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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 homogeneous 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 dieticians, 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, n — 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
mxn, the matrix Q — dimention myxn, and the matrix O — dimention msxn, equality should be strictly
observed:

m; +my +m3=m. (1)

The requirement (1) is valid in the case when the number of columns of # is the same for all matrices.
The condition z = const for all matrices P, Q, 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 Cpo) 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 BFESPT

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.Q,0)=W,-W,-WC", @)

where W, W,, W5 — conversion operators of the corresponding stages; C’ — generalized matrix of raw
materials.

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

Wy =W Wik Wiy )

In the process of developing a homogeneous product group Cﬁ, it is possible to define a certain

matrix of the semi-finished product, which is the same for the entire group of homogeneous products CZ ,

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.

-------- —> Homogeneous
El » E2 » E3 :|—> Products
....... —_—» Group

Figure 2 — Generalized Technology for the Production of a Homogeneous Food Products Group
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The group of homogeneous products (figure 2), by total number s is characterized by the corres-
ponding matrices Cll,, C;,...,C; . It 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 Cz 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 — y; (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
H
/0,11 0 ... 0 \ T \
0 ap... 0 0 L2 «Good»
; P : ingredients
0 0 ... amm Tm
0 e 0 I:?n_i_l
O Pt : «Bad»
ingredients
T\_‘\“‘“\

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

(a’il 0 ... 0 \

Fen & g

0 0 ...d

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” ingredientsis
substitutes by “bad” ones

— \

P -
km+1,m+1 s
\ 0 ... k)

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

— 10 ——
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Substandard product baseline Counterfeit submatrix
Ve an ™ —\/_
A 0 0 /5 /5
aiq I,m+1 --- Fln
!/
0 a22 . & 0 k2,m+l ROEES an
/
0 0 ... amm  Emm+1 20 Emn
km+1,m+1 .. 0
S R

“Bad” components are not

Surrogate submatrix
counterfeited using “good” ones 9

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

% i N
/a’il 0 0 kl,m+1 500 kln \
0 a’22 . 0 kg‘m+1 600 kgn
0 0 .. a-:nm km,m+1 Vi kmn

km+1,m+1 0
0 .
\ 0 ./

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 ] [+] [} 7.2 2 [+] 4] ] o
“Fats" a8 o a o [} as 2 o o [} o
“Carbohydrates” 44.5 o (] o [+] 44,5 2 /] 1] [+] o
"Water® 28,5 o 0 ] o 265 2 [+] ] 1] o
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Addrow  Add Column Reset

Load Genuine Matrix

Genuine Product Matrix (low and high range)
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0. 833 0. 0. 0. ] o o o 0. B.67 0. 0 0. 0 ] 0 1]
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Actual Matrix input Aversge Matrix
6.989375 o 0. 0. 0. 0. 0.2 0.
2 0. 85 0. 0. 0. 0. 0.096875 0. 0.
Proteins 7 o o 0.2 o 7.2 0. 0. 43, 0 0 0. 0. 0. 0
Fats 85 o | ea 0 o | 88 0. 0. 0 2. 0 0 o 0. o
0. 0. 0. 0. 73. 0. 0. 0. 0.
Carbohydrates 43 o a o o 43 Standard Deviation Matrix
0.543033 0. 0. 0. 0. . 0. 0.534208 0.
Water 27 o [} [+] o 27 0. 0. 0. 0. 0. 0. 0.439205 0. 0.
0. 0. 133972 0O o, o Q. 0. 0.
Microelements 73 ] o [+] o 73 0. [ 0. 0.682671 0. 0. 0. 0. 0.
0. 0. 0. 0. 0.68267 o 0. 0. 0.

Load Actual Matrix

Sample novelty: 2.08073%
Samples loaded: B

Forecast of falsification direction

Watar
Carbohydrates
Fats

Proteins

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 ease
of use with the matrix software allows you to speed up the evaluation process, create a database and
identify falsification trends.
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J. A. Oranecsinn', C. A. Xypmynsin', A. I'. Tancrsn',
B. K. CeMHHﬂTHLIﬁ], A.E. Pﬂﬁonal, P.P. Baq)nﬂl,
1. E. Hypmyxan6erosa®, J. K. Aceméaena’

'Bykinpeceiinik chipa KaifHaTy, a7KOTOMBCI3 %KOHE MIAPAIl OHEPKECIOi FHUIBIMH-3ePTTEY MHCTUTYThI —
OMBEM ¢ummanet B. M. I'opbaToB aThIHAAFEI « A3BIK-TYJIIK OHIMICPIHIH (eaepaliIblK FEUTBIMUA OPTAIBIFED)
PFA, Mackey, Pecelii,

