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ПОЛУЧЕНИЕ УСТОЙЧИВЫХ ДИСПЕРСИЙ  
ГРАФЕНОВЫХ НАНОПЛАСТИНОК 

В ̇˷˸̅̉˼ ̆̅́˷˾˷̄˷ ˹̅˾̃̅˽̄̅̈̉̓ ̆̇˿̃˼̄˼̄˿̖ ̋˼̄̅̂̋̅̇̃˷̂̓˻˼˺˿˻̄̅̀ ̈̃̅̂̒ (˫˫˨) ˹ ́˷̎˼̈̉˹˼ ̆̅-

˹˼̇̌̄̅̈̉̄̅-˷́̉˿˹̄̅˺̅ ˹˼̐˼̈̉˹˷ (˦АВ) ̆̇˿ ̆̅̂̊̎˼̄˿˿ ̊̈̉̅̀̎˿˹̒̌ ˻˿̈̆˼̇̈˿̀ ˺̇˷̋˼̄̅˹̒̌ ̄˷̄̅-

̆̂˷̈̉˿̄̅́ (˚ˤ˦). ˛˿̈̆˼̇˺˿̇̅˹˷̄˿˼ ̅́˿̈̂˼̄̄̒̌ ˚ˤ˦ ˹ ˹̅˻̄̅̀ ̈̇˼˻˼ ̆̇˿ 50 ˨ ˹ ̆̇˿̈̊̉̈̉˹˿˿ 

˫˫˨ ̆̅˾˹̖̅̂˼̉ ̆̅̂̊̎˷̉̓ ̈̉˷˸˿̂̓̄̒˼ ́̅̂̂̅˿˻̄̒˼ ˻˿̈̆˼̇̈˿˿ ̈ ́̅̄̍˼̄̉̇˷̍˿˼̀ ˻̅ 1 %. ˣ˷́̈˿-

̃˷̂̓̄˷̖ ́̅̄̍˼̄̉̇˷̍˿̖ ˚ˤ˦ ˹ ˹̅˻̄̅̃ ̇˷̈̉˹̅̇˼ ̄˷˸̂̕˻˷˼̖̉̈ ̆̇˿ ̃˷̈̈̅˹̅̃ ̈̅̅̉̄̅̏˼̄˿˿ «˺̇˷̋˼̄: 

̈̊̌̅̀ ̅̈̉˷̉̅́ ˫˫˨» 2:1. ˦̅̂̊̎˼̄̄̒˼ ˻˿̈̆˼̇̈˿˿ ˚ˤ˦, ̆˼̇˼˹˼˻˼̄̄̒˼ ˹ ˷̍˼̉̅̄ ˿̂˿ ˿˾̅̆̇̅̆˷̄̅̂, 

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

˫˫˨ ˹ ́˷̎˼̈̉˹˼ ˦АВ ̖˹̖̂˼̖̉̈ ̅̉̈̊̉̈̉˹˿˼ ̄˼̅˸̌̅˻˿̃̅̈̉˿ ˼˼ ̊˻˷̂˼̄˿̖ ˿˾ ̄˷̄̅́̅̃̆̅˾˿̉˷ ̄˷ ̅̈̄̅˹˼ 
˚ˤ˦. ˦̇˼˻˹˷̇˿̉˼̂̓̄̒̀ ̔́̈̆˼̇˿̃˼̄̉ ̆̅́˷˾˷̂ ˹̅˾̃̅˽̄̅̈̉̓ ̆̇˿̃˼̄˼̄˿̖ ̆̅̂̊̎˼̄̄̒̌ ˻˿̈̆˼̇̈˿̀ ˹ 

́˷̎˼̈̉˹˼ ˿̈̌̅˻̄̅˺̅ ́̅̃̆̅̄˼̄̉˷ ˹ ̆̇̅̍˼̈̈˼ ̈˿̄̉˼˾˷ ̄˷̄̅́̅̃̆̅˾˿̉˷ «̆̅̇˿̈̉̒̀ ̊˺̂˼̇̅˻/˚ˤ˦» ̈ 
̊˻˼̂̓̄̅̀ ̆̅˹˼̇̌̄̅̈̉̓̕ 2300–2500 ̃2/˺. 

ǪȋȞȗȅвțȅ ȑȋȎва: ˺̇˷̋˼̄̅˹̒˼ ̄˷̄̅̆̂˷̈̉˿̄́˿; ˻˿̈̆˼̇̈˿̖, ̆̅˹˼̇̌̄̅̈̉̄̅-˷́̉˿˹̄̅˼ ˹˼̐˼̈̉˹̅, ̋˼-
̄̅̂̋̅̇̃˷̂̓˻˼˺˿˻̄˷̖ ̈̃̅̂˷, ̄˷̄̅́̅̃̆̅˾˿̉. 
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OBTAINING SUSTAINABLE DISPERSIONS  
OF GRAPHENE NANOPLATELETS 

This paper shows the possibility of using phenol-formaldehyde resin (PFR) as a surfactant in obtaining stable 

dispersions of graphene nanoplastic (GNP). Dispersion of oxidized GNP in an aqueous medium at 50 °C 

in the presence of PFR allows to obtain stable colloidal dispersions with a concentration of up to 1 %. The 

maximum concentration of GNP in an aqueous solution is observed at a mass ratio of 2: 1 graphene / dry 

residue of PFR. The resulting dispersions of GNP translated into acetone or isopropanol can be used as 

modifiers of epoxy resins. The advantage of using PFR as a surfactant is the absence of the need to remove it 

from the GNP-based nanocomposite. A preliminary experiment showed the possibility of using the ob-

tained dispersions as an initial component in the process of synthesizing a porous carbon / GNP nanocom-

posite with a specific surface area of 2300–2500 m2 / g. 
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Металлургия и материаловедение

