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ON THE PROBLEM OF USING NATURAL BIOLOGICALLY ACTIVE
SUBSTANCES TO ACTIVATE ARTEMIA EGGS

Abstract. Currently branchiopod from the genus of Artemia Leach, 1819 became the common starting feed Nel
for growing young aquatic organisms. However, there is often reduced hatching of nauplius from the collected eggs
and artificial activation is required. As a result of empirical research, it was possible to experimentally detect the
activating effect of excretion products — diluted adult urine. The research was carried out in several stages. It was
found that the rate of germination growth for different populations ranges from 0, 2 to 0, 6% per day. In the first
experiment, cysts with 24% of hatching were placed in a solution of lake water diluted with urine to a concentration
of 105 g/l. After two weeks, the outage reached 66. 7 % and exceeded the control 2.55 times. But over time, the
activity of the embryos decreased and by the end of April, the hatching reached zero. By using eggs from the Ist
experiment with 66. 9% hatching in a fresh solution of «lake water + urine» (105 g /1) on the first day, the hatching
exceeded the control by 52. 1% and by 23.7% the data from experiment 1.Later, when 80.8% were hatched, a large
number of weakened and dead nauplius was observed.

In the third experiment, spring egg with a hatching rate of 36. 7% was used. Different salinity concentrations
(110-140 g/1) were used due to dilution of lake water (233 g/l) with urine and fresh water. When activated in a
solution with a salinity of 110 g/l after one month, the discharge exceeded the control by 1. 65 times. At the end of
the experiments, an increase in the salt concentration reduced the activating effect with a slight decrease in hatching.
The mechanisms of activating action of the components of the proposed liquid folds the physiological effects of
steroid hormone metabolites on the formation of the larva in the egg and the destructive physical and chemical
effects of a number of substances on the egg shell. For complex activation of the development of the embryo with the
destruction of egg’s shells, savings are achieved in the plastic and energy substances available in the egg, preserving
the nutritional value of nauplius.

Keywords: Artemia, eggs, shell, hatching of nauplius, urina.

Introduction. Currently branchipodfrom the genus of Artemia Leach, 1819 became the common
starting feed Nel for growing young aquatic organisms. The main problem with using Artemia eggs to get
nauplius is a low percentage of hatching; that requires activities for the activation. For a long period and to
the present time the development of methods for activating Artemia eggs by the action of various factors
and reagents has been underway: light and magnetic field, ultraviolet rays, freezing, mechanical impact
when grinding eggs with sand, chemical reagent (components, included in the salt solution, sodas and
borax, hydrogen peroxide), organic solvents, (acetone, butane, ethyl alcohol), paraphysical impacts and
mums, the literature review is given in [1-3].

The authors of this article, as a result of empirical research, were able to experimentally detect the
activating effect of excretion products — dilute urine of an adult. The relevance of the research is that an
incubating and activating medium for the cultivation of Artemia eggs has been developed, which is
characterized by ease of manufacture, economic and technological feasibility.
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Materials and methods. Artemia's eggs were collected for experiments in the autumn in salty
reservoirs of the Pavlodar region. The hatching of nauplius was determined by using standard methods [4].
Determination of the size of the hatching was carried out under round-the-clock lighting, at a temperature
of 25-28°C for 24 hours. In different variants of the experiments the salt brine was diluted with fresh urine
of an adult to a certain concentration of salt. Quantitative data were processed using statistical methods
[5].

Research results. At the first stage of research, was experimentally determined the amount of
hatching of nauplius from autumn Artemis eggs in local reservoirs with different levels of salinity. During
this period, the embryos reach the stage of gastrula and become close to the state of diapause,
characterized by a sharp decrease in the intensity of metabolism and cease the forming processes, and
have a low percentage of hatching nauplius. In spring, eggs in the reservoir usually have 72-99% hatch
rate [6]. To achieve those values of maturation (germination) of eggs it should undergo through the
activation process. The ability to hatch increases gradually during the period of egg storage in a humid
environment. The rate of growth of the germination index varies for different populations and ranges from
0, 2 to 0, 6% per day. The conducted research has shown that for performing artificial activation
ofArtemia’s eggs diapause, it is necessary to prepare salty environment of a certain concentration, taking
into account the natural mineralization of the mother reservoir. The salinity gradients found in experiments
that are optimal for hatching nauplius are most likely favorable for the targeted use of various activating
reagents [7,8], including the isolation products used by the authors.

The second stage of experimental research consisted of activation of eggs in liquid environment with
different proportions of the activating substance (adult urine) and salt lake water.

Experiment 1. Artemia's egg, collected in a lake with a mineralization of 285 g / | in early October,
was stored in a humid environment at a temperature of minus 5 to minus 17°C. In mid-December, the
outage rate was 24% (22. 4-25. 2). The egg sample was placed in a solution of lake water (natural salinity
in the lake — 285 g/1), diluted with urine to a concentration of 105 g/l. Preliminary experiments have
shown that this amount of mineralization is optimal for activation of crustacean eggs. During the
experiments, the samples were stored at a temperature of + 4° — + 6°C. In the control, during the entire
activation period, there was a gradual increase in the hatching rate. However, in General, the final result
was very low (40. 4 %) and was almost 1. 7 times less for achievement the product standard (at least
70%)(figure 1).
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Figure 1-Hatching of Artemianauplius in a controlled and activated environment

The use of fresh urine in the activation solution stimulated the release of Artemianauplius, and in two
weeks this indicator reached a value of 66. 7 %, exceeding the control value by 2. 55 times. In the future,
the activity of the embryos began to decrease, and by the end of April, the offspring fell to zero.

Experiment 2.After the 1¥experiment the hatching of the Artemia’s egg reached 66. 9 % (31. 01),
part of the experimental eggs were placed in a fresh solution of "lake water + urin" with a concentration of
105g/1. The distribution of the activation has been introduced in three different environments (figure 2).
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Figure 2 — Hatching of Artemia’snauplius in a controlled and activated environment

The fresh solution immediately stimulated high development of eggs, and after 19 days, hatching
increased by 52. 1 % compared to the control and 23. 7% exceeded the data of 1% experiment. In the
future, a fairly high level of hatching was maintained, but on 29. 04, when 80.8% were hatched, a large
number of weakened and dead naupliuses were observed.

Experiment 3.An Artemia’s egg collected in the spring (March) in a lake with a mineralization of
233g/1 showed a very low percentage of hatching, total 36, 7% (27,0 — 46,5).

The egg was laid for activation in various concentrations of salt and urine:

1. Lake water (natural salinity 233 g/1) is diluted with urine to a concentration of 110 g/I.

2. Lake water (233 g/) is diluted with urine of 140 g/1.

3. Lake water (233 g/l) is diluted with urine to 150 g/l, and then diluted with addition of the fresh
water to 140 g/1.

4. Lake water (233 g/l) is diluted with urine to 160 g/I, and then diluted with addition of the fresh
water to 140 g/l.

5. Lake water (233 g/l) is diluted with urine to 170 g/l, and then diluted with addition of the fresh
water to 140 g/1.

The main monitoring objects were eggs in a salt solution with a concentration of 140 g/l. Figure 3
shows data on the hatching of Artemia’snauplius after 20 and 30 days of activation. Salt concentrations
before dilution with fresh water are shown in parentheses. The results of experiments showed that when
Artemia’s eggs are activated in a solution with a mineralization of 110 g/l, there is a constant growth of
hatching, which in one month exceeded the control by 1. 65 times.An increase in the salt concentration
reduced the activating effect and there was even a slight decrease in hatching at the end of the
experiments. Diluting the "lake water + urin" solution with fresh water to the required concentrations
reduced the effectiveness of the solution, and at higher dilutions, complete death of the embryos was
observed.
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Figure 3 — Disabling Artemia’snauplius in a controlled and activated environment, %
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Discussion of research results. The mechanisms of activating effects of the components of the
proposed liquid are formed, on the one hand, from the physiological effects of steroid hormone
metabolites on the formation of the larva in the egg, on the other — from the destructive physical and
chemical effects of a number of substances on the egg shell.

Metabolites of adrenal cortex hormones (mineralocorticoids and glucocorticoids) contained in the
urine of people and animals of any age [9] can have an activating effect on the development of the embryo
of any animal by enhancing metabolic processes in tissues [10].

Metabolites of sex steroid hormones present in the urine of an adult (while in the female body, along
with estrogens, a small amount of androgens is synthesized, and in the male body — estrogens), have an
anabolic effect and contribute the formation of tissues and organs of the embryo. The destructive effect of
the components of urine on the egg shell, which facilitates the exit of nauplius (and thus increases the
viability of larvae, preserving their energy resources and increasing their feed value), is as follows. The
egg shell of the arteries consists of several layers and includes chitin, lipids, and tanned proteins. Urea,
also known as carbamide, the content of which in human urine reaches 2%, and in the prepared activating
liquid-about 1%, partially pollinating fats due to the alkaline reaction (which means that it converts them
to a soluble state), softens tanned proteins, and then destroys their secondary and tertiary structure and
leads to partial hydrolysis. Egg’s shell passes liquid inside and undergoes further destruction. The
properties of urea as a macerating substance are well known in biology and medicine (and find appropriate
application where it is necessary to achieve partial or complete maceration of tissues). In practical
biochemistry, urea is widely and successfully used to destroy the quaternary structure of proteins and
supramolecular protein complexes (including antigen — antibody [11]).

In addition, urea and other organic substances — non-electrolytic, contained in the urine, are
antagonists of salt ions. They contribute swelling of egg shells, performing, in fact, the same function as
fresh water in the spring, formed when snow and ice melt on salt lakes. Proteins, partially hydrolyzed by
urea, also attach water and swell, speeding up the overall process of destruction of the shell.

A certain role in the swelling of the egg shells could play the order of penetration of substances into
the shell. Apparently, at first there is a partial destruction of the shell under the action of urea, and
afterwards mobile sodium ions penetrate through the concentration gradient, and only then — organic
substances available in the urine (urea, a small amount of other metabolic products, steroids). Sodium
cations penetrate the hydrate shell and have water-retaining properties. Metabolites of steroid hormones
also contribute swelling and further rupture egg’s shells due to the fact that, penetrating into the shell, they
delay sodium cations [12], which means that they contribute to the accumulation of liquid since
monovalent cations have hydrating properties for living tissues [13].

Destruction of egg’s shells promotes the penetration of oxygen, which also has a stimulating effect on
the development of nauplius.

It is possible that with comprehensive activation in the development of the embryo with the
destruction of egg shells, savings are achieved in the plastic and energy substances available in the egg.

First of all, the hatching nauplius does not spend extra energy on breaking the egg shells, which by
the time the larva leaves are destroyed or significantly lose their strength. Secondly, the products of
hydrolysis of proteins and lipids of the shell may well be assimilated by the embryo for plastic or energy
needs. Secondly, the products of hydrolysis of proteins and lipids of the shell may be assimilated by the
embryo for plastic or energy needs. Third, urea and other ultimate products of protein metabolism can
inhibit excessive catabolic breakdown of proteins on the principle of auto-inhibition (thereby partially
preventing the strengthening of protein catabolics caused by corticosteroid metabolites).

Fourth, metabolites of sex hormones (and especially androgens) enhance anabolic processes (and
androgens are also present in the female body due to their synthesis by the adrenal glands). Fifth,
corticosteroid metabolites contribute to the accumulation of sugars in tissues, thereby forming a stock of
easily and quickly oxidizing energy substances [10].
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The death of formed embryos in eggs at the attempt of trying to activate them with undiluted adult
urine may be associated with several, not excluding each other, reasons.

First, a high concentration of urea could cause a violation of the structure and partial hydrolysis of
proteins not only of the shells, but also of the embryo itself, whereas in dilute urine, urea is consumed for
hydrolysis and destruction of shell proteins, and its concentration is insufficient to cause fatal changes in
the tissues of the embryo.

Secondly, a high concentration of urea and other products of nitrogen metabolism can cause
intoxication of the emerging and already formed embryo.

Third, urea, along with other products of nitrogen metabolism, contained in the urine, can suppress
(and in high concentrations — irreversibly) the vital activity of any kind of living organisms on the
principle of auto-inhibition [11].

Fourth, it is also possible that corticosteroids and their metabolites contained in the urine accelerate
catabolic processes, thereby depriving the emerging, but not yet released nauplius protein and inhibiting
its anabolic processes. Which means that such an embryo may not even have enough opportunities to exit
the egg shells and start self-feeding; in addition, due to excessive catabolics of proteins, it may not be fully
formed and is doomed to death.

Fifth, when using pure urine as an activating agent, without adding salt brine, the macerating effect of
urea in the absence of salts is stronger and destroys the developing embryo.

It is somewhat more difficult to explain the facts of death of the formed larvae in cases when distilled
water was added to the mixture of urine and lake salt brine — while maintaining the same concentration of
salts in the prepared activating liquid. The following assumptions can be advanced.

In a dilute solution, urea is more susceptible to decomposition (hydrolysis) with the formation of a
toxic product — ammonia, as well as carbon dioxide, which inhibits the life of the larva.

(NHz)zCO + H,0 < 2NH; + CO»

According to the law of mass activity (and the following law of Ostwald dilution), when a weak
electrolyte (or a salt of a weak acid or a weak base, or other hydrolysable product) is diluted with water,
both dissociation and hydrolysis processes are enhanced.

K=0a2*C/(1 — ),

where, C is the concentration of the substance, K is the constant, and a is the degree of decomposition of
the substance (dissociation or hydrolysis).
Since the degree of dissociation o is very small and close to zero, it can be ignored in the
denominator, and then:
K=02*Cor C=K/ a2,

in other words, there is an inverse relationship between the concentration and the degree of dissociation or
hydrolysis [12].

When activating Artemia’s eggs with such a dilute urea, steroid hormones have a stimulating effect
on the embryo, but the formed nauplius dies from the action of ammonia and carbon dioxide, which are
released and penetrate into the shells as the eggs are kept in such an activating solution. This assumption is
also supported by the facts noted in experiment 1: the long-term content of eggs in a brine + urine solution
without replacing the activating liquid led to significant death of nauplius, which could be associated with
the gradual decomposition of urea into ammonia and carbon dioxide. At the same time, replacing the
activating solution with a fresh portion of it increased the yield of nauplius and did not reduce the viability
of the larvae.

Thus, the use of the natural product of human and animal excretion in the proposed concentrations
and in compliance with the specified terms of egg activation significantly increases the percentage of
nauplius yield without reducing their viability and without accumulation of toxic or foreign substances for
living organisms in the base feed facility.
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APTEMUSA XK¥MBIPTKAJIAPBIH BEJICEH/AIPY YIIIH TABUTH
BUOJIOTUSLJIBIK BEJICEH/I 3ATTAP/IBI HAWJIAJTAHY MOCEJIECI BOMBIHIIIA

AnnoTauusa. Kazipri yakeirra Artemia Leach TYKBIMBIHBIH jkelTOe3eKasKThUIap OTPSIBIHBIH IIAsSHTIPI3IiIepi
1819 xac TUAPOOHMOHTTAPABI KacaHIbl ©cipy OapbIChIHIA OacTamKpl JKeM OOJBIT caHamambl. JlereHMeH,
KYMBIpTKallapAaH )KUHAIFaH HAyIJIMYC IIbIFRIMBIHBIH TOMEH/ICTCHI OaliKanabl )KoHEe jKacaH/Ibl OeJICeHIIpy /Il Tajar
ereni. DMITUPUKAIBIK 3€PTTEYJICp HOTHXKECIHAC TOKIpHOET >koIMeH 0oy eHIMAEpiH OelICeHMIpiIeTIH dpeKeT —
epeceK aJaMHBIH CYHBUITBLUIFaH HeceOl eKeHl aHbIKTaNIbI. 3epTTeyiep OipHelne Ke3eHaepae Ky prisiii.

3eprreyniH OipiHII KE3CHIHAE TIKIpUOETiK >KOJIMEH 3MOpPHOHIAp Auanay3a >KarJaiblHa >KaKbIH OOJFaH
Ke3eHJe IKoHe TaOuFM OeJiCeHIIpyJeH KeWiHri KOKTeMIl Ke3eHIe apTeMHHIIH Ky3ri >KYMBIPTKajJapblHaH
HAYIUTMYCTap/IbIH IIBIFY MOJIIepi aHBIKTaIbl. OPTYPIll NONyJsLysiIapia opTalia ecy KapKbIHbI Tayiirine 0, 2-1eH
0, 6%-Fa JeiiiH aybITKHIBL.

OKcnepruMeHTaNbl 3epTTEYJIEPiH eKiHIII Ke3eHi OelceHal 3aTThIH (epecek agaMHbIH HeceO1) )KaHe Ty3/bl Kol
CYbI KOCBUIFAH CYHBIKTBIK OPTa/ia )KYMBIPTKAHBI OSIICEHAIPYACH TYPaIbl.

Bipiami toxipubene 24% mbIFBIMBI Oap HMCTamarbl Ko CYBIHBIH epiTiHmici 105 1/1 KoHmeHTpanusicel 6ap
HECENIeH apajacThIpblIABL. EpITIHAIHI aKTUBTEHIIpyAe >KaHAa HeCeNTi maifaiaHy ApTeMus HayIUTHyCcTap
HIBIFBIMBIH BIHTAJIAHJBIP/IBI JKOHE €Ki anTajaH KelliH Oy kepcerkiun 66,7% -ra xeTTi, Oy Oakpuiay KeJeMiHeH
2,55 ece apThIK. AJIarbl yaKpITTa SMOPHOHAAP OCICSHILTITT TOMCHIEI, COYIp allbIHBIH COHBIHIA HOJIIE ACHIH JKETTI.

Exinmn toxipubene OipiHIN TIKIpHOCIEH allbIHFAH JKYMBIPTKA KOJIAAHBUIABI, SIFHH COJ JKYMBIPTKAHBIH
mibIFbIMBL 66,9 % (31. 01) sxoHe «xen cybl + Hecerm» (105 1/m) xaHa epiTiHIICIHE OPHATACTHIPHULALL 19 KyHHEH
KeHiH, OaKpUIayMeH CaJbICTBIPFaH[a, HAYIUIMYC WIBIFBIMBL 52,1%-Fa ecti jkxoHe OipiHn Taxipubenen 23,7%-ra
apTThl. AJIarbl yakbITTa JKOFapbl JeHred cakrairas, Oipak 29. 04. 80,8%-marbl WbIFY JAeHreill Ke3iHIe KONTereH
QJICipereH JKoHE OJ1i HAYIUINYC CaHbI OaiKaIlIbl.

Yuoriami Toxipubene 233 r/m MuHepanmaHraH JkoHE 36,7% ©OCKEH KONJCH ajblHFaH KOKTEMIi KYMBIPTKA
KosaHsuiasl. Ken cysiH (233 1/71) Hecen aHe TYIIBI CyMEH apaslacThIpy eceOiHeH TY3IbIH TYDPJl KOHIEHTPALHICH
(110-140 r/m) maiimamaHpUIOBL. AKTUBTCHIOIpYAiH y3akTeIFel 20 xoHe 30 kyHre co3puimsl. Epitiamiai 110 r/x
MUHepanjarn, OelCeHAIpUIreH Ke3ie HayIUINyC IIBIFBIMBI ©CTI XoHE Oip aiimaH keiliH OakpuiaymaH 1,65 ece achn
TycTi. Toxiprbe COHBIHIA TY3 KOHIICHTPAIMSCHIHBIH apTyhl HAYIUTHYC IIBIFBIMBIH TOMEHJICTIIT, OCIICEHAIPYIIN acep i
Oastynartel. EpiTiHAIHI TYIIBI CYMEH apajacThlpy epIiTIHIIHIH dcep €Ty THIMAUINH TOMEHJETTI, all JKOFapbl
apanackana YMOPUOHIAP/IbIH TOJBIK KOHBUIFAHBI OaiiKaIbl.

YChIHBUIATBIH CYWBIKTBIK KOMIIOHEHTTEPIHIH OCJCeH/IPETiH ocep €Ty MEeXaHU3MIepi CTEpPOMITH TOPMOH
METa0OJIMTTEPIHIH KYMBIPTKaAa JTHYMHKAHBIH KAJIBINTACYbIHA (DM3HOJIOTHSIIBIK BIKNAIBI 9p1 )KYMBIPTKA KaObIFbIHA
OipkaTap 3aTTap/blH AECTPYKTUBTI (DM3MKAJIBIK-XHUMUSUIBIK ocepi Oap. Byiipek ycti 0e3 KaObIFbI TOPMOHAAPBIHBIH
(MHHEPaJIOKOPTUKOHT XKIHE TIIFOKOKOPTHUKOU), COHAM-aK aJaM MEH jKaHyap HeceOIHIeT1 )KBIHBIC TOPMOHIAPEIHBIH
MeTaboJIMTTEP] TIHAETI aIMacy YIepiCiH KYIIEHTETIHIIKTEeH, Ke3 KeIreH jkaHyap SMOPHUOHBIHBIH aMyblHa OenceH I
acep eryi MyMKiH. Hecem KOMIOHEHTTEpiHIH >KYMBIPTKA KaOBIFbIHA JECTPYKTHBTI 9cepi, HAYIUIMYC LIBIFBIMBIH
JKEHUTACTE Al opi TUIMHUATEP] ilIiHapa MIaro, aKybl3 KYPhUIBIMBI MEH THIPOIH3/IH OY3BUTYHI, YITAHEl aXKBIPaTy dcepi
6ap. Kapbamuy xoHe 0acka 1a OpraHHKAJBIK 3aTTap — HECENTEerl AIEKTPOIUTTI eMec TY3 HOHIAPHIHBIH aHTarOHUCI
0oJBIT ecenTene i )KoHe JKYMBIPTKA KaOBIFBIHBIH ICIHYiHE BIKITAN €TEI.

Hecen HopMmeH imriHapa rUIpOIM3ISHIeH aKybI3[ap, COHIal-aK Cy, KaObIK JAeCTPYKUHSCHIHBIH KAaJIlbl YAEPiCiH
xpuamaaTaasl. JKyMbIpTKa KaObIFbl iCIHFEHJE 3aTTapiblH KaObIK ilIiHEe eHy TOpTiOi MaHbI3IbI Pell aTKapasbl.
AJpIMEH HecenTe HOp dcepiHeH KaOBIKTBIH illiHapa NeCTPYKIMACHI maiina Oonaapl, colaH KeiiH KOHUEHTpalus
rpajyeHTi OOWBbIHIIA iIIKE XBUDKbIMAaNbl HATPUH HMOHIAPHI Kipeadi, COJaH KeillH HecenTeri OpraHuKalbIK 3aTTap
(xapbamuy, Oacka a3 MeJIIepCri aaMacy eHiMJepi, crepounTap) eHeni. Hatpuii kaTnoHmaphl rHapaT KaObIFbIHA
eHimn, cy oTKi30eHTiH Kacuerrepre ue Oosaabl. CTEpoMATHI TOPMOH MeTaboMMTTEpl KaOBbIK ilIiHE €Hill, HaTpHUH
KaTHOHJAPBIH (MHHEPAJIOKOPTUKOUTAP) YCTAIl KaJalbl, TEMEK, CYHBIKTHIKTHIH KHHATYBIHA BIKITAT eTel, cebebi Oip
BAJIEHTTI KaTHOHAAP Tipi TIHr'e THApAT XKacalThlH Kacuerrepre ue. JKyMbIpTKa KaOBIFBIHBIH JIECTPYKIMSCH OTTET1HIH
illliHe eHyiHe BIKMAJ €T/, OJ1 Ia HAYTUINYC JIaMYbIH bIHTAJIAH BIPAIbL.

JKyMBIpTKa KAaOBIFBIHBIH IECTPYKIUACH 0ap AMOPHOHHBIH [NaMYybIH OCBIHAAW KemIeHIi OelceHmaipyae
HAYIUTHYCTAP/IbIH KOPEKTIK KYH/BUIBIFBIH CAKTall OTBIPHIN, KYMBIPTKAHBIH IUIACTUKAJIBIK KOHE JHEPreTHKAJBIK
CcyOCTaHIIUSITaPBIH YHEMICH]TI.

Tyiiin ce3nep: apTeMusi, )yMBIPTKA, KAOBIK, HAYTUINYCTAP/IbIH LIBIFYbI, HECEI.
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K ITPOBJIEME UCIIOJIb30BAHUSA ECTECTBEHHbBIX BUOJIOT'MYECKHA
AKTHUBHBIX BEHIECTB JIJIS1 AKTUBALIUU SAUL APTEMHUHN

AnHotaunusi. B HacTosinee Bpems jxabpoHoruii padok poma Artemialeach, 1819 sBasercs xopomunm crapto-
BBIM KOPMOM IIPH MCKYCCTBEHHOM BBIPALIMBAHWN MOJOIM THAPOOHOHTOB. OHAKO YacTo HAOMIONAeTCA MOHMKEH-
HBI BBIKJIEB HAYIUIMYCOB M3 COOPAaHHBIX SIMIl U TpeOyeTcs MpOBEACHHE MCKYCCTBEHHOW aKTHUBAIMH. B pesyiprarte
OMIIMPUYECKUX HWCCICJOBAaHUH yJAIOCh OINBITHBIM IyTeM OOHApyXHTh AKTHBUPYIOIIEE [EiCTBHE NPOAYKTOB
BBIJIEJICHUS — pa30aBIIEHHOM YPHHBI B3pOCIIOro yenoBeka. McceinenoBanus OblIM IPOBEAEHBI B HECKOJIBKO ATAIIOB.

Ha ICPBOM ITaric l/ICCJ'Ie[lOBaHl/Iﬁ OIIBITHBIM NIYTEM ONPEACININ BCJIMYMHY BBIKJIEBA HAYIJIMYCOB W3 OCCHHUX
SN apTEMHUH B TIEPHOJI, KOT1a SMOPHOHBI CTAHOBATCS OJIN3KK K COCTOSHHIO JTaray3bl M B BECEHHUI MEPHOJ MOCIIe
€CTECTBEHHOI aKTHBALMH. Y CTaHOBJIEHO, YTO B CpPEIHEM TEMI IPHPOCTA BCXOXKECTH ISl Pa3HBIX IOIYJISIIHAN
kosebuercst ot 0, 2 no 0, 6% B cyTKH.

BTopoii sTan sKCrepUMEHTAIBHBIX UCCIEI0BAHUM COCTOSUI B aKTUBALMU SIML B JKUIKHUX CPElNax C pa3InyHOU
JTOJIEH aKTUBUPYIOIIETO BeIlecTBa (YPHHBI B3pOCIIOTO YeJI0BEKa) U COJICHOM 03€PHOM BOJIBL.

B nepBom ombiTe IUCTHI ¢ BBIKIEBOM 24% MOMECTHMJIM B PacTBOpP O3€PHOI BOJIBI pa30aBIIEHHOW YPHWHOH 10
koHueHtpauuu 105 r/n. Hcrnonb3oBaHMe CBeXeil YpWUHBI B PacTBOpE aKTHBAIMUM CTHMYJIHMPOBAJIO BBIKIIEB
HAYIUIMYCOB apTEMHH, M YK€ depe3 JIBe HEeAeNH 3TOT MOKa3aTelb JOCTHT BEIWYHUHBI 66,7 %, MpeBbIIas BEIUINHY
KOHTpOJIA B 2,55 pa3a. B manpHeiinieM akTHBHOCTH YMOPHOHOB Ha4ajla CHIDKATBCS, M K KOHITY alpeisl BBIKJIEB yIal
JIO HYJIS.

Bo BTOpOM OIBITE MCIOJIB30BAJIOCH SIHIO M3 ombiTa 1 ¢ BhIKIeBOM 66,9 % (31.01), momerieHHOe B CBEXUii
pacTBop «o3epHast Boga + ypuHa» (105 r/m). Uepe3 19 nHei BbikjieB moBbicuics Ha 52,1 % 1O CpaBHEHHUIO C
KOHTpoJeM U Ha 23,7 % mnpeBbicu JaHHbIE onbiTa 1. B nanbHeiieM coxpaHsicsi BBICOKHM YpOBEHb BBIKJIIEBA, HO
29.04. ipu BeIKiIEBe 80,8 % HabIrONATOCH OOIBIIOE YHCIIO OCTIa0ICHHBIX U MEPTBBIX HAYIUIMYCOB.

B TperseM ombiTe NCTIONB30BAIOCH BECEHHEE SHUI0 M3 03epa ¢ MuHepanu3anuen 233 /1 u BcxoxecTbio 36,7%.
Brum mcnonp30BaHBl pa3nuyHble KOHIEHTpamuu coneHocTH (110-140 1/m) 3a cuer pa30aBieHHS 03€pHOU BOJBI
(233 1/m) ypuHoit 1 pecHoit Bogoi. IIpomomkurensHoCTs akTuBamu coctaBisuia 20 u 30 cytok. [Ipu akTuBammm B
pactBope ¢ muHepaau3amued 110 /1 men pocT BBIKIIEBA W 4Yepe3 OAMH MECSI[ MIPEBBICHI KOHTPOJb B 1,65 pasa.
YBenuueHne KOHLEHTPALMKH COJIM CHU3MWIO aKTHBUPYHIOLIHMHA 3((GEeKT ¢ HEKOTOPHIM CHHXKCHHEM BBIKJIEBA B KOHIIE
ombITOB. Pa3zbamiieHue pacTtBOpa MPEeCHOW BOAOH CHU3MWIO 3(G(EKTHBHOCTH ICHCTBHS pacTBOpa, a Ipu Oosee
BBICOKHX pa30aBlieHHsIX HaOJII0AaIach MOJIHAast THOEIb SMOPHOHOB.

MexaHu3MbI AKTUBUPYIOLICTO HeﬂCTBHﬂ KOMIIOHECHTOB npeunaraeMoﬁ KHUAKOCTH CKJIAABIBAKOTCA U3
(DU3MONOrNUECKUX BIMSIHUH MeTa0OJMTOB CTEPOMAHBIX TOPMOHOB Ha (OpMHpOBaHHME JIMYMHKM B sile |
JIECTPYKTHUBHBIX (PU3MKO-XMMHUYECKUX BO3JCHCTBHH psijia BEUIECTB HA 000JIOUKY stifna. MeTaboIUThl TOPMOHOB KOPBI
HAJIOYEYHNKOB (MUHEPAJIOKOPTUKOUIOB M TJIOKOKOPTHKOMJIOB), @ TaK)Xe ITOJIOBBIX T'OPMOHOB, COJepiKalliuecs B
MoOYe JIF0JIeH U )KHUBOTHBIX, MOTYT OKa3aTh aKTHBUPYIOIEe BO3/ICHCTBIE HA pa3BUTHE SMOpPHOHA JIFOOOT0 KUBOTHOTO
3a CUeT yCWJICHHS OOMEHHBIX IMpPOIECCOB B TKaHsX. JleCTPYKTHBHOE BIHMSHHE KOMIIOHEHTOB YPHHBI Ha 000JIOUKY
sHll, o0Jerdaromniee BIX0A HAYIUINYCOB, 3aKITI0YAeTCs B YACTHYHOM OMBUICHHUH JTUIHIOB, HAPYIIICHUU CTPYKTYPHI U
ruapoim3e OeNKoB, MamepupyromeMm neiictBuu. Kapbamua um Apyrue OpraHHYECKHe BeIIeCTBA-HEIIEKTPOJIHTHI,
coJieprKallecs B MOYe, SIBIISIFOTCS aHTArOHUCTAMH MOHOB COJIEH M CIIOCOOCTBYIOT HaOyXaHHIO SHIIEBBIX 000JIOUEK.
benku, yacTUYHO THAPOIN30BAHHBIE MOYEBUHOM, TAKXKE MPUCOCAUHSIIOT BOY M HaOyXaroT, YCKOpsisi O0LIHii Tporecc
nectpykuun  obomoukn. OmnpeneneHHyr0 ponb B HaOyXaHWM SIMIEBBIX OOOJIOYEK MOT CHITpaTh MOPSIOK
IMPOHUKHOBCHUA BEIIECCTB BHYTPb O6OJ'IO'-IKI/I. HO-BI/IZ[I/IMOMy, CHaydaJla TMpOUCXOAUT 4YaCcTU4Hasd JCCTPYKIHUA
060.1'10‘11([/1 o HeﬁCTBHeM MOYECBHUHBI, 3aTEM BHYTPb IO I'PaJUCHTY KOHUCHTPALUU MPOHUKAIOT IMOJABUKHBIC HMOHBI
HaTpHs, ¥ JIMIIb 3aT€M — OPraHW4YeCKUE BEIIECTBA, UMEIOIINECs B MoYe (KapOaMul, HeOOJIbIIOE KOJIMUECTBO IPYTHX
NpOXYKTOB 0OOMeHa, crepouzabl). KaTHOHBI Harpusi TPOHMKAIOT B THAPAaTHOM oOomouke u oOnajgaroT
BOJIOYJICP)KUBAIOIIMMH CBOHCTBaMH. MeTa0OINTHl CTEPOUAHBIX T'OPMOHOB TaK)Xe CIIOCOOCTBYIOT HaOyXaHHIO U
JATbHEHIIEMy pa3phIBY SHIIEBBIX 00OJOYEK 3a CUET TOTO, YTO, MPOHWKAS BHYTPHh OOOJIOYKH, OHH 3aJEPIKHABAIOT
KaTHOHBI HATpusi (MHUHEPAIIOKOPTHKOWABI), a 3HAYUT, CIHOCOOCTBYIOT HAKOIUICHHIO JKHUAKOCTH, IIOCKOJBKY
OJTHOBAJICHTHBIC KAaTHOHBI OOJIANAFOT IJIS JKUBBIX TKAHEH THAPATHPYIOIIMMH CBOHCTBaMH. JlecTpykums 000JI0YeK
SIAIIA CIIOCOOCTBYET MPOHMKHOBEHUIO BHYTPb KHCIOPOAa, KOTOPBIA TaKKe OKa3bIBae€T CTUMYJIHUPYIOIIEe BO3IeiicTBHE
Ha pa3BuTUEe Haymiuuyca. IIpy Takoll KOMIUIEKCHON aKTMBAaLMU DPA3BUTHUS 3apOlblllla C JECTPYKUMEH SHLEBBIX
000JI09eK AOCTUTAeTCs SKOHOMHS MMEIOIIUXCSA B SHIE IUIACTHYECKUX W DHEPreTHUECKUX CYOCTaHINHA, COXpaHsA
MUTATEIbHYI0 HEHHOCTh HAYIUIHYCOB.

KoaloueBble ci1oBa: apremusi, siilia, 000JI04Ka, BBIKJIEB HAYILIMYCOB, YpUHA.
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PHARMACOECONOMICAL ANALYSIS
OF ANTI-PERIODONTOSIS DRUGS

Abstract. In this work, a retrospective analysis of anti-periodontosis drugs is carried out using the methods of
pharmacoeconomic analysis: analysis of the "cost of disease" (direct costs), "cost-effectiveness" for promoting the
original drug "Matripin-Dent" on the pharmaceutical market.

In the clinic of the Dental Institute of Kazakh National Medical University named after S.D. Asfendiyarov
(Almaty), clinical trials of a new domestic phytopreparation “Dental gel Matripin-Dent” were carried out. The gel
preparation was used in the complex therapy of periodontal diseases of an inflammatory and inflammatory-
destructive nature. As a result of the experimental studies, it was found that "Matripin-Dent", due to the original
composition of the gel composition, provides high adhesion to mucous surfaces, ensures reliable fixation of the drug
on the gums, contributes to a better distribution of active components due to good absorption of the ointment base
composition.

It has been proven that the developed dosage form "Matripin-Dent" based on pharmacologically active
compounds of Populus balsamifera L. buds and flowers, leaves, buds of Matricaria chamomilla L. has a number of
advantages in comparison with the drugs existing on the pharmaceutical market used in dental practice.

Key words: Parodontosis, Matripin-Dent, "Kamistad", pharmacoeconomics.

Introduction. According to the World Health Organization, published in the annual news-bulletin,
the most common dental diseases include caries, periodontitis, congenital and traumatic oral pathologies,
diseases of an infectious nature.

To date, the pharmaceutical market is represented by a fairly wide range of therapeutic and
prophylactic agents used for the treatment and prevention of periodontitis, containing extracts of medicinal
plants as active ingredients. The main active ingredients in therapeutic and prophylactic agents used in
dental practice are biologically active substances of medicinal plants: Matricaria chamomilla L.,
Potentilla erecta (L.) Hampe., Hypericum perforatum L., Achillea millefolium L., Salvia officinalis L.,
Acorus calamus L., Arnica, Mentha piperita L., Eucalyptus viminalis Labill. Based on the results of
studying the chemical composition and pharmacological properties of medicinal plants, there is a unique
opportunity to use plant substances as an active ingredient in the development of the composition and
technology of new drugs used for the treatment and prevention of infectious and inflammatory diseases of
the oral mucosa [1-2].

Numerous studies have shown that the introduction of plant extracts into the composition of dosage
forms can increase the effectiveness of therapy for various inflammatory diseases of the gums, especially
of an infectious nature. In this regard, the development of new, more effective and safe agents for the
treatment of this disease is urgent.

In dental practice, the following pharmacopoeial preparations based on plant raw materials are used
with great efficiency: maraslavin, sangviritrin (liniment, alcohol and water solutions), novoimaninum,
chlorophyllipt and others [3-4].

Globally, 70-90% of school-age children and 95-99% of the adult population have caries. Severe
periodontitis is found in 20% of people aged 35 to 45 years. Globally, 30% of elderly people aged 65 and
over have a complete absence of natural teeth. The prevalence of dental pathologies is higher and tends to
increase among populations from disadvantaged groups and in countries with a low level of living.
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For the treatment of inflammatory periodontal diseases, antioxidants and antihypoxants (mexidol,
vitamins of group E and others) are actively used, which have a wide range of therapeutic action, low
toxicity, increasing the adaptive capabilities of the body, including compensatory ways of maintaining
peripheral homeostasis. These preparations have anti-inflammatory and anti-edematous effects, enhance
the regeneration processes.

The possibilities of using drugs based on plant substances for the treatment of dental diseases are very
relevant. In the modern pharmaceutical industry, there is a wide range of medicinal preparations from
plant raw materials used for diseases of the oral cavity, however, the treatment of periodontal diseases is
largely empirical in nature, due to the lack of convincing evidence of the advisability of using certain
drugs in the treatment of periodontal diseases. Therefore, the development of anti-parodontosis drugs
based on plant raw materials that meet modern requirements for proper manufacturing practice is a
promising direction.

Pharmacologically active compounds of poplar species (Populus L.) are a promising source for
obtaining antimicrobial, anti-inflammatory and wound-healing drugs [5].

A significant role in the development of the inflammatory process in the parodontosis is played by the
microbial factor. Complex therapy should also provide a specificity of the effect of drugs on a specific
type of microorganism. A high level of inflammatory periodontal diseases (IPD) is observed at the age of
20-44 (65-95%) and 15-19 years (55-89%) [6-13].

Therefore, the developed drug "Matripin-Dent" based on the plant substances of Populus balsamifera L.
and Matricaria chamomilla L. has a number of advantages in comparison with the drugs existing on the
pharmaceutical market used in dental practice [14].

Firstly, the drug "Matripin-Dent" allows you to expand the range of complex phytopreparations for
the treatment of inflammatory diseases of the oral mucosa, get rid of the purchase of expensive imported
drugs of similar pharmacological action. Secondly, it shortens the treatment time for patients.

A positive aspect when creating a gel dosage form is the provision of a pharmacological action due to
the presence of a combined effect of the extracts of biologically active substances, which affects
technological factors such as the accuracy of dosing, the constancy of the concentration of biologically
active substances for a long time, strong fixation to damaged tissues of the oral mucosa.

The aim of the study: to carry out a pharmacoeconomical analysis of the use of anti-parodontosis
drugs using the analysis of "cost of disease" and "cost-effectiveness".

Materials and methods: A retrospective analytical review was carried out using the methods of
pharmacoeconomical analysis: analysis of the "cost of disease" (direct costs), "cost-effectiveness" with the
definition of competitive advantages, life cycle, target audience, ultimate consumer, links of strong and
weak influence on the marketing promotion of the drug on the pharmaceutical market. SWOT analysis of
drug, Sell-in, Sell-out analysis, Porter’s Five Forces methodology, which allows to visually consider the
market in a competitive environment.

Study results.

In the clinic of the Dental Institute of Kazakh National Medical University named after
S.D. Asfendiyarov (Almaty), clinical studies of a new domestic phytopreparation “Dental gel Matripin-
Dent” were carried out. The gel preparation was used in the complex therapy of periodontal diseases of an
inflammatory and inflammatory-destructive nature.

As a result of experimental and clinical studies, it was found that "Matripin-Dent", due to the original
composition of the gel composition, provides high adhesion to mucous surfaces, ensures reliable fixation
of the drug on the gums, promotes a better distribution of active components due to the good absorption of
the ointment base composition.

The results obtained indicate the effectiveness of the drug in a complex of therapeutic measures in the
treatment of gingivitis and parodontosis.

Based on the processed data and information on the state of the pharmacological market in
Kazakhstan and the countries of the Eurasian Economic Union (EAEU), the following conclusions can be
drawn - at the moment is the most favorable time for the development and launch of drugs on the market.
The policy of the EAEU countries is aimed at creating a self-sufficient pharmaceutical industry, ousting
imported drugs from the market and increasing healthcare costs. The state policy of countries and market
participants is facing strong resistance from importing companies with strong market positions and
possibly a strong lobby in the government (for example, the Russian Federation).

14
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The economic impact on the industry is especially noticeable against the background of US and
European sanctions. Trade wars and weaknesses in national currencies will slow down the development of
national industries in every possible way. Do not discount the fact that Russia makes up 85% of the
population and economy of the EAEU. The creation of a single market and the ousting of foreign suppliers
will be beneficial first of all to Russia; it is quite expected that Russian companies will seize national
markets in the near future. It is not excluded that the market in five to seven years will have a similar
structure as now, but 75-90% of the products will be imported not from India or Europe, but from Russia.

Difficulties with the protection of intellectual property, the weak efficiency of the courts of the EAEU
countries calls into question the development of original drugs. Pharmaceutical companies prefer to
develop the generics niche. Unfortunately, this is a dead-end branch of development, which may
contribute to the achievement of financial goals of manufacturers in the short term, but will not contribute
to improving public health in the long term.

Given the described situation, it is assumed that the current economic situation and the policies
undertaken by the EAEU member states in the long term will contribute to the development of national
industries and the displacement of imported products.

According to BMI Research forecasts, the pharmaceutical market will grow and reach a volume of
USD 1.55 billion in 2018. Going forward, growth will continue with an average (CAGR) of 14%,
doubling by 2022.

In 2017, as a whole in the Eurasian Economic Union, there was a positive trend in industrial
production, agricultural production, freight turnover, passenger turnover, retail trade, volumes of foreign
and mutual trade.

There was an increase in industrial production in all the EAEU member states, agricultural production
- in Belarus (by 4.1%), Kazakhstan (by 2.9%), Kyrgyzstan (by 2.2%) and Russia (by 2.4%). %), the
volume of construction work performed - in Armenia (by 37.7%), Kazakhstan (by 1.9%), cargo turnover,
passenger turnover, retail trade turnover - in all EAEU member states.

The index of the physical volume of the gross domestic product in the EAEU in January - September
2017 compared to January - September 2016 amounted to 101.9% (in January - September 2016 compared
to January - September - 2015 - 99.6%).

With a population of 6.1 million, the market is one of the smallest in the region - Tajikistan
(8.9 million), Azerbaijan (9.8 million) and Kazakhstan (18.2 million). In addition, the rural population
predominates; only 36.1% live in urban areas, which is one of the lowest rates in the entire region. Market
size is only 246 million USD and 41 USD per capita. Kyrgyzstan is one of the smallest and least
developed pharmaceutical markets in the Central Asia region. Pharmaceutical sales in 2017 amounted to
3.3% of GDP and 54.0% of total healthcare spending. While data on the size of market sectors are not
currently available, limited purchasing power of the population, combined with a high dependence on cash
payments, leads to the fact that the demand for drugs is almost exclusively for generic drugs (mainly non-
brand) and OTC drugs.

The Porter's Five Forces methodology was used to analyze the dental market. Breakdown of the
competitive environment into five components allows you to visually examine the market.

Competitors, international conglomerates with powerful sales and marketing divisions that hold the
overwhelming market share have the greatest influence on the market. Despite the large potential
audience, population growth is limited. Supplier influence and entry of new players is seen as limited.

Direct drug competitors are plant-based products.

We managed to obtain reliable sales data on "Kamistad-gel", manufactured by "Stada".

According to the "MedElement" company, as of January 30, 2018, 3,970 pharmacies function in large
cities of Kazakhstan (excluding pharmacy points in state medical institutions).

The largest number of pharmacies is in Almaty - 870. Also, in the top three in terms of the number of
pharmacies are in Nur-Sultan and Shymkent - 442 pharmacies. Among the three outsiders are Taraz,
Kokshetau, Temirtau - 69, 59, 57 pharmacies, respectively.

According to news-bulletin of World Health Organization Ne318 dated May 2012, severe
paradontosis (gum disease), which can lead to tooth loss, is found in 15-20% of middle-aged people
(35-44 years), while worldwide 60-90% of school-age children and almost 100% of adults have dental
caries or other oral diseases.
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According to BMI Research data, Kazakhstan's population was 17.7 million in 2018, with an average
growth of 1.3% through 2025.

For a more accurate calculation of the target audience, the urban population of the Republic of
Kazakhstan was taken into account.

Given the prevalence of diseases, it can be concluded that the risk group (35-44 years) will be
156 thousand people in 2020 and will double to 323 thousand by 2025. School-age children currently
(according to 2015 data) are 1.5 million children, and will increase to 2.2 million in 2025.

The target audience is estimated at 1.4 million in 2020 and 2.5 million in 2025. The maximum
possible target audience will be 5.9 million people in 2020 and 8.4 million people in 2025.

The analysis of Sell-in, Sell-out and calculations allow us to conclude that the vast majority of retail
chains have a stock of 6% in their own warehouses. It can be assumed that "Metrogyl" almost never stays
on the shelves, and is almost entirely sold by pharmacy chains. The only exceptions are some regions of
the country. Perhaps this is due to the fact that pharmacy chains sold drugs from their stocks and did not
purchase new ones.

The target audience of the drug is divided into two large groups, B2B sector and patients.

B2B sector - health-promoting institutions, dental clinics and dental rooms, as well as pharmacy
chains.

Patients - risk groups (35-44 years old), school-age children.

To calculate marketing costs and tools, the experience of the Russian market was taken as an
example.

Pharmaceutical companies increased their TV advertising expenses in 2016, increasing the share of
expenses to 90%. Some companies have sharply increased their expenses in the regions. According to the
assessment of Media Direction Group (part of the BBDO group), which also monitors the pharmaceutical
segment of the advertising market, STADA CIS increased its advertising costs on regional television more
than 20 times in 2016.

Based on the experience of Russian colleagues described above, it seems rational to focus on
television advertising. Comparing the volume of advertising budgets of the largest companies in Russia
and their range of drugs, the following conclusions can be drawn using the example of PJSC
"OTCPharm". In 2016, the company spent 3.359 million rubles on advertising to advertise 145 names of
drugs 23.17 million rubles or 115 million tenge were spent on advertising one drug in year.

The sales plan is based on the following assumptions:

e Proven annual market volume of 470 thousand tubes per year.

e The minimum required market capture of 16% (181 thousand tubes per year) is needed from the
requirements to maintain a break-even point of 174 thousand tubes.

e This section presents the minimum required production volume, in the sensitivity analysis section,
financial indicators are indicated taking into account different productivity.

It should be especially noted that the original drug "Matripin-Dent" requires regular use, which will
help to maintain demand. Market size of 470 thousand tubes per year is proven and only reflects a known
part of the market.

Treatment of the disease with the use of gels is temporary; complete cure of parodontosis without
medical intervention is unlikely. Regular use of soft dosage forms is essential to prevent the development
and spread of the disease. In this regard, the patient will need to regularly purchase the drug "Matripin-
Dent".

In the first years of production, the level will be 180 thousand tubes per year, occupying 16% of the
market. In 2027, the market capture will reach 20% and will amount to 234 thousand tubes. Starting from
2029, the occupied share will be 30% and will be equivalent to 358 thousand tubes. It is assumed that the
market size will grow by 1% annually, which corresponds to natural population growth. By 2048, the
volume will reach 432 thousand per year.

These assumptions are based on the fact that the real market size can be 1,070 thousand tubes per
year, given that there are 8 competitor drugs on the market.

Conclusions.

The results of clinical studies and pharmacological indicators of a new drug indicate the correctness
of the chosen path to create a comparatively competitive drug. The drug "Matripin-Dent" with a high
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degree of probability by the end of all stages of testing will confirm its characteristics and will be able to
surpass the currently available competing drugs.

Understanding the environment and business activities of competitors, one can conclude that the
original drug is promising and has every chance of achieving commercial success. At the same time, the
success of the domestic drug "Matripin-Dent" will largely be determined by the chosen development
strategy. The optimal strategy for its promotion will allow you to realize the full potential of the market
and minimize risks.

E.I'. Tonoxkonnuxos!, A.C. Onexenosa’, O.B. MacioBa’

'«Kapa}‘a}mm (apmaneBTrKanbIK 3aysITeDy JKIIC, Kaparannsl, KazakcTas;
2«DUTOXUMHS» XAJTBIKAPAIbIK FUIBIMUA-0HIIpicTik xonauari» AK, Kaparannel, Kazakcran

IMAPOJOHTO3F A KAPCBI IIPEITAPATTAP/IbI
DAPMAKOIKOHOMMUMKAJIBIK TAJITAY

Annortauus. JKymbicta Oipereit «Matpunus-JleHT» mnpemapaTblH (hapMaleBTUKANBIK HapBIKKA
MIBIFAPY YIIIH «aypyAblH KYHBD (TiKeJIel MIBIFBIH), «IIBIFBIH-THIMIUTIKY (apMaKOdIKOHOMHKANBIK Tajlaay
omicTepiH KOJAaHa OTBIPBIN, MApOJOHTO3Fa Kapchl AOPUIIK Kypajmapra peTPOCHEKTHBTI Tajjaay
JKYPTi3imi.

C.XK. Achermusapor ateiaaarel Ka3¥MY-IbIH CTOMATONOTHSI MHCTUTYTH KIMHUKACHIHIA (AJMaTHI K.)
*kaHa oTaHAblK «MarpunuH-JlenTr (Matripin-Dent) cTOMaTONOTHSIIBIK —Teli»  (UTOIpernapaThiHa
KITMHUKAIBIK CBIHAK JKypri3iiami. [emprik mpemapar KaObIHY XoHE KaOBIHY-IAECTPYKTHUBTI CHIIATTaFbl
MapOJOHT aypyJapblHBIH KEIIEHMAI TepamMsChlHAAa KONAaHbUIABL. JKYpri3iireH 3KCIEepUMEHTTIK 3epTTey
HOTIXeciHAe «MaTpunuH-J{eHT» TelbIiKk KOMIO3UIHUAHBIH Oipereil KypaMbIHBIH apKachlHAA MIBIPBIIITHI
OeTTepre JKoraphbl aJre3usHbI JKOHE JOPLIIK KYpalblH KbI3bUI MEKKE CeHIMJI OEKIiTITyiH KaMTaMachi3
eTeTiHi, OyFaH Koca aKnamai KOMITO3HIIMSCHIHBIH KaKChl CIHYiIHIH apKachlHJa oCep eTYIl KOMIIO-
HEHTTEPIiH KAKCHI TapadyblHa BIKIAT €TETiHI aHBIKTAJIIBL.

Bampzamasl  Tepek Oypmiiri MeH JopiiK TyWMeOaK Ty, JKamblparbl, TYJIIaHAKTapbIHBIH
(hapMaKoJIOTHSITBIK OeNICeHI KOCBUIBICTApHI HeTi3iHAe acamraH «MatpunuH-[eHT» mopimik Typi
CTOMATOJIOTHSUTBIK  TOKipuOene KONJaHbUIATHIH (apMalleBTUKANBIK HAPBIKTaFbl J19pi-A9pMEKTEpMEH
CaNbICTBIpFaH/ia OipKaTap apThIKIIBUIBIFBI 0ap EKSHIITT TSI ICH I,

Tyiiin ce3aep: napononTos, Matpunun-/Jlenr, «Kamucran», papmakoskoHOMUKA.

E.I'. Tonoxkonnuxos!, A.C. Anexkenosa’, O.B. Maciopa®

'TOO «Kaparangusckuii papmaneBTudecKuii 3aBoa», Kaparanna, Kasaxcran;
2A0 «MexyHapoaHbli Hay4YHO-IPOU3BOICTBEHHBIH X0MauHT «PuToxumusy, Kaparanaa, Kazaxcran

®APMAKOSKOHOMUWYECKHU AHAJIA3
HNPOTUBONNAPOJOHTO3HBIX ITPETTAPATOB

AHHoTauus. B nanHOM paboTe NpoBeNeH PETPOCIEKTHBHBIM aHaIW3 NPOTHBOMAPOAOHTO3HBIX
JIEKapCTBEHHBIX CPEICTB C MCIOJIb30BAHUEM METOJOB (DapMaKO’KOHOMHUYECKOI'O aHalu3a: aHaju3
«CTOMMOCTh  Ooyie3HW»  (TIpsAIMBIE  3aTpaThl), «3aTpaTbl-3QQEKTUBHOCTEY Uil MPOABMKEHUS Ha
(apmaneBTHUECKUI PHIHOK OPUTHHAIIBHOTO IpernapaTta «MaTtpunus-LeHT».

B xmuHMKe cromaronormdeckoro wmHCTHTyTa KasHMY wmm. C.J1. AchenmuspoBa (T. AJMaThI)
MPOBOJVIINCH KIIMHAYECKHE HUCIBITAHUSI HOBOTO OTEYECTBEHHOro (hutompenapara «CTOMAaTONIOTHUECKU
rens Marpunun-Jent (Matripin-Dent)». ['eneBrili mpemapar HCIONBb30Badd B KOMIUIEKCHOW Teparuu
3a00J1eBaHUi MapOAOHTa BOCTIANN-TEIBHOTO M BOCIIAJIMTEIILHO-AECTPYKTUBHOTO XapakTepa. B pesynbrate
MPOBEJCHHBIX JKCIEPUMEHTAIBHBIX HCCIe-TOBaHUM, OBUIO ycTaHOBIEHO, 4To «Matpunus-/enr»,
Onmaromapss OpPUTHMHAJIBHOMY COCTaBY TeJIeBOH KOMIO3WIMH, OO0ECIEUYMBAEeT BBICOKYIO aare3uio K
CIIM3UCTBIM MOBEPXHOCTSIM, 00ECIICUNBACT HAEKHYIO (DUKCALMIO JIEKAPCTBEH-HOT'O CPEACTBA HA JIECHAX,
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CIOCOOCTBYET Jy4llleMy paclpelesieHHI0 AEUCTBYIOMMX KOMIIOHEHTOB OJlarojapsi Xopolueid Bcachl-
Ba€MOCTH OCHOBBHI Ma3eBOM KOMITO3HUIIUU.

JlokazaHo, 4To pa3zpaboTaHHas jekapcTBeHHas gopma «Marpunus-/leHT» Ha OCHOBe (hapMakoio-
TUYECKH aKTUBHBIX COCMTWHEHHH MOYEeK TOMOJS 0anbh3aMHYECKOTO W IBETOB, JHCTHEB, OYTOHOB POMAIITKH
anTeYHON MMeeT psJ NPEUMYILECTB B CPaBHEHHU C CYNIECTBYIOIIMMH Ha (PapMaleBTHUYECKOM DPBIHKE
CpeICTBaMH, TPUMEHSEMBIMHA B CTOMATOJIOTHYECKO MpaKTHKE.

KaroueBble cjioBa: mapomonTo3, Marpunus-/lent, «Kamucram», papmMako3KoHOMHUKA.
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SYNTHESIS OF NANOCOMPOSITE FIBERS BASED
ON ROCK PITCH AND NANOIRON BY ELECTROSPINNING

Abstract. The article presents experiments on the production of nanocomposite fibers based on the Shubarkol
coal tar pitch and nano-iron by the method of electrospinning in a laboratory setup. The elemental composition was
determined and the surface morphology of the test sample was studied. As a result of energy dispersive X-ray
spectroscopy and SEM microscopy, the elemental composition was determined: C-92.14%, 0-6.16%, Al-0.30%,
Si-0.26%, P-0.07%, S -0.20%, Cl -0.40%, Fe-0.47% and the diameter of the carbon nanofiber, which ranged from
94.2 nm to 800.0 nm. The results of IR spectroscopy showed an increase in the intensity of the peaks in the region of
2920-2850 cm-1 and the appearance of a signal at 2359 cm-1, which is explained by the breaking of several chemical
bonds in the sample structure and the formation of a composite with nano-iron.

Key words: coal tar, nano-iron, nanocomposite fibers, electrospinning, formation, oxidation, carbonization.

Introduction. Carbon nanofibers (CNFs), as one of the most important representatives of carbon
materials, have been investigated both in fundamental scientific research and practical applications [1].
CNFs are a class of such materials in which bent graphene layers or nanocones are folded in the form of a
quasi-one-dimensional filament, and the internal structure can be characterized by the angle o between
graphene layers and the fiber axis [2].

Composite materials often consist of a polymer, metal, carbon or carbide matrix reinforced with
fillers of high-strength, high-modulus fibers or whiskers. By varying the composition of the matrix and
filler, their ratio, orientation of the filler, a wide range of materials with the required set of properties is
obtained. The use of composites usually reduces the weight of the structure while maintaining or
improving its mechanical characteristics.

The achievements of recent years in the chemistry of carbon open up very broad prospects for
obtaining a composition based on carbon-containing raw materials. Due to their unique properties,
extremely high chemical resistance, thermal strength, heat resistance and specific strength, carbon
composites have found application as materials for the manufacture of high-temperature technology [3, 4].

By their structure, composites are divided into several main classes: fibrous, dispersion-strengthened,
particle-strengthened, and nanocomposites. A low content of filler in composites leads to the appearance
of qualitatively new mechanical properties of the material. The material properties can also be varied
widely by changing the orientation of the size and concentration of the fibers. In addition, fiber
reinforcement gives the material anisotropic properties, and by adding conductor fibers, it is possible to
impart electrical conductivity to the material along a given axis.

The microstructure of the remaining classes of composite materials is characterized by the fact that
the matrix is filled with particles of a reinforcing substance, and they differ in particle size. In composites
reinforced with particles, their size is more than 1 pm, and the content is 20-25% (by volume), while
dispersion-strengthened composites include from 1 to 15% (by volume) of particles with a size of 0.01 to
0.1 pm. The sizes of particles included in the composition of nanocomposites - a new class of composite
materials - are even smaller and amount to 10-100 nm [5].
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CNVs have attracted much attention of scientists for their potential thermal, electrical, shielding and
mechanical properties [6]. Due to their exceptional properties and low cost, they are now increasingly
used in various materials such as composites.

CNF-based composites can be used as promising materials in many fields, such as electrical devices,
electrode materials for batteries and supercapacitors, and also as sensors.

Coal tar (CT), which are formed during the pyrolysis of raw materials, has the following
characteristics: density at 20 © C - 1070 kg / m®, viscosity at 80 ° C - 2.9-3.3 conventional degrees, coking
capacity - 2.0-3, 5%, flash point - 110-120 ° C, softening temperature - 60-70 ° C, volatile matter yield -
83.0%. It is not electrically conductive and insoluble in water, dissolves only in organic solvents (pyridine,
benzene, etc.), and is resistant to acids.

The technology for producing carbon fiber based on coal tar includes several stages: substrate
preparation, fiber synthesis by electrospinning, stabilization in an oxidizing atmosphere, carbonization in
an inert atmosphere, graphitization at elevated temperatures.

Electrospinning is a versatile and efficient method of producing continuous nanofibers from
submicron to nanometer diameters using a high potential electric field. The technology can be easily used
in the laboratory and can be scaled up to an industrial process. Electroconversion of nanofibers from
polymer solutions or melts is of practical interest, since they have many potential applications [7].
Electrospinning is a process that leads to the formation of nanofibers as a result of the action of
electrostatic forces on an electrically charged flow of a solution or melt [8].

Research methodology. Samples of composite CNFs were obtained at the “Institute of Coal
Chemistry and Technology” LLP (Nur-Sultan) by electrospinning in laboratory conditions. Coal tar from
the coal of the “Shubarkol” deposit and iron nanopowders obtained by the electroexplosive method, which
have a size from 70 nm to 150 nm, were used as a raw material.

To prepare raw materials and obtain carbon nanocomposite fibers, the following devices were used:
an ultrasonic bath, a laboratory electrospinning unit, a scanning electron microscope (SEM) with an
attachment for energy dispersive analysis from EDAX, transmission electron microscopy (TEM)
JEM1400 PLUS, and NicoletiS 10 FT-IR spectrometer.

In the study, the electrospinning method was used to obtain nanocomposite fibers in laboratory
conditions, since this method, unlike the usual mechanical pulling of fibers from solution, does not impose
high requirements on the chemistry of the process, does not require high temperatures for fiber
solidification, which means that it allows creating fibers of long and complex molecules. Despite the
complexity of the physical processes of electrospinning, this method is distinguished by its instrumental
simplicity, high energy efficiency of production, wide versatility for the formed materials, and flexibility
in controlling the process parameters. All this makes the electrospinning process attractive for the
industrial production of nanofibers [9].

The method of obtaining carbon nanocomposite fibers from coal tar by the electrospinning method
includes the following stages: preparation of raw materials, formation, stabilization (oxidation - to remove
low molecular weight products of destruction and the formation of crosslinked and cyclic structures) and
carbonization (to remove hydrogen and heteroatoms in the form of volatile compounds, where final
formation of carbon fibers). To obtain carbon nanocomposite fibers (d = 94.2-800 nm), coal tar and iron
nanopowder are used, and polymethyl methacrylate is used as a binder, 1,2-dichloroethane is used as a
solvent, the mixture of starting products is subjected to dispersion in an ultrasonic bath at a temperature of
35 °C, frequency - 35 kHz, holding time 30 min, the prepared solution is placed in an electrospinning
installation with a syringe, the set voltage is 20-25 kV, the distance between the syringe receiver is
20-30 cm, the fibers obtained after spinning are oxidized at a temperature of 300 ° C in the flow air, the
holding time is 1 hour, after oxidation, the carbonization process is carried out in an inert argon
atmosphere at a temperature of 800 ° C, the heating rate is 5 ° C / min, the holding time is 60 minutes
[9-10].

Results and its discussion. The elemental composition of the original nanocomposite fiber, oxidized
and carbonized forms, are presented in table 1.
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Table 1 - Elemental composition of samples

Nol Nam Content of elements, wt. %
° ame C O [ Na [ Mg | AL [ Si ]| P Fe S Cl Ca

| | CNF based on nano-iron 92.14 | 6.16 | - - 1030|026 007]| 047 | 020 | 040 -
and CT

o | Oxidized CNF based on 93.05 | 6.66 | - . . . . 020 | 0.03 . 0.07
nano-iron and CT

3 | Carbonized CNF basedon | g5 g5 | 605 [ 044 | 021 | 009 | 078 | 0.13 | 566 | 028 - 0.43
nano-iron and CT

The functional composition of the sample of the initial coal tar "Shubarkol" was investigated using IR
spectroscopy during the experiments. Vibrations typical for C = O carbonyl groups, esters (1762 cm™),
amines (3127 cm ), aliphatic -CH groups (2900, 2800 cm™), C-C aromatic hydrocarbons (1602 cm™),
high molecular weight polycyclic aromatic compounds (825, 722 cm ™).

4000,0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0

Figure 1- IR spectrum of “Shubarkol” coal tar

SEM and TEM images of a nanocomposite fiber based on CT and nano iron are shown in figures
2 and 3, where carbon nanofibers with a diameter of 94.2 nm to 800 nm are clearly visible. The
dimensions and shape of the cross-section of the fibers obtained in the EPI process, as in some other types
of dry spinning, are quite clearly interrelated. Fibers less than 1 pm thick have a circular cross-section,
however, with increasing thickness, it gradually turns into an oval, and then into a characteristic dumbbell-
shaped, showing a tendency for uncured jets of dope to split along the axis.

Figure 2 - Electron microscopic images of a nanocomposite fiber based on CT and nano-iron
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124166 nm

Figure 3 - TEM micrograph of a nanocomposite fiber based on CT and nano-iron

In the IR spectrum of the nanocomposite fiber (figure 4), there is a slight rise in the spectrum in the
range 3000-3500 cm™', which refers to weak stretching vibrations of O — H bonds, which may be caused
by the presence of moisture. The intensity of the peak in the range from 1260 cm™'~1275 cm™ decreases;
this can be explained by the weakening of the vibrational C — O bond and the 1069 cm™ peak of C — H
flexion in the plane. In addition, an increase in the intensity of the peaks in the region of 2920-2850 cm'
and the appearance of a signal at 2359 cm™ are explained by the breaking of several chemical bonds in the
sample structure and the formation of a composite iron / polymer nanosphere.
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Figure 4 - IR spectrum of a nanocomposite fiber based on CT and nano-iron
Further, we conduct research on the oxidation and carbonization of the obtained CNF, since the spun

fiber, as a rule, is characterized by low strength and increased fragility. SEM images of the oxidized form
of CNF are shown in figure 5.

Figure 5 - Electron microscopic images of CNF after oxidation at 300 ° C
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The IR spectra of the oxidized CNF form revealed signals corresponding to the initial sample
(figure 6). The absorption bands in the range of wave numbers 3000-3500 cm™ are related to weak
stretching vibrations of O — H bonds, probably due to the presence of moisture in this compound.

110

Y%Transmittance

T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500
VWavenumber (cm ')

Figure 6 - IR spectrum of the oxidized form of a nanocomposite fiber based on CT and nano-iron

SEM images of the carbonized CNF form are shown in figure 7, where carbon spheres were found
with particle sizes from 179.1 nm to 1.08 um.

Figure 7 - Electron microscopic images of CNF after carbonization at 800 ° C

Thus, as a result of carbonization of CNF, one more product can be obtained - carbon spheres (CS),
which have attracted considerable interest among researchers due to their potential application, for
example, in gas separation and as molecular sieves, crystals with a photonic band gap, catalyst substrates,
and electrode materials for lithium-ion batteries. CSs serve as support substrates due to their high surface
area and high structural stability, among other properties. Compared to coal, oil, or derivatives, CSs
derived from sustainable, inexpensive raw materials for energy storage have become particularly
interesting. The carbonized form of CNF does not give any signal on the FT-IR spectrometer.

Conclusion. Thus, the proposed method for producing composite CNFs is based on the
electrospinning method, which is the most promising method of industrial production and provides a
product with a relatively high fractional homogeneity, which determines the achievement of the strength
characteristics required for structural materials.

The ecological effect of the research consists in the creation of an environmentally friendly
technology based on the processing of secondary raw materials (coal tar and other waste from coal
mining) to obtain carbon fibers and composites based on them. The creation of this technology will make
it possible to solve the ecological aspect of the disposal of this type of waste with the receipt of an
economically viable product.

