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Abstract. The article discusses the features and
general methodological principles for solving
problems of multiparameter design of concrete
compositions using experimental statistical models
obtained using mathematical planning of experi-
ments.

Examples are given of solving problems of op-
timization of compositions of hydraulic concrete
with standardized parameters of strength, frost
resistance and water impermeability. Polynomial
models of given properties of a concrete mix and
concrete are given, depending on the main techno-
logical factors, taking into account the characteris-
tics of the initial materials. On the basis of the
obtained models, nomograms are constructed that
allow performing the necessary technological cal-
culations. Using the above nomograms, the com-
positions of concrete are calculated, which ensure
the specified properties of concrete under condi-
tions of normal hardening and heat treatment. The
influence of the duration of hardening and the con-
tent of entrained air for concrete of various compo-
sitions was determined.

Keywords: hydraulic concrete, strength, frost
resistance, water impermeability, mathematical
models.

Design of concrete compositions is a key
technological problem. Its solution defines the
level of operational reliability of buildings and
structures, and a degree of rational resources
use for their manufacturing and construction.

The problems of concrete composition de-
sign that were formulated at the early begin-
ning of concrete technologies remains actual in
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the present time, too. In modern technology,
design of concrete compositions means justifi-
cation and selecting the type of initial materi-
als and their contents, providing the normative
concrete mix requirements and hardened con-
crete properties for a given optimization crite-
rion. Using the system approach methodology
for concrete compositions design may include
a number of additional problems, associated
with technological parameters' and design re-
quirements' optimization.

Presently in technological practice, concrete
compositions design is carried out using nu-
merous methods, based on various theoretical
and technological preconditions. All of these
methods can be successfully used in practice if
they solve the required tasks.

Actual directions for developing the meth-
odology of concrete compositions design are:

- increasing the "forecasting ability" of de-
sign dependencies, i.e., possibilities of more
accurate taking into account of concrete tech-
nology factors and design requirements;
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- improving the design algorithms' efficiency,
their accuracy and speed.

In construction and technological practice,
the most popular are methods of concrete
compositions design aimed at receiving the
required compressive strength of hardened
concrete. It is first of all because concrete
strength is its basic parameter. Another reason
is the assumption that other concrete properties
are also definitely related with compressive
strength. This assumption, however, is not
common enough. Really, concrete compres-
sive, flexural and tensile strengths as well as
its wear and cavitation resistance, etc., are def-
initely interdependent. However, dependence
between strength and frost resistance, strength
and creep, etc., are not definite; their determi-
nation should be based on using a complex of
special quantitative dependences. If it is neces-
sary to achieve some other building and tech-
nical properties, in addition to compressive
strength, the task of concrete compositions
design becomes significantly more complicat-
ed.

Design of special concrete type’s composi-
tions is a multi-parametric task (MPCCD). The
complex of standardized parameters for hy-
draulic concrete is determined by the massive-
ness and the working conditions of concrete,
taking into account the impact of water — envi-
ronment. The task of designing the composi-
tion of concrete is to select the initial materials
and their ratio, providing a set of necessary
properties of concrete with a given criterion of
optimality, as a rule, the minimum cement
consumption or minimum cost. The solution of
this task is most expediently performed with
the help of experimental statistical models that
allow one to quantify the relationship of con-
crete properties both among themselves and
with the main factors affecting them.

INTRODUCTION
MPCCD tasks differ from traditional by a

big number of parameters considered at the
“input” as well as an “output” of concrete as
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complex heterogeneous system. All MPCCD
tasks can be divided into two types:

1) compositions problems, aimed at ob-
taining specific components consumptions,
providing the given complex of concrete prop-
erties;

2) compositions — technological problems,
aimed at finding along with specific compo-
nents consumptions the values of some techno-
logical factors, characterizing the conditions of
concrete producing and hardening.

Algorithms of compositions problems
(Fig.1) [1-4] suggest finding the basic parame-
ters of the mixture — cement-water ratio
(C/W), water consumption (W), entrained air
volume (V.ir) and portion of sand in the aggre-
gates mix (), providing the complex of given
properties in the most effective manner. Algo-
rithms of compositions -technological prob-
lems (Fig.1) suggest finding basic parameters
of the mixture as well as technological process
parameters (>'7,) (temperature, hardening

duration, compaction mode, etc.).

