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Introduction. The feed base remains a
determining factor in the cost structure of livestock
production. According to estimates by the Food and
Agriculture Organization of the United Nations
(FAQ), feed costs in many productions systems
60-70% of
expenditures; therefore, any improvement in the
efficiency of feed production technologies has a

account for more than
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DETERMINATION OF THE
DEPENDENCE OF FEED
MIXTURE HOMOGENEITY ON
THE OPERATING PARAMETERS
OF A VIBRATORY MIXER

The paper investigates the influence of the operating
parameters of a vibratory mixer on the formation of feed mixture
homogeneity and establishes quantitative patterns in the variation
of the homogeneity coefficient depending on the kinematic and
vibration characteristics of the process. The relevance of this study
stems from the need to ensure high-quality feed mixtures with
minimal time and energy expenditure, as the uniformity of the
components directly affects feeding efficiency and the economic
performance of livestock farming. The aim of the research is to
establish a statistically justified multifactor dependence of the
homogeneity coefficient on the operating parameters of a vibratory
mixer and to determine rational operating modes.

Experimental studies were carried out using a full factorial
experimental design with variation of the paddle shaft rotational
speed, container rotational speed, vibration mode coefficient, and
mixing time. Based on the processing of experimental data, a
second-order regression model describing the variation of the
mixture homogeneity coefficient was developed. The statistical
significance of the model parameters was evaluated using
Student’s t-test, and its adequacy was verified using Fisher’s F-test
at a confidence level of 0.95.

According to the modeling results, rational operating
modes of the mixer were determined, under which the
homogeneity coefficient reaches 6 = 0.932 at a paddle shaft
rotational speed of 40.9 min-! and a container rotational speed of
23.9 mint. The minimum value of & = 0.851 was observed at low
values of the operating parameters. An effective operating region
was established in which a technologically sufficient level of
homogeneity (6 2 0.9) is ensured. An analytical dependence of the
mixing time tosrequired to achieve a specified level of homogeneity
was obtained, which makes it possible to predict process
parameters and perform optimization. The correlation coefficient
between experimental and calculated data is 0.87, confirming the
adequacy of the developed mathematical model.

Keywords: vibratory mixer, feed mixture, homogeneity,
operating parameters, mathematical modeling, optimization.

direct economic impact. In practical terms, this
means that dosing accuracy and the spatial—
temporal uniformity of component distribution—

particularly micro-ingredients, premixes, and
medicated additives—become not merely a
total «laboratory requirement» but a key factor
influencing  profitability, biosafety, and the

reproducibility of feeding outcomes.
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At the level of industrial practice, mixture
homogeneity is typically confirmed statistically
based on a series of samples by calculating the
coefficient of variation (CV), defined as the ratio of
the standard deviation to the mean value, or by
analyzing the distribution of tracer particles [1, 12].
In particular, the Canadian Food Inspection Agency
establishes critical CV limits for different product
types (for example, stricter limits for medicated
premixes) and provides standard procedures
involving the collection of at least nine spot samples
during mixer discharge [2]. In parallel, international
feed safety schemes (such as GMP+ International)
formalize the categories of «good», «acceptable»
and «insufficient» homogeneity based both on the
CV criterion and on the Poisson/p criterion for direct
methods (particle counting), and explicitly require
an adequate number of samples taken either within
the mixer or during discharge [3].

Vibratory mixers have the potential to
intensify particle transport and the breakdown of
agglomerates in bulk materials, thereby improving
mixture quality while reducing energy consumption;
however, this effect can be achieved only under
properly selected amplitude-frequency and
kinematic operating conditions [4]. Therefore, the
scientific and technological problem consists in
quantitatively determining the dependence of the
homogeneity index (8) on the set of operating
parameters and in substantiating rational operating
modes that ensure the required mixture quality with
minimal processing time and specific energy
consumption.

