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The article considers the necessity of changing the educational paradigm by universities as a result of the development
of «industry 4.0» concept — the fourth industrial revolution. The article shows the expediency of universities’ transition into
the category of «smart enterprisess and transformation into smart-universities. The article describes the main principles
of organization of smart-universities, such as the implementation of competence approach to educational process, the
usage of methods of project teaching, digitalizing and computerizing of education, realization of individual educational
trajectories. The article considers the principle of the formation of professional competences on the basis of communities of
teachers, students, scientists. The method of web-portfolio is of fered as one of the innovative methods of teaching, based

on the formation of an individual educational trajectory.
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Topicality

In the recent years, a new term has appeared in special
literature and experts’ discussions, which defines the
fourth industrial revolution. The first appearance of this
term was connected with the 2011 Hannover fair — the
largest industrial exhibition in the world. In 2012 the
German government accepted the innovative program
«industry 4.0» within the frames of the «Strategy in the
fields of high technologies 2020» — a strategic project
which was aimed at preserving the leadership of industry
through the stimulation of innovations in all sectors by
uniting state and business with the best scientists for new
technological dash of German economy.

In Russia, under the instruction of V. V. Putin of
the realization of the message to Federal Assembly from
December 4, 2014, the work of creating the National
Technological Initiative began. This initiative was
introduced as a «program of creating principally new
markets, as well as the conditions for global technological
leadership of Russia by 2035».

National technological initiative (NTT) is among
interconnected programs, some of which are the Strategy
of scientific and technological development (SSTD) of

Russian Federation and the Program «Digital Economy».
These programs are being realized in line with the fourth
industrial revolution and similar directions which are
being developed in the USA («advanced manufacturing
technology»), Germany («industry 4.0») etc. [1].

The advancement of the fourth industrial revolution
is closely connected with the creation of smart-
enterprises, development of global industrial nets,
appearance of cyberphysical systems, implementation of
concepts of the industrial Internet and the Internet of
things [2-5]. As aresult of the development of «industry
4.0» the industrial resources (both labour and material),
technological equipment and finished products will
become active components of a single system that
manages its industrial and logistical processes. In this
case cyberphysical systems will connect the virtual
Internet space with the real world. They will also be able
within the smart-factories to make their own decisions,
regardless of people, provided there is sufficient supply
of finished products and «smart machines» with the
appropriate sensors and chips.

According to the director of German research centre of
artificial intelligence V. Valster «in the world of «<industry
4.0» machines will be able to understand its surroundings
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and communicate with each other through the Internet-
protocol. Tt is assumed that the first enterprises of new
industrial revolution will start to function in just five
years» [6]. The results of Russian experts’ research show
that <according to various assets within the next 20 years
from one third to a half of workplaces in industrially
developed countries will be replaced by robots, computer
programs and other automatic solutions» [7].

This fact becomes a sort of a challenge for universities,
so that some leading world educational organizations with
technical emphasis take over new attitudes to personnel
training with appropriate skills. According to the authors,
the transformation of educational establishments to smart-
universities may be the response to the challenge of the
fourth industrial revolution.

Goals and objectives

The main aim of the research is to formulate a number
of principles which must be the foundations of the smart-
university concept. Accordingly, the objectives of the
research are to analyze and define main principles of
the organization of smart-universities and to show the
connection between these principles. From the theoretical
point of view, the research is significant to the formation
of the basics of conceptualization of smart-education.
The practical value of the research is that the formulated
conceptual principles of smart-education might be applied
to the development of the full-scale concept of a smart-
university.

The transition to the model of «smart enterprises»
will lead to the appearance of new specializations, such as
«system engineers», united in one traditional engineers-
constructors, technicians, material specialists, estimators,
programmers, etc. Thus, traditional specializations will
be replaced by the new ones. Employees who possess
the creative potential and are able to think and work
in the new world will be necessary to industry. In fact,
the work path of the growing generation will be surely
connected with adaptation to appearing challenges and
constant development throughout all life. Tt is vitally
important to every specialist to realize that in the modern
world one cannot initially get the education which will
be sufficient for the work for all years to come. The
realization of this objective is impossible on the basis of
the old educational technologies and demands both new
technical, program, information, communication means
and new methodologies of open education.

An executive director of the Centre of modern
manufacture and innovative design of Florida technological
institute (USA) Michael Greeves says that nowadays
they constantly demand USA universities to implement
the programs of industry teaching, despite the lack of
experience in this sphere. This is due to the need of
organization of workplaces at the USA industries, as well
as the implementation of innovative technologies, which
alter the way of industrial processes and cut the final
production expenses [8].

