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Annomavyus. busa MAvAYymMKu, HAHOMEXHOAOZUAAAP OYUuUd  MYMAXACCUCAAP
mauépaaul easudacy 0e60cuma OAULL MAbAUM Ouran 00eaux. Aynénunz oup xamop emaxyu
OAUTL YKYS 10pMAapuda HAHOMEXHOA0ZUAA UYHAANMUPUAZAH KAPEIPAAAP OUUAAH, MEIUUAU
YKYy6 odacmypiapu  ApAMuAMOKOd, YKUMYSHUAAP mapKudu, XYMAAan, mypiu OUAUM
COXANAPUHUHZ eMAKUU OAUMAAPU WaAKAAAHMUpUAMOKOa. LIIyHunzdex, HaHOMEXHOAOZUAHUNHZ
UHCOH (paorusmununz 0apua coxarapuza Kupud Oopumiunu avmubopza oraduzan OYACAK,
MYMAXACCUCAAPHY MAUEPAAUL KAMPOSUHUHZ KeHZAUZUHU KYpamud. MavAymxu, orut yKye
0pMAAPU, KYMAAOAH, UHCMUMYM 64 YHUEEPCUMEMAAP, KOANEXK 64 MEeXHUKYMAAP 64
AUeUAap 3aMOHABUTE OUAUMAAP2A 924, HAHOMEXHOAOZUSAAAP, XYCYcaH, HAHOPu3uka 0yuuua
MYpaKkad UAMUL-MEXHUKASUH MYAMMOAMPHU XAA KUAA 0AAOUZAH SAHZU AGAOOHUNZ 10KOPU
MANAKAAY MYMAXACCUCAAPUHU MAUEPAAULIA MYXUM Ypur mymadu. Yu0y maxorada 0us amzu
6a me3 PUEOKAAHAEMZAH HAHOMEXHOAOUA COXACUOAZY  3AMOHAGUTL UAMUTL  1OMYKAApP
MYAMMOAAPY  XAMOA  1OKOpUOAZU  Myaccacarap oacmypuea Maxcyc @ar Kupumurzam
HAHOMEXHOA0ZUSAZA OUO OUAUMAAPHU YKUMUUL MACAANGAAPYU KYpuO uururdu. TavAumHumz
YMYyMmuti, ypma éa xammo OowAarzuy 00CKUNU YKYSUUAAPUHU SAMOHACULL DUAUMAAP2A 324,
MYpaxxkad UAMULl, MexHoAOZUK 64 UHHOGAUUOH MYAMMOAAPHU XAA dmuuiea Kodup O0yrzam
AHZU ABAOOHUNZ 10KOPU MAAAKAAU MYMAXACCUCAAPUHY MAUEpAauiza KacOuil UYHANMUPULUL —
AKUH KeAAKAKOA XAA KUAUHUWY Kepak 0YAzaH MypakKao 6asuga d9KaHAUzu Kiypcamuizat.

Kaaum  cysraap:  HaAHOMEXHOAOZUS, — HAHOMADAUM,  KAOPAAP — KOMNOHEHMU,
MUHMAKACUL HAHOMEXHOAOZUIAAP MAPMO2U, UKTNUCOOUT PUCOKAAHULL.

