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

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

̇˷˾̂˿̎̄̒˼ ́̅̄̍˼̄̉̇˷̍˿̀ ̊˺̂˼̇̅˻̄̒̌ ̄˷̄̅̃˷̉˼̇˿˷̂̅˹ (˪ˤˣ). ˦̇˼˻̈̉˷˹̂˼̄̄˷̖ ̃˼̉̅˻˿́˷ ˿˾˺̅̉̅˹-

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

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

˻˼̇˽˷̐˿̌ 9 ̃˷̈̈.% ̔̂˼́̉̇̅̆̇̅˹̅˻̖̐˿̌ ̄˷̆̅̂̄˿̉˼̂˼̀. ˦̇̅˹˼˻˼̄̄̒˼ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̅́˷˾˷̂˿, ̎̉̅ 

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

̄̅˺̅ 3 ̃˷̈̈. % ˪ˤˣ «˩˷̊̄˿̉-ˣ», ˹ ̉̅ ˹̇˼̖̃ ́˷́ ̈˷̃̅˼ ̄˿˾́̅˼ ̊˻˼̂̓̄̅˼ ̅˸̑˼̃̄̅˼ ̈̅̆̇̅̉˿˹̂˼̄˿˼ 
1,43 Ω�̈̃ ˿̃˼˼̉ ́̂˼˼˹̅̀ ́̅̃̆̅˾˿̉, ̈̅˻˼̇˽˷̐˿̀ 6 ̃˷̈̈.% ̈˷˽˿ «PrinTex XE2B». 

КȋȞȗевțе ȑȋȎва: ̌̂̅̇̅̆̇˼̄̅˹̒̀ ́˷̊̎̊́, ̊˺̂˼̇̅˻̄̒˼ ̄˷̄̅̃˷̉˼̇˿˷̂̒, ̔̉˿̂˷̍˼̉˷̉, ́̅̃̆̅˾˿̉, ̔̂˼́-

̉̇̅̆̇̅˹̅˻̄̅̈̉̓, ˷˻˺˼˾˿̖, ̆̇̅̎̄̅̈̉̓ 
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ELECTRICAL CONDUCTIVITY AND MECHANICAL CHARACTERISTICS 

OF COMPOSITES BASED ON CHLOROPRENE RUBBER MODIFIED 

WITH CARBON NANOMATERIALS 

The article presents the results of studies of electrical conductivity and mechanical characteristics of 

adhesive layers formed by chloroprene rubber-based composites containing various concentrations of 

carbon nanomaterials (CNM). The presented method of manufacturing adhesive composites based on 

chloroprene rubber contributes to significant reduction in large aggregates of CNM. It was established that 

all nano-modified adhesive composites have high adhesion to the surface of the glass plate, except for the 

composites containing 9 wt.% of electrically conductive fillers. Studies have shown that the most durable 

adhesive compound was obtained using the adhesive composite, modified with 3 wt.% of CNM Taunit-M, 
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while the adhesive composite containing 6 wt.% of carbon black PrinTex XE2B has the lowest specific 

volume resistance of 1.43 Ω � cm. 
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ВǤǧǦǧǯǪǧ. ˧˷˾˹˿̉˿˼ ̄˷̊́˿ ̅ ̃˷̉˼̇˿˷̂˷̌ ˸˷-
˾˿̇̊˼̖̉̈ ̄˷ ̄̅˹̒̌ ̃˼˽˻˿̈̍˿̆̂˿̄˷̇̄̒̌ ̆̅˻-

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

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

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

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

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

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

̍˿̆˿˷̂̓̄̅ ̄̅˹̒̌, ́˷́ ́̅̄̈̉̇̊́̍˿̅̄̄̒̌, ̉˷́ 

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

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

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

[1], ̆̅̂˿̔̉˿̂˼̄̉˼̇˼̋̉˷̂˷̉ [2], ̔̉˿̂˼̄˹˿̄˿̂˷-
̍˼̉˷̉ [3], ́˷̊̎̊́˿ [4, 5], ̈˿̂˿́̅̄̅˹̒˼ [6] ˿ ̆̅-

̂˿̊̇˼̉˷̄̅˹̒˼ [7] ́̅̃̆˷̊̄˻̒ ˿ ˻̇. 

И˾̃˼̄˼̄˿˼ ̋̊̄́̍˿̅̄˷̂̓̄̒̌ ̈˹̅̀̈̉˹ 

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

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

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

[8] ˿̈̈̂˼˻̊̉̕ ̔̂˼́̉̇̅̆̇̅˹̅˻̖̐˿˼ ́̅̃̆̅˾˿̉̒ 

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

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

̄˷̆̅̂̄˿̉˼̖̂̃˿.  

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

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

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

˸̂˼̃̅̀ [9]. В ̈̉˷̉̓˼ [10] ̆̇˼˻̈̉˷˹̂˼̄̒ ̃˷˺-
̄˿̉̄̒˼ ˿ ̔̂˼́̉̇̅̆̇̅˹̅˻̖̐˿˼ ́̅̃̆̅˾˿̉̒ ̄˷ 
̅̈̄̅˹˼ ̔̆̅́̈˿˻̄̅̀ ̈̃̅̂̒ ˿ ̅́̈˿˻˷ ˺̇˷̋˼̄˷ ̈ 

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

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

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

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

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

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

(˪ˤ˩) [11], ̋̊̂̂˼̇˼̄˷̃˿ [12], ˺̇˷̋˼̄̅̃ [13] ˿ 

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

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

̆̇̅̃̒̏̂˼̄̄̅̈̉˿. ˞˷̎˷̈̉̊̕, ˻̖̂ ̃̅˻˿̋˿́˷-
̍˿˿, ˹ ́˷̎˼̈̉˹˼ ̅̈̄̅˹ ́̂˼˼˹̒̌ ̈̅̈̉˷˹̅˹ ˿̈-
̆̅̂̓˾̊̉̕ ̇˷˾̂˿̎̄̒˼ ̔̆̅́̈˿˻̄̒˼ ̈̃̅̂̒. ˴̉̅ 

