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Abstract. The results of experimental studies are presented, the purpose of which was to study
the influence of variable formulation and technological factors on the rheological characteristics of the
foam concrete mixture, in particular, the structural strength. This is preceded by an analysis of the
process of structure formation of cellular concrete. As a result, it is shown that the properties of cellular
concrete are determined by the nature of the distribution of the solid component. The structure of the
solid phase is formed at the earliest stages of the formation of cellular products and depends on the
rheological characteristics of the mortar and cellular mixture. In the technology of cellular concrete, it
is important to synchronize the processes of pore formation and the growth of plastic (structural)
strength, which is also associated with a change in the rheological properties of the mixture. Using the
methods of mathematical statistics, the influence of the content of the filler in the mixture with cement,
the content of the complex additive, and the effect of mechanical chemical activation on the kinetics of
the plastic strength of the foam concrete mixture were studied. The kinetic dependences of the plastic
strength of the foam concrete mixture in the range of 6 ... 24 hours from the moment of manufacture
have been constructed. Each of the 15 curves is maximized by a 3rd-degree polynomial. Based on the
obtained dependences, they are differentiated between the first and second derivatives. As a result, the
equations of the speed and intensity (acceleration) of the plastic strength of the foam concrete mixture
were obtained. According to the results of the previous experiment, carried out according to a three-
factor plan, a 4-factor plan was synthesized, in which the aging period of the foam concrete mixture
was taken as the fourth factor. The calculated theoretical values of the characteristics of the structural
strength of the foam concrete mixture were entered into the matrix. As a result, mathematical models
of plastic strength, speed, and intensity of plastic strength of the foam concrete mixture were calculated
and the influence of variable factors studied on the isosurfaces of these properties was visualized. The
analysis of these dependencies made it possible to determine the characteristic recipe and technological
conditions for obtaining a foam concrete mixture with the required values of plastic strength.

Keywords: cellular concrete, structure formation, plastic strength, rheological properties,
mathematical equation, mechanochemical activation.

Introduction. One of the main tasks of today, along with solving environmental problems is
the task of saving energy resources, including in the field of construction. In this regard, Ukraine, as
in other countries, has adopted several regulations aimed at solving this problem. One such
document strictly regulates the value of the coefficient of thermal resistance for the materials from
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which wall structures are made. According to this indicator, a number of the most common wall
materials, such as lightweight concrete, ceramic, and silicate bricks, were not effective because they
need to mount a thick wall. Therefore, in modern construction, one of the most effective and
common materials is cellular concrete. The efficiency of aerated concrete is determined by its
construction and operational properties. They, in turn, as well as properties of composite materials
in general, are depending on the character of the structure of the material [1].

Analysis of recent research and publications. In [2] the hypothesis was expressed that the
properties of cellular concrete are determined exclusively by the nature of the solid phase
distributions. In the same works, chronological analysis of the structure-forming process of cellular
concrete is given and it is shown that the so-called "primary" structure is formed before the end of
the binder hardening period. To form a high-quality structure of cellular concrete, it is important to
synchronize the processes of pore formation and increase the structural (plastic) strength of the
mortar mixture. The speed and stability of pore formation in aerated concrete are ensured by the
rate of gas formation, and in foam concrete — the stability of the technical foam. The kinetics of
structural strength depends on the hardening rate of the binder, and it, in turn, largely depends on
the rheological characteristics of the mortar mixture.

The rheological characteristics of the mortar mixture can be influenced by the amount of water in
the mixture (water-cement or water-solid ratio). But the water-cement ratio not only affects the
rheological characteristics of the mixture but also changes the kinetics of hydration of the binder and
directly the strength of the material [3]. It is known that as the amount of binder increases, the strength
of porous composite building materials increases. However, in porous concrete, the content of solid
components, including binder, is limited to providing the required average density of the material. On
the other hand, the binder, as a component of the raw material mixture, is the most valuable and its
contribution to the cost of the material is the most significant. Another argument in favor of limiting
the consumption of cement is due to the specifics of non-autoclaved foam concrete.

