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Application of mathematical modeling methods in the design of fermented milk products

Annotation

The main problem: Modern research in the development of fermented milk products is focused
on increasing the bioavailability of milk components, as well as the use of bacterial components of
sourdough, which increase health properties. The use of the fermentation process of skimmed milk
with a combined starter consisting of traditional for cottage cheese and starter cultures of probiotic
cultures immobilized in a gel of biopolymers is very important.

Purpose: The purpose of this study is to determine the optimal amount of starter, consisting of
an association of probiotic cultures immobilized in a gel of biopolymers (membranes) to be added to
fermented skimmed milk in order to enrich it with functional ingredients.

Methods: A one-factor experiment was used. The culture association Propionibacterium
freudenreichii subsp. was used as a regulatory factor. Shermanii, Bifidobacterium lactis and
Streptococcus thermophilus, immobilized in a biopolymer gel, added to skimmed milk in the form of
membranes (determined as a percentage of the mass of fermented milk). Controlled factors are the
main indicators characterizing the efficiency of the skim milk fermentation process, these are active
acidity, the logarithm of the number of viable cells of bifidobacteria, the logarithm of the number of
viable cells of propionic acid bacteria, and organoleptic evaluation.

Results and their significance: Based on the results of a mathematical analysis of the totality
of values of controlled factors depending on the amount of starter cultures of probiotic cultures,
mathematical models were built to determine the degree of influence of the starter on the quality
indicators of the product, using the Table Curve 3D-v4 mathematical computer program.

Key words: fermentation, sourdough, probiotic cultures, bifidobacteria, propionic acid
bacteria, skimmed milk, immobilized culture.

Introduction

At present, the process of scientific substantiation and practical creation of a fundamentally
new generation of milk-based products enriched with functional ingredients is actively developing in
Kazakhstan. Their main characteristics are: balanced composition, reduced fat content, easily
digestible carbohydrates, high protein content, as well as probiotic properties. At the same time, thanks
to modern biotechnological methods in combination with traditional methods of food technology, it is
possible to create fermented dairy and milk-containing products that are unique in their composition
and properties with a controlled chemical composition and given physiological and biochemical
properties [1].

Dairy fermented products occupy an increasing share in human nutrition. The relevance of the
development of their technology and production is due to the increase in the number of consumer
groups of different ages who have health problems and need products enriched with natural proteins,
«fast» carbohydrates, micro- and macroelements [2].

The range of such products is regulated through the use of plant materials, including wild
species and cultivated in Kazakhstan, which is necessary for the dynamic development of the
agricultural sector of the economy and the processing industry, as part of the implementation of the
tasks of the import substitution program. In connection with the foregoing, this direction of scientific
research is relevant.

Materials and methods [2, 3]

A single — factor experiment was selected. As a factor in regulation X — the Association of
Cultures was chosen: Propionibacterium freudenreichi subsp. shermanii; Bifidobacterium lactis;
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Streptococcus thermophilus, immobilized to the biopolymer gel added to skim milk in the form of
membranes (determined as a percentage of the mass of fermented milk).

Results

Managed factors have chosen the main indicators characterizing the effectiveness of the
processing process of skim milk.

y1 — active acidity, units. pH > 4.4;

y2 — logarithm of the number of viable cells of bifidobacteria,

CFU /cm? — max;

y3 — JoTapu(M KOJIMIECTBA KU3HECTIOCOOHBIX KIJIETOK MPOMMOHOBOKHCIIBIX OaKTepuid,

CFU /cm? — max;

y4 — organoleptic evaluation, points — max.

Table 1 — Results of experimental studies

Sample Adjustable Managed factors Rationing of controlled factors n
factor Z Vi
X1, % | i, Y2, y3, Yd, yi' y2' y3' ys | n=l
en. | CFU/ | CFU/ |points
pH | cm? cm?
Control 0 4,20 - - 43 10,9438 | - - 0,860 | 1,8038
Experiment 1 | 0,03 4,301 7,7781 |9,0792 | 44 | 0,9662 [0,9790 | 1,9500 | 0,880 | 3,7752
Experiment2 | 0,05 4,44 17,9445 |9,5563 | 5,0 |0,9977 [1,0000 | 1,0000 | 1,000 | 3,9977
Experiment3 | 0,07 4,451 17,8751 | 9,5051 | 4,6 | 1,0000 ]0,9912 | 0,9946 | 0,920 | 3,9058

Then they are converted into dimensionless values by normalizing the controlled factors by
the maximum value:

' Ji
Vi T max e

(D

yi’ — the normalized value of the controlled factor;
yi — the experimental value of the controlled factor;
yi™* — minimum value of the experimental controlled factor.

The value of the target function, which is the sum of the normalized values of managed
factors, is determined by the following formula:
n ’
Yo = Z Yi @)
n=1

yo — the value of the target function;
/

n
Z yi — the amount of normalized values of controlled factors.
n=1

Based on the results given in table 1, a diagram characterizes the dependence of the values of
the target function on the totality of controlled factors was built (Figure 1).
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Figure 1 — The dependence of the objective function values on the amount of starter of the association
of probiotic cultures, gel-immobilized biopolymers

Based on the results of mathematical analysis of the totality of the values of controlled factors,
depending on the number of sourdoughs of probiotic crops, mathematical models are built to establish
the degree of influence of the sourdough on the qualitative indicators of the product, using a
mathematical computer program Table Curve 3D-v4 [4,5].

Figure 2 shows a graphical illustration of the change in active acidity in fermented milk.
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Figure 2 — Response surface of changes in active acidity in fermented milk depending on the dose of
starter culture and fermentation time

The regression equation for changes in active acidity during fermentation has the form:

z1=a+bx+cy+dy’ +ey’ + fy*, 3)
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z1 — active acidity of fermented milk;
X — starter dose, %:;
y — fermentation time, Hr.

The coefficients of the regression equation are equal:
a b c d e f
6,6925 -5,0673 -0,3693 0,3241 -0,0887 0,0062

The coefficient of determination of the regression equation is 0.92. The correlation coefficient
is 0.96. Since the correlation coefficient is close to one, it can be assumed that the presented regression
equation adequately describes the change in active acidity from the amount of fermentation and the
time of fermentation.

Figure 3 presents the statistical assessment of the error of the regression model, the maximum
error of the mathematical model consists in 17 positions and is 15.916 %.

Rank 48 Egn 4 z=a+hx+oy+dy® +ey™ Hy?

LT W alue Y Walue L walue L Predict Fesidual Fesidual %
1 .07 a 4.45 41953131 02545859 57233015
2 .07 G 4.45 4 6903131 -0.240313  -5.400294
3 .07 4 G 59603131 003955859 0.6514486
4 .07 2 G.4 G.2853131 01148859 1.791933
5 .07 0 G.5 G.3378131 01621889 24951333
B 0.05 a 4.44 42966589 01433411 32284036
i .05 5 4.45 47916539 0341650 T EFVFT2E
g .05 4 G B.O51ES39  -0.0516529 -1.027548
g .05 2 6.4 G.386E589 0.0133411  0.208455
10 0.058 1] 6.5 G.4391689 00608411 09380173
11 0.03 a 4.3 4.39580047 -0.098005  -2.279178
12 0.03 G 4.52 48930047  -0.373005 -3.252316
13 0.03 4 5.2 G.1630047 00389953 05956585
14 0.03 2 6.5 G.4850047  0.0119953  0.1845435
15 0.03 0 6.5 G.5405047  -0.040805  -0.623145
16 1] g 4.25 4 5600234 0300023 -7.059373
17 0 G G S.0450234 09549768 15916277
18 0 4 6.3 G.3150234 0015023 -0.238465
19 0 2 6.5 G.EA00234  -0.140023 -2.154205
20 0 0 G.51 B.EIZE234 0182523 -2.803738

Figure 3 — Assessment of the statistical error of the regression
equation of a change in active acidity

Figure 4 shows the response surface of a change in the amount of bifidobacteria in fermented
milk.

The regression equation of a change in the logarithm of the amount of bifidobacteria has the
form:

22 =a+bx+cx® +dy+ey’ + fy’, (4)

72 — logarithm of the number of bifidobacteria;
x — starter dose, %;
y — fermentation time, Hr.
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Figure 4 — The response surface of the change in the logarithm of the number of bifidobacteria cells
in fermented milk, depending on the dose of starter and fermentation time

The coefficients of the regression equation are equal:

a b C d e f
4,9551 32,5 -270 0,1178 0,0688 -0,0063
Discussion

With an increase in fermentation time, the number of viable bifidobacteria cells increases. The
coefficient of determination of the regression equation is 0,93. The correlation coefficient is 0,96.
Therefore, it can be stated that the developed mathematical model of changing the amount of
bifidobacteria in the process of fermentation of milk adequately describes the process under study.

Figure 5 presents a statistical report of the error of the regression equation of a change in the

number of viable bifidobacteria cells.

