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REGARDING THE BIOPOLYMERS HEAT STABILITY FORMATION

Abstract. Any biopolymer used as raw material for further treatment for food purposes besides the conformity
with sanitary-hygienic regulation, physical-chemical and organoleptic regulation requirements should possess the
specific technological properties that allow to manufacture high quality and safe finished products. All these pertain
to raw milk. One of the basic technological characteristics is heat stability i.e. the ability of milk to sustain high
temperature treatment while keeping at the same time the initial colloidal-disperse state of proteins that form its
composition.

The article presents the methods of heat stability determination. It bases on both visual estimation and the usage
of different instruments, created in the investigation process and fixation of physical characteristics or milk
components.

The basic factors effecting the intravital formation of raw milk heat stability namely zootechnics, biochemical
and physical have been also addressed in the article.

The authors describe several zootechnical factors, such as animal breeding and genetic traits, lactation periods,
feed allowance and year season, housing conditions and level of health. It was proved that in order to obtain milk
products manufactured under high temperature treatment, utilization of cow’s milk of cows subjected to selective
choice is preferable relating to accumulation in their A-alleles milk proteins; the maximum stability shows the milk
produced within the 4thand the minimal within the 10thmonths lactation; full-value and the balance of the ration can
be provided by pasture forage for cow or usage a twelve month confinement of soiling food, probiotic vitamins,
mineral concentrates separately or as the complex additives; three times milking comparing to two times milking
raises milk yield per lactation by 15-18% and effects positively the animals udder health state that is expressed by
lower amount of somatic cells in milk.

The data covering the effect of milk composition, its components ratio density, titratable and active acidity on
protein system stability are presented. The different correlation of milk heat stability depending on fat mass fraction,
total protein and whey proteins, size and casein micelle fraction composition, salt composition and index of milk
system physical state in the whole are considered.

Key words: biopolymers, raw milk, heat stability, methods of control, zootechnical, biochemical and physical
factors.

The world milk production made up 844 million of tons in 2018 from which the part of the Eurasian
Economic Union amounted to 5.4% (45.5 miIn t). Russia ranks 6th place (30.3 mIn t) among Top-10 best
producers: USA (98.7 min t), India (89.8 mlIn t), Brazil (33.8 mln t), Germany (33.0 miIn t), China
(30.8 miIn t), France (25.5 miInt), New Zeuland (21.4 min t), Turkey (20.0 mIn t), Pakistan (16.7 min t). In
2019 milk production in RF increased up to 31.3 mlin t, that corresponds to 85.1% of self - sufficiency.
For 2020 the task was to produce about 32.0 min t and achieve the index of 86.5% which in the nearest
years, according to the Doctrine of Food Safety of RF, should make up 90% [1]. When implementing the
positive dynamics in raw milk production the primary attention should be payed to its quality conditioned
by sanitary-hygienic, physical-chemical, organoleptic and technological properties among which heat
stability is ofgreat importance.
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The scientific literature uses different synonyms of “heat stable” term: “thermostability”, “heat
stability”, “heat tolerance”. In dairy production practice this term implies the capacity of milk to withstand
high temperature treatment (115-1400C) while preserving initial protein colloid-disperse properties,
meaning that casein should remain in the colloid suspension and whey proteins - in the solution. Since the
share of heat stable milk (available for high temperature impact) makes up from 60 to 80 % in different
the RF regions during the summer-autumn period (even less for winter-spring period), the attention of
Russian and foreign scientists is inter alia concentrated at investigation of mechanism of protein heat
coagulation and the factors effecting the system stability as well as the problem of its het stability
improvement under heating. Some scientists determined the relation between milk heat stability and its
protein and mineral composition; the theory of salt balance was created and developed under which the
basic factor of milk stability against heating is its mineral composition [2-4].

Due to the fact that the mechanism of milk proteins heat coagulation process up to the present time
has not been fully determined and milk stability under heating is characterized by not only one index of its
physical-chemical state but by the complex of a number of factors (active acidity, concentration of free
ions of calcium, magnesium, phosphorous, citrates, mas protein fraction and separate protein components,
protein hydration rate, etc.), the common method of heat stability determination which can consider all
nuances ofthe system variability integrally is lacking. Thus the scientists offer different methods between
which the total aptitude and correlation have not been revealed [2,5,6]. The following methods of heat
stability determination are the best known and more often used:

- the alcohol test - the method is based on the detection of milk proteins coagulation under the action
of ethyl alcohol within the definite period oftime;

- the thermal test - this method sets up the duration of proteins coagulation in milk samples placed
into oil or glycerin bath at 115-1400C;

- the flask test - determines the lack of coagulation in milk samples subjected to thermal action in
ultrathermostat at 1350C within 5 min;

- the calcium-chloride test - the method is based on the investigation of milk protein fraction stability
under the action of calcium chloride solution and high temperature within the specific period oftime;

- phosphate test - monosaturated potassium phosphate is used as the coagulant which is added to milk
with immersion ofthe sample for the definite time into the boiling water bath;

- RAMSDEL - the type of the phosphate test where different amounts of monosaturated potassium
phosphate are added into the milk;

- the acid-boiling test - the combination of thermal effect and acid (hydrochloric and sulfuric)
rangering them by the volume is used as influence on milk protein.

