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Anaarna

MakanaHnblH MakcaThl XKOFapbl OUTiM Oepy karmavibiaga IBL omiciHiH OuTiM amymisuiapabiH
3epTTey KY3BIPETTUIINH JaMbITylaFbl THIMIUIIN Typajibl FBUIBIMU JQJ€NAepl Kyiheney OoJjibl.
3epTTey KY3bIPETTLUIIr 3epTTeY MICEJIECIH TY)KBIPBIM/IAY, aKIMapaTThI 1371y KoHE Oaranay, TUIoTe3a
YCBIHY, O/IiC TEH aWHbIMalbUIapAbl TaHJAay, NEpeK KUHAy KoHE Taljay, ASJIENre Heri3feireH
KOPBITBIH/IBI Kacay, HOTWIKEHI FBUIBIMH TYPJAE YCHIHY JKOHE pediiekcus rxacay KaOLIeTTepiHIH
KIpIKTIPUIT€H JKUBIHTBIFBI PETIHAE KapacTeIpbULabl. Kypweutbimpanran oxebu momry 2000—-2026
KBUIIAPBl JKapUsJIaHFaH eHOeKTepre OarbITTalabl; OyFaH JACHIHTI Iprefli TYXKbIPhIMIAMaJIbIK
eHOCKTep KakeT OoJFaH >karmaiiaa Kocbuinbl. [3ney arpummbiH TutiHAeri IBL, inquiry learning,
undergraduate, higher education, research skills, research competence, scientific inquiry, critical
thinking »one scaffolding TepMmuHAEpiHIH KOMOMHAIUsJIApPbIMEH KYyprizumi. Jlepekkesmepaid
comikectiri 6acma 6errepi, DOI xaz6anapsl, ERIC sxone PubMed metanepekTepi apKbliIbl TEKCEPUII.
CuHTesre Mmeraraniaynap, >KyHemi *oHe ayKbIMIbl HIONYNap, KBa3UIKCIEPUMEHTTIK 3epTTeylep,
YKOFaphl OLTIMET1 KypCTHIK JKoHe 3epTxaHanblk IBL ynrinepi earizuiai. Hotmkenep IBL 3eprreynin
OapIbIK Ke3eHEPiH OKY TallChIpMachiHa OIPIKTIPreHe 3epTTey JaFAblIapbiHa, JoeN Il MabIMaayFa,
JepeKTepAl TYCIHAIpyre, FhUIBIMU KOMMYHHUKAIUSAFA JKOHE 3€PTTEYLILIIK CEHIMAUTIKKE OH BIKMA
€TeTIHIH KepceTTi. Anaiijia ocep aBTOMATThI eMec: OarbITTayIIbl KOJIJay, TAllCBIPMAHbIH KOTHUTUBTIK
KYKTeMere CoilkecTiri, Oaramay KpUTEpUHIEpIHIH aWKbIHIBIFbI, JKETKUIIKTI YaKbIT KOHE
OKBITYILIBIHBIH Kepi OailiaHbICh mIenTyri mapTrap 00bin Tadbu1abl. TONBIKTal 0aFbITTAYChI3 AIIbIK
1371eHic OacTamnKpl JaspiblFbl TOMEH CTyAeHTTepre Tuimci3 Oosrybl MyMmkiH. ConuplkTan KOO-na
KYpbUIBIMJAIFAaH 137€HICTeH OaFbITTalNfaH, KeWiH allbIK I3[IeHICKe OTeTIH CaThUIbl MOJIENb
yebiHbnael. oy Hotmxkenepi IBL-ni 3epTTey Ky3bIpeTTUIINH JaMbITYIbIH THIMI Kypajbl Jen
Oaranayra Heri3 Oepeni, Oipak nonenaepaiy Oip Oeriri e3iHAIK ecer NeH 0ip MeKeMeNiK Au3aiiHaapra
CYHEHeTIHAIKTEeH, 00BEKTHUBTI )KOHE Y3aK Mep3iM/Jli eJIeMAep KaKeT.

Tyiiin ce30ep: |BL, 3epmmeyee necizoencen oxvimy, 3epmmey Ky3vipemminici, sxco2apvl Oilim,
3epmmey 0a20blLiapwvl, OALIMMAayuLbl KOJ10Ay, ColHU OULAY.
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3ODOEKTUBHOCTHh METO/A IBL B PA3BUTHUUN UCCJEJOBATEJbCKOM
KOMIIETEHTHOCTHU OBYYAIOILIIUXCHA

AHHOTALIUA

[lenpro cTaThl SBISJIACH CHUCTEMATH3aIUsl HAYYHBIX JaHHBIX 00 A(()EKTHBHOCTH MeToja
oOydeHHsI Ha OCHOBE HCCIenoBaTeNbckoro moucka (inquiry-based learning, IBL) B pa3Butum
WCCIICIOBATEIIbCKOW  KOMIIETEHTHOCTH OOYYaroNIMXCs B YCIOBUSAX BBICIICTO 0Opa3oBaHMUS.
HccnenoBaTenbckas KOMITIETEHTHOCTh —paccMaTpuBaiach Kak WHTETPaTHBHAs COBOKYITHOCTH
crocoOHOCTEHN POPMYIUPOBATH UCCIIEIOBATEILCKYIO ITPOOIEMY, UCKATh U OILICHUBATH HHPOPMAITHIO,
BBIJIBUTATh TUIIOTE3bI, BBIOMPATh METOIBI M IEPEMEHHBIC, COOMpAaTh W aHAJIM3UPOBAThH JIAHHBIC,
(hopMyITMpPOBaTh BHIBOJIBI HAa OCHOBE JIOKA3aTEIbCTB, IPEJICTABIISTH PE3yJbTaThl B HAYIHOU (opMe
OCYHIECTBIATh pediuekcuto. CTPYKTYpUPOBAaHHBINM 0030p JUTEpaTypbl ObUT OPHEHTHPOBAH Ha
nyonmukamuu 32 2000-2026 roxapl; mpu HEOOXOAMMOCTH TakKe BKIIOYAINMCh Oosee paHHHE
(dyHIaMeHTaIbHBIE KOHICNTYalIbHbIC pa0OTHI. [TOMCK TTPOBOMIICS ¢ UCTIOJBL30BAHNEM KOMOMHAINN
aHrnos3puHbIX TepMUHOB IBL, inquiry learning, undergraduate, higher education, research skills,
research competence, scientific inquiry, critical thinking u scaffolding. CooTBeTCTBHE MCTOUYHUKOB
KpUTEPUSM JIOCTOBEPHOCTH MPOBEPSIIOCH MO M3AATENbCKUM CcTpaHulaMm, 3amucsaiMm DOI, a Taxke
MmetagaHHeiM ERIC u PubMed. B cuHTe3 ObuIM BKIIOYEHBI METaaHAJIM3bl, CHCTEMaTHYECKUE U
CKOYMUHT-0030pbl, KBa3UIKCIIEpUMEHTAIbHbIE UCCIIEA0BaHMS, a Takke Moaenu IBL, peann3oBanHbie
B paMKax y4eOHBIX KypCcOB M JITaOOPAaTOPHBIX 3aHATUN B BbICIIEM OOpa3oBaHHH. Pe3ynbTaTbl
nokazanu, 4ro IBL mnonoxutensHO BiMseT Ha pa3BUTHE HCCIIEAOBATEIbCKUX HAaBBIKOB,
apryMeHTallid Ha OCHOBE JOKa3aTeNIbCTB, MHTEPNPETAIMU JaHHBIX, HAYYHOW KOMMYHHUKAIUU U
UCCIIEeIOBATEeNIbCKOW caMOd(p(GEKTUBHOCTH, €CIIM BCE JTalbl MCCIEIOBAHUS HMHTEIPUPOBAHBI B
yueOHble 3amaHus. OAHAKO TOJOXUTEIbHBIM J(PPEeKT He BO3HUKACT AaBTOMATHYECKHU:
OTIPECIIAIONMMHU  YCIIOBUSMH SBJIAIOTCS TMEAarornyeckas IMOJJIep:KKa, COOTBETCTBHUE 3aJaHU
KOTHUTHBHBIM BO3MO>KHOCTSIM 00Y4aIOIIKUXCs, MPO3PAYHOCTh KPUTEPUEB OI[CHUBAHUS, TOCTATOUHOE
BpeMsi 1 oOpaTHas CBs3b npenoaaBaress. [[0JIHOCTbIO CaMOCTOSATENbHBIN HCCIIe0BATEIbCKUI TOUCK
0e3 HampaBISAOLIEH MOIICPKKA MOXKET oOKa3zaThbCs HedIPDEKTUBHBIM i CTYIEHTOB C
HEJOCTATOYHBIM YPOBHEM HA4allbHOM MOATrOTOBKHU. B CBSI3M € ATHM HAJIsl OpraHM3aluil BHICIIETO
oOpa3oBaHUsl  mpejularaercs  MOJTalHas  MoOJeNb, IpeaycMaTpuBarolias  MEepexon  OT
CTPYKTYPUPOBAHHOTO UCCIIEIOBAHUS K HAIIPABIIIEMOMY, a 3aTE€M K OTKPBITOMY HCCIIEOBATEILCKOMY
nmoucky. PesynpTaThl 0030pa mo3BoyisAl0T paccMmarpuBaTh IBL kak >QQeKkTUBHBIN HWHCTPYMEHT
Pa3BHUTHUS HCCIEIOBATENIbCKOH KOMIETEHTHOCTH. BMecTe ¢ TeM, MOCKOJbKY 4YacThb HMEIOIIUXCS
JI0Ka3aTeNIbCTB OCHOBAHA HAa CAMOOTUYETaX 00yJaIOIUXCs U UCCIIEIOBAHUAX, TPOBEAEHHBIX B pAMKax
OTIIENbHBIX 00pa3oBaTeNbHBIX YUPEKICHUH, HEOOXOOUMBI JajbHEHIINe HCCIeNOBaHUS C
MCIO0JIb30BaHNEM OOBEKTUBHBIX TIOKa3aTeNel U IOJITOCPOYHBIX U3MEPEHHIA.

Knroueswie cnosa: |BL, o6yuenue na ocnose ucciedoeamenbcko2o noucka, Uccied08amenbCekas
KOMNemenmHoCms, — @vicuiee  00pazoeamue, UCCIEO08AMENbCKUE — HABLIKU,  Nedd202U4ecKdsl
n000epIICcKa, KpUumuyeckoe MolulieHue.
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THE EFFECTIVENESS OF IBL IN DEVELOPING STUDENTS’ RESEARCH
COMPETENCE

Abstract

This review examines the effectiveness of IBL for developing research competence among
higher education students. Research competence is defined as an integrated capacity to formulate
researchable questions, search and evaluate information, generate hypotheses, select methods, collect
and analyse data, draw evidence-based conclusions, communicate findings, and reflect on limitations.
A structured narrative search focused on publications from 2000 to 2026, supplemented by earlier
landmark works when necessary. Search concepts combined inquiry learning, undergraduate or
higher education, research skills or competence, scientific inquiry, critical thinking, and scaffolding.
Source identity and bibliographic data were checked through publisher pages, DOI records, ERIC,
and PubMed. Meta-analyses, systematic and scoping reviews, quasi-experimental studies, and higher
education course or laboratory evaluations were synthesized. The evidence indicates that IBL can
strengthen research skills, evidence evaluation, data interpretation, scientific communication, and
research confidence when authentic inquiry processes are embedded in instruction. Its effects are
conditional rather than automatic. Guidance, progressive autonomy, transparent assessment criteria,
feedback, adequate time, and alignment with learners’ prior knowledge are central. Unguided open
inquiry may overload novices. A staged progression from structured to guided and then open inquiry
is therefore recommended. The review concludes that IBL is a promising approach to research
competence development, while noting that many studies rely on self-report measures, single-
institution samples, and short follow-up periods.

Keywords: IBL, research competence, higher education, research skills, scaffolding, critical
thinking.

1 Kipicne (2000), Willison xone O’Regan (2007)
JKorapbl OUTIMHIH HOTHDKECI CTYACHTTIH €HOEKTepi OakajaBpyaTTaFrbl 3epTTey
naiblH  OLTIMIlI KalTa alWTybIMEH FaHa €Mec, TOKIPHUOECIHIH HOTHXKECIH Mocele KOIoJaH

FBUIBIMA  MOCEJIEHI dHBbIKTAaIl, [O2JICTI JKHHAII, bacran z[epeKTepz[i HUHTCpHpCTalusiiay MCH

JEpPEeKTepi ChIH TYPFBICBIHAH TaJJal >KoHE
HETI3ZIeJIreH  KOPBITHIHABI ~ YCBhIHA  aJybIMEH
OaranaHapl. Ocnl MIHJET 3epTTey
KY3BIPETTUIINH KOCIOM JaspIIbIKTBIH —©3eriHe
ailfHanaplpaabl. 3epTTey KY3bIPeTTUIIr Keke
onictep Tiz0eci emec: o OuTiM, MPOLETypPaTbIK
JaFbl, FBUIBIMU OWJIAy, aKaJeMUsUIBIK aalbIk,
KOMMYHHUKAIMsI KOHE ©3 OpeKeTiH Oaranay
KaOinerrepiniy Oipnirin  Oinmipeni. Kardash

HOTH)KEHI YChIHYFa JICUIHT1 TyTac OpeKeT peTiHae
KapacThIpy KaXeTTIriH KepceTe/i.