The hardening process of non-autoclaved foam concrete is accompanied by significant
volume changes, which ultimately lead to the formation of cracks and reduced physical and
mechanical properties of foam concrete. The main sources of volume changes are chemical
reactions of cement hydration (contractile shrinkage) and wet shrinkage. Both types of volume
changes are directly related to cement consumption. With increasing consumption of cement and in
the process of its hydration, the number of hydrated neoplasms increases, the volume of which is
less than the volume of the starting reagents, which is the cause of contraction [4]. On the other
hand, as the number of cement increases, the amount of cement gel increases. Subsequently, after
dehydration of the liquid, shrinkage cracks appear. The increased initial amount of water also
contributes to the increase of shrinkage deformations due to the loss of moisture in the material. The
amount of mixing water is also directly related to the consumption of cement — a component of the
raw material mixture that has the greatest water consumption. To reduce the consumption of cement
in the composition of the raw material mixture is filled [5].

Modern composite building materials cannot be imagined without the use of chemical
additives. Chemical additives are introduced to give mortars the appropriate qualities [6, 7].

Accelerating the set of strength for foam concrete is an urgent task. The need to use a soluble
mixture with high values of water-cement ratio, caused by technological features of production. In
addition, foaming agents affect the hydration process of cement and significantly slow down the
curing time of foam concrete, which negatively affects the productivity of technological lines. It is
possible to regulate these indicators at the expense of various chemical additives. The use of
chemical additives is called "internal™ activation [8].

In addition to chemical additives in the technology of building materials used other methods
of activation. Such methods include activation of both raw materials and semi-finished products
("external" activation). All of them are associated with additional energy supply at certain stages of
fabrication. The type, place of energy supply, and duration of impact is determined by the goal,
technological features of production, economic parameters [9]. Mechanochemical activation has
become widely used in the production of building materials. The issue of mechanochemical
activation of raw materials is especially relevant in the technology of porous concrete. This is due to

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2021, no. 85, page 110-118

111



BUILDING MATERIALS AND TECHNIQUES

the conditions for ensuring the stability of the porous structure, accelerated set of structural strength,
and a sufficient number of cementing tumors. There are also known methods of activating the
binder or solution component in high-speed mixers [10]. Activation in such mixers also changes the
rheological characteristics of the mixtures.

The aim. The research aimed to identify the patterns of influence of the rheology of the
mortar component on the structural strength of the foam concrete mixture.

Materials and research methods. To achieve this goal, a three-factor experiment was
conducted. Full information on variables, their levels, and intervals of variation are given in Table 1.

The choice of factors and intervals of their variation is made in such a way that allows you to
compare different ways of preparing foam concrete. The first point of the experimental plan (all factors
are at the lower level of variation) is taken as a control. The movement along the axis of the factor X;
allows you to determine the effect of the amount of filler on the properties of foam concrete. The
movement along the axis of the factor X, or X3 allows you to determine the degree of influence of
activation methods (“internal” or "external”) on the change in the properties of the foam concrete
mixture and foam concrete. At other points in the recipe-technological field, the combined effect of the
variables adopted in the experiment (mechanochemical activation) is indicated.

Table 1 — Factors, their levels, and intervals of variation

The name of the | Factor Unit of Levels of variation Interval of
factor code | measurement 1 0 +1 variation
Xy — filler content F % 0 15 30 15
Xz — the content 0
of the additive - % 0 15 3 15
X3 — duration of Ac S 0 20 40 20

activation

Constant factors: the average density of the foam concrete mixture is 760 + 10 g/l, the
diameter of the solution spread according to the Suttard viscometer is 270 + 10 mm.

Portland cement M500 of the Odessa Cement Plant was used in the experiment. As a filler,
carbonate sand with a size of less than 0.63 mm, and a chemical additive of complex action «Relaxol
Universal».

Research results. The study of the influence of the factors accepted in the experiment on the
value of the structural strength of foam concrete was performed by measuring the plastic strength of
the foam concrete mixture using a conical plastometer MSU. Measurements of the plastic strength
of foam concrete were started 6 hours after the preparation of foam concrete and completed after 24
hours with measurement intervals every 2 hours. The value of plastic strength was calculated as the
arithmetic mean of five measurements. The matrix of the experimental design and plastic strength
of foam concrete (kPa) are shown in Table 2.

Based on the results of experimental data, graphs of the kinetics of plastic strength of foam
concrete in each line of the plan are constructed. The kinetics of the plastic strength of foam
concrete is shown in Figure 1.

