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СИНТЕЗ ПОРОШКОВОГО ГИБРИДНОГО МАТЕРИАЛА СОСТАВА ДНА-МУНТ 
И ЕГО УСТОЙЧИВЫХ ВОДНЫХ НАНОЖИДКОСТЕЙ 

˦̅ ˹̈˼̃̊ ̃˿̇̊ ˷́̉˿˹̄̅ ̈˿̄̉˼˾˿̇̊̉̕ ˿ ˿̈̈̂˼˻̊̉̕ ˺˿˸̇˿˻̄̒˼ ̊˺̂˼̇̅˻̄̒˼ ̄˷̄̅̃˷̉˼̇˿˷̂̒ ̄˷ ˸˷˾˼ ̊˺-
̂˼̇̅˻̄̒̌ ̄˷̄̅̉̇̊˸̅́ (˪ˤ˩) ˿ ˻˼̉̅̄˷̍˿̅̄̄̒̌ ̄˷̄̅˷̂̃˷˾̅˹ (˛ˤА). ˣ̅̉˿˹˷̍˿˼̀ ̈̂̊˽˿̉ ˽˼̂˷̄˿˼ 
̈̅˹̃˼̈̉˿̉̓ ˹ ˺˿˸̇˿˻̄̅̃ ̃˷̉˼̇˿˷̂˼ ̂̊̎̏˿˼ ̈˹̅̀̈̉˹˷ ˛ˤА ˿ ˪ˤ˩. ˟̃˼̖ ̆̇˿̄̍˿̆˿˷̂̓̄̅ ̄̅˹̒˼ ̈˹̅̀-

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

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

̄̒̀ ̃̅̃˼̄̉ ˺˿˸̇˿˻̄̒̌ ̃˷̉˼̇˿˷̂̅˹ ̈̅̈̉˷˹˷ ˛ˤА-˪ˤ˩ ̆̇˼˻̈̉˷˹̖̂̉̕ ̈̅˸̅̀ ̆̂˼̄́˿, ̎̉̅ ̄˼ ̆̅˾˹̖̅̂˼̉ 
˿̈̆̅̂̓˾̅˹˷̉̓ ˿̌ ˹̅ ̃̄̅˽˼̈̉˹˼ ̆˼̇̈̆˼́̉˿˹̄̒̌ ̆̇˿̃˼̄˼̄˿̀, ̄˷̆̇˿̃˼̇ ˹ ́˷̎˼̈̉˹˼ ̄˷̆̅̂̄˿̉˼̂˼̀ ̆̇˿ 

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

˺˼̄̄̅˺̅ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷ ̈̅̈̉˷˹˷ ˛ˤА-˪ˤ˩ ˹ ˹˿˻˼ ̆̅̇̅̏́˷, ̆̇˿̎˼̃ ˪ˤ˩ ˹̒̇˷̐˼̄̒ ̄˷ ̆̅-

˹˼̇̌̄̅̈̉˿ ˛ˤА ̈ ̆̅̃̅̐̓̕ CVD ̃˼̉̅˻˷ (̌˿̃˿̎˼̈́̅˼ ̅̈˷˽˻˼̄˿˼ ˿˾ ˺˷˾̅˹̅̀ ̋˷˾̒). ˣ˷̈̈̅˹˷̖ ˻̖̅̂ 

˪ˤ˩ ̈̅̈̉˷˹˿̂˷ 32 ̃˷̈̈. %. ˘̒̂̅ ̊̈̉˷̄̅˹̂˼̄̅: ˪ˤ˩ ̇˷˹̄̅̃˼̇̄̅ ̆̅́̇̒˹˷̉̕ ̆̅˹˼̇̌̄̅̈̉̓ ˷˺̂̅̃˼-

̇˷̉̅˹ ˛ˤА, ̎̉̅ ̅́˷˾̒˹˷˼̉ ̈˿̂̓̄̅˼ ˹̂˿̖̄˿˼ ̄˷ ̈˹̅̀̈̉˹˷ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷. ˩˷́˽˼ ˸̒̂˷ ̆̅̂̊-
̎˼̄˷ ̊̈̉̅̀̎˿˹˷̖ ̅˸̇˷̉˿̃˷̖ ˹̅˻̄˷̖ ̈̊̈̆˼̄˾˿̖ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷ ̈̅ ̈̇˼˻̄˿̃ ̇˷˾̃˼̇̅̃ ̎˷̈̉˿̍ 50–

60 ̄̃. ˧˷˾̇˷˸̅̉˷̄̄˷̖ ̃˼̉̅˻˿́˷ ̈˿̄̉˼˾˷ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷ ̈̅̈̉˷˹˷ ˛ˤА–˪ˤ˩ ̆̅˾˹̅̂˿̉ ̇˷̈̏˿-

̇˿̉̓ ̅˸̂˷̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ̉˷́˿̌ ̃˷̉˼̇˿˷̂̅˹, ˷ ̉˷́˽˼ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅ ̅̍˼̄˿̉̓ ˿̌ ̔̋̋˼́̉˿˹̄̅̈̉̓. 