The proposed method is unique in that the raw material that we use to obtain carbon fibers is a
renewable resource, in comparison with the technology for producing fibers from many other precursors
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(nylon, polyester, acrylic, polypropylene, etc.). The prospect of these studies lies in the possibility of
large-scale production of carbon fibers from coal tar, which will lead to the appearance of domestically
produced materials and composites based on them on the Kazakhstan market.
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IRN BR05236359 “Scientific and technological support for coal processing and production of high-value
coal products” and project No. IRN AP05130707 on the theme “Development of technology and creation
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urification and wastewater”, funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan
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SJIEKTPOIIMHHUHI' 9JICIMEH TACKOMIP
IIAMBIPHI MEH HAHOHTEMIP HET'I31H/IE
HAHOKOMITIO3UTTI TAJIIIBIKTBI CUHTE3AEY

AnHoranusi. Maxkamaga «lllybapkem» Tackemip IIAHBIpEl JKOHE HAHOTEMIp HeETi3iHIE HAHOKOMITO3UT
TaNIIBIKTAPEIH 3JCKTPOCITUHHUHT OICIMEH 3epTXaHaNBIK KOHABIPFBIAA almy OOHBIHIIA ToXipHOemep KYpri3uimi.
3epTTeneTiH YATIHIH 3JIEMEHTTIK KYpaMmbl aHBIKTAJBI, OeT MOPQOJIOTHACH 3epTTENli. DHEPTUs JUCIEPCHSITBIK
PEHTreH K creKTpocKomus xoHe COM-MUKPOCKONHSA HOTHXKECIHAE ANIeMeHTTIK Kypamsl: C-92,14 %, 0-6,16 %,
Al-0,30 %, Si-0,26 %, P-0,07 %, S-0,20 %, CI-0.40 %, Fe-0.47 % >xoHe KeMipTeri HaHOTaIIILIFIHBIH TUaAMETPI
94,2 uM-gen 800,0 um-re ambikTanael. MK — cnextpockonms Hotmxenepi 2920-2850 cm! 0GIBICTaFbl IIbIH
KApKbIHBIHBIH >KOFapbUIAUTBIHBIH koHE 2359 cMm! Ke3iHAE CUTHAIIBIH Maiifa OONATbIHBIH AMKbIHIAIBI, Oy yuri
KYPBUIBIMBIH/AaFbl OipHelle XMMUSUIBIK OaillaHbICTapAbIH Y3UIyl jKOHE HaHOTEMIPMEH KOMIIO3UTTIH Maijga 0oyl
HeTi3iHae Tycingipineni. KeMipTeKTi HAHOTANIBIKTHI aly YIIiH KOJDKETIMJII MaTeprhaiaap MaiaalaHbUIIbl, IHKi3aT
UpoJM3i Ke3ine naiiaa oonareiH «lllybapkei KeH OpHBIHAAFBI KOMIPJEH TACKOMIp IIaibIpbl, HAHOKOMIIO3HUT ajly
ywin KHT temip HaHoyHTakTapsIMeH MOIM(UKaIMsIaHAbI, OalIaHBICTHIPFBIN PETIHAE MOJMMETHIMETaKpUIIaT,
epiTkim periaae 1,2-AUXIOPATaH MaliAaTaHbUIIb, IUKI3aTTH JalbIHAAY KeJleci Ke3eHaepaeH Typansl: 1) tac kemip
IIaHBIPEI MEH HAHOTEMIp YIBTPaAbIOBICTEIK BaHHaaa 1,2-nuxnopstanmer 35 °C Temmeparypana epiTuIreH, KULTiri —
35 xI'll, ycray yakeitel 30 MuH; 2) coHmaii-ak momuMmeTnaMeraakpunar 35 °C TemmepaTypana yibTpagbIOBICTHIK
BaHHaza 1,2 — IUXIJIOpAITAaHMEH epiTireH (caaMaKThIK yieci 3%), xwuimiri-35 k['Ll, ycray yaxsrtst 30 mus; 3) 1 xoHE
2 caTpUIapblHAA ANBIHFAH JaWbIH epiTiHaiiep 1:1 KaThIHACKIHIA apanacThIPbUIAILI, aJlbIHFAH OHIM OIpTeKTI Macca
6oy YIIiH anAbIHFEI CaThIFa YKCAC IMapaMeTpiepiMeH YIbTPaIbIObICTHIK BAaHHAAA apajacThIPBUIIEL; 4) nailbiHAaIFal
epITIHIHI MIpHLi 6ap IEKTPOCHMHHUHT KOHIBIPFBICBIHA OpHAaJIacThipaabl, Auamerpi 0,6 MM MHe TypiHzaeri puiibep
naiinananeiagpl, oran 20-25 kKB MMITyJIBCTI JKOFapbl BOJBTTHI KEPHEY OPHANACTHIPAJbl, NITPULIIEH KaObUIAAFbIII
apacbIHaFbl KaIbIKTHIK 20-30 cM; 5) nipyneH keitin Tanmsikrap ayana 300 °C-ta TOTbIFa/Ibl, YCTay yaKbITHI | carar,
6) Toreirynan keiin 800 °C-ta kapOoHM3ammsi ynepici Kypeai, KediH OenMme TemmeparypacblHa CoHKec
cankpraaateuIael. KHT kapOoHHM3aNMsACH HOTHXKECIHIE TaFrbl Oip eHIMII amyFa Oonanel — kemiprekti cepa (KC),
Oyt 3eprTeyluiiep apachlHAa YIKSH KbI3BIFYIIBIIBIK TYABIP/ABL, MBICAJIbI, Ta3bl O6Jyae KoHE MOJIEKYJIAIbIK elekK,
(OTOHABI THIMBIM CAJBIHFAH alMakTarbl KPHUCTAIAAp, KaTalu3aTop cyOcTpaTrTapsl »KoHE JIMTHH-HOHABIK
aKKyMyJISITOpJIapFa apHaiFaH »iekTpox Marepuanpapbl. KC »xorapel OeTki ayZaHbl MEH KOFaphl KYPBUIBIMABIK
TYpPaKTBUIBIFBIHA OalIaHBICTHI TipeK CyOcTpar peTiHme KbI3MeT eremi. KeMipmeH, MyHaiilMeH HeMece TYBIHIBI
OHIMIEPMEH CaNBICTBIPFAHA TYPAKTHI, ap3aH SHEPTUsl cakTay IIUKi3aTbiHaH anbiHFaH KC KbI3BIFYIIBUIBIK TYABIPBL.
KHT xap6onusanusianran popmacel MK-®ypee ciekrpomrepinne emkanaail curuan oepmeiini. Komnosurri KHT
aJyJIbIH 9/1iCl OHEPKACINTIK OHAIPICTIH MEePCIEKTHBTI d/ici OOJNbIN caHajaJbl KOHE KYpPBUIBIMIBIK MaTepHaijapra
YCHIHBUIFAH OEpIKTIK CHIIATTaMaapblHa KOJ JKETKI3yli aHBIKTANTHIH CANBICTHIPMAIIbI TYPAE KOFaphl (PAKIIHSIBL
OipTekTiniri 6ap eHIM amyasl KaMTaMachl3 €TETiH JJEKTPCIMHHHUHT d/IiCiHE HETi3[ereH. 3epTTeyIiH SKOJIOTHsIIbIK
acepi KOMIPTEKT] TAIIIBIKTAp MEH COHBIH HETi3iH/e KOMIIO3UT ally YIIiH KaiiTanama IIUKi3aTThl (TaCKeMip IaibIpbl
JKOHE KeMip eHIIpyliH 0acka Jla KalJbIKTapbl) OHAEyre HETi3AeNreH 3KOJIOTHSJIBIK Ta3a TEXHOJOTHSHBI KYpyJaH
Typanbl. By TEXHOJOTUSHBI KYPY SKOHOMHKAJBIK PEHTA0ENb/li OHIM ajla OTBIPHIIN, KAIABIKTBIH OCHI TYpiH Kozere
JKapaTyIbIH SKOJIOTHSUIBIK aCTIEKTICIH MIenTyre MYMKIHIIK Oeperi. ¥ ChIHBUIFAH ofic Oipereil, eliTkeHi 0i3 KemipTeri
TaNIIBIKTAPEIH ally VIIH IMaligajaHaThIH IINKi3aT KONTEreH 0acka MmpeKypcopiapaaH (HEHIOH, MOoNMUICTep, aKpui,
MOJMIIPONIMIICH JKOHE T.0.) TAIMIBIKTap ajly TEXHOJOTHMACBIMEH CalBICTBIPFAaHNA JKAaHAPTHUIATBIH pecypc OOJIBIN
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cananaznpl. Ochl 3epTTEyJEpAiH MEPCHEeKTUBTUIIN TacKeMip MIalbIpbIHAH KOMIPTEKTI TaJIBIKTAPIbl ayKbIMJIbI
OHJIpY MYMKiHAiri Oonbin ecenrteneni, Oyn Kazakcran Hapeirbinga KHT Herizinne oTaHIpIK OHAIpiC MaTepHaiiapbl
MEH KOMITO3UTTEPiHIH Maiia 00mybIiHa BIKIAT eTe.

Tyiiin ce3mep: TackeMip maHbIPbl, HAHOTEMIpP, HAHOKOMIIO3UT TAJIIBIKTAPHI, IEKTPOIIMHHNHT, KaJIBIITACTHIPY,
TOTBIFY, KapOOHH3ALHSL.

B.T. Epmaraméer'?, M.K. Kazankanosa!, K.M. Kacenopa'?, A.T. Haypbi36aeBa!

I'TOO «MucTuTyT XMMHH yIiis 1 TexHonorun», Hyp-Cynran, Kazaxcran;
2TOO "Hayu4Ho-TIpou3BocTBeHHOE 00bequHenne "Kasrexnoyromns", Hyp-Cynran, Kasaxcran

CHHTE3 HAHOKOMITO3UTHBIX BOJIOKOH HA OCHOBE KAMEHHOYTI'OJIbHOM CMO.IbI
N HAHOXEJIE3A METOJOM 2JIEKTPOCIIMUHHUHT A

AHHOTanusi. B crartee mpoBeneHBI AKCIIEPUMEHTHI 1O MOJIYYEHIO HAaHOKOMIIO3UTHBIX BOJIOKOH Ha OCHOBE
KaMEHHOYTOJIbHOH cMoibl «l1lyOapkosnby M HaHOXeJe3a METOAOM AJIEKTPOCIIMHHHHTA B Ja0OPAaTOPHON YCTaHOBKE.
OmnpernenieH 3JIEMEHTHBIA COCTaB M M3y4deHa MOP(QOJIOTHS TOBEPXHOCTH HCCiIeayeMoro obpasma. B pesymbrare
SHEPTOIUCIIEPCUOHHON PEHTTEHOBCKOM criekTpockonmuu 1 COM-MUKPOCKOIIUU OBIT OMPEIETICH SJIEMEHTHBIN COCTaB:
C-92,14 %, 0-6,16 %, Al-0,30 %, Si-0,26 %, P-0,07 %, S-0,20 %, Cl1-0.40 %, Fe-0.47 % u nquamerp yriiepogHOro
HAHOBOJIOKHA, KOTOPBIH cocTtaBui OT 94,2 aM 10 800,0 HM. Pe3ynpraTer MK-crieKTpOCKOINY MOKa3aJii yBEINICHUE
UHTEHCUBHOCTH NMHMKOB B o0Onactu 2920-2850 cM™!' n mosBnenue curnana mpu 2359 cm™!, uto 00bACHIETCS pa3phiBOM
HECKOJIbKMX XHMHYECKHX CBsi3ei B CTpPyKType oOpasla ¥ o0pa3oBaHMEM KOMIIO3MTa C HaHoxene3oi. Jlis
MOJIYUCHUS YIJIEPOAHBIX HAHOBOJIOKOH MCIIOJIB30BaHbI JOCTYITHBIC MaTE€pHalibl KaK KAMCHHOYTOJIbHAasA CMOJIa U3 YIJIA
MmecropoxaeHun «lllybapkob», KOTOpble 00pa3yoTCs IPU IMHPOJIN3E CHIPbS, IS [TOIy4eHHuss HaHoKomIo3uTa, YHB
MOJU(UIIMPOBAH HAHOMIOPOIIKAMH JKelle3a, B KaUeCTBE CBA3YIOLIETO OBbUI MCIOJIB30BaH — NOJIMMETHIMETAKpHIIAT, B
Ka4ecTBE PacTBOPUTENS 1,2-TUXJIOP3TaH, HOATOTOBKA CHIPhSl COCTOUT M3 CIEAYIOIINX CTaAun: 1) KaMEHHOYTOJIbHYIO
CMOJIy ¥ HAHOKENIE30 PACTBOPWIH B 1,2-IMXJIOp3TaHE B YIBTPa3BYKOBOH BaHHE Ipu Temieparype 35 °C, gactora —
35 xI[', Bpems Beigepkku 30 MHH; 2) MOITUMETHIMETAaKpUIAT TAaKXKe pacTBOPWIH B 1,2-muxiopisTaHe (MaccoBast
nons 3 %) B yubTpa3sByKoBOH BamHe mpu Temmeparype 35 °C, wactora — 35 k['Ll, Bpems Bbimepxkkn 30 MumH;
3) roToBBIE PAcTBOPHI, MOJYyYCHHBIE HA CTAAMAX | M 2, CMEIIMBAIOT B COOTHOMIEHUSX 1:1, MOydeHHBIH TPOIYKT
MEepEeMEIINBAIN B YJIbTPA3BYKOBOH BaHHE NPHU AHAJOTMYHBIX MAapaMeTpax MPEIbIAYIIUX CTaIUW ISl HOJydCHUS
OJTHOPOJHOM Macchl; 4) IPUTOTOBJICHHBIH PACTBOpP MOMEIIAIOT B YCTAaHOBKY 3MEKTPOCHMHHUHTA CO LIMPHUIIOM, TJe
HCIOJIB3YET (l)I/lJ'II)ep B BUJAC UIJIbI JUaMCTPOM 0,6 MM, K KOTOPOMY HNPUKIAABIBAIOT UMITYJIbCHOC BBICOKOBOJIBTHOC
HanpspkeHue 20-25 kB, paccrosiHus mexay nmpuemHukoM mmpuna 20-30 cM; 5) BosIoOKHA MOciie IPAACHUS OKHCIISIOT
npu 300 °C Ha Bo3myxe, BpeMs BBIIEpKKH | 4., 6) TOCIIE OKHCIICHHUS MPOBOAATCS IMPOLECC KapOOHW3alWK IMpU
800 °C, 3aTeM OXJIAKAAIOT 10 KOMHATHOI TeMrieparypsl. B pesynbprare kapOoHusaumun YHB MoxHO nomyuut ere
OJIMH NIPOYKT — yrieponHsle chepsl (YC), KOTOpble NPUBIIECKIN 3HAUYUTENBHBIN HHTEPEC CPeIN HCCIIea0BaTelei n3-
32 WX MOTEHIHAJIBHOTO TNPHMEHEHHs, HalmpuMep, B Ta30BOM pa3leliCHWd W B KAuyeCTBE MOJECKYISPHBIX CHT,
KpPUCTAUIOB ¢ (DOTOHHOH 3aIlpemIeHHON 30HOH, MOMIIOKEK KAaTaIH3aTOPOB M MATEPHANIOB DIIEKTPOMOB UISA JINTHIA-
MOHHBIX aKKyMyJsiTOpoB. YC cCily’kaT ONOPHBIMH ITIOJUIOKKaMH Oarojaps MX BBICOKOHW IUIOLIAAH ITOBEPXHOCTH U
BBICOKOM CTPYKTypHOH CTaOWJIBHOCTH, MOMHMO IpYyTHX CBOWCTB. Ilo cpaBHeHHIO C yrieM, HE(QThIO WIH
MPOU3BOAHBIMY IpoAyKTaMu, Y C MoTy4eHHbIE U3 yCTOHYUBOTO, HEJOPOTOTO ChIPbsI AJISI XPAaHEHHsI SHEPTUH, CTaJIN
ocobenHo uHTepecHbIME. KapOonusoBanuas ¢popma YHB He naer nukakoro curnaia Ha UK-®ypbe cnekrpomrepe.
IIpennaraemslii cioco6 moxy4eHus: KOMHNo3uTHBIX Y HB moctpoen Ha 0cHOBe MeTOla ANEKTPOCIMHHUHTA, KOTOPBII
ABJsieTCsl HauboJiee MEepCIEeKTHBHBIM CIIOCOOOM MPOMBILIUIEHHOTO IPOW3BOJCTBA M OOECIEYHMBACT MOJIy4eHHE
NPOJYKTa C OTHOCHTEJIFHO BBICOKOW OJHOPOJHOCTHIO (DpakiMu, YTO OIpelelsieT JOCTH)KEHHE MPOYHOCTHBIX
XapaKTePUCTHK, TPEIbABIIEMbIX K KOHCTPYKIMOHHBIM MarepuajaM. OKOJOTHYecKHid 3((deKT ucciaeqoBaHus
3aKJIFOYaeTCsl B CO3/IaHMM JKOJOTMYECKHM YHMCTOH TEXHOJIOTHM OCHOBAaHHOW Ha IepepaboTKe BTOPHUYHOTO CHIPHS
(xaMeHHOYTOJIbHAsE CMOJIA M JIp. OTXOJbI YIIIEA0OBIUM) U TOIyYCHUS YTIEPOAHBIX BOJIOKOH M KOMIIO3MTOB Ha MX
ocHoBe. Co3faHne NaHHOM TEXHOJOTWH IO3BOJIMT PEIINTh 3KOJIOTHYECKHH AacHeKT yTWIN3alW{ JaHHOTO THIIA
OTXO/IOB C TIOJIyYCHHEM 3KOHOMHYECKH PEHTA0EIbHOro mpoaykTa. IIpemnorkeHHbBIH croco0 yHHKaleH TeM, YTO
CBIPbE, KOTOPOE UCIIOJIb3YETCSI HAMU ISl OJTy4EHHs YIIIEPOAHBIX BOJIOKOH, SBJISETCS BO3OOHOBIAEMBIM PECYPCOM,
[0 CPAaBHEHMIO C TEXHOJOTHEH IOJYy4YEeHUs] BOJOKOH M3 MHOXECTBA APYIUX IPEKYpCOpOB (HEWIOH, MOIMICTED,
aKpWI, TONMIPONMIeH U Jp.). [lepClmeKTMBHOCTh [JAaHHBIX HCCIEAOBAHUM 3aKJIOYaeTCd B BO3MOYKHOCTH
MaCHJTa6HOFO MMpOU3BOACTBA YTJIEPOAHBIX BOJIOKOH M3 KaMeHHOyFOJ’IbHOﬁ CMOJIbI, YTO IMPUBCACT K MOABJICHHUIO Ha
priHke Kazaxcrana MaTepHaioB ¥ KOMIIO3UTOB Ha UX OCHOBE OT€YECTBEHHOI'O IIPOU3BOCTBA.

KiroueBble cjioBa: KaMEHHOYTOJIbHAs CMOJA, HAHOXKENE30, HAHOKOMIIO3UTHBIE BOJIOKHA, 3JIEKTPOCIHHHUHT,
(hopMupoBaHue, OKHCIIEHHE, KApOOHU3AIIHNS.
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ASSESSMENT OF PROMISING LOCAL WALNUT FORMS
FOR THE SOUTH AND SOUTH-EAST OF KAZAKHSTAN

Abstract. Currently, Kazakhstan has increased interest in nut crops, especially walnuts, which bring stable
yields in the most favorable areas for it. Walnut is a valuable product, and its industrial cultivation in the southern
regions of the Republic has a certain perspective.

Biometric observations, accounting for productivity and average weight of the fetus and nucleus, and
phenological observations were carried out. The General condition of plants was also assessed.

Selected and studied 3 forms established during the period of expedition research in the Almaty region and two
in Turkestan. Observations of promising forms of walnuts in two regions have shown that the previously selected
forms show a fairly high adaptive stability and yield stable yields of high enough quality. It should also be noted that
the fruiting of 2018 Almaty forms took place after winter drops to -33°C and 10 days of steady cooling at the level of
23-28°C. This allows us to include all three promising forms, Aliyar (Issyk), Enbekshikazakh district, Krivenok from
Kyrgyzaulda and from the Seidaliev estate, Karasay district. The largest of them is Aliyar, with an average weight of
more than 13 g, a core yield of 51%, and not very strong shell. The seidali form is the least large-fruited and does not
meet the requirements for the size of the fruit. The form of Kyrgyzaulda also does not reach 11 g, but it has almost a
paper shell and an excellent taste of the core, which can even be attributed to dessert. The unique properties of the
Turbat nut from the 19th century continue to surprise. No frost damage and saving in more. more than 100 years of
age of physiological activity. This year's yield was higher, while maintaining the size of nuts with an average weight
of 13 g. Further work is planned to introduce it to culture in vitro for micro-propagation and prepare documentation
for recognition as a breeding achievement of global significance.

Key words: walnut, forms, evaluation, selection, phenology, biometrics.

Introduction. Currently, Kazakhstan has increased interest in nut crops, especially walnuts, which
bring stable yields in the most favorable areas for it. Walnut is a valuable product, and its industrial
cultivation in the southern regions of the Republic has a certain perspective. This is facilitated by
favorable soil and climate conditions, and the availability of free space. The South of Kazakhstan is the
most favorable region for walnut production [1]. Kazakh horticulture, including the most favorable
environmental conditions of the Turkestan region, focuses, with some exceptions, on one fruit crop, the
Apple tree. There are more cost-effective directions in the development of Kazakhstan's horticulture that
previously were not given due attention. This is primarily nut farming, which is one of the most profitable
and competitive industries [2-4]. Even 5 years ago, nut crops and almost only one walnut were cultivated
only as household crops or in windbreaks. And plantation planting began to produce only in recent years
and not always successfully. In addition to agrotechnical aspects, there were problems with the
adaptability of varieties introduced from abroad. The South and especially the South-East of Kazakhstan
are not the zone of ecological optimum for walnut culture, and it is exposed here damaged by low
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temperatures in winter and frosts in spring. At the same time, in Moldova, Poland and Ukraine, such
temperature drops to 25-28°C, and sometimes even 30°C walnut tolerates almost painlessly. This suggests
that its adaptability is reduced not only in winter due to temperature differences accompanied by thaws,
but also in summer temperatures and humidity. Walnuts are mainly cultivated in a temperate climate and
the favorable environmental factors for them are high humidity of the soil and air not only in summer, but
also in autumn. An extremely hot and dry climate can worsen preparations for winter and reduce the level
of damaging, critical temperatures. It should be remembered that the walnut has even higher requirements
for water supply than the Apple tree [5-8]. Such a global variety as Chandler is subjected to winter
damage almost everywhere. At the same time, in the South and South-East of the Republic, highly
adaptive forms with a fairly high quality of fruit are found in abundance in woodlands and homesteads.
Individual copies are more than 100 years old. In this regard, the search for, accelerated assessment and
reproduction of highly adaptive local forms is an urgent task.

Objects and methods. Biometric observations, accounting for productivity and average weight of the
fetus and nucleus, and phenological observations were carried out. The General condition of plants was
also evaluated [9-12].

The objects of study were 3 forms established during the period of expedition research in the Almaty
region and two in Turkestan. In addition, the study of 155 promising seed forms from Turkey and a
stationary collection of previously selected Saryagash forms in"Saryagash Zher Syyy" LLP will be
conducted.

Research conditions. Areas of concentration of promising walnut specimens in the Almaty region
are located at altitudes from 700 to 1000 m above sea level in the arid foothill zone and are characterized
by a sharply continental climate, low humidity, plenty of sunlight, and a short but rather cold winter.

The transition of air temperature from positive to negative values can occur from the first decade of
November, in some years from the second decade of December. Stable snow cover is formed in late
November and early December. The duration of the snow period is 85-100 days. The snow cover is
uneven its height is on average 20-35 c¢m. during frequent winter thaws, there is a complete snow cover
convergence. The absolute minimum temperature registered on the territory of the experimental farm
is -36 °C. A steady transition of air temperature through 0oC in spring occurs at the end of the second and
beginning of the third decade of March. The spring period is short 30-50 days, with a sharp increase in
temperature and a daily temperature fluctuation. Frosts with snowfall are often observed. Frosts stop in the
last decade of April — the first decade of May. The average duration of the frost-free period in this zone is
150-170 days. In spring, the main reserves of soil moisture accumulate due to precipitation (March-may),
when almost half of the entire annual rate falls. The maximum temperature recorded in spring is +35 °C.
The longest season of the year is summer (120—180 days). The hot period can start from the second decade
of April, and continue until the second decade of October. The average temperature is +20+24°C. The
amplitude of daily fluctuations in daytime and night temperatures is quite high and is on average more
than 20°C. The sum of positive temperatures for the summer period is 3450-3750°C, and the sum of
temperatures for the period above 10°C ranges from 3100-3400°C. Relative humidity decreases in early
June due to a sharp increase in air temperature and is within the range of 46-48%, with an average annual
55-60%. The amount of precipitation in comparison with spring significantly decreases, 2—3 times, during
the summer the monthly precipitation rate may fall for 1 day.

The autumn temperature transition through 15°C begins in the third decade of September - early
October, the duration of this period ranges from 30 to 50 days. The amplitude of daily fluctuations in
daytime and night temperatures reaches 25-30 °C.

Annual precipitation ranges from 350—420 mm. During the warm period of the year, 120-300 mm of
precipitation falls.

The foothill soils are gray-chestnut, mostly medium-loam and dusty. The humus horizon is clearly
defined, has a brownish color and a thickness of up to 26-30 cm, contains from 2 to 2.8 % of humus. The
content of the main nutrition elements in the soil is as follows: N-6-9mg/100 g, P205-2-4mg/100 g,
K20-mg/100 g.

In the upper part of the soil zone, there are richer humus-free mountain chernozems with a humus
content of 5-6%.
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For the South of Kazakhstan, the most typical are gray-earth soils. They have such a characteristic-the
Soil profile of light loamy serozems is characterized by the following morphological features and
properties:

According to mechanical analysis, the soil data is medium loam, since the content of particles less
than 0.01 mm in the 0-0.25 cm horizon is-30.62-33.76%, in the layer of 25-50 cm-29.78-35.11%.
The predominant fraction in the composition of mechanical soil fractions is coarse dust (particles
0.05-0.01 mm) - 37.18 - 43.99% and fine sand (particles 0.25 - 0.01 mm) - 24.66-27.94%.

According to chemical analysis in the upper 0-25 cm horizon, this soil variety contains humus
0.74-0.96%, and in 25-50 cm-0.26-0.40%. The average humus content in the 0-50 cm layer is 0.56%.

According to the analysis of water extraction, the described soils are not salted with easily soluble
salts, since the dense residue over the entire soil profile does not exceed 0.056-0.060%.

Care for the plantings consisted of watering during the hot season at the collection site in Saryagash
Zher Syyy. In other areas, there was a natural background of water supply. Pesticides and fertilizers were
also not used.

Results and discussion. In 2019, the study of promising forms and varieties was continued in order
to further adapt them to the conditions of the South and South - East of Kazakhstan. Selected and studied
3 forms established during the period of expedition research in the Almaty region and two in Turkestan. In
addition, the study of 155 promising seed forms from Turkey and a stationary collection of previously
selected Saryagash forms in "Saryagash Zher Syyy" LLP will be conducted. Observations of the dynamics
of development of the selected forms and varieties showed that there were no significant changes in the
onset of individual development in control plants compared to the previous year. the beginning of
vegetation, determined by the beginning of growth of shoots, was also delayed by about two weeks, and
flowering by 7-8 days compared to the Apple tree (table 1). There are also differences in phenology in the
two zones we study, the South and South-East. In the South, due to the significantly greater heat supply of
the region, the phenological phases of the development of the walnut plant take place about 1 month
earlier.

Biometric observations were also continued during the current year. There was a slight increase in age
trees and a more significant increase in young trees (table 2).

For example, in the studied Turkish forms, the increase in the rate of infertility reached 10-13%. The
same trend was observed in relation to the diameter of the stem and the size of the crown projection.

It should also be noted Almaty from the estate of Krivenok, p Kyrgauldy. It did not have enough 2 g
to reach the standard size by European standards, but this form was distinguished by the most easily
cracked shell, almost like the representatives of the paper group of varieties. The fruits of this form also
had a better taste compared to all the studied forms. In 2019, a new form was installed in the village of
Almaly. It is characterized by large fruits with a not very strong shell and a good taste of the fruit. It is also
distinguished by the lateral type of fruiting. According to the Turkish forms, you can already make
preliminary conclusions in accordance with their speed and large-scale fruitfulness. Their fruiting began at
4 years, all of them are relatively large-fruited. No winter damage was noted on them. The most
interesting are 3 forms. One for their productivity, and two for the large size. The same expedition work to
study the genetic resources of walnuts was carried out in other regions of southern Kazakhstan [13].

It should also be noted that the high level of fruit damage in 2019 at the stationary collection in
"Saryagash Zher Syyy" LLP reached 10-15% of the fruitworm.

Observations of promising forms of walnuts in two regions have shown that the previously selected
forms show a fairly high adaptive stability and yield stable yields of high enough quality. It should also be
noted that the fruiting of 2018 Almaty forms took place after winter drops to-33°C and 10 days of steady
cooling at the level of 23-28°C. This allows us to include all three promising forms, Aliyar (Issyk),
Enbekshikazakh district, Krivenok from Kyrgyzaulda and from the Seidaliev estate, Karasay district. The
largest of them is Aliyar, with an average weight of more than 13 g, a core yield of 51%, and not very
strong shell. The seidali form is the least large-fruited and does not meet the requirements for the size of
the fruit. The form of Kyrgyzaulda also does not reach 11 g, but it has almost a paper shell and an
excellent taste of the core, which can even be attributed to dessert.
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In the study of the forms found in Turkestan region by Shantsevym T. B also have a very promising
form. Of great interest is the Chinese, low-growing variety Liaohe-1 with fruits weighing more than 20 g
and paper shells. Its disadvantage, noted in plantings of 10-11 years — it is not high enough resistance to
bacterial burn in the year of planting. However, this problem was solved by agronomic with special
poslepoludennoe mash, which is added to topsin. We also selected 4 promising short term Turkish forms
that formed the first fruits for 4 years after planting with a weight of about 13 g They show no signs of
winter damage.

The unique properties of the Turbat nut from the 19th century continue to surprise. No frost damage
and saving in more. more than 100 years of age of physiological activity. This year's yield was higher,
while maintaining the size of nuts with an average weight of 13 g. Further work is planned to introduce it
to culture in vitro for micro-propagation, which we have worked out [14] and prepare documentation for
recognizing it as a breeding achievement of global significance.

Conclusion. The prospects for the use of local forms of high-quality fruits for their accelerated micro-
propagation and plantation cultivation in the conditions of the Almaty and Turkestan regions have been
established. Of most interest are the form A. and Krivenok for South-East Akim to the South. In the South,
the Liaohe-1 variety is also promising if preventive measures are taken to combat bacteriosis in the post-
planting period. A comprehensive assessment of the four perishable Turkish forms should be continued. It
is also necessary to carry out targeted introduction of complex resistant varieties with lateral fruiting type
from abroad.

C.H. Oaeiiuenxo!, T.K. Eriz6aeBa’, A.K. Anymes?, H.C. Hycimxanon!

I «Ecik MEMJIEKETTIK nenaponorus casdarey PMKK, Anmatsr o6mbicer, KazakcTas;
2 «Anmansl caity XKIIC, Anmatsl 067bIchl, KazakcTan

KA3AKCTAHHBIH OHTYCTIK )KOHE OHTYCTIK-IIBIFBICBIHIAFbI
I'PEK ) KAHFAFBIHBIH KEPI'IVIIKTI HIEPCIHEKTUBTI ®OPMAJIAPBIH BAFAJIAY

Annoranusi. Kasipri yakeirta Ka3akcranna aHrak JakbUIblHA, COHbBIH ILIIHJE KOJIAIbl aliMakTa TYpaKThl
OoHIM O€peTiH TIpeK >XaHFaFblHA KBI3BIFYIIBUIBIK apTyda. ['pek »XaHrarbl eTe Oaraipl TaraMIbIK ©HIM, OHBI
pecnyOIMKaMbI3IbIH OHTYCTIK OHIPJCPIHAC OHEPKACINTIK JCHreie ecipy eTe MEepCHeKTUBTI OOJIBINT CaHajaJbl.
ATtanraH eHIp ecipyre KOJIaiibl TONbBIpaK-KIMMaT >XKardaiibl MeH 0OC TaHANTHIK aiMakK OOoJbII ecenTenesi.
KasakcTaHHBIH OHTYCTIrl — I'PEK JKaHFAFbIH ©CIpyre alrTapiblKTail Koyaiibl aiimak. TypkicTaH OOJBICHI KOIT JKbLI
0OIibI HeTi3iHeH TeK anMa JaKbUIBIH ecipyre OarbITTanraH. KazacTaHHBIH Oak IIapyanibUIBIFBIH JaMbITya OypbhIH
JKaKChl KOHUT OeiiHOereH aiTapiblKTall SKOHOMHKAIBIK THIMAI OaFbIT — jKaHFAK ImapyamsUibEel. On OipiHmri
Ke3CHIe TaOBICTHI XKoHE Oocekere KaOimeTTi cana OOJNBIN caHamaabl. ['pek >KaHFarbl HETi3iHEH KOHBIpXKail aliMakTa
OCeTiH MaKpUI OONFAaHABIKTaH, O YIIiH KOpIIaraH OpPTAHBIH Ka3 YXOHE KOKTEM aibIHIAFbl TOIBIPHIK XOHE aya
BUTFAJIIBUTBIFBl KOJAMIBI OONBIN ecenTenefi. OTe BICTHIK JKOHE KYpFakK KIMMAT OCIMIIKTIH KbICKa NaWbIHIBIFBIH
TOMEHJICTIII, asi34a 3aKpIMAaiapl. EcTe cakTalThIH jKaFmail, TpeK jKaHFaFbIHBIH alMa aralllblHa KaparaH/a bUTFajFa
JlereH Tanaldbl ©Te XKOFapbl. OJemMre TaHbIMan copT Yanmnep, Oapiblk kepiepae KpicTa 3akbiMaanraH. COHbIMEH
Oipre pecmyONMKaHBIH OHTYCTIK JKOHE OHTYCTIK MIBIFBICHIHIA OpMaH ajKaObIHOA >KOHE YW aliMarbIHAa >KOFapbl
Oeitimaenren, >keMici atapibikTaii canansl Gopmanap kesmeceni. 100 KpUITaH ackaH KeKe Typiep Ne Ke3Jeceni.
Ocbirad  OaifiaHbICTBl OSHIMALIIrT JKOFapbl KEprulikTi QopMmanapabl i3len, Kbuiam Oarajian XoHE KOOeUTy
MaHBI3/1bI TaIlChIpMa OOJIBII CaHaJIa bl

BruomeTpusiibik OakpLIay, OHIM €cenTey JKOHE JKEMIC IMeH ilIKi SApOHBIHBIH OpTalia CalMarbl, (heHOIOTHSIIBIK
OakpuIay J)KYMBICTApBI KYPri3uimi.

3eprrey HbIcaHbl 00JbIT AsMarhl koHe TypkicraH oOmbICTapblHa KYPri3UIr€H SKCHEIULMSUIBIK 3EpTTey
JKYMBICTaphl Ke3iHJE aHBIKTAFaH TpeK >KaHFarblHBIH 3 Qopmacer ansiHAbl. OmaH Oacka «Caparamn Xep CBIABDY
JKIIC cranmoHapIbIK KOJUIEKIUSACHIHAH cyphinTanrad Caparam ¢popmanapbl MeH TypKusgaH okeIiHreH 155 TyKbM-
IIBIK TIEPCIIEKTUBAIBIK, (hopManap 3epTTemi.

Bubn GmOMETpHSUTBIK OaKpUIayap JKaNFacTHIPBUIABL. YJIKEH aFallThlH Oasy jKOHE jKac aramIThlH ©CKEHIITI
AHBIKTAJIBL.

MpicanFa, epTe JKeTijayl apKbUibl epekiieneHeriH 3eprrenareH Typik ¢opmanapsiabie ecimi 10-13% apTThi
OchiHal 6ciM OaraHaHBIH JUAMETPI MEH TOXKIIH KOJIEMIHCH OalKaIbl.

Exi ailimMakrarbl mNepcrieKTUBTI Qopmanapra Kypri3iireH 3eprreyiiep OypblH TaHjairaH (opManapibiy
OelimMIen-TiTIT XKOFaphbl J)KOHE carajbl, TYpaKThl ©HIM OepeTiHJIriH aHbIKTaabl. Tarbl Oip aiiTa KeTeTiH >Karjai,
2018 >xburFbl KbICKBI -33 °C xone 10 kyH 60iibr 23-28 °C TypakThl as3aaH KeliH almMaTbUIbIK (hopMaapIblH KeMic
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oepy ynmepici. Amumsp (Ecik ¢opmacel), Enbemrikazak aynansl, KpuseHok Keipraysuigsigan sxone Ceiinannes
aymarpiHan Kapacali aynaHblHaH anblHFaH OapiblK YII TNEPCHEKTUBTI (opManapiblH CybIKKa TO3IMAI EKEeHiH
kepcereni. Ockbl hopmanapabIH iIITHIETI €H OpTalla CaMarbl )KOFapbIChl alusip — 13 T )KOFapsl, SIpO WLIFBIMBL 51%
JKOHE CBHIPTKBI KaOBIFbI aca KaTThl emec. CelpanneB Qopmackl opramia ipi OOJFaHIBIKTaH JKEMICTIH KeJieMiHe
KOMBUIATHIH TanTapra cail kenMeni. Kelpraybuiasl ¢popMachHbIH qa canMarsl 11 1 kermneni, Oipak OHBIH KaOBIFBI 0T
JKYKa Kara3 TOpi3/i JKOHE SIIPOCHI JOMIII Opi JECepTTIK TOMKa »KaTKbI3yra Oomansl. TypkicraH oONBICHIHIA
T.b. lIemETacOBTHH (hopManapra KYPri3reH 3epTTECYNIepiHeH alTapibIKTail MEepCIeKTUBTI (opMaiap aHBIKTAIIHI.
CoHplH iMIiHAe KBITAWIBIK KITKEHTal jkeMic cammarsl 20 T acaThIH XKOHE Kara3 Topi3ai KaObFel Oap JIsoxa-1 copThr
YJIKeH KBI3BIFYIIBUIBIK TyabIpyna. Oubery Oip kxemmrimiri, 2010-2011 Xputgapsl OTBIPFBI3BUIFAH aFaIlTapIbIH COJ
KBIJIBI OaKTEPUSIIBIK KYHIK aybIpyblHa MaiabIFybl. bipak Oyl Mocene apHaiibl arpOTeXHUKANIBIK 11apa, SIFHA TOICHH
KOCBUIFaH CYHBIKTBIKIIEH OPTBIPFBI3FaHHAH KeiiH cyapy apkpuibl mentiai. Onan 6acka 4 xbuigaM kemic OepeTin
MEePCIEeKTUBTI TYPIK (GopMmanapsl ipikrengi, Oyi1 ¢opmanap OTBHIpFbI3FaHHAaH KeiiH 4-KbUIbl cajaMarbl 13 acarbiH
xeMic 6epred. OnapaaH KbICKbI 3aKbIMIaHy Oenrinepi OaiKammabl.

19 racelpmaH >KeTKeH TypOaT TpeK >KaHFarblHBIH epeKIle KacHeTTepl TaH Kaiueslpynaa. SIFHu, as3na
3aKbIMIaHOai bl skoHe 100 KbUTIaH aca yaksIT ©Tce e (PU3HOJIOTHSIIBIK OEICEH I caKTalFaH. BUbUIFBI JKBUIIBIK
OHIMI MeH XeMiCiHiH opTamia caamarbl 13 1 xorapbl. by ¢opMaHsl in vitro skaraalibIHAa MUKPOKIIOHIB! KeOeHTim
JKoHE skahaHIBIK MaHBI3bI Oap CENEKIMSIIBIK JKETICTIK PEeTiHJIe TaHy YIIiH Ky)KaTTama JailbIHIay JKOocapiiaHyaa.

Tyiiin ce3aep: rpek xaHrarsl, popmainap, Oaranay, CypsInTay, EHOIOTHS, OHOMETPHSI.

C.H. Oueiivenxo!, T.K. Eruz6aena!, A K. Anymea?, H.C. Hycumxanos!

'PI'KII «McCHIKCKHMIA TOCYTapCTBEHHBIN ASHAPOIOTMIECKAN MapK», AJIMaTHHCKas 001acTh, Kazaxcran;
2TOO «Anmaisl cait»", AnmMaTuHCKas obnacTb, Kasaxcran

OLEHKA INEPCIIEKTUBHBIE MECTHBIX ®OPM I'PEIIKOI'O OPEXA
JUISA IOT'A B FOT'O-BOCTOKA KA3BAXCTAHA

AnHotanusi. B Hacrosiee Bpemsi B KazaxcraHe Bo3poc MHTEpEC K OPEXOILIOAHBIM KYJIbTypaM, OCOOCHHO K
TPEIKOMY Opexy, MPUHOCAIIEMY CTaOWIbHBIE YpoXan B HanOosee OIaronpuATHBIX U HETO 30HaX. [ 'peukunit opex
SABIACTCA LECHHBIM MPOAYKTOM MHUTAHWUEC W €ro IMPOMBIIIICHHOEC BbIpAIMBAHUC B FOKHBIX PETrHMOHAX pecny6n1/11<1/1
HUMEET ONpPENEeNIEHHYIO MEPCIEKTUBY. DTOMY CIHOCOOCTBYIOT OJaronpHsTHbIE MOYBEHHO-KIMMATHUECKHE YCIOBHS U
Haymure cBoOomHbIX momaneil. FOr Kazaxcrana siBisieTcst HanOosiee OJaronpusITHEIM PETHOHOM JUISL TPOU3BOJICTBA
rpernkoro opexa. KasaxcraHckoe cagoBOACTBO, B TOM 4YHCIEe W Hauboiee OJaronpHsTHOH MO 3KOJIOTHYECKHM
ycioBusiM TypKeCTaHCKO# 00JacTH, OPHEHTHPYETCS, 32 OTACIBHBIMA UCKITFOUEHHUSIMA, Ha OJHY IUIOJJOBYIO KYIbTYPY
— si6monto. CymiecTBYIOT 0ojiee IKOHOMHUYECKH BHITOJHBIC HAIMIPABICHHUS B PAa3BUTHH Ka3aXCTAHCKOTO CaJIOBOJICTBA,
KOTOPBIM paHbIIe HE YASIIIOCH NOJHDKHOTO BHUMAHHA. JTO B MEPBYIO OYEPEIh OPEXOBOJICTBO, SIBIIOIICECS OTHOMN
W3 CaMbIX MPUOBUTFHBIX U KOHKYPEHTHOCIIOCOOHBIX OTpacieil. [ penkuii opex — KyJabTypa B OCHOBHOM YMEPEHHOTO
KJIMMaTa ¥ Uil Hero OJIaronpHsTHbIMUA (haKTOpaMu BHEIIHEH Cpe/bl SIBISIOTCS BbICOKAs BJIAYKHOCTH MOYBBI U
BO3/yXa HE TOJIBKO JIETOM, HO U OCEHBI0. DKCTPEMAIFHO KapKUH M CyXOil KIMMAaT MOXKET yXy/IIUTh MOJITOTOBKY K
3MM€ M CHHU3WUTH YPOBEHB MOBPEXKIAIOMNX, KPUTHUECKUX TemmnepaTyp. HeoOxoanMo MOMHHUTB, YTO TPEIKHil opex
NPEABSBISIET JJake OoJiee BHICOKHME TPEOOBAHMSI K BIIaroOECIeueHno, 4eM s1010Hs. Takoi Ti100anbHbIi cOpT, Kak
LIaH,uﬂep MOABEPTracTCsd 3MMHHUM HNOBPCKACHUAM HNPAKTUYCCKHU IMOBCEMECTHO. le/l 3TOM Ha KOI' U KOI'0-BOCTOKE
peciyOJIMKN B M300WJIMKM BCTPEYAIOTCS B JIECOINOCA/KaX M NpHUycaneOHbIX y4acTKaX BBICOKOAIaNTHBHbBIE (OPMBI C
JIOCTATOYHO BBICOKMM Ka4ecTBOM IuTonoB. OTmenbHbIM 3K3eMiuripam Ooiee 100 yet. B cBs3W ¢ 3THM TOWCK,
YCKOpEHHAsSI OLICHKA M Pa3MHOKEHUE BEICOKOAIAIITHBHBIX MECTHBIX (DOPM SIBJISIETCS aKTyaJIbHOH 3a/1adci.

[IpoBoamnuck OHOMETpPHYECKUE HAOMIOJCHUSA, Y4YeT MPOAYKTUBHOCTH M CpETHEH MacChl IUIONa M spa,
(heHonormueckue HabmoaeHNs. OLEHNBATIOCH TaKKe 00IIIee COCTOSHIE PACTCHHH.

OObexTamMu H3y4eHUs ObUTH 3 (POPMBI YCTAHOBJIICHHBIE B TIEPHO]T IPOBEICHUS SKCIIEAUIIMOHHBIX UCCIICIOBAHNN
B AnmatuHCKOW obmactu m nBe B Typkecranckod. Kpome 3Toro, mpoBOIWTBCS HM3y4eHHE 155 mepcrieKTHBHBIX
ceMeHHBIX ¢opM u3 Typuoum ¥ CTaMOHApHOW KOJUIEKIMM OTOOpaHHBIX panee Capplaramckux ¢opm B
TOO"Capsiaram Xep Crritsr".

B TeueHue Tekymiero roipl OBUIM TaKKe INPOJOIDKEHBl OHOMETPUYECKHE HaOIIOJIeHUs. Y CTaHOBJIIEHO
HE3HAYMTENIbHOE yBEJIMYCHUE BO3PACTHBIX JIEPEBLEB U 00JIE€ CYIIECTBEHHOE Y MOJIOJIBIX.

Hamnpumep, y nzyuaembix Typeukux (popM BBIAEIMBIINXCS 10 CKOPOIUIOAHOCTH yBenndeHue pocturio 10-13%.
Taxe TEHICHIINS HAOIOJANIACH M B OTHOIICHUY TUAMETpa IMITaMOa BEIMYMHEI TPOCKIIUN KPOHEI.

Habmonenus 3a mepcreKTUBHBIME (POPMAaMHU TPEIKOTO OpeX B JIBYX PErHOHAX IMOKa3alld, YTO OTOOpaHHBIC
paHee (GOpPMBI TPOSBISIOT JOCTATOYHO BBICOKYIO aJalTAllMOHHYIO YCTOWYMBOCTH M JAIOT CTAOWIBHBIC YpPOXKau
JIOCTATOYHO BBICOKOTO KadecTBa. Clemyer TakKe OTMETHThH, uTo IutomoHomeHne 2018 roga AmmaTtuHCKHX (opM
MIPOXOAMIIA TOCHe 3UMHHX MOoHmKeHNH 110 -33 °C u 10 gHAX ycToWuMBOrO moxosionaHus Ha yposae 23-28 °C. D10
MO3BOJISIET OTHECTH BCe TPU NepcreKTHBHEBIX (opmbl Ammsip (Mccpikekas), Enbekmka3axckuii paiion, KpuBeHOK n3
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Keipraynaser u u3 ycans6s1 Celimanuena, Kapacaiickoro paiiona. Camas KpyHnHOIUIOZHAS W3 HUX ANHAp, CpemHei
Maccoit 6onee 13 r, BeIxomoMm siapa 51% um He oueHb Kpemkod ckopiymoil. CeiimanmeBckas ¢opMma HamMeHee
KPYIHOIUIOAHAS M HE COOTBETCTBYET TPEOOBaHMSIM, NMPEIbSBIIEMbIM K pazmepy ruiona. dopma u3 Keipraymist
TaKke He jocturaer 11 r, HO UMeeT NoYTH OYMa)KHYIO CKODPJIYIy M OTJMYHBIA BKYC sipa, KOTOPBIH MOXKHO Jaxe
OTHECTH K AecepTHbIM. [Ipu m3ydenun ¢opm, HaiineHHbix B Typkecranckoi obnactu, llleiaTacoBeim T. B. Takke
YCTaHOBIICHBI JOCTATOYHO NEPCIEeKTHBHBIC (QopMbl. Bombmioit mHTEpec mpexncraBisier Kuraiickuii, cmabopocibiid
copt JIsox3-1 ¢ ronamu maccoit 6omnee 20 r u OymaxHoO# ckopiynoi. Ero HemocTaTtok, OTMEUEHHBIH B IOCagKax
10-11 roma — 3TO HEAOCTATOYHO BBICOKASI YCTOWYMBOCTH K OAKTEPHAIBHOMY OXOTY B roj mocagkd. OmHako 3Ta
mpobiemMa OBUIa pelieHa arpOTeXHHYECKHM MYTEM C IMOMOINBI0 CHEIHATbHON ITOCIETOCaOYHON OONTYIIKH, B
KOTOpylo mobaBmsieTcs TorcuH. OToOpaHBl Takke 4 TEpCIeKTUBHBIE CKOPOIDIOAHBIE Typenkue (GopMbl
oOpa3oBaBIre mepBbie TUIOABI Ha 4 TOA Mocje MOCagKu ¢ Maccoi mopsaaka 13 r. Ha HUX He oTMedeHO MpPHU3HAKOB
3UMHHUX MTOBPEXKACHUI.

YuukaneHbele cBoicTBa TypOarckoro opexa m3 19 Beka mMpomomKaroT yIuBIATE. Hukakux MOpo3000HHBIX
MOBPEXKICHUNA U coxpaHeHue B Oosee yem 100-meTHeM Bo3pacTe (hHU3HMOIOIMYCCKONH AKTHBHOCTH. Y POXKAWHOCTH
3TOro roja ObLaa BBINIE, MPH COXPAHECHUH PAa3MEPOB OpPEXOB cpeaHedl mMaccod 13 r. [Inanupyercs nanbHeimas
paboTa 1o BBEACHHUIO €0 B KYJIBTYPY in Vitro ist MUKPOPa3MHOXKEHHSI U TIOJTOTOBKA JTOKYMEHTAIIUH JIJIsl TPU3HAHUS
€ro CEJICKIIMOHHBIM JIOCTHKEHUEM TJ100aIbHOTO 3HAYCHUSL.

Ki1roueBble c10Ba: rpenxuii opex, GopMsl, OILleHKa, 0TO0p, PeHOoTI0THs, ONOMETpHSL.
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ESTIMATED BREEDING VALUES OF SERVICING BULLS
OF THE HOLSTEIN BLACK-AND-WHITE BREED BY QUALITY
OF OFFSPRING USING THE BLUP METHOD

Abstract. The aim of the research was to estimate the breeding value of the servicing bulls of the Holstein
black-and-white breed according to the optimized equation of the mixed BLUP model. Within a comparative aspect,
the estimation results of bulls calculated using the BLUP methodology are presented. As an object of the research,
information was used on first-calf heifers (daughters of the evaluated bulls), who lactated in breeding herds of the
Holstein cattle of the Republic of Kazakhstan in 2016-2017. The source was the official information analytical
system (IAS) of livestock breeding of the Republic of Kazakhstan. The analysis of information on the dairy
productivity of the cows-daughters of the estimated bulls was performed according to the indicators of the milk yield,
the contents of fat and protein in milk, the milk fat and protein yield for 305 days of lactation and the study period.

To compare the obtained results, the average values of breeding value indices, the reliability of their assessment,
and the rank correlation coefficients were calculated.

Keywords: servicing bulls, breeding value, dairy productivity, reliability, correlation, BLUP method.

Introduction. The estimated breeding value consists of obtaining information on the bull genotype
with maximum accuracy. These requirements are most fully met by the Best Linear Unbiased Prediction
(BLUP) procedure based on mixed-type linear statistical models. BLUP takes into account both
environmental and genetic factors affecting the variability of traits of dairy productivity. When developing
the methodology for the index estimation of the breeding value of servicing bulls of domestic breeds on
the quality of offspring using the BLUP method, it is advisable to use as a basis the principles of
international methods used to evaluate breeds related to domestic breeds [1].

According to D.A. Baimukanov, et al. all data on the productive and exterior indicators of cattle are
entered into the program of the information-analytical system (IAS), where the estimated breeder value of
the studied cows is automatically calculated. The average estimated breeding value (EBV) for all breeds
was 81.4. Among all breeds, the highest EBV level was determined for Holstein cows (84.3) of imported
selection [2].

Further productivity of cows depends on their reproductive ability and timely preventive measures
against infertility [3].

The relevance of the research is the need to improve breeding work in dairy cattle breeding in
Kazakhstan through the development of new and adaptation of digital technologies for estimation of the
breeding value of animals existing in world practice, in particular using the mathematical BLUP method.

Material and brief research methodology. The research materials were data of phenotypic
indicators of dairy productivity of first-calf cows (milk yield, fat and protein content, milk fat, and protein
yield) of the Holstein black-and-white dairy cattle breed, obtained from the database of the information-
analytical system of the Republic of Kazakhstan for 2016-2017. The estimated breeding value of bulls by
productive indicators of daughters was carried out based on the methodological principles of the BLUP
Sire Model [4]. The reliability of the obtained values of the estimated breeding values of servicing bulls
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using the mixed model equation was determined based on the estimation of the confidence coefficient
determined by the values of the diagonal elements of the inverted submatrix Z'Z [5]. The coefficient of
rank correlation was determined using the Spearman formula. Analysis of the research results was done
using common methods of statistical data processing used in biological research. [6, 7, 8, 9, 10, 11, 12].

Research results. Estimation of breeding value of bulls according to the dairy productivity of
daughters for independent (2016 and 2017) years and the aggregate (2016-2017) period was performed
using the optimized equation of the BLUP mixed model:

yiik =p+HY Sitsi+ biAjt bzszijreijk

where: yix — estimated indicator (milk yield, fat content in milk, protein content in milk, milk fat yield,
milk protein yield) of the k-th first-calf heifer, daughter of the j-th bull, lactating in the i-th gradation
"herd - year - season", (vector of phenotypic values); p — population constant; HYS; — fixed factor of the
i-th gradation "herd-year-season"; b;Ajx — coefficient of linear regression of the trait of productivity on age
at the calving of the k-th first-calf heifer; Ajx — age (in months) of the k-th first-calf heifer;
b2’Lpjk — coefficient of quadratic regression of the productivity trait by the number of milking days during
the 1st lactation of the k-th first-calf heifer; Lpj — duration of lactation (in days) of the k-th first-calf
heifer; s; — randomized effect of the j-th servicing bull (O, 15:%); ejj- residual (randomized) effect of the
model (O, I5:%).

The calculations were carried out in a computer program specially developed by RISC
"Mospleminform" specialists according to our developed algorithms.

It should be noted that in countries with developed dairy cattle breeding, only those bulls with the
confidence index of its results exceeding the reliability value equal to 0.60 [13, 14], which with a
sufficient degree of confidence allows us to judge genetic features of the estimated animals.

Based on the results, the analysis of the estimated breeding value of the servicing bulls for
independent years and for the total period. The characteristics of the analysis data are given in table 1.

In the first year of the analysis (2016), of 256 tested bulls used in the reproduction system with the
corresponding reliability criterion (Rel>0.60), only 29 servicing bulls or 12.5% of the number of the tested
were satisfied. The average number of daughters per one estimated bull was 30 animals, the average
number of effective daughters was 20, and the average number of HYS gradations was 4.6. The average
estimated breeding value of servicing bulls for milk yield was -15.64 kg and ranged from -598 kg to
+616 kg; the yield of milk fat and protein -1.09 and -0.11 kg, respectively, and were in the range from
-24.1 kg to +24.8 kg); according to the fat and protein content in milk - -0.01 and +0.01% respectively,
varying from -0.13% to + 0.14%, with an average value of the confidence coefficient equal to 0.70. In
2017, out of 152 servicing bulls, 40 animals or 26.9% met these requirements. The average load on one
estimated bull was 40 daughters, the average number of effective daughters was 27, and the average
number of effects of HYS factors was 1.3 gradations more than in 2016. The average estimated breeding
values of bulls were: -39.09 kg for milk yield in the range from -479.3 kg to +566.8 kg; -1.60 and -2.56 kg
in the yield of milk fat and protein; according to these indicators, the values ranged from -24.8
to +27.4 kg; -0.01% and -0.02% - according to the fat and protein content in milk in the range from -
0.20% to + 0.16% respectively, with an average confidence coefficient of 0.73.

Table 1 - General characteristics of the estimation results of servicing bulls using the BLUP method

BLUP estimate (confidence coefficient over 0.60)
Average estimated breeding values
Average values ..
) of servicing bulls
8 .-—g =z = - [ ©
Years ggg _“.émg _‘éfx}ﬂ ié’zg S g
= .= > .2 = = o = Q5 1 1 1
s g g Sx % SDE s é g = é ‘Mllk Fat, % | Fat, ke PI‘O;GI Protein,
22 | 238 | 285 s3z| B3 |veldke m| ke
= & E | Eg £8°| C38
2016 29 4.6 30 20 0.70 -15.64 -0.01 | -1.09 | +001 |-0.11
2017 40 5.9 40 27 0.73 -39.09 -0.01 | -1.60 -0.02 -2.56
2016-2017 57 7.1 48 33 0.75 -15.93 -0.01 | -0.67 -0.01 -0.44
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In the aggregate analysis period (2016-2017), out of 407 bulls, 57 animals were evaluated based on
the productivity of their daughters, or 49.12%, and 29.8% more than in independent years. The average
number of daughters per one estimated servicing bull was 48 animals, i.e. 18 and 8 animals more than in
2016 and 2017, respectively, with the average number of effective daughters of 33.7 and the average
number of gradations of paratypical factors (per bull) - 7.1. The average estimated breeding values were
equal: -15.93 kg for milk yield, in the range from -1169.6 kg to +598.1 kg; -0.01% in terms of fat content
in milk, in the range from -0.12% to +0.17%; -0.67 kg of milk fat yield, in the range from -45.1 kg to
+43.8 kg; -0.01% of to the protein content in milk, in the range from -0.11% to +0.05%; -0.44 kg of the
protein in milk in the range from -40.8 kg to +34.3 kg. Herewith, the average reliability coefficient of
these indicators in the aggregate period was 0.75.

In the opinion of many Russian scientists, (Kuznetsov V.M., Kharitonov S.N.) the use of all available
information on daughters when estimating the breeding value of servicing bulls with the BLUP method is
its obvious advantage, increasing the accuracy (reliability) of the forecast of the bull genotype, as shown
by real data, by 30% [14, 15].

A certain scientific interest, which has practical importance, is the comparison of revaluation data for
16 bulls from among all producers evaluated with the BLUP method using information for independent
years and in the cumulative period (Tables 2, 3).

Table 2 - Estimated breeding values of bulls with revaluation results for the next year

BLUP estimate (confidence coefficient over 0.60)
The number of Average values Average estimated breeding values of servicing
. bulls
v estimated (2016)
cars d subsequentl Number of The Milk
an d Y number of | Confidence . Fat, Fat, Protei | Protein,
reevaluated bulls daughters, . . yield,
. : effective coefficient % kg n, % kg
(2017), animals animals kg
daughters
2016 43 26.0 0.74 -31.53 0.00 | -1.50 0.01 -1.35
2017 16 39 27.7 0.75 -128.62 | -0.02 | -547 | -0.04 -6.11
2016-2017 82 53.7 0.85 -189.98 | -0.02 | -7.88 -0.02 -7.77

The estimated breeding values of 16 servicing bulls evaluated in 2016 and revalued in 2017 have
significantly changed for the worse: milk yield by 97.1 kg, fat and protein contents by 0.02% and 0.05%,
milk fat, and protein yield by 3.97 and 4.76 kg.

Table 3 - Comparative analysis of the limits of the estimated breeding values of bulls revalued according to the BLUP-procedure

BLUP estimate (confidence coefficient over 0.60)

The Limits of the estimated breeding values

Years number of o . o .
reevaluated Milk yield, kg Fat, % Fat, kg Protein, % Protein, kg
bulls,
animals min max min max min max min max min max

2016 -598.6 +569.8 -0.06 +0.14 -24.1 +22.1 -0.04 +0.05 -18.3 +20.6
2017 16 -479.3 +402.3 -0.16 +0.16 -24.8 +26.6 -0.02 +0.02 -20.1 +13.5
22(())1167— -1169.6 | +229.1 -0.12 +0.10 -45.1 +12.2 -0.11 +0.04 -40.8 +6.8

Moreover, the limits of the estimated breeding values of servicing bulls in the same period were in the
same range. The established bias in the estimates of the breeding value and the indicator of the number of
daughters is explained by the fact that in 2017, fewer daughters finished lactation from 16 servicing bulls
(4 animals per one tested bull) and, therefore, less number of daughters was involved in assessing the
breeding value of servicing bulls according to the quality of offspring. But at the same time, the offspring
that completed lactation in 2017 also had a negative estimate for all analyzed indicators of dairy
productivity. In 2017, the average confidence coefficient remained at the level of 2016 (0.75, in the range
from 0.60 to 0.89)
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For the aggregate period, the results of the estimation of bull breeding values were also more negative
both for independent years and for the entire period of their use. The analysis of the results obtained for
the aggregate estimation period showed that when using information for two adjacent years, firstly, the
number of daughters per one estimated bull increases (to 52.4%), and secondly, the average number of
effective daughters increases (up to 51.5%) per one tested bull, and thirdly, the average number of effects
of HY'S factors increases (up to 43.1%), per one servicing bull.

It should also be noted that the above factors ensured a significant increase (by 11%) in the average
value of the confidence of the estimated breeding value of 16 servicing bulls, which amounted to 0.85,
with fluctuations ranging from 0.73 to 91.

Studies have found that in the procedure for determining the breeding values of bulls, the reliability of
the estimates depends on the amount of information on the animal, which is associated with an increase in
the length of the evaluation period of their breeding values. The proof of this is the obtaining of a high
correlation coefficient between the number of daughters and the reliability of their assessment (+0.78).

It should be noted that when assessing the breeding qualities of bulls in independent years, practically
all revalued servicing bulls noted a change in the estimated breeding value both positively and negatively
(a rather high variability of bulls' estimates over the years).

In this regard, the rank correlation coefficients between the estimated breeding values of the bulls,
obtained in independent years and the aggregate period, have been calculated (Table 4).

The results of the values of the rank correlation coefficients of dairy productivity parameters of
daughters, evaluated in different years ("2016" - "2017"), indicate a low level of stability of indicators of
their estimated breeding values. Also, a high degree of correlation between the ranks of the bulls was
revealed when comparing the breeding values of servicing bulls for independent years and in the
aggregate evaluation period. This fact confirms the conclusion that the estimation of the breeding value of
bulls should be constantly (at least once a year) adjusted. Moreover, in each subsequent cycle of
estimation of the breeding values of bulls, information on the results of previous assessments should be
taken into account.

Table 4 - Rank correlation coefficients between estimates of bulls in different years

Rank correlation coefficients of the estimated breeding values calculated with BLUP method
Breeding traits «2016x» - «2017» -
«2016»-«2017» «2016-2017» «2016-2017»

animals correlation animals correlation animals correlation
llz’lgﬂk yield, +0.195 +0.721"** +0.724™
MFC, % +0.066 +0.723"** +0.786""
MFY, kg 16 +0.126 29 +0.602"* 40 +0.8417
MPC, % -0.134 +0.761"" +0.797"*
MPY, kg +0.091 +0.610™" +0.729""

Note: * - the coefficient value is reliable at p>0.95, ** - the coefficient value is reliable at p>0.99, *** - the coefficient value
is reliable at p>0.999, MFC — Milk fat content, MFY — Milk fat yield, MPC — Milk protein content, MPY — Milk protein yield.

Thus, the results of the estimation of the breeding qualities of bulls obtained in independent years do
not allow us to reliably judge their real estimated breeding values, which, in our opinion, is due to an
increased risk of fault when choosing the best genotypes for reproduction.

In this regard, to obtain reliable results of the estimated breeding values of bulls, it is necessary to re-
evaluate the breeding qualities of servicing bulls at least once a year (it is common to conduct at least
3 estimations per year; ICAR recommendations), with strict regard to the values of previous estimates
through the use of the initial array of data to evaluate with an accumulative total.

Conclusion. Based on the research results, it can be stated that as the requirements for the number of
daughters of the tested bulls are increased, due to more efficient use of information for two years, when
bulls are evaluated using the BLUP method, the accuracy of the forecast of breeding qualities of servicing
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bulls is increased, and thereby the proportion or reliably assessed bulls by the quality of the offspring
increases. This, in turn, contributes to a more thorough selection of bulls and allows the use of genetically
better animals for selective improvement of offspring in the dynamics of subsequent generations.

K.K. XKymanos'?, T.H. Kapsimcakos!, M.A. Kunees', A./l. Baiimykanos?

l«Ka3ax MaJI IapyaIubUIBIFGL JKOHE KEMILOII OHAIpici FEUIBIMU-3epTTey HHCTUTYTED JKILIC, AnMatel, KasakcTam;
2«Ma mapyambLUIBGIFBIHBIH (GEaepaIblK FEUIBIMEA OPTaTbFbl — akageMuk JI.K. Dprct ateingarsr BMILE3W»
Ddenepaniblk MEMJIEKETTIK OFO/IKETTIK FhUIBIMU MeKemeci, Mackey, Peceit denepanusicor;
3Pecelt MEMJIEKETTIK arpapiiblk yHuBepcuteTi — K. A. TUMUps3eB aTbiHarsl MoCKey aybUIIIapyarbUIbiK
akageMuscel, Mackey, Peceii

BLUP 9ICI HEI'IBIHJE I'OJIIIITUH KAPA-AJIA BYKACBIHBIH
TYKBIMJIBIK KYH/ABLIBIFbIH TYKbIMbIHBIH CAITACHI BOMBIHIIIA BAFAJIAY

AHHOTamus. 3epTTey[iH ©3CKTUIrl KaHyapiapablH TYKBIMIBIK KYHIBUIBIFBIH OaraiayJblH — OICMIIK
Toxkipubecinme, aran aiitkanga, BLUP marteMaTHKamblK OmiCiH KOJJaHA OTHIPHIN, JKaHA JKOHE KOJJAHBICTAFBI
UQPIIBIK TEXHOJOTHSIIAPAB 33ipiiey apKbuibl Ka3akcTaHIarbl CYTTI Maj INApyalibUTBIFBIHIAFBl AChUT TYKBIMIIbI
KYMBICTAP/IbI KYPri3yl KETUIAIPY KaKETTIIrHe OailIaHbICThI OOJIBIN KEeNei.

2016 xbuibl GarananraH xoHe 2017 kbulbl KaiiTa OarananraH 16 eHAIPYIIIHIH achbUl TYKBIMJBIK KaCHETiHIH
KOPCEeTKIllll Halrap jkarblHa e3repreHi Oaiikanas: 97,1 kr-ra cayy, 0,02 xone 0,05%-ra maii MeH akybI3, 3,97 xoHe
4,76 Kr-ra CyT Maiibl MEH aKybI3JIbIH LIBIFYbl. ACBUI TYKBIMJBIK KYHABUIBIKTHI OarajiayblH OENTIJICHI€H BIFBICYBI
2017 xbutel 16 eHxipymiieH cayblIbIMIbI a3 Menepae (0ip TekcepiyieTiH eHuipyuire ecenreresue 4 6ac manra)
asiKTaraH JKOHE TYKBIM carachl OOWBIHIIA ©HAIPYIIUIEPIH achUl TYKBIMJABIK KYHIBUIBIFBIH Oaranayra a3 aHajbIK
KATBICTHI.

Bipak 2017 XKbLIbl JIAKTAIMSIHEI aSKTaFaH TYKBIM CYT OHIMIiHIH TaJIaHATHIH OapiIbIK KOPCETKIITepi OOUBIHIIA
Tepic 6ararmangpl. OpTama ceHiMauTiK koaddummenTi 2017 sxpuist 2016 sxputapy aeHredinge kanast (0,75, 0,60-tan
0,89-ra meliHTi Trana3oHaa).

JKUBIHTBIK Ke3eH imiHme OyKalapIblH achll TYKBIMABIK KYHIBUIBIFBIHBIH HHICKCIH Oaranay HOTWKeJepi jKeke
aNbIHFaH KbULAApIA JAa, OJapibl MaiifanaHyAblH OapiblK Ke3eHiHAe e Tepic MoHre ue Oonabpl. baramaymabix
KUBIHTBIK KE3CHIH/E aJbIHFaH HOTIDKENep/Al Tajjay Karap €Ki KbUl IMIH[Ae aKnaparThl NaiilalaHfaH Kesje,
OipiHmrieH, 6arananatbis Oip eHaipyurire (52,4%-Fa eiliH) aHAJIBIKTHIH CaHbI aPTAThIHBIH, EKIHIIIJICH, TEKCePLIeTiH
0ip eHaipylIire THIMII aHANBIKTApAbIH OpTaiia canbl (51,5%-ra neliin) keOeileTiHiH KoHe YIIIHIIIIeH, TeKCepLIeTiH
6ip ennipymire makkanaa «HY S» dakrop acepnepinin oprama cansl (43,1%-ra 1eitiH) apTaTbIHBIH KOPCETTI.

TyKbIMABIK OYKanap/blH acbul TYKBIMJBIK CallachlH aHBIKTAY PACiMi Ke3iH/e aJIbIHFaH OaraHbIH AYPBICTHIFBI Majl
Typajibl aKnapar CaHblHa OalIaHBICThI €KeH1 aiKbIHIaNAbl, OYJI OJNapblH achll TYKbIMJBIK KYHABUIBIFBIH Oaranay
KE3CHI Y3aKTHIFBIHBIH YJIFalOblHA OaiiaHbICTRl. ByFaH aHajblK caHbl MEH ojapabl OaramayaerH (reliability)
IypbIcThIFBI (+0,78) apackIHAarbl )KOFapbl KOppemsust KodQQUIIMEHTIHIH aJIbIHFAHbI J3JIEN. Op XKbULAAphl OYKaHBIH
achUT TYKBIMJIBIK CamachklH Oaranay KesiHae OapIiblK KaiTa OaralaHFaH eHAIPYIIUIEpAe achbll TYKBIMIBIK KYHIBUTBIK,
WH/ICKCIHIH OH OHE Tepic >KarblHaH (OyKamapIsl KeUImap OOHBIHIIA Oaranay aWTapiBIKTai JKOFaphl ayBITKBIFAaH)
©3TepreHiH aTalm oTy KaKeT.

Op xburgapsl Oarananran (2016-2017) eHupipyuriiepJiH CYT ©HIMI KOPCETKILITEPiHIH PAHITHIK KOPPEISIUs
K03 (DUIIMEHTTepIHIH aJIbIHFAH HOTIDKECI OJIApABIH achUl TYKbIMABIK KYHABUIBIFBIH 0Oaranay KepceTKili
TYPaKTBUIBIFBIHBIH TOMEH JCHreiie eKeHAIriH kepcereni. bys perre ekenereH >KbUIIap/Aarbl xKoHe OarasayIbiH
JKUBIHTBIK KE3E€HIHJIE TYKBIM/IBIK OyKasapIblH achbll TYKbIMABIK KYHABUIBIFBIHBIH MHIEKCIH CANIBICTHIPY Ke3iHzae Oyka
JIOpEKECiHIH ©3apa OalyIaHBICBIHBIH >KOFapbl Jopekeci aHbIKTanAbl. byn dakt OykamapiplH achll TYKBIMIBIK
KYHJbUIBIFBIH Oaranay yHeMi (a3 JereHje KbulblHa Oip peT) Ty3eTUlyi THiC JlereH KOPBITBIHIBIHBI pacTaiinsl. byn
perTe OyKanapblH achll TYKBIMIBIK KYHIBUIBIFBIH OarajiayIblH opOip Kejleci Ke3eHiHe OyphIH XKypriziiaren Oaranay
KOPBITBIHJIBICHI TypalTbl aKIapaT eCKeplIyi THiC.

OcpUiaidina KeKeIereH XKbUIIaphl ATBIHFAaH OYKAaHBIH achlUl TYKBIMIIBIK CallachlH Oarajay HOTIDKENepi OJap.IbIH
achUT TYKBIMIBIK KYHIBUTBIFEIH OaFanay Typajibl HAaKThI alTyFa MYMKIHAIK Oepmeiini, Oi3iH OWbIMBI3IIa, Oy eciMiH
MOJIaiTyFa apHaJFaH Y3IiK T€HOTHNTEpHi TaHAaydarbl KaTellik jkacay KaymiHiH apTyblHa OainmanbpIcThl. OchFaH
KATBICTBI OYKaJlapJbIH achbUl TYKBIMIBIK KYH/BUIBIFBIH OaFanay/IblH MIBIHANBI HOTHIKEIEPIH ajy, alJblHFbl Oara
KOPCETKIIIIH KHHAKTAJIATHIH HOTH)KEMEH Oarajay YIIiH AepeKTep/iH OacTarKbl )KUbIHBIH MaiilaiaHy apKbLUIbl KaTaH
eCKepy HeTi3iH/e KeM JIereH/ie *KbUIblHa Oip peT TYKbIMJBIK CalachlH KaiTa Oaranay KaeT (JKbUIbIHA a3 JereHje
3 Oaranarad eH); [CAR yChIHBICTapHI).

