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COMPARISON OF ALVEOGRAPH CHARACTERISTIC
OF FLOUR OBTAINED FROM DIFFERENT TYPES OF
COMMON WHEAT AND SPELT WHEAT

Abstract

Practice of processing of new types of wheat is widespread in the world, but it’s almost unknown in the CIS countries, be-
cause selection for many years aimed at obtaining exclusively high-protein bread-baking varieties of wheat. But not known what
technological properties of flour possesses from wheat types of a special intended purpose, and that it’s necessary to consider when
conducting varietal grinding of such raw material.

The alveograph measures the viscoelastic properties of wheat flour. According to the standard method 1SO 27971 the
amount of added water is initially calibrated directly as a percentage of dough moisture. This method is designed for standard types
of flour and may not be suitable for evaluating the rheological properties of flour with different water absorption capacity. To find
out the properties of new types, standard methods may not be suitable, therefore, methods should be studied and adapted if neces-

sary.

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

To investigate the relationship between water absorption capacity and viscoelastic properties of the dough, alveograph
tests were conducted on eight flour samples obtained from different types of wheat. The studies were performed using a standard test I:l
(calculated for WAC of flour = 53%) and a test with adaptive moistening, for which the amount of added water was calculated ac-
cording to the water absorption capacity (WAC) of the flour, which was determined on mixolab.

Flour from common red wheat (Kuyalnik) is the benchmark of common bakery wheat and according to the results of stand-
ard alveogram has the highest strength (W) and elasticity (Ie) of all samples. The wheat with W= 439-107*J corresponds to strong
wheat (W>200-10""J). The addition of water in accordance with the WAC softens the dough W=260-10"J, but it's still optimal for
bakery purposes. The results of studies of common black wheat (Chornobrova) correlate with the results of wheat Kuyalnik, but the
baking properties were worse.

For waxy wheat (Sofiika), the test on the alveograph with adaptive moistening gave her more water, which led to an in-
crease in elasticity (Ie=52.4%) and extensibility (L=77 mm) and became closer to an optimal P/L ratio (0.74) that was more suitable
for the bake bread (0.8-1.2).

Flour from soft wheat is expected to have average baking properties (W>155-10%J), but in all respects it is slightly better
than Chornobrova. Adaptive moistening, unlike the sharp deterioration of rheological characteristic of Chornobrova, does not alter
the properties of the Belyava and Oksana dough, due to the low WAC value (53.8% and 54.0%). Spelt wheat flour has low strength
(W<62-10"J), lower P/L ratio 0.25-0.50 and unsuitable (fluid, sticky) test consistency. All samples of Spelt with adaptive moistening
showed similar result — its decrease of P indicator and increase of extensibility (L). In a result we observe decrease of P/L ratio to
0.18-0.29, thus indicating extremely extensible doughs with very little elasticity.

For all samples, with adaptive moistening a decrease in resistance to extension (P) and an increase in extensibility (L) are
observed, in a result of the decline in the P/L ratio. Adaptive moistening for common wheat (Kuyalnik) will show the change in P and
L and the P/L ratio in real cooking conditions, since the standard alveograph test assesses only the potential of wheat. By adjusting
the amount of water, we can achieve optimal dough characteristics for different products. For soft and spelt wheat, adaptive moisten-
ing is not necessary, because the WAC and moisture content are the same, and according to the standard of the experiment. It is
advisable to carry out an alveograph test with adapted moistening for waxy wheat, that giving it more water, which leads to an in-
crease in elasticity and extensibility, as a consequence, and leading to an optimal P/L ratio that was more suitable for the bake bread
(0.8-1.2). Based on its special application, it is necessary to develop specific recommendations for determining its properties on the
alveograph.

Key words: wheat, spelt, wheat flour, mixolab device, alveograph device, water absorption capacity, rheological proper-
ties, adaptive moistening.

Introduction. Formulation of the problem in terms of calories and nutrients (Abdel-Aal et al.,
Wheat is one of the world’s major food crops. 1998).
Thus, the nutritional value of wheat is of great im- Wheat represented by a large variety of species
portance, as it contributes significantly to the human diet — about 30. However, two species of wheat are of practi-
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cal importance: hard or ordinary (Triticum vulgare or
Triticum aestivum), and durum (Triticum durum). At
present there is considerable interest in the consumption
of alternative crops (Berti et al. 2005).

