘʜʘ-

ʥʠʷ ʥʘʛʨʫʟʢʠ 
ʊʦʢʦʤ, ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʤʦʜʫʣʶ ʠ ʬʘʟʝ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʠʟʢʦʚʦʣʴʪʥʳʭ (U Ò 1 ʢɺ) ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʩʝʪʝʡ (U Ò 35 ʢɺ). 

ɼʦʩʪʦʠʥʩʪʚʘ 

ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʫʟʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʧʦ ʤʦʜʫʣʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʬʘʟʝ [4, ʉ. 48; 

6, ʉ. 167]. 



Danish Scientific Journal No47, 2021 41 

ʅʝʜʦʩʪʘʪʢʠ 

ɿʘʜʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʪʦʢʦʤ, ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʤʦʜʫʣʶ ʠ ʬʘʟʝ, ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʧʠʪʘʶʱʠʭ ʩʝʪʝʡ ʥʘʧʨʷʞʝʥʠʝʤ U Ó 110 ʢɺ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚ 

ʩʝʪʷʭ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʡ ʩʚʦʡʩʪʚʝʥʥʳ ʙʦʣʴʰʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 

ʚʝʣʠʯʠʥʝ ʠ ʬʘʟʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʯʝʪʦʚ [6, ʉ. 167; 9; 10]. 

ʆʩʦʙʝʥʥʦʩʪʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʤʝʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʧʨʠʥʷʪʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ ʨʘʩʯʝʪʘ ʨʝʞʠʤʘ ʩʝʪʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ, ʪʘʢ 

ʢʘʢ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʟʣʘʭ ʥʝʠʟʚʝʩʪʥʳ - ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʩʢʦʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʘ ʧʦʪʦʤʫ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʯʥʳʤ ʚʳʨʘʞʝʥʠʝʤ S = 3 Ŀ Uʬ Ŀ Iʬ* = ã3 Ŀ U Ŀ I* ʜʣʷ ʟʘʜʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ [6, ʉ. 166-167].  

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞ-

ʥʳʝ ʤʦʜʝʣʠ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʨʘʩʯʝʪʘʭ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʭʝʤʫ, ʢʦʪʦʨʘʷ ʙʫ-

ʜʝʪ ʷʚʣʷʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʛʣʷʜʥʦʡ ʠ ʘʜʝʢʚʘʪʥʦʡ, 

ʢʦʤʧʘʢʪʥʦʡ ʠ ʫʜʦʙʥʦʡ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʟʨʘ-

ʙʘʪʳʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʝʞʠʤʦʚ. 

ɼʣʷ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʩʪʦʚʳʝ 

ʩʭʝʤʳ IEEE. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ 14-ʪʠ ʫʟʣʦʚʘʷ ʩʭʝʤʘ ʩʝʪʠ. 

ɺ ʨʘʙʦʪʝ [11] ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʳʙʦʨ ʜʘʥʥʦʡ ʩʭʝʤʳ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʝʝ ʩʦʩʪʘʚ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʧʦʠʩʢʘ ʧʨʝʜʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ 

ʩʠʩʪʝʤʝ, ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʷ. ʇʦ-

ʤʠʤʦ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʨʝʞʠʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʟʘʧʘʩʘ ʧʦ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ.  

 
ʈʠʩʫʥʦʢ 1 - ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ IEEE-14 

 
ʉʦʛʣʘʩʥʦ [11] ʪʨʘʝʢʪʦʨʠʷ ʫʪʷʞʝʣʝʥʠʷ, ʧʨʠʚʦ-

ʜʷʱʘʷ ʢ ʙʦʣʴʰʝʡ ʟʘʛʨʫʟʢʝ ʣʠʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 
ʩʝʯʝʥʠʷ - ɻ ʪʦ ŷ ʛʝʥʝʨʘʮʠʠ ʫʟʣʘ 2, ŷ ʥʘʛʨʫʟʢʠ ʫʟʣʦʚ 4 
ʠ 5; ʩʧʠʩʦʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʞʠʤʥʳʭ ʩʠʪʫʘʮʠʡ:  
1) ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ; 
2) ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ, ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-3; 
3) ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ, ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-4; 
4) ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ, ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-3, 

ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-4; 
5) ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ, ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-3, 

ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-5; 

6) ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ, ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-4, 
ʦʪʢʣʶʯʝʥʠʝ ʣʠʥʠʠ 2-5. 

 ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʨʘʤʢʠ, 
ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ, 
ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʘʩʯʝʪʘʤ. ɺ 
ʨʘʙʦʪʝ [11] ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ ʧʦ 
ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʧʨʝ-
ʜʝʣʝʥʥʳʡ ʚ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦʩʪʦ-
ʷʥʥʳʤ ʦʪʙʦʨʦʤ ʤʦʱʥʦʩʪʠ. ʇʨʠʚʝʜʝʤ ʠʭ ʟʜʝʩʴ. 

ʊʘʙʣʠʮʘ 2 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ  

ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʅʦʤʝʨ ʩʭʝʤʳ ʈ, ʄɺʪ ʈʧʨʝʜ, ʄɺʪ ʂʟ, % ʂʟʥʦʨʤ, % 

1 110,838 1563,067 92,478 20 

2 96,912 1134,451 90,864 8 

3 105,899 1235,194 90,882 8 

4 68,930 603,683 87,467 8 

5 88,406 726,970 86,913 8 

6 105,710 816,872 86,235 8 
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ʊʘʙʣʠʮʘ 3 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ  

ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʫʟʣʘʭ ʥʘʛʨʫʟʢʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ  

ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʫʟʣʘʭ ʥʘʛʨʫʟʢʠ 

ˉ ʫʟʣʘ Uʢʨ, ʢɺ 

ʅʦʤʝʨ ʩʭʝʤʳ 

1 2 3 4 5 6 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, % 

2 154 29,913 31,814 30,471 44,086 34,427 30,000 

3 154 19,454 6,817 15,528 3,343 8,132 12,154 

4 154 12,197 7,249 6,586 3,811 8,551 3,901 

5 154 21,715 20,611 19,440 20,961 21,361 17,606 

6 77 23,814 21,088 19,959 19,104 21,925 17,114 

9 77 19,461 14,008 13,236 8,608 16,496 11,511 

10 77 19,585 15,085 14,169 10,838 16,990 11,997 

11 77 21,273 17,594 16,576 14,376 19,006 14,083 

12 77 20,094 16,558 15,497 13,546 17,866 12,877 

13 77 19,541 15,811 14,772 12,548 17,245 12,235 

14 77 18,438 14,363 13,361 10,741 15,898 10,798 

ɼʘʣʝʝ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ ʤʦʜʝ-

ʣʝʡ ʥʘʛʨʫʟʢʠ, ʘ ʠʤʝʥʥʦ ʜʣʷ ʩʣʫʯʘʝʚ:  

1) ʥʘʛʨʫʟʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʧʨʦ-

ʚʦʜʠʤʦʩʪʷʤʠ ʥʘ ʟʝʤʣʶ, gʥ = const, bʥ = const; 

2) ʥʘʛʨʫʟʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʉʍʅ, ʪ. ʝ. ʟʘʚʠʩʠ-

ʤʦʩʪʷʤʠ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ 

ʥʘʛʨʫʟʢʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʈʥ (U), Qʥ (U). 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʳ ʪʘʢʞʝ ʦʪʦʙʨʘʟʠʤ ʚ 

ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ. 

ʊʘʙʣʠʮʘ 4 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʠ (ʥʘʛʨʫʟʢʘ ʟʘʜʘʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʅʦʤʝʨ ʩʭʝʤʳ ʈ, ʄɺʪ ʈʧʨʝʜ, ʄɺʪ ʂʟ, % ʂʟʥʦʨʤ, % 

1 119,536 1631,323 92,260 20 

2 102,015 1280,755 91,509 8 

3 113,700 1341,289 91,021 8 

4 72,053 791,422 90,045 8 

5 92,850 709,859 85,972 8 

6 113,480 783,054 84,648 8 

 

ʊʘʙʣʠʮʘ 5 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʫʟ-

ʣʘʭ ʥʘʛʨʫʟʢʠ (ʥʘʛʨʫʟʢʘ ʟʘʜʘʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʫʟʣʘʭ 

