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METOJAUKA ®OPMHUPOBAHHUSI HPOPECCHOHAJIBHBIX KOMIETEHIUH
CTYJAEHTOB XUMHNYECKHUX CIIEHUAJBHOCTEU B YCJIOBUAX
WHHOBAIIMOHHOM OBPA3OBATEJBbHOM YKOCUCTEMBI

Annomayus

CoBpeMeHHOE pa3BUTHE BBHICIIETO XUMHYECKOTO 00pPa30BaHMS XapaKTEPU3YETCs MEPEXOJA0M K
KOMITCTCHTHOCTHOH MOJICJIM TOJTOTOBKH CIEIUATUCTOB, IM(pOBU3aNKMEH 00pa3oBaTeIbHOTO
mporecca W HEOOXOIWMOCTBIO HMHTETPAlUU J1adopaTOpHOrO OO0y4YeHHs] ¢ MpodecCHOHATBLHOMI
MOATOTOBKOH. BMecTre ¢ TemM MeTroguveckue MOIXoabl K (OPMHUPOBAHUIO MPOGeCcCHOHATBHBIX
KOMIIETCHIIMI  CTYJEHTOB XMMHYECKHUX CHCIHAIBHOCTEH B  YCJIOBHSX HMHHOBAIIMOHHOMN
00pa3oBaTeNbHON HKOCUCTEMBI OCTAIOTCSI HEIOCTATOYHO pa3pabOTaHHBIMHU.

Ilenp  uccnemoBaHWs — 3aKirO4aeTcss B pa3paboTke  MeToauku  (popMHupoBaHUS
NMpOoPECCUOHANBHBIX KOMIIETEHIIMM CTYJAEHTOB XHMMHYECKHUX CHCIHAIBHOCTE Ha OCHOBE
WHHOBAIIMOHHOW 00pa30BaTeIbHONM KOCHUCTEMBI, 00ECIIeUHBAIOIICH HHTETPAlHI0 J1a00paTOPHOTO
oOydeHusi, UPPOBBIX 00pPA30BATEIBHBIX TEXHOJOTUM M KOMIIETEHTHOCTHO-OPHUEHTHPOBAHHOTO
OILICHUBAHUS B paMKax JUCIHUILUTUHBI « COBpEMEHHBIE acTIeKThl XpoMaTorpadumy.

MeToaooTUUeCKyl0  OCHOBY  HCCIEAOBAHHUS  COCTAaBWJIM  KOHCTPYKTHUBUCTCKHN U
KOMITETEHTHOCTHBIA TOAXOJbI, a TakK)Ke MPUHIHUII COTJACOBAHHOCTH pPE3YJIbTaTOB OOyuYeHUS,
colepKaHusl JUCHUIUIMHBI Y OIIEHOYHBIX CpeACTB. B paboTe UCMONb30BaHBI  METOJIbI
CPaBHUTEIBHOTO aHaJIM3a HAYYHOM JIUTEpaTyphbl, MEAArOrMYECKOr0 MPOEKTUPOBAHUS U
MOJICJIMPOBAHNS MHHOBAIIMOHHON 00pa30BaTeIbHON YKOCHUCTEMBI.

B pesynbrare wuccrnemoBaHus paspaboraHa MeToauKka (OpMHpPOBaHHUA TMPO(HECCHOHATBHBIX
KOMITETEHITUI CTYJIEHTOB XUMHUYECKHX CHEIHAILHOCTEH, BKJIOYAIONIAs CTPYKTYPHYIO MOJEIb
WHHOBAIIMOHHOW 00pa30BaTENIbHON YKOCHCTEMBI, ATallbl pealn3allui 00pa3oBaTeIbHOrO Mpoliecca,
nudpoBeie  0OpazoBaTeNbHBIE  PECYpPChl,  JaOOpaTOpHbIE  KEWChI W KOMIIETEHTHOCTHO-
OpPUEHTHUPOBAHHBIE CpE/ICTBA OlleHMBaHUA. [loka3aHo, 4TO MHTErpanus IU(PPOBBIX TEXHOJOTHH,
MIPOEKTHO-UCCIIEAOBATEILCKOTO OOyYeHUsT W Ja0OpaTOpHOW TIPAKTUKU CO3JAET YCJOBHS IS
(hopmupoBanus TPOGHECCUOHATBHBIX, ITUPPOBBIX U TPAHCBEPCATLHBIX KOMITETCHIIUNA 00YYarOIINXCAL.

[IpakTuueckass 3HAYUMOCTH WCCIICIOBAHUS 3aKIIOYAETCS B BO3MOXXHOCTH HCIIOJIB30BAHUS
MPEeNJIOKEHHOW METOAMKH TIpU TMPOCKTHPOBAHUM U peanu3alid  J1ab0paTOpHBIX KYpCOB
XUMUYECKUX  JUCHUIUIAH, OPHUEHTHUPOBAHHBIX HA  TOJATOTOBKY  KOHKYPEHTOCTOCOOHBIX
CHEIHAMCTOB B YCJIOBUAX IU(PPOBOIl TpaHCHOPMAITUH BBICIIETO 00Opa30BaHHUS.

KiroueBble cj10Ba: WHHOBAIIMOHHAs OOpa3oBaTebHAs JKOCUCTEMA, NpodeccHOHaTbHbBIE
KOMITETEHITNH, XUMUYECKoe 00pa3oBaHue, XpoMarorpadusi, 1a00paTOpHBIN MPAKTHKYM, IHU(PPOBLIE

KOMIIETEHIINH, TPAaHCBEPCAIbHBIE HABBIKH, CTPYKTYPHOE MOJICIUPOBAHUE.
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WHHOBAIIUAJBIK BIJIIM BEPY DKOXKYHUECI )KAFJAUBIHIA XUMUSA
MAMAHABIKTAPBI CTYJAEHTTEPIHIH KOCIbU KY3bIPETTIJIIKTEPIH
KAJIBIIITACTBIPY 9AICTEMECI

Anoamna

XUMHSIBIK SKOFapbl OiLTiM  OepyaiH Kasipri 3aMaHfbl JaMybl MaMaHAApbl JaspiiayablH
KY3BIPETTUIIK MOJIENiHEe Kellly, Oi1iM Oepy mporeciH nupiaHablpy jKOHE 3€PTXAHAIBIK OKBITYIbI
KOCINTIK JaspibIKIEH HMHTerpanusiay KaKeTTUINMEeH cumnarranaabl. Anaiina, MHHOBALMSUIBIK
Oimim  Oepy D9KoXyieci KaFgalblHOAa XUMHSJIBIK MaMaHIBIKTap CTYJISHTTEPiHIH Kociou
KY3BIPETTLUIITH KaJBINITACTBIPY/IBIH SICTEMENIK TOCUIAEPIH KOJAaHy >KETKITIKCI3 KYHIHIE KaJbI
OTHIp.

3eprTeyaiH MakcaThl «XpomaTtorpadUsHbIH 3aMaHayd acHeKkTiepi» ToH1 meHOepiHae
3epTXaHaJBIK OKBITYAbI, HU(PIBIK O1T1iM Oepy TEXHOJIOTHIIAPhl MEH KY3BIPETTUTIKKe OarIapiaanFaH
OaranayAblH HMHTETpalMsUIaHyblH KaMTaMachl3 €TeTIH WHHOBALMSUIBIK OuliM Oepy 3SKoxyiieci
HETI31H/Ie XUMISUIBIK MaMaHJIBIKTap CTYJICHTTEPiHIH KOCIOM KY3BIPETTUTIKTEPIH KaJBIITaCThIPYy
oicTeMeciH a3ipiey O0bI TaObLIa b

3epTTeyaiH oICHAMAIBIK HETi31H KOHCTPYKTHBHUCTIK KOHE KY3BIPETTUIIK TOCUIACp, COHIAN-aK
OKBITY HOTHXKEINIEPiHiH, MOHHIH Ma3MYHbI MEH Oarajiay KypaiJapblHbIH YHIECIMIUTIK IPUHLIUNITEPI
Kypazsl. JKyMbIcTa FBUIBIME 91eOMETTEePl CABICTBIPMAIIBI TAIAY, MTEAaroTHKANBIK Ko0aiay jKoHe
WHHOBAIMSUIBIK O11iM Oepy 9KOXKYHeCiH MOIETbACY 9/1icTepl KOIJaHbLIIbI.

3epTTey HOTIDKECIH/AEe XMMHUSUIBIK MaMaHIBIKTAp CTYJISHTTEPiHIH KOCIOM KY3BIPETTUIIKTEPiH
KaJIBIITACTRIPYIbIH MHHOBALIUSIIBIK O11iM Oepy 3K0XKYHECiHIH KYPBUIBIM/IBIK MOJEIiHE HEer13/eNreH
onicteMect AalblHAaNaAbl, OHbIH OLTIM Oepy MpPOLECIHIH OpTYpil Ke3eHIEpIHJE ICKE achbIpbLIYHI,
COHBIMEH Karap HMU(ppibIK OutiM Oepy pecypcTaphl, 3epTXaHaNbIK KEHCTep MEH KY3BbIPETTIIIKKe
OarpITTaFaH Oaranay Kypanjaapbl KaMTblIaabl. L{UQpbIK TeXHOIOTHSIIapAbIH, K00alIbIK-3epTTEY
apKbUIbl OKBITY MEH 3€pTXaHAJbIK MPAaKTUKAHBIH HMHTErpaluschl OUTIM alylIbUIapiblH KociOH,
U QPIIBIK XKOHE TPaHCBEPCAb/Ibl KY3bIPETTEPIH KaJIbIITACThIPYFa JKaF/1ail dKacalThIHbI KOPCETLIE].

3epTTeyliH NPaKTUKAJIBIK MaHBI3JBIIBIFBl YCHIHBUIFAH OJICTEMEHIH JKOFapbl OLTiM OepyniH
uupablk TpaHchopMaluMsACkl KarjaiibiHga Oocekere KaOUIETTI MaMmaHJapibl JaiiblHAayFra
OarbITTaJIFaH XMMUS TOHJEPIHIH 3€pTXaHaNbIK KypCTapblH kobajay >KOHE ICKe achlpy KesiHjae
KOJIZITaHy MYMKIHIT1 OOJIBIN TaObLIA b,

KinT ce3mep: MHHOBaUMAIBIK OuTiM Oepy 3KoOXKyHeci, KOCIOM KY3bIPETTUIIKTEP, XUMHSIIBIK
Ou11M, Xpomarorpadusi, 3epTXaHAIbIK MPAKTUKYM, HUQPIBIK KY3bIPETTUIIKTEP, TPaHCBEPCAIb/IbI
JaFabuIap, KYPbUIBIMIBIK MOJIENIbIEY.

G.Minazheval™*', M.Amandykova'*’, Zh.Bolat !
Al-Farabi Kazakh national university, Almaty, Kazakhstan,
“e-mail: mgulsharats@gmail.com

METHODOLOGY FOR DEVELOPING THE PROFESSIONAL
COMPETENCIES OF CHEMISTRY STUDENTS WITHIN AN INNOVATIVE
EDUCATIONAL ECOSYSTEM

Abstract
The modern development of higher chemical education is characterized by the transition to a
competency-based model of specialist training, the digitalization of the educational process and the
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need to integrate laboratory training with professional training. At the same time, methodological
approaches to the formation of professional competencies of students of chemical specialties in an
innovative educational ecosystem remain insufficiently developed.

The aim of this study is to develop and validate a methodology for fostering the professional
competencies of chemistry students within an innovative educational ecosystem that integrates
laboratory instruction, digital educational technologies, and competency-based assessment in the
course Modern Aspects of Chromatography.

The study was grounded in constructivist and competency-based approaches and the principle
of alignment between learning outcomes, course content, and assessment. The research employed
comparative analysis of the scientific literature, instructional design, and conceptual modeling of an
innovative educational ecosystem.

The study resulted in the development of a methodology for fostering the professional
competencies of chemistry students. The proposed methodology comprises a structural model of an
innovative educational ecosystem, implementation stages, digital educational resources, laboratory
case studies, and competency-based assessment tools. The findings indicate that the integration of
digital technologies, project- and research-based learning, and laboratory instruction effectively
supports the development of professional, digital, and transversal competencies.

The practical significance of the study lies in the applicability of the proposed methodology to
the development and implementation of chemistry laboratory courses that promote the formation of
professional competencies and the preparation of competitive graduates in the context of the digital
transformation of higher education.

Keywords: innovative educational ecosystem, professional competencies, chemistry education,
chromatography, laboratory instruction, digital competencies, transversal skills, competency-based
education.