2 AJIMaTBI TEXHOJIOTHSUIBIK yHuBepcuteTi, AnMatsl, Kazakctan

BA3AJIBIK MATPULIAJIAP —
TAFAM OHIMJIEPIHIH
WHBAPUAHTTHI CAH/IbIK HAEHTU®UKATOPDI

AnHoTtanus. J)KympIcTa TaraM eHIMIEpiHiH OipbIHFall Heri3ri 6a3ajblK MaTPUIACHIH JKacayablH (HETi3Ti a3bIK-
TYJIK JKapThuiail (haOpUKaTTapPBIHBIH) OIPTEKTI TaraM OHIMAEPIHIH TOObIHA apHAJFaH TEXHOJIOTHSUIAPbI KeiliHHEH
obanay yIIiH Kejeuleri kepceriireH. KypacTblpy TEXHOJIIOTHACBIHBIH OCHI IIPHHIMIIIH iCKE achlpy OHAIPICTIH Kerl-
TEreH caThUIapbIH OIPIKTIpyre >KEHE COHBIH CaJIapblHAaH OHIM CalacbhlH TYPaKTaHIbIPYFa, CEHKECTEHIIPY JKEHE
OakpuIay JKyHeciH panMoHanM3anusulayFra MyMKiHIIK Oepeni. TuiciHiie, COHFBI YIIIH MaTeMaTHKaJIBIK MOJIENb €3ip-
JIeH1, TYIHYCKaIbIK MapKepiepliH MaTpHulaiapbl TYINHYCKaJaH OypMallayIIbUIbIKKa JIeHiH YCHIHBUIAJIBI. AKIa-
PATTBIH TOJBIKTHIFEI YIIIH TOMEH Caralibl, COHBIMEH KaTap CypporaT eHIMIEpIiH HycKajlapbl apayblk OaiiaHbicTap
periHie kKapacTtblppuiaabl. KockiMIa TepMOIMHAMUKATBIK JKEHE (YHKIMOHAIBIK-TEXHOJIOTUSIIBIK KOPCETKIITEep Il
TEXHOJIOTHSUIap MEH OHIMHIH CallachlH Oaranay KpUTepHiliepiHe HHTETpallisuIay HeTi3IereH.

Tyiiin ce3aep: TaraM eHIMi, TEXHOJIOTHS, TEPMUHAED, OaFaay KpUTEpHiiiepi, MaTpULiaIap, KypacTheIpy.

J. A. Oraunecann’, C. A. Xypmyasin', A. I'. Tancrsn’,
B. K. Cemunsitubiii', A. E. PsGosa’, P. P. Baq)uﬂl,
1. E. Hypmyxan6erosa®, J. K. Aceméaena’

'Beepoccuiickuii HayaHO-HCCIIe0BATeIbCKIiT HHCTHTYT IMBOBAPEHHOI, 6€3aIKOrONbHOM
BUHOEIbYECKOM npoMbItieHHOCTH — puiran @TBHY «®HIL] numessix cuctem uM. B. M. 'opbarosa» PAH,
Mocksa, Poccus,

* ATIMaTHHCKH# TEeXHOJIOTHYECK i YHUBepcHTeT, AnMaThl, Kazaxcran

BA30OBBIE MATPHUIIbI -
NHBAPUAHTHBIE HU®POBBIE NIEHTU®UKATOPHI
IMUINEBBIX NPOAYKTOB

AnHoTanus. B paboTe mokaszaHa MEpPCIEKTUBHOCTh Pa3pabOTKU eAWHOW 0a30BON MaTpHIlBI IpoaykTa (6a30-
BOTO MUINEBOro TONyhadpukaTa) IS MOCIEAYIONIEr0 MPOSKTUPOBAHKS TEXHOJOTHUA TPYIIBI OJHOPOIHOW IPO-
IyKIuW. Peanw3anus JaHHOTO MPUHIIMIIA KOHCTPYHUPOBAHUS TEXHOJOTHH ITO3BOJIICT YHU(PHIMPOBATH MHOXKECTBO
JTaroB MMPOU3BOJICTBA U, KaK CICICTBHE, CTAOMIM3HPOBATH KAYECTBO MPOIYKTOB, & TAKXKE PAIlHOHATU3UPOBATH CHC-
TeMy HIeHTH(QUKAaIuu W KOHTpoiisi. COOTBETCTBEHHO IUIsi MOCIETHEro pazpaboTaHa MaTeMaTHYECKash MOJENb,
MPeUIOKEHBl MaTPHUIIBI MapKepoOB MPOAYKTa OT MOUIMHHOTO 10 (anmpcudummpoannoro. s momHOTH HHOOP-
MAaIli PacCMOTPEHBI BapHaHTHl HEKaYeCTBEHHOTO, a TaKKe CyppOTaTHOTO MPOAYKTOB KaK BO3MOJKHBIX IPOMEXKY-
TOYHBIX 3BeHBEB. OOOCHOBaHA HWHTETPANWs JOTOJHUTEIBHBIX TEPMOAWHAMHYECKUX U (PYHKIIMOHAIBHO-TEXHOJIO-
THYECKUX TOKa3aTeNell B CHCTEMY OIEHOYHBIX KPUTEPUEB PAIIIOHATEHOCTH TEXHOJIOTHI U Ka4eCcTBa MPOIYKIINH.

KiroueBble cji0Ba: MPOAYKTHl MUTAHUS, TEXHOJOTHH, TEPMHUHBI, OLIEHOYHBIE KPUTCPUH, MATPHUIBI, KOHCTPYH-
poBaHue.
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