Rank 266 Eqn 18 z=a+bx+cx®+dy +ey@+y=

LT W Walue Y W alue I3 alue £ Predict Fesidual Fesidual ¥
1 0.07 a 7.1 3.05380595 -0.14331 -1.818072
2 0.07 B 7.as FA14286 0 01385714 1.7585207
3 0.07 4 /.72 FO07952383  -0.359524 -5 350057
4 0.o7 2 /.92 B.3EE0952  0.59519048  7.9755023
5 0.o7 0 572 S5.9071429 0187143 3271728
(& 0.05 a 7.99 a.0518095 -0.06131 -0.77 3586
F 0.05 o 794 7384286 0 02005714 25260335
3 0.05 4 B.G5 FOF7e23E 0227524 3321515
o 0.05 2 .41 B.aEEO952 0.04390453 06349417
10 0.05 0 5.95 59051429 0.0448571  0.75359016
11 0.0z a 7.a4 78338095 00561902 07121733
12 0.0z B 7.7a F.e214286 02585714 3.3235402
13 0.03 4 .55 B.88095238  -0.309524 4725554
14 n.o3 2 B.15 B 14530952 0.0019043  0.0309717
15 0.o3 ] 5.65 56371429 0007143 -0.125755

Figure 5 — Statistical error report of a mathematical model of changing the number
of bifidobacteria cells in the process of fermentation
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The maximum model of the model is 7,97 % in the fourth position, which does not exceed the
permissible value for technological research.

Figure 6 presents a graphic illustration of the surface of the response of the Logarithm of the
number of propionic acid cultures.

Logarithm of the number of propionic acid bacteria
Logarithm of the number of propionic acid bacteria

Figure 6 — Response surface of the change in the logarithm of the number
of propionic acid bacteria in fermented milk, depending on the dose
of starter culture and fermentation time

The regression equation for the change in the logarithm of the number of propionic acid
bacteria in fermented milk has the form:

z3=a+bx+cx’ +dy+cy’ + fy’, )

73 — logarithm of the number of propionic acid bacteria;
x — starter dose, %;
y — fermentation time, Hr.

The coefficients of the regression equation are equal:
a b c d e f
5,8788 76,8 -702,5 0,1781 0,0409 -0,0045

The amount of propionic acid bacteria with an increase in the time of fermentation increases.
The coefficient of determination of the regression equation is 0,99. The correlation coefficient of the
model is 0,995. The developed mathematical model of changing the number of propionic acid bacteria
in the process of fermentation adequately describes the studied process.

Figure 7 presents a statistical report of the error of the regression equation of changes in the
number of propionic acid bacteria cells.
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Rank 151 Eqn 18 z=a+bx+cx®+dy+eys+y>
LT WWalue Y YWalue £ walue £ Predict Fesidual Fesidual %5
1 0.0y a 948 Q5292857 0049286 -0.519892
2 0.07 B 9.51 93728571 01371429 1.44209
3 0.07 4 879 3.88590476 -0.099043 -1.126822
4 0.ay 2 a.35 8.2951905  0.0538095 06444254
5 0.07 0 T 78126819 0042619 -0.548503
B 0.05 i o.R4 0.E792as7 0039286  -0.407523
7 0.05 B 955 Q5228571 0.0371429  0.3885236
g 0.05 4 .95 9.0320476  -0.082043  -0.994945
g 0.05 2 a.52 3.4461905 0.0738095 0.866309
10 0.05 0 .98 792619 0.017381 0.2178064
11 0.03 a o327 92672857 00227143 05656039
12 0.03 B o.03 9110571 -0.030857 -0.339335
13 0.03 4 a6 36270476 0027048 -0.314507
14 0.03 2 a.05 3.0341905 0.0158095 01962216
15 0.03 0 .54 7.550619 0.010619  -0.140836

Figure 7 — Statistical error report of a mathematical model of changing the number of propionic
acid bacteria cells in the process of fermentation

The relative statistical error of the model does not exceed 1,5 %. The maximum relative error
of the model is in the second position and is equal to 1,44 %.

The developed mathematical models in all three cases are represented by expressions identical
in form, which have the form:

z3=a+bx+cx’ +dy+cy’ + fy’, ©

which indicates the same regularity in the course of the fermentation process, but differ in the
values of the coefficients of the regression equations. By the nature of the response surface, they are
close to a linear surface. Thus, it was found that an increase in the fermentation time of the product
leads to an increase in the number of cells of bifidobacteria and propionic acid bacteria.

Conclusion

All mathematical models have a high level of adequacy, the statistical error is minimal.

Therefore, a comprehensive study of the process of fermentation of skimmed milk with a
combined starter consisting of traditional for cottage cheese and starter cultures of probiotic cultures
immobilized in a gel of biopolymers (membranes) allows us to assume that the mass fraction of the
starter of probiotic cultures, which is 0,05 % of the mass of skimmed milk, ensures the efficiency of
the process. its fermentation and enrichment of the product with functional ingredients.
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M.B. Pedeson !
1«B. M. T'op6atoB atbinaars Denepanibik a3bIK-TYIIIK KyHenepi FHUIBIMUA OPTAIBIFBD (eIepaIbIK
MEMIJIEKETTIK OFOKETTIK FRUIBIMU MeKemeci, Peceit

AIIBIFAH CYT OHIM/IEPiH KypacThIpyAa MaTeMaTHKAJIBIK MO/ieJIbAey dlicTepiH KoJaIaHy

AUIBIFaH CYT OHIMJIEPIH 93ipJey cajachlHAAFbl 3aMaHayd 3epTTeysiep CYT KOMIIOHEHTTEPiHIH
OMOXKETIMIUIITIH  apTThIpyFa, COHJAH-aK JIeHCcayJbIKKa Taimainbl KacHeTTepiH apTThIPAThIH
KBIIIKBUIIBIH OaKTePHsUIBIK KOMITIOHEHTTEPIH KOJjIaHyFa OaFbITTaifaH. ['eip OuomnojaumeprepiHe
MMMOOWIM3alKsATIalFaH  TIPOOMOTHKAIIBIK  TaKbUIIAPIBIH JOCTYpi cy30eci MeH alIbITKbIChIHAH
TYPATBIH apajac allbITKBIMEH MaiChI3 CYTTI alllbITy MPOIECIH KOJIJaHy 6Te MaHbI3IbI.

Ocel  3epTTeymiH MakcaThl (DYHKIHOHANABIK MHrpenueHtTepre OaWbBITy MakKcaThIHAA
(hepPMEHTTEINTeH MalChI3 CYTKE EHTi3y YIIiH NPOOHOTHKAIBIK JAKbUIAAP KaybIMIACTHIFBIHAH TYPAThIH,
renb OuornommMepiepine (MeMOpaHamapra) HMMOOITH3AMSIIAHFAH YHBITKBIHBIH OHTAUIIBI MOJIIIIEPiH
aHBIKTAy OOJIBIN TaOBLTAIBI.

Bip dakropsibl dKCHEpUMEHT KoJmaHelLiel. Perrey daktopsl perinae Propionibacterium
freudenreichii subsp momenuerTep KaybIMIacTBHIFBI KoJmaHbuLAbl. Shermanii, Bifidobacterium lactis
arcone Streptococcus thermophilus, rens GuomonmMepiiepine MMMOOMTH3ANMSITAHFAH, MAaWChI3 CYTKE
MeMOpaHajiap TYpiHIE KOCBUIamel (AIIBITBUIFAH CYT MAacCAaChIHBIH TAaHBI3BIMEH aHBIKTAJAIbI).
BackapbiateiH (axTopiap Malchl3 CYTTI AIUBITY MPOLECIHIH THIMAUIIH CHIATTAUTBIH HETi3ri
KOPCETKIMTEePII TaHOAAbl, oOJlap OCJICeHI KBIMKBUIIBIK, OnhuI00aKTepUsIapaAblH OMipIIeH
JKacyIiagapbl CaHbIHBIH JOrapuMi, MPOIHUOH KBIIIKBLIBI OaKTEPUSIAPBIHBIH OMIpIICH Kacyliaaapbl
CaHBIHBIH JIOTapU(Mi, OPraHOJICNITUKAIBIK Oaraay.

BackapeimateiH (hakToprmap MoHIEPiHIH KUBIHTHIFBIH MaTeMaTHKaIbIK Tajnay HOTHKeIepi
HETi3iHJe, MPOOMOTHKAJIBIK JaKbLIIAPJAbIH AalllbITKbl CaHbIiHAa OaimaHbicThl, Table Curve 3D-v4
MareMaTuKaibIK KOMIBIOTEPIIK OarmapiamMachlH KOJIaHa OTBIPHIN, AIBITKBIHBIH ©OHIMHIH CaIlaibIK
KOPCETKIITEepiHe acep €Ty OOpPEeKECiH aHbIKTayFa MYMKIHIIK OepeTiH MaTeMaTHKalbIK MOJIENIbACD
KYPBUIIBL.

