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STUDY OF CHANGES IN THE WATER-BINDING, WATER-HOLDING AND FAT-HOLDING
CAPACITY OF MEAT CUTLETS WITH DIFFERENT CONTENT OF BEEF RUMEN
AND BEETROOT

Annotation: Beef rumen (up to 20%) and beet (up to 30%) were additionally added instead
of minced beef in the recipe of meat cutlets. Studies showed that the water-binding capacity in
variants 3 and 4 is significantly higher than that of variants 1 and 2 (P<0.05). Indicators of water-
holding (WHC) and fat-holding capacity (FHC) in minced meat cutlets without adding rumen and
beets were 61.63% and 62.69%, while with adding 20% of the rumen and 20% of beets (Variant 3)
these indicators increased to 69.41% (P<0.05) and 66.82%. The pH analysis is characterized by
an increase in values when replacing meat with rumen and beets. A significant decrease in the
limiting shear stress was observed in variant 4, when 30% of beet and 20% of rumen were added,
with the meaning of 442.84 Pa. The most optimal amount of added ingredients is between 10 and
20% of both the rumen and the beets.
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Introduction

At the processing and manufacture of meat products, a significant role is given to the
control of functional-technological, structural-mechanical, and physicochemical indicators of
minced meat along with food value and safety of meat and ingredients [1]. The functional and
technological indicators express the quality of meat raw materials, define its behavior at processing
and storage, providing technological and consumer properties of finished products. In the process
of heat treatment, the physical-chemical and colloidal-chemical changes occur, as a result of which
the portion of water and fat bound in raw minced meat is separated in the form of mass loss. The
amount of water and fat retained in minced meat characterizes its moisture-holding and fat-holding
ability [2].

Water-binding capacity (WBC), water-holding capacity (WHC), and fat-holding capacity
(FHC) are the most important, functional characteristics that determine the quality of minced meat
and determine the organoleptic, structural, and mechanical indicators, as well as the yield of ready
products [3]. Water-binding capacity (WBC) characterizes the ability of meat to absorb and retain
water in the process of salting and massaging. This phenomenon occurs due to the ability of meat
proteins to form hydrate shells, due to retention of water molecules by hydrogen bonds and
electrostatic interactions [4].

The water holding capacity (WHC) of meat is the most important indicator for meat products
that undergo heat treatment. This indicator shows the ability of minced meat to retain moisture in
the heating process, which primarily affects the yield of the finished product. It should be noted that
the WHC is associated with the formation of hydrocolloids such as gels [5]. A high role is played by
collagen protein, which in the process of heat treatment turns into gelatin, capable of forming a gel.
Therefore, the destruction of collagen can harm the level of WHC. The fat retention strength of the
meat emulsion is characterized by its fat holding capacity. The degree of change of functional and
technological properties depends on the processing intensity of meat (fine grinding, massaging)
and ingredients added to the minced meat composition (dietary fibers, emulsifiers, structural
agents) [6].

As components that improve the structural and mechanical characteristics of minced meat
can be used isolated animals and plant proteins, gum, carrageenan, other polysaccharides and
dietary fiber, antioxidants, and food phosphates. These components may also include food raw
materials and non-meat products, such as dried milk whey, and egg products [7, 8].

The purpose of this work is to study the changes in the water-binding, water-holding, and
fat-holding capacity and pH of meat cutlets with the addition of different amounts of beef rumen
and beetroot.

Materials and Methods

Beef, beef rumen and table beet were purchased from the specialized meat and vegetable
department of the market in Semey city, Kazakhstan.

The meat of the back and loin carcass of cattle is washed and chopped on a meat grinder.
At the same time, the rumen is cleaned, blanched, and cut into small pieces for grinding on a meat
grinder. The table beetroot is boiled for 40 minutes and grated. Then the ingredients (Table 1) are
mixed on a mixing machine adding eggs, vegetable oil, salt, and spices according to the recipe.
Then, the cutlets are formed, panned, and cooked at a temperature of 100-110 ° C for 15-20
minutes.

