


 

Ministry of Education and Science of Ukraine

Odessa National Academy of Food Technologies

International Competition of Student Scientific Works

BLACK SEA SCIENCE 2020

Proceedings

Odessa, ONAFT 2020

ent Scientific WWWWWWWooooorrrrrrrkkkkkkksssssss

PPPPPPPrrrrrrroooooooccccccceeeeeeeeeeeeeedddddddiiiings



 

3
 

UDC 001.8(063)

Editorial board:

Prof. B. Iegorov, D.Sc., Rector of the Odessa National Academy of Food 
Technologies, Editor-in-chief

Prof. M. Mardar, D.Sc., Vice-Rector for Scientific and Pedagogical Work and 
International Relations, Editor-in-chief

Dr. I. Solonytska, Ph.D., Assoc. Professor, Director of the M.V. Lomonosov 
Technological Institute of Food Industry, Head of the jury of «Food Science and 
Technologies»

Dr. Yu. Melnyk, D.Sc., Assoc. Professor, Acting Director of the G.E. Weinstein 
Institute of Applied Economics and Management, Head of the jury of «Economics and 
Administration»

Dr. S. Kotlyk, Ph.D., Assoc. Prof., Director of the P.M. Platonov Educational-
Scientific Institute of Computer Systems and Technologies “Industry 4.0”, Head of the 
jury of «Information Technologies, Automation and Robotics»

Prof. B. Kosoy, D.Sc., Director of the V.S. Martynovsky Institute of 
Refrigeration, Cryotechnology and Ecoenergetics, Head of the jury of «Power 
Engineering and Energy Efficiency»

Prof. G. Krusir, D.Sc., Head of the Department of Ecology and Environmental 
Protection Technologies, Head of the jury of «Ecology and Environmental Protection»

Dr. V. Kozhevnikova, Ph.D., Senior Lecturer of the Department of Hotel and 
Catering Business, ONAFT, Technical Editor

Black Sea Science 2020: Proceedings of the International Competition of 
Student Scientific Works / Odessa National Academy of Food Technologies; B. 
Yegorov, M. Mardar (editors-in-chief.) [et al.]. – Odessa: ONAFT, 2020. – 621 p.

Proceedings of International Competition of Student Scientific Works «Black Sea Science
2020» contain the works of winners of the competition.

The author of the work is responsible for the accuracy of the information.

Odessa National Academy of Food Technologies, 2020.

ademyyyy offffff Food 

Pedagoooogggggggiiiiiiiccaall Workkkk aaaannnddddd 

or of tthhe M.VVVVVVV...  Lomonosov 
e jury ooooooofffffff «««««««FFFFFFooooooddddddd SSSSSSSccccccciiiiiiieeeeeeennnnnnnccccccceeeee aand 

Acting DDDDDDiiiiiiirrrrrrreeeeeeeccccccctttor of the GGGGGGG..EEEEEEE. Weinstein
ent, Head ooooooofffff ttttttthhhhhhheeeeeee jjjjjjjuuuurrrrryyyyyyy oooooooff «Eccccccconnnnnnnomics a

, Directttooooorrr ooooofffff the PPPPPPP...MMMMMMM.. PPPPlatonov Educ
ms and Technooooolllllogggggiiiiies ““““IIIIIIInnndddddddustry 4.0”, H

, Autommmmmmaaaaaattttion annnnddddd RRRRoooooobbbbboooootttttiiicss»»»»»»»
, Directorr offff ttttthhhhheeee V.S. MMMMMaaaaaartynovs

gy anddddddd EEEEEEEcccccccoooooooeeeeeneerrrrggggetttttttiiiiccs, Head of th
fficiennnnnncccccccyyyyyy»»»»»»»

D.Sc., HHHHHHHeeeeeaaaaaaad of the DDDDDDeeeeeeeppppppaaaaaaartmmeeeeennnnntt of Ec
gies, Head ooooooofffffff tttthe jury of «««««««EEEccccccology and

hevnikova, Phhhhhhh.....DDDDDD...,,,,, Senior LLLLLLLeeeeeeecccturer o
ess, ONNNNAFT, Technnniiiiicccccccaalllllll EEEEEEEdddddddiiiiiiitttttttoooorrrrrrr

