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BASE MATRICES -
INVARIANT DIGITAL IDENTIFIERS OF FOOD PRODUCTS

Abstract. The work shows the prospects of developing a single basic product matrix (basic food semi-finished
product) for the subsequent design of technologies for a group of homogencous products. Implementation of this
principle of technology engineering allows to unify many stages of production and, as a result, to stabilize the quality
of products, as well as to rationalize the system of identification and control. Accordingly, the mathematical model is
developed for the latter, matrices of product markers from genuine to falsified are proposed. Variants of poor-quality,
and also surrogate products as possible intermediate links are considered for completeness of the information. The
integration of additional thermodynamic and functional-technological indicators into the system of evaluation criteria
of technology rationality and product quality is substantiated.

Keywords: food products, technologies, terms, evaluation criteria, matrices, construction.

Modern levels of technology development, including the speed of information flows, interbranch and
interdisciplinary integration of scientific and practical solutions, the loyalty of the legislative framework to
the organization of production and a number of other objective and subjective factors have created
prerequisites for reviewing the principles of construction technology and expanding the traditional area of
evaluation criteria for quality and safety of food products [1-4].

It should be noted that at present the development of food products with specified properties,
including functional purpose, has become quite an ordinary process due to the applied development of the
basic principles of food combinatorics [5-8]. In addition, in recent years, along with the term "food
development", the notion of "food construction" has become widely used. Both concepts are legitimate in
terms of the logical-conceptual essence, but require some detail and concretization. The main difference in
terms is that when "constructing”" a priori, the main emphasis is on creating or improving technology
and/or processes, and when "developing” - on the recipe of the product being created. Undoubtedly, the
technological process and the recipe of the product are interrelated, these terms complement each other
and, therefore, when using them, the main thrust of the work should be taken into account. At the same
time, "construction" a priori assumes the existence of a more systematic approach [9-11].

An analysis of the development of the food industry shows that over the last 15-20 years, a reo-
rientation of production is taking place all over the world - alternative technologies are developing that
involve the use of new types of raw materials and fundamentally different technological solutions [12-15].
In general, for the industry, this trend is positive, as it is aimed at increasing production volumes and
expanding product lines. However, the production of alternative technologies, most of which have been
obtained empirically, has been insufficiently investigated, including, in some cases, due to the lack of
appropriate analysis methods and the blurring of identification features within a homogeneous group of
goods [3, 12, 14]. In this perspective, a significant potential is noted in studies of thermodynamic
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characteristics, functional and technological indicators and further implementation of the data obtained as
system criteria for determining the rationality of technological operations, the validity of production
schemes, and the evaluation of product quality. The data obtained over the last decades on the indicator
"water activity", inhibition of abiogenic and biogenic degradation of micro- and macro components,
"barrier" conservation technologies, scientific and applied methods of designing products of functional
purpose and many other directions in various food systems allow to assume the possibility of indirect
adaptation most methodological approaches to various food systems and processes [14, 16-18].

The development of a new product, and to some extent, the improvement of products from the
traditional range, is the result of the efforts of a large group of specialists, including dicticians, food
technologists, ingredients and equipment specialists, marketers, etc., which create the basic model of a
new product. This model can be described by the matrix C,(P, O, O), where P — composition matrix, Q —
matrix of physico-chemical parameters, O — matrix of organoleptic characteristics. Suppose, that the
matrix C, has dimension mxn, where m — number of the rows, » — number of the columns. The matrix P
includes the values of the composition components - carbohydrates, proteins, fats, amino acids, vitamins
and other; the matrix Q includes the values of physical characteristics - pH, viscosity, density, solids
content and other, and the matrix O — the values of the characteristics of the organoleptic profile in
accordance with regulatory documentation and/or additional characteristics, arising from the task of
developing a new food product with a specified property.

These matrices P, O, O can have differentiated dimension: suppose, that the matrix P has dimension
myxn, the matrix () — dimention myxn, and the matrix O — dimention m;xn, equality should be strictly
observed:

my +my, + m;=m. (1)

The requirement (1) is valid in the case when the number of columns of » is the same for all matrices.
The condition # = const for all matrices P, O, O is easily realized by adding columns with zero elements.