ʥʘʛʨʫʟʢʠ 

ˉ ʫʟʣʘ Uʢʨ, ʢɺ 

ʅʦʤʝʨ ʩʭʝʤʳ 

1 2 3 4 5 6 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, % 

2 154 22,260 20,161 20,752 19,176 19,650 22,389 

3 154 13,701 4,902 8,681 0,548 6,599 8,857 

4 154 8,344 3,616 4,120 -0,919 5,382 7,087 

5 154 18,382 16,032 16,324 9,202 23,111 23,781 

6 77 22,593 20,467 20,689 15,242 24,475 25,314 

9 77 20,490 15,883 16,468 7,490 20,169 21,589 

10 77 20,301 16,677 17,121 9,482 20,804 21,991 

11 77 21,181 18,278 18,616 12,002 22,335 23,353 

12 77 20,412 17,703 18,013 11,712 21,704 22,675 

13 77 20,134 17,264 17,598 11,038 21,302 22,308 

14 77 19,208 16,068 16,435 9,752 19,864 20,958 
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ʊʘʙʣʠʮʘ 6 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʠ (ʥʘʛʨʫʟʢʘ ʟʘʜʘʥʘ ʉʍʅ ʧʦ ʥʘʧʨʷʞʝʥʠʶ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʅʦʤʝʨ ʩʭʝʤʳ ʈ, ʄɺʪ ʈʧʨʝʜ, ʄɺʪ ʂʟ, % ʂʟʥʦʨʤ, % 

1 113,691 1620,889 92,571 20 

2 98,605 1200,180 91,223 8 

3 108,454 1289,791 91,069 8 

4 69,960 669,501 88,545 8 

5 89,865 733,388 86,829 8 

6 108,240 809,433 85,796 8 

 

ʊʘʙʣʠʮʘ 7 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʫʟ-

ʣʘʭ ʥʘʛʨʫʟʢʠ (ʥʘʛʨʫʟʢʘ ʟʘʜʘʥʘ ʉʍʅ ʧʦ ʥʘʧʨʷʞʝʥʠʶ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʫʟʣʘʭ 

ʥʘʛʨʫʟʢʠ 

ˉ ʫʟʣʘ Uʢʨ, ʢɺ 

ʅʦʤʝʨ ʩʭʝʤʳ 

1 2 3 4 5 6 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, % 

2 154 24,095 26,699 25,295 40,334 28,172 24,376 

3 154 12,900 1,429 9,328 -2,030 2,925 6,153 

4 154 5,655 1,464 0,814 -1,955 2,944 -0,277 

5 154 17,066 16,292 15,228 16,043 18,671 16,256 

6 77 19,176 17,138 16,071 14,536 19,086 15,795 

9 77 14,699 9,866 9,156 3,530 13,245 9,905 

10 77 15,017 11,183 10,331 6,103 14,067 10,700 

11 77 16,703 13,706 12,752 9,753 16,159 12,819 

12 77 15,675 12,845 11,852 9,124 15,219 11,839 

13 77 15,153 12,128 11,157 8,130 14,617 11,232 

14 77 13,935 10,578 9,639 6,214 13,095 9,636 

ʇʨʝʜʩʪʘʚʠʤ ʪʘʢʞʝ ʨʘʩʯʝʪʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, 

ʧʦʢʘʟʳʚʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʝʨʝʪʦʢʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʝʯʝʥʠʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʦʪ 

ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝ-

ʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ 

ʥʘʛʨʫʟʢʠ (ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ ʩʝʪʠ). 

 
ʈʠʩʫʥʦʢ 2 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʝʨʝʪʦʢʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʝʯʝʥʠʷ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ 
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ʈʠʩʫʥʦʢ 3 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʂʈ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ 

 

 
ʈʠʩʫʥʦʢ 4 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʟʣʘʭ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ 

 

 
ʈʠʩʫʥʦʢ 5 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ KU ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ 
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ʈʠʩʫʥʦʢ 6 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʟʣʘʭ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ 

 

 
 ʈʠʩʫʥʦʢ 7 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ KU ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ: 

1) ɿʘʜʘʥʠʝ ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʴʶ ʉʍʅ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʪʦʢʦʚ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʩʝʯʝʥʠʠ. ʀʟ 

ʨʘʩʯʝʪʦʚ ʠ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʫʯʝʪ ʥʘʛʨʫʟʢʠ ʚ 

ʚʠʜʝ ʉʍʅ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʪʦ-

ʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʫʯʝʪʦʤ 

ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʉʍʅ ʙʦʣʝʝ 

ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ, ʥʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʩʯʝʪʦʚ. 

2) ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ ʈʥ = const, Qʥ = 

const ʠ gʥ = const, bʥ = const ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʠʤʠ ʠʣʠ 

ʛʨʘʥʠʯʥʳʤʠ ʩʣʫʯʘʷʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʧʦ ʘʧʝʨʠʦʜʠ-

ʯʝʩʢʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʪʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ (ʦʪ 2-3 ʄɺʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪ-

ʢʦʚ ʄɺʪ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʝʜʝʣʴʥʳʭ ʧʝʨʝʪʦʢʦʚ, ʦʪ 1-2 

ʢɺ ʜʦ 10-12 ʢɺ ʧʨʠ ʨʘʩʯʝʪʝ ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʘʭ), ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʝʪʝʡ ʤʦ-

ʞʝʪ ʦʢʘʟʘʪʴʩʷ ʢʨʠʪʠʯʥʳʤ ʠ ʥʝʜʦʧʫʩʪʠʤʳʤ. ʇʦ-

ʵʪʦʤʫ ʚʘʞʥʦ ʧʝʨʝʜ ʨʘʩʯʝʪʘʤʠ ʠʟʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʫ ʩʝʪʠ, ʜʦʧʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝ-

ʥʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʷʤʠ ʈʥ 

= const, Qʥ = const ʠ gʥ = const, bʥ = const. 

3) ʄʦʜʝʣʴ ʥʘʛʨʫʟʢʠ ʈʥ = const, Qʥ = const ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʤʝʥʴʰʝʡ ʧʦʛʨʝʰʥʦ-

ʩʪʴʶ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩ ʤʦʜʝʣʴʶ gʥ = const, bʥ = const. 

ʕʪʦ ʚʠʜʥʦ ʧʦ ʚʳʯʠʩʣʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʟʘʧʘʩʘ 

ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʶ: ʘ) ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ KP 

- 0,374% ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʴʶ ʈʥ = const, 

Qʥ = const ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠ ʉʍʅ; 0,692% ʧʨʠ 

ʟʘʜʘʥʠʠ ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʴʶ gʥ = const, bʥ = const ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠ ʉʍʅ; ʙ) ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ KU - 

3,86% ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʴʶ ʈʥ = const, Qʥ 

= const ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠ ʉʍʅ; 4,746% ʧʨʠ ʟʘ-

ʜʘʥʠʠ ʥʘʛʨʫʟʢʠ ʤʦʜʝʣʴʶ gʥ = const, bʥ = const ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠ ʉʍʅ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ ʷʚ-

ʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ, ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʡ. ʀʩʧʦʣʴʟʫʷ ʥʝ ʪʦʣʴʢʦ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʫʟʢʠ, ʥʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ, ʯʪʦ ʙʫʜʝʪ ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʤʝʨʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʩʝʪʠ.  
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Abstract 
This research aims to study the process of emotion recognition. For this purpose, the steps of the entire process 

were studied. Steps such as dataset preprocessing, face detection, feature extraction, and classification based on 

these features were identified and established. The role of the importance of conducting research is revealed in the 

introduction part. In the main part of the article, such steps of emotion recognition as preliminary processing of a 

dataset and classification by features are well revealed. The experimental results are attached in the form of tables 

and figures. The summary of the research and reasoning are written in the final part of the work. 
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Introduction.  Emotion recognition is one of the 

most talked about topics in machine learning right now. 

The research results can be used to solve various 

applied problems: marketing research, driver state 

recognition, numerous analytics systems, human-

machine interaction, robotics, etc. 

Therefore, the purpose of our work was to 

consider various approaches to solving the problem of 

recognition and classification of emotions. Emotions 

play an important role, both in the life of an individual, 

and in interpersonal interaction in society. They can be 

expressed in various ways: facial expressions (face), 

voice, autonomic reactions, posture, motor reactions, 

etc. 

