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��3 *�&�$"��!�3:  0A0=A:89, %. �. %B@C:BC@=>-<5E0=8G5A:85 A2>9AB20 :><?>78F89 
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STRUCTURAL AND MECHANICAL PROPERTIES OF COMPOSITIONS USED IN 

DESSERT RECEPIES BASED ON WHOLE GRAIN BARLEY FLOUR AND APPLE 

PUREE 

S. L. Masanskiy, N. O. Pusovskaya 

Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

ABSTRACT 
Introduction. Structural and mechanical properties of desserts are the determining factors of their consumer 

appeal. However, the consumer properties of desserts from combination of whole grain barley flour and 

apple puree have not been previously investigated, and the product range remains undeveloped. The 
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objective of this research is to develop a range of low-calorie desserts with predetermined ergonomic 

properties for school nutrition. The scientific task is to establish patterns of structural and mechanical 

properties in recipe compositions of whole-grain barley flour and apple puree at various ratios. 

Materials and methods. The study utilized whole grain barley flour, sterilized apple puree without added 

sugar, and fresh apples. Structural and mechanical parameters were assessed using a rotational viscometer 

<VT6/7 PLUS=, and a texture analyzer – CT3-4500 Brookfield. Water activity (Aw) was measured with a 

device <Hygrolab %1-Set-40 Hygrometer=, and solvent retention capacity of the flour was determined using 

the Chopin SRC-CHOPIN analyzer. Standardized methods for the determination of physicochemical 

parameters were employed. 

Results. A gradual increase in the proportion of flour (up to 10 %) in mixtures with high apple puree content 

is characterized by viscoplastic properties, with the flour proportion increasing linearly up to a threshold, 

after which the increase becomes nonlinear but not sharply exponential (average flour content 50–60 %). 

Further dominance of the flour component (70–80 %) results in the mixture exhibiting properties 

characterized by low moisture content, high brittleness, and hardness, while viscosity and firmness increase 

exponentially. 

Conclusions. The development of a range of desserts for school nutrition with specified structural and 

mechanical properties (consistency) is possible using the following recipe ratios of whole grain barley flour 

to apple puree (%): 70:30 – 80:20 for cookie-type products; 50:50 – 60:40 for muffin and cupcake-type 

products; and 0:100 – 10:90 for jellied dishes in the form of mousses. 

KEY WORDS: structural and mechanical properties; low-calorie desserts; whole grain barley flour; apple 

puree; β-glucans; pectins; water activity, moisture absorption. 

FOR CITATION: Masansky, S. L. Structural and mechanical properties of compositions used in dessrts 

recepies based on whole grain barley flour and apple puree / S. L. Masansky, N. O. Pusovskaya // Vestnik of 

the Belarusian State University of Food and Chemical Technologies. – 2025. 2 №. 1 (38) 2 P. 13‒23. 
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G5B:> 2K@065==0O :@5<>>1@07=0O, 0M@8@>20==0O AB@C:BC@0 A> 7=0G8B5;L=K< A>45@60=85< 
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"1J5:B 8AA;54>20=8O – ?>B@518B5;LA:85 A2>9AB20 =87:>:0;>@89=KE 45A5@B>2 7040==>3> 
4;O H:>;L=>3> ?8B0=8O 0AA>@B8<5=B0. 
#@54<5B 8AA;54>20=8O – AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 :><?>78F89 87 
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@07=KE 8E A>>B=>H5=8OE. 
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/1;>:8 A25685 @0==8E A@>:>2 A>7@520=8O).  
$5F5?BC@=K5 :><?>78F88 3>B>28;8AL A @07;8G=K<8 A>>B=>H5=8O<8 F5;L=>75@=>2>9 

OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 2 <0AA>2>< >B=>H5=88: 10/90; 20/80; 30/70; 40/60; 50/50 8 
60/40 % A>>B25BAB25==>. �;O 8AA;54>20=8O 2;8O=8O 4>?>;=8B5;L=KE 8=3@5485=B>2 
22>48;8AL A>;L, A0E0@, A>40 8 ACE>5 <>;>:>. 
%B@C:BC@=>-<5E0=8G5A:85 ?>:070B5;8 ‒ @>B0F8>==K9 28A:>78<5B@ «VT6/7 PLUS», 

0=0;870B>@ B5:ABC@K CT3-4500 Brookfield.  

