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INVESTIGATION THE TECHNOLOGICAL PARAMETERS OF THE FERMENTATION PROCESS
OF A COMBINED DAIRY MIXTURE USING BUTTERMILK CONCENTRATE

Abstract: The article presents the results of a study on the technological parameters of the fermentation
process of a combined dairy mixture using buttermilk concentrate. The relevance of the research is determined
by the growing interest in the utilization of secondary dairy resources with high nutritional and biological value,
as well as by the need to develop scientifically grounded technologies to produce functional fermented dairy
products. The aim of the study was to evaluate the effectiveness of various starter cultures under different
fermentation temperature regimes of a combined dairy mixture. The object of the study was a dairy mixture
consisting of skimmed cow’s milk, goat’s milk, and buttermilk. The influence of starter culture composition and
fermentation temperature on physicochemical parameters, acidification dynamics, and curd structure
formation was investigated. It was established that the combination of mesophilic and thermophilic lactic acid
microorganisms significantly affects fermentation intensity, titratable acidity, and structural stability of the
product. The results demonstrated that an optimal fermentation temperature promotes the formation of a
homogeneous curd with improved physicochemical and sensory characteristics, whereas deviations from
optimal conditions lead to structural defects and deterioration of product quality. The results obtained confirm
the feasibility of a comprehensive selection of starter cultures and fermentation temperature regimes in the
production of fermented dairy products based on combined dairy mixtures using buttermilk concentrate.

Key words: combined dairy mixture; buttermilk concentrate; fermentation; physicochemical properties;
fermentation temperature; acidification dynamics.
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Introduction

In recent years, the dairy industry has been developing in the direction of creating functional
and specialized fermented milk products aimed at increasing nutritional value and expanding the
range for various consumer groups.

In the Republic of Kazakhstan, the dairy industry is developing at a steady pace: the
production of cow's and goat's milk is increasing every year. In 2024-2025, milk production volumes
continued to increase: by the end of 2024, total milk production reached approximately 3.57 million
tons, which is 4.4% more than in 2023, with growth provided by both large agricultural enterprises
and rural farms. Of note is the 8.1% increase in production at agricultural enterprises to 1.39 million
tons of milk [1].

There has been an increase in the number of small and medium-sized enterprises focused
on the production of functional and specialized fermented milk products, which creates conditions
for diversification of the product range and development of regional production. The processing of
secondary milk resources, such as buttermilk, whey, and cream, is also expanding. At the same
time, the industry faces problems of seasonal fluctuations in raw materials, insufficient technological
equipment of processing enterprises, and limited integration of small producers into large supply
chains. In these conditions, the development of scientifically based technologies for fermenting
combined milk mixtures is of practical importance, ensuring improved product quality and stability,
rational use of resources, and reduced production costs [2, 3].

Attention is paid to alternative types of milk raw materials, including goat milk, which has high
digestibility, a balanced fatty acid composition, and reduced allergenicity compared to cow milk. This
explains its growing use in the production of therapeutic, preventive, and functional products [4].

At the same time, the technological processing of goat milk is characterized by a number of
limitations, including high cost, seasonal variability of physicochemical properties, and instability of
the curd structure during fermentation due to low asl-casein content and specific mineral
composition. These characteristics make it difficult to use goat milk on its own in the production of
fermented milk products and require the development of combined milk mixtures using affordable
and functionally significant components [5].

A promising area is the use of skimmed cow's milk and whey concentrate, which have high
protein value and contain phospholipids, lactose, and biologically active substances. Buttermilk,
which is produced during the production of butter, is a valuable secondary milk raw material
characterized by a high content of whey proteins and containing a unique complex of biologically
active substances. It contains approximately 25-40 ug of vitamin A per 100 ml, which helps maintain
vision, skin health, and the immune system. Vitamin D is present in an amount of 0.1-0.2 mcg and
plays an important role in calcium absorption and bone formation. Vitamin E (0.05-0.1 mg) acts as
an antioxidant, protecting cells from damage, and vitamin K (0.5-1 mcg) is involved in blood clotting
processes, as well as Bi, Bz, Bs, B12, C, H, choline, etc., as well as minerals and trace elements
found in whole milk [6, 7].

