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In this scientific article the influence of enzymatic treatment on the quality of meat products from non-
traditional raw materials (camelina, horse meat, mutton, beef) was studied. Bromelain (0.5-0.2%), papain (0.1-0.3%)
and ficin (0.1-0.5%) as well as their combination were used as enzymes. To improve functional and technological
characteristics, a multicomponent brine containing plant components (sea buckthorn powder, pumpkin powder and
goji berry extract, rosemary extract), plant enzymes, phosphates and protein hydrolysates were used. The results
showed that the use of enzymes contributed to the softening of the meat structure, improving the juiciness and
tenderness of the product. The most pronounced effect was observed in samples treated with papain, while ficin had
the greatest effect on mutton and beef. The study of pH dynamics showed that without enzyme treatment, pH increased
to 6.67 after 5 days, indicating initial signs of spoilage. At the same time, the combined application of enzymes kept
the pH at a stable level (6.20), which helped to extend the shelf life of the product. Thus, the use of proteolytic enzymes
in combination with multicomponent brine improves the texture, organoleptic characteristics and functional and
technological properties of meat products, which can be recommended for industrial production.

Keywords: enzyme preparations, goji berry extract, dietary fibre, camel meat, inoculation.

NPOTEOJUTUYECKHUE ®EPMEHTHI JIJIA YIYUIIEHUSA CBOMCTB MSACHBIX
MNPOAYKTOB U3 HETPAJJUIIMOHHOI'O ChIPHA

M.O. KO)KAXUEBA, M.O-A. KAJI[JAPBEKOBA*, A.K. KYPMAHBEKOBA

(AO «AnNMaTHHCKHUIi TEXHOJOTHYeCKUIl YHUBEPCUTET,
Pecnyosiuka Ka3zaxcran, 050012, r. Aamarsl, yi. Tose 6u, 100)
DekTpoHHas ouTa aBTopa-koppecnonaenta: kaldarbekovam@mail.ru*

B oannoii nayunoii cmamove uszyueno eausHue hepmeHmMAmusHou 00PAGOMKU HA KAUeCmEo MIACHBIX
RPOOYKMO8 U3 HEMPAOUUUOHHOZ0 MACHOZ20 CbIpbs (6epOIIONCAMUNHA, KOHUHA, dapaHuHa, 206sduna). B kauecmee
epmenmos ucnonvzosanu opomenaun (0,2—0,5%), nanaun (0,1-0,3%) u Quyun (0,1-0,5%), a maxxnce ux
KomoOunauyuio. s yayuwenus (DYHKUUOHAIbHO-MEXHOI0ZUMECKUX — XAPAKMEPUCHUK npumMeHsIu
MHO2OKOMROHEHNIHbLIL PACCOJI, COOEPHCAWUT PACHUMETbHbIE KOMHOHEHMbL (NOPOUWLIOK 00/1enuxu, MuvlK6eHHbL
ROPOWLOK U IKCHIPAKM 200 200U, IKCHIPAKM PO3MAPUHQ), pacmumenbHble (epmenmol, pochamot u dexosvle
euopoauzamel. Pesynomamol noxazanu, umo UcCnonb3oeaHue (QHepmMeHmos CnOCOOCMEOBANO PA3ZMAZHEHUIO
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CHPYKMYPbL MACA, YIYUUWIEHRUIO COYHOCIU U Hedchocmu npooykma. Haubonee evipasicennolii 3¢hghexm naoniooanca
y 00pa3zyos, 06padoOmMaHHbLIX NARAUHOM, M020A KAK YUUUH OKA3b18Al HAUDObULEE 6TUAHUE HA OAPAHUNY U 206A0UHY.
Hccneoosanue ounamuxku pH nokazano, umo 6e3 gpepmenmuoii oopadomru pH yeenuuueancs 0o 6,67 uepes 5 ouelil,
YUMo ceuOemenbCmeosano 0 HA4AIbHLIX HPUSHAKAX nopuu. B mo ice epema KomOunupoeannoe npumenenue
epmenmos noszeonano yoepycusamv pH na cmaounvnom ypoene 6,20, umo cnocod6cmeosano npooieHul0 cpoxa
xpanenusa npooykma. Taxkum o6pazom, npumeneHue nPOMeOIUMUUECKUX (DEPMEHMOE 6 COUYemaHuu ¢
MHOZOKOMROHEHMHBIM PACCONIOM YIyYuidem MmeKcmypy, OpzaHoienmuueckue NoKazamenu u (QYHKYUOHATbHO-
mexHo102u4ecKUe CEOIiCIEa MACHBIX HPOOYKMO8, UMO MOMCem Oblmb PEKOMEHO08AHO ONA NPOMBIUMIEHHO20
npouszeoocmea.