Blackkkkk SSSSeeeeaaaa Science 2020
Sttttuuuudddeeeeennnnnt Scientttiiiiifffffiiic WWWWorks /
Yeggooooooorrrrovvvvv,,,,, M. Mardddddaaaar (edit

Proceedings 
20202020202020200» »»» contain the

ThT e auth



 

4
 

Organizing committee:

Prof. Bogdan Iegorov, D.Sc., Rector of Odessa National Academy of Food 
Technologies, Head of the Committee

Prof. Maryna Mardar, D.Sc., Vice-Rector for Scientific and Pedagogical Work 
and International Relations of Odessa National Academy of Food Technologies,
Deputy Head of the Committee

Prof. Stefan Dragoev, D.Sc., Vice-Rector for Scientific Work and Business 
Partnerships of University of Food Technologies (Bulgaria)

Prof. Baurzhan Nurakhmetov, D.Sc., First Vice-Rector of Almaty 
Technological University (Kazakhstan)

Prof. Mircea Bernic, Dr. habil., Vice-Rector for Scientific Work of Technical 
University of Moldova (Moldova)

Prof. Jacek Wrobel, Dr. habil., Rector of West Pomeranian University of 
Technology (Poland)

Prof. Michael Zinigrad, D.Sc., Rector of Ariel University (Israel)
Dr. Mei Lehe, Ph.D., Vice-President of Ningbo Institute of Technology,

Zhejiang University (China)
Prof. Plamen Kangalov, Ph.D., Vice-Rector for Academic Affairs of “Angel 

Kanchev” University of Ruse (Bulgaria)
Dr. Alexander Sychev, Ph.D., Assoc. Professor of Sukhoi State Technical 

University of Gomel (Belarus)
Dr. Hanna Lilishentseva, Ph.D., Assoc. Professor, Head of the Department of 

Merchandise of Foodstuff of Belarus State Economic University (Belarus)
Prof. Heinz Leuenberger, Ph.D., Professor of the Institute of Ecopreneurship 

of University of Applied Sciences and Arts (Switzerland)
Prof. Edward Pospiech, Dr. habil., Professor of the Institute of Meat 

Technology of Poznan University of Life Sciences (Poland)
Prof. Lali Elanidze, Ph.D., Professor of the Faculty of Agrarian Sciences of 

Iakob Gogebashvili Telavi State University (Georgia)
Dr. V. Kozhevnikova, Ph.D., Senior Lecturer of the Department of Hotel and 

Catering Business of Odessa National Academy of Food Technologies, Secretary of 
the Committee

gical WWW
Technoooolllloooggggiiiiiies,

Work aaaaannnnddd BBBBBuuuussiiiiinnnnneeess 

Vice-Rectooooooorr of Almattttyyyy 

r Scienttttttiiiiiiifffffffiiiiiiiccccccc WWWWWWWoorkkkkk ooooooofffffff TTTTTTTeeeeeeeccccccchhhhhhnnniical 

of Weeeessssttttt PPPPPPPooooooomeranian UUUUUUUnnnnnnniversity of

or of AAAriel Unnnnniiiiiiivvveeeeeeersiittttyyyy (((((IIIIIIIsssssssrrrrrrraaeellllll)))))))
sident ooooofffff NNNNNiiingboo IIIIIIInnnnnnssssttttiiiittute offf Tech

h.D., VVVVViiiicccccceeee-Recttooooorrrr ffffoooooorrrrr AAAAAcccadddddddeemmmmmmmic Affa
ulgaria)

v, Ph..DDDDDDD., AAAAAAAsssssssssocccc.. PPPPPPPrrrrofessorff offf Sukh
rus)

hentsevaaaaaaa, PPPPPPPh.D., Asssssooooooocccc...... Proofffffeeeeesssor, H
dstuff of Beeeeeeelaaaaaaarrrrus State Eccccoooonnnnnnomic Uni

z Leuenbergerrrrrrr,,,, PPPPPPPhhh.D., Prooooooofffffffeeeeeessssssorr of t
f Appplllliiiieed Sciences aaaaaannnnnnnddddddd AAAAAAArrrrrrtttttttsssss (((((((SSSSSwitzerl