Tyiiin ce3mep: OyKa, TYKbIMABIK KYHJIBUIBIK, CYT OHIMALIIr, JepeKTiIik, koppemsiust, BLUP axici.
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I'TOO «Kazaxckuil Hay4HO-HCCIIEN0BATENLCKAN HHCTUTYT KUBOTHOBOJCTBA U KOPMOIIPOM3BOICTBA,
Anmarel, Kazaxcran;
2MepepanbHOE roCcyapcTBEHHOE OI0KETHOE HAyuHOE yupesxkaeHue «DenepabHblii HaydHbIH HEHTP
>kuBoTHOBOICTBa — BUXK nmenu akapemuka JI.K. Opucran, Poccuiickas ®@enepanus,
MockoBckast 0011acTb, T. 0. [logonbck, 1. JlyOpOoBHIIEL,
3Poccuiickuii TOCYIapCTBEHHBII arpapHbIil YHUBEPCUTET —
MockoBckas cenbckoxo3siicTBeHHas akagemus uM. K.A. TumupsizeBa, Mocksa, Poccus

_ OLHEHKA HJ!‘EMEHHOI‘/‘I NEHHOCTHU BBIKOB-ITPOU3BOATEJEN IO TUHCKOM
YEPHO-IIECTPOH ITOPO/bI 11O KAYECTBY IIOTOMCTBA C IPUMEHEHUEM METOJA BLUP

AHHOTanMsl. AKTyalbHOCTb BBIIIOJIHEHHBIX HCCIIEIOBaHUI 3aKII0YAeTCsl B HEOOXOAMMOCTH YCOBEPIIEHCTBO-
BaHUs BCACHUS IUIEMEHHOH pa6OTbI B MOJIOYHOM CKOTOBOACTBEC Kazaxcrana oCpeACTBOM pa3pa60T1<1/1 HOBBIX U
aZlalTaliui CymeCTBYIOIUX B MHpOBOﬂ IMPaKTUKE LIl/I(l)pOBbIX TEXHOJIOTHI OLICHKHN IUIEMEHHOK IHCHHOCTHU )XUBOTHBIX,
B YAaCTHOCTH C IPUMEHEHHEM MaTeMaTudeckoro meroga BLUP.

YcTaHOBIIEHO, YTO MOKa3aTeNu IUIEMEHHBIX KadecTB 16 mpousBoauTenei, oneHEHHbIX B 2016 1 nepeouneHEn-
HBIX B 2017 rozax, CyIIecTBEHHO U3MEHWIINCH B XY/IIYIO CTOPOHY: YAoi Ha 97,1 kr, cofepkanue *xupa u Oeika Ha
0,02 u 0,05%, BBIXOA MONOYHOTO >XUpa W Oenka Ha 3,97 m 4,76 kr. [Ipu 3TOM TUMHTHI WHAEKCOB IUIEMEHHOM
LEHHOCTH TPOW3BOJUTENICH B 3TOT )K€ Mepuoj ObUT B TOM JK€ JHana3oHe. YCTAaHOBJIEHHOE CMEIIEHHE OLCHKU
TUIEMEHHOH IIEHHOCTH W IOKa3aTessl YUCICHHOCTH Aodepeil oObsacHseTcs TeM, uTo B 2017 roxy ot 16 mpomsBoam-
Tesiell 3aKOHYMIIO JIAKTALMI0 MEHbIIEe KOJIMYECTBO Aouepeil (Ha 4 royioBbl B pacuéTe Ha OJHOTO NPOBEPSIEMOTO
MPOM3BOAUTENSI) W TEM CaMbIM B OLIEHKE IIJIEMEHHOW LEHHOCTH IPOM3BOJUTENICH IO KadecTBy IIOTOMCTBA
y4acTBOBAJIO MEHbIIIEe KoaruecTBO gouepeil. Ho mpu aTom notomMcTBO, 3aKoH4nBIIEe HakTanuio B 2017 roxy, Takxe
MMEJI0 OTPHLATEIbHYI0 OLEHKY I10 BCEM AaHAIM3UPYEeMBIM IIOKa3aTellsiM MOJIOYHOM MpORyKTUBHOCTU. CpenHuit
ko3 dunueHT qoctoBeprocTr B 2017 roay ocraBaiics Ha ypoBae 2016 rozga (0,75, B auanasone ot 0,60 mo 0,89)

3a COBOKYMHBI MEPUON pe3yibTaThl OIEHKM HMHAEKCOB IUIEMEHHON IIEHHOCTH OBIKOB HMENH TaKkKe
oTpHIaTeNbHee 3HAYeHUS] KaK 3a OTHENBHO B3SIThIE I'OJbl, TaK W 3a BECh IEPHOJ HMX HCIIOJIb30BaHWA. AHaIU3
MOJYYEHHBIX PE3YJIbTaTOB 332 COBOKYITHBIN MEPHOA OLEHKH IOKa3all, YTO MPU HCIOJIB30BaHUM MH(OpMaLuK 3a J1Ba
CMEXHBIE T0J1a, BO-TIEPBbIX, YBEINYHNBACTCS YHCIIO J0Yepeii Ha OJJHOTO OLEHWBAEMOro IpousBoauteis (10 52,4%),
BO-BTODPBIX, MOBBIIIaeTCA cpenHee uuciao 3pdextuBHbIx nouepeit (mo 51,5%) Ha ogHOTO mpPOBEPSIEMOrO
MIPOM3BONTENS, ¥ B-TPETHUX, YBEIUUUBAETCs cpeanee ynucio 3¢ dexron dakropoB «HYS» (no 43,1%), B pacdere Ha
OJTHOTO ITPOBEPSIEMOTO TIPOMU3BOJUTEIIS.

Y CTaHOBIIEHO, YTO TPH MIPOLEAYPE ONPEACIECHHS INIEMEHHBIX Ka4eCTB OBIKOB-IIPON3BOIUTEINEH, JOCTOBEPHOCTh
MOJTyYEHHBIX OLICHOK 3aBHCHUT OT KOJMYECTBAa MH()OPMAIMU O XMBOTHOM, YTO, OYEBHIHO, CBA3aHO C YBEIMYECHHEM
MPOJIOKUTENBHOCTH TIEPHOJia OLEHKH MX IJIEMEHHOW IIEHHOCTH. Jl0Ka3aTeNnbCTBOM 3TOMY CIIy>KHT HOIydYeHHE
BBICOKOTO KOd(duIeHTa KOppessiiuyu MexXly YHCIEHHOCTBIO Jlouepel 1 1ocToBepHOCThIO (reliability) mx oneHkn
(+0,78). Heo0x0auMO OTMETHTb, YTO MPH OLICHKE IIEMEHHBIX Ka4eCTB OBIKOB B OTICIbHBIC TOJBI, IPAKTHUCCKUHN Y
BCEX IEPEOLCHEHHBIX MPOU3BOAMTENCH OTMEYEHO H3MEHEHHE WHJEKCOB IJIEMEHHOW IIEHHOCTH KaK B IIOJIOXKH-
TEJILHYIO, TaK ¥ B OTPHLATEIBHYIO CTOPOHBI (IOCTATOYHO BHICOKAsk BApHa0EIbHOCTh OIIEHOK OBIKOB 10 TOIAM).

[Tonmy4eHHple pe3ynbTaTbl 3HAYEHUH KOA(PQUIIMEHTOB pPAaHTOBOM KOppENsIMM IOoKa3zaTelaeld MOJIOYHON
MPOAYKTUBHOCTH JOYEper MpOM3BOAWTENEH, OIEHEHHBIX B pa3Hble ToAbl («20161»-«20171»), CBUACTENBECTBYIOT O
HHU3KOM ypPOBHE CTaOMIJIBHOCTH HOKa3aTeJel OIEHOK WX IUIEMEeHHOH neHHOCTH. IIpn 3ToM Oblia BBISIBIEHA BBICOKAs
CTEIICHb B3aWMOCBSI3M PAHrOB OBIKOB IIPH CPABHEHWH HHIEKCOB IUIEMEHHOM LIEHHOCTH NPOW3BOJMTENEH 3a
OTZETbHBIE OBl U B COBOKYIHBINA NEpUOJ OLEHKH. DTOT (aKT 4ETKO MOATBEPKAACT BBIBOJ O TOM, YTO OIICHKA
MJIEMEHHOW IIEHHOCTH OBIKOB JIOJDKHA MOCTOSTHHO (XOTsI OBl pa3 B TOJ) KOPPEKTHpoBaThcs. IIpu 3TOM B KaKaOM
MOCJIEAYIOIEM LIUKJIE OLEHKH IUIEMEHHON IIEHHOCTH OBIKOB JOJKHA yYMThIBaThbCcA MH(OpManus 00 WTorax paHee
[IPOBEIEHHBIX OLIEHOK.

Takum 06pa30M, pe3ysibTaTbl OLCHKU ITIJIEMCHHBIX Kai€CTB 6I)IKOB, MOJYUYCHHBIC B OTACJIbHBIC TI'OJbl, HC
MO3BOJISIIOT JIOCTATOYHO HAZEKHO CYIUTh 00 UX PeasIbHOM OIEHKE INIEMEHHOI LIEHHOCTH, YTO, I10 HAaIlleMy MHEHHIO,
MIPOMCXOJUT W3-32 YBEJIMUYCHHS! PUCKAa OIIMOKM NpH BHIOOpE JIyYIIMX T'€HOTHIIOB Ul BOCHPOW3BOJCTBA. B sToi
CBSI3W, JUIA TIOJYYEHUS JOCTOBEPHBIX PE3yJbTATOB OLEHKH IUIEMEHHOW LEHHOCTH OBIKOB CJIEIyeT IPOBOJHUTH
MIepPEOLICHKY IJIEMEHHBIX KauecTB ITPOM3BOANTENCH, KAK MUHUMYM, OJIMH pa3 B Toj (IPUHSATO MTPOBOANUTH, MUHHUMYM
3 omenku B roxm; pexkomeHmamuu ICAR), co crpormM yd4éroM TMOKa3aTeledl NPEeAbIIyIIuX OIICHOK depe3
WCIIONIb30BAaHKE MCXOAHOTO MAaCCHBA JIAaHHBIX JUIS OLICHKU C HAKAIUIMBAIOIM UTOTOM.

Ki1roueBble ci10Ba: OBIKH-ITPOM3BOANTENH, INIEMEHHASI [IEHHOCTh, MOJIOYHAS MIPOIYKTUBHOCTD, IOCTOBEPHOCTb,
koppessiusi, merog BLUP.
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ON THE NEED TO DEVELOP TECHNOLOGIES
FOR PRODUCING BIOPLASTICS IN KAZAKHSTAN

Abstract. This article is published with a purpose to draw attention to the need to initiate in Kazakhstan the
development of technologies for producing bioplastics from Kazakhstan’s own renewable plant resources.

Every year, Kazakhstan generates hundreds of thousands of tons of plastic waste based on synthetic polymers
traditionally produced from petrochemical raw material. Among them are bottles, packaging and bags. For example,
in 2019 alone, plastic waste amounted to over 480 thousand tons. 15 companies, including two plastic processing
plants, are not capable to cope with this amount of garbage. More than 18 million plastic bags are discarded in
Kazakhstan every day, contaminating the environment.

Since only about 9% of the plastic produced is recycled, the remaining part either contaminates the environment
or is damped where the complete decomposition takes up to 500 years, releasing toxic substances into the soil in the
mean time.

The production of bioplastics and bioplastics-based products that will decompose in a short time (few months)
will reduce the use of synthetic plastic products the decomposition of which is extremely slowly from 100 up to
500 years. Petroleum-based plastic is a real threat as a source of environmental pollution. Kazakhstan is taking
measures to reduce environmental pollution. Starting in 2025 it is planned to introduce a complete ban on the
realization of petroleum-based food packaging (bags).

It is necessary to develop technologies for producing biodegradable polymers from renewable biological
resources to replace petroleum-based plastic, reduce environmental pollution and increase global sustainability.

There is a need for initiation of the research work on bioplastics in Kazakhstan.

Keywords: bioplastics, natural polymers, natural rubber.

Main part. Problem. Hundreds of thousands of tons of plastic waste based on synthetic polymers
traditionally made from raw materials based on petroleum products accumulate in Kazakhstan annually.

These are bottles, packaging and bags. For example, in 2019 alone, plastic waste amounted to over
480 thousand tons. 15 companies, including two plastic processing plants, cannot cope with this amount of
garbage. Every day in Kazakhstan, more than 18 million plastic bags are thrown, polluting the
environment [1].

Since only about 9% of the plastic produced goes into recycling, the rest either pollutes the
environment or settles in landfills, where its complete decomposition can take up to 500 years, and toxic
substances will be released into the soil.

The main problem with the use of products made of synthetic polymeric materials is their very slow
decomposition under natural conditions (from one hundred to 500 years). Oil based plastic is a real threat
as a source of environmental pollution. Kazakhstan is taking measures to reduce environmental pollution.

Thus, the Ministry of Ecology, Geology and Natural Resources of Kazakhstan, the National Chamber
of Entrepreneurs "Atameken" and the Association of Environmental Organizations of Kazakhstan
concluded a memorandum of cooperation on the introduction of paid use of plastic bags. The main goal of
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the adopted memorandum is to reduce the use of plastic bags and the production of environmentally
friendly types of packaging (biodegradable plastics).

It should be noted that the international community is actively working to reduce the output of
synthetic plastic products. To date, more than 40 countries at different stages have introduced a ban on the
use of plastic bags. For example, in Germany, Denmark, the Czech Republic, and Uzbekistan, free sale of
plastic bags in retail trade is banned, and in the USA, China, Italy, Australia, Pakistan, Georgia, Kenya, a
complete ban on the use, sale, production and import of plastic bags has been introduced.

Since 2025, Kazakhstan will introduce a complete ban on the sale of oil-based food packaging (bags)
[2].

It is necessary to develop technologies for producing biodegradable polymers from renewable
biological resources to replace petroleum-based plastic with them, reduce environmental pollution and
increase global sustainability.

The main advantage of bioplastics is its ability to decompose in a short period of time (weeks and
months), while the decomposition of synthetic plastic requires hundreds of years [3].

In this regard, research is also being initiated in Kazakhstan aimed at developing technologies for
obtaining new bioplastics from Kazakhstan's renewable plant resources.

Biodegradable polymers are polymers that retain performance over a period of consumption and then
decompose under the influence of environmental factors into water and carbon dioxide, humic substances
and biomass. Thus, a natural cycle of substances is carried out, capable of maintaining the ecological
balance in nature [4]

Biodegradable polymers have advantages:

- the possibility of processing, as well as petroleum-based polymers, on standard equipment;

- resistance to decomposition under ordinary conditions;

- fast and complete degradability when specially created or natural

conditions - the absence of problems with waste disposal;

- independence from petrochemical raw materials.

Biodegradable plastics are divided into four groups.

The first group is natural polymers isolated from biomass: starch, cellulose, protein, glycogen, inulin,
natural rubber.

The advantage of natural polymers is that the resources of the feedstock are constantly renewable.

The second group consists of polymers produced by microorganisms during their life (PHA
polyhydroxyalkanoates - derivatives of polyoxybutyric acid). The most promising polymer of this group at
present is poly-3-hydroxybutyrate, or polyhydroxybutyrate (PHB). In nature, this polymer is synthesized
by certain types of microorganisms and plays the role of an intracellular energy reserve, like glycogen and
polyphosphates in other microorganisms. Polymer located in the cytoplasm of microorganism cells in the
form of granules and usually accounts for more than 40% of their weight in the dry state [5].

Since PHA is biodegradable and does not harm living tissues, it is often used in medicine as
absorbable suture threads, dressings and tampons, plates and rods in orthopedics [6, 7].

The third group includes polymers artificially synthesized from natural monomers, for example, PLA
polylactides.

Products made of polylactide (PLA), a transparent thermoplastic that is a product of polycondensation
of lactic acid, decompose in compost within one months and a little longer in seawater. An important
advantage of a submarine is the possibility of processing it on traditional equipment. Disposable dishes,
films, fibers, and implants for medicine are formed from PLA [8].

The main producer of polylactides is the company RURAC (Netherlands).

When you add the appropriate plasticizer, the PLA becomes elastic and can compete in properties
with polyethylene (PE), polypropylene (PP) or plasticized polyvinyl chloride. The service life of the
polymer increases with a decrease in the size of the monomer unit in its composition, as well as after
orientation drawing, causing an increase in the modulus of elasticity and thermal stability of the
submarine. By fermenting corn dextrose, the American company Cargill Inc. mastered the production of
submarines under the Eco-Pla trademark, sheets of which are comparable in impact resistance to
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polystyrene (PS). Films have high strength, transparency, gloss, low coefficient of friction and good
weldability.

However, the PLA is not without flaws, the main of which is the ability to swelling and dissolution
during prolonged contact with water. Moreover, the higher the temperature, the faster these processes
occur. Another drawback holding back the widespread adoption of PLA as a polymer domestic and
general technical purpose, is its high cost [6].

The fourth group consists of traditional synthetic plastics with biodegradable additives introduced into
them.

Currently relevant task is the creation of compositions (mixtures) from synthetic (obtained mainly
from oil) and natural (organic and inorganic) materials - BSPM, in which the continuous (matrix) phase is
a synthetic polymer.

The first stage of biodegradation is the formation of microcracks and the subsequent destruction of
products into fragments. The mechanism of these processes is based on photodegradation of system
components under the influence of ultraviolet (UV) radiation with the formation of radicals, which, in
turn, activate photooxidative processes in PM [9].

Then the fragments are exposed to microorganisms, enzymes [6].

Synthetic polymers, that is, based on petroleum products, include: polyethylene, phenol-
formaldehyde polymers, synthetic fibers, synthetic rubbers [10].

The problem of replacing plastic based on synthetic polymers with bioplastics is an international
problem. Thus, according to global market forecasts, in 2020 bioplastics will make up 5% of all plastics
produced, and in 2030 - 40% of all plastics produced. Ceresana predicts that by 2020 the global bioplastics
market will be $ 5.8 billion [11].

Currently, bioplastics account for approximately 1% of 335 million tons of plastics produced
annually.

According to the latest data from the European Bioplastics Institute and the nova-Institute Research
Institute (Hiirth, Germany), which are leading organizations in the field of biopolymer research, global
bioplastics production capacity will increase from approximately 2.11 million tons in 2018. up to
approximately 2.62 million tons in 2023 [12].

The disadvantages of biopolymers should also be noted:

- high cost (so far an average of 2-5 euros per 1 kg) ;.

- many of the bioplastics are inferior to conventional plastics in mechanical properties, i.e. they are
not strong and tough;

- many of the bioplastics are inferior to petroleum-based plastics in their barrier properties to oxygen,
carbon dioxide and water vapor, which can adversely affect a packaged food product.

At the same time, numerous publications indicate an ongoing search for promising developments in
the production of biodegradable materials [13].

Thus, research is needed to address the disadvantages of biodegradable polymeric materials.

For example, it is necessary to modify the technology for bioplastics based on the natural polymer of
starch. The main sources of starch are crops - potatoes, corn, wheat, barley.

Starch is fully biodegradable, renewable and has a low cost [14].

Starch is an inexpensive and affordable substance that decomposes under various conditions the
environment. Its production exceeds current market needs.

USA and Europe. The leading manufacturers of starch-based biopolymers are: the Italian company
Novamont, the Dutch company Rodenburg Polymers [15]. Overproduction of potato, a source of starch,
was also noted in Kazakhstan [16].

Starch (CsHi0Os), is @ mixture of amylose polysaccharides and amylopectin,

monomer of which is alpha glucose. Amylose is a linear polymer, amylopectin is a branched polymer.
The content of amylose and amylopectin in starch varies and largely depends on the source of starch [17].

The good compatibility of starch with plasticizers is of great interest for the production of bioplastics.
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Plasticizers are substances that are introduced into the composition of polymeric materials to give (or
increase) elasticity or plasticity, to improve technological and operational properties.

A review of the literature indicates that the final properties of starch bioplastics can be improved by
using various plasticizers, fillers, and also by changing the source of starch [18].

That is, further, new studies of starchy bioplastics compositions are needed.

Composite material is a multicomponent material, consisting, as a rule, of a plastic base (matrix),
supplemented with fillers with high strength, rigidity, etc. By varying the composition of the plastic base
and filler, their ratio, they get a wide range of materials with the necessary properties.

Promising technologies aimed at the inclusion of latex rubber plants (milk juice with colloidal rubber
particles) in the composition of starchy bioplastics to increase its elasticity and strength. Due to its
plasticity, elasticity, affordability and low cost, natural rubber is a promising agent for improving various
bioplastics.

Similar work was carried out in Thailand and the USA with PHBV (Poly (3-hydroxybutyrate-co-3-
hydroxyvalerate), as a result, the plasticity and hardness of this bioplastics were improved [19,20].

Natural rubber is a high molecular weight hydrocarbon (C5HS8) n, a cis polymer of isoprene;
contained in the latex of the tropical tree of Hevea (Hevea brasiliensis), in the roots of the Kazakhstan
Dandelion kok-sagyz (Taraxacum kok-saghyz) and other rubbery plants [21].

The most widespread use of natural rubber is the production of rubber [22].

However, a new application of natural rubber is currently being discovered - the inclusion of natural
rubber in bioplastics to improve its performance [20].

Conclusion. Oil-based plastic is a real threat as a source of environmental pollution in Kazakhstan. In
this regard, research is also being initiated in Kazakhstan aimed at developing technologies for obtaining
new bioplastics from Kazakhstan's renewable plant resources.

It is necessary to develop technologies for producing bioplastics from natural polymers that are
biodegradable for several months to replace synthetic plastic with them.

The critical points, alternative ways of implementing the bioplastics problem in Kazakhstan are as
follows.

It is necessary to strengthen the strength and elasticity of bioplastics.

Promising solutions. Choose the best composition, such as starch and adequate plasticizers and
additives. A promising way to improve the strength and ductility of bioplastics is to include natural rubber
in its composition.

It is necessary to reduce the cost of bioplastics, to ensure import substitution. Cheaper bioplastics can
be achieved by using cheap ingredients. Use of waste, waste or untreated materials is possible.

It is necessary to narrow the gap between bioplastics research and the market through the
collaboration of scientists with commercial enterprises producing and selling bioplastics.

K.P. Yreynun, K.2K. ’Kambakun

«buonorus xoHe eciMaiIKTep OMOTEXHOJIOTHICH HHCTHTYTHD PECIyOINKAIBIK MEMIICKETTIK MEKEeMeC,
KP Binim >xoHe FBUTBIM MUHUCTpTIT], AnMatsl, Ka3zakcTan

KA3AKCTAHJA BUOILVIACTUKTI AJTY TEXHOJIOT'USICBIH
I93IPJIEY KAXKETTLIII'T TYPAJIBI

AHHOTanusl. ¥ChIHBUIFAH aHAIUTHKAJIBIK 10y Ka3akcTaHFa )KEeKEMEHIIIK Ka3aKTaH/IbIK JKaHAPThUIATHIH OCIM-
JIK pecypcrapblHaH OHOIUIACTHK aly TEXHOJIOTHMSCBHIH o3ipieyni Oactay KaKeTTUIIriHe Hazap ayJgapy MakcaThIHAa
JKapUsIIaHIBL.

Kot caitbin Kasakcranma myHall eHIMZIEpl HETi3iHIC INHKI3aTTaH ASCTYPJi JaWbIHIAIFaH CHUHTCTUKAJIBIK
MOJIMMEpIIEp apKbUIbl KY3[E€reH MbIH TOHHA IIACTHK KaJJIbIKTap *KUHAIAAbl. ByJl Kanablkrap — OeTenke, KarnTaMa
)oHe TakerTep. Mpicanbl, 2019 >KbUTFBI TUTACTUK KOKBICHI 480 MBIH TOHHAJaH acThl. 15 KOMITaHWA, OHBIH iMIHIE
TUTACTHUKTI KaiiTa OHICHTIH eKi 3ayBIT KOKBIC MOJIIEPiH urepe aamanasl. KazakcTanma KyH caifblH KOpIIaFraH OpTaHbI
JACTalUTHIH 18 MIIIMOHHAH acTaM TUTACTHKAJIBIK MAKEeT IIBIFAPbLIAIBL.
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Kaiitanama exyieyre eHIIpUICTIH IIIACTUKTIH 9%-Fa )KyBIFBI FaHA KEIII TYCETIHAIKTCH, KAJFaH 06JIiri KopIliaraH
OpTaHBl JlacTaipl HeMece KOKBIC TAaCTaWTBIH JKEpJe TYpaabl, OHJAa TONBIK blAbIpay yxepici 500 skpurFa neidiH
CO3BUTYBI MYMKIH, OYJI pETTE TOIBIPAKKA YJIbI 3aTTap OOJIiHEe/I.

Kasakcranga OvoruiacTuka OHIIPICIH JKOHE COHBIH HEri3iHae KpICKa Mep3iMae (aiiapaa) bIapIpalThIH OYHbIM-
JapIbel OHIIPY YWBIMIAphl CHHTETHKANBIK IUIACTUKTEH jKacanraH OyieMmapasl maimananyasl 100-meH 500 xeurra
IieiiiH eTe Oasy BIABIpATy JKaFrmalbIH KBICKapTa anaabl. MyHall eHIMIEpiHIH HETi3iHAe TUIACTHK KOpIIaFraH OpTaHBI
JacTay/blH Ke3i peTiHae HakThl Kayin-karepiepni kenripeni. Kazakcranna KopluaraH OpTaHbl JIaCTaHy MeJIIEpiH
KBICKapTy JKeHiHae Imapanap KaObuimanyaa. Ocbutaiimia 2025 sxeuigaH Oactam MyHaWd HETI3iHIETI TaraMJIbIK
KanTamasbl (aKeTTeplli) caTyFa TOJIBIK THIHBIM Cally JKOCHapJIaHbI OThIp. JKaHapThU1aThIH OHMOJIOTHSUIBIK pecypc-
TapJaH OMOJIOTHSUIBIK BIIBIPANTBIH TTOJIMMEPIIepAl MyHall HeTi3iH/er IIaCTUKTEP/l aybICThIPY, KOPIIaFraH OPTaHbIH
JaCTaHYBIH a3alTy jkoHe jkahaHIBIK TYPAKTBUIBIKTEI apTTHIPY YIIiH alBIPBII ally TEXHOJIOTTSUIAPEIH d31pIiey KaXeT.

BuoaryaHTYpIIiJIiK IIIACTHKTEP TOPT TOTKA OOJiHET.

Bipinmii Ton — 6nomaccanan OeiHreH TaOMFHM MOJIMMEpIIEp: KpaxMall, [eJUTI0N03a, aKybl3, TJIMKOTeH, UHYJIUH,
Taburyu Kaydyk. TaOufu mosMMepJepaiH apTHIKIIBUIBIFBI — OacTamKpl IIUKI3aT pecypcrapbl YHEMI JKaHapbIIl
OTBIPAJIbI.

Exinuri Ton — eMip cypy OapbIChiHIa MUKPOOPTaHU3M/IEP OH/AIPETIH moauMepiep (MOJUTHIPOKCHANIKaHOATTap
PHA — monmokcumaii KBIMIKBUTBIHBIH TYBIHABUTApHI). Kaszipri yakpITTa OCHI TONTHIH €H IMEPCIEKTUBTI MOJIMMEpi
nonu-3-okcubyTupar Hemece nomuruapokcudytupat (I1I'B) 6onsin cananansl. TaburaTra OYI1 MOMMEp MUKPOOPTa-
HU3MJIEPAIH KeHOIp TypliepiMeH CHHTE3ENreH XoHe 0acKka MHUKPOOPraHW3MEpIeri IIIMKOreH MeH mosmdocdar
CUSIKTBI KAaCyLIAiNIJIIK SHEPreTHKalbIK pe3epB poiiH arkapaipl. [lonmMmep MuKpoar3aiap >KacyllalapbIHbIH
IUTOIUIA3MACKIHA TYHIPIIIKTED TYpiHAE OONabl JKOHE ONETTe KyprakK KYWiHAe oJap/blH caaMmarbiHbiH 40%-1aH
acTaMblH Kypanbl.

PHA OuONOTHAIBIK BIABIPARTHIH KOHE Tipi TIHAEpPTe 3USH KEeITIPMEUTIHAIKTEH OHBI MEAUIIMHAIA KHi COPATHIH
TITICTIK XIiNTEp, TAHFBIIITAP MEH TAMIOHAP, IDTACTUHATIAP MEH OPTOIEANSAAFHI ©3€K PETiHE MaiianaHaIbl.

YriHmi Ton — TaOMF MOHOMEPIIEP/ICH JKacaHAbl CHHTE3/IENTIeH TIoJIuMepiep, Mbicaitsl, PLA nonmnakrunrep.

[Monunakrunren (AXKXK) sxacanran OyHbIMIap — CYT KbIIIKBUIBIHBIH MOJIHKOHICHCALUSCHIHBIH OHIMI — MOJIIp
TepMOIUIacT Oip ail iliHIe KOMIIOCTa JKOHE TEHI3 CybIHJAa OaH 0ipa3 y3arbIpak biabipaiipl. AXKOK-HbIH MaHBI3IbI
apTHIKUIBUIBIFBI OHBI JJCTYPJl KaOJbIKTa KalTa eHJey MYMKiHairi Oomnbin cananmansl. [1JI-man GipperTik blABIC,
TUICHKA, TAJIIBIKTap, MEAUIMHA YIIiH IMIUTAHTATTAp KaJIBIITacaIbl.

TepTiHIIi TOI — JOCTYPITi CHHTETHKANBIK IIACTUKTED, OJapFa SHTi31IreH OHOIOTHSUTBIK, OY3FBIIT KocTamap.

CunreTHKaIbIK (HEri3iHeH MyHal/1aH aJlbIHFaH) XKoHE TaOMFH MaTepHajlapAaH jKacalFaH Kocnajap jkacajiabl,
oJlapjia y3/IiKCi3 MaTpHIaiIbIK (ha3a CHHTCTUKAJIBIK OJMMEpP OOJIBI CaHATAIbI.

CHHTCTHKAJIBIK MOJUMEpJIepre MbIHAJAP JKATa[bl: MOJHITWICH, (PEHOIO-GOPMANBICTUATI OJUMEpPIIED,
CHHTETHKANBIK TAJIIIBIKTAP, CHHTETUKAIIBIK KaydyKTap.

Kazakcranma OHOTUIaCTHKAHBIH FRUIBIMH-3€PTTEY KYMBICTAphIHA OaCTaMaIIBUIBIK JKacay KakeT.

Tyiiin ce3nep: OMOIUTACTHK, TAOUFH MOTUMEpIIEp, TAOUFU KaydyK.

K.P.YTeyaun, K.JK. Kamb6axun

PecnyOinkaHCcKO€ TOCYIapCTBEHHOE yupexkaeHue « MTHCTUTYT OMOJIOriy U OMOTEXHOJIOTHH pacTeHui» Komurer
Haykun. MunucrepctBo o6pazoBanus u Hayku PecryOnuku Kazaxcran. Anmatsl. Kazaxcran

O HEOBXO/IUMOCTH PA3PABOTOK TEXHOJIOT M ITOJTYUYEHHU A
BUOIIJIACTUKA B KABAXCTAHE

Annoranusi. Hacrosmuii ananutudeckuii 0030p MyONMKyeTcs C IeIb0 OOpaTHTh BHHUMaHHE HAa HEO0XO-
JUMOCTh MHMIManK B Kaszaxcrane pa3paOOTOK TEXHOJOTWI MOJydyeHWs] OMOIUTACTHKAa M3 COOCTBEHHBIX, Ka3ax-
CTaHCKHX BO30OHOBIIIEMBIX PACTUTEIBHBIX PECYPCOB.

Esxerogno B Ka3axcraHe CKamMBaIOTCA COTHH THICSY TOHH ITACTHKOBBIX OTXOJOB Ha OCHOBE CHHTETHYECKHX
MOJMMEPOB, TPAIULHOHHO W3TOTOBJICHHBIX W3 CHIPhsi HA OCHOBE HE(PTENPONYKTOB. JTO OYyTBUIKH, YHAKOBKH U
nakeTsl. K npumepy, Tonpko B 2019 rogy mycop miactuka coctaBui cBbiie 480 ThICSY TOHH. 15 KoMnaHuii, B TOM
Yucle JiBa 3aBojia MO MepepaboTKe IUIACTUKA HE CIPaBJIAIOTCS C 3THM KOJIMYECTBOM Mycopa. Kaxuelii neHb B
Kazaxcrane BbiOpacbiBaeTcsi 6osiee 18 MITH IIIACTUKOBBIX MMAKETOB, 3arpsI3HsIsL OKPYIKAIOLIYIO CPEy.
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ITockoapKy BO BTOPHYHYIO MepepabOTKy IOCTYHAeT JIMIIb OKOIO0 9% NpOM3BOAMMOTO IIIACTHKA, OCTAJIbHAsS
4acThb 00 3arps3HsIeT OKPYKAIOMIYIO Cpeldy, IN00 OceaeT Ha CBaJKaX, TJe €ro MOJHOE Pa3lIOKEHHE MOXKET 3aHATh
10 500 net, mpu 3TOM B MTOYBY OyIyT BBLAEIATHCS TOKCHYHBIEC BEIIECTBA.

Opranuzanus B Kazaxcrane npon3Bo/JcTBa OMOIIACTHKA U HA €r0 OCHOBE W3JIEIHH, pas3jaraeéMblX B KOPOTKUI
CpoK (MecsIpl), 00eCeunT COKpAIICHNWE HCIONB30BAHMSA HW3ACIHA W3 CHHTETHYECKOTO IUTACTHKA, Pa3jlaraeMbIX
kpaitae memnerHo ot 100 mo 500 mer. [Imactuk Ha ocHOBe HE(TEHPOIYKTOB COCTABISIET PEallbHYIO yrpo3y Kak
WCTOYHMK 3arpsisHEHUs OKpy>Karomiei cpensl. B Kazaxcrane nmpuHHMMaloTCst Mepbl IO COKpAIIEHHIO 3arps3HEHHH
okpyxkatouieil cpeapl. Tak, mnanupyetcs ¢ 2025 roga BBECTH IMOJIHBIN 3alpeT Ha peaau3alyio MUIIEBONW YIaKOBKU
(maxeroB) Ha ocHoBe He(TH. HeoOxoxamma pa3zpaboTka TEXHOJOTHI MONydeHHs OMOpas3/iaraéMbIX IOJMMEPOB H3
BO300HOBIISIEMBIX OHMOJIOTHYECKHX PECYpCOB Uil 3aMEHBI WMH IDIACTHKA Ha HE(TSIHOW OCHOBE, YMEHBIICHHS
3arpsiI3HEHUS OKPY>Karollel cpeJibl 1 NOBBILIEHHS ITI00aIbHON YCTOHYMBOCTH.

buopasnaraemsle IUIACTUKY JENTCS HA YETHIPE IPYIIIbL.

IlepBast rpynma — 3TO NPHPOIHBIE IHOJIMMEPHI, BBIACICHHBIE W3 OMOMACCHI: Kpaxmall, IIeJUTI0J03a, OEeJoK,
TJINKOTEH, WHYJIMH, HATYpaJbHBIN KaydyK. [I[penMyIIecTBO MPHUPOIHBIX MOJIMMEPOB B TOM, YTO PECYPCHI HCXOIHOTO
CBIPbSI TIOCTOSIHHO BO30OHOBIISIEMBI.

Bropas rpymna — nojaumepsl, NPOU3BOAMUMBIE MHUKPOOPIaHM3MaMH B XOJE CBOCH IKU3HEACITECIbHOCTU
(monmurunpokcuankanoatsl PHA - mpou3BOIHBIE MOJMOKCHMACISIHONW KHCIOTHI). Haumbosee mepcrneKTHBHBIM B
HACTOSIIee BpeMsl IMOJIMMEPOM 3TOHM TPYHIIBI SBISETCS MONH-3-0KcuOyTrpar, i nomuruapokcudytupar (I1I'6). B
MPUPOJIE 3TOT MOJIUMEP CHHTE3UPYETCS HEKOTOPHIMU BUAAMH MHKPOOPTaHW3MOB M UTPAET POJIb BHYTPUKIIETOYHOTO
SHEPreTUYecKOro pe3epBa, IMOJ00HO TJHMKOTeHy M moiudocdaram B JIpyrux MHUKpoopraHusmax. Ilommmep
HAXOJHUTCS B LIMTOIIA3ME KJIETOK MUKPOOPTaHU3MOB B BUJIE TPaHyJl U 00bI4HO cocTaBisier 6onee 40 % oT ux Beca B
CYXOM COCTOSIHUH.

[ockombky PHA — Oumopasnaraemblii ¥ HE BPEANT JKUBBIM TKaHSIM, €ro 4acTO HCIIOJB3YIOT B MEAWIMHE B
Ka4€CTBEC pacCachIBarOIINXCs NIOBHBIX Hl/ITGﬁ, IIOBA30K U TaAMIIOHOB, IIJIACTUH H CTep)KHeﬁ B OpTOIICAUM.

Tperpst Tpylma — TMONUMEpHl, WCKYCCTBEHHO CHHTE3MPOBAHHBIE W3 IPHPOJHBIX MOHOMEPOB, HAIPUMED,
PLA monmumaktugsl.

Wznenus n3 nomunakruna (ITJIA) — mpospadnoro TepMorniacta, KOTOPBIi SBISIETCS] TPOAYKTOM INOJIMKOHJICH-
caluu MOJIOYHOM KHCJIOTBI, pa3jararorcsa B KOMIIOCTE B TCUCHHUE OJTHOI'O

MecsIla ¥ HEMHOTHM [OJbIleé B MOpCKo# Bozae. BaxupiM moctomrcTtBoMm IIJIA sBnseTcss BO3MOXHOCTH €ro
nepepaboTku Ha TpagumuoHHOM obopymoBanmu. M3 IIJIA (opMyrOT OTHOPa30BYIO MOCYAY, IDICHKH, BOJIOKHA,
WUMIUTAHTATHI JJ151 MCTUIHHEL.

quBepTaﬂ rpynmna — TpaJulIMOHHBIC CUHTCTUYCCKHUE IUIACTUKU C BBCIACHHBIMU B HHUX 6I/lOp33pyIJ_IalOLlII/IMI/I
n00aBKaMu.

Co3maroTest CMECH U3 CHHTETHYECKUX (ITOYYCHHBIX TTIABHBIM 00pa3oM u3 He(hTH) U IPUPOIHBIX MaTepHAalioB, B
KOTOPBIX HETIPEPHIBHOM, MaTpUIHON (a30ii SBIAETCS CHHTETUUECKHUN TTOJIUMED.

K cunretnueckum MoJImMepaM OTHOCATCA: TOJIMITHUIICH, (l)eHOHO-(l)OpMaHb[[eFI/I[lH])Ie MOJIMMEPLI, CUHTCTU-
YEeCKHEe BOJIOKHA, CHHTETHYECKHE KaydyKH.

HeoOxoanMa mHATIMANNS HAYYHO-HCCIIEIOBATENECKUX paboT Onoriactuka B Kazaxcrane.

Ki1ioueBble cj10Ba: OMOIUIACTHK, TPUPOIHBIE ITOJIMMEPBI, HATYPAIbHBIN KaydyK.
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FUNDAMENTALS OF WATER USE
IN THE CATCHMENT AREAS OF THE ILI RIVER BASIN

Abstract. Based on the long-term information and analytical materials «Balkhash-Alakol Basin Inspectorate for
Regulation of Use and Protection of Water Resources» of the Committee for Water Resources of the Ministry of
Agriculture of the Republic of Kazakhstan, the environmental indicator of specific water availability, which
availability high water availability, ensuring sustainable development of economic sectors, but not ensuring the
natural and environmental sustainability and safety of functioning of Lake Balkhash, as a geographic water body.

The location in the arid and semi-arid zones, as well as the features of the formation of hydrological flow in the
catchment areas of the Ili River basin, which determines the environment-forming system with socio-economic
conditions and natural and technogenic objects that determine the level of water supply for water management sites,
require the need for coordination of water management in order to prevent possible negative changes in watercourses
and reservoirs that perform important environmental functions in the Ili-Balkhash basin, that is, to ensure natural and
environmental sustainability and safe functioning of Lake Balkhash as a geographic water body.

Keywords: river, basin, runoff, discharge, catchment, economy, use, water availability, water use, population.

Relevance. In the system of the economy of Kazakhstan, the Ili River basin is a diversified economic
complex, which is characterized by environmentally hazardous mining enterprises and non-ferrous
metallurgy. On the territory of the basin are also represented mainly engineering enterprises, chemical,
food and light industries. Environmentally hazardous enterprises are mainly located in the city of Balkash
(copper production), in Taldykorgan (battery factory), Tekeli (mining industry), Kapchagay (construction
materials) and Almaty (engineering and metallurgy).

Peculiarities of water use in the catchment areas of the Ili River basin by various sectors of the
economy affect the ecological state of the water system, which requires a comprehensive assessment from
the standpoint of water consumption in the economy, as their consumer properties are very important for
the region.

Purpose of the study - based on the analysis of the natural and socio-economic conditions in the
catchment areas of the Ili River basin, identify the problems and tasks of the development of water
management in the region.

Objects of study.

The catchment of the Ili River basin, as a single environment-forming environment, is located on the
territory of Kazakhstan and the People's Republic of China. At the same time, 65% of the lake’s river flow
is formed on the adjacent territory of the Xinjiang Uygur Autonomous Region (XUAR) of the People’s
Republic of China [1].

The catchment of the Ili River basin originates on the Muzart Glaciers in Central Tanirtau
(Kazakhstan), the source of the Tekes River and then flows through the territory of the People's Republic
of China (PRC), where it merges with the Kunes and Kas rivers, at the 250th km from the confluence it
again enters the Republic Kazakhstan, at 1001 km it flows into Lake Balkhash [1].

The total length of the Ili River is 1439 km, within the Republic of Kazakhstan -815 km. The total
area of the Ile river basin is 140 thousand km?, that is, approximately 75% of the catchment area of Lake
Balkhash, of which 77400 km? are in the territory of the Republic of Kazakhstan. The drainage part of the
Ili River basin is located on the territory of the People's Republic of China, where the hydrographic
network is quite developed and ranges from 0.60 to 3.00 km / km?. Its density decreases in the middle and
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lower parts of the catchment area of the Ili River basin, i.e. up to 0.01 km / km?, there are vast expanses
completely devoid of surface runoff, only the left-bank part of the catchment area of the Ili River basin is
active here. About 30% of the water resources of the Ili River are formed on the territory of the Republic
of Kazakhstan. In addition to the Sharyn and Shelek rivers, in the left-bank part of the basin in the middle
reaches of the Ili River, it also receives a number of mountain rivers: Turgen, Esik, Talgar, Kaskelen with
tributaries Malaya and Bolshaya Almaty. In the right-bank part, the largest tributaries of the Ili River are
the Korgas, Usek and Borokhudzir rivers flowing down from the southern slopes of Zhetysu Alatau [1].

Materials and research methods. The studies used the long-term information and analytical
materials of the «Balkhash-Alakol Basin Inspectorate for Regulation of the Use and Protection of Water
Resources» of the Committee on Water Resources of the Ministry of Agriculture of the Republic of
Kazakhstan on the volume of water consumption in the economy of the Ili water basin. The catchment
area of the Ili river basin is divided into two sections: the upper and lower reaches of the Ili, which are
identified on the basis of geomorphological schematization with administrative division in the context of
the districts of the Almaty region (table 1).

Table 1 - Ili basin in the context of water plots with administrative divisions

Ne Water plot Ne Administrative districts Area, km?
1 Upper Ili 14 Enbekshikazakh 8300,0
17 Talgar 3700,0
15 Uyghur 8787,0
8 Kerbulak 11500,0
9 Panfilov 10600,0
13 Kapchagai city 3654,03
Total 46541,03
11 Lower Ili 2 Balkhash 37400,0
11 Ili 7800,0
Total 45200,0
Total 91741,03

Restrictions on water use in the catchment areas of the Ili River basin, associated with the availability
of water resources, are determined not only by the natural characteristics of the formation of river flow,
but also by the magnitude of the anthropogenic load on the rivers. To determine the level of water
availability I.A. Shiklomanov proposed an indicator of specific water availability (thousand m® / year per
person or km® / year per million people), which determines not only the shortage of water resources, but
also allows us to judge the overall state of water resources in the natural conditions of their formation and
functioning [2].

The specific water availability indicator ( PB) in the catchment areas of river basins is determined by
the formula [2]:

PB=(Wp~Wpeg)/ N,

Where W,, — real water resources of river basins, km®/year; Wy, - irrevocable water consumption,
km?*/year; N — population, people.

According to the classification of I.A. Shiklomanova, if the indicator of specific water availability:
PB<1.0 — catastrophically low water availability; PB=-1.10-2,00 — very low water availability;
PB=-2.10-5,00 — low water availability; PB=-510-10,00 — average water availability;
PB=-10.10-20,00 — high water availability; PB> — very high water availability [2].

An analysis of the work to protect and preserve the natural complex of the catchment areas and water
bodies shows that the water resources of watercourses and reservoirs cannot be fully used for the needs of
economic sectors. A significant part of them must be left in the form of ecological runoff in river systems
to preserve ecosystems that ensure the reproduction of valuable aquatic and near-water flora and fauna,
i.e., caught meadows, lake systems, and near-water mammals [3, 4, 5, 6]. As a result, there is an urgent
need for a quantitative assessment of the water resources reserved in rivers according to environmental
criteria, and then the environmental indicator of specific water availability (9PB) of the catchment areas
of river basins is determined by the formula:
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OPB={[Wop -(1-ay)=Wgggl}/ N,
where «,— coefficient characterizing the ecological runoff in river systems, which is determined on a

spatio-temporal scale.

Research results. Based on the long-term information and analytical materials of the Balkhash-
Alakol Basin Inspectorate for regulating the use and protection of water resources of the Committee for
Water Resources of the Ministry of Agriculture of the Republic of Kazakhstan, covering the years 2002-
2017, we analyzed the use of water resources in the sectors of the economy in the catchment areas of the
Ili River basin in the context of water management plots and administrative districts of the Almaty region,
including housing and communal services, industry and agriculture (table 2).

In the period under review, from 2002 to 2017, the largest volumes of collected water, i.e. 98.0-
98.8%, are used for agricultural needs in the catchment areas of the river basin, 0.30-0.70% are used for
production purposes and drinking needs 1.30-1.70%. Thus, the main water consumers in the catchment
areas of the Ili River basin are agriculture, that is, regular irrigation, where its need is determined by its
location in the semi-arid and arid zones, which are characteristic with high energy resources and low
natural moisture in the natural system.

Table 2 - Dynamics of water use by administrative regions in the catchments of the Ili River basin, mln. m?

Administrative districts 2002 2003 2004 2005 2006 2007 2008 2009
1 2 3 4 5 6 7 8 9

Housing and communal services (services), min. m3

Upper Ili River catchment

Enbekshikazakh 3,35 2,66 2,70 2,52 2,73 2,45 4,63 481
Talgar 4,53 4,88 4,66 4,92 4,70 4,92 4,59 5,66
Uygur 1,04 0,68 0,00 0,00 0,00 0,00 0,00 0,00
Kerbulak 0,64 0,65 0,32 0,27 0,71 0,79 0,83 0,80
Panfilov 1,75 1,83 1,81 2,56 2,73 2,60 3,16 3,11
Kapchagai city 5,00 5,39 5,42 5,62 7,95 7,61 5,56 6,12
Total 16,31 16,09 1491 15,89 18,82 18,37 18,77 20,50
Lower Ili River catchment
Balkhash 0,01 0,96 0,00 0,00 0,00 0,00 0,00 0,00
1li 2,34 5,20 3,53 4,55 5,04 5,26 5,73 7,12
Total 2,35 6,16 3,53 4,55 5,04 5,26 5,73 7,12
Total 18,66 2225 18,44 20,44 23,86 23,63 24,50 27,62

Industry, min, m?
Upper Ili River catchment

Enbekshikazakh 0,62 0,87 0,96 1,92 2,04 2,12 1,30 1,11
Talgar 1,08 0,80 1,42 1,54 1,70 1,43 1,74 1,29
Uygur 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Kerbulak 0,02 0,02 0,04 0,01 0,01 0,05 0,03 0,06
Panfilov 0,01 0,00 0,02 0,01 0,01 0,01 0,01 0,01
Kapchagai city 8,90 8,92 9,19 7,55 7,81 7,21 7,42 6,21
Total 10,63 10,61 11,63 11,03 11,57 10,82 10,50 8,68
Lower Ili River catchment
Balkhash 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1li 3,90 4,82 5,30 6,23 5,98 4,88 6,55 5,78
Total 3,90 4,82 5,30 6,23 5,98 4,88 6,55 5,78
Total 14,53 15,43 16,96 17,26 17,55 15,70 17,05 14,46

Agriculture, mln, m?
Upper Ili River catchment

Enbekshikazakh 598.8 686.,5 8163 634.4 594,1 514,7 671,0 678,9
Talgar 97,91 86,05 105,5 70,22 97,70 78,50 86,95 121,6
Uygur 148,4 135,1 141,4 134,2 162,3 1553 133,7 133,9
Kerbulak 109,3 106,1 113,1 119,2 132,9 127,6 133,5 1117
Panfilov 304,1 3172 330,5 305,7 322,1 326,7 3434 366,3
Kapchagai city 25,50 37,95 41,71 4333 4538 63,07 66,66 52,80
Total 1284,0 1368,9 | 1548,5 | 1307,1 | 13545 | 12659 | 14352 | 146572

Lower Ili River catchment
6323 | 6314 [6313 [630,1 [6301 [6301 [6301

Balkhash

628,6
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Continuation of table 2

1 2 3 4 5 6 7 8 9
1li 29,50 32,19 104,7 68,58 99,3 98,7 108,8 150,1
Total 658,1 644,5 736,1 699.,9 729.4 728,8 738,9 780,2
Total 1942,1 2033,4 2284,6 2007,0 20839 1994,7 2174,1 22454
Administrative districts Years
2010 [ 2011 [ 2012 [ 2013 [ 2014 2015 [ 2016 2017
Housing and communal services (services), min. m3

Upper Ili River catchment
Enbekshikazakh 4,85 4,45 4,35 5,15 5,42 4,93 4,69 -
Talgar 4,52 5,95 5,49 5,53 5,80 8,26 7,99 -
Uygur 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -
Kerbulak 0,52 045 0,45 0,44 0,71 0,65 0,68 -
Panfilov 3,07 2,79 3,20 1,90 341 3,92 3,21 -
Kapchagai city 6,76 6,47 6,66 7,00 7,18 6,32 5,86 -
Total 19,72 20,11 20,15 20,02 22,52 24,08 22,43 -

Lower Ili River catchment
Balkhash 0,00 0,00 0,00 0,00 0,00 0,00 0,41 -
Ili 6,23 5,83 5,67 6,25 5,86 6,24 7,15 -
Total 6,23 5,83 5,67 6,25 5,86 6,24 7,56 -
Total 25,95 25,94 25,82 26,27 28,38 30,32 29,99 -

Industry, min. m*

Upper Ili River catchment
Enbekshikazakh 0,66 1,15 0,08 1,00 0,84 0,88 1,30 1,31
Talgar 1,41 1,47 1,45 1,63 1,27 1,30 1,60 1,32
Uygur 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Kerbulak 0,07 0,08 0,06 0,05 0,00 0,03 0,00 0,00
Panfilov 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Kapchagai city 9,37 7,88 6,07 5,38 6,54 7,38 12,01 9,54
Total 11,52 10,58 7,66 8,06 8,65 9,59 14,91 12,17

Lower Ili River catchment
Balkhash 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1li 5,08 5,38 6,05 7,20 6,35 7,87 8,11 9,10
Total 5,08 5,38 6,05 7,20 6,35 7,87 8,11 9,10
Total 16,60 15,96 13,71 15,26 15,00 17,39 23,02 21,27

Agriculture, mln. m?

Upper Ili River catchment
Enbekshikazakh 560,9 6124 660,6 622,0 672,1 698.,4 695,2 695,1
Talgar 109,5 108,2 110,3 114,8 111,1 108,8 71,4 63,0
Uygur 412,5 152,6 161,1 160,1 161,8 160,2 168,3 147,5
Kerbulak 992 108,6 94,7 121,1 122,5 1423 125, 1144
Panfilov 315,5 3717 3516 381,1 4354 490,7 478,7 4923
Kapchagai city 5591 64,79 63,64 60,77 66,20 55,86 42,49 53,00
Total 1553,5 1418,3 1441,9 1521,0 1569,1 1656,3 1581,6 1565,3

Lower Ili River catchment
Balkhash 503,6 500,1 500,1 503,5 504,1 504,1 503,6 503,6
1li 101,5 103,1 98,3 99,9 88,0 100,0 74,5 77,9
Total 605,1 603,2 598.4 603.4 592,1 604,1 578,1 581,5
Total 2158,6 2021,5 2883,8 21244 2161,2 2260,4 2159,7 2146,8

In the directly catchment areas of the Ili River basin, there are 7 administrative districts, i.e.
Enbekshikazakh, Talgar, Uygur, Kerbulak, Panfilov, Balkhash and Ili districts of the Almaty region and
the city of Kapchagai, where the population over the years from 2002 to 2017 increased from 809252 up
to 1048566 people, which must be taken into account when assessing water availability in the context of
water management plots (table 3).
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Table 3 - Population dynamics by administrative regions in the catchments of the Ili River basin, people
. . . Years
Administrative districts 2002 | 2003 [ 2004 [ 2005 | 2006 | 2007 | 2008 | 2009
Upper Ili River catchment
Enbekshikazakh 203964 204142 204517 204703 204845 207041 211510 215528
Talgar 133975 135555 137836 140590 143579 | 146673 150699 | 153880
Uygur 63810 63904 63904 63867 63778 63668 63765 64504
Kerbulak 92516 91917 91400 90538 90259 90466 91028 91690
Panfilov 114717 115128 115594 116233 116810 | 117652 | 118497 | 119509
Kapchagai city 45078 45994 47606 50080 50703 51667 53082 54449
Total 654060 | 658201 660857 666011 669974 | 545167 | 688581 | 641560
Lower Ili River catchment
Balkhash 30832 30740 60501 30231 30166 30179 30082 30043
1li 124360 126654 130543 133938 136984 | 141289 | 145485 | 149125
Total 155192 157394 191044 164169 171664 | 171468 | 175567 | 179168
Total 809252 815595 851901 830180 841638 | 716635 | 864148 | 820728
Administrative districts Years
2010 | 2011 | 2012 [ 2013 | 2014 [2015 [2016 [2017
Upper Ili River catchment
Enbekshikazakh 261283 266616 | 272637 278552 283556 | 288022 | 291950 | 294446
Talgar 173923 177650 181439 184845 189359 | 183908 | 186552 | 187668
Uygur 61293 61754 61871 62319 62710 63280 63374 63419
Kerbulak 87053 88178 88720 89243 89768 90446 91053 91072
Panfilov 114375 116178 117530 119938 122136 | 124695 | 125886 | 126992
Kapchagai city 53646 54956 56033 56868 57525 59052 60230 60892
Total 751573 765332 778230 | 791765 805054 | 809403 | 819045 | 824489
Lower Ili River catchment
Balkhash 30101 30319 30259 30404 30764 31134 31290 31367
1li 176020 181740 187915 191890 196961 188900 | 190429 | 192710
Total 179030 | 212059 218174 | 222294 227725 | 220034 | 221719 | 224077
Total 930603 977391 996404 1014059 1032779 | 1029437 | 1040764 | 1048566
Table 4 - Ecological indicators of the specific water supply of the Ili water basin
Years 11i water basin
Upper Ili River catchment Lower Ili River catchment
Real water Irrevocable Specific water Real water Irrevocable Specific water
resources water availability resources water availability
(Wop, km?) consumption indicators (Wop, kn) consumption indicators
(W, km?) (OPB) (Wses, KM°) (OPB)
2002 17,740 1,311 15,627 21,200 0,664 84,619
2003 16,090 1,396 13,773 18,760 0,655 73,497
2004 13,460 1,575 10,535 17,337 0,745 55,099
2005 13,220 1,334 10,899 15,043 0,704 55,328
2006 13,950 1,385 14,096 15,839 0,743 55,861
2007 13,610 1,295 10,976 14,504 0,739 50,811
2008 9,690 1,464 6,941 13,376 0,751 45,390
2009 12,040 1,494 9,878 12,494 0,787 40,972
2010 18,870 1,585 14,221 22,677 0,616 78,905
2011 14,730 1,446 10,625 18,748 0,614 54,585
2012 10,920 1,470 7,234 13,058 0,610 36,136
2013 10,160 1,549 6,383 13,182 0,617 35,817
2014 8,132 1,600 4,579 11,064 0,604 29,541
2015 12,546 1,670 8,016 11,413 0,618 30,911
2016 19,026 1,619 13,123 21,266 0,594 59,057
2017 14,819 18,114

To determine the coefficients characteristic of environmental resources, methodological approaches
are used to assess the maximum permissible use of water resources and the environment.
Zh. S. Mustafayev and K. Zh.Mustafayev [3], where data on quantitative values within 0.35 are given that
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are used to determine the environmental indicators of specific water supply in the catchment areas.
Ili River.

Based on the data presented in tables 2 and 3 characterizing the level of water use in the sectors of the
economy and the population spanning 2002-2017, environmental indicators of specific water availability
in the catchment areas of the Ili River basin for water management sites were determined (table 4), which
showed that in the upper catchment area of the Ili River, they range from 4.579 to 15.627, which
correspond to values from low water availability to high water supply depending on the water content of
the river, and in the lower catchment area of the Ili River, their quantitative values range from 29.541 to
84.619, which indicate a very high water supply.

It should be noted that very high water availability in the lower catchment area of the Ili River basin,
provided, on the one hand, by the presence of a hydroelectric power station in the Kapshagai reservoir,
which ensures guaranteed runoff and, on the other hand, a very low population due to adverse climatic
conditions adversely affecting human living conditions.

Conclusions. The location in the arid and semi-arid zones, as well as the features of the formation of
hydrological flow in the catchment areas of the Ili River basin, which determines the environment-forming
system with socio-economic conditions and natural and technogenic objects that determine the level of
water supply for water management sites, require the need for coordination of water management in order
to prevent possible negative changes in watercourses and reservoirs that perform important environmental
functions in the Ili-Balkhash basin, that is, to ensure natural and environmental sustainability and safe
functioning of Lake Balkhash as a geographic water body.

K.C. Mycradaes, JI.M. Poicky16exoBa
Kazak yiTThIK arpapiblK yHuBepcuTeTi, Anmarel, Kasakcran

LJIE ©3EHIHIH CY KHHAY AJIABbI AVIMAFBIHJIATBI
CY PECYPCBIH TAUJTAJIAHY EPEKHIEJIIKTEPI

Annoranus. Kazakcran PecrmyOnmkacel AypUImapyambUIBIK MHHHCTpIiriHe Kapactel Cy pecypcrapsl
komuTeTiHIH «bankaii-Asaken anaOblHBIH CY/Ibl PETTEI MaiiianaHy jkoHe KOpFay HHCHEeKIUsIChbI» MekeMeciHin 2002-
2017 »butaap apaibiFblH KAMTUTBIH KOIDKBUIIBIK aKIIaPATThIK-TANdy MAIIMETTEpl Heri3iHae [ine e3eHiHiH cy ®uHay
aaOBIHBIH Cy MIApyalIbUIBIK Oerimimernepi aiiMarblHa OpHalTackaH AJNMAaTbl OOJBICHIHBIH OKIMIIUTIK ayJaHIapbl
JIeHIeHiH/Ier] CyAbl Naiganany IblH aiMaKThIK €PeKIICTIKTEepiH aHbIKTay YIIiH SKOHOMHUKA CalaChIHBIH TYPMBICTBIK
JKOHE OHIIPICTIK KbI3METIHE, aybUIIIaPYalIbUIBIFbIHA AN AIAHBUIFAH CY PECYypCTaphiHa TAIAY KaCaJFaH.

Cy xwuHay anaObl j)KOHE Cy HbICAaHJAPbIHBIH TaOWFHM KEIEHIH KOpFay J>KOHE CaKTay >KOHIHJAErl )KYMbICTapibl
TaJay KOPCEeTKEeHIeH, Cy aFbIHBIH J)KOHE Cy alJbIHBIHIAFbl Cy PECypCTapblH SKOHOMHKA CAJIAChIHBIH KaKETTLTIKTEPI
YILiH TOJIBIFBIMEH NalifanaHyra OoiIMaiThIHBIH Kepcereni. OnapabiH enayip 0eiri KyHIbI Cy JKSHE JKapThUlai CyJIbl
¢mopa MeH ¢dayHaHBIH, SFHU INAOBIHABIK, KOJ JKYHECIHIH JKOHE >KapThUIai CyJbl CYTKOpEKTiIepli KeOeiTyni
KaMTaMachl3 €TeTiH SKOXKYHEHi CaKTay VIIiH ©3€H )KYHeciHe SKOIOTHIIBIK aFbIH TYPiHAE KaJABIPBUIYHI THIC.

Kapacteipeumem  oTeipran kezenae, 2002 sxkpuiman Oactam 2017 XKputFa JeiiH ©3€H Cy JKHHAY aja0sbl
aliMarbIHIaFbl Cy PeCypCTapbIHbIH Ken Memmepi, sFHu 98,0-98,8% aysurnmmapyambsuiblk Kaxertinirine, 0,30-0,70%
OHJIIPICTIK JKOHE MIapyalllbUIBIK MakcarTapra sxymcananpl, ain 1.30-1.70% TypMBICTBIK KbI3METKE IaiiaTaHblUIFaH.
ConsimeH, [ne e3eHi cy kuHay anaObl aiMaFbIHOAFBl CYABIH HETI3r1 TYTBIHYIIBICHI aybUl IIAPYalIbUIBIFBI, SFHU
TYpaKThl CyapMajbl €TiCTIK Kyieci, MyHAa OHBIH KaXXETTiNiri allMaKTBIH XOFaphl SHEPTETHKAIBIK pECypcTapMeH
XKOHE Ta0WFU JKYHCHIH TaOWFU BUIFAIIBUIBIFBIMECH CHUIATTANATHIH JKAPThUIAW KYpPFaK JKOHE KypraKk aidMakTa
OpHAJIACYBI HET131H/IC aHBIKTAIA IbI.

OKOHOMHMKa CaJlaJlapbIHAAFbl CyAbl NaljanaHy JEHIeWiH KoHe JKEePruliKTI TYpFbIHIAP CaHBIH CHUNATTaWTBhIH
2002-2017 okpumap apaybIFbIHAAFBl  KOIDKBUIIBIK MOJIIMETTEp HeriziHae Ine e3eHi cykuHay ayaOBIHBIH
CyLIapyambUIbIK OeiMIesepiHie CyAbIH HaKThl KODKETIMALTITIHIH 3KOIOTHSIIBIK KOPCETKIIITEepl aHBIKTaIbL, Oy
Lite e3eHiniH >xoraprel arbicbiHIA 4,579-maH 15,627-Te neifiH e3repeTiHiH KepceTeni, all O CyMEeH KaMTamachl3
eTyIiH TOMEHT1 JeHIeiMeH XKOFapFhl ICHTelIe KaMTaMachl3 eTyre AeHiHTI MOHTe cColKec Keleli yoHe [ine ezeHiHiH
TOMCHT1 aFbICBIH/A OJApABIH CaHABIK MoHI 29,541-nen 84,619-ra neifin e3repeni, Oy aliMakTHIH ©T€ >KOFaphI
JIopexeie CYMEH KaMTaMachl3 €TUIETiHIH KopceTe .

Tyiiin ce3mep: o3¢eH, anam, arblH, Cy )KHHAY, 9)KOHOMHUKA, TalijajlaHy, CyMEeH KaMTaMachI3 €Ty, CyIbl Maiaaiany,
TYPFBIHAAD.
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K. C. Mycradaes, JI.M. PoickyndexoBa
Kazaxckuil HalMoHaNBHBIN arpapHbli yHHBepcUTeT, AnMaThl, Kaszaxcran

OCHOBEHHOCTH BOAOHOJIb30BAHUA
HA TEPPUTOPHUSAX BOJJOCEOPOB BACCEMHA PEKA WM

AnnHotanusi. Ha ocHoBe MHOTONETHHX HH()OPMAIIMOHHO-aHATHTHYECKAX MaTephalioB banxarr-AnakomscKoi
6acceliHOBOM MHCIIEKIIMM MO PETYIMPOBAHUIO HCIIOIBb30BAaHMS M OXpaHE BOJIHBIX pecypcoB Komurera mo BOAHBIM
pecypcam MuHHCTEPCTBA celIbCKOro Xo3siictBa Pecmybmmkm Kasaxcran, oxsaremBaromux 2002-2017 ropsl,
MIPOBEJICH aHAIU3 UCIIOJIb30BAHMSI BOJHBIX PECYPCOB B OTpACIsIX SKOHOMHUKH Ha TEPPUTOPHUSIX BopocOopa Oacceiina
peku Mnu B paspe3e BOAOXO3SIMCTBEHHBIX YYacTKOB W aJMWHHCTPATHBHBIX PaiOHOB AJIMAaTMHCKOH o00iacTy,
BKJIHOYAOIHUX KUJIUITHO-KOMMYHAJIBHOC XO3ﬂﬁCTBO, IMPOMBINUICHHOCTb M CCJILCKOC XO03AMCTBO JUISL BBISIBJICHUSA
PErHoHaIBHONM OCOOEHHOCTH BOIOIIOJIB30BAHMUS.

AnHanu3 paboTbl MO OXpaHe W COXPAHEHWIO IPHPOIHOTO KOMILIEKCa BOJIOCOOPHBIX TEPPUTOPHH M BOJHBIX
00BEKTOB TOKa3bIBACT, YTO BOJIHBIE PECYPCHl BOJOTOKOB M BOJIOEMOB HENbB3s IIEIMKOM HCIIOJIB30BaTh Ha HYKIbI
oTpacieil 5KOHOMHMKH. 3HAYUTENBHYIO 9acTh UX HEOOXOJMMO OCTaBJIATH B BHUJE IKOJIOTHYECKOTO CTOKA B PEYHBIX
CHCTEMax Ul COXPAaHEHHUS SKOCHUCTEM, 00€CTIeUNBAIONIMX BOCTIPOM3BOICTBO [IEHHON BOAHON M OKOJIOBOAHOM (hIIOpHI
u (ayHbl, TO €CTh TOMMaHHBIX JIYTOB, 03€PHBIX CHCTEM M OKOJIOBOIHBIX MJICKOMHUTAIOIIHX.

B paccmarpuBaemsiii iepuon, ¢ 2002 mo 2017 r. — Ha TeppuTopHsax BomocOopa OacceiiHa peku HanOOJNbIIHe
o0pemMbl 3a0paHHON Boabl, TO ecThb 98,0-98,8 % WCHONB3YyIOTCS Ha CENBCKOXO3SMCTBEHHBIC HYXKABI, B
MIPOU3BOACTBEHHBIX Lemix norpedsercs 0,30-0,70 % u Ha x03siicTBeHHO-TIUTHEBBIE HY X — 1,30-1,70 %. Takum
00pazoM, OCHOBHBIMH BOJIOTIOTPEOUTEIISIMA B BOJOCOOPHBIX TEPPUTOPHIX OacceitHa peku Mium sSBISETCS CENbCKOe
XO035HCTBO, TO €CTh PETYJISIPHOE OPOIIECHHE, I/1e HE0OX0AUMOCTD €ro ONpeessieTCsl PacloNoKEHHEM B MOJyapUIHON
W apuIHOM 30HaX, XapakTepHBIX C BBICOKMMU OJHEPreTHYECKHMMH pecypcaMd M HHM3KOH eCTeCTBEHHOH
YBJIQ>KHEHHOCTBIO IIPUPOIHOM CUCTEMBIL.

Ha ocHOBe naHHBIX, XapaKTEpU3YIOUIMX YPOBEHb BOJOMOJIB30BAHUS B OTPACIIX IKOHOMHKH M YHCIEHHOCTh
HaceneHus, oxBateiBaromux  2002-2017  roasl, ompeneneHsl  3KOJOTMYECKHE  II0Ka3aTeld  yAEIbHOU
BOJIOOOECTICYEHHOCTH B BOJOCOOPHBIX TEPPHUTOpHAX OacceliHa pekn MM 1o BOMOXO3AHCTBEHHBIM YYaCTKaM,
KOTOpBIE TIOKA3aJIi, YTO BEPXOBBSIX BomocOopa pexu Mim, onn komednercs ot 4,579 mo 15,627, 9T0 COOTBETCTBYIOT
3HAYEHMSAM OT HU3KOH BOJOOOECIEUYEHHOCTH A0 BHICOKOH BOJOOOECTIEYEHHOCTH B 3aBUCMMOCTH OT BOJHOCTH PEKH, a
B HH30BBSIX BomocOopa pekm WMiu, WX KOIWYECTBEHHBIE 3Ha4YeHHUS KoneOmrorcss ot 29,541 mo 84,619, uto
MIOKa3bIBAIOT OYEHb BBICOKYIO BOIO0OECIIEYEHHOCTb.

KnroueBble cioBa: pexa, OacceliH, CTOK, BOAOCOOp, 3KOHOMHKA, HCIIOIb30BaHHE, BOJOOOECIIEUCHHOCTS,
BOJIOIIOJIb30BAHKE, HACEIICHHE.
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ACCELERATED PRODUCTION OF VIRUS-FREE
POTATO PLANTING MATERIAL USING A BIOREACTOR

Abstract. Potato production is one of the key branches of crop production that determines the food security of
Kazakhstan. The Republic needs over 800,000 tons of seed potatoes per year. In addition to seed potatoes, which are
grown in Kazakhstan, about 30,000 tons of seed potatoes are imported annually, while about 80% of this volume is
imported from the Netherlands through private companies [1].

In 2018, 193.0 thousand hectares were occupied under potatoes in Kazakhstan, while the gross harvest
amounted to 3806.9 thousand tons. At the same time, the yield in 2018 was only 19.8 t/ha. While in neighboring
Uzbekistan in 2018, the yield was 33.68 t/ha, the maximum yield in New Zealand in 2018 was about 50.41 t/ha[2]. It
is known that one of the main reasons for low potato yield is low-quality seed material.

In Kazakhstan, mainly after obtaining virus-free plants in vitro through meristem culture, minitubers are
obtained from them in most technological processes; in rare cases, microtubers are obtained from meristem plants in
vitro and then minitubers from them.

Research has shown that the bioreactor can massively clone meristem plants and get full-fledged virus-free
microtubules reducing a significant proportion of manual labor, thereby reducing the impact on the result of the
human factor, reduce infections, and reduce labor costs and material costs.

Key words: potato, microtubers, minitubers, virus-free culture, DAS-ELISA.

Introduction. The main requirement for quality seed material is the absence of pathogenic and
quarantine diseases. There are about 40 types of viruses and 2 viroids that affect potatoes [3]. Depending
on the defeat of viral diseases, the yield drops to 90% on production crops [4].

Healthy and high-quality potato seeds are the basis of potato seed production [5]. First of all the seed
material must be free of pathogenic microorganisms.

After obtaining virus-free plants in vitro through meristem culture, in most technological processes,
minitubers are obtained from them. The production of mini-tubers is the final stage of obtaining virus-free
material [6].

