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ИССЛЕДОВАНИЕ СВОЙСТВ ПОЛИЭТИЛЕНОВЫХ КОМПОЗИТОВ  
НА ОСНОВЕ ФУНКЦИОНАЛИЗИРОВАННЫХ УГЛЕРОДНЫХ НАНОТРУБОК 

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

̄̒̌ ̄˷̄̅̉̇̊˸̅́ (˪ˤ˩) ˻̖̂ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ ̉˼̇̃̅̈̉̅̀́̅˺̅ ̆̅̂˿̔̉˿̂˼̄˷ PE-RT. ˛̖̂ ̔̉̅˺̅ ˸̒̂˿ 

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

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

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

̄˿˼ ̊˺̂˼̇̅˻̄̒̌ ̄˷̆̅̂̄˿̉˼̂˼̀ (0,01–1,5 ̃˷̈̈. %) ̄˷ ˹˼̂˿̎˿̄̒ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̉˼̆̂̅- ˿ ̉˼̃̆˼̇˷̉̊-
̇̅̆̇̅˹̅˻̄̅̈̉˿. ˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ̊̂̊̎̏˼̄˿˼ ̋˿˾˿́̅-̃˼̌˷̄˿̎˼̈́˿̌ ̆̅́˷˾˷̉˼̂˼̀ ́̅̃̆̅˾˿̉̅˹ ̄˷˸̂̕-

˻˷˼̖̉̈ ̆̇˿ ́̅̄̍˼̄̉̇˷̍˿̖̌ ˿̈̌̅˻̄̒̌ ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩, ̇˷˹̄̒̌ ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ 1–1,5 

˿ 0,01–0,1 ̃˷̈̈. %. ˦̇˿̃˼̄˼̄˿˼ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ̈̉˼˷̇˷̉̅̃ ̉˿̉˷̄˷ ˪ˤ˩ ̆̅˾˹̖̅̂˼̉ ̊˹˼̂˿-

̎˿̉̓ ̉˹˼̇˻̅̈̉̓ ̆̅ ˯̅̇̊ ̄˷ 7 ˼˻˿̄˿̍, ̊̈̉̅̀̎˿˹̅̈̉̓ ́ ˹˼̈̅˹̅̃̊ ˿˾̄̅̈̊ – ̄˷ 54 %, ̆̇̅̎̄̅̈̉̄̒˼ ̌˷̇˷́-

̉˼̇˿̈̉˿́˿ – ̄˷ 8–12 %, ˷ ̉˷́˽˼ ̈̄˿˾˿̉̓ ̈̊̉̅̎̄̅˼ ˹̂˷˺̅̆̅˺̂̅̐˼̄˿˼ ˻̅ ̖̄̊̂. ˩˷́˿̃ ̅˸̇˷˾̅̃, ˻˷̄̄̒̀ 

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

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

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

̃˼̌˷̄˿̎˼̈́˿˼ ̈˹̅̀̈̉˹˷, ̈̉˼˷̇˷̉-̉˿̉˷̄˷̉̄̒˼ ˺̇̊̆̆̒. 
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STUDY OF PROPERTIES OF POLYETHYLENE COMPOSITES  
BASED ON FUNCTIONALIZED CARBON NANOTUBES 

The efficiency of using additives of carbon nanotubes (CNTs) functionalized by titanium stearate for modification 

of heat-resistant polyethylene PE-RT is shown. For this purpose, we have determined strength characteristics, 

Shore hardness, thermal stability, thermal conductivity and thermal diffusivity of PE–RT composites with tech-

nical carbon, raw and functionalized nanotubes at different concentrations of modifiers. The influence of carbon 

fillers (0.01–1.5 mass. %) on the values of thermal conductivity coefficients and thermal diffusivity is weak. Physi-

cal and mechanical properties of composites have been observed to improve at the concentrations of raw and 

functionalized CNTs equal to 1–1.5 and 0.01–0.1 mass. % respectively. Application of CNTs functionalized by 

titanium stearate allows to increase Shore hardness by 7 units, resistance to weight wear by 54%, strength charac-

teristics by 8–12 %, as well as to reduce daily moisture absorption to zero. Thus, this method of functionalization 

reduces the consumption rate of CNTs by an order of magnitude and more with a stable positive effect on the 

properties of polyethylene composites. 
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stearate-titanate groups. 
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ВǤǧǦǧǯǪǧ 

К̅˹˷̂˼̄̉̄˷̖ ˿ ̄˼́̅˹˷̂˼̄̉̄˷̖ ̋̊̄́̍˿̅̄˷-
̂˿˾˷̍˿˿ ̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̉̇̊˸̅́ (˪ˤ˩) – ̅˻˿̄ 

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

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

̉˼̖̂̌ [1–3]. ˤ˷̆̇˿̃˼̇, ˻̖̂ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ 

̔̆̅́̈˿˻̄̒̌ ̈˹̖˾̊̐̕˿̌ ̊̈̆˼̏̄̅ ˿̈̆̅̂̓˾̊̉̕-
̖̈ ˪ˤ˩ ̈ ́˿̈̂̅̇̅˻̈̅˻˼̇˽˷̐˿̃˿ [4, 5] ˿ ˷˾̅̉-
̈̅˻˼̇˽˷̐˿̃˿ [6, 7] ˺̇̊̆̆˷̃˿. ˛̖̂ ˿̈̆̅̂̓˾̅-