These characteristics contribute to the formation of a denser and more homogeneous
structure of fermented milk products, as well as improve their organoleptic properties. The use of
buttermilk concentrate also allows for an increase in the utilization of dairy industry by-products and
a reduction in the cost of finished products [8].

A key stage in the production of fermented milk products based on combined milk mixtures
is the fermentation process, which determines the structure, taste, acidity, and microbiological
stability of the product. The effectiveness of this process largely depends on the composition and
activity of the starter cultures, as well as on the fermentation temperature conditions, which have a
direct impact on the rate of acid formation, the growth of lactic acid microorganisms, and the
synthesis of metabolites [9, 10].

Despite the existence of studies devoted to individual types of milk raw materials, questions
regarding the functioning of starter cultures in combined mixtures based on goat's milk, skimmed
cow's milk, and whey concentrate at different temperature regimes remain insufficiently studied.
There is a lack of systematic data on the effect of fermentation temperature on acidity formation and
curd stability in such systems [11, 12].

The purpose of this study is to analyze the activity of starter cultures depending on the
influence of fermentation temperature regimes on a fermented milk product obtained from a
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combined milk mixture. The study aims to determine the optimal fermentation parameters that
ensure the stability of the product's quality and biological value.

Materials and methods

Experimental studies were carried out on the basis of experimental-production shop for
processing milk and dairy products and in the scientific laboratory of NAO KazATIU named after
Saken Seifullin. Butter, skim milk and goat’s milk were used to prepare the combined milk mixture.
Pahta for the study was taken from JSC «Astana - Akennymny.

In the work, different fermenting cultures and their efficiency at different temperature regimes
were investigated. 3akBacouHble KynbTypbl: Lactobacillus acidophilus, Lactobacillus delbrueckii ssp.
bulgaricus, Streptococcus thermophilus, Bifidobacterium lactis [10].

Standard analytical methods were used to assess the quality of the raw mixture and the
resulting sour milk product
The following methods were used to determine physico-chemical indicators:

1. Determination of acidity using the phenolphthalein indicator GOST 3624-92 Milk and

dairy products. Titrimetric methods for determination of acidity» [13].

2. Definition of protein content GOST 25179-2014 Milk and dairy products. Methods for

determination of protein mass» [14].

3. Definition of lactose GOST 34304-2017 Milk and dairy products. Method for determining

lactose» [15].

4. Definition pH GOST 32892-2014 Milk and dairy products. Method for measuring active
acidity» [16].

5. Determination of density GOST P 54758-2011 Milk and milk processing products. Density
method» [17].

6. Fat definition GOST 5867-2023 «Fat definition of milk and dairy products»[18].

Results and Discussion

A milk mixture consisting of low-fat cow’s milk, goat’s milk and butter was chosen for the
studies, which has high nutritional and biological value. Non-fat cow’s milk is a source of protein and
calcium in low fat. Goat milk improves product digestibility, contains easily digestible fats, vitamins
and trace elements, and reduces the risk of allergic reactions. Buttermilk enriches the mixture with
phospholipids, lecithin, and milk proteins, and helps normalize digestion. Thus, the selected milk
mixture is characterized by a balanced chemical composition and combines the valuable nutritional
and functional properties of each component. However, for an objective assessment of its quality
and technological suitability, it is necessary to conduct a set of laboratory studies [19].

Laboratory analysis of the pulp plays an important role in controlling the quality and safety of
the product, as well as in assessing its nutritional value and processing properties.

The physical-chemical analysis of buttermilk such as titrated acidity, fat content, protein,
lactose allows to determine product compliance with established standards and to identify possible
deviations affecting taste, shelf life and beneficial properties. Physical and chemical parameters of
the pulps are shown in table 1.