The development of food products requires the introduction of some changes in existing production
schemes and, as a consequence, the design of the technology itself. This relationship is especially clearly
traced when creating not a single product, but a group of products having a significant similarity of
composition (the presence of a base matrix C,”) and technological solutions. In this case, we can talk about
the development (construction) of a food products number on the basis of a single "semi", which has a
base composition of the matrix C,’.

To further detail the universal approach to the development of a basic semi-finished product, it seems
reasonable to clarify a number of terminological definitions, which will make it possible to eliminate the
discrepancies in the future.

The Basic Food Semi-Finished Product — a semi-finished product, on the basis of which a homo-
geneous group of food products is manufactured under industrial conditions.

The Basic Matrix of Food Semi-Finished Product — matrix of the composition of the semi-finished
product, the components of which are generally preserved in the production of homogeneous products.

Homogeneous Group of Food Products — a number of food products, derived from the basic food
component by changing organoleptic or other indicators (characteristics) at the last stage of technological
production.

Construction of Homogeneous Goods Technology — the development of a technology that includes
the production of a food semi-finished product followed by a sequential or parallel release of a
homogeneous group of food products.

Taking into account the introduced terminological definitions, let us consider the problems of
constructing basic food semi-finished products technologies (BFSPT). It should be noted that some
examples of the use of BFSPT are known, but they are extremely rare, and the lack of proper scientific
and methodological coverage in the relevant technical literature does not allow to reveal all the
exceptional possibilities of the proposed method.

The overwhelming majority of food technologies are based on a sequence of operations (linear or
sequential scheme) and practically no feedback schemes are widely used in instrumentation, automatic
control and other industries. It is necessary to clearly distinguish the technology of food production from
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the devices used at certain stages of the technology. These devices themselves can have different structural
schemes, but they are not objects of this article.

A generalized model of food production technology can be represented in the form of a sequence of
performing a number of technological steps (figure 1). For each stage, it is assumed that there is an
appropriate hardware-technological design for the production process.

* Raw Materials

+ Acceptance and Pre-Treatment of Raw Materials

* Semi-Finished Technology

* Technology of the Finished Product from the Semi-Finished Product

+ Storage and Sales of Products

e

Figure 1 — Principal technology of food production according to the scheme with BESPT

It should be noted, that the presented generalized technology is far from real production realizations.
First of all, this refers to the availability of a specific semi-finished product — often in production it looks
conditionally. But the high degree of generalization used in the generalized model of production
technology makes it easy to formulate and explain the goals and ways of creating BFSPT. A generalized
production model can be described with the help of operators:

C,(P.0,0)=W,-W, W, )

where Wy, W,, W; — conversion operators of the corresponding stages; C” — generalized matrix of raw
materials.

It should be noted, that the operators ; represent the sequence of operators of all equipment used at
cach stage [17]. For example, if the first step (E1) uses the sequence k£ equipment, the operator W, will
have the form:

Wy =W W Wy 3)

In the process of developing a homogencous product group C;, it is possible to define a certain