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

̔̉˿̂˼̄˷ (˦˴) ̆̅˻̌̅˻̖̉ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄-

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

̄̒̃ ̃˷̉̇˿̍˷̃. В ̎˷̈̉̄̅̈̉˿, ̔̋̋˼́̉˿˹̄̒̃˿ 

̃̅˻˿̋˿́˷̉̅̇˷̃˿ ˦˴ ̖˹̖̖̂̉̈̕ ˷̂́˿̂˿̇̅˹˷̄-

̄̒˼ [8], ̋̉̅̇˿̇̅˹˷̄̄̒˼ [9] ˿ ̈˿̂˷̄˿˾˿̇̅˹˷̄-

̄̒˼ [10] ˪ˤ˩. ˥˻̄˷́̅ ̇˼˷̂˿˾˷̍˿̖ ̆̇˼˻̈̉˷˹-

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

˿/˿̂˿ ̉̅́̈˿̎̄̒̌ ̇˼˺˼̄̉̅˹. ˘̅̂˼˼ ̔́̅̂̅˺˿̎-

̄̒̃ ˿ ̔́̅̄̅̃˿̎̄̒̃ ̖˹̖̂˼̖̉̈ ̅̆˿̈˷̄̄̒̀ ˹ 

[11–13] ̈̆̅̈̅˸ ̋̊̄́̍˿̅̄˷̂˿˾˷̍˿˿ ̈̉˼˷̇˷̉̅̃ 

̉˿̉˷̄˷, ̈̆̅̈̅˸̈̉˹̊̐̕˿̀ ̆̅̂̊̎˼̄˿̕ ̅̂˼̅-

̋˿̂̓̄̒̌ ˪ˤ˩.  

ǘǧǭǾȀ ǯǢǳǴоȁǻǧǫ ǲǢбоǴǽ ˸̒̂̅ ˿̈̈̂˼˻̅˹˷-

̄˿˼ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̆̇˿̃˼̄˼̄˿̖ ˻̅˸˷˹̅́ 

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

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

̆̅̂˿̔̉˿̂˼̄˷ PE-RT. ˛̖̂ ̔̉̅˺̅ ˸̒̂˿ ̅̆̇˼-

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

˻̅̈̉̓ ̆̅ ˯̅̇̊, ̉˼̇̃˿̎˼̈́˷̖ ̈̉˷˸˿̂̓̄̅̈̉̓, 

̉˼̆̂̅- ˿ ̉˼̃̆˼̇˷̉̊̇̅̆̇̅˹̅˻̄̅̈̉̓ ́̅̃̆̅˾˿-

̉̅˹ PE-RT ̈ ̉˼̌̄˿̎˼̈́˿̃ ̊˺̂˼̇̅˻̅̃, ˿̈̌̅˻-

̄̒̃˿ ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̃˿ ̄˷̄̅-

̉̇̊˸́˷̃˿ ̆̇˿ ̇˷˾̂˿̎̄̒̌ ́̅̄̍˼̄̉̇˷̍˿̖̌ ̃̅-

˻˿̋˿́˷̉̅̇̅˹.  

ǎǢǴǧǲǪǢǭǽ Ǫ мǧǴоǦǽ 

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

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

́˿ «˩˷̊̄˿̉-ˣ» ̆̇̅˿˾˹̅˻̈̉˹˷ ˥˥˥ «ˤ˷̄̅̉˼̌-
̍˼̄̉̇» (˧̅̈̈˿̖, ˺. ˩˷̃˸̅˹) ˻˿˷̃˼̉̇̅̃ 10–20 ̄̃, 

˻̂˿̄̅̀ ̄˼ ̃˼̄˼˼ 2 ̃́̃, ̆̅̂̊̎˼̄̄̒˼ CVD-

̃˼̉̅˻̅̃ ̄˷ ́˷̉˷̂˿˾˷̉̅̇˼ Co-Mo/Mg-Al. ˟̌ 

̋̊̄́̍˿̅̄˷̂˿˾˷̍˿̕ ̈̉˼˷̇˷̉-̉˿̉˷̄˷̉̄̒̃˿ 

˺̇̊̆̆˷̃˿ ̅̈̊̐˼̈̉˹̖̂̂˿ ̆̅ ̃˼̉̅˻˿́˼ [11]. ˛̖̂ 

̔̉̅˺̅ ̈̄˷̎˷̂˷ 10 ˺ ˪ˤ˩ ̆̅˻˹˼̇˺˷̂˿ ̅˸̇˷˸̅̉́˼ ˹ 

500 ̃̂ ́̅̄̍˼̄̉̇˿̇̅˹˷̄̄̅̀ ˷˾̅̉̄̅̀ ́˿̈̂̅̉̒ 

(́˹˷̂˿̋˿́˷̍˿˿ «̌̎») ̆̇˿ 110 ˨ ˹ ̉˼̎˼̄˿˼ 
5 ̎˷̈̅˹, ̆̅̈̂˼ ̎˼˺̅ ̆̇̅̃̒˹˷̂˿ ̄˷ ̋˿̂̓̉̇˼ ˻˿-

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

˦̇˿ ̔̉̅̃ ˸̒̂˷ ̆̅̂̊̎˼̄˷ 40 %-̄˷̖ (̃˷̈̈.) ˹̅˻-

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

˽˷̄˿˼̃ ˨˥˥ˤ-˺̇̊̆̆, ̇˷˹̄̒̃ (̆̅ ˻˷̄̄̒̃ 

̉˿̉̇˿̃˼̉̇˿˿) 0,6 ̃̃̅̂̓/˺. К ̄˼̀ ˸̒̂̅ ˻̅˸˷˹-

̂˼̄̅ 1,5 ˺ ̉̇˿̔̉˷̄̅̂˷̃˿̄˷ ˿ 200 ̃̂ ˻˿̈̉˿̂̂˿-

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

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

̈̊̈̆˼̄˾˿˿, ̅˸̇˷˸˷̉̒˹˷̂˿ ̊̂̓̉̇˷˾˹̊́̅̃ ̄˷ 
̊̈̉˷̄̅˹́˼ ˟ˢ-100 ˹ ̉˼̎˼̄˿˼ 0,5 ̎˷̈˷ ˿ ̅̌̂˷-
˽˻˷̂˿. ˞˷̉˼̃ ˹ ̄˼˼ ̆̇˿ ̆˼̇˼̃˼̏˿˹˷̄˿˿ ˸̒̂̅ 