Annomayus.  Kax uséecmmo, 3adaua n0020moéKu CHeUUAAUCmos 6 o00Aacmu
HAHOMEXHOAOZUTE HANPAMYIO C6A3aHA C GblCUUM 00pasosaruem. B pade sedyujux svicuiux
yueOHbIX 3a6edeHuti Mupa omxkpvimuvl Kapedprl, opueHmuposartvie HA HAHOMEXHOAOZUU,
co30aromces coomeenmcmeytoujue 00pasoeamerbHvie NPozPammbl, opmupyemcs npogpeccopcko-
npenodasameAvbCKuil cocmas, SKAOUAOULUT 6e0YULUX YUeHVIX PASAUUHBIX 00Aacmell SHAHU.
Taxxe, ecAu npunsmv 60 SHUMAHUE NPOHUKHOSEHUE HAHOMEXHOAOZUI 60 6ce cpepbl
ueroseueckoti  0esAmeAbHOCNY, Mbl Y6UOUM wupomy cdepbl 1n0020moeKU CHelUaAUCInos.
Mssecmmo, umo evicuiue yuedHvie 3a6edetusl, 6 MOM HUCAe UHCMUMYMbL U YHUEPCUENtL,
KOAACOKY U MEXHUKYMbl U Auleu, SAHUMAIONM — 6aXHOe Mecmo 6 100z0moske
6DICOKOKBANUPUUUPOSAHHDLX CEUUANUCHIO8 HO6020 NOKOACHUS, 00AA0AIOULUX COBpeMEHHBIMU
SHAHUAMU U CNOCOOHBIX peulamo CAOXKHble HAydHO-mexHuveckue 3adauu 6 odracmu
HAHOMEXHOA0ZUTL. 6 HacmHoCMU, HanoPusuka. B darnoil cmamoe Mot paccmomperu npoodremol
COBPEMEHHBIX  HAYUHOLLX  JOCMUXKeHUL 6 00AdCmu  HOGLIX U  OvICmpo  paA36UATOULUXCS
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HAHOMEXHOAOZUT, A MAKXe 60npochl npenodasanus 3HAHULL O HAHOMEXHOAOZUSX, U0
SAGASEMCS  CeUUAAbHOIM  NPeOMemoM, 6KAIOUEHHBIM 6 NpOZPaMMY  GbllilenepettiCAeHHbIX
yupexcderuii. Tloxasaro, umo npopeccuonaroHas nodzomoska yuaujuxcs oouiezo, cpedrezo u
Jaxe HAUAALHOZ0 YposHA 00pazosarus OAsd  1n0020MOo6KU  6bICOKOKEAAUPUUUPOSAHHDLY
CNeUUarUcnos Ho6020 NOKOAEHUS, 00AADAIOULUX COBPEMEHHBIMU SHAHUAMU U CHOCOOHDIX
peuiams cAOXKHbvIe HAYUHblE, MeXHOA0ZUYeCKUe U UHHOGAUUOHHbIE 3A0aUU, SI6ASEMCS CAOKHOU
3adadeti, Komopyto Heo0X00UMO peuiumb. peulena 6 OAuXatiiee pems.

Katouesvle caoea: nanomextorozuu, HarooOpasosariue, kadposas. COCMAGASIOU4ASL,
PezUOHAADHAS HAHOMEXHOAOZUHECKAS Centb, IKOHOMUUECKOoe pasUummie.

Abstract. As we know, the task of training specialists for nanotechnology directly relates
to higher education. A number of leading universities have already opened departments with a
nanotechnology focus, corresponding educational programs are being created, and a staff of
teachers is being formed, including leading scientists from various fields of knowledge. One
should also keep in mind the predicted entrance of nanotechnology into literally all sectors of
human activity, which determines, so to speak, the breadth of coverage in the training of
specialists. It is clear from here, what is the complexity and what is the novelty of the tasks facing
educational institutions. It is well known that higher educational institutions, including
institutes and universities, colleges and technical schools. and lyceums play a key role in
training highly qualified specialists of the new generation who have modern knowledge and are
able to solve complex scientific and technical problems in nanotechnology, in particular
nanophysics. This paper examines the issues of scientific achievements in the field of
nanotechnology, which is developing new and fast, as well as the problems of teaching knowledge
about nanotechnology as a special subject included in the program of the above institutions.
Professional orientation of students of general secondary, secondary and even primary levels of
education in the preparation of highly qualified specialists of the new generation, possessing
modern knowledge and capable of solving complex scientific, technological and innovative
problems, is a complex task that must be solved in the near future. as possible.

Key words: mnanotechnology, nanoeducation, specialist component, regional
nanotechnology network, economic development.

Introduction. The current status of the domestic economy brings to the fore the
need for its modernization and transition to an innovative path of development. It
should be stated that the basis for the growth and development of the economy and the
transition to a new technological structure is the use of the latest achievements of
science - nanotechnology. One of the conditions for the development and
implementation of nanophysics is the training of appropriate specialist in the field of
nanoeducation. One of the prerequisites for the economic growth of any country is the
specialist component. At this stage of development of the domestic nanotechnology
sector, there is an acute shortage of human resources. One of the possible options for
overcoming the shortage of specialist in the field of nanophysics is the creation of a
system of education and training of highly professional specialist for their effective
development [1].

