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 !"#$%&%'()(*!+,(! #!)$-. /0! 1$'!! +)% 

'!) (+2$'34/5)+6 7 8(#(*!+,$9 2"$#.:'!&&$-

+)( -'6 (++'!-$7%&(6 8(#(*!+,(8 "!%,;(9, <%-

4$7.8 ( -"/=(8 <(4(,$-8(#(*!+,(8 2"!7"%>!-

&(9, 2"$(+8$-6>(8 2$- 7'(6&(!# )!2'% 7 8(-

#(*!+,(8 +$!-(&!&(68 ('( #!0-/ $)-!'3&.#( 

+$!-(&!&(6#( 7 #&$=$,$#2$&!&)&.8 +(+)!#%8. 

? 2$+'!-&!! 7"!#6 @)( #!)$-. +)%'( (+2$'34$-

7%)3 7 (++'!-$7%&(( 2(>!7.8 2"$-/,)$7 – 2"( 

7.1$"! +2$+$1% ( "!0(#% +/:,(, -'6 ,$&)"$'6 

(4#!&!&(9, 2"$(+8$-6>(8 7 2"$;!++! 8"%&!&(6 

[8, 12]. A%(1$'3:!! "%+2"$+)"%&!&(! 2$'/*(' 

)!"#$="%7(#!)"(*!+,(9 #!)$- %&%'(4%, $+&$-

7%&&.9 &% 8(#(*!+,(8 2"!7"%>!&(68 7 2"$;!+-

+! &%="!7%&(6, 2"(7$-6>(8 , (4#!&!&(5 #%++. 

2"$-/,)%. B !=$ 2$#$>35 #$0&$ 2"$7!+)( ,$-

'(*!+)7!&&.9 %&%'(4 <$"# +764( 7'%=( 7 2(>!-

7.8 2"$-/,)%8.  

C(>!7.! 2"$-/,). 2"!-+)%7'65) +$1$9 

+'$0&.! #&$=$,$#2$&!&).! +(+)!#., 7 ,$)$-

".8 4&%*()!'3&/5 "$'3 (="%5) <$"#. +764( 

7'%=(, $+$1!&&$ 7 2(>!7.8 2"$-/,)%8 ,"%),$-

+"$*&$=$ 8"%&!&(6. D &(# $)&$+6)+6 8'!1$1/-

'$*&.! (4-!'(6.  

?$-% 7 8'!1&$# #6,(:! +$-!"0()+6 7 

"%4'(*&.8 ,%*!+)7!&&.8 +$+)$6&(68. C$ -%&-

&.# E.?. F.,$7%, -'6 8'!1% 8%"%,)!"&$ 2"(-

+/)+)7(! 7'%=(, 8%"%,)!"&$9 ,%, -'6 ,$''$(--

&.8, )%, ( -'6 ,%2(''6"&$-2$"(+).8 )!'. B$-

='%+&$ 7.-7(&/)$9 /*!&.# )!$"(( /+.8%&(! 

8'!1% 2$7)$"6!) 2"$;!++ +/:,(, ,$=-% 2$7!-

-!&(! 7'%0&.8 #%)!"(%'$7 $2"!-!'6!)+6 (8 

,$''$(-&$-<(4(*!+,(#( +7$9+)7%#(. C"$;!++ 

/+.8%&(6 $2"!-!'6!)+6 2!"!8$-$# +764%&&$9 

7$-., % +,$"$+)3 2"$)!,%&(6 @)$=$ 2"$;!++% 

2"$2$";($&%'3&%6 ="%-(!&)/ 7'%0&$+)( [1, 3, 

6, 14]. 

A%(#!&!! (4/*!&&.# ( &%(1$'!! +2$"-

&.# %+2!,)$# *!"+)7!&(6 67'6!)+6 (4#!&!&(! 

