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Use of effective sources of winter wheat resistance
in breeding for immunity
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Abstract. Winter wheat is one of the most important crops in Ukraine, and modern varieties have the potential
to produce high yields under favourable conditions. The realisation of the genetic yield potential of a variety is
the result of a complex interaction of genotype and environmental variables. In order to find effective sources of
resistance, a collection of winter wheat accessions of different ecological and geographical origin was studied.
The research was conducted in 2017-2019 in the Right-Bank Forest-Steppe, and the analysis of plant resistance
of the winter wheat collection of the National Centre of Plant Genetic Resources of Ukraine was tested against
a synthetic infectious background of septoria, brown rust and smut as opposed to the natural background of
powdery mildew, leaf yellowing (pyrenophorosis) and other root rot. The collection of 32 varieties was represented
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by 9 countries, most of them of Ukrainian origin. In the field, on artificial and natural infectious backgrounds, we
identified varieties characterised by group resistance to pathogens of major diseases. The studies of adult plant
resistance under conditions of infectious natural background and the use of the method of artificial complex
infectious background have established that it is possible to investigate and identify sources of resistance to both
individual pathogens and a complex of pathogens.As a result,no accessions were found to possess group resistance
against the six pathogens presented. The selected varieties, Zdoba Kyivska, Vykhovanka Odeska and Feonia, can
be used as sources of group resistance, which allows for excellent breeding efforts leading to the development
of resistant wheat varieties. The selected sources are suitable for inclusion in breeding programmes as starting
material for the development of modern high-yielding winter durum wheat varieties resistant to diseases and
other environmental factors

Keywords: wheat samples; artificial infection background; group resistance; plant damage; hydrothermal

coefficient

INTRODUCTION

Plant diseases are a factor of great importance in re-
ducing the amount of food available and increasing its
cost. Due to the tremendous growth rate of the world’s
population, the problem of food will continue to grow.
The development of resistant varieties would be the
ideal solution to the problem of diseases. However, it
is not always possible to control important diseases
through resistant varieties alone (Motsnyi et al., 2022).
However, many diseases can be controlled by combin-
ing resistance building with the use of reliable fungi-
cides. Even partial or temporary resistance often reduc-
es spraying costs (Mykhaylenko & Jam, 2022).

The problem of agricultural plant immunity has
been relevant to researchers for a long time. This is
due to the large losses caused by various diseases and
pests to agricultural production around the world, in-
cluding Ukraine. One of the most effective and envi-
ronmentally friendly ways to combat this is to develop
resistant varieties that are genetically engineered to
resist diseases and pests. This approach is economical-
ly viable and reduces losses in agriculture. The same
opinion is shared by O. Shevchuk & S. Mykhaylenko
(2022) in their research on the resistance of wheat
samples to a complex of pathogens.

Plant resistance to disease arose as a result of a
long evolutionary process. This mechanism has evolved
in different centres of plant origin over thousands of
years.When plants acquired resistance genes,pathogens
could still attack them due to the emergence of new
physiological traits resulting from hybridisation, muta-
tions, heterokaryosis and other processes. This approach
allowed plants to adapt to a changing environment and
provide greater resistance to disease (Lisova, 2021).

Breeding for immunity is based on the same prin-
ciples as breeding for other plant characteristics, but
it is much more sophisticated and specific. The main
elements of this methodology are regular monitoring

of the pathogenic environment, studying the morpho-
logical and physiological properties of populations of
particularly dangerous pathogen species, objective as-
sessment of the immunological characteristics of va-
rieties and hybrids, establishing plant-pathogen inter-
actions, and identifying and selecting highly effective
sources and donors that are adapted to specific zonal
conditions (Langridge & Reynolds, 2021).

Successful breeding mainly depends on the avail-
ability of high quality source material, where donors
with high efficiency, especially those with dominant
resistance genes, are a key factor. Existing varieties of
Ukrainian and Western European breeding can serve as
resistance donors. At the same time, it is important to
create sustainable source material that is not only re-
sistant to pathogens, but also has other economically
valuable characteristics and properties (Miedaner &
Juroszek, 2021).

Developing varieties with high resistance requires
specialised breeding programmes that select only the
most resistant plants. The main objective of these pro-
grammes is to develop methods for creating controlled
infection conditions to assess the resistance of the ma-
terial under study at all stages of the breeding process
(Mahdavi et al., 2022).