Inquiry based learning y¥BIMBI Ka3ak
TUTIHJET1 eHOEKTeplle «3epTTeyre Heri3JeNreH
OKBITY»,  <BEpTTEyLIUTIK  OKBITY»  HeMmece
«I3[ICHICKE HETI3JIereH OKBITY» Jem Oepineni.
byn makamana IBL keickapTysl cakranmanasl. IBL
OimiM  anymblHBl  JaWbIH  KOPBITHIHJIBIHBI
KaOBLIAAYIIIBI Cypax

emec, KYPacCTBIpBIIL,
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BIKTUMAJ TYCIHIIpMENep YCHIHATBIH, JepeK

KUHAUTBIH JKOHE JOJIEIEpAl TaJKbUIAWTBHIH
CyOBEeKT peTiHae Kapacteipansl. Pedaste sxone

opinrectepi (2015) IBL mmximin Oarmapiany,
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« JKunanran aepexrepai /\/
OHJICY KoHe Tanjaay
Horwxeni Tangay
JkoHe KOPbITBIH/IbI XKacay

* Koperrbinzst sxacay
* Bacranket cypakka xayan Gepy

0

3eprrey
CYparbIH aHbIKTay

IBL

\ 3eprTey
\_ omicrepi

TYXKBIPbIMJAMaJay, 3epTTey, KOPBITHIH/IbI KOHE
TaNKpUIay (azanapbiHa OipikTipai. bynm nwmkn
3eprTey

KY3BIPETTUTINHIH OTIEPALUSITBIK

KYPBUIBIMBIMEH TiKeJeH colikeceni (1-cyper).

* KbI3BIFYIIBUIBIKTE! OSTY
¢ Maceneni Tyciny
 3epTTey CyparbiH KypacTeipy |

* Bypbinrsl Taxkipube MeH
6Ginimai ecke Tycipy

N
* 3eprTey TaKbIpbObIHA
KaTbICThI aKnapaTThi Taby

BypsbinFsbI Giimai

55 o Anbie ana Go/mkam xkacay
navjanany

/
/
/
/

* Jlepekkosaiepai epTrey

* DKCIIEPHMEHT acay
(xaxer Gonca)

* MoasiMerrepai xuuay
JKOHE TipKey

3epTrey Kyprizy

1-cyper. 3eprreyre Herizaenred okpiTy (IBL) yaepiciHiH mUKIAIK MOl

IBL TtuiMaiiiri XeHIHAEr: MiKipTalaacThIH
HETI3r1 TYHIHI 9JTICTIH aTaybIHAa €MEC, CTYICHTKE
OepineTiHn nepoecTik KOJIIay/IbIH
apakaThIHACBHIH/A. baFbITTayChI3 allIbIK 13CHICTI
ChIHaFraH eHOeKTep jkaHa OLUIIM aJTylIbIHBIH
KYMBIC JKaJbplHAAa IIaMajJiaH ThIC JKYKTEMeE
TybIHIAaYbl MYMKIH ekeHiH kepcereni (Kirschner
et al., 2006). byran »xayan periage Hmelo-Silver
xoHe opintecrepi (2007) skakchl >koOallaHFaH
inquiry
scaffolding, dacunuranus sxoHe Aep Ke3iHIe
TYCIHIIpY KOJIJIaHBUIATHIHBIH atam oTTi. Keiinri
MeTaTaljgayinap Jo1 OChl IIApTTHI
Inquiry THIMJUTIr1 OKBITYIIBIHBIH KYPBUIBIM/IAYBI

IICH

HpO6J’IeMaJ'II>IK JKOHC OopTajJlapbIHIA

pacTaabl:

MeH KosmaybiHa Toyennai (Furtak et al, 2012;
Lazonder & Harmsen, 2016).

Ocpl onebu MIONMybIH MaKCaThl — YKOFaphl
Ooimim karmaiieinga  IBL  omiciHiH  3epTTey
KY3BIPETTUIINHIH ~ KypamaacTapblHa  BIKIAJIBIH
Oaranay, acep €Ty TEeTIKTEpiH, HOTHKENUTIKTIH
MeAaroTUKAaIbIK IapTTapbiH
TONENIepAiH  IIeKTeylepiH
aHbIKTay. 3epTrey cypakrapsl: 1) IBL 3eprrey
KY3BIPETTUIIINHIH ~ KaHJal  KOMIIOHEHTTEpiHe

KOHC
KOJIOJaHBICTArbl

BIKITAJ €Tefl; 2) KaHIal IU3aiHIBIK I[IapTTap
ocepai  KymieWrteni Hemece oncipereni; 3)
nmonennep 0a3achIHBIH — HETI3T1  OfICHAMAIBIK
HICKTeyJepi KaHaan?
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2 MarepuaJjiap koHe gicTep

Kympic  ky#enmi  moNynmelH  Ke#Oip

ANKBIHIBIK Karu1aIapbiH KOJITAHATBIH
KYpbUIBIMJIAJIFAH ~ OasHAAyJABIK onedu Moy
petiane operHaanael. O Tonbikkanasl PRISMA
KYHeni IMIoMybl HeMece MeTaTainjay peTiHJe
YCHIHBIJIMAN/IBI, OUTKEHI OAPIIBIK >Ka3bLUTBIMIIBIK
NEpEeKKOpJIapra TIKeNeH KOJDKETIMIUIIK, €Kl
TOYEJICI3 PELEH3EHTIIEH CKPUHUHT JKOHE 3epTTey
XaTTaMacblH  alfiblH  aja TIpKey IKy3ere
achIpbUIFaH KOK. MyH/Iall KIKTEy HOTHXKeNepAl
acelpa TYCIHAIpMEY YIIiH TaHaaxabl. CUHTE31H
norukacel PICOS emec, PCC snemenTTepine
XakplH Kyppuiabl: nomymsinus — JKOO Outim
anylmbuiapel; Herisri yrbiM — IBL  apkbuib
3epTTey KY3BIPETTUIINH JaMbITy; KOHTEKCT —
KOFaphel OuTiM Oepy, ocipece OakallaBpUaTTHIH
3epTXaHalbIK, JKapaTbUIBICTaHy, JI€HCAYJIbIK
cakTay ’oHe IMOHAPaJIbIK KypCTaphbl.

I3ney crpaterusicel Google Scholar FeiTbIMEI
13MIey KYHeciHIe KoJgaHyFa OOJIaThIH KUIT
CO3/Iep MEH JIOTUKAJIBIK OTepaTopiap Heri3iHie
KYPBUIbI. Karap
KapUsTaHBIMIAPAbIH OonbmmorpadusIIbIK
MoJIiMeTTepl OacmanapblH pecMHu BeO-OeTTepi,
DOI (Digital Object Identifier) sxa36amapsl,

ERIC Oumim Oepy nepekkopsl xone PubMed

CoHbIMEH TaOBUIFaH

FBUIBIMA-MEAMIIMHAIBIK  JICPEKKOPBI
Kaiita  Tekcepinmi.  Tekcepy

apKbLIbI

OapbICBIHIA
KapHsIaHFaH
KBUIBL, KypHaAJ aTaybl, TOMbI, HOMipi, OeTTepi

MaKaJlaHbIH aTaybl, aBTOPJApBHI,
xoHe DOI colikecTiri Hazapra anbiHAbl. OCbIFaH
OaitmanpicTel  onebuerrep Google  Scholar
KYHECiHEeH TiKenel SKCHOpTTaIFaH JIepeKTep
KUBIHTBIFBI peTiHae emec, Google Scholar-ma
WH/IEKCTEJIETIH KOHE
aKmapatbl  CeHIMi

OnbmuorpadusIbIK
JICPEKKO3/Iep  apKbLIbI

pactaiiFaH FbUIBIMU KapHsJIAHBIMIAD PETIHIC
TNai/1anaHbUIbI.

oaeOueTTepai  3aey  Ke3iHAe — 3epTTey
TaKbIPBIOBI YIII HETI3T1 YFBIMJIBIK TOIKA OOJIiHII.
bipinmri Ton IBL omicin cumarTaidTeiH inquiry
based learning, inquiry-based learning sxone
guided inquiry TepmunaepineH Kypanasl. Exinimi
TON  3epTTeyAiH  OumimM  Oepy  JeHreiiH
aHBIKTaWTHIH Undergraduate, higher education
*OHe UNiversity TepMuHIepiH KaMThIIbI. Y ITIHIII
TOI  3epTTey  KY3BIPETTUIriHIH  HEri3ri
KOMITOHEHTTepiH Oimmiperin research skills,
research competence, scientific inquiry »xomne
critical thinking repmunaepines Typpl. [3neymig
KaMTy asChlH KeHeuTy xoHe IBL omiciHig
KEKEJICTeH TMeIarOTUKAIBIK KbIPJIAPhIH aHBIKTAY
YIIIH KOCBIMINIA KUIT CO31ep NalJalaHbIIIb.
Omapaein  Katapeina — scaffolding  —  Gimim
QIyIIBIFAa KE3EHMIK MeAaroTUKAIBIK KOJIIAy
kepcery, laboratory — 3eprxaHajbIK OKBITY,
evidence evaluation — FeUIBIMEH JONEIACPII
Oaramay, data analysis — nepekrepai Tamaay
oHe research confidence — 3eprrey kyprizyre
JeTeH CEHIMIUTIK TEPMHUHEP] eHri3imi.\

I3mey HOTHXKECIHIE aHBIKTAJIFaH
JKapusIaHbIMIAPIbIH TaKbIPBINTAPbI MEH
agJaTnaigapbl aJIIbIMEH 3epTTey MaKcaTblHa

colikecTiri OOMBIHINA KapacThIPbUIALL. Makaia
IBL omicin Tek skaHama Typ/ie aTall ©6TKeH, 0ipaK
OHBIH Ma3MYHBIH, KOJIJIAHBUIY JKOJIBIH HeMece
HOTIDKECIH TajlaMaFaH jKaraiiia oeou moiryra
eHrizinMeni. Herisri Hazap xorapbl OitiM Oepy
yUBIMIApBIHAAFEl  CTYAGHTTEPIIH  3epTTey
CYpaFrbIH KYpacThIpybl, FbUIBIMU 9JIeOUETTI 131€eY1
MeH Oaramnaysl, 3epTrey
OMICIH TaHJAAybl, JIepeK >KMHAybl, HOTHXeNnep.i

TunoTe3a YCBbIHYBI,

TaJIAAYyhblI, nenenz[i KOPBITBIHABI KaCaybl JKOHC
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3epTTEy HOTIIKEJEPIH YCHIHYBl KapacThIPBUIFaH
eHOeKTepre ayIapblbl.

Bacranks! i3geymMeH KaTap Kepi JoWeKCo3IiK
131ey oxici KonmansL1abl. byt onic 6oiibiamma IBL
callachIH/JAFbl  Iprefli  MeTaranjnayjiapibiH,
KYHeEN IOJYNapIbIH KOHE KOFaphl OUTIMIET1
IBL TyXbIpbIMAaMachlH KapacThIpFaH HETI3r1
MaKaJianapablH oneOueTTep Ti3IM1 TEKCepUIIL.
Con TBIMIEpEH 3epTTey TAKbIPHIObIHA COMKEC
KeNneTiH  OYpbIHFBI ~ AOMIMPUKAIBIK  JKOHE
TEOPHUSIIBIK €HOCKTep aHBIKTaNAbl. Ocipece IBL
Ke3eHepi,
KOJI/1ayhl,

13IE€HICTIH

OKBITYIIIBIHBIH
KYPBUIBIMJAJIFaH

OaFpITTayIIBI
KOHE
CTYIEHTTEP/IIH
3epTTey AaF/AbUIaphl MEH CHIHU OMIAYBIH TAaMBITY

aIIbIK
albIPMAILIBLUIBIFBI,
MoceNeliepiHe  apHaJFaH  JKapHsUIaHbIMJIapFa
0achIMIIBIK OepiIIl.

