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OU3NKA-XUMUSAJIBIK TAJTIAY 9AICTEPI KYPCBIH HU®PJIBIK PECYPCTAP
MEH ITOHAPAJIBIK TAIICBIPMAJIAP APKbBIJIBI OKBITY

Tyiiin

By 3epTTey ®yMBICH skOFaphI Oi1iM Oepy kylecinneri «Pu3nKa-XUMUSUITBIK TANAay 9AiCTEpi» KypChlH
IU(PIBIK pecypcTap MEH MOHAPAIBIK TaNlChIpMaliap apKbUTbI OKBITY/IBIH THIMJIUTITIH KaH-KaKThI TaJJai bl
3eprrey 2024-2025 oxy xeutbiHAa AOait arerHmarel KazYIIY-meiH XuMmusi MaMaHABIFBIHBIH 2-Kypc
cryneHrrepiMmer (n = 38) »kyprisinai. JKYMBICTBIH HETI3ri MakcaTbhl — HHQPIBIK TEXHOJOTHSUIAD MEH
MOHAPAJBIK WHTETPAlUSHBIH CTYACHTTEPIiH TEOPHUIBIK OLTIMIH, TpPaKTUKaNbIK JaFdbUIapBIH JKOHE
(YHKIMOHAIBIK CAayaTThUIBIFBIH apTTHIPYFa BIKMaMbH aHbIKTay. Kype O6apeicbinna PhET cumymsropnapsr,
ChemCollective BupTyanasl 3eprxanacel, Coursera, Khan Academy, connaii-ak Excel, Origin >xone Python
CHUSIKTBI CaHJBIK Kypainap nainanaHsuiasl. bynm pecypcrap Kypleni YFeIMIapAbl BU3yallayFa, BUPTYaJIbl
ToXipuOenep xacayra >KoHE NepeKTepal OHMemN, TYCiHaipyre MyMKiHAiK Oepmi. CoHbIMEH Oipre XWMUSHBI
¢u3uka, Ouonorus xoHe MH(POPMATUKAMEH KIpPIKTIPETiH TarcelpMaiap o3ipJeHil, CHEeKTPIIK JepeKTepi
Tangay, NOTCHIUOMETPHSUIBIK TUTpJIEY JKOHE J>KyKa KabaTThl Xxpomarorpadusi OOHMBIHIIA MOHAPATBIK
MPAKTHKAIBIK )KYMBICTap OPBIHIAAIIBL. 3€pPTTey HOTIKENepl CTyICHTTEPIiH TeOPHSIIBIK TECT KOPCETKImTepi
53%-nan 82%-ra meiliH ecim, 3epTXaHAIBIK JaFrdbuIapbl MEH AHAIWTHKAIBIK OMIAybIHBIH alTapibIKTai
XKakcapraHblH KepceTTi. CayanmHama MeH peduiekcus JepekTepi HUQPIBIK pecypcTap MEH IoHApaIbIK
Tociepre OH Ko3Kapac KIBIITACHII, TIOHTE IeTeH MOTHBALIMSHBIH aPTKAHBIH TJICIACHII.

KinTrrik ce3aep: ¢usuka-xUMUSIIBIK Taliay, TUQPIBIK pecypcrap, MoHapanblk Tanceipma, STEM-
WHTErpanys, GyHKIUOHAIBIK CayaTThUIBIK

Kipicne

Kazipri 3amanayu OiniM Oepy >KyHeciHAe FbUIBIM MEH TEXHHKAHbIH WHTETPALUACH epeKile
MaHbI3Fa ue 6ot oThIp[ 1]. Ocipece, xorapsl O11iM Oepy caThICHIHIA TTOHJAEP/1 OKBITYAA AICTYPII
O/liCTEpMEH KaTap HMHHOBALMSIBIK TEXHOJOTHMsUIAp/bl, OHBIH I1IIiHAE LUQPIBIK pecypcTapabl
KOJIJIaHy Ka)KeTTUIIr apThin Keneni[2]. Byn ypaic OKbITYyABIH camnachlH apTTHIPBIIT KaHa KoWMaii,
OlmiM  anymbUIapAblH - (QYHKIIMOHANIABIK CayaTThUIBIFBIH, TMOHAPANBIK Oilay KaOuIeTiH KoHe
3epTXaHAJBIK MAIIBIKTAPBIH KETUIIPYre MyYMKIHJIIK Oepel.

Ocbl TypFbIa (hPU3UKa-XUMHUSIIBIK TaJZay 9ICTepl KyPChIH OKBITYAA HUQPIBIK pecypcTap MEH
MIOHAPAIBIK TaNChIpMANIapabl KOJIAHYIBIH ©3eKTuliri aptein oThip[3]. bynm kypc — xumwus
caJlaChIH/1arbl OOJaIIaK MaMaHIapIbIH KOCiOM TalfbIH/IBIFBIH/Ia MAHbI3/bI POJI aTKApaThIH MOHEPIIH
Oipi. O aHAIUTUKANBIK XUMUSA, (U3NKA, OMOXMMHMS, HKOJIOTHUS KoHE WHPOpPMATHUKAMEH ThIFbI3
OaiiIaHbICThL. 3epTTEY HBICAHBI PETIHJIE KAPACTHIPBLIBII OTBIPFaH OYJ KypC CTYyIEHTTEpre 3aTTapAblH
XUMUSUIBIK  KYPAaMbIH, KYPBUTBIMBIH, KAaCHETTEPiH (PH3MKAIBIK JKOHE (QH3UKA-XUMHUSUIBIK OJIiCTEp
apKbUIbI aHBIKTAY JaFbUIAPbIH MEHIepyTe koMekTecei[4].

Ou3nKa-XUMHSUIBIK TaJlJjay 9/1icTepl KypChIHbIH Ma3MyHbIHa criekTpockonus (YO, UK, AMP),
xpomarorpadus (KXX, ['XX), aneKTpoXUMHUSIIBIK dicTep (MOTEHIIMOMETPHS, KOHTYKTOMETPHS),
dboTomeTpusi, KOJOPUMETpHs KoHE Oacka Ja 3epTrey Kypauaapsl >karansi[5]. byn omictepmi
TOJIBIKKAH/Ibl YHUPETy YIIiH JOCTYpPJi JOpIiCTep MEH MPaKTHKAIBIK cabakTap KeTKUTIIKci3 O0mybl
MyMmKiH. Ce0ebi, aTanMbII SFICTEPAIH KeHOipl KbIMOAT Kypasl-KaOAbIKTapIbl Tajam eTe/ll HeMece
HAaKThl 3€pTXAHANBIK JKaFjaijla oOpbIHIAyFa KUBIHIABIK TyFbI3aabl. Ocbl oOpaiija BHPTYaJJbl
3epTXaHajap, CaHAbIK MOJENbAEP, MHTEPAKTUBTI CUMYJILMsIIAP KoHEe LUQPIBIK IuiaTdopmanap
OKBITYZIa YJIKEH peJl aTKapa ajaibl.
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CoHbIMEH KaTap, FBUIBIM MEH TEXHOJIOTHSHBIH THIFBI3 OaiiaHpicTa naMybl OuliM Oepyze
MTOHAPANBIK TOCUIACP/II €HT13Y KaXKETTUIITH TybIHAaTaabl. XUMUSHBI pr3nkamMeH, nHPopMaTHKaMeH,
OMOJIOTUSIMEH JKOHE SKOJIOTHUSMEH KIPIKTIpIN OKBITY AapKbUIl CTYISHTTEp KYPAETl FhUIBIMU
MPOIIECTEP/Il JKaH-)KAKThl TYCIHYr€ MYMKIHIIK ajaibl. MpICajbl, CIEKTPOCKOMUSIIBIK OJiCTEpIi
OKBITKAH/1a TOJIKBIH Y3bIHJBIFBI, SHEPTHs KBAHTTAPBI, NETEKTOPJIApP KYMBICHI CHSKTBI (PH3UKAIIBIK
YFBIMJIAp, a1 aJlblHFaH MOJIMETTepAl eHey yiriH uHbopMmatukaiblk Kypangap (Python, Excel,
Origin, 1.0.) KonnaHbUIaabI[6].

