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Abstract. Analysis and evaluation of structural and
technological parameters of forced action mixer was
carried out on the basis twin-shaft forced action mixer.
Theoretical methods of moving material into the twin-
shaft mixer chamber, using a stochastic approach were
proposed in this article. The process of moving material
was researched by the theory of Markov chains. Based on
the proposed method of improving system of quality
assessment in terms the variation coefficient of mixture.
And was predicted that the main parameter that affects the
direction of movement particles of material and quality of
mixing - is the rotation angle of the blade. It was the main
option of the research. To test the theoretical foundations
of the movement of substances and improve the quality of
the mixture, experimental stand was developed -
Laboratory twin-shaft forced action mixer with changing
angle blades. The conducted experiments have confirmed
the validity of theoretical research. The Algorithm of
design of new constructions of twins-shaft concrete
mixers was proposed, based on conducted researches. The
working hypothesis that the movement of material
between the mixing zones depends on the "transition
probabilities”, which is defined by angle blade was
confirmed as a result of mathematical modeling of
moving material and performed experimental studies. On
the basis of theoretical research the method of calculation
of basic parameters of advanced laboratory twin-shaft
concrete mixers was crated. The laboratory twin-shaft
concrete mixers with rotary blades was created.

The investigations can improve the efficiency of the
mixer by reducing cycle time and energy consumption.

Key words: mixer, twin-shaft concrete mixer, twins-
shaft forced action concrete mixer, coefficient of
variation, concrete, mixing stochastic model, Markov
chains.

Introduction
Quite often the twin-shaft forced action mixers are

used for the production of mixed concrete and for
reinforced concrete structures.

Formulation of problem

Therefore, improving the means of preparing
concrete mixes and solutions that will have simpler
design, lower energy loss and metal consumption is
relevant and promising researching task for the
development of engineering and construction industry in
Ukraine. The analysis and estimation of existing
researches of mixers were carried out, that identified the
main task of this work.

Analysis of recent research results

The scope of their optimal use is virtually unlimited,
according to modern recommendations [1, 5, 6, 12, 15].
For example, mixture prepared in such mixer has the
highest structural strength by water-cement ratio
coefficient [10, 16, 19]. These mixtures are ideal for
making hard and harder mixtures [19]. Their distinctive
feature is the lowest duration of the mixing cycle — 45-90
sec, compared to other types of mixers. However, despite
their many advantages, they have some disadvantages,
namely the high cost of mixing, and consequently — high
cost of driving mechanism, rapid wear armor mixer.
Overall, the construction of this type of mixer is not well
studied, so we should carry out research of processes and
phenomena occurring in the middle of mixing chamber.
An important trend in the development of this equipment
is the desire to generalize the theoretical foundations of
design and calculations of this type of construction
equipment [1, 5, 12].

Purpose of research

The primary goal of research is increase efficiency of
process preparation of mixture on twin-shaft forced action
mixer by optimal blade angles of rotation and
determination of mixing time, depending on the
coefficient of variation, through mathematical modeling
of moving particles mixture.
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Results of research

During the mixing process in its working volume
occurs relative movement of particles of different
components, which were “separated" or were
implemented unevenly. As a result of mixing process, the
particles location in the working volume of the mixer may
be infinitely different. Under such conditions, the ratio of
components in the mixture micro-volumes — the value is
too random, because most of the known methods for
assessing uniformity of mixture (quality) based on the
methods of statistical analysis.

For simplicity, all mixture conditionally consists of
two components: main component and secondary
component that includes other components. This method
helps to evaluate the homogeneity of mixture by using
distribution parameter of a random variable — content of
main component in the mixture samples. The component
is easy to analyze or its distribution in the mix is very
important for the technical requirements, is often choose
as main component. This criterion of mixture quality is
the coefficient of variation, %:
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where: ¢ — arithmetic mean of concentration a main
component in all n samples mixture %, ¢ — concentration
of a key component in the i-th sample mixture, % [14].

As for the mixing of building materials, this criterion
is called the coefficient of heterogeneity, because of
coefficient the heterogeneity of the mixture is increasing.

The analysis of experimental dependence V. = f(t)
(t — mixing time), shows that the kinetic curve of mixing
process has three characteristic areas (Fig. 1), where each
of them reflects a certain period of time mixing.
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Fig. 1. Dependence of heterogeneity mixture from
mixing time.
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At 1-st period in mixer volume convection
hyphenation of components is dominated. The process of
segregation has low speed, compared with the process of
moving. Therefore, in 1-st period V, decreases sharply to
some value V.. At the end of this period (t.,) in the

working volume of mixer virtually no aggregates (macro-
volumes) consisting of particles of one component.