Considering the current requirements and the ac-
tive growth production of food products, in particular
bakery and pasta products, the issue of expanding the
range of end-use products of various intended uses is
very actuality. This problem can solve by the processing
of new types of wheat. They can differ in their techno-
logical properties from the usual bread baking wheat and
it is not known what must be considered when conduct-
ing the grinding of this raw material and its end-use. To
find out the properties of new types, standard methods
may not be suitable, therefore, methods should be studied
and adapted if necessary.

Based on the foregoing, one can assume the ne-
cessity of using different types of wheat in the manufac-
ture of bakery and pasta products. Therefore, for the pro-
duction of confectionery flour, promising raw materials
are soft wheat, which characterized by low content of
protein, gluten and low water absorption capacity. For
the production of the vermicelli can be used waxy wheat,
which is characterized by high grain strength, low falling
number.

Analysis of recent research and publications
Wheat produced can be divided into five major
classes (Table 1). Each class of wheat has its own charac-
teristics related to milling, baking or other food use de-
scribed in Marketing Resource Center (2018). Most clas-
ses contain both winter and spring varieties.
Table 1. Wheat classes

Class Uses
Hard Red Winter Bread flour
Hard Red Spring High-protein blending
Soft Red Winter Cakes, cookies, crackers
White Flour for noodles, crackers,
cereals
Durum Pasta

In modern agriculture, bread wheat (T.
aestivum) is widely grown all over the world, accounting
for 95% of total wheat grown. The remaining 5% largely
consists of durum wheat (T. durum) (Shewry, 2009).
Currently, total around 4000 bread wheat varieties culti-
vated in the world, with either a spring or winter growth
habit (Posner, 2000). However, recently the work has
been carried out to develop and spread varieties of soft
(confectionery) wheat, as well as wheat varieties for spe-
cial purposes (Toporash, Rybalka, 2008). It has more
starch and less gluten than hard wheat, and it is a good
choice for cakes, pastries, desserts, and sauces. Soft
wheat preferably do not absorb such high levels of water
and are thus selected for low water absorption and thin
endosperm cell walls containing lower AX levels
(Delcour and Hoseney, 2010).

Soft red winter has a low protein content and
used as a blend in multipurpose flours, and for cookies,
cakes, donuts and other fine pastries as well as flat
breads, and crackers. Soft white wheat is a low-protein
wheat that offers high yields. It provides a lighter flour
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for cakes, crackers, cookies, pastries and it suits Middle
Eastern flat breads.

Waxy wheat first developed in 1994 through
conventional plant breeding in Japan (Nakamura et al.,
1995), and later in Canada (Chibbar et al., 1997) and in
the USA (Graybosch, 1998). Waxy wheat also produced
through mutagenesis of partial waxy wheats Kanto 107
or Ike (Kiribuchi-Otobe et al., 1997). Physical/chemical
properties of waxy wheat starches have been thoroughly
studied. Hexaploid waxy wheat starch was found to con-
tain 0.9 to 3.2% apparent amylose and 0.12—0.29% lipids
(Abdel-Aal et al., 2002), in contrast with 22-25% amyl-
ose and 0.8-1.2% lipids in nonwaxy wheat starch (Mor-
rison et al., 1984). Tetraploid (durum) waxy wheat
starches also showed similar gelatinization and pasting
properties (Chakraborty et al., 2004). Although physical
and/or chemical properties of waxy wheat starches have
been the focus of much research.

Spelt wheat (Triticum aestivum subsp. spelta) is
one of the hulled hexaploid wheats which possesses the
same genomes as bread wheat (Triticum aestivum L.)
(Yan et al. 2003). Hulled wheat is a typical example of
an underutilized plant species. These species have a con-
siderable importance in terms of food security and local
cultural value, but are relatively unknown and underval-
ued in commercial production. There are few but marked
differences between spelt and common wheat (Campbell
1997, Onishi et al. 2006). The spelt flour is characterized
by the yield of about 65% (Zielinski et al. 2008).

Characterization of rheological properties of
dough is effective in processing behavior predicting and
in controlling the quality of food products (Song and
Zheng, 2007; Abbasi et al., 2011). Although the produc-
tion of baking products needs the most accurate method
in quality evaluation, in order to assess flour-quality at-
tributes, several predictive tests which are closely related
to wheat flour quality are frequently used in wheat indus-
try (Colombo et al., 2008).

