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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

— ] —



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

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
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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.

—— |4 ——



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

Information about authors:

Oganesyants Lev Arsenovich — All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and Wine
Industry — branch of the Gorbatov’s Federal Scientific Center of Food Systems of RAS, Director, Doctor of
Technical Science, Professor, Academician of RAS; muskat@mail.ru; https://orcid.org/0000-0001-8195-4292

Khurshudyan Sergei Azatovich — All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and
Wine Industry — branch of the Gorbatov’s Federal Scientific Center of Food Systems of RAS, Senior Researcher of
the Interbranch Scientific and Technical Center for Food Quality Monitoring, Doctor of Technical Science,
Professor; xca020149@rambler.ru; https://orcid.org/0000-0001-7735-7356

Galstyan Aram Genrikhovich — All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and Wine
Industry — branch of the Gorbatov’s Federal Scientific Center of Food Systems of RAS, Head of the Interbranch
Scientific and Technical Center for Food Quality Monitoring, Doctor of Technical Science, Professor of RAS,
Corresponding Member of RAS; 9795029@mail.ru; https://orcid.org/0000-0002-0786-2055

Semipyatny Vladislav Konstantinovich — All-Russian Scientific Research Institute of Brewing, Non-Alcoholic
and Wine Industry — branch of the Gorbatov’s Federal Scientific Center of Food Systems of RAS, Senior Researcher
of the Interbranch Scientific and Technical Center for Food Quality Monitoring, Candidate of Technical Science;
semipyatniy@gmail.com; https://orcid.org/0000-0003-1241-0026

Ryabova Anastasia Evgenievna — All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and
Wine Industry — branch of the Gorbatov’s Federal Scientific Center of Food Systems of RAS, Interbranch Scientific
and Technical Center for Food Quality Monitoring Researcher, Candidate of Technical Science;
anryz@hotmail.com; https://orcid.org/0000-0002-5712-2020

Vafin Ramil Rishadovich — All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and Wine
Industry — branch of the Gorbatov’s Federal Scientific Center of Food Systems of RAS, Lead Researcher of the
Interbranch Scientific and Technical Center for Food Quality Monitoring, Doctor of Biological Science, Professor of
RAS; vafin-ramil@mail; https://orcid.org/0000-0003-0914-0053

Nurmukhanbetova Dinara Erikovna — candidate of engineering sciences, acting associate professor, Almaty
Technological University, Department of Food safety and quality; dinar2080@mail.ru

Assembayeva Elmira Kuandykovna — Almaty Technological University, Department of Food Biotechnology,
Master of Technical Sciences, Senior Lecturer; elmiraasembaeva@mail.ru




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

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278 https://doi.org/10.32014/2018.2518-170X.31
Volume 5, Number 431 (2018), 16 — 22

UDC 637.133

S.N. Turovskayal, A. G. Galstyanz, I. A. Radaeva', A. N. Petrov’,
E. E. Illarionoval, A.E. Ryabovaz, E. K. Assembayeva4, D. E. Nurmukhanbetova®

'All-Russian Research Institute of Dairy Industry, Moscow, Russia,

?All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and Wine Industry —
branch of the Gorbatov’s Federal Scientific Center of Food Systems of RAS, Moscow, Russia,
3All-Russian Scientific Research Institute of Preservation Technology — branch of the Gorbatov’s
Federal Scientific Center of Food Systems of RAS, Vidnoye, Russia,

*Almaty Technological University, Almaty, Kazakhstan.

