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Abstract

The importance of research methodology is substantiated by the relevance of efficient production hi-tech
development (HTD) management stability. The multidisciplinary application of educational, research,
investment and techno-technological resources of a complementary type were suggested as a method to
find a compromise between the aims of efficiency and innovativeness. The method supplements the
management theory with changes based on the combination of methodological tools of production high-
tech development model «4D CR» with regulators of enterprise innovative competences in the innovation
diffusion model by Everett Rogers. An algorithmic scheme for developing and functioning the
mechanism for managing enterprise high-tech development was suggested to implement processes of
resource integration and method combination. The research's goal is to substantiate the necessity to
develop the theory of management based on spatiotemporal and convergence and integration
methodology of control to improve the efficiency of developing high-tech industrial production. It was
found that the convergence approach to the integration of resources and combining methods enables to
widen the range of management methods to engineer and develop high-tech industrial production. It
provides the system's integrity and retains its organizational behavior parameters within the frame of

possible changes in the high-tech development efficiency trajectory.
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1. Introduction

The importance of research methodology is substantiated by the relevance of efficient production
hi-tech development (HTD) management stability. The multidisciplinary application of educational,
research, investment and techno-technological resources of a complementary type was suggested as a
method to find a compromise between the aims of efficiency and innovativeness. The method
supplements the management theory with changes based on the combination of methodological tools of
production high-tech development model «4D CR» with regulators of enterprise innovative competences
in the innovation diffusion model by Everett Rogers. An algorithmic scheme for developing and
functioning the mechanism for managing enterprise high-tech development was suggested to implement

resource integration and method combinations.
2. Problem Statement

The notions need to be supplemented by the innovations' properties expanded diffusion in the
regions and nationwide. The new industrial revolution factors, which show the necessity of science-based
multidisciplinary convergence in generating digital platforms, should be considered. The resource
integration in education areas, scientific research developing and designing high technologies and hi-tech
industrial enterprises' resources make it possible. A new paradigm of advanced production substantiates
the management theory development approach based on the spatiotemporal integration of resources for

high-tech object transformations in units of different types and scales.
3. Research Questions

Research issues deal with the development of spatiotemporal and convergence and integration
methodology of control over the industrial enterprise innovation transformations according to high-tech

development efficiency and innovativeness.
4. Purpose of the Study

The research aims to substantiate the necessity to develop the theory of management based on
spatiotemporal and convergence and integration methodology of control to improve the efficiency of

developing high-tech industrial production.
5. Research Methods

According to the high-tech development efficiency indicators, the spatiotemporal and integration-
convergence methodology to control the enterprise transformations is at the core of the study. The method
of combining high-tech production development model «4D CR» with tools of enterprise innovative
development competences, qualitative expert assessment, matching method, and consistent taxonomy

method was used.
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6. Findings

The research proves that the enterprise transformations based on resource integration are efficient
due to applying specific strategic management intangible assets. The development of the spatiotemporal
integrative model «4D CR» for key resources integration for industrial production high-tech development
efficiency improvement and combination with the tools of enterprise innovative competences model in
innovation diffusion Everett Rogers has become the theoretical finding.

The innovation development management theory is supplemented by the method that controls the
processes of «4D CR» tool modeling with the regulators of competence types for enterprises in Everett
Rogers's innovation diffusion model (Rogers, 1983). It is substantiated that methods should use the
general and specific management functions identified according to the corresponding stage of high-tech
development. They provide control over the resources integration scale with the enterprise competence
regulators and the institutions that are the resources' owners. The scale is determined by the strategic
management goals at each level.

The research proves that minimal resource and competence integration when essential
management functions applied is enough to implement modernization processes. The practicability of
combining «4D CR» models with the regulators of competences in the Everett Rogers's innovation
diffusion model is stated. It boosts enterprise high-tech transformations' efficiency, which is necessary to
create technological breakthrough conditions when launching each new high-tech innovation product.