BBenenne. B yCIOBHSX CTPEMHUTENBHOTO TEXHOJIOTHYECKOTO pa3BHTHSA, IUPPOBOU
TpaHchopManMd U [IoOadu3alMd  TMPOUCXOAUT  IEPEOCMBICICHHE  TPaJULMOHHBIX
o0Opa30BaTeNbHbIX MapajurM, OPUEHTUPOBAHHOE Ha (POPMUPOBAHUE KOMIETEHIIMM, HEOOXOANMBIX
s 3QPeKTUBHON NpodhecCHOHATBHONW AEATENbHOCTH U aJalTalud K JUHAMUYHO MEHSIOIIUMCS
YCIIOBUSIM COBPEMEHHOro o01iecTBa. B oTBeT Ha JaHHBIE BBI30BBI CUCTEMA BBICIIET0 00pa3oBaHUs
NEepeXOAUT K HMHHOBAIIMOHHBIM 5SKOCHUCTEMHBIM MOJEISIM OpraHu3alud 00pa3oBaTeIbHOTO
mpolecca, HalpaBICHHBIM Ha KOMIUIEKCHOE pa3BUTHE MPOPECCUOHANBHBIX, LU(POBBIX H
YHUBEPCAIBHBIX KOMIIETeHIMH oOy4aromuxcs [1]. BaxHyro ponp B 3TOM mpolecce HIrparoT
MHHOBAIIMOHHBIE 00pa30BaTeNbHbIE AKOCUCTEMbI, 00BEIUHSIONINE 00pa30BaTeNIbHbIE MTPOrPAMMBI,
MPAKTUKO-OPUEHTHPOBaHHOE  oOyuyeHHe, LU(PPOBYIO  HMHOPACTPYKTYpy U MEXaHU3MBI
B3aUMOJICMCTBUS C BHEIIHUMH CTEUKXOJACPAMH.

CornacHo «KoHuenuuu pa3BuTHs BhICIIEro oOpa3oBaHus U Hayku B PecryOnmke Kazaxcran Ha
2023-2029 romer», kazaxcranckue OBIIO 1mOKHBI cleIOBaTh MHUPOBBIM  UMIIEPATHBAM
nuGpPOBU3AIMM U TEpPerTH K MOAETH «SMart-yHUBEepCUTETOB» C LU(PPOBOM HKOCUCTEMOM.
Hudposuzanuss  BeIcIEro  OOpa30BaHMUS  CONPOBOXKIAETCS:  MOSABIEHUEM  BUPTYaJIbHbIX
YHUBEPCUTETOB; BHEJpeHHEeM LU(POBBIX IUIaTGOpPM JJs TOBBIIICHUS KadyecTBa OOydeHus,
aJIMMHHUCTPATUBHBIX IPOILIECCOB, BKJIKOYAsl OHJIAMH-CUCTEMBI YNpPaBICHHUSI KypcaMH, BUPTyaJbHbIE
KJIaCChl M DJIEKTPOHHBIE KHWIH; HCIIOJIB30BAHUE MCKYCCTBEHHOI'O WHTEIIEKTA M MAIMHHOTO
oOydeHus JUIsl TEepCOHATU3alMU OOy4YeHMs M TNPEJOCTaBICHHUS CTYIEHTaM WHIWBUYalbHOU
MOJICP)KKH; Tepexoj] Ha OHJalH M CMEIIaHHOe OO0y4YeHME, HCIOJb30BaHUE TeMMuduKanum,
MHTEPAKTUBHOCTH.

ABTOp crathu [2] cuMTaeT, YTO SKOCHCTEMHBIH M CTYJIEHTOLEHTPHPOBAHHBIA MOIXOIbI
paccMmarpuBaroTCi Kak 3(Q@EKTHBHBIII MEXaHU3M pa3BUTUS NPO(ECCHOHATBHBIX, HUPPOBBIX U
KOMMYHHUKaTHBHBIX KOMIIETEHIMI 00y4atoIXcsi B COOTBETCTBUU C COBPEMEHHBIMU TPEOOBAHUSIMHU
MHHOBAIIMOHHOM SKOHOMHKH. OKOCHCTEMHasi opraHuzanus o0Opa3oBaTelbHOTO Ipolecca

obecneunBaeT HHTETpalnuro TeOpCTquCKOﬁ HOATOTOBKH, JIa60paTOpHOF0 IMPpaKTUKyMa U I_II/I(I)pOBBIX
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TEXHOJIOTHH, CIIOCOOCTBYSI (hOPMHPOBAHUIO MPO(ECCHOHATBHBIX, TU(PPOBBIX U TPaHCBEPCATHHBIX
KOMIIETEHIMH 00yJaromuxcs. J{s XuMHU4eCKUX CIeUalbHOCTEH 3T0 0COOEHHO BaXKHO, IIOCKOJIBKY
COBpeMEHHass  npodecCHOHaJlbHAs  JEATENbHOCTh ~ XMUMMKAa  IpeAroiaraeT  BIAJieHUE
AQHAJTMTHYECKUMH METOJIJAMHU HCCIICZIOBAaHUS, HaBbIKAaMH pabOTBl C BBICOKOTEXHOJOTHYHBIM
obopynoBanueM, IUpPoBOl 0OpPabOTKON pPE3yJIbTaTOB aHajdu3a W CHOCOOHOCTHIO A(P(HEKTUBHO
pelaTh NPaKTUKO-OPUEHTUPOBAHHBIE U UCCIIEI0BATEIbCKHUE 3a1aUH.

HecmoTpss Ha Bo3pacTaromuii uMHTEpec K MpolieMaTHKe 00pa3oBaTElIbHBIX 3KOCHUCTEM B
YCIOBUAX U(PPOBU3AIMHU BBICIIEr0 00pa30BaHusl, OONBIIMHCTBO UCCIEIOBAHUNA COCPEIOTOUECHO HA
OTAENBHBIX  acCHeKTax  oO0pa3oBaTeIbHOIO  Ipoliecca,  BKIOYas — pa3BuUTHE  LUGPOBOH
UHOPACTPYKTYPHl, BHEAPEHUE OHJIAHH-00ydeHUs M (HOpMHUpPOBaHHE IUPPOBBIX KOMIETECHIUH
oOyuaromuxcsa. BenenctBue 3Toro oOpas3oBaTenbHas 3KOCUCTEMA HEPEIKO paccMaTpUBaeTCs
¢parMeHTapHO, TOrJa KaK BOMPOCH HMHTErpamuu MOHU(POBBIX TEXHOJOTUH, MPAKTUKO-
OPUEHTUPOBAHHOI'O OOYYEHHS U KOMIIETEHTHOCTHO-OPUEHTHUPOBAHHOM MOATOTOBKHU CIIELUAINCTOB
OCTAIOTCS HEJIOCTATOYHO Pa3pabOTaHHBIMU B KOHIICTITYJIbHOM M METOJIMYECKOM actekTax [3].

B 10 xe BpeMs pa3zButue LUPPOBBIX TEXHOJOTMM M HHHOBALMOHHBIX I€IAarorMYecKux
MOJIXOJIOB  CO3JIaeT MPEANOCBUIKA g (OPMUPOBAHMS HOBBIX MOJENEH  OpraHu3aluu
00pa30oBaTEeNBHOIO MPOLECCa, OCHOBAHHBIX HA MHTErpaluy OOy4YeHMs, HAyYHBIX MCCIEIOBaHUN U
npodeccnoHaTbHOM — MpakTUKH. Pa3paboTka CTpOrod KOHIENTyaIM3allMid  WHHOBAI[MOHHOM
HKOCHUCTEMBI - 3TO CUCTEMATHUECKUI IPOEKT, TPEOYIOIUN COTPYJHUUECTBA YUEHBIX U3 Pa3IMUHbIX
obiacTeil WCCIeOBaHWN, C TPUBICYCHHEM MEXIUCIUIUIMHAPHBIX TOJXOJ0B W HAa OCHOBE
COJIMJIHBIX IMITUPUUECKUX HccaenoBanuii [4]. Kak B uccienoBaHusx BICIIEro 00pa3oBaHus, TaK U
B HCCIICJIOBAHMIX WHHOBAIMHA IPOCIIEKHBACTCS TEHICHIMS K BKJIIOUYCHHIO HOBBIX (PAKTOPOB M
CIIOKHBIX CBsI3eH MHHOBALMOHHOW 3KOCHUCTEMBI B (pOKyC aHanmu3a [5,6].

B naHHOM KOHTEKCTE 0COOYI0 3HAUMMOCTh HPUOOpPETAaeT KOHLENIMS WHHOBALMOHHOW
00pa3oBaTeNbHON 3KOCHCTEMBI, MPEACTaBISIONEH COOOH LENOCTHYI0 00pa3oBaTeNbHYIO Cpeny,
00€eCTIeYNBAOIIY IO B3aMMOACHCTBUE MPEMNOAaBaTenel, 00yJaromuxcs, paboToaaresnei u IuQpoBbIX
PECYPCOB C ILEJIBI0 COBMECTHOTO CO3JaHMS 3HAHUN, Pa3BUTUS KOMIIETEHIMN W JOCTHXKEHHS
o0Opa3oBaTeNbHbIX pe3yJibTaToOB. B oTinume OT TpaAMLMOHHBIX MoOjeleld OoO0ydyeHHus, Takas
KOocHUCTeMa Oa3upyercs Ha MPUHLMIAX COTPYAHMYECTBA, B3aUMOCBA3aHHOCTU YYaCTHUKOB,
COBMECTHOTI'O CO3/1aHus 00pa30BaTeNIbHON IEHHOCTH U OPUEHTAI[MM HAa YCTOMYMBOE Pa3BUTHUE, UTO
OTKPBIBAET HOBBIE BO3MOXKHOCTH I (POPMUPOBAHUS MPO(PECCHOHATBHBIX KOMIIETEHIMNA Oy 1yIux
XHMHUKOB.

B ycnoBusix CTaHOBIJIEHNS WHHOBALIMOHHBIX 3KOCHCTEM MEHSIETCA U POJIb YHUBEPCHUTETOB. B
MHHOBAIIMOHHOM 3KOCHUCTEME YHUBEPCUTET BBICTYIIAET HE TOJILKO LIEHTPOM I'eHepaluu 1 Tpanchepa
3HaHWi [7], HO ¥ COIMAILHO OTBETCTBEHHBIM WHCTHTYTOM [8], aKTHMBHO B3aUMOJCHCTBYIONIMM C
IKOHOMHYECKOW, COIMAJIbHOW U 3Koyoruueckod cpemoit [9]. Pacmmpenuwe ero ¢yHKuuii
00ycJ0BIMBaET TpaHC(HOPMALMIO BHYTPEHHHUX IPOLECCOB U TpeOyeT HOBOTO OCMBICIEHHUS POJIU
BBICIIIEr0 00pa30BaHus B 00CCIICUCHUH WHHOBAIIMOHHOTO U YCTOWYMBOTO pa3Butus odmectsa [10].
CrnenoBarenbHO, COBPEMEHHBIN YHUBEPCUTET BBICTYIIAET HE TOJBKO LIEHTPOM OOYUYEHHUS U HAyUHBIX
UCCIIEIOBaHMM, HO U KJIFOUEBBIM yYaCTHUKOM MHHOBAIIMOHHOTO pa3BUTHS oOuiecTBa. Ero ¢pyHkimu
pacuIMpsoTcs OT TpaHCcdepa 3HAHWM K OpraHu3alMy JIBYCTOPOHHETO OOMEHA 3HAHUSAMH MEXIy
aKaJeMHYeCKMM  COOOIIECTBOM,  IPOMBIIUIEHHOCTbIO U OOHIeCTBOM,  (OPMUPOBAHUIO
JIOBEPUTENIBHBIX MAPTHEPCKUX OTHOLIEHUI MEXAYy YYaCTHHUKAMU WHHOBALMOHHOM NEATEIbHOCTH U
MHUIUUPOBAHUIO MHCTUTYILIMOHAJIBHBIX M3MEHEHMH, HalpaBICHHBIX Ha YCTOMUMBOE pa3BUTHE U
BHeZlpeHHe uWHHOBauui. Takoil moaxon mpearnosiaraeT co3JaHue o0pa3oBaTeNbHON Cpesbl,
CHOCOOCTBYIOLIEH  pa3BUTHUIO KaK MPO(PECCHOHAIbHBIX KOMIETEHIMH, TaKk U  HaBBIKOB
COTPYJHMYECTBA,  KPUTHUYECKOIO  MBIIUIEHWS,  KOMMYHHUKallud M  CAMOCTOATEIbHOU
HCCIIEIOBATENbCKON JESITETbHOCTH.