Edwwaaaarrrrdddd Pospiech, Dr. hhhhhabil., P
gy of PPPPooozzzznnnnan Unnnnnnniiiiiiivvvvvvveeeeeeerrrrrrrssity of Life Scie

Prof. LLLaaaalllliii EEEEElannnnniiiiidddddzzzzzzeeeeee, PPPPPPPhhh.DDDDDDD., Professo
ob Goggggeeeebbbbaaaasshviiiilllliii TTTTTTeeeeeeellllllaavi Staaaaaaattteeeeee Universi

DDDDrrr. VVVVVV. Kozheevvvvnnniiiiikkkkkovvvvvaaaaa,,,, PPPPPh.D., S
Cateeeeerrrriiiinnnngggg BBBBBuuuusssiiiinnnness of OOOOddddeesssssssaa Natio
thhhheeeee CCCCCCoommitttteeeeeeeeee



 

324
 

3. INFORMATION
TECHNOLOGIES,

AUTOMATION AND
ROBOTICS

 



INFORMATION TECHNOLOGIES, AUTOMATION AND ROBOTICS 

463
 

USAGE OF MODERN INFORMATION TECHNOLOGIES OF SOLVING 
THE OPTIMAL ALLOCATION PROBLEM INVESTMENTS IN THE 

ENTERPRISE

Author: Anna Ignatenko
Supervisor: Leonid Scherbak

Kyiv International University (Ukraine)

Abstract. This work concerns the present-day problems of modern information 
technologies usage in solving the optimal allocation problem investments in 
economics.

Key words: method, solution, enterprise, technology, investments, efficiency.
Introduction

The development of various enterprises, the accumulation and use of capital 
investments have been urgent problems of the economy of different countries of the 
world for the last, almost three centuries. Today these problems are solved with the use 
of modern information technologies. Over the past period, a considerable number of 
methods of solving economic problems have been introduced, so when creating the 
appropriate information technology, there is always a question, and accordingly a task, 
on the basis of which method to implement the relevant information technology.

One of these tasks this work is dedicated.
Literature Review: This work is based on three main types of literature: 

modeling in economics (Kartaev F.S. Econometrics, Baldin K.V. Mathematical 
Methods and Models in Economics, Markin Y.P. Economic Analysis, Karaseva R.B. 
Mathematical Enhancement student's competence in introducing research problems 
into the learning process), the use of MS excel in economic tasks (Internet tutorials in 
Excel, Microsoft Excel user manual, Guseva O.L. Mironova N.N. Excel for Windows), 
as well as programming of economic processes (Karaseva R. B. Tend of Modern, 
Mathematical Education, I.L. Akulich, Mathematical Programming in Examples and 
Problems, M.G. Zaitsev (Methods of Management Optimization for Managers).

Problem statement: based on the analysis of the results of the use of three 
known methods: search;  search for a solution;  dynamic programming to justify the 
choice of one of them to solve the problem of optimal distribution of investments in 
the development of the enterprise.

In this way, you can form the purpose, object, subject and methods of research 
of this work.

The purpose of the work. Based on the results of the analysis of the use of the 
three methods of solving the optimal problem, it is reasonable to use one of them to 
create the appropriate information technology.

Object of research. The process of optimizing the efficiency of investment in 
the development of each enterprise.

The subject of research. Results of efficiency of use of capital investments by 
the enterprise.

Research methods:
1. The search method

Ignate
nid Schhhhheeeerrrrbbbbbbbba

ersity (((((UUUUUkkkkkkkrrrrraaine)

f modeeeeerrrrrrrrrnnnnn iiiiiinnfformaaaaatttiiiooooonnnnn
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2. Solution Finder
3. Programming method.
This work was done based on MS Excel

Task
• Exploring different methods of finding the most profitable investment
• Identify opportunities for using modern technologies
• Investigation of the most rational method for individual tasks
For the development of three enterprises allocated 5 million UAH.  The known 

efficiency of investments in each enterprise, given by the values of nonlinear functions 
g1 (Xj) presented in the table below:

Figure 1.  Graphical representations of performance features.