In this form, the obtained dependencies are difficult to analyze, especially to determine the
influence of variables on the kinetics of plastic strength of foam concrete. Therefore, the following
method was used to process and present the results of the experiment.

After obtaining a family of lines, each was approximated by a polynomial of the third degree of
plastic strength of foam concrete over time. The coefficient of approximation is not less than 0.97.
After that, the derivatives were determined: the first derivative — the rate of growth of plastic strength
and the second derivative — the intensity (acceleration) of growth of plastic strength. The equations of
plastic strength, rate, and intensity of growth of plastic strength of foam concrete are shown in Table 3.

Based on these equations, graphs of changes in the speed and intensity of the set of plastic
strength over time, which are shown in Fig. 2 and Fig. 3. From the graphs (Fig. 1), as expected, it is
seen that the plastic strength of the foam concrete mixture increases over time. The influence of
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variable factors on the kinetics of plastic strength and its derivatives is also obvious. It should be noted
that some lines of the experiment change the nature of the dependence. This is especially true of the
intensity of change in plastic strength (Fig. 3) when the intensity is not accelerating, but slowing down.

Table 2 — Plastic strength of foam concrete, kPa

o Indexes
.E X% [ X Terms of measurements, hours
2 F|Ad|Ac| 6 8 10 | 12 14 | 16 | 18 | 20 | 22 | 24
1 - - - 49 6,2 23 38,7 | 53,8 | 75,5 | 108 | 129 | 206 | 286
2 + - - 49 6,2 10 21 30,6 | 545 | 925 | 98,4 | 144 | 200
3 - - 49 5,9 98 | 295 | 50,5 | 78,8 | 114 | 175 | 190 | 270
4 + + - 5,6 7,5 14 28,9 50 92 102 | 128 | 218 | 243
5 - - + 4.6 105 | 20 50 69 87 114 | 175 | 197 | 210
6 + - + 49 11 14 31 455 82 126 | 201 | 220 | 230
7 - + + 5 15 27 59 78 128 | 164 | 223 | 243 | 328
8 + + + 1,2 20,3 | 45 58,5 | 107 | 140 | 157 | 256 | 361 | 407
9 - 0 0 7 225 | 34 70 113 | 151 | 269 | 459 | 502 | 512
10 + 0 0 7 16 24 44 76,1 | 131 | 137 | 144 | 154 | 246
11 0 - 0 7,2 12 27 47,3 92 134 | 151 167 | 243 | 303
12 0 + 0 18 34 66 | 1215 | 161 | 256 | 321 | 400 | 470 | 556
13 0 0 - 6,2 9,2 21 34 62 90 103 | 164 | 227 | 253
14 0 0 9 14 36 56,5 | 111 | 138 | 167 | 212 | 262 | 305
15 0 0 0 10 23 41 75,5 95 124 | 132 | 150 | 262 | 331
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Fig 1. Kinetics of structural strength of foam concrete
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Table 3 — Equations of plastic strength and its derivatives

Ne The rate of increase of | The intensity of the | Approxim
plan Plastic strength, kPa plastic strength, increase in plastic ation
line kPa/h strength, kPa/h?  |coefficient
1 0,35t%-5,24t°+40,1t-29,3 1,05t*-10,4t+40,1 2,1t-10,4 0,99
2 0,19t°-1,4t°+6,2t+16 0,57t°-2,8t+6,2 1,04t-2,8 0,99
3 0,13t3+2,28t°-24,8t+47,2 0,39t°+4,6t-24,8 0,78t+4,6 0,99
4 0,16t°+0,99t°-10,06t+30,8 0,48t°+2t-10,06 0,96t+2 0,98
5 -0,12t°+8,9t*-57,3t+70 -0,36t*+17,8t-57,3 -0,72t+17,8 0,98
6 -0,06t°+9,6t>-79,6t+110,9 -0,27t°+19,2t-19,6 -0,54t+19,2 0,97
7 0,01t°+7,04t°-42,5t+48,4 0,03t°+14t-42,5 0,06t+14 0,99
8 0,29t°+0,88t°+4,2t+7,1 0,78t°+1,7t+4,2 1,56t+1,7 0,99
9 -0,15t>+20t*-167t+227 -0,42t°+14,2t-167 0,84t+14,2 0,96
10 -0,07t°+6,6t%-27,7t+31,2 -0,21t%+13,2t-27,7 -0,42t+13,2 0,96
11 0,04t°+5,3t°-25,1t+29,5 0,12t°+10,6t-25,1 0,24t+10,6 0,99
12 -0,22t3+19t°-105t+102 -0,66t°+38t-105 -1,32t+38 0,99
13 0,12t3+2,4t°-17,7t+40,4 0,38t°+4,8t-17,7 0,72t+4,8 0,99
14 -0,12t>+10,5t°-58t+58 -0,36t°+38t-105 -0,72t+21 0,99
15 0,32 t%-4,6 t* + 62,8 t-64,4 0,96t°-8,2t+62,8 1,92t-8,2 0,98
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Line —#—Linel0) —8— Linell Linel2 Linel3 —+—Linel4 —®— Linel5
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Fig. 2. The speed of plastic strength of foam concrete