Among the mentioned above methods of heat stability determination only the alcohol test is the
standardized method (GOST 25228-82 “Milk and cream. Method of determination of termostability on
alcohol test”) due to simplicity of performance that was widely used in the industry as the rapid method
for detection of not thermostable milk.

It should be mentioned that the thermal test is the most reliable and objective method, possessing
high sensitivity and accuracy of the results. It also allows to immediately determine milk proteins stability
under high temperature action without considering the effect of the added denaturants. However, due to
the complex instrumental execution and the duration of measurement taking, the mentioned method
cannot be used in the industry but only as the arbitral method.

The described above methods are based on the visual evaluation of thermal stability. To except the
subjectivity during investigation the different test methods have been developed including the express
control methods based on , for example, determination of electric conductivity size; detection of protein
coagulation case by the hydro-mechanical method (“Thermol-1"); determination of calcium ions amount
determined by the potentiometric method using ion-selective electrode; determination of titratable and
active acidity quantity ratio, etc. Nowadays the mentioned methods are not widely used.

A lot of studies determined the following basic factors effecting life long formation of raw milk
thermal stability:

- zootechnics (breed and genetic the animals characteristics, lactation period, feed allowance and year
season, housing conditions, state of health);

- biochemical and physical (milk composition, proportion of its ingredients, density, titratable acidity,
pH value).
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It is known that milk of different breeds of cows has different physical-chemical composition, incl.
protein amount, casein and fractions and minerals ratio that in turn effect milk thermostability. Thus, the
top-priority ofthe zootechnical science is the selection of cow’s breeds of highly productive milk of dairy
farming, possessing not only high yield and mass fraction of fat and protein in milk, but milk with the
specific technological properties that allow to manufacture high quality products requiring high
temperature treatment during production as well [7,8].

Thus, the first calving cows of red-multicolored breed (control group) compared with Leningrad type
black-multicolored breed (experimental group) being at non tethering maintenance in cowshed-
transformers food allowance of which composed feed mixtures, milking and the primary milk treatment
was performed in the industrial milking parlor. It was determined that milk samples of the control group
corresponded on average to the 3d group ofthermal stability by alcohol test and the experimental - to the
2d group. Thus the milk of the last group was more stable against high temperature treatment its usage
was preferable in the manufacture of long-term storage sterilized products [9].

The investigation of milk protein component heat stability of the cows of Bestuzhevskiy, Airshirsky,
Holstein breeds and their hybrids of different genotype showed that the milk of Holstein breed possesses
the best capacity to stand ultrahigh temperature (endure the heat test within 72,2 min), the lesser -
Bestuzhevsky (39.9 min). At cross-breeding of Bestuzhevsky (B) cows with Airshirsky (A) and Holstein
(H) breeds these properties were significantly improved comparing to maternal breed and achieved the
best figures in three breeds hybrids B x A x H (62.8 min) [10]. The data covering milk thermostability
increase were published depending on increase of blood portion of farther-holstein breed in the genotype
of hybrids cows: the milk of Holmogorsky-Holstein breed in the second generation endured 50.4 min of
heat treatment but in the fourth generation - 68.2 min [11].

The works relating to the improvement of productivity of the red-multi colored breed cows due to
usage of bull-breeders of Holstein cows are presented. Evaluation of the physical-chemical and
technological properties of milk from cows-daughters of the first and second lactation being maintained
without tether in boxes, milking - in milking parlor DeLaval “Elochka” type showed that cows part
producing heat stable milk was increased by 60-89% [12]. Moreover the selection works proved that usage
of Holstein breed increases the productive qualities of the red-multicolored cows. The cows of new
genotype with blood portion in Holstein breed gave 75% during lactation period higher milk yield (by
1.7 times), milk portion ofthe first group ofthermostability was increased by 1.6 times, the second group
- by 1.5times [13]. It gives the ground for continuation of the selection works in this field.

