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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. First of all, the article focuses on the need to develop methodological
foundations for the formation of research competences of future physics teachers
and suggests developing them on the example of diffraction of X-rays. The reason
is that although there are research bases in the universities, where there is a special
X-ray diffractometer, there is still no connection with the students. That is, in
connection with this, the importance of the offer of a special course increases. The
proposed course is devoted to the diffraction of X-rays and includes special lectures
introducing students to the X-ray diffractometer and complex laboratory work on the
study of samples. In addition, a special analysis of the training of physics teachers
in educational programs of universities was conducted. The results are openly
written in the article. Thus, the questionnaire is presented and examples are given of
how students and graduate students can answer special questions. One of the main
problems of general education and higher education organizations is the formation
of scientific and research competences of future teachers who are highly educated
in accordance with the requirements of the times, have a developed critical thinking
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system, have the ability to prove their point of view, are free-thinking, creatively
sought after, and are patriots of their country. Formation of scientific and research
competences of future physics teachers is the presence of specialists who can solve
various challenges and problems in the learning and educational process based on
high professional abilities. It is a comprehensive and deep scientific consideration of
the scientific research work on its topic. He is a person who has the ability to carry
out each selected scientific research and project work according to plan. To solve
the following problems and one of the objectives of the plan is: to offer a special
course in order to create a connection between students and scientific research bases
in universities.

