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SUSTAINABLE DEVELOPMENT OF TECHNOLOGICAL
INTEGRATION: RISK SITUATIONS AND ASSESSMENT
OF OPPORTUNITIES

The article focuses on the results of the development of the scientific
concept of sustainable development of technological integration in
crises. The proposed methodology of sustainable development in risk
situations reveals goals and objectives of technological integration, the
organizational and managerial procedure for identifying risk situations,
and methodological foundations for the formation of risk areas in a dynamic
external environment. The distinctive feature of the proposed methodology
is the systematization of the classification factors of risk situations,
ensuring the possibility of attributing risk events to factors that violate
sustainable development. The proposed concept develops basic elements
of the neoclassical theory of sustainable development, which allows
considering risk events both as threats and as conditions for sustainable
development. Within the framework of the practical implementation of the
methodology for the sustainable development of technological integration,
there is justified transformation of risk areas, which allows minimizing
possible losses as much as possible. This makes it necessary to develop a
methodological approach, based on quantitative methods for identifying
risk situations. The advantage of the quantitative method is the ability
to formalize the results of risk situations and assess their impact on the
sustainable development of technological integration. The advantages of
quantifying a risk situation are: 1) the possibility of quantifying the amount
of loss or profit from the action of a risk situation, which may become the
object of developing a procedure for managing the sustainable development
of technological integration; 2) a high probability of identifying risk factors
that require a rapid response; 3) a high degree of influence of various risk
factors on the sustainable development of technological integration, 4) the
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possibility of preparing the basis for the development of rational options
for sustainable behavior of participants in technological integration in a
risk situation.

Keywords: technological integration; risk situations; method of a
quantitative assessment; production; industrial enterprises

Introduction

The sustainability management system concerning the participants of
technological integration can be considered as an independent project due to the
multidimensional nature of its purpose. The objectives of ensuring sustainable
development are often included as a measure of ensuring economic security in the
strategic direction of technological development of industrial enterprises. In periods
when certain trends of progressive development are replaced by a downturn in the
economy, the tools for the formation of sustainable development of technological
integration and leveling the consequences of crises come to the fore. At present, risk
situations that accompany the stability of business entities at all stages of technological
integration, when technological processes are being deepened, new technologies are
being introduced and existing technologies are being improved, have become of
particular importance for industrial enterprises. A distinctive feature of technological
integration is the compression of the innovation cycle of creating new products and
services. It became possible due to the digitalization of the research process and the
development of communication methods between industrial enterprises and parties
interested in the effectiveness of their work. At the same time, as practice shows,
the wider the opportunities and prospects of the integration process, the greater the
probability of the occurrence of adverse events caused by gaps in the organization
of production, research and development activities, difficult financial and economic
situation. This serves as the basis for finding ways to minimize the risk situations of
technological integration of industrial enterprises, which, as a rule, have connections
with other economic entities and organizations. Therefore, the risk situations of the
technological integration participants have a common nature of occurrence but differ
in the specifics of the methods of their identification. The difficulties of the sustainable
development of technological integration consist in the fact that there is no single
methodological tool for leveling risk situations, since both economic theory and
business practice associate the ongoing organizational and structural changes only
with the management process, but do not include an assessment of the sustainable
development of technological integration in these changes [1, 2].

Scientists and specialists from the position of developing unified rules for
organizing production, marketing products and providing services, and activating
research activities consider the problem areas of technology integration at the level
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of its subjects. General and specific risks are present in each of these areas, while
constantly emerging risk situations are of primary importance for the sustainable
development of technological integration [1-12]. Evaluating the theoretical
approaches to the study of risk situations, it can be concluded that when creating or
organizing innovations, the subjects of technological integration face uncertainty:
there is no unambiguous option for what its implementation may turn out to be
and how it will affect the preservation of sustainable development. The ideas
of the subjects of technological integration about the positive outcome of the
development of events assume specifics in setting a certain goal: making a profit
or having another positive effect. At the same time, the existence of uncertainty
suggests that the development of further events may develop unfavorably, and,
consequently, the set goal of making a profit will not be achieved [3, 4].

