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ДИАГНОСТИРОВАНИЕ СОСТОЯНИЯ ВНУТРЕННЕЙ ИЗОЛЯЦИИ 
ВЫСОКОВОЛЬТНОГО ОБОРУДОВАНИЯ  

МЕТОДОМ ХРОМАТО-МАСС-СПЕКТРОМЕТРИИ 

˦̇˼˹˼̄̉˿˹̄˷̖ ˻˿˷˺̄̅̈̉˿́˷ ̖̈̅̈̉̅̄˿̖ ˹̄̊̉̇˼̄̄˼̀ ˿˾̖̅̂̍˿˿ ˹̒̈̅́̅˹̅̂̓̉̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖ ˿̃˼˼̉ 
˸̅̂̓̏̅˼ ˾̄˷̎˼̄˿̖ ˻̖̂ ̈˹̅˼˹̇˼̃˼̄̄̅˺̅ ̅˸̄˷̇̊˽˼̄˿̖ ˻˼̋˼́̉̅˹ ˿ ̆̇˿̖̄̉˿̖ ̆̇˷˹˿̂̓̄̅˺̅ ̇˼̏˼̄˿̖ 

̆̅ ˿̌ ̊̈̉̇˷̄˼̄˿̕. ˥˻̄˿̃ ˿˾ ˺̂˷˹̄̒̌ ́̅̃̆̅̄˼̄̉̅˹ ˿˾̖̅̂̍˿˿ ̖˹̖̂˼̖̉̈ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̒˼ ̃˷̈̂˷ 
̇˷˾̄̒̌ ̃˷̇̅́. В ̈̉˷̉̓˼ ̆̇˿˹˼˻˼̄ ̅˸˾̅̇ ̆̅ ̌˿̃˿̎˼̈́̅̃̊ ̈̅̈̉˷˹̊ ̃˿̄˼̇˷̂̓̄̒̌ ˿˾̖̅̂̍˿̅̄̄̒̌ ̃˷-
̈˼̂, ̊̈̉˷̄̅˹̂˼̄̄̅̃̊ ̇˷˾̄̒̃˿ ̊̎˼̄̒̃˿ ̃˿̇˷. ˦̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ˿˾̊̎˼̄˿̖ ̆̇̅˻̊́̉̅˹ ̈̉˷̇˼-
̄˿̖ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̒̌ ̃˷̈˼̂ ̄˷˿˸̅̂˼˼ ̆̇˿̃˼̖̄˼̃̒̌ ̃˷̇̅́ (˚К, ˩К̆, ˩-750, Nytro 11GX, Nytro 

10X) ˹ ̆̇̅̍˼̈̈˼ ˿̌ ̔́̈̆̂̊˷̉˷̍˿˿ ˹ ̇˼˷̂̓̄̒̌ ̊̈̂̅˹˿̖̌ ̇˷˸̅̉̒ ̔̂˼́̉̇̅̈˼̉˼˹̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖. ˣ˼-
̉̅˻̅̃ ˺˷˾̅˹̅̀ ̌̇̅̃˷̉̅˺̇˷̋˿˿ ̈ ̃˷̈̈-̈˼̂˼́̉˿˹̄̒̃ ˻˼̉˼́̉˿̇̅˹˷̄˿˼̃ ˿˻˼̄̉˿̋˿̍˿̇̅˹˷̄̒ ́˿̈̂̅-

̇̅˻̈̅˻˼̇˽˷̐˿˼ ̈̅˼˻˿̄˼̄˿̖, ̄˷̈̒̐˼̄̄̒˼ ̊˺̂˼˹̅˻̅̇̅˻̒, ̆̇˼˻˼̂̓̄̒˼ ˿ ̄˼̆̇˼˻˼̂̓̄̒˼ ́˷̇˸̅̍˿́-

̂˿̎˼̈́˿˼ ̊˺̂˼˹̅˻̅̇̅˻̒, ˷ ̉˷́˽˼ ̆̇̅˿˾˹̅˻̄̒˼ ̖̇˻̅˹ ̄˷̋̉˷̂˿̄˷, ˷̄̉̇˷̍˼̄˷. ˛˷̄̅ ̅˸̖̑̈̄˼̄˿˼ ˿̌ 

̆̇̅˿̈̌̅˽˻˼̄˿̖. ˥˸̇˷̐˼̄̅ ˹̄˿̃˷̄˿˼ ̄˷ ̉̅, ̎̉̅ ̄˼́̅̉̅̇̒˼ ̈̅˼˻˿̄˼̄˿̖ ˽˿˻́˿̌ ̃˿̄˼̇˷̂̓̄̒̌ ˻˿-

̔̂˼́̉̇˿́̅˹ ̃̅˺̊̉ ̈̂̊˽˿̉̓ ˻̖̂ ˹̒̈̅́̅˹̅̂̓̉̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖ ˿̄˻˿́˷̉̅̇˷̃˿ ̖̈̅̈̉̅̄˿̖ ˿˾̖̅̂̍˿-

̅̄̄̅̀ ̈˿̈̉˼̃̒ «̃˷̈̂̅ – ̍˼̂̂̂̅̕˾˷». 

ǪȋȞȗȅвțȅ ȑȋȎва: ̃˿̄˼̇˷̂̓̄̅˼ ˿˾̖̅̂̍˿̅̄̄̅˼ ̃˷̈̂̅, ̅́˿̈̂˼̄˿˼ ̊˺̂˼˹̅˻̅̇̅˻̅˹, ̈̉˷̇˼̄˿˼ ̃˷̈̂˷, ˺˷-
˾̅˹˷̖ ̌̇̅̃˷̉̅˺̇˷̋˿̖ ̈ ̃˷̈̈-̈˼̂˼́̉˿˹̄̒̃ ˻˼̉˼́̉̅̇̅̃. 
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DIAGNOSTICS OF INTERNAL ISOLATION IN HIGH-VOLTAGE EQUIPMENT 
BY CHROMATOGRAPHY AND MASS SPECTROMETRY 

Currently, preventive diagnostics of internal isolation in high-voltage equipment is of great importance for 

timely detection of defects and making the right decision to eliminate them. One of the main components of 

insulation are transformer oils of different brands. The article gives an overview of the chemical composition 

of mineral insulating oils established by various studies. In this paper, we present the results of studying the 

aging products of the most used brands of transformer oils (GK, TKp, T-750, Nytro 11GX, Nytro 10X) 
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used in real operating conditions of electric grid equipment. Oxygen-containing compounds, saturated hy-

drocarbons, saturated and unsaturated carbocyclic hydrocarbons, as well as derivatives of naphthalene and 

anthracene series were identified by gas chromatography with mass-selective detection. An explanation of 

their origin is given. Attention is drawn to the fact that some compounds of liquid mineral dielectrics can be 

indicators for assessing the state of the «oil-cellulose» insulation system in high-voltage equipment. 
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ВǤǧǦǧǯǪǧ 

˘̅̂˼˼ 100 ̂˼̉ ̃˿̄˼̇˷̂̓̄̅˼ ˿˾̖̅̂̍˿̅̄̄̅˼ 
̃˷̈̂̅ ̖˹̖̂˼̖̉̈ ̄˷˿˸̅̂˼˼ ̇˷̈̆̇̅̈̉̇˷̄˼̄̄̅̀ 

˿˾̖̅̂̍˿̅̄̄̅̀ ˽˿˻́̅̈̉̓̕, ˹̖̒̆̅̂̄̐̕˼̀ ˹ 

˹̒̈̅́̅˹̅̂̓̉̄̅̃ ̅˸̅̇̊˻̅˹˷̄˿˿ ̇̅̂̓ ˻˿̔̂˼́-

̉̇˿́˷, ̅̌̂˷˽˻˼̄˿̖, ˾˷̐˿̉̒, ˷ ˹ ̆̅̈̂˼˻̄˼˼ 
˹̇˼̖̃ ˿ ˿̄̋̅̇̃˷̍˿̅̄̄̅-˻˿˷˺̄̅̈̉˿̎˼̈́̅̀ 

̈̇˼˻̒ [1, 2]. ˣ˿̄˼̇˷̂̓̄̒˼ ̃˷̈̂˷ ̇˷˾̄̒̌ ̃˷-
̇̅́, ́˷́ ̆̇̅˻̊́̉ ̆˼̇˼̇˷˸̅̉́˿ ̄˼̋̉˿ (̅̎˿̐˼̄-

̄˷̖ ̄˼̖̋̉̄˷̖ ̋̇˷́̍˿̖, ˹̒́˿̆˷̐̕˷̖ ̆̇˿ ̉˼̃-

̆˼̇˷̉̊̇˷̌ ̅́̅̂̅ 300–400 °˨), ˿̃˼̉̕ ̅̎˼̄̓ 

̈̂̅˽̄̒̀ ́̅̃̆̅̄˼̄̉̄̒̀ ̈̅̈̉˷˹, ́̅̉̅̇̒̀ ˾˷-
˹˿̈˿̉ ̅̉ ̃˼̈̉̅̇̅˽˻˼̄˿̖ ̄˼̋̉˿, ̈̆̅̈̅˸˷ ̆̅̂̊-

̎˼̄˿̖ ˿ ̅̎˿̈̉́˿ ̄˼̋̉˼̆̇̅˻̊́̉˷. ˨̊̐˼̈̉˹˼̄-

̄̒̀ ˹́̂˷˻ ˹ ˿˾̊̎˼̄˿˼ ̌˿̃˿̎˼̈́̅˺̅ ̈̅̈̉˷˹˷ ̃˷-
̈˼̂ ˹̄˼̈̂˿ ̈̅˹˼̉̈́˿˼ ˿ ˾˷̇̊˸˼˽̄̒˼ ̊̎˼̄̒˼: 
ˢ.˚. ˚̊̇˼˹˿̎, ˤ.˟. ˮ˼̇̄̅˽̊́̅˹, ˨.˜. К̇˼̀̄, 

˨.˧. ˨˼̇˺˿˼̄́̅, ˦.А. ˨˷̄˿̄˷, А.˘. В˿̆̆˼̇, 

˧.А. ˢ˿̆̏̉˼̀̄, ˣ.˟. ˯˷̌̄̅˹˿̎, В˷̉˼̇̃˷̄, 

˧̅̈̈˿̄˿, ˣ̔̀˼̇, ˢ˿̆́˿̄ ˿ ˻̇.  

˟˾̖̅̂̍˿̅̄̄̅˼ ̃˷̈̂̅ ̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ 

̃̄̅˺̅˺̇˷̄̄̊̕ ̈˿̈̉˼̃̊ ̈̅˼˻˿̄˼̄˿̀ ̇˷˾̂˿̎̄̅˺̅ 

̈̉̇̅˼̄˿̖. ˤ˷̈̒̐˼̄̄̒˼ ̊˺̂˼˹̅˻̅̇̅˻̒, ́̅̉̅̇̒˼ 
̆̅˻̇˷˾˻˼̖̖̂̉̈̕ ̄˷ ̆˷̇˷̋˿̄̅˹̒˼ (˷̂́˷̄̒) ˿ 

̄˷̋̉˼̄̅˹̒˼ (̍˿́̂̅̆˷̇˷̋˿̄̅˹̒˼), ̈̅̈̉˷˹̖̂̉̕ 
̅̈̄̅˹̄̊̕ ˼˺̅ ̎˷̈̉̓ ̆̅ ̃˷̈̈˼ (˻̅ 95 %). А̇̅̃˷-
̉˿̎˼̈́˿˼ ̊˺̂˼˹̅˻̅̇̅˻̒, ̈̅˻˼̇˽˷̐˿˼ ̅˻̄̅ ˿̂˿ 

̄˼̈́̅̂̓́̅ ˷̇̅̃˷̉˿̎˼̈́˿̌ ̖˻˼̇, ̉˷́˽˼ ˹̌̅˻̖̉ ˹ 

̅˸̖˾˷̉˼̂̓̄̒˼ ̈̅̈̉˷˹̖̂̐̕˿˼ ̃˿̄˼̇˷̂̓̄̅˺̅ 

˻˿̈̉˿̖̂̂̉˷. ˣ˼̉̅˻˷̃˿ ˪˫-, ˟К- ˿ ̃˷̈̈-
̈̆˼́̉̇̅̈́̅̆˿˿ ̊̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ˷̇̅̃˷̉˿̎˼̈́˿˼ 
̊˺̂˼˹̅˻̅̇̅˻̒ ̆̇˼˻̈̉˷˹̂˼̄̒ ̆̇˼˿̃̊̐˼̈̉˹˼̄̄̅ 

̈̃˼̏˷̄̄̒̃˿ ̈̉̇̊́̉̊̇˷̃˿, ̈̅˼˻˿̄˼̄̄̒̃˿ ̈ 
̄˷̋̉˼̄̅˹̒̃˿ ́̅̂̓̍˷̃˿ ˿ ˷̂́˿̂̓̄̒̃˿ ̍˼̖̆̃˿. 

В ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̈̆̅̈̅˸˷ ̅̎˿̈̉́˿ ̉̇˷̄̈̋̅̇̃˷-
̉̅̇̄̒̌ ̃˷̈˼̂ ˿̌ ̊˺̂˼˹̅˻̅̇̅˻̄̒̀ ̃̅̂˼̖́̊̂̇-

̄̒̀ ̈̅̈̉˷˹ ˻̖̅̆̅̂̄˼̖̉̈ ̄˼̊˺̂˼˹̅˻̅̇̅˻̄̒̃˿ 

́̅̃̆̅̄˼̄̉˷̃˿ (˺˼̉˼̇̅˷̉̅̃̄̒̃˿ ̈̅˼˻˿̄˼̄˿̖-

̃˿), ˹ ̎˿̈̂̅ ́̅̉̅̇̒̌ ˹̌̅˻̖̉ ˷̈̋˷̂̓̉̅-

̈̃̅̂˿̈̉̒˼ ˹˼̐˼̈̉˹˷ (1,0-2,5 %), ́˿̈̂̅̇̅˻ ˿ ˷˾̅̉ 
(0,1 %), ̈˼̇̄˿̈̉̒˼ ́̅̃̆̅̄˼̄̉̒ (0,6–0,7 %), 

˷˾̅̉̈̅˻˼̇˽˷̐˿˼ ̅̇˺˷̄˿̎˼̈́˿˼ ̈̅˼˻˿̄˼̄˿̖ 

(˻̅ 0,8 %), ̄˷̋̉˼̄̅˹̒˼ ́˿̈̂̅̉̒ (˻̅ 0,02 %), ́˿-

̈̂̅̇̅˻̈̅˻˼̇˽˷̐˿˼ ́̅̃̆̅̄˼̄̉̒ ˿ ̈̅˼˻˿̄˼̄˿̖, 

̈̅˻˼̇˽˷̐˿˼ ̃˼̉˷̂̂̒ (10–3–10–5 %). Ӓ̋˷̂̓̉̅-

̈̃̅̂˿̈̉̒˼ ̈̅˼˻˿̄˼̄˿̖ ́̂˷̈̈˿̋˿̍˿̇̊̉̕ ̄˷ 
̄˼̀̉̇˷̂̓̄̒˼ ̈̃̅̂̒, ˷̈̋˷̂̓̉˼̄̒, ́˷̇˸˼̄̒,  

˷̈̋˷̂̓̉̅˺˼̄̅˹̒˼ ́˿̈̂̅̉̒ ˿ ˿̌ ˷̄˺˿˻̇˿˻̒, 

̃̄̅˺˿˼ ˿˾ ́̅̉̅̇̒̌ ˿̃˼̉̕ ˹ ̈˹̅˼̃ ̈̅̈̉˷˹˼  
̆̅̂˿̍˿́̂˿̎˼̈́˿˼ ˷̇̅̃˷̉˿̎˼̈́˿˼ ̈̉̇̊́̉̊̇̒. 

˥̈̄̅˹̄̒̃˿ ́̂˷̈̈˷̃˿ ̈˼̇̄˿̈̉̒̌ ̈̅˼˻˿̄˼̄˿̀ 

̃˷̈̂˷ ̖˹̖̖̂̉̈̕ ̃˼̇́˷̆̉˷̄̒ (̉˿̅̂̒), ̈̊̂̓̋˿˻̒ 

(̉˿˷˷̂́˷̄̒), ˻˿̈̊̂̓̋˿˻̒ (˻˿̉˿˷˷̂́˷̄̒), ̉˿̅-

̋˼̄̒. ˚˼̉˼̇̅̍˿́̂˿̎˼̈́˿˼ ˷˾̅̉˿̈̉̒˼ ̈̅˼˻˿̄˼-
̄˿̖ ˹ ̇˷˾̄̒̌ ̃˷̈̂˷̌ ˹̈̉̇˼̎˷̖̉̈̕ ˹ ˹˿˻˼ ˷̂́˿̂-, 

̍˿́̂̅˷̂́˿̂- ˿ ˷̇˿̂̆̇̅˿˾˹̅˻̄̒̌ ̆˿̇̇̅̂˷, ˿̄-

˻̅̂˷, ́˷̇˸˷˾̅̂˷, ˸˼̄˾̅́˷̇˸˷˾̅̂˷ ˿ ˿̄̒̌ ˿̌  ̉˿-

̆̅˹. ˟˾ ́˿̈̂̅̇̅˻̈̅˻˼̇˽˷̐˿̌ ˹˼̐˼̈̉˹, ̆̅̃˿̃̅ 

̄˷̋̉˼̄̅˹̒̌ ́˿̈̂̅̉, ̃˷̈̂˷ ̃̅˺̊̉ ̈̅˻˼̇˽˷̉̓ 
˹ ̄˼˸̅̂̓̏˿̌ ́̅̂˿̎˼̈̉˹˷̌ ́˿̈̂̅̉̒ ˽˿̇̄̅-

˷̇̅̃˷̉˿̎˼̈́̅˺̅ ̖̇˻˷. ˮ˷̈̉̓ ́˿̈̂̅̇̅˻˷ ̄˷̌̅˻˿̉-
̖̈ ˹ ̋˼̄̅̂̓̄̒̌ ̈̅˼˻˿̄˼̄˿̖̌. ˣ̅˺̊̉ ̆̇˿̈̊̉̈̉˹̅-

˹˷̉̓ ̈̂̅˽̄̒˼ ̔̋˿̇̒, ̈̆˿̇̉̒, ́˼̉̅̄̒, ˷ ̉˷́˽˼ 
̆˼̇˼́˿̈̄̒˼ ̈̅˼˻˿̄˼̄˿̖. ˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅  

̃˼̉˷̂̂̅̅̇˺˷̄˿̎˼̈́˿˼ ˹˼̐˼̈̉˹˷ ˿˾̖̅̂̍˿̅̄̄̒̌ 
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̃˷̈˼̂ ̆̇˼˻̈̉˷˹̖̂̉̕ ̈̅˸̅̀ ̈̅̂˿ ̅̇˺˷̄˿̎˼̈́˿̌ 
́˿̈̂̅̉ ˿ ˻̇̊˺˿˼ ́̅̃̆̂˼́̈̄̒˼ ̈̅˼˻˿̄˼̄˿̖, ˹ ̎˷-
̈̉̄̅̈̉˿ ̈̅̂˿ ˽˼̂˼˾˷, ̃˼˻˿, ˺˼̇̃˷̄˿̖ [3–7]. 

В ̆̇̅̍˼̈̈˼ ̇˷˸̅̉̒ ˹̒̈̅́̅˹̅̂̓̉̄̅˺̅ ̅˸̅̇̊-
˻̅˹˷̄˿̖ ̄˷ ˿˾̖̅̂̍˿̅̄̄̅˼ ̃˷̈̂̅ ˹̅˾˻˼̀̈̉˹̊˼̉ 
̔̂˼́̉̇˿̎˼̈́˿˼, ̃˷˺̄˿̉̄̒˼ ˿ ˷́̊̈̉˿̎˼̈́˿˼ ̆̅-

̖̂, ̔̂˼́̉̇˿̎˼̈́˿˼ ̇˷˾̖̇˻̒, ̉˼̆̂̅˹̒˼ ̖̆̅̂. В 

̇˼˾̊̂̓̉˷̉˼ ́̅̃̆̂˼́̈˷ ˽˼̈̉́˿̌ ̊̈̂̅˹˿̀ ˾˷̆̊̈́˷-
˼̖̉̈ ̇˷˻˿́˷̂̓̄̅-̍˼̆̄̅̀ ̃˼̌˷̄˿˾̃ ̅́˿̈̂˼̄˿̖ 

̊˺̂˼˹̅˻̅̇̅˻̅˹ ˿ ˻̇̊˺˿̌ ̈̅˼˻˿̄˼̄˿̀ ̃˷̈̂˷. ˦̇˿ 

̔̉̅̃ ̃̅̂˼̖́̊̂̇̄̒̀ ̈̅̈̉˷˹ ˽˿˻́̅˺̅ ˻˿̔̂˼́̉̇˿-

́˷ ̈˿̂̓̄̅ ˿˾̃˼̖̄˼̖̉̈, ̎̉̅ ̄˼˽˼̂˷̉˼̂̓̄̅, ̉˷́ 

́˷́ ̃̅˺̊̉ ̅˸̇˷˾̅˹˷̖̉̓̈ ̈̅˼˻˿̄˼̄˿̖, ̈̄˿˽˷̕-

̐˿˼ ˼˺̅ ̔̂˼́̉̇̅˿˾̖̅̂̍˿̅̄̄̒˼ ́˷̎˼̈̉˹˷ [7–15].  

˟˾̊̎˼̄˿̕ ̆̇̅˻̊́̉̅˹ ̅́˿̈̂˼̄̄̒̌ ̈̅˼˻˿-

̄˼̄˿̀ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̅˺̅ ̃˷̈̂˷ ̆̅̈˹̖̐˼̄̅ 

̄˼̃̄̅˺̅ ̇˷˸̅̉. ˥̈̄̅˹̄̒˼ ̇˼˾̊̂̓̉˷̉̒ ˿˾̂̅˽˼-
̄̒ ̈̅˹˼̉̈́˿̃˿ ˿̈̈̂˼˻̅˹˷̉˼̖̂̃˿ ˤ.˟. ˮ˼̇̄̅-

˽̊́̅˹̒̃, ˨.˜. К̇˼̀̄̅̃, ˧.А. ˢ˿̆̏̉˼̀̄̅̃, 

.x .˟ ˯˷̌̄̅˹˿̎˼̃, ˣ.А. ˚̇˿˺̅̇̓˼˹̒̃, ˢ.А. К̅̄-

˻˷́̅˹̒̃, К.˟. ˟˹˷̄̅˹̒̃. ˧˷˾̄̅̈̉̅̇̅̄- 

̄˿˼ ̔́̈̆˼̇˿̃˼̄̉̒ ̆̅˾˹̅̂˿̂˿ ̊̈̉˷̄̅˹˿̉̓ ̄˷-
̂˿̎˿˼ ˹ ̃˷̈̂˼ ̇˷˾̄̅˺̅ ́̂˷̈̈˷ ̈̅˼˻˿̄˼̄˿̀: ̆˼-
̇˼́˿̈̄̒̌ ̈̅˼˻˿̄˼̄˿̀, ́˷̇˸̅̄̅˹̒̌ ́˿̈̂̅̉, 
̈̆˿̇̉̅˹, ̋˼̄̅̂̅˹, ˷̂̓˻˼˺˿˻̅˹, ́˼̉̅̄̅˹ ˿ ̔̋˿-

̇̅̈̅˻˼̇˽˷̐˿̌ ˹˼̐˼̈̉˹. ˤ.˟. ˮ˼̇̄̅˽̊́̅˹̒̃ ˿ 

˨.ˤ. ˥˸̖̇˻̎˿́̅˹̒̃ ˿˻˼̄̉˿̋˿̍˿̇̅˹˷̄̒ ̃̊-

̇˷˹̓˿̄˷̖, ̊́̈̊̈̄˷̖, ̆̇̅̆˿̅̄̅˹˷̖, ̃˷̖̈̂̄˷̖ 

́˿̈̂̅̉̒ [6]. К.˟. ˟˹˷̄̅˹̒̃ ̅̆̇˼˻˼̂˼̄̒ ̅́-

̈˿- ˿ ́˼̉̅́˿̈̂̅̉̒, ̖˹̖̂̐̕˿˼̖̈ ́̅̃̆̅̄˼̄̉˷-
̃˿ ̅́˿̈̂˼̄̄̒̌ «̈̉˷̇̒̌» ̃˷̈˼̂ [16]. В̒̈̅́̅-

̃̅̂˼̖́̊̂̇̄̒˼ ́˷̇˸̅̄̅˹̒˼ ́˿̈̂̅̉̒ ̆̇˼˻̈̉˷˹-

̖̂̉̕ ̈̅˸̅̀ ̈̃˼̈̓ ̇˷˾̂˿̎̄̒̌ ̅̇˺˷̄˿̎˼̈́˿̌ ́˿-

̈̂̅̉ ̇˷˾̄̅˺̅ ̃̅̂˼̖́̊̂̇̄̅˺̅ ˹˼̈˷. В ̈̅̈̉˷˹˼ 
«˺̂̊˸̅́̅ ̈̅̈̉˷̇˼̄̄̒̌» ̃˷̈˼̂ ̅˸̄˷̇̊˽˼̄̒ ˹̅-

˻˷, ̊˺̂˼́˿̈̂̒̀ ˺˷˾, ̂˼̉̊̎˿˼ ́˿̈̂̅̉̒ (H2S, 

H2CO3) ˿ ̅́̈˿˻̒ (SO2) [3]. ˥̇˺˷̄˿̎˼̈́˿˼ ̈̅̂˿ 

(̃̒̂˷) ̃˼˻˿ ˿ ˽˼̂˼˾˷ ˸̒̂˿ ̅̆̇˼˻˼̂˼̄̒ ˷˹̉̅-

̇˷̃˿ ̇˷˸̅̉̒ [17] ̈̇˼˻˿ ̆̇̅˻̊́̉̅˹ ̅́˿̈̂˼̄˿̖ 

̉̇˷̄̈̋̅̇̃˷̉̅̇̄̒̌ ̃˷̈˼̂. ˜̈̂˿ ˺̅˹̅̇˿̉̓ ̅˸ 

˷˾̅̉̈̅˻˼̇˽˷̐˿̌ ̈̅˼˻˿̄˼̄˿̖̌, ̉̅ ̃̅˽̄̅ ̅̉̃˼-
̉˿̉̓ ̆̇˼̅˸̂˷˻˷̄˿˼ ˷̂́˿̂-, ̍˿́̂̅˷̂́˿̂- ˿ 

˷̇˿̂̆̇̅˿˾˹̅˻̄̒̌ ̆˿̇˿˻˿̄˷ ˿ ̌˿̄̅̂˿̄˷. ˟˾ 
̈˼̇̅̈̅˻˼̇˽˷̐˿̌ ̈̅˼˻˿̄˼̄˿̀ ˸̅̂˼˼ ˿̂˿ ̃˼̄˼˼ 

˿˻˼̄̉˿̋˿̍˿̇̅˹˷̄̒ ˷̂́˿̂˸˼̄˾̅̉˿̅̋˼̄ ˿ ̉˿˼-
̄˿̂̋˼̄˿̂˷̂́˷̄ [5]. 