Ochl 3ey XoHE TEeKcepy paciMaepi oaeou
IIOJIyFa €HTI3UIMeH JIEPEKKO3IEPIiH TaKbIPBIITKA
COMKEeCTIriH onbmmorpadusITBIK
MOJIIMETTEPIHIH AYPBICTHIFBIH KAMTAMAaChI3 €TYTe
OarbITTaJIIbL. Jlerenmen 13aey OapIIbIK
Ka3bUIBIMIBIK FBUIBIMU JIEPEKKOPJIAp/ia TOJBIK
KYHeN TypJie )KYPri3UIMETeHIIKTeH, OYJI 5KYMBIC
dbopmManabl Kyieni HIONy HEMece MeTarajjiay
peTiHae emec, aWKbplH 13Aey emeMaepiHe

KOHC

HETI3JICNITCH  KYPBUIBIMJAIFaH oAeOM MOy
peTiHze KapacThIPbUIIbI.

Op eHOek OOMBIHIIIA aBTOP, JKbUI, OUTIM Oepy
NeHreii, MoHaiK KoHTekcT, IBL Typi, canbIcThIpy
IIAPThI, OJIIICHICH HOTIIKE, HET13T1 KOPHITHIH/IBI
kKoHe miekTey Oenrutenai. Hotwmxkenep Oec
TaKbIPHITIKA 3epTTey  CYparbiH

QIicTeEMEIK

KOATAJJIbI:
TYKBIpBIMIAY; xKocrapiay;
JIEPEKIeH JKOHE JQJeNIMEH JKYMBIC; FBUIBIMU
KOMMYHHKAIMsT MEH peQIeKcHs; 3epTTeyLILTIK
©31HIIK TUIMAUTIK. CaHIBIK HOTHXKEIep TeK

OacTamkKbpl HEMECE CHUHTE3IK €HOEKTE aHBbIK

OepiireH >karaiia KoJIaHbuiAbl. J(n3aitHel MeH
eJmIeMIepi eAQyip OpKelKi O0IFaHBIKTaH jKaHa
MeTatanjgay jkacanMmaabl. Merarangaynapabiy
JaiibIH  ocep KeyieMAepi KOHTEKCTIMEeH Oipre

KeNTIpiIAl, an e3iHIIK ecem, OKy ©HIMI >KoHe

00BEKTUBTI TECT HOTIKETEPl UGN
TYCIHIIPUIAL.

Honennep 3epTrey nu3allHbIHA Cald ChIH
TYPFBICBIHAH ~ Kapajipl:  MeTaTanjaayiapja
IpIKTEY MEH reTepOreHIIK;

KBa3MIKCTIEPUMEHTTEp/Ie OacTanmkbl TEHIIK TIEH
CaJIBICTBIPY TOOBI; KYpPCTHIK Oarayaymapja Oip

IpIKTe€Y, OKBITYLIBl dcepi
eNmeMJIepaiH  OOJyHI;
3epTTeyiepe KOHTEKCT IeH HHTEePIPETAIlUSTHBIH
Heri3autiri eckepuiai. dopmanaer ombedan camna
Oabl  OEpUITEH  JKOK, oprypiti
Iu3aiHmapapl Olp caHFa OIPIKTIPY >KaHCAKTHIK
TYFBI3a/IbI.
arbUIIIBIH

MEKEMEIIK JKOHE

BaJIMITI CalaJIbIK

OITKEH]

OacelM  Oeiiri

STEM
JICHCAYIIBIK CaKTay cajajlapblHa KapHusUTaHFaHbI
CBIPTKBI BAJIUITUTIKTI IIEKTEH/II.

O1eOneTTEPTIH

TUIIHAE  JKOHE HEMeCE

3 HoTtuxenep
3.1 IBL w™meH 3epTTey Ky3BIPETTUIIrHIH
KYPBUIBIMIBIK COMKECTIr
IBL mmkoti 3epTTeyiiHiH IMIIHAWBI OPEKETIH
MmacimTabpiHa — Kemipeni.  barmapnany
CTYAGHT TpoOJIeMaHbIH
aHBIKTAMIbI; TY)KBIPbIMIaMaJIay Ke3CHIHE CYpaK
NICH THIOTe3a Kypajbl; 3e€pTTEY KE3CHIHIE JIiC

OKYy

KEe3eHIHIIE MOHIH

TaHJAN, JACPeK JKUHAWABI JKOHE TaJlaiIbl;
KOPBITHIH/IBI Ke3eHIH e Jnen MEH
TYKBIPBIMHBIH CoMKecTIriH TeKCepe/i;
TaJIKbLIay 1A HOTHXKE YCBIHA/IBI KOHE

mekreynepre pediexcus sxacaiinel (Pedaste et
al., 2015). Congpiktan IBL 3eprrey omictepi
Typanbl JeKIapaTUBTI OUTIMII FaHA e€MeC, OHBI
KOJIJaHy JKaraiiblH YipeTyre MyMKIiHJIIK Oepei
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1-xecrte. IBL ke3eHaepi MEH 3epTTEy KY3bIPETTLTIrh KOMIOHEHTTEPIHIH COUKECTITri

IBL xe3eni CryneHT apekeTi 3epTTey Ky3bIpeTTidiri Baranay enimi
Barnapaany [Ipobnemanslk  xarmaiimel  MaceneHi mekrey, I[IpoGiema kapTacel
TYCiHY ©3eKTLTIKTI Herizaey
TyKpIpBIMIaMAIay Cypak koHe THIoOTe3a 3epTTelCTiH cypak, 3eprrey CYparsbl MEH
YCBIHY aliHpIMaIbLIAP, OOIXKAM TUNoTE3a
3eprTey Opic TaHgay, Aepek skuHay  JluzaiiH, emmiey, Jepek XaTramMa JKOHE JIepeKTep
canacsl JKHBIHBI
KopsIThIHABI Hepexri unatepnperanpsinay  Jonmenmin  KeTKUTKTUIT, HOTHKE jKOHE KOPBITBIHABI
Oanama TyciHaipy
Tankeliay KomMyHuxanus xoHe TweutblMum  xka3y, mekrey, Ecem, mocrep, aybI3lia
pedaexcus 9THKA, TY3ETY KOpFray

3.2 Kaanbl THIMAUIIK KOHE

OarbITTayABIH POJIi

Kanmsl OU1iM HOTHXKEJEpIHE apHAJIFaH 1pi
cuntesnep IBL-miH oH omeyeTiH kepceTel.
Minner >xone opinrtectepi (2010) 138 3eprreyai
Tangan, OUTIM alylmIbIHBI FBUIBIMH 3€pTTEyre
XKOHE  JepeKTepleH  KOPBITHIHIBI  jKacayFra
OEJICeH/TI TApPTATHIH TICUIIEP TYXKBIPHIMIaAMAJTBIK
TYCIHY/I1 KU1 )KaKcapTaThIHBIH aHbIKTa b, Furtak
x)oHe opintectepidiy (2012) 37 skcnepuMeHTTIK
KOHE KBa3UIKCIICPUMEHTTIK 3epTreyai
KaMTBIFaH MeTaTajiayblH/a opTalia acep Kejemi
0,50 001 /1BI. ABTopiap AIUCTEMAJIbIK
opekeTrTepre MoH O€preH JKOHE OKBITYILbI
OarpITTaFraH OKarjaljgap HEFYPJIbIM  THIM1
OoJsiraHBIH KepceTTi. by HoTmwxkenepaiH keoi
MEKTeIl KOHTEKCiHeH ajiblHFaHabIKkTaH, XKOO-ra
TiKenell keuripinmeyi Tuic; nerenMen onap IBL-
JIH ocepi TEeK «EpPKIHIIKKE» €MeC, FhUIBIMHU
ManbIMIay bl YUBIMIACTBIPY
0aiiaHBICTHI €KEHIH JoNeACH/I1.

Lazonder >xome Harmsen (2016) 72
3eprTeyai  OipikTipin,  OaFbITTayJblH  OKY
opekertepine d = 0,66, TancelpMaHbl OpPBIHAAY
tabpickiHa d = 0,71 xoHe oKy HoTIXKenepiHe d =
0,50 nmeHreifinaeri oH bIKHAIbIH Xabapnaasl. byn
MeTaTajay 3epTTey KY3bIPETTLIIriH

callaCblHa

KaJIBIITACTRIPYAa CTYICHTKE JKayarThl TiKellei
OepyeH repi, mpoIecTi 0ackapyra KOMEKTECETIH
Cypakrap, 3BpUCTHKA, TYCIHIIpY, YJri, Oakpuiay
naparbl JKOHE Kepl OaljaHbIC THIMJI EKEeHIH
kepcerenl. Alfieri xoHe opintectepiniy (2011)
OacKapblIaThIH discovery KOHIHACT1
MeTaTajaaaysl Aa KOJaay KepCeTUIreH 13/1eHICTIH
OarbITTayChHI3 EKeHIH

KOPCETTi.

HYCKaJlaH CEHIMIIPEK
3.3 3eprrey cyparbl, aKNaparTbIK i3jgey
JKOHe JIicTeMelliK JKocapJaay
KOO crynentrepi 6acrankpl Kypcrapaa
«TaKBIPBIID) TIEH TEKCEPUIETIH 3epPTTEy CYpaFrblH
KWl axbIpata anMmaiael. Levy xone Petrulis
(2012) 6ipinmii Kypc CTYASHTTEPIHIH Inquiry MeH
research Typainbl TYCIHIT1 OpKeNKi €KeHIH >KoHE
alllbIK TalChlpMa aJJIbIHIA YFBIMIBIK Oarjaap
KaXXET eKEHIH aHbIKTaJbl. baFpITTanran inquiry

XKoOamapbiHia CYpPaKTBIH eJeMaepi,
oneOuernieH  OalIaHBICBI  JKOHE  OPBIHIATY
MYMKIHITr1 YJriMeH KepCceTUIreH 1e

CTYIEHTTEPAIH 3epTTey CEeHIMALUIIr1 apTajbl.
Anaromust cryleHTTepiHe apHairaH guided
inquiry xobacbiHAa 9aeOueT 131ey, AepeKKo3ai
any, JoHeKce3/ey, CYpaK Kypy *KoHe HOTHXKEeH1
xabapnay OoiibIHIIIA O3IHIIK CEHIMHIH OapIbIK
eJIIIEHTeH KopceTkinli xkakcapraH (Bentley et al.,

10
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2015). Anaiima Oy HOTHDKE HETI3IHEH ©31HJIK
€CeMKe CYHEeHeNIi, COHIBIKTAH HAKThl OHIM
caraceIMeH Oipre OaramaHybl KEpeK.

Willison xone O’Regan (2007) ycoiaran
Research Skill Development meHGepi 3epTTey
nepOecTIriH  JKaObIK  TalchIpMaZaH  allbIK
3epTTeyre Kapail caTbUIbl apTTHIPY/Ibl YCHIHAIBI.
byn noruka IBL xoOanayra naiinansl: OipiHIIi
KE3€HJIE OKBITYIIIBI MACelle MEH JIEPeK KUBIHBIH
Oepeni; Keneciie CTYIEHT OICTEp apachblHaH
TaH/Iai/Ibl; COHBIHA CYPAK, SMIC KOHE JOIIEINICY
JKOJIBIH 031 YChIHaAbl. MyHIail Ke3eHAey KaHa
OactaymibiFa IMpoleIypaIblK HETri3 Oepelll KoHe
TAWBIHIBIK apTKaH

3epTTEYIIUTIK JKayarKepIUTiKT1 KEeHEHTe 1.

CaiibIH HIBIHAMBI
3.4 [lepextepai Tagjay KoHe IdJIeJIAI
naibiMaay
IBL-1iH 3epTTey KY3BIPETTUIINIHE €H
TIKEJICH BIKMAJbI JIEPEKIICH KXYMBIC OapbhICHIH/IA
Oaiikanaapl. Inquiry-3eprxaHanapblHIa CTYIACHT
00JKaMBbIH eJIey HOTWIKETIEPIMEH
CAJIBICTBIPBII, AyBITKY/bl KaTe JIeM >KaChIPyAbIH
OpHBIHA OHBIH CEOCNTEPIH TYCIHAIpYre MOXOYp
oonmanel. Weaver, Russell xone Wink (2008)
3epTTEYre HETI3JICNTeH 3epTXaHalbIK TOKIpHOe
CTYJIEHTTIH 3€pTTEy MpoIeci Typajabl TYCIHIT1H
KOHE FBUIBIMU OPEKETKE KATBICYbIH KYIIEHTE
anateIHBIH KopceTTi. Gormally sxone opinrecTepi

(2009) inquiry-3epTxaHaHbIH FBUIBIMH
cayaTTBUIBIK JIaF[blJIApbIHA, COHBIH  INIIHJC
o1e0ueTT1 nanganany MEH JepeKTepai
UHTEpIpETAlMsIayFa  BIKIAJIbIH  Oaraiajpl.