KaioueBbie cioBa: (epMeHTHbIE NpenapaTtbl, IKCTPAKT SroJ TrOI:KH, MHIIEBbIe BOJOKHA,
BepOJII0KATHHA, HHbEIUPOBaHUE.

AI9CTYPII EMEC INUKI3AT HEI'BIHAE ET OHIMAEPIHIH KACUETTEPIH KAKCAPTY
MAKCATBIHIA ITPOTEO/IMTUKAJIBIK ®EPMEHTTEPII TAUJAJIAHY

M.O. KOYKAXUEBA, M.O-A. KAJIJAPEEKOBA*, A.K. KYPMAHEEKOBA

(«AJIMaTBI TEXHOJIOTHSVIBIK YHHBepcuTeT» AK,
Kazakcran Pecnyosiukacoi, 050012, Asmarsl K., TeJie 6u keui., 100)
ABTOpP-KOPPECTIOHICHTTIH 31eKTpoHIbIK momTackl: kaldarbekovam@mail.ru*

byn evinvimu makanaoa pepmenmamuemi oHoeyoin, 0acmypiai emec wuKizamman (myiie emi, HcolaKbl emi,
Kol emi, cublp emi) anvinean em OHIMOeEpiniy canacvina acepi 3epmmendi. Pepmenm peminde opomenaun (0,5-
0,2%), nanaun (0,1-0,3%) ocone ¢uuyun (0,1-0,5%), conoait-ax onapovly KOMOUHAUUACL KOIOAHDBLIODL.
DyHKYUOHAIObI-MEXHOTOZUANBIK, CURAMMAMANAPLIH  JHcaKcapmy yulin ociMOiK Komnonenmmepi (Wblp2anak;
YHmMazol, acKadaxK YHMA2bl MHCOHE 200MCU IHCUOCKMEPIHIH CbIZLIHObICLL, 2YAUIemeH CbIbIHOBICHL), OCIMOIK
hepmenmmepi, pocpammap scone aKyvisz 2udponuzammapul 6ap KONKOMROHEHMMI MY30blK KONOAHbLI0bL. 3epmmey
Hamuicenepi hepmenmmepoi Ko10any emmity KEpoliblMblH HCAKCAPMBIN, WIBIPLIHOBLIbIZbL MEH HCYMCAKMbBLIbIZbIH
apmmulipyza viknan ememinin kopcemmi. Ey aiikbin acep nanaunmen onoenzen ynzinepoe d6aiikanovl, an puyun Ko
emi men cuvlp emine anazypavim Kyuimi acep emmi. pH ounamukacvin 3epmmey hpepmenmmik onoeyciz pH 5 kyn
iwminoe 6,67-2ce Oenlin apmranvin Kopcemmi, Oyn emmin OY3vlAYbIHbIY Oacmankpl Oenzinepine calikec Keneoi.
Convimen kamap, hepmenmmepodiyy komobunayusacor pH Oenzeiiin mypaxmul Oenzeitoe (6,20) ycman mypyea
MYMKIHOIK 0epoi, Oyn em OHIMIHIN caKmay mep3imin yzapmyza viknan emmi. Ocvliaiiuia, npomeoIumMUKAIbIK
epmenmmepoi konkomnonenmmi my30viKnen 0ipze Ko10any em OHIMOEPIiHiH KEPbLIbIMbIH, OP2AHOIeNMUKATbIK
Kopcemkiwimepin jeane QYHKYUOHAIObI-MEXHON0ZUATIBIK KACUEHMEPIH JHcaKcapmaovl, OHepKICinmiK oHOipicme
K0J10aHy2a YCbIHbLIAObIL.

