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ИССЛЕДОВАНИЕ МИКРОСТРУКТУРЫ АРАМИДНЫХ ТКАНЕЙ  
ДЛЯ КОНСТРУКЦИОННЫХ И ЗАЩИТНЫХ ОРГАНОПЛАСТИКОВ, 

МОДИФИЦИРОВАННЫХ В СВЧ ЭЛЕКТРОМАГНИТНОМ ПОЛЕ 

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

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

̇˷ ̅˸̇˷˾̍̅˹ ˷̇˷̃˿˻̄̅̀ ̉́˷̄˿ ˩˨Вˣ-˛˝, ̆̅˻˹˼̇˺̄̊̉̅̀ ˹̅˾˻˼̀̈̉˹˿̕ ˨Вˮ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̆̅-

̖̂ ̈̇˼˻̄˼˺̅ ̊̇̅˹̖̄ ̃̅̐̄̅̈̉˿ ̎˷̈̉̅̉̅̀ 2450 ˣ˚̍. ˪̈̉˷̄̅˹̂˼̄̅ ̈̊̐˼̈̉˹˼̄̄̅˼ ˿˾̃˼̄˼̄˿˼ ̊̈̂̅˹˿̀ 

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

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

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

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

˿˾ ̃˼̌˷̄˿˾̃̅˹ ̆̅˹̒̏˼̄˿̖ ̆̇̅̎̄̅̈̉̄̒̌ ̌˷̇˷́̉˼̇˿̈̉˿́ ́̅̄̈̉̇̊́̍˿̅̄̄̒̌ ̅̇˺˷̄̅̆̂˷̈̉˿́̅˹ ˿ ˾˷-
̐˿̉̄̒̌ ̃˷̉˼̇˿˷̂̅˹ ˿˾ ˷̇˷̃˿˻̄̒̌ ̉́˷̄˼̀ ̆̅̈̂˼ ˨Вˮ ˹̅˾˻˼̀̈̉˹˿̖. 

ǪȋȞȗȅвțȅ ȑȋȎва: ̅̇˺˷̄̅̆̂˷̈̉˿́˿, ˸˷̂̂˿̈̉˿̎˼̈́˿˼ ̃˷̉˼̇˿˷̂̒, ˷̇˷̃˿˻̄̒˼ ̉́˷̄˿, ˨Вˮ ̔̂˼́̉̇̅̃˷˺-
̄˿̉̄̅˼ ̆̅̂˼, ̃˿́̇̅̈̉̇̊́̉̊̇˷, ˹̅̂̅́̄˷, ̋˿˸̇˿̂̂̒, ˷́̉˿˹˷̍˿̖, ˷˺̂̅̃˼̇˷̉̒ 
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STUDYOF MICROSTRUCTURE OF ARAMID FABRICS  
FOR CONSTRUCTIONAL AND PROTECTIVE ORGANOPLASTICSMODIFIED 

IN A MICROWAVE-FREQUENCYELECTROMAGNETIC FIELD 

Organoplastics have recently become widely used in aeronautical engineering as structural materials and 

means of protecting critical units (engines, control systems) from damaging factors due to their lightness 

and strength. The microstructure of the samples of the aramid fabric TSVM-J, subjected to a microwave-

frequency electromagnetic field of an average power level at a frequency of 2450 MHz was investigated. 
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A significant change in the contact conditions of individual filaments at the level of interfibril bonding of fi-

bers has been found, which is expressed in the aggregation of fibrils into agglomerates filling the gaps be-

tween the fibers with increasing interaction area and in the convergence of individual fibers, which increases 

the reliability of intermolecular bonds. The obtained results can be used as one of the mechanisms for in-

creasing the strength characteristics of structural organoplastics and protective materials from aramid tissues 

after microwave exposure.  

Keywords: organoplasty, ballistic materials, aramid fabrics, microwave oven electromagnetic field, micro-

structure, fibers, fibrils, activation, agglomerates. 