ǪȋȞȗȅвțȅ ȑȋȎва: ˺˿˸̇˿˻̄̒̀ ̃˷̉˼̇˿˷̂, ˻˼̉̅̄˷̍˿̅̄̄̒˼ ̄˷̄̅˷̂̃˷˾̒, ̊˺̂˼̇̅˻̄̒˼ ̄˷̄̅̉̇̊˸́˿, ̆̅̇̅-

̏̅́, ̄˷̄̅˽˿˻́̅̈̉˿. 
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SYNTHESIS OF HYBRID POWDER NANOMATERIAL CONSISTING  
OF DETONATION NANODIAMONDS/CARBON NANOTUBES  

AND ITS STABLE REVERSIBLE WATER NANOFLUIDS 

Researchers around the world are actively synthesizing and exploring hybrid carbon nanomaterials based 

on carbon nanotubes (CNT) and detonation nanodiamonds (DND). The motivation for study of such ma-

terials is the desire to combine the best properties of DND and CNT in a hybrid material. Modern industry 
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can use hybrid materials in various areas of modern industry: from microelectronics and biomedicine to 

additives in composite materials. However, most of the currently synthesized hybrid materials of the 

DND–CNT composition are films, which makes it impossible to use them in many promising applica-

tions, for example, as additives in composite materials. This work shows the possibility of synthesizing a 

homogeneous hybrid material of the DNA–CNT composition in the form of powder by growing the 

CNT on the surface of the DNA using the CVD (chemical vapor deposition) method. Mass fraction of 

CNT was 32 wt. %. It was found that CNTs evenly cover the surface of DND agglomerates. A stable, re-

versible, aqueous suspension of a hybrid material with an average particle size of 50-60 nm was also ob-

tained. The method of synthesis of the hybrid material with the DND–CNT composition, which we pro-

posed in this work, will make it possible to expand the possible applications of such materials, as well as 

experimentally evaluate their effectiveness. 

Keywords: hybrid materials, detonation nanodiamonds, carbon nanotubes, powder, nanofluids. 
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ВǤǧǦǧǯǪǧ 
˧˷˾˹˿̉˿˼ ̈̅˹̇˼̃˼̄̄̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿ 

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

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

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

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

̆̅˾˿̍˿̅̄̄̒̌ ̃˷̉˼̇˿˷̂̅˹ (Кˣ) [1]. ˨̅̎˼̉˷̖ ˹ 

Кˣ ̈˹̅̀̈̉˹˷ ˿̈̌̅˻̄̅̀ ̃˷̉̇˿̍̒ ˿ ̃̅˻˿̋˿̍˿-

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

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

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

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

̄˷̍˿̅̄̄̒˼ ̄˷̄̅˷̂̃˷˾̒ (˛ˤА) [2–4] ˿ ̊˺̂˼-
̇̅˻̄̒˼ ̄˷̄̅̉̇̊˸́˿ (˪ˤ˩) [5, 6].  

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

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

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

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

̈̉˹˷, ̎̉̅ ̅̉́̇̒˹˷˼̉ ̄̅˹̒˼ ̆˼̇̈̆˼́̉˿˹̒ ˿̈-
̆̅̂̓˾̅˹˷̄˿̖ Кˣ. ˛̖̂ ̈˿̄̉˼˾˷ ˺˿˸̇˿˻̄̒̌ ̃˷-
̉˼̇˿˷̂̅˹ ˷́̉˿˹̄̅ ̆̇˿̃˼̖̄̉̕ ̃˼̉̅˻̒ PECVD 