Combining and integrating processes are carried out in evolutionary and leaping processes based
on the theory of system convergency and integration of complementary resources. The variety of
theoretical and methodological approaches to the management of high-tech integration processes
exacerbates the choice when the efficiency of generating and developing processes of hi-tech industrial
production is concerned. That's why the method of qualitative assessment to set a multidisciplinary and
cross-branch management tool seems attractive.

We revealed high peer reviews while applying complementary educational, research, investment
and techno-technological resources as a whole. The resources correspond to poly-resource management
methodology for the control of generating and developing hich-tech industrial processes (Alabugin et al.,
2016). The reviews state the necessity of spatiotemporal integration of resources with the help of
enterprise innovation management improvement according to the high-tech development efficiency
indicators of the derating criterion of their disbalance with innovativeness and competitiveness of the
products.

The system HTD efficiency management methodology is defined as spatiotemporal and
convergent-integrative as it generates and controls structures of integrative mechanism with the viewpoint
of system convergence, models, and management methods. Complementarity of resources provides long-
term development with a special set of general and specific functions that influence the quality and
efficiency of management. The functions are included in an integrative mechanism of resource integration
management and management methods combination (abbreviated - MRIMMMC). The mechanism
provides the engineering of the functioning processes by compromising efficiency targets and

innovativeness. It is stated that the convergent approach to integration or combination of diversified
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complementary (educational, investment, research, techno-technological) resources enables to widen the
range of management methods. Organization and development of high-tech industrial production ensure
system integrity and convergence of high-tech development efficiency and innovativeness trajectory.

The introduction of the integrative mechanism of resource integration management and
management methods combination into the digital platform of the spatiotemporal resource integration is
substantiated, allowing us to consider the mechanism as a digital twin (Borovkov et al., 2018; Borovkov
et al., 2019; Tao, 2018; West & Blackburn, 2017) of the high-tech industrial production management
system. The mechanism becomes a simulator modeling the high-tech development processes and aiming
to achieve the project's high-tech parameters. Such interaction provides the client with resource
complementarity, which corresponds to the matrix of target indicators and technological and production
constraints suggested in a lot of researches (Borovkov et al., 2018; Borovkov et al., 2019).  As this
approach demands the unique theoretical methods of quality assessment for diversifying high-tech
industrial production efficiency management, we consider it necessary to specify factors and identify the
methodological principles of generating and developing the high-tech industrial production.

We suggest the spatiotemporal model «4D CR» of key resources integration of production high-
tech development efficiency improvement. Author's techno-economic paradigm of high-tech industrial
production development, process approaches, synergetic analysis theories, the theory of functional and
structural, evolutional and revolutionary changes (Alabugin et al., 2016; Andersen et al., 1989; Baev,
1992; Zang, 1999) provide the scientific and theoretical basis of the methodology under discussion. The
notions from these theories enabled to substantiate the idea of their development in the context of the
integrative poly-resource high-tech industrial production efficiency management based on the cyclic
process model while leveling disbalance between efficiency and result innovativeness. Its structural
elements are described in the early discussed concept and theoretical model of theory development
(Alabugin & Beregovaya, 2017).

The essence of the integrative model of poly-resource method combination for improvement of
high-tech industrial enterprise development efficient management quality in the long-term period is
revealed. The spatial and comprehensive nature of the «4D CR» model (integration of 4D complex
resources (educational, research, investment and techno-technological) in space demonstrates that
diversified processes of management improvement focus on consistency of 4 directions (4D) that is the
comprehensive use of educational, research, investment and techno-technological resources (CR) of high-
tech development (Figure 1).