Materials and methods

The authors selected key provisions of the management theory, neoclassical
risk theory, and modern theories of sustainable development as the fundamental
research methods. There was used a wide range of scientific research methods in
the research process. Methods of description, generalization, and abstraction are
necessary to identify the current technical and technological trends in the sustainable
development of the subjects of technological integration that have been formed to date.
The classification method will allow us to justify the typologization of risk situations
that limit the sustainable development of technological integration subjects. The
method of argumentation aims at substantiating an instrumental approach that allows
us to obtain fundamentally new results in the study of the processes of sustainable
development of technological integration. The method of a quantitative assessment
of risk situations will ensure the achievement of the task and will allow identifying
their impact on the sustainable development of technological integration of industrial
enterprises. The computational and analytical method will allow applying operational
monitoring, thanks to the vector orientation of which it becomes possible to carry out
regular adjustments to the key parameters of the impact of sustainable development of
technological integration on the results of industrial enterprises’ production activities,
taking into account emerging risk situations.

Results and discussion

Assessment of the stability of technological integration participants to
emerging risk situations is a complex process, and its main stages are presented
in Table 1. These stages of assessing the stability of technological integration
participants to emerging risk situations are not directive. Depending on the method
of assessing the stability of participants in technological integration applicable in
a particular situation, these stages may be supplemented if necessary. For a clear
structuring of problems, as well as an analysis of their impact on the situation, it
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is necessary to classify risk situations in order to choose effective management of
the stability of participants in technological integration [5, 6, 7,].

Table 1 — Stages of risk assessment focused on ensuring the sustainability of
technological integration

Stases of risk situation Target orientation (ensuring the
Ne g Content of a risk situation sustainability of technological
assessment . .
integration)
Formation of a complete list of o . .
S p Possibility of using both objec-
. . . risk situations that can lead to both | . L. .
Identification of risk . : .| tive and subjective data in order
| DO positive and negative changes in N
situations . Lo to ensure the sustainability of
the stability of technological inte- L .
. technological integration
gration
Identification and Identification of the relation-
. . Identification of risk situations | ship of risk situations with the
2. |grouping of possible| . .. N . o L
e o similar in the direction of impact | stability of technological inte-
risk situations .
gration
Determination of the number
. . f meth th ibil-
Identification of the| . . . f) methods us-ed, N poss.lbl
i Risk situations are assessed based | ity of comparing the obtained
3. |probability of occur- . . . .
L on a certain period results with different methods
rence of a risk situation . .
of ensuring the stability of tech-
nological integration
o Determination of the scale of risk | Determination of the number
Quantitative assess- | .. . .
.| situations by quantitative methods | of methods used to ensure the
4. | ment of the scale of risk . . L L .
o based on the obtained probability | sustainability of technological
situations . .
of occurrence of the event integration
. . Determining the degree of re-
. The choice of further actions based mining grec
Making a management . . | sponsibility for ensuring the
5. .. on the received assessments of risk L .
decision o sustainability of technological
situations . .
integration
Each risk situation will receive
6 Monitoring of risk situ- | Operational monitoring of risk |its own algorithm for monitor-
" | ations situations indicators ing the stability of technologi-
cal integration

Source: author’s development

Currently, there are different opinions and approaches to the classification of
risk situations in the economy. So far, the authors who have studied this issue have
not developed a generally accepted approach. Therefore, there is a practice when all
existing risk situations are associated with various methods of ensuring the stability
of participants in technological integration. To analyze the financial and economic
activities of participants in technological integration and evaluate these risk situations,
it is necessary to identify and formulate the goals and objectives of the classification.

