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'Undergraduate, Pm National Research Polytechnic University
PhD in Engineering, associate professor, Perm National Research Polytechnic University
THE OVERVIEW OF THE ADDITIVE MANUFACTURING METHODS
Abstract
The paper provides an overview of the most popular additiveodadry, made on the basis of publications represented in
scientific and technical journals and public sources over the last five years. The methods based on powder technology,
extrusion working material, photopolymerization techniques are described. Vhatages and disadvantages of each method
of forming an additive manufacturing are presented; links to the work of other authors are shown. The information about the
Russian scientific centers and universities with significant experience in the fielditdfeatechnologies are presented.
K e y w o rdditsre teclinologies, additive manufacturing, powder technology, extrusion, photopolymerization.
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STUDY OF THE INFLUENCE OF ENZYMATIC HYDROLYSIS ON THE CHANGE OF THE NUTRITIONAL
VALUE OF RAPESEED CAKE
Abstract
The paper studied the influence of enzymatic hydrolysis on the change of the nutritional value of rapeseed cake. Enzymatic
hydrolysis was carried out with the use of the polyenzyme preparation RBYM#® AR, made in France. The results have
shown the advisability of enzymatic processing of rapeseed cake to improve its nutritional value. Enzymatic hydrolysis allows
reducingthe amount of cellulose and hemicellulose, increasing the amount of free phosphorus in rapeseed cake. Despite the
decrease of protein content, as a result of enzymatic processing, the digestibility increases that indicates the itlcecsase of
biological value of proteins. The product obtained during biotransformation can be used as a functional fortifier in food
production.
Keywords: rapeseed cakenzymatichydrolysis nutritional value.
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ntroduction

Oil cake is a byproduct of oil production from oil ptaseeds by pressing. The main use of oil cakes is in fodder
production as a component of animal feed and as a separate feed [8.12]. The factors limiting the use of oil cakesefor food
high content ofcelluloseand lignin, and the presence of amtitritional compounds, which include phytates, phytic acid,
lectins, chlorogenic, quinine, erucic acid and others [2].

In general amount of oil cakes produced both in Russia and in the world, rapeseed cake takes one of the leading place:
Rapeseed cake isia@racterized by the presence of protein with full amino acid composition of polyunsaturated fatty acids witl
a predominant ¢ o-B)taeid) dietaoy ffiber] significdne amiount of choline, niacin, riboflavin, folic acid,
thiamine, mineral sulb@nces calcium, phosphorus, magnesium, copper manganese [3,5,6], which indicates the prospect of i
use in food production.

The presence of large amountscefluloseand phytic compounds limits using of rapeseed cake as a functional ingredient in
food production. Phytin content in rape is3%. Phytic acids of cakes bind calcium and phosphorus. From 40 to 70% of total
phosphorus of rapeseed cake is connected with phytwitnh [ 9
pepsin.This is due to decreased protein solubility and structural changes after the merger with phytate. In additiephytiotein
complexes react readily with iron, zinc, manganese, copper, impeding their absorption [1,13]. These aspects need to finc
effective ways of processing and to improve the quality of rapeseed cake that will allow to save the protein componen, increa:
its digestibility, and at the same time, to eliminate the factors that reduce the nutritional value of the rape. Omeroisithg p
directions of improving the quality of rapeseed cake is its enzymatic treatment with the help of cellulolytic enzyméopeeparat
with phytase activity to get a product with a low contergediuloseand phytic compounds [4,7].

The purpose of the wok is to study the influence of enzymatic hydrolysis on the change of the nutritional value of
rapeseed cake.

Objects and methods of the research

The objects of the research work are:

- rapeseed cake of increased oil content of "Orelrastmaslo” produttib®146005-003365272005);

-enzyme preparation Rovabio Max AR (productioRrance, Endd.,4-in-xylanase-14000 AXG u/g, Endel,3 (4)-in-
glucanase2000 AGL- u/g, 6Phytasel0000 FTU u/qg).

Analysis of samples was carried out according to conventional echniques:

- mass fraction of crude proteinaccording to GOST 134969B;

- fractional composition of proteirisby Osborne method (in VIR modification) [10];

- mass fraction of crude fiber in the fimée product, based on absolutely dry substarmemrding to GOST R 52839
2007,

- determination of qualitative and quantitative composition of vitaniirtsy the method of high performance liquid
chromatography;

- content of minerals by atomic absorption spectrophotometry;

- determination of free phospha concentrationby the method of Ermakov A.l. [11];

- protein digestibilityi by colorimetric methodby Lowry) [11].