Keywords: physics teacher, laboratory work, research competence, method,
approach, diffraction, x-ray diffraction, x-ray diffractometer, higher education
institution, future specialist
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AHHoTanmusa. Makana eH ajaplMeH Oojamiak (QU3uKa IOHI MyFaTiMaepiHiH
FBUIBIMU-3EPTTEYLIUIIK ~ KY3BIPETTUIIKTEPiH  KaJBIITACTHIPYABIH  9IICTEMEIIK
HETi3[epiH J3ipiey He YIIiH KaXeTTUTiriHe TOKTaja OThIpa, OHbl PEHTIEH COYJIECiHIH
mudpakuschl MbIcalblHAa d3ipaeyai ycbiHanel. Cebebi, Kypri3iireH 3eprrey
YKYMBICTapBbI )KOFapbl OKY OpBIHIapbIHAFbl FEUTBIMU 3epTTeY Oazanapsl Oap 6osica 1a,
OHJIa apHalbl peHTTeH K AudpakToMeTp OoJica a 9i1i KYHTe JAeHiH CTYIeHTTepMeH
0alIaHBICTBIH KOKTBIFBI JQJeNeHAl. SIFHM, OCBbIFaH Opail apHaibl Kypc YCBIHY
MaHBI3ABUIBIFBI apTaibl. ¥ CHIHBUIATBIH KypC PEHTIEH CoyNleciHiH Au(ppakuuschiHA
OarbITTAJIBIN, PEHTTEHIIK IUPPAKTOMETPMEH CTYACHTTEpAl TAaHBICTBIPYFa >KOHE
YJATiiepai 3epTTeyre apHajlfaH KeIleH[l 3epTXaHalblK YXYMBICTAPMEH KaMThlia
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OThIpa apHaiibl aopicrepai e Kocaibl. COHBIMEH KOCa, YHHBEPCHUTETTEpPAiH
OimiM Oep OarmapiaManapblHIarbl (U3UKa MYFaIiMJAEPiH Jaspiay OaFbIThl
OoiibiHIIA apHaWbl Tangay XYMBbICHl Kyprizingi. HoTwxkenep makanmaza ambik
xa3putrad. Ocpliaiia cayaiHaMma YCBIHBUIBIN, apHAMbl cypakTapra CTyACHTTEp
MEH MariucTpaHHTap coJyiaii jkayar O0epyi MYMKIiH JAeTeH MbIcaligap /1a KeNTipijreH.
3amaH TanaObiHa cail OimiMi JKOFapbl, ChIH TYPFBICBIHAH OMUIay JKyieci JaMbIFaH,
03 KO3KapachlH JIoNeNei amy KaObuieTi 0ap, epKiH OHIANTBHIH, MIbIFapMaIIbLTBIK
TYPFBIZIA 13ICHETIH, 03 €IIiHIH MaTPUOTHI OOJIATHIH OOJIaNIaK MeAarorTapablH FHIIBIMA
— 3epTTEYNIUTIK KY3BIPETTLIIKTEePiH KaJbIITACTBIPY — JKaIbl OiiM Oepy, )KOFaphl
OutiM Oepy YHUBIMIAPBIHBIH 0acThl Maceelepinin O0ipi OonmMak. bomamak ¢usuka
MYFAIIMICPIHIH FBUIBIMH — 3€PTTEYIIUIIK KY3BIPETTUNKTEPIH KaJIBIITACTBIPY —
OJ1 anjarbl OOJIallaKTa TYBIHAAWTBIH Op TYPJi KbIMBIHIABIKTAPIBI KOHE OKY MEH
OliM Oepy yaepiciHzueri Mocelesepl )KoFapbl KaciOu KaOuIeTTepre cyieHe oThipa
MIETIeTIH MaMaHAapasH 001ybl. O 63 TaKbIpHIOBI OOWBIHINA FHUIBIMH — 3EPTTEY
KYMBICBIH JKYHeJ TypAe KapacTblpa OTbIpa, >KaH JKaKTbl KOHE TEPEH FBUIBIMH
TYPFBIJIA KApacThIpy. Op TaHJAal albIHFaH FBUILIMU 3€PTTEYIIUIIK JKOHE >KOOaIBIK
YKYMBICTAPBIH KOCIIap OOMBIHIIA OphIHAAy Kabineri Oap TysFa OONBIT TaObLIAIbI.
Temengeri Mocenenepai INEmly YIUIH >KOHE JKOCHapra OaFbITTana KYpbUIFaH
MakcarTapAblH Oipi OJN: CTYyJAGHTTEp MEH YHHMBEPCHUTETTEpJCTi FBUIBIMU 3EpTTEY
Oa3anapsl apacblHAAFbI OalJIaHBICThI TYABIPY MAaKCaThIHIA apHANBI KYPC YCBIHY.
Tyiiin ce3mep: ¢usuka moHI MyFamiMi, 3epTXaHAIBIK JKYMBIC, FBUIBIMH —
3epPTTEYIIUTIK KY3bIPETTUNIK, OJIC, TOcUl,  AUpPaKIus, PEHTIeH COyJEeCiHIH
J(paKIUsIChl, PEHTTEHIIK AU(PAKTOMETP, KOFapbl OKY OpHBI, OOJIAIaK MaMaH
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METOAMYECKUX OCHOB (hOPMHUPOBAHHUS MCCIICIOBATEIIBCKIX KOMITETECHIIMM OYIyIInX
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yuuTeneid (U3MKM W TpeasaracTcs pa3BUBaTh €€ Ha MpUMEpe IU(pakiuu
pEHTreHOBCKHUX Jyded. [IpyumHa B TOM, YTO XOTSI B By3aX HMEIOTCS HAy4yHO-
HCCIeIoBaTeNbCKIE 0a3bl, TIe eCTh CIeIHaIbHbI PEHTTCHOBCKHN AU(PPAKTOMETP,
CB3b CO CTYyIEHTaMH OTCYTCTByeT. B cBA3M ¢ 3TMM BoO3pacTaeT BaKHOCTb
MPEASIOKEHUs CIIeNUANbHOrO Kypea. Ilpemiaraemslii Kypc MOCBSIIEH TUPpPaKIIH
PEHTI€HOBCKHX Jy4el 1 BKIIIOYAET CHelalbHbIE JIEKINH, 3HAKOMSIINE CTYCHTOB C
PEHTI€HOBCKUM AU(PAKTOMETPOM, U CIIOKHYIO JJA00PaTOPHYIO PadOTY 110 H3yUEHHIO
00pasnoB. ABTopamu ObUI IPOBEACH CIIEIUATbHBIN aHAIN3 TOATOTOBKH YUUTEIeH
¢u3uKu no 0Opa3oBaTeNbHBIM IIPOrpaMMaM BY30B, PE3YJIBTaThl KOTOPOTO OMUCAHBI
B crarthe. [IpencraBneHa aHkeTa M NPUBEAEHBI MPUMEPHI TOTO, KaK CTYAEHTHI U
MarucTpaHThl OTBEYAIOT Ha CHeUUaNbHbIE BOMPOCHl. OTHON M3 OCHOBHBIX MPOOIeM
00111e00pazoBaTeNbHBIX U BBICHIMX YYEOHBIX 3aBEACHUH siBIsieTcs (hOpMHPOBaHHE
HAy4YHO-MCCIIEOBATENbCKUX KOMIETEHIMH OyaylHMX I[eJaroroB, HMMEIOIINX
00pa3oBaHME COOTBETCTBYIOIIEE TPEOOBAHUSAM BPEMEHHM, OONANAIOMIUX Pa3BUTOM
CHCTEMOH KPUTHYECKOTO MBIIUICHUS, CIOCOOHBIX TOKAa3bIBaTh CBOIO TOUKY 3PEHHUSL.
B3[VISIIOB, CBOOOZOMBICIISIIINX, TBOPYECKH BOCTPEOOBAHHBIX, MAaTPHOTOB CBOEH
cTpanbl. DopMUpOBaHHWE HAYYHO-HUCCIENOBATEIBCKUX KOMIIETCHLIUH OyayIinx
yuuTenei (QpU3MKH 3aKIoYacTcss B HAJUYMHM CIIEHUATUCTOB, CIIOCOOHBIX DPEIIATh
pasnuYHbIe 3a7a4d U NpoOJIeMbl Y4eOHO-BOCIIMTATEIBHOIO Mpolecca Ha OCHOBE
BBICOKMX TNPO(EeCCHOHANBHBIX CIIOCOOHOCTEH. DTO dYeNoBeK, OOIagarouuii
CIOCOOHOCTBIO BBIIONHATH Ka)KA0€ HAYYHOE HCCIIEIOBAHUE U MPOEKTHYIO paboTy
no ruiany. Jlnas pemeHus cieayrolmux 3ajad OJHOW M3 Liedel IulaHa SABISEeTCS:
MPEIOKUTD CIIELUANIbHBIA KYpC AJIsl CO3AAHUS CBSI3U MEXTy CTYJI€HTaMU U HAyYHO-
HCCIIeIOBATENLCKUMHU 0a3aMU B YHUBEPCUTETAX.