˩˷́˿̃ ̅˸̇˷˾̅̃, ˹ ˿˾˹˼̈̉̄̒̌ ̂˿̉˼̇˷̉̊̇̄̒̌ 

˿̈̉̅̎̄˿́˷̌ ́̅̃̆̅̄˼̄̉̄̒̀ ̈̅̈̉˷˹ ̃˷̈˼̂ ˹ ̅̈-
̄̅˹̄̅̃ ̆̇˼˻̈̉˷˹̂˼̄ ˹ ˹˿˻˼ ̅̉˻˼̂̓̄̒̌ ˺̇̊̆̆ ˿ 

́̂˷̈̈̅˹ ̈̅˼˻˿̄˼̄˿̀ (˾˷ ˿̈́̂̎̕˼̄˿˼̃ ̄-

̆˷̇˷̋˿̄̅˹̒̌ ˿ ̄˼́̅̉̅̇̒̌ ˻̇̊˺˿̌ ̊˺̂˼˹̅˻̅̇̅-

˻̅˹). ˥˸̊̈̂̅˹̂˼̄̅ ̔̉̅ ̈̂̅˽̄̅̈̉̓̕ ̇˷˾˻˼̂˼̄˿̖ 

̃˷̖̈̂̄̅̀ ̈̃˼̈˿ ˿ ˹̒˻˼̂˼̄˿̖ ˿˾ ̄˼˼ ˿̄˻˿˹˿˻̊-

˷̂̓̄̒̌ ˹˼̐˼̈̉˹, ̆̅̈́̅̂̓́̊ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̒˼ 
̃˷̈̂˷ ̆̇˼˻̈̉˷˹̖̂̉̕ ̈̅˸̅̀ ˹̒̈̅́̅́˿̖̆̐˿˼ 
̊˺̂˼˹̅˻̅̇̅˻̄̒˼ ̋̇˷́̍˿˿ ̆˼̇˼˺̅̄́˿ ̄˼̋̉˿. 

К̇̅̃˼ ̉̅˺̅, ̆˿́ ˿̈̈̂˼˻̅˹˷̄˿̀ ̌˿̃˿̎˼̈́̅˺̅ 

̈̅̈̉˷˹˷ ̄˼̋̉˿ ˿ ̆̇̅˻̊́̉̅˹ ˼˼ ̆˼̇˼̇˷˸̅̉́˿, 

˹́̂̎̕˷̖ ̃˷̖̈̂̄̒˼ ˻˿̈̉˿̖̂̂̉̒, ̆̇˿̌̅˻˿̖̉̈ ̄˷ 
50–80-˼ ˺̅˻˷ ̆̇̅̏̂̅˺̅ ̈̉̅̂˼̉˿̖, ́̅˺˻˷ ̇˷˾˹˿-

̉˿˼ ˿̄̈̉̇̊̃˼̄̉˷̂̓̄̒̌ ̃˼̉̅˻̅˹ ̉̅̂̓́̅ ̄˷˸˿-

̇˷̂̅ ̅˸̅̇̅̉̒. В ̄˷̖̈̉̅̐˼˼ ˹̇˼̖̃ ̃˼̉̅˻̒ ̌̇̅-

̃˷̉̅˺̇˷̋˿̎˼̈́̅˺̅ ˷̄˷̂˿˾˷ ̆̅˾˹̖̅̂̉̕ ̇˼̏˷̉̓ 

̃̄̅˺˿˼ ̄˼̆̇̅̈̉̒˼ ˾˷˻˷̎˿. ˨ ̆̅̃̅̐̓̕ ̌̇̅̃˷-
̉̅-̃˷̈̈-̈̆˼́̉̇̅̃˼̉̇˿˿ ˿ ˸˿˸̂˿̅̉˼́˿ ̃˷̈̈-
̈̆˼́̉̇̅˹ ̈̊̐˼̈̉˹̊˼̉ ˹̅˾̃̅˽̄̅̈̉̓ ̅̉̈̂˼˽˿˹˷-
̄˿̖ ̆̇̅˻̊́̉̅˹ ̉˼̇̃̅̌˿̃˿̎˼̈́̅˺̅ ˿ ̔̂˼́̉̇˿-

̎˼̈́̅˺̅ ̈̉˷̇˼̄˿̖ ˿˾̖̅̂̍˿̅̄̄̒̌ ̃˷̈˼̂, ̅̈̅-

˸˼̄̄̅ ˹ ̔́̈̆̂̊˷̉˷̍˿˿. К̅̄̉̇̅̂̓ ̖̈̅̈̉̅̄˿̖ 

̃˷̈̂˷ ˹ ̆̇̅̍˼̈̈˼ ̔́̈̆̂̊˷̉˷̍˿˿ ˿̃˼˼̉ ̎̇˼˾˹̒-

̎˷̀̄̅ ˹˷˽̄̅˼ ˾̄˷̎˼̄˿˼, ̆̅̈́̅̂̓́̊ ̆̅̃̅˺˷˼̉ 
̆̇˼˻̆̇˿̖̄̉̓ ̈˹̅˼˹̇˼̃˼̄̄̒˼ ˻˼̀̈̉˹˿̖ ̆̅ ̅̎˿-

̈̉́˼ ˽˿˻́̅˺̅ ˻˿̔̂˼́̉̇˿́˷ ̅̉ «̅̆˷̈̄̒̌» ̅́˿̈-
̂˼̄̄̒̌ ̈̅˼˻˿̄˼̄˿̀, ̅˸̇˷˾̊̐̕˿̌ ̅̈˷˻́˿, ́̅-

̉̅̇̒˼ ̆̇˼˻̈̉˷˹̖̂̉̕ ̊˺̇̅˾̊ ˷́̉˿˹̄̒̃ ̎˷̖̈̉̃ 

̔̂˼́̉̇̅̅˸̅̇̊˻̅˹˷̄˿̖ (̉˷́˿̃, ́˷́ ̅˸̃̅̉́˿, 

̃˷˺̄˿̉̅̆̇̅˹̅˻, ̅̉˹̅˻̒, ̏˿̄̒, ̃˷̖̈̂̄̒˼ ́˷-
̄˷̂̒), ̆̅̈́̅̂̓́̊ ̊̌̊˻̏˷̉̕ ̅̉˹̅˻ ̉˼̆̂˷, ˹̒-

˾̒˹˷̉̕ ́̅̇̇̅˾˿̕ ̃˼̉˷̂̂˿̎˼̈́˿̌ ˻˼̉˷̂˼̀. ˥̈-
̄̅˹̄̒˼ ˾˷˻˷̎˿ ̋˿˾˿́̅-̌˿̃˿̎˼̈́̅˺̅ ̖́̅̄̉̇̅̂ 

– ̖̆̅̈̉̅̄̄̅˼ ˻˿˷˺̄̅̈̉˿̇̅˹˷̄˿˼ ̖̈̅̈̉̅̄˿̖ 

˿˾̖̅̂̍˿̅̄̄̅̀ ̈˿̈̉˼̃̒ «̉̇˷̄̈̋̅̇̃˷̉̅̇̄̅˼ 
̃˷̈̂̅ – ̍˼̂̂̂̅̕˾˷» ˿, ́˷́ ̈̂˼˻̈̉˹˿˼, ̆̇˼˻̊-
̆̇˼˽˻˼̄˿˼ ˷˹˷̇˿˿ (̈˼̇̓˼˾̄̅˼ ̉˼̌̄̅̂̅˺˿̎˼̈́̅˼ 
̄˷̇̊̏˼̄˿˼) ̈˿̂̅˹̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖. 

ǘǧǭǾ ǪǳǳǭǧǦоǤǢǯǪя – ̅̆̇̅˸̅˹˷̄˿˼ ˹̒̈̅́̅-

̎̊˹̈̉˹˿̉˼̂̓̄̅˺̅ ˿̄̈̉̇̊̃˼̄̉˷̂̓̄̅˺̅ ̃˼̉̅˻˷ ˹ 

˾˷˻˷̎˷̌ ˻˿˷˺̄̅̈̉˿̇̅˹˷̄˿̖ ̖̈̅̈̉̅̄˿̖ ˿˾̖̅̂̍˿-
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̅̄̄̅̀ ̈˿̈̉˼̃̒ «̃˷̈̂̅ – ̍˼̂̂̂̅̕˾˷» ˹ ˹̒̈̅-

́̅˹̅̂̓̉̄̅̃ ̔̂˼́̉̇̅̅˸̅̇̊˻̅˹˷̄˿˿ ̈˼̉˼˹̒̌ 
̔̄˼̇˺˼̉˿̎˼̈́˿̌ ̆̇˼˻̆̇˿̖̉˿̀. 

ǟǬǳǱǧǲǪмǧǯǴǢǭǾǯǢя ǹǢǳǴǾ 

В ́˷̎˼̈̉˹˼ ̅˸̑˼́̉̅˹ ˿̈̈̂˼˻̅˹˷̄˿̖ ˹̒˸̇˷̄̒ 

̃˷̇́˿ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̒̌ ̃˷̈˼̂, ̄˷˿˸̅̂˼˼ ̎˷̈-
̉̅ ˿̈̆̅̂̓˾̊˼̃̒˼ ˹ ̔̂˼́̉̇̅̈˼̉˼˹̅̃ ˹̒̈̅́̅-

˹̅̂̓̉̄̅̃ ̃˷̈̂̅̄˷̆̅̂̄˼̄̄̅̃ ̅˸̅̇̊˻̅˹˷̄˿˿, ˷ 
˿̃˼̄̄̅ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̅˼ ̃˷̈̂̅ ̃˷̇́˿ ˚К (˿˾ 
˸˷́˷ ̈˿̂̅˹̅˺̅ ̉̇˷̄̈̋̅̇̃˷̉̅̇˷ ̈ ˺˼̇̃˼̉˿̎̄̅̀ 

̆̂˼̄̅̎̄̅̀ ˾˷̐˿̉̅̀, ˹ ̔́̈̆̂̊˷̉˷̍˿˿ ˸̅̂˼˼ 25 

̂˼̉); ˩К̆ (˿˾ ˸˷́˷ ̈˿̂̅˹̅˺̅ ̉̇˷̄̈̋̅̇̃˷̉̅̇˷ 
˸˼˾ ̈̆˼̍˿˷̂̓̄̅̀ ˾˷̐˿̉̒, ˸̒˹̏˼˼ ˹ ̔́̈̆̂̊˷̉˷-
̍˿˿ ˸̅̂˼˼ 25 ̂˼̉); ˩-750 (˿˾ ˹̒̈̅́̅˹̅̂̓̉̄̅˺̅ 

˹˹̅˻˷ ˹ ˺˼̇̃˼̉˿̎̄̅̃ ˿̈̆̅̂̄˼̄˿˿; ˹ ̔́̈̆̂̊˷̉˷-
̍˿˿ ˸̅̂˼˼ 25 ̂˼̉); Nytro 11GX ˿ Nytro 10X (˿˾ 
˸˷́̅˹ ̈˿̂̅˹̒̌ ̉̇˷̄̈̋̅̇̃˷̉̅̇̅˹ ̈ ˺˼̇̃˼̉˿̎̄̅̀ 

̆̂˼̄̅̎̄̅̀ ˾˷̐˿̉̅̀; ˹ ̔́̈̆̂̊˷̉˷̍˿˿ 10 ̂˼̉). 

˦̅˻˺̅̉̅˹́˷ ̆̇̅˸ ̃˷̈̂˷ ́ ˚ˬ-ˣ˨ ˷̄˷̂˿˾̊ 
̆̇̅˹̅˻˿̂˷̈̓ ̃˼̉̅˻̅̃ ˽˿˻́̅̈̉̓-˽˿˻́̅̈̉̄̅̀ 

̔́̈̉̇˷́̍˿˿. В ́˷̎˼̈̉˹˼ ̔́̈̉̇˷˺˼̄̉̅˹ ˸̒̂˿ ˿̈-
̆̅̂̓˾̅˹˷̄̒ ̔̉˷̄̅̂ ̈ ̅˸̑˼̃̄̅̀ ˻̅̂˼̀ ̈̆˿̇̉˷ 
96 % ˿ ˷̍˼̉̅̄˿̉̇˿̂, ̆̇˼˻˹˷̇˿̉˼̂̓̄̅ ̅̈̊̏˼̄̄̒˼ 
̆̇̅̆̊̈́˷̄˿˼̃ ̎˼̇˼˾ ̈̂̅̀ ˷́̉˿˹˿̇̅˹˷̄̄̅˺̅ ̈˿-

̂˿́˷˺˼̖̂ ̃˷̇́˿ К˨К˚. ˦̇̅˸̅̆̅˻˺̅̉̅˹́˷ ˾˷́̂̕-

̎˷̂˷̈̓ ˹ ̔́̈̉̇˷˺˿̇̅˹˷̄˿˿ ̆̇˿̈˷˻́˿ ˿˾ ̃˷̈̂˷ ̔́̈-
̉̇˷˺˼̄̉̅̃ ˹ ̈̅̅̉̄̅̏˼̄˿˿ «̇˷̈̉˹̅̇˿̉˼̂̓: ̃˷̈̂̅» 

– 2:2 (2 ̃̂ ̃˷̈̂˷ + 2 ̃̂ ̔́̈̉̇˷˺˼̄̉˷). ˞˷̉˼̃ 

̈̃˼̈̓ ̆˼̇˼̃˼̏˿˹˷̂˷̈̓ ˹ ̉˼̎˼̄˿˼ 2 ̃˿̄. ˨ ̆̅̃̅-

̐̓̕ ̍˼̄̉̇˿̋̊˺˿̇̅˹˷̄˿̖ ̄˷ ̇˼˽˿̃˷̌ 5 ̃˿̄̊̉ ˿ 

3000 ̅˸/̃˿̄. ̆̇̅˹̅˻˿̂̅̈̓ ̇˷˾˻˼̂˼̄˿˼ ̆̇̅˸̒ ̄˷ 
̋˷˾̒. В˼̇̌̄˿̀ ̈̂̅̀ (̔́̈̉̇˷́̉) ̆̅˻˹˼̇˺˷̖̂̈ ̌̇̅-

̃˷̉̅˺̇˷̋˿̇̅˹˷̄˿̕. ˥˸̑˼̃ ̆̇̅˸̒ ̔́̈̉̇˷́̉˷, 
˹˹̅˻˿̃̅̀ ˹ ˿̄˽˼́̉̅̇ ̌̇̅̃˷̉̅˺̇˷̋˷, – 2 ̃́̂.  