̅˸̊̈̂̅˹̂˼̄̅ ˼˼ ̆̅˹̒̏˼̄̄̅̀ ̆̇̅̎̄̅̈̉̓̕ ̆̅-

̈̂˼ ̆̅̂˿̃˼̇˿˾˷̍˿˿. В ̇˷˸̅̉˼ [14] ̊̎˼̄̒˼ ̆̇̅-

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

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

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

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

̆̇̅˹̅˻̖̐˼˺̅ ̃̅˻˿̋˿́˷̉̅̇˷ ˿̈̆̅̂̓˾̅˹˷̂˿ ̄˷-
̉˿˹̄̒˼ ˿ ̋̊̄́̍˿̅̄˷̂˿˾˿̇̅˹˷̄̄̒˼ ˪ˤ˩ «˩˷-
̊̄˿̉-ˣ» (˫˪ˤ˩), ˷ ˹ ́˷̎˼̈̉˹˼ ̅̈̄̅˹̒ ̔̆̅́-

̈˿˻̄̊̕ ̈̃̅̂̊ ˴˛-20 ̈ ̅̉˹˼̇˻˿̉˼̂˼̃ ̉̇˿̔̉˿-

̂˼̄̉˼̉̇˷̃˿̄̅̃. ˨̅˺̂˷̈̄̅ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̃ 

˻˷̄̄̒̃ ̇˷˸̅̉̒ ˸̅̂̓̏̊̕ ̔̂˼́̉̇̅̆̇̅˹̅˻̄̅̈̉̓ 

̇˷˹̄̊̕ 2×10–3 ˨̃×̈̃–1 ̅˸˼̈̆˼̎˿˹˷̂ ́̅̃̆̅-

˾˿̉, ̈̅˻˼̇˽˷̐˿̀ 1 ̃˷̈̈.% ˫˪ˤ˩.  

В ̇˷˸̅̉˼ [15] ̆̇̅˹̅˻˿̂˿ ̂˿̉˼̇˷̉̊̇̄̒̀ ̅˸-

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

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

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

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

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

̅˸̂˷̖̈̉̌ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿ ̄˼ ˹̅˾̃̅˽̄̅. 

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

́̅̃̆̅˾˿̉̅˹ ́˷̊̎̊́̅˹ ̆̅˾˹̖̅̂˼̉ ̇˼̏˿̉̓ ̆̇̅-

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

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

̖̄̅̈̉̃˿. ˛̖̂ ˿˾˺̅̉̅˹̂˼̄˿̖ ́̅̃̆̅˾˿̉̅˹ ˿̈-

̆̅̂̓˾̊̉̕ ̇˷˾̂˿̎̄̒˼ ́˷̊̎̊́˿. В ̇˷˸̅̉˼ [16] 

˿̈̆̅̂̓˾̅˹˷̂˿ ˸̊̉˿̂́˷̊̎̊́ ̃˷̇́˿ ˘К-2055 ˿ 

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

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

[17] ˿̈̈̂˼˻̅˹˷̂˿ ́̅̃̆̅˾˿̉̒, ˿˾˺̅̉̅˹̂˼̄̄̒˼ 

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

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

́˿̈̂̅̉̅̀. ˦̅̇̅˺ ̆˼̖̇́̅̂̍˿˿ ̆̅ ̔̂˼́̉̇̅̆̇̅-

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

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

˺̖̅̈ ˹ ˻˿˷̆˷˾̅̄˼ ̅̉ 3 ˻̅ 6 ̃˷̈̈.%. В ̇˷˸̅̉˼ 

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

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

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

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

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

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

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

̈ ˹̒˻˼̖̂̐̕˿̖̃̈ ̌̂̅̇̅̃ (˷́̍˼̆̉̅̇), ̋˼̄̅̂-

̋̅̇̃˷̂̓˻˼˺˿˻̄̊̕ ̈̃̅̂̊ «101-К» ˿ ̉̅̂̊̅̂ ˹ 

́˷̎˼̈̉˹˼ ̇˷̈̉˹̅̇˿̉˼̖̂ ˹̈˼̌ ́̅̃̆̅̄˼̄̉. В ̇˷-

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

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

̋˼̄̅̂̋̅̇̃˷̂̓˻˼˺˿˻̄̅̀ ̈̃̅̂̒ ̃˷̇́˿ «101-

К».  

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

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

̉̇̅̆̇̅˹̅˻̖̐˿̌ ˻̅˸˷˹̅́, ́̅̉̅̇̒˼ ̈ ̅˻̄̅̀ ̈̉̅-

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

̈̉̅̇̅̄̒, ̊̂̊̎̏˷̖ ̔̂˼́̉̇̅̆̇̅˹̅˻̄̅̈̉̓, ̆̅˾˹̅-

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

˭˼̂̓̕ ˻˷̄̄̅̀ ̇˷˸̅̉̒ ̖˹̖̂˼̖̉̈ ̆̇̅˹˼˻˼̄˿˼ 
˿̈̈̂˼˻̅˹˷̄˿̀ ˹̂˿̖̄˿̖ ˪ˤˣ ̄˷ ̔̂˼́̉̇̅̆̇̅˹̅˻-

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

1. ˣ̅˻˿̋˿́˷̍˿̖ ́̂˼˼˹̅̀ ́̅̃̆̅˾˿̍˿˿ ̄˷ 
̅̈̄̅˹˼ ̌̂̅̇̅̆̇˼̄̅˹̅˺̅ ́˷̊̎̊́˷ ˪ˤˣ. 

2. Ӥ̈̂˼˻̅˹˷̄˿˼ ̆̇̅̎̄̅̈̉̄̒̌ ̌˷̇˷́̉˼̇˿-

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

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

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

̉̇˿̎˼̈́˿̌ ̈̅̆̇̅̉˿˹̂˼̄˿̀ ́̂˼˼˹̒̌ ̈̂̅˼˹.  