ВǤǧǦǧǯǪǧ  

˘̂˷˺̅˻˷̖̇ ̈˹̅˿̃ ̃̄̅˺̅̋̊̄́̍˿̅̄˷̂̓̄̒̃ 

̈˹̅̀̈̉˹˷̃ ̊˺̂˼̇̅˻̄̒˼ ̄˷̄̅̃˷̉˼̇˿˷̂̒ (˪ˤˣ) 

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

̄̒̌ ˿ ̉˼̌̄˿̎˼̈́˿̌ ̅˸̂˷̖̈̉̌, ̄˼ ˿̈́̂̎̕˷̖ ̈̅-

˾˻˷̄˿˼ ̄̅˹̒̌ ́̅̄̈̉̇̊́̍˿̅̄̄̒̌ ˿ ̋̊̄́̍˿̅-

̄˷̂̓̄̒̌ ̃˷̉˼̇˿˷̂̅˹ ̈ ̊̂̊̎̏˼̄̄̒̃˿ ̔́̈̆̂̊˷-
̉˷̍˿̅̄̄̒̃˿ ̌˷̇˷́̉˼̇˿̈̉˿́˷̃˿. ˞˷̎˷̈̉̊̕ ̔̉˿ 

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

̄˷̄̅́̅̃̆̅˾˿̉̒, ˹ ́̅̉̅̇̒̌ ̊˺̂˼̇̅˻̄̒˼ ̄˷̄̅-

̈̉̇̊́̉̊̇̄̒˼ ̃˷̉˼̇˿˷̂̒ ˹̒̈̉̊̆˷̉̕ ́˷́ ̄˷̆̅̂-

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

̄̒̌ ̄˷̄̅̄˷̆̅̂̄˿̉˼̂˼̀ – ˺̇˷̋˼̄, ̅˸̂˷˻˷̐̕˿̀ 

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

̉˼̆̂̅˹̒̃˿, ̔̂˼́̉̇˿̎˼̈́˿̃˿ ˿ ˻̇. [1–5]. ˚̇˷-
̋˼̄ ˿̈̆̅̂̓˾̊̉̕ ́˷́ ̄˷̆̅̂̄˿̉˼̂̓ ˹ ˸˼̉̅̄̄̒̌ ˿ 

̍˼̃˼̄̉̄̒̌ ́̅̃̆̅˾˿̉˷̌ [6–8], ̆̅̂˿̃˼̇̄̒̌ ˸˿̅-

̄˷̄̅́̅̃̆̅˾˿̉˷̌ [9], ˷̄̉˿́̅̇̇̅˾˿̅̄̄̒̌ ́̅̃̆̅-

˾˿̉̄̒̌ ̆̅́̇̒̉˿̖̌ [10], ˺˿˸̇˿˻̄̒̌ [11] ˿ ̃˼-
̉˷̂̂˿̎˼̈́˿̌ ̃˷̉̇˿̎̄̒̌ ́̅̃̆̅˾˿̉˷̌ [12, 13].  

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

̈̅˸, ˹́̂̎̕˷̐̕˿̀ ̈̂˼˻̊̐̕˿˼ ̔̉˷̆̒:  

̆̅̂̊̎˼̄˿˼ ̈̉˷˸˿̂̓̄̅˺̅ ˹̒̈̅́̅́̅̄̍˼̄̉̇˿-

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

˻˿̈̆˼̇̈˿̅̄̄̅̀ ̈̇˼˻˼ (˹̅˻˷ ˿̂˿ ̄˼˹̅˻̄̒̀ ̇˷̈-
̉˹̅̇˿̉˼̂̓); 

˹˹˼˻˼̄˿˼ ̄˷̄̅́̅̃̆̅̄˼̄̉̅˹ ˹ ̊̈̂̅˹˿̖̌, 

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

˹˾˷˿̃̅˻˼̀̈̉˹˿˼ ̈ ̃˷̉̇˿̍˼̀; 

̈̉˷˸˿̂˿˾˷̍˿̕ ̆̅̂̊̎˼̄̄̅˺̅ ̄˷̄̅̈̉̇̊́̉̊̇-

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

̄̅̀ ̈̃˼̈˿.  

˥̈̄̅˹̄̅̀ ̆̇̅˸̂˼̃̅̀, ̈ ́̅̉̅̇̅̀ ̈̉˷̂́˿-

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

(˚ˤ˦) ˿ ˻̅̈̉˿˽˼̄˿˼ ˿̌ ̇˷˹̄̅̃˼̇̄̅˺̅ ̇˷̈̆̇˼-
˻˼̂˼̄˿̖ ˹ ̃˷̉̇˿̍˼ ́̅̃̆̅˾˿̉˷ [14, 15]. 