XumHueckoe o0pazoBaHHE 3aHMMaeT 0co00e MECTO B peasl3alli JaHHBIX 3ajad Ojarojaps
COYETAHMIO  TEOPETUYECKOM  MOArOTOBKM M IMPAKTUKO-OPUEHTHPOBAHHOIO  OOyYeHHs.

Ha60paTopHLIe JAUCHUITIIMHBI o0ecreynBaroT 6JIaFOHpI/IHTHBIe ycCiioBus I (I)OpMPIpOBaHI/I}I
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po(eCCHOHATBHBIX KOMIETEHIUI uepe3 BBINOJIHEHUE OSKCIIEPUMEHTOB, AaHaJIU3 JaHHBIX,
MHTEPIPETAINIO PE3yTbTATOB UCCIEIOBAHNN U pElIeHUE MPUKIATHBIX 3a1a4. OCOOCHHO 3HAUUMYIO
poib B IOAIOTOBKE XHWMHUKOB HIPAOT AaHAIMTUYECKHE METOJbl MHCCIEJOBAaHUS, B YaCTHOCTH
Xxpomarorpaduyeckue METOJbl aHaIN3a, TPEOYIOIe KOMIICKCHOTO MPUMEHEHHS TEOPETHUECKUX
3HaHUH, MPAKTUYECKMX HAaBBIKOB M LU(POBBIX MHCTPYMEHTOB OOpPAaOOTKU 3KCIEPUMEHTAIbHBIX
JAHHbIX.

BMmecTe ¢ TeM aHanM3 COBPEMEHHBIX MCCIIEOBAHUMN MOKA3bIBAET, YTO, HECMOTPS HA AaKTUBHOE
BHEJpEHHE LU(PPOBBIX TEXHOJIOTMH M KOMIIETEHTHOCTHO-OPUEHTHPOBAHHBIX IOJIX0J0B, BOIPOCHI
IIPOEKTUPOBAHUSA M OLEHKM WHHOBALMOHHBIX O00pa30BaTENbHBIX 3KOCUCTEM B XHUMHUYECKOM
00pa30BaHUM OCTAIOTCS HEJOCTATOYHO pa3padboTaHHbIMH. COXpaHsIeTcss HOTPEOHOCTh B METO/IUKAX,
o0ecreynBaIUX HHTErPaLUI0 J1adOpaTOpPHOrOo MPaKTUKyMa, LUGPOBBIX 00pa30BaTENbHbBIX
MHCTPYMEHTOB M KOMIIETEHTHOCTHO-OPHEHTHPOBAHHOTO OIICHUBAHUS B €IMHYIO 00pa30BaTEIbHYIO
cCpely, HalpaBJIEHHYI0O Ha KOMIUIEKCHOE (OpMHpOBaHHE MpPO(ECCHOHANbHBIX, LHU(POBBIX U
TpaHCBEPCATbHBIX KOMIIETEHLUN CTYEHTOB.

HccnenoBaHue HampaBiI€HO Ha OLEHKY B3aMMOCBs3€ll Mex1y LU(POBBIMU KOMIIETEHIUSIMH,
TPaHCBEPCATBHBIMA HABBIKAMH, MPO()ECCHOHAIBHBIMUA AHAINTHYECKUMH KOMIIETCHIUAMU U
JOCTH)KEHUEM Pe3yJIbTaTOB 00y4YEHUs IIOCPEJCTBOM IIPUMEHEHUS CTPYKTYPHOIO MOJIEIMPOBAHUS, a
Takke Ha 00ocHOBaHHE dS((EKTUBHOCTH HMHTErpald LU(QPOBBIX HHCTPYMEHTOB U
KOMIIETEHTHOCTHO-OPUEHTHPOBAHHBIX METOJIOB 0OY4EHUS B IOATOTOBKE Oy IyIIUX XUMUKOB.

TpaHcBepcallbHbIE KOMIIETEHIIMU - 3TO YHUBEPCAJIbHbIE HABBIKH, KOTOPBIE IEPEHOCATCS MEXKIY
pa3nUYHBIMU CepaMH AEATEIbHOCTH, IPOPECCUsIMU U KOHTEKCTaMH, U HE 3aBUCAT OT KOHKPETHON
npeaMeTHoi obmactu. K TpaHcBepcaTbHBIM KOMIIETEHIIMSIM OTHOCSITCS: -KPUTUYECKOE i CUCTEMHOE
MBILUIEHHUE; - KOMMYHUKaTUBHbIE HaBBIKU (YCTHAs U MMCbMEHHasi KOMMYHHKAIMA); - CIIOCOOHOCTb
K KOMaHJHOW paboTe M COTPYJHHYECTBY; - KPEATUBHOCTh W CIOCOOHOCTh K PEIICHHIO
KOMIUIEKCHBIX Mpo0JieM; - aJalTUBHOCTh W TOTOBHOCTh K H3MEHEHMSAM; - CIIOCOOHOCTb K
caMOO0YUYEeHHIO U pe(ICKCHH; - SMOIMOHAIBHBIN HHTEIJICKT U COIUANIbHAS OTBETCTBEHHOCTD.

Marepunansl U Meroabl. Peanuzanus IOCTaBIEHHBIX 3aJad HaIpaBlIEHA Ha CO3JaHUE
LIEJIOCTHOW 00pa3oBaTeNbHOM Cpelbl, oOOecredynBaroIlei MOArOTOBKY OyIyIIMX XHMHUKOB K
npoecCHOHATLHON AEATENbHOCTH B YCIOBHUSX LIU(PPOBU3ALMU HAYKH, 00pa30BaHUS U XUMHUYECKOM
MIPOMBIIIJIEHHOCTH.

T'unomesa uccnedosanusa. GopMupoBaHHE TNPO(YECCHOHAIBHBIX KOMIETEHIUH CTYJIEHTOB
XUMHUYECKUX CIIeMAIbHOCTEN Oynet Oosee 3¢ (heKTUBHBIM, €CIi 00pa30BaTeNbHbIN MpoIecc OyaeT
OpPraHu30BaH B YCIIOBMSX WMHHOBALIMOHHOM 00pa30BaTEeIbHOM 3KOCHUCTEMBI, OCHOBAHHOW Ha
MHTErpanuu J1abopaTopHoro oOydeHus, HU(PPOBBIX 00pa30BaTENIbHBIX TEXHOJIOTHH, MPOEKTHO-
UCCIIEIOBATEIbCKOM  JNEATENBHOCTH,  Pa3BUTHS  TPAHCBEPCAIbHBIX  KOMIIETEHUUMH U
KOMIIETEHTHOCTHO-OPUEHTUPOBAHHOTO OLIEHUBAHUSA. MBI CTaBUM 3a/1auy BBISIBUTH:

- KakoBbI TeopeTnyeckrie 0OCHOBbI (POPMUPOBAHUS TPOPECCHOHATBHBIX KOMIETEHIU?

- KakoBa nomxHa 0BT MOIETTH HHHOBAIIMOHHOM 00pa30BaTEIbHON SKOCHCTEMBI?

- KakoBbl MeToIMKa GOPMHUPOBAHUS KOMIIETEHIIUH, €€ CTPYKTYpa, CUCTEMAa OLICHUBAHUS U
ATarbl peaausanuu’?

Teopemuueckue OCHO6bI UHHOBAWUOHHOU 00pazoeamenvHoil IKocucmemsl. Teopus
MHHOBAIIMOHHBIX 00pa30BaTeNbHBIX SKOCHUCTEM paccMaTpuUBaeT 00pa30BaTENIbHYIO Cpely Kak
CJIO)KHYIO MHOTOYPOBHEBYIO CHUCTEMY, BKJIIOYAIOLIYIO B3aMMOCBS3aHHBIE M B3aUMOJONOIHSIOIINE
KOMITIOHEHTBI, =~ COBMECTHOE€  (DYHKIMOHHpPOBAaHHME  KOTOPBIX  OOEcCleuyuBaeT  pa3BUTHE
WHHOBAIIMOHHOTO MOTEHIIMAIa YYaCTHUKOB 00pa3oBareinbHOro npomecca [11].

CoBpeMeHHbIE HCCIEAOBAHUS MPEAJaraloT LIUPOKUNA CHEKTp MEeJarormyeckux Mojened u
TEXHOJIOTHH, HAIIPABJICHHBIX Ha CO3/IaHNEe WHHOBAITMOHHOW oOpa3oBaTeiabHOU cpenbl. K ux uuciy
OTHOCATCSI MOJIeNIb IEPEBEPHYTOTO Kiacca, CIOCOOCTBYIONIAS PA3BUTHIO TBOPUYECKOTO MBIIIJICHUS U
CaMOCTOSITENILHON TO3HABAaTENBbHOW JesTeNbHOCTH oOydaromuxcs [12], a Taxke Mozaenb
HCCIIeI0BAaTEIbCKOr0 00yYeHHs, OCHOBaHHOTO Ha aprymentarmu (Argument-Driven Inquiry, ADI),
oOecnieunBaromas (GOpPMUPOBAHME  HUCCIENOBATENBCKUX W AHAIUTUYECKMX  KOMIETEHIIMH
9
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HOCPENICTBOM  BBINOJTHEHHS JKCICPHMEHTAIBHBIX 3aJaHuil W Hay4yHOW aprymenrtanuu [13].
CylecTBeHHbIH MOTEHUMAl B Pa3sBUTHMM KOMIIETEHLUI HMET U Lu(poBble 00pa3oBaTelIbHbIE
TEXHOJIOTUH, BKJIIOYas BUPTyalibHbIE JabopaTopuu, mudpoBbie 00pa3oBaTeibHbIe MIaTGOPMBI U
9JIEMEHTHI TeiiMH(HKAINK, KOTOPHIE MOBBIIAIOT BOBJICYEHHOCTh CTYACHTOB U CO3JAIOT YCIOBUS
JJIsl aKTUBHOTO OCBOCHMs ydeOHoro marepuana [14]. VccienoBaHusi mOKa3bIBalOT, 4TO Hambolee
3¢ ¢exTuBHBIE 00pa30BaTE/IbHBIE NMPAKTHKU O0a3HpyrOTCSd HAa NPUHLIMIIAX AKTUBHOIO OOydeHus,
COTPYJIHHUYECTBA, MCCIEIOBATEIBCKON JEATEIBHOCTH U CaMOCTOSITEILHOTO KOHCTPYHPOBAHHUS
3HaHUi, obecneunBas pa3BUTHE HHHOBAIMOHHOTO MBIIUICHUS U PO(PECCHOHATBHBIX KOMIIETEHIIHH
obyuaromuxcs [15].

Co3aHne NHHOBALIMOHHON 00pa30BaTeIbHON CPE/ibl PACCMATPUBAETCS KaK OJMH U3 KIIFOYEBbBIX
¢dakTopoB moBbIIICHUA 3((EKTUBHOCTH TOATOTOBKM CHENMAIMCTOB. VIMEHHO Takas cpena
CIOCOOCTBYET Pa3BUTHIO MCCIIEOBATEIBCKOTO MBIIUICHUS, CAMOCTOSITEIbHOCTH M CIIOCOOHOCTH
oOyyarolmuxcs K IOMCKY HECTaHJApPTHBIX PEIIEHUH IOCPEACTBOM BOBJIECYEHHS B AKTUBHYIO
NO3HABATEIbHYIO JesTenbHOCTh [16]. ViHHOBanmoHHast oOpa3oBaresibHasi cpelia XapaKTepusyeTcs
MOJIICP>KKON MHUIIMATUBHOCTH, OTKPBITOCTHIO K HOBBIM HJIESIM, TIOOLIPEHUEM IKCIIEPUMEHTAIBHOM
JESTeIBbHOCTH U COTPYIHHUECTBA MEXIYy yYaCTHUKaMU 00pa30BaTebHOTO mpouecca. Ee BaxHbIMU
0COOEHHOCTSIMH SIBJISIFOTCS OpraHu3alds COBMECTHOTO OOyueHMs, pa3BUTHE NMPOQGECCHOHATBHBIX
KOMMYHUKaIMH, 0OMEH 3HAaHUSIMU M CO3/IaHUE YCIOBUHN JUUIsl CAMOCTOSATEIIBHOTO KOHCTPYHUPOBAHHS
obpasoBatensHOro ombita [17]. MccnenoBanust MOKa3bIBalOT, YTO IMOAOOHAs cpela OKas3bIBacT
MOJIOKUTETIFHOE BIUSHUE Ha (POPMHUPOBaHHE MPO(PECCHOHANBHBIX, HU(PPOBBIX U TPAHCBEPCATHHBIX
KOMIIETEHIMH CTYyJIEHTOB, MOBBIIIAs MX BOBJIEYEHHOCTb B 00pa30BaTENIbHBIN NMPOLECC U TOTOBHOCTD
K PCIICHUIO UCCIIC0BATEILCKUX U MPO(ECCHOHATLHO OPHEHTUPOBAaHHBIX 3a1a4 [18].

