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KAWBIPBIMABIABIK KOPHI

HALYK

CHARITY FOUNDATION

B 2016 rogy nns pa3BUTHS W YIY4YLIEHHUS KauecTBa JKM3HU Ka3axXCTaHLEB
ObUT co37aH 4acTHbI bnarorBoputenbHbIdl (oHI «Xanblky». 3a TOAbl CBOCH
JeSITeIbHOCTH HAa pealiu3aluio OJIarOTBOPHUTENBHBIX IPOEKTOB B O0JACTIX
o0pa3oBaHusl M HayKW, COLMAIbHOW 3alIMUTBI, KyJIbTYpPBbI, 31paBOOXPAHEHUS U
cnopta, @onj BeIienun Oonee 45 MUIIMAPAOB TEHTE.

Ocoboe BHUMaHHMe bnaroTBopuTenbHBIA (QOHI «XalbIK» yAelseT
0o0pa3oBaTeJIbHBIM POIPAMMAaM, CUUTAsl 3TO HAlPABICHUE OJHUM U3 KIIOUEBBIX
B cBoel AestenbHOCTH. OKa3pIBasi MOAACPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@oH/ BHOCHT CBOH MOCHIJIBHBIN BKJIA] B Pa3BUTHE KAY€CTBEHHOTO 00pa30BaHUS
B Kazaxcrane. Tem cambIM CHOCOOCTBYSl POCTy 4YHCJIa JIOACH, CIIOCOOHBIX
MEHATH JKM3Hb B CTpaHe K JydliemMy — HOpo(ecCHOHaJOoB B pPa3iUYHBIX
cthepax, MOTEHIMANBHBIX JHUAEPOB U «BEIHKHX yMOB». OTHON W3 3HAYNMBIX
nHULOUATUB QoHna «Xanblk» B oOpa3zoBaTesnbHON cdepe cran npoekt Ozgeris
powered by Halyk Fund — nepBsiii B cTpane Ou3Hec-uHKYyOaTOp AJS yUaIIUXCS
9-11 wiraccoB, KOTOPBIM TOMOTAET pa3BHUBATh HEOOXOAUMEBIE B COBPEMEHHOM
MUpE OpeIlpUHUMATEIbCKUE HaBBIKM. Tak, Ha coxelicTBHE MalloMy OH3HECy
LIKOJIBHUKOB ObUT0 BIAEIeHO Oosiee 200 rpanTOB. J{J1s MOAIEPIKKY TaJaHTINBBIX
1 MOTHUBHUPOBAaHHBIX JeTeil POH/I HEOAHOKPATHO BBIAEIA I'PAHTHI HA 00ydeHHE
B MexnyHapoaHo# mkone «Mupac» u B Astana IT University, a Tak:xe oMor
Ka3aXCTaHCKUM HIKOJIbHUKAM IIPUHATH y4yacTHe BIIpecTHKHOM KoHKypce «USTEM
Robotics» B CILIA. ABTOopckue pabOTHI B paMKax mpoekTa « TomiMrep», KOTOpoMy
@doHp oKazad MOANEPHKKY, JETIIM B OCHOBY y4eOHOM MporpamMmsbl, y4eOHUKOB H
y4e0HO-METOANYECKUX KHUT 10 mpenmMery «OCHOBBI MpeANpPUHUMATENECTBA U
ouszHecay, mpenomaBaemoro B 10-11 kimaccax ka3aXxCTaHCKHX IITKOJT M KOJIIEKEH.

IToMmuMO MOMOIIYN IIKONIBHUKAM, yHalIUMCs KoJemke u crynentam Ooujg
CYMTAeT BaYKHBIM BHECTH CBOHM BKJIAJ B MOBBIIICHNE KBaTU(PUKAIUN TIEIarOr0OB,
COBEpIICHCTBOBAHNE WX 3HAHWI W HABBIKOB, ITOCKOJBKY HMEHHO OHH SIBIISIOTCS
MPOBOAHMKAMHU 3HAHMM OyZylIMX IMOKOJEHWH KazaxcraHueB. llpu mopnmepikke
®onna «Xaaelk» B IOKHOW CTONHUIE OBLT OPraHM30BaH €KETOMHBIN TOPOACKON
KOHKypC miefaroroB «Almaty Digital Ustaz.