It has been proved that milk stability against heat treatment is conditioned by heredity that is
evidenced by breed, linear and genotypic differences under the defined milk property. Milk of black-
multicolored and red-steppe breeds is characterized by higher thermostability due to small casein micelles
content than milk of Simmental and Kostromsky breeds, containing more calcium, that results in faster
rennet coagulation. It has been also determined that milk of Tatarstan breed cows possesses higher
stability at sterilization temperature and keeps protein in the native state up to 74% and milk of Holstein
cows - up to 70% due to high milk casein stability (up to 90% and 84% respectively) [14].

A lot of data was obtained in studies of thermostability and cheese aptitude of milk from cows with
different genotypes by milk proteins such as alfa S1-casein (CSNISI), beta-casein (CSN2), kappa-casein
(CSN3) and beta-lactoglobulin (BLG). On the basis of genotyping of the black-multicolored and Holstein
cows according to CSN3 gene by the PCR-RFLP method of analysis, it was shown that milk from cows
with BB genotype CSN3 possessed reduced thermostability (39,3+5,43 min), AA genotype - increased
thermostability (57.2+1,61 min) and milk of the animals with AB genotype took the intermediate position
(56.5+2.52 min) [15,16,17].

The presence of B allele beta-casein in cow’s genome improves the milk technological characteristics
and allows to use it cheese making and A-allele - effects positively the thermostability. The studies of the
question of genetic CSN2 gene polymorphism of Tatarstan Republic cattle showed that A allele variant of
CSN2-gene prevails (gene frequency 0.90-0.95) [18].

The investigation of the technological milk properties of the black-multicolored cows with different
genotypes of P-lactoglobulin showed that the highest themostability (58.9+4.67 min) possesses milk from
cows having in their genome the allele variant of A gene and the lesser (52.7 + 2.52 min) - B gene [19].

The presented data relating to relation of milk from different thermostability groups on genotype by
kappa-casein of first calving black-multicolored, red-multicolored and red-steppe breeds. It was
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determined that the milk of the | and Il groups gave 67% cows of the red-steppe breed, 60% - red-
multicolored breed, 15% - black-multicolored breed besides the last animals gave only milk of the
Il group [20].

Thus, in order to receive the milk products manufactured with high temperature treatment, it is better
to use milk from cows which passed the selection on the accumulation of A-allele in milk proteins in their
genotype.

The composition and properties of milk depend as well on cow’s lactation period. Usage of raw milk
received from healthy cows after 7 days after the calving and 5 days before the calving is regulated by law
for dairy products manufacture. It is determined that milk thermostability of tatarstan type cows and
Holstein breed within the lactation period is subjected to significant changes, e.g. the better stability
possessed the milk received within the 4th and the lesser - within the 10thmonth of lactation. The highest
part of milk thermostability (87.5-100%) related to the | and Il groups was observed in the period of the
7th month. The stable negative correlation was observed between lactation variability of milk by
thermostability and the amount in it the protein in the whole as well as its separate fractions. [14,21]. It
was detected as well that milk independent on cows breed (Holstein, Cholmogor, Tatarstan) and their
cross breed of different genotype 15 days prior to the start didn’t stand heat treatment required for
manufacture of sterilized products [11].

It is evident that the technological peculiarities of milk are influenced certainly the fodder type, their
balance in cows’ ration, regime of feeding, housing conditions as well as seasonal factors having the
systematic character. The increased part of the concentrates at low level of carbohydrates, vitamins and
minerals in cows’ nutrition within long time results in reduction of milk thermostability. Pasture forage or
usage of soiling food all the year round at stabling improve milk thermostability [2,22]. For example, it is
determined that inclusion of granular birch bark into lactating cows diet in the dosage of 10 g per 10 kg of
live weight even after 7 days increases thermostability from the Ill to the | group [22]. Other
investigations showed the positive effect on the heat stability of milk from the cows with feeding ration
with addition of probiotic oreparations, e.g. lactic acid bacteria that made it possible to increase milk part
from the Ist group by thermostablity from 30% to 40% [23]. Administration into the fodder buffer
mixtures, protein, vitamins, minerals concentrates separately or as complex additives improves milk
thermostability as well [5,24].

Dairy plants receive collected milk which meets all established sanitary-hygienic, physical-chemical
and organoleptic requirements. The individual peculiarities in the composition and properties of milk from
separate cows do not significantly effect the raw milk quality. In the case of deviation from physically
normal state of health the lactating animals milk secretion disorder, yield reduction, decrease of casein,
lactose, fat, potassium, phosphorus, magnesium, calcium in milk take place and on the contrary a lot of
whey proteins, sodium, chlorine appear. Due to these the technological characteristics of milk are
deteriorated incl., heat stability is decreased which extent ofvariation depends on severity of illness [2].