The comprehensive representation of the determinants, their interrelations and ability to assess the
importance of the educational research, investment and techno-technological resources for the efficiency
improvement of high-tech industrial production development enabled to work out the tasks (level 1),
methods (level 2) and results (level 3) of the sub-systems domains as well as functions of the integrative

mechanism in details.
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D 1 - techno-technological resources domain

D § — management
functions domain

D 2 - educational resources D 3 —research resources D 4 —mvestment resources
domain domam domain

Figure 1. Spatio-temporal model «4D CR» of key resources for the efficiency improvement of the
production high-tech development

The model «4D CR» is represented as a space-oriented graph. The model consists of five
determinant (D) domains: D 1 — techno-technological resources domain; D 2 — educational resources
domain; D 3 — research resources domain; D 4 — investment resources domain; D 5 — management
functions domain. The model considers the comprehensive and complementary impact on the functioning
performance of the management mechanism of resource integration and combination of management
methods to control high-tech development.

The techno-technological resources determinant domain is identified as a basis for the use of the
integrated resource combination as well as a result of the resource integration. Besides D 1 is the source
of the technological industrial constraints which are considered when organizing high-tech industrial
production. The development process in different time periods may reach the corresponding stage and
acquire a certain type and stage (competitive modernization, low-, medium- or high-technological level of
production) using the combination of integrated resources: it depends on the amount of capital assets
which determine the choice of the technology. The collaborative effect of the whole resource
combination (techno-technological, educational, research and investment) encourages upgraded
technologies. The digital platforms facilitate the transition to a new technological paradigm within the
concept of "Industry 4.0" (Plotnikov, 2018; Tarasov, 2018; Tolstykh et al., 2018).

The task (1.1), method (1.2) and result (1.3) levels are emphasized in the techno-technological
resources (D1) domain. The task level (1.1) is represented by the necessity to create fixed assets to
organize diversified processes of generating and developing the high-tech industrial enterprise. To carry
out the task 1.1 the economic, socio-psychological, statistic methods of quality management (Berezansky
& Chulkov, 2017; Smirnova & Erokhina, 2019), as well as methods of lean production, are to be applied

(Shibanov, 2019). These methods promote rational job management at the manufactured stage of
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technological development. The determinant effect (level 1.3) at the first stage is the elimination of time
and raw material waste, which will encourage production efficiency improvement and generate the
ground for high-tech development. In the course of integrated resources, combination next stage will
result in techno-technological then low-, medium- and high-technological resources improvement (if
there is capacity and condition for the whole integration of educational, investment, research and techno-
technological resources based on convergence of systems and institutions).

The levels of educational resources impact domain (D 2) are determined to solve management
quality improvement tasks. Level 2.1 includes the following items: the diagnosis of the gap between the
current and required competence of the personnel, innovative and creative competence in a researcher and
designer. The following educational methods facilitate the fulfillment of the items (level 2.2): the
development of the competence to lay down business tasks and to identify the structural elements of the
project work considering its innovative character and competitiveness for external challenges;
participation in mixed teams at engineering educational centers. All these measures enable to reach
positive synergy of applied methods (level 2.3): identification rate improvement of personal preferences,
their concurrence with project themes, resource complexity, tools of high-tech development efficiency
control, multidisciplinary and cross-branch knowledge (Borovkov et al., 2018)

The research resources impact domain aims at improving the quality of innovation transformations
efficiency management in an extended range of diversified processes and differentiated results — from
modernization to high-tech targeted transformations. Considering the high-tech development we set the
following objectives (3.1): to work out the model of knowledge management mechanism that serves as
tools for training and self-training to improve competence. While solving the objectives other methods
should be involved (3.2): re-engineering of business processes; benchmarking; early research-oriented
education and management consulting. These methods result in a combination of educational and
research resources (3.3): operative and accurate identification of external challenges to find out the ways
for enterprise knowledge management improvement; the system of interactive training and studying the
directions of enterprise high-tech industrial production.

The impact of investment resources (D 4) aims at the improvement of investment attractiveness
through achieving targets (4.3) and through the well-known methods of financing, investment
attractiveness estimation of business and assessment of investment efficiency (4.2) (Baev, 2017; Baev et
al., 2019; Bogachev & Shershnev, 2017).