Recently, the production of microtubers is often used from which, as from meristem plants in vitro,
minitubers are obtained.

Microtubers are the result of in vitro cultivation of plants in an artificial nutrient medium [7]. Many
studies are aimed at improving the efficiency of obtaining microtubers and increasing their size, for
example, by cyclically immersing plants in a liquid nutrient medium during tuber formation [8]. At the
same time, despite a sufficient number of publications on the production of microtubers in vitro, there is
still little information on their testing in the ground [9]. In global seed production, minitubers are currently
an intermediate between the production of meristem plants and microtubers in vitro and field propagation
of seed material. The production of seed potatoes using minitubers requires much stricter control of the
resistance of the planting material to abiotic and biotic stress factors [10]. When planting mini-tubers
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directly in the field, their size is of great importance [11] and Rykaczewska [12] found that the larger the
minitubers, the more uniform the seedlings, the higher the yield and the dry mass content.

Methods. Isolating the apical meristem. Excised shoot tips collected from actively growing twigs
wash under running tap water and disinfect with 0.1% mercuric chloride solution containing
approximately 0.02% Tween-20 for 6 min inside a running laminar air flow cabinet. Treated explants
wash four to five times with sterile distilled water to remove the effect of the sterilizing agent. Shoot
apical meristem consisting of the apical dome with one to two leaf primorida isolates using sterile
hypodermic needle and scalpel under a dissecting microscope. To avoid dehydration isolated meristems
(0.3-0.5 mm) transfer quickly on the filter paper bridge in test tubes containing sterilized liquid MS
medium with the addition of kinetin 2 mg / 1 and 0.5 mg/ 1 gibberellic acid. After 4 weeks, the developed
meristems subculture on semisolid medium with the addition of kinetin 3 mg/l and gibberellic acid
0.5 mg/1 for further growth for shoot elongation and root formation [13,14,15]. After 2-3 weeks received
plantlets transplanted into semisolid MS medium without hormones supplemented with vitamins, 3%
sucrose, 0.8% agar, pH 5,7. After 4 weeks of culture on MS medium without hormones plantlets were
cloned for further propagation and testing.

The cultivation in bioreactor

A hundred single explants are transferred to a bioreactor with 1000 ml of liquid medium with 30 g/l
of sucrose and cultivated for 4 weeks with constant illumination about 2.5 W/m?. Explants are grown to
15 cm. Then the medium is changed to 8000 ml of a liquid medium with 90 g/l of sucrose and cultivated
for 6 weeks with constant illumination about 0,9 W/m? at 25 °C. The medium enters the bioreactor every
6 hours and is present for 1 hour, so explants absorb the liquid medium only 1 hour every 6 hours. The
bioreactor is aerated with sterile air from the calculation of 1 ml/min of air per 10 ml of liquid medium
[16].

Total DNA extraction

Extraction of DNA from the plants is performed using the manufacturer's instructions commercial for
nucleic acid extraction kits or CTAB method [17].

Total RNA extraction

Extraction of RNA from the plants is performed using the manufacturer's instructions commercial for
nucleic acid extraction kits [18].

Reverse transcription reaction isolated RNA

The reaction of reverse transcription extracted RNA is performed using the instructions attached to
Sileks reagents [19].

Double Antibody Sandwich ELISA (DAS-ELISA) will be done using commercial kits according to
the manufacturer's instructions [20].

Results and discussions. After isolation of the apical meristem of potatoes during 30 days of
cultivation, meristem plants of five varieties (Minerva, Romano, Aladin, Soprano from the Netherlands)
and (Nevsky from Russia) were obtained, which were checked for the absence of PVM, PVS, PVX, PVY
viruses by PCR and ELISA analysis (table 1 ).

Thus, plants that were pure for all four viruses were selected, which were cloned in vifro and used to
produce microtubers in a bioreactor. Healthy plants were divided into nodal segments and placed in a
bioreactor (10 nodal segments of each variety in three repetitions) with a liquid nutrient medium
optimized by MS with sucrose 30 g/l, kinetin 2 mg/l and gibberilinic acid 0.5 mg/l where they were
cultivated for 30 days at a temperature of 25°C, light mode 16/8 day/night.

Then the plants obtained from the nodal segments were cultivated in a bioreactor with a liquid
nutrient medium MS with sucrose 90 g/l and kinetin 2 mg/I at 18°C, light mode 0/24 day/night for 60 days
before harvesting microtubers.

The formation of microtubers in different varieties began in about 15-20 days, the harvest was
collected on day 60.
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Table 1 — Testing of meristem plants for the presence of viruses for further cultivation in a bioreactor.

RT-PCR Multiplex IFA
Varicty Virus Quantity of positive o relation Quantity of positive o relation
samples, PCs samples, PCs
PVM 0 0 0 0
Minerva PVS 0 0 0 0
PVX 0 0 0 0
PVY 2 25 1 12.5
PVM 0 0 0 0
Romano PVS 0 0 0 0
PVX 0 0 0 0
PVY 0 0 0 0
PVM 7 28 7 28
PVS 3 12 0 0
PVX 1 4 1 4
. PVY 3 12 2 8
Aladin PVM/PVS 1 4 0 0
PVM/PVY 1 4 1 4
PVM/PVS/PVY 1 4 0 0
PVM/PVX/PVY 1 4 1 4
PVM 19 61.29 15 48.38
PVS 10 322 2 6.45
Soprano PVX 0 0 0 0
PVY 0 0 0 0
PVM/PVS 10 32.2 2 6.45
Table 2 — The formation of potato microtubers in the bioreactor
Variety The beginning of the formation Quantity Weight of microtuber
of microtubers (PCs/plant) (2
Minerva 18 0,7(£0,48) 0,169(x0,017)
Romano 19 0,8(x0,63) 0,143(+0,014)
Aladin 21 0,5(x0,53) 0,65(0,007)
Soprano 15 1(£0,67) 0,310 (£0,021)
Nevsky 17 1,2(£0,63) 0,156(+0,008)

Depending on the genotype, the difference in the beginning of microtuber formation in the bioreactor
after placing plants in the dark phase was 6 days, the largest microtubers were in the Aladin variety —

0.65 (£0.007) g, then in Minerva 0.310 (£0.021) g and less than 0.2 g in Romano, Aladin and Nevsky.

Microtubers obtained in the bioreactor were analyzed for the presence of PVM, PVS, PVX, and PVY.
As a result, 2 samples of the Aladdin variety infected with PVM were detected in one of three replications

(table 3). The microtubers were selected one from each of the plants.

Table 3 - Checking microtubers obtained in the bioreactor for the presence of viruses

Ne of Viruses
samples PVM PVS PVX PVY
PCR IFA PCR IFA PCR IFA PCR IFA
1 2 3 4 5 6 7 8 9
Minerva
1 _ _ _ _ R _ _ _
2 _ _ _ _ R _ _ R
3 - - - - - - - -
4 _ _ _ _ R _ _ R
5 _ _ _ _ R _ _ R
6 _ _ R _ R _ _ R
7 _ R R R R R R R
3 _ - - - _ _ _ R
9 _ _ _ _ R _ _ R
10 - - - - - - - -
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Analysis for the presence of viruses in microtubers showed that control is necessary at this stage,
since microtubers are piece material and getting infected material into the further process will allow mass
replication of viruses in the seed material.

The virus-free microtubers obtained in the bioreactor were stored and stratified for 6 months in dark
conditions at a temperature of 4°C. Then the microtubers were placed in the light at a temperature of 20 to
25°C for 30 days until the shoots appeared and transplanted into pots in controlled conditions of the
greenhouse for 15 days until the plants reached the phase 5 leaves and then transplanted into the open
ground for 30 pieces of each variety. Harvesting of minitubers was carried out 3 months after planting
seedlings in the open ground.

According to the results of morphological analysis of minitubers (figure 1, table 4), they was smooth
without flaws and standard for further seed production and the maximum number of them was in Soprano
and Nevsky varieties, the average in Minerva and Romano, and the minimum in Aladin.
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Table 4 — Morphological parameters of minitubers

Ne Name of the variety Quantity of minitubers from plants, PCs Weight of the tuber, g
1 Soprano 8,1(x2,4) 24(x16,3)

2 Nevsky 9(+3,9) 12,9(+5,6)

3 Aladin 3,6(£1,4) 5,84(x4,9)

4 Minerva 5,5(£1,9) 13,1(£3,4)

5 Romano 6(£2,9) 11,2(x£10)

Figure 2 — Minitubers of varieties: a - Soprano, b - Nevsky, ¢ - Aladin, d - Minerva, e - Romano

From the conducted research, it can be concluded that with the help of a bioreactor, it is possible to
obtain high-quality microtubers from which high-quality virus-free minitubers will be obtained. The
process can be accelerated by earlier collection of microtubers from the bioreactor, for example, after
45 days, since all 5 varieties had normally formed microtubers at 45 days. In addition, studies have shown
that the bioreactor can massively clone meristem plants and get full-fledged virus-free microtubers,
reducing a significant proportion of manual labor, thereby reducing the impact on the result of the human
factor, reducing infections, reducing labor costs and material costs.
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OciMaikTep OHOJIOTHSCH )KOHE OMOTEXHOJIOTHICH MHCTHTYTHI, AMathl, Kazakcran

BUOPEAKTOP/IbIH KOMEI'TMEH KAPTOIITBIH
BUPYCCBI3 OTBIPFbI3Y MATEPUAJIBIH KEJEJAETIII OHAIPY

Annoranus. Kapron ecipy mapyambsuisirbl — KazakcTaHmarbl a3bIK-TYJIIK KayilCi3airiH aHBIKTAHTBIH ©CIMITIK
HIapyallbUIBIFBIHBIH HETI3r1 cananapbiHbiy 0ipi. PecyOnukara sxpiibina 800000 ToHHara JieiiH TYKBIMIBIK KapToIl
Kaxet. Kazakcranma ecipiieTiH TYKBIMJIBIK KapTONTaH 0acka, )buI cailbiH 30 MbIH TOHHAFA JKYBIK TYKbIM/IBIK KapTOI
uMnoprranansl, oHbIH 80% HunepnanabinaH xeke KOMIAHUSIIAP apKBUTBI OKEITIHE/T1.

Kazakcranga 2018 sxputer kapron 193,0 MBIH rekTapabl KamThIca 1a, kanmbl eHiM 3806,9 MbIH TOHHA OOJIEL.
ConbiveH Oipre, 2018 xputhl xammel oHIM 19,8 11 / ta xerri. 2018 xbUTE KopIIIec O30ekcTanaa eHiMaLTK 33,68 T/ra
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Oonca, Xana 3enanausga xorapel eHimuutik 2018 sxpuibl mamamen 50,41 T1/ra Kyparan. Kapronm eHimiHIH
a3alobIHBIH 0acThl ceOcOiHe camachi3 TYKbIM MaTepHalibl JKaTaThiHbl Oenriti. COHFBI KE3/IC in Vitro MEpUCTEMAJIbl
OCIMJIIrIHEH IIaFbIH TYHHEKTEp albIHAbI, COHBIH ilIiHAEe MUKPO-TYHHEK OHMIpici KoJjnaHbuiansl. MUKpOTYIHEKTED
JKacaH/Ibl KOPEKTIK OpPTaja invitro eciMIiKTepiH eciprene naiaa 6omamsl.

larpiH TYHHEK — in Vitro MepucTeMallbl ©CIMIIKTEH HEMEce MUKPOTYHHEKTEH aJIbIHATHIH KilIKeHTal TYHHEK.
OTbIpFBI3FaHia SPTYPIIUIITT MEH THIFBI3AbIFbIHA OaitanbicThl Meumiepi 10-Han 50 mM-re neiiin e3srepeni. lllarbin
TYHHEKTIH TYKBIMIBIK KYHIBUIBIFBI KO3IBIPFBILITAPABIH OOJIMAaFaHIBIFBIMEH JKOHE MOJIIEpPi apKbUIBI aHBIKTANIAJIBI.
Bip in vitro mepucteMansl ociMIIKTeH HeEMece KaOBIK JKepleri MEKpOTYitHeKTeH 2-1eH 10-Fa geiiiH 1arslH TYWHEK,
an erep TUAPONOHKMKA Kosanranaa -40-ka AeiliH marblH TYHHEK anyFa 00iaibl. ONeMIIK OHIIPICTe MIaFbIH TYHHEK
Kazipri yakpITTa MEPHCTEMAaIbl OCIMJIK, i Vitro MUKPOTYHHEriH ajly MEH TYKbIMJIbIK MaTepUAIbIH Aaja d/1iCiIMEeH
Ke0eroi apachIHAAFbl apayblK OainaHeic 00mbIn caHanansl. 1llaFelH TyHHEK apKbUIBI TYKBIMIBIK KapTONTH OHIIPY
OTBIPFBI3y MAaTCPHAJIBIHBIH a0HOTHKAIBIK YXOHE OMOTHUKAIBIK CTpecC (PaKTOphIHA TO3IMIITiIH KaTaH KaJaranayabl
kaxer ereni. lllarbiH TyIHEKTI anara Tikeneil oThIpFhI3FaH/ia MeJIIepiHie epekulerik naina 6oxaapl. Rykaczewska
TYWHET1 HEeFYpIIbIM Kol 00Jica, COFYPIIBIM OIpKeJIKi KOIIET, Kipic IeH KYpFaKk MacCcaHblH MOJILIEPiHiH XKOFapbl eKeHi
AHBIKTAJIIBL.

Kasakcranna, HeriziHeH, MepHCTEMAaJbIK JAKbUI apKbUIbl in Vitro BUPYCCHI3 OCIMIIKTEp alfaHHaH KeiiH,
KOIITEereH TEXHOJOTHSIIBIK IpOLECTEep apKbUIbl MUHHUTYHHEKIIE, CHpPEK JKarjlaiga MepHCTEMalbIK ©CIMIIKTEeH
MHKPOTYHHEKIIIE aJbIHA/bI, COAaH KeiliH OlaH MUHHUTYHHEKIIE alyFa MyMKIHIIK TyaJbl.

3epTTeynep KepceTKeHIeH, OmopeakTopaarsl MEpHUCTEMANBIK OCIMAIKTEpHAl JKammail KIOHOAy >KYMBICHI KOJ
eHOCTIHIH YIIeCiH eoyip a3ailTaabl, OChUIaiIIa agaMu (aKTOPABIH 3epPTTEy HOTHXKECIHE OCEepiH, JIaCTaHyAbl, eHOCK
’KOHE MaTepHaJIIbIK IIBIFBIH/IBI a3aiiTy apKbUIbI TOJIBIKKAHABl BUPYCCHI3 MUKPOTYHHEKILE aryFa O0Iampbl.

Tyiiin ce3aep: xapTol, MUHUTYHHEK, BUpyCcChI3 KynsTypa, IILIP, DAS-ELISA.
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WHcTHTyT OHONOTHN B OMOTEXHOJIOTHH pacTeHnH, Anmatel, Kazaxcran

YCKOPEHHOE ITPOU3BOACTBO BE3BUPYCHOI'O
MNOCAJOYHOI'O MATEPHAJIA KAPTO®EJIS C IOMOIIBIO BUOPEAKTOPA

Annoranusi. KaprodeneBoacTBo siBisieTcsi OHON M3 KIIFOUEBBIX OTpaciieidl pacTeHHEBOJICTBA, ONPEEIISIOIINX
MPOJOBOJILCTBEHHYIO Oe3omacHOCTh Kaszaxcrana.PecryOnuke tpedyetcs 10 800 000 TOHH ceMEHHOTo KapTodens B
roa. ITomumo cemeHHOTro KapTodens, KOTOpbli BhIpammBaercst B KazaxcraHe, eXerogHo MMIIOPTHPYETCS OKOJIO
30 000 ToHH cemeHHOro Kaptodeis, mpu 3toM okoio 80% u3 3Toro odbema BBO3WUTCH W3 HunepmanmoB depes
YaCTHBIE KOMIIaHUH.

IMox xaprodenem B Kazaxcrane 2018 romy Oput0 3aHATO 192,3 THIC. Ta MPH 3TOM, BAIOBBIA COOpP COCTaBHWII
3806,9 teic. ToHH. IIpn 3TOM ypoxaitHocTs B 2018 romy cocraBmia Tonbko 19,8 T/ra. B To Bpems kak B cocemHeM
V3b6ekucrane B 2018 roqy ypoxaitHOCTh coctaBmia 33,68 T/ra, MakcUMalbHast ypoxkaitHOCTs B HoBolt 3emananu B
2018 romy Obu1a okoso 50,41 1/ra. 3BeCTHO, YTO OMHOM M3 OCHOBHBIX NMPHYUH HU3KOH YPOXKAMHOCTH KapTodess
SIBJISIETCS HEKAUECTBEHHBIN CEMEHHON MaTepral.

B mnocnenHee BpeMsl 4acToO HCHOJIB3YETCsl MPOM3BOJACTBO MUKPOKITyOHEH, W3 KOTOPBIX KaK U3 MEPUCTEMHBIX
pacTeHuil in Vvitro moy4aloT MUHUKIYOHH. MUKPOKIIyOHH SIBJISIIOTCS PE3YJIbTATOM KyJIbTUBHUPOBAHHE PACTEHHH in
Vitro B MICKyCCTBEHHOH MMUTATEILHOM cpejie.

MuHuKITyOHH ITPEACTABISIOT COO0H HEOObIINe KITyOHH, TIOTyUYeHHbIE U3 MEPUCTEMHBIX PACTEHUH i1 Vitro iu
13 MHUKpOKIIyOHeH. B 3aBucHMOCTH OT copTa M IJIOTHOCTH IOCAaIKH MX pasMep Kosebiercst ot 10 mo 50 mm.
CeMeHHast IIEGHHOCTh MUHMKITYOHEH ompezenseTcs OTCyTCTBHEM NaTOTeHOB M pa3MepoM. 113 0THOro MepucTeMHOro
pacTeHus! in Vifro WIM MHUKPOKIYOHS B 3aKpBITOM TPYHTE€ MOXKHO MOJY4YHTh OT 2 1o 10 MUHHKIyOHEH, ecnn
HCTIOJIB30BaTh THAPOIOHUKY - 10 40 MuHUKITyOHEH. B MHpOBOM MpPOM3BOACTBE MHUHUKIYOHH B HACTOAIICE BPEMS
MPECTABISIOT COOOW TMPOMEXYTOYHOE 3BEHO MEXIY IIONIy9eHHEM MEPHCTEMHBIX DPACTeHHH W MHKPOKIyOHEH
in Vvitro W TIOJNEBBIM Pa3MHOKEHHEM CEMEHHOro marepuana. [Ipou3BOACTBO CEMEHHOro KapToQess ¢ MOMOIIbIO
MHUHHUKITyOHe# TpeOyeT ropasio 6ojiee CTpororo KOHTPOJIsl yCTOMYMBOCTH MOCAA0YHOI0 MaTepraia K aDHOTHUECKUM
U OMOTHYECKHUM CTpeccoBbIM (hakTopam. [Ipm BrIcagke MHHUKIyOHEH HENOCPEICTBEHHO B IOJIEBBIC YCIOBHS,
Oosbioe 3HaueHHE MMeeT ux pasmep. Rykaczewska oOHapyxwuiaa, uro 4yem OoJbllie MUHUKIYOHH, TeM Ooliee
paBHOMEpHBIE BCXO/IbI, BBIILIE YPOXKai ¥ COJEPIKAHUE CyXOH Macchl.

ITpou3BOICTBO MUHUKITYOHEH sABJIsIeTCS (PUHABHON CTaaueH Moy4eHus: Oe3BHPYCHOTO CEMEHHOT'O MaTepHara.
B Kazaxcrane B OCHOBHOM IIOCIiE IIOJlydeHHUs] O€3BUPYCHBIX PACTEHHWH in Vitro 4epe3 KyJbTYpy MEpHUCTEM B
OOJIBIIMHCTBE TEXHOJOTMYECKMX MPOLECcaX M3 HUX IOIyYaroT MHHHUKIYOHH, B PEIKHX CIIydasX M3 MEPUCTEMHBIX
pacTeHui MoIy4aloT MUKPOKIYOHH in Vitro W 3aT€M U3 HUX MUHHKIYOHH.
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HccnenoBanus mokasaind, 4TO B OHOpEaKTOpEe MOXKHO MAacCOBO KIOHHPOBAaTb MEPHCTEMHBIE PACTEHHSA WU
HOJTy4YaTh MOJHOLEHHbIE 0Ee3BUPYCHBIE MUKPOKIYOHH COKPAaTHB 3HAYHUTENBHYIO JIOJNIO0 PYYHOI'O TPYZA, TEM CaMbIM
CHM3WTh BJIMSHHE Ha pe3yJbTaT YeIOBEYECKOro (hakTopa, COKPAaTHTh 3apa)KeHWUs, COKPATHTh PAcXojbl Ha OIUIATY
TpyJa X pacXxo/bl Ha MaTEpHabl.

KoaroueBblie ciioBa: kaprodesb, MUHUKITYOHH, Oe3BUpYcHas KyabTypa, [IL[P, DAS-ELISA.
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BUOJOIT'NYECKUE CBOUCTBA
FUSOBACTERIUM NECROPHORUM,
BBIJIEJIEHHBIX U3 IOPAKEHHBIX TKAHEHN KPC
B AJIMATUHCKOM OBJIACTH

AnHotanusi. HekpoOakTeprno3oM MOpaXkaloTCss MHOTHE BHIBI JKUBOTHBIX. HauOosee BOCIPHUMYHBBI U
qyBCTBUTEIbHBI K Fusobacterium necrophorum ceBepHble OJIeHH, KPYIHBIH M MEJIKHH pOraTbhlii CKOT, CBHUHbBH,
KPOJIMKH. Y CTaHOBJIEHO NIOCTOSIHHOE HOCHTEIILCTBO BO30YAUTEN HEKpOOaKTepro3a B pyOlle U KUILIEUHUKE KBAYHBIX
JKMBOTHBIX, OOHAapy)KMBAIOT €ro B YacTHIAX KOpMa IpH XBauke, a Takke B (exanmsax. Bo3Oyantens HekpoOak-
TEpHo3a IIUPOKO pacIlPOCTPaHEH B OKpY’Kalolled cpene (KMBOTHOBOJYECKHE IIOMELICHUS, BBITYJIBHBIE IIBOPEI,
HaBO3, MOYBA, MAcTOMWINA, HEIPOTOYHBIE BOJOEMBI M T.I.). 3apaX€HHE >XMBOTHBIX IPOUCXOIMT IPU MOMNAaJaHUU
BO30yIUTENS HA TPABMHUPOBAHHbIE YYaCTKN KOXKH WM CIM3UCTBIE 000JI0UEK )KUBOTHBIX. B pe3ynpraTe ImuTensHOro
COJICprKaHMsl )KUBOTHBIX BO BIIAXKHBIX IMOMEIIEHUAX, IPH MacTh0e MX Ha CBHIPHIX, 3a00JIOYEHHBIX YYACTKaxX, a TaKxkKe
IIPU Marepanuy TKaHel KOHEYHOCTel HapylraeTcs KpoBOOOpaleHre, BOSHUKAIOT TPEIIUHbI, OTCIIOEHHE pora.

OT GONBHBIX KHUBOTHBIX C CHMITOMaMH XPOMOTHI BBIZIETICHBI YETHIPE KYIbTYPHI BO3OYANUTEISI HEKPOOAKTEPHO3a
KpPYIIHOTO poratoro ckora Fusobacterium necrophorum, usydeHel uX OuoJOorMYeckue cBoHcTBa. l3ydeHa
MAaTOT€HHOCTh BBIACIEHHBIX KyJIbTYyp Ha Ja0OPAaTOPHBIX JKUBOTHBIX. PaboTa BBIMONHANACE B J1a0OPAaTOPHBIX U
npousBoicTBeHHBIX ycioBusix TOO «KazHUBW» u mva MT® HacenenHoro myHkTa c. «Apkabai» Tanrapckoro
paiioHa ANMaTHHCKON 00NacTy, rlie NPaKTHKYETCsl CTOMIIOBOE CO/IepyKaHUe )KUBOTHBIX. Cpe3bl ¢ OOIBHOrO KONbITa
KOPOB Opajii Ha rpaHuIle OOJILHOW U 340pOBOM TKaHU. [IpoObI 0TOOPAHHOTO OHOJOTHYECKOT0 MaTepUaia BRICCBAH
Ha cpeny Kurr-Tapoumu Ha mecte orbOopa Ha ¢depme. OTOOpaHHBI OT OOJBHBIX MXKMBOTHBIX OHOJIOTHUECKHN
MaTepHall NCCIIEOBAIM B T€UEHHE HECKOJIBKUX YaCOB I1OCJIE B3ATHS B COOTBETCTBUU C METOANYECKUMH yKa3aHUSIMA
1o JIAOOPaTOPHOH JHAarHOCTHKE HeKpobakTeprno3a. MaTtepual i 1abopaTOPHOTO UCCIIEAOBAHUS (CPE3bl C POTOBOM
TKaHH KOTIbITa Ha I'PAHMIIE CO 3710POBOM) OTOMpaN B CBEXEM BHJE U J€Jall BBICEBBI HA NMUTATEIBHYIO CPERy UL
aHa’pOo0OB.

Jis ocBOOOXIEHHMSI OT MHOTOYHCIEHHOW COIyTCTBYIOIIEH MHKpPO(IOPH W MOMYYSHHUS YHCTOW KYJIBTYpHI
F. necrophorum nocrasiena 6uonpo6a Ha 1a00paTOPHBIX )KUBOTHBIX — Kposinkax. Ha 14-15 cyTku nocne 3apaxeHus
OMIBITHBIE KPOJMKY NOrn6ain. 13 BHyTpeHHUX OpraHOB KPOJIMKOB BbICEBaJach YHUCTast KyabTypa F. necrophorum, He
KOHTAaMHUHHUPOBAHHAS TIOCTOPOHHEN MUKPOQIIOPOA.

Y CTaHOBIIEHO, YTO KPOJIMKH SIBIISIOTCS ONTUMAlIbHOM OMOMOJENbIO AJIsl OYMIIEeHUs KyIbTypsl F. necrophorum.
[TpuBeneHsl pe3ysbTaThl KyJIbTHBUPOBAaHUS BO30yIUTENsT HEKPOOAKTEpHo3a Ha IUIOTHBIX M JKHIKUX MUTATEIBHBIX
cpenax. M3ydeHpl OMOXMMHUYECKHE CBOMCTBA BBIJICJICHHBIX KYJIbTYp. Y CTAHOBJICHO, YTO 3ITU300THYECKHE KYJIbTYpHI
BO30yIUTENsT HEKPOOAKTEPHO3a BBIICISUIM CEPOBOJOPO M 00JIa/lay TeMOJIMTUIECKUMH CBOiicTBaMU. B omblTax in
Vitro u in vivo yCTaHOBIICHO, YTO Y BBIAEIEHHBIX KyabTyp F. necrophorum ormeueHna ruanypoHHua3Hasi akTHBHOCTb.
Kynerypsr F. necrophorum obnmamany BICOKOW KaTajla30i aKTHBHOCTHIO, PACIIEIUIIIN IEPEKUCh BOJOpoaa ¢ o0pa-
30BaHMEM KHCJIOpoAa (My3bIpbKOB ra3a). [Ipn m3ydeHnMn OMOXMMHYECKHX CBOWCTB ycTaHOBJIEHO, uto F. necrophorum
BBIJEISIET aMMHUaK B TedeHue 2-3 dacoB. Yersipe KynsTypsl F. necrophorum, BeineneHHBIE M3 OHMOIOTHYECKOTO
Marepuaza OT KPYNHOTO POraToro CKOTa, ObIIM HMICHTHYHBI MO OHONOTHYECKHM CBOWCTBaM. Bce BbIgeneHHBIE
KyJIBTYpbI 00J1a/1aJI BBICOKOM MAaTOr€HHOCTBIO JUIS KPOJIMKOB.

Ki1roueBble c10Ba: KpyIHBIN poraThIii CKOT, OeNlble MBIIIN, KPOJIWKH, KUBOTHBIE, ONOMIpoda, HEKPOOAKTEPHO3,
KyJIbTYpa MUKPOOPI'aHU3MOB.
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Brenenue. Hexpooakrepuo3 (Necrobacteriosis) — nHdekinnonnas 00j1€3Hb, XapaKTEPHU3YIOLIAsLCs
THOMHO-HEKPOTHUYECKUMHU TIOPAXCHUSIMH TKaHEeld NPEHMYIIECTBEHHO HIDKHHMX 4YacTeil KOHEYHOCTEH,
0COOCHHO B O0JIACTH BEHYWKAa, a B OTACIBHBIX CIydasX B POTOBOW ITOJIOCTH, Ha BHIMEHH, B ITOJIOBBIX
oprasax, Ie9eHH, JISTKUX U APYTUX TKAHAX U OpTaHax.

Bo3oynurens 6ose3nn Fusobacterium necrophorum - rpaMorpunatensHas nmoauMopgdHas Manxouka,
He 007alaloT MOJBMKHOCTBIO, PACTET B CTPOTO aHA3POOHBIX YCIOBUAX, HE 00pa3zyeT Crop W Kamncyild. B
CIEIMAFHON JIUTEPaType OTCYTCTBYIOT IOJIHBIE JAaHHBIE O MATOTCHETHYECKNX (DaKTOpax, BBI3BIBAIOIINX
HerOTI/I‘IeCKI/Iﬁ IMpoUeCC B OKOJIOKOITBITHBIX TKaHAX. I/ICCJICZIOBaHI/IH 110 BBISIBJICHUIO MEXaHHN3Ma I[eﬁCTBHH
B030yauTenss OOJNE3HM Ha pPa3loKEHHWE TKAaHEH B MecTe ero OOMTaHHs TO3BOJIIOT Oojee yCIEeHIHO
OCYIIECTBIATH OOPHOY C 3TUM 3a00JIeBaHNEM.

OnM300TOJIOTHYECKHEe [aHHble. HekpoOakTepruo3oM MOpakalTcs MHOTHE BUIBI KHBOTHBIX.
Opnako HauboJiee BOCIIPHMMYHUBBEI M UyBCTBUTENBbHBI K Fusobacterium necrophorum ceBepHbIE ONeHH,
KPYIHBIA U MEJIKUNA poraTelii CKOT, CBUHBU, KpOJUKH U 1p. [1,2]. YcTaHOBIEHO MOCTOSHHOE HOCH-
TETBCTBO BO3OYIUTENS HEKpOOAKTepHo3a B PyOIle M KHUIIEYHHUKE XBAYHBIX JKUBOTHBIX, OOHAPYKUBAIOT
€ro B YACTHIAX KOpMa TpH JKBauke, a Takke B Qekanusx. Bo3OyanTens HeEKpoOaKTepHo3a MIMPOKO
pacIpocTpaHeH B OKpy’Karomleil cperne (KHBOTHOBOIYECKHE IOMEIIEHHS, BHITYJbHBIE IBOPHI, HABO3,
ITOYBa, IMacTOMUINA, HEITPOTOYHBIE BOAOEMEI U T.10.) [3,4].

3apa>KeHI/Ie JKUBOTHBIX ITPOUCXOOUT IIPpU MNOIIadaHHUU BO36YILHTCHH Ha TPaBMHUPOBAHHBIC YYaCTKH
KOJKM WJIM CIM3UCTBIX OOOJIOUEK >KMBOTHBIX. B pesynbrare AIMTENBHOrO COAEP)KAaHHS >KUBOTHBIX BO
BIIQXKHBIX TTOMEUICHHSX, IIPU MAcTh0e MX Ha CBHIPHIX, 3a00JI0UEHHBIX Y4YacTKax, a TakKe MpHU Malepanuu
TKaHel KOHEYHOCTeH Hapymaercs KpoBOOOpalleHHe, BO3HWKAIOT TPEUIMHBI, OTCIIOCHHE pOora, T.€.
CO3J1at0TcA OJaronmpusATHBIE YCIOBUS Ui NMPOHUKHOBEHHS M Pa3MHOXKEHHS BO30YAMTENS HEKpPOOak-
Tepro3a [5]. B dacTu TkaHH, a 3aTeM MMATOIOTUYECKOMY NEHCTBHUIO TOJBEPracTCs BEHYHK W JUCTAIbHAS
JacTh KOMBITA. TedueHne 00JIe3HN HEPEAKO OCIOKHICTCS Pa3BUTHEM CeKyHIapHOU nHbEKIH [6].

Jlmarno3 Ha HEKpoOaKTEepHO3 YCTAaHABIUBAIOT, B OCHOBHOM, HA OCHOBAHHMH KIIMHUYCCKUX MPU3HAKOB
Oomneznu. [Ipu 3TOM XapakTepHBIM SBISETCS HATUYWE THOWHO-HEKPOTHYECKUX MOPaKEHHH KOMBITa CO
crerurIecKuM THAJIOCTHBIM 3amaxoM. /(s moaTBepikIeHusl AuarHo3a Ha HeKpoOaKTepro3 IPOBOIST
0aKTEepHOJIOTUYECKUE UCCIICTOBAHUS C TTOCTAHOBKOW OMOTIpOOHI [7].

JleyeHue OONBHBIX )KUBOTHBIX OCYILECTBIISUIM HA CIIEHUATBFHO O00OPYAOBAaHHBIX MJIOMIATKAX C CyXUMH
MOJIaMH, 3alIMIEHHBIMHU OT JOXKIISA U BeTpa. MecTa MopakeHUil KOTBITa TIIATEIHHO OYHIIAOT, OMBIBAIOT
AQHTHCENTUYECKIMH DPAacTBOpPaMH ¥ HAHOCAT CyJb(paHWJIAMHUAHBIE TMpernaparbl WM aHTHOMOTHKH
TETPALUKIMHOBOIO WM IMCHUIOWIJIIMHOBOI'O psaa. O)Z[HaKO OTCYTCTBUC JAaHHBIX O MNAaTOICHCTUYCCKUX
(akTopax Bo30yauTens cuepxxuBaeT 3QPpEeKTHBHOCTH 03JOPOBUTEIHHBIX Mep [8].

Heap wucciemoBaHuii - M3ydeHHE OMOJIOTHMUECKHX CBOMCTB Fusobacterium necrophorum, ompeme-
JieHrne (QaKTOpOB MAaTOTCHHOCTH JUIs Pa3paboTKu 3(PPEKTHBHBIX CIIOcOO0B OOpHOBI ¢ HEKPOOAKTEPHO30M
JKUBOTHBIX.

Marepuanasl U MeToabl. PaboTa BBIIONHAIACE B JTA0OPATOPHBIX U MPOU3BOJICTBEHHBIX YCIOBHUSIX
TOO «KasHUBW» u na MT® HacereHHOTO MyHKTa c. «Apkabait» Tanrapckoro paiioHa AJTMaTHHCKOMN
o0macTy, e MpPaKkTHKyeTcs CTOMIOBOE colepiKaHUe >KMBOTHBIX. bakTepuojorumdyeckue HCCIECAOBAHHS
MPOBOAAT OOMIETIPUHATEIM MeTofoM. OTOOpaHHBIN OMOIIOTHYECKH MaTepHual HCCIeIOBAIA B TEUYCHHUE
HECKOJIbKHX YacOB IIOCIIE B3ATHS B COOTBETCTBUM C METONWYECKHUMH YKa3aHUSMHU II0 JIabOpaTopHOit
IMarHOCTHUKE HekpoOakTepmosa [9]. Matepuan mis 1abopaTOPHOTO HMCCIETOBAHUS (CPE3bl C POTOBOM
TKaHH KOIBITA HA TPAHUIE CO 3[0pOBOIl) OTOMpaNu B CBEXKEM BUJE U JIENald BHICEBBI HAa MUTATEIBHYIO
cpemy A aHadpoOoB.

Pe3yabTaTbl uWcciaenqoBaHuii u  o0cy:kaeHume. MaccoBocTh 3a00JeBaHUS HEKPOOAKTEPHO30M
o0ycioBieHa HEOJArONPHUATHBIMU YCIOBHSMH COJEpIKaHUS, yX0la M KOPMJICHUS >KUBOTHBIX, KOTOpBIE
CIOCOOCTBYIOT Mallepalliid KOXH, BEHO3HBIM 3aCTOSIM B TKaHIX, CHWKCHHIO WX PE3UCTEHTHOCTH, B
pe3ynpTaTe 4ero o0pas3yloTCsi MUKPOTPaBMBI M B HUX BHEIPSIETCS pa3iddHas a’dpoOHas W aHa’poOHas
MHUKpodJIopa.

Bce cragum HexkpoOakTepro3a y KHBOTHBIX Pa3HBIX TPYIIT HISHTHYHBI W HAOIIOMAIOTCS B KaXKIOH
HEOJIaromoayJYHON M0 HEKPOOAKTEPHO3y 3IMH300TOJIOTHYECKON enuHuIe. [IpoObl oTOMpamu ¢ poroBoi
TKaHU KOTIbITA Ha TPaHUIle OOJBHON U 310pOBUH TKaHH (pUCYHKH 1,2).

— 4 ——
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Pucynok 1 — KonbITo KOpOBBL, Pucynok 2— Ot60p npod maTonoru4eckoro
TOpaXeHHOE HEKPOOaKTEepPHO30M MaTepHaia y KOpOBbI

Ha pucynke 1 moka3aHo KOTIBITO KOPOBBI, O0IBHOIN HEKPOOAKTEPHO30M. BUIHBI MOpaxeHns poroBOTro
CJIOSl KOTIBITa W TIpWIIeTaronied K Hemy TkaHW. Ha pucyHke 2 mpexacrtaBieH oTOOp HpoO W3 KOIBITA,
MOPaKEHHOTO0 HEeKpoOakTeprno3oM. BuaeH BocmamuTeldbHBI NPOLECC KOMbITa W MPHIETAIOMIEH K HEMY
TkaHu. OTOOpaHHBIE OT JKUBOTHBIX C CHMIITOMaMH XPOMOTHI MPOOBI BHICEBAIH, KaK YKa3aHO BEIIIE, HA
CHeNMAIbHBIE THTATEIbHBIC CPEIbl Ul MOCICAYIONIETO W3yYeHHs OHOJIOTHYECKUX CBOWCTB (KYJBTY-
pabHO-MOP(HOIOTHYECKIX, ONOXUMHUYECKUX, BUPYJICHTHBIX U T.J.), WACHTU(QHUKALWU U THIIOBOH NpWHA-
JIS)KHOCTH BBIIETIEHHBIX KYJIBTYp. BCEro oT KMBOTHBIX ¢ CHMITOMAMH XPOMOTBI BBIIENEHO 4 3MHU300TH-
JecKkux KynbTypsl F. necrophorum.

U3 BbIpalieHHBIX KyJIbTYp TOTOBWJIM Ma3KH M OKpamuBamu no [pamy. F. necrophorum B Mmazke
MOKa3aHa Ha PUCYHKE 3.

st e . LI/ ey

Pucynok 3 — F. necrophorum B mMa3ke, okpamenHoM 1o ['pamy

Ha pucynke 3 moka3aHpl TOHKHE UIMHHBIE TPAMOTpPHIIATENbHbIE HUTEOOpa3HbIE MAIIOUKH, THITHIHBIE
JUTSE BO30YTUTEIs HEKPOOaKTepro3a.

st momydenust unctoit KyneTypsl F. necrophorum craBuwim 6uonpoOy Ha Kpoiukax BecoM 3-3,5 Kr.
C »TO# 1eNbI0 OMBITHBIM KPOJHMKAM ITOAKOXXHO B OOJIACTh KOPHS yXa BBOJWINA CYCIIEH3HUIO, PUTOTOB-
JICHHYI0 U3 OMOJOTMYeCKOT0 MarepHaia, B3STOr0 OT OONBHBIX KOpoB. brompoOy mpoBoamnu ogHOBpE-
MEHHO C TOCEBOM MaTepHajla Ha NHTaTeNbHbIEe cpeabl. HaOmomeHue 3a ONBITHBIMHU SKUBOTHBIMH
ocymecTBisuin B TeueHne 10 cytok. Ha mecte BBemeHMs 3apakaioliero MaTepuana depes 3-4 OHs WM
MO3/THEE Pa3BHUBAJICSA BOCMAIHMTEIBHBIN TMPOLECC ¢ HEKPO30oM KoXu. Uepe3 4-5 CyTOK y 3apaskeHHBIX
KPOJIMKOB HaOIIOAaU pa3BUTHE BOCHAIUTENLHOTO, a 4Yepe3 10-12 CyTOK HEKPOTHYECKOTrO MpPOIIECCOB,
PUCYHOK 4.

Ha pucynke 4 BuIeH BOCHANUTENBHBIA TPOIECC M HEKPOTHUECKHH OYaKOK y OCHOBAHHS yXa
KpOJHKa, 3apaxkeHHoro F. necrophorum.
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Ha 14-15 cyTku onbITHBIE KPOJIHKH TIOrHOanu. 3 BHyTpeHHNX OpPraHOB KPOJIMKOB JIENIANN TIOCEBHI Ha
cpeny Kurr-Taponuu, rae orMeuaicst pocT YucToi KynbTypsl F. necrophorum.

Ha arape lLleiicciepa B aHa3poOHBIX YCIOBHSX depe3 48 yacoB KyJbTHBHPOBaHMS HaOIromancs
OOMJIBHBIN POCT KPYIJIBIX MATOBBIX BBIIYKJIBIX KOJOHHM C HEPOBHBIMH KpasMu pazMepoM oT 1 1o 3 mwm,
PHUCYHOK 5.

Pucynok 4 — Hekpo3 Tkanu Pucynok 5 — Poct xononuit F. necrophorum
Y OCHOBaHHUS yXa KpOJIUKa Ha IUIOTHOM MUTaTeIbHOMH cpeze

Ha pucynke 5 mokazanpl Melkne KpyTJible MaToBbIe KosloHnd F. necrophorum.
B maskax, mpuUroTOBJIEHHBIX U3 CYyTOYHOH OYJIhOHHOH KynbTypbl F. necrophorum, nmpocmarpusainmch
TOHKHE JUIMHHBIE IPaMOTPHUIATEIbHBIE HUTH U MaJOYKH, PUCYHOK O.

Pucynok 6 — F. necrophorum, ouniiieHHas oT COMyTCTBYIOMIEH MUKPOQIOPH! B Ma3Ke, OKpareHHoM 1o ['pamy

Ha PUCYHKE 6 OpeaACTaBJICHBI I'PaMOTPUIATCIIbHBIC TOHKUEC MMaJIOYKU U HUTH, HC KOHTAMHWHHUPOBAaHHBIC
MOCTOPOHHEW MUKPODIOPOH.

Omnpenensnu  crocobHocts F. necrophorum ruaponm3oBate rummypar, 3CKyJNHH, 00pa30BBIBATH
WHJIOJ, CEPOBOAOPOJI, pa3siaraTh yriieBoabl ¢ oOpa3oBanueM KucioThl. st F. necrophorum xapakrepHo:
OTCYTCTBHE CIIOCOOHOCTH K THUAPOJM3Y THUIIypaTa, 3CKyJIUHA, 0Opa30BaHHIO KHCIOTHI U3 TaJlaKTO3bI,
MaHHO3bI, IeJUI00MO3bI, MEITUOHMO3bl, Caxapo3bl, Tperano3bl, paddUHO3BI, CcaNUIUHA; BO3OYIUTEIH
HETOCTOSIHHO PpACIIEIUIsieT TII0KO3y, JaeT KUCIOToOOpa3oBaHWe Ha cpele ¢ (PpyKTO30M, caxapo3om,
ManbTo30#. OTaenbHble mTaMMbl F. necrophorum MoryTt gepMeHTHpOBaTh MAaHHUT, AYJBIHT, TIUIEPUH;
paCIIEIUIIIOT JKENaTHH, HE PEAYUUPYIOT HHUTPATHl B HHUTPHUTHI, 00pa3ylOT WHAOI W CEPOBOIOPOI.
bruoxnmugeckue cBoiicTBa BO30YIUTENST HEKPOOAKTEPHO3a MIPEICTABICHBI B TabmuIe 1.
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Tabnuua 1- buoxummyeckue xapakrepuctuku F. Necrophorum

Kynb HanmeHnoBaHue yriesosioB
Typa Man- | I'mo- | Jlak- | Apabu- | Mams- | Caxa- | Padu- Pam- | Jyme- | O6pazoBa- | I'emonus
HHUT KO3a TO3a HO3a TO3a po3a HO3a HO3a AT HHC Tra3a
Nel + + + + + + + + + + +
Ne2 + + + + + + + + + + +
Ne3 + + + + + + + + + + +
Ne4 + + + + + + + + + + +
VcinoBHbIE 0003HAYEHMS: + - HATUYHE (bepMeHTaTPIBHOfI AKTHUBHOCTH.

W3 tabauuer 1 BuIHO, uTO Bee 4 KynbTypsl F. necrophorum o6sagany BeICOKOH (hepMEHTaTUBHOM ak-
TUBHOCTBIO: pasjarajiy ¢ oOpa3oBaHHEM KHCJIOTHI U ra3a IIIOKO03Y, JaKTo3y, apaOMHO3y, MalbTO3y, caxa-

po3y, paduHO3y, paMHO3y, TyIbIUT. [IpoTeonuTHYECKUE CBONCTBA BBIJCIICHHBIX KyIbTyp F. necrophorum
MoKa3aHbl B Tabnwmie 2.

Ta6mmna 2 — Iporeonuruueckue cBoiicta F. Necrophorum

Kynberypa [IpoTeonurnyeckue cBoicTBa

Ob6pasoBanue OO6pa3zoBanue Pazxikenne CBepThIBaHHE MOJIOKA
CepoBOAOpOaa UHJ0Na JKeJTaTHHA

Nel + + + -

Ne2 + + + -

Ne3 + + + -

Ne4 + + + -

YcnoBHbIE 0003HAUEHNS:

+ - Hanuane hepMEHTATHBHOI AaKTHBHOCTH; — - OTCYTCTBHE (DepPMEHTATHBHON aKTHBHOCTH.

W3 tabnumet 2 cnemyert, 4To Bce KyibTypsl F. necrophorum oOpa3oBBIBaM CepoBOIOPOI U HHIOIN,
pa3KMKaIM )KeJIaTHH U He cOpaknBalu MOJIOKO. Bece 4 anm3ooTHUECKHE KyIbTYpbl BO30YANTENS HEKPO-
OaxTepno3a, BBIICICHHbIE HAMH OT KpymHOro poratoro ckota MT® c. Apxkabaii Tanrapckoro paiioHa
AnmMaTHHCKONW 00J71acTH, OBUTH WIACHTHYHBI TT0 OMOXMMHYECKHM CBOMCTBAM, MPOTECOTUTHUYCCKOW aKTHB-
HOCTH U MIATOTEHHOCTH.

Ha pucynkax 7 u 8 mokazaHa IpOTEOIUTHYECKasi aKTUBHOCTh U T€MOJUTHYECKHE CBOWCTBA BO30YIH-
Temsl HeKpoOaKTepro3a.

Pucynok 7 — Ilpoteonurnueckas akTUBHOCTb Pucynok 8 — ['eMonuTudeckue cBOWCTBa
F. ecrophorum F. necrophorum

Ha pucynke 7 mpeacTaBlieHO pa3kIXOKEHHE jKelaThHa, F. necrophorum HHTEHCHBHO pa3KHKaeT
kenatuH. Ha pucynke 8 moxazano mpocsetiieHue cpeabl Kurr-Taporuu ¢ mobaBnenueM KpoBu OapaHa,
YTO CBUETENBCTBYET O TEMOJIUTHUECKON aKTUBHOCTH KyNbTyphl F. necrophorum.

Bo30ynurtens HekpoOakTepno3a o007aman BBICOKOW KaTalna3sHOW akTHBHOCTHIO. KomoHmrio 2-x
CYTOYHOH KyJbTypHl F. necrophorum, BeipaiieHHyto Ha arape Lleficcnepa B aHa3pOOHBIX YCIOBUSIX, Opaiu
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0aKTeprOIOTHYECKON TeTiell W TIIaTeIbHO PACTUPAIH B KaIule CBEXENpPUTOoTOBIeHHOTO 3% pacTBopa
MepeKUCcH BOAOpojAa Ha mpeaMeTHoM crekie. Yepes 0,5-1,0 MuHyTy Ha cTekiie HaOMOAanoCh UHTEH-
CHUBHOE 00pa3oBaHWE MYy3BIPHKOB Ta3za, mpoucxomwio pacmeruienne H,O> ¢ BblIeneHHeM aTOMapHOTO
kucaopona. OnpeneneHre cepoBOAOPOa OCYIIECTBILTH C MTOMOIIBIO TIOJIOCOK (pUIBTpOBaNIbHONM Oymarw,
MPOMUTAHHOMN HACBHIIIEHHBIM PAaCTBOPOM YKCYCHO-KHCJIOTO CBHHIA. YHYET peakiii OCYLIECTBIIIN uepe3
24 yaca BBIJEP)KUBaHHUSA KyJNbTypbl B TepMmocTare. [lo McTeueHHHM yKa3aHHOTO BPEMEHH IPOBOIMIH
3aMephl BETMYNHBI TOTEMHEHHS MTOJIOCOK (PMIIBTPOBAITFHON OyMaru M JIeJialii OLIEHKY CTENEHH BBIICIICHIS
CepoBOJIOpoa u3yudaeMoi KynbTypoit. Karamasnas aktuBHOCTh F. necrophorum u o6pasoBanue
CepoBOIOpO/Ia IOKa3aHb! Ha pucyHKax 9 u 10.

-

Pucynok 9 — Karanaznas Pucynox 10 — Ilponyxuus
aKkTHBHOCTH F. necrophorum cepoBogopona F. necrophorum

Ha pucynke 9 BuAHBI My3bIpbKH Ta3a mpH pacuierviennd F. necrophorum mepekncu Bomopoja, 4To
CBUJIETEJILCTBYET O BBICOKOM KaTana3HoW akTuBHOCTH. Ha pucynke 10 mpencraBieHa MnoyepHeBIIas
¢unbpTpoBanbHas OyMa)kka, MPOMUTAHHAS YKCYCHO-KHCJIBIM CBHHIIOM, YTO CBHJICTCILCTBYET 00 MHTCH-
cuBHOM 0Opa3oBannu F. necrophorum H,S.

CremylommMm 3TarnoM B M3YYEHNN OMOXWMHUYECKHX CBOMCTB F. necrophorum sBisiiock ompeneneHne
ypea3Hoil akTuBHOCTH. C 3TOM MeNnbi0 MpOM3BOAWIN TMoceBbl F. necrophorum Ha muTaTenpHYIO Cpexy
Kutr-Tapoumu ¢ npobasnenuem B 0,002% denonpora u 2% moueBUHBI (Kapbamuna) ¢ MOCISAYIOIIUM
BBIIEP)KUBAHUEM TIOCEBOB B TepMmoctaTe mpu 37-38 °C B teuenue 24 vacos. [IpoaynupoBaHue amMmmuaka
YCTaHaBIUBAIN BU3YaJIbHO 10 U3MEHEHMIO 1IBETA MHUTATENbHOI Cpe/bl OT CBETIO-TMMOHHOIO J0 KpPacHo
ManmHoBoro. OueHKy ypea3sHoi akTuBHOCTH F. necrophorum npoBoannu no 4eTepéx 0auIbHON cucTeMe:

+++ - IoTHOE U3MEHEeHHE [[BETa CPE/Ibl B TCUCHHE 2 YacOB POCTa;

++- KpaCHO-MaJIMHOBHIH IBET Cpejia MpHoOpeTaa Mo UCTEYEHUI0 4 4acoB POCTa;

+ - U3MEHEHME LIBETa CPEJIbl OT JKEJITO-TMMOHHOTO IO KPaCHO-MaJIMHOBOI'O HACTYIAJIO IO HCTEUEHHUIO
8 4acoB pocTa OaKTepUAITEHON KYJIBTYPHI;

- OTCYTCTBHE M3MEHEHHH I[BETa CPeabl B TeUeHHe 24 4acoB BBIICPKUBAHHUSA KyJIbTYpPHI B TEPMOCTATE.
[Tpu m3ydenun ammuakooOpaszoBanusi F. necrophorum orMedanoch HHTEHCHBHOE BBIJICNICHHE aMMHUAaKa B
TedeHue 2-3 4yacoB, 0 YeEM CBUETEILCTBOBAJIO NOKpacHeHue cpeasl Kurr-Taporiy, pucysok 11.

Ha pucynke 11 mokazano nokpacaenue cpeapl Kurr-Tapory BcliecTBie MHTEHCUBHOTO BBIJCIICHUS
ammuaka 4yepes 2-3 dacoB mociie nocesa F. necrophorum. BuaHo nonHOe H3MEHEHHE LIBETa CPellbl, OKpa-
CHBILICIicS B MaJMHOBBIN 1BeT. TakuM 00pa3oM, HaMU BIIEPBEIE BhIsIBICHa ciocoOHOCTH F. necrophorum
BBIACNIATh aMMHAK, HA YTO BbIAH OXPaHHBINA AJOKYMEHT [10].

I'manypoHnma3Hyto akTHBHOCTH F. necrophorum ompenensiii B ombITax in vitro u in vivo. B 4 mpo-
Oupku momernanu 1%-HBIH pacTBOP TMaTypOHOBOW KHCIOTHI (OQHIMHAIBHBIN Mpenapar) u JA00aBIsIH
B3BECh M3ydaeMoW KynbTyphl. [l co3maHusl aHa3pOOHBIX YCIIOBHM CBEpXY HACIaWBalld Ba3elIMHOBOE
Macyo (BbICOTa CTOJIOMKA 1 CM) M BBIICPKUBAIH KYJNBTYpY B TepMmocTtare 12 gacos. [IpoBomuian ONEHKY
CTETIeHH MIPOCBETIIEHHUS pacTBOpA TMAIyPOHOBOM KUCIIOTHI C MOCIIEAYIONNM BBIJICPKUBAHUEM PEaKTHUBHOMN
cMecu B TepMocTaTe B TedeHue 3-4 yacoB u 3aTeM ¢ nodasieHneM 20%- Horo pactBopa TXYVY, Hamnuue
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THAJypPOHUJIA3HOM AaKTMBHOCTH Y BCEX BBIJECNIEHHBIX UYETBIPEX KyNbTyp. JlOMOJHUTENHHO THaTypOHH-
JasHylo akTHMBHOCTH F. necrophorum onpenensium in vivo. C 3Toi nenbio roroBuwin §-10 MUImuapaHyro
OaxTepraNbHYIO B3BECH KyJIBTYpPHI H CMEUIHBAIN ee B cooTHOmEeHNH 1:1 ¢ 1%-HbIM pacTBOPOM TpHUIIAHOI
CHHH, 3aTeM BBOJIMIIM KPOIIMKY - albOMHOCY BecoM 3-3,5 KT BHYTPHKOKHO B 0011acTh CIIMHBI B 03¢ 1 cM’.
VY4er y pe3ynbraToB MpoBoaAwaHn uepe3 12 u 24 yaca. ['manypoHunasHas akTuBHOCTH F. necrophorum in
vitro u in vivo BuiHa Ha pucyHkax 12 u 13.

Pucynok 11 — IIpoxykmus ammuaka F. necrophorum

Pucynok 12 — Onpeznenenue ruatypoHUAa3HON Pucynoxk 13 — Onpezesnenue ruanypoHuAa3HON
aKTUBHOCTH in Vitro aKTUBHOCTH in Vivo

Ha pucynke 12 BUAHO MPOCBETJICHHUE CPEIbI, YTO CBHUICTEILCTBYET O MPOAYKIUU BO30YyIUTEIEM
HEKpoOakTepruo3a TruanypoHuaassl. Ha pucyHke 13 BHIHO yBEIMUYEHHE CHHETO MATHA y KPOJMKAIO
pa3MepoB 2 cM B paguyce depe3 48 gacoB 1mociie MHBEKINH. Y CTAaHOBJIEHO, 4To F. necrophorum obnamaer
HIMPOKHAM CHEKTPOM (PepMEHTATUBHON aKTUBHOCTH. DepMEHTHI BO3OYIHTENS, B TOM YHCIE U THAIYPO-
HU/a3a, 3HAYUTCIBHO YCHUJIMBAIOT U OTATOMIAIOT TEYCHUE MATOJOTHMYECKOTO MpOoIecca Yy JKUBOTHBIX,
YCKOPSIIOT MUKPOOHOE paclpOCTPAHEHHE B TKAHSX.

Bce uetpipe smuzootmdeckune KyibTypel F. necrophorum obmamainy BBICOKOW MAaTOTEHHOCTBHIO IS
KPOJIUKOB U O€JbIX Mblliei. ONBITHBIC )KUBOTHBIC, KaK MIPABUJIO, MO0 UCTCYCHUIO OTPEJICIICHHOTO BPEMEHH!
nmorubamu. [laromoroanaroMuueckue W3MEHEHHS Y TABIIMX JKABOTHBIX OBUIM CIEUU(UYHBI IS
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HerO6aKTepI/IO3a " XapaKTCPpU30BaJIUCh MACCOBBIMU HCKPOTHUUYCCKUMH OYaAXXKaMU U KPOBOUIIUAHUAMH
BO BHYTPEHHHX Opranax. OTMeYalluCh MaTOJOTHYECKUE U TUCTPOPHUUECKUE U3MEHEHHUS BO BHYTPCHHUX
JKUBOTHBIX. OT MaBIIMX >KUBOTHBIX BBIIEJTICHBI 3apaxkaroine KyasTypsl F. necrophorum, He KoHTaMHHU-
pOBaHHBIC TOCTOPOHHEH MHKPODITOPOI.

3akaouenne. B Tanrapckom paiioHe ANMaTHHCKOM 00JIaCTH MMEIOT MECTO ClIydau HeKpoOak-
Tepro3a y KPYIHOTO poraToro ckora. Bo3Oyaurenem HekpoOakTepuo3a sBisercs F. necrophorum,
BEIZICJICHHAs M3 OMomaTepraja OT OOJBHBIX KUBOTHBIX. KymeTypsl F. necrophorum obGmamanm BeICOKOH
MaTOTeHHOCTBIO JIJIsI JIAOOPaTOPHBIX KUBOTHBIX. Bee yetkipe KynbTypbl F. necrophorum, BbleneHHBIE OT
OONBHBIX HEKPOOAKTEPHO30M KOpOB, 00Jajany BBICOKOH (EpPMEHTATHBHOW aKTHBHOCTBIO: pasjaraid
o0Opa3oBaHHEM KHCIIOTHI U ra3a TIII0KO03Y, JaKTO3y, apaduHO3y, MaIbTO3y, caxaposy, pahuHo3y, paMHO3Y,
JIYJIBLINT.

Kynberypst F. necrophorum nponyuupoBaini cepoBOAOPOA, BBLACISUIN aMMHAaK, 00JIafanyd IpOTEO -
TUYECKOH, KaTalla3HOH, THAypOHHIA3HOW M TeMOJMTUYECKOW aKTUBHOCTBIO, SBISIOMIMXCS (haKTOpaMu
MMaTOTeHHOCTH BO30YIUTENS HEKpOOAKTEPHO3a.

buonornyeckue cpoiicTBa U ocodeHHoctd F. necrophorum OymyT HMCIONB30BaHBI MPHU pa3paboOTKe
TEPANeBTUYCCKUX U MPOPHUIAKTHICSCKUX MPEHAPATOB MPH HEKPOOAKTEPUO3€E KUBOTHBIX.

H.II. UBanos!, H.H. Eroposa?,
C.H. Capumobexora?, B.JIO. Cymux?, A.K. Hiaumoaena?

«Kazak reutbiMu-3epTTey BerepuHapus HHCTUTYTHDy JKILIC, Anmarer, Kazakcran

AJIMATBI OBJBICBIHIAFBI IP1 KAPA MAJIJIBIH
NHOEKINUAJTAHFAH TIHIHEH BOJIIHI'EH
FUSOBACTERIUM NECROPHORUM BHOJIOTUAJIBIK KACUETTEPI

AnHoramms. Hekpobakrepro3 (HEKpoOakTepro3) — TYSK YINAIapbIHBIH ipiHAi-HEKPOTHKAJIBIK 3aKbIMIAHATBIH HHQEKIIHS
aypysbl, acipece, TYSK alacklHaa, an Keibip xaraaiifa aybl3 KybIChI, JKeJIiH, )KBIHBIC MYIIeci, OaybIp, OKIIe xaHe 6acka ar3anapia
Ke3zece.

Kermteren sxanyap Typiepi HekpobGakTepuosra Oeitim Oosbin keneni. Fusobacterium necrophorum-ra Gy¥bl, ipi Kapa xoHe
ycak Kyiic KaibIpaThIH jKaHyapiap, LIOLIKA XKOHE KOSHAKAp ce3iMTall OOJIbII Keslesi.

HekpoGakTepro3 KO3IbIPYILIBICBIHBIH TYPaKThl TACHIMAJIAYIIBICHl KYHiC KaibIpaThIH MaJIbIH illleri MEH KapHbIHIA Maiina
Gounbll, On Kyilic Kailblpy Ke3iHIe a3blK OeuIieKTepi, HOXKIC, CBIPTKBI opTa OO0BEKTiIepiHme Kesmecenmi. Aypy, acipece,
300TMI'MEHANBIK JKaFlaibl Hallap bUIFANIbl JKEplEe YCTaNaThlH >KaHyapiapaa >kui Oaiikanazasl. JKanyapnap HMHQEKLIHACHIH
KO3/IbIPYIIbI 3aKbIMIaHFaH TEpire HeMece WbIPHIITH KAOBIKTaH €HIeHe KaOBIKThIH MallepalusAChIHa Naiaa Gonapl.

Kymoic «KazF3BW» JKIIC-HiH 3epTXaHaNBIK JKOHE OHIIPICTIK jKarmaibiHAa jxkoHe Anmarbel 00ibickl Tanrap aymaHsl
«Apkabait» engimexeninin MT®-aa sxanyapapl Kopana KyTin-0ary arJalblHIa KYPri3iiii.

3epTXaHaiblK 3epTTEYre apHalraH MaTepuan (TYSK YInachl 3aKbIMAAHFaH TYCTBIH Cay YJINAchl apachlHIAFrbl IIEKapachl)
JKaHa aJIbIHFaH JKoHe aHadpoOTapra apHaiFaH Kopektik oprara (Kutr-Taporuu opracsr) cebinmi.

Tanpnanrad OHONOTMSUIBIK MaTepHUaNABIH yiriiepi ¢epmamarbl 3eptxanaga Kurr-Tapoumm opraceiHa eringi. Aypy
KaHyapiap/laH aJIbIHFaH OMOJOTHSUIBIK MaTepual HEeKpoOaKTepHO3/blH 3epTXaHalblK 0anay KeHIHIeri HYCKayJbIKKa colikec
aJbIHFAaHHAH KeiliH OipHele carar e 3epTTesi.

Kermteren ykcac Mukpodiopanan apbuty yiit sxone F. necrophorum tasa eciHmicin Geunin any yIniH 3epTXaHara ajJblHFaH
KostHAapra Ouoananu3 xacanasl. Mudekiusnan keitin 14-15-kyHi okiuaynaHraH eCiHAUISPAiH JKOFapbl MAaTOreHIUTIMiHIH dce-
pineH Taxipubere anbinFan Kostuaap eini. KosHHbIH ki ar3anapbiaa Oerne MukpoduiopaMeH acranbaran Taza F. necrophorum
ecinzici erini.

KosinupiH F. necrophorum ecinminepin Ta3apTy YIUiH OHTaiibl OMOMOJETb CSKeHAIri aHbIKTanabl. HekpobakTepnos
KO3BIPYLIBICHIH KATThI JKOHE CYHBIK KOPEKTIK OpTaja ecipy HaTxenepi kenripingi. OKiaynanran eciHAIepaiH OMOXMMHSIIBIK
KacueTTepi 3eprrenai. Ipi Kapa Mangarbl HEKpoOAKTEpHO3 KO3IbIPYLIBICBIHBIH IHAET OCIHALIepl KYKIpTCyTeK Oeuin, aMMHaK
TY3iIl, TEMOJIMTHKAIIBIK KAaCHETKe M€ SKEHJIr aHbIKTajaabl. In vitro jxoHe in vivo Taxipubene F. necrophorum oxmaynanraxn
oCiHIIepiHiH ruamypoHuaasara Oencenainiri kepcerinreHi manmenaenni. F. necrophorum eciHminepi jkorapbl Karanasa
OeJICeHINIriH KOpCeTTi, SFHU ra3 KOMipPUIKTepiHiH JKOHE CyTeri acKblH TOTBIFBIHBIH OOIiHyl Heri3iHae CcHUmaTTagabl.
Buonorusiibik MaTepuaiaan ipi Kapa Majigas okiaynanra F. necrophorum tept ecinfici OM0NOrHsIIbIK KacHeTi OOMbIHIIA yKcac
OOJIIBL.

Tyiiin ce3nep: ipi Kapa Mail, KOsH, )KaHyap, OMOCbIHaMa, HEKPOOAKTEPHO3, MUKPOOPTaHH3M.
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BIOLOGICAL PROPERTIES OF FUSOBACTERIUM NECROPHORUM
ISOLATED FROM INFECTED CATTLE TISSUES IN ALMATY REGION

Abstract. Necrobacteriosis (necrobacteriosis) is established as an infectious disease characterized by purulent-necrotic
lesions of tissues mainly of the lower parts of the extremities, especially in the area of the corolla, and in some cases in the oral
cavity, on the udder, in the genitals, liver, lungs and other tissues and organs.

Many animal species are affected by necrobacteriosis. The most susceptible and sensitive to Fusobacterium necrophorum are
reindeer, cattle and small ruminants, pigs, and rabbits.

A constant carrier of the causative agent of necrobacteriosis in the rumen and intestines of ruminants has been established, it
is found in food particles during chewing, in feces, in objects of the external environment. The disease is especially often
observed in animals kept in damp places with poor zoohygienic conditions.

Infection of animals occurs when the pathogen enters the injured skin areas or when the mucous membranes are macerated.

The work was carried out in the laboratory and production conditions of KazSRVI LLC and at the MTF of the Arkabay
settlement of the Talgar district of the Almaty region, where stall keeping of animals is practiced.

Material for laboratory research (sections from the horny tissue of the hoof on the border with the healthy one) were taken
fresh and inoculated on a nutrient medium for anaerobes (Kitt-Tarozzi medium).

Samples of the selected biological material were plated on Kitt-Tarozzi medium at the sampling site on the farm. The
biological material taken from sick animals was examined within several hours after taking in accordance with the guidelines for
laboratory diagnostics of necrobacteriosis (YEAR INDICATION METHOD).

To get rid of the numerous accompanying microflora and obtain a pure culture of F. necrophorum, a bioassay was set up on
laboratory animals - rabbits. On the 14-15th day after infection, the experimental rabbits died, which is evidence of the high
pathogenicity of the isolated cultures. A pure culture of F. necrophorum from rabbit’s internal organs, not contaminated with
extraneous microflora, was cultured.

It was found that rabbits are the optimal biomodel for purification of the F. necrophorum culture. The results of cultivation
of the causative agent of presented necrobacteriosis on solid and liquid nutrient media are. The biochemical properties of the
isolated cultures have been studied. It was found that epizootic cultures of the causative agent of necrobacteriosis in cattle emitted
hydrogen sulfide, formed ammonia, and had hemolytic properties. In experiments in vitro and in vivo, it was found that the
isolated cultures of F. necrophorum showed hyaluronidase activity. Cultures of F. necrophorum had high catalase activity, i.e.
split hydrogen peroxide with the release of gas bubbles. Four cultures of F. necrophorum, isolated from biological material from
cattle, were identical in biological properties.

Keywords: a cattle, rabbit, animals, bioassay, necrobacteriosis, culture of microorganisms.
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HCCJIEIOBAHUE BUOTEXHOJIOI'MYECKHX
INPOLECCOB IIPA ITPOU3BOACTBE NOI'YPTA
HA OCHOBE KOBBIVIBEI'O MOJIOKA

Annotanusi. OTHO M3 TNEPCHEKTUBHBIX HANpaBIEHUH OMOTEXHOJIOTMM — HCIIOJIBb30BAaHHE (HU3HOJIOTHMYECKU
AKTHBHBIX CHMOMO30B W3 pa3lIMuHbIX BUAOB OakTepwil NPH CO3JaHUM HOBBIX JHETHUECKHX NPoayKToB. [londop
(hM3MOTOTNUECKH COBMECTUMBIX IITAMMOB IIPH COOJIIOZIEHUH YCIIOBHIA ONTHMHU3ALUH COOTHOIIEHUH YHCTHIX KyJIbTYP
MOJIOYHOKHCIIBIX OaKkTepuid sBiseTcss 0a30od Ul aKTHBHBIX CHMOMO30B Ha OCHOBE JTHX Oakrtepuil. B pesynbrare
MIPOBEACHHBIX MCCIICIOBAHNN yCTAHOBIICHO, KOHCOPITMYM ISl 3aKBacKu cOCTOUT u3 S. Thermophilus u L. bulgaricus
B COOTHOIICHWH 1:5 Ui MOJYydYEHUsI MX COOTHOWICHHS B TOTOBOM mpoxykre 1:10. OntuManpHas 1o03a BHECCHUS
pactutenpHOW OmomobaBku coctaBisieT 10%, 4T0 OOYCIOBIEHO XOPOIIMMH OHOXMMHUYECKHMH M OPTaHOJICHTH-
YEeCKMMH NOKa3aTeIsIMH.

KiroueBble cjioBa: KOObUIbE MOJIOKO, 3aKBACOUHBIE KYJIBTYPBI, TPOLIECC CKBAIIIMBAHUS.

BBenenune. B mocnenHue roapl B MHAYCTPUM NMUTAHUS MOSBISIOTCS HMPOrPECCUBHBIE TEXHOJOTHUU,
MO3BOJISIONIIE CO37[aBaTh HOBBIE ITOKOJICHHUS THIIEBBIX MPOAYKTOB C BHICOKUMH BKYCOBBIMH H JIeUeOHO-
MpOoUIAKTHYECKIMHI CBOHCTBAMHU, XOPOIIEH CcOAlaHCHPOBAHHOCTHIO COCTaBa. VCIONB30BaHWE TaKHX
TEXHOJIOTHH CIIOCOOCTBYET PaCIIMPEHUI0 aCCOPTUMEHTa BBICOKOKAYECTBEHHBIX MOJIOYHBIX MPOIYKTOB,
MTOBBIMICHUIO UX KOHKYPEHTOCITOCOOHOCTH [1].