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

̋˷˾̒) [7] ˿ HFCVD (˺˷˾̅̋˷˾̄̅˼ ̌˿̃˿̎˼̈́̅˼ 
̅̈˷˽˻˼̄˿˼ ̈ ˷́̉˿˹˷̍˿˼̀ ˺̖̅̇̎˼̀ ̄˿̉̓̕) [8, 9], 

́̅̉̅̇̒˼ ̆̅˾˹̖̅̂̉̕ ̆̅̂̊̎˷̉̓ ˺̅̃̅˺˼̄̄̒˼ ˺˿-

˸̇˿˻̄̒˼ ̃˷̉˼̇˿˷̂̒ ̈̅̈̉˷˹˷ ˛ˤА-˪ˤ˩. ˥˻̄˷-

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

̈̉˷˹̖̂̉̕ ̈̅˸̅̀ ̆̂˼̄̅̎̄̒˼ ̈̉̇̊́̉̊̇̒, ̎̉̅ ˻˼-
̂˷˼̉ ̄˼˹̅˾̃̅˽̄̒̃ ˿̌ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ˹ ́˷̎˼-
̈̉˹˼ ̄˷̆̅̂̄˿̉˼̖̂ ̆̇˿ ̈̅˾˻˷̄˿˿ Кˣ ˹ ̋̅̇̃˼ 
̆̅̇̅̏́˷ ˿̂˿ ˹˾˹˼̈˼̀/̈̊̈̆˼̄˾˿̀.  

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

̃˷̉˼̇˿˷̂̅˹ ˛ˤА-˪ˤ˩ ́˷́ ˹ ̄˷̊̎̄̒̌, ̉˷́ ˿ ˹ 

̆̇̅̃̒̏̂˼̄̄̒̌ ̍˼̖̂̌ ̄˼̅˸̌̅˻˿̃̅ ̇˷˾̇˷˸̅̉˷̉̓ 

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

̄̅̈̉̓, ̎̉̅ ˿ ̖˹̖̂˼̖̉̈ ̍˼̂̓̕ ˻˷̄̄̅̀ ̇˷˸̅̉̒. 

ǎǧǴоǦǪǬǢ ǳǪǯǴǧǩǢ 

˛̖̂ ̈˿̄̉˼˾˷ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷ ̈̅̈̉˷˹˷ 
˛ˤА-˪ˤ˩ ̃̒ ˿̈̆̅̂̓˾̅˹˷̂˿ CVD ̃˼̉̅˻ ̆̅ ˷̄˷-
̂̅˺˿˿ ̈ ̇˷˸̅̉̅̀ [10], ˺˻˼ ̄˷ ̆̅˹˼̇̌̄̅̈̉˿ ̎˷̈̉˿̍ 

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

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

̉̒ ˛ˤА ̃˷̇́˿ «˩Аˤ» ̆̇̅˿˾˹̅˻̈̉˹˷ ˨К˩˘ 

«˩˼̌̄̅̂̅˺» (˨˷̄́̉-˦˼̉˼̇˸̊̇˺, ˧̅̈̈˿̖). ˤ˷ 
̆˼̇˹̅̀ ̈̉˷˻˿˿ ̄˷ ̆̅˹˼̇̌̄̅̈̉̓ ˛ˤА ˿˾ ˹̅˻̄̅̀ 

̋˷˾̒ ̅̈˷˽˻˷̖̂̈ ̄˿̉̇˷̉ ́̅˸˷̂̓̉˷ (˨̅(NO3)2) ˿ 

̈̊̏˿̖̂̈ ˹ ̈̊̏˿̂̓̄̅̃ ̏́˷̋̊ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˼ 
100 ˨. ˤ˷ ˹̉̅̇̅̀ ̈̉˷˻˿˿ ˛ˤА ̈ ̅̈˷˽˻˼̄̄̒̃ 

̄˿̉̇˷̉̅̃ ́̅˸˷̂̓̉˷ ̅̉˽˿˺˷̖̂̈ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˼ 
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400 ˨ ˹ ̉˼̎˼̄˿˼ 1 ̎˷̈˷, ˻̅˸˿˹˷̖̈̓ ̇˷˾̂̅˽˼̄˿̖ 

̄˿̉̇˷̉˷ ́̅˸˷̂̓̉˷ ˻̅ ̅́̈˿˻˷ ́̅˸˷̂̓̉˷ (˨̅˥). ˤ˷ 
̉̇˼̉̓˼̀ ̈̉˷˻˿˿ ̆̅̇̅̏̅́ ˛ˤА ̅̉˽˿˺˷̖̂̈ ˹ ˷̉-
̃̅̈̋˼̇˼ ˹̅˻̅̇̅˻˷ (ˤ2) ˹ ̉˼̎˼̄˿˼ 2 ̎˷̈̅˹ ̆̇˿ 

̉˼̃̆˼̇˷̉̊̇˼ 750 ˨ ̈ ̍˼̂̓̕ ˹̅̈̈̉˷̄̅˹̂˼̄˿̖ ̅́-

̈˿˻˷ ́̅˸˷̂̓̉˷ ˻̅ ̎˿̈̉̅˺̅ ́̅˸˷̂̓̉˷ (˨̅). К̅̄-

̍˼̄̉̇˷̍˿̖ ́̅˸˷̂̓̉˷ ̈̅̈̉˷˹˿̂˷ 0,02 ̃˷̈̈. %. ˤ˷ 
̆̅̈̂˼˻̄˼̀ ̈̉˷˻˿˿ ̄˷ ̆̅˹˼̖̇̌̄̅̈̉̌ ˛ˤА, ̆̅-

