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ɧɨɝɨ�ɮɪɚɝɦɟɧɬɚ, ɳɨ�ɦɿɫɬɢɬɶ�ɛɿɥɹ 70 % ɧɚɣɛɿɥɶɲ�ɮɿɡɿɨ-
ɥɨɝɿɱɧɨ�ɚɤɬɢɜɧɨʀ�ɩɨɥɿɫɚɯɚɪɢɞɧɨʀ�ɮɪɚɤɰɿʀ�ɡ�ɦɨɥɟɤɭɥɹɪ-
ɧɨɸ�ɦɚɫɨɸ 1 – 30 ɤȾɚ; ɜɫɬɚɧɨɜɥɟɧɨ�ɪɚɰɿɨɧɚɥɶɧɿ�ɭɦɨɜɢ 
ɮɟɪɦɟɧɬɚɬɢɜɧɨʀ� ɞɟɫɬɪɭɤɰɿʀ� ɜɢɯɿɞɧɨɝɨ� ɛɿɨɩɨɥɿɦɟɪɭ. 
Ɉɬɪɢɦɚɧɿ�ɪɟɡɭɥɶɬɚɬɢ�ɽ�ɩɿɞʉɪɭɧɬɹɦ�ɞɥɹ�ɩɨɞɚɥɶɲɢɯ�ɞɨ-

ɫɥɿɞɠɟɧɶ�ɳɨɞɨ�ɪɨɡɪɨɛɤɢ� ɫɩɨɫɨɛɿɜ�ɞɨɛɭɜɚɧɧɹ�ɩɪɨɞɭɤ-
ɬɿɜ�ɞɟɫɬɪɭɤɰɿʀ�ɞɪɿɠɞɠɨɜɨɝɨ�ɝɥɸɤɚɧɭ�ɛɟɡ�ɣɨɝɨ�ɩɨɩɟɪɟ-
ɞɧɶɨɝɨ�ɿɡɨɥɸɜɚɧɧɹ. 
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BIOCHEMICAL AND BAKING PROPERTIES OF BLENDS GRADED FLOUR 
WITH DIFFERENT WHEAT MILLED PRODUCTS INCLUDING  

PERIPHERAL PARTS OF GRAIN 
ɂɫɫɥɟɞɨɜɚɧɵ� ɛɢɨɯɢɦɢɱɟɫɤɢɣ� ɢ� ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ� ɫɨɫɬɚɜɵ 

ɪɚɡɥɢɱɧɵɯ� ɩɨɬɨɤɨɜ� ɩɪɨɞɭɤɬɨɜ� ɢɡɦɟɥɶɱɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ� ɢɡɦɟɥɶ-
ɱɟɧɧɵɟ� ɩɟɪɢɮɟɪɢɱɟɫɤɢɟ� ɱɚɫɬɢ� ɩɲɟɧɢɱɧɨɝɨ� ɡɟɪɧɚ. ɉɨɤɚɡɚɧɨ� ɩɨɥɨ-
ɠɢɬɟɥɶɧɨɟ�ɜɥɢɹɧɢɟ�ɩɨɬɨɤɨɜ�ɨɬɪɭɛɟɣ�ɧɚ�ɭɥɭɱɲɟɧɢɟ�ɯɥɟɛɨɩɟɤɚɪɧɵɯ 
ɫɜɨɣɫɬɜ� ɫɦɟɫɟɣ� ɫ� ɫɨɪɬɨɜɨɣ� ɦɭɤɨɣ. Ɉɩɪɟɞɟɥɟɧɚ� ɨɩɬɢɦɚɥɶɧɚɹ� ɞɨɡɢ-
ɪɨɜɤɚ�ɩɲɟɧɢɱɧɵɯ�ɨɬɪɭɛɟɣ, ɞɚɧɵ�ɪɟɤɨɦɟɧɞɚɰɢɢ�ɩɨ�ɜɵɛɨɪɭ�ɩɨɬɨɤɨɜ 
ɦɭɤɢ� ɢ� ɨɝɪɚɧɢɱɢɬɟɥɶɧɨɣ� ɧɨɪɦɟ� ɫɨɞɟɪɠɚɧɢɹ� ɥɢɩɢɞɨɜ� ɜ� ɝɨɬɨɜɵɯ 
ɫɦɟɫɹɯ. 