˻̅˸˷˹̂˼̄̅ 100 ̃̂ ̇˷̈̉˹̅̇˷, ̈̅˻˼̇˽˷̐˼˺̅ 7 ˺ 
̉̇˿̔̉˷̄̅̂˷̃˿̄̉˿̉˷̄˷̉˷, ˿ 150 ̃̂ ̇˷̈̉˹̅̇˷, 
̈̅˻˼̇˽˷̐˼˺̅ 11 ˺ ̈̉˼˷̇˿̄̅˹̅̀ ́˿̈̂̅̉̒ ˿ 6,5 ˺ 
̉̇˿̔̉˷̄̅̂˷̃˿̄˷. ˦̅̂̊̎˼̄̄̊̕ ̈̃˼̈̓ ̆˼̇˼̃˼-
̏˿˹˷̂˿ ˹ ̉˼̎˼̄˿˼ 2 ̎˷̈̅˹. ˥˻̄̅˹̇˼̃˼̄̄̅ ˹ ̄˼˼ 
̆̇̅̆̊̈́˷̂˿ ̊˺̂˼́˿̈̂̒̀ ˺˷˾ ̈̅ ̈́̅̇̅̈̉̓̕ 

1 ̂/̃˿̄. ˦̅ ̅́̅̄̎˷̄˿˿ ̆̇̅̍˼̈̈˷ ̆̇̅˻̊́̉ 
̆̇˼˻̈̉˷˹̖̂̂ ̈̅˸̅̀ ̅̈˷˻̅́, ́̅̉̅̇̒̀ ̆̇̅̃̒˹˷-
̂˿ ̄˷ ̋˿̂̓̉̇˼ ˻˿̈̉˿̂̂˿̇̅˹˷̄̄̅̀ ˹̅˻̅̀ ˿ ˹̒-

̈̊̏˿˹˷̂˿ ˹ ˹˷́̊̊̃̄̅̃ ̈̊̏˿̂̓̄̅̃ ̏́˷̋̊ ̆̇˿ 

80 ˨ ˻̅ ̆̇˼́̇˷̐˼̄˿̖ ̆̅̉˼̇˿ ̃˷̈̈̒. В ̇˼˾̊̂̓-
̉˷̉˼ ˸̒̂̅ ̆̅̂̊̎˼̄̅ 22,2 ˺ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅-

˹˷̄̄̒̌ ˪ˤ˩, ˹ ́̅̉̅̇̒̌ ̃˷̈̈̅˹˷̖ ˻̖̅̂ ̈̉˼˷̇˷-

̉˷ ̉˿̉˷̄˷ ̈̅̈̉˷˹˿̂˷ ̅́̅̂̅ 55 %. 

˦˴ˣ-˿˾̅˸̇˷˽˼̄˿̖ (̆̅̂̊̎˼̄̄̒˼ ̄˷ ̆̇̅-

̈˹˼̎˿˹˷̐̕˼̃ ̔̂˼́̉̇̅̄̄̅̃ ̃˿́̇̅̈́̅̆˼ Jeol 

JEM 2100) ˿̈̌̅˻̄̒̌ ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄-

̄̒̌ ˪ˤ˩ ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈. 1. В ̆̅̈̂˼˻̄˼̃ 

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

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

̉˷̄˷ ̉̅̂̐˿̄̅̀ ˻̅ 2 ̄̃.  

˪̈˿̂˼̄˿˼ ̆˿́˷ D (̆̇˿ 1300 ̈̃–1) ̅̉̄̅̈˿-

̉˼̂̓̄̅ G (̆̇˿ 1500 ̈̃–1) ̄˷ ̈̆˼́̉̇˷̌ К˧ 

(̇˿̈. 2) ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩ ̆̅ 

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

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

˷̉̅̃˷̃˿ ̊˺̂˼̇̅˻˷ ˹ sp3-̖̈̅̈̉̅̄˿˿.  
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˧˿̈. 1. ˦˴ˣ-˿˾̅˸̇˷˽˼̄˿̖ ˿̈̌̅˻̄̒̌ (а) ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ̈̉˼˷̇˷̉̅̃ ̉˿̉˷̄˷ (ȁ) ˪ˤ˩ 

Fig. 1. TEM-images of the raw (a) and functionalized by titanium stearate (ȁ) SNTs 
 

 И̦те̦̭и̦̏о̭ть KP, cps 

ˁд̏и̐ Кˀ, ̭̥–1 

1

2

 
 

˧˿̈. 2. ˫̇˷˺̃˼̄̉ ̈̆˼́̉̇˷ К˧ (DXR Raman Microscope,  = 532 ̄̃)  

˿̈̌̅˻̄̒̌ (1) ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ̈̉˼˷̇˷̉̅̃ ̉˿̉˷̄˷ (2) ˪ˤ˩ 

Fig. 2. Fragment of the spectrum KP (DXR Raman Microscope,  = 532 nm)  

of the raw (1) and functionalized by titanium stearate (2) CNTs 
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˛̖̂ ̈̇˷˹̄˼̄˿̖ ˹ ́˷̎˼̈̉˹˼ ̄˷̆̅̂̄˿̉˼̖̂ ˿̈-
̆̅̂̓˾̅˹˷̄ ̉˼̌̄˿̎˼̈́˿̀ ̊˺̂˼̇̅˻ ˦-234. 

