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ABSTRACT: Introduction. The development of methodological monitoring tools to implement building nanomaterials into pro-
duction is an integral element of designing a mechanism for effective management of the development of business structures.
University entrepreneurship and research and educational centers in the ecosystem trend are considered as central actors in the
process of creating tools for university transfer of nanobinders for construction purposes. Methods and materials. The process
of forming digital competencies among students and teachers in the process of commercialization of scientific developments of
a construction university (institute, faculty, department) should be considered as the result of fractal interactions. The development
of the innovative ecosystem of the university is achieved by the effective implementation of the process of transferring the results
of intellectual activity for the creation of gypsum and ceramic nanocomposites, which are in demand by the regional construction
industry. Results. The intellectual and technological potential of universities that train bachelor’s and master’s students for the
construction industry determines the prospects for the successful development of the industry in an innovative society. Accelerated
promotion of investment developments, requested nanotechnologies of universities, provides universities with additional extra-
budgetary funding. On the example of the development of technology for producing small-piece wall and partition products based
on nanostructured gypsum binders, they were tested in experimental industrial conditions. Discussion. Effective methodological
tools for the transfer of nanotechnological university engineering to the construction industry are: the creation of basic departments
at enterprises and the successful functioning of research and educational centers, the participation of employers in educational and
industrial practice, etc. From the point of view of laborious commercialization and transfer of scientific developments, the effective
way from the idea to the widespread introduction of high-tech products is the real application of the intellectual potential of the
teaching staff of the university, institute, departments. Conclusions. The engineering of methodological tools for reliable monitor-
ing of the attractiveness of the regional business ecosystem for the generation and development of transfer processes of popular
nanomaterials is an integral element of designing a mechanism for effective management of business structures in construction.
Due to the formation of the innovative ecosystem of the university, an effective implementation of the process of commercializa-
tion of the results of intellectual activity in the field of nanotechnology, which are in demand by the construction industry of the
region, is achieved.
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INTRODUCTION In the current complicated conditions and instability

of interstate agreements, the use of the latest elaborations
he use of the cutting-edge achievements of break- of scientists and engineers, as well as the introduction
through nanotechnological projects gives a strate- of inventions, is an important success factor, contributes

gic advantage to the state and private business in case  to the effective solution of the problems of import sub-
if innovations are applied in the construction industry. stitution and increasing labor productivity in construc-
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tion [1]. At the same time, a significant part of the results
of research activities of construction universities, as well
as required nanotechnology projects, remain unimple-
mented in practice and do not generate income due to
the weak development of organizational and economic
transfer mechanisms. In this regard, the search for in-
novative solutions to increase the efficiency of commer-
cialization of nanotechnology innovations, taking into
account the needs of the state and business in the regional
construction industry, is still of great importance.

This article is aimed at testing the ecosystem approach
in the transfer and commercialization of scientific projects
in demand by the building industry of nanotechnology.

MATERIALS AND METHODS

The current challenges the Russian Federation is fac-
ing have worsened in the context of the coronavirus pan-
demic. That is why intensive search for trends in the full-
scale modernization of the regional and all-Russian
building industry is so urgent and burning. Our state can
preserve the “ecological niche” in the accelerated con-
struction of the XXI century only by commercialization
and expansion of the entrepreneurial sector of university
science: the correlation between the effectiveness of re-
search and development work and the gross domestic
product is quite high » = 0.99 [2]. Only an integrated ap-
proach to each stage of the transfer: from creating new
business ideas and evaluating commercial potential [3]
to forecasting the scientific and technical development
of industries and implementing the development of tech-
nological strategies of construction companies leads to
success.

The formation of the infrastructure to support the in-
novation activities of Russian universities is carried out
within a number of organizational forms: science and
technology parks, technology commercialization centers,
small innovative enterprises, research and educational
centers of universities, institutes, etc. Today the forma-
tion of a productive transfer, which is a tools

the business environment of the Russian Federation
there are diverse and multidirectional factors that re-
strain the increase in business activity in the construc-
tion industry. Many potentially developments will not
be identified unless sustainable competitive advantages
and opportunities for their transfer in the construction
industry are provided.

