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The role of functional requirements
for university campus facilities in their
design and operation

This article is a continuation of a series of publications on the further development of the network of universi-
ty campuses as innovative educational spaces in our country. At the moment, the Russian economy is facing
great challenges in the field of technological development. And the integration of education, science and technol-
ogy on the basis of modern educational spaces plays a new role as a fundamental element in the implementa-
tion of national projects and the solution of many global problems. In previous publications, within the framework
of this direction, the author disclosed the results of his research, determining the possibility and effectiveness of
implementation and application of a number of multifunctional tools, such as “Educational-technological condi-
tions”, “Educational-technological task”, “Combinatorial matrices” within the development of innovative educa-
tional spaces. The ways of integration of “Educational-technological task” with information models of capital con-
struction objects within campuses were described. The peculiarities of life cycle management of various objects
of university campuses were analyzed.

This article is devoted to the identification of the determining role of functional requirements and their prevalence
in the modern educational environment over architectural, constructive, technical and other requirements. After
all, they determine the properties of the created and developed material and spatial environment of the univer-
sity, which in turn contributes to the prestige and competitiveness of higher education. The article touches upon
the interdisciplinary approach to the stages of design, operation, repair, modernization of campus facilities, de-
termined by the need to solve a variety of tasks in them, involving in their functioning students, teachers, scien-
tists, entrepreneurs of different ages, with different interests. It is the interdisciplinary approach that can ensure
density and intensity of communications, quality of space, flexibility, ability to rebuild and experiment, diversity of
non-academic functions, formation of effective economic and management models.

Keywords: scientific and technological development, innovative methods, material and spatial environment,
technological companies, requirements, interdisciplinary approach, environment parameters

INTRODUCTION the ountry's transition to the next technological

modes. It is necessary to implement a set of organ-
izational, legal and other measures aimed at a sig-
nificant increase in the efficiency of expenditures
on research and development, increasing the return
on investment in the relevant areas of the economy
for the development of national research and devel-
opment centers. The creation of effective partner-
ships with domestic and foreign research centers,
the emergence and development of private compa-
nies capable of becoming leaders in technological
markets can play an important role in this direction.

This is what the Standard of Innovative Educa-
tional Environment (campuses) [3] is largely aimed
at with its requirements and provisions, such as:

for Scientific and Technological Development of

the Russian Federation, the priorities of scientific
and technological development of Russia will be
those areas that will allow to obtain advanced scien-
tific and scientific-technical results, to form break-
through technologies that are the basis for innova-
tive development of the domestic market of products
and services, sustainable position of the country
in the foreign market. They will enable the transition
to advanced digital, intelligent production systems,
creation and application of high-tech products [1].

Accordingly, systemic changes in approach-
es to scientific and technological development of
the country are required to achieve technological
sovereignty in the field of critical and cross-cutting
technologies. And on this path, it is necessary to
consolidate the efforts of federal public authorities,
public authorities of the subjects of the Russian
Federation, scientific, educational and business
community, civil society institutions to create favora-
ble conditions for the development and application
of science and technology in the interests of socio-
economic development of Russia [2].

In order to ensure leadership in traditional and
new markets of technologies, products and servic-
es, to build an integrated national innovation sys-
tem, it is necessary to concentrate resources in or-
der to obtain new scientific results necessary for

I n the next 10-15 years, according to the Strategy

e creation of campuses as centers of new op-
portunities, points of migration, technological
and investment attraction;

e end-to-end implementation of digital twin
technologies;

e necessity and possibility of creating innova-
tive products, modern technologies, patents
on the basis of research infrastructure;

° maximum involvement of students of all levels
in project, research activities, technological
entrepreneurship, and sports life of the univer-
sity;

e creation and continuous increase in the num-
ber of high-performance jobs;

e formation of flexible ecosystems of techno-
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logical entrepreneurship with support from industrial part-
ners, development institutions;

e provision of elements of related business infrastructure and

continuous improvement of user satisfaction.

The campus that provides these conditions will be transformed
into a center of innovative production and implementation of new
technologies, attract the most highly productive and creative work-
force due to the availability of innovative infrastructure and high
standard of living on its territory [4]. This is the target image of new-
type campuses. But for this, it will be necessary to revise the ap-
proaches and ensure a variety of factors in the design and organi-
zation of the material and spatial environment.