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ: ɩɲɟɧɢɰɚ, ɦɭɤɚ, ɦɭɱɧɵɟ� ɫɦɟɫɢ, ɨɬɪɭɛɢ, 
ɦɟɥɤɢɟ�ɨɬɪɭɛɢ, ɛɢɨɯɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ, ɯɥɟɛɨɩɟɤɚɪɧɵɟ�ɫɜɨɣɫɬɜɚ.  

Biochemical and fatty acid compositions of different streams of 
milled products including peripheral parts of the wheat grain were inves-
tigated. The positive effect of bran and short streams to improve the bak-
ing properties of flour blends with is shown. The optimum dosage of 
wheat bran and shorts, recommendations on the selection of milled 
streams and restrictive of lipid content in the prepared blends are given. 

Keywords: wheat, flour, flour blends, bran, shorts, biochemical 
composition, baking properties. 

Peripheral parts of the wheat grain (hulls, aleurone, 
germ) in the milling process are sent to individual streams 
mainly  to  the  formation  of  the  by-products  –  bran  and  
shorts. Since these streams are derived from different ana-

tomic parts of the grain, they differ in chemical composi-
tion, biochemical and technological properties. 

The main objective of this study was the selection 
and justification of such streams including the peripheral 
parts of grains that would best suit the set requirements: to 
improve the content of bioactive substances and dietary 
fiber in wheat flour and to improve its technological 
properties. For research we used the following peripheral 
parts of wheat differing in chemical composition and 
properties: tailings products from bran finishers (bran), 
tailings products from the 4th break sifting system (break 
shorts) and tailings products from the last reduction sys-
tem (reduction shorts). 

The study of these streams showed that, despite 
their differences, they can be used as a valuable source of 
biologically active substances: phytocompounds, micro-
and macro-elements, vitamins and fibers. 

For the formation of wheat flour with a high content 
of peripheral parts of wheat grain we used: 1st graded  
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flour in blends with bran, break and reduction shorts. The 
assessment criteria were the chemical composition of 
flour and baking properties of the premium and first flour 
grade and blends of the graded flour with varying dosages 
of bran and shorts from different systems of the milling 
process. First grade flour contained 31,2 % wet gluten of 
the first quality group. From the data in the table 1 can es-
tablish  that  with  increasing  amounts  of  bran  or  shorts  in  
the flour blends bread volume yield increases: 9-14 % 
when mixed with the bran and by 4-9 % with the break 
and reduction shorts. 

The bread volume yield decreases with increasing 
proportion of bran, break and reduction shorts above 
14-17 %. The content of dietary fibers and ash content in-
crease most intensely with adding the bran. Amount of 
gluten in the flour decreases by 4,6-5,8% at a ratio in the 
blend of flour and bran 80:20 compared to the amount of 
gluten in the original flour. 

Similar results were obtained by mixing bran and 
shorts with the premium grade flour, but improving the 
baking properties of flour is most pronounced in mixtures 
with 1st grade flour due to high content of gluten in com-
parison with the flour of the highest grade flour for all 
blends with streams including peripheral parts of grain. 

Therefore, during the formation of flour with a high 
content of peripheral particles, as one of the components 
of wheat flour is recommended the first grade flour. Mix-
ture of first grade flour with bran by increase of the bread 
volume yield was superior to the shorts mixture by 5-8%, 

but consumer properties of bread from the mixture of 
flour with bran was worse (dark crumb color, rough and 
lumpy crust). The bran and break shorts to a greater ex-
tent compared to the reduction one contribute to the 
growth of bread volume because of their high sorption 
capacity due to the presence within them of a relatively 
large amount of protein, dietary fibers, including pento-
sans. 

However, the bran during formation of flour with a 
high content of peripheral particles can be used after their 
further refinement, but this process is energy consuming, 
requiring the installation of expensive reduction equip-
ment, so better to use existing streams including fine bran 
(shorts) from 4th break sifting system (4BS), 11th or  12th 
reduction systems (11R, 12R), 4th fine break system 
(4FB), 7th, 8th, 9th reduction systems (7R, 8R, 9R). 

