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Abstract. The purpose of this research is to present the developed parametric model for
assessing the current technological and infrastructure state of food enterprises regarding the
implementation of Industry 4.0. The research is performed using a method of linear combination of
parameters with weights that reflect their relative importance in the final assessment. Methodology:
In accordance with the chosen research topic, parameters were identified as the most crucial for
forming future evaluation criteria to calculate the current technological and infrastructure state of a
food enterprise regarding the implementation of Industry 4.0. This was achieved using the method
of linear combination of parameters (Weighted arithmetic mean, The min-max scaling method) with
weights that reflect their relative importance in the final assessment. The research finding is the
ranges of assessing the current state of enterprises. Modern technologies and tools of Industry 4.0
are rapidly evolving both in the international and national markets. The digital transformation of
business models opens up new opportunities and challenges for enterprises, encompassing the
rational use of resources, socio-economic relationships, technological strategy, and the
incorporation of the "Industry 4.0" concept into company activities. As a practical example for
assessing the current state of technological and infrastructural support for enterprises in the food
industry, the Ukrainian-Spanish Urozhay LLC has been chosen. Based on the results of the
conducted assessment, the current state of implementation and utilization of Industry 4.0 tools at the
enterprise under consideration was determined. A set of recommendations and proposed measures
aimed at improving the performance of the investigated enterprise has been provided, among which
it is necessary to highlight: attracting additional investments, opening a new type of collective
business involving small enterprises with different types of product portfolios. As a perspective for
further research, the design of a unified production and trading hub is proposed, consisting of
automated management systems, robotic stations, and physical and cloud data analytics systems.
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INTRODUCTION

The growth of the digital economy imposes new demands on enterprises, including changes
in strategic planning and development of products and services. Market competitiveness becomes
more dynamic, and digital transformations require fundamental changes in all aspects of business,
from infrastructure to personnel policies. The implementation of Industry 4.0 technologies and tools
has become one of the key challenges and opportunities for the food industry in Ukraine. As
scientific and technological progress rapidly alters the global market landscape, the strategic role of
innovation and digitization for modern enterprises cannot be underestimated. Digital business has
gone beyond electronic commerce, expanding not only efficiency but also the ways of creating new
value and the unique experience for customers. In the digital era technologies are becoming a
crucial tool for gaining competitive advantages and changing business standards (Nikitin,
Kulchytskyi, 2019: 78-81).

The food industry, as one of the most important sectors of the national economy, faces the
task of adapting to new realities to maintain competitiveness and improve product quality. Industry
4.0 represents a new era in manufacturing, where digital technologies, automation, Internet of
Things (IoT) networks, and artificial intelligence are integral parts of business processes. They
significantly optimize production processes, enhance quality control, reduce costs, and open new
avenues for interacting with consumers (Schwab, 2019: 75-125). Ukrainian companies have to
actively utilize digital solutions as competition intensifies, and the market becomes more accessible.
One of the primary advantages of digital transformation is increased innovativeness, that helps
companies enhance their market position (Andriiv, 2022: 1-3).

In the process of implementing Industry 4.0 technologies, food industry enterprises in
Ukraine encounter various challenges and problems: the need for updating production facilities,
ensuring cybersecurity, training personnel in new skills, and establishing appropriate legal
regulations (Vorzhakova, Khlebinska, 2021: 107-111). The current situation in Ukrainian food
enterprises regarding the adoption and application of Industry 4.0 technologies and tools is in the
state of stagnation (Dzhaforova, Karpenko, 2021: 1-7).

LITERATURE REVIEW

The works of the national and foreign experts were analyzed and used in this article: The
digital paradigm is considered as the basis of definitions: digital business, digital enterprise, digital
transformation (Nikitin, Kulchytskyi, 2019: 78-81), The fourth industrial revolution. Shaping the
fourth industrial revolution (Schwab, 2019: 75-125), Digital transformation of the enterprise:
theoretical basis (Andriiv, 2022: 1-3). Vorzhakova, Khlebinska, 2021: 107-111), Features and
problems of implementation of Industry 4.0 in Ukraine (Dzhaforova, Karpenko, 2021: 1-7), Digital
economy: trends and perspectives of avant-garde development (Kraus, Goloborodko, Kraus, 2018:
2-4), Digital transformation of the business model of the enterprise (Bortnik, 2021: 2-4).