Using basic mixture parameters together
with equations of absolute volumes allows
obtaining consumptions of a 5-component
concrete mixture (cement (C), water (W), vol-
ume of entrained air (Vair), fine (S) and coarse
aggregates (Cr.S).

For concrete with admixtures and light-
weight concrete it is expediently to use as the
core composition parameter the "modified
C/W" [5]. It essentially increases the applica-
bility range of design-experimental methods of
concrete proportioning and dependencies for
calculating concrete strength.

Selecting quantitative dependencies should
consider as the purpose of a specific problem,
as available initial information. For example,
in simple problems, including finding strength
of regular concrete without mineral, air en-
training or other admixtures in normal harden-
ing conditions the most known formulas may
be used [6]. If detailed information regarding
initial materials features is available, coeffi-
cients in equations of concrete strength are
specified according to appropriate recommen-
dations [7, 8].
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Fig.1. A block scheme for multiparametric concrete proportioning (2P — a group of concrete

properties, related to certain parameters of the mixture, 2. T; — a group of technological
factors, affecting concrete properties). 1. Obtaining compressive strength Remp to achieve
2P, =f (C/W) and required cement-water ratio C/W. 2. Obtaining the water consumption
W for achieving > P,= f (W, C/W). Sl and Vb are Slump and Vebe time values, accord-
ingly. 3. Obtaining the entrained air volume V,;: for achieving >.P3= f (Vair, W, C/W).

4. Obtaining parameter r for achieving > P4 =f (r, Vair, W, C/W). W, is the water separation value.

Various quantitative dependences can be
used also for obtaining aggregates consump-
tion. At known aggregates specific surface and
voidage values it is possible to use a formula,
proposed in [9], to obtain the optimal portion
of sand in aggregates mix (topt). In cases, when
along with cement consumption and W/C just
water demand of sand is known, the crushed
stone consumption can be obtained by calcu-
lating the moving apart coefficient of coarse
aggregate’s grains by the cement-sand mortar
Ks according to recommendations [6, 7]. If
voidage of sand and crushed stone are known
(these parameters can be easy found if true and
bulk densities of aggregates are known) calcu-
lation of K can be done using dependencies
given in [8] with corresponding corrections.

The bank of quantitative dependences
available in concrete science rapidly increases
during the last years especially due to polyno-
mial regression equations — adequate mathe-
matical models in a defined “factorial space”.
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The major part of these models is obtained by
means of experiment planning methods [10-
12]. Solving concrete compositions design
problems using mathematical experiment
planning includes establishing relationships,
between the basic concrete mix and hardened
concrete properties, and factors that affect
them.

At a priori study of the relationships that
define the concrete properties and their quali-
tative structure for further mathematical mod-
eling and optimization it is important to select
the main controlled factors and to evaluate the
possible curvature of the response surface in
this variation region. Relatively high infor-
mation level regarding the influence of com-
position factors and hardening regime on the
basic concrete properties allows in most cases
performing qualitative analysis and modeling
almost immediately in the stationary region,
which greatly simplifies the optimum search
[13-15].
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Multi-factorial polynomial models enable
finding the optimal values of such factor; as
aggregates' ratio, additives content, etc., and
thus optimizing the designed concrete compo-
sitions, taking into account a given set of fac-
tors and their variation range. There are two
possible approaches:

1) The optimized factors are determined
from the equations, in which they are depend-
ent variables, for example, the portion of sand
in the aggregates mixture, 7, is found from the
slump or the concrete mix workability equa-
tion.

2) Equations for the optimized factors (7ops,
superplasticizer additives, etc.) are obtained
and used together with the equations of nor-
malized parameters for design of concrete
mixtures composition.

Along with differential analysis, using ca-
nonical and isoparametrical analysis as well as
linear programming and alternative methods
for getting optimal solutions is also possible
[16 —20].

PURPOSE AND METHODS

The purpose of the performed work was to
solve the problem of designing the composi-
tions of hydraulic concrete with normalized
values of compressive strength, frost resistance
and water impermeability. Concrete hardened
under normal conditions and heat treatment by
steaming.