Each person manifests them in their own way. But 

according to the research of Paul Ekman [1], part of the 

emotions can be universal and understandable for a 

person regardless of his cultural background (anger, 

fear, sadness, disgust, contempt, surprise, joy). 

Three models are widely used today to categorize 

emotions: discrete, multidimensional, and hybrid. 

 The discrete model is based on the categorization 

of emotions based on natural language. Each emotion 

is associated with a semantic parameter, that is, it has a 
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specific meaning (or set of values). The theory of basic 

emotions (universal emotions) is a prime example of 

this approach. Thus, for example, nostalgia is a 

combination of such basic emotions as joy and sadness. 

It is worth noting that the existence of basic emotions 

remains controversial today. Different researchers 

distinguish different amounts and types of basic 

emotions. Professor Ekman identifies 6 primary 

emotions (anger, fear, disgust, surprise, sadness and 

joy), Robert Plutchik's psycho-evolutionary theory 

considers 8 basic emotions (approval, anger, 

expectation, disgust, joy, fear, sadness, surprise) [2], 

and J. Gray - 3 main emotions [3]. According to Mauer, 

one should speak only of 2 primary emotions: pain and 

pleasure [4]. 

Another model for categorizing emotions is 

multidimensional. This model can be used to represent 

emotions in a multidimensional coordinate space. Since 

space is inseparable and uninterrupted, emotions differ 

in one or several parameters (while they may have the 

same basis). A striking example of the described 

approach is J. Russell's model [5]. It has a two-

dimensional basis in which each emotion is 

characterized by a sign (valence) and intensity 

(arousal). This model in the context of solving the 

classification problem is one of the most demanded. 

Hybrid models combine both discrete and 

multidimensional approaches. An excellent example 

illustrating this model is the Hourglass of Emotions 

proposed by Cambria, Livingston, Hussein [6]. Each 

dimension is characterized by 6 levels of strength with 

which emotions are expressed. These levels are 

indicated by a set of 24 emotions. Therefore, absolutely 

any emotion can be considered both a fixed state and a 

part of space associated with other emotions by 

nonlinear relationships. 

 
Figure ï 1. Process of emotion detection 

 

For the experiment Cohn-Kanade database (CK+) 

and Radbound Faces database(RaFD) was used. CK+ 

has 593 images for 123 subjects. Only 327 files have 

labeled/identified emotions. It is believed that it covers 

all the basic human emotions displayed by the face. The 

emotions and codes are as follows: 1 ï Angry, 2 ï 

Contempt, 4 ï Fear, 5 ï Happy, 6 ï Sadness, 7 ï 

Surprise. Given database is widely used for emotion 

detection research and analysis. There are 3 more 

folders along with the images. For each image Facial 

Action Coding System (FACS) contains action units. 

Landmark contains Active Appearance Models (AAM) 

tracked facial features of the 68 facial points. Emotion 

contains emotion label for the 327 files. 

The Radbound Faces database [7] is a standard 

database containing the same number of files for all 

emotions. It contains images of 67 subjects showing 8 

emotions including neutral ones. Photos were taken in 

5 different camera poses. In addition, the gaze is 

directed in 3 directions. In our experiment, we only use 

the front images. We have 536 files with 67 models 

representing 8 different emotions. 

The process of setting of database.  

Depending on the person and the session number, 

the image files for the CK + database are located in 

different directories and subdirectories. In addition, as 

mentioned above, not all images display emotions; only 

327 files contain one of the emotes. All of the files 

belonged to a portable networking graphic file and the 

emote shortcuts are in a different directory but with the 

same name as the image files. For this problem, a small 

java utility function was written that used the name of 

the emotion file to select the correct image from the 

directory and copy it into our final dataset folder. Also, 

the emotion file name was appended to the image file 

name. So when parsing a file, there will be an emotion 

label for that file. 

It should be noted that the dataset consisted only 

of frontal face images, and there was no file without 

emotions. Lighting and lighting conditions were also 

different for some images. Some images may have been 

colored. But despite the lighting conditions, the process 

itself was the same for all images. 

For the second RaFD database, the emotion name 

was simply extracted from the image file name. Due to 

the fact that this database was standard, we had a 

balanced number of classes for each emotion. Table 1 

below shows the distribution of the different classes of 

emotions. 

  