ˣ̅˻˿̋˿̍˿̇̅˹˷̄˿̕ ̆̅˻˹˼̇˺˷̖̂̈ ̉˼̇̃̅-

̈̉̅̀́˿̀ ̆̅̂˿̔̉˿̂˼̄ ̃˷̇́˿ PE-RT SP 988 

(LG Chem, ˵˽̄˷̖ К̅̇˼̖). К̅̄̍˼̄̉̇˷̍˿̖ 

̄˷̆̅̂̄˿̉˼̖̂ (˪ˤ˩, ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒˼ 
˪ˤ˩, ̉˼̌̄˿̎˼̈́˿̀ ̊˺̂˼̇̅˻) ̈̅̈̉˷˹̖̂̂˷ 0,01–

1,5 ̃˷̈̈. %. ˨̃˼̏˼̄˿˼ ̃̅˻˿̋˿̍˿̇̊̐̕˿̌ ˻̅-

˸˷˹̅́ ̈ ˺̇˷̄̊̂˿̇̅˹˷̄̄̒̃ ̆̅̂˿̔̉˿̂˼̄̅̃ 

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

̉˼̂˼ «˘̇˷˸˼̄˻˼̇». ˤ˼̅˸̌̅˻˿̃̒˼ ˻̖̂ ˿̈̈̂˼˻̅-

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

˻˷˹̂˼̄˿˼̃.  

˟̈̈̂˼˻̅˹˷̄˿̖ ̉˹˼̇˻̅̈̉˿ ́̅̃̆̅˾˿̉̅˹ ̆̅ 

˯̅̇̊ (̏́˷̂˷ ˛) ̆̇̅˹̅˻˿̂˿ ̄˷ ̆̇˿˸̅̇˼ ̃̅˻˼-
̂˿ ˟˩ 5069 ˪ˬˢ 4,2 (˚˥˨˩ 23677–79). ˦̇̅̎-

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

500 kg (Testometric, В˼̂˿́̅˸̇˿̉˷̄˿̖). ˦̅-

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

̖̂˼̉ 5 %. 

˟̈̈̂˼˻̅˹˷̄˿˼ ̉̇˿˸̅̉˼̌̄˿̎˼̈́˿̌ ̌˷̇˷́̉˼-
̇˿̈̉˿́ ̆̇̅˹̅˻˿̂˿ ̄˷ ̃˷̏˿̄˼ ̉̇˼̄˿̖ ̅̆̇˼˻˼-
̂˼̄˿˼̃ ˹˼̈̅˹̅˺̅ ˿˾̄̅̈˷ [15]. ˥˸̇˷˾̍̒ ̍˿̂˿̄-

˻̇˿̎˼̈́̅̀ ̋̅̇̃̒, ˻˿˷̃˼̉̇̅̃ 35 ̃̃, ˹̒̈̅̉̅̀ 

6,5 ̃̃ ˾˷́̇˼̖̆̂̂˿̈̓ ˹˿̄̉̅̃ ˹ ̍˼̄̉̇˼ ̄˷ ̈̉̅̂˼ 
̃˷̏˿̄̒ ̉̇˼̄˿̖. В ́˷̎˼̈̉˹˼ ́̅̄̉̇̉˼̂˷ ˿̈̆̅̂̓-

˾̅˹˷̂˷̈̓ ̈˼̉́˷ ˷˸̇˷˾˿˹̄˷̖ ˧150 (75–106 ̃́̃), 

˻˿˷̃˼̉̇ ̇˷˸̅̎˼̀ ˾̅̄̒ ́̅̄̉̇̉˼̂˷ ̈̅̈̉˷˹̖̂̂ 120 

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

̆̇̅˹˼˻˼̄˿̖ ̔́̈̆˼̇˿̃˼̄̉˷ ̈̅̈̉˷˹̖̂̂̅ 20 ̃˿-

̄̊̉, ̄˷˺̇̊˾́̊ ̄˷ ̅˸̇˷˾˼̍ ˾˷˻˷˹˷̂˿ ̊̈˿̂˿˼̃ 0,5 

́˺ ̈ ̆̂˼̎̅̃ 200 ̃̃ ̅̉ ̅̈˿ ̃˼̌˷̄˿˾̃˷ ̅̆̊̈́˷-
̄˿̖ ̆˷̉̇̅̄˷ ˿ ́̅̄̉̇̅̂˿̇̅˹˷̂˿ ̆̇̊˽˿̄̄̒̃˿ 

˹˼̈˷̃˿ ̄˷ ̖̆̇̅̉˽˼̄˿˿ ˹̈˼˺̅ ˹̇˼̃˼̄˿ ̔́̈̆˼-
̇˿̃˼̄̉˷. ˮ˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ́̅̄̉̇̉˼̂˷ ̈̅̈̉˷˹-

̖̂̂˷ 12,5 ̅˸/̃˿̄. 

˨̊̉̅̎̄̅˼ ˹̅˻̅̆̅˺̂̅̐˼̄˿˼ ́̅̃̆̅˾˿̉̅˹ 

̅̍˼̄˿˹˷̂˿ ̆̅ ˚˥˨˩ 4650–2014. 