˨̇˼˻̈̉˹̅̃ ˿˾̃˼̇˼̄˿̖ ̈̂̊˽˿̂ ˺˷˾̅˹̒̀ ̌̇̅-

̃˷̉̅˺̇˷̋ ̈ ́˹˷˻̇̊̆̅̂̓̄̒̃ ̃˷̈̈-̈˼̂˼́̉˿˹̄̒̃ 

˻˼̉˼́̉̅̇̅̃ Perkin Elmer Clarus 500 MS, ̄˷ ́̅-

̉̅̇̅̃ ̈̄˿̃˷̂˿ ̌̇̅̃˷̉̅˺̇˷̃̃̒ ˿ ̃˷̈̈-̈̆˼́̉̇̒ 

̈̅˼˻˿̄˼̄˿̀ ̔́̈̉̇˷́̉̅˹ ̆̇̅˸ ̃˷̈˼̂. ˣ˷̈̈-
̈̆˼́̉̇̅̃˼̉̇: ̔̄˼̇˺˿̖ ˿̅̄˿˾˷̍˿˿ 70 ̔В, ˻˿˷̆˷-
˾̅̄ ̇˷˾˹˼̇̉́˿ 10–450 ˛˷; ̈́̅̇̅̈̉̓ ̇˷˾˹˼̇̉́˿ 

3 ̈́˷̄˷/̈˼́. ˬ̇̅̃˷̉̅˺̇˷̋: ˚˝ˬ; ́̅̂̅̄́˷ 
Solgel-WAX (L = 60 ̃, d = 0,32 ̃̃). ˩̅̂̐˿̄˷ 

̆̂ё̄́˿ ̄˼̆̅˻˹˿˽̄̅̀ ̋˷˾̒ 0,25 ̃́̃. ˦̇̅˺̇˷̃-

̃˿̇̅˹˷̄˿˼ ̇˼˽˿̃˷ ̉˼̃̆˼̇˷̉̊̇ ̉˼̇̃̅̈̉˷̉˷ 
̅̉ 50 ˻̅ 200 ˨ ̈̅ ̈́̅̇̅̈̉̓̕ ̄˷˺̇˼˹˷ 10 ˨/̃˿̄. 

˩˼̃̆˼̇˷̉̊̇˷ ˿̈̆˷̇˿̉˼̖̂ – 270 ˨. ˦̅˻˹˿˽̄˷̖ 

̋˷˾˷ – ˺˼̂˿̀ (̇˷̈̌̅˻ – 0,5 ̃̂/̃˿̄).  

˨̅˼˻˿̄˼̄˿̖, ̅˸̄˷̇̊˽˼̄̄̒˼ ˹ ˷̄˷̂˿˾˿̇̊˼-
̃̒̌ ̅˸̇˷˾̍˷̌, ˿˻˼̄̉˿̋˿̍˿̇̅˹˷̂˿ ̆̅ ˸˿˸̂˿̅-

̉˼̎̄̒̃ ̃˷̈̈-̈̆˼́̉̇˷̃ (NIST 98, 2008, AMDIS) 

˿ ̂˿̉˼̇˷̉̊̇̄̒̃ ˻˷̄̄̒̃ [18, 19]. В ̇˷˸̅̉˼ ̆̇˼˻-

̈̉˷˹̂˼̄̒ ̈̅˼˻˿̄˼̄˿̖, ̃˷̈̈-̈̆˼́̉̇̒ ́̅̉̅̇̒̌ 
̈̅˹̆˷˻˷̉̕ ̈ ˸˿˸̂˿̅̉˼̎̄̒̃˿ ̄˼ ̃˼̄˼˼, ̎˼̃ ̄˷ 
85 %. К˷̎˼̈̉˹˼̄̄̅˼ ̅̆̇˼˻˼̂˼̄˿˼ ̃˼̉˷̄̅̂˷ (̆̅ 

˹̇˼̃˼̄˿ ̊˻˼̇˽˿˹˷̄˿̖) ̆̇̅˹̅˻˿̂˿ ̈ ̆̅̃̅̐̓̕ 

̈̉˷̄˻˷̇̉˷. В ́˷̎˼̈̉˹˼ ̆̇˿̃˼̇˷ ̄˷ ̇˿̈. 1 ̆̇˿˹˼-
˻˼̄˷ ̉˿̆˿̎̄˷̖ ̌̇̅̃˷̉̅˺̇˷̃̃˷ ˷̍˼̉̅̄˿̉̇˿̂̓̄̅-

˺̅ ̔́̈̉̇˷́̉˷ ̃˷̈̂˷ ̃˷̇́˿ ˩-750. 

ǐбǳǵǨǦǧǯǪǧ ǲǧǩǵǭǾǴǢǴоǤ 

В̅ ˹̈˼̌ ̆̇̅˸˷̌ ˽˿˻́̅˺̅ ˻˿̔̂˼́̉̇˿́˷ ̅˸̄˷-
̇̊˽˼̄̒ ̄˿˾́̅̃̅̂˼̖́̊̂̇̄̒˼ ́˿̈̂̅̇̅˻̈̅˻˼̇-

˽˷̐˿˼ ̈̅˼˻˿̄˼̄˿̖ 1–7 (̈̃. ̉˷˸̂˿̍̊). ˥˸̇˷˾̅-

˹˷̄˿˼ ́˷̇˸̅̄˿̂̈̅˻˼̇˽˷̐˿̌ ́̅̃̆̅̄˼̄̉̅˹ ˿ 

́˷̇˸̅̄̅˹̒̌ ́˿̈̂̅̉ ˹ ̃˷̈̂˷̌ (̈̅˺̂˷̈̄̅ ̆˼̇˼-
́˿̈̄̅̀ ̉˼̅̇˿˿ ˷˹̉̅̅́˿̈̂˼̄˿̖ А.ˤ. ˘˷̌˷ ˿ 

К. Э̄˺̂˼̇˷, ˷ ̉˷́˽˼ ̇˷˻˿́˷̂̓̄̅-̍˼̆̄̅˺̅ ̃˼̌˷-
̄˿˾̃˷ ̅́˿̈̂˼̄˿̖ ˪В, ̇˷˾̇˷˸̅̉˷̄̄̅˺̅ ˤ.ˤ. ˨˼-
̃˼̄̅˹̒̃) ̈˹˿˻˼̉˼̂̓̈̉˹̊˼̉ ̅˸ ̅́̅̄̎˷̄˿˿ ˿̄-

˻̊́̍˿̅̄̄̅˺̅ ̆˼̇˿̅˻˷, ˹ ̉˼̎˼̄˿˼ ́̅̉̅̇̅˺̅ ̄˼ 
̄˷˸̂̕˻˷˼̖̉̈ ̈̊̐˼̈̉˹˼̄̄̒̌ ˿˾̃˼̄˼̄˿̀ ́˷̎˼̈̉-
˹˷ ˿˾̖̅̂̍˿̅̄̄̅˺̅ ̃˷̈̂˷ [20]. ˥˻̄˷́̅ ̆̅̈̂˼ ˿̄-

˻̊́̍˿̅̄̄̅˺̅ ̆˼̇˿̅˻˷, ́̅˺˻˷ ̆̇̅˿˾̅̏̂̅ ̄˷́̅̆-

̂˼̄˿˼ ˷́̉˿˹̄̒̌ ̃̅̂˼́̊̂ – «̍˼̄̉̇̅˹ ̅́˿̈̂˼-
̄˿̖» (˷̂̓˻˼˺˿˻̒, ́˼̉̅̄̒, ́˷̇˸̅̄̅˹̒˼ ́˿̈̂̅̉̒, 

̈̆˿̇̉̒), ˾˷̆̊̈́˷̖̉̈̕ ̇˼˷́̍˿˿ ̈˷̃̅̊̈́̅̇˼̄˿̖. 

В ̇˼˾̊̂̓̉˷̉˼ ̉˷́˿̌ ̆̇˼˹̇˷̐˼̄˿̀ ̅˸̇˷˾̊˼̖̉̈ ̏˿-

̇̅́˿̀ ̈̆˼́̉̇ ̄̅˹̒̌ ̈̅˼˻˿̄˼̄˿̀. ˫˿̉̅̂ (9) – 

˷̂˿̋˷̉˿̎˼̈́˿̀ ̈̆˿̇̉, ̈̅˻˼̇˽˷̐˿̀ ̄˼̆̇˼˻˼̂̓-
̄̊̕ ̈˹̖˾̓ ˹ ̆̅̂̅˽˼̄˿˿ 2, ̅˸̄˷̇̊˽˼̄ ̆̇˼˿̃̊-
̐˼̈̉˹˼̄̄̅ ˹ ̃˷̈̂˷̌ ̃˷̇́˿ ˚К, ˩К̆, ˩-750. 

В ̔̉˿̌ ˽˼ ̅˸̇˷˾̍˷̌ ̄˷̀˻˼̄̅ ̈̅˼˻˿̄˼̄˿˼ 8. 

˨̆˿̇̉̅̈̅˻˼̇˽˷̐˿˼ ̈̅˼˻˿̄˼̄˿̖ ̅˸̇˷˾̖̊̉̈̕, 

˺̂˷˹̄̒̃ ̅˸̇˷˾̅̃, ̆̇˿ ̆̇̅˻̅̂˽˿̉˼̂̓̄̅̃ ̉˼̇̃˿-

̎˼̈́̅̃ ˹̅˾˻˼̀̈̉˹˿˿ ̄˷ ˿˾̖̅̂̍˿̅̄̄̅˼ ̃˷̈̂̅ [4]. 

В ̇˷˾̄̒̌ ̈̅̅̉̄̅̏˼̄˿̖̌ ˹ ̆̇̅˸˷̌ ̃˷̈˼̂ ̆̅ ̃˷̈̈-



 

122 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 24, №4, 2018

̈̆˼́̉̇˷̃ ˿˻˼̄̉˿̋˿̍˿̇̅˹˷̄̒ ˹˼̐˼̈̉˹˷ 11–16, 

̊́˷˾̒˹˷̐̕˿˼ ̄˷ ̆̇̅̉˼́˷̄˿˼ ̇˼˷́̍˿̀ ˺̂̊˸̅́̅˺̅ 

̅́˿̈̂˼̄˿̖ ̇˷˾˹˼̉˹̂˼̄̄̅̀ ̈̉̇̊́̉̊̇̒ ̆˷̇˷̋˿-

̄̅˹̅̀ ̍˼̆˿ ˪В (̎˼̇˼˾ ̅˸̇˷˾̅˹˷̄˿˼ ̅́̈˿́˿̈̂̅̉ 
˿ ̆̇̅˻̊́̉̅˹ ˿̌ ̆̅̂˿́̅̄˻˼̄̈˷̍˿˿), ˷ ̉˷́˽˼ 
˷̇̅̃˷̉˿̎˼̈́̅̀ ̎˷̈̉˿ ̃˷̈̂˷. ˥̈̅˸˼̄̄̅ ̈̂˼˻̊˼̉ 
˹̒˻˼̂˿̉̓ ̉˷́˿˼ ̈̉̇̊́̉̊̇̒ ̈̅˼˻˿̄˼̄˿̀, ́˷́ 2,4-

˻˿-ȒȐȅȒ-˸̊̉˿̂̋˼̄̅̂ (11) ˿ 3,5-˻˿-ȒȐȅȒ-

˸̊̉˿̂-4-˺˿˻̇̅́̈˿˸˼̄˾˷̂̓˻˼˺˿˻ (14), ́̅̉̅̇̒˼, 
˹˼̖̇̅̉̄̅, ̖˹̖̖̂̉̈̕ ̆̇̅̃˼˽̊̉̅̎̄̒̃˿ ̆̇̅˻̊́-