I/ISI[aBHa HU3BCCTHO, YTO KOOBIIIbE MOJIOKO SIBJISIETCS HaTypaJbHbBIM IIPOAYKTOM IUTAHUA U 06J1a11aeT
HEOOXOMMBIM HAOOPOM IOJIE3HBIX KOMIIOHEHTOB B €CTECTBEHHO ycBOsieMol ¢opme. KoObLihe MOIOKO 10
HACTOSIIETO BPEMEHHW HE OBUIO OIEHEHO [0 JOCTOMHCTBY KAacaTelIbHO €ro IMOJIE3HBIX CBOWCTB U
OMOJIOTHYECKOH IEHHOCTH.

B Hacrosiee BpeMs B YCIOBHSX NaHIEMUH C SKOHOMHUYECKOW TOYKH 3PCHHS IEIeCO00pa3HO
OpraHM30BaTh MAacCOBOE IPOM3BOJICTBO U IMepepaboTKy KOObUIbero Mosoka. llepepaboTka KOOBLTBETO
MOJIOKA B TIPOMBIIIIJIEHHBIX MaciTabax He ynoBierBopseT u 10% BHyTpeHHEH MOTpeOHOCTH.

W3 xoObITREro MOJIOKa MPOU3BOAAT KyMbIC. [leiicTBHe KyMbIca Ha OpraHU3M YeJIOBeKa MHOTOI'PaHHO.
OH B 601€€ KOPOTKUH CPOK, YEM JICKAPCTBA, YIIYYIIACT AIMETUT, PETYJIUPYET COH, IeATSILHOCTh MUIIICBa-
PUTENBHBIX JKETE3 U OTIpaBiieHue KulleuHnka. Kymbic obnanaeT aHTHOaKTEpUaIbHONH aKTHBHOCTEIO. DTO
caMas CWJIbHasE OWOJIOTHYECKas IICHHOCTh MaHHOTO Tpoaykra. OH oOKa3plBaeT OaKTEPUIMIHOE U
OakTepuoCcTaTU4ECKOEe ACHCTBUE HA BO30yaUTeNci TyOepkyné3a M KUIIeUHBIX WH(peKkiui. Haydnble u
KJIIMHUYECKUE UCCIEAOBAHUS CBUACTEIBCTBYIOT O BHICOKOW aKTUBHOCTHU KyMbICA IIPH JICUCHUH SI3BEHHOU
00Je3HN KemyIKa W JBEHAIIaTHIIEPCTHON KHWIIKH, XPOHUYECKOTO TacTpuUTa M XPOHHUYECKOTO IHTEPO-
KOJINTA, (PYHKITMOHAIBHBIX PACCTPONUCTB KETYHOTO My3BIPs M TOJCTOM KUIIKH, XPOHUYECKUX Hecrenndu-
YecKUX 3a00JIeBaHMI JIETKUX, aTEPOCKIepPO3a, THIIePTOHNH. OTMEUEHBI XOPOIIIHe Pe3yIbTaThl KypCOBOTO
JeYCHUS] KYMBICOM TIpH (DYHKIIMOHAIBHBIX PACCTPOHCTBAX IIEHTPAIBHONH WM BETCTATHBHOW HEPBHOM
CHCTEMBI, TIpH 3a00JEBAaHUAX CEPIACUHO-COCYANCTON M KPOBETBOPHOW cucTteM. Kympic yBennmuuBaer
YPOBEHb TeMOIJIOOMHA B KPOBH, CIIOCOOCTBYET MCUE3HOBEHHUIO TMIIOBUTAMHUHO32, TOBBIIIACT 3al[UTHBIC
CUJIbl opraHusma [2].
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YuuThIBas BBIIEU3I0KEHHOE M YHUKAIBHBIN COCTaB, JIETKYIO0 YCBOSEMOCTh U JUETHYECKHE CBOKMCTBA
KOOBUTBETO MOJIOKA, HEPAIMOHATIBHO HCIIONIE30BaTh 3TO CHIPhE TOJNBKO HAa MPOHM3BOJICTBO KyMmbica. OHO
MOJKET C YCIEXOM CILYKUTh OCHOBOM J1J151 IPOU3BOJICTBA CHIEUUATU3UPOBAHHBIX MOJIOUHBIX MIPOIYKTOB AJIs
JIETCKOTO M IUCTHUECKOTO MUTaHus [3, 4].

Hcnonp3oBanne KOOBUTHETO MOJIOKA JIJISl IPOU3BOACTBA Pa3HOOOPA3HBIX KUCIOMOJIOYHBIX MPOIYKTOB
Ha €r0 OCHOBE CJIIEp)KUBAETCS claboil M3yYeHHOCTHIO BOIPOCOB TEXHOIJIOTUU TEepepabOTKH MOJIOYHOTO
CBHIPbSI, CTAOMIIM3AITIN XUMHYECKOTO COCTaBa M TEXHOJOTHUECKHUX CBOMCTB KOOBIIHETO MOJIOKA.

Metoasbl uccjieN0BaAHUSA

JJa1st Mpon3BoACTBAa HOTypTa MCHOJIB3YIOT CileyIoIHe BUIbI ChIPbS:

- MOJIOKO KOpOBbe chIpoe He Hmke BToporo coprta mo 'OCT P 52054-2003 kucinoTHOCTBHIO He Oolee
20°T;

- mosioko ko6sutbe 10 CT PK 1005-98 «Monoko koObuthe. TpeboBaHus pH 3aKyIKax»;

- OBOIIHBEIE O0MO00aBKY (MOPKOBHAS U THIKBEHHAs );

- 3aKBAaCKU NPSIMOTO BHECEHUs, COCTOSILIUE U3 TePMO(UIBHOTO MOJOYHOKHCIOIO CTPENTOKOKKA U
MOJIOYHOKHCcIION 6onrapckoit manouku o TP TC 033/2013, TP TC 021/2011.

HccnenoBanne kaueCTBEHHBIX XapaKTEPUCTHK MPOBOIMIN OOLIETIPHHATHIMU METOJAMHU.

PesynbraTrel U ux oocy:xkaeHue. [[pon3BoICTBO (epMEHTHPOBAHHBIX MOJIOYHBIX MPOIYKTOB OCHO-
BaHO HA UCIOJB30BaHUH OaKTEPHATBHBIX 3aKBACOK, MHKPO(MIOpa KOTOPHIX OCYIIECTBISET COpaknBaHUE
JIAKTO3BI ¥ 00ECIIeYrBaeT KOHTPOIMPYEMBId yPOBEHh MOJIOYHOKHCIOTO OpoxkeHws. PasMHOXKeHHE 3aKBa-
COYHBIX KYyJBTYp MPUBOAUT HE TOJBKO K (POPMUPOBAHHUIO OPTraHOJENTHYECKUX ITOKa3aTesleld MOJOYHBIX
MPOAYKTOB, HO U K MOJIABJICHUI0 MUKPOOPTaHU3MOB IOPYH, 00ecreunBas OMO3alIUTy MPOayKTa. B CcBsi3n
¢ 3TUM, n3ydeHne 3(H()EeKTHBHOCTH HCIIOJIb30BaHUS 3aKBACOYHBIX KYJIBTYP Ha TEXHOJOTHYECKHE CBOMCTBA
KHCJIOMOJIOUHBIX TPOAYKTOB SBIISIETCS akTyalbHOM 3amadeif [5-8].

Takum 00pa3oM, KIIIOUEBYHO POJIb B OOECIEUYCHUM KayecTBa KUCIOMOJIOYHBIX MPOJYKTOB UTPAIOT
3aKBacOYHbBIE KyNbTyphL. [Ipu monbope KyabTyp [Tt 3aKBACOK HEOOXOIUMO MPHUIEPIKUBATHCS CIIETYIOIINX
TpeOOBaHMIA, TaKUX KaK BKYC, KOHCHCTEHIMS KOHEYHOTO MPOAYKTa, aKTHBHOCTh KHCIOTOOOpa30BaHHA,
(arope3ucTeHTHOCTh INTAMMOB, CIIOCOOHOCTh K CHHEpPE3UCy, 00pa3oBaHUIO apOMaTHYECKHX BEUICCTB
COYeTaeMOCTh IITAMMOB U HAJIMYHWE aHTHOMOTHICCKUX CBOMCTB [9-11].

B Tabmume 1 mpuBemeHa wHGOpMAMA O COCTaBe OaKTEPHAIBHBIX M CMEIIAHHBIX 3aKBAaCOK H
YCIIOBUSIX MOJTyYEHHs CKBAIIEHHOTO MPOIYKTA.

Ta6JII/IIIa 1 - OcHOBHBIC BUBI 3aKBACOK ISt MIPOU3BOACTBA KUCIIOMOJIOYHBIX ITPOAYKTOB

3akBacku MuKpOOpraHu3Mbl IIponyxTbl Temnepatypa
ckBammBanus t, °C

baxTtepuanbubie

Me3so¢puisHbIE Lac. lactis, Leu. cremoris, Lac. TBopor, cMeTaHa,
MOJIOYHOKHCIIBIE cremoris, Lac. diacetylactis IIPOCTOKBAIIA 20-30
CTPENITOKOKKH
TepmodumibHbIe Str. thermophilus, Lbm. bulgaricum, MeuyHHUKOBCKas! U FOXKHAst 4045
MoJstouHoKHcble Gakrepun | Lbm. acidophilum, Lbm. helvtticum, MIPOCTOKBAIIIH, PSKCHKA,
Lbm. lactis aruaopuInH
CwMmemnanHble
BakrepruanbHO-rpHOKOBBIE Lac. lactis, Kedup, xymsIc 18-22

Lbm. buchntri,
Lbm. acidophilum, npoxoxun
Saccharomyces lactis

Hamn IMPOBCACHLI UCCIICAOBAaHNMs, CBA3aHHBIC C CO3JaHUEM KOHCOpIMyMa CI/IMGI/IOTI/I‘{CCKI/IX 3aKBAaCOK
Ha OCHOBE IITaMMOB Streptococcus thermophilus u Lactobacillus bulgaricus ¢ 1IebI0 UX UCIOIB30BaHUSL
B TIPOM3BOJICTBE HOTYPTOB Ha OCHOBE KOOBLITHETO MOJIOKA.

Brenenme B cocras 3akBacku Str.thermophilus n Lactobacillus bulgaricus crmocoGCTByeT OBBITTICHUIO
BA3KOCTH MNPOAYKTA, NPpHUAACT CryCTKY 3JaCTUYHBIC CBOﬁCTBa, MPEMATCTBYCT BBIACICHUIO CBIBOPOTKH.
Tak, myreM mombopa cocCTaBa 3aKBAaCOK MOXHO pEryJHpOBaTh CBONCTBA CrycTka W O0ECHCUUTH
ONITUMAILHYIO KOHCHCTEHIIUIO ¥ BKYC KUCIIOMOJIOYHBIX TPOYKTOB.
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st onpeneneHus BIUSHUS BUIa U KOJUYECTBA 3aKBACOYHBIX KYJIBTYp MPH MPOU3BOACTBE KHCIOMO-
JIOYHBIX MPOTYKTOB Ha OCHOBE KOOBLTEEr0 MOJIOKA, HAMH OBLT COCTaBIIeH KOHCOPIIMYM MHKPOOPTaHU3MOB
3aKBacKH, BHOCUMOH B koymdecTBe 1-1,5% 0T Macchl MonouHO# cMmecH. Jlayiee UCCienoBail pasInIHbIC
COOTHOIICHHUS MUKPOOPraHU3MOB: 0OJTrapcKol MaJIouKH W TepMO(HIBLHOrO CTpenToKokka — 1:2, 1:5 u
1:10.

Bo Bcex ombITHBIX 00pa3iax HaOmromaeTcs yMeHbIIeHHe 3HaueHWd pH B mpormecce TepmocTarh-
poBaHus (pucyHOK 1). AKTHBHasg KHCIOTHOCTH obOpasia 1:10 Bblmme, yem y Apyrux MoOKaszarenel, 4To
0o0BsicCHSETCS TIpeolaaaHueM B KOHCOPIMYME TEPMO(MIBHOTO CTPENTOKOKKA, KOTOPBIA OTHOCHUTCS K
cmabbiM KHUCIIOTOOOpa3oBaresiM. Bce 00pasisl oTMeYannch BHICOKUME OPTaHONENTHYECKUMH IOKa3a-
TETSIMU: TIPUATHBIN, YUCTBIA M KHCIIOMOJIOYHBIH BKYC. B 0COOEHHOCTH BKYC BBIPaXKEH IS OMBITHBIX
BapUAHTOB ¢ cooTHomieHneM 1:2 m 1:5, mo3ToMy HaMu OBUIM TPOBEICHBI MCCICAOBAHHS METOJOM
MUKPOKOITUPOBAHUS JIJISl ONIPE/IEIIEHHUS ONTUMAIEHOTO COOTHOIIIEHHSI MUKPOOPTaHU3MOB.

35,5 5 22,5

1
0,5 !

m3,5-4 m4-45 m45-5 m5-55

PI/ICyHOK 1 — 3aBUCUMOCTDH aKTUBHOW KHCIOTHOCTH OTBITHBIX 06pa3u013 OT NPOAOJKUTEIIbHOCTU CKBAalllUBAHUSA

BakHbIli MOMEHT TEXHOJIOTMYECKOTO MpPOIecca MPOU3BOACTBA Pa3IMYHBIX MOJOYHOKUCIBIX IPO-
IYKTOB — CBEPTHIBAHUE MOJIOKA, MPOSBJISAIONIEECS B 00pa30BaHMKM MOJIOYHOTO CrycTka. B memsx BeiOopa
ONTHUMAJIBHBIX COUYCTAHMU JIAKTOOAKTEpUH, BIHUAIONIMX Ha xapakrep (GopMupyrOLIerocs crycrka, Ha
OCHOBE UX OMOJIOTUYECKUX M TEXHOJIOTHYSCKUX XapPaKTEPUCTHK MBI COCTABIIIU 3 BapHaHTa KOHCOPIIMyMa
MUKPOOPTraHU3MOB.

3aBHCHMOCTh COOTHOIIICHHUS MaJ0YCK U KOKKOB B HOI'YPTE€ OT MX COOTHOIICHHS B 3aKBAaCKE IIOKA3aHO
B TaOuuie 2.

Tabnuna 2 — 3aBucuMocTb cootHomeHus Lact. Bulgaricus v Str. thermophilus
B florypTe OT X COOTHOIICHUS B 3aKBACKe

CootHomenne Lact. Bulgaricus u Str.thermophilus

B 3akBacke 1:2 1:5 1:10

B #iorypre 1:5 1:10 1:15

ITo nanueiM Koponesoit H.C., ycraHoBneHo, uTo B #orypte, cootHomenue Lact. Bulgaricus u Str.
thermophilus momxuo cocraBmsate 1:10 [7]. Takum o0Opa3oM, ONTUMANIBHOE COOTHOIIEHUE MHKPOOPra-
HU3MOB B 3aKBacKe MPH MTPOU3BOICTBE HOTYpTa OCTUTACTCS MPH MCIIONB30BaHUN KOMITO3UITUH 1:5.

Janee Oputa m3ydeHa AWHAMHUKA COOTHOIICHHUS KYJNbTYyp B HOTypTe B mpolecce KyTbTHBUPOBAHUS B
tTeyeHue 12 4 (Tabnuna 3, pucyHok 2).

Tabmuma 3— Cootnomenue Lact. Bulgaricus u Str.t hermophilus B fiorypre B mpomecce CKBaIlIuBaHUs

[Tpoo/KUTEIbHOCTD CKBAILIUBAHUS, 4 0 4 6 8 12
Cootnomenne Lact. Bulgaricus u Str. thermophilus 1:5 1:15 1:10 1:9 1:3
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YcraHoBneHo, 4TO (pepMEHTUPOBAHUE B TEUCHUE 6 U MMPUBOAUT K yBenndeHuto gonu Lact. Bulgaricus
B npoxykre Oonee 1:10, a uepe3 12 4 MOAyb MaJIOUEK M KOKKOB B HOTYypTe CTAaHOBHUTCA 1:3 M MPOIYKT
MOTY4aeTCsI KHCIbIM.

6000
5000 m 5000-6000
4000 m 4000-5000
3000 m 3000-4000
2000 1 2000-3000
1000 m 1000-2000

0

7 3 9 10 1 13 W 0-1000

PI/ICyHOK 2 — Biiusiaue J03bI BHOCHMOM 3aKBaCKH Ha NPOAOJIKHUTEIILHOCTh CKBAllIUBaHU ﬁOl"ypTOB

B pesynbTaTe MpOBEACHHBIX HCCICAOBAHUA yCTAHOBJICHO, YTO 6 YacOB - JIOCTATOYHAS MPOJOKU-
TETHHOCTh CKBAaIIMBAHMA, TOCIIE YeTO KHCIOMOJOYHBIA MPOIYKT JOJDKHBI ITOMEMIATh B XOJOIMIBHYIO
KaMepy 1A OXJIAXKIACHUA U I/I36e)KaHI/Ie HapacCTaHUsA KUCIIOTHOCTH U OTACIICHUA CBIBOPOTKU OT CIr'yCTKaA.

OnHUM U3 TTOKa3aTeNel, XapaKTepU3YIONINX Ka4eCTBO 3aKBACKH, SBISICTCS €€ aKTUBHOCTD, HATIPSIMYO
CBsI3aHHASI C KHUCIIOTHOCTHIO. [IpW TMOBBIMIEHHON KHCIOTHOCTH aKTHBHOCTHh 3aKBACKU CHIDKAETCS, YTO
YBEIMYMBAET MTPOJOKATEIBHOCTh CBEPTHIBAHHUS MOJIOKA M YXY/IIIaeT Ka4eCTBO TOTOBOTO MPOAYKTA.

[Ipu mpou3BoICTBE HOTYPTOB HA OCHOBE KOOBUTHETO MOJIOKA JIJIS ICTCKOTO U JIUETUYCCKOTO MTUTAHUS,
MBI B KAY€CTBE PAaCTUTENBHOMN T00ABKY HCIIOIB30BAIN THIKBEHHYIO U MOPKOBHYIO OHOI00aBKH.

Jlanee mpoBOMMIN MCCIIEMIOBAHUS M0 U3YICHHUIO BIUSHUSA OM0/I00aBOK Ha 3P (GEKTHBHOCTH KHUCIOTO-
o0pa3oBaHuss MUKPO(IIOPHI OTBITHBIX 00Pa3IOB U MPOAOKATEIILHOCTH CKBallTMBaHus. V3MepeHne akThuB-
HOW W TUTPYEMOH KHCIOTHOCTH MPOBOJIMIM Kaxible 2 4aca B TeueHue 8 uacoB. Cpeanee apudmeru-
YeCKOe TPeX MOBTOPHOCTEH aKTUBHON KHCIOTHOCTH MPHUBEACHBI B TaOIHIE 4, a PE3yIbTaTHl TUTPYEMOM
KHCJIOTHOCTHU U MPOJOJDKUTCIIBHOCTH CKBAIlMBaHNA HAa PUCYHKax 3u4.

Tabnuna 4 — MI3MeHeHne aKTUBHOM KHCIIOTHOCTH B IIPOIIECCE
CKBAIIMBAHUS KUCIIOMOJIOYHBIX POIYKTOB

0 3HaueHue aKTUBHOM KHCI0THOCTH, ex.pH
MBITHBIC 00Pa3IIbI ~ = " —
fiorypra Kontposns C MOPKOBHOM O01M0100aBKOH, %o C TBIKBCHHOU O10100aBKOH, %
5 10 15 5 10 15
ITocse BHECEHUS 3aKBACKH 6,21 6,20 6,21 6,22 6,20 6,21 6,22
Uepe3 2 u 6,12 6,15 6,16 6,17 6,14 6,15 6,16
Uepe3 4 u 5,90 5,91 5,93 5,96 5,92 5,94 5,96
Yepes 6 u 5,70 5,71 5,72 5,74 5,72 5,73 5,75
Yepes 8 u 4,00 4,01 4,02 4,03 4,01 4,02 4,03

W3 Tabnuibl 4 BUIHO, YTO MEXKAY 3HAYCHHSIMH aKTHBHON KHUCIOTHOCTH KOHTPOJBHOTO M OIBITHBIX
00pas3IoB HOTYPTOB C PaCTUTEIBHBIMU OMOJ00aBKaMU CHIIBHBIX pa3nuuuii HeT. OTMEUYEHO, YTO BO BCEX
obOpasnax HJeT CcTaOWUIbHOEC HAPACTAHHWE KHCIOTHOCTH, IMO3TOMY MOXHO CKa3aTh, YTO BHECECHUE
pacTUTeNbHBIX OMOJ00aBOK HE OKA3hIBACT CYNIECTBEHHOTO BIHSHWS Ha W3MeHeHus pH, vero Hemb3s
CKa3aTh O TUTPYEMOH KUCIOTHOCTH (PUCYHOK 3).
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PI/ICyHOK 3 — Biusinue PaCTUTEIbHBIX 61/10)106211301( Ha TUTPYEMYIO KUCJIIOTHOCThH

W3 pucyHka 3 BHAHO, 9TO MaKCHUMallbHas pa3HUIA 3HAYCHUU TUTPYEMOH KHCIOTHOCTH ObLIa OTMe-
YeHa dYepe3 6 YacOB CKBAIIMBaHUS, TaK, HalmpuMmep, B oOpasmax c¢ 15% OwnomobaBkoi, THTpyemas
KHCJIOTHOCTh HapacTaeT MHTCHCUBHEE, 10 CPaBHEHHMIO C KOHTPOJIEM, TEM CaMbIM COKpaiias HpOIecc
(epMeHTaIHH.

42,15
42,1
42,05
42

41,95

41,9

Pah1

m42-42,05 m42,05-42,1 m42,1-42,15

PI/ICyHOK 4 — BiusiHie BHOCUMOM paCTHTeJ’ILHOﬁ 6I/IO,HO6aBKI/I Ha IMMPOAOJIKUTCIIBHOCTL CKBAlllUBAHUSA

OnTuMansHOW 1030 BHOCHMOW pacTHTENhHON no0aBku sBisieTcss 5-10%, a mpomommKUTeThHOCTh
CKBallIMBaHMsI COCTaBIsAeT 4-6 4acoB, KaK BUIHO W3 rpaduka, ONTUMabHAs 30HA OKpallleHa B MKEITHIH
IBET.

AHanu3upys J1aHHbIE, TIPUBEICHHBIC BBIIIE, MOKHO OINPEICIHTh, YTO yBEIWYECHHE JO3bI BHOCHMOM
pacTuTenbHON OHOJ00aBKM OTpaKaeTCs Ha OPraHOJICNTUYCCKUX IOKa3aTelsX, a TakkKe BIHSIET Ha
W3MEHEHUE aKTHBHOM M THUTPYEMOH KHCIOTHOCTH KHCJIOMOJOYHBIX HPOXYKTOB. ONTHMAalbHBIM KOJH-
YEeCTBOM BHECEHHUSl PACTHTENbHOW OnomoOaBku ycraHoBieHO 5-10%, uTo 00yCIOBIEHO XOPOIIMMH
OpraHOJICITHYECCKUMH KAa4eCTBAMU M KUCIOTHOCTHIO. YCTAHOBJICHO, YTO HCIIONB30BAHUE PACTHTEIHHOM
6PIOIIO63BKI/I MO3BOJILICT COKpPATUTHL IIPOHECCC CKBAIIMBAHWUA W IOJYYUTH MOJIOYHBIC MPOAYKTHI C
XOPOIIMMH OPraHOJIENITUIECKUMH NIOKa3aTessIMu (Tabnuua 5).
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Tabnuna 5 — Opranonentuyeckye NoKa3aTeay HOTypTOB Ha OCHOBE KOOBIIIHET'0 MOJIOKA
C pacTUTENBHBIMU OHOJ00aBKaMHU

IIpoayxr Bkyc u 3amax IBer Buewrnuii BU 1 KOHCUCTEHIUS
ﬁorypT 0e3 no0aBKHu YucThlii, KUCIOMOJIOYHEIH, 0€3 Moito4Ho- OpHopozHas, c1a0oBsA3Kas U
MOCTOPOHHUX NPUBKYCOB H 3aI1aX0B. Genblii TATyYasl.
Horypt ¢ MOPKOBHOI YucTsrit, kucnmoMonounslid. Bkyc B mepy | Cuerka OpHOpOaHAs, BA3KAs U TATYYasl.
ouonobaBKon CITaAKHiA, C JIETKIM MOPKOBHBIM OpaHKEeBBII
HPUBKYCOM.
Morypt ¢ ThIKBEHHO UYucTslll, kuciioMonounslid. Bkyc B mepy | Cnerka OpHopopHas, BA3Kasl U TAry4das.
61o100aBKOM CIaKUi, C JTErKUM THIKBEHHBIM JKEJITOBATHIH
TPUBKYCOM.

Takum 00pa3oM, HaMU OBUIH OTIPE/ICIICHBI ONITUMANIBHBIC JT03bI BHECEHUS PACTHTEIBHBIX OHOI00aBOK.
BpuT0 yCcTaHOBIEHO TONOXKUTENHFHOE UCTIOIB30BAaHUE PACTUTENBHOM Onomo0aBku B koimdecTBe 5 U 10%
OT MacChl KOMOMHHPOBAHHOW MOJIOYHOHM CMECH, a TakKe, YTO MCIIOIh30BaHNE PACTUTEIBHON OMOM00aBKH
MO3BOJISIET COKPATUTH MPOIECC CKBAIMBAHUS Ha 1-2 4aca W MOIYyYUTh MOJIOYHBIC IPOAYKTHI C XOPOITUMU
OpTraHOJIETITHYECKIMHU TTOKa3aTeIsIMHU.

3akiouenue. AHAIM3 TaHHBIX CBUIETEIBCTBYET O TOM, YTO ONTHMAJIbHAS 1032 BHECCHHSI 3aKBACKH
cocrasisier 1%, cocrosimeit u3 S. Thermophilus u L. bulgaricus B cooTHomenun 1:5 i noixy4eHus: ux
COOTHOUIEHHA B TOTOBOM Tpoaykre 1:10.

YBenuueHne 10361 BHOCUMON PaCTHTEIHHON OMO/I00AaBKH OTpaskaeTcsl Ha OPraHOJIENTHYECKIX ITOKa-
3areNsiX, a TaKKe BIUSCT Ha M3MCHCHUE aKTUBHOW KHCJIOTHOCTH KHUCJIOMOJIOUHBIX KOMOWHHUPOBAaHHBIX
mpoAyKTOB. ONTHMAaTbHBIM KOJMUYECTBOM BHECEHUS PACTUTENBHON OMon00aBku ycraHoBieHo 10%, 4to
00yCIIOBIIEHO XOPOIITNMHY OPTaHOJIENITHIECKIMH KadyeCcTBaMH U aKTUBHON KucioTHocTH (pH 4,63).

Y. Yomanos, T.Y. Tyaradaesa, A.E. Illloman, A.K. Illloman, 5.Y. Tysaradaes
Kazax Kaiita eHJey jKoHE TaMaK OHEepKaciOi FhUIBIMH-3ePTTEey HHCTUTYThI, AMaThl, KazakcTan

BHME CYTI HETI3IHJIE MOT'YPT OHIAIPYJIETT
BUOTEXHOJIOTI'UAJIBIK IPOLUECTEPAI 3BEPTTEY

AHHoTanms. Maxanaja CHbIp CYTiHEH JalblHIaFaH Oanaap TaraMbl HApBIFBIHIAFB KUBIHABIKTAPBI, COHAAI-
aK Oue CyTiHiH (caymal) XUMHUSUIBIK KYpaMbl MEH OMOJIOTHSUIBIK KaCHETTEPiH eCKepe OTBHIPHII, TYPIi JKacTarbl Oana
TaFaMbIHJAFbl eMIIK-IPOGHUIAKTHKAIBIK KaCHeTi Oap aTalFaH YITTHIK TaMaK OHIMIH NalanaHy YIUiH ajJFblIapTTap
xacananel. OcelFaH OaifaHbICTEI Oue CyTiH Oamanmap TaraMbIHAA KOJJaHy, COHAal-ak Oue cyTi HeriziHne Oamamap
TaraMbIH OHAIPY MacelleNepiH menry xonnapsl Peceiine, Eyponana sxone Kasakcranaa 3epTrey caThICBIHAA TYD.

bananapapl orapbl canajibl OWOJIOTHSUIBIK TOJBIKKAHIBI TaMakK ©OHIMIEpIMEH KaMTaMachl3 €Ty Maceleci,
acipece, enjiiH KONTEreH alMarbIHIArbl SKOJOTHSUIBIK JKarAai/IblH HallapiiayblHa, TaMaKTaHy CarachbIHBIH OY3bl-
JybIHa OailJIaHBICTBI YJIKCH QJICYMETTIK KOHE YJITTHIK 3KOHOMHUKAIBIK MOHIe HMe. OneOHueTTepieri IepeKKesnepIi
Tangay OapbIChIHIA KOCHajap apKbpUIbl Oanajap MEH AMETAlbIK TaraMaapblH apajac eHIMJEpIHIH camajbIK
KypaMbIHIaFs! acepai 3eprrey TM/I ennepinge ne, anbic mierenaepae e 63eKTi OarbT OOJIbIT CaHaIaIbl.

KpImKpL1 CYyT OHIMAEPIHIH canachl KoHE OJIapAbIH epeKIle KacHeTTepl eHAaipic OapbIChIHAAFbl MHUKPOOHOJIO-
THSUTBIK TIpOLiecTepre OalmaHbICTHL. KBIIKBUT CYT ©HIMI MHKpPOQIOPACHIHBIH KYpambl JOMIH aHBIKTaWIBl KOHE
ONApIBIH KANBINTACYBIHIA MAaHBI3ABl CcaHamanbl. KBINKBDI CYT ©HIMIEpiHIH O0acThl apTHIKIIBUIBIFEI — IIIEK
MHUKPO(hIOPACEIHBIH KaIBIIKa KelyiHe BIKIAN eTETiH, MIipireH MUKPOOPTaHU3MACPAIH NaMYbIH TEXKEHTIH, alaMHBIH
MMMYHHTETIH KaJIBINTACTBIPATHIH >KOHE METa0OJIM3MII JKaKcapTaThIH Tipl MHKPOOPraHM3MAEPIiH 0oy Kargalbl.
CoHBIMEH KaTap, CYT KbINIKBUIBI CYCBIHIAPHl ONETTErl CYTNEH CalbICThIpFaHaa ciHiMai Oomanpl. COHOBIKTaH
KBIIIKBUT CYT OHIMJCPIHIH camachl >KOHE OJIAPIBIH ajaM JCHCAYJBIFbl YINIH KYHIBUIBIFBI Tipi MuKpodopara
KaTBICTBHI.

AUIBITKBIHBI TaHJAy OapbhICBIHIA KOJJIAHY OJiCiHEe, MUKpPOQIIOpaHbIH TYPJIK KypaMblHA Ha3zap ayjaapy Kepek,
OWTKEHI allbIFaH CYT OHIMJIEPIHIH J1oMi MEH KOHCHUCTEHIMSCHI alllbITKBIHBIH KYpaMbIHa OaiJIaHBICTHI OOJIBIN Kellesi.
CoHJBIKTaH, >KYMBICTBIH MaKcaThl OaKTepHsUIbIK IaKbULAap KOHCOPLHMYMBIH KOJIJaHa OTBIPbIN, Oanaiap MeH
JIMETaNIBIK TAMaKTaHyFa apHaJFaH eciMAIK KocnajJapbIMeH OallbIThUIFaH OMe CYTiHEH apayac CYT eHIMIEpiH eHAipy
Ke3iHe OMOTEXHOIOTHSIIBIK MPOIECTepre 3epTTEY KYPTi3iimi.

JKYMBICTBIH FBUIBIMH JKaHAJIBIFBI OCIMAIK [IHMKI3aTBIHAH JKOHE MHKPOOPraHM3MJACP KOHCOPLIYMBIHAH
OHMONOTHSIIBIK OeNICeH i Kocmackl Oap Ome cyTi Heri3iHae Oanamap MEH AMETANBIK TaMaKTaHy YIIiH CYT ©HIMAEpiH
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OHJIIPY/IiH OHTAIbI OMOTEXHOJOTHSIIBIK PEKUMICPIH 93ipsiey OOJIBbIN caHaIabl. 3epTTEy HOTHKECIHAE Oananap MeH
JMETaNIBIK TaramJiapra apHajfaH OIipIKTIpUIreH KbIIIKBUI CYT OHIMJEPIH OHAIpyre apHalFaH CyT-eCiMJIIK
KOCTIACBIHBIH (PM3MKa-XUMUSUIBIK KOPCETKIIiHEe ©CIMIIIK KOCITaChIHBIH TYPI MEH MOJIIEpiHiH acepi aHbIKTaabl. bue
CYTI Heri3iHze Oanajnap MEH JUETANBIK TaraMaapra apHajFaH eHIMIEepAl eHIIpy YLIIH alibITy JAaKblIIapb! ipikTemti
JKOHE CYT KOCIIachlHA ©CIMIIK OMOANKOCHIMIIIACHIH €HTi3y IiH OHTaibI qo3ack! 10% menmiepae 6enrinexHmui.

Tyiiin ce3nep: Oue cyTi, alIBITKBL, alIBITY MTPOLECI.

U. Chomanov, T. Tultabayeva, A.Y. Shoman, A.K. Shoman, B. Tultabayev
Kazakh research institute of processing and food industry, Almaty, Kazakhstan

RESEARCH OF BIOTECHNOLOGICAL PROCESSES
IN THE PRODUCTION OF YOGURT BASED ON MARE'S MILK

Abstract. Given the complexity of the baby food market, which is mainly made of cow's milk, as well as the
chemical composition and biological properties of Mare's milk (saumal) are prerequisites for using the national food
product with known curative properties in the diet of children of all ages. In this regard, the solution of the issues of
widespread use of Mare's milk in the nutrition of children, as well as the production of baby food based on Mare's
milk is under study and research in Russia, Europe and Kazakhstan.

The problem of providing children with high-quality biologically complete food is of great social and economic
importance, especially in connection with the deterioration of the environmental situation in many regions of the
country, the widespread violation of the food structure. According to the analysis of literature sources, the study of
the directed impact on the quality of combined products of children's and dietary nutrition through additives is an
actual direction both in the CIS countries and in the far abroad.

The quality of fermented milk products and their specific properties depend on the microbiological processes
that occur during production. The composition of the microflora of a fermented milk product determines its taste
qualities and plays a major role in their formation. The main advantage of fermented milk products is the presence of
living microorganisms that contribute to the normalization of intestinal microflora, inhibit the development of putrid
microorganisms, form the human immune system, and improve metabolism. In addition, lactic acid drinks, in
comparison with ordinary milk, have almost complete digestibility. Therefore, the quality of fermented milk products
and their value for human health depend on the presence of living microflora.

When choosing sourdough, it is necessary to pay attention to the method of application, the specific
composition of the microflora, since the taste and consistency of fermented milk products depends on the
composition of sourdough.

In this regard, the aim of the work was to conduct research on biotechnological processes in the production of
combined dairy products from Mare's milk, enriched with plant additives for children's and dietary nutrition using a
consortium of bacterial cultures.

The scientific novelty of the work is the development of optimal biotechnological modes of production of dairy
products for children and dietary nutrition based on Mare's milk with a biologically active additive from plant raw
materials and a consortium of microorganisms.

The study determined the influence of type and amount of herbal supplements on the physical and chemical
indicators of milk-vegetable mixture to the combined production of fermented milk products for infant and dietetic
foods. The selection of starter cultures for the production of products for children's and dietary nutrition based on
Mare's milk was carried out, and the optimal dose of adding plant supplements to the milk mixture in the amount of
10% was established.

Keywords: Mare's milk, starter cultures, fermentation process.
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IKCHPECCHUSA ITIOBEPXHOCTHOI'O AHTUT'EHA BRUCELLA
ABORTUS OMP16 B PACTEHHHU NICOTIANA BENTHAMIANA

AnHotanusi. bpynemnes — oHO M3 cambIX 3apa3HbIX M MH(EKIMOHHBIX 3a00JIEBaHUI C BBHICOKUMH IOKa3a-
TEJIIMH 3200JIEBAEMOCTH KPYITHOTO POraToro ckora u 4desnoBeka B Kaszaxcrane. lcriosb3oBaHHE COBpEMEHHBIX
6I/IOT6XHOJ'IOFI/I‘leCKI/IX MCTOHOB JJIA pa3pa60T1<1/1 HaJACKHBIX W IOOCTYHNHBIX JIsA (bepMepOB BaKIIUH SBJISICTCS
IBTEPHATHBOM ISl peLICHUs! TPOOIEMBI.

B kadecTBe BekTOpa Al MOJYYEHHS DKCIIPECCHH aHTHUICHOB BO30YAMTENs 3a00JIEBaHUSI YacTO HCIIOJB3YIOT
BUpychl pacteHud. Cpeau pacTUTENIbHBIX BUPYCOB IIMPOKO HCHOJb3yeTcst BUpyc A BuHorpana (BAB). Ilpum
pa3paboTKe BaKIMH WA AUATHOCTUYECKUX TEKCTOB MPOTHB Opylesuie3a, MeMOpaHHbIe OeNKd OpYLEeIUIbl SBISTFOTCS
OCHOBHBIMH 00BEKTaMH HCCIICAOBAHMUH.

MemOpannsie 6enxu (OMPs) sBisroTcs cienn(UIecKUMHU TTOBEPXHOCTHBIMH aHTHTCHAMH KIIETKH, KOTOPEIE
00y1a1al0T UIMMYHOT€HHOCTbI0. OMPS ABISIFOTCST MIIeaIbHBIMU KaHIUIATaMH JUIS IIPOU3BOACTBA PEKOMOMHAHTHBIX
BaKIMH IPOTHUB Opyleesa.

OO0BexToM HCcceIoBaHus SBISUICS OeloK HapykKHON MeMOpaHsl (Ompl6), KOTOPBIH HTpaeT BaXKHYIO POJb B
nojaeinenun BbipaboTkn TNF-o B Makpodarax. B paHHom wucciienoBaHuu ObUIO TPOBEAECHO MOJEKYJISIPHOE
KJIOHMPOBaHME W aHajM3 3Kchpeccuu reHa Ompl6, KoTOpas HMCMOJIb30BaHA JIsl SKCIPECCHU PEKOMOMHAHTHOTO
Oenka B pacTeHUsX. B kauecTBe 0OBEKTOB MCCIIEOBaHUI HaAMU ObLIM BHIOpAaHbI OpyLEIUIbl M3 BaKIIMHHOI'O IITaMMa
Brucella abortus 19 n pacrenne Nicotiana benthamiana, KOTOPHIA IIUPOKO HCHOJNB3YETCS JUIS HMPOU3BOJICTBA
LeneBoro Oeika W SBISIETCS MOJEIBHBIM PAacTeHHEM Uil MOJIEKYJISIPHO-TEHETHYECKHX HccienoBaHuid. bBeut
CKOHCTPYMPOBaH BHUPYCHBII BEKTOp A JKCIpeccuu OpynesuiesHoro antureHa Ompl6 B pacrenus Nicotiana
benthamiana. JIns pereHepalmu TpPaHCTEHHBIX pPACTEHWH WCHOIB30BaIoCh 19 »skcmutaHTtoB. B pesymnprarte
HCCIIeIOBaHM BHECeHHBI reH Ompl6 mon koHTponb cybreHomHoro mpomotopa OPC4 ycmemrHo sKcmpeccH-
poBaincst ¢ coxpaHeHHEM 3(Q(PEKTHBHOCTH SKCIPECCHH B TPAHCTEHHBIX PACTCHHAX. D(P(PEKTUBHOCTh BUPYCHBIX
BEKTOPOB OILIEHMBAJACh Ha YPOBHE TPAHCKPHIIIIMH dKcIpeccun MemOpanHoro 6einxa Ompl6 u BUPYCHBIX OCIIKOB.
WubuisTpaliuio IpOBOAMIN BCE JIMCTOBOM IJIACTHHKH MOJIHOCTBIO, INIOTHOCTh arpodakrepuii cocrtasmia 0.7. beutn
NOJy4eHbl TpaHCTeHHbIe pacTeHust Nicotiana benthamiana, Hecymue reH KancuaHoro Oenka BAB, Obuia
JIOCTHTHYTa KCIpeccusi MeMOpaHHOro anturena opyueisl Ompl6 B BupycHoM BekTope myteM 3amenbl OPC4 Ha
rei  Ompl6. Pa3paboTka TpPaHCI€HHBIX PACTCHUH ObUIa OCYINECTBICHA C IOMOIIBID arpo0aKTepHaIbHOM
TpaHchopmanum.

Kiouessie cnoBa: Brucella abortus 19, memOpanHnsle 6enku, Ompl6, sxcrpeccust reHOB, peKOMOMHAHTHBIE
OemnKwu.

Brenenue. bpyiennes — oIHO M3 caMbIX 3apa3HbIX M MH()EKIMOHHBIX 3a00JIEBAHUN C BBICOKUMH
MOKa3aTeNIIMU 3a00JICBAaCMOCTH KPYITHOI'O POraToro ckora u 4denoBeka B Kazaxcrane. Mcmonb3oBanue
COBPEMEHHBIX OMOTEXHOJOTHYECKHX METOJOB JJIs Pa3paOOTKH HAJEKHBIX M JOCTYIHBIX M (hepmMepoB
BaKIIMH SIBIIIETCS aJbTEPHATHBOM Ui pemieHus mnpoOnembl. [losToMy B mociemHwne rombl CTaHOBATCS
MOMYJISIPHBIMU  BakIIMHBI, pa3paboTaHHbIE HA OCHOBE pAcTEHHi, Onaromapsi MHOTHM IPEHMYIIECTBAM,
KOTOPBIMH OHHU O0JIaIafoT.

B 3aBucHMOCTH OT TIOCTaBIEHHOW e PAaCTeHUS MOTUGUITUPYIOT IS TOMyUYSHHs] CTAOUIBFHON HITH
BPEMEHHOM 3KCIPECCHH IeNieBOro Oenka. XuaTrT ¢ koyuieramu B 1989 romy, padoTast Hax pacTUTEIHHOU
BaKIIMHOM, JTOKA3aJid, YTO UCIOJIb30BAHHE PACTCHUH IJIs CO3/IaHUs CyOBCIWHUYHBIX BAKIIMH SIBIISICTCS
pelreHueM mpooiIeM, ¢ KOTOPBIMH CTAJIKUBAIOTCS TPU MPOU3BOJICTBE TPAAUIUOHHBIX BakiwH (1,2). Tabak,
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KapTo(enb, MOMHUIOPHL, KYKypy3a M PUC ABISIOTCS PACTEHUSIMH, KOTOpbIE Ha TEKYIIUH MOMEHT MCIIOJIb-
3yI0TCS B KayeCTBE NMPUPOTHOTO «OHOpeakTopa». BbUIo Mpon3BeeHO HECKOIBKO BAaKIMH HA PACTUTEIb-
HOI OCHOBE, HEKOTOPBIE 3 KOTOPBIX B HACTOSAIIEE BPEMSI IPOXOAAT CTAANIO KIMHUYECKUX UCTIBITAHUH.

B kagecTBe BekTOpa A NOJMY4YEHHS SKCIPECCHMM AHTUICHOB BO30yIuTessl 3a00NeBaHUS YacTo
WCIOJB3YIOT BUPYCHl pacTeHH. Cpeau pacTUTENbHBIX BHUPYCOB IIHPOKO HCIIONB3YETCS BUPYC A BUHO-
rpaga (BAB). OtedecTBeHHBIMH YYE€HBIMH OBUT pa3pa0oTaH BHPYCHBIM BeKTOp Ha ocHoBe BAB, rme
TeTepPOJIOTUYHBIE TEHbl HAXOAMIMCh IIOA KOHTPOJIEM CYOTr€HOMHOTO IIPOMOTOPA OTKPBITONH PpaMKH
cuntbiBanug 2 (OPC2), xors Ooiblast skcripeccusi ObUla IMOJNydeHa NMPU BCTPEBAaHUHM T'eTEPOJIOTHYHBIX
TeHOB IMOJ KOHTPOJb cyOreHomHoro mpomoropa OPC4. K rereposlorMUHBIM T'e€HaM OTHOCSTCS TeH
yCHJICHHOTO (hiyopecueHTHOro Oesika M I'eH KalCHUAHOrO Oelka BUPYCa XJIOPOTUYECKOHW MATHUCTOCTH
nucteeB s070oHU (3). [Ipu pa3paboTke BakIWMH WM JHATHOCTUYECKHX TEKCTOB TPOTUB Opylenes3a
MeMOpaHHbIe OeNIKK OpYLEIbl ABISIOTCS OCHOBHBIMU O0bEKTaMH UCCIIEIOBAHUI.

MewmOpannsie Oenku (OMPs) sBasitoTcs cnenn(UUYecKUMH MOBEPXHOCTHBIMM AHTUT€HAMH KIIETKH,
KOTOpbI€ 00Ja1al0T UMMYHOT'€eHHOCThI0. OMPs sBIIsItOTCS MaeanbHBIMU KaHAUIATaMH ISl IPOU3BOJICTBA
PEKOMOMHAHTHBIX BaKIMH NpOTHB Opyteiesa (4). OMP Brucella abortus S99 cnocoOCTBYHOT CHHTE3Y
BBICOKMX YypoBHe#l crenuduyeckux monekyn I[gG mpotuB Brucella y KponMKOB TNpH BBEIACHUHU C
mumnonionucaxapugoM (LPS). C moMombi0 MOHOKIIOHAEHEIX aHTUTEN OBLIH OOHApYKEHBI TPH OCHOBHBIX
Y 4eTHIpE MaJbIX OCIKOB HapyXHOU MeMOpaHnbl Brucella abortus v Brucella melitensis (5). MeMOpaHHBIN
Oenok pasmepom 16 k/la, HazBaHHBIE Ompl6, mMoKa3pIBaeT 3HAUYUTENBHOE CXOJACTBO C MENTHIOTJINKAH-
acconuupoBaHHBIMU JumonpoTengamu (PAL) MHOrmX rpaMmoTpunatensHblx Oaktepuit (6). JIByxBa-
nenTtHas cimrtas JIHK-BakmuHa, komupytomas Oemok B. abortus L7/L12 u 6emoxk Ompl6, Be3BIBANIA y
mpiield tuaur BALB in vitro Thl-goMiUHaHTHBI WMMYHHBIH OTBET M 3HAYUTENbHBIH YPOBEHb 3alUTHI
OT 3apaXeHHs BHPYJIEHTHBIM InTaMMoM B. abortus 544. B 3ToM wuccrnemoBaHUM NpPOKAPUOTHUYECKUI
BekTop OdKcmpeccuu, pET-19b-OMP16, Opim mHAynupoBaH mis 3Kcnpeccun B E.coli. DKCIpeccuio
PEKOMOMHAHTHBIX OCJIKOB MOYKHO OBICTPO MOJIYYUTh, HCIIOJIb3YS IPOKAPUOTHUECKUE CHCTEMBI (7).

OOBEKTOM HCCIIeIOBaHUs SIBISUICS OeOK HapykHOW MeMOpanbl (Omp16), KOTOPBIA UTPaeT BaXKHYIO
ponp B mopamieHuH BbelpaOoTkn TNF-a B makpodarax. B manHOM uccnenoBaHuu ObLIO IPOBEICHO
MOJICKYJISIPHOE KIIOHUPOBaHHME W aHAIM3 DJKchpeccun TeHa Ompl6, KOTOpas WCIONb30BaHA IS
9KCTIPECCUU PEKOMOMHAHTHOTO OenKa B pacTeHHsX. B kadecTBe OOBEKTOB HCCIEIOBaHUI HaMHU ObLIH
BEIOpaHbl OpyleIUIbl U3 BaKIUHHOTO IitamMma Brucella abortus 19, u pacrenune Nicotiana benthamiana
KOTOPBIM LIMPOKO HCIONB3YETCs Ul NMPOU3BOJACTBA TE€TEPOJOIMYHOTO O€iKa M SIBIAETCS MOAEIbHBIM
pacTeHueM JAJsl MOJIEKYJISIPHO-TEHETUYECKOW MCCIIeIOBaHUH.

Marepuaaslt u Meroanl. Kak cooOmanocs paHee, CyOKIOHHPOBaHHE 3TOr0 T'€HAa NPOBOAWIN C
ucmoib3oBanreM BekTopa pET-19b, u mns tpanchopmanmm kieTok ObUT MCmonb3oBaH mramMMm TOP10F
Escherichia coli (E. coli). Ten Omp Ompl6 pazmepom 642 m.0. Obu1 ammutuguiupoBad Metoom 1P u
YCIICHIHO MPOKIOHUPOBaH. Pe3ynpTaThl SKCnpeccuy ObIIM MOATBEPKIACHBI ¢ TIOMOIIBIO CEKBEHUPOBAHUS
W aHanm3a 3JeKTpodopesa B MONMAKPHIAMUAHOM Tene ¢ aopenwicynbdarom Hatpus (SDS-PAGE),
KOTOPBIH MMOKa3all NpaBuiIbHYI0 moiocy Oenka B 16.5 x/la (8). KnonupoBanue, murupoBanue, moAr0TOBKA
KOMIIETEHTHBIX KJIETOK M TPaHC(OPMAIHsl IPOBEAEHBI COTIACHO OOIMICTPUHATHIM METOAaM MOJICKYJISIPHOM
Oouosornn (9). dns NOATBEP)KIOCHUS HYKJICOTHUIHOW IOCIEAOBATENFHOCTH MBI HPOCEKBEHHPOBAIH
nosydeHHbI TeH Ompl6 ¢ momomnsto ananm3aropa lon S5 (Thermo Fisher Scientific) B cooTBeTcTBHE €
MPOTOKOJIOM Tpou3BoauTens. CeKkBeHHUpOBaHHE NPOAYKTa KIOHHPOBAHMS MOATBEPIMIO LEIOCTHOCTh
KJIOHUPOBAHUSI.

Ha cnenyromem stane rer Omp 16, Kogupyrontuii TOBEpXHOCTHBIN aHTUTEH Brucella abortus 19, Obl1
MPOKJIOHUPOBAH B BEKTOpHYI miazmuny pGEM3zf+ mnms mocnemyromeit cOOpKu ¢ MPOMEKYTOUHBIMH
KOHCTPYKUMSIMH, HEOOXOIUMBIMH IJIsl TTOJYUYESHHUsI SKCIPECCHH 1IeJIEBOr0 Oenlka B pacTeHusix Nicotiana
benthamiana. Bextop pCASSgva 0b11 m00e3H0 TipefocTaBieH MHCTUTYTOM OHOIOTHU U OMOTEXHOIOTHH
pacteanit MOH PK (10). na xinoHMpoBaHUS W CyOKJIOHHPOBAaHHS B pabOTe OBLIM HCIIONH30BAHBI
cnenytomue tasmMuasl: pGEM3zf+ u pET-19b. ArpodunbTpanuio pacTeHHH OCYLIECTBISUIM ITyTeM
ucnonbp3oBanus mramma EHA105 Agrobacterium tumefaciens.

Pacrenust Nicotiana benthamiana OBIIN WCTIOIB30BAHBI IS TIOMYYCHUS SKCIIPECCUU OPYIIEIIIC3HOTO
anTuresa Ompl6 c moMomsio pa3paboTaHHBIX BUPYCHBIX BEKTOPOB Ha OCHOBE BHpyca A BuHOTrpana. Jms
NpoBelieHus paboT UCTIONB30BAMCH CTAHAAPTHBIE PEaKTUBBI U (PEPMEHTHI, TPeJHa3HAYCHHBIE JJIS1 TEHHO-
WH)XEHEPHBIX MeTOJI0B (9).
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ATGCGCCGTATCCAGTCGATTGCACGTAGCCCGATCGCTATTGCGCTCATGTCGCTCGCCGTTGCCGG
CTGTGCGTCAAAGAAGAACCTTCCGAATAATGCCGOTGATCTGOGTCTCGGTGCAGGCGCTGCAACG
CGOGCTCCTCGCAGGACTTCACCGTTAATGTCGGCGACCGCATCTTICTTCGATCTCGATTCGTCGCTGA
TCCGCGCCGATGCGCAGCGACGCTTTCCAAGCAGGCCCAGTGGTTGCAGCGTrATCCGCAGTATTCGA
TCACGATCGAAGGCCATGCCGACGAGCGCGGCACGCGTGAGTACAACCTCGCCCTTGGCCAGCGCCG
TGCTGCCGCCACCCGCGACTTCCTCGCTTCGCGCGTGTGCCGACCAACCGCATGCGCACCATTTCCTAC
GGTAATGAGCCCGGTTGCCGTCTGCGATGCCGACACATOCTGGTCGCAGAACCGTCGCGCCGTCACCG
TICTCAACGGGCCGGACGAAA

Crparerusi KOHCTPYHPOBAHUSI BAPYCHOTO BEKTOPA JUIS IKCIpeccHu Opyesuie3Horo antureda Omp16
B pacTeHusix Nicotiana benthamiana

IIpu Tpanchopmaunu pacTeHMH ¢ HCIIOIB30BaHHUEM arpoOakTepuil ceMeHa pacteHui Nicotiana
benthamiana obpabareBaimces 10% pactBopom ordenuBatens ¢ nobasnenuem 0,1 % Tween 20 B TeueHue
20 muH. [Tocne mpombiBanus 10-15 cemsH pacmonaranu B OOKCHI, coaepiKaliux TBepayr MSgr cpeny.
PacteHusa u3 cemsiH BhIpallMBald B TeucHue 3-4 Henenb npu 28°C u 16- 4acOBOM CBETOBOM nepuoe.
ExxenneBHO TpoBepsuics ypoBEHb pocTa arpobaktepuil. KynbTHBHpOBaHHE SKCIDIAHTOB Ha Cpele ¢
aHTHOMOTHKAMHU OCYIIEeCTBIsIOCh B TeueHue 10-20 mHel, manee SKCIJIAHTBI CHOBA IMEPECAKUBAIUCH HA
CBEXYIO TNHUTATENBHYIO CpeAy M KYyJbTUBHUPOBAIMCH HECKOIBKO HEMENb, 32 ATO BpPEMs MPOMCXOIUIIO
¢dopmupoBanme kamryca. [loOern akKkypaTHO OTAETSUIMCH OT KAIyca M HWKHHX JIMCTKOB C MOMOIIBIO
CTEpHIIBHOTO CKalbIens. 4 mobera pacnoiarany B oguH Magenta 6okc. KopHu Havanu (hopMupoBaThCs
yepe3 3-4 Henenu KynbTuBupoBaHus. [locne ¢opmupoBanus 3-5 kopHel IIHHONW 2 CM pereHepaHThI
TOTOBHIIN JJISl TIEPECA/IKH B TTOYBY.

Pacrenus, mepeHeceHHBIE B MOYBY, HAKPHIBAIHCH TUIACTUKOBBIMH KOJITAKAMH C OTBEPCTHUSMH IS
MIPOXOXKIEHHUS BO3AyXa.

Bektop pCAMgva ObUT UCHONB30BaH sl TpaHC(POpPMAlMK arpoOaKTepHil METOJOM 3aMOpaKh-
BaHMs/oTTanBannsa. OTOOpaHHBIE KOJOHHHM arpoOakTepuil MPOBEPSIIUCh Ha HaIWYHE KOHCTPYKIIAN
MetooM [P ¢ cooTBETCTBYIOMIKUMU IIpaiiMepaMu.

Ananu3 skcnpeccun KarncuaHoro 6enka BAB um Ompl6 Ob1 ocymiecTBieH ¢ moMomsio Bectepn
OmorTHTa. benku BeLAENSUIHCh U3 TeX ke JMcTheB, 4yTo u PHK. Benku ObLTH BBIZETEHBI METOAOM,
OCHOBAaHHOM Ha HCIOJb30BaHMM MOYeBHHBI. Kpome Toro, anamu3 skcrupeccun Ompl6é B JHMCTBAX
OCYILECTBIISIICS € TIOMOIIBIO (PITyOpECIeHTHON KOH(OKaNbHOW MUKpOocKonmuu Ha Mukpockomne Leica TCS
SP8 (Leica MICROSYSTEMS) u ¢ momomisio ¢uryopeceHTHOH MUKpockonuu Ha Mukpockone EVOS FL
Cell Imaging System (Thermo Fisher Scientific). Crarncruyeckas oOpaOOTKa JaHHBIX MPOBOAMIACH
MyTeM BbICUMTHIBaHUS baiiecoBckoro dakropa (minBF) B mporpamme Mathlab (11).

O6cy:xneHue pe3yabTaToB. B pesynprare mcciaenoBaHuid ObLT pa3padoTaH BEKTOP HAa OCHOBE
nmoytHoTO TeHoMa BAB myTtem BHecenmst reHa Ompl6 moj KOHTpodb cyoreHoMHoro mpomoropa OPCA4.
Crparerusi pa3paOOTKH BeKTOpa M300pakeHa Ha pUCYHKE. [ eTepOoJIOTHUHBIA TeH pachojaraics MexXIy
OPC4 u OPCS5 (12). Crom-komonwl kamcugHoro Oenka BAB u neneBoro Oenka ObUIM yAaJCHBI.
Dkcnpeccust MeMOpaHHOTO Oellka MpoHCcXouiia yepe3 3’-TepMuHanbHyto cyorenomuyito PHK, cootBet-
CTBYIOITYIO KaricunHoMmy 6enky BAB B HemonudummpoBanHoMm reroMe. Paznenenne MmeMOpanHoro Oemka
Y BUPYCHBIX OEJIKOB OCYIIECTBISIOCH C IOMOLIBIO 2A TMENTHIOB, BHECCHHBIX MEXy KallCUAHBIM OSITKOM
BAB u memOpanHsiM OenkoM. MomuduimpoBaHHas 4acTh reHomMma BAB Oputa mepeHeceHa B BEKTOP
pCAMgva mno caiitam Aatll u Sall. Araim3 Ha HaiMuue PEKOMOMHAHTHBIX BEKTOPOB IPOBOIHIH C
nomoisio TP, ncnonp3oBanuce npaiimepsl, cnennduansie s Kb BXITITA u Ompl6.
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3¢ (hexTHBHOCTh BUPYCHBIX BEKTOPOB OIIEHUBANIACH HA YPOBHE TPAHCKPHITIIUHU IKCIIPECCHH MEMOpaH-
Horo Oenka Ompl6 u BuUpycHBIX OenkoB. VHOQUIBTpanuio NPOBOAWIM IOJHOCTBIO BCEil JHMCTOBOM
IUTACTHHKH, IUIOTHOCTh arpodakrepuii cocrasmia 0.7. Bbuti moxy4eHs! TpaHCTeHHbBIE pacTeHus Nicotiana
benthamiana, Hecymue TeH KarcugHoro Oenka BAB, m Obta JDOCTHTHYTa SKCHIpecCcHs MEMOpPaHHOTO
anTureHa opyuemsl Ompl6é B BupycHoM BekTope myTeMm 3ameHoit OPC4 na ren Ompl6. Pazpabotka
TPAaHCTEHHBIX PAcTEHHH Oblla OCYIIECTBIEHA C IOMOLIBIO arpodakTepuanbHol TpaHchopmanuu. s
pereHepaIiy TPAHCTEHHBIX PACTCHHM HCIIONB30BaIoch 19 skcruranToB. [loGeru pasmepom 1-2 cMm B IIuHY
nepecakuBalid Ha cpeay Juis ¢GopmupoBaHus kopHei. [locne mosiBieHus 2-3 KOpHEH pereHepaHTHOE
pacTeHHe TepeHOCHIN B TIOUBY IS aalTalydd U MOJTY4YeHHUs CeMsSH. AHaIU3 SKCHPECCHH MEMOpPaHHOTO
OenKa OCYLIECTBISICS C IOMOIUBIO HMMYHOOJIOTTHMHIA C HCIOJBb30BAaHHMEM IIE€PBUYHBIX AHTUTEN K
neneBomy Oenky. Kpome Ttoro, skcmpeccus Ompl6é B BekTope aHamu3uMpoBajiach (hIyopecleHTHOMH
KOH(OKaNbHOW MUKPOCKONHEH Ha 4-BbIi IeHb MOCiIe arpOUH(PHUIBTPALIUY.

B pesynprate mccnemoBaHMii BHeceHHBIH reH Ompl6 moj KOHTPOIh CYOr€HOMHOTO IMPOMOTOpa
OPC4 ycnemHo 3KCHpeccHpoBalICS ¢ COXpaHeHHeM >((MEKTUBHOCTH JKCIPECHH B TPAHCTEHHBIX pacTe-
HUSX. BUpPYCHBI BEKTOpP MOXHO HCHOJB30BaTh ISl SKCIPECCHH JIPYTHX OpyLeUIe3HBIX MEeMOpaHHBIX
AHTUTEHOB, TakuX Kak Omp25 wnum Omp31 B TpaHCTEHHBIX PACTEHUSX, COTJIACHO OTpabOTaHHOW HaMH
IPOTOKOJTY.

Pa3paboTka BEKTOPOB Ha OCHOBE TEHOMOB BHUPYCOB ISl IKCIIPECCUN MEMOpPAaHHBIX OEITKOB OpyIIEeIIbI
ABJISICTCSl aKTyaJIbHOM B BUAY psAa MpUUYUH. Bo-miepBBIX, MOsSBUIACH BO3MOKHOCTh HApAOOTKH OOJIBIIOTO
KOJINYECTBa OpYyLEJUIe3HBIX AHTUTCHOB, HEOOXOOUMBIX Ui Pa3pabOTKH BAaKIMH W IMArHOCTUYECKUX
npenapaToB. [IpyyeM 3TU aHTUT€HBI, TIOJIyYEHHbIC HA OCHOBE PacTE€HHH, CBOOOAHBIE OT IIATOTEHOB JKUBOT-
HBIX, OOJNIafaloT JACHICBU3HOW KyJIbTHBHPOBAHHA PACTEHUH M BO3MOXHOCTBIO OBICTPOTO MaciuTaOu-
POBaHMsI IPOU3BOJCTBA.

I'.JI. Mnrek6aena, E.IIl. Maxamos, I'. Tesienosa, /[. Ecimxaukbi3bl, C.T. Caguen
Kasak yJiITTBIK arpapiiblK 3epTTey YHUBEpcuTeTi, Anmatel, Kaszakcran

NICOTIANA BENTHAMIANA 3AYBITBIHJIAFbI
BETTIK AHTUTEH/I BRUCELLA ABORTUS OMP16 BIJIIMI

Annoranus. bpynemnes — Kazakcrannmarsl ipi Kapa Mal MEH afaM KHi aybIpaThIH JKYKHAJBl KOHE MH(]EK-
LUSUIBIK aypybiH Oipi. depmepiiepre ceHIMII KoHE KOIDKETIMAI BaKI[MHA yKacay YIIIH 3aMaHayd OHOTEXHOJIOTHSLIBIK
omicTeplii KOJAaHy aTalFaH MAOCEJICHI MISNTyAiH OajaMalIbl )KOJIbI OOJIBII CaHaIa bl

Ocimaik BHpyCTaphl KeOiHece KO3ABIPFBIII aHTUIEH SKCIPECCUSCHIH ajly YLIIH BEKTOp PETiHAe KOJIAaHBIIaIbL.
OciMIiK BUpYCHIHBIH imniHAe ky3iM Bupychl A (BAB) keHiHeH maipananbuianpl. Bpyueinesre xapchl BakiMHa
HeMece TMarHOCTUKAIIBIK MOTIH Xacay/a OpyLe/IaHblH MeMOpaHAIIbIK aKybI3bl 3ePTTEY/IiH HETi3ri 00BbeKTicl 00
caHaiazpl.

Mewmbpananblk  akysizgap (OMPs) — uMMyHOreHAik KieTkamapra ToH OerTik aHTturengzep. OMP —
PEKOMOMHAHTTHI OpyliesuIe3 BaKIMHAJIApbIH OHIIpYyTe 6Te KOJIAMIbl KaHJuaTTap.

3eprrey HblcanblHa Makpodarrarbl TNF-o enaipicin Oacyia MaHBI3IbI peJl aTKapaThlH CBIPTKBI MEMOpaHaIbIK
akys3 (Ompl6) amsiHABL. By 3eprreyne MOJEKyIalbIK KIOHIAY JKOHE O©CIMIIKTepAeri peKOMOWHAHTTHI aKybI3/Ibl
SKCIpeccrsiay VINiH maiganansurad Ompl6 TeH SKCIpeccHsachiHa Taliay Kacallbl. 3epTTey HbICAaHAApHl peTiHae
Opyuemnnansl Brucella abortus 19 BakuyHa IITaMBIHAH JKOHE MaKCATTHI aKyBI3IbI OHAIPYIEC KEHIHEH KOJITAaHBUIATHIH,
MOJIEKYJTAJIBIK-TeHETUKANBIK 3epTTeYyIepAiH yiurini eciMairi — Nicotiana benthamiana eCIMIITIHEH TaHIAIIBL
Hukornana Oenrammana eciMmpairinge Opyuemne3 Ompl6 aHTHreHIH SKCIpecCHsIay YIUIIH BHPYCTHIK BEKTOP
Kypburasl. TpaHCreHAl eciMIik pereHepamusachl ymIiH 19 sKkcrutaHT KoimaHbsUIABL 3eprrey HoTmxkeciHae ORF4
CyOreHOM/IBIK MTPOMOTOPBIHBIH OaKbUIaybl HETi3iHAe eHriziireH Ompl6 reHi TpaHCTeHII ©CIMIIKTEri dKCIpeccus
TUIMIUIITIH CaKkTay apKbUIbl KepiHai. BupycTeiK Bekrop Thimaitiri Ompl6 MeMOpaHanbIK MIPOTEUH MEH BUPYCTHIK
OEJIOK  OKCIIPECCHSCHIHBIH ~ TPAHCKPHUIIIMACHI  JAeHreiinae  OaramanHabl.  bapnblKk  JKamblpak — TakTachl
nHQMIbTpaysIanFaH, arpoOdakrepusuiapApH THIFbIAbEFE 0,7. BAB kancuari aKkybI3bIHBIH T€HIH alblll JKYPETiH
TpaHCTeH/II ©CIMJIIKTEp aJIBIH/IBI, a1 HUKOTHaHa OEHTaMMaHa jK9HE BUPYCTHIK BEKTOpAarbl OpynemanapasiH Omplo
MeMOpaHabIK aHTHreH dKcrpeccusicbiiia ORF4-1i Omp16 reHiMeH anmMacThIpy apKbUIBI KOJI XKeTKi3inai. Tpancrenmai
OCIMIIKTEpIiH JaMyBI arpo0aKTepraiabl TpaHC(HOPMAIUSHBI KOJIJaHY apKbUIBI )KY3€re aChIPBLUIIb.

Tyitin ce3nep: Brucella abortus 19, memOpananslk aKyeaap, Ompl6, TeHOiK dKcmpeccus, peKOMOWHAHTTHI
OestokTap.

— g4 ——



ISSN 2224-5227 5.2020

G.D. ligekbaeva, E.Sh. Makhashov, G. Tulepova, D. Yessimkhankyzy, S.T. Sadiev
Kazakh National Agrarian Research University, Almaty, Kazakhstan

EXPRESSION OF THE SURFACE ANTIGEN BRUCELLA ABORTUS OMR16
IN NICOTIANA BENTHAMIANA PLANT

Abstract. Brucellosis is one of the most contagious and infectious diseases with high incidence rates of cattle
and humans in Kazakhstan. Using modern biotechnology techniques to develop vaccines that are reliable and
affordable for farmers is an alternative solution to the problem.

Plant viruses are often used as a vector for obtaining the expression of antigens of the pathogen. The grape virus
A (BAB) is widely used among plant viruses. Brucella membrane proteins are the main objects of this research for
futher development of vaccines or diagnostic texts against brucellosis,

Membrane proteins (OMPs) are cell specific surface antigens that are immunogenic. OMPs are ideal candidates
for the production of recombinant brucellosis vaccines.

The object of the study was the outer membrane protein (Ompl6), which plays an important role in the
suppression of TNF-a production in macrophages. In this study, molecular cloning and analysis of the expression of
the Omp16 gene, which was used to express the recombinant protein in plants, was carried out. We selected brucella
from the vaccine strain of Brucella abortus 19, and the plant Nicotiana benthamiana, as the subjects for our research,
since they widely used for the production of recombinant proteins, and they both appropriate for molecular genetic
research. A viral vector was constructed to express the brucellosis antigen Omp16 in Nicotiana benthamiana plants.
Nineteen explants were used for the regeneration of transgenic plants. As a result of this studies, the introduced gene
of Ompl6 was under the subgenomic promoter control of the ORF4 and was successfully expressed while
maintaining the efficiency of expression in transgenic plants. The efficiency of viral vectors was evaluated at the
level of transcription during expression of the protein Ompl6 with viral proteins. The entire leaf blade was
infiltrated; the density of Agrobacteria was 0.7. We were able to obtained transgenic plants Nicotiana benthamiana
carrying the gene of capsid protein BAB, and the expression of the membrane antigen Omp16 in the viral vector was
achieved by replacing the ORF4 with the Omp16 gene. The development of transgenic plants was carried out using
agrobacterial transformation.

Key words: Brucella abortus 19, membrane proteins, Omp16, gene expression, recombinant proteins.
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INFLUENCE ON HOMEOSTASIS AS THE CRITERION FOR
SELECTING SINGLE NUCLEOTIDE POLYMORPHISMS FOR THE
STUDY OF METABOLIC SYNDROM IN THE KAZAKH POPULATION

Abstract. Metabolic syndrome (MS) is increasingly cited as the world's leading health risk. The sequence of
events toward multimorbidity in most cases passes through MS. According to the research, MS heritability ranges
from 23 to 27% in Europeans, and 51 to 60% in Asians.

The purpose of the review: to form a strategy for the selection of single nucleotide polymorphisms (SNPs) for
the study of MS in the Kazakh population based on the effect of SNPs on homeostasis indicators

The stable symptom complex of MS is a complicated dynamic system of successive accumulations of
dysmetabolic disorders of homeostasis. This system starts the development of subsequent age-associated diseases),
such as cardiometabolic, neurodegenerative, and malignant neoplasms.

The system for selecting SNPs for the MS study, proposed on the basis of the concept of homeostasis
dysfunction, assumes, in conditions of limited resources, to see the greatest level of their influence within the
conditional framework of three genetic models of homeostasis dysregulation: insulin resistance , oxidative stress, and
chronic inflammation. This approach is fundamentally different from the traditional approach involving candidate
genes. It is expected that scientific research in this direction will contribute not only to the understanding of general
biological processes, but also to the targeted search for genetic determinants and for new opportunities for
personalized interventions.

Key words: Metabolic syndrome, single nucleotide polymorphisms, homeostasis.