The reliability of experimental data was evaluated by methods of mathematical statistics with the use of Microsoft Excel.

Results andtheir discussion

For carrying out the enzymatic processing of rapeseed cake polyenzyme preparation RdvaxicAR was chosen,
made in France, consisting of 20 enzymes, which are produced by strains of Penicillium Funiculosum ar
Schizosaccharomyces poemb The main groups egfucamasezphymases celalase, pratgateapecirmse,,
This preparation hydrolyzes natarch polysaccharide and phytates of plant origin, allowing on the one hand, partially to
hydrolyze the matrix cell wall seezbats of rapeseed cake, and on the other hand, will promote the release of phosphorot
bound in phytate.

At the first stage of the study the optimal parameters for enzymatic hydrolysis were detehyéradlic module pH,
temperature, time and dosagetloé enzyme preparation. We studied the influence of these factors on the degree of hydrolys
of rapeseed cake, which was judged by the change in crude fiber content, free of phosphorus and total compressive strain.

On the basis of the experiments and hmeatatical processing of results some optimal parameters of enzymatic hydrolysis
of rapeseed cake by using enzyme preparation RoVabax AR were established (Table 1).

Table 1i Rational parameters of enzymatic hydrolysis of rapeseed cake

Hydrolysis paameters Hydrolysis modes
Hydraulic module 1:3
B 5,5
Soaking temperature, Awu 40
Soaking duration, min 180
Dosage, % 0,05

Technological process of enzymatic hydrolysis of rapeseed cake includes the following operations: preparation of r
materials for production; carrying out enzymatic hydrolysighe preparation Rovabio Max AR; dispersion; drying; grinding;
screening; labeling, packaging, transportation and storage.
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Since the main objective of the enzymatic influence on rapeseed cake was to increase its nutritional value, at the seconc
stage e changes in its chemical composition, digestibility and fractional composition of proteins, as a result of enzymatic
hydrolysis, were studied. The results of chemical composition of the research are presented in Figure 1.
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Fig. 11 Change of the chemat composition of rapeseed cake as a result of enzymatic hydrolysis (Content of nutrients in
rapeseed cake to enzymatic hydrolysis is taken as 100%.)

The studies found that as a result of enzymatic processing of rapeseed cake protein content dedi#asellipse
15%, hemicellulose 15%; the amount of digestible (free) phosphorus increased by 42%, cal®B86 respectively. No
significant differences in changes of magnesium, sodium, chlorine and sulfur, as watiraslementsand vitamins are
determined.

Changes in fractional protein composition of rapeseed cake in the enzymatic hydrolysis are shown in Table 2.

Table 2i Fractional protein composition of rapeseed cake before and after enzymatic hydrolysis

Fractions of proteins Content to totahmount of protein%

before enzymatic hydrolysis after enzymatic hydrolysis
Watersoluble (albumins) 39,72 40,38
Saltsoluble (globulins) 26,38 27,21
Alkali soluble (glutelins) 16,8 16,27
Insoluble residue 17,1 16,14

As seen from the tablepntent of the main protein fractions of rapeseed cake under the action of enzymatic processing
remains practically unchanged.
Data on the influence of enzymatic hydrolysis on protein digestibility of rapeseed cake are reflected in Figure 2.
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Fig. 27 Influence of enzymatic hydrolysis on the protein digestibility of rapeseed cake
14



[ i HEZdOsH daf B dizOie slaaBls | dzf ME(BLR H 2w@d@dz 2 7 o j dzlsw s te!

The obtained data indicate that proteins attacked by digestive enzymes in the enzymatic hydrolysis increase
consequently their digestibility increases. Besides, protein pralilyestion of enzymatic hydrolysis of rapeseed cake requires
a minimum amount of pepsin.