In 2-nd period, the mixing speed became equal to the
speed of segregation, that is the value V, varies slightly
over time (compared with 1-st period). It self the mixing
process is implemented mainly through the movement of
individual particles relative to each other. Because of
resemblance to the diffusion process of molecules it's
called diffusion.

In 3-d period the mixing speed equal to the speed of
segregation, that is V. does not change with time. The
lowest value of coefficient of heterogeneity called
marginal heterogeneity V., The time t.;, at which the
mixture becomes homogeneous (estimated value V), is
optimal mixing times because of further stirring V, it
doesn’t change.

In the 1st period the physical and mechanical
properties of the mixture do not affect significantly the
kinetics of mixing process, and in the 2nd and 3rd
periods, their influence is noticeable. Therefore, different
mixes in a mixer with different physical and mechanical
properties will have different values of V... [10, 11, 14]

The physics of mixing process in a continuous mixer
differs from cyclic mixer fact that the quality of mixing
depends not only on the speed of mixing in the working
volume of the mixer, but the nature of the power
components.

Considering the mode of twin-shaft mixer to
determine its nature effectiveness within a stochastic
model in which the movement of matter is random and is
described by probabilistic methods. [3]

To do this, all volume of the mixer is divided into the
equal number of elementary volumes — mixing zones. At
first step, define the volume one shaft of mixer — the
cylinder without adjacent cylindrical segment that mixed
by blades of nearby shaft (Fig. 2, shaded area).

—

Fig. 2. The scheme of elementary volume: R — radius
of the mixing zone, H — distance between the axis of the
shafts.

Further, the cylinders are divided into mixing zones
whose number equal to the number of blade arrangements
mounted on the shaft (Fig. 3).

Based on the definition of mixing process in the
theory of dynamical systems [20, 21], as the properties of
the system "forget" about the initial condition (state) over
time, we will determine this time. To describe the
movement of heterogeneous systems we will use Markov
chains theory [7, 13, 17, 18, 22, 23] so the transition
probability p;;(t) depends on time and there is a time ¢,
which corresponds to a transition in which n matrix of
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transitional probabilities are unchanged. This state of the
system, "a state of oblivion" equal t., time that
determines the beginning of 3-d period of kinetic curve
mixing process (see. Fig. 1), in which the mixing speed
equal to the speed segregation V, that doesn’t change with
time.

Fig. 3. The three-dimensional model of 8 mixing
zones.

So, the analysis of workflow process forced action
mixer is aimed at determination of the limiting factor of
heterogeneity V,, — the lowest value of coefficient in time
t.q, at which the mixture becomes homogeneous.

This indicator characterizes mixer, it effectiveness
and mixing quality.

Based on the general theory of Markov chains, the
initial state of system can be characterized by the vector
G (0), where each component g;(0) is the probability of
finding of one of the components of the mixture in the
i-th mixing zone:

G(O) = [91(0); gZ(O): !gk(o)]! (3)
where: k — the number of mixing zones.

Then specified the value of transitions probability of
particle from i-th mixing zone in a j-th, it is the
probability matrix (connections). According to the theory
of Markov after n transitions (rotating shaft) distribution
of matter in the mixing zones can be written as matrix
multiplication:

G(n) = G(0)p", (4)
where: n — the matrix of transition probability with
dimension k xk, G(n) =[g,(n), g.(n) , ..., gr(M)] —
the state vector system after n transitions.

To assess the heterogeneity V,,%, distribution of
material after transitions determined:

¥, = 100k k—ili[gi(n)—%]z. )

The mixer, which reaches value V5 in the less number
of rotation shaft (less time mixing) is the best.

The scientifically-research idea took the position that
the mixing efficiency is determined by the speed of the
transition material from state of inhomogeneous
embedded to the state of "“forgetfulness".

The main performance indicators of twin-shaft forced
action mixer include:

— the number of shaft rotations at which mixture
becomes the homogeneity (the time of "forgetfulness"”
tep),

— the angle of blade rotation,

—  the power drive on mixing,

— the productivity.