Graphically management function impact domain (D 5) presents the dome, superstructure that
means non-equivalence of the determinant domain degree and main role of management functions while
integrating the enterprise resources. The model under discussion enabled modernizing the method of
consistent taxonomies used for taxonomy characteristics cycling (Ayvazyan & Mkhitaryan, 1998). To use
the model, the correlation between the key knots A, B, C (as operators or high-tech development
efficiency improvement integrators) with the knots D, E, F, which connect and provide diversified
processes of the four main resources impact, should be made. Kitoueoit yzen G mpu 3ToM 0003HaUaeT
HAWBBICIIYIO CTEIICHb HHTETPAINU Bcex pecypcos npennpustus. The key knot G determines the highest
degree of integration of all enterprise resources. The graph sections are connected with information and

communication channels that exchange the specialized data between the integration mechanism elements

431


http://dx.doi.org/

https.//doi.org/10.15405/epsbs.2021.04.47

Corresponding Author: Irina Beregovaya

Selection and peer-review under responsibility of the Organizing Committee of the conference

eISSN: 2357-1330

in the enterprise high-tech development management system. The model explains and substantiates the
closeness of the knots in detail, which means the extra-highest coefficient of their clustering. In other
words the probability of diversified complementary resources major impact increases, making it possible
to consider them as the determinants. The impact integration is identified with various educational,
research, investment and techno-technological resources according to the corresponding indicators of
high-tech development efficiency management quality.

The impact domain of management functions is represented in the model «4D CRy, it is
supplemented with the possibilities of modeling the processes of innovative competence growth which
provides the special functioning quality of management mechanism of resource integration and
combination. We suggest supplementing the management theory with innovation development in the
methods of engineering processes of combining the tools in the methodological model «4D CR» with the
regulators of innovative enterprise competences in the Everett Rogers's innovation diffusion model
(Rogers, 1983). The model implies the necessity to use general and specific management functions and
quality indicators for their use, which are identified due to the corresponding stage and cycle of the high-
tech development. Thus it provides the management quality over the leaping (the type of exhibitor or
hyperbole) technological breakthrough that denotes launching the production of a new high-tech product
described in the Figure 2.

Efficiency of High-
tech Development

Management quality of
high-tech development
-

Leaping transition to a ligh
leveltechnology of mmovativenss to
provide competitiveness of mmovation

product produstion n

E
Leaping transition to a high kevel
technology of mnovativeness to provide

competitiveness of movation product Demand behavious on mmovative
production 2 product 2 on the magket
50
Demand behavioar on imnovative -
praduct 2 -~
-
. . L .
Mpimal 151;.2:::2:\.0fp B3lmand behaviour on imnovative 50 0
N L - product 1 THe folowers 34 Conservatives
Sft-up of engineering the mnovative on the mask followers % 16%
product § 34%
Dremeand behaviour o
mnovative pro
£ =" _ 1}
novatorsFirst wsers Eadly Late Tollowers 34 Conservatives
FRLTY 13,505 followers LT 1680
348 H
34 Time

Figure 2. The graph describes the way the control theory is supplemented with an approach to
combining «4D CR» spatiotemporal effects with the regulators in the Everett M. Rogers's
innovation diffusion model
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Our research puts forward the hypothesis of «4D CR» model greater impact as a result of
combining models which aim at efficient engineering of transition from one innovative product to another
during technological breakthrough identified in the Everett Rogers's innovation diffusion model where
innovations are spread out in time (Rogers, 1983). We suggest combining with the possibilities of the
«4D CR» model. The combination encourages the likelihood of a compromise between the innovation
targets and the efficiency of developing and introducing a new product. The research proves that
modernization and high-tech development demand the integration of different complementary resources
sets. Thus a slight technology improvement only results in the production of low-tech products and
engineering of management mechanism of resource integration and combination for a start-up to the
leaping transition to the production of competitive innovation products.