Due to the fact that the graphical dependencies are shown in Figures 2... 3 are difficult to
analyze, and also because they do not reflect the full picture of the influence of the studied factors
on the plastic strength of foam concrete and its derivatives, using the values of table 3, was
synthesized 4-x factorial plan of the Box-Benkill experiment type B-4. As the fourth variable factor
the factor of the term of endurance of foam concrete from the moment of its preparation was
entered, with levels of variation: lower — 8 h, average — 16 h, top — 24 h. Factor code — .

The matrix and the results of the synthesis plan are shown in Table 4.

As a result of mathematical processing in the COMPEX system, mathematical models of the
logarithm of plastic strength, speed, and intensity of the set of plastic strength are built.

Based on the obtained mathematical models, the isosurfaces of these properties are
constructed. The isosurface of plastic strength is shown in Figure 4.
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Fig. 3. The intensity of plastic strength of foam concrete

Table 4 — Matrix of planning of the experiment, plastic durability, speed, and intensity of growth of
plastic durability of foam concrete

° Indexes Plastic Speed, Intensitzl,

= strength, kPa kPa/h kPa/h

o | F | Ad| Ac Time, hours

= X1 | Xo | X3 8 16 24 8 16 24 8 16 24
1 - - - | 135| 704 | 2753 | 24 |143(395| 06 | 2.3 4
2 | + - - 7,2 53,5 1985 | 2 |10,7|267| 06 | 1,4 | 272
3 - + - 6,1 76,7 | 256,2 | 3,7 | 149 | 31 | 11 | 17 | 23
4 | + | + - 9,6 779 | 2571 | 3,7 | 145|314 | 1 17 | 25
5 - - + 12 94 216,2 | 6,2 | 135|163 | 12 | 06 | 0,1
6 | + - + | 58 | 1049 | 2901|117 218|286 | 15 | 1,1 | 06
7 - + | + 164 | 1212 | 3222 | 71 | 189 |311| 14 | 15 | 15
8 | + | + | + | 246 | 1487 | 4624 | 6,8 | 231|494 | 14 | 27 | 39
9 - 0 0 | 94 | 206,1 | 566,5 | 12,6 | 36,1 | 53,9 | 4,7 | 5.3 6
10| + | O 0 196 | 99,1 220 64 | 13 [168 | 1 06 | 0,3
11 ] 0 - 0 | 188 | 1149 | 3033 | 6,7 |175(298 | 13 | 14 | 16
121 0 | + | 0 | 365 | 2385 | 5485 | 15,7 | 334|427 | 27 | 1,7 | 0,6
131 0 0 - | 114 ] 863 | 2657 | 45 | 156 (316 | 11 | 16 | 2,2
141 0 0O | + |205| 1326 | 3055|176 411 60 | 15 | 09 | 04
151 0 0 0 | 436 | 1202 | 3346 | 59 |17,7 419 | 0,7 | 23 | 3,8

The figure highlights two areas A and B. Area A is limited to the values of plastic strength, at
which it is advisable to cut the foam concrete mass into individual products. The lower limit (30 kPa)
is the minimum plastic strength regulated by BN-277-80 "Instructions for the manufacture of
porous concrete products”, at which you can cut the array.