Herisri ce3nep: ¢pepMeHTTIK npenaparrap, rofAxu KujJeri IKCTPAKThl, TAFAMIBIK TAJILIBIKTAP,
Tylie eTi, HHbeKIHUAIAY.

Introduction reduced to their stability during heat treatment,

The growing standard of living of the ability to form gels and increase moisture- and fat-
population in conditions of deficiency of proteins binding ability of the meat system as a whole.
of animal origin has caused intensive development These properties should be taken into account
of a new direction in the technology of meat when selecting certain protein plant ingredients
products, which consists of the optimal and brought in line with the properties of the raw
combination of both meat and non-meat (primarily materials used [1].
vegetable) protein-containing food components to World experience shows the advisability of
obtain high-quality and biologically nutritious food using enzyme preparations of plant, animal and
products [1]. microbiological origin, which have proteolytic

Plant-protein compositions provide the activity and are able to partially hydrolyse meat
formation of organoleptic characteristics and proteins with an increased content of connective
structure formation of meat and vegetable tissue [2].
products; they are good surfactants and reduce the Improvement of taste, aroma and
interfacial tension of minced meat. Functional consistency of meat, stabilisation of its colour,
properties of high-protein vegetable ingredients are acquisition of specific properties in the process of
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technological processing largely depend on the
content of enzymes in meat. Meanwhile, muscles
of farm animals are characterised by low
concentration of intracellular enzymes. Some
anatomical parts of the carcass are characterised by
an increased content of connective tissue. This
causes the toughness of such meat and its slow
ripening [3].

Enzyme preparations introduced into the
raw material provide an analogous effect of protein
structure transformation to the autolytic one, while
the meat ripening process under their influence is
3-5 times faster and ends in a shorter time. Enzyme
preparations differ in specificity of influence on the
basic proteins of meat - myosin, collagen and
elastin. Under the influence of enzymes there are
significant changes in meat proteins and,
accordingly, the system of extractive substances,
which ultimately predetermines the formation of
the required consistency (tenderness), the level of
water-binding and adhesive ability, taste and odour.

This article reviews the main enzyme
preparations of plant origin used in meat
processing, as well as the influence and impact on
the quality of meat product from non-traditional
raw materials.

Bromelain, papain and ficin (also spelled
fikain) are cysteine proteases (EC 3.4.22), often
referred to as thiol or sulfthydryl proteases. They
are endopeptidases with low substrate specificity
and are able to catalyse the hydrolysis of a wide
range of chemical bonds (peptide, amide, ester) [4].

Bromelain is a mixture of cysteine proteases
isolated from the stem (EC 3.4.22.32, 24.5 kDa)
and fruit (EC 3.4.22.33, 25 kDa) of pineapple
(Ananas comosus) [4, 5] are pH 5.0-7.0 and 50 °C
[4,5]. It should be noted that a wider range
(optimum at pH 6.0-8.5 and 50 to 60 °C) was
described by Grzonka et al [3]. The proteolytic
activity of bromelain is of great interest for
numerous applications, mainly in food products
[6]: in the baking industry - to improve dough
relaxation and uniform rise, and to produce
hypoallergenic flour [6, 7], [8], [9]; in tenderisation
- as a hydrolysing agent for meat, oysters, chicken,
fish and squid [4]; anti-browning agent to prevent
fruit browning and phenol oxidation [4]; in alcohol
production - to increase the protein stability of beer
[4]; in animal feed production - to assess protein
degradation in ruminant feeds [4]; in winemaking -
to stabilise white wine (including immobilised
bromelain) [4, 5, 6, 7, 8]. Bromelain cleaves
myofibrillar proteins and collagen and causes
excessive tenderness in meat [9]. It is estimated
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that 95% of enzymes used in the USA are derived
from plant proteases such as papain and bromelain,
while microbially derived tenderisers are not
widely used [10].