PAPER OBJECTIVE

The relevance of the chosen research topic is driven by the rapid development of modern
technologies and Industry 4.0 tools both in the international and national markets. The digital
transformation of business models opens up new opportunities and challenges for enterprises. It
encompasses the rational use of resources, socio-economic relations, technological strategy, and the
integration of the "Industry 4.0" concept into company activities. As the implementation of these
technologies and tools requires significant investment in infrastructure, it is crucial to identify and
evaluate key parameters through which a company aims to automate, analyze, and assess its
business operations.
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METHODOLOGY

A parametric model has been developed for assessing the current technological and
infrastructure state of food enterprises regarding the implementation of Industry 4.0. This model
utilizes a method of linear combination of parameters with weights that reflect their relative
importance in the final assessment.

RESULTS AND DISCUSSION

Since the digital era creates new requirements for conducting business, modern enterprises
are faced with the issue of the digital transformation of their structure. Digital development brings
revolutionary changes and emphasizes innovation and automation. This affects marketing systems,
sales, customer service, communication, and many other aspects of corporate management (Kraus,
Goloborodko, Kraus, 2018: 2-4). The digital transformation of business models is manifested in the
formation of rational strategies, the use of digital technologies, innovative approaches, and the
development of business ecosystems. Platforms and ecosystems are becoming new business drivers
due to technological progress and large volumes of data generated by users. They open up new
opportunities for development and an innovative approach to business (Bortnik, 2021: 2-4).

According to the purpose of the chosen research topic, we have determined the parameters
that are most important for developing future evaluation criteria for calculating the current
technological and infrastructural state of the food enterprise regarding the implementation of
Industry 4.0, using the method of linear combination of parameters (Weighted Average, The min-
max scaling method) with weights reflecting their relative importance in the final assessment. Thus,
for the mentioned type of parameters and sub-parameters, considering the trends in the development
of Industry 4.0 technologies, the following should be included:

1. Internet Connection Speed (Parameter A): 1.1 Download Speed (Mbps). 1.2 Upload

Speed (Mbps).

2. Number of Servers (Parameter B): 2.1 Physical Servers. 2.2 Virtual Servers.

3. Authentication Level (Parameter C): 3.1 Threat Monitoring System Level. 3.2
Physical Data Security Level.

4. Number of [oT Devices (Parameter D): 4.1 Number of Temperature and Humidity
Sensors. 4.2 Number of Smart Devices for Production Process Tracking.

5. Utilization of Machine Learning Algorithms (Parameter E): 5.1 Application Level of

Recommender Systems. 5.2 Natural Language Processing (NLP) Level. 5.3 Level of Supervised
and Unsupervised Learning.

6. Energy Efficiency Level of the Enterprise (Parameter F): 6.1 Level of Lighting
Energy Efficiency. 6.2 Level of Energy-Saving Systems. 6.3 Level of Renewable Energy Source
Utilization.

7. Level of Production Automation (Parameter G): 7.1 Level of Automation in
Production Lines. 7.2 Level of Automated Quality Control Systems. 7.3 Level of Inventory
Management System.

8. Utilization of Cloud Computing (Parameter H): 8.1 Level of Data Storage in Cloud.
8.2 Level of Virtual Machine Utilization for Data Processing in Cloud. 8.3 Level of Utilization of
Cloud Services for Development and Deployment.

9. Data and Analytics Quality Level (Parameter I): 9.1 Data Accuracy Level. 9.2
Timeliness of Data Updates. 9.3 Utilization Level of Analytics Tools.

10.  Utilization of Robotic Systems (Parameter J): 10.1 Level of Industrial Robot
Utilization. 10.2 Level of Logistic Robots and Tools Utilization. 10.3 Level of Customer Service
Robots Utilization.
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11.  Integration Level with External Partners (Parameter K): 11.1 Level of Integration
with Suppliers. 11.2 Level of Integration with Customers. 11.3 Level of Integration with Logistic
Partners.