Thus, on the basis of the above, the following
hypotheses were formulated, the implementation of which
would achieve the desired result in the creation of new or
would improve existing structures of twin-shaft forced
action mixers.

1. The moving of material between the mixing zones
in a particular direction depends on "transition
probabilities”, which physical meaning is defining as
difference of entropy before and after the transition,
which differently interprets the way of determination the
power of mixing.

2. The moving of material is made within each
transition (shaft rotating), that is a discrete model.

This approach will allow to get mathematical model
for the researched environments, more intelligently and
with fewer bugs or as necessary to improve the
methodology of research results.

To determine the probability of transition material in
one direction or another, consider the most common
scheme of movement, which is shown in Fig. 4. It is
believed that during one shaft rotation the material will be
transiting with probability p to a nearby zone, with
probability g to opposite zone and with probability r will
remain in it:

p+q+r=1 (6)
I D I D r D
T2 3= 4
1 J 1
I-1 q q I-1
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p p p
r I r r

Fig. 4. The transition scheme of material for twin-
shaft mixer.

The determination of probability of transition of
material will be entirely experimental by the example of
one of the mixing zones (Fig. 5).

With help of software MathCAD one transition of
material in appropriate ways, depending on the blades
angle is simulated.

The probability of transition is determined as
numerous simulations of the transition by the randomly
algorithm «white noise." The results are processed by
statistical methods, resulting in transition probability
becomes dimensional value that reflects the difference in
entropy before and after the transition.

For adequacy of the experiment the rheological
properties of the material (concrete mix) should be
created, replacing it by some number of balls with some
diameter and density of the material.

More accurate description of the mixing process can
be provided by three-dimensional probabilistic model
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(Fig. 6). In this scheme the probability of leaving the
material in the same mixing zone and description of the
movement of particles of material in it is more widely
understanding. As shown in Fig. 6, the movement of
material into the mixing zone is made in the radial and

circumferential directions, but on two-dimensional
scheme it is described as remaining the matter in the same
mixing zone, and consistent with probability.

O6ononka
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Fig. 5. The scheme to determinate the probability of movement material.

Fig. 6. The scheme of moving material in the mixer.

Considering the three-dimensional scheme of
movement material and particles in the mixer, let’s
introduce the probability of remaining of material in the
same mixing zone as the total probability of moving
material in the radial S and circumferential C direction.

Also, the movement of material along the axis of the
mixing shaft determined as probability of axial movement
A, and the probability of movement into opposite mixing
zone E (Fig. 7).

= Radial direction — s the movement of material
within the ranks of the blade arrangements of the mixer in
the direction from the axis to the largest radius (hull
mixer) and in the opposite direction. Each of the mixing
zones, is going to be divided in the radial direction on Ng
equal rings,

= Circumferential direction — s the movement of
material within the ranks of the blade arrangements of the
mixer in a closed circulation circuit. Each of the mixing

zones, is going to be divided in the circumferential
direction on Cp sector level (a« — angle sector, hail):
360°

c= p @)
For further calculation is necessary to know the
values of the following parameters:
=  Number of cells in each of the received parts
(zones):
Nj = N¢ ' Ng, ®
= Numbering mixing zones in each of the pieces
obtained from the index growth:
Je=Mms—1)- N, €))
= Number of rings:
ns =1,N;, (10)
= The radius of the ring, provided the same amount
of cells:

2

Ri = R1:2—1 - Fz; (11)

System status at time T = k - AT, were k — number of
transition, AT — the duration of the transition, expressed
as a column vector of size (N; X N;) x 1:

T
k _ k k k k k k
sk=|st sk . Sk Sk SK oy Sk

The next state of the S*** depends on the current and
can be presented in:

i=T,Ng—1.

Skt = gk.p, (12)
where: P — matrix of transition probabilities. In turn, the
matrix of transition probabilities with regard the three
direction of movement material particles is given by:

P=P. PP, 13)
where: P, — matrix of transition probabilities when
moving particles in the circumferential direction, P; —
matrix of transition probabilities when moving particles in
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the radial direction, P, — matrix of transition probabilities ~ when moving particles in the axial direction.