Thus, through the breeding approach, it is possible
to add resistance characteristics to various pathogens
to wheat varieties. An important factor is the diversity
of genetic composition in donors, which contributes to
effective selection for immunity. A key role in solving
this problem is played by the source material from the
world’s collections, which contains a wide range of im-
mune plant forms. Both cultivated and wild relatives
of wheat are the main sources of genes that provide
resistance to pathogens, which is important for one of
the key crops - wheat. Therefore, the aim of the work
was to study the source material of the winter wheat
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collection and search for effective sources with group
resistance to major pathogens.

MATERIALS AND METHODS

Based on the results of previous research conducted at
the Crop Immunity Laboratory of the Institute of Plant
Protection (IPP), a technology for creating an artificial
complex infection background (ACIB) was developed.
This background includes the pathogens of brown rust,
leaf septoria and cercospora root rot caused by powdery
mildew in winter wheat plants (Golosna et al., 2019).
A method of artificial infection of winter wheat plants
with hard smut was also developed. Protection against
smut infestation is necessary because these diseases
are very harmful: they cause the formation of spore mass
instead of grain, reduce plant resistance to other neg-
ative environmental factors and degrade crop quality.

In the period from 2017 to 2019, in the conditions
of the Right-Bank Forest-Steppe, at the research farm
of the Institute of Plant Physiology and Genetics of the
National Academy of Sciences of Ukraine (NAS) in the
village of Glevakha, Kyiv Region, the resistance of the
winter wheat collection presented by the National Cen-
tre of Plant Genetic Resources of Ukraine was assessed.
This evaluation was conducted using an artificial in-
fection background that included Septoria, brown rust
and hard smut against a background of natural spread
of powdery mildew, yellow leaf spot (Pyrenophora) and
root rot. The collection included 33 accessions from
9 countries. The majority of them were of Ukrainian
breeding (20 varieties), while the rest were represented
by Russia, Hungary, the Czech Republic, Bulgaria, Lithu-
ania, the Netherlands, the USA and Kazakhstan.

The artificial infection backgrounds for leaf blight

and downy mildew were created at the optimum time
for plant infection. The assessment of resistance-sus-
ceptibility to leaf diseases and downy mildew was car-
ried out during the phase of maximum disease devel-
opment using the 9-point immunological scale used in
the member countries of the Council for Mutual Eco-
nomic Assistance (CMEA) during the peak development
of the disease, where 9 points corresponded to very
high resistance and 1 point - to very high susceptibility.
The assessment of root rot damage to plants was car-
ried out according to the method of A.F. Korshunova at
the stage of milk-wax ripeness (Golosna et al, 2019).
The use of infectious material of pathogens of different
diseases on the same plant material makes it possible
to identify samples with signs of group resistance (Hov-
meller et al,, 2021).

The study complies with all ethical standards in
accordance with The Convention on Biological Diversi-
ty (2022). However, it is worth noting that in the period
2017-2019, the experimental plots experienced unfa-
vourable conditions for the development and spread of
cercospora root rot. Therefore, the surveys were carried
out for the whole complex of root rot, due to the fact
that the laboratory staff of the Institute of Plant Pro-
tection of the National Academy of Agrarian Sciences
(IPP NAAS) annually create an artificial population of
brown rust, septoria and cercospora root rot pathogens
to form an artificial complex infectious background.

RESULTS AND DISCUSSION
Analysis of the resistance of the collection of winter
wheatvarietiesto the main leaf diseases indicated a high
level of powdery mildew infection in 2017, which was
54.5% against the background of provocation (Table 1).

Table 1. Damage to wheat plants by major diseases in 2017-2019, %

The causative agent of the

disease 2017
Powdery mildew 54.5
Septoria 448
Pyrenophorosis 48.4
Hard smut -
Root rot 11.3

Source: authors’ development

On artificial infectious backgrounds, the develop-
ment of septoria was at the level of 44.8%, and pyreno-
phorosis - 48.4%. When analysing the weather condi-
tions in 2017, the first and second ten-day periods of
May were weak in terms of moisture, and only in the
third ten-day period was the moisture level optimal,
with a hydrothermal coefficient of 1.2 (HTC) (Fig.1).The
whole of June was almost without precipitation, and
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Year of accounting

2018 2019
18.0 39.2
53.4 63.3
354 20.3
55.2 784
19.6 104

the moisture level was weak. The first and third ten-day
periods of July were characterised by optimal moisture
levels.In 2018, the development of powdery mildew was
three times lower - 18.0, the development of Septoria
was 13.4% higher and the development of Pyrenophora
was 13% lower compared to 2017. This year was char-
acterised by excessive moisture in the second and third
decades of June and in July. In 2019, powdery mildew



development was at 39.2%, with the highest develop-
ment of Septoria at 63.3% and the highest develop-
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ment of Pyrenophora at 20.3%. In May-July, the growing
season was characterised by optimal moisture levels.