Tyiiindi ce30ep: ambITy, AIIBITKBI, NPOOMOTHKANBIK NaKbpLIIap, OudumodakTepusuiap,
MPOTIHOH KBIIIKBLIbI OaKTEPHUSIIAPhl, MAKChI3 CYT, IMMOOWIN3AIMSIIAHFAH MOJICHHET.
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M.B. Pe6e3oB!
!MenepanbHOE roCyIapCTBEHHOE OIOHKETHOE HAyuHOE yupexaenne «DenepanbHblii HayuHbIH LEHTD
numieBsIx cucteM uM. B.M. 'op6aTtoBay, Poccust

IIpuMeHeHne MEeTOI0B MATEMATHYECKOTO MO/IETHUPOBAHHUS TPH KOHCTPYHMPOBAHUHU
KHCJIOMOJIOYHBIX MPOAYKTOB

CoBpeMeHHBIE HCCIEAOBaHHMA B 00JacTH pa3pabOTKA  KUCIOMOJIOYHBIX —MPOJYKTOB
HalpaBJIeHbl Ha IOBBIIICHHE OMOJOCTYITHOCTH KOMITIOHEHTOB MOJIOKa, a TakKXe HCIOJIb30BaHHE
OaKkTepUaIbHBIX ~ KOMIIOHEHTOB  3aKBacKH,  MOBBIIAIONMX  TOJE3HbIE Ui 3J0POBbS
cBoiicTBa. Mcnonb3oBanue mporecca (epMEeHTAIMU O0C3IKUPESHHOIO MOJIOKA KOMOMHHUPOBAHHOMN
3aKBaCKOW, COCTOSIIIEH W3 TPAJAMIMOHHON JJII TBOPOTa W 3aKBACKH MPOOMOTHYECKHX KYJIBTYP
MMMOOWIN30BAHHBIX B T€Ih OMOMOINMEPOB BEChMa aKTyalbHO.

Llenp maHHOTO WCCIIEIOBAaHUS SBISETCS OMpPESIICHHE ONTHMAJIbHOTO KOJUYECTBA 3aKBACKH,
COCTOSIIIEH M3 accouManyy MPOOMOTHYECKUX KYJBTYP, HIMMOOMIN30BaHHBIX B I'elib OHOIOINMEPOB
(MemOpaH) 11 BHECEHHUS B (EPMEHTHpPYyEMOE OO0E3KHMPEHHOE MOJIOKO C IIEJIBI0 €r0 O0OTaIeHHS
(YHKIMOHATBHBIMHU UHTPEJUCHTAM.

beur mcnonp3oBaH 0HOGAKTOPHBIA AKCHEpUMEHT. B kadecTBe (hakTopa perymupoBaHUS
UCIIOJb30Bajlack  accouuanus KyiasTyp Propionibacterium  freudenreichii - subsp.  Shermanii,
Bifidobacterium lactis u Streptococcus thermophilus, nmmoOuIM30BaHHAsT B Telb OHOMOIUMEPOB,
noOamisieMass B 00e3KMPEHHOE MOJIOKO B BHIEe MeMOpaH (ompejeisercs B TPOIEHTaX OT MAacChl
(depMeHTUpYeMOT0 MOJIOKa). YTpaBisieMbIMH (akTOpaMu BbIOpaHBl OCHOBHBIC ITOKa3aTely,
xapakTepu3yromue dQPEKTUBHOCTE Tpoliecca (pepMeHTaITH 00€3KHPEHHOTO MOJIOKA, dTO aKTHBHAs
KHCJIOTHOCTh, JIOTApU(M KOJHMYECTBA JKMU3HECTIOCOOHBIX KIETOK OuduaodaxkTepuid, Jorapudm
KOJIMYECTBA KU3HECTIOCOOHBIX KJIETOK MPOTMMOHOBOKHCIIBIX OaKTeprii, OpraHoIeNTHIeCKask OIICHKA.

Ha ocHoBanum pe3ynpTaToB MaTeMaTHYeCKOTO aHajlM3a COBOKYHNHOCTH 3HA4YCHUH
yhpaBisieMbIX (akToOpoB B 3aBHCHMOCTH OT KOJMYECTBA 3aKBACKH MPOOMOTHYECKUX KYJIBTYP
MMOCTPOCHBI MAaTEMAaTUYECKUE MOJENH, MO3BOJISIFOIINE YCTAaHOBUTH CTEIEHb BIIUSHHS 3aKBAaCKA Ha
Ka4eCTBCHHbIC TIOKa3aTeN MpPOJAYKTa, C HCIOJIB30BAHUEM MAaTeMaTHYeCKOH KOMIIBIOTEPHOM
nporpammel Table Curve 3D-v4.

Kurouesvie cnosa: dbepmeHTanus, 3akBacka, MPOOMOTHYECKHE KYIBTYpHI, OnbHmodakTepuy,
MIPOITMOHOBOKUCITBIC OAKTEPHH, 00E3)KUPEHHOE MOJIOKO, UMMOOWIIN30BaHHAS KYJIBTYpa.
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Tamak eHepKaciOiHaeri cyT capbICybIH OHJIEYdiH Ka3ipri :kaFaaibl

Angarna

Hezizei mocene: KazakcraHga «emimIiIiK KYHIBUIBIKTBI KOHE OKCIOPTKA OarjapiiaHFaH
eHipicTepai AaMbITy» barmapiamacelH icke acblpy meHOepiHme CYTTiH Kypamuac OeliKTepiH
HIOFBIPJIaHABIPY YLIIH MeMOpaHalbIK MPOLECTep CHTi3UICTIH jKaHa 3aMaHayd CYT KOCiMOpBIHAAPHI
OeJICeH 1 KAHFBIPTBUIBIN, KYPBUTYa. byT MMKi3aTTRl YTHIMIBI JKOHE KeIIeH Il Taiianany YIliH, OHBIH
iIIiHAE eKiHII PEeTTiK pecypcTapbl KaiTa eHJIey eceOiHeH KaXeT, oJapIblH HEri3rici capbicy OOJbI
Tabputanpl. JlocTypsai Tamak eHIMAEpiH OHIIpY NPOIECTePiH JKETUIAIpY J>KOHE WHHOBAIMSIIBIK
TEXHOJIOTHSJIAP/Abl 93ipiiey ’KaHa TEXHOJOTHsIap MEH TEXHOJOTHSUIBIK >KaOAbIKTapAbl NaipanaHy
Ke3iHJe FaHa MYMKiH Oosanbl. MeMmOpaHalbIK TpolecTep CYWBIK CYT OHIMJIEpiH (Qpakuusiiay MeH
KOHLIGHTpaUMsIayipl KOJIZaHy YIIiH KEHIHeH KOJJaHbUIaAbl, Oy INMKI3aTThl KalTa eHIey
MoceesiepiH KaHa JKOJIMEH IIelyre MyMKIiHIIK Oepeai jkoHe TaFaMHBIH KaHa TYpJEpiH JaMbITyFa
MYMKIHIIKTEp arabl.

Maxcamur: KazakcTanaa cyT capbICyblH OHIIPY MEH OHJEyTe Tanjaay xacay. MeMOpaHabIK
TEXHOJIOTHATIAPBIH HEri3T1 Typuepin sxone onapabl Kasakcran Pecrybnukaceinga cyT eHepkaciOinae
naijananyablH ~ apTHIKIIBUIBIKTApeIH ~ KapacTelpy. CyT capblCyblH OHIEYyAeri MeMOpaHaIbIK
TEXHOJIOTHSIIAP/IBIH POIH HETi3/Iey, CYT CapbICYbIHBIH MHHEPAICHI3IaHIbIPBUTYBIH KAMTaMaChI3 €Ty,
OMONOTMSIIBIK KYHJIBIIBIFBI JKOFaphl KOHE TYTHIHYIIBUIBIK KacHeTTepi O0ap eHIMIepAl aiy, dHEprus
TachIMaJIIayIbUIAPJIIH KYHBIH TOMEHJETY, KOJIK IIBIFBIHIAPBIH YHEMJIEY MaKcaTbhlHIa IIUKi3aT
KOJIEMIH a3alTy YIIiH MeMOpaHAIBIK OHJ/IEY 9/ICTEPiH eHTI3y/iH SPTYPJIi TICUIIepiH CUIaTTay, CYTTIH
KaTThI 3aTTapbIH KAIIBIKCHI3 OHJLY, CyIbl KaliTajlaMa naiaaiany.

9oicmepi. omebu Ko3depii, CYT IIMKI3aThIH JKOHE KaWTaimaMa CYT OHIMACPIH OHICYIiH
MeMOpaHaJIbIK, SAICTEPiH 3epTTEY JKOHE Tajaay.

Homuoricenepi oicone onapowiy manwizovlaviest: Kazakcran PecryOnmkaceiHaa cyT eHIMIEpiH
OHJIpyZe pecypc YHEMICHTiH MeMOpaHaJbIK TEXHOJIOTHsUIApAbl KOJJaHy Macesenepi 3epAeieHl,
KOCIMOPBIHAPABIH YKOHOMHUKAJIBIK THIMALIITIH apTTHIPY YIIIH OCBI TIpoOsieManap/abl MIenly JKOJIaphl
TaOBUI/IBL, SIJIET] AIEYMETTIK JKOHE SKOJOTHSUIBIK THIMIILUTIKKE OH 9CEPiH THTi3e/i.

Tyiiinoi ce3zdep. CYT capbICybl, Ta3OblH O6JIiHyl, IepBamopanus, MeMOpaHalblK aimay,
OapomeMOpaHabIK POIECTEP, FICKTPOMEMOPAHANIBIK IPOIECTEP, FICKTPOIUAINS.