A professor of logistics and industrial engineering
of business-school ESB at University of Roitlingen
(Germany) Vera Hummel notices that while formulating
a curriculum we have to come across the same difficulties

as the industry encounters while organizing technological
processes [8].

The curriculums of modern universities almost do
not include the subjects which are aimed at the most
important thing to students — the search of problems and
objectives, the analysis of society's needs and ways of their
realisation. For all that the development of intelligence, as
well as information and analytical systems of vocational
education are expedient [9-11]. The system of information
and analytical support in the field of education must meet
anumber of complex tasks aimed at the development of the
education system, in accordance with the target orientation
and current activities of educational institutions. In the
foreseeable future the wide implementation of artificial
intelligence systems (information, expert, analytical ones)
into educational process is expected.

The contents of the concept of smart-university is
understood differently in every country, but, in all cases,
it brings us to obtaining a number of new effects, which
satisfy the needs of interacting sides in the conditions of
anew type of society, which is characterized primarily by
the presence of communication technologies in collective
action. Considering this, only modifying the whole
system of Russian education can make it possible to get
the specialists who possess the professional skills of some
quality and are able to be recognized all over the world.

The following principles define a smart-university:

« implementation of competent approach;

+ usage of methods of project teaching (focusing on
problems);

 digitalizing and computerizing of education (flexibility
of teaching in the interactive educational sphere, free
access to the Internet contents all over the world);

* individual teaching.

The implementation of these principles will help
to develop the necessary competence in the training of
personnel for «industry 4.0», which involve the problem
of transmitting the interdisciplinary nature of the new
production environment. The solution to this problem
requires enhanced cooperation between education
and industry to demonstrate the primary focus on
mastering new ways of thinking and teaching, as well as
production.

In today’s world the transition to project education
is happening. Projecting is being defined as an activity
towards creation of new objects with the characteristics
given in advance. The main way of personnel training —
education together with work on certain projects.
To achieve that, creation of integrative scientific and
educational creative spaces on the basis of universities
is necessary. Such spaces must be aimed at forming the
environment for interdisciplinary project work on Russian
and world industry orders, which are being executed
jointly by the representatives of academic institutions,
industrial enterprises, students, postgraduate students and
teachers. In order to make this activity well-developed,
the outrunning implementation of key technologies, the
improving of material and technical base, as well as the
acquiring of positive work experience with world leading
high-technological enterprises are necessary.

Integration of educational and scientific environment,
business sphere, as well as the sphere of real economy
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sector allows industrial enterprises, by influencing on
the teaching process, to get the personnel that will be
trained in accordance with topical current tendencies. In
their turn, universities, monitoring the changing demands
of industries from different branches to specialists,
are interested in operative review of the contents of
educational programs, methods of their teaching, which
in turn increases the competitiveness of a university.
Thus, the currently observed gap will be excluded — the
gap between educational and practical spheres, when a
graduate goes to the industry job and is offered to forget
everything they taught them at university [12].

At the same time, business and industrial enterprises
may not only play the role of «consumers» of graduates,
but also be the «financial source» of university — a
customer of scientific, research, experimental, engineering,
technological works carried out by universities. To
university such a form of integration is the mark of its
efficiency not only as an educational center, but also as a
scientific and research one.

When sectors and branches of economy become closer
and borders of fundamental and applied science blur due
to the necessity of solving complex scientific and technical
problems it is expedient to orientate on competences
of graduates as the final result of project-orientated
teaching. Competences may be defined as a personality’s
quality, which is constantly developed in the process of
education at university, which is expressed in the ability
and willingness to self-sufficient resolving of research
objectives, connected with orders of Russian and world
industries, as the acquiring of methodology of research
work, as the willingness to use existing methodological
development in one’s future profession [13].

The achievement of the best results in the process of
forming the competences of specialists may be provided
with the help of practical solution of complex industry
objectives by teachers and different kinds of students
within the frames of interdisciplinary teams on the basis of
leading scientific schools through mutual accomplishment
of interdisciplinary research, applying high technological
equipment and innovative industrial technologies
(fig. 1).

Innovative methods of education must lead to the
change of teachers’ role, who have become not just

Competences

Fig. 1. The principle of the formation
of professional competences

knowledge carriers, but also tutors (consultants, experts),
who initiates students’ creative search of applying
innovative technologies in the teaching process. A new
interactive form of teaching must replace the traditional
one, which supposes lectures and seminars only, as well
as one-sided form of communication. A new form should
include the joint work of students and teachers which
allows participants to interact, make mutual decisions,
share information and model situations.