Blanchard sxone opintectepi (2010) GarpiTTanFan
inquiry MeH JocTypdi verification 3epTxaHachblH
CaJIBICTBIPBIN, OarbITTaNFaH (HOPMATTHIH OLTIM
MEH 3epTTeylIUIK MalbIMaayFa  KOJauibl
00JIaTBIHBIH KOpCETTi, OlpaKk HOTHXKE MyFalliM

JasipIIBIFBl MEH ICKE achIpy camacblHa TOYeNIi
007b1.
3epTxaHaiblK ecenTepai TiKeJeH
TajJaraH 3epTTeyJep MaHbI3IbI, ce0ebi onap
«O3IMJII JKAKCHI CEe31HIIM» JeTeH KaObUIaayIaH
repi HaKThl JA2JIEN/I1 KOJ/IaHy carachlH eJIIei L.

Brownell xxone opinrecrepimen cabakrac CURE

onebueri CTYJIEHTTEPAIH JepeK
MHTEPIIPETALMSICHI, OENTICI3NIKIIEH )KYMBIC JKOHE
FBUIBIMH ~ apIYMEHTAIMSCHIH  JaMBITY  YIIiH

JKaHAJBIFI 0ap cypak, KaWTajgama HTepaims,

BIHTBIMAKTACTBIK JKOHE HOTIDKEHI  KEHIpeK
KayBIMJIACTBIKIIEH O06JIiCy JJIEeMEHTTEpIH aTar
kepceteni (Auchincloss et al., 2014; Corwin et
al.,  2015). OapiblK  Inquiry

3epTXaHachl HIbIHAWBI 3€pTTEY e€Mec: HOTHXKecl

Hereamen

aJIJIBIH ayia OeNTUTl «PEelenTTIK» ToXKIpubdere Tex
Cypak OenriCiH KOCY CTYIEHTTIH 9JIiCTeMEIiK
HIeNIM KaObIIAaybIH ©3repTIIeyl MYMKIH.
3.5 Foribivu KOMMYHHMKALMS,
pedieKkcus MxIHe 3ePTTEYUIiJIIK COlKeCcTiK
3epTTey Ky3bIPETTLIIr HOTH)XKECH] allyMeH
asiKraiamaiinel. FeuieiMu ecen, mocrep, aybl3iia
KOpFay JKOHE KypJacTapAblH  PELEeH3UsICHI
CTYIEHTTI1 J9JIe]1 MEH KOPBITHIH/bI apachIHIAFbl
OaifIaHBICTBI aIlIBIK KOPCETYre HTEePMENIeu/Ii.

Undergraduate research ToxipuGenepi Typaibl

eHOeKTep CTYOCHTTEpAiH FBUIBIMH  OWIIay,
KOMMYHHUKAIIMsI, ©31HE CEHIM J>XOHE 3epTTeyIli
peTiHe CcoWKecTeHyiHJIe ©ociM  Ce31HeTIHIH

kepcereai (Seymour et al,, 2004; Hunter et al.,
2007; Lopatto, 2004). byn enGektepain Oip
Oemiri IBL-mi keke WHTEpBEHIMs pETIHJIE
6enmeiini, 6ipak IBL-aiH Tynki MakcaTsl OOJIBII
caHanatelH authentic research KaThICYBIHBIH
BIKTUMaJ HOTHIKEJEPIH TYCIHAIpE .

11
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Rodriguez »xone opinrecrepi (2019) 529

61/IOM€[II/IIII/IH8, JKOHC MEAUIIMHA CTYI[eHTi

KaTbICKaH amblK, noHapaublK IBL kypceiH

Oaranmam, 3epTTey MEH  IIbIFapMaIIbUIBIK
JaFAbUIapbIH  JITAMBITY MYMKIHZIITIH KOpCeTTi.

JlerenMeH TonTap paHIOMU3alMsUIaHOaFaH jKOHE

KeHOip HOTHXKeJIep KalbLijay cayalHamaiapsbl
MEH OKBITYIIBI OarackiHa cylieHreH. COHIBIKTaH
OyJ1 3epTTey MEePCIEKTUBAIIBI iICKE achIpy YJTICIH
Oepeni, Oipak ceOen-calgapibIK dCEPIiH COHFBI
JoIIeTi OOJTBITI CaHATMATbI.

2-kecre. IBL THiMIUTINiH KaMTaMachl3 €TETIH HET13T1 mapTTap

MapT

HenikTeHn MaHBI3ILI

IpakTuKaANBIK HIEiM

CartbLibl aepbecTik

HoBucre ammsIk TancblpmMa KOTHATHBTIK
JKYKTEMEHI ecipeni

KypeuibMaansan — OaFbITTalfaH —
allbIK inquiry

IIpouecrik scaffolding

CTy#eHT FBUIBIMU OpEKETTIH pETiH
JKOFANITYbl MYMKIH

Cypak yirinepi, 3BpUCTHKA, apaliblK
JleJU1aiiH, KOHCYJIbTalus

AMKBIH DaFanay

Texk cOHFBI IyphIC jKayall OarayiaHca,
3epTTey nporeci KkepiHoei i

PyOpukana cypax, aiic, Iepek, AdJel,
HIEKTEY JKeKe OaralaHChIH

Kaiitanama nrepamms

bip perTik TamcelpMa KaTelepAeH
y#ipenyre MyMKiHaik 6epmeiini

ITunor, xepi Oaitnanelc, KaiiTa Tangay
JKOHE TY3eTy

IIpiHaiis1 MpodieMa

AnnpiH ana Oenrini HOTHMXKE CTYIEHT
[IENIMIH a3aiTaIbl

BipHemie kapaMipl KOJIBl HeMece
Oenrici3 HoTHXeC] Oap cypak

Pecypc koHe yaKbIT

IBL kpIcka cabakra YCTIPT OpeKeTKe

Kiranxana, nepek, 3eprxana, UQPIbIK

aHasa bl

KypaJ )oHe YakbIT 0oy

4 Taakbuiay

Kunaxranran nonenaep IBL-nix 3eprrey
KY3BIPETTUIINH JIaMBITyIaFbl THIMJIUIITIH  YII
e3apa TYCIHIIpEai.
BipiHmiizieH, CTyIeHT FBUTBIMU OPEKETTIH TOJIBIK
IUKITIH OPBIHAAUIBI; OCBI apKBUIBI JJIIC TYpaIbl
OLIIM KOHTEKCTE KOJJAaHbLIanasl. EKiHIIigEH,
Oenrici3miKk TeH OipHelie BIKTUMaJl TYCIHIIPY
b (=Y () Oaranaybl erel.
YWiHIIiACH, HOTHXKEHI KypJacTapra HeMece
OKBITYIIIBIFA YCHIHY ACBIPbIH OWJIay MPOIIECIH

OaliJIaHBICTBl  TETIKIIEH

CcallaCblH TaJiall

KOPIHETIH FBUIBIMH apryMEHTKE aiHaJbIPabl.
Mynpaaii Toxipube AOCTYpii A9picTe CHpPEK
maiiga 0oaabl.
Conpiven Oipre «IBL Ttuimai» peren
TYXKBIPBIM  JKeTKLTiKci3. ©Ocep IBL
aTayblHa TaTChIPMaHbIH HaKThI
Oenritepine Toyenni. Erep cryneHT maceneHi e,
onmicTi Jne, Oaranay enmemiH e OipieH o3i

YKAJIIIBI
eMec,

aHBIKTayFa TUic Oosca, MOHAIK OumiMi a3 OuriM

aylibl HET3T1 FBUIBIMH VFBIMJIBI YUPEHYIH

OpHBIHA  KE3JCHCOK I3/IEyMEH aHHaJBICYBI
MYMKIH. COHIBIKTaH Kirschner JKOHE
opintectepinin  (2006)  ChIHBI  TOJBIKTaH

ecKepyci3 KaiMaysl THic. bipak OyJ1 CbIH 6apibIK
Inquiry TOCUTIH KOKKa IIbIFapManbl, OJI
OarpITTayChl3 HYCKAHBIH IIEriH  KOpCceTe/Il.
Hmelo-Silver sxone opinrectepi (2007), Furtak
opintectepi  (2012),
Harmsen (2016) pmomenaepi Tuimai
OpTaChIHBIH KYPBUIBIMIAIFaH

KOHE Lazonder sxoHe
inquiry
KOJIZayFa
CYWCHETIHIH aifKbIH A Ibl.

KOO vymin eH Heridali Moaenp —
nepOecTikTi Kypc OOWbIMEH KoHe OuTiM
Oarymapnamachl JeHreilinge aprrelpy. bipinmni
KypCTa OKBITYIIBI TaKbIPbII TEH TEKCEpUIreH
JIEPEKT1 YCBIHBIN, CTYAEHT CYPaKTbl HAaKTanIbl
KoHE Tajjiay xacaipl. OpTa Kypcrap/a CTyAEHT
OMIICTI TaHMam, JepeKTi 31 »uHaiasl. JKorapsl

KypcTa allblK inquiry Hemece course-based
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undergraduate research experience ¢hopmaTsiHaa
Mocenie, 9JIiC, Tajjay MEH KOMMYHHUKAIHSHBI
oipikripeni. byn monens Levy skone opinTecrepi
(2010), Aditomo xone opinTectepi (2013)
CHIaTTaraH inquiry ¢opMalapbIHBIH ITOHIIK
oprypiinirin cakraiiabl xkoHe Research Skill
Development meHOepiHIert nepoecTik
caThUIapBIMEH YHJIECEI].
baranay >xyiieci ne e3repyl Kaxker. Tek
COHFBI JKayall HEMece €CENTIiH ChIPTKbI PaciMi
OarayaHca, CTYIEHT THUIOTE3a CallachlH, OJIIICY
TONJINH, JAepeK Tasajay IIeHIiMaepiH >KoHe
Oamama  TyCIHAIpYyIepai
AHaTUTUKAIBIK pyOpHKaza KEeMIHIE MOCENCHI
CYPaKTHIH
JepeK TaNIayIbIH
TYPBICTBIFHI, KOPBITBHIH/IBIHBIH ToTIeTIMEH
OailyIaHbICHI, IEKTEYIeP, aKaAEMISUTBIK alalIIbIK

eneMeyl  MYMKIH.

HETI3]1ey, QMICTIH

COMKECTITI,

3epTTenyl,
camnacsbl,

KOHE KOMMYHHKAIMS KAMTBUTybl Kepek. bip
TarchIpMaHbIH 0arachl KY3bIPETTUTIKTIH TYPAKThI
JTaMYbIH JQJIEIIEMEUTIHAIKTEeH, TOPTHOIHO MEH
OipHele Ke3eHeT1 OHIMIep Taiaabl.
Honenaep 0a3achblHBIH TOPT MAaHBI3IbI
mekreyl ©Oap. IBL  aHbIKTamamapsl
WHTEPBEHIIMS JCHIeiepl opkenki; structured,
guided xoHe open inquiry Oip caHaTKa

MCH

KOCBUIFaH/1a 9Cep/IiH MeXaHu3M1 koranajpl. Ker
3epTTey O3IHAIK CEeHIM MeH KaObUiaayabl
eNIenl, aJl oJlap OOBEKTHBTI 9ICTEMEIIK
camamMeH TeH emec. bip Kypc Hemece Oip
YHUBEPCUTET YITUIepl kKoHE PaHIOMU3ALUSHBIH
O6onMaybl  ceOemn-canaapiblK  KOPBITHIHIBIHBI
ancipereni. STEM MeH JdeHcaylblK cakray
3epTTeysepi 6ackiM; I'yMaHUTAPIIBIK, QNIEYMETTIK
reIBIMIap koHe Opranbik  Asua KOO
KOHTEKCIHIeT1 jgonmenjep Oyin i3aeydae a3
aHBIKTAIJBl. «3epTTey >KOK» JCYAIH OpHBIHA,
OCBI LIOJY asChIHJA XKEePriTiKTi )KOFaphl Ccarabl

CaJIBICTBIPMAJIbI 3epTTeynep KETKUTIKCI3
TaOBUIIBI IET TYKBIPBIM/IAY TYPHICHIPAK.

5 KopbITbIHBI

IBL xorapel OuTIM aNymIbUIAPBIHBIH
3epTTey KY3BIPETTUIINIH JaMbITyFa oJIeyeTi
#oFapbl of1ic. OHBIH €H BIKTUMaJl HOTHXKeNepl —
3epTTENETIH CYpaK Kypy, ACpeK TeH AdJenl
Tanaay, 9AICTEMENIK MM KaOblUIaay, FRUTBIMU
apryMeHTTey, YCBIHY

3epTTEYIIUIK CeHIMAUTIK. JlereHMeH THIMAUTIK

HOTWIKEHI JKOHE
OUTIM aNymIBIHBI «©3 OCTIMEH KaJAbIPyIaH»
TybIHIaMalipl. HoTmoke OarbITTayImmbsl KoJjay,
OIpTIHAET apTaThblH JepOECTIK, IIbIHANBI 3ePTTEy
MpOILIeCTi pyOpuka,
KaiTalaMa Kepi OaiJlaHBIC JKOHE JKETKUTIKTI

MIHJIETI, OaraTa ThIH
pecypcrieH KaMTaMachl3 eTUINeH Ie KYIIeHeTi.
[TpakTukaibIK TYpFbIJIaH KOO
MOHJAEPIHAE YII CaTbUIbl MOJEb YCHIHBLIA/IbI:
KYPBUIBIMIQIFAH  inquiry 3epTTey
JIOTUKAChIH  YHpETY; inquiry
apKBLJIbI SIC MIEH JIJIEN TaHJAy bl KATTHIKTBIPY;
amiplK  INquiry apKbpUIbI  CTYACHTTIH  TOJIBIK
3epTTey  KayanKepuIuliria
bonamak 3eprreynep KenMeKeMeliK KoHE Y3aK
Mep3iMai  Au3aiHIapIbl,
0arachlH, BAJIMATI KY3BIPETTUIIK KypaiaapbliH

APKBLIBI
OarnITTaJIFaH

KaJIbIIITaCTBIPY.

