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DEVELOPMENT OF MATHEMATICAL APPARATUS
OF THE EXPERT SYSTEM FOR MODELLING ICE CREAM
RECIPES WITH SPECIFIED QUALITY PARAMETERS

Introduction. Application of new methods, in particular, expert systems with mathematical apparatus, enables improv-
ing the recipe composition of multi-component food products in a wide range of content of components with their full or
partial replacement by alternative ones, including natural functional and technological ingredients.

Problem Statement. The creation and use of hybrid expert system of ice cream recipe modelling is impossible without
using special mathematical apparatus.

Purpose. To develop mathematical models and methods that enable to calculate the multicomponent ice cream recipes
with the standard chemical composition taking into account the raw materials and functional and technological ingredients
available at the manufacturer and to get the finished products of guaranteed quality.

Materials and Methods. The methods of analysis and synthesis, generalization and scientific abstraction, as well as the
method of mathematical modelling are used. The information base of the research is the results of laboratory studies of the
quality of recipe components and ice creams of different chemical composition. Mathematical modelling with the use of
tuples, systems of equations and restrictions, is made in MathCad and MathLab software packages.

Results. As a result of the development of the expert system mathematical apparatus, a set-theoretical mathematical
model of the finished product quality control at the stage of operative planning of new types of ice cream with increased
nutritional value has been obtained; multi-component ice cream recipes have been optimized in terms of composition; and
a model for determining the optimal set of control actions in the presence of technological defects in the calculation of
recipes has been built.

Conclusions. The created mathematical apparatus for modeling ice cream recipes has a large-scale application due to
interchangeability of separate functional and technological components, which has been tested and confirmed during the
trials in research laboratories.

Keywords: mathematical apparatus, expert system, optimization, and ice cream recipe modelling.

Strategic development of food technology de- The complexity and depth of these problems
pends on the efficiency of scholarly research and | requires the involvement of highly qualified ex-
practical application of its results. While doing | pertsin the implementation of research works. In
R&D works, it is necessary to assess the contri- | this regard, to solve the urgent problems of the
bution of individual developments to the solution | food industry, which is accompanied by the sys-
of problems, as well as to evaluate the prospects | tematic management of individual series of scho-
and to develop a strategy for the commercializa- | larly research, it is necessary to apply modern in-
tion of the R&D results. formation technologies, including those based on
© BREUS, N., HRYBKOV, S., POLISCHUK, G., expert systems. Such systems are the most effec-

and SEIDYKH, O., 2019 tive tool for conducting research and commercia-

o7




Breus, N., Hrybkov, S., Polischuk, G., and Seidykh, O.

lizing its results. With the help of expert systems,
it is possible to integrate the knowledge of re-
searchers from different fields and to create app-
ropriate partner systems that may be used for the
development of recommendations for the industry.

Now, there is a problem of creating information
systems to address the specific challenges of food
technology as complex multifactorial models. The
final result depends on both the physicochemical
parameters of the recipe ingredients and their
content in the multicomponent food systems, as
well as on the simultaneous effect of numerous
processing parameters (mechanical, thermal, bio-
chemical, etc.) throughout the technological pro-
duction cycle on these systems.

In order to build an appropriate information
system for supporting the technological processes
with the help of expert knowledge, many compo-
nents (technical, informational and universal mat-
hematical apparatus represented by a complex of
mathematical methods and models) are necessa-
ry. Such mathematical apparatus can be used for
solving problems of modeling and optimizing the
composition of various types of multicomponent
food systems in a wide range of variations in the
recipe composition with the application of fun-
damentally new functional and technological ing-
redients.

The problems of computer simulation of food-
stuff with a given nutritional value have been stu-
died by various researchers, including N.N. Lipa-
tov and Yu.A. Yuvashkina in [1, 2]. The issues of op-
timization of individual technological operations
have been discussed by domestic and foreign re-
searchers, including G.E. Polishchuk, Yu.A. Ole-
nev, A.A. Tvorogova, A.E. Krasnov, O.N. Krasulia,
R.T. Marshall, H.D. Goff, and R.W. Hartel [1—12].