Table 1 — Cutlets formulation, %

Variants of cutlets
Ingredients 1 2 3 4

Minced beef 85.00 65.00 45.00 35.00
Beef rumen 0 10.00 20.00 20.00
Beetroot boiled 0.00 10.00 20.00 30.00
Egg 6.00 6.00 6.00 6.00
Vegetable oil 5.00 5.00 5.00 5.00
Bread crumb 3.00 3.00 3.00 3.00
Salt 0.40 0.40 0.40 0.40
Black pepper 0.10 0.10 0.10 0.10
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Laboratory Methods

Determination of water binding capacity

It was carried out using by means of pressing. Stuffing weighing 0.3 g was placed on a
polythene circle with a diameter of 15-20 mm, then it was transferred to an ashless filter that was
placed on a glass or plexiglass plate. The minced meat was covered with the same plate as the
lower one. Then the load of 1 kg was loaded on it and kept for 10 minutes. After that, removed the
load and the bottom plate. Then outlined the contour of the spot around the compressed meat. The
outer contour was drawn when the filter paper dried out in the air. The area of the spots formed by
compressed meat and adsorbed moisture was measured with a planimeter. The size of the wet
spot (external) was calculated by the difference between the total spot area and the area of the
spot formed by the meat. It was determined experimentally that 1 cm?® of the wet spot area of
filtrate corresponds to 8.4 mg of moisture [9].

The mass fraction of bound moisture, % in the sample was calculated by formulas:

X1=(M — 8,4S)-100/mo,
X2=(M — 8,4S)-100/M,

where X; —a mass fraction of bound moisture in minced meat, % to meat weight;
X2 — mass fraction of bound moisture in minced meat, % to total moisture;

M — total moisture mass in minced meat, mg;

S — wet spot area, cm?;

mo — meat weight, mg.

Determination of water holding capacity

When determining the water holding capacity, the sample of thoroughly ground meat
weighing 4-6 g was evenly spread with a glass stick on the inner surface of the wide part of the
butyrometer. It was tightly closed with a cap and placed narrowly down on a water bath at boiling
point for 15 minutes, after which the mass of the released moisture was determined by the number
of divisions on the scale of the butyrometer [10]. The calculation was based on formulas:

The water-holdingWater-holding capacity of minced meat (%):

WHC =W - WPC,
The water-producingWater-producing capacity of minced meat (%):
WPC=a-n-m*-100,

where W — total mass fraction of moisture in a sample of minced meat, %;
a — measuring sensitivity of the butyrometer; a = 0,01 cm3;

n — the number of divisions on the scale of the butyrometer;

m — hinge weight, g.

Determination of fat-holding capacity

To determine the fat holding capacity, the moisture-producing capacity was calculated
beforehand, and the weight of minced meat remaining in the fat was measured with an accuracy of
1 0.0001 g. Minced meat was placed in a weighing cup and dried to a constant weight at 150 °C for
1.5 hours. After drying, a sample weight (2,000+£0,0002) g was taken, placed in a porcelain mortar,
where 2.5 g of fine calcined sand and 6 g (4.3 cm3) a-monobromonnaphthalene (liquid) were
added. All this was thoroughly rubbed for 4 minutes and filtered through a folded paper filter. Then
3-4 drops of the obtained solution were uniformly spread with a glass rod on the lower prism of the
refractometer. The prisms were closed and fastened with a screw. The light beam was focused
with the help of a mirror on the prism of the refractometer, installing the visual tube so that the
crossing threads (aliad) could be clearly visible. The aliad was shifted until the border between the
illuminated and dark parts coincided with the point of intersection of the threads, the refractive
index of a-monobromonnaphthalene was counted [10, p.26].

The measurement was repeated at least 3 times, using the average data in the calculation.

The fat-holding capacity of meat (%) was calculated using a formula:

FHC=gl-gz‘1
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where g1 —a mass fraction of fat in a sample after heat treatment, %;
g2 — a mass fraction of fat in a sample before heat treatment, %;
Mass fraction of fat in the sample (%):
_ (10*-a-(ny —ny)

m

where a — coefficient characterizing the mass fraction of fat in the solvent, the numerical value of
which changes the refractive index by 104%;
ni; N2 — indexes of refraction of pure solvent and the tested solution, respectively;
m1l — a mass of 4.3 cm3 a -monobromonaphthalene, g;
m — a mass of the minced meat sample, g.

The coefficient a was determined experimentally by comparing the results of fat mass
fraction determination by Soxhlet and refractometric methods. The calculation was made by the
formula:

__ 8r
= 10% an

_m- 100
9r = ms

where gf — mass fraction of fat in filtrate, %;

An — the difference between the values of pure solvent and test filtrate;
m — a mass of fat in the sample, determined in the Soxhlet apparatus, g;
ms — solvent mass, g.