OOBEKTUBTI ©HIM

xkoHe Kazakcran JXOO-napelHIarel TOHIIK
epeKIenikTepai KamTysl THic. OcChl mapTTap
opbiHpanranga IBL 3eprrey omictepi moHIH
TOJIBIKTBIPATHIH FaHA €MeC, 3epTTEYIIUTIK onIay
MEH 9pEKeTTi OKY OarIapiaMachlHbIH KYHIETIKT1
TOXKIpuOECiHe EHTI3eTIH MeJarorhuKaibIK XKyiie
0o1a ajmajpbl.
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Abstract

Background and purpose. This article explores the patterns of change in speaking behaviour,
classroom engagement, and motivation among ninth-grade EFL learners (N = 26; two parallel classes,
9“B” and 9°V”’) when communicative language teaching (CLT) and task-based learning (TBL) were
systematically implemented during a seven-month teaching practicum at a secondary gymnasium in
Almaty, Kazakhstan. Materials and methods. A qualitative practitioner action research design was
employed. Data were collected through structured classroom observation, a reflective practicum
diary, supervisory feedback records, and learner questionnaires administered at the start and end of
the placement. Sources were triangulated to identify convergent patterns of change. Results.
Convergent evidence across all four data sources indicated consistent positive changes in learners’
willingness to engage in spontaneous spoken interaction, sustained target-language use during
collaborative tasks, and self-reported speaking confidence. These findings are consistent with those
of comparable CLT implementation studies in secondary EFL contexts. Conclusion. Sustained and
systematically implemented communicative instruction within a pre-service practicum context was
associated with meaningful patterns of change in EFL learners' speaking behaviour and motivational
engagement at the secondary school level.

Keywords: action research, communicative language teaching, EFL speaking skills,
secondary education, teaching practicum

KA3AKCTAH/IBIK OPTA MEKTEINTE BACTAIKBI IEJATOTMKAJIBIK IPAKTUKA
KE3IHJIET'T KOMMYHUKATUBTIK TLIII OKBITY/AbI EHII3Y: IC-OPEKETTIK
3EPTTEY

AHaaTna

AJFBIIIAPTTAP MeH MaKcaT. Makana neiarorukasiblK MpakTHKa (Ka3aH—coyip) Ke3eHIHe
KOMMYHHUKATUBTIK Tinaepai okbiTy (CLT) sxoHe Tancelpmara HerizaenreH okuiTy (TBL) amictrepin
xyHeni konaany 6apsiceiga 9-ceiabin EFL okymbutapeiasig (N = 26; 9 “B” xone 9 “B”) ceitney
MIHE3-KYJIKbIHIaFbl, cabaKKa KaTbICYbIHAFbl )KOHE MOTHBAIMACHIHIAFbI ©3repicTepliH OaKbUIaIFaH
YJITiIepiH 3epTTeyre apHajfaH IC-OpeKeTTIK 3epTrey. Marepuajaap MeH daictep. 3eprreynae
JepeKTepAl TPUAHTYISIIHIIAY TOCUTI KOJAAHBUIFAH CalallbIK iC-OpeKeTTIK 3epTTey (action research)
ontici maiiananelAbl. Jepekrep oKy yaepiciH 6akpliay, NPaKTUKAHTTHIH pedUIeKCUsIIBIK KYH/IEMIr1,
oNlicKep/IiH Kepi OaillaHBICHI KOHE OKYLIbLJIApFa JKYPri3uIreH cayalqHaMa HETi3iH[e >KUHAKTaJIbl.
Hotumxkenep. 3epTrey HOTHKECIHIE OKYUIBUIAPAbIH CIOHTAH/IBI aybI3llIa KApbIM-KAThIHACKA TYCYTe
JAWbIH/IBIFBIHBIH, TONTHIK KOMMYHHUKATUBTIK TalchlpMasiap OapbIChIHJA aFbUILIBIH TUTIH TYPaKThI
KOJIIaHYBIHBIH KOHE KOMMYHUKATUBTIK CEHIMAUIIK ACHreHiHiH OIpTiHAen apTKaHbl aHBIKTAJIBI.
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KopbITBIHABL. 3epTTey HOTHXKENEP] MeIarOTUKAIBIK MPAKTHKA Ke3EHIH/Ie KOMMYHHUKATHUBTIK OKBITY
omicTepiH >kyHem KoimaHy karmaibiHna EFL OKymIbUIapBIHBIH CeWJey MIHE3-KYJIKbI MEH OKY
yAepiciHe KaThICybIHIa OaliKaaFaH e3repicTep/IiH 0ap eKeHIH KOpPCETeIi.

Kinm ce3oep. ic-apexemmik 3epmmey, KOMMYHUKAMUBMIK MINOIK OKbIMY; Opma MeKmen,
neoazocuKaIblK NPaKmuka, couiey 0agovliapol

BHEJIPEHUE KOMMYHHUKATHBHOI'O METOJIA OBYYEHMUA A3bIKY B IIEPUO/
HNEJATOTUYECKOU ITPAKTUKH B KASAXCTAHCKOU CPEJHEU HIKOJIE:
HCCJEIOBAHUE-JIENCTBUE

AHHOTaNUA

Hpemnochiikn m  weab. Crarbss mpenacTaBiasier co0OM  HccienoBaHUE-IEHCTBUE,
MOCBAIMIEHHOE H3YyYEHHIO HAOII0JaeMbIX 3aKOHOMEPHOCTEH HM3MEHEHHH B pEeYeBOM IOBEICHHH,
BOBJICUEHHOCTH B yUeOHBIN MpoLiecC U MOTUBALMH ydamuxcs 9-x kinaccoB (N = 26; kinaccel 9 «b» n
9 «B») mpu cucreMatuyeckoM NnpuMeHeHHMH kKomMMmyHukatuBHoro merona (CLT) m oOyueHus Ha
ocHoBe 3aianuil (TBL) B mepuos nmemarornyeckoil mpakTuku (OKTsOpb—amnpeins). Marepuanbl u
MeToabl. [lpuMmeHsicss MeToJ KadyeCTBEHHOTO WCCIENOBaHMS-ACHCTBUS (action research) ¢
TpUAHTyJsMel JaHHbIX. [laHHbIE cOOMpanuCch TOCPEICTBOM HAOIIOEHHS 32 YYEOHBIM MTPOLIECCOM,
peQIEeKCUBHOIO [HEBHMKA IPAKTHKaHTA, OT3bIBOB METOJUCTAa M AHKETUPOBAHMS YydalllUXCH.
Pe3yabTaThl. 3aUKCHpPOBaHbl YCTOHYMBBIE MOJOKUTEIbHbIE U3MEHEHHS B TOTOBHOCTH Y4YaIllUXCSI
K CIIOHTaHHOMY PE€Y€BOMY B3aUMOICHCTBHIO, HCIIOJIb30BAHUH AHTJIMKACKOTO SI3bIKa B KOOTIEPATUBHBIX
3aJaHUAX M CaMOOIIEHKE KOMMYHUKATMBHOM yBEpPEHHOCTH. 3akjuyeHHe. Pe3ynbraTsl
HCCIIEIOBAaHUS CBUAETEIILCTBYIOT O HAJIMYMU HAOIIOAaEMbIX U3MEHEHMH B pEe4eBOM IOBEJIECHHUU U
yueOHoi BoBieu€éHHOCTH EFL-yyammxcs B yCIOBHSIX CHCTEMAaTHYECKOTO  TPUMEHEHUS
KOMMYHHUKATUBHBIX METOZ0B O0y4eHHUs B IEPUO/I 1€ArOTUIECKOM MPAKTUKH.

Knwoueswie cnosa: uccreoosanue-oelicmeue, KOMMYHUKAMUBHOE OOYUeHUE A3bIKY, HABbIKU
YCMHOU pedu, neoazo2uiecKdas npaKkmukd, cpeoHsis WKoIa

1. INTRODUCTION

The development of oral communicative
competence among secondary school learners of
English as a Foreign Language (EFL) remains a
persistent challenge in post-Soviet educational
contexts, including Kazakhstan, where systemic
reforms have formally endorsed learner-centred
and communicative approaches yet classroom
practice frequently continues to prioritise
grammatical accuracy and written performance
over spontaneous spoken interaction (Ghafar et
al., 2023). This tension between policy intent and
instructional reality is particularly salient during
pre-service teaching placements, where student
teachers must navigate institutional conventions
while attempting to implement evidence-based
communicative methodology.

The present study reports on a seven-
month practicum placement (October—April)
conducted by a fourth-year pre-service EFL
teacher in two parallel ninth-grade classes at
Gymnasium No. 62 in Almaty. The central
research question addressed is: what patterns of
change in learners' speaking behaviour,
classroom engagement, and self-reported
motivation were observed during the sustained
implementation of communicative language
teaching (CLT) and task-based learning (TBL)
practices within a conventional secondary school
environment? The study employs a qualitative
action research  framework, triangulating
evidence from four data sources to document and
interpret change over the course of the
placement.
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The study contributes to an emerging
body of practitioner research that examines the
feasibility and outcomes of communicative
methodology in contexts where structural
constraints — including large class sizes, high-
stakes written examinations, and limited
instructional autonomy — present significant
obstacles to its implementation (Azizah et al.,
2023; Negewo et al., 2023).

2. LITERATURE REVIEW

2.1 Communicative Language
Teaching in Secondary EFL Contexts

Communicative language teaching has
been widely recognised as an effective
framework for developing spoken language
competence in EFL settings (Hui & Yunus,
2023). Grounded in the principle that language
learning is facilitated through meaningful
interaction rather than through the isolated study
of formal structures, CLT repositions the learner
as an active participant in communicative
exchanges and the teacher as a facilitator of
interaction rather than the primary source of
linguistic input (Fauzi & Ridwan, 2025).
Empirical evidence consistently supports the
efficacy of CLT in improving speaking skills:
Winarno et al. (2025) demonstrated that role-play
activities embedded within a CLT framework
produced statistically significant gains in
speaking ability among Indonesian secondary
school students, while Azizah et al. (2023)
documented systematic shifts in teacher
behaviour and learner participation when CLT
principles were implemented in spoken language
instruction at the secondary level.

A recurring finding in the literature
concerns the role of reduced teacher talking time
and increased opportunities for learner-initiated
output in promoting fluency development.
Ghafar et al. (2023), in a review of CLT
implementation studies, identified the creation of
low-stakes communicative contexts — in which
learners are encouraged to prioritise meaning
over grammatical accuracy — as a central
mechanism underlying observed improvements

in spoken production. This insight informed the
instructional design of the present practicum, in
which fluency-first feedback protocols were
adopted across all communicative task types.

2.2 Task-Based Learning and Learner
Engagement

Task-based learning  represents a
methodologically coherent elaboration of CLT
principles, organising instruction around the
completion of purposeful communicative tasks
graded to learners’ developing proficiency
(Rampeng et al., 2025). Rampeng et al. (2025)
demonstrated that integrated active learning tasks
in secondary EFL classrooms produced
significant improvements in both speaking
proficiency and learning motivation, attributing
these gains to the increased sense of
communicative purpose afforded by task-based
instruction. Similarly, Shalaby and Badr (2024)
found that constructivist learning activities —
which share key design principles with TBL —
substantially enhanced EFL speaking skills
among secondary school learners, with effect
sizes suggesting that task authenticity and learner
agency are particularly powerful drivers of
improvement.

The sequencing of tasks from structurally
supported formats to progressively more open-
ended communicative interaction has been
identified as a critical design consideration
(Gonfa, 2023). Gonfa’s (2023) investigation of
cooperative language learning in secondary EFL
classrooms found that scaffolded task
progressions — in which initial tasks provided
clear structural support before requiring more
autonomous production — were associated with
greater speaking skill development than either
unstructured free practice or purely form-focused
instruction. This evidence base directly informed
the practicum’s instructional sequence, which
moved from paired information-gap exercises
and structured role-plays in the early weeks
toward guided debates and open group
discussions in the final phase of the placement.