Introduction. MS is increasingly cited as the world's leading health risk. It combines a group of
features including IR, excess fat deposit, and high blood pressure. These signs, with the accumulation of
violations of physiological control (homeostasis) in the human body, contribute to the premature onset of
AAD. Homeostasis disorders in MS are predominantly associated with IR, OS and Chl [1].
Multimorbidity indicates the irreversibility of homeostasis disorders[2].

To develop a management technology for MS means to solve the problem of shifting the onset of a
number of significant diseases associated with age to a later age period. It is assumed that the MS
pathogenesis is based on the interaction between genetic, environmental and lifestyle factors. Probably, for
this reason, studies of genetic associations in MS are extremely confused, and the genetic structure has not
yet concrete confirmation of its specificity and significance.

Future studies of the hereditary nature of MS may be more fruitful if we focus on the analysis of the
interactions of genetic determinants. It is already obvious that the risk of AAD is influenced not by loci
with the main phenotypic influence, but by multiple variants of a weak effect. Interacting, they give a
unique complex effect of such a multifactorial state as MS, which precedes most AAD.
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MS arises as a result of the sequential accumulation of dysmetabolic disorders of the homeostasis
with a relatively strong contribution of genetic factors. According to some studies, the heritability of MS
ranges from 23 to 27% in Europeans, and from 51 to 60% in Asians [3].

The general scheme of the formation of a stable symptom complex of MS and subsequent AAD is as
follows.

Food overload results in hyperinsulinemia and hyperlipidemia. Against this, the regulating receptors
of homeostasis contribute to the compensatory shutdown of insulin dependence. At the muscle level, their
insulin sensitivity and glucose utilization decrease, at the adipocyte level, their insulin sensitivity and
glucose uptake decrease, and the process of fat accumulation (abdominal obesity (AQO)) is triggered.

Prolonged compensatory disconnection of insulin dependence, fixing itself at the transcriptional level,
leads to a restructuring of the entire metabolism and the formation of IR, which maintains constant
activation of stress-dependent kinases, OS and Chl in adipocytes. As a consequence, a violation of the
endothelial barrier develops with the formation of endothelial dysfunction and the development of AH to
already declared obesity and IR as prediabetes [4].

/ Chronic inflammation \
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Athero. / D Oxidative stress \
sclerosis CDys-
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function glycemia
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Figure 1 - The relationship between homeostasis disorders in MS

It is obvious that the pathogenesis of MS is much more complex and is accompanied by numerous
effects of known and still unknown molecules and signaling pathways [5]. Future studies of the hereditary
nature of MS may be more fruitful if we focus on the analysis of the interactions of genetic determinants.
It is already obvious that the risk of AAD is influenced not by loci with the main phenotypic influence, but
by multiple variants of a weak effects. Interacting, they give a unique complex effect of such a
multifactorial state as MS, which precedes most AAD.

Methods. The purpose of the selection of SNPs was the need to obtain a list of SNPs, presumably
significant for MS and the early realization of associated diseases in persons of the Kazakh ethnic group in
the third generation. In this case, it is necessary to provide for the conditions for the future research:

- financial compliance: financial stability of the study in conditions of limited financial resources,
which do not allow conducting a classical study in accordance with the requirements of GWAS;

- technological compliance: competitiveness of results in the research market;

- scientific relevance: scientific novelty of the research, which consists in testing the scientific
hypothesis for the Kazakh population;

- compliance with the needs of practical health care: a scientific idea for an inexpensive and effective
technology of preclinical diagnosis of AAD in MS for the Kazakh population.

There are many converging biological processes underlying the unique stability of homeostasis, in
which more than one million already identified or not yet identified SNPs can participate. In this regard,
the selection of the SNP was carried out sequentially in 3 stages.

At the first stage, candidates were selected for research from the Catalog compiled on the basis of
GWAS of the National Human Genome Research Institute. Sample condition: association of SNP with
AAD and signs of MS in the complex: type 2 diabetes mellitus / insulin sensitivity, function and
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proliferation of beta cells of the pancreas, blood sugar level; AO / improper lipolysis; arterial hypertension
/ membrane traffic, vascular wall dysfunction, systolic pressure; MN / protein aggregation, control of
molecular damage, proliferation, lysosomal autophagy; NDD / nerve cell differentiation, immune
inflammation. A total of 1,220 SNP candidates were selected for the study.

The study of subsequent studies (related publications containing links to basic publications) allowed
us to deepen our understanding of the participation of individual SNPs in the homeostasis of the human
body. We used the resources of the US National Library of Medicine, which indexes over 23 million
biomedical publications. At the second stage of selection, the number of SNP candidates for the study
decreased from 1220 to 240, which could be conditionally associated with the causal consequences of
homeostasis disturbance for MS: IR, OS, Chl. At the 3rd stage of selection, we carried out the final
selection of SNPs that have an effect on the largest number of homeostasis links.

Thus, the non-random selection of SNPs associated with AAD and their subsequent distribution
between the main interrelated phenotypes of MS made it possible to determine from the opposite
114 SNPs, suggesting a genetic influence on the early, at working age, development of AAD in the
Kazakh population.

Results. A list of 128 SNPs was obtained, on the one hand, has an effect on several links of
homeostasis involved in the implementation of MS, on the other hand, it has a direct relationship with
AAD, realized at the age of up to 60 years in individuals of other populations. Moreover, each of the SNPs
has an impact on several links in the pathogenesis of MS, while maintaining the priority value of one of
them (figure 2).
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Figure 2 - Graphical representation of the panel of genetic polymorphisms (n = 128)

The pathway to target disruption of homeostasis to see some systemic damage to molecular pathways
limited the number of SNPs occupying exon positions (19 of 128).

Discussion. MS is a genetically complex disorder where traditional genetic analytics are unable to
explain its entire symptom complex. Known genes can explain only part of the expected heritability. The
identification of associations by linkage analysis is very difficult, since the genetic risk can spread
throughout the genome, and not be concentrated in one locus. The results of SNP selection suggest that
multiple loci in AAD may be associated with specific MS phenotypes, which gives hope for the
development of future therapeutic approaches targeting the involved genetic pathways, taking into account
the principle of «common disease-common approaches» [5,6]. The SNPs selected for the study are
conditionally divided into 3 phenotype / genotypic models, which, from our point of view, have for the
development of MS and subsequent AADs.

Loss of glycemic control has a strong relationship with lipid metabolism; identification of genetic
variants of IR would allow choosing the right path in the search for potential therapeutic targets [7]. Table
3 shows SNPs that have shown themselves to have a predominant effect on the maintenance of IR.
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Table 1 - SNPs that have a predominant effect on maintaining IR
1 1 1 1 0,
The reference Functionality OR (95% CI) / Beta The reference Functionality OR (95% CI)/
sequence class sequence class Beta

155945326 fe‘;%(‘)‘rllatory 127 [1.18-1.37] 17756992 Intron 5 115 [1.13-1.17]
rs340874 Exon NR 1972283 Intergenic 1.07 [1.05-1.10]
1s7578597 Exon 1.15[1.10-1.20] rs3802177 UTR 1.15[1.10-1.21]
rs243021 Intron 1.08 [1.06-1.10] rs896854 Intron 1.06 [1.04-1.09]
rs7593730 Intron 1.11[1.08-1.16] rs1575972 Intergenic 1.1[1.06-1.14]
rs6543087 Intron 1.11[1.08-1.13] rs7041847 Intron 1.05[1.01-1.09]
rs7578326 Regulatoryregion | 1.11[1.08-1.13] 14506565 Intron 1,36 (1,20-1,54)
rs4402960 Intron 1,14 (1,08-1,21) rs7903146 Intron 1.37[1.31-1.43]
rs4607103 Intron 1.09 [1.06-1.12] rs10830963 Intron 1.1[1.09-1.12]
rs11708067 Intron 1.09 [1.08-1.11] rs5219 Nonsense 1.19[1.11-1.27]
rs1801214 Exon 1.13 [1.08-1.18]

OS is associated with abnormal redox status predominantly due to altered redox signaling [8]. Table 2
shows SNPs that showed their negative impact on its maintenance.

Table 2 - SNPs with a primary effect on OS maintenance

The reference Functionality OR (95% CI) /
sequence class Beta
1s3814316 Exon NR
rs4072037 Splicing NR
rs7554672 Intergenic 1.21[NR]
rs10923931 Intron 1.13[1.08-1.17]
rs13016963 Intron 1.27[1.09-1.19]
rs1035142 UTR 0.64[0.09-0.03]
rs62106670 Intron 1.05[1.04-1.07]
rs59308963 Intron 1.05[1.03-1.07]
rs1470579 Intron 1.17[1.11-1.23]
rs1801282 Exon 1.14[1.08-1.20]
rs1648707 Intergenic 0.94 [NR]
rs76551843 Intron 1.31[1.19-1.44]
rs4976790 Intron 1.08[1.05-1.10]
rs1799945 Exon 0.6270 [NR]
rs1562430 Intron 1.17[1.10-1.25]
rs6988985 Intergenic 0.46[0.15-0.35]
rs28834970 Intron 1.10[1.08-1.13]
1872652411 Intron NR
rs62560775 Intron 1.11[1.06-1.15]
rs1011970 Intron 1.07[1.04-1.09]
rs564398 UTR 1.13[1.08-1.19]
rs17490626 Intron 1.16[1.09-1.24]
rs7957197 Intron 1.07[1.05-1.10]
rs1121980 Intron 1.66[1.37-2.01]
rs9939609 Intron 0.36 [NR]
rs17817449 Intron NR

Chl is also accompanied by neuroinflammation and subsequent neurodegeneration [9]. Table

The reference Functionality OR (95% CI) /
sequence class Beta
1$12149832 Intron 0.08[0.07-0.09]
1511075995 Intron 1.11[1.07-1.15]
rs12601991 Intron NR
1s4430796 Intron 1.22[1.15-1.30]
rs11868035 Splicing 1.19[1.07-1.33]
1s403814 Intron 1.15[1.07-1.23]
1511672691 Exon 1.11[1.02-1.20]
1s887391 Intron 1.31[1.17-1.46]
1s25487 Exon 1.24[1.01-1.51]
1$1799782 Exon 0.41[0.08-2.08]
154962416 Intron 1.17 [1.05-1.30]
1517021918 Intron 1.09 [1.07-1.11]
152121875 Intron 1.05 [1.03-1.07]
rs12543663 Intron 1.04 [0.72-1.49]
156983561 Intron 1.61[1.45-1.78]
rs16901979 Intergenic 1.42 [NR]
1516902094 Intron 1.21 [1.25-1.26]
152075650 Intron 2.53[2.37-2.71]
rs55886062 Intron 1.1[1.08-1.12]
154973768 UTR 1.38 [NR]
15121434592 | Intron 1.47[1.19-1.41]
1511571747 Intron 1.72[1.09-1.13]
1511571746 Intron 1.69[1.09-1.33]
rs13389423 Intron 1.68[1.49-1.9]
13218695 Intron NR
152227924 Intron NR

provides a list of SNPs that suggest a predominant negative effect on Chl maintenance.
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Table 3 - SNPs with a predominant impact on Chl maintenance

The reference Functionality OR (95% CI)/ The reference | Functionality OR (95% CI)/
sequence class Beta sequence class Beta

rs1856746 Intron 2.96 [1.89-4.64] 15675026 Exon 0.721.11-1.3]
rs2791713 Intergenic 3.00[1.90, 4.73] rs6978712 Intergenic 2.02 [1.53-2.68]
rs1003376 Intron 3.00 [0.04-036] 157801190 Exon 1.31[1.19-1.44]
rs2236935 Intron NR 153800688 Intron 1.197
152236936 Intron NR rs2191349 Intergenic NR
rs11674694 Intron NR rs864745 Intron 1.1[1.07-1.13]
rs897876 Intron 1.036 [NR] rs11781551 Intergenic 0.0078
rs113296370 Intergenic 8.83 [8.01-9.65] rs11787792 Intron 1.15]1.10-1.20]
rs4665630 Intron 1.21[1.13-1.3] 1517584499 Intron 1.57 [1.36-1.82]
rs11124945 Intron NR rs1110183 Intron NR
rs780094 Intron 0,71 (0,58-0,85) 1s1552224 UTR 1.14[1.11-1.17]
rs5186 UTR 7.3[1.9-31.9] rs1387153 Intergenic 1.09[1.06-1.11]
rs11931074 Intron 1.37[1.27-1.48] 152292239 Intron 1.28[1.21-1.35]
rs356219 Intron 1.29 [1.25-1.33] 153184504 Exon 0.4480[NR]
rs181489 Intron NR rs1550576 Intergenic 1.92[NR]
rs2737029 Intron 1.38 [1.20-1.59] 1s2398162 Exon 1.31[1.03-1.67]
rs11724635 Intron 1.15[1.11-1.19] 152241423 Intron 0.13 [0.09-0.17]
rs2736990 Intron 1.29 [1.18-1.43] rs11646213 Intergenic 1.28[1.15-1.43]
rs13107325 Exon 0.19[0.11-0.27] 1513333226 Intron 1.15[1.10-1.19]
rs10026364 Intergenic 1.28 [1.15-1.42] rs1108775 Intergenic 1.00[0.72, 1.39]
rs1834481 Intergenic NR rs7412 Exon 3.0[2.82-3.64]
rs10021303 Intron NR 15429358 Exon 6.0[1.56-1.80]
rs35529250 Exon NR 15157582 Intron 0.1[NR]
rs991316 Intergenic 1.62 [NR] rs1735151 Exon 1.16[1.09-1.24]
rs6842241 Intergenic 1.18 [1.11-1.25] rs2822693 Intergenic 2.22[1.32-2.04]
156596140 Intergenic NR rs1475591 Intergenic 1.18[1.10-1.27]
rs1173771 Intergenic 0.2610 [NR]

Studies of SNPs in terms of their maintenance of dysregulation of homeostasis make it possible to
consider MS as a complex dynamic system. Connections along the causal chain from DNA variant to trait
variation can be extremely complex. Revealing the functional impact of regulatory variations will still
require careful experimental work [10]. Only a combination of genome-wide studies of genetic variation,
detailed phenotypic and omnic data on millions of people can become a source for new fundamental
discoveries. A large sample size is critical for identifying significant SNPs, especially their more elusive
trans-acting variants.

However, new scientific ideas that take into account different physiological conditions, worked out in
detail in small cohorts united by a single ethnicity, may also provide directions for future research in the
field of MS genetics [11]. In this regard, a systemic sample of SNPs focused on the main pathogenetic
mechanisms of MS leading to chronic destabilization of homeostasis, and their subsequent assessment can
become the basis for initiating such ideas.

Conclusions. The sequence of events in a person's life on the way to multimorbidity in most cases
runs through MS. It is the optimal time for interventions that can affect reversible homeostasis disorders.
The system for selecting SNPs for MS studies, proposed on the basis of the concept of maintaining
homeostasis dysfunction, assumes, in conditions of limited resources, to see the greatest level of their
influence on the phenotype.

This approach not only promotes understanding of general biological processes, but also provides a
targeted search for genetic determinants for scientific research, as well as new opportunities for
personalized interventions.
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Kazakcran Pecniyonukacer Ipesunenti Ic 6ackapmacst
MeaunuHanslK OpTalbIFbIHBIH aypyxaHacsl, Hyp-Cynran, Kasakctan

I'OMEOCTA3FA 9CEP ETY — KA3AK NIONIYJISIHUACBIHIAFbBI METABOJIN3M CUHAPOMbBIH
3EPTTEY YIIIH BIPHYKJIEOTHUATI HOJUMOP®U3M/IEPAI IPIKTEYIIH OJIHEM-IIAPTTAPBI

AnHotanusi. Merabonusm cunapombin (MC) ozperte onemjie JeHCAyJIbIKTBIH HEri3ri Kaymi jJen araiiisbl.
MynbTUMOPOUATLIIK JKOJIBIHIAFEI OKUFANApP/IbIH PETTLIIr Kot xaraaina MC apkbuibl eTeni. 3epTreyiepre coiikec,
MC TyYKbIM KyalaylIbUIBIFBI eypomajibiktapaa 23-teH 27%-ke neiin, an asumartapaa Sl-gen 60%-ke npeiiin
Ke3Jece .

lonynelH MakcaTbl — VHIHIN OybIHAAFBl Ka3aK JTHOCHIHBIH ekupaepinme MC koHE COHBIMEH
accouyanysuianra (0aiIaHbICThI) aypysapasl Aep Ke3iH/le aHbIKTay YIIiH O0oJnKaMabl MaHbI3EL Oap OIpHYKIEOTHATI
noxumopduzmaep (BHII) tizbecin kanpmracTeipy. bys perre 3eprrey yiuiH Kejeci mapTTappl KapacTblpy Kaxker:
KapKbUIBIK COWKECTIK (LIEKTEYNl pecypcTap JKarJalbIHAArbl KapXKbUIBIK TYPAKTBUIBIK); TEXHOJOTHSIIBIK COHKECTIK
(FBUTBIMU 3epTTEyJEep HAPBIFBIHIAFBl HOTIKENCPiH Oocekere KaOiTeTTiNr); FEUIBIMUA COWKECTIK (©3iHIH FRUIBIMHI
THIIOTE3aChlH TEKCePYHNEeH TYPaThIH FBUIBIMH JKaHAJIBIK); NPAKTHKAIBIK JCHCAYJBIK CaKTay KaXeTTUIIKTepiHe
colikectik (ka3ak momyrsnusceiHgarel MC sxaHbpiHAarsl JKAA (okac acconmamnusuiaHFaH (JKacrieH OafTaHBICTBI)
aypyJiap) KIIMHAKaFa JeiiHr1 AMarHOCTUKACBIHBIH ap3aH jKOHE THIM/II TEXHOJIOTHACHI YIIIIH FHUIBIMU HIES).

MC TypakThl CHMIITOM KEIICHI — TOMEOCTa3bIH AMCMETA0OJH3MIIK OY3bUIBICTAPBIHBIH IOMEKTI JKHHAKTa-
JyBIHBIH KYPIEJl IMHAMUKaJbIK JKyHeci. ATalFaH Kyle KeWiHHeH XKac-aCCOLMAMsIAHFaH KapANOMETa00Iu3MIIK
(KMA), neiipoaereneparubti (H/IA), commaii-ak xarepii iciktep (KI) cusIKTBI aypynapiblH OacTalyblHa ajbIIl
keneni. MC — romeocTas/iblH KalThIMIBI OY3bUIBICBIHA CEp €Tyl BIKTMMaJl apallaCy/blH OHTaWibl yakbIThl. MC
Oackapy TEXHOJIOTMSICBIH JKacay JIereHiMi3 — jkacka OaiIaHbICThI OipKaTap MaHbI3/bl aypysap/blH maiina 0osFraHHaH
KEHIHT1 JKac Ke3eHiHe aybICy MOCEeJIeCiH LIeNry JIeTeH Co3.

I'omeocra3apiH Oiperei TYpaKTBUIBIFBI HETI31HIIE JKaTKaH KOITETeH TOFBICATHIH OMOJIOTHSIIBIK Iporectep Oap,
OHJIIA Ka3ipIiH ©3iHIe COMKEeCTEHAIPUIreH HeMece COMKecTeHAipinMereH Oip MIUUIMOH emec, omaH na kem BHII
kateica anaapl. Oceiran O6atmansicTel BHIT ipikTey 3 ke3eHme s yierni Typae Kypri3iimi.

BipiHmni ke3eHIe amaM TEHOMBIH 3€pTTey YITTHIK WHCTUTYTHIHBIH KaybIMAAcTHIKTapelH (GWAS) TombIk
TeHOMJIBIK 13/iey Heri3iHle KypbuUtFaH karanortad 3eprrey yuuin CHII-kangunarrap ipikrenai. Ipikrey maprei: BHIT-
el JKAA-men sxone MC OenrinepiMen Oipre Kejeci >KHUBIHTBIKAAFbl accouuanusuianybl: KJ[2/ uHCynnHre
ce3IMTaNIbIK, YHKBIOE3 IiH OeTa xacyliaaapblHbIH KbI3METI MeH KeOetol, KaHarbl KaHT jgeHreiii; AC (abaqoMuHa b1
ceMi3lik/ aypeic emec yunonu3; Al (apTepusuiblK TunepTeH3us) / MeMOpaHalblK TpaduK, TaMbIp KaObIPFACHIHBIH
JUCHYHKUUSCHL, CUCTONANBIK KbIchIM JeHreii; KI (katepini icik) / OeJOKTapAblH arperanusicbl, MOJIEKYJIabIK
3aKpIMIAHY bl OaKbLIay, mposrdepaius (kebero), mu3ocoManbik ayrodarus; HIIA (HeiiponereHepatusTi aypyiap) /
JKYHKe KacymanapbsiHblH quddepeHnnanusacel, *MMYHIBIK KaObiHy. bapneirst 1 220 BHII-kananaat 3eprrey yiuiH
ipikrengi. Keiinri 3eprreyiepni 3epueney (HeETi3ri jkapusulaHbIMIapra cinreMenepi Oap OaiimaHbiCTbl Kapusia-
HbeIMzap) sxeke BHII-HBIH ajam opraHu3MiHIH TOMeOCTasblHAa KATBICYBl TYpasbl TYCIHITIMI3AI TepeHIETyre MyM-
KiHIOiK Oepmi. 23 MWIUTHOHHAH acTaM OMOMENUIHMHANBIK OackuteiMaapabl mHAeKCTeWTiH AKII ¥nTTRIK Menumm-
HAIIBIK KiTalrXaHACHIHBIH PecypCcTaphl Maimananbuiapl. Ipikreyaid exinmi keseHinge zeprreyre CHII-xkanmmnatrap
canbl 1220-man 240-xa nmeitiH Kpickapasl, onapabl MC yIniH ToMeocTa3blH OY3BUTYBIHBIH CEOCTIK calgapbIMeH
mapTThl Typae OainanbicTeipyFa Oonazabl: uHCcynuHre To3imainik (UT), Toteiry crpeci (TC), co3buiMalibl KaObIHY
(CK). IpikreyaiH yiuiHIn Ke3eHiHae 6i3 romeocras OaillaHbICTApBIHBIH €H KoIl caHbiHa ocep ereTiH bHII-HbI COHFbI
ipiKTey [l JKy3ere achIp/IbIK.

Ocputaiima MC xone XXAA-men Oaiinanbictel BHII-HBI Kke3nmeiicok Tannay, oiapibiH kelliHHeH MC-ThIH
Herisri e3apa OaiylaHbIcThl (DeHOTHIITEP] apachiHAa OeuiHyi Kazak momyisuuschiHna JKAA-HBIH AaMyblHa epTe,
eHOeKKke KaOlIeTTi jkKacTa TeHETHKAIBIK ocep eTeTiHiH OoimkampaiTeiH 128 BHII-HBI kepl aHbIKTayra MYMKIHJIK
6epnui. ['omeocras nucdyHKIMACH TYXKbIppIMaamMackl Herisinae ycoiHplFran MC 3eprreyine apHanran BHII ipikrey
JKYHecl IIeKTeyJi pecypeTrap sKarJalblHAa TOMEOCTa3/Ibl AUCPErySIMsIay IblH 3 (eHOTUIT/TeHOTUNITIK MOJEIIbIe-
piHze oJapAbIH SCEepiHiH €H KOFaphl AeHrelin kepyre Mmymkinaik Oepeni: UT, TC xone CK. Byt Tocin xkanmumat
TeHIEepOiH KaTbICYbl HETI3iHAE JOCTYpii TOCimAeH TyOereitni epekmeneneni. Perteymi BapuamusuiapIsH
(OYHKIIMOHAIABI 9CEpiH aHBIKTAy oI J€ MYKHAT JKCIIEPHMEHTTIK JKYMBICTHI KaXXeT eTeli. TeK TeHeTHKAIBIK
BapHaLMsIIAPABIH TOJIBIK T€HOMIBIK 3epTTeyJIepiHiH, MIUIHOHAAFaH aJaMap Typaibl erKel-Terkeini peHOTHITIK
’KOHE OMHHKAJIBIK MAJIIMETTEP/IiH Yiiecimi )kaHa ipreji ambutyiapAblH KaiiHap ke3i Oona anazpl. [pikTeyaiH yikeH
kenemi MaHb3ael BHII-HEI, ocipece osapablH TpaHC-KOJJAHBICTAFbl HYCKAJApbIH AHBIKTAy YIIIH ©T¢ MaHBI3IbI.
Jecex Te, TYpil (GU3HOIOTHSIIBIK JKaFJaiiap/Isl €CKepPeTiH jKaHa FhUIBIMU Hjesuiap, OipTyTac STHUKAIBIK TONTapMEH
OIpiKTIpUITeH IIaFblH KOTOpTTapAa erkei-rerkeii 3eprrenin, MC TreHeTHKachl canachlHIAFbl OoJamak
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3eprreynepre OarpIT Oepe amanel. OceiFaH OaillaHBICTBI TOMEOCTA3/bIH CO3BIIMANBl TYPAKCHI3JAHYybIHA OKEIETiH
MC-TBIH HETi3ri maToreHeTUKAIbIK MexaHusMaepine OarpirtanFan BHII-HBI xylen ipikTey >KoHe onapiabl KeHiHTi
Oaraynay OChIHAAl UaesuIapAbl OacTayra Heris Oojia anmajabl. byl OaFbITTaFbl FRUIBIMH 13/ICHIC JKaJIMbl OMOJOTHSIIBIK
npoLecTepi TYCIHyre ¥aHa €Mec, COHbIMEH Oipre FhUIBIMHM 3€pPTTEYJIEp YIIIH I'€HETHUKAIIBIK JIeTePMUHAHTTAP.IbI
MAaKCaTTHI 13/Ieyre, COHal-aK )KeKe apaaacyIblH KaHa MYMKIHIIKTepiHe bIKIAI €Tel JeM KyTuTyIe.

Hlony «Kazakcran PecnyOnukacel binmim jkoHe FBIIIBIM MHHUCTpIIriHIH FpulbIM KOMHTETI» MM TanchIpbIChl
6oitprama BR05236375 «Kazak nmomyssinusichlHAaFsl METa00JIM3M/IIK CHHAPOMMEH acCOolMalusUIaHFaH aypysiapIblH
TCHETUKAIBIK KaYIiHIH EpeKIICIIKTepiH 3epTTey» FBhUIBIMH-TEXHUKAIBIK OaFaapiaMachl IIeHOCPIHIE »Kacasbl.
Y CHIHBUTFAaH TOCUINIH AYPHICTHIFBI OaFIapiaMaHbIH YKCIIEPIMEHTTIK OOIiri asKTalFfaHHaH KeHiH TYCIHIKTI O0Iampl.

Tyiiin ce3aep: MeTabOIN3M CHHAPOMEI, OIpHYKICOTHATI TOTUMOP(HU3M, TOMEOCTA3.

B.B. benoepun, T.A. BomenkoBa, A.A. Harumraena,
A.C. CubararoBa, K.M. AxmeToBa, A.H. MaxmyToBa

Medical Center Hospital of the President’s Affairs Administration
of the Republic of Kazakhstan, Nur-Sultan, Kazakhstan

BJUSHUE HA TOMEOCTA3 - KPUTEPUA OTEOPA OJJHOHYKJEOTHIHBIX
HOJIMMOPOU3MOB JJIs1 UCCJIEJOBAHUSI METABOJIMYECKOI'O CUHPOMA
B KAZAXCKOMU NOITYJIAINHN

AnHoTauusa. Metabommueckuit cuaapom (MC) Bce yalie Ha3bIBalOT OCHOBHBIM PHCKOM JIJISL 3IOPOBBSI B MUPE.
[MTocnenoBarebHOCT COOBITUIT HA MYTH K MYJIBTUMOPOMIHOCTH B OOJBLIMHCTBE ClydaeB HpoxoauT yepe3 MC.
CornacHo uccienoBanusiM, Hacneayemoctb MC coctasisier ot 23 g0 27% y eBpomeiiues, U oT 51 mo 60% — y
a3uarToB.

Lenp 0630pa: chopMupoBarh nepeueHb OAHOHYKICOTHAHBIX moiumopdusmoB (OHII), mpenmonoxurensHO
3HAYMMEBIX i paHHe# peamusanuu MC WM acCOIMMPOBAHHBIX C HUM 3a00JICBaHUU Yy JIMII Ka3aXCKOTO 3THOCA B
TpeTbeM MOKoIeHUH. [Ipu 3TOM HEOOXOIUMO MPETYCMOTPETh CIECAYIONINE YCIOBHUS MOCIETYIOMETr0 UCCICIOBAHNUS:
(hmHAHCOBOE COOTBETCTBHE ((DMHAHCOBAS YCTOMYMBOCTH B YCIOBHUSAX OTPAHHYCHHBIX PECYPCOB); TEXHOIOTHIECKOE
COOTBETCTBHE (KOHKYPEHTOCIIOCOOHOCTD Pe3yNIbTaTOB Ha PHIHKE HAYYHBIX MCCIEIOBAHHUN); HAYYHOE COOTBETCTBUE
(Hay4Has HOBM3HA, 3aKJIIOYAIOIIASCS B MPOBEPKE COOCTBEHHON HAYYHOW THIIOTE3BI); COOTBETCTBHE MOTPEOHOCTIM
MPaKTHYECKOTO 3/IpaBOOXpaHeHusi (HaydyHas upaes sl Heqoporod u 3(QeKkTUBHOH TEXHOJOTMH JOKIMHUYECKOU
nuarHoctuku BA3 npu MC B ka3axCKoW TOMYJISINAN).

VYcroitunBbiii  cumnromokomiieckc MC  mpeacraBiser  COOOH  CIOXKHYH —ITHHAMHYECCKYIO  CHCTEMY
MOCJIEIOBATENIbHBIX HAKOIUIGHHH JTUCMETa0O0NIMYEeCKUX HapylIeHWil Tromeocrasa. OJTa CUCTEMa JaeT Hayajo
MOCJICIYIOIIMM BO3pacT-acCOIMUPOBaHHBIM 3a0oneBanusM(BA3), TakuMm kak kapauomerabomuueckue (KM3),
HeliponerenepatuHeie (H/I3), a Takke 3mokadecTBeHHBIM HOBOOOpaszoBanusM (3HO). MC sBiisieTcst onTHMAaIbHBIM
BPEMEHEM ISl BMEMIATEIhCTB, CIOCOOHBIX BIHUATh HA OOpaTHUMBIC HapyIICHUs ToMmeocTasa. PaspaboraTth
TEXHOJIOTHIO yrnpaBieHus MC — 3HaYUT, pemuTh NpoOIeMy CIBUra HACTYIUICHHUS psla 3HAYMMBIX 3a00JICBaHMIA,
ACCOITMMPOBAHHBIX C BO3PACTOM, Ha OoJiee O3 JHUI BO3PACTHOM MTEPHOI.

CymecTByeT MHOXECTBO CXOMNAIIMXCS OHMOJOTHYECKAX TMPOIECCOB, JISKAMIMX B OCHOBE YHHKAIBHON
YCTOHYHMBOCTH TOMEOCTa3a, B KOTOPHIX MOYKET Y4acTBOBATh HE OJWH MIUUIHOH YK€ UICHTH()UITNPOBAHHBIX MK ITOKa
He uaentudunupoanabix OHIL. B aToli cBsa3u ot6op OHII Ob11 mpoBeneH mocieaoBaTenbHO B 3 aTana.

Ha nepBom stane 6su1 mpoBeaen oroop CHII-kannuaaToB asis uiccneaoBanus 3 Karamora, cocTaBiIeHHOTO Ha
OCHOBE TIOJIHOTEHOMHBIX MMOHUCKOB accommarmii (GWAS) HarmmoHambsHOTO HMHCTHUTYTa HCCIEIOBAaHHUS TeHOMaA
yejgoBeka. YciaoBue st BbiOOpku: acconmanus OHII ¢ BA3 u npusnakamu MC B KOMILIEKCe:
C/12/4yBCTBUTENBHOCTh K MHCYIHMHY, (QyHKUIMS W npoiudepanus OeTa-KIETOK MOKENYJOYHON XKeJe3bl, YPOBEHb
caxapa B KpoBH; AO/HenpaBuibHBIA Junonns,; Al'/mMemOpaHHbId Tpaduk, IUCHYHKLUUS COCYIUCTOH CTEHKH,
ypoBeHb cucToimdeckoro namieHus; 3HO/arperamms OeNKOB, KOHTPOJIb MOJICKYJISPHBIX — ITOBPEXKICHHIA,
nposudeparys, m3ocomuas ayrodarus; HA3/ muddepeHurpoBka HEpBHBIX KJIETOK, IMMYHHOE BocniasieHue. Beero
6put0 BEIOpaHo 1220 OHII-kaHDMIATOB [UIS WCCIENOBaHUS. V3ydeHHe MOCIEAYIONNX UCCIeIOBaHAN (CBsI3aHHBIE
mMyONMUKanK, COAepKaIllde CCHUIKM Ha 0a30BBIe ITyONMKAIMK) TO3BONIMJIO HAM YIIYyOUTh TOHMMAaHHE YYaCTHs
ormenpHeIx OHII B romeocrase dYemoBEYECKOTO OpraHW3Ma. bBBIIM HCHONB30BaHBI pecypchl HammoHampHOM
MeanumHckon 6nbmmorexkn CLIA, mHexcupyromei 6oxee 23 muH OnoMmenuuuHCKuX myOnukanuii. Ha BTopom
atane otobopa uymcio OHII-kanauaaToB A MCCIEAOBaHUS COKpaTtuioch ¢ 1220 mo 240, KOTOpbIe MOXKHO OBIIO
YCIIOBHO CBSI3aTh ¢ NpUIMHHBIMU 1711 MC moceICTBUSMH HapyIIeHHs] TOMeocTa3a: HHCYINHOPEe3UCTeHTHOCTh (MP),
okuciutenbublii  ctpece (OC), xponuyeckoe BocnaneHue (XB). Ha 3 srane orGopa MbI OCYyIIECTBHIIN
3aBepruatoinii oroop OHII, nmerouux >3 dekr Ha HanboIbIIee YHCIIO 3BEHBEB TOME0CTasa.
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Takum obOpasom, Hecimyuainblii Beioop OHII, cBszannbix ¢ MC u BA3, ux mocienyroiee pacnpeneieHue
MEX1y OCHOBHBIMM B3auMocBsi3aHHbIMH (eHoTHramu MC mo3Boimi oT obOparHoro onpenenutb 128 OHIIL,
NPEAIOoJaralonMX TeHETHYEeCKOe BIMSIHUE HAa paHHee, B TPyAocrnocoOHOM Bo3pacte, pasButre BA3 B kazaxckoi
nonyisiumy. [IpeularaeMass Ha OCHOBE KOHLENIMH JMCOYHKIMH roMeocTtasa cucrema ortbopa OHIT s
nccaenosanus MC npennosaraer B yCJIOBUSIX OIPaHUYEHHBIX PECYPCOB YBHIETh HAMOONBIINI YPOBEHb MX BIUSHHS
B YCIIOBHBIX paMKax 3 (DEHOTHI/TEHOTHIIMUECKMX Mojened aucperymsinuu romeocrtaza: MP,OC m XB. Takoi
MOJXO0J, TPHHIUINAIGHO OTIMYEH OT TPAAWIMOHHOTO MOAXOJa C ydYacTHEM TI'€HOB-KAaHIUIATOB. BrlsBieHne
(DyHKIIMOHATIBHOTO ~ BO3JCHCTBHSA PETYJSATOPHBIX BapHAlMid MO-TIPEeXXHEMY OyayT TpeOoBaTh TIIATEIbHON
AKCIIEPUMEHTAITLHOW paboThl. TONBKO KOMOWHAIMS TMOJHOTEHOMHBIX HCCIEAOBAHUN Te€HETHUECKHUX BapHaIlHi,
HOAPOOHBIX (PEHOTHIIMYECKUX M OMHUYECKUX IAHHBIX O MHJUIMOHAX JIOJEH CIIOCOOHBI CTaTh MCTOYHHUKOM ML
HOBBIX (PyHIAMEHTAIBHBIX OTKPHITHHA. boibmioil oObeM BBIOOPKM MMEET pellaiolee 3Ha4eHHE IS ONpeeNeHUs
3HaunMbix OHII, ocoOeHHO Oojiee HEYJIOBUMBIX WX TPAaHCICHCTBYIOIIMX BapUaHTOB. TeM HE MeHee, HOBbIC
HAay4YHBIC UACH, YUUTBIBAIOIIUC PA3JTIUYHBIC (l)l/ISI/lOHOFI/I‘ieCKI/Ie ycioBus, ACTAJIBHO OTpa6OTaHHbIe Ha He60ﬂbHJI/IX
KOropTax, OObeIMHEHHBIX €MHOW 3THUYECKOW MPHHA/IEKHOCTBIO, TAK)KE MOTYT AaTh HANpPaBICHUS ISl OYAyIIUX
uccienoBanuii B odnactu renerrkn MC. B aToii cBsi3u cuctemHas Beioopka OHII, opueHTHpOBaHHAsI HA OCHOBHBIE
naroreHeTuyeckne MexaHnsMbel MC, Beayliye K XpOHHUYECKOH AeCTaOMIM3alii TOMEOoCcTa3a, U UX IIoCielyonas
OLIEHKa MOTYT CTaTh OCHOBOW JUIl MHULMALMK TaKuX uaed. OKumaercs, 9TO HayYHBIH MOUCK B 3TOM HalpaBJICHUU
Oyzer cnocoOCTBOBaTh HE TOJHKO NMOHUMAHHIO OOMIMX OMOJOTMYECKHX IIPOLIECCOB, HO M IEJCHAIPABICHHOMY
MONCKY TEHETHYECKMX JETePMHHAHT MJsl HAy4HBIX HCCIECJOBAaHWH, a TakXKe HOBBIM BO3MOXHOCTSIM ISt
MEPCOHATIM3UPOBAaHHBIX BMEIIATEIIBCTB.

O0630p BBINIOHEH B paMKax Hay9YHO TeXHHWYecKoi mporpammsl BR05236375 «lccnemoBanne ocoOeHHOCTEH
TEHETHYECKOr0 PHUCKa 3a00JICBaHUI, aCCOLMMUPOBAHHBIX C META0OIMYECKMM CHHIPOMOM B Ka3axCKOH MOMyJISINH,
mo 3aka3y I'Y «Kommurer Hayku Munucrtepcrsa oOpa3oBanus u Hayku PecmyOmuku Kazaxcram». [IpaBmiabHOCTB
NPEACTAaBIEHHOTO 1M01X0/1a OY/IET MOHATHA MOCIIe 3aBEPLICHUS SKCIIEPUMEHTAIBHOM YaCTH POrPaMMBIL.

KaioueBble ci10Ba: cuHIpoM MeTaboIM3Ma, OJIMH HYKJICOTUAHBIN MOJTUMOP(HHU3M, TOMEOCTa3.
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COMPLEX ASSESSMENT OF COMPUTED TOMOGRAPHY
OF THE LUNGS AND CLINICAL DATA IN COVID-19 PATIENTS,
HOSPITALIZED IN THE CLINIC IN NUR-SULTAN

Abstract. The ambiguity of the X-ray picture and clinic in patients with coronavirus infection (CVI) was the
reason for this analysis in order to avoid diagnostic errors and to achieve the effect of the treatment.

Conducted a comparative description of three clinical cases of patients with coronavirus infection COVID-19.

All three patients differed in different parameters of SARS Co-2 PCR. In the first two patients who underwent
CT on the 7th and 10th days from the onset of the disease on control CT after treatment, a regressive positive
dynamics was observed; in the third patient, after an early CT scan on the second day of illness and on the next CT
scan performed on the 10th day after the appearance of the clinic and a positive PCR test, progression of signs of
viral pneumonia was observed with an increase in the affected area.

Thus, the earlier CT was performed, the less pronounced the changes in the CT picture (the lesion volume is up
to 5% or no changes are detected). When performing CT scan, patients with a long-term clinic (7-10 days from the
onset of the disease) showed a characteristic picture of lung damage - up to 25-30%. The analysis of CT scans
performed in the described clinical cases at different times from the onset of the disease, regardless of the results of
PCR, confirms the need for CT scans 5-7 days after the first clinical signs appear. Also, as a result of our work, we
once again received confirmation from numerous studies conducted in the world on the absence of a correlation
between SARS Co-2 PCR and CT data.

Key words: computed tomography (CT), coronavirus infection, COVID-19, “ground glass” (GGO).

Introduction. The COVID-19 pandemic is a coronavirus infection (CVI) pandemic caused by the
SARS-CoV-2 coronavirus [1]. The epidemic began with the detection of the first cases of pneumonia of
unknown origin in the city of Wuhan in the Hubei province of central China at the end of December 2019,
the origin of which was associated with the Huanan seafood market. On December 31.2019, China
reported an outbreak of unknown pneumonia to the World Health Organization (WHO) [2]. On January
30, 2020, at a meeting of the WHO Emergency Committee, the outbreak of the new coronavirus was
declared a public health emergency of global concern [3]. Most of all, WHO was concerned about the
possibility of an outbreak of the virus in countries with an underdeveloped health system [4].

In Kazakhstan, the first case of detecting patients with COVID-19 was registered in March 20.
To date, in the Republic of Kazakhstan, as of August 1, 20, 91,593 cases of CVI infection were registered.
61 839 people recovered, however, despite the re-introduced quarantine and ongoing epidemiological
measures, 6407 cases of coronavirus infection were detected in the last day, 66 patients died. According to
the US-based Johns Hopkins University, 17,759,332 people got COVID-19 in the world, 682,855 patients
became victims of the infection, and another 10,484,442 people recovered [5]. Radiologists of
Kazakhstan, along with infection diseases physicians and pulmonologists, are at the forefront, provide
significant assistance in the diagnosis of CVI.

—— g4 ——
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Based on multiple literary sources describing the role of computed tomography (hereinafter referred
to as CT) in the diagnosis of pneumonia caused by the COVID-19 virus, the ambiguity of the clinic,
CT-picture, the results of timely nucleic acid testing (PCR) and other laboratory data, we set out to
analyze own material and compare with the available literature data.

Materials and methods A retrospective analysis of three clinical cases with CT analysis before and
after treatment was performed. The patients were treated at the provisional clinic in Nur-Sultan from 20.05
to 20.07.2020. The volume of lung damage was determined referring to the recommendations of Russian
scientists: CT-0, zero, lungs unchanged; CT-1, mild with parenchymal involvement = <25%; CT-2,
medium-severe with parenchymal involvement 25-50%; CT-3, severe with parenchymal involvement
50-75% and CT-4 critical> = 75% [6]. A point assessment of the degree of lesion was also used, proposed
by Xingzhi Xiel, Zheng Zhong, Wei Zhao [7], which states that each lung is divided into three zones:
upper (above the carina), middle (below the carina to the lower pulmonary vein) and lower (below the
pulmonary vein) ... For each zone: 0 points - 0% engagement; 1 point - less than 25%; 2 points - from 25%
to 50%; 3 points - from 50% to 75%; 4 points - 75% or more; 6 zones - the maximum score is 4 points, as
a result the total score was summed up - 24 points. Also, to quantify the severity and prevalence of the
process by CT, the method proposed by Michael Chung, Adam Bernheim, Xueyan Mei et al. [8] was used,
according to which each of the five lung lobes was assessed by the degree of involvement and classified as
absence (0%), minimal ( 1-25%), mild (26-50%), moderate (51-75%) and severe (76-100%).

Research results: Clinical case 1. Patient A., female born in 1966 (54 years old), fell ill for the first
time after hypothermia on 13.05.2020, symptoms began with an increase in body temperature from 37 to
39 degrees for 2 days, body aches, chills, pain in the lower abdomen and lumbar region. On 16.05.20.,
weakness, headache, cough with difficult to separate phlegm, sweating joined. The patient has denied
contact with infectious patients in the past 14 days and has not traveled to foreign countries over the past
six months, where cases of COVID-19 have been identified. She was self-treated at home with
paracetamol. On 05.18.20. , due to the deterioration of her condition, she was hospitalized in an infectious
diseases’ hospital after a positive PCR for the presence of coronavirus infection. Anamnesis: arterial
hypertension 3 tbsp. (takes basic therapy), also registered with an endocrinologist with hypothyroidism.
Laboratory - ESR up to 20 mm/h.

CT scan was performed upon admission (20.05.20) on the 7th day from the onset of the disease
(figure 1) and CT-signs of bilateral polysegmental pneumonia, moderate severity CT-2 (multiple areas of
compaction of the " GGO " type, localization, of various lengths, characteristic of the inflammatory
process, probably of viral etiology, the volume of lung damage was up to 25%).

Treatment was carried out: aluvia 2 tablets x 2 times inside 10 days, Cef 3 x 1 g x 2 times 14 days,
Omez 1 capsule x 2 times a day for 6 days, Clexane 0.4 x 2 times a day for 8 days, Fraxiparin solution
0,3 x 2 times a day. Re-analysis of SARS Co-2 PCR from 20.05.2020 - negative result. On CT from
02.06.20 (figure 2) 2 weeks after treatment, positive dynamics was determined in the form of a decrease in
foci with a predominance of compacted foci of consolidation. At discharge, leukocytes, lymphocytes and
C-reactive protein were normal, ESR decreased to 15 mm/h.

20.05.20

Figure 1 - CT scan of patient A, 54, upon admission to the clinic (20.05.20)
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02.06.20
Figure 2 - CT scan of patient A, 54, in dynamics 13 days after treatment (06.02.20)
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11.07.20

Figure 3 - CT of the lungs of patient A., 54 years old, in dynamics after a month

In dynamics, a month later, the patient was admitted to rehabilitation and CT scan was performed on
11.07.20 (figure 3). CT - positive dynamics (reduction of areas of compaction, the presence of areas of
reticular changes and fibrosis).

Clinical case 2. Patient D., male, born in 1971 (49 years old), PCR three times negative (17.06.20,
20.06.20, 29.06.20). He had contact with CVI-infected person (the spouse has a PCR positive from
15.06.20). The first symptoms started from 16.06.20: weakness, nasal congestion and chest pain. He
received outpatient azithromycin 500 mg per day for 7 days, Flemoxin Solutab 2000 mg per day for
7 days. On 26/06/2020 got hospitalized for further examination and treatment. Laboratory data on
admission: leukocytes 10.2, lymphocytes 4.1, CRP 13 mg/l, ESR 25 mm/h.

d€36)
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26.06.20
Figure 4 - CT of the lungs of patient D., 49 years old, 10 days after the first symptoms

On 26.06.20., CT of the lungs was performed on the 10th day after the onset of the first symptoms
(figure 4), CT scan showed many pathological areas of the “GGO” type, of various forms and localization
with a predominant lesion of the lower lobes of the lungs. The volume of lesion of the lung parenchyma
was 25%, the degree of lesion according to computed tomography CT-1 (light). Treatment: vitamin C
500mg x 2 times a day; paracetamol 500mg 1 tab x 2 times a day; suprax 400mg 1 tablet 1 time per day
for 7 days. On the 14th day after treatment and improvement of the condition (10.07.20), the patient
underwent control CT (figure 5). PCR analysis from 07.09.2020. - negative. As can be seen on CT, there
is a positive trend, with a significant decrease in the nature of the matte induration in the lungs, in
comparison with previous data.
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V

10.07.2020
Figure 5 - CT of the lungs of patient D., 49 years old, 14 days after the previous CT scan

Patient D was discharged for outpatient treatment with improvement on 12.07.20. On discharge,
leukocytes, lymphocytes and C-reactive protein were within normal limits, ESR decreased to 12 mm/h.

Clinical case 3. Patient C, male, born in 1963 (57 years old). PCR negative on day 7 after contact
with a patient with COVID-19. Fell ill on 22.05.20, general weakness, dry cough. Treatment: taking
plenty of fluids, nasal irrigation with saline; aspirin at night; vitamin C 1000mg x 2 times a day. From the
anamnesis the patient is not included in the dispensary. In a laboratory study, upon admission, leukocytes,
lymphocytes and C-reactive protein are normal, ESR is 15 mm/h.

24.05.20 CT scan of the lungs was performed on day 2 from the onset of the disease (figure 6),
according to the picture - signs of single local areas of dullness in the lower lobe of the right lung,
perivascular localization, in area up to 5%, causing suspicion and average probability of viral pneumonia,
mild severity and observation in dynamics is recommended.

' ‘ | 4 N =
[N ™ I ‘
24.05.20
Figure 6 - CT of the lungs of patient S., 57 years old, 2 days after the appearance of the clinic

The patient was prescribed treatment, however, on the 7th day from the onset of the first signs, the
patient still complains of sore throat, dry cough, sweating, heaviness in the chest, shortness of breath with
little physical exertion, cough with purulent sputum, severe sweating, decreased appetite. When re-taking
PCR SARS Co-2 from 01.07.20 - positive result. Taking into account the deterioration of the patient's
clinic after the treatment, it was decided to conduct a control CT scan in dynamics after 10 days (figure 7).

04.07.20

Figure 7 - CT of the lungs of patient S., 57 years old, in dynamics 10 days after treatment

On CT 04.07.20 - negative dynamics: an increase in the number and volume of pathological areas of
dullness, polygonal forms, intralobar, perivascular and subpleural localization, an area with a




Reports of the National Academy of sciences of the Republic of Kazakhstan

"cobblestone" symptom, the affected area is up to 25%. After the received CT data, the patient's treatment
was adjusted: ceftriaxone 1 g. x 2 times a day and a solution of Fraxiparine 0.3 ml subcutaneously. On
discharge, leukocytes, lymphocytes and C-reactive protein were normal, ESR decreased to 12 mm/h.

Discussion. All presented clinical cases with symptoms of COVID-19 had ambiguous results of the
PCR tests: at the initial sampling, patient 1 had a positive PCR test result, patients 2 and 3 — negative ones.
On re-sampling, patient 1 received a negative test result after treatment; patient 2, who was in contact with
a CVI infected, had all PCR tests negative; patient 3, who had contact with a CVI infected ones, had his
repeated PCR tests positive. All patients came at different times from the onset of symptoms, some were
treated at home on their own for several days.

All three patients underwent CT on admission to determine the extent of the lesion and the likelihood
of viral pneumonia in case of COVID-19, also over time to monitor and evaluate the effectiveness of
treatment. CT scan revealed the primary signs of the disease, their subsequent transformation and the most
unfavorable radiation symptoms corresponding to the severe course of the process. The primary symptoms
of COVID-19 lung lesions on CT have been described by Xiaoqi Lin, Zhenyu Gong, Zuke Ziao et al. [9].

CT analysis showed that the study was conducted at different periods: patient 1 underwent the first
CT scan on the 7th day of illness; patient 2 - on the 10th day from the onset of symptoms. Patient
3 underwent the first CT scan on the 2nd day. Thus, the earlier CT was performed, the less pronounced the
changes in the CT picture (the volume of the lesion is up to 5%) or no changes are detected. When
conducting CT, patients 5-7 days from the onset of the disease showed a characteristic picture of lung
damage - up to 25-30%, which once again confirms the need for CT on 5-12 days after the disease. In case
of patient 2 and patient 3, who had a negative PCR result, CT scan showed signs of viral pneumonia, this
point once again confirms the lack of correlation between SARS Co-2 PCR and CT data, which was
described in their work by Tao Ai and Zheniu Yang, studying 1014 cases on the correlation between CT
of the lungs and the results of PCR testing in China. They proved that when comparing the results of PCR
for COVID-19, the sensitivity of CT imaging was 97%, chest CT can be considered as the main, but not a
screening method for detecting COVID-19 viral pneumonia [19].

In case of patient 2, a 4-fold negative PCR test indicates the absence of the COVID-19 virus.
Previously described cases where CT-manifestations of pneumonia of the influenza virus were similar to
the picture in COVID-19 [11]. Symptoms of GGO or GGO with consolidation and thickening of the
interlobular septum were more often observed, a bilateral process with multiple changes in different lobes
of the lungs, and most of them involved all 5 lobes, so it was difficult to distinguish them from each other
[12-14]. Pneumonia in case of COVID-19 has a patchy or a combination of GGO with consolidation and
mainly affects the peripheral zones, and in case of influenza pneumonia - a cluster pattern and thickening
of the bronchial wall in the central and peripheral regions [15]. Also Wang et al. [16] found that with
COVID-19, the margins of the lesion are distinct and contoured compared to the flu pattern.

All patients underwent general strengthening, antiviral and antiplatelet treatment. Control CT scans in
1 and 2 patients show the resolution phase with a decrease in the GGO volume, which indicates the correct
tactics of the clinician and the timely started antibiotic therapy, which is not indicated at the initial stage of
the disease. Detection of early CT changes in the lungs in 3 patients led to unreasonable self-treatment
with antibiotics, which were not indicated in viral infection and on CT in dynamics, after a positive PCR -
the progression of the process with the transition to a more severe stage of the lesion with signs of
consolidation, which is a prognostic sign to determine further treatment tactics [17].

Our patients had intitial CT-patterns in COVID-19 (bilateral involvement (88%), “GGO” (88%),
posterior distribution (80%), multilobar involvement (79%), peripheral distribution (76%), consolidation
(32%), and the presence of stripes in the form of thickening and compaction of interlobular and
intersegmental septa) and clinical results with previously reported cases in the literature [10]. Feng Pan,
Tianhe Ye, Peng Sun and co-authors [18], based on the analysis of changes in the lungs during dynamic
CT observation, proposed to supplement the qualitative characteristics of the degree of lung damage with
quantitative ones.

In our work, we also presented the laboratory parameters of patients and determined an increase in
leukocytes of patient 3 with a negative CT picture; unexpressed lymphocytopenia of patients 1, 2 and
3 before and after treatment; an increase in C-reactive protein of patient 2 with a positive dynamics of




ISSN 2224-5227 5.2020

decrease during treatment and an increase after treatment with progression of CT data of patient 3. ESR
values also correlated with treatment and CT picture in all described patients, which is consistent with
modern studies [20].

Summarizing the above, we can say the following:

- patient 1: no contact with a CVI infected, with symptoms of the disease, concomitant pathologies, a
positive PCR test, a positive effect of therapy - from 25% of lung damage at the first CT scan and 5% of
changes during repeated CT after treatment, speaks of the transferred viral pneumonia COVID-19;

- patient 2, who was in contact with a CVI infected, with four-fold negative PCR, presence of a clinic,
with pronounced changes (25-30%) on the first CT scan and with good (5%) CT dynamics, quick
recovery, speaks more about the transferred influenza virus;

- patient 3, who fell ill 7 days after contact with a CVI infected, weak clinical manifestations, without
confirmation of the first PCR test and inconclusive initial CT data, in dynamics with an increase in the CT
picture of viral pneumonia on day 10 and a positive second test for COVID-19, speaks of the progression
of COVID-19 viral pneumonia with severe and long-term treatment.

The next conclusions follow from the presented work:

- the optimal timing of CT is of great importance, and we recommend carrying out the first CT scan
5-7 days from the onset of symptoms, since early CT scans are insensitive up to 4 days, and the use of CT
as a screening method is inappropriate, which is confirmed by the literature data;

- CT in dynamics should be carried out at intervals of 3-5 days from the previous one, depending on
the clinic, laboratory data, taking into account PCR testing, concomitant diseases;

- CT has a high sensitivity in detecting both the first CT signs of viral pneumonia, stages of
development of the CT picture during dynamic research, and evaluating the effectiveness of treatment. CT
data often correlate with the clinic, PCR test indicators, laboratory data, but there are conflicting data,
which is confirmed by many modern works.

Conclusion. Computed tomography for COVID-19 is very important, since it may be the first study
that will clearly show signs of viral lung damage, determine the stage of the process, assess the severity of
the lesion and, of course, adverse prognostic signs of its further development. The accumulated experience
of clinical and radiation examination of patients with COVID-19 will improve the radiation semiotics of
the process in the lungs, which is important for determining treatment tactics.

P.U. Paxumxanosa', JI. IlaBankuc', B.B. Ben6epun?,
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HYP-CYJITAH KAJACBIHJIA EMXAHAFA KATKbBI3BLIFAH COVID-19 INAJIJIBIKKAH
HAYKACTAP OKIECIHIH KOMITbIOTEPJIIK TOMOI'PA®USICBIH
'KOHE KJIMHUKAJILIK JEPEKTEP/I KEIIEH/II BAFAJIAY

Annoranusi. Koponasupyctsl nadexuns (KBW) xyKkTeipran HayKacTapJarbl PEHTT€HOJIOTHSUIBIK KOpiHicTep-
niH Oipkenki OomMaysl — emaey Ke3iHAeri ocepii Oaiikay YIIIH >KoHE IMAarHOCTHKAJBIK MIapanapisl XKyprisy
OapBICHIHOAFEl KATENIKTEPiH aJIpIH aly MaKCaTBIHAa OCBHI aHAIH3/II OTKi3yTe Heri3 0onnel. CoHmali-aK aypyxaHara
JKaTKBI3BLTY allIBIH/IA JKOHE aypyxaHara jxatkaHHaH coH COVID-19 pacranraH HayKacTapra JHHAMHAKAIBIK OKIICHIH
koMmmbroTepitik ToMorpadusicer (KT) skacansir, e3apa cainbICTHIPBIIILL.

Hyp-Cyntan KamacslHAarsl KIMHUKAHBIH TpoBH30pibIK Oemimmecingeri COVID-19 koponaBupyc uH(pEK-
IIUSCHIH JKYKTBIPBII, IHArHOCTHKA JKacalfaH XKOHe eM KaObUIJaraH YII KIMHUKAJBIK KaFJalJblH CaJbICThIPMAJIbl
cumnarramacel xyprisinai. bapasik Haykactapra [TLP Tect eTki3iiim, 3epTXaHAJBIK TajgamMaliap ajblHBIN, MYJIbTH-
CHMpajbli KOMIIBIOTEPIIiK ToMorpadust skacainapl. Makanana KIMHUKAIBIK cHNaTTaManap OacTankbl Ke3eHAEri OH
ITLP Tect Hotmxkenepin anranHaH keitinri KT kepceriniMaepi, 3epTxaHaiblK KepceTKimTep MeH quHaMHuKaiIbK KT
OaKpUTAYBIHBIH €M KypCHIH ajIFaHHAH COHFBI HOTIKeJepi canbICThIpbliasl. CoHnal-ak mbican petinge TP tepic
HoTmkeni HayKactapabiH KT kepceriniMaepiHig kepi OarbITTa 1aMy MaJIIMETTepl YChIHBIIFaH.

KympIc asicbiHAa yi Haykac 3eprrenin, emaenai. Onap: 54 sxacrarbl Oip oifen sxoHe 49 OeH 57 KacTarbl €Ki ep
agam. bapneik 3eprreynepre [TIP SARS Co-2 tecti sxacanapl. BipiHmri xargalgarsl olen 5 TOYIIKTEH apTHIK CYBIK,
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tuin aysipral. 7-toynikre I[P TecTTiH oH HoTkeciH anraHHaH coH KT »kacaibln, HOTHXKECIHAE OpTa IOpPExeni
ayBIPJIBIKTaFbl BUPYCThI ITHEBMOHHSHBIH OelrijiepiH kepceTkeH. EXIHII KITMHUKAIBIK XKaFaaiina cybIK THIO Oenrinepi
b6ap ep amamma I[P tect 3 per Tepic HoTmxke Oepin, KaObuITaFaH eMHIH ocepi OoJiMaraHbl CeOENTi >KOHE
3epTXaHaJBIK KOPCETKIIITEePIiH Hamap OoyybiHa OaitaHbICThl CHIPKATTBHIH 10-Toymirinae KT jkacaibim, BUPYCTHI
nHeBMOHUST COVID-19-1p1H JKeHIT JOpeKeCiH aHbIKTaraH. YIIIHINI KIMHUKAIBIK SKaFrmaimarbl ep axaMm KiTi
aysipsin, [P TecTTin Tepic HoTHXKe OepreHiHe KapaMaii, KIIMHUKAJIBIK Oenrinepi naiaa 6onran ekinmi Toynikre KT
JKaCaJIbII, KAJIBINTACY CATBHICHIHAAFHI, TUHAMUKAJBIK OaKpUIayJbl KAKET €TETIH KYHTIPTTEHY OIIAKTaphl OalKayFaH.
JKoraprina aran eTkeHIMI3ael OapiiblK YII HayKacTa aypynaslH MepsiMiMeH, KT quarHocTHKacklH ©TKi3y Ke3eHIMEH
xkoHe IIIP SARS Co-2 TecriHiH HoTHXKenepi OOWBIHINA o©3apa aNBIPMAIIBUIBIFBI Oap. AypyabiH 7 >KoHE
10-toymniriane KT xacanran axramksl eki Haykac eM KaOpuiamn OorraHHaH keiinri 6akpuiaynbik KT sepTreynepinae
perpeccuBTi, OH IWHAMHKA OalKaidraH. AypyIblH epTe Ke3eHiHiH 2-Toymiriame xone I[P TecTTiH oH HoTHXeciHeH
keiinri 10-toynikre KT »kacasran yuiiHIII HayKacta BHUPYCThl ITHEBMOHHS OJITUIEPIHIH apThil, 3aKbIMIaly
OIIAFbIHBIH YJIFaliFaHbl Oenrii O0IFaH.

Ocsuraiinra KT KaHIIanbBIKTeI epTe OTKi3lice, coHmansikTel KT KepcerimiMaepinaeri e3repicrep a3 kepiHeml
(3akpiMzany kenemi 5%-7aH a3 Hemece MyJie KepinOeimi). ¥3aK kiuHHKara ue (ChIpKatThiH 7-10 ToymiriHme)
HayKacTap/bIH sxacainran KT HoTnkenepinaeri eKIeHiH 3aKbIMAaHy omakTapsl — 25-30%-ra neiiin xereni. 3eprrey
kepcetkenaei, COVID-19 ke3iHmeri MHEBMOHMSHBIH €H JKUI Oenriiepi peTiHme — eki jkakTel yaepic (75%),
«YHTaKTaJFaH OWHEK» CUMITOMEI (85,7%), nakTel qak koHcomumanuscel (19,0%), cyOruieBpabIK JIOKAIN3aIUsIMCH,
COHJIali-aK KaOBIKIIaIap apaiblK XXOHEe CETMEHT apaliblK KaIKaHIap/a THIFBI3AANy TYpPiHAE JKOJaKTap maimaa OoNFaH.
YCHHBUTFAH KIMHUKAIBIK JKaFaiga CHIPKATTHIH OpTypii carbuiapbiHna eTkiziireH KT tanmamamaper — IILP
TECTIHIH HOTIDKECIHE TOyencCi3 TypHe, aypyAblH aiFfallKel KIMHHUKAIBIK Oenrimepi maiga OoinFaHHAH KeHiHT1
5-7 toynikte KT eTkizy KaxkerTimiriH pactaiigsl. CoHmaii-ak 0i3 Kypri3reH >KYMbIC OapbhICHIHAA dJIeMIe KaCaNbII
KaTKaH 3eprreyliep KopbiThiHAbIchiHA cait kenetin IIIP SARS Co-2 xone KT wmomimerTtepi apachlHIarbl
KOPPESLUaHBIH JKOKTBIFBIH TaFbI J1a Oip peT pacTajpbIk.

Tyiiin ce3xep: kommbloTepiik Tomorpadus, kopoHaBupycTbl uHpekiws, COVID-19, «KyHrIpT IBIHBD)
CHUMIITOMBEI.

P. W. Paxum:kanosal, /. [lapaaxuc!, B. B. Ben6epun’,
T. B. dayros!, K. C. A6apaxmanosa’, J. C. Enbmmuntaesa'?

'"HAO «Menuumunckuii yausepeuteT Acrtana» r. Hyp-Cynran, Kazaxcran;
2PT'T «BonbHua MeIUITMHCKOTO Lentpa Yupasnenus nenamu [Ipesunenra
Pecny6mmmku Kazaxcran» r. Hyp-Cynran, Kazaxcran

KOMILITEKCHAS OIIEHKA KOMITIBIOTEPHOM TOMOI'PA®UHU JETKHUX
N KNIMHUYECKHUX JAHHBIX Y TAIIMEHTOB C COVID-19,
I'OCIIMTAJINBUPOBAHHBIX B KIIMHUKY T'. HYP-CYJITAH

AnHoTanus. HeoHO3HAYHOCTh PEHTTEHOJOTHYSCKONW KAPTHHBI M KIMHUKA y TAIIMEHTOB C KOPOHABHPYCHOM
nadekuer (KBU) nociryxuino moBoIoM MPOBEJCHUS JAHHOTO aHAIN3a BO U30€KaHHUE JHATHOCTHYCCKIX ONTHOOK 1
JUTS. JOCTIDKCHHS d(PQPEKTa OT MPOBOAMMOTO JiedeHUs. [Ipy 3TOM CpaBHHBAIHM PE3yIbTaThl KOMITBIOTEPHOW TOMO-
rpadun (KT) nerkux manueHTOB, MPOMIEANINX MPH MOCTYIUICHWHA W B TWHaMHKe ¢ moarBepxkaeHHsiM COVID-19,
TOCIIUTATN3UPOBAHHBIX B CTAI[IOHAP.

IIpoBenm CpaBHUTETHHYIO XapaKTEPHCTHUKY TpPeX KIMHWYECKHX CIy4aeB MAIMEHTOB C KOPOHABHPYCHOM
nHpexnueir COVID-19, mpoxoauBIINX AUarHOCTUKY M JICUEHHE B TIPOBU30PHOM OTIEIICHWH KIMHUKH Topoaa Hyp-
Cynran. Beem nanuentam npooauiu I11IP-rectupoBanue, n1abopaTopHbIe aHATU3BI, KOMIIBIOTEPHYIO TOMOTpahHuio
Ha MYJbTUCIHPAILHOM KOMIbBIOTEPHOM TOMorpade. B paboTe onucaHbl KIMHHUYECKHE XapAKTEPUCTHUKHU, TAHHBIE
KOMITBIOTEPHOW TOMOrpauyi Ha HAYaJbHOM JTalle MOCJe IOJyYeHUS IIOJIOKHTEIFHOIO TeCTa, CpPaBHEHHE C
nabopaTOpHBIMU TIOKa3aTeIssMH W JAnHaMu4deckoe HaOmozenue no KT-kapTuHe mnocie NpoBeAEHHOIo Kypca
nedyeHus, Takxke npuseneHsl mpuMmepsl KT nccnenoBanuil manuenToB ¢ otpunatenbHoi [P u mporpeccupoBanue
KT-kapTuHsL.

Bruto o0ciiefoBaHO U MPOJICYCHO TPOE MAIMEHTOB: OJHA XKCHIMHA, 54 JeT U ABoe MyxK4uH, 49 u 57 met. Bcem
nanuentam nposenu [TI[P SARS Co-2. B nepBoM KIMHHYECKOM Cilydae — >KeHIIMHA 0oJiena CHMITOMaMH IIPOCTY/IbI
Ooxee 5 mHEl, ocie OBUT OTy4eH nojoxuTenbHbd TecT Ha [ILP u Ha 7 nens mpoBenena KT, roe ommcana kapTuHa
BHPYCHOH TTHEBMOHHHW CPEIHEH CTENEeHH TSHKECTH. BO BTOPOM KIMHHYECKOM CIy4ae Y MYXKYHHBI C MPOCTYIHOM
cumnromMatukod ITHP TecT Tpmknapl mokasan OTPULIATENBHBIA pE3yibTaT, YYUTHIBask OTCYTCTBUE JUHAMHKHU OT
JieYeHus M TUTOXHe JiabopaTopHbIe mokazarenu Ha 10 meHp oT Hadanma Oone3HM mamueHTty nposenn KT, rme
BBLIBIUIUCH TIpH3HAKkU BupycHoW mHeBMOHHMH COVID-19 nerkoif cremenun. B TperbeM KIMHHYECKOM Ccliiydae
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MY>KUMHa 3a00J1e]1 0OCTPO, HECMOTPSI Ha OTpHLATENbHBIN pe3ynbrar [11[P, Ha 2 neHb oT Havana kinuHKUKY npoBenu KT,
ra€ BbIABUIIUCH TIMOJO3PUTCIBHBLIC YYaCTKH, C TIIOJAO3PCHHUEM Ha BHUPYCHYIO ITHEBMOHHIO, BCEPOATHEC BCCrO,
dhopMmupyromuecss U TpeOyrolre JAUHAMHYECKOro HaOmoaeHus. Kak cieayer W3 BBINICONHMCAHHOTO, BCE TPOE
MAlMEHTOB OTIMYAINCh MeEXAy coOol cpokamu 3aboneBanus, nposepeHus KT-IuarHOCTHKM W pa3HBIMHU
nokazatensimu [TL{P SARS Co-2. V mepBbIx AByx naunuentos, koropsiM KT 6buto mpoBeneno Ha 7 u 10 neHs or
Havasa 3abosneBanus, Ha KOHTPoJIbHBIX KT mocre neyenust Habroallach perpeccuBHast MOJ0XKUTEIbHAS AUHAMUKA,;
y TpeTbero IamueHTa Tmocie mnpoBeaeHHOro panHero KT Ha Bropod aeHp OoyiesHm W Ha cienyromiem KT,
npoBeaeHHOM Ha 10 IeHBb OT MOsIBIICHHS KIMHHUKH U TONoxuTensHoro Tecra [P, rabmoqanu nporpeccupoBanue
MIPU3HAKOB BUPYCHOM MHEBMOHHUH C YBEIMYCHUEM IUIONIAAN TIOPAKCHHS.

Takum oOpaszoM, yem panbine Obuto TpoBeneHo KT, Tem meHee BbipakeHbl m3MeHeHUs] KT-kapTunbl (00beM
mopakeHust 10 5% wiM HUKakuX W3MEeHeHWH He BeuBisiercs). Ilpu mpoBemenunm KT mamumentam ¢ amuTensHOM
KIUHHUKOM (Ha 7-10 meHb OT Havaia 3a00JIeBaHuMs) OTMEUCHA XapaKTepHas KapTHHA MOPaXEeHUs JIeTKuX — 10 25-30%.
HccnenoBanue mokaszano, 4ro Haubojee uYacThIMM Ipu3Hakamu mnHeBMoHMHM 1pu COVID-19  sBusrorcs
JIByXCTOpOHHHH mporecc (75%), cumnrom «maToBoro crekia» (85,7%), msatHuctass xoHcomuparms (19,0%) c
cyOmIeBpalIbHOM JIOKaIM3alel, TakKe HaJMYKe IOJIOCOK B BUJAE YTOJIIEHHUS M YIUIOTHEHUS MEXIJIOOYISIPHBIX U
MEKCETMEHTAPHBIX NEPeropoJok. AHainu3 rnposegeHHbIX KT B ONMMCaHHBIX KIMHUYECKUX CIydasX B pa3sHbIE CPOKH
OT Hayajia 3a0oyieBaHuMs, He3aBHUcUMO OT pe3ynbraroB [ILIP, moarBepxmaer HeoOxoxmumocts nposeaeHus KT Ha
5-7 cyTKH Tocie TOSBJICHUS MEPBBIX KIMHUYECKUX MPU3HAKOB. Takke B pe3ynbTaTe MPOBEICHHOW HaMH PabOTHI
elie pa3 TMONYyYWIH MOATBEPKICHHE MHOTOYHCICHHBIC HCCIICIOBAaHUS, IMPOBEACHHBIE B MHpPE Ha OTCYTCTBUE
koppermsun Mexay [P SARS Co-2 u KT-ganHBIMA.