BakxHO! MHUIMATHBOW CTasl peaju3yeMblid MIPOEKT MO OOyYEHHIO OCHOBaM
(hMHAHCOBOW TPaMOTHOCTH MIpemnojaBareneil u3 BocbMu obOnacteir Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIHMSHUE Ha BOCHHUTaHHE (DUHAHCOBOM
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CPAaMOTHOCTH U NPEANPUHUMATEIBCKOTO MBIIUICHUS Yy HOBOIO TOKOJICHUS
rpakJaH CTPaHBI.

Heo6xomumyto momomrs @oug «Xaidblk» OKa3blBaeT M T€M, KTO 0COOEHHO
OCTpPO B HEel HyxkjaaeTcs. B pamkax conuanbHON 3aIIUTHI HACEICHUS aKTUBHO
MIPOBOJUTCS paboTa 1Mo MOMIEPIKKE AETEH, OCTABIIUXCS 0e3 poauTesei, neTei u
B3pOCIIBIX U3 COLUMAIBHO YSI3BUMbIX CIOEB HACEJEHHUS, JIFOIeH C OrpaHUYEHHBIMU
BO3MOXKHOCTSIMHU, & TaK)K€ 00CCIICUCHHUIO HYKIAIOIUXCS COLMAIBHBIM KUIbEM,
CTPOUTEIHCTBY COITMATBFHO BAKHBIX 00BEKTOB, TAKUX KaK JETCKHE CaJIbl, JETCKHE
IJIOIIAIKU U (DU3KYIBTYPHO-03/I0POBUTEITHHBIE KOMILIEKCHI.

B xomuiiky no6psix gaen @onjga « Xaabik» MOKHO J00aBUTh OKa3aHHUE ITOMOIIU
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOJAJIEPKKa B PA3BUTHHU JIETCKOTO (yTOOIA 1
Kapare B Hamel cTpaHe. JKu3HeHHO BaXKHYIO TOMOIIb biaroTBopuTenbHbIN HOH
«XanpIk» OKa3aJl HalllUM COOTCUECTBEHHHUKAM BO BpeMsl HEIaBHEH MaHIESMHUU
COVID-19. Torma, B pa3rap Tspkelnol 00pbOBI C KOPOHABUPYCHOHN HH(EKIHEH
®ony BeIENHI CBBIIE 11 MAIITHAPIOB TEHI'e HA TPHOOpPETEHNE HEOOXOAMMOTO
MEJIUIMHCKOTO OO0OpPY/IOBaHMUS M JOPOTOCTOSIINX MEIMIIMHCKUX IpernapaTos,
ABTOMOOMJICH CKOpPOW MEIUITMHCKOW ITOMOIIMH W CPEACTB 3aIlUTHI, aIpeCHYIO
MaTepHaIbHYyI0 OMOIIb COLUUANBHO YSI3BUMBIM CIIOSM HACEJICHUS U JCHEKHbIE
BBITIATHI MEAUIIUHCKUM PAOOTHUKAM.

B 2023 roay Hapsiiy ¢ ApYyrMMH HNpPOEKTaMHU, HalleJEHHBIMU Ha MOBBIILICHHE
05IarocoCTOSTHUSI Ka3axCTaHCKUX rpaxaaH @OoHI pemmwur yaenuTh o0coboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABJISIETCSA YacThi0 0OIIECTBEHHON KYJIbTYpPHI, a
YPOBEHbB €€ pa3BUTHUsI OIPEAEIAET YPOBEHb Pa3BUTHUS TOCYIapCTBA.