ǎǢǴǧǲǪǢǭǽ. ˥̈̄̅˹̅̀ ́̂˼˼˹̒̌ ́̅̃̆̅˾˿̉̅˹ 

̖˹̖̖̂̂̈ ̌̂̅̇̅̆̇˼̄̅˹̒̀ ́˷̊̎̊́ «Baypren 611» ̅̉ 
˥˥˥ "В˿̉˷ˬ˿̃" (К˷˾˷̄̓, ˧̅̈̈˿̖). В ́˷̎˼̈̉˹˼ 
˻̅˸˷˹́˿ ˻̖̂ ̊˹˼̂˿̎˼̄˿̖ ̆̂˼̄́̅̅˸̇˷˾̅˹˷̄˿̖ 

́̂˼˼˹̅˺̅ ́̅̃̆̅˾˿̉˷ ˿̈̆̅̂̓˾̅˹˷̂˿ ˸̊̉˿̂̋˼-
̄̅̂̋̅̇̃˷̂̓˻˼˺˿˻̄̊̕ ̈̃̅̂̊ 101К ́̊̆̂˼̄̄̊̕ ˹ 

˥˥˥ "К̊̇̈́ˬ˿̃˦̇̅̃" (˧̅̈̈˿̖). В̊̂́˷̄˿˾˿-

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

̅́̈˿˻ ̃˷˺̄˿̖, ˿˾˺̅̉̅˹̂˼̄̄̒˼ ˥˥˥ «˘˿̅̌˿̃-

˩ˢ» (ˣ̅̈́˹˷, ˧̅̈̈˿̖). 

˴̉˿̂˷̍˼̉˷̉ (˥˥˥ "ˤ˿˽˼˺̅̇̅˻̌˿̃" (˛˾˼̇-

˽˿̄̈́, ˧̅̈̈˿̖)) ˿ ˷̍˼̉̅̄ (˥˥˥ «В˜˧˯ИˤА» 

(В̈˼˹̅̂̅˽̈́, ˧̅̈̈˿̖)) ˿̈̆̅̂̓˾̅˹˷̂˿̈̓, ́˷́ 

̇˷̈̉˹̅̇˿̉˼̂̓ ˹ ̈̅̅̉̄̅̏˼̄˿˿ 1/2. 

˛̖̂ ̆̇˿˻˷̄˿̖ ̔̂˼́̉̇̅̆̇̅˹̅˻̖̐˿̌ ̈˹̅̀̈̉˹ 

́̅̃̆̅˾˿̉˷̃ ˿̈̆̅̂̓˾̅˹˷̂˿ ˪ˤˣ «˩˷̊̄˿̉-ˣ», 

̈˷˽̊ «PrinTex XE2B» (Orion Engineered 

Carbons, ˬ˷̄˷̊-˷̃-ˣ˷̀̄, ˚˼̇̃˷̄˿̖) ˿ ̈̃˼̈̓ 

«˩˷̊̄˿̉-ˣ»+ «PrinTex XE2B». ˪ˤˣ «˩˷̊̄˿̉-
ˣ» (˥˥˥ «ˤ˷̄̅˩˼̌˭˼̄̉̇», ˩˷̃˸̅˹, ˧̅̈̈˿̖) 

̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ ˪ˤ˩ ̈ ˹̄˼̏̄˿̃ ˻˿˷̃˼̉-
̇̅̃ 10–30 ̄̃, ˹̄̊̉̇˼̄̄˿̃ ˻˿˷̃˼̉̇̅̃ 5–15 ̄̃ 

˿ ˻̂˿̄̅̀ 2 ̃́̃ [19]. 

ǎǧǴоǦǪǬǢ ǪǩǥоǴоǤǭǧǯǪȁ 

˴̂˼́̉̇̅̆̇̅˹̅˻̖̐˿˼ ̄˷̄̅̃̅˻˿̋˿̍˿̇̅-

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

̆̇˼̄̅˹̅˺̅ ́˷̊̎̊́˷ ˿˾˺̅̉˷˹̂˿˹˷̂˿ ˹ ́̅̂˿̎˼̈̉˹˼ 
2 ˺., ̎˼˺̅ ˸̒̂̅ ˻̅̈̉˷̉̅̎̄̅ ˻̖̂ ̆̇̅˹˼˻˼̄˿̖ 
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̆̅̂̄̅˺̅ ̍˿́̂˷ ˿̈̈̂˼˻̅˹˷̄˿̀. ˤ˷ ̆˼̇˹̅̃ ̔̉˷̆˼ 
̈ ̆̅̃̅̐̓̕ ̊̄˿˹˼̇̈˷̂̓̄̅̀ ̃˼̂̓̄˿̍̒ «WF-

20B» (К˿̉˷̀) ̆̇̅˹̅˻˿̂˿ ̆̅̃̅̂ ̌̂̅̇̅̆̇˼̄̅˹̅-

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

25000 ̅˸/̃˿̄. ˴̉̅ ˸̒̂̅ ̄˼̅˸̌̅˻˿̃̅ ˻̖̂ ̆̇˼˻-

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

̇˼̄˿̖ ˼˺̅ ̇˷̈̉˹̅̇˼̄˿̖. ˤ˷ ˹̉̅̇̅̃ ̔̉˷̆˼ ˹ ̆̇̅-

˸˿̇́̊ ̅˸̑˼̃̅̃ 20 ̃̂. ˻̅˸˷˹̖̂̂˿ ́̅̃̆̅̄˼̄̉̒ 

˹ ̈̂˼˻̊̐̕˼̃ ̈̅̅̉̄̅̏˼̄˿˿: ̌̂̅̇̅̆̇˼̄̅˹̒̀ 

́˷̊̎̊́ (̆̅̃̅̂)- 100 ̃˷̈̈.̎., ˸̊̉˿̂̋˼̄̅̂̋̅̇-

̃˷̂̓˻˼˺˿˻̄˷̖ ̈̃̅̂˷ 101К – 13 ̃˷̈̈.̎, ̅́̈˿˻ 

̍˿̄́˷- 5 ̃˷̈̈.̎., ̅́̈˿˻ ̃˷˺̄˿̖- 8 ̃˷̈̈.̎.. 