Papain (EC 3.4.22.2) is a cysteine protease
derived from the latex of papaya (Carica papaya),
which is believed to play a physiological role in
plant defence against insects [11]. Papain has been
shown to have high enzymatic activity over a wide
range of pH (5.0-8.0) and 65 °C; its molecular mass
is 23 kDa. In the active site, Cys25 and His159 are
two important residues for protease activity [11].
Papain is inactivated at 90 °C. The enzyme activity
is reduced by pressure, especially at high pressure
(800 kPa) and temperature (60 °C), possibly due to
oxidation of the thiolate ion in the active site [12].
Papain is widely used as a common ingredient in
brewing and meat processing [11]. As a protein
digesting agent, papain is used to combat dyspepsia
and other gastrointestinal disorders [11, 12]. The
addition of ginger and papain powder improved the
physicochemical and sensory properties of camel
patties [11]. The recommended dosage of papain
for meat tenderisation is 0.6%, which results in
improved texture and meat quality. Exceeding the
dose may affect the quality and texture of meat
[11]. Some studies have reported the effect of
different concentrations of papain on the
development of proteolysis and sensory
characteristics of dry sausage [11].

Ficin (EC 3.4.22.3, 26 kDa) is obtained from
the latex of Ficus glabrata, Ficus anthelmintica, and
Ficus laurifolia [4, 12]. The maximum activity of
ficin is achieved in the pH range of 4.5-8.0 and
temperature range of 45-65 °C [4]. Like other
cysteine proteases, ficin requires cysteine or other
reducing agents for activation. The enzymes have
a broad specificity towards hydrophobic amino
acid residues. Ficin is irreversibly inactivated by
strong oxidising agents and iodoacetate. The
enzyme is inhibited by weak oxidising agents and
divalent metals, but the inhibition can be reversible
[13]. Ficin is a well-known plant protease used for
meat tenderisation [14], milk coagulation in cheese
production or peptide synthesis [15].

Thus, the aim of this study was to investigate
the effect of treatment with special enzyme
preparations of plant origin (bromelain, papain,
ficin) as part of a multicomponent brine of goji
berry extract, rosemary extract, pumpkin powder,
sea buckthorn powder on organoleptic and
functional-technological properties of meat raw
materials.
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Materials and research methods

The objects of the study were selected as
follows: camel, horse, beef, and mutton. Enzymes
(bromelain, papain, ficin) were used to accelerate
meat ripening.

For the multi-component brine the following
were used:

Main components:

Chilled water (2-4°C), nitrite salt (0.5-
0.6%), sugar.

Functional components:

Phosphates  (sodium tripolyphosphate,
pyrophosphate) (0.3-0.5%), protein hydrolysates
(collagen, whey protein) (0.5-1%).

Plant Ingredients:

Pumpkin powder (source of dietary fibre,
retains  moisture), sea buckthorn powder
(antioxidant, improves taste and colour), goji berry
extract (liquid) and rosemary extract (liquid).

Enzymes to improve texture and maturation
of meat:

1. Bromelain (0.2-0.5%) - enzyme from
pineapple, softens muscle fibres, improves
juiciness.

2. Papain (0.1-0.3%) - an enzyme from
papaya, accelerates meat ripening, improves
tenderness.

3. Ficin (0.1-0.5%) - enzyme from figs,
improves softness and loosens connective tissue.

Technology of brine preparation and
application:

1. Brine preparation

Brine preparation includes heating 30% of
water to 40-45°C and dissolving phosphates, salt,
sugar. In the prepared solution we add enzyme,
according to the recipe brine, protein hydrolysate,
pumpkin powder, sea buckthorn powder, goji berry
extract, rosemary extract, according to the
developed recipes. Then to this brine bring the
remaining amount of cold water 70%, brine to
homogeneity, until the complete dissolution of the
auxiliary ingredients, and cooled to 2-4 ° C, brine
filtered.