PRINCIPLES AND FACTORS OF SCIENTIFIC
AND TECHNOLOGICAL DEVELOPMENT

In the current situation and under the conditions of providing
complex functional requirements, the subjects of scientific and
technological development in our country can become:

e associations (technological holdings, etc.), including educa-
tional, research, design and production base, pilot produc-
tion, which can be formed around technical universities or
technological companies on the basis of an integrated ap-
proach [5];

e research consortia, capable of implementing large-scale tech-
nological projects up to the development of prototypes ready
for commercialization, the main functionality of which will be
aimed at the operational solution of scientific and educational
tasks by building effective interaction between the consortium
members by combining their own and external resources, re-
distribution of these tasks between them and optimization of
costs for research, development and technological work [2].

In the activities of such entities, it is possible to identify the most
significant principles of scientific and technological development
and group them by directions: financing, opportunities, support
(Table 1).

The described principles, in the conditions of state policy in the
field of scientific and technological development of the Russian
Federation, suggest the availability of opportunities and prospects

Table 1. Principles of scientific and technological development

for the use of innovative methods, new technologies in the transfor-
mation of education and science, and the integration of education,
science and business.

But such global changes in the organization of scientific, tech-
nical and innovation activities lead to the emergence of new signifi-
cant internal factors for the scientific and technological deve-
lopment of the country, which also need to be taken into account in
the analysis of ways to address the goals and objectives [1].

Such factors include:

e compression of the innovation cycle: the time for obtaining
new knowledge and creating new technologies, products and
services and bringing them to market has been significantly
reduced;

e blurring of disciplinary and industry boundaries in research
and development;

e a sharp increase in the volume of scientific and technological
information and the emergence of fundamentally new ways of
working with it;

e changes in the forms of organization, hardware and software
tools for research and development;

e growing requirements to the qualification of researchers, in-
ternational competition for talented highly qualified workers
and their involvement in science, engineering, technological
entrepreneurship;

e increasing role of international standards;

e the emergence of a limited group of countries dominating in
research and development and the formation of a scientific
and technological periphery that is losing its scientific identity.

THE ROLE OF FUNCTIONAL REQUIREMENTS

The basic requirements for the functioning of the campus listed
in the introduction should be ensured by an appropriate material
and spatial environment. For example, in order for the campus to
become a platform for joint development of researchers and busi-
nesses, incubators and startups, it is necessary to provide a num-
ber of multifunctional spaces for joint projects of the university and
companies, which will be aimed at the creation and testing of new

Directions Principles Significance of the principles
Financing Integrity of the innovation | Ensuring “seamlessness” and provision of support measures at all stages of technology creation and implementation
cycle from research and development to implementation in the real economy within the framework of the technological de-
velopment ecosystem
Concentration of resources | Focusing intellectual, financial, organizational and infrastructural resources to support research and development,
creation of products and services
Opportunities | Freedom of scientific and | Providing opportunities for scientific teams and organizations, other participants of research and development
technical creativity to choose and combine directions, forms of interaction, methods of solving research, technological problems while
increasing their responsibility for the effectiveness of their activities and the significance of the results obtained for
the development of the national economy and society [6]
Openness Effective interaction of scientific organizations, participants of research and development with representatives of
the business community, society and the state, as well as based on national interests with the international community
Recognizing the right to risk | Possibility of failure to achieve the planned results of technological works, including research and development works
Support Systemic support Ensuring a full cycle of obtaining new knowledge, developing qualitatively new technologies, creating innovative,
breakthrough products and services, forming new markets, and taking a sustainable position in them
Rational balance State support for research and development aimed at solving both significant tasks within the framework of the pri-
orities of scientific and technological development of the Russian Federation and tasks initiated by researchers and
conditioned by the internal logic of science development, state and public support for fundamental research as a tool
for long-term development of the country
Fair competition Use of public mechanisms to provide access to public infrastructural, financial and non-financial resources to
the most productive research teams, other subjects of scientific, scientific-technical and innovative activity regardless
of their organizational and legal form and form of ownership >
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technologies. In the necessary volume for the future development
and corresponding to a number of functional requirements for
the possibility of transformation. Today, in the architectural and ur-
ban planning understanding, a modern scientific and educational
complex is a cluster system, which includes various types of ob-
jects: educational centers, workshops, research laboratories, as
well as public recreational and residential facilities [7].