B uHHOBanMoOHHONW 00pa30BaTeIbHOM 3KOCHCTEME IPENOJABATENb BBICTYHNAET HE TOJIBKO
HOCHUTEJIEM 3HAHUM, HO U OPraHU3aTOPOM HUCCIIEI0BATEIbCKON NEATEIbHOCTH, CO3JAI0OLIUM YCIOBHUS
JUIS Pa3BUTHUSL CAMOCTOSITEIbHOCTH, KPUTUYECKOI'O MBIIUICHUS U IPO(PECCHOHATBHON MHUIIMATUBEI
CTYACHTOB. BaxkHoe 3HaueHHMe MMeeT MpeloCTaBICHHE OO0YYaroIUMCs  BO3MOXKHOCTHU
CaMOCTOSITENIHO BBIOMpATh CHOCOOBI peHIeHUs NMPO(ecCHOHAIBHO OpPUEHTHPOBAHHBIX 3a7ad U
UCII0JIb30BaTh COBPEMEHHBIC IIU(POBBIC HHCTPYMEHTHI [19].

O¢d}eKTUBHOCTh HMHHOBAIMOHHOW MoOjeNM o0ydeHust oOecrneyuBaeTcs MPUMEHEHHEM
aKTHUBHBIX 00pa30BaTENbHBIX TEXHOJOTIHH, BKIOYas MPOEKTHOE M MPOOIEMHO-OPUEHTHPOBAHHOE
oOydeHue, HCClenoBaTeNbCKUE 3aJaHusi U Keiic-mMeton. WX wucnonb3oBaHuE CIIOCOOCTBYET
Pa3BUTHIO AHAJIUTUYECKOTO MBIIIICHHS, HABBIKOB PEIICHUS NPOPECCHOHAIBHBIX 3amad |
(dbopMHpOBaHHI0 TPOPECCHOHANBHBIX, LU(POBBIX U TPAHCBEPCATIBHBIX KOMIETEHIMHA Oyaymux
xumMukoB [20].

MHHOBallMOHHBIE  MOJAENM  OOY4YeHHs  CIIOCOOCTBYIOT  MOBBIMIEHHIO  3(()EKTUBHOCTH
00pa30BaTeNbHOr0 Mpolecca, Pa3BUTHIO KPUTHUECKOTIO MBIIIJICHHS, UCCIEA0BATEIbCKUX HaBBIKOB
U CIIOCOOHOCTHU CTYJICHTOB pellaTh Mpo(ecCHOHANTbHO OPUEHTUPOBAaHHbBIE 3a7auu. VX npumeHnenue
TaKXXe MMOJIOKUTENIFHO BIUSET HAa y4eOHYI0 MOTHBAIIMIO, BOBIEYEHHOCTh OOYUYAIOIIMXCSl M KaueCTBO
OCBOCHHSI 00pa30BaTeNbHBIX Mporpamm [21].

OCHOBHOM 1IeJIbI0 MHHOBAIMOHHOM 00pa30BaTEIbHOW HKOCUCTEMBI SIBIISIETCS CO3/JIaHHE
oOpa3oBaTenbHOW  cpeabl, oOecreyuBarollell yCTOWYMBOE pa3BUTHE MPO(ECCHOHAIBHBIX,
IUGPOBBIX M TPAHCBEPCAIbHBIX KOMIETEHIMH O0O0ydalomMxcsi Ha OCHOBE HMHTErpaliu
COBPEMEHHBIX TMeNaroruueckux M HupoBbiXx TexHonoruil. KoHientyanbHONH OCHOBOW Takoi
OKOCHCTEMBI  BBICTYMAIOT CHCTEMHBIH, OKOCHCTEMHBIA W KOMIIETEHTHOCTHBIH  IOIXOJIPI,
paccMaTpuBarole 00pa3oBaTeIbHBIN MPOIECC KaK COBOKYITHOCTh B3aMMOCBSI3aHHBIX CYOBEKTOB,
PECYPCOB U TEXHOJIOTH, 00ECIICUMBAIOIINX JOCTH)KEHUE 00pa3oBaTebHbIX pe3ynbraToB [11].

CormacHO  CHCTEMHOMY  TOAXOAY, HWHHOBAallMOHHas  oOpa3oBareibHash  3KOcCHCTEMaA
MIpPE/ICTaBIsIeT COOOM IIEJIOCTHYIO MHOTOYPOBHEBYIO CHCTEMY B3aMMOCBSI3aHHBIX CYOBEKTOB,
pecypcoB U o0pa3oBaTenbHBIX TexHONorui. Ee addekTuBHOCTD onpenensercs: coriacoBaHHOCTHIO
KOMIIOHEHTOB, COQJIaHCUPOBAHHOCTBIO B3aMMOJEHCTBHM, aJaNTUBHOCTHIO M OpHEHTalMed Ha
JOCTUKEHHE 00pa3oBaTeNbHbIX pe3yJIbTaToB, o0ecneunBaroIInX ¢dopmupoBaHue
PO eCCUOHATHHBIX KOMITETEHIIMA 00yYarOIIUXCS.
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DKonoruyeckasi TeOpHUsl paccMaTpUBaeT 00pa30BaTEIbHYIO0 IKOCUCTEMY KaK MHOIOYpPOBHEBYIO
CHCTEMY B3aUMOCBSI3aHHBIX (PAKTOPOB, BKIIIOYAIOIIYI0 HENOCPEICTBEHHOE 00pa30BaTEeIbHOE
OKpY’K€HHE, B3aUMOJICHICTBHE €r0 y4aCTHUKOB, BHEIIHIOIO COLMANIBHYIO CPEly U COLMOKYIbTYPHBIN
KOHTEeKCT. KomIulekcHOe BIMSHHE O3TUX YpOBHEH co3nmaer ycioBus g 3¢ddexTuBHOrO
(bopMHpOBaHKS KOMIIETCHIIMIA U Pa3BUTHS IHYHOCTH oOyuUaromerocs [22-26].

Teopus cBsizell (KOHHEKTUBU3M) paccMaTpuBaeT oOyueHHe Kak Mpouecc GOPMHPOBAHUS CETH
B3aMMOCBSI3€l MEXJly yd4acTHMKaMH 0Opa30BaTeNIbHOrO Ipolecca, LU(POBBIMUA TEXHOJIOTHSIMHU U
MH(POPMALIMOHHBIME pecypcaMiu. B pamMkax MHHOBAMOHHOW 0Opa3oBaTENbHON 3KOCHUCTEMBI OHA
obecreynBaeT MHTErpalMi0 CyOBEKTOB, 0Opa30BATENbHBIX PECYpCOB M HHTEUIEKTYaJIbHBIX
TEXHOJIOTHH, co37aBasi yCJOBUS JUISI COBMECTHOTO CO3JaHUS 3HAaHUH U  (HOpMUpPOBAHHS
podeCCUOHANIBHBIX KOMIIETeHIMH oOydaromuxcs. HHOBanuoHHas oOywaromas 3sKocHcTeMa
MOCTPOEHA Ha OCHOBE MHTEJUIEKTYaJIbHBIX TEXHOJIOTUH, a TEOPHS CBA3EH - 3TO METOJ 00BbEINHEHHS
MHHOBAIIMOHHOI 00y4Jarolei SKOCHCTEeMbI U yrpasieHus eto [11].

Teopust TBopyecTBa paccMaTpUBAaeT KPEaTUBHOCTb KaK OCHOBY I'€HEpallMd HOBBIX HJEH U
MHHOBAllMOHHBIX pemieHuil. B oOpa3oBarenbHOM MpakTHKE OHAa pealM3yeTcsl IOCPEACTBOM
HCCIIEIOBATENbCKOM, MPOEKTHOM M IMPOOJIEMHO-OPUEHTHUPOBAHHOW JEATEIBHOCTH, CIIOCOOCTBYSI
Pa3BUTHIO KPUTHUYECKOTO MBIIUICHHSI, CAMOCTOSTEIbHOCTH U NPO(ECCHOHANBHBIX KOMIIETEHLUH
oOyuatoruxcs [27, 28].

MuHoBanmoHHas o0pa3oBaTesibHas IKocHcTeMa 00ecleyrBaeT MHTErpauo o0pa3oBaTesIbHOM,
WCCIICIOBATENIbCKOW M NPAKTUYECKOH  JESATENbHOCTH,  CIIOCOOCTBYS  (DOPMHPOBAHHUIO
npopeCCUOHANbHBIX ~ KOMIETEHILUH, MOBBIIIEHUIO  KadyecTBa  OOy4YeHHUS M Pa3BUTHIO
MHHOBAIIMOHHOIO MOTEHIMaNa CTYyAEHTOB. Takol MOAXOA CO3/aeT YCIOBHS MAJs IOATOTOBKH
CIELIUAINCTOB, CIOCOOHBIX A(P(HEKTUBHO aaNTUPOBATbCS K COBPEMEHHBIM TPEOOBaHMSM pBIHKA
TPYJa U Y4acTBOBATh B PELIEHUH aKTyaJbHbIX HAYYHO-TEXHOJIOTMYECKUX 3a/1a4.

Xumuueckoe oopazosanue Kaxk cpeoa hopmuposanus npogheccuoHaIbHbIX, YUPPOCLIX U
mpanceepcanbHblx Komnemenyuii. CTPEMUTEIbHOE DPAa3BUTHE TEXHOJOTHH, HU(POBU3ALUS U
rno0anu3anuss OOYCIOBWIM CYLIECTBEHHBIE HW3MEHEHHsS B CHCTEME BBICIIErO OOpa30BaHMUS,
aKTyaJIu3UpoOBaB  HEOOXOJUMOCTh  IOATOTOBKHM  CIIELIMAIMCTOB, CHOCOOHBIX  3()PPEKTUBHO
(YHKIIMOHHPOBATH B YCIOBUSIX BBICOKOIl HEONPEIEICHHOCTH M MOCTOSIHHBIX M3MeHenwuit [29, 30]. B
ATUX YCJIOBUSAX TPaJULMOHHBIE 00pa3oBaTelbHbIE MOJENIN, OPUEHTUPOBAHHbIE PEUMYIECTBEHHO
Ha Tepefady MpPeIMETHbIX 3HaHUM M (QOpMHUpOBaHHE Y3KONMPO(PECCHOHATbHBIX HABBIKOB,
MIOCTETIEHHO YCTYyNalOT MECTO KOMIIETEHTHOCTHOMY IIO/IXOJly, HANpaBICHHOMY Ha pa3BUTHE
KOMILIEKCa MPO(eCcCHOHANbHBIX, LU(PPOBBIX U TPaHCBEPCAIbHBIX KoMreTeHIHH. CoBpeMEeHHBIH
PBIHOK TpYJla MpPenbsABIsSET MOBBIIIEHHbIE TPEOOBAaHUS K CIIOCOOHOCTH BBITYCKHUKOB KPUTUYECKU
MBICIUTh, J(QQPEKTUBHO B3aWMOJIEHiCTBOBaTh B Npo(ecCHOHANbHOM cpene, paboTath ¢
nHpopmanven, aJanTUpPoBaTbcsl K  HOBBIM  YCIOBHSIM UM y4acTBOBaTh B  PELICHHUH
MEKIUCIMITTMHAPHBIX 3a1a4 [31, 32].