˟̈̈̂˼˻̅˹˷̄˿˼ ̉˼̆̂̅- ˿ ̉˼̃̆˼̇˷̉̊̇̅̆̇̅-

˹̅˻̄̅̈̉˿ ̆̇̅˹̅˻˿̂˿ ̈ ̆̅̃̅̐̓̕ ˿̄̋̅̇̃˷̍˿-

̅̄̄̅-˿˾̃˼̇˿̉˼̂̓̄̅̀ ̈˿̈̉˼̃̒ ̉˼̆̂̅̋˿˾˿̎˼-
̈́˿̌ ̈˹̅̀̈̉˹ ̉˹˼̇˻̒̌ ̃˷̉˼̇˿˷̂̅˹ (˟˟˨ ˤК 

˩˫˨ˣ) [14], ́̅̉̅̇˷̖ ̆̇˼˻˹˷̇˿̉˼̂̓̄̅ ́˷̂˿˸-

̇̅˹˷̂˷̈̓ ̄˷ ̔̉˷̂̅̄̄̒̌ ̃˷̉˼̇˿˷̂˷̌ (̆̅̂˿̃˼-
̉˿̂̃˼̉˷́̇˿̂˷̉ ˿ ̇˿̆̅̇). ˭˿̂˿̄˻̇˿̎˼̈́˿̀ 

̅˸̇˷˾˼̍ ˻˿˷̃˼̉̇̅̃ 35 ̃̃ ̆̅̃˼̐˷̂˿ ̄˷ ̂˷˸̅-

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

̉˼̂̓̄̒̀ ˾̅̄˻. ˦̅̈̂˼ 10 ̃˿̄̊̉ ̉˼̇̃̅̈̉˷̉˿̇̅-

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

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

̖̂̂̅ 15 ̃˿̄̊̉.  
˩˼̇̃˿̎˼̈́̊̕ ̈̉˷˸˿̂̓̄̅̈̉̓ ́̅̃̆̅˾˿̉̅˹ 

̅̍˼̄˿˹˷̂˿ ̄˷ ̅̈̄̅˹˷̄˿˿ ˷̄˷̂˿˾˷ ˩˚/˛˨К-

́̇˿˹̒̌, ̆̅̂̊̎˼̄̄̒̌ ̄˷ ̆̇˿˸̅̇˼ ̈˿̄̌̇̅̄̄̅˺̅ 

̉˼̇̃˿̎˼̈́̅˺̅ ˷̄˷̂˿˾˷ STA 449 F3 Jupiter 

(Netzsch). В̅ ˹̇˼̖̃ ˿˾̃˼̇˼̄˿̀ ̆˼̎̓ ˾˷̖̆̅̂̄̂˿ 

˹̅˾˻̊̌̅̃ ̈ ̇˷̈̌̅˻̅̃ 30 ̃̂/̃˿̄. ˩˼̃̆˼̇˷̉̊̇-

̄˷̖ ̆̇̅˺̇˷̃̃˷ ˹́̂̎̕˷̂˷ ˹̒˻˼̇˽́̊ ̆̇˿ ̉˼̃̆˼-
̇˷̉̊̇˼ 30˨ ˹ ̉˼̎˼̄˿˼ 10 ̃˿̄̊̉, ̄˷˺̇˼˹ ̅̉ 30 ˻̅ 

900 ˨ ̈̅ ̈́̅̇̅̈̉̓̕ 10 ˨/̃˿̄ ˿ ̅̌̂˷˽˻˼̄˿˼ 
̅˸̇˷˾̍̅˹ ˻̅ ́̅̃̄˷̉̄̅̀ ̉˼̃̆˼̇˷̉̊̇̒ ̈̅ ̈́̅̇̅-

̈̉̓̕ 15 ˨/̃˿̄. 

ǟǬǳǱǧǲǪмǧǯǴǢǭǾǯоǧ ǪǳǳǭǧǦоǤǢǯǪǧ 

˧˼˾̊̂̓̉˷̉̒ ̃˼̌˷̄˿̎˼̈́˿̌ ˿̈̆̒̉˷̄˿̀ ̆̅-

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

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

̈́˿̀ ̊˺̂˼̇̅˻ ˦-234, ˿̈̌̅˻̄̒˼ ˿ ̋̊̄́̍˿̅̄˷-

̂˿˾˿̇̅˹˷̄̄̒˼ ˪ˤ˩) ̆̇˼˻̈̉˷˹̂˼̄̒ ˹ ̉˷˸̂˿̍˼. 

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

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

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

̎˼̈́˿̌ ̆̅́˷˾˷̉˼̂˼̀ ̆̅̂˿̔̉˿̂˼̄˷.  
˪˹˼̂˿̎˼̄˿˼ ̉˹˼̇˻̅̈̉˿ ̆̅ ˯̅̇̊ ̃̅˽˼̉ ˻̅-

̈̉˿˺˷̉̓ 3,5 ˿ 7 ˼˻˿̄˿̍ ˹ ̆̇˿̈̊̉̈̉˹˿˿ ̈̅̅̉˹˼̉-
̈̉˹˼̄̄̅ ˦-234 ˿ ̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̉̇̊˸̅́. ˥˻-

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

̄̒̌ ˪ˤ˩ ˹ ́̅̃̆̅˾˿̉˼, ̇˷˹̄̅̀ 1,5 ̃˷̈̈. %. 

˫̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩ ˻̖̂ ˻̅̈̉˿˽˼-
̄˿̖ ˷̄˷̂̅˺˿̎̄̅˺̅ ̔̋̋˼́̉˷ ̉̇˼˸̊˼̖̉̈ ˹̈˼˺̅ 

0,1 ̃˷̈̈. %, ̉. ˼. ˹ 15 ̇˷˾ ̃˼̄̓̏˼. ˣ˷́̈˿̃˷̂̓-

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

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

̆̇̅˿̈̌̅˻˿̉ ˼˼ ̆̂˷˹̄̅˼ ̈̄˿˽˼̄˿˼, ̊˹˼̂˿̎˼̄˿˼ 
˿̂˿ ̈̉˷˸˿̂˿˾˷̍˿̖. 
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ǖǪǩǪǬо-мǧǷǢǯǪǹǧǳǬǪǧ ǳǤоǫǳǴǤǢ ǱоǭǪǿǴǪǭǧǯоǤǽǷ ǬомǱоǩǪǴоǤ 

Physico-mecanical properties of the polyethylene composites 

ˣ̅˻˿̋˿́˷̉̅̇ ˣ˷̈̈. ˻̖̅̂, % 
˩˹˼̇˻̅̈̉̓ 

̆̅ ˯̅̇̊ 
В˼̈̅˹̅̀ ˿˾̄̅̈, ˺

ˣ˷́̈˿̃˷̂̓̄̅˼ ̄˷̖̆̇˽˼̄˿˼, ˤ/̃̃2

̆̇˿ ̈̇˼˾˼ ̆̇˿ ˿˾˺˿˸˼ 

˥̉̈̊̉̈̉˹̊˼̉  
(˿̈̌̅˻̄̅˼ ̖̈̅̈̉̅̄˿˼) 