Citation:  

I.V. Zlobina, Studyof microstructure of aramid fabrics for constructional and protective organoplasticsmo-

dified in a microwave-frequencyelectromagnetic field, St. Petersburg polytechnic university journal of engi-

neering science and technology, 24(04)(2018) 160–168, DOI: 10.18721/JEST.24416. 

ВǤǧǦǧǯǪǧ 

В̒̈̅́˿˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̆̅ ̆̇̅̎̄̅̈̉˿ ˿ 

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

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

̈̉˿̎˼̈́˿̌» ̃˷̉˼̇˿˷̂̅˹, ˿̈̆̅̂̓˾̊˼̃̒̌ ˹ ́˷̎˼-
̈̉˹˼ ˿̄˻˿˹˿˻̊˷̂̓̄̒̌ ̈̇˼˻̈̉˹ ˾˷̐˿̉̒ 1-˺̅  

˿ 2-˺̅ ́̂˷̈̈˷ ˻̖̂ ̔́˿̆˿̇̅˹́˿ ̈̂̊˽˷̐˿̌ ˣˮ˨ 

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

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

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

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

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

˼̃. К ̎˿̈̂̊ ̆˼̇˹̒̌ ̉˷́˿̌ ̃˷̉˼̇˿˷̂̅˹ ̃̅˽̄̅ 

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

̃˿˿ ˨˯А ˹ ̆˼̇˿̅˻ ˹̅̀̄̒ ˹̅ В̓˼̉̄˷̃˼. ˬ̅-

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

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

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

˹̅ ̋̂̅̉˼ [1–3]. В ˧̅̈̈˿˿ ́ ̅˻̄˿̃ ˿˾ ̄˷˿˸̅̂˼˼ 
̇˷̈̆̇̅̈̉̇˷̄˼̄̄̒̌ ˸˷̂̂˿̈̉˿̎˼̈́˿̌ ̃˷̉˼̇˿˷̂̅˹ 

̄˷ ̅̈̄̅˹˼ ˷̇˷̃˿˻̄̒̌ ̄˿̉˼̀ ̖̖̅̉̄̅̈̉̈ ˩˨Вˣ, 

«˧̊̈˷̇» ˿ ̄˼́̅̉̅̇̒˼ ˻̇̊˺˿˼ ˹ ̍˼̂̅̃ ̈̌̅˻̄̒˼ 
̆̅ ̈˹̅̀̈̉˹˷̃ ̃˷̉˼̇˿˷̂̒ [4, 5]. ˦̅ ̈̇˷˹̄˼̄˿̕ 

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

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

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

̃˷̉˿̎˼̈́̅˺̅ ̈̉̇˼̂́̅˹̅˺̅ ̅̇̊˽˿̖. 

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

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

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

̊̆̇˷˹̂˼̄˿̖) ̅̉ ̆̅̇˷˽˷̐̕˿̌ ̋˷́̉̅̇̅˹ [6–8]. 

˥˻̄˷́̅ ˷̇˷̃˿˻̄̒̃ ̉́˷̖̄̃ ̆̇˿̈̊̐˿ ˿ ̄˼-
˻̅̈̉˷̉́˿: ̈̂˷˸̅˼ ̆̇̅̉˿˹̅˻˼̀̈̉˹˿˼ ̃˷̂̅̈́̅̇̅-

̈̉̄̒̃ ̉˹˼̇˻̒̃ ̊˻˷̇̄˿́˷̃ [9, 10]; ̅̈̂˷˸̂˼̄˿˼ 
˾˷̐˿̉̄̒̌ ̈˹̅̀̈̉˹ ̆̇˿ ̄˷̃̅́˷̄˿˿ ˿ ˹̅˾˻˼̀̈̉-
˹˿˿ ̖̆̇̃̒̌ ̈̅̂̄˼̎̄̒̌ ̂̊̎˼̀; ˻̅̈̉˷̉̅̎̄̅ 