HTC 2017
==g=HTC 2018
K ‘ HTC 2019
: /.\.// \—-{

1 2 3 1 2 3
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Figure 1. Hydrothermal coefficient (HTC) values over the years of research, 2017-2019

Source: authors’ development

In a separate area of the collection, an artificial
background of hard smut was created: in 2017, the de-
velopment of the disease was 55.2%, in 2018 - 78.4%.
There are only two varieties: Vykhovanka Odeska and
Feonia were resistant to the pathogen, while all the
others were affected by the pathogen Tilletia caries.
During the years of research, no brown rust epiphy-
toties were observed on the winter wheat collection
due to the avoidance of infection. In 2017, the devel-
opment of the disease did not exceed 5%, in 2018 - up
to 20%, in 2019 - 37.0%. One of the reasons is weath-
er conditions. Only 7 varieties showed susceptibility
to the brown rust pathogen: Erythrospermum 308-10,
Borovytsia, Zoloto Ukrainy, Zelenyi Hai, Afina, MV Nador,
OR 2070011. The evaluation for root rot was carried
out against a natural background. Due to the low level
of moisture in the periods optimal for root rot path-
ogens, a low level of infection was observed. In 2017,
the development of rot was at 11.3%, in 2018 - 19.6%,
and in 2019 - 10.4%. Over the 3 years of research, 14
varieties were found to be resistant. Among them: Bu-
zhanka, Borovytsia, Talisman, Polianka, Koliada, Pochay-
na, Zdoba Kyivska, Niva Odeska, Vykhovanka Odeska,

Zelenyi Hai, Feonia, Ershovska 11, Manella, OR 2070011.
According to the results of evaluations over the years
of research, 12 varieties characterised by resistance
(points 6-7) to powdery mildew were identified: La-
dyzhynka, Koliada, Pochayna, Zdoba Kyivska, Niva Odes-
ka, Vykhovanka Odeska, Afina, Feonia, Magia, Dagmar,
Lucio, Turkoaz. None of the accessions showed resist-
ance to Septoria. The following were characterised by
weak susceptibility (point 5): L 137-26-0-3, L 137-26-
0-2, Erythrospermum 308-10, Kalancha, Krasnopilka,
Serpanok Kyivskyi, Zdoba Kyivska, Feonia, Ershovska 11,
MV Pengo, Manella. Resistance to the pathogen of pyr-
enophorosis was shown by 17 accessions: L 137-26-0-
3, Erythrospermum 308-10, Buzhanka, Kalancha, Kras-
nopilka, Talisman, Polianka, Koliada, Pochayna, Zdoba
Kyivska, Niva Odeska, Vykhovanka Odeska, Zelenyi
Hai, Afina, Dagmar, Lucio, Turkoaz. The immunological
evaluation of the varieties over the years of research is
presented in Table 2. It is important for the selection of
varieties to have resistance to several phytopathogens
at the same time. Among the collection under consid-
eration, there are varieties that show resistance to one,
two, three, four and even five pathogens.
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Table 2. Resistance of varieties to various pathogens (average for 2017-2019), points

Variety name Powdery mildew Septoria Pyrenophthora Root rot Brown rust
1 L 137-26-0-3 6.67* 6.00" 7.00* 4.19 3.50 8.00*
2 L 137-26-0-2 6.67* 5.67* 6.67 5.48* 2.50 8.00"
3 Erytr. 308-10 6.00 5.67* 6.67 5.88* 4.50 6.00
4 Buzhanka 6.33 5.00 6.67 3.54 3.50 8.50*
5 Borovytsia 6.33 4.67 6.00 2.88 3.50 6.50
6 Ladyzhynka 7.33* 5.00 6.33 4.51 2.50 8.00*
7 Vinok Podillia 6.67* 5.33* 6.67 5.56" 5.00 7.00
8 Kalancha 6.00 5.00 7.33* 4.12 5.50 7.50"
9 Krasnopilka 6.00 5.00 8.00* 5.62* 3.00 7.00
10 Zoloto Ukrainy 6.00 5.67* 6.00 5.49* 3.50 7.00
11 Serpanok Kyivskyi 7.00* 5.33* 6.33 4.47 2.00 8.00*