2. Salting of raw meat

Prepared pieces of meat raw material were
injected with brine, using a single-needle syringe,
in the amount of 15-20% of the weight of meat raw
material.

3. Maturation of meat raw material in brine

Further injected pieces of meat raw material
were placed in containers and poured the remaining
brine in the amount of 70%. The salted meat raw
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material is kept in various containers, allowed by
the current normative documents, in a refrigerated
chamber, at that the temperature of meat raw
material should not exceed the temperature of 0-
40C, during 24-48 hours.

4. Massaging of salted meat raw material

Massaging of salted meat raw material was
carried out under vacuum in a tenoriser for 3 hours
with the addition of 10% of multi-component brine in
2 stages, according to the following mode of rotation:
stage 1 (1 hour) - rotation for 20 minutes at 16 rpm,
20 minutes of rest; stage 2 (2 hours) - rotation for 20
minutes at 10 rpm, 20 minutes of rest).

Methodology for the determination of pH
in meat products:

Before starting the measurement, it was
taken into account that enzymes can affect the pH
level, as they partially hydrolyse proteins and
release amino acids. Further, after meat treatment
with multi-component brine, meat samples (50-100
g) were taken from different areas, as brine
distribution can be heterogeneous. We divide the
samples into surface and deep layers. The cooled
meat was incubated at 20°C for 30 min before
measurement.

The pH was measured by direct basic
contact method. We insert the needle electrode
directly into the meat to a depth of 1.5-2 cm. Then
wait for the reading to stabilise (10-30 seconds).

It is recommended to measure pH at
different stages of processing to assess how the
acid-alkaline balance changes during the
application of enzymes.

Results and discussions

The application of bromelain enzyme in
concentration of 0.2-0.5%, papain in concentration
(0.1-0.3%), ficin in concentration (0.1-0.5%) and
in combination with multicomponent brine had a
significant effect on the quality of the finished meat
product. (Table 1). Proteolytic enzymes,
contributed to the hydrolysis of muscle fibre
proteins, which improved the texture of the meat.
Due to the action of bromelain, the meat texture
became softer, which improved the consistency of
the meat product. This is especially important as
we used tougher types of meat (camel meat, horse
meat). The enzymes contributed to the destruction
of connective tissues, which resulted in improved
juiciness and softness of the meat. The greatest
effect was observed in samples treated with papain,
while ficin had a more pronounced effect on lamb
and beef.
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Table 1. Composition of investigated samples of meat products

Ne | Typeofmeatraw | Plantcomponents of Enzymes Enzyme
material the brine concentration (%)
1 Camel meat Goji berries, rosemary, Bromelain 0,5-0,2
Horse meat pumpkin powder, sea
Lamb buckthorn powder
Beef
2 Camel meat Goji berries, rosemary, Papain 0,1-0,3
Horse meat pumpkin powder, sea
Lamb buckthorn powder
Beef
3 Camel meat Goji berries, rosemary, Ficin 0,1-0,5
Horse meat pumpkin powder, sea
Lamb buckthorn powder
Beef
4 Camel meat Goji berries, rosemary, Bromelain 0,1-0,5
Horse meat pumpkin powder, sea Papain
Lamb buckthorn powder Ficin
Beef
The use of bromelain also affected the shelf nutritional  characteristics, which opens up

life of meat products, reducing the risk of
microbiological contamination due to accelerated
penetration of salt and other preservatives, which
increased the stability of the product under storage
conditions. The use of papain and ficin in
combination with a multi-component brine with
plant extracts and powders has been shown to be
effective in improving the quality of meat products
from non-traditional raw materials. The main
effects include improvement in texture and
juiciness of meat as well as increase in its
functional value. The technology, including
enzymatic treatment and the use of plant extracts,
can be the basis for the creation of new types of
meat products with improved flavour and

Table 2. Determination of meat product pH

prospects for expanding the range and improving
the quality of products in the meat industry.

