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3D NUMERICAL STUDY OF TEMPERATURE PATTERNS
IN A FEMALE BREAST WITH TUMOR USING
A REALISTIC MULTI-LAYERED MODEL

Abstract. This paper presents a three-dimensional numerical study of temperature patterns in a realistic multi-
layered model of a female breast including blood perfusion. The breast surface temperature distributions are
computed and analyzed with different tumor positions, sizes and different fat contents in the breast. The results are
compared with experimental results for validation of the model. The paper shows that realistic breast model can
accurately predict the temperature distributions inside the breast compared with traditional idealized models. The
results demonstrate that all of the identifiable tumor occurrences were at the depth from 13 mm to 23 mm while none
of the tumors at a depth of 29 mm were found to be detected. In respect to this, it was observed that tumors lied in
the gland layer had less impact on the temperature profile of the breast. In addition, it was perceived that because of
the natural deformation the breast geometry has an asymmetric surface temperature distribution in regards to
symmetric tumor positions. Thus, the conducted parametric study analyzes the tumor location, size, and metabolic
heat generation, and compares different temperature patterns subjected to the changes in the fat layer. Additionally,
this study uses more realistic breast geometry model compared to previous studies. All this gives greater insight into
the detectability of tumors with a variety of physiological conditions based on personalized patients’ data and can
give useful insight to improve the accuracy of computer-aided diagnosis using similar breast models. This can
provide a very useful tool in inverse thermal modelling for the accurate detection of tumors in the breast.

Keywords: breast cancer, multilayer model, numerical study, fat content, COMSOL.

Introduction. Breast cancer is a multifactorial disease, the development of which is associated with
changes in the genome of the cell under the influence of external causes and hormones. It is considered to
be one of the most common diseases that lead to death among females. Early diagnosis is vital, as the
tumor is highly treatable at the earlier stages [1].

There are many techniques for cancer diagnosis and the most common are breast examination and
mammography. Thermography is another imaging technique using infrared rays to produce color pictures
of the temperature distribution fields. According to Acharya et al. [2], the surface of a breast with
cancerous tissues has higher temperature profile compared to the surrounding region and abnormalities
can be discovered through thermography. A 0.5 °C difference in temperature profiles between two breasts
of a patient is enough to conclude abnormal condition [1]. In Chen et al. [3], cameras with 0.1°C
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resolution with 4 second scan time can detect tumor hidden within more than one-third of the depth of the
breast. Nowadays, thermography is capable of detecting possible tumor hidden inside more than one-
fourth of the depth of a breast.

There have been numerous studies on the numerical analysis of female breasts with tumors. However,
the studies used a simple model of the breast, whose geometry was assumed to be a perfect hemisphere
which is axisymmetric. Only a small number of the studies considered multi-layered breast models to
replicate realistic anatomy of the breast. Moreover, even the multi-layer models were assumed to have
constant fat contents, which limits the information that can be gathered.

The main objective of this work is to examine temperature patterns generated by tumors on different
locations based on multi-layered breast models with blood perfusion and different physiological
conditions to provide insight into the detectability of tumor inside the breast. This study analyzes the
tumor location, size, and metabolic heat generation, and compares different temperature patterns subjected
to the changes in the fat layer. Additionally, this study uses more realistic breast geometry model
compared to previous studies. The findings in this study could provide useful insight to improve the
accuracy of computer-aided diagnosis using similar breast models.

1 Methodology of the study

To solve the steady-state thermal conduction problem in a breast, the bioheat equation presented by
Pennes [4] was used in the model [5-9]: kV2T — c,wp,pp (T — T,) + g, = 0, where “k” is the thermal
conductivity; “cp” is the heat capacity of blood; “w,” is the blood perfusion coefficient; “p;,” is the
density of the blood; “q,,” is the metabolic heat generation; “7” tissue temperature; “T,” arterial
temperature, which is equal to 37 °C, that is the same as the core temperature of the body.

At the boundaries, there are heat convection condition on the surface of the breast and the constant
thoracic temperature condition applied at its bottom where it is connected to the thorax:
—k AT = h(T = Tympient) and T = T,, where h = 13.5 Wm~=2°C~1, which is evaluated for combined
effects of convection, radiation and evaporation [10]. Equation (2) is a boundary condition at the skin
surface representing heat convection between breast surface and the ambient environment assumed to be
air temperature T,, = 22 °C. Equation (3) is a boundary condition at the surfaces representing body core
and it always remains constant T,, = 37 °C.

In order to consider a geometrically realistic breast as a 3D-model, the geometry obtained by
Mukhmetov et. al. [11,12] was used as a base model (figure 1). The authors used an engineering scanning
technique to obtain a 3D surface model of a mannequin chest and converted it into a solid breast model in
SolidWorks CAD software. The overall geometry was not changed, but layers of materials were added to
simulate real breast tissues. The parameters chosen were: height of the gland layer (figure 2), spherical
coordinates (7, 6 ¢ in figures 3,4), of the center of the tumor inside the breast, and the diameter of the
tumor, totaling five independent parameters.

Tumor

Gland layer

Fat layer

Figure 1 - The breast model developed Figure 2 - A cross-section view of the 3D model
by Mukhmetov [14] of the breast in SolidWorks
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Figure 3 - Spherical coordinate system Figure 4 - CAD model in spherical coordinate

COMSOL Multiphysics was chosen as a solver because it includes bioheat transfer module [10], to
synchronize 3D model changes between SolidWorks and COMSOL the “LiveLink”. The “biological
tissue” feature of the COMSOL was used to set the heat generation values for each tissue: fat, gland layer
and tumor. The feature has dedicated settings for blood perfusion and metabolic heat generation terms.
The domains and contact regions are automatically recognized by the COMSOL via LiveLink feature and
can be easily selected for application of materials. The PARDISO was set as a solver with automatic
preordering algorithm. Also, the nonlinear Newton method was used with initial damping factor of 0.01
and minimum damping factor of 10,

The parameters of thermal properties for all the breast tissues were taken from Ng and Sudharsan [10]
and are presented in table 1.

From Bezerra et. al. [6] the metabolic heat generation of the tumor can be derived from the function
of Doubling time: q,, * T = C (W * day/m?), where “C” is a constant C=3.27x10° Wxday/m® and “t” is
the doubling time value. On top of that, the tumor dimeter is a function of doubling time as [7]:
D = 0.01 * exp (0.002134 * (t — 50)).

Table 1 - Pennes equation parameters [10]

Parameter name Symbol Fat Gland Tumor
Thermal conductivity (W/mK) k 0.21 0.42 0.42
Blood perfusion (ml/s/ml) w 0.0002 0.0006 0.012
Density (kg/m?) ) 920 1050 1060
Specific heat (J/kg K) c 2770 3770 3800
Arterial temperature (°C) T 37 37 37
Metabolic heat generation (W/m?) q 400 700 29000

From these equations, the heat generation can be estimated for each input diameter of the tumor, such
as 10, 15 and 20 mm. The variation of this parameter would give insight into the relationship between
detectability of tumor for various body fat values which normally vary with ages of patients. This
parameter was varied as Hgiand = 74, 64 and 54 mm which resulted in 36.7%, 49.4%, and 60.3% of fat
content in the 3D breast model respectively.

These parameters were uploaded to COMSOL Multiphysics via option in “Parametric sweep” study.
In order to have reference temperatures for comparison, several simulations were conducted for
Hgtana = 74, 64 and 54 mm (fat content of {36.7%, 49.4%, and 60.3%}) for the breast without a tumor.

3 Results and discussion

To ensure accurate and reliable result, a mesh convergence study was conducted and for this purpose
tetrahedral mesh was adopted. Mesh convergence study was varied, ranging from 5,193 elements to
178,517 elements and the probe was placed at the center of the tumor that corresponds to the maximum
temperature in the breast. Based on figure 5, it was decided to use 37,231 tetrahedral mesh elements due to
the convergence of the results within the change of 0.002 °C, which is a much smaller value than the
resolution of thermal cameras needed to identify tumor [1]. The difference in the number of elements is
associated with the complexity of the realistic model.
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Figure 5 - Results of mesh verification study for a tumor of radius 20 mm, zenith angle of 90 mm,
tumor distance of 54 mm, and a gland height of 74 mm

Based on the forward simulation of the heat conductivity in the breast without tumour for the values
of gland layer height = {74, 64, 54} mm, the respective values of average surface temperatures are
{304.084, 303.428, 303.175} K. The average temperature data indicates that the surface temperature is
cooler with decreasing height of gland layer or increasing fat content. This trend is due to the change of
material properties near the surface area, namely the increase of fat layer, which has lower metabolic heat
generation rate as well as lower blood perfusion rate. Furthermore, surface temperature difference
distributions between healthy (no tumor) breast and breast with tumor become less significant with
decreasing vector distance (figure 6).

Figure 6 - The temperature difference distributions between diseased and healthy breasts for gland layer of 74mm,
a tumor of 20mm, zenith angle of 90°, vector distance of: a) 54 mm; b) 49 mm; c¢) 44 mm;
d) 39 mm and reference data of the same gland layer

Since the vectors distance is the distance from the center of spherical coordinates to the tumor center,
decreasing vector distance means increasing tumor depth from the skin surface. Based on Figure 9d, the
identification of tumor at depth of 29 mm is unlikely due to the fact that the maximum observed
temperature difference was 0.058 °C while according to the literature it should be at least 0.5 °C [1].
Furthermore, changing the zenith angle to 60° results in the same pattern of tumor recognition features that
fade away with deepening tumor location (figure 7) and gives a visual cue on the change of tumor position
due to zenith angle.

Figure 8 represents a deviation of the surface temperature of the breast with a tumor from a reference
breast. The threshold average surface temperature on the skin surface was calculated to be {0.0189 °C},
which corresponds to the maximum surface temperature difference of 0.5 °C between tumorous and
reference breast model that was concluded as enough to identify a breast with a tumor [1]. This threshold
was used to identify the detectable tumors from the parameter sweep data.
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Figure 7 —
The temperature difference distributions
between diseased and healthy breast for gland layer
. of 74 mm, a tumor of 15 mm, zenith angle of 60°,
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d) 39 mm and reference data of the same gland layer
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Table 2 reveals a summary of the data obtained for analysis. The total number of simulations for each
gland height case was 144: a combination of tumor diameters of {20, 15, 10} mm, zenith angle of {60°,
80°, 100° 120°}, the angle between planes of {0° 90°, 45°}, tumor depth of {14, 19, 24, 29} mm derived
from vector distances of {54, 49, 44, 39} mm respectively. The table shows the number of simulations that
surpassed the threshold of being detectable. The obvious trend is that the instances increase with
decreasing gland height or increasing the fat content. This is due to lower metabolic heat generation, lower
heat capacity, and lower blood diffusion coefficient of fat tissue that cannot contain the heat generated by
the tumor and conducts it through generating a more distinct pattern compared to a thinner layer. Although
this property of tumor detectability may indicate that people with more fat content can detect tumor easier,
it should be taken with caution. The fact is that additional fat increases breast size and breasts with the
same gland size but different fat content will have different overall size. If the tumor grows on the same
place on the glandular tissue the tumor will be deeper from the surface for the breast with more fat content
compared to another breast.

Table 2 - Number of instances categorized as detectable out of 12 for different gland layer height and fat content

Tumor depth, mm Gland layer 74 mm; Gland layer 64 mm; Gland layer 54 mm;
Fat content 36.7% Fat content 49.4% Fat content 60.3%
Tumor diameter, mm Tumor diameter, mm Tumor diameter, mm

20 15 10 20 15 0 20 15 10

14 12 8 4 12 10 0 12 11 11

19 4 3 2 7 4 5 12 8 9

24 0 0 0 3 0 0 5 4 2

29 0 0 0 0 0 0 0 0 0

Total 33 51 74

Figure 9 shows novel bubble charts of tumor detectability, which is found to increase with the tumor
diameter. In addition, it should be noted that the data showed no occurrences of detectable tumor that had
a depth of 29 mm, among all simulations. This depth puts the tumor inside the glandular tissue even at the
highest fat content of 60.3%. The high heat capacity and high blood perfusion of the gland contained
prevents identifiable hot spots on the surface of the breast model.
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Figure 9 - Scatter bubble chart for fat content of:
a) 36.7%; b) 49.4%; c) 60.3% where the size represents a number of detected instances

Moreover, at a gland height of 64 mm, the number of instances with 10 mm diameter tumor being
detected is higher than the number of detected tumors with a 15 mm diameter. This was the result of
sufficiently high heat generation rate of the 10 mm tumor as well as being fully located in the fat layer due
to its smaller size that resulted in greater detectability of the tumor.

An interesting trend was observed when comparing data of zenith angles 60° and 120° of different
plane angles. The pattern was that there was a difference between average temperatures of heat patterns
produced by tumors at upper and lower regions on the breast with respect to the x-axis. The upper region
is tumor locations with parameters: a zenith angle 60° and a plane angle of 90°, whereas lower region has a
zenith angle of 120° and a plane angle of 90°. The average temperatures were compared and the upper
region generated 20.785% more heat on average. This asymmetry could be explained by the fact that the
realistic geometry of the breast that was used in this study is asymmetric due to natural deformation of the
breast under the effect of gravity and lower part of the breast has accumulated tissue which creates
asymmetry in final surface temperatures. This effect was impossible to observe in previous studies that
assumed the breast to be perfectly semispherical and thus axisymmetric. Further examination was done on
the comparison between the left and rights regions. The right tumor locations could be described by the
parameters: a zenith angle 60° and a plane angle of 0°, whereas the left region has a zenith angle of 120°
and a plane angle of 0°. A similar comparison was performed and the difference in the surface
temperatures was 7.157% on average. This suggests that the tumors that are located in the lower regions
are harder to identify compared to upper regions and that left and right temperature profiles vary less than
the top and bottom temperature profiles.

Conclusion. A sophisticated 3D numerical heat transfer model for the breast was developed and
validated. Selected breasts were simulated by the model with various sized tumors and corresponding
metabolic heat generation rates, different locations of the tumor and gland heights that corresponded to fat
content. The predicted temperature agreed well with experimental results from the studies of Gautherie.
The surface temperature was observed to be lower with increasing fat content, which could be estimated
based on the thermogram using reverse thermal modeling. The parametric analysis of different tumor
locations indicated that the variation of the surface temperature patterns due to tumor positions in the fat
or gland layer significantly differed. As the diameter of a tumor increased its detectability increased
correspondingly. The tumors that were fully emerged in the gland layer due to very thin fat layer had a
significantly lower surface impact and sometimes did not give enough thermal signature in the breast
surface to make it identifiable. All of the identifiable tumor occurrences were at the depth from 13 mm to
23 mm while none of the tumors at a depth of 29 mm were found to be detected. Moreover, it was
observed that a naturally deformed breast geometry results in asymmetric surface temperature distribution
with respect to symmetric tumor positions. This behavior did not take place in the previous studies with
axisymmetric breast models.

Funding. This work was supported by grants from the Ministry of Education and Science of the
Republic of Kazakhstan «Application of artificial intelligence to complement thermography for breast
cancer prediction» (AP08857347), «Development of an intelligent system for early breast tumor detection
and cancer prediction» (AP05130923) and it also partially supported by NU through a FDCR grant
240919FD3934.
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Y. Zhao!, A. Muip3axmer!, A. Mamexona'*, EYK Ng2, O. MyxmeTon!

"Mammna xacay ’oHE adpOFapBIIITHIK TEXHAKA Kadeapachl, MHKeHepIIiK sxoHe THQPIBIK FEUILIM MEKTEO],
Hazap6aes yauBepcurerti, Hyp-Cynran, Kazakcras;
MauimHa xacay JKOHe adpOFaphIINTHIK TeXHUKA Kadenpacel, HanbsHCK TexHOMOrMs yHuBepcuTeTi, CUHramyp

YIOIEMAI HAKTbI KOTIKABATTBI MOAEJIBAI KOJJIAHY APKbLIbI
ICITT BAP OUEJI OMBIPAYbI BETIHAEI'I TEMITIEPATYPAHBIH TAPAJIYBIH 3EPTTEY

Annotanusi. Makanajga KaH nepQy3uschblH KOca allFaH/Iarbl oiiell OMBIPaybIHBIH PEAIHMCTIK KOMKa0aTTHl MoJe-
JHIH HAKTHI 0ETKiI Ka0aThIHIIA TEMICPATYPAaHbIH TapaTybl MEH JKBUTY OTKI3TIIITITIHIH YIIOJIIIEM Il MaTeMaTHKAIBIK
3epTTeynepi kepcerinreH. Cyt 6e3i OeTiHAET! KBUTy OTKI3TIIITIK IIEH TeMIepaTypaHbIH Tapallybl dHell OMBIpayhI-
HIAFBl TYPJi iCIK TMO3HIHUACH, MOJIIEp] XoHE TYpJ THIFBI3ABIKIICH (Mail MeIIepi) ecenTeneni jKOHEe TalJaHa bl
Oiien oMbIpayblHa apHAIFAH aTalFaH MOJENb A3CTYPIIl HAcaAIn3alUsIaHFaH MOJICIIbICPMEH CaJIbICTBIPFAH/Ia OMBIpay
IITiHAE TeMIlepaTypaHbIH TapalyblH ToJI OOJDKail amaTHIHABIFE KYMbIcTa kKepcetinai. Ecentey HoTIXENEpi GapibiK
aHbIKTaNFaH icikTep 13 MM-neH 23 MM-Te AEWiHT1 TepeHIIKTe OONAaThIHBIH KOpCEeTTi. 29 MM JKoHE OJaH Jia apblKa-
paiFbl TEPEeHIIIKTET] icikTep aHbIKTaIMaabl. COHABIKTAH CYT Oe3iHiH KaOaThIHIA XKaTKaH icikTep cyT Oe3nepi OeTiHiH
KBUTY OTKI3TILITIrIHE XKOHE TeMIIepaTypachlHbIH TapalyblHa a3 acep ereTiHi aran oTinai. COHbIMEH KaTtap, 3epTTey-
nep, Taburu nedopmalysra OaiIaHbICThI diie] OMBIPAYbIHBIH T€OMETPUSCHI, 1CIKTIH CHMMETPHSUIBI TIO3UIMsIIapbIHA
KaTBICTHI OETKI TeMIlepaTypaHblH aCHMMETPHSIIBIK TapaJlaThIHbIH KepceTei. ColTill, eTKI3UIreH mapaMeTpiliK xKoHe
MaTeMaTHKAIBIK 3epTTeyJIep iCIKTIH IIOFBIPIaHybIH, MOJIIEPIH )KoHE METaOOIMKANBIK JKbLTy OOJHICIH Tajiaiibl.
CoHbBIMEH KaTap, alTbUIFaH 3epTeysep Mail KaOaThIHIaFbl e3repicTepre YIIBIPAHTBIH TYPJl TeMIlepaTypaliblK 3aH-
IBUTBIKTAPIBl  CANBICTHIpaAbl. MYHBIH Oopi MAIlMEHTTEpHiH JKeKe AepeKTepi HETi3iHAe TYpii (QH3HONOTHSIIBIK
JKaFJaiIarel iCIKTep/i aHBIKTAay Typallbl KeHipeK TYCiHIK Oepeni jkoHe cyT Oe3lepiHiH yKcac MOJENbIACPiH KONIaHy
HETi31H/Ie KOMITBIOTEP-JIiK JHarHOCTHKA JAIIIITIH jKaKcapTyFa IMaiaaisl aKmapaT YChIHA B

Tyiiin ce3nep: cyT Oe3iHiH Karepdi iciri, KenkabaTThl MOJIEINb, CAaHIBIK 3epTTey, Mail meiepi, COMSOL.

1. Kao', A. Meip3axmer', A. Mamekosa'*, N.J.K Hr?, O. Myxmeros!

! Kagenpa MalIMHOCTPOEHHS U a3POKOCMHYECKOM TEXHHKH,
[Ikosa nmxeHepHbIX ¥ HUPPOBbIX Hayk, HazapbaeB Yuusepcurer, Hyp-Cynran, Kazaxcran;
2 [1Ikoya MaITMHOCTPOEHHS U a3POKOCMHYECKOM Texuuky, Haubsuckuii Texnonoruaeckuii Y ausepcutet, CHHramyp

YUCJIEHHOE U3YYEHHUE PACHIPEAEJTEHUS TEMIIEPATYPbI
HA IIOBEPXHOCTH X KEHCKOU I'PY 1A ITPU HAJINYUU OIIYXOJIHN
C HCITOJIB30BAHUEM TPEXMEPHOU PEAJTMCTHYECKOU MHOI"OCJIOMHOU MOJEJIN

AHHoTanusi. B nanHoit paboTe mpencTaBieHo TpeXMEPHOE YHCICHHOE HCCIEA0BAHNE TEMIIEPATYPHBIX MaTTep-
HOB B PEATMCTUYHON MHOTOCIONHON MOIENH KEHCKOH MOJIOYHOW JKele3bl, BKIoUas nepdys3uro KpoBu. Pacmpene-
JICHUE TEMIIEPaTypbl IIOBEPXHOCTH MOJIOYHOM JKEJIe3bl BBIYUCIIETCS] M aHATTM3UPYETCS IPH PA3INIHBIX ITOJIOKECHUSIX
OITyXOJIH, pa3Mepax M pa3IndHOM COAEPKAHUM KHpa B MOJIOYHOM xene3e. [lomyueHHbIe pe3yIbTaThl CPAaBHUBAIOTCS
C 3KCIEPUMEHTAIBHBIMH pPe3yJbTaTaMH Ui BaIMIALUKM MOAENH. B cTaThe MOKa3aHO, YTO pEealCTHYHAs MOJENb
rpyau MOXKET TOYHO IIPEACKa3aTh pacHpenesieHue TEMIIEPATYPhl BHYTPH I'PYAH 10 CPABHEHHUIO C TPaAWLIMOHHBIMU
HUACAIIM3UPOBAHHBIMU MOJCIISIMH. PeSyJ’IbTaTbI IMOKa3bIBAKOT, YTO BCC I/lIleHTl/I(l)I/IIJ,l/IpyeM]:le OITYXOJICBBIC o6pa3033H14;1
HAXOJWIKMCh Ha riyOuHe oT 13 10 23 MM, B TO BpeMs KaK HH OJIHA M3 OIyXOJiei Ha TiayouHe 29 MM He Obl1a 00Hapy-
JKeHa. B cBs3M ¢ 3THM OBIJIO 3aMeYeHO, YTO OITyXOJIH, JIeKAIKe B CJI0€ JKeJe3bl, OKa3blBald MEHbIIEE BIMSHHUE Ha
TEMIIepaTypHBIH MPOQHIb MOJIOYHOH jkene3bl. Kpome Toro, ObIIIO 3aMeUeHO, YTO M3-32 €CTECTBEHHOH aedopManun
TeOMeTpUs TPyIU UMEET aCUMMETPUYHOE pacHpelesieHHe TeMIepaTypbl NOBEPXHOCTU OTHOCUTEIIBHO CUMMETpPUY-
HBIX MOJIOKEHUH OIyXxosin. TakuM 00pa3oM, NMPOBEICHHOE HMapaMeTPHUECKOE HCCIIeIOBAaHIE aHAIN3UPYET JIOKaJH-
3aIMIO OITyXOJIH, €€ pa3Mephl U METabOJIMYECKOE TETIIOBBIACICHNUE, a TAK)KE CPABHUBAET Pa3JINYHbIC TEMIIEPaTyPHbIE
MaTTepPHBI, MOABEP>KCHHBIE H3MEHEHUSIM XKHUPOBOTo ciosi. Kpome Toro, B 3TOM HCCIEIOBAaHWU MCHONB3YeTCsl Oosee
peanucTU4YHas TeOMETPUUEcKasi MOJEIb TPy MO CPAaBHEHWIO C MPEAbIIYLIMMHU HCCIeNoBaHMAMHU. Bce 310 nmaer
Ooinee rimyOoKoe IOHUMaHHUE BBIBIAEMOCTH OITyXOJIel ¢ pa3IMYHBIMU (PU3HOJOTHYSCKUMH COCTOSHUSAMM Ha OCHOBE
NEPCOHATM3UPOBAHHBIX JaHHBIX MAIIMEHTOB M MOXET [aTh IOJIE3HYI0 MH(GOPMALUIO IS TOBBIIIEHHS TOYHOCTH
KOMIIBIOTEPHON AMAarHOCTUKM C MCIIOJIB30BAHHMEM aHAJIOTHMUYHBIX MOJENeH MOIOYHOM JKene3bl. DTO MOXET CTaTh
OYCHb IMOJIC3HBIM MHCTPYMEHTOM B OGpaTHOM TCIJIOBOM MOACIUPOBAHUMN JIsI TOUYHOI'O 06Hapy>KeH1/m onyxoneﬁ B
MOJIOYHOH JKelnese.

KiroueBble c10Ba: pak MOJIOUHON JKelle3bl, MHOTOCIONHAsI MOJENb, YACIEHHOE UCCIIECA0BAaHUE, COJEpKAHUE
sxkupa, COMSOL.
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OPTIMIZATION OF MANAGEMENT OF URBAN LIGHTS
WITH THE USE OF NEURAL NETWORKS

Abstract. One of the most pressing problems of large cities is the problem of traffic management of vehicles.
The reason for this problem is an imperfect way to manage traffic flows. Traffic light regulation is of particular
importance in traffic management. Most modern traffic light control systems operate at set time intervals and are not
able to cope with the constantly changing situation on the road. A promising direction for solving this problem is to
optimize the system using artificial neural networks. The advantage of neural networks is self-learning, which allows
the system to adapt to the changing situation on the road.

Despite numerous attempts, it has not yet been possible to obtain a high-quality mathematical model of urban
traffic management. This model should determine the functional dependence of transport flow parameters on control
parameters. Nowadays, traffic flows are regulated everywhere by means of traffic lights. If we can get a fairly
accurate mathematical model of traffic flows, we can determine the optimal duration of the traffic signal phases to
achieve the maximum capacity of the road network node.

A fairly accurate mathematical model of traffic management that works in predictive mode will display an
estimate of the optimal control parameters, as well as make correct decisions in emergency situations.

Well-known mathematical models of road traffic take into account only the average values of traffic flows, and
not the exact number of cars on each road section at a particular time.

Key words: traffic management, artificial neural networks, self-learning, mathematical model, traffic flows.

The mathematical model of road traffic is based on the theory of controlled networks. This model
takes into account the network and road structure, its changes according to traffic signals, and allows you
to calculate the state of traffic flows at each time. The main difficulty is to determine the exact values of
quantitative parameters of flow distribution. Overview of the use of neural networks for optimizing traffic
management.

Artificial neural networks are widely used in traffic management in the road network. Let's look at
some of the latest work in this area.

Cellular neural networks for the task of controlling traffic lights at individual intersections,
i.e. without taking into account the mutual influence of traffic light modes on neighboring sections of the
network. In this work, the total delay of vehicles at the intersection is minimized. For modeling purposes,
the flow delay determined by the traffic light phase is considered as a quadratic function of the duration of
the green light in this phase. Both linear and nonlinear equality-type constraints are applied to the duration
of the green light.

A comparison of classical Ann and fuzzy controllers as the control systems for traffic lights. The
authors of this article suggest using a neural network with a single hidden layer, the input of which is fed a
vector with the number of idle cars in front of each traffic light, and the output is the duration of each
phase. ANN is trained using a genetic algorithm. Application of "biology-inspired" neural networks
(BINN) for intersection management. In such methods, the emphasis is on the study of dynamics in
contrast to the classical ANN, which mainly consider training procedures. BiNN is studied on a complex
intersection model. The structure of BiNN is as follows: input neurons describe a queue of vehicles in
each lane. Output neurons correspond to the phases on the bands. All output neurons are associated with
inhibitory neurons that suppress the activity of other output neurons. The duration of the phases is limited
by an equation describing the concept of "immanent plasticity" of the neuron.

— |4 ——
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Using a deep, ultra-precise artificial neural network for adaptive traffic management. For ANN
training, reinforcement training is used. In the terminology of the reinforcement learning paradigm, an
ANN is called an agent. The input signal in the ANN is formed from the state space proposed by the
authors — discrete traffic state encoding (DTSE). The following neural network architecture is proposed.
Two neural networks are used with an identical structure, but with a different set of input signals.

The first input is a binary vector describing the presence or absence of a car on a road section, and the
second is a vector of real numbers describing the speed of cars on road sections. The outputs of neural
networks deployed in the vector are glued together with each other and with the current state of the phases
and fed to the input of a fully connected ANN. The output from the ANN is an indicator vector that shows
the action that the agent should perform, namely, it contains the number of the phase that should be
enabled.

In conclusion, we would like to note that in domestic practice, advanced knowledge and experience in
the field of traffic light regulation are poorly used. This leads to a loss of time at traffic light intersections,
reduced road safety, increased fuel consumption, and more intense environmental pollution from exhaust
gases.

Currently, there are no mandatory rules governing the construction of a traffic light control cycle in
our country. There are recommendations and tutorials that are not required for use and are not used. To
fully understand the impact of regulation at intersections, regular data collection on road accidents is
required, including location, time, conditions, age of participants, consequences of accidents, and other
parameters. At a minimum, this will allow you to identify intersections with the most intense occurrence
of accidents, as a maximum, to assess the conditions that provoke risky behavior of road users and avoid
them in the future. Optimizing traffic light control using neural networks is a relatively cheap way to
increase traffic safety at intersections. It is necessary to pay close attention to this method, since the effect
may correspond to expensive measures.
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The mathematical model of a traffic management system contains parameters that must be obtained
experimentally for each intersection. These parameters include elements of the throughput matrix B and
the distribution matrix D. The capacity of the maneuver bi, j from road section i to road section
j determines the number of vehicles that can perform this maneuver in a single time interval. The capacity
of the bi,j maneuver depends on the spatial characteristics of the intersection, the speed of the car, and the
number of cars on sections i and j.

The elements di, j of the distribution matrix D determine the proportions of the flow of cars that make
a maneuver from road section i to road section j. the Sum of these fractions is equal to the flow on the
section i.the values of the parameters di,j depend on the routes of all cars and can change depending on the
time of day, day of the week, and season. To determine the parameters of the throughput B and
distributions D of the model, we use a two-layer incompletely connected ANN.

The architecture of the Ann chosen accordingly to the relationship of the roads at intersections, the
weight values of the Ann coincide with the parameters of the capacity and distribution flows. Input values
for flows on road sections at some point in time, and output values for flows on road sections at the next
point in time.

The ANN structure is determined by the intersection structure: the input layer consists of NO inputs,
where NO = n, n is the number of input road sections at the intersection.

Each input is associated with the mi of neurons in the hidden layer, where mi is the number of
maneuvers that can be performed from the I section.

Each neuron of the hidden layer is associated with only one element of the output layer, with
N2 > N1, and each neuron of the output layer defines the output section of the road that departs from the
intersection. Several neurons of the hidden layer can be connected to one neuron in the output layer. Since
the output layer defines the output road sections, the link to the hidden layer is defined from road section
i to the output road section j.

Conclusion. The article describes a neural network approach for solving the problem of traffic flow
management in the urban road network. Traffic flows are managed as a result of solving the optimal
control problem using a mathematical model based on the theory of managed networks. The ANN
provides configuration of model parameters when there is a discrepancy between the output data obtained
on the model and the output data on a real object or road network section.

A.A. Cyueiimen, I'.b. Kamaranosa, I'.b. UcaeBa, b.P. A6cataposa, M.C. UOpaeB
Fymap6ex JlaykeeB aTeIHAarsI ATMaTHI SHEPreTHKA JKoHE OaiimaHbIc yHUBepcHuTeTi, AnMatel, Kazakcran

HEPOH/IBIK KEJJIEP/I KOJJIAHY HETI3IH/E
KAJIAJIBIK BAFJAPIIAMIAPIBI BACKAPYIbI OHTAJIAH/BIPY

Annotanus. Ipi Kananapaarbl e3eKTi MaceseHiH 0ipi — KoK KypaJlIapbIHbIH OJI KO3FalIbICIH YHBIMAACTHIPY.
Aranran MoceleHiH naiiga 00ty ce0edi — Kellik aFbIHBIH OacKapy/IbIH KeTiIMereH Tociti. Kelmik aFelHBIH Oackapyna
Oarmapmamabl peTTEyNiH epekie MaHbI3Bl Oap. barmapmamasl OackapyablH Kas3ipri 3aMaHFBl JKyHelepiHiH
KONIILTIri OepijireH yakpIT apalibiFbl OOWBIHIIIA KYMBIC iCTEH Il JKOHE MKOJIIAFEl Y3MIiKCi3 ©3repMeli KaraaiIpl )KeHe
anMaiapl. Byl MoceneHi IISNyAiH MepCIeKTUBAIBIK OaFBITBI — KAaCaHABl HEHPOHIBIK JKENiJiep apKbpUIbl XKYHeHi
OHTaiIanAbIpy. HeHpOHIbIK JKeNiiepIiH apThIKIIbUIBIFBI — 631H-031 OKBITY MYMKIH/ITIHIH aTaJFaH YyHere o arsl
e3repMeli karaaiira OeifiMaenyre MyMKiHaik Oepeni. KenTereH TanmbIHbICTap Kacalica J1a, KaJalblK KO3FalbICThI
OackapylblH JKOFapbpl camajibl MaTeMaTUKaIbIK MojJenl Herizmenmeni. MyHzaail Mojenb KoK — aFbIHbI
napaMeTpIiepiHiH 6ackapy mapaMmeTpiepiHe (pYHKIHMOHAIIBIK TOYCAUIINiH aHbIKTaybl THic. Ka3ipri yakpITTa KeJik
arbIHBI 0apJIBIK XKepae OaraapuamMaap apKbUlbl pEeTTENe .

Erep keiik arbIHBIHBIH HaKThl MAaTEMATHKAIBIK MOJICIIH JKacacak, JKOJI JKEeNicl TOpPaOBIHBIH OapbIHINA OTKi3y
KaOUIeTiHe KO KETKi3y YIIiH OaFJapIiaM CUTHAIAAPHI (pa3aiapbIHBIH OHTAWIBI Y3aK YaKbITHIH aHBIKTAl aJlaMbI3.

Bomkay peXuMiHJE )KYMBIC ICTEHTIH JKOJI KO3FaJIbICBIH 0AaCKapyAblH HAKThI MaTEeMAaTUKAIBIK MOJAET Oackapy-
JIBIH OHTAMIIBI TapaMeTpiepi Oaranayasl Oinmipesai, COHgai-aK TOTEHIIe KaFaaiiapia AyphIC MemiM KaObUIIaiIb.
Ko Ko3FanbICEIHBIH OEINTiNli MaTeMaTHKAIBIK MOJEIbICP] HAKTHI COTTE JKOJIBIH opOip ydacKeciHIeri MamuHamap-
JIBIH HAKTHI CAaHBIH €MEC, aFbIHHBIH OpTallla MOHIH FaHa €CKEepeIi.

Tyiiin ce3mep: TpadukTi 6ackapy, KacaHAbl HEHPOH KeIiaepi, 631H-031 OKBITY, MATEMATUKAIIBIK MOJIEITh, KOJIIK
arbIHbL.
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OINITUMMU3ALIUS YIIPABJIEHUS TOPOJCKUMHA CBETO®OPAMU
C IPUMEHEHUEM HEWMPOHHBIX CETEA

Annoranusa. OnHOU U3 HanboJIee aKTyalbHBIX MPOOJIEM KPYITHBIX TOPOIOB SBISIETCS MPOOIeMa OpraHU3aIiH
JIOPOYKHOTO NIBIKCHUS TPAHCIIOPTHBIX CpeAcTB. [IpHdrHA BO3HUKHOBEHUS NAHHOHN MPOOJIEMBI — HECOBEPIICHHBIN
cnoco0 yImpaBieHHs TPAHCIIOPTHEIMH ITOTOKaMU. B yrpaBieHuN TpaHCIOPTHBIMH TOTOKaMK 0c000€ 3HAYEHHE HMEET
cBeTo(hopHOE perynMpoBaHie. BoIbIIMHCTBO COBPEMEHHBIX CHCTEM YIIPABICHHS CBETOPOpaMu paboTaeT 1o 3ajaH-
HBIM WHTEpBalaM BPEMEHH M HE CIIOCOOHO CIPaBUTHCS C HEMPEPBIBHO MEHSIOUICHCS cuTyarmel Ha mopore. Ilep-
CHEKTHBHBIM HAIPABICHUEM IS PEIISHHS 3TOH 3a7au ABJSETCA ONTHMHU3ALNSI CUCTEMBI C TOMOIIBIO HCKYCCTBEH-
HBIX HEWPOHHBIX ceTei. [IpenmymiecTBO HEHPOHHBIX CETEH 3aKIIFOYAeTCs B BO3MOXKHOCTH CaMOOOydYEHHs, UTO
MO3BOJISIET CUCTEME MOACTPAauBATHCS MO U3MEHSIOUIYIOCA CUTYallUIO Ha JOPOre.

HeCMOTpﬂ Ha MHOT'OYUCJICHHBIC IMOIBITKH, 4O CUX IMOP HEC YAAJIOCh NOJYYUTh KAYE€CTBECHHYIO MAaTECMAaTUYCCKYIO
MOJ€CJIb YHOPaBJICHUA I'OPOJACKUM ABUKCHUEM. Takas MOJECJIb JOJIKHA ONPCACIATH (l)yHKIJ,l/IOHaHbHyIO 3aBUCHUMOCTDH
MapaMeTPOB TPAHCIIOPTHBIX IOTO-KOB OT MApaMETPOB yINpaBliCHWs. B Hamm JHU TPaHCIOPTHBIC MOTOKH
MIOBCEMECTHO PETYJINPYIOTCS TOCPEICTBOM CBETO(OPOB.

Ecnmu ynmactes monydWTh JOCTATOYHO TOYHYIO MATEMATHYECKYHO MOJENH ITOTOKOB TPAHCIOPTA, MBI CMOXKEM
OTIPENEIATh ONTHMAIBHYIO JITUTEIHHOCTD (pa3 CUTHAIOB CBETO(MOPOB IS JOCTIKEHHUS MaKCHUMAIBHOW TPOITYy CKHOM
CcrocoOHOCTH y371a JOPOKHOH CeTH.

JocraTouHo ToyHass MaTeMaTHYecKas MOZIETb YIpPaBICHUS JOPOKHBIM JABIDKCHHEM, paboTaromias B PexHMe
npejckazaHus, OyneT oToOpaxaTh OLCHKY ONTUMAJbHBIX MMapaMEeTPOB YIPABICHHUS, a TAKKE MPHUHUMATh KOPPEKT-
HBIEC PELICHUS B KCTPEHHBIX CHTyalnusx. VI3BecTHBIE MaTeMaTHYEeCKHE MOJIEIH TOPOKHOTO JBWKCHHS yUUTHIBAIOT
TOJIBKO CPEJIHUE 3HAU€HUsl MOTOKOB, & HE TOYHOE KOJIMYECTBO MAIMH HA KaXKIOM YYacTKe JIOPOT B KOHKPETHBIM
MOMCECHT.

KiroueBble cjioBa: ynpaBieHHE TpaQuUKOM, MCKYCCTBEHHBIC HEWPOHHBIC CETH, CaMOOOyYeHHE, MaTeMaTH-
gecKasi MOJIeNb, TPAHCIIOPTHEIC IIOTOKH.
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KAZAKHSTAN ZEOLITES AS A PERSPECTIVE MATERIAL
IN THE WATER TREATMENT OF THE DAIRY INDUSTRY

Abstract. In the modern world, there are practically no sources of clean water suitable for human consumption.
As a result, at any enterprise in the food industry a number of sequential operations are carried out related to the
purification of water necessary for the production of products. In all processes of processing dairy raw materials,
water supply to enterprises is carried out from a public water supply network and / or from an artesian well. The
article discusses the feasibility of using natural zeolites to ensure water safety. Research data of Kazakhstan zeolites
of various deposits and their application in practice were studied.. As shown by the results of experimental studies,
zeolites of the Taizhuzgen deposit significantly improve water quality. As a result of activation, the sorption ability
of zeolite rises to 85-90%. Production tests of zeolites indicate the significant potential of this mineral raw material.
Natural zeolites are cheap, resistant to mechanical wear and can be reused after regeneration. Studies have shown
that Taizuzgen zeolite is a good sorption material and can be recommended in further studies with the aim of
developing filters for water purification used in water treatment processes in the dairy industry.

Key words: safety, water, zeolites, sorption ability, zeolite benefits, modification.

Introduction. In the modern world, there are practically no sources of clean water suitable for human
consumption. That is why at any enterprise in the food industry a number of sequential operations are
carried out related to the purification of water necessary for the production of products.

For the production of dairy products of a wide range, they are increasingly resorting to the use of dry
canned milk. An integral part of the production process is the restoration of these products with drinking
water. There are many operations to purify water, but having received purified drinking water and
directing it to restore dry canned food, we will no longer receive dairy products that are as full in their
properties and benefits as they were before drying. There will be no longer that original natural structure
that exists in fresh milk [1].

Today, research is being conducted on many biological objects, the study of their energy and
structural properties, including water, as well as its effect on other biological fluids.

Special water treatment methods imply the purposeful imparting of certain properties to water. For
example, milk powder in such water can dissolve better, acquire better organoleptic and physicochemical
properties, and the system itself — a solution obtained by reconstituting dry components — can acquire a
certain structure similar to that of natural dairy products [2].

The aim of the study is to ensure water quality using zeolites in dairy production technology.

Research results and discussion. Food industry enterprises mainly use water from the drinking
water supply system in food production [3]. The water used in the production of milk and dairy products
must comply with the requirements of the Technical regulation of the Custom Union’s TR 033/2013 ‘On
the Safety of Milk and Dairy Products” [4]. Water used in the process of the manufacturing of food
products and in direct contact with food raw materials and packaging materials must meet the
requirements for drinking water established by legislation of the Member States of the Customs Union TR
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CU 021/2011 "On Food Safety” and the Technical Regulation of the Republic of Kazakhstan
“Requirements for the Safety of Drinking Water for the Population” (table 1) [5].

Table 1 — Basic requirements for water quality in the production of reconstituted dairy products

Standards (maximum
Indicators permissible concentrations), Hazard indicator <1> Hazard Class
no more
Hydrogen indicator, pH Within 6-9 - -
Total mineralization (dry residue), mg/1 1000(1500)<2> - -
Total hardness, mEq/L 7,0(10)<2> - -
Permanganate oxidation, mg/I 5,0 - -
Petroleum products, total, mg/1 0,1 - -
Surfactants (anionic surfactants) anionic, mg/1 0,5 - -
Phenolic Index, mg/1 0,25 - -
Aluminum (A*"), mg/l 0,5 S.-t. 2
Barium (Ba*"), mg/1 0,1 S.-t. 2
Beryllium (Be?"), mg/1 0,0002 S.-t. 1
Boron (B, total), mg/1 0,5 S.-t. 2
Iron (Fe, total), mg/l 0,3 (1,0)<2> Org. 3
Cadmium (Cd, total), mg/1 0,001 S.-t. 2
Manganese (Mn, total), mg/1 0,1 (0,5)<2> Org. 3
Copper (Cu, total), mg/I 1,0 Org. 3
Molybdenum (Mo, total), mg/1 0,25 S.-t. 2
Arsenic (As, total), mg/l 0,05 S.-t. 2
Nickel (Ni, total), mg/1 0,1 S.-t. 3
Nitrates (NO*), mg/1 45 S.-t. 3
Hydrargyrum (Hg, total), mg/1 0,0005 S.-t. 1
Lead (Pb, total), mg/I 0,03 S.-t. 2
Selenium (Se, total), mg/1 0,01 S.-t. 2
Sulphates (SO4 %), mg/1 500 Org. 4
Tand II, mg/1 1,5 S.-t. 2
11, mg/l 12 2
Chlorides (CI'), mg/1 350 Org. 4
Chromium (Cr®"), mg/l 0,05 S.-t. 3
Cyanides, mg/l 0,035 S.-t. 2
Zinc (Zn"), mg/l 5,0 Org. 3
y-HCH (lindane), mg/1 0,002 <3> S.-t. 1
DDT (sum of isomers), mg/1 0,002 <3> S.-t. 2
2,4-D, mg/l 0,03 <3> S.-t. 2

Notes: <1> - The limiting sign of the harmfulness of the substance for which the standard is established: S.-t. - sanitary
toxicological, org. - organoleptic. <2> - The value indicated in brackets can be established by decision of the chief state sanitary
doctor in the appropriate territory for a particular water supply system based on an assessment of the sanitary and epidemiological
situation in the village and the water treatment technology used. <3> - Standards adopted in accordance with WHO
recommendations.

Water from the drinking water supply system is characterized by a rather high content of impurities
(table 2) [6]. It can be confirmed by the current provisions of the Technical Regulation of the Customs
Union «On the Safety of Milk and Dairy Products», as well as the Technical Regulation of the Republic of
Kazakhstan «Requirements for the Safety of Drinking Water for the Population» dated May 13, 2008,
used by various enterprises producing dairy products.
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Table 2 — The content of heavy metals in natural waters of Zhambyl and Almaty regions

Normative value Water intake (samples)
(maximum lo N2
Indicator permissible sample Nel (K:?;I;g ; edisj[ric " sample Ne3 sample Ne4
of quality concentration) (Issyk city, Almaty e ion), (Auezov district, (village Merke,
no more Almaty region) yree Almaty) Zhambyl region)
leﬁdroge“ indicator, | yiin 6.9 8,14 7,91 7,92 6,64
Total hardness,
mEq//l 7,0(10)<2> 2 2,9 4,4 3
Chlorides (CI") 350 7 7,5 20,5 14,5
Iron (Fe, total), mg/l | 3 (1 g)<o> 3,1969 0,096 0,091 17,16
;egz;;i (Pb, total), 0,03 not detected 0,04079 not detected not detected
(ng“tl;‘;‘fl’) g 0,001 0,00091 0,0039 0,00018 not detected
2:/‘1’““ (As, total), 0,05 0,00882 0,02716 0,05936 not detected
Zinc (Zn*"), mg/l 5,0 0,00295 0,00382 not detected not detected
Sl(;/)lp er (Cu, total), 1.0 not detected 0,4892 not detected not detected
- o

rCnl;r/?mlum (©, 0,05 not detected not detected not detected not detected
y-HCH (lindane),
mg/1
-a—HCH 0,002 <3> not detected not detected not detected not detected
-B—HCH not detected not detected not detected 0,000013
-y- HCH not detected not detected not detected 0,00002
Heptachlor 0,002 <3> 0,04873 not detected not detected 0,000007
DDT (sum of 0,002 <3> not detected not detected not detected not detected
isomers), mg/l

The dairy industry consumes significant amounts of water for technological needs, which must meet
all the usual requirements for drinking water, and also have a higher degree of bacteriological purity, low
stiffness and lack of iron, which even in minimal amounts can cause undesirable odor changes and taste of
finished products [7].

Zeolite filters can become a solution to the problem of removing iron and other elements from water.
Natural zeolites are widespread and cheap mineral raw materials, have a unique range of physicochemical,
adsorption and ion-exchange properties, due to which they are widely used in wastewater treatment and
drinking water treatment technologies [8].

The use of zeolites for processing raw materials and finished food products is interesting from the
point of view of regulating the mineral composition of the product, as well as improving its hygienic,
physico-chemical characteristics. This is primarily due to the unique combination of properties of natural
zeolites. Due to its crystal-chemical structure, zeolites are biologically active and acid resistant. They have
a prolonged adsorption, ion exchange, catalytic and detoxification ability. However, this raw material is
not sufficiently used in the food industry, although it has been well studied from the biomedical, hygienic
sides [9].

Currently, in the field of water treatment and water purification, natural materials (quartz sand,
shungite, expanded clay, granite sand, burned rocks, zeolites, etc.) remain the main ones due to their better
knowledge, accessibility, and relatively low cost [10]. Their reserves in Kazakhstan are significant: a large
deposit of natural zeolites Taizhuzgen (Tarbagatai district of East Kazakhstan region, approved reserves -
7 million tons, forecasted - 215 million tons) and Shankanai (Kerbulak district, Almaty region, approved
reserves — 5,5 million tons, forecasted-120 million tons), which are prepared for industrial development
[11]. In Southern Kazakhstan, Altyn-Emel (41 million tons), Karzhantau and Daubabin zeolite deposits
were pre-evaluated [12].
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It is known that zeolites are characterized by favorable technological parameters for creating filtration
materials on their basis. They do not swell in water, can be easily machined with subsequent fractionation,
possess molecular sieve, absorption (ion exchange) and other useful properties, while being
environmentally safe. Technical conditions have been developed and a sanitary-hygienic conclusion has
been obtained on the zeolite of the Honguruu deposit as a filtering and sorbing material for the treatment
of natural and waste water [13]. Countries with experience in using natural zeolites are Bulgaria, Hungary,
USA, Turkey, Czech Republic, Japan, etc. [14].

The main indicators of the zeolites of Kazakhstan deposits are identical to the known deposits of
Ukraine (Sokrinitskoe), Georgia (Tedzamskoe) and Russia (Kholinskoye, Kulikovskoye, Vanginskoye)
[15]. Of the studied tuffs, Choline zeolite in any form is more effective in terms of the extraction of heavy
metals, which, apparently, can be explained by the more rigid crystalline structure of the mineral and its
chemical composition (table 3) [16].

Table 3 - Sorption of heavy metal ions from model solutions by zeolites

The volume of ﬁltrat.e before the breakthrough DEC, mmol/g Zeolite
of the cation, in column volumes
Cations Sakhaptin Choline zeolite Sakhaptin Choline zeolite

natural H*- form natural H*- form natural H- form natural H*- form
Pb** 1230 1353 1556 1690 0.98 1.10 1.15 1.32
Ni2* 280 340 420 480 0.81 0.90 0.94 1.04
Cu?* 215 310 380 420 0.35 0.40 0.43 0.52
Zn** 156 200 205 293 0.27 0.31 0.36 0.40

Zeolites belong to the group of framework aluminosilicates, the infinite aluminosilicate framework of
which is formed when articulating through common vertices of the [Al04]> and [SiO4]* tetrahedra [17].
The frames have a regular system of cavities, interconnected by channels, in which there are metal cations
and water molecules that are able to freely be removed and absorbed by the structure, due to which ion
exchange occurs. The structural formula of =zeolite can be represented as follows:
Minn[(AlO2)«(Si02)y]'zZH2O where x+y- is the sum of tetrahedra in the unit cell, m- is the number of
cations M (potassium, sodium, calcium, magnesium) , n-is the valence of the cation [18].

Of the more than 40 mineral species and varieties of zeolites known in nature, only a few satisfy the
requirements for practical use, namely: they form large almost monomineral concentrations and at the
same time have the corresponding consumer properties (adsorption, ion exchange, acid and heat
resistance, etc.) [17].

Zeolites of the Taizhuzgen deposit belong to clinoptilolite aluminosilicates with a content of
clinoptilolite of 55-60%, mainly sodium and potassium type [19]. Table 4 presents the average chemical
composition of zeolites in Kazakhstan deposits [20,21,22,29].

It was established that these zeolites comply with the RSS-99 standards for the content of toxic
elements and radionuclides. The mineral composition of zeolites is represented by clinoptilolite,
montmorillonite, quartz, feldspar and rock fragments [23].

For use in water purification processes, significant advantages of zeolites from East Kazakhstan
deposits were revealed: high sorption properties; availability (deposits are located near consumers); low
cost (in comparison with other technological reagents); resistance to temperatures and climatic conditions
during transportation, storage and exploitation. The indicated advantages make it possible to successfully
use natural zeolites for treating groundwater in the region, which are characterized by high hardness and a
high content of heavy non-ferrous metal ions. As the results of the study showed, the zeolites of the
Taizhuzgen deposit improve water quality by 30-50%, however, as a result of activation, the sorption
ability of the zeolite rises to 85-90% [24].
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Table 4 — The averaged chemical composition of zeolite tuffs of Kazakhstani deposits

Components Deposits, average content of components. %
Taizhuzgen Shankanai
SiO2 65,5 59,86
TiO; 0,20 0,46
AlLO3 14,27 14,39
Fe20s3 0,87 5,21
FeO 0,53 -
MnO2 0,04 -
MgO 0,8 1,71
CaO 32 4,93
Na2O 2,04 1,07
K>0 2,83 1,56
SO2 0,07 -
H20 10,0 3,61
P>0s - 0.09
MnO - 0.09
Fe - 3,85
Sr - 0,31
Lo.i. - 3,38

Note: L.o.i.- loss on ignition

Plotnikov Ye.V. et al. [25, 26] studied the sorption and surface characteristics of filtering materials
based on natural modified minerals. The obtained results confirm the possibility of using modified zeolites
as a load for cleaning water from bacteria only when the size of the sorbent fraction is less than 0.1 mm
(table 5). In general, zeolites have shown great efficiency in the removal of microbiological contaminants.
The most promising is the use of a mixture of various fractions to obtain acceptable levels of water
purification and hydrodynamic resistance (table 6).

Table 5 — Surface characteristics of modified mineral sorbents

Material Fraction, mm Specific surface, m*/g | Specific pore volume, cm*/g | The average pore size, nm

Zeolite <0,1 25,351 0,011 1,715

Zeolite 0,1-0,5 24,158 0,010 1,715

Zeolite 0,5-1,0 21,241 0,009 1,716
Glauconite <0,1 44,74 0,013 1,714
Glauconite 0,1-0,5 39,69 0,019 1,717
Glauconite 0,5-1,0 30,715 0,017 1,715

Table 6 - Assessment of the degree of extraction of microbiological contaminants
from aqueous media with modified sorbents

Parameter Fraction (<0,1 mm) Fraction (0,1-0,5 mm) Fraction (0,5-1,0 mm)
Zeolite Glauconite Zeolite Glauconite Zeolite Glauconite
The number of bacteria after 0 0 1,7-10° 7-10° 1,0-107 1,0-107
filtration (CFU/ml)

The mineralogical composition and thermal stability of the natural zeolite of the Taizhuzgen deposit
are studied. The main component of the zeolite-containing rock is clinoptilolite. The possibility of using
this zeolite to purify water from iron under dynamic conditions is shown. At the initial concentration of
Fewowr 1,5 mg/l, the removal efficiency was 100% after passing 300 ... 500 ml of water through the filter.
The ion-exchange properties of zeolite by Fe*" ions were studied: the total ion-exchange capacity of Fe*"
is 18,2 g-equiv / m® [27]. Studies have shown that Taizhuzgen zeolite is a good sorption material and can
be recommended in further studies with the aim of developing filters for water purification used in water
treatment processes of the dairy industry.

Thus, the use of zeolites for the preparation of water in the dairy industry:

- does not require high maintenance costs and reagents;

- makes it possible to additionally extract toxic substances in contrast to the reagent method;
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- characterized by simplicity and accessibility in operation, in contrast to the electrodialysis method;

- does not require thorough water purification from mechanical impurities, the use of reagents to
prevent precipitation;

- does not require maintaining a relatively high speed of mechanical cleaning;

- low cost of the installation of purification, unlike the reverse osmosis method [16].

Methods that prevent or exclude the ingress of harmful compounds into food products are quite
limited, time-consuming and expensive, cumbersome, require frequent regeneration of plants and
materials. Their use is effective at high productivity and high initial hardness of water. The cost of
materials, for example, ion-exchange resins, is incommensurably higher than that for natural materials, for
example, natural zeolites. However, their capabilities are much wider. Natural zeolites can soften water,
release it from metal ions, organic impurities, colloids, and trap microorganisms. The use of zeolites of
various modifications will make it possible to obtain water of the desired composition, microbiologically
pure [28].

Conclusion. The chemical composition of zeolite tuffs of Kazakhstan deposits is identical to the
chemical content of the known zeolite deposits of Ukraine, Georgia and Russia. Studies of drinking water
from various regions of the country, conducted by the authors of the present paper, led to the conclusion
about the presence of iron and cadmium in drinking water in quantities exceeding the allowable regulatory
limits. As shown by the results of experimental studies, zeolites of the Taizhuzgen deposit significantly
improve water quality. Thus, the studies performed have shown that the use of zeolites for preparing water
in the dairy industry will make it possible to obtain dairy products with higher hygiene safety indicators.

M.K. Anumapaanosa’, JK.B. Xamsuna', JI.T. Baananosa®

| AMats! TexHOIOrM YHUBEpcuTeTi, Kasakcran;
2C.JI. AchenausapoB aTbiHaarkl Ka3ak yITTBIK MEAUIMHA yHEBEPCHTETI, AnmaTel, Kazakcran

KA3AKCTAH/BIK HEOJIUTTEP — CYT CAJIACBIHJAFbI
CY OHJAEY YAEPICIHAE NEPCIIEKTUBAJIBIK MATEPUAJI PETIHIE

Annoranus. Ka3zipri yakpiTTa Taramra KOJIIaHyFa kapam[bl Ta3a cy ke3i keszecneiini. COHbIH cangapblHaH
TaFaM CaJIaChIHBIH Ke3 KEJreH KOCIIOPHBIH/AA OHIM OHIIPY YUIIH KaXeTTi CyIbl Ta3zapTyFa OaliaHbICThI OipKarap
KyHen amanmap ky3ere acbipbuianbl. CyT IIMKI3aThIH OHJCY YACPICTEPIHIC KOCIMOPBIHAAPIbI CYMEH JKa0IbIKTay
KOFaMJIBIK Cy KYOBIPBI JKEJIICIHEH joHe/HeMece apTe3uMaH YHFbIMAachlHAaH J>Ky3ere acelpbuianbl. Makanaga cy
KayiICi3AiriH KaMTaMachl3 €Ty YIIiH Ta0uFH LEONUTTEP ] KOJAaHYIbIH MaiJaubuIbIFbl KapacTelpbutFad. Typii keH
OPBIH/IAPBIHAAFBl KAa3aKCTaHIBIK LEOJIUTTEPre KaTBICTHI 3€PTTEY MaTepHaigapbl MEH OHBI TXipuOene KoJjaHy
Kongapsl 3eprreni. ToxipuOemnik 3eprrey HoTHXKeNepi KepceTkeHnel, Taiike3reH KeH OpHBIHBIH LICOIUTTEPl CY
camacklH elayip jKakcapTaibl. berceHaipy HOTIKECIHIE ICOMUTTIH COPOMUSITBIK KadineTi 85-90%-Fa neifin apTajsl.
eonutTepaiy eHAIPICTIK CHIHAKTAPHI aTaJFaH MHUHEPAJIBI IIUKI3aTTHIH epeKIIe MYMKIHIIKTepiH kepceTeni. Tadurn
LEOTUTTEP ap3aH, MEXaHUKAJBIK TO3yFa TO3IM/I )KOHE pereHepalusaaH KeliH OipHelre peT naiaanaHburybl MYMKiH.
3eprreynep KepceTkeHael, TalKesreH NEONUTI KaKChl COPOIMSIIBIK MaTepuan OOJNBIN CaHalambl JKOHE CYT
callachIHBbIH Cy JaiiblHIay YAepiCiH/Ae KOJJAHBLUIATHIH CY/bl Ta3apTy YILIIH CY3rilepl a3ipiiey MakcaThblHIa KeWiHri
3epTTeyNepe YChIHbLIYbl MYMKIH.

Tyiiin ce3nep: Kayinci3mik, Cy, LEOJIUTTEP, COPOLHUSIIBIK KAOIJIeT, LEOIUTTEP apThIKIIBLIBIFbI, MOIU(DHKALHSI

M.K. Anmamapaanosa’, )K.B. Xamsunal, /I, T. Baananosa?

! AlIMaTHHCKHH TEXHOJIOTHYECKHH YHUBEPCHUTET;
’Ka3axCKuii HAMOHAIBHBIN MeauIMHCKIN yauBepcuteT uMenn C.JI. Achennuaposa, Anmatel, Kasaxcran

KA3AXCTAHCKHE HEOJIUTHBI KAK HEPCHEKTI/IBHBMII?'I MATEPHAI
B ITPOHECCAX BOAONIOATOTOBKH MOJIOYHOU OTPACJIN

AHHOTanusl. B coBpeMeHHOM MUpe NMPAKTHYECKH HET HCTOYHUKOB YMCTON BOABI, IPUTOJHOM IS TOTpEOIeHNS
yeJoBeKOM. B pesympTare Ha J000M INPEANPHUSITHM MHINEBOH MPOMBIIIICHHOCTH OCYLIECTBISIETCS  PsIX
MOCJIE0BATEINILHBIX ONEpPaNnii, CBI3aHHBIX C OYHUCTKOM BOJIBI, HEOOXOIUMOM AJIsI TPOU3BOACTBA MPOLYKIUH. Bo Bcex
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mporeccax mepepaboTKH MOJOYHOTO CHIPhSI BOJIOCHAOKEHHE NPEANPHUATHI OCYIIECTBIISETCS M3 BOAOIPOBOIHOM
ceTu OOLIEro MOJb30BaHMs M / WM W3 apTEe3MAHCKOW CKBKHHBL. B crarhe paccMarpuBaercs Liesiecoo0pa3HOCTh
HCIOJIb30BAHUS TPUPOIHBIX IECOJIUTOB JJisi oOecreueHus Oe30MacHOCTH BOJbL V3ydeHbl JaHHBIC HMCCIIEIOBAHUI
Ka3aXCTaHCKUX II€OJUTOB PAa3IMUHBIX MECTOPOXKIACHHUI U UX MpPUMEHEHHEe Ha TpakTuke. Kak mokazanu pe3ysbTaThl
IKCIIEPUMEHTAILHBIX HCCIEAOBAHUN, IIEOJUTHI MECTOPOXKIeHUsT TaiKy3reH 3HAYUTENbHO YIyYIIaloT KayecTBO
BOJEI. B pe3ynbrare akTUBaIMU COPOIMOHHAS CIIOCOOHOCTH IieoynTa MoBbImaetes 10 85-90%. I[IponsBoacTBeHHBIE
WCTBITAHAS IICOJIMTOB CBHUJCTEIBCTBYIOT O 3HAYUTEIHHOM IOTCHIMAIE 3TOTO MHUHEPAIBHOTO CHIphs. [IpupoHbie
IEOTMUTHl JICIIEBBI, YCTOWYMBEI K MEXaHUYECKOMY HW3HOCY M MOTYT OBITh TIOBTOPHO FWCIIOJNB30BAHBI ITOCIE
pereneparmn. MccineqoBaHus mokas3ai, 9YTO HEOTUT Tan3y3reHa sBISETCS XOPOITUM COPOLIMOHHBIM MAaTEPHATIOM U
MOJKET OBITh PEKOMEH/IOBaH B JaJTbHEHIINX HCCIECHOBAHUIX C IENBI0 pa3pabOTKH (UIBTPOB U OYMCTKHA BOIBI,
HCTOJIB3YEMBIX B IIPOIECCAaX BOAOTOATOTOBKH B MOJIOYHOU TIPOMEBIIIIIICHHOCTH.

KiroueBble ciaoBa: 6e30macHOCTh, BOAA, LIEOJIUTHI, COPOLIMOHHAS CIIOCOOHOCTH, NMPEUMYIIECTBA IIEOJIUTOB,
MoAn(UKAITHS.
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POPULATIONS OF THE MAJOR CARRIER RHOMBOMYS OPIMUS,
VECTORS OF XENOPSYLLA FLEAS AND
THE CAUSATIVE AGENT OF YERSINIA PESTIS
IN THE CENTRAL ASIAN DESERT NATURAL FOCUS OF PLAGUE

Abstract. In the Central Asia desert natural focus of plague, the major carrier of the Yersinia pestis agent is the
great gerbil Rhombomys opimus, and its vectors include fleas of the Xenopsylla genus. Phenotypical and genotypical
properties of the R. opimus populations, Xenopsylla fleas and Yersinia pestis strains have been studied in the Central
Asia desert natural focus of plague. Phenotypic distinctions and population discreteness have been identified in R.
opimus on the cytochrome b gene of the mitochondrial genome from three autonomous plague foci: Pre-Balkhash,
Betpakdala and Pre-Ustyurt. Phenotypic distinctions have been found in Xenopsylla fleas in the Central Asia desert
natural focus of plague, and the genotype of X. gerbilli minax fleas on the Cox2 gene of the mitochondrial DNA;
these had been captured in the Betpakdala autonomous focus. The repertoire diversity in phenotypical properties of
Y. pestis strains from different natural foci of plague has been demonstrated, and population discreteness of Y. pestis
strains has been determined using the next-generation sequencing method for single nucleotide polymorphism genes.
Results of the study suggest that geographical and environmental isolation and natural selection have led to
heterogeneity in the three populations of the great gerbil, vector fleas and Y. pestis.

Keywords: plague, natural focus, Yersinia Pestis, carrier, Rhombomys Opimus, vector, Xenopsylla.

1. Introduction

Plague is a zoonotic natural focus based infectious disease. Its causative agent, Yersinia pestis,
belongs to the Enterobacteriaceae family. Y. pestis explicably exists in the nature in deserts, steppes and
mountain landscapes, within the carrier-vector-agent system. In natural foci, Y. pestis carriers include
various species of rodents. The role of vectors is played by the rodents’ fleas. Stability and sizes of natural
foci, which normally correspond to the area of species of the major carrier rodent, demonstrate specificity
of the Y. pestis ecological niche, the level of systemic interaction between the agent and its natural
carriers, and the impact of the selection and selective mechanisms which ensure a dynamic equilibrium
between the carrier populations and Y. pestis within the focus. In Kazakhstan, natural plague foci cover an
area of more than 39% of the total country’s area, or approximately 1.1 million square kilometers
(figure 1).
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Figure 1 - Natural plague foci in Kazakhstan:
I — Central Asian desert natural focus; I — Tien Shan natural focus; III — Volga-Ural sand natural focus; IV — Volga-Ural steppe
natural focus; V — Dzungarian mountain natural focus; VI — Talas natural focus; VII — Ural-Oiyl steppe natural focus

In the Central Asia desert natural focus of plague, the major carrier of the Yersinia pestis agent is the
great gerbil Rhombomys opimus Lichtenstein, 1823 (Fig. 2, A) [1, 2]. The roles of secondary and
accidental carriers are played by other species of gerbils. There are a total of 14 autonomous foci in
Kazakhstan, differing in the landscape diversity, spatial and biocenotic structure [3]. R. opimus is also
common in desert areas of the Northern Hemisphere [4] (Figure 2, B), including countries with expansive
natural plague foci.

Figure 2 - Natural habitat of R. opimus in Kazakhstan and worldwide

In individual parts of the natural focus, R. opimus populations differ in their phenotypical properties,
including the scaffold and dimensions of the skull [5]. Apparently, geographical isolation and different
landscapes have determined heterogeneity of the three great gerbil populations in question [6]. To the best
of our knowledge, the genome of plague carrier rodents in Central Asian plague foci has not yet been
properly investigated while genomes of R. opimus, inhabiting areas in Iran and northern China, have been
sequenced [7, 8. 9].

Major vectors of plague in the desert focus of Central Asia are R. opimus fleas of the Xenopsylla
genus [3, 10, 11, 12]. A few species of Xenopsylla fleas prevail in autonomous foci of the Central Asian
natural focus: in Pre-Balkhash - X. hirtipes; in Betpakdala - X gerbilli minax, and in Pre-Ustyurt -
X. skrjabini (figure 3).

Prevaience of he great gerbil JRhombomys opmius) ™,
0 Kazaktmtan
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Figure 3 - Habitats of Xenopsylla fleas in autonomous foci of the Central Asian natural desert plague focus:
1 - X hirtipes (Pre-Balkhash autonomous focus); 2 - X. gerbilli minax (Betpakdala autonomous focus);
3 - X. skrjabini (Pre-Ustyurt autonomous focus)
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In Kazakhstan, anti-plague stations (NSCEDI branches), located within natural foci, carry out
continuous epizootological monitoring of enzootic areas. Only isolated sporadic cases have been recorded
in Kazakhstan over the last years, with no epidemic outspread. The last four plague cases were recorded in
2003.