Analysis of recent research and
publications. The dominant applied approach in
feed production is the assessment of homogeneity
through a series of samples with subsequent
calculation of the coefficient of variation (CV).
Methodological materials from Kansas State
University emphasize that the objective of mixing is
to achieve a «uniform mixture», and typical practice
includes sampling from multiple locations, selecting
an appropriate marker (such as salt or amino
acids), and calculating the CV based on the
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collected samples (often about ten samples).
Regulatory guidelines also highlight the existence
of an optimal mixing time, noting that excessive
mixing duration may lead to demixing under certain
conveying and discharge conditions. An alternative
“direct” method for homogeneity assessment
involves counting tracer particles (microtracers),
where the results are interpreted using Poisson
statistics (probability p), which is clearly formalized
in GMP+ requirements [4].

In fundamental and applied studies on
granular media mechanics, the degree of mixing is
commonly described using mixing indices (in
particular, the Lacey index) as well as particle
motion modeling based on the discrete element
method (DEM). For vibratory systems, it has been
demonstrated that mixing may exhibit both diffusive
and convective characteristics, with the vibration
regime significantly influencing the relative
contribution of these mechanisms. The Lacey index
is widely applied as a quantitative measure of the
mixing state in DEM models of vibrated granular
beds. Within the Ukrainian scientific and
engineering domain, the potential of vibratory
machines for mixing bulk materials has also been
demonstrated, along with the feasibility of
controlling operating parameters to achieve high
homogeneity with minimal energy consumption [5].

For the empirical determination of “quality—
regime” relationships in multifactor technological
processes, response surface methodology (RSM)
is widely used. This approach is based on
experimental design and approximation of the
response by a second-order polynomial, enabling
the construction of response surfaces, contour
plots, and optimization within the factor space. For
mixing processes, this methodology is particularly
relevant because the dependencies are typically
nonlinear (due to saturation effects), and the factors
may influence the process to different extents while
being constrained by equipment design,
productivity, and energy consumption requirements
(Table 1) [6].

Table 1 — Comparison of homogeneity assessment methods

Author Year Object

Method Homogeneity criterion

Industrial feed
mixers (batch)

Charles Stark; Marut
Saensukjaroenphon

2017

Sampling from multiple
points/intervals; marker
analysis; CV calculation

CV = (SD/Mean) x100%

Canadian Food 2013 | Batch, TMR, and

Inspection Agency

Regulatory mixer testing
continuous systems | procedure; minimum 9
samples; laboratory analysis

CV and critical limits
depending on feed type

2022 | Production lines for
critical additives/

VMP

GMP+ International

Direct and indirect methods;
requirements for sampling
and tracers

p (Poisson) or CV;
scales «good /
acceptable / insufficient»

P.M. Clark 2007 | Compound feed, Comparison of markers and | CV; comparison of
«mix uniformity» influence of mixing time on different markers
verification Ccv

A. Kottlan 2021 | Vibratory mixing of | Video recording/colorimetry; | Lacey index
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Author Year Object Method Homogeneity criterion
powders analysis of mixing based on
(laboratory scale) | vibration parameters
L.S. Lu 2008 | Vibrated granular | DEM modeling; analysis of Lacey index +
bed convection and diffusion convection/diffusion
parameters
Vitaliy Yanovych; 2017 | Vibratory machine | Control system for operating | % homogeneity; energy
Tetiana Honcharuk; for mixing bulk feed | parameters; comprehensive | consumption
Inna Honcharuk; materials analysis of kinematics and
Kateryna Kovalova material state

Despite the existence of standards
regulating methods for assessing mixture
homogeneity (using the CV or Poisson/p criteria)
and defining acceptance thresholds, these
documents essentially describe only the control
(validation) procedures and do not provide a
mathematical tool for the systematic selection of
rational mixer operating modes while accounting for
nonlinearity and multifactor interactions. Scientific
studies on vibratory mixing and granular media
describe the underlying mechanisms (convection
and diffusion) as well as the dependence of process
efficiency on amplitude-frequency parameters;
however, they often consider either laboratory-
scale setups or geometrically simplified systems,
without linking the results to the criterion of
«technologically sufficient» homogeneity
specifically for feed mixtures or to the parameters
of real equipment (rotational speeds of working
elements, loading conditions, and cycle duration).

