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Abstract. The relevance of this study is due to the need for scientifically sound, accurate and non-invasive
methods of identification of domestic animals, in particular cats, in veterinary and forensic veterinary practice.
Existing methods of identification (chipping, tagging, ournics) have a number of disadvantages - possibility
of loss, painful procedure or allergic reactions. This increases the importance of finding alternative solutions.
The aim of the work was to morphologically analyse the papillary structure of the nasolabial mirror of cats
(Felis catus) and to scientifically substantiate its use as a unique identification trait of an animal. The following
methods were applied during the study: taking prints using Trodat 9052 stamp pad and paper, scanning images
of prints, digital processing using CorelDraw 2017 and Adobe Photoshop programs, as well as comparative
morphological analysis of the obtained data. The nasolabial mirrors of 157 cats were examined, including
repeated imprinting in 14 individuals after a certain time interval. It was found that papillary patterns of the
nasolabial mirror have three stable morphological properties: individuality (uniqueness of the pattern in each
individual), invariability (they are preserved during life) and ability to regenerate (restoration of the pattern in
the absence of destruction of the microbial layer of the skin). Additionally, it was found that the obtained prints
can serve as objective material for identification of the animal during veterinary examination, registration,
forensic examination or in conditions of loss. The results have shown the possibility of developing a biometric
system of accounting of pets based on the analysis of papillary structures of the nose. The practical significance
of the study lies in the application of the results in veterinary clinics, forensic examination, customs authorities
and in the creation of a unified database of domestic animals

Keywords: animal dermatoglyphics; papillary patterns of Felis catus; individual identification; morphological
analysis; biometric veterinary medicine; forensic veterinary expertise

Introduction
Domestic cats have accompanied humans for thousands  are used in zootherapy, and act as companions in both
of years, fulfilling not only utilitarian but also emo- urban and rural settings. Modern realities - urbanisa-
tional functions. They help control rodent populations, tion, increasing numbers of stray animals, increased

Suggested Citation: Tentieva, N., & Arbaev, K. (2025). Characterisation of the papillary structure of the nasolabial mirror
of cats. Bulletin of the Kyrgyz National Agrarian University, 23(2), 10-20. doi: 10.63621/bknau./2.2025.10.
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migration of pets between regions and countries - re-
quire an increased level of animal control and record
keeping, especially in situations of loss, theft or epizo-
otic risk. This in turn necessitates the development of
accurate and ethically acceptable identification meth-
ods (Yatsenko et al., 2025).

A variety of animal identification methods are used
in veterinary practice, including tattooing, tagging, mi-
crochipping and DNA passporting. However, each has its
limitations. For example, microchips require scanning
devices, can cause allergic reactions and sometimes
migrate under the animal’s skin. Therefore, there is a
need to develop alternative approaches that are both
accurate, safe, cost-effective and versatile (Singh et
al., 2024). As noted by S. Spotkay & L. Lykhina (2019),
one of the promising directions in animal identification
is the use of dermatoglyphic traits, in particular papil-
lary patterns on the nasolabial mirror. These patterns,
like fingerprints in humans, are unique and virtually un-
changing throughout the animal’s life. Unlike invasive
identification methods, this method does not require
surgery, making it convenient and painless for pets and
professionals alike (Meng et al., 2025).

Modern research confirms the biometric potential of
papillary structures. In particular, G. Kimani et al. (2023)
investigated the possibility of identifying dogs and cats
by nose and paw prints, creating prototypes of biome-
tric databases. The authors noted the high stability of
nose prints in cats and suggested their use as a per-
manent identification marker. V. Immonen et al. (2023)
proposed the application of computer vision and ma-
chine learning techniques to analyse nasolabial mir-
ror images. Their results showed that such algorithms
can achieve accuracy comparable to microchipping
methods, provided that image acquisition techniques
are standardised. In a study by W. Andrew et al. (2021),
morphological features of facial structures of domestic
animals were examined. The authors concluded that
papillary structures in cats persist over time and do not
change significantly even in adulthood, making them a
particularly reliable identification feature.

In parallel to the technical aspects of biometrics,
A.Shafiev et al. (2023) have drawn attention to the reg-
ulatory and ethical aspects of implementing biometric
methods in animal records. Electronic registries incor-
porating biometric data are already being implement-
ed in EU countries, including to combat uncontrolled
breeding and animal cruelty. A. Hitelman et al. (2022)
reviewed the potential use of dermatoglyphics in veter-
inary forensics. They emphasise that, similar to human
fingerprinting, morphological features of the nasal sur-
face can be adapted to the needs of forensic veterinary
science, especially in cases involving the identification
of animals in epizootics or ownership disputes. An ex-
perimental study by M. Stennett et al. (2022) confirmed
that digital imaging of nasolabial mirror prints using
scanners and their subsequent processing in graphic
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editors can achieve highly reproducible results. Par-
ticularly interesting is the fact that even with partial
tissue damage in animals the possibility of identifi-
cation is preserved due to the uniqueness of the pre-
served areas of the pattern. Also worth noting is the
work of A. Kaur et al. (2022), which analyses identifica-
tion methods in natural disasters. The authors suggest
using visual biometric traits, including nasal prints, as
a complement to microchips, especially in cases where
electronic devices are non-functional.

Thus, a review of the current scientific literature
indicates a high scientific and practical interest in the
development of animal identification methods based
on dermatoglyphic traits. Despite the many theoreti-
cal and empirical publications, most of the research
has focused on dogs, cattle and wild animals, note
S.Li et al. (2021). Studies focusing specifically on cats,
especially in terms of papillary regeneration and re-
sistance to trauma, are extremely limited. In addition,
to date, there are no standardised protocols for taking
and analysing prints from domestic cats. The need for
reliable identification of animals is increasing not only
in veterinary practice, but also in forensic veterinary
examination, forensic science, customs control and
databases. The development of a non-invasive meth-
od based on nasolabial morphology can significantly
improve the accuracy and availability of identification
procedures (Li et al., 2022).

An important feature of the approach proposed in
this article is its accessibility and ease of implementa-
tion in both veterinary clinic and field settings. As noted
by P. Cihan et al. (2024), nasolabial mirror prints can be
obtained using inexpensive materials — stamp pad, pa-
per and scanning device. In addition, the ability to digi-
tally process images using standard graphic editors al-
lows rapid and accurate comparison of prints between
individuals. Taking into account the high degree of in-
dividuality of the papillary pattern, stability of its shape
during the animal’s life and ability to partial regener-
ation, this method can be recommended as a basis for
the development of a national system of biometric reg-
istration of domestic cats. This is particularly relevant
in the context of creating a unified electronic database
containing visual identifiers to track the origin, affilia-
tion and epidemiological status of animals. The aim of
the present study was to perform morphological analy-
sis of the papillary structure of the nasolabial mirror of
cats and to evaluate the possibility of its application as
a biometric identification trait.

Materials and Methods
The study was conducted from May to December 2023
at the Department of Histology and Pathology, Faculty
of Veterinary Medicine and Biotechnology, K.I. Skrya-
bin Kyrgyz National Agrarian University (Bishkek), with
the participation of private veterinary clinics and pet
owners. Nasolabial mirror prints of 157 cats, including
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both pedigreed and mongrel individuals of different
ages and sexes, were used as material. To study pat-
tern stability, repeat prints were obtained from 14 cats
after 2 to 6 months. The material was collected with
the voluntary consent of the animal owners. All proce-
dures were performed without the use of anaesthesia
and were painless. The animals did not experience dis-
comfort, as the method of fingerprinting is completely
non-invasive. The study was performed in compliance
with the generally accepted ethical standards govern-
ing work with animals in veterinary morphology (Direc-
tive 2010/63/EU, 2010).

The methodology was based on a modified derm-
atoglyphic analysis technique adapted to the anato-
mo-physiological features of cats. A Trodat 9052 stamp
pad with hypoallergenic, non-irritating ink was used for
taking prints. The surface of the nasolabial mirror was
pressed against a clean sheet of paper on a hard surface,
after which the resulting prints were dried and scanned
using a Canon 3010 multifunctional device. The digit-
ised images were processed in CorelDraw 2017 graphics
software where pattern tracing, contour extraction and
contrast enhancement were performed. Additionally, the
tools of scaling, overlay and mirror comparison were
used, which allowed morphological assessment of three
main properties: individuality — absence of repeating
patterns even in close relatives; invariability — stability
of the papillary pattern over time; ability to regenerate -
partial restoration of the pattern after damage.

Each print was digitally archived and compared
with the results of repeated surveys, which allowed us
to draw conclusions about the stability and reproduci-
bility of traits, as described in Yu. Malofeev & S. Ermak-
ova (2006). Possible technical errors related to lighting,
position of the animal’s head and humidity of the nasal
surface were taken into account in the analyses. The
information base of the study included both original
experimental data and comparative data from scientific
publications on dermatoglyphics in domestic animals,
including the works of S. Samishchenko (2003), J. Fre-
wein & B. Vollmerhaus (2003) and others. The applied
approach allowed us to objectively confirm the suita-
bility of papillary structures of the nasolabial mirror of
cats for reliable visual identification of animals in vet-
erinary, forensic and forensic practice.

Results and Discussion
In the course of the study it was found that the surface
of the nasolabial mirror in cats is a unique anatomical
zone in terms of microrelief, which can fulfil the iden-
tification function. The morphology of the papillary
pattern of each individual had clear individual features,
which is confirmed by visual analysis of the obtained
images. Comparison of prints and photographs revealed
pronounced differences in the shape, location and con-
figuration of papillary pattern areas between different
animals, indicating a high degree of individuality of this

structure. Figure 1 demonstrates the visual differences
between the two cats: the first image shows a grouped
pattern with larger tubercles and asymmetrical areas,
whereas the second image shows a more even distribu-
tion and finely dispersed structure. Both images were
obtained under the same illumination and scale, em-
phasising the objectivity of the differences.

Figure 1. Nasolabial mirror surface of two different
cats with a characteristic papillary pattern
Source: photo by the authors

The obtained images of the nasolabial mirror con-
firmed a high degree of individuality of the papillary
pattern in each studied cat. As in human dactyloscopy,
these patterns represent a unique morphological con-
figuration that is not repeated in other individuals. This
fact was confirmed by a comparative analysis of the
prints of all 157 cats: no coincidences between the pat-
terns were recorded, including animals of the same age
and breed. The anatomical structure of the nasolabial
mirror in cats includes rough skin devoid of hair cov-
ering, forming numerous areolae and micro tubercles,
which remain in a relatively stable position during the
animal’s life. This structure is described in I. Tuminaite
& R. Kroger (2020), where it is stated that the nasal
planum is subdivided into polygonal areas with a clear
boundary, forming an individual pattern.

According to the morphological analysis data, the
nasal surface represents an identification area suita-
ble for visual comparison and archiving in digital for-
mat. The obtained images were brought to a uniform
scale, processed in a graphic editor, and then compared
with control prints. Despite minor external differenc-
es in brightness and contrast, the pattern structure re-
mained clear and reproducible. To improve the accuracy
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of identification, an animal record card was introduced,
including a photograph or nasolabial mirror print, as
well as information about the animal: nickname, age,
sex, breed, colour, date and place of image acquisition,
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and owner data (Fig. 2a). This approach allows not only
instant identification, but also the use of this data in
further - during passportisation, veterinary surveil-
lance, registration or tracing of lost animals.
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Figure 2. Example of an identification card and digital print of the nasolabial mirror of a cat named Gosha

Note: sex — male, age - 2 years, imprint date - 22.05.2020

Source: image prepared by the authors based on field survey data and computer processing CorelDraw 2017

To assess the individuality and graphic stability of
the papillary pattern in cats, several typical images were
selected. The nasolabial print of a cat named Gosha, who
was 2 years old at the time of imaging, is presented as
an example. The analysis was carried out in two stages:
first, the resulting print was captured with a camera, then
converted into a digital graphic format and subjected to
computer processing. The visual results are presented in
Figure 2. Figure 2b shows the primary image of the print
captured using the camera. The photograph was taken in
daylight, focusing on the centre of the nasolabial mirror.
Figure 2c is the same print processed in the CorelDraw
2017 graphic editor, converted to negative format, which
allowed to enhance the visibility of microrelief and high-
light key elements of the pattern. This approach is used
to facilitate the comparison of prints during re-identifi-
cation. Thus, the combination of imaging and digital pro-
cessing methods ensures that the structure of the nasol-
abial mirror can be clearly reproduced and confirms the
presence of a unique pattern in each animal. The use of
the Trodat 9052 ink stamp and paper allows the prints to
be obtained painlessly and without side effects, making
the method applicable in practical veterinary medicine.
This image can be used to identify animals and serve as

a document for further use in forensic examinations. As
can be seen in Figure 2, the authors obtained the image
without any changes when they put the tracing into a
computer programme.

To assess the stability of the papillary pattern
over time, the prints of a 2-year-old male cat named
Timofey were taken again. The primary print was taken
on 11.09.2022 using a camera and then digitally pro-
cessed. Figure 3 illustrates the visual differences be-
tween the original and negative images of the same
print. This allowed the structure of the papillary ele-
ments to be observed in detail. Figure 3a shows the
original print produced using Trodat 9052 ink pad and
paper, without digital processing. The image shows the
basic microrelief of the surface of the nasolabial mirror.
Figure 3b shows the same print after digitisation and
colour inversion in CorelDraw 2017 graphics software.
This processing allows the visualisation of individual
areolae and micro-bumps, making it possible to more
accurately match areas when re-imaging. Both images
confirm the stability and reproducibility of the pattern.
Minor differences are only due to the nature of the
illumination and the angle of acquisition, and not to
changes in the structure itself.
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b

Figure 3. Nasolabial mirror of a cat named Timofey
Note: age - 2 years,male, nose print was obtained on 11.09.2022;
a - original print; b - digital image in negative format
Source: photo by the authors

Figures 4a and 4b show a nose print of a cat named
Musya, which was taken with a camera. The image was
then loaded into the CorelDraw 2017 graphics programme
on a computer and converted to negative format (Fig. 4b).
In this way, using a Trodat 9052 stamp and paper, an im-
age of the animal’s nose and lip print can be produced.

b

Figure 4. Nose print of a cat named Musya
Note: age - 7-8 months, female, nose print was obtained on
23.05.2022
Source: photo by the authors
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Figures 5a and 5b show the nose print of a cat
named Marquise, which was taken with a camera. The
image was then loaded into the CorelDraw 2017 graph-
ics programme on a computer and converted to negative
format (Fig. 5b). Exposure of the nasal mirror of cats, in
general, may have some similarity in characteristics that
are determined by breed characteristics and a particular
shape of the nasal mirror, but details or features of the
pattern can vary considerably even among members of
the same breed and between parents and their offspring.

Figure 5. Nose print of a cat named Marquise
Note: age - 7-8 months, female, nose print was obtained on
23.05.2022
Source: photo by the authors

The comparative analysis of papillary patterns in re-
lated individuals demonstrated pronounced differences
in the configuration of structures, even in the presence
of common genetic features. Figure 6 shows digital im-
ages of the nasolabial mirrors of two animals: an adult
male (father) and his offspring (son). The prints were
taken using the same technique, allowing the images
to be compared at an identical scale. Figure 6a shows
the nasolabial mirror print of the parental individual. It
is characterised by a high density of papillary elements
in the central zone and symmetrically arranged lateral
areolae. Figure 6b shows the imprint of the progeny.
Despite the general similar contour of the external pat-
tern, differences in microstructure are clearly visible in
the details: a different shape of the areolae, their distri-
bution and the expression of the central furrow.
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Figure 6. Nasolabial mirror of two cats
Note: a - father’s picture; b - son’s picture
Source: photo by the authors
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Thus, the first property of papillary patterns is in-
dividuality: each pattern is unique, even among closely
related animals. This property makes the method suit-
able for reliable identification in the practice of veter-
inary morphology. Additionally, based on observations
of 14 individuals with repeated fingerprinting, it was
found that the configuration of papillary elements re-
mains stable. With the growth of the animal, a uniform
increase in the area of the pattern is observed, but
the structure and arrangement of the areolae do not
change. This fact confirms the second key property - in-
variability of the papillary pattern over time.

The comparative analysis performed on the basis
of nasolabial mirror prints obtained with a time inter-
val allowed us to assess the stability and dynamics of
the papillary pattern in cats. Figure 7 shows two im-
ages obtained from a cat named Fedot (date of birth -
02.02.2018).The first print was taken on 05.08.2020 and
the second print was taken on 22.07.2021. Both images
contain red markings indicating key structural elements
comparable between the two time points. Figure 7a re-
flects the state of the pattern in 2020, Figure 7b almost
a year later. Visual analysis shows that despite the natu-
ral age-related changes in the animal, the geometry and
distribution of the papillary areolae remained stable,
confirming the second fundamental property, the rela-
tive invariability of the pattern over time.

Figure 7. Nose print of a cat named Fedot
Note: date of birth - 02.02.2018; first print made on 05.08.2020, second print made on 22.07.2021
Source: photo by the authors

Figure 8 shows a pair of images taken from a cat
named Boris (date of birth - 10.04.2019). The first print
was taken on 05.03.2021 and the second on 07.07.2022.
Similarly, the drawings were supplemented with visual

Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 2 15

markers (red lines) emphasising identical elements in
the structure. Despite possible microtrauma or environ-
mental exposure, the images show no signs of pattern
degradation.
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Figure 8. Nose print of a cat named Boris
Note: date of birth - 10.04.2019; first print made on 05.03.2021, second print made on 07.07.2022
Source: photo by the authors

The observation confirms that the papillary pattern
retains its key characteristics throughout the animal’s
life. Cases of partial recovery of the pattern after super-
ficial damage have also been recorded. This indicates
the ability to regenerate, similar to that described in
human fingerprinting studies: if the basal layer of the
skin is preserved, regeneration is possible and identifi-
cation features are reproducible (Samishchenko, 2003).
The study found that papillary structures on the nasol-
abial mirror of cats have unique morphological char-
acteristics suitable for use in biometric identification
of animals. The dermatoglyphic patterns of the nasal
surface in each individual have an individual character,
similar to fingerprints in humans, as written by J. Fre-
wein & B.Vollmerhaus (2003). Similar structures, previ-
ously studied mainly on the skin of limbs, have proven
their suitability also on the nasal speculum of animals,
including their possible application in sanitary-veter-
inary and forensic examination (Samishchenko, 2003).
In the context of the development of animal visual
biometrics, research shows the potential for automat-
ic recognition of individuals based on unique natural
patterns in wild animals (tigers, zebras, jaguars) using
deep neural networks, which is consistent with the
search for new non-invasive identification methods
(Cheema & Anand, 2020). The results of this work also
echo research on biometric identification of domestic
animals, such as dogs, where deep neural networks are
actively used to improve recognition accuracy and the
possibility of combining “hard” (e.g., muzzle photos) and
“soft” (breed, sex) biometric data in integrated systems
is being explored (Lai et al., 2020). Such an approach to
non-invasive visual biometric identification is already
showing high potential in the livestock industry, where,

for example, highly accurate systems have been devel-
oped to recognise cattle from unique muzzle patterns,
offering an effective replacement for traditional meth-
ods and contributing to improved welfare and herd man-
agement, as described in A. Shojaeipour et al. (2021).

In the present work, the analysis of 14 repeated
prints obtained from different animals with a time in-
terval confirmed that the configuration of papillary pat-
tern elements remains stable. During the growth of the
animal, there was only a proportional increase in the
area of the pattern, without changes in the geometry
of polyhedral areas. This allows us to speak about the
invariability of the structural organisation of the pat-
tern during the cat’s life, like fingerprints in humans
(Ponomarev, 2016; Spotkay, 2019). Additionally, the
prints of two cats with traumatic damage to the nose
were analysed. The results showed that in superficial
lesions that do not affect the microbial (basal) layer of
the skin, there is a partial restoration of the original
pattern. In cases of deeper lesions, scarring changes are
formed, accompanied by distortion of the pattern in the
damaged area. However, in adjacent undamaged areas,
the structure is preserved, which makes it possible to
continue identification.

Thus, three key properties of the papillary struc-
tures of the nasolabial mirror of cats can be identified
based on the analysis performed:

Individuality: each animal has a unique papillary
pattern that is not repeated even in closely related in-
dividuals. This property allows the nasolabial mirror to
be used as a reliable biometric identifier;

Immutability: the structure of the papillary pat-
tern remains unchanged throughout the animal’s life.
With age, the areolae can only increase in size without
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disturbing their shape and arrangement. This ensures
the reliability of the method for long-term follow-up;
Ability to regenerate: papillary skin structures
have the ability to partially recover from damage if the
basal layer is preserved. Even if scarring is present in
one area, adjacent areas remain stable and identifiable.
The listed properties confirm the high suitability
of using papillary patterns of the nasolabial mirror of
cats in veterinary forensics, biometric registration and
forensic veterinary identification. The results obtained
can serve as a basis for the development of standard
procedures for capturing, archiving and analysing prints
within a unified pet registration system.

Conclusions
In the course of the study, it was found that papillary
patterns of the nasolabial mirror of cats have distinct
morphological features that have not been previously
subjected to systematic scientific study. The analysis
allowed for identifying three key properties determin-
ing high identification value of these structures: in-
dividuality (each cat specimen has a unique papillary
pattern that is not repeated even in related individuals,
which makes accurate biometric identification possi-
ble); relative invariability (papillary structures remain
unchanged throughout the animal’s life - with age, only
a harmonious increase in the size of areolae without
loss of structural organisation is possible); ability to
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regenerate the papillary pattern of the nasolabial mir-
ror of the cat; and the ability to be used as a tool for the
identification of the nasolabial mirror of cats.

The data obtained indicate the high suitability of
papillary structures of the nasolabial mirror for applica-
tion in forensic veterinary medicine, customs examina-
tion, forensics and in the creation of biometric animal
registration systems. The technique of capturing and
analysing prints can be used for reliable identification
of animals in case of their loss, movement or the need
to document their ownership. Prospects for further
research include improvement of methods for digital
fingerprint processing and development of automatic
recognition systems, as well as extension of the tech-
nique to other animal species within the framework of
biological defence and veterinary registration.
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MbiwbIKTapablH HaconabuanablK KysryCyHyH nanunnapabik
TY3Y/IyLUYHYH MyHe34eMecy
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BeTepuHapua ManMaepuHMH OKTopY, Npodeccop

K.N. CkpabuH aTbiHAarbl Kbiprbi3 ynyTTyK arpapiblK YHUBEPCUTETH
720005, MefepoB Keu., 68, bullikek L., Kbiprbiz Pecnybivkacsl
https://orcid.org/0000-0003-3910-5283

AHHoTauus. byn v3ungeeHyH akTyanoyynyry BeTepuHapAblK >KaHa COTTYK BETepUMHapAblK MpakTMKaja Yi
)KaHblGapnapbiH, atan aiMTkaH4a MbIWbIKTAPAbl MAEHTUGUKALMANOOHYH UIAUMUIA XKaKTaH HEru3AeNnreH, TaK XaHa
MHBa3MBAYY 3MeC METOAA0PYHA MYKTaXAblK MEHEH WapTTanraH. MoeHTUOUKALMSNOOHYH yyypaarbl bikManapsbl
(umnTee, BUPKanoo, HalelHUKTep) BUp KaTap KeMuwunukTepre 33 — MPOLeLypaHblH KOro/ylly, OOpyLly e
anneprusnbik peakuusnap. byn ansTepHaTMBAYY uYeuumaepau TabyyHyH MaaHWAyyayryH xoropynatat. MwTuH
MaKCaTbl MblILbIKTAPAbIH Ha30Nabuanablk Ky3rycyHyH Nanuanspibik Ty3ynywyH Mopdonorusibik Tangooa0 xaHa
aHbl XaHbl6apablH KalUTaNaHrbiC UAEHTUDUKALMANBIK GENrUCU KaTapbl NaifanaHyyHyH UAUMUIA HETU3LEMECUHAE
TypaT. M3unpee npoueccuHie TOMOHKYASM MeToaaop KonaoHynraH: Tctk 9052 wremMnenamk asablKTbiH KaHa
KarasfablH apLaMbl MEHEH U3AEPAM aNyy, U3LePAMH CYPETTepYH ckaHepnes, Ctok 2017 xaHa Trn nporpaMmanapbi
KONZAOHYY MEHEH CAHAPUMTHK WULUTETYY, OLUOHAOM 3/1e aNblHraH MaanbiMaTTapAbl CabIlTbipManyy MoOpdOonorusibiK
Tanzfoo. 157 MbIWbIKTbIH HAacoNabuanabik Ky3rynepy U3nnLeHreH, aHblH MuMHAe 6enrunyy 6up y6akbIT apanbirbiHaa
14 apampa kaiipa 6acbinraH. MypyH-3puH Ky3ryCyHYH NanuansipblK 0iMMo-uniiMenepu yu TypyKTyy MOp@ONorusibiK
KacMeTKe 33 3KEHAMIM aHbIKTanAbl: WMHAMBUAYAnAyynyk (@ap 6up WHAMBWMALErUM VYATYHYH YHUKANZyynyry),
e3repynbecTyk (eMyp 6010 cakTanaT) KaHa pereHepaums XKeHLOMAYYAYTY (TEPUHUH MUKPOBAYK KaTMapbl 6y3ynbaraH
yuypaa yAryHy KanblbbiHa Kentupyy). AnbiHraH u3gep BeTepuHapablk Kapooao, KaTTO0A0, COTTYK 3KCNepTU3aa e
[LaMbIHCbI3 XOTOMIMOH WapTTa XaHbl6apabl MAEHTUOUKALMSI00 YUYH 0B6bEKTUBAYY MaTepuan Katapbl Kbi3MaT Kbiia
anapbl KOLWyMYa aHblKTanraH. Hatbiixkanap MypyHAyH Nanuanspablk CTPYKTypanapbiH TaNLOOHYH HErU3UHAE Vi
aHblbapnapblH 3cenke anyyHyH BUOMETPUKANbIK CUCTEMACHIH ULITEM YbIryy MYMKYHUYAYTYH KOPCOTOT. U3nnaeeHyH
MpaKTUKaNblKk MaaHUCU BETEPUHAPAbIK KAWHWKANapha, COTTYyK 3KCMepTu3ana, Gaxbl opraHaapbiHAa XaHa Yi
XaHbl6apnapbiHbIH GUPAMKTYY MaanbiMaT 6a3ackiH TY3YYAE XblMbIHTLIKTApAbl KONAOHYYAA TypaT

Herusru cespep: xaHbl6apnapablH AepMaTornMduKachl; NanuMANapabiK oiMo-unitmenep; Xeke naeHTubUKaumus;
MOpPdONOrUAbIK aHanMn3; BUOMETPUKaIbIK BETEPUHAPUS; COTTYK-BETEPUHAPAbIK IKCNepTM3a
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Characterisation of the papillary structure...
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HOCOry6HOro 3epkasa Kowek
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Kblprbi3CKMM HaUMOHanbHbIM arpapHbIn yYHUBepcUTeT UM. K. CkpabrHa
720005, yn. MegepoBa, 68, . Bullkek, Kblproiackasa Pecrnyb6nmka
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Ky6aH Ap6aeB

[LOKTOp BeTepMHapHbIX HayK, Mpodeccop

KblprbI3CKMIM HaLMOHaNbHbIW arpapHblv yHUBepcuTeT UM. K.U. CKpadunHa
720005, yn. MefepoBa, 68, I. bulikek, Kblprbiackaa Pecnyb6nnka
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AHHoOTaLmA. AKTyanbHOCTb HACTOSLLErO MCCNef0BaHMS 0b6ycnoBAeHa NOTPeOHOCTbI0 B HAaYyYHO 0OOCHOBAHHbIX,
TOYHbIX M HEMHBA3MBHbIX METOAAX MAEHTU(MKALMM LOMALIHMUX XKMBOTHbIX, B YACTHOCTU KOLLEK, B BETEPUHAPHOM
N cynebHo-BeTepuMHapHoi npakTuke. CywecTBylolwme MeToabl MAeHTUdUKauumM (YunupoBaHue, BUMpPKOBaHMe,
HallenHMKM) UMEeIT psf HeAOCTaTKOB — BO3MOXHOCTb yTepu, 60Ne3HeHHOCTb Npoueaypbl UK annepruyeckue
peakuuu. ITO MOBbIWAET 3HAYMMOCTb MOMCKA anbTEPHATUMBHbLIX peleHni. Lenb paboTbl 3akntoyanacb B
MOp(}ONOrMYeckoM aHanmse ManuaNSpHOro CTPOEHUS HOCOTYOHOro 3epkana Kolwek (Felis catus) v B Hay4yHOM
000CHOBaHMM €ro MCMonb30BaHUS KaK YHWUKANbHOMO MAEHTMOUKALMOHHOIO NpM3Haka >XMBOTHOro. B mpouecce
nccnenoBaHus Obiv NpUMEHEHbI CeayoLlMe MeTOAbl: CHATUE OTMeYaTKoB C MOMOLLbI WTEMMENbHON MOAYLWKM
Trodat 9052 n 6ymaru, ckaHMpoBaHue n306paxkeHUi 0TNeYaTKoB., umdpoBas 06paboTka C NpUMeEHEHMEM NporpamMmm
CorelDraw 2017 nAdobe Photoshop,a Takxke cpaBHUTENbHbI MOPGHONOTMYECKMI aHANN3 MONYYEHHbIX AaHHbIX. Bbln
nccnenoBaHbl HocorybHble 3epkana 157 Kowwek, B TOM YMcae C NOBTOPHBIM CHATMEM oTreyaTkoB y 14 ocobelt yepes
onpefeneHHbI BpEMEHHOW WMHTEpBa. YCTaHOBEHO, YTO NanuansipHble y30pbl HOCOrybHOro 3epkana obnagatoT
Tpems cTabunbHbIMM MOPDONOrMYECKUMU CBOMCTBAMU: MHAMBUAYANbHOCTbIO (YHUKANbHOCTb y30pa y KaXK a0 ocobu),
HEM3MEHHOCTbIO (COXPaHSATCS B TEYEHWUE XKM3HM) M CMOCOOHOCTBIO K pereHepaunmu (BOCCTAHOBMIEHME Y30pa Npu
OTCYTCTBMM pa3pyLUEHNS MMKPOBHOTO €105 KOXM). [JOMONHUTENbHO YCTAHOBMIEHO, YTO MOMTyYeHHble OTNeYaTKN MOryT
CNY>XUTb OOBEKTUBHBIM MaTepuanoM Ana naeHTUdOUKaLMM XXMBOTHOIO NPU BETEPUHAPHOM OCMOTPE, Perncrpauum,
CyAMeAsKCnepT13e MM B YCIOBUAX NPONaxu. Pe3ynbraTbl Nokasann BO3IMOXHOCTb pa3paboTku BromMeTpuyeckon
CUCTeMbl y4eTa AOMALLIHUX XXMBOTHbIX HAa OCHOBE aHann3a NanuansapHbIX CTPYKTYp Hoca. MpakTuyeckas 3Ha4nMMoCTb
MCCnenoBaHMsa 3ak/loyaeTcs B MPUMEHEHWU pe3ynbTaToB B BETEPUHAPHbIX KAMHMKAX, CyAebHOM 3KkcnepTuse,
TaMOXXEHHbIX OpraHax M Mpu Co34aHUM eanMHOM 6a3bl AaHHbIX AOMALLIHUX XUBOTHbIX

KnioueBble cnoBa: ,El,epMaTOFJ'Il/ICbVIKa XUBOTHbIX; NanunnapHble  y30pbl Felis catus; MHOUBUAOYANTbHAA
VI,EI,EHTVICbVIKaLI,MFI; MOpCbOJ'IOFVI“IECKMVI adHaIn3; 6MOMETDMHECKBH BETEPUHAPUA, Cy,EI,E6HO-BETepVIHapHa${ JKCnepTUusa
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Abstract. In the Republic of Kazakhstan, organic vegetable growing is at the initial stage of formation and
requires comprehensive scientific support, including the development of specialised varieties and adapted
agro-technologies. The aim of this study was to create new varieties of vegetable crops intended for organic
farming, possessing a complex of economically valuable traits and adapted to different agro-ecological zones of
the country. In the process of breeding research both classical and modern methods were used: obtaining inzucht
lines, individual and mass selection, hybridisation, polycross, backcross, induction of polyploidy, formation of
parental forms and analysis of parthenocarpy. Experimental work was carried out in a competition nursery where
evaluation of 15 varietal samples was organised: 5 samples of onion, 7 of table beet and 3 of sweet pepper.As a
result of multifactorial evaluation on a set of traits including yield, resistance to diseases and stresses, marketable
qualities and suitability for organic production, the most promising samples were identified: 2 onion varieties, 3
beetroot varieties and 2 pepper varieties. According to the results of three-year field trials, these varieties showed
stable performance and were recommended for transfer to the State Variety Trial as organic varieties. Practical
significance of the study is to provide organic vegetable production of the Republic of Kazakhstan with highly
productive and sustainable varieties that can be used in farming and economic structures of different regions of
the country, contributing to food security and sustainable development of the industry

Keywords: organic farming; variety diversity; agroecological adaptation; stress resistance; selection of parental
forms; biological features; nutritional value
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Role of breeding in the development...

