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BOJAITAK NTHO®OPMATHUKA M¥TAIIMJAEPIHE MATEMATHUKAHBI OKBITY IA
ECENTEPAI IBIFAPYJAYDBI KATEJIKTEPIH A§AﬁTy YIIIH MAPLE
BATJTAPJIAMAJIBIK KYPAJIBIH ITAUJTAJIAHY

Annarna. byn makanaga maremarukaga Maple GarmapiamanapbiH maianaHyIblH Keinoip
BIKTUMAJT HYCKAJIapbl KapacThIpbuIaael. Kazipri yakbITTa KOMITBIOTEPITIK TEXHOJIOTHSUIAPIBI OKBITY
JKOoHE FhUIBIMM 3epTTeyjep YIIIH NaiifajnaHyna mMaTeMaThka yHeMl JaMbln Keneni. bimim Oepyne
anreOpa >KyHWenepiH maiganany oji Jie 0ap, CaJBICTRIpMAaNIBI TypAe a3, Oipak ecin Keje >KaTKaH
3epTTeysiep MEH OFaH JETeH KbI3bIFYUIbLIBIK OHbI KEHIHEH KOJIJAaHYbIH o€l O0IbI TaObUIaThIHbI
co3ciz. KemTeren MaremaTWKaidblK YFBIMAAPIBIH HETI3T1 TYKBIPhIMJAMalapbl MEH OJICNIepiH
HIeNTy/ie KONTereH CTYISHTTEp YIIH MICMUIMEHTIH Keaepri OOl TaObLIaThIH KYPICHTi >KOHE
JepeKci3 uaesuiap 6ap. MaremaTHKaHbl OKbITy/a O13re KOMEKTECETIH €H KyaTThl KOMIBIOTEPJIiK
OarmapiamanapabiH 0ipi - Maple. Maple kimaccukaiblK MaTeMaTHKAIBIK YFBIMAAPIBI TPAKTUKAIBIK
KOHE THIMII TypJle TYCIHAIpyre MyMKIHIIK Oepemi. Maple THIMILIITT OHBIH TYXXBIpbIMIaMaap/Ibl
BHU3yalM3alisulayFa >KOHE KOJMEH MIelIyre KUBIH KypJIesl MoceselepAl IIelyre KeMEKTecy
KaOineTiHeH TybIHaal 161 CTyIGHTTepre KaHa TOCUIIEPAl YChIHY MYMKIH/IITT MEH KUBIH YFBIMIAPIbI
KaAKChl TYCIHYJl JaMbITyFa, OJIapJbl 3€pTTEY >KOHE OKBITYFa, KYpAesi MaTeMaTHUKalbIK YFbIMJIAp
MEH €cenTep/i WIelly OoHE >KOFapbl JEeHreiieri Jamy JarFapUiapblH apTThipyFa Mapleniy
MYMKIHIIKTEp1 Kojaiibl. CTyJAeHTTepre MaTeMaTHKaIbIK €CENnTepal KE3eH-KE3CHIMEH IIenIyre
MYMKIHIIK Oepeni. CTyIeHTTep opTypJli MHTETPALUSIIBIK epekesiep/Il KOJIIaHa OThIPHII KaTThIFyJIap
’Kacail ajazpl.

Tyiiin ce3mep: akmapaTThIK TEXHOJOTHS, MAaTEMAaTUKAIBIK €CENTep, TYBIH/bI, HHTEIPAJ,
Maple KMXK.
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Hcnonb3oBanue NporpaMMHOro odecrnedeHus maple 11 CHUKeHHsl OIIMOOK B PeIICHUH
3a/1a4 NPH MPeNnoA0BAHNH MATEMATHKHU OYIYIIUM YYHUTEeIAM HHPOPMATHKH

AHHOTaHHﬂ. B »T0if cTarthe paccMaTpuBacTCd HCEKOTOPLIC BO3MOKHBIC BapHAHTBI
HCIIOJIb30BAaHUA Maple B MaTeMmaTuke. B HacTosIee BpEMs MATCMATHKA ITOCTOSIHHO Pa3BHUBACTCS B
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obnacTu MPUMEHEHUS KOMIBIOTEPHBIX TEXHOJOTHI B 00pa30BaHWUU U HAYYHBIX HCCIICIOBAHHSIX.
Hcnonp3oBanue anreOpanyeckux CHCTEM B 0O0pa3oBaHMM MOKA OTHOCHUTENBHO HEBEIHMKO, HO
pacTyiiMe HCCIEI0BAaHUA M HMHTEPEC K HUM YKa3blBAalOT HAa HX IMIMPOKOE pacHpOCTPAaHEHHE.
CyIecTBYIOT CIIOXHBIE W aOCTPaKTHBIC HJIEH, KOTOPHIE MPEACTABISIOT COOOH HEMpPeoma0IMMOe
MPETSITCTBHUE IS MHOTHX YYaITUXCS MIPH PEIICHUH OCHOBHBIX MOHITHIA U JJOKA3aTEIbCTBE MHOTHX
MaTeMaTHYeCKuX MOHSATHA. OJHA M3 CaMBIX MOIIHBIX KOMIBIOTEPHBIX MPOTPaMM, MOMOTAIOIINX
u3ydaTb MaremMatuky, — Maple. Maple mo3BonseT OOBSACHATH KJIACCHUECKHE MaTEeMaTUYECKHE
KOHIICIIIIUN TPAKTUYHBIM U 3PPEKTUBHEIM criocoboMm. DddexkruBHOCTE Maple oOycioBieHa ero
CIOCOOHOCTBIO BH3YaJM3UPOBATh KOHIICTIIMK W PEIIaTh CIIOKHBIE MPOOJIEMBI, KOTOPBIE TPYAHO
pemmnTh Bpyunyro. OyHknun Maple momMoraroT ydammmcst pa3padaTbiBaTh HOBBIC METOJIBI U JTy4IIIe
MMOHUMATh, U3y4aTh U MIPEIOAABATH CIIOXKHBIC KOHIICTIINH, CJIOKHBIC MATEMATHICCKHE KOHIICIITUN U
MHOTO€ npyroe. MmeambHO MOAXOIUT JUIS CTYAEHTOB, KOTOPHIE pPa3BHBAIOT HABBIKH pPEHICHUS
po0JIeM U TTPOABUHYTHIC HABBIKH pa3BUTHs. [103BossieT oOydarommmcesi peniaTb MaTeMaTHIeCKUe
3aaun 1mar 3a marom. CTyIeHTBI MOTYT TIOTIPAKTUKOBATLCS B MCIIOIB30BAHUH PA3IMIHBIX TTPABII
WHTETPaIiH.

KiroueBble ciaoBa: unH(OpMalMOHHBIE  TEXHOJIOTMHM, MaTeMaTUYecKHe  3ajaud,
npousBoHas, uHterpai, CKM Maple .
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Using maple software to reduce problem solving errors in teaching mathematics to future
computer science teachers

Abstract. This article discusses some possible uses of Maple in mathematics. Mathematics
is currently in a constant state of development in the application of computer technology in
education and research. The use of algebraic systems in education is still relatively small, but
growing research and interest in them point to their widespread use. There are complex and abstract
ideas that present an insurmountable obstacle for many students in solving basic concepts and
proving many mathematical concepts. One of the most powerful computer programs that helps in
learning mathematics is Maple. Maple allows you to explain classic mathematical concepts in a
practical and effective way. The effectiveness of Maple is due to its ability to visualize concepts and
solve complex problems that are difficult to solve manually. Maple's features help students develop
new methods and better understand, learn and teach complex concepts, advanced mathematical
concepts and more. ldeal for students who are developing problem solving skills and advanced
development skills. Allows students to solve mathematical problems step by step. Students can
practice using various integration rules.

Key words: information technology, mathematical problems, derivative, integral, SCM
Maple.

Kipicne

byrinri Tanma skorapbl OKY OpBIHIApbIHAA OKy MOHAEPIH OKBITYFa O3BIK aKMapaTThIK
TEXHOJIOTHSUIAp/bI eHri3y oTe MaHbI3Ibl [1]. Ke3 kenren mambiraH enjiH SKOHOMHUKAIBIK, FHUTBIMU
KOHE TEXHUKAJBIK MPOTPEcCi YIIiH MaTeMaTHKalbIK OUTIM eTe MaHbI3Nbl. HoTmxkeciHme namyra
OaceIMIBIK OepeTiH enjep e37epiHiH OinimM Oepy KyienepiHie MaTeMaTuKara alTapibIKTail KeHLT
Oeneni. MaremaTrka TeK HETI3T1 MMOH FaHA €MEC, COHBIMEH KaTap TaHAay IoHi jKOHE JKOFaphl OKY
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OpBIHIAPBIHA JKOHE OPTYPJII MaMaHIBIKTApFa TYCY KpUTEpHiil 00Jbin Tabbu1aabl. OHBIH ©3€KTUIIr
KYHJICTIKT1 eMipfe *oHE OpTYpii FhUIBIMU MOHJCPAlI OalaHBICTBIPYNAFbl POJli alKbIH KOpiHeIl.
CoHIBIKTaH CTYICHTTEPAIH KAKETTUIIKTEpPIH KaHAaFaTTaHABIPY VIIIH THIMAI OKBITY omicTepi
apKBLJIbl MaTEMaTUKaHBI JKOFapbl JCHIEWTe IIbIFapy JKOHE CTYISHTTEPIIH KbI3bIFYIIBUIBIFBIH
apTTBHIPY MaKCaTBIHIA KOJ JKETIM/II OKBITY KYpaJlbl KAMTaMachl3 €Ty MaHbBI3/Ibl.

Xorapel OKy OpBIHZaphIHIAa MAaTEMaTHKAaHbl OKBITY/a aKMapaTThIK TEXHOJOTHSIIAP/IbI
KOJITaHy Macesieci )KaHAIbIK eMec. JlereHMeH, COHFBI yaKbITTa OJ jKaHa acrleKTuiepre ue OoJbl.
Kazipri cTy1eHTTI KOMITBIOTEPCi3, HOYTOYKCHI3, INIAHIIETCI3 HeMece CMApT(HOHCHI3 €IIECTETy KUBIH.
XKacrap akmapaTt aiy, >KaHAJIBIKTap OKy, (QuibMmuep Kepy, My3blka THIHJAAYy, OWBIH OWHAY >KoHE
KapbIM-KaThIHAC JKacay YIIIH aKIapaTThIK TEXHOJIOTHsIapAbl OelceH i naiaananaasl. by Typreina
YHUBEPCUTETTIH  JCTYpPJl OKBITY 9iicTepl  CTYAEHTTEPAIH  «aKMapaTrTbIK»  OpTachIMEH
CaJIBICTBIPFaHJa €cKipreH OoJibll KepiHyl MyMKiH. COHIBIKTaH KOFapbl MaT€MaTHUKAHbI OKBITYFa
aKIapaTThIK TEXHOJIOTHSHBI KIPIKTIpY TAOUFH 9p1 ©3€KTI CUIIaTKa he 00JIaabl.

CoHplMEH KaTap Tarbl OIp MaHBI3ABI acCHeKT — MaTeMaTHKaIbIK eMmec OuliM Oepy
OarapiiaMachlHBIH CTYACHTTEpIHE MaTeMaTHKaHbl MaMaHABIKTBIH KociOM OargapblHa cail OKBITY
JKOHE OKBITYJa aKMapaTThIK TEXHOJOTHUIApAbl KOJJAAHYy KaKeTTUlri TybiHAauapl. OcChl
MaMaHIBIKTap/IbIH TYJIEKTepi Ooamak KociOn KbI3METIH/Ie MaTeMaTUKAJIBIK 9iCTepAl KOJaHATHIH
Oosca, Oys1 keOiHece apHailbl MaTeMaTUKaJbIK OarJapiaMaliblK MakeTTep.ll NaijanaHybl Tajan
ereql. COHIBIKTAH TYJEKTEpJE MATEMAaTHKAJIBIK €CENTepl IIenly YIIH KOMIIBIOTEPIIIK
KypaJlapMeH KYMBIC ICTEY NarAplIapbl KoHE KOCiOM IC-opeKeTi YIIH >KaHa Oarmapiamalibik
eHIMIep/Il 63 OeTiHIIIe MEHTepy KabineTi 00ybl KepeK. bys1 yHuBepcuTeTTE OKY Ke3€HIHIE KOFAPHI
MaTeMaTHKa KypcTapblHa aKMapaTThIK TEXHOJOTHSIAPAbI €HTI3y KaXETTUIINH KOpCeTei.
MaremaTukaHbl TEXHHKAIBIK FHUIBIMJAAPFAa KOJJAaHY TWIpoLiecl HWHXKEHepusga KOJJaHbUIAThIH
MaTEeMaTHKAJIBIK KypaJgap MEH 9IICTEPAIH MPOTPECCUBTI KEHEIOTH KOHE KYPASTUTITH KAMTH/IBI.

JKorapbl 0Ky OpHBIHAAFBI OKBITYIIBIHBIH KYMBICHI — Y3HIKCI3 13JIEHICTi, OUTIMIH XKETUIIIpyai
JKOHE OPTYPIl 9IC-ToCUIAEPAl KOJIaHYIbl KKET E€TETIH IIbIFapMambUIblK mporecc. OKBITYIABIH
omiC-ToCUIIEpiH AYPBIC TaHMAM, CTYASHTTEPAIH OM-OpiCiH, CaHAChIH KeHEHTy MaHbI3abl [2]. Byn
TYpFbIIa TIOHApalbIK OallaHbICTapAbpl KOJIJaHy, ocipece MaTeMaruka MeH HH(QOpMaTHKaHBI
VIITACTBIpy/la alTapibIKTai HOTHXKEe Oepemi. 3amaHaylm MEKTENTEpre CHri3LTN  JKaTKaH
TEXHOJIOTUSUIApIbIH IaMybIH €CKepe OTBIPBII, MaTeMaTHKa cabakTapbiHAa rpaduKTep KypyFra *KoHe
MaTeMaTHKaJIBIK €CenTep/li KOMIBIOTEPJIIK MaTeMaTHKa KeMeriMeH miemyre apHanraH Mathcad
xoHe Maple cusakTbl OarnapiamanapAbl KOJJAaHy OChIHIAM MHTErPALUSIHBIH THIMJII MbICAJIbl €KeHIH
atan etyre 6omnanasl [3].

Kenteren 3eprreynepne Maple cuskTel THIMAI 3aMaHayd OarjgapiiaMajiblK KamMTaMmachl3
eTYiH >KOFapbl MaTeMaTUKaJaFbl MAceseNepii ey jKoHEe 3epTTey KYPri3y YIIIH THIMJI €KeHIH
kepcereni [4],[5],[6].

Maple — FBUIBIMHBIH, OUTIMHIH KOHE TEXHOJIOTMSHBIH OpPTYPJi calajdapblHIarsl
MaTeMaTHKaIbIK ecenTepJi aBTOMATThl TYypJAe IIeHIyre apHalFaH KyaTThl koHE ombOeban
KOMITBIOTEPIIIK MaTeMaTuka xyieci. Maple 3amanayn HycKalapbl TOJIBIK JaMbIFaH MaTeMaTUKAIIbIK
Kyilenep, OHBIH INIIHIE omeparopiap MeH (yHKUUsUIapAblH KeH KiTamxaHacel Oap. Maple
OarmgapiaMachbiHAarel  (QYHKIUSUTAPABIH —~ KOMIILTINH —Tikened mainamanyra Oomjaabl, Oipak
Keibipeysepi KOChIMILIA €HT13Y 11 KaXKeT eTeIl.

b.X.TypmeToBThIH 3epTreynepinae Maple xyiieci cynepKanbKylIsITOPIAbIH (YyHKUIUSIAPbIH
FaHa €MeC, COHBIMEH KaTap erXel-TemKeWi MaTeMaTHKANbIK MOJENbIey MYMKIHIIKTepiH
YCBHIHATHIHABIFBIH epek atan oTkeH. On Maple xylieciHiH TeHaeynep >KYHeciH XKbUIgaM IIenryre
KOHE 3aMaHayl TUIM[I KypaiJapAbl Maiianana OTIPBIN, HOTIKEIEPAiH aHBIKTBIFBIH KAMTaMachl3
€TETIH 9PTYPJIi ecenTeyepal Kyprizyre MyMKiHIIK OepeTiHIIriH KeTKi3reH [7].

Maple cuMBONIBIK MaTeMaTUKAIBIK XKyilenep MeH omOebam ecenTey jkykenepi apachlHOa
Kembacuibl OoJbill caHanmaabl. OJ Ke3 KeNreH KYpIENUIIKTer: MaTeMaTHKAIbIK 3epTTeyiaepai
KYpri3yre bIHFAWIbl MHTEIUICKTYAlbl OpTa JKaca[lbl KOHE FBUIBIMHU OpTajJa MaHBI3Ibl pell
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aTkapazsl [8].

Maple - Gipikripinres xyiie, 0J1 MbIHATAP.IbI KAMTHU/IbIL:

- )KYHeMeH MHTEPAKTHBTI OailIaHbICKa apHATFaH OaFaapiamManay Tiji;

- KyKarTap MeH OaraapiaManap/abl JaiblHAayFa )KoHe oHJIeyre apHaFaH PeaaKkTop;

- TUAJIOTTHIK KOJIayhl Oap 3aMaHayy Naiananynsl HHTepQeinci;

- OarapiiaMarnayra KOMEKTECETIH JKOHE dpTYpIli Oaraapiamalnay TUIepiH KOJIauThIH
(byHKIUSIIAP KUBIHTHIFBL.

MareMaTHKaIIBIK, FRUTBIMH KOHE TEXHUKAIBIK ecenTep/i memy yiuid Maple eH Komaiis
OargapiIaMalbiK OpTaIapAbIH Oipi OOJIBIT CaHATIAb.

ConbiMen Katap, Maple OarmapiaManblk Kypadbl TOCTYpii OKBITYMEH CalbICTBIPFaHIA
CTY/IEHTKE OaFrbITTaJIFaH TOCUI/II YCHIHATHIH JMHAMHUKAIIBIK OKBITY OPTACHIH KacanIbl.

Maremaruka caOarbiHga Maple konpanOacblH —maiifjanaHy OelceHIl OKy OpTachlH
KAJBIITACTRIpaAbl,  KYpHAedl  ecenrey  TYXKbIpbIMAAMalapblH  TYCIHAIpYre  KeMeKTecel,
MaTeMaTUKAIBIK ~ Oenritepai  KOJanibl KOHE  FBUIBIMH-MATEeMAaTUKAIBIK  HJESUIap.IbIH
BHU3yalTM3aIusChiH xakcapTaasi[9],[ 10],[11].

Maple uminzgeri rpadukanblK Kypajijaap, MbICANbl, caHAap , TEHACYJIEp XoHE Tpadukrep,
CTYICHTTEpre KOpHEKi apHaJIap apKbUIbl aKIapaTThl OHICYTe )KOHE jKkayarl oepyre kemekTecei. by
rpaduKanblK KepiHICTep KOpHEKI TYCIHIKTep Oepy apKbUIbl MaTeMaTHKaJIbIK €CeNTep/l ILIeIIyre
keMmekTeceni. Omap ocipece OKyIIBUIApFa Y3BIHIBIKTAP, ayJaHIap JKOHE KeJIeMAep CHSKTHI IIama
YFBIMIAPhIH TYCIHYT€ KeMeKTecy YIIiH mnaiinanel. Maple Oarmapiamackl epHEKTEpAl TeKcepy,
ecenTey HKOHE MaHUINyJsuusiaay, coHjaah-ak kypaeni 2D xonme 3D rpaduxanapsin
BU3YalIM3aIsUIay apKpUIbl CTYIEHTTEPre MaTeMaTUKaHBl YHPEHYre KOJAay KOpCeTy YIIiH KaKChl
’Ka0IBIKTAJIFaH.

3eprTeyain Makcarbl: Oojamak mHGOpMATHKAa MyFaliMJIepiHE MaTeMaTHKaHBl OKBITYIa
Maple xyiieciH KOJIIaHbIT €CenTeP/ll MIbIFapyIaFbl KATSIIKTEPIH a3anTy.

3epTTeyaiH dmicTepi MeH MaTepuaJaap

Kazipri Tagma 6u1imM cajackiHa KOJJaHBUIATEIH MAaTEMATHKAIBIK MTAKETTEPIIH SPKANCHICHIHBIH
Oenrimi Oip KoJIIaHy aiMarbl Oap »koHe Oenriti Oip omepanusUIBIK KyHelepae KyMbIc icTeial. by
MaKeTTep OJIETTE OJIAPJBIH HET3rl MYMKIHIIKTEpPIH >KaKcapTaThblH KiTamxaHaJlapibl KaMTHUTHIH
OoJIFaHIBIKTAaH OHBI JKYHelep nemn ataiapl. bi3miH emimizge OUTIM Oepy TEXHOJOTHSUIAPBIHBIH
Ka3ipri JaMy Ke3eHIHAE 3aMaHayd KOMITBIOTEPJIIK OJIICTEp MEH JKyWenepnal NmaigaiaHy j>KarblHa
onci3aik Tawburyga. Kaszipri skarmaiiia KOMIBIOTEPIIIK MaTEMaTHUKAJIBIK JKyHenepal KoJaaHOai
THIMJII OKBITY MYMKIH emec. JKorapbl MaTeMaTHKaHbl OKBITYJa OCBIHIAW JKyielnep MeEH
KOMIIBIOTEPIIIK TEXHOJIOTHSUIAP/bI MallaaHy TeJIarOrHKalblK TEXHOJIOTUSHBIH Oip Typi OOJIBII
Tabbanpl. COHFBI YaKbITTa CHUMBOJIIBIK MaTeMaTHKa CallaChlH/a KETEKIIl OpbIH ajaTtbiH Maple
MaTeMAaTUKAJIBIK MTAKETi EpeKIIie CypaHbICKa e 00y/a.

Oky mnporeciHae KOMMBIOTEpIl NaijanaHy axKmapaTTaHAbIpy KaraaiibiHga OitiM Oepy
KyiheciH pedopManayablH HEri3ri sieMeHtTepiHiH Oipi Oonbin  Tabbuiaapl. KommbroTepai
eHrizoecreH OutiM OepyniH oicTepi MeH KaFAalblH TyOereiai e3repTy, COHbIMEH Karap OuliM
Ma3MYHBIH Ka3ipri KOFaM TajanTapblHa OeiiMaey MyMKiH emec Jen caHanazisl [38].

Kazipri yakpITTa KOMIIBIOTEPJIIK MaTeMaTUKaHBIH OarjapiaMaiblK IMakerTepi OutiM Oepy
caJlachIHJIa TYBIH/IAWTBIH MaTeMaTUKAJIBIK €CENTeP/Il ISy YIIiH OeTICeH Il TYpe KOJIIaHbIIaIbI.

MatematukansIK ecentepi memnry yuin Maple 6arnapnamanblk KYpaliblH MailaianFaH Ke3/e
OKYIIBITAPJBIH OKYyFa JereH bIHTachkl aprtanasl. CoHbIMeH Katap, Maple OarmapiamachiH
CTYZEHTTEpAIH OUTIMIH TeKcepy jkoHe OakplIay YIIiH Maiaananyra 601asl.

Maple koMIbIOTEpIIIK MaTeMaTHKa JKYyHeciHiH Heri3ri Kypamaac 0eiri )KyieHiH e3eri 00JbI
TaOBLIAABI, OJ OKY3JEreH Heriri QyHKUusAIap MEH alrOpUTMAEpIi, COHBIMEH KaTap
oTiepaTopiIapAbIH, KOMaHIATapAbIH jKoHE (DYHKIHMSUTAPABIH HET13T1 KiTallXaHAChIH KaMTHIbI.
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Maple KOMIIBIOTEPITIK MaTeMaTHKa KYHECIHIH KOJIIaHy dicTeMeci OutiM Oepy mMacemnenepin
eIy Kypajibl PETIH/AE OpEeKeT eTETiH ajfa KOWbUIFaH MakcaTrTap MEH KYTUIETIH HOTIXKeIep
apachIHAaFbl OaliJIaHBICTICH aHBIKTANAAbl. byil skeplie 0ObEKTUBTI jKoHE CYOBEKTUBTI acleKTiIepai
eckepy MaHbI3bl. OOBEKTUBTI O6JIKKE AUIAKTHKAIBIK HOpMaJap, 3aH TaJanTapbl CUSKTHI OapIIbIK
omicTepre OpTaK TYPaKThl epekeliep, COHBIMEH KaTap OKY IC-OpEKETIHIH MaKCATBIHBIH, Ma3MYHBI
MeH (OPMACBIHBIH TYPaKThl dJeMeHTTepi Kipemi. CyObeKTHBTI Oeuiri MyFaliMHIH KeKe
epeKIIeTIKTepiHe, OKYIIBUIAPIBIH SPEKIISITIKTePIHE )KOHE HAKTHI JKaFaainapra OalIaHbICTHI.

Maplenin KOMITBIOTEPITIK MaTeMaTHKa JKYHeCiH MaijanaHy oicTeMeciHe 0ObEKTHBTI KoHE
CyOBEKTUBTI (paKTOpIAPBl YHIECTIPY OKY iC-OpEKETIHJe MaKCHUMAJIbl THIMILTIKKE JKOHE JKOFaphl
HOTIDKENepre KOJI )KETKI3yre BIKIa eTe/Il.

KOO - na OipiHmIl Ke3eHJEe >KOFapbl MaTeMaTHUKaHbl OKbITyna Maple Oarmapnamansik
KypallblH Maijlananyra JaibIHIABIKTBI KaMTUIbl. byl Ke3eHae KOMIbIOTEpPIIK MaTeMaTHKaJbIK
KYHenepIiH Heri3aepi 3epTTene/ll, oJap/blH JKallbl CUIATTaMachl KoHe Oosamak MHPOpMaTHKa
MyFajiMJIepiHe )KOFapbl MaTEMaTHKaHbl OKbITY/1a KOJIJTAaHY MYMKIHAIKTEP1 3€pTTENe/Il.

Ekinmi ke3eHne maTeMaTHKaHbl OKBITY YIIIH Maple - 1miH MYMKIHIIKTEpIH MaiigaiaHbIm,
YKOFapbl MaTEMAaTHKa KYPChIHBIH TaKbIPBIITAPBIH OKBITY apKbLJIbl OLTIMIepiiepAiH MaMaHIbIKKa cail
KOMITBIOTEPIIIK- MaTeMaTHKalbIK KaOUIeTIH aHBIKTaiapl. OpOip TaKbIpblll OOWBIHINA TUIITIK
ecenTepAl IIenly YIIH anroputmaep MeH Maple mporpaMManbiK KOATapbl 93IpJI€HENl KoHE
HiemimMep ochl OaraapiIaMalblK TakeT apKbUIbl TEKCepUIe .

YuriHmi Ke3eH OKBITYIIBIHBIH ~Oarajmaybl MeH OakpuUlayblH KaMTHABL.  OKBITYIIBI
CTYIACHTTEpAIH OUIIMIH TeKcepenl, KaTelepiH Ty3eTell, CTyAeHTTep OipiH-Oipi Oaranaiinel. OKy
YpAICIH/IE CTYACHTTEpre >KOFaphl MaTeMaTHKa KypChl OOMBIHINA CHIIIA0YC HET13IHE TarchipMaap
oepineni. Ctynertrep Oy ecentepii o3 OeTiHIIe menel »kone Maple keMeriMeH menrimMaepiHiy
JYPBICTBIFBIH TeKcepe anaabl. CTyIeHTTep 63 MICNIIMACPIHIH TYPBICTBIFBIH TEKCEPIN KaHa KoWMai,
COHBIMEH KaTap JKOFapbl MaTeMaTHKaJaH oOJlapAbl KETUIIipe amaapl HeMmece Maple
OarmapiiaMachlHIa JKaHA aITOPUTMICP/l 93IpJiey apKbpUIbl Oajama WICIIMIEp YChIHA ajajbl.
OkpITynbIiH OyJ1 ofici OKYIIBIIAPABIH ©31HIIK >KYMBICKA JETeH KBI3BIFYIIBUIBIFBIH apTTHIPYFa
KOMEKTECE/].

Maple sxyiteciHiH MaTeMaTHKAIbIK Tajjay MOHIHIH WHTErPAJIIBIK CCeNTeyIepi TEOPHSICHIHBIH
€CeNTepiH MIenTy1e KOMIaHbUTYBI 3ePTTETIHE.

Mynna Maple xyiieciHiH MYMKIHIIUTIKTEPiH Taiaanana OTHIPBII

-0ip aifHBIMAITBI (DYHKITUSHBIH HHTETPAIAPBIH €CENTey SicTepi.

-aHBbIKTAJIMaraH UHTErpajlaapbl €CCITCY;

-~aHBIKTAJIFaH UHTETPAJIAbl €CCIITEY,

- UHTErPAJLJIBIK KOCBHIHJIbI dKOHE aHBIKTAJIFaH HHTErpal;

-~aHBIKTAJIFaH MHTETPpaJIabl )KYbIKTaIl €CCIITCY
TaKBIPBIITAPBI OAsTHIAIATBL.

Maple xyiiecinin OarmapiaManay TUTIH KOJIJJaHa OTBIPBIT HHTETpaiiay
TEOPHSICHIHBIH €CETTEPiH My i aBTOMaTTaHABIPy Macenenepi KapacThIpbLIaibl.

By npobnemanapapr menryne Maple sxyiieciHiH OHOTHOTEKaCHIHBIH OYHPBIKTApPBIHAH Al aaHbIn
0ip aitHBIMaNBI PYHKIUSIAPIBIH HHTETPAIIAY/ bl KOPCETETIH 0a3a KypblUIapl..

CoHpaii-ak HMHTErpajibl €cenTey KONJapblH Kepceryre apHanraH Maple >xyleciHiH apHaiibl
OYHpPBIKTAphIH KOJJAHBINT AHBIKTAIFAH JKOHE aHBIKTAJIMaraH WHTerpalfapibl eCenTeylepaiH epexenepi
aHBIKTAJIAbL.

Taamay MeH HITHKEIeP

bonamak nadopmaTika MyFaigiMaepiH aaspiay 6arbITel 60iibiHIIa 6B01573-MHpopmaruka,
AKT xoHe poOoToTexHHKa OuliM Oepy OarnapiamachIH/Ia XKOFapbl MaTeMaTUKa MOHIHE 5 KpeIuT
6euinreH. JKorapel MaTeMaTHKa Kypchl OOMBIHIIIA TOMEHET1 MOIYNbeP KaMTBUIFaH:

-ChI3BIKTBIK aredpa >koHe aHATMTHKAIIBIK T€OMETPHS;

-MareMaTukanbIK Tanaay HeTi3aepi;

- Ken aifHpiMans! GyHKIMIIApIBIH €cenTeyepl )KoHe KaTapiap;
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- uddepennmanapik TeHaeymnep.

Ocbl Momynpaep OOWBIHIIA >KOFApbl MaTeMaTHKa KypChbl OKBITBUIABLOPOIP MOIYINbIe
OeuinreH OemiMep OOMBIHIIA JTEKIMSIIBIK )KOHE TPAKTHKAIIBIK cadaKTap eTKI3UIAL.

Xorapel mMaTemaTuka Kypchl OOWBIHIIA CTyAeHTKE «MareMaTHKalbIK Talifay Heri3aepi»
KUBIHJIBIK TYABIPATBIH MOAYJIbAEpaiH Oipi. By momynes GoiibiHIIa MHPOpPMATHKA MYFaTIMACPIHIH
KociOM JaspIIbIFbIHA XKaKBIHIAY €Til, «MaTeMaTUKaIbIK Tajliay HeTi3/Iepi» aTThl MOIYJIiHE KapacThl
Tapaynapsl oKeITyqa Maple sxyiiecinig MyYMKIHAIKTEp1 Maiaananbuiasl. ATan aiTcak:

-OyHKIUAHBIH ~ HYKTENET1 TYBIHABICH XKoHe AuddepeHnnansl. OpTypial QyHKUUSIapAbl -
muddepeHnuaniay.

-Tysiabinap sxone nuddepenunangap.

- AHBIKTaJIMaFaH UHTETPAJ,0HbIH HET13T1 KAaCHETTEPI.

Herisri unrerpanmap kecteci. WHrerpanmay onictepi. AWHBIMAJIBIHBI AJIMACTBIPY JKOHE
OeJiKTeN MHTETpajay daicTepl

Bemmex-panyionan jxoHe HppanrioHan (QyHKOHMSIApApl WHTErpajiaay. T puroHOMETPHSIIBIK
©pHEKTEep 1 HHTETpasigay

AHBIKTanFaH WHTErpa,oHbIH Kacuertepl.HbioTron —JlelOHuil ¢opmMynackl. AHBIKTaIFaH
WHTETPAJIBIH KOJITAaHBLTYHI.

@DyHKIUSA TYBIHABICHI
Maple xyiecinne QyHKUMSHBIH TYbIHABICHIH ecentey yiniH «diff» OyipbIFbl KOJgaHbLIa b,
: X* sin x .
Mpeican peringe Y = Ty TYBIH/IBICBIH TaOaNBIK.
> restart; Diff ((x*2*sin(x))/1ln(x),x)=diff ((x*2*sin(x))/1ln(x),x) ;
d (xz sin(x)j 2xsin(x) x?cos(x)  xsin(x)
el - n _
In(x) In(x) In(x) In(x)?

dx

JKorappia KenTipuIr€éH MbICalaapia €CeNTiH IIBIFapy JKOJBIH KOpceTHel, TeK jKayaOblH

d((x+1)cos(x)j:

dx{ In(x)+7x

TaOyabl OPBIHAAIBIK. (cos(x) — (x+1)sin(x)) (In(x)+7x)—(x+ 1) cos(x) ()1( + 7]

(In(x) + 7 x)?
AHBIKTAJIMAFaH HHTErpaJl
Maple xyiiecinne (yHKIHMSHBIH TYBIHIBICBIH €CENTEY YIIIH «inty» OYHPBIFbl KOJIAAHBLIAIbI.
byiipeikTel Oac opinmeH «Int» TypiHAE EHTI3CeK dKpaHFa €CeNnTiH OepuIreHi IIbIFaipl, ajd KImri

) ) ) ) dx
QPUIIICH CHI'1I3CCK JKpaHra TCK C€CCIITIH )I(aya6LI HIbIFaabl. Meican pPETIHAC I— (bYHKLII/ISICBIHBIH
sin x

HMHTETrpajibiH TaOANBIK.
>restart; Int(l/sin(x),x)=int(1l/sin(x) ,x);

sin(x) dx = In(csc(x) — cot(x))

CryneHTTep/IiH MaTeMaTUKaJIbIK KOHEe KOMIIBIOTEPIIIK CayaTTbUIBIKTAPBIH JAMBITY JKOHE
MIOHT€ JIET€H KbI3bIFYIIBUIBIKTAPBIH apTTHIPY MaKCAThIHa TOMEH/IET1 €CeNTepAl JOCTYpIIl KoHe
Maple xyiiecinae ecentep/i WbFapyasl yHpeH .

1-ecen:j2 13 dx
—3x

bepinren wumHTerpanabl JocTypiai  TypAe IIewliMiH  Tayeln, Maple ne memimid
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TabaMbI3. AJIBIMEH MBIHA €CENTI JOCTYPIIi TYPAE HIBIFapaibIK.

2-3x=t
J’ L x=l=—3 =j 1 -idtzj—#dtzj—idtz
2_3x . 2_3x -3 3(2-3%) 3t
dX:th

— L Rdt=—Zmf= -2 imj2-ax+C
37t 3 3

Maple OarmapnamaceiHIa €CeNTEp/liH MICMIMIH Taly KbI3BIKTHI, opi T€3 OOJFaHIbIKTaH
JKayallTbl MbIHA TYPJC ajia aJlaMbI3
> with(Student[Calculusl]):
> infolevel[Studen[Calculus1]]:=1:
> fi=x->1/(2-3*x);
1

f=x—

2-3X
> Int(f(x),x);
1
2-3X
> Hint(%);
[change,u=2-3x,u]
> int(1/(2-3*x),X);

—% In(2-3x)
> Int(f(x),x)=int(f(x),x);

1
2-3X

dx

dx:—%ln(Z—Bx)

2-ecen: [sin(7 - 4x)dx

TpUroHOMETPUSIIBIK €CeNTi allalbIK. AJIBIMEH JOCTYPJIi TYPAE LIbIFapailbIK.