In this context, the scientific novelty of the
approach proposed in this study lies in the
following:

— first, a formalized multifactor relationship
0 = f (operating parameters) is introduced in the
form of a second-order regression model with
subsequent construction of response surfaces,
which corresponds to the logic of response surface
methodology (RSM) for nonlinear processes;

— second, the mixture quality is linked to an
engineering-relevant time characteristic, too — the
time required to achieve the specified level 6 = 0.9
(conventionally «90% homogeneity»), which is
directly applicable for determining the process cycle
duration and for the development of mixer control
algorithms;

— third, statistical «filtering» of the model
terms is performed (including significance testing of
parameters and verification of model adequacy),
which reduces the risk of random conclusions and
enhances the reproducibility of the obtained
recommendations.

The aim of the study is to establish a
statistically justified multifactor dependence of & on
the operating parameters of a vibratory mixer and
to determine rational operating modes that ensure
the achievement of the specified level of
homogeneity (in particular, & = 0.9) with minimal
mixing time.
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Materials and Methods. In order to
investigate the influence of operating parameters
on the quality indicators of the mixing process in a
vibratory mixer, a series of experimental studies
was conducted. The main factors varied during the
experiment were:

- X1 — paddle shaft rotational speed np, min‘;
- X2 — container rotational speed nc, min';

- Xs — vibration mode coefficient ky;

- X6 — Mixing time t, s.

The experimental design was carried out
using a full factorial experimental method with
variation of the factors at three levels: lower (-1),
central (0), and upper (+1) [7]. To improve the
accuracy of parameter estimation and enable
approximation of the results, a coded representation
of the variables was used.

The collection and processing of
experimental data were carried out using the cloud
computing environment Wolfram Cloud [8], which
enabled the construction of quadratic regression
equations and statistical verification of their
adequacy.

The obtained regression models served as
the basis for further analysis of the influence of
operating parameters and their combinations on the
efficiency of the mixing process.

Results of the study. To determine the
guantitative influence of operating parameters on
mixture homogeneity, a second-order regression
modeling approach was applied [9]. Based on the
processing of experimental data in the Wolfram
Cloud environment [8], an equation describing the
dependence of the homogeneity coefficient & in
coded form was obtained:

0 =0,918657 + 0,002425 x1 — 0,01005 x12 +
+ 0,00345 x2 — 0,00245 x1 x2 — 0,0028 x2° +

+ 0,003375 x5 + 0,0003 X1 X5 —

—0,00175 x2 xs — 0,00765 xs? +

+0,0240667 xs — 0,0014 X1 X6 +

+0,00205 x2 X6 — 0,00025 X5 X6 —

—0,0117143 x62.

Table 2 presents the results of the
statistical analysis of regression equation (1), which
describes the dependence of the mixture
homogeneity coefficient & on the main
technological factors. The numerical values of the
estimated regression coefficients, the
corresponding standard errors, Student’'s t-

@)




ISSN 2306-8744

Ne 1 (120) Bibpauii e mexHiyi

statistics, and asymptotic significance levels (p-
values) are also provided, serving as criteria for
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assessing the statistical significance of each model
term [9, 10].

Table 2 — Statistical analysis of the regression coefficients of equation (1)

Coefficient Value Error Stude'nt. S I _Asym ptotic
t-statistic Significance (p-value)
oo 0,918657 0,0016818 546,235 1,28897-101%2
aio 0,002425 0,000908275 2,6699 0,0097482
azo 0,00345 0,000908275 3,79841 0,000342232
aso 0,003375 0,000908275 3,71584 0,000446799
aso 0,0240667 0,000938062 25,6557 4,85562-10-34
aw -0,00245 0,00128449 -1,90736 0,0612635
ais 0,0003 0,00128449 0,233555 0,816126
aie -0,0014 0,00128449 -1,08992 0,280105
azs -0,00175 0,00128449 -1,3624 0,178163
aze 0,00205 0,00128449 1,59596 0,115752
ase -0,00025 0,00128449 -0,194629 0,846341
an -0,01005 0,00133694 -7,51714 3,27308-10-%°
az -0,0028 0,00133694 -2,09433 0,0404628
ass -0,00765 0,00133694 -5,722 3,56004-107
as6 -0,0117143 0,00158561 -7,38785 5,44414-10-%°
Indicator DF SS MS Fisher’s F-statistic
Model 15 61,03 4,06867 123298
Error 60 0,00197991 | 0,0000329985 1,93
According to the obtained results, the 5=0,641051 + 0,00333482 ky —