The most important factor of the transformation of
modern society and higher education in particular is its
global computerization and digitalization, caused the
rapid development of information computer technologies,
Internet resources, communication channels and
means of communication and exchange of information.
Information technologies open new opportunities for
educational system: allow educational establishments to
cover additional categories of students, including foreign
ones; open new horizons of teaching; give new means and
innovative educational technologies; strengthen research
opportunities.

The system of continuous education is quite topical;
it may have different names [14, 15]: «lifelong» (USA),
«continued» (England), «renewable» (Sweden).
Continuous education considers the demands of real
economy and supposes constant training of specialists
throughout their life in the process of building a career
ladder. Contemporary smart-society and its approach
«education throughout all life» define the necessity of
training according to the principle «train where it is
convenient to the learners, that is the mobility of contents’
consumption must become an essential principle of smart-
education.

Implementation of cloud technologies allow to provide
universal net access to general repository («storage» of
information), which supposes the search intelligence
system. Access to the Internet resources for every user,
as well as availability of various educational Internet
contents satisfy the students’ need to get information
and improve their knowledge. Cloud evaluations and
sharp inflow of mobile technics have defined one of the
important directions in education — mobile training as a
contemporary technology of studying, personnel training
and re-training.

The importance of students’ personal development
is becoming evident, which demands individualization
of training trajectories in the format of «education
throughout all life», as well as increasing self-sufficiency
in studying. Great motivation in training may only be
on the basis of both creative acquiring of knowledge in
subjects’ fields and setting important objectives in terms
of practice, which are not solved up to date. The possibility
of applying interactive methods to self-studying is in the
organization of group students’ work. Stimulating positive
communication between students leads to formation of
social behavior skills, managing conflict situations, ability
to make decisions quickly and constructively.

One of the innovative methods of training on the
basis of formation of individual educational trajectory
is the method of web-portfolio. Portfolio — is a modern
innovative educational technology which is based on
usage of the method of authentic estimation of results
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of educational, scientific and professional activities. As
a rule, portfolio represents students’ self-presentation
of their achievements, which are fixed by themselves.
Within the frames of a competence approach portfolio
manifests itself as a way of demonstration, development
and evaluation of students’ competences, a mechanism
of monitoring their achievements, presenting students’
successes to the interested people. Portfolio contributes to
the development of social and professional communication
of students and graduates, helps establishing contacts with
potential employers. Unlike the traditional resume web-
portfolio allows to present and evaluate social, personal
and professional competence of a person, define their
inclinations, trace the direction of their development
significantly better.

The totality of portfolios of students, graduates and
teachers makes portfolios of departments and institutes,
which in turn form the portfolio of university, within
the frames of which they all actively integrate with one
another and with the outer surroundings — applicants and
employers (fig. 2).

Thus, web-portfolios of students and teachers are
the core of rates of their achievements. The analysis of
portfolios’ contents allows to improve the system of criteria
and marks of efficiency evaluation related to educational
and scientific activity of departments and institutes, as
well as to order the organization and management of
university’s activity.

Conclusions

The impetuous development of the fourth industrial
revolution makes universities dealing with the question
about of the necessity of changing the educational paradigm,
which must coincide with the paradigm of industrial
production. The borders between formal and informal
education must be gradually eliminated, personalization
of education must be strengthened, which will define the
university’s role as an integrator of educational, scientific,
business and industrial environments. The universities
which are able to realize the principles of creating a smart-
university will be the most competitive.

The main principles of organization of smart-
universities are the implementation of a competence
approach to educational process, the usage of methods
of project teaching, digitalizing and computerizing of
education, the realization of individual educational
trajectories.

One of the methods of education within the frames
of realization of the principles of a smart-university is the
method of web-portfolio, which is based on formation
of individual educational trajectory. The analysis of the
structure and interaction of university’s portfolio allows
to improve the system of criteria and marks of efficiency
evaluation related to educational and scientific activity
of departments and institutes, as well as to order the
organization and management of university’s activity.

Performing the actions on building a smart-university
on the basis of the principles offered will allow to realize new
forms of training, increase the motivation of participants
in carrying out scientific research and the efficiency of
university’s management. At the same time the possibility

Portfolio of university

Portfolio of departments and institutes

Portfolio
of teachers

Portfolio
of graduates R

4 I}
Selection of university
as an educ. center

Selection of university
as a partner

[ APPLICANTS ] [ EMPLOYERS ]

Fig. 2. The structure and interaction of university’s portfolios

of formation of university’s innovative environment on
a new quality level will be maintained, as well as the
building of university’s management system in accordance
with objectives to solve and considering contemporary
tendencies. High qualification of graduates, their ability
to adapt acquired competences to continuously changing
conditions of activity, new goals and objectives must
become the most important non-material asset, which will
provide and maintain stability to the enterprises of the real
economy sector, as well as the development of domestic
and world markets.