The upper limit (100 kPa) is designed for the following reasons: such structural strength of
the raw material does not separate parts of the array at the endpoints of the string and adheres to the
correct geometric shapes of products and the accuracy of their dimensions. Area B corresponds to
the strength of foam concrete, which allows manual stripping of products made in individual forms.
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Fig. 4. Isosurfaces of plastic strength (kPa) of foam concrete at the content of the additive of the
hardening accelerator of 1,5%

Conclusions and prospects for further research. According to the results of the experiment
and the applied methodological method of processing the results of the experiment to study the
kinetics of the set of the structural strength of foam concrete in the recipe-technological field, the
characteristic areas of plastic strength are identified. This allowed using in practice the results
obtained in the production of foam concrete by various technologies: "cutting”, "foundry", in the
manufacture of products in individual forms.

It was found that the mechanochemical activation of the soluble component is an important
technological technique that allows you to control the rheological characteristics of foam concrete.
Due to the identified joint interaction of factors that changed in the experiment, it was possible to
reduce the maturation of the raw mass to the required plastic strength by 4-7 hours.

The received array of information does not allow it to carry out its full analysis within one article.
In this paper, we have generally focused on the kinetics of plastic strength. The analysis of changes in
the speed and intensity of plastic strength deserves no less attention. This, first of all, concerns the
identification of the reasons for the change like the influence of the studied prescription-technological
factors on the properties of the foam concrete mixture. In addition, given that the period of structural
organization of aerated concrete is crucial in the formation of its physical and mechanical properties, it
is important to conduct a joint analysis of the experimental rheological characteristics of foam concrete
mixture and strength of foam concrete (the experiment also investigated the basic physical and
mechanical properties of foam concrete). The results of this analysis will be presented in the next article.
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AHoTtauisg. HaBeneHo pe3ynbTaT eKCHEPHUMEHTAIBHUX JOCIIKEHb, METOK SKUX Oyl
BHUBYEHHS BIUIMBY 3MIHHUX PELENTYPHO-TEXHOJOTTYHUX (DaKTOPIB HA PEOJIOTIYHI XapaKTEPUCTHKH
MHOOETOHHOI ~CyMillll, 30KpeMa CTPYKTYypHY MilHicTh. lLlpoMy mnepeaye anami3 mpolecy
CTPYKTYPOYTBOPEHHS MOPHUCTHX OeTOHiB. BHacmiloK 4oro moka3aHo, L0 BJIACTUBOCTI MOPUCTHUX
OETOHIB BM3HAYAIOTBCSA XapaKTepoM PpO3MOJUIIB TBepaoi ckianoBoi. CTpykTypa >k TBepaoi (aszu
(bopMyeTbCs Ha paHHIX TepMiHAX (POpPMyBaHHS KOMIPYACTHX BHUPOOIB 1 3aJIEKUThH Bl PEOJIOTIUHUX
XapaKTEPUCTUK PO3UYMHOBOI 1 KOMIpYAcToi cyMilni. Y TEXHOJOTii MOPUCTUX OETOHIB BaKIMBOIO €
CHHXpPOHI3allisl MPOLECIB MOPOYTBOPEHHS Ta HAPOCTAHHS IUIACTMYHOI (CTPYKTYPHOI) MIIHOCTI, IO
TaKOXK IOB'A3aHO 13 3MIHOIO PEOJIOTIYHMX BJIACTUBOCTEH cyMiml. [3 3acTocyBaHHAM METOIB
MaTeMaTHUYHOI CTATHUCTUKU BUBYEHO BIUIMB BMICTY HAlOBHIOBaYa y CyMIllll 3 IIEMEHTOM, BMICT
KOMIIJIEKCHOI J100aBKM Ta BIUIMB MEXaHOXIMIYHOI aKTHUBAIlil Ha KIHETHUKY IUIACTUYHOI MIITHOCTI
nmiHoOeToHHO1 cymimrl. [loOymoBaHO KIHETHYHI 3aJIEKHOCTI IUIACTMYHOI MIITHOCTI TMIHOOETOHHOT
cyMill B 1HTepBali 6-24 roavHU 3 MOMEHTY BUrotoniieHHd. Koxna 13 15 kpuBHMX IpoakcMMOBaHa
nojiHoMoM 3-ro crymneHs. Ha ocHOBI oTpuMaHMX 3ajieKHOCTeH BOHM JudepeHIiioBaH] MepLIo Ta
JPYroro MoxXigHOI0. B pe3ynpTari oTpuMaHi piBHSHHS MIBUAKOCTI T IHTEHCHBHOCTI (TIPUCKOPEHHS)
IUTACTUYHOI MIIHOCTI MIHOOETOHHOI cyMmilli. 3a pe3yibTaTaMyd MONEPEAHbOr0 EKCIEPUMEHTY, SIKHM
MIPOBOJMBCS 32 TPbOX(AKTOPHUM IUIAHOM, OyB CHUHTE30BaHMU 4-X (DakTOpHHMH IJIaH, B SKOMY SIK
4yeTBepTU (haKTOp MPUUHATUN TEPMiH BUTPUMKH MIHOOETOHHOI CyMilli. Y MaTpHIl0 Oyl0 BBEAECHO
pO3paxoBaHi TEOPETHYHI 3HAYEHHS XapaKTEPUCTUK CTPYKTYpHOI MIIHOCTI MIHOOETOHHOI cymimi. B
pe3yabTaTi Oyau po3paxoBaHI MaTeMaTW4YHI MOJENl IUIACTUYHOI MIIHOCTI, IIBHAKOCTI Ta
IHTEHCUBHOCTI IUIACTUYHOI MIITHOCTI MIHOOETOHHOI CyMillli Ta Bi3yalli30BaHO BIUIMB 3MIHHHUX
(axTopiB, 1110 BUBYAIOTHCS HA 130MOBEPXHSX IIMX BIACTMBOCTEH. AHAJI3 LUX 3aJI€KHOCTEH JT03BOJIMB
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BU3HAUUTU XapaKTEPHI PpEIENTYpPHO-TEXHOJOTTYHI YMOBH OJEp)KaHHsA IIHOOETOHHOI Ccymimn 3
HEOOXITHUMH 3HAYEHHIMHU IUIACTUYHOI MIIIHOCTI.