"?@545;5=85 0:B82=>AB8 2>4K (Aw) – ?@81>@ «�83@><5B@ Hygrolab %1-Set-40».  
$0AB2>@>C45@6820NI0O A?>A>1=>ABL <C:8 – 0=0;870B>@ Chopin SRC-CHOPIN. 

�=0;87 2>4>@>4=>3> ?>:070B5;O pH @0AB2>@0 – pH-<5B@ HI 5221-02 «Hanna Instruments». 
(878:>-E8<8G5A:85 ?>:070B5;8 >?@545;O;8AL A 8A?>;L7>20=85< >1I5?@8=OBKE <5B>4>2.  
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�AA;54>20;8 :><?>78F88 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 ?@8 
@07;8G=KE 8E @5F5?BC@=KE A>>B=>H5=8OE: 10 % <C:8 / 90 % ?N@5; 20 % <C:8 / 80 % ?N@5; 
30 % <C:8 / 70 % ?N@5; 40 % <C:8 / 60 % ?N@5; 50 % <C:8 / 50 % ?N@5; 60 % <C:8 / 40 % 

?N@5.  
-DD5:B82=CN 2O7:>ABL B5AB0 >?@545;O;8 ?@8 :><=0B=>9 B5<?5@0BC@5 (20±2) º% 2 

B@5E:@0B=>9 ?>2B>@=>AB8. #@>2545==K9 AB0B8AB8G5A:89 0=0;87 ?>:070;, GB> >B:;>=5=85 >B 
A@54=53> 7=0G5=8O A>AB028;> nA@54=55 ± 2–3 %. $57C;LB0BK 87<5@5=89 ?@54AB02;5=K =0 
@8AC=:0E 1–2.  

 

  
$<E. 1. �028A8<>ABL MDD5:B82=>9 2O7:>AB8 >B 

A>>B=>H5=8O <C:8 8 ?N@5 
 

Fig. 1. Effective viscosity as a function of flour 

to puree ratio 
 

$<E. 2. �;8O=85 4>102;5=8O A>;8 8 A0E0@0 =0 
MDD5:B82=CN 2O7:>ABL 

 

Fig. 2. Effect of adding salt and sugar on effective 

viscosity 
 

% C25;8G5=85< 4>;8 <C:8 2 A<5A8 MDD5:B82=0O 2O7:>ABL 2>7@0AB05B ?> M:A?>=5=F80;L=>9 
7028A8<>AB8. #@8 A>>B=>H5=88 70 % <C:8 / 30 % ?N@5 A<5AL B5@O5B B5:CG5ABL.  C:0 
O2;O5BAO >A=>2=K< D0:B>@><, >?@545;ONI8< 2O7:>ABL 40==>9 A8AB5<K, β-3;N:0=K, 
A>45@60I85AO 2 <C:5 >1;040NB A?>A>1=>ABLN ?>3;>I0BL 8 C45@6820BL 2>4C, >1@07CO 
35;5>1@07=CN AB@C:BC@C, C25;8G820NICN 2O7:>ABL B5AB0 [21, 22]. �>102;5=85 A>;8 8/8;8 
A0E0@0 =57=0G8B5;L=> C25;8G8205B 2O7:>ABL ?> A@02=5=8N A :>=B@>;L=K< >1@07F>< (10 % 

<C:8 / 90 % ?N@5). -DD5:B A0E0@0 1>;55 2K@065=, G5< MDD5:B A>;8.  
� B01;8F5 1 ?@54AB02;5=K @57C;LB0BK 8A?KB0=89 B5AB>2KE ?>;CD01@8:0B>2 =0 A60B85. 

�=0;87 ?@>2>48;8 =0 0=0;870B>@5 B5:ABC@K CT3-4500 Brookfield. �0==K5 ?@54AB02;5=K ?> 
@57C;LB0B0< B@5E:@0B=KE 87<5@5=89 (>B:;>=5=85 >B A@54=8E 7=0G5=89 nA@54=55 ± 10 %).   