KioueBble caoBa: yuutenp Qusuku, JjgaboparopHas pabora, Hay4yHO-
HCCIIeIOBATENbCKass KOMIIETEHTHOCTh, METO, MTOAX0M, TU(PPaKIHsl, PEHTTeHOBCKAs
Iudpaxiys, peHTTeHOBCKUI TN PaKTOMETP, BbICIIEe YUeOHOE 3aBeIeHHE, OyLy i
CHEIMATUCT

Introduction

Analyzing dissertation works, scientific articles, and contributions, it has been
established that the pathways for developing scientific-research competencies of
future physics teachers are examined in works and others. These contradictions,
involving the definition of work, theoretical and methodological foundations,
organizational-pedagogical conditions, methodological directions, mechanisms
for developing the scientific-research competence of future physics teachers in
pedagogical universities, have determined the research problem. However, in the
following work, "we understood that for a student to succeed in the modern field
of physics, special attention should be paid to physical experiments. That is, we
have come to understand that enhancing practical preparation of students to achieve
discoveries through conducting physical experiments is a pressing issue of modern
times," indicating that the formation of scientific-research competencies of future
physics teachers remains the most relevant and ongoing task.
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And in the following research work, "the conducted studies convincingly
demonstrate the necessity of purposeful development of research skills as an
important and essential component of the professional preparation of future physics
teachers. Research skills not only enhance the quality of education in higher
education institutions but also serve as an effective tool for successful scientific and
pedagogical activities. The presence of such skills, activity, and research work also
influences the development of the individual and the overall culture of the future
teacher." However, in this work, only atomic physics and nuclear physics prevail.
The phenomenon of diffraction is not considered.

In works, and others, issues regarding the formation of scientific-research
competence of physics teachers are addressed, yet several contradictions
arise, namely, the main problem being the absence of specific methodological
foundations. Additionally, "changes in the sphere of education in recent years
require a comprehensive understanding of accumulated experience in physics within
professional education, pedagogical science, and its effective application in practice.
Thus, the fact that the scientific-research culture, as a dialectical process of moving
from ignorance to knowledge, is based on continuous professional pedagogical
knowledge, imperfection, and the system of skills formation for future specialists,
leads to the conclusion that the fundamental principles of research work," indicate
dissatisfaction with the demand for the development of methodological foundations.

The analytical work also encompassed foreign countries, particularly in works
and others. It is noted that the interconnection between education and science will
be refined by future physics teachers. The work closest to the topic proposed by us
is the work of T.A. Shirina. We discovered that the methods and techniques used in
this work do not entirely cover physics courses.

Also, an analysis was conducted on works that examined the phenomenon of
diffraction. As a result of the analysis and analytical study of scientific articles,
including dissertations, works, and others, were selected. Although these works have
a scientific orientation, we observe that the number of specific laboratory works is
very limited. Analyzing the outcomes of these works, we have reached the following
conclusions: while considering the general principle of operation of the X-ray
diffractometer, it can be stated that it was not fully elucidated and, most importantly,
was not applied to students and master’s degree students, that is, to future physics
teachers.