KuaruoBi ciaoBa: Hi3aproBaTuii OCTOH, CTPYKTYpOYTBOPEHHS, IIJJaCTUYHA MIIHICTb,
PEOJIOTIYHI BIACTHBOCTI, MATEMAaTHYHA MOJIC)Ib, MEXaHOXIMIYHA aKTHUBAIIiSl.

KAHETHUKA PEOJJOTMYECKNUX XAPAKTEPUCTHK IEHOBETOHHOM CMECH

1MapTLIHOB B.M., 1.T.H., JOIICHT,

ogasa_psk@ukr. net ORCID: 0000-0002- 9674 7920
MapTLIHOBa E.B., X.T.H., TOLICHT,

pingu_@ukr.net, ORCID: 0000-0001- 7324 2543

’Enbkun B.B., PYKOBOJIHUTEIIb IIPOEKTHOIO OTAENA,
vladislav.elkin.ogasa@gmail. com ORCID: 0000-0001-5725-4763
MaRapOBa C.C., K.T.H., IOIICHT,

svetlana.makarova@ukr.net, ORCID: 0000-0003- 3237 1431
1K33Mﬂp‘lyK H.B., k.T.H., CT. IpenoaaBaTeb,
nkazmirchuk8@gmail.com, ORCID: 0000 0003-0930-2059
Y00eccras 20Cy0apcmeenHas aKkademusi CmpoumenbCmed u apxXumeKmypbl
yi. duapuxcona, 4, r. Onecca, 65029, Ykpanna

