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MECHANISM FOR ADJUSTING THE STRENGTH OF
INTERPHASE ADSORPTION LAYERS OF "SKIMMED MILK —
SURFACTANT SUBSTANCE™" IN DESSERT PRODUCTS

Abstract. Today, the range of dessert products produced by the restaurant industry of
Ukraine is wide and diverse and is determined by its nomenclature. Mousse is one of the
most common dessert dishes ordered in restaurants of various levels. The traditional
technological scheme of mousses production is to some extent labor-intensive, and this
makes it difficult to satisfy consumer demand. Therefore, the use of a dry mixture in the
recipe composition of mousses is justified.

This article is devoted to the investigating the regulatory mechanisms of interphase
adsorption layer strength at the interface of the water — oil and water — air phases by
introducing surfactants into the dry mixture for the manufacture of dessert products. The
choice of surfactants and their concentrations for the formation of interfacial adsorption
layers in systems is based on the consideration of surface activity, hydrophilic-lipophilic
balance (HLB) and protein concentration, which determines the behavior of the mixture of
surfactants in the system. The issue of the influence of surfactants with high and low HLB
and their mixtures and the use of a system with three surfactants E472e-E472b-E322, which
allow to obtain whipped emulsions from a dry mixture, are considered.

Keywords: interphase adsorption layer, surfactants, dry formulation mixture,
temperature, ultimate shear stress, ripening.
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Introduction. The production of dessert products with a foam emulsion
structure with high quality indicators is achieved due to the realization of the
functional and technological properties of milk proteins, surfactants, as well as the
influence of technological parameters (temperature, maturation time of the foam
emulsion system) in order to ensure high foaming capacity, foam stability and
product plasticity.

The production of dessert products with a stable foam emulsion structure, with
high quality indicators, requires the study of the mechanisms protein and surfactant
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dynamics at the water-oil phase and water-air phase boundary at a temperature of
4+1 °C, since protein desorption from the interfacial surface water-oil depends on
the concentration and nature of the surfactant (ionic, non-ionic), the amount of HLB,
and the decrease in product temperature containing proteins, surfactant blends and
simultaneous increase of water-air phase area interface requires determining the role
of each component.

The authors of [1] established that lowering the temperature of the emulsion
from 20°C to 4°C, which is stabilized by 0.4% B-casein in a composition with
surfactants with high HLB (Tween 20) and surfactants with low HLB (mono- and
diglycerides) contributed to significant protein desorption from the interfacial
surface. The main conclusion of the authors is that a mixture of water- and fat-soluble
surfactants promotes more significant protein desorption than each one alone.

It is known from the literature that temperature affects the adsorption and
desorption of proteins and surfactants in such systems as milk and cream [2, 3]. Thus,
an increase in temperature contributes to an increase in protein adsorption on the
interfacial surface and desorption of phospholipids. Decrease in temperature below
the melting point of fat leads to desorption of proteins and phospholipids into blood
plasma [4], resulting in emulsion destabilization of milk and cream, which causes
destabilization of milk and cream emulsion. Mechanical influences also have a
significant impact on destabilization such as homogenization and whipping [5, 6].

The purpose of the research is to study the regularities of the formation of
interphase adsorption layers (IAL) of model systems on the interface of water-oil,
water-air phases at the technological process stages — cooling and whipping,
containing dry skimmed milk, surfactants and their mixtures, for substantiation
parameters of the technological process of whipped emulsions production from dry
mixtures.

The basic components forming the structure of foaming emulsion food
products include skimmed milk powder as a source of proteins, surfactants E472e,
E472b, E322 and a stabilizer [7].

Conditions and methods of research. Determining the ultimate shear stress
(USS) of interphase adsorption layers was carried out with the help of a device
similar in principle to Rebinder's device. The essence of the method for determining
the strength of interphase adsorption layers is to determine the angle of deviation of
the glass disc of the device at the interface of the phases.

The ultimate shear stress (USS) of the interfacial adsorption layers (IAL) was
determined by the formula:

C, xS,
P, _ 360xR,” xn (1)

where Ps — the ultimate shear stress of interphase adsorbent layers, N/m;

C, —modulus of elasticity of the wire, (Nxm)/degree;

S, — deflection of the recorder photocell at the moment of maximum glass disk

displacement, m;

R1 — glass disk radius, m;

n — factor for converting angle degrees to scale meters.