Table 1. Conditions of experiments planning

Portland Cement Cem IIA-S with an activi-
ty of 34.5 and 47.9 MPa, respectively was
used. To regulate the normal consistency of
cement, an additive of superplasticizer C-3
was introduced into its composition. Quartz
sand with a modulus of fineness Mf = 2.1,
granite crushed stone of fractions 5...10,
5...40 and 5...70 mm were used as concrete
aggregates. Concrete mixtures were produced
both without and with the introduction of an
air entraining additive like Vinsol in the
amount of 0.06 and 0.12% by weight of ce-
ment.

When steaming samples, isothermal curing
temperature was 80°. Within the overall heat-
humidity treatment durations of 10...18 hours,
the preliminary curing was 3 and 5 hours, re-
spectively. The temperature rising speed in the
chamber was 15° per hour.

The studies were performed using mathe-
matical planning of experiments. The factors
taken into account in the experiments and the
conditions for their planning are given in Ta-
ble 1.

To carry out experiments in obtaining mod-
els of entrained air, the water requirement of
concrete mixes and the optimal proportion of
sand in a mixture of aggregates, ensuring min-
imal water content, a five-factor plan Has was
used [16]. The properties of concrete mixes
and concrete were determined in accordance
with the State Standards of Ukraine (DSTU):
2.7-96: 2000, 2.7-214: 2009, 2.7-170: 2008,
2.7-46-96.

Factors Variation levels Variation

Natural Coded -1 0 +1 intervals
Initial water content, kg/m? X 150 180 210 30
Cement-water ratio X2 1.3 2.1 2.9 0.8
Maximum crushed stone coarseness, mm X3 10 40 70 30
Consumption of air entraining additive, kg/m’ X4 0 0.06 0.12 0.06
Normal cement consistency, % Xs 24.6 27.2 29.8 2.6
Cement strength, MPa X6 34.5 41.2 47.9 6.7
Heat-humidity treatment duration, h. X7 10 14 18 4
Conditional workability X8 0 1 2 1
Normal hardening duration, days* X9 lg 28 lg71 | 1g180 g 2.54
Cement consumption, kg/m? X10 234 378 522 144

Note: * For simplification of the proper models, 1g T was used; 1 is duration of hardening, days.
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In the study of the influence of factors on
the compressive strength, frost resistance and
water impermeability used a six-factor plan Be
[16].

EXPERIMENTAL RESULTS AND
DISCUSSION

As a result of statistical processing of ex-
perimental results, quadratic polynomial mod-
els of properties of a concrete mix and con-
crete were obtained (Tables 2 — 4). Statistical

analysis showed that the models obtained in
the coded variables can be considered ade-
quate with a 95% confidence level, and the
coefficients of the models are significant at the
5% significance level.

In the water consumption model (Table 2),
the conditional workability values (xg3) were
planned is accordance to Table 3.

In the model (1) of entrained air volume,
instead of C/W (x2) the cement consumption C
(x10) was varied (Table 1).

Table 2. Mathematical models of concrete mixes’ properties

Properties

Equation type

Entrained air

lume, %
VOIS 20,1355 — 0,195

y; =2.27+0.72x, —0.63x9 — 0.47x3 + 2.14x, — 0.18x5 — 0.20x7 + 0.24x7, +
+0.17xF —0.22x5 —0.09x7 —0.13x,x, + 0.7 1x;x4 — 0.61x; gx; — 0.46x3x, — (1)