˥˸̒̎̄̅ ̔̉̅ ˻̅̈̉˿˺˷˼̖̉̈ ̆̊̉˼̃ ̆̇˿˹˿˹́˿ 

̋̊̄́̍˿̅̄˷̂̓̄̒̌ ˺̇̊̆̆ [16] ́ ̆̅˹˼̇̌̄̅̈̉˿ 

˚ˤ˦ ˿/˿̂˿ ̆̇˿̃˼̄˼̄˿˼̃ ̆̅˹˼̇̌̄̅̈̉̄̅-

˷́̉˿˹̄̒̌ ˹˼̐˼̈̉˹ (˦АВ) ˹ ̈̅˹̅́̊̆̄̅̈̉˿ ̈ 

̊̂̓̉̇˷˾˹̊́̅˹̅̀ ̅˸̇˷˸̅̉́̅̀ [17,18]. ˛̅˸˿̖̉̓̈ 

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

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

˷˺̇˼˺˷̍˿̕ ˚ˤ˦. ˟̃˼̄̄̅ ̆̅̔̉̅̃̊ ˸̅̂̓̏˿̄̈̉-
˹̅ ̃˼̉̅˻̅˹ ̆̅̂̊̎˼̄˿̖ ̄˷̄̅́̅̃̆̅˾˿̍˿̅̄̄̒̌ 
̃˷̉˼̇˿˷̂̅˹ ˹́̂̎̕˷˼̉ ˹˹˼˻˼̄˿˼ ̄˷̄̅̈̉̇̊́̉̊̇-

̄̒̌ ́̅̃̆̅̄˼̄̉̅˹ ˹ ˹˿˻˼ ˻˿̈̆˼̇̈˿̀ [19, 20]. 

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

˥˻̄˷́̅ ˿˾˹˼̈̉̄̅, ̎̉̅ ̆̅̂̊̎˿̉̓ ˹̒̈̅́̅́̅̄-

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

˚ˤ˦ ˻̅̈̉˷̉̅̎̄̅ ̈̂̅˽̄̅. ˩˷́, ̆̇˿ ̊̂̓̉̇˷˾˹̊-

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

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

˦АВ ̃̅˽̄̅ ̆̅̂̊̎˿̉̓ ˻˿̈̆˼̇̈˿˿ ̃˷̂̅̈̂̅̀-

̄̒̌ ˚ˤ˦, ̄̅ ́̅̄̍˼̄̉̇˷̍˿̖ ˺̇˷̋˼̄˷ ˹ ̄˿̌ ̄˼ 
̆̇˼˹̒̈˿̉ ̄˼̈́̅̂̓́˿̌ ̈̅̉̒̌ ˺̇˷̃̃˷ ˹ ̂˿̉̇˼ 

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

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

̄˷̄̅́̅̃̆̅˾˿̉̄̒̌ ̃˷̉˼̇˿˷̂̅˹. ˩˼̃ ̄˼ ̃˼̄˼˼ 

˿̃˼̄̄̅ ̔̉̅̉ ̃˼̉̅˻ ̆̅̂̊̎˼̄˿̖ ˻˿̈̆˼̇̈˿̀ 

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

̄˷̄̅́̅̃̆̅˾˿̉̄̒̌ ̃˷̉˼̇˿˷̂̅˹ ˹ ̆̇̅̃̒̏̂˼̄-

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

̍˼̄̉̇˿̇̅˹˷̄̄̒˼ ˻˿̈̆˼̇̈˿˿ ˚ˤ˦ ˿ ̊̈̉̇˷̖̄̉̓ 

̆̇̅˸̂˼̃̊ ̊˻˷̂˼̄˿̖ ̆̇˿̃˼̖̄˼̃̒̌ ˦АВ ˿˾ ́̅-

̄˼̎̄̅˺̅ ̆̇̅˻̊́̉˷. А̄˷̂˿˾ ̆̊˸̂˿́˷̍˿̀ [21, 

22] ̆̅˾˹̅̂˿̂ ˹̖̒˹˿̉̓ ̄˷˿˸̅̂˼˼ ̎˷̈̉̅ ̆̇˿̃˼-

̖̄˼̃̒˼ ˹ ̆̇̅̍˼̈̈˼ ̆̅̂̊̎˼̄˿̖ ˻˿̈̆˼̇̈˿̀ 

˚ˤ˦ ̆̅˹˼̇̌̄̅̈̉̄̅-˷́̉˿˹̄̒˼ ˹˼̐˼̈̉˹˷, ̉˷-

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

(́̅̄̍˼̄̉̇˷̍˿̖ ˚ˤ˦ 0,002–0,05 ˺/̂), ˺˿˻̇̅-

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

˼˻˿̄˼̄˿̀, ˩̇˿̉̅̄ ˬ-100 ˿ ˻̇. ˤ̅ ˿̌ ̆̇˿̈̊̉-
̈̉˹˿˼ ˹ ̄˷̄̅́̅̃̆̅˾˿̉˷̌, ̆̅̂̊̎˼̄̄̒̌ ̈ ̆̇˿-

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

̆̅̔̉̅̃̊ ̆̅-̆̇˼˽̄˼̃̊ ̅̈̉˷˼̖̉̈ ̆̇̅˸̂˼̃˷ ̊˻˷-

̂˼̄˿̖ ˦АВ. 