JKorapbiga aTanraH Mocenenepai ecKkepe OThIPHII, 3ePTTeYIMI3AIH HETi3r1 MakcarThbl - (hU3uKa-
XUMUSUIBIK Talay OMICTepiH OKBITyJa HUQPIBIK pecypcrap MEH IMOHApajbIK TarlChlpMaiapibl
KOJIZIAHY/IBIH THIMIUTITIH TOXKIpUOe KY3iHAEC aHBIKTAy, KOHE OChl TOCULIIH CTYIASHTTEPMAIH MMOHI
MEHrepyiHe, 3epTXaHaNbIK CayaTThUIBIFbIHA, COHJAAN-aK (DYHKIMOHAIIBIK KalijleTTepiHe acepiH
Oaranay.

byn makanaga ¢usMKa-XUMUSIIBIK Talay OMICTEpPIH 3aMaHayH TajalTapra cail OKBITY
JKOJIAphl YCBIHBUIAABL. 3epTTey HoTkenepli mudpaslk OutiM  Oepy keHictiringe STEM-
WHTETPAIUSHBIH MaHBI3bIH JIONICIICHII )KOHE XUMUSHBI OKBITYIBIH THIMII 9iCTEMECiH jKacayra
OarpITTaIFaH MEeIaroruKajbIK MPAKTUKAFa HAKTHI YIIEC KOCAIbI.

Matepuanaap MeH daicrep. byn 3eprrey moHapaiblK TOCUT apKbUIBI (PH3UKA-XUMHUSIIBIK
Tajnay oAiCTepiH OKBITYABIH THIMIUIIIH apTThIpyAbl MakcarT erTi. 3eprrey 2024-2025 oxky
KBUTBIHBIH KY3T1 CEMECTpPiH/IE dKOFaphl OKY OPHBIHBIH XUMUSI MAMaH IbIFbl OOMBIHIIA O1J1iM ajaThIH 2-
Kypc cTyaeHTTrepiMmen (n = 38) xyprizinai. 3eprrey Oip oKy cemectpi (15 anrta) keneminzae xxys3ere
aceIpbuiAbl.  KypcThIH MasMyHBI JOCTYpii 3€pTXaHaiblK cabakrapMeH KaTtap HHGPIBIK
wiardopmanap, BUPTYyaabl 3epTXaHaNap KOHE MoHApalblK WHTErpalysUIlaHFaH TarchblpMaiapMeH
TOJIBIKTBIPBUIIBI.

Hugpasik pecypcrap MeH miatdopmanapabl maiganany. Ou3nka-XUMHUSIBIK Tajiaay
oicTepiH OKBITYAA U PIIBIK PECYPCTAp bl KOJIAAHY - OLTiM amymIbuIap IbIH TAHBIMIIBIK OCIICEHTUTIT
MeH (YHKUMOHAIJBIK CayaTTBUIBIFBIH apTTHIPYIABIH MaHBI3bl TETIKTEpiHIH Oipi  OOJBII
Tta0Obutanel[7]. by 3epTTey aschiHaa oKy mporiecine OipHemie mudpIbIK iatgpopMa MEH Kypayiaap
SHT131JIiM, OJap/AbIH 9pKaNChICH OeNrili 6ip OKYy MakKcaTbIH JKy3€ere achlpyfa OarbITTanibl. ToMeH e
OJIapBIH KOJIaHBLTY OaFBITTAphl MEH HAKThI MBICAJIIAPHI KENTIPiiTreH.

1. PhET Interactive Simulations (Colorado Boulder University). Byn pecypc apKbuibl
CTYIACHTTEp CHEKTPOCKOIHUS, ONTHKAIBIK KYObUIBICTAp OHE 3JIEKTPOTKI3TIIITIKKE OaillaHbICThI
BUPTYAJIIbl MOJCIbAEPMEH KyMbIC icTemi. Meicansl, "Color Vision" sxone "Photoelectric Effect”
CUMYJISILUSUTAPB] APKBUIBI CTYIACHTTEDP AJIEKTPOMArHUTTIK TOJNKBIHIAPBIH KHUUIITT MEH SHEPTHSCHI
apaceiHaarbl OainanbicThl (E = hv dopmynace! Herizinae) 3eprreni. Crnekrpockonus OesimiHzae
CTY/IGHTTEp YJIBTPAKYJTIH CIyJie dCEPiHEH MOJIEKYJalapAarsl dJIEKTPOHIAPIBIH KO3Yhl KOHE OHBIH
CHEKTPIIIK CHUMaTTaMasapbl Typalibl HAaKThl BU3YaIIbl TYCIHIK KalbIITacThIpAbL. by Tocin moctypai
JopicTep/ie KUbIH MEHIepiIeTIH a0CTPaKThlIbl YFBIMIAP/Ibl HAKTHI BU3yalu3alusIayFa MYMKIHAIK
oepi.

2. Virtual Lab by ChemCollective. AnanuTukanbiK 9IiCTEpAiH IIIH/E MOTEHIIHOMETPHUSIIBIK
XKoHE (DOTOMETPHSUIBIK Talgayiaap/bl 3epTXaHANBIK >Karaaia OpbIHAAY OpJailbiM MYMKiH Ooia
oepmeiini. Ocwiran OGaitnanbictel ChemCollective mmardopmacekiabie "Acid-Base Titration™” sxone
"Spectrophotometry" moaynbaepi Kongansiael. CTYAGHTTEp BUPTYAIIBI €PITIHALIIEPMEH TOXIproOe
KYPTi3ill, NOTEHIUANI—KeJeM IpadUriH TYPFBI3/IbI JKOHE SKBUBAJIECHTTIK HYKTEHI aHBIKTalabl. byi
ocipece 3epTXaHaIbIK Kypai-KabIbIK KEeTKIIIKCI3 HeMece KallbIKTaH OKBITY JKaFdaiblHa aca THIM/I1
0O0JIIBI.

3. Khan Academy xone Coursera. byn mardopmanap aHaIUTUKAIBIK XUMHS HKOHE
CHEKTPOCKONUSUIBIK dAicTep OOMBIHIIA TEOPUSIIBIK OUTIMAL TOJBIKTBIpYFa OarbITTaNbl. MbIcasbl,
Coursera-na yceabutras "Introduction to Analytical Chemistry" kypchIHBIH KOMETriMEH CTYIECHTTEP
abcopOLUSAIIBIK CIEKTPOCKONHUS MEH XpoMaTorpa(usHbIH HET13T1 NpUHIUNTEepiMeH TaHbIcThl. Khan
Academy-ne opHanacTelpbUIFaH OeifHeMarepuangap (HOTOMETPHUSIIBIK ONIICYIEPAiH HETi3iH KoHEe
ONTHUKAJBIK THIFBI3IBIK YFBIMBIH TYCIHYre KeMeKkTecTi. byn marepuangap o3 OeriMeH Oinim amyra
XKOHE cabaK aJIbIH/IA JAWBIHABIK XKYPri3yre KOJaniabl OpTa sKacaIbl.