[Honnepxka doHnoM BblTycka kypHanoB HanuonanbHOM AkaneMuu Hayk
PecniyOonuku KazaxcraH, KOTOpble BXOAST B MEKIyHApOIHbIE QOHIBI Scopus U
Wos U B KOTOPBIX MYOIHKYIOTCS CTaThl OTEYECTBEHHBIX YUCHBIX, JTOKTOPAHTOB
Y MaruCTPaHTOB, a TAK)KE HAYUHBIX COTPYAHHKOB BBICIINX YYCOHBIX 3aBECICHUI
Y HAyYHO-HMCCIIEIOBATEICKUX MHCTUTYTOB HAIlled CTPAaHBI SIBISETCS HE MeHee
3HauYUMBIM BKJIa70oM DoH/a B pa3BUTHE Ka3aXCTAaHCKOTO O0IIecTBa.

C yBaxxenunem, brarorBoputeabHbiii @oHI «XambIk»!
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Abstract. Currently, an urgent issue is education in the field of nanotechnology at
all levels of education, for students, in particular future physics teachers. The rapid
development of the nanotechnology industry increases its connection with many
technical and scientific disciplines, as well as with existing industrial technologies.
Mastering the basic knowledge of nanotechnology will lead students to new results
in the field of natural and technical sciences. The main goal of training future physics
teachers in the field of nanotechnology is the emergence of a need for qualified
specialists in the field of nanotechnology, which has become very popular and in
demand in recent years. Therefore, in this area there is a need for deep mastering of
the achievements of science development. In accordance with this, the main purpose
of this study is to determine the content of the training of future physics teachers in
the field of nanotechnology and to determine the stages of effective implementation
of the learning process in accordance with the content. The theoretical research
methods, analysis and comparative work used in the study determined the sequence
of teaching knowledge in the field of nanotechnology, consisting of 3 stages, and
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formulated the fundamental principles in the development of the content of teaching
the discipline "nanotechnology and nanomaterials" in higher education institutions.
The results of this study allow us to provide scientific and methodological training
for future physics teachers in the field of nanotechnology.

Keywords: nanotechnology, nanomaterials, principles of construction,
educational content, stages of training
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Annorauus. Kazipri yakeitta OimiM OepynmiH Oapiblk AeHreiinge, Oimim
anylbpljIapra, atan alTkaHaa, Oonamak (u3nka MyFaldiMIepiHe HAHOTEXHOJOTHS
casacbsiia OiiM Oepy 3eKTi Macie 00JbIN TadbL1aAbl. HaHOTEeXHOI0THs caachbIHbIH
KapKBIHBI 1aMYbl, OHbIH KONITET'€H TEXHUKAJIBIK XKOHE FHUIBIMU MTOHICPMEH, COHAAM-
aK, KOJIJaHbICTaFbl O©HEPKOCINTIK TEXHOIOTUsIIAPMEH OaiIaHbIChIH apTThIpa TYCEIi.
HaHnoTexHONMOTHSIHBIH HETi3ri OUTiMIEpiH MEHrepy OKYIIbUIAp MEH CTYIEHTTEpAiH
KapaTblIBICTaHy )KOHE TEXHUKAIBIK FHUTBIMAAP CaJlachl OOMBIHIIIA )KaHa HOTHOKEIepre
xeteseiai. bonamrak ¢puznka MyraniMaepiH HAHOTEXHOJIOTHS callachiHa AaspiiayAblH
0acThl MaKcaTbl — COHFBI KbUIJApbl ©TE TaHbIMaJ, 9Pl KAXKETTI cajlara aiHaJIFaH
HaHOTEXHOJIOTHUS CaJIAChIH/IAFbI OLTIKTI MAMaHIapFa JIereH KaXEeTTUTIKTIH TybIHIay bl
Oenrini. COHABIKTaH aTajfaH canaia FEUIBIMUHBIH JaMy KETiCTIKTEpiH TepeH Urepy
KaXeTTiri TyslHaanabl. OcbIiFan colikec Oyl 3epTTeyAiH Heri3ri MakcaThl — Ooamiak
(u3nKa MyFraniMaepiH HAHOTEXHOJIOTHSI CalaChlHa OKBITYABIH Ma3MYHBIH alKbIHAY
JKOHE OKBITY YAEPICiH Ma3MyHFa COMKeC THIM/I iCKe achIpybIH Ke3eHACPIH aHbIKTay
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OoubIn TaObLIa Bl 3epTTEY OAPBICHIH/IA KOJIIaHBLUIFAH TCOPUSIIBIK 3epTTEY diCTepi,
aHAJIU3 JKOHE CaJBICTBIPY KYMBICTAphl 3 KE3CHHEH TYPAThIH HAHOTEXHOJOTHS
caJlachIHJIaFbl OUTIMAEPl OKBITY/IBIH Ti30eriH aikbiHnan, « HaHOTeXHOIOT sl KoHE
HaHOMaTepHaJIIap» IOHIH JKOFapbl OKY OPBIHJAPBIHIIA OKBITYIbIH Ma3MYHBIH
yKacay/la HeTi3re aJiblHFaH KaFuaanap TYKbIPbIMIAIIbL. By 3epTTeyaid HoTkenepi
Oomamax (pu3uKa MyFaliMJepiH HAHOTEXHOJIOTHUS CalachblHa Jaspiiay/bl FhUIIBIMU-
oflicTeMENIK TYPFbIIaH KaMTaMachl3 eTyre MyMKIHAIK Oepeti.