KuaroueBble ciioBa: komibioTepHas Tomorpadusi, koponasupycHas nadekuusi, COVID-19, cumnrom “maroBoe
CTEeKIIO”.
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APPLICATION OF MEDICAL INFORMATION SYSTEMS
IN EDUCATION AND RESEARCH IN MEDICINE

Abstract. Medical information systems (MIS) - in a broad sense, it is a form of organization in medicine,
uniting in the process of activities of physicians, mathematicians, technicians with a complex of technical means and
providing the collection, storage, processing, analysis and delivery of medical information of various profiles in the
process of solving problems, and in the narrow sense - a complex of mathematical and technical means to ensure the
collection, storage, processing and issuance of medical information in solving problems of clinical medicine or
health. The general commands for planning and implementing a medical information system are very large and rich.
There are necessary requirements for personnel, capital, and the organization itself. Strict requirements for high
reliability and user utility for a real-time system significantly increase hardware and software requirements. The scale
of the information system requires careful time planning and modular implementation.

Keywords: information technology, medical information system, medical prophylactic establishments.

Introduction. In the era of mass introduction of personal computers in all areas of modern life, it is
natural to seek to use computer systems to support increasingly complex human activities. The healthcare
system has long been in urgent need of modern information technologies; complex business processes,
expensive resources, industrial scale of medical care, quality of treatment, standardization of medical
services-all this requires the introduction of information and computer technologies. In addition,
information technologies can effectively reduce costs and optimize the health care system. The use of
information technologies in solving professional problems becomes an integral part of the work of a
doctor of any specialty. Of course, a doctor should know his or her subject area and be able to use
information and computer technologies when performing professional duties [1].

Informatization is a set of measures aimed at timely and complete provision of necessary information
to the participants of a particular activity, processed in a certain way and, if necessary, transformed.
Informatization of the health care system is a multi-aspect system-forming process that includes the
collection and accumulation of information, its transmission, integration and effective use of databases,
data banks and knowledge about the industry. The health management system is a multi-level dynamic
system with types of reporting and reporting. The implementation of health functions at various levels of
this complex is inextricably linked to information. A key element of the Informatization of health care is a
medical information system. Medical information system-a set of information, organizational, software
and hardware tools designed to automate medical processes and (or) organizations.

Analyzing. The process of analyzing the subject area in the development of information systems
involves identifying the main and auxiliary business processes that are designed to ensure the production
of a product/service. However, along with this, the selection and review of business processes provides an
opportunity to determine the business elements and data structures that should participate in data
processing. Such capabilities require the information system developer to use not only the documents used
in the domain activity in modeling the database, but also the environment of each business process and
functions, including the definition of business elements, data objects, processing executors, owners of
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processes and functions, previous and subsequent functions, initiating and resulting events, and other
elements. The depth of consideration of business processes and functions provides the most complete
information about the processes occurring in the subject area, and allows you to better understand the
tasks that need to be implemented when developing a database, which include modeling the database
structure, determining the rules of referential integrity, forming procedures for processing and presenting
data, but user requests. [2]

A specialized medical information system for medical institutions must meet several requirements:
quality of execution, user-friendly interface for all users, information security, and budget cost.

Sometimes representatives of medical institutions order the download of a medical information
system from the Internet in order to save money. This decision is usually dictated by ignorance. In fact,
there is no free medical information system for medical institutions. On the Internet, you can find demo
(test) versions of various specialized information programs for various institutions. As a rule, such
specialized information programs have a limited period of validity and incomplete functionality. Since the
competition in the information technology market among specialized medical institutions is quite high,
each developer seeks to limit access to the system of their institutions in order to preserve the unique
functions and author's developments in the field of information programs for medical institutions. That is
why it is impossible to publish a high-quality medical information system for free on the Internet. Such
systems for specialized agencies are usually purchased from the creators.

Development of healthcare using information technologies:

e  Support for research in organic chemistry, biology, genetics, etc.

e  Development of evidence-based medicine and clinical research methods;

e Image analysis;

e Improving the efficiency of medical services. (automation of business processes, creation of
electronic registers, analysis of complex structured data and texts in natural language)

Based on the analysis of foreign literature and computational experiments, it is shown that the
introduction of information technologies has high potential economic benefits for hospitals. Today, many
medical centers use the" old " method, only paper. With the help of information systems, you can increase
your customer base, save time, etc.

Component diagrams are used to visualize the organization and relationships between components in
the system. These diagrams show the physical components of the system. To clarify this, we can say that
component diagrams describe the organization of components in a system. Here we can see the main
physical components of the system.

<<component>> El _____
O_ CheckingTime >
O_ <<component>> E] check
B Doctor

1 OnlineRecord

V
<<component>> ]
<<component>> @#(O ( )_ Hospital DataBase
Patientinterface record
L ReceptionRecord

¥
E 3 status

IndividualRecord

<<component>>
Doctorinterface

Figure 1 - Component diagram
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Automation of business processes is a phenomenon that is gaining more and more popularity in the
modern market. In addition, this is absolutely justified - because automation mechanisms allow first to
reduce the costs of any production, and therefore-to make the company's activities more efficient. [3]

Understanding what business automation is and what it gives, we should note the following positive
aspects of its introduction:

e FElimination of routine and monotonous manual labor;

e Information is processed and transmitted much faster;

¢ In a single information space, individual divisions or the entire enterprise are served;

e Programmed reports and documents are generated automatically;

e The convenience of operating databases increases, and the work becomes more accurate,
complete, and consistent;

e Divisions or the entire organization is reduced to a single complex, which combines regular
standardized document flow and information and regulatory framework. [4]

Similar to all other production areas, focus on optimizing primary production and automation of key
business processes inherent in medical prophylactic establishments (further - MPE), implementing
medical information system (hereinafter - MIS).

To effectively address this issue of information support for accounting and management processes in
any modern MIS, a large number of functions must be implemented that solve many problems. At the
same time, the functionality of each specific MIS may differ for each of the presented logical blocks. In
addition, in most cases, the specifics of large MPE require unique MIS functionality developed directly for
the specific goals of a particular organization. Thus, the best option for the information technology
platform for automating business processes in a multi-disciplinary health care facility is a basic MIS,
modified to take into account the individual specifics and tasks of the institution. [5]

Despite the huge number of advantages, this approach has its own weaknesses. The production
system will become much more complex and there will be a lot of new elements that the company's
employees may not be familiar with, so you will have to spend time training them. In addition, the
equipment will require greater reliability. Constant support of specialists is important. The staff must have
a programmer with special knowledge. For example, if the accounting Department is being automated, it
should be aware of the current legislation in this area. [6]

It is worth noting that these unavoidable difficulties are temporary and more than pay for the benefits
that automation brings in the end. Over time, imperfections in the information and financial databases are
smoothed out, and employees get used to the new order of work. Even those who looked at innovations
with distrust, realize their convenience. With the most pessimistic forecast, the economic effect is
noticeable in a few years, and according to the average data-much earlier. [7][8]

Conclusion. It becomes obvious that the health and prosperity of the entire nation will depend on the
effectiveness of the introduction of medical information technologies in medicine. Many domestic medical
institutions actively use the services of complex medical information systems in their activities. The latter
are a complete (universal) software product that allows you to manage the activities of medical institutions
and provide medical services at a qualitatively new level.

The peculiarity of medical information systems is the transition from local work with medical
information to an integrated system, where all data passing through the institution is accessible from a
single information environment. Paperless technology is fully implemented, but you can still get a copy of
any document. The use of modern medical technologies makes it possible to improve the quality of
medical services, optimize the management of various structural divisions of medicine and create a basis
for reaching the world level of medical care. The era of paper information and self-written programs for
medical institutions is being replaced by the time of large information systems aimed at both maintaining
internal functions and solving problems of managing the medical industry
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MexayHapoJHbIH YHUBEPCUTET HH(OOPMAIMOHHBIX TEXHOJIOTHH, AnmaTthl, Kasaxcran

INPUMEHEHUWE MEMIIMHCKUX THOOPMAILIMOHHBIX CUCTEM
B OBPA30OBAHHUU U HAYYHBIX HCCJIEJOBAHUAX B MEJIUILITUHE

AnHoTauusa. Meaunuackue uHpopMannonnsie cucteMbl (MUC) B mupokoM cMmbicie — 3T0 (opma opraHu-
3a0UM B MEAWIMHE, OOBEAMHSIONIAs B MPOLIECCE CBOEH JEATENPHOCTH Bpayel, MaTeMaTHKOB, TEXHHKOB C
KOMIUIEKCOM TEXHHYECKHX CpEICTB M olecreunBatomas cOop, XpaHeHue, o0pabOTKy, aHaiu3 M JOCTaBKY
MEIUIMHCKON MH(pOPMAIMU Pa3In4YHOrO NpOo(uUIIs B MPOIECCe pelIeHHs 3a7ad, a B y3KOM CMBICIEe — KOMILIEKC
MaTEeMaTUYeCKHX U TEXHHYECKHUX CPEJICTB, 00ECIeYHBaIOIIMX cOOp, XpaHeHHe, 00PadOTKY M BbIAAYY MEIUIIMHCKON
nHpOpManMU TPH pEIICHUH 3ahad KIMHUYECKOM MEAMIMHBI WM 3ApaBooxpaHeHus. OOImume KOMaHIBI ISt
IUIAHUPOBAHMSI M BHEIPEHHS MEIUIMHCKOH MH(POPMAlMOHHONW CHCTEMBl OYeHb BelMKH U Oorartsl. Ecth
HEeoOXoaAuMBble TPeOOBaHMS M K IIEPCOHAITY, M K KallUTaly, U K caMoi opranu3aunu. Ctporue TpeOoBaHUs K BHICOKOH
HaJIS)KHOCTH U TTOJIE3HOCTH TI0JIb30BATENS VISl CHCTEMBI PEAJIbHOTO BPEMEHH 3HAYUTEIBHO MOBBIMIAIOT TPEOOBaHUS K
ammapaTHOMY W TIporpaMMHOMY obecredeHnro. Macmrtad WHPOPMALMOHHOW CHUCTEMBI TpeOyeT TIAaTeIhHOTO
IUIAHUPOBAHMS BPEMEHH M MOMAYJIBHOTO BHEIpEHHs. JIMHaMHYHO pacTylniue MEIULUHCKHE HWH(OPMAIMOHHBIE
cucremsl (MUC) 3HaMeHyIoT €000l 3py OONBIIMX NAaHHBIX B 00JACTH 3IPAaBOOXPAaHEHHA. OTH JaHHBIE HMEIOT
OonbIoe 3HA4YEHHWE VIS YIPABICHUS PAa0OYMMH IPOLECcCaMy, yXOJa 3a HaleHTaMH M MX JICUYeHHUS, Hay4dHBIX
HCCIIeIOBaHMi 1 00pa3oBaHus B cdepe 3apaBooxpaHeHus. OJHAKO CIIOKHBIN, paCpeNeiCHHBIH W B BBICIICH
CTCIICHU Me)KIlMCLIMHHHHaprIﬁ XapakKTep MCIAUIMHCKUX NAaHHBIX MOJYEPKUBACT OIPaHUYCHHOCTH TPAJUIIMOHHBLIX
BO3MOXKHOCTEW aHajM3a JQHHBIX JJIsl JIOCTYNa K HUM, MX XpaHeHusi, oOpabOTKM, aHain3a, paclpoCTpPaHEHUs U
COBMECTHOTO HcHONb30BaHus. HoBble M 3()(eKTHBHBIE TEXHOJIOTUU CTAHOBSTCS HEOOXOJMMBIMHU JUIS IOJIYyYCHHUS
OrpoMHOro obbeMa MH(GOPMAIMKM M 3HAHWM, JISKAIMX B OCHOBE OOJNBIIMX MEAMIMHCKUX JaHHBIX. OOcCyxIeHne
MEIUIMHCKOTO aHann3a OOJIBIIMX JaHHBIX B €ro pabore, BKIIOYas BBeAeHHE B (pyHIaMEHTaIbHbIC KOHIIETIIHNH,
CBSI3aHHBIE C HUMHM IIATGOPMBI M TEXHOJOTHH O0pabOTKM OOJBIIMX MEOWLIMHCKHX JAaHHBIX, a TaKXKE IEepPeIOBbIe
TEXHOJIOTUH 00pabOTKH OONBIINX TaHHBIX.

WHunyctpus 31paBOOXpaHEHNST ONUPAETCS HA OTPOMHOE KOJIMYECTBO AAHHBIX JUIA NPUHATHS PELICHUH O Jede-
HHUM MALUCHTOB, OOJETYEeHHs OKa3aHUsI MEAMIIMHCKON MOMOINM M PEUIEHUs] MHOTHX CIOXKHBIX aJMHHHCTPATUBHBIX
3aja4, KOTOpbIE NMPOUCXOAAT 3a KyJiucamu. MHGOPMAaIMOHHBIE CHCTEMBI 3PABOOXPAHCHUS SIBIIAIOTCS IIEHHBIMU
MHCTPYMEHTaMH, KOTOPbIE TIOMOTAIOT KJIMHUINCTAM U aJMUHHCTPAaTUBHOMY IIEPCOHAIYy OOECIICUUTh HENPEPhIBHBIN
OTIBIT MAaIeHTa OT Havaa JI0 KOHUA. J[pyrue nmpeumylnecTsa BKIIOYAIOT B CEOsI:

e AHaJIWTHKY JaHHBIX — MOMOINL B cOOpe M aHallM3e JAaHHBIX JJIsl yIpPaBIEHHUS 3I0POBbLEM HACEICHHS U
CHIDKEHUSI 3aTpaT Ha 3[paBOOXPaHEHUE.

o Tlogmepxkky coBmectHoro yxoma — MUC obierdaer coBmectHoe ucnosib3oBanne 3MU (3amumieHHas
Memuuunckas Mudopmanust) Mexay MOCTaBIIMKAMHU W OPraHU3alMsAMM, YTO IO3BOJIICT MMAIMEHTaM II0Jy4aTh
CKOOPAMHUPOBAHHYIO TIOMOIIb OT HECKOJIBKMX IOCTABIIMKOB, OJHOBPEMEHHO YIydllas KadyeCTBO OKa3aHMs
MEIUIIMHCKOHN ITOMOIIH U PE3YJIbTaThl JICUEHHS alleHTOB.

e Kontponps 3atpat — mytem oomena mH(popmarmeir MUC MoxeT yCTpaHHUTh ITyONHKATHI TECTUPOBAHHS U
MPOLEAYP, COKPATUTh BPEMEHHBIE 3aTpaThl Ha NEpCOHaN (HAIpUMep, AT OTNPAaBKH OyMaXKHBIX KONHH 3amuceit
MAlMEHTOB) U YMEHBUINThH JOPOTOCTOAIINE YETIOBEUYECKHE OIINOKH.

e VYhpaBiieHHE 3AO0POBbEM HACENECHUS — arperupoBaHUE JAHHBIX O MAIMEHTaX MOXET IIOMOYb BBISIBUTH
3aKOHOMEPHOCTU U TCHACHIIUU, IPOTrHO3UPOBATH WJIN MPCAOTBpAIIATh BCIIBIIIKH, BBIABIIATE IPYNIILI PUCKA U MHOI'OC
JIpyroe.

o Ho,unep)KKy KIIMHUYECKUX peHleHI/lﬁ — HWHTCTrpanus HWHAWBUAYAJIbHBIX JaHHBIX MAIIMEHTAa W HCTOPUUN
Gosie3Hu ¢ GoJiee MHUPOKUMH TOIMYJISIIMOHHBIMH JaHHBIMHA W MCCIIEAOBAHUAMHU YJIyYlIaeT KaK IUarHOCTHKY, TaK U
JIeYEeHHeE.

DJIEKTPOHHBIE CHCTEMbl MEAWIMHCKOW JOKYMEHTAIlMM IOBBIIIAIOT KauyecTBO OOCITY>KUBAHUS ITallIEHTOB M
YMEHBIIAIOT KOJWYECTBO BpaueOHBIX OMIMOOK, ONHAKO WX ()MHAHCOBBIE ITOCIEACTBUS HE OBUIM TaK XOPOIIO
3aJOKyMeHTHpOBaHbL. Celdac MPOBOIATCS HMCCICOOBAHUS 3aTpaT W BHITON Ui aHamm3a (UHAHCOBBIX 3(dexToB
JNEKTPOHHBIX CHUCTEM MEIULIMHCKONH JOKYMEHTAllMd B aMOyJaTOPHBIX YYPEKOACHHSAX IEePBHYHOM MEAUKO-
CaHNTAPHOM MOMOILY C TOYKH 3PEHHs OPraHU3alMH 34paBOOXpaHeHus. /laHHbIC OBUTH MOTyYeHbI U3 UCCIEIOBAaHUN
U3 OIyOJMKOBAaHHOW JHTEpaTyphl. ODTAJIOHHOM CTpaTerneil Ijisl CpaBHEHHS OblIa TpagulMOHHAs OyMakHas
MEAWIMHCKAas KapTa. BHC}IpeHI/le CHUCTEMBI 3J1€KTpOHHOI>i Me}lPIIJ,PIHCKOﬁ JOKYMEHTallUu B HepBH‘iHOﬁ MEIUKO-
CaHUTAPHOM MOMOLIM MOXKET NMPHUBECTU K ITOJIOKHUTENLHON (PUHAHCOBOW OTAa4Ye OT MHBECTUIMH B OpraHU3aLHUI0
3ApaBOOXPAaHCHUS. Bennuuna OTAa41 4yBCTBUTEJIbHA K HECKOJIbKMM KJIFOYEBbIM (baKTopaM.

KioueBble cioBa: MH(OPMAIMOHHBIE TEXHOJOTMH, MEIUIMHCKas WH(OpPMALMOHHAs CHUCTEMa, JieueOHO-
NPOQHIAKTUUECKHE YUPEIKACHHS.
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XauplKapaiblK aKIapaTrThlK TEXHOJIOTHsIIAp YHUBEpCHUTETI, AiMaThl, Kazakcran

MEJUIAHAJA FBLIBIMH 3EPTTEYJIEPAI )KOHE
BLJIIM BEPYJIE MEJUIUHAJIBIK AKITAPATTBIK KYHEJIEPII KOJIIAHY

AnHoTanusi. MemunuHANBIK aknapaTTelK >kyienep (MAJXK) keH MarplHama KbI3MET YIepiciHae mopirep,
MaTeMAaTHK, TEXHUKAHBI TEXHUKAJIBIK KYpaaaap KeIIeHIMeH OipiKTIpeTiH )KoHe MIHACTTEPIl ISy yAepiCiHae Typii
OcifiHOeri MEAMIMHAIBIK aKIapaTThl JKMHAY, CaKTay, OHJCYy, Tajmay >JKOHE JKETKI3y[l KaMTaMachl3 CTETiH
MeIULMHAAF! YHBIM HBICAHBI, all Tap MarblHa/a KIMHHUKAIBIK MEIHUIMHA HEMece JIeHCAyJbIK CaKTay MIHAETTepiH
mienry OapbIChIHAAa MEAMIMHAIBIK aKlapaTThl JKWHAY, cakray, ©HJeY JKoHe OepyAl KaMmTamachl3 eTeTiH
MaTEeMaTHUKAIBIK JKOHE TEXHUKAJIBIK Kypaljap KemeHi. MequuuHaNbIK aKnapaTThIK KYHeHi jxocnapiay )KoHe eHTi3y
YILIH XaJIbl KOMaHaanap eTe YJIKeH jkoHe 0ail. Kpi3smeTkepre, KanuTaira jkoHe YHBIMHBIH ©31He KQKETTI TajlanTapbl
Oap. HakTbl yakpIT jKyHeci YIIiH KOFapbl CEHIMIUIIK TIeH MaianaHyliblFa bIHFAiIbl 00Nyl YIIIH KaTaH TajanTap
anmaparThIK JKoHe OarmapiiaMaliblK JKacaKTaMara KaKSTTUTIKTI eldyip apTThipaabl. AKIAPATTHIK KYHEHIH ayKbIMBI
YaKBITTBl MYKHAT JKOCIApiay MEH MOIYJIbAi CeHri3y[i Tananm ereni. JIMHAMHUKAJBIK apThill Kelie IKaTKaH
METUITMHAIBIK aknapartThiK kyiemep (MAX) JleHcaynblk cakray cajgachlHAAFbl YJIKSH JepeKTep AoyipiH Ouimipen.
byn nepekrep skyMbIc yIepiciH 0ackapy, MalUeHTTEpAl KYTY )KOHE OJNapAbl eMIIey, IeHCAYIIBIK CaKTay CalachIHAaFbI
FBUIBIMH 3€pTTEYJIep MEH OiTiM Oepyae YIKeH MaHBI3Fa he. Aaliaa MeIUIHAIBIK IePeKTepaiH KypHaeni, OeiHreH
KOHE JKOFaphl JopeKeie IIOHapaJIbIK CHIIAThI KOJI XKETKi3y, cakray, OHAeY, TaJiay, Tapary jKoHe Oipiecin nainanany
YIIH [OepeKTepAl TalfayAblH OOCTYPJi MYMKIHIIKTEPiHIH IIEKTEeyJuTirin kepceremi. JKaHa koHe THiMII
TEXHOJIOTHSUTAP YJIKEH MEIUIMHAIBIK JCPEKTep HEri3iHaeri akmapar IeH OUTIMHIH ipi KeJIeMiH aay YIIH KaKeT.
JKymbic OapbICblHa KeJeMIi JepeKTepliH MEJULUMHAIBIK TajllaHyblH TaJKbUIay, COHBIH ILIHAE ipreni
TY)KbIpBIMJIAMAJIapFa €Hri3y, COFaH OalaHBICThI IUIAT(GOpPMAaIap MEH YJIKCH MEAMIMHAIBIK ICPEKTEPIl OHICY
TEXHOJIOTHUSCHI, COHall-aK 1pi JepeKTep i OHJIeYAiH ajIbIHFbI KaTapJibl TEXHOJIOTHSLIAPhI Kipei.

JleHcaynblK cakray cajiachl HAalMEHTTEpre KYTIM jkKacay, MEIMIUHAIBIK KOMEK KepCeTyll XEHUIIETY >KoHe
KeITereH KypZAedl SKIMIILTIK MIHAETTEepIl WIenly Typaysl IIemimaep KaObuiay YIIH KeNTereH MalliMeTTepre
cyiieneni. JleHcaymbIK caKkTayAbIH aKIapaTTHIK KyHenepl KIMHUIICTEP MEH OKIMIILUTIK KbI3MeTKepIiepre MarueHTTiH
OacbIHAH agFbIHA JEHiH Y3IIKCI3 TOXKIPUOECIH KaMTaMachl3 eTyre KOMEKTeCeTiH KYHABI Kypanmap OOIBIT caHAIaIbI.
Kenecizneit 6acka apThIKIIBUIBIKTAPABI 12 KAMTUIBL:

® JepeKTepl Tannay — XaJBIKTBIH JCHCAYJIBIFBIH OacKapy jKoHE JCHCAyJBIK CaKTay IIBIFBIHBIH a3aiTy YILIiH
JepeKTepii )KHHAY MEH TaJliayFa KOMEK KepceTy;

® OipiieckeH KyTiMal Kogay — MAXK xetkisymrinep MeH yiibiMaap apaceinga KMA (KopraifaH MeIUIMHAIIBIK
akmapar) Oipsecin maimgagaHyabl KEHUIETSAl opi Oy MAIMEHTTEPre MEIUITMHAIBIK KOMEK KOPCETy camachl MEH
MALMEHTTEeP/Il eMJIey HOTIKelepiH Oip Me3riije »akcapra OTHIpBIN, OipHelle KeTKi3yLIileH YHIECTIpUIreH KoMeK
ayra MYMKIiHAIK Oepeni;

® 1bIFBIHBI OaKbutay — MAXK akmapat ajqMacy apKbUIbI TECTiJIey MEH NpOoLeaypaiapAblH 1yOIHKATTaAPbIH KOS
ananpl, KbI3METKEpre apHaJfaH YaKbITIIA IIBFBIHABL KbICKAPTAIbl (MbBICANBI, MALMEHT jKa30alapbIHbIH Karas
KelllipMesiepiH ki0epy) jkoHe KpIMOAT TYpaThIH alaMH KaTeJIKTepli a3aiiTa anasl;

® XaJbBIK JICHCAYJBIFBIH OacKapy — MAIMEeHTTep Typallbl AepeKTepAi OipiKTipy 3aHIBUIBIKTAp MEH YpHAicTepIi
aHBIKTayFa, XKApKbULABI 00JDKayFa HEMece ajIbIH allyFa, KayilTi TONTap sl aHBIKTayFa )KoHe T.0. KOMEeKTece i,

® KIMHMKAJBIK OICHIMAEpAi KoJgay — MAIMeHTTIH JXeKe NEPEeKTEpiH XoHE aypy TapuXbIH KeH TapairaH
JepeKTepMeH JKOHE 3epTTeyIepMEH HHTErpaLlisiIay AMarHOCTHKAHbI 11a, COHllal-aK eMaey iCiH Jie )kaKkcapTasl.

MeauiuHanbIK KyKaTTaMaHbIH 3JEKTPOHABIK JKyiienepi MalieHTTepre KbI3MET KOpPCETy CamachlH apTThIpajibl
JKOHE IOpirepliH KaTeNiKTep CaHbIH a3alTajbl, ajaiifia oJlapAbIH KapKbUIBIK CajIapbl JKETIK KYKaTTaJFaH KOK.
Kasip meHcaysbIK cakTay YHBIMBI TYPFBICHIHAH QJIFAIlIKbl MEAMIIMHAIBIK-CAHUTAPIBIK KOMEKTIH aMOyIaTOPHUSIIBIK
MeKeMeNep/ie MEeIULUHAIBIK Ky)KaTTaMaHbIH 3JIEKTPOH/IBIK JKYHECIHIH KapKBUIBIK 9CEpiH Tajliay YILIiH IIbIFBIH MEH
naiina 3eprrenyae. Jepekrep skapusiianraH oneOuerTepaeH aublHAbl. CaNbICTBIPY YIINIH 3TAJOHIBIK CTPATETHs
peTiHze ASCTYpIi Kara3 MEAMIUHAIBIK KapTa alblHIbl. AJFAaIIKbl MeIUIMHAIIBIK-CAHUTAPUSUIBIK KOMEK KOpCeTye
ANEKTPOHABIK MEAWIMHANBIK KyKaTTama jKyheciH eHrisy JleHcaynblK cakTay yibIMbIHA WHBECTHULHUSANAH OH
KapKBUTBIK KaTapbIM 00Tyl MyMKiH. Kaiirapeim Memnmiepi OipHele Heri3ri ¢pakTopiapra ocep eTemi.

Tyiiin ce3aep: aknapaTThIK TEXHOJIOTHIAP, MEIULIMHAIBIK aKIapaTThIK XKyie, eMIey, ajIbH ally MEeKeMelepi.
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SCIENTIFIC JUSTIFICATION FOR THE IMPLEMENTATION
OF THE INTEGRATED MODEL OF RAPID TESTING FOR
HIV-INFECTION AMONG KEY POPULATIONS OF KAZAKHSTAN

Abstract. In the pipeline justify scientifically the approached on the integration of the primary health care and
the Service for AIDS prevention and control when rendering services on rapid testing among key populations.

It is noted that methodological basis for integration of the measures in case of HIV-infection with PHC was
WHO / UNAIDS strategy "90-90-90", in which it is stated that for effective reaction to and prevention of the spread
of HIV infection among key populations, it is recommended to implement an integrated set of measures including
diagnosis, treatment and care connected with HIV-infection. It is noted that the integration of primary health care
among key populations is carried out within the scope of the statutory free medical assistance (SFMA) and the
compulsory health insurance system (CHIS). Rapid testing, pre-and post-test consulting for HIV infection, hepatitis,
and STD of key populations when integrating with PHC is carried out in medical organizations, clinics, drop-in
centres (DS), people-friendly offices (PFO), NGOs with the involvement of social workers and outreach workers.
The integrated activities foresee social support that shall provide access both to medical and psychosocial support
services for the key populations.

Keywords: integration, primary health care, service for AIDS prevention and control, key groups, rapid testing
for HIV-infection.

Introduction. The growing and the spread of HIV infection in the world are forcing States and the
international world community as a whole to form and develop global and national strategies in order to
guide and support the integrated response measures on the implementation of the political Declaration
of Commitment on HIV/AIDS, the UNAIDS Operating plan for setting national targets on response to the
HIV epidemic in a specific region. These obligations of the States were confirmed in the decisions of the
high-level meeting of the UN General Assembly on the fight against AIDS, held in New York on
8-10 June 2016. In the light of the need in changes, the new WHO, UNAIDS strategy has committed to
stop the AIDS epidemic by 2030 as one of the sustainable development goals. The WHO, UNAIDS
strategy for 2016-2021 calls for action according to which:

- by 2020, 90% of people living with HIV will know about their HIV status;

-by 2020, 90% of all patients diagnosed with HIV infection will be provided with antiretroviral
therapys;

- by 2020, 90% of all patients receiving antiretroviral therapy will achieve a suppressed viral load [1].

In Kazakhstan, as of January 1, 2020, 36,589 cases of HIV infection were detected, total number of
PLHIV - 24,794 people, and the prevalence rate per 100,000 population - 134.8. The highest numbers of
PLHIV were registered in Pavlodar, Karaganda, Kostanay regions, in Nur-Sultan and Almaty cities. The
International Bank for Reconstruction and development (2015), states that the epidemic caused by HIV-
infection in the country is still at a "concentrated" stage, at which the most of new cases of HIV infection
is registered among people who use injecting drugs (IDU), men who have sex with men, prisoners, sex
workers (SW) and their clients [2]. It is predicted that the share of IDU and MSM in the coming years, in
case of maintenance of the current trends in the epidemiological situation in Kazakhstan, will be 67% of
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all new cases of HIV infection. In this connection, timely detection of infection and implementation of the
methods recommended by WHO and UNAIDS for the prevention, diagnosis and treatment of HIV/AIDS
is the main priority direction in the process of implementation of the measures on response to and
prevention of the epidemic caused by HIV-infection in Kazakhstan.

Consolidated guideline on HIV infection in key populations: prevention, diagnosis, treatment and
care. July 2014 (2015); Work flow chart for HIV prevention in the Republic of Kazakhstan for 2017-2020,
taking into account the UNAIDS strategy approved by order of the Ministry of health of the Republic of
Kazakhstan No. 164 dated April 14, 2017; materials of the working session "Improvement of HIV/STD
testing algorithms in the Republic of Kazakhstan" (2019); collection of the examples of the best practices
in public health services in the field of response to and prevention of HIV infection in the WHO European
region (2018), new updated WHO, UNEADS documents: Guidelines for self-testing for HIV and
informing of partners. December 2016 (2017); updated guidelines on testing for HIV" (2018) [1,2-7],
numerous foreign and domestic scientific studies on the problem of implementation of the procedure of
rapid testing for HIV infection [8-12] have become a kind of methodological guidelines, informational
scientific materials that aim public health professionals to successful making of efforts in the field of
organization of preventive measures in case of HIV/AIDS, including rendering of services on rapid testing
for HIV among key populations. Published materials of WHO UNAIDS state the need in implementation
of the methodology on rapid testing for HIV-infection in Kazakhstan among key populations, non-
governmental organizations, and local communities. In the opinion of the world's leading scientists[13,14]
it is recognised that rapid testing effectively provides timely access to the necessary information about
HIV, routes and prevention measures, as well as treatment and social support, since the knowledge by the
key populations of their HIV status is the main component of successful prevention of this infection
[15,16]. The authors note that modern rapid blood and saliva tests have high sensitivity and specificity, do
not require laboratory equipment, can be performed without need in clinical conditions, and fully meet the
modern WHO requirements.

Despite the fact that the implementation of the ideology of rapid testing for HIV infection in the
country is an urgent problem of the public health in Kazakhstan, many issues that are connected with
rendering of rapid testing services for the key populations have not been sufficiently studied. Thus,
primary health care (PHC) institutions are not yet sufficiently integrated into the testing program.

Objective of the study. To justify scientifically the approaches on the integration of the primary
health care and the Service for AIDS prevention and control when rendering services on rapid testing for
HIV-infection among key populations.

Materials & methods. As the materials of this comprehensive study, we used the results of numerous
summarizing works of world-class specialists who are engaged in successful implementation of rapid
testing methods in national health systems. In all cases, we were guided by the WHO and UNAIDS
recommendation on rapid testing for HI'V-infection.

The basic materials that represent this complex work are:

- archival (historical) epidemiological and laboratory data on HIV infection for 1987-2018.;

- results of epidemiological surveillance (ES) of HIV infection among key populations in Kazakhstan
for 2014-2018;

- results of validation assessment of quality parameters used in the study of 5 types of rapid blood
tests;

- materials of analytical study of the current legislative and normative legal documents regulating
rapid testing for HIV infection in Kazakhstan;

- results of a “-stage sociological study that revealed stigma and discrimination among key
populations. In total, 478 respondents were surveyed;

- results of retrospective and prospective analyses of the organization of rapid testing implementation
in Kazakhstan among key populations for 2014-2018.;

- results on development of a model of social support for key populations based on NGOs.

When interpreting the epidemiological analysis of the incidence of HIV infection, we used the
prevalence indices (prevalence), incidence indices (incidence), recommended by the WHO Committee of
experts [17]. Qualitative analysis was used in sociological studies.
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The result of the comprehensive study of the possibility of the implementation of rapid testing for
HIV infection in Kazakhstan was creation of an integrated model of primary health care and the service
for AIDS prevention and control acceptable for the country, in case of rendering of services on rapid
testing for HIV infection to key populations.

When forming the idea, strategy, and design of this study, we were guided by the principles of the
methodology of scientific research in medicine and healthcare of E. De Puy and L.N. Gitlin (2017) [18].
Statistical analysis of the study results was performed using the Epi info program, version 6.

Results and discussion. Strategic steps on integration of the services with PHC in respect of HIV
infection in Kazakhstan were made in accordance with the strategy "Kazakhstan: a new political policy of
the established state" (2013) [19]. According to this strategy, within the scope of the long-term
modernization of the national health system, it is planned to implement the unified standards of the quality
of medical services. In the future, after the adoption of the State program of health care system
development «Jlencaymeiky /"Densaulyk"/ for 2016-2019, the integration of medical services in
connection with HIV/AIDS became to develop with a focus on primary health care.

The methodological basis for integration of the preventive measures in case of HIV-infection with
PHC was WHO / UNAIDS strategy "90-90-90", in which it is stated that for effective reaction to and
prevention of the spread of HIV infection among key populations, it is recommended an integrated set of
measures that includes the preventive measures, in particular, rapid testing, treatment and care connected
with HIV-infection. WHO emphasizes those services on the integrated set of measures should be:
1) available; 2) acceptable; 3) inexpensive; 4) fair. In addition, WHO recommends to take measures on
integration of the services on HIV-infection prevention and treatment among key populations within the
scope of relevant specialist services, such as the TB service, the maternal and child health service, the
sexual and reproductive health service, and the drug addiction treatment service. The process of
integration of PHC institutions into the service for AIDS prevention and control is developed in the works
of domestic authors [20-24]. At the same time, it is noted that the development of PHC should be based on
three principles: accessibility; universality; social orientation — at the expense of integration of PHC work,
social protection and public health services, and active involvement of primary health care professionals in
the framework of intersectoral interaction on public health protection [21]. However, Zh.K. Ismailov et al.
(2015) notes that the integration of PHC and vertical specialist services (tuberculosis, Oncology,
HIV/AIDS, etc.) remains as before insufficient [22]. The authors state that it is necessary to solve the
issues of improving the continuity between outpatient-polyclinic and inpatient levels, and the overuse of
consulting and diagnostic services persists. The potential of polyclinics and hospitals is not used enough
for this purpose, what causes dissatisfaction of the population in the availability and quality of medical
services.

Based on the results of the study performed within the scope of the PhD programme, based on the
WHO, UNAIDS recommendations, works [20-24,25], the updated orders of the RK Ministry of Health
(order of the RK Ministry of Health d/d 04.05.2019, No. KR DSM-2; order of the RK Ministry of Health
Ne KR DSM-128; d/d 27.09.2019; Annex to the order of the RK Ministry of Health d/d May 4, 2019, No
KR DSM-62) we prepared the algorithm for the integration model of primary health care and the service
for AIDS prevention and control. The integration should be understood to mean: establishing a
comprehensive and continuous primary Health care that shall take into account the needs of HIV-positive
patients, including patients from key populations, and that shall be based on a patient-oriented approach.
Based on the objectives of this work, the key groups (IDU, SW, MSM) are important components of the
integrated primary health care in the framework of the system of reaction to and prevention of the
epidemic caused by HIV-infection in Kazakhstan. This approach makes it possible to detect HIV infection
among key populations at an early stage, ensure timely treatment initiation, and prevent new cases at the
expense of treatment and change of patient's behavior. In our opinion, services on rapid testing for HIV
infection should be low-threshold, provided free of charge with minimal requirements for the client. It is
obviously, that the services to key groups should be accompanied by information campaigns in order to
inform the population about the availability of the procedure of rapid testing for HIV infection and the
possibility to know easily and quickly about his or her HIV status.
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Figure 1 - Algorithm for the integration model of primary health care
and the service for AIDS prevention and control

In accordance with this approach, when the key groups are assigned an epidemiologically proven and
important role, the following justification is proposed for the integration of PHC institutions and the
service for AIDS prevention and control:

1.WHO, UNAIDS recommendation: in terms of its focus the integrated care among key populations
in respect of HIV infection should be directed towards health care institutions (primary polyclinics,
relevant medical specialized organizations).

2.Positive results of organizing and conducting rapid testing for HIV infection among IDU, SW,
MSM, pregnant women, teenagers, and the General population, performed at the medical cluster (AIDS
Centers, medical institutions, including clinics) in 16 regions of Kazakhstan during the period
0f2014-2018.

3.The presence of the relevant medical organizations in the structure of the integration with PHC that
allow to provide to the key groups a wider range of services (the ability to redirect a HIV-positive patient
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to specialized medical organizations, conduct high-quality diagnostics, treatment of Hepatitis C virus
(HCV), STD, tuberculosis, and drug addiction).

4. Integration with PHC complies with WHO, UNAIDS recommendations: "Treatment of HIV
infection-prevention of the epidemic caused by HIV-infection". In the process of the integration the
important principle "The strategy of medical care for HIV-infected people is a cascade of treatment" shall
be followed, which shall be used for PLHIV, starting from primary diagnosis up to achievement of viral
suppression.

Figure 1 shows an algorithm for integration of the primary health care and the service for AIDS
prevention and control.

5. Decrease of stigma, discrimination (fight against violence among representatives of key groups).
Support and empowerment of NGOs and local communities.

Figure 1 shows that as a result of the integration of PHC institutions and the service for AIDS
prevention and control, rendering of comprehensive services will be available to the key groups, including
rapid testing, treatment and prevention of HIV infection, hepatitis, and STD.

The organization of integrated measures on HIV / AIDS for key populations, in accordance with the
standard of the state service "Voluntary, anonymous and mandatory confidential medical examination" is
carried out on an anonymous and confidential basis with the assignment of a unique identification code to
each examined person. At this, the activities of the PHC organization in respect of the key populations
shall be developed at the place of residence or registration, taking into account the selection of the medical
organization.

Rapid testing for HIV, hepatitis, STD is organized and held in the drop-in centres, people-friendly
offices and non-governmental organizations that shall provide preventive care and prior- and post-test
consulting to the key groups. It should be noted that the integration of PHC and the service for AIDS
prevention and control allows for the key groups (IDU, SW, MSM) to receive informational and
educational materials, hold a mini-session, discuss the issues connected with HIV infection, Hepatitis
virus, STD, behaviors that reduce the risk of infection and receive the reliable information about the need
in compliance to ARV therapy.

An important role in the system of integration with PHC is assigned to the patient-oriented approach.
We shall note that modern preventive approaches are based on the concept of multi-factor risks. For key
populations, in addition to HIV infection, hepatitis, and STD, it is also important to identify other risk
factors, such as cardiovascular diseases, cancer, tuberculosis, and diabetes melitus. It is believed that
multi-factor control of risk factors can, according to L. Sylla et all (2007), A. 1. Vyalkov et al. (2016),
ensure an integral effect of decrease of the incidence of the diseases with nosological factors listed above
[26, 27].

It is known that primary health care includes three types of care: pre-medical service, qualified
medical care, and health and social care that is provided by social workers and psychologists.

The list of the main key components that characterize the model of the integration of PHC and the
service for AIDS prevention and control and its continuity is given below:

1. The integration of primary health care in case of HIV infection among key populations is carried
out within the scope of the statutory free medical assistance (SFMA) and the compulsory social health
insurance system (CHIS).

2. In primary health care institutions and obstetrics services, integration with the service for AIDS
prevention and control makes it possible to organize administering medical aid and conduct rapid testing
for HIV-infection of pregnant women, including PLHIV and children born by HIV-positive mothers.

3. Integration with PHC enables the service for AIDS prevention and control to take joint HIV/AIDS
prevention measures in emergency situations (purchase of rapid tests, ART drugs for carrying out
activities in case of emergency situation, etc.).

4. Rapid testing, pre-and post-test consulting for HIV infection, hepatitis, and STD of key
populations when integrating with PHC is carried out in drop-in centres, people-friendly offices, NGOs
with the involvement of social workers and outreach workers.

5. The integrated activities foresee the program of social support that shall provide access both to
medical and psychosocial support services for the key populations.
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6. Integration with PHC for HIV/AIDS prevention among the population, including key groups, is
provided by specialists of the service for AIDS prevention and control, PHC in collaboration with non-
governmental organizations, local communities and public and private relevant organizations.

7. Enhancement of outpatient care for key populations is ensured in cooperation with outpatient-
polyclinic, inpatient, palliative and relevant specialized organizations based on the clinical Protocol, in the
following specializations: infectious diseases (adult, pediatric), Pediatrics, dermatovenerology, obstetrics,
gynecology, Phthisiology, surgery, therapy, Oncology, narcology.

At the present stage, it is important to develop effective methods for evaluation of the integrated
programs. Both the overall results (for example, the number and the quantity of services provided to key
populations) and specific epidemiological indices (incidence of a disease, mortality, frequency of
detection of HIV infection, hepatitis, STD using rapid test method, the degree of testing coverage) are
evaluated at this.

We believe that for effective monitoring and evaluation of the effectiveness of individual HIV/AIDS
prevention measures for each population of key groups (IDS, SW, MSM), it is reasonable and advisable to
develop a system of target indicators in the future. This will allow to evaluate purposefully the preventive
measures, monitor the deviations and the results of the implementation of the services provided to key
populations.

Conclusion. Integration of the primary health care and the service for AIDS prevention and control
opens up additional possibilities for the key populations in Kazakhstan for identification of new cases,
treatment and prevention of HIV infection, hepatitis, and STD under the control and monitoring of
medical specialists. As part of this approach, the following is important: voluntary, anonymous and / or
confidential examinations with the help of free of charge rapid testing, as well as free of charge consulting
and treatment of the key populations.
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K.O. Annbaesa?, B.C. Baiicepkun!, M.K. Canap6exos?

'KP JICM Kasax nepMatoorss xoHe HHPEKIMSUIBIK aypyJiap FRUIIBIMA OPTaIbIFeL, AnMatel, Kasakcran;
2«KACKM» KazakcTaH MeIMIMHAIBIK yHUBEPCHTETI, Anmatsl, Kazakcran

KA3AKCTAH XAJIKBIHBIH HEI'I3I'TI TOIITAPBI APACBIHIA
AUTB-UHOEKIUACBIHA 9KCIIPECC-TECTLIEY AIH
HUHTEI'PAIIUAJTAHFAH MOJEJIIH EHI'I3Y AIH FBIJIBIMU HEI'I3AEMECI

AnHotanus. MoceneHiH e3ekriniri Kazakcran XankplHBIH Herisri TonTaps! apackiaga AU TB-uH(eKIusachHBIH
TapaJlyblHa HETIi3eNreH, O TOIKa MHBEKIMSUIBIK ecipTki KonpaHateiHaap (EK), sxemabic Kpi3metkepiepi (JKK), ep
aJlaMMEH JKBIHBICTBIK KaTbIHACKa TyceTiH ep anaMm (EXXE), TpaHcrennep »xoHe COTTalFaHIap )KaTaibl.

Okcrpecc-onictepai marnanana apkeuiel AUTB-uH(eKunsacsH yakTeutel aHbIkTay engeri AUTB-uabexmnns
IHIETIHEe KapChl TYPATHIH KYHEHiH O0achiM OarbIThl OOJBIT CaHATIaIbI.

3epTTeyniH MakcaThl — XalbIKTBIH HETi3Ti TONTaphl apachblHAa 3KCIPECC-TECTiIEy KBI3METTEPIH YCHIHY
OapbIchIHIA OAaCTAaNKbl MEAULIMHANBIK-CAaHUTapibIK KeMek neH KM TC-TeiH anmbslH any jkoHE OFaH Kapehl Kypec
YKOHIHIET] KbI3METTI MHTETPaIUsIIay KOHIHICT1 TOCUIACPi FRUIBIMH HETI3/LY.

Marepuannap MeH ogmicrep. JKyMBICTa TapuXH, aHAJIUTUKAIBIK, OSIUAEMHOJIOTHSIBIK, 3€pTXaHaJbIK,
COLIMOJIOTHSUTBIK, CTaTUCTUKAIBIK ouicrep KonmaHeuinsl. AUTB-uHpexkuusceiHa 3KcIpecc-TecTiiey  pacimi
caJlaChIHJIaFbl QJIEMHIH Y3/iK TaxipuOenepi Tannanasl. 2030 sxpuira Kapait AUTB-uabexnusace! iHAeTiHIH TapaTyblH
TOKTaTy >eHIHJeri jahaHABIK MakcaTThl EHTi3yAl eckepe OTHIpbIN, 31 >KeUIOBIK KeseHueri Kaszaxkcrannarsl
SMUAEMUSUIBIK YIEPICTIH cepliHiHe Oaranay >KYMbICTapbl Kyprisinmi. YkiMmerTik emec yibeimpapna AUWTB-
WHQEKIISICHIH TECTiNIeyTe OailTaHBICTHI KYKBIKTHIK KOHE JIEyMETTIK Macesenep 3epaenerai. Kazakcranna TipkenreH
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5 AWUTB-undeknuscbiHa KaH OOMBIHIIA SKCIPECC-TECTTIH cama HnapaMeTpiiepiHe BaTUAALMUIBIK —Oaranay
KYMBICTAphI JKYPri3iani. PeTpocneKkTuBTi, MPOCIEeKTHBTI TangayiapApl naiganana oteipsin, 2014-2018 xbpuigapb
KaH MEH ciliekell OOMbIHIIA dKCIpecc-TecTiiepi KojjiaHy apKblibl XaublKTeiH Herisri Tontapsl (MET, CXK, EXE)
apacbiaa AUTB-uabekusceiHa KYpri3iireH sKkcnpecc-TecTiIeyAiH HaTHXeepl OaranaHpbl.

KasakcTaHHBIH J€HCAyJIBIK CakTay >KyHeciHe 3KCIpecc-TeCTUICYAl €HTi3y MYMKIHIITH 3epneney OoibIHIIA
KEIIEH/I 3epTTeYNEpIiH KOPBITBIHIBICH XaJbIKTBIH Herisri rtonTapsl apacbiHna AWTB-undexunsceina,
renarurrepre, JKXXBU-re sxcrpecc-Tectiney KpI3METTEpiH YCBIHY KE3iHIE alFalliKbl MeIHLMHAIBIK-CAaHUTAPUSIIBIK
koMmekTi (Oyman opi — AMCK) sxone JXUTC-TBIH anmelH ady XoHE OFaH KapChl Kypec XOHIHIeri KhI3MeTTi
BIKIAJAACTHIPYABIH FRUIBIMH HET13/1eMeci OOJIBIN caHaIaIbl.

Hommxenep Men Tankeiiaynap. JUI¥, FOHDMJIC «90-90-90» crparerusicel AUTB-uu(exumscs kesinzeri ic-
mrapanapasl AMCK-mieH BIKNaIacTRIpYABIH OMiCHAMAJIBIK HETi3i OOJIBIN ecenTeneli, OHAa XaJBIKTBIH HeTi3ri
tontapsl apaceiina AWTB-undexuusceiHblH TapanybiHa THIMIOL Kapcel Typy YurH AWTB-undekuusceina
0alnaHbICTBl JMArHOCTHKA, €MJey MEH KYTIMII KaMTHUTBIH KeIIeHJ MNIapajap NaKeTiH eHri3y YCHIHBUIAJBbI.
XanbIKTBIH HETI3rl TOomTapbl apachlHAa 0acTankbl MEIMIMHANIBIK-CAHUTAPHUSJIBIK KOMEKTI BIKNAIAACTBIPY TEriH
MeIHUIUHAIBIK KOMeKTiH Kerinmik oepinred memmepi (TMKKK) sxoHe MiHAETTI MEIUIIMHATIBIK, CAKTAHIBIPY KYHeCi
(MOMC) meHbepinae xkyprizuerini atam otinai. AMCK-meH pIKnangacy Ke3iHae XalbIKThIH HETi3Ti TONTapbIHBIH
AUNTB-undexnusiceiHa, renaTUTTEpiHE AEHIHT JKoHE OJaH KeWiHri TecTulik KoHcynbramms Oepy, JKXKBU-re
AKCIPECC-TECTUIEY MEIUIIMHANBIK YibpIMaapna, emxaHamapna, ceriM myHkTrepinme (CII), mocteik xabuHeTTEpae
(AK), YEY¥-ma omeyMeTTik KbpI3METKEpIiep MeEH ayTpUU-KbI3METKEpJIEpIi TapTa OTBIPHINT KYpPTi3ijeni.
WHTerpanysiianFad ic-1apajap XaJBIKTBIH HETI3r1 TONTAPBIHBIH MEIULMHAIBIK XKOHE ICHXOJICYMETTIK KOJIAay
KBI3METTEpiHE KOJKETIMAUTITIH )KaKCcapTyAbl KAMTaMAachI3 €TETiH 9JICyMETTIK CyHeMeaeyai Ke3aen .

KopBITBIHABL AJNFamiKbl MEANIHUHANBIK-CAaHUTapHsIbIK kKoMeK IeH JKUTC-ThIH anasiH alny sKoHE OFaH Kapchl
KYpec KOHIHAETi KbI3MET MHTErpalisichl MeJUIiHa MaMaHIApbIHBIH OaKpulay >KOHE MOHHUTOPHMHIT apKbUIBI XKaHa
Karmainel anbiktay, AUTB-undexuusacein, renaturrepai, JKXOKBU emaey xoHe amabiH any kesinge Kaszakcran
XaJIKBIHBIH HET13T1 TONTAaphlHA KOCBIMIIIA MYMKIH/IKTED aIlajbl.

MyHnait Tocin nieHOepiHae epikTi, )KaChIPhIH JKoHE (HeMece) KYIUS TEKCEpY, OHBIH 1IIiHJIE XaJbIKThIH Heri3ri
TOINTapbIH TETiH HETi3/le SKCIPECC-TECTiey MaHbI3Ibl MoHTe ne. JKyMbICTa XaJbIKTBIH HETi3ri TONTaphbl apachklHaa
JKCIpECcC-TECTiIey KbI3METIH YChIHY Ke3iHae 0acTalkbl MeIUIMHAIbIK-caHUTapiblK keMek neH XU TC-TeiH anasix
airy JKOHE OFaH KapChl Kypec JKOHIHIET! KbI3METTI HHTeTpalrsuIay KOHIHACT1 TOCUTAEp i FRUIBIMHI HET13/IeTeH.

Tyiiin ce3mep: MHTETrpaIys, aFAIIKBl MEIUITMHAIBIK-CAaHUTAPUSUTBIK KoMeK, JKI TC-ThIH anabpIH axy jkoHe OFaH
Kapchl Kypec KbI3MmerTi, Herisri Tonrap, AUTB-Fa sxcnpecc-Tecriney.

K.O. Anu6aena?, b.C. Baiicepkun', M.K. Canap6exos’

'Kazaxckuif HayuHbI LEHTP AEpPMAaTONIOTUH U NHPEKIMOHHBIX 3a001eBanuiit M3 PK, Anmartsl.
Y 5
’KazaxcTaHckuil MeaumuHCckuii yausepeuter «BILO3», AnMats

HAYUYHOE OBOCHOBAHME BHEJIPEHU A UHTETPUPOBAHHOM MO/JIEJIA
SKCHPECC-TECTUPOBAHUA HA BUY-UHOEKIIUIO
CPEJH KJIFOYEBBIX I'PYIIIT HACEJIEHUSA KA3ZAXCTAHA

AHHOTauMsA. AKTyalbHOCTb TpoOIeMbl 00ycioBIeHa pactpocTpaHeHreM BHUY-mHGEKInN cpeau KIF0YeBHIX
rpynm HaceneHus KazaxcraHa, K KOTOPBIM OTHOCSITCS JIFOIH, YIOTPEOIIONre HHbeKIHOHHbIe HapkoTuku (JIYIH),
pabotruku cexca (PC), My>xunHbI uMeromue ceke ¢ Mmy>xunaaMu (MCM), TpaHCTeHAEPHI, OCYKICHHEIE.

CaoeBpemenHoe BbIsiBIeHHe BUU-nH(pEKINN ¢ UCIIONb30BaHUEM 3KCIPECC-METOOB SBISCTCS IPUOPUTETHBIM
HaIlpaBJICHHEM CHUCTEMBI POTUBOAHCTBUS dnuieMuu BUY-uHdekunu B cTpane.

Heanp ncciienoBaHus: Hay4YHO 0OOCHOBATH MOJXO/IBI 10 MHTETPALIMU TIEPBUYHON MEIUKO-CAHUTAPHON ITOMOILN
U CIIyK0bI 10 nipoduiakTike u 6oprde co CITN]I mpu mpeaocTaBieHHH YCIYT 10 3KCIPECC-TECTUPOBAHUIO CPEIU
KIIFOYCBBIX I'PYIII HACCIICHUA.

Marepuajbl U MeToabl. B paboTe MCIOIB30BANINCH NCTOPHUECKHE, aHAJTMUTHUECKHUE, SIHIEMHUOIOTHIECKHE,
nabopaTopHBIE, COIHOJIOTMYECKUE, CTATUCTHYECKHE MeTobl. [IpoaHann3npoBaHsl JIyqnive MpakTHKK MUApa B cdepe
MpoIIe Iy pBI IKCTIpecc-TecTupoBanmst Ha BUY-un(exnuto. [IpoBeneHa oneHka TMHAMHAKH STHASMHYECKOT0 TIporiecca
B Kazaxcrane 3a 31-neTHuil mepuos ¢ yueToM BHeApeHHs | 100aIbHBIX IeJel 10 MPEKPAMICHUI0 pacIpOCTPAHEHHS
smunemun  BUY-uadexmmn k 2030 roxy. M3ydeHbl mpaBOBBIE W COIMATBHBIC IPOOJIEMBI, CBS3aHHBIE C
TecTupoBanreM Ha BUY-umH}eKknnio B HEMPaBUTEILCTBEHHBIX OpraHu3anusaX. [IpoBeaeHa BaMaalMoHHAs OlEHKA
mapaMeTpOB KadecTBa 5 3apeructpupoBaHHbIX B Kaszaxcrane skcrpecc-tectoB Ha BUY-ungexiuio no xkposu. C
UCTIONIb30BAHMEM PETPOCIIEKTUBHOTO, MPOCIEKTUBHOTO aHAIM30B OLEHEHBI PE3YJIbTaThl MPOBEJEHHOIO 3KCIpEecc-
tectupoBanusi Ha BUY-undexnuio cpean kimoueBbix rpynn Hacenenus (JIVUH, PC, MCM) ¢ npumeHeHuem
JKCIIPECC-TECTOB MO KpoBHU U citoHe 3a 2014-2018 rosl.
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WToroM KOMIUIEKCHBIX HWCCICAOBAHWHA IO W3YyYEHHIO BO3MOXXHOCTH BHEIPEHHUS SKCIPECC-TECTHPOBAHUS B
cucreMy 3apaBooxpaHeHHs KaszaxcraHa sBHIOCE Hay9HOe OOOCHOBaHHME WHTETPAIlM MEPBUYHON MEIHKO-
canurtapuoit momoru (naiee [IMCII) u ciyx05b1 1o podunaktuke U 0oproe co CITU/] npu npeaocTaBicHUN yCayT
1o akcrpecc-rectupoBanuto Ha BUU-undekuuro, renarurst, U cpean Kio4YeBbIX Py HACEICHUS.

Pe3yabTaTsl U o6cy:kaennsi. MeTo1070rn4ecKold OCHOBOM MHTerpanuu Meponpustuii npu BUY-nndekuun c
I[IMCII sBunace crtpareruss BO3, FOHDMJIC «90-90-90», B KOTOPOH OTMEYEHO, 4YTO Uis 3(P(PEKTUBHOTO
MPOTUBOACHUCTBUS pactnpocTpaHeHno BUU-wHOeKImu cpeau KIOYEBBIX TPYII HACEICHUS PEKOMEHIYETCS
BHEJPATh KOMIUICKCHBIH MAKET Mep, BKIOUAIONIMN AMATHOCTHKY, JICYCHUE M yXOa B cBs3u ¢ BUU-uHbpeknmei.
OTMedeHO, Y9TO HHTErpanus MNepBUYHON MEIMKO-CAHUTAPHOW TIOMOIIM CPeOu KIIOYEBBIX TPYI HACEICHUSI
MPOBOIUTCS B paMKaxX TrapaHTHPOBaHHOTO oOwvema OecrmatHOd MemunmHckoir momomm (COBMII) u cuctemsr
obs3arenpHOT0  MeaunuHckoro crpaxoBanmst (OCMC). Dxcmpecc-TeCTHpOBaHHE, IO- K IOCIe- TECTOBOE
KoHCynbTupoBanue Ha BUY-undexnuto, renatuter, U kmroueBsx rpynm HaceneHus npu uaTerpanuu ¢ [IMCII
MPOBOJSATCS] B MEJUIIMHCKUX OPraHU3allMsX, B MOJUKINHAKAX, MyHKTax goBepus (I1]]), npykecTBeHHbIX KaOWHETax
(AK), HITIO ¢ npuBneueHneM COLUAIbHBIX PAOOTHUKOB U ayTpU4-pabOTHUKOB. MHTErpupOBaHHBIE MEPONPUSTUS
MpeIyCMaTPUBAIOT COIMAIBHOE COMPOBOXKICHUE, O0ECHEUMBAIOIICe YIIYYIICHHE JJOCTyIa KIIYEBBIX TIPYIII
HaCCJICHU KaK K MCANIHWHCKUM, TaK U YCIIyraMunu HCHXOCOIJ,I/I&J'H)HOFI MOAACPIKKH.

BruiBoa. MHTerpanus nepBUYHON MEIUKO-CAaHUTAPHON MOMOIIM U CIYKObI M0 mpoduiakTuke u 60prde co
CIIN oTKpbIBacT JOMOJHHUTEIEHBIC BO3MOXHOCTH JUIS KIFOYEBBIX TPYI HaceneHus KazaxcraHa Mpu BBIIBICHUH
HOBBIX ClTy4aes, JieueHus1 U npounaktukn BUY-unpexnun, renarnto, UIIII mox KoHTpoOneM U MOHUTOPUHIOM
MEIHUITHCKIX CTICIIHAICTOB.

B pamkax Takoro momxoma BaKHOE 3HaUCHHE WMEET NOOPOBOJBHOE, aHOHUMHOE M (WiH) KOH(HUICHIHAIEHOE
o0ciieqoBaHUe, B TOM YHCIIE IKCIIPECC-TECTUPOBAaHNE KIFOUEBBIX TPYII HACENeHHs Ha OECIIaTHOM OCHOBE.

KaroueBble ciioBa: MHTErpaius, NepBHYHAs MEAMKO-CAHWUTAPHAS MOMOIb, CIyk0a MO MPOQHUIAKTUKE U
60prbe co CITN/, kimro4yeBble TPpyMITbI, SKCIpecc-TecTupoBanue Ha BIY.
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REMOTE CONSEQUENCES OF PESTICIDE POLLUTION
ON THE LEVEL OF DEVELOPMENT
OF COGNITIVE FUNCTIONS

Abstract. The purpose of this study is to identify the characteristics of the state of short-term memory,
sustainability and concentration of attention among rural residents living in places of long-term pesticidal pollution.
The study of cognitive functions in residents was performed using the special Neurosoft computer base program. A
significant decrease (by 20%) in the number of people with a high level of development of short-term memory by
numbers and images was revealed. An increase of 18% in the number of people with poorly developed cognitive
abilities is shown both when remembering information on numbers and images, as well as when concentration and
stability of attention is on the desired object. At the same time, the memory capacity of residents with a high level of
development of the function of memorizing information, both for numbers and images, was at the same level as the
benchmarks and ranged from 61% to 67% of the amount of information proposed for memorization. The study
showed that living in a zone of long-term pesticidal pollution worsens cognitive functions - memory and attention,
upsets the balance of the main nervous processes - excitation and inhibition, and increases the risk of developing
nervous disorders.

Keywords: pesticides, pollution, living environment, human health, cognitive functions.

Introduction. Most pesticides used are to varying degrees toxic to humans and warm-blooded
animals. Pesticides accumulate in the liver, kidneys and heart, bind to blood proteins and are carried
throughout the body, metabolized and excreted at different rates from the body. Many studies have shown
that pesticides have a mutagenic, carcinogenic and toxic effect, directly or indirectly inhibiting the nervous
system of a living organism [1,2]. Pesticide metabolites have the ability to accumulate, especially in the
adipose tissue of a living organism and slowly destroy the cells of the mucous membranes, tissues, organs,
disrupting the interaction and functions of internal organs. As a result, the level of public health is falling,
the incidence of blood, digestive organs, mental and endocrine disorders, as well as cancer pathologies is
growing [3-5].

On the territory of Kazakhstan, there is the problem of the disposal of obsolete and disposable
pesticides widely used in the Union, in particular, dust - DDT. According to various estimates, pesticides
belonging to the group of persistent organic pollutants (POPs pesticides), mainly DDT, make up 10-15%
of all stored obsolete pesticides. The potential and real environmental and toxicological hazard of such
pesticides remains quite high [6]. Directly on the territory of the Talgar region near the city of Almaty, the
population of which we examined, pollution of abandoned storage facilities with organochlorine pesticides
(metabolites 2,4 DDD, 4,4 DDT, 4,4 DDE and isomers of a-HCH, 3-HCH and y-HCH), the concentrations
of which are significantly higher than the MPC, the presence of obsolete and unusable pesticides in
warehouses was revealed [7]. It should also be taken into account that the territory adjacent to the storage
sites of unused pesticides has a high level of pollution and has long been a source of secondary
environmental pollution with pesticides [8].
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The purpose of this study is to identify the characteristics of the state of short-term memory,
sustainability and concentration of attention among rural residents living in places of long-term pesticidal
pollution.

Object and research methods. The control group consisted of 102 residents of 2 villages of the Almaty
region located in and near the Altyn Emel nature reserve. This is 54 residents. Basshee and 48 inhabitants
with. Taukaraturyk of Almaty region. The experimental group included 149 residents aged 20 to 70 years,
living the last 10 years on the ground or in the immediate vicinity of the former pesticidal storage facilities
and warchouses of the Almaty region (date from 2018 and 2019). These are residents from. Beskainar
(44 people), Kyzylkairat (41 people), Belbulak (43 people) and s. Amangeldy (21 people - brigade 1 and 2).

To identify the state of cognitive functions, the amount of short-term memory was determined by
numbers, images, stability and concentration. At the same time, the number of correct answers, the
number of errors, the search time for numbers or an image, the amount of memory, as well as the accuracy
of reproduction were taken into account. Depending on the accuracy of the responses, a high, medium, and
low level of reproduction was determined. For this, tests were used according to the basic program of a
computer complex for psychophysiological testing NS-PsychoTest Neurosoft LLC Russia, 2012 [9, 10].

The results were statistically processed using the Microsoft Excel program, while M is the arithmetic
mean, SD is the standard deviation, m is the standard error of the arithmetic mean. Data processing was
carried out taking into account the unpaired Fisher-Student test and was considered reliable at p < 0.05.

In human studies, they were guided by the decision of the LEC of the Kazakh-Russian Medical
University (KRMU), protocol No. 52 of September 5, 2017.

Research results. Cognitive functions are the most complex functions of the brain, which include
memory, attention, reaction speed, the ability to assimilate and preserve skills [11]. In chronic pesticide
poisoning in humans, various functional and dynamic cognitive impairment is often noted - a decrease in
memory, instability of attention, and a low reaction rate [4, 5]. A study of the cognitive sphere of the brain
activity of residents of rural settlements living in places especially contaminated with pesticides showed
the following.

Control group. In the test “Memory for numbers”, more than half (55.61%) of the respondents
showed a high level of reproduction of numbers with memorization of 62.55% of numerical information.
In the test “Memory for images”, more than 51.80% of respondents showed a high level of reproduction of
images in short-term memory and memorized 70.40% of information in the form of images (figure 1, 2).
Introduction Most pesticides used are to varying degrees toxic to humans and warm-blooded animals.
Pesticides accumulate in the liver, kidneys and heart, bind to blood proteins and are carried throughout the
body, metabolized and excreted at different rates from the body. Many studies have shown that pesticides
have a mutagenic, carcinogenic and toxic effect, directly or indirectly inhibiting the nervous system of a
living organism [1,2]. Pesticide metabolites have the ability to accumulate, especially in the adipose tissue
of a living organism and slowly destroy the cells of the mucous membranes, tissues, organs, disrupting the
interaction and functions of internal organs. As a result, the level of public health is falling, the incidence
of blood, digestive organs, mental and endocrine disorders, as well as cancer pathologies is growing [3-5].

On the territory of Kazakhstan, there is the problem of the disposal of obsolete and disposable
pesticides widely used in the Union, in particular, dust - DDT. According to various estimates, pesticides
belonging to the group of persistent organic pollutants (POPs pesticides), mainly DDT, make up 10-15%
of all stored obsolete pesticides. The potential and real environmental and toxicological hazard of such
pesticides remains quite high [6]. Directly on the territory of the Talgar region near the city of Almaty, the
population of which we examined, pollution of abandoned storage facilities with organochlorine pesticides
(metabolites 2,4 DDD, 4,4 DDT, 4,4 DDE and isomers of a-HCH, -HCH and y-HCH), the concentrations
of which are significantly higher than the MPC, the presence of obsolete and unusable pesticides in
warehouses was revealed [7]. It should also be taken into account that the territory adjacent to the storage
sites of unused pesticides has a high level of pollution and has long been a source of secondary
environmental pollution with pesticides [8].

The purpose of this study is to identify the characteristics of the state of short-term memory,
sustainability and concentration of attention among rural residents living in places of long-term pesticidal
pollution.
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Object and research methods. The control group consisted of 102 residents of 2 villages of the
Almaty region located in and near the Altyn Emel nature reserve. This is 54 residents. Basshee and 48
inhabitants with. Taukaraturyk of Almaty region. The experimental group included 149 residents aged 20
to 70 years, living the last 10 years on the ground or in the immediate vicinity of the former pesticidal
storage facilities and warechouses of the Almaty region (date from 2018 and 2019). These are residents
from. Beskainar (44 people), Kyzylkairat (41 people), Belbulak (43 people) and s. Amangeldy (21 people -
brigade 1 and 2).

To identify the state of cognitive functions, the amount of short-term memory was determined by
numbers, images, stability and concentration. At the same time, the number of correct answers, the
number of errors, the search time for numbers or an image, the amount of memory, as well as the accuracy
of reproduction were taken into account. Depending on the accuracy of the responses, a high, medium, and
low level of reproduction was determined. For this, tests were used according to the basic program of a
computer complex for psychophysiological testing NS-PsychoTest Neurosoft LLC Russia, 2012 [9, 10].

The results were statistically processed using the Microsoft Excel program, while M is the arithmetic
mean, SD is the standard deviation, m is the standard error of the arithmetic mean. Data processing was
carried out taking into account the unpaired Fisher-Student test and was considered reliable at p < 0.05.

In human studies, they were guided by the decision of the LEC of the Kazakh-Russian Medical
University (KRMU), protocol No. 52 of September 5, 2017.

Research results. Cognitive functions are the most complex functions of the brain, which include
memory, attention, reaction speed, the ability to assimilate and preserve skills [11]. In chronic pesticide
poisoning in humans, various functional and dynamic cognitive impairment is often noted - a decrease in
memory, instability of attention, and a low reaction rate [4,5]. A study of the cognitive sphere of the brain
activity of residents of rural settlements living in places especially contaminated with pesticides showed
the following.

Control group. In the test “Memory for numbers”, more than half (55.61%) of the respondents
showed a high level of reproduction of numbers with memorization of 62.55% of numerical information.
In the test “Memory for images”, more than 51.80% of respondents showed a high level of reproduction of
images in short-term memory and memorized 70.40% of information in the form of images (figure 1, 2).

0,
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60 - 51,8
41,0
37,5 2
40 32,86’5 32,0 32,0
26,0 27,0
20 | 12, 16,2
0
High | Middle | Low High | Middle | Low
Memory on numbers Image memory

m Control ™ Experience

Figure 1 - The number of respondents in the control and experimental groups (%)
with different levels of development of short-term memory

More than a third of participants (35-36%) showed an average level of memorization of information -
the amount of memorization of numerical information ranged from 42.10%, images - 39.6%. The
remaining respondents (28%) when memorizing both numerical and figurative information showed a
minimum level of memorizing information, ranging from 18 to 20% (figure 2).
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Figure 2 - The volume of memorized information (%) among the respondents in the control
and experimental groups in the tests “Memory for numbers” and “Memory for images”
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Figure 3 - Stability and concentration of attention (%) among respondents in the control
and experimental groups in the test “Attention Assessment”

Experienced group. The number of test participants with a high level of memory development for
numbers and images amounted to 37.50% of the total number (figure 1). The amount of information they
memorized was 60.54% for numbers and 66.77% for images (figure 2). The number of people with an
average level of development of short-term memory ranged from 34 to 35% - for numbers and images,
with a memory volume of 30 to 40% of the total amount of information. The remaining respondents,
comprising from 28 to 29% of the total number of respondents in the experimental group, showed a low
level of memory development both in numbers and in remembering images. Moreover, the amount of
information they memorized ranged from 17% to 19% (figure 1.2).

