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ВЛИЯНИЕ ТЕМПЕРАТУРЫ НА СВОЙСТВА СИСТЕМЫ  
Fe3O4–МАННИТ–ВОДА 

˙ ̇˷˸̅̉˼ ˿˾̊̎˼̄˷ ̅́˿̖̈̂˼̃̅̈̉̓ ̃˷˺̄˿̉̄̒̌ ̄˷̄̅̎˷̈̉˿̍ Fe3O4, ̄˷̌̅˻̖̐˿̖̌̈ ˹ ̇˷̈̉˹̅̇˼ ̈̉˷˸˿̂˿-

˾˷̉̅̇˷ ̃˷̄̄˿̉˷ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˷̌ ̄˿˽˼ ˿ ˹̒̏˼ ̉˼̃̆˼̇˷̉̊̇̒ ˼˺̅ ̆̂˷˹̂˼̄˿̖ (166 C), ˿ ̄˼̈̉˷˸˿-

̂˿˾˿̇̅˹˷̄̄̒̌ ̎˷̈̉˿̍. ˙˹˼˻˼̄˿˼ ̈̉˷˸˿̂˿˾˷̉̅̇˷ ̃˷̄̄˿̉˷ ˹ ̃˷˺̄˿̉̄̊̕ ˽˿˻́̅̈̉̓ Fe3O4 ̈˻˹˿˺˷˼̉ 
̉˼̃̆˼̇˷̉̊̇̊ ˻˼˺̇˷˻˷̍˿˿ ̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿ ˹ ˸̅̂̓̏̊̕ ̈̉̅̇̅̄̊. ˦̅́˷˾˷̄̅, ̎̉̅ ̆̇˿ 160 C ˾˷-

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

˦̇˿ ̉˼̃̆˼̇˷̉̊̇˼ ˹̒̏˼ 240 C ̆̇̅˿̈̌̅˻˿̉ ̅́˿̈̂˼̄˿˼ Fe3O4 ˻̅ Fe2O3 ˿ Fe21.34O32 ˹ ̈˹̖˾˿ ̈ ̆̇̅̍˼̈-

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

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

̃˷̄̄˿̉̅̃ ̎˷̈̉˿̍ ̃˷˺̄˼̉˿̉˷. 
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TEMPERATURE EFFECT ON THE PROPERTIES  
OF A Fe

3
O

4
–MANNITE–WATER SYSTEM 

We have studied oxidizability of magnetic Fe3O4 nanoparticles in the solution of the mannitol stabilizer at 

temperatures below and above its melting point (166 C) and of unstabilized particles. The addition of 

mannitol as stabilizer into a magnetic Fe3O4 fluid shifts the degradation temperature of the fluid upward. It 

was shown that at 160 C the protective film created by mannitol prevents nanoparticles from active 

oxidation. At temperatures above 240 C, Fe3O4 oxidizes to Fe2O3 and Fe21.34O32 due to melting of mannitol 

and its decomposition to mannose and galactose sugars. The results of these studies are interesting and 

important for synthesis of general magnetic nanoparticles with a wide range of practical applications and for 

processes with heat treatment of mannitol-stabilized magnetite particles. 
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Металлургия и материаловедение

ВǤǧǦǧǯǪǧ 

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

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

̉˿˹̄̒̃˿ ˹̅˾̃̅˽̖̄̅̈̉̃˿ ̆̇˿̃˼̄˼̄˿̖ ˿̌ ˹ 

̇˷˾̂˿̎̄̒̌ ̅˸̂˷̖̈̉̌ ̌˿̃˿˿, ̋˿˾˿́˿, ˸˿̅̂̅˺˿˿, 

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

̆̇˼˻̈̉˷˹̖̂̉̕ ̅̈̅˸̒̀ ˿̄̉˼̇˼̈ ̄˷̄̅̎˷̈̉˿̍̒ 

(ˤˮ) ̃˷˺̄˼̉˿̉˷ (Fe3O4).  

ˤ˷̃˿ ˸̒̂ ̆̇˼˻̂̅˽˼̄ ̈̆̅̈̅˸ ̆̅̂̊̎˼̄˿̖ 

˸˼̈̆̇˿̃˼̈̄̅̀ ̋˼̇̇̅̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿ [1], 

̈̅˻˼̇˽˷̐˼̀ ̃˷˺̄˿̉̄̒˼ ̄˷̄̅̎˷̈̉˿̍̒ (ˣˤˮ) 

Fe3O4, ̆̅́̇̒̉̒˼ ̉̅̄́˿̃ ̈̂̅˼̃ ̃˷̄̄˿̉˷, ́̅̉̅-

̇̒˼ ˿̃˼̉̕ ̇˷˾̃˼̇ 8–10 ̄̃, ̊˾́̅˼ ̃̅̄̅̃̅-

˻˷̂̓̄̅˼ ̇˷̈̆̇˼˻˼̂˼̄˿˼ ̆̅ ̇˷˾̃˼̇̊, ˹̒̈̅́˿˼ 
̃˷˺̄˿̉̄̒˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ (̊˻˼̂̓̄˷̖ ̄˷̃˷˺-
̄˿̎˼̄̄̅̈̉̓ ̄˷̈̒̐˼̄˿̖ 69–81 ˚̈̈̃3/˺) ˿ ˹̒-

̈̅́̊̕ ̊̈̉̅̀̎˿˹̅̈̉̓ [2]. 

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

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

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

̇˷́̅˹̒̌ ˾˷˸̅̂˼˹˷̄˿̀ ̈ ̆̇˿̃˼̄˼̄˿˼̃ ̃˷˺̄˿̉̄̒̌ 
̄˷̄̅̎˷̈̉˿̍ [3, 4], ˷ ̉˷́˽˼ ̎˷̈̉˿̍, ̅˸̂˷˻˷̐̕˿̌ 
˹̅˾̃̅˽̄̅̈̉̓̕ ˷˻̇˼̈̄̅̀ ˻̅̈̉˷˹́˿ ̂˼́˷̇̈̉˹˼̄̄̒̌ 
̈̇˼˻̈̉˹ [5]. ˦̅̂̊̎˷˼̃̒˼ ̆̇˼˻̂̅˽˼̄̄̒̃ ̈̆̅̈̅-

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

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

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

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

́˷̈˷̐̕˿̖̌̈ ̔̂˼̃˼̄̉̅˹ [6, 7]. ˣ̄̅˺̅̅˸˼̐˷̐̕˿̃ 

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

˻̖̂ ̆̇˿̃˼̄˼̄˿̖ ˹ ̆̇̅˿˾˹̅˻̈̉˹˼ ̈̅̇˸̍˿̅̄̄̒̌ 
̃˷̉˼̇˿˷̂̅˹ ̄̅˹̅˺̅ ̆̅́̅̂˼̄˿̖ [8]. ˗́̉˿˹̄̅ ˹˼-
˻̖̊̉̈ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̅̂̊̎˷˼̃̒̌ ̇˷˾̂˿̎̄̒̃˿ 

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

̎˷̈̉˿̍˷̃˿ ̅́̈˿˻˷ ˽˼̂˼˾˷ ˻̖̂ ̆̇˿̃˼̄˼̄˿̖ ˿̌ ˹ 
̈̅̈̉˷˹˼ ˷̄̅˻̅˹ ̂˿̉˿̀-˿̅̄̄̒̌ ˷̖́́̊̃̊̂̉̅̇̅˹ [9]. 