Introduction

Vegetables are an integral part of a rational human diet
due to their high content of vitamins (particularly C, B,
P, provitamin A), organic acids, mineral compounds and
biologically active substances. According to the Minis-
try of Agriculture of the Republic of Kazakhstan (n.d.),
in 2023 vegetable crops were cultivated on an area of
more than 150 thousand hectares, and the total gross
harvest amounted to more than 4.3 million tonnes. At
the same time, according to the Bureau of National
Statistics (n.d.), the physiological norm of vegetable
consumption per person is 126 kg, which forms the do-
mestic demand at the level of 2.52 million tonnes. The
actual supply of vegetables exceeds 170 per cent. De-
spite the high production volumes, there is practically
no certified organic vegetable production in Kazakh-
stan (Grigoruk & Klimov, 2016). The structure of organ-
ic agriculture in the country is dominated by grain and
oilseed crops. According to estimates of international
organisations, organic products in the world are pro-
duced by more than 4.3 million agricultural producers
in almost 190 countries, with the most developed re-
gions remaining the countries of the European Union
and North America (FiBL & IFOAM, 2025). The organic
sector is also growing in transition countries.

Organic agriculture is seen as a more sustainable
alternative to conventional agricultural production
(Dukhnytskyi, 2019). It involves the use of environ-
mentally friendly cultivation methods, avoiding syn-
thetic fertilisers, pesticides and genetically modified
organisms (GMOs). According to the study by J. Trap &
E. Blanchart (2023), the sustainability of agroecosys-
tems under organic farming is ensured by restoring the
natural functions of soil, agrobiocoenosis and minimis-
ing the negative impact on the environment. As shown
by M. Aliyeva et al. (2024), state support and legislative
initiatives play a key role in stimulating organic agri-
culture, as exemplified by the experience of Azerbai-
jan, where targeted policies have led to a significant
increase in the area of certified organic land.

The selection of organic varieties of vegetable crops
is of particular importance, as variety is a key element
of agro-technology in the conditions of organic produc-
tion. As shown by the work of S. Singh et al. (2024), the
use of varieties resistant to diseases and stresses can
significantly reduce or completely eliminate the use of
chemical plant protection products. Thus, organic varie-
ties should have high plasticity, adaptability to different
soil and climatic conditions and increased nutritional
value. As noted by O. Clausen & L. Patryeva (2021), the
motivation of consumers to purchase organic products
is its safety, environmental purity and high biological
value. In the conditions of Kazakhstan, the develop-
ment of organic vegetable production can become not
only a factor of food security, but also a competitive
advantage in international markets.

Research on the development of organic vege-
table production requires scientific support, includ-
ing agrochemical assessment of soils, selection of
biological plant protection products, introduction of
drip irrigation systems and development of adapted
varieties. Special attention should be paid to breed-
ing aimed at developing non-GMO varieties with
integrated resistance and nutraceutical properties
(Hamdan & Tan, 2024). In addition, there is already
considerable potential in the production practices of
Kazakhstan in the form of local varieties suitable for
organic vegetable production. Nevertheless, expan-
sion of breeding programmes oriented specifically
towards organic farming systems is required. This is
due to the need to replace imported varieties adapted
to other climatic conditions with local varieties with
resistance to local pathogens and climatic stresses.
In this context, the study of A. Aidarova et al. (2024)
emphasised the relevance of rational land use and
introduction of organic and biological technologies in
Kazakhstan, especially in the context of land degrada-
tion, which demonstrates the synergistic potential for
improving the efficiency of the agricultural sector and
landscape condition.

The aim of this work was to develop new organic
varieties of vegetable crops, plastic to different agro-
ecological conditions of the Republic of Kazakhstan,
with a complex of economically valuable and nutra-
ceutical traits.

Materials and Methods

Field breeding research was carried out on the basis of
the Kazakh Research Institute of Fruit and Vegetable
Growing (regional branch “Kainar”) in the foothill zone
of the south-east of the Republic of Kazakhstan. The
trials were carried out during three growing seasons -
from March to October in 2021, 2022 and 2023. Soils
of the study area were represented by dark chestnut
soils of medium loamy granulometric composition. Soil
volume mass was 1.1-1.2 g/cm®. The arable horizon
contained 2.9-3.0% humus, 0.18-0.20% total nitrogen,
0.19-0.20% gross phosphorus, 2.2-2.4% gross potassi-
um. The cation exchange capacity was at 20-21 mg-eq
per 100 g of soil. The reaction of soil solution was
slightly alkaline (pH 7.1-7.3).

The climate of the zone is characterised by sharp
continentality. Mean monthly temperatures in July var-
ied within +22 ... +24°C, and in January - from -6 to
-10°C. The sum of active temperatures during the veg-
etation period reached 3,450-3,750°C. The duration of
the frost-free period ranged from 140 to 170 days. An-
nual precipitation varied from 350 to 600 mm. The hy-
drothermal coefficient was between 0.7 and 1.0 (Kazhy-
dromet, n.d.). Table 1 provides information on monthly
climatic averages for the study period.
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Table 1. Average monthly climatic indicators in the foothill zone
of south-eastern Kazakhstan for 2021-2023 years

Month Average temperature, °C Precipitation, mm Average humidity, %
March 5.4 45 65
April 12.3 55 60
May 18.7 62 58
June 22.5 48 52
July 24.3 38 48
August 23.9 36 50
September 18.2 40 55
October 11 32 60

Source: compiled by the authors based on the data from Kazhydromet (n.d.)

The objects of the study were 15 varieties of veg-
etable crops, including 5 samples of onion (Allium
cepa), 7 samples of table beetroot (Beta vulgaris) and
3 samples of sweet pepper (Capsicum annuum). Sowing
was carried out at the end of March manually in the
open ground with row spacing of 45 cm, repeated three
times. The area of one plot was 5 m2 Organic cultiva-
tion system was used: mineral fertilisers and chemical
plant protection products were not used, the soil was
enriched with biohumus and siderates. Breeding work
included individual and mass selection methods, hy-
bridisation, polycross, backcross, inzucht lines, and in-
duction of polyploidy. Parthenocarpy was studied us-
ing Accelerated Plant Breeding techniques (Gosal &
Wani, 2020). The trials were conducted according to the
recommendations of UPOV (1961). All procedures were
documented in accordance with the recommendations
for the breeding process (Law of the Republic of Ka-
zakhstan No. 422-1,1999).

For sweet pepper, 3 promising varieties were stud-
ied in the nursery of competitive trial on the complex
of economically valuable traits. The seedlings of pep-
per varieties were grown in the selection greenhouse
of the Russian Federation “Kainar”, by the time of plant-
ing pepper plants had 7-8 leaves, well-developed root
system, seedling height - 25-30 cm. The evaluation of
sweet pepper varieties was carried out according to
the parameters of plasticity and stability of the variety.
As source material for research were taken 2 varieties
of sweet pepper and 3 promising varieties of domes-
tic selection — Bayan Sulu and Safiya-1818, No. 2806
(promising), No. 1105 (promising), No. 2212 (promising),
the standard was approved for use variety Safiya-1818.
During the vegetation of sweet pepper, biometric meas-
urements were carried out to observe the growth and
development of plants in dynamics.

Onions for the creation of organic varieties, plastic
to different agro-ecological conditions of Kazakhstan,
with a complex of economically valuable traits, includ-
ing nutraceutical, was laid nursery competitive trial.
Biometric surveys on onion varieties in the nursery of
competitive trial were conducted in the phase of mass

growth of leaves in the 2" decade of July. Morpholog-
ical traits such as number of leaves, leaf length, leaf
width and leaf surface area were studied. The yield of
onion varieties was measured at the stage of techni-
cal ripeness. The yield from each plot was weighed in
the field and the following parameters were calculated
from this data:

total yield (t/ha) - calculated as the ratio of the
total weight of harvested crop to the whole plot area,
converted per hectare;

marketable yield (t/ha) - determined by weighing
the marketable produce (without small, damaged and
deformed bulbs), also converted per hectare;

marketable yield (%) - calculated as the ratio of
marketable yield to total yield and then multiplied by 100;

weight of marketable bulb (g) - determined by
the average weight of 30 typical bulbs from the sample;

disease damage (%) - recorded visually by the
presence of disease symptoms (rot, mould, bacteriosis)
on 100 randomly selected bulbs. Results were presented
as the proportion of affected specimens in the sample;

pest damage (%) — determined similarly by visual
indication of the presence of damage from soil and
ground pests. Frequency and severity of damage were
also recorded.

The assessment was carried out in threefold rep-
etition, on the basis of which the mean values of in-
dicators were calculated. Reliability of differences was
assessed by analysis of variance (ANOVA), critical level
of significance was p <0.05.

Five new onion cultivars of different genetic nature
were evaluated in a competitive variety trial nursery. All
evaluated onion samples were compared with the stand-
ard variety Mereke. Phenological observations, biometric
measurements and yield records were carried out. Mor-
phological, phenological and productive parameters:
fruit/root weight, disease resistance, yield, levelling and
storage were used to evaluate the results. Statistical pro-
cessing of data was carried out using standard methods
of analysis of variance (ANOVA) with 95% confidence
interval and significance criterion p < 0.05. Calculations
were performed in Statistica 10.0 software.
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For selective evaluation of economically valuable
traits of 7 varieties of table beet (Beta vulgaris L.) un-
der organic farming conditions, a competitive nursery
was established on the basis of the Kazakh Research
Institute of Fruit and Vegetable Growing (KazRIPO)
(regional branch “Kainar”). The seed material consist-
ed of collection and breeding samples that had previ-
ously passed inventory and laboratory tests for sow-
ing qualities, including determination of germination
energy, germination and weight of 1,000 seeds. All
7 table beet varieties studied were compared with the
standard variety Kyzylkonkyr. Based on the obtained
data, the seeding rate for field trials was calculated.
Sowing was carried out in the first decade of May.
Ridge wide-band planting scheme with row spacing
of 70 cm was used. Repetition of the experiment was
three times, the area of one plot was 5 m2. All agro-
technical measures were carried out in accordance
with the principles of organic farming: mineral fer-
tilisers and chemical means of plant protection were
not used. The soil was pre-fertilised with biohumus,
and mechanical methods of cultivation were used
to control weeds.

Phenological observations, morphological evalua-
tion and yield records were carried out in accordance
with the state variety evaluation methodology and

FAO & ISTA (2023) recommendations. Morphological
traits to be studied included: shape and colour of root-
lets, ring expression, presence of head corking, colour
and consistency of flesh. Yield was evaluated by gross
weight, weight of marketable root crops, degree of mar-
ketability (%), weight of one marketable root crop (g),
as well as by yield structure (proportion of underhar-
vested, cracked, ugly, pest-damaged and disease-affect-
ed root crops). All measurements were carried out on a
sample of at least 30 plants of each cultivar, followed
by statistical processing of the data (mean, HCPO5, pre-
cision, coefficient of variation).

Results and Discussion

Mass sprouting of onion was obtained on day 17-19 af-
ter sowing. The number of days from mass sprouting to
leaf lodging was 81-85 days. In samples 02-12(2) and
05-24, the vegetation period from mass sprouting to
harvesting was 134 days, i.e. they belonged to the me-
dium maturity group. Samples 959-9, 1440 and 1588
belong to the medium-late ripeness group by the num-
ber of days from mass sprouting to harvesting - 136,
137 and 138 days. The study of interphase periods of
growth and development of varietal samples of com-
petitive nursery are given in Table 2, and the dynamics
of leaf surface development - in Table 3.

Table 2. Duration of the vegetation period of onion cultivar samples

. . Number of days from Number of days from mass sprouting to
Onion variety . .
sowing to sprouting bulb formation leaf lodging harvesting

Mereke, standard 18 81 123 130
02-12 (2) 19 81 127 134
05-24 19 84 128 134
959-9 17 82 129 136
1440 18 85 130 137
1588 17 83 132 138

Source: compiled by the authors according to the data of field variety trial of KazNIIPO (regional branch “Kainar”), 2021-2023

Table 3. Leaf surface development in onion varieties of the competitive trial

oni\tlaa:‘lri::r?:{'ies Nun::::)::r::a;:ss on Avelr:agft’a (I::gth Average leaf width, cm Leaf area, cm?
Mereke standard 10.5 43.6 1.3 868.9
02-12(2) 10.3 44.4 1.2 867.99
05-24 10.8 45.4 1.3 930.62
959-9 11.2 47.3 1.5 1,160.1
1440 114 45.9 13 993.14
1588 10.1 43.2 1.4 891.83

Source: compiled by the authors according to the data of biometric measurements in the nursery of competitive trial KazNIIPO

(regional branch “Kainar”), 2021-2023

Onion varieties 959-9 and 1440 had the larg-
est number of leaves - 11.2-11.4 pieces, the standard
Mereke had 10.5 pieces of leaves. In terms of leaf length,
the studied samples differed slightly from the standard.
The longest leaves were in variety 959-9 (47.3 cm). In

24

terms of leaf area, samples 05-24 (930.62 cm?), 959-9
(1,160.1 cm?), 1440 (993.14 cm?) differed from the
standard in terms of leaf area (868.9 cm?). The economic
and useful properties of the evaluated onion varieties
in the competitive trial nursery are given in Table 4.
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Yield, t/h .
Varieties, ield, t/ha Increase Marl'(etable Weight of . Damage
. . marketable yield Disease
varieties . . marketable o pests
. total marketable yield, yield, damage, % o
onion bulb, g pests, %
% %
Mereke standard 334 29.4 - 87.9 115 0.6 0.2
02-12(2) 38.1 33.1 112.6 87.0 118 - 0.1
05-24 38.4 35.0 119.2 91.0 125 0.3 0.1
959-9 38.8 36.3 123.5 93.4 130 - -
1440 37.6 34.2 116.4 90.8 123 - -
1588 38.5 344 117.1 89.3 120 0.5 0.3

Source: compiled by the authors based on the results of yield records and phytosanitary assessment in field conditions

KazNIIPO (regional branch “Kainar”), 2021-2023

All evaluated onion samples had a significant in-
crease in marketable yield (12.6-23.5%) compared to
the standard variety Mereke. The highest yield increase
(23.5%) was in variety 959-9. High marketability of yield
(90.8-93.4%) was observed in samples 1440, 05-24,959-
9. Onion disease damage in 2 samples was insignifi-
cant - 0.3-0.5%, here samples 02-15(2), 959-9 and 1440
were resistant. As a result of evaluation in the nursery of
competitive trial on economic-valuable traits, 2 varieties
were identified: 05-24 and 959-9. These samples will be
further studied, multiplied and according to the results
of 3-year evaluation 1 best sample will be transferred
as an organic onion variety to the State Variety Trial and
proposed for organic vegetable production.

Morphological features of table beet varieties were
investigated in the nursery of the competitive trial.

Morphological features of plants determine their re-
sistance to biotic and abiotic environmental factors,
responsiveness to agro-technological methods, inten-
sity of formation and size of future crop yield. This is
especially important for vegetable crops, including
table root crops, which by their biological characteris-
tics are very sensitive to all environmental factors and
agro-technological methods. Plant morphological traits
are individual and reflect the adaptive potential of each
variety. In the present study, morphological character-
istics of vegetative biomass and product organs of the
studied table beet cultivars were evaluated. The ob-
tained data are summarised in Tables 5 and 6. Accord-
ing to the obtained data, all the studied table beet sam-
ples differed significantly from each other in structure,
shape, colour and other indicators of their organs.

Table 5. Morphological characteristics of rootlets in different table beet varieties in the competitive trial nursery

Varieties Sh?pe ?f I-!ead_ External Bas:ic Intensi.t o Expression

of table beet Iongltl{dmal Base shape polllnah?n_ T colouring of of bas:lc i

section characteristic pulp colouring

Kyzylkonkyr rounded rounded medium red red medium medium
VR 1230 rounded rounded medium red red dark weak
VR 1229 rounded rounded medium red violet medium mild-medium
VR 1216 rounded rounded weak red red dark weak
VR 1209 rounded-oval pointed medium red red dark red medium
VR 1150 rounded rounded medium red red dark weak
VR 1148 rounded rounded weak red red dark very weak
VR 1140 rounded rounded weak red red dark red weak

Source: compiled by the authors according to the data of morphological evaluation of samples in field conditions KazNIIPO

(regional branch “Kainar”), 2021-2023

Root crops of different varieties of table beet dif-
fered significantly from each other in morphological
features (Table 6). Root skin colour of the studied sam-
ples was of different shades and differed significantly
among the cultivars. In most of the samples, the intensi-
ty of the basic colour was dark and dark red, and the ex-
pression of rings was weak. The main colour of the flesh
of varietal samples was mainly red, only one sample

(VR 1229) had a violet tint. Root head sampling in cul-
tivars VR 1140, VR 1148, VR 1216 was weak, while in
the other four accessions it was medium. In the study
of S. Rakutko et al. (2022) noted that for obtaining high
yields of table beet under organic production, the shape
and intensity of colour of root crops plays an important
role, which is consistent with the identified character-
istics of sample BR 1229 in the conducted experiment.
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Table 6. Yield data of table beet varieties in the competition nursery

Table beet varieties Gross yield, t/ha Markeia/n:l: Ak Yield merchantability, % Weig:\;;fcr:\:;!(ztable

BR 1230 18.3 12.3 67.3 108

BR 1229 24.2 155 64.4 172

BR 1216 26.2 17.5 66.7 124

BR 1209 52.1 34.9 67.0 265

BR 1150 16.6 8.7 52.1 121

BR 1148 19.9 16.0 80.4 102

BR 1140 31.0 26.2 84.6 161

Kyzylkonkyr (st.) 46.3 42.4 91.6 229
NDSO05. ,, t/ha 23 1.9 6.72 _
Experimental accuracy, % 2.5 2.7 3.12 -

Note: accuracy of the experiment (%) - the indicator of repeatability of results, calculated as the ratio of standard deviation to
the mean value, multiplied by 100; NSRO5 (the smallest significant difference) - the minimum value of the difference between
the variants, considered statistically significant at the significance level p < 0.05

Source: compiled by the authors on the basis of field experience KazNIIPO (regional branch “Kainar”), 2021-2023

Root yield of all studied varieties of table beet
(64.4-84.6%) was lower than that of the standard vari-
ety Kyzylkonkyr (91.6%). All varieties of table beet com-
petitive nursery after harvesting laid on storage in cold
storage chambers of the Institute for further research.
In table root crops, including table beetroot, the yield
structure is important. Therefore, the yield structure
of root crops in the studied cultivars was evaluated

(Table 7).Root galls (small,underdeveloped) in the table
beet competition nursery were observed in all cultivars.
There were no rootstocks affected by galls in the nurs-
ery. Damage of rootlets by soil pests was found only in
variety BR 1209 - 2.5%, it had a lot of cracked rootlets -
24.5%. Root crops with ugly forms were noticed only in
sample BR 1229 - 10.8%. No deviation from the main
variety was observed in all table beet samples.

Table 7. Root yield structure of table beet varieties evaluated in the competitive selection nursery (trials)

Damaged b Deviation
Table beet varieties Root rot, % Rots, % 8 y Cracked, % Ugly from the main
pests, %

grade, %
Kyzylkonkyr 8.4 0.0 0.0 0.0 0.0 0.0
VR 1230 32.7 0.0 0.0 0.0 0.0 0.0
VR 1229 35.6 0.0 0.0 0.0 10.8 0.0
VR 1216 22.5 0.0 0.0 0.0 0.0 0.0
VR 1209 6.0 0.0 2.5 24.5 0.0 0.0
VR 1150 47.9 0.0 0.0 0.0 0.0 0.0
VR 1148 19.6 0.0 0.0 0.0 0.0 0.0
VR 1140 15.4 0.0 0.0 0.0 0.3 0.0

Source: compiled from data of yield structure evaluation in field conditions KazNIIPO (regional branch “Kainar”), 2021-2023

Thus, in 2024 in the competitive nursery of ta-
ble beet 7 varieties were evaluated, of which the best
economic-value indicators were noted in 3 varieties -
BR 1229, BR 1209 and BR 1140. To obtain high and
stable yields of vegetables, it is necessary to have in-
formation about the degree of adaptability of varieties
and hybrids of vegetable crops to a particular soil and
climatic zone of their cultivation. The results of the field
experiment on varietal testing of sweet pepper were
analysed (Tables 8, 9, 10). The studied sweet pepper

varieties proved to be medium-maturing: the period
from sprouting to maturity - 128-177 days. Phenologi-
cal phases from sprouting to flowering were marked by
73-79 days. The earliest flowered variety Safiya-1818,
73 days from mass sprouting. Bayan Sulu variety
showed flowering at 76 days, variety No. 2806 at 79
days, variety No. 1105 at 76 days, and variety No. 2212
at 78 days from seedlings. The flowering-ripening peri-
od was 60-64 days, while the sprouting-ripening period
was 128-137 days (Table 8).
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Table 8. Phenological parameters of sweet pepper varieties

No. Variety, hybrid of sweet pepper sprouting —
flowering
1 No. 2806 (promising) 79
2 No. 1105 (promising) 76
3 No. 2212 (promising) 78
4 Bayan Sulu 76
5 Safiya-1818 st. (standard) 73

Number of days

flowering — spro.utu?g - Groups of ripeness
. beginning
ripening ripening

64 137 medium-maturing

60 129 medium-maturing

63 131 medium-maturing

61 132 medium-maturing

60 128 medium-maturing

Source: compiled by the authors according to the data of yield structure assessment in field conditions KazNIIPO (regional

branch “Kainar”), 2021-2023

Table 9. Biometric parameters of sweet pepper varieties (2024)

No. Varieties of sweet pepper Plant height, cm
1 No. 2806 (promising) 78-90
2 No. 1105 (promising) 87-98
3 No. 2212 (promising) 89-97
4 Bayan Sulu 65-68
5 Safiya-1818 st. (standard) 68-72

Beginning of fruiting (technical ripeness)

Number of leaves, Number of flowers, = Number of fruits,
pieces pieces pieces
71 12 8
69 14 7
67 15 10
68 10 7
70 12 8

Source: data of field observations and measurements of KazNIIPO, Vegetable Crops Breeding Department, 2024

Plant height of variety No. 2806 was 78-90 cm,
No.1105 - 87-98 cm, No. 2212 - 89-97 cm, Bayan Sulu -
65-68 cm, Safiya-1818 - 68-72 cm. The highest foliage
was observed in variety No. 2806, the number of leaves

was 71 pieces, the number of flowers in this sample was
also higher - 12 pieces. At the beginning of technical
ripeness the number of fruits was 7-10 pieces, the largest
number of fruits was observed on the sample No. 2212.

Table 10. Yield and yield structure of sweet pepper varieties and samples

Variety, varietal sample of sweet

No. e Total yield, kg/m?
1 No. 2806 (promising) 21.8

2 No. 1105 (promising) 217

3 No. 2212 (promising) 20.6

4 Bayan Sulu 19.0

5 Safiya-1818 st. (standard) 20.2

Share in %
t(::chni.c al biological ripeness Fruit weight, g
technical ripeness
354 59.7 270-360
44.0 60.0 170-250
38.6 61.3 180-225
36.3 58.6 150-210
33.8 64.1 250-300

Source: results of field trials at the Kazakh Research Institute of Fruit and Vegetable Growing, 2024

Yield of fruits above the control was formed by vari-
eties No. 2806 (21.8 kg/m?), No. 1105 (21.70 kg/m?), the
yield of variety No. 2212 was at the level of the stand-
ard - 20.6 kg/m? slightly lower compared to the con-
trol was the vyield of variety Bayan Sulu - 19.0 kg/m?,
the standard yield was 20.2 kg/m? (Table 10). According
to the number of fruits in biological ripeness to harvest-
ing varieties and hybrids of sweet pepper can be divided
into early-ripening: the proportion of fruits in biological
ripeness more than 64.1% was observed in the variety
Safiya-1818. In terms of fruit weight, all the evaluated
pepper varieties can be classified as large-fruited, with a
weight of more than 250 g. The largest fruit was sample
No. 2806, which had a weight of 1 fruit up to 360 g. Fruit
weight in most varieties and hybrids of sweet pepper
depends on growing conditions. Lower air temperature
during the period of fruit formation favours the setting

of more fruits and a decrease in fruit weight. According
to the results of the 3-year evaluation, the best variety of
sweet pepper selected for the complex of economically
valuable traits will be transferred as a new organic vari-
ety to the State Variety Trial.

The results obtained during the study demonstrate
the significant potential of breeding organic varieties
of vegetable crops for the conditions of Kazakhstan.
High yields and quality of the developed varieties of
onion, table beet and sweet pepper, grown without the
use of synthetic fertilisers and pesticides, confirm the
fundamental possibility of developing organic vegeta-
ble production in the region (Karamatov, 2021). These
data are consistent with the general trends of global
organic agriculture, which is actively developing as a
response to the growing consumer demand for safe
and environmentally friendly products, as well as in the
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context of the search for sustainable agricultural prac-
tices (Zhang et al., 2024). Many studies emphasise that
organic farming practices improve soil health, increase
biodiversity and reduce negative environmental im-
pacts compared to conventional systems (Tuomisto et
al.,2012; Biswas et al., 2014; Nghia et al., 2025).