́̇̒̉̒̌ ́̅˸˷̂̓̉̅̃, ́̅̉̅̇̒̀ ˹̒̈̉̊̆˷̂ ˹ ́˷̎˼-
̈̉˹˼ ̃˼̉˷̂̂˷-́˷̉˷̂˿˾˷̉̅̇˷, ˹̒̇˷̐˿˹˷̂˿̈̓ ˪ˤ˩ 

̃˼̉̅˻̅̃ CVD. В ́˷̎˼̈̉˹˼ ˿̈̉̅̎̄˿́˷ ̊˺̂˼̇̅˻˷ 
˿̈̆̅̂̓˾̅˹˷̖̂̈ ˷̍˼̉˿̂˼̄. К̅̄̍˼̄̉̇˷̍˿̖ ˪ˤ˩ 

˹ ˺˿˸̇˿˻̄̅̃ ̃˷̉˼̇˿˷̂˼ ̈̅̈̉˷˹˿̂˷ 32 ̃˷̈̈. %. 

ǎǧǴоǦǽ ǪǳǳǭǧǦоǤǢǯǪȁ 

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

˻˿̂̅̈̓ ̄˷ ̈́˷̄˿̇̊̐̕˼̃ ̔̂˼́̉̇̅̄̄̅̃ ̃˿́̇̅-

̈́̅̆˼ (˨˴ˣ) Supra55VP-3259 (Zeiss, ˚˼̇̃˷-
̄˿̖) ˿ ̆̇̅̈˹˼̎˿˹˷̐̕˼̃ ̔̂˼́̉̇̅̄̄̅̃ ̃˿́̇̅-

̈́̅̆˼ (˦˴ˣ) Osiris (FEI, ˨˯А). ˧˼̄̉˺˼̄̅-

̈̉̇̊́̉̊̇̄̒˼ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̇̅˹̅˻˿̂˿̈̓ ̄˷ 
̆̇˿˸̅̇˼ XRD-7000 (Shimadzu, ˶̆̅̄˿̖) CuKʗ 

( = 0,154051 ̄̃). ˧˷̃˷̄̅˹̈́˿˼ ˿̈̈̂˼˻̅˹˷̄˿̖ 

̆̇̅˹̅˻˿̂˿̈̓ ̄˷ ̆̇˿˸̅̇˼ Horiba Yobin Yvon 

LabRam HR 800 (̂˷˾˼̇ 532 ̄̃) (HORIBA 

Scientific, ˶̆̅̄˿̖). ˟˾̃˼̇˼̄˿˼ ̇˷˾̃˼̇˷ ̎˷̈̉˿̍ 

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

̈˹˼̉˷ (DLS) ̄˷ ̆̇˿˸̅̇˼ ZetaSizer Nano ZS 

Malvern (˨˯А) ˿ ̃˼̉̅˻̅̃ ̂˷˾˼̇̄̅̀ ˻˿̋̇˷́-

̍˿˿ ̄˷ ̆̇˿˸̅̇˼ MasterSizer 2000 (˨˯А). ˟˾-
̃˼̇˼̄˿˼ ̔̂˼́̉̇̅̆̇̅˹̅˻̄̅̈̉˿ ˿ ˻˾˼̉˷-̆̅̉˼̄-

̍˿˷̂˷ ̆̇̅˹̅˻˿̂˿ ̃˼̉̅˻̅̃ DLS ̄˷ ̆̇˿˸̅̇˼ 
ZetaSizer Nano ZS Malvern (˨˯А).  

ǒǧǩǵǭǾǴǢǴǽ Ǫ обǳǵǨǦǧǯǪǧ 

˨˿̄̉˼˾˿̇̅˹˷̄̄̒̀ ̃˷̉˼̇˿˷̂ ̆̇˼˻̈̉˷˹̖̂̂ 

̈̅˸̅̀ ˹̒̈̅́̅˻˿̈̆˼̇̈̄̒̀ ̆̅̇̅̏̅́ ̎˼̇̄̅˺̅ 

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

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

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

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

̊̈̉̅̀̎˿˹̒̌ ˷˺̂̅̃˼̇˷̉̅˹ ˛ˤА ̈̅ ̈̇˼˻̄˿̃ ̇˷˾-
̃˼̇̅̃ 10–100 ̄̃, ˿˾ ́̅̉̅̇̒̌ ˿ ̖̈̅̈̉̅̉ ˷˺̇˼˺˷-
̉̒. ˧˷˹̄̅̃˼̇̄̅̈̉̓ ˽˼ ̇˷̈̆̇˼˻˼̂˼̄˿̖ ˪ˤ˩ ̆̅ 

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

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

́˷, ́˷́ ̆̅́˷˾˷̄̅ ˹ [11]. 