Determination of pH

The active acidity (pH) was determined by the potentiometric method on the pH-meter-340
device, by immersion of two electrodes into the solution with recording of pH value on the device
scale. The solution (water extraction) was prepared from the grinded product with water (in a ratio
of 1:10). pH was measured after infusion for 30 minutes at 20 °C [11].

Determination of yield stress

To determine the vyield stress of the product we used an automatic universal device
"Strucrometer" designed by the research and production company "Radius" of the Russian
Federation, corresponding to TU 2011-011-17326295-01, using a computer program package
(Structurometer, 2001). For each tested sample 3-4 measurements were taken. The angle value
2a at the tip of the cone, the constant of the cone K (m/kg), the force produced by the device P (g),
and the depth of the cone h (m) are recorded [12].

Measurement and calculation of the yield stress.

For each sample, the yield stress 80 (Pa) values are calculated with a fixed immersion
duration by the following formula:

m

By =K—=
ﬁ h_

where: K — constant of the cone,
T — the weight of the cone and all movable parts, kg,
h — immersion depth of the cone, m.

Considering that the device "Strucrometer” instead of the mass of the cone and all movable
parts gives the value of loading in grams, and the depth of the cone immersion in millimeters,
respectively, for the convenience of calculations the formula is converted into the following
dependence:

_P-981-10°
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where: P — a force generated by the device, r.
Accordingly, the constant of the cone with an angle at the apex equal to a is calculated by
formula as below: i,
caszg
K=
me t:;m;—r

where a — cone angle (a=45° or a=60°).
The average arithmetic value of the yield stress for each of the variants of the investigated
samples is determined by the formula:

where i — number of measurements.

Description of the Experiment

Meat cutlets preparation

The meat of the back and loin carcass of cattle are washed and chopped on a meat grinder.
At the same time, the rumen is cleaned, blanched, and cut into small pieces for grinding on a meat
grinder. The table beetroot is boiled for 40 minutes and grated. Then the ingredients (Table 1) are
mixed on a mixing machine adding eggs, vegetable oil, salt, and spices according to the recipe.
Then, the cutlets are formed (Figure 1), panned, and cooked at a temperature of 100 — 110 °C for
15-20 minutes.

Figure 1 — Meat cutlets before cookig

Statistical Analysis

The results of measurements were analyzed using Excel-2007 and Statistica 12 PL
software (StatSoft, Inc., Tulsa, OK, USA). The differences between meat samples with different
recipes were evaluated using a one-way ANOVA. P-value <0.05 was considered statistically
significant.

Results and Discussion

The high nutritional value of collagen-containing by-products, in particular rumen, indicates
the possibility of its wider use in the production of meat products. The rumen contains 17.1 g of
total protein (which is comparable to 2nd grade beef), 10.5 g of which is collagen. In terms of
amino acid composition rumen contains the full set of essential amino acids, but in less quantity
than beef of the first grade [13].

In the process of mixing of minced meat the addition of ground beef rumen and table beet
leads to changes in the chemical composition and functional and technological characteristics of
the minced meat. The specific characteristic of beef rumen is the high content of collagen. The
high functional and technological characteristics of collagen provide broad prospects for the
development of new technologies to replace the main raw materials and obtain high quality
products at the same time [14].

A balanced combination of meat and plant ingredients will allow to obtain meat products
with high macro- and micronutrient content for use as the basis for the production of foods for
traditional and functional nutrition. Table beet contains dietary fiber, which is able to retain moisture
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due to the presence of biopolymers. The major part of beet fiber solids are fiber, lignin, pectin and
cellulose [15].

In the production of meat products dietary fibers can be used as stabilizing systems to
achieve the given rheological and sensory characteristics, increasing the shelf life of the product,
improving the biological and nutritional value and therapeutic and prophylactic properties [16, 17].

The chemical composition of variants of cutlets with the addition of rumen and beet varies
significantly in carbohydrate and protein contents (Table 2). Thus, because of the high content of
carbohydrates in the beet, their quantity in variants 2, 3, and 4 significantly exceeds (P<0.001) the
control sample of cutlets. The increase in the proportion of fat is explained by the addition of beef
rumen, which contained up to 9% of fat. The content of moisture and ash in different variants of
cutlets varies not significantly. One of the most important indicators of raw minced meat is its
water-binding capacity (WBC). The WBC of minced meat cutlets in variants 3 and 4 is significantly
increased (P<0.05) compared to variants 1 and 2. This trend is caused by an increase in the
composition of hydrophilic substances (carbohydrates, dietary fiber, pectin, collagen), which can
hold moisture. Moreover, beef provides a high water-binding capacity, contains a large number of
pigments, which determines the color of the product [18].