The problems of supporting the technological
processes in food industry through the use of in-
formation technologies have been very widely dis-
cussed, but so far, there have been no analogs of in-
formation systems with a universal mathematical
apparatus designed to model ice cream formula-
tions as the most complex food product in terms of
chemical composition and physical characteristics.
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Research in the modeling of ice cream compo-
sition has shown that, in most cases, the formula-
tion of recipes is considered only as a task to deve-
lop a new product with original consumer proper-
ties. Such problems are usually addressed without
the use of information technology that involves
mathematical methods and models, and their so-
lutions do not take into account all the specifics
of modeling recipes of new types of ice cream with
improved product quality.

At the same time, modeling of consumer charac-
teristics of finished products and prediction of
their functional and technological characteristics
that are formed at the stage of preparation of reci-
pe formulas is of great importance for increasing
the nutritional value of products through the de-
velopment of new formulations.

When modeling ice cream composition, it
should be borne in mind that the term "quality"
is a set of special requirements for interrelated
organoleptic and physicochemical properties. The
main factors that form the organoleptic percep-
tion of the consistency of the finished product are:
the air volume content (ice cream overrun), the
degree of dispersion of the air phase, and the re-
sistance to melting [4—9].

It should be noted that the full-scale process of
modeling any multicomponent ice-cream recipes
requires considerable time and materials for labo-
ratory research in the case of replacement of each
recipe component and the choice of its optimal
content.

The purpose of this research is to develop mat-
hematical models and methods that enable to
quickly calculate multicomponent formulations
of ice cream with a standard chemical composi-
tion, taking into account the availability of raw
materials, functional and technological ingredients
for the manufacture of a finished product of gua-
ranteed quality.

The designed mathematical apparatus of the
expert system shall support the creation of reci-
pes of new types of ice cream with specified con-
sumer characteristics and optimal cost, as well as
to select the optimal chemical composition of mix
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formulas for the formation of specified organolep-
tic and physicochemical properties of ice cream
due to functional and technological properties of
the components.

The theoretical set mathematical model of qua-
lity management of the finished product at the sta-
ge of operational planning of the recipe for new
types of ice cream with a high nutritional value
has a coherent (self-consistent) form [11, 13].

At time T, there is given a set of raw materials
in the form of X(7) i.e. set of tuples X(7, 7):

X(T i) =<X(T,i, 1), X(T, 1, 2),

D X(T i, K +1)>, (1)
where X (T, i, 1) is the quantity of i-th raw mate-
rial in stock at the moment T} X(T, i, 2), X(T, i, K)
are quality parameters of i-th raw material in
stock at the moment T K is the number of quality

parameters.
The following equalities shall be met:

X(0)=2,
X(0)=U X(T, 1)

X(T) > 0.
Also, at the moment T a set of additional mate-

rials is given as Xdpm(T) and described by tuples
Xdpm(T, i):

Xdpm(T, i) = <Xdpm(T, i, 1), Xdpm(T, i, 2), ...
Xdpm(T, i, Kv + 1)>, (3)

where Xdpm(T, i, 1) the quantity of i-th indirect
material in stock at the moment T; X (T, i, 2),
..X(T, i, Kv+1) are quality parameters of i-th in-
direct material in stock at the moment T: KV is
the number of quality parameters of i-th indirect
material.

In this case, the following equalities shall be met:

Xdpm(0) = @,

(2)

Xdpm(T) =Y Xdpm(T, i),

Xdpm(T) > 0.
At the moment 7, there is a planned assign-

ment to produce the ice cream described as fol-
lows:

(4)
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Pz(T) = <Pz(T, 1), Pzmax(T, 2), Pzmax(T, L),
Pzmin(T, 2), Pzmin(T, Np)>, )

where Pz(T,1) ) is the planned quantity of the ice
cream to be produced; Pzmax(T, 2), Pzmax(T, L)
are maximum permissible quality parameters of
the ice cream; Pzmin(T, 2), Pzmin(T, L) are mini-
mum permissible quality parameters of the ice
cream; Np is the number of quality parameters of
the finished product.

The problem is reduced to the synthesis by op-
erator U at a given interval dT, which forms the
tuple R(T+dT) described by the expression:

R(T+dT) = U(X(T), P2(T), NRec(T)), (6)

where R(T +dT) = <Xp(T + dT), Xpdpm(T + dT),
Fp(T + dT)>; Xp(T + dT) is a set of raw material
to be used within the interval (7, T + dT) for
manufacturing the product; Xpdpm (T + dT) is
asset of indirect materials to be used within the
interval <T, T + dT> for manufacturing the pro-
duct; Fp(T + dT) is tuple of products to be ma-
nufactured within the interval <7, T + dT>,
Fp(T +dT) = <Fp(T + dT, 1), Fp(T + dT, 2), ..
Fp(T + dT, Np)>; Fp(T + dT, 1) is the quantity of
products to be manufactured; Fp(T + dT, 2), ..
Fp(T + dT, Np) are quality parameters of the fu-
ture products; NRec(T) is new formulation deve-
loped at the moment T.