following coefficients were found to be statistically
significant at a confidence level of 95 % (ta = 2,01)
[11]: a0, @20, aso, aso, a11, a22, ass, and ass, Since the
absolute values of the corresponding Student’s t-
statistics exceed the tabulated value. This indicates a
substantial influence of the respective factors and their
quadratic effects on the variation of the homogeneity
coefficient. In contrast, the interaction coefficients
between the factors (ai2, ais, ais, azs, aze, ass) were
found to be statistically insignificant, which indicates
the absence of a significant interaction effect within
the conducted experiment.

Among the estimated model parameters, the
intercept aco = 0,918657 occupies a special position,
representing the baseline value of the homogeneity
coefficient at zero values of the coded factors, i.e., at
the center of the experimental design space. The
extremely high value of Student’s t-statistic for this
coefficient (t=546,235) and the practically zero
asymptotic significance (p <1079 indicate its
absolute statistical reliability. This confirms that the
mean response value at the center point of the
design is reliably determined and adequately reflects
the actual characteristics of the system.

By excluding the insignificant regression
coefficients of equation (1) based on comparison of
their absolute values with the tabulated value of
Student’s t-statistic tan = 2,01, a refined relationship
describing the dependence of the homogeneity
coefficient & on the investigated factors in decoded
form (2) was obtained:
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—0,000243941 k2 + 0,00093 n¢ —
—0,0000124444 ne2 + 0,00225375 np —  (2)
— 8,16667-106 nc np — 0,000025125 ny? +
+0,0034054 t — 0,0000130159 t2.

Based on the refined regression equation
(2) obtained in decoded coordinates, three-
dimensional response surfaces were constructed to
characterize the variation of the mixing
homogeneity  coefficient & depending on
combinations of the main operating parameters: the
rotational speed of the paddle shaft n; and the
rotational speed of the container n, (Fig. 1a), as well
as the vibration mode coefficient kv and the mixing
time t (Fig. 1b). The constructed plots clearly
illustrate the influence of the corresponding
variables on the mixing quality and make it possible
to identify regions of effective operating modes at
which the specified level of homogeneity is
achieved.

The response surface shown in Fig. 1(a)
represents the variation of the mixing homogeneity
coefficient d as a function of the rotational speed of
the paddle shaft n; and the rotational speed of the
container ny under fixed values of the vibration
mode coefficient kv = 5.6 and the mixing time
t = 100. The surface exhibits a convex shape with a
clearly pronounced maximum in the upper-right
region of the plot, indicating the existence of an
optimal combination of kinematic parameters at
which the highest level of mixture homogeneity is
achieved.

With an increase in the rotational speeds of
both the paddle shaft and the container, an increase
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in the value of o is observed. At the same time,
analysis of the surface shape and the coefficients in
equation (2) indicates that the rotational speed of
the paddle shaft has a greater influence on the
result than the rotational speed of the container.
This can be explained by the predominance of
shear mixing over bulk mixing, since the active
motion of the paddles ensures more intensive
movement and redistribution of particles within the

n-1
71p, Min

a)

The maximum value of the homogeneity
coefficient 8 = 0.932 was observed at a paddle shaft
rotational speed np, = 40.9 min™" and a container
rotational speed n. = 23.9 min™. In contrast, at
minimum rotational speeds (np = 20 min™, nc
=0 min™), the homogeneity coefficient decreases
to & = 0.851, which is insufficient from a
technological standpoint. The region of the surface
where & > 0.9 represents the zone of rational
operating modes, characterized by a combination
of medium and high rotational speeds.

Figure 1(b) presents the response surface
illustrating the variation of the mixing homogeneity
coefficient & as a function of the vibration mode
coefficient ky and the mixing duration t, under fixed
values of the paddle shaft rotational speed
np =40 min™ and the container rotational speed
ne. = 15 min~'. The selected fixed values correspond
to the optimal region identified in Fig. 1(a) and allow
for a more detailed analysis of the influence of the
vibration regime and mixing time as secondary
factors affecting the process.