ˤ˷ ̇˿̈. 1 ̆̇˼˻̈̉˷˹̂˼̄̒ ̃˿́̇̅̋̅̉̅˺̇˷̋˿˿ 

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

а) ȁ)

 
 

˧˿̈. 1. ˟˾̅˸̇˷˽˼̄˿̖ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷ ̈̅̈̉˷˹˷ ˛ˤА-˪ˤ˩: a – ˨˴ˣ ˿˾̅˸̇˷˽˼̄˿˼ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷; 
̂˿̄˼̀̄˷̖ ̏́˷̂˷ ̇˷˹̄˷ 2 ̃́̃; ȁ – ˦˴ˣ ˿˾̅˸̇˷˽˼̄˿˼ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷; ̂˿̄˼̀̄˷̖ ̏́˷̂˷ ̇˷˹̄˷ 10 ̄̃ 

Fig. 1. Images of the hybrid material of the composition of the DNA-CNT: a – SEM image of the hybrid material; 

linear scale equal to 2 microns; ȁ – TEM image of the hybrid material, the linear scale is 10 nm 
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20, degree Raman shift, cm–1

 

Иɧɬɟɧɫɢɜɧɨɫɬɶ, ɨ.ɟ.

 
 

˧˿̈. 2. ˧˼˾̊̂̓̉˷̉̒ ̇˼̄̉˺˼̄̅̈̉̇̊́̉̊̇̄̅˺̅ ˷̄˷̂˿˾˷ (a) ˿ ̈̆˼́̉̇̅̈́̅̆˿˿ ́̅̃˸˿̄˷̍˿̅̄̄̅˺̅ ˷̄˷̂˿˾˷ (ȁ) FDND 

Fig. 2. Results of X-ray (a) and Raman (ȁ) studies of FDND  
 

ˤ˷ ̇˿̈. 1, a ̆̇˼˻̈̉˷˹̂˼̄̅ ˨˴ˣ ˿˾̅˸̇˷˽˼-
̄˿˼ ˺˿˸̇˿˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷. В˿˻̄̅, ̎̉̅ ˪ˤ˩ 

̇˷˹̄̅̃˼̇̄̅ ̆̅́̇̒˹˷̉̕ ˷˺̂̅̃˼̇˷̉̒ ˛ˤА, 

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

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

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

̂̅ 10 ̃́̃. ˤ˷ ̇˿̈. 1, ȁ ̆̇˼˻̈̉˷˹̂˼̄̅ ˦˴ˣ 

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

˷˺̂̅̃˼̇˷̉ ˛ˤА, ̖̈̅̈̉̅̐˿̀ ˿˾ ̎˷̈̉˿̍ ˛ˤА 

̇˷˾̃˼̇̅̃ 4–8 ̄̃, ́ ̆̅˹˼̇̌̄̅̈̉˿ ́̅̉̅̇̅˺̅ 

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

˪ˤ˩. ˦̅˻̅˸̄̒˼ ̃̄̅˺̅̈̉˼̄̄̒˼ ˪ˤ˩ ̄˷˸̂̕˻˷-
̂˿̈̓ ˹ ˿̈̈̂˼˻̅˹˷̄˿˿ [12]. ˩˷́˽˼ ̄˷ ̇˿̈. 1, ȁ 

˸˼̂̒̃˿ ̈̉̇˼̂́˷̃˿ ̅˸̅˾̄˷̎˼̄˷ ˪ˤ˩, ̅̈̓ ́̅̉̅-

̇̅̀ ̄˷̆̇˷˹̂˼̄˷ ̆˷̇˷̂̂˼̂̓̄̅ ̔̂˼́̉̇̅̄̄̅̃̊ 

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

̅˸̇˷˾̅̃, ̇˿̈. 1 ̆̅́˷˾̒˹˷˼̉, ̎̉̅ ˪ˤ˩ ̆̅̂̄̅-

̈̉̓̕ ̆̅́̇̒˹˷̉̕ ̆̅˹˼̇̌̄̅̈̉̓ ˛ˤА. В ˻˷̂̓-

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

˻˼̉ ̅˸̅˾̄˷̎˷̖̉̓̈ ́˷́ FDND. 