Table 1 — Physicochemical Properties of Buttermilk

Name of the Parameter Buttgrmilk Parameters

Separated Buttermilk GOST 34354-2017
Titratable Acidity, °T 21 19,0 - 40,0
pH 6,47 -
Fat Content, % 0,78 not less than 0,2
Protein Content, % 3.3 not less than 2,6
Density 1028,83 not less than1027
SNF 8,11 not less than 8,0
Total Solids 8,89 -

The studies conducted show that the quality of the pure tested is within the prescribed limits,
which confirms the high quality of the product and its compliance with safety and nutritional standards
[20].
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To produce dairy products with specified parameters, studies were carried out to optimize
the technological parameters of the brewing process of the previously selected combined milk
mixture based on skim cow’s milk 50%, goat’s milk 30% and puree 20%).

To determine the potting capacity, the milk mixture was fermented with different probiotic
cultures at different temperatures and with different poaching times. As a result of the studies carried
out, the optimal conditions for the milk mixture were determined.

Milk mixture containing skimmed cow’s milk 50%/ goat’s milk 30%/ curd 20% cooked at
temperatures of 35, 37, 40°C. Fermented crops were introduced in the amount of 5%. Milk shelling
was carried out under the same conditions.

The following samples were used for research and selection of the optimal snack culture:

1 sample — Yoghurt fermented with a starter culture containing Lactobacillus acidophilus,
Lactobacillus delbrueckii ssp. bulgaricus, Streptococcus thermophilus, and Bifidobacterium lactis.

2 sample — Yoghurt fermented with a starter culture containing Streptococcus thermophilus,
Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus acidophilus, Bifidobacterium lactis,
Lactococcus lactis, Lactobacillus acidophilus, Lactobacillus helveticus, Propionibacterium
freudenreichii ssp. Shermanii.

3 sample — Yoghurt fermented with a starter culture containing Lactococcus lactis,
Lactobacillus acidophilus, Lactobacillus helveticus, Propionibacterium freudenreichii ssp. shermanii,
Streptococcus thermophilus, Lactobacillus delbrueckii subsp. Bulgaricus.

The milk mixture was heated to a boiling point of 32 °C, added fermented cultures and leavened at
temperatures: 35°C, 37°C, 40°C, in a thermostatic chamber TCS-1PU. Dynamic change of titrated
acidity of samples was conducted quarterly.

The data obtained from the fermentation process at a temperature of 35 °C is shown in Figure 1.

Acidification Kinetics at 35°C
100
fix) = 8,05952380952381 x + 22,6071428571429
R? = 0,986003635698689
fix) = 9,58333333333333 x + 19,25
R? =0,968712394705175 .
50 ——
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f(x) = - 0,44047619047618 x + 34,1071428571429
R? = 0,233667620754395
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Fermentation Time, h

——t——Sample 1 e y = -0,4405x + 34,107
R?=0,2337

Sample 2 y = 8,0595x + 22,607
R?=0,986

——a——Sample 3 — y=9,5833x + 19,25
R? = 0,9687

Figure 1 — Acid formation dynamics of samples at 35°C

As the analysis shows, sample 1 had a low accumulation of acidity (up to 37°T after 2 hours),
but thickening was already occurring at this stage. Upon further plowing, serum secretion and settling
of the clot on the bottom were observed, indicating its fragility and instability. Low acidity combined
with low coagulation indicates insufficient fermented activity in the milk mixture. These findings
indicate limited technological suitability of the starter culture used in sample 1 for the given raw
material formulation, although it may be appropriate for the production of specialized products
characterized by mild acidity.

Sample 2 showed a more balanced development of fermentation. By 3-4 o'clock, the acidity
reached 55 - 61°T with a reduction in pH to 6.5, and by 6 o'clock a stable clot with sufficient acidity
(76°T) formed. By 24 hours, the values reached 89°T at a pH of 5.5, which corresponds to the
traditional yogurt parameters. The sensory properties of this sample can be characterized as
harmonious, with a moderate acidity and uniform consistency, which makes it suitable for producing
yogurts with classic organoleptic characteristics.