50



Becruuk Topaiirsipos yHusepcurera, ISSN 2710-3552 Oxonomuueckas cepusi. Ne 1. 2022

When carrying out activities, participants in technological integration need to
have tools for measuring and calculating possible losses because of the manifestation
of any risk situations. To do this, the participants of technological integration need the
availability of appropriate data for the application of a particular method, as well as the
availability of tools to determine the degree of compliance of the selected assessment
method with the type of risk situation. These aspects complicate the process of assessing
risk situations among participants of technological integration. Thus, all methods of
assessing a particular risk situation have a scope of application, and the choice of this
method should depend on the accuracy of the information received about the production
activities of participants in technological integration.

Methods of assessing risk situations are divided into qualitative and quantitative.
Qualitative methods are based on the opinions of individual groups of people (experts)
about a risky event that is likely to occur in the activities of technological integration
participants. The opinion of experts, in this case, is based on their work experience,
as well as on comparing the situation of participants in technological integration with
a similar one. Qualitative methods include methods of rating assessments, expert
methods, as well as methods using analogs. Quantitative methods are based on the
use of mathematical techniques and are divided into statistical and analytical, and their
application depends on the amount of data obtained [§].

Among the quantitative methods, it is necessary to distinguish the statistical one.
Statistical methods based on the number of estimated values include single-factor and
multi-factor methods. When determining the stability of technological integration,
this method allows determining the change of difficult-to-predict factors that affect
the stability of participants in technological integration. To ensure the sustainability
of technological integration, the assessment of risk situations is based on quantifiable
indicators that have different scales for measuring risk situations. At the moment, there
is no scientifically justified possible magnitude of various types of risk situations,
which in turn is an independent task of the stability of participants in technological
integration, and depends on the industry in which these participants operate. There
is also no consensus on the nature of risk situations, which manifest themselves not
only as a possibility of loss but also as the probability of making a profit. There is no
single approach to drawing up scales of risk situations and their impact on the stability
of technological integration. In this regard, it is proposed to consider the level of the
risk situation to ensure the stability of technological integration, depending on the
probability of a risk situation (risk event).

It is necessary to note that there might be scales of risk situations, the use of which
is based on such criteria as the average expected value and the standard deviation to
determine the characteristics of the level of risk situations. The probability of occurrence
of a risk event, in this case, can be defined as the coefficient of variation.
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At the same time, it is impossible not to mention the scales of risk situations
in which the possible amount of damage should be compared with the size of the
assets of participants in technological integration and correspond to the volume of
production. These scales should be used to assess the acceptability of a management
decision as an event that carries a risky situation. Then, the risk area will be a
certain part of the economic activity, within the framework of which the possible
amount of losses does not exceed the maximum value of the established level of
the risk situation. According to this, it is advisable to identify four main areas
of risk situations in the process of implementing the activities of participants in
technological integration [9]:

1 The area of an acceptable risk situation, which is characterized by both
a zero level of losses from the manifestation of a risk event, and a negative
level of losses, which does not exceed the expected net profit of participants in
technological integration.

2 The area of an acceptable risk situation, the level of losses from which
exceeds the size of the estimated profit of the technological integration participants.
This area is acceptable for determining the boundaries of risk situations.

3 The area of a critical risk situation, the level of losses from which exceeds the
amount of the predicted profit and, under unfavorable circumstances, the amount
of revenue. In other words, the participants of technological integration lose not
only profit, but also all the costs that were invested in production.

4 The area of a catastrophic risk situation, the level of losses from which
ranges from full revenue to the size of the equity capital of the participants of
technological integration and their property. The consequences of a catastrophic
risk situation can lead to the bankruptcy of participants in technological integration.
The main reasons for such a risky situation are environmental disasters, as well as
those risky situations that pose a danger to people’s life and health.

Thus, based on different approaches to the perception of risk situations, it
is possible to conclude that this phenomenon is ambiguous when ensuring the
stability of technological integration. This is since the risk situation is a complex,
structural concept that is in the process of constant changes, and has different,
sometimes inconsistent, characteristics. This is because risk situations in the
production activities of participants in technological integration contain conditions
that manifest the factors of risk situations, and therefore their causes, at a certain
point in time. Consequently, the risk situation determines the possibility of a loss
of stability of technological integration, and its increase may negatively affect the
results of the production activities of its participants [10].