The key issue of modern nanotechnology in the con-
struction industry is the effective transfer of high-demand
development from one market participant to another on
a commercial and non-commercial basis. The trend ap-
proach, based on the entrepreneurial ecosystem of the
construction industry, differs from the cluster approach
in that the main subject is an entrepreneur who is able to
coordinate efforts and resources, and not a construction
company (firm). It should be noted that in the ecosystem
trend, entrepreneurship is considered not only as a part
of the construction industry, but also as a central actor
in the successful functioning of construction organiza-
tions and in supporting the transfer of nanotechnological
projects.

Within the framework of the system approach [5],
the dominant influence is acquired by the environment,
where economically active construction companies in-
teract with each other and with the economic sphere.
To design effective management systems for the transfer
of the results of intellectual activity of universities and
the formation of active entrepreneurship at the regional
level, it is necessary to take into account fractal interac-
tions in the building industry [6].

RESULTS

The ecosystem approach focuses on the geographi-
cal logistics of interconnected construction companies,
service providers and related companies, which, while
competing with each other, also interact in the format
of cooperation and transfer of research activities of con-
struction universities [7]. In the modern conditions

for overcoming continuous crisis situations,
meets various barriers; at the same time,
the strategy of technological breakthrough
provides a dynamic start for competitive sec-
tors of the Russian economy. Effective solu-
tion of such an urgent task is impossible with-
out the involvement of academic high-tech
science, because it is practical transfers that
act as points of growth of the construction
industry.

The calculated indicator of the specific

f Economic profit

Financing

—

Business
(building sector)
Support and
partnership
Knowledge transfer
and technologies
University

(institute, department)

volume of business entities among small
and medium-sized businesses in 2010—2015
indicates that only about 70% are engaged
in real activities [4]. This means that in

Fig. 1. Interactive and fractal interaction of the state, business
and universities in the framework of commercialization of claimed
technologies in the building industry
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of transformation of post-industrial
society, methodological tools for com-
mercialization and transfer of university
nanotechnologies to the construction
industry are being formed (Fig. 1).

The development of methodologi-
cal tools for monitoring the attractive-
ness of the regional business ecosystem
for generating development is an inte-
gral element of designing a mechanism
for effective management of business
development in the building industry.
In this context, it is important to as-
sess the state of the ecosystem in terms
of its attractiveness for the reproduction
(birth) of new high-tech enterprises in the building indus-
try [8]. The interpretation of the ecosystem of university
science and entrepreneurship as an ensemble of social and
economic structures in the region that support the growth
of innovative start-ups contributes to the emergence
of new business structures with a sufficiently high level
of risk.

From the point of view of intensive commercialization
and transfer of scientific developments, the effective way
is the real application of the intellectual potential of the
university, construction institute (faculty), departments;
competence and experience to attract additional funding,
as well as strengthening the functioning of universities as
drivers of technological development of the state. For ex-
ample, the university transfer of high-demand nanotech-
nologies with the participation of professors of the Ufa
State Petroleum Technical University (USNTU) made it
possible to implement (Fig. 2) on the basis of nanostruc-
tured gypsum binders with a size of = 2 nm—100 nm [9]
technologies for producing small-piece wall and partition
products, which were tested in experimental industrial
conditions [10—12].

Higher professional education should provide training
of qualified and mobile specialists for the building industry,
ready to independently and effectively solve emerging prob-
lems [13]. We have identified the effective conditions for
the development of professional compe-
tencies of bachelors and undergraduates
during their studies at the university:
the fractal approach allows lecturers and
students to look at trivial things outside
the box, to adapt to creative thinking.
An important role is played by the com-
mercial component of cooperation be-
tween education < science < technology
[14] with the strengthening of integra-
tion processes within the framework
of scientific and educational centers,
implemented in the Architectural and
Building Institute of USPTU.