+$+)$6&(6 7'%=( 7 8"%&(7:!#+6 8'!1!. G'%=$-

-%"6 2"(#!&!&(5 +$7"!#!&&.8 #!)$-$7 ( 

2"(1$"$7 7 &%+)$6>!! 7"!#6 /-%'$+3 "%+:(-

"()3 2"!-+)%7'!&(6 $ 2"$;!++! *!"+)7!&(6, 

$-&%,$ #!8%&(4#., $2"!-!'65>(! @)$) 2"$-

;!++ -$ &%+)$6>!=$ 7"!#!&( $+)%5)+6 &! 7.-

6+&!&&.#(, $)+/)+)7/!) !-(&%6 (&)!"2"!)%-

;(6 #!8%&(4#% *!"+)7!&(6 8'!1% [6, 13]. C$-

@)$#/ &!'346 &! /*().7%)3 "$'3 7'%=( 7 2"$-

;!++%8 (4#!&!&(6 +7$9+)7 8'!1% 2"( 8"%&!-

&((.  

C$'/*!&&.! "%&!! @,+2!"(#!&)%'3&.! 

-%&&.! +7(-!)!'3+)7/5) $ )$#, *)$ 7&!+!&(! 

,!-"$7$9 #/,( ( (+2$'34$7%&(! %,)(7("$7%&-

&$9 7$-. 7 2"$(47$-+)7! 8'!1% 2$47$'6!) 4%-

#!-'()3 2"$;!++ 2$)!"( 7'%=( (, ,%, +'!-+)-

7(!, +&(4()3 /+/:,/ 8'!1% 7 2"$;!++! !=$ 

8"%&!&(6 [2, 4, 7, 8, 9, 14, 15]. 

H!'3 "%1$). – (++'!-$7%&(! <$"# +764( 

7'%=( 7 8'!1!, $1$=%>!&&$# ,!-"$7$9 #/,$9 ( 

2$'/*!&&$# + (+2$'34$7%&(!# %,)(7("$7%&-

&$9 7$-. 7 2"$;!++! 8"%&!&(6 + 2$#$>35 #!-

)$-% -(<<!"!&;(%'3&$-)!"#(*!+,$=$ %&%'(4%.  

? ,%*!+)7! $1I!,)$7 (++'!-$7%&(6 1.'( 

7.1"%&.: 

– 8'!1 (4 2:!&(*&$9 #/,( 2!"7$=$ +$")%, 

7."%1$)%&&.9 2$ +)%&-%")&$9 "!;!2)/"! ( 

)!8&$'$=(( (,$&)"$'3); 

– 8'!1 (4 2:!&(*&$9 #/,( 2!"7$=$ +$")% 

+ -$1%7'!&(!# ,!-"$7$9 #/,( 7 ,$'(*!+)7! 

5 % [12]; 

– 8'!1 (4 2:!&(*&$9 #/,( 2!"7$=$ +$")%, 

7."%1$)%&&.9 + (+2$'34$7%&(!# %,)(7("$-

7%&&$9 7$-. (AJKL ,%)$'()) [11]. 

L++'!-$7%&(6 2"$7$-('( *!"!4 3 *%+% 2$-

+'! 7.2!*,( 8'!1% ( &% ,$&!; 8"%&!&(6, *!"!4 

72 *%+% 2$+'! 7.2!*,(. M1"%4;. 8'!1% 8"%&(-

'( 7 &!/2%,$7%&&$# 7(-!, 2"( )!#2!"%)/"! 

(20±2) °B ( M?? (75±2)%.  