matrix of the semi-finished product, which is the same for the entire group of homogeneous products C; ,
where b = 1,2,...,s. In this case, the generalized production technology of a group of homogeneous
products C; when implementing the BFSPT method, it can be represented as follows figure 2.

~~~~~~~~ —P Homogeneous
El » E2 » E3 ——1 .. Products
....... > Group

Figure 2 — Generalized Technology for the Production of a Homogeneous Food Products Group

— § ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2018

The group of homogeneous products (figure 2), by total number s is characterized by the corres-
ponding matrices C;, C;, ..., . Tt should be noted that figure 2 shows a scheme with parallel output of

homogeneous products. This scheme is preferable for large-capacity production with a sufficient
production resource for the production of semi-finished products. In other cases, the parallel output
scheme is replaced by a sequential-temporary scheme in accordance with the production plan.

Trends in the development of the soft drinks industry have shown that it is possible to create a new

range of beverages C; with distinctive organoleptics while maintaining the basic (majority) values of

matrix elements P and Q.

In the practice of the Russian food industry, flour from triticale has been widely used in recent years.
Studies have shown that a high-quality concentrated wort can be obtained from triticale, which can be
used as a basis for obtaining a large range of new beverages. Analysis of the technological chain from the
final product made it possible to determine the semi-finished product with the base matrix-concentrated
wort. On the basis of the concentrated wort produced as soft drinks and kvass.

BFSPT principle is applicable in various fields of food industry, for example in dairy, when fruit
yoghurt product line is formed around the base matrix — classic yogurt; glazed curds and cottage cheese
mass- cottage cheese and stuff.

Today, there are quite clearly formulated points of view on possible ways to improve the quality of
food products, including prolonging the shelf life and developing methods to combat falsification [19-24].
Theoretical and practical bases of physical, chemical, and biological changes that occur in food products
during storage have been developed [12, 13, 17].

The level of modern knowledge, including interdisciplinary, allows us to predict the effectiveness of
expanding the field of food quality assessment criteria and the rationality of technological schemes by
integrating additional characteristics and predicting the economic, social and strategic effectiveness of
developments, and accordingly declare the relevance of the direction [1, 12, 14, 18].

The analysis of the material made it possible to develop a mathematical model and to propose a
product marker matrix from the point of quality loss from genuine to falsified. The proposed refinements
and terminological definitions will eliminate the ambiguity of terminological definitions in the process of
developing a set of documentation for identification of the adulterated foods.

Figure 3 shows the matrix of the genuine product.

Genuine product matrix is invariant with respect to adding null rows — ), (dummy additionally
introduced component in the product recipe) and null columns — x; (dummy ingredients). The vector of
ingredients x consists of components significant to determination of the authenticity of a particular pro-
duct, and the recipe component y; is the product sum of mass fractions a;; by the corresponding ingredients
x;. The final column vector of the recipe y is equal to the mathematical product of the characteristic matrix
A on the column-vector of ingredients x.

Result y = AX — product’s
Characteristic matrix A recipe
M
/(L]] 0 ... 0 \ | \
0 ap... 0 0 z2 «Good»