The study of Y. pestis strains from some other natural foci of Asia and Europe suggests phenotypical
and genotypical diversity of ecological variants of Y. pestis. [13, 14]. Different limited areas of the Central
Asian natural focus show a steady long-standing circulation of Y. pestis strains atypical in the need in
amino acids as growth factors [15]. An analysis of Y. pestis strains from the Central Asian desert and the
Tien Shan mountain natural plague foci with various environmental conditions shows that the Y. pestis
strains in question belong to three biovars: Antiqua, Mediaevalis and Orientalis [14]. The Y. pestis genome
has been sequenced, and strains from numerous plague foci have been genotyped [16].

2. Materials and methods

Study materials included: 1) samples of mitochondrial RNA isolated from the liver of R. opimus;
2) samples of mitochondrial RNA of Xenopsylla fleas; 3) DNA of Y. pestis strains from the NSCEDI
collection isolated in the Central Asian plague focus and other foci.

All manipulations with R. Opimus organs, fleas and Y. pestis strains followed appropriate biosafety
standards and pathogen handling techniques [17].

Isolation of the R. opimus mitochondrial RNA. A total of 88 great gerbil samples had been captured
from three independent population groups. Extraction of mitochondrial RNA from the liver of R. opimus
utilized the QIAamp DNA Mini Kit (Qiagen, USA) [18]. A fragment of cytB with the length of 578 bps
(without primers) was amplified using UNFOR403 and UNREV 1025 primers [19].

The nucleic acid sequence of the D-loop of R. opimus DNA was amplified using Thr-L.15926 and DL-
H16340 primers [20]. PCR product purification involved the enzyme-based method using Exonuclease |
(Fermentas) and alkaline phosphatase (Shrimp Alkaline Phosphatase, Fermentas) [21]. Sequencing assay
utilized BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). The phylogenetic
analysis used MEGA 7.0 software, Tamura 3-parameter model, discrete gamma distribution, and
Bootstrap 1000 [22].

Phenetic studies of fleas. The material included 681 Xenopsylla fleas from autonomous foci and
from the collection of the NSCEDI zoological and parasitological museum. Data were processed in free
statistical environment R version 4.0.0, with RStudio graphic environment [23]. Head and head bristle
measuring was based on pictures of fleas using ImageJ software [24]. The analysis used meristic features
[10].

Isolation of mitochondrial DNA and genotyping of Xenopsylla fleas. 22 Xenopsylla flea samples
were selected for the assay. DNA isolation used the established protocol [25]. The CoxII nucleic acid
sequence fragment was amplified using Insect-A-LEU and Insect-B-T primers [26]. PCR product
purification involved used of exonuclease I (Thermo Scientific) and alkaline phosphatase (Thermo
Scientific) [21]. Sequencing utilized cycle sequencing kit BigDye® Terminator v3.1 (Applide Biosystems)
and primers, for PCR amplification. The phylogenetic analysis used MEGA 7.0 software, with the
maximum likelihood method, Tamura 3-parameter model, discrete gamma distribution, and Bootstrap
1000 [22].

Y. pestis DNA genotyping. Y. pestis DNA genotyping method.

Isolation of Y. pestis strain DNA utilized QlAamp DNA Mini Kit (Qiagen, USA) [25]. Genotyping of
31 Y. pests strains was based on the whole-genome sequencing method. Assessment of preliminary
sequencing data used FastQC v0.11.7 and Multigc v1.8 software. The phylogenetic tree derivation used
BioNumerics v8.0 software (Applied Maths, Belgium).

3. Results

The epizootic status of plague in the Central Asian natural focus

Over the last decade (2010-2019) of monitoring in the Central Asian desert focus, active plague
epizootics have been registered; 1024 Y. pestis strains have been isolated and studied. During the study of
R. opimus and Xenopsylla fleas in three autonomous foci, the following numbers have been isolated: in
Pre-Balkhash - 264; in Betpakdala — 60, and in Pre-Ustyurt - 20 Y. pestis strains.
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R. opimus and Xenopsylla flea populations in the Central Asian natural plague focus. All three
regions in study are in the northern desert area, where special impact on vegetation is made by trends in
changing precipitation amounts and frequencies. An analysis of climatic and geographical features has
found synchronization degrees of the air temperature and precipitation trends [6]. Intensive growth of the
yearly average temperature has been noted in the surface air since the mid-1970s. Therefore, irregularities
of climatic, geographical and geobotanical conditions in the three autonomous foci in question have
resulted in genetically isolated R. opimus population.

A morphometric study was carried out for 681 samples of Xenopsylla fleas (X. hirtipes, X. skrjabini
and X. g. minax), captured in the Pre-Balkhash, Betpakdala and Pre-Ustyurt autonomous foci. A number
of significant distinctions have been found in Xenopsylla fleas regarding their morphometric parameters:
position of parietal bristle and the back edge bristle. X. hirtipes fleas from the Pre-Balkhash and
Betpakdala foci show statistically significant difference from fleas from other foci, regarding the distance
between the ocular and parietal bristle (p = 0,00126 u 0,00025, respectively), as well as the distance
between the parietal and angular bristle (p = 0,00138 and 0,00402, respectively). This may suggest
formation of an independent population of X. Airtipes fleas in the Pre-Balkhash and Betpakdala plague
foci.

Sequencing of mitochondrial RNA of R. opimus. Genotyping of R. opimus from the Pre-Balkhash,
Betpakdala and Pre-Ustyurt foci has been carried out. Based on a review of publications [7, 9], a
conclusion has been made that genotyping on the CytB gene sequence should be performed to study
population differences in great gerbils.

A total of 19 unique haplotypes have been identified on the fragment of nucleic acid sequence of CytB
gene. Out of 578 analyzed bases, the share of transitions was 37, and transversions - four. Eight of the
polymorphisms analyzed result in amino acid replacement. 88 samples clustered into seven haplogroups.
25 haplotypes were established using D-loop nucleic acid sequence. 63 of 468 bases were variable. Of
them, 59 were transitions, and three — transversions; also, adenine insertion was found in three samples
from [-B15, I-B16, [-B17 samples captured in southern Pre-Balkhash.

The phylogenetic analysis with nucleic acid sequences of 19 haplotypes, established in R. opimus
from fovi in Kazakhstan, and sequences of CytB gene of R. opimus captured in Iran and China [7, 8],
formed three major clusters (figure 4).

I x1acmep

Figure 4 —
The phylogenetic tree based on the analysis
of nucleic acid sequence of CytB gene of R. opimus,
captured in Kazakhstan, Iran and China:
B - samples collected in southern Pre-Balkhash;
Sh - samples collected in western Betpakdala;
A - samples collected in eastern Pre-Ustyurt
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The first cluster includes sequences of R. opimus captured in Kazakhstan and China; concurrently, the
great gerbil captured in Kazakhstan is a separate clade. The second and third cluster includes sequences of
the great gerbil captured in Iran.

Genotyping, looking for population diversity and genomic features of the Xenopsylla genus from
the Central Asian desert natural plague focus

A total of 743 bps in 22 Xenopsylla samples have been sequenced. The resulting sequences include
the whole protein coding sequence COIl (cytochrome oxidase subunit II) and a fragment of sequence
tRNA-Lys. A total of 4 haplotypes have been found in 22 Xenopsylla samples. The largest genotype
includes 17 sequences from fleas from the southern Pre-Balkhash and western Betpakdala. Flea samples
from the eastern Pre-Ustyurt represent a separate clade, are more genetically diverse, and include
3 haplotypes (figure 5, A). An analysis including sequences of the Xenopsylla genus allowed to cluster
haplotype 1 with sequences X. gerbilli minax collected in China’s Xinjiang Uyghur Autonomous Region
(figure 5, B). Haplotypes II-IV are unique for Kazakhstan and represent a separate clade.
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Figure 5 - The phylogenetic tree based on nucleic acid sequence of COII and fragment tRNA-Lys
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Genotyping of Y. pestis strain DNA.
Whole-genome data of 31 mramma Y. pestis strains have been received. The strains form four
phylogenetic branches: 0.PE4, 1.0RI3, 2.MEDO u 2.MEDI1 (figure 6).

SENDDEEE
P
]

Figure 6 - Clusterization of 31 Y. pestis strains

The remaining 26 strains clustered into medieval biovar of the phylogenetic branch 2.MED1. Two
strains, Chuma-1435 and Chuma-4, went to the phylogenetic branch 1.0ORI3; the strains were isolated
from the great gerbil from the Kyzylkum plague focus and from a person infected with plague in the Pre-
Balkhash autonomous focus, respectively. Strain Chuma-3362 was phylogenetically identified as
2.MEDQO; it was isolated from a sick camel in the Mangistau autonomous focus.

4. Conclusions

The results of the studies are as follows: a) Identification of the genetic structure of mitochondrial
DNA of R. opimus captured in different geographically remote areas in the Central Asian desert natural
focus; b) Finding of genetic differences in Xenopsylla g. minax fleas regarding the nucleic acid sequence
Cox2 of the mitochondrial DNA gene; c) The studied populations of Y. pestis strains are genetically
diverse and belong to four phylogenetic branches: 0.PE4, 1.ORI3, 2.MEDO and 2.MED]1.

Geographic isolation, different climatic conditions and landscapes, and natural selection determined
heterogeneity of three populations of the great gerbil, Xenopsylla fleas and Y. pestis strains in autonomous
foci of the Central Asian desert natural plague focus.

The statistically significant differences of phenotypical features in the great gerbil R. opimus and
some species of Xenopsylla fleas suggest formation of distinct populations of rodent carriers and flea
vectors in natural plague foci. The studies that have been carried out exemplify comprehensive research of
genomic variability regarding co-members of the plague enzootic triade (carrier-vector-agent), and an
attempt to find co-evolution of biological species of the plague biocenosis participants, with
environmental isolation.
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OPTAUJIBIK A3UsI IOJIAI TABUFU OBA OIUAFBIHIA TAPAJIFAH
YERSINIA PESTIS KO3bIPFBIIIBIH TACBIMAJIJAYIIBI XENOPSYLLA TYBICBIHA ’KATATBIH
BYPTEJIEP MEH RHOMBOMYS OPIMUS NNONY JIALUAJIAPBI

AnHoranusi. Opraa3wsuielk mesai TaOuru o0a omarbiHAa Yersinia pestiS KO3ABIPFBIMIBIHBIH —HETi3Ti
TachIMaJIayIIbIChI-yJIKeH rthombomys opimus repOwii, an OHBIH TachiMaiaynibuiapsl-Xenopsylla TykbiMaac
oyprenep. Opranbik A3us mesnepinaeri 00aHbsIH TaOUFK omarbiHaa R. opimus momyisiusacbiHbH, Xenopsylla sxoHe
Yersinia pestis Oypre ImTaMMIapblHBIH (EHOTHNTIK >KOHE TI'eHOTHUNTIK KacueTrrepi 3eprrenni. R.opimus-teri
(heHOTHNTIK alBIPMAIIBUTBIKTAP MCH TOMYJISIHUSIBIK TUCKPETTUTIK 00aHbBIH YIII aBTOHOM/IBI OIIaKTapbhiHAH: bamxari,
bernaknana »xoHe I[IpycTIOPTCKHIiZIGH MUTOXOHAPHSJIBIK TCHOMFa IIUTOXPOMbI T€HMEH aHBIKTaNAbl. DEHOTHIITIK
afpIpMambUIBIKTap xenopsylla Oyprenepinme OpTanelk As3us IemiHAeri 0OaHBIH TaOWFM OMIAFBIHAA JKOHE
mutoxoHApIsUTEIK JTHK-#ae1H Cox2 reninen X. gerbilli minax Oyprecinig reHotuminae Tadpuasr; onap bermakmgana
aBTOHOMJIbI OLIarbiHIa ycTanibpl. OOaHbIH OpTYpii TaOWUFM OIIAKTapbIHAH alblHFAH Y. pestis IITaMMAapbIHbIH
(eHOTHNTIK KACHUETTEePIHIH pernepTyapblHbIH OPTYPIUIr KepceTuireH jkoHe Y. pestis IITaMMAapbIHbIH
MONYJISIIMSUIBIK TUCKPETTUNr Oip HYKJICOTUATI MOMMMOPGHU3M TeHIEpIHIH Kelleci YpIIaFblH JKYHelaey apKbUIbl
aHBIKTaJIFaH. 3epTTey HOTIKeNepl reorpadusuIbIK >KOHE DKOJIOTHSUIBIK OKIIAyJay KOHE TaOWFU CYpBINTAy YIIKEH
repOWIIiH, BEKTOPJBIK OyprenepiaiH >xoHe Y. pestis-TiH YII MOMYJSIESICHIHIA TeTEPOrCHIUTIKKE OKEJITreHIH
KepceTe.

Tyiiin ce3mep: 00a, Taburu omarel, O0a KO3IBIPFHIIIBI, TACBIMAIAAYIIEI, YJIKCH KYMTHIIIKAH, TaChIMAAAYIIIb,
Kcenoncunna.
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nonyJisinuu OCHOBHOI'O HOCUTEJIA RHOMBOMYS OPIMUS, IEPEHOCYHUKOB BJIOX
POJA XENOPSYLLA 1 BO3BYJUTEJIA YERSINIA PESTIS
B IEHTPAJIBHO-ABUATCKOM ITYCTBIHHOM ITPUPOAHOM OYATE YYMbI

Annoranusi. B CpenHea3smarckoM IyCTBIHHOM MPUPOJHOM O4are 4YyMbl OCHOBHBIM IE€PEHOCUHKOM
B030yauTenst Yersinia pestis sBisiercst Oosbiuas necuanka Rhombomys opimus, a ee nepeHOCYMKAaMH SIBISIFOTCS
6soxu pona Xenopsylla. M3yuensl ¢peHOTHIIMYECKHE M TEHOTHIIMYECKHE CBOMCTBA MOMyIsiuid R. opimus, mramMmoB
6mox Xenopsylla n Yersinia pestis B IpUPOAHOM ouare YyMbl B IycTHIHSX LleHTpanbHOI A3un. BvisBieHbI
(eHOTHIIMUECKHE pa3IMuusl M TIOMYJSIMOHHAs JHUCKPETHOCTh Yy R. opimus mno TeHy nuToXpoma B
MHUTOXOHAPHAIILHOTO T€HOMa M3 TPEX ABTOHOMHBIX oOd4aroB 4ymsl: [Ipembanxamickoro, bermaxmansckoro wu
[penycrioprckoro. @eHoTHIIMYECKHE Pa3IMins ObUTH 0OHAPYKEeHBI y 010X Xenopsylla B mpupogHOM odare 4ymbl B
mycteiHe LlenTpanpHO# A3um m reHotuma 610X X. gerbilli minax mo rery Cox2 muroxonapuansHor JJHK; oHM
OBLIH 3aXBaveHbl B aBTOHOMHOM ouare Betpakdala. IToka3ano pasHooOpasue perepryapa GeHOTHIINIECKUX CBOUCTB
IITAMMOB Y. pestiS M3 pa3IMYHbIX HPUPOAHBIX OYAroB YyMbl M OHpelelieHa IOMYJSALHOHHAs AUCKPETHOCTb
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mTaMMoOB Y. pestis METOOM CEKBCHUPOBAHHS CJICIYOIICTO MMOKOJCHHS T€HOB OHOHYKICOTHIHOTO MOIMMOpdhu3Ma.
Pe3ynbraThl HCCICHOBaHHMS CBHICTEIBCTBYIOT O TOM, YTO TIcorpaduueckas W DKOJOTHYECKas H3OMALHS H
©CTECTBEHHBII OTOOp MPUBEIHM K TETEPOTCHHOCTH B TPEX MOMYJISAIMAX OOJBIION MECYaHKH, BEKTOPHBIX 010X 1 Y.
pestis.

KiroueBble cjioBa: uyma, IpUpoOJIHbIN ouar, Bozoyoumens uymsl, HOCUTENb, bobuias necuanka, IePEeHOCUUK,
Kcenoncunna.
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STUDY OF THE INFLUENCE OF BIOREGULATORS
ON THE PRODUCTIVITY AND DEVELOPMENT
OF PLANTS GROWN BY HYDROPONICS

Abstract. In many regions of the Republic of Kazakhstan, the environmental situation is deteriorating. The total
area of the territory of the Republic of Kazakhstan according to the land balance as of November 1, 2013 is
272.5 million hectares. In recent years, under the influence of natural and anthropogenic factors, the volume of
pastures has increased per unit area, soil fertility has decreased, irrigation and rainwater nutrients have decreased,
salinization and irrigation areas have decreased, crop yields have decreased, and water and soil pollution are
increasing, and certain species of flora and fauna are at risk of extinction. Most of the Republic's territory is located
in desert zones (60% of the territory). In agriculture, industry and everyday life, the role of hydroponics is increasing.
One of the reasons for this is a reduction in the financial costs of tillage, protection from weeds and pests when using
the hydroponics method, as well as an increase in a large number of plants on a limited landing site. Water and
mineral fertilizers are spent more efficiently due to their repeated use. Growing plants using hydroponics is very
profitable, since in a short period of time you can get a crop using year-round and small areas. Here, an important
role is played not only by macro-and know the concentration of trace elements. As a result, plants do not realize their
potential, and therefore do not always give a high-quality product. The use of hydroponics also reduces the financial
costs of soil cultivation, protection from weeds and pests, and will increase the number of plants on the landing site
with a limited volume.

Keywords: hydroponics, soil erosion, plants, nutrient medium, chemical elements, drainage, wick, air pump,
agricultural products, irrigation.

Introduction. The role of hydroponics in agriculture, industry and everyday life is increasing.
A special place in the structure of vegetable growing is occupied by growing vegetables and herbs using
hydroponics. Green vegetables are valuable depending on the high need for vitamins, mineral salts, and
other nutrients. Growing plants using hydroponics is very profitable, since in a short period of time you
can get a crop using year-round and small areas. Here, an important role is played not only by macro-and
know the concentration of trace elements. Since all plants need trace elements to create enzyme systems-
biocatalysts, including iron, manganese, zinc, chalk, molybdenum, cobalt, etc. Scientists call them
"elements of life", in the absence of these elements, the life of plants and animals is impossible. Lack of
trace elements does not lead to the destruction of plants, but causes a decrease in the speed and sequence
of processes responsible for the development of the body. As a result, plants do not realize their potential,
and therefore do not always give a high-quality product. The use of hydroponics also reduces the financial
costs of soil cultivation, protection from weeds and pests, and will increase the number of plants on the
landing site with a limited volume. Water and mineral fertilizers are spent more efficiently due to their
repeated use. You can control the growth of plants by changing the content of the nutrient solution, the
concentration of oxygen in the solution, which increases productivity. Innovations of the traditional
method acquired in the process of cultivating crops in agriculture, reduction of factors affecting the
pollution of land and water resources, as well as the effectiveness of applying the method of hydroponics
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in the country to the economy were demonstrated. Many hydroponics systems have been studied and
found to have a positive effect on the process of cultivating crops cultivated in agriculture. In comparison
with traditional methods of plant cultivation, hydroponics has a number of advantages. The plant receives
the entire supply of nutrients in the required amount. This contributes to its rapid growth and healthy
development. Fruit trees give a good harvest, and ornamental plants are characterized by abundant and
long-lasting flowering. When growing plants without supervision, you can forget about such problems as
drainage and overwork of the soil. Due to monitoring of water consumption, the amount of irrigation will
be reduced. You can forget about daily irrigation by choosing a growing system. Depending on the
amount of hydroponic capacity, watering is reduced twice a week to once a month. The plant absorbs the
actual amount of fertilizers formed during watering. Having drawn up an irrigation scheme and calculated
the required amount of fertilizers, you don't have to worry about it all the time. The use of a pesticide is
not required. Plants grown in hydroponics are not afraid of soil pests, root rot and fungal diseases. The
process of changing the place, containers of plants does not require extra effort and is easy to occur. The
roots are not injured when transplanted, they do not need to be freed from the Ground. Just add the
solution to the plant and put it in another bowl. Hydroponics is an economical way to grow plants,
especially houseplants [1-3].

Before building a hydroponic system, it is important to first consider the type of plants that need to be
grown in the system, as well as the space required for growing them. Then we need to make sure that you
have designed the system in such a way as to meet the needs of the plants (number of plants, number of
roots, oxygen for vessels, water consumption, etc.) Even after they have grown to their full size. Because
one type of hydroponic system may be good for growing some types of plants, but it may not be the best
choice for growing other crops [4-7]. However, the introduction of other types of hydroponic systems
shows that the growth process is easy, small and inexpensive. In addition, when growing many types of
plants, it is usually better to grow in different systems for certain crops, without trying to grow them in a
large system [8-9].

Depending on the type or location of the hydroponic system and plant growth trends, the type of
lighting is selected. By the time of the year, it is possible to use natural sunlight or artificial lighting for
growing crops. If possible, use natural sunlight, which does not require the simplest, unnecessary
consumption and additional equipment. However, if natural sunlight is not sufficient, the required light
source is provided with artificial plant lighting [10-12] (table 1).

Table 1-Systems of hydroponics methods

Type of system Substrate Part Recycling
Wick system Yes Compressor (optional) No
Deep water culture No Compressor No
Periodic flooding Yes / No Watermark + timer Yes
Drip irrigation system Yes Compressor+water request Yes
Nutritional benefits Yes / No Compressor+water request Yes
Aeroponics (air culture) No Part of water Yes

The substrate is one of the components of the hydroponics method. Some of its species are used not
only for hydroponic cultivation, but also for conventional geo-political plant cultivation. Modern
hydroponic systems have come a long way from using river gravel and sand in the very first systems. An
ideal environment may include approximately the same concentration of water and air. The plant needs
both oxygen and nutrition. The ability of the substrate to support water / air is determined by the space
between the grains or fibers of the substrate. List of fertilizer sources for the nutrient solution. De studied
the influence of the mineral composition of the nutrient solution of Rizhk and Sshrevens and substrate
humidity on the mineral composition of hydroponic tomato fruits, "design and analysis of impurity
systems", an expanded simplex grid with a common centering of the nutrient solution in the space of the
cationic factor (K+, Ca2+ and Mg2+) [13]. Two substrate moisture contents (40 and 80% by volume)
were studied for each nutrient composition (table 2).
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Table 2 - List of the most commonly used fertilizers and acids in hydroponics
(as well as some characteristics of interest for use in plant nutrition)

Fertilizers Formula Percentage of nutrients Solubility, g L' at 20 °C
Calcium nitrate Ca(NOs)2 SH20 N:15,5; Ca:19 1290
Potassium nitrate KNO3 N:13;K:38 316
Magnesium nitrate Mg(NOs)> 6H.0 N:11; Mg:9 760
Ammonium nitrate NH4NOs N:35 1920
The monokaliy KH>PO4 P:23; K:28 226
Monoammonium phosphate NH4H2PO4 N:12; P:60 365
Potassium sulphate K2S04 K:45; S:18 111
Magnesium sulphate MgSO4 TH20 Mg:10; S:13 335
Ammonium sulphate (NH4)2SO4 N:21; S:24 754
Potassium chloride KCl K:60; C1:48 330

Methods of research. To get a good product, as indicated above, you must choose a normal, well-lit
place. In the hydroponic method, strawberries need a temperature range of 57° F to 70° F (13.8° C to
21.1° C). If the amount of natural light is less or does not meet the deadlines, you must install lights with
artificial lighting. Depending on the type of strawberry crop cultivated, special nutritional solutions for
strawberries are produced and selected to ensure the ratio of specific nutrients.

The next step is selecting the tank. A large tub or bucket can be selected to work in the tank. It should
be deep enough to hold a lot of nutrient solution. Also, strong and growing strawberry seedlings should be
installed in containers in the upper part of the tank. The tank is filled with water and nutrient solution.
Mixing nutrients with water should be performed in accordance with the instructions of the wick system of
the hydroponic method. Special attention should be paid to the use of the necessary amount of water.
Because too much or too little water directly depends on the correct maturation and fruit culture (figurel).

Although there are several ways to grow plants with hydroponics, using a wick system is the easiest
way and requires fewer materials. It is also the most suitable and good system for growing small plants
such as strawberries.

Fitile

Stone ¢ air pump
Figure 1- Diagram of a wick system

Results and discussion. As the plant grows, it grows through the substrate and the lattice basket
supporting the roots, and continues to grow in the nutrient solution, providing a balanced set of plant
nutrients and oxygen for maximum root development and green mass. To grow plants in multiple
containers, it is necessary to develop a recycling system. Since checking each isolated system in this
system can be caused by the strong labor and effort required to replenish the pH, nutrient levels, and
stocks of "beer" plants. Recycling water in a circle helps not only to increase the volume of the solution,
but also to maintain the concentration of nutrients, saturation of the water with pH and oxygen. Stable
water circulation prevents any high concentration of mineral salts or increased concentration of acids in all
amounts of solution in many small tanks.
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Advantages of deep water culture:

1. Plant roots have a high effect on oxygen, which contributes to vascular development and overall
plant growth.

2. Good aeration greatly increases water absorption, nutrient absorption, and cell growth.

3. It also prevents water stagnation, which can lead to vessel health, such as rot and Pythium.

The device of the deep-water culture system of the hydroponic method consists of the following parts.
The system of deep-water culture consists of tanks, latticed thieves or glasses (depending on the intensity
and volume of growth of the selected culture), an air infusion pump, and an air line.

Currently, pipelines presented on the construction market are made of the following polymers:
polyethylene, polypropylene, polyvinyl chloride, polyvinyl chloride. The most popular material for
modern sewer systems is PVC pipes. These pipes are resistant to all aggressive substances found in the
surrounding soil, industrial and domestic wastewater. In the course of research, it was very convenient to
use PVC pipes as buoyancy, able to fix the glasses with the plant and freely walk in the water exchange.
We also increased the advantages of using this type of pipeline, since part of the root system must be
located directly in a place where there is no source of sun.

Plastic cups were removed as a plant placement chamber, and holes for mounting are made from the
PVC pipe specially made above. To supply water to the lower side of the glasses, holes are made before
installation, as shown in the figure. After our glasses are ready, we prepare the pump. The operation of the
pump is very important. The pump does not need to pulsate by saturating the water with air. If the
compressors and recirculating pumps are switched off, there is a risk of a significant decrease in oxygen at
one time.

The next step is to prepare the substrate. As a substrate, expanded clay granules are ideal in a deep
water culture system. Expanded clay granules have a wide range of sizes and provide good aeration of
neutral pH and root. Also, marble stone was chosen as the second substrate as a comparative one.
Currently, due to obtaining the status of the Turkestan region, mass construction is underway. As a result
many remnants of marble stones are removed.

After selecting the Substrate, we grind it in an amount of 3-5 mm, acceptable for strengthening
vegetation. Crushed clay and marble stone are placed on the bottom of the glasses. In the next stage, we
prepare a tank that will house the water / air heater. As a reservoir, a plastic container with a capacity of
20-25 liters, a standard trapezoid was purchased. After all the items needed for the deep-water culture
system are prepared, we produce the selected plant seeds. In our practical work, cucumbers —
representatives of vegetable culture-were selected for the study.

Leave the cucumber seeds for 5-10 minutes with water from the pipe. We remove pop-UPS on the
surface and place them on cotton disks to be convenient for their production. The average length of the
seed is 0.5-0.8 cm. Leave for 2-3 days at room temperature, which will not get directly into the sun. Seeds
of grown cucumbers are transferred to a pre-prepared growing chamber.

Before placing the growing chamber in the tank to fix the plants, add a water system. In the tank for
placing water, pour water with a volume of 15-20 liters, add a pump to supply water to the tank for
attaching plants. After the system, as shown in the above diagram, is ready, we have a growing chamber.

The first two days we examine the vegetation through water from the pipeline. And when the length
of the cucumber undergrowth is 2.5-3.5 cm, we prepare a pot in the tank where the water is located. A
positive solution is to use organic substances rich in micro-and macro-elements listed in the table below.
Therefore, the method of hydroponics provided for the use of eggshells in the system of deep-sea culture.

The value of eggshells as fertilizers depends on the high cost of calcium and other micro-and
macronutrients needed for garden crops for healthy development and good fruit production. You can feed
potatoes, bell peppers, eggplant, cauliflower. But the most popular fertilizer is obtained as a means of
increasing the productivity of cucumbers and tomatoes.

It also participates in the following processes:

The saturation of urine with calcium. The shell includes a large concentration of this element and
most importantly-in a form that is easily digested by plants.
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Reduced caloric intake. Cucumbers and tomatoes require growth in a neutral or slightly acidic
environment. The advantage of bark over means for limestone, such as chalk or lime, is that it is
"accepted" faster.

Improving the structure. In the process of development of the germinating vascular system, it is
necessary to ensure evenly developing and territorial needs.

For fertilizer, you must keep in mind that you can use not only the shell of a chicken egg, but also
"products" from any poultry. Quail eggs are considered the most useful, since their shell contains the
largest amount of trace elements.

At the same time, due to the high temperature when cooking eggs, there is a danger of losing some of
the useful substances, raw shells are considered very valuable and are used for growing more than 90% of
plant seedlings. However, it is recommended to heat the raw materials in the oven-in this case, the amount
of losses is compensated by active calcium release. When preparing raw materials, it should be focused on
the amount of planting material. The positive effect of drying or heating in the oven, this process prevents
the spread of bacteria and fungi that can start rotten processes, or is based on complete elimination (table 3).

Table 3 - diagram of growth rates of undergrowth in the ground and water environment
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It is known that it is very difficult to get a quality product without timely application of fertilizers and
good care for the grown plants. We also considered alternative options, rejecting known chemical
additives in order to preserve the quality of the grown products and not cause harm to health. It provides
for the use of substances rich in trace elements, organic substances, as well as recognized as residues. And
as an alternative fertilizer, we used banana peel, which is suitable for this characteristic. This is an
effective tool that, when used correctly, increases the product by 40-50%.

Conclusion. In recent years, under the influence of natural and anthropogenic factors, the volume of
pastures has increased per unit area, soil fertility has decreased, irrigation and rainwater nutrients have
decreased, salinization and irrigation areas have decreased, crop yields have decreased, and water and soil
pollution are increasing, and certain species of flora and fauna are at risk of extinction. Most of the
Republic's territory is located in desert and desert zones (60% of the territory). They wear out at different
levels and are subject to desertification, only $ 30 million. about 3 million hectares of land are inhabited
by France sand, and saline land-34 million ha. more. During cultivation, it is dissolved with firm attention
and checked for acidity. the normal pH level is 5.5-6.5, but may vary in individual cultures. If the acidity
is disturbed, the vegetation may be disrupted or die by the growth process, which cannot fully absorb
elements from the water. An important role is played at the temperature of the working solution. The
temperature should be within +18...4+24 °C. Each plant species has a minimum, optimal, and maximum
temperature for growth, which requires the introduction of heating or cooling systems to balance the
temperature of the nutrient solution. When the temperature rises, the oxygen level in the water decreases
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and plants consume a lot of fertilizers. If the temperature drops, the oxygen will be more and the plants
need small elements.

At present, 17 elements are necessary for many plants: carbon, hydrogen, oxygen, nitrogen,
phosphorus, potassium, calcium, magnesium, sulfur, iron, copper, zinc, manganese, molybdenum, chalk,
chlorine and Nickel. The main elements, with the exception of carbon (C) and oxygen (O) coming from
the atmosphere, are taken from the nutrient medium. Other elements, such as Sodium, silicon, vanadium,
selenium, cobalt, aluminum, and iodine, are considered useful because some of them can stimulate growth
or compensate for the toxic effects of other elements, or replace essential nutrients in a lesser special role.
The main nutrient solutions are nitrogen, phosphorus, potassium, calcium, magnesium and sulfur, which
are supplemented with trace elements.

The value of eggshells as fertilizers depends on the high cost of calcium and other micro-and
macronutrients needed for garden crops for healthy development and good fruit production. In the study,
the growth rate was increased by 2 days after the introduction of crushed eggshells into adolescents. And
so the basis of the undergrowth is delayed. When fertilizing an eggshell, it is better to use it for feeding the
root. Because the egg shell not only nourishes plant growth, but also has a good effect on their quality.
Banana shell is an absolutely natural product, which in its composition is no less than many complex
mineral additives intended for feeding. Banana shell is a natural product that is not less than numerous
complex mineral additives intended for feeding. Because it contains potassium salt, magnesium
compounds, phosphorus and other organic nutrients, it is involved in many growing processes. For
example: it helps to grow the potash-root system, correctly "allocates" nutrients and water, which
contributes to the overall strengthening of the culture, participates in phosphorus-photosynthetic
processes, increases the percentage of germination and ensures the formation of full-fledged seeds. At the
same time, the introduction of the hydroponics method in agriculture is not only ecological, but also cost-
effective. For example, using small funds (1000-1500 tenge) from 0.28 square meters to 10-12, which
allows you to get 100-120 net products. The possibility of using agricultural and household waste as
secondary fertilizers, and the departure from the method of hydroponics can be used as a fertilizer in the
reclamation of soil horizons, since the departure from the method of hydroponics is only a liquid.

H.D. 96aimyraain', XK. Tyanan', K. Tyx?

! oxka AxMmert Scayu ATbIHAAFbI XaHBIKa AJIBIK Ka3aK-T IK HUBC CI/ITeTi, T KiCTaH A3aKCTaH,
>
23K0HOFI/IHHBIK a,[[BOKaTypa 6I0pOCBI, AHTaHI/Iﬂ, TYpKI/IH

I'naPOIIOHUKA 9AICIMEH OCIPUITEH OCIMAIKTEPAIH JTAMYbI MEH
OHIMAIJIII'THE BUOPETTETTIITEP 9CEPI

Annoranusi. Kazakcran PecnyOnukacklHBIH KONTEreH OHIpJepiHJie JKOJOTHSUIBIK axyal Hallapiayaa.
Kazakcran PecnyOmnmkackl aymarbiHbIH okaimbl anaHsl 2013 xputFbl 1 Kapamaznarsl jkep OalaHCBIHBIH AepeKTepi
OoiipiHIa 272,5 MIH ra Kypaiabl, COHFbI JKbUIAAphl TAOWUFHM KOHE AHTPOMOreHMIK (haKTOpIapAbIH OCepiHEH
KaWbUIBIM KesieMi anaH OipJiriHe apTThl, TONBIPAK KYHApJBUIBIFBI TOMEHJIENl, Cyapy >KoHE >KaHOBIp Cybl YIIiH
KOPEKTIK 3arrap as3aiipl, TY3llaHy JKOHE Cyapy ajJaHAapbl a3aiiibl, aybll [IapyallbUIbIFbl AaKbUIAPbIHBIH
HIBIFBIM/IBIIBIFBI TOMEHJIENl, CY MEH TOIBIPAKTBIH JIacTaHybl ocTi, ain ¢uiopa MeH QayHaHbIH KeiOip Typiepi
KOMBUIBINT KeTy Kaymi TeHinm Typ. PecnyOnuka aymarblHBIH OackiM Oeuiri menni aiimakrapna (aymakrsiy 60%)
OpHaJacKaH. AybUI MIapyallbUIBIFBIH/A, OHEPKICINTE KOHE KYHJIENIKTI OMip/ie THIPOIIOHNKAHBIH POJIi apThIIT KeJe.
MyHbIH ce0OenTepiHiH Oipi-THAPONOHUKA OJICIH KOJIaHy KE3IHJE TOMBIPAKTHl OHJEyre, apaMIlentep MeH
3USHKECTEPACH KOpFayFa KapiKbUIBIK ULIBIFBIHAAPIBIH TOMEHJEYl, COHJai-aKk IWIeKTeyJl OTHIPFhI3Y alaHbIHIA
kenrereH OcimaikrepaiH keberoi. Cy MEH MUHEpaibl THIHAWTKBIITAP OJap/bl KalWTa Naiganany apKpUIbl THIMII
XKyMcanaapl. [UaAponoHrMKa KeMeriMeH oCIMIIKTEePl 6cipy oTe THIMJI, 6MTKEeHI KbICKa YaKBIT IIIH/E Ci3 KbUT 00HbI
JKOHE IIAFbIH ayJaHIapibl MaiilaaHblll eTiH )KUHAW ajacki3. MyHa MaKpo FaHa MaHBI3/bI PO aTKapMaiiel, Oipak
MHUKPOJIEMEHTTEP/IIH KOHIIEHTpaUUsChIH Oly kepek. HoTwkeciHne eciMIIKTep €3 oJieyeTiH iCKe achlpMaibl,
COH/IBIKT@H OpKalllaH camaibl eHiM Oepmeiini. ['MAPONOHMKAHBI KOJJaHy COHBIMEH Karap TOIBIPAKTHI OHJEYTe,
apaMILenTep MEH 3UsSHKECTEp/CH KOpFayFa KEeTETiH Kap KbUIbIK IIBIFBIHAAP/IbI a3aiTabl, COHBIMEH KaTap IIeKTeyJI
KeJIEM/JIET1 OTHIPFbI3Y aJlaHbIHAAFbl OCIMAIKTED CaHBIH KOOCHTE .

Tyiiin ce3mep: ruAPONIOHUKA, TONBIPAK 3PO3USICHI, OCIMIIIKTED, KOPEKTIK OPTa, XUMUSUIBIK JJIEMEHTTED, IPEHAK,
(uTHib, aya COPFBICHI, aybUIIIAPYaIIbIIBIK OHIMIEPI, Cyapy.




ISSN 1991-3494 1.2021

H.9. 96aimyraain’, 7K. Tyanan', K. T'ya?

"Mexmynaponnsiii Kazaxcko-Typenkuii Yausepcuter nmern Xomku Axmena Slcasu, Typkecran, Kasaxcran;
2 Bropo 3KOJIOTMYECKOM aqBOKaTypsl, AuTtamus, Typrms

W3YYEHMUE BJIMAHUA BUOPETYJIAATOPOB HA NIPOAYKTUBHOCTb
N PABBUTHUE PACTEHHUU, BBIPAIIUBAEMbBIX METOJOM I'MIPOIIOHUKH

AnHotanusi. Bo mHorux pernonax Pecnyonmuku Kaszaxcran yxymaercst sKojoruueckas curyanus. OOmias
romans reppuropun Pecriy6imku Kasaxcran no naHHbIM 3eMenbHOro Oananca Ha 1 HosOpst 2013 roga cocrapisier
272,5 muH ra. B mocnenHue ronpl NMOA BIMSHUEM INPHPOAHBIX W aHTPOINOTEHHBIX (DAKTOPOB YBEIHUMICS 00BEM
nacTOMI Ha eAWHUILY TUTONIAU, CHU3MIOCH TUIOJIOPO/INE TTOYB, CHU3HMIIMCH IUTATEJIbHBIE BEIIECTBA JJIsl OPOLIEHUS 1
JOKIEBOH BOABI, YMEHBIIMJINCH IUIOMIAAN 3aCOJICHUS W OPOLICHHS, CHUSHINCH YPOXKaW CEIbCKOXO3SHCTBEHHBIX
KyJbTYp, BO3POCIO 3arpsA3HEHHE BOJIBI U IOYBBL, a HEKOTOpBIE BUABI (IIOPHI M (hayHbl HaXOAATCS IOJX YIpo30ii
nc4e3HoBeHHA. boipmas gacte Tepputopun PecmyOnukn pacnosiokeHa B MyCTHIHHBIX 30Hax (60% tepputopun). B
CEJIbCKOM XO3sIHCTBE, MPOMBIIUIEHHOCTH U TIOBCEAHEBHON KU3HU BO3PACTAaeT POJIb MMIPONOHUKH. OHON U3 NPUUNH
3TOrO SIBJISETCS CHIKEHHE (DMHAHCOBBIX 3aTpaT Ha OOpaOOTKYy IOYBBI, 3aIIUTY OT COPHSKOB M BpEIHTENCH INpH
WCIIOJIb30BaHUH METO/A THJIIPOIIOHMKH, a TaKKe yBEJIMYEHHE OOJIBIIOrO KOJIMYECTBA PACTEHWH HA OTPaHMYCHHOM
MOCaJOYHOM ydacTke. Boma W MuHepanbHBIE yOOOpeHHs pacxomyrorcs Ooinee 3¢ddekTnBHO 3a cyeT MX MHOTO-
KpaTHOT'O MCIOJIb30BaHUs. BhIpamuBaTh pacTeHHs C MOMOIIBIO THIPOIIOHUKN O49€Hb BBITOIHO, TaK KaK 32 KOPOTKHUIA
IPOMEXKYTOK BPEMEHHM MOXHO IOJYYHTh YPOXKai, HCIONB3ys KPYIJIOTOAWYHBIE M HeOOJbIINe IUIomany. 31ech
B)KHYIO POJIb HTPAET HE TOJILKO MaKpO-, HO HaJl0 3HaTh ¥ KOHLIEHTPALIMIO MUKPOIJIEMEHTOB. B pesyinbrare pactenus
HE pPeaM3yIoT CBOW MOTEHIMAN, @ IOTOMY HE BCEra JIaloT KaueCTBEHHBINH MPOMYKT. Mcronp30BaHe THIPOIOHNKI
TaKKe CHU3UT (PUHAHCOBBIE 3aTpaThl Ha 00PabOTKY MOYBEI, 3aLIUTY OT COPHSKOB M BPEAUTENEH, a TAKKE yBEIHUHUT
KOJIMYECTBO PACTEHUH Ha IT0CAOYHOH IUIONIAAKE C OrPAHMYEHHBIM 00BEMOM.

KnioueBble cjoBa: THIPONOHMKA, 3PO3US IIOYB, PACTEHMs, NUTATEIbHAs CPela, XMMHUYECKHE OSJICMEHTH,
JOpeHaX, GUTUIIb, BO3LYIIHBINA HACOC, arpONPOLYKTHI, OPOLICHHE.
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BIOLOGICAL FEATURES OF SPECIES
OF PHYTOPATHOLOGICAL FUNGI AFFECTING TOMATOES
(LYCOPERSICON ESCULENTUM MILL.)
IN THE SOUTHERN REGION OF KAZAKHSTAN

Abstract. The article considers studies designed to justify the types of pathogens of tomatoes that occur during
vegetation and storage, and measures to combat them. The work was carried out in 2019 on a land plot near the rural
districts of Babaykorgan, Zhuynek, and Issa of the Turkestan region. As it became known, the growth period of
vegetable seedlings depends on the temperature of the soil. In our experience, the seed material was planted in the
open ground in early April. The soil was very hot and moist. Depending on the culture and varietal characteristics,
the sprouts appeared on 6-15 days after sowing. The results of phytopathological control showed that various
varieties of all types of tomatoes were affected by phytopathogenic microorganisms. During the growing season, the
most dangerous disease in tomato fruit was apical rot of the fruit, which led to a significant decrease in the yield. The
leaves are widely developed early blight and verticillus. Late blight at the end of the growing season was observed in
full on both leaves and fruits (developed during fruit storage). When growing tomato crops at two sites was
dominated by late blight, early blight, verticillus, viral diseases and apical rot. Based on the results of
phytopathological control, it can be concluded that the number of fungal diseases prevailed in plot 1, which is
associated with frequent irrigation on this site, its shading and a large number of fruits on plants. Viral diseases
prevailed in plot 2, which is explained by weeds clogging the plot.

Key words: phytopathology, fungi, tomatoes, pathogens, vegetation, microorganisms, morphology, micro-
scopy, mycelium, lesions.

Introduction. Tomatoes are one of the main vegetable crops in Kazakhstan. It is successfully grown
in Africa and America, Canada and Japan, in Central Asia and Northern Europe.

This is due to the high environmental efficiency and productivity of the crop, good taste properties of
the fruit. Tomato is one of the main sources of raw materials for industrial drying of the country. Tomato
belongs to the genus Lycopersicum Tourn of the Solanaceae family. The main representative is the
common tomato Lycopersicum esculentum Mill., which occupies an important place in the genus.

During the growing season, the plant is in direct connection with the environment. Its growth and
development necessarily depends on the temperature, humidity, chemical composition of the soil and
other various factors.

If the state of the environment meets the necessary requirements of the plant, then morphological and
functional changes are not observed. In any change in the stable state of the environment, other extraneous
organisms can affect the plant, disrupt the metabolism and physiological features, change the anatomical
structure and appearance of the plant, which can lead to its disease.

Plant disease is a very complex pathological process. The main place among pathogens of diseases in
plants is occupied by phytopathogenic fungi. Currently, many studies are being conducted in different
regions that characterize the bioecological features of the species composition of imperfect fungi [1]. The
yield of tomatoes has also significantly decreased due to various diseases.



ISSN 1991-3494 1.2021

Main part. The city of Turkestan, with a total area of 9.4 thousand square kilometers, is located in
the center of the Turkestan region. In the East it borders with the historical Otrar, in the North with the city
of Kentau and the Suzak district, in the West with the Zhanakorgan district of the Kyzylorda region.

The Turkestan region includes diversified agriculture. In General, the district has 156,000 hectares,
including 47780 hectares of irrigated land, and 280000 hectares of land are reserved. Currently, 43700 ha
of land is used.

In the district, along with crops, currently, thanks to financial support from the state (subsidies), most
of the population is focused on vegetable growing (tablel).

Table 1 - Information about the acreage of Turkestan district for 2019, ha

Ne rural county Areas of irrigated land Area of crops Vegetables
1 Babaykurgan 2421 2100 90
2 Juynek 4260 3950 300
3 Yassy 2435 2200 140
4 Karashik 4267 3950 450
5 Sauran 1841 1150 110
6 New Ikan 4534 4100 210
7 Old Ikan 10452 10050 500
8 Orangay 2217 2100 420
9 Shaga 5016 4800 340
10 Shornak 4653 4150 250
11 Ushkayik 3594 3050 150
12 Zhibekzholy 2090 1400 100
13 Turkestan city 700 350

Total: 47780 43700 3410

Objects and methods of research. The research work is intended to substantiate the types of
pathogens of tomatoes that occur during vegetation and storage, and measures to combat them.

The work was carried out in 2019 on a land plot near the rural districts of Babaykorgan, Zhuynek, and
Issa of the Turkestan region.

The determination of plant pathogens was based on the determinants of these groups of
phytopathogens [2-8].

The material collected in the field for the determination of microorganisms was studied in the
laboratory. Studies that cannot be performed in the field (determination of microbial species, analysis with
determinants, analysis of morphological features, etc.) were performed in the laboratory. A herbarium
made of damaged plants, preserved and freshly damaged material was used. When getting acquainted with
plant pathogens, microscopic analysis is required. To make a microscopic preparation, you must have the
following materials and tools: a surgical knife (scalpel), two-pair needles, a pipette, a razor (or a safety
razor blade), a pipette with water, alcohol candles, cover and slide glasses.

Microscopic preparation is done in various ways, depending on the material under study. Using a
magnifying glass, the infected plant or part of it is examined, the presence of spores is determined and in
what form they are [9-12].

If the spores of the pathogen are on the plant surface in the form of mold or powder, then pull out a
surgical knife or a pair of needles and transfer to a drop of water on a slide. In the water on the slide, the
pest seeds are easily spread out and then the cover glass is carefully applied so that there are no air bubbles
left. In this form, this drug is examined under a microscope. Preparation of the drug in this way is used
only if the pest spores are on the surface of the affected organ.

If harmful spores are inside the plant tissue or are absent, then it is necessary to determine the disease
of the plant, for example, if the plant tissue begins to rot, then you need to consider the affected plant
tissue under a microscope. In this case, two methods of preparation of the drug are used. According to the
first method, part of the affected tissue is cut out and placed in a drop of water on a slide , then the tissue is
divided into parts with a surgical scalpel or needles, after which the top is covered with a cover glass [13-15].

From such a preparation, pycnids will be visible under the microscope, in which spores and fruit
bodies are located, which are released from the tissues or seed body of colorless or colored filamentous
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fungi in the form of a mass of small turbid particles. When studying the sexual spores of lower fungi, such
as oospores (perenospores), located deep in plant tissue, for the preparation of the drug, you should not use
water, but lactic acid, since it discolors the tissue. These drugs are heated to get rid of air bubbles. The
second method of preparation of the drug is cutting tissue with a razor. The technique of preparing a piece
is varied and depends on the material being studied. Cutting out a leaf or other soft part of the plant is
carried out as follows.

Sometimes, when studying fungal diseases, it is necessary to paint over the affected tissue. Here, the
method of using the color of a living object and color during pre-fixation is applied. The N.A.Naumov
method is used for staining live fungi (mycelium, conidiophores, spores). To do this, without pre-
treatment of the affected part of the leaf, use a cotton-gauze swab soaked in 1% solution of water or lactic
acid aniline blue. The staining time is from a few seconds to 1-3 minutes. During the staining process, the
spores, conidia, and mycelium in the affected tissue turn blue, and the healthy tissue remains unpainted
[16-17].

The colored affected part of the leaf can be viewed with a microscope at a small magnification.

A cotton-gauze blue swab (soaked in 1% water or lactic acid solution) can be used to color the
selected object. The easiest way to select (cut) an object is to heat it in a drop of water or lactic acid on a
slide. Then 1-2 drops of paint are dropped on the cut. Usually the cut-off point is well painted in
5-10 seconds. Spores and mycelium are stained more intensely than plant tissue.

This method of coloring is used when fungi of the genus perenospore are affected: in particular, to
determine the pathogens of the keel disease (the material is covered on a slide).

Cultivation of microscopic fungi, depending on the method and purpose of the study, includes the
following levels:

- Production of these types of natural substrates (affected organs and seeds of plants, etc.), planned for
planting in elective (selected) and simple (Chapek agars) nutrient media that provide special development
of one species or genus, group of species; determination of the presence of fungi.

- Receiving and allocation of pure culture of fungi in agar nutrient media.

Methods of pure culture. Take a pure culture of mushrooms and conduct in vitro observations. The
color of a pure culture will provide an opportunity to determine the nature of their growth and sporulation
in fungi, especially morphogenesis, to determine the types of fruiting bodies, and spores formed, to
determine the relation of fungi to environmental factors (temperature, humidity, lighting engineering,
acidity), to radiation, to the composition of the cover (substrate) to determine the biosynthetic activity of
metabolic products of fungi (enzymes, growth regulators, vitamins), to determine the relationship of fungi
to fungicides to drugs., to make the comparative characteristics of the isolates of fungi, conduct population
studies, determine the relationship of fungi with each other, characterize the degree of parasitism, describe
the relationship between fungi, etc.

Results of experimental researches. Germination - an indicator that characterizes the quality of the
seed material. As it became known, the growth period of vegetable seedlings depends on the temperature
of the soil. In our experience, the seed material was planted in the open ground in early April. The soil was
very hot and moist. Depending on the culture and varietal characteristics, the sprouts appeared on
6-15 days after sowing (table 2-3).

Table 2 - Biometric indicators of tomatoes in the growing season (Rural district Juynec)

Stem leneth The number Number of leaves Assimilation surface, cm?
Growing breed em fength, of shoots, 1 sprout plant
cm. . > . 1 leaf plant
PCs. pieces pieces
Growth period — growth of vegetative mass

Gloria 17,1£1,8 1 53 53 9,3 49,3
tomato

Table tomato 8,5+1,8 1 4.7 4.7 9,9 46,5

The periods of budding and flowering

Gloria 33,548,5 2,2 9,0 19,8 14,7 291,1
tomato

Table tomato 27,3+£7,7 2.7 7,6 20,6 15,8 325.5
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Table 3 - Biometric indicators of tomatoes in the growing season (Babaykurgan field plot)

Assimilation

Number of leaves >
surface, cm

Stem length, The number

Growing breed cm. of shoots, PCs. 1 sprout, plant, pieces
pieces

Growth period — growth of vegetative mass

Novichok 17,1£1,8 1 53 53 9,3 49,3
tomato
Rio-grande 8,5+1,8 1 47 47 9,9 46,5
The periods of budding and flowering
Novichok 33,5+8,5 2,2 9,0 19,8 14,7 291,1
tomato
Rio-grande 27,3£7,7 2,7 7,6 20,6 15,8 325,5

As can be seen from Table-3, biometric analysis was performed for plant growth indicators and
indicators that characterize plant growth. According to the table at the beginning of the growing season the
indicators of the Novichok variety were high.

During the period of active growth of the vegetative mass, during the period of seedlings, every
3-4 days, the soil was loosened. The emergence of plant diseases was observed on leaves and sprouts.
Since the tomato crop was planted in the open ground, yellowing and color change of the lower leaves was
observed. There was also constant monitoring of the appearance of diseases and the formation of tomato
fruits, and chemical treatment was not carried out. Thus, according to the methods described above,
observations were made in all regions. According to the purpose of our study, the main and constant
attention was paid to determining the resistance of tomatoes to diseases (figurel).

Figure 1- Bacterial disease of apical rot of the Novichok breed

Table 4 - Defeat of tomato breeds by types of diseases (Babaykurgan field plot)

Growing Breed Spread of diseases/development, %
Viral disease late blight Alternaria blight | verticillium Apical rot
25 July 2019
tomato Novichok 13,3/2,7 13,3/2,7 26,7/5,3 6,7/1,3 -
Rio-grande 20,0/4,0 6,7/1,3 33,3/6,7 6,7/1,3 -
7 August 2019
Tomato Novichok 20,0/4,0 - 33,3/9,3 26,7/6,7 46,7/13,3
Rio-grande 20,0/5,3 - 33,3/10,7 13,3/2,7 100/53,3
27 September 2019
tomato Novichok 46,7/17,3 60,0/16,0 46,7/17,3 66,7/25,3 -
Rio-grande 53,3/20,0 53,3/13,3 53,3/20,0 33,3/17,3 -
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Resistance of vegetable crops to diseases is one of the most important characteristics of the variety.
The quality of vegetable products depends on this. Phytopathological analysis of vegetable plants revealed
viral, bacterial and fungal diseases. As can be seen from table 7, the varieties of vegetable crops studied
affect both viral and fungal diseases. During the growing season until the second half of August, hot and
dry weather prevailed, so in early August there was a high degree table-4 defeat of tomato varieties by
types of diseases.

On July 25, 2019, diseases of tomato microorganisms were detected at the Babaykurgan field plot:
late blight, alternariosis and verticilliosis (table 5). The highest degree of infection with viral diseases,
alternariosis was the Rio Grande variety (the ratio of prevalence for viral diseases — 20.0/4.0%,
alternariosis-33.3/2.7), and late blight - the Novichok variety (13.3/2.7%). Both varieties are equally
damaged by verticillosis (6.7/1.3%). On August 7, 2019, tomatoes were affected by viral diseases,
alternariosis, verticillosis and apical rot (figure 2-3).

Figure 2 - Type of disease Alternariosis and conidia Alternaria alternate

Viral diseases (20/5, 3%), alternariosis (33.3/10.7%) and high rottenness (100/53,3) — the Rio Grande
variety was the most exposed, as well as equal prevalence of viral diseases and alternariosis (20 and
33.3%, respectively). Verticillatum (26,7/6,7%) severely damaged the grade Novichok (26,7/6.7 percent).
On September 27, 2018, tomato plants were subjected to viral diseases, late blight, alternariosis and
verticilliosis. Viral diseases (53.3/20.0%) and alternariasis (53.3/20%) prevailed in Rio Grande tomatoes,
while late blight (60.0/16.0) and verticillosis (66.7/25.3%) prevailed in Novichok breeds.

Table 5 - Defeat viral diseases varieties of tomatoes (village Karachik)

Spread of diseases/development, %

Growing Breed The
Lamination Wrinkled mosaic | Striped mosaic Leaf roll twisting of
the leaves
21 July 2019
Junior 6,7/1,3 13,3/2,7 - 6,7/1,3 6,7/1,3
tomato
Avrora 13,3/2,7 20,0/5,3 - 6,7/2,7 -
1 August 2019
Junior 20,0/4,0 13,3/2,7 13,3/2,7 13,3/2,7 13,3/2,7
tomato
Avrora 20,0/6,7 20,0/6,7 - 20,0/5,3 13,3/2,7
29 September 2019
T Junior 33,3/13,3 20,0/4,0 20,0/5,3 26,7/6,7 20,0/4,0
omar
Avrora 40,0/17,3 33,3/9,3 6,7/1,3 26,7/8,0 26,7/8,0

As can be seen from table 8, on July 21, 2019, it was found that the leaves of tomatoes are twisted,
which means they are susceptible to viral diseases. Leaf twisting was mainly observed in the Aurora
variety (26.7 / 8.0%), and leaf twisting virus (20.0/8.0%) was observed in tomatoes of the Junior variety.
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Figure 3 - Type of disease Alternariosis and conidia Alternaria alternate

As can be seen from table 8, on July 21, 2019, it was found that the leaves of tomatoes are twisted,
which means they are susceptible to viral diseases. Leaf twisting was mainly observed in the Aurora
variety (26.7 / 8.0%), and leaf twisting virus (20.0/8.0%) was observed in tomatoes of the Junior variety.

The results of phytopathological control showed that various varieties of all types of tomatoes were
affected by phytopathogenic microorganisms. During the growing season, the most dangerous disease in
tomato fruit was apical rot of the fruit, which led to a significant decrease in the yield. The leaves are
widely developed early blight and verticillus. Late blight at the end of the growing season was observed in
full on both leaves and fruits (developed during fruit storage). When growing tomato crops at two sites
was dominated by late blight, early blight, verticillus, viral diseases and apical rot. On the No. 1 site was
dominated by late blight (the disease on 29 September 2019-16.0% by grade Beginner and 13.3% grade
Junior), Alternaria (17.3% of the class Beginner and 20.0% of the variety Rio Grande) and verticillus. In
section 2, viral diseases of tomatoes prevailed (an increase in the incidence on September 29, 2010-25.3%
of the Novichok variety) and high rottenness (17.3% in the Rio Grande variety and 60.0% in the Novichok
variety).

The use of new technologies, fertilizers, biologics, plant varieties, and other agromeric measures to
increase crop yields and the quality of the resulting products in many ways requires additional labor costs,
the use of material and monetary resources, a large number of technological means of mass production or
their replacement with new ones, improving the professional staff of specialists, performers, and so on.
This necessitates an economic assessment of the measures and their organizational justification [18].

I'. Ba6aena!, H.Caabioexona', A. Cep:kanopa', Ecun Baceim?

'Koxa Axmer Slcaym aTeIHIars! XalbIKapajiblK Ka3ak-Typik yHuBepcureri, Typkicran, Kasakcran;
2 OpraHuKabIK aybUl IAPYANIbLIBIFE Kadeapacsl, AKIEHU3 YHHBEPCUTETIHIH
KOCIMITIK TEXHUKAIBIK FRUIBIMAAP MeKTeO1, ArTanmms, Typkus

KA3AKCTAHHBIH OHTYCTIK AUMAFBIHJIA KbI3AHAKKA
3USTH KEJTIPETIH ®UTONATOJIOT USIJIBIK CAHBIPAYKYJIAK TYPJIEPIHIH
BUOJIOTUSJIBIK EPEKIIEJIKTEPI

AnHoTanusi. Makana Bererauusi j)kKOHe cakray OapbIChIHJIA Maiina OoJIaThIH KbI3aHAK aypybIH KO3JBIPFBILI-
TapIbIH OMOIKOJIOTHSUIBIK, ePEeKIIEIIIKTEPiH 3ePTTEyre KIHe OFaH Kapchl Kypecy IapanapblH KapacTeipaabl. JKyMmbic
2019 xbeutel Typkicran aynaneiHblH baOaiikopran, JKyiiHek, Macchl aybUIIBIK OKpyrTepi MaHBIHIAFBI JKep
yuackecinae >kyprizinai. benrini Gonrannal, KeKeHIC NakKbUIIAa-pHIHBIH ©CYy KE3€HI TOMNBIpaK TeMIlepaTypachlHa
OaifmanpICTEl. bBi3miH ToxipnOemi3 OOHWBIHIIA TYKBIMIBIK MaTepHan Coyip albIHBIH OachlHAA aIlibIK TOIBIPAKTa
OTBIPFBI3BULABL. TONBIpaK ©Te KbI3FaH JKOHE bUIFAIIAaHFaH >Karaaiina okyprizunmi. Jlakpurra »oHE COPTTBIK
epeKIIeNniKTepine OailaHBICTHI OCKIH eryieH KeiiH 6-15 Toymikre maiima Oonmgsl. OUTOMATONOTHSIIBIK OaKbpLIAY
HOTH)KENEpl KbI3aHAK TYPJCPIHIH TypJili cOpTTapbl (UTOMATOTEHI MHUKPOOPTaHU3MICPMEH 3aKbIMIIAaHFAHbIH
kepcerti. Kayinti aypy Kei3aHak jkeMmicTepiH JAe wIipiTin, eHIMIi airapibikrail aszaitTel. JKambipakTapna
IBTEPHAPHO3 JKOHE BEPTULMILIE3 KeH NaMblabl. DUTONATONOTUsIbIK OaKpuIay HOTHKeepi OoibiHima Nel ygackene
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CaHBIPAYKYJIaK aypybIHBIH 0aChIM €KeHAIrl Typasibl KOPBITHIHIBI JKacayFa 0omazbl, OyI aTaliFal yyackene xHui cyapy,
OHBIH KOJICHKEJICHY] JKoHE OCIMIIKTep/Ieri xeMic MeJIepiHiH KenTirine OaitnanpicTel. N2 ydackene BUPYC aypysbl
6ackiM 00m1bI, OYJ1 yUacKeHIH apaMILeITepPMEH JIacTaHy Xar/aiibl apKbUIbl TYCIHIIpLIE/ .

Tyiiin ce3aep: GUTOMATONOTHS, CAHBIPAYKYJIAK, KbI3AHAK, aypy KO3/BIPFBIIIbI, BETETAINS, MUKPOOPTaHH3M,
MOP]OJIOTHSI, MUKPOCKOIIHS, JKIIIIyMaK, 3aKbIMAaHY.

I'. Ba6aena!, H.CaabioexoBa', A. Cep:kanopa', Ecun Baceim?

'MesxIyHapoIHBIA Ka3aXCKO-TyPEIKHH YHHBEPCUTET HMEHH X 0Kl Axmena Slcasu,
Typkecran, Kazaxcran;
ZKagenpa Opranuueckoro Cenbckoro Xossiictsa, Llkona ITpodeccnoHanbHbIX
Texumueckux Hayk YauBepcurera Axaenns, Antanus, Typuus

BUOJIOI'MYECKHUE OCOBEHHOCTHU BUIOB ®UTOIMATOJOI'MYECKUX I'PUBOB,
HOPAKAIOIIUX TOMATDI (LYCOPERSICON ESCULENTUM MILL.)
B IO’KHOM PET'MOHE KA3AXCTAHA

AnHoTanmsi. B crathe paccmarpuBaroTCs HCCIIEOBAaHUS, HalpaBJeHHblE Ha OOOCHOBaHHE BHIOB
BO30yamTeNnel Ooe3Hel TOMaTOB, BOSHUKAIOIINX B TEPHOJ BETETAIMN M XPaHEHHS, U MEpPONPHATHI 10 Ooprbe ¢
HuMH. PaboTs! mpoBommmmce B 2019 roxy Ha 3eMeIbHOM ydacTKe BONHM3H CelnbCKUX OKpyroB babaiikopran, JKyitHek
u Hcca Typkectanckoit obmactu. Kak crano m3BecTHO, IEPHO POCTa OBOIIHOW paccabl 3aBUCHT OT TEMIEPaTyphl
nmouBsl. [lo HameMy OmBITY, CEMEHHOW MaTepHall BBICA)KMBAJIHM B OTKPHITHIN TPYHT B Hauane amnpens. [loua Obua
OuYeHb TOpsiueil U BIaXHOH. B 3aBUCHMOCTH OT KyJIBTYPHI U COPTOBBIX OCOOEHHOCTEH BCXOMBI MOSBISUIACH HA 6-15
JEeHb Ioclie MoceBa. Pe3ynbTaThl (PMTONATONIOIMYECKOr0 KOHTPOJIA IIOKAa3aiH, YTO PA3IMYHbIe COPTa BCEX BHIOB
TOMATOB OBUTH TIOpaXKeHbI (PUTOIATOrE€HHBIMH MUKPOOPraHu3MaMu. B TeueHne BereTanioHHOro repuoja Haubosee
OIacHbIM 3a00JIeBaHMEM IIJIOI0B TOMaTa ObLIa alMKalbHasi THHUJIb IUIO/IOB, KOTOpasi MPHUBOJMIA K 3HAYUTEILHOMY
CHIDKCHUIO ypoxKasi. JIMCTbs IIMPOKO pPa3BUTHI paHHUM (PUTOGTOPO30M M BepTUUWILION. DUTOPTOPO3 B KOHIE
BereTanuy HaOJoaaiacs B MOJHOM O0beMe Kak Ha JIMCTHAX, TaK M Ha Iuofax (pa3BUBAJICS IPU XPaHEHHWH IUIO/OB).
[Tpn BeIpamMBaHWM TOMATHBIX KYJBTYp Ha JABYX ydacTkax mnpeoOmamanu ¢urodTopos, paHHUil ¢urodTopos,
BEpTULMIIIE3, BUPYCHBIC 3a00J€BaHMs M aluKajgbHas THWIb. Ha ocHOBaHMM pe3ynbTaToB (PUTONATOIOTHYECKOTO
KOHTpPOJISI MOYKHO CIENaTh BBIBOJ, YTO KOJMYECTBO I'PHOKOBHIX 3abosieBaHmil mpeoOiajaso Ha ydacTke 1, 49To
CBSI3aHO C YaCTBIM IIOJINBOM Ha 3TOM Y4acTKe, €ro 3aTeHEHHEM U OOJBIINM KOJIMYECTBOM ILUIOIOB Ha pacTeHusx. Ha
ydacTke 2 Tpeo0iagaii BUPYCHBIE 3a00JIeBaHM, UYTO OOBSACHICTCS 3aCOPCHNAEM YIaCTKa COPHIKAMHU.

KaroueBsbie cioBa: ¢uTonaronorus, rpudbl, TOMaThl, BO30yuTenu OoJe3HEeH, Bereralus, MUKPOOPTraHU3MBl,
MOP(OIOTHs, MUKPOCKOIIHS, MULIETIHH, TIOPasKEHU.
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SEARCHING FOR RESISTANCE SOURCES
TO WHEAT COMMON BUNT (Tilletia caries (DC.)

Abstract. Common bunt (Tilletia caries (DC.) the disease occurs in areas where autumn wheat is grown. In our
country, most of the zoned wheat varieties are infected with this disease. Therefore, foreign germoplasm should look
for sources of strength. In our research in the field of artificial epizootic environment, the Hungarian 21 varieties of
soft wheat Tilletia caries (DC.) of the pathogen was made the phytopathological and genetic-selection analysis. The
study revealed that 15 wheat varieties are resistant to diseases, of which 8 wheat varieties were highly resistant to
diseases (IT-0). They are; Ati, Békés, Berény, Csillag, Futar, Pilis, Szala and Rege. We say 7 varieties that are
resistant to common bunt (IT-1), they are Kalasz, Mentor, Goncdl, Fény, Garaboly, Szemes and Vitorlas. The
indicator of the biomass index (NDVI) was determined at the stages of vegetative development of plants in ears,
flowering phase and milky stage. The average value of the biomass index is higher than 0.70, with a high score of
9 varieties that have Ati, Mentor, Hajnal, Goncol, Tisza, Csillag, Futar, Garaboly and Szala. As a result of the
analysis of structural characteristics, the varieties Kords, Mentor, Tisza, Szala, Szemes and Rege showed a high
index for all characteristics. As a result, disease-resistant and high-performance varieties can be presented as
common bunt resistant specimens in immune selection.

Keywords: wheat, pathogen, infection, samples, inoculation, common bunt, resistant.