˧̖˻ ˿̈̆̒̉˷̄˿̀ ̊˺̂˼̇̅˻̄̅˺̅ ̃˷̉˼̇˿˷̂˷ Carbon 

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

̉̅˹̂˼̄̄̒˼ ̆̅ ̅̆˿̈˷̄̄̅̃̊ ̈̆̅̈̅˸̊ ̄˷̄̅̎˷̈̉˿̍̒ 

Fe3O4, ̆̅˾˹̖̅̂̉̕ ˺̅˹̅̇˿̉̓ ̅ ˹̅˾̃̅˽̄̅̈̉˿ ̆̅-

˹̒̏˼̄˿̖ ˼̃́̅̈̉˿ ̂˿̉˿̀-˿̅̄̄̅˺̅ ̔̂˼̃˼̄̉˷ ̈ ̉˷-
́˿̃ ́̅̃̆̅˾˿̉̄̒̃ ̃˷̉˼̇˿˷̂̅̃ ˸̅̂˼˼ ̎˼̃ ˹ 3 

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

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

̍˷̃˿ Fe3O4 ˹ ̈̇˼˻˼ ˹˼̐˼̈̉˹˷-˿̈̉̅̎̄˿́˷ ̊˺̂˼̇̅˻˷. 
˥̎˼˹˿˻̄̅, ̎̉̅ ˹̅ ˹̈˼̌ ̆˼̇˼̎˿̈̂˼̄̄̒̌ 

̆̇˿̃˼̇˷̌ ̉˼̃̆˼̇˷̉̊̇̄̒̀ ̋˷́̉̅̇ ˹̂˿̖˼̉ ́˷́ 

̄˷ ̆̇̅̍˼̈̈̒ ̆̅̂̊̎˼̄˿̖, ̉˷́ ˿ ̄˷ ̊̈̂̅˹˿̖ ˿ 

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

̇˼̏˼̄˿˼ ́̅̃̆̂˼́̈̄̒̃ (̉˼̅̇˼̉˿̎˼̈́˿̃ ˿ ̔́̈-
̆˼̇˿̃˼̄̉˷̂̓̄̒̃) ̃˼̉̅˻̅̃ ̆̇˿́̂˷˻̄̒̌ ˾˷˻˷̎, 

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

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

̄˷̄̅̎˷̈̉˿̍, ̈̉˷˸˿̂˿˾˿̇̅˹˷̄̄̒̌ ̃˷̄̄˿̉̅̃. 

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

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

«Fe3O4 – ̃˷̄̄˿̉ – ˹̅˻˷»: ˼˼ ̊̈̉̅̀̎˿˹̅̈̉̓, 
̈́̂̅̄̄̅̈̉̓ ́ ̅́˿̈̂˼̄˿̕ ̄˷̄̅̎˷̈̉˿̍, ˿˾̃˼̄˼-
̄˿˼ ̈̅̈̉˷˹˷ ̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿, ˹ ̎˷̈̉̄̅̈̉˿ 

̅˸̇˷˾̅˹˷̄˿˼ ́̅̃̆̅̄˼̄̉̅˹, ̊̃˼̄̓̏˷̐̕˿̌ 

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

ǟǬǳǱǧǲǪмǧǯǴǢǭǾǯǢȁ ǹǢǳǴǾ 

˙ ̂˿̉˼̇˷̉̊̇˼ [10–12] ̆̇˿˹˼˻˼̄̒ ̇˷˾̂˿̎-

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

«̃˷̄̄˿̉ – ˹̅˻˷», ̊̈̉˷̄̅˹̂˼̄̄̒˼ ̅̆̒̉̄̒̃ ̆̊-

̉˼̃. ˤ˷̃˿ ˸̒̂˷ ̇˷̈̈̎˿̉˷̄˷ ̂˿̄˿̖ ̂˿́˹˿˻̊̈˷ 

̋˷˾̅˹̅̀ ˻˿˷˺̇˷̃̃̒ «̃˷̄̄˿̉ – ˹̅˻˷» ˿˾ ̆̇˼˻-

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

˸̅̀ ˿˻˼˷̂̓̄̒̀ ̇˷̈̉˹̅̇.  

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

̉˼̃̆˼̇˷̉̊̇̒ ̆̂˷˹̂˼̄˿̖ ̃˷̄̄˿̉˷ ̆̂
̃( H   53,6 

́˛˽/̃̅̂̓, ̆̂
̃ǲ   439,15 K [11, 12]) ˿ ˹̅˻̒ [1] 

̆̂
˹( H  6,009 ́˛˽/̃̅̂̓, ̆̂

˹T  273,15 K) ˸̒̂˿ 

̇˷̈̈̎˿̉˷̄̒ 

 lg x̃ = 6,375 – 2,799  103  ǲ–1;  (1)  

 lg xb = 1,149 – 0,314  103  ǲ–1, (2)  

˺˻˼ ȕ̃ ˿ ȕ˹ – ̖̃̅̂̇̄̒˼ ˻̅̂˿ ̈̅̅̉˹˼̉̈̉˹˼̄̄̅ 

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

˻̊̈˷ ̈̅̈̉˷˹̖̂˼̉ R2 = 0,99.  
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˙ ̇˷̃́˷̌ ̆̅̈̉˷˹̂˼̄̄̅̀ ˾˷˻˷̎˿ ˻̖̂ ̆̅̂̊̎˼-
̄˿̖ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̌ ˾̄˷̎˼̄˿̀ ̄˷˺̇˼˹ ̅˸̇˷˾-
̍̅˹ ̆̇̅˹̅˻˿̂˿ ˹ ˹˷́̊̊̃̄̅̀ ̆˼̎˿ Vacuum Drier 