̉˷̃˿ ̅́˿̈̂˼̄˿̖ ˿̄˺˿˸˿̇̊̐̕˼̀ ̆̇˿̈˷˻́˿ 2,6-

˻˿-ȒȐȅȒ-˸̊̉˿̂-4-̃˼̉˿̂̋˼̄̅̂ (˿̅̄̅̂), ˹˹̅˻˿-

̃̅̀ ˹ ˽˿˻́˿̀ ˻˿̔̂˼́̉̇˿́ ˹ ̅˸̖˾˷̉˼̂̓̄̅̃ ̆̅-

̖̇˻́˼. ˪˺̂˼˹̅˻̅̇̅˻̒ ̈ ̖̆̇̃̅̀ ˿̂˿ ̇˷˾˹˼̉˹̂˼̄-

̄̅̀ ̍˼̆̓̕ (̈̅˼˻˿̄˼̄˿̖ 17–28) ̖˹̖̖̂̉̈̕ ̅˸̖˾˷-
̉˼̂̓̄̅̀ ̈̅̈̉˷˹̄̅̀ ̎˷̈̉̓̕ ̃˷̖̈̂̄̒̌ ˻˿̈̉˿̖̂̂-

̉̅˹ ˿ ̅˸̄˷̇̊˽˼̄̒ ˹̅ ˹̈˼̌ ̆̇̅˷̄˷̂˿˾˿̇̅˹˷̄̄̒̌ 
̅˸̇˷˾̍˷̌ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̒̌ ̃˷̈˼̂. В ̆̇̅˸˷̌ 
̃˷̈˼̂ ˚К, Nytro 11GX ˿ Nytro 10X ̌̇̅̃˷̉̅-

̃˷̈̈-̈̆˼́̉̇̅̃˼̉̇˿̎˼̈́˿̀ ˷̄˷̂˿˾ ̆̅́˷˾˷̂ ̆̇˼-
˿̃̊̐˼̈̉˹˼̄̄̅˼ ̈̅˻˼̇˽˷̄˿˼ ̆̇˼˻˼̂̓̄̒̌ ́˷̇˸̅-

̍˿́̂˿̎˼̈́˿̌ ̊˺̂˼˹̅˻̅̇̅˻̅˹ (29–31), ̃̅̄̅- ˿ 

̆̅̂˿̍˿́̂˿̎˼̈́˿̌ ̄˷̋̉˼̄̅˹ (32–35), ̆̅̂˿̍˿́-

̂˿̎˼̈́˿̌ ̊˺̂˼˹̅˻̅̇̅˻̅˹ (36–39). В ̅́˿̈̂˼̄̄̅̃ 

˿˾̖̅̂̍˿̅̄̄̅̃ ̃˷̈̂˼ ˼̈̉̓ ̉˷ ̎˷̈̉̓ ̊˺̂˼˹̅˻̅̇̅-

˻̅˹, ́̅̉̅̇˷̖ ̄˼ ̆̅˻˹˼̇˺˷˼̖̉̈ ̇˷˾̄̅˺̅ ̇̅˻˷ ˹̅˾-
˻˼̀̈̉˹˿̖̃. ˦̅̔̉̅̃̊ ̆˼̇˼̎˿̈̂˼̄̄̒˼ ̈̅˼˻˿̄˼-
̄˿̖ ̃̅˺̊̉ ˿˾̄˷̎˷̂̓̄̅ ̈̅˻˼̇˽˷̖̉̓̈ ˹ ̃˷̈̂˷̌, ̄̅ 

̄˼ ˿̈́̂̎̕˼̄̅, ̎̉̅ ̎˷̈̉̓ ̈̅˼˻˿̄˼̄˿̀ – ̔̉̅ ̆̇̅-

˻̊́̉̒ ̇˼˷́̍˿̀ ̆̅̂˿̃˼̇˿˾˷̍˿˿ ˿ ̆̅̂˿́̅̄˻˼̄-

̈˷̍˿˿ ̊˺̂˼˹̅˻̅̇̅˻̅˹, ̆̇̅̉˼́˷̐̕˿̌ ̆̇˿ ˹̒̈̅-

́̅̃ ̄˷̖̆̇˽˼̄˿˿ ̔̂˼́̉̇˿̎˼̈́̅˺̅ ̖̆̅̂ ˿ ̆̅˹̒-

̏˼̄̄̅̀ ̉˼̃̆˼̇˷̉̊̇˼ ˹ ˸˷́˼ ̈˿̂̅˹̅˺̅ ̉̇˷̄̈-
̋̅̇̃˷̉̅̇˷. А̇̅̃˷̉˿̎˼̈́˿˼ ̈̉̇̊́̉̊̇̒ ̈ ̇˷˾-
̂˿̎̄̒̃˿ ˸̅́̅˹̒̃˿ ̍˼̖̆̃˿ (40-50) ˹ ̅̈̄̅˹̄̅̃ 

̄˷̀˻˼̄̒ ˹ ̅˸̇˷˾̍˷̌ ̃˷̈˼̂ ˩К̆ ˿ ˩-750. ˩˷́˿˼ 
̈̅˼˻˿̄˼̄˿̖ ̃̅˺̊̉ ˸̒̉̓ ́˷́ ̆̇̅˻̊́̉˷̃˿ ̆̅̂˿-

́̅̄˻˼̄̈˷̍˿˿ ˷̂̓˻˼˺˿˻̅˹, ̅́̈˿- ˿ ́˼̉̅̄̅́˿̈̂̅̉ 
̆̇˿ ˹̒̈̅́˿̌ ̉˼̃̆˼̇˷̉̊̇˷̌ ˽˿˻́̅̀ ˿˾̖̅̂̍˿̅̄-

̄̅̀ ̈̇˼˻̒ ˹ ̈̅˹̅́̊̆̄̅̈̉˿ ̈ ̃˷̂̅̀ ́̅̄̍˼̄̉̇˷-
̍˿˼̀ ́˿̈̂̅̇̅˻˷, ̉˷́ ˿ «̄̅̇̃˷̂̓̄̒̃˿» ̃̅̂˼́̊-
̖̂̇̄̒̃˿ ̈̅̈̉˷˹̖̂̐̕˿̃˿ ̃˷̖̈̂̄̒̌ ˻˿̈̉˿̖̂̂-

̉̅˹ ̄˼̋̉˿. ˦̅̈̂˼˻̄˼˼ ̆̅˻̉˹˼̇˽˻˷˼̖̉̈ ̇˷˸̅̉̅̀ 

[4]. В ˹̒̈̅́̅́˿̖̆̐˿̌ ̋̇˷́̍˿̖̌ ̄˼̋̉˿ 

ˤ.˟. ˮ˼̇̄̅˽̊́̅˹̒̃ ̄˷̀˻˼̄̒ ˺̅̃̅̂̅˺˿ ̄˷̋̉˷-
̂˿̄˷, ̋˼̄˷̄̉̇˼̄˷, ˷̄̉̇˷̍˼̄˷, ˷ ̉˷́˽˼ ̆̅̂˿-

̍˿́̂˿̎˼̈́˿˼ ˷̇̅̃˷̉˿̎˼̈́˿˼ ˪В ̈ ̄˼́̅̄˻˼̄̈˿-

̇̅˹˷̄̄̒̃˿ ́̅̂̓̍˷̃˿, ̈̇˼˻˿ ́̅̉̅̇̒̌ ˻˿̋˼̄˿̂, 

˻˿̋˼̄˿̂̃˼̉˷̄, ̉̇˿̋˼̄˿̂̃˼̉˷̄.  

ˤ˼́̅̉̅̇̒˼ ̈̅˼˻˿̄˼̄˿̖, ˿˻˼̄̉˿̋˿̍˿̇̅-

˹˷̄̄̒˼ ̈ ̆̅̃̅̐̓̕ ˚ˬ-ˣ˨ ̃˼̉̅˻˷, ̃̅˺̊̉ ̈̂̊-

˽˿̉̓ ˹ ́˷̎˼̈̉˹˼ ̅̆̇˼˻˼̂˼̄̄̒̌ ̈˿˺̄˷̂̅˹ – 

̃˷̇́˼̇̅˹ ̆̇˿ ˻˿˷˺̄̅̈̉˿́˼ ˹̒̈̅́̅˹̅̂̓̉̄̅˺̅ 

̃˷̈̂̅̄˷̆̅̂̄˼̄̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖. В ̎˷̈̉̄̅-

̈̉˿, ̖̆̅˹̂˼̄˿˼ ̃˼̉˷̄̅̂˷ ˹ ̈̇˼˻˼ ̃˷̈̂˷ ̊́˷˾̒-

˹˷˼̉ ̄˷ ̉˼̇̃̅̅́˿̈̂˿̉˼̂̓̄̊̕ ˻˼̈̉̇̊́̍˿̕ ̉˹˼̇-

˻̅̀ ̍˼̂̂̂̅̕˾̄̅̀ ˿˾̖̅̂̍˿˿. В ̈̅̈̉˷˹ ̉˼̌̄˿̎˼-
̈́̅̀ ̍˼̂̂̂̅̕˾̒ ˹̌̅˻̖̉ ̃̅̂˼́̊̂̒ ̍˼̂̂̂̅̕˾̒, 

˺˼̃˿̍˼̂̂̂̅̕˾̒ ˿ ̂˿˺̄˿̄˷. ˭˼̂̂̂̅̕˾˷ – ̆̅-

̂˿̈˷̌˷̇˿˻, ̃˷́̇̅̃̅̂˼́̊̂̒ ́̅̉̅̇̅˺̅ ̆̅̈̉̇̅˼-
̄̒ ˿˾ ̃̅̄̅̃˼̇̄̒̌ ˾˹˼̄̓˼˹ ˷̄˺˿˻̇̅-ʘ-D-

˺̂́̅̆̕˿̇˷̄̅˾̒, ̈̅˼˻˿̄˼̄̄̒̌ ˺̂˿́̅˾˿˻̄̒̃˿ 

̈˹̖˾̖̃˿ 1  4 (1,4-ʘ-˺̂˿́̅˾˿˻̄̒˼ ̈˹̖˾˿) [21]. 

А˹̉̅̇̒ [22–26] ˹̒˻˹˿̄̊̂˿ ˺˿̆̅̉˼˾̊ ˿ ̈˹̅˿̃˿ 

̔́̈̆˼̇˿̃˼̄̉˷̃˿ ̆̅˻̉˹˼̇˻˿̂˿, ̎̉̅ ˹ ̇˼˾̊̂̓̉˷̉˼ 
̇˷˾̇̒˹˷ ̅˻̄̅̀ 1,4-ʘ-˺̂˿́̅˾˿˻̄̅̀ ̈˹̖˾˿ ̍˼̂-

̂̂̅̕˾̒ ̅˸̇˷˾̊˼̖̉̈ ̅˻̄˷ ̃̅̂˼́̊̂˷ ̃˼̉˷̄̅̂˷. 
˦̇˿ ̔̉̅̃ ̅˸̇˷˾̅˹˷̄˿˼ ̃˼̉˷̄̅̂˷ ̄˼ ˾˷˹˿̈˿̉ ̅̉ 
̉˼̃̆˼̇˷̉̊̇̒ ˿ ˹̂˷˺̅̈̅˻˼̇˽˷̄˿̖ ˿˾̖̅̂̍˿̅̄-

̄̅̀ ̈̇˼˻̒, ̄̅ ̆̇̅̆̅̇̍˿̅̄˷̂̓̄̅ ̎˿̈̂̊ ̇˷˾̇̒-

˹̅˹ 1,4-ʘ-˺̂˿́̅˾˿˻̄̒̌ ̈˹̖˾˼̀. ˥ ̉̅̃, ̎̉̅ ˹ 

̉˹˼̇˻̅̀ ˿˾̖̅̂̍˿˿ ˾˷̆̊̈̉˿̖̂̈ ̆̇̅̍˼̈̈ ˻˼̆̅̂˿-

̃˼̇˿˾˷̍˿˿, ̈˹˿˻˼̉˼̂̓̈̉˹̊˼̉ ̖̆̅˹̂˼̄˿˼ ˹ ̃˷̈̂˼ 
˿ ̉˷́˿̌ ̈̅˼˻˿̄˼̄˿̀, ́˷́ ̋̊̇˷̄̅˹̒˼ ̆̇̅˿˾-
˹̅˻̄̒˼ (̋̊̇̋̊̇̅̂ (2-FAL), 2-̋̊̇˿̂̃˼̉˷̄̅̂ 

(2-FOL), 5-˺˿˻̇̅́̈˿̃˼̉˿̂-2-̋̊̇̋̊̇̅̂ (5-HMF), 

5-̃˼̉˿̂-2-̋̊̇̋̊̇̅̂ (5-MEF) ˿ 2-˷̍˼̉˿̂̋̊̇˷̄ 

(2-ACF)), ́̅̉̅̇̒˼ ̅˸̇˷˾̖̊̉̈̕ ̉̅̂̓́̅ ̆̇˿ ˺̂̊-

˸̅́̅̃ ̈̉˷̇˼̄˿˿ ˸̊̃˷˽̄̅̀ ˿˾̖̅̂̍˿˿ ˿ ̇˷̈-

̆̇˼˻˼̖̖̂̉̈̕ ˹ ̉̅̂̐˼ ̃˷̈̂˷ [27]. ˟̈̆̅̂̓˾̖̊ 

̔̃̆˿̇˿̎˼̈́˿˼ ̊̇˷˹̄˼̄˿̖ ˿ ̊̈̉˷̄̅˹̂˼̄̄̒˼ 
́̅̇̇˼̖̂̍˿̅̄̄̒˼ ̈˹̖˾˿ ̃˼˽˻̊ ̅˸̇˷˾̅˹˷̄˿˼̃ 

̋̊̇˷̄̅˹̒̌ ̆̇̅˿˾˹̅˻̄̒̌ ˿ ˿˾̃˼̄˼̄˿˼̃ ̈̉˼-

̆˼̄˿ ̆̅̂˿̃˼̇˿˾˷̍˿˿, ̅̍˼̄˿˹˷̉̕ ̃˼̌˷̄˿̎˼-
̈́̊̕ ̆̇̅̎̄̅̈̉̓ ̉˹˼̇˻̅̀ ˸̊̃˷˽̄̅̀ ˿˾̖̅̂̍˿˿ ˿ 