Kipicme

Cyr eHepkociOiHIH FHUIBIMU-TEXHUKAIBIK NPOTPECiHIH aXblpaMac >KoHe O0a3ajbIK Herisi
XQIIBIKTBIH KeH ayKBIMBIHBIH KQKETTUTIKTEpiHE jKayarn OepeTiH KOFapbl camalibl, 09ceKere KaOineTTi
OHIMJIEp HIBIFApy/Ibl KAMTAMAachl3 €TETiH Pecypc »KOHE DHEPTUsl YHEMJIEHTIH, dKOJOTHSIIBIK Kayirci3
TEXHOJIOTHSAIAPAbl AAMBITY OOJBIN TaObUIAAbl. BHOMOTMSIIBIK KYHABUIBIFBI KOFAphl, OHBIH IMIIHAE CYT
aKybI3Zlapbl eceOiHeH cay TamaK ©HIMICpiH IIbIFapy KeJieMiH Kypy »KOHE YJIFaWTy callaChIHIAFb
MIHIETTEp OJIi JIe MIEeTTy i Tajam eTei.

2021 xbisl [pesunent Kacsim-KomapT TokaeB Kazakcran xanksiHa XKosgaybiHaa arpapiblk
CEKTOPJII JIaMBITYy, COHJai-ak Kazakcranma aybll HIapyalllbUIbIFBl [IMKI3aThIH Kaita enjeyre
OalaHbBICTBl MAcENeNIepIiH YJIKEH ONOThIH Ko3Faabl. Oil aybUIIapyamibUIbIK ©HIMAEPIH, COHBIH
IIHAE CYT OHIMJCPiH OHJIpY *oHEe oHJey OOWBbIHINA ipi SKOXKYHeTep JKeNmiCiH KYpy.bl TarcChIpbl.
Ocpl MiHAETTEpAl MICHly VIIIH aybUl IIapyambulbiFbl MUHHACTPIIri Kasakcran PecmyOnukachbHbIH
AOK nmameity xeningeri 2021-2025 xpuinapra apHaifaH YITTBHIK jKOOaHBI iCKe achlpy MIeHOepiHe
IIIKi HAPBIKTHI OTAH/IBIK OHIIPICTIH 9JIEYyMETTIK MaHbI3bl 0ap a3bIK-TYIIIK TayapiiapbIMeH, OHBIH iIIiHAe
endyip Oemirinme iprenec enfepAeH HMIOPTTaiaThiH eHimzaepMeH 80%-Fa KaHBIKTBIPY MaKCaThbIH
Koumel [1, 2].
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ConpimMen karap, 2022 >xputel KazakcTaHma «eNMIIK KYHIBUIBIKTBEI JKOHE JKCIOPTKA
OarmapianraH eHIIpicTepai JaMmbITy Oarmapiamacekl» Oekitimai [3]. Kazipri yakeiTTa WMIIOPTTHI
alIMacThlpy OaFgapiamMachlH icke acelpy mmieHOepiHae KasakcraHaa jkaHa CYT KOCIOPBIHIAPHI
OenceHai KypbUIyJa >KOHE CYTTIH Kypamjac OeNiKTepiH WIOFBIPIaHABIPY YIIiH MeMOpaHabIK
MPOLIECTEP CHII3LIy/IE.

KazakcTaHHBIH TYpakTbl a3bIK-TYJIK 0a3achlH KYPYJIbIH JXKOHE OHBIH TYPAKThl JaMybIHBIH
Ka31pri 3aMaHfbl TYKBIPHIMAMACHI CHIPTKBI SKOJOTHSIIBIK (haKTOpIapAbIH aJaM JIeHCayIbIFbIHA 9CepiH
HUBEJHpPIIEyTe MYMKIHAIK OepeTiH (yHKIMOHAIABIK KacHeTTepi Oap »aHa eHiMaepal jkacay YIIH
OTaHIBIK OHMIPICTIH >KaHyapiap MEH ©cCIMAIK TEKTeC IMIMKI3aThlH YTBIMABI JKOHE KelIeH/i
naigananyapl  kesnewai. JlocTypni Tamak eHIMIEpiH OHJIpy MpOIECTEePiH JKETUIAIpY IKOHE
WHHOBALMSUIBIK ~ TEXHOJIOTHSAJAPABI  93ipjey TEK J>KaHa TEXHOJOTHJIap MEH TEXHOJOTHUSUIBIK
XKaOIBIKTap/Ibl NaJaaHFaH Ke3/le FaHa MYMKiH Oouanbl. bipiHimi OybiH MeMOpaHaIIbIK IPOIeCcTepiHiH
KOJIJaHy asiChl - MUKPO JK9HE YJIbTpaduibTpanusi, Kepi 0cMoc, 3IEKTPOANAIN3 JKOHE AMAIN3 — YHEMI
keHeiin keneni. COHFBI KBUIAAPHI €KiHII OYBIHHBIH MEMOpaHaJbIK IpoLecTepi Ae Oencennai namyaa-
ra3ael 0oy, TiepBaroparysl, MeMOPaHaIbIK JUCHUIAINS KOHE CYHBIK MeMOpaHaIapAblH KoMeTriMeH
Oeminy [4].

CyT mmKi3aThlH, OHBIH IMIIHAE CapBICyAbl OHICYIIH MEMOpPAHAIBIK OMICTEePIH KOJIAHYy
KapkbIHIbl  jgamyna.  CyT  eHepkociOiHImeri  MeMOpaHajblK  TEXHOJOTHSUIAPIBIH  IMIiHAE
yibTpaduIbTpalMs KEH Tapaiabl. Bysl TEeXHONOTHS aKybI3lap/bl HIOFBIPIAHIBIPY KOHE OJIAp.IbIH
MOJIUTENTUATIK TPO(MWITIHIH TOMEH JIHEPTeTUKAIBIK IIBIFBIHAAPBIMEH OaFbITTAIFAH PETTEy YIIiH
yikeH aneyerke ne. COHbIMEH Karap, yibTpaduabTpaius MpOLECiHIH MEeXaHU3MACPIH KapKbIHAATY
JKOHE JKYHeNey Moceleci, ocipece KYMBIC ICT€Y Y3aKTBIFBIH apTTHIPY CalachblHAa, >KETKLUTIKTI
3eprrenMered. JKorapelga aWTbUIFaHAapra OaimaHbICTBl Oyl FHUIBIMHA OarblT Kaszakcranmarbl
3epTTEYiH 63€KTi TAKBIPHIOBI OOJIBITT TaOBLTA B

CyTTiH eH KyHIbl KOMIIOHEHTTEpiHIH Oipi-capblcyiarbl aKybI3Zap, OJapAbIH MeJepi
capeicyna 1 % okereni. Cappicy akybi3aapbl (aibOyMHHIEDP MEH TIJIOOYJIMHICP) €H KYHJIbI
OMONIOTHSIIBIK  KACHETTEpPre He, OJapAblH KypaMbIHAA ©MIPJK MaHBI3Ibl aMHUHKBIILIKBIIIAPbIHBIH
OHTAWJIBI JKUBIHTBIFBI 0ap JKOHE TaMaKTaHy (U3UOJIOTHSCH TYPFBICHIHAH «UICAIIBY aKybI3IbIH
AMMHKBIIKBUIIBIK [IKAIAChIHA JKaKbIHAaWAbl. KaH capblcybIHAAFbI TOJIMIENTUATED ACHE aKybI3AapblH
KYpyZla KOJIaHbUIA R [5].

Peceiinik FaasiMmapapiy mikipiame, Capbicy €o3ci3 KOUTereH MaHbI3IbI KOPEKTIK 3aTTapIbIH
Ke31 Oousblll TaOBUIAABI, €H ajAblMEH, Maillap MEH KeMipcyjapAaH aWblpMallbUIBIFBI, JCHEIe
CHHTE3/IeIIMEUTIH XKOHE TEeK TaMakIleH Oipre KeJeTiH TOJBIK akys3aap. Onmap skacymanap/sl, TIHASPA
KOHE MyILenepai Kypyra, GepMEeHTTep MEH KONTereH ropMOHAApIbl, TEMOITIOOMHAL XKOHE OpraHu3MIe
MaHBI3Bl JKOHE KypJieli (YHKUIUSUIAp/Ibl OPBIHAAWTBHIH Oacka KOCBUIBICTApIbl KYpyFa apHajFaH
MaTepual peTiHje KbI3MeT eTeli [6].

1-kecte — CapbICYOBIH OPTYPIII TYPJICPiHIH (HDHU3HKA-XUMHUSITBIK KYPaMBbI

THIFBI3IBIK, KoKk abIK Maccanslk yiec, %
Capsicy Typi Kr/m3 TUTpPJICHETIH, | OeNCceHmi, | KypFak |JIakTo3a | >KajIibl
oT pH 3aTTap aK TUIH
IpimMinik 1024 15 6,25 5,85 4,25 0,62
TepMOKBIITKBLT 1024 20 5,75 5,80 4,88 0,41
Cy3be 1022 60 4,55 5,90 4,55 0,55
Kocnackl TepMOKBITIKBLT 1023 40 4,80 5,85 4,72 0,49
skoHe cy30e (1:1)
2-kecre — Cappicy aKybI3JapbIHAaFbl MAaHbI3bl AMHHKBIIIKBUIIAPBIHBIH ~MOJIIEPl  «UICaIbDy
aKybI30eH canpicThipranaa, T 100 r akybIzra
AMUH KBIIIKBLIBI Capsicy aKkybI3gapbl «MiHCi3» aKybI3
H3oneituyx 6,2 4
Jletinmu 12,3 7
JIn3un 9,1 5,5
MeTtuonusa 2,3 3,5
HucTun 3,4
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2-KECTEHIH JKaJIFaChl

dennnanaHuH 4.4 6

Tupo3un 3,8

Tpeonun 5,2 4

Tpunrodan 2,2

Bamun 5,7 5

MemOpaHaibIK TporecTepli MapTThl TYpae 0apoMeMOpaHAIBIK KIHE JIEKTPOMEMOpaHAIIBIK
nernt Oemyre Oonaabl (OHBIH imiHAe snekTpoauanu3). CyTTi 0eily MeH KOHICHTpalMsiayablH
MeMOpaHaIIBIK JIiCTepiHe yIbTpapMIbTpaIns, Kepi 0CMOC, COHIal-aK dNIEKTPOANAIN3 KaTapsl [7].