7—-4x=t _
ISin(7—4X)dX ={t'=-4 = J.Sin(7_4x) %dt — J._Sm(74_4x)dt _
dx:idt
tl
sint 1. 1 1 1
=—|—dt=—=|sintdt=—=-(—cost) =—=-(—cos(7 —4x)) ==-cos(7 — 4x
[=at==3] 7 (C0st) =2 (~cos(7 - 4x)) =7 -cos(7 —4x)

Maple GarnapiaMacbiHa canaibIk.
> with(Student[Calculusl]):
> infolevel[Studen[Calculusl]]:=1:
> f:=x->sin(7-4*X);
f=x—>sin(7-4x)

> Int(f(x),x);
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f—sin(—? +4x) dx

> Hint(%o);
[constantmultiple]

> int(sin(7-4*x),x);

icos(—? +4X)

> Int(f(x),x)=int(f(x),x);
fsm¢7+4mdx=imq—7+4m

3-ecer:

Maple xyiiecinae int pyHKIUSACH apKbLIbI aHBIKTAIMAFaH HHTETPANIIBI €cenTey OaphIChIHIA
WHTETPAJIJIBIH HOTHKEC] SKpaHFa IIBIFabl /1, OPBIHAANFaH amanaap kepceriimerai. bipak, Maple
AKYHMECIHIH COHFbl BEpCHUIApbIHJA HHTErPaJbl €cenTey OapbIChlHIA OpbIHJAIATHIH KOCBIMILA
amaimapapl kepy MyMKiHziri maina 6omnmel. Oneie ymria Student[Calculusl] makerinin Hint()
xone Rule[]() bynkiustapsl KoJgaHbUIAIB.
> restart;
>with (Student[Calculusl]):
infolevel[Student[Calculusl]]
> f:=x->x*sin (x) ;

1:

f=x— xsin(x)
> Int (£(x),x);

J&sm(x)dx

>Hint (%) ;
Creating problem #1

[parts, x, —cos(x)]
>Rule[%] (%%) :simplify (%) ;

fx sin(x) dx=—x cos(X) + Jcos(x) dx

>int(cos (x) ,x);
sin(x)
byn meicanga f(x)=x-sinx QyHKIuACHH UHTErpangay OapbichiHaa Hint (%) OyipbIFbIH
KOJIIaHy apKbUIbI OYJI HHTErpaiibl O6IIKTeNn HHTerpaiaay KaxeT O0JaThIHBIH OLTIN alaMbI3.

2
4-ecer: .[ XSdX HUHTErpaIlibl €CCIITC.
0

2 412

jx3dx X
0 4 0

> with(Student[Calculusl]):

> infolevel[Studen[Calculusl]]:=1:

> fi=x->X"3;

4

14



K. A. Acayu amvinoazer Xanvikapanvlk Ka3axK-mypiK yHueepcumeminiy xaoapuapol
(mamemamuxka, puzuxa, ungpopmamuxa cepuscwi), N3 (30), 2024

f=x—>x
> Int(f(x),x=0..2);

2
Jx3 dx

0

> Hint(%);
[power]

> int(x"3,x=0..2);
4
> Int(f(x),x=0..2)=int(f(x),x=0..2);

2
Jx3dx:4

0

5-ecer:
J1~2x+3
+ (x—2)°
Lowes . VAT gl 242)+3 1, 12(t+2)+3
[F—=ax=j=1 |=[=——F— d_j4dt_
0 (x=2) y  (x=2) 1
1
dx =—dt
tl
t2t+4+3 . (2t+7, 2t 7
=j43dt=j - dt=j—3dt+j—3dt=
0 t 0 t Ot Ot
1 1 1 1
:I%dt+jl3dt:—g— 72|= 2 7|
)t )t t 2t%, x-2 2(x 2)|
2 7 2
(S (- ) =— B 1625
1-2 2(1-2) 0-2 2(0 2)? 8

> with(Student[Calculusl]):
> infolevel[Studen[Calculusl]]:=1:
> f1=x->(2*x+3)/(x-2)"3;

2X+3

(x—2)°
> Int(f(x),x=0..1);

f=x—

> Hint(%);
[change, u=x—-2,u]

> int((2*x+3)/(x-2)"3,x=0..1);
-13

8
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> Int(f(x),x=0..1)=int(f(x),x=0..1);
1

2Xx+3 X_ﬁ
(x-2)° 8
0
Kanmer aiiTkannma Oonamrak  wH(OpPMATHKA MYFATIMICPIH jgaspiay Outrim  Oepy

OarapiaMachlHBIH CTYIEHTTEpPl OCBHl TYBIHABI MEH HWHTETpajFa KaTBICTBI €CeNTepi MEKTem
KaOBIPFaChIHAA TAHBICHIN, NPAKTUKAIBIK JaFAbUIapbl KaJIbIITACKAHMEH OCHI TaKBIPBINITAP.IbIH
KOFapbl OKY OPHBIH/A OKBITBUIATHIH «OKoFapbl MaTeMaTHKa» MOHIMEH cabaKTacThIFbI 0ap eKeHIIrH
tycinai. Keibip TakplppinTap MeH OeniMaepAl TONBIKTall MEHrepe ajaMaraHIapblH, MPAKTHKAJIBIK
JaFIbIIapbl TOJIBIKKAHAbI KalblITacaFraHbIKTaphbl Al KbIHAAJIbI.

Xorapsl MaTeMaTHKa MOHIH OKBITY/1a CTYJIEHTTEp ecentepai ubirapyaa Maple xyiieciHin
OarapiiaMalibIKk MYMKIHIIKTEPIH KOJAaHy OapbIChIHIA T9CTYPIIl KOJIJ1a KIOepIITeH KaTeliKTepiH
Taly/b! YipeHIl.

Crynentrepain «Korapsl MaremMaTHKa» Kypchl OOWbIHIIA 9pOip  TakbIphlll  OOMBIHIIA
TarcelpMaap/sl OpPBbIH/IAYBIHAAFEl  HOTHXKEJIEPIH Oaranay >KoHE ecenTep IIbIFapyaarsl
KAaTeJIIKTEepIH a3ailTy YIIiH CTaTUCTUKANbIK ecenrteynep okyprizvigl. Koxka Axmer fAcaym
aThIHJAFbl  XalbIKapaJbIK Ka3aK-Typik yHHUBepcuTeTi, <«OKapaTbulblcTaHy FBUIBIMAAPHL  »
WNudopmaruka myraniMiepid gaspiay OarbiTeiHblH 6B0173-Mudopmaruka, AKT, poGoToTexHuka
ou1iM Oepy OarjapiamacblHBIH 1-Kypc cTyaeHTTepiHe 32 OuriMrep KaTbhICThl. DKCHEPUMEHTTIK
Tonka 16, Gakpuiay ToObIHA 16 CTymeHT KaThICThl. Maple KOMIBIOTEPIIIK MaTeMaTHKa XKYHECIHIe
KOFapbl MaTeMaTHKa KypChIHAH SPTYPJIl €CenTep/ii IbIFapy YCHIHBUIAbI. DKCIEPUMEHTTIK TONTAFbI
CTYJIEHTTEpre amnTajblK 2 caFaT MPAKTHKAJIBIK Ca0aKThIH Oip MpakTHKa cabarbl TaKbIPHINIKA cai
YCBHIHBIICA, €KIHII cabaFbl COJ AQCTYPJI ONICIICH IIbIFApFaH ecentepin Maple KoMIbOTEpIIiK
MaTeMaTHKa XYHECIH/IE €CeNTep/Ii MIBIFAPHIMN, JICTYPIl kKOoJIa )KIOEpreH KaTeKTepiH Tady KoHe
COJI KaTemikTi OoyimpipMay yebiHbULIBL. CTynenTTepal Oaranay. 100-0amnaslk Oaranay KyieciHe

COMKeC OKCIEPUMEHTTIK KoHe Oakpuiay TOOBI  OUIIM adylmIbUIAPBIHBIH TaKbIPBIIKA Caid
HOTWKENEP1 aabIHabI (1-KecTe).

p/c TaxkpIpbInKa caif SKCIIEPUMEHTTIK TakpIpbInKa cail 0aKbLIay TONTAFbI
TONITaFbl OUTIMrepIIep/IiH OaraiaHy OuriMrepiep/iiH OaraaHy HOTHOKEIepi
HOTHKETEP1
DKCIEpUMEHTKE DKCNIEPUMEHTTEH DKCIepUMEHTKE DKCIIEpUMEHTTEH
neiin 1-apanbiK KEWIH 2-apaJibIK JieiiH 1 -apabiK KEHiH 2-apaJibIK
Oakplay HOTHIKEC1 | OakplIay HOTHKECT | Oakpliay OakplIay

HOTHKecl HOTHXKeci

1 75 77 60 68

2 60 70 62 69

3 60 72 53 60

4 75 75 80 85

5 80 85 80 80

6 72 72 58 60

7 73 73 70 70

8 74 74 72 73

9 61 65 75 75

10 63 68 85 85

11 50 60 80 82

12 52 60 54 53

13 58 70 58 56

14 85 90 66 63
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15 82 90 65 63
16 80 85 77 75

Kecre -1. CtynenTTepain 0arajaay HoTHKe/Iepi

1-mi xecteneH OailikaranbIMbI3naii DT TOOBIHAAFBI OUTIMrepiepiiH ecenTepAl IIbFapyna
Maple KOMIBIOTEpIIIK MaTeMaTHKa XYWECIH NaiJanaHyIblH 9CEpiHEH OJapJAbIH EKIHIII apaibIK
OaKplIay HOTHIKECI alTapIIbIKTal KOFapiaraHbl OalKaII b

Binimrepnepain AocTypii JKoiga WHTErpaiaay OapbIChIHAA AaiHBIMAJIBIHBI aIMAacThIpY,
OeJIIKTeN MHTETpajiay, TPUTOHOMETPISUIBIK (DYHKIUSUIAPAbl MHTErpalgay SAICTEpiH MaiiaaiaHbII
€CenTl IIbIFapyaa KareJikrep kioepeirinairi aWkeiHmanasl. Con xibepreH kartemikrepin Maple
KOMITBIOTEPIIIK JKYHECIHIH KOoJailyibl OyHpPBIKTapblH OPBIH/IAY apKbLIbl KO3/IEPIH KETKI3/1.

KopbITbIHABI

Kasipri Tapma OumiMrepsepaiH MaTeMaTHKaHbl OKBITYJIaH ajfaH TEOPHSUIBIK OuliMJIepiH
ecenTep MIBIFapy apKbUIbl aIaMHBIH MPAKTUKAIIBIK JIaFIbUTAPBIH IIBIHAWE OMIPITIK TOXipuOenepe
KAJIBIITaCThIpyFa MYMKIHJIIK O€peTiH IC — SpKeTTepiH AaMbITy OuliM Oepy »KyieciHneri 6acTsl
MakcaTTapbIHBIH Oipi OOJIBII TYP.

AKMapaTThIK TEXHOJOTHSIHBIH JaMbIFaH 3aMaHbIHAA OuTIM Oepy OapbhIChIHAA DJIEKTPOHIBI
Ky)XKaTTap, MaTeMaTHKaJIbIK OarjapiamManajasl KOJJaHy KojFa aiblHFaH. OChIHIall MYMKIHIIKTEp
MEH JKEHULICHIIPUITEH 3aMaHAa CTYACHTTEPIiH IIbIFapy >KOJbl Y3aK JKOHE KHBIH eCenTep/Ii
HIbIFapyFa KbI3bIFYIIBUIBIKTaphl KO0K. OcblHIail Macenenep ke3iHae Maple Garmapnamackl OuTiM
Oepy OapbIChIHIA CTYACHTTEPHiH MaTeMaTUKaHbl OKbly/la KbI3BIFYIIBUIBIFBIH apTThIpaabl. Maple
KaparaibIM >KoHE KypJeidl MaTeMaTHUKAJIbIK eCEnTepll OpbIHIAAyFa apHaJFaH oTe THIMIl |,
KOMITBIOTEPIIIK MaTeMaTUKAHbIH KyaTThl, 9p1 )KaH — KaKThl JaMbIFaH OaraapiiaMachl.

KopbIThIHIBUTANM KeJle TpakTUKAIBIK >karmaimapaa  Maple Oarmapiamachkl  OosarmrakTa
MaTeMaTHKaIbIK €CeNTepll NIellyle OHTaillaHFaHbl, >KacTaplbl KbI3BIKTHIPYFa JKOHE OCHI
OarmapiiaMaHblH OYHPBIKTApBIH OPBIHIAY apKbLUIbI €CeNTep/Il IIbIFapyaarbl KaTeIIKTepiH a3anTyra
CEIITIr'l THETIHAINH OalKaIbIK.
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MEKTEII MATEMATHKA KYPCbBIH WJIVIIOCTPALIIUAJIBIK OKBITY
BAPBICBIHIA MYJIbTUMEJUAJIBIK TEXHOJOI'UAJIAPAbBI KOJIIAHY

Anjaarna. Makana MEKTenTeri MaTeMaTuKa KypChIHIa JOCTYPil OKBITY SICTEPIH 3aMaHayd
WUTFOCTPAIMSUTBIK  OMIICTEPMEH  OIpIKTIpYAiH MaHBI3AbUIBIFBIHA Ha3ap ayaapansl. Jlekuuss MeH
OKYJBIKTap CHUSKTHI JSCTYPJI1 SMICTEp HEri3ri OUTIM MEH YFhIMAApAbl JKEeTKI3yJe ISyl pel
aTkapaapl. Amnaijna, BU3yaJdW3alMs, OWBIH J>KOHE HWHTEPAKTHUBTI KOCBHIMINAJIAD  CHUSKTHI
WJUTFOCTPAIMSUTBIK QMIICTEP/II KOJJaHy OKYIIBUIAPBIH MaTeMAaTHKAIBIK VFBIMIAPBl TYCIHYI MeH
UTepylH eadyip ’kakcapTa anaapl. byn omictepai OipikTipy OKYIIBUIAPABIH OCJICeH]II KATHICYBIH
BIHTAJIAHIBIPY JKOHE OJIAPJIbIH IIBIFAPMAIIBUIBIK OWJIAybIH BIHTATAHIBIPY apKBUIBI THIMIIPEK JKOHE
3amaHayu OUTiM Oepy opTachlH Kypyra MYMKIHIIK Oepemi. JKyMmpic OapbIChIHIA HUILTFOCTPAIMSITBIK
OMIC TEeH JACTYPIi 9JIC Typasbl )KoHE OJIapabl KOJIAHYIbIH apTHIKIIBUIBIKTAPhl MEH KEMIIIUTIKTEP],
WUTFOCTPAIMSUTBIK OIC TEH JAOCTYPII1 9MIICT1 CATBICTHIPY, 3€PTTEY HOTHIKEJIEPl MEH OJIap bl KOJIIaHy
YCBhIHBUTABL. JlepekTepil Tanaay >KOHE MEeAaroruKajblK dICTepre CyileHe OTBIPBIN, 01 MEKTell
ayTUTOPUSACHIHIAFBl MATEMAaTUKAIIBIK YFBIMAAPAbl BU3YaJbl *KOHE TYXKBIPhIMJIAMANbIK TYCIHYA1
KAKCapTy YIIIH MYJIbTUMEOUSIIBIK — pPecypcTapabl  OIpIKTIpYy  CTpaTeTHUsUIAPBIH  YCHIHAJBI.
DKCIIEpUMEHTTEP MEH OKY 9/iCTEeMENepiHIH HOTHXKENIepiH Taljay apKblUIbl aBTOpjap OKYLIbLIAp
apachlHarbl MaTEMAaTHKAJIBIK YFBIMIAPJBIH KbI3bIFYIIBUIBIFEI MEH TYCIHITIH apTThIpY VIIIH
MYJIbTUMEIMSUIBIK pecypcTapbl MPaKTUKAIBIK KOJIaHYAbI TajKbUiaiasl. JKymbic OapbIiChIHIA
OKBITY TOCUIZIEp1 Kapaylibl, WTIOCTPAIUSIIBIK 9/IIC TIEH JOCTYPJI OJICTIH apTHIKIIBUIBIKTAphl MEH
KEMIIUTIKTEP1 aHBIKTAJIJIbI, aHAJIOTTapFa TaJIJIay YKaCaJIbl ’KoHE YCBIHBICTAp Oepii.

Kiar ce3nep: mynbTHMenna, TEXHOJIOTHS, WIUTIOCTPALUS, SIIC, JEKIUS, ISCTYPJl OKBITY,
AKCIEPUMEHT, BU3Yall.
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Hcnonb3oBanne MyJaibTUHMEIMHHBIX TEXHOJOIMH B NPoLecce WITIOCTPATHBHOIO
00y4YeHHus1 HIKOJBHOI0 Kypca MaTeMaTHKH

AHHOTaHI/Iﬂ. B pa60Te NMOAYCPKUBACTCA BaXXHOCTH COUCTAHHUA TPAAUIUOHHBIX MCETOJOB
O6y‘~IeHI/I$I B IHIKOJIBHOM KYypC€ MATCMATUKH C COBPEMCHHBIMU WJIIFOCTPATUBHBIMU MCTOIAMHU.
Tpa,Z[I/II_II/IOHHBIC METOJbI, TAKUC KaK JICKIIMH U y‘-IC6HI/IKI/I, HUIrpar0T peHIArOIIYI0 POJIb B IIEpCaavc
OCHOBHBIX 3HAHWUM M KOHIICIIIHM. OI{HaKO HCIIOJIb30BAHUEC HUIUIIOCTPATHBHBIX MCTOHI0B, TAKHUX KaK
BU3YyaIU3alusl, UTPbl U UHTCPAKTUBHBIC MPUIIOKCHUA, MOKCT 3HAYUTCIIBHO YJIYUIIUTH IMTOHUMAHUC
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U YCBOCHHC YYalIUMHCA MATCMATHYCCKUX KOHHCHHI/Iﬁ. Coueranue 3THX METOJOB IIO3BOJISICT
co3ngate Oosiee 3(D(PEeKTHBHYIO M COBPEMEHHYIO OOpa30BaTEIbHYIO Cpely, aKTUBHOE Y4acTHE
ydalMxcs M UX TBOPYECKOE MbIIUICHWE. B mporecce pabOThl mpemiaraercs paccka3atb O
HWIUIIOCTPATUBHOM W TPAAUIIUOHHOM MCETOJAC, O NPCUMYIICCTBAX M HCIAOCTATKAX WX HNPUMCHCHMHA,
CpaBHHUTH HJIJIIOCTpaTPIBHI:IfI n TpaIII/IHI/IOHHBIf/'I MCTOA, PE3YJIbTAThI I/ICCJICIIOBEIHI/Ifl n Hux
IMPUMCHCHUC. OcCHOBEBIBasSICh Ha aHaIN3€E JaHHBIX W INEAArorudcCKux METOJaX, OH MNIpcajraract
CTPAaTeTMH HHTErPALMM  MYJIBTHMEAMMHBIX PECYPCOB Ui  YIAYYIIEHHS BU3YAJIBHOIO H
KOHICIITYAJIbHOI'O TIOHNMMAaHUus MaTEMAaTUICCKHUX KOHIIeHIII/Iﬁ B IIKOJILHOU AyaAnuTOpUH. AHaHH?:PIpy;I
pe3yabTaThl 3KCIEPUMEHTOB W METOAMK OOy4YeHMs, aBTOpPbl OOCYXIAIOT IPAKTHUECKOE
HUCITIOJIB30BaHUC MYHBTHMGHHﬁHLIX PECYpCOB JII TMOBBIICHUA HHTCPECA W INOHUMAHUA
MaTeMaTHYeCKUX MOHATUH cpeau ydwamuxcs. B xoze paboThl ObLIM paccMOTPEHBI MOJIXOJIbI K
O6yquI/IIO, BBIABJICHBI IPECUMYIIECCTBA U HEAOCTATKH UJIJIFOCTPATUBHOI'O U TPAAUIIMOHHOI'O METOAA,
MPOBEJICH aHaJIN3 aHAJIOTr0B U JJaHbl PEKOMEH/IallHH.

KiawueBble cjoBa: MyJIbTHUMEIWA, TEXHOJOTHS, WUIIOCTPALMSA, METOJ,  JIEKIUS,
TPAIUITMOHHOE 00yUYeHHUE, IKCTIEPUMEHT, BU3yaTHU3allHsl.
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The use of multimedia technologies in the illustrative teaching of the school mathematics
course

Annotation. The article emphasizes the importance of combining traditional teaching
methods in the school mathematics course with modern illustrative methods. Traditional methods
such as lectures and textbooks play a crucial role in the transfer of basic knowledge and concepts.
However, the use of illustrative techniques such as visualization, games, and interactive
applications can significantly improve students' understanding and assimilation of mathematical
concepts. The combination of these methods allows for a more efficient and modern educational
environment, encouraging active student participation and encouraging their creative thinking. In
the course of the work, it is proposed to talk about the illustrative method and the traditional
method, about the advantages and disadvantages of their application, compare the illustrative
method and the traditional method, the results of research and their application. Based on data
analysis and pedagogical methods, he proposes strategies for integrating multimedia resources to
improve the visual and conceptual understanding of mathematical concepts in the school classroom.
Analyzing the results of experiments and teaching methods, the authors discuss the practical use of
multimedia resources to increase interest and understanding of mathematical concepts among
students. In the course of the work, approaches to learning were considered, the advantages and
disadvantages of the illustrative method and the traditional method were identified, analogs were
analyzed and recommendations were given.

Keywords: multimedia, technology, illustration, method, lecture, traditional teaching,
experiment, visual.

Kipicne

Kazipri yakpITTa ereMeH enjiiH 0acThl MaKcaThl - )KaH-)KaKThI JaMyFa KOJI )KETKI3Y jKoHe Oacka
MEMJICKETTEepMEH TeH Jopekene oJeMJIK apeHaja eMip cypy. byin MakcaTka ’KeTyliH Herisri
KOJIIapbIHBIH Oipi - aneMIik OutiM Oepy KEHICTITiHIE >KOFaphbl jlayasbiMfa Me 00iy. byl yaTThIK
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OimiM Oepy JKYHECIH TaMBITYIbIH HET13T1 OaFbITTaPbIH aWKBIHIAN B dKOHE CAllaHbIH JKaHa JACHIeHiHe
Kelyi Tanan erefi. JleMek, HerypibIM Ma3MyH/IbI OuTiM Oepy/ii JaMBITy, OKY MPOLIECIH KAHFBIPTY,
WHHOBAIUSUTBIK TEXHOJIOTHSUTAPABl JaMbBITy, COHJAAl-aK JKEeKe aJaMIa PyXaHH KYHJIBUIBIKTap.IbI
KAJIBIIITACTBIPY ©3 €JIiHE )KOHE OHBIH XaJIKbIHA ajail 0ail 'KoHE MATPUOTTHIK TYJIFAHBI KATBIITACTBIPY
YIIIH MaHbI3Abl. ByJI MIHIAETTEp MIYFBUT MENIMII KaXKET eTelll, OUTKEeH1 IC KY3iHAe TYBIHIANTHIH
MoceJerniep OapAbIH IICITIMIH MEeKCi3 KyTe anMan e[ 1].

Kazipri OimiM Oepyne MyIbTHMEIUSIIBIK TEXHOJOTHSIIAP, 9Cipece MaTEeMaTHKAHBI OKBITY
OapbICBIHIA MaHBI3Bl OpBIH anajpl. bipHemie 3epTTeyNepaiH HOTHXKENIepl MYIbTHMEIHUSIIBIK
pecypcrapapl MaifaiaHy OKYIIBUIAPABIH MaTeMaTHKAIBIK OUTIMIH THIMIIPEK MEHIEpYIHE BIKITal
eretiHiH pacraiinel. ['appu C.Bakcman men Kpuctun . Taiinepain (I'appu C. Bakcman, Kpuctun
J. Taitnep) 2004 >XbUTFBI 3€pPTTEYl MaTEMAaTUKAHbI OKBITY/Ia aHUMAIUSJIAP MEH BU3YaIH3allUSHBIH
MaHBI3IBUIBIFBIH  KopceTeni[2]. MynbTUMEIUSIBIK TEXHOJIOTHUIAPIABl KOJIJIaHY apKbUIBI  OJiap
MaTeMaTHKaIbIK YFBIMAAP MEH OKYIIBUIApbIH YJITepIMIH TYCIHYAIH alTapiblKTail )KakcapFaHbIH
aHbIKTangel. Menanu AptypasiH 2009 KbIIFBI  3€pTTEYyl MYJABTUMEIUSIIBIK cabakrap MeH
OeliHeMaTepHanAapAblH OKYIIBUIAPBIH MOTHBAIUSACHIH JKAKCAPTYyJaFbl JKOHE MaTeMaTUKaJIaH
Marepuanabl  MeHrepyzaeri penin  kepcereni[3]. Jlumga Illu (Linda Shee) 2010 xbuibl
MYJIbTUMEIMSUTBIK TEXHOJIOTHSHBIH OKYIIBIIAP/IBIH CBIHU OMJIaybl MEH TIPOOJIEeMaTaphIH MENIyTe OH
oCepiH aHBIKTAWTHIH 3eprTey Xyprizai. Jlopenmo bapbOerra (Lorenzo Barbetta) sxone Kakmun
Kennemunain (Jacqueline Kennedy) 2012 KbUaFbl 3epTTeyl MYJIbTUMEAUSIIBIK TEXHOJOTHSIIAP
OKYUIBIIAp/IbIH O€JICEHIUIITH apTThIpyFa FaHa eMec, COHbIMEH KaTap ©31H-631 peTTey *KoHe ©31H-031
OKBITY JIaFIbUIAPBIH JaMBITYFa KOMEKTECETIHIH pacTaapi[4].

MexkTenTeri MaTeMaTHKaHbl OKBITY - IOCTYPJII TYpAE J9picTep, OKYJIBIKTap OKY JKOHE Karasra
KATTBIFYJAp ’kacay CHUSKTHI KJIACCHKAJIBIK 9JICTepre Heri3enreH. Amnaiaa, COHFbl OHXBUIABIKTApaa
OKYy TIPOIIECIHE WILTIOCTPAIMSIIBIK OKBITY OMICTEPiHIH KEeHIpeK eHri3umyi Oailikanabl. byn omicrepre
OKy TMpOIIECIH BbIHTAJAHJBIPYFA OHE OKYIIbUIAPJbIH MAaTEMaTUKAJIbIK YFBIMIAPAbl TYCIHYIH
KaKcapTyFa KOMEKTECETIH BU3YaJ bl MaTepHalgap/Ibl, HHTEPAKTUBTI KOChIMIIATIAPAbI, OMBIHAAPABI
KoHe Oacka Ja WHHOBAIMSJIBIK Kypajjaapisl Taiganany Kipemi. byn 3eprreyaiH MakcaTh
MEKTENTEr1T MaTeMaTUKa KYpPCBIHIA JOCTYPJl OKBITY OHICTepl MEH WIUTIOCTPAIUSIIBIK OJICTED
apachlHJarbl albIPMalIBUIBIKTApAbl  KApacThlpy Oouiblll  TaOblmaabl. bi3  ockl  TocuiaepiiH
OpKaMCHICBIHBIH apTHIKIIBUIBIKTAPhl MEH IIEKTEyJIepiHe, COHai-aK OJapIblH OKYy Ipolieci MeH
OKYUIBLIAPJBIH HOTIDKENIEpiHE ocepiHe Hazap ayaapambid. Ocbl albIpMalIbUIBIKTApAbl TYCIHY
MEKTENTEep/Ie MaTeMaTUKAaHbl OKBITYIbl OHTAMIAHIBIPY MaKCaTbIHAA OpTYpJl SIicTep.i
OIPIKTIPY/iH BIKTUMAJI YKOJIIAPbIH aHBIKTAMIbI.

NnnrocTpanusiiblK OKBITY OICTEpIHIEC €H TaHbIMal OJIC OYI cabaKThl MYJIbTHMEIUAIBIK
TEXHOJIOTHsIap KeMeriMeH >Kyprizy. Kazipri yakpITTa MyIbTUMEAMSUIBIK TEXHOJOTHSIAp OiTiM
Oepy MpOIECIH aKnapaTTaHAbIPYy/a ISyl PeJ aTKapabl KoHE €H MEePCIEKTUBAIbI OaFbITTapIbIH
O0ipi Oompinm TaOblmaabl. byraH fgeliH MyIbTUMEOUSUIBIK KOHE TEJIEKOMMYHUKAIUSIIBIK
TEXHOJIOTHUsIIap >Kalmbl OuTiM Oepy canachlHAa THICT1 ACHreiie TaHbUIFaH JKOK, ajaiifa onap aHa
JUIAKTUKAIIBIK MYMKIHJIKTED MEH OKBITY MOcelleiepiH MISHIyAiH >KOJJapblH allaThlH opacaH 30P
KypaJt O0JIBII TaObLIAIbI.

Kazakcran eninge xyprisuiren 3eprreynepnid 6ipi (ILLH. Ceii¢pymiun, "MaTtemaTukansl
OKBITY/Ia MYJIBTUMEMSUIIBIK TEXHOJIOTUSUIapAbl Konaany", biniM Gepy T€XHOJIOTHUSIIAphl KypHAIbI,
2015 3x.) MyABTUMEIUSANBIK TEXHOJOTHSIApAbl KOJAAHYABIH OKYIIBLIAPJBIH MaTeMaTUKaaFbl
HOTHXKeNepiHe oH ocepiH kepcerTi[5]. Taxipube kepceTkeHaeH, MyTbTUMEAUSIIBIK MaTepUaaapabl
KOJIaHAaThIH ~cabaKkTapFa KaThICAaThIH OKYIIBLIAP TOCTYpIl  OMICTEPMEH  OKBbIFaHAapMEH
CANIBICTBIPFaH/Ia JKaKChl HOTHXKE KopceTTi. OchIHAal TYXbIpbIMIap Oacka enjepie Je Kacajibl.
Mpicansl, Peceiine 3eprrey (H.IT. KopueeBa, "MaremMaTukaHbl OKBITYa HHTEPAKTUBTI TaKTalapabl
KOJIJIaHyAbIH THIMAUTIri", MartemaTukanbslk 3eprreynep, 2017 k.) MHTEpaKkTHUBTI Takraiap MeH
KOMITBIOTEPITIK OaFmapiamManapAbl KOJJaHa OTBIPBINT OKBIFAH OKYIIbUIAD MaTeMaThKaga MYHIai
TEXHOJIOTHSUIApFa KOJ JKeTKi3e alMaraHJapra KaparaH/aa KOFapbl HOTIDKENepre KoJ >KeTKI3TeHIH
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kepcerTi [6]. Vkpamnama npa 3eprreynep kyprizsingi (O.I'. BonmapeHko, "MyJbTUMEIHSUIIBIK
TEXHOJIOTUSUIIAP/IbIH MaTeMaTHKaHbl OKBITYAAaFbl CHIHU OMNayasl nambITyFa acepi”, Ilemarorukanbik
seprreynep, 2019.,) Oy MyJIbTUMEIVSUIBIK TEXHOJIOTHUSHBIH MAaTeMAaTHKaHBl OKBITYFa OH OCEpiH
pactaapl. MynbTUMEIUSIIBIK MaTepUaiIapbl KOJJAaHA OTHIPHIN Ca0aKKka KATBICKAH OKYILIbLIAp
CBIHM TYPFBIJIAaH OWJay MEH IIBIFapMAIlbUIBIKTBIH JKaKCapFaHBIH KOpCeTTi, OyJ oJiapIbIH
yiarepiMiHiH  aprtyblHa  okenni[7].  MyHmaii  3epTrreyiep — MaTeMaTHKaHBI  OKBITYIAFbI
MYJAbTUMEVSUTBIK ~ TEXHOJOTHSUIAp  OKYy  THIMIUIINIH — apTTBIpyAa JKOHE IIOHTe  JeTeH
KBI3BIFYIIBUTBIKTBI aPTTHIPY/Ia MaHBI3IbI POJT aTKAPATHIHBIH KOPCETE/II.

3eprTey aaicTepi

MynbTUMEIUSITBIK, TEXHOJIOTHSUIAp - OYJI MOTIH, KEeCKiH, ayauo, OeliHe XoHe aHuMallus
CHUSIKTBI OpTYpJIi JiepeKTep (popMaTTaphIHbIH TIPKECIMIH KOJIJIaHATBIH aKIapaTThl ©HJEY, Oepy KoHe
OiHaTy Kypajijapbl MEeH dJicTepl. bys TexHoyorusmap oKbITy, OWBIH-CAyblK, KOMMYHHKAIIUS JKOHE
0acka MakcarTap YIIIH HWHTEPaKTHBTI >KOHE KONl CEHCOpJbl OpPTaHbl KYpyFa MYMKIHIIK Oepeni.
MynbTUMEUANBIK ~ TEXHOJIOTHSUIAP/AbIH ~ MbICANJapbl  KOMIIBIOTEpINIK  OarjapiiaMarnap/sl,
MHTEPAKTUBTI BEO-calTTap/bl, MyJbTUMEAMSIIBIK Mpe3eHTalMsuIapbl, OeiiHe OMbIHAApAbI, ayAuo
KoHE OeiTHE MOHTAXKIbI, BAPTYAJIIbI IIIBIH IBIKTHI J)KOHE T.0. KaMTHIbI[ 8].

Oky mporieciHae op TypJli akmapaT OepeTiH OKBITY KypalJapbl Kejleci MYyIbTUMEIUSITBIK
KypangapAbl SFHU TeMeHer1 1 — cyperTeriiepii KaMTybl MyMKIH:

J Aynuo xypannap, Mpicasibl CD offHaTKbIIITap, MarHuTo(oH1ap KaHe Oackamap.

. Tenepanuo xyiienepi, COHbIH IIIHJE TENEAUIAPIAP, PATUOKAOBUIIAFBIIITAD, OUTIM Oepy
tenebarnapnamanapel, DVD oifHaTKpIITaph! 5K9HE T.0.

. I'padukansik mpoektopiap, MyIbTUMEIUSIIBIK MPOEKTOpiap, OeliHe MpOeKTopiap >KoHE
MHTEPAKTUBTI MPOEKTOPJIAP CUSIKTHI MPOEKIMSIIBIK KYPBUIFbLIAP.

. HNHTepakTHBTI TaKTaNap.

. MukpoduneMey KypbUIFBUIAPBIH, KOUIprimTepai, pu3orpadrapasl xoHe T.0. Koca
anFaH/a, aklapaTThl OWHATY Kypajaaphl.

J KOMITBIOTEPIIIK Kypaiaap;

. TEJICKOMMYHUKAIMSUIBIK JKYHelnep MeH kemiep (kKaOenbIiK, CIYTHUKTIK, TaJIBIKThI-

OTITHKAJIBIK JKEJIJIEp KOHE T. 0.)
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1 — cypem. MynbpTuMenus Kypajigapbl

MynbTUMETUSUTBIK TEXHOJIOTHSIIAP KOMETIMEH OUTiM Oepy OCTYpJli OKBITY 9/IiCiHE KaparaHa
OipKaTap apTHIKIIBUIBIKTAp Oepe:
. Onap Typui-tycti TpadukaMeH, aHUMalUMsIMEH, JbIOBICTBIK JU3aHHMEH  KOHE
TUTIEPMOTIHMEH OaMBITHIIFaH.

. Marepuanmapapl YHEMI )KaHAPTHITT OTBIPYFa MYMKIHJIIK OepiHi3.

o Bacein mbiFapy xxoHe KOOCUTY YIIIIH a3 IIBFBIHAAP KaXKeT.

. OpHanacTelpy MYMKIHIITIH KamMTaMachl3 €TETIH MOTIHIEP HEMece >KYMBIC JIQmTepepi
CHUSIKTBI UHTEPAKTUBTI BEO-3JIEMEHTTEP Il KOCBIHBI3.

. Kenrteren rumepcuiTemenepliiH apKacblHIa MAaTepUANIbl CHI3BIKTHIK €MEC 3epTTeyre
MYMKIHIK Oepe/i.

. Jlepekce3 MaTepuanaapblH KeLIipyre HeMece KbUDKBITYFa MYMKIHAIK Oepei.

] DNEeKTPOHJBIK KITallXaHalap MEH OKYy OpBbIHAApbIHIA KOCBhIMIIA one0HeTTepMeH

TUIIEPCUITEMEH] KaMTaMachl3 €Te/Il.

Taamay MeH HITHKEIEP

Kazipri OutiMm Oepy mpoleciHe MyJIbTUMEIUSIIBIK TEXHOJOTUSIIApAbl EHri3y OipHere
KUBIHJIBIKTAp/Abl TyIbIpajsl. bip kaFblHaH, apHailbl MpPOEKTOpJIap/bl MaijanaHy 3epTTeseTiH
OarapiamMalblK skacaKTaMaHbIH MYMKIHIIKTEpPIH KOPHEKI Typ/e KepceTyre MyMKIHAIK Oepeni, 0y
YaKbITTBl YHEMIEHAl >KOHE OKYy MaTepUalblH YCBIHYIBl JKeHULAeTedl. EkiHII >kaFbIHaH,
MYJIbTUMEMSIIBIK TEXHOJIOTHUSAJApAbl €Hri3y KOCHIMIIA MaTepHaiapibl JalbIHAAYIbl JKOHE
cabakTapapl YUBIMIACTHIPYIBI KaKeT eTeai[9].

Ocbl  KUBIHABIKTapFa KapaMacTaH, OKY HpPOIECiHE aKMapaTThlK  MYJIbTHMEIUSIIBIK
TEXHOJIOTUSIIAP/Abl €HI13y OHBIH THIMIUIITH apTThIPYbl MYMKIH. OpHHE, MYHJal Mpolece apaailbiM
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OonpIpMayFa OOJIMANTBIH SPTYPJIi KMBIHABIKTAD MEH KaTeTIKTepMeH Oipre skypeni. Amaiiga, 6acTel
KETICTIK-MYHJall TexXHoJorusuap OuTiM Oepyai JaMbITyFa >XKOHE OHBIH YaKbIT TalanTapblHa
3amaHayu Oeiiimaenyine pikman eresif 10].