Let Ff(T + dT) is a tuple of the products ma-
nufactured within the interval <7, T+dT>, then
Ef(T + dT)=<F(T + dT, 1),F(T + dT, 2)..
Ff(T + dT, Np)>, Ff(T + dT, 1) is the quantity of
the products manufactured within the interval
<T,T+dT> a F(T + dT, 2),.Ff(T + dT, Np) are
quality parameters of the products manufactured.

The admissible operator Ud ensures the fulfill-
ment of the inequalities:

V k(Pzmin(T + dT, k) < Fp(T + dT, k) <

< Pzmax(T +dT,K)), k = 2,.Np,  (7)
v k(Pzmin(T + dT, k) < Ff(T + dT, k) <
< Pzmax(T + dT, k)), k = 2,..Np. (8)

These relationships ensure obtaining the prod-
ucts of specified quality.
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If Xn(T +dT) ) is set of raw material coming to
stock within the interval <7, T + dT>, then set of
raw material at the moment T + dT is defined by
the relationship:

X(T +dT) = X(T) U Xn(T + dT) \
Xp(T +dT). )

For the indirect materials the relationship is
as follows:

Xdpm(T + dT) = Xdpm(T) w Xdpmn(T + dT) \

Xdpmp(T + dT), (10)
where Xdpm(T + dT) is set of indirect materials
in stock at the moment T + dT; Xdpm(T) is set
of indirect materials in stock at the moment T*
Xdpmn(T + dT) is set of indirect materials co-
ming to stock within the interval T, T + dT,;
Xdpmp(T + dT) is set of indirect materials to be
used within the interval T,T + dT.

Let the optimal operator U, is the admissible
operator U, that ensures the optimal value of gi-
ven criterion of effectiveness Q and is defined as
cost of the formulation of the ice cream. Since the
technology for ice cream manufacture is a multi-
stage and complicated process, the operator U
may be represented as a set of operators:

u- yu, (1)
where U is the operator that forms Xp, a set of
raw material to be processed.

According to the planned assignment, the sub-
set Xp(T) for processing is chosen:

Xp (1) =U, (X (D), Pz(T)).  (12)

Based on the chosen subset Xp(T) the operator
U, forms a set of ingredients for making the ice
cream formulation:

<Y (D), Xdpmp (T)> = U(Xp(T), Pz (1)),
(D) ={y(T,i)} i=1,., (D] (13)
y(T, 1) =<y(T, i, 1), y(T, i, 2),..., y(T, i, M) >,
where y(T, i, 1) is the quantity of the i-th object;
y(T,i,2), ..., y(T, i, M) are the quality parameters

of the i-th object; M is the number of quality pa-
rameters of the i-th object; Xdpmp(T) is the set of
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indirect materials to be used within the interval
T, T + dT while making the formulation.

Based on the set Y(T), the operator U, forms
the chemical composition of the ice cream for-
mulation Z(T), that can be described by the exp-
ression:

Z(T) = U(Y(D), P(T),R),
ATy =<AT 1), AT, 2), ... AT, Nf)>,

where Z(T, 1) is the planned quantity of the ice
cream; Z(T, 2), ..., Z(T, Nf) are the quality param-
eters of the ice cream; Nf is the number of quality
parameters.

The ice cream Z(7) is transformed by the op-
erator U, into the new planned finished product
Fp(T + dT), described by the expression:

Ep(T +dT) = U(LT), Pz(T)).  (15)

The tuple of actually manufactured products
Fp(T + dT) is formed based on the factory’s re-
ports, instead of being calculated.

The problem of optimizing the formulation
of ice cream is to determine the ingredient com-
position of the formulation using different types
of raw materials having certain physicochemi-
cal characteristics and a high nutritional value
[4—7].