In order to keep the campus oriented towards practice-orient-
edness, to increase students' responsibility for the results of learn-
ing, to form programs of cognitive development of personality, to
participate in modular learning, to individualize the educational pro-
cess, it is necessary to provide the campus infrastructure with ap-
propriate spaces, educational and technological equipment, net-
works and equipment for building individual educational trajectories
or educational trajectories for small groups. And to integrate
the campus into the city structure with a balance of functions for
convenient life, study and work, it is necessary to adapt its infra-
structure, material-spatial environment and management models to
the new joint demands of the university, business, municipal au-
thorities, local residents, etc. using parameterization mechanisms.
The output should provide the necessary degree of dispersion, i.e.
the counter availability of urban infrastructure necessary to ensure
the activities of the campus [8].

At the same time, functional requirements to campus facilities
by their specificity can have functional-organizational, functional-
technological, functional-infrastructural or functional-operational
properties. And refer primarily not to architectural and structural or
volume-planning solutions, but to the possibility of transformation
and adaptation of spaces, the possibility of using different combi-
nations of educational, technological, research equipment, the avail-
ability of technological networks and structures, the ability to
change temperature and humidity conditions, the ability to change
the magnitude and nature of the load on building structures,
the presence and operation of digital systems that create a unified
digital campus environment, the availability of integration digital
platforms. By their properties, functional requirements can be in-
cluded and interconnected in the Educational and technological
task as a document containing the initial data for design [9]. And
the overall functionality of the campus should correspond to the tar-
get model of the HEI defined in the program of its development.

The standard of innovative educational environment (campus-
es) [3] establishes an extensive set of basic requirements for
the functioning of the campus in terms of its basic functionality and
scientific and educational infrastructure, necessary to ensure at
the stages of design and operation of campus facilities. In their
main directions, these requirements provide the following capabili-
ties:

e realization of activities within the framework of national and

federal projects;

e conducting research and development, creating results of in-

tellectual activity and high-tech products;

e creation of structural subdivisions of universities together with

external partners;

e implementation of practice-oriented educational programs

together with industrial partners, network programs;

e organization of industry events, including those for city resi-

dents, etc.

It is these basic functional requirements that determine the pos-
sibility of achieving the socio-economic effects of the campus pro-
gram at the national level, at the entity level, at the institutional level
[10]. In turn, most of the basic requirements consist of groups of
detailed requirements that determine the possibility of their clear
formulation, control and confirmation.

If we analyze the functional-oriented requirements of the Stand-
ard and systematize them by scope of application, we can get
a clear picture of what the campus program focuses on (Table 2).

The comparison shows that the main part of the requirements is
focused on creating a favorable, efficient, safe environment for edu-
cation, science and business. And from the significant difference
between the number of basic and detailed requirements, we can
conclude about the necessary flexibility and transformability of this
environment. Thus, we can conclude that in accordance with
the Standard, it is supposed to create not only a convenient and
compliant infrastructure, but also an educational and material-
spatial environment in which it will be possible to realize the stated
goals and objectives of innovative development.

Speaking about the lists of requirements defined by the Stand-
ard, it would be rational to propose to form a corresponding register
of them for more convenient and efficient work with them at
the stages of design and operation. The Strategy for the develop-
ment of the construction industry and housing and communal ser-
vices of the Russian Federation for the period up to 2030 with
a forecast up to 2035 defines that the “register principle of develop-
ment of technical requirements” is the principle of development of
technical requirements, which implies the possibility of their practi-
cal implementation (including on a mandatory basis) only after
the inclusion of such requirements in the relevant register [11].

In addition, it is obvious to assume that requirements, even
those included in the relevant register, cannot be equivalent. In
connection with the entry into force of SP 555.1325800.2025, it is
possible to define that a requirement is a provision (normative doc-
ument) containing quantitative and (or) qualitative criteria that must
be met to divide the requirements into groups [12]. At the same
time, key requirements can be singled out as requirements, the ful-
fillment of which during the entire life cycle of a building or structure
(including the implementation of such requirements in the process
of construction, reconstruction, capital repair, as well as mainte-
nance of parameters and characteristics of buildings and structures
at the level set by these requirements in the process of operation)
directly ensures the fulfillment of the relevant tasks, i.e. ensuring
the functional characteristics of the capital construction object.

Table 2. Systematization of functional requirements for campus facilities

Types of requirements

Number of basic requirements Number of detailed requirements

Functional-technological (including requirements for the level of digital services and techno- 25 74
logical entrepreneurship ecosystem)

Functional and organizational (including service and openness requirements) 12 18
Functional and infrastructural (including requirements for material and technical equipment) 27 68
Functional and operational (including requirements provided at the design stage) 14 43
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CHALLENGES TO IMPROVE THE FUNCTIONALITY
OF CAMPUSES

In the conditions of rapid economic development it is important
to provide not only opportunities for advanced education, but also
for advanced architectural and construction design of higher edu-
cation institutions.