12. Workforce Readiness Level (Parameter L): 12.1 Level of Employee Training in
Digital Technologies. 12.2 Level of Certification and Employee Skill Enhancement. 12.3 Employee
Awareness Level Regarding Digital Transformation.

We will perform the normalization process by bringing various parameters to a common
range or scale, allowing them to be correctly compared and considered in an overall assessment.
Normalization helps eliminate differences in measurement units and scales between parameters.

We will standardize the parameters using min-max normalization to recalculate the obtained
parameter values in the range from O to 1. For each parameter X, the value of the normalized
parameter x will be calculated as follows (Eq. 1):

x—min (x)

max (x = min (x) (1),

X=

where x — is the original parameter value; min (x) — is the minimum value of the parameter;
max (X) — is the maximum value of the parameter.

As a practical example of applying the linear combination method to assess the current state
of implemented and utilized Industry 4.0 tools, the bakery production enterprise Ukrainian-Spanish
"Urozhay" LLC (website: Urozhay LLC) has been considered. We will apply this formula to
normalize all the parameters mentioned above.

We will calculate the normalized parameter "A" (Internet Connection Speed) with a weight
01 0.025, with sub-parameters A_nl "Download Speed (Mbps)" and A n2 "Upload Speed (Mbps)".

For the calculation criteria, we will use the following ranges for download and upload
speeds: the minimum range is 0 Mbps, and the maximum is 300 Mbps.

4 =100-0
"7 300-0 =0,33;

4 = 30-0 =0,13;
"2 300- 0

We will calculate the normalized parameter "B" (Number of Servers) with a weight of 0.05,
including sub-parameters B_nl "Physical Servers" and B _n2 "Virtual Servers".

For the calculation criteria, we will use the following ranges for the number of physical and
virtual servers: the minimum range is 0 servers, and the maximum range is 20 servers.

=120 =0,05;
Bul 20_0 > >

1-0
=120 " —90s;
B, 20-0
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We will calculate the normalized parameter "C" (Number of IoT Devices) with a weight of
0.20, including sub-parameters "Number of Temperature and Humidity Sensors" and "Number of
Smart Devices for Production Tracking."

For the calculation criteria, we will use the following ranges:

1. Number of Temperature and Humidity Sensors: the minimum range is 0, and the
maximum range is 200.
2. Number of Smart Devices for Production Tracking: the minimum range is 0, and the

maximum range is 20.

_2-0

"1 200- 0 0,1;
_2-0

Cuz 20_0 _0519

We will calculate the normalized parameter "D" (Authentication Level) with a weight of
0.05, including sub-parameters D nl "Threat Monitoring System Level" and D n2 "Level of
Physical Data Security."

For the calculation criteria, we will use the following ranges: absent — 0; low — 0.2;
minimum — 0.4; satisfactory — 0.6; average — 0.8; high — 1.

_04-0
D/tl_ 1_ 0 — 0’4;
_02-0 =02;
DuZ 1_ 0

We will calculate the normalized parameter "E" (Level of Machine Learning Algorithm
Utilization) with a weight of 0.05, including sub-parameters E_nl "Level of Recommender System
Application," E n2 "Natural Language Processing (NLP) Level," and E n3 "Supervised and
Unsupervised Learning Level."

We will use the previous calculation criteria from the example of parameter "D."

_02-0
Eul 1-0 - 0,2,
_0-0
Fa=150 =
_0-0
Es=129 =0

We will calculate the normalized parameter "F" (Level of Energy Efficiency of the
Enterprise) with a weight of 0.25, including sub-parameters F nl "Level of Lighting Energy
Efficiency," F n2 "Level of Energy-Saving Systems," and F n3 "Level of Renewable Energy
Source Utilization."

We will use the previous calculation criteria from the example of parameter "D".