Concrete mix

V5 =169.2+26.4xg +13.4x, —20x3 —8.3x, +9.3x5 —5.2x7 +5.8x7 +8.8x7 +

water consump- > 2 )
tion, ke/m’ +2.8x3 +3.8x5 + xgx3 +2.6xgX5 — Xyx3 + 3. 1x5x4 +2.25x5 x5 — 1. Lx3 x5 + X4X5
Optimal portion _ 2 2
of sand in ag- y3 =0.284+0.03x; —0.039x, —0.02x5 +0.009x,4 +0.007x; +0.016x5 + 3)
oregates’ mix +0.008x3 +0.006x3 —0.005x;x +0.01x;x3 +0.009x,x, —0.004x3x,
Table 3. Planning of conditional workability values
Variation levels -1 -0,4 0 +0,4 +1
Vebe time, sec Slump, cm
Workability score
20 8 2 5 13
Table 4. Mathematical models of normal hardened concrete properties
Properties Equation type
Compressive V4 =36.93—1.88xg +14.73x, — 0.86x5 +4.97x¢ +6.08x9 —0.05x7 —
strength, MPa 2 2 2 2 2
—1.85x5 —0.2x5 — 0.3x5 +0.05x5 —0.8x5 —0.61xgx4 —0.45xgx5 + (4)

—0.4x5x5 +0.88x4xg

+1.23xgx6 +0.97x5x4 —0.63x5x5 +2.12x, x4 +2.14x5x9 +0.99x4x4 —

Frost resistance,
cycles

+13. 8X6XQ

5 =378.9—67.8xg +162.3x, +147.7x, — 27.4x5 +21.8x¢ +63.2x0 +

+9.7x§ —38.8x7 +6.7x; —9.8x5 +11.7x§ +2.2x +29.4x5x, —8.7xgxs — (5
—16.6xgx9 +26.6xyx4 —15.8xyx5 +18.7xyx9 + 7. 1x4xg +23.7x4x9 +

Water impermeabil-
ity, MPa

6 =0.92+0.04xg +0.56x, +0.02x, +0.01x5 +0.06x, +0.25x0 —

—0.05x7 +0.08x3 —0.01x7 +0.004x2 +0.03x —0.02x3x, +0.01xgx, —
— 0 02x8x5 + 0.04xe6 + 0 14xZX9

(6)
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Table 5. Mathematical models of concrete properties after heat treatment

Properties

Equation type

Compressive strength
at four hours after
heat treatment, MPa

Y7 =21.98—0.93xg +10.5x, —1.03x, — 1.6 1xg +2.32x4 + 2.65x7 —
—0.49x —0.81x3 —0.09x3 +0.06x5 —0.96x7 —2.00xgx, —0.88xgx, = (7
—1.36xgx5 —1.43xgx¢ +2.68x,x6 +2.60x5x7 —0.91x4x5 —0.82x4x5 —

—1.0lxgx7 +1.18x5x7 +1.22x4x-

Compressive strength

g =30.6—2.24xg +13.03x, — 2.86x, —0.99x5 +3.97x, +1.94x; —

at 28 days after heat | _ 05x3 —1.75x5 —0.5x5 —0.35x2 +0.1x¢ —0.2x7 —1.29xgx, + (8)

treatment’ MPa +1. 18XZX4 — O 63xeS + 2 7 l.X2x6 + O.97xZX7

FerSt resistance, cy- Vo =281.9—38.3xg +145.4x, +89.2x, —16x5 +17.7x; +8.3x5 —

cies —15.7x% —12.2x2 —5.2x2 +9.3x2 — 2.2x% —13.3x3x, +14.8xgx, + ©)
+7.3xyx4 +21.2x6x7

Water impermeability, |y, =0.57 +0.07xg + 0.43x, + 0.03x5 + 0.06x4 + 0.05x7 —

MPa —0.02x3 +0.08x3 +0.02x7 —0.06x7 +0.07xgx, +0.03xgx, — (10)

—0.04x5x4 +0.03x,x5 —0.06x5x5 —0.02x4x¢5 —
—0.02x4x7 + 0.01x5x4 + 0.02x45x5

Using a complex of polynomial models al-
low a relatively easy solution of the concrete
composition optimization problem in a wide
range of given parameters of properties. The
essence of the method is that models y4, s, ve
or y7, ¥8, ¥9, y1o are solved regarding C/W,
whereas other factors are fixed at required
levels and the values of necessary strength,
frost resistances and water impermeability are
given. C/W, providing all the required proper-
ties, i1s found. Then the water consumption and
the optimal portion of sand in the mixture of
aggregates are found using y> and y3 models.
After that, cement, sand and crushed stone
contents per 1 m® of concrete mixture are cal-
culated using the absolute volumes method.