Conclusion

The results of the research have shown the advisability of rapeseed cake enzymatic processing to improve its nutritic
value. During the experiments itaw found that the use of the polyenzyme preparation RdVaMax AP for the enzymatic
hydrolysis, having cellulase and phytase activity, reduces the amount of cellulose and hemicellulose, increases the amoul
free phosphorus. Despite the decrease atefim content, as a result of enzymatic processing, the digestibility grows up that
shows the increase of biological value of proteins. The product obtained during biotransformation can be used as a functic
fortifier in food production.
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Abstract
The paper presents a solution to the problem of the topological optimization of the support structure opthieheh
algorithm uses the topological optimization criterion taking into account the distribution of stresses in the structure. The
algorithm is written in apdl ANSYS. The results of the present represented by examples of design optimization with differen
values of the optimization parameter. When using the algorithm presented in this work, the optimized design is obtained, in
which there are areas representing the similarity of rod structures.
Keywords: topological optimization, finite elements methodJ3YS, optimization methods.
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RESEARCH INTO THE INFLUENCE OF PULSE P ROCESSING OF PLANT RAW MATERIAL
ON THE MASS CONCENTRATION OF CRUDE EX TRACT IN TINCTURATION TECHNOLOGY
Abstract

The paper is devoted to the problem of increasing the total concentration of nonvolatile substances in the tincture duri
the extraction process of plant and alcoftohtaining raw materials after preliminary pelsprocessing in the membrane
apparatus. Traditionally, biologically active compounds and plant raw material continue to play a significant role in the
modern food production. One of the main goals of modern food technology is the most complete exfraeficabie
constituentsfrom raw material and a decrease in their loss during its further processing. The main stage intincturation is t
extraction process, determined by the general laws of mass transfer, the properties of plant tissue and cherhigsicahd p
affinity between the solvent and extracted substance. The article describes the disadvantages of extraction as a methc
extracting constituentsfrom plant raw material and methods to increase the efficiency of this process. The aim of the pape
to research the possibilitiesfor application of pulse processing of plant raw material at the preliminary processing stage
increase the yield of extractive substances of the finished product by the example of tinctures. The scheme of the devel
pulsation apparatus and optimum modes of raw materialprocessing are presented according to the previously conduc
research. Infusion technology, control methods for basic quality indicators are taken according to the standard technoloc
The results of expienental research intothe influence of pulse processing on the yield of extractive substances which confir
the possibility of using this type of preliminary processing of plant raw materials.

Keywords: pulsation, plant raw materials, extraction, extracgubstances, crude extract.
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USE OF MODEL CHECKIN G FOR THE VERIFICATI ON OF TERRITORIAL DEVELO PMENT PROGRAMS
Abstract

The elaboration of territorial development programs is a complex and important task that requires the carefu
consideration of many aspects. Occasionally, during the creation process, some important aspeetsamieed, which leads
to issues in the program. These issues can range from financial overdraft or failure to meet the established timdline, to fai
to achieve the main objective of the prograrherefore, to ensurthe correctnesandreliability of the systenit is necessary
to usea tool that allowsfor the flexibility toinfluence its performance.

This article discusses the widespread approach to the modeling and verification of systems, known as Model Check
which allows for the detection ofrers at different stages of the development and maintenance of territorial development
programsin orderto consistently eliminate them.

Keywords: territorial development programrmodel checking, temporal logic, CTL, NuSMV, Jetbrains MPS + mbeddr.

he elboration of territorial development programs is a complex task that requires the careful consideration of mat
relational aspects, such as local resources and territorial indicators, as well as desired outcomes.

Programs are usually commissioned by gorernt authorities, carried out by groups of experts that put in a lot of effort
to complete the assigned task. Occasionally, because of the complexity of the projects, some inefficiency is built into
programs, and often, they manifest themselves muel, lasually during the execution phase, when results are expected,
therefore causing the program to fall short of expectatjgns.

What can be done to fix this? A model verification technique knowll@del Checkinghas played a decisive role in
eliminaing design errors in hardware and software, as well as other industrial prqgess@sever, the author believes that
the potential of this technique is not being fully utilized in the evaluation of development programs.

Model Checkings capable of @ematically verifying the properties of a finitgate model, which is an abstraction of a
real system, with the use of temporal logic expressions such as Linear Temporal Logic (LTL) or Computational Tree Loc
(CTL) |5 as a properties language, thuswllwg the detection of inconsistencies long before the system is put into practice; in
this case the system being a territorial development program.