"1@075F 1 2 B01;8F5 1 ?@54AB02;O5B A>1>9 B5AB>2K5 ?>;CD01@8:0BK, A>AB>OI85 B>;L:> 87 
<C:8 8 ?N@5, 157 4>102;5=8O 4@C38E @5F5?BC@=KE 8=3@5485=B>2. 
�@C385 A>>B=>H5=8O (50 % <C:8 / 50 % ?N@5 8 20 % <C:8 / 80 % ?N@5) =5 8AA;54>20;8AL 
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12000

12500

13000

13500

14000

14500

15000

1H
H9
>F
<6
A4
O 

6O
;>
BE
FP
, @
#
4 
·E

%BBFABL9A<9 
<A7D98<9AFB6, %

10 <C:8/90 ?N@5
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40==K< <5B>4><. "1@075F A A>>B=>H5=85< 50 % <C:8 8 50 % ?N@5 >:070;AO A;8H:>< 
B25@4K< 4;O ?@>2545=8O 8A?KB0=89 =0 0=0;870B>@5 B5:ABC@K CT3-4500 Brookfield. "1@075F A 
A>>B=>H5=85< 20 % <C:8 8 80 % ?N@5 >:070;AO =54>AB0B>G=> AB@C:BC@8@>20==K< A =87:>9 
CAB>9G82>ABLN : 45D>@<0F88 4;O ?@>2545=8O 8A?KB0=89 B5< 65 <5B>4><. 

 
&45?. 1. !>@<0;L=>5 =0?@O65=85 B5AB0 ?@8 A60B88  
Table 1. Normal test stress under compression 

%>>B=>H5=85 <C:0 / ?N@5, 
% 

!>@<0;L=>5 =0?@O65=85, Ã, :#0 
"1@075F 1:  
<C:0/?N@5 

"1@075F 2:  
<C:0/?N@5 + 4>102:8  

50 / 50  – – 
40 / 60  30,5 17,8 

30 / 70  20,8 8,5 

20 / 80  – – 
 

"1@075F 2 2 B01;8F5 1 2:;NG05B B5AB>2K5 ?>;CD01@8:0BK 87 <C:8 8 ?N@5 A 4>102;5=85< 
@5F5?BC@=KE 8=3@5485=B>2. -B8 4>102:8 A>AB>O;8 87 A0E0@0, A>;8, A>4K 8 ACE>3> <>;>:0, 
27OBK5 2 CA@54=5==KE >B B@048F8>==KE 4;O :>=48B5@A:8E 8745;89 ?@>?>@F8OE (A0E0@ – 27 % 

>B <0AAK <C:8 4;O <0DD8=>2, 40 % 4;O ?5G5=LO; A>;L – 1,25 % >B <0AAK <C:8, A>40 – 0,75 % 

>B <0AAK <C:8, ACE>5 <>;>:> – 6 % >B <0AAK <C:8). 
% C25;8G5=85< 4>;8 <C:8 2 >1@07F5 (>B 30 4> 40 %) =>@<0;L=>5 =0?@O65=85 ?@8 A60B88 

7=0G8B5;L=> 2>7@0AB05B :0: 157 4>102>:, B0: 8 A 4>102;5=85< 4@C38E @5F5?BC@=KE 
8=3@5485=B>2 (A0E0@, A>;L, A>40, ACE>5 <>;>:>).  C:0 7=0G8B5;L=> C25;8G8205B B25@4>ABL 
>1@07F0. -B> <>65B 1KBL >1JOA=5=> B5<, GB> β-3;N:0=K >1@07CNB B@5E<5@=CN A5B:C, 
?@840NICN B5ABC 1>;LHCN C?@C3>ABL 8 A>?@>B82;5=85 45D>@<0F88, GB> C25;8G8205B 
B25@4>ABL >1@07F0 [23, 24]. �>102;5=85 A>?CBAB2CNI8E 8=3@5485=B>2 (A>;L, A0E0@, A>40, 
ACE>5 <>;>:>) ACI5AB25==> (2 1,7 @070 4;O >1@07F0 40:60 8 2 2,4 @070 4;O >1@07F0 30:70) 
A=8605B =>@<0;L=>5 =0?@O65=85 ?@8 A60B88, GB> <>65B 1KBL A2O70=> A 8E 2;8O=85< =0 
AB@C:BC@C 8 2;03>C45@6820NICN A?>A>1=>ABL B5AB0.  
!0 @8AC=:5 3 8 2 B01;8F5 2 ?@54AB02;5=K @57C;LB0BK >?@545;5=8O 043578>==>3> 

=0?@O65=8O B5AB>2KE ?>;CD01@8:0B>2 =0 0=0;870B>@5 B5:ABC@K CT3-4500 Brookfield. �0==K5 
?@54AB02;5=K ?> @57C;LB0B0< B@5E:@0B=KE 87<5@5=89 (>B:;>=5=85 >B A@54=53> 7=0G5=8O 
nA@54=55 ± 8 %). 