References

1. National technology initiative: list of orders of the Russian President
in the message to the Federal assembly on 4.12.2014. M., 2014.

2. R.van Kranenburg. The Internet of things. A critique of ambient
technology and the all-seeing network of RFID. Amsterdam, 2008.
61 p.

3. V. V. Chekmezov. The sense of the world.. The Internet of things
and the next technological revolution. Moscow: Russian research
center for Internet of things, 2013. 130 p.

4. A.Colombo, T. Bangemann. Industrial cloud-based cyber-physical
systems: The IMC-AESOP Approach. Cham, Springer International
Publishing, 2014. 245 p.

5. E. M. Korostishev, M. Olekhnovich. Regulatory mechanisms of
the «industry 4.0» //The development of artificial intelligence and
smart environments in the future. 2007. No. 6. P. 54-61.

6. «Industry 4.0»: production processes future production
management. http://www.up-pro.ru/library/opinion/industriya-
4.0.html.

7. K.Nikolaev, S. Abdullayev. Intellectual stroke. In a world of robots
remain human and not lose myself. Moscow: Mann, Ivanov and
Ferber, 2016

8. The factory of the future: merging the virtual with the real
production management. http://www.up-pro.ru/library/strategy/
tendencii/fabrika-realnaya.html.

9. A. A. Barsova. A. L. Galinowski, N. N. Sysoev, V. A. Dukova.
Intelligent information-analytical system of support of professional
education.//Open education. 2004. No. 5. P. 32-37.

10. N. G. Bagdasar’yan. Professional culture of an engineer: mechanisms
of development. Moscow: MGTU n. a. N. Uh. Bauman. 1998.

11. V. M. Kureychik, V. I. Pisarenko/ Synergetic approach in the
innovative education//Open education. 2007. No. 3. P. 8-15.

12.  Youth unemployment rate in Russia is 5 times higher than among 30-
40-year-old. Vedomosti. https://www.vedomosti.ru/management,/
articles/2015/10,/27 /614577-bezrabotnih-molodezhi.

86




OBPA3SOBAHUE N UHHOBALIUA

13. A. V. Khutorskoy. Determination absemetova content and core
competencies as a characteristic of the new approach to the design of
educational standards. Competence in education: design experience
: SB. nauch. Tr. Moscow : INEK, 2007. P. 12-20.

14.  About development of system of continuous professional education
in Russia and in Sverdlovsk region. http://saviak.ru/president/
obracheniya,/profobrazovanie/61-o-razvitii-sistemy-nepreryvnogo-
professionalnogo-obrazovaniya-v-rossii-i-sverdlovskoj-oblast.

15. T. A. Makarchuk, V. F. Minakov, A. V. Artemyev. Mobile learning
based on cloud services//Modern problems of science and education.
2013. No. 2. http://www.science-education.ru,/108-9066.

MpuHUMNbI opraHu3auum smart-yHueepcurteTta
npuv NOAroToBKe KagpoB Ansa «<uHaycTpum 4.0»

B. B. MnyxosB, g. 3. H., npodeccop, npopekTop, CaHKT-
MeTepbyprckunii NONNMTEXHUYECKUIA yHnBepcuTeT MNeTtpa
Benwukoro.

J1. Nanuy, kaHangaT Hayk, npodeccop, ANPEKTOoP,
Hay4HbIl ueHTp «HagexHoCTb 1 ynpaBieHne KayeCTBOM»,
Cepbus.

H. O. Baceukas, K. ®.-M. H., Ha4aNbHWK OTAENA, C. H.
c., CaHkT-lMeTepbyprcknin NOANTEXHNYECKUNIA YHUBEPCUTET
MeTpa Benukoro.