OKBITYZIBIH JIOCTYpJIi ofici OimiM, enTilik meH Aarasuiapabl Oepyre OarbiTTanFad. O
MaTepHaIIIbl UTePY/l KOHE KalTanay Ke3eHiHAe OUTiM eHreiin Oaranayapl KaMmTaMachl3 eTel. by
onic exxenri 6onFaHbIMEH, OYyTiHZE, acipece opTa MEKTenTepae KeHiHeH KoiaaHbuiaabl. On Ke3eH-
KE3CHMEH OKBITY MpOIECiHE HETI3NIENTeH: jKaHa MaTepHajibl Hrepy, Oekiry, Oakpuiay >KoHe
Oaranay, KK Xyprisyre ykcac. byn omic TaOGbICTBI eMip Cypy YIIIH KaKETTi OLTIMIe >XoHe
OKYIITBIHBIH >KOJIBIH aHBIKTAUTBIH )KOHE KOPCETETIH OUTiM Oepy OarmapiiaMmachiHa HETI3/IeNIreH.

OKBITYIIBIH HETI3T1 9IICTepiHe MBIHAJIAP JKATaIbl:

. KepHekuikTi KoJijaHy, COJlaH KeHiH OHbI TYCIHAIPY.
. OKYIIBIHBIH HETI3T1 IC-OpPEKETTEPIHE TapTy: THIHAAY )KOHE €CTE CaKTay.
J Martepuanipl KeOEHTy JaFIbUIapblH KAKCApTYFa BIKMAJ €TETIH UIrepyleri IIbIFbIHAAPCHI3

HETI3T1 TaJlanTap MEeH THUIMJIUTIK KOPCETKIIITEPIH aTar KopCceTy.
Byn onicteri MyrainiMHIH peili MbIHAJIApIbl KAMTHU/IBI:

. Martepuansl TYCIHIIPY.

. Ic-opexeTrTepai kepcery.

J OKyIbUIapAbIH OpBIHAFaH KYMBICHIH Oaranay.

J OKy NpoIIeCiH PETTEeY KIHE TY3ETY.

JlocTypaii OKBITY 9/1ici OipHEIIe apThIKIIBUIBIKTApFa Ue:
) Y HEMIUTIK.
. Kypaeni Mmarepuanapl TyCiHYI1 KEHUIACTY.
. burim Gepy mporiecid THiMAI 6acKapyapl KAMTaMachl3 €Ty.
) BuriMai yChIHYIBIH jkaHa 9MICTEPIH KOJTaHYFa HKEM/I1 TOCL.

JlereHMeH, JOCTYpJl TEXHOJIOTHSIIAPbIH KEMIIUTIKTepl Je 0ap, MbICAbl, OKYIIbUIAPIbIH
oimay KaOUIeTiH JaMbITyJaFbl IIEKTEeYJlep, OKy NPOIECIH JapajaHiblpy KoHE IKIKTEY
kabimercizmiri. Temenme 1 — kecteme JOCTYpil OKBITY OJICIHIH apTHIKIIBUIBIKTAphl MEH
KeMIIUTIKTep1 OepiireH:

Kecte — 1. JlocTypiai OKBITYIBIH apTHIKIIBUIBIFBI MEH KEMIIIUTIT.

Tepic >xakTapsl OH xaKTapbl
Yri 60oibIHIIIA KYPY OKpITY XKYHeIeHaIpiIreH
Cabakra TeK MaTepUalIMeH aJIFallKbl TAHBICY Marepuanaap/ibl peTIieH, JOTHKAIBIK TYPbIC

JKY3Ere acbIpblIaabl, all )KOrapbl HITHIKCIICPIC 6epy
KOJI )KeTKiSY TariCbIpMaliaptra KaJdAbIpbLIadbI.

Oxymibutap e3 6erinmie 60bim, Oip-6ipiMeH ¥ HBIMAACTBHIPYIbIH HAKTBIIBIFBI
KapbIM KaTbIHAC a3asiJibl

OKyBIIIHBIH TACCUBTLIILII HEMECe ¥ cTa3abIH SMOLMAHAIBI BIKITAJIBI
OeJICeHUTIKTIH Hamapiaybl
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Bapnpik oKymIbUIapIbiH KQXKETTUTIKTEpiHe
COMKeC KeJIMEUTIH OpTaIlia OKYIIBIHBI OKBITY

TACLIL.

O OKYIIBI YIIIH OKBITYIbI AapallaHbIPy IbIH

00JIMayHbl.

JKanmaii OKbpITY Ke31HAET1 a3 MBIFbIHIAP

Al 2 - xecTeqe MyJITUMEIUAIIBIK TEXHOJIOTHUSIIAP apKbUIBI OKBITY MEH JIOCTYPIIi OKBITY YJITiC

CaTBICTBIPMAJTBI TYP/I€ KOPCETLITEH.

Kecre — 2. MynTumeauanslK TEXHOJIOTUSIIAP apKbUIbl OKBITY YJTICI MEH A9CTYPJIl OKBITY YITICIHIH

CaJIBICTBIPMAJIbI CUITaTTaMaChbl

Herisri cunarramanap

MynbTUMEAUSITBIK
TEXHOJIOTUsIap KOMETIMEH
OKBITY YJrici

JlacTypiii OKBITY YIITICI

1

2

3

OKBITYIBIH MaKCaThl KOHE
MIHIETI

OKYILBIHBIH OKY 1C-9peKeT1
Oi1iM Oepy mporiecin
YHBIMIaCTBIPY/IBIH HET131
OOJIBITT TAOBLIATHIH KOHE
OKyFa OarbITTaJIFaH
TAaHBIMIBIK OEJICEHIUTIKKE
HEr13/Ie/IreH.

Oky Oarnmapiamacsl Oenriii
O1p OLTIM KeJIeMIH KaMTHIbI
JKOHE OKBITY OeplIreH
HOTHOKeJIepre KOoJI )KeTKI3yre,
SIFHUA OCBI OUTIMJTI UTepyre
OarpITTaNIFaH.

OKBITYIIBIHBIH oIl

Menemxep, OKBITY YPAICIH
YBIAMIACTBIPYIIIBI

JKerexuri, OUTIMHIH KaitHap
K31

OKYIIBIHBIH poJTi

Bimimai e3 OeTiHIlE 131EHTIH
JKOHE OKY MPOIIECIHE
KaThICATBHIH OEJICEH ] )KOHE
OUTIM/TI OKYIITBI-OYJT OKY TTOHI.

OKy1IbI TalibIH OUTIM/TI
MACCUBTI ayIIbl PETIHJIE
KapacThIPBLIAJIbI JKOHE OKY
MpoIeCiHiH 00BEKTICT OOIBIT
TaOBLIAIEL.

burimai 6epy Hyckaymapbl

Aynmo, BU3yabIK,
KOPHEKUIIKTEp MEH
WHTEPAKTUBTI 9JIiCTEP
apKbUIBI (OMBIH,
CUTYaIUSIIBIK CYpPaAKTap)

Ce3nik omicTepi MEH
MOTIHJIIK MaTepHaaap
Oenrini Oip yirire Hemece
dbopmaTKa ColiKec TalbIiH
TYpP/i€ YChIHBLIAIBI.

binimnai konnany

Anpiarag OuTIM Il
KOJIAaHOAJIbI TYpe
nantajiany

biniMai Tanceipmanap xoHe
KATTHIFyJIapaa KOJIJIaHy

Cabak Typuepi Beiine nopicrep, Jlexuus, OKy, NPaKTUKAJIBIK
MHTEPaKTHUBTI TallcblpManap, | JKaTThIFyJaap
OKy OMBIHAAPHI

OKBITY Kypaiiapsl beiine cabakrap, OkynbIKTap, TaKTanap, Karas
UHTEPaKTHUBTI MaTepHaiap

npe3eHTalusIIap, OHIAWH
pecypcrap

O3apa opekerTecy

Ownaiin popymaap, garrap,
OeliHeKOHpepeHIusIap

OKBITYIIBI MEH OKYILIBI
apachIHAFbl HIEKTEY 1 e3apa
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apKbUIbI OKBITYIIIBI MEH iC-KMMBLI
OKYIIBUIAP apachIHIAFbl
KYIIEHTUIreH e3apa ic-KUMBLI

3eiiinal BIHTATAHABIPY OKy1buIapAbIH Ha3apblH OKy1ubuIapaAbIlH Ha3apblH
aynapy *oHe ayIapyablH TICKTEYITl
KbI3bIFYILIBUIBIFBIH CaKTay Kypajiaapsl
YIIiH HHTEPAaKTUBTI
JJIEMEHTTEP/I,
MYJIbTUMEAUSIIBIK

addekrinepai naiganany

1-ecen. lllen6epain ayaHbIH ecenTey TaKbIPHIObIHA OAMIAHBICTHI €CETI KapacThIPhLIAIbI.

Paguycel r = 5CM 1meHOepiH ayiaHbIH TAObIHEI3.

EcenTin mBIFapbLIY KOJIbI:

[llenGepain aynaHbiH ecentey GOpMYach:

S=mr?= mn-(5)% = 25n = 78,5 cM?

Kayaowl: S = 78,5 cm?.

EHni ockl ecenTiH MyJIbTUMEIUAIBIK MIENTIMIH KapacThIPCaK.

PaguycThl 03repTy AHMMANMACHI: JUHAMHKAIBIK MOJCIBIIH KOMETIMEH pPaJuyCThIH
ay/laHfa Kajail ocep eTeTiHIH aHBIK KepceTyre Oomazpl. MbIcalibl, MHTEPAKTHBTI Oaraapiama
CTYACHTTEPIe PaaNyCThl YIFAUTYy HEMece a3aiTy apKbUIbI JKYTIPTKiHI JKBUDKBITYFa JKOHE HAKThI
YaKbIT PeKUMIHJIC MMEHOEP IIH ayAaHbIH KOPYre MyMKIHIIK Oepeti.

3D mogeni: 3D aHMManMAIBIK PONHMKTEpAE MIEHOEPHiH ayJaHbl Kajdall ecenTeNIeTiHIH
OeitHeneyre, mMeHOep/IIH TIKTOPTOYPHITITKA alfHATIAThIH CETMEHTTEpre Kajail OeJIHETIHIH KOpCeTyre
Oonanel. byn meHOepAiH ayqaHbl MEH OHBIH PaJdyChl apachIHAaFbl OAaMJIaHBICTHI KOPHEKI TypIe
KOpCETyre KOMEKTECEe 1.

2-ecen. KBanpat TeHaeyaig TyOipiepin Ta0y TaKbIpbIObI OOMBIHINIA €CEl KapacThIPhLIAIbI.

KBanpar teHneymiH sxayaOblH TaOBIHBI3.

X2 —4x+3=0

Ecentid mbIFapbLIy K0JIbI:

x2—4x+3=0
D=b?—4ac=(-4)>-4-1-3=16—-12 =4

—bFVD (- FVE 4F2
2a 2-1 2

X1,2 =

X1 = 1, Xy = 3

Kayaoer: x; =1, x, =3

Enpi ochl ecentiH MynbTUMEANANBIK HMISHTIMIH KapacThIpcax.

ITapatonanbin rpagukanbik kepinici: GeoGebra Hemece Desmos CHAKTBI Kypajaaap/blH
KeMeTiMeH

y=x%—4x+3

(GyHKUUMACHIHBIH I'padurin Kypyra Oonaabl. SFHbl rpadukana Oyl (GyHKUMSHBIH mapobana ekeHi
KepiHesi xoHe oXx ochini X4 = 1, x, = 3 Hykrenipinge kecin oTeTiHi KopiHeTi.
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foy=>d-4x 43 ; =l o

A = Mepeceuenne(f, OcbABRMc

= (1.0)

B = Mepeceqenue(f. OcbAbcdinc

= (3,0)

2-cypem.

HNuTepakTUBTI 3JIeMeHT: Oarjapiamanap CTYIEHTTepre TeHJAEyAlH Kod(pPUIHeHTTepiH
©3repTyre XoHE OHBIH MapalOosaHbIH MINIIHIHE JKOHE OHBIH OX HEMece OY OChIMEH KHUBLIBICYBIHA
Kajlail ocep eTeTiHIH Kepyre MyMKiHIIK Oepexil. by xarmaiina oxymbinap kodpGuIUEeHTTEpAIH
e3repyl TEHIEYAIH TyOIpJepiHiH OpHajacyblHA Kajdall ocep eTeTIHIH JKaKChl MEHTepesi.

KopbITbIHABI

OKy mporieciHgae MyJIbTUMEIUSIIBIK KypaiaapIsl Mmaiaanany Kazipri OuriM Oepyae MaHbI3/IbI
peJl aTkapaibl, OKy MpOIECiH OalbITaAbl XKOHE OPTYpJl aKmapaTka KOJ JKETKI3yAl KaMTaMachl3
erenl. JIpIOBICTRIK acmamTap, Telepaauo >KYWenepl, MPOCKUUSIIBIK KYPBUIFbLIAP, WHTEPAKTHUBTI
TaKTaJIap JKOHE aKMapaTThl KOOCUTY Kypaigapbl — OapiIbIFbl THIMA1 OKBITYFa BIKIAT €TETIH KyaTThI
Kypajiaap.

MynbTUMEIHUSUTBIK TEXHOJIOTHSIIAp MaTepUasibl KaKChl MEHTepyre »oHE OKYIIbLIAPIbIH
YKaH-KaKThI JaFIbLIAPBIH JTaMBITYFa BIKITAJI €TETIH MHTEPAKTUBTI )KOHE KBI3BIKTHI cabaKTap >kacayra
MYMKIHIIK Oepeni. Onap oKyFa JIereH KbI3bIFYIIBUIBIKTBI CAKTAy JKOHE cabakka OeICceH 11 KaThICyabl
BIHTAJIAHIBIPY aPKBLIBI OKBITYBI KOJI JKETIM/I1 )KOHE TapThIMIBI €T,

Kazipri OimiMm Oepy TayantapblH €CKepe OTBIPBIN, MareMaTHKaHbl OKBITY MPOLECIHIE
MYJIbTUMEIHSUIBIK TEXHOJIOTHSUIAPAbl KOJJAaHy KOCBIMIA Kypall eMec, KaKETTUIIKKE aiHamaibl.
Kazakcran, Peceit xone AKIII-Tbl Koca anFaHma, opTypil enfeple XKYpPri3uireH 3epTreyniep
MYJIbTUMEIUSUIBIK KYPAILJap/blH OKY THIMIUIINT MEH OKYIIBUIAPJbIH HOTHXKEIEpIHE OH oCepiH
pacTau/ibl.

Mayer (2009) >xone Johnson & Johnson (1999) cusikTel aBTOpiapAbIH MLIBIFapMaIapbl
MYJIbTUMEIUSIIBIK PECYPCTapAbIH OKYIIBUIAPIBbIH aKaJeMUSIIBIK JKETICTIKTEPiH, MOTHBAIUSCHIH
KOHE MaTeMaTHKAIbIK TYXKBIphIMIAMaNapblH TYCIHYIH Kajail apTThipa alaThIHBI TYypaJbl
TyciHirimidai  tepennmereni[11,12]. byn aBTopmap OKy MpoleciHAE€ HWHTEPAKTHBTLIIKTIH,
BHU3YAIHM3AIUSHBIH KOHE YKBIMIBIK )KYMBICTBIH POIIIH KOPCETE/I1.

JleMek, MyJlbTUMEAUSIIBIK TEXHOJIOTHsUIap bl OKY MpolieciHe OipikTipy camaibl OutiM O6epyai
KaMTaMachl3 €Ty oHe OKYILIbLIApIbl 3aMaHayH ChIH-KaTepiepre naiibiHaay yiriH kaxeT. Omap
OKYJIbl KBI3BIKTHI Opi KOJI JKETIMJI eTim KaHa KOWMaWzpl, COHbIMEH KaTap OKYIIbUIAPABIH >KaH-
KAKThl JaFAbUIaphl MEH CBHIHM OWIIayblH AaMbITafbl, OJIAPABI TE3 ©3TepeTiH oNeMJie COTTI
OeliiMaenyre qailbIHIaiIbI.
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EXPLORING TRENDS IN GAME-BASED PHYSICS EDUCATION: A BIBLIOMETRIC
STUDY FROM 1973 TO 2023

Abstract. Games are widely used to increase students' interest and participation in physics
lessons. We need an in-depth analysis of the consistency of this study. This study aims to analyze
research trends in the use of games in physics education using a bibliometric approach. Data were
retrieved from the Scopus database using the keywords "play"” and “physical education™. Among the
125 articles obtained based on the search criteria, a trend analysis of the study was conducted using
RStudio and VosViewer software. The analysis shows that publications on this topic have increased
significantly since the early 2000s, from 1973 to 2023. Researchers from the USA and Europe
dominated the publication. Nevertheless, the countries of Asia and Australia also started to
contribute significantly. Intercontinental cooperation is important to provide a broader perspective.
The main magazine that publishes articles on this topic is "Computer and Education”. The most
cited articles focus mainly on the effects of games on students' learning of physics. They identified
five main keyword clusters that represent different ways of using games in physics education.
Overall, this study provides an in-depth understanding of research trends and key findings related to
the use of games in physics education. Further research is recommended on game design,
technology integration, and implementation strategies to maximize the benefits of play to improve
the quality of instruction and student physical education achievement.
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OiibinFa Herizgenren gusuka OiniMinaeri TenaeHuMsIapabl 3eprrey: 1973-2023 KplIFbl
0MOIMOMETPHSIIIBIK 3epPTTey

Anparna. Crynenrrepnaiy ¢u3nka cabaFblHa JereH KbI3BIFYIIBUIBIFEI MEH cabakka
KaTBICYbIH apTTHIPy YIIiH OWBIHIAp KEHIHEH KOJITaHbUIAJbl. bisre Oy 3epTreyniH skyienimirie
TEePeH Tajjay KaxkeT. bys 3epTrey OMOIMOMETPHSUIBIK TOCULAI MaijaiaHa OTHIPHIN, (U3UKAHBI
OKBITY/la OMBIHAAP/AbI MalialaHyIbl 3€pTTeY TEHIACHLMUIApbIH TalgayFa OarbplTTanrad. [lepekrep
Scopus mepeKKOpbhIHAH «OUBIH» JKOHE «(PH3UKAIBIK OLTIM» KIIT CO3JEPIH MalJaIaHbIN aJIbIH/IbI.
I3ney xpurtepmiinepi Heridinae anbiHFaH 125 wmakanasneiH imiHzae RStudio sxone VosViewer
OargapiaManblK KypajlJdapblHBIH KOMEriMeH 3epTTey[iH TPEeHITIK Taijaysl Kypri3uvial. Tannay
KOpCETKeH IeH, Oyl TakbIpbINTarsl xKapusiansiMaap 2000-11sl kbu1gapaslH OackiHaH Oactan 1973
xbuian 2023 >kpUTFa JCWIH KapysUTaHFaH >KbUThl aiitapibsikTail ecti. baceuieimaa AKII nen
EyponanbiH 3eprreymuiepi 6acbiM 6omapl. CoraH KapamacTaH, A3usi MEH ABCTpaius enjepi Je
ailfTapablkTaii  ynec Koca Oactanel. KeHIpexk mNepcneKkTMBaHbl KaMTaMachl3 €Ty  YIIIH
KOHTHHEHTAPAJbIK BIHTBIMAKTACTHIK MaHbI3/bl. OChl TaKbIPhIN OOMBIHIIA MaKajalap KapusaalTeiH
Heri3ri xypHai — «Komneiorep xoHe OutiM». EH Ken KenTipuireH Makajianap Heri3iHeH OMBbIHHBIH
CTYIEHTTEpAIH (PM3UKaHbBI YHpeHyiHe ocepine OarpiTTasiFad. Onap GU3HKaHBI OKBITYAA OWBIHIAPIBI
KOJITAaHY/IBIH OPTYPJIl TOCUIACPIH KOPCETETIH OeC HEri3ri KiIT co3 KIacTepiH aHbIKTaAbl. TyTracTtaii
anraHna, Oy 3eprrey (DU3WMKAaHBI OKBITYAAa OWBIHIAPABI KOJJIaHyFa OailIaHBICTHI 3€PTTEYNICPIiH
TEHJCHIMSIIapbl MEH HET13I'1 KOPBITHIHABUIAPBIH TEPEH TYCIHYyre MyMKIHIIK Oepenai. OKbITY canachl
MEH OKYIIBUIAPJBIH JCHE TOpOMeci KETICTIKTEPIH JKaKcapTy YIIIH OWBIHHBIH apTHIKIIBUIBIKTAPBIH
OapbIHIIIA apTTHIPY YIIIH OWBIH JW3alHBI, TEXHOJIOTHSIAPAbI OIpIKTIpY JKOHE ICKE achIpy
CTpaTerusiapblHa KaThICThl KOCBIMIIIA 3€PTTEYJIEp YChHIHBLIAIbI.

KinT ce3aep: OubGnmomerpus, oibiH, GU3MKAIBIK OLTiM, Scopus, KiramxaHa, VosViewer,
Rstudio.
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H3yyeHue TeHaeHUMA B MTPOBOM 00y4eHUH (pusnke: OUOJIMOMeTpHYECKOE HCCIeI0BAHNE €
1973 mo 2023

AHHOTauus. Urpbl MIMPOKO UCHONB3YIOTCA Ui TIOBBILIEHUS HHTEpeca M y4dacTus
yyamuxcs B ypokax ¢usuku. Ham HeoOXxoauM yriiyOJeHHBIM aHaiu3 MOCIEN0BATEIbHOCTH TOTO
uccnenoBanus. Llenpro JaHHOTO HccaeI0BaHus SABISETCS aHaIM3 TeHJICHIIMI B MCIIOJIb30BAaHUU UI'P
B 00pa3oBaHUM IO (PU3MKE C MCIOJIb30BAHMEM OmOIMOMeTpuyeckoro mojaxoja. JlaHHele ObuIH
MOJTy4eHbI U3 0a3bl JaHHBIX SCOPUS C MCIIOJIb30BAaHMEM KIIIOUEBBIX CIOB «HUIpa» U «(U3NYECKOe
Bocriutanue». Cpenu 125 crareif, MOJy4EeHHBIX MO KPUTEPHUSIM IOUCKA, ObUI NMPOBEICH aHAIU3
TEHJICHIIMH MCCIeJOBaHUS C TOMOINBI0 IMporpaMMmHoro obecreuenuss RStudio m VosViewer.
AHanmn3 MoKa3bIBAET, YTO MyOJUKAIIMM Ha ATy TeMY 3HaUMTEIbHO Bo3pociH ¢ Hadana 2000-x roos,
c 1973 mo 2023 roa. B nmy6nukamuun npeobnananu uccnenosarenu u3 CIHA u EBpombl. Tem He
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MeHee, CcTpaHbl A3uM U ABCTpalds TaKKe Hadyajld BHOCUTHb 3HAUUTENBbHBIA  BKJIAJ.
MeXKOHTHHEHTAIbHOE COTPYAHUYECTBO BAXXHO s oOecrieyeHus Oojiee MIUPOKOH MepCrIeKTUBBL
OCHOBHBIM KypHajJoOM, NyOIMKYIOIIMM CTaTbM Ha 3Ty TeMy, saBigerca «Kommbrotrep u
oOpa3zoBanue». Hanbonee nutupyemple CTaThH MOCBSIIEHB B OCHOBHOM BIIMSHUIO UT'P HA H3y4YEeHUE
¢u3ukn yyamumucs. OHM ONpeNeNuiIv TATh OCHOBHBIX TPYII KIIOYEBBIX CIIOB, KOTOpBIC
MPEJCTABISAIOT PA3JIMYHbIE CIIOCOOBI WCIONB30BaHMs Urp B oOydeHuu ¢Qusmke. B memom, 3T0
HCCIIeIOBaHUE O00ecreuynBaeT IIyOOKO€ NOHHMMAaHUE TEHJEHIUN MHCCIeN0BaHUN M KIFOYEBBIX
BBIBO/JIOB, CBSI3aHHBIX C UCIIOJIB30BaHUEM HTp B 00pazoBaHuH 1o (usnke. PekoMeHyeTcs npoBecTu
JaJIbHENIIINE UCCIIEOBAHNS B 00JacTU UIPOBOTO AM3aiiHa, MHTErpalliyd TEXHOJIOTMM U CTpaTeruit
BHEJPEHHUS, YTOObl MAaKCUMHU3UPOBATH MPEUMYIIECTBA UIPhl U YIYYIIUTh KaueCTBO OOY4EHUS U
JOCTHKEHHSI yJalIuxcs B 00J1aCTH (PU3NYECKOTO BOCITUTAHMUS.

KuoueBrblie cioBa: 6ubnmomerpusi, urpa, oopazoBanue 1o ¢usuke, Scopus, OMOIMOTEKA,
VosViewer, Rstudio.

Introduction

Physics has become a challenging subject in contemporary education. Students often find it
difficult to understand physics [1]. One of the reasons is the abundance of mathematical formulae
and concepts that are considered to be false [2]. The study of physics should give room to the
creativity of students [3]. Minimal interest in physics affects the difficulty of students developing
understanding because they don’t take lessons well. So from that, educators should be able to
cultivate students’ interest in physics. Students will understand the material more easily if they are
interested in studying it. Educators need to master the material, understand the core concepts, and
the best way to teach them [4]. Conventional methods centered on teachers boring students. For
that, a pleasant learning medium is needed [5]. The best way to attract a student’s interest in
learning is to take advantage of what’s most in-demand, like games. Although many are still
skeptical of this, technology depends on its users [6]. If used wisely, games can boost the
enthusiasm and interest of students in learning physics. Thus, the knowledge that is to be passed on
can be well received.

Educational games have the primary purpose of helping students receive material well, not
just entertainment [7]. Learning and teaching are interrelated; learning depends on the recipient, and
teaching on the teacher [8]. If the teacher uses the game wisely, the students will be easier to absorb
the material delivered. Games make the learning process more interesting and interactive so
students don’t get bored quickly. Games can also trigger curiosity and challenge students to solve
problems, not just listen to boring lectures. The game raises the hypothesis and the best action in the
interests of the player [9]. It supports a better learning process. According to [10], games provide
direct feedback that allows learning to be more effective by increasing fidelity and in-depth
experience. Integrating games into physics learning that is considered boring can have a huge
impact. Students tend to love games and addiction to them. The combination of both makes physics
more attractive so that matter is more acceptable. The more senses are involved in learning, the
better absorption and material retention [11]. Students will be motivated to try the challenge of
teachers to develop an understanding of physics.

The use of games in physics learning potentially increases students’ interest, involvement,
and understanding of the material, thereby creating a more attractive and effective learning
environment. Therefore, a deep understanding of the use of games in physics learning is required by
analyzing the consistency of previous research. One way that can be used is bibliometric analysis.
Bibliometric analysis applies mathematical and statistical methods to evaluate scientific
publications, so it can identify research trends [12]. Benefits of bibliometric analytics include being
able to visualize trends in research, international collaboration and authorship, research keywords,
as well as future research recommendations [13]. Therefore, bibliometric analysis research methods
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are essential to evaluate previous research results and provide consistent validation of findings. The
use of bibliometric analysis can provide in-depth insight into the use of games in physics learning.

Bibliometric analysis has been done on a wide range of topics such as Virtual Reality (VR),
Augmented Reality, and Physical Activity (PA) [14]; patents and scholarly publications from cross-
disciplinary projects [15]; augmented reality in physics education [16]; power analysis [17];
Academic coaching [18]; Situational interest [19]; Islamic counselling [20]; Digital transformation
[21]; mobile learning adaptation [22]; mathematical creativity [23] Community engagement [24];
Accreditations [25]; Preschool literacy [26]; Virtual reality in nursing [27]; Journal of special
education technology [28], and emerging adulthood [29]. Some bibliometric researches use
software such as R Studio, Vosviewer, and SainsMath to analyze data [12, 13]. RStudio with
biblioshiny package is often used due to ease of operation and analytical features such as
collaboration writer, country, trends, mapping, and keyword. In addition to RStudio, VosViewer is
also useful in deepening analysis. The combination of these two software will give rise to a
comprehensive trend analysis. Although there is a lot of bibliometric research on physics, special
analysis related to the use of games in physical education has not been done much. Therefore, the
study aims to carry out bibliometric analysis using the RStudio features to provide a deep
understanding of the publication characteristics, research productivity, collaboration, keywords, and
recommendations for further research related to this topic.

Method

The purpose of this research is to look at research trends using bibliometric analysis.
Bibliometric is an analysis approach that aims to explore opportunities and identify trends in
research development through quantitative analysis of scientific literature and publications [30].
This research focuses on developing trends in research on the use of games in physical education.

Figure 1. Bibliometric Research Stream

Stage 1: Search Criteria ‘ Stage2: Database
_Keywords: : Selection Scopus
“Game, Physics Database
Education™ ‘ :

Stage 3:Data ’ S;;:gle{i Data
: Analysis
Collection - ;
e Software: R studio
n= 123 docum ents ’ £ Vosciower

Description the

Stage 5: Result
Analysis

The research began with a search using the keywords “Game” and “Physics Education” in
the Scopus database, which produced as many as 125 articles that were then prepared for further
analysis using tools such as RStudio and VVosViewer. Through the analysis process, researchers can
interpret emerging research trends and conduct keyword groupings to present a comprehensive
picture of the relationship between games and physical education. The results of this analysis are
expected to provide valuable insights into developments and focus of research about the integration
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of games in physics education.

Results

General Characteristics of Literature

Game research in physical education showed the general characteristics listed in Table 1. In
the Scopus database, as many as 125 articles were identified after setting the appropriate search
criteria. The number of researchers discussing this topic was 312; the average citation per article
was 12.23; the percentage growth rate of publication was 4.71%; the median citations per article
were 12.23; and the average age of an article was 8.92.

Table 1. Main Information

Description Results
Main information about data

Timespan 1973:2023
Sources (Journals, Books, etc) 63
Documents 125
Annual Growth Rate % 4,71
Document Average Age 8,92
Average citations per doc 12,23
References 3754
Document contents

Keywords Plus (ID) 390
Author’s Keywords (DE) 272
Authors

Authors 312
Authors of single-authored docs 28
Authors collaboration

Single-authored docs 29
Co-Authors per Doc 2,86
International co-authorships % 8,8
Document types

article 83
book chapter 6
conference paper 33
letter 1
note 2

Annual Scientific Production

The results of the research show that the first article on games in physics education has been
published a long time ago, in 1973. However, research on this topic did not experience significant
improvement until 2000. The annual scientific production of Game research in physical education
began to increase significantly in 2002. Figure 2 shows the annual publication on this topic.
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Figure 2. Annual Scientific Production of Game Research in Physics Education
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Table 2 shows the ten most influential countries seen from the number of quotations and the
average quotation of their articles. It was found that the United States was the most influential
country in game research in physical education.

Table 2. Ten Countries Most Influential in Game Research in Physics Education

Country TC Average Article Citations
USA 462 17,80
China 183 22,90
United Kingdom 40 8,00
Chile 35 35,00
Netherlands 33 16,50
Australia 25 25,00
Philippines 23 5,80
Norway 21 10,50
Canada 20 20,00
Greece 20 20,00

The Most Influential Journal

Table 3 lists the top ten Game research journals in physics education based on index-h of
articles published in related journals. The h index is more effective in predicting future scientific
achievement than other metrics such as the total number of citations, average citations per paper,
and total papers [31]. In addition to index-h, index-g, and index-m, the number of quotations (TC),
the number of publications (NP), and the first year of publication (PY-Start) are also shown in
Table 3.

Table 3. Sources’ Local Impact

Journal h- g- m- T N PY_star
index index index C P t
Computers and Education 10 11 0,714 57 11 2011
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The rankings of journals according to Bradford law are listed in Table 4. Bradford’s law
analyzes based on the distribution of a publication in the entire journal environment [32]. The
frequency of publication of each source in game research in the field of physics education is ranked
from the highest to the lowest. The journals in the first zone are described as the most influential
sources in Bradford's law analysis. Table 4 lists the most influential journals according to this

analysis.

Table 4. Bradford’s Law

Journal Rank Freq cumFreq Zone
Physics Education 1 15 15 Zone 1
Physics Teacher 2 15 30 Zone 1
Computers And Education 3 11 41 Zone 1
Education Sciences 4 4 45 Zone 1
Physical Review Physics Education Research 5 4 49 Zone 2
Proceedings - Frontiers In Education Conference, Fie 6 4 53 Zone 2
Education And Information Technologies 7 3 56 Zone 2
Educational Technology Research And Development 8 3 59 Zone 2
IEEE Global Engineering Education Conference, Educon 9 3 62 Zone 2
Journal Of Baltic Science Education 10 3 65 Zone 2

The Most Influential Article

The most influential core articles in gaming research in the field of physics education are the most
cited by other research, reviewed by the Global Citation Score (GCS) and Local Citations Score (LCS).
Quotation is an important foundation for status and success in the scientific world [33]. The GCS shows the
total number of quotations from around the world received by the article, while the LCS gives an overview
of the extent to which the article is cited at the local level or within a particular research network. Table 5

presents the top ten articles based on GCS and LCS.

Table 5
Most Global Cited Documents and Their Local Cited

Referen
ces

DOI Source

GC LC
S S
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Referen DOI Source GC LC
ces S S
[34] 10.1103/PhysRevSTPER. Physical Review S_pecial Topics - Physics 182

3.020101 Education Research
[35] 10.1016/ J.cSo(r)nOp7edu.2011.0 Computers & Education 123 3
[36] 10.1016/ J.%ognlpledu.2016.0 Computers & Education 93 ©
[37] 10.1016/ J.c7o(r)n0p9edu.2015.0 Computers & Education 70 3
[38] 10.1016/ J.%o(r)nopledu.2015.0 Computers & Education 69 2
[39] 10100;%?; 6-013- Journal of Science Education and Technology 66 4
[40] 10.1016/ J'Clo (r)nopzedu.2014.0 Computers & Education 64 3
[41] 10.1016/ J.%o$p2edu.2017.0 Computers & Education 64 1
[42] 10'100;/2323%3 6-010- Journal of Science Education and Technology 54 2
10.1088/0031- : .
[43] 9120/48/4/431 Physics Education 41 0

The Most Influential Authors

The most influential core writers or writers in game research in the field of physics
education related to their index-h can be seen in Table 6. Based on the results of analysis, Rahimi
S. and Smith G. are the most influent writers with the highest index-H and index-g.

Table 6. Authors’ Local Impact

Element h-index g-index m-index TC NP PY-start
Rahimi S. 5 6 1,25 75 6 2021
Smith G. 5 6 1,25 75 6 2021
Kuba R. 5 5 1,25 73 5 2021
Shute V. J. 4 4 0,4 164 4 2015
Dai C-P 3 3 0,75 56 3 2021
Shute V. 3 4 0,75 50 4 2021
Yang X. 3 4 0,75 39 4 2021
Andres J. M. L. 2 2 0,2 4 2 2015
Barnett M. 2 2 0,143 120 2 2011
Clark D. B. 2 2 0,143 187 2 2011

We also analyzed the affiliation of the authors on this topic. Figure 3 shows the most active
affiliates reviewed by the authors. Florida state university has become the most productive affiliate,
far more than any other affiliate.

Figure 3. The Ten Most Active Affiliates
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NOTREPORTED D —

Articles

Research Groups Based on Keywords

Further, the researchers used VVosViewer in mapping research groups and keyword
innovations.

Figure 4. Network Visualization (Keyword Occurance > 3)
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From VosViewer’s findings, there were five clusters that the researchers named after their
grouping.

Table 7. Keyword Grouping

No  Cluster colour Cluster name Keywords

Computer aided instruction, computer games,
digital game-based learning, digital game, e-
learning, eye-tracking, game based learning,

Digital Game Based

1 Red Physics Learning
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No  Cluster colour Cluster name

Keywords

Game-based physics
learning and
interactive technology

2 Green

Physics Learning
Through Game
Education: Physics
Playground
Physics Learning
Through Games:
Integrating Affective
State and Engagement
Interactive Simulation
for Physics Education
in Learning
Environments

3 Blue

4 Yellow

5 Purple

individual differences, learning environments,
student learning, students
engineering education, game development,
interactive computer graphics, newtonian physics,
physics education, serious games, software design,
teaching, virtual reality, virtual worlds

educational game, educational games, knowledge
acquisition, learning supports, learning systems,
motivation, physics playground, teaching physics

affective state, education, engagement, game,
learning, mechanics, physics

computer simulation, education computing,
interactive learning environment, secondary
education

Source: VosViewer

Research Novelty

Overlay Visualization shows the novelty of keyword usage [44]. Figure 5 shows overlay

visualization on this topic.