Example 1. Design the hydraulic concrete
composition without air-entraining admixture
used in structures at 28 days of normal hard-
ening.

Nomograms shown in Figs.2, 3 and 4 were
created to simplify calculations, performed
using the mathematical models (Tables 2 — 4).
These nomograms can be used to determine
the water content, C/W and r for given condi-
tions. The established approximate relations of
normal hardening concrete properties (Table
6) are used.

Additionally, a nomogram for determining
the portion of sand in the aggregates’ mix

niABOOHI TEXHONOCrI « 2019 Bun.09, 26-38
MpomucnoBa Ta UuBINbLHa iHXeHepia

(Fig.3) is corrected, taking into account exper-
imental results, characterizing the influence of
sand fineness modulus.

For example, Portland cement with strength
of 40 MPa (p. = 3,1 kg/l, paste normal con-
sistency NC = 28 %), quartz sand (fineness
modulus Mr= 2.2, ps = 2,6 kg//), crushed gran-
ite of fraction 5...20 mm (pers = 2,65 kg/l) and
admixture of technical lignosulphonates 0.25
% (LST) by cement weight are used for pro-
duction of concrete with minimum 28-days
compressive strength 25 MPa, frost resistance
of 150 freezing and thawing cycles and water
impermeability of 0.2 MPa in an age of 28
days, the concrete mixture’s slump should be
1...2 cm. Water reducing effect of additive
LST -8 %.

According to Table 6, the ultimate concrete
strength, providing the required frost re-
sistances and water impermeability, iS Remp =
30 MPa).

Following Fig.2, the required cement-water
ratio: C/W = 1.96.

Water content (Fig.3) is 190 kg/m’ and
considering admixture of LST W =190 - 0.92
=175 kg/m®.

Content of cement: C=175-1.96=343 kg/m°.

The optimal portion of sand in the aggre-
gates’ mix is obtained using Fig.4 : r = (0.345.

Content of sand (S) and crushed stone
(Cr.S) are:
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343 175 641

S ={1000—(%%—%)}0.3452.6=641 kg /m’, Cr.S={1000—(—+—+—H-2.65=1240 kg /m’.

Workability of
concrete mix

L. »
50

35 40 45

30

25
Strength of concrete. MPa

15 20

10

3708 12

31 1.0 26

Cement-water ratio

16 20 24 28

Cement paste consistency, %

T°T T 1

EJBL L

Cement strength, MPa

Fig.2. Nomogram for determining the cement-water ratio for concrete at 28 days

(without air-entraining admixture)

Table 6. Relations between properties of normal hardened concrete without air entraining admixtures

Concrete strength
Mix slump, cm 28 days
Strength, MPa Frost resistance, cycles Water impermeability, MPa
1..4 20 50...75 0.2
5. 20 50...75 0.2
10...15 20 50 0.2
l... 30 100...150 0.2..0.4
5. 30 100 0.2..04
10...15 30 75...100 0.2..0.4
l... 40 200...250 0.6...0.8
5. 40 200...250 0.6...0.8
10...15 40 100...150 0.6...0.8
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Example 2. Design a composition of hy-
draulic concrete with different values of
strength after heat treatment.

A complex of mathematical models (Table
5) enables finding solutions of such problems
for any strength after heat treatment, changing
the overall heat process duration, mixes work-
ability and cement paste normal consistency in
a wide range.

The algorithm for solving this problem dif-
fers from the previous just by the fact that ei-
ther the model for ultimate strength ys at 28
days after heat treatment for the strength at
four hours after heat treatment y; are solved
for finding C/W. To determine the cement
content, the higher over the two cement-water
ratios are selected.

Fig.5 represents a nomogram for finding the
C/W ratio that providing the ultimate strength
and the required concrete mix workability for
a given strength after heat treatment. The ap-
proximate steamed concrete properties rela-
tions and are given in Tables 7.