SPT-200. ˦̇˿ ̉˼̇̃˿̎˼̈́̅̃ ˷̄˷̂˿˾˼ ˿̈̈̂˼˻̊˼-
̃̒̌ ̅˸̇˷˾̍̅˹ ˿̈̆̅̂̓˾̅˹˷̂˿ ̆̇˿˸̅̇ ˩˼̇̃̅̈́˷̄-

2. ˗̄˷̂˿˾ ̈̅̈̉˷˹˷ ˿ ̇˷˾̃˼̇˷ ̆̅̂̊̎˷˼̃̒̌ ̎˷̈̉˿̍ 

˸̒̂ ̆̇̅˹˼˻˼̄ ̈ ̆̅̃̅̐̓̕ ̔̂˼́̉̇̅̄̄̅˺̅ ̃˿́̇̅-

̈́̅̆˷ Zeiss SUPRA 55VP; ̈̅̈̉˷˹ ̅˸̑˼́̉̅˹ ˸̒̂ 

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

̔̂˼́̉̇̅̄̄̅̀ ̈̆˼́̉̇̅̈́̅̆˿˿ (˧˫Э˨) ̄˷ ̆̂˷̉-
̋̅̇̃˼ ˻̖̂ ESCA ́̅̃̆̂˼́̈̄̅̀ ̊̈̉˷̄̅˹́˿ ˤ˷̄̅-

̋˷˸-25. ˧˼̄̉˺˼̄̅̋˷˾̅˹̒̀ ˷̄˷̂˿˾ (˧˫˗) ̅̈̊̐˼-
̈̉˹̂˼̄ ̈ ̆̅̃̅̐̓̕ ̇˼̄̉˺˼̄̅˹̈́̅˺̅ ˻˿̋̇˷́̉̅-

̃˼̉̇˷ Bruker D8Advance. 

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

˸̅̃, ̅̆˿̈˷̄̄̒̃ ˹ ˦˷̉˼̄̉˼ ˧˫ №2593392* ˿ [2]. 

ǟǬǳǱǧǲǪмǧǯǴǢǭǾǯǽǧ ǲǧǩǵǭǾǴǢǴǽ  

Ǫ ǪǷ обǳǵǨǦǧǯǪǧ 
˧˼̏˼̄˿˼ ̊̇˷˹̄˼̄˿̖ (1) ̅̉̄̅̈˿̉˼̂̓̄̅  

̖̃̅̂̇̄̅̀ ˻̅̂˿ ̃˷̄̄˿̉˷ ˻̖̂ ̖̇˻˷ ̉˼̃̆˼̇˷̉̊̇ 

˻˷ё̉ ̇˼˾̊̂̓̉˷̉̒, ̆̇˼˻̈̉˷˹̂˼̄̄̒˼ ˹ ̉˷˸̂˿̍˼, ˺˻˼ 
̉˷́˽˼ ̆̇˿˹˼˻˼̄̒ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒˼ ˻˷̄̄̒˼ 
[10–12] ˹ ̆˼̇˼̈̎˼̉˼ ̄˷ ̖̃̅̂̇̄̊̕ ˻̅̂̕ ̃˷̄̄˿̉˷ 
(˻̖̂ ˹̒̎˿̈̂˼̄˿̖ ́̅̂˿̎˼̈̉˹˷ ̃̅̂̓ ̈̎˿̉˷˼̃, ̎̉̅ 

̖̃̅̂̇̄̒˼ ̃˷̈̈̒ ̃˷̄̄˿̉˷ ˿ ˹̅˻̒ ̇˷˹̄̒ ̈̅̅̉-
˹˼̉̈̉˹˼̄̄̅ 182,17 ˿ 18,02 ˺/̃̅̂̓).  

ˤ˷ ̇˿̈. 1 ˿˾̅˸̇˷˽˼̄˷ ˻˿˷˺̇˷̃̃˷ ̖̈̅̈̉̅̄˿̖ 

̈˿̈̉˼̃̒ «̃˷̄̄˿̉ – ˹̅˻˷» ̄˷ ̊̎˷̈̉́˷̌ ̄˿˾́˿̌ ˿ 

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

̂˿̄˿̖ 1 ̆̇˼˻̈̉˷˹̖̂˼̉ ̂˿̄˿̕ ̂˿́˹˿˻̊̈˷ ˻̖̂ 

̈˿̈̉˼̃̒, ˹ ́̅̉̅̇̅̀ ́̅̃̆̅̄˼̄̉̒ ˹ ˽˿˻́̅̃ ̈̅-

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

˻̅̃ – ̆̇˷́̉˿̎˼̈́˿ ̄˼̇˷̈̉˹̅̇˿̃̒ ˻̇̊˺ ˹ ˻̇̊˺˼; 
̂˿̄˿̖ 2 – ̂˿̄˿̕ ̂˿́˹˿˻̊̈˷, ̆̅̈̉̇̅˼̄̄̊̕ ̆̅ 

̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̃ ˻˷̄̄̒̃. ˦̅ ̇˿̈. 1 ˹˿˻̄̅, 

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

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

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

                                                      
* ˦˷̉˼̄̉ ˧˫ ̄˷ ˿˾̅˸̇˼̉˼̄˿˼ № 2593392. ˨̆̅̈̅˸ 

̆̅̂̊̎˼̄˿̖ ̋˼̇̇̅̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿ / ˛˼̃˿˻̅˹ 

˗.И., ˦̅̂˷̉˷̀́̅ И.˗. ˞˷̖˹́˷ №2015121189. ˞˷̇˼˺˿-

̈̉̇˿̇̅˹˷̄̅ ˹ ˚̅̈̊˻˷̇̈̉˹˼̄̄̅̃ ̇˼˼̈̉̇˼ ˿˾̅˸̇˼̉˼-
̄˿̀ ˧˫ 10.08.2016. 

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

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

̃˷̄̄˿̉˷ ̌̅̇̅̏̅ ̈̅˺̂˷̖̈̊̉̈̕ ̃˼˽˻̊ ̈̅˸̅̀, ̎̉̅ 

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

̈̉˿ ˿̈̈̂˼˻̊˼̃̒̌ ̇˷̈̉˹̅̇̅˹ ˹ ˿̄̉˼̇˹˷̂˼ ̅̉  
ȕ̃  0,40–1 ˹˼̇̄̒̃. ˦̇˿ ́̅̃̄˷̉̄̅̀ ̉˼̃̆˼̇˷̉̊-
̇˼ ̇˷̈̉˹̅̇̒ ˿̈̈̂˼˻̊˼̃̒̌ ́̅̄̍˼̄̉̇˷̍˿̀ ̖˹̖̂-

̖̉̈̕ ˽˿˻́˿̃˿, ˷ ̈̅̈̉˷˹̒, ̈̅̅̉˹˼̉̈̉˹̊̐̕˿˼ 
15%-̄̅̃̊ (ȕ̃  0,017) ̇˷̈̉˹̅̇̊ ̃˷̄̄˿̉˷, ˸̂˿˾́˿ 

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

̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿, ˷ ̂˿̏̓ ̆̅˹̒̏˷˼̉ ˼˼ ˹̖˾-
́̅̈̉̓, ̈̄˿˽˷̖ ̉˼̃ ̈˷̃̒̃ ̃˷˺̄˿̉̄̒˼ ̈˹̅̀̈̉˹˷ 
ˤˮ [2]. ˙ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ̆̇˿˹˼˻˼̄̄̅̀ ˾˷˹˿̈˿-

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

̃˷̄̄˿̉˷, ̈̅̈̉˷˹˿˹̏˷̖ ̆̇˿̃˼̇̄̅ 166,6 ˨, ̎̉̅ 

̌̅̇̅̏̅ ̈̅˺̂˷̈̊˼̖̉̈ ̈ [13]. 
 