Figure 5. The Overlay Visualization

virtualgworlds

game deyglopment
virtualipeality

physics @ducation

newtoniap physics

- interactive computer graphics

engineeringjeducation

@ seriougigames

sru@nts

affectiye state

learping

edugion

physics
game

eye-tracking

mechianics

%, VOSviewer

Discussion

& educatiofjomputing o d

secondaryeducation

learning supports
physics playground

knowledge acquisition

studentlearning
learning emyironments

game-based learning

computer games

motivation

learpingsystems

computer aidg instruction

digital game-based learning

teachingiphysics

e-leagning

digitalgames

2014 2016 2018

Stable Development and Potential Sustainable Impact

The annual growth rate of publications in search datasets was found at 4.71% which
indicates that the number of scientific publications on this field is increasing steadily every year,
although not in large numbers. The average number of citations for the article was 12.23, which
indicates that the publication in this dataset has been highly cited and influential. The average age
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of article in the datasets is 8.92 years which indicates that most publications are contemporary and
state-of-the-art literature that is relevant for review. Overall, this descriptive analysis indicates that
this dataset is a good representation of cutting-edge research developments in game topics in
physical education. This data set is dominated by influential new publications that are actively cited,
thus providing a strong basis for future researchers to research this topic.

From the Emergence of Ideas In 1973 to A Significant Increase in The Early Millenium

The results showed that the first article on games in physics education had been published
long ago, in 1973. This indicates that the idea of using games for learning physics has been around
for decades. However, research on this subject did not experience significant improvement until the
year 2000. The application of games in physics learning was relatively stagnant for several decades
before entering this millennium. This sharp increase indicates that the use of games in physics
learning has begun to gain significant attention from researchers and educators since the early
millenniums. The findings describe the historical development of game research in the context of
slow physical learning initially but accelerated in the last two decades. Forward projections suggest
that research on this topic will continue to show a steady growth trend. The findings of several
meta-analysis studies confirm that the use of games has a significant positive impact in the context
of learning [45]. With these findings, it is foreseeable that interest and focus in exploring these
concepts will continue to increase along with a deep understanding of the benefits of integrating
games to improve the learning process.

Domination of Developed Countries, Challenges, and Opportunities for Cross-

Continental Collaboration

The most influential countries in the publication of this topic are dominated by the countries
on the continent of Europe, followed by the Americas, Asia, and Australia. Research and scientific
publications related to this topic still dominate the developed countries in Europe and America.
Nevertheless, the contributions of the countries in Asia and Australia also deserve to be taken into
account. The findings are in line with the general pattern of global scientific productivity that is still
dominated by Western countries. However, some countries in Asia have begun to experience
increased scientific productiveness in recent decades. Contributions from Asian countries will likely
increase in the future. On the other hand, increased collaboration with researchers in Africa is
needed to provide new perspectives and insights into this topic. The African continent has so far not
contributed much to global scientific publications. This is one of the causes of the limited resources
devoted to research and development (R&D) activities [46]. With the involvement of researchers
from Africa, new innovations and breakthroughs are expected to be born that will enrich the world’s
science. Inputs from a variety of geographical and cultural backgrounds are essential to enrich
insights and innovations in the development of science. Cross-continental and cross-cultural
scientific collaboration is essential to ensuring the progress of science that is inclusive and
beneficial to all mankind. Scientific collaboration is an important mechanism that enables the
integration of less developed countries into research activities [47]. The involvement of various
tribes, backgrounds, and perspectives will further enrich and accelerate the development of science
in the future.

Domination of Computers and Education, Challenges, and Discharges for the Physics

Education Base Journal

Computers and Education have the highest index-h among the most influential sources in-
game research in the field of physical education. This is mainly due to the focus and scope of this
journal which is relevant to computer and technology topics in education, including games. The
index-g shows the quotation performance of the most read articles, where Computers and
Education also lead. The total quotation score (TC) of each journal marks the overall impact, where
this journal is ranked first as well. Overall, based on a variety of such bibliometric indicators,
Computers and Education is the most influential journal in the study of games in physics education
research.
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Computers and Education does have the highest rank in a variety of bibliometric indicators
for game topics in physics education. In the future, journals that focus on the field of physical
education need to play an active role and make significant contributions to this topic. The study of
physical education requires publication in journals that target the community of physics educators
and researchers specifically. Publications in applied journals in general education such as
Computers and Education are not enough to build a foundation of knowledge in the field of
physical education itself. For that, researchers on this subject need to actively publish their findings
in the core journal of physical education. With increased publications in reputable journals of
physics education, it is expected that there will be a transfer of knowledge and insight between
researchers of physical education and physics teachers. This in turn can improve the quality of
research and practice physics learning in the field through an empirical-based approach. Therefore,
the active contribution of the core journal of physics education is essential to advance the game
topic in physics learning forward.

Physics education journals like Physics Education and Physics Teacher rank second and
third. This suggests that there is actually a great interest in publishing game research in physics
learning in the core journals of physics education. The current trend that is still dominated by
educational technology journals may be due to the greater focus of research on game development
itself, not yet dominated in its impact on physics learning or students. Therefore, researchers in the
field of physical education need to take a more active role in directing this research to focus more
on the pedagogical aspects and their impact on physical learning outcomes. Thus, the contribution
of physics education journals to the topic of games in physics learning is expected to increase in the
future.

Content Analysis of the Most Cited Articles: Game Technology Innovations in

Influencing Understanding of Physical Concepts, Student Motivation, and Learning

Outcomes

The most cited first-order paper was written by Tuminaro and Redish in 2007 [34]. This
article talks about cognitive models in solving physical problems, especially focusing on the idea
of epistemic games that affect the way students deal with physical problems. It was found that
students often use an epistemic game framework that limits the resources they use in a particular
task. The research also identifies differences in problem-solving approaches between experts and
beginners, as well as how unexpected messages can be delivered to students through the teaching
methods used.

The second most cited paper was written by Clark et al. in 2011 [35]. This article deals
with the use of digital games with integrated concepts, combining popular game elements with
formal physical representations and terms, to help learn Newton’s mechanics. The study used the
game “SURGE” in high school students in Taiwan and the United States. The results show an
increased understanding of Newton’s mechanics, measured with the Force Concept Inventory, and
a high level of motivation. Despite this, there are some shortcomings such as the variation of
completion time and the tendency of some students to ignore the help of physics. Research
recommends further development on a more sensitive assessment of student understanding
relationships, deeper learning support, more engaging interface design, and the development of
reward systems in line with learning goals. Although there are still challenges in design aspects,
these digital games demonstrate the potential to support students’ understanding of core science
concepts.

The third most cited paper was written by Tsai et al. in 2006 [36]. This article discusses the
use of eye-tracking technology to explore the visual behavioural differences between high-
performance and low-performing gamers in the context of game-based learning (GBL). This study
found that low-performance gamers divert more visual attention to the components and conceptual
representations in the game. These patterns of behavior indicate students having difficulty
understanding concepts. While high performance players show better visual attention control in
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multitasking and more efficient text reading strategies in GBL, as well as experiencing higher
levels of flow in control and concentration aspects while playing games. This research
recommends further research to develop more sensitive assessment elements to measure
incremental learning in GBL, integrate scaffolding support and visual signals to help students
associate intuitive and formal understanding, conduct sequential analysis of visual and
manipulative behavior of players in games, and explore possible relationships between all aspects
of flow measurement and eye-tracking in different GBL contexts.

The fourth most cited paper, was written by Kim and Shute in 2015 [37]. This article
discusses how changes in the play sequence of a game, called gameplay sequence linearity, can
affect the quality of judgment (such as validity, reliability, and fairness), learning, and pleasure in
the context of game-based testing. This study compared two versions of the same Physics
Playground except in its gameplay sequence. The results suggest that changes in game sequence
can affect the way players interact with the game and the strength of evidence from the
measurement in the game, which in turn affects the validity of the judgment. Although there were
no significant differences in learning between the two conditions, only players on the nonlinear
version showed improved understanding of physics qualitatively. There was no significant
difference in pleasure between the two versions. These findings show the importance of testing
various design principles in the development of future game-based judgment.

The fifth most cited paper, written by Shute et al. in 2015 [38]. This article discusses the
relationship between incoming knowledge, persistence, affective states, in-game progress, and
consequently learning outcomes for students using the game Physics Playground, an educational
game. This study uses structural equation analysis to test the relationship between these variables.
The results showed that pre-test scores and student performance in games significantly influenced
learning outcomes. Performance in games can be predicted by data pretest, frustration, and
engaged concentration. The findings also revealed the existence of two indirect paths from engaged
focus and frustration to learning, via the in-game progress measure. The research emphasizes the
importance of emotion and perseverance in shaping learning outcomes, as well as the need to
design effective learning support in a game context.

The focus of the discussion on the five most cited articles involved cognitive models, game
design, eye-tracking technology, gameplay sequence linearity, and student emotional factors. This
research consistently explores how technological innovation in games can influence the
understanding of physical concepts, student motivation, and overall learning outcomes in the
context of physical education. Increases in the development of in-depth teaching methods,
attractive interface designs, and reward systems in games that match the learning objectives
became the crucial focus. To improve student understanding, it is necessary to carry out future
research related to assessments that are responsive to variations in student understanding.
Furthermore, further exploration of the optimum design principles for game-based tests will
provide valuable insights for research contributions to this topic.

Influence And Potential of New Researchers

Although still new in the world of publication by 2021, Rahimi S. and Smith G. managed to
significant influence in this topic by acquiring a high h-index. The H-index shows a combination of
research productivity and the impact of the situation, giving an indication that their scientific
contributions have been noticed and appreciated by the research community. These achievements
show their potential to become leaders in this field over time, and their research results can be a
substantial contribution to the development and understanding of such topics in scientific literature.
Researchers can further explore new aspects or innovative approaches to understanding the role of
games in physical education. Further researchers do not need to feel hindered by the time of their
introduction to the world of publication, as the high h-index acquisition suggests that success can be
achieved without relying on long publication experience starting in a given year.

Challenges and Potential for Inter-Affiliate Collaboration
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Florida State University became the most productive affiliate, standing out from other
affiliates. This may indicate that the institution has a speciality or a deep research focus on this
topic. These findings may stimulate further researchers to be able to explore more intensive
collaborations with the institution or other institutions. Expanding cooperation with various
affiliates can bring many diverse perspectives, both geographically and culturally, which can
complexly enrich research on the topic of games in physics learning.

Research Groups Based on Keywords

Research group analysis is seen from network visualization (See Figure 4 and Figure 7). In
the context of the red cluster, physics learning uses a variety of technologies such as computer-
aided instruction, digital game-based learning, and e-learning to create an interactive and enjoyable
learning environment. The use of computer games and digital games in physics learning can
enhance student engagement and facilitate understanding of complex physical concepts through
practical experiences and virtual simulations [48]. Elements such as eye-tracking can also be used
to monitor student attention and understanding during the learning process, providing valuable
information to teachers to optimize instructional design. The importance of understanding
individual differences in learning physics using game media creates opportunities for personalized
approaches in instructional design [49]. Each student has a unique learning style and needs, and
game-based learning can be customized to accommodate these variations [50]. Thus, the cluster
summarizes various aspects that create an interactive and adaptive learning framework that utilizes
technological excellence to enhance students’ understanding and achievement in studying physics.

In the context of “Game-based Physics Learning and Interactive Technology”, engineering
education, game development, interactive computer graphics, and Newtonian physics unite to form
a learning paradigm that combines technical expertise with in-depth physical concepts. Through the
application of virtual reality, software design, and virtual worlds, learning physics becomes more
dynamic and allows students to experience physical concepts in an enticing simulation environment
[51]. By bringing these aspects together, physics learning not only becomes more interactive and
enjoyable, but also provides an opportunity for students to develop technical skills, understanding
of physical concepts, and software design expertise, creating a unique balance between science and
technology expertise.

In the cluster “Learning Physics Through Game Education: Physics Playground”,
educational games became a major focus in supporting the acquisition of knowledge of physics.
Physics Playground creates an interactive environment that blends educational elements with games
to provide a learning system that supports physics learning [52]. Through a variety of educational
games, students not only gain an in-depth understanding of the concepts of physics, but also feel a
high motivation to learn because of the entertaining game atmosphere [53]. Thus, this cluster
creates an exciting learning ecosystem and blends the excitement of play with educational purposes,
providing a profound and meaningful physical learning experience for students.

In the concept of “Learning Physics Through Games: Integrating Affective State and
Engagement”, physics learning not only focuses on cognitive aspects, but also considers the
influence of affective states or emotional states of students as well as their level of engagement in
the learning process [54]. By integrating exciting game mechanics, physics learning becomes more
interactive and in-depth, enabling students to engage actively in the exploration of physical
concepts [55]. The combination of the game elements and the purpose of physics learning creates a
learning environment that builds positive affective states, increases student engagement, and
ultimately strengthens the learning process [56]. Thus, this cluster emphasizes the importance of
understanding and leveraging the emotional aspects and student involvement as key elements in the
effectiveness of games as a physical learning medium.

In the cluster “Interactive Simulation for Physics Education in Learning Environments”,
computer simulation becomes the main focus as an interactive physical learning tool. The
application of computer simulation in physics learning at the secondary education level creates a
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challenging and exciting learning environment for students [57]. Computing education plays a
central role in utilizing technology to provide a more in-depth and practical learning experience,
while ensuring that the interactive learning environment provides appropriate support for the
development of students’ understanding of physics. This approach is relevant in the context of
secondary education, where computer simulation can present physical concepts more concretely and
understandably [58]. Interactive simulations not only increase students’ appeal to physics learning
but also enable them to conduct virtual experiments and understand physical phenomena in a safe
and controlled way. This cluster creates synergies between computer simulation, education
computing, and interactive learning environments to improve the quality of physical learning at the
secondary level through innovative approaches and supporting technologies.

Keyword-Based Search Innovations

Bright colours on keywords such as learning supports, knowledge acquisition, and eye-
tracking reflect significant shifts in physics learning approaches through games. Learning supports
emphasizes the importance of providing assistance and guidance to students in dealing with the
challenges of learning physics. In the context of game-based learning, this leads to the development
of mechanisms that support comprehension of complex physical concepts and provide guidance
when students experience difficulties. Knowledge acquisition, as another bright keyword, describes
an increased focus on the process of student knowledge acquisition through games. Through the use
of interactive technology in games, students are not only asked to remember physical facts, but also
to understand and apply such concepts in real-life situations. Meanwhile, eye-tracking highlights the
use of technology to monitor students’ eye movements during interaction with the game, providing
valuable insights into their focus of attention. By leveraging discussions on learning supports,
knowledge acquisition, and eye-tracking approaches, this approach creates an adaptive, inclusive
learning environment, and provides a deep understanding of physical concepts through play.

Conclusion

Based on bibliometric analysis, research into the use of games in physics learning showed a
relatively slow development at first, but a significant increase since the early 2000s. This indicates
the potential positive impact of game integration that is increasingly recognized by researchers and
physics education educators. Researchers from developed countries such as the United States and
Europe dominate publications on this topic. However, countries in Asia and Australia are also
beginning to make significant contributions. Cross-continental collaboration is important to provide
a broader perspective. The main journal that publishes the most articles on this topic is Computers
and Education. However, core journals in the field of physical education such as Physics Education
have also been actively publishing related research. The most widely cited articles consistently
explore the use of games and interactive technologies to enhance students’ understanding of the
concepts, motivations, and learning outcomes of physics. Five main keyword clusters reflect
various approaches in applying games to physics learning, including digital game-based learning,
virtual reality, educational games, affective state, and computer simulation.
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YJITEPIMI TOMEH OKYIIBIJIAPMEH KYMBICTA BAJJAMAJIBI
QJIICTEMEJIEPI KOJIIAHY

Angarna. Ka3ipri MmexrenTe Heri3ri MiHAeTTepAiH Oipi, OKYUIbIIApbIH YIArepIMiHIH KOFapbl
JIEHreire MIBIFYbIH KAMTaMachl3 €Ty OO0JIbIN TaObLIabl JKOHE JI€ YHEMI KYHI-)KIrepJi KakeT eTel.
Byn wmocene ¢u3nMka CHSAKTBI JKapaTbUIBICTaHY OAaFBITBIHIAFBI TOHAEpPre KarbicThl. Du3uka
cabaKkTapelHa KYpJIENli TEOpUs FaHa eMecC, COHBIMEH KaTap IKCIEPHUMEHTTEp XKYPTidy, ecenTepi
HIbIFapy Kipesi.

O®u3nka cabakTapblHAa MaTepuaNJbl THIMIIPEK Wrepy YIOIH OKYUIBUIAPIBIH KOFaphbl
KOHIICHTPAIUSACHl KaXeT. OKIHIMIKE oOpald, IOCTYpJi MEKTenTe OyJI YINIH OpJalbIM Karmaan
xacanMaiapl. bapiblK OKyLIbLIapAbIH, Scipece apTTa KaJlFaHAapAblH Ha3apiapblH ayJapyblH KUbIH
€KEHIH €CKEpEe OTBIPHII, Ca0aKTaH THIC )KYMBICTAp/bl OTYIH KOJFa adyblH ICKE achIPYbIMBI3 KaXKeT.
JlocTypai xyie OyJ1 OKyIIbUIApABIH KOKETTUIIKTEPIH KaHaFaTTaHIbIPMayFa KoHE OJapJIblH OKyFa
JIeTeH BIHTACHIH apTThIpMayFa bIKIAN e€TIeyl MyMKIH.

Bbyn sxymbicTa (hpru3mKa moHI OKBITYBIHA Ca0aKTaH ThIC cabaKTapbhIHAa OalaMalibl OKBITY 9IICi
YCHIHBUIFAH, OJ1 JIOCTYPJII OKBITY JKYHECiHE COTTI €HIl, yiArepiMi TOMEH OKYIIbLIAPAbIH
MOTHBAIUACHI MEH YITepIMiH e1oyip apTThipaabl. OKy yirepiMinae KUbIHIBIKTAPhI )KOK OKYILbLIAP
YIIIH YCHIHBUIFaH TEXHUKA (PU3UKA [IOHIHE JIETeH KbI3BIFYIIBUIBIKTHI OJIaH opi bIHTAJIaHIbIPaIbl.

balamanbl OKBITY TEXHHMKAChIH KOJIIaHy ce0ebi yirepiMi TOMEH OKYIIbLIapAblH (H3UKa
MIOHIH TYCIHYTe )KOHE OKYFa JIeT€H bIHTACHIH JKETUIAIpyre OalanbICThl. byt syMbICTa apTTa KajiFaH
OKyUIbLJIApFa aca Ha3ap ayJapbUIFaHAbIKTaH, Oamamainsl oaictep ¢pusrka OOMbIHIIIA MaTEpUAIAAPAbI
YHpEeHyre )KoHe UTepyre KOJIaiIbl XKaF1ai kacayra MYMKIHAIK Oepeai. bys TexHonorusiia noctypai
omictep THIMCI3 OOJIBIN IIBIKKAHIBIKTAH apTTa KajdFaH OKYIIbUIAPABIH SJEYeTiH TOJIBIK allyFa
MYMKIHJIIK OEpeTiH CTaHIaPTThl €MEC TOCUIACP KEHIHEH KOJIaHbLIAbI.

By 3epTreyiH ©3eKTLTIr: opTa MEKTENTe apTTa KAJIFaH OKYIIBIJIAPMEH KYMBIC iCTey dJIicTepi
MEH JJICTepiH d3ipiey mpobiieMackiHa OalmaHbICThl. Ka3ipri yakbITTa HEri3ri 9MICTep JAaMYyIIbI
OKBITYMEH OaiilaHbICThI, OipaK Oanamalbl TEXHOJIOTHsIIAp OapraH cailblH MaHBI3IbI 00ya TyCyne.
banamanbl TexHoOrUANapABIH cabakTaH THIC ca0akKTapla KOJJAHYIbIH apThIKIIBUIBIFBI-0Jap IbIH
JOCTYpJIl OAICTEpJIeH achlll KeTy KaOuleTi, ajd apTTa KalfaH OKYLIbLIapAblH YITepiMiH COTTI
apTThIpy OOJBIN TaOBUIAABI. 3aMaHayH YpIiCTep MeH HUdPIaHIbIpYyAbl €CKepe OTHIPHIN, OamamMabl
TEXHOJIOTUSIIAp TEpCHEeKTUBAJIapabl yoJe eTeli JKOHE CHIHBINTApAarbl YITepiMAl apTThIPY
MakcaThIH/Ia OICTep/Al TaHJay YIIiH KE€H OpICT1 YChIHA/bI.

byn 3eprreyniH makcaThl JOCTYypili MEKTEN JKyileciHe OHail €HeTiH MeKTenTeri (u3nka
ca0aKTapblHJa apTTa KaJFaH OKYUIBUIAPMEH JKYMBIC ICTEY YIIIH 3aMaHayH Oanama OKBITY 9JiCTepiH
YCBIHY OOJIBITI TAOBLIAIBI.

MakcaTka KeTy YIIIiH Keleci MiHAETTep KOUBLUI/IbI:

Bbanamanbl OKpITY TEXHOJIOTUSIIAPBIHBIH JOCTYPIIi TEXHOJIOTUSUIApMEH YHIECIMILTITIH Tanaay.
JlocTypili MEKTel >KyHeciHe COTTI €HEeTiH >koHe Oip cabak aschlHIa KOJIJaHyFa OOJIaThIH apTTa
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KaJIFaH OKYIIIbUIapFa OalaMaibl OKBITY SJICTEPIH d3ipIiey.

ApTTa KajfaH OKYIIBIJIAPMEH O3IpPJICHTeH OJICTepi KOJIaHA OTBIPHIM, IEJarOTHKAIIBIK
AKCIIEPUMEHT KYPTri3y, HOTHXKENIEP/l Talaay KoHe Oamama oicTepaiH ASCTYPJIl MEKTeN KyheciMeH
yiJIeciMIIUTIrT KOHE OJapAbIH apTTa KajlFaH OKYHIbUIAp YIIIH THIMIUIICT Typajibl KOPBITBIHIBI
xKacay.

3epTTey HBICAHBl apTTa KaJIFaH OKYIIBUIAPJBIH YATEPIMIH apTTHIPY MakcaThiHAa OaraMalnbl
OKBITYIBIH 3aMaHayd ONICTepIH IOCTYpii Kyiere OipikTipy Oousibim TaObuiazbl. 3epTTey MoHI
JOCTYPIIl MEKTENTEe OajlaMaiibl OKBITY OMICTEPIHIH WHTETpamus J9peskeci OOJBIN TaObLIaabl, OyII
onicTepAl KoJaHap albIHIA KOHE OJaH KeHiH apTTa KalFaH OKYIIBUIAPJABIH YITEpIMiH Tangayra
HET13/IeNITeH.

3epTTey omicTeMeci Kazipri TeHISHIUsJIapFa COWKeC KeJIeTiH OajlaMa OKBITY OJICTepiH
o3ipyieyl KoOHE oJapAbl E€HII3TeHHEH KeWiH (u3uka cabaKkTapblHIAa MaTepuaijibl MEHIrepyal
Tangayapl KAMTHIBL.

3epTTeyaiH KaHAIBIFBI OUTIM Oepy >KYHMeCIHJeri Kasipri TeHACHIMsUIapFa COMKeC KeJETIH
Oanamalibl OKBITY 9/IICTEPIH YCBIHY JKOHE OJIap/ibl AOCTYPJIl MEKTEN JKar/JalbIH/Ia ChIHAKTaH OTKI3y
Oonbin TaObutagbl. byn omapaslH gscTypiai OutiM Oepy »KyieciMeH YHIECIMAUIINiH KoHE apTra
KaJIFaH OKYILbUIAp YIIIH TUIMIUIITH OaFanayra MyMKIHIIK Oepel.

KinT ce3nep: ¢dusuka, okpITy, Oasiamansl, 3epTTey, TEHACHITUS, JOCTYPII KYile.
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IIpumeHeHMe aJIbTEPHATUBHBIX METOMK B padoTe ¢ MAJI0yCHEeBAIOIIMMH YYALIUMHUCS

AHHOTauMsl. B COBpeMeHHOH IIKOJIe OJHOM W3 OCHOBHBIX 3a/iau sIBISETCS oOecredeHue
BBIXOJIa YYAIllUXCS Ha BBICOKHH YPOBEHb YCIEBAEMOCTH U TPeOYeT MOCTOSIHHBIX YCWJIMH. DTOT
BOIIPOC KacaeTcsi MPEJMETOB eCTCCTBEHHOHAYYHOI'O HAIPABICHUs, TaKUX Kak (u3MKa. YPOKH
(GU3MKK BKIIIOYAIOT HE TOJIKO CIIOKHYIO TEOPHUIO, HO U TPOBEACHUE DKCIICPUMEHTOB, pEIICHHUE
3ajay.

s G6onee 3¢ppekTUBHOrO yCcBOGHHS MaTepuala Ha ypokax (pU3MKH HEOOXOJMMa BBICOKAs
KOHIICHTpanus yJdamuxcs. K coxxaieHuto, B TpaJMIIMOHHON IIKOJIE I 3TOT0 HE BCET/Ia CO3IAI0TCSI
yCIOBUS. YUHUTHIBAs, YTO BCEM Yy4YEHHKaM, OCOOEHHO OTCTAIOIIUM, TPYAHO oOpaliaTth BHUMaHHE,
HEOOXOJIMMO pealin30BaTh YMEHHUE IPOBOJHWTH BHEYpOuHYI0 paboty. TpamuimoHHas cuctema
MOJKET HE CIOCOOCTBOBATH TOMY, YTO ATH y4alllMecs HE YAOBJIETBOPSIOT CBOM MOTPEOHOCTH M HE
MOBBIIIAIOT UX MOTUBAIIMIO K 00YYCHHUIO.

B nannoit paboTe mpeacTaBiieH aabTePHATUBHBIN METO] 0Oy4eHHS HA BHEYPOUHBIX 3aHSATHUSIX
mo ¢usMKe, KOTOPBI YCHEIIHO WHTErPUPYETCS B TPAJUIIMOHHYIO CHCTeMY OOy4YeHHs U
3HAYUTENBHO TMOBBINIAET MOTUBAIIMIO M YCIIEBAEMOCTh OTCTAIONIMX ydamuxcs. g yyammxcs, y
KOTOPBIX HET MpoOJieM C yCIeBaeMOCThIO, MpejaracMas TEeXHUKA elle OOJbllle CTUMYIHUPYET
UHTEpeC K pusuke.

[IpyurHa WCHONB30BaHUS aTbTEPHATHBHBIX METOJOB OOyUEHHs CBs3aHa C YIydlIEHUEM
MOTHBAIUH YYAIIUXCS C TUIOXOW YCIEBAEMOCThIO K MOHUMAHUIO U U3ydeHUI0 ¢u3uku. [Tockombky
B JIaHHOW paboTe 0coboe BHUMaHUE yIENseTCs OTCTAIOIIUM YYCHHKaM, albTepHATUBHBIE METOIBI
MO3BOJISIFOT CO3/IaTh OJMArOMPHITHBIE YCIOBHSI TSl H3yYEHUS M OCBOSHUS MaTepuaioB 1o ¢usuke. B
3TOM TEXHOJOTUU IIMPOKO HCTOJIB3YIOTCS HECTaHIAPTHBIE MOJXOJbI, MO3BOJISIIOIINE MOJTHOCTHIO
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PacKpBITh TOTEHIHMAT OTCTAIOIIUX YYalIMXCs, TaK KaK TPaJUIMOHHBIE METOIbl OKa3alHuCh
Hed(ppeKTUBHBIMMU.

AKTyallbHOCTb JJTAaHHOTO HCCIEJOBaHUs OOyClIOBJIE€HA NpoOIeMOil pa3paboTKU METOJOB U
MIPUEMOB PabOTHI C OTCTAIOIIKMMU MIKOJIBHUKAMU B CpeHeH mKkoie. B Hacrosiee BpeMs OCHOBHBIE
METO/IbI CBS3aHBI C PA3BHBAIOIIMMCS 00yUYeHHEM, HO aIbTEPHATUBHBIC TEXHOJIOTHH CTAHOBSTCS BCE
6osiee BakHBIMU. [IperMyIiecTBOM HCIOIB30BAHUS ATBTEPHATHBHBIX TEXHOJIOTUH HAa BHEYPOUHBIX
3aHATHUSAX SIBISETCS WX CIIOCOOHOCTh MPEBOCXOIUTH TPAAWIIMOHHBIE METOJBI, MPH 3TOM YCHEIIHO
MOBBIIIATh YCIIEBAEMOCTh OTCTAIOMIMX YYAIUXCsA. YYHUTHIBasi COBPEMEHHbIC TECHICHIUU U
onn(poBKy, aTbTEPHATUBHBIC TEXHOJIOTUH OOCUIAIOT MEPCIEKTHBB U MPEAIaraiT IMIHUPOKOE OIS
17151 BBIOOpA METOJIOB C II€JIbIO MOBBIIICHUS YCIIEBAEMOCTH B KJIaccax.

Lenp 3TOTO MCCIETOBAaHHUS-TIPEIOCTABUTh COBPEMEHHBIC allbTePHATUBHBIE METOIbI OOYJIECHUS
st pabOTBl C OTCTAIOIIMMHU yYCHWKaMH Ha UIKOJBHBIX YpOKaxX (PHU3HMKH, KOTOpHIE JIETKO
WHTETPHUPYIOTCS B TPAIUIIMOHHYIO IIKOJIHHYIO CUCTEMY.

JUst TOCTIDKEHNS M ObUTH MTOCTABIICHBI CIEAYIOIINE 3a/1auu:

AHanmM3 COBMECTHMOCTH aJbTEPHATHUBHBIX TEXHOJOTHHA OOyYeHHsS C TpPaJUIMOHHBIMU
TexHoJIOTUsIMH. Pa3paboTka anbTepHATUBHBIX METOJIOB OOYUEHHS OTCTAIONIUM YJaAIIUMCS, KOTOPBIE
VCIICITHO HMHTETPUPYIOTCS B TPAAWIIMOHHYIO IIKOJBHYIO CHCTEMY W MOTYT HCIIOJBh30BAaTHCS B
paMKax OJTHOTO YpOKa.

[IpoBeneHne  MEAArOrHYECKOrO0  AKCIEPUMEHTAa C  OTCTAIOIIMMH  yYAIIUMHUCS — C
WCTIOJIb30BAaHUEM pa3pabOTaHHBIX METOJOB, aHAJIW3 pPE3YJbTaTOB M BBIBOJ O COBMECTUMOCTH
AbTEPHATHBHBIX METOJOB C TPAIWIMOHHOW INKOJBHOW cucTeMoil M uX 3(dexTuBHOCTH IS
OTCTAIOIINX YYAITUXCS.

OOBEKTOM HCCIIEOBAHUS SBISETCS MHTETPALMS COBPEMEHHBIX METOIOB AJbTEPHATUBHOTO
00y4eHHsI B TPAJULIMOHHYIO CHCTEMY C LIENbIO TOBBIIICHHS YCIIEBAEMOCTH OTCTAIOIIUX YJalXCsl.
[TpeameTom mccrieoBaHUS SBISETCS CTEIECHb MHTETPAIlMM aIbTEPHATHBHBIX METOZOB OOy4eHHUS B
TPaAUIIMOHHON IIKOJIe, OCHOBAHHAs HA aHAJIN3€ YCIIEBAEMOCTH OTCTAIOUINX YJalIUXCS A0 U IOCTe
PUMEHEHHSI ATHX METOJIOB.

Meromika WCCIENOBaHUS BKIIOYACT pa3pabOTKy albTEPHATHBHBIX METOAOB OOYYCHHS,
COOTBETCTBYIOIIMX COBPEMEHHBIM TEHJICHIIMSAM, M aHAJIN3 YCBOCHHUS MaTepHaia Ha ypokax (hU3UKU
10CJIe MX BHEAPCHUSI.

HoBu3sHoii uccienoBaHus sBISIETCS MPEIOCTABICHUE ATbTEPHATHBHBIX METO/OB OOydYeHHs,
COOTBETCTBYIOIIMX COBPEMEHHBIM TEHJICHIMSM B CHUCTeMe OOpa3oBaHMs, M HMX ampoOamus B
TPaAMIIMOHHON HIKOJBHOW cpesie. DTO MO3BOJISET OLEHUTh MX COBMECTHMOCTh C TPaJUIIMOHHOU
cucteMoit 00pazoBanus 1 A3PHEKTUBHOCTD JJIsI OTCTAIOLIMX YJAIUXCSL.

KaioueBbie ciaoBa: ¢usnka, oOydyeHue, albTEpHATHBA, WCCICAOBAHUS, TCHICHIUH,
TpaaMLUOHHAs CUCTEMA.
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The use of alternative methods in working with underachieving students
Abstract. In a modern school, one of the main tasks is to ensure a high level of student

performance and requires constant efforts. This problem concerns such disciplines of the Natural
Science direction as physics. Physics lessons include not only complex theory, but also conducting
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experiments, solving problems.

In physics lessons, a high concentration of students is required for more effective assimilation
of the material. Unfortunately, in a traditional school, conditions are not always created for this.
Taking into account the fact that it is difficult for all students, especially those who are lagging
behind, to take up extracurricular activities, we need to implement them. The traditional system
may not contribute to not meeting the needs of these students and not increasing their motivation to
learn.

This paper presents an alternative teaching method in extracurricular activities in the teaching
of physics, which successfully integrates into the traditional teaching system and significantly
increases the motivation and performance of lagging students. For students who do not have
problems with academic performance, the proposed technique further stimulates interest in the
subject of physics.

The reason for using alternative teaching techniques is related to improving the motivation of
students with poor performance to understand and study physics. Since the greatest attention is paid
to lagging students in this work, alternative methods make it possible to create favorable conditions
for learning and mastering materials in physics. In this technology, non-standard approaches are
widely used that allow you to fully reveal the potential of lagging students due to the fact that
traditional methods turned out to be ineffective.

The relevance of this study is due to the problem of developing methods and techniques for
working with lagging students in high school. Currently, the main methods are associated with
developing learning, but alternative technologies are becoming more and more important. The
advantage of using alternative technologies in extracurricular activities is their ability to surpass
traditional methods, and successfully increase the performance of lagging students. Taking into
account modern trends and digitalization, alternative technologies promise prospects and provide a
wide field for choosing methods in order to improve performance in classrooms.

The purpose of this study is to provide modern alternative teaching methods to work with
lagging students in school physics lessons, which are easily integrated into the traditional school
system.

To achieve the goal, the following tasks were set:

Analysis of the compatibility of alternative learning technologies with traditional ones.
Development of alternative teaching methods for lagging students that successfully integrate into
the traditional school system and can be used within the framework of one lesson.

Conduct a pedagogical experiment using the methods developed with lagging students,
analyze the results and draw conclusions about the compatibility of alternative methods with the
traditional school system and their effectiveness for lagging students.

The object of the study is the integration of modern methods of alternative learning into the
traditional system in order to improve the performance of lagging students. The subject of the study
is the degree of integration of alternative teaching methods in a traditional school, based on the
analysis of the progress of lagging students before and after the use of these methods.

The research methodology involves the development of alternative teaching methods that
correspond to current trends and the analysis of the assimilation of the material in physics lessons
after their implementation.

The novelty of the study is to propose alternative teaching methods that meet current trends in
the education system and test them in a traditional school environment. This makes it possible to
assess their compatibility with the traditional education system and their effectiveness for lagging
students.

Keywords: physics, teaching, Alternative, Research, Trend, traditional system.
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Kipicne

Kenreren meTenmik xoHe OTaHABIK i3ACHYLIUIEP, FalbIMAAp, NMEAarorrap ©TKeHHIH OWIaphl
MEH NENarorukajblK MypajapblH KaiiTa KapayFa OipHEIle peT OpeKeT >Kacaabl, op KOJbI
Oenrici3aepiH jKaHa «EeCIKTEpiH» alllbIl, aJaM JaMYbIHBIH MaHBI3Jbl CYpaKTapblHA KU1 Kayarl
TanThl. Bi3MiH OWBIMBI3IIA, TEAArOTUKA TAPUXBIHBIH a3 3epTTeNreH OerTepi Oaiama OimiM Oepy
CHSIKTBI KYOBLIBICTBIH JaMybl MEH KaJIbINITACYbIHA KATBICTBI Mceesep 0oubIn Tadbutap! [ 1].

banamansl OimiMm OGepy TEOpHSACHI €KeNri AJyipJe eXenri rpekrep OacTaraH TYMaHHUCTIK
TOCTYPIIEPMEH THIFBI3 OaiJIaHBICTHI.

Exenri moyipne M.M. PyOunmTeitn aiTkanmaii, CoxpaT aaaM pyXbIHBIH TaIllThIpMac
KYHIBUIBIKTApBIH OpHATTBL. O ©3iHIH UIIMIH aJaMHBIH ©3iH-031 Ce3iHyl YIIIH aJaMHBIH IIIKi
xkarmaiibiHa OarbiTTaapl. Conpaii-ak, CokpaT aJlaMHBIH aOCOIOTTI OAUIETTUIIKKE, MEHIPIMIUTIKKE
YKOHE IIBIHJIBIKKA OaFBITTANTBHIH 1K1 JAYBICHI Oap Jen eCenTe/i.