ǘǧǭǾ ǦǢǯǯоǫ ǲǢбоǴǽ – ˿̈̈̂˼˻̅˹˷̄˿˼ ˹̅˾-
̃̅˽̄̅̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ˹ ̆̇̅̍˼̈̈˼ ̆̅̂̊̎˼̄˿̖ 
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̊̈̉̅̀̎˿˹̒̌ ˻˿̈̆˼̇̈˿̀ ˺̇˷̋˼̄̅˹̒̌ ̄˷̄̅̆̂˷-

̈̉˿̄̅́ ̇˼˷́̍˿̅̄̄̅̈̆̅̈̅˸̄̅˺̅ ˦АВ, ̄˼ ̉̇˼-
˸̊̐̕˼˺̅ ˻˷̂̓̄˼̀̏˼˺̅ ̊˻˷̂˼̄˿̖ ˿˾ ̆̅̂̊̎˼̄-

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

ǎǢǴǧǲǪǢǭǽ Ǫ мǧǴоǦǽ ǪǳǳǭǧǦоǤǢǯǪя 

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

̖̈̒̇̓ ̆̇˿̃˼̖̄̂˿ ̇˷̈̏˿̇˼̄̄̅˼ ̈̅˼˻˿̄˼̄˿˼ 
˺̇˷̋˿̉˷ (˧˨˚), ̆̅̂̊̎˼̄̄̅˼ ̃˼̉̅˻̅̃ ̇˷̈̏˿̇˼-
̄˿̖ ˺̇˷̋˿̉˷ ̆˼̇̈̊̂̓̋˷̉̅̃ ˷̃̃̅̄˿̖ ˹ ̈˼̇̄̅̀ 

́˿̈̂̅̉˼ [23]. ˧˨˚ ̆̇˼˻̈̉˷˹̖̂̂ ̈̅˸̅̀ ̆˷̈̉̊ 

(̈̅˻˼̇˽˷̄˿˼ ̈̊̌̅˺̅ ˹˼̐˼̈̉˹˷ ˹ ̇˷̈̎˼̉˼ ̄˷ ˺̇˷-
̋˿̉ ̈̅̈̉˷˹̖̂̂̅ 1 %). ˪̂̓̉̇˷˾˹̊́̅˹̊̕ ̅˸̇˷˸̅̉-
́̊ ̆̇̅˹̅˻˿̂˿ ̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ̊̈̉˷̄̅˹́˿ ̆˼-
̇˿̅˻˿̎˼̈́̅˺̅ ˻˼̀̈̉˹˿̖ ˟ˢ-10 ̈ ˹̒̌̅˻̄̅̀ 

̃̅̐̄̅̈̉̓̕ 2 ́В̉ ˿ ̎˷̈̉̅̉̅̀ 22 ́˚̍ (INLAB 

Ltd., Saint Petersburg, Russia).  

В ́˷̎˼̈̉˹˼ ̇˼˷́̍˿̅̄̄̅̈̆̅̈̅˸̄̅˺̅ ˦АВ 

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

̋˼̄̅̂̋̅̇̃˷̂̓˻˼˺˿˻̄̊̕ ̈̃̅̂̊ (˫˼̄̅̉˷̃ GR-

326, «Krata» Ltd., Tambov, Russia), ̄˷˾̒˹˷˼-

̃̊̕ ˻˷̂˼˼ ̆̅ ̉˼́̈̉̊ ˫˫˨. ˟˾˹˼̈̉̄̅, ̎̉̅ 

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

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

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

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

˺̅˻˷̖̇ ˹̒̈̅́̅̀ ̇˼˷́̍˿̅̄̄̅̀ ̈̆̅̈̅˸̄̅̈̉˿ 

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

̈̃̅̂˼, ̆̇˿ ́̅̄̉˷́̉˼ ˚ˤ˦ ̈ ˫˫˨ ̆̇̅˿̈̌̅˻˿̉ 
̃̅˻˿̋˿̍˿̇̅˹˷̄˿˼ ˿̌ ̆̅˹˼̇̌̄̅̈̉˿. ˣ̅˻˿̋˿-

̍˿̇̅˹˷̄˿˼ ˺̇˷̋˼̄̅˹̒̌ ̄˷̄̅̆̂˷̈̉˿̄ ˫˫˨ 

̈̆̅̈̅˸̈̉˹̊˼̉ ̆̅̂̊̎˼̄˿̕ ˿̌ ˹̒̈̅́̅́̅̄̍˼̄-

̉̇˿̇̅˹˷̄̄̒̌ ˿ ̊̈̉̅̀̎˿˹̒̌ ˻˿̈̆˼̇̈˿̀.  

Э̋̋˼́̉˿˹̄̅̈̉̓ ̆̇˿̃˼̄˼̄˿̖ ˫˫˨ ˹ ́˷̎˼-
̈̉˹˼ ˦АВ ̅̍˼̄˿˹˷̂˿ ̆̅ ̈̆̅̈̅˸̄̅̈̉˿ ˺̇˷̋˿̉̅-

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

˷˺̇˼˺˷̍˿˿ ˧˨˚. ˨̉˼̆˼̄̓ ̇˷̈̈̂̅˼̄˿̖ ˧˨˚ ̆̇˿ 

̆̅̂̊̎˼̄˿˿ ˚ˤ˦ ̈ ̔̉˿̃ ˦АВ ̅̆̇˼˻˼̖̂̂˿ ̆̅ 

̅̆̉˿̎˼̈́̅̀ ̆̂̅̉̄̅̈̉˿ ˿̈̈̂˼˻̊˼̃̒̌ ˻˿̈̆˼̇̈˿̀ 

̈ ̆̇˿̃˼̄˼̄˿˼̃ ̋̅̉̅̔̂˼́̉̇˿̎˼̈́̅˺̅ ́̅̂̅̇˿-

̃˼̉̇˷ К˫К-3 (˻̂˿̄˷ ˹̅̂̄̒ λ = 500 ̄̃). К̅-

̔̋̋˿̍˿˼̄̉ ̈˹˼̉̅̆̅˺̂̅̐˼̄˿̖ ̆̅̂̊̎˼̄̄̒̌ 

˻˿̈̆˼̇̈˿̀ (K ̂/˺̈̃) ̅̆̇˼˻˼̖̂̂˿ ̆̅ ̃˼̉̅˻˿́˼, 
̅̆˿̈˷̄̄̅̀ ˹ ̇˷˸̅̉˼ [24]. 