/P51.1 0 0 \ /PC1.1 0 0 \
| 0 P52.2 0 | 0 P, 0

Cz.2 |
* ]

e A N : (14)

\ o 0 PS"’I‘”J/ \ o 0 PC"’I'NJ/

PA1.1 PA1.2 0 0 0 0 0

PA2.1 PAz.z PA2.3 0 e 0 0 0
0 PA3.2 PA3.3 PA3.4 0 0 0

Py = : - :

0 0 0 0 PSN1—1—N]—2 PSN1—1—N]—1 PSN1—1—N]
0 0 0 0 0 PSNI—N]_Z PSNI—N]

where: 0 — zero matrix of size N; x N; and N, X N for matrices of transition probabilities when moving particles in the
circumferential and radial and axial direction, respectively, PCU’PSU’ PAi}' — block matrix of transition probabilities when
moving particles in the circular (matrix size N; X N;,i =1, N,), radial (size matrix N X N¢,i = 1, N,) and the axial
direction, respectively, for each i-th particle mixing chamber (formula 15).

Fig. 7. The calculated scheme to describe all movement of material in the mixer.

M, , 0 0 Jj =1, Ny, respectively. For axially moving particles the
0 Mg, - 0 block matrix of transition probabilities (i =1, N;, j =
Pey =1 P ; 1, N;), will look like:
0 0 McN] Ny pilﬂa, 1+, a 0 0
M P, = 0 D2+1g, 241, 0
M51.1 M51.2 S1Nj Aij : : : ’
a
PSU _ MSZ..l M522 MS:Z,N] (15) 0 0 " DNjtlg, Njtlg

were pf,, — probability of transition concentration of the
MSN] N material while moving particles in the axial direction | =
where: 0 — the zero matrix of size N, x N, and N X N or LN -Njym=1,N;-N;, Ip = (i = 1) - Ny, and J = (i -
matrices of transition probabilities when moving particles 1) - N, indices of gromh. . )
in the circumferential and radial and axial direction, The block matrices of transitions of material

M, , M. — block matrix of transition concentrations of ~ concentration from [ cell to m cell is the same for
W . . . transition in the circumferential and radial directions
the material from [ cell to m cell at moving particles in

MS Nj1 MSN],Z

. . e . Formula 16):
the circumferential direction of the size N, X Ng,i = ( )
1, N, , radially direction of the size No X N¢,i =1, N},

c c
pi‘*"c‘l‘*‘lc pi‘*"c‘z‘*‘lc c 0 8 0 pf+lc Nc+lc
D241, 141, Dzl 241, P2+ic3+Ic 0 0
t
M, ; \ 0 DS+1, 241, D3+ 3+1, DS+1, 4+1, 0 0 ) (16)
pzflc+lc,1+lc 0 0 0 pflcﬂc JNc+le plflc+lc,1vc+lc
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where: p; ,, — the probability of transition concentration of material while moving particles in the circumferential
direction! = 1, No, m = 1, N, I, = (i — 1) - N — indices of growth.

Pf+15 A+ 0 0
0 S
MSz,j _ : D2+1g 2+ . 0 (17)
0 0 Pfﬂs A+

where: pj ,, — the probability of transition concentration
of material particles while moving radially [ =1, N,
m = 1,Nc, I, = (i — 1) - N — indices of growth.

The system state can be represented as a column
vector, for twin-shaft mixer:

sk =1[sk s (18)

where: S¥ and S} — the state of system during rotation of
the first and second shafts, respectively (Fig. 2.).

The state of system SX** can be represented in matrix
form:

Skt =sk.p,- Py, (19)
where: P, — mixing matrix that looks like:
_ (P 0
Po=(y p) (20)

where: 0 — zero matrix size N; X N;.
P — exchanging matrix of material particles during
rotation 1-st and 2-nd shafts. Matrix elements except the

. N . —
elements p,‘f,j_iI_NCH'Nj‘h_NC” , were i = 1,76 i, =1,N,
J="C+ 1N, J; =N, +1,2-N, iszero.

The mathematical model allows us to calculate the
number of transition (shaft rotation) after which the
matrix of transition probabilities cease to vary over time,
indicating that the system achieve steady state (“forgot"
their original position), and therefore the maximum
degree of homogeneity of the mixture.

To verify the obtained data the scheme of laboratory
stand was developed and described.

It consists of a laboratory mixer, inductive sensor,
frequency converter, analog-digital signal converter, a
computer with specially developed software and photo
camera.

The lab mixer equipped with a contactless inductive
sensor and bracket on one of the shafts with which the
number of rotations of the shaft can be read. The signal
reaches the signal converter, and displayed on the monitor
of computer. Also, through the signal converter the
frequency converter is connected to the computer that
controls electric laboratory setting. It maintains
continuous operation at a given engine speed and stops it
after a given number of rotations of lab twin-shaft mixer.