Tyliin ce31ep: HAHOTEXHOJOTHUS, HAHOMATECpPHANAAp, HPUHLIUOTED, OLIIM
Ma3MYHBI, OKBITY Ke3eHIepi
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AHHOTanusa. B HACTOAICC BPEMS aKTyaJIbHBIM BOIIPOCOM SABJIACTCA U3YUYCHHC
HAHOTEXHOJIOTUH Ha BCEX YPOBHAX 06paBOBaHI/I${, JUJIsL 06yqaloumx051, B 4aCTHOCTH
6y,I[yH.[I/IX y‘lHTCJ’ICfI (I)I/I3I/IKI/I. CTpeMI/ITeJ'ILHOC Pa3BUTUC OTpaCIn HAHOTEXHOJIOTUI
YBCJIHNYUBACT €€ CBA3b CO MHOTHMMHU TCXHUYCCKUMMH U HAYYHbBIMHU JUCHUIIJIMHAMU,
a TaKXke C CYHCCTBYIOIIMMU TMPOMBIIUICHHBIMU TCXHOJIOTUSAMU. OBJ'Ia,I[eHI/IC
0a30BBIMM 3HAHUSIMHU HAHOTEXHOJIOTHI OPUBCEACT ydallluXCd U CTYACHTOB K HOBbLIM
pe3yiibTaTaM B 00/1aCTH €CTECTBEHHBIX M TEXHUYECKHX HayK. I'maBHO# 1IETIBIO
IIOATOTOBKH 6y,[[y1.L[I/IX yaneneﬁ (1)I/I3I/IKI/I B 00JaCTH HAHOTEXHOJIOTUU SIBIISICTCS
HOTpC6HOCTB B KBaJ’II/I(l)I/I]_II/IpOBaHHLIX CIIequaJnucrax B obmactu HaHOTeXHOJ’IOFHﬁ,
KOTOpasd B IOCJICAHUC TIoAbl CYHICCTBECHHO BO3pacia. Kak pe3yiibTatT, B ,Z[aHHOfI
C(bepe BO3HHUKIIA HCO6XO}_'[I/IMOCTB I‘J'Iy6OKOFO OCBOCHU ,[[OCTI/I)KCHI/Iﬁ HayKH.
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B cooTBeTcTBMM C 3TUM OCHOBHOW WENbIO0 JaHHOTO HCCIICJOBAHUS SIBISETCS
OTIpe/ieNieHHe CofepKaHud oOydeHus Oyaymux yuutened ¢usuku obnactu
HAHOTEXHOJIOTHH M TOoCTpoeHHe dTarmoB 3(deKkTHBHON peanusanmuu mporecca
oOydeHUs] B COOTBETCTBUHU C cojiepkaHueM. Mcrmonp30BaHHBIE B HCCIEIOBAHUH
TEOPETUUECKUE METOJbI, aHAIU3 M CPAaBHEHHE OIMPEACTHIN MOCIEI0BATEILHOCTD
oOydeHHs] B 00JaCTH HAHOTEXHOJIOTUH, COCTOSIIYIO M3 TPEX ATAIOB, M MOMOIIH
chopMyaHpOBaTh OCHOBOIOJIATAIONINE MPUHIMIIBI NPU pa3padOTKe COAEpIKaHHS
O6y‘~IeHI/ISI JUCHUINIMHE «HAHOTCXHOJIOTUU U HAHOMATCPpHUaJIbD» B BbICIINX y‘Ie6HbIX
3aBCACHUAX. Pe3y.HBTaTBI JaHHOI'O MCCJICAOBAHUA ITO3BOJIAOT HAYYHO-MCTOANYCCKU
00ecneunTh MOATOTOBKY OyIyImuX yauTeneld (u3uKu B 001acTH HAHOTEXHOIOTHH.