Streams of shorts from reduction systems have 34,2-
35,9% of dietary fiber, 4,01-4,52% of minerals, the max-
imum amount of vitamins B1, B2, B6 and phytochemi-
cals, resulting in food and biological value of the reduc-
tion shorts streams higher compared with the break bran 
streams. Therefore, preference is given to streams of bran 
obtained in the subsequent reduction systems. One can al-
so use fine bran obtained in break process from 4BS or 
4FB system. 

Changes in baking properties of blends obtained by 
mixing the 1st graded flour with weak gluten (3rd group 
of quality) with shorts from the last reduction system are 
given in the table 2. 

Table 1 
Chemical composition and baking properties of blends of the 1st grade flour and different streams of bran and shorts 

Percentage relation of flour 
and bran or shorts 

Chemical composition, % d.w. Gluten content and its quality Backing properties 

lipids ash starch protein wet, % dry, 
% 

quality in-
dex 

bread vol-
ume, cm3 

porosity, 
% 

1st grade flour 1,25 0,70 79,0 11,2 32,0 13,5 79 420 76 
Bran 
98:2 1,32 0,82 75,5 11,3 31,2 13,3 79 460 80 
95:5 1,42 0,97 74,2 11,3 30,6 13,3 72 480 80 
92:8 1,52 1,13 71,2 11,4 29,8 13,3 72 480 78 
89:11 1,60 1,22 70,5 11,5 29,0 12,6 74 450 79 
86:14 1,70 1,38 69,8 11,6 28,6 12,6 71 420 78 
83:17 1,80 1,55 65,5 11,7 27,0 11,6 67 420 77 
80:20 1,92 1,68 64,5 12,2 26,2 11,6 68 410 77 
Bran, 100 % 3,42 5,58 17,6 16,9 - - - - - 
Break shorts 
98:2 1,30 0,74 76,2 11,2 32,0 12,8 75 450 78 
95:5 1,39 0,78 79,1 11,4 31,2 11,4 75 450 78 
92:8 1,50 0,94 72,0 11,4 29,5 11,0 73 450 78 
89:11 1,59 1,06 68,4 11,5 28,1 11,0 73 430 76 
86:14 1,70 1,15 66,2 11,5 27,2 11,0 70 430 76 
83:17 1,78 1,25 64,4 11,7 26,3 10,2 70 420 74 
80:20 1,91 1,34 62,0 11,7 25,8 10,2 70 400 74 
77:23 2,00 1,41 52,0 12,0 26,6 9,8 70 380 70 
Break shorts, 100 % 3,53 3,81 29,4 13,9 - - - - - 
Reduction shorts 
98:2 1,32 0,78 74,9 11,2 31,6 12,0 75 460 79 
95:5 1,40 0,90 73,0 11,3 30,8 11,5 74 440 78 
92:8 1,52 1,01 69,5 11,5 30,0 11,0 74 440 78 
89:11 1,60 1,10 67,0 11,5 29,6 10,6 70 435 74 
86:14 1,74 1,18 65,1 11,7 29,6 10,1 70 425 74 
83:17 1,82 1,33 64,5 11,9 28,2 10,4 71 400 74 
80:20 1,90 1,41 63,0 12,0 27,0 9,9 70 380 73 
77:23 2,03 1,50 58,0 12,0 26,0 8,2 70 370 70 
Reduction shorts, 100 % 3,74 4,21 25,7 14,1 - - - - - 
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The increase in the bread volume yield is obtained only by 
mixing the 1st grade flour with shorts at a ratio of 95:5, with the in-
creased elasticity of gluten. The increase of shorts in the flour 
above 5% resulted in a lower bread volume yield, although the 
quality of gluten was improved. Unfortunately there are no data to 
explain by what factors is the strengthening of the gluten in the 
flour mixture with shorts and what is the reason for the increase of 
volume yield of bread. There are only assumptions about the in-
teraction of protein and enzyme systems in blends of different 
milling products [1]. 

In the next stage of research, we tried to investigate changes 
in the properties of certain enzymes and storage proteins in blends 
of graded flour with the peripheral parts of the grain. 

In the wheat grain, is inherent natural ratio of internal (en-
dosperm) and peripheral (pericarp, seed coats) parts. In the pro-

duction of the graded flour, which consists mainly of mealy endo-
sperm nucleus, the peripheral part of the grain is separated and 
goes to bran and shorts. In this case the natural potential is violated 
of the interaction of various anatomical parts of the grain in the 
complex biochemical processes using it. 