The shape of the surface confirms the
presence of a pronounced nonlinear dependence of
the homogeneity coefficient on both parameters.
According to equation (2), the influence of each
factor is positive within the investigated range (the
corresponding linear coefficients are positive);
however, the negative quadratic terms indicate a
saturation effect. This is manifested by the
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mixture mass.

The presence of negative quadratic terms
in the equation for both variables indicates a
saturation effect: upon reaching certain threshold
values, further increases in rotational speeds do not
result in a significant improvement in homogeneity
and may even lead to a slight decrease due to
secondary segregation.

n, = 40 min™!
n,= 15 min’!
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Fig. 1. Dependence of the homogeneity coefficient d on the rotational speed of the paddle shaft
np and the rotational speed of the container nc (a), and on the vibration mode coefficient ky and mixing
timet (b)

flattening of the surface in the upper region of the
plot: further increases in ky or t do not result in a
significant improvement in the coefficient 6 and, at
certain points, may even lead to a slight decrease.

The maximum value of the homogeneity
coefficient & = 0.932 is achieved at kv = 6.83 and
t =130 s, whereas the minimum value & = 0.851 is
observed at kv =0 and t = 70 s. The technologically
feasible region corresponds to & = 0.9, which is
attained wunder a balanced combination of
parameters, namely a moderately high level of
vibration intensity and sufficient mixing duration,
provided that active kinematic influence is ensured.

Thus, Figures 1(a) and 1(b), considered
together, provide a comprehensive representation of
the influence of the main operating variables on
mixing homogeneity, allowing the identification of
technologically justified ranges for their variation and
creating the basis for further process optimization with
consideration of energy and productivity criteria.

The obtained graphical dependencies
(Fig. 1a, b) make it possible to visually assess the
influence of the main operating parameters on mixing
homogeneity; however, for precise determination of
the conditions required to achieve a specified level of
homogeneity, it is necessary to use an analytical
expression. For this purpose, the time parameter t
was analytically isolated from equation (2) by fixing the
value of the homogeneity coefficient at & = 0.9 (3).
This made it possible to obtain an equation describing
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the dependence of the mixing duration tos (4) on the
rotational speed of the paddle shaft n,, the rotational
speed of the container ny, and the vibration mode
coefficient ky:

O(Np, Ne, kv) =0,9 — 3)
to,o = 0,00609756 (21454 — 0,119523 x
x (—5,23724-10° + 4,82375-108 ky —
—3,52856-107 kv? + 1,34523-108 nc — 4)

1,80006-10° nc2 + 3,26-108 np —
—1,18129-108 nc np — 3,63428-10° ny?)°5),

Dependence (4) has a complex multifactor
structure with quadratic and interaction terms,
which corresponds to a second-order model. It
accounts for both the individual effects of each
parameter and their interactions, in particular the
influence of the cross-product term nchp. This
makes it possible to describe the effect of changes
in mixing conditions even with small deviations from
the baseline values.

Figures 2(a) and 2(b) present a graphical

Figure 2 (b) shows the dependence of tg.o
on the container rotational speed n, and the
vibration mode coefficient kv at a fixed paddle shaft
rotational speed n, = 40 min™'. Similar to the
previous case, the surface is characterized by the
presence of a minimum region and a saturation
effect at the extreme values of the parameters. An
increase in ky combined with moderate values of nc
contributes to a reduction in mixing time, whereas
excessive vibration intensity or insufficient
rotational motion of the container may lead to a
decrease in mixing efficiency.

The correlation coefficient between the
results is 0.87, which, according to the Chaddock
[11, 13] scale, indicates a high degree of
relationship between them. This confirms the
correctness of the regression model construction
and its consistency with the fundamental analytical
dependence.

In view of the above, it can be stated that
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comparison of the dependence of the time required
to achieve the specified mixture homogeneity, too,
constructed based on the experimental model (4),
with the corresponding theoretical dependence.
Both surfaces make it possible to analyze the
agreement between the experimental data and the
analytical description of the process.