Table 2 — Chemical composition of meat cutlets, %

Variants Moisture Protein Fat Ash Carbohydrate
Variant 1 71,63+1,68 17,89+0,58 7,93+0.18 1,20+0.02 1,36+0.02
Variant 2 71,20+1,46 16,35+0,27 8,37+0.27 1,05+0.03 3,03+0.05**
Variant 3 72,09+2,77 14,16+0,42* 8,81+0.13* 1,11+0.02 3,82+0.11**
Variant 4 73,20+2,01 | 12,50+0,31** 8,57+0.19* 1,12+0.02 4,62+0.11**

*P<0.01; **P<0.001

Water and fat are antagonists, affecting the stability of the minced meat system before and
during heat treatment [19]. The increase in water-binding capacity is caused by the content of
pectin substances in the beet. Food fibers contained in plant raw materials, have a variety of
functions in the human body: mechanical, bind water (swell), sorbing mineral and low-molecular
substances, bile acids, absorb toxic substances and remove them from the body, activate the
secretory activity of the intestine, prolong the digestive process, leveling the intake of sugar in the
blood [20].

In the minced meat composition, the binding water and fat fraction determine the water-
holding and fat-holding capacity. Indicators of WHC and FHC also significantly increase in variants
3 and 4 (Table 3, Figure 2).

90,00

80,00 J J

70,00 = L =

60,00 1
50,00

40,00

30,00

20,00

10,00

0,00

WBC, % WHC, % FHC, %

Variant 1 mVariant 2 mVariant3 = Variant 4

Figure 2 — Water-binding, water-holding and fat-holding capacity of different variants
of meat cutlets

Table 3 — Functional and technological properties of meat cutlets

Indicator Variant 1 Variant 2 Variant 3 Variant 4
WBC, % 69,50+2,18 72,71+1,96 78,43+1,93* 78,88+2,07*
WHC, % 61,63+2.03 64,52+1.52 69,41+2.23* | 69,44+1.62**
FHC, % 62,69+1.42 64,41+1.28 66,82+1.62 66,12+1.89

*P<0.05; P<0.01
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Thus, if in minced meat cutlets without adding a rumen and beet WHC and FHC were
61.63% and 62.69%, then with the addition of 20% of the rumen and 20% of beet (Variant 3), these
indicators rose to 69.41% (P<0.05) and 66.82%. However, when adding 30% of the beet and 20%
of the rumen in the recipe of minced meat (Variant 4), the WHC and FHC not significantly changed
compared to the indicators of Variant 3. The addition of beef rumen and beet significantly
increased the pH of meat cutlets in variants 3 and 4 (P<0.05) (Figure 3).
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Figure 3 — pH of different variants of meat cutlets

In work [21] it is pointed out that replacing up to 35% of minced pork and beef with a
collagen-type additive increases the WHC up to 96.0-99.9%. With the increasing mass content of
collagen semi-finished product in model minced meat, the growth of FHC is observed, and
substitution of meat for collagen-type additive more specifically affects the increase of FHC of
minced meat based on pork.

The work [22] studied the functional and technological properties of cutlets with the addition
of topinambur paste to the formulation. The conducted studies showed that the use of topinambur
paste in the amount from 10% to 20% improves water-binding capacity. The paste, being mixed in
minced meat at the stage of its preparation in the liquid phase, seems to increase the ionic
strength of the solution, increases the solubility of protein substances. The concentration of
hydrogen ions in muscle tissue determines the water-binding capacity of the meat, affecting the
yield of the finished product, weight loss during processing and storage, as well as the stability of
the product against the rotten microbes [23].

Minced meat belongs to the plastic-viscous bodies, so its structure and rheological
properties are best characterized by the value of the yield stress and plasticity [24]. The structural
and mechanical properties of minced meat are strongly influenced by the ratio between water,
lipids, and proteins [25].

The vyield stress of minced meat cutlets was reduced when the meat was replaced with
rumen and beet. In this case, a significant decrease in the yield stress was observed in variant 4
with the addition of 30% beets and 20% of the rumen, the value of which was 442.84 Pa (Figure 4).
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Figure 4 — Yield stress change of minced meat of different variants of meat cutlets

Yield stress, Pa

ISSN: 2788-7995 Becrruk yHusepcurera [lakapuma. Texauueckue nayku Ne 4(8) 2022 27



This can be explained by an increase in moisture content in minced meat, which by filling
the layers of the structure of minced meat leads to a decrease in shear properties.