? "%#,%8 -%&&$9 "%1$). (+2$'34$7%'+6 

-!"(7%)$="%< simultaneous TG-DTA/DSC 

Apparatus. L++'!-$7%&(6 2"$7$-('( 7 ,7%";!-

"#$ 66-971 

%&'(# #)**&+&,-)./0,(-'&+%)1&2$(3( .,./)4.  
5 (-&,$& $.1&2'5. 6)7&589 6+(#"$'(5 

 .!. "#$%&', (.). *'$#+#+', ".). "',-.+/% 
 

 

 !""#$%&'($ )"*$+,-$.!()' /)00'&'(1)!+,($-%'&#)2'"3$4$ !(!+)-! /+5 $1'(3)

"$"%$5()5 .+!4) . *)6'.78 *&$/93%!8. :&$.'/'(7 )""+'/$.!()5 (! /'&).!%$4&!0'

0$&# ".5-) .+!4) . 8+';$;9+$2(78 )-/'+)58 *&) 8&!('()). :&'/+$<'($ )"*$+,-$.!-

()' /+5 &!"2'%! 0$&# ".5-) .+!4) 39"$2($-+)('=($= !**&$3")#!1)). 

 !"#$%&$ '!(%): *$+,%)-(.+)/,0, /(+1& '%02, 3,4$%&$ 3+(*56-&, %!).,, 7!$8(-

85!(#9&$ ,2*$!,0, 7+)9$9,$, #$+'-%$9,$. 
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7.8 )(='68 + #%++$9 &%7!+,( 1 =, 7 ,%*!+)7! 

@)%'$&% (+2$'34$7%'( Al2O3, 2"$,%'!&&.9 -$ 

1773 D. M1"%4;. &%="!7%'( -$ 473 D +$ +,$-

"$+)35 &%="!7% 3 D/#(&. 

B$='%+&$ -%&&.8 N!1(&-!"% 7$-% 7 2(>!-

7.8 2"$-/,)%8 2"(+/)+)7/!) 7 )"!8 $+&$7&.8 

<$"#%8 +764(: <(4(,$-#!8%&(*!+,$9, <(4(,$-

8(#(*!+,$9 ( 8(#(*!+,$9. 

? (4/*!&(( +7$9+)7 8'!1% ( !=$ +2$+$1&$-

+)( +$8"%&6)3 +7!0!+)3 $="$#&%6 "$'3 $)7$-

-()+6 ,%, ,$'(*!+)7!&&$#/ +$$)&$:!&(5 

+7$1$-&$9 ( +764%&&$9 7'%=(, )%, ( "%+2"!-!-

'!&(5 +764%&&$9 7$-. #!0-/ 1($2$'(#!"%#( 

2"$-/,)%. 

D $+&$7&.# ,$#2$&!&)%#, +764.7%5>(# 

7'%=/ 7 2:!&(*&$# )!+)!, $)&$+6) ,"%8#%', 

1!',( ( 2!&)$4%&.. C$ -%&&.# G/:/,%,  

$) $1>!=$ ,$'(*!+)7% 7$-., 2$='$>%!#$9 

)!+)$# 31,1 %, +$"1("/!)+6 1!',$#, 2"!(#/-

>!+)7!&&$ $+#$)(*!+,(, 45,5 % – ,"%8#%'$#, 

7 $+&$7&$# %-+$"1;($&&$ ( 23,4 % – 2!&)$4%-

&%#( [1, 10]. 

O'6 (4/*!&(6 7'(6&(6 ,!-"$7$9 #/,( ( 

%,)(7("$7%&&$9 7$-. &% +$$)&$:!&(! 7'%=( 

"%4'(*&.8 <$"# +764( 7 8'!1! 1.' (+2$'34$-

7%& #!)$- -(<<!"!&;(%'3&$-)!"#(*!+,$=$ 

%&%'(4%, $& $+&$7%& &% "!=(+)"%;(( )!2'$7.8 

@<<!,)$7 8(#(*!+,(8 2"!7"%>!&(9, 2"$(+8$-

-6>(8 7 /+'$7(68 2"$="%##("$7%&&$=$ 7$4-

-!9+)7(6 )!#2!"%)/"..  

B 2$#$>35 -%&&$=$ #!)$-% #$0&$ 2"$-

%&%'(4("$7%)3 (4#!&!&(! +$+)$6&(6 7!>!+)7 7 

2"$;!++! &%="!7%&(6, )%, ,%, 2"( @)$# 2"$(+-

8$-() "!=(+)"%;(6 (4#!&!&(6 #%++. $1I!,)% 7 

4%7(+(#$+)( $) 7"!#!&( ('( )!#2!"%)/". 