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

́ ̈˼̇̓˼˾̄̒̃ ̉̇˷˹̃˷̃. ˟˾-˾˷ ̔̉̅˺̅ ́̅̄̈̉̇̊́-

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

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

̃˼̖̄̉̓ ̃̄̅˺̅̈̂̅̀̄̒˼ (20–30 ̈̂̅˼˹) ̈˿̈̉˼̃̒, 

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

˟̈̈̂˼˻̅˹˷̄˿̖ ̆̅ ̆̅˹̒̏˼̄˿̕ ̆̇̅̎̄̅̈̉˿ 

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

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

˾˷̍˿˿ ̆̂˼̉˼̄˿̖ [11, 12]. Э̉̅ ̊̈̂̅˽̖̄˼̉ ̆̇̅-

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

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

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

˹̄˼˻̇˼̄˿̖ ̄̅˹̒̌ ̇˷˾̇˷˸̅̉̅́.  

ǑоǳǴǢǯоǤǬǢ ǩǢǦǢǹǪ 

˪˹˼̂˿̎˼̄˿˼ ́̅̂˿̎˼̈̉˹˷ ̂̅́˷̂̓̄̒̌ ́̅̄-

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

˿̌ ̄˷˻˼˽̄̅̈̉˿. ˤ˼̅˸̌̅˻˿̃˷ ˼˻˿̄˷̖ ̃˼̉̅˻̅̂̅-

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

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

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

̉˼̌̄̅̂̅˺˿̎˼̈́̅˺̅ ̍˿́̂˷. Э̉̅ ̆̅˾˹̅̂˿̉ ̆̇̅˼́-

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

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

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

̐˿̌ ˸˼˾̅̆˷̈̄̅̈̉̓ ̈̉̇˷̄̒, ˿ ̆̅˹̒̏˷̉̓ ́̅̄́̊-

̇˼̄̉̅̈̆̅̈̅˸̄̅̈̉̓ ˿˾˻˼̂˿̀. 

К̅̃̆̅˾˿̉̒ ̄˷ ̅̈̄̅˹˼ ˷̇˷̃˿˻̄̒̌ ˹̅̂̅́̅̄ 

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

(̆̅̂˿̃˼̇̄˷̖ ̃˷̉̇˿̍˷ ˿ ̇˷˾̄̅̄˷̆̇˷˹̂˼̄̄̒˼ 
˷̇̃˿̇̊̐̕˿˼ ˹̅̂̅́̄˷). ˦̅̔̉̅̃̊ ˹̅˾̃̅˽̄̅ 

̆̇˿̃˼̄˿̉̓ ˻̖̂ ˿̌ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ ̇˷˾̇˷˸˷-
̉̒˹˷˼̃̒̀ ̄˷̃˿ ̃˼̉̅˻ ˨Вˮ ˹̅˾˻˼̀̈̉˹˿̖ ̄˷ 
̅́̅̄̎˷̉˼̂̓̄̅˼ ˿˾˻˼̂˿˼ ˸˼˾ ˿˾̃˼̄˼̄˿̖ ˻˼̀̈̉-
˹̊̐̕˿̌ ̉˼̌̄̅̂̅˺˿̀ [13, 14]. ˥˻̄˷́̅ ̔̉̅ ̄̊˽-