Sample 3 showed the highest activity of the fermentation microflora. By 6 o'clock, the acidity
was 89°T, indicating rapid and efficient formation of a dense clot. By 24 hours, the acidity had hardly
increased (90°T), but the pH dropped significantly to 4.27, indicating deep fermentation. The flavor
and texture characteristics of this sample were the highest: the product had a pronounced sour milk
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note, dense and homogeneous consistency without signs of serum separation. Sensory tests
showed that this option was preferred in taste and structure among all the samples studied.

In general, it can be concluded that the starter culture in sample 1 provides low acidity but
forms a weak and unstable curd, whereas sample 2 demonstrates balanced characteristics with a
classic taste and consistency, which makes it the most promising option for producing yoghurt based
on a mixture of cow’s milk, goat’s milk, and buttermilk.

Thus, shedding at 35 °C in all samples did not show high organoleptic properties.

The results of the studies on the boiling of samples at 37 °C are described in Figure 2.

Acidification Kinetics at 37°C

140
f{x) = 8,86666666666667 X + 22,5 f{x) = 6,58333333333333 x + 24
R? = 0,986923719956203 R = 0,898521215112811

105
() = - 0,273809523809524 x + 31,3571428571429
R = 0,354795439302482

Titratable Acidity, *T

1 2 3 4 5 6 7 8
Fermentation Time, h
——a——Sample 1 -y = 0,2738x + 31,357 Sample 2 ¥ =650833x + 24
R?=0,3548 R?=0,8985

——t——Sample 3 ey = B,6667X+ 225
Re=0,3889

Figure 2 — Dynamics of acid formation of samples at temperature 37°C

The studies show that acid formation in sample 1 at 37°C remained weak. During the first
two hours, the acidity remained almost unchanged (31-32 °T) and the pH remained at 6.8. Although
the sample formed a clot, its consistency was weak, which was accompanied by serum separation
and coagulation. This confirms that the starter culture in sample 1 demonstrates low enzymatic
activity in the given milk mixture and does not ensure product stability, even under elevated
temperature conditions.

In sample 2 after 1 hour showed an acidity of 41°T at pH 6.1, indicating a more intense
development of lactic acid microflora. By 4-6 o'clock the acidity increased to 56-61°T, and the pH
dropped to 5.1-5.13, which corresponds to the normal process of coagulation and dense formation.
After 24 hours, the acidity reached 87°T at a pH of 4.5, which fully meets the technological
requirements for ready-to-use yogurt. The sensory characteristics of this sample can be
characterized as balanced, with moderate acidity and homogeneous consistency.

In sample 3 showed the highest activity at 37°C. By 3 hours the acidity was 61°T at pH 5.5,
and by 5-6 hours it reached 77-81°T at pH 4.1-3.8, indicating rapid and efficient thickening. After 24
hours, the acidity reached 90°T at pH 4.0, indicating deep acidification. Sensory tests confirmed the
high gustatory qualities and thick, homogeneous consistency of this sample, which was recognized
as the best among those studied.

These results are due to a combination of factors: combined fermented stock, including
thermophilic and mesophilic strains, optimum fermentation temperature and the use of a balanced
milk mixture of cow’s milk, goat’s milk and dross, rich in lactose and milk proteins, which accelerates
the growth of lactic acid bacteria and the formation of product structure. In addition, the activity of
the strains present in the sourdough ensures the formation of flavor compounds that promote a high
sensory evaluation - thick and homogeneous clumps with a pronounced taste.

A similar study was then carried out at 40°C, the results of which are described in Figure 3.

The studies show that acid formation in sample 1 at elevated temperature showed extremely
low activity. After 1 hour the pH dropped from 7.6 to 6.5, but the acidity did not increase much (22°T).
This indicates the unstable nature of the fermentation: despite some acidification of the medium, a
full accumulation of acidity did not occur. Probably at 40°C the culture was heat sensitive and did not
provide a stable thickening. This result confirms the low technological suitability of Narine for use in
the studied mixture at elevated temperature.