The Bachelor's Department at the East Kazakhstan University named after Sarsen
Amanzholov, 6V015, for training natural science teachers, including the B0O10
program for preparing physics teachers in the educational program 6B01502 Physics,
revealed that the phenomenon of diffraction, including X-ray diffractometry, is not
included at all. Furthermore, while examining the curriculum of disciplines in the
master's part of this educational institution for natural sciences 7MO015, including
the training of physics teachers M011 within the educational program 7M01502 in
physics, it was found that, as mentioned earlier, there is a lack of connection between
the research bases of the educational institution and students, as well as an absence
of topics that utilize or consider X-ray diffractometers.
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The Bachelor's Department of South Kazakhstan University named after M.
Auezov, in the program for training teachers in natural sciences, including BO10 for
preparing physics teachers in the educational program 6B01520 - Physics, has been
found not to include the phenomenon of diffraction, including X-ray diffractometry.
However, within the Master's Department 7MO015 of this educational institution,
particularly in the training of physics teachers (MO11), it has been evidenced that
there are no topics utilizing or discussing X-ray diffractometry in the educational
program for physics 7M01520.

Summing up the analysis of the aforementioned works, we came to the following
conclusions and identified the following contradictions:

1. Insufficient consideration of the specialized methodology for developing
scientific research competencies among future physics teachers based on the
phenomenon of X-ray diffraction and the non-utilization of X-ray diffractometers
by students in the scientific research facilities of universities, coupled with a lack of
interconnections.

2. Despite the existence of a specialized X-ray diffractometer in scientific research
facilities for studying X-ray diffraction, it remains unused in the educational process.
Thus, the primary goal of the scientific article is to clearly and systematically elucidate
the aforementioned contradictions by analyzing the educational program courses
in universities, highlighting the importance of applying the phenomenon of X-ray
diffraction to the development of scientific research competencies among future
physics teachers. It also aims to contribute to the formation of scientific research
competencies in utilizing X-ray diffraction on scientific research bases, providing
evidence for the necessity of such a course."

Therefore, the primary objective of the scientific article specifies the
aforementioned contradictions by systematically and clearly analyzing the
educational program courses in higher educational institutions. It highlights the
significance of applying the phenomenon of X-ray diffraction to the development
of scientific research competencies among future physics teachers and underscores
the necessity of a specialized course to foster scientific research competencies in
utilizing X-ray diffraction on scientific research bases as evidence.

The materials and methods of the study

Diffraction is a phenomenon of bending of waves around the corners of an obstacle.
Information about diffraction is primarily addressed in the secondary school physics
curriculum. It constitutes the fundamental definition of secondary school physics
and is allocated a total of 2-3 hours, including programs for 11th-grade classes.
The teacher's task is to select the amount of information to be conveyed and the
methods of delivering it to the student. The effectiveness of this lies directly in the
teacher's mastery, primarily determining how comprehensively and effectively the
subject is communicated to the students in physics class. In the thematic plan for the
11th-grade curriculum, one can consider, for example, the chapter on wave optics,
depicted in Figure 1.
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Wave optics Light interference 11.6.1.1 - explanation of laboratory and

Daffraction of hight astronomical methods of determiming the
speed of light

Diffraction gratings 11.6.1.2 - describe the use of a

Laboratory work #2. diffraction grating to determine the

Determining the wavelength of light | wavelength

using a diffraction grating

Polarization of light. 11.6.1.3 - experimentally proving the

Laboratory work #3_ electromagnetic nature of light by

Control of polarization of light analyzing the phenomena of
interference, diffraction and polarization
of light.

Figure 1. Fragment of the 11th grade calendar-thematic plan

X-ray diffraction is the scattering of X-rays by crystals. It results in the formation
of'secondary beams of the same wavelength, which are deviated due to the interaction
of primary X-rays with electrons. The diffracted rays constitute a part of the overall
X-ray radiation scattered by the substance."

X-ray diffraction analysis is the scattering of X-rays by crystals resulting from the
interaction of X-rays with the electrons of the substance, where initially warm beams
give rise to secondary deviated beams of the same wavelength.

The Bragg-Waulff conditionis a criterion determining the position of the interference
maxima of X-rays scattered by a crystal without changing the wavelength. According
to the theory of Bragg-Wulff, the maxima occur when X-rays are reflected from a
system of parallel crystallographic planes, and rays reflected by different planes of
this system have a path difference equal to an integer number of wavelengths. It is
expressed in the following formula (1).