E-mail: conservlab@mail.ru, 9795029@mail.ru, conservlab@mail.ru, vniitek@vniitek.ru,
conservlab@mail.ru, anryz@hotmail.com, elmiraasembaeva@mail.ru, dinar2080@mail.ru

SCIENTIFIC AND PRACTICAL POTENTIAL
OF DAIRY PRODUCTS FOR SPECIAL PURPOSES

Abstract. For many years, the All-Russian Research Institute of Dairy Industry (VNIMI) has been developing
technologies for special purpose dairy products, including for on-board rations of crews of spacecraft and orbital
stations. The work was carried out in complex with the Institute of Biomedical Problems, the Scientific Research
Institute of the Food Concentrate Industry and Special Food Technology and a number of other industry and medical
institutions. At VNIMI was created the special products shop, the scientific and production base of which allowed
not only to provide research with experimental workings, but also to produce products in the required assortment and
quantities. Development of technologies for astronauts products is continuing and at the present time, medical and
biological requirements are being adjusted, modern technological representations are being expanded to find an
applied solution, aimed at improving the quality while reducing processing intensity, introducing new packaging
materials and so on.

Special requirements are imposed on the products: they must be tasty, highly nutritious, well balanced in
macro- and micro-nutrient composition, have certain preventive properties, be simple in preparation and use, have
increased storage stability, etc. This group of products is rightfully considered the most knowledge-intensive in terms
of technological innovations and solutions.

Special purpose products on a dairy basis can in principle be divided into two main groups: sterilized (abiosis)
and freeze-dried (xeranoanobiosis). To date, dozens of technologies have been created in both groups — milk, dairy
drinks, soups, cereals, dairy products, cottage cheese and others. The products were tested for the duration of storage
and included in the diets of astronauts. Part of the products was approved in the works of orbital stations and
spacecraft, including international ones. Qualitative indicators of dairy products are highly appreciated not only by
Russian, but also by foreign cosmonauts.

Keywords: space, nutrition, dairy products, technology, sublimation, sterilization.

With the beginning of the era of space exploration and organization of human flights into space,
there was a need to provide cosmonauts with food. The everyday process of eating food in the conditions
of space acquires many nuances of "everyday", medical-biological, technological and other formats
[1,2].

The peculiarities of labor and life of cosmonauts in flight, associated with the stressful effects on the
body of conditions of non-trivial situation, such as speed of movement, weightlessness, emotional and
mental stress, limited space of the ship's cabin and others, make special demands on the qualitative and
quantitative composition of the diet, mass-volume characteristics of its constituent products and packaging
[3-7].
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The pioneers in the preparation and organization of food for astronauts were enthusiasts and
coryphaeis in the field of food technology Frumkin M.L., Efimov V.P., Kudrova R.V. and others. They
brought to the solution of this problem branch scientific research institutes, including the All-Union (now
All-Russian) Research Institute of the Dairy Industry (VNIMI). In the late 60-ies in VNIMI under the
guidance of Doctor of Technical Sciences, Professor Radaeva I.A. began to develop technology for special
purpose products. Further research in this direction was done by Rossikhina G.A., Usacheva V.A.,
Dobriyan E.I., Volkova L.G., Guskova L.D., Filchakova S.A., Blinova T.E., Sokolova T.V. etc. The works
were carried out in complex with the Institute of Medical and Biological Problems, the Scientific Research
Institute of the Food-Concentrate Industry and Special Food Technology, and a number of other branches
and medical institutes. At VNIMI the special products shop was created, the scientific and production base
of which allowed not only to provide research with experimental workings, but also to produce products in
the required assortment and quantities. Development of technology for astronauts products is continuing
and at the present time, medical and biological requirements are being adjusted, the modern technological
ideas aimed at improving the quality while reducing the processing intensity are being expanded and
applied, and new packaging materials are being introduced [5-15].

Dairy products for special purposes can in principle be divided into two main groups: sterilized
(abiosis) and freeze-dried (xeroboanobiosis) [16, 17]. The features and advantages of these preservation
methods have long been known and widely used. They allow you to create products that retain their native
properties for a long time and, at the same time, are easy to prepare and use. Principal schemes of
technological processes are presented in figure.