MemOpaHabIK TEXHOJIOTHSIIAPIBIH TYpJIEpi MEH CUIIaTTaMajapbl, oJlapAbl CYT OHEpKaciOiHe
KOJI/laHy 3-KecTezie KeNTipiiareH.

3-xecte — MeMOpaHalbIK TEXHOJNOTHSUIAPABIH TYypJepl MEH cumarramaiapbl, OJlapAbl CYT
OHEPKACiOiH/Ie KOJIAaHy
IIpouecc Konnany \ Herisri apThIKIIBUIBIKTAPEI
DneKTpoanau3 JIicTepi

DnexTpoauanu3 Ipimiik, cy30e xoHe Cyr capbicyblH 96  %-Fa  fmeiiiH  TepeH
Ka3euH capbicybiH 50-1eH MUHEPaIIaHIBIPY; peareHrci3 TOCITMEH
90%-ra neiin CappICyIbIH  KBIIIKBUIABIFBIH  16-20 °T  nmeiiin
MUHEpaJIaHIbIPY; TOMEH/ICTY; OMOJIOTHSUIBIK KYHIBUIBIFBI KOFaphl
YABTPAKYITIH IIepMear, JKOHE TYTBIHYIIBUIBIK KacweTTepi 6ap eHiMaep i
MaMCBI3 CYT, JIaKTyJ103a any; muKi cyTTiH Oip Oeuxirin OocaTy apKbUIBI
cupomnsl. OHipicTe CYT OHMIPICIHIH THIMAUIITIH apTTHIPy KOHE OHBI
KOJIJaHbLIa bl KypFaK JalbIH CYT OHIMIEPiHIH aCCOPTHUMEHTIH YIFaluTy
MUHEPAJICHI3IaHABIPbUIFAH | )KOHE KCHEHUTY YIIIiH Maiijiaiany; cyT OHIIpiCiHIH
CYT CapbICyBbl; aybl3 CYT; arblHAAPBIH  JKOXKylere arbI3yasl OapbIHIIA
allIBITBUIFAH CYT OHIMJICPI; | a3aiTy. JlakTo3a OH/IIPICIH/IC OHIMHIH
cy30e eHiMIIED]; OHIMILTITI apTaIbl.
«KOIOJIAHABIPBUIFaH CYT»
THTITI OHIMJIEP; OATMY3/IaK.

BbapomemOpaHabIK oicTep

Muxkpodunbrpar; | CyTTi «CyBIK TACTEPIIEY» — 0,2 MKM Keyek Memepi 6ap meMOpaHanap

g (M®) — 0,05- 99,5 %; ipiMIiiK TY3/1bI Maii Oeekrepinig 99,9 %, an 1,4 MkM keyek

10 MM epITIHICIH KaJITbIHA KeNTipy | Memmepi 6ap MemOpaHanap Maiasry 90-98 %

JMana30HbIHAAFBl | JKOHE CaHalMsIIay; CyT — Jkupa xos11bl; 1,4 MKM Keyek mMenuiepi 6ap

OemeKTep iy KOMITOHEHTTEpiH MeMOpaHaap apKblIbl CY3UITeH CYTTeri

Meuepi (hpaxmusinay; ipimMInik eHaipy | OakTepusapIbIH MOIIIIepi aKybI3Iap IbIH

(Oakrepusiiap, YIIiH CYTTeri Ka3euHai afTapIIbIKTall CaKTalybIHChI3 €Ki pEeTKe

CYTTiH MaHJIBI
apiapsl KoHE
Ka3enHHIH ipi

CTaHAapTTay; Ka3eHH
KOHLEHTpATTaphbl; CYT MabIH
KeTipy; KYpFaK CYT KoHe

azasnpl. CapbICyapl MUKpO(MIBTpanusIay
Ke3inzge Oakrepusiiap, Gochonmunuarep xKoHe
Ka3euH XKOUbLIA IbI, OYIT )KOFaphI Carlabl

0,05 MxMm Hemece
5000-500000
Janron (ka3zenH
soHe Capricy
aKybI3Japbl ) Iuall
A30HBIH/IAF bl
OemeKTep i
Meutiepi

MIOFBIPJIAHABIPY; IPIMIITIK
OHJIIpY; CYTTI aKybI3 )KoHE
Ka3enH OOWBIHIIA
CTaH/AapTTay; aybl3 CYT
OHJIIpY; JeKalbIIMHALINSIIAY
TOMEH JIAKTO3aJIbI CYT
OH/IIPY/IC JJAKTO3a MOJIIIECPIH
a3aiTy; capbIiCybl JKOFaphI

MHUIIEIITAIAPhI) Kyprak Capsicy capbICy-aKybl3 KOHLCHTPATBIH alyFa )KoHe
KeWiHT1 ynbTpauibTpanus Ke31Hae arblH
JKBULIAM/IBIFBIH apTTBIPYFa MYMKIHJIIK Oepei

Vuerpadunetpan | Cyt xoHe Capbicy Kyprak 3arTapaplH MaccallblK YIIECiH opTa

us (YK) —0,001- | akysi3papsin ecermeH 12,5-ten 16 %-ra Jieifin apTThIpabl

JKOHE KeJleci Ke3eHIepIiH OHIMIUTITIH eKi
ecere apTTBIpyFa MYMKIHIIK Oepei;
IPIMITIKTIH OHIMIUTITIH apTTHIPAIBT;, CYT VIO
¢depmenrin (60 %-ra neliiH) )KoHe
0aKTepHUSUIBIK AlIBITKBIHBI TYTHIHY bl
azaliTyra, IpIMIIIKTIH MICETiH yaKbIThI MEH
TEXHOJIOTHSIJIBIK TIPOIIECTIH Y3aKThIFbIH
azaiiTyra, eHJIipic NieH OaKpUIay MpolecTepin
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3-KeCTeHIH KaJIFachl

aKybI3/Ibl KOHIICHTpATTapFa
HeriznenreH CapbICy1aH XKaHa
OHIMJIEp any

aBTOMaTTaHIBIpyFa MYMKIHIIK Oepe/ti.
AKybI3 KoHIeHTpaTTapblH 30-1an 95 %-ra
JIeiiiH alyFa MYMKIHJIK Oepei.
KoHnenTparnus ke3iHue 1akTo3a epitiHmici
MeH Ty3/ap jaa OesiHei

Hanodunbrpanus
-0,0005 - 0,001
MKM Hemece 400 -
1000 dantoH
(;makTo3a xoHe
Kenoip
AMUHKBIIIKBLUIIAD
Bl )TMATIA30HBIH A
FBI OOJIIIEKTEPTIH
MeJepi

CaprICy MeH mepmear
KOHIICHTPAIIHSCHI; TAKTO3a ajy;
TOTTI KOHE KBIIIKBIT CAPBICYbI,
CappiCy aKybI3bIHBIH
KOHIICHTPAThIH, CYTTI,
yAbTpadIBTpANMSIIaH KEHIHT1
nepMearThl imiHapa
MUHEPAIJIAHIBIPY; )KapThLIai
MUHEPAJICHI3AaHbIPBIIFaH
Capricy; KypraK
MUHEPAJICHI3AaHIbIPBIIFaH
Capsicy; KYFBIII 3aTTap bl
KaJITIBIHA KENTIPy

OHeprus TackIMajIayIbUIapIbIH KYHBI
Kepi 0CMOC 9JTiCiMEH IIOFBIpIaHFaHHaH 1,2-
1,3 ece a3, ann BakyyM-OysaHy 9JliciMeH
[TUKI3aTTHIH THICTI MOJIIIEPiH
LIOFBIpJIaHAbIpFanaa 5-7 ece a3. Opi
Kapairbl TEXHOJIOTHSIIBIK ONlepalusaapablH
(aneKkTpoaranu3, BaKyyMIBIK OyJIaHy,
KpHUCTalIaHy, KeNTipy) SHEPTHsl TYTHIHYbIH
KapKbIH/IATyFa jKoHE TOMEHJIETYTe bIKIal
ereni

Kepi ocmoc (KO)
— OeJIIeKTePIiH
memmepi 0,0005
MKM-JICH a3
HeMece
MOJICKYJTAJIBIK
canmarsl 400
JIANITOHHAH a3

CYT meH CyT capbICybIH allAbIH
aJa MWOFBIPIaHbIPY;
KOIOJIAHJIBIPBUIFaH CYT, KYPFaK
Capslcy, Kyprak
MUHEPAJICHI3AaHAbIPbIIFaH
Capsicy, Capeicy
KOHIIEHTPATTapbIH OHAIPY; CY
MEH NepMeaTThl OH/EY; aFbIHIbI
CyJapJbIH KypaMblH OaKplIay