OcoOyro 3HauMMOCTh JaHHbIE TpeOOBaHUS MPHOOPETAIOT B XUMHUYECKOM 00pa3oBaHUW,
KOTOpOoe coyeTaeT (yHIaMEHTAIbHYI0 TEOPETUYECKYIO0 IOATOTOBKY C 3KCIEPUMEHTAIBHOM U
HCCIIEIOBATENbCKON /1eATeIbHOCThI0. JlabopaToOpHBIM MPakTUKYyM, aHadU3 3KCHEPUMEHTATbHbBIX
JAHHBIX, Hay4YHas KOMMYHMKAllMs M peIIeHHWEe NPUKIAJHBIX 3aJad CO3Jal0T OJaronpHusTHbIE
ycinoBus s GopMHpOBaHUS HE TOJNBKO MNPO(GECCHOHAIbHBIX KOMIIETEHIMI, HO M HaBBIKOB
KPUTHUYECKOI'O MBILUIEHUS, COTPYJHUYECTBA, CAMOCTOATEIbHOW UCCIIE0BATEIBCKOM NEATEIBHOCTH
U TpuHATHS 00O0CHOBaHHBIX pemreHuit [33, 34]. Bmecte ¢ TeM BOMPOCH KOMIUIEKCHOTO
(dbopMHUpOBaHUS JaHHBIX KOMIIETEHIIMH B paMKax oOOpa3oBaTENbHBIX MHPOTPaMM XHUMHUYECKOTO
npodusns, 0COOEHHO Ha OCHOBE HWHHOBAI[MOHHBIX OOpa30BaTENIbHBIX 3KOCHCTEM, OCTaIOTCA
HE/JIOCTaTOYHO pa3pa0OTaHHBIMUM Kak B TEJaroru4eckoil MpakTWKe, Tak M B HayYHBIX
UCCIIETOBaHUSIX.

Jlabopamopuuvlii  npakmukym - uUHCMpPyMeHm  popmupoeanus npogheccuonanpbHvIX
Komnemenyuii. XuMudeckas JlabopaTopusi NMpU3HAHA YHHMKAJIbHON Yy4yeOHOHl cpenoi, KoTopas

BBIXOIUT 3a paMKH IMEpCAadnu TCXHUYCCKUX HABBIKOB U OXBATbIBACT IJ_II/IpOKI/Iﬁ CIICKTP
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MEKITHYHOCTHBIX U BHYTPHUIIMYHOCTHBIX KoMreTeHnui [35, 36]. JlaboparopHast pabora Tpebyer oT
CTYACHTOB COTPYJIHUYECTBA C TMapTHEpPaMu, OOMEHa HAOIMIOACHUSAMU U HWHTEPIPETALUSIMHU,
yIOpaBiIeHUS BPEMEHEM B paMKaxX MPAKTUYECKUX OrpaHMYEHUH, aJanTalud K HEOXHIaHHBIM
pe3yabTaTtaM, IPUMEHEHHs STUYECKUX HOPM B OTHOIIEHUH 0€30MaCHOCTH M YTHIIM3AIMHU OTXO/IOB, &
TaK)Xe PeryJIMpoBaHMsI CBOUX 3MOLMOHAJIBHBIX pEakIUil Kak Ha ycoeX, Tak U Ha Heyjnady. JTu
TpeOOBaHUS CO3/1AIOT TO, YTO MOXKHO OBUIO OBl Ha3BaTh €CTECTBEHHBIM «HMHKYOATOPOM MSTKHUX
HABBIKOB» B paMKax y4eOHOI MporpaMMbl O XUMHH.

HccnenoBanust KOMaHIHOW pabOThI B Ta0OPATOPHBIX YCIOBHUSX BBISIBIIIN HECKOJIBKO (DaKTOPOB,
crocoOcTByOIMX YPPEKTUBHOMY COTPYIHHUUECTBY, BKIIIOYAs YETKYI0 KOMMYHHKAIUIO, B3AaHMHYIO
MOJIICPIKKY, OINpEeIICHHBIE POJIM M O0s3aHHOCTH, a TAK)KE MO3UTUBHYIO COIMAIBHYIO aTMOchepy
[37]. Omap u IlnamM6 oOHApyXHIH, YTO OOINCHHE SBISCTCA HanOOJCE BaXKHBIM DJIEMEHTOM,
MOBBIIAIOUIINM (PPEKTUBHOCTH pabOTHl KOMaHJAbI U €€ BOBJICYEHHOCTh BO BPEMs MPAKTUUYECKUX
3aHATUN, @ COTPYAHUYECTBO, 00CYK/IEHNE U B3aUMOJICHCTBUE MEX]y YYACTHUKAMH TaK)Ke€ BHOCST
3HAYUTENIBHBIA BKJIAJ B 00yYeHHE CTYJIEHTOB. BaXHO OTMETHTH, YTO B UCCIIEIOBAHUN OTMEYAETCs,
410 3¢ PeKkTHBHAST KOMaHAHAS padOTa He TOJIBKO YJIYy4IllIaeT Pe3yJIbTaThl O0yUeHHs, HO U pa3BUBACT
HaBBIKH TPYAOYCTPOICTBA, KOTOPHIE MEPEHOCATCS B MPO(EeCCHOHANBHBI KOHTEKCT.

Pa3BuTHe NMuaEpCKUX KaueCcTB ¢ MOMOIIBIO 1a00paTOPHBIX MPOEKTOB MPEACTABISIET COOOH ere
oJMH BakHbIN acniekT pasputus SOft sKills. CtyaenTsl, koTopbie OepyT Ha ce0si PyKOBOIAIINE POITH
B TPYMNNOBBIX AKCIEPUMEHTAX - OPraHU3yIOT 3aJaHus, KOOPAMHHUPYIOT YCWIHS KOMaHIbl M
o0ecrieunBaOT COOJIOJICHHWE CTAaHIAPTOB KayecTBa, - TMPHOOPETAIOT TMPAKTUYECKUN OIBIT
PYKOBOJICTBA JPYTUMH JIFOABMHU B JOCTHXeHUH obmmx uenerd [35, 36]. Hoke, I'mmauc u [Ipiik
3aJJOKYMEHTUPOBAIH IIOJIOKUTEIBHBIA OIBIT COBMECTHOW MPOEKTHOH pabOThI CTYJCHTOB Ha
CTapUIMX Kypcax OakanaBpuaTa MO XUMHH, OTMETHB, YTO XOPOLIO MHPOAYMaHHBIE TPYIIOBbIC
MIPOEKTHl CIIOCOOCTBYIOT HE TOJIBKO OBJAJCHHIO COJEP)KAaHHEM, HO U TPO(ecCHOHATBHBIM
KOMITETEHIIUSIM, KOTOpbIE LIEHATCS paboToaaTeNsIMu.

HaBpikn HayuyHON KOMMYHHUKAIIMHA €CTECTBEHHBIM 00pa30M pa3BUBAIOTCS B XOJI€ JIAOOPATOPHOU
paboThl, KOTr/a CTYIEHTHl ydarcs JOKYMEHTHPOBATh HAOIIOACHHsS, MHTEPIPETUPOBATH IaHHBIC,
CTPOUTH apTyMEHTHI Ha OCHOBE (PAKTHUECKUX JAHHBIX W TPEICTABISATH MOJNyYEHHBIE PE3YIIbTaThI
pasnuunbeiM aymutopusim  [38]. Pyrman-Jle T'pamk u Perud omucann MeXAUCHHMIUITAHAPHOE
COTPYZIHUYECTBO MEXIY XHWMHEH W TPaMOTHOCTHIO JIEKTOPHI, KOTOpBIC YCIEIIHO TOMOTJIN
CTYJIEHTaM TOHATh B3aUMOCBSI3b TEM XMUMHH U Pa3BWJIM HABBIKM HAYyYHOH KOMMYyHHKauu. Takue
WHTETPATUBHBIC TONXOABI JEMOHCTPHPYIOT, Kak JaOopaTOpHble 3aHSATHS MOTYT  OBIThH
[[EJICHANPaBICHHO pPa3pa0dOTaHbl I MAaKCUMAJIBbHOTO PAa3BUTHS MSTKUX HAaBBIKOB Hapsay C
JTUCHIUTUIMHAPHBIM 00yUeHHEM.

YMeHue pemiats npoOieMbl U MPUCIIOCAOINBATHCS K HUM MPOSBISETCS, KOT/Ia 3KCIIEPUMEHTHI
MPOXOAAT HE TaK, KaK OXKMJIAJIOCh, - OOBIUHOE SIBJICHHE B HACTOsAIIEH JabopaTopHOM pabore.
CTyneHTbl, KOTOpBIE yyaTcs yCTPaHITh HEUCIIPABHOCTH B IpOLeypax, MOAU(PHUIUPOBATH MOAXO0 b
Ha OCHOBE Ha0JII0JIEHUH U CTOMKO MPEO0IeBaTh TPYAHOCTH, Pa3BUBAIOT YCTOMUNBOCTh U THOKOCTD
MBIIUICHHS, KOTOPBIE COCITYXKaT UM XOPOIIY0 CIy)0y 3a mnpezeiamu naboparopuu [63]. TToxxomnst
K 00y4YeHHIO, OCHOBaHHBIE Ha PEIICHHH TPOOIeM, KOTOPBIE CTaBAT Mepe] YUYalUuMHUCS pealbHbIC
3aaud, TpeOyIoIMe COBMECTHOIO H3YYEHHUs, Kak OBbLJIO IMOKa3aHO, 3HAYUTENBbHO MOBBIIIAIOT
3pdEeKTUBHOCTh O0yUYEHUs, pa3BHBas MPU ITOM KPUTHYECKOE MBIIUICHHE W KOMMYHHKATHBHEIC
HaBbIku [39].

Hudghposwvie nadopamopuvie cpedvt - KOMNROHEHM UHHOBAUUOHHOU 00pPA308aMeENbHOU
akocucmemeut. Viccnenosanus psina yuensix [40, 41] mokaspIBaroT, 4YTO BUPTYAIbHBIE JTa00OPaTOPUN
MOTryT 3((EeKTHBHO MOBBINIATH BOBJICYCHHOCTh, MOTHBAIIMIO W ONpEACICHHbIC KOTHUTHBHEIC
HaBBIKM, XOTSI M C ONpPEJCNCHHBIMH BO3MOXKHOCTSAMH M OTPaHUYEHHUSMHU IO CpPAaBHEHHIO C
(bu3MUECKUMHU JTa0OPATOPHBIMU HCTBITaHUSIMU. AsnbxameM U AnbgannakaBu [40] oOnapyxuy,
4YT0 00y4YeHHEe, OCHOBAHHOE HA TEXHOJOTHSX, C MOMOIIbIO BUPTYaJIbHBIX J1a00OpaTOpUN MOBBHIIIAET
BOBJICYCHHOCTh CTYACHTOB M WX caMOd(p(EKTUBHOCTh, a WHTEPAKTHBHBIN XapakTep ITHX Cpe

CIOCOOCTBYET OOCYKIECHHIO M COTPYIHUYECTBY. AHAIOTHYHbIM oOpa3om, TarenoB u np. [41]
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COOOIIMIIN, YTO OMBIT PaOOTHI B BUPTYaIbHOH JJaOOPATOPUU IO HEOPTaHUYECKOM XUMHUH MOBBIIIAET
HaBBIKM pEIICHUS MpOOJeM U YBEPEHHOCTh CTyAEHTOB. OnHAaKO B 000MX HCCIIEIOBAHUSIX
[I0TYEPKUBAIIOCH, YTO BUPTYyallbHbIE J1a00PaTOPUN JOJKHBI IOMOJHATH, a HE 3aMEHSTh (PU3HUECKUe
nabopaTOpHbIE 3aHATHUS, IOCKOJIBKY HEKOTOpPBIE AacleKThl MPAaKTUYeCKOH paboThl, BKIIOYAst
IIPOCTPAHCTBEHHOE BOCIIPUSTHE, JIOBKOCTh PYK M IIOJHOE CEHCOPHOE BOCIPHUATHE XUMHYECKUX
SBJICHHI, HE MOTYT OBITh IMOJIHOCTHIO BOCIIPOM3BE/ICHBI B IU(POBOM BHJIE.

Judakmuueckuii nROMeHUUanN Xumuuecko2o 00paz0eanus ¢ opmuposanuu KOMnemeHyui.
[TomuMo naGOpPaTOPHBIX 3aHATUH, KOHLUENTYAIbHOE COJEP)KAaHHE XUMHH IPEIOCTaBISIET OCOObIe
BO3MOYKHOCTH Ul  Pa3BUTHUA KOMMYHHMKATHBHBIX HAaBBIKOB. AKLEHT JUCLUIUIMHBI Ha
MHOXXECTBEHHOM TIPE/ICTABICHUU - CHUMBOJBHBIX YPaBHEHHUAX, MOJEKYJSIPHBIX MOJIEISX,
MaKpOCKONMYECKUX HAONIONEHUX, Ipauyeckux IaHHbIX — TpeOyeT OT CTYJEHTOB IepeBoja
MEXIY Ppa3IUYHBIMUA CIIOCOOAMM BBIPAKEHHS, YTO MOBBIIMIAET T'HOKOCTh KOMMYHHUKAIMH U
CIIOCOOHOCTH aalTHPOBATh OOBSCHEHHS K Pa3IMYHbIM ayTuTopusMm [34].