Along with feeding the milking is significantly influenced by the method of maintenance and the
order of cows’ milking which acquire special meaning in high-productive herds. It has been determined
that threefold milking comparing to twofold increases lactation by 15-18% and effects positively of the
animals udder state of health that is expressed in lower number of somatic cells in milk; exceeding of the
regulated figures of which (legislatively fixed level - at most 7.5x105 of somatic cells in 1 cm3) is the sign
of udder mastitis and disturbance of mammary gland secretory function. At threefold milking the number
of cows with somatic cells more than 1x106 made up only 2.6% whereas at twofold milking - 6% [25,26].
The works relating to the creation of the methods of milk quality forecasting prior to its milking by
determination of bioelectrical potential of surface localized biologically active centers are of great interest.
The direct correlation relation between thermostability of milk proteins and the level of average potential
which is influenced by the secretion intensity in mammary gland including conditioned by microflora
provoking mastitis and reducing casein micelles stability against high temperature impact [27].

Raw milk thermostability besides its dependence on zootechnical factors is mainly conditioned by the
biochemical composition and physical state of milk. The scientists detected different correlations of milk
heat stability depending on mass fat fraction, total protein and whey proteins, the size and composition of
casein micelle fraction, salt composition, titratable and active acidity, density, etc.
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For example, in the evaluation ofthe collected milk composition classified according to the groups of
therostability by alcohol test the higher amount of minerals 0.66% was fixed in nonthermostable milk
(I11-V groups) comparing to thermostable (I-11 groups) - 0.47%, whey proteins -0.61% and 0.52% and the
ratio of calcium to phosphorus -1,6 and 1,4 respectively. The non-thermostable milk had bigger casein
micelles (by 2.4%), higher titratable acidity (by 10.6%), contained slightly more dry matters (by 1.3%)
and dry skimmed milk residues (by 1.8%) and less casein amount (by 3.7%) at practically equal part of
total protein 3.06%, lactose (by 0.9%), phosphorus (by 11.8%), citrates (by 10.7%). Herewith the fact of
prevailing of the negative effect on titratable acidity thermostability was determined (coefficient of
correlation 0.38) and the sharp reduction of heat stability at mass part of whey proteins more than
0.9% [4,14].

The analysis of the interconnection between total protein, whey proteins, P-lactoglobulin,
a-lactalbumin and proteozo-peptone fraction showed that increasing of their level as a rule resulted in
decreasing of milk capacity to keep its initial heat stability. The largest correlation dependence was
determined on total protein content (-0.283) and milk whey proteins (-0.190). Thus at high level of total
protein and whey proteins (3.439% and 0.799%), average (3.392% and 0.754%) and low (3.294% and
0.746%) milk sustained without visible coagulation 46.1:51.9:60.2 min and 45.3:53.7:54.0 min. The
investigation by P-lactoglobulin and proteozo-peptone fraction showed 49.6:52.5:55.3 min and
47.5:53.6:57.6 min. The correlation coefficient made up in average: -0.139 and -0.159. Slightly different
picture of heat stability was observed in a-lactalbumin 49.4:55.6:48.1 min. Thus the author confirmed the
supposition that total protein level renders greater negative effect than whey proteins on milk
thermostability [10].

The other scientists carried out the whole year analysis of milk thermostability depending on the ratio
of its basic components. It was stated that increase of mass fraction of fat in milk effects positively its heat
stability. The coefficient of correlation between fat content, ratio of fat to protein and thermostability
made up 0.134-0.136. Moreover, the preferable ratio between fat and protein 1.21-1.50 for milk system
was determined. Besides it was mentioned that if milk contains less than 2.5% of protein and density is
less than 1,027 g/cm3 or more than 1,032 g/cm3 the part of non-thermostable milk is increases (up to
18.2-21.6% of the tested samples). Simultaneously more than 55% of milk samples with mass protein
fraction 3.01-3.25% were related to I-1l1 groups by thermostability. The increase of milk acidity to more
than 200T resulted in the increase of non-thermostable milk part (to 60%) [5,28]. The obtained data were
confirmed by the studies [26] and namely: milk with 3.07-3.10% of protein showed the largest part of
thermostability of I-11 groups (with reduction of protein amountto 2.9% milk thermostability was reduced
to 111-1V groups); fixation of milk density in the range of 1.027-1.028 g/cm3 showed thermostable milk
(with density 1.025 g/cm3and the part of non-thermostable milk was increased sharply); milk coagulation
began titratable acidity lower 150T or higher 19aT.