( ) (
Acceptance and Prescription Composition | Acceptance and Preparation
Preparation of Milk Formulation of Non-Dairy Ingredients
- J -
( ) (
s
. s Lo D > Heat
Fermentation Treatment® Package
- J -
( ) (
Sublimation Sterilization
- J -
( ) (
Package and Marking Marking
- J -

Principal Schemes of Production of Freeze-Dried and Sterilized Special Purpose Products for Cosmonauts Nutrition (where:
' for sour-milk and curd products; > — for dairy drinks, porridges and soups; dotted line-possible technological solutions)

The group of sterilized dairy products includes: high-fat products (cream with coffee, cream with
cocoa, kaimak) and high-protein products (cottage cheese with raisins, cottage cheese ‘“Yablochko”,
cottage cheese with lemon, cottage cheese with cumin, cottage cheese with dill). Sterilized dairy products
have pasty, homogeneous consistency with taste and odor, characteristic of the introduced filler. Their
physicochemical parameters are presented in table 1.

Sterilized dairy products are high-calorific easily digestible products, which have a high biological
and energy value. These properties of products are due to their enrichment with high-grade milk proteins
and the presence of fatty and fat-like substances. Due to the high content of milk fat, which is a mixture of
lipids, creams can be referred to products, the need for which increases with nervous tension [18, 19].

Purposeful work on the creation of technologies for sterilized curd products and detailed studies of
amino acid and fatty acid and mineral composition allow to classify them to a group of products with
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Table 1 — Physico-Chemical Parameters of High-Fat and High-Protein Sterilized Dairy Products of Special Purpose

Product Indicator

Product Moisture | Fat Mass Protein Carbohydrates Mineral Energy
Mass Fraction, | Mass Fraction, | Mass Fraction, | Substances (Ash) Value,
Fraction, % % % % Mass Fraction, % | kcal/100g

- Sterilized High-Fat Dairy Products

Cream with Coffee 32.0 3.0 489
45.0 15.0

Cream with Cocoa 30.0 5.0 5.0 485

Kaimak 37.0 50.0 5.0 3.0 490

- Sterilized High-Protein Dairy Products

Cottage Cheese with Raisins

56.0 15.0 12.0 15.0 2.0 243
Cottage Cheese "Yablochko"
Cottage Cheese with Lemon 52.0 8.0 14.3 312
Cottage Cheese with Cumin 25.0 0.7

58.0 10.0 6.3 272

Cottage Cheese with Dill

preventive orientation. It is known that cottage cheese contains easily digestible protein, and in combi-
nation with fillers and additives, which in turn are additional sources of protein, vitamins, minerals, is a
product with preventive properties. Even early studies conducted in Institute of Biomedical Problems
(IBMP), found that when a person stays for a long time in conditions of weightlessness, one of the
problems is the washing out of the body of potassium, which is one of the necessary macroelements that
take part in metabolic processes in muscle and nerve tissues. For partial solution of this problem, curd
products enriched with this macroelement were created and intended for use in the period of stress and
emotional stress.

The shelf-life of sterilized dairy products is at least 12 months with unregulated room conditions and
at least 20 months at a temperature of 1 to 5 °C. They consume them without prior preparation.

Sublimated dairy products developed by the Institute (www.vnimi.org) can be divided into the
following subgroups: freeze-dried milk; dairy freeze-dried drinks (milk with sea buckthorn oil, milk with
tea, skimmed milk with tea, milk with coffee, milk with cocoa); fermented milk products of freeze drying
(acidophilic paste, acidophilus paste of increased fat content, yoghurt, sweet yogurt, fruit yoghurt, clabber
Mechnikovskaya, bifidin milky-apple); cottage cheese and curd pastes freeze-dried (cottage cheese
"Special”, fruit cottage cheese, curd pasta with dried apricots, cottage cheese pasta with cranberry, cottage
cheese pasta with black currant, cottage cheese pasta with nuts); porridge dairy freeze drying (manna
porridge, rice porridge); soup with vermicelli.