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

̆̅ ̃˼̉̅˻̊ ˘˴˩ ̆̅́˷˾˷̂̅, ̎̉̅ ̊ ˿̈̈̂˼˻̊˼̃̅˺̅ 

̅˸̇˷˾̍˷ ̅̄˷ ̈̅̈̉˷˹̖̂˼̉ 225 ̃2/˺. ˦̅̂̊̎˼̄̄̅˼ 
˾̄˷̎˼̄˿˼ ̌̅̇̅̏̅ ̈̅˺̂˷̈̊˼̖̉̈ ̈ ̅̉̄̅̈˿̉˼̂̓̄̅ 

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

̌˷̇˷́̉˼̇̄̒̃ ˻̖̂ ̃̄̅˺̅̈̉˼̄̄̒̌ ˪ˤ˩. В [13], 

̄˷̆̇˿̃˼̇, ˸̒̂̅ ˿̈̈̂˼˻̅˹˷̄̅ 10 ̅˸̇˷˾̍̅˹ ̃̄̅-

˺̅̈̉˼̄̄̒̌ ˪ˤ˩ ˿ ̆̅́˷˾˷̄̅, ̎̉̅ ̊ ˸̅̂̓̏˿̄̈̉˹˷ 

˿˾ ̄˿̌ ̊˻˼̂̓̄˷̖ ̆̂̅̐˷˻̓ ̆̅˹˼̇̌̄̅̈̉˿ ̄˼ ̆̇˼-
˹̒̏˷˼̉ 200 ̃2/˺. ˩˷́˿˼ ̄˿˾́˿˼ ˾̄˷̎˼̄˿̖ ̊˻˼̂̓-
̄̅̀ ̆̅˹˼̇̌̄̅̈̉˿ ̃̄̅˺̅̈̉˼̄̄̒̌ ˪ˤ˩ ̅˸̊̈̂̅˹-

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

̅̉ ́̅̂˿̎˼̈̉˹˷ ̈̂̅˼˹ ˪ˤ˩. В ̇˷˸̅̉˼ [14] ̆̅́˷˾˷-
̄̅, ̎̉̅ ˪ˤ˩, ̖̈̅̈̉̅̐˿˼ ˿˾ 15 ˿ ˸̅̂˼˼ ̈̂̅˼˹, 

˿̃˼̉̕ ̊˻˼̂̓̄̊̕ ̆̅˹˼̇̌̄̅̈̉̓ ̃˼̄˼˼ 150 ̃2/˺.  
˥˸̑ё̃ ̆̅̇ ˹ ̅˸̇˷˾̍˼ FDND ˹ ˾˷˹˿̈˿̃̅̈̉˿ 

̅̉ ˿̌ ̇˷˾̃˼̇˷ ̅́˷˾˷̖̂̈ ̈̂˼˻̊̐̕˿̃: 
 

 ǲȈȏ ȏȎȐ (ȐаȇȌȅȐ ȏȎȐ) ОȁȚȅȌ в ȏȎȐаȕ, ȑȌ3/ȃ 
ˣ˿́̇̅̆̅̇̒ (̃˼̄˼˼ 2 ̄̃) ................. 0,01393 

ˣ˼˾̅̆̅̇̒ (2–50 ̄̃) ........................ 0,44737 

ˣ˷́̇̅̆̅̇̒ (˸̅̂˼˼ 50 ̄̃) ................ 0,20358 

˟̉̅˺̅................................................. 0,66488 
 

˚˿˸̇˿˻̄̒̀ ̃˷̉˼̇˿˷̂ ˸̒̂ ˿̈̈̂˼˻̅˹˷̄ ̃˼-
̉̅˻˷̃˿ ̇˼̄̉˺˼̄̅̈̉̇̊́̉̊̇̄̅˺̅ ˷̄˷̂˿˾˷ (X-

RAY) ˿ ̈̆˼́̉̇̅̈́̅̆˿˿ ́̅̃˸˿̄˷̍˿̅̄̄̅˺̅ ˷̄˷-
̂˿˾˷ (Raman).  