It is very important to recognize the nature of the interaction 
of various anatomical parts of the grain in the changing intensity 
of oxidative and hydrolytic enzymatic processes that lead to 
changes in the structure of fibrinous proteins, their properties and 
technological advantages of flour. Therefore, the most important 

task is the selection and justification of the peripheral parts of the 
grain, which would have restored to the greatest extent the poten-
tial of natural interaction in the blends with graded flour with op-
timum ratio of graded flour and peripheral parts of the grain. 

To studying of this phenomenon a relatively small number 
of papers is dedicated [2-7]. The greatest attention was paid to the 
influence of the grain lipid complex to quality of gluten. 

Lipids have a cementing effect on gluten. Unsaturated fatty 
acids (oleic, linoleic, linolenic) have a strong strengthening effect 
to gluten proteins, making it very elastic and poorly extensible. 
Crude (wet) gluten contains 50 to 75% of the lipids of flour. Un-
saturated lipids are oxidized to peroxides and hydroperoxides, 
changing properties of dough: they improve the consistency and 
stability in the mixing. Lipid content of the various streams of pe-
ripheral parts ranged from 3.42 to 3.74%.  

The greatest amount of lipids was obtained in 
the dunsts from the last break system (4,4-4,9%) and 
in the dunsts from the last reduction system (6.1-
6.28%). Ratio of free and bound lipids in various 
products is approximately the same, about 70% of 
the total components of the free lipids. When mixing 
the graded flour with bran or shorts amount of un-
saturated fatty acids in the blend increases that prob-
ably leads to the strengthening of the gluten. 

As a result of grain refinement in milling of 
wheat about 40% of lipids falls into the flour, the 
rest – in bran and shorts. In this connection, it is in-
teresting to study the fatty acid composition of bran, 
as well as its influence in the flour mixture on 
change the baking properties of mixtures (table 3). 

Fatty acid composition of lipids was deter-
mined by GLC technique. Amount of saturated fatty 
acids was 15.6-15.9%, the largest amount of them 
was in streams from break process where gets most 
of the aleurone layer of wheat grains, the least one 
was in the germinal product obtained over 1200 ȝm 
at the 4th reduction system. Lipids of studied prod-
ucts contain mostly unsaturated fatty acids (81,8-

83,6%). 
There is no substantial difference in composition of this 

products. Thus, fatty acid composition of lipids in bran, dunsts and 
germinal products are practically similar but a total content of li-
pids is different. It is established that when mixed with flour pro-
filed peripheral parts of grain a certain amount of lipids have a 
positive impact on the properties of baking mixes. Lipid content 
of the flour with gluten quality of 2nd group should not exceed 
1,95-2,00%, with gluten quality of the 3rd group – 1,45-1,50%. In 
case of flour gluten quality of the 2nd group optimal dosage of  

Table 2 
Chemical composition and baking properties of blends of the 1st grade flour with weak gluten and reduction shorts 

Percentage relation of flour 
and shorts 

Content, % d.w. Gluten Backing properties 

lipids ash wet, % quality in-
dex 

bread volume, 
cm3 porosity, % 

1st grade flour 1,25 0,73 32,6 115 320 67 
98:2 1,31 0,84 32,0 115 320 67 
95:5 1,42 0,95 31,7 110 347 68 
92:8 1,50 1,11 30,9 110 312 65 
89:11 1,62 1,17 30,2 110 298 65 
86:14 1,72 1,33 30,0 110 290 64 
83:17 1,83 1,46 29,3 110 286 63 
80:20 1,95 1,55 27,8 105 266 62 
77:23 2,06 1,67 26,7 105 263 62 

Reduction shorts 3,62 4,29 - - - - 
 

Table 3 
Fatty acid composition of lipids of different streams including  

the peripheral parts, % 

Fatty acids 

Bran 
from 

bran fin-
ishers 

Shorts 
from 

4BS sys-
tem 

Shorts 
from 

11R sys-
tem 

Dunsts from 
4BS system 
(through 
400 ȝm and 
over 160 ȝm) 