Itis necessary to use the results of modern ergonomic research
(anatomical, physiological and psychological changes that a person
undergoes during work) not only in the organization of workplaces
and within the framework of industrial design [13], but also in the or-
ganization of “educational” places and the design of the necessary
material and spatial environment of innovative campuses. Only in
this case there is an opportunity to increase the productivity of
the participants of the educational and research process. At
the same time, it is especially difficult, but also important, to ensure
the communication between educational, research and innovation
centers on the basis of spaces suitable for conducting joint projects.

In particular, by providing pre-determined and justified require-
ments and parameters for the material-spatial environment that en-
hance its functionality, it is possible to:

e close the needs of students, faculty and staff in a comfortable

environment for living, learning and working;

e avoid the deficit of teaching and laboratory spaces, places in
dormitories and sports and recreational infrastructure [6];

e to recalculate the standards of space per 1 student, which
at the moment do not correspond to the realities and foreign
analogs;

e expand options for conducting relevant scientific research
and engaging in innovative activities;

e close the demand for the use of end-to-end technologies in
the educational process, for example, technologies for stor-
ing and analyzing big data, virtual and augmented reality
technologies, quantum computing, etc.;

e provide conditions for the implementation of joint projects
with business, ordering research and R&D from the university.

It is important to note that the weakest point in the prospects of
the campus program is the organization and management of inter-
action between universities and the real sector of the economy and
industry business [14]. The discontinuity of the innovation cycle
leads to the fact that public investments in human capital actually
ensure the growth of competitiveness of other economies, as a re-
sult of which, the ability to retain the most effective scientists, engi-
neers, entrepreneurs who create breakthrough products is signifi-
cantly reduced in comparison with the countries leading in
innovation. Against this backdrop, there is a perception that in-
creasing the functionality of existing and emerging campus facili-
ties will offer participants the environment necessary to realize in-
novative ideas and quickly bring new products to market, increase
the general interest in the implementation of joint projects, entail
investments in infrastructure, and benefit companies from such
partnerships.

Considering the campus program at the state level, one cannot
but note that in order to ensure the independence and competitive-
ness of our country through the creation of an effective system for
building up and making the fullest use of the intellectual potential of
the nation, it is necessary to solve a number of complex and still
open tasks. Among them:

e creation and development of mechanisms for identifying tal-

ented young people and building a successful career in sci-
ence, technology and innovation;

e creation of a system of conditions for conducting research
and development, corresponding to modern principles of or-
ganization of scientific, scientific-technical, innovative activity
with the best Russian and world partners;

e formation of an effective system of communication in the field
of science, technology and innovations, providing increased
receptivity of the economy and society to innovations, as well
as conditions for the development of knowledge-intensive
business;

e formation of an effective modern end-to-end management
system in the field of science, technology and innovation;

e promoting the formation and development of models of inter-
national scientific and technological cooperation and interna-
tional integration in the field of research and technological
development.

CONCLUSIONS

Today there is a need to consolidate around the program of
university campuses researchers in the field of construction, de-
sign, pedagogy, psychology in order to study the impact of
the functional characteristics of the material and spatial environ-
ment of universities on the effectiveness of the educational and sci-
entific process, integration with business and industry, and design
options in accordance with the requirements of tomorrow. Only
such consolidation will allow to ensure the possibility of an effective
response to technological challenges, taking into account the in-
creasing relevance of synthetic knowledge and technologies cre-
ated at the junctions of multiple disciplines. And the campus begins
to represent an optimal form of organization of complex forms of
activity between permanent residents-participants of the project
campuses, partner network and external consumer environment,
which cannot occur separately [15]. In this case, the object of man-
agement in the campus becomes the creation of conditions for
the emergence of joint activities and the appropriate selection of
tools.
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Ponb pyHKUMOHaNbHbIX TPe60BaHNN
K 06beKTaM YHUBEPCUTETCKUX KaMnycoB
Npyu UX NPOEKTUPOBaHUM U IKCNyaTauum