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

̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂ ̄˷ ̇˷˾̇̒˹̄̊̕ ̆̇̅̎-

̄̅̈̉̓ ˷̇˷̃˿˻̄̒̌ ̄˿̉˼̀ [15], ˹ ̌̅˻˼ ́̅̉̅̇̒̌ 

̊̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ˨Вˮ ̅˸̇˷˸̅̉́˷ ̆̇˿ ̈̇˼˻̄˼̃ 

˾̄˷̎˼̄˿˿ ̊˻˼̂̓̄̅̀ ̃̅̐̄̅̈̉˿ ̆̅˹̒̏˷˼̉ ̅̈˼-
˹̊̕ ̇˷˾̇̒˹̄̊̕ ̄˷˺̇̊˾́̊ ̄˷ ̄˿̉̓ ˩˨Вˣ-˛˝ 

̆̇˷́̉˿̎˼̈́˿ ˹ 2 ̇˷˾˷. ˩˷́˽˼ ̆̅̂̊̎˼̄̒ ˻˷̄̄̒˼, 
̈˹˿˻˼̉˼̂̓̈̉˹̊̐̕˿˼, ̎̉̅ ̆̅̈̂˼ ˹̅˾˻˼̀̈̉˹˿̖ 

˨Вˮ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂ ̄˷ ̅˻̄̅̈̂̅̀̄̊̕ 

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

˹˷̄˿̕ ́̅̄̊̈̅̃ ̈ ̊˺̂̅̃ ̆̇˿ ˹˼̇̏˿̄˼ 90 ́˷́ ˹ 

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

̖̈ ̅̉ 1,5 ˻̅ 2 ̇˷˾ (˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̆̅˻˹˼˻˼̄-

̄̅̀ ̊˻˼̂̓̄̅̀ ̃̅̐̄̅̈̉˿). ˤ˷˿̂̊̎̏˿˼ ̇˼˾̊̂̓-

̉˷̉̒ ̅˸˼̈̆˼̎˿˹˷̖̉̈̕ ̆̇˿ ˹̅˾˻˼̀̈̉˹˿˿ ˨Вˮ 

̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂ ̈̇˼˻̄˼̀ ̊˻˼̂̓̄̅̀ 

̃̅̐̄̅̈̉˿ ˹ ̉˼̎˼̄˿˼ 4–8 ̃˿̄̊̉. 
˭˼̂̓̕ ˿̈̈̂˼˻̅˹˷̄˿̀ ˸̒̂̅ ˿˾̊̎˼̄˿˼ ̅̈̅-

˸˼̄̄̅̈̉˼̀ ̈̉̇̊́̉̊̇̒ ̉́˷̄˿ ˩˨Вˣ-˛˝ ˿ ̃̄̅-

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

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

̏˼ ̔̋̋˼́̉˷. 

ǎǧǴоǦǪǬǢ ǪǳǳǭǧǦоǤǢǯǪǫ, обоǲǵǦоǤǢǯǪǧ  
Ǫ ǢǱǱǢǲǢǴǵǲǢ 

˦̇̅˹˼˻˼̄̅ ˿˾̊̎˼̄˿˼ ̃˿́̇̅̈̉̇̊́̉̊̇̒ ̃̅-

̄̅̈̂̅̀̄̅̀ ̉́˷̄˿ ˩˨Вˣ-˛˝, ˷̇̉˿́̊̂ 56319А, 

˹ ˿̈̌̅˻̄̅̃ ̖̈̅̈̉̅̄˿˿ (́̅̄̉̇̅̂̓̄̒˼ ̅˸̇˷˾̍̒) 

˿ ̆̅̈̂˼ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ ˹ ˨Вˮ ̔̂˼́̉̇̅̃˷˺-
̄˿̉̄̅̃ ̆̅̂˼. Э́̈̆˼̇˿̃˼̄̉̒ ̆̇̅˹̅˻˿̂˿ ̄˷ 
̃˿́̇̅˹̅̂̄̅˹̅̀ ̊̈̉˷̄̅˹́˼ «˝̊́-2-02» (˥˥˥ 