In particular,the successful adaptation of developed
varieties to local soil and climatic conditions demon-
strated in this study is a critical aspect. Resistance to
abiotic and biotic stresses, achieved through targeted
breeding, can minimise yield losses and reduce de-
pendence on external influences, which is particularly
relevant for organic systems, as indicated in the study
by M. Gonzalez Guzman et al. (2022). This confirms the
importance of genetic diversity and the development of
local varieties that are better adapted to the specifici-
ties of the region. One of the aspects identified was the
possibility of obtaining varieties with improved nutra-
ceutical properties. The increased content of vitamins
and other bioactive substances in organic produce is
one of the main motivations for consumers. Research
suggests that organic growing methods may favour the
accumulation of certain beneficial compounds in plants,
although this issue requires further study and depends
on multiple factors, say researchers X.Zhao et al. (2006)
and G. Feliziani et al. (2025) The development of such
a direction of breeding is promising for improving the
competitiveness of Kazakhstani organic products in do-
mestic and international markets.

Despite the positive results obtained, further devel-
opment of organic vegetable production in Kazakhstan
requires a comprehensive approach. It is necessary to
take into account economic barriers, such as high costs
of certification and marketing of organic products, which
may restrain the wide introduction of these methods
(Khasanov & Kirchner, 2024). The development of ef-
fective agrochemical soil assessment systems and the
selection of biological plant protection products also
remain important challenges. Overall, this study lays the
foundation for further breeding programmes aimed at
developing high-yielding, resistant and nutritionally val-
uable organic varieties of vegetable crops that contribute
to sustainable agricultural development in Kazakhstan.

Conclusions

The conducted breeding research in the conditions of
Kazakhstan was aimed at the creation of new organic
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marketable root weight (265 g) and pest resistance.
Sample BR 1140 had the highest marketability of
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nounced adaptive traits and are suitable for organic
vegetable production. For sweet pepper, the samples
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showing vyields above the standard, good plasticity,
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MarumcTp, »xeTekteeuy UAMMUIMN KblaMmaTkep
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AHHoTaums. Kasakctan PecnybamkacbiHAa opraHmKasbik Xallbiya ecTypyy asbipblHya KasbiNTaHyy CTaAMAaCbiHAA
6onyn, aTaibiH COPTTOPAY YblrapyyHy aHa ajanTauusnaHraH arpoTexHonorusnapabl UWTEN YbiryyHY KaMTbiraH
KOMMNEKCTYY UMMM KONL00HY Tanan KbiiaT.byn M3anunmeeHyH MakcaTbl — OpraHMKablK AbliKaHUbIbIK YYYH apHanraH,
yap6ayblibikka naganyy 6enrunepamH KOMnaekcu 6ap aHa eNkeHYH ap TypAayy arpo3KoNorMabIK 30HanapbiHa
bINAMbIKTALUKAH »KaHbl KALWbLIYa ©CYMAYKTOPYHYH COPTTOPYH apaTyy 6onroH. CenekumsibiK M3unLeeneprLyH
KYPYLIYHAS KNACCMKasbIK aHa 3aMaHban bikManap KOMAOHYIraH: MHUYXT-MMHUANAPAbI anyy, MHAMBUAYANAbIK
KaHa Maccanblk TaHLOO, MTMOPUALELITUPYY, MOAUKPOCC, BEKKPOCC, MOMUMNIOUANSHBI MHAYKLMSANO0O0, aTablK-3HENMNK
dopManapapl Ty3yy KaHa NapTeHOKapnusaHbl Tango0. IKCNEPUMEHTTUK ULITEP CbIHAK NMUTOMHUIMHAE XXYPry3yaym,
15 TopTTyH TypyKTyynyry 6aanaHraH: 5 6awTbik nuas, 7 6alWTbiK Kbi3blaya XaHa 3 6alTbik TaTTyy Kanemnup. Ken
takTopnyy 6aano0HYH XblbIHTLIMbIHAA, TYLYMAYYAYK, 00pYyaapra XaHa cTpecc hakTopiiopro TYpyKTYyayK, TOBapAblK
canaTTap »kaHa OpraHuKanblK 6HAYPYLWKE >XapakKTyynyry CbiKTYy KepPCOTKYYTOPAYH XXblMbIHAbICH 6GOKHYA 3H,
nepcrnekTMBanyy yarynep 6enyHyn 4blkkaH: 2 Nus3 COpTy, 3 Kbi3blYa COPTY aHa 2 Kanemnup copTy. Y4 binabK
Tafaa CbIHOONOPYHYH HErM3MHAE By COPTTOPAYH TYPYKTYy KOpCOTKYYTOPAY KOpPCOeTYM, OpraHMKablK COPT KaTapsbl
MaMeKeTTMK COPT CbIHOOrO O6TKepYYy Y4YyH CyHywTanraH. M3unmeeHyH npakTuKanbik MaaHucu - KasakctaH
Pecny6amKacbiHbIH OpraHMKanblK alblya ecTypyy TapMarbiH KOropKy TYLUYMAYY KaHa TYPYKTYy COPTTOpP MEHeH
KaMCblI3 KblNyyaa, anap eNkKeHyH ap KaHaak aiMMakTapbliHAarsl hepMepank xaHa Yap6asnbik Ty3yMAepAe KOALoHYNyM,
asblK — TYJIYK KOOMCY34YyryHa aHa TapMakTblH TYPYKTYYy eHYryLIyHe ebenre Ty3eT

Herusru cezgep: opraHuKasbik LbliKaHYbIIbIK; COPTTYK ap TYPLAYYAYK; arpO3KONOrUs/IbIK biNaMbIKTaLLYY; CTPECcCKe
TYPYKTYYNyK; aTanblk-3HenuKk Gopmanapibl TaHA00; BUONOrUsIbIK ©3reuenyKTep; asbikTyynyk 6aanyynyry
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AHHoTauusa. B Pecnybnvke KasaxcTaH oOpraHMyeckoe OBOLLEBOACTBO HAXOAMTCS HA HAyaNbHOM 3Tane
CTAHOBNEHMS U TPebyeT KOMMIEKCHOM HAay4YHOW NOALEPXKKM, BKIOYAS BbIBEAEHME CMELMANU3UPOBAHHBIX COPTOB
M pa3paboTKy afanTMpPOBAHHbIX arpoTexHonoruid. Llenbio HacTosiwero uccnenoBaHus 6biio CO34aHME HOBbIX
COpPTOB OBOLLHbIX Ky/AbTyp, MPeAHA3HAYEHHbIX AJs OpraHMYeckoro 3emiefenus, 06nafaoWmx KOMMIEKCOM
X03S1MCTBEHHO-LEHHbIX MPU3HAKOB M MPUCMOCOBNEHHbBIX K Pas/M4YHbIM arpo3KOJIOTMYECKMM 30HAM CTpaHbl.
B npouecce cenekuMOHHbIX WMCCNENOBaHWUI MPUMEHSIMCb KaK KNAaCCMUYECKMe, TaK U COBPEMEHHblE METOApbI:
nofy4YyeHue UHLYXT-IMHUNA, MHAMBUAYAbHbIA U MACCOBbIM OTOOP, TMOPMUAM3aLLMS, NOAMKPOCC, BEKKPOCC, MHAYKLMS
noAnnaouamu, hopMmMpoBaHUE POAUTENbCKMX (BOPM M aHanM3 MapTeHoKapnuu. JKCNepuMeHTaNnbHas paboTa
NMpoOBOAMAACh B KOHKYPCHOM MUTOMHMKE, rae Obina opraHu3oBaHa oueHka 15 coptoobpasuos: 5 06pa3uos nyka
penyaTtoro, 7 - CTOIOBOW CBEKJIbI M 3 — C1lafKoro nepua. B pesynstate MHOropakToOpHOM OLEHKM MO COBOKYMHOCTM
MPU3HAKOB, BK/IOYAsH YPOXKAMHOCTb, YCTOMUMBOCTb K BOME3HSAIM M CTpeccaM, TOBApHble KayecTBa M MPUrOLHOCTb
K OpraHuyeckomy MpOM3BOACTBY, OblIM BblAENEHbl HaMbonee nepcrekTMBHbIE 06pasubl: 2 copTa /yka, 3 copTa
CBek/bl M 2 copTa nepua. [1o nToram TpexneTHMX MOMEBbIX UCMbITAHUI 3TU COPTOOOpPa3Lbl NOKa3anu cTabuibHble
MoKasaTenn M pPEeKOMEHLOBAHbl K nepegadve Ha [OCYAapCTBEHHOE COPTOMCMbITAHWME KAK OpraHMYeckue copTa.
MpakT1yeckas 3HaYMMOCTb UCCEA0BAHMS 3aK/04AETCS B 06eCnevyeHnn OpraHMYeckoro oBoLLeBoACTBa Pecny6imku
KasaxcTaH BbICOKOMPOAYKTUBHBIMU U YCTOMYMBBIMM COPTaMM, KOTOPbIE MOTYT ObITb MCMOb30BaHbI B hepMepCKmx
M XO3SIMCTBEHHbIX CTPYKTYpax PasfiMuHbIX PErMOHOB CTPaHbl, CNOCOBCTBYS NPOAOBONLCTBEHHOM 6€30MacHOCTH U
YCTOWYMBOMY Pa3BUTUIO OTPACU

KnioueBble cnosa: opraHun4yeckoe 3emnegenune; cCoptoBoe pa3Hoo6pa3l4e; arposkonornyeckada anantauua;
YCTOVIHMBOCTb K CTpecCam; OT60p pPOANTENBCKUX CbOpM; buonornyeckmne OCO6EHHOCTVI; nUTaTeNbHaa LEHHOCTb
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Abstract. The present study was devoted to a comprehensive organoleptic evaluation of the quality of meat
of lambs of the Tian Shan breed, raised in a small farm in the mountainous regions of Kyrgyzstan. The aim of the
work was to determine in detail the taste, aromatic and textural characteristics of lamb meat at the age of 4,6 and
8 months, as well as to establish compliance of the obtained indicators with the current quality standards. The
research methodology included strict sampling of the longest muscle of the back (m.longissimus dorsi) from animals
of each age group. To ensure the reliability of the results, heat treatment of meat was carried out in accordance
with the GOST 9959-2015 standard, which guaranteed standardised preparation conditions. Tasting evaluation
was carried out by a qualified commission of seven experts, and the obtained data were subjected to biometric
processing. According to the results of the analysis, it was found that all the meat samples tested demonstrated
exceptionally high performance in key organoleptic parameters, including appearance, aroma, flavour, juiciness and
consistency. Average scores on a 9-point scale ranged from 8.3 to 8.7 on average, indicating high product quality.
Particular attention was paid to the tenderness indicator, for which the meat received the highest scores, which
confirms such a biological feature of the Tian Shan breed as precocity and its suitability for early slaughter to
obtain tender lamb. No defects or off-flavours were detected during the study, underlining the high level of animal
rearing and the premium quality of the product. The findings confirmed the significant potential of the Tian Shan
breed to produce high quality lamb in a small business environment, providing a competitive advantage in the
marketplace

Keywords: lamb meat; sensory evaluation; pasture-based rearing; quality of meat; sheep; small-scale farming

Introduction

Lamb has traditionally occupied an important place
in the diet of people in many countries, being charac-
terised by its high nutritional value and flavour. Lamb
meat is superior to beef and poultry in the content
of essential amino acids and vitamins, which explains

the increase in the production of this meat worldwide
(Turynskiy et al., 2020). Young lamb has a low choles-
terol content in fatty tissue, due to which the preva-
lence of atherosclerosis is lower among peoples who
consume predominantly lamb (Zhang et al., 2023).
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According to the National Statistical Committee of the
Kyrgyz Republic (n.d.), mutton accounts for 22.4 per
cent of total meat production in the Kyrgyz Republic.
Small farms and household owners play a significant
role in increasing mutton production. Small business-
es in sheep farming are flexible in responding to mar-
ket demands, but must ensure stable product quality
to be competitive.

At the same time, meat quality is determined by
a number of factors, including the age of the animals,
breed characteristics and rearing conditions. In old-
er sheep, the taste of meat deteriorates with a pro-
nounced greasy odour and flavour, while the meat of
young animals has a delicate consistency and a mild
taste without strong odours. Therefore, to meet con-
sumer demands, it is optimal to use lamb meat - meat
of animals under 12 months of age, which has the best
organoleptic properties. Organoleptic evaluation of
meat is the most important tool for quality control and
consumers’ perception of the product. Tasting analysis
is widely used as one of the most objective and relia-
ble ways to evaluate food products — provided the cor-
rect methodology and qualification of experts (Tsyde-
nova & Larionova, 2016). Meat quality is tested by
laboratory and organoleptic methods, with the latter
analysing characteristics such as carcass appearance,
colour of muscle tissue and fat, consistency, smell and
broth quality (Teixeira et al., 2020). For standardised
evaluation of meat in the Eurasian Union countries, the
interstate standard GOST 9959-2015 (2016) has been
adopted, which regulates the requirements for tasting
rooms, sample preparation, tasting procedures and
processing of results.

Of particular importance in assessing the quality
characteristics of lamb is the breed factor. Differenc-
es between breeds of sheep can influence the chem-
ical composition and structure of muscle tissue and
consequently the juiciness, tenderness and flavour
of the meat (Kruk & Ugnivenko, 2024). A compara-
tive study by J. Wang et al. (2024) showed that meat
from lambs of a local breed had lower shear force
(higher tenderness) compared to another breed under
similar fattening conditions. At the same time, proper
selection of breeds for local conditions can provide
a combination of high productivity and quality. Tian
Shan breed of sheep is one of the important selec-
tion achievements of sheep breeding in Kyrgyzstan,
bred to increase meat productivity in the conditions
of mountain pastures (Bekturov et al., 2017). How-
ever, in the available literature there is insufficient
data on organoleptic indicators of meat of lambs of
this breed, especially those raised on small subjects.
Therefore, the aim of the present study was to con-
duct organoleptic evaluation of meat of lambs of the
Tian Shan breed produced under small-scale business
conditions and to compare the results obtained with
the literature data on mutton qualities.

Aitbekova & Azhibekov

Literature Review

The Tian Shan breed belongs to the semi-thin-cropped
meat-and-wool sheep of the early maturing type. The
breed was bred in the high mountainous area (Ka-
ra-Kudjer plateau, Central Tian Shan) at the Tian Shan
experimental station of cattle breeding by a complex
reproductive crossing of prekos x kurdish crossbred
sheep with lincol rams. According to G. Druzhenkov
& E. Druzhenkova (1974), sheep of Tian Shan breed
are characterised by good meat and wool productivity
and high adaptability to severe conditions of pasture
keeping. The average live weight of rams-producers
is 107-110 kg, and of ewes - 60-65 kg. A valuable bi-
ological property of the breed is its high precocity.
Yarki at birth has a live weight of 4.2 kg, at weaning
(4 months) - 33-35 kg, at the age of 18 months -
58.5 kg. It is distinguished by good meat quality, high
precocity. Slaughter yield of meat of lambs - 48%, spe-
cific weight of flesh in carcasses — 82%. Growth rate of
young stock from birth to 5 months is within 7.7-9.0
times with an average daily gain of 206-284 grams
per day, which is convincing evidence of their precoc-
ity, the potential opportunity to increase the produc-
tion of mutton at the expense of lamb meat.

Intensive development of lambs at an early age
in the conditions of high mountains is of great bio-
logical and economic importance, representing the
slaughter of lambs for meat in the year of birth. Meat
productivity of sheep, its production level is primarily
determined by the demand for mutton, which largely
depends on the qualitative features of sheep meat, its
taste and dietary properties and nutrition (Babushkin et
al., 2016). However, for a long time in the conditions of
high mountains, the main meat contingent was adult
dead sheep and culled ewe lambs after fattening on
summer pastures. Thus, for 80-90 days of fattening on
high-mountain alpine pastures the dead ewes increase
staging weight by 13-15 kg with an average daily gain
of 150-165 grams. The slaughter yield of walukhs is
53-55% (Druzhenkov, 1970).

An important advantage of the Tian Shan breed
is its adaptability to the sharply continental climate
of the high mountains. Sheep of this breed well tol-
erate significant daily and seasonal temperature fluc-
tuations, thin mountain air and intensive insolation.
High immunity and general viability of the livestock
are noted (Chernyshova, 2013). Due to these qualities,
the breed is spread in the mountainous areas of Kyr-
gyzstan (Naryn Region) where breeding farms of Tian
Shan sheep are concentrated. The number of purebred
stock in the country exceeds 330 thousand heads and
continues to grow (NSCKR, n.d.). It testifies to the de-
mand for the breed in farms of different scales. In con-
ditions of high-mountain pastures Tian Shan sheep
show better safety and productivity in comparison
with other breeds, which makes them irreplaceable
for local farmers.
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Organoleptic evaluation of meat quality...

Organoleptic properties of mutton are influenced
by genetic and environmental factors (Shekhovtsev et
al.,2022).As noted by A. Priolo et al. (2002), breed differ-
ences can manifest themselves in the degree of fatness
of carcasses, the ratio of red and white muscle fibres,
which is reflected in the taste and consistency of meat.
However, under comparable fattening and housing con-
ditions, meat quality parameters of different breeds
may not differ significantly (Panov et al., 2020). Thus,
tasting tests of cooked meat and broth in one of the
studies revealed no significant differences in organo-
leptic indicators between control and experimental
groups of lambs of different genotypes (Dabaev et
al., 2020). Nevertheless, there is evidence that feeding
regime can significantly influence the flavour nuances
of lamb meat. In particular, meat from grass-fed lambs
often has a more pronounced flavour (e.g. “liver” fla-
vour), whereas intensive stall feeding produces a more
fatty flavour. A. Priolo et al. (2002) noted that there may
be no significant differences in tenderness and overall
meat evaluation under different lamb feeding systems,
but the flavour profile changes. For farms practising
pasture-based rearing, this means that the possible
formation of specific flavour notes (grassy, milky, etc.)
needs to be taken into account. On the other hand, in
Central Asia, it is the mild “milky” flavour of young lamb
that consumers appreciate, for which the animals are
slaughtered at an early age to avoid the strong lamb
odour. In traditional feeding practices in the Balkans
and Spain, lambs are provided with prolonged milk
feeding under the uterus and grazing on natural pas-
tures, which gives the meat a delicate flavour with
milky tones (Gutiérrez-Pena et al., 2022). This approach
is similar to smallholder production in Kyrgyzstan,
where Tian Shan lambs are raised on mother’s milk
and mountain grazing. Thus, according to the literature
review, optimal organoleptic properties of lamb are
achieved with a complex combination of favourable
genetics (breed), young age of slaughter and natural
fattening. The Tian Shan breed, characterised by its
early maturity and adaptability to pastures, is of great
interest from the point of view of obtaining high quali-
ty lamb meat under small business conditions.

Materials and Methods
The study was conducted during the period from Au-
gust to December 2023. Location: Min-Bulak village,
Naryn district, Kyrgyz Republic. Organoleptic evaluation
was carried out on samples of meat of Tian Shan lambs
raised on private small farms in mountainous areas
(Naryn district, Min-Bulak village). All animal slaughter-
ing and sampling activities were carried out in accord-
ance with Law of the Kyrgyz Republic No. 175 (2014),
Resolution of the Government of the Kyrgyz Repub-
lic No. 377 (2015) and GOST 9959-2015 (2016). The
conditions of storage and tasting analyses were also
in accordance with GOST 9959-2015 (2016) and the

involvement of tasters was in accordance with the prin-
ciples of the Declaration of Helsinki (1964).

Three lambs each of 4, 6 and 8 months of age, re-
ceiving traditional pasture feed, were selected for the
study. The choice of ages 4, 6 and 8 months for the study
was conditioned by their correspondence to the main
commercial categories of lamb meat and the stages of
physiological development of animals, optimal for the
production of meat of high nutritional value. The se-
lection of animals for each age group (3 lambs each)
was done by random sampling from the total popula-
tion to ensure representative samples and minimise
potential systematic errors. The average live weight of
lambs before slaughter was 25, 30 and 32 kg. Carcass-
es were chilled at +4...+6°C for 24 hours. From each
chilled carcass, samples of the longest muscle of the
back (m. longissimus dorsi) in the lumbo-pectoral region
were taken for further organoleptic analysis. Before
tasting, the meat was stored at 0...+2°C for no more
than 48 hours. The tasting analysis was carried out
in accordance with GOST 9959-2015 (2016). A tasting
commission was formed from seven experts previously
trained in sensory analysis methodology. The compo-
sition of the panel met the requirements described by
R.Papaev et al.(2022). The evaluation was carried out in
a specialised room free of extraneous odours and dis-
tractions. Organoleptic evaluation of meat of different
types of productive and commercial animals was car-
ried out after its heat treatment. Simultaneously with
the evaluation of cooked meat the quality of broth was
determined. Heat treatment of meat was carried out as
follows: meat weighing about 1 kg was placed in a pot
with cold water in the ratio of 3:1 (water to meat). The
pot was covered with a lid, brought to a boil and cooked
over low heat for 1-1.5 hours until the temperature in
the centre of the piece of meat reached 75+ 5°C. After
completion of cooking, the meat was removed from the
broth and cooled to a temperature of 35 #5°C. Then
the meat was cut into slices weighing at least 50 g and
sent for tasting. To assess the organoleptic parameters
of the broth, it was poured into glass beakers, filling
at least 50 cm?, and determined: appearance and col-
our, smell (aroma), taste and richness (saturation of ni-
trogenous extractive substances). Each panel member
was given a set of samples and a glass of broth from
the corresponding sample. Between samples, tasters
cleared their receptors with neutral foods (sip of water,
unsalted cracker). After organoleptic evaluation of 7-8
samples, a break of at least 10 minutes was taken.

The commission evaluated the following organo-
leptic indicators of meat: appearance and colour (ap-
petite, surface and cut colour); smell (aroma) of meat
(both raw and cooked, in terms of intensity and pleas-
antness); taste of cooked meat (harmony, presence of
extraneous flavours); juiciness (expression of meat
juice, feeling of moisture when chewing); consisten-
cy (tenderness) - softness and ease of chewing meat;
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overall organoleptic evaluation (holistic perception
of product quality). The evaluation was carried out
according to the 9-point system recommended by
GOST 9959-2015 (2016). Thus 9 points corresponded
to exceptional properties (excellent), 8 - very good, 7 -
good, 6 - satisfactory, 5 - mediocre, 4 and below - un-
satisfactory qualities. According to the requirements of
the standard, the minimum acceptable score for each
indicator is 4; samples scoring below 4 for at least
one criterion are considered to be non-conforming in
quality (Sarbatova et al., 2019). Tasters were given in-
dividual tasting sheets for scoring each indicator and
recording verbal descriptions (if desired). Panel mem-
bers did not exchange opinions during the tasting (a
requirement of the instructions). After the individual
evaluation was completed, a general discussion was
held to collect comments and remarks not formally
counted in the scores. From the tasting sheets of each
expert, the data were transferred to a summary table.
For each indicator, the average panel score and stand-
ard deviation (o) were calculated. The spread of opin-
ions between tasters and compliance with minimum
requirements were also evaluated. Since all evaluat-
ed samples belonged to the same sample (Tian Shan
lamb, same type of content), no statistical test of differ-
ences between them was performed; instead, the main

Aitbekova & Azhibekov

results are given as an aggregate characterisation of
the quality of this sample.

Results and Discussion

According to the results of tasting analysis, it was found
that meat of young Tian Shan breed raised on a small
farm has good organoleptic properties. All the samples
studied received high scores on key indicators (Table 1).
None of the samples had scores below the minimum 4
points; on the contrary, the average scores for all cri-
teria exceeded 8 out of 9 possible, which corresponds
to the “excellent” category. The commission noted the
characteristic for young lamb pleasant flavour without
extraneous tones, juiciness and tenderness of meat. The
colour of boiled meat was assessed as pink-red, uniform,
appetite-inducing. The consistency of the meat when
chewed is very soft, the fibres are easily separated, which
is reflected in the highest score for tenderness. The fla-
vour was described by tasters as rich, meaty, without
excessive fatness, with a sweetish tinge typical of well-
fed lamb. The juice released when biting is clear and
fragrant, abundantly moistens the mouth, which con-
firms the high score for juiciness. The summarised score
(overall acceptability) is also close to the maximum, in-
dicating that the product was extremely well liked by
the experts on the basis of the sum of impressions.

Table 1. Results of organoleptic tasting of meat of lambs of Tian Shan breed at the age of 4, 6 and 8 months old

Indicator 4 months 6 months 8 months
Appearance 8.0 8.3 8.1
Odour (flavour) 7.5 8.0 7.8
Flavour 7.8 8.5 8.3
Juiciness 7.0 8.0 8.5
Consistency (tenderness) 9.0 8.5 7.5
Total score, score 8.0 8.6 8.4

Fat content of meat (category) 1&'\/1\/1 aigl.’ige eliz\‘/.a?ci d
Broth: flavour 7.8 8.5 8.7
Broth: flavour 7.5 8.5 8.9
Broth: transparency 9.0 8.5 8.0
Broth: colour 7.0 8.5 9.0

Note: the table shows average scores on a 9-point scale
Source: developed by the authors

As can be seen from Table 1, the spread of scores
for all parameters is small (c does not exceed 0.4),
which indicates the consistency of tasters’ opinions
and the homogeneity of sample quality. The highest
average score was obtained for tenderness (8.7), which
is expected for the meat of a young animal - it is easy
to chew due to thin muscle fibres and moderate con-
tent of connective tissue. High marks for taste and
aroma (8.6 and 8.4 respectively), the tasters described
the broth as fragrant and transparent, the meat as hav-
ing a “juicy mutton flavour without a rough taste” The

juiciness of the meat was also high (8.3 points), which
is due to the sufficient intramuscular fat content of
the lamb and the lack of over-drying during prepara-
tion. Opinions on colour were slightly more variable
(0=0.3) - some experts noted a slightly pale shade of
cooked meat, but in general the colour was assessed
as typical for lamb meat of high quality (score 8.5). In
general, the obtained results indicated that the lambs
of the Tian Shan breed, produced in a small farm, cor-
responds to the category of products of the highest
grade by organoleptic indicators.
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High tasting evaluations of the meat quality of
Tian Shan lambs are largely consistent with the bi-
ological features of this breed and the conditions of
its cultivation. Tian Shan sheep are characterised by
rapid maturity - by 4 months of age, lambs accumulate
sufficient muscle mass and a moderate amount of fat,
reaching slaughter condition (Chernyshova, 2013). The
meat obtained in the study had fine, tender fibre and a
sufficient level of marbling (fat layers), which ensured
high tenderness and juiciness as assessed by experts.
In addition, grazing lambs on mountain grasses may
have contributed to a rich flavour profile. Keeping an-
imals on pasture gives lamb its own nuances of fla-
vour - in particular, less fat flavour and more hints
of game or liver (Priolo et al., 2002). The tasters did
not note any extraneous or unpleasant flavours, which
may be explained by the young age of the lamb (no
“aged” lamb flavour). On the contrary, some experts
noticed the sweetish flavour of the meat. As noted by
R. Gutiérrez-Pena et al. (2022), this tone is often pres-
ent in 4-month-old lambs that have received enough
lactose with their mother’s milk. Thus, the quality
characteristics of the samples studied reflect an op-
timal combination of factors: the breed potential of
Tian Shan sheep for high meat quality and the tradi-
tional technology of raising young animals in a small
farm (on natural land).

The work by M. Cabrera & A.Saadoun (2014) showed
that lamb is superior to other meats in terms of nutri-
ent content. However, the organoleptic advantages may
be offset by improper fattening. In the study, all lambs
were reared on natural grasses only. In Spain, senso-
ry testing of local Mallorquina breeds in the work of
R. Gutiérrez-Pena et al. (2022) showed tenderness and
flavour scores of 7.2 out of 10 (roughly corresponding to
6.5 out of 9), which is lower than the results obtained in
the present study. The authors attribute this to the fact
that some of the animals were reared to an older age
on pasture and grain (4-5 months versus 3-4 months
for “light” lambs in Spain). On the other hand, in the
experiment of A. Priolo et al. (2002) observed that the
overall perception of quality was not significantly dif-
ferent between groups of lambs on grass and on grain,
although certain flavours differed.

The expert tasters gave high scores and no defects
in any of the criteria, indicating that there are no neg-
ative effects of pasture rearing. This favourably distin-
guishes the products of small farming, where grazing
of animals is mainly used, and intensive fattening tech-
nology sometimes results in excessive fat deposition
and associated reduction in palatability (e.g. excessive
fatness) (Pethick et al., 2006; Lushchikhina, 2013). Thus,
the tasting confirmed the literature evidence that op-
timal organoleptic properties of lamb are achieved
when slaughtered at milk-weaning age and pasture-fed
(Caneque et al., 2001). The Tian Shan breed realises its
genetic potential under these conditions, giving meat

with excellent colour, aroma, flavour and consistency.
The absence of significant defects (extraneous odours,
dryness, hardness) in the samples studied indicates a
high level of farming technology. It can be concluded
that the meat of lambs of the Tian Shan breed of small
farm meets the requirements of the standard on all or-
ganoleptic parameters and can be referred to the prod-
ucts of premium class. This is especially important for
small businesses: high quality products provide com-
petitive advantages in the lamb market and enhance
the reputation of local farmers.

Conclusions

The obtained results of organoleptic evaluation
demonstrated high quality of meat of lambs of Tian
Shan breed, raised in conditions of a small farm. High
taste merits of the studied lamb meat were manifested
in attractive colour of cooked meat (pink-red, appetis-
ing appearance), saturated meat aroma without extra-
neous tones, harmonious taste with barely perceptible
sweetness, extreme tenderness and juiciness of con-
sistency. Average scores on a 9-point scale ranged from
8.3-8.7, which corresponds to the highest quality cat-
egory. None of the organoleptic criteria revealed any
defects or unsatisfactory properties.