Rheological characteristics such as elasticity,
viscosity and extensibility are important for the milling
and bakery industries in view of the prediction of the
processing parameters of dough and the quality of the
final products. These rheological characteristics change
during the breadmaking process and are difficult to
measure in definitive terms. Khattak et al. (1974) used
the alveograph to evaluate HRS (hard red spring) wheat
and reported low and insignificant correlations with the
loaf volume. Preston et al. (1987) suggested that part of
the problem in assessing the quality of HRS wheat with
the alveograph under the standard conditions (50%
dough absorption) was related to high levels of the starch
damage in flours. At most European mills, the
alveograph belongs to the most used rheological apparat-
uses for the flour quality testing.

Water absorption capacity (WAC) — the amount
of water needed to hydrate flour components to produce
dough with optimum consistency — is one of the most
fundamental quality parameter of wheat flour (Bushuk
and Békés 2002). Based on this definition, WAC can be
interpreting as the function of the relative amounts of the
components capable to be hydrated (starch, proteins,
pentosans) and their specific water binding capacity. Wa-
ter absorption capacity determined on the farinograph
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and mixolab devices.

Materials and methods

Eight samples wheat were investigated: 5 sam-
ples of common wheat and 3 samples of spelt wheat.
Common wheat represented by such samples, grown at
Odessa region in 2018: Kuyalnik (hard red winter),
which was registered in the State Register in 2003,
Chornobrova (hard black winter)— in 2014, two varieties
of winter soft wheat: (soft white winter) wheat — Belyava
from 2015 and Oksana (soft red winter) in the varieties
register since 2007, Sofiika (hard red winter waxy) — in
2015. Belyava, Chornobrova, Oksana and Sofiika were
bred by A. Rybalko at the Breeding and Genetic Institute.
Spelt wheat represented by: 2 samples Spelt (white win-
ter) grown in 2017 and 2018, and one sample Spelt (red
winter) grown in 2018.

To assess the rheological properties of flour ob-
tained from grain, it is necessary to produce grinding in a
CD1 (ISO 27971) type mill consisting of two parts: break
and reduction and flour granulometry not higher than 160
um. Water-thermal processing of the grain before it’s
grinding carried out in accordance with ISO 27971
standard.

Water absorption capacity (WAC) was deter-
mined on device mixolab within 45 minutes in accord-
ance with the international standard ICC 173/1.

Dough rheological analysis which was consisted
of flour (250 g), sodium chloride solution 2.5% (depend-
ing on moisture content). The amount of added water is
initially calibrated directly as a percentage of dough
moisture and in a result mass of the dough is different.
Alveograph test performed using an alveograph (Chopin
(NG), France) following the AACC method ISO
27971:2008. A computer software program automatically
recorded the following alveograph parameters: resistance
to extension (P), dough extensibility (L), curve configu-
ration ratio (P/L ratio), the deformation energy (W) and
elasticity (P200/P ratio).

To determine the rheological properties on the
alveograph, taking into account the WAC, we recalculat-
ed the amount of added water. The burette used to add
water is initially calibrated directly as a percentage of
dough moisture and according to our calculation for
WAC = 53%.

Results and discussion

The Chopin Alveograph is a test commonly
used overseas to help determine the baking potential of
wheat by measuring its characteristics, that provides in
formation on the following:

a) the resistance of the dough to deformation, or
its strength. It is expressed by the maximum pressure
parameter, P;

b) the extensibility or the possibility of inflating
the dough to form a bubble; It is expressed by the param-
eters of extensibility, L, or swelling, G;

¢) the elasticity of the dough during biaxial ex-
tension. It is expressed by the elasticity index, Ie;

d) the work required to deform the dough bubble
until it ruptures, which is proportional to the area of the
alveogram (sum of the pressures throughout the defor-
mation process). It is expressed by the parameter, W.

The P/L ratio is a measurement of the balance
between strength and extensibility.

Alveograph allows to compare, select and clas-
sify the different batches of wheat available on the mar-
ket according to their future use (fig.1), described in Ag-
riculture and Horticulture Development Board (2017).