«А˺̇̅Э́̅˩˼̌», ˺. ˥˸̄˿̄̈́ К˷̂̊˽̈́̅̀ ̅˸̂.), 

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

˹̅˾˻˼̀̈̉˹˿̖ ˨Вˮ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂ 

̎˷̈̉̅̉̅̀ 2450 ˣ˚̍ ̆̊̉˼̃ ˿˾̃˼̄˼̄˿̖ ˻˿̈̉˷̄-

̍˿˿ ˻̅ ̅˸̑˼́̉˷. ˣ̅˻˿̋˿̍˿̇̅˹˷̄˿˼ ̅˸̇˷˾̍̅˹ 

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

˹̇˼̃˼̄˿ ˹̅˾˻˼̀̈̉˹˿̖ 4 ̃˿̄̊̉̒. ˧˷̄˼˼ ̄˷ ˻˷̄-

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

̄̒̌ ̄˿̉˼̀ ˿ ̉́˷̄˼̀. 

 В̄˼̏̄˿̀ ˹˿˻ ̆̅˹˼̇̌̄̅̈̉˿ ̅˸̇˷˾̍̅˹ ̉́˷̄˿ 

˿˾̊̎˷̂˿ ̆̇˿ ̆̅̃̅̐˿ ̔̂˼́̉̇̅̄̄̅˺̅ ̃˿́̇̅̈́̅-

̆˷ MIRA II LMU (Tescan Ersay Holding, ˮ˼̌˿̖) 

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

˹˼̇̈˿̉˼̉˷ ˿̃˼̄˿ ˤ. ˚. ˮ˼̇̄̒̏˼˹̈́̅˺̅. 

ǒǧǩǵǭǾǴǢǴǽ Ǫ обǳǵǨǦǧǯǪǧ 

ˣ˿́̇̅̋̅̉̅˺̇˷̋˿˿ ̅˸̇˷˾̍̅˹ ̆̇˿ ̇˷˾̂˿̎-

̄̅̃ ̊˹˼̂˿̎˼̄˿˿ ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈. 1–3. 

˦̇˿ ̃˷̂̅̃ ̊˹˼̂˿̎˼̄˿˿ (̆̅̂˼ ˾̇˼̄˿̖ – 

2,02 ̃̃) ̄˼ ˹˿˻̄̒ ́˷́˿˼-̂˿˸̅ ̇˷˾̂˿̎˿̖ ˹ 

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

̅˸̇˷˸̅̉˷̄̄̅˺̅ ̅˸̇˷˾̍˷ (̇˿̈. 1). 
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а)  ȁ)
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˧˿̈. 1. ˦̅˹˼̇̌̄̅̈̉̓ ̉́˷̄˿ ˩˨Вˣ-˛˝ ̆̇˿ ̃˷̂̅̃ ̊˹˼̂˿̎˼̄˿˿: ̆̅̂˼ ˾̇˼̄˿̖ 2,07 ̃̃ – ́̅̄̉̇̅̂̓̄̒̀ ̅˸̇˷˾˼̍ (а), 

̅˸̇˷˸̅̉˷̄̄̒̀ ̅˸̇˷˾˼̍ (ȁ);.̆̅̂˼ ˾̇˼̄˿̖ 330,7 ̃́̃ – ́̅̄̉̇̅̂̓̄̒̀ ̅˸̇˷˾˼̍ (в), ̅˸̇˷˸̅̉˷̄̄̒̀ ̅˸̇˷˾˼̍ (ȃ) 

Fig. 1. The surface of the fabric TSVM-DJ at law magnification, Field of view 2,07 mm: control sample (a),  

treated sample (ȁ). Field of view 330,7 micron: control sample (в), treated sample (ȃ) 

 

˦̇˿ ˸̅̂̓̏˼̃ ̊˹˼̂˿̎˼̄˿˿ – ˹ ̆̅̂˼ ˾̇˼̄˿̖ 

330,7 ̃́̃ – ̈̉˷̄̅˹̖̖̉̈ ˾˷̃˼̉̄̒ ̅̉˻˼̂̓̄̒˼, 
̅̉̌̅˻̖̐˿˼ ̅̉ ̄˿̉˿ ˹̅̂̅́̄˷. ˦̇˿̎˼̃ ̉˷́˿̌ 