The characteristics of the Tian Shan breed - early
maturity, moderate fat content and adaptation to pas-
ture — determined high sensory characteristics of the
products. The absence of negative flavours characteris-
tic of older animals confirms the importance of choos-
ing the right age of slaughter (4-6 months) for natural
feeding. The conditions of small business (small flock
on natural pastures) are favourable for the production
of high quality mutton. The obtained data expand sci-
entific ideas about the quality of mutton of the Tian
Shan breed and confirm its prospects for farms.

Thus, the Tian Shan breed of sheep shows signifi-
cant potential for the production of high-quality lamb
suitable for positioning as a premium product. This
makes it particularly promising for small businesses fo-
cused on the market for natural and organic products.
In the future, it is promising to expand the research -
for example, to compare the organoleptic evaluation of
meat of the Tian Shan breed with other breeds (Edil-
bayev, Gissar, etc.) under the same growing conditions,
as well as to study the influence of grazing season and
type of feed on the formation of flavour. In addition,
in parallel with sensory analysis, it is useful to carry
out instrumental measurements (content of volatile ar-
omatic compounds, fatty acid profile) to link objective
indicators with tasters’ perception.
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AHHoTauums. byn nsnnaee KeiprbisctaHaarsl Toonyy aiMakTapaa YakaH pepmepamk yapba wapTbiHAa 6CTYpYAreH
TaHb-LUaHb TyKyMyHAarsl ap KaHAal >KawTarbl KO3ynapAblH 3TUMH KOMMJEKCTYy OpraHonenTukanblik 6aanooro
apHanraH. M3unaeeHyH MakcaTbl — 4, 6 xaHa 8 ainblK KO3ynapablH STUHAEMM [AaaMAbIK, XbITTbIK XKaHa TEKCTYpasbiK
MyHe3[eMenepay TepeH M3ungen, anblHraH KepCeTKy4YTepAyH canaTt CTaHOapTTapbiHa LWANKELWTUIMH aHbIKTOO
6onyn caHanat. M3ungee MeToponorusacel ap 6up Kaw KypakTblk TOMKO KMpreH aHblbapnaphbiH y3yH apka
6ynuyHAapbiHbIiH (M. longissimus dorsi) KblNAaT TAaHAOOHY KaMTbiraH. HaTblikanapablH MWeHUMAYYAYTYH KaMcbi3
KbITyy YYyH 3TKe TepMukanbik mwTteTyy FTOCT 9959-2015 craHpapTtbl 60K0HYa XYyprysynyn, AaspaooHyH 6upaei
WapTTapbl kaMcbizganraH. derycraunsansik 6aanoo et agucTeH TypraH KBanudukauusnyy Kommccus TapabbiHaH
XKYPTy3yayn, anblHraH MaanbiMaTTap GoOMeTpUKaNbiK ULWTeN Ybiryyra ayywap 60AroH. AHaNM34MH XbIAbIHTbITbIHAA
6apablK yArynep Hern3rm opraHoNenTUKaNbiK KBPCOTKYYTOp HOKHYA — CbIPTKbI KEPYHYLLY,XKbITbI,4aaMbl, LUIMPENYYAYTY
YaHa KOHCUCTEHUMSACHI HOKOHYA 6T XXOropKy HaTblixkanapabl KepceTkeHy benrnnenan. 9 6anngpik Wwkana 6ooHYa
opTouo 6aanap 8,3TeH 8,7re yeiiMH 63repyn, NPOAYKLMSHbIH XXOrOPKY CanaTblH TaCTbIKTaAbl. ©3reue KeHyn 3TTUH
Ha3MKTUK KepceTKy4YyHe Bypynyn, an 3H Xoropky 6aanapra 33 601roH. byn TaHb-WaHb TYKYMyHAArbl KO3ynapablH
Te3 XEeTUAULWMHMH XXaHa anapAabl 3pTe COKYra bINanbIKTYynyryHyH OMONOrMsANbIK 63reuenyryH janunmnent. Mamnoee
yYypYHAA 34 KaHOaM KEMYMIMK e B6TeH AaaM aHbIKTanraH amec, 6yn Manabl 6aryyHyH >KOropKy AeHM3AMH XaHa
NPOOYKUMSAHbIH NPeMUYM-KNacCKa LUANKeLWTUIMH KepeoeTeT. ANbIHraH MaanbiMaTTap TAHb-lWAHb TYKYMYHAArb
KOMMOp YakaH OBU3HECTUH LWapTbIHAA XXOrOpKY canaTTarbl KO3y 3TUH 6HAYPYYAS YOH MOTEHUMANTA 33 IKEHMH XKaHa
6yn TapMaKTa aTaaHAALWTbIK apTbIKYblIbIKTApAbl TY366pYH JanUnAenT

Heruzru cespep: Ko3y 3T1; faaM 6aanoo; xaibITTa ecTypyy; 3TTUH canaTbl; Koinop; bepmepamk yapba
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AHHoTaumsA. Hactosiulee wccnefoBaHMe MOCBSILLEHO KOMMIEKCHOM OpraHoONenTUYecKoW OLEeHKe KayecTsa
MSICQ SATHAT TSAHb-LUAHBbCKOM MOPOAbI, BbIPALLEHHbIX B YC/IOBMAX Manoro (GepMepcKkoro X03§MCcTBa B TFOPHbIX
pernoHax KbipreidctaHa. Lenbto pabotbl 6bi10 AeTanbHOe onpeneneHue BKYCOBbIX, apOMATUYECKMX U TEKCTYPHbIX
XapaKTepuUCTUK Msca SArHAT B Bo3pacTe 4, 6 M 8 MecsaueB, a TakKe YCTaHOB/IEHWE COOTBETCTBMS MOMYHYEHHbIX
nokasarenei A4enCTBYOLWMM CTaHAApTaM KayecTBa. MeTof0n0rms uccnefoBaHms BkAOYana ctporuii otbop o6pasuos
LNVHHENLWeR Mblwubl CMUHbI (M. longissimus dorsi) OT XMBOTHbIX KaX40W BO3pacTHOM rpynnbl. ng obecneveHuns
[LOCTOBEPHOCTM pe3ynbTaToB TepMmuyeckas obpaboTka Msica NpoBOAMNacb B COOTBETCTBMM CO CTaHAAPTOM
FrOCT 9959-2015, uTo rapaHTMpPOBaNO CTAaHOAPTUM3MPOBAHHbIE YC/IIOBMS MOATOTOBKM. [erycrtaumMoHHas oOLueHKa
OCYLLEeCTBANACh KBAAM(ULUMPOBAHHON KOMMUCCMEN M3 CEMM 3KCMEPTOB, @ MONyYEHHble AaHHble MOABEPIIUCH
H6uomeTpuyeckoin obpabortke. [lo pe3ynbTaTtam aHanusa YCTaHOB/IEHO, YTO BCE MCCNefoBaHHble 06pasubl Msca
[LeMOHCTPUPOBANM UCK/THUMTENBHO BbICOKME MOKA3aTeNM Mo K/IHYEBbIM OPraHoNEeNTUYECKMM NapamMeTpaM, BKoUas
BHELIHMI BMA, apOMaT, BKYC, COYHOCTb U KOHcucTeHumto. CpegHue 6annbl no 9-6annbHONM WKane BapbuMpoBanu B
cpenHem ot 8,3 no 8,7, UTo CBMAETENbCTBYET O BbICOKOM KauyecTBe npoaykta. Ocoboe BHMMaHWe 6bl10 yoeneHo
MoKasaTeNlo HEeXHOCTM, MO KOTOPOMY MSCO MOAy4YMno Hanbonee BbICOKME OLEHKWM, YTO MOATBEPXKAAET TaKylo
H6ronornyeckyro 0Co6eHHOCTb TSHb-LIAHBCKOM MOPOAbI, KaK CKOPOCNeNoCTb, M ee NPUroAHOCTb K paHHeMY yboto Ans
MONMYYEHUS HEXHOM ArHATUMHBLL. B xomoe uccnenoBaHusi He Obllo BbIIBNEHO HUKAKMX AedEKTOB MAM MOCTOPOHHMX
MPUBKYCOB, YTO NOAYEPKMBAET BbICOKMI YPOBEHb BbIPALLMBAHMS XXMBOTHbBIX M COOTBETCTBME MPOAYKLMU MPEMUYM-
Knaccy. lMony4yeHHble AaHHble MOATBEPAMAM 3HAUMTENbHBINA NOTEHLMAN TSHb-LIAHLCKOWM NMOPOAbI AN MPOM3BOACTBA
BbICOKOKQYeCTBEHHOM AITHATUHbI B YC/I0BUSIX Manoro busHeca, obecneunBas KOHKYpeHTHblE MPEUMYLLECTBA HA PbIHKE

KnioueBble cnoBa: ArHaTMHA; AerycTalMoHHas OLEeHKa; NacToMLLHOe BbipaliuBaHME; MACHOE KAayeCTBO; OBLbI;
(epmepckoe X035MCTBO
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Abstract. Ensuring the reliability of hydraulic structures, in particular highland dams, is of particular importance
for sustainable water supply in the agro-industrial complex, especially under conditions of water scarcity and
seismic activity. The purpose of this work was to evaluate the stress-strain state of highland dams taking into
account the complex action of volumetric, seismic and hydrostatic loads to improve the reliability of water
infrastructure serving agriculture. The Kolosov-Muskhelishvili method was used in the study to model stresses in
elastic media taking into account the interaction of rocks, tectonic stresses and external loads. The peculiarities of
stress redistribution in the dam massif under changes in the reservoir level and water saturation were analysed,
and the influence of seismic effects on the formation of shear zones in isotropic rocks was revealed. It was found
that in mountainous relief conditions horizontal stresses may exceed vertical stresses, which requires revision
of design approaches. The combined effects of gravitational, seismic and hydrostatic forces on the stability of
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Stress-strain state of highland dams under the influence...

structures have been analysed. Special attention was paid to the influence of tectonic processes and relief on the
stress state of the soil mass. The results of the study can be used in the design and operation of highland dams
that provide water supply to reclamation systems and agricultural areas in earthquake-prone regions. Modern
methods of mathematical modelling significantly increase the accuracy of engineering calculations and ensure
the reliability of hydraulic structures, which is especially important for ensuring agrarian safety. The assessment
of stress-strain state of structures serves as a basis for predicting their behaviour under various loads and taking
effective measures to maintain stability. The practical value of the performed work lies in the use of the results by
design and engineering survey organisations in the design and construction of highland dams, allowing designers
to accurately predict the behaviour of hydraulic structures under various operating conditions, ensuring reliable
and sustainable water supply in agriculture, especially in areas with increased seismic activity and complex
engineering and geological conditions

Keywords: gravitational force; conformal mapping; initial stress state; boundary conditions; dam modelling;

hydrostatic pressure; filtration processes

Introduction

Kyrgyzstan, located in a mountainous area, faces a
special problem in water supply and irrigation of ag-
ricultural land. The accumulation of water resources
is an essential part of hydropower and agro-industrial
development, as it provides a stable water supply for
agriculture and allows efficient use of water bodies for
irrigation. To provide water resources, it is necessary to
develop and operate reservoirs at different elevations.
However, dam failure, especially in mountainous are-
as with large volumes of stored water, poses a serious
threat to human life and can also lead to flooding of
settlements and agricultural land.

The performance of dams in mountainous condi-
tions has many characteristics, which makes the as-
sessment of their stability a complex task, especially
considering the specifics of agriculture and water man-
agement. As noted by U. Hansamali et al. (2025), the
failure of dams and levees can be caused by a variety of
factors, including seismic activity, the impact of water
from reservoirs, and the design and materials of both
natural and man-made dams. The location of dams rel-
ative to sea level is also important, which is directly
related to the temperature regime and operating con-
ditions of the dam during different seasons (Ouma et
al., 2022). These aspects need to be taken into account
in the design and operation of hydraulic structures to
ensure their long-term safety and minimise risks to ag-
riculture and water supply.

However, dam failures in such high-altitude zones,
as well as accidents at large hydroelectric power plants
(HPPs) located in river canyons, pose a real threat to
human life and safety, and can lead to massive de-
struction of settlements and agricultural lands. These
problems become especially urgent in the conditions
of complex geography of the country, where climatic
conditions, seismic activity and geological features
significantly affect the strength and stability of hy-
draulic structures (Montayev et al., 2025). One of the
most important tasks is to assess the stability of dams
in mountainous areas, which requires consideration

of many factors such as seismicity, temperature fluc-
tuations, hydrostatic water pressure, water filtration
through the dam body, and structural features. The
stability of dams in such conditions is related to the
preservation of structural stability, prevention of fail-
ure and deformation, which is key for the long-term
operation of these facilities (Popov et al., 2023).

M. Sainov (2022) has made a significant contribu-
tion to the study of the stress-strain state and stability
of various types of dams. In his work, the influence of
pore pressure on the fracture resistance of an ultra-high
rock-fill dam with a central clay core is considered.
Using numerical modelling techniques, the author in-
vestigates the stress distribution and identifies critical
zones prone to crack formation. The results emphasise
the importance of considering internal water head in
dam design, especially under conditions of varying wa-
ter saturation. The author also investigates the stress-
strain state of a concrete dam with a concrete screen
when the friction coefficient in the screen-sidewall
contact zone is reduced. It is established that friction
reduction leads to redistribution of stresses and poten-
tial reduction of stability of the structure. The author
emphasises the need for accurate setting of boundary
conditions when modelling structures of this type. In
addition, M. Sainov (2023) summarises theoretical and
practical aspects of the design, construction and oper-
ation of earth dams in a textbook intended for training
specialists in hydraulic engineering. The manual covers
a wide range of engineering solutions and contains a
structured presentation of basic and applied principles
applicable in real dam operating conditions.

In the work of S. Pari (2025) provides a probabil-
istic analysis of the stability of an earthen dam under
steady-state seepage conditions. Special attention is
paid to the influence of the clay core location on the
overall stability coefficient. The author uses stochastic
modelling techniques to account for uncertainties in
the geotechnical parameters of the foundation and dam
body. It is found that the displacement of the core from
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the centre of the structure can significantly reduce the
stability of the structure, especially in conditions of pro-
longed saturation. The analysed studies reflect modern
scientific approaches to the assessment of stress-strain
state and stability of dams. E. Argal (2024) in his work
analyses the causes of seepage, methods of controlling
it and offers recommendations on how to improve the
condition of a dam.

The purpose of the study of the stress-strain state
(SS) of highland dams was to evaluate the distribution
of stresses and strains in the dam structure to ensure
its stability, safety and durability during operation. This
included analysing the effects of external factors such
as hydrostatic pressure, seismic activity on the dam
structure. Objectives of the study:

modelling of the stress-strain state of rock dams
taking into account seismicity, temperature, water pres-
sure in reservoirs, and geological features;

analysing existing methods of calculating the
VAT of dams in mountainous areas, taking into account
the impact of various natural and geophysical factors;

development of recommendations for strength-
ening the design of dams in mountainous areas to en-
sure their long-term stability and safety for the popula-
tion and agriculture.

This study can make it possible to solve the com-
plex problem of dam stability in mountainous con-
ditions, which is an important step to ensure the re-
liability of hydraulic structures, minimise risks for the
population, safety of irrigated lands and stable water
supply in agriculture.

Materials and Methods
The Kolosov-Muskhelishvili analytical method for
modelling the stress-strain state of a mountain dam
taking into account various natural and anthropo-
genic factors, described in detail in R. Abdikarimov et
al.(2011). The application of this method made it pos-
sible to conduct a comprehensive study of the influ-
ence of hydrostatic, thermal and seismic loads on the
stability of the structure, as well as to determine the
critical stress zones and develop recommendations for
structural optimisation taking into account the devel-
opments presented in the study by N. Kobeleva (2017).
The stability of the dam under various external in-
fluences was assessed. The most vulnerable sections
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of the structure subjected to maximum stress were
identified according to the methodology described in
E.Askarbekov et al. (2019). The proposed methodology
made it possible to assess the stability of the dam un-
der the combined effects of natural factors.

Analytical modelling of highland dams was carried
out by using the mapping functions w (¢) and deriv-
ing relations for the complex potentials @ (¢) and ¥ (()
based on the given boundary conditions (1):

D(t) + O(t) + {w®P' ) + ' (OP®)} = N(t) +iT(D). (1)

1

W' (&)

In the present study, a semi-infinite region corre-
sponding to the centre plane of the dam was consid-
ered, with two characteristic protrusions on the con-
tour taken as the initial points of the mapping ((=0)
(Baialieva et al.,2023). This approach allowed us to pre-
cisely set the geometry of the computational domain
and ensure correct imposition of boundary conditions.
The creation of the mapping function consisted of two
steps: 1) selection of the general form of the mapping
function; 2) development of a technique for selecting
the values of the parameters of this function a (to=1,
2,3). The general form of the function representing the
proposed class is shown as (2):

_ _al+¥ioo @ ({—D)*+by
z=w(() = CrtoD , )

where zx=+iy;i =+-1; b,,
2, 3) are complex constants.

The second part of the problem was solved by graph-
ical packages in MATCAD #14 to vary the constants in
the parametric equations, which follows (2) when {=t:

a, t are constants, a (to=1,

_ fa®) by (t+to)
x(t) = (t2+1)3 ' [(t+tg)2+1]
_ 0 by
y(©) = (t2+1)3 + [(t+te)2+1]" (3)

The proposed mapping technique differs from the
previously known one in its flexibility, clarity and high op-
erability in modelling dam shapes (Mirsaidov et al., 2013).
After creating the dam computational model (Fig. 1),
i.e. when all parameters w (Q) in (2) are determined, the
equation (1) was integrated and its conjugate equation in
closed form under given arbitrary external loads to calcu-
late the stress state of the semi-infinite region.

0
Curvilinear orthogonal
{CreateMMesh{(F.—-4 16.0.-2_85.18))

Figure 1. Dam model

Source: B.Zhumabaev & K. Ismailova (2005)
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The formulated boundary value problem (1) was
solved by constructing relations of two complex poten-
tials F(¢) and ¥(Q) in the form:

W' (QF(Z+@(Q) F (Q)+ka/(T+)?+2kpo) ATH)3 +
+3ka) AT+ Ky N {Hrop+i )2+
+w'(QW(C) = AQ);

(W & )F(Q)-y NE-1)* -2k; /(E-D)3-
-3k3 NE-D)* Ky NTHyo1)* = B(), (4)

where A (¢) and B (¢) depend only on the external loads
N and T and are computed as Cauchy type integrals:

f (N+iT)a)’(t)dt

(N- lT)a) (t)dt
- i T )

AQ) =+

where ¢ belongs to the lower half-plane, n =0 in the
plane of the omnipotent complex variable {=&+in.
The operator w (§) =ad+ w(¢) is instantiated as:

G| b (6)

o= Lg-ne " grtg—i’

wo() =

The general model of the stress state of surge dams
as a sum of three stress fields:

ox°=0(x)"+o(X)?+0(x)9,0(y) =00

+U(y)<p)+o(y)c,f(y)(> T(y)(n)+T<y)<p)+T(y)<). @)

This stress field is defined as the integral of the in-

homogeneous differential equation of equilibrium for
the half-plane (Zhumabaev & Ismailova, 2005):

L 60’

/=0, (8)

ax ao’

where p =yk_sing, p,=Y (1-k_cosd) are the horizontal
and vertical components of the volume force; g —gravi-
tational acceleration; k.- seismicity coefficient.

The integrals from (8) have the form

=AY, ©)

where A =1y (1 -k _cosé); A,=y (1 -k_cos6); A, =k - ysiné;
A is the coefficient of lateral spreading.

The initial stress state of rock dam arrays under the
action of the above forces is represented as the sum of

A oA
o =AY, o, A, T,

Upstream slope of a weir

the first two stress fields (7) with upper indices “n” and
“p”and satisfies the boundary conditions on the contour:

X(n)O=(o(x)P+o(x)P) cos (n, x) +
+H(T(X) P+ (X)) cos(n,y)=0;

U(n) 0= (t (hu) @+t (hu) ¥) cos (n,x) +

+(0 ()P +0(y)?)(cos)(n,y)=0, (10)
where n is the direction of the external normal at the
contour point under consideration.

Condition (10) contains the sum of fictitious loads
N and T and load-force. The latter arises from the first
stress field (9) at the contour points. Denoting by F,and

F., the boundary conditions are obtained:
FL(®) = [00(8) = 0o (D] - [T5 + Tewy (O + Ty (®)]
Fy() = [wo(8) = wo®)] - [T, + T3 (®) + Ty (0], (11)

where

iAy +A3

A +A
T2 = —a T3 1 Z,

. Ap—Ay+2iAs
s
A1—Ay—2iAs

—

s Ty =1

H

L Aq +A2

s Tg =1 s T, =1

The solution of this boundary problem on the ini-
tial stress state of the surge dams is given by calculat-
ing the Cauchy type integrals in (5) from the boundary
conditions in (11).They are of the form:

AQ) = == [ RO = [Ts + T,05(D] - wo(§) +
+Te (Zk:lﬁ + t+C:—i) a

B 4 Sk Ss Se
T (Zk:l (t-i)k T T (t+t—i)2)

1 dt ’
B({) = _Ef Fl(t)ﬁ = Tzwo(Hwo({) +
3 Cs \ _
+Two({) + T, (Zk:l (t—k + t+t—i)
_ 4 Sk Ss Se
T3 (Zk:l (t-Dk + t+t—i + (t+t—i)2)'

The stress-strain state of the upland dam, when the
depression between the mountains is filled with water,
experienced the action of external load (influence of
the reservoir (Fig. 2).

(12)

Downstream slope of a weir

Figure 2. Calculation scheme of the reservoir

Source: B.Zhumabaev & K. Ismailova (2005)
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In this case, the solution of the problem on the
influence of the reservoir on the stress-strain state
of the dams _according to the boundary conditions
F @)= N(t)a)'(t) and F, (t)=F , (f) were determined
by the relations:

A@Q) =
[r" * Zees (cr:gk * = (cr—zf)k + = (c+zzliz)k B ¢+T:J+i]
n 2:? Yl ({Cﬁ)k * X (cc—zzc)k * i (z+izlit)k * ::::H
B({) =
[Ro + B 2 + Bt i B i + o]
In {8+ B 2 + B e + Do e + e (13)

The initial stress state was determined for the se-
lected computational model. All relations required for
the calculation of stress components were algorith-
mised in MATCAD environment.

" Results and Discussion

The modelling results satisfy all the conditions of the
problem on the influence of the reservoir on stress re-
distributions in the massifs of the upland dams. Stress
values are presented in relative values. This circum-
stance allows to reflect more objectively the estab-
lished regularities of stress distribution. The use of the
Kolosov-Muskhelishvili method in calculations allows
to improve the design of dams, taking into account the
interaction of materials and soils, which contributes to a
more accurate and efficient approach in construction, it
also allows to identify potential zones with high stresses
and deformations at early stages and take timely meas-
ures to strengthen the structure and prevent failures

Ismailova et al.

(Botokanova & Isaeva, 2024). It is based on the classi-
cal theory of elasticity and complex potentials, which
guarantees theoretical validity of calculations and ap-
plicability in engineering practice for modelling the
stress-strain state of dams. This method has proven its
effectiveness in modelling complex hydraulic struc-
tures such as mountain dams, where the interaction of
materials and external factors is crucial for the stability
of the structure (Nikolaevsky, 2012). Thus, the results of
the study have significant practical value for the design
and operation of mountain dams, and the methodo-
logical correctness is ensured by theoretical validity of
the method and its integration with modern numerical
methods (Botokanova, 2024).

In the work of B.Zhumabaev & K.Ismailova (2005)
performed an in-depth mathematical analysis of the
stress state of rock massifs of canyons in the zone of
reservoir formation. Particular attention was paid to
the influence of water pressure regime on the redis-
tribution of stresses near the surface of the canyon,
taking into account the different orientation of the
slope of the layering of the geological massif. On the
basis of the developed mathematical model private
analytical solutions describing the stress state of rock
massifs under different variants of load combinations
are obtained. The following types of combined effects
are considered: joint action of gravitational and hy-
drostatic loads; simultaneous effect of gravitational,
seismic forces and hydrostatic loads; superposition
of gravitational, horizontal tectonic and hydrostatic
effects. The results of the analysis show that water
saturation of the massif and changes in the reser-
voir level lead to significant local redistributions of
stresses, especially in zones of disturbed layering and
on sloping slopes (Fig. 3).

o
CreateMesh (Fey .—6.16.0.—3.65.36)

500

Figure 3. Stress components

Source: B.Zhumabaev & K. Ismailova (2005)

It has been found that when hydrostatic pressure
increases in combination with seismic effects, the
probability of shear deformations in weakly cemented
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layers increases (Baialieva et al., 2023). Under the action
of horizontal tectonic stresses, additional hydrostat-
ic pressure favours the activation of already existing
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dislocation zones and fracturing. B. Zhumabaev & K. Is-
mailova (2005) focus their research on the stress-strain
state of dams, especially in mountainous areas. They
consider the influence of physical and mechanical prop-
erties of materials, water pressure, temperature and
seismicity on the behaviour of dams. Particular atten-
tion is paid to the evaluation of filtration processes in
the dam body and their influence on the deformations
and stability of the structure. B. Zhumabaev & K. Is-
mailova (2005) offer a methodology for calculating the
VAT of rock dams, which takes into account both stat-
ic and dynamic loads, as well as seasonal temperature
fluctuations, which is especially important for frozen
and seismically active regions. Their work emphasises
the use of multilink models to more accurately account
for the interaction of various factors such as water fil-
tration, changes in geology and heat transfer, which im-
proves the accuracy and reliability of the calculations.

Conclusions of B. Zhumabaev & K. Ismailo-
va (2005) confirm the need to integrate the water stor-
age factor into geomechanical calculations, especially
in the design and operation of reservoirs in complex
engineering and geological conditions. As part of the
research conducted by K. Abdyldaev (2015), a compre-
hensive analysis of the stress-strain state of rocks in
mountainous terrain was carried out. Particular atten-
tion is paid to the identification of the relationship be-
tween tectonic processes, gravitational forces and re-
distribution of horizontal stresses in the massif. Based
on analytical calculations and modelling, it was found
that in zones of complex relief the maximum horizon-
tal stresses significantly exceed the values predicted
by classical theories of elasticity for flat conditions
(Baialieva, 2015). This is due to a combination of the
following factors: the effects of redistribution of the
massif weight in the presence of height differences;
directional tectonic compression, characteristic of ac-
tive mountainous regions of Central Asia; local redis-
tribution of stresses in the zones of slope bends and
contacts of rocks of different stiffness.

K.Abdyldaev (2015) also revealed that in some cas-
es horizontal stresses can reach values comparable to
vertical stresses, and in some zones even exceed them.
This effect is enhanced in the presence of pre-formed
tectonic disturbances, faults and weak interlayers. The
analysis confirmed that the traditional approaches of
VAT calculation, based on the assumption of homo-
geneity of the stress field, are unacceptable for engi-
neering calculations in mountain conditions. Ignoring
spatial variability of stresses can lead to underestima-
tion of risks of deformation processes (landslides, slope
failures) during construction of hydraulic structures,
dams and mountain roads. The work of K. Abdyldaev
& A. Toktosunov (2017) demonstrates the necessity of
complex consideration of tectonic and gravitational
factors in modelling of VAT in massifs with mountain-
ous relief and underlines the relevance of application

of three-dimensional geomechanical models based on
real geological and structural data.

The analysis of the stress-strain state of the soil
massif in the area of the Ust-Ilimskaya HPP construc-
tion was based on a comprehensive study of geologi-
cal conditions, including relief and tectonic features. A
significant contribution to the study of these processes
was made by N. Bondarchuk et al. (1978) and other spe-
cialists engaged in the assessment of stresses in the
base of hydraulic structures. In the process of research
it was established that against the background of gen-
eral gravitational loading the massif experiences a sig-
nificant influence of horizontal tectonic stresses. The
latter are caused by both ancient tectonic processes
associated with the formation of the Siberian platform
and active modern deformations of the Earth’s crust
within the southern margins of Siberia.

The relief of the Ust-Ilimskaya HPP territory, char-
acterised by alternation of river terraces, erosion scarps
and slopes, additionally increases the unevenness of
stress distribution. As calculations on the basis of elas-
tic-plastic models have shown, areas of increased hori-
zontal compression and vertical tension are formed in
the zones of slope bends, which leads to localisation of
plastic deformations and reduction of bearing capacity
of the massif (Bychkov,1981).The influence of the reser-
voir filling process is of particular complexity. Reservoir
filling leads to an increase in pore pressure, changes in
effective stresses and, as a consequence, to redistribu-
tion of stress fields in the coastal zone (Kasparyan et
al., 2006). According to the studies, as a result of wa-
ter level rise by 20-30 m, redistribution of horizontal
stresses occurs up to the depth of 100-150 m, which
is accompanied by an increase in the risk of landslide
deformation formation on coastal slopes.