Sublimated dairy products are a powder consisting of particles of different shapes, scattered by light
mechanical action. The taste and smell of products is determined by their appearance and introduced
fillers.

Milk, milk porridge and milk soup with vermicelli freeze-dried were developed in order to expand the
range of products of increased nutritional value and long shelf life, as well as meet the desire of
cosmonauts to have hot diary products in the diet. Dried freeze-dried drinks can compensate for the deficit
of potassium and other macro-elements, as well as vitamin C, which occurs in cosmonauts. The physico-
chemical parameters of these products are presented in table 2.

Sour-milk products of freeze-drying due to their ability to normalize the microflora in the human
gastrointestinal tract are especially useful for prolonged feeding of cosmonauts with canned food.
Physicochemical parameters of freeze-dried fermented milk products are presented in table 3.

— 18 ——
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Table 2 — Physicochemical Parameters of Freeze-Dried Milk, Dairy Drinks, Porreges and Special Purpose Soups

Product Indicator
Product Moisture Fat Mass | Protein Mass | Carbohydrates Mineral Energy
Mass Fraction, Fraction, Mass Fraction, | Substances (Ash) Value,
Fraction, % % % % Mass Fraction, % | kcal/100g
- Milk, Milk Porridges and Soup with Vermicelli of Freeze-Drying
Milk 25.8 26.0 38.2 6.0 489
Manna Porridge 28.0 13.0 50.0 5.0 504
Rice Porridge 0 23.0 10.0 59.0 4.0 483
Soup with Vermicelli 20.0 17.0 53.0 6.0 460
- Milk Drinks

Milk with Sea-Buckthorn Oil 25.0 22.0 43.0 6.0 485
Milk with Tea 18.0 55.8 42 457
Low-Fat Milk with Tea 4.0 --- 25.0 66.0 5.0 364
Milk with Coffee 18.0 20.0 533 4.7 455
Milk with Cocoa 20.0 19.0 51.5 5.5 462

Table 3 — Physicochemical Parameters of Dairy Lactic Freeze-Dried Products

Product Indicator

Product Moisture | Fat Mass | Protein Mass | Carbohydrates | Mineral Substances Energy
Mass Fraction, Fraction, Mass (Ash) Mass Fraction, Value,
Fraction, % % % Fraction, % % kcal/100g
Acido-Filo Paste 12.5 66.5 2.0 438
. . 15.0
Acido-Filo Paste of Increased 19.0 602 18 472
Fat Content
Yogurt 36.0 39.0 5.0 544
Sweet Yoghurt 4.0 275 16.0 48.0 45 503
Fruit Yoghurt 26.0 49.6 44 496
Clabber Mechnikovs-kaya 40.0 18.0 33.0 5.0 564
Bifidin Milky-Apple 17.5 17.0 57.0 43 454

Cottage cheese and cottage pastes of freeze drying have a high biological value [20]. Milk com-
ponents such as protein and calcium are present in it in much larger quantities than in milk, and therefore
they can be considered as milk concentrates. One portion of reconstituted cottage cheese (100-150 g)
allows you to meet half the daily requirement of the body in calcium, as well as in essential amino acids.
The introduction of cottage products of herbal supplements into the formulation promoted an increase
in nutritional value. The physicochemical parameters of the freeze-dried cottage products are given in
table 4.
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Table 4 — Physicochemical Parameters of Cottage Cheese and Cottage Pastes of Freeze-Drying

Product Indicator

Product Moisture | Fat Mass | Protein Mass | Carbohydrates | Mineral Substances Energy
Mass Fraction, Fraction, Mass Fraction, | (Ash) Mass Fraction, Value,
Fraction, % % % % % kcal/100g
Cottage Cheese "Special” 30.0 50.0 12.5 35 520
Cottage Cheese Fruit 17.0 32.0 45.0 2.0 461
Cottage Cheese Paste with
Dried Apricots 28.0 50.7 2.3 450
i 4.0
Cottage Cheese Paste with 15.0 492 18
Cranberries
. N 452
Cottage Cheese Paste wit
Black Currant 30.0 493 1.7
Cottage Cheese Paste with 250 390 20 501

Nuts

Shelf life of freeze-dried dairy products is at least 15 months at a temperature of (25 + 1) °C and not
less than 24 months at a temperature of 1 to 5 °C. The sublimated dairy products are packaged in multi-
layer polymeric materials under vacuum. In food they are used after dissolution in water.