("(+. 1, ,"(7%6 TG). C%"%''!'3&$ 2"$(47$-()-

+6 "!=(+)"%;(6  2"$(47$-&$9 (4#!&!&(6 #%+-

+. 2$ 7"!#!&( 7 </&,;(( 7"!#!&( ('( )!#2!-

"%)/". ("(+. 1, ,"(7%6 DTG).  

D"(7%6 DTG 7 4&%*()!'3&$9 +)!2!&( /2-

"$>%!) ,%*!+)7!&&/5 $;!&,/ ,"(7$9 TG.  %, 

0!, "!=(+)"("/5)+6 (4#!&!&(6 @&)%'32(( 

("(+. 1, ,"(7%6 DTE), ,$)$".! 8%"%,)!"(4/5) 

)!2'$7.! @<<!,). <(4(*!+,(8 2"!7"%>!&(9 

( 8(#(*!+,$=$ 7$4-!9+)7(6 [5, 9, 13]. 

O!"(7%)$="%##%, 2$'/*!&&%6 2"( %&%'(4! 

,$&)"$'3&$=$ $1"%4;% 8'!1% &% &%*%'3&.9 

2!"($- 8"%&!&(6, 2"!-+)%7'!&% &% "(+. 1. 

L4 2$'/*!&&.8 -!"(7%)$="%## 7(-&$, *)$ 

-'6 7+!8 $1"%4;$7 8'!1% 7 2"$;!++! (+2%"!&(6 

7'%=( 8%"%,)!"&. 2(,( @&-$)!"#(*!+,$=$ @<-

<!,)% 2"( ,$&,"!)&.8 )!#2!"%)/"%8. ?+! 2$-

'/*!&&.! ,"(7.! ,%, -'6 +7!0!=$, )%, ( 8"%

&(7:!=$+6 8'!1%, &$+('( 2$-$1&.9 8%"%,)!" 

( $)'(*%'(+3 )$'3,$ "%4#!"%#( )!#2!"%)/"-

&.8 (&)!"7%'$7, +$$)7!)+)7/5>(8 (+2%"!&(5 

7$-. + "%4'(*&.# /"$7&!# @&!"=(( +764(.  

P%)!# 2!"!+)"%(7%'( 2$'/*!&&/5 ,"(7/5 

TG 7 ,$$"-(&%)%8 [–lgQ; 1000/ ] ( $2"!-!'6'( 

#!8%&(4# /-%'!&(6 7'%=( 2/)!# /+)%&$7'!&(6 

)!#2!"%)/"&$=$ -(%2%4$&% ( &!2$+"!-+)7!&&$ 

,$'(*!+)7% 7'%=( ("(+. 2).  

A% ,%0-$9 (4 2$'/*!&&.8 ,"(7.8 1.'( 

$)#!*!&. 2$ 6 '(&!9&.8 4$& + "%4'(*&.# /=-

'$# &%,'$&% , $+( %1+;(++. C"( @)$# 2"(#!-

&6'( #%)!#%)(*!+,/5 #$-!'3 ,"(7$9 2$+)"$-

!&&$9 7 7(-! ,/+$*&$-'(&!9&$9 %22"$,+(#%-

;(( –lgQ = F(1000/ ) [8].  

O$+)$(&+)7$# -%&&$9 #$-!'( 67'6!)+6 

2"$+)$)% !! <$"#/'("$7,( ( (+2$'34$7%&(6. 

B"!-( &!-$+)%),$7 #$0&$ 7.-!'()3 &!7.+$-

,/5 +)!2!&3 %&%'()(*&$+)(, ,$)$"%6 $1/+'$7-

'!&% &%'(*(!# $+$1!&&$+)!9 &% ="%&(;%8 $)-

"!4,$7. 