The work of C. Li et al. (2020) confirms that in condi-
tions of high reservoirs of similar type, the character of
stress changes depends significantly on the shape of the
base relief, the depth of tectonic faults and the nature of
watered rocks. According to field observations and theo-
retical modelling, the greatest redistribution of stresses
is recorded within the coastal slopes composed of poorly
consolidated or disturbed tectonic rocks, where addi-
tional load from the reservoir can initiate slow creeping
deformations or rapid failures such as rockfalls and land-
slides (Khusanov & Khaydarova, 2019). These results are
relevant not only for the conditions of the Ust-Ilimskaya
HPP, but also for the design of new large hydraulic struc-
tures in regions with pronounced relief and active tec-
tonics. Thus, the works of these scientists are of great
practical importance for the design and operation of
dams in mountainous areas such as Kyrgyzstan. Given
the high seismicity and difficult climatic conditions, the
development of effective methods for calculating the
VAT of dams, taking into account all these factors, be-
comes a key aspect for ensuring the safety of hydraulic
structures and preventing potential failures.
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Conclusions

In the course of the study,a methodology was developed
for calculating the stress-strain state (SS) of upstream
dams, taking into account the influence of volumetric
forces and changes in this state before and after filling
the reservoir. This approach allowed a more accurate
prediction of the distribution of stresses arising in the
dam structure, which is of key importance for ensuring
its durability and stability, especially in the context of
hydraulic structures serving agriculture. The analysis
showed that horizontal stresses reach their maximum
values in the contour part of the reservoir bowl, along
the loaded section. At the same time, small tensile
stresses are observed in the area just above the lev-
el of the reservoir mirror, and the compressed section
occurs only in a small part of the dam massif, where
the thickness of this zone is about 1.1-1.15 of the dam
height. A zone of tensile stresses is formed along the
depth of the reservoir, the intensity of which gradually
decreases. Vertical stresses show a similar pattern, but
their decrease is somewhat slower in depth.

Particular attention is paid to the tangential stress-
es, which reach their maximum values in the zone of
slope inflection, as well as in the contour part of the
dam localised at the base. These data are critical for
analysing potential weakening zones of the structure
and minimising failure risks. Application of the Kolos-
ov-Muskhelishvili method makes it possible to take
into account a wide range of factors affecting the sta-
bility and stability of dams, such as hydrostatic pres-
sure, seismic activity and geological conditions. This
method significantly improves the accuracy of predict-
ing the behaviour of structures and helps to optimise
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AHHOTaums. [MOpOTEXHMKANbIK  KypyniManapiplH, artan aiTkaHga, 6uiiMk  Toosmopaory [AambanapapiH
MWEHUMIYYNYTYH KaMCbi3  Kbllyy arpoeHep >al KOMMAEKCMHAE, ©3re4Ye CYYHYH TapTbiWTbIrbIHbIH YKaHa
CecMmMKanbIK aKTUBAYYNYKTYH LIapTTapbiHAa TYPYKTYY CYy MEHEH KaMCbi3 Kbillyy YYyH ©3reye MaaHure 33. byn
MLWTUH MakcaTbl aibln YapbacblH TeinereH cyy Yap6a MHbPACTPYKTYPaCbiHbIH ULLEHUMAYYYTYH XOropynaTyy yuyH
KeNeMAayK, CeMCMMKabIK XaHa MMAPOCTaTUKaNbIK XXYKTOPAYH KOMMNEKCTYY apakeTUH 3CKe anyy MeHeH 6uiink
TOONOpAOry AambanapibiH YblHanyy-gedopmaumsnbik abanbiH 6aanoo 6onroH. M3unpeene TekTepamH 3 apa
apaKeTTEHYYCYH, TEKTOHMKANbIK YblHANYyNapabl KaHa ThILKbI XXYKTOPAY SCKe anyy MEHEH Cepnuaruy yeipenepasry
YblHANYynapabl MOAENAB6re MyMKYHAYK 6epyyyy KonocoB-MycxenuwBmam bIkMacbl KongoHynraH. Cyy cakTarblyTbiH
LEHI33/IMHMH KaHa Cyyra KaHblKKaHAbIrbIHbIH ©3repyly MEHEH NAOTMHA MaCCMBMHAETM YblHANyynaphbiH Kaipa
GeNyLITYPYAYLWYHYH ©3reyenyKTepy Tanfooro asbiHbiM, M30TPONTYK TOO TEKTEPUHAEMM >Kbi/bIlLYY 30HaNapbiHbIH
nanga GonywyHa ceifcMUMKaNbIK TaacMpnepamH TaacMpu aHbikTanraH. Toonyy penbedTe ropu3oHTangblK YbliHanyy
BEPTMKANAYYAaH albilN KETUWM MYMKYH 3KEHAMTM aHblkTangbl, 6yn 0on6oopnoo bikManapbiH Kaipa Kkapan
YbIryyHy Tanan Kbinat. KOHCTpYKUMSNApAbIH TYPYKTYYYryHa rpaBUTaLMsIbIK, CEACMUKANbIK XaHa r’MapoCcTaTUKablK
KY4TOpAYH OMprenelkeH TaacMpuH Tangoo >Kyprysynet. Tornypak MAcCMBMHWMH CTpecc abanbiHa TEKTOHMKaNbIK
MpOLLeCCTEPAMH XaHA penbedTUH TaacupuHe e3reue KeHyn OypynaTt. M3ungeeHyH HaTblikanapbl ceMCMMKanbiK
KOOMTYY PerMoHA0opA0ry MenMopaums CUCTEManapbliH XaHa aibln Yyapba aiMaKkTapblH CYy MEHEH KaMCbi3 Kblayydy
6uiink Toonyy Aambanapibl f0N600PN00A0 KAaHA IKCMAYyaTaUMSNOOA0 KOMAOHYAYWY MYMKYH. MaTteMaTukanbik
MOAENAEWTUPYYHYH 3aMaHban MeToAAOopY MHXEHEPAWK ICENTeenephAyH TaKTbirbiH ONYTTYY TYpPAe >KaKWbIpTaT
KaHa rMApPOTEXHUKANbIK KYpYNyLITapablH MIEHUMAYYAYTYH KaMcbi3 Kbinart, 6yn aibin yapba Koomncy3ayryH Kamcbl3
KbINYY YYYH ©3reue MaaHunyy. KoHCTpyKumanapabiH YbiHanyy-aedopMaumanbik abanbiH 6aanoo anapabiH ap kaHaan
KYKTOMAOPAOTY KYPYM-TYPYMYH BOMIKONL00 XaHA TYPYKTYYNYKTY CakTOO OOKOHYA HaTblKanyy Yapanapabl Kepyy
YYYH Herus 6o/1yn caHanat. ATKapbiiraH WWLTepAMH NpakTUKanblk 6aanyynyry Aon600pAayK-UHKeHepanK U3nnLee
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yloMaapbl TapabbiHaH GuiiMK Toonyy Aambanapibl 4,0n1600pn00A0 XKaHa KypyyAa HaTblikanaphpl nannanaHyyaa,
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AHHoTauusa. ObecneyeHne HaAEXHOCTH MMAopoOTEXHUYECKUX COODY)KEHVIIZ, B YaCTHOCTU HATFOPHbIX MJOTHUH,
nMmeet OC06y}O 3Ha4YNUMOCTb Ansa yCTOlZLIl/IBOFO BogoobecneyeHms B arponpombilWIEHHOM KOMMNNeKce, ocobeHHO
B yC/noBuaAxX ,El,eq)MLl,l/lTa BOAHbIX peCypCOB M CEMCMMYECKOM aKTUBHOCTU. Llenbto HacTosen pa60TbI 6blna oueHka
Hal'lpFI)KEHHO-,EI,ECbODMVIpOBaHHOFO COCTOAHMUA HATOPHbIX NMJOTUH C Yy4E€TOM KOMIJIEKCHOIO nencTeus 06'bEMHbIX,
CEMCMUYECKMX U TMOpoCTaTUHECKUX HArpy30K 414 NOBbIWEHNA Ha4EXXHOCTU BOLOX035IMCTBEHHOM VIHq)paCTDYKTypr,
O6Cﬂy>KMBa}OLLI,EI7I Cenbckoe Xo034McTBo. B umccnegoBaHMM MCMONb30BaH METON, KOﬂOCOBa-MyCXEJ’IMLIJBVU'IVI,
KOTOprVI No3BOJIAET MOAENNUPOBATL HANPAXEHUA B YNpyrnux cpegax c y4eTtom B3aMMOLENCTBUS FOpHbIX Mopoa,
TEKTOHUYECKUX Haﬂpﬂ)i(EHMVI M BHELWHUX HArpys3ok. bbinun NpOaHaIN3NPOBAHDI 0C06EHHOCTH nepepacnpegeneHusa
HaI'IpFI)KEHMﬁ B MaCCUBE NJOTUHbI MPU USMEHEHUU YPOBHA BOLOXPAHW/INLLA U BOAOHACHILEHNN, a TAKXKE BbIABIEHO
B/IUSIHME CEMCMUYECKUX BO3LENCTBMI Ha CbOpMMpOBaHME CABUTOBbIX 30H B M30TPOMHbIX MNoOpoaax. YcTaHoBAEHO,
4YTO B YyCN10BUAX TOPHOTO penbed)a FTOPU30OHTA/IbHbI€ HANPAXXEHNA MOTYT NMPEBbIWATb BEPTUKAJIbHbIE, YTO Tp66y6T
nepecMoTpa MNPOEKTHbIX NOAXOOO0B. HDOBE,EI,EH aHanun3 KOM6VIHI/IDOBaHHbIX BO34ENCTBUM rpaBUTALNOHHDIX,
CcencMmyeckmnx M TMAopoCcTaTn4eckmnx Ccun Ha yCTOl?IHVIBOCTb COOpy)i(EHVIﬁ. Ocoboe BHMMaHUE yoeneHo BJ/IMAHUIO
TEKTOHMYeCcKmnxnpoueccos n penbed)a Ha Hanps>XeHHOEe COCTOAHUE TPYHTOBOIro MaCCuBea. Pe3yanaTb| ncenenoBaHuA
MOryT OblITb MCMOMb30BaHbI npn nNpoOeEKTUPOBAHUM M 3SKCNyaTauMMU HATOPHbIX TMJIOTUH, obecneymBaoWmnX

50 Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 2


https://orcid.org/0000-0001-5526-5469
https://orcid.org/0000-0003-1961-4937
https://orcid.org/0000-0001-8886-0627
https://orcid.org/0000-0002-2731-6836
https://orcid.org/0000-0002-7180-2671

Ismailova et al.

BOAOCHaBXeHME MEeMOPaTUBHbIX CMCTEM U CEbCKOXO3AMCTBEHHbIX TEPPUTOPUI B CEMCMOOMACHbBIX PErMoHax.
CoBpeMeHHble METOfbl MaTeMaTMYECKOTO MOAEMPOBAHMUSA 3HAUMTENbHO MOBbLILAIT TOYHOCTb MHXKEHEPHBIX
pacyeToB v 06eCneynBatoT HagEXKHOCTb MMAPOTEXHUYECKMX COOPYXKEHMI, YTO 0COBEHHO BAaXHO A1 06ecrneyeHms
arpapHoi 6esonacHocTu. OueHKa HanpsKeHHO-LehOPMUPOBAHHOMO COCTOSIHUS COOPYXKEHMI CTYXKUT OCHOBOM AN19
MPOrHO3MPOBAHMSA MX MOBELEHMS MOL PA3/IMYHBIMU HArPy3KaMMU U NPUHATUS SDOEKTUBHBIX MEP MO MOAAEPKAHUIO
yCTOMYMBOCTU. MpakTMHeckass LEeHHOCTb BbIMOJHEHHOM paboTbl 3aKMOYaeTCs B MCMONb30BAHMM PE3YNbTAaTOB
MPOEKTHbIMU U UHXEHEPHO-U3bICKATENbCKUMMU OPraHM3aLMaMuU Npu NPOEKTUPOBAHMMU U CTPOUTENLCTBE HAarOPHbIX
MAOTUH, MO3BOMAS MPOEKTUPOBLLMKAM TOYHO MPOrHO3MPOBATL MOBEAEHUE TUAPOTEXHUYECKMX OBBLEKTOB B
Pa3fMUHbIX 3KCMYaTaLMOHHbIX YCI0BMAX, 06ECMeYnBalolmMx HageKHOe M yCTOMuMBOE BOAOCHAbGXeHue B
CE/IbCKOM X039MCTBE, 0COBEHHO B paitOHaX C MOBbILIEHHOW CEMCMUYECKOM aKTUBHOCTBIO U CIIOXKHbBIMU UHKEHEPHO-
reosIorMyeckMMmn yCaoBusMu
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Abstract. The digitalisation of the agricultural sector is accompanied by the introduction of innovative
technologies, creating new challenges for legal regulation. Within the Eurasian Economic Union, there is a
growing need for coordinated approaches to ensuring sustainable development and food security. The article
presented a comprehensive analysis of digitalisation processes in the agricultural sector of the Eurasian Economic
Union member states, based on a comparative study of the legal framework and practices of digital technology
implementation. The authors highlighted different models of digital transformation. Russia is implementing a
large-scale federal project “Digital Agriculture”, Kazakhstan is focusing on creating model digital farms and full
digitalisation of agricultural land, while Belarus has made significant progress in automating accounting and
implementing an electronic system of veterinary certification. Kyrgyzstan and Armenia, despite the adoption of
appropriate policy frameworks, faced serious challenges, including inadequate infrastructure, limited funding, and
low levels of digital literacy. The main findings indicated common problems in the Eurasian Economic Union
countries: a digital divide between large and small farms, poorly developed digital infrastructure in rural areas,
and a shortage of qualified specialists. As promising areas, the authors proposed harmonisation of legislation, the
creation of a single Eurasian digital agricultural platform and the development of joint educational programs,
while emphasising the need to take into account the national characteristics of each participating country when
coordinating the digital transformation of agriculture within the Eurasian Economic Union. The results of the
research can be used both in the scientific community and in the development of digitalisation strategies,improving
legislation and developing coordinated approaches to regulating agricultural technologies in the Eurasian Union
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harmonisation of norms

Introduction
Modern agriculture faces many challenges, including digitalisation, understood as the process of introduc-
the need to increase production volumes for a growing  ing digital technologies into traditional operations, of-
population and adapt to climate change. In this context, fers new opportunities to improve the efficiency and
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sustainability of the agricultural sector (Katrin, 2022).
Of particular interest is a comparative analysis of the
regulatory framework for this process in the countries
of the Eurasian Economic Union (EAEU), as the rapid
development of digital technologies is making the
agricultural sector one of the key industries most re-
ceptive to innovation. The introduction of agricultural
technology, including elements of precision farming
and remote monitoring systems based on artificial in-
telligence, can significantly increase the productivity,
sustainability and environmental safety of agricultural
production. At the same time, the digitalisation of ag-
riculture requires adequate regulatory and legal regu-
lation, as the use of innovative solutions affects a wide
range of legal aspects: from the protection of personal
and production data to the regulation of intellectual
property and cybersecurity. Research on this topic is
particularly relevant in the context of the Eurasian Eco-
nomic Union, where there are both common trends and
significant differences in the pace and mechanisms of
legal regulation of agricultural technologies. Despite
the existence of supranational institutions such as the
Eurasian Economic Commission (EEC) and the desire
to harmonise legislation, the EAEU member states
(Russia, Belarus, Kazakhstan, Armenia, Kyrgyzstan)
demonstrate varying levels of digital maturity and
approaches to the legal support of agrotechnological
transformation. A corporate analysis of national strate-
gies and regulatory acts in the field of digital agricul-
ture allows for identifying institutional barriers, best
practices and growth points, as well as formulating
proposals for harmonising legal regulation within the
EAEU. This is particularly important in the context of
integration processes that offer the free movement of
goods, services and technologies within the union. The
lack of a unified approach can create obstacles to the
cross-border introduction of agricultural technologies
and slow down the digital transformation of the entire
agricultural sector in the region.

An analysis of recent scientific research has re-
vealed a growing interest in issues related to regula-
tory legal regulation, agricultural technology, and dig-
ital transformation of the agricultural sector in EAEU
countries. Contemporary research touches upon both
strategic and applied aspects of digitalisation, empha-
sising the need for a comprehensive approach to the
legal support of the agricultural digital agenda. The
work by M. Mustafayev et al. (2024) examined the legal
support for the integration of the EAEU digital space,
focusing on the need to synchronise national legal
systems for the effective implementation of digital
technologies, including in the agricultural sector. The
authors pointed to a lack of legal instruments regulat-
ing cross-border interaction within the digital economy.
N.Voronina (2024) emphasised the importance of digi-
talisation for the cooperative movement in agriculture.
The author argued that digital tools help strengthen
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ties between small agricultural producers and mar-
kets, but that legal regulation does not yet meet these
challenges. A. Makrushin (2023) examined the impact
of digitalisation on the labour market in the EAEU, in-
cluding the agricultural sector. The author emphasised
that the sustainable development of digital agricultural
technologies requires the adaptation of labour legisla-
tion and the strengthening of digital literacy in rural
areas. The work of S. Kamolov & S. Glazyeva (2023) pre-
sented a critical review of the current state of imple-
mentation of the digital agenda. The authors noted that
the agricultural sector is characterised by a fragmented
approach, insufficient regulation of data collection and
exchange, and gaps in the legal protection of intellec-
tual property in agricultural technologies. The study by
Ch. Adamkulova et al. (2025) emphasised that digital
agricultural platforms improve logistics, increase man-
agement efficiency and promote international coopera-
tion, while the introduction of technologies such as the
Internet of Things, Al and blockchain, minimises costs
and improves supply chains. This indicates that the dig-
italisation of the agricultural sector has the potential
to significantly increase its competitiveness. Finally, G.
Barseghyan, representative of the EEC at the Digital Al-
maty forum in 2025, noted that the digitalisation of the
agro-industrial complex was identified as a key area for
improving the competitiveness of the industry within
the EAEU, which once again emphasises the impor-
tance of legal support for technological progress in the
agricultural sector (Goar Barseghyan..., 2025).

The aim of the study was to conduct a comparative
analysis of the regulatory framework for agricultural
technologies in the context of digital transformation
in the countries of the Eurasian Economic Union in
order to identify institutional barriers, effective prac-
tices and areas for harmonisation of legal support that
would contribute to the sustainable innovative devel-
opment of the agricultural sector within the Union’s
integration space.

Materials and Methods
The methodology of this study was based on a sys-
tematic, comparative legal, interdisciplinary and ana-
lytical approach. The study combined theoretical and
applied aspects of jurisprudence, with an emphasis
on comparative analysis and integration potential,
which helped to identify current problems and pro-
pose recommendations for legal modernisation and
convergence of digital agrotechnology regulation in
the EAEU countries. The methodological basis of this
study was a comprehensive approach, including both
an analysis of the regulatory and legal documents of
the member countries of the Eurasian Economic Union
and an assessment of the practical implementation of
agricultural technology in the context of digital trans-
formation. The main object of the study was the legal
regulation systems in the agricultural sector in the
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Russian Federation, the Republic of Belarus, the Repub-
lic of Kazakhstan, the Kyrgyz Republic and the Republic
of Armenia. The main empirical material used was offi-
cial legal acts of strategies and concepts regulating the
digitalisation of agriculture in these countries. To ana-
lyse the actual level of digitalisation and the introduc-
tion of agricultural technologies, the websites of rel-
evant ministries and agencies and official documents
were used, such as: Order of the Government of the
Russian Federation No. 151-r (2015), Law of the Kyrgyz
Republic No. 127 (2017), Resolution of the Government
of the Republic of Kazakhstan No. 827 (2017), Reso-
lution of the Government of the Republic of Armenia
No.1886-1 (2019), Cabinet of Ministers of the Kyrgyz Re-
public (2021), Concept of Cluster Policy... (2021), FAO &
ITU (2023), Concept of Digital Transformation... (2024),
Ministry of Agriculture and Food of the Republic of Be-
larus (n.d.), etc. The study also used publicly available
analytical materials and articles, which made it possible
to track scientific and practical interest in the topic. To
ensure the comparability of approaches and assess dif-
ferences in regulation, a comparative legal method was
used to conduct a parallel characterisation of regulato-
ry acts, programmes and strategies for digital agricul-
tural development in the EAEU countries. This approach
made it possible to identify both common vectors of
digital transformation and unique national features. In
addition, structural-functional analysis methods were
used to assess the effectiveness of existing legal regu-
lation mechanisms, as well as a formal-legal method to
study the original legal texts.

Results and Discussion

Legal and institutional foundations for

the digitalisation of agriculture in the Kyrgyz Republic
Kyrgyzstan, where, according to the Cabinet of Minis-
ters of the Kyrgyz Republic (2021), agriculture remains
the backbone of the economy and a source of liveli-
hood for 66% of the rural population, faces challeng-
es of digital transformation that are characteristic of
the region. As noted by S. Kurbatova & L. Ajsner (2019),
the process of digitalisation requires special legal reg-
ulation that takes into account the specificities of the
agricultural sector. With a poverty rate of 23.2% in rural
areas, according to the Cabinet of Ministers of the Kyr-
gyz Republic (2021), the country is in particular need
of modern solutions, but faces problems typical for the
region: lack of funding, weak internet infrastructure and
low digital literacy.

In 2017, the Kyrgyz Republic adopted Law of the
Kyrgyz Republic No. 127 “On Electronic Manage-
ment” (2017), which laid the foundation for building a
modern e-government system in the country, ensuring
transparency, efficiency and accessibility of public ser-
vices. Its provisions create the necessary legal condi-
tions for the further development of the country’s dig-
ital economy, including the digitisation of key sectors

such as agriculture. The document provides for the de-
velopment of information systems, the integration of
various departmental databases, and the use of modern
technologies in control and supervisory activities. The
Concept of Agricultural Development of the Kyrgyz Re-
public until 2025 (Cabinet of Ministers of the Kyrgyz
Republic, 2021) defined the strategic directions for the
modernisation of the country’s agro-industrial complex
for a five-year period. The main objective of the act was
to radically increase the efficiency of the agro-industri-
al complex through the comprehensive modernisation
of all its sectors. The concept paid particular attention
to the introduction of innovative technologies, includ-
ing large-scale digitalisation of agriculture. As part of
the implementation of these tasks, it was planned to
create a modern system for tracking agricultural prod-
ucts at all stages, from production to the end consumer,
which was to ensure improved food quality and safety.
In the area of digital infrastructure development for
the agro-industrial complex, the concept envisaged
the creation and development of the Ayylmalyimat in-
formation system, designed to organise effective on-
line document management in the agricultural sector
(Dzhumagulov & Mistriukova, 2025).

At the same time, the Concept of Cluster Policy for
Agricultural Development of the Kyrgyz Republic Based
on Specialisation by Regions for 2021-2025 (2021) was
developed, which aimed to create conditions for sus-
tainable economic growth through the development of
cluster initiatives bringing together business, science
and the state. The main focus was on the agro-industri-
al complex, where clustering would increase the com-
petitiveness of products through cooperation between
small and medium-sized producers, the introduction of
innovative technologies and improved access to mar-
kets. The document provided for the formation of ter-
ritorial and sectoral clusters (e.g., fruit and vegetable,
textile, tourism), infrastructure development (logistics,
processing), and support for export potential. The Con-
cept paid particular attention to the digitalisation of
processes, staff training and attracting investment. The
implementation of the concept was intended to con-
tribute to the diversification of the economy, the crea-
tion of new jobs and an increase in Kyrgyzstan’s share
in regional value chains. The next regulatory legal act
governing digitalisation in the Kyrgyz Republic was
the Concept of Digital Transformation of the Kyrgyz
Republic for 2024-2028 (2024). This concept defines
the priority areas for digitalisation in all sectors of the
country’s economy, including agriculture. The document
focuses on the creation of geographic information sys-
tems (GIS) for precision farming, the introduction of
satellite monitoring of agricultural land, and the use of
unmanned aerial vehicles (drones) to monitor the con-
dition of crops and pastures. Particular importance is
attached to the creation of unified digital registers of
agricultural land and livestock in order to establish a
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system for accounting and managing the country’s ag-
ricultural resources.

Thus, despite the existence of key strategies and
regulatory documents governing the digitalisation of
Kyrgyzstan’s agro-industrial complex, the implemen-
tation of these initiatives remains limited and largely
fragmented. The adopted concepts, programmes and
laws form the necessary legal framework, but the lack
of a consistent implementation mechanism, insuffi-
cient inter-agency coordination and poorly developed
regulatory details reduce their practical effectiveness.
Disparate initiatives often duplicate functions, lack
sustainable funding and are not based on a unified
digital infrastructure. In addition, systemic problems
of an infrastructural and personnel nature are a seri-
ous constraint: poor internet coverage in rural areas,
low levels of digital literacy among farmers, and an
acute shortage of specialists in the field of agricultur-
al technology. These barriers turn strategic priorities
into declarative intentions that have no lasting impact
on the development of the industry. However, with the
political will to develop mechanisms for interdepart-
mental cooperation, attract investment in infrastruc-
ture, and implement comprehensive educational pro-
grammes, Kyrgyzstan has great potential to move from
local digital solutions to systemic transformation of
the agricultural sector. Given the importance of agri-
culture for the country’s economy and the standard of
living of the majority of the population, effective dig-
italisation could become not only a driver of modern-
isation, but also a key tool for combating poverty and
improving food security.

Comparative analysis of the digital transformation

of agriculture in the EAEU countries

Kazakhstan demonstrates a systematic approach to
the digitalisation of its agro-industrial complex. As
noted in a review by A. Nazarbekov (2023), the country
is implementing a comprehensive programme that in-
cludes precision farming, digital farms, satellite moni-
toring and automated accounting. These initiatives are
backed by a robust regulatory framework. In 2017, the
state programme Digital Kazakhstan (n.d.) was adopted,
with a separate section devoted to agriculture (Resolu-
tion of the Government of the Republic of Kazakhstan
No. 827, 2017). A key result of the programme was the
creation of digital model farms. Kazakhstan has com-
pletely digitised its agricultural land (222 million hec-
tares) by introducing a unified GIS system with electron-
ic land passports containing data on soil, usage history
and cadastral value (100% of farmland..., 2025). This
project aims to combat illegal land trafficking, increase
the transparency of state support, and provide farmers
with yield analytics. Although the system already mon-
itors the condition of fields and simplifies land transac-
tions, there are also issues with data accuracy in some
areas and limited internet access in rural areas.
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A comparative analysis shows that Kazakhstan, as
one of the largest agricultural countries in the EAEU,
demonstrates a more advanced approach to the digi-
talisation of agriculture. The state programme Digital
Kazakhstan (n.d.) includes comprehensive projects in
the areas of precision farming, digital livestock farming
and agricultural holding management. According to B.
Irmulatov et al. (2021), the introduction of precision
farming has increased grain yields. However, as in Kyr-
gyzstan, the process faces problems of internet access
in remote areas and a shortage of qualified specialists
(Kurbatova & Ajsner, 2019).

Legal regulation in the EAEU countries is devel-
oping along similar lines. For example, Kyrgyzstan
has adopted the Concept of Agricultural Development
of the Kyrgyz Republic until 2025 (Cabinet of Min-
isters of the Kyrgyz Republic, 2021) and the Concept
of Digital Transformation of the Kyrgyz Republic for
2024-2028 (2024), and in Kazakhstan, the Digital Ka-
zakhstan (n.d.) programme. The precision farming pro-
ject covers the introduction of satellite navigation and
remote sensing technologies, automatic agricultural
machinery control systems, and irrigation and fertiliser
application control systems. This can optimise fertiliser
and water costs, increase crop yields and product qual-
ity, and reduce the environmental impact of agricultur-
al production. According to reports, the introduction of
precision farming has contributed to a 15-20% increase
in grain crop yields (Nazarbekoyv, 2023).

The FAO (2020) and FAO & ITU (2023) note that
digital technologies should be accessible to all cate-
gories of farmers, which is especially important for
countries with a predominance of small farms, such as
Kyrgyzstan. The technological solutions offered by dig-
italisation - artificial intelligence, remote sensing, the
Internet of Things — need to be adapted to the condi-
tions of each EAEU country. Educational programmes
play a key role in the digital transformation of all EAEU
countries; without trained specialists, the introduction
of new technologies will be limited (Godin et al., 2020).
In Kazakhstan, special attention is paid to this through
training and educational programmes, while in Kyr-
gyzstan this aspect is still underdeveloped.

Russia’s experience in digitising the agro-indus-
trial complex, including the federal project “Digital
Agriculture” and the industry programme “Digitisation
of the Agro-Industrial Complex 2024”, demonstrates
the most developed regulatory framework among the
EAEU countries (Dobrovlyanin & Antineskul, 2022). At
the same time, as noted by V. Belsky (2019), the Russian
Federation also faces characteristic problems - the gap
between large holdings and small farms, insufficient
internet coverage in rural areas, and a shortage of qual-
ified personnel. The digitalisation process is hampered
by uneven technology adoption (25% of large farms
use precision farming techniques, compared to 5% of
small farms), a shortage of skilled personnel, and poor
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internet coverage in rural areas (Gasanov et al., 2021).
Despite the creation of a unified digital platform for
the agro-industrial complex and the introduction of
satellite monitoring (covering 30% of large enterprises),
the main barriers remain insufficient funding for small
farms and a fragmented regulatory framework. The Rus-
sian Federation Government approved the Strategy for
Sustainable Development of Rural Areas... (2015). The
strategy set out long-term development goals for rural
areas in Russia. The regulatory act considers the so-
cio-economic development of rural areas as a key factor
in ensuring the country’s food security and improving
the quality of life of the rural population. The strategy
provides for measures to develop infrastructure, create
modern jobs, improve housing conditions and access to
social services in rural areas. Although the text of the
document does not directly refer to digitalisation as a
separate area, it implies the use of modern technolo-
gies in agriculture. In particular, the strategy creates the
conditions for the introduction of innovative solutions,
such as the use of quadcopters to monitor the condition
of fields, the use of precision farming systems and other
digital tools that contribute to improving the efficiency
of agricultural production.