̅̈̉˷̉̅̎̄̒̀ ̇˼̈̊̇̈. В ̔́̈̆̂̊˷̉˷̍˿˿ ̄˼̅˸̌̅-

˻˿̃̅ ̅̉̈̂˼˽˿˹˷̉̓ ́̅̄̍˼̄̉̇˷̍˿˿ ˹˼̐˼̈̉˹-

˿̄˻˿́˷̉̅̇̅˹.  
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˧˿̈. 1. ˦̇˿̃˼̇ ˚ˬ/ˣ˨-̌̇̅̃˷̉̅˺̇˷̃̃̒ ˿˾̖̅̂̍˿̅̄̄̅˺̅ ̃˷̈̂˷ ̃˷̇́˿ ˩-750 

Fig. 1. Example GC/MS-chromatogram of insulating oil of T-750 grade 
 

ǓоǧǦǪǯǧǯǪя, ǪǦǧǯǴǪǶǪǸǪǲоǤǢǯǯǽǧ Ǥ ǱǲобǢх мǪǯǧǲǢǭǾǯǽх ǪǩоǭяǸǪоǯǯǽх мǢǳǧǭ, ǪǩǤǭǧǹǧǯǯǽх  

Ǫǩ ǲǢбоǴǢȀǻǧǥо ǤǽǳоǬоǤоǭǾǴǯоǥо обоǲǵǦоǤǢǯǪя  

Compounds identified in samples of mineral insulating oils from operating high-voltage equipment 

№ 

̆/̆ 
К̅̃̆̅̄˼̄̉ ˘̇̊̉̉̅-

̋̅̇̃̊̂˷ ˣ
В̇˼̖̃ 

̊˻˼̇˽˿˹˷-
̄˿ ,̖ ̃˿̄

ˣ˷̇́˿ ̃˷̈̂˷

˚К ˩К̆ ˩-750 
Nytro 

11GX

Nytro

10X

ǪȈȑȋȎȐȎȄȑȎȄȅȐȆаșȈȅ ȑȎȅȄȈȍȅȍȈȟ
1 ˣ˼̉˷̄̅̂ ˨ˤ5˥ 32 3,86 + + + – –

2 А̍˼̉˷̂̓˻˼˺˿˻ ˨2ˤ4˥ 44 3,53 + + + + +

3 ˘̊̉˷̄̅̂-1 ˨4ˤ10˥ 74 10,19 + + + + +

4 ˣ̊̇˷˹̓˿̄˷̖ ́˿̈̂̅̉˷ ˨ˤ2˥2 46 4,46 + + + + +

5 Э̉˿̂̋̅̇̃˿˷̉ ˨3ˤ6˥2 74 3,38 + + + + +

6 ˪́̈̊̈̄˷̖ ́˿̈̂̅̉˷ ˨2ˤ4˥2 60 4,77 + + + + +

7 А̍˼̉̅̄ ˨3ˤ6˥ 58 3,36 + + + – –

8 1-˺˿˻̇̅́̈˿̃˼̉˿̂-1,3-˻˿̃˼̉˿̂̍˿́̂̅̆˼̄̉˷̄* ˨8ˤ16˥ 128 20,63 + + + – –

9 ˫˿̉̅̂ ˨20ˤ40˥ 296 23,41 + + + – –

10 2-̃˼̉˿̂-3-(2-̆˼̄̉˼̄˿̂-2-̍˿́̂̅̆˼̄̉˼̄)* ˨11ˤ18˥ 166 16,58 + + + + +
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˥ ́ ̅ ̄ ̎ ˷ ̄ ˿ ˼  ̉ ˷ ˸ ̂ ˿ ̍ ̒  

№ 

̆/̆ 
К̅̃̆̅̄˼̄̉ ˘̇̊̉̉̅-

̋̅̇̃̊̂˷ ˣ
В̇˼̖̃ 

̊˻˼̇˽˿˹˷-
̄˿ ,̖ ̃˿̄

ˣ˷̇́˿ ̃˷̈̂˷

˚К ˩К̆ ˩-750 
Nytro 

11GX

Nytro

10X

11 2,4-˻˿-ȒȐȅȒ-˸̊̉˿̂̋˼̄̅̂* ˨14ˤ22˥ 206 24,79 + + + + +

12 1-[2,4,6-̉̇˿˺˿˻̇̅́̈˿̋˼̄˿̂]-1-˸̊̉˷̄̅̄* ˨10ˤ12˥4 196 28,28 + + + – –

13 2-̃˼̉˿̂-3-[4-ȒȐȅȒ-˸̊̉˿̂]̋˼̄˿̂̆̇̅̆˷̄̅˹˷̖ 

́˿̈̂̅̉˷* 

˨14ˤ20˥2 220 28,26 + + + – –

14 3,5-˻˿-ȒȐȅȒ-˸̊̉˿̂-4-˺˿˻̇̅́̈˿˸˼̄˾˷̂̓˻˼˺˿˻* ˨15ˤ22˥2 234 37,48 + + + + +

15 4-̃˼̉˿̂˻˿˸˼̄˾̅̋̊̇˷̄* ˨13ˤ10˥ 182 33,24 + + + – –

16 ˛˿˸̊̉˿̂̋̉˷̂˷̉* ˨16ˤ22˥4 278 30,09 + + + – –

ǭаȑțșȅȍȍțȅ ȓȃȋȅвȎȄȎȐȎȄț ȑ ȏȐȟȌȎȉ ȈȋȈ ȐаȇвȅȒвȋȅȍȍȎȉ ȖȅȏȜȞ 

17 ˚˼̆̉˷̄ ˨7ˤ16 100 2,99 + + + + +

18 ˩̇˿˻˼́˷̄ ˨13ˤ28 184 16,19 + + + + +

19 ˩˼̉̇˷˻˼́˷̄ ˨14ˤ30 198 18,36 + + + + +

20 ˦˼̄̉˷˻˼́˷̄ ˨15ˤ32 212 20,16 + + + + +

21 ˚˼́̈˷˻˼́˷̄ ˨16ˤ34 226 21,69 + + + + +

22 3-̃˼̉˿̂̄̅̄˷̄ ˨10ˤ22 142 15,09 + + + + +

23 4,8-˻˿̃˼̉˿̂̉̇˿˻˼́˷̄ ˨15ˤ32 212 18,20 + + + + +

24 2,6,10-̉̇˿̃˼̉˿̂˻̅˻˼́˷̄ ˨15ˤ32 212 16,37 + + + + +

25 2,6,10-̉̇˿̃˼̉˿̂̆˼̄̉˷˻˼́˷̄ ˨18ˤ38 254 22,19 + + + + +

26 2,6-˻˿̃˼̉˿̂˺˼̆̉˷˻˼́˷̄ ˨19ˤ40 268 15,10 + + + + +

27 2,6,10,14-̉˼̉̇˷̃˼̉˿̂˺˼́̈˷˻˼́˷̄ ˨20ˤ42 282 24,16 + + + + +

28 Э̀́̅˾˷̄ ˨20ˤ42 282 25,10 + + + + +

ǯȐȅȄȅȋȜȍțȅ ȊаȐȁȎȖȈȊȋȈȗȅȑȊȈȅ ȓȃȋȅвȎȄȎȐȎȄț
29 1-(̍˿́̂̅˺˼́̈˿̂̃˼̉˿̂)-2-̃˼̉˿̂-ȒȐаȍȑ-

̍˿́̂̅˺˼́̈˷̄* 

˨14ˤ26 194 16,57 + – – + +

30 ˚˼̆̉˿̂̍˿́̂̅˺˼́̈˷̄ ˨13ˤ26 182 17,93 + – – + +

31 1-˸̊̉˿̂-2-̆̇̅̆˿̂-̍˿́̂̅̆˼̄̉˷̄ ˨12ˤ24 168 20,04 + – – + +

ǬȎȍȎ- Ȉ ȏȎȋȈȖȈȊȋȈȗȅȑȊȈȅ ȍаȔȒȅȍț
32 1-̃˼̉˿̂˻˼́˷˺˿˻̇̅̄˷̋̉˷̂˿̄* ˨11ˤ20 152 12,03 + – – + +

33 ˛˼́˷˺˿˻̇̅-2,6-˻˿̃˼̉˿̂̄˷̋̉˷̂˿̄* ˨12ˤ22 166 14,78 + – – + +

34 ˛˼́˷˺˿˻̇̅-4,4,8,9,10-̆˼̄̉˷̃˼̉˿̂̄˷̋̉˷̂˿̄* ˨15ˤ28 208 20,30 + + – + +

35 1,1'-̃˼̉˿̂˼̄˼˸˿̈[˻˼́˷˺˿˻̇̅]̄˷̋̉˷̂˿̄* ˨21ˤ36 288 22,19 + – – + +

ǯȎȋȈȖȈȊȋȈȗȅȑȊȈȅ ȓȃȋȅвȎȄȎȐȎȄț
36 (3˷˷, 6˷˷, 9˷˷, 6˹ʨ) – ̆˼̇˺˿˻̇̅̋˼̄˷̂˼̄* ˨14ˤ24 192 22,41 + – – + +

37 (4˷˷, 8˷˷, 9˷˸, 10˷˷) – ̉˼̉̇˷˺˿˻̇̅˷̄̉̇˷̍˼̄* ˨14ˤ24 192 21,32 + – – + +

38 ˩˼̉̇˷˺˿˻̇̅-1-̃˼̉˿̂̋˼̄˷̄̉̇˼̄* ˨15ˤ26 206 23,26 + – – + +

39 ˚˼́̈˷˻˼́˷˺˿˻̇̅̆˿̇˼̄* ˨16ˤ26 218 21,02 + – – + +

ǭȅȏȐȅȄȅȋȜȍțȅ ȊаȐȁȎȖȈȊȋȈȗȅȑȊȈȅ ȓȃȋȅвȎȄȎȐȎȄț (ȑ ȁȅȍȇȎȋȜȍțȌ ȊȎȋȜȖȎȌ) 

40 1-̃˼̉˿̂-4-(1-̃˼̉˿̂̆̇̅̆˿̂)-˸˼̄˾˼̄* ˨11ˤ16 148 17,78 – + + – –

41 1,2,3,4-̉˼̉̇˷̃˼̉˿̂-4-(1-̃˼̉˿̂˼̄˼̄˿̂)-˸˼̄˾˼̄* ˨13ˤ18 174 24,80 – + + – –

42 2-(2-˸̊̉˼̄˿̂)-1,3,5-̉̇˿̃˼̉˿̂˸˼̄˾˼̄* ˨13ˤ18 174 24,61 – + + – –

43 1,8-˻˿̃˼̉˿̂̄˷̋̉˷̂˿̄* ˨12ˤ12 156 26,41 + + + – –

44 2,3,6-̉̇˿̃˼̉˿̂̄˷̋̉˷̂˿̄* ˨13ˤ14 170 29,41 – + + – –

45 1,2,3,4-̉˼̉̇˷̃˼̉˿̂̄˷̋̉˷̂˿̄* ˨14ˤ16 184 32,48 – + + – –

46 1-̃˼̉˿̂-7-(1-̃˼̉˿̂̔̉˿̂)-̄˷̋̉˷̂˿̄* ˨14ˤ16 184 29,47 – + + – –

47 2-̔̉˿̂̄˷̋̉˷̂˿̄* ˨12ˤ12 156 26,14 + + + – –

48 А̄̉̇˷̍˼̄* ˨14ˤ10 178 29,88 – + + – –

49 ˛˿̋˼̄˿̂* ˨12ˤ10 154 26,62 – + + – –

50 ˫̂̊̅̇˼̄* ˨13ˤ10 166 33,03 – + + – –

˦ ̇ ˿ ̃ ˼ ̎ ˷ ̄ ˿ ˼ : «+» – ̈̅˼˻˿̄˼̄˿˼ ̅˸̄˷̇̊˽˼̄̅ ˹ ̅˸̇˷˾̍˼; «–» – ̈̅˼˻˿̄˼̄˿˼ ̄˼ ̅˸̄˷̇̊˽˼̄̅ ˹ ̅˸̇˷˾̍˼; * – ̆̅̃˼-
̎˼̄̒ ̈̅˼˻˿̄˼̄˿̖, ˻̖̂ ́̅̉̅̇̒̌ ̄˷ ̇˿̈. 2 ̆̇˿˹˼˻˼̄̒ ̈̉̇̊́̉̊̇̄̒˼ ̋̅̇̃̊̂̒.  
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Fig. 2. Structural formulas of some connection 
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ˤ˼̀̉̇˷̂̓̄̒˼ ̈̅˼˻˿̄˼̄˿̖ ̈˷̃˿ ̆̅ ̈˼˸˼ ̄˼ 
̆̇˼˻̈̉˷˹̖̂̉̕ ̅̆˷̈̄̅̈̉˿ ˹ ̆̇̅̍˼̈̈˼ ̔́̈̆̂̊˷-
̉˷̍˿˿ ̉̇˷̄̈̋̅̇̃˷̉̅̇̄̅˺̅ ̃˷̈̂˷ (̄˼ ̅́˷˾̒˹˷-
̉̕ ˾˷̃˼̉̄̅˺̅ ˹̂˿̖̄˿̖ ̄˷ ̈̄˿˽˼̄˿˼ ˿˾̅̂˿-