Ukrainian Black Sea Region Agrarian Science, 27(4), 52-59
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Variety name Powdery mildew Septoria

12 Talisman 7.00* 5.33*
13 Polianka 7.00* 5.00
14 Koliada 7.33* 5.67*
15 Pochayna 7.33% 5.67*
16 Zdoba Kyivska 7.67* 5.33*
17 Niva Odeska 7.00* 5.33*
18 Nasnaha 6.00 4.67
19  Vykhovanka Odeska 7.50* 5.00
20 Zelenyi Hai 4.67 4.33
21 Afina 7.50* 4.00
22 Nastia 6.67 5.33*
23 Feonia 7.33* 5.00
24 Magia 7.50* 5.50*
25 Ershovska 11 7.00* 5.67*
26 MV Pengo 5.67 5.00
27 MV Nador 7.33* 4.67
28 Dagmar 7.67* 5.00
29 Lucio 8.00* 5.33*
30 Turkoaz 7.33* 5.00
31 Manella 6.33 5.00
32 OR 2070011 5.00 4.67
33 Podolianka, St 6.00 6.33"
X average. 6.72 5.19

HIP 0.91 0.63

Notes: * - high resistance point
Source: authors’ development

The following varieties were resistant to one
pathogen: Buzhanka, Nasnaha, Zelenyi Hai, MV Pengo,
OR2070011. Resistance to two pathogens was shown
by 9 varieties: Erytr. 308-10, Ladyzhynka, Kalancha,
Krasnopilka, Zoloto Ukrainy, Polianka, Afina, MV Nador,
Manella. Among the studied varieties, the following
showed resistance to three pathogens: Vinok Podillia,
Serpanok Kyivskyi, Niva Odeska, Nastia, Magia, Dagmar,
Lucio, Podolianka Standard. The following varieties
were highly resistant to four pathogens: L 137-26-0-
3,L 137-26-0-2, Talisman, Koliada, Pochayna, Ershovska
11, Turkoaz. Only 3 varieties were able to overcome the
maximum number of five pathogens: two varieties of
Ukrainian breeding Zdoba Kyivska, Vykhovanka Odes-
ka and Feonia of Russian breeding. As a result of the
research, no varieties with group resistance to the six
pathogens presented were found.

The threat of disease damage to wheat plants re-
mains high. The data provided by Y. Chai et al. (2022)
show that 90% of wheat crops in the world are affected
by at least one disease, and the yield shortfall is within
10%. At the same time, scientists also provide data on
other important crops, with losses from diseases and
pests as follows: wheat - 21.5%, rice - 30.0%, corn -
22.5%, potatoes - 17.2%, soybeans - 21.4%. At the same
time, drought, cytological abnormalities or chemical
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Table 2, Continued

Pyrenophthora Root rot Brown rust
6.67* 3.30 5.50 8.00"
6.67" 3.40 4.00 7.00
8.33* 3.49 6.00 7.50*
8.00" 3.28 5.00 8.00*
7.33* 6.63" 3.00 8.00*
6.33 2.69 5.00 8.00"
5.67 4.43 2.00 8.00"
6.00" 6.32" 8.00" 9.00*
7.33* 3.52 3.00 6.50
7.00* 4.80 1.00 7.00
6.33 5.91* 5.50 8.00"
5.67* 6.70" 7.50" 8.50"
7.00* 4.65 5.50 7.00
7.33* 3.42 4.50 8.00"
6.33 7.03* 2.50 7.00
6.00 6.92" 3.00 6.00
7.33* 6.92" 3.00 6.50
767" 4.54 2.00 6.50
767" 4.79* 2.00 8.50"
7.00* 4.57 4.50 7.50*
7.33* 2.89 4.00 7.00
6.33 5.10" 2.00 7,50
6.82 4.76 3.86 747
0.88 1.51 1.84 1.20

mutations pose significant threats to all crops. The re-
search byV.Horshchar & M.Nazarenko (2023),which also
uses various pathogens, is devoted to the confrontation
of such factors and their transformation into benefits.

Scientists S. Kaur et al. (2022) drew attention to the
biochemical nature of plant resistance to pathogens.
They noted that various natural compounds, ranging
from cell wall components to metabolic enzymes, pro-
tect plants from pathogen infection and provide specif-
ic plant resistance against pathogens, which is called
induced resistance.