According to this classification there are three
wheat grain groups:

a) suitable for bread flour (fig.1 A) — makes
strong elastic dough and has breadmaking potential.
Characterized by high pressure (P) and long time (L) to
burst. Typical range: P/L~0.9, W>170-10J;

b) suitable for biscuit and blending flour (FIG.1
B) — makes extensible dough, good for biscuits and
blending with strong wheats. Characterized by low pres-
sure (P) and long time (L) gives a lower P/L, area under
the curve (W) less critical. Typical range: P/L~0.55,
W=80-120-10""7;

c) suitable for animal feed only flour (FIG.1 C) —
makes tough, inelastic dough. Characterized by high
pressure (P) and short time (L) to burst. Typical range:
P/L=0.3-1.5, W=60-140-10""J.

At the same time, baking wheat by strength on
the alveograph can be divided into the following groups:

a) W=170-200-10"*J — low baking properties;

b) W=200-250-10""J — good baking properties;

¢) W>250-10"*J — high baking properties.

Thus, according to the standard test, flour with
W>200-10"J, P/L=0.8-1.2 has good baking properties.

Flour from wheat Kuyalnik is the benchmark of

common bakery wheat and according to the results of
standard alveogram has the highest strength (W) and
elasticity (Ie) of all samples (Table 2, Figure 2). The
wheat with W=439-10"] corresponds to strong wheat
with optimal curve configuration P/L=1.11.
The addition of water in accordance with the WAC sof-
tens the dough W=260-10"J; respectively, the resistance
of the dough to deformation and the extensibility de-
creases, but without changing the coefficient of curve
configuration and elasticity (P/L=0.94, 1e=68.4%) and it’
s still optimal for bakery purposes.

Chornobrova obtained by crossing Kuyalnik and
wild wheat of Chinese origin Dong 10. Flour from wheat
Chornobrova, according to the standard test on

- L >

Fig. 1. Typical characteristics of different wheat application
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and Oksana test, due to the low
WAC value (53.8% and 54.0%).

Waxy wheat flour has potentially
high baking properties (Table 2,
Figure 3). High indicator of
strength W=205-10"*J, high P — in
1.7 times more than Kuyalnik, but
in 4.4 times very low extensibility
L. Since L is less than 40 cm —
elasticity cannot be determined.
This is due to a very high WAC=
66.9% — 1.1 times more than
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Kuyalnik. A high WAC value re-
sults from high damage to starch
grains and this could be owing to
greater susceptibility of waxy
wheat to mechanical damage dur-
ing milling (Bettge et al. 2000). As
a result, P/L is much higher (8.3)
than the recommended P/L ratio
for bread production (P/L=0.8-
1.2). For Sofiika, the test on the
alveograph with the WAC gave
her more water, which led to an
increase in elasticity (Ie=52.4%)

50

Chornobrova (D) wheat

alveograph, has weak baking properties: all indicators are
lower compared to Kuyalnik, resistance to extension
(P=69mm), extensibility (L=67mm) and elasticity
(Ie=39.0%) are lower respectively in 1.2, 1.5, 1.7 times
(Table 2, Figure 2). When assessing the alveograph for
adaptive moistening, the addition of water lowers indica-
tor P by 1.9 times and almost in 1.8 times increases indi-
cator L, increasing swelling, but the elasticity of the test
remains the same low (Ie =40.4).

Flour from soft wheat is expected to have aver-
age baking properties (W>155-10"1), in all respects it is
slightly better than Chornobrova (Table 2, Figure 3).
Adaptive moistening, unlike the sharp deterioration of
Chornobrova, does not alter the properties of the Belyava

D
Fig. 2. Results of standard alveograph test of Kuyalnik (A) and Chornobrova
(B) wheat and alveograph test with adapted moistening of Kuyalnik (C) and

L (mm)

100 150

and extensibility (L=77 mm) with
average strength W=150-10"J, as a
consequence, and leading to an
optimal P/L ratio (P/L=0.74) that
was more suitable for the bake
bread (P/L=0.8-1.2).