M-&%,$ -%&&%6 #$-!'3 &! 1/-!) 2$-7!"-

=%)3+6 -%'3&!9:(# 2"!$1"%4$7%&(6# ( 1/-!) 

(+2$'34$7%&% (+,'5*()!'3&$ -'6 "%+*!)%, 

-%&&.9 &!-$+)%)$, #$0&$ 2"(4&%)3 &!+/>!-

+)7!&&.#. 

C"!-'$0!&&%6 #$-!'3 $2(+.7%!)+6 +(+-

)!#$9 '(&!9&.8 </&,;(9 / = Ai·x + Bi ( (&-

)!"7%'$7 Xi  < x ≤  Xi + 1, 4%-%5>(8 (8 $1'%+-

)( $2"!-!'!&(6. C%"%#!)"%#( #$-!'(, 2$-'!-

0%>(#( (-!&)(<(,%;((, 67'65)+6 ,$@<<(-

;(!&). Ai, Bi, i = 1...N ( ="%&(;. /*%+),$7 Xi, 

i = 1...N – 1, =-! N – *(+'$ '(&!9&.8 /*%+),$7.  

O'6 (-!&)(<(,%;(( 2%"%#!)"$7 #$-!'( 

2"!-'%=%'+6 +'!-/5>(9 #!)$-. C/+)3 (#!!)+6 

@,+2!"(#!&)%'3&%6 2$+'!-$7%)!'3&$+)3 2%" 

Y@, X@, /2$"6-$*!&&.8 2$ 7$4"%+)%&(5 X@. 

C"(#!# 7 ,%*!+)7! '!7$9 ="%&(;. X1=X1@. 

O%'!! 7.-!'(# 2$-2$+'!-$7%)!'3&$+)3 (-/-

>(8 -"/= 4% -"/=$# 2%", &%*(&%6 + 2!"7$9, 

)%,, *)$1. #$-/'3 ,$@<<(;(!&)% ,$""!'6;((, 

"%++*()%&&$=$ 2$ )$*,%# 2$-2$+'!-$7%)!'3-

&$+)(, 1.' #%,+(#%'3&.#.  

? "!4/'3)%)! 2$'/*('( +'!-/5>/5 ="%-

&(;/ X2. C$ )$*,%# 2$-2$+'!-$7%)!'3&$+)( 

2$+)"$('( 2"6#/5 2"(1'(0!&&$9 "!="!++(( 

Y &% X, ,$@<<(;(!&). ,$)$"$9 ( 1/-/) 2%"%-

#!)"%#( #$-!'( A1 ( B1.  

O%'!! 7.-!'6!# +'!-/5>/5 2$-2$+'!-$-

7%)!'3&$+)3, 2"(&67 7 ,%*!+)7! '!7$9 ="%&(;. 

X2 ( )%, -%'!!, 2$,% &! (+*!"2%!# 7+! )$*,( 

(+8$-&$9 2$+'!-$7%)!)!'3&$+)(. M)#!)(#, 

*)$ $2(+%&&.9 #!)$- (-!&)(<(,%;(( -%!) 

,/+$*&$-'(&!9&/5 </&,;(5 «&! +,'!!&&/5  
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2$ ="%&(;%#», ). !. (#!5>/5 "%4".7. &% ="%-

&(;%8 $)"!4,$7. 