Obviously, the task of training specialists for nanotechnology directly relates to
higher education. A number of leading high educational organizations have already
opened departments with a nanotechnology focus, corresponding educational
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programs are being created, and a staff of teachers is being formed, including leading
scientists from various fields of knowledge. Over time, under the pressure of practical
needs, the higher education system in relation to nanotechnology will grow, take shape
and take on a specific appearance, because specialist decides everything. In the case of
training specialist to work in the field of nanotechnology, a fundamental feature is the
training of specialists with a broad view of the world, professing the idea of the unity of
the world, and deeply understanding the atomic-molecular structure of the world. In
addition, conscious manipulation of atoms and molecules is impossible without
knowledge of quantum mechanics. One should also keep in mind the predicted
penetration of nanotechnology into literally all sectors of human activity, which
determines, so to speak, the breadth of coverage in the training of specialists. From here
it is clear what is the complexity and what is the novelty of the tasks facing educational
institutions [2-6].

By analyzing the experience of implementing nanophysics in economically and
technologically developed countries, we believe that the formation of human resources
in the field of nanophysics should occur through the creation of a system of
interdisciplinary education. Such a system should cover both higher school,
postgraduate and doctoral studies, and general secondary education. A necessary
aspect of it may be the creation and study of special interdisciplinary courses, holding
conferences and summer schools in the field of nanophysics [2]. When forming the
specialist component of the nanotechnology sector, cooperation between higher
educational institutions, general education institutions, research institutions, and
industrial enterprises producing nanotechnology products is important.

Such complex, knowledge-intensive technologies as nanotechnology require
appropriate specialists for their implementation: scientists, designers, engineers and etc.
It would be possible to bring together the relevant narrow specialists, create some kind
of coordinating body, and the work would begin. Actually, this is what is done at the
initial stage. But the complexity and scale of the project do not allow us to limit
ourselves to this. It is obvious that people need to be specially trained to work in the
tield of nanophysics. They have long been able to train specialized specialists in certain
tields of knowledge. But in the case of training specialist to work in the field of
nanophysics, a fundamental feature is the training of specialists with a broad view of
the world, professing the idea of the unity of the world, and deeply understanding the
atomic-molecular structure of the world. In addition, conscious manipulation of atoms
and molecules is impossible without knowledge of quantum mechanics. One should
also keep in mind the predicted penetration of nanophysics into literally all branches of
human activity, which determines, so to speak, the breadth of coverage in the training
of specialists. From here it is clear what is the complexity and what is the novelty of the
tasks facing educational institutions. Obviously, the task of training specialists for
nanophysics directly relates to higher education. A number of leading universities have
already opened departments with a nanotechnology focus, corresponding educational
programs are being created, and a staff of teachers is being formed, including leading
scientists from various fields of knowledge. Over time, under the pressure of practical
needs, the higher education system in relation to nanotechnology will grow, take shape
and take on a specific appearance, because specialist decides everything.

1. Current status of the nanophysics science.
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It is obvious that industrial enterprises can develop thanks to the discoveries and
innovations of research institutions. In turn, educational institutions should actively
cooperate with industrial enterprises, and also be purposefully funded by the state in
order to train highly professional specialist capable of meeting the requirements of
modern nanoindustry and the prospects for its development . This program provides:
to achieve a fundamental understanding by students of the Faculty of Physics and
Mathematics of the achievements of modern science, which allows for control and
manipulation of atoms and objects within the nanometric scale; provide grants to
individual students; ensure the formation of a regional educational nanotechnology
network, increase awareness and competitiveness of high-tech industries, ensure
effective education and training of research specialist [7].

It is known that not all basic methods for studying nanoobjects - electron
microscope, atomic force microscope, scanning tunneling  microscope,
nanothermometer, nanobalances, nanoindenter, etc., which can be useful for the further
development of nanophysics, are available in every university. Despite this, there is a
prospect for the study and implementation of nanophysics, and first of all it is based on
the unification of university, industry and academic science, and international scientific
cooperation.

In our opinion, the quality of teaching nanophysics in a physics course is the
basis of scientific and technological progress of each educational institution, in
particular the university. The key to improving the quality of teaching is to increase the
level of human capital of each teacher. The individual human capital of university
graduates and teachers is their accumulated certain stock of health, knowledge, skills,
abilities, creative motivations and cultural traditions, established educational and
scientific laboratories, developed research projects and teaching aids that are used in the
process of managing student knowledge. We believe that one of the priority areas of
work for educational institutions should be to involve students and teachers in
innovative projects in the field of nanophysics and the widespread popularization of
nanotechnological knowledge. An analysis of the topics of materials presented by
scientists for various scientific journals shows that they really analyze the most
important issues in the teaching methods of modern physics and, what is especially
important, almost a third of the messages relate to the analysis of the possibilities of
considering issues related to nanophysics in school and university physics courses.
methods for studying nanoobjects and methods for presenting these issues. These are
precisely the breakthrough areas that are actively developed and used by the most
technologically advanced countries in the world. Perhaps, thanks to precisely such
scientific research in nanophysics, which is widely promoted abroad, and children there
are introduced to it from early childhood, it will come to our schools and universities.