2.3 Motivation, Affective Factors, and
Classroom Climate
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The relationship  between affective
classroom conditions and EFL speaking
development has received substantial empirical
attention. Lee et al. (2023) demonstrated that
intercultural communicative competence and
motivational ~ engagement are  mutually
reinforcing in online EFL contexts, suggesting
that tasks with genuine communicative value —
tasks that learners perceive as purposeful and
relevant — generate higher levels of intrinsic
motivation and sustained participation. This
finding resonates with broader theoretical
accounts of motivation in language learning,
which identify task value and perceived
communicative competence as central predictors
of engagement and persistence.

Negewo et al. (2023), examining EFL
teachers’ beliefs and practices in secondary
schools in Ethiopia, found a persistent gap
between teachers’ espoused communicative
beliefs and their actual classroom practice, with
anxiety about learner error and concern for
curriculum coverage identified as primary
inhibiting factors. This contextual parallel is
relevant to the present study, in which the
practicum teacher deliberately adopted fluency-
first feedback and error tolerance norms as a
mechanism for reducing learner anxiety and
creating a classroom climate conducive to
spoken risk-taking.

2.4 Reflective Practice and Practicum-
Based Research

The value of structured reflective practice
as a component of pre-service teacher
development is well established in the literature
(Farrell, 2015). Mahmud et al. (2023), examining
the use of lesson study approaches in senior high
school English classrooms, found that systematic
collaborative reflection — in which teaching

practice was iteratively analysed against
observed learner outcomes - produced
measurable  improvements in  students’

communicative competence. The present study
draws on this reflective tradition, employing a
practicum diary and supervisor feedback cycles
as both a professional development tool and a

primary data source for documenting
instructional adjustments and their observed
effects.

3. MATERIALS AND METHODS

3.1 Research Design

This study adopts a practitioner action
research design within the qualitative tradition of
classroom-based inquiry (Farrell, 2015). Action
research was selected as the methodological
framework because the study’s primary aim was
not to isolate a single causal variable under
controlled experimental conditions, but rather to
document, interpret, and iteratively respond to
the dynamics of a real classroom as
communicative methodology was introduced and
sustained across a full academic-year practicum.
The cyclical structure of action research —
encompassing planning, implementation,
observation, and reflection — was operationalised
through weekly lesson planning, structured
classroom observation, reflective diary entries,
and periodic supervisor feedback consultations.

In the absence of standardised pre- and
post-test scores, the study relies on structured
qualitative evidence triangulated across four data
sources, treated as indicative of pedagogical
change rather than statistically generalisable
findings. This epistemological position is
consistent with the interpretivist tradition in
practitioner research, which prioritises the
richness and contextual specificity of qualitative
evidence over the generalisability claims
associated with experimental designs (Negewo et
al., 2023).

3.2 Research Context and Participants

The study was conducted at Gymnasium
No. 62 in Almaty, Kazakhstan, during a
compulsory pedagogical practicum placement
that ran from October to April. The practitioner —
a fourth-year student enrolled in the “Two
Foreign Languages” programme at Abai Kazakh
National Pedagogical University — was assigned
sole instructional responsibility for two parallel
ninth-grade EFL classes, designated 9“B” and
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9“V”, with 13 learners enrolled in each class
(total N = 26). The placement was conducted
under the joint supervision of the school’s
English language subject teacher and a
university-appointed methodologist, both of
whom conducted periodic lesson observations
and provided structured formative feedback.

Both classes operated under the standard
Kazakhstani ~ secondary  school  English
curriculum, with learners at an estimated A2-B1
proficiency level on the Common European
Framework of Reference (CEFR) scale. The
practicum context was characterised by the same
structural constraints identified in comparable
secondary EFL settings in the region: a grammar-
translation instructional tradition, limited target-
language use outside formal lessons, and
assessment instruments weighted toward written
grammatical accuracy.

3.3 Instructional Design

The instructional programme
implemented across both classes was designed in
accordance with CLT and TBL principles. Each
lesson was structured around a three-phase
sequence: a pre-task stage introducing relevant
lexical or functional language; a task stage
requiring genuine communicative engagement
through information-gap exercises, structured
role-plays, jigsaw activities, group discussions,
or guided debates; and a post-task feedback stage
in which communicative effectiveness rather
than grammatical accuracy was foregrounded.
This design reflects the task cycle framework
identified in the empirical literature as effective
for secondary EFL speaking development
(Rampeng et al., 2025; Shalaby & Badr, 2024).

Task types were sequenced from
structurally ~ supported  formats  toward
increasingly open-ended communicative activity
across the seven-month placement. In the first
eight weeks, instruction emphasised paired
information-gap exercises and scripted role-
plays that provided clear structural scaffolding.
From the mid-point of the placement onward,
tasks progressively required greater learner
autonomy, culminating in unscripted group

debates and presentations in the final weeks. The
same instructional sequence was applied in both
9“B” and 9°V”, enabling informal cross-class
comparison of learner responses.

3.4 Data Collection Instruments

Four  qualitative  data  collection
instruments were employed and subsequently
triangulated:

1. Structured classroom observation —
lesson-by-lesson field notes documenting learner
participation rates, patterns of target language
use during collaborative tasks, instances of
voluntary spoken initiation, and observable shifts
in task engagement.

2. Reflective practicum diary — weekly
structured written reflections by the practitioner,
recording perceived changes in learner
confidence and  engagement,  recurring
pedagogical challenges, and specific adjustments
made to lesson design in response to observed
outcomes.

3. Supervisory feedback records — written
and verbal formative evaluations provided by the

supervising subject teacher and university
methodologist following scheduled lesson
observations.

4. Learner questionnaires — brief

structured  surveys administered at the
commencement and conclusion of the practicum,
eliciting  learners”  self-reported  speaking
confidence, enjoyment of communicative tasks,
and preferences regarding lesson activity types.
The learner questionnaire consisted of five
closed-ended items addressing: (1) self-reported
speaking confidence; (2) willingness to
participate in communicative activities; (3)
comfort with making mistakes while speaking
English; (4) frequency of English use during pair
and group work; and (5) enjoyment of
communicative classroom tasks.

Triangulation across these four sources
was applied as a validity strategy: findings that
appeared consistently across independent data
sources were accorded greater evidential weight
than those identifiable in only one instrument
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(Gonfa, 2023). Qualitative data were analysed
through thematic coding: observation notes and
diary entries were reviewed iteratively to identify
recurring patterns, which were then cross-
checked against supervisory feedback and
questionnaire responses to confirm convergence.
The practicum extended from October to April
and involved four English lessons per week
across two ninth-grade classes. Reflective
records were maintained throughout the
placement, with twelve structured diary entries
selected for analysis due to their completeness
and relevance to the research questions.
Although learner attendance varied slightly
across the practicum period, all 26 participants
contributed to at least one stage of the data
collection process.

3.5 Ethical
Researcher Reflexivity

The study was conducted within the
framework of a compulsory pedagogical
practicum at Gymnasium No. 62 in Almaty,
Kazakhstan. The implementation of
communicative activities took place during
regularly scheduled English language lessons
under the supervision of the school's designated
practicum mentor and a university-appointed
methodologist. As the activities formed part of
normal classroom instruction and no sensitive

Considerations and

personal data were collected, participation posed
no foreseeable risks to learners. All questionnaire
responses were collected anonymously and
reported in aggregated form to ensure participant
confidentiality.

Given the dual role of the practitioner as
both teacher and researcher, several measures
were taken to mitigate potential confirmation
bias. Findings were triangulated across four
independent data sources and discussed
periodically with the university practicum
supervisor and the school mentor. Reflective
diary writing was additionally employed to
encourage critical self-evaluation throughout the
practicum period.

4. RESULTS AND DISCUSSION

4.1 Observed Changes in Learner
Speaking Behaviour

Table 1 presents a structured qualitative
comparison of four behavioural and attitudinal
indicators across the start and end of the
practicum in both 9“B” and 9°“V”. Given the
absence  of  standardised  measurement
instruments, the indicators reported reflect
convergent evidence drawn from all four data
sources rather than scores derived from a single
assessment tool.

Table 1. Qualitative indicators of learner change over the practicum period (October—

April)

Indicator
Willingness  to
speak unprompted

Use of English
during collaborative
tasks

Self-reported
speaking confidence

Predominantly

Learner agency Passive;
in  communicative

tasks

heavily

Start of practicum (October)
Low — brief, hesitant responses;
most learners waited to be called on

Inconsistent — frequent code-
switching to Kazakh or Russian

“low”  or
“medium” on learner questionnaires

reliant on
teacher scaffolding and prompting

End of practicum (April)

Moderate to high — increased
voluntary  participation;  longer
spoken turns in pair and group tasks

More sustained - English
maintained for the duration of most
communicative tasks

Shift toward “medium” and
“high” ratings; increased readiness
to initiate interaction

Active and learner-directed,
reduced dependence on teacher
prompting
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Classroom observation notes document a
progressive increase in learner-initiated spoken
contributions across both classes, with the most
marked shift occurring from approximately the
midpoint of the placement onward. This pattern
is consistent with the observation that
communicative task familiarity — once learners
have internalised the interactional conventions of
a given task type — reduces the cognitive and
affective load associated with spoken production,
thereby releasing attentional resources for
communication rather than task management
(Rampeng et al., 2025). Early-practicum
observation notes were characterised by
recurring references to minimal responses,
extended wait times, and learner reversion to
Kazakh or Russian during paired activities; by
the final weeks of the placement, the same

observers’  notes  consistently  recorded
unprompted contributions, sustained target-
language wuse, and learner-initiated topic

extensions during group tasks.

Reflective diary entries corroborate this
trajectory, documenting the practitioner’s
iterative adjustments to task scaffolding in
response to observed learner difficulty. In the
early phase of the practicum, tasks were
progressively restructured to reduce ambiguity
and increase structural support following
observations that open-ended formats produced
learner disengagement rather than
communicative risk-taking. This responsive
adaptation of task design reflects the reflective
practitioner orientation identified by Farrell
(2015) and Mahmud et al. (2023) as a central
mechanism through which practicum experience
translates into improved instructional decision-
making.

Illustrative  excerpts derived from
reflective records and anonymised learner
feedback further support these observations. One
learner noted, "I feel more comfortable speaking
English when working in groups.” Reflective
diary records from Week 6 indicate that "several
learners who had initially avoided voluntary
participation began initiating short responses

during pair work." Supervisor observation notes
additionally  documented  that  "students
demonstrated greater willingness to maintain
English during collaborative tasks compared to
the beginning of the placement."

4.2 Self-Reported Motivation and
Confidence

Learner questionnaire data indicate a
consistent directional shift in self-reported
speaking confidence across both classes. At the
commencement of the practicum, the majority of
respondents in both 9 “B” and 9 “V” self-
reported speaking confidence levels in the “low”
or “medium” categories. By the end of the
placement, responses in both classes showed a
marked redistribution toward “medium” and
“high” confidence ratings, with a parallel
increase in reported  enjoyment  of
communicative task types relative to grammar-
focused activities. These findings align with
those of Shalaby and Badr (2024), who
documented significant improvements in EFL
learners’  self-efficacy  beliefs  following
sustained exposure to constructivist
communicative learning activities, and with
Fauzi and Ridwan’s (2025) finding that CLT
implementation was associated with increased
learner  motivation and  willingness to
communicate in secondary EFL settings.

The relationship between task design and
motivational  outcomes  merits  particular
attention. The sequential progression from
structurally supported to more open-ended
communicative formats appears to have been a
critical factor in the observed motivational
trajectory: learners who initially reported
reluctance to engage in spontaneous spoken
interaction became progressively more willing to
participate as their cumulative experience of
successful communicative task completion built
self-efficacy (Lee et al., 2023). This pattern is
consistent with social cognitive accounts of
language learning motivation, in  which
perceived communicative competence functions
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as a mediating variable between instructional
design and learner engagement.

4.3 Discussion: Implications for CLT
Implementation in Secondary EFL Contexts

The convergent pattern of findings across
observation, diary, supervisory feedback, and
questionnaire data suggests that sustained and
systematically implemented communicative
instruction is associated with observable changes
in learner speaking behaviour and motivational
orientation within a single academic-year
practicum, even in a context characterised by
structural constraints on communicative practice.
This conclusion is consistent with the broader
empirical literature on CLT effectiveness in
secondary EFL settings (Hui & Yunus, 2023;
Winarno et al., 2025), while the practicum-
specific framing of the study extends that
literature by situating the implementation within
the particular constraints and affordances of a
pre-service teacher placement.

The findings suggest that task
sequencing — specifically the progression from
scaffolded to autonomous communicative
formats — may have contributed to the observed
patterns of change.  This interpretation is
consistent with Gonfa's (2023) conclusions
regarding cooperative language learning and
with Rampeng et al.'s (2025) evidence on
integrated active learning tasks. Taken together,
these studies suggest that the design of the task
progression, rather than any individual task type,
is the primary pedagogical lever available to the
communicative practitioner.