The study determined pH in meat products
without enzymes and with bromelain+fatin+papain
enzymes (Table 2). At the initial stage (0 hours),
the pH of all samples is between 6.00-6.28, which
is slightly above the normal range (5.4-6.2) but
acceptable for fresh meat. After 12 and 24 hours,
the pH gradually increases in all samples, which is
due to enzymatic hydrolysis of proteins and
accumulation of free amino acids. After 5 days, pH
continues to increase, with the most pronounced
increase observed in the second sample (6.67),
which exceeds the normal level and may indicate
the initial signs of spoilage.

Ne pH after

0 hours

Type of meat raw material

pH after 12

hours

pH after 5 Normal

days

pH after 24
hours

1 Camel meat 6,03
Horse meat
Lamb

Beef

6,13

6,29 6,39

2 Camel meat 6,28
Horse meat
Lamb

Beef

6,37

6,47 6,67

3 Camel meat 6,02
Horse meat
Lamb

Beef

6,12

6,31 6,39

4 Camel meat 6,0
Horse meat
Lamb
Beef + Bromelain
Papain
Ficin

6,11

6,15 6,20 5,8-6,2
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In the fourth sample (with bromelain, papain
and ficin), pH remains the most stable and closer to
the normal range after 5 days (6.20). This indicates
a controlled process of enzymatic degradation of
proteins without excessive accumulation of
alkaline products. In the second sample (without
enzymes), the pH reaches 6.67, which is much
higher than normal. This may indicate the initial
processes of microbiological decomposition,
especially during long-term storage. The optimal
option is to use a combined enzyme preparation
(bromelain, papain, ficin) to keep the pH stable and
avoid a sharp increase in acid-base balance,
potentially extending the shelf life. Without
enzyme treatment, there is a tendency for the pH to
increase significantly, which can negatively affect
the texture, flavour and safety of the meat product.

Conclusion

The results of the study showed that the use
of enzyme preparations (bromelain, papain, ficin)
in combination with multicomponent brine has a
significant effect on the quality, texture and
functional and technological indicators of meat
products from non-traditional raw materials
(camelina, horse meat, mutton, beef). Enzymatic
treatment promoted the destruction of connective
tissues, which led to an increase in softness and
juiciness of meat. A particularly pronounced effect
was observed with bromelain, which softened
muscle fibres and improved consistency. Papain
was most effective in improving meat tenderness,
while ficin had a more pronounced effect on the
texture of lamb and beef.

pH stability and shelf life extension. Without
enzyme treatment, there was a tendency for a
significant increase in pH (up to 6.67 after 5 days),
which could indicate initial spoilage processes. The
combined use of enzymes (bromelain, papain,
ficin) allowed to keep the pH within the normal
range (6.20), preventing an abrupt change in the
acid-alkaline balance.

The enzymes promoted accelerated
penetration of salt and functional components,
which improved the stability of the product under
storage conditions. Increase of functional and
technological characteristics. The introduction of
enzymes in the formulation of meat products
promoted uniform distribution of multi-component
brine, which improved moisture retention and
increased the yield of the finished product. Plant
extracts (goji, rosemary, sea buckthorn, pumpkin
powder) enhanced antioxidant properties and
stabilised the colour of the meat, which had a
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positive effect on the appearance and perception of
the product by consumers.