ǒǢǳǹǧǴǯǽǧ Ǫ ǿǬǳǱǧǲǪмǧǯǴǢǭǾǯǽǧ ǦǢǯǯǽǧ  
моǭȁǲǯоǫ ǦоǭǪ мǢǯǯǪǴǢ Ǥ ǤоǦǯом ǲǢǳǴǤоǲǧ  

Ǥ ǩǢǤǪǳǪмоǳǴǪ оǴ ǴǧмǱǧǲǢǴǵǲǽ 

Calculated and experimental data of the molar fraction 

of mannitol in an aqueous solution  

as a function of temperature 

ǲ, К 
̌̃, 103 

˧˷̈̎˼̉ Э́̈̆˼̇˿̃˼̄̉
283,15 0,31 13,37 

288,15 0,46 15,58 

293,15 0,67 17,22 18,06

297,65 0,93 20,32 

298,15 0,97 20,92 

303,15 1,38 24,5 24,32

308,95 2,06 28,76 

313,15 2,72 33,82 33,1

323,15 5,15 44,97 

323,95 5,41 44,15 

333,15 9,37 56,05 59,88

343,15 16,47 68,63 78,56

353,15 28,03 83 102,11

363,15 46,34 129,21 

373,15 74,56 116,34 163,09

410,65 361,07 470,97 

413,15 397,05 500,04 

429,15 710,33 652,71 

435,65 888,77 828,97 

438,15 967,06 907,35 
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˧˿̈. 1. ˛˿˷˺̇˷̃̃˷ ̖̈̅̈̉̅̄˿̖ «̃˷̄̄˿̉ – ˹̅˻˷» 

Fig. 1. State diagram of «mannitol – water» 
 

˘̒̂ ̆̇̅˹˼˻˼̄ ˻˿̋̋˼̇˼̄̍˿˷̂̓̄̒̀ ̉˼̇̃˿̎˼-
̈́˿̀ ˷̄˷̂˿˾ (˛˩˗) ˹ ̏˿̇̅́̅̃ ˿̄̉˼̇˹˷̂˼ ̉˼̃-

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

̈́˷̄-2. ˦̅ ˼˺̅ ̇˼˾̊̂̓̉˷̉˷̃ ̊˻˷̂̅̈̓ ̊̈̉˷̄̅˹˿̉̓ 
̄˷̂˿̎˿˼ ̌˷̇˷́̉˼̇̄̒̌ ̋˷˾̅˹̒̌ ̆̇˼˹̇˷̐˼̄˿̀ 

˿̈̈̂˼˻̊˼̃̅̀ ̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿, ̃˷̄̄˿̉˷, ˷ 
̉˷́˽˼ ̈̉˷˸˿̂˿˾˿̇̅˹˷̄̄̅̀ ̃˷̄̄˿̉̅̃ ̃˷˺̄˿̉-
̄̅̀ ˽˿˻́̅̈̉˿ (̇˿̈. 2). ˦̅̂̅˽˼̄˿˼ ̆˿́̅˹ ˻̖̂ 

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

˻̒ ˿ ̆̂˷˹̂˼̄˿̕ ̃˷̄̄˿̉˷ ˻̖̂ ˣ˝ ̈ ̄˼̈̉˷˸˿̂˿-

˾˿̇̅˹˷̄̄̒̃˿ ˣˤˮ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˼ ̅́̅̂̅ 

140 ˨ ˿ ̆̇˿̃˼̇̄̅ 170 ˨ ˻̖̂ ̈̉˷˸˿̂˿˾˿̇̅˹˷̄-

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

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

˦̅̈̇˼˻̈̉˹̅̃ ˩˚-˷̄˷̂˿˾˷ ̆̇˿ ̃˼˻̂˼̄̄̅̃ 

̄˷˺̇˼˹˼ ˹ ˹˷́̊̊̃̄̅̀ ̆˼̎˿ Vacuum Drier SPT-

200 ̄˷ ˹̅˾˻̊̌˼ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˷̌ 100–160 ˨ 

̊̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ̆̇˿ 160 ˨ ̆̇̅˿̈̌̅˻˿̉ ̆̇˷́-

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

˻̖̅̂ ̈̊̌̅˺̅ ̃˷˺̄˿̉̄̅˺̅ ˹˼̐˼̈̉˹˷ ̈̅̈̉˷˹̖̂˼̉ 
22–23 % ̅̉̄̅̈˿̉˼̂̓̄̅ ̃˷̈̈̒ ˣ˝ ˻̅ ̉˼̃̆˼̇˷-
̉̊̇̄̅̀ ̅˸̇˷˸̅̉́˿. 

˨̅˺̂˷̈̄̅ ˻˿˷˺̇˷̃̃˼ ̖̈̅̈̉̅̄˿̖ ̈˿̈̉˼̃̒ 

«̃˷̄̄˿̉ – ˹̅˻˷», ̆̇˼˻̈̉˷˹̂˼̄̄̅̀ ̄˷ ̇˿̈. 1, ̆̇˿ 

160 ˨ (433,15 K) ̖̃̅̂̇̄˷̖ ˻̖̅̂ ̃˷̄̄˿̉˷ ̈̅-

̈̉˷˹̖̂˼̉ 0,75, ˿̂˿ 96,8 ̃˷̈.%. ˨̂˼˻̅˹˷̉˼̂̓̄̅, 

̆̇˿ ̉˼̇̃̅̅˸̇˷˸̅̉́˼ ˣ˝ ˻̅ 160 ˨ ˹ ̈̊̌̅̃ ̃˷˺-
̄˿̉̄̅̃ ˹˼̐˼̈̉˹˼ ̈̅˻˼̇˽˿̖̉̈ ̆̇˿˸̂˿˾˿̉˼̂̓̄̅ 