Germinal  
product 
from  
4R sys-
tem 

Saturated acids 
ɋ16:0  palmitic ac-
id 14,8 14,7 14,5 15,5 12,1 

ɋ18:0  stearic acid 1,0 1,2 1,1 0,8 2,1 
Unsaturated acids 
ɋ16:1  palmitoleic 
acid  1,9 2,1 1,8 0,2 0,6 

ɋ18:1  oleic acid  21,3 22,1 20,4 19,2 20,0 
ɋ18:2   linoleic acid  53,0 52,2 55,2 54,1 58,8 
ɋ18:3   linolenic ac-
id  7,0 6,4 5,8 8,3 4,2 

Other acids and 
components of 
the lipid  
fraction 

1,0 1,3 1,2 1,9 2,2 
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shorts and germinal product is 8-10% and 3-5%, respec-
tively, for the 3rd group – 3-5% and 2-3%. 

Conclusions. Streams of wheat milled fractions in-
cluding peripheral parts of grain improve the content of 
bioactive substances and dietary fiber in blends with 
wheat graded flour. In addition, dosage of bran, break or 
reduction shorts lead to strengthens the gluten, increases 
the bread volume yield due to increase amount of unsatu-
rated acids in blends. Although the best results for the im-

provement both biochemical composition and baking 
properties of flour was obtained for course break bran is 
recommended to use streams of milled products including 
fine bran (shorts) from break and reduction processes. 
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Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ȻȱɈɌȿɏɇɈɅɈȽȱɑɇȱ�ɌȺ�ɊȿɈɅɈȽȱɑɇȱ�ȼɅȺɋɌɂȼɈɋɌȱ  
ɁȿɊɇɈȼɈȲ�ɆȺɋɂ�ȾɅə�ȼɂɊɈȻɇɂɐɌȼȺ�ɏɅȱȻȺ 

ȼ� ɫɬɚɬɬɿ� ɧɚɜɟɞɟɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɶ� ɜɩɥɢɜɭ� ɫɩɿɜɜɿɞɧɨ-
ɲɟɧɧɹ� ɤɨɦɩɨɧɟɧɬɿɜ� ɡɟɪɧɨɜɨʀ� ɦɚɫɢ, ɚ� ɫɚɦɟɞɢɫɩɟɪɝɨɜɚɧɨʀ� ɡɟɪɧɨɜɨʀ 
ɦɚɫɢ�ɬɚ�ɛɨɪɨɲɧɚ�ɡ�ɤɪɢɲɨɤ�ɩɲɟɧɢɱɧɢɯ�ɩɥɚɫɬɿɜɰɿɜ�ɧɚ�ɛɿɨɬɟɯɧɨɥɨɝɿɱ-
ɧɿ� ɬɚ� ɪɟɨɥɨɝɿɱɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɡɟɪɧɨɜɨɝɨ� ɬɿɫɬɚ. ɉɨɤɚɡɚɧɚ� ɞɨɰɿɥɶɧɿɫɬɶ 
ɜɧɟɫɟɧɧɹ�ɛɨɪɨɲɧɚ�ɡ�ɤɪɢɲɨɤ�ɩɲɟɧɢɱɧɢɯ�ɩɥɚɫɬɿɜɰɿɜ�ɭ� ɡɟɪɧɨɜɭ�ɦɚɫɭ 
ɩɪɢ�ɜɢɪɨɛɧɢɰɬɜɿ�ɡɟɪɧɨɜɨɝɨ�ɯɥɿɛɚ. 

Keywords: grain, moisture heating, grain bread, quality, tech-
nology characteristics. 

The results of studies of the effect of mass fraction treated with 
moisture heating  with various parameters of wheat grain on the physi-
cochemical and sensory characteristics of grain bread and the expedien-
cy of its use in the manufacture of this type of bread are shown in this 
article. 

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ: ɡɟɪɧɨ, ɛɨɪɨɲɧɨ�ɡ�ɤɪɢɲɨɤ�ɩɥɚɫɬɿɜɰɿɜ, ɡɟɪɧɨ-
ɜɢɣ�ɯɥɿɛ, ɹɤɿɫɬɶ, ɬɟɯɧɨɥɨɝɿɱɧɿ�ɜɥɚɫɬɢɜɨɫɬɿ. 