To set the problem of optimizing multicompo-
nent ice cream recipes, it is necessary to have
complete information about the list of all types of
ingredients that may be included in the formula-
tions, quality parameters, functional and techno-
logical properties of each type of raw material, as
well as the quantitative content of ingredients.

Most recipe components of milk-based ice
cream are basic ones, so their contents are regu-
lated by requirements of standards. For example,
for ice cream the content of the following ingre-
dients is standardized: sugars and sugar products;
fat; stabilizer; moisture; and dry skim milk resi-
due. Flavorings, fillers and other components are
added to ice cream mix formulas according to the
manufacturer's recommendations for the forma-
tion of specified organoleptic characteristics of a
particular type of product.

(14)
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Let us suppose, there is given a set of ingredi-
ents described by the tuples Y:

Y(i) =<y(i,k)>i=1,N;k=1,K,  (16)

where y(i, 1) is minimum permissible share of the
i-th ingredient in the recipe; y(i, 2) is maximum
permissible share of the i-th ingredient in the reci-
pe; y(i, 3) is the moisture content in the i-th ing-
redient, %; y(i, 4) is the fat content in the i-th
ingredient, %; y(i, 5) is the content of sugar and
sugar products in the i-th ingredient, %; y(i, 6) is
the content of stabilizer in the i-th ingredient, %;
y(i, 7) is the content of dry skimmed milk residue
(DSMR) in the i-th ingredient, %; y(i, 8) is price
per 1 kg i-th ingredient, UAH.

The requirements for the quality parameters of
the finished product are as follows:

Kv (moisture), % — 60 < Kv<72;
Ks (DSMR), % — 8 < Ks<12;
Kj (fat), % — 0.5 < Kj<5;

«  Kst (stabilizer, at most), % — 0.4 < Kst < 1.5;
Kz (sugar and sugar products, at most), % —
14 <Kz< 18.
For example, for high-fat vanilla ice cream recipe,
the standard values of the coefficients are as follows:

Kv =65%, Ks = 10%, Kj = 15%,
Kst =0.5%, Kz = 14.5%.

While determining the input data, it is neces-
sary to set the following vector:

x=<x(i)>i=1,N,

(17)
where x(i) is weight fraction of the i-th ingredi-
ent in the recipe.

The admissible solution is vector x that meets
the following limitations:
« The moisture content limitation:

N

YA yi D<Kk (18)
« The fat contelllzt1 limitation:

ix(i) -y(i, 4) < Kjk; (19)
» The sugar corlgént limitation:

_ix(i) -y(1, 5) < Kzk; (20)
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- The stabilizer content limitation:

Z x(1) - y(i, 5) < Kstk; (21)
- The DSMR hmltatlon
i x(1) - y(i, 6) < Ksk; (22)

The sum of fractlons shall be equal to 1 (the
shares are determined for the unit product):

N

Y () =1; (23)
i=1
« The ingredient use limitation:
Vi(y(i, 1) <x(i) <y(i,2)),i=1,N. (24)

The optimization function of the assignment is
as follows:

N

F(x) =Y x(i) - y(i, 8) — min.

i=1
The above described technology for designing
new types of formulations enables to replace some
ingredients of the recipe by their substitutes that
meet all necessary requirements.
The substitute or new ingredient can be de-
scribed by the equation:

Yz = <yz(k)> k=1,K

where yz(1) is the minimum permissible share of
the substitute in the recipe; yz(2) is the maximum
permissible share of the substitute in the recipe;
yz(3) is the moisture content in the substitute,
%, yz(4) is the fat content in the substitute, %; yz(5)
is the sugar content in the substitute, %; yz(6) is
the stabilizer content in the substitute, %; yz(7)
is the DSMR content in the substitute, %; yz(8)
is price per 1 kg substitute, UAH; S is the set of
ingredient numbers.

Hence, if kz € S, and ingredient yz is a substi-
tute for it the problem statement needs to be re-
vised as follows:

. Toinclude the substitute yz into the set of ing-
redients under the number N + 1;
To replace N by N +1in formulas (18—23);
Formula (23) for kst is written as follows:

V(kst, 1) <x(kst) + x(N + 1) <y(kst, 2); (26)

(25)
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<1,

S(T) Mhd> <|Mhd), 1>
A | :

<0.0>| :
0 1

<2,1> .
@ < Phd(2, 1), FVd(2,1),/Q (2, 1), 1 >
2 \Mhd T

Puc. Stepwise solution building of the problem: where nom(T—1) is the number of the point of previous step, from which the
point at the step T'is obtained. The process starts with the point <0, 0>, Phd(0) = @, FVh(0) <0,... 0 >, Q(0) = 0. At the first
step, we obtain |Mpd| options for forming the set Phd, each of which consists of one of the objects of the set Mhd : Phd(1, 1),
Phd(1, 1), ... Phd(1,|Mhd)). At the second step, we obtain C? g OPtioNs, at the third one, we get €%, , options, and at the last

one, we have C‘\A\% options. This approach is a direct enumeration of problem solution options.