To research the USS of IAL in foam emulsion systems, we have proposed a
research method that is formed at the interface of the water-air phases in foam
emulsion systems. The essence of the method is that two crystallizers connected by
a tube were used to study the strength of 1AL, a solution of reconstituted milk powder
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was poured into one of them, and plant oil was injected onto the surface of the
solution. The whole system was incubated for 2.0x3600 s at 20+1°C to form
adsorbent layers at the water-oil interface. Then the test tube valve was opened, the
reducing liquid was partially transferred to the second crystallizer and for the
formation of layers at the water-air interfaces, it was kept for 2.0x3600 s at a
temperature of 4+1°C, after which the USS of IAL at the water-air phase interface
was determined. Lowering the temperature to 4+1° C will contribute to the fact that
at low temperatures, low-molecular-weight surfactants are more surface-active than
proteins, as a result of which the stability of dispersed systems containing proteins
and surfactants will change. From a technological point of view, the whipping of
dessert products from a dry mixture was carried out at a temperature of 4...8°C, this
dictated the need to study the behavior of proteins and surfactants at the phase
separation in order to determine emulsion behavior in the foaming process.

Research results and discussion. To identify the behavior of each surfactant
in the formation of foam emulsion systems and their role in the formation of IAL,
studies were carried out of the USS of IAL, formed at the phase separation at t =
4+£1°C for 4x3600 s, that is, time necessary for IAL adsorption and formation as a
function of protein participation at the interface of the water-air and water-oil phases.

It has been established that the the correlation between IAL USS and skim
milk content has an extreme character with a maximal value corresponding to the
content of 4.0% skim milk powder and is (1.04+0.05)x10 N/m at the water-oil
phase interface (Fig. 1, curve -0) and (0.74+0.03)x102 N/m at the water-air phase
interface (Fig. 1, curve — o)
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Fig. 1. Dependence of effect of IAL on reduced skim milk content at temperature
of 4+1°C at the phase interface: ¢ — water-oil; o — water-air

The presence of an extremum on the curves is probably related to the
formation of a monomolecular layer.

In order to establish the behavior mechanisms of dairy proteins and surfactants
at the interface of water-oil and water-air phases at a temperature of 4+1° C, we
decided to reduce protein and surfactant concentrations by 10 times, to ensure the
preservation of liquid phase separations, since at the content of surfactants 0.2% and
above, fat crystallization occurs, and the provision of the condition that the
concentration of surfactant is higher than the critical concentration of micelle
formation (CCMF) while maintaining protein/surfactant ratio. There will only be a
difference in absolute USS values of IAL, but this will make it possible to establish
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regularities of system behavior, in particular, at the water-oil interface. In the initial
phase of the research, the influence of one surfactant on the USS of IAL at the
interface of the water-oil, water-air phases systems "milk — surfactant™" were defined
to clarify the behavioral mechanisms of each surfactant separately, fixing the content
of skimmed milk at the level of 4.0%.

The concentration of E472e surfactant in the "milk - E472e" system was found
to increase from 0.02% to 0.08% of the USS of 1AL at the water-oil phase interface
increases from (1.80+0.09)x1072 to (7.1£0.3)x103 N/m (Fig. 2, curve — o). At the
water—air phase interface, a similar dependence was obtained, but with smaller
absolute values (Fig. 2, curve — A).

______________________ A

o _y=84936x+ 03774

Fig. 2. Dependence of USS of IAL on the concentration of E472e of the "milk-
E472e" system at a temperature of 4+1°C at the phase interface: o — water-oil; A —
water-air

So when concentration of E472e surfactant is raised from 0.02 up to 0.08%,
the USS of IAL increases from (0.53+0.02)x107 to (2.2+0.1)x10° N/m.

The dependence of the USS of IAL on the concentration of E472b surfactant
at the interface of the water-oil, water-air phases was identified (Fig. 3).