The Belarusian agro-industrial complex is actively
introducing digital technologies, as confirmed by ma-
terials from the official portal of the Ministry of Agri-
culture and Food of the Republic of Belarus (n.d.). The
country is implementing a comprehensive approach to
the digitalisation of the industry, combining technolog-
ical modernisation with the creation of an appropri-
ate regulatory framework. Particular attention is paid
to the automation of key agricultural production pro-
cesses. A significant achievement was the introduction
of the “Electronic Veterinary Certificate” system, which
radically changed approaches to quality control of live-
stock products. Digital support for the entire chain of
goods movement has significantly reduced the time
required for paperwork and increased the transparen-
cy of control. This aspect is particularly important for
simplifying export and import operations and comply-
ing with international standards. In crop production in
Belarus, there has been active implementation of preci-
sion farming technologies. According to the Ministry of
Agriculture and Food of the Republic of Belarus (n.d.),
modern GPS-based systems optimise soil cultivation
processes, significantly reducing overlap and increas-
ing the efficiency of equipment use. Automated irriga-
tion systems demonstrate impressive results in terms
of water conservation, which is particularly relevant
in the context of climate change. Satellite monitoring
of fields and differentiated fertiliser application make
it possible to increase yields and reduce the anthro-
pogenic impact on the environment. Digital transfor-
mation has also affected the field of accounting and
reporting. The transition to electronic document man-
agement has significantly reduced the time spent on

preparing reports and minimised the number of errors,
which in turn has created conditions for rapid access to
data and increased the transparency of budget spend-
ing. The strategy for further digitalisation of the indus-
try includes the creation of a unified digital platform
for the agro-industrial complex, the development of
precision farming infrastructure and the introduction
of intelligent data analysis systems (Zhuravlev, 2024).
Particular attention is paid to the training of qualified
personnel and the development of a regulatory frame-
work for the use of new technologies. The prospects for
the development of digital agriculture in Belarus are
linked to the introduction of advanced technologies,
including artificial intelligence for yield forecasting,
smart greenhouse systems with automatic climate con-
trol, and the creation of digital twins of agricultural en-
terprises (Karniciy, 2021). The integration of blockchain
solutions into supply chain tracking systems creates an
immutable digital chain of product data, which dramat-
ically improves quality control efficiency.

The Eurasian Economic Union’s agricultural devel-
opment strategy opens up new horizons for Armenia
to modernise its agricultural sector through digitalisa-
tion. For a mountainous country with a predominance
of small farms, this document serves as a roadmap for
the technological transformation of traditional agricul-
ture. The Strategy for the Development of Agriculture
in the Republic of Armenia until 2030 takes into ac-
count the importance of introducing digital technolo-
gies to modernise the agro-industrial complex (Reso-
lution of the Government of the Republic of Armenia
No. 1886-1, 2019). The strategy envisages the creation
of digital platforms for farmers and the digitisation of
public services in the agricultural sector, including the
automation of subsidy and reporting processes. Arme-
nia also has a State programme for the development of
“smart” livestock farms, which provides financial sup-
port for the construction and modernisation of farms
with the introduction of modern technologies (State
support for..., 2019). The programme offers three farm
models: small (130-280 m? for 10-15 head with com-
pensation of 5.5 million drams), medium (281-450 m?
for 20-25 head - 11.5 million drams) and large (451+ m?
for 40-45 head - 17.5 million drams). The programme is
being implemented by the Ministry of Agriculture and
provides for standard farm designs using various mate-
rials and automated animal husbandry systems.

Armenia, with its unique agroclimatic conditions,
can benefit particularly from the strategy’s provisions
on adapting modern technologies to complex terrain
and limited water resources. The introduction of preci-
sion farming systems tailored to the specific character-
istics of mountain slopes will enable Armenian farmers
to optimise the use of scarce resources and increase
land productivity (Resolution of the Government of
the Republic of Armenia No. 1886-1, 2019). The use of
smart drip irrigation technologies, which can radically
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solve the problem of water shortages in arid regions of
the country, looks particularly promising. For Armenian
agricultural exports, the EAEU strategy creates funda-
mentally new opportunities through the formation of a
unified traceability system for agricultural products. All
this is particularly significant for Armenia’s traditional
export goods - fruit, vegetables and wine products -
the quality of which can now be documented all the way
from the field to the shop shelf. The provisions of the
strategy aimed at supporting small and medium-sized
farms are of particular value to Armenia. The creation
of regional centres of excellence and the develop-
ment of special programmes for preferential access to
digital services will allow even small family farms to
take advantage of technological modernisation (Reso-
lution of the Government of the Republic of Armenia
No. 1886-1, 2019). In the context of mass rural exodus,
digitalisation is becoming particularly important as a
means of preserving and adapting the traditional ru-
ral way of life to modern conditions. The implementa-
tion of educational programmes within the framework
of the strategy gives Armenia a chance to train a new
generation of farmers who combine centuries-old tra-
ditions of agriculture with mastery of modern digital
technologies. Participation in the creation of joint EAEU
research centres gives Armenian specialists the oppor-
tunity to contribute their unique experience in viticul-
ture, soil erosion control and water resource manage-
ment. The digital transformation of agriculture within
the framework of the Eurasian strategy provides Arme-
nia with an opportunity to overcome key constraints,
such as a shortage of arable land, water scarcity, frag-
mented land plots and difficulties in accessing external
markets. The successful implementation of this project
will require careful adaptation of the union-wide pro-
visions to national conditions, the development of rural
digital infrastructure, and the creation of an effective
training system (Resolution of the Government of the
Republic of Armenia No. 1886-1,2019).

A comparative analysis of the digital transformation
of agriculture in the countries of the Eurasian Economic
Union shows that, despite common directions and goals,
each country is implementing the digitalisation of the
agricultural sector taking into account its national char-
acteristics and priorities. Kazakhstan and Russia demon-
strate the most systematic and comprehensive approach,
supported by government programmes, regulatory
frameworks and technical infrastructure. Belarus focuses
on process automation and transparency, including elec-
tronic document management and product tracking sys-
tems. Armenia, in turn, is adapting digital technologies
to its geographical and water conditions, focusing on
supporting small farms and developing export potential.
Kyrgyzstan is in the process of establishing a regulatory
and technological framework, facing a shortage of per-
sonnel and infrastructure. Thus, the main challenges for
all EAEU countries are similar: a shortage of qualified
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specialists and limited access to digital technologies for
small farms. At the same time, there is a common de-
sire to digitise the agricultural sector, supported by EAEU
strategies and national programmes, which creates po-
tential for sustainable growth, increased productivity
and improved quality of agricultural production.

Prospects and priority areas for the digitalisation
of the agricultural sector within the EAEU
The prospects for the further development of digitali-
sation of the agro-industrial complex within the EAEU
are presented in several key areas. Technologically, this
involves the development of platform solutions for small
farms, the creation of regional centres of excellence and
the development of adaptive technologies for different
climatic zones. In the regulatory sphere, there is a need
to harmonise standards within the EAEU, create an in-
tergovernmental certification system and simplify proce-
dures for introducing innovations. Organisational meas-
ures should include the development of a grant support
system,the creation of a network of demonstration farms,
and the implementation of educational programmes. Of
particular importance is the development of uniform
EAEU standards for the collection and processing of
agricultural data, the use of unmanned aerial vehicles
(UAVs), and precision farming systems. The creation of
mechanisms for technology transfer between the coun-
tries of the Union, the development of joint educational
programmes and the coordination of research activities
could significantly accelerate the digital transformation
of the agro-industrial complex throughout the region.
It should be noted that the most promising direc-
tion appears to be the creation of a Eurasian digital
agricultural platform that would combine databases
and analytical systems, forecasting mechanisms, moni-
toring systems and educational resources. Such an ap-
proach would preserve the national characteristics of
each country’s agricultural sector development, while
ensuring the synergistic effect of combining efforts and
resources. Russia’s experience, particularly in terms of
regulatory control and the creation of a comprehensive
system for technology implementation, would form
the basis for such a platform, adapted to the specific
characteristics of other EAEU countries. The implemen-
tation of these measures requires coordinated action
at the intergovernmental level, including the harmo-
nisation of legislation, the creation of mechanisms for
financing joint projects, and the development of infra-
structure for the exchange of knowledge and technolo-
gies. Only such a comprehensive approach will enable
EAEU countries to fully realise the potential of digital
transformation in agriculture, ensuring its sustainable
development in the face of modern challenges.

Conclusions
The digital transformation of the agro-industrial com-
plex in the countries of the Eurasian Economic Union
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is developing at different rates, reflecting both com-
mon strategic guidelines and the national specifics of
each state. An assessment of the state and prospects
of digital transformation demonstrates both similar di-
rections of development and marked differences in the
national approaches of the participating countries. Rus-
sia demonstrates the most systematic and large-scale
approach to the digitalisation of the agro-industrial
complex, which corresponds to the size of its agro-in-
dustrial sector. The country has created a comprehen-
sive regulatory framework, including the Digital Agri-
culture project and an industry-specific digitalisation
programme. Russian agricultural holdings are actively
introducing precision farming technologies and satel-
lite monitoring. However, there remains a significant
gap between large enterprises that have achieved a
high level of digitalisation and small farms that face
difficulties in introducing new technologies.

Kazakhstan occupies an intermediate position in
the process of digital transformation of the agro-indus-
trial sector, focusing on the creation of “digital farms”
as pilot projects for subsequent scaling up of experi-
ence. Kazakhstan’s strategy for the digitalisation of ag-
riculture is characterised by a pragmatic approach that
combines the borrowing of international experience
with adaptation to local conditions. Particular attention
is paid to the development of digital infrastructure in
rural areas and personnel training, although the pace
of technology adoption lags somewhat behind Russian
indicators. Belarus is demonstrating a cautious but con-
sistent approach to the digitalisation of the agro-indus-
trial complex, taking its first steps in the automation
of accounting and reporting. The Belarusian model is
characterised by a high degree of centralisation of digi-
tal transformation processes with an active role for the
state. The introduction of electronic veterinary certifica-
tion and certain elements of precision farming demon-
strates potential for further development, although the
overall level of technological equipment in agricultural
enterprises remains low.

Armenia, which has the smallest agro-industrial sec-
tor among the EAEU countries, demonstrates a special
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YKYKTYK YXXOHre canyy: EASb e/IkenepyHyH canbilITbipMa aHa/IU3MU
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B. EnbumH aTbiHOarbl Kbliproi3-Poccma CnaBaH YHUBEPCUTETH
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AHHOTaums. Arpapiblk CEKTOPAYH Ludpanallyycy XaHbl TEXHONOMMANApAbl KUPrU3yy MEHEH KOLUTONMYM, YKYKTYK
YKOHIe Canyy YYyH >KaHbl YaKblpblKTapAbl kapaTaT. EBpa3usnbik 3KOHOMMKaNbIK COK3AYH ankarbiHAA TYPYKTYy
BHYIYYHY >KaHa a3blK-TYNlYK KOOMCY3A4YyryH KaMcbl3 Kbllyy OO0HOHYA MaKynaawbiAraH bikManapra MyKTaXAblK
ecyn xaTtaT. Makanaga CaHapuUNTUK TEXHONOTUSNapAbl MILKE albIPYYHYH YKYKTYK 6a3acblH >XaHa MpaKTMKaCbIH
CanbIWTLIPbIN U3UNLE6HYH HernsnHae EBpa3us 3KOHOMUKANbIK BUPUMAUTMHE My4Ye MaMeKeTTepAMH arpapabik
CeKTOpyHAarbl CaHapUNTELTUPYY NPOLEecCTeEpUHE KOMMIEKCTYY Tangoo OepunreH. ABTOpiOp CaHapuMnTUK
TpaHCcPOpMaUMsaHbIH ap KaHhan mopenpepuH 6enrunewet. Poccua “CaHapunTvk aibin yapba” macwrabayy
denepanibik [oNO00OPYH MlLKe awblpyyaa, KasakctaH Moaenamk caHapunTuk vyapbanapabl Ty3yyre >XaHa aubin
yapba xepnepuH TONYK CaHapunTelwTMpyyre 6ackiM xacaca, benapycb byxrantepmk 3cenT aBTOMATTaWTbIpyyaa
aHa BeTepuHapAblK CepTUUKALUAHBIH INEKTPOHAYK CUCTEMACBIH KMPTU3YYAS ONYTTYY UATMAUKTEPre XEeTULLTMU.
Kbiprbi3ctaH MeHeH ApMeHUs TUIRMLITYY CascaT ankakTapbl Kabbln anblHraHbiHA KapabacTaH onyTTyy Keirennepre
Tyw 6onyyna, aHblH MUYMHOE WHPPACTPYKTYPaHbIH KETULICU3OMIU, YEKTENreH KapXKblM0O >aHa CaHapUNTUK
€abaTTyynyKTyH TOMEH AeHr33u. Hernsru xblblHTbIKTap EBpa3ns s3KOHOMUKaNbIK OUPUMANTMHUH BNKenepyHaery
Xannbl KeWremnepay KepceTeT: YOH XaHa Manaa 4vapbanapAblH OpPTOCYHAArbl CaHApWUMTUK aXblpbiM, aibln
XepuHae CaHapunTUK MHPPACTPYKTypa Havap OHYKKeH >XaHa KBanudukauuanyy agucTepauH >KeTULLCU3OUMU.
MepcnekTuBayy GarbiTTap KaTapbl aBTopnop EBpa3us 3koHOMMKanblk GUPUMAMTUHE ankarbiHAQ aibln YapbacbiH
CaHapUNTUK TpaHCHOPMaLMUANOOHY KOOPAMHALMANO0A0 ap OWMp KaTblWyydyy enKeHYH YNYyTTyK e3reuyenykTepyH
3CcKe anyy 3apbingbirbiH 6aca 6enrunen, Mbii3amaapabl WanKkeLw KenTUupyyHy, OMpauKTYy eBpa3usiblK CaHapUNTUK
arpapAblk nnaT@opMaHbl Ty3YYHY XaHa buprenelikeH 6unum 6epyy nporpaMmmanapbliH ULWITEN YbITyyHY CYHYLUTALIAT.
M3UnpeeHyH >KbIMbIHTBIKTapbl WAMMUKA 4Yenpene, OWOHAOM 31e CaHAPUNTEWTUPYY CTpaTerusicbiH  wwTen
ybIryyaa, Mblii3amaapabl ©pKyHASTYYAe XaHa EBpasvs MeWkuHOWIMHAOE arpoTeXHONOrusnapAbl XeHre canyyra
MaKynAawbIraH MaMunenepam uiTen Ybiryyaa KonagoHynywy MyMKyH

Herusrn cespep: caHapuntewTupyy; EBpasus 3KoHOMMKanbiK OGUMpMMAMIU; aibln Yapba Koomepaumsichl;
KnbepKooncysayk; aiblin yapba MaanbiMaTTapbl; CTaHAAPTTapAbl YHUDMKALMAN00
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AHHoTaums. Lindpoeunsauma arpapHoro cektopa CONpoBOXAAETCS BHEAPEHWMEM MHHOBALMOHHbLIX TEXHOMNOMMH,
4To (GOpMUpPYET HOBblE BbI3OBbI AN MPABOBOro perynMpoBaHus. B pamkax EBpasuiickoro 3KoHOMMYeckoro
COl3a BO3pacTaeT MOTPeOHOCTb B COMMACOBAHHbIX MNOAX04AaX K obecnevyeHW0 YCTOMYMBOrO pasBUTUS U
NpoLOBONbCTBEHHOM 6e3omacHOCTU. B cTtaTbe mpeacTaBnieH BCECTOPOHHMIA aHanM3 NpoLeccoB LUMGPOBM3aLMK B
arpapHOM CeKTope rocyAapcrs-yneHoB EBpasmiiCKOro 3KOHOMMWYECKOro COK3a, OCHOBAHHbIN Ha CPAaBHUTENILHOM
M3y4eHMM HOPMATMBHO-NMPaBOBOM 0asbl M MPaKTUKM BHeAPEHWUS LMPPOBbIX TEXHOMOTUA. ABTOPbI BblAENUIM
pasnunyHble MoLenu LMdpoBoi TpaHchopMaLumm. Poccus peannsyeT MacluTabHbli deaepanbHblii npoekT «Lndposoe
CenbCcKoe X03aMCcTBO», KazaxctaH dhokycmpyeTcs Ha co3aaHumn 06pasLoBbix LMPPOBbIX hepM v NONHOM oundpoBke
CeNbCKOXO3AMCTBEHHbIX YrOAuMi, B TO BpeMs kak benapycb gobunacb 3HaunTeNbHOro nporpecca B aBToMaTu3aumm
yyeTa M BHELPEHWM 3NEeKTPOHHOM CUCTEMbI BETEpuMHapHOM cepTudukaumu. KoiproidctaH u ApmeHus, HecMoTps
Ha MPUHATME COOTBETCTBYIOLMX MOMAUTUYECKUX PAMOK, CTaNKMBAKTCA C Cepbe3HbiMM npobnemamu, BKIHOYas
HeanekBaTHY MHOPACTPYKTypy, OrpaHUYeHHOoe QUHAHCMPOBAHME U HU3KUIA YpOBEHb LMGPOBOM rPaMOTHOCTM.
OcHOBHble BbIBOAbI CBMAETENLCTBYIOT 06 06wmx npobnemax B cTpaHax EBpa3uicKoro 3KOHOMMYECKOro Cok3a:
LMdpPOBOI pa3pbiB MeXAy KPYynHbIMM U Menkumu depMepckuMu xossaincTBamu, cnabopassutas umdpoBas
MHPPACTPYKTypa B CENbCKOM MECTHOCTM M HEeXBaTKa KBaMOUUMPOBAHHBIX CneunanucTos. B  kavectse
nepcnekTUBHbLIX HamnpasJeHU aBTOpbl NPEASOXUAN FapMOHM3aLMI0O 33aKOHOAATENbCTBA, CO34aHME eduHON
€BPa3MICKON LMPPOBOM arponaathopMbl M pa3paboTKy COBMECTHbIX 0O6pa3oBaTe/bHbIX MPOrpaMM, NoAYepKMBas
npyu 3TOM HEOOXOAMMOCTb yyeTa HaLMOHANbHbIX 0CODEHHOCTEN KaX40M CTpaHbl-y4acTHULbI NPY OCYLLECTBIEHNM
KOOpAMHaLUMK LndpoBoi TpaHChOPMaLMKU CENbCKOTO X035SMCTBA B paMKax EBPa3sMMCKOro 3KOHOMMYECKOro Cok3a.
PesynbraTbl MccneaoBaHMs MOryT ObiTb MCMOMb30BaHbl Kak B HAay4yHOWM CpeAe, Tak WM Mpu pa3paboTke cTpaTerui
LUMdpoBM3aLIMM, COBEPLLEHCTBOBAHMM 3aKOHO4ATENbCTBA U BbIpabOTKe COrNacoBaHHbIX NOAX0A0B K PErYIMPOBaHMIO
arpoTeEXHONOrNMI Ha eBPa3NIACKOM NPOCTPaHCTBE

KnioueBble cnoBa: uudpoBusaums; EBpasuMWCKMIA  3KOHOMMYECKMIA  COK3;  Cenbxo3Koomnepauus;
KMbepbe30nacHOCTb; arpoAaHHble; yHUDUKaALUA HOPM
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Abstract. Modern agricultural economy faces a number of challenges, including climate change, market
volatility and the need to improve management efficiency. In the context of digitalisation, the introduction of
intelligent tools, in particular neural network models for statistical analysis and tax planning, is of particular
importance. This study provided an overview of current approaches to the application of artificial neural networks
(ANNSs) in the agricultural sector. MLP, CNN, RNN, RNN, LSTM architectures and their hybrid variants used for
yield forecasting, tax burden estimation, subsidy planning and financial risk analysis were considered. The aim
of this study was to identify the potential of neural network models to improve the efficiency of statistical
analysis and tax planning in the agricultural economy, as well as to determine their role in the formation of
digital management decision support systems. The paper systematised the main areas of application of neural
networks in agrarian economy, gave examples of effective solutions and substantiated the practical significance
of ANNs for decision support under uncertainty. Special attention was paid to the integration of ANNs into digital
platforms of the agrarian sector and the formation of intelligent systems to support fiscal management. The
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analysis confirmed the high adaptability and forecasting accuracy of neural networks and emphasised the need to
develop digital infrastructure and regulatory framework for their widespread implementation. The results of the
study can be used in developing strategies for sustainable agricultural development and improving the economic
sustainability of agricultural enterprises. The work is of interest to researchers, developers of digital solutions and

specialists in the field of agricultural policy

Keywords: artificial intelligence; predictive modelling; fiscal policy; digital agriculture; sustainable
development; yield prediction; intelligent decision support systems

Introduction

In the context of accelerating digitalisation of the econ-
omy, the agricultural sector is also undergoing a signif-
icant transformation due to the need to adapt to new
challenges: climate change, growing global competi-
tion, fluctuations in prices for products and resources,
increasing requirements for efficiency and transparency
of management. One of the key tasks of modern agri-
cultural economy is to ensure sustainable development
of agricultural enterprises by optimising production, fi-
nancial and tax processes on the basis of objective data
and modern analytical tools. In this context, intelligent
methods of data analysis, including artificial intelli-
gence technologies and, in particular, neural networks,
are becoming increasingly relevant (Bassine et al.,2023).
As noted by M. Al-Adhaileh & T.Aldhyani (2022), the ag-
ricultural economy is inherently characterised by a high
degree of uncertainty and seasonality, which makes
traditional economic modelling and forecasting diffi-
cult. Parameters such as crop yields, subsidy levels, tax
burden, market prices and logistics costs are subject to
numerous fluctuations and depend on a variety of fac-
tors, from weather conditions to public policy decisions.
In this situation, neural network models become a reli-
able decision support tool both at the individual farm
level and in public fiscal policy formulation (Mansoor et
al., 2025). As pointed out by Y. Adhitya et al. (2023), the
use of neural network models that can identify hidden
non-linear dependencies in data and learn from histor-
ical information is becoming a powerful tool for analys-
ing and making management decisions.

Effective tax planning is of particular importance in
the management of agricultural enterprises. According
to A. Berguiga et al. (2023), with limited access to finan-
cial resources and instability of tax laws, agricultural
producers need a reliable mechanism for estimating
current and future tax liabilities. Traditional tax calcu-
lation methods often fail to account for industry spec-
ificity, seasonality and subsidies, leading to unreliable
forecasts and risks of fiscal instability (Garg et al., 2021).
Neural networks allow to form individualised forecasts
of tax burden taking into account multidimensional
parameters: profitability level, asset structure, volume
of benefits, regional coefficients, price fluctuations,
etc. As pointed out in their work F. Huber et al. (2022),
the application of artificial neural networks (ANN) in
agricultural economics opens new opportunities for

processing a large amount of statistical information.
Unlike classical econometric models, which are limited
by linear dependencies and require prior assumptions,
ANNs are able to learn from incomplete and noisy data,
identify complex relationships and adapt to new input
conditions (Islam et al,, 2024). According to J. Logesh-
waran et al. (2024), this is particularly important for
analysing economic indicators from various sources -
accounting records, tax returns, agricultural statistics,
subsidy and credit programmes.

In recent years, there has been a growing interest
in the use of artificial intelligence in the agribusiness
sector. Pilot projects are being implemented in many
countries to introduce digital solutions in agribusiness:
from monitoring crop yields using drones to managing
finances using intelligent systems. An important area
of digitalisation is the automation of accounting pro-
cesses, which is confirmed by the successful experience
of implementing modern information systems in the
public sector in Albania, where automation has signifi-
cantly improved the efficiency of financial information
processing (Hoxha et al., 2025). However, as noted by
Z.Sbai (2025), most of such projects in the agricultural
sector focus on technological aspects - field automa-
tion, precision farming and crop health monitoring. At
the same time, financial and economic instruments, in-
cluding tax planning models, remain underdeveloped.

Thus, the generalised analysis confirms that the use
of neural network models (MLP,CNN, as well as LSTM) in
agrarian economics contributes to improving the qual-
ity of forecasts and forming more informed decisions
in the field of tax planning and financial flow manage-
ment. The aim of this paper was to conduct an analyti-
cal review and systematisation of existing approaches
to the application of neural network models for statisti-
cal analysis and tax planning in agrarian economy. The
objectives of the study were: to systematise the main
areas of application of neural network models in the
agricultural sector, including yield forecasting, tax bur-
den estimation and subsidy planning; to describe and
classify the most common neural network architectures
(MLP, CNN, RNN, LSTM) and their hybrid variants used
in agricultural economics; to analyse the key advantag-
es of neural network models, such as improved forecast
accuracy, ability to detect non-linear dependencies and
adaptability to regional conditions; to justify the use of
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neural network models in statistical analysis and tax
planning in the agricultural economy; to analyse the
key advantages of neural network models, such as im-
proved forecasting accuracy, ability to detect non-linear
dependencies and adaptability to regional conditions.

Materials and Methods
The present study is an analytical review of modern
approaches to the application of neural network mod-
els in the tasks of statistical analysis and tax planning
in agrarian economy. The methodological basis of the
work included system and comparative analysis, as well
as a substantial review of publications in the leading
scientific databases Scopus, Web of Science and Goog-
le Scholar. The following keywords were used for the
search: “neural networks in agriculture”, “tax planning
using Al” “crop yield prediction with deep learning”,“ag-
ricultural economics and machine learning”. The criteria
for selecting sources were: publication in peer-reviewed
journals in the last 5-10 years, availability of practical
examples or empirical validation of models, as well as
the relationship of the work to tax planning, financial
analysis or risk management in agriculture. Special at-
tention was paid to publications containing the results
of applying neural network architectures to solve ap-
plied problems in the agricultural sector. Comparative
analysis was carried out in the following areas: yield
forecasting - models for analysing data on climate,
soil, agrotechnics; tax planning - use of neural network
algorithms for modelling tax burden and subsidies; fi-
nancial analysis - profitability assessment, forecasting
revenues and expenses; risk management - identifica-
tion of uncertainty factors and reduction of fiscal in-
stability. When systematising the publications, the type
of neural network architecture was taken into account:

MLP (Multi-Layer Perceptron) - most effective for
analysing tabular economic data, including income, ex-
penditure and tax payment indicators;

CNN (Convolutional Neural Networks) - applica-
ble for processing spatial and visual data, such as satel-
lite images of fields for yield estimation;

RNN and LSTM (Recurrent Neural Networks, Long
Short-Term Memory) - allow to work with time series,
which is important for forecasting price dynamics, sea-
sonality of crops and tax revenues;

hybrid models - combine the advantages of neu-
ral networks (NN) and traditional methods (regression,
decision trees), increasing the accuracy of forecasts and
interpretability of results, especially in models of com-
plex analysis of taxes and subsidies.

In addition, the study took into account the criteria
of applicability of the models at different levels of man-
agement - from individual farms to state structures.
Both experimental prototypes and tested solutions
already implemented in digital agribusiness platforms
were analysed. The work also considered the integra-
tion of neural network algorithms with accounting,

financial forecasting and tax administration systems,
which allowed for assessing their potential not only in
the technological but also in the institutional context.
Thus, the methodological approach of the study was
based on the integration of modern scientific data, sys-
tematic comparison of different architectures and their
applicability to the key tasks of agrarian economy.

Results and Discussion

The analysis of publications devoted to the application
of neural network models in agrarian economics allows
for identifying several key areas of their use that have
the greatest potential for statistical analysis and tax
planning. First of all, neural network models are suc-
cessfully used for forecasting financial indicators of
agricultural enterprises, including revenue, profit, cost
structure and tax burden. The most popular in this area
are multilayer perseptrons (MLP) and convolutional
neural networks (CNN), which are able to efficiently
process multivariate data and identify complex rela-
tionships between economic variables. For example,
R. Manogna et al. (2025) proved the effectiveness of
MLPs in predicting agricultural commodity prices, while
the study of I. Attri et al. (2023) showed many examples
of successful application of CNNs and RNNs to accel-
erate economic growth. At the same time, the study by
T.Saranya et al. (2020) and M. Bhavana & K.Rao (2025)
confirm that the application of neural network architec-
tures improves the accuracy of forecasting yields and
financial outcomes in highly variable environments.

Comparison with classical econometric models
also demonstrates the advantages of neural networks.
A.Chlingaryan et al.(2018) and A.Mahin (2025) note that
the prediction accuracy of neural network algorithms
is higher when working with non-linear dependencies
and incomplete data. This is especially true in high-
ly variable agricultural markets and climatic factors,
where linear models are often not sufficiently reliable.
In addition, the use of neural networks in management
decision support systems (MDSS) is an important trend
(Albanese et al., 2021). Such systems allow to automate
the assessment of tax risks, analyse the consequences
of different tax policy options and form recommenda-
tions on tax optimisation in agrarian farms. Integration
of neural network models into management decision
support systems provides adaptation to regional condi-
tions, tax incentives, asset structure and seasonal fea-
tures of agricultural production (Adkisson et al., 2021).
This makes it possible to form individualised forecasts
and improve the accuracy of economic calculations tak-
ing into account territorial specifics.