W
[\
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We will calculate the normalized parameter "G" (Level of Production Automation) with a
weight of 0.10, including sub-parameters G_nl "Level of Automation of Production Lines," G_n2

"Level of Automatic Quality Control Systems," and G n3 "Level of Inventory Management
System."

We will use the calculation criteria from the example of parameter "D."

Gu3= Oi4;_00 - 0’4;

We will calculate the normalized parameter "H" (Level of Cloud Computing Usage) with
the weight of 0.05, including sub-parameters H nl "Level of Usage of Cloud Data Storage," H n2
"Level of Usage of Virtual Machines for Data Processing in the Cloud," and H n3 "Level of Usage
of Cloud Services for Application Development and Deployment."

We will use the calculation criteria from the example of parameter "D."

H = 0,2-0 _— 0,2;

We will calculate the normalized parameter "I" (Level of Data and Analytics Quality) with a
weight of 0.10, including sub-parameters I nl "Level of Data Accuracy," I n2 "Level of Timeliness
of Data Updates," and I n3 "Level of Usage of Analytics Tools."

We will use the calculation criteria from the example of parameter "D."

0,2_ 0 = .
[ul= 1_ 0 0’2’
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0,2-0 — .
1 == _0529
n2 1_0

0,4-0
1,,== =0.4;
Hn3 1_0

We will calculate the normalized parameter "J" (Level of Usage of Robotic Systems) with a
weight of 0.15, including sub-parameters J nl "Level of Usage of Production Robots," J n2 "Level
of Usage of Logistic Robots and Tools," and J n3 "Level of Usage of Customer Service Robots."

We will use the calculation criteria from the example of parameter "D."

_0-0 _ .
Jul_ 1_0 09

_02-0 =02
JUZ 1_0

_02-0 =02
Ju3 1_0 >

We will calculate the normalized parameter "K" (Level of Integration with External
Partners) with a weight of 0.10, including sub-parameters K nl "Level of Integration with
Suppliers,” K n2 "Level of Integration with Customers," and K n3 "Integration with Logistic
Partners."

We will use the calculation criteria from the example of parameter "D."

0,4-0
K == = 0.4:
nl 1_0 0,4,
_04-0 =04
K, = b
n2 1_0
_04-0 =04
K = B
3 1_0

We will calculate the normalized parameter "L" (Level of Workforce Training) with a
weight of 0.10, including sub-parameters L nl "Level of Employee Training in Digital
Technologies," L n2 "Level of Certification and Employee Qualification Enhancement," and L n3
"Level of Employee Awareness of Digital Transformation."

We will use the calculation criteria from the example of parameter "D."

0,2—-0
L= =0,2;
nl 1_0 0’ >
~02-0 =02
L 9%y
n2 1_0
_02-0 =02
L 9
Hn3 1_0
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Application of this method ensures that all parameters will fall within the range of 0 to 1,
and their contributions to the overall assessment will be equally weighted.

After normalizing the parameters, weight coefficients can be applied to consider their
relative importance. Weight coefficients can be determined based on expert assessments or other
methods evaluating the significance of each parameter (Weighted Arithmetic Mean, 2015).

The overall assessment (Equation 2) is calculated as the weighted sum of the normalized
parameters mentioned above:

SEwWe X, | W X, L W X WX, ),

where S - overall assessment;

Wi Wa Wi - weight coefficients;

Y1 %2 % - normalized values of parameters.

Therefore, this approach allows for considering the relative importance of parameters and
provides a more objective assessment of the current state of an enterprise or system.
As the range for the assessment score (S), we will specify the following values:

1. Range S = 0.00 - 0.99 indicates a critical condition with a low level of technological
infrastructure and digital automation. Serious upgrading and modernization of the enterprise are
required.

2. Range S = 1.00 - 1.15 indicates a low state with underdeveloped technological

infrastructure and digital automation. Improvement and implementation of modern solutions are
needed.

3. Range S = 1.16 — 1.89 suggests an average state of the enterprise with basic
infrastructure and automation, with potential for additional improvements and optimization.

4. Range S = 1.90 - 2.59 indicates a satisfactory state of the enterprise with developed
technological infrastructure and digital automation, with opportunities for optimization and growth.