It was established that the dependence (Fig. 3, curve — 0) is extreme with a
maximum corresponding to E472b concentrations of 0.04..0.06% and is
(0.54...0.58)x10-3, N/m. A similar dependence derived at the water-air inrefacial
phase (Fig. 3, curve — A). The maximum corresponds to E472b concentrations of
0.04...0.06% and is (0.150...0.165+£0.010)x10-3 N/m. By comparing the absolute data
of the USS of IAL of the "milk-E472b" systems and the system containing only
reconstituted skimmed milk, it can be asserted that the introduction of E472b helps
to reduce the strength of the IAL at the water-air interface, therefore, the 1AL
durability in the system with 0.35% of skimmed milk is (0.193+0.009)x102 N/m. At
the interface of the water—oil phases, the strength in the system containing 0.35%
skimmed milk is (0.50+0.02)x10° N/m, so a slight increase in strength can be
achieved only with an E472b content of 0.04 ...0.06%.

The dependence of the USS of IAL on the concentration of surfactant E322 in
the "milk-E322" systems was determined (Fig. 4).
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Figure 3. The dependency of USS of IAL on the concentration of E472b of the
"milk-E472b" system at a temperature of 4+1°C at the phase interface: o — water-
oil; A — water-air
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Fig. 4. Dependence of USS of IAL on the concentration of E322 of the "milk-
E322" system at a temperature of 4+£1°C at the interface of the phases: o — water-
oil; A — water-air

At increase of E322 surfactant concentration with 0.01 to 0.06% in the system
"milk - E322" at the interface of water-oil phases it was ascertained that the following
results were obtained the USS of IAL decreases from (0.340+0.017)x1073, N/m to
(0.070+0.003)x103, N/m (Fig. 4, curve — o), and from (0.120+0.006)x103, N/m to
(0.098+0.004)x103, N /m at the water—air phase interface (Fig. 4, curve — A),
consequently.

The utilization of two surfactants E472b and E472e was researched to increase
the foaming capacity (FC) and foam stability (FS) [7] (Fig. 5).

It was established that in the "milk-E472b-E472e" systems with a low content
of E472b of 0.02%, the IAL USS correlation at the water/oil phase boundary has an
extremal character with a maximum that corresponds to the E472e content of 0.04%,
and amounts to (8.00 £0.13)x1073 N/m, i.e. the strength of IAL increases by 22 times
(Fig. 5, curve — 0). By increasing the E472b concentration to 0.04-0.06%, as the
E472e content increases, the USS of IAL increases as well. With an E472b content
of 0.04%, with an increase in E472e to 0.08% USS of IAL increases to
(12.0£0.6)x10° N/m, i.e. by 23 times (Fig. 5, curve — o). With an E472b content of
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0.06%, with an increase in E472¢ to 0.08% USS of AL increases to (14.3+0.4)x10°
8 N/m, i.e. by 24 times (Fig. 5, curve — A).

423,2x% +-310;04x + 0,539
R?=09592 (%

_________________________________ L |

Fig. 5. Dependence of USS of IAL on the concentration of E472e of the "milk-
E472b-E472¢" system at a temperature of 4+1°C at the interface of the water-oil
phases with the content of E472b, %: ¢ — 0.02; o — 0.04; A —0.06

In the "milk-E472b-E472e" systems at the interface of the water-air phases
with an increase in the concentration of surfactant E472e to 0.08%, with an E472b
content of 0.04%, the USS of IAL increases (Fig. 6, curve - A) to (3.00 £0.15)x10°3,
N/m and with the E472b content of 0.06% (Fig. 6, curve - O) increases to
(3.60+0.18)x10%, N/m i.e. the strength of IAL increases by 20 and 22 times,
respectively.
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Fig. 6. Dependence of USS of IAL on the concentration of E472e of the "milk-
E472b-E472¢" system at a temperature of 4+1°C at the interface of the water-air
phases with the content of E472b: A —0.04%; o — 0.06%

To verify the participation of all surfactants in forming the interfacial
adsorbent interlayers, the CSS of IAL systems "E472b - E472e" were identified. It
is revealed that the USS of IAL systems with no dairy proteins are featured less
strength approximately 2-3 times (Fig. 7), which confirms the participation of all
surfactants in the formation of 1AL.