В ̆̅̂̊̎˼̄̄̊̕ ̈̃˼̈̓ ˾˷̂˿˹˷̂˿ 70 ̃˷̈̈.̎. ̈̃˼̈˿ 

˷̍˼̉̅̄˷ ̈ ̔̉˿̂˷̍˼̉˷̉̅̃ ˹ ̈̅̅̉̄̅̏˼̄˿˿ 1/2, 

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

̅̈̉˷˹̖̂̂˿ ̈̃˼̈̓ ̄˷ 12 ̎. ˤ˷ ̉̇˼̉̓˼̃ ̔̉˷̆˼ ̇˷̈-
̉˹̅̇˼̄̄̊̕ ̈̃˼̈̓ ̆˼̇˼̃˼̏˿˹˷̂˿ ̆̅ ̇˷˾̇˷˸̅-

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

˾˿̉˷ ˹ ̊˾́̅̃ ˾˷˾̅̇˼ ̈ ̆̅̃̅̐̓̕ ̋̉̅̇̅̆̂˷̈̉̅-

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

1000 ̅˸/̃˿̄. (˧˿̈.1) ˞˷˾̅̇ ̃˼˽˻̊ ̋̉̅̇̅̆̂˷-
̈̉̅˹̒̃ ˺̅̃̅˺˼̄˿˾˷̉̅̇̅̃ ˿ ˹̄̊̉̇˼̄̄˼̀ ̈̉˼̄-

́̅̀ ̆̇̅˸˿̇́˿ ̈̅̈̉˷˹̖̂̂ 1 ̃̃.  

 

 
 

˧˿̈. 1. ˦˼̇˼̃˼̏˿˹˷̄˿˼ ́̂˼˼˹̅̀ ́̅̃̆̅˾˿̍˿˿ ̈ ̆̅-

̃̅̐̓̕ ̋̉̅̇̅̆̂˷̈̉̅˹̅˺̅ ˺̅̃̅˺˼̄˿˾˷̉̅̇˷ 

Fig. 1. Mixing the adhesive composition using a fluoro-

plastic homogenizer 

ˤ˷ ̎˼̉˹˼̇̉̅̃ ̔̉˷̆˼ ˸̒̂˷ ̆̇˿˺̅̉̅˹̂˼̄˷ ̈̊̈-
̆˼̄˾˿̖ ˿˾ ˪ˤˣ ˿ ̈̃˼̈˿ ̇˷̈̉˹̅̇˿̉˼̂˼̀. ˛̖̂ ̔̉̅-

˺̅ ˹ ˼̃́̅̈̉̓ ̅˸̑˼̃̅̃ 100 ̃̂ ˹̂˿˹˷̂˿ 10 ̃̂ ̈̃˼-
̈˿ ̔̉˿̂˷̍˼̉˷̉˷ ̈ ˷̍˼̉̅̄̅̃ ˿ ˻̅˸˷˹̖̂̂˿ ̄˷˹˼̈́̊ 
˪ˤˣ. ˨̊̈̆˼̄˾˿̕ ̃˼̌˷̄˿̎˼̈́˿ ̆˼̇˼̃˼̏˿˹˷̂˿, ̈ 
̆̅̃̅̐̓̕ ̈̉˼̖́̂̄̄̅̀ ̆˷̂̅̎́˿ ˹̇̊̎̄̊̕, ˹ ̉˼̎˼-
̄˿˼ 2 ̃˿̄. ˦̅̈̂˼ ̇̊̎̄̅˺̅ ̆˼̇˼̃˼̏˿˹˷̄˿̖ ̈̊̈-
̆˼̄˾˿̕ ̆̅˻˹˼̇˺˷̂˿ ̅˸̇˷˸̅̉́˼ ˹ ̊̂̓̉̇˷˾˹̊́̅˹̅̀ 

(˪˞) ˹˷̄̄˼ «VBS-20» (ˣ̅̈́˹˷, ˧̅̈̈˿̖), ̆̇˿ 

̃̅̐̄̅̈̉˿ ˪˞ ˿˾̂̊̎˷̉˼̖̂ 480 В̉ ˹ ̉˼̎˼̄˿˼ 15 

̃˿̄. ˥˸̇˷˸̅̉˷̄̄̊̕ ˪˞ ̈̊̈̆˼̄˾˿̕, ˹̂˿˹˷̂˿ ˹ 
̆̇̅˸˿̇́̊ ̈ ́̂˼˼˹̒̃ ́̅̃̆̅˾˿̉̅̃, ˿˾˺̅̉̅˹̂˼̄-

̄̒̃ ̇˷̄˼˼, ˿ ̆˼̇˼̃˼̏˿˹˷̂˿ ̆̅ ̃˼̉̅˻˿́˼, ˿̈-
̆̅̂̓˾̅˹˷̄̄̅̀ ̄˷ ̉̇˼̉̓˼̀ ̈̉˷˻˿˿. В ̇˼˾̊̂̓̉˷̉˼ 
̆̅̂̊̎˿̂˿ ̄˷̄̅̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒˼ ́̂˼˼˹̒˼ 
́̅̃̆̅˾˿̉̒, ̈̅˻˼̇˽˷̐˿˼ 1,3,6 ˿ 9 ̃˷̈̈.% «˩˷-
̊̄˿̉-ˣ» ˿̂˿ «PrinTex XE2B» ˿̂˿ ̈̃˼̈˿ «˩˷-
̊̄˿̉-ˣ» ̈ «PrinTex XE2B» ˹ ̈̅̅̉̄̅̏˼̄˿˿ 1/1.  

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

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

̄̅̃˼̇̄̅ ̇˷̈̆̇˼˻˼̂ё̄̄̒˼ ̔̂˼́̉̇̅̆̇̅˹̅˻̖̐˿˼ 
̎˷̈̉˿̍̒ ̈ ̇˷˾̂˿̎̄̅̀ ́̅̄̍˼̄̉̇˷̍˿˼̀. 

ǎǧǴоǦǽ ǪǳǳǭǧǦоǤǢǯǪȁ 

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

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

̏́˷̋̊ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˼ 25 °˨ ˻̅ ̆̅̂̄̅˺̅ ̊˻˷-
̂˼̄˿̖ ̇˷̈̉˹̅̇˿̉˼̖̂. ˩˷́˿̃ ̅˸̇˷˾̅̃, ̆̅̂̊̎˿̂˿ 

̅˸̇˷˾̍̒ ̖̆̇̃̅̊˺̅̂̓̄̅̀ ̋̅̇̃̒ ̈ ̇˷˾̃˼̇˷̃˿ 

40×40 ̃̃ (̇˿̈. 2). 