The calculations will be made on the assumption that the distribution of funds is 
made in integers Xj = {0,1,2,3,4,5} million UAH.

The search method.
The application of this method is justified by the fact that the problem is solved 

in integers with a small range of values of variables.  In this case, the three variables 
x1, x2 and x3 take one of the six possible values of Xj.  So there are 63 = 216 
combinations of variables in total.  However, only those with x1 + x2 + x3 = 5 should 
be considered for consideration

The output is recorded in the MS Excel worksheet as shown in Figure 2.

TTTThhhhhe ccccaalculationnnnssss wwwwwiiiiillllllll bbbbbbeeee made o
madddddddeeeee iiinnnn innnttttteeeeeggggeeeerrs Xj = {0000,,111,2222,3,4,5}

TTTTThe searchhhhh mmmmeeeeeethod.
TTTTThhhhheeeee applicatttiiiiiion of t

innnnn iiiinnnntttteegeeeerrrrsss wwwwwith a smal
xxx1111, x2 andddd xxxx3 take
cccccooommmmbinations of
beee cccccooonnnnnnsidered

The o

nt

UAH.  TTTThhhheeeee kkkkknnnnnooooown 
of nonlllliiiiinnnnnnneeeeeeeaaaaarr funcccttttiiiioonnnnnsss 

tions of performmmmmmmannnnnccccceee feeeaaaaaaattuuuuuuurres.
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Figure 2.  Organization of output data on a worksheet.

To systematically search all combinations, it is rational to translate decimal 
numbers in the range from 0 to 215 in a six-point system of calculus.  Separate bits of 
the hex representation and will be the values of the variables sought.

A possible variant of translation of decimal numbers of combinations in the 
digits of hex code is presented in Fig. 3.

Fig. 3. Formulas for translating decimal combinations numbers into hex codes.

The calculation of the investment performance is made in the column g1 + g2 + 
g3.  To do this, enter the formula E14: = IF (B14 + C14 + D14 = 5; VIEW (B14; $ B 
$ 3: $ B $ 8; $ C $ 3: $ C $ 8) + VIEW (C14; $ B $ 3: $ B $ 8; $ D $ 3: $ D $ 8) + 
VIEW (D14; $ B $ 3: $ B $ 8; $ E $ 3: $ E $ 8); 0), which is then extended  (extended) 
to the bottom of the table (Fig. 4).

Figure 4. Formulas for calculating overall performance with constraints on 
variables x1, x2 and x3.

To select the optimal solution in the cell F14, the formula for selecting the 
maximum value from the whole range of variants is introduced, and the cells G14, H14, 
and I14 enter formulas for choosing from the range of the combinations x1, x2, and x3 
at which this maximum is reached (Fig. 5).

Figure 5. Choosing the best solution formulas.
To facilitate the visual search for the best solution, a column with cumulative 

performance can be formally conditionally formatted to equal the maximum 
cumulative efficiency value.  A fragment of the letter showing the final decision is 
presented in Fig. 6.

FFFFiiiiggguuuuuuurrrre 4. Forrrrmmmmuuuuulllllaaas fffffooorrrr calcul
variaaaabbbblleeeesss xxxxx1, xxxx2 and x3333.

TTo sellllleeeeectttt tthe optimal sol
mmmmaaaaxxxiiiiimmmmmum valueeeee ffffrrroooommm the whomm
and IIIII111144444 eeeeenter formmmmmuuuuuullllas for
att wwwwwhhhhhiiiiccchhhh thhhhhiiiiiss maximum

FFigure 5
To f

rm
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$ 3: $ B $ 8; $ EEEEEEE  $$$$$$ 33333: $ E $$$$ 8888888))))));;;;;;; 0), whi

of the ttttaaaabbbble (Fig. 4).
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Figure 6. The final results of the decision by the search method.