: ot : : ingredients
0 0 ... amm Tm
U e 0 I:]n_i_]_
0 Pl : «Bad»
\ 0. .. 0) Tn ) ingredients
Y\\N_

Ingredients vector X

Figure 3 — Genuine Product Matrix
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At the same time, it is possible to transform the original matrix into interval matrix and compare its
reference range values with the actual results obtained during the analysis and presented as a numerical
matrix of measurements.

Figure 4 presents a modified matrix, intrinsic to a substandard product (with violations of the mass
fraction values of the components).

Coefficients corresponding to
"good” ingredients differ

N

(ail 0 ... 0 \

/ |
Lm0

0 0 ...d

\ 0...0)
Figure 4 — Modified Product Matrix

Modified matrix { a';; }, intrinsic to a substandard product, differs from the original matrix { a;; },
and while if @';; # a,; , then with necessity a,; # 0, that is, in the modified matrix, the mass fractions of the
ingredients may vary, but new ingredients can not be added to the components of the formulation.

Figure 5 shows the pseudomatrix.

Part of "good” ingredients is
substitutes by “bad” ones

— \

B 0..: O
km+1,m+1 cor 0

\ 6 .t: k;n)

\ J

v
Submatrix corresponding to “bad” ingredients,
resulting in “bad” recipe components

Figure 5 — Pseudomatrix

The pseudo matrix, characteristic of surrogate products, is distinguished by replacement or addition x;
ingredients, as well as by replacing or adding y; of the recipe components, while the presence of the above
components and ingredients is not hidden by the manufacturer. In this case, the added components x; do
not participate in the composition of the components of the formulation of genuine reference product.

Figure 6 shows a false matrix. A false matrix, characteristic of a falsified product, is a combination of
a pseudomatrix and a modified matrix and can carry the properties of both a surrogate and a substandard
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Substandard product baseline Counterfeit submatrix
I s N iy
/
(G,ll U .%oy O kl)m.’.l oo o kln\
/
0 O',22 “ s 0 k?)m+l 6o kgn
/
0 0 ... apm km,m+1 o+ kmn
km+1,m+1 ... 0
0 .. knn)
\ /\ N - nnj
“Bail aompoments STenoE Surrogate submatrix
counterfeited using “good” ones

Figure 6 — False Matrix of Counterfeit

product and their various variations in terms of changing the mass fractions of the ingredients and adding
additional ingredients and components. In this case, for a false matrix, the condition of the need to change
only the non-zero mass fractions a;; of the original matrix is not fulfilled, as in the modified version, the
component of the formulation can consist of completely different ingredients and their combinations.

The resulting generalized form of the product characteristic matrix is shown in figure 7. In the case of
counterfeit, the manufacturer generally does not report the relevant substitutions of the ingredients and/or
their mass fractions.

Coefficient identification in upper triangle requires new approaches in
per-component product analysis
A

dl N
/a’ll 0 0 kﬁl,m+1 55 0 kln \
0 a’22 e 0 k)g,m+1 5 oo kgn
0 | a;nm km,m+1 e nd kmn

km+1,m+1 0
0 -
\ 0 O/

Manufacturer reports coefficients
only on the main diagonal

Figure 7 — Generalized Form of the Characteristic Matrix

To optimize the work with matrices, software was created — figure 8.
The operator introduces the indicators of the original matrix (standardized indicators of the product in
accordance with the technical documentation) and the errors of the relevant research methods to obtain the
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Save Load
Genuine Matrix input Inaccuracy matrix, %

“Proteins* 72 o 0 [+] 0 7.2 2 [+] (+] ] o
“Fats" 88 o ] o o 85 2 o o o o
“Carbohydrates” 44.5 o ] o o 44.5 2 1] o o o
"Water® 28,5 o ] ] o 265 2 [+] (] (1] o