 
 

˧˿̈. 2. ˥˸̇˷˾̍̒ ̄˷̄̅̃̅˻˿̋˿̍˿̇̅˹˷̄̄̅˺̅ ́̂˼˼˹̅˺̅ 

́̅̃̆̅˾˿̉˷ ̄˷ ̅̈̄̅˹˼ ̌̂̅̇̅̆̇˼̄̅˹̅˺̅ ́˷̊̎̊́˷ 

Fig. 2. Samples of nanomodified adhesive composite 

based on chloroprene rubber 
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˧˿̈. 3. ˨̌˼̃˷ ˿˾̃˼̇˼̄˿̖ ̊˻˼̂̓̄̒̌ ̅˸̑˼̃̄̅˺̅  

˿ ̆̅˹˼̇̌̄̅̈̉̄̅˺̅ ̔̂˼́̉̇˿̎˼̈́˿̌ ̈̅̆̇̅̉˿˹̂˼̄˿̀: 

1 – ˿̈̈̂˼˻̊˼̃̒̀ ̅˸̇˷˾˼̍; 2-̅̌̇˷̄̄̒̀ ̔̂˼́̉̇̅˻; 

3, 4 – ˿˾̃˼̇˿̉˼̂̓̄̒˼ ̔̂˼́̉̇̅˻̒ 

Fig. 3. The scheme of measurement of specific volume 

and surface electrical resistance: 1 – test sample;  

2 – guard electrode; 3, 4 – measuring electrodes 

 

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

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

̅̉˹˼̉̈̉˹˿˿ ̈̅ ̈̉˷̄˻˷̇̉̅̃ ASTM D 257. ASTM 

D 257 ̆̇˼˻̆̅̂˷˺˷˼̉ ̆̇̅˹˼˻˼̄˿˼ ˿̈̈̂˼˻̅˹˷̄˿̀ 

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

̆̇˿̃˼̄˼̄˿˼̃ ˿˾̃˼̇˿̉˼̂̓̄̅̀ ̖̎˼̀́˿ (̇˿̈.3). 

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

̃˼̉̇̊ ˜6-13А.  

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

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

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

̃˿́̇̅̈́̅̆˷ «ˣ˿́̇̅̃˼˻-1».  

А˻˺˼˾˿̕ ̄˷̄̅̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒̌ ̔̂˼́̉̇̅-

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

̐̓̕ ̃˼̉̅˻˷ ̇˼̏˼̉̎˷̉̒̌ ̄˷˻̇˼˾̅˹ ̆̅ ˚˥˨˩ 

31149-2014 (ISO 2409:2013). ˛̖̂ ̔̉̅˺̅ ̄˷ ̈̉˼́-

̖̂̄̄̊̕ ̆̅˹˼̇̌̄̅̈̉̓ (̆̇˼˻̃˼̉̄̅˼ ̈̉˼́̂̅) ̄˷̄̅-

̈˿̂˿ ̄˷̄̅̃̅˻˿̋˿̍˿̅̇˹˷̄̄̒̀ ́̅̃̆̅˾˿̉ ˿ 

̅̉˹˼̇˻˼˹˷̂˿ ˹ ̉˼̎˼̄˿˼ 24 ̎˷̈̅˹. ˦̇̅˻˼̂̒˹˷̂˿ 

6 ̄˷˻̇˼˾̅˹ ̂˼˾˹˿˼̃ («VIRA SK5», ˣ̅̈́˹˷, ˧̅̈-
̈˿̖) ̆̅ ˹˼̇̉˿́˷̂˿ ˿ 6 ̄˷˻̇˼˾̅˹ ̆̅ ˺̅̇˿˾̅̄̉˷̂˿, 

̇˷̖̈̈̉̅̄˿˼ ̃˼˽˻̊ ̄˷˻̇˼˾˷̃˿ 2 ̃̃. ˦̅̈̂˼ ̎˼˺̅ 

̄˷ ̆̅̂̊̎˼̄̄̊̕ ̇˼̏˼̉́̊ ̄˷́̂˼˿˹˷̂˿ ̂˿̆́̊̕ 

̂˼̄̉̊ «3M Scotch Classic Hot Melt» («К̅̃̆˷̄˿̖ 

3ˣ», ˨˷̄́̉-˦˼̉˼̇˸̊̇˺, ˧̅̈̈˿̖), ˿˾˺̅̉̅˹̂˼̄-

̄̊̕ ̆̅ ˚˥˨˩ 20477-86, ̄˷ ́̅̉̅̇̊̕ ̈˹˼̇̌̊ 
̊̈̉˷̄˷˹̂˿˹˷̂˿ ˺̇̊˾ ̃˷̈̈̅̀ 3 ́˺ ˿ ̅̈̉˷˹̖̂̂˿ ̄˷ 
12 ̎˷̈̅˹. ˦̅̂̊̎˼̄̄̒̀ ̇˿̈̊̄̅́ ˿˾ ̅̈̉˷̉́̅˹ 

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

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

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

̇˷˾̂˿̎̄̒̃˿ ́̅̄̍˼̄̉̇˷̍˿̖̃˿ ̔̂˼́̉̇̅̆̇̅˹̅-

˻̖̐˿̌ ̃̅˻˿̋˿́˷̉̅̇̅˹ ̅̆̇˼˻˼̖̂̂˿ ̆̅ ˚˥˨˩ 

14759-69 «К̂˼˿. ˣ˼̉̅˻ ̅̆̇˼˻˼̂˼̄˿̖ ̆̇̅̎̄̅-

̈̉˿ ̆̇˿ ̈˻˹˿˺˼». 

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

̄˼̄˿̖ ̅̈̊̐˼̈̉˹̖̂̂˿ ˻̖̂ ̈̉˼́̂̅̉˼́̈̉̅̂˿̉˷ ˿ 

̃˼̉˷̂̂˷ (˨̉˷̂̓ ˨̉3), ̆̅˹˼̇̌̄̅̈̉̓ ́̅̉̅̇̒̌, 

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

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

˹˷˼̃̒̌ ̆̂˷̈̉˿̄ ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈.  4. 
 