˹̅̂̅́̅̄ ̄˷ ́̅̄̉̇̅̂̓̄̅̃ ̅˸̇˷˾̍˼ ˾̄˷̎˿̉˼̂̓̄̅ 

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

̉̇̅̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂ ˹ ̈̉̇̊́̉̊̇˼ ̄˿̉˼̀ ̆̇̅-

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

˹ ˽˺̊̉̒. Э̉̅ ̆̅˻̉˹˼̇˽˻˷˼̖̉̈ ̖̆̅˹̂˼̄˿˼̃ ̄˷ 

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

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

̂̅́̄˷̃˿. 
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а)  ȁ)

в) ȃ)

 
 

˧˿̈. 2. ˦̅˹˼̇̌̄̅̈̉̓ ˷̇˷̃˿˻̄̒̌ ̄˿̉˼̀ ˹ ̆̅̂˼ ˾̇˼̄˿̖ 65,9–66,13 ̃́̃ (́̅̄̉̇̅̂̓̄̒̀ (а, ȁ)  

˿ ̅˸̇˷˸̅̉˷̄̄̒̀ (в, ȃ) ̅˸̇˷˾̍̒ 

Fig. 2. The surface of aramide threads in the field of view is 65,9–66.13 micron. Control sample (а, ȁ),  

treated sample (в, ȃ) 

 

˦̇˿ ˸̅̂̓̏˼̃ ̊˹˼̂˿̎˼̄˿˿ – ˹ ̆̅̂˼ ˾̇˼̄˿̖ 

65,9–66,13 ̃́̃ – (̇˿̈. 2) ̈̉˷̄̅˹̖̖̉̈ ˸̅̂˼˼ ˾˷-
̃˼̉̄̒̃˿ ̇˷˾̂˿̎˿̖ ˹ ̈̉̇̅˼̄˿˿ ̄˿̉˼̀ ˿ ˹̅̂̅-

́̅̄ ̉́˷̄˿. ˤ˷ ̆̅˹˼̇̌̄̅̈̉˿ ̄˿̉˼̀ ́̅̄̉̇̅̂̓̄̅-

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

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

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

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

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

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

̃̅˽̄̅ ̅̉̃˼̉˿̉̓ ̉̅̂̓́̅ ̃˷́̇̅̃˼̌˷̄˿̎˼̈́̊̕ 

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

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

̇˷˾̍˷ ̉́˷̄˿ ̆̅́̇̒̉˷ ˻̅̈̉˷̉̅̎̄̅ ̆̂̅̉̄̒̃ ̈̂̅-

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

̉˼. ˤ˷̂˿̎˿˼ ̈˹̖˾̒˹˷̐̕˿̌ ̄˿̉˿ ˷˺̂̅̃˼̇˷̉̅˹, 

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

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

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

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

̆̇̅̎̄̅̈̉˿ ̉́˷̄˿, ˻̖̖̅̆̅̂̄ ̎˿̈̉̅ ̃˼̌˷̄˿̎˼-
̈́˿̀ ́̅̄̉˷́̉, ̈̋̅̇̃˿̇̅˹˷̄̄̒̀ ̆̂˼̉˼̄˿˼̃. 
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˧˿̈. 3. ˦̅˹˼̇̌̄̅̈̉̓ ˷̇˷̃˿˻̄̒̌ ̄˿̉˼̀ ˹ ̆̅̂˼ ˾̇˼̄˿̖ 33,17–33,07 ̃́̃ (́̅̄̉̇̅̂̓̄̒̀ (а, ȁ)  

˿ ̅˸̇˷˸̅̉˷̄̄̒̀ (в, ȃ) ̅˸̇˷˾̍̒ 

Fig. 3. The surface of the aramide filaments in the field of view 33,17–33,07 micron.  