Conclusions
The addition of 20% grinded rumen and 30% of beet significantly increases the water-binding,
water holding, and fat-holding capacity of meat cutlets. The studies revealed that the addition of up
to 10% of the rumen and beet have no significant impact on the functional and technological
properties and pH of meat cutlets. A significant reduction of yield stress was recorded in minced
meat systems with the content of up to 20% of the beef rumen and 30% of the beet.

This research has been funded by the Ministry of Agriculture of the Republic of Kazakhstan
(BR10764970).
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CUbIP KAPbIH ETI MEH KbI3bIJITLLUAHLIH 9PTYPJ1I KOCMAJNAPBLI KOCbIJIFAH
ET KOTNETTEPIHIH bIJ1IFAJ1 BAUITAHBICTbIPY, bIJTFAIT XKOHE MAUbI ¥CTAY
KABIJNIETIH 3EPTTEY

Em xkomnemmepiHiH peuernmypacbiHa cublp emi haplbiHbIH OpHbIHA KOCbIMWa Ccubip
KapbiH emi (20% OdeliiH) xxeHe Kbisbinwa (30% JdeliH) Kocbindbl. 3epmmeynep kepcemxkeHded, 3
XoHe 4 Hyckanapdarbl cyObl baliniaHbicmbipy KabinemiHiH 1 XoHe 2 Hyckanapra kKaparaHoa
)KoFapbinbifbl  ceHiMOi  (p<0,05). KapbiH emi MeH Kbi3biiwaHbl Kocral mapmbiifaH em
komnemmepiHiH binFan ycmay (bITK) xeHe mal ycmay kabinemiriH (MTK) kepcemkiwmepi
61,63% xoHe 62,69% Kypalbl, an 20% KapbiH emi MmeH 20% Kbi3blnuwaHbl KOcKaHOa (3-Hycka) by
kepcemkiwmep 69,41% (p<0,05) xoHe 66,82% OeliH ecmi. pH mandaysbl KapbiH emi MeH
KbI3blniwara aybicmbipy Ke3iHOe MoHOepliH XXofapblnaybiMeH curnammanaosl. LLekmi biFbicy
KepHeyiHiH almaprnbikmal memeHdeyi 4-Hyckada batikandbl, ofaH 30% Kbidbinwa meH 20%
ycakmaisiraH em Kocblnobl, 6yn 442,84 Na. KocbinraH uHepedueHmmepOiH eH oHmadssl Menwepi
10-HaH 20% OedliHai KapbIH emi MeH Kbi3bliulaHbl Kypalosbl.

TytiH ce3dep: binran; balnaHbic; ghapw Xxylenepi; KapbiH emi; Mallbl ycmay.
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VICCJ'IE.EI,OBAHVIEUBOD,OCBFBbIBAIOLI.I,EVI, BOOOYOEPXAIOLLENA U
XUPOYAEPXAIOLLEN CINOCOBHOCTU MACHbBLIX KOTJIET C PA3JIMYHDBIM
COAEPXAHMEM NroBAXbEIO PYBLA U CBEKIJIbI

B peuenmypy MsiCHbIX Komiiem 8Mecmo 208sxbe20 ¢hapwa doronHumersbHo dobassnsnu
2osskul pybeu, (0o 20%) u ceekny (0o 30%). NccnedosaHusi nokasasnu, 4Ymo eodocesidblearouyasi
criocobHocmb 8 eapuaHmax 3 u 4 docmosepHo 8biule, Yem 8 sapuaHmax 1 u 2 (P<0,05).
lNokasamenu enazoydepxusarowel (BXXC) u xupoydepxuearoweli criocobHocmu (MPKC)
Komrnem u3 MsICHO20 ¢hbapwa 6e3 dobaeneHusi pybua u ceekrnbl cocmasunu 61,63 % u 62,69 %, a
¢ OobasneHuem 20 % pybua u 20 % ceeknbl (8apuaHm 3) amu rokasamesnu yeenuyunucb 00
69,41% (P<0,05) u 66,82%. AHanus pH xapakmepu3dyemcsi ygesniudeHueM 3HaqyeHul rnpu 3ameHe
msica pybuom u ceeknol. 3HadyumesnibHOE CHUXeHUe rpedenbHo20 HarpskeHuss cdeuea
Habodanock 8 sapuaHme 4 ripu dobasneHuu 30 % ceeknbl u 20 % pybua, Yymo cocmasnsem
442,84 lla. Haubonee onmumarnbHoe Konudyecmeo Oobasrnsembix UH2pedueHmMos8 cocmaesisem
om 10 0o 20 % pybeu, u ceekna.