Scientists M. Figueroa et al. (2018) focused their ef-
forts on the problem of the interaction between plants
and microbes. They believe that this is a phenomenal
manifestation of symbiotic or parasitic relationships
between living organisms. Plant growth-promoting
rhizobacteria (PGPR) are one of the most widely stud-
ied plant beneficial microorganisms due to their ability
to stimulate plant growth and development, as well as
protect plants from biotic and abiotic stresses (Mashab-
ela et al,, 2023). A. Morgounov et al. (2018) gave wheat
resistance to diseases and pests using synthetic forms
that also possessed a number of biologically and eco-
nomically valuable traits, such as weight of 1,000 seeds,
etc. The cloning of some rust resistance genes opens
up new prospects for rust control in the future through
the development of multiple resistance gene cassettes



(Soko et al., 2018). However, as of 2023, chemical con-
trol based on disease surveillance, large-scale introduc-
tion of new varieties with multiple race-specific genes
or sufficient adult plant resistance (APR), and reduced
cultivation of susceptible varieties in rust hotspots are
still the best strategies for controlling stem rust (Sin-
gh et al, 2015).

Based on the results of the work carried out to
assess the resistance of collection samples to various
pathogens of the most common diseases of winter
wheat over 3 years, a number of varieties were iden-
tified that were resistant to one or more pathogens.
The need to search for sources of resistance among
the studied set of wheat samples as a more effective
method of preventing a decrease in the productivi-
ty of varieties and reducing the burden of chemical
treatments against diseases is an urgent task, as many
scientists from around the world are trying to solve
the problem of wheat variety resistance using various
sources and donors of resistance, including them in
the breeding process (Blyzniuk et al, 2019; Pavlov et
al, 2021). However, there are also cases when it is
not possible to achieve the desired result, as in the
study (Kokhmetova et al., 2021). Therefore, the study,
identification and use of sources and donors of resist-
ance against major pathogens among the collection
and breeding material of winter wheat, by involving
them in artificial hybridisation, is an effective way to
increase crop yields.

Thus, the threat of disease infection in wheat re-
mains high, which is why scientists are studying the
biochemical nature of plant resistance to diseases,
pointing to induced resistance. This study, as well as
similar ones, focuses on the use of modern breeding
methods and genetic resources to ensure disease re-
sistance in wheat varieties and increase crop yields.

CONCLUSIONS
The presented results provide an assessment of the
resistance of wheat collection varieties against vari-
ous pathogens. Resistance against two or more patho-
gens that differ in the biology of development, degree
of damage and period of damage to wheat plants was
revealed. The wide range of wheat collection samples
of different origin (countries, scientific institutions -
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originators of varieties) studied allowed us to identify
a number of sources of resistance to various diseases,
which in turn opened up the possibility of their fur-
ther use in the breeding process to create new original
material that will have group resistance. The identifi-
cation and use of new sources of resistance (including
race-specific resistance) in wheat breeding as a prom-
ising method should take a worthy place among tradi-
tional methods (increasing yields, product quality, etc.).
Therefore, the search for new sources of resistance
(group, individual) in the study of various materials
(collection,breeding,etc.) is always of great importance
and will be relevant in scientific institutions when cre-
ating varieties more adapted to growing conditions.

The study of the resistance of adult plants under
natural infection conditions and the use of the ACIB
method made it possible to investigate and identify
sources of resistance to both individual pathogens and
a complex of pathogens. The varieties Zdoba Kyivs-
ka, Vykhovanka Odeska and Feonia were identified as
sources of group resistance, which makes it possible to
carry out high-quality breeding work to create resistant
wheat varieties. The identified sources are recommend-
ed for inclusion in breeding programmes as starting
material for the development of modern high-yielding
soft winter wheat varieties with increased resistance
to diseases and abiotic factors. There is also the prob-
lem of finding resistant samples against three or more
pathogens among the wide range of collection materi-
al available at the National Plant Genebank in Kharkiv.
Therefore, further study of wheat varieties using ACIB
is especially important in identifying and studying re-
sistance to various pathogens in the creation of new
promising material in breeding to enhance immunity
and yield of wheat.
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BUKOpPUCTaHHSA B cenekuii
Ha iMYHiTeT ePeKTUBHUX O)Kepen CTIMKOCTI NnweHuui o3mmoi

OkcaHa leHHapjiiBHa AdaHacbeBa

KaHanaaT CinbCbKOrocnoaapCbKMX HayK, CTapLUMii HAYKOBUI CNiBPOBITHMK
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AHHa IBaHiBHa KpuBeHko