“Microslements” 735 o (] o [} 73.5 2 ] 1] [+] o

Addrow  Add Column Reset

Load Genuine Matrix

Genuine Product Matrix (low and high range)

7.0568 0. 0. 0. 0. o o o o 7.344 0. 0. 0. 0. o o (1] (]
0. 833 0. 0. 0. o o o o 0. B.67 0. 0. 0. ] ] 0 0
0. 0. 43.61 (4] 0. o o o o 0. o 45.39 o 0. o o o o
0. 0. 0. 2597 0. o o o o o o 0. 27.03 o o o Q 0
0. 0. 0. 0. 72.03 o o o o 0. o 0. [+} 74.97 ] o o 1]
Actual Matrix input Average Matrix
6.98375 o 0. 0. 0. o 0. 0.2 0.
5 0. 85 0. 0. 0. 0. 0.096875 0. 0.
Proteins 7 o o [ o 7.2 0. 0 43, o o 0 0. 0. .
Fats 85 0 01 0 0 | 88 0. 0. 6 2 0 0 O 0. o
0. o 0. 0. 73. o 0. 0. 0.
Carbohydrates 43 o 1] [+] o 43 Standard Deviation Matrix
0.543033 0. 0. 0. 0. 0. 0.534208 0.
Water 27 o 0 [+] o 7 0. 0. 0. 0. 0. o 0.439205 0. 0.
0. 0. 1.33972 [+ R 0, 0. 0. 0. 0.
Microelements 73 +] o 1] o 73 o 0. 0. 0.682671 0. 0. 0. 0. 0.
o o. 0. 0. 0.6826M i} 0. 0, 0.

Load Actual Matrix

Sample novelty: 2.08073%
Samples loaded: B

Figure 8 — Matrix Software Interface

interval characteristic matrix. The operator sequentially downloads the results of examining similar samp-
les into the actual matrix. The program considers the average matrix of samples actually provided, as well
as the matrix of standard deviations, presenting the received material in digital and graphical form. Devia-
tions from the original matrix are determined by peaks on the surface deviation graph. In parallel, the
program provides data on the relative novelty of the product compared to the reference product, which is
in fact a new approach to assessing the novelty of technological solutions. A separate algorithm for predic-
ting the direction of falsification has been introduced, which actually determines the quantitative ratio of
samples with different deviations.

Shown the possibility of constructing a technology for the production of a group of homogeneous
products based on the availability of semi-finished products from a single base matrix. The implemen-
tation of the principle of BFSPT allows us to unify two of the three stages of production, stabilize the
quality of products and streamline the control system. Thus, a mathematical model has been developed,
matrices of product markers and basic principles for integrating additional thermodynamic and functional-
technological indicators, including water, into the system of evaluation criteria for the rationality of
technologies and product quality have been proposed.

It can be assumed that the design of technologies for a complex of homogeneous food products based
on BFSPT will develop taking into account the technological and economic advantages provided by BFSPT.

To identify and control the quality of products and the rationality of technological schemes, it is ad-
visable to expand the scope of evaluation criteria. At the same time, the proposed grades of product mat-
rices from genuine to falsified allow to fix any changes with a high degree of accuracy. Designed for case
of use with the matrix software allows you to speed up the evaluation process, create a database and
identify falsification trends.




ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2018

REFERENCES

[1] Lisitsyn AB. (2010) Introduction of High Technologies Guarantees Stable Quality. Fleischwirtschaft International.
1:10-12. (in Russ)

[2] Konovalova KL.. and other. (2010) Creation of Qualitatively New Products with Specified Properties. Food Industry.
5:26-29. (in Russ)

[3] Churshudyan SA. (2014) Consumer and Food Quality. Food Industry. 5:16-18. (In Russ).

[4] Surkov IV, Kantere VM, Motovilov KYa, Renzyaeva TV. (2015) The Development of an Integrated Management
System to Ensure the Quality, Stability and Food Safety. Foods and Raw Materials. 3(1): 111-119. doi:10.12737/11245. (in Eng)

[5] R. Wildman. (2007) Handbook of Nutraceuticals and Functional Foods, CRC Press, New York. ISBN 9780849364099