Ɂɚɛɟɡɩɟɱɟɧɧɹ�ɧɚɫɟɥɟɧɧɹ�ɛɨɪɨɲɧɹɧɢɦɢ�ɜɢɪɨɛɚɦɢ 
ɡ� ɩɿɞɜɢɳɟɧɨɸ� ɯɚɪɱɨɜɨɸ� ɰɿɧɧɿɫɬɸ� ɡɚɥɢɲɚɽɬɶɫɹ� ɞɥɹ 
ɫɩɟɰɿɚɥɿɫɬɿɜ�ɝɚɥɭɡɿ�ɚɤɬɭɚɥɶɧɢɦ�ɡɚɜɞɚɧɧɹɦ�ɿ�ɜ�ɬɟɩɟɪɿɲ-
ɧɿɣ� ɱɚɫ. ɏɥɿɛ� ɩɪɚɤɬɢɱɧɨ� ɿɞɟɚɥɶɧɢɣ� ɨɛ¶ɽɤɬ� ɞɥɹ� ɡɛɚɝɚ-
ɱɟɧɧɹ, ɨɫɤɿɥɶɤɢ� ɽ� ɫɨɰɿɚɥɶɧɨ� ɜɚɝɨɦɢɦ� ɩɪɨɞɭɤɬɨɦ. ȼ 
ɨɫɬɚɧɧɿɣ�ɱɚɫ�ɨɫɨɛɥɢɜɭ�ɭɜɚɝɭ�ɩɪɢɞɿɥɹɸɬɶ�ɜɢɝɨɬɨɜɥɟɧ-
ɧɸ�ɯɥɿɛɚ, ɜɢɪɨɛɧɢɰɬɜɨ�ɹɤɨɝɨ�ɡɚɛɟɡɩɟɱɭɽ�ɜɢɤɨɪɢɫɬɚɧ-
ɧɹ�ɜɫɿɯ ɡɚɤɥɚɞɟɧɢɯ�ɜ�ɡɟɪɧɿ�ɡɥɚɤɨɜɢɯ�ɛɿɨɥɨɝɿɱɧɨ�ɰɿɧɧɢɯ 
ɪɟɱɨɜɢɧ. Ɍɟɯɧɨɥɨɝɿɹ�ɡɟɪɧɨɜɨɝɨ�ɯɥɿɛɚ (Ɂɏ) ɜɜɚɠɚɽɬɶɫɹ 
ɛɟɡɜɿɞɯɨɞɧɨɸ�ɬɚ�ɞɨɡɜɨɥɹɽ�ɦɚɤɫɢɦɚɥɶɧɨ�ɡɛɟɪɿɝɚɬɢ�ɜɟɫɶ 
ɤɨɦɩɥɟɤɫ�ɰɿɧɧɢɯ� ɤɨɦɩɨɧɟɧɬɿɜ� ɡɟɪɧɨɜɨʀ� ɫɢɪɨɜɢɧɢ (ɜɿ-
ɬɚɦɿɧɿɜ, ɦɿɤɪɨɟɥɟɦɟɧɬɿɜ, ɯɚɪɱɨɜɢɯ�ɜɨɥɨɤɨɧ�ɬɨɳɨ).  