KiiroueBble ci10Ba: HAHOTEXHOJIOTUH, HAHOMATEPUAIIBI, TPUHITUIIBI, COCPKAHUC
00pa3zoBaHus, dTaIbl 00y4YCHUsI

Introduction

Along with the requirements for the modernization of teaching arising from current
trends in the development of education, when considering physical phenomena,
processes and patterns in academic disciplines in pedagogical universities, the need
to ensure substantive and methodological continuity in their study traditionally
remains relevant (Iskakova & Kairbayeva, 2021).

The analysis of the teaching process of pedagogical universities, the formal
presentation of educational material and the algorithmization of educational and
research activities of students advance the acquisition of ready-made knowledge
and an increase in the number of skills than the understanding of the physical
essence of the subject. However, current trends in physics education are aimed at
the formation of intellectual and communicative abilities of students, that is, future
physics teachers, for the best Organization of their professional and social activities
in constantly changing multifactorial conditions (Pahrudin et al., 2019).

Nanotechnology is one of the most important problems of modern physics. It has
been gradually entering our lives as it is the fastest growing industry in recent times.
In the future, many types of production will be closely related to nanotechnology.
Therefore, nanotechnology has become a very popular and necessary industry in
recent years. It is a natural phenomenon that there is a need for qualified specialists
in the field of nanotechnology. Therefore, it is relevant to determine the content of
effective training in this area (Bauer, 2021).

Based on world experience, "nanotechnology and nanomaterials" were also
included in the educational content of secondary schools in accordance with the
updated content of education in the Republic of Kazakhstan. In this section, students
study the main achievements of nanotechnology, current problems and stages of
development, general problems on nanomaterials. However, the educational
programs of universities that train future physics teachers currently do not provide
for a special discipline that teaches the elements of nanotechnology, the basics of
nanotechnology. This situation leads to the fact that future physics teachers will have
difficulties in teaching students the field of nanotechnology in their professional
activities in the future.

50



ISSN 1991-3494 1. 2024

Nanotechnology is of great importance and is used in all industrial sectors, in
particular in electronics, energy, medicine, construction. That is, nanotechnology is
usedinall areas of industry. From this it can be seen that the teaching of nanotechnology
to schoolchildren is of great importance. Students apply the knowledge gained from
the school in the field of nanotechnology in the future in the development of their
chosen specialty.

The purpose of education of schoolchildren in the field of nanotechnology is
to develop students ' knowledge of nanotechnology, to increase their interest in
the science of nanotechnology, as well as to give an orientation to professional
study of this field from an early age. Most importantly, classes on the elements of
nanotechnology should affect the development of cognitive activity, thinking skills
of students, and increase the level of knowledge. To do this, future physics teachers
in teaching the basics of science at school should include tasks aimed at developing
students ' creative abilities, elements of research work in the educational process.
The main result of cognitive activity and creative abilities of students is the ability to
independently perform the acquired educational material and other practical tasks,
apply the acquired knowledge to new conditions.