Introduction. The main criterion for the food security of the state is the creation of highly productive
and resistant wheat varieties. Annually cereals are sown about 15.5 million hectares in the Republic of
Kazakhstan and about 17-18 million tons of grain are produced, of which about 8 million tons are
exported to Europe, the Middle East and Arab countries. To ensure food security, it is necessary to
increase genetic resistance to pests and diseases, as well as adaptation to climate change combined with
improved agronomic practices [1, 2].

The use of genetically resistant cultivars is considered to be the most effective, economic and
environmentally safe method for disease control. The region of Central Asia is one of the world's most
important producers of wheat, encompassing a production are of more than 15 million ha [3-5]. The
problem of ensuring crop stability is of particular importance for Kazakhstan, most of the grain-sowing
regions of which are located in areas with insufficient moisture, high temperatures, excessive salinization
and intense phytosanitary conditions [6-8]. Developing high yielding and leaf rust, stripe rust and stem
rust resistant cultivars is an important objective of winter and spring wheat (7riticum aestivum L.)
improvement programs in Central and West Asia [9-13]. Production of wheat in Kazakhstan is being
constrained also by leaf spotting diseases, including tan spot, caused by Pyrenophora tritici-repentis
[14-17] and common bunt, caused by Tiletia caries [18].

One of the most devastating diseases of wheat in the world is common bunt. The causative agents of
the disease are the fungi Tilletia caries and T. Laevis [19, 20]. In Europe, the yield loss due to the common
bunt was more than 50%, in some years this disease led to a complete loss of harvest [19, 21]. However, in
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the first half of the 20th century, the common bunt caused more yield losses and quality, than all other
wheat diseases in the United States of America [19]. The most important source of infection is
contaminated seeds. Infection of wheat occurs during germination, this is promoted by cool and humid
conditions. Affected ears of light weight, do not droop, have a greyish-violet hue, emit a herring smell
[20]. Koyshybaev M.K. (2002) reported that when seed is sown with untreated seeds, wheat is affected by
the bunt up to 10% or more, which leads not only to direct losses, but to a marked decrease in grain
quality, and to the toxic properties of bile spores containing alkaloid trimethylamine, which adversely
affects human health and agricultural animals. Strongly spore-contaminated seeds cannot be used for
cooking food and animal feed [20, 22, 23]. Many Kazakhstan wheat varieties, which have a stable yield,
high quality of grain and ecological plasticity, are greatly affected by the diseases on the infectious
background. This can lead to large losses in the agrarian sector in the case of the emergence of
epiphytotics [2].

In traditional agriculture, a common bunt is often exclusively controlled by chemical seed treatment.
In modern conditions, when Kazakhstan began the process of entering the WTO, the export of wheat to
the European Union must meet the requirements of organic farming. Considering that these chemical
methods of treatment with seed disinfectants are prohibited in the EU and in accordance with organic
certification standards, there is the need to use alternative methods of controlling a common bunt in
organic conditions. However, since synthetic chemicals are banned in organic farming, the common bunt
is a serious threat to the production of organic wheat and for seed production [24]. The Commission
Regulation (EC) No 1452/2003 states that starting from 2004 all plant material used for organic farming
should be produced without chemical treatments. Thanks to this decree, it now becomes extremely
important that the seed and planting material are free of pathogens and of excellent quality [25].

In order to maintain high yield and excellent quality of seeds, organic producers must rely on disease-
resistant wheat varieties [24]. The most effective method of combating the bunt is the genetic protection of
plants, which is achieved by introducing new resistant to common bunt lines into production. Thus,
instead of using chemical seed treatments, organic means are needed to combat plant diseases. Wheat
varieties carrying resistance genes are used as an alternative method of fighting instead of chemical
fungicides against common disease.

Materials and methods. The research work was carried out in the laboratory of genetics and
selection of the Institute of plant biology and biotechnology and in the experimental field of the Kazakh
research Institute of agriculture and crop production. The research study material consisted of from
Hungary 21 varieties of soft wheat and common bunt Tilletia caries pathogen spores of crop in Almaty
region acreage were used. In the study, Bogarnaya 56 was selected as a standard resistant to common bunt.
In the inoculation of wheat with the pathogen A.I. Borggard-Anpilogova's method (1961) was used [26].
Samples Tilletia caries (D.C.) the V. 1. Krivchenko scale (1974) was used to assess infection with the
pathogen [27]. The V. 1. Krivchenko scale (1974) samples Tilletia caries (D.C.) was used to assess
infection with the pathogen [27]. According to this method: O - highly resistant varieties or entries,
affection up to 1%; 1 - practically resistant, infestation of ears not more than 5%; 2 - moderately
susceptible, no more than 10-25% of ears are affected; 3 - susceptible - 26-50% of ears; - highly
susceptible - up to 51-100%. The method of determining the index of plant biomass (NDVI — Normalized
Difference Vegetation Index) [28]. This method is used to calculate the indicators of the biomass index
(NDVI) at the vegetative stages of wheat development. Methods for determining the productivity of wheat
varieties. When the wheat was ripe, it was harvested and structural analysis was carried out. Statistical
data processing was calculated in Excel [29].

Results. Previously, we studied samples of Bulgaria, SIMMYT, Bt-isogenic lines, and Romanian
wheat on the common bunt disease [30-33]. PCR analysis revealed the sources of B#-9 and Bt-10
endurance from the Romanian samples 02429GP-1, F08245G1, F08034G1 and F07270G2 identified. Of
the isogenic lines, Bt-0, Bt-1, Bt-2, Bt-3, Bt-4, Bt-5, Bt-6, Bt-7, Bt-9, Bt-10, Bt-11, Bt-14, Bt-15 and
Bt-8,9,10 are identified. From Bulgarian wheat varieties samples Karina, Enola, Iveta, Korona, Slaveya,
Yunak, KM 135, Geya, Tsarevo and Boryana tilletia caries (D.C.) pathogenin highly resistant (IT-0),
revealed that. Of the SIMMYT wheat samples, 10 wheat samples were found to be resistant to common
bunt. 21 soft wheat from Hungary has been tested for disease resistance as part of an artificial epidemic.
The study found common bunt of the samples (Tilletia caries (D.C.) Tul. & C. Tul) data were obtained on
the persistence of field crops. In the period from the waxing period to the ripening period of wheat, the
51
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incidence was estimated 3 times. Depending on the type of infection, models can be classified into
5 groups: highly resistant, persistent, weakly resistant, and moderately resistant (table 1, figurel).

Table 1- Disease resistance of common bunt of grain samples, Almaty region, 2019

Infection spikes, pcs
Cultivar Origin Total The total Infected Disease
No, of I- 1I- III- number of plants, % | reaction
plants Infection Infection Infection infected
spikes
Ati HUN 105 0 0 0 0 0 R
Bekes HUN 64 0 0 0 0 0 R
Bereny HUN 38 0 0 0 0 0 R
Kalasz HUN 78 5 1 0 6 7,7 MS
Koros HUN 69 21 1 0 22 31,9 S
Mentor HUN 91 0 5 2 7 7,7 MS
Hajnal HUN 148 15 0 0 15 10,1 MS
Goncol HUN 30 6 1 0 7 8.8 MS
Tisza HUN 89 18 0 0 18 20,2 MS
Csillag HUN 137 0 0 0 0 0 R
Futar HUN 125 0 0 0 0 0 R
Feny HUN 128 0 0 6 6 4,7 MR
Pilis HUN 120 0 0 0 0 0 R
Petur HUN 78 30 24 0 54 69,2 HS
Garaboly HUN 85 0 3 0 3 3,5 MR
Szala HUN 105 0 0 0 0 0 R
Szemes HUN 148 0 2 0 2 1,4 MR
Vitorlas HUN 102 4 4 0 8 7,8 MS
Rege HUN 147 0 0 0 0 0 R
Raba HUN 122 20 5 0 25 20,5 MS
Rozi HUN 108 23 0 0 23 21,3 MS
Bogarnaya 56 KAZ 120 10 30 30 70 58,3 HS

Phytopathological assessment of resistance to common bunt was performed. The study of resistance
to on an infectious background showed that 8 varieties are characterized by common bunt resistance to
Tilletia caries with a incidence of 0%. These varieties include Ati, Vekes, Vegepu, Csillag, Futar, Pilis,
Szala, Rege. Of the 21 samples studied, 3 are weakly susceptible (Fény, Szemes, Garaboly), and the
affected ears do not exceed 1-5%. The group of weakly susceptible varieties with 6-25% included
8 varieties (Kalash, Mentor, Hajnal, Goncdl, Tisza, Vitorlas, Rose, Rose). The koros variety was shown to
be susceptible (26-50% incidence). Varieties Petur and Bogarnaya 56 showed highly susceptible
(51-100% incidence).

m R 0%

H MR 5%

m MS 10-25%
m S 26-50%

m HS 51-100%

Figure 1 — Infection with the disease of common bunt of wheat varieties in the field of artificial infection,
Almaty region, Almalybak 2019
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According to the results of phytopathological screening, the studied 21 varieties of wheat are ranked
according to the V. I. Krivchenko scale (1974) according to the degree of resistance to disease into groups:
Resistant (33%), practically resistant (14%), moderately susceptible (38%), Susceptible (5%), Highly
Susceptible (10%) (figure 1).

The biomass index (NDVI) was calculated during the vegetative development of wheat samples at the
stages of colorfulness, flowering and molestation. During the ear period, the biomass index (NDVI) was
recognized as the highest indicator, distinguished by 8 varieties, they are: Bekes, Hajnal, Goncol, Tisza,
Csillag, Futar, Garaboly and Szala. The NDVI of these varieties was higher than 0.75. During the
flowering period of wheat development, the highest index index was observed (figure 2), during this
period, the biomass index was in the range of 0.70-0.80. It was found that the biomass index above 0.80 is
11 varieties, including Ati, Bekes, Bereny, Mentor, Hajnal, Goncol, Tisza, Csillag, Petur, Garaboly and
Rozi (table 2).

Table 2- Wheat samples biomass index (NDVI), Almaty region, 2019

Plant Biomass Index (NDVI)
Cultivar ) ) . . Period of milk Average values
Heading period Flowering period ripeness
Ati 0,72 0,81 0,59 0,71
Bekes 0,76 0,80 0,46 0,67
Bereny 0,69 0,77 0,52 0,66
Kalasz 0,73 0,72 0,56 0,67
Koros 0,68 0,74 0,56 0,66
Mentor 0,71 0,81 0,63 0,72
Hajnal 0,77 0,78 0,66 0,74
Goncol 0,79 0,77 0,65 0,74
Tisza 0,75 0,78 0,66 0,73
Csillag 0,76 0,78 0,66 0,73
Futar 0,77 0,73 0,64 0,71
Feny 0,71 0,74 0,63 0,69
Pilis 0,68 0,73 0,56 0,66
Petur 0,68 0,80 0,58 0,69
Garaboly 0,76 0,80 0,56 0,71
Szala 0,79 0,73 0,72 0,75
Szemes 0,72 0,73 0,57 0,67
Vitorlas 0,72 0,74 0,59 0,68
Rege 0,69 0,73 0,59 0,67
Raba 0,71 0,73 0,54 0,66
Rozi 0,73 0,79 0,54 0,69
Bogarnaya 56 0,71 0,73 0,54 0,66

During the period of wheat ripening, the biomass index above 0.65 was recognized as a high indicator
of 8 varieties that have Mentor, Hajnal, Goncol, Tisza, Csillag, Futar, Feny and Szala.

Salhy

fary
00 o

Number of plants, pes

0 — —
0.50 055 060 0.65

® Heading period ®Flowering period ™ period of milk ripeness

Figure 2 — Biomass index dynamic (NDVT)
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Thus, the biomass index (NDVI) of the histology, flowering, and molestation stages of plants had a
high index of 9 varieties, with an average index value (NDVI) higher than 0.70, as shown by Ati, Mentor,
Hajnal, Goncol, Tisza, Csillag, Futar, Garaboly, and Szala. In our next study, we analyzed the structural
features of mature wheat samples. We can see that the germination period of wheat varieties lasted from
May 22 to June 2. The earliest ears: Ati, Bekes, Bereny, Koros, Hajnal, Tisza, Csillag, Futar, Feny, Pilis,
Garaboly and Vitorlas. The flowering period of these varieties is from May 22 to May 25. The height of
all wheat varieties in plant height is 85-108 cm. 6 varieties of wheat with an Ear length of more than
10 cm were distinguished by a high indicator, they; Bekes, Mentor, Tisza, Garaboly, Szemes, and Rege

(table 3).

Table 3 - Structural analysis of cultivars wheat, Almaty region, 2019

‘ Days to P!an Spike Kernels/ .Grain' 'Grain ' Thousapd
Cultivar heading height length (cm) spike weight/spike, weight/spike kernel weight
(cm) pes (2 (2
Ati 24.05.2019 85 7,50+0,22 19,0+2,00 46,2+6,21 1,60+0,46 35,55
Bekes 25.05.2019 94 10,85+1,96 20,6+1,20 50,5+5,55 2,40+0,28 46,74
Bereny 25.05.2019 84 9,324+0,39 22,5+1,36 62,9+9,80 1,80+0,50 30,75
Kalasz 26.05.2019 89 9,11+0,37 20,9+1,14 35,644,839 1,70+0,27 53,26
Koros 24.05.2019 87 8,96+0,38 21,6+1,28 59,3+6,84 2,50+0,26 43,8
Mentor 27.05.2019 94 12,32+0,33 20,9+0,83 69,2+6,83 2,85+0,39 41,05
Hajnal 25.05.2019 88 9,14+0,66 20,9+1,81 38,149,32 1,58+0,48 40,51
Goncol 26.05.2019 86 8,31+0,89 20,4+1,50 43,3+5,52 1,85+0,26 42,37
Tisza 23.05.2019 84 11,08+0,80 21,9+1,22 55,0+6,73 2,23+0,35 40,82
Csillag 24.05.2019 88 7,32+0,75 18,4+0,92 40,8+5,07 1,32+0,13 34,51
Futar 22.05.2019 85 9,61£0,85 19,6+1,43 31,2+14,86 1,27+0,15 50,93
Feny 25.05.2019 100 9,23+0,56 21,5+1,28 48,4+6,64 1,82+0,31 37,93
Pilis 24.05.2019 93 8,25+0,35 18,8+0,98 52,24+8,59 2,16+0,26 42,8
Petur 30.05.2019 87 8,44+0,72 21,6+0,92 53,24+7,26 1,62+0,37 35,48
Garaboly 23.05.2019 73 10,45+1,10 21,4+2,33 56,249,19 1,57+0,40 32,13
Szala 02.06.2019 98 8,56+0,63 21,7+1,49 59,24+4,59 2,34+0,32 43,84
Szemes 28.05.2019 105 10,36+0,49 24,6+3,29 74,1£10,62 2,19+0,36 29,57
Vitorlas 23.05.2019 81 8,78+1,14 18,9+1,30 36,1£7,39 1,43+0,27 41,3
Rege 26.05.2019 108 11,27+1,11 24,7+4,29 69,0+16,97 2,64+0,72 38,41
Raba 28.05.2019 99 9,26+1,11 19,9+1,97 48,3+3,10 1,58+0,35 33,74
Rozi 27.05.2019 92 7,48+0,51 20,9+1,45 46,6+9,13 1,42+0,41 33,21
Bogarnaya 56 | 25.05.2019 110 9,7£21 20,12+1,33 40,3+32 1,60+36 44,65

The number of ears of more than 21 samples showed high indicators of 9 varieties: Bereny, Koros,
Tisza, Feny, Petur, Garaboly, Szala, Szemes and Rege. The amount of grain in the main ear was more than
55 pieces; varieties Bereny, Koros, Mentor, Tisza, Garaboly, Szala, Szemes and Rege were found to be
high. Bekes, Koros, Mentor, Tisza, Pilis, Szala, Szemes and Rege varieties with a grain weight of more
than 2 grams in the main ear showed high indicators. Bekes, Kalasz, Koros, Mentor, Hajnal, Goncol,
Tisza, Futar, Pilis, Szala and Vitorlas showed the highest indicators for the weight of 1000 seeds.the
weight of 1000 seeds of these varieties exceeded 40 grams.

Discussion. T. caries fungal pathogens are the major actors for common bunt disease. This disease is
very dangerous seed borne disease for wheat and causes heavy losses in yield quality and quantity [34].
Since 2018, we have been searching for reliable sources of resistance to smut of wheat among collection
samples of domestic and foreign selection from around the world during artificial infection, studying their
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biological characteristics and economically valuable traits [30, 31, 32, 35]. As part of an artificial
epidemic, the Hungarian 21 wheat cultivar has been tested Tilletia caries (D.C.) Tul. & C. Tul resistance
to the pathogen. The study distinguished 8 wheat varieties that are highly resistant to the common bunt,
they are Ati, Békés, Berény, Csillag, Futar, Pilis, Szala and Rege. 7 varieties were found to be stable,
which are, Kalasz, Mentor, Goncol, Fény, Garaboly, Szemes and Vitorlas. The biomass index (NDVI) was
calculated at the vegetative stages of wheat development. The biomass index of Bekes, Hajnal, Goncol,
Tisza, Csillag, Futar, Garaboly and Szala varieties was high. during the flowering period, the indices of
ATI, Bekes, Bereny, Mentor, Hajnal, Goncol, Tisza, Csillag, Petur, Garaboly and Rozi samples were
recognized as high. During the milking period of wheat, the highest indicators of the index's biomass are:
Mentor, Hajnal, Goncol, Tisza, Csillag, Futar, Feny, and Szala. As a result of the analysis of structural
features of economically valuable wheat varieties Koros, Mentor, Tisza, Szala, Szemes and Rege showed
high indicators for all features. With the early Ear, 12 varieties of wheat were distinguished, such as Ati,
Bekes, Bereny, Koros, Hajnal, Tisza, Csillag, Futar, Feny, Pilis, Garaboly, and Vitorlas. These varieties
can be submitted to the breeding program as a model that is resistant to diseases of the common bunt.
Recently held studies aimed at assessing sustainability germplasm of wheat to smut [18]. Screening of
large pools of genotypes comprising commercial and historical varieties, breedding lines, and old local
accessions revealed very low levels of resistance [21]. The search for new sources of resistance would
enhance the genetic diversity available for breeding purposes.

Conclusion. Thus, our research data allowed us to expand the range of sources and donors of wheat
resistance to smut. To increase the efficiency and effectiveness of breeding programs designed to increase
the resistance of breeding material and, in the future, varieties, the released sources were comprehensively
evaluated for economic utility. Given the presence and absence of important agronomically valuable traits
among the selected sources, the selection of parental pairs for hybridization should be carried out.
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' OcimMaikTep GHOMOTHACH XKOHE OMOTEXHOIOTHACKH HHCTHTYTHI, AnMatsl, Kasakcran;
29n-Mapabu atbiagarsl Kasak yiaTTeK yHEBEpcuTeTi, AnmaTel, Kazakcran;
SKasak WITTBIK arpapiblK yHUBepcuTeTi, AnMarsl, Kazakcran;
4A6aii aTeiHarsl Kasak yITTBIK T1€arOTMKaJIBIK YHUBEPCUTET, AnMaThl, KazakcTan

BUJANIBIH KATTBI KAPAKYHETE (TILLETIA CARIES (DC.) TO3IMJLIITTHE CKPUHUHT

Annoranus. Karrer xoxpic (Tilletia caries (DC.) xy3mik Ommaii ecipineriH xepiepae keszecemi. Emimizze
aymaHmacThIpIFaH Oumall COpTTaphIHBIH OachkiM Oeliri aranFaH aypyMmeH 3anangadradH. COHIBIKTaH IIETENIiK
repMoIriasManapIad TO3IMIUTIK Ke3iH i37ey Kepek.

3eprTeyliepimizzie TaHANThI KacaH bl IHISTTIK OpTaaa BeHIpusuiblK 21 sxymMcak Ounait copteinbiz Tilletia caries
(DC.) maroreHiHe (pUTHATOJOTHSUIIBIK KOHE I'CHETHKA-CENEKIHMSIIbIK Tauaay Xypriziigi. 3eprrey HoTwxeciHae 15
Ommait copTsl aypyFra Te3iM/i A€l aHBIKTAJAbl, COHBIH imiHae 8 Oumail copTel aypyFra sxorapsl Tesimui (IT — 0) men
epekmenenai. Onap mbiHanap: Ati, Bekes, Bereny, Csillag, Futar, Pilis, Szala, Rege. Karrsl kapakyiiere Tesimai (IT
— 1) nen 3 coptthl aiitambz, onap: Fény, Szemes, Garaboly. Oici3 Te3imci3 ToObIHa 6-25% ecenke anbiHy OOMbIHIIA
8 copr (Kalasz, Mentor, Hajnal, Goncdl, Tisza, Vitorlds, Raba, Rozi) ansikranmer. Tesimci3 copt periage Koros
(aypy 26-50%) coprsl Gatikannapl. Tilletia caries (D.C.) matoreHiMeH 69%-0eH 3ananganrad Petur copTbl >korapbl
JIEHreii/ie TO3IMCI3/IIK TAHBITTHL.

WNunexc 6momacca kepceTkimmiHiH opramra MaHi 0,70-TeH xKorFapsl 00JFaH 9 COPT KOFaphl KOPCETKIIIKE Ue JeTl
epekmeneHai, onap: Ati, Mentor, Hajnal, Goncol, Tisza, Csillag, Futar, Garaboly >xone Szala.

KypsutbiMasik Oenrinepine Tammay HoTmxkeciHge Kords, Mentor, Tisza, Szala, Szemes >xoHe Rege coprrapsr
Oapuibik Oenrinepi OoifbIHIIA KOFapbl KOpceTKiil kepcerTi. HoTmkecinae aypyra Te3imM/i )KoOHE OHIMALIIT JKOFaphbl
COpTTap/bl UMMYHHUTET CEJICKLMIChIHIA KATThl Kapakyiere Te3iM/Ii yiriiep petinie yCbiHyFa 001apl.

Tyiiin ce3nep: Oupnail, naToreH, MHOKYJISILMS, KATThI Kapakyiie, Te3imIi.
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' OciMaikTep GHONOrHACH XKOHE OHOTEXHOIOIMACKH HHCTHTYTHI, AnMatsl, Kazaxcran;
2on-Mapabu ateiagarsl Kasak YarTeiK YHEBepcuTeT, AnMarsl, Kasaxcram;
SKasax yITTBIK arpapiiblK, yHEBEpCHTET, AnMaTel, KazaxcTaH;
4KazaxCKuif HAIMOHATBHBIH ITeJaroruaecKuit yHuBepcuteT uM. Abasi, Anmatsl, Kazaxcran

CKPUHUHT HA YCTOMYHUBOCTH K TBEPIOM I'OJIOBHE (TILLETIA CARIES (DC.) MNINEHUIIbI

Annoranus. Teepnas rosnosus (Tilletia caries (DC.) BcTpeuaercs B paiioHax, Iie BEIpaIMBaeTCs 03UMasl IIiie-
HHUna. B Hamel crpane GOJBIIMHCTBO paifOHMPOBAHHBIX COPTOB MIIEHUIIBI 3apaXkeHbI TUM 3a0oseBanueM. [ToaTomy
WCTOYHHMKM yCTOWYMBOCTH CIIEAYeT HCKaTh B 3apyOeXHBIX repMmoIuiasmMax. B Hammx uccienoBaHUsIX B 00JiacTh
WCKYCCTBEHHOW 3ITM300THYECKOHN cpezbl Ha BeHrepckoM 21 copre msrkoi mmennis! Tilletia caries (DC.) Bo30yau-
Tenst ObUT MpoBeAeH (HUTONATOJIOTHYESCKUI 1 TeHETHKO-CEIeKIMOHHbIH aHanu3. B pesynbrare ncciaenoBaHus ObLIO
BBISBIICHO, 4TO 15 COPTOB NIIEHHIBI YCTOHYHMBBEI K OOJNE3HSIM, M3 KOTOPBIX 8§ COPTOB IILICHHIBI OBLIM BBICOKOYC-
toitguBsl kK OonesHsam (UT-0). Oto: Atn, bekec, bepenn, Ynmnar, ®@yrap, [Tumuc, Cana u Pure. CraboBoctpumnm-
YMBBIMH OKa3aJluCh 8 COPTOB, MOpaXkaeMocTh coctaBuia 6-25% (Kalasz, Mentor, Hajnal, Goncol, Tisza, Vitorlas,
Réba, Rozi). Bocipunmuussim okazancst copt Kords (mopaxaemocts 26-50%). [latorenom Tilletia caries (D.C.) Ha
69% 3apasmicst copt Petur v mMposSBUII BEICOKYHO BOCHPUUMYKBOCTE. CpejiHee 3HAUYCHHUE MOKa3aTelsi HHIeKca OHo-
Maccsl Boiie 0,70 mokaszamu 9 copros mmeHuibl Ati, Mentor, Hajnal, Goncdl, Tisza, Csillag, Futar, Garaboly u Szala.
B pesynbrare aHanmza cTpyKTYpHBIX XapakTepucTuk copra Kepemr, Mentop, Tuca, llana, [llemec u Pere nokasamu
BBICOKHMH MHJIEKC 110 BCEM NpU3HaKaM. B pe3ynbrarte ycToidmuBbIe K 00JIE3HAM U BHICOKOA((EKTUBHBIE COPTa MOTYT
OBITH IIPE/ICTABIIEHBI B TPOTPaMMY CEJIEKLIUH B KaueCTBE MOJIENIN, YCTOHYMBOM K TBEPAOI T'OJIOBHE MIIIEHHIIBL.

Ki1ioueBble cj10Ba: MIIEHNUIA, TATOTCH, HHOKYJISHS, TBEpAast TOJIOBHS, YCTOWYNBOCTD.

Information about authors:

Aigul Madenova, Institute of Plant Biology and Biotechnology, Al-Farabi Kazakh National University, Almaty, Kazakhstan,
PhD, Senior Lecturer, madenova.a@mail.ru, https://orcid.org/0000-0003-0349-749X;

Kanat Galymbek, Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan; PhD, galymbek@mail.ru,
https://orcid.org/0000-0001-7260-3669;

Alma Kokhmetova, Institute of Plant Biology and Biotechnology, Kazakh National Agrarian University, Kazakhstan;
Doctor of Biological Sciences, Professor, Corresponding member of NAS RK, gen kalma@mail.ru, https://orcid.org/0000-0002-
0186-7832;

Makpal Atishova, Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan; master of pedagogical sciences,
maki_87@mail.ru, https://orcid.org/0000-0002-2270-571X;

Bakirov S.B., 2nd year doctoral student, Kazakh National Agrarian University, Almaty, Kazakhstan; serikbakirov@mail.ru,
0000-0003-3313-2395;

Zhenis Keishilov Institute of Plant Biology and Biotechnology, master of agricultural science, jeka-sayko@mail.ru,
https://orcid.org/0000-0003-2126-6951

REFERENCES

[1] Rsaliev SH.S., Kojshibaev M.K., Morgunov A.l., Kolmer D. (2005) Analiz sostava populyaci steblevoj i listovoj
rzhavchiny pshenicy na territorii Kazahstana, Materialy mezhdunarodnoj nauchno-prakticheskoj konferencii, Almaty: Alejron,
S.267-272. (in Russ.).

[2] Sharma I., Tyagi BS., Singh G, Venkatesh K., Gupta OP. (2015) Enhancing wheat production - A global perspective,
Indian Journal of Agricultural Sciences, 85(1): 3-13.

[3] Kokhmetova A. M., Atishova M. N., Galymbek K. (2020) Identification of wheat germplasm resistant to leaf, stripe and
stem rust using molecular markers, Bulletin of NAS RK, 2(384): 45-52. https://doi.org/10.32014/2020.2518-1467.40

[4] Kokhmetova A., Atishova M. (2020) Identification wheat genotypes resistant to tan spot Pyrenophora tritici-repentis,
Bulletin of NAS RK, 2(384): 29-35. https://doi.org/10.32014/2020.2518-1467.38

[5] Gultyaeva E.I., Kokhmetova A.M., Shreyder E.R., Shaydayuk E.L., Atishova M.N., Madenova A., Malysheva A.,
Galymbek K. (2020) Genetic variability of perspective btreeding material of spring bread wheat for resistance to leaf rust in russia
and kazakhstan, Bulletin of NAS RK, 3:

[6] Kokhmetova A.M., Sariyeva G., Kenjebayeva S. (2003) Yield stability and drought resistance in wheat, Acta Botanica
Hungarica, 45(1):153-161 . DOI: 10.1556/ABot.45.2003.1-2.13.

[7] Terletskaya N., Duisenbayeva U., Rysbekova A., Kurmanbayeva M., Blavachinskaya I. (2019) Architectural traits in
response to salinity of wheat primary roots, Acta Physiologiae Plantarum. 41 (9):157. DOI:10.1007/s11738-019-2948-0.

[8] Zhambakin K., Zhapar K. (2020) Current status and prospects of plant biotechnology in Kazakhstan, Plant
Biotechnology Reports, 14(2): 177-184. https://doi.org/10.1007/s11816-020-00601-0.

[9] Kokhmetova A., Madenova A., Kampitova G., Urazaliev R., Yessimbekova M., Morgounov A., Purnhauser L.
(2016) Identification of leaf rust resistance genes in wheat cultivars produced in Kazakhstan, Cereal Research Communications,
44(2): 240-250. DOI: 10.1556/0806.43.2015.056.



ISSN 1991-3494 1.2021

[10] Sharma R.C., Rajaram S., Alikulov S., Ziyaev Z., Hazratkulova S., Khodarahami M., Nazeri S.M., Belen S., Khalikulov
Z., Mosaad M., Kaya Y., Keser M., Eshonova Z., Kokhmetova A., Ahmedov M.G., Jalal Kamali M.R., Morgounov A.I. (2013)
Improved winter wheat genotypes for Central and West Asia, Euphytica, 190(1): 19-31. DOI 10.1007/s10681-012-0732-y.

[11] Kokhmetova A., Sharma R., Rsaliyev S., Galymbek K., Baymagambetova K., Ziyaev Z., Morgounov A. (2018)
Evaluation of Central Asian wheat germplasm for stripe rust resistance, Plant Genetic Resources, 16(2):178-184.
DOI: https://doi.org/10.1017/S1479262117000132.

[12] Kokhmetova A., Morgounov A., Rsaliev S., Rsaliev A., Yessenbekova G., Tyupina L. (2011) Wheat germplasm
screening for stem rust resistance using conventional and molecular techniques, Czech Journal of Genetics and Plant Breeding,
47: 146-154. https://doi.org/10.17221/3270-CJGPB.

[13] Madenova A., Kokhmetova A., Kampitova G., Purnhauser L., Atishova M. (2015) Identification of the carriers of genes
for resistance to wheat leaf rust using molecular markers, Biosciences Biotechnology Research Asia, 12(2):1683-1690.
DOI:10.13005/bbra/1831.

[14] Kokhmetova A., Kremneva O., Volkova G., Atishova M., Sapakhova Z. (2017) Evaluation of wheat cultivars growing
in Kazakhstan and Russia for resistance to tan spot, Plant Pathol, 99(1):161-167. DOI:10.4454/jpp.v99i1.3812.

[15] Kokhmetova A.M., Ali S., Sapahova Z., Atishova M.N. (2018) Identification of genotypes — carriers of resistance to
toxins Ptr ToxA and Ptr ToxB Pyrenophora tritici-repentis in collection of common wheat [Identifikacija genotipov-nositelej
ustojchivosti k toksinam pirenoforoza Ptr ToxA i Ptr ToxB Pyrenophora tritici-repentis v kollekcii mjagkoj pshenicy],
Vavilovskij zhurnal genetiki i selekcii, 22(8):978-986. DOI 10.18699/VJ18.440. (in Russ).

[16] Kokhmetova A., Atishova M., Kumarbayeva M., Leonova I.N. (2019a) Phytopathological screening and molecular
marker analysis of wheat germplasm from Kazakhstan and CIMMYT for resistance to tan spot, Vavilov Journal of Genetics and
Breeding, 23(7):879-886. DOI:10.18699/vj19.562.

[17] Kokhmetova A., Atishova M., Madenova A., Kumarbayeva M. (2019b) Genotyping of wheat germplasm for resistance
to toxins of tan spot Pyrenophora tritici-repentis, Journal of Biotechnology, 305: 53. https://doi.org/10.1016/j.jbiotec.2019.05.188.

[18] Madenova A.K., Kokhmetova A.M., Atishova M.N., Galymbek K., Yernazarova G.I. (2019) Identification of carriers of
resistance to common bunt (7illetia caries) of winter wheat, Res. On Crops, 20(4): 782-790. DOI: 10.31830/2348-7542.2019.115.

[19] Goates B.J. Common bunt and dwarf bunt / In book: Wilcoxson R.D., Saari E.E. (eds.), Bunt and Smut Diseases of
wheat: Concepts and methods of disease management (1996), Mexico, D.F.: CIMMYT, P. 12-25. ISBN: 968-6923-37-3.

[20] Kojshybaev M (2002) Bolezni zernovyh kul'tur, Almaty: Bastau, P. 368. ISBN 5-620-01167-4. (in Russ.).

[21] Liatukas Z., Ruzgas V. (2006) Peculiarities of selection for winter wheat resistance to common bunt, Agronomy
Research, 4: 257-261.

[22] Zillinsky F.J. (1983) Common diseases of smal grain cereals: A guide to identification, CIMMYT - Mexico, P. 141.

[23] Kojshibaev M., YAhiaui A., Rsaliev SH.S., ZHanarbekova A.B. (2005) Dostizheniya i perspektivy selekcii ozimoj
pshenicy na ustojchivost' k boleznyam v Central'noj Azii, Biologicheskie osnovy selekcii i genofonda rastenij, Mezhdunarodnaya
nauchnaya konferenciya, S. 117-121. (in Russ.).

[24] CHekmarev V.V., Zeleneva YU.V., Firsov V.F., Levin V.A. (2011) Metodicheskie rekomendacii po ispytaniyu
himicheskih preparatov i drugih sredstv protiv tverdoj golovni pshenicy na iskusstvennom infekcionnom fone. Tambov. C. 46.
ISBN: 978-5-89016-722-4. (in Russ.).

[25] Laroche A., Demeke T., Gaudet A.D., Puchalski B., Frick M. and McKenzie R. (2000) Development of a PCR marker
for rapid identification of the Bt10 gene for common bunt resistance in wheat. Genome, 43(2): 217-223. DOI: 10.1139/g99-113.

[26] Borggard A.L. (1961) Izbrannye trudy po fitopatologii, M., Moskva : Sel'hozgiz, S. 207-215.(in Russ.).

[27] Krivchenko V.I. (1974) Izuchenie golovnevoustojchivosti zernovyh kul'tur, Genetika i selekciya bolezneustojchivyh
sortov kul'turnyh rastenij: Sb. nauch. st. M.: Nauka, S. 156-170. (in Russ.).

[28] Chu Ch.D., Lu L., Zhang T. (2007) Sensitivity of Normalized Difference Vegetation Index (NDVI) to Seasonal and
Interannual Climate Conditions in the Lhasa Area, Tibetan Plateau, China, Arctic Antarctic and Alpine Research, 39(4):635-641.
DOI: 10.1657/1523-0430(07-501)[CHU]2.0.CO:;2.

[29] Dospekhov B. A. Metodika polevogo opyta (1985) (s osnovami statisticheskoj obrabotki rezul'tatov issledovanij).
5-¢ izd., dop. i pererab. M.: Agropromizdat, 351 s. (in Russ.).

[30] Madenova A.K., Atishova M.N., Kohmetova A.M., Amangel'dinova M.E. (2019) Identifikaciya nositelej genov
ustojchivosti k tverdoj golovne tilletia caries (dc.) pshenicy, Vestnik KazNU, Seriya ekologicheskaya, 4 (61): 53-59.
https://doi.org/10.26577/EJE-2019-4-¢6. (in Russ.).

[31] Madenova A.K., Atishova M.N., Kohmetova A.M., Falymbek K., Kumarbaeva M.T. (2018) Tilletia caries katty kara
kyjege tezimdi Vt-genderi bar bidajdyn izogendi liniyalarynyn fitopatologiyalyk skriningi, Izdenister, natizheler — Issledovaniya,
rezul'taty, 4 (80): 111-117. ISSN 2304-3334. (in Kaz.).

[32] Galymbek K., Madenova A.K., Kohmetova A.M., Atishova M.N., Keishilov ZH.S. (2019) Katty karakyje (tilletia caries
(dc.) auruyna tezimdiligimen erekshelenetin bidaj genotipterin identifikaciyalau, Izdenister, notizheler — Issledovaniya, rezul'taty,
2 (82): 191-195. ISSN 2304-3334. (in Kaz.).

[33] Madenova A K., Kohmetova A.M., Atishova M.N., Galymbek K., Kejshilov ZH.S., Kumarbava M.T., Amangel'dinova
M.E. (2019) Skrining na ustojchivost' k tverdoj golovne pshenicy v YUgo-vostochnom regione Kazahstana, sbornik trudov
mezhdunarodnoj nauchno-prakticheskoj konferencii Almaty, 2: 6-9. ISBN 978-601-332-295-7. (in Russ.).

[34] Yarullina L.G., Kasimova R.I., Kuluev B.R., Surina O.B., Yarullina L.M., Ibragimov R.I. (2014) Comparative Study of
bunt pathogen resistance to the effects of fungicides in callus co-cultures Triticum aestivum with Tilletia caries, Agricultural
Sciences, 5: 906-912. DOI: 10.4236/as.2014.510098.

[35]Madenova A.K., Atishova M.N., Galymbek K., Esimbekova M.A., Sarybaev A.T., ZHuniszhan A.ZH. (2019) Skrining
kazahstanskih obrazcov ozimoj pshenicy na ustojchivost' k tverdoj golovne (Tilletia caries (dc) tul.), Vestnik nauki Kazahskogo
agrotekhnicheskogo universiteta im. S.Sejfullina (mezhdisciplinarnyj), 4(103): 65-73. (in Russ.).




Bulletin the National academy of sciences of the Republic of Kazakhstan

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 1, Number 389 (2021), 58 — 65 https://doi.org/10.32014/2021.2518-1467.8

UDC 595.7; 576.89; 591.69; 616:576.8

Z.Z.. Sayakova', A.B. Shevtsov?, B.B. Atshabar!, A. Ryspekova', A.N. Kuznetsov',
V.P. Sadovskaya', E.M. Ramankulov?, S. T. Nurtazin®, A.A. Abdirasilova', A.B. Yeszhanov!

! M. Aikimbaev National Scientific Center for Especially Dangerous Infections under the Ministry
of Healthcare of the Republic of Kazakhstan, Almaty (NSCEDI);
2 National Center of Biotechnology of the Ministry of Education and Science
of the Republic of Kazakhstan, Nur-Sultan;
3 Faculty of Biology and Biotechnology, al-Farabi Kazakh National University,
Ministry of Education and Science of the Republic of Kazakhstan, Almaty.
E-mail: zzsayakova@mail.ru

MORPHOLOGICAL AND GENOTYPIC FEATURES
OF THE POPULATIONS OF FLEAS OF THE GENUS XENOPSYLLA
GLINKIEWICZ, 1907 (SIPHONAPTERA, PULICIDAE)
FROM THE AUTONOMOUS FOCI OF THE CENTRAL ASIAN
NATURAL DESERT PLAGUE FOCUS

Abstract. The paper presents the results of the study of some morphological and genotypic features of fleas of
the genus Xenopsylla: X. gerbilli minax, X. skrjabini, X. hirtipes - the main vectors in the Central Asian natural desert
plague focus. In order to identify population characteristics, for the first time we attempted both morphological
analysis using the Image] computer program and subsequent data processing in a free statistical environment R
version 4.0.0 with R Studio graphic shell, as well as genetic analysis of a fragment of a nucleotide sequence of the
COIlI gene of fleas sampled in Pre-Ustyurt, Betpakdala and Pre-Pre-Balkhash autonomous plague foci. As a result of
the study of morphometric indices of the main plague vectors in Kazakhstan, independent populations of three
species of fleas of the genus Xenopsylla have been identified: the Betpakdala and Pre-Pre-Balkhash populations of X.
gerbilli minax and X. hirtipes, as well as the Pre-Pre-Balkhash, Betpakdala and Pre-Usturt populations of X. skrjabini
fleas.

Keywords: fleas, Xenopsylla, plague, morphometry, DNA, genotyping, populations.

Introduction. Over the past 20 years, despite the absence of outbreaks, plague prevention in
Kazakhstan is one of the important and priority tasks. Plague foci on the territory of the Republic remain
active to this day, occupying about 40% of the territory and stretching from the north-western to south-
eastern borders. A special position is occupied by the Central Asian natural desert plague focus, which is
located in the desert zone, stretching from the eastern coast of the Caspian Sea to the south-east to the
foothills of the Tien Shan [1]. The main host of plague in the Central Asian desert hearth is the great gerbil
Rhombomys opimus, and its main vectors are fleas of the genus Xenopsylla [1, 2, 3]. The number and
distribution of fleas depend on many different factors: natural and climatic, hydrological regime and soil
structure, species, physiological state and gender-age characteristics of the host-feeder [4-7].

Fleas of the genus Xenopsylla, widely distributed in many countries of the world, are the most
numerous, frequently occurring and play an important role in the circulation of zoonotic agents in natural
foci [8, 9]. Fleas of Xenopsylla can feed on many species of animals, including synanthropic animals, and
may participate in the circulation of zoonotic pathogens in domestic animals and humans [10].

Fleas of Xenopsylla belong to a family with a relatively wide range, typical for fauna of tropical and
subtropical belts [8, 9]. They are found in Kazakhstan, Turkmenistan, Uzbekistan, as well as in the deserts
of northern Mongolia, northwest China, eastern Iran, northern Afghanistan and Pakistan. Xenopsylla
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gerbilli minax living in China are genotyped [11], while typing of the genome of fleas of the genus
Xenopsylla in the Central Asian desert plague focus in Kazakhstan has not been previously conducted.

All of the above together served the purpose of our research - to study the genetic and phenotypic
diversity of ecological populations of the plague pathogen transmission fleas from autonomous foci of the
Central Asian natural desert plague focus.

Material and research methods. Studies in the foci were conducted in accordance with the Sanitary
Regulations "Sanitary and epidemiological requirements for the organization and conduction of sanitary
and epidemiological (preventive) measures to prevent infectious diseases (plague, cholera)," approved by
the Government of the Republic of Kazakhstan on January 12, 2012 Ne 32 and the Resolution of the Chief
State Sanitary Inspector of the Republic of Kazakhstan from 27. 11. 2015 Ne 20 "About the sanitary-
epidemiological and prophylactic measures in the territory enzootic by plague of the Republic of
Kazakhstan for 2016-2020.

The material for work served as fleas of genus Xenopsylla caught by employees of anti-plague
stations in three autonomous foci of the Central Asian natural desert plague focus (Pre-Pre-Balkhash,
Betpakdala and Pre-Ustyurt) at carrying out of annual planned epizootological inspection of territories of
natural foci of Kazakhstan on plague according to Sanitary rules. Fleas from the collection of the zoo-
parasitological museum of the Masgut Aikimbaev’s National Scientific Center from the Pre-Pre-Balkhash,
Pre-Ustyurt, Betpakdala and Tienshan plague foci were also studied.

For morphometric studies 681 specimens of fleas of three species of the genus Xenopsylla
(X. hirtipes, X. skrjabini, X. gerbilli minax) were selected and studied from territorially isolated from each
other in the Pre-Balkhash, Betpakdala, Pre-Ustyurt and Tienshan autonomous foci.

For species identification and morphological analysis preparations from fleas were done using
standard methods [12]. Head and bristles of the head were measured using photos of flea preparations
using the Imagel] program [13]. For correct interpretation of the results of the analysis, we used signs
whose variability does not depend on body size [14-16]. In the preliminary stage meristic features that
have a discrete variability were selected, and vary within certain limits, and represent one of the
characteristic features of the external appearance of insects, allow to analyze the variability, do not
undergo changes during the life of an imago: head length, distance between the eye and parietal bristles
and distance between parietal and angular bristles.

Multiple linear regression was used to evaluate the impact on the listed phenotypic features of the
trapping site (region) and sex of insects. Data processing was performed in a free statistical environment
R version 4.0.0 with a graphical shell R Studio [17].

For genetic analysis, 22 specimens identified as X. gerbilli minax were selected from three isolated
plague foci (table 1).

Table 1 - Flea samples taken for genetic analysis

Code Coordinates Autonomous focus
11-B1 10 I1-1, BB-225. Muyunkum N44°30'305” E77°25'3802" Pre-Pre-Balkhash
11-B2 10 I1-1, BB-225. Muyunkum N44°30'305” E77°25'802" Pre-Pre-Balkhash
11-B3 11 I1-4, 5B-226. Muyunkum N44°31'140" E77°26'368" Pre-Pre-Balkhash
11-B4 11 I1-4, BB-227, Muyunkum N44° 31' 328" E77°25'928" Pre-Pre-Balkhash
1I-B5 13C-bb-220, Malaisary N44° 31'328" E77°25'928" Pre-Pre-Balkhash
11-B6 13C-BB-220, Malaisary N44° 31'328” E77°25'928" Pre-Pre-Balkhash
11-B7 13C-2, 6b-222, Malaisary N44°18'249" E77°08'137" Pre-Pre-Balkhash
II-Sh1 - II-Sh15 N 45°12', E 67°25"; N 45°38', E 69°21' Betpakdala

DNA was isolated from separate specimens using Qiamp DNA minikit for tissue protocol (Qiagen,
Hilden, Germany). The samples were previously homogenized by shaking with a glass and steel ball and
TissueLyser using the protocol.

Composition of the reaction mixture: Insect-A-tLEU and Insect-B-Tlys primers with 20 pmols each in
the reaction; 75 mMTris-HCI (pH 8.8 at 25°C), 20 mM (NH4)2S04, 0.01% (volume/volume) Twin 20;
DNTF in concentration of 200 nM each; 2 units of Taq DNA polymerase; magnesium ions 2.5 mM;
R. opimus DNA - 3 ng. PCR amplification program: prolonged denaturation 95°C - 3 minutes; 35 cycles
95°C - 20 seconds, 59° - 30 seconds, 72°C - 1 minute; final elongation 7 minutes at 72°C.
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Purification of PCR products was carried out by enzymatic method using Exonuclease I (Ferments)
and alkaline phosphatase (Shrimp Alkaline Phosphatase, Ferments) (Werle et al. 1994). Sequencing was
performed by using the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applide Biosystems) and the
primers used for PCR amplification, according to the manufacturer's instructions. Fragment separation was
carried out on a 3730xl DNA Analyzer (Applide Biosystems) automated genetic analyzer. Quality
assessment and assembly in contigs was performed by using SeqScape 2.6.0 (Applied Biosystems).

Phylogenetic analysis was performed using MEGA 7.0 software. Using the maximum likelihood
method, the Tamura 3-parameter model, discrete Gamma distribution, and Bootstrap 1000. Due to shorter
gene fragments of other species of fleas from the NCBI database 651 b.p were used for phylogenetic
analysis.

Results. For morphometric studies, 681 specimens of fleas of Xenopsylla genus were divided by
species, each species was divided into groups at the place of sampling. Each species was considered
separately.

X. gerbilli minax in the plague foci of Kazakhstan is distributed from the middle current of the Syr-
Darya river to the east through the Betpakdala desert, Kyzylkum and Moyynkum sands, reaches the
Karatal river, then interrupts and the most eastern part of the range lies between Alakol lake and the
eastern border with the People's Republic of China (figure 1).
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Figure 1 - Distribution of X. gerbilli minax in Kazakhstan

368 specimen fleas of this species were divided into 3 groups in their habitat - 147 specimen fleas
collected from the Pre-Balkhash autonomous plague focus, 71 specimens - from the Betpakdala
autonomous plague focus, 150 specimens - from the Tianshan autonomous plague focus, located on the
territory of the People's Republic of China, kept in the zoo-parasitological museum of the Masgut
Aikimbayev National Scientific Center of Especially Dangerous Infections.

X. gerbilli fleas sampled in Dzungarian autonomous plague focus, statistically significantly differed
from the fleas of the same species from other foci by the distance between parietal and angular bristles
(p = 0.00149), including after stratification by sex (p = 0.00007).

The area of X. hirtipes in plague foci of Kazakhstan occupies much smaller territory in comparison
with X. gerbilli minax and is mainly connected with sandy areas (figure 2).

137 specimens of fleas of this species were divided into 3 groups in their habitat - 105 specimens of
fleas collected from the Pre-Balkhash autonomous plague focus, 27 specimens - from the Betpakdala
autonomous plague focus. For comparative assessment, we also studied 5 specimens of fleas from the
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Tienshan plague focus located in the territory of the People's Republic of China, stored in the zoo-
parasitological museum of the Masgut Aikimbayev National Scientific Center of Especially Dangerous

Infections.

X. hirtipes fleas sampled in the Pre-Balkhash and Betpakdala foci statistically significantly
differed from the fleas other foci by the distance between the ocular and parietal bristles (p = 0,00126 and
0,00025 respectively), as well as by the distance between the parietal and angular bristles (p = 0.00138 and

0.00402 respectively), including after stratification by sex (p = 0.0525 and p = 0.02127).
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Figure 2 - Distribution of X. hirtipes in Kazakhstan

The area of X. skrjabini occupies a significant part of the plague foci of Kazakhstan and stretches
from the north-western coast of the Caspian Sea to the east to the southeast border with China on the

eastern border with the People's Republic of China (figure 3).
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Figure 3 - Distribution of X. skrjabini in Kazakhstan
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176 specimens of fleas of this species were divided into 4 groups in their habitat - 72 specimens of
fleas collected from the Pre-Balkhash autonomous plague focus, 56 specimens - from Betpakdala and
13 specimens from the Pre-Ustyurt plague focus. For comparative assessment, we also studied
35 specimens of fleas from the Tienshan plague focus, located in the territory of the People's Republic of
China, stored in the zoo-parasitological museum of the Masgut Aikimbayev National Scientific Center of
Especially Dangerous Infections.

X. skrjabini fleas from Betpakdala, Pre-Balkhash and Pre-Ustyurt foci of Kazakhstan do not
statistically significantly differ by the distance between the ocular and parietal bristles. Fleas caught in
Betpakdala focus statistically significantly differ from other fleas in terms of head length (p=0, 0355) and
distance between parietal and angular bristles (p=0,0181).

Genotyping and search for population diversity and genome features of the genus Xenopsylla were
performed by analyzing a fragment of the COII gene nucleotide sequence. Phylogenetic analysis clustered
22 samples from Kazakhstan into one treasure with X. gerbilli minax samples. Samples with code A4, AS,
A2, A3 and A10 are located in the same branch. The remaining 17 sequences are completely identical to
the samples from China.
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Discussion. There is an opinion that X. skrjabini, X. gerbilli minax and X. hirtipes branched off in the
second half of the Pleistocene from X. gerbilli gerbilli, which penetrated the territory of Kyzylkum with
great gerbils from the Western Asia. With the penetration of great gerbils to the north distribution of fleas
to new territories took a place and currently species of Xenopsylla genus within their ranges are unevenly
distributed, which is probably due to the environmental, natural and climatic factors [18].

The study of morphological features of flea species sampled at geographically remote sites has
revealed a number of significant differences in size of the head and distance between the parietal and
ocular bristles, as well as between the parietal and angular bristles.

Based on the conducted studies, we can assume that studied flea species belong to different regional
complexes — Pre-Balkhash, Pre-Ustyurt, Betpakdala and Tienshan foci.

Genotyping has shown that fleas Xenopsylla gerbilli minax from China, Western Betpakdala and
Southern Pre-Balkhash are a separate autonomous group of populations.

Conclusions.

e X skrjabini fleas caught in different autonomous foci do not statistically differ from each other
in phenotypic features and probably belong to the same population group.

e X gerbilli minax fleas caught in the Dzungarian autonomous focus are statistically significantly
different from the fleas of their species from other foci by the distance between the parietal and angular
bristles, which may indicate the formation of an independent population of X. gerbilli fleas in the
Dzungarian autonomous plague focus.

e X hirtipes fleas caught in the Pre-Balkhash and Betpakdala foci, statistically significantly
different from the fleas of the same species from other foci on the basis of the distance between the eye
and parietal bristles, as well as the distance between the parietal and angular bristles, which may indicate
the formation of an independent population of fleas of the X. hirtipes in the Pre-Balkhash and Betpakdala
plague foci.

The research was carried out under the grant of the Ministry of Education and Science of the
Republic of Kazakhstan AP05133153 "Popular ecological variants of the host, vector and plague
pathogen in the Central Asian natural desert plague focus".
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OPTAJIBIK A3UA TABUT'U IOJIJAI OBA OIHNATBI ABTOHOM/IbI OITAKTAPBIHBIH
XENOPSYLLA GLINKIEWICZ, 1907 (SIPHONAPTERA, PULICIDAE) TYKBIMJIAC BYPTE
nonyJasausaACbIHbBIH MOP®OJIOTI'USJIBIK ’KOHE ®EHOTHUIITIK EPEKIIEJIKTEPI

Annoranus. Xywmreicta Xenopsylla TykpiMmac OypreHiH kenOip MOpQoNOTHsUTEIK Oenriiepi MEH TeHOTHIITIK
epEeKIIENTIKTEePiH 3epTTey HOTIXKeNepl Kenecinen kenripinren: X. gerbilli minax, X. skrjabini, X. Hirtipes — 0o6aHBIH
Optanblk A3us TaOWFW IIOJAI OIIAFBIHIAFBl HETI3rl TachIMaJJaymIbICEl OOJNBIN caHajamel. [lomynsmusuibiK
epEeKIIeNTIKTep i aHbIKTAY YIIiH ajFamr peT Image] kommproTepiik O6armapiamMackl apKbUIBI MOPGOIOTHAIBIK TalAay
xone RStudio rpadukansik opraceiMer R 4.0.0 HYCKACBIHBIH €PKiH CTATHCTHKAJIBIK OPTACBIHIA EPEKTEPi OHICY
xoHe Ycriprangsl, bernaknana sxoHe bankain MaHbl aBTOHOM[bI OIIAKTapbiHa ycranrad Oypre reHi COIl reHiHig
HYKJICOTHATEP Ti30eriHiH (parMeHTiHe IeHEeTHKANIbIK Tallaay *acaablk. Kasakcranaa oOaHbIH HETI3ri TackMalaay-
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HIBICBIHBIH, MOP(OMETPHUSUIIBIK KOPCETKIIITEPIH 3epTTey HOTHKeciHAe Xenopsylla TykpiMaac OypreHiH yiI TYpiHiH
KeJecijieil JxeKe MomysusuIapbl aHplkTanapl: bernaknana sxone bankam MaHb! nonyssiiusiiapsl — X. gerbilli minax
xoHe X. hirtipes, connaii-ak bankain manpl, bernakmana sxone Y CTipTanabl MOMyJIsusuiapel — X. skrjabini.

Tyiiin ce3nep: Oypre, Xenopsylla, 06a, moppometpusi, JIHK, reHOTHIITSY, TOMYJISIIHS.
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MOP®OJIOTMYECKUE U TEHOTUITMYECKUE OCOBEHHOCTH MONYJISIANA BJIOX
POJA XENOPSYLLA GLINKIEWICZ, 1907 (SIPHONAPTERA, PULICIDAE) U3 ABTOHOMHBIX
OYAT'OB IEHTPAJIBHO-ASUATCKOI'O TIPUPOJHOI'O ITYCTBIHHOI'O OYAT A YYMbI

AHHOTanusi. B cratbe mpuBeAEHBI pPE3yabTaThl H3YUYCHUS HEKOTOPBIX MOP(OIOTHYECKUX IPHU3HAKOB W
TeHOTHIIMYECKUX OcoOeHHOCTel Omox poma Xenopsylla: X. gerbilli minax, X. skrjabini, X. hirtipes - OCHOBHBIX
MEPEHOCUNKOB B lleHTpanbHO-A3MAaTCKOM MPUPOJHOM IyCTHIHHOM ouare dYyMmbl. C I€Ibi0  BBIIBICHUS
HOIYJIILIMOHHBIX OCOOCHHOCTEH BIIEpBBIE HAMM OBUIM NPEANPUHATHI IONBITKH MOP(OJOrHYecKOro aHaim3a C
TIOMOLIBIO KOMITBIOTEPHOM NporpammMbl Image) 1 00paboTKK JaHHBIX B CBOOOIHON CTaTHCTHYECKOM cpene R Bepcun
4.0.0 c rpaduueckoii cpenoii RStudio m reHermueckoro ananuza (parMeHTa HYKJICOTHIAHOW IOCIEI0BATEIbHOCTH
COllrena 6mox, omnoBineHHbix B Ilpeayctioprckom, bermakmanuuckom u [IpubaixaiickoM aBTOHOMHBIX O4arax
yyMbl. B pesynprare wuccienoBaHuss MOpP(QOMETPUYECKHX IT0Ka3aTeNied OCHOBHBIX IIEPEHOCUYMKOB UYyMBI B
Kazaxcrane ObUIN BBIAEIEHBI CAMOCTOSTEIBHBIE TIOMYJISILMN TPEX BUIOB 010X posa Xenopsylla: bernaknanuackue n
[Mpubanxanickne nonymsauun X. gerbilli minax w X. hirtipes, a tawke Ilpubanxanickas, bermaknanuHckas u
[penycriopTckas nomymsun 61ox X. skrjabini.
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Information about authors:

Zhaure Sayakova, Candidate of Biological Sciences, Head of the Department of Epizootology of Particularly Dangerous
Infections with a museum and insectariums M. Aikimbaev National Scientific Center for Especially Dangerous Infections
(NSCEDI), Almaty, Kazakhstan; zzsayakova@mail.ru; https://orcid.org/0000-0003-1107-6345;

Alexandr Shevtsov, PhD, Head of Laboratory, National Center for Biotechnology, Nur-Sultan, Kazakhstan;
ncbshevtsov@gmail.com; https://orcid.org/0000-0002-0307-1053;

Bakyt Atshabar, PhD, Dr. habil. med., Chief Researcher of the Department of BioSafety and BioDefense, NSCEDI, Almaty,
Kazakhstan; batshabar@gmail.com, https://orcid.org/0000-0002-5533-8805;

Altyn Rysbekova, master's degree, microbiologist of the Department of rapid diagnostics and indication of particularly
dangerous infections, NSCEDI, Almaty, Kazakhstan; rysbekova23@mail.ru, https://orcid.org/0000-0002-8684-3425;

Andrey Kuznetsov, Candidate of Medical Sciences, Head of Laboratory Chief Researcher of the Department of BioSafety
and BioDefense, NSCEDI, Almaty, Kazakhstan; ank69@inbox.ru, https://orcid.org/ 0000-0003-2354-533X;

Veronika Sadovskaya, Head of Laboratory of Geoinformation Systems, Technologies and Biostatistics, NSCEDI,
versad@mail.ru, https://orcid.org/0000-0001-8389-9362;

Erlan M. Ramankulov, PhD, General Director, National Center for Biotechnology, Nur-Sultan, Kazakhstan;
ramanculov@biocenter.kz, https://orcid.org/0000-0001-6791-4497;

Sabyr T. Nurtazhin, PhD, Dr. of Biological Sciences, Professor, Al-Farabi Kazakh National University,
nurtazin.sabir@gmail.com, https://orcid.org/0000-0002-3011-6851;

Aigul Abdirasilova, Leading Researcher, Office of Diagnostic Products, Production Department, NSCEDI, Almaty,
Kazakhstan; aigul.abdirassilova@mail.ru, https://orcid.org/0000-0001-7308-2113;

Aydin Eszhanov: PhD, Leading Researcher of the Department of Epizootology of Particularly Dangerous Infections with a
museum and insectariums, NSCEDI, Almaty, Kazakhstan; aidyn.eszhanov@gmail.com, https://orcid.org/0000-0001-6572-5668



ISSN 1991-3494 1.2021

REFERENCES

[1] Atshabar B. B., Burdelov L. A., Sadovskaya V. P., Ageev V. S., Aubakirov S. A., V. G. et al. (2012). Atlas of the spread
of especially dangerous infections: 232 (in Russ.).

[2] Vashenok V.S. (1988) Fleas are carriers of pathogens of human and animal diseases: 161 (in Russ.).

[3] Reijniers J, Begon M, Ageyev VS, Leirs H. (2014) Plague epizootic cycles in Central Asia. Royal society publishing;
10(6). rsbl.royalsocietypublishing.org Biol. Lett. 10: 20140302 (in Eng.).

[4] Alonso R, Ruiz M, Lovera R, Montes De Oca DP, Cavia R, Sanchez J.P. (2020) Norway rat (Rattus norvegicus)
ectoparasites in livestock production systems from central Argentina: Influencing factors on parasitism // Acta Tropica. 203.
105299: 1-9 (in Eng.).

[5] Krasnov B. R., Burdelova, N. V., Shenbrot, G. 1., & Khokhlova, I. S. (2002) Annual cycles of four flea species in the
central Negev desert // Medical and veterinary entomology. 16(3): 266-276 (in Russ.).

[6] Rust M. K., Dryden, M. W. (1997) The biology, ecology, and management of the cat flea. Annual review of entomology.
42(1): 451-473 (in Eng.).

[7] Laudisoit A., Leirs, H., Makundi, R. H., Van Dongen, S., Davis, S., Neerinckx S., Libois, R. (2007) Plague and the
human flea, Tanzania. Emerging infectious diseases. 13(5): 687 (in Eng.).

[8] Medvedev, S. G. (1996) Geographical distribution of families of fleas (Siphonaptera) / Entomological Review. 76(8):
978-992 (in Russ.).

[9] Medvedev S.G. (2009) Flea taxonomy, geographical distribution and evolutionary paths // Proceedings of the Zoological
Institute RAS. 3(313): 273-282 (in Russ.).

[10] Marcos Antonio Bezerra Santos, Barbara Cristina Felix Nogueira, Ricardo Seiti Yamatogi, Rafael Antonio Nascimento
Ramos, Juliana Arena Galhardo, Artur Kanadani Campos. (2020) Ticks, fleas and endosymbionts in the ectoparasite fauna of the
black-eared opossum Dipelphis aurita in Brazil // Experimental and Applied Acarology. https://doi.org/10.1007/s10493-020-
00468-4 (in Eng.).

[11] Chang Shua, Mengmeng Jiangb, Meihua Yangc, Jun Xud, Shanshan Zhaoa, Xiaoping Yine, Baoju Wangf, Jinliang
Shengb, Yuanzhi Wanga. (2020) Flea surveillance on wild mammals in northern region of Xinjiang, northwestern China //
Parasites and Wildlife. 11: 1216 (in Eng.).

[12] Joff IG, Mikulin MA, Skalon OI. (1965) Key to fleas in Central Asia and Kazakhstan. M.: publishing house Medicine:
369 (in Russ.).

[13] Mytsik A.V. (2011) Using Imagel] for automatic morphometry in histological studies. - Omsk Scientific Bulletin.
Ne 2(100): 187-189 (in Russ.).

[14] Korzun V.M., Tokmakova E.G., Fomina L.A., Sotnikova T.V. (2009) Population organization of the population of
specific flea species of the Mongolian pika in the Altai Mountains // News of Irkutsk State University. Series «Biology. Ecology».
Vol. 2. - Ne 1: 108112 (in Russ.).

[15] Korzun V.M., Tokmakova E.G., Mikhailov E.P., Mashkovsky 1.K. (2009) Relationship between the level of fluctuating
asymmetry of the flea Amphalius runatus and manifestations of plague epizootics in the Gorno-Altai natural focus // Journal of
Infectious Pathology. 16(3): 27-33 (in Russ.).

[16] Korzun V.M., Tokmakova E.G. (2010) Discrete variability of some elements of the flea Amphalius runatus
(Syphonaptera) chitinous exoskeleton // Baikal Zoological Journal. 2(5): 24-27 (in Russ.).

[17] Mastitsky S.E., Shitikov V.K. 2014Statistical analysis and data visualization using R. Heidelberg. London — Tolyatti:
401 (in Russ.).

[18] Serzhanov O.S., Zolotova S.I., Maslennikova Z.P. (1981) About the most important factors determining the range of
fleas of the genus Xenopsylla great gerbils in Central Asia and Kazakhstan. "Ecology and medical significance of gerbils of the
fauna of the USSR" Abstracts of reports of the II All-Union meeting on the ecology and medical significance of gerbils - the most
important rodents in the arid zone: 203-207 (in Russ.).




Bulletin the National academy of sciences of the Republic of Kazakhstan

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 1, Number 389 (2021), 66 — 73 https://doi.org/10.32014/2021.2518-1467.9

UDC 504.75
IRSTI 87.01

G.B. Toychibekova', A. Kaldybaeva', K.Gul?

! Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan;
2 Environmental advocacy Bureau, Antalya, Turkey.
E-mail: nurlibek.abdimutalip@ayu.edu.kz

RESEARCH OF GROWTH, DEVELOPMENT AND PRODUCTIVE
PROCESSES OF PLANTS GROWN IN BIOCONTAINERS

Abstract. In the article, biocontainers consist of an optimal amount of organic, environmentally friendly
substances necessary for the growth of plants, without chemical additives. Their composition is mainly biohumus, in
terms of dry matter is about 95%, treated with biohumus agricultural waste and cattle manure with the help of
California red worms. When planting seedlings, biocontainers were created conditions that positively affect their
output. Their seeds and seedlings have well stored energy from the process of point feeding and quickly formed a
strong root system. The use of biocontainers with a real volume of components leads to economic efficiency in
saving fertilizers, does not threaten the cleanliness of the environment and products. In addition to environmental
impacts, soil pollution is associated with high economic losses associated with reduced crop yield and quality.
Prevention of soil pollution should prevail throughout the world. Most pollutants are the result of human activity.
Ecological and agrotechnical justifications for the creation of biocontainers of optimal composition of various sizes
have been developed and the possibility of growing agricultural plants in the field has been proved. Biocontainers
also contribute to the rapid growth of vegetables and increase productivity. When using biocontainers in the field of
agriculture, the need to feed plants with additional mineral and organic fertilizers is reduced by about three times. It
is proved that the technology of creating biocontainers of optimal composition for planting highly productive plants
with high biological potential has acquired practical value. The use of biocontainers with a real volume of
components leads to the economic efficiency of saving fertilizers.

Keywords: biocontainer, soil, fertilizer, erosion, biohumus, mineral, pollution, degradation, productivity,
plants.

Introduction. The agro-industrial complex (AIC) is one of the most important factors affecting the
environment. The impact of the agro-industrial complex on the environment consists in the intensification
of agricultural production, in particular, the mechanization of many processes, pumping and
chemicalization of the territory, and water reclamation. Taking into account the state of waste generation
in agro — industrial production, it should be noted that the main part of waste falls on the animal and water
industry - 56%, crop production - 35.6%, poultry - 3.7%, manufacturing-4.7%.

The main areas of negative impact of agro-industrial enterprises:

e formation of previously formed physical organs and substances;

e the appearance of industrial noise;

e pollution of the atmosphere and lithosphere by various industrial emissions and wastes;

e pollution of the hydrosphere by industrial wastewater, as well as depletion of fresh water;

e consumption of non-renewable natural resources;

e withdrawal of land resources for objects;

e creation of a certain adverse environment at production facilities that is harmful to human health
and dangerous to his life [1-5].

Currently, 95 million hectares of land are characterized by a low level of humus, subject to wind and
water erosion-70%, surface and watered soils-20%, salty soils-8%, highly toxic soils-44% (figurel).
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Figure 1-the level of humus that is located on the surface of the Earth

In addition to environmental impacts, soil pollution is associated with high economic losses
associated with reduced crop yield and quality. Prevention of soil pollution should prevail throughout the
world. The vast majority of pollutants are the result of human activity, so we are directly responsible for
changing the situation, reducing pollution and ensuring a safe future for our environment.