 ˛̖̂ ̅̍˼̄́˿ ̃̅̇̋̅̂̅˺˿˿ ̆̅̂̊̎˼̄̄̒̌ ˚ˤ˦ 

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

̂̊̎˼˹̅̀ ̈́˷̄˿̇̊̐̕˿̀ ̔̂˼́̉̇̅̄̄̒̀ ̃˿́̇̅-

̈́̅̆˿̎˼̈́˿̀ ́̅̃̆̂˼́̈ Neon 40(Carl Zeiss, 

Oberkochen, Germany). ˦̅̂̊̎˼̄̄̒˼ ̄˷ ̅̈̄̅˹˼ 
˚ˤ˦ ˻˿̈̆˼̇̈˿˿ ˹˹̅˻˿̂˿ ˹ ̃˷̉̇˿̍̊ ̔̆̅́̈˿˻-

̄̅̀ ̈̃̅̂̒ ̈ ̆̅̃̅̐̓̕ ̉̇˼̌˹˷̂́̅˹̅̀ ̃˷̏˿̄̒ 

EXAKT (˾˷˾̅̇ ̃˼˽˻̊ ˹˷̂́˷̃˿ ̈̅̈̉˷˹̖̂̂ 15:5 

̃́̃, ̊̈˿̂˿˼ 10 ˤ/̃̃). В ́˷̎˼̈̉˹˼ ̔̆̅́̈˿˻̄̅̀ 

̈̃̅̂̒ ̆̇˿̃˼̖̄̂˿ ̇˼˷́̍˿̅̄̄̅̈̆̅̈̅˸̄̒̀ ̅̂˿-

˺̅̃˼̇̄̒̀ ̆̇̅˻̊́̉ ̄˷ ̅̈̄̅˹˼ ̔̆˿̌̂̅̇˺˿˻̇˿̄˷ 
˿ ˻˿̋˼̄˿̂̅̂̆̇̅̆˷̄˷ (Э˛-22). 

˥̍˼̄́̊ ˷˺̂̅̃˼̇˷̉̅˹ ˹ ̄˷̄̅́̅̃̆̅˾˿̉˼ 
«˚ˤ˦ – ̔̆̅́̈˿˻̄˷̖ ̈̃̅̂˷» ̅̈̊̐˼̈̉˹̖̂̂˿ ̈ 
̆̅̃̅̐̓̕ ̅̆̉˿̎˼̈́̅˺̅ ̃˿́̇̅̈́̅̆˷ ˣ˿́̇̅̃˼˻ 1 

(́̅̃̆˷̄˿̖ «˥̆̉˿̎˼̈́˿˼ ̆̇˿˸̅̇̒», ˨˷̄́̉-
˦˼̉˼̇˸̊̇˺, ˧̅̈̈˿̖). 

ǟǬǳǱǧǲǪмǧǯǴǢǭǾǯǢя ǹǢǳǴǾ  
Ǫ обǳǵǨǦǧǯǪǧ ǲǧǩǵǭǾǴǢǴоǤ 

˥˸̒̎̄̅ ˻˿̈̆˼̇̈˿˿ ˚ˤ˦ ˿ ̊˺̂˼̇̅˻̄̒̌ ̄˷-
̄̅̉̇̊˸̅́ ̊̈̉̅̀̎˿˹̒ ̉̅̂̓́̅ ̆̇˿ ̃˷̂̅̀ ́̅̄-

̍˼̄̉̇˷̍˿˿ (̄˼ ˸̅̂˼˼ 0,01-0,10 ˺/˻̃3), ˿ ̆̇˿̃˼-
̖̄̉̓ ̉˷́˿˼ ˻˿̈̆˼̇̈˿˿ ˹ ̆̇̅̍˼̈̈˼ ̆̅̂̊̎˼̄˿̖ 

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

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

́̅̉̅̇̅˼ ̆̅˾˹̅̂˿̉ ̆̅̂̊̎˷̉̓ ˹̒̈̅́̅́̅̄̍˼̄̉̇˿-

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

̇˷˸̅̉˼ [25] ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅ ˻̅́˷˾˷̄˷ ̔̋-

̋˼́̉˿˹̄̅̈̉̓ ̆̇˿̃˼̄˼̄˿̖ ˫˫˨ ˹ ́˷̎˼̈̉˹˼ 
˦АВ ̆̇˿ ̆̅̂̊̎˼̄˿˿ ̊̈̉̅̀̎˿˹̒̌ ˻˿̈̆˼̇̈˿̀ 

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

̉̇˷̍˿˿ ̄˷̄̅̈̉̇̊́̉̊̇ ˹ ̇˷̈̉˹̅̇˼ ̄˷ 2–3 ̖̆̅̇˻-

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

̈̉˷̉̓˿ [25], ̆̇˿ ̇˷˸̅̉˼ ̈ ˚ˤ˦. А˹̉̅̇˷̃˿ ˹ ̇˷-
˸̅̉˼ [26] ˸̒̂̅ ̆̅́˷˾˷̄̅, ̎̉̅ ˻̖̂ ̔̋̋˼́̉˿˹̄̅-