[6] Sokolova EN, Kurbatova EI, Rimareva LV, Davydkina VE, Borscheva YuA. (2016) Biotechnological Aspects of
Directed Enzymatic Destruction of Cell Walls of Plant Raw Materials for Obtaining Extracts with an Increased Content of
Biologically Valuable Substances as Components of Functional Drinks. Nutrition Issues. T. 85,2:151-152. (in Russ)

[7] Zakharova LM, Orekhova SV, Zakharchenko MA, and Lozmanova SS. (2012) The study of Technological Parameters
of Making a Functional Fermented Milk Product, Food Production Techniques and Technology. 37-42. (in Russ)

[8] Valdes AF and Garcia AB. (2006) A Study of the Evolution of the Physicochemical and Structural Characteristics of
Olive and Sunflower Oils after Heating at Frying Temperatures. Food Chemistry. vol. 98. 2:214-219.
doi:10.1016/j.foodchem.2005.05.061. (in Eng)

[9] Erl M, Erl R. (2010) Examples of Food Development. Case Analysis. «Professia», SPb. ISBN 978-1-84569-260-5.

[10] Erl M, Erl R, Anderson A. (2007) Development of Food Products. Part 1. «Professia», SPb. ISBN 1-85573-468-0.

[11] Erl M, Erl R, Anderson A. (2007) Development of Food Products. Part 2. «Professia», SPb. ISBN 5-93913-061-5.

[12] Rjabova AE, Kirsanov VV, Strizhko MN, Bredikhin AS, Semipyatnyi VK, Chervetsov VV, Galstyan AG. (2013)
Lactose crystallization: current issues and promising engineering solutions, Foods and Raw Materials, 1:1:66-73.
doi:10.12737/1559. (in Eng)

[13] Chernukha IM. (2012) Application of «-Omics» Technologies for the Analysis of Raw Meat and Products. All about the
Meat. 6:32-36. (in Eng)

[14] Galstyan AG, Petrov AN, Semipyatniy VK. (2016) Theoretical backgrounds for enhancement of dry milk dissolution
process: mathematical modeling of the system “solid particles-liquid®, Foods and Raw Materials, 4:1:102-109.
DOI:10.21179/2308-4057-2016-1-102-109. (in Eng)

[15] Prosekov AYu, Ivanova SA. (2016) Providing Food Security in the Existing Tendencies of Population Growth and
Political and Economic Instability in the World. Foods and Raw Materials, 4: 2: 201-211. doi: 10.21179/2308-4057-2016-2-201-
211. (in Eng)

[16] Khurshudyan SA. (2014) Criterion for Assessing the Choice of Technological Equipment for the Production of Mineral
Water. Food Industry. 2:22-23. (in Russ)

[17] Petrov AN, Galstyan AG, Radaeva IA, Turovskaya SN, Illarionova EE, Semipyatniy VK, Khurshudyan SA, DuBuske
LM, Krikunova LN. (2017) Indicators of Canned Milk Quality: Russian and International Priorities. Foods and Raw Materials.
5:2:151-161. (in Eng)

[18] Rimareva LV, Sokolova EN, Serba EM, Borshcheva YA, Kurbatova EI, Krivova AY. (2017) Reduced Allergenicity of
Foods of Plant Nature by Method of Enzymatic Hydrolysis. Oriental Journal of Chemistry. 33:4:2009-2015.
doi:10.13005/0jc/330448. (in Eng)

[19] Petrov AN, Khanferyan RA, Galstyan AG. (2016) Actual Aspects of Counteraction of Food Falsification. Nutrition
Issues. 5:86-92. (in Russ)

[20] Oseledtseva 1V, Guguchkina TI, Sobolev EM. (2010) Practical Realization of Modern Ways for Determination
Authenticity of Brandy Production. News Institutes of Higher Education. Food Technology. 2-3:104-107. (in Eng)

[21] Oganesyants LA, Panasyuk AL, Kuzmina EI, et al. (2011) Definition of authenticity of grape wines by means of
isotropic mass spectrometry. Food Proccessing Industry, 9:30-31. (in Russ)

[22] Kalinin AV, Krasheninnikov VN, Sviridov AP, Titov VN. (2016) Near infrared spectrometry of clinically significant
fatty acids in the near infrared range using multicomponent regression. Journal of Applied Spectroscopy. 83:5:773-781.
doi:10.1007/s10812-016-0368-0. (in Eng)

[23] Oganesyants LA, Panasyuk AL, Kuzmina EI, Zyakun AM. (2015) Isotopic features of ethanol of the russian grape wine.
Winemaking and Viticulture. 4:8-13. (in Russ)