Figure 2(a) illustrates the spatial
dependence of ty.9 on the rotational speed of the
paddle shaft n, and the rotational speed of the
container ny at a fixed vibration mode coefficient
kv = 5.6. The surface exhibits a pronounced convex
shape with a minimum in the central region,
corresponding to the optimal combination of
parameters at which the mixing time is minimal. An
increase or decrease in any of the parameters
beyond the rational range leads to an increase in
too, which is associated with a loss of mixing
efficiency due to either excessive or insufficient
mechanical action.

n, = 40 min™!

experiment

ne, min’!

6)

Fig. 2. Dependence of the time required to achieve the specified homogeneity too on the rotational
speed of the paddle shaft n, and the rotational speed of the container n. (a), and on the vibration mode
coefficient ky and the rotational speed of the container nc (b)

the results presented in Figures 2(a) and 2(b)
confirm the effectiveness of the applied modeling
approach, demonstrate the reliability of the
obtained equations for describing the process of
achieving the specified homogeneity, and provide a
basis for further optimization of mixing parameters.

Conclusions. As a result of the conducted
experimental  studies, quantitative patterns
describing the influence of the operating
parameters of a vibratory mixer on the homogeneity
coefficient of a feed mixture were established. A
statistically justified second-order regression model
was developed, which adequately describes the
mixing process and can be used for engineering
calculations and prediction of mixture quality.

It was determined that the rotational speed
of the paddle shaft has the greatest influence on
homogeneity formation, which is explained by the
predominance of the shear mixing mechanism over
bulk material movement. The container rotational
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speed and the vibration mode coefficient have an
additional but significant influence on process
efficiency.

Rational operating modes of the mixer were
identified, under which the homogeneity coefficient
reaches 6 = 0.932 at a paddle shaft rotational speed
of 40.9 min™ and a container rotational speed of
23.9 min™'. At minimum parameter values, the
homogeneity decreases to & = 0.851, which is
insufficient from a technological standpoint. An
effective operating region was established within
which the technologically required homogeneity
level d = 0.9 is ensured.

An analytical dependence of the mixing
duration t,.o required to achieve the specified
homogeneity level on the main operating
parameters of the mixer was obtained. This makes
it possible to determine the rational duration of the
mixing cycle and creates the basis for the
development of process control algorithms.

Comparison of experimental and calculated
data showed a high level of agreement (correlation
coefficient 0.87), confirming the adequacy of the
developed mathematical model and the possibility
of its application for optimization of vibratory feed
mixing  parameters  with  consideration  of
technological and energy criteria.
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napamempie  gibpauiliHo2o  3mMmiwyeada  Ha
gopmyeaHHsI 0OHOPIOHOCMI KOPMOBOI cymiwi ma
8CMaHOB/1eHO  KifIbKICHI  3aKOHOMIpHOCMI  3MiHU


https://bookstore.ksre.ksu.edu/pubs/testing-mixer-performance_MF3393.pdf
https://bookstore.ksre.ksu.edu/pubs/testing-mixer-performance_MF3393.pdf
https://inspection.canada.ca/en/animal-health/livestock-feeds/inspection-program/developing-mixer-performance-testing-procedures
https://inspection.canada.ca/en/animal-health/livestock-feeds/inspection-program/developing-mixer-performance-testing-procedures
https://inspection.canada.ca/en/animal-health/livestock-feeds/inspection-program/developing-mixer-performance-testing-procedures
https://inspection.canada.ca/en/animal-health/livestock-feeds/inspection-program/developing-mixer-performance-testing-procedures
https://www.gmpplus.org/media/mzufayat/ts111-control-of-residues-homogeneity-en.pdf
https://www.gmpplus.org/media/mzufayat/ts111-control-of-residues-homogeneity-en.pdf
https://doi.org/10.15587/1729-4061.2017.117635
https://doi.org/10.1016/j.powtec.2007.07.036
https://doi.org/10.1111/j.2517-6161.1951.tb00067.x
https://doi.org/10.1111/j.2517-6161.1951.tb00067.x
https://doi.org/10.37128/2520-6168-2020-4-8
https://doi.org/10.37128/2520-6168-2021-1-9
https://doi.org/10.37128/2520-6168-2021-1-9