Thus, enzymatic treatment in combination
with multicomponent brine is an effective method
of improving the texture, organoleptic and
functional-technological characteristics of meat
products from non-traditional raw materials. This
technology opens prospects for the development of
new products with improved consumer properties,
and also contributes to the extension of shelf life
and preservation of the quality of meat products.
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Maxanaoa xncepeinikmi 0aH0i 0aKvlioapowvly icana cypvinmapol: «Kazaxcmanckas 20» Kounaxyrcyzepici,
«KasHUH3uP 80» Konakmapoinbl Kypama dcem OHOIPICIHOe KOJIOAHYOblH 3epmmey Hamuicenepi oepinzen.
doebuem depexmepin capanmay Hamudiceci OmanovlK KOHAKICyzepi CYPuInbIH Kypama yHcem OHOIpicinoe Konoany
mypansl 0epexkmepoin, azovieblH, Al KOHAKMAPLIHLL KYPAmMa Heem OHOIpicinde, Man a3vigblHOA KOJIOAHY MYpasibl
oepexkmepoin, HCOKmMbI2bIH Kopcemmi. 3epmmey Hamuicenepi enimizoe KOHAKcyzepi CYpbinmapuvii ocipy Koizd
ANbIHZAHBIH KOpcemeoi. /KeMOik KoHakKycyzepi, KOHAKMapovl CYPbINMApblHblH, MUHEPATIObIK HCIHE AMUHKBIUKDBLITObIK
KYpamuvlHbly KYypama jiHeem OHOIpicinOe Ker KOJI0aHbLIaAmbIH JHcy2epi MeH apna O0aKblioapblHbll, KYPAMbIHA HCYBIK
exenoici anvlkmanowl. /[onoi 0arKpli0apovly Qu3uKanblK-mexHono2uAIbIK Kacuemmepin anblKmay Hamusceci 0oHoi
0aKwLIOapObIl, CYCLIMAObIZbL JHCAKCHL OaKpliadapea dcamamuiiolh Kopcemmi. /[{onoi 0arKplioapoviy XuMmusiblK,
AMUHKBIUKBLIOBIK, JCOHE MUHEPAIObIK KYpaMbl AHbIKMAAO0bl. 3epmmey Hamudiceci: KoHakycyzepioezi akKywvl3
Mmonwuepi yncyeepimen canvicmuipzanoa 21,22 %, mait menwepi 5,5 % kon exenoizin, knemuamxa moawuepi 1,5 ece ken
exendicin kopcemmi. Konakoicyeepioezi akysl3 moauepi mapvimen canvicmuoipeanoa 22,8%, maii monwepi 1,53%
Kon, an Kiemuamka moauepi KonaKkmapoloa mapvimen canvicmoipeanoa 1,38 ece kon exendizin kopcemmi. /[onoi
0aKbINOapObIY, AMUHKBIUMKDBLIOBIK KYPAMbIH MAN0ay HImudceci KOHAKMAPLIHBIY, AMUHKLIUKBLIObIK KYpambl
KOHaKyicyzepice KapazanHoa KyHObl eKeHIH Koepcemmi, AZHU aybICHbIPLIIMALMbIE AMUHKbIUWKbLIOAPbL: JU3UH
Mouepi KonaKmapuloa KoHakcyzepize kapazanoa 4,62 ece, memuonun 2,05 ece, mpeonun 1,53 ece kon cakmanaowt.
3epmmey namunceci sncepzinikmi «Kazaxcmanckan 20» Konaxcyzepici, « KazHUH3uP 80» Konakmapwinsl KycKa,
JHcac manza apranan KEpama yxcemze Konoan2anod, OHvly CIHIMOINIZin ycaKcapmy yulin JcoliiyMeH 0H0ey mypaepin
KOJ10anyOblH, Kajicemmizin Kopcemeoi.

Heri3ri ce3aep: KOHAKKYTePi, KOHAKTAPBI, PU3HKATBIK-TEXHOJOTHSIBIK KACHETTEPi, XUMHAIBIK
KYPaMbl, MUHEPAIIBIK KYPaMbl, AMUHKBIIIKBLIIBIK KYPaMBI.

70


https://doi.org/10.1007/978-3-031-75834-8_13
https://doi.org/10.21323/2414-438X-2024-9-3-212-219№№
https://doi.org/10.21323/2414-438X-2024-9-3-212-219№№
mailto:abitbek_ainur@mail.ru
https://orcid.org/0000-0002-2818-9197
https://orcid.org/0000-0002-2003-8909
https://orcid.org/0000-0002-9544-0820
https://orcid.org/0000-0002-6576-4445