5. Range S = 2.60 — 3.00 signifies an excellent state of the enterprise with excellently
developed technological infrastructure, a high degree of digital automation, and efficient
infrastructure, along with the potential for further growth and innovation.

Let's calculate the weighted sum of normalized and weighted parameters.

S =0,025*%(0,33+0,13)+0,05*(0,05+0,05)+0,20*(0,1+0,1)+0,05*(0,4+0,2)+0,05*(0,2+0+0)+
+0,05*(0,8+0,6+0)+0,10%(0,4+04,+0,4)+0,05*%(0,2+0,2)+0,10*(0,2+0,2+0,4)+0,15*(0+0,2+
+0,2)+0,10*(0,4+0,4+0,4) 0,10*(0,2+0,2+0,2) = 0,62

Therefore, the calculated assessment of the current state (S) leads to the conclusion that the
Ukrainian-Spanish enterprise Urozhai LLC has a score of 0.62, indicating a critical condition with a
low level of technological infrastructure and digital automation, requiring serious upgrading and
modernization.

Recommendations for the Ukrainian-Spanish enterprise Urozhai LLC include attracting
investments and exploring new forms of collective business involving similar small enterprises with
diverse product portfolios.
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CONCLUSIONS

The method of linear combination was applied to calculate the parametric assessment of the
technological-infrastructure state of food enterprises in line with Industry 4.0 technology trends. As
a practical example, the Ukrainian-Spanish enterprise Urozhai LLC was selected for evaluation.
The assessment was conducted based on the following key parameters: 1) internet connection
speed; 2) number of servers; 3) number of [oT devices; 4) authentication level; 5) utilization of
machine learning algorithms; 6) energy efficiency level; 7) level of production automation; 8)
utilization of cloud computing tools; 9) data and analytics quality level; 10) use of robotic systems;
11) level of integration with external partners; 12) staff training level. The ranges of current state
assessment were determined and characterized.

As a result of evaluating the current state of implemented Industry 4.0 tools at the
Ukrainian-Spanish enterprise Urozhai LLC, a score of 0.62 was obtained, indicating a critical
condition with a low level of technological infrastructure and digital automation. The production
requires serious upgrading and modernization. The authors provided a series of recommendations
and measures aimed at improving the performance of the investigated enterprise. A prospective
direction for further research is the design of a unified production-trading hub comprising
automated management systems, robotic stations, physical and cloud data analytics systems.
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IMAPAMETPUYHA OLIIHKA TEXHOJIOTTYHO-IHOPACTPYKTYPHOI'O
CTAHY XAPYOBUX NIAIMPUEMCTB BIZIITIOBITHO 10 TEHJAEHIIIN PO3BUTKY
TEXHOJIOI'TA THAYCTPII 4.0

bazmem B.C.
acnipanm xageopu Oi3HeC-AOMIHICMPYBAHHS | MEHEOHNCMEHMY 308HIUHbOECKOHOMIYHOT
OisnbHoCmi
3anopizvKuii HayioHalbHULl YHigepcumem
3anopidxcoca, Yrpaina