The value of the "forgetting time" that an equals the
number of mixer shaft rotations at given blades angle, is
entered into the computer, after it determining. And
blades are set in the required position using a specially
designed protractor. Then all previously designing
components of the mixture in the mixer, are downloaded
and the experiment begins.

On the basis of the experimental scheme was
designed construction of the experimental setup [2, 4, 8,
9] - Laboratory twin-shaft concrete mixers (Fig. 8).

The lab mixer on the cart is situated in the correct
place for experimentation and wheels fixed by stops (16).

Then, through the open side door (12), located in the
cover (11), installing the position of blades (3) - rotation
angle with a special protractor. Further downloaded all
previously dosaging components of future mixture: scree,
cement and sand. Then the side door (12) closed and
connected to the control panel (17). By setting a mode of
drive motor (9) with frequency converter (21).

Then, the initial process of mixing the dry
components in which, depending on the selected initial
provisions blades (3) material will be distributed over the
mixing chamber (20 sec.).

Then, by CIP head system (13) uniformly sprayed
water, and mixing ingredients of mixture are already in
final form. This stage lasts 20-25 sec. and it is the most
difficult mixing period, as there is a significant increase of
dynamic and Kinetic viscosity of the mixture and increase
the resistance of the environment on the machine.

Another 20-25 sec. mixer working after stopping the
water supply. Then drive motor (9) stopped and through
the open side door (12) take the samples from different
areas of the mixing chamber.

The residue is discharged through the unloading

opening (6), driven by lever (8) which fixed with screws
(7), is discharged from the mixing chamber.
After sampling and discharge residual mixture through
unloading opening (6) the side door (12) and unloading
opening (6) is closing, and mixing chamber is washed by
water through the pipe system CIP (13) and then
unloading hole open and poured all dirt.

Also laboratory mixer equipped with an emergency
stop button, flashlight, two limit switches on the side door
and appropriate warning label (Fig. 9), making it safe for
use in the classroom.

The results of experimental researches are shown in
Fig. 10. In a graph curves "oblivion" for different blades
angles, which are obtained during the processing of data
results by "slick average method".

As you can see from the graphs, for different blades
angles a charts differ, since the probability of transition in
certain direction is dependent on this parameter.

Among the researched values of blades angle the
most efficient « = 34°.

Comparing the experimental results and theoretical
research (Fig. 10).

As follows from these graphs, the state of
"forgetting” in an experimental and theoretical way
doesn’t have big difference, and fit into the allowable
error of 15%.

The evaluation and analysis of the test samples show
that the quality of the prepared mixture meets the
calculated time (number of rotations). The quality of the
mixture was assessed visually and in terms of strength
(Fig. 11).
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17 19 20 21 18 16 1 15 6 7 8

Fig. 8. The design of the experimental setup: 1 — the case, 2 — shafts, 3 — blades, 4 — bearing assembly, 5 — shaft
seal, 6 — unloading opening, 7 — lock, 8 — the lever, 9 — drive motor, 10 — synchronizer, 11 — cover, 12 —side door, 13 -
CIP pipe system, 14 — pin sensor, 15 — cart, 16 — wheel with stops, 17 — control panel, 18 — electrical cabinet, 19 — relay,
20 — fuse, 21 frequency converter
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The data collected during the research probability of
transition material processed by statistical methods, and
based on their results define conversions (rotating shaft)
and the mixing.

These parameters are essential for experimental
studies of concrete mixture in a laboratory mixer, to
confirm or refute the prevailing theoretical positions.

Conclusions

1. The working hypothesis that the movement of
material between the mixing zones depends on the
"transition probabilities”, which is defined by angle blade
was confirmed as a result of mathematical modeling of
moving material and performed experimental studies.

2. On the basis of theoretical research the method of
calculation of basic parameters of advanced laboratory
twin-shaft concrete mixers was created.
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3. The laboratory twin-shaft concrete mixers with
rotary blades was created.