3,2 ̃˷̈. % ˹̅˻̒. ˤ˷ ̇˿̈. 3 ̆̇˼˻̈̉˷˹̂˼̄˷ ˻˿̋̇˷́-

̉̅˺̇˷̃̃˷ ̈̊̌̅˺̅ ̃˷˺̄˿̉̄̅˺̅ ˹˼̐˼̈̉˹˷ ̆̅̈̂˼ 
̃˼˻̂˼̄̄̅̀ ̉˼̇̃̅̅˸̇˷˸̅̉́˿ ˣ˝ ̈ ̄˷˺̇˼˹̅̃ ˻̅ 

160 ˨. ˧˫˗ ̆̅́˷˾˷̂, ̎̉̅ ̅́˿̈̂˼̄˿̖ ̃˷˺̄˼̉˿̉˷ 
̄˼ ̆̇̅˿˾̅̏̂̅, ˷ ˼˺̅ ̈̅˻˼̇˽˷̄˿˼ ̈̅̈̉˷˹˿̂̅ 65 %. 

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

160 ˨ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈̅ ̈̌˼̃̅̀, ̆̇˼˻̈̉˷˹̂˼̄-

̄̅̀ ̄˷ ̇˿̈. 4. ˩˼̃̆˼̇˷̉̊̇˷ ̆̂˷˹̂˼̄˿̖ ̃˷̄̄˿̉˷ 
̈̅̈̉˷˹̖̂˼̉ 166 ˨ [14, 15], ̄̅ ˼˺̅ ̇˷˾̂̅˽˼̄˿˼ ̄˷-
̎˷̂̅̈̓ ̆̇˿ ̉˼̃̆˼̇˷̉̊̇˼ ̄˼̃̄̅˺̅ ̄˿˽˼ ̉˼̃̆˼̇˷-
̉̊̇̒ ̆̂˷˹̂˼̄˿̖. ˙˼̖̇̅̉̄˼˼ ˹̈˼˺̅, ̔̉̅ ̈˹̖˾˷̄̅ ̈ 
̉˼̃, ̎̉̅ ̃˷̄̄˿̉ ˿̃˼˼̉ ̄˿˾́̊̕ ̉˼̃̆˼̇˷̉̊̇̄̊̕ 

̈̉˷˸˿̂̓̄̅̈̉̓ ˹ ˻˿˷̆˷˾̅̄˼ ˹̒̏˼ 150 ˨ [16], ˷ 
̆̂˷˹̂˼̄˿˼ ̄˷̎˿̄˷˼̖̉̈ ̈̅ 162,15 ˨ [17], ˹ ̇˼˾̊̂̓-
̉˷̉˼ ̎˼˺̅ ˻̂˿̉˼̂̓̄˷̖ ˹̒˻˼̇˽́˷ ˹˸̂˿˾˿ ̉˼̃̆˼̇˷-
̉̊̇̒ ̆̂˷˹̂˼̄˿̖ ̆̇˿˹̅˻˿̉ ́ ̆̇˼˹̇˷̐˼̄˿̕ ̃˷̄-

̄˿̉˷ ˹ ̃˷̄̄̅˾̊ ˿ ˺˷̂˷́̉̅˾̊ (̈̃. ̇˿̈. 4). ˦̇˿ ˿˾-
̃˼̄˼̄˿˿ ̈̅̈̉˷˹˷ ˾˷̐˿̉̄̅̀ ̅˸̅̂̅̎́˿ ˻̅ ̈˷̌˷̇̅˹ 

̃˷̄̄̅˾̒ ˿ ˺˷̂˷́̉̅˾̒ ̃˷˺̄˼̉˿̉̅˹̒˼ ˤˮ ̄˼ ˿˾-
̃˼̖̄̉̕ ̈˹̅̀ ̈̅̈̉˷˹ (̈̃. ̇˿̈. 3). 
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˧˿̈. 2. ˧˼˾̊̂̓̉˷̉̒ ̉˼̇̃˿̎˼̈́̅˺̅ ˷̄˷̂˿˾˷ ̃˷̄̄˿̉˷, ̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿  

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

( ) – ̃˷̄̄˿̉; ( ) – ̃˷˺̄˿̉̄˷̖ ˽˿˻́̅̈̉̓ + ̃˷̄̄˿̉; ( ) – ̃˷˺̄˿̉̄˷̖ ˽˿˻́̅̈̉̓ 

Fig. 2. Results of thermal analysis of mannitol, magnetic fluid and magnetic fluid stabilized by mannitol 
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˧˿̈. 3. ˛˿̋̇˷́̉̅˺̇˷̃̃˷ ̈̊̌̅˺̅ ̃˷˺̄˿̉̄̅˺̅ ˹˼̐˼̈̉˹˷ 

Fig. 3. The diffractogram of a dry magnetic substance 
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˧˿̈. 4. ˨̌˼̃̒ ̇˷˾̂̅˽˼̄˿̖ ̃˷̄̄˿̉˷ ̄˷ ̃˷̄̄̅˾̊ (а)  

˿ ˺˷̂˷́̉̅˾̊ (ȁ) 

Fig. 4. Schemes of mannitol decomposition  

into mannose (а) and galactose (ȁ) 

 

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

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

̔̂˼́̉̇̅̄̄̅̀ ̈̆˼́̉̇̅̈́̅̆˿˿ (˧˫Э˨). ˧˫˗ 

̆̅́˷˾˷̂, ̎̉̅ ̅́˿̈̂˼̄˿̖ Fe3O4 ̄˼ ̆̇̅˿˾̅̏̂̅, ˷ 

̆̅̈̇˼˻̈̉˹̅̃ ˧˫Э˨ ̃̅˽̄̅ ̈˻˼̂˷̉̓ ˹̒˹̅˻ ̅ 

̎˷̈̉˿̎̄̅̃ ̅˸̇˷˾̅˹˷̄˿˿ Fe2O3. ˦̅̈́̅̂̓́̊ 

˧˫Э˨ – ̆̅˹˼̇̌̄̅̈̉̄̒̀ ̃˼̉̅˻ ˿̈̈̂˼˻̅˹˷̄˿̖, 

˷ ˧˫˗ ˻˷˼̉ ̇˼˾̊̂̓̉˷̉̒ ̈ ˸̅̂˼˼ ˺̂̊˸̅́˿̌ ̈̂̅ё˹ 

̃˷̉˼̇˿˷̂˷ ̆̅ ̈̇˷˹̄˼̄˿̕ ̈ ˧˫Э˨, ̃̅˽̄̅ ̈˻˼-
̂˷̉̓ ̆̇˼˻̆̅̂̅˽˼̄˿˼ ̅ ̉̅̃, ̎̉̅ ̆̇˿ ̉˼̇̃̅̅˸̇˷-
˸̅̉́˼ ˻̅ 160 ˨ ̆̅˹˼̇̌̄̅̈̉̄̒̀ ̈̂̅̀ Fe3O4 ˸̅-