Control sample (а, ȁ), treated sample (в, ȃ) 
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˥̉̃˼̎˼̄̄̒˼ ̅̈̅˸˼̄̄̅̈̉˿ ˼̐˼ ̂̊̎̏˼ ˹˿˻-

̄̒ ̆̇˿ ˸̅̂̓̏̅̃ ̊˹˼̂˿̎˼̄˿˿ ̆̅˹˼̇̌̄̅̈̉˿ 

̉́˷̄˿ – ˹ ̆̅̂˼ ˾̇˼̄˿̖ 33,07 ̃́̃ (̇˿̈. 4).  

ˤ˷ ̆̅˹˼̇̌̄̅̈̉˿ ̄˿̉˼̀ ́̅̄̉̇̅̂̓̄̅˺̅ ̅˸-

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

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

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

̇˿̂̂. В̖̒˹˿̉̓ ́˷́˿˼-̂˿˸̅ ̄˷˻˼˽̄̒˼ ̅˸̂˷̈̉˿ 

́̅̄̉˷́̉˷ ˹̅̂̅́̅̄ ̅˻̄̅̀ ̄˿̉˿ ̈ ̈̅̈˼˻̄˼̀ ̄˿-

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

̖̉̃˿ ̆̇˿̈̊̉̈̉˹̊̉̕ ˾̄˷̎˿̉˼̂̓̄̒˼ ̆̇̅̃˼˽̊̉́˿ 

̈ ̇˷˾̃˼̇˷̃˿ ˸̅̂˼˼ 10 ̃́̃. 

ˤ˷ ̆̅˹˼̇̌̄̅̈̉˿ ̄˿̉˼̀ ̅˸̇˷˸̅̉˷̄̄̅˺̅ ̅˸-

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

˦̇˿ ̔̉̅̃ ̄˿̉˿ ̈˿̂̓̄̅ ̈˸̂˿˽˼̄̒ (5 ̃́̃ ˿ ̃˼-
̄˼˼), ̎̉̅ ̈̆̅̈̅˸̈̉˹̊˼̉ ́̅̄̉˷́̉̊ ˷˺̂̅̃˼̇˷̉̅˹ ̈ 
̄˼̈́̅̂̓́˿̃˿ ̈̅̈˼˻̄˿̃˿ ̄˿̖̉̃˿. ˦̇˷́̉˿̎˼̈́˿ 

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

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

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

̃˼̌˷̄˿˾̃˷ ̆̅˹̒̏˼̄˿̖ ̆̇̅̎̄̅̈̉˿ ˷̇˷̃˿˻̄̒̌ 
̄˿̉˼̀ ˿ ̉́˷̄˼̀ ̆̅̈̂˼ ˹̅˾˻˼̀̈̉˹˿̖ ˨Вˮ ̔̂˼́̉̇̅-

̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂. ˟̈̈̂˼˻̅˹˷̄˿̖̃˿ [4, 5] ̊̈̉˷-
̄̅˹̂˼̄̅, ̎̉̅ ̈̉̇̊́̉̊̇̄̅̀ ˼˻˿̄˿̍˼̀ ˷̇˷̃˿˻̄̒̌ 
˹̅̂̅́̅̄ ̖˹̖̖̂̉̈̕ ˽˼̈̉́˿˼ ̃˷́̇̅̃̅̂˼́̊̂̒ ˿̂˿ 

˿̌ ˷˺̇˼˺˷̉̒ – ̋˿˸̇˿̂̂̒. В̒̈̅́˷̖ ̆̇̅̎̄̅̈̉̓ ˿ 

˽˼̈̉́̅̈̉̓ ̉˷́˿̌ ˹̅̂̅́̅̄ ̆̇˿ ̇˷̖̈̉˽˼̄˿˿ ̅˸̊-
̈̂̅˹̂˼̄̒ ˹̒̈̅́̅̀ ̈̉˼̆˼̄̓̕ ̅̇˿˼̄̉˷̍˿˿ ̃˷́-

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

˼̀ ˻˿̈̈̅̍˿˷̍˿˿ ̌˿̃˿̎˼̈́˿̌ ̈˹̖˾˼̀. 