"Finding a Solution".
Solution Finder allows you to limit the number of variables.  Therefore, this 

problem can be solved with this tool.
Figure 7 shows the possible organization of the worksheet, and Figure 8 - setting 

options options "Search for a solution."

Fig. 7. Organizing your worksheet when using the Solution Finder tool

Fig. 8. Setting options for Solution Finder
The results of the decision (Fig. 9) coincide with the results obtained by the 

search method.

Fig. 7.. OOOOOOrrrrggggaaaaannnnniziinnnnngggg yyyyyyyoooooouuuuuuurrrrr wwwwwwwooorksheet wh

the seaaarch method.

t the nnnnuuuuuummmmmber offfffff vvvvvvvaaaaaaarrrriiiiaaabbbblllles.  TTTTTTThhhhherefor

ganization of thheeeeee wooooorrrrrkkkshhhhhhheeeeeeeeeettttttt,,,, and Figu
tion."
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Figure 9. The final results of the solution using the Find Solution

Dynamic programming method. The above methods of decision are rationally 
applied at small dimensions of the problem.  In the case of a large number of enterprises 
and a large amount of investment, the dynamic programming method is used.

According to the idea of the method of the problem is solved in two stages.:
Stage 1 Conditional optimization (k = 3, 2, 1).
Step 1: k = 3. It is assumed that all funds in the amount of x3 = UAH 5 million.  

dedicated to a third company.  In this case, the maximum revenue, as can be seen from 
the output table and the table for the Bellman function F3 (c3) = g3 (x3) will be g3 (x3) 
= UAH 6.9 million.

Step 2: k = 2. Determine the optimal strategy for allocating funds between the 
second and third companies.  In this case, the Bellman recurrence relation has the form: 
F2 (c2) = max {g2 (x2) + F3 (c2-x2)}

Based on the last relation, a table is constructed for the Bellman function F2 (c2)

SSSSStttep 2: k ===== 222.... Determ
seccooooonnnnddddddd aaannnnnddddd third compani

n using theeeee FFFFFFFiiiiiiinnddddddd SSSSSSSoooooollllluuuuuutttttttiiiiiiiooooooonnn

The aboveeeee mmmmmeeeeettthodssssss offffff  ddddecision are r
blem.  In the caassssssseeee ooooofffff a laaarrrrrrrggggeeeeeee number of

the dynnnnnnnaaammmmiiic prrooooogggggrrrraaaammmmmmmmmmiiiiinnnnnggggg mmmmmmmeeeeeethod is
the method ooooffff tthhhhhheeeee pppprrrroblem iiiiisssss ssssssoolved i

ptimizzzzzzaaaaaaatttttttiiiiiiion (((((((kkkkkkk = 3333, 222, 111).
assumeeeeeeeddddddd ttttttthhhhhhhat allll fffffffuuuuuunddddddds iinnnn ttthhhheeee amount o

mpany.  IInnnnnnn ttttttthhis case, thhhhhheeeeeee mmmmmmmaxiimmmmum rev
the table forrrrrrr thhhhhhhee Bellman fffffffuuunnnnnnnction F3 (

on.

FFFFF22222 ((((cccc22) == mmmmaaaaaxxxxx {g2 (x2
Basedddddd on the
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Stage II: k = 1. Determine the optimal strategy for allocating funds between the 
first and two other enterprises, using the formula for calculating total income: F1 (c1) 
= max {g1 (x1) + F2 (c1-x1)}, on the basis of which  compiled table for Bellman 
function F1 (c1)

Stage 2 Unconditional optimization (k = 1, 2, 3).
We determine the trajectory of the optimal strategy.
Step 1: k = 1. According to the table for the Bellman function F1 (c1), the optimal 

plan for the distribution of 5 million UAH.  between the three enterprises is: c1 = 5 F1 
(5) = 10.8.  In this case, the first enterprise should be allocated x1 = 1 million UAH.

Step 2: k = 2. Determine the amount of cash remaining in the shares of the second 
and third companies: c2 = c1-x1 = 5-1 = UAH 4 million.