B cTtatbe paccMoTpeHa HeoBX0AMMOCTb CMEHbI 0bpa-
30BaTeNbHOM NapagurMbl yHUBEPCUTETAMN B pe3ynbraTe
pa3BuTMS KOHUENUMN «MHAYyCTpun 4.0» — 4eTBEpPTOM Npo-
MbILLIEHHONM peBonounm. MNMokasaHa uenecoobpa3HoCTb
nepexoaa By30B B KAaTErOPUIO «yMHbIX NPEeanpUATUn» N X
TpaHcdopmauns B smart-yHmeepcuteTbl. PaccmoTpeHa
OCHOBHbI€E MPUHLUMMbI OpraHmaaumm smart-yHMBepcuTeToB,
Takue Kak BHeapeHne KOMNETEHTHOCTHOro noaxoaa B obpa-
30BaTebHbIM MPOLECC, NCNOIb30BAaHNE METOA0B NPOEKT-
Horo obyyeHus, LMdpoBm3aums n nHdopmaTnaums obpa-
30BaHus, peannsaums HOMBMAyanbHbIXx 06pa3oBaTenbHbIX
TpaekTopuin. PaccMOTpeH NpuHUMN GOPMUPOBAHUSA NPO-
deccroHanbHbIX KOMMNETEHLUMI B Pe3ynbTaTte UHTerpauum
006pa3oBaHusi, Haykun, BU3HEC-CTPYKTYP 1 NPeanpusaiTuii Bbl-
COKOTEXHOJIOMMYHOM NPOMBILLIEHHOCTM Ha 6a3e cCoobLLECTB
npenogasaTenemn, CTyAeHTOB, y4eHbiX. [1peanoxeH metos,
3ANEKTPOHHOro nopTdonuno (web-portfolio) kak ognH U3 NHHO-
BaLMOHHbIX METOL,0B 00Y4EeHUS HA OCHOBE POPMUPOBAHUS
MHOVBMAYanbHOM 06pa3oBaTelbHOW TPAEKTOPUN.

Kniouesble cnoBa: 4eTBepTad NnpoOMbILLIEHHas PeBO-
noums, «<uHayctpusa 4.0», smart-yHnBepcuTeT, NOAroToBka
KagpoB, NPOMbILLNEHHbIE NPeAnpuATUS, NopThOno.

YBaxxaemsbie konnern!

Bcepoccuiickoe obiecTBo n3obperaresieil u pannoHainzaropos (BOUP) o6bsaBiisieT 0 Havasie prueMa 3astBOK
Ha yuactue B KoHKypce <IIpemust BOMP-2018», koTopas BpydaeTcs nsobperaresisiM U pallMOHAIN3ATOPaM 32
Jiydiee u3obperenune, OTBeYaolee HeOOXOAUMBIM KPUTEPUAM /IS BHEAPEHUS U KOMMEPIHATU3AIUN U COOT-
BETCTBYIOIIlee COBPEMEHHBIM BbI30BaM Hay4yHO-TeXHUYECKOTro pa3BuTus Poccun.

IIpeMus MMeeT COMOCTAaBUMbBIA MHOCTPAHHBIM aHAJOraM 110 0ObeMy IPU30BOI (GOH U IPUCYKAAECTCA Ha

KOHKYPCHOI OCHOBE B /IBYX HOMUHAINSX:

— «ITpemust BOUP» (rmasubiii npus — 1 (oauH) MusuinoH pyo6Jieit).

— «Mounonesxnas npemust BOUP» (rinasubiii npus — 50 Thicsy pyo6ieii).

[IpunsaTh yyactue B KOHKypce MOTYT ToJbKO wieHbl BOUP (Bctynmuts B BOWP MoXHO ckauaB aHKeTy Ha
BCTYILIEHUE Ha caiite oOitectBa http://ros-voir.ru u Hanpasurs B [IC BOUP), uzobperaresiv u parinOHAIN3aTOPbI
or 18 ser («IIpemuss BOVIP»), a Takske MmoJiozbie usobperaresu g0 35 jer («Monogexnas npemuss BOVP»).

KOHKpr IIPOXOAUWT B JIBa dTalla:

— PernoHasibHbII aTaIr — rjae 6leyT OIlpe/ie/IEHbI JIydline I/ISO6p€‘TeHI/I§I TIIpeACTaBJIAIONIINE TOT NJIA WHOM PETUOH.

— @unain — B dunase yuactByior 10 mydnmx u3o6peTeHnii 0T KaKJ0TO PETHOHA.

Top:kecTBeHHas IEPEMOHUS HATPAKIEHUS JlaypeaToB [IpeMun coCTOUTCS B paMKax mpasmHoBanus <«J[Hst
usobpetaresisi», Koropoe B 2018 roxy Beimagaer Ha 30 woHS.

Matepuasisl yYaCTHUKOB M JIAyPEATOB MIPEMUE OYIyT OMyGIMKOBAHBI B 3I€KTPOHHOM COOPHUKE U Pa3MeIIeHbI

B OTKPBITOM /JOCTYIIE€ B CETHN I/IHTepHeT.

O3HakKOMUTBCS ¢ TIoJIoskerreM 0 KoHKypce «IIpemust BOMP-2018» u ckayaTh aHKeTy y4acTHHKA MOKHO TI0

azpecy: http://www.ros-voir.ru/ru/contest/3.
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