For example, for concrete with required
compressive strength of 20 MPa, frost re-
sistance F150 and heat treatment duration of
18 hours, the strength after steaming should be
70 % of the 28-day one and the concrete mix
slump is 1...4 cm. Portland cement with
strength of 40 MPa (paste normal consistency
NC = 28 %, pc = 3.1 kg/l), quartz sand with
fineness modulus My = 2.2 (ps = 2.6 kg/l),
crushed granite stone fraction 5...40 mm (pers
= 2.65 kg/l) are used.

Following Table 7, for providing the re-
quired frost resistance of 150 freezing and
thawing cycles, the 28 days concrete compres-
sive strength should be 25 MPa.

According to Fig.5, the required C/W = 1.7.
The water content (Fig. 2) is 190 kg/m®. The
required cement content:

C=190-1.7=323 kg/m>.

The optimal sand portion in the aggregates’
mix is found using Fig.4: r = 0.38.

Table 7. Relations between properties of concrete without air entraining admixtures, subjected
to heat treatment (duration of 14...18 hours)

Concrete compres- Strength after
sive strength at 28 | steaming, % of that Frost resistance, cycles Water impermeability, MPa
days, MPa at 28 days

15 70 Less than 50 0.2
100 50...100 0.2
50 Less than 50 0.2

20 70 50...100 0.2...04
100 100...150 0.4...0.6
50 50...100 0.2...04

25 70 100...150 0.4...0.6
100 200...250 0.6
50 75...100 0.2...04

30 70 150...200 0.4...0.6
100 200...250 0.6...0.8
>0 100...200 150...250 0.4..0.6

35 70 200...300 0.6...0.8
100 0.8...1.0
50 150...250 0.6...0.8

40 70 200...300 0.8...1.0
100 300 1.0...1.2

Note: Minimal frost resistance and water impermeability values are given for mixes with slump
of 10...15¢cm, and maximal values — for mixes with slump 1...4 cm
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Fig.5. Nomogram for determining the cement-water ratio for concrete after heat treatment

Consumptions of sand and crushed stone
are:

S = {1000—[%+$ﬂ-0.38-2.6 =697 kg/m’

323
==+
3.1

w2

190 697
__I__

Cr.§=1000- -2.65=1160 kg/m
1 26

Example 3. Design compositions of hydrau-
lic concrete with air entraining admixture for
the conditions described in Example 1.

Figs.6 and 7 are given nomograms that can
be used for calculating C/W and the air-
entraining admixture’s content, required for
providing the given properties’ complex.
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Tables 8 presents the optimal content of the
entrained air for concrete with different prop-
erties. Water content, obtained using Fig.2, is
corrected taking into account the entrained air
volume.

Following Table 8, the entrained air volume
for the given concrete design requirements
should be 2.5 %. The C/W ratio providing the
compressive strength of 20 MPa according to
Fig.1 is 1.5. Following Fig.6, the C/W value,
corresponding to the optimal air content for
the given design properties, is 1.65. For further
calculations the C/W is assumed to be equal to
1.65.
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Table 8. Entrained air volume for concrete with different design requirements

Concrete properties Required volume of
Strength at 28 days, Frost resistance, Water impermeability, entrained air, %
MPa cycles MPa
100 0.4 1.5...2.0
20 150 0.4...0.6 2.5...3.0
200 0.4...0.6 3.0...35
300 0.4...0.6 3.5...4.0
200 0.6 1.5...2.0
30 300 0.6...0.8 25...3.0
400 0.6...0.8 3.5...4.0
300 0.8...1.0 3.0...35
40 400 0.8...1.0 3.5...4.0
500 1.0...1.2 4.5...5.0

Note: Minimal and maximal values of entrained air volume are given for mixes with slump of 1...4 cm

and 10...15 cm, respectively.

2,91

L
o N

2,3

1,91

Cement-water ratio

Compressive strength of concrete, MPa 1,5,
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Fig.6. A nomogram for determining the C/W ratio for concretes with optimal entrained air content
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Fig.7. A nomogram for defining the air-entraining content

The optimal portion of sand in the aggre-
gates’ mix is obtained using Fig.4: r =0.36.

Sand and crushed stone content are ob-
tained taking into account the entrained air

volume:
S = [1000—[ﬁ+@+25ﬂ-0.36x
297 180 @ﬂx

3.1 1

x2.6 =654 kg/m>

Cr.§=|1000—| —+—+25+
3.1 1 2.6

x2.65=1186 kg/m>

The content of air entrained admixture
equals 0.05 kg/m? (Fig.7).