4. Excel, Origin, Python (Jupyter Notebook). IIpakTukansik OesimMae CTYIACHTTED
AHATTMTHKAIBIK MOITIMETTEpAl OHJAeY YIIIH OCHl CaHIBIK Kypajaapibl maiijaiaHasl. MEeIcaisl,
CIEKTPO(OTOMETPUSIIBIK TIXKipuOene opTypili KOHLEHTPALMSAAFbl EPITIHALICPAIH ONTHUKAIBIK
TBIFBI3JIBIFBI ©JIIIeHIT, Beer-Lambert 3anapuibrbl OOHBIHIIIA KaTuOpiey rpaduri TYpFeI3bUIALI (A =
glc). Origin apKbUIBI aJbIHFAH MAJIMETTEp TpadHKKe TYCIpLIiN, €HKITIK (¢ — MOJSPIBIK CIHIPY
koaddunmenti) anpikrangsl. Kocekimma petiage Python-marer Jupyter Notebook mmardopmacsr
KOJIJAHBUIBII, CTYICHTTEP 63 KOATApPbIH Ka3bll, IEPEKTePAl aBTOMATTHl OH/ICyre MallbIKTaHAbl. by
OJIapbIH CaHBIK CAyaTTBUIBIFBI MCH HHTEPIPETAIMSUIBIK Oy JaFIbIChIH TaMBITTHI.
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Cyper 1. Origin 6armgapiamacsl apKbUIbl TpaduK TYPFBI3Y

5. Google Classroom >xone Moodle. byn mmardopmanap oKy mMa3MyHbIH YHBIMAAcCTHIpY,
TanchIpManap/Abl TapaTy »XoHe OUIIM aJyllbulapMeH Kepi OaljaHbIC OpHATy Kypajibl peTiHAe
KOJITAHBUTIBI. MBICAITBI, Op 3€pPTXaHAJBIK KYMBIC aJJIBIHIIA CTYCHTTEPre HYCKayJIbIK MaTepraap,
OeliHepecypcTap >koHE OacTamkel JepeKkTep ochl Miuardopmanap apkbuibl TapaTbulasl. Cabak
COHBIHJIA CTYJICHTTEp OpBbIHAAFaH ecernTep MeH TpaduKTepil COJ KepJle KYKTEl, o3apa Oaranay
(peer-review) xoHe pedIeKCHSIIBIK MiKip KaaAbIPy apKbLIbl METATAHBIM/IBIK KaO1IeTTEPiH TaMBITTHI.
Moodle xyiieci aBTOMaTThl TECTIJEY apKbUIbl apajiblK >KOHE KOPBITHIHABI Oaraiiay »Kyprizy YIIiH
THIMII OOJIABL.

IIonapanplKk uUHTerpanMsyianFrad Tancsipmajgap. OKy yAepiciHIe CTYyJIEHTTepIiH
MoHapaJblK  OaiaHplcTapbl MEHrepyiH JKOHE (DYHKUIMOHANJBIK CayaTThUIBIFBIH  apTTHIPY
MakcaThIH/1a XUMHUS, (U3KKa )KoHE HH(OpMAaTHKa MTOHEPIHIH Ma3MYHBIH OIpIKTIPETIH TarcblpMaap
KEeIIeHI KYPbUIIBI.

¥ ChIHBUIFAH TarchbipManapaslH O0ipi — 3aTThiH yabTpakyirin (YK) cnekrtpin tanmay. byn
TamnchIpMazZa CTYACHTTEpre OeNrici3 OpraHuKajlbIK KOCBUIBICTBIH CIIEKTPIIK AepekTepi Oepijeni.
AJBIHFaH MOJIMETTEep HETi31HAE OoJlap 3aTThIH KYPBUIBIMIBIK €pEeKILIeNIKTepiH Oaranarn, OHBIH
KOJIJaHy cajlacblHa OoJkKaM »kKacay MIHJETIH OpbIHIainbl[8]. By mpouecte cTyaeHTTEp anIbIMEeH
AJIEKTPOMArHUTTIK TOJKBIHIAP MIKAJNAChIH cumartan, YK coynenepiHiH >Heprusicbl MEH TOJKBIH
Y3BIH/IBIFBl apachIHAFbl OailmaHbICThl Tangaiael. Ocbl TeopusuiblK 6a3a 3artapiasliH YK coynecin
CIHIpY KaOUJIeTiH TYCIHJIpYTe KoHE AmaxX MOHIHIH MaHbI3bIH alllyFa KOMEKTECE/I].

[IpakTukanslk ~ OesiMIe CTYAGHTTEp YCBHIHBUIFAH CHEKTpiik  mamimerrepai  Excel
OargapiamaceiHa Hemece Python timinzaeri Jupyter Notebook optacsina eHrisin, rpaduk TYpFbI3abl.
VYK -cnekTpinae OalikaJifaH MaKCUMyM CiHIpPY (Amax) MOHIH aHBIKTal, OHBI MOJIEKYJAJIBIK
KYpbUIBIMMEH OalIaHBICTBIpYFa ThIpbIcabl. Mblcanbl, erep Amax MoHi 270-280 HM mIamachIHAa
opHajnacca, Oy mT—7 aybICylapbIMeH OaillaHBICTBI OOMYBl MYMKIH, SFHH KOCBUIBICTa apOMAaTThl
HeMece KOHBIOTHPJICHTEH XKyienep Oap aerenai Ounaipeni. MyHaai KypbUulbIMIap I9piTiK 3aTTap/a,



OosrplLTapa HeMece (OTOXUMUSUIBIK O€JICeHIl MaTepuaijapaa Ke3/lecyli MYMKiH eKeHiH
CTYJIEHTTEp 63 O0HKaMbIH/Ia KOPCETE/].

Ocpbl TamncelpMa asChIHAA CTYACHTTEp TEK CHEKTPIIK JAEpeKTepiAl Tajjan KaHa Koimaid,
COHBIMEH KaTap CaHAbIK KECTEJICPMEH JKYMBIC iCTey, aHATMTUKAJIBIK OMJIay KoHE KOPBITBIHIBI XKacay
TaFapuIapbiH nambitaabl. CoHbIMEH Oipre, aKkmaparThl BU3YaJbl TYPAE YChIHY (TpaduK TYPFHI3Y),
MOJIIMETTEP/l CANBICTBIPY JKOHE MHTEPIIPETalusay CUSKTHl (DYHKIMOHAIIBIK CayaTThUIBIK
AJIEMEHTTEpl /e KaibinTacansl. byn OumiM amymbiiapra Oojamak KociOM KbI3METIHAE HHQPIBIK
TEXHOJIOTHSIIap MEH FBUIBIMH JIEPEKTEP/li KOJIaHy JaFAbICHIH HBIFAUTYFa MYMKIH/IIK Oepei.

Kecte 1 - baranay kpurepuiiiaepi MEH IeCKpUITOPJIAP:

baranay kputepmiii Heckpunropiap
. ) — Hepextepai Excel/Python apkpuibl aypeic
1.  VYK-cnekrpiik naepekrepai L
J—— eHrizeni
— A_max JIoJ7 aHBIKTal bl
2. Choektp MeH KYpbUIbIM - Xpomodop TONTApIbI AHBIKTANTBI

apachIHAaFbl OAWIaHBICTHI TYCIHAIpEl | — DIEKTPOH aybICy THIIIH (T—T) TYCiHAIpe i

— KochIIbICTBIH KOJIaHBLTY calachliHa O0JKam
3. KophITBIHIBI jKacaiiibl sKacaiinl

— Jlonen i )KoHe JIOTUKAJIbIK TYXKbIPBIM YChIHA/IbI

IToTeHUMOMETPHSVIBIK THTPJIEY JKOHe JKBHUBAJIEHTTIK HYKTe. [loTeHIMOMETpHSUIBIK
TUTPJICY OMIICIH OKBITY OapbhIChIH/AA CTYNCHTTEPIIH TEOPHSIIBIK OLTIMIH TOXIpHOEMEH YIITAaCTHIPY,
rpaduKanbIK HHTEPIPETaLus jKacay KOHE aHAJMTUKAJIBIK OiJlay AaF/AbIChIH 1aMbITy Ke3zeneal. by
TaTChIpMa CTYJCHTTEPTe JIEKTPO/I MOTSHIIUAIBI YFBIMBIH HAKTHl XUMHSIJIBIK MBICAJT apKBLIBI TYCIHYTE
KOHE CaHJBIK MOTIMETTEPMEH JKYMBIC iICTeyre MYMKIHAIK Oepei.