O3 ce3nepiHiH aKUKaThIH Janenjeyre ThIpbichill, CokpaT anamjapra «e3[epiH TaHyFa»
makelpAbpl. OJI OKYZABIH €H JKaKChl JKOJIBI — IIbIHAWBI OUTIMJII alllyFa THIPBICHIN, OKYLIBLIAP]IbIH
KBI3BIFYIIBUTBIFBI MEH JKayan TaOyFa JereH YMTBUIBICBIH KaJblNTacTeipy naen ecemnrteni. [IIbiH
MOHIHZAE, OuliM, OHBIH MHIKIpIHIIE, OKYUIBIHBI ©31H-031 TaHyFa JKeTejeyl Kepek, OyJl OHBbIH
aJaMTepIILTITiH )KaKcapTyFa, IeMEK, COJI Ke3/Ier1 FajIbIMIap YIIIH epeKIne KaKeT 00JiFaH KOFaMHBIH
aJlaMrepIIUTIK HeT13/1epiH HbIFAUTYFa bIKIAI €Tel.

Kaiita epney noyipi rymanuctik [lemarorukanblk uaessiapAblH JaMyblHA alTapibIKTal yiec
KOCTBI. JIonm OCBI Ke3eHJe TYMaHW3M allfalll peT TapuXd CaxHaga MOJIEHH KO3FalIbIC PETIHIE
Ke3KapacTap/pIH OipTyTac xyileci peTinae naiaa 6omaabl. KaHa KO3FanbICTBIH JaMyblHa TaOUFaTKa
JIETeH Ko3Kapac es3repai. Aram aWTkanma, Kaita eprney noyipiHIE MEKTENKEe HAKThI OuTiM
ANIEMEHTTEPIH KYPY KOHE €HT13y MYMKIHIT1 alllbLIAbl, COHBIMEH KaTap jKaHa MeIarorukKaia epeKiie
MaHbI3/Ibl POJT aTKapaThIH Ues naiaa 0oJyiapl: Oy TaOUFAT MEH aKbUIIBLUIBIK UAESACHI.

Wrtanus xaHa TeHaeHUUsIapAbiH Oeciri 6omnapl. MTanpsHaplk PeHecCaHCTHIH €H KOpPHEKTI
MearoruKaibIK okinaepidiy 0ipi-Jleonapno bpynau men Buttopuno na ®envrpe. Jleonapao bpynu
15 FaceIpabIH OIpiHIII KaPTHICKIHAAFBl TYMAHUCTEPIIH 0aCHIBICHl PETIH/IE TAHBUIIBI JICTT CAaHAIA b,
OHBIH KYMBICBHl KOITETeH 3epTTEYIIUIEPAiH Ha3apblH ayldap/bl, COHFbl OHXKBUIABIKTapAa KONTereH
OTaHJIBIK TApUXIIBLIAD OFaH Hazap ayaapa Oactajael. bamamansl OutiM Oepy wuIesIapbIHBIH
KaJIBIIITaCyblHA CO3CI3 MAHBI3/Ibl YJeC KOCKaH Tarbl Oip oWubLI-nieaaror-ButtopuHo na denbtpe,
0JI «KKYaHBIIITHI Yii» HEMECE «KYaHBII MEKTEO1» JIET aTalaThlH MEKTEI alllThl, Oaajgap by OuTiMre
JIeTeH KOJIbIH KyaHBIIIKA alfHaNAbIPY HIESACHIH KY3€re achlpyra ThIPbICTHL. by onebu oibiaaap
MEH MCUXHUKAIBIK J1933aT Yl Oananapably Myienepine cail 00l )KoHE OJlap bl MCUXOIOTHUSIIBIK
YKaWJIBI JKaFaaiaa OuTiM aryFa bIHTaJIaHIbIP/IbI.

[legarorukanarel >KaHALIBIT HIASSIAPABIH KOMIILIIrT a3aMaTThlK KOFaMHBIH OOBEKTHBI,
Oenrimi  Oip MEMIJIGKETTIH HeMece KE3€HHIH JIHM JKOHE CasCHM  KYPBUIBIMBI  apKbLIbI
KAapacThIPBUIFAHBIH JKOHE KeOiHece oNapIblH Maiga OoJiybl MEMIIEKETTIH KaKeTTUTIKTepiHe
OaiinaHbICThl OOJIFAHBIH EPEKIIIe aTal OTKEH JKOH.

JLH. Tonctoii Oamama OutiM Oepy HAEACHIH TEOPHSUIBIK TYPFbIIAH HETi3ed OTHIPHII
TaMBITTBI. MeKTen epkiH, KaHaail na Oip KbICBIMFa MYJJAEM Toyenci3 Ooiybl Kepek; OiuTim
QIYIIBIHBIH TOJIBIK AapaliaHybl, K3 KEJITeH TOPTINTIH 00JIMaybl KaxkeT.

benrini araptymsl sxoHe aHapxuct dpanceck ®eppep 1901 xbinsl bapcenonana "3amanayu
MeKTemn" Kyp/ibl, OHJa Oananap *KbIHBICKI MEH MaTepHAIIbIK JKaFJaiiblHa KapaMacTaH KaOblLIIaHIbl.
byn mexren »xazamapnpl, OaramapiAbl KOHE eMTHUXaHJapIbl KolgaHyaaH Oac TapTtel. @. Deppep
nocTypati OutiM Oepyai OacTayblll, opTa KOHE JKOFapbl OUTIM 3JIEeMEHTTEpiH OIpIKTIpeTIH «KaH-
KaKTbl TopOHMeMen» canblcThipabl. @. deppep €3 eniHiH MeJarorukackl MEeH QJIEyMETTIK eMipiHe
JIeTeH Ke3KapacTapbIMeH oTe TaHbIMal 0011bl, an 1907 xxputra Kapaii 209 3amaHayn MeKTer OOJIIbI.
Bbyn mexrentepae boctanablk uaesiapbl MEH 3aWbIPIIBI PAIIHOHANIBI OUTIM KeH Tapasibl.

XKorapeima jka3pUIFaHgapra CYWEHE OTBIPHIN, ©31H-031 0ackapy WHesChIHA HETi3[eNreH
Oanmamap KaybIMJACTBHIKTaphl OOCTaHABIK TE€H JKAyalmKepUIUTIKTIH YHJIECIMAUIriHE OKeNeTiHIH
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Kepyre Oomanel, MyHOa OanaHBIH ©31H-631 KOpCeTy OOCTAaHIBIFI OHBIH IC-OpEKETTEepiHe
KayanmKepIIUTIKIICH KapayFa HETI3/IeNreH OHBIH OHIMII, camaibl iC-OpeKeTiH TaralbIHIay bl
6inaipeni. ConpiMeH Oipre ryMaHUCTIK meparortap Oananapra epKiHIIK Oepy JKETKLTIKCI3 eKeHIH
TYCiHAl, onapabl BocTaHIBIK KarmaliblHIa OpeKeT eTyre YHWpery Kepek. Jlom ochl TamchlpMaHbl
Oananmap/pIH ©31H-031 0acKapybl OPBIHIAIHL.

Ocpuraiita, 6amamansl OiTiM Oepy JKOHE epKiH MEKTENTep TEOPHUSCHIHBIH TAPHXH TaMbIPBI
TypaJibl aiTa OTBIPHIN, JKOFapblla aTajlfaH TEOPETHKTEp MEH MPAKTHKTEp aJaMHBIH JaibIH
KYpBUIBIMBI KOK, OJI ©3iH 31 jxolamam, e3iH TyIFa peTiHAEC TYybl KEpeK JAEreH MaHbBI3[IbI
MOCTyJaTTapAblH OIpiH KYpFaHbIH Kepyre Oojanbl. AJXaMHBIH OOWBIHIAFbl MYMKIHIIKTEP-OyII
aZaMHBIH MakcaThl. bysr Ka3ip/iH e3iHzae »eke TaHmayaslH epikci3airi. [legarornka FeUIIBIMBIHBIH
JamMybl op TypJii OarbITTa Xypenai. bamaHbiH jkeke OachiHa, OHBIH TopOMeci MeH OUTIMIHE KYTIHY
Oap, OyJ1 *aHa ujesapblH JaMyblHa TYPTK1 O0J1afbl.

I'.'K. CeneBko keH MarblHaJa Oanamalibl TEXHOJOTHUSUIAP apKbUIbl NEAaroTUKaIbIK MPOLIECTIH
MakcaTTapbl, Ma3MyHbI, (hopMasiapbl, 9JICTepl MEH YCTaHBIMJAPhI OOJICHIH, ©3IHIH KaHIal na Oip
TapanbIMEH JOCTYPIl OKBITY JKyieciHe Kapchl TYpaTbIHIApIbl KapacThIpy OJeTKE aifHalFaH Jer
TYKBIPBIMAANBI.

bamamanbl oKy OpHBIHBIH Typiiepl OutiM Oepy cajachlHAArbl Oenriti Oip aBTOPJBIKIEH
cUmarTaigaapl, OfaH OuliM Oepy TMNPOLECIHIH [IbFApMAIIbUIBIK YHBIMBI, HIBIFAPMaIIbLIBIK
Oarmapiiamanap, 9JICTEP MEH OSJICTep, HOpMaJap, 3aHjaap, TMCHXOJIOTHSIBIK KIMMAT XoHE OuTiM
O6epy MekeMeciHIH 031H1K (uIocoduschl MEH YHIIeCIMALTIT1 Kipei.

JlocTypiii OKBITYIBIH MaHbBI3/Ibl CUIIATTaMalapbIHbIH O1pi1-aBTOPUTAPU3M, OalaHbIH MYFaliMre
OarbIHBIIITHI JKaFrgaiiel. ON eXenri AdyipAe maiiiga OosiFaH, OHBIH kakractapeiHa B. Partke, f.A.
Kowmenckuit, XK. K. Pycco, WU. Ilectanouu, JI.H. Toncroir, M. MonTteccopu, A. Heiin, K. Bentuens,
C. T. UlaTukwii, A. Kopuak, I1. Kanrepes, I1. bnonckwuii sxaranpl. Epkin TopOue TopOueHiH
HETI3T1 UEsACHl peTiHae Oanara iC-OpeKeT TMEeH iC-OpeKeTTi TOyesCi3, epKiH TaHaayIbl KaMTaMachi3
eTY/ll XKapHsIanIbl.

Tarer Oip Oamama memaroruka-Oamamapra JereH KYpPMET, TEHIIK, TeAaroruKajibiK
CYMICTICHIIUTIK KaThIHACTAphIHA HETI3JIEITCH TYMaHHUCTIK YKOHE JEMOKPATHSUIBIK TEXHOJOTHsIAp.
JocTypai OuriM Oepy KyHecCiHIH HETi3iHAE€ OKy IPOIECIH CHIHBINTHIK-CA0aKThIK YHBIMIACTBIPY
*aTtelp. COHBIMEH KaTap, OKY MPOIIECiH O0acKapy MEH YHBIMIACTHIPYABIH THIMILUTIIIHE HET13/IeITeH
MeJaroTukainblK TexHoJorusuiap. Onapra napalaHAbIpyAblH KerOip Typiepi, opTypil >KacTarbl
TONTAPJbIH KbI3METI JKOHE KEeKe TeXHOJIOTUsIIapIaFbl YIKSHIEp MEH KIlIUIepAiH e3apa SpeKeTTecyi,
cabaKTaH ThIC YaKbITTBIH 9pTYp:l (popmanapsl xKaTaibl.

JlocTypi emec OKy OpbIHIAphl OuTiM Oepy MakcaTrTapbl MEH Ma3MYHBIHBIH €pEeKIIesiri
CUSKTBHI OenriuiepMeH CHUIATTalajbl, aTa-aHaJllap MEH OJIapAblH OajalapblHBIH Oenriur  Oip
OaFpITTaFbl MEKEMEIIEeP/Il TaHJayJaFbl ePIKTUIIr; calbICThIpMalbl oKIMIIIIK Toyencizmik; 6anaHbiH
Kakcel OeiliMzenyiHe, OHBIH KOIDKaKThl JaMyblHAa BIKIOAN €TEeTIH epekiie arMmocdepa MeH
MOpanpIblK KiIuMar. bamamanel OutiM Oepy MekeMmenepiHe TMMHa3usiap, JULEenHiIep, MEKTernTep
Kipeni, oap e3AepiHiH npoduiai MeH 0Ky MOJEIIH TaHAaIbl.

Kazipri koramMHBIH JaMy TEHICHIUSIAPhl OCKENIEH YPIAaKThl OKBITY MEH TopOueneymiq
JOCTYpJl JKYHECIHIH YTBIMJBIIBIFBI MEH camachl MAceleciH aHbIKTayFa okenai. Kaszipri OutiM
Oepyzeri ycTeMairiHe jkoHe olleMHiH Oipkarap enjiepiHjie KeH TapalyblHa KapamacTaH, Oyi xkyiie
©31HIH JKeTeKIl MO3UIMACHIH JKOFaNTaabl. BYriHri TaHAa JocTypii OKBITY XKYHeciHe ChbIH-
ecKepTIenep, ChIHBIN (POpMaCHIHBIH ©31H/IK epeKIIelirine KaHarartanOay xwui ke3zueceai. CyObexT-
MearoruKaiblK  MpolecKe  KaThlcylblaapAblH OOBEKTUIIK — KaTbIHACTaphbl, IeJaroruKajibIK
KbI3METTIH aBTOPUTApJIBIK CTUJI, aKMapaTThl JalblH Typle Oepy >KOHE TEOpUsUIBIK OiuliMre Hazap
ayJIapy op OKYIIBIHBIH JK€Ke epeKIIeNTiKTepi MeH KaOuIeTTepiH TOJBIK JKy3ere achblpy/bl
KUBIHAATaIbI.

AFpUIIIBIH FabIMbI, arapTyiibl K. POOMHCOHHBIH MiKipiHIIe, op OanaHbIH OKy Kabijeri Oap,
Oipak mocTypiai Ourim Oepy kyieci omapasl mmiekTewai. JocTypni OKbITYAbl OeNriieHreH yori
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OOMBIHIIA KOHBEHEPINIK MXYMBIC KYPri3iIeTiH OHIIPICIIEH CaJbICTBIPFaH OMINTEHH MOHOTOHJBI,
1a0JIOH/IbI, erep KeHETTeH «IaHa MaTepuan» Oenriii 6ip HOpMaJaH aybITKbIN KETETIH )KEKE OKYIIbI
TYpiHIEe Taiiga Oosica-CypakTap KOsIbl, ©31HIH TaHBIMIBIK KbI3BIFYIIBUIBIFBIH KaHaraTTaHIbIPYFa
TBIPBICA/IBI, 0acKa agaMIapAbIH MiKipiHe KapChl HIBIFAJIBI XKOHE T. 0., «<HEMece 0J1 Oy3bUIajIbl, HEMece
KyHe Tokrainap». Joctypii okeiTy xyhecid ¢pumocod I'. Cnencep ne coiara anasl. O op OanaHbIH
KOKETTUTIKTepl MEH MYAJelIepiHe OarbITTaFaH MEKTET MOJISIIH KaCayIblH MaHBI3IbUIBIFBI TYPAJTbl
aifrTel.  Ocputaiiina, >KOFapblla aWTBUIFAHAAPABl  KOPBITBIHABUIAM KeJe, MyFaliMIep MeH
FAIBIMIAP/ABIH OCKEJIICH YPHAKThl OKBITY MEH TOpOHeENey MOCeNeCiHae JOCTypii IKYHeHIH
MOHOTIOJIMSICBIHBIH, OPBIHCBI3/IBIFBI, OHBI KalWTa Kapay JoHE op OKYIIBIHBIH JKeKe OachiHa
Heridaenren OuriM Oepy TpoIeCiH YWBIMAACTBIPY MEH JKY3ere achIpydblH MYyJjaeM Oacka
MOJENBEPIH €HI13Yy KaXEeTTUIIr Typajibl OMBIHBIH OIPJIIriH aTamn eTyre 0oaaabl.

Oceimait MonenpaepaiH Oipi, OlpkaTap FajabIMAApAbIH IIKIpiHIIE, OajaMa MEKTenTepaeri
Outim Oepy mpoueci. bamamansl OuTiM OepyaiH TEHACHUMSUIAPHI JCTYPJI OKBITYABIH HETI3T1
cunarTaMalapblHa KaHaraTTaHOay FaHa €Mec, COHbBIMEH KaTap T'YMaHMCTIK OaFrbIT, OalaHbIH KeKe
0achIH JTaMBITY/IbIH OachIMIBIFBI, OHbI OKY HPOLECIHIH TeH CYOBEKTICIHE alHaNAbIpy KaXKeTTLIIri
Oonbin TaObutazbl. CoHbIMEH Karap, OutiM Oepy OamaManapblH YHEMI 137€y TOJBIKKAH/bI
JEMOKPATHUSIIBIK 9JICYMETTIK OMIp Cypyre KaOu1eTTi OipTyTac TYIFaHbl TOpOUENey KaKeTTUIIrHEeH
TYBIHIAUIBI; alaM eMipiHe KypMeT KepceTy MoaeHueTi. OcbiFaH OalaHbICTBI, €H MpPOTPECCHUBTI
MyFaiMep Ka3ipri OutiM opTyp:ai 00J1ybl Kepek, sFHU Oanama O0JTybl KEpeK JIereH oMbl aifiTaibl.

byriari Tapga Gamama Outim Oepy ¥YueiOputanmsiga, AKIl-ta, Kanmamama, ABctpanusna,
Kana 3enangusina, YHaictanaa keq tapairan. On conmaii-ak Peceiine 03 KoyaHbICHIH TanThl. Exi
Ou1iM Oepy JKyHeciHIH O6ipKaTap CUIMaTTaMalblK aClIEKTIIEPIH KAPACTHIPBIHBI3 )KOHE CATBICTHIPBIHBI3
— JIOCTYPITi J)KOHE Oanama OKBITY — JaMy TapuXbl, OKBITY MEH TOpOHeENey MPOIECiHIH epeKIIeITIKTED],
MakcaTTapbl, Ma3MYHBI, dJicTepi, Kypauaapsl, Gopmaiapsl, OU1iM Oepy opTachl koHE OuTiM Oepy
HOTHIKETIEDI.

CeinbIn-cabak sxyieci men TyciHuieTiH noctypii okeiTyasl XVII raceipma S.A. Komenckuit
MeH U.®. T'epbapt kypasl. banamanbsr okbiTy Tapuxsl XIX FaceIpablH asfblHaH OacTaiajsl, Oipak
oy Oip KaparaHaa KOPIHTCHHEH oJifeKaiaa y3aK emip cyperl. bamamansl OKBITYIBIH HETi31 YIII
TaHBIMAJl MYFaJiM KYpFaH MEIONEHTPIIK Mojaenb Oousbin caHamanbl: JXK.OK. Pycco, nr.
[Tecranomu xone @. Opedens. Onap OuTiM OanaHbl TEK MHTEIUICKTYaJIbl FaHA €MEC, COHBIMEH
Katap MOPaJIbAbIK, pyXaHH, SMOLMOHAIIbI, ICUXOJOTHSUIBIK KOHE (DU3UKANIBIK TYPFBIIAH JaMbITYbI
KEpeK JeT eCenTe/l.

baamaner 6i1iM Gepyne cabakTaH ThIC cabakTapiAa MeJIarorMKaHbIH JKaHa MaFbIHAJIAphl MEH
KYHJIBUIBIKTapbl — ©3apa TYCIHICTIK, JHaJIOT, CYOBEKT-OKYIIbIAD apachblHAAFbl CYOBEKTHBTI
KAaTblHACTAp MEH MIbIFAPMAIBUIBIK BIHTBIMAKTACTBIK OipikTipineai. MyFamiMHIH KOJAAybl, 3p
0anmaHbIH ©31H-031 YHBIMJIACTBIPYbI KOHE ©31H-631 aHBIKTaybl op OKYIIbIFa >KEKEe Ke3Kapacka
OaFpITTAJIFaH.

JlocTypii OKBITY PENpOAYKTUBTI CHMaTKa ue, OUTIM JallblH TypAe Oepuieni, colaH KeHiH
OKYIIbLIAp ajfaH OUTIMAEPIH, MPaKTUKAIBIK JaFAbUIapbl MEH JaFAbUIApBbIH KaHFBIPTaabl. OHBIH
OKY TPOLECIH YHBIMIACTHIPYIBIH HEri3ri (hOpMachl-OYKiA CHIHBIN Y)KbIMbIHA OaFbITTAIFaH OKBITY
omici 6ackiM cabak. OKBITYABIH OYJI 9iCi OKYIIBIHBIH iIIKI ©MIpiMEH THIFbI3 OalIaHBICTHI, OHBIH
&Keke KaOlleTTepl MEH JKeKe TYJIFaHbIH IIbIFAPMAIIbLIBIK KOPIHICTEPIH KOpceTyre emKaHIai
*Karnai koK. bamamanel cabakraH Thic OiTiM Oepy, JOCTYpPIieH ailbIpMaIlIbUIBIFbI, 3P OKYIIBIHBIH
JKEKe QJICYeTIH allyFa JKaFJail jkacayra, 031H-e31 XKy3ere acblpyFra jkKoHe 031H-031 peTTeyre KaduierTTi
TYJIFaHbl KaJbINTacThipyra OarbiTTanrad. Ocbulaiiia, 013 Oanamainsl OutiM Oepy epkiH OutiM Oepy
KOHE OKBITY HJesapblHa HETI3/IeNreHIH JKOHE opOip OKYIIbIFa €3 KbI3BIFYIIBUIBIKTaphl MEH
KaXETTUTIKTepiH OpbIHAayFa MYMKIH/IIK [T€H TaHay OepeTiHiH KopeMis.

bip kacrarbl OKyIIbUIap OKY CBHIHBIOBIHJA OIpIKTIpUIr€HIHE KapamacTaH, OJIApJbIH Jamy
JeHreii OoifbiHIIAa Kypambl Oipkenki emec. OnapibslH apacblHza OeHIMIUIIK, MYMKIHAIK KOHE
KBI3BIFYIIBUTBIKTA aiibIpManibuIbIKTap Oap. JlereHMeH, AocTypii OKBITYIBIH CBIHBII-cabak xyiieci
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CBIHBIN Y)KbIMBIHBIH OapIibIK MYIIETepiH Oip yakbITTa Oip TaKbIPBINITHI HEMECE CYpPaKThl Oipjeit
Typae 3eprreyai KamTuibl. ChIHBINTHIH OapiblK MYIIETepi YIIiH 9p OKYy IoHI OoHbIHIIA
TaKbIPBIITap MEH OeNiMAepAl 3epTTEYiH JKalIbl PETTUTri aHbKTanaabl. COHIBIKTAH CBHIHBIN -
cabax xyiecinae 6enriai 6ip moHAI «Mep3iMiHEH OYPBIH» 3ePTTEY MYMKIH €MeC, OJI JKEKEe TaHbIMFa
OarpITTanMaiiibl. OKYIIBIHBIH KeKe OAChIHBIH KaXKETTUIIKTEPl, OHBIH KOOIpek OLTyre HeMece Keke
aifHaJIBICYyFa JIET€H YMTBUIBICTAphl MEH YMTBUIBICTAPBIH OCHI YiHbIMAA eckepy KublH. COHBIMEH
Karap, JOCTYPJi OKBITYABIH CHIHBITI-cabaK kyheciHmae myrariM M.M. DnmmredHHIH MiKipiHIIE,
CBHIHBIIT YXKBIMBI «QJICI3» JKOHE «KYIIT» OKYyHIbUIapFa OeiiHeml. «OICi3» OKyIIbUIap OKy
MaTepUAIIBIH  OKYJBIH Kbl KApKbIHBIHA 1I€Ce aJIMayblHBIH JKOHE COHBIH CajJapblHaH
OuTiMIepiHae OJIKBUTBIKTApAbIH OoJrybiHa OaitmaHbICTB Oonansl. «Kymrinepy» mamynsl OipTiHaen
KEILIIKTIpeal, OUTKeH1 «OyJ1 )Kyle opTYypJIUTIKT1 JaMbITyFa eMec, OapJIbIK MITIH YIUIH OipAei MOTiHAl
(Hemece OHBI OIp MyFaliM YIIIH TYCIHAIPY/1) 3€pTTEeyre KyMbIc icTeiiai». banamanel 6u1iM Oepyne,
e3/IepiHi3 OuIeTiHAeH, OuTiIM Oepy MpOLECIHIH OpTaJbIFbIHAA OallaHbIH KbI3BIFYIIBUIBIKTAPEl MEH
KaKeTTUIIKTepl OoJFaH Ke3ae Oananap LeHTpu3Mi uiessiapel 0ap. backa opra oKy opbIHAApBIHBIH
Heri3ri 0ejiiri CHIHBINTAFbl OKYLIbUIAD CaHbl a3 dp TYPJl >KAcTarbl KOFaMAap/blH KYpPbUIBIMBIH
nagaianaapbl.

JocTyprai cabakra OKYIIBUIAPABIH ©3apa OPEKEeTTeCyiHe a3 yaKbIT OeIIiHeNl, ajl Ke3-KeNreH
KapbIM-KaThIHAC ca0aKTa KaKETT1 TOPTIIN MEH TOPTINTI caKkTay KaXeTTUIriMeH mekrenenl. MyHia
OKYIIBUIAP IBIH TOYEJICI3/IIrH TaMBITyFa jKoHE 0acTaMaIlblIBIK ITeH KbI3BIFYIIBUTBIKTHI KOJIIAYFa, 03
YCTaHBIMBI MEH MIKIpIH OULIIpyre yakbIT OeJiHOEH I, COHIABIKTAH TaHBIMJBIK OacTama OIpTiHAEM
YKOFaJIaJibl J)KOHE OKy/la MacCUBTLIIK maiga Oomamsl. M.B. BopoObeBaHBIH MoniMIeMeciHe COMKec
OKBITYZIBIH OapiiblK Oajama TypJiepiHIH HEri3ri epeKmIeNiri, ojap ASCTYpil OKBITY 3JIEMEHTTEpIH
OalaMalbl 3JIEMEHTTEPIe aybICTBIPaAbI, OIp HETI3r1 MaKCaTThl KO3JCHIi-op OKYIIbIFa OHBIH KEKE
EpeKIICTIKTEPIH eCKepe OTBIphIN, Ke3Kapac TalOy. bamamanelr MekrenrTeri cabakrapnaa
OKYIIBUTAPBIH OIp-OipIMEH KoHE MYFaIIMIEPMEH KapbIM-KaThIHACBI MEH OIpJIECKEH iC-opeKeTi
YIIIH amblK opTa Kypbutanel. Onap OenceHi KapbIM-KaThIHAC JKacalbl, OIpJECKeH MakcaTTap
Kosibl, Oip-OipiHE KOMEKTecel, OpTaK IIemIMAepre Y)KbIMIBIK TYypAe Keledl >KOHE OH
HOTWOKeNepre Koi JkeTkidemi. Ochlnaiiina, Ke3-KeNTreH OKYIIBIHBIH JKEKe EpeKIICTIKTepl MEH
KKETTUTIKTEpIH ecKepe OTBIPhIN, 0ajlaMa OKBITY BIHFAMIBl (DU3HOJOTHSUIIBIK JKOHE MCUXHKAIBIK
KaJIBINTACy VIIIH JKarbIMJBbl aTMocdepa Kacaiapl, KOFAMIBIK KOHE MKEKE >KayalKepIIUTIKTI
KaJIBINTACThIpyFa BIKNAN erefi. Joctypmi dopmar MIHASTTI MEMIICKETTIK CTaHAAPTTHI OPBIHAAN
OTBIPBIN, OenriieHreH Oarmapiama OOWBIHIIA OKBITYABl Ke3nehai. MyHmail Oarmapiamanap
MOHOTOH/IbI, TYJIFAHBIH MHTEJUIEKTYaJIIbl JAMYBIHBIH OpTallla JeHreiliHe apHallFaH )KOHE HETi31HEeH
akKmapaTThl Y)KBIMJBIK KaObuimayra OarpITTasiFaH. bamama OutiMm Oepy, ©3 Ke3eriHje, Herisri
MearoruKaial epPeKIISICHETIH KONTEereH NeAarorukaiblK Tocuiaepai Oipikripeni. MyHmai OimiM
0epy OKBITY MEH TopOHeneyre aBTOPIIbIK TOCUIIl YChIHAABI, MYH/Ia TEOPUSHBI )KaTTayFa eMec, JKeKe
OKy OaFJapiamMaliapblHbIH Ma3MYHBIH €pKiH TaHAay >KOHE TY3€TY, alTa CallbIHFbI dKOHE JKbUIIBIK OKY
YKOCIIapJIapblH KYPYFa KaTbICy KYKBIFBIH Oepy apKbLIbl KEeKe TYJIFaHbIH €pKiH JaMyblHa O6aca Hazap
aymapbuiafpl. YJArepiMi TOMEH OKYIIBUIADMEH JKYMBICTa OaaMaibl ojicTeMenepAiH Oipi -
KOBOPKHUHT ChIHBIN. KOBOPKHMHI CHIHBIOBI - OyJI CTyIOEHTTEp >kobamapia Oipiecim *KYMbIC icTei
allaThlH, MJIESUIApDMEH alMacaTblH *oHe Oip-OipiHeH yilpeHeTiH KeHIicTik. byn TyxblpeiMaama
yJIrepiMi TOMEH OKYIIBUIAPMEH J>KYMBIC ICTeYAiH Oajamaibl OAICTepiH THIMAI KOJIJaHYFa >KOHE
CBIHBINTAH ThIC cabaKTap ©TKi3yre MyMKIHIK Oepei.

KOBOpKUHT CHIHBIOBIHBIH HETI3I MPUHLUUOTEPIHIH Oipi-OKBITYIbl Aapanay. MyramiM op
OKYIIIBIFA JKeKe Kapail anmajibl, OHBIH KYIITI JKOHE OJICI3 KAKTapblH aHBIKTAl anajpl, COAaH KeWiH
XKeke oKy xocmapblH YCbIHA anajbl. bys ocipece ynrepiMi TOMeH OKYIIBUIAPMEH XXYMBIC IiCTEY
Ke31HJle eTe MaHbI3/Ibl, OMTKEeH1 OYJ1 ToclI opOip HAKTHI KaF/JaiiFa Coiikec 9icTep MEH KypasJap/bl
TabyFa MYMKIHIIK Oepei.

KOBOpPKUHT CHIHBIOBIHBIH TaFbl Oip apTHIKIIBUIBIFBI-OPTYPIIi OLTiM Oepy TEXHOJIOTHsIIaphl MEH
oiCTepiH KOJNJAHy MYMKIHAIrL. MpIcanbl, OKyFa OWBIH TOCUIAEpPIH KOJJaHyFa, WHTEPAKTHUBTI
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TarchblpMaap MeH >k00anap/bl KOJAaHyFa, COHJIal-aK OKYIIbUIApFa MaTepHalIbl )KaKChl MEHIepyre
’KOHE JaFAbUIaphIH JaMBITYFa KOMEKTECETIH ChIHBIITAH ThIC )KYMBICTapAbI XKYPrizyre 601asl.

CoHbIMEH KaTap, KOBOPKHHT CHIHBIOBI YXKBIMJIBIK ©3apa 9pEKETTECy/ I JAMBITYFa BIKIIAJ €Te/Ii.
OxymisuIap KOMaHAaga KYMBIC icTeyal, ToKipuOe ammacynsl koHe Oip-OipiHe Kosigay KepceTyai
yiipeneni. by acipece yarepimi ToMeH OKyIIBUIAp YIIIH ©T€ MaHBI3IbI, O©MTKEHI MYH/IAll JaFabLIap
ojlapra KOFaMfa JKakchl OeliMzmenyre »oHe Oojamakra TarchlpMalapIsl COTTI MICHIyre
KOMEKTECE/Ii.

Ocputaiiiia, KOBOPKHUHT CHIHBIOBI YJITEpIMI TOMEH OKYIIBUIAPMEH JKYMBIC ICTEYAIH >KOHE
CBHIHBINITAH THIC XYMBICTApIbl OTKI3yMiH Oanama omicTeMeNepiH KOJIJaHy YIIiH THIMII KeHICTIK
60u1bII TaOBLTABI. ByJT 0Kyl JKEKeNeHaIpyTe, 9pTYpIIi OUTiM Oepy TeXHOIOTHUSIAPBIH Nai1alaHyFa
KOHE OKYIIBUIAPABIH THIMAI OKYbl MEH JaMyblHa BIKMAI €TETIH YKBIMIBIK ©3apa OopeKeTTecy
JaFIbIIApbIH 1aMbITYFa MYMKIHJIK Oepei.

Keii6ip 6anama MekTenTepieri OKpITy epeKIleIiKTepiHe TOKTanailblKk. MyHaail MeKTenTep/iH
0acTel cuUMaTTaManapblHbIH OIpi-OKYIIBIHBIH JKeKe OachlH OIpIHIII OpPBIHFA KOKO JKOHE OHBI
KOFaMHBIH €H YKOFapbl KYHJBUIBIFBI JIENl TaHY, OHBIH OMIPJIIK MaKCaTTapblH, )KEKe KaXeTTUIIKTEp1
MEH MY[IelepiH KypMmerTey. bamamansl OutiM Oepy Kyienepi OKy epkiHAirine Oaca Hazap
aynapaapl, CYHIKTI MOHAEPIHI3AI TEPEHIPEK 3epTTeyre MXoHE ©e3apa ChIMIIACTHIK, TEHIIK XOHE
TOJIEPAHTTHUIBIK aTMOc(epachiHIa KaHa Hopcenepal Ouryre MyMKiHmIK Oepemi. bamama OGapibik
Hopcelie, COHBIH 1IiHAe OutiM Oepy opTachklHIa 1a KepiHeai. Mbicaibl, keiibip 6amama MeKTenTepe
O1311H TYCIHIMIMI3re TaHbIC CHIHBINTAp MEH KOHbIpayJap *OK, OJapJblH OpPHBbIHA 3epTXaHanap MeH
CTyausuiap O>KaOJpIKTanFaH, cabak yaKeIThl KataH perrenMeimi. Cabak OHBIH JIOTHKAIIBIK
asIKTaITybIHA JKaKbIHJIAFaH Ke3/e askranansl. bamama mekrentep, myranimMaep A.C. [IpunyTHeB neH
N.H. HecrepoBanblH miKipiHIIe, OamaiblK IIAKTHl HACATW3AIUsIAYIbl, Oananap TaOWFATHIHBIH
CO3CI3 JKETUTyiHE KoHE 031H-031 peTTey KaOlIeTiHe CeHyl, 0anara KaThICThI Ke€3-KEJITeH MOXOypIiey
MEH 30pJIBbIK-30MOBUIBIKTaH 0ac TapTy[Ibl HACUXATTaWIbl; OHBI OUIIM Oepy MpOIECIHIH TEH
cyOBeKTICl peTiHae KaObIIAaiabl jKoHe KaObu1aaiiapl. bamamansl MekTenTep e OutiM O6epy mponecin
KYPYZAbIH MYHJall €peKUIeNIKTepl 9p OKYIIBIHBI TOJIBIKKAH/AbI JKOHE >KaH-XKAKThl JAaMBITy, OKBITY
YKOHE TopOueney YIiH KOJIaiabl xKarFaanaap Kkacaubl.

3eprrey aaicTepi

3eprrey OaphiChIHIA YiArepiMi TOMEH OKYIIBUIADMEH (U3MKa »KOHE CBHIHBINTAH ThIC
KYMBICTapJia Oamama oJicTepal KOJJJIAHYIbIH OPTYPJl acHeKTUIEpIH KaMTHUTBIH KONTETreH
MaTtepuaiiap S KUHAIABL. bBuTiM  amymbuiapablH  OChl  TOOBIHBIH —€pEeKIe KaKETTUIIKTEpiHe
Oeifimaenyre apHaJIFaH OKY KypajjJapbl MEH oJicTeMesepl MaHBI3Ibl KOMIIOHEHT OOJIJIBI.
3eprTeyain Oy GemimMi KOJ SKETIMAUTIK MEH YHPEeHYAIH KapanailbIMIbUIBIFBIH €CKepe OTBIPBII
KacaJFraH OKYJIBIKTap/Ibl, JICKTPOHIBIK PECypcTapiibl )KOHE KOPHEKI MaTepHasiapibl TalAay/bl
KaMTH/IBI.

Ou3MKaHbI OKBITYJaFbl MHHOBALMSIIBIK TOCUIA1 OUIAIPETIH TEXHOJOTUSIBIK MHHOBAIUSIIApFa
KOCBIMIIIA Ha3ap ayaapbulIbsl. BupTyanpl 3epTxaHaiap, MOJIENIbICY KOHE OHJIANH muiaTdopmanap
3epTTey MaTepUaAIIAPbIHBIH aXbIpaMac OeJliriHe aiHaJIbl, OJIAPBIH apTTa KajJFaH OKYIIbLIApIbIH
KBI3BIFYIIBUTBIFBIH apTTRIPYFa JKOHE KYpJIeNi YFRIMAAPAbI UTEePY/Ii )KaKcapTyFa 9cepiH aTam OTTi.