CBsi3M XMMHU C COIHAIbHO-HAYYHBIMH NPOOJIEeMaMU CO3MAIOT YCIOBUS JUIS Pa3BHTHUSA
KPUTHYECKOI'O MBIIICHHSI, STUYECKUX PACCYXIAEHUI U Hay4dHOH aprymeHTanuu. Takue Tembl, Kak
W3MEHEHHE KIMMara, pa3BUTHE (PapMaleBTUKH, SKOJOTHYHOCTh MATEPHAJIOB U XHUMHS MHIIEBBIX
IPOAYKTOB, CBA3BIBAIOT AaOCTPAaKTHbIE KOHILENUUU C pealbHbIMU HpoOjeMaMu, MOTHBHPYS
CTyIEHTOB W Tpeajaras MM 3aayMarbcsi O IIGHHOCTSIX U Kommpomuccax [42, 43].
XaauHyrpaxaHuHrced u ap. [43] npoaeMoHCTpUPOBaIH, YTO UHTETPAIUS COLHAIBHO-KPUTHYECKOTO
U TpoOJIEeMHO-OpPUEHTUPOBAHHOTO MOIXOJ0B CTUMYJIUPYET COTPYIHHYECTBO, KOMMYHUKALUIO
KPUTHYECKOE MBIIIJIEHHE, a oOO0ydyarolluecsi HayyaTcs pasMbIIUIATh O CBOMX COOCTBEHHBIX
IEHHOCTSIX BO BpeMs naebaroB. B sTtolt cBs3m wuHTerpamms noaxomoB STEM u STEAM B
XUMHUYECKOM 00pa30BaHUU OCOOCHHO MEePCIEKTUBHO /I pa3BuTHs komnereHui XXI Beka. Taim0
u gapyrue [34] oOnapyxwiu, 4YTO TpOEKTHOoe oOydeHue c wuHrerpauueir STEAM co3maer
BO3MOKHOCTH JUJIsl Pa3BUTHUS Y CTYJCHTOB KPUTHYECKOTO MBIIIJICHUS, YMEHUS pelaTh IpoOIeMsbl,
COTPYZHUYECTBA M KPEATUBHOCTH OJTHOBPEMEHHO C IOHUMAHHUEM COZICPIKaHUSI.

N3BectHo, uyto STEM-monxon opueHTHpOBaH Ha MHTETPAIMIO €CTECTBEHHO-HAYYHBIX,
TEXHOJIOTUYECKUX, WHKEHEPHBIX W MAaTEeMAaTWYECKHX IUCIHIUIMH JIsi PEIIeHHs] MPaKTUYECKHX
3agady. OCHOBHOE BHUMAaHHE IPH 3TOM YAEISAETCA: - HAYYHOMY MBILIUIEHUIO; - HH)KEHEPHOMY
MPOSKTUPOBAHUIO;, - aHAIM3Y [aHHBIX; - PEIICHHIO TEXHUYECKUX TMpOoOJIeM; - DPa3BUTHUIO
HCCIIeI0BAaTENIbCKUX HABBIKOB. B XumuM 370 pa3paboTka METOAa aHajIu3a BOJIbI C UCIIOJIb30BaHUEM
xpoMarorpaduu, pacdeT KOHIIEHTPAINi 3arpsi3HUTENeH U o1leHKa 3 (HEKTUBHOCTH OUUCTKH.

B cBot ouepens STEAM-noaxon coxpansier Bce npeumyinectBa STEM, Ho ponosiHser ux
TBOPYECKMMH W TYMaHHTAapPHBIMH KOMIIOHEHTAMH: - JH3AWH-MBIIUICHHEM; - KPEaTUBHOCTHIO; -
BU3yaJIM3allMel pe3ysibTaToB; - KOMMYHMKAlMEH; - COIUAIbHBIM U HKOJOTHYECKUM KOHTEKCTOM
npobnembl. B xuMudeckomM o0pa3oBaHMU ATO HE TOJIBKO pa3paboTKa MeToJa aHaju3a BOIBI, HO U
CO3JlaHM€ MHTEPAKTUBHOM BU3yalM3allMM PE3yJIbTaTOB, IMOATOTOBKAa MH(GOPMALMOHHON KaMIaHUU
JUTSL HACEIIEHUS WIIH MTPOEKTUPOBAHHUE SKOJIOTUYECKH 0€30MacCHOTO PEUICHUS C YIETOM COIMATbHBIX
notpeOHocTeil. J[nsg xummueckoro oOpazoBanus STEM-nmojaxox mpexie BcCero crnocoOCTBYeET

dbopmMupoBaHHIO: - TPO(PECCHOHANBHBIX KOMIIETEHIIMA; - HCCIEIOBATENbCKUX HABBIKOB;

AHAJIMTUYECKOTO MBIIUICHUs; - paboTel ¢ oOopynoBaHueM u JaHHbIMH. STEAM-noaxon
JOTIOJTHUTEIPHO Pa3BUBAeT: - KPEaTUBHOCTh; - HAYYHYI0 KOMMYHHKAIHIO, - BH3YyaJH3aIIHIO
XMUMHAYECKON HHGpOpMalMK; - MEXIUCHUIUIMHAPHOE MBIIUICHHE, - HAaBBIKU IPE3CHTAUH

pe3yJIbTaTOB UCCIIETIOBAHUM.

PesyabTaTbl. [[nsg wu3yueHHsS B3auMOCBS3ed MEXIy IUGPOBBIMH  KOMIIETEHIUSIMHU,
TPAaHCBEPCAJIIBHBIMU KOMIICTCHIIUAMU, HpO(l)eCCI/IOHaJ'[BHI)IMI/I AHAJIMTHYECKUMHU KOMIICTCHIIUAMU U
JOCTHKEHHEM pEe3yJbTaTOB OOyudeHHUs OBbLIO HCIONIb30BAHO CTPYKTYpPHOE MOAenupoBaHue. B
HCCICOAOBAHNU MPUMCHAJICA MMOAXO0O K 06yqumo, OpI/IeHTI/I];)OBaHHHﬁ Ha pe3yJjibTaT, B COYCTAHUU C
MPUHIMIIAMA KOHCTPYKTUBHOTO COTJIaCOBaHUSA. Pe3ynbrarhl 00y4deHHs OBLIM peali30BaHbI
MOCPEJICTBOM OIIEHKH J1a0OpaTOPHBIX OTYETOB M YCTHOM 3aIUTHI MO pa3jeliaM B paMKax Kypca

«COBpeMCHHBIe ACIICKThI XpOMaTOI‘pa(I)I/II/I». HpO(I)eCCI/IOHaHLHLIC AHAJIUTUYCCKUC, I_II/I(I)I)OBBIC )51
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TpaHCBEpCaTbHBIC KOMITETCHIINU OBLTH M3MEPEHBI KaK CKPBITHIC COCTABIISIONINE C UCTIONH30BAHUEM
psiga HAONIOAAEMBIX IOKa3aTeleil, TIOMYYeHHBIX W3 OLEHOYHBIX CPEICTB W JAaHHBIX 00
YCIIEBaEMOCTH 00YYarOIIUXCSI.

Pa3paboranHass MeToJMKa OCHOBaHA HA KOHIICMIIIMM WHHOBAIIMOHHOW 00pa3oBaTeIbHON
9KOCHCTEMBI, OOECIICUMBAIOIICH  MHTETPAalMI0  00pa3oBaTEeIbHOrO  Ipolecca, nU(POBOM
UH(PACTPYKTYphI, HAYYHO-UCCICIOBATEIILCKON JEATEILHOCTH U MPO(EeCCHOHATLHOW MPAKTUKHA B
eIMHYI0 cpeny GOpMUPOBaHHS KOMIICTCHIINI CTYICHTOB XUMHUYECKUX CIEIIHATbHOCTEH.

[Ipemnoxkxena  Mozxenb ~ WHHOBALMOHHOW — 0Opa3oBaTeNbHOW  DKOCHUCTEMBI,  KOTOpas
OPHCHTUPOBAaHA Ha CO3/IaHUE YCIOBHW ISl PAa3BUTHA NPOPECCHOHANBHBIX, HU(QPOBBIX U
TPAHCBEPCAIBHBIX KOMIICTCHIIMN OOYyYalolUXCcs MOCPEICTBOM aKTHBHOTO B3aWMOJICUCTBUS BCEX
YYaCTHUKOB 00pa30BaTeIbHOTO mporiecca (puc.1).

[ CTEVKXONAEPbI 3KOCUCTEMbI |
CrypeHTs! Mpenonasareny Yhmsepcurer Mm::;:::::"b'e HayuHo-uccneposatenbckue MpodeccuonansHbie coobiuectsa
(naBopaTopuu, npeanpuaTMs) OpraHuaaunn ¥ accoumaumn

OBPA3OBATE/IbHbI MPOLIECC B KYPCE «COBPEMEHHbIE ACMEKTbI XPOMATOIPAGUM»

1. MOTUBALIMA 2. TEOPETUYECKASA MOArOTOBKA 3. MPAKTUYECKAS JIABOPATOPHAS 4. IABOPATOPHBIN KEWC 5. PEONIEKCUA U YNYHLLEHUE
W LENENONATAHVE (LIMOPOBAA CPEMA) NOATOTOBKA ofi T .
= i e " e o
+ MocTaHoBKa yuebHbIX Lenei * 3neKTPOHHbIE KypCh!  PaboTa Ha cOBpeMeHHOM 3apanue
—| 1 MyNbTUMEfMiAHbIE MaTepuanbl  |—pl XpoMartorpaduueckoM o6opyaosammu |—p| ¢ [laHHbie xpoMatorpaduueckoro | * Ananus owm6oK 1 ycnewHbix
+ lMpodeccuoHanbHbie 3apayum o VTepaiTuBHble AeKLYM aHanu3a peluenmi
(o]
HROHTOHCY  Be6uHapb * TN RaLE NoTok + Wnrepniperaums pesyneratos « Mnanuposakue RanbHeiiwero
+ CBA3b C peanbHoii NpaKTUKoiA + BupTyaneHsle cUMynaTOpb! + AHanw3 peanbHeix 06pasuos + Mpurisie 0BocHoBaHHbIX Pa3BuTUA KOMNeETEHUMi

peLueHuit
MoaroToska oTyeTa u 3awwta

XPDMBTDFPQ¢W4€CKMX cucreMm

.

J J
T

y
LMOPOBASA U TEXHONOrMYECKASA NMOAJEPXKKA

LMS 3neTpoHHan 6ubnuoteka BupTyansHble 06, cepaucbl MporpammHoe oBecnevenie VHCTPYMeHTbI COBMECTHOM
(ynpaeneHue obyueruem) ¥ 6a3bl faHHbIX W CUMYNATOpbI ¥ XPaHUNMLLA AAHHBIX Ans 06paborTh AaHHbIX PaboTbl U KOMMyHUKaUUK
(Ch leon, OpenLab u ap.)
®OHA OLEHOYHbIX CPEACTB OLIEHKA U MOHUTOPUHT PE3Y/IbTATOB
TecTol u 3apaHuR MpakTuyeckue Na6oparopHbie Kefic-3apanus Mpoexrst Py6puiu 1 yek-nucTsl Tekywmit KoHTPONL Ouenka naboparopHbix Noprdonmo Wrorosan arrecrauus Ananuuka
NS CAMONPOBEPKA 33paHuA pabotl " ¢ IAH-TECTbI, KBU3b) Ppabor u kewcos (cryaenta/ (ax3amen/3aveT) Rait60pa
e-portfolio) ycnesaemocTi
®OPMUPYEMBIE KOMMETEHLMU
MpodeccuoHanbHbie Lndposbie WUccnegosarensckue KommyHuKaTUBHbIE Wi p Hble ( Hbie)
« MnaxupoBanme W BbINONHeHMe * Pa6ora c MO u uncposbIMU + Mocraxoeka npo6nembi + Hayuwan « Kp
XPOMATOrpaguueckoro ananusa MHCTPYIMOHTaMM + KpuTnueckwii aHanu3 paHHbix + Tpe3eHTauun pesynsratos + Pewenue npobnem
+ O6paboTKa i MHTEpNPETaUUA AaHHbIX + AHanua 60NbLMX AaHHbIX + HayuHoe Mblwnene + Pa6ora B KomMaHge « CamoopraHu3saums u pednexcus
+ Buibop 1 onTUMU3aLMA MeTOAMK + Uudposan rpamotHocTb
(]
PE3Y/IbTATbI OBYYEHUA
CdopMuposanHtie KoMneTeHUMN loT0BHOCTL K NPOdeccHoHaNbHOMH Cnoco6HOCT K MCCNeR0BaTeNbCKON KomkypeHTocnocobHocTb
8 0611aCTH COBPEMEHHbIX aCNeKToB P o
M, AEATENbHOCTY B XMMUYECKO# OTpacnu ¥ MHHOBALIMOHHOM AATENbHOCTH BbINYCKHUKOB Ha PbiHKe Tpyaa