ISSN 2788-7995 (Print) Bectuuk Yuusepcurera [llakapuma. Texunueckue Hayku Ne 2(22) 2026 285
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(22) 2026



Acldification Kinetics at 40°C
110
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R =0,5486

Figure 3 — Acid formation dynamics of samples at 40 °C

In sample 2 its squashing occurred more actively. By 4-5 o'clock the acidity reached 42-46
°T at a pH down to ~ 6.0, and by 6 o'clock — 48 °T at a pH of 5.7, indicating the formation of a lump.
By 24 o'clock, the temperature was 70°T at pH 4.2. These values are slightly lower than those at 35
and 37°C, indicating that the excessive temperature increase has slowed down the activity of the
fermenting microflora. The product eventually formed a clot, but had less pronounced acidity and
less dense consistency compared to conditions at 37°C.

Sample 3 showed the most intense dynamic: by 3 hours, the acidity reached 74°T at pH 5.6
and by 6 hours it was 92°T at pH 4.2, which corresponds to a finished product with pronounced taste
and dense consistency. By 24 o'clock the acidity increased to 98°T at pH 4.02, indicating deep
fermentation processes. The sensory characteristics of this variant at 40 °C also remained better:
dense consistency, no serum separation, harmonious sour-milk taste. However, such high values of
acidity (close to 100°T) can lead to an excessive acid note that requires monitoring the duration of
fermentation.

According to the conducted studies, it was found that the highest and most stable results
were demonstrated by sample 3. In all temperature regimes, the acid accumulation rate ranges from
8.7 to 10.4°T/h and high determinism values (R2 = 0.95-0.99), indicating that the fermentation is
stable and well predicted. This confirms that sample 3 provides fast and stable formation of a dense
clot. Sample 2 showed a moderate increase in acidity (4.9-8.0 °T/h), with the best results recorded
at 35 °C (R2 = 0.986). At 37 °C, the predictability of the process remained high (R2 0.90), but the
speed decreased, and at 40 °C both decreased, indicating a slowdown in activity and a less stable
pattern of folding. Sample 1 at all temperatures had a minimum acid accumulation rate (- 0.27 to +
0.67 T/h) and low R2 values (0.23-0.35). This reflects the lack of a natural dynamic and the weak
activity of the sieve, which explains the formation of an unstable clot and the secretion of the serum.

Thus, the starter culture in sample 1 proved unsuitable for this milk mixture, as it produced
unstable curds at all tested temperatures and was characterized by low acid accumulation. The
fermentation culture in sample 2 performed most effectively at 37 °C, ensuring a stable fermentation
process with the formation of a homogeneous soft curd and typical organoleptic properties of
yoghurt. However, the soft curd formed by sample 2 exhibited less pronounced acidity compared to
sample 3, making this probiotic culture less promising. The best results were obtained with sample
3 at 37 °C: it provided the most intensive and stable acidification, forming a dense curd with superior
sensory characteristics in taste and consistency, which makes it the most promising candidate for
producing yoghurt from the tested milk mixture.

Conclusion

The study showed that the quality of the combined milk mixture depends on both the selection
of the fermentation culture and the temperature regime. Different fermentations exhibit different
activities: some of them form unstable clumps and low acid accumulation, while others provide a
homogeneous structure, stable acidification and high organoleptic indicators. Sample 3 proved to be
the most promising culture for the production of fermented milk from the milk mixture under study. It
ensures intensive and stable milking at an optimum temperature of 37°C. These values demonstrate
the high technological efficiency of the leavened cheese and its suitability for producing a quality
sour milk product.
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The obtained results allow to optimize the technological process of plating, ensuring quality
stability, improvement of texture and taste characteristics of the product, as well as form the basis
for further improving the formulations of combined sour milk products.
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NCCNEOAOBAHUE TEXHOJIOTMYECKMX NAPAMETPOB MNMPOLIECCA CKBALUMBAHUA
KOMBMHUPOBAHHOW MOJIOYHOWU CMECU C UCMOJNTb3OBAHUEM KOHLEEHTPATA MAXTbI