Tanceipmana crynentrepre Ty3 KblKbuibl (HCI) epitinzicin cinTi (HaTpuit THIPOKCHIIL,
NaOH) epitiHAiCIMEH THUTpJIEyIiH MOTEHLIUOMETPUSIIBIK JepeKTepi YChIHbUIABL. byn nepexrep
TUTPAHT KeJeMiHe (MJI) ColiKec KeJEeTiH AJIeKTp noreHuuansl (MB) MonzaepineH Typanbl. Mbicamsl,
6acrankel HCI epiTiHaiciHiH KOHUEHTpanuschl Oenrici3, an tutpanT petinae 0,1 M NaOH
KOJIZIaHbUIAbl. Op TUTPJCY CaThICHIHIA TIpKedAreH mnoTeHuan MoHuepi Excel memece Origin
OarnapnamacbiHa eHrisizeni. CTyIeHTTep OChbl I€pPEeKTep HETi3iHJe TUTPJIEYy KUCBIFBIH TYPFbI3a/lbl
(moteHnman — keneM rpaduri), cojaH KeWiH rpaQUKTeH €H YJIKEH I'paJHeHTKEe COMKeC KeJETiH
HYKTEH1 aHBIKTal Il — OYJI SKBUBAICHTTIK HYKTE OOJBIT TaObLIA b

Meicaibl, erep SKBUBAICHTTIK HYKTe 25,0 M1 kenemie anbikTasnca, onaa HCl koHneHTpanusce
TOMEHJIETIIIE ecenTeNne/i:

NaOH konuentpauuscs: C(NaOH) = 0,1 M
NaOH kenemi: V(NaOH) = 25,0 mn = 0,025 1
Xumussik peaknus: HC1 + NaOH — NaCl + H,O

OxBuBaneHTTIK KaTeiHac 1:1 6oxranasiktad, HCl moii NaOH Moiine TeH:

n(NaOH) =C x V =0,1 x 0,025 = 0,0025 monb
Erep HCl kenemi 50,0 mn 60:ca (0,05 ), onna:

CHCl)=n/V =0,0025/0,05=0,05M

I'paduk TypFbI3y OapbIChIHAA CTYIEHTTEP THUTPJIEY KUCBHIFBIHBIH IIIIIHIH, SKBUBAJEHTTIK
HYKTETe JeHIHT1 >KOHE KEHIHT1 MOTEHIMal ©3repiCiH capalyiam, THTPJCYAIH TOJBIK JKYPYIH JKOHE
KyHene KaHaal XUMUSUIBIK Typiiep 6achIM €KeHIH cunaTTaibl.

byn Tanceipma cryaeHTTepAIH (U3MKAIBIK-XUMUSIBIK MPOLECTEPIl TEPEeHIpeK TYCIHYIHE,
MOTEHIIMAJ YFBIMBIHBIH MAaHBI3bIH OarasiaybIHa )KOHE aJIbIHFaH MOJIIMETTEp i JKYHel Taay apKblibl
CaHJBIK JKOHE CalajblK KOPBITBIHIBI KacayblHa MYMKIHTIK Oepemi. CoOHbIMEH KaTap, CaHIIbIK
aKnmapaTThl Kecreney, rpaduK TYPFbI3Y >KOHE WHTepHpeTalysiiay JaFIbliapbl JaMbll, OJIApbIH
(GYHKIMOHAJIBIK CayaTThUIBIFBI APTAIBL.



Kecrte 2 - baranay kpurepuiiiepi MeH AeCKpUNITOpIap:

baranay kpurepwiii Heckpunropiiap
1. Jlepextepsi omeiti — [Torenuuan—kenem KecTeciH KYpaJibl
— I'pacuk TypreI3aampl
2. DKBUBAJIEHTTIK - DKBUBAJIIEHTTIK HYKTEHI AHBIKTAN I
HYKTEHi Tabajpl — dopMmysaHbl AYPHIC KOJITAHAIbI
3. HNuTtepnperarus — Tanmay HOTHIKECIH TYCiHaipei
Kacanapl — Karenik ke3aepin kepcerei

Kyka kabarTrsl xpomarorpapusi (JKKX) kemerimen 3atrapabl 0eay. JKyka KaOarTel
xpomarorpadus (JKKX) omiciH 3epTTey OapbIChiHIA CTYASHTTEp KOCHAIAPAbl TalAayJbIH THIMII
TOCUIIEPiH MEHrepe/li, MOJIEKYJIaapallblK OpPEKETTeCYIEePAiH 3aTTapblH O6JiHyiHe oCepiH TyCiHemi
KOHE aHAMTHKAIIBIK €CEITeYJIep JKYPri3y MaFablIapbiH AaMbITanbl[9]. Byl tanceipma moHapaibiK
CHITaTKa Me OOJIBIM, XUMHUS, (U3MKa )KoHE HH(POPMATHKA ITOHICPIHIH Ma3MYHIApbIH OipiKTipei.

Tarnceipmana CTyICHTTEpre HAKThl XPOMATOTpaMMa HOTHDKENIEPl YCHIHBUIAABI. MEBICAbI,
cTanuoHapibl (haza peTiHIe CHIIMKAreidh KabaThl, ajl KO3raaMaibl (pa3a peTiHae 3TWJ aneTar NeH
METAHOJIJIBIH ~ KOCHAachl KOJJIaHbUIFAaH Jenik. Kocma periHme cTyaeHTTepre KypambIHIa
alleTWICATMINI  KBIIIKBUIBL  (acUpUH), KO(QEHMH >KoHE mapaneraMmon Oap yiri Oepineni.
XpomaTtorpammazga opOip 3aTka coiikec Oip-OipiHEH OpTYpJ KAIIBIKTHIKTA OpHAJIACKaH JaKTap
kepineni. Crynentrep opOip HMakThIH OacTamkbl CHI3BIKTaH (Origin) KaHIIa KalIbIKTHIKKA
YKBUDKBIFAHBIH JKOHE €PITKIIT (PPOHTHIHBIH apaKAIIbIKTBIFBIH oJer, Rf MoHIH ecenTei/i:

3aTThIH KYPreH KalllbIKThIFbI

Rf

- EpiTkimTiH GpOHTBIHBIH, )KYPreH KallblKThIFbI

Mpeicainel, erep:

ACHUPHUHHIH )KYPIreH KAIIBIKTBIFBl — 2,5 cM
Kodenn — 3,8 cm

[Tapaneramon — 1,9 cm

Epitkim ppontsr — 5,0 cMm 6osca:

2.5
R =—=0.
f (acnupun) ) 0.5
3,8
Rf (kodeun) = = 0.76
5.01 9
Rf (mapaueramon) = ﬁ = 0.38

Rf Monzgepin omeOu JepeKkTepMeH cajbICThIpa OTBIPBIN, CTYIEHTTEP XpoMaTorpaMMajarbl
JMaKTapabel CcoMKecTeHipeni. byim perre onmap MosieKylaapaiblK OpEKETTECYJIEpAiH — CYTEKTIK
OaiimaHbicTap, TUMOIB-AUIIONb HEMECe BaH-/Iep-Baanbc KYIITepiHiH — 9p 3aTThIH KO3FaIMallbl )KOHE
CTaIMOHapJIbl (hpazajlapMeH OPEKETTECy JIEHTeHiHe ocep eTETiHIH Tanmanael. Mpicanbl, KohenH —
MOJISIPJIBI MOJIEKYJa OOFaHIBIKTaH, TIONSPIIBI EPITKIIITE KbUIAaM KO3Falaabl, Oy OHBIH KoFapbl Rf
MOHIMEH CHUIIATTAJIabL.