The search for solutions to the above problems is the leading idea of our research.
The development of Nanotechnology at school, in fact, should be based on a deep
understanding of the structure and content of the subject at a basic level, including
the importance of nanotechnology in everyday life (Vazquez-Munozé&Takeuchi,
2017). From the works of many researchers, it is believed that the introduction of
nanotechnology in school can increase the interest of students from the early stages.
Based on these studies, we determined the purpose and scientific forecast of the
study as follows:

The purpose of our study is to determine the content and stages of preparing future
physics teachers for teaching nanotechnology in high school. Scientific forecast of
the study: if the discipline "nanotechnology and nanomaterials" is included in the
list of profile disciplines of future physics teachers, an effective teaching content
is created and integrated into the educational process, which contributes to the
deep assimilation of knowledge in the field of nanotechnology, then future physics
teachers will have the opportunity to effectively implement nanotechnology training
in high school.

Material and methods

The study was dominated by the use of theoretical methods. The analysis of
scientific papers related to the research problem was carried out. The purpose and
forecast of the study were determined, the tasks necessary to solve were set.

Currently, development in the field of nanomaterials and nanotechnology covers
a number of areas of Physics, Chemistry, Biology, electronics, medicine and other
sciences. The development of similar nanotechnology, which, according to many
assumptions, was the main indicator of the last century, such as the discovery of
nuclear energy, the emergence of lasers and transistors, determines the image of the
Twenty-First Century.
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Nanotechnologies are a set of manipulation techniques that take place at the
atomic or molecular level in order to obtain certain properties from substances. The
task of nanotechnology is: to obtain nanomaterials of a given structure and with the
necessary properties; to use nanomaterials to solve a specific task, taking into account
their structure and properties; to continue studying the structure and properties of
nanomaterials both in the process of obtaining and when using them. Even these
research methods in the field of nanotechnology contributed to the selection of works
that will serve as the basis for our research.

The scientific and methodological works that served as the basis for our research
are as follows: educational material on nanotechnology for teaching chemistry in
the lower grades of high school (Kolehmainen et al., 2013), teaching materials
on nanotechnology as a basis for social integration, empowerment and in-depth
learning (Pataquiva-Mateus & Dorantes, 2017), in the context of a high school-
Technical University, the project method is a practice-oriented approach to teaching
nanotechnology in a single educational space (Sobolev et al., 2013).

In addition, an analysis of the physics textbook for the 11th grade in the general
education direction of natural and mathematics was carried out. The analysis was
attended by teachers of higher educational institutions, scientists conducting research
work in the field of nanotechnology, teachers conducting an introductory discipline
in the field of nanotechnology in the direction of training scientific physics.

In order to determine the level of continuity on the topics of the nanotechnology
industry in school education and higher education, comparative research methods
were carried out.

Research results and discussion

For classes in the natural and mathematical direction (Grade 11), 2 hours are
allocated for the Department of nanotechnology and nanomaterials in physics. This

section teaches the following topics:
- nanotechnology and its achievements;
- Physical Properties of nanomaterials;
- prospects for the development and problems of nanomaterials.

For the Department of nanotechnology and nanomaterials in physics of classes
of social and humanitarian direction (11th grade), 1 hour is allocated. The main
achievements of nanotechnology, its problems and prospects for development
are studied here. Training objectives in the Department of nanotechnology and

nanomaterials:
- explanation of the physical properties of nanomaterials and ways to obtain them;
- discussion of the application of nanotechnology.

The rapid development and growing public importance of nanoscience and
nanotechnology has caused educational problems around the world. Recognizing
the important role of nanoscience and nanotechnology in science and society over
the past two decades, the U.S. National Science Foundation has funded a series of
workshops to develop key ideas for Nanoscience teaching. In these projects, "nine
key ideas" were identified as important enough to understand the problems of
nanoscience and nanotechnology:
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- size and scalability;

- the structure of matter;

- forces and interactions;

- quantum effects;

- size-dependent properties;

- self-assembly;

- making instruments and instruments;

- models and modeling;

- science, technology and society.