[I’lPMHLlMI'lbIMOAEﬂM | Cr ™

Mp: Wnrerpauma Hayku v Lud, ] Corpy. TBO U Hi ]

Pucynox 1. Mooenv unnosayuonnoii 00pazosamenvbHotl 3Kocucmemvl 0isi GOPMUPOBAHUSL
npogheccuonanvHvlb Komnemenyuil Ha ochose Kypca « Cospemennvle acnekmul Xpomamozpaguuy

KiroueBbiMu cyObekTaMu 00pa3oBaTENbHON SIKOCHUCTEMBI SIBIISIFOTCS CTYAEHTBI, IIPEo1aBaTey,
paboTomareny, MPEACTaBUTENN OTPACIEBBIX OpraHU3alMid U MPO(ECcCHOHANTBHOTO COOOIIEeCTBa.
VY4ueOHble U HUCCIEI0BaTeIbCKUE J1abopaTopuu, udpoBas MHPpacTpyKTypa U oOpa3oBaTeibHbIE
pecypcsl popMHUPYIOT cpeny, oOecreunBaoIlyo uXx 3¢((eKTUBHOE B3aUMOJIEHCTBUE U pa3BUTHE
npodeccuoHaNbHbIX KOMIETeHUUH. Takke OHU CO3[A0T YCJIOBUS AJII OCBOEHHUS COBPEMEHHBIX
AQHAJIMTUYECKMX METOJ0B M  IMPHOOpPETeHUs TMPAKTUYECKOTO ONbITa HAayyHOW  PabOTHI
[IpermoaBaTeny OCYIIECTBISIIOT MPOEKTHPOBAHUWE 00pa3oBaTENbHOTO Mpolecca, pa3paboTKy
y4eOHO-METO/IMYECKUX MaTepualioB M COINPOBOXKJIECHHWE HCCIEIOBATENbCKOW  J1€ATEIbHOCTH
ctyneHToB. O0yyJaromuecs paccCMaTpUBaIOTCs KaK aKTHUBHBIE YYACTHUKU 00pa30BaTeIbHOM Cpelibl,
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BOBJICUEHHBIE B  pelieHHe Npo(ecCHOHATBbHO OPUEHTUPOBAHHBIX  3a7ad, BBINOJIHEHHE
1ab0paTOPHBIX HCCIEAOBAHUNA M TPOEKTHYIO JesTeNbHOCTh. PaboTojmaTenu u mpeicTaBUTENU
OTpacjeBBIX OpraHu3alMidi 00ECNEeunBaIOT CBS3b COACPIKAaHUS OOYUYEHHMS C AaKTyaJIbHBIMU
TpeOOBaHUSMH PBIHKA TPY/1a, YIaCTBYIOT B pa3pabOTKe KEHCOB U OIIEHKE PE3YIbTaTOB IMOATOTOBKH.

PecypcHblii KOMIIOHEHT 3KOCHUCTEMBI BKJIIOYaeT IU(POBYIO 00pa3oBaTENbHYIO Cpeay
YHHUBEPCUTETA, MPEICTABICHHYI0 CHUCTeMOW ympaBieHus oOyuenuem Moodle, BupryasbHbIMU
nabopaTopusiMU, BUACOJICKLIUSMH, 3JIEKTPOHHBIMU O00pa30BaTENbHBIMU pPECypcaMu, LU(PPOBBIMU
KOJUISKIIUSIMA ~ XPOMATOTpaMM W CHCIHAIU3UPOBAHHBIM TPOTPAMMHBIM  00eCIeUeHHEeM IS
00pa0OTKM aHAaTUTHYECKUX JaHHBIX. lcmonb3oBaHue HHUQPOBBIX pECypcoB oOecreyrBaeT
JOCTYHOCTh Y4eOHBIX MaTepHalIOB, MOAJIEPKKY CAMOCTOATEIbHOU pabOThHI CTY/IEHTOB U Pa3BUTHE
HABBIKOB pa0OTHI ¢ COBPEMEHHBIMH HH(POPMAIIMOHHBIMH TEXHOJIOTUSIMHU.

B kauecTBe OCHOBHBIX I€IarOTMYECKHX HWHCTPYMEHTOB HCHOJB3YIOTCS TPOEKTHOE U
MpOOJIEMHO-OPUEHTUPOBAHHOE 00yYeHHE, KEHC-METO/1, HCCIeI0BaTeNbCKUE 3a/laHus U IU(PPOBbIE
TEXHOJIOTUU  COMPOBOXKICHUS 00pazoBaTeNbHOrO mporecca. Mx uHTerpauus MO3BOJISET
MOJICIMPOBATh peajbHbe MNPOPECCHOHATBHBIE CUTYalllH, (OPMHUPOBATH HCCIEIOBATEIHCKOE
MBIIIJIEHHE U 00eCneYnBaTh CBSI3b TEOPETUUECKOM MOATOTOBKY C MPAKTUYECKON JESTENbHOCTHIO.

Oo6cy:xxnenne. DopmupoBanue NpodecCHOHATBHBIX KOMIIETEHIUNA OCYIIECTBISETCS OITAITHO
W TpeArnojaraeT IOcCIeq0oBaTebHOE BKIIOUEHHUE CTYJCHTOB B pa3iHuYHble BUIbl Y4eOHO-
ITI03HABATEJIBHON U UCCIIEA0BATEIBCKON NE€ATEIBHOCTH.

Ha mepBom, MOTHBaIIMOHHO-OPUEHTAIMOHHOM 3TaIle, CO3JAI0TCS YCIOBUS U (POPMHUPOBAHUS
yCTONYHMBOW NPO(ECCHOHATbHOW MOTHUBAIIMA U OCO3HAHMSI 3HAYUMOCTU M3y4aeMOU TUCIUILIMHBI
s Oynymed mnpodeccuoHanbHOl  gedarenbHocTH. (CTyneHTaM —MpeIaraloTcs pealbHbIe
IIPOM3BOJICTBEHHBIE W HUCCIIEOBATEIbCKUE  KEHMChbl,  CBSI3aHHbIE C  [PUMEHEHHEM
XpoMaTtorpaUuecKuXx METOJIOB aHAM3a B XUMHYECKOH, (hapMaleBTHUECKOH, YKOJOTHYCCKOUW M
MUIIEBON MPOMBIIUIEHHOCTH. AHAIN3 MPAKTUYECKUX CUTYyalluid criocoOCTBYET Pa3BUTHUIO HHTEpeca
K TUCIUIUIMHE ¥ TOHUMAHUIO TPO(ECCHOHATFHOTO KOHTEKCTa Oy Iy 1eTeIbHOCTH.

Bropoil »3Tam - TEOPETHKO-NOArOTOBUTEIBHBIM, KOTOpBIM HAIpaBIeH HAa OCBOCHUE
TEOPETUYECKMX OCHOB XpOMaTOrpapUuecKux METOJOB aHalu3a M pa3BUTHUE HABBIKOB pabOTHI C
udpoBsIMU 00pa3oBaTeNbHBIME pecypcamMu. CTYI€HTHI U3YYarOT MPUHIIUIIBI Pa3/IeNIeHUs BEUIECTB,
O0COOCHHOCTH Pa3IMYHBIX BUJOB Xpomarorpaduu, MeTobl 00pabOTKU aHATUTUYECKUX JaHHBIX U
BO3MOXXHOCTH CHEIUAIN3UPOBAHHOIO TMporpamMmHoro obOecrnedeHus. CyliecTBeHHas pojib Ha
JTAHHOM 3Tare OTBOJUTCS CAMOCTOSATENIbHON paboTe B IU(PpoBOi 00pa3oBaTeIbHON Cpejie.

Tperuit stam - 1a0OpPaTOPHO-UCCIEAOBATEIbCKUNM, KOTOPHIM CUYUTAETCA IIEHTPATbHBIM
JJIEMEHTOM METOAMKU. B Xome BbIMONHEHUs TabOpPaTOpHBIX padOT CTYAEHTHI OCBAaWBAIOT
COBPEMEHHBIE METO]Ibl MOATOTOBKH MPOO, MPOBEACHMS aHAIN3a, PErMCTpPallMd U HWHTEpIpeTaliu
xpoMarorpaduueckux naHHbix. Oco0oe BHUMaHME yaensieTcs: udpoBoil 00paboTKe pe3ysbTaToB,
aHaJIM3y XpPOMAaTOTPaMM, OIEHKE TOYHOCTH W3MEPEHHl M OOOCHOBAHHUIO TMOTYYCHHBIX BBIBOJOB.
Jannblit Tan obecreynBaeT GopMupoBaHUE MPOGECCHOHATHHO-aHAIUTUYECKUX KOMIIETEHIUN U
HAaBBIKOB HCCIIE0BATEIbCKOM IeATEIbHOCTH.

Ha uerBepToM, MPOEKTHO-MPAKTHYECKOM dTame, 0O0ydarouiuecss BBIMOIHSIIOT MUHHU-TIPOEKTHI,
OpUEHTHUPOBAHHBIC Ha pelleHUe MPO(ECCHOHATBHBIX 3a7a4, MOJACTUPYIONINX PEeallbHbIC YCIOBHS
JesITeIbHOCTH XMMHUKa-aHAJUTHUKA, Takue Kak: «Paspabomaiime npomoxon sKcnepumenma no
ONMUMUZAYUU COCMABA NOOBUNCHOU ¢ha3vl 0Nl Haubosee Ovbicmpoco paszoeneHuss OEeH30UHOU U
COpOUHOB0U KUCIOmM Memooom oopawenno-pazoeot BOKX. Ilpeonoscume eunomesy u ykasxcume
6ce nepemennvley UMK «Pazpabomaiime npomoxon 3KCHePUMEHmMa nO ONMUMUZAYUU NPOSPAMMbL
memnepamypbl MepMOCmama KOJIOHKU 2d308020 Xpomamozpaga o0aa Haubosee Oblcmpoco
pasoenenus nponauma, Oymaua u uso-oymana. Ilpeonoocume eunome3zy u yKadxcume 6ce
nepemeHHble.

[IpoexkTtHass paboTa mpenmoyiaraeT TMOWCK © aHaMM3 HHPOpPMAIMK, BHIOOpP METOIOB
WCCIEAOBAHUS, MHTEPIPETALMI0 PE3YyJbTaTOB W MOATOTOBKY PEKOMEHJALUUWA MO PEHICHUIO
MOCTaBJIEHHOW MpoOiembl. Peanuzanus nmpoeKToB croCOOCTBYET Pa3BUTHIO HABBIKOB KOMAaHJIHOM
paboThI, HAYYHOW KOMMYHUKAITUN U IIPUHATHUS PEIICHHH.
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3aBepIIarM dTaroM SIBIETCS pe(IeKCUBHO-OIICHOYHBIN ATam, KOTOPBIM HarpaBjieH Ha
aHaJN3 JTOCTUTHYTHIX PE3yJNbTAaTOB OOYYEHHS M AMATHOCTHKY C(OPMHPOBAHHOCTH KOMIETEHITUH.
OueHnBaHue OCYIIECTBISIETCS HAa OCHOBe pa3paboraHHOro (onma ouneHo4HbIX cpeacts (POC)
(mabn. 1, 2, 3), BKiIrouaromero nabopaTopHbIC KEWChl, PyOpPHKH OIICHUBAHUS, CaMOOLICHKY H
IKCIIEPTHYIO OICHKY IpernojaBarens. [lomydeHHble pe3yiabTaThl UCIIOIB3YIOTCS ISl ONpPEICICHHS
ypOBHSI c(hOPMUPOBAHHOCTH MPO(PECCHOHANBHBIX, TU(PPOBBIX U TPAHCBEPCATHHBIX KOMIETEHIHH
CTYJICHTOB U TIOCJICYIOIEH KOPPEKTUPOBKH 00Pa30BaTEILHOTO MpoIiecca.