The documented role of reflective
practice in enabling responsive instructional
adjustment represents a further contribution of
the present study. The practitioner’s systematic
use of a reflective diary and supervisor feedback
cycles allowed pedagogical decisions to be
grounded in observed learner response rather
than in pre-specified lesson plans, an approach
that Mahmud et al. (2023) and Farrell (2015)
identify as central to the development of effective
teaching judgement during the practicum period.

4.4 Limitations

Several limitations  constrain  the
interpretive scope of the present findings. The
absence of standardised pre- and post-test
measures of speaking proficiency means that
observed changes cannot be attributed to
communicative instruction with quantitative
precision;  maturation, increased English
exposure through other curricular sources, and
motivational factors unrelated to instructional
design cannot be controlled for in a single-arm
qualitative study. The practitioner’s concurrent
roles as instructor and primary observer
introduce a risk of confirmation bias in data
interpretation, which the triangulation strategy
partially but not fully mitigates. Finally, the
findings are grounded in a specific institutional
and curricular context and should not be
generalised to secondary EFL settings in which
structural conditions differ substantially.

5. CONCLUSION

Triangulated qualitative evidence from
classroom observation, a reflective practicum
diary, supervisory feedback, and learner
questionnaires indicates consistent positive
changes in learners’ willingness to engage in
spontaneous spoken interaction, their sustained
use of English during collaborative tasks, and
their self-reported speaking confidence and
motivational engagement.

These findings extend the empirical
literature on CLT and TBL effectiveness in
secondary EFL contexts (Fauzi & Ridwan, 2025;
Rampeng et al., 2025; Winarno et al., 2025) by
providing a situated, longitudinal account of
communicative methodology implementation
within the specific constraints of a pre-service
practicum placement. The study suggests that
meaningful patterns of change in communicative
behaviour were observed within a single
practicum cycle in the context of instruction
systematically designed around graded task
progressions, fluency-first feedback protocols,
and reflective adaptation of lesson design.

The implications for teacher education
programme design are twofold. First, practicum
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placements should be conceptualised not merely
as sites for the application of pre-acquired
methodological knowledge, but as active
learning environments in which reflective
practice and instructional experimentation can
themselves generate evidence-based pedagogical
development. Second, pre-service teachers
should receive targeted preparation in the design

fluency-first feedback approaches prior to
placement, in order to maximise the
communicative value of their practicum
experience for both themselves and their
learners. Future research employing mixed-
methods designs with standardised speaking
assessments would strengthen the evidential
basis for the conclusions advanced here.

of graded communicative task sequences and
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Anparna. Makanana nudpIiblK TEXHOJIOTHUSIIAPABI Maiaanany apKbUTbl OMOaTyaHTYPIILTIKTI
OKBITY OHIHJET1 FhUIBIMU 9/ie0HeTTepre 1oy >kacanasl. MoOwibai KochbIMIIanap, a3aMaTThIK
FBUIBIM TUIAaT(hOpMaliaphl, TEOAKNAPATTHIK KYHeEep, allblK JePEeKTep, BUPTYaIbl )KOHE KEHEHUTUITeH
IIBTHABIKTBIH,  JUIAKTUKAIBIK MYMKIHIIKTEp1 TalgaHabl. OAeOueTrTepAi CHHTE3Iey MHQPIIBIK
KYpaJiapAblH HOTHIKEIUIIr OJapJblH >KaHAJIBIFBIHA €MEC, JalaliblK OaKpuiay, 3epTTEYIILIIK
TarcelpMa, JepeKkTep/i Tajaay xoHe pedaeKCUusMeH MeIarorukaiblK TYPFbIAa OaliIaHbICTHIPLTYbIHA
TOYeIIi eKEHIH KOPCETTI.

Tyiiinoi ce3oep: OuoanyaHmypainik, Yu@pivlk mexHoao2us, Mooumboi OKblmy, a3amammolk,
evnvim, iNaturalist, 2eoaknapammoix Jicytie, 8UpmMyanobl IKCKYPCUsL.

METOJAUKA OBYYEHUA BUOPABHOOBPA3UIO C UCI1IOJIb3OBAHUEM
HUP®POBBIX TEXHOJIOT MU

AHHOTauusi. B crathe mpeacTaBieH 0030p Hay4yHOW JUTEpaTypbl 10 OOYYECHHUIO
OMOPa3HOOOpa3HI0 C UCIOJIB30BaHUEM HU(MPOBBIX TEXHOJIOTHHA. PaccMOTpeHBI IHIAKTHUECKHUE
BO3MOKHOCTH MOOHJIBHBIX MPHJIOKEHHH, TUIATPOPM TPaXKJTaHCKOW HAyKH, T€OMH(POPMAIIMOHHBIX
CUCTEM, OTKPBITHIX TaHHBIX, BUPTYaIbHOW U JOTOJHEHHOW peanbHOCTH. CHHTE3 HCTOYHUKOB
MOKa3bIBACT, YTO PE3YJIbTAaTUBHOCTh HU(PPOBBIX CPEICTB OINPEACISICTCS HE HX HOBHU3HOHW, a
MEIarOTHYECKOM CBSI3BIO C IMOJICBBIM HAOIIOJICHUEM, UCCIICIOBATCIBCKUMHE 33IaHUSIMU, aHATH30M
JaHHBIX U PEQIICKCUCH.

Knrouesvie cnoea: oOuopasHoobpaszue, yugpogvle mMexHonO02UU, MOOUTIbHOE 00)YeHue,
epadicoanckas nayka, iNaturalist, ceounghopmayuonnas cucmema, UPMYaIbHas IKCKYPCUSL.

METHODS OF TEACHING BIODIVERSITY USING DIGITAL TECHNOLOGIES

Abstract. The article reviews scholarly literature on teaching biodiversity with digital
technologies. It considers the didactic potential of mobile applications, citizen-science platforms,
geographic information systems, open datasets, virtual reality, and augmented reality. The synthesis
indicates that effectiveness depends less on technological novelty than on pedagogical integration
with field observation, inquiry tasks, data analysis, and structured reflection.

Keywords: biodiversity, digital technology, mobile learning, citizen science, iNaturalist,
geographic information system, virtual field trip.

25


https://doi.org/10.5281/zenodo.23477062
mailto:aidanaartykbay8@gmail.com

ISSN: 3135-1883

LOGOS

SANA LOGOS — PecniyOnuKanbIK FBUTBIME KypHAI., Tom 1, Ne3-2026

1. Kipicne
broamyaHTYpiuTiK YFBIMBI TE€HETHUKAJIBIK,
TYPTIK ~ JKOHE  DKOXYHENmK  JeHreinepmi

OipiKkTipe/i, COHABIKTAaH OHBI TEK aHBIKTaMaJiap
MEH TYp araylapblH XaTTay apKbLJIbl MEHIepTY
KEeTKUTIKCI3. bimiM  amymsl Tipi  aF3amap.sl
TabuFy opTaza Oaxplial, KEHICTIKTIK TapalyblH
TYCIHIIPIN, SKOKYHeNiK OaiIaHbIcTap bl Taal
YKOHE aHTPOIIOTEH/IIK 9Cep/Ii AdJIETACp HETI31H Ie
Oaramait  amyel KaxeT. JlereHmMeH TaOuru
HBICAHJAPJIBIH ~ MayChIMIBIK — KOJDKETIMIILIIT,
JaTabIK cabakka OOJIIHETIH yaKbIT, Kayirnci3ik
MeH KeJIK Macenenepl MyHIall TaxipruOeHi
TYPaKThl  YHABIMJIACTBIPYIBI  KHBIHIATAIbI.
Ludpaslk TEXHONOTHSIAP OCHI HIEKTEYJIEepIiH
61p Oeutirin azaiThln, OakbLIayAbl TIPKEY, TYpIi
aHbIKTAay, KOOpJMHATaHbl OeNriiey, JAepeKTepi
CaJIBICTBIPY KOHE HOTIKEHI OpPTaK Oa3ara YChIHY
yaepictepin Oip OKy MKITIHE OIpIKTipei.

byn wmakamansiy Makcatel — Google
Scholar FBUIBIMH 13aeYy Kyhecinme
WHJIEKCTENIETIH  pPEICH3UsJIaHFaH  CHOEKTEp
HeTi31H]1e OMoaTyaHTYPIUTIKTI OKBITYZIa
KOJIIaHbLIaThIH U (PIIBIK KypangapabiH
MearOTHKaJIbIK MYMKIHJIIKTEPiH, MIEKTEYJIepiH
XKoHEe oyapAbl cabaKk KYpbUIBIMBIHA EHTI3Y
KaFuJanapblH Kyieney. Makaia sMIHUPUKaIbIK
3epTTey HOTHIKECIH YCBIHOAMTBI; oI
TaKbIPBINITHIK /10U II0JIy TYPIHAE >Ka3bUIIbI.
Tangayra OuoamyanTypiaulik OUTIMIMEH Tikenen
0aliIaHBICTBI )KYMBICTAP, COHJAM-aK a3aMaTThIK
FBUIBIM, TEXHOJOTHSIMEH KOJJaylbl JalajbIK
OKY, BUPTYaJIJIbl SKCKYpPCHS JKOHE KEHEUTUIreH
UIBIH/IBIK KOHIHACT1 XKYHEeI MIoTyiap eHri3UIal.
Jlepexrepni OasHAayna 3eprrey AU3AHBIHBIH
HIEKTeyJepl E€CKepLIiN, TeXHOJIOTUSHBIH acepi
aBTOMATThl HeMmece OapiblK jkarnaiina Oipaeit
JIeTl KapacThIPhLIMaNIbI.

Hu@pabik OKBITYIbIH JAicTeMeJIiK Heri3i

Onebuertep MUGPIBIK KYPAIIbIH ©31HEH

repi, OHBIH OKY OpeKeTiH KaJlan
YUBIMIaCTBIPATHIHBI MaHBI3IbI eKEeHIH
KepceTeni. MekrenTeri OMOaTyaHTYPIILTIKT1

KOopFray OUTIMIH KapacTbIpFaH >KyHeni moiry 0y
cajlaHblH Ma3MYH, OKYIIBI peli, OKbITYy Tocili
KOHE MyFaiiM Toxipubeci OOHBIHIIA o Je

OBITBIpAHKBI eKeHIH aikbiHmanasl [3]. Schaal,

Matt KOHE Griibmeyer Oomarrak
KapaTbUIBICTAHy ~ MYFalliMJIEpiHE  apHaJFaH
KypcTa MOOMITBT KOHE OipyeckeH
TEXHOJOTUSUTAPABl  3EPTTEYIIUNIK  OKYMCH
YIITACTBIPBIIL, JOCTY Il JopiciieH
CaJIBICTBIPFaH/Ia MOTHUBALUSIIBIK KOHE
TaHBIMJIBIK ~ aPTBHIKIIBUIBIKTAP/Bl  CUIIATTaFraH

[11]. Keitiari sxymbicta Eriksson, Kérkkédinen
»koHe Tahvanainen reosokanusi, 360° KecKiHaep
MEH OHJIaliH TalChlpMallap €HI3UIreH TaOurar
COKMarblH KOJIIAHIbl. 121 CTyneHT KaThICKaH
3epTTeyle cabakTaH KeHiH TypJik JKoHE
9KOXKYUETIK OpTYPJUTIKTI aHbIKTaMara KOCKaH
CTYJCHTTEp YJieCi apTKaHBIMEH, T'eHETHKAJBIK
OPTYPJIUTIK  QJNICI3  MEHIepuUIreH;  aBTopiap
Oakputay TOOBI OOJIMaraHIBIKTAH CEOEMTIK
KOPBITBIH/IBI jKacayFa OOJIMAMTHIHBIH aTall eTeIl
[4]. byt HoTHX)KE TUDPIBIK MAPIIPYTTHIH OAPIIBIK
Ma3MYH/IBIK JeHTerIepal O3IIriHeH
KaMThIMalTHIHBIH, TarcelpManapia
TEHETUKAIIBIK OPTYPIUTIKKE apHaibl Joeaep
MEH MOJIENbJICP KaKET eKeHIH OuIaipei.