The intellectual component of technologies and ways of obtaining products for astronauts are
registered. The products were tested for the duration of storage and included in the diets of astronauts.
Qualitative indicators of dairy products are highly appreciated not only by Russian, but also by foreign
cosmonauts.
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APHAMBI MAKCATTAPFA APHAJIFAH CYT OHIMJIEPIHIH
FBIJIBIMU-TOXKIPUBEJIK IIOTEHIUAJIBI

Annoranusi. Kenteren xbuimap Ooiibl Bykinpeceiinik cyT OHAIPICIHIH FbUIBIMU-3€PTTEY HHCTHTYTHI
(BC¥T3U) apHaiibl MaKcaTTarbl CYT OHIMIIEPIH OHIIPyMEH, COHBIH ilIiHE OPOUTAIBIK CTAHIMSIIAP/IbIH KOHE FapbILI
KEMECIHIH SKHITaXAaphl YIIIH OOPTTHIK ac-Ma3ipiHiH TEXHOJIOTUsUIApBIH d3ipien kenei. JKymbicTap MeIUIMHAIIBIK-
OMOJIOTHAIIBIK MOCeJIeJiep NHCTUTYTHIMEH, a3bIK-TYJIIK ©H/AIpici KOHIEHTPATHIHBIH JKOHE apHalbl a3bIK-TYJIK TEXHO-
JIOTHACH! FBUIBIMU-3€PTTEY MHCTHTYTBIMEH, COHJIal-aK Oipkarap 0acka cajlaJIbIK JKOHE MEAUIMHAIBIK MHCTHUTYT-
tapMmeH Oipnecin xyprizingl. BC¥F3U-na apHaiisl eHiMIep 1eXbl KYPbUIIBI, OHBIH FBUIBIMH-OHJIPICTIK 06a3achl TEK
IKCIIEPUMEHTAIIBIK 3ePTTEYJIePMEH KaMTaMachl3 eTyre FaHa eMec, Tajlall eTUICTIH aCCOPTUMEHTTE JKOHE MeJlepie
OHIM/II IIBIFapyFa MYMKiHAIK Oepzi. Fapreimkepiepre apHanFaH eHIMAEPAIH TEXHOIOTHIIAPBIH IaMBITY JKaJFacyaa
JKEHE Kasipri yakbITTa MEAMLMHAJIBIK KEHEe OHMOJIOTHSUIBIK TAJANTap PEeTTeNy/e, OHIeY CalachlH XKaKcapTyFa, jKaHa
opaM MaTepHalapblH CHIi3yre )KoHe Tarbl 0acKa calaHbl XKaKcapTyFa OarbITTalFaH KOJIAaHOANb! meliM Taly yIiiH
3aMaHayH TeXHOJIOTHIBIK-CHIHBICTAp KeHEHTLTyae.