2. Elementary concepts of the nanophysics course

The first position of the molecular kinetic theory states: “all bodies (substances)
consist of an extremely large number of tiny particles - molecules (or atoms).” This
became finally clear about a hundred years ago. But only now does this position acquire
practical meaning: if everything is made of molecules and atoms, then why not do what
we need by directly connecting molecules and atoms in a certain order. This is how
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houses are built - brick by brick, and in the end you get a building. Until now, when
making something, people thought little about atoms and molecules; macro-objects
were taken - ore, wood, other raw materials - and processed using appropriate
technologies, cutting off the excess, exposing the macro-object to any influences. Now a
completely new concept is being proposed: we will make what we need directly from
those very small particles from which everything consists. This was first stated by R.
Feynman about fifty years ago in the following words: “If we learn to manipulate
The concept looks extremely simple, but how to
implement it? After all, the sizes of atoms are 0.10.3 nm, respectively, the sizes of
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atoms, we can do anything.

molecules are slightly larger, about 1 nanometer (a nanometer is a characteristic
molecular size). Such objects are not visible in conventional microscopes [4-7].
However, modern electron microscopes, tunnel scanning microscopes and atomic force
microscopes, which appeared about 20 years ago, made it possible to “see” individual
molecules and atoms. And not only to see, but also to move individual atoms and
molecules from place to place. Thus, the possibility of manipulating individual atoms
and molecules, which is the cornerstone of nanobjects, was fundamentally
demonstrated. It should be remembered that technically manipulating individual atoms
and molecules is, of course, extremely difficult and nanofabrication is unlikely to be
cheap.

Naturally, the question arises: why is it necessary to construct nanosized objects
in this way? The point here is not only about the miniaturization of something, and this
trend can be seen not only in electronics. The main thing is that nanoobjects must have
special properties and characteristics that are impossible among macro-objects. This
happens because the behavior of atoms and molecules, their interaction, is governed by
the laws of quantum mechanics, the paradoxical nature of which and unusualness for
everyday perception are undeniable. There is no point in constructing any ordinary
macro-objects from individual atoms and molecules - this is much easier to do within
the framework of already known technologies. But the prospect of creating
nanodevices, nanomachines with fundamentally new unusual characteristics is very
tempting. And this is not a matter of some distant or even near future, this is already
the current reality, when almost every day there are reports of new nanoobjects,
nanomaterials, nanomachines with amazing properties [8, 9].

3. Issues and prospects for training qualified specialist in nanophysics.

One of the main directions of university education reform is the introduction of
training in nanophysics. The purpose of this reorganization is to improve the level of
education of the younger generation, which no longer meets the new challenges. Much
is being done to increase university students' interest in science and technology, which
has been declining over the years. It is believed that the entire education system should
be built around nanophysics. Since they combine physics, chemistry and biology, etc.,
these disciplines must be taught not separately, but in combination. To improve the
qualifications and training of teachers in this new direction, many seminars and courses
are held at a number of universities. Distance programs for advanced training are being
created, which are focused on education, as well as on promoting the ideas of
nanophysics for all segments of society. The teaching of the fundamentals of
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nanophysics is already provided for in educational programs in the perspective
documents of many countries, which is due to the need for the student to choose a
profession and subsequently train him at a university, with basic training
corresponding to the modern level of development of science and industry [10].

We are convinced that the key to the development of the country is in school,
since not only future workers, engineers, doctors, builders, and scientists study and are
educated there. Therefore, they, like all school graduates, from childhood should be
familiar with modern achievements of science, with the basics of nanoscience, because
This is the area of knowledge and its practical applications that will ensure the
country’s transition to a new technological structure, towards which all developed
countries of the world stand. In general, schools and universities face big challenges.
Teachers of schools and universities in their educational work with students and
schoolchildren must constantly focus their attention on this thesis. A school teacher and
a university teacher are the main links in the educational process; today we work with
students, and tomorrow they are our people, who have or, conversely, do not have an
idea about modern scientific achievements and the possibility of their implementation
in modern production and everyday life, and , which means thinking and acting either
according to the criteria of yesterday, or according to the requests, requirements and
opportunities of the new time. The inclusion of nanophysics in the curriculum of
physics, chemistry, biology, and computer science today will contribute to the
development of the regions and the country as a whole, and this will be realized as a
result of the creation and active functioning of the nanotechnology program of the
regions and the construction of a regional nanotechnology network.