Fresh milk has subacid medium (the average value of active acidity (pH) makes up to 6.75,
fluctuation range of pH 6.65-6.85) and as a rule at such values it stands high temperature action without
visualization of casein coagulation. There is no direct relation between milk active acidity and its
thermostability. Meanwhile, it was stated that one of the reasons for the reduction of casein micelles
negative charge and decreasing of hydrate coating size resulting in casein particles aggregation and their
destabilization during heating is the change of milk active acidity. The increase of calcium ions
concentration with decreasing of pH values results in coagulation [2,9,29].

Thus the directed intravital formation of raw milk thermostability allows to minimize usage of
different additional technological methods of milk heat stability improvement and obtain qualitative raw
milk for dairy products manufacture including the technologies which stipulate usage of high temperature
treatment of milk.
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kBYKinpeceinik CYrerepra”i roiibiMu-3epTTey MHCTUTYTbI» PMAEM, Mackey, Peceir;
Hapxo3 yHusepcuTeTi, AnMaTsl, KasakcTtaH

BUMOMONMMEPALL XbINYTA Te31IMA1N1IN1H KANBIMTACTbIPY

AHHoTayua. Taramablik MakcaT YLUiH ofjaH 3pi KaiTa eHfey GapbicbiHAa LWMK13aT peTiHAe NaliganaHblnaTbiH
Ke3 KenreH 6uononumMep CaHWTap/bIK-TUrMeHanblK, QU3NKa-XUMUSIbIK )X3He OpraHofenTUKanblK cunatTamanapra
KOMbINATBIH Tanantapibl KaHaraTTaHAbIPYMEH Katap, canasbl X3He Kaylla3 AaiiblH eHiMAi wbirapyra MYMKIHZIK
6epeTw 6enrini 6ip TeXHONOrMANbIK KacuetTepre me 60nybl KepeK. MyHbIH 63pi wuw CYTke KaTbiCTbl. OHbl 3pi
Kapail eHgey ]"MWHAL'LWILL Heri3ri TeXHONOrMANbIK cunaTtTamanapbliHbiH 6ipi, 3cipece, 3apapcbl3faHAbIpblaraH
eHiMaepai eHAipyge Xoblnyra TesiMmginiri 6onbin caHanagbl, SITHW OHbIH Kypayllbl aKybl34apblHbIH anrakbl
KonnouAThbi-Aucnepcn KYWiH caktay 6apbickiHaa CYTTIH Xorapbl TeMnepaTypanblk eHjeyre TeTen 6epy MyMKLL/LL.

Makanaga Xblnyra Te3imginikti Busyangbl 6aranayra (ankoronbgik, XblayablK, TUrengik, Kanbuuii xnopmg”
thocaTTbl, KbILKbINAbI-KAHATbINTAH CbiHAManap), COHbIMEH KaTap 3epTTey HerisiHfe acanraH >aHe CYnin
(hM3MKablK cunaTTaManapbl MEH KOMMOHEHTTEpiH TpKeyre apHanraH TYPAi KypbUirbinapabl KongaHy agictepi
yCbIHbIIraH. CoHbIMeH KaTtap, Wnkl CYTTiH Xblnyra TesiMainiriHe acep eTeTiH Hen3n akTopnapbl, atan aTkaHaa,
300TEXHUKANbIK, BUOXUMUANBIK X3HE (DU3NKaNbIK KapacTbIpbIaraH.

300TexHMKaNbIK (haKTOpMapAblH iWiHAe, MbiCa/bl, XXaHyapfiap TYKbIMbl MEH FeHeTMKablK cunaTTamanapbl,
NaKTaUMA Ke3eHi, asblKTaHfblpy PalUMOHbl MEH b1 MayCbIMbl, ycTay LIapTTapbl, AeHCaybirbiHbIH ai-KY Wi
cunaTTanraH. XXorapbl TeMmnepatypaga eHaey apkoiibl eHaipinreH CYT eHiMAepiH any YLWiH cublp cy®  KOnjaHraH
XeH, on YLWiH reHoTUTHAEe A-annen akybl3fapblH >XUHaKTay YLiH CenekUMsAnbIK XymbicTap >XYPrisinrex;
NakTaumsHblH 4 Xa3He 10-alibiHAa anbiHraH CYT aHarypnbiM Tes3imAi; TO/bIK X3HEe TeHAecTipinreH TamakTaHyfbl
CUbIP Xal HeMmece KeKMeH asblKTaHAblpy, NpobUOTUKaNbIK npenapattap, TYpai 6ydepnik Kocnanap, akybis,
[3PYMEHAEP XK3HEe MUHepanfibl KOHLEHTPaTTapbl XKeKe-XeKe HeEMece Xbia 60Mbl KOPEKTEHAIPYTe apHanraH KelleHai
Kocnanap TYpiHAe KamTamacbl3 eTyre 6onafbl; KocapnaHraH cayyMmeH canbiCTbipraHga, YLl ece cayy, fnakrauus
KesiHge CYni® eHimginiri 15-18% >korapbiiainabl XaHe XaHyapnap ey, AeHcaynbirbIHa XarbiMabl acep etea
6yn CYTTeri coMaTUKanbIK XacyLllanapablH TEMEH KypaMbl apKbl/ibl KepiHesi.