Fig. 2. a — Technological production based on nanostructured gypsum
binders; b — pressed partition products

In the innovation center (“Laboratory of Nanotech-
nologies of Cement Systems named after Professors
A.F. Polak and N.H. Karimov”) of the Architectural
and Construction Institute of USNTU, leading spe-
cialists of the department, as well as bachelors, under-
graduates, postgraduates, doctoral students in the field
of development of building materials, research of their
nanostructure and technological properties are conduct-
ing highly-demanded researches. The scanning electron
microscope JEOL JSM-6610LYV is actively used for mi-
croanalysis of nanomaterials at the Department “Build-
ing Structures” of USNTU (Fig. 3); to perform X-ray
diffraction and phase analysis — X-ray diffractometer
D2 PHASER.

DISCUSSION

Each region, including the Republic of Bashkortostan,
has its own unique structure of the regional ecosystem
of construction entrepreneurship, and its effectiveness
in terms of generating development is determined by
the quality of interactive interaction of elements (en-
trepreneurs) of the ecosystem between themselves and
universities. One of the mechanisms for the successful
implementation and transfer of nanotechnology projects
of a construction university (institute, faculty, depart-

Micr Iyss of nanocomp: allows:
v study the morphology of the sample surface;

v massurs the size, shaps, slemental composition
of samples and other parameters of nanoobjects
in the size range from a few centimeters to
nanometers with magnifications vp
to 100000 times and more;

v to stdy the orientation of microcrystals, the
distribution of chemical alements over the area
of the building nanomaterial.

Fig. 3. Scanning electron microscope JEOL JSM-6610LYV with the energy
dispersive spectrometer Oxford Inca Energy
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Quite effective methodologi-

Analysis of the factors that determine the fractal nature of the interaction of R cal tools for the university transfer
university innovation activities with the building industry . y .
= of nanotechnological elaborations to
J L the regional construction industry are:
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on the process of commercialization of ) nanotechnology project enterpr 1§es, © pa 1c1pa 19n o erp—
university innovations —/ transfer tools ployers in educational and industrial
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of an array of digital |\ regional building industry plementation and transfer of universi-
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implementation : _

oatort L) I ———— s}.10\.7vs the dynarrpc nature of commer

for the transfer of university nanotechnology cialization algorithms.

v elaborations The quality of innovative activi-
ties of universities in the form of com-
el L mercialization and transfer mecha-
Sustainable formation of a mechanism for promoting demanded nisms should not only be demanded
nanotechnology projects of universities l and controlled, but also motivated.

T

! One of the final stages of a success-
' ful transfer of intellectual activity is

Evaluation of the effectiveness and success of the university transfer
of innovative nanotechnologies to the construction industry

mechanisms against unfair compe-

the formation of internal protective
Correclion'
tition. Interdisciplinary integration

Fig. 4. Dynamics of various factors affecting the speed of introduction of
nanotechnological elaborations of universities in the building industry

ment) is the focus on “regional linking” and the creation
of research-educational centers.

The effective process of transfer and commercializa-
tion of popular nanotechnologies in modern universities
cannot be considered in isolation from their main educa-
tional activity. Educational activities in terms of content
have a synthetic character: it is based on cognitive activity;
students of the Architectural and Construction Institute
of USPTU in the scientific and educational center form
practical competencies. The implementation of innovative
activities through the organization and development of the
transfer of popular technologies to the real construction
industry is an urgent task of domestic universities based on
the results of pilot tests and industrial scaling. Nanomate-
rials (nanosilicon, carbon nanotubes diameter from 1 nm
to 50 nm, ceramic nanocomposites, etc.) and microfillers
were proved to be suitable components for reducing cor-
rosion damage and increasing the durability of building
composites [15—18].

with the features of large-scale intro-
duction of nanotechnology products
for construction purposes [19—23]
promotes the transfer of the future
technological and other activities in
the educational process and the formation of professional
competencies of bachelors and masters of Architecture
and Building Institute of Ufa State Petroleum Techno-
logical University.

CONCLUSION

Thus, the advance of methodological tools for moni-
toring the attractiveness of the regional business eco-
system for generation and development of transfer pro-
cesses of modern nanomaterials is an integral element
of designing mechanism for effective management of the
development of business structures in building. Devel-
opment of the innovation ecosystem in the university
(construction institute, faculty, department) is the way
to effective commercialization of intellectual activity in
the field of nanotechnology, demanded by regional build-
ing industry: i.c., the process of transfer of knowledge
and technology resulted in certain products and services.
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