A separate group consists of studies that use neu-
ral network algorithms to assess the impact of climate
and weather factors on the economic performance of
agribusinesses. I. Malashin (2024) demonstrated the
potential of deep learning for predicting crop yields un-
der climate variability, which is directly related to the
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estimation of future income and tax base of enterprises.
Similarly, A. Chlingaryan et al. (2018) showed that the
use of machine learning to analyse agro-climatic data
can significantly improve the accuracy of yield forecasts
compared to classical models. Moreover, the studies of
G.Kamilaris & F.Prenafeta-Boldu (2018) confirmed that
the application of convolutional and recurrent neural
networks is effective when dealing with spatial and
temporal data (e.g., satellite images and meteorologi-
cal series), which makes it possible to take into account
seasonal and climatic risks when developing agroeco-
nomic strategies. In turn, R. de Oliveira & R.de Souza e
Silva (2023) addressed crop management and forecast-
ing, as well as disease and pest management.

Neural network models not only improve forecast-
ing of economic indicators, but also contribute to the
comprehensive consideration of climate risks, making
tax planning more accurate and resilient to external
fluctuations. This approach is particularly relevant for
calculating taxes that depend on production, yields or
natural conditions, and can be used to justify the ap-
plication of tax exemptions in times of force majeure
(Pérez-Pérez et al.,, 2024). The review showed that one
of the most promising tasks is the modelling of tax
burden taking into account subsidies and state support,
especially in countries with a developed system of ag-
ricultural regulation. Thus, M. Yakubov et al. (2023) pro-
posed to use neural networks to forecast regional tax
revenues in the agricultural sector,emphasising the im-
portance of including the parameters of subsidies and
benefits in the model. In turn, P. Adekemi (2025) showed
that artificial intelligence methods can identify tax
risks and prevent unfair practices. The practical effec-
tiveness of digital innovations in the financial account-
ing of agricultural enterprises is confirmed by concrete
results: the introduction of automated systems for pro-
cessing financial data and the use of machine learning
technologies allow not only to increase the accuracy
of accounting operations, but also significantly im-
prove economic performance (Hnatyshyn et al., 2025).
Additionally, A. Alawode et al. (2024) point out that the
integration of artificial intelligence (Al) in agricultural
economic forecasting allows regional subsidies, price
fluctuations and institutional regulatory mechanisms
to be taken into account, making tax models more
adaptive and practically meaningful. Thus, modelling
tax burden using neural network algorithms opens new
perspectives for the development of financial planning
tools capable of taking into account the impact of pub-
lic policies, subsidies and benefits on the sustainability
of the agricultural sector. Under these conditions, neu-
ral networks allow taking into account not only direct
tax payments, but also indirect fiscal impacts associat-
ed with subsidy mechanisms, compensations, as well as
tax deductions and deferrals (Chlingaryan et al., 2018).
It has also been established that the efficiency of neu-
ral network models significantly depends on the quality
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and volume of available data, which makes relevant is-
sues of information preprocessing, feature normalisa-
tion, handling missing values and class imbalance. Thus,
K.Liakos et al. (2018) in their review emphasise that the
correct processing of raw data and their harmonisation
to common formats is a key condition for the successful
application of machine learning in agriculture.

The problem of dealing with missing values and
limited datasets is analysed in detail in the study by
A. Chlingaryan et al. (2018), where it is shown that the
use of data reconstruction techniques and hybrid algo-
rithms can improve the reliability of predictions under
agrarian uncertainty. In addition, G. Kamilaris & F. Pre-
nafeta-Boldu (2018) emphasise the need for class bal-
ancing in agricultural object classification tasks (e.g.soil
types or crop classes),as sampling imbalance can distort
the training results of neural networks. Scientific works
confirm that data preprocessing and preparation play
no less important role than the model architecture it-
self and largely determine its accuracy and stability. The
use of modern approaches to data preparation (feature
engineering) and regularisation methods makes it pos-
sible to increase the models’ resistance to overtraining
and improve the interpretability of the results. Compar-
ative analysis has shown that hybrid models combining
neural network architecture with traditional analytical
tools such as linear regression, principal component
methods and decision trees provide maximum accuracy
of tax burden forecasting. M.Abedin et al. (2022) in their
review note that the combination of machine learning
methods and classical statistical tools allows for more
accurate modelling of tax planning and consideration
of state support factors. Similar results are obtained in
the study of P. Sharma et al. (2023), where the integra-
tion of deep learning and regression methods demon-
strated high efficiency in the development of models of
agrarian economy management.

R.de Oliveira & R.de Souza e Silva (2023) empha-
sise that the integration of neural network algorithms
with decision trees and factor analysis methods signif-
icantly increases the interpretability of results and the
adaptability of models to regional conditions, which is
especially important in the tasks of financial forecast-
ing and tax planning. In addition, the review of K. Li-
akos et al. (2018) confirms that hybrid approaches in
the agricultural sector have an advantage by combin-
ing the ability of neural networks to detect non-lin-
ear dependencies and the robustness of traditional
econometric methods to noise and omissions in the
data. This confirms the effectiveness of a combined
approach that combines the capabilities of artificial
intelligence and economic logic.

The results of the review show that neural network
models are an effective tool for analysing and forecast-
ing economic and fiscal processes in the agrarian econ-
omy. They are highly adaptive, robust to noise in the
data and capable of modelling complex relationships,
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which makes them particularly valuable in the uncer-
tainty characteristic of agriculture (Kamilaris & Pre-
nafeta-Boldu, 2018). However, the full integration of
such models into practice requires further development
of digital infrastructure, improvement of data quality

and the formation of normative approaches to the use
of Al in the management of agricultural systems. Ta-
ble 1 summarises the main neural network architec-
tures and their functions to illustrate their potential in
agricultural economics and tax planning tasks.

Table 1. Overview of neural network models and their application in agricultural economics

Type of model

MLN (Multilayer Perseptron)

CNN (Convolutional Neural
Networks)

RNN (Recurrent Neural Networks)

LSTM (Long Short-Term Memory)

Hybrid models (NN + decision
tree, etc.)

Functions

Suitable for forecasting based on structured tabular data,
easy to implement

Effective for analysing spatial and visual data
(e.g. satellite images, yield maps)

Applied to sequential data,
modelling temporal dependencies

Improved version of RNN,
stores information over long time intervals

Combining neural networks with other algorithms
to improve accuracy and interpretability

Application in agrarian economy

Forecasting of revenues,
expenditures, tax burden

Crop image analysis,
biomass estimation

Prediction of prices, resource
consumption, yields by seasons

Modelling the impact
of climate cycles on production

Integrated modelling of taxes,
subsidies, production decisions

Source: compiled by the authors based on the analysis of scientific publications

Table 1 is a classification of the main types of neu-
ral network models used in agricultural economics, in-
dicating their key features and areas of practical use.
The table includes both basic architectures (multilayer
perseptron - MLP, convolutional neural networks -
CNN, recurrent neural networks - RNN, modifications
of LSTM type) and hybrid models that combine the ca-
pabilities of neural networks with other machine learn-
ing algorithms. The peculiarities of each architecture in
terms of structure and analytical capabilities are con-
sidered, as well as examples of tasks in which these

Hidden layer
Input data

models have shown high efficiency. These include tax
forecasting, satellite image analysis, modelling of sea-
sonal and climatic factors, integrated planning based
on production and fiscal data. The presented review
demonstrates the broad potential of neural network
approaches within the digital transformation of the ag-
ricultural sector, especially in the context of developing
decision support systems and tax modelling. As an il-
lustration, Figure 1 presents the structure of a neural
network model applicable to statistical analysis and tax
planning in the agrarian economy.

(statistical and tax planning
in agrarian economy)

Output layer

Figure 1. Structure of neural network model for statistical analysis and tax planning in agrarian economy

Source: compiled by the authors

Figure 1 shows the basic architecture of a feed for-
ward neural network model consisting of three layers:
input layer, hidden layer and output layer. The input
layer accepts input data such as economic indicators,
taxes, subsidies, climate and agricultural resources.
The latent layer processes the input information using
internal weights and activation functions, revealing
non-Llinear relationships between variables. The output
layer generates predicted values that are interpreted
as results of statistical analyses and fiscal planning in
the agricultural economy. The framework is used for

decision support, tax burden modelling, subsidy optimi-
sation and economic efficiency assessment of agricul-
tural production. The presented review demonstrates
the broad possibilities of applying neural network ap-
proaches within the digital transformation of the agri-
cultural sector, especially in the context of developing
decision support systems and tax modelling. As can be
seen in Figure 1, the structure of the neural network
model reflects the main stages of data processing, and
Table 2 summarises the directions of practical appli-
cation of neural networks in the agricultural economy.
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Table 2. Applications of neural networks in agrarian economics

Field from application Type of model

Yield forecast RNN / LSTM

Tax burden estimation MLP / Decision Tree

Subsidy planning CNN + MLP
Cost management MLP
Climate risk modelling RNN LSTM +

Assessment of
agribusiness performance

Hybrid modelling
(NN + econometrics)

Problem description

Forecasting of yields by season, taking into account weather conditions

Calculation of taxes and levies based on historical financial data

Determining optimal allocation of government support
Forecasting resource costs (seeds, fuel, machinery, etc.)

Analysing the impact of droughts, rainfall and temperature on crop yields

Profitability and efficiency analytics based on Al algorithms

Source: compiled by the authors based on analytical synthesis of scientific publications

Table 2 presents a summarised list of key benefits
of using neural network models in agricultural econom-
ics. Six main areas in which neural networks demon-
strate their effectiveness are presented: improvement
of forecasting accuracy, processing of complex and
hidden dependencies between data, adaptation to re-
gional conditions of agricultural production, automa-
tion of analytical processes and reporting, the possi-
bility of integration into digital agricultural platforms,
as well as support for strategic planning and manage-
ment of tax and investment decisions. Each benefit is
accompanied by a brief description of its relevance for

digitalisation and sustainability of the agricultural sec-
tor. The presented characteristics emphasise the rel-
evance of implementing artificial intelligence in the
management of agricultural systems and the develop-
ment of intelligent decision support tools.

The review confirms that neural networks have signif-
icant advantages for the agricultural economy: they allow
more accurate forecasting of crop yields and tax burden,
identify hidden dependencies in data, take into account
regional peculiarities and integrate into the digital in-
frastructure of “smart agriculture” The main benefits of
using neural network models are summarised in Table 3.

Table 3. Advantages of using neural networks in the agricultural economy

Advantage
Increase in the accuracy of forecasts

Processing of non-linear and hidden
dependencies
Adaptation to regional conditions
Automate analytics and reporting
Integration into digital platforms
Support strategic planning

Description

Neural networks provide more accurate predictions than classical models, especially in the
case of complex dependencies between parameters

Ability to identify hidden patterns in economic and climate data

Models take into account local agricultural specificities and can be trained on regional data
Reduce reporting time and human error in analyses
Compatible with smart agriculture platforms and Al infrastructure
Support tax, investment and risk management solutions

Source: compiled by the authors based on an analysis of the academic literature

Table 3 summarises the key benefits of implement-
ing neural network technologies in the practice of agri-
cultural management and economic analysis. The most
significant areas in which artificial neural networks
provide added value are presented: from improving the
accuracy of forecast calculations to adapting models to
local conditions and automating reporting procedures.
Each benefit is accompanied by an explanation of its
practical significance - whether it is the processing of
complex multivariate dependencies, reducing the bur-
den on economic specialists or extending the function-
ality of digital platforms in the agro-industrial complex.
The systematisation of these advantages highlights the
relevance and prospects of using neural networks as a
tool for digital transformation of the agrarian economy,
aimed at improving the efficiency and sustainability of
management in changing conditions.

Neural network models such as MLP, CNN, RNN,
LSTM and their hybrid combinations with economet-
ric algorithms have been effectively applied for yield

forecasting, calculating tax burden, modelling the im-
pact of climate risks and assessing agribusiness per-
formance (Khan & Yairi, 2018). These models are able
to account for non-linear and hidden dependencies
between economic, climatic and fiscal indicators, mak-
ing them more accurate and adaptive than tradition-
al analytical tools. Thus, neural network technologies
can significantly improve the quality of management
decisions in the agricultural economy, provide adapta-
tion to regional conditions, increase the transparency
of tax planning and the sustainability of agricultural
enterprises. However, for the successful integration of
Al in the agricultural sector, further efforts are needed
to develop digital infrastructure, improve the quality of
source data and form a regulatory and legal framework
governing the application of intelligent technologies
in the agricultural sector.

The results of the review confirm the growing in-
terest of the scientific community in the application
of neural network models in the agricultural economy,
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especially in the context of statistical forecasting and
tax planning. However, despite the obvious effective-
ness of such approaches, there are a number of theo-
retical and practical issues that require more in-depth
study. Firstly, neural network models demonstrate high
accuracy in the presence of large datasets, but the ag-
ricultural sector in a number of regions, especially in
developing countries, suffers from a lack of quality and
structured data. This limits the ability to train models
and requires the implementation of better data pro-
cessing techniques, including mechanisms for missing
value immunisation, normalisation and class balancing.
Secondly, there is a significant difference in the per-
formance of neural networks depending on the choice
of architecture and training parameters. A number of
studies emphasise that MLP and RNN models are sus-
ceptible to overtraining, especially when the amount
of data is small and the number of training samples is
limited. For example, A. Chlingaryan et al. (2018) note
that simple neural network architectures can lose gen-
eralisability when analysing agrarian data with high
variability. Similar conclusions are drawn in a study by
G. Kamilaris & F. Prenafeta-Boldu (2018), where it is
stated that when dealing with small volume agricultur-
al datasets, MLP and RNN networks show a decrease in
accuracy and the need for regularisation techniques. In
a study by K. Liakos et al. (2018) also emphasises that
the choice of architecture and training parameters has
a critical impact on the accuracy of predictions, and the
use of LSTMs and hybrid models capable of accounting
for complex temporal dependencies is recommended
to reduce the risk of overtraining. At the same time,
hybrid approaches combining neural networks with
econometric methods produce more stable and inter-
pretable results. This raises the question of the need
for further development of explainable Al, which is par-
ticularly important for fiscal and tax decisions, where
validity and transparency of models are required.
Athird important aspect is the integration of neural
networks into real-world decision support systems in
agricultural policy and economic management. Despite
the development of prototypes and conceptual solu-
tions, their practical application is hampered by the
lack of a regulatory framework, IT infrastructure limita-
tions and a shortage of qualified specialists in the field
of agricultural digitalisation. This is especially true for
tax modelling tasks, where it is necessary to take into
account dynamic changes in the regulatory framework,
subsidy system and economic specifics of regions. In ad-
dition, an ethical and legal aspect arises when discuss-
ing the implementation of Al in tax planning. The use
of models that make decisions based on historical data
may lead to implicit discrimination of certain catego-
ries of households. Consequently, when building neural
network systems, it is necessary to take into account the
principles of fairness, transparency and accountability,
which requires the participation of not only technical

specialists, but also lawyers, economists and repre-
sentatives of government agencies. Thus, despite the
obvious prospects, the application of neural network
models in agrarian economics requires an interdiscipli-
nary approach that combines technical accuracy with
economic logic and regulatory expediency.

Conclusions

This review has shown that neural network models have
significant potential in the tasks of statistical analysis
and tax planning in agrarian economy. Their ability to
process large volumes of multidimensional data, to
identify hidden and non-linear relationships between
economic, climatic and fiscal parameters makes them
an effective tool in conditions of uncertainty character-
istic of agricultural production. The analysis of publica-
tions has confirmed that the use of neural networks can
significantly improve the accuracy of forecasting yields,
tax burden and financial indicators compared to classi-
cal econometric methods. The most promising for the
agricultural sector are MLP,RNN, LSTM architectures, as
well as hybrid models, which combine the capabilities
of neural networks with classical methods of analysis
(regression, decision trees, principal component meth-
ods). These approaches have been successfully applied
to solve problems of yield forecasting, tax burden as-
sessment, optimisation of subsidy allocation and stra-
tegic planning in agriculture. Special attention in the
analysed studies is paid to the problems of quality of
initial data. It is revealed that correct preprocessing,
normalisation of attributes and dealing with missing
values have a decisive influence on the accuracy of
models. The development of digital infrastructure, the
creation of specialised databases for agriculture and
the formation of a regulatory framework for the appli-
cation of Al in the agricultural sector are also important
areas. It is necessary to take into account the issues of
interpretability, transparency and reliability of Al sys-
tems, especially in the context of fiscal decision-making
and public resource management.

Prospects for further research are related to the
development of more interpretable hybrid models, the
integration of neural network algorithms into “smart
agriculture” platforms, as well as the creation of tools
to take into account climate risks and regional specif-
ics. An important direction will be the development of
intelligent decision support systems capable not only
of forecasting economic indicators, but also of offering
optimal scenarios for tax planning, subsidy distribution
and risk management. Of additional interest is the inte-
gration of neural network models with big data, block-
chain and Internet of Things technologies, which will
enable the formation of more sustainable and transpar-
ent value chains in the agricultural sector.
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AHHOTaumsa. A3bIpKbl  arpapablk  3KOHOMMKA KAMMATTbIH  ©3repylly, PbIHOKTYH TYpyKCy34yry >aHa
HalkapyyHyH 3P hEKTUBLYYNYTYH XKOropynaTyy 3apbUlyblibirbl CbIIKTYY 6Mp KaTap YakbipblkTapra Tyw 6onyyaa.
CaHapunTewTMpyy WapTbiHAA WHTENNEKTYanablK Kypanaapabl, alpbikya CTaTUCTUKANbIK TanLo0 XaHa CabIKTbIK
NNAHAAWTLIPYY YYYH HEMPOTAPMaKTbIK MOAENAEPAM KUPTU3YYHYH MaaHUCK B3reye YoH, byn naunneene arpapabik
CeKTOpA0 Xacanma HelpoHayk TapMmakTapabl (PKHT) kongoHyy 6otoHYa 3aMaHban bikManapra cepen 6epunet. MLP,
CNN, RNN, LSTM apxuTekTypanapsl xaHa anapAblH rubpuaanK BapuaHTTapbl TyWyMAYYAYyKTY 60xomMongoono,
CanbIKTbIK XYKTy 6aanoono, cybcuansnapabl NNaHAAWTbIpyyAa XaHa KapXbliblKk TOOOKENYUMIMKTEPAU TanA00a0
KONAOHYNYWY Kapanat. M3unaeeHyH MakcaTbl — arpapfblk 3KOHOMMKAZArbl CTAaTUCTMKANbIK TanLOOHY >XaHa
CanbIKTbIK MNAHAALTBIPYYHY HaTbIMXanyy >Xypry3yyLe HelpoTapMaKTblK MOAENAEepAMH MOTEHLMANbIH aHbIKTOO
XaHa Oalukapyy 4euMMaepuH KONAOrOH CaHApWMMTUK CuUCTeManaphbl Ty3yy4Aery anapfbliH ponyH 6Genrunee.
MwTe arpapfiblk 3KOHOMMKaZA HEMpPOHAYK TapMakTapAbl KONLOHYY Hernsru 6arbiTTapbl CUCTEMANALWTLIPbIUITaH,
HaTblXanyy 4YeuuMAepAuMH MUCANZapbl KeNTUPUATEH >KaHa OenrMcusauk WapTbiHAA Yeyum Kabbul anyyHy
Konpo0 yyyH XHTHbIH npakTMKanblk MaaHucK HeruspenreH. Aipbikya XXHTHbI arpapapbik CEKTOpPAYH CaHApUNTUK
nnatpopmanapbiHa MHTErpaLmMsanoo xaHa duckanaplk balkapyyHy KONLOrOH UHTENNEKTYanablk cucTtemManapabl
TY3YY MacenecuHe keHyn bypynraH. XXypry3yareH Tanfoo HeMpOHAYK TapMaKTapAblH XXOropKy afanTuBayyayryH
XaHa 60XXOMONAOPYHYH TAKTbIrbIH blpacTan, anaphbl KEHUPU KOMAOHYY YYYH CaHapUNTUK MHAOPACTPYKTypaHbl
aHa HOpPMAaTUBAMK-YKYKTYK Ba3aHbl 8HYKTYPYYHYH 3apblnapbirbiH 6aca 6enruneiT. M3unaeeHyH XbIAbIHTbIKTapbl
avibln YyapbacblH TYpYKTYy 6HYKTYPYYy CTpaTerusiapbiH WMWTEN 4YbifyyAa >XaHa arbln 4Yapba WLKaHanapbiHbIH
3KOHOMMKANbIK TYPYKTYYNYryH >Oropynatyyaa naiganaHbUibibl MYMKYH. MW u3ungeevynep, CaHapunTuk
YyeuyMMAepAM ULITEN YbITyyuynap XaHa arpapAblk casgcaT YeMpecyHAery agucrep YYyH Kbi3blKTyy 60nyn caHanat

Herusru €e306ep: XaCaiMa UHTENNEKT, NPEANKTUBANK MOLENLOO; CbVICKaﬂ,D,bIK CaqacaT; CaHapunTmnK anbin qap6a;
TYPYKTYY ©HYIYY, TYWYMAOYYNYKTY 60)KOMOJ'ILI,OO; yeymM Kabbin aslyyHy KONAOTOH MHTEeNNEKTyanablKk cucteManap
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AHHoTauusa. CoBpeMeHHas arpapHas 3KOHOMMKA CTasIKMBAETCS C pSiAOM BbI3OBOB, BK/1HOYAsi USMEHEHME KMMATA,
BONATU/BbHOCTb PbIHKA M HEOOXOAMMOCTb MOBbIWEHUS 3PDEKTUBHOCTM ynpaBneHus. B ycnosuax undposusaumum
ocoboe 3HauyeHWe npuobpeTaeT BHeAPEHWE WHTENNEKTYaNbHbIX WMHCTPYMEHTOB, B 4YaCTHOCTM HEeMpOCEeTeBbIX
mMogenen Ans CTaTUCTMYECKOrO aHanmM3a M HaNoroBOro NAaHMpOBaHUS. B maHHOM mMccnenoBaHMM NpeacTaBieH
0630p COBpEMEHHbIX NOAXOL0B K NMPUMEHEHUKD UCKYCCTBEHHbIX HEMpOHHbIX ceTelt (MHC) B arpapHOM cekTope.
PaccmatpuBanuce apxutekTypbl MLP, CNN, RNN, LSTM, a Takxe nx rubpuiHble BapuaHTbl, UCMONb3yeMble [Ais
NPOrHO3MPOBaHUS YPOXKAaNHOCTH, OLLEHKM HANIOFOBOM Harpy3ku, NNaHUMpoBaHUs cybcuamnii u aHanmsa GUHAHCOBBIX
puckoB. Llenbto JaHHOro nccnenoBaHust ObI10 BbISIBIEHME NOTEHLMANA HEMPOCETEBbLIX MOAENEN AN NOBbIWEHMS
3(pheKTUBHOCTU CTAaTUCTMYECKOrO aHasM3a M HaNOroBOro MNJaHMPOBAHMS B arpapHOi 3KOHOMMKE, a TaKxke
onpeneneHue Ux poau B GOPMMUPOBAHUM LMPPOBLIX CUCTEM MOALEPXKKM YNpaBNeHYeCcKkux pelleHuit. B pabote
CMCTEMATM3MPOBAHbl OCHOBHblE 00M1aCTU MPUMEHEHUS HEMPOHHbLIX CETEN B arpapHoOM 3KOHOMMKE, MPUBEAEHDI
npumepbl 3OPEKTUBHbIX PeELeHUIt U 060CHOBaHA MpakTuyeckas 3Hauymmoctb MHC ang nopnepskku npuHaTUS
pelleHuii B ycnoBuax HeonpeneneHHoctu. Ocoboe BHUMaHue yaeneHo nHterpaumn MHC B umMdpoBbie nnathopmsl
arpapHoro cektopa M (GOPMMPOBAHUIO WHTENNEKTYaNbHbIX CUCTEM MOAAEPXKKM (UCKANBHOIO YMNpaBieHUs.
lpoBeneHHbIA aHanM3 NOATBEPAMA BbICOKYK afanTUMBHOCTb M TOYHOCTb MPOrHO3MPOBAHUS HEMPOHHbBIX CeTew
U MOAYEPKHYN HeobXOAMMOCTb Pa3BUTUS LUMDPOBON MHPPACTPYKTYpbl U HOPMATUMBHO-NPABOBOW 6a3bl ANg MUX
NMOBCEMECTHOrO0 BHeapeHus. Pe3ynbTaTthl uccnenoBaHus MoryT ObiTb MCMOMb30BaHbl NMpU pa3paboTke cTpaTerun
YCTOMYMBOrO Pa3BUTUS CENIbCKOTO XO3AMCTBA M MOBbILEHUS SKOHOMUYECKOM YCTOMYMBOCTU CETbCKOXO3MCTBEHHbIX
npeanpusatuin. Pabota npencraBnseT MHTEpec ANS MccnenoBaTtenei, pa3paboTunmkoB LMAPOBLIX peeHUi U
CneumnanucToB B 061acTu arpapHoi NOAUTUKK

KnioueBble cnoBa: MCKyCCTBeHHbIVI UHTENNEKT, NPEANKTUBHOE MOAENNUPOBAHUE, q)VICKaJ'IbHaFI NONNUTUKA;

LLVId)pOBOE CenbCKoe XO03§MCTBO; yCTOﬁHMBoe pa3BuTne; NporHo3npoBaHne ypo>|<al7|Hocm; MHTENNEKTYal/ibHbl€
CnucTeMbl noganep>xxkKm DEUJGHMIZ
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Abstract. With growing demands for food quality and increased interest in healthy foods, the development
of innovative technologies and functional products is becoming particularly relevant. This study aimed to
analyse the current scientific foundations and approaches underlying the creation of innovative food products. A
systematic analysis of contemporary scientific and practical research devoted to the development of innovative
food products was carried out in the following databases: Scopus, Web of Science, ScienceDirect, PubMed, Google
Scholar, eLIBRARY, and others. Key areas of research were analysed, including the search for alternative sources
of protein, the use of functional ingredients, biotechnological methods (precision fermentation, mycoproteins,
muscle cell cultivation in bioreactors), the use of artificial intelligence, and the digitisation of development and
quality control processes. The use of high pressure for the pasteurisation or sterilisation of food products was
also considered a promising technology. The review showed that there are many developments in the field of
food packaging; innovative packaging can be biodegradable, active, smart, or reusable. The processing of raw
material by-products (oil cake, whey, peel, etc.) for the production of flour, fibre, and polyphenol concentrates
is a trend at the intersection of sustainability and functionality. This article paid particular attention to the
development of new functional products. It highlighted the role of interdisciplinary research in forming the
scientific basis for innovation in the food industry. The analysis conducted allowed for identifying promising
avenues for development and determine strategic guidelines for further research and the introduction of
innovations into production

Keywords: innovative food products; alternative proteins; mycrobic meat; functional ingredients; technologies;
raw materials; platforms of innovation

Introduction

The dynamic development of the food industry in the
21t century is driven by the need to address a range of
interrelated challenges: ensuring food security, meeting
growing consumer demands for food quality and func-
tionality, and introducing environmentally sustainable
production technologies. As noted by K. Topolska et
al. (2021), the food industry worldwide is undergoing a
number of changes, mainly driven by consumer demand
for safe and healthy foods with pleasant organoleptic
properties. The Global Food Innovation Index compared
factors contributing to innovation in the food, agri-
business and beverage industries in 10 countries. The
ranking of these countries, based on their innovation

environment for the food industry, is as follows: 1%t place -
United Kingdom, 2™ - United States, 3 - Germany, 4" -
Australia, 5*" - Canada, 6™ - Netherlands, 7" - Japan,
8™ - Mexico, 9" - France, 10™ - Italy (Charlebois, 2020).
In particular, according to the German Innovation Report
Food (2023), around 30,000 new food products are de-
veloped in Germany every year, of which more than 90%
do not remain on the market, meaning that only 10% of
products are successful. Of these, 94% of new develop-
ments are modifications of existing products, and only
3% are innovative products. In 2002, only 350 innovative
food and beverage products were developed and suc-
cessfully introduced into production in Germany.
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Innovations in food production

A “novel food” is a newly developed, innovative
food product; a food product produced using new tech-
nologies and production processes; or a food product
that is traditionally consumed or has been consumed
outside the European Union and has not been con-
sumed to a significant extent in the EU (Regulation
(EU), 2015; European Commission, 2025). The word “in-
novation” can be defined in many ways. Innovation is
“the process of transforming a discovery (i.e., an idea,
invention) into a product(s) or service(s) that consum-
ers/customers are willing to buy”. Innovation encom-
passes many aspects, such as science, technology, mar-
keting and organisation, partnership, risk management
and social responsibility (Burke, 2024; Wei et al., 2025).
However, as noted by J. Prates (2025), discoveries must
be translated into products, services, or processes that
are disseminated and integrated into the economy so
that society can benefit from these discoveries. For an
idea to be called an innovation, it must be reproducible
at an economical price and satisfy a specific need. Thus,
not all ideas are innovations, but only those that are
suitable for implementation. Innovations are necessary
to gain a competitive advantage and create value, and
their results can be both tangible (e.g., new products,
projects) and intangible (e.g., new processes and ways
of doing business, expert knowledge) (DAlmeida & de
Albuquerque, 2024). An innovative product can be a
key factor for success in aggressive and competitive
food markets. Thus, an innovative product is a new
product that did not exist on the market before, while
adaptation is the process of giving an old product new
properties or adapting a product to new conditions.
However, imitation of a new successful product is more
common on the market.