Taxkum 00pazom, MpeayoKEeHHAsE METOMKA 00ECIIEYMBAET LEIOCTHYIO HHTETPALUIO HU(POBBIX
TEXHOJIOTUH, JJabOpaTOPHOTO OOYUYEHHMS, UCCIIEIOBATENBCKON NESITEIFHOCTH M KOMIIETEHTHOCTHO-
OPHEHTUPOBAHHOTO OIIGHWBAHMS, co3fgaBas ycioBus g d3ddexkTuBHOr0  (HopMUpOBaHUS
npodecCHOHATIBHBIX KOMIIETCHIUH CTYyIEHTOB XHMHUYECKHX CHEIHAIBHOCTEH B  YCIOBHAX
MHHOBAIIMOHHOW 00pa30BaTEIbHON IKOCUCTEMBI.

Tabnuya 1 - [pumepHulii KOMHEMEHMHOCMHO-0PUEHMUPOBAHHBIL PYOPUKAMOD OYEHUBAHUS
nabopamopHozo Kelica

Kpurepuii OTauvHO Xopouo VYnosaerBopureasHo | HeynoBjieTBopuTeIbHO
OlleHHBAHMSA (90-100%0) (70-89%) (50-69%) (0-49%0)
IMonumanue ITomHOCTBIO MOHUMAaET [IpaBumsHO [Tonmmaer 3amaay He nonumaer
npodgeccHoHAJbHON | LIeJIb UCCIIEIOBAHNUS, orpeaenseT JaCTUYHO, HY>KAAeTCs | COJEpKaHUE 337auu U He
3aaa4u CaMOCTOSTEIILHO LeJb U B IIOMOIITI MOJKET OTpeseNIuTh
ompezenseT npodiemy OCHOBHBIE 3TaIlbl | IpernojaBaTess. CIoco0 permeHusl.
U Ipeajaraer pelienus,
000CHOBaHHBIH IJIaH JIOITyCKaeT
peLIeHus. OTJENbHbIE
HETOYHOCTH.
BoinosnHenue Bce sTamns! BoimonHeHs!l | Boimonnenue B Jlony1meHs! ommoku Pabora BbINOIHEHA C
J1a60paToOpPHOIi CaMOCTOSTEIIBHO, LEJIOM IIPY BBITIOJTHEHUH CYyIIIECTBEHHBIMHU
padoThI COOJIIOJICHBI METOJIUKA, | MPaBUIBHOE, OTJEJbHBIX 3TAIOB HapyLICHUSIMH METOAUKH
TEXHHKA 0€30MaCHOCTH | UMEIOTCS nabopaTopHO WM HE 3aBepIICHA.
U [IOCNIEI0BATENbHOCTh | HE3HAUUTEJIbHbIE | PAOOTHL
ICUCTBUI. HETOYHOCTH.
O0paboTka u Jlannbie 06paboTaHbl Jlony1eHsl Oo6paboTka Pe3sysbraTel 00paboTaHbl
HHTepnpeTanus KOPPEKTHO, OTJIeNIbHBIC BBINOJIHEHA YaCTUYHO, | HEBEPHO, BBHIBObI
pe3yjabTaToB XpoMaTorpaMmsbl HCTOYHOCTH IIPpHU BbIBOJbI OTCYTCTBYIOT UJIN
HUHTEPIPETUPOBAHbI obpabotke HEI0CTaTOYHO OIIUOOYHBI.
MpaBUJIbHO, BbIBOJBI JAaHHBIX HUJIN ApryMEeHTHPOBAHbI.
MIOJTHOCTHIO UHTEPIIPETALNH
000CHOBAHBL. Pe3yIbTaTOB.
Hcnoab3oBanue VYBepenHo ucnonssyer | HMcnonssyer Hcnone3yer Toabko He Bnaneer
G poBbIX CIEUMAIN3UPOBAHHOE mdpoBsie 0azoBble QYHKIHU HEO0XOIUMBIMH
TEeXHOJ10THii IpOrpaMMHOE CpeZCTBa C IPOrPaMMHOT0 HUPPOBBIMU
obecrieuenue u OTJENbHBIMU obecrieyeHus. HHCTPYMEHTaMH.
1(poBbIe 3aTPYAHEHUSAMH.
MHCTPYMEHTHI aHAN3a
IAHHBIX.
Pemenne IIpenmaraer Pemenne Pemenne wactnyno Pewenue orcytcTByet
J1a00paTopHOro 000CHOBaHHOE MPaBUIBHOE, COOTBETCTBYET WJIN HE COOTBETCTBYET
Keiica peleHne apryMeHTaIus MOCTAaBJICHHOH 3a/1aue. | yCJOBUAM Kelica.
npodeccuoHaIbHON HETIOJHASL.
3a/1auu, apryMeHTHPYeT
BBIOOp METOJIa aHAJIN3A.
Hay4unas IIpencraBnser [IpencraBnenne | McnbITbIBaeT He moxet npencraButh
KOMMYHUKALHUS pe3yJabTaThl JIOTHYHO, pe3yabTaToB B 3aTpyAHEHUS IPH pe3yJbTaThl U OTBETUTH
apryMeHTHPOBAaHHO, LEeJIOM 00BsICHEHNH Ha BOIPOCHI.
UCIIOB3YET JIOTUYHOE, pe3yJIbTaToB
po¢ecCHOHAIBHYIO UMEIOTCS UCCIIeI0BaHUS.
TEPMUHOJIOTHIO, OTJIeNIbHBIE
YBEPEHHO OTBEYACT Ha HETOYHOCTH.
BOIIPOCHI.
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CamooueHKa U O0nexTuBHO orennBaer | CaMOOIICHKA B CaMoOOILIeHKa CaMoolLIeHKa
pediexcus COOCTBEHHYIO padoTy, LEJIOM MMOBEPXHOCTHAS, OTCYTCTBYET JIMOO HE
BBISABIIAET CHILHEIE COOTBETCTBYET aHaJIu3 OIIMOOK COOTBETCTBYET
CTOPOHBI U pe3yabTaTam HEJOCTAaTOUYCH. BBINOJIHEHHOM paboTe.
HarpaBlICHHS paboTHI.
COBEPIICHCTBOBAHUSI.

Tabauya 2 - Pacnpeoenenue oyernusanus ¢ ®OC

KoMmnoHeHT (hoH/1a O1lIeHOYHBIX CPEICTB Jlos1st ©”TOroBOM OEHKH
BrinonHeHue 1a00paTopHOTo Keiica 40%
PyGpukarop oreHuBaHMs NPENoIaBaTess 30%
CamoorieHKa 00yJaromerocs 10%
DKcrnepTHas OlleHKa IpenojiaBaresis (yCTHas 3aluTa pe3yibTaToB, 20%
00CYXJICHHE)

HToro 100%

Tabnuya 3 - Unmepnpemayus umoz208020 pe3yivmama

YpoBeHb cPOPMUPOBAHHOCTH KOMIIETEHIM A bajuisl
Bricokuii 90-100
JlocTaTo4YHbII 70-89
ba3oBbrit 50-69
Huskuit meHee 50

3akiaouenue. Pe3ynbTaThl MCCIeAOBaHUS MOATBEPXKIAIOT TUIIOTE3y O TOM, YTO WHTErpalus
U(POBBIX HHCTPYMEHTOB M IPOCKTHO-OPUCHTHPOBAHHBIX 3a/JIaHUN CYIIECCTBEHHO IOBBIIIACT
npodeccroHanbHble aHAIUTUYECKUE KOMIIETEHIIMN CTYIEHTOB. TpaHCBepCabHbIE HAaBBIKU, TaKHE
KaK apryMEHTAIUsl U HayYHass KOMMYHUKAIUS, YCUITHUBAIOT d3PPEKT UPPOBBIX KOMITCTSCHITHH.

PaspaboranHbiii  (QOHJ OLIEHOYHBIX CPEACTB M OIEHOYHBIE pPYyOpHKH 00ecrednBaroT
MPO3pPavyHOCTh OLEHMBAHHUS W COTJIACOBAHHOCTH OIIGHOYHBIX MPOLEAYp C 3alUIaHUPOBAHHBIMH
pe3ynbTataMu OOyuYeHHUs, YTO COOTBETCTBYET MPUHIUIAM OOY4YEHHS, OPHEHTHUPOBAHHOTO Ha
Pe3yJIbTaThI, U TPEOOBAHHUSIM COBPEMEHHBIX aKKPEIUTAIMOHHBIX CTAaHIaPTOB.

[TomydyeHHble pe3ynbTaThl MOATBEPKAAIOT DKOCHCTEMHBIM TMOAXOA K JabOpaTOpHOMY
00ydYeHHUI0, IEMOHCTPHUPYS, YTO IU(MPOBBIE U TPAHCBEPCATbHBIE KOMIETCHIIMH (YHKIIHOHUPYIOT
KaK MEXaHU3MBbI, CIIOCOOCTBYIOIINE Pa3BUTHIO MPO(ECCHOHANBHBIX aHATUTUYECKUX HABBIKOB. JTO
MOTYEPKUBACT BAXHOCTh MHTETpAMH ITU(PPOBBIX MHCTPYMEHTOB M MPOCKTHON OIEHKH B paMKax
XUMHYECKOro o0pa3oBaHUsl.

HunoBanronHas o0pa3oBaTenbHas SKOCUCTeMa criocoOCTBYeT 3(pPpekTuBHOMY (HOPMHUPOBAHHIO
npodeccHoHATbHBIX, MU(POBBIX W TPAHCBEPCATBHBIX KOMIIETCHIIMH B Kypce «CoBpeMEHHBIC
acmekTel  Xpomarorpadum». IlpuMeHeHHWE CTPYKTYpPHOTO  MOJEIHUPOBAHHUS — OOecredynBacT
MPO3PAaYHOCTh OIEHKH, JIOKA3aTeIbHOCTh METOJIMKHA M MOXKET OBITh aTanTHPOBAHO I JAPYTHX
JUCIUIUIMH XUMHUYECKUX CHeluanbHOoCTel. JlanbHeire uceaeoBanus MOTYT OBITh HAIPaBIICHBI
Ha paclIMpeHHe BBHIOOPKH, BKIIOYCHHWE MArUCTPAHTOB W aHAIU3 MEKIUCIUTUIMHAPHBIX
1ab0paTOPHBIX MPAKTHK.

bnazooapnocms. BpipaxkaeM TpU3HATEIBLHOCTh PYKOBOJCTBY KazaxcKoro HanuOHaIbHOTO
YHUBEpCUTETa HMEHH anb-DPapabu 3a MperoCTaBIEHHYI) BO3MOXKHOCTH IPOBEJICHUS HAYYHBIX
uccleoBaHui. OTa craThsl SBISETCS pe3yibTaTOM HAyYHOTO MPOEKTa, (hHHAHCUPYEMOTO
KomuteTrom Haykun MuHHCTEpCTBA HAYKHU U BhICHIEro obpa3zoBanusi Pecyonuku Kaszaxcran (rpaHt
NeAP26102355  «Pa3paboTka Moaend  HWHHOBAIMOHHOH  0Opa30BaTEIBHOH  YKOCHUCTEMBI,
HAMpaBJICHHOW Ha pa3BUTHE KOMIETEHIHMA OyIyIIUX CIEHHATUCTOB U HWHTEIUIEKTyaJIbHOTO |
KaJ[pOBOT0 MOTEHIIHAAa 00PAa30BaTEIbHBIX OPraHU3AINIY).
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SCIENTIFIC WRITING SKILLS FOR CHEMISTRY STUDENTS:
COMMON CHALLENGES AND EFFECTIVE STRATEGIES

Abstract

Scientific writing is a cornerstone of professional chemistry, yet undergraduate and graduate
students frequently struggle with the transition from general academic writing to technical,
discipline-specific communication. This review synthesizes research on common writing challenges
in chemistry education, including difficulties with laboratory report structure, results and discussion
sections, hypothesis formulation, data presentation, chemistry-specific conventions, literature use,
and the linguistic barriers experienced by English learners as a second language.

The paper also evaluates effective pedagogical strategies, including scaffolded assignments,
journal-style writing, writing-to-learn activities, calibrated and double-blind peer review, interactive
video workshops, information-literacy instruction, and graduate-level review article writing.

The literature shows that student writing improves most effectively when instruction is explicit,
repeated, discipline-specific, and integrated across the curriculum rather than isolated within a
single course. A practical departmental framework is proposed to support chemistry students from
introductory laboratory reports to advanced manuscript-style writing. Overall, scientific writing
should be treated not only as a communication skill but also as a mechanism for developing
chemical reasoning, professional identity, and participation in the scientific community.

Keywords: scientific writing, chemistry education, laboratory reports, writing-to-learn, peer
review, information literacy, graduate writing, academic communication.
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