 
&45?. 2. �;8O=85 4>102>: =0 043578>==>5 =0?@O65=85 B5AB0 
Table 2. Effect of additives on the adhesive stress of the sample 

%>>B=>H5=85 8=3@5485=B>2 �43578>==>5 =0?@O65=85 Ã043, #0 
50 /50 + A>40 0,22 

50 /50 + ACE>5 <>;>:> 0,41 

50 /50 0,51 

50 /50 + A>;L 0,64 

50 /50 + A0E0@ 0,88 

50 /50 + A>;L + A0E0@ 0,89 

 

�43578>==>5 =0?@O65=85 ACI5AB25==> 7028A8B :0: >B A>>B=>H5=8O <C:8 8 ?N@5, B0: 8 >B 
4>102;5=8O @07;8G=KE 8=3@5485=B>2. '25;8G5=85 4>;8 O1;>G=>3> ?N@5 8 4>102;5=85 A0E0@0 
2 =081>;LH59 AB5?5=8 A?>A>1AB2C5B ?>2KH5=8N 0435788. -B> <>65B 1KBL A2O70=> A 
?5:B8=><, A>45@60I8<AO 2 ?N@5, :>B>@K9 >1;0405B 2KA>:>9 043578>==>9 A?>A>1=>ABLN, 0 
B0:65 A2O70=> A 53> 2;8O=85< =0 2708<>459AB285 <564C β-3;N:0=0<8 8 ?5:B8=><. β-3;N:0=K 
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<>3CB A?>A>1AB2>20BL C<5@5==><C C25;8G5=8N 0435788 B5AB0, GB> 206=> 4;O D>@<8@>20=8O 
AB@C:BC@K :>=5G=>3> ?@>4C:B0 [25–27]. 

 
$<E. 3. �028A8<>ABL 043578>==>3> =0?@O65=8O >B A>>B=>H5=8O <C:8 8 ?N@5 2 B5AB5 

 

Fig. 3. Dependence of adhesive tension on the ratio of flour and puree 

 

�0@L8@>20=85 :>;8G5AB20 <C:8 8 ?N@5 2 @5F5?BC@5, 0 B0:65 22545=85 4>?>;=8B5;L=KE 
8=3@5485=B>2, ?>72>;O5B F5;5=0?@02;5==> <>48D8F8@>20BL AB@C:BC@=>-<5E0=8G5A:85 
A2>9AB20 B5AB0 8 ?>;CG0BL ?@>4C:BK A 7040==K<8 E0@0:B5@8AB8:0<8. 
%>>B=>H5=85 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 2 A<5A8 – :;NG52>9 

D0:B>@, >?@545;ONI89 C@>25=L pH @0AB2>@0 8, A;54>20B5;L=>, :8A;>B=>ABL ?@>4C:B0. 
*5;L=>75@=>20O OG<5==0O <C:0 (100 %) 8<55B pH 5,75, GB> 1;865 : A;01>:8A;>9 8;8 ?>GB8 
=59B@0;L=>9 @50:F88 @0AB2>@0. % C25;8G5=85< 4>;8 O1;>G=>3> ?N@5 2 A<5A8 pH @0AB2>@0 
?>A;54>20B5;L=> A=8605BAO (B01;8F0 3). �0==0O 7028A8<>ABL 8<55B =5;8=59=K9 E0@0:B5@. 