B cmambe npedcmasneHbl pesyribmambl UCCIe008aHUsi MEXHOM02UYECKUX rnapamempos
rpoyecca ckeawusaHusi KOMOUHUPOBAHHOU MOTOYHOU CMECU C UCIMOMb308aHUEM KOHUeHmpama naxmbi.
AxkmyanbHocmb pabombl obycriogrieHa nepcrnekKmu8HOCMbIO UCMOMb308aHUSI 8MOPUYHBIX MOJIOYHbIX
pecypcos, obradarowux ebicokol nuuesol u buonosu4eckol YeHHOCMbI, a makxe HeobxodumMocmaeio
paspabomku Hay4yHO 0BOCHOBaHHbLIX MExXHO02ul fpou3soocmea (QYyHKUUOHANbHbIX KUCITOMOIOYHbIX
npodykmos. Llenbto uccriedogaHuUsi serndnacb OueHKka 3¢heheKmueHOCMU pPas/iuYHbIX 3aK8aCOYHbIX
Kynbmyp fpu pasHbix memrepamypHbIX pexumax hepmeHmayuu KoMbuHuposaHHoU MoOsI04YHoU cmecu. B
Kayecmee obbekma uccriedosaHusi UCMOoMb308anacb MOJIOYHasi CMecChb, 8KoYaou,as o0be3xupeHHoe
KOpO8b€e MOJIOKO, KO3be MOJIOKO U naxmy. B xode uccnedosaHuli U3y4yeHo eiusiHuUe cocmaesa 3ak8aco4YHbIX
Kynbmyp U memrepamypHbIX pexumMo8 hepMmeHmayuu Ha U3UKO-XUMUYECKUEe rokasamesiu, rnpoyecc
Kucriomoobpa3sosaHus U opmuposaHue CmMpyKmypbl caycmka. YCcmaHO8/1eHO, 4mo coYyemaHue
Me30QbusIbHbIX U mMepMOGUIIbHBIX MOTOYHOKUCTIBIX MUKPOOP2aHU3MO8 OKa3blgaem Cyu,ecmeeHHoe
81UsIHUE Ha UHMEeHCUBHOCMb (hepMeHmayuu, mumpyemyr KUC/I0mHOCMb U cmaburibHOCMb CMPYKMypsbl
npodykma. [lokazaHo, Ymo onmumMarsbHbIl memrnepamypHbIl pexum criocobecmgyem ¢hopMupo8aHUto
OOHOPOOHO20 ceycmKka C  YIyYWEeHHbIMU  OP2aHOIenmuYeckumMu U  DU3UKO-XUMUYECKUMU
Xxapakmepucmukamu, moada Kak OmK/IOHeHUe om OnmumMaribHbIX Mapamempos npusooum K HapyueHUto
cmpykmypbl U yxyOweHuto Kavyecmea npodykma. [lony4yeHHble pe3ynbmambi noomeepxoaom
uenecoobpasHocmb KOMIM/IEKCHO20 100bopa 3aKk8aCoYHbIX Ky/lbmyp U memriepamypHbIX Pexumos rnpu
CKeawiugaHUU KOMOUHUPOBaHHbLIX MOJIOYHbIX CMecel C UCMoNMb308aHUEM KOHUeHmpama naxmasl U Mo2ym
6bimb ucnonb308aHsb! NpuU paspabomke mexHono2ul npou3eodcmea HO8bIX KUCITOMOJSIOYHbIX MPOGYKMOos.