[lokTop cinbCbKOrocnoaapcbkmx Hayk, npodecop
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Pycnan Bauecnasosuu ConoMoHOB

KaHanaaT CinbCbKOrocnoaapCbKMX HayK, CTapLumit 4OCNIAHMK
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AHorTauis. weHnus 03MMa € OAHIEI 3 HAMBAXMBIWKMX KynbTyp B YKpaiHi, Cy4acHi cOpTM MaloTb moTeHuian ans
OTPUMAHHS BUCOKMX YPOXAiB y CNpuATAMBMX yMoBax. Peanizauis reHeTMYHOro noTeHuiany BPOXAWHOCTI COPTY €
pe3ynbTaToM CKNAafHOI B3aEMOAIT reHOTMNY Ta 3MiHHMX YMHHMKIB HABKOJIMILIHLOMO CepeaoBULLA. 3 METOK MOLIYKY
e(PEeKTUBHMX JyKepen CTIMKOCTI, 4OCIAKEHO KONEKLLiH0 MWEHMUL,i 03MMOi pi3HOI0 eKo0ro-reorpadiyHoro MOXoaKeHHS.
LocnipxeHHs 6yno nposeneHo Bnponosx 2017-2019 pp. B ymoBax NpaBobepexHoro Jlicocteny, aHani3 CTiMKoCTi
POCAMH KONeKLii nweHuMLi 03MMoi HauioHanbHOro LEHTPY rEHETUYHMX PeCcypCiB POCAUH YKpaiHWM MpOTECTOBAHWUM
y CMHTETUYHOMY iHDEKLIMHOMY QOHI cenTopiosy, 6ypoi ipxi Ta CyUiNbHOI CaXKM Ha NpOTUBary NpMpoaHOMY QOHY
HOpOLHNUCTOI poCK, MOXKOBTIHHSA NUCTKIB (NipeHOdOPO3Y) Ta iHWKMX KOpeHeBMX rHUAsAX. Konekuis 3 32 copto3paskis
6yna npencraeneHa 9 KpaiHaMu CBiTY, BiNbWiCTb 3 HUX YKPAIHCbKOT cenekuii. B nonboBMX yMOBaX Ha WTYYHMUX Ta
NPUPOAHUX iHDEKLiIMHUX DOoHaX Bynu BuaineHi COpPTO3pa3Ku, SKi XapaKTepu3syBanmcsa rpynoBOK CTiMKICTIO NPOTH
306yAHMKIB OCHOBHMX XBOPO6. [MpoBeaAeHUMM [OCNIOXKEHHAMM CTIAKOCTI AOPOCMX POC/IMH B YMOBaX iHhEKLiMHOro
NpupoLHOro GoHy Ta BUKOPUCTaHHS METOAY LUTYYHOIO KOMMIEKCHOr0 iHdeKLiiMHOro oHy BCTAaHOBNEHO, LLLO MOX/IMBO
[OCNioKYBATU Ta BUABASTU JKepena CTIMKOCTI IK 4,0 OKPeMUX NaTOreHiB, Tak i 4,0 KOMMEKCY NaTtoreHiB. B pe3ynbraTi
He By/10 BUSIBIEHO XOAHOMO COPTO3Pa3Ka, KW BOMOAIB FPYMOBOIO CTiMKiCTIO NPOTH WeCTU NpeacTaBaeHnx 30yaHMKIB
xBopob. BinibpaHi coptv 3006a KuiBcbka, BuxoBaHka opecbka Ta MeoHis, MoXyTb BYTU BUKOPUCTaHI K axepena
rpynoBoi CTiMKOCTI, WO A03BOJIIE CTBOPIOBATU YYAOBI CeNekuiiHi 3ycunns, ki NpuM3BOAATb A0 CTBOPEHHS CTIMKMX
copTiB nweHuLi. Bubpari mxepena oouinbHi AN BKIKYEHHS B CENeKUiiHi Nporpamu SK BUXIgHUIM MaTepian npu
CTBOPEHHI Cy4aCHMX BMCOKOBPOXAaMHMX COPTIB MAKOT MLWEHWL 03UMOI, CTIMKMX NPOTK XBOPOO Ta iHWKMX daKTopiB
HaBKOJIMLLHBOIO CepeaoBuLLa

KntouoBi cnoBa: 3pasku NweHuL,j; UTYYHWUI iHDEeKLiMHMIA OH; FpynoBa CTilKiCTb; ypaXKEHHS POC/IWH; FiApOTEPMIiUHHMIA
KoediuieHT
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