G.'$ 2$'/*!&$ 6 $)"!4,$7, ,$)$".# +$$)-

7!)+)7/!) /-%'!&(! "%4'(*&.8 <$"# +764( 

7'%=(. ? +$$)7!)+)7(( + #%)!#%)(*!+,$9 #$-

-!'35 ,"(7$9, 2"!-+)%7'!&&$9 7 7(-! ,/+$*-

&$-'(&!9&$9 %22"$,+(#%;(( –lgQ = F(1000/ ), 

,%0-.9 $)"!4$, #$0&$ $2(+%)3 +'!-/5>(#( 

/"%7&!&(6#(: 

1 $)"!4$, (+7$1$-&%6 7'%=%) Y = 3,334X –  

– 9,029; 

2 $)"!4$, (<(4(,$-#!8%&(*!+,( +764%&&%6 

7'%=%) Y = 1,696X – 4,03; 

3 $)"!4$, ($+#$)(*!+,( +764%&&%6 7'%=%) 

Y = 1,943X – 4,758; 

4 $)"!4$, (%-+$"1;($&&%6 7'%=% 2$'(#$-

'!,/'6"&.8 +'$!7)  

Y =0,227X – 0,477; 

5 $)"!4$, (%-+$"1;($&&%6 7'%=% #$&$#$-

'!,/'6"&.8 +'$!7)  

Y=0,163X – 0,324; 

6 $)"!4$, (8(#(*!+,( +764%&&%6 7'%=%)  

Y = 0,14X – 0,269. 

R+)%&$7'!&(! )!#2!"%)/"&.8 4$& -'6 $1-

"%4;$7 8'!1% 7 +$7$,/2&$+)( + %&%'(4$# 2$-

'/*!&&.8 "!4/'3)%)$7 2$47$'('( $2"!-!'()3 

,$'(*!+)7!&&$! +$$)&$:!&(! 7'%=( "%4'(*-

&.8 <$"# +764( 7 8'!1!. C$'/*!&&.! "!4/'3-

)%). 2"!-+)%7'!&. &% "(+. 3. 

O%&&.! +7(-!)!'3+)7/5) $ )$#, *)$ ,$'(-

*!+)7!&&$! +$$)&$:!&(! 7'%=( "%4'(*&.8 

<$"# +764( 7 (++'!-/!#.8 $1"%4;%8 (#!!) 

+/>!+)7!&&.! $)'(*(6, *)$ $)&$+()+6 , <(4(-

,$-#!8%&(*!+,( ( <(4(,$-8(#(*!+,( +764%&-

&$9 7'%=!.  

A%(1$'!! &(4,(# +$-!"0%&(!# <(4(,$-

8(#(*!+,( ( 7.+$,(# <(4(,$-#!8%&(*!+,( 

+764%&&$9  7'%=( $)'(*%'+6 ,$&)"$'3&.9 $1-

"%4!; 8'!1%. 

C$ "!4/'3)%)%# (++'!-$7%&(6 2"$+'!0(-

7%!)+6 4%7(+(#$+)3 /7!'(*!&(6 $1>!=$ +$-

-!"0%&(6 %-+$"1;($&&$ ( $+#$)(*!+,( +76-

4%&&$9 7'%=( 7 8'!1! + ,!-"$7$9 #/,$9, 7 $+$-

1!&&$+)( &% &%*%'3&$# @)%2! 8"%&!&(6. R7!-

'(*!&(! -$'(  7'%=( + 7.+$,$9 @&!"=(!9 +764( 

7 $1"%4;! 8'!1% + ,!-"$7$9 #/,$9 #$0!) 1.)3 

$1/+'$7'!&$ &!+,$'3,(#( 2"(*(&%#(, +"!-( 

,$)$".8  – /7!'(*!&(! #%++$7$9 -$'( 1!',% 

(1($2$'(#!"%, 2"!(#/>!+)7!&&$ /-!"0(-

7%5>!=$ 7'%=/ 4% +*!) $+#$+%).   

? "!4/'3)%)! 4% +*!) 7&$+(#$9 -$1%7,( 

2"$(4$:'$ 2$7.:!&(! -$'( $+#$)(*!+,( +76-

4%&&$9 7$-. 7 8'!1! + ,!-"$7$9 #/,$9. C"(-

"$+) ,$'(*!+)7% 7'%=( %-+$"1;($&&$9 7 $1$-

=%>!&&.8 $1"%4;%8 8'!1%, 7!"$6)&$, +764%& + 

/7!'(*!&(!# $1>!9 7$-$2$='$)()!'3&$9 +2$-

+$1&$+)( 2:!&(*&$9 #/,( 2"( 7&!+!&(( ,!--

"$7$9, *)$ 7 +7$5 $*!"!-3 $1!+2!*('$ 1$'!! 