+  For other numbers, formula (23) remains un-
changed.

To solve the problem of optimization of ice
cream formulations, we have used the simplex
method. Its objective is to minimize the price of
the product and the limitations are the quality
requirements.

Having detected technological defects in ice
cream formulations (for example, in the formula-
tion with a high content of the dispersed phase,
which leads to an unstable structure, with the
taste and the aroma not meeting the require-
ments), it is necessary to adjust the set of techno-
logical, taste, and aroma properties of the product
made based on the specified recipe. This set of
properties is formed and corrected using the con-
trol inputs realized by adding food additives with
the required functional and technological prop-
erties to the formulations [13, 14].

As aresult, it is necessary to select such a list of
control inputs in the form of food additives, which
would contain the required set of ingredients, but
at the same time, the total cost per unit mass of
these additives would be minimal. The set of food
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additives Mhd, each element of which Mhd(i) is
given as tuple:

Mhd(i) = <Mhd(i, k), Mhd(i, K+1) >, (27)
1, if Mhd (i) possesses the

k-th functional property,
0, otherwise.

where Mhd (i, k) =

k =1, ..K, where K is the number of functional
properties; Mhd(i, K + 1) is price of the i-th addi-
tive.

Let the set of functional properties is given as
vector:

FV=<FV(1)>,1=1,.,L, L<K, (28)
1, if the presence of functional pro-

where FV = { perty [is required
0, otherwise.

Let Phd is a subset of Mhd: Phd c Mhd. Let us
define operator Fh that forms vector FVh as:
FVh = Fh(Phd),
FVh(1) = 0.1 =1, .., L, (29)
FVi(l) = FVA(l) v Phd(i, 1)1 =1, ., L,i =1,
|Phd|.
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Thus, vector FVh generalizes the set of func-
tional properties that correspond to the subset
Phd. Tt is necessary to find such a subset Phd for
which the following conditions are met:

Fh(Phd) = FV, (30)

and the criterion is

|Phd|

Q= Y Phd (i, K+ 1) —min. (31)

The formulated task relates to the problem of
the smallest vertex cover of NP-complex optimi-
zation of integer programming and is improved
by the rules for rejection of unpromising variants
[15—17]. Fig. 1 shows stepwise solution of this
problem. In the plane <S, T>, where T = 0,..|Mhd|,
S(T) is the ensemble of points, with the triple of
values: <Phd(T), FVh(T), Q(T),nom(T—1), which
describe the options for solution building at the
step T corresponding to each point of this ensemble.

Let us compare the vertex of a graph at each
point of the plane <§, T> and represent the ob-
tainment of one option at each step of the solu-
tion by a graph arc. The resulting graph is a graph
of allowable states (GAS). In order to reduce the
dimension of the problem, it is necessary to screen
out inadmissible and unpromising solutions at
every step.

Let us consider the obtainment of new point
S(T + 1, n) from point S(T,j).

Let Mhd(n) ¢ Mhd\Phd(T, j) that creates the
subsets:

Phd(T + 1, n) = Phd(T, j) U Mhd(n), (32)

FVI(T + 1, n) = FR(Phd(T + 1,n)). (33)
If
FVA(T + 1, n) =

= FVI(T,j) vV 3 L(FVA(T + 1, n, 1) > FV(1)), (34)

then, the addition of new additive either does
not enhance the functionality of the new subset,
or increases the cost of the formulation, or this
new additive provides extra functionality. Such
a peak is considered inadmissible for the further
development. Otherwise, the new vertex is valid.
Forthe admissible vertex, the criterion Q(T+ 1,n)
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is calculated by the following recursive relation-
ship:

Q(T +1,n)= Q(T,j) + Mhd(n, K + 1).
If

(35)

FVA(T + 1, n) = FV, (36)

then this point remains on the vertical T+ 1 as ad-
missible and further transits to the next levels in
the same status.