According to the table for the Bellman function F2 (c2) we find that the optimal 
variant of the distribution of funds in the amount of 4 million UAH.  between the 
second and third enterprises is: F2 (4) = 8.6 when allocating the second enterprise x2 
= 2 million UAH.

Step 3: k = 3. Determine the amount of cash remaining in the share of the third 
enterprise: c3 = c2-x2 = 4-2 = 2 million UAH.

According to the table for the Bellman function we find: F3 (2) = 5,4;  x3 = UAH 
2 million

The trajectory of the steps of the second stage is clearly illustrated in Fig. 10.

ptimization ((kkkk = 111111,, 2222, 3).
ectoryyyyy ooooooofffffff ttthhhhee ooooooppppppptttttimmmmaaaal ssssttttrrrategy.
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2. Determine thhheeeeee aaammmmmmmoooooount ooooffffff cccaaaaaaassh rema
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2 milliioooonnn  UUUUAAH.
SSSStteeeeeeeppppp 3333: k = 3. DDDDeeeetteeeeerrrrrrrmmmmmiiinnnne the a

enteeeeerrrrrrpppppprrrriiiise: ccccc333 ==== c2-x2 = 44444----2222 = 2 m
Accordddddiiiiinnnnngggg ttttoo the table fo

2 mmmmiiiilllllliiiiiooooon
TTTTTTThhhhheeeee trajectory of th

ng funddddddssss bbbbbbbeeettweeeeennnn ttttthhhhhe 
ng total iiiiiinnnnnnncccccccome: F1 ((cccc1111)))) 

ompiled tabbbbbbllllllee for Bellmann 
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Figure 10. The trajectory of the steps of the second stage of optimization by the 
method of dynamic programming

Thus, the optimal enterprise investment plan: x1 = 1, x2 = 2, x3 = 2, which provides 
a maximum return equal to F1 (5) = g1 (1) + g2 (2) + g3 (2) = 10.8 million  UAH

Figure 11 shows a possible organization of tables on a sheet of MS Excel 
application.

Figure 11. Organize data on a worksheet.

e steppssss of the seeeeeccccccooonddddd staagggggggeee ooof optimiz
g

ise investmentttt pppplaaannn:::: xxxx1 = 1, x22222 ==== 2, x3 =
1 (5) ==== gggggg111111  (((((((1111111)))))))  +++++++ ggggggg2 ((((2222))) ++++ ggg3 (2) = 10.8

a possiiiiiiibbbbbbblllllleeeeeee organiiiiizzzzzaaaaatiiiiiiooooooon ooooffff tttttaaables on
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Fig. 12 shows a fragment of the worksheet in the display of formulas.  The cells 
H3, H13, and H23 correspond to the upper left corners of the Bellman function tables 
,,, respectively.  Addressing cells in formulas provides automatic filling of all tables 
when spreading formulas throughout the field of tables.

Fig. 12. Introducing formulas into the cells of a worksheet to populate the main 
fields of the Bellman function tables

Calculation of maximum values of functions and finding of corresponding 
values of arguments is carried out by means of functions MAX () and SEARCH () 
(Fig.13).

Fig. 13. Entering formulas into cells of a worksheet finding maximum values of 
functions and finding appropriate arguments.

Conclusion
In this paper, we have explored the use of modern technology, as exemplified by 

the most optimal capital allocation.
We managed to solve the problem of optimal distribution of investments 

between the three enterprises.  All of them gave the same result, which confirms their 
effectiveness and reliability.

Thus, we can draw the following conclusions: in small dimensions, it is easier to 
solve by the search method or by using the Solution Search tool.  These methods are 
easy to understand and implement.  However, for large dimensions, it is rational to use 
a dynamic programming algorithm.  It is stable in solution and the most fast-acting. 

FFFFiiig. 11111333. EEEntering ffffoooorrrrmmmmulas i
fffffuuuuunnnnnccccctiions anddddd fffffinnnndddding appropria

Inn tttthhhiiiiisssss pppaper, we
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Mastering the method requires some mental effort.  The above solution is 
considered by this method "manually".  To solve similar problems with other source 
data, it is rational to automate the process of compiling Bellman function tables.
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