 

&45?. 3. �=0;87 2>4>@>4=>3> ?>:070B5;O pH @0AB2>@0 8AA;54C5<KE 284>2 B5AB0  

Table 3. Analysis of the pH value of the solution of the studied types of dough 

"1@075F: <C:0 / ?N@5, % pH A<5A8 
90 / 10 5,57 

80 / 20 5,39 

70 / 30 5,28 

60 / 40 5,19 

50 / 50 5,10 

40 / 60 4,73 

30 / 70 4,38 

20 / 80 4,10 

10 / 90 3,65 

100 % O1;>G=>5 ?N@5 3,20 

 

"?B8<0;L=K9 10;0=A 4;O A>740=8O B5AB0 A ?@85<;5<K< pH 4;O E;51>?5:0@=KE 8;8 
45A5@B=KE 8745;89 <>65B 1KBL =0945= 2 ?@545;0E >B 60 % <C:8 / 40 % ?N@5 4> 80 % <C:8 / 
20 % ?N@5, 345 pH =0E>48BAO 2 480?07>=5 5,2–5,4, GB> A>>B25BAB2C5B C<5@5==>9 :8A;>B=>AB8, 
A?>A>1AB2CNI59 >?@545;ё==K< B5E=>;>38G5A:8< 8 >@30=>;5?B8G5A:8< A2>9AB20< [28, 29]. 

#@8 =87:>< pH (2 480?07>=5 >B 3 4> 4,5), E0@0:B5@=>< 4;O 2KA>:8E :>=F5=B@0F89 2 
@5F5?BC@=>9 A<5A8 O1;>G=>3> ?N@5, ?5:B8= A>E@0=O5B A2>N A?>A>1=>ABL D>@<8@>20BL 35;8 8 
>1;0405B 1>;55 CAB>9G82>9 AB@C:BC@>9 [30]. 

60 <C:8/40 
?N@5

50 <C:8/50 
?N@5

40 <C:8/60 
?N@5

y = -0,12x2 + 0,67x - 0,47

R² = 1

0

0,1

0,2

0,3

0,4

0,5

0,6

0 3,5
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� B01;8F5 4 ?@54AB02;5=K @57C;LB0BK ?@>254ё==KE 87<5@5=89, ?>72>;ONI85 >F5=8BL, :0: 
87<5=O5BAO A?>A>1=>ABL A<5A8 87 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 
C45@6820BL 2;03C 2 7028A8<>AB8 >B A>>B=>H5=8O 40==KE 8=3@5485=B>2. 

 
&45?. 4. �7<5=5=85 2;03>?>3;>I5=8O 2 7028A8<>AB8 >B A>45@60=8O <C:8 8 ?N@5 

Table 4. Change in moisture absorption depending on the percentage of components in the mixture 

%>>B=>H5=85 
8=3@5485=B>2: 
<C:0 / ?N@5, % 

 0AA0 4> 
F5=B@8DC38@>20=8O, 3 

 0AA0 ?>A;5 
F5=B@8DC38@>20=8O, 3 

�;03>?>3;>I5=85, 
% 

10 / 90 32,9 13,5 41,60 

20 / 80 32,9 19,3 58,80 

30 / 70 32,9 23,9 72,50 

40 / 60 32,9 31,3 95,09 

50 / 50 32, 9 32,9 100,00 

 C:0 100 % 5,20 10,3 100,60 

#N@5 100 % 32,9 16,6 51,20 

 

�;03>?>3;>I5=85 C25;8G8205BAO A C25;8G5=85< 4>;8 <C:8 8 A>>B25BAB25==> A=8605BAO 
?@8 ?>2KH5=88 A>45@60=8O O1;>G=>3> ?N@5 2 A<5A8. *5;L=>75@=>20O <C:0 E0@0:B5@87C5BAO 
2KA>:8<8 7=0G5=8O<8 2;03>?>3;>I5=8O – 100,6 %, O1;>G=>5 ?N@5 – 51,2 %. �<5AB5 A B5<, 2 
A<5A8 ?@8 =87:>9 :>=F5=B@0F88 <C:8 10 % 2;03>?>3;>I5=85 A>AB028;> 41,6 %. �0==0O 
70:>=><5@=>ABL, 345 2;03>?>3;>I5=85 A<5A8 A 10 % <C:8 >:07K205BAO =865, G5< C G8AB>3> 
O1;>G=>3> ?N@5, >1JOA=O5BAO A;>6=K< 2708<>459AB285< :><?>=5=B>2 2 <=>3>:><?>=5=B=>9 
A8AB5<5, 2:;NG0NI5< 2>7<>6=>5 ?5@5@0A?@545;5=85 2>4K, MDD5:B "@07102;5=8O" 8;8 
"70B5=5=8O" A2O7K20NI8E F5=B@>2, 0 B0:65 87<5=5=85 >1I59 <8:@>AB@C:BC@K A8AB5<K ?@8 
A<5H820=88 [31]. % C25;8G5=85< 4>;8 <C:8 2;03>?>3;>I5=85 @0AB5B ?@0:B8G5A:8 ;8=59=> 
4> A>>B=>H5=8O 50 % <C:8 / 50 % ?N@5, 345 4>AB8305B 100 % 8 2 40;L=59H5< =5 
C25;8G8205BAO. � 480?07>=5 >B 10 % <C:8 / 90 % ?N@5 4> 50 % <C:8 / 50 % ?N@5 C25;8G5=85 
4>;8 <C:8 =0 10 % ?@82>48B : @>ABC 2;03>?>3;>I5=8O ?@8<5@=> =0 14–15 %.  