̂˼˼ ˷́̉˿˹̄̅ ̅́˿̖̈̂˼̖̉̈ ˻̅ Fe2O3. ˪̈̉˷̄̅˹̂˼̄̅, 

̎̉̅ ˹ ˿̈̈̂˼˻̊˼̃̒̌ ̅˸̇˷˾̍˷̌ ̄˷̖̇˻̊ ̈ Fe3O4 

̆̇˿̈̊̉̈̉˹̊˼̉ 20–30 % Fe2O3 ̅̉ ̅˸̐˼˺̅ ́̅̂˿̎˼-
̈̉˹˷ ̈̅˼˻˿̄˼̄˿̀ ̅́̈˿˻̅˹ ˽˼̂˼˾˷ ˹ ̆̅˹˼̇̌̄̅-

̈̉̄̅̃ ̈̂̅˼. ˮ˼̃ ˸̅̂̓̏˼ ̆̂̅̐˷˻̓ ̆̅˹˼̇̌̄̅̈̉-
̄̅˺̅ ̖̈̂̅, ̉˼̃ ˹̒̏˼ ˹ ̄˼̃ ̈̅˻˼̇˽˷̄˿˼ Fe2O3. 

˦̇˿ ̉˼̇̃̅̅˸̇˷˸̅̉́˼ ˣ˝ ˻̅ 240 ˨ ̅̈̉˷˹-

̏˷̖̖̈ ̈̊̌˷̖ ̃˷̈̈˷ ̈̅˻˼̇˽˷̂˷ ʙ-Fe2O3, ˷ ̉˷́˽˼ 
̆̇̅˿˾̅̏̂̅ ̅˸̇˷˾̅˹˷̄˿˼ ̄˼̈̉˼̌˿̅̃˼̉̇˿̎˼̈́̅-

˺̅ ̅́̈˿˻˷ Fe21.34O32 (̇˿̈. 5). ˨̅˺̂˷̈̄̅ [18] ̅˸-

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

̃̅̅˸̇˷˸̅̉́˼ ̃˷˺̄˼̉˿̉˷ ̆̇˿ 500 K (226,85 ˨) 

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

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

˼̃ ̅˸̅̂̅̎́˿ ̃˷̄̄˿̉˷ (ǲ̆̂ = 166 ˨), ́̅̉̅̇̒̀ 

˾˷̐˿̐˷̂ ˤˮ ̃˷˺̄˼̉˿̉˷ ̅̉ ̅́˿̈̂˼̄˿̖, ˿ ̆˼̇˼-

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

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

̆˷̌, ́̅̉̅̇̒̀ ˹̒˻˼̖̖̂̂̈ ̆̇˿ ̆̅˹̒̏˼̄̄̒̌ 

̉˼̃̆˼̇˷̉̊̇˷̌. 
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˧˿̈. 5. ˛˿̋̇˷́̉̅˺̇˷̃̃˷ ̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿ ̆̅̈̂˼ ̉˼̃̆˼̇˷̉̊̇̄̅̀ ̅˸̇˷˸̅̉́˿ ̆̇˿ 240 ˨ ˹ ˷̉̃̅̈̋˼̇˼ ˹̅˾˻̊̌˷ 
Fig. 5. Diffractogram of a magnetic fluid after temperature treatment at 240 C in an air atmosphere 
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Ӥ̌̅˻̖ ˿˾ ̇˼˾̊̂̓̉˷̉̅˹ ̔́̈̆˼̇˿̃˼̄̉˷ ̃̅˽-

̄̅ ̊̉˹˼̇˽˻˷̉̓, ̎̉̅ ̆̇˿ ̉˼̇̃̅̅˸̇˷˸̅̉́˼ ˣ˝ ˹ 

˷̉̃̅̈̋˼̇˼ ˹̅˾˻̊̌˷ ̆̇˿ 240 ˨ ̆̇̅˿̈̌̅˻˿̉ ̆̇˼-
˹̇˷̐˼̄˿˼ ̃˷̄̄˿̉˷ ˹ ̈˷̌˷̇˷ ˿ ̅́˿̈̂˼̄˿˼ ̃˷˺-
̄˼̉˿̉˷ ˻̅ ʙ-Fe2O3 ˿ ˻̅ Fe21.34O32. 

ǉǢǬǭȀǹǧǯǪǧ 

˦̇̅˹˼˻˼̄̅ ̆̅˻̇̅˸̄̅˼ ˿˾̊̎˼̄˿˼ ˹̂˿̖̄˿̖ 

̉˼̃̆˼̇˷̉̊̇̒ ̄˷ ̈˹̅̀̈̉˹˷ ̈˿̈̉˼̃̒ «Fe3O4 – 

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

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

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

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

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

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

̈˷̌˷̇˷. ˤ˷ ̅̈̄̅˹˷̄˿˿ ˧˫Э˨ ˿ ˧˫˗ ̃̅˽̄̅ 

̈˻˼̂˷̉̓ ˹̒˹̅˻, ̎̉̅ ̉˼̇̃̅̅˸̇˷˸̅̉˷̄̄̒˼ ̃˷˺-
̄˿̉̄̒˼ ̎˷̈̉˿̍̒ ̆̇˿ 160 ˨ ̆̅́̇̒˹˷̖̉̈̕ ̈̂̅-

˼̃ ʙ-Fe2O3, ˷ ̆̇˿ ˸̅̂˼˼ ˹̒̈̅́˿̌ ̉˼̃̆˼̇˷̉̊̇˷̌ 

(240 ˨) ̆̇̅˿̈̌̅˻˿̉ ̆̇˷́̉˿̎˼̈́˿ ̆̅̂̄̅˼ 
̅́˿̈̂˼̄˿˼ ̃˷˺̄˼̉˿̉˷ ˻̅ ʙ-Fe2O3 ˿ Fe21.34O32. 