ISSN 2306-8744

Ne 1 (120) Bibpauii e mexHiyi

KoegbiuieHma OOHOpIOHOCMI  3anexHOo g8id
KiHemMamuyHUX | eibpauitHux Xxapakmepucmuk
npouecy. AkmyanbHicmb pobomu  3ymMoerieHa
HeobxiOHicmio  3abe3reyeHHs  8UCOKOI  siIKocmi
KopMogux cymiwel 3a MiHiManbHUX eumpam 4acy
ma eHepaii, OCKiIIbKU OOHOPIOHICMb
KOMIMOHeHmMHoe0o ckiiady 6e3rnocepedHbo erniusac
Ha egekmusHicmb 200ierli  ma  eKOHOMIYHI
MOKa3HUKU s8upobHuymea rpodykuii
meapuHHuymea. Memoro oocnidxeHHs €
8CMAaHOB/IEHHSI  CMamucmu4Ho  0brpyHmoegaHoi
bacamocghbakmopHoi  3anexHocmi  KoedgbiuieHma
O0HOpiOHOCMIi 80  peXuMHUX  rapamempie
gibpaujliHoeo  3Miwyeaya ma BU3HA4YeHHS
pauioHanbHUx pexxumie loeo pobomu.
EkcnepumeHmaribHi 0ocriOXeHHs
rposedeHo 3 BUKOPUCMAaHHSIM memoOdy
108HOhaKMOPHO20 EKCIEPUMEHMY 3 8apito8aHHAM
yacmomu  obepmaHHs  fionameeoeo  eary,
yacmomu obepmaHHs1 KoHmelHepa, KoegiyieHma
pexumy gibpauii ma mpueasocmi 3MiwyeaHHs. Ha

ma mexHorsoegissx
2026

ooesipuyiti imosipHocmi 0,95.

3a pesynbmamamu MOOesI08aHHs
BU3HA4YeHO  pauyjioHanbHi  pexumu  pobomu
3miwysaya, rnpu SKUX KoegiuieHm 00OHOopiIOHoCcMI
Oocsizae 3HavyeHHs1 O = 0,932 npu yacmomi
obepmaHHsi nonameegozo eany 40,9 xe i yacmomi
obepmaHHsi KoHmelHepa 23,9 xel. MiHimanbHe
3HayYeHHs rnokasHuka 6 = 0,851 cnocmepieaembcsi
MpU HU3BKUX 3HAYEHHSIX PEXUMHUX rfapamempis.
BcmaHoeneHo obnacme eghekmugHUX pexumis, y
Mexax sKoi  3abe3nedyyembCsi  MEXHO08iHHO
docmamHili  pieeHb 00HopidHocmi & = 0,9.
OmpumaHO aHanimuyHy 3anexHicmes mpusasnocmi
3mMiwyeaHHs1 ty.o, HeO0bXiOHOI 0nsi  O0OCSi2HEHHS
3a0aHo20 pieHs 0OHOpIOHOCMI, WO (00380/IsiE
fpoeHO3y8amu  napamempu  fpoyecy  ma
30ilicHroeamu lioeo onmumizauito. KoegpiyieHm
Koperauii MK eKcrnepuMeHmasnbHuMu — ma
pospaxyHkogumu OaHumu cmaHosumbs 0,87, wo
niémeepdxye adexkeammHicmb po3pobreHoi
MamemMamuyHoi mooderti.

OCHO8I 06pObKU  eKcriepumMeHmasibHUx  OaHux Knroyoei cnoea: sibpayitiHuli 3miwysad,
rnobydosaHo pezpecitiHy modersib dpy2o20 ropsdKy, Kopmosa cymiuw, OOHOPIOHICMBb, PEXUMHI
wo onucye 3MmiHy KkoegiuieHma odHopiOHOCMI  napamempu, MamemamuyHe  MOOEJI08aHHS,
cymiwi. CmamucmuyHy 3HadYywicme napamempie  onmumisauis.
moderi oyiHeHo 3a Kpumepiem Cmbro0eHma, a ii
adekeamHicmb — 3a Kpumepiem @iwepa npu
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