Soil contamination may be the result of inappropriate agricultural practices. Improper farming
practices reduce soil organic matter reserves and damage their ability to reduce organic pollutants. This
increases the risk of pollutants entering the environment. In many countries, intensive crop production
reduces soil that threatens future production opportunities in these areas. Therefore, the stability of
agricultural production has become a prerequisite for restoring the anti-wear process and ensuring global
food security for present and future generations [6-8].

Reclamation consists of two main stages: agrotechnical planning, formation of slopes, removal and
use of fertile soil cover, installation of hydraulic and reclamation installations, elimination of toxic
pollution and creation of necessary conditions for further economic use of reclaimed land [9-12]. The
biological period includes a complex of agromeliorative and phytoreactivation measures aimed at
improving the agrophysical, agrochemical, biochemical and other properties of soils. This is the main
stage of land reclamation, since the soil must create the same conditions for the favorable development of
plants and ensuring the life of microorganisms. Organic and mineral fertilizers should be used in the soil,
and greenish-dung fields should be used to create a favorable environment for the development of soil
microflora (figure 2).

The object of research relates to the field of agriculture, in particular, to the branch of crop production
and can be used in technologies for planting and growing plants using biocontainers, when sowing seeds
of agricultural crops, garden, medicinal or ornamental plants, planting roots, tubers, bulbs or tubers, when
planting in the soil reduced green or silage cuttings of various crops and when planting seedlings of plants
grown in greenhouses [13].

It is known that a biocontainer for planting seeds or plants, the material of which has a pressed shell
of biologically absorbable substances. In the shell of the biocontainer (for example, a spherical shape), a
blind cavity is made to accommodate the fruits of plants. The biocontainer also contains a compacting
element of forming biologically absorbing substances, part of which contains mineral elements,
biologically active substances [14].

Norm-forming biologically absorbed substance, as a rule, is crushed to a powdery type with a particle
size of no more than 2.5%3 mm and dried to a rash in proportions that ensure the best squeezability and
normal safety when assembling and transporting biocomposers, peat or their compounds. The biocontainer
used for pressing the biocontainer taking into account possible natural impurities, biocompos, peat or a
mixture of them, is at least 97% of the weight (in terms of dry matter) of the forming biologically
absorbed substance. The biocontainer material does not contain additional binders, as they impair the
growth of seeds and slow down the further development of plants. The required strength and transport of
the biocontainer is provided by selecting the sealing mode of its shell. Pressing is performed on a rotating
rotary press with an average capacity of 100 kg/cm?. In this case, the humidity of the compressed mixture
should be within 25-30%. Depending on the humidity and dispersion of the pressed material, its volume is
reduced by 2-4 times during pressing.
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Figure 2 - Indicators of mineral and organic fertilizers application (1000T))

When a biocontainer is introduced by seed or plant germination into a soil with low humidity (often
occurs during a spring drought), the shell of the biocontainer is mechanically destroyed due to its high
density (i.e., it breaks up into separate fragments) too slowly. Additional watering also does not solve
problems, since the moisture evaporates partially, and the material of the biocontainer shell, without
having time to absorb, is partially removed to the deep layers. This leads to the fact that when planting
fast-growing and fast-growing crops (for example, legumes), the growth of plant roots is faster than the
process of fragmentation and complete destruction of the biocontainer shell. This prevents the rapid
growth of plants. In addition, some of the intensively growing roots of the plant may come out of the zone
where the fragments of the biocontainer are located, which are not yet completely disintegrated. As a
result, there is a loss of the possibility of obtaining plants at the early stages of development of
biologically absorbed substances embedded in the material of the biocontainer shell [15].

In this case, the volume of the cavity divided by the planting material in the biocontainer always
selects a large volume that in this cavity exactly leads to the planting material (or its root system, if root
vegetation is planted). This ensures better conditions for breathing of the planting material, and reduces
the possibility of damage to the planting material when the volume of the cavity changes with fluctuations
in temperature and / or humidity in the storage.

Methods of research. General requirements for methods for determining soil pollutants are regulated
by SST 17.4.3.03-85. Sampling, transportation and storage of samples for analysis in accordance with SST
17.4.3.01-83. Sampling is carried out to control soil contamination and assess the quality of natural and
disturbed soil connections. Indicators to be monitored are selected from those specified in SST 17.4.2.01-81
and SST 17.4.2.02-83. Sampling for chemical, bacteriological and helminthological analyses is carried out
at least once a year. Sampling for the control of heavy metal contamination is carried out at least once
every 3 years.

Salts, mineral fertilizers. In unorganized nitrates are determined by the method of Ag, VA, P,
N-Dumas. For the determination of nitrogen in pure sodium nitrate and sodium nitrate, the titrimetric
method is used after dissolving the sample and passing it through a cationic column.

Results and discussion. Biocontainers consist of highly active biological components, such as
humus, peat, and various soil impurities obtained from the soil where plants grow that act as natural
fertilizers. After these components and special binding organic compounds have the same properties as
clay, which is convenient for plastic processing, cylindrical or spherical shapes are formed.In some cases,
mineral fertilizers, such as phosphate, potassium, and others, are mixed into biocontainers intended for use
in non-fertile soils of very poor content.

In our work, biocontainers consist of an optimal amount of organic, environmentally friendly
substances necessary for the growth of plants, without chemical additives. Their composition contains
mainly biohumus, in terms of dry matter is about 95%, which we obtained biohumus by the method
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mentioned in the previous section, that is, agricultural waste and cattle manure treated with California red
worms (figure 3).

The content of nutrients in biocontainers is as follows: nitrogen (N) at least-0.7%; phosphorus (P) - at
least -0.6%; potassium (K) at least - 0.9%; pH-7.0. by microelement composition: Zn, Gu, Mn, Mo, B, Fe,
Se. the Biocontainer has a shell of one or more impurities from several compacted biological substances
available for planting plant material. The shell material contains absorbent granules that absorb water in
the soil. Creates optimal conditions for growing seed seeds in the initial, critical period. Provides optimal,
favorable conditions for seed growth and further development. The "Biohumus" granule (biocontainer)
consists of an optimal amount of organic, environmentally friendly substances, without the addition of
chemical impurities necessary for plants, which is based on" biohumus " from cattle manure (cattle),
enriched with a very useful microflora, enzymes and vitamins from the strings of earthworms.

Figure 3-Optimal composition of biocontainers

According to the developed technology biocontainers have the following properties:

- ensures the reproduction and production of highly productive plants on fertile soils;

- protects against adverse factors of the external climatic environment, including frosts and droughts;

- saving the amount of fertilizers in terms of economic efficiency and funds for their purchase, since
the seeds or seedlings of plants consume nutrients in the biocontainer;

- reduces the number of weeds that cause the greatest harm in the field of agriculture, reduces the
number of diseases and pests, respectively, reduces the cost of fighting them;

- additionally reduce the number of thin sprouts and seedlings.

The use of biocontainers with a real volume of components leads to economic efficiency in saving
fertilizers, does not threaten the cleanliness of the environment and products.

Granules of dried biologically decomposed absorbent (i.e. before they enter the wet environment) in
the soil have a solid consistency and do not reduce its strength after pressing when adding the biocontainer
material to 2.5-3%. At the same time, for the shell material of the biocontainer, the granules of such an
absorber are not a passive filler. On the contrary, they actively interact with the other components of the
biocontainer shell material, in particular with the biocompost and peat. For example, the latter contain
significant microfibre. This microclimate due to its capillary structure, in the initial stage of absorption of
moisture from the soil biocontainer actively applies moisture directly to the granules of biodegradable
absorbent, swelling in the soil in deep layers of the shell from the outer surface of the shell of the
biocontainer. Since the rate of edema of this absorbent exceeds the rate of edema of the biocontainer shell
material with the participation of soil moisture (water and/or water solutions of mineral and organic
substances), the biocontainer grains that swell in the soil increase their volume faster compared to the
biocomposer and peat particles. This is provided by acute mechanical destruction of the biocontainer shell
and rapid contact of the fruit, tubers, bulbs, etc. (or the root of the plant) with soil moisture and soil
nutrients. When the biocontainer shell is destroyed, the granules of a biodegradable absorbent that is
oozed in the soil can reach soil moisture (i.e., in water and aqueous solutions of mineral and organic
substances) and become active in their volume, leaving it on the deep layers of the soil or uselessly giving
off evaporation.
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At the beginning of the field season, biocontainers are planted with plant seeds (or other planting
materials) on moist soil. In case of insufficient humidity of the initial soil, additional irrigation works are
carried out. When providing water for 60-80% after placing moisture in the soil, the biocontainer increases
by at least 1.5-2.5 times. Due to the lack of adhesives or other binders in the biocontainer material, it
quickly absorbs the substance under the action of elastic forces for several hours (with excess soil
moisture) or up to several hours (with a lack of soil moisture), increasing the volume and gradually begins
to decay. As a result, a favorable microclimate is created around plant seeds or seedlings, and the seeds are
provided with full primary nutrition. In addition, the biocontainer prevents the reproduction of weeds and
protects plants from diseases, cold, bumps and infections in the early stages of development.

Since the Biocontainer is a complex dimensional structure, eventually, after complete mechanical
decomposition of the outer shell in the soil, due to the spread of biohumus and bentonite in the soil
homogeneous, it leads to a good development of plant nutrients and moisture-saving root systems.

The bottom of the biocontainer is covered with soil, so it is covered with plant seeds, the top is
covered with additional soil, which is left to the surface by two or three millimeters. The biocontainers are
planted at a depth of 5-7 cm for large seeds (corn, cucumber, pumpkin, etc.) and 4 cm for small seeds
(tomatoes, peppers, onions, etc.). Then the pit with the biocontainer fills 200-300 ml of water, wait for one
to three minutes and is covered with soil. For growing seedlings, biocontainers can be placed in boxes or
in bundles. In this case, no additional soil is used. Biocontainers are filled with water, after a while they
are swollen and get the entire volume. After watering in wet soil, the biomolecular bonds of the
biocontainer are destroyed and disintegrated. An extensive environment for breathable, nutritious
substances is formed around the seeds, which forms a cell about twice the original size.

From the above examples, it is established that the results obtained from the use of biocontainers in
accordance with the presented technology are not ordinary research work in comparison with the product
grown in ordinary soil. On the contrary, the result obtained significantly exceeds the sum of the above
results, which is explained by the presence of a synergistic effect associated with the complex interaction
of the plant with the components of the biocontainer.

When seeds are shown on biocontainers, conditions are created that promote their output. Their seeds
store energy well from the point feeding process and quickly form a strong root system. Due to the fact
that the soil around the vegetation is not fertile, the growth of weeds slows down sharply. Biocontainers
also contribute to the rapid growth of vegetables and increase productivity. When using biocontainers in
the field of agriculture, the need to feed plants with additional mineral and organic fertilizers is reduced by
about three times. For example, to get a large crop in a fertile soil, carrots are enough to place
biocontainers with seeds on the edges and cover with soil. At the initial stage of vegetative propagation of
seeds, Biocontainerde nutrients and in the process of all production etilgendiginen profitability of
1.5-2 times, which will ensure (figure 4).

Figure 4-Technology of growing plants in Biocontainers
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The biocontainer after a complete mechanical destruction of the soil nutrient particles biocompost,
peat and pellets, feed moisture biodegradable substances in excess of the soil are distributed spatially
evenly in the soil and are directly in the vicinity of the root system of the developing plants. Thus, around
the plant at the initial stage of its development, a local zone is created, saturated with moisture and
nutrients, and it does not need to spend its limited energy resources (at the juvenile stage of development)
and nutrient reserves for long-term nutrition and searching for sources of moisture. The shell material
contains seeds or biocontainers for planting plants containing a shell of several formative biologically
absorbing substances or pressing material, the rate of edema in the soil exceeds the rate of edema and the
absorption capacity of the biocontainer shell material, respectively, the rate of edema exceeds the rate of
edema and the absorption capacity of the biocontainer shell material, respectively.

A biocontainer is a ball of compressed fertilizer components and trace elements with a diameter of
two centimeters. It includes all the things necessary for a powerful start of the plant and its further
development. After watering, the biocontainer's molecular bonds are broken in the wet soil and begin to
decay, creating an air-nutrient biomass that exceeds 2-2. 5 times the original volume of the container
around the fruit placed in the biocontainer. The plant will receive a powerful boost for healthy
development. At the same time, the nutrient shell protects the vegetation from infection in the early stages
of development.

Conclusion. When planting seedlings of the bio containers are created conditions favourable for their
departure. Their seeds and seedlings store energy well from the point feeding process and quickly form a
strong root system. Ecological and agrotechnical justifications for the creation of biocontainers of optimal
composition of various sizes have been developed and the possibility of growing agricultural plants in the
field has been proved. In General, the production of plants when planted in biocontainers allows you to get
a 100% good yield. These biocontainers are in great demand, since it is possible to plant plants of different
sizes in the right time. In addition, it will be easy to control the nutrition regime of plants in containers,
choosing the optimal substrates and fertilizers. Since the Biocontainer is a complex dimensional structure,
eventually, after complete mechanical decomposition of the outer shell in the soil, due to the spread of
biohumus in a homogeneous soil, it leads to a good development of nutrients and moisture-saving root
systems. In addition, these biocontainers can be used in a quadrilateral, round shape, in different sizes, and
for different purposes. It decays to a few weeks, months, or one year, depending on the force used in the
continuous production process.

It is proved that the technology of creating biocontainers of optimal composition for planting highly
productive plants with high biological potential has acquired practical value. The use of biocontainers with
a real volume of components leads to economic efficiency in saving fertilizers, does not threaten the
cleanliness of the environment and products. In addition to environmental impacts, soil pollution is
associated with high economic losses associated with reduced crop yield and quality. Prevention of soil
pollution should prevail throughout the world. The vast majority of pollutants are the result of human
activity, so we are directly responsible for changing the situation, reducing pollution and ensuring a safe
future for our environment.

According to the developed technology biocontainers have the following properties:

provides overgrowth of plants and high yield in fertile soils, protects against adverse factors of the
external climatic environment, including frosts and droughts, saves on economic efficiency the amount of
fertilizers and funds for their purchase, as seeds or seedlings of plants consume the nutrients contained in
the biocontainer, reduce the number of weeds that cause the greatest harm in the field of agriculture,
reduce the number of diseases and pests, respectively,, additionally reduce the number of thin sprouts and
seedlings.
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I'.b. Toiiuubexona', A. Kanabioaesa', K. T'ya?

'Koxa Axmer Slcayn aTeiHaFbl XalNBIKAPATBIK Ka3ak-Typik yauBepcuteti, Typkicran, Kasakcran;
2IKOJOTHAIIBIK aIBOKATypa 610pockl, AuTtamus, Typkus

BUOKOHTEMNHEP/IE OCIPLITEH OCIMJIIKTEPIIH OCY,
JIAMY KOHE OHIM/ILIIK YJEPICTEPIH AUKBIHJIAY

AnHotanus. Makanana OHOKOHTEHHEpIIep XUMHUSUIBIK KOCIIaJapCchl3 OCIMIIKTEPIiH ©CyiHe KaXXeTTi OpraHUKaJbIK,
9KOJIOTHSUIBIK Ta3a 3aTTap/blH OHTAiIbl MeJmepiHeH Typaabl. Onap HeriziHeH OHOXYMYCTaH TYPajbl, KYpFaK
3aTTapra Kaparanzaa, KanudopHusaaars! KeI3bUT KYPTTapIblH KOMETiMEH OMOXYMYCIIEH OHACNTeH aybUIapyaliblIblK
KaJIbIKTaphl MEH MaJIJIbIH KOHIHIH mamaMeH 95% kypaiiibl. BrokoHTeliHepiep/IiH KOLIeTTepiH OThIPFbI3Y Ke3iHje
OJIap/IbIH LIBIFYBIHA OH 9CEp €TETiH Xkarnainap sxacamabl. Onap/blH TYKbIMJIApbl MEH KOIIETTepi HYKTEII TaMaKTaH-
JIBIPY TIPOIICCIHC SHEPTHSHBI KAKCHl CAKTAWbl KOHE T3 TAMBIP JKYHECIH KalbINTACThIpapl. KoMIOHEHTTEpIIH
HaKTbl KeJjieMi Oap OMOKOHTeWHepJiep/i KOJIaHy THIHAWTKBIIITAPAbI YHEMIEY/AE SKOHOMHUKAIIBIK THIMALTIKKE OKe-
JieJTi, KopIIaraH OpTa MEH eHIMHIH Ta3aJbIFbIHA Kayil TeHAipmeiiai. Kopiaran oprara acep eTyzneH 6acka, TOIbIpak-
TBIH JIaCTaHYbl JAKbUIIApAbIH OHIMIUINI MEH canachlHbIH TOMEHEyiHe OalJIaHBICTBI KOFaphl HKOHOMHKAJBIK
HIBIFBIHAAPMEH OaiiaHbIcThl. TONBIPaKTHIH JIaCTaHybIH OOoiasIpMay OYKia asemje 6acsiM Ooysl Kepek. JlacTaymst
3aTTapIblH KOMIIUTr agaM KhI3METiHIH HOTMKeci OOJBIN TaObUIaAbl. ©Op TYPJi MeNIIepAeri OHTAMIIBI KypamIarsl
OMOKOHTEHHepIepAi KYpyIbIH SKOJOTHIIBIK-arPOTEXHAKAIBIK HeTi3IeMelNepi o3ipiieH Il KOHEe AajalblK JKaraiaa
aybll HIapyallbUIBIFBl OCIMIIKTEPIH ©Cipy MYMKIHJIIr nonenaeHai. buokoHTeiiHepiep COHbIMEH KaTap KOKeHic-
TepIiH Te3 ecyiHe KOHE OHIMAUIIKTIH JKOFaphlIayblHa BIKIAI €Tei. AybUI IIapyallbUIbIFbl caJachlHIa OMOKOHTEH-
Hepiepli maiiajanrad Ke3ne eCIMIIKTepAl KOCHIMIIA MUHEPAIIbl JKOHE OPraHUKAJIBIK THIHAHTKBILTAPMEH KOPEK-
TEHJIPYy KaKETTUIIr [aMaMeH YII ece a3asibl. BUOJOTHSIIBIK aieyeTi >KOFapbl KOFapbl OHIMII eCIMIIKTepIi
OTBIPFBI3Yy YULIIH OHTailIbl Kypamjarbl OMOKOHTEHWHepJepl KYPY TEXHOJIOTHSACHIHBIH IMPaKTHKAJIbIK MaHbBI3bl Oap
exeHxiri ponengeHai. KoMIOHEHTTepAiH HaKThl Kejiemi O0ap OMOKOHTEHHepiepal MaiijanaHy ThIHANTKBIIITAP/IbI
YHEMJIEYIiH SKOHOMHUKAIIBIK THIMAUTITIHE OKEIIE/].

Tyiiin ce3mep: OMOKOHTEHHEp, TOMbBIPaK, THIHAWTKBIII, 3pO3Hs, OMOryMycC, MHUHEpal, JacTaHy, Aerpajauus,
OHIM/ILUTIK, ©CIMIIKTEP.

I'.B. Toiiuntexonal, A. Kanasioaesa', K. T'ya?

'Mesxaynaponusiit Kazaxcko-Typeukuii Yausepcurer umenn Xomku Axmena Scasu, Typkecran, Kazaxcran;
2 BIOpO IKOJIOTMYECKON anBOKaTyphl, Autanus, Typuus

W3YUEHUE POCTA, PA3BBUTHSA U ITPOJIYKTUBHBIX TPOIIECCOB PACTEHHU,
BbIPAILIEHHBIX B BHOKOHTEMHEPAX

AunHoTauus. B cratbe cooOmiaercs, 4To OHOKOHTEHHEPHI COCTOSAT W3 ONTHMAJIBHOIO KOJIMYECTBAa OPraHUYECKHX,
9KOJIOTUYECKH YHCTHIX BEHIECTB, HEOOXOJUMBIX ISl POCTa pacTeHui, 6e3 XuMmdeckux 106aBok. OHH B OCHOBHOM COCTOSIT
u3 Oumorymyca, B TIlepecueTe Ha CyXOe BENIeCTBO COCTaBisieT oOkomo 95% oOpaboTaHHOrO OHOryMycoM
CEeNTbCKOXO3IHCTBEHHBIX OTXOJOB M HaBO3a KPYIHOTO POraToro CKOTa ¢ MOMOIIBI0 KadH(OPHUICKAX KPACHBIX YEpBEi.
IMpu mocazke paccanpl OHOKOHTEHHEpaMH OBUTH CO3JIaHBI yCIOBHS, TIOJIOKHUTEIBHO BIMSIOIINE HA UX BBIXOA. MX cemeHa n
CaKEHIIBI XOPOIIO HAKAILIMBAIOT YHEPTHIO OT MPOLECcCca TOUYSUHOH ITOIKOPMKH U OBICTPO (POPMHUPYIOT CHIIBHYIO KOPHEBYIO
cucreMy. [lpumeHeHMe OHOKOHTEHHEPOB C peaJbHBIM O0OBEMOM KOMIIOHEHTOB MPUBOJAUT K OKOHOMHYECKOW
3¢ GEKTUBHOCTH B 5KOHOMHH YIOOPEHUI, HE YIPOKAET YUCTOTE OKPYIKAIOMIEH cpeabl U MpoayKuun. [loMuMo Bo3aeiicTBUS
Ha OKpPYXKalOIIyl0 Cpely, 3arps3HEHUE IIOYBBl CBS3aHO C BBICOKMMH 3KOHOMHYECKMMH MOTEPSMH, CBI3aHHBIMH CO
CHIDKEHHEM YPO)KalfHOCTH M KadecTBa CEJIbCKOXO3SMCTBEHHBIX KyJbTyp. IIpenoTBpalieHne 3arpsi3HEHUS IOYB JOJKHO
[IPEBAIMPOBATh BO BCEM MHUpPE. BOJIBIIMHCTBO 3arpsi3HSIONIMX BEIIECTB SIBIAIOTCS PE3yJIbTaTOM AEATEIIBHOCTH YEIIOBEKA.
Pa3paboTaHbl 2KOJIOr0-arpOTEXHUIECKHE OOOCHOBAHHS CO3JaHUS OMOKOHTEHHEPOB ONTHMAIBHOTO COCTAaBA PA3IUYHBIX
pa3MepoB U JI0OKa3aHa BO3MOXKHOCTb BBIPALMBAHUSA CEJIbCKOXO3AHCTBEHHBIX pPACTCHMH B TIIOJIEBBIX YCIIOBHSX.
buokoHTelWHepsl TakkKe CHOCOOCTBYIOT OBICTPOMY POCTY OBOIIEH W HOBBIMICHHIO ypoxkaiHocTH. [IpM McHoib30BaHHH
OMOKOHTEHEpOB B OOJACTH CENBCKOTO XO3SCTBa MOTPEOHOCTH B IOJKOPMKE PACTEHHH JIOTIOJHUTENHbHBIMU
MHUHEPAILHBIMU U OPraHUYECKUMH YA00PEHHUIMH CHIDKAeTCsl IPUMEPHO B TPH pa3a. JJoka3aHO, YTO TEXHOJOTHUS CO3TaHHs
OMOKOHTEHHEPOB ONTHMAJBLHOIO COCTaBa Ul IOCAAKH BBICOKOIPOIAYKTHBHBIX PACTEHHI C BBICOKHM OHOJOTHMYECKHM
MOTEHIMAIOM pHoOpea npakTuIeckoe 3HaueHne. Mcmnoap3oBaHne OHOKOHTEHHEPOB C pealbHBIM 00bEMOM KOMIIOHEHTOB
NPUBOAUT K IKOHOMHYECKON 3()(HEKTUBHOCTH SKOHOMHH YIOOPEHH.

KaioueBble cioBa: OHOKOHTEifHep, MoYBa, yIOOpeHHe, dpo3usi, OMOTyMycC, MUHEpAN, 3arps3HEHHe, Jerpaiarlis,
MPOAYKTUBHOCTh, PACTEHHS.
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PLANT GROWTH AND BIOLOGICAL PRODUCTIVITY
AFTER PROCESSING WITH MICROELEMENTS

Abstract. In laboratory conditions, the effect of sodium selenite and a mixture of sodium selenite and zeolite on
the growth and biological productivity of peas was investigated. The soil was examined after harvesting. It was
shown that the addition of both sodium selenite and the mixture of sodium selenite with zeolite to the soil with
irrigation affects the development of the root system - the length of the main root in the first case increased by
16.5%, the height of the stems 30 days after planting was 29% more in comparison with the control variant, and in
the second case, the length of the main root increased by 18.5%, the height of the length of the stems increased by
24% than that of the control. Processing of peas with microelements also caused a stimulation of the reproduction
system: an increase in the number of inflorescences by 3 times and the number of beans in 3.4 times compared with
the control. A 160-fold decrease in the selenium content and the introduction of zeolite did not cause a large
difference in the obtained results (except for the number of beans - with the addition of zeolite, the number of beans
increased by 8%). Biochemical indicators of pea biomass showed an increase in dry matter, in sugar content by
28.8%, but a decrease in crude protein by 17.7%, a decrease in carotene by 17.5%, nitrogen by 18% (when irrigated
with sodium selenite). When treated pea with sodium selenite and zeolite, the sugar content increased by 85.5%, but
it was observed a decrease in crude protein by 9.5%, in crude fat - by 16.5%, a decrease in carotene by 31.2%, a
decrease in nitrogen by 9.4%. Analysis of the soil after harvesting showed in the option with the addition of sodium
selenite a decrease in the amount of humus by 6.5%, mobile potassium by 18.5%, but an increase in mobile
phosphorus by 6.6%, mobile calcium by 2.7%. In the option with the introduction of the mixture of sodium selenite
and zeolite, no decrease in humus was observed, the content of mobile potassium decreased by 10.8%, the content of
mobile phosphorus increased by 9.8%, mobile calcium by 3.5%. The acidity of the soil has not changed.

Keywords: peas, watering, sodium selenite, zeolite, development, productivity, biochemical parameters, soil.

Introduction. The issue of studying the influence of microelements on plants has always been
relevant for plant physiology. Of great interest is the role of microelement of selenium in plants. This is
caused by the current environmental problem - a deficiency of selenium in animal feed and human food,
which causes many serious diseases [1-3].

There is little data on the effect of selenium compounds on plant growth and development and they
are contradictory. Selenium in low concentrations is essential for plants. However, the need for it is
determined by the species and varietal characteristics of plants, since in some cases even low
concentrations of selenium do not have a positive effect on the growth, development, and productivity of
some crops [4,5].

For example, the use of presowing treatment of spring wheat seeds with selenium contributed to an
increase in grain yield. A significant effect of seed treatment with selenium on photosynthetic indicators
and the nature of donor-acceptor relations of plants under different conditions of water supply was noted
[6,7]. Under the action of selenium (2.5 mg/kg of soil), seed germination and grain yield increased. Signs
of toxicosis occurred at doses greater than 8 mg/kg.
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An increase in the resistance of plants to stress factors under the selenium action is confirmed by
experiments on treating eastern galega with sodium selenate of different concentrations against heat and
salt stresses, as well as by determining the resistance of nodule bacteria to prolonged hypothermia when
selenium is introduced into the soil [8 -11].

The study of new starting material is always relevant in view of the fact that the quality of the starting
material always determines the effectiveness of selection [12].

The lack of selenium in plants is compensated by fertilizers in the form of selenites and selenates
introduced into the soil. It has been shown that sodium selenite was the most active form of fertilizer. In
cereals and fodder crops, selenium is converted primarily to selenomethionine. It is incorporated into
proteins instead of methionine [13].

Some scientific experiments have resulted that the use of sodium selenite promotes an increase in not
only nitrogen, but also potassium in barley plants and their accumulation in grain [14 - 16]. It was found
that selenium enhances the synthesis of free amino acids in cereals, which confirms the physiological
significance of this element for plants.

Currently, to increase productivity, along with selenium, the zeolites are used both as an independent
fertilizer and as the mixture with mineral fertilizers. Zeolites as active natural sorbents absorb, retain for a
long time and gradually release absorbed nutrient ions into the environment. Part of the nitrogen in the soil
is fixed by zeolite grains and is kept from leaching. The nitrogen bonded with zeolite is used by plants
gradually, throughout the growing season. Also, natural zeolites absorb elements poisonous to plants from
the soil, such as mercury, lead, cobalt, etc. and improve the ion-exchange and adsorption properties of
soils. [17-21].

The aim of this work is to show in laboratory conditions the effect of sodium selenite and the
mixture of sodium selenite and zeolite on the morphogenesis and biochemical parameters of peas and soil
conditions after harvesting.

To achieve the aim, the following objectives were set:

1. to show the impact of sodium selenite and the mixture of sodium selenite and zeolite on the
development of pea shoots;

2. to determine the biochemical parameters of the green mass of peas;

3. to investigate the composition of the soil after harvesting peas.

Materials and methods of the research. To set up the experiments, there were used pea of the
Triumph variety; 30 peas were placed in wooden containers with 8 kg of universal soil (GOST R 53381-
2009). Sodium selenite (TS 6-09-17-209-88) was added to the soil in the form of 800 ml of an aqueous
solution with a concentration of 0.056%, with which plantings were watered 5 times throughout the season
at intervals of 15 days (experiment 1). In experiment 2, watering was carried out with an aqueous solution
(480) ml of sodium selenite and zeolite (TS 2163-077-05766575-99) with 0.025% concentration. The
experiments were carried out at a temperature of 20-25 °C in four series, threefold repetition. The height
of pea shoots was measured 30 days after planting, the number of inflorescences was determined 60 days
after planting, the number of beans and the length of the main root was determined after 76 days, the
content of biochemical substances was defined in slices of greenery and fruits 76 days after planting. The
results of the experiments are summarized in tables 1,2,3, figures 1,2,3. To obtain agrochemical
parameters, the methods described in [22] were used.

Carotene was determined with the photometric method by extraction with petroleum naphtha and
photometry of colored solutions [22].

Nitrogen and crude protein were determined by mineralizing the sample with boiling sulfuric acid in
the presence of a catalyst to form ammonium sulfate, adding excess sodium hydroxide to the cooled
mineralizate to disengage ammonia, distilling and titrating the disengaged ammonia, calculating the mass
fraction of nitrogen in the test sample and recalculating the mass fraction of crude protein.

Crude fat was determined by continuous extraction with sulphuric ether (according to Soxhlet).

Sugar was defined by the photometric method, based on the interaction of carbonyl groups of sugars
in alkaline medium with potassium ferricyanide and measuring the optical density of the resulting solution
with a photoelectric colorimeter.

Humus in the soil was specified by oxidation of organic matter with a solution of potassium
bichromate in sulfuric acid and the subsequent determination of trivalent chromium, equivalent to the
content of organic matter, on a photoelectric colorimeter.
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Exchange calcium was determined by the chelatometry by titration with Trilon B at pH of 12.5-13.0
using acid dark blue as an indicator of chromium.

Mobile phosphorus and potassium were determined by extracting phosphorus and potassium from a
sample weight with hydrochloric acid of 0.2 mol/dm® concentration and then determining the mobile
compounds of phosphorus using photoelectric colorimeter and potassium - using a flame photometer.

Total nitrogen was determined by the photometric method by mineralization of the sample by heating
with concentrated sulfuric acid in the presence of hydrogen peroxide, followed by measuring the optical
density of the colored indophenol compound formed in the alkaline medium during the interaction of
ammonia with hypochlorite and sodium salicylate.

Humic acids were specified by treatment of the sample with an alkaline solution of sodium
pyrophosphate, subsequent extraction of the sample with a sodium hydroxide solution, precipitation of
humic acids with an excess of mineral acid, and determination of the mass of the obtained precipitate.

Research results. The analysis of the obtained data (table 1, figure 1) indicates that the addition of
both sodium selenite and the mixture of sodium selenite with zeolite to the soil with irrigation affected the
development of the root system, which, having a higher absorption capacity, probably contributed to more
intensive consumption of nitrogen and this could have a positive effect on the formation of pea
productivity. So watering with sodium selenite (ex. 1) caused an increase in the length of the main root by
16.5%, and watering with the mixture of selenite and zeolite (ex. 2) - by 18.5%. Besides, stimulation of
the growth and development of pea was observed in comparison with the control: the length of the stems
(ex.1) 30 days after planting was 29%, and in ex. 2 — 24% higher than that of the control. Apparently, this
can be explained by the intensity of photosynthesis and a strong increase in the overall biological activity
of the soil.

Control Experiment 1 - Experiment 2

Figure 1 - The height of the pea stems after planting after 30 days

Table 1 - Average phytotesting data for various concentrations of mineral additives

No of Watering Added to 1 kgof | Germina | Height of Number of Number of Length of

ex. soil per season, mg tion the shoots inflorescences | beans after the main
£ o o after 15 after 30 after 60 days, 76 days, root after 76
2 g % days, % days, cm pcs. pcs. days, cm
Control Water - - 89.2 26.05 133 10.3 9.14
1 Sodium 7.5 - 80.8 33.65 39.75 33.75 10.65
selenite +
water
2 Sodium 0.047 4.653 91.7 322 39.5 36.5 10.83
selenite +
zeolite +
water

The treatment of pea with sodium selenite and the mixture of selenite and zeolite also stimulated the
reproduction system: an increase in the number of inflorescences by 3 times and the number of beans by
3.4 times compared to the control (figure 2). It should be noted that a 160-fold decrease in the selenium
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content in experiment 2 compared to experiment 1 and the introduction of zeolite did not cause a big
difference in the experimental results (except for the number of beans increased by 8% compared to
experiment 1).

The biochemical indicators of pea biomass are given in table 2 and figures 3, 4. The results showed a
gain in dry matter in experiments 1 and 2 compared with the control (figure 3), an increase in sugar
content: in ex.1 by 28.75%, in ex.2 by 85.54% (figure 4) - apparently, this is connected with the activation
of photosynthesis or increased sugar transport under the action of selenite and zeolite, but a decrease in
crude protein was noted: in experiment 1 - by 17.7%, in experiment 2 - by 9.5%. It was noted in the work
[15] that selenium can stimulate or inhibit protein biosynthesis in a plant depending on conditions, a form
of the compound, and its concentration. Evidently, in our conditions, protein synthesis was inhibited.
There was also a decrease in crude fat - by 16.5% in ex.2, a decrease in carotene in ex.1 by 17.5% and in
ex.2 - by 31.2% compared with the control. The nitrogen content declined in ex. 1 by 18%, in ex. 2 - by
9.4%. This is possibly due to the influence of selenium and zeolite on the development of the root system,
which, having a greater absorption capacity, consumed nitrogen more intensively, and used it more
efficiently.

Figure 2 - Inflorescences and beans of Triumph pea cultivar (Experiment 2).

Table 2 - Biochemical indicators of pea

No. Crude protein,% Crude fat,% Nitrogen,% Carotene, mg/kg
Control 26.70 4.11 4.27 77.11
Experiment 1 21.88 4.16 3.50 63.65
Experiment 2 24.17 343 3.87 53.04
a:; S % 1
i ugar
g14 0
& 8
10
8 6
3 3
2 2 -
0 T T T
Control Experiment Experiment 0 -
1 2 Control Experiment1 Experiment2

Figure 3 - Dry matter content in peas Figure 4 - Sugar content in peas.

After harvesting, the soil was analyzed. The data in table 3 indicate that the content of humus in the
soil decreased by 6.5% after the application of selenite (ex. 1) and did not change after the introduction of
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selenite with zeolite (ex. 2). Options for laboratory experiments with the introduction of sodium selenite
and the mixture of zeolite and sodium selenite are characterized by the enhanced content of mobile
phosphorus by 6.6% (ex. 1), by 9.8% (ex. 2), mobile calcium by 2.7% (ex. 1), by 3.5% (ex. 2) compared
to the option without additives. Apparently, selenium and zeolite introduced into the soil affect the
mobility of chemical elements, increasing or decreasing their level, availability for plants. It should be
noted that the level of mobile potassium decreased by 18.5% in experiment 1 and by 10.8% in experiment
2 compared with the control. The soil acidity after the introduction of additives has not changed. The
positive impact of selenite and zeolite on soil properties is also expressed in the increased content of total
nitrogen by 7.4% (ex.1), by 31% in ex.2, the humic acids by 12.6% (ex.1), by 7 % in ex. 2 compared with
the control.

Table 3 - Physico-chemical parameters of the soil after harvesting

Mobile Mobile Total Humic Exchange
No. Humus,% phosphorus, potassium, mg/kg nitrogen, acids, calcium, pH
mg/kg of soil of soil mg/kg mg/kg mmol/kg
Control 16.93 266.8 135.5 6.8 218.3 222.5 6.68
Experiment 1 15.83 284.5 110.5 7.3 245.8 228.5 6.53
Experiment 2 17.1 292.8 120.8 8.9 223.5 230.5 6.50

Conclusion. In such a way, it was found that 5-fold watering of pea seedlings during the season under
laboratory conditions with aqueous solutions of sodium selenite and the mixture of zeolite and selenite
stimulates the growth and development of the plant, stimulates the pea reproduction system, increasing the
number of inflorescences by 3 times and the number of beans in 3,4 times compared with the control. The
introduction of microelements sodium selenite and zeolite ambiguously affects the biochemistry of pea:
the sugar content sharply increases, but crude protein, crude fat, and carotene decrease compared to the
control. Analysis of the soil after harvesting showed an increase in mobile elements - phosphorus and
calcium, an increase in the content of total nitrogen, humic acids, but a decrease in the level of mobile
potassium compared with the control experiment.

H.A. lo6pocmbicaoBal, A.A. Caszanosa',
B.I'. Cemenon?, K. Tyney6aes®, 3.T. Ecumoexona*, I'.K. 3usiepa’

"M.H. Vnbsnos areingarsr YyBan MemylekeTTiK yHuBepcuTeTi, YeGokcaphl Kanackl, Peceii;
Yypam aybUINIapyaIIbUIBGIFEl MEMIIEKETTIK aKaleMHsIChl, YeOoKcaphl Kaacsl, Peceit;
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MHUKPORJEMEHTTI KOCITAJIAPMEH OHJIEY/JIEH KEWIHI'T ©CIMIIKTEP/IH,
OCYI MEH BHOJIOTUAJIBIK OHIMAIJIIT'T

AHHOTanMsl. 3epTXaHalbIK KarJIaia HaTPUH CEJICHUTIHIH KOHE HATPUI CENEHUTI MEH LIEOJIHUT KOCHACHIHBIH
OypILIaKTBIH ©cyiHe J>XoHe OHMOJIOTHSUIBIK ©HIMIUTiriHe ocepi 3eprrenni. EriH kuHanFaHHaH KeHiH TONbBIpaK
tekcepurai. Cyapy Ke3iHIE HATpHid CEJICHUTIHIH e, HATPUH CEJCHUTIHIH JI¢ IICOJIUT KOCIACBHIHBIH TOIBIPAKKA
KOCBUTYBI TaMBIp JKYHECIHIH JaMyblHa ocep €TeTiHi KepceTuIreH - OipiHII >KaFaaiiia HeTi3ri TaMbIPJIbIH Y3bIHABIFbI
16,5%-ra ecrti, oTelpreRyHaH 30 KyH ©TKEH COH cabaKTapbIHBIH OHWIKTIri Oakeliay HYCKACBIMEH CajbICTHIpFaHIa
29%-ra xem OONIBI, aNl eKiHII jkKarmaiina Heri3ri TaMBIPIBIH Y3BIHABIFEI 18,5%-Fa ecTi, cabaKTBIH Y3BIHABIFBI
OakpUTayMeH canbIcThIpraHna 24%-ra ecTi. BypmakTel MHKpPO3JIEMEHTTEPMEH eMIey PeNpONyKTHUBTI >KYHEHi
BIHTAJIAHABIPIIBI: OaKbIAyMEH CANIBICTBIPFAHAA COLIBETUS CAHBIHBIH 3 ece jkKoHe OypInak CaHbIHBIH 3,4 ece apTybl.
Cenen meoiepinin 160 ece ToMeHACY1 KOHE LECOIMTTI CHII3y HOTIIKEIICPIAC YIIKCH aHBIPMAIIBUIBIKTHI TYABIPMAIbI
(Oypiiak caHbIH KOCIaraHaa - IIEOJUT KOChUIFaH Ke3le Oypiiak canbl 8%-ra ecti). Bypmiak OGromaccachlHbIH
OMOXUMUSUIBIK KOPCETKIIITEPl KypFaK 3aTThlH, KAHT KypaMbIHbIH 28,8%-Fa apTyblH FaHa eMec, IINKi ITPOTENHHIH
17,7% - ra Temenzaeyin, kapotunHiy 17,5%-ra, a30TThiH 18%-Fa TeMeHCYiH (HATPHI CEICHUTIMEH Cyapy Ke3iHIe)
KepcerTi. bypIiakTel HaTpUiA CENICHUTIMEH JKOHE LICOJIUTIICH OHJIeY Ke3iHJe KaHT Medepi 85,5%-Fa ynraiiapl, 6ipaxk
IIMKI aKyb3ABIH 9,5% - Fa, muki Maiasiy 16,5%-Fa Temenzaeyi, kapotunHiH 31,2%-Fa Temenneyi, a3otThiH 9,4% - Fa
TeMeHeyl Oalikanipl. JKnHaynaH KeHiHTi TONBIpaK Tajjgaybl HaTPHH CEJICHWTI KOCBUIFAaH HYCKala Kapamlipik
MenmiepiHiH 6.5%-Fa, KbUDKBIMaNbl KamuimiH 18,5%-Fa TeMeHIereHiH, COHIai-aK >KbUDKBIMAIBI (ochopIby
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6,6%-ta, KBIDKBIMAJIBI KAIBIUHIIH 2,7%-Fa ©CKCHIH KopceTTi. HaTpuii CelIeHUTI MEH IEOJUT KOCIAaChl CHII3IIreH
HYCKa/la KapallipikTiH TeMeHeyl Oaikanimasl, )KbUDKbIMabl kaiaui 10,8%-ra TeMeHnenl, sbUnKbIMaIbl Gocdop
9,8%-Fa, IKBUDKBIMANBI KabIuid 3,5%-ra ocTi. TONBIPAKTHIH KbIIIKbUIABIFEI ©3r¢PIeH JKOK.

Tyiiin ce3mep: Oypiuak, cyapy, HaTpUil CEJEHMTI, LICOJHT, JaMy, OHIMJIUIK, OMOXMMUSUIIBIK KOPCETKILITEp,
TOIBIPAK.
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POCT U BUOJIOTUYECKAS MPAYKTUBHOCTb PACTEHMI
IHOCJIE OBPABOTKH MUKPOJJIEMEHTHBIM COCTABOM

AnHoTanusi. B 51abopaTopHBIX yCIOBUSIX MCCIEIOBAHO BIMSHHUE CEJICHUTAa HATPUsI M CMECH CEJICHUTa HAaTpHUs
W LEOoJHTa Ha POCT M OMOJOTHYECKYIO MPOAYKTHBHOCTH Tropoxa. [louBy ocmarpuBaiy mocie yOOpKH ypoxas.
ITokazaHo, 4TO0 nOOaBIEHHE KaK CEJEHWTAa HATpHs, TaK M CMECH CEJICHHTa HAaTpHs C LEOJIMTOM B ITIOYBY IpHU
OpOIIECHUH BJIMSET Ha pa3BUTHE KOPHEBOW CHCTEMBI - JUIMHA OCHOBHOTO KOPHS B MEPBOM CIlydae YBEJINYWIIACh HA
16,5%, BbicoTa crebneii yepe3 30 mHeil mocie mocagku Obuta Ha 29% OoblIe O CPABHEHHIO C KOHTPOJIBHBIM
BapHaHTOM, a BO BTOPOM CciydYae /JJIMHAa OCHOBHOTO KOpHS yBennuminach Ha 18,5%, BbIcOTa MuMHBI crebieit
yBenmumiaack Ha 24% 1o cpaBHEHHIO ¢ KOHTposeM. OOpaboTka ropoxa MHKpPOIEMEHTaMH TAaKKE BBI3bIBANIA
CTUMYJIALHIO PETPONYKTUBHOW CHCTEMBI: YBEJHUEHHE KOJMYECTBA COIBETHH B 3 pas3a M KoimmdecTBa 0000B B 3,4
pasa 1o CpaBHEHHIO ¢ KOHTpojeM. 160-kpaTHOe CHMKEHHE COJEp)KaHHs CElICHAa M BBEICHHE IICOJIUTA HE BHI3BAJIO
OOJBITION pa3HUIBI B TOMYYEHHBIX pe3yJbTaTax (3a MCKIIOYEHHEM KOJIM4YecTBa OO0OB - MpH J00ABICHUH II€OJIUTA
Kor4ecTBO 6000B yBenmumiocs Ha 8%). buoxummaeckue mokasarenn GHOMacChl TOpoXa MOKa3any YBEINICHUE He
TOJILKO CYXOTO BelIecTBa, colep)kanus caxapa Ha 28,8%, HO U CHHKEHHE ChIpOro npoTenHa Ha 17,7%, cHUXeHHe
kapotuHa Ha 17,5%, a3ota Ha 18% (npu oporeHun ceneHnToM HatTpus). [Ipu 06paboTke ropoxa CelleHUTOM HAaTpUs
Y LIEOJIUTOM COJIEp’KaHHE caxapa YBEeTUYMBaJIOCh Ha 85,5%, HO HaOIIOAANOCh CHIXKEHUE ChIporo Oenka Ha 9,5%,
CBIpOTo Xupa - Ha 16,5%, cHmkeHune kapotuHa Ha 31,2%, cHkeHue a3oTa Ha 9,4%. AHanM3 MOYBHI 1ociIe YOOPKU
NOKa3all B BapUaHTe C J00aBJIICHUEM CEJICHUTA HAaTPHs CHI)KEHHE KOJIMYECTBa rymyca Ha 6.5%, MOoABMKHOTO Kaius
Ha 18,5%, a Take yBenMuyeHHe MOABMXKHOTO (ochopa Ha 6,6%, MOABIKHOTO Kanblms Ha 2,7%. B Bapuanre c
BHECEHHEM CMECH CEJIECHHTA HAaTpHs W IICOJIUTA CHIDKCHHUS TyMyca He HaOJI0Janoch, COAEPKaHWE ITOIBMXKHOTO
Kanus cHnswiock Ha 10,8%, comepskanne moxasmxHOTrO (ocdopa ysemmumnocs Ha 9,8%, MOIBIKHOTO KalbIHA-HA
3,5%. KrucoTHOCTB MTOYBHI HE H3MEHHIIACK.

KnaroueBble cji0Ba: ropox, IOJHUB, CEIEHUT HATPHA, LEONUT, Pa3BUTUE, NMPOAYKTHBHOCTb, OMOXUMHUECKHUE
MOKa3aTelH, T04YBa.
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FACTORS OF NONSPECIFIC RESISTANCE
OF CALVES IN DAIRY CATTLE BREEDING

Abstract. Under the influence of the biostimulant, an increase in the morphological and biochemical data of
blood in calves grown both on private plots and on small and medium farms, which at the end of the observation
period exceeded the control values: the number of red blood cells - by 0.98; 0.81 and 0.79x10'%/1, hemoglobin - by
9.8; 7.0 and 6.2 g/l, albumins - by 2.2; 2.8 and 3.5 g/l, y-globulins - by 5.5; 3.7 and 5.6 g/l (P <0.05-0.001),
respectively. The data on the leukocyte phagocytic activity, plasma lysozyme activity, serum bactericidal activity,
and immunoglobulins were higher than in the control: when rearing calves in private subsidiary plots - by 5.6%,
4.8%, 5.5% and 4.7 mg/ml, on a small farm - by 5.2; 4.2; 7.8 % and 3.6 mg/ml and on a medium farm - by 5.8%,
3.6%, 4.4% and 4.3 mg/ml, respectively (P<0.05-0.01).

A rising in the technological stress on the calf’s organism was revealed depending on the increase in the
enterprise capacity, which is confirmed by the bioamine blood spectrum.

Keywords: private subsidiary plots, small and medium-sized farms, calves, polystim, growth and development,
hematological and biochemical profiles, meat quality.

Introduction. A survey of private plots, small and medium-sized farms showed that according to
many parameters, they do not meet the veterinary-sanitary and zoohygienic requirements. In livestock
enterprises as an artificially created ecological system, technological solutions are provided that do not
meet the biological requirements of animals. Therefore, in the process of their exploitation, animals are
forced to constantly adapt to the changing living conditions, technical and engineering elements of
production. As a result, the unresolved problems of the microclimate optimization and many other factors
in animals cause stress reactions that reduce natural resistance, productivity and can be the reason of
morbidity and withdrawal, especially of young stock. In newborn calves, the most common diseases are of
the gastrointestinal tract and respiratory system. Their incidence reaches up to 80%, and the withdrawal -
up to 20% [1, 2, 3, 4, 5, 6].

One of the ways to activate the protective and adaptive functions of the calf body to the conditions of
keeping on private subsidiary plots, on small and medium-sized farms in winter, reducing stress on the
body and more fully realizing the biological potential of resistance and productivity in young stock is the
use of biological stimulants with a wide range of positive effects on the body. The use of appropriate
preparations during the critical immunological periods of calves allows for a long time to maintain the
constancy of the internal environment of the body under the conditions of engineering, technological,
zootechnical, veterinary, zoohygienic and environmental stress factors [7, 8, 9, 10, 11, 12, 13, 14].

The aim of this work is to study the biological characteristics of the nonspecific resistance of the calf
organism raised in private subsidiary plots, on small and medium farms using a biostimulator polystim
(PS-1).
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Materials and methods. The experimental part of the research work was carried out on the OOO
Koltsovka Agrofirm dairy farm (medium farm for 200 cows), training and production farm (small farm for
50 cows) VGO Vurnarsky agricultural technical high school and in private farms of Vurnarsky district of
the Chuvash Republic. The processing of materials was carried out in the State Institution "Chuvash
Republican Veterinary Laboratory" of the State Veterinary Service of the Chuvash Republic and in the
Vurnarsky District Veterinary Laboratory of the State Institution "Vurnarskaya District station to fight
animal diseases", as well as in laboratories of the Chuvash State Agricultural Academy.

Three series of scientific and economic experiments were carried out in the conditions of private
subsidiary plots, small and medium farms using black-and-white calves. In all series of experiments, two
groups of newborn calves were selected according to the principle of pair-analogs (control and
experimental), taking into account the physiological state and live weight of 10 animals in each group.

In the first series of the experiments, the newborn calves were raised in a cowshed with a cow-mother
in the isolated section, in the second sergers - firstly, in dispensary individually for up to 30 days, then in
sections in a group way (starting from 3-5 to 8-10 animals), and in the third series of the experiments - in
the beginning individually in a shift-section dispensary for up to 21 days, then - in a group way in calf pen
sections (8-10 animals each).

To activate the protective and adaptive functions of the calf body under the keeping conditions in
private subsidiary plots, on small and medium farms in winter, to reduce the stress load on the body and to
more fully realize the biological potential of the resistance and productivity of young animals, we used a
polystim biostimulator developed by scientists from the Chuvash State Agricultural Academy.

When setting up the experiments, the control group of calves was not injected by a biostimulator, and
the experimental group was intramuscularly injected with polystim at a dose of 3 ml at 1-2- and 5-6-days
old age.

The research of the clinical and physiological state, morphological and biochemical values of blood,
as well as factors of nonspecific resistance and bioamine blood spectrum of calves were studied on the 1st,
15th, 30th, 60th, 90th, 120th, 150th and 180th days of life according to modern common methods in
veterinary medicine.

Research results. It was found that in calves raised in the private subsidiary plot using polystim, the
data of hematological parameters were higher than in the control: the number of red blood cells - by
0.28-0.98x10'%/1, the hemoglobin concentration - by 5.8-13.2 g/, on a small farm - by 0.27-0.81x10'%/1 and
2.2-10.0 g/l and on a medium farm - by 0.34-0.79x1012/1 and 4.2-9.6 g/1, respectively (P<0.05-0.01).
At the same time, polystim did not have a significant effect on the production of leukocytes.

An increase in the concentration of hemoglobin and the number of red blood cells in the blood of
experimental calves indicates an improvement in their hematopoiesis under the influence of the biological
stimulator.

The level of total protein and albumins in the blood serum of calves of the experimental group during
the observation period was significantly higher than in the control: with the keeping technology in private
plots - by 0.6-4.8 and 1.2-4.5 g/I, on a small farm - by 0.6-4.6 and 0.3-3.8 g/l and with the keeping
technology on a medium farm - by 2.2-4.8 and 1.8-3.5 g/l (P<0.05-0.01), respectively.

That is, the used preparation activated the albumin synthesis as the main source of plastic material.

The concentration of o- and B-globulin protein fractions in the blood serum of animals of the
compared groups varied throughout the observation period, and the difference between the obtained data
was unreliable.

In animals of the experimental group, raised in the conditions of private subsidiary plots, the
concentration of the y-globulin protein fraction in the blood serum exceeded the control data by 2.2-5.9 g/l,
with the keeping technology on a small farm - by 1.5-3, 8 g/l, and in medium farm conditions - by 1.0-5.6 g/l
(P<0.05-0.001).

A build-up in the concentration of the y-globulin protein fraction in the blood serum of animals of the
experimental groups in the early period of postnatal ontogenesis indicates the activation of the humoral
arm of the nonspecific resistance of the calf’s organism under the influence of polystim with small
farming conditions.

The dynamics of the main indicators of nonspecific resistance of the calf body are presented in
table 1.
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Table 1 - Factors of nonspecific resistance in calves

Group of animals Age, Phagocytic activity, Phagocytic index Lysozyme Bactericidal
days % activity, % activity, %
in private subsidiary plots
1 25.8+1.1 3.6+0.40 6.1+0.37 31.6£1.32
15 35.241.53 4.0+0.45 9.8+0.57 33.6£1.02
30 46.0£1.14 5.6+0.24 14.10.49 40.61.19
Control 60 4424124 6.2+0.37 16.2+0.82 46.1+0.86
90 51.6+1.08 6.6+0.24 17.4+0.62 53.2+1.12
120 52.8£1.36 6.8+0.49 19.8+0.57 58.2+1.48
150 52.0+1.48 7.4+0.68 20.0+0.65 57.6£1.37
180 54.8+1.59 8.2+0.58 20.3+0.59 58.9+1.37
1 26.2+1.59 3.6+0.24 6.3+0.47 31.4£1.56
15 39.241.50 5.4+0.60 12.240.50% 38.2+1.40%
30 50.2+1.36* 6.4+0.60 16.94+0.57%* 48.1+1.40%*
Experimental 60 52.6+1.63%* 7.2+0.58 19.8+0.64% 53.9+1.39%*
90 56.2+1.36* 7.4+0.24 20.9+0.54%%* 60.7+1.70%*
120 57.0+1.34 7.8+0.37 22.9+0.74% 63.71.36*
150 57.8+1.59% 8.2+0.37 23.2+0.62%* 62.4+1 43*
180 60.4+1.69% 8.8+0.58 25.1+0.77** 64.0£1.50%
on small-sized farms
1 25.4+1.21 3.4+0.51 5.8+0.64 30.1£1.09
15 32.2+1.56 4.2+0.58 9.3+0.71 32.7£1.10
30 44.0£1.52 5.2+0.49 13.0£0.81 39.7£1.05
Control 60 43.6+1.33 5.8+0.58 15.4+0.83 43.8+1.15
90 49.6x1.03 6.2+0.66 16.3+0.75 50.9+1.28
120 51.2+1.46 6.6+0.51 18.6+1.06 54.0£1.03
150 51.8+1.91 7.0+0.32 18.9+1.03 53.2+1.18
180 53.4£1.50 7.6£0.51 19.4+0.80 55.3£1.45
1 25.6+1.03 3.6+0.40 5.9+0.45 31.4£1.31
15 36.6+1.21 5.0+0.55 11.9+0.67* 37.1£0.95%
. 30 49.2+1.62% 6.0£0.71 15.9+0.69* 45.7+1.55%
Experimental 60 51.2+2.08* 6.8+0.58 19.240.70%* 52.6+1.74%*
90 54.4+1.25% 7.2+0.37 20.1£0.99* 57.7£1.45%*
120 56.2+1.53% 7.4+0.40 21.6£0.76 61.1+1.39%*
150 58.0+1.87* 7.8+0.37 22.2+0.66* 60.2+1.34%*
180 58.6£1.57* 8.4+0.60 23.6+0.76%* 63.0+£1.51%*
on medium-sized farms
1 22.0+1.70 3.4+0.24 5.4+0.61 27.5+1.46
15 29.8+1.46 4.0+0.32 8.0£0.75 29.0+1.40
30 41.8+1.36 4.8+0.58 11.7£0.72 36.4£1.12
Control 60 414+121 6.0£0.32 13.720.75 4165113
90 47.8+1.56 5.8+0.58 15.120.89 48.3+1.36
120 49.6+1.33 6.2+0.80 16.7+0.77 51.9£1.15
150 50.2+1.85 6.6+0.51 16.6+1.01 50.2+1.14
180 51.6=1.40 7.8+0.73 18.1£0.69 54.8£1.29
1 22.4+1.72 3.4+0.51 5.2+0.33 26.7+1.21
15 33.8£1.07 4.6+0.24 10.7+0.77* 33.9+1.33%
30 46.4+1.25% 5.4+0.51 14.5+0.61* 42.1+1.66*
, 60 48.6+1.89% 6.6+0.68 17.6+1.10% 48 4x1.12%*
Experimental 90 52.6+1.36% 6.8+0.49 18.2+0.75* 53.8+1.27*
120 54.4+1.21* 7.6+0.51 19.5+0.70% 58.1+1.09%*
150 56.8+1.11* 7.2+0.66 20.2+0.90* 55.5+£1.28*
180 57.4£1.75% 8.0+0.32 21.7+1.01% 59.0+1.28%

* P<0.05, ** P<0.01.
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It was found that the cellular factors of nonspecific resistance in calves on the first day after birth did
not differ significantly. In the subsequent periods of the studies, it was established that in animals raised in
the conditions of private subsidiary plots using polystim, they turned out to be significantly higher than in
the control: leukocyte phagocytic activity by 4.0-8.4%, the phagocytic index by 0.8 -1.4 units (P<0.05-0.01).
When keeping animals in the dispensary and calf pens on a small farm, the data of the same indicators
were higher by 4.4-7.6% and 0.8-1.0 units. (P<0.05), and in medium farm conditions - by 4.0-7.2% and
0.2-1.4 units (P<0.05), respectively. The results of these investigations indicate that polystim activated cell
factors of nonspecific resistance of calves in small management forms.

The state of the humoral arm of the organism's resistance most fully reflects the lysozyme activity of
plasma and the bactericidal activity of blood serum. It was found that in calves of the experimental group
raised in the conditions of private subsidiary plots using polystim, the indicated humoral arms of the
immune system were higher than in the control by 2.4—4.8 and 4.6-7.8% (P<0.05-0.01), on a small farm -
by 2.6-4.2 and 4.4-8.8% (P<0.05-0.01) and on a medium farm - by 2.7- 3.9 and 4.4-6.8% (P<0.05-0.01),
respectively.

The level of immunoglobulins in the blood serum of experimental calves was also significantly higher
than in the control group, starting from the age of 15 days until the end of the observation period: with the
technology of keeping in private plots - by 1.3-5.2 mg/l, in conditions of the small farm - by 1.9-4.8 mg/l
and on the medium farm - by 2.2-4.3 mg/I (P<0.05-0.01).

These changes indicate that the use of polystim stimulated the humoral arms of the nonspecific
resistance of the organism in conditions of small forms of management. Moreover, the immunogenic
effect of the polystim application was more pronounced in the conditions of private subsidiary plots.

One of the significant problems in keeping calves is that the rapid transformation of the technological
environment does not correspond to changes in the main specific forms and rhythms of behavior, therefore
animals are encouraged to adapt. We have identified a build-up in technological stress on the calf’s body,
depending on the increase in the capacity of enterprises, which is confirmed by the bioamine blood
spectrum.

The concentration of catecholamines in the blood components (in platelets, neutrophils, lymphocytes,
and plasma) of calves of the control and experimental groups in conditions of small forms of management
is presented in table 2.

The dynamics of catecholamines in the studied blood components of the control and experimental
calves show that animals were stressed under growing technology on medium farms, as evidenced by an
increase in the number of bioamines in the above-mentioned blood components, which could be a
protective reaction to the stress factor. This reaction was most actively manifested 30 and 60 days after the
experiments, which was a consequence of the stress reaction in the anxiety stage, which, starting from the
age of 90 days, gradually decreased until the end of the observation period and ended with the resistance
stage.

Intramuscular administration of biostimulant to calves caused an increase in metabolic processes and
additional energy production by the body under the influence of a stress factor. So, in animals of the
experimental group, the concentration of these bioamines in the blood was significantly higher at the age
of 30 days by 5.5-9.9 conventional units, 60 days - 5.9-7.1, 90 days - 2.8- 6.6 and 120 days - by 2.3-4.8
conventional units (P<0.05-0.001) than in the control.

A similar pattern was noted in the concentration of serotonin in platelets, neutrophils, lymphocytes,
and plasma. So, in the young animals of the experimental group, the content of serotonin in the blood
components was significantly higher than in the control group after the administration of polystim: after
30 days - by 7.9-14.3%, after 60 days - by 9.1-13.3% and after 90 days - by 7.2-13.1% (P<0.05-0.01). The
dynamics of histamine in the blood components were similar to the nature of changes in the level of
catecholamines. Moreover, the histamine level in the blood components of the experimental calves was
authentically higher than the control data at the age of 30 days - by 6.8-10.6%, in the 60-day-olds - 8.3-
14.4%, in the 90-day-olds - 9.6-12.9%, in the 120-day-olds - 13.5-15.9% and in the 150-day-olds - by
12.4-15.8% (P<0.05-0.001), respectively.
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Table 2 - The dynamics of catecholamines, conventional units

. Age, Catecholamines in the blood components
Group of animals . -
in days platelets neutrophils lymphocytes plasma
in private subsidiary plots
Control 1 26.0+1.14 23.240.97 24.9+1.21 20.6=1.03
30 29.6+1.03 35.0+0.89 38.4+1.08 28.240.80
60 43.2+0.86 51.6£0.81 55.4+1.36 48.0+1.18
90 67.4+1.21 71.8+1.16 74.6x1.44 62.2+1.32
120 77.6£1.29 73.6+1.21 81.8+1.32 70.2+1.32
150 68.4+1.25 74.0+1.05 78.2+1.16 66.4+1.17
180 63.0£1.14 62.2+1.16 67.6£1.17 54.8+1.16
1 25.2+1.02 24.0£1.10 24.61.12 24.840.86*
30 35.240.92%* 41.6+1.03%* 46.2+1.24%* 32.6£0.98**
_ 60 50.8+1.16%%* 58.8+1.16%** 61.6£1.03%* 57.6£1.21%%*
Experimental 90 70.0+1.10 75.4+0.93* 79.0+1.14* 69.6+1.60%*
120 77.4+1.03 77.240.92% 85.8+1.02* 69.6+1.21
150 72.0+1.58 75.8+1.16 80.4+1.17 70.2+1.02%
180 66.8+1.07* 64.4+1.44 69.4+0.93 57.4£1.12
on small-sized farms
1 31.5+1.01 27.0£0.56 29.1£0.87 24.8+0.53
30 53.8+1.12 55.6+1.06 54.6+0.84 54.2+1.02
60 44.0+1.33 49.6+0.79 46.1£1.17 38.2+1.30
Control 90 34.9+1.12 32.5£0.94 31.3£1.16 26.8+1.23
120 23.9+0.87 24.7+1.09 23.5+1.32 23.2+1.46
150 21.7+0.76 24.0£0.90 21.4+0.97 24.3+1.22
180 22.9+0.80 23.9+0.98 24.4+1.36 24.1%1.10
1 32.1+0.68 28.5+0.94 27.6+0.65 26.5+0.98
30 62.741.33%%% 60.2+1.03* 60.3+0.99%* 58.5+0.75%*
_ 60 52.7+1.35%* 59.8+1.28%** 52.940.73%* 45.9+0.90%*
Experimental 90 39.9+0.77%* 38.5+0.81%* 33.4+1.08 28.4+1.02
120 23.6£0.65 26.1£1.19 26.6£1.10 25.3+1.42
150 24.240.86 25.840.94 23.8+1.01 24.9+0.86
180 25.0+0.76 25.0+1.39 26.9+1.15 25.140.92
on medium-sized farms
1 33.5+1.14 29.6+1.11 31.1+1.32 27.3+1.27
30 56.0£1.21 57.4+1.81 29.2+1.30 55.6+1.30
60 62.4+1.32 66.0+1.52 63.5+1.50 61.4+1.48
Control 90 53.5+1.48 47.3%1.59 43.7+1.64 452+1.56
120 41.2+1.37 31.7+1.40 35.0+1.14 33.2+1.46
150 32.3+1.43 33.5+1.71 29.9+1.13 29.6+1.25
180 32.1+1.44 28.3+1.01 24.4+1.36 26.8+1.04
1 35.7+1.11 31.5+1.25 29.2+1.17 26.3%1.13
30 65.941.49%#% 66.2+1.65%* 64.7+1.24% 61.1+1.40%
. 60 68.8+1.49* 72.9+1.30%* 70.6+1.34%* 67.3+1.26*
Experimental 90 58.6+1.42% 54.0+£1.37* 46.5+1.24 51.0+1.38*
120 43.4+1.45 35.3+1.35 38.0+1.30 38.0+1.46*
150 33.1£1.23 35.3+1.45 33.6x1.14 31.1+1.12
180 31.4+1.41 29.1£1.06 26.9+1.15 25.1+1.21

* P<0.05, ** P<0.01, *** P<0.001.

Thus, the dynamics of catecholamines, serotonin, and histamine in the listed blood components of
calves indicate that intramuscular injection of polystim to these animals in the conditions of small forms of
management activated the sympathoadrenal, serotonin and histaminergic systems, increasing the
adaptogenesis and natural resistance of calves to the conditions of keeping in private subsidiary plots, on
small and medium farms.
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Conclusion. The analysis of the results of research on the biostimulator polystim application to
activate the protective and adaptive functions of the calf’s body to the conditions of private plots, small
and medium farms in winter, reduce the stress load on the body and more fully realize the biological
potential of young animals resistance and productivity indicates that not only hematopoiesis, cellular and
humoral factors of nonspecific resistance in experimental animals, but also to promote the growth and
development of calves at a relatively low cost of feed per 1 kg of gain, reduces the incidence of the
respiratory and gastrointestinal tract. The most pronounced stimulating effect was exerted by polystim
when raising calves in private subsidiary plots, rather than on small and medium farms.
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CYTTI CUBIP INAPY AIIBIJIBIF BIHAATBI
CHEINNUPUKAJIBIK EMEC PE3UCTEHIUAJBIK ®AKTOPJIAP

AnHoTtanusi. JKyYMBICTBIH MakcaTbl — OnocTMyJsiTop moiuctuMiH ([7C-1) KonjgaHy apKbUIbl JKEKe Inapya
KO>KaJIBIKTapbIH/a, IIaFbIH JkKoHEe opTa (epManapaa ecipiiredH 0y3ay OpraHu3MiHIH CIENU(UKAIBIK eMec TYpPaKThl-
JIBIFBIHBIH OMOJIOTHSUIBIK CHITATTaMallapblH 3epTTey.
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(haKTOPBIHBIH SCepiHEH OpraHU3MHIH KOCHIMIIIA SHEprust eHAipyiHe centeceni. COHBIMEH, SKCIEPHUMEHTTIK TOIITaFbI
JKaHyapiiapia ocbl OMOaMHUHJIEPAiH KaH KypaMbIHJarbl KOMIOHEHTTEPiHIH KOHIIEHTpaluuschl OaKbulayra KaparaHaa
30 raymikre — 5,5-9,9 maprTh! Oipiikke, 60 xynae — 5,9-7,1, 90 kynne — 2,8-re enayip xorapbl 6011sl. 6,6 sxone 120
KyH — 2,3-4,8 (P <0.05-0.001).