The advantages of the proposed approach are the possibility of regulating
the classification of risk situations by participants of technological integration;

52



Becruuk Topaiirsipos yHusepcurera, ISSN 2710-3552 Oxonomuueckas cepusi. Ne 1. 2022

quantitative assessment of risk situations. The identification of risk situations
allows expanding the range of analyzed risks for the participants of technological
integration. Moreover, it is possible to monitor the emergence of new risks that
can slow down sustainable development.

The figure 1 shows differences in the identified risk situations:

Source: author’s development
Figure 1 — Comparison of the applied and proposed approaches
to identifying risk situations in order to achieve sustainable development
of technological integration

This figure shows that the identification of risk situations with achieving
sustainable development of technological integration in the proposed approach
is wider than in the applied one. The number of risk situations in the proposed
approach is also higher. It means that this approach allows taking into account all
the conditions and reasons that hinder the sustainability of technological integration
in more detail. Thus, the effectiveness of the proposed approach is justified by
the fact that it allows anticipating a much larger number of risk situations, which
helps to identify and level them at an early stage.

Conclusions

Thus, the applied quantitative method for the sustainable development of
technological integration makes it possible to conduct operational monitoring of
the factors causing risk situations, and to minimize the error in the final assessment
of the possible amount of damage from the occurrence of risk events, as well as
the probability of their occurrence.
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Enterprises of any industry affiliation can become an area of using a
methodological approach to the sustainable development of technological
integration in conditions of risky situations. It allows assessing the vector
orientation of the main technical and economic indicators, as well as assessing
the dynamics of their changes, both in the short and long term. The indisputable
advantage of developing methodological tools related to risk situations of
sustainable development of technological integration allows changing approaches
to forecasting and planning the production activities of participants in technological
integration. The development of technological integration encourages the search
for new complex forms of evaluating the effectiveness of production activities
with timely consideration of possible risk factors.

The results correspond to the current trends in the development of the
world economy. They are in line with the global priorities of the technical and
technological transition in the production and economic activities of industrial
entities and are expressed in the methodology of dynamic development of
technological integration under risk situations developed within the framework of
research. This complements the neoclassical theory of risk, thereby contributing to
the substantiation of the modern scientific base of economic research at the global
level, as well as the theoretical justification of the content and development of
directions for the implementation of the organizational and economic model for
the development of technological integration at industrial enterprises within the
framework of sanctions restrictions. Moreover, it forms a list of fundamentally new
directions for the study of the process of technological integration development.

It should be concluded that the development of a quantitative method for
assessing the stability of technological integration would not be linear. The vector
orientation of the quantitative method of sustainable development of technological
integration can change under the influence of technical, technological, and
organizational changes in production activities, the action of environmental
factors, goal-oriented managerial influences. Operational monitoring of the
vector orientation of the development of the quantitative method of sustainable
development of technological integration in the conditions of risk situations allows
for regular adjustments of key parameters of the production activity of industrial
enterprises.
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TEXHOJIOI'UAJIBIK HHTEI'PAIIUAHBIH TYPAKTBI JAMYBbI:
TOYEKEJI JKAFJTAWJIAPBI ’)KOHE MYMKIHIIKTEPJII BAFAJIAY