Makanaga CYTTIH KypaMblHa 3Cepi, OHbIH Kypamjac 6efikTepiHiH KaTblHaCbl, TbIrbI3AbIrbl, TUTPAEY X3He
6eNceHi KbIWKbINABITEl aKybl3 XYVeCiHiH TypakTbinbirbl KennpuwreH. MaiigbiH, aKybi3ablH >X3He CcapbiCy
aKybl3[apblHbIH MaccanblK YneciHe, KaseMH-MuLenna gppakunanapbiHbiH MefLWepi MeH KypamblHa, Ty34blH Kypambl-
Ha >X3He TyTacTaii anranga CYT YW eciHiH gusnkanbik KYWiHiH MaHiHe 6aiinaHbicTbl CY it binyra Te3iMaginiriHix
TYpni apakaTbiHACbl MPCe L .

XKbinyra Tesimai CYTTIH rbiIbIMU-TEXHUKANBIK A3 Tanjay HerisiHfe MUHepangbl Ty3fap, capbicy akybi3gapsbl
MeH KanbUuiigiH ¢octopra KaTblHackl TeMeH 60nagbl. COHbIMEH KaTtap, Xblayra TesiMmai emec CYTTiH KypamblHAa
KasewH muuennacbl ipi, TUTpAeY KbIWKbIIABITbl XXOrapbl, KypambiHAa 6GipHelle KaTTbl 3aTTap 6ap >X3He Kyprak
Malicbl3 CYT KanfblKTapbl, an a3 Menwepfe KaseuH, naktosa, gochop >aHe uutpat 6ap. XKannbl akybl3, capbiCybl
6ap akybl3, P-nakTorfiobynvH, a-naktoanbbyMUH XX3He NpoTeo3a-nenToH (IpakUMACbIHbIH apakaTblHACbiH Tanjay
onapAblH AeHreiiHiH Xorapbinaybl apkbinbl, 34eTTe, CYTTIH 6acTankbl Xblayra Te3iMginiriHiH cakray KabineTiHiH
TeMeHeNTiHiH KepceTTi. Keibip 3epTTeywinep CYTTeri MaifgblH MaccanblK YNeCiH OHbIH Xblnyra TesimginiriHe
apTTbIpyAblH OH 3cepLl aHbIKTadbl. COHbIMEH KaTap, Mali MeH aKybI3blH apakaTblHaCbl aHblKTanagbl.

Ocblnaiiwa wmrkl CYTTIH Xblnyra TesiMAiniriHiH emip 60libiHa 6arbiTTanraH Kanbintacybl CYTTIH TEPMUANBIK
Te3iMAiNiriH apTTeipy X3aHe CYT eHimAepiH eHAipy YLWiH xorapsl cananbl CYT WKKI3aTblH any YLiH TYpAi KocbiMLia
TEXHONOrUANbIK 3aicTepdi asaliTyra MYMKIHAIK 6eped” TeXHOMOrMAChl Xorapbl Temnepatypanbl CYTTi eHaeyai
KongaHyabl Kesgengi.

TYWiH cesgep: 6uononumepnep, wuw CYr Xbinyra TesiMainik, 6akbinay agicTepi, 300TeXHUKaNbIK, 6UOXN-
MUSAMBIK X3He PU3nKanbiK akTopiap.
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A. T. KpyunHuHl P. P. BapuHl N. A. PagaeBal E. E. WnnapnoHoBal,
A. B. buraesal, C. H. Typosckasal [. E. HypmyxaH6eToBa2

1O AHY «Bcepoccuinckmnini Hay4Ho-mccnea0BaTensCKni
MHCTUTYT MOJ/IOYHOI NpOMBbILLIEHHOCTU», MockBa, Poccns;
2YHusepcuTteT Hapxos, Anmatel, KasaxctaH