JleiikorutTepaie (QaronuTapibIK OENCEHAUIIr, IUIa3MaHbH JH30IMUMIIK OEICeHIUIrl, KaH CapbICYbIHBIH
OGaKkTepUIMATIK OeJICeHILTIr )KoHe IMMYHOTTIOOYIMHIep OOMbIHIIA fepeKTep OaKplIayFa KaparaHa »orapbl O0JIIbl:
JKEKe KOCAJIKBI MIapyallbUIBIKTapaa Oy3aynapisl ecipy Kesinne - tuicinme 5,6%, 4,8%, 5,5% xone 4,7 mr/mi, ycak
IIapyamrbuIbIKTa - 5,2; 4,2; 7,8% sxoHe 3,6 MI/MII jkoHE OpTa MIapyanbuIbiKTa - 5,8%, 3,6%, 4,4% xone 4,3 mr/miu
(p<0,05-0,01).

KacinopbelH KyaThIHBIH apTyblHa OaislaHBICTBI Oy3ay JEHECIHE TEXHOJOTHSUIBIK JKYKTEMEHIH >XOFapblIaybl
aHBIKTAIJIBI, OYJI KaH OMOaMUHIICPiHIH CIIEKTPIMEH PacTallabl.

Tyitin co30ep: xeke mapya KOXKaIbIKTaphl, LIaFbIH JKoHE opTa (epMmainap, Oy3ayiap, MOJUCTHM, 6Cy MEH JaMy,
TeMaTOJIOTHSUIBIK JKOHEe OMOXMMUSUIBIK IPO(UIIE, €T Calachl.

B.I'. CemenoB!, JI.A. Baiimykanos?, A.C. Ajenraes’,
H.K. Kupuaos!, A.K. Kapeintaes®, A.B. Anbasakos!

IToBapHIIECTBO ¢ OrPaHUYEHHOM OTBETCTBEHHOCTRIO «Ka3axckuii HayIHO-MCCIIEN0BATENBCKHM HHCTUTYT
JKUBOTHOBOJICTBA U KOPMOITPOM3BOICTBAY, AnMarsl, Kazaxcran;

Yypanuickas rocyIapCcTBEHHas CeJbCKOX03slcTBeHHas akaaemus, Yebokcapnl, Uysanickas Pecry6muka, Poccus;
SHexoMMepUeCKOe aKIMOHEPHOE OOIIECTBO «3anaHo-KasaxcTaHCKuii arpapHO-TEXHUUECKUH yHUBEPCUTET
umMenu JKanrup xanay, Ypansck, Kazaxcran;
4Tapa3ckuii MHHOBALMOHHO-TYMaHUTAapHBIN yHUBepcuTeT, Tapas, Kazaxcran

®AKTOPBHI HECIIEIITU®UYECKOMN PE3SUCTEHTHOCTH TEJAT
B MOJIOYHOM CKOTOBO/JCTBE

AnHoTanus. Llens HacTosme paboThI — M3YYUTh OHOIOTHYECKHE 0COOEHHOCTH HECTIeHU(UIECKON PE3NCTEHT-
HOCTH OpTraHM3Ma TeJAT, BHIPAIIMBAEMBIX B JIMYHBIX MOJACOOHBIX XO3SICTBaX, Ha MaJbIX M CpegHHX (epmax ¢
npuMeHeHneM ouoctumyisitopa nmosuctum (I1C-1).
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Ion BnusiHEEM OMOCTHMYJISITOpA TPOU3OLLIO yBEIHYCHHE MOP(GOJOrHYECKUX M OMOXMMHYECKHX HaHHBIX
KpPOBH y TEJISIT, BEIPAIIEHHBIX KaK Ha MPHYCaleOHbIX YYacTKaX, TaK U B MaJbIX U CPEIHUX XO3AHCTBAX, KOTOPHIE K
KOHIly Ilepuoja HaOJIOJeHHs IMPEBbIANIN KOHTPOJbHbIE 3HAYEHMS: KOIWYEecTBO 3purporutoB - Ha 0,98; 0,81 u
0,79 x1012/n, remornobuna - Ha 9,8; 7,0 u 6,2 /1, ankOyMUHOB - Ha 2,2; 2,8 u 3,5 1/1, y-T7100ynuHOB - Ha 5,5; 3,7 u
5,6 t/i (P <0,05-0,001) cOOTBETCTBEHHO.

JlanHbIe 1O (harolMTapHON AKTUBHOCTH JICHKOIIMTOB, JU3OLMMHOW AKTUBHOCTH ILUIa3Mbl, OAKTEPHIIUIHOMN
aKTUBHOCTH CBHIBOPOTKH KPOBH M MMMYHOTJIOOYJIMHAM OBUIM BEIIIE, YeM B KOHTPOJIC: MIPH BBIPANIMBAHUM TEISAT B
JIMYHBIX MOACOOHBIX XO03sKcTBaxX - Ha 5,6%, 4,8%, 5,5% u 4,7 Mr/mi, B MeJIKOM X03sHcTBe - Ha 5,2; 4,2; 7,8 % u
3,6 Mr/MI 1 B cCpelHEM XO3sHCTBE - Ha 5,8%), 3,6%, 4,4% u 4,3 mr/mn coorBerctBeHHO (P<0,05-0,01).

BrIsBI€HO TOBBIMICHHE TEXHOJOTUYECKOH HArpy3KH Ha OpraHW3M TelCHKa B 3aBHCHMOCTH OT YBEIHUYCHHUS
MOIITHOCTH MPEIIPHUSATHSL, YTO ITOATBEPIKAACTCS CIIEKTPOM OMOAMUHOB KPOBH.

KiroueBble cJI0Ba: JIMYHBIC MOACOOHBIC XO3SHCTBA, Majble M CPEIHHEC (EPMBI, TEISATA, MOJHUCTHM, POCT U
pa3BUTHE, TEMATOJIOIMICCKUN M OMOXMMUYECKHUN POQHIIH, KAYECTBO Msica.
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ASSESSMENT OF MAIZE GRAIN QUALITY BY DNA MARKERS

Abstract. Research goal. To evaluate maize lines on the basis of the high content of lysine and tryptophan and
waxiness using SSR markers.

Methods. Laboratory, statistical.

Results. The article presents the results of maize lines examination using SSR markers carried out in order
to select genotypes with a high content of lysine and tryptophan and waxiness. For the selection of lines based on
the high content of lysine and tryptophan, a complex of two specific SSR markers was used, namely a dominant
phil212 marker and a codominant phi057 one. With the aid of these markers, three alleles of 141, 153, 165 bp and
141, 150, 160 bp were detected at the polymorphism information content (PIC) values of 0.51 and 0.61, respectively.
The homozygous state of the recessive allele 02 associated with a high content of lysine and tryptophan in grain was
detected in 2 out of 77 maize genotypes under examination. The W4 microsatellite marker was used to detect
genotypes for the trait of waxiness, i.e. those having zero mutation of the wx gene. Resulted from PCR of 77 maize
lines, 5 alleles of 176 to 200 bp were detected at the PIC value of 0.73. Amplicons of size 194 and 200 bp were
detected in 24 examined maize lines that allegedly contain a zero mutation of the wx gene in a recessive homozygous
state. Among the promising genotypes with double recessive homozygote for the alleles 02 and wx, two genotypes
which are homozygous by opaque-2- waxy genes have been selected to be used in further breeding work aimed at
improving protein quality of maize grain.

Keywords: SSR markers, lysine, tryptophan, waxiness, wx gene.

Introduction. At present, breeding of grain crop is aimed not only at high yield but also at improved
biochemical characteristics of the grain. In particular, maize grain contains 8 to 10% protein and a small
amount of amino acids. The maize seed protein contains 1.5 to 2% lysine, which is less than a half the
human nutrition requirement [1, 2]. In addition, typical maize contains leucine-isoleucine-rich protein
which has low biological value.

There are favourable mutations of maize that lead to an improved quality of grain protein. Such
mutations are found in genes opaque? (02), opaque6 (06), opaque7 (07), opaquell (oll), floury2 (fi2),
Sfloury3 (f13), Mucronate (Mc) and Defective endosperm (Dc-b30). They provide for significantly higher
concentrations of lysine and tryptophan in maize grain and to a decrease in the accumulation of zein as
compared with conventional maize varieties [3, 4].

In particular, the recessive mutation opaque-2 (02) induces a specific decrease in the accumulation of
22-kDa a-zein. It was found that O2 encodes the main transcriptional regulatory protein bZIP that is
specifically expressed in the endosperm and directly or indirectly regulates a number of genes associated
with protein accumulation and the level of lysine-ketoglutarate reductase and aspartate kinase. This allows
assuming that O2 plays an important role in the development of grain as a gene expression coordinator
which controls protein accumulation, metabolism of nitrogen and carbon [5-9].

Among the well-known starch-modifying maize mutations, mutation wx (bearing zero mutation of the
wx gene, which is a trait of waxiness) deserves special attention. It causes a significant decrease in the
activity of the granular-bound starch synthase, suppresses the synthesis of amylose and causes the
formation of starch that almost completely consists of amylopectin. Amylopectin is better digested with
amylase compared with amylose; therefore, it is more technological feedstock for the industry. The results
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of the latest research on plant genome allow effective selection of genotypes and creation of new high-
productive genotypes with improved grain quality [10, 11]. Sinkangam et al. (2011) documented the
effective combination of traits of high lysine and tryptophan content and waxiness for an individual
genotype [10].

For the examination of such maize lines and hybrids, it is necessary to exploit DNA markers, because
as a result of the selection for improved quality characteristics, such lines and hybrids (i.e. with increased
content of lysine and tryptophan or waxiness) may be inferior to other genotypes in terms of valuable
economic and agronomic properties. To evaluate the polymorphism of maize lines in terms of lysine and
tryptophan content and waxiness we used of a set of three SSR markers phi057, phil12 and W4 [12, 13].
Thus, the purpose of the work was to evaluate maize lines on the basis of the high content of lysine and
tryptophan and waxiness using SSR markers.

Methods and materials. In the research, 77 maize lines of the Research Institute of Agrarian
Business (Dnipro, Ukraine) were used. The work was carried out at the Ukrainian Institute for Plant
Variety Examination (Kyiv, Ukraine) during the 2017—2018 period.

Isolation of DNA and PCR. DNA was isolated from 5-day maize seedlings using CTAB (1%) as a
lysing buffer. Purification from proteins and polysaccharides was carried out using chloroform; DNA
sedimentation was carried out under isopropyl alcohol. The extracted DNA was washed with 95% ethanol
solution and dissolved in TE buffer (ImM EDTA pH 8.0, 10 mM Tris-HCI pH 8.0). In the experiment,
three SSR markers related to the trait of high lysine and tryptophan content and the trait of waxy seed
were used [14, 15] (table 1).

Table 1 - Characteristics of SSR markers

" The nucleotide sequence Hybridization Expected size of
Gene Marker Position (bp) of primers 5°...3’ temperature (°C) amplicones (bp)
F" - geectgeaggttcacattgagt
Phill12 1218-1368 ” 57.0 150
oo R"™ - aggagtacgcttggatgctcttc
F - ctcatcagtgccgtegtceat
Phi057 3616-3769 57.0 165
R - cagtcgcaagaaaccgttgee
F - aataatccctgetgttcggt
Wx W4 4597-4791 60.0 194
R - cagcttttggtggccaga

Note: “Forward primer; ““Reverse primer

10 ul of reaction mixture contained: 1 X DreamTaqTMGreen buffer, 0.75 u DreamTaqTM poly-
merase (ThermoScientific, USA), 100 uM of each dNTP, 25 ng of DNA sample, 0.1 uM of each primer
according to the marker. Polymerase chain reaction (PCR) was performed on the TC-Y CreaCon (USA)
amplifier. For each primer, the following parameters of PCR were set: step 1 — initial denaturation: (94°C)
5 min; step 2 — development of specific reaction products: denaturation: (94°C) 1 min, hybridization of pri-
mers (57-60°C) 1 min, elongation (72°C) 1 min, number of cycles 30; step 3 — final elongation: (72°C) 5 min.

The amplicons were visualized by electrophoresis in a 2% agarose gel in 0.5 x TBE (Tris-borate
buffer solution) with bromine ethidium [16]. DNA electrophoresis was performed for 1.5 h. at an electric
field intensity of 5 V/cm.

Statistical data analysis. Size of identified alleles was determined using TotalLab TL120 (Trial
version) software. In order to evaluate the characteristic of the discriminatory force of the locus not only in
terms of the number of detected alleles but also relative frequencies of their encounter, polymorphism
information content (PIC) was calculated according to the formula: PIC = 1 — };p#, where py is the
frequency of the i allele of / locus [17].

Results and discussion. To identify maize genotypes based on the trait of high lysine and tryptophan
content, a set of two specific SSR markers was used: dominant marker phil212 that identifies the
02 allele in the homozygous and heterozygous state [13] and codominant marker phi057 that identifies
and isolates three forms of 0202, 0202 and O202. The results of the electrophoretic separation of the
obtained DNA amplicons of maize lines with primers to the markers phi057 and phil12 are shown in
figure 1 and 2, respectively.
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Figure 1 - Electrophoresis of amplicons by the phi057 marker: 1-12 correspond to maize lines RAM 1-RAM 12;
13—16 to RAM 14—RAM 17; M — molecular weight marker Thermo Scientific O'RangeRuler 100 bp DNA Ladder.

As it can be seen from Fig. 1, RAM 1, RAM 2, RAM 3, RAM 4, RAM 5, RAM 6 and RAM 7 lines
on tracks 1—7 contain a 153 bp allele. Maize lines RAM 11, RAM 12, RAM 14, RAM 15 and RAM 16 on
tracks 11, 12, 14—16 by the marker phi057 also have an allele of 153 bp. Therefore, the indicated lines, in
the case of detection of alleles of any size by marker phil12, may have genotype O202. Amplicons of
165 bp were found in lines RAM 8, RAM 9 and RAM 14 that are shown on tracks 8—10 and 13. This
means that in the absence of any amplicon by the phil 12 marker, these lines may be homozygous for the
recessive allele 02 and, accordingly, be promising in terms of lysine and tryptophan synthesis.

500 bp

100 bp

M 1 2 3 4 5 6 7 8 L] 10 11 12 13 14 15 16

Figure 2 - Electrophoresis of amplicons by the phil 12 marker: 1-12 correspond to maize lines RAM 1-RAM 12;
13-16 to RAM 14—RAM 17; M — molecular weight marker Thermo Scientific O'RangeRuler 100 bp DNA Ladder

Figure 2 shows the electrophoresis of DNA amplicons of maize lines by the phil212 marker. Accor-
ding to the obtained data, alleles of 150 bp were detected in lines RAM 1, RAM 3 and RAM 5 correspon-
ding to tracks 1, 3 and 5, respectively. On tracks 2, 4, 7-12 and 14—15 that represent lines RAM 2, RAM
4, RAM 7, RAM §, RAM 9, RAM 10, RAM 11, RAM 12, RAM 15 and RAM 16, 141 bp alleles were
detected. Presented on tracks 6, 13 and 16 are 160 bp alleles that are characteristic for RAM 6, RAM
14 and RAM 17 lines. The lines described above, in which the allele size detected by the marker phi057
was 153 and 165 bp, may have two genotypes at the heterozygous or homozygous state of the O2 allele:
0202 or O202. However, given the identified alleles by the phil 12marker, maize line shown in the figure
cannot be homozygous for the allele 02 that is connected to the increased synthesis of lysine and tryptophan.

According to the obtained data, the size and frequency of the alleles by the markers under study and
PIC valued were determined. The markers phi057 and phill2, which identify genotypes with a high
content of lysine and tryptophan, detected three alleles: 141, 153, 165 bp and 141, 150, 160 bp,
respectively (table 2).

The frequency of the alleles detected by the phi057marker ranged from 0.03 to 0.58 and by the phil12
marker from 0.05 to 0.47. According to the obtained data, the frequency of the 141 bp allele detected by
the phi057 marker was 0.03 and the frequency of the 160 bp allele detected by the phil12 marker was
0.05. The frequency of favourable 153 bp allele by the phi057 marker was 0.39. The estimated PIC values
for each marker (0.51 and 0.61), indicate a sufficient degree of identified variability among the genotypes
under examination. The obtained amplicons allow determining the allelic state of maize lines (table 3).
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Table 2 - Alleles, detected in maize lines by markers of high lysine and tryptophan content

SSR marker | The number of alleles Allele size (bp) Allele frequency PIC
141 0.03

phi057 3 153 0.39 0.51
165 0.58
141 0.47

phill2 3 150 0.40 0.61
160 0.05

Table 3 - Maize genotypes identified by markers of high lysine and tryptophan content

Genotype Alleles by the phi057 marker Alleles by the phil12 marker (bp) The share of genotype
(bp) (%)
0202 153 141 or 150 or 160 35
0202 165 23
0202 165 — 3

Given that phi057 is a codominant marker, the genotypes in which an allele of 153 bp or any of the
expected alleles was detected by dominant phil 12 marker may be homozygous for the dominant O2 allele.
Of all maize lines under examination, 27 may have 0202 genotype. Accordingly, these lines can be
considered not promising in terms of lysine and tryptophan content. The largest number of genotypes,
according to a combination of dominant and codominant markers, may have a heterozygote for the
investigated allele. It was found that 18 genotypes may contain heterozygote O202. As a result of the
amplification of their DNA with the corresponding primers, the presence of 165 bp alleles by the phi057
marker and amplicons of 141, 150 and 160 bp by the phill12 marker was proved. To determine the
homozygous state by the recessive allele 02, the absence of any amplicons by the phil12 gene marker and
the presence of alleles of about 165 bp by the phi057 marker is important. Only two lines (3% of the total
number of studied maize genotypes) which conform to the described above conditions were selected.

Volkova et al. (2015) carried out studies of populations of lines GK26 and Mo17 using DNA markers
nc030, phi061, phi064, phi083, phi031, phi044, phi057, phi084, phi080 and phil12, which demonstrated
clear amplification products for the determination of polymorphism in eight chromosomes. The authors
found a link between the phil12 and phi057 marker loci with quantitative trait loci (QTL). The analysed
58 maize lines and detected four alleles for marker locus phi 057 and five for phil12 at PIC values of 0.60
and 0.57, respectively. The obtained results are suggested to be used for the individual genotype
forecasting in terms of development of certain agronomic traits, which allows to significantly accelerate
the selection of the necessary material within a year, starting from F2, and to model the selection of
genotypes with a high level of the trait manifestation in subpopulations by marker alleles, which allows to
improve basic maize populations and use them as a source material for heterozygous breeding [18].

Singh et al. (2018) studied the genetic diversity of maize lines and hybrids. The authors analyzed
30 maize genotypes by 23 markers, including the phil12 marker. In the studied genotypes, four alleles in
the range from 140 to 165 bp were detected. In our research, this marker also detected the alleles of the
specified range with the corresponding frequency [19].

Similar studies were carried out by Smith et al. (1997). The authors evaluated maize lines using RFLP
and SSR markers to determine genetic distances between genotypes. The phi057 marker identified four
alleles, followed by the phil 12 marker with five alleles. The PIC values were 0.60 and 0.57, respectively [20].

The employment of the phi057 and phil 12 markers to evaluate maize genotypes with a high content
of lysine and tryptophan is documented by Magulama and Sales (2009) and Yang et al. (2008). The
authors prove the use of the codominant marker phi057 for the selection of maize lines with a
homozygous state of alleles 0202 [12, 21]. Danson et al. (2006) recommend using the phil12 marker in
marker-associated breeding. The authors studied parent lines of maize by the markers umc1066, umc1216,
phi057 and phil12. According to the results of their research, it was found that the presence of zero allele
by the phil 12 markers is related to the state of a mutant allele of the gene opaque-2 (02) [22].

Consequently, the studies carried out by other authors were aimed at the use of SSR markers not only
for the evaluation of genetic diversity but also for the selection of maize genotypes with a high content of
lysine and tryptophan in grain. In our studies, the markers phi057 and phil12 were also used to select
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promising genotypes with a high content of lysine and tryptophan. However, the obtained data require
further investigation to confirm the effectiveness of the approach of using DNA markers.

Since the nutritional value of grain depends not only on the protein content but also on the type of
starch, we studied a trait of waxiness by the wx gene. Microsatellite W4 marker was used to detect the
maize genotypes containing a zero mutation of the wx gene (a trait of waxiness). As a result of the
amplification of the lines under study, the fragments promising for the presence of a zero mutation
(homozygous recessive state of wx) were obtained (figure 3).

M 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16

Figure 3 - Electrophoresis of amplicons by the W4 marker: 1—4 correspond to RAM 87-RAM 90; 5 to RAM 94;
6—14 to RAM 99 — RAM 107; 15 to RAM 109; 16 to RAM 111;
M — molecular weight marker Thermo Scientific O'RangeRuler 100 bp DNA Ladder

Shown in figure 3 are the results of the electrophoretic separation of amplicons by the marker of
waxiness. The alleles of 188 bp were detected in lines RAM 88, RAM 89, RAM 90, RAM 104, RAM 105
and RAM 109, alleles of 182 bp in lines RAM 100, RAM 101, RAM 102, RAM 106 and RAM 107 and
alleles of 176 bp in RAM 99. Given that the presence of alleles of the specified size is not related to zero
mutation of the wx gene, the lines are not considered promising for further breeding work in terms of the
trait of waxiness. Favourable alleles of 194 bp were detected on tracks 1, 10 and 16 in RAM 87, RAM
103, RAM 111 lines, respectively.

According to the PCR results of 77 maize lines, five alleles with a size range between 176 and 200 bp
were obtained by the W4 marker (table 4).

Table 3 - Maize genotypes identified by a marker of waxiness

SSR marker The number of alleles Allele size (bp) Allele frequency PIC
W4 5 176 0.14 0.73

182 0.12

188 0.42

194" 0.23

200" 0.09

Note: “favourable alleles on the basis of waxiness.

For the detected alleles, their frequencies were calculated; their values ranged from 0.09 to 0.42. The
PIC value was 0.73. According to the obtained data, amplicons of 194 and 200 bp were detected in
24 maize lines. This suggests that these genotypes may contain a zero mutation of the wx gene in a
recessive homozygous state.

Dang (2010) describes the use of four markers for assessing Chinese maize lines on the basis of
waxiness. For this purpose, the author used four pairs of primers W1, W2, W3 and W4. According to the
genetic sequences of the various alleles associated with the waxiness, the pair of primers W1, W2 and W3
should amplify fragments 202, 555 and 364 bp, respectively, in the genotypes that are not related to zero
mutation of the wx gene. Since in practice, similar fragments were observed in both waxy and
conventional genotypes, these three pairs of primers did not allow selecting waxy genotypes [13].
Therefore, only one W4 primer was effective, and therefore we used it in our research too.

Sinkangam et al. (2011) investigated the transfer of opaque-2 genes from inbred maize lines with
high-quality protein to elite waxy inbred lines by crossing and selecting homozygous recessive lines using
MAS methods as well as their biochemical parameters. The researchers found that lines that have the
opaque-2-waxy genotype have a high content of sugar and amylopectin. As a result of crosses and
selections, the authors obtained six lines homozygous for opaque-2-waxy genes [10].
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In our study, among the promising genotypes with the trait of waxiness and high content of lysine and
tryptophan, i.e. with double recessive homozygote for the alleles 02 and wx, two genotypes can be selected
according to the detected by the phi057 marker alleles and with no amplicons by the phil12 marker, as
well as by the presence of favourable alleles by the W4 marker.

Considering the fact that the traits of high lysine and tryptophan content and waxiness allow obtaining
high-quality processed grain products, there is a need to continue the works on the evaluation of protein
composition and the type of starch in promising maize lines selected by SSR markers [10]. The maize
lines we selected will be used in further breeding work aimed at improving the quality of protein of maize
grain.

Conclusions. Using a combination of two SSR markers phi057 and phil12 we evaluated 77 maize
lines on the basis of the high content of lysine and tryptophan in grain. According to the obtained data,
two of the studied lines were selected. They were identified as possible genotypes with a homozygous
recessive mutation o2.

In order to select waxy-seeded breeding materials, an estimation of the genotypes by the W4 marker
was carried out. According to the presence of two alleles of 194 and 200 bp, 24 maize lines were found
promising. Two promising genotypes have been identified by double recessive homozygote for the alleles
02 and wx. They will be used in further breeding work.

The proposed set of SSR marker is useful for identifying both double and single recessive
homozygotes for valuable economic and agronomica traits. As these two traits can be clearly detected only
at the later stages of plant development, specific molecular markers for wx and 02 genes may be appro-
priate to facilitate the early selection of specific genotypes in the respective breeding programs.

JI.M. Hpucszxuiox’, 10.A. l'onuapos?, 10.B. Illutuxosa', C.U. Meabuuk!

! Vkpanna ociMaik cOpTTaphin capantay MHCTHTYTHI, Kues, Ykpanna;
2 «Arpapnbik 6uzHec nHCTUTYTED JKIIC, dHenp, Ykpauna

JHK-MAPKEPJIEPIH KOJIJIAHY APKBLJIBI 2)KYT'EPI IOHIHIH CAITACBIH BATAJIAY

JI.M. Hpucs:xuwok!, F0.A. T'onuapos?, 10.B. Illutukosa', C.U. Meabuux!

'Y KkpauHckuii HHCTUTYT SKCIIEPTU3HI COPTOB pacTenui, Kues, Ykpaunna;
2000 «HucTuryT arpapHoro 6usHecay, Juenp, Ykpauna

OLEHKA KAYECTBA 3EPHA KYKYPY3blI C IOMOIIBIO JHK-MAPKEPOB

AnHoTanus. Ilenp MccaegoBaHMsI — LEHUTh JIMHUM KYKypy3bl IO TNPH3HAKaM IOBBIIICHHOTO COAEPKaHUS
JIM3WHA U TpUnTodaHa, a TAaK’Ke BOCKOBUIHOCTH € TIOMOIIBIO SSR-MapkepoB.

MeTtoasl. JlabopaTopHsle, CTaTUCTUUECKHE.

Pe3yabTaThl. B cTarbe mpenctaBieHbl pe3yJbTaThl HCCIEAOBAHUN JIMHUKA KYKYpy3bl ¢ momoinsio SSR-map-
KEpOB C IO 0TOOpa FEHOTUIIOB C MOBBIIIEHHBIM COICP/KaHWEM JIM3MHA U TPUNTO(aHa B 3€pPHE, & TAKKE BOCKO-
BUIHBIM THIIOM 3€pHa. [ orbopa nMHMIA MO NPHU3HAKY MOBBIMICHHOTO COZIEP)KaHMS JIM3WHA W Tpunrodaxa
NIPUMEHSUIN KOMIUIEKC U3 JBYX crienpuuecknx SSR-mapkepoB: mjoMuHaHTHBIH Mapkep phil 12 u KOmoOMHHaHTHBIX
phi057. Ompexneneno, yro no mapkepam phi057 u phil 12 nonydeHo no tpu ajutenu ¢ pazmepamu 141, 153 u 165 nn
n 141, 150 u 160 na coorBercTBeHHo, 3HauyeHue PIC cocraBmimm 0,51 u 0,61. I'OMO3UrOTHOE COCTOSIHHE IIO
peLeccuBHOM amienu o2, KOTopasi CBSi3aHa C IOBBIIICHHBIM COICP)KaHWEM JIM3MHA M TpUNTOodaHa B 3epHE ObLIa
oOHapy»keHa B IByX M3 77 HCCIIEyeMbIX T€HOTHIIOB KyKypY3Hl.

Jnst BBISIBIICHHST TEHOTHIIOB MO NPU3HAKY BOCKOBUIHOCTH, COJEPXKALIUX HOJb-MYTALUIO T€HA WX, MPUMEHSIIN
MUKpocaTenTuTHbI Mapkep W4. Ilo pesynpratam IILP anamuza 77 nuHuil KyKypy3bl HOJXYy4eHO TATH aieneit
pasmepom ot 176 mo 200 mH, 3HaueHme PIC cocraBmio 0,73. Ammmukonsl pasmepom 194 m 200 mH ObUTH
UAeHTU(HUINPOBaHBI B 24 MCCIEqyeMbIX JIMHUAX KyKypy3bl, KOTOpbIE MOTYT COZAEpKaTh HOJNb-MYTAIlMIO TeéHa WX B
pelLiecCUBHOM rOMO3UTOTHOU (opMe.

Cpean mepCrieKTUBHBIX T€HOTHUIIOB C JBOWHOW PEleCCHBHON TOMO3WUTOTOW MO aulelisiM 02 B WX OTOOpaHo
2 reHoTHTNa (TOMO3UTOTHEIE TI0 Opagque-2-waxy TeHaMH), KOTOpble OyIyT WCIOJIB30BAaHEI B JalbHEWIeH paboTe B
CEJICKIIMOHHBIX MIPOrpaMMax Ha yJIyqlIeHHe KauecTBa 3epHa KyKypy3bl.

Kiruernie ciioBa: SSR Mapkepsbl, JTH3UH, TPUNTO()AH, BOCKOBUIHOCTh, TeH WX.
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IMPORTANCE OF THE SILK ROAD
AND THE SILK ROAD ECONOMIC BELT PROJECT

Abstract. The interaction of different political, economic, historical and cultural dynamics of societies play an
important role in the emergence of civilizations. The interaction of these dynamics with each other was realized by
means of transportation due to reasons such as trade, migration, war, diplomacy. Transportation routes have been the
most important element that provides the relationship of space between people and societies through the means that
have developed in the historical process. The factor that makes the transportation route valuable and lasting depends
on its geopolitical and geostrategic position, on ensuring that the societies carry out their social and economic
relations safely. In this context, the oldest and most valuable transportation route in human history is the Silk Road,
which covers a large geography from Europe to Asia to Asia to Africa, where many ancient civilizations were born.

Along with the increase in the importance of energy resources in recent years, the importance of the Silk Road
has increased as a result of the growing role of the countries concentrated in the region along the Silk Road in the
world economy. On September 7, 2013, Chinese President XI Jinping delivered an important speech at Nazarbayev
University in Astana, calling on China and Central Asia to join the creation of a new "silk road Economic belt".
According to some researchers, this project covers the European economic zone from China and the Eurasia and
Asia-Pacific economy corridor. China's project to revive the Silk Road has emerged as a result of China's economic
and political-based regional and global expectations and concerns, rather than being a utopian initiative.

In this study, new projects in the revitalization of the Silk Road were evaluated and the Silk Road Economic
Belt project was studied. The environmental threats posed to the region by the world's largest transport project,
which is being implemented with the participation of 65 countries, were discussed.

Keywords: Silk Road, Silk Road Economic Belt, trade, environmental threats.

Introduction. The Silk Road, the longest road in the ancient world, for thousands of years brought
different cultural elements to each other and allowed distant geographical regions to interact with each
other. The Silk Road has become an important tool for strategic and commercial, political, cultural,
religious and technological interaction. Due to such large-scale features, the Silk Road had a vital impact
on the states at certain times in history.

The Silk Road, which stretches for more than 7,000 km through Asia, Europe and Africa, has been a
catalyst for development for centuries, providing an exchange of goods, cultures, arts, history and religion
between China and the West. This caravan trade route was the longest in the pre-capitalist era [1]. On
September 7, 2013, Chinese President Xi Jinping delivered an important speech at Nazarbayev University
in Astana, calling on China and Central Asia to join the creation of a new "Silk Road Economic Belt." The
proposal is aimed at promoting the rapid economic development of Eurasian countries, especially Central
Asian countries, achieving rapid development in China [2].

It has become an important network of relations that brings trade countries closer, provides product
diversity and allows for efficient use of resources. Foreign trade is still used as a policy tool for countries,
especially before the end of World War II, many countries viewed foreign trade negatively. In the 1980s,
thanks to the positive atmosphere created by globalization, countries conducted research and agreements
to remove barriers to trade. In particular, there is the importance of infrastructure investments for the
development of trade, which will reduce transport costs. From this point of view, transport networks,
which are trying to attract the dominant countries in world trade, are important.
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The Silk Road, which has a great significance in history and strives to become the ruler of
civilizations, has lost its significance with geographical discoveries. From the Middle Ages, the
transportation of commercial goods by sea was important for European countries. In the context of
development such as war, economic crisis and globalization, Asian countries have become more
competitive in the international arena and have achieved higher growth rates than Western countries. The
search for new markets continues, especially for Asian economies, which have achieved economic growth
through a breakthrough due to cheap labor, so efforts are being made to reduce transport costs. Therefore,
it is important to develop new transportation opportunities, conclude agreements with neighboring
countries, invest in infrastructure. Especially with the breakthrough of China, efforts are being made to
revitalize the Silk Road as never before in order to trade quickly and cheaply in distant lands. This is
evidenced by the modern Silk Road project, which was actually launched under the leadership of China -
the "Silk Road Economic Belt". This study assesses the short history of the Silk Road, its economic
significance and new projects to revitalize the Silk Road, and discusses the environmental risks of the new
Silk Road project.

Name, brief history and directions of the Silk Road.

The Silk Road was established 2,100 years ago during the Han Dynasty (206 BC - 24 BC) to promote
trade between China and Europe [3].

It is known that the ancient trade route of Asia, which is of great historical significance, was called
the Great Silk Road due to the fact that the silk produced in China was transported to the West by this
route. The term Silk Road was not used in Asia, especially in China, and the term was used only by
Europeans. Baron von Richtofen was the first to use the name of the Silk Road, and in an article on China
he referred to the Silk Road and the Silk Road map of the Macedonian silk merchant Marinus [4]. From
the first centuries of history, the Silk Road has been a means of commercial, military, cultural, religious
and political relations between East and West for thousands of years. According to some sources, silk,
carpets, handkerchiefs, tea, and other important Asian commodities were exported to Iran, Byzantium, and
many other European countries by more than a hundred caravans. On the other hand, in the West, many of
the cultural dynamics (religions, civilizations, and beliefs) that come through merchants and missionaries
have shifted to the East.

The main route of the Silk Road was from China, through Iran to Mesopotamia and to the
Mediterranean ports of Antioch and Sur. However, over time, this path changed due to the current political
and economic situation and became an international trade network. The Silk Road is divided into two
sections: the North Road and the South Road. The northern route ran from the Caucasus to the Black Sea,
from there to coastal points such as Azov and Crimea, and then from southern Russia, the Urals, southern
Siberia, and the Altai steppes to China. The Southern Silk Road stretched from the Chinese capital to the
Eastern Mediterranean, through the plateaus of Central Asia and Iran, and then by ships to the interior of
Europe [5]. Below is a Map 1 of the Silk Road:
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Although it was not possible to know the exact direction of the Silk Road, an attempt was made to
establish a definite route based on archeological finds and historical data. Until recently, it was believed
that there was only one way between East and West. However, today we can talk about a road network
with three routes. These are the Northern Silk Road, the Southern Silk Road and the interconnected land
and sea routes.

Although it was not possible to know the exact direction of the Silk Road, an attempt was made to
establish a definite route based on archeological finds and historical data. Until recently, it was believed
that there was only one way between East and West. However, today we can talk about a road network
with three routes. These are the Northern Silk Road, the Southern Silk Road and the interconnected land
and sea routes.

The information provided so far shows that the Silk Road has a very complex system and a very wide
geography. For this reason, its importance can be better understood when considering the direct and
indirect economic, social, political, military, religious and artistic effects of the geographical area in which
it is located.

The importance of the Silk Road in reducing transport costs in trade.

Due to its geographical and physical properties, countries cannot produce any products. Countries that
can produce according to their geographical and human structure have the opportunity to use goods that
they cannot produce through foreign trade. Especially in the context of globalization, countries have the
opportunity to trade more. Thus, countries have the opportunity to import not only goods that they can not
produce, but also goods produced at their own production costs. If countries import goods at cost of
production, they can use their resources more efficiently by diverting their resources to other high-profit
areas. In this case, as a country's foreign trade policy, it is important to conclude trade promotion
agreements, developing the capabilities of foreign markets that bring producers closer to more buyers.
Countries that remove restrictions and bans on foreign trade aim to increase trade by reducing transport
costs between countries, with a focus on infrastructure investment.

When it comes to developed countries until the 80s, the first countries to appear were America, Japan
and Europe. However, Asian countries joined the ranks of developed countries in the 80s. The growth of
production in Asian countries entering the international market has led to an increase in foreign trade and
greater energy demand. Work to reduce transport costs, low-cost transportation of energy resources
between countries will reduce the cost of goods, which will allow to better meet the needs of consumers.
In particular, along with the rapid development of the economy, China's energy needs are growing rapidly.
China is forced to import half of its oil consumption, or 10 million barrels per day. 60% of oil imports
come from the Middle East [6, p.28]. China is concerned about the US presence in the Middle East and its
control over oil and natural gas resources and their transportation routes. To reduce its growing energy and
dependence on the Middle East, China seeks to diversify its resource-rich countries and enters into
agreements with various countries in Central Asia, Africa and Latin America. China's investment in
energy is growing both domestically and abroad. By connecting oil pipelines with Central Asia, it seeks to
minimize the accuracy of maritime transport routes to these networks, including Iran, crossing the Straits
of Omuz and Malacca [7].

Reducing transport costs and creating the shortest and safest trade routes as cost-reducing factors
are important for maintaining countries' international competitiveness. In other words, countries that can
produce cheap goods due to human and technological development are looking for ways to transport these
goods to foreign markets at the lowest prices. In this regard, Kazakhstan and other Turkic republics are in
geopolitical importance.

Projects aimed at improving the Silk Road

Although it lost its significance at the end of the XVII century, the historical Silk Road is now trying
to renew it with its various forms. In this context, economic and political cooperation is carried out
through a number of international and so-called "Silk Road Economic Belts" initiatives. The most
important of these are oil and gas pipeline projects, the Europe-Caucasus-Asia Transport Corridor
(TRACECA), the International Transport Corridor Europe-Caucasus-Asia (TRACECA), the Northern
Distribution Network, the Korean-Siberian Railway and the Persian Gulf-Asia model. actually takes place
in a significant part of them.
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TRACECA program: It was put on the agenda of the Brussels Conference on May 7, 1993. The
conference was attended by the Ministers of Trade and Transport of Azerbaijan, Georgia, Armenia,
Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan, as well as representatives of Russia,
Romania, Bulgaria, Turkey, Iran, China, Pakistan and the European Union.

The main objectives of the conference:

* Encourage cooperation between participating countries in the development of trade in the region;

* identify problems and shortcomings in the region's trade and transport systems,

* Determining the terms and conditions of the EU-funded technical assistance program;

* Creation and development of the Central Asia-Caucasus-Europe transport corridor.

At the end of the conference, the Brussels Declaration was signed. Thus, the European Union has
adopted a funded technical support program for the development of a transport corridor from Central
Europe to Central Asia via the Black Sea, the Caucasus and the Caspian Sea. The conference identified
problems and shortcomings in the region's trade and transport systems, identified projects to address them,
and immediately provided a € 15 million loan from the European Union to operate these projects. These
projects were aimed at opening traditional trade routes to the west of Moscow [8].

In addition, 4 sectoral working groups have been established at the Conference since 1993. These are
working groups; It was decided to facilitate trade, road transport, rail transport and sea transport. In these
working groups, the costs of the sea, the airline and the existing highways passing through Russia were
calculated comparatively by determining the route through Central Asia. The most discussed issue at the
conference was the simplification of border crossings.

Map 2: TRACECA network

Today, the TRACECA route transportation system includes 13 member countries. These countries;
Azerbaijan, Armenia, Bulgaria, Kazakhstan, Kyrgyzstan, Moldova, Romania, Tajikistan, Turkey, Ukraine,
Uzbekistan, and Georgia (http://www.traceca-org.org/en/countries/). The economic indicators of
TRACECA countries are given in the table 1 below.
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Table 1 - Economic indicators of TRACECA countries (2019)

. Population Population GDP growth
Countries (millirc))n people) growt}? (annual%) GDP (% pergannum) Export Import
Armenia 2,9 0.24 12433089919 5.2 4700348851 6647280643
Azerbaijan 9,9 0.87 46939529412 1.41 25484473000 | 17705199000
Bulgaria 7,02 -0.72 65132951116 3.08 43450810000 | 41496250000
Georgia 3,7 -0.04 17599660629 4.80 8896617467 10768594069
Iran 81,8 1.39 4.54013E+11 3.76 - -
Kazakhstan 18,2 1.29 1.7934E+11 4.10 67083014658 | 46224938814
Kyrgyzstan 6,3 1.99 8092836609 3.50 2600152769 5483703329
Moldova 2,7 11443671436 3.40 3451540000 6383920944
Romania 19,4 -0.62 2.39553E+11 3.95 1.00511E+11 | 1.07679E+11
Tajikistan 9,1 2.45 7522947810 7.30 1116258706 3220202290
Turkey 82,3 1.49 7.7135E+11 2.83 2.23448E+11 | 2.39533E+11
Ukraine 44,6 -0.47 1.30832E+11 3.34 59135000000 | 70502000000
Uzbekistan 32,9 1.73 50499921558 5.12 14135137288 | 23443547241
Source: World Bank (http://data.worldbank.org/indicator)

The Central Asia Regional Economic Cooperation (CAREC): Another project led by the United
Nations Social Commission for Asia and the Pacific in the 2000s aims to integrate and upgrade the
transport infrastructure of developing Asian countries on land and in transit. Within the framework of this
project, 3 transport corridors were involved in Central Asian countries. Another transportation project is
the Asian Development Bank's Central Asia Regional Economic Cooperation Program for Transport and
Trade Facilitation. 33 out of 80 transportation-related projects have been completed, 37 of the remaining
47 projects have been delayed due to various reasons, and about 40% of these projects have been
completed. In addition, CAREC is at each customs gate in terms of trade facilitation between countries in
the region. conducts research on the creation of the necessary infrastructure to create a single window
system that will reduce waiting times [9].

The Silk Road Economic Belt project

The New Silk Road, an important trade and logistics project of the 21st century, was formed and
implemented in accordance with the established policy of China. This trade route, where empires have
been at war with each other for hundreds of years, will be a great economic zone for modern states with
modern projects.

During his visits to Central Asia and Southeast Asia in September and October 2013, President
Xi Jinping of the People's Republic of China proposed a joint project to build the Silk Road Economic
Belt and the 21st Century Maritime Silk Road, which attracted much international attention. As a result of
China's economic growth and aspiration to find new markets, this project, based on its history, connects
many countries with their economies. In addition, the "East-West" trade network will be established and
will be continuous in the exchange of goods. The necessary infrastructure for the full implementation of
the project has been created and funds from many countries have been attracted to complete the network
[10].

$ 40 billion has been transferred to the Silk Road Economic Belts Fund, which China has set up for its
investment in the Silk Road. It has invested $ 100 billion in the Asian Infrastructure Investment Bank,
which was established to support and develop infrastructure and is a member of Kazakhstan [11]. These
Chinese investments underscore the importance of the Silk Road. The road, which is expected to affect
trade and the economies of the countries through which it passes, will have a significant impact on
international trade.

As part of the Silk Road project, it is planned to create two types of land and sea routes (figure 2). The
first is the so-called "Silk Road Economic Belt", which connects China and Europe. The project includes
high-speed railways, highways, ports, airports, natural gas networks and other infrastructure projects. The
second line is the so-called "Sea Silk Road", which connects China with the Persian Gulf and the
Mediterranean Sea through the Indian Ocean. It is planned to develop maritime trade through the Persian
Gulf and the Indian Ocean. The Tengiz Silk Road allows access to markets outside China. Thus, China
receives a significant share of world trade.
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A study of the countries in the area shows that the project includes mainly developing countries.
Given that the economic volume of these countries under the project is about $ 21 trillion, the New Silk
Road project has significant economic potential. The project includes railway, road, air, sea and pipeline
crossings. Upon completion of the project, transport networks from China to Europe will contribute to the
differentiation of trade routes and the development of technology will reduce the time of trade between
countries. Costs will be reduced if logistics systems are improved. Pipeline trade is important in the energy
sector. China supplies most of the oil needed for its heavy industry through pipelines. The rest is done by
sea trade. The project envisages a complex trade network with the construction of a pipeline.

With the New Silk Road project, the People's Republic of China seeks to increase its growth rate and
stimulate domestic consumption [12].

Environmental hazards of the Silk Road economic belt

The Silk Road Economic Belt is popularly known as the New Silk Road. Reconstruction of the Old
Silk Road will bring great benefits to China and the underdeveloped regions of Central Asia, creating
wealth and prosperity that will create many needs. However, the main task is to ensure the safety of the
New Silk Road and its sustainability. For example, the fact that most of the route is located in vulnerable
areas and semi-arid and arid areas of water resources can pose a threat to the environment.

Problems related to limited natural resources and climate change, human activities have a vulnerable
impact on the environment. The natural complexity of the natural system and the lack of scientific
research on the natural environment and resources of these regions make it difficult to find effective
solutions [2].

First of all, the dry climate of the region and limited water resources. Global climate change is
exacerbating the situation. The eastern basin of the Aral Sea in August 2014 was completely dry for
600 years [13]. Now it is a desert. In addition, glaciers in the Himalayas and the Tianshan Mountains are a
cause for concern due to climate change. Melted glaciers will generate additional flow in the short term,
but when glaciers are removed, future catastrophes will have irreversible consequences. Today, about
3 billion people live along the new Silk Road; this number will increase significantly with the
implementation of the project. Today, water resources in the region are used inefficiently in most of the
water used for agricultural irrigation [14]. The problem is exacerbated by declining water quality due to
human health. To solve the problem, it is necessary to make radical changes in water resources
management.

Fossil energy sources are also consumed at an increasing rate. China is the world's largest consumer
of coal, natural gas and oil annually, especially in the East. If consumption continues to grow, China's coal
reserves may be depleted in just 19 years [15]. Climate change and environmental pollution are inevitable
consequences of this trend and threaten the economic viability of the New Silk Road initiative. Air and
water quality are a clear concern, but land degradation is also an important issue, as soil pollution, soil
salinization and desertification can disrupt agricultural productivity. Research can help solve or prevent
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some potential problems. However, government-sponsored research is currently limited. Priority areas of
emergency research should be based on the following:

* A detailed assessment of the project's required water and energy, including an assessment of
transboundary waters and how to manage them.

* Full assessment of the project's environmental potential and environmental impact, along with
options for improvement.

* Full assessment of possible geological hazards as a result of design work.

Conclusion. The Silk Road is one of the oldest trade routes in history, and thanks to it, many
countries have historically been engaged in economic activities. In addition, the possibilities of the Silk
Road influenced different cultures in social, political, military and religious aspects. Because at that time
the most important route from East to West was the Silk Road. The creation of the Silk Road Economic
Belt is an interesting prospect that will bring huge economic benefits to the countries of Eurasia. However,
intensive human activities could double the water crisis in Central Asia, worsen the vulnerable
environment and accelerate energy consumption in the region. In order to create a new and stable
economic belt of the Silk Road, it is necessary to promote research, strengthen international cooperation
and improve education. Ecologically sustainable development of the Silk Road economic belt is necessary
through careful planning, specific research, and the support of governments and the people. Local
governments need to invest in research in relevant areas.

At the same time, society must understand the need to protect the environment and the devastating
consequences of the abuse of natural resources. The New Silk Road can be built in a useful and
sustainable way through careful planning, relevant research and close cooperation between the relevant
regions and countries.

ARTICLE AR05132474 Modernization of the cultural heritage of the Great Silk Road (based on the
Turkestan region) on the basis of a complex study of cultural monuments, was sponsored by the Ministry
of Education and Science of the Republic of Kazakhstan.
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KIBEK 7KOJIbI KOHE «KIBEK KOJIbl 9KOHOMMKAJIBIK BEJIJIEYI»
KOBACBIHBIH MAHBI3ABIJIbIT'bI

Annoranusi. KoraMHBIH TYpili casic, YKOHOMHKAIBIK, TAPUXH JKOHE MOJCHH TUHAMUKACHIHBIH ©3apa BIKITaj-
JTaCyBbl OpPKEHUETTEPAIH Taia OONyBIHAAa MaHBI3ABI pel aTKapaabl. JJnHaMuKaHbH Oip-OipiMeH e3apa KapbIM-KaThI-
HACHl cayJa, KeIli-KOH, COFBIC, AWIUIOMATHs CBHIHABI cebenrepre OailaHBICTHI KOJIK Kypangaphl apKbUIBI JKy3ere
aceIpbUIABL. Kok skogapsl — Tapuxu JEKOHCTPYKIHS YAEPiCiHIE JaMbIFaH KOJIiK Kypangapsl apKbUIBI agamaap MeH
KOFaM apachIHJaFbl KEHICTIKTIK KaTbIHACTAP/(bl KAMTAMACHI3 €TETiH MaHbI3/Ibl dJieMeHT. Keulik jKONbIH KYH/IbI JKOHE
Oepik ereTiH (akTOp OHBIH T€OCAsACH IMKOHE T'€OCTPATETHSUIBIK JKarJaiiblHA, KOFAMHBIH OJEYMETTIK JKOHE
SKOHOMUKAJIBIK KaThIHACTApBIH Kayilci3 JKy3ere achIpybl KamMTamachl3 eryre OainaHbicThl. bByn Typreiia amamsar
TapUXBIHAAFBl €XKEJri JKoHe KYHIbl Kenik »xonbl — Eyponmanan Asusra, AsusgaH Adpukara JeiiHTi YJIKeH
reorpadusiHbI KAMTUTBIH KOIITEreH €XeNTl OpKeHUeTTep AyHuere keiareH JKiOek »KoJbl.

COHFBI KBUTIAPBI MAHBI3BI APTKAH YHEPTETUKANIBIK pecypcTapIblH YIFarobiMeH Oipre JKiOek Kol OarbITHIHIA
OpHAJIACKAaH OHIpJc IIOFBIPIAHFAH CIACPAiH AIEMIIK 3KOHOMHUKAJAFbl OPHBIHBIH apTybl HoTWkeciHae JKibek
JKOJIBIHBIH MaHBI3IBUIBIFBL apTa TycTi. 2013 sxputrbl 7 kpipkyhiekre KXP Teparacet Cu L[3uHBINMH AcTaHamarsl
Hazapbaer yHuBepcureriHae MaHBI3OBI OasHmama xacar, Keitait MmeH Opranmslk A3usHBI kaHa «KiOek Koibl
SKOHOMUKAIIBIK OeeyiH» KypyFa KOCBUIyFa INakeIpabl. bym »xoba Keitait MeH EypasusiHBIH eypomnaisik
HSKOHOMUKAJIBIK aifMarbIH jkoHe A3us — THIHBIK MYXUTHI SKOHOMHKAJIBIK, 1oMi3iH Kamtuasl. Keitbip 3eprreymrinepain
nikipinie, Keiraiiapiy JXKiGek KonbIH jKaHIaHIbIpy K00ackl yTOMUsIIBIK Oacrama emec, KpITallbiH 9KOHOMHUKAJIBIK
JKOHE CasiCH HeTi3/IeNreH aliMaKThIK yoHe skahaHbIK YMITI MEH allaHayIbUIbIFbl HOTHKECIH/IE Maiiia 0oJIIbl.

3eprreyimizae JXKiOek >KOJIBIH JKaHIAHABIPYIAFbl jkaHa jkoOamap OaranaHbim, «KiOEK >KOJIBI SKOHOMHUKAIBIK
Oenneyi» rxobacel 3eprrenai. OneMaeri 65 enaiH KaTbICybIMEH JKYPTi3iulin jKaTKaH ipi TPaHCIOPTTHIK >KOOaHBIH
aliMakKa TOHIIPETIH SKOJOTHSUIBIK KAy TaJIKbLUIaH bl

Tyiiin ce3nep: XKibex xoubl, «XKibek 507161 SKOHOMUKAIBIK, Oemeyi, cay/a, SKOJIOTHSJIBIK Kayirl.
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IEJKOBBIN IIyTb U 3HAYEHHUE IIPOEKTA
«QKOHOMMWYECKHNH NTOSAC IIEJKOBOI'O ITYTH»

AHHOTanusl. B3aumozelcTBue pa3iuyYHBIX HONMUTHYECKUX, SKOHOMUYECKHX, MCTOPHUYECKHX U KYJIbTYPHBIX
JIMHAMHK OOIIECTB UTPAET BaXKHYIO POJIb B BOBHUKHOBEHUH [IMBHIIM3ALMHA. B3anmMoeiicTBie 3TOW AMHAMUKY OCYILle-
CTBJIAJIOCH TIOCPEJCTBOM TPAaHCIIOPTA MO TaKUM IpPUYMHAM, KaK TOProOBJIs, MUTpAIHs, BOiHa, aumiomartus. TpaHc-
MOPTHBIE MYTH CTalIXM HauOoiee BAXHBIM JJIEMEHTOM B IPOLIECCE MCTOPUYECKON IEKOHCTPYKIMH, obecredyuBas
MIPOCTPAHCTBEHHBIE OTHOLICHUS MEXIy JIIOABMH M OOIIECTBOM C IOMOIIBIO Pa3BUTHIX TPAHCIOPTHBIX CPEICTB.
®akTOp, KOTOPBIA JA€HaeT MyTh LEHHBIM U CHUJIBHBIM, 3aBUCHT OT €rO I€ONOJIMTHYECKOTO M Ie0-CTPATErm4ecKoro
MOJIO’KEHHSI, 00ECTIEUHBAIOIIETO OE30MACHYI0 PEATU3aIMI0 COLIHATbHO-3KOHOMHYECKNX OTHOIIE-HUH 00IIecTBa.

B aTom cmbicnie crapeiimuM u HauOojiee IEHHBIM TPAHCIIOPTHBIM MapIIpyTOM B HCTOPHH 4EIOBEYECTBA
sisiercst LLeskoBbIi MMyTh, I/le pOJUIMCH MHOTHE JPEBHUE IIMBUIIM3AIINH, OXBaThIBaIOIINE OOJIBIIYIO reorpaduio ot
EBporer 1o A3un, ot Azum 1o Adpuku. Hapsiny ¢ yBennyeHHeM 3HaUMMOCTH SHEPIeTHYECKUX PECYPCOB, KOTOpPHIE
CTaHOBATCSI Bce Ooiiee BaKHBIMHM B ITOCIIETHNE TO/bI, 3HaueHne 1llenkoBoro myTu Bo3pociio B pe3yabTaTe pacTymiei
POIIH CTPaH, COCPENOTOUECHHBIX B PETHOHE BIOJb [1IeTKoBOro myTH B MUPOBOH SIKOHOMHKE.

7 cents6psa 2013 roga npesunent Kuras Cu L[3uHpnuH BRICTYNMI ¢ BaKHOU peupio B HaszapOaeB YHuBep-
cutere B Actane, nmpu3sas Kutail u LleHTpanbHy0 A3uI0 NPHUCOEANHUTHCA K CO3AAHUIO0 HOBOTO «DKOHOMUYECKOIO
nosica — IllenkoBoro mytu». Ilo MHEHHIO HEKOTOPBIX HCCIefOBaTeleH, ITOT HMPOEKT OxBaThiBaeT EBpomelckyro
9KOHOMMUECKYI0 30HYy OT Kurtas u EBpasunm no Asuarcko-THXOOKEaHCKOrO SKOHOMHUYECKOro Kopuaopa. MHorue
3KCIIEPTHI CUUTAIOT, YTO KuTaliCKuil IpoeKT 1o BO3poxaeHHI0 [11enKkoBOro myTH — 310 HE yTONMYECKask MHULIMATHBA,
a pe3ybTaT IKOHOMHUYECKHX U MTOJUTHIECKHIX, PETHOHAIBHBIX U ITI00aIBHBIX HAIEXK U TIEPEMEH.

B sTOM HccnenoBaHuM OBUIH OLIGHEHBI HOBBIE IIPOEKTHI 10 OXKUBJIIEHUIO Bennkoro IllenkoBoro myTH u u3y4yeH
npoekT DkoHomuyeckoro mnosica Bemukoro IllenkoBoro mytu. Beuth 00CyKAEHBI IKOJIOTMYECKHE YTPO3bl IS
pETHOHA, CBSI3aHHBIE C KPYHMHEHIIIMM B MUPE TPAHCIOPTHBIM IIPOEKTOM, KOTOPBIN pean3yeTcs ¢ yuacTueM 65 cTpaH.

KimoueBsblie ciaoBa: IllenxoBelii myTh, OxoHOMHuYeckuil nosc lllenxkoBoro myTH, TOProBisl, 3KOJIOTMYECKHE
YIPO3BL.
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THE GEOPOLITICAL POSITION OF THE TURKIC WORLD
AND THE GEOGRAPHY OF TRANSPORT AND
ECONOMIC RELATIONSHIPS

Abstract. Notwithstanding the fact that our planet is characterized by scientific, technical, political and
economic achievements from the beginning of the XXI century, there is still problems in development, socio-
economic backwardness, and problems in the management and determination of borders between countries. The
Turkic states, which recently gained independence, are trying to determine their geopolitical position in the political
arena of the world, which is mainly associated with the development of their transport and economic relationhips.
The favorable geostrategic position of the Turkic world countries, their location at the crossing of various transport
corridors accelerated their integration into the world economic system. Therefore, the valuation of the capabilities of
the Turkic states in the modern world is of great relevance.

This paper uses historical, statistical, comparative, analysis method, systematic and other methods. Using these
methods was carried out a geographical analysis of the geopolitical situation and the transport and economic relations
of the Turkic world. Economic development, mutual cooperation, positive demographic dynamics and other
processes in the modern world are among the interests of the Turkic world. Because the geopolitical situation in the
Turkic world and its ability to influence international political situation serve the interests of the region as a whole.

Key words: turkic world, transport, geopolitics, TRACECA, TANAP, TAP, INSTC.

The geopolitical position of the turkic world. The geopolitical ideology of the Turkic world is
rooted more in Eurasianism from a spatial point of view. Simultaneously, being an integral part of the
Atlantic region is an important ideological strategy. The Turkic world provides for integration into the
political, economic and cultural systems of Europe and Asia. These national-state entities include
Tatarstan, Bashkortostan, Chuvashia, Karachay-Cherkessia, Kabardino-Balkaria, Yakutia, Altai, Tuva and
Khakassia in Russia, Xinjiang Uygur Autonomous Region in China and others.

The Turkic world currently have border with 14 states. Economic relations of the Turkic world
countries with each other, with neighboring states and with most countries of the world are on the rise.
The ability of Azerbaijan, Turkmenistan and Kazakhstan to access to the World Ocean through the
Caspian Sea, Black Sea and Volga-Don Canal can show great perspective for the region and the Turkic
world as a whole [2].

The Turkic world is a territory with rich natural resources. That is why the geopolitical forces of the
region are constantly struggling for this region. According to the thoughts of the famous American
geopolitician Zbigniew Brzezinski, the strategic position of Kazakhstan, Turkmenistan and Azerbaijan is
of particular importance in terms of providing cheap and high-quality energy resources to the three fastest
economical growing regions of the world: North America, Europe and East Asia [3].

In general, oil and gas reserves discovered in the Turkic world are estimated at 4.2 billion tons and
11.7 trillion. m?, which is respectively 2.4% of world oil reserves and 6.2% of gas reserves (table 1).

Key oil and gas countries of the region are Azerbaijan, Kazakhstan, Uzbekistan and Turkmenistan.
These countries began to export their natural resources to the European market since the 1990. During this
period, a number of energy projects were realized.
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Table 1 - Indicators of the oil and gas industry of the Turkic world countries, 2018

Country Oil reserves, million Oil production, Natural gas reserves, Natural gas production,

barrels barrels / day billion m3 min. m3

Azerbaijan 7 000 833538 991 16 700

Kazakhstan 30 000 1595199 2407 20 200
Kyrgyzstan 40 1 000 5.66 10

Uzbekistan 594 52913 1 841 61 740
Turkey 300 49 497 5.10 632

Turkmenistan 600 230779 7 504 83 700

Source: CIA World Fact Book

The realization of a number of major transport projects is important for the involvement of Central
Asia in regional economic integration. The main goal of these projects are to ensure the delivery of rich oil
and gas reserves from Central Asia to Europe and reduce the dependence of European energy security on
Russia. The first of these major projects was TRACECA.

Transport and economic relations of the turkish world. The formation of political, economic and
cultural relationships between Turkic countries in the modern time, in addition to socio-economic factors,
is also determined by the possession of a favorable transport and geographical position of the countries.
Since transport covers almost all areas of the economy and is one of the key areas in the formation of the
economic infrastructure, it is a way of ensuring the normal functioning of the country. Transport
participates in industrial and agricultural complexes of various regions of the countries with favorable
natural and economic conditions, transportates products from production to consumption [6].

Azerbaijan. The favorable geographical position of Azerbaijan has historically caused to the
development of all types of transport here. At present, Azerbaijan, which has a modern transport
infrastructure, is using its transit potential to develop the country's economy. The modern Azerbaijan
transport complex consists of automobile, railway, air, water and pipeline transport.

Azerbaijan is taking certain steps to develop international cargo and pasanger transportation in the
East-West and North-South directions through its territory, which are important parts of the transport and
trade routes of Eurasia.

The development of the transport sector has become one of the main challenges facing the country
since independence. After the development and modernization of the transport complex, Azerbaijan began
to intensively use its transport and transit potential. For instance, transport corridors like Baku-Thbilisi-
Kars and North-South, which cross the country. Such transcontinental transport corridors have a positive
effect not only on the transit potential of countries, but also on their socio-economic development,
geopolitical status and overall economic development.

Turkey. Central Asia, South Caucasus and Anatolia are regions with a rich cultural, religious and
commercial heritage for Turkic and Islamic world. The Great Silk Road, which is very important for world
trade relations, connects Central Asia, the South Caucasus and Anatolia (Turkey) commercially and
culturally.

Turkey controls the strategically important sea straits of the Dardanelles and the Bosphorus, which is
one of the key features of its transport-geographical position. Due to this advantageous geographical
position, the railways and highways connecting Europe with the countries of Asia pass through Turkey.

With well-developed manufacturing industry, Turkey has good trade relations with foreign countries.
Albeit, sea transport of Turkey has a higher portion in trade relations, other modes of transport are also
developing speedily. Road transport plays an important role in the Turkish economy, which is actively
involved in the TRACECA project.

At the present time, the Baku-Tbilisi-Ceyhan oil pipeline, the TANAP gas pipeline, the Baku-Tbilisi-
Erzurum gas pipeline and the Baku-Tbilisi-Kars railway corridor pass through Turkey for transporting oil
and gas through the Caucasus and Central Asia to Europe. Turkey, in turn, aims to promote the
development of its energy, transport and other sectors by participating in such transport projects. With the
support of Azerbaijan, reliable steps are being taken to achieve these goals. For example, the port of
Petkim and the START oil refinery plant were built in Izmir. In the future, the Azerbaijani side also
intends to realize a number of energy projects in Turkey.
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Kazakhstan. Kazakhstan plays a special role in creating a global transcontinental transport corridors
in the Central Asian region. The fact that this country has a special geographical position makes it an
important area for integration of the Turkic world countries, as well as for the integration of Europe and
Asia. Several largest and important transport corridor pass through Kazakhstan.

One of the key priorities for this country is the realization of the country's transit potential and
providing transport access to the global market. To achieve these goals, Kazakhstan has performed a
number of transport and energy projects not only on its territory, but also abroad. The Kazakhstan-China
joint logistics terminal in the Chinese port of Lianyungang on the Pacific coast, the “Khorgos-East Gates”
free economic zone on the border with China and others can give for examples for such projects. The
choice of the port of Lyanyungan as the starting point of the transport route “Western Europe - Western
China” and passing through the ‘“Khorgos-East Gates” free economic zone also reflects Kazakhstan’s
focused policy in this area [15].

In the future, the time of transportation of goods to China will be reduced by the connecting of Baku-
Tbilisi-Kars railway corridor to the Aktau-Aktogay railway line and to the Trans-Kazakhstan Railway
project. So, if this project is realized, the existing Istanbul-Kars-Tbilisi-Baku-Altai-Dostik route will be
reduced to 800 km and will be 6,297 km of length. In addition, with the construction of the Jetigen-
Khorgos road on the border with China in southeastern Kazakhstan, this route will be reduced by an
additional 293 km.

Turkmenistan. Unlike the four other countries of Central Asia, Turkmenistan was formally involved
in the TRACECA project. But starting in 2009, this country has been trying to strengthen its position in
the region, turning its rich energy resources into real geopolitics. As a result, today Turkmenistan shows
great interest in the TRACECA project.

Within TRACECA, three main routes with a total length of 3,000 km pass through the territory of
Turkmenistan: 1) Turkmenbashi-Ashgabat-Uzbekistan; 2) Marie-Sardadabad; 3) the route along the
border with Uzbekistan.

Turkmenistan shows great interest in the Baku-Tbilisi-Kars (BTK) railway corridor. At a recent
meeting between the presidents of Azerbaijan and Turkmenistan in Ashgabat, an agreement was reached
on the implementation of the Lyapis-Lazuli transcontinental railway. This route will be of great
importance for the transportation of NATO military equipment from Afghanistan to the west.

Uzbekistan. Uzbekistan occupies a special geopolitical and geoeconomic position among the
countries of the Turkic world in Central Asia. The presence of the border with Afghanistan, rich natural
resources and great prospects for economic development are clear evidence of this.

Within TRACECA, 4000 km of railway lines pass through the territory of tUzbekistan, of which 762 km
are double-track railway, and 618 km are fully electrified [15].

Uzbekistan is considered one of the most important countries in solving the problems of the USA and
NATO in Afghanistan. This country will continue to use its transit value to ensure stability in Afghanistan
and create a security buffer there.

Kyrgyzstan. Kyrgyzstan supports the reconstruction of the Kungrad-Beineu-Aktau road and the
construction of the Andijan-Kashgan railway through the country as part of the TRACECA project. The
Kungrad-Beineu-Aktau railway is an important route from Central Asia to Europe. The construction of the
Tashkent-Dushanbe and Termez-Dushanbe transcontinental highways will provide Kyrgyzstan, Turkme-
nistan and Tajikistan with access to eastern Eurasia - China and Japan, as well as to South Asia and India.

Transport corridors uniting the turkish world. The countries of the Turkic world have always
played the role of a bridge between Europe and Asia for the main trade routes. Starting from the historical
Silk Road, these routes have expanded and modernized in recent years (new ones have been added).
However, most of the trade operations between Europe and Asia is still realizing over maritime transport.
Central Asian countries are interested in creating new transcontinental transport networks that can
compete with maritime transport. This interest can be justified by the accession of the countries of the
region to the TRACECA project, as well as the intention to deliver their goods to Europe via the Baku-
Thilisi-Kars railway corridor, as well as to support the North-South transport corridor.

TRACECA was established in May 1993 in Brussels, upon the signing of an agreement between the
EU member states, the Caucasus and Central Asian countries. This transport corridor is of exceptional
importance for the interaction of Turkic countries (figure 1).
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Figure 1 - International transport corridors

TRACECA transport and communication lines run from China through the Central Asian-Persian
Gulf to the Mediterranean Sea (about 6.5 thousand km long). The countries participating in the program
cover 2/3 of the planet, that is 48.7 million km2. Under this program, $ 250 million was initially allocated
to improve the transport systems of the participating countries, including the restoration of railways and
roads [7].

Two Turkic states - Turkmenistan and Azerbaijan are actively involved in the realization of the Lapis
Lazuli railway corridor, which will be a continuation of the TRACECA. This road will begin in Afgha-
nistan and connect with the Baku-Tbilisi-Kars railway. This multimodal transit line, which is very signi-
ficant for the Turkic world, will connect Afghanistan, Turkmenistan, Azerbaijan, Georgia and Turkey.