Maxkanaoa oazdapuic rHcaz0aibiHOA MEXHOA0UANBIK UHMe2PAYUAHDbI
MYpPaKmul 0aMlmyOblH SbLIbIMU MYHCLIPHIMOAMACHIH 93Ipaey Homudicenepi
Kapacmulpolniaosl. Toyexen sxasdanunrapvblHoa mypaKmel 0amyOblH
VCLIHBLIBIN OMbIP2AH d0ICHAMACH MEXHOI02UANbIK, UHIMe2PaAYUAHbIY
Makcammapel MeH MiHOemmepin, mayeKei Hcaz0aiiapblh aHbIKMayObiH
YUBIMOACMBIPYUBLIBIK-OACKAPYUIBLIbIK, POCIMIH HCOHE CePRIHOI CblpIMKbl
opmaoda moyeKken auMakmapvii KaiblRmacmslpyovly 90iCHAMANbIK,
Heei30epin auiaowvl. ¥cuvlHbliean 90icmeMeHiy epexulenici moyexei
OKU2ANAPbIH MYpPaKmul 0amyosl Oy3amuvlH (AKMOPLAP2a HCAMKLLZY
MYMKIHOI2IH KamMmamacwsl3 ememin moyeKen Hca20auiapolHblH
orcikmey pakmoprapuin ocyieney 6oavin mabwvinadvi. ¥coviHblieaH
MYACHIPLIMOAMA MYPAKMbL 0aMYOblY HEOKAACCUKANBIK, MEOPUACHIHbIY
Hezizel anemeHmmepin damvlmaosl, Oy Kayin-Kamep oKU2aiapsiy o0d,
mypaKmuol 0amy xHcaz0aiiapvlH 0a Kapacmeipyad MyMKIHOIK Oepeli.
Texnonocusanblx uHmezpayuanvly mypakKmsl 0amy 90iCHAMACHIH
NPAKMUKATBIK iCKe acbipy uieHbepinoe bIKmuma bl2blHOapobl bapuiHiua
aszaiimyaa MymMKiHOIK 6epemin moyexei aumMakmapbli mpaHchopmayusnay
Heziz0eneen. Byn xayinmi sicazoaiinapovt anbikmayovly caHObIK d0icmepite
Heziz0eNeeH 90ICHAMANbIK MOcindi a3ipneyoi Kasxcem emeodi. CaHObIK
B0iCMiH apMbIKIUbLIbIZbI-KAYINMI HCa20atliapobiy Homuoicenepin pecimoey
JHCOHE 0NAPObIY MEXHONOLUANLIK, UHMESPAYUAHBIY MYPAKMbL 0aMYbIHA
acepin bazanay mymxinoiei. Toyeken oscazoativlH canoblK ba2anayobiy
ApMuLKUbLIBIKMAPbl MbIHAAAP 607bin mabwinadvl: 1) Texnonoeusanvix
UHMe2PAYUAHBIY OPHBIKIMbL 0AMYbIH OACKAPY POCIMIH d3ipey 00beKmici
001yl MYMKIH MoyeKel Hca20aublHblY iC-opeKeminen 6012t Wbl2blHOap
HeMece nauioa menwepin canovlk bazanay mymkindiei; 2) me3z Oew
KO0I00bl anan ememin moyexken paxmopiaplil aHblKMayobly Hco2apbl
BIKMUMANObI2bL, 3) MEXHON0SUANBLK, UHINEZPAYUAHbBIY MYPAKMbL OAMYbIHA
apmypai maoyeken (PaKmopiapvlHbly ocep emyiniy Hcoaapbl 0opexiceciy
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4) moyeken ocaz20atibiHOa MeXHONOSUANBIK UHMezpayusiad
KamulCywbLiapobly mypaKnvl MiHe3-KyIKbIHbIE YMbLMObl HYCKANAPbIH
o3ipaey yulin He2i3 0atblHOAy MyMKIHOIEI.

Kinmmi co30ep: mexnonoeusanvix unmezpayus,; moyexenoi sxcaz0ainap;
canovlK bazanay a0ici; OHOIpic, OHepKICINMIK KOCINOpbIHOap

*4. 3. Munnep

OMckuii rocynapcTBeHHbIN yHUBEpcUTET UMeHU @. M. JlocToeBcKoro,
Poccuiickas ®@enepanus, r. OMck.

Marepuan noctynui B pegakuuio 16.03.22.