MartepuannapablH MaHbI3Abl acleKTiCl apTTa KaJifaH OKYIIbUIapAbl (pU3MKa oleMiHe TapTy
YIIIH KOCBIMIIA MYMKIHJIKTEp OEpeTiH CBHIHBINTAH ThIC JKYMbICTapra IIoay O0oiabl. FbuibiMu
KIyOTap, onuMIHaAaiap MEH MPAaKTHKAIBIK cafakTap ASCTYpii cabakTapipl TOJBIKTHIPHII KaHA
KoWMali, COHBIMEH KaTap OH TOKiprOe KYPY/bIH JKOHE MOHTE JIETeH KhI3BIFYIIBIIBIKTB apTTHIPYAbIH
TUIMII KYpaJblHA aifHAIBI.

3epTTey OapbIChIHIA >KYPri3UIN€H SKCIEPUMEHTTIK cabakTap Oanama oicTepliH OKY
IpoIieciHe acepi Typaibl KyH/ bl MaiMeTTep Oepai. Penik olibiHAap, HHTEPAKTUBTI AdpicTep 'KOHE
TONTHIK KOoOalap OKBITYIAbIH JKaHa TOCUINEPIHIH THIMAUTINIH Oaramay Kypaibl peTiHJe
naiganaHpUIAbl. OJKCIEPUMEHTTEp YArepiMi TOMEH OKYIIBUIAPABIH MaTepuaiibl TepeHIpeK
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TYCiHYiHE BIKIaJ €TeTIH €H JKaKChl TaxipuOenepai aHbIKTayFa MyMKiHAIK Oepzai. Ocbl opaiiga
AKCTIIEPUMEHTTIK >kyMbIcTapbl 2024 >xpuriplH 1-11i KaHTap MEeH 7 Haypbl3 apaibiFbiHAa TypKicTaHn
oOnbichl, TypkicTan KanacbiHna opHanackan Ne8 Hazip TepekysioB aThIHAAFBI >KalIbl OuTiM
OepeTiH MEKTENTiH 8 ChIHBIN OKYLIbIIapbIHA YHBIMIACTHIPBLUIIBI. Toxipudere 8 «B» CHIHBIOBIHIA 27
OKYIIIBICHI KaTBICTHI.

CoHbBIMEH 3epTTeY/AiH HEeri3ri MakcaThlH anryaa <« Kbury KO3FalabICTapbl, OPOYHIBIK KO3FAJIbIC,
maddy3us» TakpIpblObIHA apHaNFaH cabakTapAbl ©Ty OapbIChIHIa OanaManbl ojicTeMenepi
KOJITAaHBUIJIBI JKOHE COJI TaKBIPBII OOMBIHIIA KOPBITHIHABI cayalHamanap ainbiHibl. CayamHama
HOTHKeCi OOMBIHIIIA OaraMabl 9AICTEMEHIH HEeT13T1 IPUHIIMIITEP1 aWKBIHIANIA b, OJIap:

Bapnblk oKymibLiap SKCIEPUMEHTTEP/Al CHUIATTay JKOHE HETI3T1 epexenepial pacTalThiH
MBICAIIAP  KENTIpYyJe MOJEKY/IaJIbIK-KUHETUKAIBIK ~ TEOPHUSHBI ~ YFbIHA  ajanel;  auddysus
KYOBUIBICBIH KBUTYJIBIK KO3FaJIbIC KOHE OpOYHJBIK KO3FaJIbIC TYPFBICBIHAH TYCIHIIpE ayajpl,
OuTiMzIepiH TOXKIpHOE e XKoHEe eMip/ie KOJAaHa allajIbl.

An kelbip ynarepiMi TOMEH OKYIIbUIAP 3€PTTEIECTIH MaTepuaarbl ceOern-canaapibiK
OailimaHbIcTap/bl amia anajabl: KIpicle, KbUIYIbIK KO3FaJIbIC, OpPOYHIBIK KO3FajbIC, AUPQY3Hs
KYOBUIBICTAPBIH JKETIK MEHIE€pPMECe JIe, KaMbl (PU3UKAJIBIK MaFbIHACKIH TYCIHE allajibl, )KOHE OHBI
ic-TokipuOecin/ie KoIAaHa aajbl )KOHE I TIOHTE JIETeH TaHBIMJIBIK KbI3BIFYITBUIBIFRI apTaIbI.

Okympiap MEH MYFalTIMAEp/iH cayaJlHaMachl Oaiama oJICTEpre Kajimbl KO3KapacThI
aHpIKTayFa OarbITTanFaH. Cypakrap TaKbIPBIIKA KbI3BIFYIIBUIBIK, MATEPUAIIBI TYCIHY JICHT i1 JKOHE
JKaJIMbl MOTHUBAIUS acMeKTUlepiH KamThiabl. CayanHama HOTIDKENepl OUTliM  amymibuiap MEH
Mearorrap apachIHa kaHa dicTeMenep/i KaObuinay Typajbl camalibl AepeKTep Oep/ii.

3epTTeyaiH KOChIMINA Kypaibl Oamamainbl 9MiCTeMeNepiAl €HTI3TeHHEH KeHiH OuTiM MeH
JaFabUIap JCHreHIHEeT1 e3repicTep/il aHbIKTayFa MYMKIHIIK O€peTiH OKYIIBIIAPIAbIH YiTrepiMiHe
I0JTy acaabl. EMTHXaH MEH TECT HOTHXKEJEPiH callbICThIpMalibl Tasigay Ou3nKaHbl OKbITYAAFbl OH
e3repicTepl aTamn oTTi.

OkymblapMeH JKOHE MYFaTIMIEpPMEH camayibl cyxOaT Oajmamanbl omicTepii KOJAaHy
TOXKIpUOECIH TyciHyre TepeHAIK KocThl. JKeke ocepiep MeH Oakpuiaylap CaHABIK JEPEKTEPTe
MaHBI3/IBl KOCBIMIIIA OoJyiael, Oyl Karbicymbutapra OKy TpOIECIHIEr1 e3repicTepre o3
Ke3KapacTapblH OUIIIpyre MyMKIHAIK OepIi.

Tannay MeH HITHAKeJIEP

byrinae 613 akmapaTThIK TEXHOJOTHsIAP AQYIpiHIAEMI3, O Oi3/iH eMip CalThIMBI3 OcH
OKYBIMBI3Fa aWTapibIKTall ocep ereni. bys coHbIMeH Karap OuriM Oepy mpolieciHe aWTapibIKTai
ocep ereai. OKymbLIap eHIl JopicTep i HeT13T1 emec, OUTIMACPIH KeHEUTY YIIiH KOChIMIIA aKmapat
Ke3l peTiHae KaObuimaiinpl. JlereHmeH, oyiapra OYypbIHHAH YHpPEHTeH MaTepHuaabl Tajijgayra
yUpeTeTiH »oHe jkaHa OuIiMIlI WUrepyre KOMEKTECeTiH Tomimrepiep Kaxker. [locTypni OKBITY
KyHeciHZe OKBITyIIbIap KeOiHece OKyILIbLIapFa akmapar Oepyre Kem YakKbIT >KYMcaabl, Oy
OJIapJbIH MIBIFaPMAaIlbUIBIK MYMKIHAIKTEPIH Malijanany MYMKIHAICH kibepin anasl, Oyn Oipiecim
KYMBIC ICTeY YIIIH THUIMIIPEK.

binim 6epy yaepicinaeri y3aik 3 UHHOBaIUS:

1) Oky OeliHenepi ’KaKChl €cTe caKTayFa bIKnan erefi. byn OeifHenep oKymbUIapabl 0Ky
JTaFJbplIapblH  KeTUIAIPY apKbUibl cabakrapra KeOipek KeHUT Oenyre bIHTaJlaHABIPAJIbI.
YHUBEPCUTETTIK JopicTep TEK KOMMBIOTEPIIK OWBIHIAPMEH IIEKTeIMeH, OKy OWBIHIAphIH Ja
naiganaHaapl, OyJ TpPOHECTi KbI3BIKTHI eTeli. bynl oiic OKYyIIbUIApPAbIH KBI3BIFYIIBIIBIFBIH
apTThIpaJbl KOHE KOpPHEKI KaObuijay MEH MaTepHalibl TepeHIpEeK WMrepy apachlHaa OaimaHbIC
JKacambl.

2) Ou3MKaHbl OKBITYAa AaKMapaTThIK >KOHE KOMMYHUKALUSIBIK TEXHOJOTHUSIIAP/IbI
(AKT) xonngany. by texHonorusiiap ¢pu3nKaHbl YUpEHY TOCUIJIEPiH ©3TepTill, oJap bl KOJI XKeTiM/Ii
koHe KbI3BIKTHI ereml. AKT-HBI KoJigaHy OKYUIBUIAPIBIH KBI3BIFYIIBUIBIFBIH apTTHIPAIbl KOHE
3epTTeNeTiH KyObUIBICTap Typaubl, ocipece TONKBIHABIK KO3FalbIC TaKbIpHIITAapbiHA, JlMHAMuKa
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OenimMIiecinaeri TakplpeinTapra, OnTuka, SAponblk ¢usnka OediMIepiHe >XOHE COJ CHUSKTHI
KUBIHJIBIK TYFBI3aThIH TaKbIPBINITApFa TEPEH TYCIHIK Oepei.

3) OJIEYMETTIK JKeJIiiep apKblUIbl OKBITYHIBUIAPMEH ©3apa dpekerrecy. MHTepHeT meH
QJIEYMETTIK MeJua OKYIIbUIAp, aTa-aHajap MEH OKBITYIIBUIAD apachIHIAFbl ©3apa OpEeKeTTecy.i
XKeHuiereni. by Tancelpmanap MEH OKWFamap Typasibl JKe[enl akmapar ajiMacyFa MYMKIHIIK
Oepeti, COHBIMEH KaTap OKYIIBUIAPIBIH ©31H-031 OKBITYBIH BIHTAJIAHIBIPA/IbI.

KoMmbrotepiepai  KOJjJaHa  OTBIPBIN, JKEKE OKBITY. TEXHOJIOTHS  OKBITYIIBUIApFa
KUBIHJIBIKTApFa Tal OOJIFaH KeKe OKYIIbIIapFa KOMEK KepceTyre MyMKiHik 6epeni. Kommbrotepiik
OKBITY COHBIMEH KaTap OKBITYIbI JKEKEICHIIpYre apHalFaH KypaJgapJbl YCBIHAIBI, OV
JaFAbLIap bl JAMBITYFA )KOHE OKY MPOIIECIHE KATHICTHI MACceeIepAl MIeTyre maiaaibl.

bi311H >KyMBICBIMBI3IaFbI OKBITY/IBIH Oanama TYpiHjaeri O6aranay oaici-Oyi op cabakTaH KeHiH
MaTepuaibl MEHrepy JIopexeci OOWBIHIIA OKYIIbUIAPAAH CEHIMJI KayanTap ajyra OarbITTalFaH
cayanHama. Ocbl cayalHaMaHBIH KOPBITHIHABICHI OOMBIHIIA MyFaliM apTTa KaliFaH, YJrepiMmi
JKOFapbl OKYIIBUTAPBIH TAWBI3BIH aHBIKTAMIbI, CA0aKKa KaHAFATTAHYIIBUIBIKKA TaJ/Iay »KacauIbl.
baranay «uo», «KOK», «KaHaraTTaHApJIBIK» KayanTapblHa OaiaHbICThl. KOBOPKMHI CBHIHBIOBIH/IA
OTKI3UIETIH Oajama OKBITY TY)KbIPbIMJIAMachl CEHIM MEH alllbIKThIKKA OarbITTaJIFaH, COHJBIKTAH
OKYIIBUIAP/IBIH KaJIFaH HEMECe aJlall EMeC yKayarTaphl aJIbIHBII TaCTala bl

OmnapneiH Heri3ruiepi Oaramay »Kyieci OOJIBIT TaObUIaABI, ON1 013 YCHIHATBIH OiCTEME]e
KOBOPKHHT-CHIHBITITApJIa  JKCIIPecc-cayaHaMara JKOHE OKBITY (OpMaThlHA — ayBICTHIPHUIIHL.
JKympIcTa YCHIHBUFAH TEXHOJIOTHUSHBIH apTTa KajdFaH OKYIIBUIAPMEH XYMBIC ICTE€Y YIIIH YIIKEH
OarpIThl Oap €KeHIH ecKepiHi3. bipak Oyl TeXHOJOTHS ASCTYpil MEKTENKe WHTerpalusiaHFaH
Karanaa, OyJT TEXHOJOTHS TaOBICTBI OKYIIBIIAPBIH MOTHBAIMSICHI MEH KbI3BIFYIIBLUIBIFBIH OJIaH
opi apTTHIpYFa BIKMA €TE/I1.

MoHruTiK quieMma-0anaMainbl HeMece AOCTYPIIl 9ICTEP: Kald OKBITY bl TaH aFaH JYPHIC?

Keitbipeynep nmocTypili OKBITY J>KYHECIHIET1 Ke3-KeJIreH HWHHOBAIMS KaKET eMec e,
OUTKEH1 OJIap OKYIIBLIAPIbl OKY Ke3iHJle IIBIHBIMEH HE ICTEYy KEPEeK CKCHIITHEH aJlIaKTaTybl
MYMKIH. OpUHE, OYJ TE3WCTI MIBIHABIK NN caHayFa OoJyanel. [lereHmeH, 013 Te3 AaMblll Kee
JKaTKaH TEXHOJIOTHSJIAP MEH TYPaKThl ©3repicTep QJIEMIHIIe OMip CYpIN >KaThIPMbI3, COHJBIKTAH
Here OuriM Oepy mporieci ©3iH-631 TopOHWeney, OWbIHFA HETI3JEITCH OKBITY JKOHE OCHI KaHa
MEeXaHU3MJIEPiH OapJIBIFBIHCHI3 ©3repicci3 Kalybl kepek? XKayan anblk. Kasipri Outim Oepy xykeci
3amMaHayd OuTIM Oepy TY)KBIPBIMIAAMAaChIH KaHAPTYAbI, KOJAaHY/IbI )KOHE TYCIHYI KaXET €Tell, OJI
opkaraH O13iH YPIaKThIH KQKETTUTIKTEPIHE COMKEC Kellyl KepeK.

ChIHBINITAH THIC JKYMBICTapJarbl OUTIM OepyziH 0acThl MakcaThl - OKyHIbUIap (hPM3UKAHBIH
HETI3r1 YFBIMJIAPBIH TYCIHIN, OCHI OUIIMII OpTYpil karmannapaa koJsigaHa Ouryl. COHJIBIKTaH
MEKTEITe apTTa KaJFaH OKYIIbUIAPMEH CBHIHBINTAH ThIC (U3MKa cabaKTapbIHAA OKBITYIBIH Oanama
o/IicTepiH KOJJIaHY 6T€ MaHBI3/bl, O©UTKEH1 OJap/IbIH IOCTYPJIl OKBITY 9MIICTEPIH/E TOMEH YIATepIMiH
€CKepe OTBIPHII, OHBIH KYMBIC iCTEMEUTiH1 Oenrit 60aIbl.

Ou3nMKaHbl OKYy €cTe Cakray M[IeHOEepIHEeH IBIFBIN, OKYIIBUIAPABIH JIOTHKAIBIK JKOHE
AQHAJIMTUKAJIBIK OWJIAybIH, COHJAN-aK MpoOieManapbl IIenly AaFiblIapblH AaMBITYbl Kepek.
@Ou3ukaHbl 3epTTey OYTiHr1 KYHI MaHBI3ABIPAK, OUTKEHI OapiblK TEXHOJOTHSUIIBIK >KETICTIKTEp
(bu3MKaHBIH HEri3ri mpUHHIUNTEpiHe Heri3fenreH. OKBITYIbIH MHHOBALUAJBIK OIICTEpPIH KOJJIaHY
KOHE aKMapaTThIK-KOMMYHUKAIMSIIBIK TEXHOJOTHUSIIAP apKbLIbI OKBITY/IBI HHTEPAKTUBTI, >KaFbIM/IbI
KOHE TYCIHIKTI €Ty KaKeTTuliri TyblHAaWael. COHIBIKTaH OChl JKYMbICTa OpBIHJANFaH
MeJaroTUKalbIK AKCIEPUMEHTTE (M3MKAHBIH CBHIHBIITaH ThIC ca0aKTapblHAAa OKBITYIBIH Oalama
ozicTepi KOJNJIAHBULIBL, Oy OJapAblH OKyJIaFrbl peili koHe (u3MKa IOHI OOMBIHIIA TOMEH
KOpCEeTKIIITepi 6ap OKYIIbUIAP/IbIH YATrepiMiHe acepi Typalbl Tajay *KacayFa MYMKIHAIK Oepi.

[legarorukanblk  JOKCHOEPUMEHTTIH  OachlHAAa  OKYIIBUIAPABIH  TOHAI  OKyFa  JereH
KBI3BIFYIIBUTBIFBIH aHBIKTAY, OKYIIBIIAPbIH KaHAFATTaHy JAOPEKECIH aHBIKTAy YIIIH apTTa KalFaH
OKYIIbIIApFa aHOHUMJII cayanHama xKyprizinai. CayamHama Keneci cypakrapAbl KaMThIIbL:

1) maran ¢usuka cabarpiHa KaThICKaH YHANIBI.
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2) ceIHBINITAFEl aTMOC(Epa Ci3/11 KaHaFaTTaHIbIpaIbl Ma?

3) ci3 TaKbIPBINTHI TYCIHYI€ KUBIHABIKTApFa Tan O0JIIbIHbI3 0a?

4) cizme MyFaTiMHIH KbICBIMBI Oap Ma?

5) cidre ¢u3uka cabarbiHIa MaTepuapl YChIHY CTHITI YHAH Ma?

6) ci3 cabakra OaramaHOaraHBIHBI3/IBI KaJlalChI3 Oa?

binim amymsimapra «uo» HEMece <OKOK» JKayalnTapbhlH KOJJIaHa OTBIPHII, MalliMAeMeNepai
OKBIII, CypaKTapra xayar 0epy YCHIHBUIJIBL.

Temenne nuarpamMMasa OepiireH aHOHUMII cCayalTHAMAaHBIH Kbl HOTHXKEC]

HaTtukeci

Na
Kok 46%
54%

Ma = Kok

1-cyper. AHOHUM/II cayaTHaMaHbIH KaJIbl HOTHXKEC]

JlmarpamMmana KepCETUITeH/ICH, CBHIHBINTHIH >KAPTHICHl KaHAFaTTaHOAYIIBUIBIKTBI OUIMIpIIL,
Tepic >kayam OepHi JKOHE CBHIHBINTAaH THIC >KYMBICTApJarbl OajlaMa TOCUIMIH 0acThl MaKCcaThl
IIUEJICHICT] KO0 YIIIH 00CAaHCHITY OPTAachiH Kypy Ooiasl. KanararTaHapiblk OaraapiblH KOFaPhI
MalpI3bIMEH OaFajlaHaThIH OKYIIBUIAPABIH JKETICTIr1 OaFajmaymaH KOPKYyFa, CBIHBIN aJJIbIHAA
ceillleyre KoHE bIHFAICBI3 KaFfaiinapAa KalyJaH KOpKyFa Tam Oosanbl. MyHbIH — 0opi
IICUXOJIOTUSIBIK BIHFAWCBI3IBIKKA OKENIeAl, OHbl OKBITYAbIH OanaMa ofici *OKKa IIbIFapyra
ThIpbIcazbl. baranay jkoHe cayallHama Tajjay JKYpri3y YIIiH KOJIaHbLIa/bl, alasKTbIK MYMKIHIIT1H
OonJpIpMaid, jKelen TeCTiIey MEH cayallHamara Heri3/ienreH Oajamalibl OKbITY TY>KbIPbIMIaMachl
OKYIIBUIAP/IbIH CEHIM1 MEH alIbIKThIFbIHA BIKIIAN €TE/I1.

[lenarorukaiblK SKCHEPUMEHT OapbIChIHIA apTTa KalFaH OKYLIbLIAPAbIH OJIKbUIBIKTAPHI
JKOUBUIBIT, OJapIblH OUTiIM JeHredi jkakcapabl. OpOIp OTKEH TaKbIPhINTAaH KEHIH JKOHE
HKCIEPUMEHTTIH COHBIHJA cayajHamajap >XYPri3uiai, OJapAblH HOTHXKEJepl apTTa KaJlFaH >KoHE
COTTI OKHMTBHIH OKYIIBUIAPJBIH NaibI3bIH aHBIKTAyFa, COHJai-aK cabakka KaHaraTTaHYIIbUIBIKTHI
Tangayra MYMKIHIOIK Oepni. baramay «uo», <OKOK» JKOHE «KaHAraTTaHApJIBIK» JKayalTapra
OailsTaHbICTHI OOJIIBL.

[TegarorukaiblK SKCIIEPUMEHTTIH Oip Oeiri peTiHAe OKYIIbUIap YIIiH OOCAHCHITATBHIH YKOHE
KoJIJlay OpTachlH KypyFa 0Oaca Haszap ayJaapblibl, ©WTKEHI IIMENEHICTI aTMocgepana >KOFaphl
carajbl OKbITYFa KOJ eTKi3y KubIH. Herisri MakcaT OapiblK OKYIIBUIAPIBIH YJrepiM JeHreiine
KapamacTaH, okyra 100% rana emec, 200% Ky >xymcail OTBIPBIN, KYMAapJIbIKIEH OUIIM alyblH
KaMTaMachI3 eTy OOJIbI.

[lenarorukaibplk SKCHEPUMEHTTIH COHBIHJA apTTa KaJlfaH OKYIIbUIAPJBIH  YJrepimi
JKOFapblIaFaHbIH JKOHE MYFaJIIMHIH KYMBICbIHA KaHAFaTTaHFAHBIH TYCIHY JKOHE OUTy YIIiH: ca0aKThl
TECT apKbUIbI keien Oaranay cizre yHajapl Ma? ci3 MyFajiMHIH JKYMBICBIHA KaHaraTTaHachl3 0a?
CBIHBINTAFbl aTMOC(epa Kail OarbITTa 3repIi? T.C.C. CypaKTapAaH KypallFaH cayaaHaMa >KYpri3uiil.

KopbITbIHABI cayaqHaMa HOTHIKECIHJIE CBIHBINTaH ThIC JkymbicTa 100% aprtra KanraH
OKYIIBUIAp ©Te OH >XKayan Oepi, oJapJblH YArepiMi apThIl, MMOHTE KbI3BIFYIIBUIBIK Maiaa OOJIbI.
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bi3 yceinran cabakTaH THIC )KYMbICTap/ia KOJAAHBIIATHIH OalaMaiibl TEXHOJIOTHSIIApP OKYIIBUIAP IBIH
BIHTAChl MEH YJIT€PIMiH apTTHIPA/IbI.

3epTTey HoTHMXKenepi (u3MKazaH apTTa KajfaH OKYLIbUIAPABIH OKY Ipolecine Oanama
ONICTepAiH OH ocCepiH pacTaipl. DKCIEPHUMEHTTIK cabakTap peJiK OWBIHAAp, HMHTEPAKTUBTI
JOpicTep JKOHE TOMNTHIK JKoOajlap MaTepHabl TEpeHIPEeK Hrepyre >KoHE TaKbIPhIKa JEeTeH
KBI3BIFYIIBUTBIKTEl  apTTHIPYFa BIKOAIT ETeTIHIITIH KepceTrTi.OKy yirepiMiHe Moy JCTypdi
ONiCTEpMEH  CaJBICTBIpFaH/Aa OajdaMaibl OKBITY OJiCTeMeNepiHe KAaThICKaH OKYIIBLIApAbIH
HOTIDKENEPIHIH >KaKcapFaHBbIH pacTajpl. Byi aHa Tocunmep MaTepHaiabl THIMAI UTEPYre BIKIal
ereTiHAirin kepcerexai.Cananbl cyxOarrap OanmamMalibl TOCULAEPAlI KOJIJaHA OTBHIPHINT OKBIFAH
OKYIIBUIAPJIBIH MOTHBAIMA JICHIEHIHIH KOFapbUIayblH aran oTTi. MyFaiimzaep jkaHa oMiCTepIiH
TUIMJUIITIH OFapbl Oaraiam, OJIap/AblH OKYy NMPOLECIHE MHTETpalMsUIaHYbIHBIH >KEHULIINH aTan
oTTi.Ochlnaiia, 3epTTey MaTepuaIapbIHbIH, JICTEMENIEPIHIH KOHE HOTIKENEPIHIH >KUBIHTHIFBI
(u3MKa )XKoHE CHIHBINTAH ThIC cabaKTap/bl ©TKi3y OOMBIHIIA apTTa KaJFaH OKYIIBUIAPMEH KYMBIC
yKacayarbel OaiaMa 9icTepAiH OH dcepl Typasbl TOJBIK TYCIHIK Oepei. ANBIHFaH HOTIKEIEp OUTiM
aIyIIbUIAPABIH OCHI CaHATHI YILIH OUTIM Oepy MpoleciH *)akcapTy OOWbIHINIA OJaH 9pi TAJIKbUIAYIIAp
MEH YCBIHBIMJIAp YILIH HeT13 00J1ajbl.

ChIHBINITaH THIC cabaKTap/Ia HHTEPAKTHBTI KapbIM-KaTBIHACTHIH OaraMabl TEXHOJIOTHSIIAPbIH
KOJIIaHy Oi3re OKYIIBUIAPIBIH Ha3apblH TOJIBIFBIMEH HIrepyre, 3epTTENEeTiH TaKbIPBITKA OEJICEeHIi
KapbIM-KaThIHAC TI€H KBI3BIFYIIBUIBIKTH KOJIayFa, OKYy MpoIleciHe OapiblK OKYIIBUIAPIbI TapTYFa,
cabaKkThIH aKMmaparThlK 0a3achlH KEHEWTyre, OKY AaKMapaThIHBIH KOJDKETIMAUTIK JIeHTeHiH
apTTHIpYyFa, OKYIIBUIAPFa )KeKe Ko3Kapac JIOpPEKeCiH apTThIpyFa MyMKIHIIK Oepi. Kazipri mekrenTe
MYFaJiM OKYy MPOUECIH 9p OKYILIBIHBIH >X€Ke OachlHa, MYFadiM-OKYIIbl /1, OKYLIBI-OKYILIBI Ja
OIpJIECKEeH 1C-OpeKeT apKbUIbl KY3€re achIPbUIATBIH €TIM KYPYbl KEpeK, Oy MHTEPAKTHUBTI OKBITY
TEXHOJIOTUSIAPBIH KOJIJaHyFa okenenl. MyHal jKyMbIC OKYILIBUIApAbIH allblIyblHA KOMEKTECEeI],
JIeMEK, CBHIHBINTarbl aTMocdepa xKakcapalbl *oHEe cabakTap OHBIH OapibIK KaTbhICYIIbUIApbIHA
KyaHbIII TIeH KaHaraT okese OacTaiinpl. @u3nka cabaKTapblH/IA JKOHE CHIHBINTAH ThIC KYMBbICTapaa
OalaMalibl TEXHOJOTHUSIIApABl KOJaHy, oprHe, cabakka JalbIHIATy Ke3iHIe KaparaibiM JTOCTYpIi
cabaKKa JalbIHAATYIaH Tepl KO YaKbITThI KOKET eTefli, O1paKk COHBIMEH Oipre OKYIIBLIAPAbIH KOJI
JKETKI3TCH HOTIDKENepl C3A1 y3aK KyTyre MOXOyp eTneiji, COHbIMEH Karap Oys1 HOTHKeJep
MYFaTIM/II IIBIHBIMEH KyaHTajbl. @U3KMKa MEKTENTEe OKUTHIH €H KHUbIH JKOHE CYHIKT1 oHACPIiH Oipi
OOJFaHIBIKTaH, OChl TEXHOJIOTUSHBI KOJIJAHY/AbIH apKachlHJA >Karaail TyOereiii e3repyi MyMKIH.
MyHbIH 0opi MYFaJIIMHIH OCBHI TEXHOJIOTHUSIIAPABI KOJIJIAaHYFa JeTeHAHHUIbLIAChIHA, KaOUIETIHE JKOHE
JMANBIHABIFBIHA OalaHbICThl. KOPBITBIHABIIAK Kelle, 013 JKYpPrisreH >KyMbIC OolbIHINIA 013 anFra
KOWFaH MakcaTTap MEH MIHJETTepre KOJ JKeTK3UIAl Jen aita anambl3. bamamanbl OKBITY
TEXHOJIOTUSUIAPBIH KOJIJAHY OKYIIBUIAPABIH KEKe KY3BIPETTUIIKTEPIH KaJIbINTACTBHIPYFa JKOHE
JaMBITYFa BIKIA eTe/1i, OyJ1 YChIHBUIFaH TUIIOTE3aHbIH AYPBICTHIFBIH JONEICH .

KopbIThIHABI

Ocbl XKyMBbICTa YChIHBUIFaH HOTHIKENEP JSCTYPIIl MeKTenTepe (pr3uka moHIHEH apTTa KaJlFaH
OKYIIBUIAPMEH CBHIHBINTAH THIC XKYMBICTapJa >KYMbIC ICT€Y YIIiH Oanama oIicTepAl KOJAAaHY.bl
erxei-rerxeini cunarraipl. OKBITYIBIH JOCTYPIl Tocuijepi, keOiHece CTaHAApPTThI OICTEp MEH
ca0ax »ocrapblHa OalIaHbICThI, dpaiibIM OKYIIBUIAP/IBIH JKEKE epeKIleNiKTepiH eCKepMen/Ii koHe
oJlapfa HIbIFapMalIbIIBIK MYMKIHIIK OepMen/i.

Ocbl Makanaja KenTipuireH Oanama QIICTEpAiH HETri3ri TYKbIppIMIaMachl apTTa KaJiFaH
OKYIIBUIAP YIIIH TCHXOJOTHSUIBIK >KaJIBUIBIKTBI KypyFa HerizjuenreH. KonnaHbUIaThlH Tocll
OKYIIBUIAPJBIH MaTepHaibl Urepy Jaopexeci OolblHIIA Kepi OaliaHpic amyra OaFbITTalIFaH
JocTypii Oaramay >KyieciH Mesip cayalHaMaMeH aybICTBIpYAbl YChIHaIbl. byn Temen Oara
AITYBIH KaFBIMCBI3 TOKIPHOECIH OO IBIpMAaiiIbl skoHe cabaKThl OHAM KaObIIAayFa bIKIAT €T/,

Y CBHIHBUIFAaH TEXHUKAHBIH KOCBIMINA JJIEMEHTI - OKYIIBUIAPJBIH Ha3apblH ayJapy YILIiH
MHTEPAKTUBTI OKBITY 9/icTepiH Kojaany. CoHlaii-ak, KOBOPKUHT-KJIACC TYXKBIPHIMIAMaChIH €HI13Y
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OKYIIBUIAP/IBIH KalJIbl OKYBl MEH ©3apa ic-KMMBUIBI YIIIIH KOJIAIIBI JKaFAaiIap jKacaiipl.

XKyprizinreHn negarorukanblK SKCOEPUMEHT apTTa KajdfaH OKYIIbUIApAaH OH Kepi OailiaHbic
ajlla OTBIPBIN, YCBIHBUIFAH OICTEPHAIH THIMAUIIH pactagsl. JKymbic Oanamalibl OKBITYABIH
YCBIHBUTFAH QJIICTEPi AQCTYPIl OKBITY KYWeciHe yisieciMal eHri3imim, OutiM OepymiH 3amaHayn
TajanTapblHa COWKEC KENEeTIHAINIMEH epeKIIeleHeIl. YHEMi e3repin OThIpaThiH OutiM Oepy
maHmmadTeIH €CKepe OTBIPBIN, OKBITYAAaFbl Japajlay MEH capajiayFa Haszap aynapy opTypdi
OKYIIBUIApJBl THIMII KOJIAyJOblH aXbIpamac »3JeMEHTIHe aifHamanel. byn 3eprrey ¢usmka
caJlaChIH/IaFbl apTTa KAJIFaH OKYIIBUIAP/IBIH MPOOJIEMACEIMEH KOHE OJIap/Ibl KOJIIAYAbIH YChIHBUIFaH
o/icTepiMEeH TEepPeH alHANBICHIN, Oanama 9iCTep/i KOIJIaHyFa KOHE CHIHBIITAH THIC YKYMBICTapAbI
KYpri3yre Ha3ap ayaapsbl.

®dusnKaHbl OKBITYIBIH Ka3ipri TOCUIIEPIH Tayijaay OapbIChiHAa 013 OKY MpOIeciHe, dcipece
apTTa KaJfaH OKYILIbUIAp VIIIH ©3repicTep KaXKeT eKeHIH aHbIKTaablK. JlocTypni omicrep Hazap
ayJnapy/a >KOHE KbI3bIFYIIBUIBIKTBI BIHTAJAHABIPYAA TUIMII eMec. by Typreiaa Oanama omictepal
KOJIIaHy MaTepHalbl UT€PYAIH KeKe KaXeTTUIIKTepl MEH KapKbIHbIHA COMKec KeNeTiH OutiM Oepy
OPTAChIH KYPYJBIH HET13T1 (pakTOpbIHA alfHATIAbI.

3epTTeyaiH OpTAJBIK dJIEMEHTTEPIHIH Oipil KOJIIAHBICTAFbl JMICTEpAl OeliMey XKoHe apTTa
KaJIFaH OKYUIBLIAPJBIH KaXETTUIIKTEepiHe OarbITTaliFaH jkKaHa ojicTepll a3ipiey Oonabl. byn
nporuecTe 013 SpTYpIii MEeJArOrMKaNbIK 9IICTEP/l, COHBIH IIITHJIE POJAIK ONBIHIAP/IbI, HHTEPAKTUBTI
JOpicTEp/ll KOHE TOMTHIK >kobOamapbl Oeiiin, ChIHAN KepJiK. byn skcnepuMeHTTep MarepHasiibl
KAKChl TYCIHYre >KOHE HEri3ri YFbIMJap/Abl Urepyre bIKHaJl €TeTIH OHTaWibl Tocuiaepal Tabyra
OKeI Il

TexXHONMOTHSUTBIK WHHOBANUsUIap OI3MIH 3epTTeyiMi3ie 1€ MaHbBI3ABl POJ aTKapiabl, Oy
KaThICaThIH OKY OPTAachlH KYPYABIH Olperedi MYMKIHAIKTEpIH KaMTamachl3 €TTi. BupTyamapl
3epTXaHajap MEH OHJAWH pecypcTap apTTa KajlfaH OKyLIblIapra (hU3MKa TYKbIpbIMJamallapblH
elecTeTyre JKOHEe ToKipuOe jacayFa MYMKIHAIK OepeTiH KyaTThl KypajiFa aiHamabl, Oy
TaKBIPBINTHI TEPEHIPEK TYCIHYTE ’KOHE KBI3BIKTHIPYFa BIKIAJ €TTi.

bi3aiH 3epTTeyiMi3IiH MaHBI3IbI ACTIEKTICI IOCTYPJIl OKY MPOIECIHE THIMI KOCBIMIIIA PETIH/IE
CBHIHBINITAH ThIC >KyMbIcTapra mmony Oonapl. OKy KiyOTapbl, oJMMIMajgagap MEH MPaKTHKaJIbIK
cabakTap TEOPHSUIBIK OLTIMZII MpaKTHKaja KOJJIaHy YIIIH KOCBIMINA ajaHiap Kypabl, Oy
MaTepualbl TYCIHYAl TEPEHJETIN KaHa KoWMaill, 3epTTeNeTiH IOHIe JAEreH KbI3bIFYIBUIBIKTHI
apTTBIPBL.

biznig 3epTTey HOTMXKeNEpiMi3 apTTa KalfaH OKYIIBUIAPJBIH OKY MpolieciHe Oanama
OMICTEep/IIH OH 9CepiH aHBIK KepceTeml. Toxipubenep KOpCeTKeHACH, Oyl omicTep MaTepHaIIIbI
TEPEHIPEK Hurepyre bIKMaJd €TiN KaHa KOMMail, TakbIpbINKa JEreH KbI3bIFYIIbUIBIK JEHIeHiH
apTThipajbpl. OKylWIBUIApAbIH YiArepiMiHe IMI0Ny Oy CypeTTi TOJIBIKTBIPBIN, JOCTYPil OKBITY
o/liCTepIMEH CaNbICThIPFaH la HOTH)KEJIEPAIH KaKCapFaHbIH aTall oTTi.

Conpaii-ak, OKyIIbUIAPABIH OKY MPOLECIHIH TaOBICHI MEH TUIMAUIIrIHE TIKeJIeH ocep eTeTiH
MOTHBALUS JIEHTeHIH apTThIpy MaHbI3Ibl OoJjbl. 3epTTeyre KaThbICKaH MyfajiMmiep Oanama
ONICTEpAIH MPAKTUKAJIBIK KOJIJAHBUIYbIH FaHAa €MeC, COHbIMEH KaTap OJapiblH OKYy MpOILECIHIH
KaJIbl KYPhUIBIMBIHA MHTEIPALMSUIAHYBIHBIH XKEHULAINH pacTabl.