[aHHas cTaTbs ABNSETCA NPOOOIHKEHNEM CepyM My6nvKaumi, no-
CBALLEHHbIX AallbHENLLEMY Pa3BUTUIO B HALLEW CTPaHe CETU YHU-
BEPCUTETCKUX KaMMyCOB Kak MHHOBALMOHHbIX 06pa3oBaTenbHbIX
NPOCTPaHCTB. B HacToAWMIN MOMEHT nepes pOCCUNCKON 3KOHO-
MWKOW CTOAT 60/bLUME BbI30BbI B 0611ACTV TEXHONOrMYECKOro pas-
BUTUSA. A MHTEerpauus 06pa3oBaHusi, HAyKWU U TEXHOMOrM Ha 6a3e
COBPEMEHHbIX 06pa30BaTebHbIX MPOCTPAHCTB UrpaeT HOBYIO POflb
KakK OCHOBOMONarawLLMin 31eMEHT peanusaunm HaumoHanbHbIX
NMPOEKTOB U PeLLeHUsi MHOTUX rno6anbHbix NnpobnemM. B npenbiay-
LUMX Ny6nMKaLmsax B pamkax JaHHOro HarnpasieHus aBTop packpbl-
BaJl pe3ynbTaTbl CBOMX UCCELOBaHUNA, ONPEensoLLmMX BO3MOX-
HOCTb U 3(D(MEKTUBHOCTb BHEAPEHNS U NMPUMEHEHUS B paMKax
pasBUTUS MHHOBALMOHHLIX 06pa3oBaTesibHbIX MPOCTPAHCTB psAaa
MHOrO(OYHKLIMOHANbHbIX MHCTPYMEHTOB, Takux kak «O6pa3oBa-
TeNIbHO-TEXHONOrnYeckme ycnosus», «ObpasoBaTenbHO-TEXHOSO-
rmyeckoe 3afaHune», «KoMGMHaTOpHbIE MaTpULibl». Bblnn onncaHsbl
nyTn nHTerpaummn «O6pasoBaTenbHO-TEXHONOrMYECKOro 3afaHuns»
C MH(OPMALMOHHBIMM MOAENAMU 06LEKTOB KanUTanbHOro CTPOW-
TEnbCTBa B cocTaBe KammnycoB. MNpoaHannanpoBaHbl 0COGEHHOCTH
ynpaBneva XN3HEHHbIM LMKITOM pa3Hoo6pa3Hb|x 06bEKTOB YHU-
BEPCUTETCKMX KaMMyCOB.

HacTosLas ctaTbsl NOCBALLAETCS BbISBIIEHWIO ONPEAeNsioLLen ponu
YHKLIMOHASbHbIX TPE6OBaHWIN 1 UX NPEBaNVPOBaHUA B COBPEMEH-
HOW 06pa3oBaTENbHOW CPEAE Haf apXUTEKTYPHBIMU, KOHCTPYKTUB-
HbIMW, TEXHUYECKUMU U OpyruMun TpeboBaHusMu. Beflb UMEHHO
OHV OMpefensoT CBOMCTBA CO34aBaEMON 1 pa3BnBaemMon MaTepu-
anbHO-NPOCTPAHCTBEHHOW Cpefbl YHMBEpCUTETa, KOTopas, B CBOO
o4epefib, CNOCOOCTBYET MOBLILLEHWIO NMPECTMXA U KOHKYPEHTOCHO-
CO6HOCTU BbICLLEro 06pa3oBaHns. B cTaTbe 3aTpoOHYT MeXAncLm-
NAMHAPHBIA NOAXOA K 3Tanam MPOEKTUPOBaHUA, dKcnyaTaumu,
PemMoHTa, MoepHU3aLnn KamnycHbIX 06'beKTOB, onpenesnisemMbix He-
06X0AMMOCTBIO PELLEHWS B HUX PA3HOO6Pa3HbIX 3aa4, BOBMEYEHNS
B X (DYHKLMOHVMPOBaHWE CTYAEHTOB, NpenofaBaTesniei, y4eHblX,
npeanpuHnMareneft pasHbix BO3pacToB C PasnnyHbIMU UHTEpe-
camu. VIMEHHO MeXAMCUMNINHAPHBIN NOAXOH MOXET 06ecneynTb
NNOTHOCTb N UHTEHCUBHOCTb KOMMyHMKauMﬁ, Ka4eCTBO MPOCTPaHCT-
Ba, IMOKOCTb, CMOCOOHOCTL NepecTpamBaThb U 3KCNepUMEHTUPOBATD,
pasHoobpasve HeakafeMn4ecknx pyHKumn, opmmposaHme ag-
(*)eKTI/IBHbIX OKOHOMUYECKUX U ynpaBJieH4YeCKnx MO,D,GJ'IGVI.
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