 
 

˧˿̈. 4. ˮ˼̇̉˼˽ ̈˸̅̇́˿ ˻̖̂ ˿̈̆̒̉˷̄˿̖ ́̂˼˼˹̒̌  

̈̅˼˻˿̄˼̄˿̀ ̄˷ ̈˻˹˿˺ 

Fig. 4. Assembly drawing for testing adhesive joints  

for shear 
 

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

¼ ˻̂˿̄̒ ́˷˽˻̅̀ ̆̂˷̈̉˿̄̒, ˿ ̅̈̉˷˹̖̂̂˿ ̆̇˿ 

̉˼̃̆˼̇˷̉̊̇˼ 25 ˨ ̄˷ 15 ̃˿̄ ˹ ˹̖̒̉˽̄̅̃ ̏́˷-
̋̊ ̆̇˿ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ˹̂˷˽̄̅̈̉˿ 50 %. ˛˷̂˼˼ 
̈́̂˼˿˹˷˼̃̒˼ ̆̂˷̈̉˿̄̒ ̆̇˿˽˿̃˷̂˿ ˻̇̊˺ ́ ˻̇̊-

˺̊ ̈ ̆̅̃̅̐̓̕ ̆̇˼̈̈˷ ̆̇˿ ˻˷˹̂˼̄˿˿ 5 ́ˤ ̄˷ 2 

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

˽˿˹˷̂˿ ˹ ̉˼̎˼̄˿˼ 24 ̎ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˼ 25 ˨. 

Ӥ̆̒̉˷̄˿̖ ̆̇̅˹̅˻˿̂˿ ̄˷ ̇˷˾̇̒˹̄̅̀ ̃˷-
̏˿̄˼ «˩estometric M350-5А˩» ̆̅ ̈̌˼̃˼, ̆̇˼˻-

̈̉˷˹̂˼̄̄̅̀ ̄˷ ̇˿̈. 5. 
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˧˿̈. 5. ˨̌˼̃˷ ˿̈̆̒̉˷̄˿̖ ̆̇̅̎̄̅̈̉˿ ́̂˼˼˹̅˺̅ ̖̈̂̅ 

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

1 – ̈́̂˼˿˹˷˼̃̒˼ ̆̂˷̈̉˿̄̒; 2 – ́̂˼˼˹̅̀ ̈̂̅̀;  

3, 4 – ˾˷˽˿̃̄̒˼ ̊̈̉̇̅̀̈̉˹˷ 

Fig. 5. Scheme of testing the strength of the adhesive 

layer under the action of shear destructive force:  

1 – adhesive plates; 2 – adhesive layer;  

3. 4 – clamping devices 

ǒǧǩǵǭǾǴǢǴǽ Ǫ ǪǷ обǳǵǨǦǧǯǪȁ 

ˤ˷ ̇˿̈. 6 ̆̇˼˻̈̉˷˹̂˼̄̒ ̃˿́̇̅̋̅̉̅˺̇˷̋˿˿ 

̄˷̄̅̃̅˻˿̋˿̍˿̇̅˹˷̄̄̅˺̅ ́̂˼˼˹̅˺̅ ́̅̃̆̅˾˿̉˷.  
ˤ˷ ̇˿̈. 6, a, b, ȑ ̆̇˼˻̈̉˷˹̂˼̄̒ ̃˿́̇̅̋̅̉̅-

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

̈̃˼̏˿˹˷̄˿̖, ̈̅˻˼̇˽˷̐˿̌ 3 ̃˷̈̈.% «˩˷̊̄˿̉-
ˣ», 3 ̃˷̈̈.% «PrinTex XE2B» ˿ 3 ̃˷̈̈.% ̈̃˼̈˿ 

«˩˷̊̄˿̉-ˣ» + «PrinTex XE2B» ̈̅̅̉˹˼̉̈̉˹˼̄̄̅. 

И˾ ˹˿˾̊˷̂̓̄̅˺̅ ˷̄˷̂˿˾˷ (̇˿̈. 6) ̈̂˼˻̊˼̉, ̎̉̅ 

˪ˤˣ ˹ ̈̅̈̉˷˹˼ ́̂˼˼˹̒̌ ́̅̃̆̅˾˿̉̅˹ ̅˸̇˷˾̊˼̉ 
˷˺̇˼˺˷̉̒ ̈ ̇˷˾̃˼̇˷̃˿ ˸̅̂˼˼ 6 ̃́̃. ˦̅̈̂˼ ̆˼̇˼-
̃˼̏˿˹˷̄˿̖ ́̂˼˼˹̒̌ ́̅̃̆̅˾˿̉̅˹ ̈ ˿̈̆̅̂̓˾̅˹˷-
̄˿˼̃ ̋̉̅̇̅̆̂˷̈̉̅˹̅˺̅ ˺̅̃̅˺˼̄˿˾˷̉̅̇˷ ́̇̊̆̄̒˼ 
˷˺̇˼˺˷̉̒ ˪ˤˣ ̇˷˾˸˿˹˷̂˿̈̓ ̄˷ ̃˼̂́˿˼, ˿̃˼̐̕˿˼ 
̇˷˾̃˼̇̒ ̃˼̄˼˼ 1 ̃́̃, ̎̉̅ ̈̂˼˻̊˼̉ ˿  ˾̇˿̈. 6, ȑ, d, e. 

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

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

˧˿̈. 7 ̈̅˻˼̇˽˿̉ ˻˷̄̄̒˼ ̅˸ ̊˻˼̂̓̄̅̃ ̆̅-

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

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

̍˿̇̅˹˷̄̄̅˺̅ ˪ˤˣ. 

И˾ ˷̄˷̂˿˾˷ ˻˷̄̄̒̌ ̆̇˼˻̈̉˷˹̂˼̄̄̒̌ ̄˷ 
̇˿̈. 7 ̈̂˼˻̊˼̉, ̎̉̅ ̆̇˿ ̊˹˼̂˿̎˼̄˿˿ ́̅̄̍˼̄̉̇˷-
̍˿˿ ̃̅˻˿̋˿́˷̉̅̇˷ ˹ ́̂˼˼˹̅̃ ́̅̃̆̅˾˿̉˼ ̆̇̅-

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

̔̂˼́̉̇˿̎˼̈́̅˺̅ ̈̅̆̇̅̉˿˹̂˼̄˿̖. В ́̂˼˼˹̒̌ 

́̅̃̆̅˾˿̉˷̌ ̈ ́̅̄̍˼̄̉̇˷̍˿˼̀ 6 ˿ 9 ̃˷̈̈.% ̈̃˼-
̈˿ ˪ˤˣ «˩˷̊̄˿̉-ˣ»+«PrinTex XE2B» (1/1) 

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

̉̇̅̆̇̅˹̅˻̄̅̈̉˿, ̎̉̅ ̃̅˽˼̉ ˸̒̉̓ ̈˹̖˾˷̄̅ ̈ 

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

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

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

˸˼̖̄̄̅̈̉̃˿. ˥˻̄˷́̅, ˻̖̂ ́̅̄̍˼̄̉̇˷̍˿˿ 3 

̃˷̈̈.% ˹ ́̅̃̆̅˾˿̉˼ ̃̅˻˿̋˿́˷̉̅̇̒ ˪ˤˣ «˩˷-
̊̄˿̉-ˣ» ˿ «PrinTex XE2B» ˻˷̉̕ ̂̊̎̏˿̀ ̇˼-
˾̊̂̓̉˷̉ ̆̇˿ ̇˷˾˻˼̂̓̄̅̃ ˿̌ ˿̈̆̅̂̓˾̅˹˷̄˿˿. 