[InKi3aTTEIH OapIIBIK OepITiK
KOMITOHEHTTEPIH KaTThI 3aTTap IbIH
MaccajbIK YJeciHe neiiin mamameH 18-
20 % worslpaanappy. Kemik
LIBIFBIHAAPBIH YHEMICY MaKCaThIH 1A
IIUKi3aT KOJIEMiH KbICKApTY, CYTTiH KaTThI
3aTTapblH KAJIBIKCHI3 OHJCY; CY/IbI
Kailtanama naiinanany

YnerpadunsTpary
us (YK) - 0,001 -
0,05 mxMm HEMece
5000-500000
JlantoH (kazenH
skoHe Capoicy
aKybI3/Iaphl) Iuan
A30HBIH/IaFbI
OeeKTep TiH
MeJIepi

Cyt xone CapbICy aKybI31apblH
HIOFBIPJIAH/BIPY; IPIMIITIK
OHJIIPY; CYTTi aKybI3 )KOHE
Ka3enH OOMBIHINIA CTaH/IAPTTAY;
aybI3 CYT OHIIpY;
JeKabIIMHAIMATIAY ; TOMCH
JIAKTO3JIBl CYT OHAIPYIE
JIAKTO3a MOJILICPIH a3alTy;
CapbICYbI KOFaphl aKybI3/1bl
KOHLIEHTpaTTapFa Heri3JenreH
Cappicy1aH jxaHa OHIMJIEp ary

Kyprak 3arTap/ibiH MaccajbIK YJIECiH OpTa
ecennieH 12,5-ten 16 % - ra neiiin
apTTHIPAIBI JKOHE KeJeCi Ke3eHIePAiH
OHIM/ITITIH €Ki ecere apTThIpyra
MYMKIHZIK Oepeli; ipIMIIiKTiH OHIMIUTITH
apTTBIpabI; cyT yio hepmentin (60 Y%-ra
JIeHiH) J)koHe OAKTEPHSUIBIK AIlTBITKBIHBI
TYTBIHY bl a3aiTyFa, IpIMIIIKTIH MiCETiH
YaKbIThl MEH TEXHOJIOTHSIIBIK TIPOIIECTIH
Y3aKTBIFBIH a3alTyFa, OHAIpic IeH Oakbuiay
MIPOIECTEePiH aBTOMATTaH/IbIPyFa
MYMKIiHZIK Oepeni. AKybI3
KoHIeHTparTapbid 30-1an 95 Y%-ra neitin
alyra MyMKIiHZIIK Oepeni. KonmeHrparms
Ke31HJIe JIAKTO32a ePITIHAICI MEeH Ty311ap Ja
OodiHeT.

KaXKeT

M®, VK xone HD canbicTeipMalisl Typie ToMeH KbichiMaa (12 Kre/cm?-1eH a3) xKypeTin
nporecrepre *arkbi3burybl MyMKiH, JKIIIK-ma mamamen 20 Kre/cM? HeMece 0JaH J1a KOI KbICHIM

Kor apblga aTaJiraH Q,E[iCTepZ[iH 6apJ'II>IF bIHAA KOJIACHCH M€M6paHaJ'ILIK aFbIH/IbI

Cysy

KOJIIAHBUTAIbI, OHJA JKYKTENETIH epiTiHAI KBICBIM acThIHAAa MeMOpaHa apKbUIbl eTtemi. EpiTinmi
MeMOpaHa apKbpUIbl ©TEeMdi, ai KaTThl (Qpakmus (peTeHTar) Kemrikripineni, an ¢umbTpar (mepmear)
XKoHbUTanpl. MeMOpaHanap OTKi3iIeTiH 3aTThIH HICKTI MOJICKYJANBIK callMarblHa, SIFHU MeMOpaHara
eHOSHTIH eH KIIIKeHTal MOJEeKyJaHBbIH MOJIEKYJIaJbIK CcalMarblHa Kapail Kikrenemi. Auaiza,
MeMOpaHaHbI TaHAay OHBIH OCHI CHIIaTTaMachlHa OaiyIaHbICTHI FaHa eMec. AlTa KeTy Kepek, JACTypdi
(ckanmel KaObUTHAHFaH) cy3y omeTTe 10 MKM — JeH YJIKeH TOKTAaTBIIFaH OenmekTepii Oery VImiH
KOJIJaHbLIabl, a1 MeMOpaHaJbIK Cy3y MOJICKYJalbIK enmemMzieri oemmekrepai 6emeni — 10-4 MkM-

JCH a3.
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MaTtepuangap MeH dicrep

3epTTey oMiCTEMECiHIH HEri3iH/Ae OTaHIBIK JKOHE IIETEIJIIK FaJbIMAAPABIH CYT CapbICybIH
KEIICH/II OHJICY CalachlHAarbl CHOCKTEpl Karhlp. 3epTTey KYpridy Ke3iHae >Kalibl KaObUIIaHFaH
(opraHoNenTUKaIblK, MHKPOOHWOJIOTHSIIBIK, (DM3MKA-XUMUSUIBIK) JKOHE apHaWbl 3epTTey oJicTepi
Kosanpiabl. CyT-aKybl3 KOHIEHTpPATBIH aly YUIH YJIbTpaduIbTPpaUHUsHbl KOJAaHA OTBIPHIN, CYT
oHIMICPIH (PpaKkIusIIay JKOHE KOHIICHTPANMSIIAY YITIH MEMOpaHAIBIK OJTiC TaHIaJIIbL.

Hoarumxkenepi

DKCTIepUMEHTTIK 3epTTeyiepae [1aBnonap 0OIBICEIHBIH €H T'YJIACHICH MIapyanlbUIBIKTaPBIHBIH
cay JkaHyapJapblHaH albIHFaH CYT MaiiiananblUiabl (4-Kecte).

4-xecte — CyT IIMKi3aThIHBIH XUMUSUIBIK Kypamsl (2021-2022)

Y nri HeMipi Maccaiblk yiec, %
KATThI 3aTTap Mai aKybI3
2021 2022 2021 2022 2021 2022
Toxipubde 1 12,89 13,16 4,11 4,29 3.4 3,4
Taoxipube 2 12,66 12,69 3,76 3,82 3.4 3,3
Toxipube 3 12,62 12,76 4,00 421 32 33
Toxipubde 4 12,85 12,82 4,19 4,14 3,3 33

Kecrtene kenripinren aepekrepai tannay 3eprrenetid cyrtiH KP CT 1733-2015 tananrapsiaa
colikecTirin kepcereni. JKyprizuireH 3epTreyiep HOTHKECIHAE yIbTpaduiIbTpalys MpoLeciHiH Keeci
napameTpiiepi aHbIKTaJJIbI:

— ynbTpadIbTpanrsFa )KioepiiareH ambIThUIFaH MaiChI3 CYTTIH TeMmeparypacs (48+2) °C;

— MEPMEATThIH CAKBIHAATY TeMIeparypacsl 6-8 °C;

— IEepMeaTThl KOJIJaHap alJblHIa OHbl cakTay yakblThl-4-6 °C Temneparypana 12 carartan
acmamasl;

— KoHmeHTpamusi Kodddummenti 3,5 (KaKETTI aKybl3 KOHIICHTPAIMSICHIHA OalIaHBICTHI
OenrineHeni).

VYibTpadunbTpanus NpOLECiHIe PETEHTATTHIH XUMHUSUIBIK KYpPaMbl, OCJICEH I KBIIIKbULIBIFbI
KOHE CYUBIKTBHIFBI OakpuTaHAbl. ChlHaMamap OYKi yiIbTpauiIbTpaIus MPOIECIHIH KOJIAHBICTAFbI
caranbl OakpuIay OarnapiaMachiHa coiikec albIHIbI. HoTmkenep S-kectene KenTipiarex.

5-kecte — YipTpaguiabTpauusra ASHiHr1 )koHEe KeHiHT1 3epTTey 0OBEKTIICPiHIH XUMHUSUIIBIK KYpambl

3epTTey HBICAHAAPHI XUMHUSITIBIK KYpambl
KYpFakK 3arTap | OHBIH IIIH/IE aKYbI3

Bakpuiay-albIThUIFaH MaChI3 CYT
YnerpaduibTpanusra Jeiin 8,99 3,20
YnbrpaduisTpanusgad KeHiH:
pereHrar 17,28 11,10
nepmear 5,75 0,06
Toxipubde 1
VYieTpadunsTpanmsra aeiin 9,28 3,28
YnbrpaduibTpanusaad KeuiH:
pereHrar 17,84 11,45
nepmear 5,50 0,06
Toxipude 2
VYieTpadunsTpanusra aeiin 9,12 3,29
VYieTpadunsTpanusgad KeHin:
pereHrar 17,52 11,24
rnepMear 5,83 0,06
Toxipube 3
VYipTpadunsTpanusra aeiin 9,25 3,30
VYieTpadunsTpanusgan KeHin:
pereHTat 17,78 11,41
nepMear 5,81 0,06
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5-Kkecteqle KENTIpUIreH nepekTepai Tanmay 3,4-Ke TeH IIOFBIPIaHYIbIH HAKTHI (DaKTOPBIH
(korpduunentin) ecenteyre MyMkiHaik Oepeni. Conpaii-ak, Oakpulay >KOHE TOXIpUOETIK 3epTTey
00BEKTIIepiH/e HEri3ri KOMIIOHEHTTEP/IiH XUMHSIBIK Kypambl OOMBIHINA CaHMABIK JepeKTep Oipaei
JQpeKeie ©3repeTiHiH )KOHE OCBI HKCIICPUMEHTTE MaKChI3 CYTTI alllbITy YIIiH KOJAAHBUIATHIH AIIBITKBI
TYPiHIH KypaMblHa TOYeJIl eMeC eKeHIH aTarl ©TKEH JKOH.