̇̊̐̕˿̌ ˿ ̉˼̆̂̅̅̉˹̅˻̖̐˿̌ ́˷̎˼̈̉˹), ̅˸̇˷˾̖̊ ̈ 
˼˺̅ ̃̅̂˼́̊̂˷̃˿ ˿̈̉˿̄̄̒˼ ̇˷̈̉˹̅̇̒. ˤ̅ ̈̉̅˿̉ 
̆̅̄˿̃˷̉̓, ̎̉̅ ˹ ̇˷˸̅̉˷̐̕˼̃ ˹̒̈̅́̅˹̅̂̓̉̄̅̃ 

̅˸̅̇̊˻̅˹˷̄˿˿ ˽˿˻́˿̀ ˻˿̔̂˼́̉̇˿́ ̆̅˻˹˼̇˺˷˼̉-
̖̈ ̅˻̄̅˹̇˼̃˼̄̄̅ ̄˼̈́̅̂̓́˿̃ ̋˷́̉̅̇˷̃ ˹̅˾-
˻˼̀̈̉˹˿̖ (˹̂˷˺˷, ̉˼̃̆˼̇˷̉̊̇˷, ̔̂˼́̉̇˿̎˼̈́̅˼ 
̆̅̂˼, ̃˼̉˷̂̂̒ ˿ ̆̇˿̃˼̈˿, ̈˹˼̉̅˹˷̖ ̔̄˼̇˺˿̖ ˿ 

̉. ˻.), ˿̄˿̍˿˿̇̊̐̕˿̃ ˿ ̖̊̈́̅̇̐̕˿̃ ˻˷̂̓-

̄˼̀̏˼˼ ̆̇˼˹̇˷̐˼̄˿˼ ́̅̃̆̅̄˼̄̉̅˹. К̇̅̃˼ ̉̅-

˺̅, ̔̉˿ ̋˷́̉̅̇̒ ̃̅˺̊̉ ˻˼̀̈̉˹̅˹˷̉̓ ̈˿̄˼̇˺˿̎-

̄̅, ̉. ˼. ˹˾˷˿̃̄̅ ̊̈˿̂˿˹˷̉̓ ̔̋̋˼́̉ ˹̅˾˻˼̀̈̉-
˹˿̖ ˹ ̄˼̈́̅̂̓́̅ ̇˷˾. ˦̖̅˹̖̂̐̕˿˼̖̈ ́̅̃̆̅-

̄˼̄̉̒ ˹ ̇˼˾̊̂̓̉˷̉˼ ̇˷˾̂˿̎̄̒̌ ̆̇˼˹̇˷̐˼̄˿̀ 

̃̅˺̊̉ ̄˷̄̅̈˿̉̓ ˸̅̂˼˼ ̈̊̐˼̈̉˹˼̄̄̒̀ ˹̇˼˻ ̅˸̅-

̇̊˻̅˹˷̄˿̕. ˩˷́, ˹˾˷˿̃̅˻˼̀̈̉˹̖̊ ̈ ̔̂˼̃˼̄̉˷̃˿ 

́̅̄̈̉̇̊́̍˿˿, ̅̄˿ ̖̊̈́̅̇̉̕ ̆̇̅̍˼̈̈ ˿̌ ˿˾̄̅-

̈˷, ̎̉̅ ˹ ̆̅̈̂˼˻̊̐̕˼̃ ̃̅˽˼̉ ̆̇˿˹˼̈̉˿ ́ ̈˼̇̓-

˼˾̄̅̃̊ ̉˼̌̄̅̂̅˺˿̎˼̈́̅̃̊ ̄˷̇̊̏˼̄˿̕ [28–39]. 

˥̆˷̈̄̅̈̉̓ ́˿̈̂̅̇̅˻̈̅˻˼̇˽˷̐˿̌ ̈̅˼˻˿̄˼̄˿̀, 

̉˷́˿̌, ́˷́ ̄˿˾́̅̃̅̂˼̖́̊̂̇̄̒˼ ́˷̇˸̅̄̅˹̒˼ 
́˿̈̂̅̉̒, ̈̆˿̇̉̒, ́˷̇˸̅̄˿̂̓̄̒˼ ̈̅˼˻˿̄˼̄˿̖, 

̈̅̈̉̅˿̉ ˹ ̉̅̃, ̎̉̅ ̅̄˿ ̂˼˺́̅ ̈̅̇˸˿̖̇̊̉̈̕ 

˺̂˷˹̄̅̀ ̉˹˼̇˻̅̀ ˿˾̖̅̂̍˿˼̀ ̂̕˸̅˺̅ ̈˿̂̅˹̅˺̅ 

̔̂˼́̉̇̅̅˸̅̇̊˻̅˹˷̄˿̖, ̅˸̇˷˾̖̊ ̈ ̃̅̂˼́̊̂˷̃˿ 

̍˼̂̂̂̅̕˾̒ ̃˼˽̃̅̂˼̖́̊̂̇̄̒˼ ˿ ˹̅˻̅̇̅˻̄̒˼ 
̈˹̖˾˿, ̖̖̊̈́̅̇ ˼˼ ̄˼̅˸̇˷̉˿̃̅˼ ̈̉˷̇˼̄˿˼ [3, 

30–33]. ˦̅˻ ˻˼̀̈̉˹˿˼̃ ̔̂˼́̉̇˿̎˼̈́̅˺̅ ̖̆̅̂ 

̆̇̅˿̈̌̅˻˿̉ ̖̆̅̂̇˿˾˷̍˿̖ ̄˼̀̉̇˷̂̓̄̒̌ ̃̅̂˼-
́̊̂ ̃˷̈̂˷, ˹̈̂˼˻̈̉˹˿˼ ̎˼˺̅ ̅̄˿ ̆̇˿̅˸̇˼̉˷̉̕ 
˻˿̆̅̂̓̄̒̀ ̃̅̃˼̄̉ ˿ ́̅˷˺̊̂˿̖̇̊̉̈̕. В ̈˹̅̕ 

̅̎˼̇˼˻̓, ́̅̂̂̅˿˻̒ ̅˸̂˷˻˷̉̕ ̈˹̅̀̈̉˹̅̃ ˿̅̄-

̄̅̀ ̆̇̅˹̅˻˿̃̅̈̉˿, ̎̉̅, ˹ ́̅̄˼̎̄̅̃ ̈̎˼̉˼, 
̈̆̅̈̅˸̄̅ ˹̒˾˹˷̉̓ ˾̄˷̎˿̉˼̂̓̄̅˼ ̈̄˿˽˼̄˿˼ 
̔̂˼́̉̇̅˿˾̖̅̂̍˿̅̄̄̒̌ ̈˹̅̀̈̉˹ [29]. А̂̓˻˼˺˿˻̒ 

˿ ́˼̉̅̄̒ ̊̎˷̈̉˹̊̉̕ ˹ ˻˷̂̓̄˼̀̏˼̃ ̅́˿̈̂˼̄˿˿ ˻̅ 

̅˸̇˷˾̅˹˷̄˿̖ ́˷̇˸̅̄̅˹̒̌ ́˿̈̂̅̉, ˷ ́̇̅̃˼ ̉̅˺̅, 

̃˼˽˻̊ ̄˿̃˿ ̃̅˺̊̉ ̆̇̅̉˼́˷̉̓ ̇˼˷́̍˿˿ ́̅̄˻˼̄-

̈˷̍˿˿. ˦̅̈̂˼˻̄˼˼ ̆̇˿˹̅˻˿̉ ́ ̈˿̄̉˼˾̊ ̖̉˽˼̂̒̌ 
˹̒̈̅́̅̃̅̂˼̖́̊̂̇̄̒̌ ˹˼̐˼̈̉˹, ̃̄̅˺˿˼ ˿˾ ́̅̉̅-

̇̒̌ ̄˼ ̇˷̈̉˹̅̇˿̃̒ ˹ ̃˷̈̂˼. ˶̇́˿̃ ̆̇˿̃˼̇̅̃ 

̉˷́˿̌ ̈̅˼˻˿̄˼̄˿̀ ̖˹̖̖̂̉̈̕ ̈̃̅̂̒. ˫˼̄̅̂̒, 

̈̆˿̇̉̅̈̅˻˼̇˽˷̐˿˼ ́̅̃̆̅̄˼̄̉̒ ˿ ́˷̇˸̅̄̅˹̒˼ 
́˿̈̂̅̉̒ ˹̈̉̊̆˷̉̕ ˹̅ ˹˾˷˿̃̅˻˼̀̈̉˹˿˼ ̈ ̃˼̉˷̂-

̂˿̎˼̈́˿̃˿ ̎˷̖̈̉̃˿ ̔̄˼̇˺̅̅˸̅̇̊˻̅˹˷̄˿̖, ˹̒-

˾̒˹˷̖ ́̅̇̇̅˾˿̕ ̈̉˷̂̓̄̒̌ ̔̂˼̃˼̄̉̅˹ ˿ ̆̇˼-
˹̇˷̐˷̖̈̓ ˹ ̈̅̂˿, ̃̅˺̊̐˿˼ ˹̒̆˷˻˷̉̓ ˹ ̅̈˷˻̅́ 

[16]. ˦̖̅˹̂˼̄˿˼ ̅̈˷˻́̅˹ ̖˹̖̂˼̖̉̈ ̇˼˾̊̂̓̉˷̉̅̃ 

̖̆̅̈̉̅̄̄̅˺̅ ́̅̄̉˷́̉˷ ̃˷̈̂˷ ̈ ́̅̃̆̅̄˼̄̉˷̃˿ 

̂˷́˷ ̅˸̃̅̉̅́, ̈̉˷̇̅˺̅ ̏̂˷̃˷, ̅˸̇˷˾̅˹˷̄˿̖ ̖̉-

˽˼̂̒̌ ̄˼̇˷̈̉˹̅̇˿̃̒̌ ˹ ̃˷̈̂˼ ̂˷́̉˿˻̅˹, ̂˷́-

̉̅̄̅˹, ̔̈̉̅̂˿˻̅˹, ˷̈̋˷̂̓̉̅˺˼̄̅˹̒̌ ́˿̈̂̅̉, 
́˷̇˸̅˿˻̅˹, ̈̃̅̂, ˷̈̋˷̂̓̉˼̄̅˹, ́˷̇˸˼̄̅˹ ˿ 

˻̇̊˺˿̌ ˹̒̈̅́̅̃̅̂˼̖́̊̂̇̄̒̌ ̈̅˼˻˿̄˼̄˿̀ [4]. 

К̅̄̍˼̄̉̇˿̇̅˹˷̄˿˼ ̉˹˼̇˻̒̌ ̄˷̂˼̉̅˹ ̄˷ ˷́̉˿˹-

̄̒̌ ̎˷̖̈̉̌ ˹̒̈̅́̅˹̅̂̓̉̄̒̌ ˷̆̆˷̇˷̉̅˹ ̆̇˿˹̅-

˻˿̉ ́ ˾˷́̊̆̅̇˿˹˷̄˿̕ ̅̌̂˷˽˻˷̐̕˿̌ ̃˷̖̈̂̄̒̌ 

́˷̄˷̂̅˹ ˿ ̄˷̇̊̏˷˼̉ ̔̋̋˼́̉˿˹̄̅˼ ̅̌̂˷˽˻˼̄˿˼ 
̔̂˼́̉̇̅̅˸̅̇̊˻̅˹˷̄˿̖. ˟˾ ̎˷̈̉˿̍ ̅̈˷˻́˷ ˹̆̅̂-

̄˼ ˹˼̖̇̅̉̄̅ ̅˸̇˷˾̅˹˷̄˿˼ ̆̇̅˹̅˻̖̐˿̌ ̃̅̈̉˿-

́̅˹ ˹ ̉˹˼̇˻̅̀ ̍˼̂̂̂̅̕˾˼, ̈̄˿˽˷̐̕˿̌ ˼˼ ̔̂˼́-

̉̇˿̎˼̈́̊̕ ̆̇̅̎̄̅̈̉̓. ˨̂˼˻̈̉˹˿˼̃ ́̅̃̆̂˼́̈-
̄̒̌ ̅́˿̈̂˿̉˼̂̓̄̒̌, ̉˼̇̃̅̌˿̃˿̎˼̈́˿̌ ˿ ̔̂˼́-

̉̇˿̎˼̈́˿̌ ̆̇̅̍˼̈̈̅˹ ˹ ̈˿̈̉˼̃˼ «̃˷̈̂̅ – ̍˼̂-

̂̂̅̕˾˷» ̖˹̖̂˼̖̉̈ ̇˼˾́̅˼ ̈̄˿˽˼̄˿˼ ̔̂˼́̉̇˿̎˼-
̈́̅̀ ̆̇̅̎̄̅̈̉˿ ̃˷̈̂˷, ˹˼̖̇̅̉̄̅˼ ̖̆̅˹̂˼̄˿˼ 
̃̅̐̄̒̌ ̎˷̈̉˿̎̄̒̌ ̇˷˾̖̇˻̅˹ ˿ ˻˷˽˼ ˹̅˾̄˿́-

̄̅˹˼̄˿˼ ̆̇̅˸̖̅ ˺̂˷˹̄̅̀ ˿˾̖̅̂̍˿˿ ˹̒̈̅́̅-

˹̅̂̓̉̄̅˺̅ ˷̆̆˷̇˷̉˷, ̆̇˿˹̅˻̖̐˼˺̅ ́ ˹̒̌̅˻̊ ˼˺̅ 

˿˾ ̖̈̉̇̅ [34].  