– 56 0,0409 17,1 37,9 

˦-234 0,01 58 0,0356 17,2 38,9 

0,1 57,5 0,0321 16,6 41,5 

0,5 57,5 0,0289 17,1 37,1 

1,0 59,5 0,0336 18,2 42,5 

1,5 59,5 0,0347 17,1 42,2 

˪ˤ˩ 0,01 60 0,0293 17,2 38,4 

0,1 61 0,0261 17,2 37,7 

0,5 61 0,0241 17,5 38 

1,0 62 0,0238 17,5 37,5 

1,5 63 0,0248 17,5 38 

˫̊̄́̍˿̅̄˷̂˿-

˾˿̇̅˹˷̄̄̒˼ ˪ˤ˩ 

0,01 62,5 0,0187 18,5 38,9 

0,1 63 0,0191 17,3 41,5 

0,5 62,5 0,0219 17,5 37,1 

1,0 62 0,0227 16,5 42,5 

1,5 62 0,0223 17,5 42,2 

 

˪̈̉̅̀̎˿˹̅̈̉̓ ́ ˹˼̈̅˹̅̃̊ ˿˾̄̅̈̊ ̉˷́˽˼ ˾˷-
̃˼̉̄̅ ̆̅˹̒̏˷˼̖̉̈ ˹ ̆̇˿̈̊̉̈̉˹˿˿ ̊˽˼ 0,01 

̃˷̈̈. % ̊˺̂˼̇̅˻̄̒̌ ̃˷̉˼̇˿˷̂̅˹. ˦̇˿̎˼̃ ̈˷-
̃̒̃˿ ̔̋̋˼́̉˿˹̄̒̃˿ ̅́˷˾̒˹˷̖̉̈̕ ̋̊̄́̍˿̅-

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

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

˿˾̄̅̈ ́̅̃̆̅˾˿̉˷ ̄˷ 54 %. 

˦̅́˷˾˷̉˼̂˿ ̃˷́̈˿̃˷̂̓̄̅˺̅ ̄˷̖̆̇˽˼̄˿̖ 

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

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

˦-234, ˿̈̌̅˻̄̒̌ ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ 

˪ˤ˩ ˹̅˾̃̅˽̄̅ ̊̌̊˻̏˼̄˿˼ ˻˷̄̄̒̌ ̈˹̅̀̈̉˹. 

В ̂̊̎̏˼̃ ̈̂̊̎˷˼ ̃̅˽̄̅ ˻̅̈̉˿̎̓ ̆̇˿̇̅̈̉˷ 
̃˷́̈˿̃˷̂̓̄̅˺̅ ̄˷̖̆̇˽˼̄˿̖ ˹ ̊̈̂̅˹˿̖̌ ̈̇˼˾˷ 
̄˷ 8,2 % ˹ ̆̇˿̈̊̉̈̉˹˿˿ 0,01 ̃˷̈̈. % ̋̊̄́̍˿̅-

̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩, ˷ ˹ ̊̈̂̅˹˿̖̌ ̈˺˿˸˷ – ̄˷ 
12,1 % ˹ ̆̇˿̈̊̉̈̉˹˿˿ 1 ̃˷̈̈. % ˦-234 ˿̂˿ 

̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩. 

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

̂˿̔̉˿̂˼̄̅˹̅˺̅ ́̅̃̆̅˾˿̉˷ ̅̉ ́̅̄̍˼̄̉̇˷̍˿˿ ̊˺̂˼-
̇̅˻̄̅˺̅ ̃̅˻˿̋˿́˷̉̅̇˷ ̆̇˼˻̈̉˷˹̂˼̄˷ ̄˷ ̇˿̈. 3. 

В˹˼˻˼̄˿˼ ˦-234 ˿ ˪ˤ˩ ̈̆̅̈̅˸̈̉˹̊˼̉ ˺˿˻̇̅̋̅˸˿-

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

̄˷̆̅̂̄˿̉˼̖̂ ̃̅˽˼̉ ˸̒̉̓ ̇˷˾̂˿̎̄̅̀. В ̆̇˿̈̊̉-
̈̉˹˿˿ ˦-234 ̅̄˷ ˿̃˼˼̉ ̃˿̄˿̃̊̃ ̆̇˿ 0,1 ̃˷̈̈. %. 

˦̇˿ ˻̅˸˷˹̂˼̄˿˿ ̄˼̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ 
˪ˤ˩ ̃˿̄˿̃˷̂̓̄̅˼ ˹̅˻̅̆̅˺̂̅̐˼̄˿˼ ́̅̃̆̅˾˿̉˷ 
̄˷˸̂̕˻˷˼̖̉̈ ̆̇˿ 0,1 ̃˷̈̈. %. ˞˷˹˿̈˿̃̅̈̉̓ ˻˷̄-

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

̉˼̇. ˦˼̇˹̒̀ ̃˿̄˿̃̊̃ ˹̅˻̅̆̅˺̂̅̐˼̄˿̖ (0 %) 

̄˷˸̂̕˻˷˼̖̉̈ ̆̇˿ 0,01 %-̄̅̃ ̈̅˻˼̇˽˷̄˿˿ ̃̅-

˻˿̋˿́˷̉̅̇˷, ˾˷̉˼̃ ̆̇̅˿̈̌̅˻˿̉ ̄˼˾̄˷̎˿̉˼̂̓̄̅˼ 
̊˹˼̂˿̎˼̄˿˼ ˻̅ 0,06 %, ˷ ̆̇˿ 1 ˿ 1,5 %-̄̅̃ ̈̅-