Ɉɞɧɚɤ, ɧɟ�ɡɜɚɠɚɸɱɢ�ɧɚ�ɜɢɫɨɤɭ�ɯɚɪɱɨɜɭ�ɰɿɧɧɿɫɬɶ, 
ɰɟɣ� ɯɥɿɛ� ɯɚɪɚɤɬɟɪɢɡɭɜɚɜɫɹ� ɧɟ� ɡɨɜɫɿɦ ɡɚɞɨɜɿɥɶɧɢɦɢ 
ɫɩɨɠɢɜɱɢɦɢ� ɜɥɚɫɬɢɜɨɫɬɹɦɢ. Ⱦɥɹ� ɩɨɤɪɚɳɟɧɧɹ� ɹɤɨɫɬɿ 
ɡɟɪɧɨɜɨɝɨ�ɯɥɿɛɚ�ɩɪɨɩɨɧɭɽɬɶɫɹ�ɜɧɟɫɟɧɧɹ�ɜ�ɣɨɝɨ�ɪɟɰɟɩ-
ɬɭɪɭ�ɪɿɡɧɨɦɚɧɿɬɧɢɯ�ɫɢɪɨɜɢɧɧɢɯ�ɿɧɝɪɟɞɿɽɧɬɿɜ�ɬɚ�ɡɚɫɬɨ-
ɫɭɜɚɧɧɹ� ɩɟɜɧɢɯ� ɬɟɯɧɨɥɨɝɿɱɧɢɯ� ɩɪɢɣɨɦɿɜ. Ɉɫɧɨɜɧɨɸ 
ɩɪɨɛɥɟɦɨɸ� ɩɪɢ� ɜɢɪɨɛɧɢɰɬɜɿ� Ɂɏ� ɽ� ɚɤɬɢɜɨɜɚɧɢɣ� ɩɪɢ 
ɡɚɦɨɱɭɜɚɧɧɿ�ɮɟɪɦɟɧɬɧɢɣ�ɤɨɦɩɥɟɤɫ�ɡɟɪɧɚ, ɹɤɢɣ�ɫɩɪɢɹɽ 
ɝɿɞɪɨɥɿɡɭ� ɛɿɥɶɲɨɫɬɿ� ɜɭɝɥɟɜɨɞɧɢɯ� ɿ� ɛɿɥɤɨɜɢɯ� ɪɟɱɨɜɢɧ, 
ɳɨ� ɦɿɫɬɹɬɶɫɹ� ɜ� ɧɶɨɦɭ.  ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɰɶɨɝɨ,  ɡ� ɨɞɧɨɝɨ 
ɛɨɤɭ, ɩɨɥɿɩɲɭɽɬɶɫɹ� ɡɚɫɜɨɸɜɚɧɿɫɬɶ� ɤɨɦɩɨɧɟɧɬɿɜ, ɹɤɿ 
ɜɯɨɞɹɬɶ�ɞɨ�ɫɤɥɚɞɭ�ɡɟɪɧɚ, ɚ�ɡ�ɿɧɲɨɝɨ, ɩɨɝɿɪɲɭɸɬɶɫɹ�ɪɟ-
ɨɥɨɝɿɱɧɿ�ɜɥɚɫɬɢɜɨɫɬɿ�ɬɿɫɬɚ, ɳɨ�ɜ�ɫɜɨɸ�ɱɟɪɝɭ�ɧɟɝɚɬɢɜɧɨ 

ɜɩɥɢɜɚɽ� ɧɚ� ɹɤɿɫɬɶ� ɝɨɬɨɜɢɯ� ɜɢɪɨɛɿɜ.  ɉɿɞ� ɜɩɥɢɜɨɦ� ɝɿɞ-
ɪɨɥɿɬɢɱɧɢɯ� ɮɟɪɦɟɧɬɿɜ� ɩɪɢ� ɞɨɡɪɿɜɚɧɧɿ� ɬɿɫɬɚ� ɜɿɞɛɭɜɚ-
ɽɬɶɫɹ� ɪɨɡɳɟɩɥɟɧɧɹ� ɛɿɥɤɨɜɢɯ� ɪɟɱɨɜɢɧ,  ɜ� ɬɨɦɭ� ɱɢɫɥɿ� ɿ 
ɤɥɟɣɤɨɜɢɧɧɢɯ, ɬɚ� ɤɪɨɯɦɚɥɸ. ȼɧɚɫɥɿɞɨɤ� ɰɶɨɝɨ� ɧɚɩɿɜ-
ɮɚɛɪɢɤɚɬɢ�ɜ�ɤɿɧɰɿ�ɛɪɨɞɿɧɧɹ�ɞɭɠɟ�ɪɨɡɪɿɞɠɭɸɬɶɫɹ, ɫɬɚ-
ɸɬɶ� ɦɚɥɨɟɥɚɫɬɢɱɧɢɦɢ� ɿ� ɦɚɡɟɩɨɞɿɛɧɢɦɢ, ɳɨ� ɩɪɢɡɜɨ-
ɞɢɬɶ�ɞɨ�ɨɬɪɢɦɚɧɧɹ�ɯɥɿɛɚ�ɡ�ɧɢɡɶɤɨɸ�ɮɨɪɦɨɫɬɿɣɤɿɫɬɸ�ɬɚ 
ɥɢɩɤɨɸ, ɦ¶ɹɤɭɲɤɨɸ, ɳɨ�ɡɚɦɢɧɚɷɬɶɫɹ [1].  