ˤ˷ ̇˿̈. 2, a ̎˼̉́̅ ˹˿˻̄̒ ̉̇˿ ̆˿́˷, ̈̅̅̉˹˼̉-
̈̉˹̊̐̕˿̌ ˷̂̃˷˾̊, ̎̉̅ ̈˹˿˻˼̉˼̂̓̈̉˹̊˼̉ ̅ ̄˷̂˿-

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

́˷̎˼̈̉˹˷ ̈˿̄̉˼˾˿̇̅˹˷̄̄̒̌ ̃̄̅˺̅̈̉˼̄̄̒̌ ˪ˤ˩ 

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

̅˸̇˷˾̍̅˹ FDND. ˤ˷ ̇˿̈. 2, ȁ ̆̇˼˻̈̉˷˹̂˼̄ ̉˿-

̆˿̎̄̒̀ ̇˷̃˷̄̅˹̈́˿̀ ̈̆˼́̉̇ ̆̅̂̊̎˼̄̄̒̌ ̅˸-

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

˹ [15] ̃̄̅˺̅̈̉˼̄̄̒̌ ˪ˤ˩. ˨̅̅̉̄̅̏˼̄˿˼ 
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˧˿̈. 3. В̅˻̄̒˼ ̈̊̈̆˼̄˾˿˿ FDND: a – ̇˼˾̊̂̓̉˷̉̒ ˿̈̈̂˼˻̅˹˷̄˿̖ ̊̈̉̅̀̎˿˹̅̈̉˿ ̈̊̈̆˼̄˾˿˿ ˿̈̌̅˻̄̅˺̅ ˛ˤА (1) 

˿ FDND (2) ̈̇˷˾̊ ̆̅̈̂˼ ˪˞ ̅˸̇˷˸̅̉́˿ ˿ ̆̅̈̂˼ 72 ̎˷̈̅˹ ̅̉̈̉˷˿˹˷̄˿̖; ȁ – ̇˼˾̊̂̓̉˷̉̒ ˿̈̈̂˼˻̅˹˷̄˿̖ ̇˷˾̃˼̇̅˹ 

̎˷̈̉˿̍ ˹̅˻̄̅̀ ̈̊̈̆˼̄˾˿˿ FDND 

Fig. 3. Water suspensions of FDND: a – results of a study of the stability of the suspension of the initial DND (1) 

and FDND (2) immediately after the ultrasonic treatment and after 72 hours of settling; ȁ – the results  

of the study of the particle size of an water suspension of FDND 

 
̆˿́̅˹ D ˿ G ̈̅̈̉˷˹̖̂˼̉ ̆̇˿̃˼̇̄̅ 1:1. В ̇˷˸̅-

̉˼ [16] ˸̒̂̅ ̆̅́˷˾˷̄̅, ̎̉̅ ̆̅˻̅˸̄̅˼ ̈̅̅̉̄̅-

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

̈̉˼̄̄̒̌ ˪ˤ˩, ˹̒̇˷̐˼̄̄̒̌ ̃˼̉̅˻˷̃˿ CVD ˿ 

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

̈̉˹˼ ̈̉̇̊́̉̊̇̄̒̌ ˻˼̋˼́̉̅˹ ˹ ̉˷́˿̌ ̃̄̅˺̅-

̈̉˼̄̄̒̌ ˪ˤ˩. 

˟˾ ̆̅̂̊̎˼̄̄̅˺̅ ̆̅̇̅̏́˷ ˸̒̂˷ ̆̇˿˺̅̉̅˹-

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

(˪˞) ̅˸̂̊̎˼̄˿̖. К̅̄̍˼̄̉̇˷̍˿̖ FDND ˹ ̈̊̈-
̆˼̄˾˿˿ ̈̅̈̉˷˹˿̂˷ 1 ̃˷̈̈. %. ˤ˷ ̇˿̈. 3 ̆̇˼˻-

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

̈̉˿ ˹̅˻̄̅̀ ̈̊̈̆˼̄˾˿˿ FDND ˿ ̅̆̇˼˻˼̂˼̄˿˼ 
̇˷˾̃˼̇˷ ̎˷̈̉˿̍ ̃˼̉̅˻̅̃ DLS.  

˟˾ ̇˿̈. 3, а, 2 ˹˿˻̄̅, ̎̉̅, ˹ ̅̉̂˿̎˿˼ ̅̉ ˿̈-

̌̅˻̄̅˺̅ ˛ˤА (̇˿̈. 3, а 1), ̆̅̇̅̏̅́ FDND 

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

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

̈̊̈̆˼̄˾˿˿ DND ̄˼ ̄˷˸̂̕˻˷̂˿̈̓ ˻˷˽˼ ̆̅̈̂˼ 
̅̉̈̉˷˿˹˷̄˿̖ ˹ ̉˼̎˼̄˿˼ 20 ˻̄˼̀. ˴̉̅̉ ̋˷́̉ ̖˹-

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

̌˷̇˷́̉˼̇ ˪ˤ˩. ˩˷́˷̖ ̊̈̉̅̀̎˿˹̅̈̉̓ ̃̅˽˼̉ 
˸̒̉̓ ̅˸̖̑̈̄˼̄˷ ̉˼̃, ̎̉̅ ˹̅ ˹̇˼̖̃ ̉˼̌̄̅̂̅˺˿-