˻˼̇˽˷̄˿˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩ ̈̄̅˹˷ 
̄˷˸̂̕˻˷˼̖̉̈ ̄̊̂˼˹̅̀ ̆̅́˷˾˷̉˼̂̓. 
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˧˿̈. 3. В̂˿̖̄˿˼ ́̅̄̍˼̄̉̇˷̍˿˿ ̉˼̌̄˿̎˼̈́̅˺̅ ̊˺̂˼̇̅˻˷ ˦-234 (1), ˿̈̌̅˻̄̒̌ (2) 

 ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ (3) ˪ˤ˩ ̄˷ ̈̊̉̅̎̄̅˼ ˹̅˻̅̆̅˺̂̅̐˼̄˿˼ ̆̅̂˿̔̉˿̂˼̄̅˹̒̌ ́̅̃̆̅˾˿̉̅˹ 

Fig. 3. Influence of concentrations of technical carbon ˦-234 (1), raw (2) and functionalized (3) CNTs  

on the daily moisture absorption of polyethylene composite 

 

˨̅˺̂˷̈̄̅ ˻˷̄̄̒̃, ̆̇˼˻̈̉˷˹̂˼̄̄̒̃ ̄˷ 

̇˿̈. 4, ̉˼̆̂̅̋˿˾˿̎˼̈́˿˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̆̅-

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

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

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

̉˼̂̓̄̅ (̄˼ ̄˷ ̖̆̅̇˻́˿). В̃˼̈̉̅ ̅˽˿˻˷˼̃̅˺̅ 

̆̅˹̒̏˼̄˿̖ ́̅̔̋̋˿̍˿˼̄̉˷ ̉˼̆̂̅̆̇̅˹̅˻̄̅̈̉˿ 

 ˹ ˸̅̂̓̏˿̄̈̉˹˼ ̈̂̊̎˷˼˹ ̆̇˿ ˹˹˼˻˼̄˿˿ ˦-234 ˿ 

˪ˤ˩ ̆̇̅˿̈̌̅˻˿̉ ˼˺̅ ̄˼́̅̉̅̇̅˼ ̈̄˿˽˼̄˿˼. 
˩˼̃̆˼̇˷̉̊̇̅̆̇̅˹̅˻̄̅̈̉̓  ̃˷̉˼̇˿˷̂˷ ˹̅˾̇˷̈-
̉˷˼̉ ̆̇˿̃˼̇̄̅ ̄˷ 34 % ˹ ̆̇˿̈̊̉̈̉˹˿˿ 1 ̃˷̈̈. % 

̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ̄˷̄̅̉̇̊˸̅́.  

А̄˷̂˿˾ ˩˚/˛˨К-́̇˿˹̒̌ (̇˿̈. 5) ́̅̃̆̅˾˿-

̉̅˹ «̆̅̂˿̔̉˿̂˼̄ – ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒˼ 
˪ˤ˩» ̆̅́˷˾̒˹˷˼̉ ˿̌ ˹̒̈̅́̊̕ ̉˼̇̃̅̈̉˷˸˿̂̓-

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

140–150 ˨. ˴̉̅ ˾˷̃˼̉̄̅ ̆̇˼˹̅̈̌̅˻˿̉ ̉˼̃̆˼̇˷-
̉̊̇̄̒̀ ˿̄̉˼̇˹˷̂ ̔́̈̆̂̊˷̉˷̍˿˿ ˿˾˻˼̂˿̀ ˿˾ ̆̅-

̂˿̔̉˿̂˼̄˷ PE-RT SP 988. ˥̈̉˷̂̓̄̒˼ ̆̇˿̈̊̉-
̈̉˹̊̐̕˿˼ ̄˷ ́̇˿˹̒̌ ̇˿̈. 5 ̆˿́˿ ˿ ̌˷̇˷́̉˼̇-

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

̍˿̕ ̇˷˾̂˿̎̄̒̌ ̋̇˷́̍˿̀ ̆̅̂˿̔̉˿̂˼̄˷.  

ǐбǳǵǨǦǧǯǪǧ ǲǧǩǵǭǾǴǢǴоǤ 

˩˷́˿̃ ̅˸̇˷˾̅̃, ̊˺̂˼̇̅˻̄̒˼ ̃˷̉˼̇˿˷̂̒ 

̈̆̅̈̅˸̈̉˹̊̉̕ ̊̂̊̎̏˼̄˿̕ ̖̇˻˷ ̋˿˾˿́̅-

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

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

̅˸̇˷˸̅̉́˿ (̋̊̄́̍˿̅̄˷̂˿˾˷̍˿˿).  

˨ ̆̅˾˿̍˿̀ ̊̂̊̎̏˼̄˿̖ ̃˼̌˷̄˿̎˼̈́˿̌ 

̈˹̅̀̈̉˹ ˸̅̂˼˼ ˹̒̈̅́˷̖ ̔̋̋˼́̉˿˹̄̅̈̉̓ ˪ˤ˩ ̆̅ 

̈̇˷˹̄˼̄˿̕ ̈ ̉˼̌̄˿̎˼̈́˿̃ ̊˺̂˼̇̅˻̅̃ ˦-234 

̅˸̊̈̂̅˹̂˼̄˷ ˿̌ ̈̉̇̊́̉̊̇̅̀ ˿ ̊̄˿́˷̂̓̄̒̃˿ 

̈˹̅̀̈̉˹˷̃˿ [16]. ˫̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒˼ 
˪ˤ˩ ̅˸̂˷˻˷̉̕ ̆̅˹̒̏˼̄̄̒̃ ̌˿̃˿̎˼̈́˿̃ 

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

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

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

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

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

˻̅ 5–10 ̃˷̈̈. % ̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̉̇̊˸̅́.  
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        ̃̅˻˿̋˿́˷̉̅̇˷, ̃˷̈̈. %

  107, ̃2/̈ ȁ) 

1,8

1,6

1,4

2 

1 

2 

1 

 
 