Nudopmartukamen OaiiaHbIC OpHATY YIIIH CTYAEHTTEp XpOMaTorpamMma CYpeTiH HuGpIbI
Typae tanaamn, Imagel] cexinai 6armapiamanap apKbUIbl HAKTHI ©JIIeysep kyprize anaabl. COHbIMEH
Kartap, HoTuxenepidn Excel kecTeciHe eHTi3iI, calbICTRIpMalbl TaJ1ay JKacailabl.

Byt Taniceipma cTyIeHTTepre aHATUTHKAIBIK KypaIapabl KOJIIaHy apKbUIbl KOCITa KypaMbIH
aHBIKTay TOXKipuOeciH Oepeni, COHai-aK AoJeN i MaibIM kacay, AepeKIeH JKYMBIC iCTeY, FhUIBIMU
O0omkaM JKacay »JKoHE KYpPBUIBIM—KACHET OalIaHBbICBIH TYCIHIIPY CHSKTBl (PYHKIIHMOHAJIBIK
CayaTTBUIBIK 3JIEMEHTTEPIH KalIbIIITACTBIPAIBI.



KX TtancelpMacelH OpbIHIAY OapbICBIHAA CTYIEHTTEP XpOMaTOrpausuIbIK ICTEPAiH TEK
XMMUSUTBIK TaJay YIIiH FaHa eMec, COHBIMEH KaTap (hapManeBTHKAIBIK, YKOJIOTUSIIBIK )KOHE TaFraM
eHEepKaciOiHAe /1e KeHIHeH KOJIaHbUIATHIHBIH MeHrepeai. by onmapapiy Oomamak kaciou emipine
Ka@)XXETT1 MPAKTUKAIIBIK Jaf IbIIapAbl JAMBITY/IBIH MAaHBI3IbI Oip CaThICHI OOJIBIN TAOBUIAIBI.

Kecte 3 - barayiiay kputepuiiaepi MEH IECKPUIITOPJIAP
baranay kputepmiii Jeckpunropiiap

— Jlak  apakambIKTBIFBIH  JIOJ  ©JIIeil
— dopmynanbl AYPHIC KOJIJaHAIbI

Rf MoHIH ecenrTelini

Kypambt — Komnonentrepai Rf apkpuisl colikecTenaipesni
MHTEPIIPETalMsIIaN Ib] — AHAJMTHKAJIBIK TY>KBIPBIM JKacai bl
— Monekymnaapanblk ~ OaiimaHpicTap  cepiH

OU3UKAIBIK-XUMUSJIBIK ~ ©3apa

) N . cunaTTalabl
opeKeTTecy i TYCIHIipeal

— [onspIIBIKTBIH OCEPiH TYCIHAIpEi

Kecre 4 - J)Kannel 6aranay mkanachl
bann JKanmsl cunarrama
Bapnbik TanceipManap/sl TONBIK, 19 KOHE FRUIBIMU HET13/1e
opbIHJIal bl IHTepnpeTalus TepeH, 3 OWbIH HAKThI JKEeTKI3e/1.
Herisri anmemeHTTEpai IyphIC OpBIHIAAWIBLI, Oipak Keroip

5 (eTe KaKChl)

4 (xaKchl) .
TYKBIPBIMIAP/IA AQJICI3HIK Oap.
3 Tanceipmanbiy  Oip Oeniri  OpbsIHAANFaH, TYCIHIIPYIE
(KaHaraTTaHaPJIBIK) AN KBIHJIBIK KETICTICH/II.
Tarceipma  TOJIBIK ~ OpBIHJAJIMAFaH, HETI3rl  YFbIMA
2 (TeMeH) |, aneeip K OppHA ’ YrbIMAap
TYCIHIKCI3.

ATanFraH TarcelpManap CTyA€HTTEP/IIH TaHBIMABIK O€JICEHAUIITTH apTThIPBII, FAIIIBIMU-3EPTTEY
JaFAbUIAPbIH KAJBINITACTHIPY/1a MAHbI3/1bI POJI aTKAP/IbI.

Horuxesep

Ou3NKa-XUMUSJIBIK  TalAay oIICTEepiH OKbITyAa HUQPIBIK pPEeCcypcTap MeH IoHapalbIK
TarchIpMaIap/Ibl JKYHel KOJJIaHy OKY MPOIIECIHIH canachlHa OH d9Cep €TKEHI 3epTTey HOTHXKENepi
apKbUIbI aHBIKTaN bl Heri3ri kepceTKimTep CTYACHTTePAIH TEOPUSIIBIK O1TIM eHreili, MPaKTUKAJIbIK
JaFapIChl, (YHKIMOHAIIBIK CAayaTTBUIBIFBl JKOHE IIOHTE JIETeH KBI3BIFYIIBUIBIFEl OOMBIHINA
OaraylaH/bl.

3eprrey Oacranmap anapiHaa (0a3anblK JUArHOCTHKA) KOHE asKTalFaH COH (KOPBITBHIHIIBI
JMAarHOCTHKA) CTYyJEHTTepre 25 cypakTaH TypaTblH TEOPHMSUIBIK TECT Tamchlpbulasl. OnHza
CTIEKTPOCKOMHS, XpoMaTorpadusi, SJIEKTPOXUMHISITBIK dJIiCTepre KaThICTHI CYpaKTap KaMTBIIIbIL.

Kecte 5 - 3eprrey Gactanap anapiHaa (6a3aiblK TMAarHOCTUKA) KOHE asKTalFaH COH (KOPBITHIHIBI
JMArHOCTHKA) TECT HOTIKENepi

. Oprama Oamn  (Makc.
baranay ke3eni 25) CraHmapTThl aybITKY
Bacranke! Tect 13.4 +2.1
KopsITbIH B TECT 20.6 +1.7

Teopusutbik Oinmim neHreri 53%-m1an 82%-ra neiiin apTkaHbl Oakanael. CTyIeHTTep acipece,
UG PIBIK CUMYISLUATIAPMEH KYMBIC ICTET€HHEH KeWiH TOJKBIH Y3bIH/IBIFbI, ONITUKAJIBIK THIFBI3/IBIK,
JETEKTOp MPUHIUNTEP] CeKUIA1 KYpAeli YFbIMAAPAbl Te31PeK jKoHE TePEeHIPEK MEHTepPIeH.

Bupryanapl 3epTxaHanap KOHE CHMYJISATOpJIAp apKbUIbl JKYMBIC >Kacay CTYAEHTTEpAiH
AHATMTUKAJIBIK JaFIbUIapblHA OH BIKMal eTTi. bakpuiay maparbl HETi31HIE Oarajay >Kypri3ijiimi.
baranay kpurepuiinepi: KypaaMeH *KYMBIC iCTey JIIIr, KayilcCi3/iK epexenepid cakray, MOJIiMeTTi
TIpKEY ’KOHE MHTEpPIIpEeTaLUsIIaY.