Knroyesnie crioea: KOMbUHUPOBaHHasi MOSTIOYHasi CMEeChb; KOHUeHmpam rnaxmal; chepMeHmauyusi;
usuKo-xuMmuYeckue ceolicmea; memrepamypa pepmeHmayuu; OuHaMuka KUCI0MmHOCmu.
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010000, KasakcTaH, AcTaHa K., >KeHic kewleci, 62.
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MAW CYbIH KOHLEHTPATbIH MAUAOAJIAHA OTbIPbIMN, KYPAMA CYT KOCMACbIH ALbLITY
NPOLECIHIH TEXHONOIUAINbIK MAPAMETPJIEPIH 3EPTTEY

Makanada mali cyblH KOHUeHmpamsbiH ratdanaHa OMbIPbI, Kypama cym KocrnacbiH awbimy
rPOUECIHIH MexXHOI02USIIbIK NapamMempriepiH 3epmmey Homu)xesiepi ycbiHbIFaH. XKyMbICmbIH 63eKmiriai
JKOFapbl maramObIK xoHe buonoeusifiblK KyHObIbIKKa Ue eKiHwi pemmik cym pecypcmapbiH muimOi
natiGanaHy nepcrnekmueanapbiMeH, coHOali-aK (QyHKUUOHanObIK KbIWKbI1 cym eHimMAepiH eHAipyOdiH
FbIIbIMU Hezi30erieeH MexXHO02usisiapbiH 83ipiey KaxxemminicimeH Heaisdenedi. 3epmmey0diH Mmakcamal
Kypama cym KocracbiH apmypri memnepamyparnbsiK pexumdepde epMmeHmayusinay KesiHoe spmypiii
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awbIimkbl OakblndapbiHbiH muimdinieiH 6aranay 6onbin mabbinadsl. 3epmmey HbicaHbl pemiHoe mMalchbi3
CubIp cymi, ewki cymi xoHe mal CyblH €HaisifiezeH cym Kocriacbl Kosi0aHbliobl. 3epmmey 6apbicbiHOa
awbimkbl 0akblii0apbiHbIH KypaMbl MeH ¢hepMeHmauyusiHbiH memrnepamyparnbiK pexumMoepiHiy gpu3uka-
XUMUSIMIbIK Kepcemkiwmepae, KbIWKbIT my3ify npoueciHe XoHe yUbImKbl KYPbliibiMbIHbIH KalbIilmacybiHa
acepi Kapacmbipbliiobl. Me3ogurb0i xeHe mepmoguribOi CymKbIWKbINIObI MUKpOOpaaHu3mMOepdiH ylnecyi
epmeHmayusi  KapKbIHObIMbIFbIHA, MUMPAEHeMIH  KbiWKbINObIKKA XXOHe  OHIM  KypblbIMbIHbIH
mypakmbinbiFbiHa eneyrni acep ememiHi aHbikmandbl. OHmMalinibl memnepamyparnbiK PEXUM ©HIMHIH
opaaHonienmuKarblK XoHe (busuKka-XuMUsifbIK curnammamanapbl XakKcapmbinFaH 6ipmekmi ylbIimKbi
mya3inyiHe biKknan ememini kepcemindi, an oHmadisl napamempriepOeH aybimKy KypbiribiMHbIH Oy3bliybiHa
JKOHEe 6HIiM canacklHblH memeHoeyiHe akenedi. AnbiHFraH Hemuxenep alpaH capbiCybl KOHUEHmMpambiH
natiGanaHa oOmMbIpkIf, Kypama Cym KocrnanapbiH awbimy KesiHOe awbimKbl OaKbindapbl MeH
mewmnepamyparbik pexumoepdi keweHdi mypde maHOayObiH muimdinieiH danendeldi )xoHe XaHa KbIWKbII
cym eHimOepiH eHAipy mexHooausiniapbiH 83ipreyde KondaHbinybl MyMKiH.

TyliH ce30ep: Kypama cym Kocrnachl; alipaH capbiCybl KOHUEHmMpambl; chepMeHmauyusi; pusuxa-
XUMUSINIbIK Kacuemmep; chepMeHmauyus memrnepamypacsl; KbIuKbiObIK QUHaMUKAachI.
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XblJIKbl ETIH T¥3[OAY SAICIH XETINAIPY