4. The investigations can improve the efficiency of
the mixer by reducing cycle time and energy
consumption.
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JOCJIIKEHHA HAJTAILITYBAHD 3MILTYBAYA
[TPUMYCOBOI JiIT 31 SMIHHUMU JIOTIATKAMMU
I I. Hazapenxo, A. B. Yiuyp

AHoTamiss. AHam3 Ta OIIHKA CTPYKTYpPHHX Ta
TEXHOJIOTIYHUX MapaMeTpiB 3MillyBaya 3 IHPHUMYCOBOIO
JIEI0 MPOBOIUBCS Ha OCHOBI 3MilllyBaua 3 IMPUMYCOBOIO
€0 3 OBOMAa MIaxTamu. Y Iiff CTaTTi 3armporoHOBaHI
TEOPETUYHI METOAU MEPEMIIICHHSI MaTepiany B Kamepy
3MillyBaya 3 JBOMa INAaXTaMHd 3 BHKOPUCTAHHIM
cToxacTMyHoro  miaxoay. IIpomec — mepemimieHHs
MaTepiary JOCHTiKYBaBCS TEOPI€I0 JIAHIIOTIB Mapkoga.
Ha ocHoOBiI 3ampornoHoBaHOro crnoco0y BIOCKOHAJICHHS
CHCTEMH OLIHKM SIKOCTI 3 TOYKM 30py KoedimieHTa
Bapianii cymimi. I Oyno nepexbayeHo, 110 OCHOBHHMH
rapamerTp, KU BIUIMBa€ Ha HAIPSMOK PyXy UYacTHHOK
MaTepiany Ta SKiCTh HEPEMIIIyBaHHS - IIe KyT IIOBOPOTY
ne3a. lle OyB ronoBHWI BapiaHT gociipkeHHs. Jlis
MEepeBIPKM  TEOPETUYHHX OCHOB pYyXy PpEYOBHH Ta
MOKpameHHs:  KOCTi  cymimi  Oymo  po3poOieHo
eKCIIEPUMEHTAIIbHUIN CTeH]T - TaOOpaTOpHHA 3MilTyBad 3
MIPUMYCOBOIO €0 3 JABOCTOPOHHIM BAaJOM i3 3MiHHUMH
KyTamu jonareif. [IpoBeneHi eKCriepuMEHTH MiATBEpANIN
OOTpPYHTOBAHICTh TEOPETHYHMX AOCii/keHb. Ha ocHOBI
MIPOBEJCHUX  JIOCHIIPKEHb  3allpOIIOHOBAHO  aJTOPHTM
NIPOCKTYBaHHSA  HOBMX  KOHCTPYKIH  JIBOIIAPOBHX
OeToHHMX 3MimryBauiB. PoOoya rimoresa mpo te, mo pyx
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Marepialy MiX 30HAMH TEpeMillyBaHHS 3aJIe)KHUTh Bif
«IIMOBIPHOCTEH IIepexoay», IO BHU3HAYAETHCS KyTOBUM
ne30M, OyJI0 MiATBEPIKCHO B Pe3yIbTaTi MAaTeMaTHIHOTO
MOZCIIOBAHHS PYXOMOTO MaTepialy Ta IPOBEICHHX
eKCIIepPUMEHTAIBHUX JIOCHIIKEHD. Ha OCHOBI
TEOPETHYHHUX JOCHIDKEHb OYJI0 pO3po0JIeHO MeTox
pO3paxyHKy  OCHOBHHX  IapaMeTpiB  HepeJoBUX
71a00paTOPHUX  JIBOIIAPOBUX OETOHHHMX 3MIIlyBadiB.
CrtBopeHo  naboparopHi  OeToHHI  3MimryBadi 3
MOBOPOTHUMH  JlomaTsiMu.  JIOCHIDKEHHS ~ MOXYTh
MIABUINUTH  ¢(EKTUBHICTE 3MilllyBaya 3a paxXyHOK
CKOPOYEHHS Yacy IMKIIY Ta CIIOKMBAaHHS €HEPTii.
KawuoBi ciaoBa: 3mimryBad, OeToHO3MIlTyBad 3
JBOMa IIaXTaMH, OETOHOMIIIANKa 3 MPUMYCOBOIO €0 3
IBOMa  ImaxTamu, KoedimieHT  Bapiamii, Oe€ToH,
CTOXaCTHYHA MOJEIIb 3MIITyBaHHS, JJAaHLIOTH MapkoBa.