Kecre 6 - CTyneHTTep/IiH AaFApUIapblH Oaranay HOTHXKeNIepi

Kpurepuii bacrankp! Oann KopbITbIH B Gast
KypasmeH 5kyMbIC icTey 3.1/5 44/5
‘ MQJIIMGTTI OHJICY KJHE 29/5 46/5
TYCIHAIPY
_ epTXanabIc 37/5 4815
Kayirnci3mik

AJBIHFaH KOPBITBIHBIIAP TEK TCOPUSIIBIK OLTIMHIH MEHI'€PUTYyiH €éMec, COHBIMEH KaTap HaKThl
OpEeKeT apKbUIbI JIaFIbUIAPIbI HTEPYAIH THUIMILTITIH JOJICIICH/II.

MocerneH, NOTEHUHUOMETPUSIIBIK TUTPJICYAl BHUPTYalAbl 3€pTXaHaJa OpBIHIAY AapKbUIbI
CTYJCHTTEP HAKThI TOXKipHOE aIbIHIAFbl JANBIHABIKTHI )KCHUIACTII, OJIIICY HOTHKEIEPIH CaHIIbIK
TYpFbIIaH Oaranayra >KOHE JIepeKTepre ChIHM Ke3KapacleH Kapayra yiHpenni. byn yaepic
AHAJMTHKAJIBIK OMJIay KaOiJeTiH MaMBITYMEH KaTap, 3€PTXaHAIBIK XYMBICKA JETe€H CeHIMIUTIKTI
apTTHIPIBL.

[loHapanblK  cuUmaTTarbl  TalChHIpMaNapAbl  OpPBIHAAY  KE3iHAE  CTyIeHTTep  Kejeci
(GYHKIIMOHAIBIK JaFIbLIapbIH JKeTUIAIPAIL:

- Excel Garmapiamace! apKbUIbI CIIEKTPITIK TPAQUK TYPFBI3Y — CTYACHTTEP CiHIpY MAaKCUMYMBIH
(Amax) TpadUKTEH aHBIKTAy apKbLIbl JAEPEKIIEH >KYMBIC iCTE€Y, MAIIMETTEpAl KYpbUIbIMAAY >KOHE
MHTEpIpeTalusiay JaFIbUIapblH KEeTUAipAil. bysl TarnceipmMa aHaIUTHKANBIK JKOHE KYPBUIBIMJIBIK
oiiniay KaOlJaeTTepiH apTThIPYyFa BIKIAJ eTTi.

- Kyxa kabarter xpomatorpadus (XKKX) omicimen Gemniny koaddumnmentin (Rf) ecenrey —
ecenTey JAarAbUIapblH JaMbITy, GopMynanapibsl HAaKTHl jKaFdaiap/ia KojJaHy, MOJIEKYyJaapasibiK
OpeKeTTecyliep MEH 3aTTaplblH KO3FaJIMalbl JOHE CTAIlMOHApJbl (DazajapMeH opeKeTTecy
€pEeKILEeTIKTEepiH TYCIHY apKbUIBl CTYIEHTTEP/IH JIOTUKAIBIK >KOHE KOHLENTYaJAbIK OWaybIH
TepenieTTi. COHbIMEH KaTap, pU3MKa )K9HE XUMUS MTOHJEPIHIH YFBIMIAPhl apachblHAaFbl OaliIaHbICThI
TaHyFa MYMKIHJIIK Oep/ii.

- Python OGarmapnamacel KeMeriMeH JIepeKTepll BH3yaluzauusaigay (epikTi CTYIEHTTIK
TONTap/a KOJIaHbUIbI) — MH(OpPMaTHKaMEH UHTerpanusiiiay apKblibl Oarqapiaamanay Heri3aepi MeH
JEepEeKTepl OHJIeY, BU3yaTH3alusiiay JaFplIaphl JaMbITBULIBL. Byl onic cryneHTTepain mudpIbK
cayaTTBUIBIFBIH apPTTHIPHIIN, 3aMaHayH 3epTTEY KypaiaapbIMeH )KYMBIC icTeyre JalbIHAA IbI.

Cayanmnama HoTHXKenepl Ae Oyl ToCUIAepAiH TUIMIUITIH HAaKThl KepceTTi. CTyIneHTTepAiH
87%-b1 oHapaJIbIK TallChIpMalap/IblH IOH Ma3MYHBIH TEPEHIPEK YFbIHYFa, aJIbIHFAH OUTIM1 HAKTHI
OMIPJIIK JKaFJaiiapaa KolanyFa MyMKiHIK Oeprenid aran oTTi. COHbIMEH KaTap, 0JIapbiH 76%-bI
UG PIBIK pecypcTap/bl Naianany oKy YAEpiCiH TapThIM/IbI 9pi KOJDKETIMAL €TKEHIH JKeTKi3a1. by
HOTIDKENIEp TOHAPAJBIK WHTETPALMSUIAHFAaH TOCUINIH TEK akKaJIeMUsUIBIK YJrepiMre FaHa emec,
COHBIMEH KaTap CTYACHTTEpiH IOHTe JereH KbI3bIFYIIBUIBIFbl MEH YOXKiHE /i€ OH BIKMaj €TeTiHIH
TTQIEIAEH L.

Kypc coHbIHIA >KYpri3ijireH camajiblK Tanjgay MeH pedIeKCHsUIBIK 3cce Ma3MYHbIHAaH
CTYJCHTTEP/IH MOHTe JIETeH MOTUBAIUACH apTKaHbl Oaiikanpl. CTyAeHTTep I1H KeWOip miKipiepi:

«Men cnekmpockonusnbl mexk mMeopusiiblk YebiM peminde mycinin ocyp edim, oipax PhET
CUMYTAMOPLIHOA MOAKbIH MEH CIHIPY OQUIAHbICLIH KOPIN, OY 20icmi WblHAllbL elecmeme ani0biM. »

«Python-men sicymuic icmen, 613 xumusivik depekmepoi 6HOey MeH BU3YATUAYUALLAY MYMKIH
eKeHin 0indim. byn 3epmxananvlk ecenmepee Hcanauia Kapayea yupemmi. »

Hormxkenepai tanaayaa t-tect KOMAAHBUIBII, TECT HOTWXKeNepiHAeri albipMambuiblk P<0.01
JEHTeHIHe CEHIM/II JIeTT TAaHBULIBI. byJl CaHBIK KoHE calajblK KOPCETKIMmTep NU(PIBIK pecypcTap
MEH IMoHApaIbIK MHTETPALlUSHBIH OKBITY CalachlHa OH 9CEpiH aiiFaKkTaii/ibl.

TankpL1ay

Oky yzaepiciHe IUGPIBIK pecypcTap MEH MOHApajblK TarchlpMaiapibl €Hri3yaiH (u3uka-
XUMUSJIBIK TJIJIay OJICTEPIH MEHIepyre BIKMal ETETIHAINT OChl 3epTTey OaphIChIHAA HAKTHI
nonenaeHai. byn Oenimzie anblHFaH HOTHIKENEp XaJIbIKAPAIbIK JXKOHE OTAHMABIK 3epTTeylepMeH
CaJIBICTHIPBUTBITI, OJIAPABIH TEOPHSUIIBIK JKOHE MPAKTUKAIBIK MOHI TYCIHAIpIIEI].



PhET xone ChemCollective mmatdopmanapbl OKYIIBUIAPABIH a0CTPaKTUIl  YFBIMIAPbI
(MbICanbl, TOJNKBIH Y3bIHIABIFbI, ONTHKAIBIK THIFBI3ABIK, CIEKTP) KOpPHEKlI TypAe eJecTeTyiHe
MYMKiHIIK Oepni. bysn Tocinmmep moctypiai mopicTepre KaparaHIa OKYIIBUIAPIBIH IIOHTE JIETE€H
KbI3BIFYIIBUTBIFBIH 87%-Fa neiiid apTTeipabl. Oceiran ykcac HoTwkenepai Hwang & Chen (2017),
Tsai et al. (2022) 3eptreynepi e KopceTTi, ojap BUPTyaiabl 3epTxaHanapasiH STEM monaepineri
TaHBIMJIBIK OCJICEHIITIKTI KYIIeWTeTiHIHe Ha3ap aynapaasi[10,11].