˧˿̈. 4. ˟˾̃˼̄˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̉˼̆̂̅̆̇̅˹̅˻̄̅̈̉˿  (а) ˿ ̉˼̃̆˼̇˷̉̊̇̅̆̇̅˹̅˻̄̅̈̉˿  (ȁ) ̆̅̂˿̔̉˿̂˼̄˷ 
˹ ̆̇˿̈̊̉̈̉˹˿˿ ̉˼̌̄˿̎˼̈́̅˺̅ ̊˺̂˼̇̅˻˷ ˦-234 (1) ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩ (2) 

Fig. 4. Change in values of the coefficients of thermal conductivity  (a) and thermal properties  (ȁ) of polyethylene 

technical carbon ˦-234 (1) and functionalized CNTs (2) 
 

˛̇̊˺˿̃ ̆̅̂̅˽˿̉˼̂̓̄̒̃ ̃̅̃˼̄̉̅̃ ̆̇˿ 

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

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

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

˽˷̄˿˿ (0,01 ̃˷̈̈. %) ̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̉̇̊˸̅́ ̈ 
̉˿̉˷̄-̈̉˼˷̇˷̉̄̒̃˿ ˺̇̊̆̆˷̃˿ ̈̊̉̅̎̄̅˼ ˹̂˷˺̅-

̆̅˺̂̅̐˼̄˿˼ ̃̅˽˼̉ ̈̄˿˽˷̖̉̓̈ ˻̅ ̖̄̊̂. ˴̉̅ ̃̅-

˽˼̉ ˸̒̉̓ ̅˸̊̈̂̅˹̂˼̄̅ ́˷́ ˸̅̂˼˼ ̇˷˹̄̅̃˼̇̄̒̃ 

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

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

̄˼̄˿̖ ˹ [18] ˻̖̂ ̆̇˿˻˷̄˿̖ ̆̅̂˿̔̉˿̂˼̄̊ ̊̈̉̅̀-

̎˿˹̅̈̉˿ ́ ˹̂˷˺˼ ˹ ̄˼˺̅ ˹˹̅˻̖̉ 1,5 ̃˷̈̈. % ˪ˤ˩.  

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

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

̈̅́˷̖ ˷˺̂̅̃˼̇˷̍˿̖ ˿ ̄˼˻̅̈̉˿˽˼̄˿˼ ̆̅̇̅˺˷ 
̆˼̖̇́̅̂̍˿˿ ˻̖̂ ˦-234 ˿ ˿̈̌̅˻̄̒̌ ˪ˤ˩. 

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

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

̃˼̇˷. ˥˻̄˷́̅ ˾˷̃˼̉˿̃: ̊̎˿̉̒˹˷̖, ̎̉̅ ̈̂˿̏́̅̃ 

˹̒̈̅́˷̖ ̉˼̆̂̅̆̇̅˹̅˻̄̅̈̉̓ ̃˷̉˼̇˿˷̂˷ ̃̅˽˼̉  
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ɌȽ, % ȾɋК, ɦɤȼ/ɦɝ

Ɍɟɦɩɟɪɚɬɭɪɚ, ɋ  
 

˧˿̈. 5. ˩˚/˛˨К-́̇˿˹̒˼ ́̅̃̆̅˾˿̉˷ «̆̅̂˿̔̉˿̂˼̄ – 0,01 ̃˷̈̈. % ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩» 

Fig. 5. T˚/˛˨-curve of composite «polyethylene – 0,01 mass. % functionalized CNTs» 

 

̈̆̅̈̅˸̈̉˹̅˹˷̉̓ ̆̅̉˼̖̇̃ ̉˼̆̂˷ ˹ ̅́̇̊˽˷̐̊̕̕ 

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

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

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

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

ВǽǤоǦǽ 

˫̊̄́̍˿̅̄˷̂˿˾˷̍˿̖ ̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̉̇̊˸̅́ 

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

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

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

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

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

˹˷̄̄̒̌ ̄˷̄̅̉̇̊˸̅́, ̇˷˹̄̒̌ 0,01–0,1 ̃˷̈̈. %. 

А̄˷̂̅˺˿̎̄̒̌ ̇˼˾̊̂̓̉˷̉̅˹ ̈ ˿̈̌̅˻̄̒̃˿ (̄˼-
̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒̃˿) ˪ˤ˩ ̊˻˷˼̖̉̈ ˻̅-

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

˩˷́˿̃ ̅˸̇˷˾̅̃, ˿̈̆̅̂̓˾̅˹˷̄˿˼ ̋̊̄́̍˿̅-

̄˷̂˿˾˿̇̅˹˷̄̄̒̌ ˪ˤ˩ ˻̖̂ ̃̅˻˿̋˿̍˿̇̅˹˷̄˿̖ 

̉˼̇̃̅̈̉̅̀́̅˺̅ ̆̅̂˿̔̉˿̂˼̄˷ PE-RT SP 988 

̍˼̂˼̈̅̅˸̇˷˾̄̅ ˿ ̈̆̅̈̅˸̈̉˹̊˼̉ ̊̂̊̎̏˼̄˿̕ 

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

̄˷ ˼˺̅ ̅̈̄̅˹˼, ̄˷̆̇˿̃˼̇ ̉̇̊˸ ˬВ˨, ˚В˨ 

˿ ̅̉̅̆̂˼̄˿̖. 

˧˷˸̅̉˷ ˹̒̆̅̂̄˼̄˷ ̆̇˿ ̋˿̄˷̄̈̅˹̅̀ ̆̅˻˻˼̇˽́˼ 
˺̇˷̄̉˷ ˦̇˼˾˿˻˼̄̉˷ ˧̅̈̈˿̀̈́̅̀ ˫˼˻˼̇˷̍˿˿ ˻̖̂ ˺̅̈-
̊˻˷̇̈̉˹˼̄̄̅̀ ̆̅˻˻˼̇˽́˿ ̃̅̂̅˻̒̌ ̇̅̈̈˿̀̈́˿̌ ̊̎˼-
̄̒̌ (2018–2019 ˺˺.). 
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