Let us put together each transition arc from
point<T,j>topoint<T+1,n>and Mhd(n,K + 1)
interpreted as the arc length. In this case, the so-
lution of the problem is reduced to finding the
shortest path on the GAS from the vertex <0, 0>
to vertex <|Mhd|, 1>.

For reducing the number of GAS vertexes, at
each step the following actions shall be done: let
Phd(T + 1) is the set of all admissible points
obtained at step T + 1. Let us consider two arbit-
rary points on the vertical T + 1: phd(T + 1, i) and
phd(T + 1,7), the corresponding vectors FVA(T + 1 i)
and FVA(T + 1,j), and the criteria Q(T + 1, i) and
QT +1,)).

Point Phd(T + 1, i) ) is unpromising with res-
pect to point Phd(T + 1,7), if the relationship is met:

YV m(Phd(T + 1,j, m)) >

> Phd(T +1,i,m) A Q(T+ 1,i),  (37)

where m is the point of the state on the <S, T>
plane vertical.

Relationship (35) means that in the set
Phd(T + 1, j) there are more functional options
as compared with the set Phd(T + 1, i), at a les-
ser total cost of additives. All unpromising ver-
texes shall be rejected at each step of the solution
building.

Mathematical models designed to optimize ice
cream formulations enable to avoid defects of in-
dividual quality parameters of this product at
certain stages of the manufacturing process.

The developed mathematical apparatus can be
used to optimize the formulation of any other
multicomponent food product, taking into ac-
count the ranges of content of the basic compo-
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nents and recommendations for the use of func-
tional and technological food additives.

The prospects for the further research include
testing the created mathematical apparatus as
part of the expert system, which will improve the
recipe composition of new types of ice cream by
applying fundamentally new functional and tech-
nological ingredients in order to improve an im-
portant quality parameter, the nutritional value
of the product. The use of an expert system will
enable to calculate the optimal ice cream formu-
lations of guaranteed quality, taking into account
technological innovations, in a production envi-
ronment, with minimum time input. In the case
of detection of technological defects in the for-
mulations (for example, a low content of the dis-
persed phase), the expert system offers recommen-

dations to remedy the existing defects. The re-
commendations are formed by logical conclusion
based on the factual knowledge base.

Hence, a new system for calculations of ice
cream formulations has been developed to redu-
ce the consumption of time and material resour-
ces for verifying the compliance of organoleptic
and physicochemical parameters with the regula-
tory requirements for the quality of the finished
product.

A mathematical apparatus for obtaining opti-
mal ice cream recipes of a specified quality and
cost, as a component of the expert system, has
been developed. Unlike the conventional recipe
modeling methods, the mathematical apparatus
is based on the application of expert data proces-
sing technology and optimization methods.
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PO3POBJIEHHA MATEMATUYHOTO AITAPATY
EKCITEPTHOI CUCTEMU JJII MOJIEJTIOBAHHST
PEIEIITYP MOPO3UBA I3 3BAJAHNMUI
I[TOKASHUKAMU AKOCTI

Beryn. 3acrocyBanis HOBUX METO/IiB, 30KpeMa eKCIePTHUX CUCTEM 3 MaTeMaTUYHUM arlapaToM, 103BOJISIE YIOCKOHAIIO-
BaTU PELENTYPHUI CKJIal 6araTOKOMIIOHEHTHUX XapUOBUX IIPOAYKTIB B INUPOKOMY JAianaszoHi BMICTY CKJIaJl0BUX KOMIIOHEH-
TiB 3 iX IOBHOIO 260 YACTKOBOKO 3aMiHOI0 Ha iHIII, 30KpeMa ii Ha HaTypasibHi (hYHKI[IOHAIBHO-TEXHOJIOTTYHI iHTPE/IiEHTH.

IIpoGaemaTura. CTBOPEHHS Ta BUKOPUCTAHHS IIOPUIHOI €KCIIEPTHOI CUCTEMU MOJEJIOBAHHSI PEILENTYP MOPO3UBA He
MOKJIMBO 0€3 BUKOPUCTAHHS 0COOJIMBOIO MATEMATUYHIM aItapary.