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

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

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

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

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

˺˿˻̇̅̋̅˸̄̒̌ ̃̄̅˺̅̈̉˼̄̄̒̌ ˪ˤ˩ ̄˷ ̆̅˹˼̇̌-

̄̅̈̉˿ ˛ˤА. В̅˾̃̅˽̄̅̈̉̓ ̈̉˷˸˿̂˿˾˷̍˿˿ ̈̊̈-

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

̄̅̈̉˿ ˸̒̂˷ ̆̅́˷˾˷̄˷ ˹ [17]. ˥̉̈̊̉̈̉˹˿˼ ̅̈˷˻́˷ 

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

̄̒˼ ˪ˤ˩ ̆̇̅̎̄̅ ̈˹̖˾˷̄̒ ̈ ̆̅˹˼̇̌̄̅̈̉̓̕ 

˛ˤА ˿ ̄˼ ̅̉̇̒˹˷̖̉̈̕ ̆̅˻ ˹̅˾˻˼̀̈̉˹˿˼̃ ˪˞ 

̅˸̂̊̎˼̄˿̖.  

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

̃̅ ̆̅̂̊̎˷̉̓ ̊̈̉̅̀̎˿˹̊̕ ˹̅˻̄̊̕ ̈̊̈̆˼̄˾˿̕ 

FDND ̆̊̉˼̃ ̂˼˺́̅̀ ˪˞ ̅˸̇˷˸̅̉́˿. ˦̇˿ ˹̅˾-
˻˼̀̈̉˹˿˿ ˪˞ ̅˸̂̊̎˼̄˿̖ ˷˺̇˼˺˷̉̒ FDND ̃˿́-

̇̅̄̄̒̌ ̇˷˾̃˼̇̅˹, ˿̃˼̐̕˿˼̖̈ ˹ ̈̊̌̅̃ ̆̅̇̅̏-

́˼ (̈̃. ̇˿̈. 1), ˻˼˾˷˺̇˼˺˿̇̊̉̕ ˻̅ ̊̈̉̅̀̎˿˹̒̌ ˹ 

˹̅˻˼ ̎˷̈̉˿̍ ̇˷˾̃˼̇̅̃ 50–60 ̄̃, ̎̉̅ ̆̅́˷˾˷̄̅ 

̄˷ ̇˿̈. 3, ȁ. 

ǉǢǬǭȀǹǧǯǪǧ 

˧˷˾̇˷˸̅̉˷̄˷ ̃˼̉̅˻˿́˷ ̈˿̄̉˼˾˷ ˺˿˸̇˿˻̄̅˺̅ 

̃˷̉˼̇˿˷̂˷ ̈̅̈̉˷˹˷ ˛ˤА-˪ˤ˩, ̅̈̄̅˹˷̄̄˷̖ ̄˷ 
˹̒̇˷̐˿˹˷̄˿˿ ˪ˤ˩ ̄˷ ̆̅˹˼̇̌̄̅̈̉˿ ˷˺̂̅̃˼̇˷-
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̉̅˹ ˛ˤА ̃˼̉̅˻̅̃ CVD. ˛˷̄̄˷̖ ̃˼̉̅˻˿́˷ ̆̅˾-
˹̖̅̂˼̉ ̈˿̄̉˼˾˿̇̅˹˷̉̓ ˺̅̃̅˺˼̄̄̒̀ ˺˿˸̇˿˻̄̒̀ 

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

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

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

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

̇˼̄˿̖ ˿̌ ˹ ̆̇̅̃̒̏̂˼̄̄̅̈̉̓. 

˧˷˸̅̉˷ ˹̒̆̅̂̄˼̄˷ ˹ ̇˷̃́˷̌ ˺̅̈̊˻˷̇̈̉˹˼̄̄̒̌ 

̉˼̃˷̉˿̎˼̈́˿̌ ˿̈̈̂˼˻̅˹˷̄˿̀ ˫˩˟ ˿̃. А. ˫. ˟̅̋̋˼ 
̆̅ ̉˼̃˼ № 0040-2014-0013 «˫˿˾˿́̅-̌˿̃˿̎˼̈́˿˼ 
̅̈̄̅˹̒ ̉˼̌̄̅̂̅˺˿˿ ̄̅˹̒̌ ̋̊̄́̍˿̅̄˷̂̓̄̒̌ ̃˷̉˼-
̇˿˷̂̅˹ ̄˷ ̅̈̄̅˹˼ ̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̈̉̇̊́̉̊̇». 
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