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

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

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

˸̒̂̅ ˸̒ ̆̇˼˻̆̅̂̅˽˿̉̓, ̎̉̅ ˿ ̆̅˹˼̇̌̄̅̈̉̓ 

˚ˤ˦ ˻̅̂˽̄˷ ˸̒̉̓ ̅́˿̈̂˼̄̄̅̀ ˻̖̂ ˿̌ ̔̋̋˼́-

̉˿˹̄̅˺̅ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ ˫˫˨.  
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˧˿̈. 1. ˦Эˣ (а) ˿ ˨Эˣ (ȁ) ˿˾̅˸̇˷˽˼̄˿̖ ˚ˤ˦, ̆̅̂̊̎˼̄̄̒̌ ̊̂̓̉̇˷˾˹̊́̅˹̅̀  

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

Fig. 1 TEM (а) and SEM (ȁ) images of GNP, obtained by ultrasonic exfoliation of the expanded graphite compound 
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˧˿̈. 2. ˞˷˹˿̈˿̃̅̈̉̓ ̔̋̋˼́̉˿˹̄̅˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ̈˹˼̉̅̆̅˺̂̅̐˼̄˿̖ ˻˿̈̆˼̇̈˿˿ ˚ˤ˦  

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

Fig. 2. The dependence of the effective coefficient of light absorption of the dispersion of GNP  

on their concentration (in terms of carbon) 
 

В ̇˷˸̅̉˼ [27] ˸̒̂̅ ̆̅́˷˾˷̄̅, ̎̉̅ ˚ˤ˦, ̆̅-

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

˻˷̄̄˷̖ ̋̅̇̃˷ ˚ˤ˦ ̅̆̉˿̃˷̂̓̄˷ ˻̖̂ ̃̅˻˿̋˿-

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

˛̖̂ ̆̇˿˺̅̉̅˹̂˼̄˿̖ ˹̅˻̄̒̌ ˻˿̈̆˼̇̈˿̀ 

˚ˤ˦ ̇˷̈̏˿̇˼̄̄̅˼ ̈̅˼˻˿̄˼̄˿˼ ˺̇˷̋˿̉˷, ̆̅̂̊-

̎˼̄̄̅˼ ̈̆̅̈̅˸̅̃, ̅̆˿̈˷̄̄̒̃ ˹ ̇˷˸̅̉˼ [23], 

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

̈̉˹˿˿ ̄˼˸̅̂̓̏̅˺̅ ́̅̂˿̎˼̈̉˹˷ ˫˫˨. ˨Эˣ ˿ 

˦Эˣ ˿˾̅˸̇˷˽˼̄˿̖ ̆̅̂̊̎˼̄̄̒̌ ˚ˤ˦ ̆̇˼˻-

̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈. 1.  

В ̆̅̂̊̎˼̄̄̒̌ ˻˿̈̆˼̇̈˿̖̌ ̅̈˷˻́˷ ̄˼ ̄˷-
˸̂̕˻˷̂̅̈̓, ̆̅̔̉̅̃̊ ́̅̄̍˼̄̉̇˷̍˿̕ ˚ˤ˦ ˹ 

̇˷̈̉˹̅̇˼ ̇˷̈̈̎˿̉̒˹˷̂˿ ̄˼̆̅̈̇˼˻̈̉˹˼̄̄̅ ˿˾ 
˹˾̖̉̅̀ ̄˷˹˼̈́˿ ˧˨˚ ˿ ̅˸̑˼̃˷ ̇˷̈̉˹̅̇˷. В̂˿̖-

̄˿˼ ́̅̄̍˼̄̉̇˷̍˿˿ ˚ˤ˦ ̄˷ ̔̋̋˼́̉˿˹̄̊̕ ˹˼-
̂˿̎˿̄̊ ́̅̔̋̋˿̍˿˼̄̉˷ ̈˹˼̉̅̆̅˺̂̅̐˼̄˿̖ K 

̆̇˿ ́̅̄̍˼̄̉̇˷̍˿˿ ˫˫˨ 2,5 ˺/̂ (˹ ̇˷̈̎˼̉˼ ̄˷ 
̈̊̌̅̀ ̅̈̉˷̉̅́ ˫˫˨) ̆̇˼˻̈̉˷˹̂˼̄̅ ̄˷ ̇˿̈. 2. 
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˧˿̈. 3 ˛˿̈̆˼̇̈˿˿ ˚ˤ˦ ˹ ̔̆̅́̈˿˻̄̅̀ ̈̃̅̂˼: а – ˸˼˾ ˫˫˨; ȁ – ˹ ̆̇˿̈̊̉̈̉˹˿˿ ˫˫˨ 

Fig. 3. Dispersions of GNP in epoxy resin: a – without PFR; ȁ – in the presence of PFR 

 

А̄˷̂˿˾ ̆̅̂̊̎˼̄̄̅̀ ˾˷˹˿̈˿̃̅̈̉˿ ̆̅́˷˾˷̂, 

̎̉̅ ̃˷́̈˿̃˷̂̓̄˷̖ ́̅̄̍˼̄̉̇˷̍˿̖ ˚ˤ˦, ̆˼̇˼˹˼-
˻˼̄̄̒̌ ˹ ́̅̂̂̅˿˻̄̒̀ ̇˷̈̉˹̅̇, ̈̅̅̉˹˼̉̈̉˹̊̕-

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

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

̅̉̄̅̏˼̄˿˿ «˺̇˷̋˼̄ : ̈̊̌̅̀ ̅̈̉˷̉̅́ ˫˫˨» 2:1. 