Currently, many scientific institutions around the world are analyzing the
problem of training in the field of nanotechnology. This is largely due to the fact that
nanotechnology is a relatively new scientific field that is part of many other disciplines.
In the education system abroad, the approach to the professional training of scientific
specialist in many areas is changing, interdisciplinary connections are emerging, and a
significant number of specialized courses and electronic training courses on
nanotechnology are appearing. The training of specialists in the field of nanotechnology
in developed countries has been going on for a long time. For example, in countries
where work in the field of nanophysics has been declared the highest priority,
educational nanocenters have been created, covered by a unified information exchange
network with universities connected to it; private institutes and government
laboratories. Education and propaganda in the field of nanophysics in these countries
affects all levels of society - from junior levels of education to retraining of specialist,
including universities, colleges, etc. [10].

We may distinguish two areas of training in the field of nanophysics, which
differ significantly from each other. Most European countries have narrowly focused
educational programs on nanomaterials and nanotechnologies. In other countries, the
prevailing opinion at universities is that this is part of a more general problem of
materials science and, therefore, it is necessary to train fundamental specialists with a
good knowledge of chemistry, physics, and mechanics of materials. For the rapid and
successful development of nanophysics, it is necessary to develop training courses and
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programs that will professionally prepare a new generation of researchers and workers
capable of working in this new, complex field of science and technology. The need for
changes in the education system was considered in strategic government documents
related to the development of nanophysics in the world's leading countries. The
ongoing changes in the education system primarily affect higher education, the training
of master's and doctoral students, as indicated in the national strategies of these
countries. Considerable attention is paid to the need to organize training courses and
train scientists and researchers in specialized scientific centers, both in the countries
themselves and in departments abroad. Due to the dynamically growing demand for
specialists in nanotechnology, many scientists engaged in fundamental research in this
tield also participate in didactic activities, conduct training courses, various seminars
and conferences. Basic issues related to nanotechnology are included or have already
been included in the curricula of all levels of education, starting from preschool. Thus,
we can say that the training of specialists in the field of nanoscience and
nanotechnology abroad is carried out at special courses, in colleges, universities, private
institutes, in research centers and government laboratories of both their own countries
and partner countries; Special educational projects for the Internet are also being
developed.

As already noted above, training specialists in the field of nanophysics requires
retraining of teaching staff and a more complex organization of the educational process.
The need to accelerate specialist training in this area is obvious, but the existing
licensing system hinders the opportunity to obtain education in the field of
nanophysics, primarily for certified specialists and students of non-core natural science
and engineering universities; Obviously, in order to expand the list of licensed
specialties in the field of nanotechnology, it is necessary to train high-level teachers,
attract highly qualified specialists to teach, and create appropriate departments. The
training of scientific, engineering and worker specialist in the field of nanotechnology
requires the development of new educational programs: courses of lectures and
textbooks for specialists and for retraining teaching staff; programs for students
(starting from the third year); electives for schoolchildren and technical school students.

It can be assumed that in the near future there will be an increase in the number
of universities, faculties, and departments offering programs in the field of
nanophysics. Training in nanosciences involves a two-level training system (bachelor's
degree - 4 years, master's degree - 2 years). Specialists are trained in the same areas as in
other universities: nanochemistry, nanophysics, nanobiology, synthesis of
nanomaterials, optical spectroscopy, mathematical modeling, etc. However, the
marketing and innovation direction in the field of training specialists in nanotechnology
is practically not represented. It is especially necessary to train specialists who
simultaneously have a good knowledge of mathematics, physics, chemistry, mechanics,
and biology. Only an interdisciplinary educational program can provide a
nanotechnological breakthrough.

Conclusions. Thus, the need to create a modern system for training professional
specialist for the nanoindustry is one of the main conditions contributing to the
development of the economy and society as a whole. Increasing the competitiveness of
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specialists and, as a result, the products of knowledge-intensive enterprises in the
region is possible through the development and implementation of the Nanoindustry
Development Program through the joint efforts of enterprises, universities, specialized
industry and academic institutes, as well as with the support of the state.
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