CONCLUSIONS

1. Considered methodological principles for
solving problems of multiparameter design of
concrete compositions (MPCCD). A general
block schema is presented for solving compo-
site tasks of the MPCCD to determine the spe-
cific consumptions of components that provide
a given set of proper ties of concrete and
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compositional-technological tasks with the
goal of additional determining the value of
technological factors that characterize the con-
ditions of production and hardening of con-
crete.

2. With the use of mathematical methods of
planning experiments, a set of experimental-
statistical models and nomograms on their
basis were obtained with the help of which
examples of determining the compositions of
hydraulic concrete with given parameters of
strength, frost resistance and water impermea-
bility of concrete hardening under normal
hardening and heat-moisture treatment were
solved both for concrete mix with and without
air entraining additives.
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Pacuer cocTaBOB rHAPOTEXHUYECKOTO
0eTOoHA ¢ NUCMOJIL30BAHNEM IKCIEPUMEHTAIBHO-
CTATHCTHYECKHX MoJeJIel

Jleonuo J{eoprxun

AnHoTamusa. B crathe paccMaTpHUBAIOTCS OCO-
OEHHOCTH M O0IIIHE METOOTOTHYECKHE TTPUHITHITBI
pellieH st 3a1a4 MHOTOTIAPAMETPUIECKOTO TIPOCK-
THPOBAHUST COCTABOB OETOHA C TIOMOIIBIO JKCTIe-
PUMEHTAITbHO-CTATUCTHUECKUX ~ MOJIeNeH, TMomy-
YEHHBIX C TIPUMEHEHHEM MaTeMaTHYeCKOTO ILIa-
HHUPOBAHUS YKCIIEPUMEHTOB.

I[aHBI HpI/IMCpI)I pCI_HCHI/IH 3a1a49 OIITUMU3aAINU
COCTaBOB THUAPOTEXHUUECKOTO OETOHA ¢ HOPMHUPY-
E€MBIMH TIapaMeTPaMH TIPOYHOCTH, MOPO30CTOMKO-
CTu u BOZ[OHCHpOHI/I]_[aeMOCTI/I. HpI/IBOI[SITCH T10JI1U-
HOMHAJIBHBIE MOJENN 3aJaHHBIX CBOWUCTB OETOH-
HOM cMecH U 6eToHa B 3aBUCHMOCTH OT OCHOBHEIX
TEXHOJIOTHUECKUX (DAaKTOPOB aJIeKBaTHBIE B IIPH-
HATOM (HaKTOPOM TIPOCTPAHCTBE C YIETOM OCOOCH-
HOCTe# MCXOIHBIX MaTepHaioB. Ha ocHOBe moy-
YCHHBIX MOI[CJICﬁ HOCTpOGHBI HOMOTpaMMI)I, 1103~
BOJIAOIIIHUE BBITIOJTHUTH tII/IC.IICHHI)II‘/‘I aHaJIn3 MOoIc-
Jel ¥ HeoOXOIUMBIE TEXHOIOTHUECKUE PACUETHI.
C WCmoJb30BaHUEM TIPHUBEACHHBIX HOMOTPaMM
paccuuTaHbl COCTaBbl OETOHOB, 00ECIICYUBAIOIINE
3aJ]aHHbIe CBOWCTBAa OETOHA B YCIOBHSX HOPMAllb-
HOTO TBEPJACHUS U TEIIOBOH 00paboTku. Onpese-
JICHO TAKXKC BJIIMAHUEC TJIUTCIBHOCTHU TBCpI[CHI/IH n
COJICPYKAaHMsST BOBJICUCHHOTO BO3IyXa JJIsi OETOHOR
Pa3IUYHBIX COCTABOB.

KnarwueBsble cioBa: THIPOTEXHUYECKNH OETOH,
MIPOYHOCTH, MOPO30CTOHKOCTH, BOJIOHETIPOHHIIAC-
MOCTB, MATEMaTHUECKHE MOJIEIH.
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