�;03>?>3;>I5=85 A<5A8 C25;8G8205BAO ?@0:B8G5A:8 ;8=59=> A C25;8G5=85< 4>;8 <C:8 2 
=59 4> 50 % (@8AC=>: 4). �0;L=59H55 C25;8G5=85 4>;8 <C:8 ?@0:B8G5A:8 =5 A:07K205BAO =0 
2>4>?>3;0I5=88, GB> C:07K205B =0 =0AKI5=85 A8AB5<K 8 55 AB018;870F8N. 

 

 
$<E. 4. �028A8<>ABL 2;03>?>3;>I5=8O >B A>>B=>H5=8O <C:8 8 ?N@5 2 A<5A8 

Fig. 4. Dependence of moisture absorption on the ratio of flour and puree in the sample 
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R² = 0,9753

0

20

40

60

80

100

120

�?
47
BC
B7
?B
M
9A
<9
, %

%BBFABL9A<9 <A7D98<9AFB6, %



Пище6ая Fех=>?>7ия  

 

 

 20 

�;O >?@545;5=8O A2>1>4=>9 8 A2O70==>9 2;038 2 8AA;54C5<KE >1@07F0E 87<5@O;8 
?>:070B5;L 0:B82=>AB8 2>4K (Aw). *5;L=>75@=>20O OG<5==0O <C:0 E0@0:B5@87C5BAO 
7=0G5=8O<8 40==>3> ?>:070B5;O 2 480?07>=5 0,456–0,470 157@07<5@=KE 548=8F, GB> 3>2>@8B > 
2KA>:>9 AB018;L=>AB8 ?@>4C:B0 8 =87:>9 25@>OB=>AB8 @0728B8O <8:@>>@30=87<>2. % 
C25;8G5=85< 4>;8 O1;>G=>3> ?N@5 =01;N405BAO 7=0G8B5;L=>5 C25;8G5=85 Aw. �0==K5 
?@54AB02;5=K 2 B01;8F5 5. 

 
&45?. 5. �7<5@5=85 ?>:070B5;O 0:B82=>AB8 2>4K 2 8AA;54C5<KE >1@07F0E 

Table 5. Measuring the water activity index in the studied samples 

%>>B=>H5=85 8=3@5485=B>2: <C:0 / ?N@5, % #>:070B5;L 0:B82=>AB8 2>4K (Aw) 

90 / 10 0,810–0,820 

80 / 20 0,903–0,911 

70 / 30 0,931–0,941 

60 / 40 0,915–0,934 

50 / 50 0,962–0,964 

40 / 60 0,935–0,946 

30 / 70 0,939–0,948 

20 / 80 0,918–0,926 

10 / 90 0,926–0,931 

 

-B> >15A?5G8205B 4;8B5;L=K9 A@>: E@0=5=8O <C:8. �:B82=>ABL 2>4K 2;8O5B =0 B5:ABC@C 
B5AB0, 53> 2O7:>ABL 8 A?>A>1=>ABL : 35;5>1@07>20=8N. �KA>:0O Aw <>65B ?@82>48BL : 1>;55 
<O3:>9 8 2;06=>9 B5:ABC@5. %;8H:>< 2KA>:0O 0:B82=>ABL 2>4K <>65B =530B82=> A:070BLAO 
=0 B5:ABC@C 3>B>2KE 8745;89 – <O:8H ?;>E> ?@>?5Gё==K9, :>=A8AB5=F8O ;8?:0O [32]. 