All flour from the samples of Spelt (Table 2,
Figure 4) has low strength W=50-62-10"], low elasticity
[e=21.7-29.5% and low baking capacity. As a result, they
have lower P/L ratio 0.25-0.50 and unsuitable (fluid,
sticky) test consistency. All samples of Spelt with adap-
tive moistening showed similar result — its decrease re-
sistance to extension (P) and increase of extensibility (L).
In a result we observe decrease of P/L ratio to 0.18-0.29,
thus indicating extremely extensible doughs with very
little elasticity. Cubadda and Marconi (1996) described a
high baking quality of spelt wheat in their study, despite
spelt wheat gluten being less tough or firm and provok-
ing worse rheological properties of dough than bread

Table 2. Results of determining of rheological properties on alveograph and WAC* on mixolab

Alveograph Alveograph WAC*

Sample P, | L gva Ie, Wé/c*’ P, | L, —r W, Ie,
mm | mm | P [10%] © | % L om | om | PE 0] ] %

Kuyalnik 113 102 || 1,11 1439225 67.6| 587 || 74 | 70 | 094 || 260 || 18,9 | 68,4
Chornobrova 69 || 67 [ 1,03]137] 182390 560 | 37 | 114 | 032 | 104 || 23,8 | 40,4
Belyava 64 | 79 [081]162] 198490 538 | 61 | 88 [ 069 | 167 || 20,9 || 49,1
Oksana 64 || 86 [ 0,74 155] 203 424 540 | 60 | 98 | 061 | 165 | 22,0 || 452
Sofiika 191 | 23 830205 10,7 0,0 | 669 | 57 | 77 [ 0,74 | 150 || 19,5 | 52,4
White Spelt 1 31 | 62 [ 0,50 50 | 17,5289 51,0 | 30 | 104 | 029 || 63 | 22,7 | 303
White Spelt 2 30 | 118 [ 0.25] 62 | 242295 52,5 | 28 || 130 | 022 | 58 | 254 | 27.6
Red Spelt 36 | 69 [ 0,52 52 | 185217 544 | 22 || 119 | 018 | 41 | 243 || 24,6

*WAC - water absorption capacity on the moisture content 14%.
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Fig. 3. Results of standard alveograph test of Belyava (A), Oksana (B),

Sofika (C) wheat and alveograph test with adapted moistening of Belyava (D),
Oksana (E), Sofika (F) wheat
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wheat one (Schmitz, K. 2006). Therefore, it is highly
advisable to use a mixture of spelt wheat and bread wheat
flour for the production of bakery products.

Comparing the standard and the method with
adaptive hydration, we see that for all samples with
adapted moistening a decrease in resistance to extension
(P) and an increase in extensibility (L) are observed, in a
result of the decline in the P/L ratio. Strength of flour
(W) almost in all samples became less. The largest
change was shown by the samples: Kuyalnik — decrease
of W in 1.68 times; Chornobrova — decrease of P in 1.86
times, increase of L in 1.7 times and in a result decrease
P/L in 3.2 times; Sofiika — decrease of P in 3.4 times,
increase of L in 3.3 times and in a result decrease P/L in
11.2 times.

Conclusions

According to the totality of the Kuyalnik wheat
data obtained in our experiment, it can conclude that it is
typical bakery wheat, and the results of the experiments
corresponded to the values characteristic for hard wheat
with greater W of flour. Adaptive moistening will show
the change in P and L and the P/L ratio in real cooking
conditions, since the standard alveograph test assesses
the potential of wheat. By adjusting the amount of water,
we can achieve optimal dough characteristics for differ-
ent products.

The results of studies of wheat Chornobrova
correlate with the results of wheat Kuyalnik, but the bak-
ing properties were worse. Adaptive moistening is not
recommended for her. Therefore, this wheat can be rec-
ommended for making bakery products when added in a
mixture with patent flour, in an amount up to 20-30%
(requires further study).

Flour from soft wheat differs significantly from

hard wheat. For soft wheat, adaptive moistening is not
necessary, because the WAC and moisture content are
the same, and according to the standard of the experi-
ment, the moisture conversion to the added amount of
water is calculated for soft wheat. Soft wheat flour can
add to special types of bread to give a lighter color to the
crumb, but in a small amount (no more than 10-20%) or
recommended for making cookies.

Based on the results of a standard test on
alveograph Sofiika has a high baking potential. However,
the addition of water according to WAC leads to the for-
mation of a very soft dough and this distorts its actual
baking ability. Perhaps, in the conditions of real test sci-
ence and laboratory analysis on the alveograph, it is nec-
essary to add a smaller amount of water by 2-3 ml, which
requires a more detailed research. When determining on
the alveograph, the dough is very tight due to low content
of water. It is advisable to carry out an alveograph test
with adapted moistening for waxy wheat, that giving it
more water, which leads to an increase in elasticity and
extensibility, as a consequence, and leading to an optimal
P/L ratio that was more suitable for the bake bread.
Based on its special application, it is necessary to devel-
op specific recommendations for determining its proper-
ties on the alveograph. However, in any case waxy wheat
recommended for the production of pasta.