MeToio JOCHKEHHST € Tpe3eHTallis po3poOJeHOI MapaMeTpUyHOi MOJAENI A OIHKH
MOTOYHOTO TEXHOJIOTIYHOTO Ta IHPPACTPYKTYPHOTO CTaHy MIANPHEMCTB XapuoBOi MPOMHUCIOBOCTI
moo BrpoBamkeHHs [Hayctpii 4.0. Lle poOUThCs 3a AOMOMOTO METOMY JIHIHHOT KOMOIHAIiT
mapamMeTpiB 3 Baramu, IO BigoOpakaloTh iXHIO BITHOCHY BaXJIMBICTh B KIHIIEBI OLIHIIL.
Mertoposnoris: BigmoBinHo 10 oOpaHOi TeMH IOCHULKEHHs OynM BHU3HA4YEeHI1 MapaMeTpu, sKi €
HAOUIBII BOXKIMBUMU JUI (OPMYBaHHS MailOyTHIX KPUTEPiiB OLIIHKKA MOTOYHOTO TEXHOJIOTTYHOTO
Ta IHPPACTPYKTYPHOTO CTaHy MIJNPUEMCTBA Xap4yoBOI MPOMMCIOBOCTI IOJO BIPOBAKECHHS
Innycrpii 4.0. Lle Oynmo JOCArHYTO 3a JOMOMOTOI0 METOAYy JIiHIHHOT KOMOiHAIlii mapaMeTpiB
(3BaxkeHe cepenHe apu(MeTHYHE, METOJ| MIHIMAKC-IIKATIOBAHHS) 3 Baramu, IO BiIOOpakaroTh
iXHIO BIJHOCHY B@XJIMBICTh B KiHILIEBIM OWiHII. Pe3yapTarom AOCTIIKEHHS € ONMUCaHi Jiana3oHU
OLIIHKM MOTOYHOTO cTaHy minnpuemctB. CydacHi TexHOJOril Ta iHCTpyMeHTH [HaycTpii 4.0 cTpiMKO
PO3BHUBAIOTHCA K Ha 3apyODKHOMY, Tak 1 HallioHaIbHOMY puHKY. L{udposa Tpancdopmaris 6i3uec-
MoOJeNel BIAKpPHBAE Tepe] MIANMPUEMCTBAMU HOBI MOMKIHMBOCTI ¥ 3aBIaHHS Ta OXOIUIIOE
paiioHaJIbHE BUKOPUCTAHHS PECYPCiB, COLIaIbHO-EKOHOMIUHI BITHOCHHU, TEXHOJIOTTYHY CTPATETII0
1 BHeceHHsa KoHuenmii «lHayctpis 4.0» B MISUTBHICTD KOMIMaHIN. SIK MPaKTUYHWA TPUKIAT IS
OLIIHKU MTOTOYHOTO CTaHy TE€XHOJIOTTYHO-IH(PPACTPYKTYpHOTO 3a0e3MeUeHHs MiANPUEMCTB XapuoBO1
MPOMHUCIIOBOCTI Oyno oOpano Ykpaincbko-icnanckke TOB "Vposkaii". Ha ocHOBI pe3ynbTariB
MIPOBEACHOT OLIHKM BH3HAYEHO MOTOYHUN CTaH BIPOBA/KCHHS Ta BHUKOPUCTAHHS IHCTPYMEHTIB
Innycrpii 4.0 Ha nociimpkyBaHoMy mignpuemMcTBi. Hagano HU3KY peKoMeHaIlii Ta 3alporoOHOBAaHO
3ax0Jid, CIIPSAMOBaHI Ha MIJIBUILEHHS MTOKA3HUKIB TOCIIPKYBAHOTO MIAMPUEMCTBA, CEPE]] IKHX CIIi]
BUOKPEMUTH: 3QJIy4YCHHS JTOJATKOBUX IHBECTHUIIH, BIAKPUTTS HOBOTO BHJLy KOJIEKTUBHOTO Oi3HECY 3
TaKUX JK€ MaJMX MiINPUEMCTB PIZHOTO THITY MPOJIYKTOBOTO KOIIMKA. B AKOCTI mepcrneKkTuBu
MOJANBIIOTO JOCHIKEHHS 3alpOIIOHOBAHO MPOEKTYBAaHHS €IMHOTO BHPOOHHYO-TOPIiBEIHHOTY
xaly, SKAH CKIaJaTUMEThCS 3 aBTOMATHYHUX CHUCTEM YIIPaBIiHHS, pOOOTU30BaHMX CTaHLIH,
cucreM (i3UYHOI Ta XMapHOT aHATIITUKYU TaHUX.

Karwuosi caoBa: Ianyctpis 4.0, nudpoizalisi minpueMCTB, BIPOBAKEHHS TEXHOJOTIH
Innycrpii 4.0, TeXHOJIOTIT XapYOBHX MIANPUEMCTB, METO/I JTiHIHHOT KOMOIHAIIIT MapaMeTpiB