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

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

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

˧˷̈̐˼̆̂˼̄˿˼ ̄˿̉˼̀ ˿ ̅̉˻˼̂˼̄˿˼ ˹̅̂̅́̅̄, ̆̅-

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

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

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

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

̆̅˻ ˻˼̀̈̉˹˿˼̃ ̇˼̂˷́̈˷̍˿˿ ̄˷̖̆̇˽˼̄˿̀. В ̇˼-

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

̎˿̈̂̅̃ ̍˼̂̓̄̒̌ ̄˿̉˼̀ ˿ ̃˼̄̓̏˿̃ ̎˿̈̂̅̃ ˹̅̂̅-

́̅̄ ˹ ́˷˽˻̅̀ ˿˾ ̄˿̌. ˣ̅˽̄̅ ˾˷́̂̎̕˿̉̓, ̎̉̅ ́˷˽-

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

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

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

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

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

˹˷̄˿˼̃ ̄˿̉˼̀ ˿ ̆̅˹̇˼˽˻˼̄˿˼̃ ̊̎˷̈̉́˷ ̉́˷̄˿. 

В̅˾˻˼̀̈̉˹˿˼ ˨Вˮ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̖̆̅̂, ̈́̅-

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

̋˿˸̇˿̂̂̓̄̒̌ ̈˹̖˾˼̀ ̄˷ ̊̇̅˹̄˼ ̃˷́̇̅̃̅̂˼́̊̂. 

В ̇˼˾̊̂̓̉˷̉˼ ̆̇˿ ̇̅̈̉˼ ̄˷˺̇̊˾́˿ ̋̅̇̃˿̖̇̊̉̈̕ 

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

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

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

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

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

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

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

˹˷̄˿̕ ˸̅̂˼˼ ̆̇̅̎̄̒̌ ̈˹̖˾˼̀ ˹ ̈̉̇̊́̉̊̇˼ ̉́˷̄˿. 

ǉǢǬǭȀǹǧǯǪǧ 

˥˸̇˷˸̅̉́˷ ˹ ˨Вˮ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̅̃ ̆̅̂˼ 
˹̒˾̒˹˷˼̉ ̅̆̇˼˻˼̂˼̄̄̊̕ ̆˼̇˼̈̉̇̅̀́̊ ̈̉̇̊́̉̊̇̒ 

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

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

˹˷̄˿˼̃». Э̉̅ ˿˾̃˼̄˼̄˿˼ ̈̉̇̊́̉̊̇̒ ̆̅˾˹̖̅̂˼̉ 
̈̅˾˻˷̉̓ ̊̈̂̅˹˿̖ ˻̖̂ ̊̂̊̎̏˼̄˿̖ ̈̅̆̇̅̉˿˹̖̂˼̃̅-

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

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

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

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

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

˟̈̈̂˼˻̅˹˷̄˿̖ ˹̒̆̅̂̄˼̄̒ ̆̇˿ ̆̅˻˻˼̇˽́˼ ˺̇˷̄̉˷ 
˧˫˫˟ № 17-03-00720 «ˣ˼̉̅˻̅̂̅˺˿̖ ̅̆̉˿̃˿˾˷̍˿-

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

̄̅̀ ˻˿̄˷̃˿̎˼̈́̅̀ ̆̇̅̎̄̅̈̉˿, ̆̅̈̂̅̀̄̅ ̋̅̇̃˿̇̊˼-
̃̒̌ ̔̂˼́̉̇̅̉˼̌̄̅̂̅˺˿̎˼̈́˿̃˿ ̃˼̉̅˻˷̃˿». 
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