ˣ˷̄̄˿̉ ̆̅ ̆̇˿̎˿̄˼ ̈˹̅˼̀ ̉˼̃̆˼̇˷̉̊̇̄̅̀ ̄˼-
̈̉˷˸˿̂̓̄̅̈̉˿ ˹ ̇˼˾̊̂̓̉˷̉˼ ̉˼̇̃̅̅˸̇˷˸̅̉́˿ ̆˼-
̇˼̌̅˻˿̉ ˹ ̈˷̌˷̇˷ (̃˷̄̄̅˾̊ ˿ ˺˷̂˷́̉̅˾̊). ˩˷́˿̃ 

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

̃˷˺̄˿̉̄̊̕ ˽˿˻́̅̈̉̓ Fe3O4 ̈˻˹˿˺˷˼̉ ˻˼˺̇˷˻˷-
̍˿̕ ̃˷˺̄˿̉̄̅̀ ˽˿˻́̅̈̉˿ ˹ ̈̉̅̇̅̄̊ ˸̅̂̓̏˿̌ 

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

̄̒̌ ̃˷˺̄˿̉̄̒̌ ̎˷̈̉˿̍ ̅̉ ̅́˿̈̂˼̄˿̖ ̔̋̋˼́-

̉˿˹̄˷ ̆̇˿̃˼̇̄̅ ˻̅ 160–170 ˨, ̉̅ ˼̈̉̓ ̄˿˽˼ 
̉˼̃̆˼̇˷̉̊̇̒ ̆̂˷˹̂˼̄˿̖ ̃˷̄̄˿̉˷ (166 ˨), ˿ 

˾˷̐˿̉̄̒˼ ̈˹̅̀̈̉˹˷ ̃˷̄̄˿̉˷ ́˷́ ̈̉˷˸˿̂˿˾˷̉̅̇˷ 
̈̊̐˼̈̉˹˼̄̄̅ ̈̄˿˽˷̖̉̈̕, ̄̅ ̄˼ ̆̇̅̆˷˻˷̉̕ 
̆̅̂̄̅̈̉̓̕ ˹̆̂̅̉̓ ˻̅ 240 ˨. 

СПИСОК ЛИТЕРАТУРЫ 

1. ǕǭǪǷ ǅ. ˬ˿̃˿̎˼̈́˷̖ ̉˼̇̃̅˻˿̄˷̃˿́˷. ˙˹˼˻˼-
̄˿˼ ˹ ̊̎˼̄˿˼ ̅ ̌˿̃˿̎˼̈́̅̃ ̈̇̅˻̈̉˹˼ ˿ ̇˷˹̄̅˹˼̈˿-

̖̌. ˢ.: ˬ˿̃̉˼̌˿˾˻˷̉, 1933. 304 ̈. 
2. ǔȀǲǪǬоǤǢ И.А., ǆǧмǪǦоǤ А.И. ˨˿̄̉˼˾ ̃˷˺̄˿̉-

̄̒̌ ̄˷̄̅̎˷̈̉˿̍ Fe3O4 ̄˷ ˹̅˻̄̅̀ ̅̈̄̅˹˼, ̈̉˷˸˿̂˿˾˿-

̇̅˹˷̄̄̒̌ ̅̂˼˿̄̅˹̅̀ ́˿̈̂̅̉̅̀ ˿ ̃˷̄̄˿̉̅̂̅̃ // ˤ˼-
̅̇˺˷̄˿̎˼̈́˿˼ ̃˷̉˼̇˿˷̂̒. 2017. ˩. 53. № 4. ˨. 410–417. 

3. Espinosa A. [et. al.]. Duality of Iron Oxide Na-

noparticles in Cancer Therapy: Amplification of Heat-

ing Efficiency by Magnetic Hyperthermia and 

Photothermal Bimodal Treatment // ACS Nano. 2016, 

23,10(2). P. 2436–46. 

4. Manuel Banobre-Lopez, Antonio Teijeiro, Jose 

Rivas. Magnetic nanoparticle-based hyperthermia for 

cancer treatment // Reports of Practical Oncology & 

Radiotherapy. Vol. 18. Iss. 6. P. 397–400. 

5. Velavan P., Karuppusamy C., Venkatesan P. Na-

noparticles as Drug Delivery Systems // J. Pharm. Sci. 

& Res. 2015. Vol. 7(12). P. 1118–1122. 

6. Ochonski W. Sliding bearings lubricated with 

magnetic fluids // Industrial Lubrication and Tribology. 

2007. Vol. 59. Iss. 6. P. 252–265. 

7. Bolotov A.N., Gorlov I.V., Novikov V.V. 

Nanodispersed Ferrofluid Oil Lubricity Improvement 

with Processing Methods // Procedia Engineering. 

2017. No. 206. P. 606–610. 

8. Pavel Janos et al. Composite Fe3O4/Humic Acid 

Magnetic Sorbent and its Sorption Ability for Chlorophenols 

and some other Aromatic Compounds // Separation Sci-

ence and Technology. 2013. 48. P. 2028–2035. 

9. Feng Wu [et al.]. New Synthesis of a Foamlike 

Fe3O4/C Composite via a Self-Expanding Process and 

Its Electrochemical Performance as Anode Material for 

Lithium-Ion Batteries // ACS Appl. Mater. Interfaces. 

2014. No. 6 (21). P. 19254–19264. 

10. Findlay A. The solubility of mannitol, picric acid 

and anthracene // J. Chem. Soc., Trans. 1902. Vol. 81. 

P. 1217. 

11. Braham J.M. Some physical properties of 

mannite and its aqueous solutions // J. Am. Chem. Soc. 

1919. Vol. 42. P. 1710. 

12. Seidell A. Solubilities of inorganic and metal or-

ganic compounds: a compilation of quantitative solu-

bility data from the periodical literature, 3 Ed. New 

York: Van Nostrand Company, 1953. 912 p. 

13. ЧǪǹǪбǢбǪǯ А.Ǉ. ˥̈̄̅˹̄̒˼ ̄˷̎˷̂˷ ̅̇˺˷̄˿̎˼-
̈́̅̀ ̌˿̃˿˿. 6-˼ ˿˾˻., ̈̉˼̇˼̅̉˿̆. / ˦̅˻ ̇˼˻. 

˦.˚.˨˼̇˺˼˼˹˷. ˩. 1. ˣ.: ˚ˬИ, 1954. 795 ̈. 

14. Barone G. [et al.]. Enthalpies and entropies of 

sublimation, vaporization and fusion of nine polyhydric 

alcohols // J. Chem. Soc. Faraday Trans. 1990. 

Vol. 86(1). P. 75–79. 



 

 

195 

Металлургия и материаловедение

15. Domalski E.S., Hearing E.D. Heat capacities 

and entropies of organic compounds in the condensed 

phase. Volume 3 // J. Phys. Chem. Ref. Data. 1996. Vol. 

25(1). 

16. Solǧ A. [et al.]. Thermal stability test of sugar al-

cohols as phase change materials for medium tempera-

ture energy storage application // Energy Procedia. 

2014. Vol. 48. P. 436–439. 

17. Kumaresan G., Velraj R., Iniyan S. Thermal 

analysis of d-mannitol for use as phase change material 

for latent heat storage // Journal of Applied Sciences. 