A comparative assessment of the state of cognitive functions among participants in the experimental
and control groups showed that the number of people with a high level of information reproduction on
numbers and images living in places of pesticidal pollution is significantly (20%) less than in the control
group. Nevertheless, the amount of memorized information in people with a high level of memory
development was at the same level in both the experimental and control groups. Accordingly, the number
of people with a low level of memory development in the experimental group was significantly larger
compared to the control data. At the same time, the volume of memorized information in both groups did
not exceed 20% level.
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An objective assessment of attention as one of the main characteristics of a person’s cognitive
functions includes the state of concentration (concentration) and absent-mindedness, mobility, and
stability of this reaction when presenting various kinds of objects, which plays a leading role in human life
[12]. A high level of attention stability was shown by more than half (51.72%) of the residents of the
control group, but only 31% showed the ability to concentrate, the rest of the subjects were divided
between medium (from 30% to 36%) and low (from 20 to 33%) , respectively, stability and concentration
(figure 3).

In the experimental group of respondents with a high level of attention stability, less than half of the
participants (47.5%) were identified, and only 21% of the total number were able to concentrate. The
remaining respondents were distributed at an average level (from 33 to 43% of participants) and at a low
level, their number was from 18.75% in terms of attention stability and 35% in terms of concentration. As
can be seen from the data presented, the number of respondents from the experimental group with a high
level of stability and concentration of attention is 10% less than in the control group. The number of
people with a low level of ability to concentrate and sustain attention in the experimental group reaches
35% of the total number examined, the number of respondents with an average level of 44% and above.

The results of a study of the main cognitive functions of rural residents living in places of non-utilized
pesticidal storages and depots showed that the number of people with a high level of development of
short-term memory is 20% less, while with a low level of information storage, it is 18% more than in the
control population. At the same time, the memory capacity of respondents with a high level of
development of the function of memorizing information, both for numbers and images, was at the same
level as the control data (from 61% to 67%). When assessing attention as one of the main indicators of
cognitive functions, a decrease of 5% and 10% in the number of persons in the experimental group with
highly developed ability to concentrate and sustain attention was revealed, compared with the data in the
control group. Both memory and attention assessment showed a decrease in the number of individuals
with a high level of development of cognitive functions living in places of pesticidal pollution. An
increase in the number of persons with poorly developed opportunities for memorization, concentration
and stability of attention, reflecting the main properties of the nervous system - excitation and inhibition in
the central nervous system, was also noted.

Human health is a reliable indicator of the ecological well-being of the environment. With pesticidal
contamination, prerequisites appear for increasing the incidence of, primarily, the respiratory system and
disorders of the nervous system, directly cognitive functions [13]. Recent studies show the negative
impact of pesticidal pollution on the nervous system, are characterized by a neurotoxic and psychotropic
effect caused by direct or indirect effects on M- or N-cholinergic receptors, which leads to an increase in
diseases in children with attention deficit hyperactivity disorder [14].

On the territory of the Talgar district of the Almaty region to date, there are 64 destroyed storages of
insecticides and herbicides, the metabolic products of which regularly pollute the environment,
accumulate in vegetables and fruits, water and plants serving as animal feed [15]. Long-term residence in
these places led to an increase in the number of people (up to 30%) with a low level of development of
memory and attention, the amount of memorization of information which does not exceed 1/5 of the
proposed level.

Conclusion: Living in a zone of perennial pesticidal pollution is one of the factors that worsen
cognitive functions - memory and attention, upsets the balance of the main nervous processes — excitation
and inhibition, and increases the risk of developing nervous disorders.

The study was carried out as part of the implementation of the scientific and technical program No.
BR05236379 "Comprehensive assessment of the impact of unused and prohibited pesticides on the genetic
status and health of the population of Almaty region."
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MECTUIAATIK JIACTAHYJIBIH TAHBIMJIBIK ®@YHKIIASIJIAPIBIH
JIAMY JEHTENIHE Y3AKMEP3IM/I OCEPI

AHHOTanusl. 3epTTEeyIiH MakcaThl — y3aKMep3iMIl MEeCTHIUATEPMEH JIACTaHFAH JKEpAe TYPaThlH ayblUl TYPFBIH-
JApBIHBIH KbICKAMEp3iMIi ecTe cakray KYHiHiH, TYPaKThUIBIFBI MEH Ha3apbIHBIH IIOFBIPIAHYBIH aHBIKTay. Pe3uneHt-
Tepaeri TaHBIMABIK (YHKUIUSUIApIbl 3epTTey apHaiibl Neurosoft kommbroTepiik 0a3a OarmapiaMachl apKbUIbI JKYPri3isiii.
Can MeH cyperrep OOHBIHINA KbICKAMEP3IMAI €CT€ caKTay KaOuleTi »KOFapbl aJaMIaplblH alTapiblKTail TeMeHJEreHi
(20%-ra) Oafikanael. TaHBIMABIK KaOireTi Hamiap JaMblFaH anaMmaapiaslH 18%-ra apTyel caH MEH CypeTTep Typalibl
aKImapaTThl €CTe Cakray Ke3iHJe Je, 3eHiHHIH IIOFBIpJIaHybl MEH TYPaKTBUIBIFBI OapbichiHAa aa Oaiikanansl. COHbIMEH
KaTap, caH MEH CypeTTep OOMbIHIIA Ja aKmaparThl cakTay (QyHKUHSCBIHBIH JaMy AEHreHi TYPFBIHIAPABIH KOFaphl eCTe
cakTay KaOileTi KepceTKilTepiMeH AEHIeiec jkoHe caKTay YIIIH YCBHIHBUIFAH aKmapaT kenemi 61%-naH 67%-ra neifinri
apajbIKThl KOpCETTi. 3epTTey KOpCEeTKEHMACH, y3aKMep3iMIi TMEeCTHIMATIK JlacTaHy aiiMarblHAa eMip CYypy TaHBIMJBIK
(yHKOMSIIApIBl — eCTe caKkTay MEH Ha3apibl MIOFBIPIAHIBIPY JKaFJalblH Hallapia-Tajabl, HETi3ri KyWKe YAepicTepiHiH —
KO3y MEH TEXENy/IiH Tele-TeHAIrH 0y3apl, *KyiKe OY3bUIBICTAPBIHBIH AaMy KayIiH apTThIPaIbl.

TaiiganaHpUIaThIH MECTUIMATEPAIH KOMIILTITT 9pTYpIi I9pexkeae agamMaapra KoHE JKbUIBIKAHIbI XKaHyapiapra YIbl
6omnbin keneni. [lecrunmarep Oaybipaa, OyHpeKTe KoHE KYPEKTe KUHAKTANIA/Ibl, KaH MPOTEHHIepiMeH OailiaHbIca bl XKOHE
OyKil AeHele >XYpeai, opTypii Menuiepie MeTa0oIU3IeHEl XOHE OpraHM3MHEH MiblFapbuiaibl. KenrereH seprreyinep
MECTUIUATED Tipi OPraHU3MHIH KYHKe )KyHeciH Tikelel HeMece )KaHama TYp/ie TOMEHIETETIH MyTareH ik, KaHIIePOTeHIIK
’KQHE YBITTBI 9cepre ue eKeHIiriH kepcerti. [lectunna MetaboauTTepi, acipece Tipi ar3aHbIH aObICKAK TiHIHJE KUHAJIbII,
MIBIPBIITHl KaOBIKTApIBIH, YIAaTapablH, aF3aiap/blH KacylladapblH Oasy Oy3anbl, iIIKi ar3aJapAblH ©3apa dpeKeTi MeH
(yHkuusapeiH  Oy3aabl. HoTiokeciHIOe XanbIKTBIH JICHCAYJIBIFBIHBIH JCHreWl TOMEHJAEH/Ii, KaHHBIH, ac KOpPBITY
OpraHJapbIHbIH, ICUXUKAJIBIK XKOHE YHIOKPHUH/IK aypyJIapIblH, COHIAi-aK OHKOJOTHSUIBIK, TATOJIOTHS TOMEHICHII.

Kazakcran aymarsinna Onakra KeHIHEH KOJIIAHBUIATBIH €CKIPreH JKOHE JKOMBIIAThIH MECTULUATEPAL KoMy Macerneci
Ke3zeceni, atamn aitkanna, Tozad — JJJIT. Typumi Oaranayra colikec, TYpaKThl OPraHUKAJIBIK JIACTAFBIIITApP TOOBIHA JKATATHIH
necrurparep (TOJI (TypakThl OpraHUKaNbIK JIACTAFBII) eCTHIUATED), HeridiHeH [IJIT, GapibiK ecKipreH necTUIMATEPAiH
10-15% xypaiinsl. MyHnail NeCTHOUATEPIIH BIKTUMAT XOHE HAKTHl SKOJOTHSUIBIK JKOHE TOKCHKOJIOTHSUIBIK KayiNTuTiri
alitapnbikTail xorapsl. bi3 KapacTeipran AJIMaThl Kajachl MaHbIHIAFel Tajrap ayAaHbIHBIH ayMarblH/a, KapayChl3 KallFaH
KoiMasap opraHoxJopiisl nectuiuarepmer (merabonurrep 2,4 IO, 4.4 JAT, 4.4 IJE xone o-I'XITH, B-I' XL xone
v-I'XUI" u3oMmepiepiMeH) JlacTaHFaHbl aHBIKTANbI, KoHUeHTpauusacel [IIPK-nen enoyip acatbiH, KoiiManapnia ecKipreH
JKOHE TalpanaHyFa jXKapaMcChl3 NMECTUIUATEPAIH OONaThIHBI aHBIKTaJAbl. [lalimanaHpUIMaraH MECTUIUATEP CaKTalaThIH
KoliMara aKblH OpHaJacKaH ayMaKTbIH JAaCTaHy JEHIeHi KOFaphl )KOHE Y3aK YaKbIT KOPLIAFaH OPTaHbl MECTULUATCPMEH
JacTayIblH K31 OOJbIN caHasabl.

Tyiiin ce3aep: necTuMATED, JaCTaHy, KOPIIaraH OpTa, aJlaM JICHCAYJIbIFbI, TAHBIM KbI3METI.

Y.H. Kanbiesa, III.LK. BaxTtusipoBa, A.K. bBaum6erosa
PI'TI na IIXB «MucTuTyT dusnonorus yenoseka u skuBoTHeix» KH MOH PK

OTAOAJIEHHBIE NIOCJIEACTBUSA NECTUHHUJIHOI'O 3AT'PSA3HEHU S
HA YPOBEHb PA3BUTHUSI KOTHUTUBHbBIX ®YHKIUA

AnHoTauus. llenp naHHOrO HCCIENOBaHUS — BBIABUTH OCOOCHHOCTH COCTOSIHUM KpPaTKOCPOYHOW MaMsTH,
YCTOHUYMBOCTH M KOHIICHTpPAIlMM BHUMAHUS Yy JKUTENCH CENbCKOM MECTHOCTH, MPOXKHBAIOIIMX B MECTaX MHOTOJICTHETO
MECTUILUIHOTO 3arps3HeHus. lccienoBaHWe KOTHUTHBHBIX (YHKUMH Yy JKUTENed NPOBOAWIM C HCIOJIb30BAaHHEM
CHeLaIbHON KOMIBIOTEpHOW 0a3oBoil mporpammbsl «HefipocodT». BrisiBneHo 3HauurtensHOoe yMmeHblieHHe (Ha 20%)
Yucya JI0JIEH ¢ BBICOKMM YPOBHEM pa3BUTHS KPaTKOCPOYHOM MamsATH Ha yucia U oOpassl. Ilokazan poct Ha 18% uucna
JofIed Co €1abopa3BUTHIMH KOTHUTHBHBIMH CHOCOOHOCTSMHU KakK NPH 3allOMHHAHMM MH(POMAIMKM HA 4MCia U 00pasbl, a
TaKXKe MpH KOHLUEHTPAalUHd M yCTOWYMBOCTH BHUMaHUS Ha TpeOyemom oObekre. I[Ipu 3ToM 00beM MaMsTH Yy >KUTEIed ¢
BBICOKHUM YPOBHEM pa3BUTHs (YHKIIMHU 3alIOMHUHAHUS MH(OpMAIIMK KaK Ha YMCIIa, TAK U Ha 00pa3bl ObLI HA OJIHOM ypOBHE
C KOHTPOJIHBIMH ITOKa3aTes MU M cocTaBiisil oT 61% 1o 67% ot oObema npeanaraeMoil K 3allOMUHAHUIO UHPOPMAIMH.
HccnenoBanne Mokaszano, 4TO TPOKHBAHWE 4YEJIOBEKAa B 30HE MHOTOJICTHErO MECTHUIMIHOTO 3arpsA3HEHHs YXYALIaeT
KOTHUTHBHBIC (DYHKIIMHM — MaMsATh U BHUMaHHE, HApyIIaeT OajlaHC OCHOBHBIX HEPBHBIX INPOLECCOB — BO30YXKICHUS U
TOPMOXKCHUS, YBEIIMUUBACT PUCK PA3BUTHUSI HEPBHBIX PACCTPOMCTB.

BoJIbIIMHCTBO MPUMEHSEMBIX TIECTHUIIMOB B PA3HOW CTENEHM TOKCHUYHO IJISl YEJIOBEKAa U TEIUIOKPOBHBIX KUBOTHBIX.
IecTuuabpl HAKATUTMBAIOTCS B MEYCHH, MOYKAX U CEPJIE, CBA3BIBAIOTCS C OENKaMU KPOBH M PA3HOCATCS MO OPraHU3MY,
MOJIBEPraloTCs METa00IM3MY M BBIBOISTCS C PA3HOM CKOPOCTHIO M3 OpraHn3Ma. Bo MHOTHX HCCICIOBaHUSIX ITOKA3aHO, YTO
MECTUIUIbI 00JIaaI0T MYTAareHHBIM, KAHIIEPOI€HHBIM M TOKCHUYECKHUM 3((EKTOM, MPSMO WM KOCBEHHO YTHETAIONIMM
HEPBHYIO CHCTEMY XHBOTO OpraHu3ma. MeTaOoJHThl NMEeCTHUHIOB 00JalaloT CBOWCTBOM HaKalUIMBAThCS, OCOOCHHO B
JKUPOBOHM TKaHHU >KUBOTO OpPraHM3Ma W MEUICHHO Pa3pyIlalT KICTKH CIM3HCTBIX 000JIOYEK, TKAHH, OpraHbl, HapyIlas
B3auMoJieiicTBUEe U (PYHKIMKM BHYTPEHHHUX OpPraHOB. B pesynbraTe 3TOro magaer ypoBeHb 30POBbsl HACEJICHHS, PacTeT
3a00JIeBacMOCTh KPOBH, OPTaHOB IHUINEBAPCHHS, ICHXUYCCKAX M SHIOKPHHHBIX PACCTPOMCTB, a TAKXKE OHKOJOTHYECKHX
MaTOJIOTHIA.
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Ha Tteppuropun Kazaxcrana cymecTtByeT mpoOiieMa 3aXOpPOHEHMs YCTapeBIUMX W IOJISKANIMX YTHIM3ALUH
SIIOXMMHUKATOB, IIMPOKO npumeHseMbix npu Corosze, B yactHoctu aycta — JJIT. Tlo pasnuuHbIM OLIEHKAM, MMEeCTHIIUIBI,
OTHOCAILIMECS K IpyMIe cTOWKuX opranndeckux 3arpssaureneii (CO3-nectuunasr), npenmymectsenno AT, cocraBnsior
10-15 % ot Bcex XpaHSIIMXCS yCTapeBIIMX MECTHUUAOB. [loTeHIManbHAas W peaibHas 3KOJIOTO-TOKCHKOJIOTHYECKas
OIMaCHOCTh TAKHMX IMECTUIMIOB OCTAETCS JOCTAaTOYHO BBICOKOHM. HemocpencrBenHo Ha Teppuropun Tanrapckoro paiioHa
613 . AJMaThbl, HaceJIeHUEe KOTOPOro ObLIO HaMu OOCIIEOBAHO, YCTAHOBIEHO 3arpsA3HEHUE 3a0pOLICHHBIX XPaHMIHIL
XJIOpOpraHUuecKuMH mectuiaamu (mMeradonuramu 2,4 1, 4,4 JAT, 4,4 O3 u uzomepamu o-I' X, B-I'XHI" n
vy-I'’XII'), KOHIEHTpauuy KOTOPBIX 3HAYMTENbHO mHpeBblmaioT IIJIK, Ha ckiazax BBIIBICHO HAJIUYUE YCTApPEBIIUX U
HETIPUTOJHBIX K MPUMEHEHUI0 necTuiunoB. Heo6Xxonumo Takxke y4MTBIBAaTh, YTO TEPPUTOPUS, IPUIIEraronias K MecTaMm
CKJIQAUPOBAHMSI HEUCIIOJIB30BAaHHBIX IECTULNIOB, MMEET BBICOKUN YpOBEHb 3arpsi3HEHUS U JOJr0€ BpPEMs CIYXHUT
UCTOYHMKOM BTOPHYHOTO 3arpsi3HEHUS OKPYKaIOLIEeH cpe/ibl MECTUILIUIAMH.

KioueBble ci10Ba: necTULIXIbI, 3arps3HEHKE, Cpeia POKUBAHUS, 3I0POBbE YEIOBEKA, KOTHUTHBHBIC ()YHKIIUH.
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THE ROLE OF THE WELL WATERS OF THE MAUSOLEUM
OF KHOJA AHMED YASAVI IN THE FORMATION OF SALTS

Abstract. The work is devoted to the study of the chemical composition of well waters located on the territory
of the mausoleum complex of Khoja Ahmed Yasavi. On the basis of experimental studies, the salinity of well waters
increases every year. It is especially different in 2019 when, compared to the previous 10 years (2009-2018), there
was a sharp increase in the total salt content by 1,5 times in the inner well and about 2,3 times in the outer well. The
reason for this is the intense pollution of atmospheric air, soil, plants and other environmental objects due to an
increase in the volume of construction work resulting from this waste, the number of servicing vehicles and the
emergence of a number of new anthropogenic factors. The article also considers data from the Kazhydromet of the
Republic of Kazakhstan that characterize changes in natural and climatic conditions, exactly, the amount of
precipitation by month. Based on the calculated data, we have shown that water evaporation is 4-5 times higher than
the amount of precipitation in the region. As a result of evaporation, moisture rises through the capillaries and is
further saturated with salts found in building materials. Further, the formed saturated salt solution, undergoing
various transformations, such as crystallization, contributes to the formation of salt deposits on the surface of the
foundation materials and further walls. This negative phenomenon is one of the factors that lead to a decrease in the
stability and safety of the architectural monument.

Keywords: mausoleum of Khoja Ahmed Yasavi, well water, chemical composition, salt deposits, factor,
preservation of the monument.

Introduction. Turkestan region, including Turkestan city, according to the definition of the "National
Report on the Conservation and Balanced Use of Biological Diversity", is included in the second group of
regions of Kazakhstan on environmental risk [1-3].

One of the most effective modern tools in the field of preservation of cultural heritage around the
world is now recognized as environmental monitoring [4 - 6]. It consists of a system for monitoring the
state of immovable monuments under the influence of natural and man-made environmental factors.

The negative impact of environmental risk factors negatively effects to the condition of ancient
building materials. Over a long historical period, the destruction of the materials of the historical buildings
is inescapable, however, its speed can be increased many times by the effects of natural or anthropogenic
factors both individually and collectively. Due to the influence of these factors, climatic conditions,
groundwater level, soil composition change, which usually reduces the sustainable preservation of the
architectural heritage. An increase in environmental risk causes negative processes at the monument:
groundwater harms foundations, capillary moisture suction - walls, the appearance of salt deposits reduce
the safety of building structures [7-9].

In order to predict changes in the state of the objects of the Khoja Ahmed Yasawi mausoleum
complex and to develop scientifically sound measures for their conservation, it is necessary to assess the
impact on the materials of monuments of the corrosive activity of atmospheric air and groundwater.
Currently, because of the climatic changes (in particular, due to the increase in the frequency of thaws in
winter), the wide usage of solid fuels, intensive construction work in the Turkestan city, there has
intensified a car traffic and have appeared a number of new additional sources of environmental pollution
[10].
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The mausoleum of Khoja Ahmed Yasawi is a very important architectural monument of the late
XIV and early XV centuries. Since 2000, the mausoleum has been included in the UNESCO list of world-
protected monuments and is protected by international organizations. Inclusion of the property on the
World Heritage List is not just an honorary international status, but also a high responsibility to the world
community. The preservation of this unique architectural monument of the entire religious Islamic world,
which is considered the second Mecca in its importance, is one of the main tasks in the field of
preservation and protection of the world heritage [11].

This object, being in the territory where there is an active economic activity, like other objects of
historical and cultural heritage, including Kultobe, is under the negative influence of many factors. The
most common problems are non-compliance with the temperature and humidity conditions inside the
building, the presence of rodents, insects, birds, the development of fungi and mold, as well as air
pollution. In total, the studied object is influenced by various factors, both natural (climatic, biological,
physical, and other factors) and anthropogenic (pollutant emissions, vibration, new construction,
disturbances in the geological environment, salinization of groundwater, etc. )

The preservation of this unique historical monument of the entire religious Islamic world is important
task in the field of preservation and protection of the world heritage. Every year, as a result of the
intensification of production activities, the rate of negative processes associated with the influence of
natural and anthropogenic factors increases exponentially, which can lead to a destruction of the integrity
of this mausoleum. In this regard, the result of our research work on initial monitoring of underground
well water is of some relevance [12].

Every year, the evolutionary transformations of the historical territories of Turkestan contribute to the
acceleration of processes associated with the influence of anthropogenic factors. And anthropogenic
factors increase exponentially, which can lead to a destruction of the integrity of this unique architectural
ensemble.

The aim of this work is to study the chemical composition of well water in order to establish their
effect on the safety of building structures of the Khoja Ahmed Yasawi Mausoleum.

Methods and objects of the research. The object of the study is the well water of the mausoleum of
Khoja Ahmed Yasawi. The content of calcium and the total hardness, bicarbonate, magnesium, sulfate and
chloride ions were determined by the titrimetric method according to the corresponding GOSTs [13-16].
The active water reaction, characterized by the pH value, was established by the potentiometric method
[17-18]. The concentration of trace elements and fluoride ions were determined by known standard
methods [19]. Organoleptic indicators according to the method given in GOST [20-22].

The content of safety indicators (mass concentration of nitrate ions) was determined
spectrophotometrically according to the relevant GOSTs [23-25].

To account for the total microbial number, coliform bacteria, E. Coli, and other microorganisms,
accelerated methods of analysis using petrifilms [26], immunochromatographic rapid tests, and ready-
made selective and indicator nutrient media are very promising. Petrifilms are intended for quantitative
determination of sanitary-indicative microorganisms, contain special indicators and substrates that
facilitate the accounting of grown colonies of microorganisms. When the test sample is introduced to the
substrate (1-5 ml of water sample), a gel-like nutrient medium is formed, which (after incubation) takes
into account the number of microorganisms. When analyzing water by membrane filtration, the petrifilm
is first activated (1 ml of sterile water), then the membrane filter is placed on the petrifilm substrate and
the seeding is incubated according to [26].

Results and discussion. The average annual precipitation is not more than 250 mm even in suitable
years; in some years, the amount of precipitation decreases to 90-150 mm. Most rainfall occurs in the
winter and spring months. In summer, there is practically no rain and therefore high air temperature and
the absence of precipitation in the summer months cause a large moisture deficit. Figure 1 shows the
amount of precipitation for 2018.
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Figure 1 - Monthly changes in rainfall (mm)

As graph shows, the amount of precipitation in 2018 for Turkestan is 554.2 mm, the amount of ions in
the precipitation is 21.32 mg / 1: sulfate ions - 6.04, chlorides - 2.03, nitrates - 0.51, bicarbonates - 6.54,
ammonium - 0.56, sodium - 0.35, potassium - 0.38, magnesium - 0.80, calcium - 4.09 mg / I, The pH of
the precipitate is 6.92. The amount of moisture in the soil profile depends on the amount of evaporation. In
soil formation, moisture plays a huge role, since all physicochemical, mechanical, biological, and other
processes are connected with soil moisture.

The value of evaporation using the information from the weather station of the Institute "Ecology"
IKTU named after H. A. Yasawi are defined by the formula: E, — 0,15 nc D*’® (14+0,85w100),

where E, - is the monthly evaporation rate, mm; n - is the number of days in a month; C - is a
parameter depending on the average ratios between the temperature of water and air, taken equal to 1.4;
D - moisture deficiency; o - wind speed at a height of 100 cm, m / s.

According to the calculation results, the total evaporation for the year is 1413 mm, and more than
82% of the total amount falls on the growing season (April-September). In the studied region, water
evaporation is 4-5 times higher than the amount of precipitation.

Scientific research conducted in the area of the mausoleum. H.A. Yasavi, indicate the need to
combine the ecological, geochemical and biological characteristics during spatial and temporal
consideration of the elements of the ecological chain: the source of pollution - the surface atmosphere -
precipitation - soil cover - plants - water bodies for organizing and adjusting measures to reduce
environmental pressure and environmentally dependent pathologies.

As shown by the results of initial visual observation by detouring the residential areas adjacent to the
object under study and by experimental research of the territory and objects adjacent to the architectural
complex of the Yasavi Mausoleum, an ecologically crisis situation has developed in relation to this
monument. This is due to the transformation of the protected area around the mausoleum into a landfill for
solid household and various industrial wastes, not counting other pollution routes. This circumstance
indicates the need for drastic measures to improve the environmental situation.

In aggregate, various nature factors influence the studied object. The main sources of environmental
pollution are combined in two groups:

- natural processes that determine the background content of pollutants in the components of the
biosphere (in soil, water, atmospheric air, etc.);

- anthropogenic sources, including a network of intensively constructed facilities, transport
accumulations, emissions from numerous boilers of private houses that use solid fuel, parking lots and
garbage dumps of household waste stretching over large areas, imperfect sewage systems, many years of
unplanned discharge of both solid and liquid agricultural and other waste.

During expeditionary trips from 10 ™ January 2018 to 18 ™ August 2019, the collection of full-scale
material was carried out on the territory of the mausoleum and territories adjacent to it. Work was carried
out to control water bodies, that is, groundwater and groundwater (wells).
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The destruction of the materials of the monument is inevitable, but its speed can increase many times
due to the increased aggressive action of saline groundwater. With this in mind, we conducted studies to
determine the composition of the waters of wells located both inside and in the courtyard of the
mausoleum.

Sampling of water was done from drainage wells located around the mausoleum and from a well
located inside the monument in the premises of Kudukhana. In addition, another well was investigated,
located to the South-East of the mausoleum of Khoja Ahmed Yasawi in the courtyard of the mosque of the
XIX century.

The results are presented in tables 1-2 and figure 2, they are compared with the data obtained in the
analysis of these waters of the Ecology Research Institute from 2009 to 2019.
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Figure 2 - The results of the analysis of the total salt content in the waters from the internal (1)
and external wells (2) of the mausoleum

As can be seen from figure 2, the salinity of water in wells in 2019 compared with 2009-2016.
increased approximately on average by 1.5 times inside the mausoleum and more than 2.3 times in well
water located in the courtyard of the mausoleum.

The observed salinization of groundwater can have a significant negative impact on the condition of
the monument. Moisture containing salts, due to capillary uplift and evaporation, saturates the pores of
building materials.

Table 1 — Composition of well water of the architectural complex Yasavi
(inside the mausoleum, depth - 3-5m)

Ne Content of
Name of analyzes components Method sensitivity MAC in drinking water
in water

1 2 3 4 5

1 | Color, in degrees 2314 - no more 30
2 | Turbidity, NTU/dm?3 5,554 - 2,6-3,5

3 | Smell, taste, in points 0 - no more 2-3
4 | pH 8,586 0,2 6,5-9,0

5 | Dry residue, mg/dm? 1221,0 1,0 1000-1500
6 | Permanganate oxidizability, mg-:O/dm? 3,64 0,01 4,0

7 | Total hardness, mol / m? 9.4 0,05 7,0
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Continuation of the table 1

1 2 3 4 5

8 | Carbonates, mg/dm’ n/f 0,1 6,5

9 | Hydrocarbonate, mg - eq /dm? 0,56 0,1 6,5
10 | Calcium, mg/dm? 165,5 0,4 180,0
11 | Ammonium ions and ammonia, mg/dm? 0,271 0,05 2,0
12 | Nitrite, mg/dm? 0,033 0,01 3,0
13 | Nitrates, mg/dm’ 5,56 0,1 45,0
14 | Iron, mg/dm? 0,42 0,01 0,3
15 | Fluoride, mg/dm? 0,37 0,02 1,2
16 | Chlorides, mg/dm? 64,4 1,0 350,0
17 | Sulphates, mg/dm? 505,0 1,0 500,0
18 | Manganese, mg/dm’ 0,019 0,01 0,1

Table 2 - the results of the analysis of well water of the architectural complex
(in the courtyard of the mausoleum, depth — 7-10m)
Ne Name of analyzes Content of Method sensitivity MAC
components in
water

1 | Color, in degrees 3,680 - <30
2 | Turbidity, NTU/dm? 17,65 - 2,6-3,5
3 | Smell in points 1 - <2-3
4 | pH 7,724 0,2 6,5-9,0
5 | Dry residue, mg/dm? 2980,0 1,0 1000-1500
6 | Permanganate oxidizability, mg-:O/dm? 2,74 0,01 4.0

7 | Total hardness, mol / m3 26,9 0,05 7,0
8 | Carbonates, mg/dm? n/f 0,1 6,5

9 | Hydrocarbonate, mg - eq /dm? 1,35 0,1 6,5
10 | Ammonium ions and ammonia, mg/dm? 0,924 0,05 2,0
11 | Nitrite, mg/dm? 2,092 0,01 3,0
12 | Nitrates, mg/dm’ 29,3 0,1 45,0
13 | Iron, mg/dm? 1,32 0,01 0,3
14 | Fluoride, mg/dm? 0,98 0,02 1,2
15 | Sulphates, mg/dm? 1360,0 1,0 500,0

The observed salinization of groundwater can have a significant negative impact on the condition of
the monument. Moisture containing salts, due to capillary uplift and evaporation, saturates the pores of
building materials. Salts crystallize and destroy the structure, i.e. the destruction of the foundations occurs,
and this in turn will lead to a gradual shrinkage, deforming the walls. In order to avoid these processes, it
is necessary to develop ways to protect the historical masonry of foundations and walls of architectural
monuments from capillary movement of water.

Additionally, bacteriological analysis of water samples from wells on the territory of the mausoleum
of Khoja Ahmed Yasawi was performed (table 3).

Table 3 - results of bacteriological analysis of well waters

of the mausoleum of Khoja Ahmed Yasawi (2019)

Sanitary and bacteriological indicators
Total quantity bacteria in 1 cm? of water Escherichia coli
Wells 15.03 10.05 12.08 05.11
western 35 42 45 38 not detected
eastern 50 58 63 56 detected
southern 55 65 70 59 detected
Kudukhan 28 40 47 33 not detected
Juma mosque 35 43 45 38 not detected

The results of the study revealed the presence of biological contamination. Drinking water from these
wells is dangerous for the health of pilgrims without appropriate decontamination measures.
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Conclusion

1. Based on the results of chemical-analytical studies, an increase in the salt content in the waters of
wells located on the territory of the mausoleum of Khoja Ahmed Yasavi is established every year. For
2019, the normative indicators for the total salt content are 1.5-2.3 times higher than in previous years.

2. It is shown by the calculation method that the volume of evaporating moisture is 4-5 times higher
than the amount of incoming precipitation. An explanation is given of the phenomenon of the formation of
salt deposits on the surface of building materials of the foundation and walls.

3. It is concluded that salt corrosion is one of the main factors contributing to a decrease in stability
and a reduction in the duration of preservation of the unique ancient, architectural, priceless monument of
the Khoja Ahmed Yasawi Mausoleum.

AJI. Axbacosal, H.II. Ay6axupos?, I'.Jl. Auap6exonaZ, I'.A. Caunosa'

'K.A. Slcayun areiaarsl XanblKapanslk Ka3ak-Typik yHusepcuteTi, Typkicran, Kasakcran;
2 Kasak YITTBIK arpapiiblK yHUBepcuTeTi, AnMatsl, Kasakcran

KOXA AXMET ACAYU KECEHECIHJEI'T KY¥/JIbIK CYBIHBIH
TY3 LIOI'MTHAICIHIH TY3UIYIHE TUT'I3ETIH 9CEPI

Annoranusi. Makama Koxa Axwmer flcaym keceHeci KEUICHIHIH ayMaFbIHIA OpPHAJIACKAH KYIBIK CYBIHBIH
XUMHUSUIBIK KYPaMBIH 3€pTTEyre apHajraH. ToxipmOenik 3epTTeyiep HEri3iHIe KbUI CailblH KYJBIK CYBIHBIH TY3
MOJTIIEPIHIH KOFapblIaFaHbl aHBIKTAIbI. AJABIHFBL 10 sxbuiMeH (2009-2018 xok.) canbicThipranga 2019 KbuTbl iIKi
KYIBIKTa Ty3 Menepi 1,5 ece, aim ChIpTKbl YHFbIMaJa IaMaMeH 2, 3 ece jKorapbularaHbl alKbIHAAIABI. MYHBIH
cebebi petinae atMocdepalbiK aya, TOTBIPAK, 6CIMIIK JKoHE 0acka Ja KOpIIaraH OpTa HbICAHIAPBIHBIH KapKBIHIBI
JIaCTaHybl, OChl KAJIJBIKTAp HOTHIKECIH/E KYPBUIBIC JKYMBICTAPhl KOJIEMIHIH apTybl, KbI3MET KOPCETETIH KOJIKTEep
CaHbl )KoHe OlpKaTap »aHa aHTPONOTreH/IIK (haKTOpIIap/IbIH Mai1a O0ybIH aFa TapTyFa Ooaibl.

Makasajga COHbIMEH KaTap TaOMFH JKOHE KIMMATTBIK JKarJaliblH e3repyiH, aran alTKaHia, ap ail OolbIHILIA
JKaybIH-IIAIIBIH MeuIepiH cunarraiTelH Kazakcran PecryOnukaceinbiH Kasrumpomer ManimerTepi KapacTbIpbLl-
raH. EcenTenren mManiMerTepre cyieHe OTBHIPBIIN, Cy/IbIH OyJIaHybl aiiMaKTarbl XKaybIH-IIAIIBIH MeJmepineH 4-5 ece
KeIl eKeHiH KepceTTi. bynaHny HoTHKeciH/ie bUFall KalmuisipiapMeH KOTepilil, OHbl KYPBUIBIC MaTepHallIapbIHIaFbl
Ty30€H KaHBIKTHIPAIbl. Opi Kapai, MbICalibl, KPUCTAJIIaHyJaH OTiIl, dPTYPl KaHBIKKAH TY3IBI epITiHIAI iprerac
MaTepHaIapbIHBIH OeTKi KaOaThIHIA JKOHE OJaH dpi KaObIprajapaa TY3Ibl IIOTiHIUIEPiHIH Maiaa OOTybIHA BIKITAT
ereni. Byi KarpIMCBI3 KYOBUTBIC COYIIET €CKEPTKIIIIHIH TYPaKTBUIBIFEI MEH CAKTaTybIHBIH a3alOblHA OKENeTiH
(dhakroprapabig 0ipi O0JIBIT caHaIabl.

Kenreren KaiiTa KaJIblHa KENTIPy >KYMBICTaphl, IIYFbUI KOHTHHEHTAIbbl KJIMMAT, COHBIMEH Oipre yakbIT Ta
Koxa Axwmer fcaym keceHeciHe ocepiH THTI3il OThIpraHbl Oenrimi. OcblFaH OalIaHBICTBI, MOJACHU MYpPaHBIH
KBUDKBIMANTBIH HBICAHBIHA JKOJIOTHSIIBIK MOHUTOPHHI JKYPTi3y, MOCEJICHIH ayKbIMbl MEH I'€HE3UCIHIH OOBEKTHBTI
KOPIHICIH OHJICY YKOHE YCHIHY/bIH MaHBI3bI apThIIl Kelie/li. ¥ HFBIMAJIBIK CyJbIH XUMUSUIBIK KYpaMbIH TaJlay THICTI
I'OCT-ka calikec TUTPOMETPHUSUIBIK, TIOTEHIIMOMETPHSUIBIK )KOHE CTaHAAPTTHI SicTep HEeri3iHae XKypriziui.

Tyiiin ce3nep: Koxa Axmer Slcaym keceHeci, KYIbIK Cybl, XUMHSUIIBIK Kypambl, Ty3 KOpBI, (akTop, eckepr-
KIIITEP/iH CaKTatybl.

AJI. Ax6acosa!, H.IL. Ay6akupos?, I'.JI. Anap6exosa?, I'.A. Caunosa’

"MexmyHapoHbIf Ka3axcKO-Typenkui yausepcuteT mmenn X. A Scasu, Kazaxcran, TypkecTan;
?Ka3zaxcKuii HAMOHAIBHEIN arpapHbIii yauBepcuTeT, Kazaxcran, AMarsl

POJIb KOJIOAE3HBIX BOI MAB3OJIES XO1K AXMEJIA ACABU
B OBPA30BAHIU BBICOJIOB

Annotanusi. PaboTta nocasiieHa ucciaeJ0BaHnI0 XUMHUECKOTO COCTaBa KOJIOJIE3HBIX BOJI, PACIIONO-)KEHHBIX Ha
TEPPUTOPUN MaB30JieiHOro KomIuiekca Xomku Axmena SlcaBu. Ha ocHOBE SKCIEpHMEH-TaJIbHBIX HCCIIEIOBAaHUN
YCTaHOBIIEHO BO3PACTaHHE C KaKJIBIM TOJOM 3aCOJICHHOCTH KOJIOAE3HBIX BoA. OcobeHno otmmyaercs 2019 r., korna
mo cpaBHeHHUIO ¢ npensiaymmmMu 10 rogamu (2009-2018), mponzomen pe3kuii pocT OOIIEro CoAepKaHus COJeH B
1,5 pa3a Bo BHyTpEeHHEM KOJIOJIIE U MPUOIM3UTEIHHO B 2,3 pa3a Bo BHeNTHEeM Kouore. OCHOBaHHUEM STOTO SBISACTCS
WHTEHCHUBHOE 3arpsi3HeHHe aTMOC(hEepHOro BO3[yXa, MOYB, PACTEHUI M APYIUX OOBEKTOB OKPYXKAIOIIEH Cpeibl 3a
CYET yBEJIUYEHHUS 00HEMOB CTPOUTENBHBIX paboT, 00pa3yIOLINXCs IPU ATOM OTXO/I0B, KOJMYECTB 00CITYKHUBAIOIIETO
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aBTOTPAHCIIOPTA U TIOSBICHUEM psiJia HOBBIX aHTPOIOICHHBIX (AKTOpOB. B craThe Takke pacCMOTPEHBI JaHHBIC
Kasruapomera PecnyOmukn Kaszaxcran, XapakTepu3yrolne H3MEHEHHE IMPHUPOTHO-KIMMATHYSCKUX YCIOBHUH, a
HMEHHO KOJHMYECTB aTMOC(EPHBIX OCAIKOB MO MecsiaM. Ha OCHOBe pacueTHBIX MaHHBIX HAMH IOKAa3aHO, YTO
HCTIIapeHHe BOJBI B 4-5 pa3 MPeBHIIIACT KOJUIECTBO BBHIIAIAIONINX B PETHOHE aTMOC(EpHBIX 0calkoB. B pesynbrate
WCTIApEHUsT MPOUCXOJUT TMOAHITHE BJIAarM MO KalWwuUlsipaM W €€ JOMOJHUTEIbHOE HACBILIEHHE COJIMH,
HAXOJAIIMMUCS B CTPOUTEIBHBIX MaTepuanax. OOpa30BaBIIMIACS HACHIIICHHBIN COJICBOW PacTBOp, IMOABEPrasich
Pa3IMYHBIM MpeoOpa3oBaHUAM, HAPUMED, KPUCTALIU3AIUH, CIIOCOOCTBYET 00pa30BaHUIO COJICBBIX OTJIOKCHHHA Ha
MMOBEPXHOCTH MaTepUaIoB (PyHIAMEHTa W Jnanee cTeH. JlaHHOe HEeraTWBHOE SBIICHUE SBISIETCS OJHUM U3 (PaKTOPOB,
MPUBOASAIINX K CHIKCHUIO yCTOMYMBOCTH U COXPAHHOCTH apXUTEKTYpHOT'O TAMATHHKA.

M3BecTHO, YTO MHOTOYHCIICHHBIE pECTaBpalliy, PEe3KOKOHTUHEHTANBHBIH KIWMAaT W, KOHEYHO, BpeMs
0€3)KaITOCTHO OCTAaBWIIM CBOM CJie]l Ha MaB30JIeHHOM KOoMIUIeKce Xomku Axmena ScaBu. B cBs3u ¢ 3TUM Bo3pactaer
3HAYCHHE OSKOJIOTHYECKOTO MOHHUTOPUHIA HEIBIKUMOIO OOBEKTa KYyJbTYPHOTO Haciemus, oOpaboOTKH U
MPEACTAaBICHUS OOBCKTHUBHON KapTHHBI MAcimiTabOB M TIeHEe3uca MpoOJieMbl. AHAIM3bl XMMHUYECKOTO COCTaBa
KOJIOJIE3HBIX BOJ TPOBEIACH TUTPEMETPUUECKUM MeTogoM 10 coorBercTByrommM ['OCTam, a Takxke
MOTEHLIMOMETPUYECKUM METOJIOM U CTAHAAPTHBIM METOJIUKAM.

KaoueBble cioBa: MaB3ojeld Xomka Axmena flcaBu, KOJIOAE3HBIC BOJBI, XMMHYECKHI COCTaB, COJICBBIE
OTIIOXKCHHUS, (PaKTOP, COXPAHHOCTH MAMSITHHKA.
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JIOKTOP BETEpUHAPHEBIX HAyK, podeccop, akanemuk HAH PK
TOO «baiicepke-Arpo» AnmaruHckas obnacts, Kazaxcran.
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Wms Temupxana MeiHaiinapoBuya JlocMmyxaMOeToBa K HACTOSILEMY BPEMEHH U3BECTHO MHOTHM IO
MOKa3aTelsiM, KOTOPbIe OBLIN IOCTUTHYTHI UM B Pa3IHYHON c(hepe ero AesaTeIbHOCTH.

W3BecTHO, 9TO I TOCTHKEHHS XOPOIIWX Pe3yJbTaTOB TpeOyeTcs IMONHas caMooTiada, coOpaH-
HOCTb, BBIOOp MPABUIBHOTO HAIPABJICHUS JOCTHKCHUS 1SN, YMCHHE BBITTOJHATH IOCTaBICHHBIC 3aauH,
UCKJIIOUYHTENbHAS TPeOOBATEIBHOCTh K ce0e M COTpyIHUKaM. Bce yka3aHHbBIE KauecTBa MPUCYTCTBYIOT y
Temupxana MeIHaTapoBrIa, OH HUKOT[a HE HCKaJI OKOJIBHBIX ITyTeH K mobee.

«Ilobexnath, a He caBaThes!» — BOT MOMXOAALIMNA JJIsl HETO AEBU3 M HE TOJIBKO B CIIOPTE, HO U TI0
JKU3HH B LETIOM.

HaunGonee momHO WHTETrpalusi HANpaBJICHUH NEATEIEHOCTA MPOSBISIETCS B CEIBCKOXO3SHCTBEHHOM
MPOM3BOACTBE KaK HanOoJee CI0KHOM M BeCbMa HEOOXOANMOM ISl TOCYAapCTBa ITyTH €r0 Pa3BUTHAL.

OmnbIT paboTh! nccnenoBarenbekux yHuBepeuteToB CLIA, ['epmanuy u Apyrux BeAyIIUX CTPaH MUpPa
CBUJICTENILCTBYET, YTO BBICOKOE KadeCTBO IOATOTOBKH CIICIUAJMCTOB OOECIIEYMBACTCS TPU YMEIOM
COYETaHNY HAyIHO-TIPOU3BOJICTBEHHOM NEATCILHOCTH U yaeOHOTO Tporiecca [1].

[Ipu stoM crnemyer ocobo 0OpaTUTh BHUMAHHWE HAa OPTaHHM3ANMIO XO3SHUCTBYIOIIUX CYOBEKTOB,
o0ecreunBaloUIMX B3aMMOCBSI3b COBPEMEHHOTO YpOBHA 0Opa3oBaHMsA, HAYYHOW W TPOU3BOACTBEHHOM
JIeSITeTFHOCTH.

K ogHOMy M3 TakMX yupexIeHHH, I'le yMeJIOo coueTaroTcsi oOpa3oBaHHe, Hay4YHasl JESTEIbHOCTh U
npou3BoACcTBeHHas cdepa MoxxkHO oTHecTH TOO «baiicepke-ATrpo», OCHOBHBIE HAallpaBJICHUS Pa3BUTHS
KOTOPOTO SIBIISTIOTCS )KHBOTHOBOJICTBO U PACTEHUEBOICTRBO.

[Ipu 3TOM KITIOYEBYIO POITb B TIOATOTOBKE KAJAPOB TAKOTO YPOBHS MTPAIOT MPETIOAABATEIH, HIMEIOIINE
IyOOKHe 3HAHUS B CBOCH MPOGECCHOHANBLHON NEeATeIbHOCTH, OE3yNpeuHO BIIAJCIONINE METOOJIOTH-
YeCKUMH TpUeMaMH OCYIIECTBICHUS HAyYHO-TIPOU3BOJICTBEHHON IESITeThHOCTH, MPAKTUISCKIMH HaBbI-
KaM{d TIPOBEICHHS] HAYYHBIX HCCIENOBAaHWHA 10 aKTyaJbHBIM HAaIlPAaBICHUSM arpapHOdl M B IEIOM
OHMOJIOTUYECKON HAYKH, TPU HETTOCPEICTBEHHOM YYaCTHH CTYACHTOB U JIMII, OKOHYUBIIUX BY3 [2].

Taxas cBs3b 00pa3oBaHMs, HAYKU U IPAKTUKH, IPH YMEJIOH OpraHu3aluy Mpolecca IpOU3BOACTBA CO
croponsl pykoBoautenst TOO «baiicepke-Arpo» T.M.JlocmyxanOeToBa, IO3BOJMIIA HE TOIEKO TOTOBUTH
Ka4eCTBEHHBIX MOJIOJIBIX CIICI[UANICTOB, HO W HAYYHBIX pabOOTHUKOB (MarucTpaHTOB, JAOKTOPAHTOB), a
TaKXe JOCTUYb BEICOKUX MPOU3BOACTBEHHBIX MTOKA3aTEIEH.

Taxk, Ha 0a3e MaHHOTO XO3AWCTBA, €r0 MPOU3BOJICTBEHHOM CEKTOpPE, TA00PATOPHUIX, T/IE MIPUBICYCHBI
K HayYHOMY TIOWCKY CTYyJIE€HTBI, MAarMCTPAaHTHI, MaruCTPBI, JTOKTOPAHTHI, KaHAWIATHl W JOKTOpa HayK,
YCIICIIHO PEIIAIOTCSI MHOTHE HAy4YHBIE BOIPOCHI, MMEIOIIIE BaXKHOE MMPAKTHIECKOE 3HaueHHne. PykoBoau-
TEJISIMH Hay4YHBIX TEM M Pa3[esioB ABISIOTCA akaaeMuku HanumonansHOH akamemMun Hayk PecmyOmuku
Kazaxcran, B 4aCTHOCTH:

- akagemuk CaruroB AGaii Opa3oBHY, IOKTOp OHOJIOTHYECKUX HAyK, Npodeccop, TeHepalbHBIN
JUpeKTOop arpomnapka « OHTYCTiK»

- akanemuk MiBanoB Hukomaii [leTpoBud, JOKTOp BETepHHAPHBIX HAYK, Ipodeccop;

- akagemuk OpazanmeB Paxum AnMaOekoBHY, TOKTOpP CEINbCKOXO3SMCTBEHHBIX HAyK, Tpodeccop,
TeHETHK-CEIEKIIMOHEDP B PACTEHUEBOCTBE;

- akagemuk CanpikynoB Toneyxan CalbIKyJOBHY, JOKTOP CETbCKOXO3SIHICTBEHHBIX HayK, Ipodeccop,
TE€HETHUK-CEJIEKIIHOHED 0 KUBOTHOBOICTBY.
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K »TuM cBeTmiiaM MOATAHYIUCH M MOJIOJbIE YUEHBIE, KOTOPBIX TaKO€ COTPYIHHUYECTBO yAepKajlo B
Hay4YHOH cdepe, noiaroe BpeMsl cuuTaBllelcs OecrmepcrneKTHBHOM. OHU TOJIYYMIM BO3MOKHOCTD
PacKphITh CBOHM MOTEHLMAJ, peulas aMOMIMO3HBIE 3ama4u B CTpykType Bayserke Agro. Koneuno, 310
CTaJIO0 BO3MOXKHBIM IIPH XOpOILEH OpraHm3alyy TPyAad, MCIOIb30BAHUHM PE3YJIbTATOB UX MHOTOJIETHEH
HAyYHOU AESITEeIbHOCTH, CO3aHUS YCIOBUN I POBEACHUS HAyYHO-UCCIEA0BaTEIbCKUX paboT.

Tak, TOmbKO B IIOCIEAHEE BpeMs B pe3ylbTaTe IPOBEIEHHBIX HccienoBannii Ha Oaze TOO
«baticepke-Arpo» B 007aCTH BETCpUHAPUHU W IHUIICBOM OE30MACHOCTH B OTHOCHUTEIIBHO KOPOTKHE CPOKH
pelIeHbl BaXHbIE, C TPAKTHYECKOM TOUYKH 3pEHMS], 3a]1a4l, & UMEHHO:

- BIEPBBIC AMATHOCTHPOBAHO paHee He perucTpupoBaHHOe Ha Tepputopumn PK 3aboneBanme rmna3
cpeau 3aBe3eHHOro norojioBbs KPC nopoast AGepanHo-AHTYC MSICHOTO HanpasieHHUs IPOIYKTUBHOCTH;

- BrepBble pazpaboraH antureH ans nocraHoBkun PCK/PICK, KoTopblii TO3BOJSET BBISBIATH
JaTeHTHBIE (CKPBITHIE) HOPMBI M KITMHUYECKH OOJIEHBIX MOPAaKCEIIE30M KHBOTHBIX;

- BIIEpBBIC pa3pabOTaH TEpaneBTUICCKUN Npenapar IJisl JICUSHHUS Ti1a3, MOPaKCHHBIX MOPAKCEIIIE30M,
MIpUMEHEHNE KOTOPOTo, B TeueHue 7-10 qHEH, MO3BOJISET MOTHOCTHIO JIMKBUINPOBATH 3a00JIeBaHNE;

- BIIEpBBIE pa3pabOTaH METO/ UCCIIEOBAHUS MOJIOKA KO3 U BEpOITIOAUI] Ha OpyIiesies;

- BIIEpBbIE pa3paboTaH METO] HCCIEAOBAaHUA MOJIOKa KOOBLT HA calbMOHEIIE3;

- BIIEPBbIE HAYYHBIMHM M NPAKTHYECKUMHU PAOOTHHKAMH pa3pabOTaH MMMYHOJIOTMYECKUI TecT i
omnpeneneHus (hanbcUPUKAIUN MOJIOKA KO3 TIPY pealTi3alliy ero Ha PhIHKaX M3 YaCTHBIX MTOJIBOPHIA;

- srepsble B TOO «baiicepke-Arpo» yCTaHOBICHBI PUCKH BO3MOKHOTO TOSIBICHHS U AaJbHEHIIEro
paciipocTpaHeHusl Ooyie3HEl Cpean CeIbCKOXO3SHCTBEHHBIX >KUBOTHBIX, YTO SIBIISICTCS Ba)KHOW MpenIo-
CBUIKOH NIpH pa3pabOTKe HNPOTUBOSIMHM300TUYECKUX MEPONPHUATUI U MOXKET OBITh IKCTPAIONMPOBAHBI B
JOpYyTUe XO3IUCTBYIOMINE CYOBEKTHI.

B xwuBoTHOBOZACTBE, KOoTOpoe B TOO «balicepke-Arpo» SBISETCS TakKe MHOTONPOQPUILHBIM,
3aHUMAIOTCS BBIPAIMBAHUEM IUIEMEHHOTO KPYIIHOI'O POraToro CKoTa MSCHOIO (Kas3axckas Oesorosnosas,
ayJeKobcKast, repedopa, abepANHO-aHTyChl) M MOJIOYHOTO (TONIITHHO-(QpHU3CKast) HApaBICHUH MTPOITYK-
TUBHOCTH, OBIICBOACTBOM — TpyOomiepcTHbe (enmnbaiickas, rHccapckasi) ¥ TOHKOPYHHbBIE (Ka3aXCKHUM
MHPHUHOC), KOHEBOACTBOM (Oosiee 10 pa3mMIHBIX MTOPO.), BEPOIIIOTOBOACTBOM (IpoMenaphl U OaKTPHAHE),
MYEIOBOJCTBOM, PHIOOBOJICTBOM M JIPYTMMH OTPACIIsSIMU CEIBCKOTO X03s1iicTBa. Kpome TOTO, pasBUBaroOT
o0macTp mepepabOTKM TONYYEHHOH TNPOAYKLUWH, CEJNEKUUH TJIEMEHHOTO BBICOKOTEHETHYECKOTO
MIOT'OJIOBBSI CKOTA IyTEM CyppOTraTHOTO MAaTEPHUHCTBA U CEKBUHUPOBAHMS CEMEHH >KUBOTHBIX.

PyxoBoacTBoM x034iicTBa Bo riase ¢ Temupxanom MbiHaiinaposuieM JlocMyxaH0eToOBBIM pa3pa-
00TaH psAa OPTaHNU3aLMOHHO-XO3SHCTBEHHBIX U CAHUTAPHBIX MEP 10 HAIAXHUBAHHUIO MPABUIIHBHOTO HAYYHO-
000CHOBaHHOTO KOPMJICHHSI, yXOla M COAEpKaHMs. beiim momoOpaHsl KOpMa C ONTHMANbHBIM COOEp-
KaHUEM B HMX YIJICBOJOB, IIEpEBApPUBACMOr0 NMPOTEHHA, COOTHOIIEHUS CYyXUX BELIECTB CTPYKTYPHBIX U
KOHIICHTPUPOBAHHBIX KOPMOB, HAJTMUUE CBHIPOH KJIETUYATKH M KOMIICHCHPOBaHNE BUTAMUHOB H MUHEPAIIOB
3a cYeT MPEMHKCOB, OEIKOB, MAKPO- 1 MUKPOMHHEPAJIBbHBIX BELIECTB, BUTAaMUHOB. HaiineHs! onpeneneH-
HbIE UMMYHOCTHMYJISITOPBI, OMOJIOTMYECKN aKTUBHBIC HOOABKU Ul Pa3JIMYHBIX HOJOBO3PACTHBIX TPYII
JKUBOTHBIX C Pa3HOH MPOJYKTUBHOCTBIO.

K nacrosmemy Bpemenu B TOO «baiicepke-Arpo» cyTouHBIE HaZOM MOJIOKA OT KaKAo# (ypakHOU
KOpoBHI gocturator 70-75 kr, macca 4-X MeCSYHBIX SATHAT cocTaBiseT 45-50 u Gonee Kr, 4To MpUOIHU-
JKACTCS K MUPOBBIM PEKOPIHBIM NOCTIKEHUsM. [loka3aTenb BOCTIPOM3BOICTBA cTana kKojebancs ot 90-95
temsT Ha 100 KopoB, a JeoBOH BBIXOJI MOJIOJHSIKA COCTaBIsIeT He MeHee 90 mpoLeHTOB.

UzBecTHO, uTO 5((EKTUBHBIMH COCTaBJISIONIMMU BBICOKOW YpOKailHOCTH JIO0O0H CEeIbCKOXO-
3AHCTBEHHON KyJIbTYpPBI SBJSIETCS COYETAHHE HAMWYIMS Kaue€CTBEHHOI'O [IOCEBHOI'O MaTepHasa, IIPaBUIbHO
Mo00paHHON TEXHOJOTHH €ro BO3/ETBIBAHUSA C YYETOM IOYBEHHO-KIIMMATHUECKUX YCIIOBUI M TEXHU-
4eCKOil 00eCTIeYeHHOCTH BBICOKOKIJIACCHBIMU MAalllMHAMH U 000pYyJOBaHHEM, CBOCBPEMEHHON KauecTBEH-
HOU yOOpKOH yposkasi ¢ mocieayome nepepaboTkoil 10 KOHEYHOTO MPOAYKTA.

Becbma BayKHBIM TEXHOJIOTHYECKUM 3JIEMEHTOM IIPH BBIPAIIMBAHUU CEJIBCKOXO3SIMCTBEHHBIX KYJIbTYD
ABJISICTCSl IPaBUIIbHO monoOpaHHasi cucteMa opoienus. B arpoxongunre «balicepke-Arpo» BIiepBbIC B
Kazaxcrane pa3pa0oTaHO M BHEAPEHO, MO MHMIMAaTHUBE TemupxaHa MplHaligapoBHuda, MOATIOYBEHHOE
KaleJbHOE OpOIIEeHHE, KOTOPOE TO3BOJSET HE TONBKO 3KOHOMHTH IOJNIMBHYIO Boay no 70-75%, HO
CHU3UTH pacxoisl ynoOpeHHH W CpeACTB 3aliuThl pacTeHui. llpm 3TOM yBenuunMBaeTcss KadecTBO U
KOJIMYECTBO ypoxkas. Tak, yposkallHOCTb KyKypy3bl, SIYMEHS, COM M JIIOLEPHBI OblIa HA MOCEBHBIX MOJISAX
TOO «baiicepke-Arpo» BBIIIE TPaAUIMOHHON Ooiiee 4em B 2 pa3a. BHeApsIoTCsS pa3IuvHbIE BUIBI
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37IaKOBBIX KYJIBTYp (TIICHWIA, TPUTUKANIE). BBICOKOH, HepeaKo peKOpAHONW YpOKaHHOCTH JOCTHTaroT M
JIpyrue KyJIbTyphl, B YaCTHOCTH, NIPH BBIPAIIMBAHUM TIOMUIOP B TEIUIMLE NOIy4atoT 6onee 50 Kr oBomei
C OJJHOTO KyCTa.

ITomumo sToro, Ha 6aze arpoxonmmnra JocmyxamberoB Temupxan MbIHaWIapOBHY OPraHU30BAI
y4eOHBII Hay4YHO-TIPOM3BOJCTBEHHBIN LIEHTP, MO3BOJIOIIMI YYEHBIM pa3pabaTbiBaTh KOMILIEKCHYIO
CUCTEMY TIOBBIIICHUS YPOXKAHHOCTH CEIbCKOXO3SMCTBEHHBIX KYJNbTYp, YBEIUYEHUS NPOAYKTUBHOCTU U
TUIEMEHHBIX Ka4eCTB )KHUBOTHBIX, 00CCIICUCHHsI BETEPUHAPHOTO OJarononyyns, a Takxke Ha npumepe TOO
«baiicepke-Arpo» ocymecTBISATh NOBBIICHNE KBATH(UKAILIMN CIIELUATUCTOB M BHEAPSITH B IPOU3BOACTBO
JIOCTHKEHHS HAyKH U NIEPEJOBOT0 OMBITA.

[lomy4yeHHble BBICOKHE pe3ylbTaThl paboThl MHOrOmpoduibHOro arpoxoiauHra «baiicepke-Arpo»
MOKa3bIBAIOT MPOHUIATETIFHOCTE pyKoBoauTenss Temupxana MpeiHalimaposuua JlocmyxamGeToBa H
MPaBUIBHOCTh IPUHUMAEMbIX UM PELICHUH 110 MPUBJICUYECHUIO MOJIOJEKH M0JTyyaTh 00pa3oBaHue, coueTast
TEOPHIO B ayAUTOPHSAX BBICIIEH IIKOJIbI C IPAKTUYECKUMU 3aHATHAMH B cepe IPOU3BOACTBA, IIPOBOAUTH
Hay4YHBIC M3BICKAHUS B PELICHUU aKTyalbHBIX BOIIPOCOB CEJIBCKOIO XO3SICTBA, MOBBIIATH TPOU3BOAU-
TEJBHOCTh TPYAa U PeHTA0EIbHOCTb.

HmenHO ymenas MOATOTOBKA KaIpoB, CHMOMO3 HAyKH M NMPOW3BOJCTBA, HMPaBHIbHAS OPraHU3aLM
TpyJa MO3BOJISIOT HanboJiee TOYHO OCYIIECTBIIATh MPABHIBHBIA TpaHC(EpT TEXHOIOTHIECKUX MTPUEMOB U
TEXHUKHM B peanbHoe Mpous3BojacTBO Ha mmiomankax TOO «baiicepke Arpo» M Ha IpPaKTHKE OKa3aTh
BO3MOKHOCTb TOJTYYEHHS BBICOKHX PE3YJIbTAaTOB CENbCKOXO3SIMCTBEHHOTO IMPOM3BOICTBA B COBPEMEHHBIX
ycnoBusix KaszaxcraHa, 3TO M SBUJIOCH CEKPETOM ycCIexa pYKOBOIUTENs arpoxosnunra Bayserke Agro
Temupxana MsiHaiinaposuya /locmyxamb6eronal

Hoxmop eemepunaphvix Hayk, npogheccop,
akademuxk HAH PK — Heanos Hukonaii [lemposuu
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YBaxxaemble aBTOpPbI HAaYYHbIX KypHaaoB HAH PK!

IIpesummymom HAH PK npussTOo pemenue, B LENsIX ITOBBILICHUS
MEXIYHAPOJHOIO PEUTUHIA aKaJeMUYECKUX H3AaHUH, OOBbEAMHHUTH CIEAYIOIIHNE
3 »xypHana, HaunHas ¢ Ne 5 (ceHTs10pb-0KkTA0ph), 2020 T., ¢ BBICOKOPEHTUHTOBBIMU
xypHanamu HAH PK, Bxoasmumu B MexxayHapoaHbie 6a3bl Scopus, WoS u ap.:

1. «3BecTuss HAH PK. Cepusi 0Mo10ru4ecKux ¥ MeJMUUHCKUX HAYK»
00beTMHUTH C XypHaiioM «Jlokmaast HAH PKy;

2. «M3BecTust HAH PK. Cepus arpapubix Hayk» — «Jloknaast HAH PKy;

3. «M3BecTst HAH PK. Cepusi 0011eCTBEHHBIX 1 TYMAHUTAPHBIX HAYK) —
c )xypHanoM «Bectauk HAH PK».

Cratbu, KoTOphIe MybnukoBasiuch B xypHanax «M3Bectus HAH PK. Cepus
ounonornyeckux u menunuHCKkuxX Hayk» U «M3ectuss HAH PK. Cepus arpaphbix
HayK», Bpeab OyayT nmyonnkoBaThes B )kypHaiie «lokaaasl HAH PK», a cratby,
nyonmukyembie B okypHane «M3Bectmsi HAH PK. Cepust oOmiecTBeHHBIX W
I'YMaHUTapHBIX HAYK», — B )KypHaie «Bectnuk HAH PK».

[Ipu nogaue craTeil MpocHM yKa3blBaTh HAa3BaHUE JKypHAJla U OTPACIb HAYKH,
COTJIACHO MPEACTABICHHOTO NMEepeyHs (CM. HUXKE) B JaHHOM Ky pHaJie:

I. Hayunsni xypran «Becrnuk HAH PK» mocesmien wucciienoBanusM (yHIaMEHTAIBHONH HayKd
(TyMaHUTapHBIE U €CTECTBEHHEIE):

PC,HaKL[I/IOHHaH KOJUIETHUA IPUHUMACT CTAThH 110 CICAYIOIUM OTPACIISIM HAyKH:

1. 'ymanuTapHsle (3KOHOMHKA, IOPUCTIPYACHINS, HCTOPHS U apPXEOJIOTHs, HOIUTONOTHSI U COLMOJIOT NS,
¢unocodusi, huitonorus, neparoruka U MCUX0JOTUs, IUTEPATypOBEACHHE, HCKYCCTBOBEICHHUE)

2. EcrectBeHHbIe (acTpOHOMHUS, (H3MKa, XMMUSsI, OHOJIOrHs, Teorpadus 1 TeXHHYeckue Haykn). [Ipumepst
TEXHHYECKHX HayK: KOCMOHABTHKA, KOpalOiecTpoeHHe, MalIMHOCTPOEHHE, CHCTEMOTEXHHKA, JJIEKTPOTEXHHKA,
NIEKTPOCBA3b, PAAUOIEKTPOHUKA, SIAEPHAS SJHEPreTHKA U T.[.

Anpec cainta «BectHuk HAH PK» — http://www.bulletin-science.kz/index.php/en/arhive

II. Hayunsiii xypuan «Joxmaagst HAH PK» mocBsiieH wuccieoBaHUSM B 00JacTH TOJTYYCHUS
HAaHOMATEPHAJIOB, OMOTEXHOJIOTUH ¥ SKOJIOTHH.

Pe}IaKLII/IOHHaﬂ KOJUJIET U MPUHUMACT CTATbH IO CJICAYIOINUM OTPAC/IsIM HAyKU:

1. [TomyyeHre HAHOMATEPHUAIOB B OOJIACTH SCTECTBCHHBIX HAYK, MEJUIIMHBI U CEIBCKOTO XO35HCTBA.
2. broTexHoNOTHs B 3eMIICICIHU, PACTCHUEBOJICTBE U 300TCXHHUKE.

3. OO0mias OmoIorus U OMOTEXHOJIOTHS B MEAUIINHE.

4. DKOJIOTHS.

Appec canta «doknaabl HAH PK» — http://reports-science.kz/index.php/en/archive

Kpome Ttoro, B xypHamax «M3ectuss HAH PK. Cepus ¢usuxo-
marematudeckas», «M3Bectuss HAH PK. Cepus xumMuu U TEXHOJOTHI» H
«13Bectuss HAH PK. Cepus reonorun u TEXHUYECKHX HAYK» TAKXKE YKa3aHbI
oTpacid HayKd, IO KOTOpbIM OyAyT TPUHUMATHCS HAy4dHbIE CTATbU IS
AKCIIEPTHU3HI U TATBHEUINET0 Oy OIUKOBAHMS:

III. Hayunsrii xypHan «A3Bectuss HAH PK. Cepusi puszuko-mareMmaTudecKkas MOCBAIIEH HCCIETOBAHUIM
B 00J1aCTH MaTeMaTukH, (PU3UKU B HH(HOPMAITMOHHON TEXHOJIOTHH.



Pe,[[aKI_[I/IOHHaH KOJUIETHUS IPUHUMACT CTAThU I10 CIEAYIOIIUM OTPAC/IIM HAyKH:

. Marematuxka.

. Uudopmaruxa.

. aTemiekTyanbHbIi aHAIN3 JaHHBIX M Paclio3HaBaHUE 00pPa3oB.
. MaTteMaTHYeCKoe MOJICTUPOBAHKE COITHAILHBIX K IKOHOMUYECKHUX MPOIECCOB.
. Mexanuka.

. MexaHuKa MalivH ¥ pOOOTOB.

. Teopus ynpaBiieHHsI 1 KOCMAYECKHE UCCIICIOBAHUS.

. ®uzuka.

. SlnepHas pusmka.

10. Teopetnueckas puzmka.

11. ActpoHomusl.

12. Monocdepa.
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Appec canta «UN3BecTna HAH PK. Cepus cpmusamko-maTtemaTnyeckasa» —
http://physics-mathematics.kz/index.php/en/archive

IV. Hayunsiit xypraan «3Bectuss HAH PK. Cepust XMMuUM M TeXHOJIOTHID» MOCBSIIEH UCCIENIOBAaHUAM B
00J1aCTH XMUMHH U TEXHOJIOTHH HOBBIX MaTepPHAaJIOB.

PeﬂaKHI/IOHHaﬂ KOJUJICTU IPUHUMACT CTATBbU IO CJICAYIOIINUM OTPACISIM HAyKU:

. Opranmyeckas XUMHS.

. Heopranuueckas xumusi.

. BeicokOMOneKysIpHBIE COEANHEHUSI.

. ®usnueckas XuMus (KaTaau3, JIEKTPOXUMHUS).
. TexHomorus HOBBIX MaTepUAIIOB.

. TexHOIOTr sl OpraHN4YeCKHUX BEIIECTB.

. TexXHOJIOTrusI HEOPTaHMUECKUX BEIIECTB.

. TexHonoruss XMuMHYECKUX YAOOPECHUI.

. TexHONOrMs MOJTUMEPHBIX U CTPOUTENBHBIX MAaTEPUATIOB U CUIIUKATHL.
10. TexHoIOrUs MUIIEBBIX IPOTYKTOB.

11. ®apmaneBTHUECKass XUMUSL.
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Appec caiita «U3Bectus HAH PK. Cepusi xXumuu n TexHonormm» —

http://chemistry-technology.kz/index.php/en/arhiv

V. Hayunsiii xypran «U3Bectusi HAH PK. Cepus reosiorum M TeXHHYECKHX HAYK» TIOCBSIICH
UCCIIEJOBAaHMAM B 00JIACTH T'€OIOTUH U TEXHMUYECKUX HAYK:

Pe}IaKLII/IOHHaﬂ KOJIJIETUs IMPUHUMACT CTATbH IO CJICAYIOIINUM OTPAC/IsIM HAyKU:

. 'eonorus.

. PernonanbHas reosorus.

. [lerponorus.

. l'eomorus vedtH 1 raza.

. 'eonorus u rese3uc pyaHbIX MECTOPOXKIEHUI.
. 'maporeosnorus.

. T'opHoe neo 1 reoMexaHuKa.

. @yHIaMeHTaIbHBIE TPOOIEMBI 00OTAICHUS MUHEPAIEHOTO CHIPHS.
. mxeHepHast reosiorusi.

10. T'eousuka u cericMoIorHsl.

11. Teorpadust.
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Appec cainta «M3Bectnsa HAH PK. Cepus reonormm n TexHM4eCKMX HayK» —
http://www.geolog-technical.kz/index.php/en/archive