The Spelt flour has less strength, low elasticity
and low baking ability. With such values of rheological
characteristics, the use of flour is limited as a raw materi-
al for confectionery, waffle products, spice-cakes, cup-
cakes, which are characterized by a viscous or viscous-
plastic dough. Also, flour can be added as an improver —
to relax the dough. Therefore, it is highly advisable to use
a mixture of spelt wheat and bread wheat flour for the
production of bakery products.
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MOPIBHAHHA XAPAKTEPUCTHUK BOPOILIIHA 3 PI3BHUX TUIIIB
3BUYAVHOI MIIEHUIII TA CHEJbTUA HA AJIbBEOT'PA®I

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

Anomauin

V ceimi wupoxo nowupena npaxmuxa nepepodxu Hogux 6udie nuenuyi, aie matixce negiooma 6 kpainax CHJJ, ockinvku ce-
JeKyis npomazom 6a2amvox pokie byna cnpAMo8ana Ha OMPUMAHHA GUKTIOUHO BUCOKODIIKOGUX XAIOONEKAPCLKUX COPMIE NULEHUY.
Tomy HeBiOOMO, AKUMU MEXHOIOSTUHUMU BIACTNIUBOCAMU 80100I€ OOPOUIHO 3 COPMIE NULeHUY] CNeyianbHO20 NPUSHAYEHHS, | Wo
nompibHo 6paxoeyeamu npu 30pioHeHHi ma UKOPUCIMAHHT MAKOI CUPOGUHU.

Anveeocpagd sumiproe 8'a3KONPYICHI IACMUBOCMI MICMA 3 NUEHUYH020 O0powHa. Bionosiono 0o cmanoapmuozo memooy
1SO 27971, kinvkicms 000anoi 600U Kaniopycmuvca y nepepaxyHky na gonocicms 6opowna. Leii memoo po3pobaenuii ons cmanoap-
MHUX 8Udi6 OOPOWHA | MOdICe OYMU HenPUOAMHUM OJi1 OYIHKU PeONIoIYHUX 81acmusocmeti OOpoOuHA 3 HOBUX MUNie nuleHuyi 3 piz-
HOK 6000N02TUHATILHOK 30AMHICIIO, MOMY CIIO 8USUUMU MEMOOUK) X NPOGedeHH s ma npu HeoOXiOHOCMI adanmyeamu.

Jna euguenns 63acmo36'a3Ky Midlc 6000N02NUHANLHOIO 30AMHICIIO MA 8'I3KONPYICHUMU BIACMUBOCMAMYU Micma Ha Albeeo-
epaghi 6ynu npogedeHi 00CiONCeH s HA BOCLMU 3PA3KAX OOPOUIHA, OMPUMAHUX 3 PI3HUX munie nutenuyi. Jlocniodxcenns 6yau npoge-
OeHi 3 BUKOPUCMAHHAM CIAHOapmMHO20 mecmy (po3paxoeanozo Ha bopouino 3 BII3=53%) ma mecmy 3 adanmugHum 36010CEHHAM,
0718 4020 6YI0 NEPepaxo08ano KilbKicms 000aHOi 600U 8i0N08IOHO 00 6000noIuHAIbLHOI 30amuocmi (BI13) 6bopowna, axy eusnavanu
Ha Mikconaoi.

bopowno i3 36uuaiinoi meepoosepnoi uepsonoi nuenuyi (Kysnohux) € emanonom 3euuaiinoi xnibonexapcokoi nuienuyi i 3a
pe3yIbmamamu CmanoapmHo20 mecmy Ha anbeeozpagi mano Havsuwy, 3 ycix spaskies, cuny (W) ma enacmuunicmes (le). Iwenuyio 3i
snauennsm W=439-10"J moocna sionecmu do cunvhux nwenuys (W>200-10"J). Jooasanus eodu eionosiono do BII3 bopowna
nom'skuno micmo W=60-10"J, ane 6ono samuuunocs onmumanshum Os xnibonekapcykux yineti. Pesynsmamu 0ocaiovcens 36u-
uaiinoi woproi nwenuyi (4oprobposa) cnisgionocamocs 3 pezyrvmamamu nuwenuyi Kysionux, ane il xai0onekapcoki é1acmuocmi
o6y cipwumu.