A number of studies related to these "big ideas" provide insight into the
learners' understanding of the problems of nanoscience and nanotechnology. For
example, in the context of undergraduate courses in nanoscience and engineering,
a series of studies aimed at studying students ' perceptions of the size and scope of
nanomaterials have identified four main categories: fragmented, linear, proportional,
and logarithmic. In addition, using a wide range of teaching methods, modules on
dimensions and scales and the ratio of the nanomaterial surface to the volume were
introduced for schoolchildren (Ha&Lajium, 2022).

The importance of the development of the nanotechnology industry in Kazakhstan
is increasing. The emergence of nanotechnology represents a philosophically new
qualitative level of obtaining objects and installations that are not visible to the
naked eye. Currently, the nanotechnological revolution is taking place around the
world, which has led Kazakhstani scientists to take successful steps to study the field
of nanomaterials for several years. As a result of fundamental and applied research,
new results began to be achieved in higher and secondary education organizations of
Kazakhstan, Not only preparing specialties, giving lectures, organizing courses, but
also using modern equipment (Nauryzbayeva et al., 2022).

These studies show that the use of different teaching methods improves students
"understanding and increases their interest in nanotechnology.

Based on the research processes described above, in studying of nanotechnology,
we considered it necessary to develop the following learning sequence (Figure 1):

Stage 1: Introduction the purpose of the first stage was to increase the interest of
students in nanoscience and nanotechnology by introducing various applications of
Nanoscience (self - cleaning materials, nanosolar elements, etc.).

Stage 2: the goal of Phase Two was for learners to understand the Nano scale and
whether the nanostructures we can use are proportional to the operating range.

Stage 3: How to see the nanoscale? The purpose of the third stage is to explain
to students how to see the nanoscale and how alternative methods are used in its
implementation.
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Introduction the The goal of Phase How to see the

purpose of the first Two was for learners nanoscale? The
stage was to increase to understand the purpose of the third
the interest of Nano scale and stage is to explain to
students in whether the students how to see

nanoscience and nanostructures we the nanoscale and
nanotechnology by can use are how alternative
introducing various proportional to the methods are used in

applications of operating range. its implementation.

Nanoscience > >

Fig.1. Learning sequence in studying of nanotechnology

The implementation of the above sequence stages of training requires the
formation of fundamental knowledge in the field of nanotechnology.

The structure of the discipline "nanotechnology and nanomaterials" and the
content of the discipline with any method of material selection in the development
of the content should include the following blocks:

- basic nanotechnological terms and concepts that allow easy understanding,
elements of conscious assimilation of the rule of Nanoscience;

- scientific facts without which the elements of Nanoscience cannot be understood;

- basic laws, rules, principles and objective relationships between them that reveal
the essence of the phenomena under consideration in the field of nanotechnology;

-theories covering the system of scientific knowledge in the field of nanotechnology
and methods for explaining and predicting phenomena in the studied scientific field;

- knowledge of the object and subject of nanotechnology science, methods of
cognition and the history of its development.

For the above blocks, the selection of topics corresponding to the content of
training and the creation of inter - block links should be carried out in compliance
with the basic principles of building the content of Training (Table 1).

Table 1. Basic principles of building the content of training «Nanotechnology and Nanomaterials»

Basic principles of creating training content "Nanotechnology and Nanomaterials"

Principles Description

Scientific principle

Principle of continuity

Principle of consistency
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Principle of visualization | The use of the studied objects in the educational material, their models,
gives rise to the possibilities of sensory perception and control of the

student himself.
The principle of Ensuring their own activity as an auxiliary tool in the perception of
accessibility educational information in an accurate understanding of the final goals
and objectives in educational activities.
The principle of Accounting for the problem of forming your own ideas in New

developmental learning | Directions on the elements of nanotechnology.