Merta. Po3po6ka MaTeMaTUUHUX MOJIEJIEll Ta METOIIB, SIKi I03BOJISIIOTH OMEPATUBHO PO3PAXOBYBATH GAraTOKOMITOHEHTHI
pelenTypyu MOpo3uBa 3 HOPMATUBHUM XIMIYHUM CKJIQ/IOM 3 ypaxXyBaHHAM HasBHOI Ha HiIIPUEMCTBI cupoBunu i GyHk-
11I0HATPHO-TEXHOJIOTIYHNX IHTPEIIEHTIB Ta OIeP:KyBaTH TOTOBUI MPOAYKT TapaHTOBAHOI SIKOCTI.

Marepiamm it MeToau. Bukopucrano MeTojl aHaJIi3y U CUHTE3Y, y3araJbHEHHS Ta HAYKOBOI abCTPaKIlii, a TAKOK METOJ
MaTeMaTUYHOTO MoeaoBanHs. [HhopMaliiinoo 6a3010 TOCHIKEHH CIyTYBAJIU PE3yAbTaTH J1abopaTOPHUX AOCITIKEHD
SAKOCTI pelenTypHUX KOMIIOHEHTIB Ta MOPO31Ba Pi3HOTO XIMIUHOTO CKJaay. MareMaTnuHne MOJIe/IIOBAaHHS 3 BAKOPUCTAHHSAM
KOPTEKIB, CUCTEM PIBHSAHD Ta 0OMeKeHb JeTabHO 3/ilicHeHo y nporpamunx nakerax MathCad ta MathLab.

Pesyabrati. B xo71i po3po0Ki MaTeMaTHIHOTO arapaTy eKCIepTHOI cucTeMu GyJI0 0O[epKaHo TeOPETUKO-MHOKIHHY Ma-
TeMaTUYHY MO/IeJTh YIIPABJiHHS SKICTIO TOTOBOTO MPOAYKTY HA eTalli ONepaTHBHOTO IJIaHYBAaHHS pelelTyPH HOBUX BHU/IIB
MOPO3UBA I1i/IBUIEHOI XapUOBOI IIIHHOCTI, OITUMI30BaHO 3a CKJIaJI0M GAraTOKOMIIOHEHTHI PELENTYPH MOPO31Ba, ChopMOBa-
HO MO/I€JIb BU3HAYEHHST OIITUMAJIbHOTO HAOOPY KEPYIOUMX BIUIUBIB 32 HASIBHOCTI TEXHOJIOTTYHUX eDEKTIB I yac po3paxyH-
KY pererntyp.

Bucnosku. CTBOpennii MaTreMaTUYHMIT aniapaT /71 MOJIETIIOBAHHS PEIeNTyP MOPO31Ba € YHIBEPCAJIbHIM 3aB/ISIKU B3a€-
MO3aMIHHOCTI OKpPeMUX (DYHKITIOHATbHO-TeXHOJIOTIYHIUX KOMIIOHEHTIB, 1110 TIepPeBipeHo Ta MiATBepKeHO i 9ac oro ampo-
Garlii y HayKOBO-I0CIIIHUX JTaGOPATOPisiX.

Knwouosi crosa: maTeMaTHIHUIM allapar, eKClepTHa CUCTemMa, OHTI/IMiBaL[iH, MO/IeJIIOBaHHA PEHEITyp MOPO3UBa.
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PASPABOTKA MATEMATHUYECKOTO AMIITAPATA 9KCITEPTHO¥ CUCTEMBI
JUIAA MOAEJIMPOBAHNMA PELEIITYP MOPOKXEHOI'O
N3 3AAAHHBIMUI ITOKA3ATE/IAMU KAYHECTBA

Beenenue. [Ipnvenenye HOBBIX METOOB, B YaCTHOCTH 9KCIIEPTHBIX CHCTEM ¢ MATeMaTHYECKHM allliapaToM, TTI03BOJISET
COBCpH_[CHCTBOBaTB pCHCHTypHBIﬁ COCTaB MHOT'OKOMITIOHCHTHDBIX ITNIIEBbBIX HpOI[yKTOB B H_[I/IpOKOM Analia3oHe CO[[Cp)KaHI/Iﬁ
COCTABJIAIONINX KOMIIOHEHTOB C UX IIOJIHON MJIM YaCTHYHOH 3aMeHOIl Ha pyrue, B TOM YMCJIe ¥ Ha HaTypasbHble (DyHK-
IMMOHAJIbHO-TEXHOJIOTUYECKNE I/IHrpe[[I/IeHTI)I.