Tyitinai cesnep: rapblii, TaFram, CyT OHIMEPI, TEXHOJIOTUsUIAP, CyONIuManus, CTepuiey.
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HAYUYHO-IIPAKTUYECKHUI MOTEHIIUAJT
MOJIOYHBIX MPOAYKTOB CIIEHUAJIBHOI'O HASHAUYEHUSA

AnHoTauusa. Ha nporspkennn muHormx jer BHUMM monounoit mpomsinuienHoctn (BHUMMUM) 3anmmaertcs
pa3pabOTKOM TEXHOJIOIUI MOJIOYHBIX MPOAYKTOB CIEIHA3HAYEHHS, B TOM YHCIE U A1 OOPTOBBIX PAllMOHOB 3KHIIA-
XKel KOCMUYECKHX Kopaliel U opOuTanbHBIX cTaHLuil. PaGoThl NpOBOAMIIMCH KOMIUIEKCHO ¢ MIHCTHTYTOM MeIUKO-
Ouosornyeckux npobiiem, HayuHo-HMcClie0BaTeIbCKMM HHCTHTYTOM IHIIEKOHLUEHTPATHOM MPOMBIIUIEHHOCTH
CHeLUaNbHOW MUINEBOM TEXHOJIOTMH W ILEJBIM PSJIOM APYTMX OTPACIEBBIX M MEIULMHCKUX WMHCTUTYTOB. [Ipm
BHHWMMU 6bu1 co3paH Lex CrenipomayKToB, HayYHO-ITPOM3BOACTBEHHAsI 6a3a KOTOPOTO I03BOJIsIa HE TOJIBKO obec-
MIeYNBATh HMCCIICTOBAHUS IKCIIEPUMEHTAIBHBIMHA BBIPAOOTKAMH, HO M OCYLIECTBIJISITH BBITYCK NPOJYKLUUH B He-
00X0ITMMOM aCCOPTHMEHTE M KoJmuecTBax. Pa3paboTKy TEXHOIOTHI MPOIYKTOB /1l KOCMOHABTOB IIPOJIOJKAIOTCS U
B HACTOSIIEE BPEMs, KOPPEKTUPYIOTCSI MEIMKO-OHOIOTHYECKHE TPeOOBaHMS, PACIIUPSIOTCS U HAXOIAT IPUKIJIATHOE
pelIeHne COBPEMEHHBIE TIPECTABICHHS TEXHOJIOIHYECKOTO XapaKTepa, HallpaBICHHbIE Ha TIOBBIIICHHE Ka4eCTBa IIPH
OJHOBPEMEHHOM CHW)KCHUH HHTCHCHBHOCTH 00paOOTKH, BHEAPSIFOTCSI HOBBIE YIIAKOBOUHBIE MaTEpHAIIbI U IIpOUEe.

K mpoxykram mpeabsBisitoTca 0coOble TPEOOBAHUS: OHM JOJDKHBI OBITh BKYCHBIMH, BBICOKOITUTATEIbHBIMHU,
XOpo1Io cOaTaHCUPOBAaHHBIMHU MO MAaKpO- ¥ MHUKPOHYTPEHTHOMY COCTaBy, 001afaTh ONpENeIeHHBIMH MPO(UIAKTH-
YECKUMH CBOMCTBaMH, ObITh HECJIIO)KHBIMH B IIPUTOTOBJIEHHH U YINOTPEOJICHUH, UMETh MOBBIILICHHYIO XpaHUMOYC-
TOWYMBOCTH U Jp. DTa IpyNIa NpOJYKTOB MO MpaBy CUUTAETCS Hanbosee HayKOEMKOI B YacTH TEXHOJOTMYECKUX
HOBIUIECTB U PELLEHUM.

[IpoxyKThl cnenHa3Ha4eHHs Ha MOJIOYHOW OCHOBE INPHHIMITMAIBHO MOKHO Pa3AeiIuTh Ha JIBE OCHOBHBIC
TpYMIBI: CTepIIN30BaHHbIe (a0103) U CyOIMMupoBaHHbIe (KcepoaHadro3). Ha ceroHsIHuii 1eHs Co3/1aHbl 1ECSITKA
TEXHOJIOTHI B 00€HX TpyMIlax — 3TO MU MOJIOKO, MOJIOYHBIE HAIUTKH, CYTIbl, Kallll, KNUCJIOMOJIOYHBIE TIPOIYKTHI, TBO-
por u mpouee. I[IpomgyKThl NpONUTH HCHBITAHUS HA JUIMTEIBHOCTh XPAHEHHS W BKIIOUEHBI B PALMOHBI MUTAHMSA
KOCMOHABTOB. YacTh IPOAYKTOB IpoONIIa anpodanuio B paMKax padoT OpONTAIbHBIX CTAHIMHA M KOCMUYECKUX KO-
pabieil, B TOM 4mciIe MEXIyHapoIHbIX. KadecTBEeHHBIE MMOKa3aTeN MOJOYHBIX NPOIYKTOB BBICOKO OICHEHBI HE
TOJIBKO POCCHMCKUMH, HO U 3apYOEKHBIMU KOCMOHABTaMH.