K BOMPOCY ®OPMUPOBAHNA TEPMOYCTOMNYNBOCTU BMOMONVNMEPOB

AHHOTauuma. Jlroboi 6rononmMmep, MCNOMb3yeMblil Kak Cbipbe 418 AanbHelileli nepepaboTKM Ha MuLLeBble
LieNIn, KPOMe COOTBETCTBUSA pPernaMeHTMPyeMbiM TPE6OBaHNAM N0 CAHUTAPHO-TUTMEHNYECKUM, BU3UKO-XUMUYECKM
M OpraHonenTUYECKUM MoKa3aTensaM, AO/MKeH 06nafaTb onpefeneHHbIMU TeEXHOMO0rMYEeCKUMI CBOMCTBaMM, NO3BO-
NAOWMUMMN OCYLLECTBAATbL BbIMYCK KaYeCTBEHHON 1 6e30MacHOl roToBoi npofyKuuu. Bee 310 B MOMHON Mepe OTHO-
CUTCA K CbIpOMY MOMOKY. OfHON M3 OCHOBHbIX TEXHONOTMYECKNX XapaKTepUCTUK BO3MOXHOCTW ero AanbHenLer
nepepaboTkun, 0COO6EHHO B NPOM3BOACTBE CTEPUIN30BAHHON NPOAYKLMW, ABNSETCH TepMOYCTONYMBOCTb, T.e. CNOCO6-
HOCTb MO/IOKA BbIAEPXMNBATb BbICOKOTEMMEPATYPHY 06paboTKy MpW COXpaHEHUW MEepBOHAYabHOTO KOMMOUAHO-
[LUCNEepPCHOTO COCTOSIHWUSA BXOAALLMX B €ro COCTaB Ge/KOB.

B cTaTbe MpuBeAeHbl MeTOAbl ONpefeneHnst TEPMOYCTOUYMBOCTA, OCHOBAHHbIE KaK Ha BU3ya/bHOWM OLEHKe
(ankoronbHas, TennoBas, TUrNoBas, XnopKanbLmesas, GoctaTHas, KMCNOTHO-KMNATUIbHAA NPO6bI), Tak U C UCMO/b-
30BaHMEM Pa3NYHbIX MPMBOPOB, CO3L4aHHbIX Ha 6a3e MccnefoBaHUA U PUKCMPOBAHNS PU3NUYECKUX XapPaKTEPUCTHK,
NGO COCTaBHbIX YacTen MOJIOKa.

PaccMOTpeHbl OCHOBHbIE (haKTOpbI, BAMSIOLLME HA MPUMXXMU3HEHHOE (DOPMMPOBaHUE TEPMOYCTONYNBOCTM CbIPOrO
MOJ10Ka, & UMEHHO 300TeXHUYECKIE, BMOXMUYECKME U IU3NYECKHE.

Cpeamn 300TeXHUYECKMX (PAKTOPOB BbifefleHbl U OMUCaHbl Takue, Kak Mopofa U reHeTuYeckne ocoBeHHOCTU
XWBOTHbIX, MEPUOA NaKTauuy, KOPMOBOW paLMOH W Ce30H roga, YC/OBWS COAEpXaHWUs, COCTOSHWE 340POBbA.
Moka3aHo, YTO AN MOAYYEHUS MOMOYHOW NPOAYKLUMKW, BbipabaTbiBa€MOI C MCNOMb30BaHMEM BbICOKOTEMMEPATYp-
HON 06paboTKM NpeanoYTUTeNbHEEe NPUMEHATL MO/IOKO KOPOB, B OTHOLLUEHWUMW KOTOPbIX MPOBeAEHbl CeNeKLNOHHbIe
paboTbl MO HAaKOMJEHUID B WMX reHotune A-annenein 6enKOB MOMOKa; HauMbONbLUEN YCTOWYMBOCTbIO 06najaeT
MOMIOKO, NOJyYeHHOe B TeueHue 4-ro, a HaMMeHbllei - B TedeHue 10-ro mecsaua fnaktauuu; NOAHOLEHHOCTb U
c6anaHCMPOBAaHHOCTL paLMOHa MOXHO 06ecneyunTb 3a CYeT NacTOULLHOIO COAepXXaHUs KOPOB WM MCMOJb30BaHUS
npyu Kpyriaorogu4HoMm CTOMMOBOM COAEpXXaHWW 3e/eHOW MOAKOPMKW, NpenapaToB Npo6GMOTMYECKOro AelicTBuMS,
pasnnyHbIX 6ydhepHbIX CMecel, 6eNKOBbIX, BUTAMUHHbLIX, MUHEPAa/bHbIX KOHLLEHTPATOB MO OTAENLHOCTW UMN B BUE
KOMMNJIEKCHbIX A06aBOK; TPEXKPAaTHOE AOEeHWe MO CPaBHEHUIO C ABYKPATHbIM MOBbLILLAET YAOU 3a NakTauuio Ha 15-
18% 1 MONOXWTENLHO BAWSET Ha COCTOSHUE 3[0POBbS BHIMEHU XXMBOTHOMO, KOTOPOE BbIpaXKaeTcs B 60/iee HU3KOM
COZlepPXXaHNMN COMATUYECKUX K/TETOK B MOJIOKE.