Knrouyeeblie crioega: enaza; ce643b; (hbapwesbie cucmembl; pybeu; crnocobHocmb
yoep>xusams Xup.
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BUOAN OOHOEPIHAEN AMUNA3A XOHE CYBTUITU3UH MHTMBUTOPJAPbIHbIH
BENCEHAINIKTEPIH AHBIKTAY

AHOamna: byn makanada mbiHbILUMbIK Kytdeai budall 0eHOepiHiH eckiHOepiHOeai amuna3sa
uHaubumopsbiHbiH  6eniceHdiniai  xoHe epmypni  6budal  copmmapbiHdarbl  CybMUIU3UH
UH2ubUMOPBbIHbIH CaHObIK KypaMbiHbIH alblpMalwblfibifbl Kapacmbipbliadbl. 3epmmey XYMbiICbl
oCbl makbIpbirn asicbiHOarbl OomaHObIK XoHe wemernodik Makananapldbl Hezaisee ajsia Omblpbir
xacanobl. [JeHOi OakbindapdbiH deHdepi npomeasasnap MeH amusialdanapobiH sapmypsii 6e10KmMbIK
uHaubumopnapbiH cuHme3soen, xuHakmayra Kabinemi 6ap. lHaubumopnap pumonamozaeHdepOiH
ecimMOikke 3uUsiH mueidyiH andbiH anydbiH muimOi MexaHu3mi 6onbin mabbinadbl, cebebi
uHaubumopOdbiH chumonamozeH eaudporna3sanapbiHbiH 6esiceHOinieiH mexed any kKacuemi 6ap.
lMamoezeH MUKpoOp2aHU3MHIH hepMeHMIH UHakmueupriey apkbiiibl ©CiMOIKMIH mypakmbirbifbiH
JKoHe me3iMOirniKk KacuemmepiH Xofapblnamyra MyMKiHOIK 6epedi. MHaubumoprnap Heai3iHeH
ecimOikmiH 3akbimOaHy Ke3iHde xoHe namozeHOep MeH XoHOIkmepae Kapcbl mypa anambsiH
yHKyuscbl 6ap eKeHi aHbikmarnfaH. Kasipai yakbimma cepuHdi npomeuHasanapobiH
uHaubumopnapbl mepeHipek 3epmmesizeH 6osbin caHanadbl. AMunasa uHaubumopnapb! XeHiHoe
canbicmbipmaribl mypoe aknapam asbipak. XXeHe 3epmmeywinepOiH eme YIKeH Kbi3blfyWblbIfbIH
myfbi3faH on-6uhyHKUUUOHaNObI uHaubumop. SrHu 6ip-6ipiHe 6alinaHbicbl XOK eckiHdepdeai a-
amunasaHbl XoeHe cepuHOi npomeasa cybmunu3uHOi uHeubumopnayra Kacuemi b6ap.
UHeubumopdbiH 3epmmey0iH Kbi3blfywbinblfbl apmyobiH 6acmbl Maceneci onapdbl aypy
KO30bIpfbllumapbl MeH 3UsIHKeC JXoeHOikmepee Kapcbl Kypec Kes3iHOe naudanaHy XoeHe
namoeeHdepzae me3simdinik Kacuemi apmkaH mpaHcaeHdi ecimOikmepdi ary.

Tydin ce3dep: uHaubumop, 6ugyHKUUOHaNObI UHeubumop, amunasa,cybmusu3uH,
namoeeH, budad.

Kipicne

[onai pakpingapga 6enokTblk Taburatel 6ap opTypni MHrMbuTopnap 6onagbl. OnapabiH
kebici OakTepuanapablH, XOHAIKTEepPAiH >XoHe CYTKOPEKTINepAiH 9K3oreHgi o-amunasanapbliHa
kapcbl 0Oencenginik TaHbiTagbl. WHrMbutopnap TOObIH ©CIMAIKTIH KOpFaHbIWw  OYHKUUACHIH
aTkapaTblH KOMMOHEHTTEP KaTapblHa XaTkbi3aabl [1].
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