2011. Vol. 11. P. 3044–3048. 

18. Shmakov [et al.]. Vacancy Ordering in [gam-

ma]-Fe2O3: Synchrotron X-ray Powder Diffraction and 

High-Resolution Electron Microscopy Studies // J. 

Appl. Crystallogr. 1995. Vol. 28. P. 141 

СВЕДЕНИЯ ОБ АВТОРАХ  

ǔǠǒИКǐВА ИǲǪǯǢ АǯǦǲǧǧǤǯǢ – ȈȍȆȅȍȅȐ СаȍȊȒ-ǯȅȒȅȐȁȓȐȃȑȊȎȃȎ ȏȎȋȈȒȅȕȍȈȗȅȑȊȎȃȎ ȓȍȈвȅȐȑȈ-

ȒȅȒа ǯȅȒȐа ВȅȋȈȊȎȃȎ 

E-mail: polatayko_irina@spbstu.ru 

ǆǇǎИǆǐВ АǭǧǬǳǢǯǦǲ ИǤǢǯоǤǪǹ – ȄȎȊȒȎȐ ȕȈȌȈȗȅȑȊȈȕ ȍаȓȊ ȏȐȎȔȅȑȑȎȐ СаȍȊȒ-ǯȅȒȅȐȁȓȐȃȑȊȎȃȎ 

ȏȎȋȈȒȅȕȍȈȗȅȑȊȎȃȎ ȓȍȈвȅȐȑȈȒȅȒа ǯȅȒȐа ВȅȋȈȊȎȃȎ 

E-mail: demidov1902@gmail.com 

Даɬа ɩɨɫɬɭɩɥɟɧиɹ ɫɬаɬьи в ɪɟɞаɤциɸ: 09.07.2018  

REFERENCES 

[1] lih G. Himicheskaja termodinamika. Vvedenie v 

uchenie o himicheskom srodstve i ravnovesijah. L.: 

Himtehizdat, 1933. 304 s. (rus.) 

[2] Tyurikova I.A., Demidov A.I. Synthesis of Wa-

ter-Based Fe3O4 Magnetic Nanoparticles, Stabilized by 

Oleic Acid and Mannitol. Inorganic Materials. 2017. 

Vol. 53. No. 4. P. 413–418.  

[3] Espinosa A. [et. al.]. Duality of Iron Oxide Na-

noparticles in Cancer Therapy: Amplification of Heat-

ing Efficiency by Magnetic Hyperthermia and 

Photothermal Bimodal Treatment. ACS Nano. 2016, 

23,10(2). P. 2436–46.  

[4] Manuel Banobre-Lopez, Antonio Teijeiro, Jose 

Rivas. Magnetic nanoparticle-based hyperthermia for 

cancer treatment. Reports of Practical Oncology & Radio-

therapy. Vol. 18. Iss. 6. P. 397–400. 

[5] Velavan P., Karuppusamy C., Venkatesan P. 

Nanoparticles as Drug Delivery Systems. J. Pharm. Sci. 

& Res. 2015. Vol. 7(12). P. 1118–1122.  

[6] W. Ochonski. Sliding bearings lubricated with 

magnetic fluids. Industrial Lubrication and Tribology. 

2007. Vol. 59. Iss. 6, P. 252–265.  

[7] Bolotov A.N., Gorlov I.V., Novikov V.V. 

Nanodispersed Ferrofluid Oil Lubricity Improvement 

with Processing Methods. Procedia Engineering. 2017. 

No. 206. P. 606–610. 

[8] Pavel Janos et al. Composite Fe3O4/Humic Acid 

Magnetic Sorbent and its Sorption Ability for Chlorophenols 

and some other Aromatic Compounds. Separation Science 

and Technology. 2013. 48. P. 2028–2035. 

[9] Feng Wu [et al.]. New Synthesis of a Foamlike 

Fe3O4/C Composite via a Self-Expanding Process and 

Its Electrochemical Performance as Anode Material for 

Lithium-Ion Batteries. ACS Appl. Mater. Interfaces. 

2014. No. 6 (21). P. 19254–19264. 

[10] Findlay A. The solubility of mannitol, picric ac-

id and anthracene. J. Chem. Soc., Trans. 1902. Vol. 81. 

P. 1217. 

[11] Braham J.M. Some physical properties of 

mannite and its aqueous solutions. J. Am. Chem. Soc. 

1919. Vol. 42. P. 1710. 

[12] Seidell A. Solubilities of inorganic and metal 

organic compounds: a compilation of quantitative solu-

bility data from the periodical literature, 3 Ed. New 

York: Van Nostrand Company, 1953. 912 p. 

[13] Chichibabin AE The basic principles of organic 

chemistry. 6 th ed., The stereotype. / Edited by PG 

Sergeev. T. 1. M.: GHI, 1954. 795 p. (rus.) 

[14] Barone G. [et al.]. Enthalpies and entropies of 

sublimation, vaporization and fusion of nine polyhydric 

alcohols. J. Chem. Soc. Faraday Trans. 1990. Vol. 86(1). 

P. 75–79. 

[15] Domalski E.S., Hearing E.D. Heat capacities 

and entropies of organic compounds in the condensed 

phase. Volume 3. J. Phys. Chem. Ref. Data. 1996. 

Vol. 25(1). 



 

196 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 24, №3, 2018

[16] Solǧ A. [et al.]. Thermal stability test of sugar 

alcohols as phase change materials for medium tem-

perature energy storage application. Energy Procedia. 

2014. Vol. 48. P. 436–439. 

[17] Kumaresan G., Velraj R., Iniyan S. Thermal 

analysis of d-mannitol for use as phase change material 

for latent heat storage. Journal of Applied Sciences. 2011. 

Vol. 11. P. 3044–3048. 

[18] Shmakov [et al.]. Vacancy Ordering in [gam-

ma]-Fe2O3: Synchrotron X-ray Powder Diffraction and 

High-Resolution Electron Microscopy Studies. J. Appl. 

Crystallogr. 1995. Vol. 28. P. 141 

THE AUTHORS 

TYURIKOVA Irina A. – Peter the Great St. Petersburg polytechnic university 

E-mail: polatayko_irina@spbstu.ru 

DEMIDOV Aleksandr I. – Peter the Great St. Petersburg polytechnic university 

E-mail: demidov1902@gmail.com 

Received: 09.07.2018  

© ˨˷̄́̉-˦˼̉˼̇˸̊̇˺̈́˿̀ ̆̅̂˿̉˼̌̄˿̎˼̈́˿̀ ̊̄˿˹˼̇̈˿̉˼̉ ˦˼̉̇˷ ˙˼̂˿́̅˺̅, 2018 