Capricynsl  ynbTpadmiIbTpanysiay  omiCiMEH  ajblHFAaH KYPFaK  CaphICYJIBIK  aKybI3
KOHIIGHTPATTapbIHBIH KYpaMbl 0-KecTee KeNTipijrex.

6-kecte — Kyprak capbICyJIbIK aKybl3 KOHICHTPATTAPBIHBIH KYPaMBbI

Kepcerkim | KCB 35 | KCEb 55

Maccanblk yiec, %:

KYpFraK 3arrap 95,0 95,0
aKybI3 35,0 55,0
JIAKTO3a 48,0 25,0
MUHEpaJIbl 3aTTap 5,5 6,3
Mai 4.5 5,0

Tankpliay

Vietpadunsrpanus (YK) mnponecinne KoHUEHTpamus KO3()QHUIHUEHTIH ©3repTy apKbUIbI
JKOFapbl MOJIEKYJAJBIK canMarbl O0ap cyT ¢paxmpsuiapeia 0,1-ner 1,0 Mlla-ra mgeitinri xymbic
KBICBIMBIHIA YCTayra (WblFapyra) Oomnansl. byn »xarmaiina mMeMOpaHa apKbUIBl OTETIH arbIHIAp
nepmeatr (yiabTpauiIbTpaT) JKOHE peTeHTaT (KOHIeHTpar) Ooibin Oemineni. Kaditamama cyt
MHUKI3aTBIH TOJBIK KaiiTa eHAeYy OTaHIBIK KalTa eH/Iey KOCITOPBIHAAPH! YIIH ©3eKTi MoceleepIin
0ipi Ooubin TaOBLIAABI. Byn MoceneHi menry Ko »eTiMai OaramMeH camajibl OHIM IIbIFapyFa sKaraan
JKacalJIpl, OJ1 YHEMI TYTBIHBUIFAH Ke37le Oi3J1iH el XaIKbIHBIH OMIp CYpy JEHreiiH apTThIpyFa BIKIIall
eTell, COHbIMEH KaTap OipKarap SKOJOTHSUIBIK Macenenepli HIenryre Kemekrecedi. MyHbBIH Oopi
KOCITIOPBIHIAPABIH SKOHOMUKAIBIK THIMIUITIH apTTRIPBIT  KaHa KOWMai, oNeyMETTIK JKOHE
SKOJIOTUSIIBIK THIMJILTIKKE € dKaFBIMJIBI 9cep eTeIi.

KopbIThIHABI

CapsIcy OHBI OHJICY/TIH KOJ JKETIM/II TEXHOJIIOTHsIIaphl OOJIFaH Ke3/1e Maiaaibl 3aTTap IbIH K31
Ooma amanel. CapbICyAbl aFblHABI CyJapra arbI3y INHMKI3aTThl YTHIMCHI3 TaiijlaiaHy FaHa eMec,
COHBIMEH KaTap KOpIIaraH OpTara YJKeH 3WsH KenTipemdi, edTkeHi Capbicy BIIbIpaFraH Ke3/e YIIbl
3arTap OeniHesi. AKybI3 MoJIIIepi )KOFapbl OMOJIOTHSUIBIK KYHIIBI OHIMAEPIIH JKaHa TYpJepiH alny YUIiH
CappICybl KOJJAaHy VIIH aiAblH-ala KOHIEHTpAIms KakXeT, Oy TpOoIecTi MeMOpaHaIIbIK
KOHIICHTpaLMsIMEH XKYPri3reH koH. MeMOpaHaibIK pouectep 0y xaraaiaa Capbicy akybI3I1apbIHbIH
TaOUFW KACHETTEPiH, IEMEK, OJIAPABIH OHOJOTHUSIBIK KACHETTEpiH MYMKIHAITIHIIE CcaKTayFa
MYMKIHJIIK Oepei.
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CoBpemMeHHOE COCTOSIHHE NTEPePaAdOTKH MOJIOUYHOI CHIBOPOTKH
B NHUIEBOH MPOMBIILIEHHOCTH

B Kazaxcrane B pamkax peanuzauuu [Iporpammbsl pa3BUTHS BHYTPUCTPAHOBON LIEHHOCTH U
OKCIIOPTOOPUCHTUPOBAHHBIX INPOU3BOACTB AKTHBHO MOACPHHU3HUPYIOTCA HW CO34ANOTCA HOBBIC
COBPEMEHHBIC MOJIOYHbIE NPEINPUATHSI, HAa KOTOPBIX BHEIPSIOTCS MEMOpaHHBIE NPOIECCHI s
KOHIICHTPUPOBAHMS COCTaBHBIX 4YacTell MOJIOKA. OTO HEOOXOAMMO Ui PAalMOHAILHOTO U
KOMIUIEKCHOTO HCIOJIb30BaHMS CHIPhS, B TOM YHCIE 32 CYET NepepadOTKH BTOPHYHBIX PECYpPCOB,
OCHOBHBIM M3 KOTOPBIX SIBJISIETCS CBHIBOPOTKA. COBEpIICHCTBOBAHUE IMPOIIECCOB IPOU3BOJICTBA
TPaJMIIUOHHBIX TIHMIIEBBIX IPOIYKTOB W pa3paboTKa HOBBIX IPOIYKTOB BO3MOXKHBI TOJBKO IPH
WCTOJIb30BAaHUM HOBEHIIMX TEXHOJIOTUH W TEXHOJIOTMYECKOro oOopynoBaHus. MemOpaHHbIC
MPOIIECCHl  HAaXOAT  IIUPOKOE TMPHMEHEHHEe B  WCIOJB30BAHWW  (PAKIHOHUPOBAHHUS U
KOHILICHTPUPOBAHUS KUIKUX MOJOYHBIX MPOAYKTOB, YTO IO3BOJISIET [O-HOBOMY pEIIaTh BOIPOCHI
Hepepa60TKH CBIPbA U OTKPBIBACT BO3MOXXHOCTHU B pa3pa60T1<e HOBBIX BHUJIOB IIPOJAYKTOB ITUTAHUS.

CraThsi TOCBSIIEHA BOIPOCY IPOM3BOACTBA M TEpepadOTKHM MOJIOYHOM CBIBOPOTKH B
Kazaxcrane. PaccMOoTpeHbl OCHOBHBIE BHABI MEMOPAHHBIX TEXHOJOTHMH W TpPEUMYIIEecTBa HX
WCTOJIh30BAHUS B MOJIOYHON mpombliieHHOCTH B PecmyOmmke Kaszaxcran. O0ocHOBaHa — poIib
MeMOpaHHBIX TEXHOJIOTHI TpU IMepepadoTKe MOJIOYHOW CHIBOPOTKH, OMHCAHBI Pa3JIMYHBbIC CIIOCOOBI
BHEJIPEHUS] MEMOpPaHHBIX METOJIOB TepepabOTKHA JuId OOecCTeYeHHs ASMHUHEPATU3aINi MOJOYHOU
CBIBOPOTKH, IOJIyYEHHsI TPOAYKTOB C BBICOKOW OMOJIOTMYECKOW LEHHOCTHIO M TOTPEOUTEIHLCKUMU
CBOMCTBAMH, CHW)KEHHS CTOWMOCTH HHEPrOHOCHTENEH, COKpAaIIeHHS OOBEMOB CBHIPBS C IIETIBHIO
SKOHOMHHU TPAHCIOPTHBIX 3aTpar, 0e30TXO0JHas IepepaboTKa CyXWX BEIIECTB MOJIOKA, BTOPHYHOE
WCTIOJIH30BAHNE BOJIBI.

B HacTosmmel crarthbe MpoaHANM3MPOBAHBI MPOOJIEMBI MPUMEHEHUS pecypcocOeperaronmx
MEMOpaHHBIX TEXHOJIOTHH B TPOM3BOJICTBE MOJIOUHBIX MpoayKToB B PecnyOnmke Kaszaxcran, mytu
pelIeHus] CyIIEeCTBYIOIINUX MPOOJIeM, CBS3aHHBIX C TOBBIIIEHHEM JKOHOMHUYECKOW 3(eKTHBHOCTH
npennpusatuii. OOOCHOBaHO OJIATONPUSATHOE BIMSHUC NMPUMEHEHUS MEMOpaHHBIX TEXHOJIOTHH Ha
COTMAJTEHOM M DKOJIOTHIECKOH acIIeKThI TepepadbOTKH MOJIOYHOM CHIBOPOTKH B CTPAHE.

KiroueBble crioBa: MOJIOUHAs CHIBOPOTKA, Ta30pa3jielicHue, IepBamopanus, MeMOpaHHas
TUCTUIUIAINS, OapoMeMOpaHHbIe TPOIIECCH, DIIEKTPOMEMOpPaHHbIE TPOLIECCHI, TEKTPOAHAIH3.