200ecvkui 20Cy0apcmeen bl azpapHbulil YHUSepCUumen

yi. IlanteneiimonoBckas, 13, r. O;Iecca 65074, Ykpauna

3000 «TH Unxpagpmy,

niep. ['azoBbiid, 8, Onecca, 65000, Ykpanna

AnHoTauus. [IpuBeneHsl pe3yabTaThl SKCIEPUMEHTAIBHBIX UCCIEAOBAHNN, LIEIBI0 KOTOPBIX
ObUIO  U3y4eHHME BIUSHUS  IEPEMEHHBIX  PELENTYpPHO-TEXHOJOIMYECKHMX  (aKTOpOB  Ha
PEOJIOrHYeCcKHe XapaKTepPUCTHKH MEHOOETOHHOW CMeCH, B YaCTHOCTH, CTPYKTYPHYI HPOYHOCTb.
OTOMY MpEAIIeCTBYET aHAIH3 MpoIiecca CTPYKTYpooOpa3oBaHus TYEUCTHIX OeTOHOB. B pesynbrare
4Yero MOKa3aHO, YTO CBOMCTBA SYEHCTHIX OETOHOB ONPENEISIIOTCS XapaKTepoM paclpeiesieHui
TBepIoi coctapisitonieid. CTpykrypa xe TBepAon (as3sl GopMupyercs Ha caMbIX PaHHHUX CPOKax
(bopMHUpPOBaHUS SYCUCTHIX U3ICITUN U 3aBUCUT OT PEOJIOTHYECKUX XapAaKTEPUCTHK PACTBOPHOU U
SYEUCTON CMeCH. B TEXHOJIOTUH SYEUCThIX OETOHOB BaXKHOW SIBJISETCSI CHHXPOHHU3AIUs MPOIIECCOB
opooOpa30BaHusl U HapacTaHUs IUIACTHUYECKOW (CTPYKTYpPHOM) MPOYHOCTH, YTO TAKXKE CBSI3aHO C
U3MEHEHHUEM pPEOJIOTUYECKUX CBOWCTB cMecH. C NPUMEHEHHEM METOJ0B MAaTeMaTH4EeCKOU
CTaTUCTUKH HM3YYEHO BIUSHUE COJIEP)KAHMS HANOJIHUTENS B CMECH C ILIEMEHTOM, COJEp)KaHue
KOMIUIEKCHOW OOaBKM U BJIMSHHE MEXaHOXMMMYECKON aKTHUBAIlMM HAa KMHETHKY IJIacCTUYECKOH
IPOYHOCTH TEHOOETOHHOM cMecH. I[loCTpoeHbl KHHETHYeCKHe 3aBUCHUMOCTH IUIACTHYECKOU
MIPOYHOCTH TIEHOOETOHHOUM CMecH B MHTEpBaje 6...24 yaca ¢ MOMeHTa u3roToBieHus. Kaxmas u3
15 KpuBBIX IPOAKCHMUPOBAHA MOJIMHOMOM 3-ii cTeneHd. Ha ocHOBE MOJIy4eHHBIX 3aBUCUMOCTEN
oHU U depeHIpoBaHbl IEPBOM U BTOPOH MPOU3BOJHOW. B pesynbraTte monydeHbl ypaBHEHUs
CKOPOCTH W MHTEHCUBHOCTH (YCKOpPEHHS) IJIACTMYECKON MpOYyHOCTH NeHoOeToHHOM cMmecu. Ilo
pe3ysibTaTaM MpEeAbIAYIIEro SKCIEPUMEHTA, MPOBOJIMBIIETOCS MO TpeX(PaKTOPHOMY IIaHy, ObLI
CHUHTE3UpOBaH 4-X (haKTOpPHBIN IJIaH, B KOTOPOM B KauecTBE YETBEPTOro (akTopa MPHUHSIT CPOK
BBIJICP)KKHM TEHOOETOHHOM cMmecu. B marpuily ObulM BBEAEHBI PacCUMTAHHBIE TEOPETUUECKHE
3HA4YEeHUsl XapaKTEPUCTUK CTPYKTYpHOH MPOYHOCTH MEHOOETOHHOH cMmecu. B pesynbTare ObLIH
paccunTaHbl MAaTEMaTUYECKUE MOJEIM IUIACTUYECKOW INPOYHOCTH, CKOPOCTM W HMHTEHCHUBHOCTH
IUTACTUYECKOM MPOYHOCTH TEHOOETOHHOM CMECH W BHM3YaIM3MPOBAHO BIHMSIHHME MEPEMEHHBIX
(bakToOpoB, U3y4aeMbIX Ha MU30MOBEPXHOCTSX 3TUX CBOMCTB. AHAIM3 3TUX 3aBUCHUMOCTEH MO3BOJINI
OTIPEICNIUTh XapaKTEpHbIE PEIEeNTYPHO-TEXHOJIOTUYECKUE YCIOBHS MOJY4YEHUS IEeHOOETOHHON
CMeCH ¢ He0OXOIUMBIMH 3HAUEHUSMU TUIACTUYECKON MTPOYHOCTH.

KitoueBble cioBa: syeucThli OETOH, CTPYKTypoOoOpa3oBaHME, IJIACTHYECKash MPOYHOCTb,
peoJIornYecKre CBOMCTBA, MAaTEMATUYECKOE YPaBHEHHE, MEXaHOXUMHUYECKasi aKTUBALIKS.
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