� B01;8F5 6 ?@54AB02;5=0 7028A8<>ABL 2;8O=8O A>>B=>H5=8O 8=3@5485=B>2 2 @5F5?BC@=>9 
A<5A8 =0 8E 2;06=>ABL. 

 

&45?. 6. $57C;LB0BK 87<5@5=89 ?>:070B5;O 2;06=>AB8 

Table 6. Results of humidity measurement 

%>>B=>H5=85 8=3@5485=B>2: <C:0 / ?N@5, % �;06=>ABL, % 

100 / 0 10,0 

90 / 10 16,7 

80 / 20 23,2 

70 / 30 30,4 

60 / 40 38,8 

50 / 50 47,4 

40 / 60 53,8 

30 / 70 58,9 

20 / 80 65,1 

10 / 90 77,2 

0 / 100 87,3 

 

"G5284=>, GB> 2;06=>ABL C25;8G8205BAO ?@0:B8G5A:8 ;8=59=> A C25;8G5=85< 4>;8 
O1;>G=>3> ?N@5 2 A<5A8. *5;L=>75@=>20O OG<5==0O <C:0 E0@0:B5@87C5BAO =87:>9 
2;06=>ABLN, GB> 45;05B 5ё E>@>H8< :><?>=5=B>< 4;O A=865=8O >1I59 2;06=>AB8 ?@>4C:B0. 
/1;>G=>5 ?N@5, =0>1>@>B, 7=0G8B5;L=> ?>2KH05B 2;06=>ABL A<5A8, GB> A;54C5B CG8BK20BL 
?@8 @07@01>B:5 @5F5?BC@.  
�0: >B<5G0;>AL 2> 22545=88, 2 4>ABC?=KE ;8B5@0BC@=KE 8AB>G=8:0E >BACBAB2CNB 

:>=:@5B=K5 40==K5, E0@0:B5@87CNI85 AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 ?@>4C:B>2, 
?>;CG5==KE =0 >A=>25 :><18=0F88 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5. 
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�<5AB5 A B5<, ?@>2545==K9 0=0;87 ?@82545==KE 2 40==>9 AB0BL5 ?C1;8:0F89 ?>72>;8; 
2KO28BL AE>4=K5 B5=45=F88 2 87<5=5=88 AB@C:BC@=>-<5E0=8G5A:8E A2>9AB2 ?@>4C:B>2, 
A>45@60I8E 2 A>AB025 ?H5=8G=CN <C:C 8 D@C:B>2K5 ?N@5. -B> 405B 2>7<>6=>ABL 
>1>A=>20BL 8A?>;L7>20=85 :><?>78F89 F5;L=>75@=>2>9 OG<5==>9 <C:8 8 O1;>G=>3> ?N@5 2 
@07=KE 8E A>>B=>H5=8OE 4;O ?>;CG5=8O ?@>4C:B>2 @07=KE B>20@>254=KE 3@C??. �;O 
?>;CG5=8O ?@>4C:B>2, E0@0:B5@87CNI8EAO =87:>9 2;06=>ABLN, 0:B82=>ABLN 2>4K, 04357859, 
2KA>:>9 E@C?:>ABLN 8 B25@4>ABLN (=0?@8<5@, ACE>5 ?5G5=L5) @5F5?BC@=K9 A>AB02 
E0@0:B5@87C5BAO 2KA>:8< A>45@60=85< <C:8 8 <8=8<0;L=K< A>45@60=85< O1;>G=>3> ?N@5. 
% C25;8G5=85< A>45@60=8O O1;>G=>3> ?N@5 2 @5F5?BC@5 2>7<>6=> ?>;CG5=85 8745;89, 
E0@0:B5@87CNI8EAO <O3:>9 8 =56=>9 B5:ABC@>9, =0?@8<5@, 2;06=K5 :5:AK 8;8 <0DD8=K. 

�;O ?@>4C:B>2 A 2KA>:>9 2;06=>ABLN, >1;040NI8E 2O7:>?;0AB8G=K<8 A2>9AB20<8 

(=0?@8<5@, <CAAK), =5>1E>48<> <0:A8<0;L=> C25;8G820BL @5F5?BC@=>5 A>45@60=85 
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