Before the generalized use Mbdel Checkingerrors were very common in many areas of advanced techn&@ogye of
these errors were responsible for great capital loss as well as the loss of human lives. For example, many planes and
crafts were lost because of errors in the navigation system that went undetected at the time of conception. Another exar
would be the Afriendly fireo | neair chissiletsgsterh, Rariot, inwehicheat leaat ore e
U.S. plane was destroyed.

Through the use of a model checker, for example, NugMd SPIN, it would be possible to defitiee abstract model
using their modelling language; SMV or Promela, respectively. This way, it would be possible to emulate elements a
behaviors of any development program, such as the resources that will be employed (financial, human, materiatgtiofie), st
territorial indicators (economiproductive, sociocultural, ecological, institutional, etc.), the tasks and activities to be
undertaken, as well as their interrelations according to the execution timeline along with their respective preconditions.

With the help of experts in a specific field, i t 6os, po
which would reflect on the model. Then, with the use of the temporal logic rules, we could check for the model properties &
given time, which would show if the applied changes to the territorial indicators produce the desired outcome. The autl
recommends the use of CTfor this purpose.

The author finds very interesting the idea of focusing the activities as concusyrth@mnous processes that share and
compete for common resources, utilizing the potential of parallel and distributed programming systems, which are itiwtuded in
majority of model checkers. These processes would wait for the fulfilment of startwangitions such as date or a specific
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state of one or more indicators, disputing and waiting for available common resources, for example, financial resources and
personnel. On occasion these resources arextent and in other cases they are the owtonfrprevious activities.

The following is an example of how the many territorial indicators interact with one another: imagine a city that has great
potential for tourism, but suffers from high unemployment, which in turn leads to social problems tHatrianental to
tourism, for example, crime and homelessness. The local government would like to fuel the development of tourism as a
source of revenue, and use it to fix the unemployment problems in the area by utilizing the local inhabitants asotice workf
behind the change. For this purpose, a plan is created for the training of the city inhabitants. Because this trainiagademand
certain amount of time, any activities that would utilize the local workforce must take into consideration the tinah dt whi
would be ready. At the same time, these tasks cause many positive changes on territorial indicators such as economic
development as a result of an increase in external revenue, the reduction of unemployment, and the betterment of the socia

situation However, not al | change would be positive; itds Ve
destruction of the local nature in order to build hotels, golf courses, marinas and other touristic structures, thus having a
negativeimpacbn t he cityds environment al indicator s.

Another concept that must be considered isniletemode] which, in this case would consist of the relationship between
various models of territorial development programs at a macro level. For this concept, regttation would be necessary
for the coding and denomination during the modeling of resources, indicators, tasks, activities, etc.; this would altow them
interweave. This focus on seeing activities as asynchronous processes is reinforced whewy $kaitchimdependent models
towards a unified metmodel.

Once at the metmodel level, or even at an independent model level, it can be very difficult to model directly using
languages such as Promela or NuSMV; an alternative to this problem would ba wi$ogl modeling tool. There are many
tools that allow for the visual modeling of processes and systems; in some cases, this can be done utilizing actities diagr
of the standard UML, in other cases with a focus on business oriented processes oftRfNdier, these two ways lack the
advantages of thevlodel Checkingtechnique, therefore, in the great majority of cases, a combination of format
transformations, as well as third party software would be needed in order to transform an activities diagraother kind
of diagram into a comprehensible logical model to be verified through a model checker.

Nevertheless, there are other tools that maintain a focus on the poterialdef Checkingrom the beginning. An
example that is not so well known toost specialists in this field, but that the author values greatly is JetBrains MPS
(MetaProgramming System) with mbeddr, internally linked to NuSMV, joined as one computer system. Currently, this system
is mainly implemented by German companies as walbagpanies from others European countries.

To conclude, it is the aut hModed Gheckimgechniquernt is pdssabte totintprove thg h  t |
creation of territorial development programs, which would employ the combination of idetBt&S + mbeddeg, to define
very complex finitestate models for the use of simulation and verifying both visually and through programming.
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Abstract
The article is devoted to the evaluation and selection of rational information model of automated system of informatic
processing and management, methods and techniques of calculation and improve the parameters of screen formtbédased
engineeringpsychological abilities of a person, which significantly increases the efficiency of the human operator in the
control loop of the automated information system as ergatic system.
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