ConbIMeH KaTap, TUPPIBIK IaTGopMaiapabl maiganany — QyHKIHOHAIIBIK CayaTThUTBIKTBIH
MaHBI3JIbI KOMITOHEHTTEPIHIH Oipi OONBINT TaOBUIATHIH IUGPIBIK KY3BIPETTUTIKTI JambITaabl. OKy
6apeiceinna Excel, Python cekinai Kypangapabl KOJNAaHy CTyIEHTTEpre FhUIBIMU JACpEeKTepi
KYpBUIBIMayFa, BU3yajgayFa )KoHe TYCIHIIPyre MyMKIHIIK Oepi.

[TonapaibIK TanceipMasap CTyACHTTEPAIH KeJeci (QyHKIMOHAIIBIK JaFAbUIapbIH apTTHIPbL:

ChlIHU oilytay - SKCIIEPUMEHT JICPEKTEePiH Oaranay )oHe KaTesepii Tady;

[lenrim KaObUTIAY - aHATIA3 HOTHKECIHE Kapail KOPBITHIHIBI JKacay;

KommyHnukanus - 3epTrey eceOiH xa3y KoHe KOopray;

BIHTBIMAKTACTBIK - JKYIIIIEH 5KOHE TOTIIECH )KYMBIC iCTey apKbUIbI OipIIECKEH OKY.

byn narneinap Ka3ipri 3aManfbl Oi1iM OepyaiH TYHiHALI Ky3bIpeTTepiHe kataabl xxone KP bFM
OCKITKeH OpTa KOHE KOFaphl OuTiM Oepy Ma3MyHBIHBIH >KaHApTBUIFAH CTaHIAPTTapblHA COWKeC
KeJel.

OYHKIMOHANIBIK CAayaTTBUIBIK — OUTIM aJTyIIBIHBIH HAKTBI OMIPIIK JKarmasTrapjaa OuTiMiH
KoJ1/1aHa 01Ty, akmapaTThl TalAay sKoHe apryMeHTTeNreH menrim kadbsuinaysl| 12]. bizain 3eprreyne
Oy1 KaOlIeTTiH MbIHAAM aCTIeKTiNIepi JaMbIFaHbl OalKa bl

- I'paduxanbik MomiMEeTTEPMEH KYMBIC iCTeY (CIEKTPIiK HEMece TUTpIey rpaduri);

- Tangay HOTHKECIH TYCIHAIPY JKOHE IIEIIiM KaObL1Iay;

- ®opMynanap/sl KOJIaHa OTBIPBIN ecentey Kyprizy (Mbicansl, A, pH, Kd).

byn wormwxkenep PISA 3eprreyiHiH (QYHKIMOHANABIK CAyaTTBUIBIKTBI  aHBIKTAHTHIH
KepceTkimTepimMeH colikec keneni. CTyneHTTep/IiH AepEKKe Heri3/IeNreH oiliay KabineTi, akmapaTTsl
capanTay JarabIChl aWKbIH KYIIECHUTEH.

3eprrey Hotmkenepi XXI Facslpaarsl OKbITY 1A MIOHAPANIBIK UHTETpallis MEH [MUPPIAHABIPY -
OKBITY Ma3MYHBIH aHFbIPTY/IbIH MaHbI3/Ibl OAFBITTaphl €KEHIH Tarbl Oip MopTe manennenal. XKana
OuriM Oepy TeXHOJOTrMsAJIapbl MEH Ma3MyHbl KOTHUTHMBTI, METaTaHBIMJABIK >KOHE OJIEyMETTIK
JaFIbUTAP/IbI TaMBITYFa OarbITTalybl KaxkeT| 13].

[udpaslk pecypcTap MeH MoHApalbIK TarchblpMaapbl yijeciMai KoJJaHy apKbUIbl Oi1iM
aTymibliap TEK aKaJeMMsUIBIK OUTIMMEH FaHa IIEKTeIIMEM, eMipre KaKeTTi MarapuIapibl Ja
menrepeni. byn unes UNESCO, OECD, Ka3zakctanHbIH 611iM Oepy cTpaTerusiapblMeH Jie TOJIBIK
cotikec kenemi[14,15].

XKyprizuiren 3eprrey mekTeyai cTyaeHTTep ToObIHIa (n=38) >xoHe Oip OKYy ceMecTpiHje
Ky3ere acbIpbullbl. bonamakra omicTEMEH1 SpTYpIl KOFapbl OKY OpBIHIAphl MEH MEKTENTepe
anpobanusiay, MoHapaiblK TarchlpManap 0a3achiH KyHeney >KOHE YITTHIK KOHTEKCTE IUGPIBIK
Kypangapasl Oediimuey o3ekTi Oomnanpl. CoHbIMEH KaTap, LHU(PIBIK CayaTTBUIBIKTBI €CKEpIIl,
OKBITYIIBUIAPABIH OUTIKTUIITIH apTTHIPY a MaHbI3bI.

KopbITbIHABI

Ou3MKa-XUMISUIBIK Ty oMicTepl KypChlH IHUQPIBIK pecypcTap MeEH MoHapajblK
TarceIpMaliap apKbUTbl OKBITY Ka3ipri OuTiM Oepy TaianTapbiHa cail KeJeTiH, 3aMaHayd KOHEe THIMII
oJ/lic eKeHi oenaeH 1i. 3epTTey OaphIChIHIA allbIHFAH HOTIDKETIEp aTalFaH 9/IiCTEMENIK TOCUIIEPIiH
CTYJIEHTTEPAIH TEOPHSUIBIK OUTIMIH, MPAKTHKAJIBIK JaFAbUTapbIH, (DYHKIIMOHAIIBIK CayaTThUIBIFBIH
KOHE TOHTE JIETeH KbI3BIFYIIBUIBIFBIH apTTRIPYFa €19YIp BIKMAT €TKeHIH KOPCETTI.

bipinurigen, mUQPABIK pecypcTapAblH KOJIaHBUIYbl (BUpTyaiabl 3eprxaHanap, PhET
cumyisitopnapsl, ChemCollective, Excel >xone Python kypammapsl) kypaeni (Gpu3UKa-XUMHUSIIBIK
YFBIMAApABl BU3yallJlayFa, HaKThl MPOLECTEPAl MOJEIACYIe >KOHE TIKIPUOENIK TarchblpMasapibl
Kayirci3 opTaja opblHAayFa MYMKIHJIIK Oep/i. by 6iim anymsinap/siH ©34iriHeH OUTiM amyFa JIereH
BIHTACBIH apTTHIPHIIN, OUTIM/II TEPEH JKOHE CaHaJIbI TYP/IC MEHT€PYIHE JKOJI alllThI.



ExinmmiieH, moHapanblK HHTErpanus (Xumus, (usuka >xoHe HH(POpPMATHKA MOHAEPiHIH
OailyIaHpIChI) CTYACHTTEPIIH TOHAIK OUTIMAI JKyHem KojjgaHy KaOuteTiH JaMbITThl. OKBITY
OappICbIHIa  KOJJIAHBUIFAH  TOHAPAIBIK  TalchipManap  (QYHKIMOHAIABIK  CAayaTTBUIBIKTHI
KaJIBIITACTRIPYJa MAaHBI3/IbI PO aTKap/bl. ATan alTKaH/Ia, CTYICHTTEP MAIIMETTI KUHAY, TaJIay,
CAIBICTBIPY, MHTEPIPETAIUIIAY JKOHE IIENIM KaObUIIay CHUSKTHI JKOFAphl JCHTEHII JIaFIbLIap bl
MEHTep/Ii.