Therefore, by increasing the concentration of E472e surfactant from 0.02 to
0.06% in the "E472b-E472¢e" system, with an E472b content of 0.04% at the interface
of the water-oil phases USS of IAL increases from (1.50+0.07)x 107 to (6.7+0.3)x10°
$N/m (Fig. 7, curve — o). In water-air phase boundary, with increasing concentration
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of E472e surfactant from 0.02 to 0.04% in the E472b-E472e system, the CSS of IAL
rises from (0.6£0.03)x10° to (0.92 +0.04)x10° N/m further increase in the
concentration of E472e to 0.08% surfactant leads to a decrease of USS of IAL to
(0.7+0.03)x10° N/m (Fig. 7, curve — A ). Thus, it can be asserted that in systems
containing milk proteins and surfactants with low HLB (E472b) and high HLB
(E472e), IAL with high strength indicators are formed, which ensure the stability of
emulsions and foams at low temperatures.
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Fig. 7. Dependence of USS of IAL on the concentration of E472e of the " E472b-
E472e" system at a temperature of 4+1°C, with a content of E472b of 0.04% at the
phase interface: o — water-oil; A — water-air

It was established that the introduction of E322 into the "milk-E472e-E472b-
E322" system at the interface of the water-oil phases leads to a decrease in the USS
of IAL (Fig.8).
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Fig. 8. Dependence of USS of IAL on the concentration of E322 of the system
"milk-E472e-E472b-E322" at a temperature of 4+1°C at the interface of the water-
oil phases by content, %: o — E472e 0.06 E472b 0.04; A — E472e 0.06 E472b 0.06

Thus, with an increase in the concentration of E322 surfactant to 0.06% in
the "milk-E472e-E472b-E322" system, with the content of E472e 0.06%, E472b
0.04%, USS of IAL will decrease from (11.0£0.5)x 10 N/m to (1.80+0.09)x1073,
N/m (Fig. 8, curve — ), i.e., USS of IAL decreases by 2.7 times, which is probably
due to desorption of proteins from the interfacial surface, it can be assumed that the
the desorbed protein within the emulsion system will facilitate its foaming during
whipping. With the content of E472e 0.06%, E472b 0.06% (Fig. 8, curve — A) the
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USS of IAL will decrease from (14.0£0.7)x10° N/m to (3.80+0.19 )x103, N/m, i.e.
the strength of IAL will decrease by 3.6 times.

In order to establish the role of E322 surfactant in the formation of 1AL, the
effect of E322 on the USS of IAL of "E472e-E472b-E322" systems, that is, systems
without milk proteins, was determined (Fig. 9).

The analysis of the obtained data showed that E322 contributes to the
reduction of USS of IAL from (6.5+0.3)x10°N/m to (0.96+0.02)x103, N/m, i.e. the
USS of IAL decreases by 6.5 times. A comparison of the absolute values of the USS
of IAL with systems containing milk proteins shows that in the presence of proteins
in the system their power is approximately 2 times higher, which allows us to assert
that E322 promotes partial desorption of all surfactants involved in forming IAL.

(Fig. 9)
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Fig. 9. Dependence of USS of IAL on the concentration of E322 of the system
"E472¢-E472b-E322" at a temperature of 4+1°C at the interface of the water-oil
phases by content, %: E472¢ 0,06 E472b 0,04

It is found that the addition of E322 into the "milk-E472e-E472b-E322"
system at the interface of the water-air phases contributes to the increase of the USS
of IAL. By comparing the absolute data of the USS of IAL at the interface of the
water-oil and water-air phases, it can be seen that at the interface of the water-air
phases the USS is 1.3 times higher, which gives grounds for asserting the energy
advantage of creating foam in an emulsion system based on a system of four
surfactants: milk proteins, E472e, E472b, E322.

Thus, with an increase in the concentration of surfactant E322 to 0.06% in the
"milk-E472e-E472b-E322" system, with the content of E472e 0.06%, E472b 0.04%,
the USS of IAL will increase from (2.7£0.13)x10° N/m to (3.01£0.15)x103, N/m,
i.e., the USS of IAL increases by 1.1 times (Fig. 10, curve — o). With the content of
E472e 0.06%, E472b 0.06% (Fig. 10, curve — A) the USS of IAL will increase from
(3.2£0.7)x10° N/m to (4.1£0.19 )x103, N/m, i.e., the strength of IAL will increase
by 1.3 times.

By experimental studies, it was shown that in the system "E472e-E472b-
E322" with no dairy proteins at the water-air interface, the interfacial adsorption
interlayers are so poorly defined that it was not possible to fix.