F.H. Smolnikova'
! Shakarim University, Kazakhstan

Current state of whey processing in the food industry

In Kazakhstan, within the framework of the Program «Development of domestic value and
export-oriented industries», new modern dairy enterprises are being actively modernized and new
modern dairy enterprises are being created, where membrane processes are being introduced to
concentrate the components of milk. This is necessary for the rational and integrated use of raw
materials, including through the processing of secondary resources, the main of which is whey.
Improving the production processes of traditional food products and developing innovative ones is
possible only with the use of the latest technologies and technological equipment. Membrane
processes are widely used for the use of fractionation and concentration of liquid dairy products,
which allows for a new solution to the processing of raw materials and opens up opportunities in the
development of new types of food products.

The article is devoted to the issue of production and processing of whey in Kazakhstan. The
main types of membrane technologies and the advantages of their use in the dairy industry in the
Republic of Kazakhstan are considered. The role of membrane technologies in the processing of whey
is substantiated, various methods of introducing membrane processing methods to ensure the
demineralization of whey, obtaining products with high biological value and consumer properties,
reducing the cost of energy carriers, reducing the volume of raw materials in order to save transport
costs, non-waste processing of milk solids are described. , recycling water.



78 Uunosayusanvix Eypasus yuusepcumeminiy Xabapwoicor. 2024. Ne 3 ISSN 2709-3077

This article analyzes the problems of using resource-saving membrane technologies in the
production of dairy products in the Republic of Kazakhstan, ways to solve existing problems
associated with increasing the economic efficiency of enterprises. The favorable impact of the use of
membrane technologies on the social and environmental aspects of whey processing in the country is
substantiated.

Key words: milk whey, gas separation, pervaporation, membrane distillation, baromembrane
processes, electromembrane processes, electrodialysis.
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BajaxkpIThlIFaH ipiMITIKTEP/IiH PeoTOrHsIbIK KACHETTEePIiH 3epTTey HOTHKeJIepi

Anjaatna

Hezizei macene: Kazakcran PecnyOmnukaceinbie [Ipesunenti Kacsim-XKomapt TokaeBThIH
XKonmayesiHna anFa KOUbLIFaH 0ackM MIHAETTEpII IICHTy asChIHAA TaMaK OHEPKOCiOiH, OHBIH iMTiHIIE
CYT OHIMJIEpiH AaMbITyFa 30p pesl Oepiminm oTblp. Tamax eHIMIEpiHIH camachlH, OWOJOTHJIBIK,
TaraMABIK KYHIOBUIBIFBIH KOHE KAYINICI3MITIH apTTRIpy VIOIH OHO >KOHE HAHOTEXHOJOTHIIAP
KETICTIKTEepIH MaigasaHa OTBIPBIN, OCIMAIK JXKOHE >KaHyapjapAaH aJbIHATBIH IIHKI3aTThl OHJICY
CaJIACHIHIAFEl CANANBIK FRUIBIMHBIH aJABIHAA YJIKEH MIHACTTEPl IIemry Kepek. OHmIpICTIH ©3iHiH,
coHpaii-ak Kazakcran PecryOnmukachkl XalKbIHBIH ©MIp CYPYiHIH SKOHOMHKAJIBIK, dJIEYMETTIK JKOHE
9KOJIOTHUSIJIBIK ACTICKTIIEPIH JKaKCapTy MaKcaThIHa OCIMIIK JKOHE JKaHyap TEKTi MIMKI3aTThl KEIICH I
OHJIEYIl YHUBIMIACTBHIPYIBIH JKaHA TocUIAepi KaKeT. OHJENTeH IpIMIIKTepAiH KeH ayKbIMbIHA
KapaMacTaH, OJI YHEMi JKaHapTBUIBIIT OTBIPaJAbl. Byl TaramMTaHy FBUIBIMBIHBIH TallalTapblH
KaHaFaTTaHABIPY KaKETTUITIMEH, TYTHIHYIIBIIAD CYPAHBICHIHBIH ©3TepyiMeH, COHBIMEH KaTap
LIMKI3aTThIH OONybIMEH >KOHE IpIMINKTIH Oenriiai Oip TYpiHIH HalAaibUIBIFBl Typaibl OMJIapMeH
TyciHmipieni. 3epTTeymiH >XYMBIC THUIIOTE3achl IMUKI3aTTHI OAJKBITY VIIIH OpPTaHBIH OeJIceHi
KBIIIKBUIIBIFBIHA OCEP €TETiH, KYPBUIBIMBIH TYPAKTaHIBIPATHIH, BUIFAJJIBI OalIaHBICTHIPATHIH KOHE
JMabIH ~ OHIMHIH KOHCHCTEHIMSCHI MEH OpPraHOJIETITHKANBIK KOPCETKIITEepiH IKaKCapTaThIH
peareHTTepi KojinaHyFa 00Japl IereH 00mKaM OOJIIbL.

Maxcamoi: ChipJpl OaJIKBITY TPOIECI Typasibl TEOPHUSIIBIK MamiMeT Oepy. banky mporeci
MHKI3aT OSOK MUIIeIUTaJapbIHBIH SPTYPIi GopMaliapbIMEH THIFBI3 OalIaHBICTHI €KEHIH KOPCETIHi3.
OnJienreH 1piMIIIK KYPBUIBIMBIHBIH KaJbIITaCyblHA TY3 — OaJKBITKBIITHIH TYPI MEH MeJICPiHiH
ocepiH aHbIKTay. ToKIpHOCTIK OHIMACPIIH PEOJOTHAILIK KOPCETKIITEPIiH aHBIKTAHBI3. OHICNTeH
IpIMIIIKTEpIiH CKOPUHTIHE COWKeC TOKIPHOENiK OHIMIEpIiH OpPTaHOJENTHKAJBIK KOpCETKIIITEPiH
Oaramay. CynmerH ~ OenceHmITIK — WHIEKCIH  (aw)  OenriieHi3, ToXipuOenmik  eHIMAEPIiH
MUKPOOHOIIOTHSIIBIK KOPCETKIIITEPiH aHBIKTAHBI3.

Odicmepi: Onebu NnepeKKo3nepli 3epTTey >JKOHE Taljay, PEeOJIOTHSUIBIK OmicTep, CYT
OHIM/IEPIHIH CYT IIMKi3aThIH OPTaHOJIETITUKAJIBIK 3EPTTEY.

Hoamuoicenep acone onapoviy manvizoviavizsl., ChIp 1pIMINITIHIH OIKBITY HPOIECI 3epTTEIII.
OHJENTeH IPIMIIIK KYPBUTBIMBIHBIH KAJIBIIITACYBIHA TY3 — OQJIKBITKBIIITHIH TYPI MEH MOJIIIEPiHIiH dcepi
AHBIKTAJABL.  DKCIEPUMEHTTIK  OHIMAEPIiH  OPraHOJIENTUKANBIK  KOPCETKIIITEepi  ©OHIEeNTreH
IpIMITKTEPTiH OAIIABIK KOPCETKIMTEPIHEe COlKec OaraaHIbl.

Tyuinoi coz0ep: OHJIENTEH IpIMINIK, INUKi3aT, OAaJKBITY TY3bl, KYpPbUIBIM TY3ilyi,
KOHCHCTEHITUSCHI, OPTaHOJICITUKAJIBIK, KOPCETKIIITEPI, PEOIOTUSIIBIK KOPCETKIIITEpi, Cy OeICeH TIIIT1.

Kipicne

Kes kenren enjeri €H ©3eKTi MaceneiepAiH Oipi — XalbIKTBIH eMip CYpY JCHICHiH KeTepy.
PecrryOnika aiiMakTapbIHAAFB Kypaei SKOHOMHKAIBIK KOHE JKOJOTHSIBIK JKaFmaiira OailIaHBICTHI
Kazakcran PecryOmnukachl XalKbIHBIH TaMaKTaHYBIH JKaKCapTy ©3€KTI Mocelie OOJBIN TaObLIaJlbL.
Ocpiran 0aiIaHBICTBI TaMaK ©@HEPKaCiOi carachlHIa epeKIle Ha3ap ayAapy/bl KaKeT eTeTiH MaHbI3/Ibl
Mocesesniep MbIHajIap OOJbIN TaObUIAAbl: JOCTYPIIi €MEeC JKEePriUliKTi INKi3aT Heri3iHae mpoOHOTHKAIBIK
OpEKeTTEerl OMOJIOTHSIIBIK OCJICEH]II KOCIAJapMEH JKOHE aKybI30€H OalbIThUIFaH YKaHA IKOJIOTHUSIIBIK
Taza (hyHKIIMOHAIIBI TAMAK OHIMEPiH jKacay.

2021 xwutel Ipesunent Kaceim-XKomapt TokaeB Kazakcran xamkeiHa JKomnmaybslHIOa aybul
IIapyaIbUIBIFBl CAJIACHIH JaMBITY MACellelepiHiH ayKbIMAbl OJIOThIHA, COHMal-aKk Ka3akcranma aysun
apyambUIBIFBl  [IMKI3aThIH OHJCYTe KATBICTBI MOcelesiepre TOKTAIABL. AYBUI IIapyanibUIbIFbI
OHIMJEpIH, OHBIH INIHIE CYT OHIMICPIH OHIIPY MEH OHICYMIH ipi DKOXYHEIepiHiH KEIiCiH
KaJIBIITACTBIPYABl TarchipAbl. OChbl Mocelenepal Mienry YIIiH AYbUI HIapyallbUIbIFbl MUHUCTPIIT]