='/1$,$! 2"$)!,%&(! 2"$;!++% ,'!9+)!"(4%-

;(( ,"%8#%'%, 2"!(#/>!+)7!&&$ 2$='$>%5-

>!=$ 7$-/ %-+$"1;($&&$. D"$#! )$=$, $2"!-!-

'!&&/5 "$'3 7 <$"#("$7%&(( 4&%*!&(9 @)$=$ 

 
 

+AD. 2. 4<=ADAFED Q –lgR–1000/T H>L BE@ ;E>Q@EPE EG;<SJ< O>?G< (3 C<D< :ED>? =N:?CBA) 
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2$,%4%)!'6 #$='( +.="%)3 ( 2!&)$4%&., +2$-

+$1&.! +$"1("$7%)3 7'%=/ -$ 1500 % , +$1+)-

7!&&$9 #%++! [1, 6]. 

D"$#! )$=$, &% /7!'(*!&(! $+#$)(*!+,( 

+764%&&$9 7'%=( #$='( $,%4%)3 7'(6&(! "A ( 

)!#2!"%)/"%, )%, ,%, 7 2"$;!++! 7.2!*,( 7 

#6,(:! 8'!1% + ,!-"$7$9 #/,$9 <$"#("/5)+6 

1'%=$2"(6)&.! -'6 7$-$2$='$>!&(6 ,!-"$7$9 

#/,$9 /+'$7(6: "A – 3–5, )!#2!"%)/"% – 90 °B. 

C"$(+8$-() /7!'(*!&(! +$-!"0%&(6 $+-

#$)(*!+,( ( %-+$"1;($&&$ +764%&&$9 7'%=( 7 

$1"%4;%8 8'!1%, 2$'/*!&&.8 + (+2$'34$7%&(-

!# %,)(7("$7%&&$9 7$-., *)$ $+$1!&&$ 4%#!)-

&$ &% &%*%'3&$# @)%2! 8"%&!&(6. 

?!"$6)&$, @)$ 2"$(+8$-() 4% +*!) 1$'!! 

='/1$,$=$ &%1/8%&(6 1!',$7.8 #$'!,/' (1!'-

,( 2$='$>%5) 7$-/ 2"!(#/>!+)7!&&$ 4% +*!) 

$+#$)(*!+,(8 +('), 7 "!4/'3)%)! /#!&3:!&(6 

)$'>(&. =(-"%)&.8 $1$'$*!, #(;!'' 1!',% ( 

+&(0!&(6 @&!"=!)(*!+,$=$ 1%"3!"%, *)$ $1!+-

2!*('$ 1$'!! ='/1$,$! 2"$&(,&$7!&(! #$'!-

,/' %,)(7("$7%&&$9 7$-. 7 +)"/,)/"/ 1!',%. 

? ,$&;! 8"%&!&(6 -'6 7+!8 (++'!-/!#.8 

$1"%4;$7 8'!1% 1.'% /+)%&$7'!&% -(&%#(,% 

/#!&3:!&(6 ,$'(*!+)7% <(4(,$-8(#(*!+,( 

+764%&&$9 7'%=( (,%, %-+$"1;($&&$9, )%, ( 

$+#$)(*!+,$9) ( /7!'(*!&(6 <(4(,$-#!8%&(-

*!+,( +764%&&$9. O%&&%6 -(&%#(,% +764%&% +$ 

+)%"!&(!# $+&$7&.8 1($2$'(#!"$7 8'!1&$=$ 

#6,(:%: ,"%8#%'% ( 1!',%, 7 "!4/'3)%)! ,$)$-

 
 

+AD. 3. 2EE @ET?@A? =EHN ;<S>AC@NO UE;F D=LSA = ADD>?HI?FNO EG;<SJ<O O>?G<  
:;A O;<@?@AA O;<@?@AL 
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"$=$ 7.-!'!&&%6 (#( 7'%=% "%+2"!-!'6!)+6 7 

#(,"$2$'$+)68, $1"%4/5>(8+6 2"( 8"%&!&((.  