KarodeBble c10Ba: KOCMOC, IMTAHUE, MOJIOYHBIE IPOLYKTHI, TEXHOIOTHH, CYOIMManus, CTCPUIN3aLHsL.
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THE STUDY OF THE QUALITY OF HOT THIN BEAMS OBTAINED
BY ROLLING ON A LONGITUDINAL WEDGE MILL

Abstract. The article presents an analysis of the influence of temperature-deformation processing regimes on
the microstructure of 08kp steel during rolling on a longitudinal-wedge mill (LWM) using the physical modeling on
the plastometer STD 812; it also considers kinetics of growth and decay of austenite, as well as the conditions for the
formation of a fine-grained structure. The quantitative data was obtained by the finite element method and the
«MSC.SuperForge» software and the main regularities of the distribution of the stress-strain state as well as the
temperature during rolling the blanks on LWM was established. The rational technology of rolling thin strips of steel
08kp has been developed and tested under laboratory conditions. Particular attention is paid to the analysis of the
influence of the rolling and cooling regimes on the formation of a fine-grained structure in steel 08kp. It is estab-
lished that rolling thin bands of steel 08kp on LWM leads to an increase in strength and plastic properties of sheet
metal.

Key words: strip rolling, low-carbon steel 08kp, austenite, ferrite, perlite, microstructure, cold-hardening, expe-
riment, hardening, softening, recrystallization.

Introduction. Starting from the end of the twentieth century and still now, a sheet metal with a thick-
ness of less than 2 mm made of low-carbon steel is considered to be the most important structural material
in the automotive industry and other leading branches of engineering [1, 2]. In recent years, the demand
for hot-rolled thin-sheet steel has been increased and, thus, an increase in the volume of production of
steel plate with a thickness of less than 2 mm has occurred. Production of hot-rolled extra-thin sheet
products is planned to be carried out at the level of requirements for the quality of cold-rolled sheet. Even
a partial use of hot-rolled sheet products by the consumer instead of cold-rolled sheets of the same thick-
ness gives a significant economic effect due to its lower costs for additional redistribution (cold rolling,
annealing, etc.).

Thus, the tendency of producing thin hot-rolled stripes, a part of which is independent commodity
products and a part of which is used to replace cold-rolled metal, has become a reality and it still continues
to grow in the world practice [2]. More than 30% of strips with a thickness of 1.0-2.5 mm and higher is
contained in a typical assortment of cold-rolled structural steel. At the same time, the proportion of strips
with a thickness of 1.0-3.0 mm is about 60% in the range of broadband hot rolling mills. As a prerequisite
for this trend, we can note an increase in the efficiency of orders and decrease in production costs [2-5].

According to the authors of papers [2, 6], the most perspective area is using the thin hot-rolled strips
to replace cold-rolled sheet products of general purpose. The analysis of the order book of metallurgical
combines of the CIS countries showed that about 15-20% are cold rolled strips with the thickness of 1.0-
3.0 mm, supplied in accordance with GOST 16523 with the quality of the surface finish of groups 2 and 3.