MpencTaBneHbl faHHblE MO BAMSIHAKD COCTaBa MOJIOKA, COOTHOLLEHWS €ro COCTaBHbIX YacTei, MI0THOCTY,
TUTPYEMOW 1 aKTUBHOW KWCMNOTHOCTM Ha CTabWIbHOCTb 6E/IKOBOI cucTeMbl. MpuBeAeHbl pa3nnyHble KOppenaumu
TenoBoi CTabubHOCTM MO/IOKA B 3aBUCMMOCTM OT MacCOBOI 0N XMpa, 06LEero 6enka U CbiIBOPOTOYHbIX GESTKOB,
pasmepa 1 cocTasa (Ppakuuii MULLEeN KasenHa, CONeBOro cocTaBa M 3Ha4YeHWn Nnokasartenelt (hM3NYecKoro CoCcTosHUA
MOJIQYHOI CUCTEMBI B LIE/IOM.

Ha ocHoBe aHanu3a Hay4HO-TEXHUYECKMX UCTOYHMKOB B TEPMOYCTOMYMBOM MOJIOKE 3apuKCMpoBaHO 6onee
HWU3KOEe COJepXKaHVe MUHEpPanbHbIX COMEN, CbIBOPOTOUHLIX 6ENKOB, COOTHOLLEHME Kanbuusa K gochopy. Hapsgy c
3TUM, HeTepMOYCTONYMBOE MOJSIOKO WMeNo 6ofiee KpymnHble MULEN/bl Ka3euHa, 60nee BbICOKYHD TUTPYEMYH
KMCNOTHOCTb, COAEPXaNo HECKONbKO 6OMblle CYXMX BELEeCTB M CyXOro 06edKMPEHHOro MOJIOYHOr0 ocTaTka
MEHbLLEe KOMMYECTBO Ka3euHa, N1akTo3bl, octopa, LUMTpPaToB. Takke aHanv3 B3aUMOCBA3W COAEepXXaHWs 06LLero
6enka, CbIBOPOTOYHbIX GEMTKOB, P-NaKTOrNO6YNNHA, a-NakToanibbyMuHa U MpOTe030-MenTOHHOM (hpakuun nokasasn,
UTO MpY YBE/IMHYEHUUN UX YPOBHS, KaK MpaBWIO, CHUXAETCS CMOCOBHOCTb MOJIOKA COXPaHATL CBOE NMepBOHaYabHYH
TEN0BYK CTabWIbHOCTb. HeKoTOpbIMK WCCNefOBaTeNsIMU YCTAHOBMEHO MOMOXMWTE/IbHOE B/USHWE YBEMYEHUS
MaCcCOBOW A0/M XMpa B MOJIOKE Ha ero TepMOCTOMKOCTb. Kpome 3TOro, OnpeAeneHo MpefnouTUTeNisHoe COOTHO-
LUEHME MEXAY XXUPOM 1 GENKOM.

Takum 06pa3om, HanpasfieHHOE NMPWXKU3HEHHOe (HOPMMPOBaHWE TEPMOYCTOMUYMBOCTM ChbIPOTO MOJIOKA MO3BO-
AUT MUHVMMU3UPOBATL MCMOMb30BaHNE Pa3HOOOPa3HbIX LOMOAHUTENIbHBIX TEXHONOTMYECKUX NPUEMOB MOBbLILLEHNS
TenoBOi yCTOMUYMBOCTU MOIOKA M NOAYyYaTb Ka4eCTBEHHOE MOJSIOYHOE Cbipbe 415 NPOU3BOACTBA MOMIOYHON Npoay-
KUMW, B T.4. TEXHONOTMS KOTOPOI NpeAycMaTpuBaeT NPMMEHEHME BbICOKOTEMMEepaTypHO 06paboTKM MOJOKa.

KntoueBble cnosa: 6MoNoAUMepsbl, Cbipoe MOSIOKO, TEPMOYCTOMUYNBOCTb, METOAbI KOHTPOSS, 300TEXHUYECKUE,
broxummnyeckre n usmyeckne PakTopsbl.
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