The aim of this work was to analyse contemporary
scientific and practical research devoted to the devel-
opment of innovative food products. A systematic anal-
ysis was carried out in the following databases: Scopus,
Web of Science, ScienceDirect, PubMed, Google Scholar,
eLIBRARY, etc. The following keywords were used in the
selection: “innovative food products”, “functional foods”,
“biotechnology in food industry”, “digitalisation of food
production”,“innovations in the food industry”. The crite-
ria for including sources in the analysis were: relevance
to the topic of innovative food products, the availabil-
ity of experimental data or scientifically substantiated
theoretical propositions, publication in peer-reviewed
journals and conference proceedings. Particular atten-
tion was paid to works describing the practical applica-
tion of new technologies in the food industry, as well as
research on consumer preferences and market trends in
the field of functional foods.

Innovative processing technologies

and alternative sources of dietary protein

The considerable popularity of vegetarianism in re-
cent years has led many to seek alternative sources

of animal products. Plant-based meat and milk sub-
stitutes are carving out their niche in the food market.
The active promotion of these products is based not
only on promises of personal comfort for consumers,
but also on the obligation of every inhabitant of the
planet to care for the environment. Refusing to con-
sume animal meat is presented as one way to reduce
the harmful impact of livestock farming and the meat
processing industry on the climate. One of the newest
areas of research into alternative sources of protein is
microbial proteins. Microbial proteins are produced by
precision fermentation using microorganisms (yeast/
mould/bacteria) that are programmed to produce milk
proteins (casein, whey proteins), egg albumin, colla-
gen, haem, etc. (Le Mouél & Forslund, 2017). Targeted
enzyme hydrolysis is a tool for texturing and creating
bioactive peptides. At the same time, as described in
the work of S. Wei et al. (2025), bacteria are also used
to produce specific ingredients. This method gives
functional properties to microbial proteins, reducing
humanity’s dependence on agriculture and weather
risks. Active research is underway in this area - the
selection of strains and regimes, as well as the de-
velopment of regulatory documents and scaling (East-
ham & Leman, 2024; Knychala et al., 2024).

The next relevant area is the production of cultured
meat. The cultivation of muscle/fat cells in bioreactors
is progressing from minced meat to whole muscle
structures. In 2025, Australia authorised the limited
sale of cultivated quail meat, demonstrating the transi-
tion of this field into the “real world” (Southey, 2025). At
the same time, meat analogues based on plant proteins
(stretch textures, extrusion/shear, fat binding) are being
actively researched (Berners-Lee et al,, 2018; Spiro et
al.,, 2024). A successful example of the practical imple-
mentation of such developments is the technology of
plant-based minced semi-finished products using pro-
tein-wheat texturate, which are characterised by a bal-
anced amino acid composition and a significant content
of valine, methionine and phenylalanine, making them
a complete alternative to meat products for vegetarians
(Filin et al, 2023). The production of flour from crick-
ets, yellow mealworms, etc. is carried out in accordance
with the EU Regulation on novel foods; a single list is
maintained, which specifies the conditions of use and
labelling (European Commission, 2025).

The following developments relate to microalgae
(e.g., Nannochloropsis). They are sources of unsaturat-
ed fatty acids and pigments (astaxanthin). There is a
growing number of applications for microalgae in the
food industry and clinical observations on their effect
on the human lipid profile (Prates, 2025). Microalgae
have a number of promising applications in the field of
functional foods, both in the form of natural biomass
(microstructural powders or syrups) and as a source of
biologically active ingredients (Kaledina et al,, 2020).
Most alternative protein sources have advantages:
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they are easily digestible, rich in vitamins, minerals
and fibre, and suitable for various diets, including veg-
etarian ones. Another aspect of the use of alternative
protein sources is that not all consumers are willing
to eat products made with new ingredients. Therefore,
consumer opinion should be taken into account when
developing food innovations.

In parallel with the search for new sources of pro-
tein, modern food processing technologies are actively
developing, aimed at improving the quality and func-
tionality of products. Over the past decades, fast and ef-
ficient production methods have emerged that improve
the quality and shelf life of food products, and suitable
alternative processing technologies have been found,
such as high hydrostatic pressure, pulsed electric fields,
ultrasound, and microwaves (Ozaybi, 2024). Non-ther-
mal pasteurisation of food raw materials, including
dairy products at high pressure (400-600 MPa), pre-
serves nutrients, controls protein structures and texture,
and improves the safety and organoleptic properties of
finished products. Updated reviews for 2023-2025 de-
tail the effect of extrusion on the secondary structure of
protein, bioactive components, and aggregation (Ozay-
bi, 2024; Siddiqui et al., 2024). 3D food printing is used
for shaping/texturing, targeted fortification, and “digi-
tal gastronomy”. Limitations include speed/throughput
and the stability of “food ink”, as highlighted in reviews
by R. Burke (2024) and S. Xiao et al. (2025).

Innovative food packaging should be biodegrad-
able, active, smart or reusable. Smart/active packag-
ing is equipped with sensors to monitor the freshness,
pH, amines, sulphur compounds of food products,
as well as the release of antioxidants/antimicrobial
agents to extend shelf life (Chiu et al, 2024; Palan-
isamy et al., 2025). Algae are used to produce pack-
aging, edible capsules and coatings for compostable
containers, which are already being used by large re-
tail chains (Oughton, 2023). A. DAlmeida & T. de Al-
buquerque (2024) describe developments in biomate-
rials, such as starch or cellulose films incorporating
active ingredients (antioxidants, freshness sensors).
Stora Enso (2024) uses FiberLight Tec™ technology to
produce lightweight, high-quality cellulose packaging,
reducing the carbon footprint and weight of the pack-
aging. Waste-free disposal or use of raw material pro-
cessing by-products (oil cake, whey, peel, etc.) for the
production of flour, fibre, and polyphenol concentrates
remains a relevant area, combining production sus-
tainability and product functionality (Lu et al., 2024).
Systematic reviews highlight the contribution of
waste-free technologies to “triple” sustainability: ecol-
0gy, economy, and society.

Functional and personalised nutrition

and artificial intelligence

Artificial intelligence (Al) accelerates the develop-
ment of product formulations that take into account
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consumer requirements (metabolomics, allergies,
taste preferences), as well as the optimisation of for-
mulations/sensory properties. Reviews are emerging
on the integration of Al into personalised nutrition
and the development of new products, such as Not-
Milk®, NotChicken® (Zatsu et al., 2024; Kuhl, 2025).
The integration of more sophisticated Al tools, such as
deep learning and advanced robotics, can significant-
ly improve the safety, quality, and efficiency of food
products at all stages of the supply chain. P. Detopou-
lou et al. (2023) expect Al to play a key role in improv-
ing personalised nutrition in the future by providing
real-time dietary recommendations based on an in-
dividual's genetic characteristics, lifestyle and health
data, thereby transforming public health strategies.
. Kiselev et al. (2018) argue that the development of
Al-based sensory technologies, such as more accurate
electronic noses and tongues, will further improve
the accuracy of food quality assessment by enabling
non-destructive testing of food products. Innovations
in Al-based smart packaging, capable of autonomous-
ly monitoring and maintaining optimal food storage
conditions, will also contribute to increasing shelf life
and reducing food waste on a global scale. Another
promising area is the use of Al in sustainable food
production. Precision agriculture based on Al, com-
bined with big data analytics, will optimise resource
use, reduce environmental impact and increase crop
yields (Kutyauripo et al., 2023; Zatsu et al., 2024).

Of all the innovative trends in food production list-
ed above, functional and personalised products stand
out. The Food and Agriculture Organization (FAO) (n.d.)
uses the following definition: “..functional foods are
foods that contain additional beneficial components
beyond basic nutrients, offering health advantages for
the prevention and management of disease”. In other
words, functional food is produced by adding or con-
centrating a beneficial ingredient or replacing an in-
effective or harmful ingredient, and has (in addition to
its traditional nutritional value) additional health ben-
efits or acts as a remedy for certain diseases (Kaur &
Das, 2011). The increase in environmental and social
problems is the main driving force behind the devel-
opment of functional products worldwide. According
to C. Karelakis et al. (2020), the main consumer mo-
tive for purchasing functional foods is a growing de-
sire to use products to prevent chronic diseases such
as cardiovascular disease, Alzheimer’s disease and os-
teoporosis, as well as to improve health, for example
by strengthening the immune system and promoting
well-being. Functional foods are officially recognised
by the Japanese government as an alternative to drug
therapy and are defined as “Food for Specified Health
Use” (FOSHU) (Iwatani & Yamamoto, 2019).According to
GOST 52349-2005 (2005), there are seven main types
of functional ingredients that give foods functional
properties (Table 1).

Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 2 75



Innovations in food production

No. Ingredient class

Probiotics, prebiotics and

Table 1. Main types of functional ingredients

Examples

Probiotics: Lactobacillus,
Bifidobacterium; Prebiotics:
lactulose, gluco-oligosaccharides,

Main functional effects

Maintaining healthy gut microbiota,
immunomodulation, improving mineral absorption

Protecting cells from oxidative stress, preventing
chronic diseases, cardioprotective and neuroprotective
effects

Normalisation of lipid metabolism, anti-inflammatory
effect, support for the brain, heart and vision

1 o . .
synbiotics fructo-oligosaccharides, xylo-
oligosaccharides; Synbiotics:
combinations
Polyphenols (flavonoids, phenolic
) Antioxidants acids, stllbenes?, carotenou?ls
(B-carotene, lutein), terpenoids,
tocopherols and tocotrienols
Omega-3 fatty acids
Polyunsaturated fatty (elcosapentaehmc.acnd (EPA) and
3 acids (PUFAS) docosahexaenoic acid (DHA), alpha-
linolenic acid (ALA), omega-6 (linoleic
acid, arachidonic acid)
4 Dietary fibre B-glucan, inulin, pectin, cellulose
5 Vitamins Vitamins A, D, E, K, C, B group
6 Minerals Calcium, iron, zinc, magnesium,

selenium, iodine

Proteins and their
structural components

Source: GOST 52349-2005 (2005)

peptides

The functional food market in the United States, Ja-
pan, the Asia-Pacific region and the European Union is
a profitable niche in food production and is forecast to
grow worldwide (Bigliardi & Galati, 2013). The existing
literature offers various options for classifying func-
tional foods. Functional foods are classified according
to their purpose as follows (Bigliardi & Galati, 2013;
Mudgil & Barak, 2019): functional foods that are ben-
eficial or improve the lives of children (prebiotics and
probiotics); functional products that reduce existing
health risks (high cholesterol or high blood pressure);
functional products that make life easier (lactose-free
or gluten-free products). By product type, B. Bigliardi &
F. Galati (2013) propose the following classification of
functional products:

products enriched with additional nutrients, la-
belled as “fortified foods” (fruit juices enriched with vi-
tamins C and E, zinc and calcium);

products enriched with new nutrients or com-
ponents that are not normally found in a given food,
labelled as “enriched foods” (probiotics or prebiotics);

products from which a harmful component has
been removed, reduced or replaced with another with
beneficial effects, labelled as “altered foods” (adding di-
etary fibre to reduce the amount of fat in meat products
or ice cream);

Casein, whey proteins, soy proteins,

Lowering cholesterol levels, regulating blood sugar
levels, promoting beneficial microflora growth,
improving gastrointestinal motility

Supports metabolism, antioxidant properties,
participates in immune responses, prevents vitamin
deficiency

Bone and tooth formation, regulation of enzymatic
processes, antioxidant protection, support of blood
formation

Muscle tissue formation, pressure regulation (bioactive
peptides), antioxidant and immunomodulatory effects

products in which one of the components has
been naturally enhanced, labelled as “enhanced com-
modities” (eggs with increased omega-3 content).
According to this classification, the methods used
to develop potentially functional foods are presented
in Figure 1. The development of successful functional
foods is a complex process that differs somewhat from
the traditional development of new foods. The work
of A. Rudder et al. (2001) presents various models of
new product development (NPD) with different stages
and success factors. However, there is no consensus
on which NPD method in the food industry is right
or wrong. There are four main critical stages of NPD:
product strategy development based on the results of
technological and marketing research, product design
and production, product commercialisation (product
launch) and post-launch, which are common to all
these models (Earle, 1997).In accordance with modern
scientific concepts, the process of creating a function-
al food product consists of the following stages: mon-
itoring the nutrition of the population; developing
medical and biological requirements for a functional
product; selecting and justifying a food matrix; select-
ing and justifying a functional component; modifying
a food product into a functional one; confirming the
positive effect.
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Methods for
developing functional
products

Enriching foods
with deficient
micronutrients

Reduction in the content
of ingredients harmful to
health in the product

Synthetic
vitamins,

- Reduction in sugar,
minerals

salt and fat content

Vitamins and
minerals from
natural sources

Modificati.on A combination
of t.he fUn.Ct'Onal of the above methods
ingredient

Improvement of the
bioavailability of a
functional ingredient

Enhancement of the biological
a ctivity of the functional
ingredient

Figure 1. Methods for developing functional foods
Source: developed by the author based on M. Roberfroid (2002), B. Bigliardi & F. Galati (2013)

The dynamics of functional food development
are quite intensively discussed in the literature, but
the successful process of functional product develop-
ment remains unresolved for both food manufactur-
ers and scientists and researchers. A study conducted
by C. Mark-Herbert (2004) proposed “business reuni-
fication” as a method for developing new functional
foods. This involves the joint development of products
by pharmaceutical companies and food manufacturers
with the exchange of resources and skills. One such
example was the launch of a probiotic product on the
US market through the joint efforts of CAG Functional
Foods and a Swedish biotechnology company. However,
the partners encountered serious difficulties due to in-
tellectual property rights and brand ownership issues.

Technological and marketing research are crucial
stages in the development of a new food product. In
addition, one of the key concepts is that NPD is, to a

large extent, a team activity. The team should consist
not only of technologists, but also marketers, engi-
neers and scientists from various fields. Comprehensive
knowledge of the basic concepts of nutrition, the de-
sign and implementation of new packaging technology,
the product quality assessment process (shelf life test-
ing, sensory evaluation), etc. is required (Brody, 1999).
Thus, NPD requires comprehensive scientific and prac-
tical knowledge, and intuition plays an important role
in this process.

New product development platforms

Successful new product launches require the develop-
ment of a truly innovative product. Scientific and in-
dustry literature often identifies four key platforms on
which the development of innovative food products is
based. Table 2 presents the four main platforms for in-
novative product development.

Table 2. Main platforms for the development of innovative products

Examples of application

No. Platform Essence
Use of bioactive substances (probiotics,
Functional ingredients prebiotics, omega-3 fatty acids (FA),
and nutraceuticals polyphenols, vitamins and minerals) to give
products additional physiological properties
Technological platforms | Application of new processing and texturing
2 for processing methods that preserve nutrients and improve
and structuring product properties
. . Use of microorganisms, cell cultures and
Biotechnological .
3 fermentation to produce

and cellular platforms . ) .
P alternative ingredients and proteins

Use of big data, Al and digital technologies
for personalising nutrition, designing recipes
and tracking quality

Digital and personalised
platforms

Source: developed by the author based on a review of scientific literature
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Yoghurts with probiotics (Hill et al., 2014;
Markowiak & Slizewska, 2017), drinks with
omega-3 fatty acids, bars with B-glucan
(Santos et al., 2018; Mudgil & Barak, 2019)

High pressure processing (HPP), pulsed
electric fields (PEF), fermentation, 3D printing,
extrusion (Tewari et al., 2017)

Precision fermentation (milk proteins, collagen),
cultured meat and fish, microalgae (Alizadeh
Khaledabad et al., 2020; Prates, 2025)

Personalised products based on genetics/
metabolomics, Al recipe development, digital
product twins (Santhuja et al., 2023;
Derossi et al., 2024)
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The technical and technological platforms for
NPD require production facilities to be equipped with
modern equipment and experts in the field. The use of
heat treatment in production has a negative impact
on the bioavailability of nutrients and bioactive com-
pounds. Alternative technologies, such as high hydro-
static pressure, pulsed electric fields, ultrasound, and
microwaves, provide better preservation of nutrients
in fruits and vegetables, prevent the growth of micro-
organisms, and consume less energy (Ozaybi, 2024).
Consequently, they have a positive impact from a func-
tional point of view and also contribute to the devel-
opment of new functional products. The non-thermal
food processing methods listed above have under-
gone significant development in recent years and are
now a reality in many food processing plants around
the world (Koker et al., 2019).

However, it should be noted that the food industry
in Kyrgyzstan lags behind in the implementation of
the above-mentioned new technologies that acceler-
ate NPD processes. A more common platform for de-
veloping new innovative products for the country is
the new raw materials platform. It allows the use of
new types of raw materials to create products with
improved properties and functionality. This approach
involves searching for and using new ingredients
that can offer increased nutritional benefits, unique
flavours or improved functional properties. According
to T. Kiymaz & H. Alpas (2017), C. Bjorkbom (2023),
an important aspect of the new raw material plat-
form is sustainability, i.e. the use of ingredients that
are obtained in a sustainable manner or produced
with minimal environmental impact, such as algae,
insect protein and plant-based protein substitutes.
New products can be developed through the use of
incompatible ingredients, as indicated in the work of
F.Cedeno et al. (2025), or through the use of exotic raw
materials, according to I. Ferreira & L.Barros (2019), or,
conversely, through the use of regional raw materials
(Iskakova et al., 2023). As noted by F. Zare et al. (2012),
the criteria for selecting functional ingredients de-
pend on their chemical composition, cost, availability,
and desired functionality.

The search for raw materials with high nutritional
value and the study of new ingredients that may have
physiologically functional and technological proper-
ties, such as improved texture and increased shelf life,
are relevant for NPD. Examples include hydrocolloids,
prebiotics and bioactive compounds. Consumer percep-
tion of new products will also be crucial when selecting
ingredients for healthier, safer and more environmen-
tally friendly foods. Therefore, in-depth research into
regional raw materials as a source of physiologically
functional ingredients, as well as the use of traditional
products as a matrix for NPD, has good prospects.

Conclusions

Innovation in food production is the process of creat-
ing and implementing new solutions (from ingredients
and technologies to packaging and distribution) that
improve the quality, safety, functionality, sustainability
and appeal of food products for consumers. The current
trend towards innovation aimed at developing health-
ier, safer and more sustainable food products encom-
passes a wide range of approaches. Three main areas
can be identified: replacing traditional animal-based
ingredients (meat and milk), developing functional
products, and developing new production technologies.
All three areas are interrelated. For example, struc-
turing alternative protein sources (microbial or plant-
based meat) using extrusion or 3D printing can improve
consumer acceptance of new products. 3D food print-
ing can also be used for targeted enrichment, i.e. for
the development of functional products. Information
about the chemical composition of regional food raw
materials and products is important for the develop-
ment of functional food products. This will allow for the
targeted selection of sources of functional ingredients
adapted to local conditions and dietary traditions. Of
particular importance is a comprehensive assessment
of the bioavailability and interaction of nutrients, which
is necessary to predict their physiological effect. In ad-
dition, the introduction of innovative technologies -
biotechnological and digital - ensures the creation of
products with specified properties, increased nutrition-
al value and improved sensory characteristics. At the
same time, safety and compliance with modern regu-
latory requirements remain key factors, while taking
into account consumer perceptions of innovation (taste,
colour, consistency, food structure; consumer traditions,
preferences and habits). All of the above studies form a
broad interdisciplinary approach to the current state of
innovation in the food industry. Further development of
innovative food products should be aimed at integrat-
ing interdisciplinary approaches to nutrition, biotech-
nology, consumer psychology, marketing, etc., as well
as at in-depth study of regional raw materials that are
underutilised in nutrition and the formation of sustain-
able production strategies (waste-free technologies) in
the context of global challenges.
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A3bIK-TYTYK 6HAYPYLUYHASrY MHHOBaLusAnap

Xamuna CMaHanuesa

TexHUKa MNNMOEPUHUNH KaHOMAOATbI, AOLEHT

M. Pa33aKkoB aTbiHAarbl Kblprbli3a MaMIeKeTTUK TEXHUKANbIK YHUBEPCUTETU
720044, 4. ATMaTOB Np., 66, BUllkek L., Kbiprbiz Pecnybnukachl
https://orcid.org/0000-0002-3929-429]1

AHHoTaums. KankTbiH paLMOHYHYH canaTblHa 60MOH TananTapablH 6CyLLY aHa naiaanyy asbikTapra Kbi3biryyHYH
YKOropynallbl LWaPTbIHAA MHHOBALMS/bIK TEXHONOMMSNAPAbI )KaHa QYHKLMOHANAbIK a3bIKTapAbl MLUTEN YbIryy 63reye
aKTyanayynykka 33 6onyyaa. M3unaeeHyH MakcaTbl — MHHOBALMSbIK a3blK-TYAYK NPOAYKUMSANAPbIH KapaTyyHYH
HEermsuHAe aTkaH 3amaHban MAMMWIA HErM3LepaMm KaHa blkManapgbl Tangoo 6onyn caHanat. MHHoBaUMsSbIK
a3bIK-TYIYK NPOAYKUMSAAPbIH ULITEN Ybiryyra apHanraH UAMMMIA XKaHa NpakTUKanbiK U3UNLE6N8pAYH CUCTEMANYY
aHanusm Scopus, Web of Science, ScienceDirect, PubMed, Google Scholar, eLIBRARY aHa baluka MaanbimMat
6asanapbiHaa Xyprysynay. M3unneeHyH Hermsru 6arbiTTapbl KaTapbl anbTepHaTMBanyy 6enok 6ynakTapbiH U346,
(OYHKUMOHANABIK MHTPEAMEHTTEPAM KONLOHYY, GBMOTEXHONOTUALIK bIkManap (Tak hepMeHTaLmMs, MUKONPOTEUHAED,
B6uopeakTopnopao 6ynyyH KaeTkanapbiH ©CcTypyy), XKacaama MHTENNEKTTU KOLOHYY, OLIOHAO0W 31e KaHbl a3blK-
TYNIYK NPOAYKUMSNAPbIH UILTEN YbIryy KaHa anapAblH canaTbiH KB36Men4ee NpoLeCcCMHUH CaHapUNTELUTUPUIULLN
Kapangabl. A3bIK-TyNYK NPOAYKUMSNAPbIH NAacTePU3aLMSIN0O KE CTEPUALEWTUPYY YUYYH XKOropKy 6acbiMabl KOALOHYY
[a YMYT apTKaH TexHonorus katapbl GenruneHan. KapoOHYH >KypywyHA® asblK-TYNYKTOPAY TaHTakTOOHYH
KONTereH aHbl uwTenMenepu 6ap 3KeHW aHblKTangbl. YMiMKKM 3aT KanablKTapbiH (KEMM, cyycarT, Kabbik X.0.) YH,
6enoKTop, KNEeTyaTka, MoNMbEHONAYK KOHUEHTPATTAp OHAYPYY YYYH Kahpa MWWTETYY — TYPYKTYYIYK MEHEH
(YHKUMOHANAYYNYKTYH KECUAMIUMHAE OHYIYyM XaTkaH 6arbiT 6onyn caHanat Makanaja e3reve KeHy/ KaHbl
(YHKUMOHANABIK a3bIKTapabl ULLTEN Ybiryy MacenenepuHe oypynay. MHHOBaUMSANApAbIH MAMMUI 63a3acbiH Ty3yyae
LMCUMNIMHANAp apanbik U3MNAeenepayH pony KepceTynay. XyprysyareH Tanfoo asblK-TyyK TEXHONOrMANApbiH
OHYKTYPYYHYH KEIeYEKTYY KONLOPYH aHbIKTOOrO XaHa MHHOBALMANAPAbLl OHAYPYLLKS KUPTU3YYAS CTPATErUsbiK
6arbITTapabl 6enrnneere MyMKyHUYNIyK 6epam

Herusru ce3aep: MHHOBAUMANDIK TaMaK-all a3blKTapbl; aJbTe€pPHATUBAUK 6EHOKTOD; MMKpO6,EI,YK oT,
d)yHKLI,VIOHa}'I,EI,bIK MHIpEeONEHTTED; TEXHONOINANAp,; akblsiAyy TaHrak; MHHOBaLUUANbIK nnaTdJopManap
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MHHOBaUuuu B npounsBoOACTBE NMuULLeBbIX NPOAYKTOB

Xamuna CMaHanuesa

KaHonoaT TeEXHUYeCKMX HayK, OOLEeHT

Kblprbl3CKMIM rocy0apCTBEHHbIN TEXHUYECKMIA YHMBEPCUTET UM. WM. Pa33akoBa
720044, np. Y. AnTMaTOBa, 66, I. BUlLKeK, Kbiprbiackaa Pecnybnmka
https://orcid.org/0000-0002-3929-429]1

AHHOoTaums. B ycnoBuax pacTyLimx TpeboBaHmUM K Ka4eCTBY paLlivoHa U MOBbILEHHOIO MHTEpPEeCa K 340pOBOM NULLE,
pa3paboTka MHHOBALMOHHbIX TEXHONOMMI U (YHKLUMOHANbHbIX MPOAYKTOB NpuobpeTaeT 0cobyt akTyalbHOCTb.
Llenbto nccnepoBaHus Bbin aHaNM3 COBPEMEHHbIX HAYYHbIX OCHOB M MOAXOAO0B, NIEXALMX B OCHOBE CO3AAHMS
MHHOBALMOHHBIX MWLLEBBIX NPOAYKTOB. CUCTEMATUUECKMI aHaNM3 COBPEMEHHbIX HAYYHbIX M MPAKTUYECKMX
MCCnefoBaHWM, NOCBALLEHHbIX pa3paboTke MHHOBALLMOHHbIX NPOAYKTOB NMUTAHMS, OCYLLECTBASANCS B 6a3ax AaHHbIX
Scopus, Web of Science, ScienceDirect, PubMed, Google Scholar, eLIBRARY u ap. bbinv npoaHanu3npoBaHbl
K/HOYeBble HaMpaBieHUs UCCIEeL0BaHMMI, BKIOYAS MOUCK anbTePHATUBHBIX MCTOYHMKOB Oenka, MCnofib3oBaHue
(bYHKUMOHANbHbIX WMHIPEAMEHTOB, BUMOTEXHONOrMYECKME MeTOoAbl (TOYHOe (epMeHTUPOBaHUE, MUKOMPOTEUHBI,
KYNbTUBMPOBAHME MbILIEYHbIX KNETOK B 6GMOpeakTopax), UCMOb30BaHUE WUCKYCCTBEHHOMO MHTENNEKTA, a Takxke
UMbPOBU3aLMIO NPOLLECCOB Pa3paboTKM HOBbIX MULLEBbLIX MPOAYKTOB M KOHTPO/S MX KayecTBa. Mcnonb3oBaHue
BbICOKOIO AABNEHUS B LENsSX Nactepusalmm uam CTepUNM3aLmm NULLEBbIX NPOAYKTOB TaKXe Obl10 pacCMOTPEHO
Kak MHoroobelatowas TexHonorus. 0630p nokasan, YTo cyllecTByeT 60MblIOe KOMMYECTBO HOBbIX pa3paboTok B
06/1aCTU YNaKoBKM MULLEBbIX NPOLYKTOB. MIHHOBALMOHHbIE YNAaKOBKM MOryT BblTb BMOpa3naraeMbiMu, akTUBHbIMMY,
YMHbIMU UM MHOTOpa3oBbiMu. [lepepaboTka 0TXOLOB Cblpbsi (XMbIXM, CbIBOPOTKA, KOXYpa U T.M.) AN NPOU3BOLCTBA
MYKM, CbIBOPOTOUHbIX OENKOB, KNETYATKM, NOAUGDEHObHBIX KOHLEHTPATOB — HanpasfieHue, pa3BMBatoLLeecs Ha
CTbIKE YCTOMYMBOCTU U (DyHKUMOHanbHocTU. Ocoboe BHMMaHWe B CTaTbe Gbl1O yaeneHO BOMpocaM pa3paboTku
HOBbIX (DYHKLMOHaNbHbIX MPOAYKTOB. MOKa3aHa posib MEeXAUCLMUMAMHAPHBIX UCCNeAoBaHUii B HOPMUPOBAHUM
Hay4HoW 6a3bl AN MHHOBALMIA B NULLEBOIM OTpaciu. MpoBeLeHHbI aHaNU3 NO3BOMWA BbIIBUTb NEPCMEKTUBHbIE
nyTWU pasBUTUS U ONpeLennTb CTpaTernyeckme OpUEHTUPbl ANS AaNbHEWLUMX UCCNeA0BaHUIA B 061aCTU NULLEBbLIX
TEXHONOMMI U BHELPEHUS MHHOBALMIA B MPOM3BOACTBO

KnioueBble cnoBa: WMHHOBAUMOHHbLIE MULLEBLIE NPpOAYKTbl; a/IbTEPHATUBHbIE 6EJ'IKI/I; Ml/leO6HO€ MACO;
d)yHKLI,l/IOHa}'IbeIe MHIPEOANEHTbI; TEXHONOMMU; YMHbIE YNaKOBKMU; rmachoprl MHHOBAaLMM
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