KopbITbiHabLIaN Kene, Oi3/1H 3epTTey HoTHXKenepi GU3MKa *KoHE CHIHBINTAH ThIC cabaKTapabl
OTKi3y OOMBIHIIA apTTa KajJFaH OKYLIbIApMEH JKyMbICTa OanaMa ofiCTepAl KOJJaHy YIIIiH KYHJIbI
6a3zanbl ychiHaAbl. Kasipri 6i1iM O6epyaeri MHHOBAIMSUIBIK TOCULACPIIH MaHbI3IbUIBIFEl FaHA €MecC,
COHBIMEH KaTap OJIapJblH OapJIbIK OKYIIBUIAP YIIIH OKYJbl KOJDKETIMII, KbI3BIKTBI KOHE TAOBICTHI
eTy Kabineri e atan eTineal. bi3niH HoTHXKenep 9pTYpili OKYIIbUIApAbl KOJJIAayFa >KOHE OJapiblH
¢u3uKa canacelHIAFbl QJICYETIH JaMbITyFa OarbITTaiaFaH OuUTiM Oepy >KyleciHe NpaKTHUKAJIbIK
e3repicTep/li KeHIHEH TaJKplIay jKOHE eHTI3y YIIH OacTanksl HyKTe 00J1a anajbl.
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GORUNTU VERILERINDE NESNE TESPITi VE SINIFLANDIRILMASINDA
KULLANILAN CESITLIi ALGORITMALARIN INCELENMESI VE UYGULAMASI

Ozet. Bu makalede, dijital goriintii isleme ve nesne tespiti alaninda yaygin olarak kullanilan
YOLO (You Only Look Once - Sadece Bir Kez Bakarsiniz) yontemi ile OpenCV Kkiitiiphanesi
kullanilarak uygulanan Haar Ozniteliklerine dayali kaskad siniflandirici yontemi karsilastirmali
olarak incelenmistir. YOLO, derin 6grenmeye dayali bir yontem olup, 6zellikle gergek zamanl
nesne algilama ve tanima uygulamalarinda 6ne ¢ikmaktadir. Haar yontemi ise geleneksel bir
yaklagimla hizli bir sekilde 6zellik tanimlama yetenegine sahiptir. Ancak, bu iki yontem arasinda
performans agisindan énemli farklar bulunmaktadir. Deneyler ve performans analizleri, YOLO'nun
nesne algilama gorevlerinde daha yiiksek dogruluk oranlar1 ve ger¢cek zamanli islem hizi sundugunu
ortaya koymustur. Bu calismada kullanilan yontemler ve kodlar, dijital goriintii islemeye yeni
baslayan arastirmacilara 6nemli katkilar saglayabilir. Ayrica, YOLO'nun GPU desteginden
yararlanarak biiyilk ve karmasik veri kiimelerinde yiiksek performans sagladigi gosterilmistir.
YOLO™mun farkli stiriimleri (6rnegin, YOLOv4, YOLOvVS, YOLOV7) ile yapilan deneyler, diisiik
gecikme siiresi ve yiiksek dogruluk performansi nedeniyle gercek zamanli uygulamalar i¢in en
uygun siirtimlerden bazilar1 oldugunu ortaya koymustur.

Anahtar kelimeler: Goriintii isleme, Nesne tanima, OpenCV, YOLO, Haar Yontemi
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Keckin nepexrepingeri 00beKTiziepi aHBIKTAY KoHe KiKTey YIIiH KOJIAHbLIaThIH
AJITOPUTM/IEPI 3epTrey ’xKIHe KONAAHY

Angatna. byn Makanana mudpriblK KeCKiHII ©OHIEY apKbUIbl OOBEKTUIEpi aHBIKTAY
canaceiana keHiHeH KonmaneutaTtheiH YOLO (You Only Look Once) omici men OpenCV
KiTamxaHachl apKbLIbl JKy3ere achlppliiFaH Haar MyMKIHIIKTEpiHE HETI3[eNTeH KacKaaThl )KIKTeyill
ONICIHIH KepceTKimTepi canbIcThipbulbil 3epTTenieai. YOLO - TepeH OKbITyFa HETi3JeNreH 9JIic
KOHE ocipece HaKThl yaKbITTaFbl HBICAH]Ibl aHBIKTAY JKOHE TaHy KoJgaHOalapbIH/a epeKIIeIeHe .
Xaap oici, KepiciHIe, ISCTYpii TOCUIMEH Oenriii Olp MYMKIHIIKTEpre HETI3IeNIeH >KbUIAaM
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aHbIKTAy MYyMKiHAiriHe wue. JlerenMeH, Oy eki ojic apacblHIa aWTapibIKTall eHIMIUTIK
aiipipMambUIbIKTapel Oap. Toxipubenep MeH eHIMALTIKTI Tannay HoTwkeciHne YOLO HbicaHbl
aHBIKTAy TaIlChIpMaJApbIHJA KOFapbl JIOJIIIK JKbUAAMIBIKTApPhl MEH HAKTBl YaKbITTaFrbl OHICY
KBUIIAM/IBIFBIH YCHIHATBIHBI aHBIKTANABI. 3epTTeyIeri KOJIAaHbUIFaH dliCTepAeri KoATap MHQPIBIK
KECKIH1 eHJiey OaFbIThIH/IA JKaHAIAH 3epTeyluiep YuriH yiakeH kemeri taeni. YOLO ynken xone
Kypaeni aepekrep skubiHmapbiHna GPU MyMKIHAITEpiH KOJJAHYBIMEH YMBIC ICTE€Y apKbUIbI
KOFapbl THIMIUTIKTI KaMTaMachl3 eteTiHairi kepcerimredn. ConbiMeH Katap, YOLO-HBIH opTypii
HYCKaJIapbIMEH XKYprizuireH sxcnepuMentrep (Mpicansl, YOLOvV4, YOLOvVS, YOLOvV7) 6y HaKThI
YaKbITTaFbl KOJIAaHOATIap YIIIH €H KOJAMIbl HYCKadapIblH Oipi €KeHIH KOpCETTi, ocipece OHBIH
TOMEH KITIPIC )KOHE HKOFAPhI JJIIK KOPCETKIITEPi apKachIHIA.
Tyiiin ce3nep: Keckinoi yugpavix onoey, Obvexm many, OpenCV, YOLO, Haar adici
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N3yuyenune n npuMeHeHue Pa3JIMYHBIX AJTOPUTMOB /ISl 00OHAPYKEHUSA U
KjIaccupukanuu 00bEKTOB HA H300paKEHUAX

AnHoTanus. B nanHo# ctathe cpaBHHBatoTcs U u3ydarorcs meroq YOLO (You Only Look
Once), MHUPOKO HCIMOIB3yeMbId B 00JIaCTH OOHAPYKCHHS OOBEKTOB IOCPEACTBOM IHHGPPOBOMA
00paboTKN M300paKEHU, W METOJ KAacKaJaHOro KiaccupukaTopa Ha ocHoBe (yHKumii Xaapa,
peanu3oBaHHbIi ¢ momotnbio OmOmuotekn OpenCV. YOLO — 5310 Meroa, OCHOBaHHBIM Ha
IyOOKOM OOy4eHWH, KOTOpPBIH 0COOCHHO 3(h(EKTUBEH B TPHIOKEHHUSAX i1 OOHAPY)KEHUS H
pacrio3HaBaHusi OOBEKTOB B peanbHOM BpeMeHH. C Apyroi CTOPOHBI, METOJ Xaapa MO3BOJISET
OBICTPO MACHTU(PUIMPOBATH MPU3HAKH, OMUPAsCh HA TPAAULMOHHBIA moaxoi. OmHAaKO MexAy
3TUMH JBYMS METOJAaMH CYIIECTBYIOT 3HAuUMUTEIbHbIE pA3IU4Us B MPOU3BOJUTEIHLHOCTH.
DKCIIepUMEHTHl M aHAJIW3 MPOU3BOAMTEILHOCTU Mokazaid, 4To YOLO oGecrneunBaeT BBICOKYIO
TOYHOCTh M CKOPOCTb OOpabOTKM B pPEaJbHOM BpPEMEHU NpU PEIICHUH 3aJa4 OOHapyXKEHUS
00bekToB. [IporpaMMHBIN KOJ, KCIOJIb30BAHHBIA B HMCCIEHOBAHUU, MOXKET OKa3aTh OOJBLIYIO
MOMOIIb UCCIIEI0BATENAM, KOTOPbIE MaJio 3HAaKOMbI ¢ IU(poBoit 00paboTKOi n300pakeHuit. beuio
npoJieMOHCTpUpoBaHo, uTo YOLO nocturaer BBICOKOH MPOM3BOAUTENLHOCTH Tpu padbore ¢
OONBIIMMHU M CIOXHBIMA HaOOpaMu JaHHBIX Oyiarojapsi HCIHOJIb30BAHUIO BBIUYMCIUTEIBHBIX
BO3MOXHOCTEH rpaduueckoro npoueccopa. Kpome Toro, sKCepuMEHTHI ¢ pa3ITuYHBIMU BEPCUSIMU
YOLO (nmampumep, YOLOv4, YOLOVS, YOLOvV7) noxkazanu, uto Bepcusi YOLOV7 sBusercs
OIHOHM W3 Hambojee MOAXOMAUIUX AJIs MPWIOKEHUNW B PeaJbHOM BpEMEHH, Onarojgaps HU3KOU
3aJIep>KKe U BHICOKOW TOYHOCTH.

Kiarouesblie ciioBa: [Jugposas obpabomka uzobpaxcenuil, Pacnosnasanue o6vexmos,
OpenCV, YOLO, memoo Haar
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Classification in Image Data

Abstract. In this article, we compare and analyze the YOLO (You Only Look Once)
method, widely employed for object detection in digital image processing, with the Haar feature-
based cascade classifier method implemented using the OpenCV library. YOLO, a deep learning—
based approach, excels in real-time object detection and recognition applications. In contrast, the
Haar method utilizes a traditional approach to rapidly identify features. However, significant
performance differences exist between the two methods. Experimental results and performance
analyses demonstrate that YOLO provides high accuracy rates and real-time processing speeds in
object detection tasks. The code implementations presented in this study will be valuable to
researchers new to digital image processing. Additionally, YOLO has shown high performance on
large and complex datasets by leveraging GPU capabilities. Experiments with various YOLO
versions (e.g., YOLOv4, YOLOV5, YOLOv7) have established it as one of the most suitable
options for real-time applications, particularly due to its low latency and high accuracy.

Keywords: Digital image processing, object recognition, OpenCV, YOLO, Haar method

Giris

Son yillarda bilgisayarli gérme ve nesne tanima teknolojileri, otonom araglar, video gozetim
sistemleri, tibbi teshis, perakende satis, tarim ve daha bir¢ok alanda devrim yaratmistir. Nesne
tanima teknolojisi, sistemlerin goriintiilerdeki ve videolardaki cesitli nesneleri otomatik olarak
tanimlamasimi ve smiflandirmasimni saglar. Yapay zeka ve makine 6grenmesindeki hizli gelismelerle
birlikte, nesne tanima, arastirma ve uygulama agisindan en aktif ve dinamik alanlardan biri haline
gelmistir.

Geleneksel yontemler, Destek Vektor Makineleri (SVM) ve Histogram of Oriented
Gradients (HOG) gibi tekniklere dayanarak nesneleri tanimaya calisirken, bu yontemler yerini daha
ileri tekniklere birakmustir. Ozellikle Evrisimli Sinir Aglar1 (CNN), Bolgesel Evrisimli Sinir Aglar1
(R-CNN), YOLO (You Only Look Once) ve Mask R-CNN gibi derin 6grenme yontemleri, nesne
tanimada devrim yaratmistir. Bu modern yaklasimlar, yiiksek dogruluk ve giivenilirlik saglarken,
ger¢ek zamanli ¢oziimlemelere de imkan tanir.

YOLO gibi yontemler, goriintiiyli tek bir ileri beslemeli sinir ag1 ile analiz ederek yiiksek hiz
ve dogruluk sunar. Bu ozellik, 6zellikle ger¢cek zamanli uygulamalar i¢in ¢ok degerlidir. OpenCV
ve TensorFlow gibi popiiler kiitiiphaneler, nesne tanima algoritmalarinin uygulanmasini ve
gelistirilmesini kolaylastirir. Bu kiitliiphaneler, arastirmacilarin ve gelistiricilerin projelerinde hizli
ilerleme kaydetmelerine olanak tanir.

Nesne tanima, tibbi goriintiileme gibi alanlarda da dnemli bir rol oynar. Ornegin, bilgisayarli
tomografi (CT) taramalar1 ve manyetik rezonans goriintiileme (MRI) gibi tibbi goriintiilerde
tiimorlerin ve anormalliklerin otomatik tespiti, teshis siirecini hizlandwrabilir ve dogrulugunu
artirabilir. Tarimda, hastalikli bitkilerin ve zararlilarmm erken tespiti, verimliligi artirabilir ve
maliyetleri azaltabilir.

Perakende sektoriinde, raflarda bulunan iiriinlerin otomatik taninmasi ve envanter yonetimi
siireclerinin iyilestirilmesi miisteri memnuniyetini artirabilir ve operasyonel verimliligi saglayabilir.
Otonom araglar i¢in nesne tanima, ¢evredeki aracglari, yayalar1 ve diger nesneleri tantyarak giivenli
slirlis saglar. Video gozetim sistemlerinde ise, nesne tanima, gilivenlik ihlallerini hizli bir sekilde
tespit ederek gilivenlik seviyesini artirir.

Gorilintli tanima ve nesne tespitinde bilgisayarli gorii algoritmalarnimn uygulanmasi, bu
algoritmalarm goriintiilerdeki nesneleri ve sahneleri dogru sekilde tanimlayip smiflandirmalarma
odaklanan 6nemli bir alandir. Yapilan ¢aligmalarda algoritmalar %89 ile %97 arasinda bir dogruluk
oranina ulagmaktadir [1]. Bu calisma ayrica, goriintii siniflandirmasinda yumusak hesaplama
tekniklerinin roliinii inceleyerek ortaya ¢ikan uygulamalar1 ve kullanilan g¢esitli smiflandirma
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yontemleri hakkinda bilgi sunmaktadir [2]. Cesitli metodolojilerin giiclii ve zayif yonlerinin
kapsamli bir analizi yapilarak, pratik uygulamalarda bilingli karar almay1 kolaylastirmaktadir [3].

Makine 6grenimi algoritmalari, desen tanima teknikleri kullanarak yiliksek boyutlu ve ¢ok
modlu biyomedikal verileri analiz etmekte, bu sayede hastalik teshisinin dogrulugunu artirmakta ve
tibbi goriintillemede tarafsiz karar vermeye destek olmaktadir [4]. Makine 6grenimi, derin 6grenme,
evrisimli sinir aglar1 (CNN), transfer 6grenmesi ve diger ileri seviye goriintii isleme teknolojileri,
calismada kapsamli bir sekilde ele alinmis ve 6zetlenmistir [5]. Makale, CNN, SVM, ANN ve
lojistik regresyon gibi goriintii siniflandirma algoritmalarinin karsilastirmali analizini sunarak,
CNN'in diger modellerden siirekli olarak daha iyi performans gosterdigini, SVM, ANN ve lojistik
regresyonun ise performans siralamasida onu takip ettigini ortaya koymaktadir [6].

Tigili calismalar

Son yillarda, nesne tespiti ve tanima alanindaki arastirmalar, derin 6§renme tabanli
yaklagimlarm, geleneksel yontemlerle karsilastirilmasma odaklanmistir. YOLO (You Only
Look Once) yontemi ve Haar oOzelligi tabanli kaskad smiflandirict gibi yontemler, bu
alandaki temel teknolojiler arasinda yer almaktadir. 2020 yilindan bu yana, birgok ¢alisma
bu yontemlerin performanslarmi ¢esitli veri setleri ve senaryolar {izerinde
karsilastirmistir[ 7].

A. YOLO Yintemine Iliskin Calismalar. YOLO yontemi, son yillarda nesne tespiti
alaninda en c¢ok kullanilan yontemlerden biri olmustur. YOLOv4 ve YOLOvVS'in
performanslarimi gesitli veri kiimelerinde karsilastirarak YOLOv4'iin daha hizli ve daha
dogru sonuglar verdigini, ancak YOLOvV5'in daha hafif bir mimari ile daha diisiik hesaplama
maliyetleri sundugunu géstermistir[8]. YOLOvV7'nin, karmasik sahnelerdeki nesne tespitinde
hem hiz hem de dogruluk agisindan istiin performans sagladigini ve ger¢ek zamanli
uygulamalar i¢in en uygun seg¢eneklerden biri oldugunu belirtmistir[ 9].

15115 i,

Sekil 2.1. Resimlerle OpenCV'de Haar kademesinin ¢alismast
B. OpenCV ve Haar Yéntemine lliskin Calismalar. OpenCV'nin Haar 6zelligi

tabanli kaskad smiflandirict yontemi, nesne tespitinde geleneksel bir yaklagim olarak

kullanilmaya devam etmektedir (Sekil 2.1). Haar yonteminin diisiik donanim kapasitesine
sahip cihazlar i¢in hala gegerli bir ¢6ziim sundugunu, ancak derin Ogrenme tabanli
yontemlerle karsilastirildiginda dogruluk acisindan geride kaldigint vurgulamistir[10]. Haar
kaskad yonteminin, yiliz ve géz gibi belirli nesnelerin tespitinde hala etkili oldugunu, ancak
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genel nesne tespiti gorevlerinde derin Ogrenme yaklagimlarinin gerisinde kaldigini
gostermistir.

—— _,,/7/,//////////47 .

Sekil 2.2. Szﬁrdan YOLO Tiny Ozellesmis Nesne Tespiti
Karsilasarmali  Calismalar: YOLO ve Haar yontemlerinin performanslarini
karsilagtiran birka¢ calisma, her iki yOontemin de belirli kullanim durumlarina gore
avantajlar1 oldugunu ortaya koymustur. YOLO ve Haar yontemlerini ¢esitli video veri
kiimeleri lizerinde karsilastirmis ve YOLO'nun daha yiiksek dogruluk ve hiz sundugunu,

Haar yonteminin ise daha diisilk donanim maliyetleriyle daha basit uygulamalar i¢in uygun

oldugunu belirtmistir. YOLO ve Haar yontemlerinin farkli uygulama alanlarindaki

basarilarin1 incelemis ve YOLO'nun, 0&zellikle biiyiik 06lgcekli ve gercek zamanli

uygulamalarda tistiin performans gosterdigini vurgulamustir (Sekil 2.2) [11].

Bu calismalar, YOLO ve Haar yontemlerinin farkli kosullarda nasil performans gosterdigini

ve hangi uygulama senaryolarinda en uygun olduklarin1 anlamak i¢in kapsamli bir temel

olusturmaktadir.

Ayrica, bliyiik Olgekli egitim verilerinin eksikliginin iistesinden gelmek i¢in stratejiler de
incelenmistir. Veri artirma, transfer 6grenmesi, meta 6grenme gibi yontemler ile ilgili veri kiimeleri,
degerlendirme kriterleri ve yontem karsilastirmalar1 tartisilmistir [12]. Calisma ayrica, ozellikle
YOLO serisi, SSD ve RetinaNet gibi derin 6grenme tabanli nesne algilama algoritmalarini
inceleyerek, bu algoritmalarin evrimi, teknik detaylari, karsilagtirmali performanslari, uygulamalari
ve goriintli veri analizi konusundaki sinirlamalarma dair iggériiler sunmaktadir [13]. Ek olarak,
nesne tespiti i¢in sinirsel yaklagimlar gézden gecirilmis, STARE, DRIVE ve ImageNet gibi veri
kiimeleri kullanilarak Naive Bayes ve LMS gibi makine 6grenimi modellerinin dogrulugu
karsilastirilmistir [14].

Gorilintii  smiflandirmast i¢in basit bir CNN modeli olusturulmus ve smiflandirma
performansini en fazla etkileyen temel parametreleri belirlemek amaciyla farkli 6grenme oranlar1 ve
optimizasyon algoritmalar1 kullanilarak test edilmistir [15]. Bu inceleme, YOLO algoritmasinin
kronolojik gelisimini izleyerek, yillar igerisindeki Onemli ilerlemelerini ve 1iyilestirmelerini
vurgulamaktadir. Ayrica, nesne tespiti teknolojilerinin biiyiik potansiyeli ve ¢ok yonliiliigii gozler
Oniine serilmistir [16]. Makale, asir1 yumusatma gibi sorunlara ¢6ziim bulmak amaciyla, goriintii
smiflandrmasimda grafik evrisimli aglarm (GCN) roliinii incelemektedir. GCN'ler, grafik
yapilandirilmig verileri islemekte yiiksek performans sergileyerek goriintu analizinde gelecekteki
yeniliklere kap1 aralamaktadir [17].

Caligsma, goriintii siniflandirmasinda CNN'ler kullanilarak Gabor, LBP ve SIFT filtreleri ile
aykir1 deger algilama tekniklerini karsilastrmakta ve geleneksel yontemlere kiyasla uzatilmis
egitim siireleriyle birlikte daha yiliksek dogrulukta anormallik algilama saglamaktadir [18]. Ayrica,
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sokak seviyesinde nesne algilamada kullanilan YOLOvV5, YOLOv4, YOLOvV3 ve SSD MobileNetv2
FPN-lite gibi tek asamali dedektor algoritmalarinin karsilastirmali bir analizini sunmakta, bu
algoritmalar arasinda YOLOvV5!’nin en dogru ve verimli sonuglar1 verdigi belirtilmektedir [19]. Son

olarak, sokak seviyesinde algilama gorevlerinde YOLOvS!’nin {istiin performansi vurgulanmistir
[20].

Nesne tamima algoritmalarinin uygulanmasi

Haar yonteminin uygulanmasi

Google Colab'da Haar yontemini kullanacak kod. Kodu galistirmak igin Haar Cascade
Siniflandiricisimi indirin (Sekil 3.1).

f [2] !wget https://github.com/opencv/opencv/raw/master/data/haarcascades/haarcascade frontalface default.xml

3% --2024-05-20 05:52:24-- https://github.com/opencv/opency/raw/master/data/haarcascades/haarcascade frontalface default.xml
Resolving github.com (github.com)... 140.82.116.4
Connecting to github.com (github.com)|140.82.116.4]:443... connected.
HTTP request sent, awaiting response... 302 Found
Location: https://raw.githubusercontent.com/opencv/opencv/master/data/haarcascades/haarcascade_frontalface_default.xml [following]
--2024-05-20 05:52:24-- https://raw.githubusercontent.com/opencv/opencv/master/data/haarcascades/haarcascade frontalface default.xml
Resolving raw.githubusercontent.com (raw.githubusercontent.com)... 185.199.108.133, 185.199.109.133, 185.199.110.133, ...
Connecting to raw.githubusercontent.com (raw.githubusercontent.com)|185.199.108.133|:443... connected.
HTTP request sent, awaiting response... 200 OK
Length: 930127 (908K) [text/plain]
saving to: ‘haarcascade_frontalface_default.xml’

haarcascade_frontal 10@%[===================>] 908.33K --.-KB/s in @.e4s

2024-05-20 05:52:24 (24.0 MB/s) - ‘haarcascade_frontalface default.xml’ saved [930127/930127]

Sekil 3.1. Haar basamakl siniflandiriciyr yiikleme
Haar basamakli smiflandiriciy1 yiikledikten sonra kodu yazip ¢alistiriyoruz. Bu kod, Google
Colab ortamindaki OpenCV kitapligini kullanarak Haar basamakli smiflandiriciy1 kullanan yiizleri
tanimak i¢in tasarlanmistir. Kod goriintiiyii okur, gri tonlamali hale getirir, yilizleri tanir ve taninan
yiizleri bir dikdortgenle isaretler ve ardindan sonucu goriintiiler (Sekil 3.2).

import cv2
from google.colab.patches import cv2_imshow

face cascade = cv2.CascadeClassifier(cv2.data.haarcascades + 'haarcascade frontalface default.xml')

image = cv2.imread('/content/be3 wa3Bauua.jpg")
gray = cv2.cvtColor(image, cv2.COLOR BGR2GRAY)

faces = face cascade.detectMultiScale(gray, scaleFactor=1.1, minNeighbors=5, minSize=(308, 30))

for (x, y, w, h) in faces:
cv2.rectangle(image, (x, y), (x+w, y+h), (255, @, @), 2)

cv2_imshow(image)
Sekil 3.2. Haar yontemine kullan:lan kod

Kodu ¢aligtirma adimlart:

1. OpenCV kitiphanesinin kurulumu: OpenCV kitliphanesini kodunuzda kullanmak igin
kurmaniz gerekmektedir.
Haar Cascade Siiflandiriciyr Indirin: Yiiz tanima igin gerekli Haar Cascade dosyasini
indirin.

Resim yukle: Yuklenen resmi okuyun.

Gri tonlamali: Daha kolay taninmast igin goriintiiyii gri tonlamalr hale getirir.

Yiiz algilama: DetectMultiScale islevini kullanarak yiiz algilama.

Sayfalari isaretle: Taninan sayfalar: bir dikdortgenle isaretleyin.

N

o0 hsw
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7. Sonucu goster: Sonucu gostermek icin cv2_imshow islevini kullanin.
Bu kodun sonucu Sekil 3.3’te (a ve b) gosterilmektedir.

a) b)
Sekil 3.3. Kodu ¢alistirdiktan sonraki sonug
Ikinci kod, Haar basamakli siniflandirict kullanilarak olusturulur. Bu kod, resimdeki arag
plakalarini tanimak i¢in tasarlanmistir. Kod, goriintiiyii okur, gri tonlamaya doniistiiriir, plakalar
algilar ve taninan plakalar1 bir dikdortgenle isaretleyerek sonucu goriintiiler (Sekil 3.4).

© import cv2
import matplotlib.pyplot as plt

plate_cascade = cv2.CascadeClassifier(cv2.data.haarcascades + "haarcascade russian_plate number.xml")

image = cv2.imread('/content/images (1).jpg')
gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

plates = plate cascade.detectMultiScale(gray, scaleFactor=1.1, minNeighbors=5, minSize=(3@, 30))

for (x, y, w, h) in plates:
cv2.rectangle(image, (x, y), (x +w, y + h), (255, 0, @), 2)

plt.imshow(image)
plt.axis('off")
plt.show()

Sekil 3.4. Haar yontemine kullanilan kod
Kodu calistirma adimlari:
1. Smuflandiricon cv2.CascadeClassifier(*haarcascade_russian_plate_number.xml’)
kullanarak yukliyoruz.
Resmi cv2.imread(image_path) kullanarak okuyoruz.
cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) kullanarak goruntlyl griye geviriyoruz.
DetectMultiScale fonksiyonunu kullanarak sayr sembollerini taniyoruz.
Taninan sayr sembollerini bir kare ile isaretliyoruz ve sonucu plt.imshow kullanarak
gOsteriyoruz.
Bu adimlarda asagidaki sonucu aliyoruz ($ekil 3.5):

agbrwn
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Sekil 3.5. Kodu ¢alistirdiktan sonraki sonug

YOLO (You Only Look Once) yénteminin uygulanmasi
Google Colab'da YOLO yontemini kullanacak kod. Onceden ayarlanmis ve konfigiirasyon
dosyasin indirme yolu Sekil 3.6’da gosterilmektedir.

° Iwget https://github.com/AlexeyAB/darknet/releases/download/darknet_yolo v3_optimal/yolovd.cfg
Iwget https://github.com/AlexeyAB/darknet/releases/download/darknet_yolo_v3 optimal/yolovd.ueights

&)

--2624-85-20 10:34:85-- https://github.com/AlexeyAB/darknet/releases/download/darknet_yolo_v3_optimal/yolovd.cfg

Resolving github.com (github.com)... 14@.82.113.4

Connecting to github.com (github.com)|148.82.113.4|:443... connected.

HTTP reguest sent, awaiting response... 282 Found

Location: hitps://objects.githubusercontent.com/github-production-release-asset-2e65be/75388965/c6725600-96cf-11ea-9a3h-5f6c6235d23h2X-Ar
--20824-05-20 18:34:05-- htips://objects.githubusercontent.com/github-production-release-asset-2e65be/75388965/c672560@-36cf-11ea-0a3b-51
Resolving objects.githubusercontent.com (objects.githubusercontent.com)... 185.199.1@8.132, 185.199.109.133, 185.199.110.133, ...
Connecting to objects.githubusercontent.com (objects.githubusercontent.com)|185.199.168.133|:443... connected.

HTTP request sent, awaiting response... 2e@ 0K

Length: 13351 (13K) [application/octet-stream]

Saving to: ‘yolov4.cfg’

yolovd.cfg 180% [ ===================3] 13.84K --.-KB/S in @s
2024-85-20 10:34:06 (37.2 MB/s) - ‘yolovd.cfg® saved [13351/13351]

--2024-05-20 18:34:86-- htips://github.com/AlexeyAB/darknet/releases/download/darknet_yolo_v3_optimal/yolov4.weights

Resolving github.com (github.com)... 140.82.114.4

Connecting to github.com (github.com)|148.82.114.4|:443... connected.

HTTP request sent, awaiting response... 3@2 Found

Location: https://objects.githubusercontent.com/github-production-release-asset-2e65he/75288965/badb6388-889¢c-1105-9751-f994f50617962X-An

--20824-05-20 18:34:86-- htips://objects.githubusercontent.com/github-production-release-asset-2e65be/75388965/badb6238@-889¢-11ea-0751-12

Sekil 3.6. Yapilandirma dosyasinin ve YOLO agﬁrlikfarmm yﬁklenmesi

Bu kod, bir goriintiideki nesneleri algilamak icin YOLO (Yalnizca Bir Kez Bakarsiniz)
modelini kullanmanizi saglar. Gerekli agirlik ve model konfigiirasyon dosyalarini[21] otomatik
olarak yiikler ve ardindan bunlari, goriintiilenen goriintiideki nesneler hakkinda tahminlerde
bulunmak i¢in kullanir (Sekil 3.7).
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Sekil 3.7. YOLO yontemini kullanacak kod

Kodu calistirma adimlar1:

1. Gerekli kiitiiphaneleri ice aktarin

2. Bir resim yikleyin

3. Nesne algilama fonksiyonunu tammlaymn cv2.dnn.readNet('yolov4.weights', 'yolov4.cfg'):
Agwrliklar ve yapilandirma dosyasuyla birlikte onceden olusturulmus YOLO modeli yiiklendi.

net.getLayerNames().: agin tiim katmanlarinin adlarin alir.

net.getUnconnectedOutLayers(): Diger katmanlara bagli olmayan ag ¢ikis katmanlarinin
indekslerini alir. Bu indeksler ¢ikti katmanlarinin adlarint almak icin kullanilir.

4. Goriintii hazirlama ve tahmin cv2.dnn.blobFromImage(...): Bir goriintiiyii sinir agina
(blob) beslemeye wuygun bir formata doniistiiriir.net.setlnput(blob): Olusturulan gériintiiyii
network.net.forward(output layers) igin giris olarak ayarlar): Tahminleri elde etmek i¢in ag
lizerinden ileterek gecisi gerceklestirin.

5. Tahmin sonuclarimin islenmesi class_ids Sinif kimliklerini ('), giivenleri ( giivenleri ) ve
dikdortgen koordinatlart () tutacak bagslatilmis kutular: listeler. Her tahmin koordinatlari,
boyutlar, giivenilirlikleri ve sinif tamimlayicilarini icerir. np.argmax(scores): En yiiksek giivene
sahip simifi belirleyin. giiven > 0,5: Tahminleri giiven simirina gore filtreleyin. Tamimlanan
nesnelerin etrafindaki dikdortgenlerin koordinatlart ve boyutlari hesaplanir. Koordinatlar,
guvenler ve sinif kimlikleri ilgili listelere eklenir.

6. Maksimum olmayan stkistirma kullanin ve dikdortgenler

cv2.dnn.NMSBoxes(...): Ust iiste binen dikdirtgenleri kaldirmak icin maksimum olmayan
stkistirma  algoritmast uygulayin. Farkli smiflar icin rastgele renkler olusturun. Maksimum
olmayan degerlere tikladiktan sonra kalan tiim dikdortgenleri yineleyin. Resmin iizerine
dikdortgenler ve sinif isaretleri ¢izin.

7. Sonucu gorintileme

8. Cagri islevi

Bu kodun sonucu Sekil 3.8°de (a ve b) gosterilmektedir.
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Sekil 3.8. Kodu calistirdiktan sonraki sonug

OpenCYV Kkiitiiphanesinin kullanimi

Google Colab'da OpenCV kutiphanesinin kullanacak kod. Bu kod, belirli bir gorintideki
nesneleri algilamak ve saymak i¢in OpenCV kitapligini kullanir[22,23]. Kod, bir goriintiyt okur,
onu gri tonlamaya doniistliriir ve ardindan konturlar1 algilamak i¢in Canney'in algoritmasimni
kullanir. Tanimlanan konturlarm alani belirli bir degerden biiylikse nesne olarak kabul edilirler
(Sekil 3.9).

° import cv2
from google.colab.patches import cv2_imshow

image = cv2.imread('/content/bez wHaszeawua (1).jpg’)
gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)
edged = cv2.Canny(gray, 30, 150)

contours, _ = cv2.findContours(edged.copy(), cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_SIMPLE)

objects = @
for contour in contours:
area= cv2.contourArea(contour)
if area > 50:
objects += 1
cv2.drawContours (image, [contour], -1, (@, @, 255), 2)

print (“"Mesne Sayisi:", objects)
cv2_imshow(image)

Sekil 3.9. OpenCV kiitiiphanesi ile kullanilan kod

Kodu ¢aligtirma adimlart:

1. OpenCV ve Google Colab araglarini ige aktarin.

2. Resmin okunmasi ve gri tonlamaya doniistiiriilmesi: cv2.imread kullanarak resmi
okuyoruz. cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) kullanarak goruntiyd griye
ceviriyoruz[10].

3. Konturlarin belirlenmesi: cv2.Canny(gray, 30, 150) kullanarak Canny algoritmasini
kullanarak  gériintiiniin ~ kenarlarint  belirleriz.  cv2.findContours(edged.copy(),
cv2.RETR EXTERNAL, c¢v2.CHAIN APPROX SIMPLE)  kullanarak  konturlari
buluruz[11].

4. Konturlarla ¢alisin: nesneler = 0 baslangi¢ta nesnelerin sayist sifirdir. Konturlardaki
kontur igin: her konturu kontrol ederiz. Kontur alamini cv2.contourArea(contour)
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kullanarak hesaplyyoruz. Alan 50'den biiyiikse nesne sayisini arttirip konturunu resim
lizerinde isaretliyoruz.
5. Sonucu goriintiileyin: print("Nesne sayisi:", nesneler) bulunan nesnelerin sayisini
gosterir. cv2_imshow(image) bir resmi gosterir[12].
6. Bu kodun sonucu Sekil 3.10°da (a ve b) gosterilmektedir.
Nesne Sayisi: 7 Nesne Sayisi: 1@

a) b)
Sekil 3.10. Kodu ¢alistirdiktan sonraki sonug

Sonug
Bu ¢alismada, YOLO (You Only Look Once) yontemi ile OpenCV Kkiitliphanesi kullanilarak

Haar 6zelligi tabanlh kaskad smiflandirici yonteminin performanslar1 karsilastirilmigtir. Arastirma
Universite lisans Ustli orencilerine ve yeni arastirmacilar i¢in de ek yardimci olacaktir. Kullanilan
her iki yontem de nesne tespiti ve tanima gorevlerinde yaygin olarak kullanilsa da elde edilen
sonuglar, YOLO'nun modern derin 6grenme tabanli yaklagimi sayesinde Haar yontemine goOre
belirgin avantajlar sundugunu gostermektedir.

Performans agisindan, YOLO yontemi daha yiiksek dogruluk ve diisiik yanlis pozitif
oranlar1 ile 6ne ¢ikmaktadir. YOLO, ger¢ek zamanli nesne tespitinde hiz agisindan biiyiik
bir avantaj saglarken, Haar yontemi Ozellikle eski ve diisiik donanim gereksinimi olan
sistemler i¢in tercih edilebilir. Ancak, biiyilkk ve karmasik veri setlerinde ya da yiiksek
coziinlirliklii goriintiilerde Haar yontemi, YOLO'ya kiyasla performans olarak geride
kalmaktadir.

Hesaplama maliyetine gelince, YOLO’nun GPU optimizasyonlar1 sayesinde paralel
hesaplamalarla biiylik veri kiimelerinde Onemli 0Olglide zaman tasarrufu sagladigi
goriilmektedir. Buna karsilik, Haar yontemi CPU tabanli daha basit bir yapiya sahip
oldugundan diigiik maliyetli cihazlarda dahi kabul edilebilir sonuclar Gretebilir, ancak daha
karmagsik senaryolarda performans diisiisii yasanabilir.