˛˿̈̆˼̇˺˿̇̅˹˷̄˿˼ ˚ˤ˦ ˹ ˹̅˻̄̅̀ ̈̇˼˻˼ ̆̅˻ 

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

̉̇˿̇̅˹˷̄̄̒˼ ˻˿̈̆˼̇̈˿˿ ˿˾-˾˷ ̄˷̂˿̎˿̖ ˹ ̄˿̌ ˷˺-
̂̅̃˼̇˷̉̅˹ ̇˷˾̃˼̇̅̃ 10–15 ̃́̃. ˥˻̄˷́̅ ˻˿̈̆˼̇-

˺˿̇̅˹˷̄˿˼ ̆̇̅˿̈̌̅˻˿̉ ˺̅̇˷˾˻̅ ̔̋̋˼́̉˿˹̄˼˼, 
˼̈̂˿ ˹ ́˷̎˼̈̉˹˼ ˦АВ ̆̇˿̃˼̖̄̉̓ ˫˫˨. ˦̇̅̍˼̈̈ 
̇˷̈̆̇˼˻˼̂˼̄˿̖ ̄˷̄̅̎˷̈̉˿̍ ˹ ˹̅˻̄̅̀ ̈̇˼˻˼, ̅̈̊-
̐˼̈̉˹̂˼̄̄̒̀ ̆̇˿ 50 ˨ ˹ ̆̇˿̈̊̉̈̉˹˿˿ ˫˫˨, 

̆̅˾˹̖̅̂˼̉ ̆̅̂̊̎˷̉̓ ̈̉˷˸˿̂̓̄̒˼ ́̅̂̂̅˿˻̄̒˼ 
˻˿̈̆˼̇̈˿˿ ˚ˤ˦ ̈ ́̅̄̍˼̄̉̇˷̍˿˼̀ ˻̅ 1%. 

ˤ˼̖̈̃̅̉̇ ̄˷ ̔̉̅, ̅˸̂˷̈̉˿ ̆̇˿̃˼̄˼̄˿̖ 

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

˾̊̉̕ ̅̇˺˷̄˿̎˼̈́˿˼ ̇˷̈̉˹̅̇˿̉˼̂˿.  

˛̖̂ ˹˹˼˻˼̄˿̖ ˚ˤ˦ ˹ ̔̆̅́̈˿˻̄̊̕ ̈̃̅̂̊ ̄˼-
̅˸̌̅˻˿̃̅ ˹ ˹̅˻̄̅̀ ˻˿̈̆˼̇̈˿˿ ˾˷̃˼̄˿̉̓ ˹̅˻̊ ̄˷ 
˷̍˼̉̅̄ ˿̂˿ ˿˾̅̆̇̅̆˷̄̅̂, ̎̉̅ ̂˼˺́̅ ̅̈̊̐˼̈̉˹̖̂-

˼̖̉̈ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅. ˟˾̅̆̇̅̆˷̄̅̂̓̄˷̖ ̆˷̈̉˷ 
˚ˤ˦ ̌̅̇̅̏̅ ̈̅˹̃˼̐˷˼̖̉̈ ̈ ̔̆̅́̈˿˻̄̅̀ ̈̃̅̂̅̀ 

Э˛-20, ̅˸̇˷˾̖̊ ̆̇̅˾̇˷̎̄̒̀ ̇˷̈̉˹̅̇ ˸˼˾ ˹˿˻˿-

̃̒̌ ˷˺̇˼˺˷̉̅˹. ˞˷̉˼̃ ˿˾̅̆̇̅̆˷̄̅̂ ̊˻˷̖̂̉̕ ˹ ˹˷-
́̊̊̃˼. ˩˷́, ̆̇˿ ˹˹˼˻˼̄˿˿ ˹ ̔̆̅́̈˿˻̄̊̕ ̈̃̅̂̊ 
̄˼̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒̌ ˚ˤ˦ ̄˷˸̂̕˻˷̖̉̈̕ ́̇̊̆-

̄̒˼ ˷˺̇˼˺˷̉̒ ̄˷̄̅̆̂˷̈̉˿̄̅́ (̇˿̈. 3, a). ˦˼̇˼˹̅˻ 

˹̅˻̄̅̀ ˻˿̈̆˼̇̈˿˿ ˚ˤ˦, ̆̅̂̊̎˼̄̄̒̌ ̈ ̆̇˿̃˼-
̄˼̄˿˼̃ ́̂˷̈̈˿̎˼̈́˿̌ ˦АВ, ˹ ˿˾̅̆̇̅̆˷̄̅̂̓̄̊̕ 

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

̋˿́˷̉̅̇̅˹ ̔̆̅́̈˿˻̄̒̌ ̈̃̅̂. 

В ̈̂̊̎˷˼ ˽˼ ˚ˤ˦, ̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒̌ 

˫˫˨, ˷˺̇˼˺˷̉̒ ˹ ̈˿̈̉˼̃˼ «˚ˤ˦ – ̔̆̅́̈˿˻̄˷̖ 

̈̃̅̂˷» ̆̇˷́̉˿̎˼̈́˿ ̅̉̈̊̉̈̉˹̊̉̕ (̇˿̈. 3, ȁ). 