The research carried out enables to specify the formation mechanism of
interfacial adsorption layers at the boundary of water-oil, water-air interfaces in the
systems that contain milk proteins, surfactants and their mixtures at the temperature
of 4°C. Interfacial adsorption layers in systems comprising milk proteins and
surfactants with low hydrophilic-lipophilic balance (E472b, E322) are less strong
than in systems without surfactants, that is, such surfactants facilitate desorption of
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proteins from interfacial area. With high hydrophilic-lipophilic balance (E472e),
interfacial adsorption layers with high strength parameters are formed, which will
contribute to the stability of emulsions and foams.

Px10%, N/m v = 13,836x + 3,2703-A
i : A—R*>=10,9914 j
— y 4.4,8362x + 2,7503
: o =
= & 49—1( =0,9741 Eli
C.%

Fig. 10. Dependence of USS of IAL on the concentration of E322 of the system "
milk-E472e-E472b-E322" at a temperature of 4+1°C at the interface of the water-
air phases by content, %: o0 — E472e 0,06 E472b 0,04; A — E472e 0,06 E472b 0,06

Conclusion. Manufacturing the dessert products on the basis of dry mixture
with two surfactants with high hydrophilic-lipophilic balance E472e and low
hydrophilic-lipophilic balance E472b allows to increase significantly the strength of
interfacial adsorption layers by about 20...24 times at the interface of water-oil,
water-air phases in comparison with systems without surfactants. Application of a
combination of three surfactants E472e, E472b, E322 enables to reach higher
strength of interfacial adsorption layers at the interface of water-air phases in
comparison with the strength at the interface of water-oil phases, which provides
high foaming ability and the stability of dry mixture whipped dessert products.
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0. MpuHyeHko?, A. BopaHkynosa?, C. OmenbyeHKo?

IMemnekemmik mexHon02uAnbIK yHUsepcumem, XapoKos K., YKkpauHa
’M.X. lynamu ameiHdarsl Tapa3 eHipaik yHusepcumemi, , Tapas K., Kazakcmax

AECEPT OHIMAEPIHAEN "MAMbIHAH AXbIPATbIJIFAH CYT — BETTIK BE/ICEHAI
3ATTAP" }XYMECIHIH, AACOPELINANDIK ®A3A APAJIbIK KABATbIHbIH, BEPIKTITIH
PETTEY MEXAHU3MI

AHpaTtna. byriHri TaHAa YKpauHaHbIH, MelpamxaHa WHAYCTPUACHI LWbIFapaTbiH
JecepT eHiMAEepiHiH aCCOPTUMEHTI KEH, KaHe aslyaH Typ/i }KaHe OHbIH, HOMEHKAaTypacbIMeH
aHbIKTanagbl. Mycc apTypni AeHrengeri melpamxaHanapga Tancblpbic 6epineTiH eH Ken
TapanfaH gecepT TaramzapblHbiH 6ipi. Mycc eHAipiciHiH A3CTYPI TEXHOIOTMANBIK CXEeMachl
Gipwama  yaKbITTbl  KaxeT eTedi KoHe O6yn  TyTbIHYWbINApPAbIH,  CYPaHbICbIH
KaHafaTTaHAbIpyAbl KMbiHAATaAbl. COHAbIKTaH peuenTt 6GoMbiHWA MycC KypamblHAAFbI
KYPFaK KOCNaHbl KONAAHY HerisgenreH.

Byn maKana pecepT eHIMAEpiH GHAIPY YWIiH Kypfak Kocnafa 6eTTik benceHAi
3aTTapAbl €HFi3y apKbl/ibl Cy-Mail }aHe cy-aya gpa3anapbiHblH, LeKapacbiHAafFbl ha3zaapansbik,
aacopbumanbik  KabaTTblH, 6GepiKTiriH  peTTey MexaHW3MAepiH 3epTTeyre apHaafaH.
yienepae dasaapansik afcopbumnanbik KabaTTapabl KanbINTacTbIpy YWiH 6eTTik 6enceHai
3aTTap MeH onapAblH KOHUEHTpauuAacbiH TaHaay 6eTTik 6enceHainikTi, rugpodunbai-
navnodunbai Tene-TeHAikTi (HLB) koHe yiegeri 6eTTik 6enceHai 3aTTap KOCNacbiHbIH,
SPEKEeTiH aHbIKTAWTbIH aKybl3 KOHLUEHTPALMACLIH ECENKe anyfa HerizaenreH. ofapbl XKaHe
TemeH HLB 6eTTik 6esnceHai 3aTTapablH, *KaHe onapblH KOCMaiapbiHbIH, 9cepi, CoHAan-aK
KYpfaK KocCnafaH KenipwiTiireH amynbcuanapabl anyfa MYMKIHAIK 6epeTiH yw 6eTTik
6enceHai 3aT e472e-E472b-E322 KylieciH nanganaHy KapacTblpbliagbl.