On this route, Turkmenistan, like Afghanistan, will be able to export up to 80% of its products to
world markets. The total length from Agina, Afghanistan to Istanbul, will be 3280 km, and the transpor-
tation time will be 7-8 days, and from Torgundi, Afghanistan to Istanbul - 3050 km and 6-7 days [11].

Trans-Anatolian Gas Pipeline (TANAP). On June 26, 2012, Azerbaijan and Turkey signed an
agreement on the TANAP project, and on June 12, 2018, a gas pipeline project was launched. The project
expanded the infrastructure of the South Caucasus gas pipeline, which connects Azerbaijan and Georgia
with a total length of more than 3,500 km. The project cost is $ 8 billion [13].

The TANAP gas pipeline, which transports natural gas, is of great importance for the economies of
Turkic countries, as well as for the energy security of Europe. This factor once again emphasizes that the
TANAP project will play an exceptional role in the formation of the East-West energy corridor.

Transadriatic Pipeline (TAP). In 2013, the TAP project was selected as the main route for the
export of energy between Azerbaijan and Turkey. The total length of the gas pipeline is 8§78 km [14]. The
TAP pipeline will be connected to the TANAP pipeline on the Turkish-Greek border. This route provides
for the direct transportation of natural gas produced in Azerbaijan to Western Europe.

TAP, which will supply natural gas to Southeast Europe, will expand the supply of natural gas from
the Turkic countries of the Caspian region to other major gas consumers in Europe - Germany, France,
Great Britain, Switzerland and Austria.

Baku-Thilisi-Kars Railway. The opening of the Baku-Tbilisi-Kars railway took place on October
30, 2017. The total length of the road is 825 km. Of these, 503 km pass through the territory of
Azerbaijan, 244.5 km through Georgia and 77.5 km through Turkey [5].
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At the same time, with the commissioning of the railway, the duration of freight from China to
European countries such as England, France and Germany will be reduced from 45-62 to 12-15 days. This
will reduce temporary losses and allow timely and quick delivery of goods [4].

One of the main advantages of the Baku-Tbilisi-Kars railway project for Azerbaijan is the exit of the
Nakhchivan Autonomous Republic from the blockade. Thus, as a result of the aggression of Armenia
against Azerbaijan, the land transport links connecting Baku with Nakhchivan were closed, and the
Nakhchivan-Julfa-Baku railway was excluded from regional and transit traffic. In this regard, as a
continuation of the Baku-Tbilisi-Kars railway project, the construction of a separate railway line from
Kars to Nakhchivan is on the agenda. Thus, the problem of transport independence of the Autonomous
Republic will be fully ensured [8].

North-South International Transport Corridor (INSTC). The agreement on the creation of the
North-South transport corridor between Russia, Iran and India was signed on September 12, 2000 in St.
Petersburg. In total, 13 countries joined the project: Azerbaijan, Belarus, Bulgaria, Kazakhstan,
Kyrgyzstan, Tajikistan, Turkey, Ukraine, Armenia, India, the Islamic Republic of Iran, the Russian
Federation and the Sultanate of Oman.

The main advantages of the North-South transport corridor are: increasing the efficiency of
international transport links in transit freight and passenger traffic; create conditions for the entry of rail,
road, sea, river and air traffic between member countries on the international market; increase in transit
traffic; implementation of an agreed and adopted transport policy.

The transit and transport potential of the seas of the Turkic world. The transport and transit
potential of the seas of the Turkic world has an ancient history. Because in ancient times, the seas had both
strategic and economic significance for the Turkic-speaking countries. The geographical position of these
countries has always played a key role in establishing geopolitical relations with countries around the
world, as well as in the economic development of states.

The seas of the Turkic world include the Black Sea, the Caspian Sea and the Mediterranean Sea,
where marine economy is also widely used. The transit and transport potential of Turkic-speaking
countries through these seas is very high and this is mainly done through sea ports like Istanbul, Baku
(Alat), Kuryk, Izmir, Turkmenbashi and etc.

The Caspian Sea provides shorter freight transport traffic from Asian countries to Europe, which
directly affects the economic development of Azerbaijan, Kazakhstan and Turkmenistan. The coastline of
Azerbaijan on the Caspian Sea is 825 km, Turkmenistan 1,035 km and Kazakhstan 1,422 km. The Caspian
countries can access to the world's oceans via the following route - the Caspian Sea - the Volga River - the
Volga-Don Canal - the Don River - the Sea of Azov [12].

The port of Baku, which is the starting point of all sea routes in Azerbaijan, is not only the oldest port,
but also the largest port on the Caspian Sea. Baku port has been put into operation since 1902. In 2018, the
opening ceremony of the new Baku port was held in Alat. The port has a carrying capacity of 15 million
tons [10].

The ports of Aktau, Bautino and Kuryk are located on the Kazakhistan coast of the Caspian Sea.
Among these ports, Aktau port, is of great importance for the transport of international goods. Currently,
the annual capacity of this port is 1.5 million tons of dry cargo and 800 million tons of oil [1].

The main ports of Turkmenistan are Turkmenbashi, Hazar, Aladzha and Ekerem. Turkmenbashi,
Turkmenistan’s largest seaport, includes ferry, passenger and cargo terminals. The total capacity of the
port excluding oil products is 17 million tons. The port has a shipbuilding and ship repair plant [9].

The length of the Black Sea coast of Turkey reaches 1700 km, which is about 34.9% of the total
Black Sea coast. Thus, Turkey controls the entire southern part of the Black Sea coast. In this area, there
are such ports as Istanbul, Trabzon, Samsun, Filyos, Hopa and others.

The Bosporus and Dardanelles are used for transportation and trade between the Black Sea and the
Mediterranean, having international transport and commercial importance. About 27 tankers and
136 vessels pass through these straits during the day. The traffic intensity on the Bosphorus and
Dardanelles is 4 times higher than that of the Panama Canal, and 3 times higher than that of the Suez
Canal. Depending on the category of ships crossing the Dardanelles, the fee is about $ 1,000. This once
again proves that the Black Sea has great geopolitical and economic importance for Turkey.

The coastline of Turkey in the Mediterranean Sea is 1,500 km. These coastlines of Turkey are
intensively used for tourism purposes and each year brings a large income to the country's budget.
Turkey's largest port in the Mediterranean are Iskenderun, Antalya, Mersin, Ceyhan and etc.
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Conclusion.

1. The main role in increasing the geostrategic, geopolitical and geoeconomic importance of the
countries of the Turkic world is played by transport corridors of international importance, such as
TRACECA, INSTC, INOGATE, TANAP, TAP, which combine the activities of these countries. Over the
past 10 years, the growth of passenger and freight traffic in the countries of the Turkic world through these
transport corridors has increased by more than 2-3 times.

2. International transport and communication networks accelerated the integration of the countries of
the Turkic world into the European economic system and expanded their foreign trade turnover. This led
to the rapid development of the economies of these countries, as well as to an additional influx of foreign
investment there. For example, over the past 10 years, cargo operations only through international trans-
port corridors have led to an increase in the share of the transport sector of the Turkic countries in GDP to 3%.

3. These corridors connecting the countries of the Turkic world have led to a reduction in economic
risks, the strengthening of the Neighborhood Policy and the further intensification of the geostrategic
partnership. The Baku-Tbilisi-Kars railway initially plans to transport 1 million passengers and 6.5 million
tons of cargo per year, but in 2030 it is expected that these figures will reach 2 million passengers and
15 million tons of cargo. During the fight against the Covid-19 pandemic, in addition to the existing
freight traffic on the Baku-Tbilisi-Kars railway, work is underway to transport 3,500 tons of cargo per day.

4. 2.4% of world oil reserves and 6.2% of gas reserves are concentrated in the Turkic world
countries. These countries have been using the Baku-Tbilisi-Ceyhan oil pipeline since 1994, the Baku-
Thilisi-Erzurum gas pipeline since 2005, and the TANAP gas pipeline since 2018 to export their
hydrocarbon resources to European markets. Joining such global transport and energy projects stimulated
the discovery of new oil and gas fields in these countries and their export to the European market.

5. The countries of the Turkic world, which are not fully industrialized, have achieved high income,
performing the functions of transit corridors in these transport corridors, and have also achieved
geopolitical and geo-economic stability. In Azerbaijan alone, the total profit of the transport sector in 2018
amounted to 2,395 million US dollars, most of which (46.6%) accounted for only pipeline transport.

6. The countries of the Turkic world, occupying 1/6 of the world, also have a positive impact on the
economies of neighboring countries bordering them. It is also seen as a positive development in terms of
job creation and sustainable development of the region. The level of migration among the population
decreased, and citizens who migrated to other countries to work returned to their countries.

7. An example of a “leadership model” is proposed on the example of Turkey and Azerbaijan among
the countries of the Turkic world. Bilateral political and economic relations between Turkey and
Azerbaijan are rapidly developing in the direction of "strategic partnership" and are important not only for
the integration of both countries, but also for the geopolitical space of the Turkic world as a whole.
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AnHotauusi. HecMoTps Ha TO, UTO Halla IUTAaHETa XapaKTEepU3yeTcs HayIHO-TEXHHYECKUMH, TOTUTHYECKIMHA
1 SKOHOMHYECKUMH JOCTIKCHHUAMH ¢ Hadaja X XI Beka, BCe eIle CymEeCTBYIOT POoOIeMbl B pa3BUTHH: COITHATIBHO-
SKOHOMHYECKAsl OTCTAJIOCTh, MPOOJIEMBl B YIPABICHWHM W ONPEACICHWM TPaHUIl MEXIYy CTpaHaMH. TIOpKCKue
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roCy/IapcTBa, HEAABHO OOpETHINE HE3aBHCUMOCTD, IBITAIOTCS ONPEICIUTh CBOE IEONOIUTHYECKOE MOJIOKEHHE Ha
MOJUTHYCCKON apeHe MHUpA, YTO B OCHOBHOM CBSI3aHO C Pa3sBUTHEM WX TPAHCIIOPTHBIX M YKOHOMHYECCKHX CBS3CH.
BnarompusiTHOE T€0OCTPaTErHYecKOe IMOJIOKEHHE CTpaH TIOPKCKOrO MHpPa, MX PACIOJIOXKCHHUE Ha IMEePeCeYCHUU
Pa3IMYHBIX TPAHCIIOPTHBIX KOPUIOPOB YCKOPUIIM MX WHTETPALMIO0 B MUPOBYIO SKOHOMHYECKYIO cucTtemy. [loatomy
OIICHKA BO3MOXHOCTEH TIOPKCKHX FOCYIapCTB B COBPEMEHHOM MHPE UMEET OOJIBIIOS 3HAUCHHE.

B nmanHO# paboTe MCHOIB3YIOTCS UCTOPUYECKUN, CTATUCTUYCCKUAN, CPAaBHUTEIBHBIA, aHATUTUICCKUN, CHCTEM-
HBId W Apyrue meronbl. C MOMOIIBID 3THX METOJOB OBLI MpOBEIEH Treorpaduyeckuil aHAU3 T'eONMOJIUTHYCCKOM
CUTyallll W TPAHCIIOPTHO-3KOHOMUYECKUX CBS3€H TIOPKCKOTO MHpa. DKOHOMHYECKOE pa3BHTHE, B3aUMHOC
COTPYIHHYECTBO, MO3UTHBHAS JeMorpaduyeckas TUHAMHKA M APYTHE MPOLECCHl B COBPEMEHHOM MHpPE BXOIAT B
YKCJI0 HHTEPECOB TIOPKCKOTrO MUpa. [10TOMy YTO TeonoIuTHYECKasi CUTYalHs B TIOPKCKOM MHUPE H €ro CriocoOHOCTh
BJIMSATH HA MEXIYHAPOAHYIO HOJIUTHYECKYIO CUTYAIIUIO CITy)KaT HHTEPECaM PETHOHA B IIEJIOM.

KiioueBblie cjioBa: TIOpKCKUI Mup, TpaHcnopT, reononnutuka, TRACECA, TANAP, TAP, INSTC, INOGATE.
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CLIMATE CHANGE AND PRIORITY RESEARCH AREAS
IN AGRICULTURE

Abstract. The effect of global climate warming on agriculture, as the most threatened sector of the economy, in
the form of reduced crop yields and more frequent manifestations of extreme weather events, is one of the urgent
problems that need to be paid close attention. Adaptation of agriculture to climate change is becoming one of the key
priorities that need to be developed through the creation of new models of farming systems that would combine the
effectiveness of traditional and alternative farming systems while being environmentally friendly and cost-effective.
This article considers research issues in agriculture, including the creation of stress-resistant varieties, soil and water and
resource-saving technologies, adapted to climate changes, adaptive-landscape, accurate and biological farming systems.

Key words: climate change; adaptation; agro landscape, accurate and biological farming system; technology;
potential varieties; productivity.

Introduction Global climate change and its impact on the environment is one of the main problems
of the 21st century. It is manifested by an increase in the level of the World Ocean, the melting of glaciers
and polar ice sheets (especially in the Arctic), a decrease in the surface area covered by snow and ice, a
decrease in the amount of rainfall in the regions, an expansion of arid zones, more frequent tropical
cyclones, etc. Changes in precipitation, rising temperatures and other manifestations of global climate
change will inevitably lead to more extreme and harsh weather conditions.

Since the beginning of the industrial revolution, atmospheric CO2 reserves have increased by a third,
there has not been such a growth rate in the previous 20 thousand years, at least the current level of green-
house gas concentrations in the atmosphere exceeds the natural level observed over the past 650 thousand
years [3]. The main reason for this is the large-scale human use of hydrocarbons as energy sources.

The increase in carbon dioxide emissions (the main component of greenhouse gases) became
noticeable with the beginning of the industrial revolution in Europe, marked by the transition to the
widespread use of coal, and then, from the late 19th to the early 20th centuries more and more inclusion in
the energy balance of the global economy of oil and natural gas. Since the middle of the 19th century the
increase in CO2 emissions is strictly correlated with the growth of GDP per capita [4]. Thus, in recent
years, the accumulated scientific potential of knowledge has revealed that with a probability of at least
90% climate change is caused by anthropogenic emissions of greenhouse gases.

Agriculture is a major part of the climate problem as one of the participants in global change. It is one
of the main sectors of the economy affected by climate change with local, regional and global implica-
tions. Currently, it generates 19-29% of total greenhouse gas emissions [5, 6]. Anthropogenic factors have
played, are taking place and are playing an equally important role, especially in the degradation of soil and
other agricultural lands, as well as the whole biodiversity - vegetation, wildlife, and microorganisms.
According to FAO estimates, 50 million hectares of arable land have already been lost due to irrational
land use in the world. Currently, 24% or 1.5 billion hectares of the soils in the world are in a state of
degradation [7]. And the reason for this process is the unreasonable use of agricultural land and various
natural processes. Land degradation and the onset of deserts, up to 5% of agricultural production in the
world are lost annually due to droughts, [8]. According to the UN, specialized commission responsible for
this problem, the social consequences of land degradation are even more impressive, if we recall that the
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number of chronically starving reaches 870 million people. The lives of approximately 250 million people
are endangered and the living conditions of 1 billion people are getting worse [9, 10].

Climatic conditions of research zones. The impact of climate change on agricultural production
conditions is considered on the example of Kazakhstan and Serbia.

The climate features of Kazakhstan that characterize its continental nature include a large amplitude
between winter and summer temperatures, air dryness, little rainfall in most of the country, long harsh
winters and short summers in the north, short winters and long hot summers in the south. The geographic
location of Kazakhstan in latitudinal terms corresponds to the Mediterranean countries with a humid
subtropical climate, and the countries of central Europe, characterized by a temperate continental climate.
Since Kazakhstan is located in the center of the vast continent of Eurasia, at a considerable distance (thou-
sands of kilometers) from the oceans and seas, their mitigating effect on the climate is insignificant [11].

The climate of Serbia is characterized by continentality in the north with hot in summer (average July
temperature 23-25 ° C, maximum 50 ° C) and lingering cold in winter (average January temperature —
1-2 °C, minimum - 25 ° C), moderate continentality in the south and mountain climate in the mountains.
Winters in Serbia are short, cold and snowy, summers are warm. The coldest month is January, the
warmest is July. The average temperature is 10.9 © C. Summer does not become so hot with an increase in
absolute altitude, winters are more severe with a significant increase in rainfall. The average annual
rainfall is 896 mm. Rains most often fall in June and May [12].

Discussions and solutions. The negative effects of climate change are felt in the form of reduced
yields and more frequent manifestations of extreme weather events. One of the most important factors in
the stability of yield is a sufficient supply of moisture in the soil and the amount of rainfall in the spring,
which was defined as a critical period for the moisture demand of wheat. It was found that as a result of
higher air temperatures and the sum of effective temperatures, fewer days are expected for flowering and
ripening periods after analyzing the results of the number of days required from sowing to flowering and
from sowing to ripening.

Yields in northern Serbia are limited by cool temperatures, while yields in southern Serbia are limited
by high temperatures and low rainfall [13]. It was established that under the expected climatic conditions
of 2030 and 2050 at a CO2 concentration of 330 ppm, winter wheat grain yield remains unchanged in
most regions except southern Serbia, where the yield will decrease to 12% in 2030 and to 11% in 2050.
Forecast of the results of the corn grain yield for 2030 and 2050 at a CO2 concentration of 330 ppm shows
a significant decrease in yield both in dry conditions and on irrigated lands for all production regions of
Serbia. This will be due to higher summer temperatures (June - August) and increased physiological stress
in plants due to an increase in the number of summer and tropical days, a significant decrease in
precipitation and an increase in the number of dry days during the same period. We can expect a reduction
in the growing season due to higher air temperatures and the sum of temperatures analyzing the duration
of the growing season for both regimes of growing corn, [14].

The agricultural sector in Kazakhstan is very vulnerable to drought, as it directly depends on the
presence of moisture. Although each culture has a different resistance to lack of moisture. Droughts can
cause crop failure if weather conditions are unfavorable at the most sensitive growth stage. Most of all
from soil and atmospheric drought, the probability of occurrence of which reaches up to 25-68%, crops in
the desert zone suffer, where a possible decrease in yield can reach 50-100%. Accordingly, these
indicators in the dry steppe zone reach 25-53% and 30-80%, in the steppe 20-47% and 20-60% and in the
forest-steppe 15-22% and 10-50% [15].

The main condition for overcoming the current situation many scientists consider the transition to the
development and implementation of adaptive landscape farming systems (ALFS) in agricultural
production [16.17]. When designing ALFS, the stability of agro landscapes is associated with the
biological requirements of plants and must have a specific agro ecological address [18]. Studies have
found that on the slopes of the southern and western expositions of the highlands of southeastern
Kazakhstan, plane-cutting basic cultivation of light chestnut soils is more adaptive, providing a reduction
in their erosion by 3-4 t/ha and an increase in the content of humus and nutrients by 2.0-3.5 c¢/ha compared
to ploughing. A comparative assessment adaptation of winter wheat varieties to the elementary ranges of
agro landscapes in the conditions of erosive agro landscapes of the highlands in southeastern Kazakhstan
showed that on mountain chernozem (mould humus) and dark chestnut soils. The used variety Bogarnaya
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56 provides an average yield of 19.0 kg/ha, while varieties Vitreous 24 and NAZ show yields in the range
of 21.1-23.0 kg/ha or 2.1-4.0 kg/ha more, which indicates their higher adaptability [12.13].

These data indicate a high level of ALFS to improve soil ecology, increase crop yields without any
means of intensification, that is, due to adaptation, which are a serious reason and the need for more
research to develop ALFS in various natural zones of Kazakhstan.

In turn, ALFS is provided with soil-landscape mapping and geographic information system (GIS),
agro ecological land assessment using modern informatization tools and remote sensing methods,
including a set of various electronic maps [21].

In Serbia large agricultural systems rely on geographic information systems in agriculture in two
segments: through the concept of “precision farming” and as part of a decision support system for moni-
toring and managing the agricultural system. Precision farming allows, in real time, agricultural producers
to manage technological processes associated with the cultivation of agricultural land, pre-sowing, sowing
and harvesting, as well as to plan future work on the basis of timely information received [22]. The system
of precision farming involves designing ALFS and agricultural technologies based on electronic GIS, the
allocation of production sites with a uniform soil cover and optimal conditions for moisture, heat supply
and soil fertility, precision pre-sowing tillage, precise sowing, differentiated application of fertilizers and
other agrochemical products. In accordance with the microstructure of the soil cover and the state of crops,
regulation of the production process of special plant varieties according to micro periods of organogenesis
using self-tuning automated tools based on electronic control systems.

The spectral reflectivity of green vegetation is a characteristic feature of its elements and must be
used for remote diagnostics of the supply of plants with nutrients in the practice of precision farming. The
chlorophyll content in plants during the diagnosis of plant mass in the bushing out phase (the responsible
phase of planting and crop formation) is necessary for calculating the doses of nitrogen fertilizers during
feeding, and the obtained data are used to compile programs for calculating differentiated doses of mineral
fertilizers in the precision farming system [23].

Thus, the possibility of maneuvering the sown area structure make it possible to flexibly respond to
the level of moisture supply, change the structure of arable land use quickly and use bioclimatic more fully
potential in precision farming. It is also possible in accordance with the prevailing weather conditions, as
well as, making adjustments to the soil cultivation system; the use of fertilizers; plant protection products
and others.

In future water availability will become a serious limiting factor in the development of the economy
of Kazakhstan. This is caused by an increasing shortage of water resources associated with their interstate
distribution, tight limits on water use, and changes in river flow regimes in the regional water management
system, deterioration in the quality of water resources, and salinization of soil.

According to forecasts, the FAO global demand for water resources under the scenario of usual
development will increase by 2 times by 2030. A particularly acute situation with water supply is forecast-
ted in the countries of Central Asia [24].

An effective way of rational use of irrigation water is to drip irrigation of crops, where water throughout
the entire growing season is supplied in small portions evenly to the roots of plants and irrigation moisture
flows only to plants, and is not consumed between aisles. High efficiency of drip irrigation in Kazakhstan
was shown when cultivating the most water-consuming field crops, such as rice and sugar beets [25]. A
fundamentally new environmental technology has been developed for rice cultivation based on drip
irrigation under a mulching film. The improvement of the crop sector should be achieved under the
circumstances, first of all, through the use of water, soil, energy and resource saving technologies. The
technology of soil-resource-saving agriculture is represented by minimal and zero tillage. Zero tillage is
currently practiced from the Arctic Circle to approximately 50 ° south latitude, from sea level to a height
of 3000 m, from extremely rainy areas from 2500 mm to extremely dry conditions from 250 mm [26].
Their application allows you to save and even improve soil fertility, significantly reduce production costs,
especially in the consumption of fuel and lubricants and significantly increase the efficiency of agriculture
as a whole. The issue of increasing potential soil fertility with this technology is solved by creating a
biologically active mulching layer through the use of crop residues cultivated in crop rotation.

The experience of world agriculture shows that direct sowing of agricultural crops radically changes
the living conditions of plants. Soil temperature is usually lower and humidity higher with zero tillage [27].
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Ensuring environmental safety and economic efficiency of modern farming systems is also associated
with the biologization of agriculture, which includes the concept of maximum use of biological factors in
the farming system and a decrease in the anthropogenic load on the soil. It is due to the composition and
alternation of crops in crop rotation on the principles of fertilization, as well as the use of green manure
and non-market part of the crop for fertilizer, the use of organic fertilizers and the maximum use of
symbiotic nitrogen fixation. It is widely known, for example, the role of plants in increasing soil bio-
productivity based on the natural mechanism of its self-healing. Therefore, leguminous plants (white
melilot, alfalfa, fluffy vetch, etc.) produce from 2.3 to 10 t/ha of dry matter and fix from 76 to 367 kg/ha
of nitrogen [28, 29]. The crop residues of wheat bind mineral nitrogen, thus stimulating the fixation of
atmospheric nitrogen by legumes in the next rotation.

Thus, compliance with effective agricultural practices (crop rotation, biologization, etc.) ensures the
formation of humic substances in an amount no less than its annual mineralization. So, the biologized crop
rotation fields for more than 25 years had a deficit-free humus balance, despite the fact that these crop
rotations went through several rotations (eight-field - 3 rotations; five and six-field - 4-5 rotations, and
three-field crop rotation - 8 rotations) in southeastern Kazakhstan. [30].

It is known, that ensuring sustainable growth in the size and quality of the crop yield is primarily
associated with an increase in the environmental sustainability of cultivated species themselves through
selection and agricultural technology; selection of crops and mutual insurers; their adaptive macro-, meso-
and micro-zoning increase in species and varietal diversity of agro ecosystems. The emphasis should be
placed not only on increasing productivity, but also on the development of stress tolerance of varieties
(drought tolerance; frost and winter hardiness; salt and sun resistance).

In Kazakhstan, scientific breeders for 2005-2018 years created 196 varieties and hybrids of
agricultural crops, 73 of them are resistant to extreme conditions, namely heat, drought, winter and salt
tolerance. 84 of them are resistant to common fungal (stem rust, dusty and hard smut of crops, powdery
mildew, blistering smut of corn, rot, fusarium, ascochyta, anthracnose, etc.), bacterial (bacterial spotting,
bacterial necrosis or cancer, nectric or tuberculum necrosis), viral (jaundice) plant diseases [31].

Climate warming will also entail the spread of crop pests. The connection has been established
between temperature and the expansion of the spectrum of pests over the past 50 years. The variety of
phytophages continues to expand (there are 612 pests). New strains are evolving [32]. So, new races of
stem rust, such as Ug99, are widespread already in the bordering countries with the Republic of
Kazakhstan, the development of which can be intensified on crops of wheat and barley with the expected
drought; resistant pathogen - in the past, Phytophthora infestans caused potato hunger in Ireland, etc. In
this regard, it is necessary to know the features of climate change for scenarios with a significant increase
in average temperatures and precipitation. As well as integrated pest management based on the use of
agricultural techniques, crop rotation and optimization of mineral nutrition, widespread use of biological
products, scientifically based use of pesticides with differentiation when high-, medium- and poor
development of pests taking into account ESTh (Economic severity threshold), the use of modern
molecular genetic methods for the diagnosis of phytopathogens, etc.

Findings:

1. Global climate change is caused by more frequent manifestations of extreme weather events,
significant fluctuations in the hydrothermal conditions of the growing season, changes in the phases of
weed vegetation, susceptibility of pests and diseases to plant protection products and other consequences,
which ultimately lead to lower crop yields.

2. It is necessary to intensify research on the possibilities of adapting agriculture and crop production
to its change in the context of global climate change:

-use of a science-based farming system, including the optimal structure of sown areas (crop rotation),
tillage, wide diversification of crop production and innovative technologies for cultivating crops;

-provision of environmental safety and economic efficiency of modern farming systems, including
reducing energy costs and reducing the environmental burden on land resources;

- conducting targeted selection, primarily related to the creation of improved varieties and hybrids of
crops that are resistant to environmental stress factors, suitable for various ecosystems and farming methods;

- pilot model creation of a new system of agricultural science organization, integrated into the training
process, based on a combination of fundamental and applied science, transfer and adaptation of advanced
world achievements.
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C.Bb. Kenenotaes!, l:xypa Kaparuy?, I'.JI. Ecentaena!

! Kasak yWITTBIK arpapiibiK yHMBepcuTeTi, AnMarsl, Kasakcran;
2 EricTik koHe KOKOHic JaKbuigapsl uHCTHTYTHI, HoBu Can, Cepbust

KIMMATTBIH O3TEPYI ’KOHE EI'THINIIIKTI 3BEPTTEYIIH BACBIM BATBITTAPBI

AHHoTamus. KnuMmarTelH FalaMmJIbIK JKbUIBIHY >KaFJaibIHbIH SKOHOMHKAHBIH KayinTi canmanapbiHblH Oipi
peTiHIe aybUIapyaIlbUIBIFBIHA 3CEPi €riH MBIFBIMBIHBIH a3al0bIHA J)KOHE TOTCHIIE aya-paibl KYOBUIBICTAPBIHBIH JKHi
KaWTalaHybl HeTi3iHae OaifKamambl >KoHE Oyl Kas3ipri yakpITTa epeKile Has3ap aynapynbl KaKeT eTETiH ©3€KTi
Mocenenep iy Oipi OONBIN caHamaAbl. AYBUIIAPYaITBUIBIFBIHBIH HETi3Ti 0achIM OaFBITTAPHI: €TIHIIUTIKTI KITMMAaTTHIH
e3repyiHe OeifiMzey, SKOJIIOTHSJIBIK TYPFBIIAH Kayilci3, S3KOHOMHKAJIBIK TYPFbIIAH THUIMJI, €riHIIUTIKTIH I9CTYpJi
KoHe OanaMa >KyHenepiHiH THIMAUTINH KAMTHTBIH XKYHeJIep/IiH jKaHa MOJIENbACPiH Kypy OOJIbII CaHaaIbl.

byn makanajga aybpil mIapyallbUIBIFBIHIAFEl 3epTTEyJiep, COHBIH IIIIHIE CTPEcCKe Te3IMAlI COPTTapAbl KYpYy,
KJIMMATThIH ©3repyiHe OeWiMJIENTIeH TONBIPaK-Cy JXKOHE pPEecypcTaplibl YHEMIEY TEXHOJOTHUsuIaphl, OediMenTim-
naHamadT, eriHTKTIH HAKThI )KOHE OMOJIOTHSUIBIK XKYienepl KapacThIpbUIabl.

Tyiiin ce3mep: KIMMAaTTBIH ©3repyi, OcHiMieny, arpoJaHAma(TThIK, HAKTHI KOHE OHOJOTHMSIIBIK CTIHIILTIK
JKyHeci, TEXHOJIOTUSI, COPTTAap/IbIH dJIeyeTi, OHIMIUTIK.

C.Bb. Kenenotaes!, l:xypa Kaparuy?, I'.JI. Ecentaena’

'Kazaxckuii HAMOHANBHBIN arpapHbIi yHUBEpCHTET, Anmarel, Kazaxcram;
2MIHCTHTYT MONEBOACTBA U OBOIEBOACTBa, Hosu Can, CepOust

N3MEHEHUSA KJNINMATA
N MPUOPUTETHBIE HAITPABJIEHUA UCCJIEJOBAHUU B 3EMUIEJIEJIMA

Annoranus. [TocnencrBue rinoOalbHOTO MOTEIUIEHHUS KJIMMara Ha CENIbCKOE XO3SMCTBO Kak Hanboisee yrpo-
JKAEMOT'0 CEKTOpa PKOHOMHKH B BHJIE CHIDKCHHSI YPOXKAHHOCTH CEIIbCKOXO3SIMCTBEHHBIX KYJIBTYp M Oojiee 4acThIX
NPOSIBJICHUI SKCTPEMANIbHBIX IOTOMHBIX SIBICHWH — OJHA W3 aKTyaJbHBIX Ipo0JeM, Ha KOTOPYI0 HEOOXOIMMO
00paTuTh MpHUCTATFHOE BHUMaHIE. BOMPOCH aganTaiy CebCKOTo X035HCTBa K M3MEHEHUAM KIIFIMAaTa CTAaHOBSTCS
OJTHUM W3 KJIFOUEBBIX IPUOPUTETOB, KOTOPBIE HEOOXOANMO Pa3BHBATh Ha OCHOBE CO3IaHUS HOBBIX MOJEJCH CHCTEM
3eMJIeqIeNns, KOTOphle OBl coderand B cebe 3PPEKTHBHOCTD TPAJAUIIUOHHBIX U aJbTEPHATUBHBIX CHCTEM BEICHUS
CENIbCKOTO X03HCTBa M MPU ATOM ObUIH OBl 3KOJIOTHYECKH 0€30MACHBIMU M SKOHOMHYECKU BBITOTHBIMH.

B nanHO# cTaThe paccMaTpUBAIOTCSA BOMIPOCHI UCCIEIOBAHUN B CEIIBCKOM XO3AMCTBE, B TOM YHCIJIE CO3/IaHUA
CTPECCOYCTOMYMBBIX COPTOB, TIOYBEHHO-BOIHBIX M PECypCOCOEPETalomuX TEXHOJOTHH, aJalTHPOBAHHBIX K H3Me-
HCHUAM KJIMMara, aZlaHTMBHO—HaH[[HJaq)TH])IX, TOYHBIX U OMOJIOTHYECKUX CUCTEM 3eMJICAcCinA.

KaioueBble ciioBa: M3MEHEHUE KiIMMara; aJanTaiys; arpojanaumadTHas, TOYHas M OMOJIOTHYecKas CHCTeMa
3eMJIe[IeNINs; TEXHOIOT Usl; HOTEHIUAN COPTOB; YPOKANHOCTB.
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LABOR MARKET UNDER THE CONDITIONS
OF THE GLOBAL PANDEMIA

Abstract. The labor market in Kazakhstan, as it is changing around the world and is probably transforming
beyond recognition in a year. A pandemic dictates its own rules to the labor market: many companies have begun to
cut staff costs, parting even with valuable employees. In conditions of forced self-isolation during the coronavirus
epidemic, for many people, the problem of employment came first. People working in quarantined sectors are left
without means of subsistence and are forced to look for a place in other areas. The decline in quantitative indicators
since the beginning of March is observed in almost all sectors. Previously, it was possible to work for decades by the
same standards, but now approaches to work change several times a year. In conditions when many competencies
quickly become obsolete, “flexible skills” come to the fore - logical and critical thinking, creativity, adaptability to
changes, the ability to build relationships with people and solve complex problems. The pandemic will bring
significant changes to the labor market. According to the authors, self-development and the acquisition of new skills
will be the only trend in the modern labor market. In order to successfully overcome the crisis, it is necessary to
provide affordable financing for business and the public. In the conditions of this kind of crisis, it is necessary to
increase the responsibility and coordination of all state bodies and their orientation towards job creation and
employment. To this end, it is proposed to strengthen the functions of state bodies in facilitating information support
to business in times of crisis. It is also necessary to ensure the complete digitalization of public services and the
provision of high-quality and relevant data on the labor market to the population.

Keywords: labor market, global pandemic, reduction, recession, self-isolation, remote employment, crisis.

Introduction. The Kazakhstan labor market is currently facing the simultaneous shock of falling oil
prices and the economic consequences of the global COVID-19 pandemic with the introduction of a
quarantine and self-isolation regime. Maintaining activities and employment will be especially difficult for
small and medium enterprises, given the low level of cash flows and liquid assets. Self-employed,
informally employed and low-income groups of the population are especially vulnerable at such a time.

As countries around the world are quarantined, working remotely becomes the norm for many people,
and this format can be used after the crisis, but there are certain barriers. According to a recent survey
conducted by the Association of HR Managers of Kazakhstan, one of the main problems for small
enterprises is adaptation to new working conditions and internal communication systems. Only 37% of
companies confirmed the availability of remote IT services and HR support. The development of digital
technologies in the long run will allow companies to introduce innovations not only in their business
models, but also in their working methods.

Of course, it is inevitable that HR models will be significantly transformed in the long run. In
addition, labor productivity will be measured on the basis of performance rather than working time, then
employees will become more independent in managing their own time. Remote work can become an
integral part of the labor market after a pandemic crisis.
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Main part. Sectors of the economy should be prioritized in accordance with their vulnerability to
such shocks and criticality (social significance) in order to determine measures of state support. The most
important sectors are interdependent sectors with a higher multiplier effect for the rest of the economy.
Sector vulnerability is measured by output reduction if necessary measures are not taken. Retail and
wholesale, construction, transport and storage, real estate, the hotel business and catering are the most
vulnerable and critical sectors that require targeted support from the state.

According to forecasts, the extent of partial unemployment will also increase significantly: the
economic consequences of a viral pandemic will be expressed, among other things, in a reduction in
working hours and wages. In developing countries, self-employment often helps to mitigate the effects of
shocks, but this time due to restrictions on the movement of people (for example, service providers) and
goods, this factor may not work.

The authors believe that the estimates of the impact of a pandemic on the labor market obtained in the
study can also be conservative. The calculations do not take into account that partial blocking can be saved
even after 3 months and that performance is not restored immediately. In addition, labor relations that
remain during the lock-up may also be interrupted due to the fact that enterprises close more often than
usual; and workers and employers may not agree on the terms of renewal of labor, which will lead to
additional losses.

The growth of uncertainty leads to a reduction in household employment and consumption: because
of caution, they revise their consumer behavior - spend less, save more. A decrease in demand leads to a
reduction in employment and an increase in unemployment and its duration. Thus, household expectations
become one of the most important channels for the influence of uncertainty on the economy and its main
macro-parameters.

ILO experts believe that authorities should take comprehensive measures to minimize the negative
impact on the labor market.

* First, it is necessary to stimulate the work of the economy, including monetary measures and
targeted support for the most sensitive sectors.

* Regarding business, the authorities should take a number of measures that will allow them to
preserve their jobs as much as possible: temporary tax cuts, expansion of social packages.

» For workers, states need to “stimulate a more active transition to remote work,” while maintaining
employment, providing greater access to health services, and introducing or activating paid leave systems.

* The fourth set of measures is seen by ILO experts as “strengthening public dialogue” between
employers, the state and workers - the authorities should strongly promote the conclusion of temporary
agreements on job preservation and intensify the work of state institutions whose work is aimed at
protecting the rights of workers [1-21].

In the conditions of the crisis caused by the epidemic, the best development prospects are the
information technology industries, especially those related to the provision of distance communication and
training, as well as delivery services. In other words, all those industries that have become active in self-
isolation mode.Now the economy is actively rebuilding: some specialists are being reduced or transferred
to part-time jobs, while the demand for such employees as logisticians, couriers, contact center operators,
and online sales managers has sharply increased. No less need business in the current conditions, truck
drivers, pickers. There are still vacancies in the IT field. It requires, for example, specialists who are able
to quickly create sites of online stores, delivery services, companies are looking for big data analysts and
developers of artificial intelligence systems. Kazakhstan also provides financial support for the most
vulnerable categories of the population. Compensation is provided by existing unemployment benefits and
additional funds. However, it is important to strengthen the status of such funds, including identifying
priority areas of financing and allocating the respective responsibilities of state bodies for the targeted use
of these funds and the mechanism of public control. It should also be emphasized that requests for social
assistance will help provide additional information about employment, the labor market as a whole, and
real incomes of the population to implement a more effective state policy in the field of the labor market
in the future.

The government should provide appropriate financial assistance to digitalize education and eliminate
inefficient regulatory restrictions in the local online education market to make it more flexible and
competitive [3-19].
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In the conditions of the crisis caused by the epidemic, the best prospects for development are the
information technology industries, especially those related to the provision of distance communication and
training, as well as delivery services. In other words, all those industries that have become active in self-
isolation mode.

In order to successfully overcome the crisis, it is necessary to provide affordable financing for
business and the public. In the conditions of this kind of crisis, it is necessary to increase the responsibility
and coordination of all state bodies and their orientation towards job creation and employment. To this
end, it is proposed to strengthen the functions of state bodies in facilitating information support to business
in a crisis. It is also necessary to ensure the complete digitalization of public services and the provision of
high-quality and relevant data on the labor market to the population [7-11].

In the longer term, Kazakhstan will need to eliminate its main structural weaknesses through greater
economic diversification of the economy, moving up the value chain, investing in technological
infrastructure and innovation.

Work in connection with the coronavirus today for many has become a luxury. In connection with the
regime of self-isolation and high preparedness, citizens were left without sources of income. In a
pandemic in Kazakhstan, the job market for job placement has undergone major changes. Remote work in
connection with the coronavirus has become extremely popular. People are retraining for the remote type
of employment without changing employers. Work in connection with the coronavirus began to bring
much lower income. Small businesses are actively shutting down, and employees are left without a
livelihood. According to analysts, the unemployment rate will continue to grow. The coronavirus epidemic
hit those areas of activity where employees worked directly with clients, that is, personally, such as
hairdressers, taxis, etc. Because of self-isolation and quarantines, such services become unnecessary.
Those who are fired have to look for new sources of income. It is noted that during the period of self-
isolation, the importance of courier and postman services increases [7-21].

Kazakhstan should continue to deploy and take advantage of its information and communications
infrastructure to expand training and commerce opportunities through digital communication channels. It
is necessary to ensure that households have access to the Internet within the framework of the state
program Digital Kazakhstan. Moreover, through special training and support in the field of digital
technologies, the government can provide support for small and medium enterprises.

The lack of clear and well-developed anti-epidemiological plans leads to feverish, spontaneous
decisions that place additional burdens on society and the economy, sometimes delusional experiments,
such as, for example, restrictions on the use of personal vehicles, which pose the least threat to others in
terms of spreading the virus while maintaining work public transport, taxi and sharing, rental cars.

The positions of such areas of traditional services for the population as hairdressers, beauty salons,
nail salons, cosmetology services, repair and repair of products, household appliances, clothes and shoes
look more stable. The faster they integrate into the field of digital activity and delivery, the faster they will
increase momentum [1-21].

There are forecasts that after a pandemic the number of those engaged in agriculture and processing
will increase significantly in the world: countries will think about their own food security and
independence.

At the same time, in the field of education, which gets along well with digital technologies, a
flourishing is expected. Construction professions will be no less in demand: firstly, many countries will
stimulate the economy with the help of infrastructure construction projects, and secondly, it is easy to
maintain social distance at the construction site and ensure safe working conditions.

Conclusion. Thus, now the economy is actively rebuilding: some specialists are being reduced or
transferred to part-time jobs, while the demand for such employees as logisticians, couriers, contact center
operators, online sales managers has sharply increased. No less need business in the current conditions,
truck drivers, pickers. There are still vacancies in the IT field. It requires, for example, specialists who are
able to quickly create sites of online stores, delivery services, companies are looking for big data analysts
and developers of artificial intelligence systems. Self-development and the acquisition of new skills is, in
principle, a trend in the modern labor market. Previously, it was possible to work for decades by the same
standards, but now approaches to work change several times a year. In conditions when many
competencies quickly become obsolete, “flexible skills” come to the fore - logical and critical thinking,
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creativity, adaptability to changes, the ability to build relationships with people and solve complex
problems.

A.E. Arymobaesa!, P.C. I'a6ayanuesa’, A.Y. Tyiaerenosa’,
B.K. KypmanraeBa?, )K.A. Tiuecopa’, K.Y. AGyona®

' C.Ceitpynmun arbingarsl Kazak arpoTeXHukansik yausepcureti, Hyp-Cysitan;
23456 Barpic KazakcTaH HHHOBAIMSIBIK-TEXHONOTUSAIBIK, YHUBEPCUTETI

KAhRAHJIbIK IAHJEMMSI )KAF JAWBIHJIAF bl EHBEK HAPBIFbI

AHHOTanus1. OyeM O0MbIHIIIA eHOEK HaphIFBl TYPAKChI3 OOJIBIN TYpFaHIbIKTaH, Ka3zakcTaHnarsl eHOEK HapbIFbI
na Oip KbpULIaH KeHiH ajaMm TaHbIMacTail e3repyi MyMmKkiH. [Tannemust eHOek epexernepiH eHOeK HapbIFbIHAA Tajarl
€Te/li, MbICAJIbI, KOIITETeH KOMIAHMUS KbI3METKEPJIeP UIBIFBIHBIH, TIlITI KYH/bl KbI3METKEpJIeP CaHbIH J1a KbICKAPTyFa
kipicti. KopoHaBUPYCTBIK iHIET OapbIChIHAA ©3iH-631 OKIIayjay >XarJalblHIa KON aJaMFa JXYMBICIICH KaMTy
Moceneci OipiHIII OpbIHFa MIBIKTEL. KapaHTHWHTE JKaTKBI3BUIFAH CEKTOpJA KYMBIC iCTEHTIH agaMIapIblH KYHKepici
KUbIHIAI, Oacka aymaHmapaaH OpbIH i3aeyre MakOyp. HaypbabiH OackiHaH Oepi OapiblK camaga CaHIBIK,
KOPCETKIIITEPAiH TOMEHIEreHi Oaikamaabl. BypblH con cranmaprrap OOWBIHIIA OHAAFaH JKbUI JKYMBIC icTEyre
0osaThIH exi, Oipak Kasipri yakpITTa KYMBIC JKbIIBIHA OipHEIIe peT e3repedi. Kenreren Ky3pIpeT *KbUIIaM €CKipreH
Karnaina «MKeMIi Jarapuiapy — JIOTHKAIBIK JKOHE CBIHM Oifjlay, IIbIFapMallblIbIK, e3repicrepre OeHiMIiiK,
azaMJIapMeH KapbIM-KaThIHAC KYPY YOHE KYPJAEesl MaceeNepal ey MyMKIHairi naiina 6onanel. [Tangemus eHOek
HapBIFbIHA afTapibIKTall e3repicrep oKkelsieai. ABTOpIAP/bIH MiKipiHIIE, ©31H-631 AaMbITY JKOHE JKaHa JarbLIap.ibl
urepy Kasipri eHOeK HapbIFBIHAAFBI Japa OarbIT OOJBIN ecenTene/i.

JlarnapbICThI COTTI €HCepy YIIiH OM3HEC MeH XaJbIKThl KOJDKETIMAI KapKbUIaHABIPY KakeT. OChIHIal qaFnapbic
JKaFaibiHIa OapiblK MEMIICKETTIK OpraHIapiblH JKayalKepIIuliri MeH YilecTipy >KarmaiblH apTTBIpy J>KoHE
ONapAbIH JKYMBIC OpPBIHIAPBIH KYPYFa, XKYMbICKA OpHalacyra OarbiTray Kaxer. OcCbl MakcaTTa Iar[apbiC
JKaFJaibiHNa OW3HECTI aKMapaTTHIK KOJNJAyIbl JKCHUIAETYIEeTi MEMIIEKETTIK OpraHaap (YHKIUACHIH KYIICHTY
ycbiabuiael. CoHai-aK, MEMIICKETTIK KhI3METTEPAIH TOJBIK H(PIAHIBIPBLTYBIH JKOHE XaJIbIKKa €HOCK HApPBIFbI
TypaJibl canalibl, K&KETTI MOJIIMETTEeP/Ii YChIHY/Ibl KAMTaMachl3 €Ty KaKeT.

Tyiiin ce3nep: eHOeK HAPBIFBI, kahaHbIK MAHAEMHUS, TOMEHICTY, KYJIJbIpay, OKIIAYJay, KAIlbIKTaH KYMbICIICH
KaMmTy, JaF1aphbiC.

A.E. Arymb6aesal, P.C. 'adnyannesa?, A.Y. Tyqerenopa’,
B.K. Kypmanraesa®, JK.A. Taecosa®, 2K.Y. AGyosa®

'Kazaxckuii arporexnuueckuii yuusepcuret umenu C. Ceiipynuna, Hyp-Cynran;
234363ananHo-KazaxcTaHCKuil HHHOBAIIMOHHO-TEXHONOTHYECKAN YHHBEPCHTET

PBIHOK TPY/JIA B YCJIOBUSX I''IOBAJIBHOM ITAHJAEMHUU

AnHoTauus. PeiHOK Tpyna B KazaxcraHe, kKak BO BCeM MHpPE, MEHSETCS U 3a TOJ, BEPOSITHO, TPAaHC(HOPMUPYETCS 10
Hey3HaBaeMoCTH. [laHieMusl AMKTYeT PBIHKY Tpyla CBOM MpaBHJia: MHOTME KOMIAHWU Hadald COKPALaTh pacxojbl Ha
MIEPCOHAJI, PACCTABAACH JJa’Ke C IIEHHBIMU COTPYAHUKAaMH. B yCIIOBHAX BBIHYX/IEHHON CaMOM30JISIIIMU BO BpPEMs SMHUIEMUN
KOpOHaBHpYyca AJsl MHOTHX JIFOJIEH Ha IepBOe MECTO BhIILIA pobiema 3aHsaTocTH. Jlroau, paboTaBiune B GJIOKHPOBaHHBIX
KapaHTHHOM OTpacisiX, OCTalTCs 0e3 CpeICTB K CYIIECTBOBAHMIO M BBIHY)XIEHbI HCKaTh ce0e MeCTO B JApPYrHX
chepax. [Tagenue KOIMIECTBEHHBIX MOKa3aTeled ¢ Hadyala MapTa HaOIIOMAeTCsl MPAaKTUIECKH BO BCEX oTpacisax. Panbpire
[0 OJHMM M TEM JKE€ CTaHJapTaM MOXXHO ObUIO paboTaTh IECATHIETHAMH, a ceddyac HOAXOoIbl K paboTe MEHSIOTCS
HECKOJIBKO a3 3a roll. B ycnoBusx, koraa MHOTHE KOMIIETEHIIMH OBICTPO YCTapeBaIOT, Ha MEPBBII IIaH BHIXOIST «THOKHE
HaBBIKW» — JIOTHYECKOE U KPUTHYECKOE MBIIIEHHE, KPeaTUBHOCTD, alalTUBHOCTh K U3MEHEHUSIM, YMEHUE BBHICTPAUBATh
OTHOILICHHUS C JIIOABMH U PEIIaTh KOMIUIEKCHbIE ITpoOuieMbl. [Tannemust BHeceT 3HaUNTENbHbIE IEPEMEHBI Ha PBIHOK TPY/a.
[To MHeHMIO aBTOPOB, CaMOPa3BUTHE U MOJY4YEHUE HOBBIX HABBIKOB OyJI€T €IMHCTBEHHBIM TPEHJIOM COBPEMEHHOI'O PHIHKA
TpyAa.

Jliist Toro 4ToGBl YCIENIHO NPOUTH KPU3KUC, HEOOXOIMMO MPEOCTaBUTh OCTYIIHOE (UHAHCHpOBaHME JuId Ou3Heca U
HacesneHus. B ycnoBusix momoOHOTO poia Kpu3Mca HEOOXOMMMO IOBBICHTH OTBETCTBEHHOCTh M KOOPAMHAIIMIO BCEX
roCyJJapCTBEHHBIX OPraHOB U UX OPUEHTALMIO Ha CO3/1aHie pabouyuX MECT M 3aHATOCTh. [y 3TOro mpeasaraercs yCUiIuTh
(YHKIIMH TOCYIapCTBEHHBIX OPTaHOB IO COIACHCTBHIO B MH(OPMALMOHHOW MOAJEp)KKe OM3HECY B YCIOBHAX KPH3HCA.
Taxoke HE0OX0IUMO 00ECIeUNUTh MONHYIO LU(PPOBU3AIMIO TOCYIaPCTBEHHBIX YCIYT M NPENOCTaBlIEHHE KayeCTBEHHBIX U
aKTyaJbHBIX JJAHHBIX O PbIHKE TPY/la HACCJIEHHIO.

KioueBblie cj10Ba: pIHOK TPYAa, II00aNbHAs MaHAEMUs, COKpAIEHHE, Crajl, CaMOU3O0JISIUH, TUCTAHI[MOHHBII THUIT
3aHATOCTH, KPHU3HC.
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' AJIMaThl P5KOHOMHUKA >KOHE CTaTHUCTHKA akajeMusichl, Anmatsl, Kazakcras;
2Konnan0ansl FEUIBIMIAP YHEBEPCHTETI, Mutsaiina, I'epmanus

CAJIAHBIH BOCEKEI'E KABIVIETTIJIITT:
IHAPTTAPBI MEH ®AKTOPJIAPBI

AHHoOTanus. 3epTTey/iH MakcaThl — Oocekere KaOUIeTTUIK (hakTopiapbl MEH IIAPTTAPBIH AHBIKTAY JKOHE
oJjlapra BIKIAJ €Ty TETIKTepiH o3ipiey YIIiH >KyiHeney. 3epTTey callaHblH Oocekere KaOUISTTiNIK (haKTOpIapbIHbIH
EPEeKILENIKTEPiH FEUIBIMA TAaHYIBIH JKYHEIIK jKOHE TUANCKTHKANBIK TICUIICPIH KOJIIaHyFa HETi3MIeNreH. 3epTTeyIiH
aKnaparThlK 0a3achlH 3epTTey TaKbIPbIOBIHAAFE MOHOTPAHSIBIK 3epTTEYJIep, KE3eHAIK Oacria jKoHe JIEKTPOHABIK
JKapysUTaHBIMIap Kypanasl. Maxkanmaga Oocekere KaOUIETTUTIK Ma3MYHBIH 3€PTTEYIiH FBUIBIMH TOCUIACpiHE Talay
Kyprizinren. CamanplH 0dcekere KaOiMeTTUTiK (pakTopiIaphl OJIAPIBIH CHIHBINITAMACHI TYPFBICHIHAH KapacTHIPHLIFaH.
Bocekere kaOineTTUTIKTIH iIIKi KOHE CHIPTKBI (haKTOPIIAPHI erKer-Terxkeini Tanmnanrad. CanaHbH O9CEKeIiK apThIK-
IIBUIBIKTapBIHBIH KUBIHTBIFBIH CHUNATTAWTBIH 1IKI (paKTOp IeTepMHUHAHTTapBIHBIH Ma3MyHBI ambsuiFaH. Kazakcran
HapbIFBIHAA 09CEKETK MiHE3-KYJIBIKTBIH oMOebar chi30anapbIHbH 00JMay ImapTTapblHAa CHIPTKBI OPTaHbI Oaranay-
JIBIH HETi3ri mapamerpiiepi kepcetinreH. Omgan 0acka, camaHblH Oocekere KaOiMeTTUNIrHIH 1Ki OpTacklHA Taljay
XKYPri3y epeKIIeNiri aHbIKTalbIN, CHIPTKbI OPTaHbl Oakpulay JepeKTepiMeH e3apa OalnaHBICTHUIBIFBI HEri3/IeNreH.
CanaHbIH 09CEKeIliK dJIeyeTiHIH KYPhUIBIMBI d3ipJICHTeH jkoHe HeriszenreH. CaaHblH OJCEKeNiK dJCYyeTiH KYHEeTiK
TOCUT TYPFBICBIHAH Tajlay HOTMIKECIHIE OHBIH OAacThl €peKIIeNiri aHbIKTaJFaH. MEeMIICKEeTTIK JKOHEe HapBIKTBIK
peTTey TEeTIKTEpiHiH apakaTblHachl OOWBIHIIA KOPBITBIHABLIAp skacairaH. OnmaH 0acka, bIKIaigacy yAEpiCTEepiHiH
JTAMYBI XoHE 09CEKENECTIKTIH KYIICIO MAapTTapbIHAA OTaHABIK OHIIPIC THIMIUIITIH XKOFaphUIAY JKOHE xKahaHTaHyTbIH
KEJICHCI3 calIapbIHbIH OefiTapanTaHIbpIpy MaKcaThIHIA [Iapaiap YChIHBUIFaH.

Tyiiin ce3nep: camaHblH 0ocekere KaOULIETTLITi, Oocekemik (akTopiap, CHIPTKHI JKOHE iMIKi opTa, O9ceKemik
aneyer, O9CEKeINiK Tanaay.

Kipicne. Bacekere kabineTTimikTi Oackapy Maceneci OHBIH (akTopiapbl MEH IIapTTapblH aHbIK-
TayMeH THIFbI3 OainanbIcThl. DakTopIap/ sl FRUIBIMU JKYHeENey calaHblH 0acekere KaOlIeTTUIIrH apTThIPY
MakKcaTbIHJa OJIapFa ocep €Ty TETIKTEepiH aHBIKTayFa >KOHE HETi3Jeyre MyMKIiHAiK Oepemi. A#Ta KeTy
KepeK, FhUIBIMHU 9jicOueTTepae OyJl MaCcesIeHI 3epTTeyre RKEeTKUTIKTI Hazap ayaapeuirad. Cosaii 6oJia Typa,
canaHblH Oocekere KaONeTTUNK JeHreWiHe KemTereH (aKTopiaplblH JKEKe KoHE KEIIeHi BIKMaIbIH
Oaranay ke0iHe HAKTBI TAPUXH JKOHE 9JICYMETTIK-3KOHOMHUKAJIBIK IIapTTapFa OaiTaHbICTRI. ByJT HApBIKTHIK
OpTaHbIH CEPHIHIUIIrIHE, HAPBIKTHIK OPTAaHBIH OENTICI3MITIHIH KYIICIiHE XoHE jkahaHmaHy KaymiHiH
yirarobiHa OalmaHbICTE. byn jkarmaiima Oocekere KaOUIETTUTIKTI OacKapyIlbIH FBUIBIMEM HETi3/IeITCH
HBICAaHJApbl MEH 9JIICTEPIH 93ipIiey KYpHAeIeHEe TYCe Il )koHe OalbINThI TOCLIII KAXKET eTeli.

o9xicTep. 3epTTey CallaHBIH Oocekere KaOimeTTUTr (paKTOpJaphIHBIH CHIATTaMalaphl TYpaslbl FhI-
JIBIMA OUTIMIe JKYHesi jKoHE IUalICKTUKAJIBIK TACUIIEp/i KOJNJaHyFa HETI3JeNreH. 3epTTey OapbIChiHaa
Oakpulay, CUMATTay, TalJay JKOHE CHHTE3 CHIHJBI JKANIbI FRUIIBIMH 3€PTTEY OMICTEpi, COHBIMEH Katap
TaHBIMHBIH (DOPMAIIBI-TOTUKAIIBIK XKoHE 0acKa oicTepi KON IaHbUIIb.

Harmxenep. bocekere KaOIETTUTIKTIH Ma3MyHBIHA KaTBICTHI FRUIBIMH KO3KapacTapabl 3epTrey Oip-
KaTap MaHBI3[IbI TYKBIPBIMIApP JKacayra MyMKIiHIIK Oepai. bacexere xabineTTislik uepapXusChIHBIH ME30-
JICHTeliH ecKepe OTBIPHIN, COHMAl-aK CallaHBIH 0ocekere KaOUIeTTUNriHIH (aKkTopiapsl MEH MIapTTapbiH
3epTTEy TYPFBICHIH]IA OJapbIH J1aMybl HETI31HEH KeJIeci epeKenepre CyneHemi.

Bacekere kaOinmeTTLMIKTIH CEpPHiHII YFBIM €KEHIIriHEe CYWHeHe OTBIPHITN, OHBIH Ma3MYHbI, BIKIA €Ty
00BeKTiiepl MeH HBICaHAapbl OHBIH Oenrimi Oip camaisl AeHreliHe XeTyiHe OaiilaHBICTHI ilIiHApa
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e3repicke yIIbIpaiasl. by HaKTBl TapuXu KOHE QJIEyMETTIK-SKOHOMHKAIBIK IapTTapaa 0acekere Kaoi-
JISTTUTIK (DaKkTOpJapblH aHBIKTaFaH JKOH JereHai ounmipesni. benrini Oip dakropasiH MoHI Oacekere Kadi-
JETTUTIKTIH WEepapXusiIbIK JICHreiiHe, aiiMak, cajla, KOCIMOpPBIH epeKUIeNiKTepiHe OailaHBICTBI TYpIi
Oomaner [1]. ABTOpIBIK yCTaHBIM Oocekere KaOImeTTUTIK Oenrimi Oip CyOBEKTiHIH OacTamkbima aiFraH
0oceKeNecTiK apThIKIIBUIBIKTAPBIHBIH ONTUTi Oip KUBIHTHIFBIH FaHA OUTIIpMEUTIHAITIHE HET13/1eNTeH; Oy
— OakputaHaThIH mapamerp. OcbIiFaH OaiJIaHBICTBI OHBIH YJIFAIO JKaFJalibl KOJIa Oap aieyeTke FaHa eMec,
Oackapy Tuimzinirine ne OaitmansicTel. JKyHenik Tocin OOWBIHIIA Ke3 KENreH 3JIEMEHT KYHeHiH Oacka
3IIEMEHTTEpIMEH 03apa OalyIaHBICTBI, OYJI cajaHbIH 0dcekere KaOUIeTTINIriH apTTHIPy TETIKTEpiH 33ip-
Jeyzie ecKepillyi Kepek. OHepKacinKe KaThICThI, aBTOPIapAbIH IMiKipiHIIe, 6acekere KadIeTTilik Gpakrop-
JapelH THIMII OacKapy OHBIH JKaHA carmajbl jKaFrjaiiFa oKedyi BIKTMMAaJl HeTisTi JKOHE CaThIN aJbIHFaH
MIAPTTAapbIH JKUBIHTHIFBI PETIHIEC KapacThIpFaH JXOH. Bysl aHbIKTama »KOFapbhIOarbl TYXKBIPBIMIApIbI
KepceTesi.

Tankpuiay. Onemaik Toxipube MeH KasakcTaH 3KOHOMHKACHIHBIH KYMBIC iCTEy epeKuIeiKTepi
KOPCETKCHJICH, calla yKaraalbl KeNTereH napamerpiepaeH Typaabl. bacexere kabineTTimik (akropiapbH
Oipkarap Oenriiep OOMBIHINA JKIKTEyre OONabl: cajlaFa KaThIHACHI, Maiga 00y Typi, OacCBIMIBIFHI,
PECYPCTHIK QJIEYETi, IeHTeki, acep eTy cumathl (1-cyper).

CananblH 0ocekere KaOIeTTiliri (hakTopIapbIHbIH CHIHBIITAMACHI

CBIpTKHI
— 1. Casara KaTbiHachl OOMBIHIIA:
Tk
] 2. Taiina 60y Typi GoiibIHMIA: Taburu
JKacauapl

3. baceIMABUIBIFEI OOMBIHIIIA HAKTHI
- IapTTapFa *KoHE yaKbIT apaJibIFblHA
OaliIaHBICTEL:

Bipinmi ke3zekTi

Exinmi xe3exri

4. PecypCThIK QlIeyeTKe KaThIHACHI Herisri (Gacrankpl ke3e Oosran)

OOMBIHIIIA:

TTatina 6GonaTeH

o JKanmer (6apisIK cananapra TOH)
— 5. JleHreiii OoMbIHIIA:

MamaHnaHIBIPBUTFaH

Epekmie (6ackapyIplH YHUKATIBIK
TETIKTEePiH KAXKET eTETiH)

AL

— 6. bIxman ety cumater OOHBIHIIA:

OMbOeoarr

Eckepry: aBTopinap o3ipieren

1-cypet — canaHbIH 09ceKere KaOIeTTiiri pakTopIapbIHbIH CHIHBIITaMachl

Bacekere KaOUTETTUTIKTIH iMIKi (haKTOPIIaphl CadaHBIH O9CEKETIK apTHIKIIBUIBIKTAPBIH OUIIipemi, 0y
onapzpl YHeMi OakplIay jKOHE KETUAIPY apKbUIbI Oacekere KaOUISTTUTIKTIH KaHa camnajbl 6CyiHe MYMKiH-
ik Oepemni. Imki dakTopimapaslH AETEPMUHAHTTAPHI CaJlaHBIH O0JCEKeNiK apTHIKIIBUIBIKTAPBIHBIH JKUBIH-
TBIFBIH CUTIIATTANIBI )KOHE pecypcTap, OHIipic xKoHe 6acKapy mapTTapblH KaMTUIs! (1-kecTe).



ISSN 1991-3494 1.2021

1-xecte — CananblH 0acekere KaOiIeTTUTINHIH iIKi akTopIapbIHBIH CUIIATTaMaIaphl

Iki pakTopaapabH

JICTCPMHHATTADb! Bacekenik pakropnapbl

PecypcThIk maptrap —  maijganel KazoanapabiH O0ybI;

—  CaJaHbIH KOJiK HHOPAKYPBUIBIMBIHBIH MYMKIHIIKTEpiH aHBIKTAWTBIH KOJIAHIBI reorpadus-
JIBIK OpHAJIACYBbI;

—  KOJIailJIbl KIMMATTBIK JKarailnap;

—  BHeprus, Cy, MHKi3aT KO3AePiHe ePKiH KOIKETIMILIIK;

—  KaJpIBIK pecypcrap JKoHe T.0.

OmupipicTik maprrap —  Heri3ri KopiaapasiH OOIysl JKoHE OJapbl YHEMI JKeTLIAIpY, OJapasl XKaHAPTY A6l KAMTaMachI3
€Ty MYMKIHJIKTepi;

—  OHIPICTIK-JIOTUCTUKAIBIK dJICYET, OHBIH 1IIIHIE OHAIPICTIK KSUICH I FaHa eMec, OHIMII KeHiH
caTy YWIH JaMblfaH WHQPaKYPBUIBIMHBIH OOMyBl (KolMa, MTUQT, YK KOTEeprim >kabIabIK, KipMme
JKOJIIAp koHe T.0.);

—  3aMaHay¥ TeXHOJIOTHsIap MCH MHHOBALMSIAP;

backapy maprrapst —  YHBIMIACTBIPYIIBUIBIK XOHE 0acKapyLIbUIbIK dJICyeT;

—  KOPIIOPATHBTIK OacKapy skoHe KOPIOPATHBTI MOICHHUET JCHICHi;

—  MEHIUIK Henepi MeH Oackapy apachlHAaFbl KaTbIHACTap XKykHeci;

—  MOTHBALUSIHBI BIHTAJIAHABIPY XKOHE KaApJIapIblH OUTIKTLNINH apTThIPY JKYHECIH Kypy;

—  OHIIpICTI bacKapy cTpaTerHsChl MCH TAKTHKACBIHBIH 3aMaHayH HbICAaHIApbl MCH 9JIICTEPI;

—  ecell XyHenepiHiH KOMIBIOTEPIIK TEXHOJOTHSIIAPHI, OIOKETTEY, KapKbUIBIK-IIAPYaIlbIIbIK
KBI3METTI JKocmapiay, Oaranay »oHe O0aKpUIay, MHBECTHLIHSUIIBIK KOOaJapAbIH THIMALUIIriH Oaranay
JKOHE T.0.

Eckepry: aBTopiap a3ipiereH.

PecypcTrik xarmaiimap Oenrimi Oip camaga OacTamkbima OoJIaTBIH Oocekere KaOuIeTTUTIK ¢akTop-
JapeH cumaTTaiael. Onap eHMIpicTi JaMbITyFa jkoHe Oocekere KaOileTTi eHIM jkacayra KyaTThl HeETi3
JKacaiel. Byt onapieiH nelik ety 0acKkapyIibl KbI3METKepIiH Oacekere KaOineTTimikTiH 0acka ¢akropia-
PBIHA KOJI JKETKi3y YIIIH KYLI-XKIrepiH MOFBIpIaHAbIpY XKaFaainbslH Oingipeni. bacrankeiza pecypcrapabid
Oenriyi Oip mIapTTaphl XKOK Oipleld cajanap onapra KOChIMIIA Kapaxar (IIHKi3aT CaThIl aly, SHEPTHUs
HIBIFBIHBIL, IIUKI3aT, KOJIK IIBIFBIHEI )KOHE T.0.) dKyMcaiapl. OpuHe, Oy MyHIail cyOBbeKTiIepAiH OHIIPICTI
JIaMBITyFa JKoHE Oocekere KabiIeTTi oHIM MIBIFapyFa Karaan xacay MyYMKIHIITIH a3alTajIbl.

OHIpICTIK IeTepMHUHAHTTAPFa calla KOCIMOPBIHAAPBIHAA OHIMIII OHIIPY MEH OTKI3Yl YHBIMAACTHIPY
MIAPTTAapbIH CUMIATTAUTHIH O3CEKEIIK apTHIKIIBUTBIKTAp JKaTa/Ibl.

BacekenecTik apTHIKIIBUIBIKTAPABI aHBIKTAYIIBI peTiHAe OacKapy IapTTaphl, TYNTEI KelareHae, cana-
HBIH Oocekere KaOUISTTUIITIH apTTHIPYABIH CTPATETUSJIBIK MaKcaThiHA KOJI JKETKi3yre OaillaHbICThI (hak-
Topyapabl aHbIKTalWAbl. Byn skarmaiinap eHpipic (axkTopiapbIMEH CalbICTHIpFaHIa CyOBEKTHBTI >KOHE
TY3eTyTe BIHFaliIsI [2].