Jlns eaxci muenuyi (Cogpitiku) mecm na anveeoepagi 3 a0anmueHUM 360J10X4CEHHAM 0as il Oilbuie 600U, WO NPU3BELO 00
30invuenns enacmuunocmi (le=52.4%) ma posmsascnocmi (L=77 mm) i 0o onmumanvroeo sHauenns cniggionowenns P/L (0.74), wo
€ Oinvw 3pyynum 0aa euniuxu xaioa (0.8-1.2).

Bopowino 3 m’sKko3epHoi nuenuyi, o4ikyeano maio cepedui xnibonexapcwki enacmusocmi (W>155-10J), ane 6 ycix giono-
WEHHAX 860HO OVI0 Mpoxu Kpawum 3a 6opouino 3 nuenuyi Yopnobposa. Adanmuerne 360104ceHHs, HA GIOMIHY 8i0 Pi3K020 no2ipuieH-
Hs peonoziunux xapakmepucmux micma 3 Yoprnobposu, ne sminuno eracmueocmi micma 3 binaeu ma Oxcanu y 36 'aA3Ky 3 HUZbKUM
suauennsm BIT3 (53.8% ma 54.0%). ITuenuune 6opowno 3i Cnenvmu mano nusvky cuny (W=50-62-107J), nusvke cniggionowenns
P/L=0.25-0.50 ma nesionosiony (pioky ma aunky) xoncucmenyiro micma. Bci 3pasku Cnenvmu 3 aoanmuHuM 36010CEHHAM NOKA-
3aaU 0OHAKOBI pe3ynbmamu — 3MeHWeH s, NOKasHuka npysicnocmi (P) ma niosuwenns posmsscnocmi (L). B pesynomami mu ompu-
manu 3menuienns cnisgionouwennss P/L 0o 0.18-0.29, ye sxa3ye na nad36uuaiino po3msiche micmo 3 0yuce Hu3bKoio elacmuiHicmio.

Jlna ecix 3paskie npu adanmueHomy 3607104CEHHI, CHOCMePIeAEMbCsl 3MEHWEeHH cmilkocmi 00 poswupenus (P) ma 36inb-
wenns posmaxcrocmi (L), 6 pesynomami i suuscennsn P/L cniggionowenns. [qnsa nuwenuyi Kysanonuk adanmugne 36010/CenHs Kpauyje
noxasye axk sminoemoca P, L ma cnigsionowenns P/L 6 peanvhux ymosax micmogedents, mooi aK cmanoapmuuii mecm Ha aib8eoe-
pagi nokazye nuwe nomenyian nuenuyi. Pecynioiouu KinoKicms 800U, Mu MONHCEMO 00CAZIMU ONMUMATILHUX XAPAKMEPUCMUK micmd
0/ 8U20MOGIEeHHA PI3HUX Npodykmis. [[na m aKko3epnoi nuienuyi ma cneabmu, a0anmugHe 36010JICeHHA He € HeoOXiOHUM, OCKINbKU
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snauenns BII3 ma éonococmi maxki sic, sk 0151 cmanoapmmuo2o excnepumenmy. s 6axci nuieHuyi OOyiibHUM € NPOGEOeHHs Mmecmy
Ha anveeozpaghi 3 a0anmueHUM 380JI0NHCEHHM, W0 0dc itl Oinbue 600U i nPU3B0OUMsb 00 30LIbUEHHS eLACUYHOCTE MA PO3MIAICHO-
cmi, i K Hacnidox 0o onmumanbHo2o cniegionowenns P/L, 3pyunozo ona euniuxu xniba (0.8-1.2). Ipynmyrouuce na i cneyianvromy
3acmocysanti, HeobXioHo po3poOUMU KOHKPEMHI peKoMeHOayii Wo0o USHAYEHHS PEONOTUHUX 1ACMUBOCTEl HA Alb8eocpaghi.

Kniouosi cnosa: nwenuys, cnenoma, nuieHudne 60pouiHo, Mikconab, anveeozpag), 6000N0IUNHATLHA 30AMHICIb, PEONOSIUHI
671ACMUBOCT, AOANTUBHE 360TI0MHCEHHSL.
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