TipeK ce3gep: da3a apanblk aacopbuuanbik Kabat, 6eTTik 6enceHai 3aTTap, KypFak,
peL.enT Kocnacbl, TemnepaTypa, WeKTi bIFbICY KEPHEYi, XKeTiny.

0. I'puHueHKko?, A. BopaHKynosa?, C. OmenbueHko?

rocydapcmeenHsiii 6uomexHono2udeckull yHusepcumem, 2. XapbKos, YKpauHa
2Tapasckull pe2uoHanbHeill yHusepcumem um. M. X. ynamu, 2. Tapas, Kazaxcmax

MEXAHW3M PETY/IMPOBAHMA NMPOYHOCTU MEX®A3HbIX ALICOPELIMOHHDBIX C/IOEB
"MOJ/IOKO OBE3*MPEHHOE — MOBEPXHOCTHO-AKTUBHbIE BELLIECTBA" B JIECEPTHOM
MPOAYKLMK

AHHOTauma. CerogHa acCOpPTUMEHT [JecepTHOM MPOoAYKUMW, NPOU3BOSUMON
pectopaHHOW MHAyCcTpMen YKpauHbl, WWPOK WM pa3HoobpaseH M onpegenserca ee
HOMeHKNaTypoil. Mycc — OAHO M3 cambiX PACNPOCTPAHEHHbIX AecepTHbIXx 64104,
3aKa3blBaeMbIX B PeCTOpaHax pas/iMyHoro yposHs. TpaguMumoHHaa TeXHONOrMYeckan cxema
NPOW3BOACTBA MYCCOB B HEKOTOPOW CTeneHW TPyAOemKa, W 3TO 3aTpyaHseT
yaoBneTsopeHve notpebuTenbckoro crnpoca. MosTomy MCNoNb30BaHWME CyXOW cMmecu B
peuenTypHOM COCTaBe MyCcCOB OMNpaBAaHo.

[aHHanA cTaTbsA NOCBALEHA MCCNEA0BaHMIO MEXaHW3MOB PerynpoBaHmsa NPOYHOCTH
meKbasHoro aacopbLUMOHHOIO CNoa Ha rpaHuue pasgena ¢as soga — mac/io v Boda —
BO34yX MNyTeM BBeAEHWA OBEPXHOCTHO-aKTUBHbLIX BELLECTB B CyXyld CMecb [AAs
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NPOM3BOACTBA [ECEPTHbIX WU3AEeNNA. BblbOp NOBEPXHOCTHO-AaKTUBHbLIX BELLECTB M WX
KOHUEHTpaunn ana dopmupoBaHua MedasHbIX aACOPOLMOHHLIX CNOEB B cCUCTEMax
OCHOBaH Ha y4yeTe MOBEPXHOCTHOW AKTUBHOCTMU, rMapoduabHo-annodunbHoro b6anaHca
(HLB) 1 KoHueHTpaumu 6enka, KoTopble ONpeaenstoT NoBegeHne CMecu NoBepxXHOCTHO-
AKTMBHbIX BeLLeCTB B cucTeme. PaccmoTpeH BOMPOC O BAUAHUWU MOBEPXHOCTHO-AaKTUBHbIX
BELLLECTB C BbICOKMM U HU3KUM HLB 1 ux cmeceit, a Tak»Ke MCNO/Ib30BAHUE CUCTEMbI C TPEMA
NOBEPXHOCTHO-aKTUBHbIMW  BewlecTBamn  E472e-E472b-E322, KoTopble NO3BOAAIOT
noJsly4aTb B3O6UTbIE 3MYNbCUU U3 CYXOW CMECH.

KnioueBble cnoBa: merkdasHbIi aACOPOLMOHHDINA COM, NMOBEPXHOCTHO-AaKTUBHbIE
BelecTBa, Cyxasa peLenTypHaa Cmecb, TemnepaTypa, npefaesibHOe HanpaXKeHue CABUra,
co3peBaHue.
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