YCTOWYUBOE PA3BUTHUE TEXHOJIOTMUYECKOW MHTETPALIAN:

CUTYAIIAH PUCKA ¥ OITEHKA BO3MOKHOCTEMR

B cmamve paccmampusaromcea pezynvmamul paspabomku HayyHol
KOHYenyuu YCcmouuus020 paseumus. mexHoi02udeckol uHmezpayuu
6 ycrosusax Kpusucos. Ilpednacaemas memooonocus ycmouiueozo
pazeumus 8 pUCKO8bIX CUMYAYUAX pacKkpvledem yeau U 3a0ayiu
MeXHON02UYeCKOU UHMe2payuu, OpeaHu3ayUuOHHO-YNPABLEHUECKYIO
npoyeoypy 6blsGLEHUS PUCKOBBIX CUMYAYUL U Memo00I0cuiecKue
OCHOBbL (OPMUPOBAHUS 30H PUCKA 68 OUHAMUYHOU BHeulHel cpeoe.
OmauuumenvHoil 0COOEeHHOCMbIO NPedNaAcaeMol MeMOOUKY AGNAEMCA
cucmemMamu3ayus KiaccuQuKayuoHHuIX (pakmopos puckogulix cumyayut,
obecneuusarwas 603MONCHOCIb OMHECEHUs. PUCKOBBIX COObIMULL K
Gaxmopam, Hapywarowum ycmouuugoe passumue. IIpednracaemas
KOHYenyus pazeusaem OCHOBHbIE 3JIeMEeHMbl HeOKIACCUUECKOl meopuu
VCMOU4UB020 PA36UmMusl, KOMopas N0360Jsem paccmMampueams PUCKO8ble
COOBIMUS KAK Yepo3bl, MAK U YCao8us yemouugo2o pasgumus. B pamrax
NPAKMUYECKOU peanu3ayuu Memoooi02uu YCmouyueo2o pa3eumuis
MEXHOI02UYeCKOU UHMezpayuy 000CHO8AHA MPAHCHOPMAYUS 30H PUCKA,
NO360AA0OWAS. MAKCUMATLHO MUHUMUSUPOBATb 803MOJICHbIE NOMEPU.
Omo oenaem HeobX0OUMbIM pa3paboOmMKy MemoooI02UYecK020 nooxood,
OCHOBAHHO20 HA KOJIUHUECHGEHHbIX MemoOax GblsGNeHUS PUCKOBLIX
cumyayuil. [lpeumywecmeom KOaAUUeCmeeHH020 Memooa AGNAEmcs
B03MONCHOCb POPMATUZ08AMb PE3YIbMAMbL PUCKOBBIX CUMYAYULL
U OYeHumdv Ux GIUSAHUE HA YCMOUYUBOEe PA3BUMUE MEXHON0SUUECKOl
unmezpayuu. Ilpeumywecmeamu KoauuecmeeHHol OYeHKU PUCKOBOI
cumyayuu A8aAI0McA: 1) 603MOHCHOCMb KOAUUECTN8EHHOU OYEeHKU
pazmepa yoblmKos unu npubbliu om Oelucmeus PUCKo8ol Cumyayuu,
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KOMOPAsi MO#CEN CMams 00beKmom paspabomKu npoyedypbl YnpasieHus.
VCMOUYUBLIM PA3GUMUEM MEXHOL02UYECKOU unmezpayuul; 2) @blCOKAsL
8EPOAMHOCb BbISGNCHUS (PAKMOPOE PUCKA, MPedYIWuUx ObIcmpo2o
peacuposanus; 3) 6blCOKAS CMenelb GAUAHUA PA3TUYHBIX PAKMOPOs
pucKka Ha ycmouuusoe pazsumue mexHoa02UYecKol uHmezpayuu;
4) 603MOdHCHOCMb NOO20MOBKYU OCHOBYL 071 pA3PAOOMKU PAYUOHANLHBIX
8APUAHMO8 YCMOUYUBO20 NOBEOCHUA YHACMHUKOE MEXHOL02UYEeCKOll
UHmMezpayuy 8 CUMyayuu puckd.

Knwuesvie crosa: mexnonoeuueckas unmezpayus, puckosvle
cumyayuu, memoo KOAUUEeCMEEHHOU OYEeHKU; NPOU3800CMEO;
NPOMbIULIEHHBLE NPEONPUSMUSL
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