HUCCJIIEJOBAHUE HACTPOEK CMEIINBATEJA
[IPUHYIUTEJILHOI'O JEMCTBUA
C USMEHSAIOINMUCSH JIOITATKAMU
U. U. Hasapenxo, A. B. Yuuyp

AHHOTAUUsA. AHATN3 U OLIEHKAa CTPYKTYPHBIX U
TEXHOJIOTHIECKUAX mapamMeTpoB CMECHTEIIS c
MIPUHYIUTETHHBIM JEHCTBUEM TPOBOAWICS Ha OCHOBE
CMECHTEeNd C NPUHYIOUTSIBHBIM JEHCTBHEM C IBYMS
mIaxTaMd. B 3ToH cTaThe TPEANIOKECHBI TEOPETHICCKHE
METOJIBI TICpEeMEIIeHISI MaTepraia B KaMepy CMECHUTEIIS C
OBYMsl [IaXTaMH C HWCIOJB30BAHHEM CTOXACTHYECKOTO
MOJIX0/1a. IIponecc HepeMeIeHus MaTepHuaa
HcclenoBaIoch Teopued uenedl Mapkosa. Ha ocHose
MPEAJI0KEHHOT0 Croco0a COBEPLICHCTBOBAHUSI CUCTEMBI
OIIGHKM KayecTBa C TOYKH 3peHus KodpduuneHra
BapHaluyu cMecH. Y Ob110 MpeaycCMOTPEHO, YTO OCHOBHON
rnapamMeTp, KOTOpbIN BIUSET HA HaIpaBJIEHUE JBUKECHMS
YaCTHUI] MaTepraja M KaueCTBO MEePEMEIINBAHUS 3TO YTOI
IMOBOPOTa  JIe3BHS. OTO OBUT  TJIABHBIH ~ BapHaHT
uccrnenoBanus. [T TPOBEPKH TEOPETHUECKUX OCHOB
JBIDKEHUSI BEUIECTB M YIIYYIICHUS KauyecTBa CMECH OBLI
pa3paboTaH 3KCIIEpUMEHTANBHBIN CTEeHA abopaTOPHEII
CMECHTeNb C  NPUHYIOWTEIBHBIM  JIEHCTBHEM  C
ABYCTOPOHHUM BaJIOM C UBMCHACMBIMU yTJIaMH JIomacTe.
HpOBEZ[eHHI)Ie OKCIICPUMEHTBI TMOATBEPANIIHN
000CHOBAaHHOCTh TEOPETUYECKHUX HccieqoBanuii. Ha
OCHOBE  IIPOBEACHHBIX  HCCIENIOBAHMH  NPEAIOKEH
QITOPUTM  IPOEKTUPOBAHMS  HOBBIX  KOHCTPYKIIMI
JIBYXCIIOWHBIX OETOHHBIX cMecuTenell. Pabodas rumoresa
0O TOM, YTO [BW)KCHHE MaTeprana MEXAy 30HaAMH
NIepeMEIINBaHNsl 3aBUCUT OT «BEPOSITHOCTH IIEPEX0/1ay,
YTO  ONpenensieTcss  YIJIOBBIM  JIe3BHEM,  OBbLIO
MOATBEPXKIEHO B pe3yJbTaTe  MaTeMaTH4ecKoro
MO/JIETIMPOBAHMS TIO/IBKHOTO MaTepuaia U IMPOBEASHHBIX
3KCIIEPUMEHTANbHBIX  uccienoBanuil. Ha  ocHose
TEOPETUIECKUX HCCIIEeNOBaHUI ObLT pa3paboTaH METOJ
pacueta OCHOBHBIX mapaMeTpoB MepeI0BbIX
Ja00paTOPHBIX JIBYXCIOWHBIX OETOHHBIX CMECHUTENCH.
Cozmanbsl  mabopaTtopHble  OETOHHBIE CMECHUTENH C
TIOBOPOTHBIMU JIOIIACTIAMU. HCCHC}IOBaHHﬂ MOTyT
NOBBICUTH 3] dexkTHBHOCT,  cMecuTenst 3a  CYeT
COKpaIIeHUs] BpeMEHH IIMKJIa U TOTPEOJICHNS SHEPTUHL.

KaioueBble ciioBa: cMmecurens, OETOHOCMECUTEND C
JBYMsI IIaXTaMH, OETOHOMeNIajKa C HPUHYIUTEIbHBIM
JICUCTBHEM C JBYMS IaXTaMHu, KOI(QQHUIMEHT BapHaliH,

0eToH, CTOXacTH4YecKass MOJENb CMEIIUBAHHA,
Mapkosa.
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