Ipo6aemaTuka. Cosanue 1 UCIIOJIb30BaHUE THOPUIHOM SKCIIEPTHOM CUCTEMbI MOZIE/IMPOBAHUS PELIENITYP MOPOKEHOIO
HEBO3MOKHO OCYIIECTBUTDH O€3 NCIIOIb30BaHKs 0COG0T0 MaTeMaTHYECKOTO allllapara.

Ileap. PaspaboTka MaTeMaTHIECKUX MOZIEJEH U METOAOB, KOTOPBIE MO3BOJSIOT OMEPAaTHBHO PACCYUTHIBATH MHOTOKOM-
IIOHEHTHBIE peueHTypr MOpO}KeHOI‘O C HOpMaTI/IBHbIM XUMUYECKNUM COCTAaBOM C y‘{eTOM NMEIOINXCA Ha Hpe[[HpI/IHTI/II/I Cprb?{
n q)yHK]_II/IOHaJIbHO-TeXHOJIOFI/I‘leCKI/IX I/IHrpe[[I/IeHTOB 141 HO]IyLIaTb rOTOBbeI HpOI[yKT FapaHTI/IpOBaHHOrO Ka4dyeCTBa.

Matepuaisl ¥ METObI. VICII0/Ib30Bal METO | aHa/IM3a ¥ CUHTe3a, 00001IeHNs U HayuHO abCTPaKIMK, a TAKKe METOJ, Ma-
TeMaTUYeCKOro MojeipoBanus. VHpopManonHoii 6a30ii ncclef0BaHIs MOCTYKIIM Pe3yIbTaThl JabopaTOPHbIX UCCIe-
JIOBaHMI1 KauecTBa PEIENTYPHBIX KOMIIOHEHTOB M MOPOKEHOTO Pa3HOro XMMHYECKOTo cocTaBa. MaTeMaTHYecKoe MOIEIPO-
BaHME C UCITOJIb30OBaAaHNEM KOpTe}Keﬁ, CHUCTEM ypaBHeHI/Iﬁ n OFpaHI/IquHﬁ HO]IpO6HO OCyH[eCTB]IeHO B HpOFpaMMHbIX ImakKeTax
MathCad wn MathLab.

Peayabratel. B xoze pa3spaboTku MaTeMaTHYeCKOro alapara S5KCIEPTHON CUCTeMbl ObLIa IOJy4YeHa TeOPETUKO-MHO-
’KeCTBEeHHas MaTeMaTUyeckas MOJIENb yIIPaBJIeHKsl KauecTBOM TOTOBOIO IIPOAYKTa Ha 3Talle OIePaTUBHOIO ILIAHKPOBAHU
PeLIeNTyPhl HOBBIX BHIOB MOPOKEHOTO IIOBBIIEHHOM TUIIEBOit IeHHOCTH, OIITUMI3MPOBAHO [0 COCTABY MHOTOKOMIIOHEHTHbIE
PEIenTypPhl MOPOKEHOTO, cC(hOPMHUPOBaHa MOZIEb ONPeIeIeHIs ONITUMAIbHOr0 Habopa yIpaBJIsIONX BO3ACCTBIIT Py Ha-
JIMYUN TEXHOJIOTHYECKNX /1e(heKTOB TIPH pacyeTe PerenTyp.

Boisoapi. Co3MaHnbIil MATEMATHYECKIH aTTIapaT /71t MOJCTUPOBAHNS PEIIETITYP MOPOKEHOTO ABJISETCS YHUBEPCATbHBIM
6JIaFOI[apH B3anMO3aMEHAEMOCTU OTAEJIbHDbIX (byHK]_[I/IOHaJIbHO—TeXHOIIOFI/ILIeCKI/IX KOMIIOHEHTOB, 4TO HpOBepeHO nu 1ona-
TBEpPKIEHO BO BPeMs €ro arpoballuil B Hay4HO-HCCIe]0BaTeIbCKUX Jab0paTOpUsX.

Kniouesvie crosa: MaTeMaTHYeCKH alliapaT, 9KCIEPTHAs CUCTEMa, ONTHMU3AIMI, MOJAEINPOBAHNE PEIEITYP MO-
POKEHOTO.
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