Ɉɞɢɧ�ɡ�ɟɮɟɤɬɢɜɧɢɯ�ɫɩɨɫɨɛɿɜ�ɡɧɢɠɟɧɧɹ�ɚɤɬɢɜɧɨɫ-
ɬɿ�ɮɟɪɦɟɧɬɿɜ�ɬɚ, ɹɤ�ɧɚɫɥɿɞɨɤ, ɩɨɤɪɚɳɟɧɧɹ�ɹɤɨɫɬɿ�Ɂɏ – 
ɰɟ�ɩɿɞɜɢɳɟɧɧɹ�ɤɢɫɥɨɬɧɨɫɬɿ�ɝɨɬɨɜɨɝɨ�ɞɨ�ɪɨɡɪɨɛɤɢ�ɡɟɪ-
ɧɨɜɨɝɨ� ɬɿɫɬɚ [2]. ȼɢɤɨɪɢɫɬɚɧɧɹ� ɡɚɤɜɚɫɨɤ� ɬɚ� ɦɨɥɨɱɧɨʀ 
ɫɢɪɨɜɚɬɤɢ, ɤɪɿɦ� ɡɧɢɠɟɧɧɹ� ɚɤɬɢɜɧɨɫɬɿ� ɝɿɞɪɨɥɿɬɢɱɧɢɯ 
ɮɟɪɦɟɧɬɿɜ�ɜ�ɬɿɫɬɿ�ɬɚ�ɬɟɦɩɟɪɚɬɭɪɢ�ɿɧɚɤɬɢɜɚɰɿʀ�Į�ɚɦɿɥɚɡɢ 
ɩɪɢ� ɜɢɩɿɤɚɧɧɿ� ɯɥɿɛɚ, ɫɩɪɢɹɽ� ɛɿɥɶɲ� ɿɧɬɟɧɫɢɜɧɨɦɭ� ɧɚ-
ɤɨɩɢɱɟɧɧɸ� ɨɪɝɚɧɿɱɧɢɯ� ɤɢɫɥɨɬ, ɹɤɿ� ɧɚɞɚɸɬɶ� ɜɢɪɨɛɚɦ 
ɫɩɟɰɢɮɿɱɧɢɣ�ɫɦɚɤ�ɿ�ɚɪɨɦɚɬ [3,4]. Ⱦɥɹ�ɡɧɢɠɟɧɧɹ�ɚɤɬɢɜ-
ɧɨɫɬɿ�ɮɟɪɦɟɧɬɿɜ�ɩɪɨɩɨɧɭɽɬɶɫɹ�ɬɚɤɨɠ�ɩɪɨɜɨɞɢɬɢ�ɡɚɦɨ-
ɱɭɜɚɧɧɹ� ɡɟɪɧɨɜɨʀ� ɫɢɪɨɜɢɧɢ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɿ� ɜɢɳɟ 
30 °ɋ [5]. Ⱦɥɹ�ɱɚɫɬɤɨɜɨʀ� ɿɧɚɤɬɢɜɚɰɿʀ�ɮɟɪɦɟɧɬɿɜ�ɩɪɨɛɭ-
ɞɠɟɧɨɝɨ�ɡɟɪɧɚ�ɩɪɢ�ɜɢɪɨɛɧɢɰɬɜɿ�Ɂɏ�ɧɚɦɢ�ɡɚɩɪɨɩɨɧɨ- 

 

Ɋɢɫ. 1. Ⱥɜɬɨɥɿɬɢɱɧɚ�ɚɤɬɢɜɧɿɫɬɶ: 1 -ɜɢɯɿɞɧɨɝɨ�ɡɟɪɧɚ,  
2 - ȾɁɆ�ɬɚ�ɤɨɦɩɨɡɢɰɿʀ�ɡɟɪɧɨɜɨʀ�ɦɚɫɢ�ɩɪɢ�ɜɧɟɫɟɧɧɿ 
ȻɄɉɉ:  3 – 25 %, 4  - 50 % , 5  - 75 %,  6 - 100 % 
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