YOLO yontemi, yiiksek dogruluk ve hiz gerektiren ger¢cek zamanli uygulamalar i¢in
daha uygun goriiniirken, Haar yontemi donanim kisitlamalar1 olan ve daha diisik hassasiyet
gerektiren durumlar icin alternatif bir ¢oziim sunmaktadir. Bu bulgular, nesne tespiti
uygulamalarinda kullanilacak yOontemin se¢iminin, kullanim senaryosuna ve donanim
kapasitesine gore yapilmasinin 6nemini vurgulamaktadir.
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Gelecekteki calismalar kapsaminda, YOLO'nun farkli siiriimleri (6rnegin, YOLOVS
veya YOLOV7) ile diger modern derin 6grenme tabanli yaklagimlar karsilagtirilabilir ve
farkli veri kiimeleri lizerinde bu yontemlerin performans analizleri daha kapsamli sekilde
genisletilebilir.
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Abstract. As computing technology progresses, the comparison between photonic CPUs and
traditional electronic CPUs has become a key topic in research and development. This paper offers
a comprehensive analysis of the underlying principles, performance characteristics, and challenges
associated with both processor types. Traditional electronic CPUs, which rely on the manipulation
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management, power consumption, and signal loss as they scale. Photonic CPUs, by contrast, use
photons for data transmission, providing significant advantages in speed, bandwidth, and energy
efficiency, particularly in large-scale data-intensive applications. However, despite their promising
benefits, photonic CPUs are still in the early stages of development and face challenges related to
serial task execution and compatibility with existing electronic systems. This paper explores the
potential for hybrid architectures that combine the strengths of both photonic and electronic
processors, which may offer a path toward future high-performance computing. Such an approach
could be particularly impactful in fields like artificial intelligence, big data, and optical networking.
The paper further reviews current research, explores potential applications, and discusses future
prospects for these technologies, emphasizing the need for continued innovation to fully unlock the
potential of photonic processing.
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D OTOHUKAJBIK KIHE JICTYPJIi 3J1eKTPOH/IbI POLECCOPIAPABI KAH-KAKTHI CAIBICTBHIPY

Angarna. Ecenrtey TeXHONOTHSACH JambiFaH cailblH (QoTOHIBIK I[lporeccopnap MeH
nocTypii  anekTpoHnsl  [Ipoieccopnapipl  CalbICTBIPY FHUIBIMHU-3€PTTEY JKOHE TOKIpHOemik-
KOHCTPYKTOPJIBIK JKYMBICTap/IbIH HETi3T1 TaKbIphIObIHA aliHAABI. ByJl KYMBIC MPOIECCOPBIH €Ki
TYpiHE J€ KaThICThI HETI3T1 MPUHIUIITEP/l, OHIMAUTIK CUIIaTTaMaIapPbIH KOHE KUBIHIBIKTAP/IbI )KaH -
KAKTBl  Tanmayasl  yCcbiHaAbl.  KpeMHWii  TpaH3WCTOpIapbl  apKbUIBI  3JEKTPOHAAPIbBI
MaHUIYJSAIUsIIayFa CyHeHeTIH IocTypii a1ekTpon bl [Iporieccopnap ToH GU3HUKAIBIK MIEKTEeylIepre
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Tan 0oJjanbl, ocipece JKbUTyIbl Oackapynaa, KyaTThl TYTBIHYAa >KOHE MaclTadTay KesiHae
CUTHAJapAbIH KoranmybliHaa. @otoHukanslk IIpoueccopnap, kepicinime, AepekTepAi Oepy YIIiH
dboToHmApaRl TainanmaHagbl, O OKBULIAMIBIKTA, OTKI3y KaOUICTTUIINiHIE JKOHE JHEprus
THIMJIUTITIHAE, ocipece AEpeKTepAl Kell KaXeT eTETIH ayKbIMIbl KoJjaHOajmapaa anTapibIKTai
apTHIKIIBUTBIKTAp Oepeni. JlerenMeH, oapIplH MEepPCIeKTUBAIBI apTHIKIIBUIBIKTAPbIHA KapaMacTaH,
¢doronukansik [Iponeccopnap om ae mamyablH OacTankbl Ke3eHAEpiHIE >KOHE TarcChbpMallap.IbiH
CepUSUIBIK OPBIHAATYBIHA >KOHE KOJIJAHBICTAFbl DJJIEKTPOHIBIK JKYHEJIepMEH  YVilleciMIuIirine
OaiiIaHBICTBl KHUBIHABIKTapFa Tam Oojanel. byn Makanmana (OTOHHMKANBIK JKOHE AIIEKTPOHIBI
IporeccopiapAblH KYIITI JKaKTapblH OIpIKTIpeTiH THOPUATI apXUTEKTypalapiblH oJleyeTi
3epTTelei, Oy OoJamrakTa >KOFaphl OHIMJI ecerTeyiepre Kol anrybl MyMKiH. By Tocin acipece
’KacaH/lbl UHTEIIJIEKT, YJIKEH JAEPEKTEp 'KOHE ONTHUKAIIBIK JKEJIUIep CUSKThI canajgapia TUIMI1 00Jybl
MYMKIH. Makanana arbIMIarbl 3€pTTEYJEp OJlaH opl KapacThIPbUIAIbI, OJEYEeTT1 KoJigaHOaiap
3epTTeNeNli JKOHE OCBHl TEXHOJOTHsUIApBbIH OoJlaliaKk IMepCreKTUBANAPhl  TaJKbUIaHAIB, Oyl
dboToHAAPABI OHJIEY OJIEYETIH TOJBIK ally YIIH WHHOBalMSUIAPABl JKAJFACTHIPY KAKETTUIITH
KOpCeTeIl.

KinT ce3aep: @oToHMKAIBIK ITpoLIecCOpIIap, DIEKTPOHIBIK Mporieccopiap, Korapbl eHIM/II
ecenreynep, OHeprus THIMILIIN, ONTUKaIBIK Mpoieccopiap, TOJKbIH Y3bIHABIFBIH Oy
mynbetuiviekcupiaey (WDM), I'nbpuari apxutekrypanap, MamnHanblK OKBITY.
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BcecroponHee cpaBHeHue (POTOHHBIX U TPAAUIIMOHHBIX 3JIEKTPOHHBIX NPOLECCOPOB

AbctpakT. [lo Mepe pa3BUTHS BBIYUCIUTEIHHON TEXHUKU CPAaBHEHUE MEXAYy (POTOHHBIMU U
TPaJAMLMOHHBIMU JJIEKTPOHHBIMU TPOIECCOPAMH CTal0 KIIIOYEBOW TEMOWM HCCIeNOBaHUN H
paszpaboTok. B gaHHOW cTaTbe MpeAcTaBiICH BCECTOPOHHUN aHAJIW3 OCHOBHBIX TPUHIUIIOB,
XapaKTEePUCTUK IMPOU3BOAUTEIBHOCTH U MPOOJIEM, CBSI3aHHBIX C O0OMMHU THUIIAMHU MPOILIECCOPOB.
TpaauioHHBIE ANEKTPOHHBIE MPOIECCOPhl, OCHOBAaHHBIE Ha YIPABICHUU HJIEKTPOHAMH C
MOMOIIBI0 KPEMHHUEBBIX TPAH3UCTOPOB, CTAJIKUBAIOTCS C NPUCYIIUMU UM  (U3NIECKUMU
OTpaHHYEHUSIMU, OCOOEHHO B O0JIACTH YMpaBIE€HUS HArpeBOM, JHEPronoTpedIeHUs W MOTEepU
CUTHaja mpu MacmradupoBaHuu. MOTOHHBIE MPOILIECCOPHI, HAMMPOTHUB, HCIOIb3YIOT (POTOHBI IS
nepenavyu JaHHbBIX, 0OOecreurBasi 3HAYUTENbHbIE IPEUMYILECTBA B CKOPOCTH, MOJIOCE MPOITYCKaHUS
U SHEprodPQPeKTUBHOCTH, OCOOEHHO B KPYMHOMACIITAOHBIX MPUIOKEHUSAX C HHTCHCUBHBIM
WCIOJIb30BaHMEM JaHHBIX. OJHaKo, HECMOTpS Ha CBOM MHOrooOemaromue IpeuMyIIecTBa,
(OTOHHBIE MPOLIECCOPHI BCE €Ille HaXOAATCA Ha PaHHUX CTaausX pa3pabOTKU M CTaJIKUBAIOTCA C
npoOieMaMu, CBS3aHHBIMH C IIOCJIEJIOBATEIbHBIM BBHIMOJHEHHEM 3a/lad U COBMECTHMOCTBIO C
CYIIECTBYIOIIMMH 3JIEKTPOHHBIMU cHcTeMaMU. B 3Toil cTaThe uccneayercs noTeHuuan ruOpUaIHbIX
apXUTEKTyp, COUEeTAalOIUX B cebe mpeuMyniecTBa Kak (OTOHHBIX, TaK U 3JIEKTPOHHBIX
MIPOIIECCOPOB, YTO MOXET OTKPHITh IMYTh K BBICOKOIIPOU3BOJUTENBHBIM BBIYMCIEHUSM OYAYyIIETo.
Taxo¥ moaxo; MOXKET 0OKa3aTbcsi 0COOEHHO APPEKTUBHBIM B TAKUX 00IACTAX, KaK UCKYCCTBEHHBIN
MHTEJUIEKT, OOJblINe JaHHbIE M ONTHYeckue ceTd. Jlajmee B JOKYMEHTE AaeTcsi 0030p TEKYIIMX
UCCIIE/IOBAaHUM, paccMaTpUBaIOTCAd MOTEHIMAJIbHbIE 00JacTH TNPUMEHEHUS U OOCYXIAIoTCs
Oyaylue TepCcHeKTUBBl ATUX TEXHOJIOTHUH, MOIYEPKHUBAETCS HEOOXOIUMOCTh MPOJIOIHKEHUS
WHHOBALMI JUIS IOJTHOTO PAaCKPHITHS MOTEHIIMAIa POTOHHONW 00pabOTKU JaHHBIX.
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BbICOKOTIPOU3BOIUTENbHBIE BBIUUCIEHUS, OHEprodPpekTUBHOCTh, ONTHYECKHE MPOLECCOPSI,
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MynbeTumiekcupoBanue ¢ pasjaeneHueM no jgiuuHe BojHbl (WDM), I'mOpuanbie apXUTEKTYpHI,
MammaHOE 00y4eHHE.

Introduction
In recent years, the relentless demand for faster, more efficient computing has driven

innovations across the semiconductor industry. Traditional electronic CPUs, which have been the
backbone of computing since the mid-20th century, are built on the principles of electrical
conductivity using silicon-based transistors. These processors have evolved significantly, enabling
incredible leaps in computational power, from the earliest mainframes to today’s cutting-edge
supercomputers and mobile devices. However, as we approach the physical limitations of electronic
circuitry, challenges such as heat dissipation, power consumption, and signal delay have become
major hurdles in achieving further substantial gains in processing speed and efficiency.
One of the most promising alternatives to conventional electronic CPUs is the advent of
photonic processors, which use light (photons) instead of electrical signals (electrons) to
transmit and process data. This shift from electrons to photons represents a fundamental
transformation in how data is handled within a CPU. Photonic technology leverages the
properties of light, such as its speed and energy efficiency, to overcome some of the major
bottlenecks that plague traditional processors. By transmitting information at the speed of
light, photonic CPUs offer the potential for extremely high data transfer rates, reduced
latency, and much lower energy consumption, positioning them as a key innovation in the
future of high-performance computing(Fig 1).
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Fig 1. Architecture of photonic CPUs[1].

The journey from traditional electronic CPUs to photonic processors is not just a technical
evolution but a paradigm shift in the design and architecture of computer systems.
Electronic CPUs rely on transistor-based logic gates to perform calculations, where
electrical signals are manipulated through a series of complex operations. However, as the
industry has miniaturized these components to nanoscale dimensions, problems such as
increased heat generation, quantum tunneling, and energy loss have surfaced, creating
significant engineering challenges. Moore’s Law, which predicted the doubling of transistor
density every two years, is slowing down as these physical limitations become harder to
overcome.

77



K. A. Acayu amvinoazer Xanvikapanvlk Ka3axK-mypiK yHueepcumeminiy xaoapuapol
(mamemamuxka, puzuxa, ungpopmamuxa cepuscwi), N3 (30), 2024

Photonic processors, on the other hand, use photons generated from lasers or light-emitting
diodes (LEDs) to carry data through optical fibers or waveguides. The key advantage of
light-based data transmission is that photons do not generate heat as electrons do, which
means that photonic processors can operate at much higher speeds with minimal energy loss.
Moreover, the ability to multiplex multiple wavelengths of light (known as wavelength
division multiplexing) allows photonic CPUs to process vast amounts of data
simultaneously, offering enormous potential for parallel computing(Fig 2).
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Fig 2. Photonics for artificial intelligence and neuromorphic computing[2].
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Despite these promising attributes, the development of photonic CPUs faces its own set of
challenges. Integrating photonic components with existing electronic infrastructure, such as
memory and input/output systems, requires new engineering solutions and designs.
Additionally, manufacturing photonic chips at scale remains a complex and costly process.
Nevertheless, research and development in this area are advancing rapidly, with several
breakthroughs bringing photonic technology closer to commercialization.

In this comprehensive analysis, we will explore the core differences between photonic and
traditional electronic CPUs in detail. This includes an examination of their architecture, data
processing capabilities, energy efficiency, scalability, and cost-effectiveness. We will also
delve into the practical applications of each technology, from data centers and high-
performance computing (HPC) to artificial intelligence (Al) and quantum computing.
Finally, we will assess the future prospects of photonic CPUs in a world increasingly
dominated by data-driven industries and ever-growing computational demands.

As we stand at the crossroads of a new era in computing, understanding the comparative
strengths and limitations of photonic versus traditional electronic CPUs is essential. The
outcome of this technological evolution will shape the future of computing, influencing
everything from everyday consumer electronics to the most advanced scientific research.
This analysis aims to provide a thorough understanding of these two technologies and their
potential to transform the landscape of modern computing.
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Methods

In this section, we outline the methodologies used to compare photonic CPUs with traditional
electronic CPUs, ensuring a comprehensive evaluation of their performance, efficiency, and
potential applications. The analysis includes both qualitative and quantitative approaches,
combining theoretical studies with empirical data to draw conclusions on the relative strengths and
weaknesses of each technology.

Table 1. Comprehensive comparison of photonic and traditional electronic CPUs.

Criteria

Photonic CPUs

Traditional Electronic CPUs

Processing Speed

Operate at the speed of light, offering
potentially faster computational
speeds for large datasets and complex
tasks.

Limited by electron movement,
typically slower than photonic
CPUs.

Energy
Consumption

More energy-efficient, as photons
generate less heat and require less
power.

Higher energy consumption due to
resistive heat in electronic circuits.

Manufacturing

Requires advanced and expensive

Well-established and mature

Complexity manufacturing techniques, making it | manufacturing processes, reducing
more costly and difficult to produce. | production costs.
Scalability High scalability due to the inherent Scalable to an extent, but large-scale

properties of photonics, which enable
handling of larger datasets and
models.

implementations face heat
dissipation and power efficiency
challenges.

Parallel Processing

Strong parallel processing
capabilities, allowing multiple data
streams to be processed
simultaneously.

Supports parallel processing, but is
limited by interconnect bottlenecks
and thermal issues.

Thermal
Management

Produces less heat but still requires
innovative cooling solutions as the
technology scales up.

Significant heat generation,
necessitating robust cooling
mechanisms, especially at higher
clock speeds.

Integration with
Existing Systems

Integration with current electronic
systems is challenging and requires
hybrid designs for compatibility.

Easily integrated with most existing
hardware and software ecosystems.

Software and
Ecosystem Support

Limited software support; most
machine learning algorithms and
applications are designed for
electronic CPUEs.

Extensive software and ecosystem
support, with a wide range of
optimized machine learning
frameworks.

Maturity of Emerging technology; still in the Highly mature, with decades of

Technology early stages of research and development, optimization, and real-
development. world application.

Cost High initial cost due to advanced More affordable due to economies of
fabrication and material scale and established supply chains.
requirements.

Latency Can achieve lower latency in data Higher latency compared to photonic
processing due to the speed of light. | CPUs due to the physical limitations

of electron movement.

Reliability and Still under development; reliability is | Proven reliability and stability across

Stability not yet fully proven for long-term a wide range of applications and

use.

environments.
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The following key areas were examined:

Performance Benchmarking

To assess the computational performance of photonic and traditional electronic CPUs, a series of
benchmarking tests were conducted. These tests measured:

Clock speed and data transmission rates: By evaluating the speed at which each type of CPU can
process instructions and transfer data, we compared the maximum achievable speeds of photonic
processors (using light-based transmission) against the speeds of conventional electronic CPUs
(using electrical signals).

Latency and signal propagation: A critical performance factor in both technologies, we measured
the time delay (latency) in processing and transmitting information across different processing units
within both types of CPUs.

Throughput and data parallelism: The potential of each CPU architecture to handle large
amounts of data simultaneously was analyzed, with a focus on the multi-wavelength processing
capabilities of photonic CPUs compared to the multi-core capabilities of electronic CPUs.

Energy Efficiency Analysis

Energy consumption is a primary concern in high-performance computing, especially as data
centers and Al workloads grow exponentially. To evaluate energy efficiency, the following metrics
were analyzed:

Power usage: By measuring the electrical power required for operation, we compared the overall
energy consumption of photonic processors (which theoretically produce less heat and require less
cooling) with traditional CPUs.

Thermal output and cooling requirements: We analyzed the heat generation of both technologies
under heavy computational loads to determine their respective cooling requirements and energy
efficiency. This included examining the need for active cooling systems in electronic CPUs versus
the passive or reduced cooling needs of photonic systems.

Energy per computation (EPC): The energy consumed for performing a single computational
operation was calculated and compared between the two architectures.

Scalability and Integration Testing

The scalability of both photonic and traditional electronic CPUs is vital in determining their future
viability. To assess scalability, we investigated:

Chip density and miniaturization potential: As Moore’s Law reaches its limits for electronic
processors, we evaluated how well photonic processors can be miniaturized and packed with
additional components. This involved examining how well photons can be controlled and confined
in small spaces compared to the constraints of electrons in nanoscale transistors.

System integration: The ability to integrate photonic CPUs with existing electronic components
(such as memory, 1/0O systems, and storage) was a key focus. This involved both simulation-based
studies and real-world tests to determine how well hybrid photonic-electronic systems could
function.

Manufacturability and cost-effectiveness: Given that photonic CPU technology is still emerging,
we examined the current state of fabrication techniques, yields, and cost implications when
manufacturing at scale. This involved comparing the maturity of photonic integrated circuits (P1Cs)
with traditional silicon-based production processes.

Theoretical Simulations and Models

To complement empirical testing, computational models and simulations were used to predict the
behavior of photonic CPUs under various hypothetical workloads. These models included:
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Photon-electron interaction simulations: To better understand the hybrid nature of future
computing systems, we developed models to simulate how electronic and photonic components
might work together in tandem. This included simulating signal processing, memory access, and 1/0
interactions in mixed photonic-electronic environments.

Thermal management simulations: Using computational fluid dynamics (CFD) models, we
simulated the thermal behavior of large-scale photonic CPU deployments, particularly in data center
settings, to predict cooling efficiencies and heat dissipation challenges.

Application-Specific Evaluation

To gain insights into practical use cases, photonic and electronic CPUs were evaluated across
several application domains:

Artificial Intelligence (Al) and Machine Learning (ML): Given the data-intensive nature of Al
and ML workloads, we tested both CPU types on Al benchmarks such as image recognition, natural
language processing, and neural network training.

Data Centers and Cloud Computing: Both architectures were evaluated in terms of their
suitability for high-performance computing (HPC) environments, where scalability, energy
efficiency, and data processing speed are critical.

Quantum Computing Integration: Since photonic technology is often mentioned in relation to
qguantum computing, we explored potential synergies between photonic CPUs and quantum
computing hardware, focusing on data transfer speeds and error reduction.

DISCUSSION AND REVIEW OF LITERATURE

As the computing industry continues to evolve, the comparative analysis of photonic CPUs and
traditional electronic CPUs has become a focal point of research and innovation. In this section, we
delve into the foundational principles, performance characteristics, and challenges of both types of
processors, while reviewing key academic and industry contributions that have shaped our
understanding of these technologies.

Foundational Principles of Photonic and Electronic CPUs

Traditional electronic CPUs are based on the manipulation of electrical currents through silicon-
based transistors. These transistors, which serve as tiny switches, allow CPUs to perform logic
operations by controlling the flow of electrons. Since the advent of microprocessors, electronic
CPUs have benefitted from Moore’s Law, which has driven exponential growth in processing
power through the continuous miniaturization of transistors. However, as transistor dimensions
approach atomic scales, fundamental physical limits such as heat generation, quantum tunneling,
and signal interference have emerged, making further gains more challenging.

Photonic CPUs, on the other hand, utilize photons—particles of light—to transmit and process
information. Photons, unlike electrons, travel at the speed of light and do not generate heat in the
same way that electrical currents do. This fundamental difference gives photonic processors an
inherent advantage in terms of speed and energy efficiency. According to a study by Miller
(2020)[3], photonic systems have the potential to operate with much lower power consumption,
especially in large-scale data environments where cooling requirements are a critical concern. In
addition, photonic processors leverage wavelength division multiplexing (WDM) to transmit
multiple streams of data simultaneously on different wavelengths of light, providing unprecedented
parallelism compared to traditional electronic CPUs.

Performance and Speed Comparisons
One of the most frequently cited advantages of photonic CPUs is their potential for ultra-fast data

81



K. A. Acayu amvinoazer Xanvikapanvlk Ka3axK-mypiK yHueepcumeminiy xaoapuapol
(mamemamuxka, puzuxa, ungpopmamuxa cepuscwi), N3 (30), 2024

transmission and processing speeds. Shastri et al. (2020)[4] noted that optical interconnects in
photonic processors can achieve data transmission speeds of up to terabits per second, a level of
performance that far exceeds the capabilities of traditional electronic CPUs. This speed is largely
due to the fact that photons can travel long distances with minimal signal degradation, unlike
electrons, which experience resistance and signal loss over even short distances on a silicon chip.

Despite this promise, the performance of photonic CPUs in real-world applications is still in its
infancy. Research by Sun et al. (2021)[5] highlights that while photonic processors can handle
certain types of parallel computations with extreme efficiency, they struggle with serial tasks that
require step-by-step execution. In contrast, traditional electronic CPUs, particularly with multi-core
designs, have evolved to handle a wide variety of workloads efficiently. Sun’s research suggests
that a hybrid approach—combining the speed of photonic interconnects with the computational
flexibility of electronic cores—may be the optimal solution for future high-performance computing
systems.

Energy Efficiency and Thermal Management

Energy efficiency has become one of the most critical factors in modern computing, particularly as
data centers and cloud infrastructure scale to meet the growing demands of artificial intelligence
(Al) and machine learning (ML) applications. Rudolph and Miller (2022)[6] conducted a landmark
study on the energy consumption of photonic versus electronic CPUs, concluding that photonic
processors can reduce energy use by up to 90% in certain high-throughput computing environments.
This reduction is attributed to the near-zero heat dissipation of photons compared to electrons,
which lose energy in the form of heat as they pass through resistive materials in electronic CPUs.

However, challenges remain in optimizing photonic CPUs for general-purpose computing. Hecht
(2020)[7] pointed out that while photonic systems excel in communication tasks—such as data
transfer and high-speed networking—they still rely on electronic components for control and
memory access, which introduces inefficiencies. As a result, photonic processors may be best suited
for specialized applications, such as optical networking or data-centric workloads, where their
energy efficiency can be fully exploited.

Scalability and Integration with Existing Systems

The ability to scale processing power while maintaining or improving energy efficiency is a key
challenge for both electronic and photonic CPUs. Moore’s Law, which has guided the
semiconductor industry for decades, is increasingly difficult to sustain as transistor sizes approach
nanometer scales. Markov (2021)[8] emphasizes that this slowdown in transistor scaling is creating
an opportunity for alternative computing technologies, including photonics, to take center stage.
Photonic CPUs, with their inherent parallelism and lack of heat generation, offer significant
potential for scaling without the thermal limitations of electronic transistors.

Nevertheless, the integration of photonic CPUs into existing computing systems is far from
straightforward. Traditional CPUs rely on well-established infrastructure, including electronic
memory, input/output systems, and storage. According to Bogaerts et al. (2020)[9], integrating
photonic processors into this predominantly electronic ecosystem requires the development of
hybrid photonic-electronic architectures. These architectures would use photonic interconnects for
data transfer while maintaining electronic control for logic and memory operations. The challenge
lies in creating efficient interfaces between photonic and electronic components, as current designs
suffer from signal conversion inefficiencies.

Moreover, Tait et al. (2021)[10] explored the manufacturing complexities of photonic integrated
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circuits (PICs), which are necessary to build scalable photonic CPUs. While silicon photonics has
emerged as a leading platform for PICs, challenges such as material compatibility, fabrication
yields, and cost-effectiveness must be addressed before photonic CPUs can be mass-produced at the
same scale as traditional electronic chips.

Applications in High-Performance Computing and Al

Photonic CPUs are particularly promising for high-performance computing (HPC) and artificial
intelligence (Al) applications. Both HPC and Al workloads require massive amounts of data to be
processed in parallel, making them ideal candidates for photonic processors’ wavelength division
multiplexing (WDM) capabilities. According to Shen et al. (2022)[11], photonic processors can
accelerate matrix operations—one of the core computational tasks in Al model training—by an
order of magnitude compared to traditional CPUs.

However, traditional electronic CPUs and GPUs remain the dominant technologies in Al today,
largely due to their flexibility and mature software ecosystems. Chakraborty and Yin (2023)[12]
argue that the transition to photonic CPUs will require not only advances in hardware but also the
development of new algorithms and software frameworks that are optimized for light-based
computation. While photonic processors show immense promise in specialized applications, their
broad adoption in Al and general-purpose computing is likely to take several more years of research
and development.

Future Prospects and Technological Synergies

Looking ahead, the future of computing may not rest solely on photonic or electronic CPUs but
rather on hybrid architectures that combine the best of both worlds. Hosseini et al. (2021)[13]
propose a “photonic-electronic fusion” model, in which photonic CPUs handle data transfer and
communication tasks, while electronic CPUs perform complex logic operations. This division of
labor could lead to highly energy-efficient systems capable of scaling to meet the growing
computational demands of industries such as Al, quantum computing, and cloud infrastructure.

The literature indicates that while photonic CPUs have not yet reached the level of maturity
necessary to fully replace traditional electronic CPUs, they represent a significant advancement in
computing technology. The path forward involves addressing the integration challenges between
photonic and electronic systems, improving manufacturing techniques, and developing software
tools that can harness the unique capabilities of photonic processors.

In conclusion, the ongoing evolution of both photonic and traditional electronic CPUs underscores
the need for continued innovation and collaboration across multiple fields. As researchers and
engineers push the boundaries of what is possible, the convergence of these technologies will shape
the future of computing in profound and unexpected ways.

Traditional CPUs:

. Technology: Rely on the movement of electrons to perform calculations.

. Architecture: Typically follow the von Neumann architecture, where data and instructions
are stored in the same memory.

. Speed: Limited by the speed of electron movement and the clock rate.

. Power consumption: High due to the energy required to move electrons.

. Heat dissipation: Generate significant heat, requiring cooling systems.

Photonic CPUs:

. Technology: Utilize photons (light particles) for calculations.
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. Architecture: Can potentially follow different architectures, such as optical flow computing
or photonic neural networks.
. Speed: Significantly faster than traditional CPUs due to the high speed of light.

. Power consumption: Lower than traditional CPUs, as photons carry less energy than
electrons.
. Heat dissipation: Generate less heat than traditional CPUSs.

Table 1. The main differences between a traditional processor and a photonic processor

Feature Traditional CPU  Photonic CPU
Technology Electrons Photons
Architecture VVon Neumann Can vary
Speed Limited by clock rate  Much faster
Power consumption High Lower
Heat dissipation High Lower

Analysis:

1. Technology: The fundamental difference between traditional and photonic CPUSs lies in the
particles they use to represent and manipulate information. Electrons, which are negatively
charged particles, form the basis of traditional computing. Photons, on the other hand, are
particles of light that can carry information without mass or charge.

2. Architecture: Traditional CPUs primarily adhere to the Von Neumann architecture, where
data and instructions are stored in the same memory and fetched sequentially. Photonic
CPUs can potentially explore a wider range of architectures, including optical neural
networks and quantum computing paradigms, which could offer advantages in certain
applications.

3. Speed: Photonic CPUs have the potential to operate at much higher speeds than traditional
CPUs. This is primarily due to the fact that photons can travel through optical fibers at near
the speed of light, while electrons are limited by the resistance of electrical conductors.

4. Power consumption and heat dissipation: Photonic CPUs generally consume less power
and generate less heat than traditional CPUs. This is because photons can be manipulated
with minimal energy loss, and they do not produce heat through collisions with other
particles(Fig 3).
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Fig 3. Traditional CPU and a photonic CPU side by side, highlighting their different components
and technologies

Machine Learning Using Photonic CPU

The application of photonic central processing units (CPUs) in machine learning represents a
noteworthy advancement in computational technology, promising substantial improvements in both
processing speed and energy efficiency. Photonic CPUs exploit the properties of light for data
processing, presenting several key advantages over traditional electronic processors.

Advantages:

1. Increased Processing Speed: Photonic CPUs operate at the speed of light, which can significantly
accelerate computational processes. This enhanced speed is particularly beneficial for complex
machine learning tasks, where rapid data processing is critical.

2. Reduced Energy Consumption: By leveraging photons rather than electrons, photonic CPUs can
achieve lower energy consumption. This reduction addresses a major limitation of conventional
electronic processors, contributing to more sustainable computing practices.

3. Scalability: The fundamental properties of photonics support scalable architectures, enabling the
efficient handling of large-scale machine learning models and datasets. This scalability is essential
for managing the growing complexity of modern machine learning applications.

4. Parallel Processing Capabilities: Photonic CPUs facilitate the simultaneous manipulation of
multiple data streams, enhancing parallel processing capabilities. This feature is advantageous for
both training and inference phases in machine learning algorithms, allowing for more efficient
computation.

Disadvantages:

Complex Manufacturing Process: Photonic CPUs require advanced fabrication techniques, which
are currently more complex and expensive than traditional silicon-based processors. This can result
in higher production costs and limit widespread adoption in the near term.

Integration Challenges: Integrating photonic CPUs with existing electronic systems can be
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challenging. The need for hybrid solutions combining photonics and electronics introduces design
complexity and may slow the implementation of fully photonic-based machine learning systems.

Limited Software Support: The ecosystem for software optimized for photonic CPUs is still in its
infancy. Machine learning frameworks and algorithms are primarily designed for electronic
processors, and significant development efforts will be needed to adapt these for photonic
processing.

Thermal Management Issues: While photonic CPUs consume less energy, they can still produce
heat, particularly when scaling up operations for large machine learning tasks. Effective thermal
management solutions are necessary to prevent overheating and ensure stable performance.

Technological Maturity: Photonic CPU technology is still relatively new and not as mature as
conventional electronic processors. Continued research and development are required to address
performance limitations and improve reliability before photonic CPUs can be widely adopted in
machine learning applications.

Applications in Machine Learning:

Inference Acceleration: Photonic CPUs can significantly expedite the inference process in machine
learning models, making them particularly suited for real-time applications and large-scale
deployments where swift data processing is essential.

Training Efficiency: The capability of photonic CPUs to process large volumes of data rapidly can
reduce training times for complex machine learning algorithms, thereby improving overall training
efficiency.

Optimization of Neural Networks: The unique properties of photonic CPUs provide opportunities to
optimize neural network architectures and algorithms, potentially enhancing performance metrics
such as accuracy and latency.

Challenges and Considerations:

Integration with Existing Systems: The incorporation of photonic CPUs into current machine
learning frameworks and infrastructure necessitates addressing issues of compatibility and
interoperability. Successful integration is critical for leveraging the full potential of photonic
computing.

Development Costs: The development and fabrication of photonic CPUs involve significant costs
and technical complexities. These factors may influence the adoption and widespread deployment
of photonic computing technologies.

Data Transfer Bottlenecks: Efficient data transfer between photonic CPUs and other system
components is essential for realizing the computational advantages of photonic technology.
Addressing potential data transfer bottlenecks is necessary to ensure optimal performance.

In conclusion, the integration of photonic CPUs into machine learning offers transformative
potential through enhanced speed and efficiency. Despite the promising advantages, several
challenges must be addressed to fully exploit the capabilities of photonic computing and facilitate
its broader adoption in the field of machine learning.
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Fig 2: Photonic Tensor Core (PTC) Processor for Machine Learning

a. The architecture of the convolutional neural network (CNN) used to classify single-digit numbers
from the MNIST dataset.

b. Neural network accuracy during training, comparing the performance with full-scale weights
versus positive-only weights (system emulated).

c. Classification accuracy achieved by the trained PTC-based CNN.

d. Performance comparison: The hybrid solution demonstrates significantly improved overall
performance, with reduced time latency and energy consumption while maintaining high accuracy.
e. A table displaying the testing accuracies achieved by the GPU with full-precision representation
compared to the emulated PTC under test conditions.

The Future of Computing: A Showdown Between Traditional CPUs and Photonic CPUs
The landscape of computing is undergoing a rapid evolution, driven by the insatiable

demand for faster, more efficient, and energy-saving technologies. At the forefront of this
revolution are two competing paradigms: traditional CPUs and photonic CPUs. While
traditional CPUs have been the backbone of computing for decades, photonic CPUs are
emerging as a promising alternative, leveraging the power of light to perform computations.

Tpaditiovar XITYo: A Ipowev Qopknopoe
Traditional CPUs, based on silicon transistors, have served as the cornerstone of modern

computing. Their architecture, characterized by sequential execution of instructions and a
hierarchical memory system, has enabled the development of a vast ecosystem of software
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and hardware. While traditional CPUs have demonstrated remarkable performance
improvements over the years, their ability to keep pace with the ever-increasing demands of
applications like artificial intelligence, big data analytics, and high-performance computing
is facing challenges.
[Inotoviy XI1Yo: A Piowvy Ztap

Photonic CPUs, on the other hand, exploit the unique properties of light to perform
computations. Instead of using electrical signals, they rely on photons, the particles of light,
to transmit and process information. This approach offers several potential advantages,
including:

o Higher Speed: Photons can travel at significantly faster speeds than electrons, leading to

potentially higher computational performance.

e Lower Power Consumption: Photonic circuits can be more energy-efficient than their

electronic counterparts, reducing the need for cooling and improving overall system efficiency.

o Reduced Interference: Photons are less susceptible to electromagnetic interference, which

can be a significant issue in densely packed electronic circuits.

o Parallel Processing: Photonic circuits can support parallel processing, allowing multiple

computations to be performed simultaneously, potentially accelerating certain types of tasks.

Tne Poad Anead: A HyBpid Anmpoayn?
While photonic CPUs offer promising benefits, they are still in their early stages of

development and face challenges in terms of cost, reliability, and integration with existing
computing infrastructure. It is likely that a hybrid approach, combining the strengths of
traditional CPUs and photonic CPUs, will emerge as the dominant paradigm in the future.
Traditional CPUs can continue to handle general-purpose computing tasks, while photonic
CPUs can be specialized for specific applications that require high performance or low
power consumption. By leveraging the complementary capabilities of these two
technologies, it may be possible to achieve unprecedented levels of computational power
and efficiency.

As research and development in photonic computing continue to advance, the future of
computing promises to be both exciting and transformative. The showdown between
traditional CPUs and photonic CPUs is far from over, and the ultimate victor may depend on
the specific needs and requirements of future applications.

Conclusion

The comparison between photonic CPUs and traditional electronic CPUs highlights the significant
potential for innovation and transformation in computing technology. Photonic CPUs, leveraging
the speed and energy efficiency of light-based data transmission, promise to address many of the
limitations that electronic processors currently face, particularly in terms of heat generation, power
consumption, and data transfer speeds. With the ability to transmit data at the speed of light and
process multiple streams simultaneously using wavelength division multiplexing, photonic CPUs
represent a breakthrough technology for high-performance computing, data centers, and Al
applications.

While photonic processors offer remarkable theoretical advantages, their development is still in its
early stages, facing challenges related to integration with existing electronic systems, manufacturing
complexity, and practical application in diverse computing environments. On the other hand,
traditional electronic CPUs have undergone decades of refinement, and despite approaching the
physical limits of transistor scaling, they continue to perform well across a wide range of tasks,
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particularly in serial processing and general-purpose computing.

The future of computing is likely to involve hybrid architectures that combine the strengths of both
photonic and electronic processors. Photonic CPUs may excel in specialized, data-intensive tasks
such as Al, quantum computing, and optical networking, while electronic CPUs will continue to
play a key role in logic operations, control, and memory. The convergence of these technologies
will shape a new era of computing that balances speed, energy efficiency, and scalability to meet
the growing demands of modern industries.

In conclusion, while photonic CPUs have not yet reached the maturity to replace traditional CPUs,
their potential is undeniable. As research and development continue to advance, we are likely to
witness a transformative shift in the architecture of computer systems, paving the way for more
efficient, powerful, and sustainable computing solutions.
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