HappIKThIK 3KOHOMUKA >KarmalbIHIA OapibIK CyOBeKTinep OacekelecTiK opTaga >KYMBIC iCTEHi.
Ocspirad 0aliIaHBICTHI CAIAHBIH OoCeKere KaOiIeTTUIIriH apTThIPY cascaThlH jkacay YIIiH CBIPTKBI (haKTop-
Jlap MaHBI3]IBL.

bipkarap cananblk HapbIKTa KOCIIOPBIHIAPABIH KYMBIC icTEYi YIIiH CYpaHbic (akTopiapbl OipiHIIi
Ke3eKTe TYpaJbl, ©TKEHI THIM1 CYPaHBICTHI IEKTEY KICIMOPBIHIAP ACCOPTUMEHTIH Jie, Oara casicaThiH Aa
aHbIKTalae!l [3]. bocekere KaOineTTi YWITTHIK SKOHOMHMKAHBI KAJIBIITACTBHIPY OoceKere KaOiIeTTi eHmipic
KYpy (akTopiapblHa HETi3eNTeH.

OJIeyMETTIK-9KOHOMUKAJIBIK, CasCH KaFIaiaapIslH KypT ©3repyi, aieMIiK SKOHOMHKAJBIK KaThIHAC-
Tap reorpadusACHIHBIH KEHEIO1 jKOHE ONapiblH KYpAEICHYi, e3repicTepiH canaiblK CUIaTbhl MEH KapKbl-
HBIHBIH 631 YHBIM Oackapyna KypAeii Macellesiep TYFBI3[bl KOHE KbUIAaM ©3Tepill OTHIPAThIH JKaraanaa
onapzp! 6acKapyIbIH YHBIMAACTBIPYIIBUIBIK KaFUAaTapblH KaliTa Kapaybl Tauar eTTi.

Kaszipri skarmaiina op kocinmkep yiriH Oip skarbiHaH Kazakcranmgarsl Ka3ipri HApBIKTHIK JKaFqaiiFa s)KoHe
OHBIH JaMy YpIiCTepiHe, eKiHII >KarblHaH, HAKThl OHAIPIC EpPEeKIIeNiKTepiHe ColKec KeNeTiH THIMIi
0aceKenecTiK KypalnapblH YChIHY VIIIiH Ka3ipri HAPBIKTHIK JKaFaal bl AYphIC Oaranay eTe MaHBI3IIbL.

HapbIKk KOHBIOHKTYpACHI JKbIJT OTKEH CaiibIH KYpAeieHe Tycyae, Oy HaphlK IIeKapalapblHbIH OipTiH-
JIeTl KeHEIo1HE yKoHE )KOFaphbl 0oceKeli opTaaa KyMbIC Taxipudeci 0ap meTeNIiK KOMIaHUsIapAbl TapTyFa
OaiinanbicThl. OCBl TOXIpUOEH] Ka3aKCTaHABIK KOCITKEpIIEpAiH TiKelel KOoNaaHybl KeOiHe OHBIH Olperei-
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JiriHe, HapbIKTarbl O9CEKeNeCTiK MiHE3-KYJIBIKTHIH aMOeOan ChI30anapblHblH OonMaybiHa OaiiaHBICTHI
KWBIHFAa cofanbl. byn jkarnmaiina KocimopbIHIAapFa CHIPTKBI OpTaHBl yHI Mapamerp OoWbIHINA Oaranay
YCHIHBLIAAHI [4]:

— aFBIMJIaFbl KBI3METTIH TYPJIi aclleKTiIepiHe oacep eTETiH e3repicTepai Oaranay;

— aFpIMJIaFbl KbI3METKE Kayill TeHIIpeTiH (akTopiapAbl aHBIKTay. bacekemecTepiiH KbI3METiH
Oaxplay Kol JKar/aii1a KocilmophIHFa BIKTUMAIT Kayin-KaTepre JalbiH 0oiyFa MYMKIHIIK Oepeni;

— KOCHap/Ibl TY3ETY apKbUIBI MaKCcaTKa KETY MYMKIHIIKTEPiH KOPCETETiH (haKTOpIapabl aHBIKTAY.

ChIpTKBI OpTaHbI Tajaay OipHEIIe SICTI KOJAaHyabl ke3aemi; Oyn HerizineH SWOT-tanmayabig
(xymrTi sxakrapsl (strengths), ancis skakrapsl (weakness), MyMKiHaiKTep (opportunities), kaTepiep (threats)
Oemiri Oomemm  caHamanpl. SWOT-tanmayna dopMammsl omicTeMeci JKOK JKOHE OJI TallIayIIbIHBIH
capartaMalblK OaranayblHbIH Oip Typi Oombin ecenrreneni [5], [6].

Kacimopea MakpoopraceiabiH Tangamackl PEST-ranmaye (P — political legal — cascu-KyKBIKTBIK,
E — Economic — 3xoHomukansik, S — Sociocaltural — aneymerrik-monenu, T — Technological forces —
TEXHOJIOTHSJIBIK (haKTOpiap) KOJNJaHy apKbUIbl JKY3€re achIpbUIybl MYMKiH, OHBIH MakcaThbl — KocCiIl-
OpBIHHBIH aFbIMJIAFbI )KOHE OOJalIak KbI3METIHIH HOTHXKEIIepiHEe 9cep ETETiH CHIPTKBI OpTa (pakTopiapbIH
aHBIKTay JKoHe Oaramay OomnbIm caHamansl [7]. COHBIMEH KaTap, KOCITTOPHIH OaKpLIaybIHIa OOIMAaNTHIH,
Oipak Oackapy HOTIDKEJIEpiHE ocep eTeTiH OKuFramap OenrineHemi. Op oKurara Oenrimi Oip camMak
TaralbIHIay apKbUIbl AMATHOCTHKA JKYpri3ijeni, sSFHU OipAeH (€H MaHbBI3NbI) HeJre AediH (MaHBI3IbI
emec). CanaMak KOCBIHIBICHI Oipre TeH OoNybl KepeK. Op OKHUFaHBIH acepl 5 OanaplK mikana OoHbIHIIA
Oarananansl (5 — KymTi acep, 1 — Kayim kok). OpTaiiia enieHreH 0ara OKUFa cajiMarblH OHBIH 9CEp €Ty
KyIlliHe KOOCHTY apKblIbl aHbIKTanaasl. ComaH KeifiH OepilireH KocilmophlH OOWMBIHIA HKAJIbl CAIMAKTHIK
Oayt ecenrrenei [8].

lki opTaHbl Tangay CHIPTKBI OPTaHBIH MOHUTOPHHITIK JepeKTepi HeTi3iHIe HOWeKTi Typle *Ky3ere
aceIpbiIanbl. by Kopiiaran opTaHbH (haKTOpIaphbl KSCIITOPBIHHBIH OHIIPICTIK KbI3METIHE TYPIIi Jopexeie
acep eTETIHITIHE OallJIaHBICTHI, IEMEK, OHBIH KapKbUIBIK HOTKECIHAE KopiHei [9].

OHepkacinTiH 0acekere KaOUIETTUTK (haKTOpIapblH TAOWFU KOHE JKacaHIbl Jen 0ejy acep ery
CHUITaThl MEH OarbIThIH AHBIKTAWTBIH IIAPTTapAbl capajayAblH OPBIHABUILIFBIH Oinupipeni. Taburu Gace-
KEJIECTIK apTHIKIIBUIBIKTapFa We 007y TeorpadUsiIblK OpHAjacy, TaOMFH-KIMMATTHIK JKarmai, TaOwry
pecypcTapabiH 0onysl jkoHe T.0. OaitnmaHbICTBL. bipkarap eHmipicTep MEH caianap YIIH OJapblH HETiK
eTyi ke0OiHece >KYMBICHIHBIH OacTanKpl IIaPTTAPBIH AHBIKTAHIBI JKOHEe WeJepiH /el HeFYpIbIM THIMII
Karjainapra Kosiubl. KepceTinreH apThIKIIBUIBIKTAPBI KOK CYOBEKTUICpP OJNIap/bl adyFa KOCHIMINA KYII
JKYMCaipl, OyJI OJIapJIblH MaKcaThblHAa JKeTy KaOineriH TeMeHnzereni. COHBIMEH Karap, Ke3 KeJlreH
pecypcrap, IIbIH MOHIHAE, TayChUIATBIHABIFBIH aTan eTkeH xeH [10], [11]. By Gacekere KaOiIeTTIMIKTI
cepminai KYOBUIBIC pETiHIIE KapacTHIPYIBIH OPBIHIBUIBIFBEIH JKOHE Oackapyra OeHiMaeny KaXeTTUTIriH
kepcereni. Erep cyObekT KochIMIIa OQCEKENeCTIK apThIKIIBUIBIKTAPFa KETy YIIiH KapaxkaT jKkymcamaca,
OHJIa OJI KaJlaraH MakcaTTapfa jkeTe anMay Kaymi Oap. Comait Oonma Typa, epexke OOMBIHIINA, >KOFaphI
JeHreiaeri 09ceKenecTiK apTHIKIIBUIBIKKA KETy YIIiH MaHbI3Abl (hakTopiap opKallaH >KacaHAbl OOJBIM
caHasabl.

lexTenreH pecypcrap >karJaiblHIa YUBIM ©3iHIH HETI3ri KYLITEpiH OipiHIN Ke3eKTeri Ka)KeTTilliK-
Tepai memryre OarbITTaiabl. OChIFaH opail cyOBeKTiHIH Oocekere KaOUICTTINITIH apTTHIPY MaKcaThIHA
JKEeTy KeOiHece KYIITIH IyphIc OaFbITTaTybIHA KoHE OeNTii Oip yakpIT Ke3eHiHe MYKUAT Ha3ap ayapyabl
KKET eTeTiH HeTi3ledreH OachkiM QakTopiapabl TaHAay Heri3iHae aHbIKTanaapl. KeOinece Oackapy-
HIBUTBIK, IenTiMep OipHelne OarpITTa MaIIbIpaHKsl 0oaabl XKoHe OacKapyIarbl KaTe ecenTey calgapblHaH
camaHblH JKaHa JICHTCHiHe KeTy MakcarbiHa jxeTe Oepmeriai [12]. CoHbIMEH KaTap, cajlaHbIH Oacekere
KaOIMeTTimiri (akTopiapelH HETI3ri XKoHe KochkMma (aktoprnapra Oenly Kocim weci MeH OacKapylibl
KO3Kapachl TYPFBICHIHAH 3rele O0Iabl.

OTaHIBIK KSCITOPBIHAAP, TINTI )KETKIUTIKTI XKaKChl, 0aceKkere KaOiIeTTi OHiMIe )KoHEe OJIaH opi NaMBITy
aneyetiHe ue OoJca J1a, XaabIKapalbIK HEMece iIIKi HapbIKTa MIeTeNIiK KaCImopeIHAapMeH 0acekere Kaoi-
nerti Oona anmaiapl. By skarnmaiineiH Herisri cebenTepiHiH Oipi Oackapy jKyHenepiHiH aca OKIIayiaH-
FaHJBIFbI, KATAHIBIFBI )KOHE apTTa KAITybl OOJIBII CaHANa b,

PecypcThIK aneyeTke KaThICThI CallaHbIH Oacekere KaOiIeTTLMiK (akTopiapblH Herisri (0acramkbiaa
OoJrFaH) JKOHE KOJI JKeTKi3inreH aen 6exyre 6omanst [13], [14]. ABTOPIBIK TYKBIpEIMIaMara colikec, oiap
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OYpBIH KapacTBIPBUIFaH TAOUFH JKOHE KacaHIbl Oonbin OeniHyiMeH Oipaeit emec. Herisri gakropnapra Tek
Ta0WFU FaHa eMeC, EHOCK PeCypCTapbIHbIH KOJIKETIMIIIIT, aTan alTKaHIa, ayMaKTa TYPaThiH XaJbIKThIH
KYPBUIBIMBI, KYpaMbl oHE OLTIKTUTIK AeHreii skatansl. COHbIMEH Kartap, jKEeKeJereH caianapa peciyo-
JUKAIaFel MEHIITKTI JKEKEIIeICHIIPY HOTIKECIHIE cala KOCIOPBIHAAPHI OepreH MaTepHaIbIK-TeXHUKA-
TBIK, 0a3aHBIH KoHE HHPPAKYPHUIBIM JIEHIeHiHIH HeTi3Ti (aKTOphI O0IYbl MyMKIiH.

CananplH Oocekere KaOUIETTUNITIHIH KON JKETKi3reH (haKTopiapblHa TEXHOJIOTHSIAp, aKMapaTThIK
KOJIZiay, HETi3ri KypaamapnAbl KaHapTy, eHIIpic yAepici MEeH KOpIOpaTHBTIK Oackapy jxyiHeci, Oackapy
arnmnapaTTapbIHBIH THIMALUIIT )KoHE T.0. XKaTa bl

Cananbiy 0acekere KaOIeTTUIIN (akToOpiapbiH JKaIIbI )KOHE MaMaHIaHABIPbUIFaH Jen 0oy Keleci
epekesiepre HeTi3IeNTeH.

Kanner dakropnap OapiblK canara ToH. OJapra CBIPTKBI (akTopiap, KIMMATTHIK JKarnailnap >koHe
reorpausUTBIK OpHAJIACYHI, 3aHHAMA, JKaJIBl HH(PPaKyphUTBIM, O17TiM JICHT el KoHe T.0. JKaTajbl.

CananbiH 69cekere KabineTTinik GakTopnapbiH aMOedar koHe MaMaHIAHABIPBUTFAH JeTl eKire oemyre
6omanel [15].

bipiami Tomnka cyObeKTiepAiH Kemuiuirine Oipieil coTTi Konjganyra OONATbIH HEMece OJapra OH
acep eTeTiH 0ackapy oficTepi MEH TETIKTEpPi Kipemi.

Cananpry Oocekere KaOUNETTUNITHIH apHaiibl (hakTopiapsl O0ackapy KYpbUIBIMBIH Oenrini Oip Tamar-
Tapra KeNTipy KaXeTTiUTiriMeH epekineneHeni. bym — Oiperell Oackapy TETIKTepiH KaKeT €TETiH HaKThI
¢axTopnap. bip xarbiHaH, onap KochbIMIa 0aceKeIeCTiK apTHIKIIBUIBIK 00N caHanansl. CoHbIMEH Oipre,
onappl TEXHOJOTHSUTBIK YIEpIC TajanTapbiHa CORKECTEHAIPY YIIIH KOCBIMINA KYII TIEH Pecypc KaxKer.

Cana Oykiy aieMIiK HapbIKTa Oipjeci aopekene Oocekere KaOinerTi Oojia amMaiiibl, Oy op Ny
HapBIFBIHIAFEl CYPAHBIC EPEKIICITIKTePiHe, MEMJICKETTIH OHEPKOCINTIK XOHE CHIPTKHI 3KOHOMHUKAIIBIK
casicaTblHa, COHBIH 1LIiHIE CBIPTKBI caya Typajbl XalbIKapalblK KeliciMre, MakcaTThl HApblK OpHAJIACKaH
eNJIeri yKcac cajlaHbIH KypambIHa JKoHe camachiHa OaimaHbICTHI [16]. OchiFaH CyieHe OTBIPHII, cajJaHbIH
Oocekere KaOUIETTUNMH cala KaTblcaThlH HEMece ©31HiH KaThICYblH KCHEHTYre YMTBUIATHIH HApPBIKTa
JKYPTi3reH Ayphbic.

Twixi 6acexenik apmuvlKubLILIKMAPLL

I'eorpadusibix TaOuFU-KIMMaTTHIK Makpo3KOHOMMKAIIBIK MeMIeKeTTiK peTTey
dakropnap dbakropnap mapTTap

|___________________________I

I Onnipictik- Hambiran YiibIMIIBIK-0acKapyILIBLIBIK, I

I JIOTUCTHKAJIBIK OJIeyeT UHDPAKYPHUIBIM aneyer

I 7} I

| KHgMeTKe;m\ Koprnoparusrik Gackapy | |

i JKOHE KOPIIOPATUBTIK

I BIHTAJIaHBIPY JKOHE CaJ'IaHBIH 69C.CKCJ'I1K > pHop . I

I OLTIKTINIriH JKOFapbUIATY aneveri MOACHHUET NICHICH1 |

| TexHosorusnap HHoBarmsiIap Kapker pecypcraper |
I

L e e e e e e

Bocekenecrep YKabrbIKravitban OTKI3Y HaPLIKTADEI Cypanbic hakTOpIaphI

Coipmiwl bacexenix apmulKUbLIbIKMAD

Eckepty: aBTOpnap a3ipiereH.

2-CypeT — caJaHbIH Oacekere KaOiIeTTiliri ayeyeTiHIH KYPbUIBIMEI
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YNTTBIK 9KOHOMHKA CEKTOPHIHBIH HAaKThl (HAPBIKTHIK) Oocekere KaOUMETTLNIriHIH €Ki HeTi3ri KpH-
Tepwiii Oap.

Bipinmrici, cagaHbl CBIPTKBI cayaara TapTy, Oy OHBIH KSCIIOPBIHAAPBIHBIH YKCAc MIETENIIK canaiap-
MEH MEMJICKETTIK MPOTEKIIMOHUCTIK CasiCaTThIH KOJIaybIHCHI3 OaceKere KaOlIeTTUIINH KopceTe .

Exinmni kputepuit — eHiMHIH Oenriii Oip enmiH HapbIFBIHIAFbI HAKTHI Tayapra JeTeH CYpaHBICHIHA
COMKECTITiH CHUMATTaHTBIH 9p €JJIETi caTy HapbIFBIHBIH 9pKaiicbIChIHA KaThICY AeHreHi [17].

Ke3 kenreH SKOHOMHKANBIK CyOBEKTiHIH HaMy JeHredi kebiHece Oocekere KaOUMETTLNIKTIH KOJ
JKETKI3reH JICHIeHiMeH aHBIKTAIabl, OJ1 Ka3ipri 3aMaHFbl JaMy JKaFJallblH/a H alJbIMEeH TaOUFH pecypc-
TapIblH, SKOHOMHUKAHBIH KOFapbl TEXHOJIOTHIIBIK CEKTOPJIAPBI, JaMblFaH MHQPaKYPhUIBIM JKOHE HapbIK-
TBIH QJIEYETTi CYpaHbIChIHA OaiIaHBICTHI.

Cananply OoceKeNecTiK apTHIKIIBUIBIKTAPBIH JKYHeNey HETi3Ti CBHIHBINTAy Oenriiepi peTiHae imki
JKOHE CBIPTKHI (hakTopiapAs! Oelin kepceTyre MyMKiHAIK 6epai (2-cyper).

KopbiTbinapl. CanaHblH 09CEKeNiK QJIEyeTiH KYHENiK TOCI TYpPFBICBIHAH KapacThIpy OHBIH
AJIEMEHTTEPIHIH iIIKi ©3apa speKeTTecyiHe OalIaHBICThl TYBIHIAHTBIH CHHEPTETHKAIBIK dCep/e KOPiHETiH
OHBIH 0acCTBl epeKILeIiriH aHbIKTayFa MYMKiHAIK Oepeni. [Jonm conm yakpiTTa, 0i31iH OHBIMBI3IIA, CaTalIbIK
KOCITOPBIHIAPIBIH OCHIM/IEITY TETIT1 cajJaHbl MEMJICKETTIK KOJIJay TETIKTePIMEH TOJIBIKTHIPBLITYBI KEPEK.

MemiiekeT apaiacriaifThIH JKaFIaiiiap TeK MiHCi3 HapbIK JKyleciHe KaThICTHL. [IIBIHABIFBIHIA KOTITEreH
HapBIKTHIK aKay Ke3IeCKeHJIe SKOHOMHKAJBIK YIepicTepre YKIMETTiH apanacybl KakeT. MeMIeKeTTiK
JKOHE HApPBIKTBIK PETTEY TETIKTEPIHIH OHTAWJIBI apaKaThIHACKHI CaJlaHbIH OdCeKere KaOUIeTTUIIrH apTThi-
pYyFa JKoHE TYPaKThI JaMybIH KAMTaMachl3 €Tyre KOMEKTeCe i JIeTl OIaiiMBbI3.

WuTerpanusislk yaepicTep MeH 0aceKemecTiKTiH Kyleroi xaraaibinaarsl Kazakcran PecryOnukace
IIIKI JKOHE CBHIPTKbI HApPBIFBIHIAFBI axyajabl Tangay kahaHIaHyIbIH KaFbIMChI3 CajjapbiH OelTapar-
TaHABIPY KAKETTUIrH alkeiHainel. Kasipri skarmaiina OTaHABIK OHAIPICTIH THIMIUITIH apTThIpyFa
OarpITTanFaH OipKaTap Iuapanapabsl KaObUIgayAbl MaKcaTKa cail Jem caHaiMBbI3.

Cananapibl JaMBITYIBIH CTPATETHSUIBIK OaChIMIBIKTAPhl OTaHABIK OHIIPYIIUICPIIH KbI3METiHE
CBIPTKBI OPTaHBIH acep eTy (haKTOpiapblH MYKHAT Oaranmayabl KaxeT ereni. CamamapasiH 0acekere Kaoi-
JETTUTMH apTThIpy MakcaThIHIA OJapAblH Oocekere KaOileTTi CTpaTerwsuiblK TaiugaMachl, Oi3aiH
OMBIMBI3IIA, TOMCHIETUIEP/II KAMTYBI KEPEK:

— MaKpOIKOHOMHKAIBIK (haKTOpIIapAbl KEIISH I 3epTTeY;

— CaJIaHbIH >KETEKIIi KoCIMOPBIHAAPBIHBIH CHIPTKBI SKOHOMHUKAJIBIK KBI3METIHIH 9JIeyeTTi IeHreiin
KeJleci KepceTKimTep OoWbIHIIA Oaranay: CHIPTKBI caya aifHaJIbIMBbI; SKCIIOPT KOJieMi (HAKThI )KOHE KYH/IbI
MOH/I€); CHIPTKBI cay/a aifHaJIbIMBIHBIH CaJbJOCHI; SKCIOPTTHIH (MMIIOPTTHIH) Te0rpadusIIbIK KYPhLUIBIMEL;
9KCIOPTTHIH, (MMIIOPTTHIH) TayapiblK KYpPBUIBIMBI; Oenrii O0ip Tayap TONTapbIHBIH UMIOPTH (3KCTIOPTHI)
MEH OHJIPIC TCHrepiMi;

— DKCHOPTTAJATHIH OHIMII OHAIPY THIMILIITH TOMEHIETETIH SKIMIITUTIK KeAepTiJiepi Tanaay;

— cajamapApl MEMJIEKETTIK KOJIAay CallaChlHIA iCKe achlpbUIATBIH ILIapanap TUIMAUIIrH Oaranay
JKoHE OaKbLIay;

— KOpFaHBIC IIapajiapblH yaKbITBUIBI OacTay >kKOHE OTaHIBIK OHAIPYIIUIEp YIIIH IIamMaaaH THIC UM-
MOPTTHIK 09CEKENECTIKTIH KaFbIMCBI3 CallIapblH OONABIpMay MaKcaThblHIa HapbIK CEpIiHi MEH MMIOPTKA
ce3iMTaJ HapbIK CErMEHTTEPIHIH JKaFJaiibiH OaKbLIay;

— TOYeKelJi aHbIKTAY/Ibl, OJIap/Ibl )KY3ere achlpy OapbIChIHIA OOJIATHIH 3aNANIAbI OaFaiay/Ibl, OJIap.Ibl
OackapyAbIH THIMAI TCIIAEPiH 93ipJeyaAi jKoHE JKaFbIMChI3 calAapabl a3alTyabl Koca ajFaHia, ToyeKelai
camaJjsl 6ackapy;

— KOHTpa(haKTiJIK XKoHE MUPATTHIK OHIMJIEP SKCIIOPTHI / IMITOPTHI JKaFJaiiblH OaKblIay KOHE €CerKe
ay.
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KOHKYPEHTOCHOCOBHOCTbB OTPACIJIA: YCJIOBUA U ®PAKTOPBI

Annotanus. llens nccnenoBaHus — CHCTEMaTH3aIMs YCIOBUM U (PaKTOPOB KOHKYPEHTOCIIOCOOHOCTH UIST MX
UACHTH(HUKAINHN 1 BBIPAOOTKH MEXaHM3MOB BO3/eHcTBISI Ha HuX. MccinenoBaHne OCHOBAaHO Ha IPUMEHEHUH CHCTE-
MaTH4YeCKOTO M AMAIEKTHYECKOTO MOAXOJO0B K HAyYHOMY ITO3HAHHIO OCOOCHHOCTEH (haKTOPOB KOHKYPEHTOCIOCO0-
HOCTH OTpaciy. B mpormecce mccienoBanus ObIIM NMPUMEHEHBI Takue OOIIEHAYYHBIE METOJBI MCCIIEAOBAHUS, KaK
HaOJIIoJIeHne, ONMCaHKe, aHAJIM3 U CHHTE3, a Takoke (POPMaTbHO-JIOTHYECKHH U Ipyrue MeToasl mo3Hanus. Mudop-
MAalMOHHYI0 0a3y HMCCIIE0BAHMUS COCTABHIM MOHOTIpa(UYECKUE HCCIIECA0BAHUS, NEPHOANYECKUE NICUATHBIE U JJIEK-
TPOHHBIE U3JIaHUS 110 TEME HCCIICTOBAHUSL.

B cratbe mpoaHanu3upoBaHbl Hay4yHbIE MOAXOABI K HCCIIEJIOBAHUIO COJEPIKAHUS KOHKYPEHTOCIIOCOOHOCTH.
DakTopsl KOHKYPEHTOCIIOCOOHOCTH OTpPAcii PacCMOTPEHBI € MO3MLMKM WX Kiaccupukauuu. [IpoBenena yérkas
cucremMaru3anus GpakTopoB KOHKYPEHTOCIOCOOHOCTH 10 HIECTH OCHOBHBIM IPH3HAKAM, BBISBIEHBI UX OCOOCHHOCTH.
ITonpoOHO npoaHanu3npoBaHbl BHYTPEHHUE M BHEIIHHE (haKTOPBI KOHKYPEHTOCIIOCOOHOCTH. PackphiTo conepikanue
JIETEPMUHAHTOB BHYTPEHHUX (PAaKTOPOB, XapaKTEPU3YIOLINX COBOKYITHOCTh KOHKYPEHTHBIX NPEHMYIIECTB OTPACIH U
BKJIFOUAIOIINX DPECYPCHBIC, ITPOM3BOACTBEHHBIC M YIPABICHUYECKUE YCIOBHS. BBIAENEHBI OCHOBHBIC ITapaMETPHI
OLIEHKH BHEUIHEH Cpeabl B YCIOBHSX OTCYTCTBHS YHHBEPCAIBHBIX CXEM KOHKYPCHTHOTO IOBEAEHHS Ha pBIHKE
Kazaxcrana. Kpome toro, ompenenena crenuuka MpoBEICHUS aHAIN3a BHYTPEHHEH Cpelbl KOHKYpPEHTOCIOCO0-
HOCTH OTpPaciii 1 0O00OCHOBAHA €ro B3aUMOCBSI3b C JaHHBIMH MOHUTOPUHTA BHEITHEH CPEJIBI.

B pesynbrare mpoBeneHHs aHaIM3a KOHKYPEHTHOTO ITOTEHIMala OTPAcid C MO3UIMH CHCTEMHOIO MOAXOAa
BBIABJICHA €T0 IJIaBHAst 0COOEHHOCTD, MPOSBIIONIAACS B CHHEPreTHIeckoM 3(dekre, 00yCcIIOBIEHHOM BHYTPEHHIMHU
B3aMMOJICHCTBUAMH 3JIEMEHTOB ITOTEHIIHATIA.

ChopmysinpoBaHbl BHIBOJBI [0 COOTHOIIEHHIO TOCYIAPCTBEHHOTO W PHIHOYHOIO MEXaHM3MOB PETYJIMPOBaHUS,
ONTHUMAJIEHOCTh KOTOPOT'O CHOCOOCTBYET HapallMBaHHIO KOHKYPEHTHOIO MOTEHLMANa OTpaciu U oOeclieueHHIo ee
ycToiyMBOro paszBuths. Kpome TOro, mpeioskeHbl Mephl B LENSX MOBBIIEHHUS 3()()EKTHBHOCTH OTEUECTBEHHOTO
MIPOM3BO/ICTBA M HEUTPAIM3AIMK HETATHBHBIX IOCIEICTBUH INI00AIM3alMK B YCIOBUIX Pa3BUTHUS MHTErPallMOHHBIX
MPOLECCOB U YCUIEHUS! KOHKYPEHIUH.

Ki1roueBble cjI0Ba: KOHKYPEHTOCIHOCOOHOCTh OTpAaciy, KOHKYPEHTHbIC (DAaKTOPBI, BHEIIHSS W BHYTPCHHSSA
cpena, KOHKYPEHTHBIN TOTEHINAN, KOHKYPEHTHBIH aHaIN3.
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! Almaty Academy of Economics and Statistics, Almaty, Kazakhstan;
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COMPETITIVENESS OF THE INDUSTRY: CONDITIONS AND FACTORS

Abstract. The aim of the study is to systematize the conditions and factors of competitiveness in order to
identify them and develop mechanisms to influence them. The study is based on the application of a systematic and
dialectical approaches to scientific knowledge of the characteristics of the factors of competitiveness of the industry.
In the course of the research, general scientific research methods were applied such as observation, description,
analysis and synthesis, as well as formal-logical and other methods of cognition. The information base of the
research was made up of monographic studies, periodicals printed and electronic publications on the topic of
research.

The article analyzes scientific approaches to the study of the content of competitiveness. The factors of
competitiveness of the industry are considered from the perspective of their classification. A clear systematization of
competitiveness factors has been carried out according to six main features, and their features have been revealed.
Internal and external factors of competitiveness are analyzed in detail. The content of the determinants of internal
factors characterizing the set of competitive advantages of the industry and including resource, production and
management conditions is disclosed. The main parameters of assessing the external environment in the absence of
universal schemes of competitive behavior in the market of Kazakhstan are highlighted. In addition, the specificity of
the analysis of the internal environment of the competitiveness of the industry is determined and its relationship with
the data of monitoring of the external environment is substantiated.
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In the result of the analysis of the competitive potential of the industry from the standpoint of a systematic
approach, its main feature is revealed, which manifests itself in a synergistic effect due to the internal interactions of
the elements of potential.

There are formulated conclusions about the ratio of state and market regulation mechanisms, the optimality of
which contributes to increasing the competitive potential of the industry and ensuring its sustainable development. In
addition, there are proposed measures to improve the efficiency of domestic production and neutralize the negative
consequences of globalization in the context of the development of integration processes and increased competition.

Keywords: Competitiveness of the industry, competitive factors, external and internal environment,
competitive potential, competitive analysis.
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QUANTITATIVE CHARACTERISTICS OF LABOR POTENTIAL
IN AGRICULTURAL SECTOR OF AKMOLA REGION

Abstract. This article presents an analysis of the current state of the labor market in Akmola region, which
gives not only an idea of the degree of efficiency of its functioning, but also allows you to identify promising areas of
its development. Various aspects of forming and managing the labor potential of the agricultural sector are analyzed.
Quantitative characteristics of the labor potential allowed us to determine the possibilities of its more rational use.
The paper presents the features and trends in the development of the regional labor market. There is the
differentiation of labor markets in urban and rural areas. The main directions of the state employment policy in the
country, which are aimed at increasing the productively employed population and mass entrepreneurship, are
considered. The main task in the use of labor resources is to ensure effective employment of the population, improve
the quality and competitiveness of the labor force. The availability of the agricultural organizations with the labor
resources, their effective use and high level of labor productivity are important for increasing the volume of
production in the agricultural sector of the country and the region. Effective use of the labor potential is one of the
most important tasks in the forming of socially oriented state, within the framework of the state policy in
Kazakhstan.

Key words: labor resources, agriculture, labor potential, employment, population, Akmola region, rural
territories, unemployment, labor market, state policy.

The relevance of the topic. The labor potential of the region, as well as the country, is one of the
most important indicators of the economic development, the calculation of the main characteristics of
which in practice is the quite difficult task. Assessment of the labor potential is the complex task in terms
of methodology and organization. There are two characteristics of labor potential - quantitative and
qualitative. At the same time, the quantitative characteristic is determined by the demographic factors and
the intensity of the labor process. The qualitative characteristic is determined by the ability of the labor
resources to produce added value and socio-economic relations. The main component of the resource
potential of agriculture, human capital is formed mainly in the rural areas. The availability of the human
capital in agriculture and its prospects for the further growth and development depend on its size,
structure, density of distribution on the territory, as well as the degree of rational and effective use
[1, P.180].

The main principles of the mechanism for regulating the labor market in the agricultural sector, which
depend on the current and long-term priorities of socio-economic development of the country, include
economic efficiency, social orientation, regionalism, and others. The basis for the formation of the labor
resources is the total population. Currently 7693, 127 people live in the rural areas of Kazakhstan. Akmola
region with the number of the rural population of 388,618 people is the 7th largest city in the country. In
dynamics for the analyzed period, there is the decrease in the total population of the Akmola region by
7,651 thousand people (from 744,386 thousand people in 2015 to 736,735 thousand people in 2019)
(table 1).
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Table 1-Dynamics of the population of the Akmola region, people

. Average annual growth

Indicator 2015 year | 2016 year | 2017 year | 2018 year | 2019 year rate 2015-2019 year, %
Population size 744386 734369 738942 738587 736735 -0,26
including:
- younger than able-bodied 181016 171645 184700 185200 186927 0,81
- employable 485361 473740 451864 447500 442158 -2,30
- retirees 78009 88984 102378 105887 107650 8,38
Age dependency ratio 0,53 0,55 0,63 0,65 0,52 -0,48
The rural population 393160 385677 390257 390318 388618 -0,29
{“gfgflng‘ 195009 191448 194177 | 193850 | 193616 -0,18
- women 198151 194229 196080 196468 195002 -0,40
Migration growth 2609 -15219 -341 -5421 -6807 -

*Note. Calculated by the authors based on data from the statistics Committee of the Ministry of National Economy of the
Republic of Kazakhstan

The annual decrease in the population of the region in the period from 2015 to 2019 was 0.26 %. The
average annual growth rate of the population younger than the able-bodied was 0.81 %, and of pensioners
8.38 %, while the rate of growth of the able-bodied population decreased by 2.3% annually. The ratio
between the three main groups of the population: younger than the working age, working age and older-in
the Akmola region is changing in the direction of reducing the working age population. Thus, there is an
increase in the number of pensioners with the decrease in the population of working age and an increase in
the number of people younger than working age. Thus in 2019 the share of the working-age population
decreased by 5.2% compared to 2015 (65.2% in 2015, 60% in 2019). The increase in the proportion of the
population under the age of working age was insignificant - by 0.9 % in 2019 compared to 2015.

The share of people of working age in the region has a steady downward trend from 65.2 % in 2015 to
60.02 % in 2019. According to UN international criteria, the population is considered old if the proportion
of residents aged 65 years and older exceeds 7 % [2]. In the Akmola region, this indicator in 2015 was
10.5 %, and in 2019 it increased to 14.6 %. In recent years, there has been an aging of the human
resources, due to the demographic situation in the Akmola region. It is obvious that the number of people
of working age is under serious pressure due to the demographic failure of the 1990s, which in the future
may increase the demographic burden on the part of the generation older than working age [3, P.11].

The population continues to decline in the region, mainly due to the growth of youth migration to the
city. So in 2019 the migration growth was 6807 people. Due to low incomes and the level of social,
cultural and living conditions, there is an outflow of young personnel from the village, and the level of
their retention in rural areas is low. This is especially noticeable in socially deprived, geographically
remote areas of the republic, with low population density, as well as in the regions, where the peasant
farms are primarily developed [4, P.186].

The main reasons for migration of young people from rural to urban areas are: unemployment; limited
access to the desired professional education and career growth; poorly developed housing construction;
road transport problems; low level of the cultural, medical and commercial services [5, P.148]. In the CIS
countries, migration flows have the peculiar changes. They have the special impact on the quality potential
of the labor resources in the labor market of each country [6, P.265].

Labor relations are closely related to the labor resources. The problems of the employment in the
agricultural countries are relevant. The country’s economy employed 8.7 million people in 2019. Effective
use of the labor potential, as the main driving force of the modern agricultural transformations and an
objective factor of the sustainable development of the agricultural production, is very important in the
field of employment in the rural areas [7, P.143].

The number of people, employed in the economy of the region in 2019, compared to previous years,
amounted to 408,002 people (table 2).
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Table 2 - Distribution of the population by type of economic activity in the Akmola region, people
) 2015 year 2016 year 2017 year 2018 year 2019 year
Indicator
human % human | % human % human % human | %

Entire population 744386 | 100 734369 | 100 | 738942 | 100 | 738587 100 736735 | 100
including rural 393160 | 52,8 385677 | 52,5 | 390257 | 52,8 | 390318 52,8 388618 | 52,7
employed population 408142 | 100 | 416432 | 100 | 408285 | 100 | 408697 | 100 | 408002 | 100
in the region, total
including rural 211468 | 51,8 | 17461 | 52,2 | 212780 | 52,1 | 213970 | 52,4 | 213987 | 52,4
employed in agriculture,
hunting and forestry in the 133504 | 32,7 135496 | 32,5 | 128972 | 31,6 | 122426 | 29,9 | 118159 | 29
region, total
including rural 106677 | 79,9 108909 | 80,4 | 102943 | 79,8 | 98307 80,3 | 94064 79,6

The proportion of the employed population to the total population increased from 54.83 % in 2015 to
55.38 % in 2019.

The main part of the employed population of the region lives in rural areas - 52.4 % in 2019.

In the long term, employment in urban areas will have steady upward trend. Currently, the rural area
is characterized by the relatively low level of the employment in the field of agricultural production. Of
the 408,002 employed only 29 % work in the agricultural sector. Only one from three employed residents
of the Akmola region works in the field of agriculture, hunting and forestry. At the same time, there is the
decrease in the share of the employed population in this area of the economy from 32.7 % in 2015 to 29 %
in 2019.

Against the background of declining employment in the rural areas, there is the similar growth in
urban areas, which indicates the significant flow of the working-age population from the village to the
city, which in turn leads to the significant distortions in the regional labor market.

4/5 of the employed rural population is engaged in agriculture, hunting and forestry. Thus, in 2019,
the share of the rural population employed in this sector of the economy amounted to 79.6 %.

Overcoming unemployment is one of the most important socio-economic problems of the modern
stage of the economic development. The implementation of the additional measures aimed to the reducing
tension in the labor market, allowed not only to preserve the personnel potential of employees of
organizations, but also to reduce the number of unemployed citizens (table 3).

Table 3 - Assessment of the labor market and employment in the Akmola region

Indicator 2015 year 2016 year 2017 year 2018 year 2019 year
y;rgier of economically active population, 429908 437991 428878 429212 428253
Level of economic activity of the population, % 75,7 76,5 76,3 76,1 76,1
Number of employees, people 408142 416432 408285 408697 408002
Level of employment, % 94,9 95,1 95,2 95,2 95,3
The number of unemployed people 21766 21559 20593 20515 20251
Unemployment rate, % 5,1 4,9 49 4,8 4,7

The situation in the labor market of Akmola region has improved recently. In comparison with 2015,
the number of people, who do not have the job or permanent income, are actively looking for it and are
ready to start work, decreased by 1515 people, or by 6.96 %, and amounted to 20251 people. This led to
the decrease in the overall unemployment rate. At the end of 2019, the unemployment rate was 4.7 % of
the economically active population. Compared to 2015, it decreased by 0.4 %. The solution to the problem
of providing rural personnel is possible if the prestige of the agricultural sector increases, which ensures
high motivation of the agricultural labor. Improving the social infrastructure of the village is the priority.
First of all, this applies to increasing the volume of housing construction, developing transport
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infrastructure, gasification, providing rural residents with drinking water, sanitary standards, improving
the quality of the education, health care, and living in the rural areas [8, P.81].

One of the reasons for the unfavorable situation in the rural development is the low level of comfort
of living in the rural areas. In order to attract and retain the population in the rural areas, it is necessary to
implement the set of measures (table 4).

Table 4-Set of measures to attract and retain the population in rural areas

No. Description of measures

Ensuring the growth of the economically active population:

- improvement of the internal labor market development system;

- ensuring the mobility of labor resources by regulating the rational migration of labor resources;

- implementation of the measures to prevent and reduce informal employment;

- increasing the competitiveness of jobs to prevent further outflow of the working-age population from rural areas;

- increasing the level of remuneration and improving working conditions for this purpose;

- improving the level of comfort of living in rural areas, creating conditions for attracting graduates of agricultural
universities and colleges, social workers to the village.

Taking measures to ensure productive employment:

- rational employment of rural population;

- stimulate the creation of jobs;

2 | - development of small forms of entrepreneurship and self-employment of the rural population;

- development of integration and cooperation in rural areas;

- improving the efficiency of using their own labor resources by attracting young people to the development of
working professions.

Modern large agricultural formations are well equipped with high-performance equipment and apply
effective technologies. It does not require large number of the workers and employees. Personal subsidiary
farms are losing their appeal to the villagers from year to year, but they are not in a hurry to organize
farms. The level of technical equipment of small farms of agricultural production does not meet modern
requirements: high wear and tear, low technical and operational characteristics, which affects the state of
provision of their labor resources, changes the qualitative composition and structure of the labor force
[9, P.201].

Materials and methods of research. The research methodology is based on the dialectical method,
freed from materialistic or idealistic monism and based on the pluralistic, multilinear interdependence of
all social phenomena. We also used the method of dialectical interdependence and interaction of methods:
theoretical and empirical, historical and logical, induction and deduction in the study of the quantitative
characteristics of labor potential in agricultural sector in our country. The theoretical basis is based on
existing theoretical and empirical publications. In this article were used abstract-logical, analytical,
monographic economic-statistical, sociological, expert methods, as well as the methods of economic-
mathematical analysis, modeling and forecasting.

Research results. Improving the quality of life is the necessary condition for preserving and
expanding the reproduction of human capital in the rural economy. At the same time, the main direction of
improving the standard of living of the rural population is to increase income by increasing the efficiency
of the enterprises in the agricultural sector and rural development.

In the agricultural sector, from one hand, low wages cannot stimulate the improvement of the
financial condition of the enterprise, from another - the financial condition of the enterprise cannot provide
the employee with high level of the wages. This contradiction does not contribute to improving the
standard of living and makes it necessary to solve the problem. It should be allowed within the framework
of the mechanism of material incentives for labor at the enterprise [10, P.32].

Conclusion. In the conclusion we would like to note, that in recent years, Kazakhstan has taken the
number of measures to solve the problems of developing social and labor relations in the country, which
have allowed timely and flexible response to the situation in the rural labor market, and regulate the
provision of professional personnel for economic sectors. However, despite the outlined changes, the
problem of personnel shortage is clearly noticeable in the agricultural labor market. As the result of active
state support, the current state of the country’s labor market is characterized by relatively high
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employment rates and fairly low unemployment rate. But in the conditions of the outflow of economically
active population from the village to the city, the pressure on the urban labor market and the
transformation of rural society is increasing. Therefore, it is necessary to ensure the economic and social
effectiveness of the labor market, balanced regulatory policy, aimed not only at increasing the flexibility
of the labor market, but also at creating the conditions for the social justice and social protection.
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AKMOJIA OBJIBICBIHJAFBI AT'PAPJIBIK CEKTOP/IbIH
EHBEK 9JIEYETIHIH CAHABIK CUITATTAMACBI

AnHotanusi. Makanaga AkMolia o0JIbICEl €HOEK HapbIFBIHBIH Ka3ipri sKaFAaiblH TalIay KYMBICTAPhl YChIHBLI-
raH. EHOex pecypcrapblH naiifaiaHy cajachlHAarbl 0acThl MIHIET XalbIKThl THUIMJI JKYMBICIICH KaMTyJbl KamTa-
MachI3 €Ty, JKYMBIC KYIIiHIH carnackl MeH 0acekere KaOlIeTTIriH apTThIpy OOJIBIN caHaa(bl. ATPOKYPBUIBIMIAPIbIH
eHOeK pecypcTaphIMEH KaMTaMachl3 eTUTyi, OJapibl THIMAI Maiianany »oHe eHOCK OHIMIUIITIHIH JKOFaphl JTeHr el
€J1 J)KoHE OOJIBICTBIH arpapiiblK CEKTOPBIHIA OHIM OHJIpY KeJeMiH YJIFalTy YIIiH MaHbI3Ibl MoHTe ne. EHOek aneye-
TiHIH CaHIBIK CHIIATTaMAachl OHBI YTBHIMJBI IMalifajlaHy MYMKIHIITiH aHBIKTayFa MYMKIiHAIK Oepmi. Makanana
aliMaKThIK eHOEK HAPBIFBIHBIH EPEKIIENIKTepl MEH aMmy TeHICHIUsUIaphl KepceTiireH. Kananbik »xoHe aybUIIbIK
xKepIiep/ie eHOEK HAPBIKTAPBIHBIH capaiaHybl Oalikanaabl. HoTrkei »KyMbICIIEH KAMTBUIFaH XaJIbIKThI JKOHE XKarlnai
KOCITTKEPIIIKTI apTTBIpyFa OaFbITTalFaH eJIeri MEMIICKETTIK JKYMBICTICH KaMTY CasCaThIHBIH HETI3ri OaFbITTapbl
Kapangel. EHOeK pecypcTaphlH maianaHy Ke3iHZeri Heri3ri MiHOeT XabIKTHl THIMII KYMBICTICH KaMTyAbl KaMTa-
MachI3 €Ty, JKYMBIC KYIIiHIH canacsl MeH 0dcekere KaOuIeTTUIIriH apTTeIpy 00JIbI TaOblIabl. AYbLT HIAPYaIIbUIBIFbI
yibIMIapbiHIa €HOCK pecypCcTapblHbIH OONybI, OJapibl THIMII MaiiianaHy jXoHe eHOeK OHIMIUIIriHIH KOFapbl
JIeHrell eJIiH KOHEe OHIpIIH arpapiblK CEKTOPbIHIA OHAIPIC KeJeMiH YJIFaiTy YIIiH MaHbI3[bl MoHre ue. EHOek
oneyeTiH THiMIi madganaHy KasakcraHmarbl MEMJICKETTIK casicaT mieHOEpiHJE OJeyMETTIK OarmapiiaHFaH Memiie-
KETTi KaJIbIITACTBIPYaFbl MaHbI3bl MiHAETTEPiH Oipi O0JIbIN TaObLIAIbL.

Tyiiin ce3gep: eHOek pecypcTapbl, aybUILIAPYallbUIBIFb, €HOEK oJeyeTi, )KYMBICIIEH KaMTy, XaJlblK CaHbl,
AxMoOJ1a 00JIBICHI, aybUIIBI AlIMAK, JKYMBICCHI3/IBIK, eHOCK HAPBIFBI, MEMJIEKETTIK casicar.
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KOJIMYECTBEHHASA XAPAKTEPUCTHUKA TPYJOBOI'O IOTEHIIUAJIA
ATPAPHOI'O CEKTOPA AKMOJIMHCKOM OBJIACTH

AHHoTanusa. B naHHOH cTaThe NMpencTaBleH aHAIU3 COBPEMEHHOIO COCTOSIHMSA PBhIHKA TpyJAa AKMOJMHCKOW
001acTH, KOTOPBIH 1aeT HE TOJIBKO MPECTaBICHNE O cTeTeHH A3(PPEKTUBHOCTH €ro (YHKINOHUPOBAHHUSI, HO U TI03BO-
JISIET BBIIBUTH TIEPCIICKTHBHEIC HAIIPABIICHUS €T0 Pa3BUTHA. AHAIM3ZUPYIOTCS pa3IMdHbIe aCTeKTHl (POPMHUPOBAHUS U
YOpaBJICHUS TPYIOBHIM IOTECHIIMAIIOM arpapHOro cekropa. KonmdecTBeHHBIE XapaKTEPHCTUKU TPYIOBOTO IOTECH-
I[Haa TO3BOJIMIM OIPEAETHTh BO3MOXKHOCTH €ro 0o0Jiee palrOHAIBHOTO MCIIONIB30BaHMs. B craThe mpencTaBiIeHBI
0COOEHHOCTH M TEHJICHIIMH PAa3BUTHS PErHOHAIBHOIO phiHKA Tpyaa. Habmogaercs nuddepeHnmanmys peIHKOB Tpyaa
B F'OPOJICKOM U CEJIbCKOW MECTHOCTU. PacCMOTpPEHBI OCHOBHBIE HANPABJIEHUSI TOCYJaPCTBEHHOM MOJIUTHKY 3aHATOCTH
B CTpaHC, HAIIPaBJICHHLIC HA IMOBBIIICHUE MPOAYKTUBHO 3aHATOIO0 HACCJICHUA U MAaCCOBOI'0 NPpEANPUHMUMATEIILCTBA.
OCHOBHO# 3a3j1aueill MpH WCIIOJIb30BAHUM TPYAOBBIX PECYpCOB sBIsieTCs obecriedyeHue 3(PQPEKTUBHOM 3aHATOCTH
HaceJIeHHs, NOBBIIIEHHE KayeCcTBa U KOHKYpPEHTOCHOCOOHOCTH pabouel cuibl. Hamuuue y cenbckoX03HCTBEHHBIX
OpraHM3alil TPYNOBBIX PECypcoB, WX 3(PQPEKTUBHOE HCIOIB30BAaHUE M BHICOKHH YpOBEHb NPOU3BOJUTEIHLHOCTH
Tpy/ia UMEIOT BayKHOE 3HAUCHHE JUIsl YBEJIIMUEHHsI OOBEMOB ITPOM3BOICTBA B arpapHOM CEKTOPE CTPaHBI U PETHOHA.
D¢ dexTrBHOE HMCNOIB30BaHNE TPYAOBOTO NMOTEHIWANA SBISIETCS OJHOM M3 BaKHEHIIMX 3a1ad B (GOpMHpPOBaHUH
COLIMANEHO OPUEHTHPOBAHHOTO TOCYIapCTBa, B paMKaX TOCYIapCTBeHHOM moauTuky B Kazaxcrane.

KiroueBble €j10Ba: TPYAOBBIE PECYPCHI, CEIBCKOE XO3SHCTBO, TPYIOBOH MOTEHIHAN, 3aHATOCTh, UHCIICH-
HOCTh HaceJeHUs, AKMOJIHMHCKAsl O0JIaCTh, CENbCKUE TeppUTOpHH, Oe3paboTuiia, PeIHOK TPyAa, TOCYAapCcCTBEHHAs
MIOJTUTHKA.
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DEVELOPMENT OF THE BANKING SECTOR OF UKRAINE
IN THE SPACE OF FORMATION OF DESTRUCTIVE CONSEQUENCES
OF THE INFLUENCE OF THE GLOBAL FINANCIAL AND
ECONOMIC CRISES: ECONOMIC AND LEGAL ASPECTS

Abstract. The article examines the impact of globalization on the development of the world and national
economic systems. The high probability of a global economic recession due to the coronavirus outbreak is projected
to have significant consequences for both the global economy and the economy of Ukraine. Due to the probable
change in the structure of the world economy and logistics, there is a growing need to study the risks of the national
banking system, which demonstrates a high dependence on global financial markets. The peculiarities of the
manifestation of financial and economic crises in the conditions of turbulence of the international financial markets
and strengthening of financial instability have been considered. The causes and consequences of crises in the banking
sector of Ukraine have been studied. The analysis of macroeconomic indicators of economic development of Ukraine
during 2006-2019 with identifying of crisis periods has been carried out. Particular attention has been paid to the
study of the preconditions for the emergence and consequences of the global financial and economic crisis for the
economy of Ukraine in general and the banking sector in particular. Indicators that characterize the degree of
penetration of the banking system into the economy of Ukraine have been analyzed, that will determine the features
of crises at different stages of socio-economic development and conduct a comparative assessment of anti-crisis
measures of the NBU aimed at stabilizing the banking sector. Taking into account the fact that the causes of financial
and economic crises are not identical, measures used during the Global Financial and Economic Crisis of 2007-2011
cannot be taken to overcome the negative consequences of the Coronacrisis of 2020. Regulatory aspects of the
banking system in times of crisis have been systematized. An attempt to predict the possible development of events
in the domestic banking sector in the context of the Coronacrisis of 2020 has been made.

The purpose of the article is to study the development trends of the banking sector of Ukraine in the space of
formation of the destructive consequences of the global financial and economic crises and to determine the main
directions of anti-crisis regulation of banking.

Key words: globalization, financial and economic crisis, coronacrisis, legal regulation, digitalization, banking
sector, anti-crisis measures.

Introduction. A banking system as a basic element of the economic system of a state performs the
social transformational function of accumulating public financial savings and using them to finance the
needs of the economy. Effective functioning and sustainable development of the banking system is
possible only in conditions of general financial stability of the country’s economy. Financial and
economic instability of the macroenvironment leads to accumulation of political, economic and
institutional risks in the banking system, which cause the development of crises both at the level of
individual banks (banks are unable to meet their obligations to customers) and at the level of the banking
system as a whole (the system loses the ability to perform its main functions to maintain the stability of
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the exchange rate, efficient allocation of financial resources, ensuring safety of savings, etc.). In particular,
the negative consequences of the global financial and economic crisis include a slowdown in GDP growth,
worsening of investment climate, devaluation of the national currency, reduction of consumer lending and
lending to the real sector of the economy, etc. Against the background of unfolding of the Coronacrisis in
2020, which is projected to cost the world economy USD 8.8 trillion or 10% of global GDP, the research
of the causes of global financial and economic crises and the consequences of their impact on the
economy in general, and the functioning of the banking sector in particular, is becoming increasingly
relevant.

Due to the cyclical nature and systemic nature of financial and economic crises, their nature, factors
of influence and features of manifestation have been studied in the works of both foreign and domestic
scientists. Given the fact that the development of financial markets takes place in unpredictable and
chaotic conditions, the authors [1] with the help of a turbulent approach investigated the patterns of
economic systems and the causes of financial and economic crises. Some works are concentrated on the
study of the influence of the global financial crisis on the EU integration trends. The work [2] analyzes the
peculiarities of the influence of political and economic stability on the European integration processes in
Norway; the work [3] determines the peculiarities of the development of financial services markets in
Eastern Europe and reaffirms the important role of banking sector stability in ensuring the economic
development of the country; the work [4] studies challenges and threats to financial services market due to
modern information technologies. Factors of informatization and their influence on the processes of
economic development of Ukraine have been studied in the work [S]. The financial and economic crisis
has a negative impact on all sectors of the economy, including the manufacturing sector, and the features
of its functioning have been studied in the work [6]. Mechanisms of forming strategies for large
enterprises in markets with intense competition have been identified in the work [7]. The formation of a
new model of the economy to overcome the crisis has been justified in the work [8].

The information base of the study is the current legislation and regulations of Ukraine, official
statistics of the World Bank (WB) and the National Bank of Ukraine (NBU), the Cabinet of Ministers of
Ukraine (CMU), the State Statistics Service of Ukraine (SSSU), monographic studies and scientific
publications.

Results. The intensification of globalization processes has led to the growth of interconnections and
interdependencies of national economic systems, and their cyclical nature is accompanied by both the rise
and fall of economic activity. Since the banking sector is a basic element of the economic system of any
country, banks are among the first to feel the negative effects of global financial and economic crises, or
they may be the cause of the occurrence of the crises.

The main cause of all banking crises is excessively risky operations of banks and lack of proper
control over them by central banks and governments of different countries. Banking crises are often
accompanied by general economic and financial crises, combined with crises in certain sectors of the
economy and socio-political crisis, sharpening them and worsening the consequences. The crisis of the
banking system of a country can be an element in the chain of crises at the regional and even global level,
but at the same time can be relatively independent. However, crisis factors do not always arise directly in
the banking sector, sometimes crises arise in other areas (political, social, etc.) and are projected on the
banking sector as the most sensitive to external shocks.

In general, a banking crisis is an objective multi-stage process that manifests itself in the inability of
the banking system to perform its basic functions, which is shown by the loss of liquidity and solvency by
banks and can lead to financial market destabilization and falling economic indicators.

The latest and deepest global crisis, which has affected various areas of financial institutions in many
countries, is the Global Financial and Economic Crisis of 2007-2011, which began with the mortgage
crisis in the United States and caused serious financial instability in Europe and Asia, in particular in
Japan and China, which had placed their assets in US mortgage securities. The bankruptcies of the leading
international investment banks Lehmann Brothers and Merrill Lynch affected the US Treasury bonds
yields, which fell by almost 2 times, and the fall of the Dow Jones index (on August 30, 2008 it fell by
7%). The downgrade of the US sovereign credit rating led to a decline in confidence in US Treasury
bonds, which for many years had served as a benchmark for the international borrowing market, and the
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devaluation of the dollar, which inevitably led to chaos in global financial markets. The devaluation of the
dollar has jeopardized its use as the world’s reserve currency. In response, China, the largest creditor of
the United States, offered to replace the dollar with another reserve currency, which could mitigate the
effects of the crisis for many countries whose economies were heavily pegged to the US dollar as a
currency for international settlements. The situation on the world financial markets was exacerbated by the
catastrophic situation in Italy, Spain, Ireland, Portugal and Greece, which emerged after the crisis and
affected the depreciation of the euro against other world currencies. The Global Financial and Economic
Crisis of 2007-2011, which became widespread, led to a slowdown in GDP growth in many countries,
reduced business and investment activity in global financial markets and became a catalyst for liquidity
problems in most financially stable banking systems. Globally, the mortgage crisis has actually become a
crisis of overproduction — the volume of industrial production in the world has significantly exceeded
demand for products, and high purchasing power was stimulated mainly through lending [9].

Most economists and financial analysts predicted the beginning of a new global economic crisis
almost immediately after the world had recovered from the Global Financial and Economic Crisis of
2007-2011. The Federal Reserve Bank of New York estimated that the probability of a new recession at
the end of 2019 on the bond indicator is at the level of 2007. One of the world’s leading investment banks
JP Morgan Chase in late 2019 announced the approach of a “super crisis”, having conducted a study that
took into account the duration of global economic growth, finance of large corporations, asset value and
financial innovation [10]. In January 2020, K. Georgieva, the head of the IMF, said that the world was
waiting for a new Great Depression, as there was a trend similar to the situation of the 1920s, which had
ended with the collapse of markets in 1929 [11]. According to Bloomberg, the losses of the world
economy due to the new global financial crisis have already reached USD 3.4 trillion, which has exceeded
the equivalent of gross domestic product (GDP) of Great Britain. According to IMF forecasts, GDP in the
EU is expected to decline by 2020 at 6.6% (Germany — at 7%, Italy — 9.1%, Spain — 8%, Poland — 4.6%)
[12].

The outbreak of the COVID-19 pandemic, caused by the coronavirus SARS-CoV-2, has become a
catalyst for negative trends for the world economy, causing GDP loss, a decline in the tourism business (in
2020 the global tourism decline could reach 25% and lead to a reduction in jobs by 12—14%), the collapse
of oil prices, and with them — a stock market crash. Bloomberg reported a sharp drop in world oil prices
and a drop in the price of a barrel below the mark of USD 50 [12]. Reuters noted the loss of global public
companies to USD 5 trillion in just a week. The quotation slumps were the most serious since the crisis of
2007-2011. The volatility index (“the fear index”) of markets rose to two-year highs. A stable-negative
trend is observed on all European stock exchanges, including the London Stock Exchange FTSE, German
DAX and French CAC [13]. March 12, 2020 was called “Black Thursday” due to the closing down of
financial markets as a result of a sharp fall in stock prices and the largest collapse of indices (Dow Jones,
S&P 500) in the US stock market since 1987. According to the results of trading, the indices fell into the
so-called “bear territory” (prices fell by more than 20%). The S&P 500, which includes the world’s
500 largest companies, fell by 9.5% that day. In general, it lost 26.7% of the highest mark, which had been
set only the previous month. The Dow Jones Industrial Average lost almost 10%. This is the biggest loss
since falling by 23% on “Black Monday” in 1987. Thus, an unprecedented growth of indices, which had
been lasting for 11 years [14], was completed, and it can be identified as signs of a new global financial
and economic crisis of 2020.

The dependence of Ukraine on the global financial system is a key reason for the spread of the crisis
to the national banking sector. The causes of the crisis in the banking sector of Ukraine are related to the
cumulative effect of a number of negative macroeconomic indicators and risks (imbalances) of the
banking sector, which have developed over time and whose impact has intensified during the crisis in
global financial markets. The negative macroeconomic factors are amplified by internal political
instability in 2014: the government crisis, the Anti-Terrorist Operation in the East since 2014 (part of
Donetsk and Luhansk regions), the occupation of the Autonomous Republic of Crimea, inefficiency of
public administration and regulation. Figure 1 shows the dynamic trends of the main macroeconomic
indicators of economic development of Ukraine during 2006-2019 with identifying of crisis periods.
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Figure 1 — Dynamics of macroeconomic indicators of Ukraine for 2006-2019 and their forecast up to 2024

Source: compiled by the authors based on [15, 16, 17]

During 2006-2019, macroeconomic indicators of Ukraine’s economic development twice underwent
significant negative changes: as a result of the Global Financial and Economic Crisis of 2007-2011; due to
destabilization of the political situation in 2014. These changes were exacerbated by the devaluation of the
national currency, as the data in Figure 1 are presented in USD. That is, the negative dynamics is burdened
by exchange rate differences. Since 2016, macroeconomic indicators have been gradually recovering, but
the trend line (forecast) up to 2024 is negative. The destabilizing impact of domestic macroeconomic
factors, worsened by the turbulence of external world markets, increases the risks accumulated directly in
the middle of the national banking system, leading to structural changes in bank capital. The expansion of
foreign capital into the national banking sector has led to profound transformations in the structure of
Ukraine’s banking system, increased vulnerability and reduced controllability of economic processes due
to uncontrolled inflow of foreign capital and its concentration in high-profit and high-risk sectors of the
banking market.

The analysis of the presence of banks with foreign capital in the banking system of Ukraine in recent
years reveals two main trends: the rapid increase in the number of banks with foreign capital in 2006-2012
and the outflow of foreign capital for the period 2013-2019. During 2006-2012, the number of banks with
foreign capital has almost doubled, from 35 to 53 banks (up to 30% of the country’s bank capital). The
period of 2013-2019 is characterized by a significant decrease in the total number of banking institutions
by 101 units or 2.34 times and a decrease in the number of banks with foreign capital by 18 institutions,
but the share of foreign capital in the banking sector of Ukraine grew annually and amounted to 46.6%,
which is the highest figure for the last 15 years. It should be noted that during the crisis, banking
institutions with foreign capital proved to be more stable, as evidenced by the lower rate of reduction in
the number of banks with foreign capital compared to Ukrainian.

The dynamics of the main indicators that characterize the degree of penetration of the banking system
into the country’s economy (Figure 2) shows the negative effects of the global financial crisis of 2007-
2011 and domestic political fluctuations in 2013-2014 for the banking sector of Ukraine and extremely
low activity of Ukrainian banks in ensuring economic growth. The dynamics of the ratio of banks’ assets
to GDP shows that for a long time the banking sector of Ukraine has failed to recover assets — after the
Global Financial and Economic Crisis of 2007-2011. The figure, which previously reached a maximum of
97.7%, despite slight slowdowns, almost all the time tended to decrease and at the end of 2019 amounted
to 39%. For comparison, the ratio of bank assets to GDP in France is 280%, in Germany it is 310% [18].
The ratio of bank loans to GDP in Ukraine also continues to decline and in 2019 was 35%, which is
significantly lower than the EU average — 157.4% (in France, Germany, and Italy — 100-150%, Portugal,
the Netherlands, and Spain — 200-300%) and is typical for developing economies (Brazil, India, Eastern
Europe).
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Figure 2 — Dynamics of the degree of penetration of the banking system into the economy of Ukraine during 2006-2019

Source: compiled by the authors based on the official site of the NBU [16]

Credit activity in the national banking sector remains low despite the excess liquidity accumulated by
banks (Figure 3). In the pre-crisis period, banks pursued an aggressive credit policy (the growth rate of the
loan portfolio averaged 91.22% annually). Since the end of 2008, this trend has changed to the opposite: in
2009 the volume of loans decreased by USD 5,897 million compared to 2008, and the growth rate
of lending slowed down by 68.9%. After the growth of loans during 2009-2013 by 40% to the amount
of USD 153,568 million in 2013-2019, there was a sharp decrease in lending by 2.6 times to USD
57,925 million. This was facilitated by a reduction in bank resources due to slower growth of deposits,
declining effective demand for credit resources, high credit risks and restrictions by the NBU (for
example, on foreign currency lending) aimed at curbing inflationary pressures and the devaluation of the
national currency.

Corporate loans are the dominant component of the loan portfolio of Ukrainian banks, their share in
the loan portfolio has a steady upward trend from 60% in 2008 to 79% in 2019. The total amount of
corporate loans in the Ukrainian economy in recent years has shown a declining trend, in particular, to
USD 8.5 billion during 2014-2015, to USD 3.7 billion for 2016. During 2017-2019, the corporate loan
portfolio gradually grew, but the pace of such growth did not meet the needs of the economy in “long”
resources [19].

Against the background of the financial crisis in the conditions of mass non-repayment of loans, there
was an increase in bad debts on loans and deterioration in the quality of assets of banking institutions.
In 2014-2019, both the volume of non-performing loans increased by USD 9,286 million (from USD
20,573 million to USD 11,287 million), and their share in the loan portfolio by 37.9% (from 13.5% to
51.4% respectively). According to NBU estimates, the 5 largest debtors of banks, which are
representatives of large corporate business, account for 39% of banks’ loan portfolio; respectively, for
10 debtors it is 60% of the loan portfolio; for 20 debtors — 82% of the loan portfolio; for 40 debtors — 97%
of the loan portfolio (a total of USD 10766 million), which indicates a significant concentration of lending
and investment activities of banks in the business structures of related parties [20].
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Figure 3 — Dynamics of the main indicators of the development of the banking sector
of Ukraine during 2006-2019 and their forecast up to 2024

Source: compiled by the authors based on the official site of the NBU [16]
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Comparative characteristics of the crisis in the banking sector of Ukraine,
as a result of the impact of the Global Financial and Economic Crisis of 2007-2011 and the Coronacrisis of 2020

Feature

The Global Financial and Economic Crisis
0f 2007-2011

The Coronacrisis
0f 2020

Catalyst

The United States subprime mortgage crisis in 2007

The outbreak of the COVID-19 pandemic, caused by
the coronavirus SARS-CoV-2

Causes

rapid growth of foreign capital in the structure of the
banking system, hypertrophied growth of consumer
lending, accumulation of banking risks, rising
inflationary pressures and trade deficit, growing
unemployment, decline in real GDP, the threat of
default, low capitalization of banks

reduction of trade turnover due to closing of borders,
growing gross external debt, growing unemployment,
sharp fall of oil prices, decline in real GDP, the threat
of default, changes of prices in commodity markets,
decrease in level of business activity

Effects

devaluation of the national currency, accelerating
inflation, rising banking risks, deteriorating asset
quality due to rising share of non-performing loans,
reducing the resource base due to withdrawal of
deposits from bank deposit accounts, lower interest
rates on deposits, rising interest rates on loans and
reduced demand for loans liquidity, unprofitable
activities, exposing imbalances in banking activities,
cleaning up of inefficient banks (withdrawal of
unscrupulous agents from the market), reduction of
investment activity, etc.

increasing costs of banks to eliminate the effects of
the Coronacrisis, accelerating inflation, exposing
imbalances in banking, devaluation of the national
currency at the beginning of the Coronacrisis,
increasing the role of digital instruments and
changing the paradigm of banking, growth of non-
cash and cryptocurrency payments, reduction of
demand for credit resources, reduction of interest
rates on deposits and loans, reduction of investment
activity, etc.