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

At the same time, the share of stripes of 1.5-1.8 mm thickness makes up about 30-35% of this amount
(or about 6-7% of the annual production volume of the shop), and bands of 2.0-3.0 mm thickness is about
45-50% (about 8-9% of annual production). Up to 75-80% of the metal in the assortment group under
consideration is supplied with the properties of the exhaust category G and about 14-16% with properties
of the extractor category N.

The production of thin hot rolled products is a complex process, characterized by a large number of
technological factors [7]. The mechanical properties of hot-rolled thin strips are affected by the chemical
composition and structure of the metal, the formation of which is determined by the temperature-
deformation modes of rolling, and the regularities of this influence have a complex character.

It should be noted that the current trend in the market of sheet steels is the expansion of the nomen-
clature within strengthening the quality requirements, including structure and mechanical properties [8].
The structure of hot-rolled sheets is uneven in thickness, which is primarily due to the unevenness of the
deformation and the temperature gradient. Therefore, an important step is the selection of rational
temperature-deformation modes of rolling.

A significant drawback of rolling extremely thin strips on continuous wide-band mills is the impos-
sibility of meeting the optimal temperature conditions for ending the hot rolling (compression in the criti-
cal temperature range Ar;-Ar; leads to the formation of an uneven grain structure that does not meet the
requirements of GOST 16523) [9]. Large grain and a variety of granularity of the structure can lead to
uneven deformation of the metal during stretching and cause the formation of breaks. A uniform structure
is also necessary for hot-rolled strips, which can be a cost-effective sub-roll for cold rolling mills. A mixed
structure with coarse grains of ferrite in the surface layers of the strip, which is unevenly deformed in cold
rolling mills with a reduction ratio of 70-80%, can cause transverse cracks along the lateral edges of the
strip [9]. Cold rolling does not eliminate the coarse graininess obtained during hot rolling; in non-uniform
grains in a hot-rolled strip similar grains are formed in cold rolled sheets. A roll with a structure consisting
of uneven or small grains is poorly deformed and the strip breaks occur [9].

It is outlined in the paper [9] that the surface heterogeneity can be associated with a different chemi-
cal composition along the section of the strip, and ferrite rolling at a temperature below the Arl point in
the region of the single-phase ferritic structure of the metal will provide a uniform structure for the extra-
thin bands. However, data on the effect of ferrite rolling on the microstructure and the mechanical proper-
ties of low-carbon steels are not enough, there is no complete idea of its effect on the quality of the metal,
so it is relevant to study the features of the formation of microstructure and the mechanical properties of
extremely thin low-carbon steel at low rolling-end temperatures.

It should be noted that it is possible to meet all requirements to the structure and properties of sheet
steel produced in the hot rolling mill by organizing the control and controlling the formation of the struc-
ture and properties of steel in the mill's processing line [8]. Responding promptly to market demands,
while significantly reducing the time and costs for the development of new types of metal products, will
allow an automated design of technological modes of production of rolled products. As the first step in
this direction, there should be mathematical modeling of the structure formation during rolling in different
mills.

The aim of these studies is to study the distribution of accumulated deformation on the formation of
the structure and properties of a metal of low-carbon steel 08kp during the rolling of thin strips on a lon-
gitudinal-wedge mill.

Materials and experimental procedure. A multifunctional longitudinal-wedge mill (LWM) of a
new design (figure 1) is proposed for the rolling of sheets of steels and alloys [10]. This mill contains elec-
tric motors, reducers, gear stands, universal spindles, couplings, stands with working and supporting rolls.
At the same time, in the first three stands there are two supporting rolls, and in the last two stands there are
four supporting rolls. Rotation of working rolls in the decreasing rolling direction is carried out through
bearing stands by five motor-reducers with an angular velocity @ = »-R (where v is the rolling speed in
each mill stand, R is the radius of work rolls in each mill stand). In this case, the distances between the
stands are increased by the amount of advance, and the adjustment of the distance between working rolls
is made by single screw press mechanisms located at the top and bottom of the mill stand and bearing
stands [19].

—— 4 ——
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