Therefore, given that nanomaterials are the scientific foundation of
nanotechnology, we can see that a revolution in the scale of nanomaterials awaits us
in the future. It is clear that the products, materials and tools that are based on them,
the nanorobot genus, change our lives. However, no one can say for sure whether this
will happen, because today nanomaterials are considered the main subject of many
processing and research in laboratories around the world. They are trying to increase
the productivity of products with a fairly small component. Obviously, all this
should be at a low price as much as possible. The number of companies producing
nanoproducts is growing day by day. That is why we should consider the evolution
of nanomaterials as a trend that is gradually contributing to many industries in the
modern world.

In determining the structure and content of the discipline "nanotechnology and
nanomaterials", it is important to take into account the principles of increasing the
interest of students, facilitating the assimilation of the content. At the same time, it is
important to consider the field of nanotechnology — as the basis of a new industrial
revolution, which will lead to abundance in accordance with the new capabilities
of the product itself. The term" nanotechnology " refers to the technology in the
production of materials and products based on its logical structure and nanoscale
objects. Our research differs from many other scientific papers and research works
on teaching nanotechnology in that we try to give an idea and show conceptual
approaches to nanotechnology and the Nanoscience as a whole, without discussing
it in the educational process in individual nanoeffects.

Consequently, we propose to teach the discipline in two modules: "nanotechnology
and nanomaterials" and "fundamentals of physical concepts of nanostructures".

According to the first module:

"Nanotechnology and its industries. Nanotechnology in the surrounding world.
Information technology. Nanotechnical structures. Space elevator.Nanopowders
and nanosupply. Nanotechnology in everyday life and medicine, military affairs.
Nanoparticles and nanostructures. Classification of nanostructures.Nanoparticles
and nanoclasses. The role of surface atoms.Carbon nanostructures. Fullerenes.
Graphenes, carbon nanotubes.Self-assembly and self-organization in nanotechnology.
The role of these processes in nanotechnology. Quantum physics and nanostructures.
Electromagnetic waves" are recommended for training topics.

In the second module " the de Broglie hypothesis. Wave function. Schrendinger
equation.Indeterminacy is the relationship and its physical meaning. Quantum
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representation of the atom. Crystals and energy zones.Potential pit and barrier. Tunell
effect. Quantum funnel, threads, dots. Properties of nanostructures. The number of
"near-neighbor" in nanoparticles. Mechanical elastic property of nanotubes. Melting
point of nanoparticles.Nanoelectronics and its development trends. One electronic
tunneling."the topics are taught.

Conclusion

The structure and definition of the content of the discipline" nanotechnology and
nanomaterials " is related to the reflection of the features of the nanotechnology
field. Realizing the importance of the nanotechnology field, Mexican educational
and research organizations realized that, one way or another, it was necessary to
start training specialists to work in the nanotechnology field at school. That is,
nanotechnology was first taught in Mexican schools.

Firstofall,indeterminingthestructureand contentofthe discipline" nanotechnology
and nanomaterials", it is necessary to overcome a certain psychological barrier that
prevents students from preparing widely for the adoption of nanotechnology. All
new and complex things have difficulty finding a way to be used effectively by
the teacher and the student, however, according to the idea of progress, there are
all kinds of "innovations" and the chances of their application are also high. At the
same time, a steady decline in the number of hours of study in physics, astronomy,
science, at first glance, is not associated with nanotechnology, but gives generalized
ideas about the structure of the macrocosm. But we must proceed from the fact that
the future is inevitable, and it is thanks to nanotechnology that the activities that need
to prepare schoolchildren for the adoption of nanotechnology, to be able to further
study in this area, to become a full-fledged creative worker will be listed.

In the course of determining the structure and content of the discipline”
nanotechnology andnanomaterials", the above-mentioned features ofnanotechnology,
as well as several domestic and foreign teaching aids, the results of research work
were taken as a basis.

«This research has been/was/is funded by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No.
AP19579398)».
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