Regulatory
and legal
aspects

of the
application
of anti-
crisis
measures

Law of Ukraine “On priority measures to prevent the
negative consequences of the financial crisis and on
amendments to certain legislative acts of Ukraine” Ne
639-VI (the Stabilization Fund was established; the
amount of guarantees on deposits of individuals was
increased to UAH 150,000); Resolution of the NBU
Board “On additional measures for banks’ activities”
Ne 319 (prohibition on long-term return of time
deposits, establishment of a marginal deviation
between the rate of purchase and sale of cash foreign
currency (up to 5%), restriction of active operations);
Resolution of the Cabinet of Ministers of Ukraine
“On approval of the Procedure for state participation
in the capitalization of banks” Ne 960 (the rules of
recapitalization of banks by the state has been
determined and the procedure has been simplified);
Resolution of the Board of the NBU “On the
implementation of diagnostic examination of banks”
Ne 389 (the procedure, methodology and program of
diagnostic examination have been developed);
Resolution of the NBU Board “The special procedure
for implementing measures for financial recovery of
banks” Ne 405 (regulates reorganization of the bank
and formation, increase of the bank’s authorized
capital by shareholders (participants) of the bank,
third parties (investors) or the state under a simplified
procedure); Law of Ukraine “On amendments to
certain legislative acts of Ukraine on prohibition of
banks to change the terms of a bank deposit
agreement and a loan agreement unilaterally” (the
practice of unilaterally changing the terms of
concluded credit agreements and bank deposit
agreements to protect the rights of clients);
Resolution of the Cabinet of Ministers and the NBU
“On the procedure for refinancing banks during the
financial and economic crisis” Ne 44 (refinancing of
banks through tenders for more than 14 days, the
provision of stabilization loans), etc.

Law of Ukraine “On amendments to the Tax Code of
Ukraine and other laws of Ukraine concerning
additional support to taxpayers for the period of
measures aimed at preventing the occurrence and
spread of coronavirus disease (COVID-19)” Ne 591-
IX (the minimum size of the bank’s authorized capital
has been reduced to UAH 200 million); Law of
Ukraine “On amendments to certain legislative acts of
Ukraine aimed at preventing the occurrence and
spread of coronavirus disease (COVID-19)” Ne 530-
IX (for the period of quarantine or restrictive
measures related to the spread of coronavirus disease
(COVID-19 ), and within 30 days from the date of its
cancellation it is prohibited for JSC “Oschadbank” to
suspend expenditure operations on the current
account of an internally displaced person in the
absence of physical identification); Decision of the
NBU “On measures of the National Bank of Ukraine
to combat crises and the situation in the foreign
exchange market of Ukraine” Ne 9-rd (targeted long-
term refinancing of banks to lend to investment
projects, small and medium-sized businesses has been
introduced; the rate of mandatory reserves has been
reduced; the specifics of the application of
requirements for credit risk assessment on debt,
restructured due to reduced income of borrowers and /
or deterioration of their financial condition due to the
spread of coronavirus infection, has been identified);
Law of Ukraine "On amendments to certain
legislative acts of Ukraine aimed at providing
additional social and economic guarantees in
connection with the spread of coronavirus disease
(COVID-19)" Ne 540-IX of March 30, 2020
(prohibition of raising the interest rate under a loan
agreement , change in terms of publication of annual
financial statements, annual consolidated financial
statements of the bank together with the audit report),
etc.

Source: compiled by the authors
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For Ukraine, the Coronacrisis of 2020 was the first crisis that was not accompanied by bank failures
and panic of depositors, but caused a decline in economic activity of small and medium-sized businesses
and a reduction in GDP (according to IMF forecasts, by 7.7%). Also, at the end of 2020 the NBU
worsened inflation forecasts (from 5.6% to 8.7%), the consolidated balance of payments to a deficit of
USD 1.1 billion from a surplus of USD 3.2 billion at the beginning of the year and other macroeconomic
indicators, which allows with high probability to predict the devaluation of the national currency.
However, due to the delayed effect of the Coronacrisis of 2020, it is still impossible to assess the
consequences of its impact on the banking sector of Ukraine.

Discussion. There are no standard measures to counter the crisis. The measures taken, first of all,
must neutralize the causes of its occurrence. Let’s make a comparative description of the peculiarities of
the development of the banking sector of Ukraine in the conditions of the impact of the Global Financial
and Economic Crisis of 2007-2011 and the Coronacrisis of 2020 (table). The study shows that the causes
of financial and economic crises are not identical, so the measures used during the Global Financial and
Economic Crisis of 2007-2011 cannot be taken. Both the NBU and individual banks should develop
measures based on new challenges for the banking sector, carried by the Coronacrisis of 2020.

Conclusions. Based on the study, it can be concluded that significant integration of Ukraine into
international financial flows increases the risk of solvency of the domestic financial system in general and
the banking sector in particular, which does not have sufficient potential to counter the turbulence of
global financial markets, that is why it will only repeat their general trend. However, in contrast to the
Global Financial and Economic Crisis of 2007-2011, in 2020, the banking sector of Ukraine has a
sufficient level of capitalization to withstand external challenges and cover the negative consequences of
banking risks. To mitigate the impact of the Coronacrisis of 2020 on the national economy and the
banking sector in particular, a comprehensive approach should be applied, as the problems of the banking
sector are interrelated with economic and political processes in the country and, in turn, affect the general
economic situation. The main anti-crisis measures under this approach should be: at the macro level —
reducing the dollarization of the economy, decelerating inflation rates, limiting external gross debt to
reduce the critical dependence of the domestic economy on general trends in global financial markets and
stabilizing the fiscal situation, gradual structural changes in the economy, stimulation of the IT-sector and
transition to digital technologies; at the level of the banking system — to stimulate the orientation of
banking resources in lending to the real sector of the economy, solving the problem of “toxic” assets of
banks, limiting the level of banking risks, etc. The comparative characteristics of the impact of the Global
Financial and Economic Crisis of 2007-2011 and the Coronacrisis of 2020 allowed to identify differences
in the regulatory framework of the banking sector during the crisis to stabilize the banks and mitigate the
impact of external shocks. Provided that the efforts of the government and the NBU are combined,
Ukraine’s losses from the Coronacrisis of 2020 may be lower than in other countries that will allow
Ukraine to ensure conditions for rapid economic recovery.

B.S1. Boek!, 10.B. Kexepyn?, B.I'. Kocrorpsis?, B.O. Maasiposa®

! KiieB YITTHIK caya->KOHOMHKAIBIK YHHBEpCHUTETI, Kues, Ykpauna;
2 «baHK ici yHEBEPCHUTET» MEMIIEKETTIK KOFAPEI OKY OPHBIHBIH YepKaccK OKy-FBUIBIMM HHCTHTYTHI,
Uepxkaccel, YKpauHa;
3 XapbKOoB WITTHIK ilIKi icTep yHHBEpCUTETI, XapbKoB, YKpauHa

9JIEMIIK KAPKbI-OKOHOMMUMKAJIBIK JTAFJAPBIC OCEPIHIH JECTPYKTUBTI
CAJIIAPBIH KAJIBIIITACTBIPY KEHICTIT'THIAE YKPANHAHBIH BAHK
CEKTOPBIHBIH JTAMYbI: SKOHOMMUKAJIBIK-KYKBIKTBIK ACIIEKTIJIEPI
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B.4. Bosk!, 10.B. Kexepyn?, B.I'. Kocrorpniz?, B.O. Maasiposa®

'KueBcKkuii HAMOHAIBHEINA TOProBO-3KOHOMUYECKHH yHUBEpcuTeT, Kues, Ykpaunna;
2 YepKacCKuil yueOHO-HAYIHBIA MHCTUTYT ['0CY1apCTBEHHOTO BBICIIErO YUEOHOTO 3aBEICHHUS
«YHuBepcuTeT OAHKOBCKOTO jea», Uepkacchl, Y KpanHa;
3 XapbKOBCKUI HAIMOHAJILHBIN YHUBEPCUTET BHYTPEHHHUX JIeN, XapbKoB, YKpanHa

PA3ZBUTHUE BAHKOBCKOI'O CEKTOPA YKPAUHDBI
B TIPOCTPAHCTBE ®OPMUPOBAHMS JTECTPYKTUBHBIX IMOCJIEJICTBUIA
BJINAHUS MAPOBOI'O ®PUHAHCOBO-9KOHOMHYECKOI'O KPU3UCA:
9KOHOMMUKO-ITPABOBBIE ACITEKTbBI

AHHOTauMsA. B crathe paccmarpuBaeTcs BIMSHUE Tio0anuW3alii Ha pPa3BUTHE MHUPOBOW WM HAIMOHAIHHOU
SKOHOMHYECKHX CHCTEM. BBbICOKasi BEpOSTHOCTh TIJ00aNbHONW SKOHOMUYECKOW PELECCHH W3-3a BCIBILIKH
KOpOHaBHpYca, 110 MPOrHo3aM, Oy/leT UMETh 3HAUUTENbHBIE MTOCIEACTBHS KaK JUIi MUPOBOW SKOHOMHUKH, TaK U JUIs
SKOHOMHUKHM YKpauHbl. B CBSI3M C BEpPOSATHBIM H3MEHEHHEM CTPYKTYPbl MHPOBOM JKOHOMHKH M JIOTMCTHKU
BO3pacTaeT He0OXOJMMOCTh U3YUYEHUS PUCKOB HAI[MOHAIBHOW OAHKOBCKOM CHCTEMBI, IEMOHCTPUPYIOLIEH BBICOKYIO
3aBUCHMOCTh OT MHPOBBIX (DMHAHCOBBIX PBIHKOB. PaccMOTpeHBl O0COOEHHOCTH TIpOSIBIEHHS (DMHAHCOBO-
HSKOHOMHYECKHX KPH3HCOB B YCIOBUSIX TYpOYJICHTHOCTH MEXIyHAapOJIHBIX (PUHAHCOBBIX DPHIHKOB W YCHJICHUS
(mHAHCOBOW HecTaOMIBHOCTH. M3ydeHbl MPUUYMHBI W TOCIEACTBHS KPU3MCOB B OAHKOBCKOM CEKTOpE YKpaWHBI.
[IpoBeneH aHaMM3 MaKpOIKOHOMUYECKHUX ITOKa3aTeNlell SKOHOMUYECKOTo pa3BuTus YkpawHH 3a 2006-2019 rogsl ¢
BBIABJICHHEM KpPU3UCHBIX IepuonoB. Ocoboe BHUMaHHME YAEIEHO H3YYEHHIO MHPEANOCHUIOK BO3HHKHOBEHUS W
MOCJIEACTBUH MHPOBOTO (PMHAHCOBO-3KOHOMUYECKOTO KPU3HCA IJIsl SKOHOMUKH YKPauWHbI B LIEJIOM U OaHKOBCKOTO
CEeKTOpa B YaCTHOCTHU. [IpoaHainM3MpOBaHBI MOKA3aTeNH, XapaKTepU3yIOIie CTeNeHb IPOHUKHOBEHHsT OaHKOBCKOM
CHCTEMBI B 5KOHOMHUKY YKpauHbI, YTO MO3BOJIUT ONPEIEINTh 0COOCHHOCTH KPU3UCHBIX SBJICHHH HA Pa3HBIX dTamax
COLMAJIbHO-OKOHOMHYECKOTO Pa3BUTHA U IPOBECTH CPAaBHHUTEIBHYIO OLIGHKY aHTUKpU3UCHBIX Mep HBY,
HAIPABICHHBIX HA CTA0WIM3aIMI0O OAHKOBCKOTO CEKTOpa. YUWThIBas TOT (PaKkT, YTO NpPUYMHBI (HUHAHCOBO-
OSKOHOMHYECKHX KPHU3UCOB HE WIEHTUYHBI, MeEpbl, NpPUMEHSBINMECS BO BpeMs MwupoBoro (hUHAHCOBO-
skoHOMHUUecKoro kpuzuca 2007-2011 romoB, He MOTYT OBITH NPUHATHI JUIS IPEOJOIEHHS HETATUBHBIX HOCIIEACTBUN
kopoHakpusuca 2020 roma. CucreMaTH3MpOBaHBl PETYJISITUBHBIC aCIEKThl OaHKOBCKOW CHCTEMbl B KpPU3HCHBIC
neproabl. [IpennpuHsaTa MONbITKA CIIPOrHO3UPOBATH BO3MOXKHOE PAa3BUTHE COOBITHH B OTEUECTBEHHOM OaHKOBCKOM
ceKTope B KOHTeKcTe KopoHakpmsuca 2020 rofa.

Lenpto cTathm sBASETCS HW3Y4YCHHE TEHACHIMI pa3BUTHSA OAaHKOBCKOTO CEKTOpa YKpaWHbl B YCIOBHSX
(hopMHpOBaHUS AECTPYKTHUBHBIX IOCIEICTBHH TI00aNbHBIX (PUHAHCOBO-IKOHOMHUYECKHX KPHU3HCOB M OIpECIICHNE
OCHOBHBIX HalpaBICHUH aHTUKPU3UCHOTO PEryJINPOBAaHHs OAaHKOBCKOW AEATEIBHOCTH.

KnaroueBble cioBa: riobann3anus, (GUHAHCOBO-SKOHOMUYECKHH KPH3HC, KOPOHAKPH3HC, IIPABOBOE
peryiupoBanue, udpoBusanusi, 6aHKOBCKUI CEKTOP, aHTUKPH3HCHBIE MEPHI.
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DIGITALIZATION AS AN ENGINE OF ECONOMIC GROWTH

Abstract. The analysis of modern publications on the stated problem suggests a great interest of the scientific
community about the digital development of economic systems at various levels. However, the Russian experience
of developing and implementing digital technologies has not been studied well. As a result, Russian features of
digital economy development and systematization of existing approaches provide a great scientific and practical
interest. It is noted that the digital economy, which generates a continuous stream of innovations, involves the
development of human capital, which, in turn, requires a systematic approach to knowledge management. The
development of the digital economy in Russia is declared as one of the most important directions of state policy and
is considered as a prerequisite for competitiveness in the modern global market and a strategic component of the
state's economic sovereignty. An organization that embarks on a digital transformation strategy needs a vision of its
final achievement, and that vision should be more than a statement on the website. For the transformation to be
successful, the organization must adapt its vision every day, and employees must know the way of their contribution.
To make digital transformation real, you need a vision and ability to do it. Digital solutions, meanwhile, represent
digital products or services — for example, a medical platform that connected to Phillips or GE's offerings on the
industrial Internet.

The results of the study: The analysis of the digital economy of the Russian Federation was carried out. The
main directions in solving the identified problems of digitalization in Russia were Proposed. The methodological
basis of the research is the scientific works of Russian and foreign scientists in the field of the digital economy, the
results of various applied research on the formation of the knowledge economy.

Keywords: media, digital economy, e-government, knowledge, information technology, a national project,
program.

Introduction. The rapid pace of penetration of digital technologies into all spheres of modern society
leads to changes in the usual models of the economic and social structure of governments. In the wave of
this trend, the leading countries of the world to maintain their leadership are betting on the digitalization of
the economy; Russia is also involved in this process. E-government and the digital economy are identified
as priorities of the Informatization strategy 2019—2024. During this period, the development of the
national project "Digital Economy of the Russian Federation" is planned [1-6].

The definition of the "digital economy" was used in 1995 by the American computer scientist
Nicholas Negroponte at the University of Massachusetts. However, he did not give a clear definition, he
used this concept more as a figurative expression, but not a scientific definition [2—13]. At the present
moment, scientists have not come to a common judgment about the digital economy. Scientists’ research

nn

often uses synonyms of the digital economy such as: "electronic economy", "new technological way of the
world", "API economy", "application economy", "creative economy" and others.
Materials and methods. Questions about the analysis of the digital economy are reflected in many

scientific studies.
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To date, the economy has developed certain methods and approaches for analyzing the digital
economy. However, none of them can be considered universal for studying this process.

Dialectical, system-functional, economic-statistical and formal-logical methods are used as a
methodological basis.

Results. The digital economy refers to all economic activities based on digital technologies, without
structural changes in the organization of key financial flows and the work of regulators. Generally, this is
the same consumer economy, but with different emphasizes: the customer interacts with the seller through
information platforms and the product represents information. That’s why technologies for big
unstructured data analysis processing fast, accurate and less expensive are coming to the fore. These terms
also indicated as Big Data, DataMining [6—12].

These are also machine learning technologies of neural networks, artificial intelligence, designated by
such terms as DeepLearning, Al. There is so much data, and it is so heterogeneous and diverse, that simple
computational methods do not give the desired results. This allows you to create global information peer—
to—peer (P2P) platforms, that exclude mediator chains from the supply of items or services.

Besides, this term reflects the ability to use technology to perform tasks and apply activities that were
not possible in the past. The concept of digital transformation covers opportunities for existing
organizations, such as: do better, do something different, and add new things [4-10].

Organizations are implementing digital methods of management, resource accounting, financial
accounting, etc. All of this affects not only the employees' activities but also on the life of citizens,
significantly reducing time losses in particular. For example, digital technologies allow you to quickly
send and receive any information, participate more actively in the discussion of public issues (issues of
landscaping, urban planning, etc.) through online services of regional and regional administrations, etc.

To compete in the coming years, whether organizations are for—profit, service—oriented organizations,
such as health systems or nonprofit and government agencies, will need both leaders and employees who
can add innovative ideas [3]. They’ll need to use modern technologies such as IoT and prescriptive
Analytics to better connect with existing and potential customers and be more responsive and efficient.

Moreover, they should be either prepared to explore the best ways to develop and use new
technologies or there is a risk of being left out as the digital economy evolves.

IT Directors will be required to create a technical basis for digital transformation. Key components
include a strong operating basis for efficient and reliable transaction processing, a digital service platform
with reusable data and technology components, that enables data transfer between the base station and the
platform.

Organizations in the digital economy have built business architectures to improve efficiency. In the
digital economy, with a focus on unified product lines and presenting a unified face to customers,
companies will need an architect to accelerate and integrate.

Digital transformers can find a solution to a complex architectural issue because it requires a different
organizational structure [1-18].

The Russian Federation ranks first in Europe and sixth in the world in terms of the number of Internet
users. At the same time, knowledge is an integral factor in accelerating technological development and
increasing the competitiveness of products (including on the world market). There is no accident that the
digital economy is called the knowledge economy because knowledge plays a crucial role. Thus, it can be
claimed that an important component of the digital economy is human capital as a set of knowledge, skills,
and abilities. This means that investment in its development, ensuring a continuous stream of innovations
that meet dynamically changing needs is the most important condition for creating and implementing
digital technologies [12-19].

According to the international development rating, Russia is not a world leader in the digital economy
and export of IT services (figure 1) In our country, there are significant barriers for service imports.
According to the Organization for Economic Co—operation and Development (OECD) digital services
trade restrictions Index, which is used as an indicator of the Going Digital toolkit, Russia ranks 4th out of
44 countries.
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Figure 1 - Russia's place in international ratings of digital economy development

In Russia, there are prospects for the development of the digital economy. First of all, because the
Russian school of programming remains strong, developers compete on an equal basis at the world level.
For example, the world's leading oilfield services company Schlumberger claims that more than 80% of its
specialists in the field of artificial intelligence development are from the CIS. About half of Samsung's
advanced artificial intelligence research Department is also "Russian". Also, the country has a high level
of readiness for digital transformation: PwC analysts include Moscow in the top 5 cities in the world for
this indicator [3-17].

The need for deep legal reform is one of the key challenges of the digital economy. The national
project "Digital Economy of the Russian Federation" includes six key areas (Federal projects) required to
create good conditions for the introduction of advanced technologies. In General, the project meets the
practice of the OECD countries, which also implement strategies and programs for the digitalization of the
economy. The project focuses on creating conditions for the development of breakthrough technologies
(blockchain, IoT, Al, big data), but does not eliminate barriers to the development of the digital economy
(data localization, high load on information mediators). Besides, the development of the platform
economy does not pay due attention.

Currently, Federal law No. 34 of March 18, 2019, which creates the basis for regulating relations in
the digital economy is still in force. The law establishes the concept of digital rights and their features in
the Civil code of the Russian Federation and regulates the use of smart—contracts. Specific rules that
information systems must comply with the types of digital rights and the specifics of their issuance, must
be established by special laws [5].

The law “Digital financial assets” is currently being adopted. It was expected that these two
documents will determine the legal status of cryptocurrencies in Russia, but it has not happened yet. After
a major revision, which was subjected to the law on digital rights, the provisions on cryptocurrency were
removed from it.

In 2017, the OECD identified four key breakthrough digital technologies: big data analysis
technology, artificial intelligence, Internet of things, and blockchain technology. OECD countries develop
strategies for these technologies, create observatories for implementing research projects and bringing
together stakeholders (for example, the EU's blockchain technology Observatory). In Russia, it is
important to develop these four areas [15-20].

The most important tasks to be solved within the basis of the national Digital economy project are to
create conditions for the development of the crypto economy, implement a risk—oriented rather than total
approach to the data localization requirement, eliminate legal uncertainties in the processing of personal
data, and create a favorable condition for the development of big data analysis technologies (usage of new
approaches to obtaining consent for data analysis, access to depersonalized data of researchers, and others)
[9]. Besides, it is necessary to abolish currency control especially if it restricts the requirement of
repatriation. This restriction greatly burdens the development of young companies whose products are
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exported. And often such companies refuse to export. The adoption of the Federal law on digital financial
assets is won’t give a strong effect, but the establishment of an AML/CFT requirement for crypto
exchanges, thereby legalizing the activities of banks with crypto assets, as well as the recognition of
cryptocurrency as a contractual means of payment will allow the Russian crypto—economy market to
develop.

Another main thing is blockchain technology. The emergence of a mechanism of mutual trust and new
money changes the structure of society, making a decentralized economy out of just a digital economy.
There was a phase transition within the social organism. Now every community can create its own money,
or rather, a kind of material containment that needs to be filled with people's labor — capital, the only
value of money.

One of the main trends in global digitalization is analytics. New audit tools and automated
information security Analytics will soon become key technologies. Information security in Russia was
handled by people who came out of law enforcement agencies. In developing security solutions (for
example, DLP systems to prevent information leaks), they focused on the real problems of organizations
and analyzed the scenarios for which incidents occur. In the West, which traditionally sets trends in the IT
industry, they focus only on data, though risks from the human factor are not controlled.

One of the weak aspects is the lack of support for science and research. Support applies only to issues
of training of personnel and improvement of IT literacy. In Russia, there are few patents on the Internet of
things and Al, blockchain, quantum technologies, automation in production, business, and services.
Research and development costs in Russia are no lower than the global average, and their performance is
three times lower than the global average [15-20].

In addition, there are regulatory issues. For example, for implementing a "smart" and accessible urban
environment, citizens are offered digital services — public transport schedules in Telegram bots. At the
same time, regulators recognize Telegram as illegal and try to block it. The Russian software registry
requires that Russian software developers support databases and operating systems. There is almost no
Russian software system, and even Linux is not widely used both in the country and abroad. Currently, the
software is focused on international Windows and iOS. It turns out that the development of software, that
is in demand in certain segments of the local market is stimulated. At the same time, based on the national
project "Digital economy", the task is to reorient domestic developers for export [10-15].

To change the situation, the first step is to review the current legislation. Taking into account the
peculiarities of the Russian economy — uneven rates of development even within one sector — it is
necessary to change the laws gradually. And after the contradictions are eliminated, it is necessary to
regulate fundamentally new things: the turnover of cryptocurrencies, digital transactions (separate the
concepts of digital offer and digital acceptance), the very concept of information and digital financial
assets as objects of civil law. Besides, the legal status of robots or unmanned vehicles is not taken into
account.

Conclusion. Russia's potential in the digital economy is linked to a traditionally strong technical
education and mathematical school, whereas regulatory restrictions and the lack of special support
measures for digital companies remain problematic areas.

In order to effectively develop the digital economy we need effectively functioning 3 components:

— legal and regulatory, that would promote competition and market entry for companies, allowing
firms to fully utilize digital technologies to compete and innovate;

— skills needed by employees, entrepreneurs, business people, and government employees to take
advantage of digital technologies;

— effective and accountable establishments, that use the Internet to empower citizens.
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OUPPJIAHABIPY — SKOHOMMUMKAJIBIK
OCYIIH KO3rAYHBI KYIII PETIHAE

AHHoTaums. AtanraH npoOieMa OOMBIHIIA Ka3ipri 3aMaHFbl JKapWsUIAHBIMIOAPIBl Taljay FBUIBIMH KOFaM-
JACTBIKTBIH OPTYPJi JeHreineri SKOHOMUKAIBIK JKYHenepai CaHAbIK OaMBITYFa JIEreH YJIKESH KbI3BIFYIIBUIBIFBIH
KepceTeni. AJaiiga, CaHIBIK TEXHOJOTHSIIAPABI 931piiey MEH EHTI3YAIH peceiilik Toxipuoeci )KeTKITIKTI 3epTTereH
KOK. HoTmxkecinzge, caHIBIK YKOHOMHKAHBI TaMBITYJIBIH PECEMITIK epeKIIeNiKTepi KoHe KOJIaHBICTAFhl TOCLIIEpIi
JKyieney YIKeH FBUIBIMH JKOHE IPAaKTHUKAJIBIK KBI3BIFYIIBUIBIK TYABIPanbl. VIHHOBaUMsIIApABIH Y3IIKCI3 aFbIMBIH
KaJIBIITACTHIPATHIH CAaHABIK SKOHOMHUKA alaMi KalMTaIIBl JaMBITYbI Ke3ei i, Oy o3 ke3erinae Oimimai 6ackapyra
Kyieni Ke3KapacTel Tajan ereli. Peceifine caHABIK SKOHOMHKAHBIH JaMybl MEMIICKETTIK CasiCATTBIH MaHBI3bI
OarsITTapBIHBIH Oipi peTiHIe KapHUsIAaHAB )KOHE Ka3ipri oleMIiK HapbIKTaFrbl 0ocekere KaOuIeTTIIKTIH alFBIIIapThl
JKOHE MEMJICKETTIH SKOHOMHUKANBIK EreMEHMITiHIH CTpaTeTHsUIBIK Kypamaac Oeriri peTiHxe KapacThIPBLIAIbL.
CangpIk TpaHchopMaIHs CTPATETHACHH JKY3€Te achIpyIbl OacTalTHIH YIWBIM ©31HIH COHFBI JKETICTITiH KOpyli KaKeT
eTeni JkoHe Oy KepiHic BeO-caiiTKa KipyAeH repi kem Hopce O60iysl kepek. TpaHcopMausHbIH COTTi OOTYHI YIIiH
YiBIM KYH calblH ©3iHiH Ke3KapachlH OeiiMIeyi Kepek, al KbI3METKepiep ©3 YIeCTepiH Kajail KOCaTHIHBIH Oimyi
kepek. CaHIBIK TYPJICHAIPY HAKTHI €Ty YUIIH KOpy jKOHE OHBI JKacay MYMKIHMITT KaKeT.

3eprrey HoTmKenepi. Pecelt DenepannschIHBIH CaHIBIK YKOHOMHKACHIHA Tainmay kyprisunmi. Peceiime nudp-
TMaHIBIPY OOWBIHINA AHBIKTAIFAH MOceJeNep i MICIIyAiH Heri3ri OarbITTaphl YCHIHBUINBL 3ePTTEYAIH 9IiCHAMAIBIK
HETi31 — CaHABIK YKOHOMHKA CaJachIHIAFbl PECEHIIIK >KOHE MIeTENIIK FaIbBIMIApIBIH FBUIBIMH €HOeKTepi, OuTimM
HKOHOMHUKACHIH KAJIBIITACTHIPY OOHBIHIIIA TYPIIi KOJITAHOABI 3ePTTEY HOTIKEIepi OOJIBIN caHaabl.

Tyiiin ce3nep: BAK (Oykapanblk axmapaT Kypajmapbl), CaHIBIK IKOHOMHKA, SJEKTPOHIBIK YKIMeT, Oimim,
aKIMapaTTHIK TEXHOJOTHSIIAP, YITTHIK XK00a, Oarmapiama.
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OU®POBU3ALIUA KAK IBUT'ATEJIb
9KOHOMUYECKOI'O POCTA

AHHOTanMsi. AHaJIM3 COBPEMEHHBIX IyOIHMKaM 110 3asBJICHHOW MPOOJeMe CBUIETEIBCTBYET O OOJIBLIOM WH-
Tepece Hay4yHOro cooOuiecTBa K IM(POBOMY Pa3BUTHIO IKOHOMHUYECKMX CHUCTEM pPa3IMYHOTO ypoBHs. OjHaKo
POCCHICKHIA ONBIT Pa3pabOTKH M BHeIpeHHs LHU(PPOBBIX TEXHOJIOTHI M3y4eH HeloCcTaToyHo. B pesynbrare poccuii-
CKHE OCOOEHHOCTH pa3BUTHS IIM(POBOH 3KOHOMHMKH M CHCTEMAaTH3alMs CYLIECTBYIOIIMX MOAXOAOB IPEJICTABISIOT
OoubIION Hay4HBIM M IpakTHueckuii mHTepec. OTMmedaercs, 4To IM(poBas 3KOHOMHKA, T'€HepHpYyIoIias Herpe-
PBIBHBII IIOTOK WHHOBALUM, IPEATIOAaraeT pa3BUTHE YEJIOBEYECKOr0 KalKTalla, 4To, B CBOIO O4epeib, TPeOyeT CUc-
TEMHOT0 TIOAX0/1a K YIIPAaBICHHIO 3HAaHUAMH. Pa3BuTre mudpoBoit 3KOHOMHUKH B Poccuu iekimapupyercst Kak OJHO 13
BaXHEUIINX HAIPABICHWH TOCYNAapCTBEHHON IMOJUTHKH M PacCMaTPUBAETCS KaK IPEAINIOCHUTIKA KOHKYPEHTOCIIO-
COOHOCTH Ha COBPEMEHHOM MHPOBOM DPBIHKE WM CTpaTermdecKas COCTABIIONIAS 3KOHOMHUYECKOTO CyBEpEHHTETA
rocyaapctBa. Opranu3zaius, KOTOpast MPUCTYIAET K peallu3aluy CTpaTerud HuppoBoil TpaHCPOpMALIH, HYKAAETCS
B BHJICHHH CBOETO0 KOHEYHOTO JAOCTIKCHHS, U 3TO BUACHUE JOJDKHO OBITH YEM-TO OOJBIINM, Y€M IPOCTO 3asBICHUE
Ha BeO-caiite. UToOb! TpaHchopMalys ObLia yCIEIIHON, OpraHu3alus J0/DKHA KaXIIblid JeHb aJalTHpOBaTh CBOE
BUJICHHE, & COTPYIHUKH JAOJIKHBI 3HATh, KAKMM 00pa30M OHHU BHOCAT CBO#1 BKJaa. UToOBbI clienath HUQPOBYIO TpaHC-
(dhopMaruio peanbHOM, HEOOXOMMO BHICHUE U CIIOCOOHOCTH clesiaTh 3TO. L{u(poBbie pemieHust, MeXIy TeM, Ipe/-
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CTaBJISIIOT CO00# LU(POBbIE MPOAYKTHI WM YCIYrd — HAlpUMEp, MEJULIUHCKYIO MIardopMmy, KOTOpas MOJIKIIO-
qaercs K npemioxennsam Phillips wiu GE B npomsinuienHom MHTEpHETE.

Peszynomamor uccneoosanus. TlpoBeneH aHan3 COCTOSIHUS IU(PPOBON 3koHOMUKH Poccuiickoit denepanuu.
IIpemioskeHbl OCHOBHBIC HAIPABICHUS PELICHUsS BBISBICHHBIX NpoOieM Iudposusaimu B Poccuu. Metomonoru-
YECKOH OCHOBOW HCCJICIOBAHUS SIBJIIOTCS HAy4YHBIC TPYABI POCCHICKHX M 3apyOCIKHBIX yUEHBIX B oOyactd mud-
POBOIT S5KOHOMUKH, PE3yIbTATHI PA3ITUYHBIX MPUKIATHBIX UCCICIOBAHAN 110 (POPMHUPOBAHUIO SIKOHOMHUKHU 3HAHHU.

KiaroueBsie ciiopa: CMU, 1mudpoBast SKOHOMUKA, JJIEKTPOHHOE NPABUTEIBCTBO, 3HAHUS, WH(POPMALUOHHBIC
TEXHOJIOTUH, HAIIHOHAJIBHBIHN MPOEKT, MporpamMmma.
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PROBLEMS OF INFORMATION AND COMMUNICATION
TECHNOLOGIES DURING THE FORMATION
OF THE DIGITAL ECONOMY AND SOCIETY

Abstract. Modern society develops under the influence of scientific and technological progress. New
relationships in economy, production, education, personal life, new financial instruments and new threats arise.
Relevant issues are identifying problems and prospects of development of information and communication
technologies (ICT) during the formation of the digital economy and society. The purpose of the article is to
systematize the major problems that arise in the development of ICT during the formation of the digital economy and
to identify possible consequences of this process.

It is proved that introduction of the newest ICT and digital services leads to significant changes in the
quantitative and qualitative indicators of the life of the society and are of an institutional nature. Singled out a
number of problems during the development of ICT in the digital society, including: digital divide; lack of funds for
innovative upgrades; inconsistency of modern education and public administration with the requirements of a new
society; shortage of skilled personnel; contradictions between traditional and up-to-date management practices and
corruption; activation of cybercrime; the need to create a list of social digital services; international migration of
highly skilled personnel.

Positive signs in ICT: the continuation of old social and labor activity of citizens; change the semantic content
of work towards its intellectualization with the possibility of additional income; increase of ecological economy;
creation of new remote jobs; new opportunities for education, tourism, medicine, etc. Systematized negative
consequences, namely the growth of cybercrime increasing psychological problems of personality, dependent on ICT
networks and energy efficiency, the lack of security of personal space, the need for rapid response to innovative
replacement.

The proposed measures are aimed at transforming Ukraine into a center of information and communications and
digital services for Eastern Europe that can lead to economic breakthrough and overcoming the existing socio-
economic crisis. In further studies are planned to develop a model depending on the pace of digitalization processes
of society on the pace of economic development.

Key words: information and communication technologies; digital economy; socio-economic problems;
innovative transformations.

Problem statement. Modern society is a dynamic system that is developing under the influence of
several factors, including not least the scientific and technological progress. Humanity is on the brink of a
transition to a new generation of society, called information, the hallmark of which is the dominance of
information and communication technologies (ICT), not only in production and business processes. These
technologies are actively penetrate the social life, medicine, culture, governance and human personal
space, resulting in significant changes in the socio-economic, technological and other processes. There are
new relations in economy and industry (network economy) and personal life (social networking),
generated new opportunities of education (distance education) and employment (remote work), new
financial instruments (cryptocurrency) and new threats (cybercrime). These and other forms of
information society naturally led to changes in the legal framework of many countries. In particular, in
Ukraine, the Concept for the Development of the Digital Economy and Society of Ukraine for 2018-2020
[1] was formulated and adopted, which "provides for measures to implement appropriate incentives for the
digitization of the economy, the social and social spheres, awareness of existing challenges and tools for
the development of digital infrastructures, acquisition of digital competences by citizens».
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However, like any process of transformation, digitalization of the economy and society faces a
number of problems that can be both predictable and unexpected. And first of all with various challenges
facing the ICT sector, which forms the basis of digitalization other areas of economic and social activity.
Therefore, relevant scientific matters now is to determine the basic, most important problems that have
arisen or may arise in ICT and related areas during the formation of the digital economy and society.

Analysis of recent research and publications. The study of the problems of transitional periods is
devoted to the work of many scholars throughout all key changes in socio-economic formations. Here one
can recall the works of D. Keynes, K. Marx, A. Smith and other classics of economic science. As you
know, they explore the impact of the economy on society. The modern problem is that society from the
standpoint of technological development affects the economy. Within these processes, it is worth
analyzing more modern works of such scholars as A. Jipp, who formulated the law of proportionally
advanced development of the communications industry in relation to the economy of the country (region),
which testifies that for the stable economic growth of the national economy should be provided with
advanced growth sphere of telecommunications over GDP growth [2]. Later, the theory of A. Jeep
developed in his writings L. Varakin [3], which proved that the throughput of communication networks in
the n-th year should be determined by the level of GDP in the next (n + 1) year, as otherwise there will be
a slowdown in GDP growth. Further research has identified the impact of broadband access (ISD) on the
Internet for the development of economics and society [4].Thus, it is established that the state of
development of ICT directly influences the development of socio-economic processes.

In the subsequent study of the economic principles of the formation of the future society devoted his
work P. Vorobienko [5], identified the main tasks that arise in the process of building a future society, in
particular in the educational sphere. L. Kit in his studies has established the stages and manifestations of
the evolution of the network economy, proving the inevitability of this process [6]. S. Kolyadenko
examines the preconditions and stages of formation in Ukraine and in the world of the digital economy as
such [7]. V. Sandoogy investigated how the development of ICT affects the development of the labor
market, changes in the patterns of employment of the population in modern conditions [8]. P. Chernyshov
defined the state of development of network business in Ukraine [9]. O. Ivanova traced place and
importance of ICT in the formation of professional competence of experts in the learning process [10].
The scientific research of I. Ivanova and A. Bodnar discloses the essence of informatization and
communications as the basis of economic transformations in society and in enterprises [11], [12]. In the
scientific literature, the term "decency" of the economy appeared, the principles, methods and levers of the
development of the digital economy were formed.

Unresolved aspects of the problem. Thus, the technological, legal and philosophical aspects of the
development of the digital economy, the issue of state regulation of network enterprises, methodical bases
of application of ICT in education, approaches to determining the status of employees working remotely,
etc. are actively considered. However, in view of the novelty of the issue, research papers devoted to the
analysis of the phenomenon of the digital economy not only as a technological but also to its social
innovation, to the determination of socio-economic problems of the development of ICT in the digital
economy, as well as to the possible consequences of these processes, are rare in scientific publications.

Therefore, the purpose of the article is precisely the systematization of the main problems that arise
in the process of development of ICT in the new socio-economic and technological conditions - the digital
economy, as well as the identification of possible consequences of this process.

The following methods are used to solve the above problems: theoretical - for systematization and
analysis of scientific and periodical literature; generalization - to systematize the problems and
consequences of ICT development; empirical - for conducting experimental research; simulation - for
carrying out the prognostic experiment for the approximation method; visualization - for graphical display
of results.

Results of the study. Under the digital economy it is common sense to understand the socioeconomic
structure in which the main means of production (as opposed to material resources) are electronic (virtual)
data, which are formed using information and communication technologies and exist in the network space.
The ICT are a key resource in the digital economy that provides for the functioning of both real and virtual
sectors of the economy. At the same time, the implementation of ICT and digital services on their basis
leads to significant changes not only in the area of technological and manufacturing processes. There are
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systemic innovational changes in quantitative and qualitative indicators and processes of vital activity of
both society and individual. That is, these changes are institutional.

However, like any development, the process of ICT development in the period of the formation of the
digital economy faces a variety of problems. This paper focuses on the following issues:

1. The problem of digital inequality, that is, the uneven development of modern ICT in countries
around the world and in the regions of Ukraine directly. The discussion of this problem has been going on
for quite a long time, its decisions are devoted to both scientific research and applied, in particular,
legislative decisions at the international level (decisions and resolutions of the International
Telecommunication Union, the UN general assembly, etc.). In particular, it was stated that digital
inequality is one of the main problems of the development of modern technologies, and the development
of the digital economy is capable of increasing the digital divide between countries [13], [14].

Despite numerous scientific and applied developments, the European integration and innovation
vector of economic development, as well as numerous socio-economic reforms, the problem of digital
inequality in Ukraine has not been resolved sufficiently, as evidenced by statistical data (table 1).

Table 1 — Means telephony

City Village
Indexes
2015 2016 2017 2018 2015 2016 2017 2018
Phone integrity, teleph. sets per 100 inhabit. 26,0 25,5 20,1 19,1 7,9 7,1 6,1 5,4
Payphones integrity, payph. per 100 inhabit. 0,22 0,19 0,18 0,17 0,008 0,007 0,008 0,007

Volume of realized communication services, 0,18 0,14 0,13 0,12 0,035 0,035 0,033 0,031
UAH million for a man a year

Source: Data from [15] and the authors own calculations

The data in table 1 indicates a significant inequality in the development of ICT in cities and villages,
that is, there is a kind of discrimination against the rural population about access to these facilities and the
volume of consumption of these services. There is also a significant inequality in access to
communications facilities and in the regions of Ukraine. In particular, the number of Internet subscribers
as the leading means of digitization of the economy, which is given in table 2, makes it possible to
establish a significant gap between the ability to use digital economy services (the table shows the limit
values for some regions).

Table 2 - Number of Internet subscribers in the country (as of the beginning of 2018)

Regions In total, thousands of Population, thousand Density, Internet users, %
users people

Vinnitsa (central regions) 833,6 1568,5 53,1

Lviv (western regions) 1410,3 25243 55,8

Odessa (southern regions) 2537,0 2380,4 106,6

Kharkiv (eastern regions) 1377,8 2683,5 51,3
Chernivtsi (Transcarpathian regions) 365,5 905,2 40,0

Chernihiv (northern regions) 599,2 1013,6 59,1

Kiev 3120,4 2937,9 106,2

Source: Data from [15] and the authors own calculations

The data in table 2 indicates a significant inequality in the use of the Internet between regions of the
country. Yes, the Transcarpathian regions have the lowest rates. At the same time, Odessa and Kiev region
shows an excess of one hundred percent density, that is, some users are simultaneously subscribers of
different types of Internet access. On average, nearly half of the population are not active users, which is a
very negative indicator, even if we consider that all age groups are considered in the total population (in
particular, children from birth who are not users for natural reasons).

Given that the digital economy as such and almost all of its manifestations (e-government, trade,
education, etc.) are based precisely on the use of ICT, there is a problem associated with the inability to
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ensure equal constitutional rights and freedoms of citizens, as is stated in Section II The Constitution of
Ukraine, which is a significant socio-economic problem.

2. Lack of money of economic agents of different levels for innovative equipment upgrade,
acquisition of the latest ICT and technical devices. This problem is closely linked to the current economic
situation in the country. Permanent budget deficit, state financing policy, low average wages, and many
other factors create a problem of lack of funds for the development of ICT at the state level and difficulties
with the purchase of office equipment and other personal means of access to digital infrastructure tools by
business entities and the general public. State capital investments amount to 1-2%, local budgets - 3-5%.
More than 75% of investment in entrepreneurship is made up of own funds by entrepreneurs who are
building their own innovative investment policy, taking into account the priority of profitability. In this
case, the development of ICT in 2018, in general, directed 3,7% of investment funds, and industrial
development — 34,5% [15].

Almost 66.5% of households spend on the purchase of food and the payment of utilities. On average,
2.9% of the family budget is spent on communication services for all kinds of people, while rural residents
account for 2.7%. In this case, 4.8% in cities and 10.7 % in village of the population live outside of
poverty, which does not allow them to actively integrate into modern digitalization processes, given the
problem of purchasing the necessary personal access to digital services.

3. Insufficient publicity and educational activity of the state and local self-government bodies
concerning the implementation of the digital society and economy in the development of the state and
regions. This problem is partly a consequence of the previous ones, because the lack of funding and access
to ICT services and digital services sometimes leads to the inappropriate advertisement of those services
that for technical and/or other reasons can not be provided in the region or some segments of the
population.

Educational activities aimed at developing and deepening digital competencies of citizens are not just
education directly received at educational institutions of different levels. It is necessary to create a network
of consultation points for the whole population, which wants to improve its educational level in the field
of digital competences and opportunities to use modern means of ICT. This educational activity can be
carried out by various measures, in particular within the framework of the project "Education for a
lifetime", on a volunteer basis, by allocating air time for educational programs on national TV channels, etc.

4. Lack of skilled ICT professionals. Despite the large number of higher education institutions that
train specialists in computer engineering, programming, etc., the volume of labor migration of
professional specialists abroad and the departure for training of a significant number of students are
increasing each year. That is, there is a situation in which, in the presence of vacancies in the field of ICT,
wages are not competitive with the same in the EU countries and other industrialized countries, which
leads to the departure of specialists.

Each year, the number of university students who give preference to studying abroad for various
reasons is increasing, one of which is the future employment abroad. For example, about 40 thousand
Ukrainians study in Polish higher education institutions, but only 5-10% of them plan to return after
completing their studies at home [16]. This leads to the inhibition of the development of the digital
economy from the point of view of the provision of these processes by specialists in the field of ICT of the
relevant qualification.

5. Contradictions between traditional and up-to-date management methods, the presence of
manifestations of corruption. New vectors of the country's development are aimed at building a social state
and fighting corruption. It is the digital society, in which the link of personal communication between
administrative staff is meaningless and replaced by electronic document circulation of ICT-based, can lead
to the introduction of the newest methods of management in which it is virtually impossible to manifest
corruption. However, precisely because of this, in some cases, the inhibition of the digitization of
economic and, especially, of management processes. In order to overcome this negative phenomenon, in
our opinion, it is advisable, in addition to the introduction of the anti-corruption court, the rejuvenation of
all branches of power, the development of appropriate legal support for combating corruption, the
formation of a new outlook for youth in the framework of the project "New Ukrainian School" and for the
more adult population. All this, among other things, is possible with ICT by posting information on social
networks and other modern media.
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6. Limited manifestations of the formation of innovation-oriented policy at enterprises. Socio-political
instability of the country leads to the formation of such vectors of entrepreneurship development, which
are aimed primarily at preserving the volume of production and counteracting the manifestations of the
crisis. Innovative upgrade (in this case, the introduction of digital business formats and new ICT) is not
the prerogative of most entrepreneurs in view of the unpredictability of demand for new goods and
services, the complexity of funding for the development of digital services, high discount rates for
businesses, lack of development of the venture market, etc. In a difficult economic situation, it is
expedient to consider the possibility of non-lending financing for the development of digital services for
enterprises, for example, based on field-surfing or other platforms. This approach has already proven to be
effective for the development of innovative projects in most countries.

7. The problem of cybercrime. Crime, unfortunately, is an integral part of any socio-economic
formation. The ICT and the digital world has provided new opportunities for the development of this
phenomenon. The manifestations of cybercrime are quite diverse - from fraud to financial transactions to
industrial espionage, the use of social networks for the organization of terrorist acts, cyber attacks against
state authorities, etc. And with the development of the digital economy, the number of possible
manifestations of cybercrime will increase in proportion to the number of new services and services,
attacks that may bring unlawful benefits. Therefore, along with the development of the digital economy
and society, there is also a need to expand the number of objects to combat cybercrime. This, of course,
requires significant financial costs mainly of budgetary origin. However, some functions can be
transferred on terms of outsourcing to non-government agencies. These may include procedures for legal
and economic support, software, etc. Also effective is leasing agreement for the supply of ICT equipment
for businesses and governmental bodies. This will significantly reduce the expenditures of state and local
budgets.

8. The problem of creating a list of basic digital services. It is necessary at the beginning of the
implementation of the digital economy project to determine which services will be generally available and
socially significant, that is, those that will be provided in all settlements at tariffs that are accessible to all
segments of the population (especially for the poor). It is advisable, on the one hand, to study the
experience of economically developed countries on this issue, and on the other hand, to conduct in-depth
studies of the existing and potential demand for digital services in order to determine which services can
be obtained by consumers on their own (for example, using their own mobile device), and for which it is
necessary to form the appropriate infrastructure. The indicated infrastructure is intended primarily for
persons who, for a number of reasons, are not able to obtain the desired digital service on their own, and
may consist of the following items: separate collective access points, service departments in the
communications departments (medical, educational, public, financial institutions), customer windows in
outlets, specialist staff in social services, etc.

9. The tension existing laws of the global telecommunications space, namely the relationship between
growth of ICT technologies and GDP. Scientists have proved that in developed countries the growth of
ICT services (especially broadband Internet) leads to a proportional increase in GDP. However, in
Ukraine, this pattern does not have statistics. Thus, in the table 3 provides some data on volumes and
dynamics of GDP and ICT revenues. One can see the lack of stable development dynamics of both
indicators.

Table 3 — Statistical data on volumes of GDP and ICT

Years GDP ICT volumes Increase, %
million UAH million UAH % of GDP GDP ICT
2010 1079346 33011 3,05 - -
2011 1299991 38390 2,95 20,44 16,29
2012 1404669 43379 3,08 8,82 12,99
2013 1465198 48372 3,30 4,31 11,51
2014 1586915 52724 3,32 8,30 8,99
2015 1988544 72596 3,65 25,31 37,69
2016 2385367 89268 3,74 19,95 22,96
2017 2982920 110779 3,71 25,05 24,09

Source: data [15] and the authors own calculations
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The authors conducted an experiment using forecasting methods and approximations obtained data
showing that GDP growth characteristic exponential dependence (with a probability of about 95%) and
increase in ICT linear dependence occurs (probability 90%). These trends will occur in the near future
(figure 1).
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Figure 1 - Results of the prediction experiment (author's development)

The data showed no close relationship between ICT and the dynamics of the GDP in the country.

10. It should also be noted that in the future such a problem as the struggle for migrants may arise. As
stated above, specialists from different spheres of activity leave the country today, especially ICT
specialists who receive significantly higher wages abroad. But the processes of the development of the
digital economy and society will require the presence of these workers. Job vacancies will need to be
filled, because without this, it will not be possible to further develop of ICT and the digital society as a
whole. Here and there may be a problem of competition in the international labor market for specialists
with proper qualifications in the sphere of ICT. Ukraine in these conditions can choose the following
scenarios for the development of events:

e promoting the return of their own citizens - ICT specialists. This scenario is possible due to the
formation of appropriate financial (competitive wages), social (social services development) and legal
(changes in labor legislation) levers. It is also important to ensure overall political and economic stability
in the country;

e invitation of foreign specialists from developed countries. This scenario is attractive due to the
fact that these experts will have experience of ICT. However, they will require a level of remuneration and
social services that are consistent with world standards;

e involvement of specialists from developing countries. This scenario is appropriate in terms of
meeting the requirements of such specialists for the domestic wage level. On the other hand, the involved
specialists may not have the necessary competencies and perceive employment in Ukraine as a temporary
bridge for further employment in more developed countries.

The identified and other problems need to be addressed at the state and regional levels, as they
significantly impede the development of the economy and society. However, the ICT and the digital
society continues to develop despite the existing problems, so it is advisable to analyze the consequences
of this process, which have already manifested itself in society.

The consequences of the development of the ICT, the digital economy and society can be attributed to
both positive and negative. To positive we shall mention the following:
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1. Continuation of the age of social and labor activity of citizens by acquiring ICT competencies
through social networking, distance education in "third-year universities", distance work and other social
services of digital society. Thus, society is able to move to the concept of "active aging", which has a
number of benefits, including increasing social activity of citizens, raising the overall level of digital
literacy, reducing the cost of providing social assistance, which can be obtained remotely and through ICT
services so on.

2. Changing the semantic content of work towards its intellectualization, additional income from rent
information officer (additional revenues for the use and continued development of the ICT knowledge and
competence). This, in turn, leads to the need for continuous self-education and raising competencies.
Thus, a certain professional stratum (in the middle class type) is formed that has a steady financial position
due to the constant intellectualization of labor and permanent acquisition of skills in the field of leading
ICT.

3. Growing greener economy through the formation of a unified system of environmental control and
monitoring, integrated with other countries. The digital economy is not denying traditional manufacturing,
so ensure completely environmentally safe production activity is currently quite difficult. Today, we are
talking about systemic changes in the use of resources and monitoring waste utilization.

4. Creating new jobs, including remote ones. This is unlikely to lead to a significant reduction in
unemployment, as there is a shift in production priorities towards the ICT sphere, that is, vacancies in the
real economy will be shifted (after the corresponding training) into the network environment. But at the
same time, this will increase accessibility to full-time employment of people with disabilities through the
ICT.

5. The digital society will give impetus to the development of new opportunities for education,
tourism services, medicine, cultural projects, and other social innovations. The development of
e-governance will help to reduce the level of corruption and possible sources of its occurrence.

In addition to the positive aspects, of course, it should be noted and possible negative consequences.
Among them, first of all, we can state the following:

1. The development of the ICT and the network economy will result in the simultaneous growth of
cybercrime. At the same time, such crime easily goes beyond the borders of the state due to network
technologies, which will require the involvement of international measures.

2. Increase in psychological problems of the individual, development of sociopathy. The transition of
social life into the network space has already affected the personal communication of citizens. Society
loses the culture of communication through letters, young people communicate less personally, preferring
social networks and other ICTs. This leads to various consequences: psychological barriers in personal
communication; difficulties in expressing their own thoughts in society; problems with the creation of a
family and the presence of marital aphorism on the network; reduction of emotional intelligence. As a
result, there is an increase in manifestations of sociopathy, psychological disorders, depressive states.
Lowly controlled youth groups in social networks that promote socially dangerous actions or encourage
suicide are also very dangerous.

3. Dependence of ICT by network performance and sustained energy performance, the need for
additional costs for backup uninterrupted power supplies. When it comes to smart grid operation, failure
of the network will also lead to social consequences in the form of problems of transport logistics, supply
of products, impossibility to carry out financial transactions, etc.

4. Electronic identification (eID) and transparency of individual privacy, which on the one hand,
simplifies the legal, financial and other aspects of life and activity, while forming an idea of the lack of
security of personal space, which is also able to cause some psychological problems. In addition, some
religious communities prohibit their members from obtaining electronic documents, which leads to a
conflict between the rights and freedoms of citizens.

5. Partial loss of national identity formation through lack of understanding of the boundaries and
unification of a number of socio-economic processes, manifestations of globalization.

6. The need to respond quickly to replace innovation in technology, services and digital services. This
is not a problem for youth, however, it can lead to negative consequences for the elderly, who for a
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number of reasons do not want or are unable to quickly master new knowledge and skills on ICT. Here
there is a kind of discrimination on an age-old basis.

The authors conducted a survey of ordinary people of different age groups that are allowed to
determine the negative effects of the ICT, digital economy and society:

— change of attitude towards money and planning costs due to the transition to cashless payments.
The lack of tactile contact with money in some causes a sense of non-controllability, which leads to
increased costs;

— the need to change habits and sustainable outlook, the way of life, approaches to solving social
and family-related current problems (for example, obtaining documents and certificates, financial services,
etc.);

— availability unfair trade network mail order facilities that offer products and services that do not
meet the description of reality that after receiving defective goods mail leads to moral damages to the
return of goods;

— the lack of accessible and understandable information for the elderly about the nature and
capabilities of digital services, especially in rural areas.

Also, respondents expressed the view that ICT can lead to further stratification of society into those
who successfully integrated into the digital space, and those who "remained outside the new life", that is,
in fact, confirmed the opinion expressed in [13, 14 ], about the probability of increasing the digital divide.

To overcome the identified problems, there needs to be solid scientific and applied developments,
which at the state level must be coordinated with the general programs and strategies of development and
innovation of the transformation of society.

According to the authors, taking into account the geopolitical position of the country, the introduction
of the digital economy and society is a chance for Ukraine to become the center of information and
communication and financial services of a digital nature for Eastern Europe and a bridge for the
integration of the EU with the eastern countries. There are prerequisites for this:

— good geographical position;

— availability of advanced ICT network;

— business and cultural ties that historically the USSR;

— availability of stable trade relations and access to international sea and river routes;

— political will to turn the country into a sustainable, innovative and developed European countries,
which is based may have been responsible technological breakthrough is not so much industrial as
information and communication and digital character.

However, as has been determined, it is first necessary to overcome existing challenges to
implementation of Concept development of the digital economy and society in Ukraine.

Conclusions and perspectives for further studies. The digital economy and society are a new stage
in the development of mankind, which is intended to lead to a new quality of life of the entire world
through an innovative upgrade of not only technological but also socio-economic processes. The basis of
these processes is the integration of ICT into all spheres of life, business processes and management
activities. Like any changes, the global restructuring of society and new principles of existence are facing
a number of technological, financial, social and mental issues. The successful solution of these problems
depends both on the speed and quality of socio-innovative transformations.

During the transition to the digital economy having both positive and negative effects, which is a
natural phenomenon that requires a study and implementation of measures to minimize adverse effects.

Overall, we believe that the development of ICT and the formation of Ukraine in the digital economy
and society is a chance for the country to become a center of digital integration for Eastern Europe, able to
lead to economic breakthrough and overcome the current socio-economic crisis.

In further research is planned to develop a model depending on the pace of digitalization processes of
society on the pace of economic development, namely the dynamics of GDP, income and other indicators.
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CAHJBIK SdKOHOMUKA MEH KOFAMHBIH KAJIBIIITACY KESEHIHAEI'T
AKHAPATTBIK-KOMMYHUKANUAJBIK TEXHOJOI'USA MOCEJIEJIEPI

Annotanus. Kazipri KoraM FeUIBIMHA-TEXHUKAIBIK POTPECC BIKMAIBIMEH JaMBII Kelleli. JKOHOMHUKA, OHAipic,
Oinmim Oepynie JkoHE KeKe eMipiMmi3ze aHa KaTblHAC OpHAI, KapKbl KypanJgapbl MEH ChIH-Karepliep maiina OoJibim
keneni. CaHABIK YKOHOMHKAa MEH KOFaMJIbl KaJBIITACTHIPY KE3EHIHJE aKMapaTThIK-KOMMYHUKAIHMSIIBIK TEXHOJIO-
rustapabl (AKT) pambITy MeH nepcrneKkTUBaIapbiH aliKbIHIAy Macelenepi ©3eKTi 0oubi oTelp. COHIBIKTaH MaKasa-
HBIH MaKcaThl — CaHIBIK SKOHOMHUKaHbI KansmTacTeipyna AKT nmameity yaepicinae TybIHIAWTBIH HETi3ri Macese-
Jepi Ky#eney, COHJal-aK oChl YAepiCTiH BIKTHMaJl CalJapblH aHBIKTAY.

Kana AKT >xoHe caHABIK CEpBUCTEpIl EHri3y KOFaM OMIpiHiH CaHJBIK-CAllaJIbIK KOPCETKIlIiHAe eJeyi
e3repicTepre oKeneAi 9pi MHCTHUTYLMOHAIABIK cunarta Oosaabl. Cannslk Koramaa AKT-Hbl nameity GapbichIHIA
TYBIHIAWTBIH OipKaTap Moceyenep, aran alTKaHlIa: CaHIbIK TEHCI3MIK; MHHOBAIMSIBIK JXaHAPTYFa KapakaTThIH
JKETICIEYIIUIri; Ka3ipri 3aMaHfbl OiTiM Oepy MeH MeMJIEKeTTIK OacKapyIblH jKaHa KOFaM TajallTapblHa coiikec
KenMeyi; OUTIKTI KaJpiap/blH JKeTiCIIeyIiiri; GackapyIblH A9CTYPJIi )KSHE jKaHa 9JIICTEPiHIH apachIHIaFbl KaWIIbl-
JBIKTap MEH ChIOAyIac >KEMKOPJIBIK; KHOEPKBUIMBICTHI JKaHIAHABIPY; SJIEYMETTIK CaHIBIK KbI3METTep Ti30eciH
KaJBIITACTHIPY KAXKETTLIIT; )KOFAphI OLTIKTI KaJpIapablH XaJbIKaPAIbIK KOIli-KOHBI.

AKT-HBI JaMBITYIBIH Keliecifed OH KOpIHICTEepl /e aHBIKTAJJbI: a3aMaTTap/blH JJIEyMETTIK >KoHE eHOeK
OeJceHILTIriHIH JKachbIH Y3apTy; KOCBIMIIA TaObIC aly MYMKIHAIrIMEH eHOEKTI MHTEIUIeKTYallIaH/IbIpy JKaFblHa Kapan
OHBIH MaFbIHAIBIK TOJIIMBIH ©3TepPTY; SKOHOMHKAHBIH SKOJIOTHSUIBIK CHIIATHIHBIH ©CYi; KAIIBIKTBIKTAH jKaHa JKYMBIC
OpBIHZAPBIH KYpy; OU1iM Oepy, Typu3M, MeIUIMHAHBIH XaHa MYMKiHAikTepi. Tepic canpapsl xKyHeneHaipinai, aTamn
aliTKaH/a: KNOEPKBUIMBICTBIH apTYhI, TYJIFAaHBIH MCUXOJIOTHSUIBIK MaceseciHiH keoOetoi, AKT-HbIH ke MeH 3Heprus
TaCBIMAIAFBIIITHIH JKYMBICKA KaOIIETTUIIriHE TOYENIUIIr], )KeKe KCHICTIKTIH KOpFaIMaybl, THHOBAIMSJIBIK aIMac-
THIPYFa KBUIIaM JICH KO KaXKCTTLIIrI.

Tyiiin ce3mep: aKmapaTTHIK-KOMMYHUKAIMSUIBIK TEXHOJIOTHSIAP, CAHIBIK AKOHOMHKA, QJIEyMETTIK-3KOHOMHU-
KaJIbIK MoceJiesiep, MHHOBAIMSJIBIK e3repicTep.

E. A. KuszeBa, O. B. Ky3nenosa, H. B. HecHokoBa

Onecckas HarfmoHanabHas akageMus cBs3u uM. A.C. ITormosa

MPOBJEMbI TH®OPMAIIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOT U
B IIEPUO/I CTAHOBJIEHUSA [IA®POBOM YKOHOMHUKHU U OBIIECTBA

Annotanusi. CoBpeMeHHOe 00ILIECTBO pa3BUBAETCS MO BIMSHHEM HayYHO-TEXHMYECKOro mporpecca. BozHu-
KalOT HOBBbIE OTHOLICHUS] B 9KOHOMHUKE, IPOU3BOJICTBE, 00pa30BaHMUH, TMYHOM JKU3HH, HOBBIC (PMHAHCOBBIE HHCTPY-
MEHTBl M HOBBIE YIpO3bl. AKTyaJbHBIMH CTAHOBSATCSI BOIIPOCHI OIpEAEIEHHs NPOOJIeM M IEPCIEKTHB pPa3BUTHS
nH(popMannOHHO-KOMMYHHKaIIMOHHBIX TexHojoruii (UKT) B mepmox dopmupoBanus 1udpoBoli 3KOHOMHKH H
o6mectBa. [ToaTOMY LIENBIO CTATBHH SBJISICTCS CHCTEMATH3AIMs OCHOBHBIX IIPO0OJIEM, KOTOPhIE BO3HUKAIOT B IIpoLiecce
pasButust UKT B nepron ¢popMupoBanust mudpoBoil 3KOHOMHKH, a TAKXKE ONPEAEICHUs] BO3SMOXKHBIX HOCIIEICTBHN
3TOro Ipouecca.

Joxka3zano, uto BHeapenue HoBelmmx KT u nudpoBeIx cepBHCOB NPUBOANUT K 3HAYUTEILHBIM H3MEHEHHUSIM B
KOJINUECTBEHHO-Ka4eCTBEHHBIX MOKa3aTeNsIX JKU3HEIESTEINbHOCTH OOIIeCTBa U HOCSAT MHCTUTYLHOHAIBHBINA Xapak-
Tep. Briaenen psn npobieM, BozHuKaronwmx B xoze passutus MKT B nudpoBom obiecTse, B yacTHOCTH: IudpoBoe
HEpaBEHCTBO; HEAOCTATOK CPE/ICTB HA MHHOBAIIMOHHOE OOHOBJICHNE; HECOOTBETCTBHE COBPEMEHHOTO 00pa30BaHus U
rOCYJapCTBEHHOTO YINPAaBJICHUsI TPEOOBAHHUSM HOBOTO OOIIECTBA; HEXBATKA KBAJM(UIIMPOBAHHBIX KaJIPOB; MIPOTHBO-
peunst MeXly TPaJUIUOHHBIMA ¥ HOBEH-IIUMH METOAAMH YIIPABICHHUS W KOPPYIILHS; aKTUBU3aIUs KHOEpIpecTy-
HOCTH; HEO0OXOAUMOCTb ()OPMUPOBAHUS IEPEYHS] COLMAIBHBIX HU(POBBIX YCIYT; MEXKIYHApOIHbIE MHIpaLMs
BBICOKOKBAIN(HIINPOBAHHBIX Ka/IPOB.

OnpeneneHsl NOI0XKUTENbHBIE NposBiaeHus B pa3sutun VMKT: npomienue Bo3pacTa colUanbHON U TPyHOBOM
AKTUBHOCTH TIpaXJaH; M3MEHEHHE CMBICIIOBOIO HAINOJHEHHA TpyJa B CTOPOHY €ro HHTEIUIEKTyalu3alud C
BO3MOXKHOCTBIO TOJIyY€HHs] JONOJHHUTENbHBIM JOXOAOB; POCT HKOJOTHYHOCTH SKOHOMHKH; CO3IAHUE HOBBIX
JIMCTAaHIIMOHHBIX Pa00YMX MECT; HOBBIE BO3MOXKHOCTH OOpa3oBaHUs, Typu3Ma, MeIULIUHBL. CHCTeMaTH3MpOBaHBI
HETaTHBHBIE MTOCJIECTBUS, & IMEHHO POCT KHOEPIIPECTYITHOCTH, YBEIMIEHUE ICUXOIOTHUECKHUX MTPOOIIeM JINYHOCTH,
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3aBucuMocts VKT oT paboTocrnocoOHOCTH CeTH M JHEProHOCHTENeH, OTCYTCTBHE 3allMIIEHHOCTH JMYHOTO
MPOCTPaHCTBA, HEOOXOAUMOCTb OBICTPOTO pearupoBaHisi HA UHHOBAIHOHHBIEC 3aMEHBI.

KiroueBble cjioBa: MH()OPMAIIOHHO-KOMMYHHKAIMOHHBIE TEXHOJOTHH; IU(POBas 3KOHOMHUKA; COLHAIBHO-
SKOHOMHYECKHUE MTPOOIEeMBbl; HHHOBALIMOHHBIE TIPE0OPa30BaHHS.
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ANALYTICAL TOOLS IN ENSURING THE CONVERGENCE
OF ACCOUNTING AND INFORMATION SYSTEMS

The relevance of the research topic. The accounting system by virtue of the subject and method of the latter, is
able to model a picture of the real activities of the enterprise, to provide information about the financial condition of
the enterprise, its financial results and more. Thus, it is obvious that accounting, as an accounting system, provides
an opportunity to form objective information about the business entity and provides users with useful information
about the real model of financial and economic activities of economic entities at the micro-, meso- and macro levels.
However, it is obvious that the needs of users of financial statements differ. Accounting systems are the result of user
information requests. The perspective of the accounting system depends on the requirements of users for accounting
information.

The dialectic of interests is a complex and multifaceted category. At the present stage of socio-economic
development, researching economic interests, we should be guided not by the principle of their rigid hierarchy «from
general to individual» or vice versa, but to seek attempts to harmonize them at all levels of socio-economic policy.
Economic interests determine the direction and motivation of economic entities, which is aimed at meeting their
needs. Here we have to take into account that these interests can be considered both at the national level
(macroeconomic) and at the level of an individual business entity (micro level). Achieving the goal of all subjects of
socio-economic life at different levels is realized in the process of making management decisions based on relevant
economic information.

Key words: accounting and information system, convergence of accounting and information systems,
information and analytical process, three-dimensional value of national wealth, translevel convergence.

Introduction. The synthesis of approaches of different authors to defining the essence of science
makes it possible to define the field of human activity as a consistent, in-depth knowledge of real world
objects, in which there are an infinite number of different systems that interact with each other, changing
over time. their parameters. So analyzing the information flows of different accounting systems, we find
many phrases such as «financial accountingy», «IFRS accounting», «GAAP accountingy, «tax accountingy,
«strategic accountin