Э́̈̆˼̇˿̃˼̄̉˷̂̓̄̅ ˹̖̒˹̂˼̄̅, ̎̉̅ ̈̉˷˸˿̂̓-
̄̅̈̉̓ ̆̅̂̊̎˼̄̄̒̌ ̅̆˿̈˷̄̄̒̃ ̈̆̅̈̅˸̅̃ ˻˿̈-
̆˼̇̈˿̀ ˚ˤ˦ ̈̊̐˼̈̉˹˼̄̄̅ ˾˷˹˿̈˿̉ ̅̉ Ȑǭ ˿˾-˾˷ 
̅̈̅˸˼̄̄̅̈̉˿ ̆̅˹˼˻˼̄˿̖ ̇˼˾̅̂̓̄̅̀ ˫˫˨ ˹ ˹̅˻˼. 
˫˫˨ ̆̅̂̄̅̈̉̓̕ ̇˷̈̉˹̖̅̇˼̖̉̈ ̆̇˿ Ȑǭ > 9, ̄̅ 

̊˽˼ ̆̇˿ ̈̄˿˽˼̄˿˿ Ȑǭ ˻̅ 8 ˿ ̄˿˽˼ ˹̒̆˷˻˷˼̉ ˹ 

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

˚ˤ˦, ̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒˼ ˫˫˨. ˮ̊˹̈̉˹˿̉˼̂̓-
̄̅̈̉̓ ́ Ȑǭ ̈˹̖˾˷̄˷ ̈ ˿̅̄˿˾˷̍˿˼̀ ̋˼̄̅̂̓̄̒̌ 
˺̇̊̆̆. В ̈̂˷˸̅̐˼̂̅̎̄̅̀ ̈̇˼˻˼ ̄˷̄̅̊˺̂˼̇̅˻̄̒˼ 
̎˷̈̉˿̍̒, ̈̉˷˸˿̂˿˾˿̇̅˹˷̄̄̒˼ ˫˫˨, ̆̇˿̅˸̇˼-
̉˷̉̕ ̅̉̇˿̍˷̉˼̂̓̄̒̀ ˾˷̖̇˻, ̎̉̅ ̆̇˼̖̆̉̈̉˹̊˼̉ ˿̌ 
˷˺̇˼˺˷̍˿˿, ˿ ̉˷́˷̖ ̎̊˹̈̉˹˿̉˼̂̓̄̅̈̉̓ ́ Ȑǭ ̆̅˾-
˹̖̅̂˼̉ ̅̈̊̐˼̈̉˹̖̂̉̓ ̍˼̂˼̄˷̆̇˷˹̂˼̄̄̊̕ ̈˸̅̇́̊ 
̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̈̉̇̊́̉̊̇ ˹ ̇˷̈̉˹̅̇˼. ˦̇̅˹˼-
˻˼̄̄̒˼ ̔́̈̆˼̇˿̃˼̄̉̒ ̆̅́˷˾˷̂˿, ̎̉̅ ˹ ˹̒̈̅́̅-

́̅̄̍˼̄̉̇˿̇̅˹˷̄̄̒̌ ˻˿̈̆˼̇̈˿̖̌ ˚ˤ˦, ̃̅˻˿-

̋˿̍˿̇̅˹˷̄̄̒̌ ˫˫˨, ˹ ̅̆̇˼˻˼̂˼̄̄̒̌ ̊̈̂̅˹˿̖̌ 
˹̅˾̃̅˽˼̄ ̆˼̇˼̌̅˻ ̉˿̆˷ ˾̅̂̓ – ˺˼̂̓, ̎̉̅ ̆̇˼˻̅̈-
̉˷˹̖̂˼̉ ̄̅˹̒˼ ˹̅˾̃̅˽̄̅̈̉˿ ˻̖̂ ̈˸̅̇́˿ ̊˺̂˼-
̇̅˻̄̒̌ ̄˷̄̅̈̉̇̊́̉̊̇. 
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̆̇̅˿˾˹̅˻̈̉˹˼ ́̅̃̆̅˾˿̉̄̒̌ ̃˷̉˼̇˿˷̂̅˹. ˛̅-

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

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

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

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

̄˿˼ ˚ˤ˦ ̋˼̄̅̂̅̋̅̇̃˷̂̓˻˼˺˿˻̄̅̀ ̈̃̅̂̅̀ 

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

˺̅ ˾̅̂̓–˺˼̂̓ ̆˼̇˼̌̅˻̊. ˘̂˷˺̅˻˷̖̇ ˻˷̄̄̅̃̊ 

̔̋̋˼́̉̊ ̖̆̅˹̖̖̂̉̈̕ ̄̅˹̒˼ ˹̅˾̃̅˽̄̅̈̉˿ ˻̖̂ 

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

(̄˷̆̇˿̃˼̇, «˚ˤ˦ – ̄˷̄̅̉̇̊˸́˿ – ˫˫˨» ˿̂˿ 

«˻˿̅́̈˿˻ ̉˿̉˷̄˷ – ˚ˤ˦ – ̄˷̄̅̉̇̊˸́˿»). 

˧˷˸̅̉˷ ˹̒̆̅̂̄˼̄˷ ̆̇˿ ̋˿̄˷̄̈̅˹̅̀ ̆̅˻˻˼̇˽́˼ 
˧˫˫˟ ˹ ̇˷̃́˷̌ ̄˷̊̎̄̅˺  ̅̆̇̅˼́̉˷ №18-53-00032 ˘˼̂_˷ 
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