YuriHmiaeH, 3epTTey HOTHXKeNIepl OUTiM amymibiapblH OKYy MOTHBAIIUSCHIHBIH apTKAHBIH,
3epTXaHaJBbIK JKOHE TEOPHSUIBIK JKYMBICTA OCJICEHAUIIriHIH ©CKeHIH KkepcerTi. [ludpibik
CHUMYJIATOpJIAp/bl KOJIJaHy J>KOHE TarChIpMalapAblH ©MipMEeH OalIaHBICTBUIBIFBI OKY YAEpICiH
Ma3MYH/JIbI 9p1 TapTHIMJIBI €TTi.

Teprinmrinen, 6y Tociy OLTIM aTyIIbUIApABIH TEK XUMUSJIBIK OUTIMIH eMec, COHBIMEH KaTap
CaHJIBIK CayaTThUIBIK, aKITAPATTHIK TEXHOJIOTUSIIAP/IbI KOJIIaHY, TOIIICH JKYMBIC iCTEY JKOHE FhIIIBIMU
olinmay KaOineriH KanblnTacTeipabl. byn narmasutap XXI raceipabiH xahaHABIK Ky3bIpeTTepiMeH
TOJBIK COUKEC Keieal KaHe OoJralak KociOn KbI3METKE KaXKETT1 HErl3 Kajlaibl.

XKanmel, Kypri3uireH 3epTrey HOTHXKeNepl (HU3MKa-XUMISUIBIK Tajaay oIiCTepi KypCHIH
OKbITyla UHU(PIBIK pecypcTap MEH MOHApANbIK TalchblpMaiapasl THIMII YHIecTipy Oiilim
QTyIIBUTAPABIH O17TiM carmachlH, TPAKTUKAJIBIK JaFIbUIAPBIH JKOHE (PYHKIIMOHAIIBIK CayaTThUIBIFBIH
KaHa JIeHrelre KOeTepeTiHIH HaKThl Kepcerinm Oepai. bym Ttocim OinmiM OepydiH Ma3MyHBIH
KAHFBIPTYFa, YITTHIK JKOHE XaIBIKApPAJIBIK OLTiM cTaHIapTTapblHa ColKec O0TyFa HaKTHI yJec Koca
aNapl.
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OBYYEHMUE KYPCY «®dPU3UNKO-XUMHNYECKHUE METOJAbI AHAJIN3A» C _
HCITIOJIB30OBAHUEM IN®POBBIX PECYPCOB U MEXJIUCIIUITIJINMHAPHBIX 3AJJAHUHN

AHHOTAUA

JlaHHOE WccieoBaHUEe BCECTOPOHHE aHANM3UPYET 3PQEKTHBHOCTH MpEnojaBaHus Kypca «MeTojbl
(PU3UKO-XMMHUYECKOTO aHAIN3a» B CHCTEME BBICIIIETO O0PA30BaHMUS C UCTIOJIL30BaHUEM U(PPOBBIX PECYpCOB
U MEeXIUCUUIUIMHAPHBIX 3amaHuil. MccnemoBanuwe Obuto mpoBeneHo B 2024-2025 ywyeOHOM romy co
cTyzaeHTaMu 2 Kypca crnenuanbHoctd «Xumus» KasHITY umenn AbGas (n = 38). OcHoBHas 1ienb paboThl —
ONIPENEeNIUTh BIMUSHUEC UU(PPOBBIX TEXHOIOTHA W MEKIUCIUIUIMHAPHON WHTErpallid Ha pPa3BUTHE
TEOPETUYECKUX 3HAHWMH, MPAKTUYECKUX HABBHIKOB M (DYHKIIMOHAJIBHON TIpaMOTHOCTH CTyJeHTOB. B xone
o0ydeHust ucnons3oBanuck cumynaropsl PhET, Bupryansnas maboparopust ChemCollective, mmatdopmsr
Coursera u Khan Academy, a Taxke mmppossie mHcTpyMeHTHI Excel, Origin m Python. Dtu pecypchrl
o0ecreyniIy BU3yaIH3alri0 CIOXKHBIX TOHATHH, MPOBE/ICHHE BHUPTYAIBHBIX SKCIEPUMEHTOB M 00pabOTKY
MOJTy4YeHHBIX JaHHBIX. [loMuMo 3T0ro0, 66UTH pa3zpaboTaHbl MEXIUCHUIUIMHAPHBIE 3aJaHNs, HHTETPUPYIOIINE
XUMUIO C u3UKoH, Ouonorned u HHPOPMATUKOW, BKJIIOYAs AaHAIM3 CHEKTPAJbHBIX JaHHBIX,
MOTEHIIMOMETPUYECKOe TUTPOBAaHUE W 3aJaHUsl 10 TOHKOCIOWHOW Xpomarorpaduu. PesymbraThl
KCCIIEAOBAHMSI MTOKA3aJIM, YTO MMOKA3aTeNld TEOPETUUECKUX TECTOB CTYIEHTOB BhIpociu ¢ 53% no 82%, a ux
nabopaTopHble HABBIKM M AHAIWTHYECKOE MBIIUICHHE 3HAYMTENBHO YIYYLIMJIUCH. JaHHBIE OMpOCOB U
pedIieKCUr CBUICTENBCTBYIOT O (POPMUPOBAHUU TTOJIOKUTEITHHOTO OTHOIICHUST K IM(POBBIM pecypcaM U
MEXIUCIUTUIMHAPHBIM METOJIaM, a TaKXKe O TIOBBIIIEHNH MOTHBAIIMY K N3YYEHHUIO IIPEeMETA.

KiroueBble ciioBa: GU3NKO-XUMHUYESCKHI aHAIN3, ITU(POBBIE pECYPChl, MEKAUCIUIIIMHAPHOE 3a/IaHHE,
STEM-unTerpanus, pyHKIHOHATBHAS TPAMOTHOCTb.
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Master’s student, Abai Kazakh National Pedagogical University, Almaty, Kazakhstan,
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Abstract
This study comprehensively examines the effectiveness of teaching the course "Physico-Chemical
Methods of Analysis" in higher education using digital resources and interdisciplinary tasks. The research was
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conducted during the 20242025 academic year among 2nd-year chemistry students at Abai Kazakh National
Pedagogical University (n = 38). The main objective of the study was to determine the impact of digital
technologies and interdisciplinary integration on the development of students’ theoretical knowledge, practical
skills, and functional literacy. During the course, various digital tools were implemented, including PhET
simulations, the ChemCollective virtual laboratory, educational platforms such as Coursera and Khan
Academy, as well as data analysis software like Excel, Origin, and Python (Jupyter Notebook). These resources
facilitated the visualization of complex concepts, virtual experimentation, and data interpretation.
Additionally, specially designed interdisciplinary tasks were developed, integrating the content of chemistry
with physics, biology, and informatics. As part of the practical activities, students performed spectroscopic
analysis, potentiometric titration, and thin-layer chromatography.The study results demonstrated an increase
in students’ theoretical test scores from 53% to 82%, along with significant improvement in laboratory skills
and analytical thinking. Reflective analysis and student surveys confirmed the formation of a positive attitude
toward digital resources and interdisciplinary approaches, as well as enhanced motivation for learning the
subject.

Keywords: physico-chemical analysis, digital resources, interdisciplinary task, STEM integration,
functional literacy
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