AHOamna: Makanada Xbifikbl emiH my30ay mexHOs0ausicbiH XemindipydiH 3amaHayu macindepi
KapacmbipblriraH. 3epmmey XyMbICbIHbIH Hezi32i Makcambl — XblIKbl emiHiH maramobIK xeHe 6UOoI02USbIK
KYHObIMbIFBIH apmmbipy, COHOaU-aK cakmay Mep3imMiH y3apmy ywiH ecimOik HeaidiHdeai my30blK Kocriacbl MEH
wokmbIK my30amy adiciH KondaHydbiH muimdinieiH aHbikmay 605bin mabbinadel. Texipubenik 3epmmey
b6apbicbiHOa my30biK KOCracbiHbIH KypaMbiHa ac mya3bi, 1aMUHapusi, KenmipifnzeH WwriuHam xoHe capbiMcaK
eHai3indi. byn KomMrnoHeHmMmMep em 6HIMIiHIH MuHepanobiK xoHe buonoeusnbiKk 6erceHdi 3ammapMeH
6alibimbinybiHa biKnan emedi.

Em yneinepi -45°C memnepamypada 3 caram 6oUlbl WoKmbiK My30amyOaH emki3indi, 6yn adic
OHIMHIH KYpbIfbIMbIH caKkmayfra XoHe MUKPObUOo2UsinbIK mypakmblbifbiH apmmbipyra MyMKiHOIK 6epdi.
OciMOik mekmi my30biK KocrackiHblH apmypni menwepiH (5%, 10%, 15%) kondaHy apKbiibl afbiHFaH
yneainepdiH opeaHosienmukarblK, KypblibIMObIK XXoHe carnarsblK kepcemkiwmepi keweHdi mypde baranaHobI.
3epmmey Homuxenepi 6olibiHwa 10% my30biK KocrnacbiMeH my3darnfaH XbliKbl emi 0aMi, xow Uici XoHe
mekcmypachbl XafblHaH eH oHmalinbl ynei pemiHde aHblKmanobl.

JlamuHapussi MeH wnuHammabl KondaHy 6HIMHIH MUHeparnobiK KypambiH 6albimbir, acipece (00
manuwbifblfbl Xui Kke3decemiH 6Hiprep ywiH QyHKUUOHanObiKk MaHbI3biH apmmbipdbl. XKannsi anraHoa,
anbiHFaH Homuxernep ecimOik HeaiziHdeai my30bIK Kocriachl MeH WOKMbIK My30amy 80iciH ydnecmipe KondaHy
XKbINIKbl emiHiH maramObiK KyHObINbIFbIH cakmal ombipbir, y3aKk mep3sivee deliH canarnbl Kylde cakmayra
MyMKiHOIK 6epemiH muimOi mexHOm02usi eKeHiH kepcemmi.

TyliHn ce3dep: Xbirikbl emi, maramOblK KyHObIfbIK, WOKMbIK My30amy, my30biK KOCnachl, wiuHam,
namuHapusi, cakmay Mep3imi.

Kipicne

Kasipri TaHaa xanbIKTbl cananbl 8pi y3ak cakranaTtblH TaraM eHiMAepiMeH kKamTamachI3 eTy —
Tamak eHepkacCibiHiH MaHbI3gbl MiHAETTEpIHIH Bipi. ET eHimaepiHiH, ilwiHge Xbifkbl eTi — aKybl3fa,
Temipre xaHe AspymeHaepre 6an, Mannbinbifbl TOMEH XXaHe CiHiMAiNiri Xofapbl eT Typi peTiHae
epekweneHeni. Ananga eTTiH cakTany Mep3iMi MeH TafFamablK KyHAbINbIFbl YakblT ©Te Kene
TomeHgenai. CoHAabIKTaH eTTi eHaeyaiH TMiMAi XKongapbiH i3gey — e3ekTi Macene.

byn makanaga Xbinkbl eTiH Ty3gay npoueciHae naMmHapmusg MeH LUNUHAT KOChIFaH Ty30blK
KocnacblH NaraanaHy apkblfbl OHbIH TaFraMablK XXeHe BMoNornanblK KyHAbINbIFbIH apTThipy, COHOAN-
aK LWOKThIK My3daTy aA4iciMeH cakTay Mep3iMiH y3apTy Macenenepi kapactbipbiniagbl.
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