Different configurations of the model «4D CR» in the Figure 2 show the impact changes of any
diversified resource. At the stage of a slight modernization of production technology, the techno-
technological resources (D 1) play an important role in engineering the innovation product. Due to the
development of technologies of high level of innovativeness the impact of research (D-2, D-3) and
investment (D-4) determinants grows. Different height of "governing top structure" D-5 shows the
increase of complementary functions control impact on the quality of innovative transformations by the
performance indicators of high-tech development while leaping transition to innovative high-
technologies.The high level of management quality provides the minor variability of resulting indicators
in the area of possible parameters of the enterprise high-tech development as well as it enables to reach
the stable compromise area between the innovation targets at a certain stage of the system development
and its efficiency by the criteria of integrity. The efficiency of mechanism of resource integration
management and management methods combination (MRIM) for the establishment and development of
high-tech industrial enterprise is considered as a performance property of long-term high-tech
development process, which is characterized of the ratio "diversified resources of entry" and "diversified
results of exit". Low efficiency appears when economic losses due to regulation lag and diversified
resources losses exceed the monetary evaluation of the graded results' sum and when the offered product
becomes non-competitive and market unattractive.

Integration mechanism functioning leads to a greater waste of diversified resources then its
engineering because the combination with the possibilities high-tech production competence adjustment
in the model of innovation diffusion be Everett Rogers. Then criteria of compromise between opposite
targets of efficiency and innovativeness are the condition for feedback of the mechanism shown by an
arrow and a full line in Figure 3 to correct problem solving methods. High-tech development management
quality assurance is the most important at the stage of mechanism functioning in the system of enterprise
high-tech development management. The feedback shown by a dashed line reports about new external
factors of high-tech development (Figure 3).

The suggested algorithmic scheme includes a range of elements: innovation factors of macro-and
micro- environment, integration model «4D CRy, principles of high-tech development control system
construction, methodology of structural and functional system of high-tech development control,

conception «4D CR» and cyclic control methods of the high-tech development efficiency, structural and
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functional analysis of integration for a set of resources and then synthesis, that is the engineering of

management mechanism of resource integration and management methods combination (MRIMMMUC ) .
The algorithm focuses on controlling the resulting indicator — the system efficiency which is

estimated by a timely production of a high-tech product. When the target of high-tech development

(competitive modernization, low-, medium- and high-tech industrial production) is achieved the leaping

transition to the innovative technology of a higher level takes place to provide competitiveness of

industrial production. The algorithm of MRIM development and functioning, based on methodology of

spatiotemporal integration of diversified resources and convergence of systems and institutions, enables

to reach compromise between the targets of innovativeness and efficiency of high-tech development.
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Figure 3. Algorithmic scheme of development and functioning of control mechanism over resource
integration and combination of high-tech development competence in the methodology of
spatiotemporal integration of resources for efficient high-tech production
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7. Conclusion

Thus, the suggested methodological combining of «4D CR» and the innovation diffusion model
provided engineering the efficient integration mechanism «4D CR» and made it possible to improve the
quality of control over complementary educational, research, investment and techno-technological
resources. The functioning of the mechanism calls for the development and application of additional
control functions which are identified by the type and the stage of the high-tech development. The
hypothesis of high-tech transformations efficiency improvement can enhance management quality in the
mechanism under discussion and methods of combining the model «4D CR» with the regulators of
enterprise competence types in the model of innovation diffusion by Everett Rogers.

Spatiotemporal and convergence and integration methodology provide evolutionary and cyclic
processes to achieve standard or peak level of system high-tech development efficiency. The integration
of four resource types is defined as a critical factor for the balanced development of high-tech industrial
production. The convergence approach to integrating and combining industrial enterprise key resources
extends the range of applied management methods while organizing and developing high-tech industrial
production. It guarantees the emergence of the system holding its elements behavior parameters in the
range of possible high-tech development efficiency trajectory changes. The compromise between
innovativeness and efficiency provides the competitiveness of the industrial enterprise in the long-term

and short-term periods.
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