N E W S of the Academy of Sciences of the Republic of Kazakhstan

[24] Panasyuk AL, Oganesyants LA, Kuzmina EI. (2016) Analysis of isotopic characteristics of wine products water
component oxygen. Winemaking and Viticulture. 6:4-6. (in Russ)

[25] Ivashov V.I., Kapovsky B.R., Plyasheshnik P.I., Pchelkina V.A., Iskakova E.L., Nurmukhanbetova D.E. (2018)
Mathematical simulation of one-stage grinding of products frozen in blocks. News of the National Academy of Sciences of the
Republic of Kazakhstan. Series of geology and technical sciences. Volume 5, Number 431 (2018), PP.48-05.
https://doi.org/10.32014/2018.2518-170X.9 ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

J. A. Oranecsinnt’, C. A, Xypmyasin', A, I. Taicrsin’,
B. K. Cemumsitusiii’, A. E. PaGosa', P. P. Ba(l)I/IHl,
1. E. Hypmyxan6erosa®, J. K. Aceméaena’

'Bykinpeceiinik ChIpa KAMHATY, aMKOTOIbCi’ JKOHE IIAPAT OHEPKECIOi FRITBIMH-3¢PTTEY HHCTHTY THI —
OMBFM ¢umianst B. M. T'opdaToB aTsIHAaFs! « A3BIK-TYITIK OHIMACPIHIH (eACPATIBIK FRUTBIME OPTATBIFBD)
PFA, Mockey, Pecet,

* AIIMATHI TEXHOTIOTHATBLIK Y HHBEPCHTETI, AMatsl, Kasakctan

BA3AJIBIK MATPHTIAJIAP —
TAFAM OHIM/IEPTHIH
HHBAPHAHTTLI CAHABIK HAEHTHO®HUKA TOPEI

Annoramus, JKyMeicta TaraM eHIMICPiHIH OipBIHFAH HETI3Ti 0a3aTbIK MATPHIACHIH YKACAYIBIH (HCTI3Ti a3bIK-
TYJIK >KapTeuiail (paOpHKaTTaphIHBIH) OIPTCKTI TaFaM OHIMACPIHIH TOOBIHA APHAIFAH TCXHOJOTHSIAPAB KCHIHHCH
skobanay ymrH Kesemeri kepceTinreH. KypacTeIpy TEXHOTOTHICHIHBIH OChI MPUHIIUITIH iCKE aCBIPY OHIIPICTIH KOIl-
TETEH CATHUIAPBIH OIPIKTIPYIE >KEHE COHBIH CANAAPBIHAH OHIM CAIAChlH TYPAKTAHIBIPYFA, CEHKCCTCHIIPY >KEHE
GakpUIay >KYHECIH panMOHATM3ANMIAYFa MYMKIHIIK Oepeai. TuiciHIIe, COHFBI YIIIH MATEMAaTHKAIBIK MOJCIb €31p-
JICHI, TYNMHYCKAIBIK MAapPKCPICPIiH MATPHOATAPH TYMHYCKATAH OYpMAanayINbUIBIKKA ACHIH YCHIHBUIAABL AKIa-
PATTHIH TOJBIKTHIFBI YIIIH TOMCH CAMajbl, COHBIMCH KATap CypporaT eHIMACPAIH HYCKAJIAPHI apajblK OalIaHBICTAp
peTiHae KapacTeIpbuiaabl. KockMIIa TEPMOIUHAMHKAIBIK JKE€HE (DY HKIMOHAJIBIK-TCXHOIOTSIIBIK KOPCETKIIITEP i
TEXHOJIOTHSAIAP MCH OHIMHIH CaaChIH 0aFaay KPHTCPHIJICPIHC HHTCTPAMSIAY HET13ICATCH.

Tyiiin ce3aep: TaFaM eHIMIi, TCXHOJIOTHS, TCPMUHIACP, Oaramay KPpUTCPHIICP1, MaTpHIAIAp, KYPACTHIPY.

J. A. Oranecsinnt’, C. A. Xypmyasin', A, I. Tancrsin’,
B. K. Cemumsitusiii', A. E. PaGosa', P. P. Ba(l)I/IHl,
1. E. Hypmyxan6erosa®, J. K. Aceméaena’

'BeepoccHiickuii HAYYHO-HCCIEI0BATEIbCKHM HHCTHTYT MHBOBAPEHHOM, 6632 IKOTOTHOM 1
BHHOAETBUCCKOI poMbiuieHHOCTH — (prman @I BHY «®HI mumessix cucrem uM. B. M. T'opbarosa» PAH,
Mocksa, Poccus,

*AIMATHHCKYH TEXHOOTHYECKHI yHIBepcHTeT, Amvatsl, Kasaxcran

BA3OBbIE MATPHUIIBI -
HWHBAPUAHTHBIE IH®POBBIE HWIEHTUO®HUKATOPHI
MNUIIEBBIX MPOAYKTOB

Annoranusa. B paboTe mokazaHa MEPCICKTHBHOCTD PA3pabOTKH CAMHOW 0a30BOH MATPHIIBI MPOIYKTA (0a30-
BOTO MHINEBOTO NOJy(hadpukaTa) AMS TOCICAYIOMETO MPOCKTUPOBAHUS TCXHOJIOTHHA TPYIIBI OJHOPOIHON MpO-
AYKIUHA. Peannsauml JAHHOTO NPHHIHAIIA KOHCTPYHPOBAHUA TEXHOJIOTHH IO3BOJIICT yHI/I(I)I/II.[I/IpOBaTB MHOZKCCTBO
3TAINoOB MPOM3BOJACTBA H, KAK CICIACTBHE, CTAOMIM3HPOBATh KAUYCCTBO MPOAYKTOB, A TAKKCS PALIHOHATH3HPOBATH CHC-
TeMy HIACHTH(PHKALUHH H KOHTPOXA. COOTBETCTBCHHO A TOCICTHEr0 pa3paboTaHa MATEMATHUYECKAs MOJCTD,
MPSIIO’KCHBI MATPHIBI MAPKCPOB MPOAYKTA OT MOMTHHHOTO A0 (pampcuumuposannoro. Jma modHOTH HHQOP-
MAaIMH PACCMOTPEHBI BAPHAHTHI HEKAYECTBEHHOTO, 4 TAKKE CYPPOTATHOTO IMPOAYKTOB KAK BO3MOJKHBIX IPOMEKY-
TOYHBIX 3BeHbeB. OOOCHOBAHA HHTCTPAIUA AOOMOJTHUTCIIBHBIX TCPMOAWUHAMHUYICCKUX H (I)YHKI.[I/IOH":UIBHO-TGXHOJ'IO-
THYCCKHUX MOKA3ATCICH B CHCTEMY OLCHOYHBIX KPUTCPHUCB PAINOHATIBHOCTH TCXHOJIOTHH H Ka4eCTBa TPOAYKITHH.

KimoueBnie ciioBa: NPOAYKTBEI MUTAHUA, TCXHOJIOTHHA, TCPMHHBI, OLUCHOTHBIC KPUTCPHUHU, MATPHUIIBI, KOHCTPYH-
pOBaHHE.
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