2dsin© = nA, (1)
Where d is the distance between two planar intervals, ® is the deviation angle,

A is the wavelength of the X-ray radiation, and n is the order of reflection. These
quantities are illustrated in Figure 2.

electron emission anode

the cathode

Figure 2. X-ray diffraction Figure 3. Operating principle of the X-ray tube
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During the study of diffraction grating properties, it was established that to
increase their resolution and dispersion, the distance d between the openings should

be several times greater than the wavelength of the radiation A, meaning (thus, so
that).

d>»2A

A goniometer is a device that ensures optimal geometry for obtaining and
recording a diffraction image. It is necessary for moving the sample holder, rotating
the collimation system of the detector, the detector itself, and for precise angle and
distance measurements. This is illustrated in Figure 4.

source of radiation
detector
A ¥

4\

»

beam

b) a goniometer
a) Example of an X-ray

diffractometer

Figure 4. a) Example of an X-ray diffractometer and b) a goniometer

The study of the structure of crystalline and polycrystalline substances using
the phenomenon of diffraction of electromagnetic waves in the X-ray range is the
subject of X-ray diffraction analysis. We present results obtained from the analysis of
scientific articles. As an example, Figure 5 illustrate the diffraction pattern of X-ray
radiation from nanodispersed aluminum powder. This is confirmed by the obtained
data: the X-ray diffraction patterns exhibit peaks of high intensity characteristic of
face-centered cubic lattice.
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Figure 5. X-ray diffraction pattern from nanodispersed aluminum powder

The novelty of the project lies in the implementation of a laboratory complex
conducted using an X-ray diffractometer at the National Laboratory of Collective
Use based at Sarsen Amanzholov East Kazakhstan University, as an additional
course complemented by lectures on this topic.

This is associated with addressing the aforementioned issue of 'underutilization
of scientific research facilities by students in higher educational institutions and
the lack of interconnections.' In essence, Sarsen Amanzholov University has all
the necessary capabilities since the equipment is quite sufficient. An analysis was
conducted based on information from the official website of the National Laboratory
of Collective Use.

Results and Discussions

To substantiate and clarify the aforementioned circumstances, a survey was
conducted at two universities. A sample questionnaire was prepared following the
research methodology outlined in the study. Students from the 3rd to 4th years of
the bachelor's program and 1st to 2nd years of the master's program were involved.
A total of 83 individuals participated in the survey. The survey results are presented
in Figure 6 (a).
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RESULTS OF THE SURVEY RESULTS OF THE 2ND SURVEY

mlm2m3ms 1l m2 E3 m4

1% 3%

a) results of the survey b) results of the 2nd survey

Figure 6. Survey results a) results of the survey b) results of the 2nd survey

Looking at the survey results, respondents paid the most attention to Question
2, as it was noted that the response was very comprehensive and thorough. The
main question here was, 'Is there a need to develop methodological foundations for
shaping the scientific research competencies of future physics teachers using the
phenomenon of diffraction?' and 'Why is it needed if so?' Therefore, the relevance
of the research topic was once again confirmed by the survey. The survey mainly
consists of 4 questions, with additional sub-questions for clarification. Respondents,
primarily, will move on to the clarifying questions after answering the main question,
making the survey very effective. Figure 6 (b) shows the main responses to the two
priority questions.

The overwhelming majority of respondents (students from 3rd to 4th years and 1st
to 2nd-year master's degree students) considered three answers as correct, prioritizing
it at 61 percent. This implies the need to develop methodological foundations and
highlight the relevance of choosing the phenomenon of diffraction. Therefore, it can
be said that the survey was highly effective and fully achieved its objective.

Furthermore, the analysis of the educational programs for the Bachelor's and
Master's degree in Physics yielded positive results and clarified the aforementioned
contradictions. The analysis of educational programs used information from the
official websites of educational institutions.

Conclusion

In conclusion, the analysis of educational programs and the review of scientific
works yielded positive results. It has been demonstrated that the specialized
methodology for developing scientific research competencies among future physics
teachers based on X-ray diffraction is insufficiently developed. Furthermore, there
is a lack of interconnected means related to X-ray diffraction studies in universities,
a dearth of comprehensive laboratory work on X-ray diffraction using X-ray
diffractometers, and a demonstrated demand for such practices.
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Simultaneously, although there exists a specialized X-ray diffractometer in
scientific research bases for studying X-ray diffraction, the absence of a specialized
course and its underutilization in the educational process were observed, highlighting
a demand for such a course. Consequently, the research work has fully achieved its
objective.
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