B%#%6 1$'3:%6 2$)!"6 %-+$"1;($&&$ ( 

$+#$)(*!+,( +764%&&$9 7'%=( 7 8'!1! &% ,$-

&!; 8"%&!&(6 1.'% $)#!*!&% -'6 ,$&)"$'3&$-

=$ $1"%4;%.  %, *!"!4 72 *%+% 2$+'! 7.2!*,( 

+$-!"0%&(! &%(1$'!! 2"$*&$ +764%&&$9 7'%=( 

/#!&3:('$+3 -'6 ,$&)"$'3&$=$ $1"%4;% 8'!1% 

&% (4,2±0,1)%, -'6 $1$=%>!&&$=$ – &% 

(2,3±0,1)%.  

? "!4/'3)%)! 2"$7!-!&&.8 (++'!-$7%&(9 

1.'$ 7.67'!&$, *)$ +$8"%&!&(! +7!0!+)( 8'!-

1% ,$""!'("/!) + 7.+$,(# +$-!"0%&(!# 7 &!# 

+764%&&$9 7$-..  %,(# $1"%4$#, /7!'(*!&(! 

-$'( &%(1$'!! 2"$*&$ +764%&&$9 7'%=( 7 8'!-

1! 2$47$'6!) 4%#!-'()3 2"$;!++. -(<</4(( ( 

+&(4()3 +,$"$+)3 /+.8%&(6 8'!1%. 

C"$7!-!&&.! @,+2!"(#!&)%'3&.! (++'!-

-$7%&(6 2$47$'('( +-!'%)3 +'!-/5>(! 7.-

7$-.: 

– (++'!-$7%&(! 8'!1% + 2$#$>35 -(<<!-

"!&;(%'3&$-)!"#(*!+,$=$ %&%'(4% 2$47$'('$ 

/+)%&$7()3 7 &!# 6 <$"# +764( 7'%=( ( (4#!-

&!&(! +$$)&$:!&(6 (8 7 2"$;!++! 8"%&!&(6; 

– -'6 "%+*!)% <$"# +764( 7'%=( 2"!-'$-

0!& #!)$- ,/+$*&$-'(&!9&$9 %22"$,+(#%;((, 

,$)$".9 2$47$'6!) /2"$+)()3 (+2$'34$7%&(! 

#!)$-% -(<<!"!&;(%'3&$-)!"#(*!+,$=$ %&%-

'(4% 2"( $;!&,! ,%*!+)7% 2(>!7.8 2"$-/,)$7; 

– (+2$'34$7%&(! -$1%7,( ,!-"$7$9 #/,( ( 

%,)(7("$7%&&$9 7$-. 7 2"$(47$-+)7! 8'!1% 

/7!'(*(7%!) -$'5 2"$*&$ +764%&&$9 7'%=(, 

*)$ $,%4.7%!) 4%)$"#%0(7%5>!! -!9+)7(! &% 

2"$;!++. *!"+)7!&(6. 
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DIFFERENTIAL THERMAL ANALYSIS METHOD TO ASSESS  
THE QUALITY OF FOOD PRODUCTS 

L.P. Nilova, I.V. Kalinina, N.V. Naumenko  
 

 

The use of differential-thermal analysis to assess the state of moisture in food prod-

ucts is considered in the article. The research of forms of ties in moisture in bakery prod-

ucts is performed with derivatograph during storage. The use of piecewise-linear approx-

imation is given to calculate the forms of ties in moisture. 

Keywords: derivatography, forms of ties in food products, moisture, bakery products, 

storage, staling. 
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