 

 
 

˧˿̈. 6. ˣ˿́̇̅̋̅̉̅˺̇˷̋˿˿ ́̅̃̆̅˾˿̉̅˹ ̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒̌ ˪ˤˣ ˻̅ ˿ ̆̅̈̂˼ ˺̅̃̅˺˼̄˿˾˷̍˿˿ 

Fig. 6. Micrographs of composites of modified CNM before and after homogenization 
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˧˿̈. 7. ˪˻˼̂̓̄̅˼ ̆̅˹˼̇̌̄̅̈̉̄̅˼ ˿ ̅˸̑˼̃̄̅˼ ̔̂˼́̉̇˿̎˼̈́̅˼ ̈̅̆̇̅̉˿˹̂˼̄˿˼  
̄˷̄̅̃̅˻˿̋˿̍˿̇̅˹˷̄̒̌ ́̅̃̆̅˾˿̉̅˹ 

Fig. 7. Specific surface electrical resistance of nano-modified composites 
 

˨̅˹˼̇̏˼̄̄̅ ˿̄̊̕ ̈˿̉̊˷̍˿̕ ˻˼̃̅̄̈̉̇˿-

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

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

˻˿̋˿̍˿̇̅˹˷̄̄̒̌ ́̂˼˼˹̒̌ ́̅̃̆̅˾˿̉̅˹ (˧˿̈.6). 

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

̉̅˹ ̂̊̎̏̊̕ ̔̂˼́̉̇̅̆̇̅˹̅˻̄̅̈̉̓ ˻˼̃̅̄̈̉̇˿-

̇̊̉̕ ́̂˼˿ ̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒˼ «PrinTex 

XE2B». В ̔̉̅̃ ̈̂̊̎˷˼, ́˷́˿̌ ̂˿˸̅ ̊̂̊̎̏˼̄˿̀ 

̆̅ ̔̂˼́̉̇̅̆̇̅˹̅˻̄̅̈̉˿ ̅̉ ˿̈̆̅̂̓˾̅˹˷̄˿̖ ˻˹̊̌ 

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

А˻˺˼˾˿̖ ́̂˼˼˹̒̌ ̄˷̄̅̃̅˻˿̋˿̍˿̇̅˹˷̄̄̒̌ 

́̅̃̆̅˾˿̉̅˹ ́ ̈̉˼́̂̊ ̄˼ ˾˷˹˿̈˿̉ ̅̉ ́̅̄̍˼̄̉̇˷-
̍˿˿ ̔̂˼́̉̇̅̆̇̅˹̅˻̖̐˿̌ ˻̅˸˷˹̅́ ˹ ˻˿˷̆˷˾̅̄˼ 
̅̉ 1 ˻̅ 6 ̃˷̈̈.% ˿ ̈̅̈̉˷˹̖̂˼̉ 0 ˸˷̂̂̅˹, ̎̉̅ ̖˹-

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

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

˾˿̉˼ ˻̅ 9 ̃˷̈̈.% ̄˷˸̂̕˻˷̂˷̈̓ ̆̅̉˼̖̇ ˷˻˺˼˾˿˿ ́ 

̈̉˼̖́̂̄̄̅̀ ̆̅˹˼̇̌̄̅̈̉˿ ˿ ˻̖̂ ˻˷̄̄̅˺̅ ̈̂̊̎˷̖ 

̅̍˼̄́˷ ˷˻˺˼˾˿˿ ̈̅̈̉˷˹̖̂̂˷ 5 ˸˷̂̂̅˹. В ̈˹̖˾˿ ̈ 
̔̉˿̃ ̆̇̅̎̄̅̈̉̓ ́̂˼˼˹̒̌ ̏˹̅˹ ˿˾˺̅̉̅˹̂˼̄̄̒̌ ̈ 
̆̅̃̅̐̓̕ ́̅̃̆̅˾˿̉̅˹ ̈ 9 ̃˷̈̈.% ̔̂˼́̉̇̅̆̇̅-

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

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

̐̓̕ ˪ˤˣ ˿ «PrinTex XE2B» ̆̇˿˹̅˻˿̂˷ ́ ̊̆̇̅̎-

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

(̉˷˸̂. 1) ˿ ̆̂˷̈̉˿̄ ˿˾ ̈̉˼́̂̅̉˼́̈̉̅̂˿̉˷ (̉˷˸̂. 2)  

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

̄̒̌ ˹ ̉˷˸̂. 1 ˿ 2, ̈̂˼˻̊˼̉, ̎̉̅ ̈˷̃̒̃ ̆̇̅̎̄̒̃ 

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

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

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

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

̋˿̍˿̇̅˹˷̄̄̅˺̅ 3 ̃˷̈̈.% ˪ˤˣ «˩˷̊̄˿̉-ˣ». 
 

˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǑǲоǹǯоǳǴǾ ǬǭǧǧǤǽǷ ǳоǧǦǪǯǧǯǪǫ мǧǴǢǭǭǪǹǧǳǬǪǷ  

ǱǭǢǳǴǪǯ ǱǲǪ ǳǦǤǪǥǧ 

The strength of adhesive joints of metal plates under shear 

К̅̄̍˼̄̉̇˷̍˿̖ 

̃̅˻˿̋˿́˷̉̅̇˷,
̃˷̈̈.% 

˦̇̅̎̄̅̈̉̓ ́̂˼˼˹̅˺̅ ̈̅˼˻˿̄˼̄˿̖, 

M˦a 

«˩˷̊̄˿̉-ˣ» 

«˩˷̊̄˿̉-ˣ» + 

PrinTex XE2B 

(1/1) 

«PrinTex

XE2B»

0 0,53±5% 

1 0,78±5% 0,99±5% 0,78±5%

3 1,47±5% 0,72±5% 1,33±5%

6 0,56±5% 0,83±5% 1,12±5%

 

˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǑǲоǹǯоǳǴǾ ǬǭǧǧǤǽǷ ǳоǧǦǪǯǧǯǪǫ ǱǭǢǳǴǪǯ  

Ǫǩ ǳǴǧǬǭоǴǧǬǳǴоǭǪǴǢ ǱǲǪ ǳǦǤǪǥǧ 

The strength of adhesive joints of fiberglass plates under shear 

К̅̄̍˼̄̉̇˷̍˿̖ 

̃̅˻˿̋˿́˷̉̅̇˷,
̃˷̈̈.% 

˦̇̅̎̄̅̈̉̓ ́̂˼˼˹̅˺̅ ̈̅˼˻˿̄˼̄˿̖, 

M˦a 

«˩˷̊̄˿̉-ˣ» 

«˩˷̊̄˿̉-ˣ» + 

PrinTex XE2B 

(1/1) 

«PrinTex

XE2B»

0 0,66±5% 

1 0,91±5% 0,78±5% 0,7±5%

3 2,15±5% 1,82±5% 1,44±5%

6 0,9±5% 0,81±5% 1,33±5%
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 ǉǢǬǭȀǹǧǯǪǧ 
˨ ̍˼̂̓̕ ˿̈̈̂˼˻̅˹˷̄˿̖ ̔̂˼́̉̇˿̎˼̈́˿̌ 

̈˹̅̀̈̉˹ ˿ ̃˼̌˷̄˿̎˼̈́̅̀ ̆̇̅̎̄̅̈̉˿ ́̂˼˼˹̒̌ 

́̅̃̆̅˾˿̉̅˹ ̄˷ ̅̈̄̅˹˼ ̌̂̅̇̅̆̇˼̄̅˹̅˺̅ ́˷̊̎̊-

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

̈̉̇̊́̉̊̇˷̃˿, ˿ ́̅̃̆̅˾˿̉˷̃˿ ̄˷ ˿̌ ̅̈̄̅-

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

̐˿˼ 1, 3, 6 ˿ 9 ̃˷̈̈.% «˩˷̊̄˿̉-ˣ» ˿̂˿ 

«PrinTex XE2B» ˿̂˿ ̈̃˼̈˿ «˩˷̊̄˿̉-ˣ» ̈ 

«PrinTex XE2B» ˹ ̈̅̅̉̄̅̏˼̄˿˿ 1/1. ˧˷˾̇˷˸̅-

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

́̅̃̆̅˾˿̉̅˹ ̄˷ ̅̈̄̅˹˼ ̌̂̅̇̅̆̇˼̄̅˹̅˺̅ ́˷̊̎̊-

́˷ ˪ˤˣ, ́̅̉̅̇˷̖ ˾˷́̂̎̕˷̂˷̈̓ ˹ ̈̃˼̏˿˹˷̄˿˿ 

̄˼̈́̅̂̓́˿̌ ́̅̃̆̅̄˼̄̉ ́̅̃̆̅˾˿̉˷ ˹ ̊˾́̅̃ ˾˷-

˾̅̇˼ (1 ̃̃) ̈ ̆̅̃̅̐̓̕ ̋̉̅̇̅̆̂˷̈̉̅˹̅˺̅ ˺̅-

̃̅˺˼̄˿˾˷̉̅̇˷.  

˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ̆̇˿̃˼̄˼̄˿˼ ̋̉̅̇̅̆̂˷-

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

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

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

˪ˤˣ ˹ ́̂˼˼˹̅̃ ́̅̃̆̅˾˿̉˼.  
˦̇̅˹˼˻˼̄̄̒˼ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̅́˷˾˷̂˿, ̎̉̅ 

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

̉˿˹̂˼̄˿˼- 1,43 Ω×̈̃ ˿̃˼˼̉ ́̂˼˼˹̅̀ ́̅̃̆̅˾˿̉, 
̈̅˻˼̇˽˷̐˿̀ 6 ̃˷̈̈.% «PrinTex XE2B».  

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

̋˿̍˿̇̅˹˷̄̄̅˺̅ ̌̂̅̇̅̆̇˼̄̅˹̅˺̅ ́˷̊̎̊́˷ ̈ 

3 ̃˷̈̈. % ˪ˤˣ «˩˷̊̄˿̉-ˣ» ̈ ̊˻˼̂̓̄̒̃ ̅˸̑˼̃-

̄̒̃ ̈̅̆̇̅̉˿˹̂˼̄˿˼̃ 140 Ω×̈̃ ̅˸̂˷˻˷˼̉ ̄˷˿-

˸̅̂̓̏˼  ̀̆ ̇̅̎̄̅̈̉̓ ,̕ ́ ̅̉̅̇˷  ̖̈ ̅̈̉˷˹̖̂˼  ̉2,15 x ˦ .˷  

СПИСОК ЛИТЕРАТУРЫ 

[1] ǓǧǲǧǯǬо ǐ.А., ǍǵǻǧǫǬǪǯ ǅ.А., ǅǧǴмǢǯоǤǢ Ǉ.В., 

ǅǲǪǸǧǯǬо ǐ.ǔ., ǎǵǩǢǶǢǲоǤ А.ǎ. ˴̂˼́̉̇˿̎˼̈́˿˼ 
̈˹̅̀̈̉˹˷ ́̅̃̆̅˾˿̉̅˹ ̄˷ ̅̈̄̅˹˼ ̆̅̂˿̈̉˿̇̅̂˷ ˿ ˺˿-

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

// ˝̊̇̄˷̂ ̉˼̌̄˿̎˼̈́̅̀ ̋˿˾˿́˿. 2011. ˩. 81, ˹̒̆. 9. 

˨. 63–66. 

[2] ВǢǥǢǯоǤ В.Ǉ., ǍомǢǬǪǯ Ǔ.ǎ., ǏǧǶǧǦоǤǢ Ǉ.В., 

ǐǲǭоǤ В.Ǡ., ǒǧǺǧǴǯȁǬ В.В. Ӥ̈̂˼˻̅˹˷̄˿˼ ˹̂˿̖̄˿̖ 
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