ǉǢǬǭȀǹǧǯǪǧ 

˩˷́˿̃ ̅˸̇˷˾̅̃, ̈̅˹̇˼̃˼̄̄̒˼ ˿̄̈̉̇̊̃˼̄-

̉˷̂̓̄̒˼ ̃˼̉̅˻̒, ˹ ̎˿̈̂̅ ́̅̉̅̇̒̌ ˹̌̅˻˿̉ ̌̇̅-

̃˷̉̅-̃˷̈̈-̈̆˼́̉̇̅̃˼̉̇˿̖, ̖˹̖̖̂̉̈̕ ̆˼̇˹̅-

̈̉˼̆˼̄̄̒̃˿ ̆̅̃̅̐̄˿́˷̃˿ ˹ ̇˼̏˼̄˿˿ ˾˷˻˷̎ 

̆̇˼˻̊̆̇˼˻˿̉˼̂̓̄̅̀ ˻˿˷˺̄̅̈̉˿́˿ – ̆̅̂̊̎˼̄˿̖ 

̈˹̅˼˹̇˼̃˼̄̄̅̀ ˿̄̋̅̇̃˷̍˿˿ ̅ ̄˷̎˷̂˼ ˿/˿̂˿ 

̇˷˾˹˿̉˿˿ ˻˼̋˼́̉˷, ̈˹̖˾˷̄̄̅˺̅ ̈ ̊̌̊˻̏˼̄˿˼̃ 

˿˾̖̅̂̍˿̅̄̄̒̌ ̈˹̅̀̈̉˹ ̃˷̉˼̇˿˷̂̅˹, ˿ ̆̇˿̖̄-

̉˿̖ ̃˼̇ ˼̐˼ ˻̅ ̅̆˷̈̄̅˺̅ ̈̄˿˽˼̄˿̖ ̔̂˼́̉̇˿̎˼-
̈́̅̀ ̆̇̅̎̄̅̈̉˿. В̅-̆˼̇˹̒̌, ˿̈̆̅̂̓˾̖̊ ̃˼̉̅˻ 

˺˷˾̅˹̅̀ ̌̇̅̃˷̉̅˺̇˷̋˿˿ ̈ ̃˷̈̈-̈˼̂˼́̉˿˹̄̒̃ 

˻˼̉˼́̉̅̇̅̃, ˻˿˷˺̄̅̈̉̒ ̆̅̂̊̎˷̉̕ ˿̄̋̅̇̃˷̍˿̕ 

̅ ́̅̂˿̎˼̈̉˹˼̄̄̅̃ ̈̅˻˼̇˽˷̄˿˿ ́˷˽˻̅˺̅ ̅̉-
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˻˼̂̓̄̅˺̅ ̈̅˼˻˿̄˼̄˿̖ ˿˾ ̎˿̈̂˷ ˹̌̅˻̖̐˿̌ ˹ 

́̂˷̈̈̒ ́˿̈̂̅̉, ̐˼̂̅̎˼̀, ̋˼̄̅̂̅˹, ̔̋˿̇̅˹ ˿ 

̉. ˻., ̎̉̅ ˸̅̂˼˼ ̍˼̄̄̅ ̆̅ ̈̇˷˹̄˼̄˿̕ ̈ ̉̇˷˻˿̍˿-

̅̄̄̒̃˿ ̃˼̉̅˻˷̃˿ (̅̆̇˼˻˼̂˼̄˿˼ ́˿̈̂̅̉̄̅˺̅ 

̎˿̈̂˷, ˹̅˻̅̇˷̈̉˹̅̇˿̃̒̌ ́˿̈̂̅̉ ˿ ̐˼̂̅̎˼̀, 

̈̅˻˼̇˽˷̄˿˼ ̏̂˷̃˷ ˿ ˻̇.). ˛˼̂̅ ˹ ̉̅̃, ̎̉̅ ̉̇˷-
˻˿̍˿̅̄̄̒˼ ̃˼̉̅˻̒ ˾˷̎˷̈̉̊̕ ̄˼ ̆̅̃̅˺˷̉̕ ̆̅-

̖̄̉̓ ̈̉˼̆˼̄̓ ̈̉˷̇˼̄˿̖ ˽˿˻́̅˺̅ ˻˿̔̂˼́̉̇˿́˷ ˹ 

̈˿̂̊ ̉̅˺̅, ̎̉̅ ̈̅˼˻˿̄˼̄˿̖ ˹̈̉̊̆˷̉̕ ˹ ̇˼˷́̍˿˿ 

̄˼̀̉̇˷̂˿˾˷̍˿˿, ˿ ̆̇̅̈̉̒̃˿ ̃˼̉̅˻˷̃˿ ̉˿̉̇̅˹˷-
̄˿̖ ˿̂˿ ̔́̈̉̇˷́̍˿˼̀ ̆̅̂̊̎˷̖̉̈̕ ˾˷̄˿˽˼̄̄̒˼ 
̇˼˾̊̂̓̉˷̉̒. В̅-˹̉̅̇̒̌, ̅˻˿̄ ̃˼̉̅˻ ̌̇̅̃˷̉̅-

̃˷̈̈-̈̆˼́̉̇̅̃˼̉̇˿˿ ̃̅˽˼̉ ˾˷̃˼̄˿̉̓ ̈̇˷˾̊ ̄˼-
̈́̅̂̓́̅ ̉̇˷˻˿̍˿̅̄̄̒̌ – ̅̆̇˼˻˼̂˼̄˿˼ ́˿̈̂̅̉-
̄̅˺̅ ̎˿̈̂˷ ̆̅ ˚˥˨˩ 5985-79, ˹̅˻̅̇˷̈̉˹̅̇˿̃̒̌ 
́˿̈̂̅̉ ˿ ̐˼̂̅̎˼̀ ̆̅ ˚˥˨˩ 6307-75, ̅˸̐˼˼ ̈̅-

˻˼̇˽˷̄˿˼ ̏̂˷̃˷ ̆̅ ˨˩˥ 70238424.27.100.053-

2013, ˷̇̅̃˷̉˿̎˼̈́˿̌ ̊˺̂˼˹̅˻̅̇̅˻̅˹ ̆̅ ˚˥˨˩ 

28640-90, ˷̄̉˿̅́˿̈̂˿̉˼̂̓̄̅̀ ̆̇˿̈˷˻́˿ ̆̅ 

˚˥˨˩ ˧ ˣЭК 60666-2013, ̋̊̇˷̄̅˹̒̌ ̆̇̅˿˾-
˹̅˻̄̒̌ ̆̅ ˚˥˨˩ ˧ ˣЭК 61198-2013. ˩˷́˷̖ ˾˷-
̃˼̄˷, ̄˼̈̅̃̄˼̄̄̅, ̆̇˿˹˼˻˼̉ ́ ̈̅́̇˷̐˼̄˿̕ ̃˷-
̉˼̇˿˷̂̓̄̒̌ ˾˷̉̇˷̉, ̈˹̖˾˷̄̄̒̌ ̈ ˾˷́̊̆́̅̀ ̅˺̇̅̃-

̄̅˺̅ ̈̆˿̈́˷ ̌˿̃˿̎˼̈́˿̌ ̇˼˷́̉˿˹̅˹, ˿̌ ̊̉˿̂˿-

˾˷̍˿˼̀, ˻̅̆̂˷̉˷̃˿ ˾˷ ˹̇˼˻̄̅̈̉̓ ̈̆˼̍˿˷̂˿̈̉˷̃ 

̌˿̃˿̎˼̈́˿̌ ̂˷˸̅̇˷̉̅̇˿̀.  

В ̆̂˷̄˼ ˻˿˷˺̄̅̈̉˿́˿ ̌̇̅̃˷̉̅-̃˷̈̈-
̈̆˼́̉̇̅̃˼̉̇˿̖ ˾˷ ̅˻˿̄ ˷̄˷̂˿˾ ̆̅˾˹̖̅̂˼̉ ̆̅-

̖̄̉̓ ̖̈̅̈̉̅̄˿˼ ˽˿˻́̅̀ ˿˾̖̅̂̍˿˿ ˿˾̄̊̉̇˿. ˦̅ 

́̅̂˿̎˼̈̉˹˼̄̄̅̃̊ ̈̅˻˼̇˽˷̄˿̕ ́̅̄́̇˼̉̄̒̌ 

«̅̆˷̈̄̒̌» ˿ «̆̅̂˼˾̄̒̌» ˹˼̐˼̈̉˹-̃˷̇́˼̇̅˹ 

̃̅˽̄̅ ̖̆̅̄̉̓ ̈̉˼̆˼̄̓ ̈̉˷̇˼̄˿̖ ̃˿̄˼̇˷̂̓̄̅˺̅ 

˿˾̖̅̂̍˿̅̄̄̅˺̅ ̃˷̈̂˷ ˿, ́̇̅̃˼ ̉̅˺̅, ̈ ˸̅̂̓̏̅̀ 

˻̅̂˼̀ ˹˼̖̇̅̉̄̅̈̉˿ ̅̆̇˼˻˼̂˿̉̓ ̆̇˿̎˿̄̊, ̆̅ 

́̅̉̅̇̅̀ ̆̇̅˿̈̌̅˻˿̉ ̊̈˿̂˼̄̄̅˼ ̔̂˼́̉̇̅̌˿̃˿-

̎˼̈́̅˼ ̈̉˷̇˼̄˿˼ ˻˿̔̂˼́̉̇˿́˷ (̉˼̇̃˿̎˼̈́˿̀ 

˻˼̋˼́̉, ˻˼̋˼́̉ ̔̂˼́̉̇˿̎˼̈́̅˺̅ ̌˷̇˷́̉˼̇˷, ̄˷-
̇̊̏˼̄˿˼ ˺˼̇̃˼̉˿̎̄̅̈̉˿ ˹̒̈̅́̅˹̅̂̓̉̄̅˺̅ ˷̆-

̆˷̇˷̉˷ ˿ ̉. ˻.). ˤ̅, ̈˷̃̅˼ ˺̂˷˹̄̅˼, ˿̄̋̅̇̃˷̍˿̖ 

̅ ̄˷̂˿̎˿˿ ́̅̄́̇˼̉̄̒̌ ̈̅˼˻˿̄˼̄˿̀, ̅̈̅˸˼̄̄̅ 

«̅̆˷̈̄̒̌», ̆̅̃̅˽˼̉ ̈˹̅˼˹̇˼̃˼̄̄̅ ̆̇̅˹˼̈̉˿ 

˹̅̈̈̉˷̄̅˹̂˼̄˿˼ ̔̂˼́̉̇̅̋˿˾˿̎˼̈́˿̌ ˿ ̉˼̆̂̅-

̅̉˹̅˻̖̐˿̌ ̈˹̅̀̈̉˹ (̅̎˿̈̉́˷, ̇˼˺˼̄˼̇˷̍˿̖) ̆̅ 

̔̋̋˼́̉˿˹̄̅̀ ̉˼̌̄̅̂̅˺˿˿ ̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ 

̈˼̂˼́̉˿˹̄̒̌ ̃˷̉˼̇˿˷̂̅˹ [35–41]. ˦̅̈́̅̂̓́̊ 

̃˷̈̂̅ ̖̆̅̈̉̅̄̄̅ ́̅̄̉˷́̉˿̇̊˼̉ ̈ ̍˼̂̂̂̅̕˾̅̀, 

̉˷́˿˼ ̆̇̅̋˿̂˷́̉˿̎˼̈́˿˼ ̃˼̇̒ ̆̇˼˻̅̉˹̇˷̖̉̉ 
˸̒̈̉̇̅˼ ̈̉˷̇˼̄˿˼ ˺̂˷˹̄̅̀ ̍˼̂̂̂̅̕˾̄̅̀ ˿˾̅-

̖̂̍˿˿ ˹̒̈̅́̅˹̅̂̓̉̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖, ˷ ˾̄˷-
̎˿̉, ˿ ̈˼̇̓˼˾̄̒˼ ̉˼̌̄̅̂̅˺˿̎˼̈́˿˼ ̄˷̇̊̏˼̄˿̖. 

В ̍˼̂̅̃ ̉˷́̅˼ ˹̄˿̃˷̉˼̂̓̄̅˼ ̅̉̄̅̏˼̄˿˼ ̈ 
̆̇˿̃˼̄˼̄˿˼̃ ̈̅˹̇˼̃˼̄̄̒̌ ˿̄̈̉̇̊̃˼̄̉˷̂̓̄̒̌ 

̃˼̉̅˻̅˹ ́ ̖̈̅̈̉̅̄˿̕ ˹̄̊̉̇˼̄̄˼̀ ˿˾̖̅̂̍˿˿ 

˻̅̇̅˺̖̅̈̉̅̐˿̌ ̈˿̂̅˹̒̌ ̉̇˷̄̈̋̅̇̃˷̉̅̇̅˹, 

˹̒̈̅́̅˹̅̂̓̉̄̒̌ ˹˹̅˻̅˹ ˿ ˻̇̊˺̅˺̅ ̃˷̈̂̅̄˷-
̆̅̂̄˼̄̄̅˺̅ ̅˸̅̇̊˻̅˹˷̄˿̖ ˾̄˷̎˿̉˼̂̓̄̅ ̈̅́̇˷-
̉˿̉ ̋˿̄˷̄̈̅˹̒˼ ˾˷̉̇˷̉̒ ˾˷ ̈̎˼̉ ̆̇̅˻̂˼̄˿̖ 

«˽˿˾̄˿» ̔̂˼́̉̇̅˷̆̆˷̇˷̉˷̃.  
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