TexHonOTUsIMEH KOJAAYINbl AAJANIbIK OKY
TOPT OAMIIAHBICTHI OPEKETTEH TYPYbl MYMKIH: 1)
TaOUFW HBICAH/BI Tikened Oakpuiay; 2) oo,
IBIOBIC, KOOpJAWHATA KOHE YaKbIT OeNriciMeH
nudpaslk  Tipkey; 3) aHBIKTaMaJbIKTapMEH
HEMEece  capaniibulap  KaybIMJACThIFBIMEH
coiikecTeHipy; 4) JKUHAIFaH JIEPEKTi TYCIHIIPY
xoHe Kopray. Ocbl mukiae cMapThOH «IalbIH
Kayar OepeTiH KYPBUIFbD» eMec, OaKbLIayJbIH
camachblH apTTBIPATHIH KOHE JQJII/II CaKTaHThIH
Kypajl KbI3METIH aTKapaabl. MyFaiiM OKyIIbIaH
KOCBIMIIIA YCBIHFaH aTayAbl KaObUIIayIbl FaHa
eMec, JMarHOCTHKAJbIK Oenriiepai araynsl,
yKcac TYpAepai CaJIBICTBIPY/IBI KOHE
AHBIKTAYAbIH CEHIMIUTIK JEHreHiH KoepceTyiH
tanan eTyi kepek. CoHma nUQpIBIK aHBIKTAY
TaKCOHOMUSUIBIK OWJIayAbl alMacThIpMaid, OHBI
KOJIJAiIbI.

MoOuabai KocbIMIIAJIAP KIHE
a3aMAaTTBIK FBLIBIM

iNaturalist TOpi3 i wiargopmanap
Oakplmay, TYpAl alIblH  aja  aHBIKTay,
KaybIMJACTBIKIIEH TEKCEPY JKOHE alllbIK JePEKKe
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yJiec Kocy MyMKiHaikrepin Oipikripeni. Kendall
Niemiller, Davis xone Niemiller xo0ambIk
okyma iNaturalist KoymaHy CTYACHTTEPIiH
OMOATyaHTYPJIUTIKIIGH  IMaCCUBTI  TaHBICYBIH
MaFbIHAIIBI opi Oencenai opeKeTke
aifHanapIpaThIHBIH  Kepceteni [7]. Herodotou
xKoHe  opintectept  7-20  xactarel 31
KaTBICYIIBIMEH KYprizuireH cyx0arrap
Heri3igAe Jaja MeH OHJAailH  opTaHsbl
YINTAaCTBIpFAaH MOJIeNIb  YChiHFaH. OnmapasiH
HOTH)KECIH/Ie Oakpliay, Ky>Karray,
CollKecTeHlIpy Xk oHe 0acka KaTbhICYyIIblIapMeH
OaiiaHbIC FBUIBIMU KY3BIPETTUIIK MEeH TaOurat
Typajbl TYCIHIKT1 JaMBITyFa MYMKIHJIIK OepreH;

COHBIMEH  KaTap  TEXHOJOTHSUIBIK  JKOHE
QJIEYMETTIK KOJIJay MICHTyIi peJl aTKapraH [6].
TaOuraT Tapuxsl MypakaljgapblHAAFBl  YII

OarmapiiaMara apHajFaH 0Oacka 3epTTey e
FBUIBIMU MAaKCaT aWKbIH TYCIHAIPUTIN, KYpaJIIbl
KalTaiarm KOJJIaHyFa MYMKIHIIK OepiireHme
KacTapIblH FBUIBIMH YIEpiCTepre KaThICYBI
TepeHaeHTIHIH KepceTTi [5]. bynm nmepexrepai
KOHTEKCT TEH IPIKTEeY EpPEeKIICTIKTEPIH eCKepe
OTBIPBIN TYCIHAIPY KaXKeT.

A3zaMaTTBIK FBUIBIMHBIH OLTIMIIK ocepi
KEHIpeK o/ieObueTTe ie TayganFad. Bonney xoHe
opinTectepi  KATBICYIIBUIAPIBIH  FBHUIBIMJIBI
TYCiHyl >X00a Ju3aiiHbIHA, HOTHIXKEHIH Kaiai
OJIIICHETIHIHE JKOHE JKaHA AayIUTOPHSHBIH
KaThICYbIHA TOYyeNAl €KeHIH kepceremi [2].
Ballard, Lindell xome  Jadallah 100
OMITUPUKAIBIK JKYMBICTBI KAMTBIFAH O KyHesl
moayaa O111M, 3epTTey JIaF pLIapHhl,
KaybIMJIACTBIKIICH OaiiJIaHbIC JKOHE KOpIIaraH
OopTara KaMKOPJBIK CHSKTBI HOTHXKEIEp KHi
TipKeNeTiHiH, Oipak Oaranay Tocinaepi Oipkenki
emec ekeHiH anbikTaraH [1]. McKinley sxone
opinTecTepi a3aMaTTBIK FHUIBIMHBIH TaOUFATTHI
KOpFay MEH pecypcTap/abl 0acKapyFa HaKThI YIIeC
KOCa aJlaThIHbIH, COHBIMEH Oipre JepeK camachl,
KATBICYIIBITIAPbl OKBITY JKOHE KOOaHBI Y3aK
Mep3iM cylieMeniey KaKeT eKeHIH Heri3feiai
[9].

Cabakra a3aMaTThIK FBUTBIM/IBI
KOJIJIaHY/IBIH QJiICTeMEINIK OIpJiri <OKeprimiKTi
OMOaTyaHTYPJILUTIK MAcmopThD OO0JIybl MYMKIH.
OxkymbLiap MEKTell  HeMmece KOJUTEK

MaHBIHAAFBl ~ YJacKeHI  TaHzgam, Oakpuiay
XaTTaMachlH JKacaibl, KEMIHJE €Ki Me3riuiie
TYpJepAl TipKeiai, KYMOHJI aHBIKTayJap/bl
Oenrimeial, KeWiH IepeKTeplli Kapraga KoHE
KecTe/ie callbICThIpaibl. KOphITHIHIBIIA OJ1ap TYP
CaHbl TypaJbl FaHa eMec, Oakplaay KYIIiHIH,
MayCHIMHBIH, aya paWbIHBIH JKOHE MEKEH
OpPTAaChIHBIH HOTIDKEre BIKMAJBIH  TaJIai/Ibl.
MyHnali Tanicelpma IepeKTi skail JKuHayJAaH OHBI
CBbIH TYPFBICBIHAH TYCIHIIpYTe eTyal
KaMTaMachl3 eTel.

I'eoaknapaTThbIK kKyiiesep #xIHe alIbIK

OmoasyaHTYpJIiJIiK 1epeKkTepi

['eoakmaparTsik Kyuenep
OMOATyaHTYPJIUTIKTI  KEHICTIKTIK  KYOBUIBIC
peTiHze TyciHaipyre MyMKiHAik Oepeni. Kaprara
Oaxpliay HYKTEJIEPIH €HI13y apKblIbl OKYIIbLIAp
TYPAIH  TapalyblH, MEKEH  OPTACHIHBIH
OeJIIeKTeHY1H, Cy Ko3/IepiHe HEMece KoJIapra
YKAKbIH/IBIKTBl KOHE AHTPOTOTEH[IK KbICHIM/IBI
CaJIBICTBIPABI. Styers )oHe OpINTECTepl alIbIK
OCIMJIIK KaMBUIFBICHI JIEPEKTEPIHE HETI3IEeNTeH
OKY 9pEKETIH alThl yHUBEpCUTET KypchbiHaa 109

CTYJICHTIICH CBIHATI, OMoaTyaHTYPIILTIK
METpHUKaJapbl, KEHICTIKTIK MacmTad KoHE
JNepeKTepi  Tanmay JAaFabuiapbl  OOMBIHIIA

irepiney anbikTarad [13]. MyHpgait KymbIC
JaibIH KapTaHbl KapayllaH repi, Jepek KadaTbiH
TaHJay, MacIuTa0ThI Herizaey JKOHE
OCNTICI3MIKTI TYCIHAIPYAl Tajar eTel.

AMIBIK IEPEKTEPMEH JKYMBIC ICTETeH/IC YIII
OMICTEMENIK  CaKTBIK KaxkeT. bipiHmmiaeH,
KapTajgarbl 00C OpBIH MIHJACTTI TYpAe TYPIiH
JKOKTBIFBIH OUTAIpMENi; oN OaKblIayIIbIHBIH
0oJIMaybIHaH HeMece MayCBhIMJIBIK
KOJDKETIMCI3IIKTEH TYBIHAAYBI BIKTUMAJI.
ExiHmigeH, reorpagusuiblK KOOPJUHATACH! A
eMecC KoHe caparTaMajaH oTIereH xa3zoanapibl
CY3y KaxkeT. YIIIHIIIJIEH, CUpEK HeMece ocal
TYpAEpAIH HAKThl OpHANACYBIH >KapHsiay
KOpFay  TOyeKeliH  KymeHTyli  MyMKIH.
CoHJBIKTaH OKYIIbIFA JEPeK camachl, IPIKTey
BIFBICYBI, KYIUSJIBUIBIK JKOHE 3€PTTEY ATHKACHI
XKOHIHJerl  KpuTepuinep  Oepinyi  THIC.
Ocpunaiiiia  mUPPABIK  KapTa  KOJOTHUSIIBIK
Ma3MyHMEH KaTap JepeKTep CayaTThUIbIFbIH
KaJIBIITACTHIPA/IbI.
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Bupryaiasl xoHe KeHeHTiIreH MbIHABIK

Bupryanabl 3kckypcusuiap 0apybl KUBIH,
KayinTi HeMece KbIMOAT ayMakTapisl OKY
opTacelHa e€HTi3yre Kemekreceni. Markowitz
KOHE opinTecTepi IMMEPCUBTI BUPTYAIbI J1asa
TOXKIPUOECIHIH KIUMaT ©3repici Typaibl OKyFa
bIKNaNbIH KepceTkeH [8]. Petersen, Klingenberg,
Mayer xoHe Makransky JKeTIHIII CBIHBIN
OKYIIbIIApPBIMEH KYpriz3reH 3epTTeyie
BUPTYaJI/Ibl SKCKYPCHUSHBI 3€pTTEYLILTIK OKY IbIH
01p Ke3€eH1 peTiHae YHBIMIACTBIPHIIN, aJIIbIH ala
nasipiay MeEH KbICKAlla KOPBITHIHIBLIAY/IBIH
TaHBIMJIBIK JKYKTEMEHI peTTeyJeri MaHbBI3bIH
Tonenesnl [10]. byn TY>KBIPBIM
OMOoATyaHTYPJIUTIK TaKbIPHIOBIHA /a2 KATBICTHI:
360° maHopamMa HeMece BHUPTYAIJbl JKOXKYHe
HaKThl OKY CYparbIMEH, OaKplIay MaparbIMCH
KOHE KEHMIHT1 TaljgayMeH cyWemeneHoece,
ocepili KepiHic OUTIM HOTHIXKECIHE alHaIMaybl
MYMKIH.

KeneliTuired IIBIHOBIK HAKTBl TaOWUFU
HBICAH YCTIHE MOTIH, YIIOJIIIEMIi MOJENb
HEMece YakbIT OOWBbIHIIA e3repic KabdaThIH
OpHAJIaCThIpa ajajbpl. SImon kKoHE opimTecTepi
IKOJIOTHUSIIBIK O1TiM Oepyneri AR xeninmgeri 42
3epTTeyAl KaMThIFaH IIOJyda OyJl OaFbITTHIH
oNeyeTiH aran OTII, MyFaTIMIEpAiH
3epTTeyiepre a3 TapTbUIybl, KOHTEKCTEPIiH
YKETKUTIKCI3 OpPTYPIIUIIri )KOHE OKY HOTHIKEJIEPIH

OJIKbLIBIKTAapaAbl  kepcetemi [12]. CoHubiKTaH
AR- b1 KanbIpak KYPbUIBIMBIH, KOPEKTIK TOP/IbI
Hemece JaHAmadT e3repiCiH BU3yalu3alusiiay
YIIiIH  KoyjaHyra OoJianmel, Oipak  OHBIH
TUIMJUTITIHE KBI3BIFYIIBUIBIK JICHICHIMEH FaHa
eMec, YFBIMIIBI TYCIHY, 0TI Kypy KoHe OiriMai
JKaHa JKarjaiffa Keullpy eJmeMjepiMeH Oara
Oepinyi THIC.

Cabakrhbl :x00as1ay KoHe Oarajay

OnedueTTep CUHTE31 OMOATyaHTYPJILIIKTI
MUQPIIBIK TEXHOJIOTHSIAP apKBLIBI OKBITY/IBIH
Oec Ke3eHJI MOJCNIH YChIHYFa MYMKIHIIK
Oepeni. bipiHmii ke3eHae MpoOIEeMabIK CYpak
KOMBIIAAEI: MbICcAlbl, «MekTen MaHbBIHIAFbI
OCIMJIIK TYpJIEPIHIH TapajlyblHa TanTajay Kaiai
acep ereni?». ExiHini ke3eHie 6aKkpliay ayMarsbl,
ipikTey Oipiiiri, Kayirnci3iik )oHe JIEPEeK carmachl
KpUTEpHUIIepl aHbIKTadaAbl. YIIIHII KE3CHIIe
OUTIM anmymbLIap MOOMIIBI1 KYPBUIFBIMEH JIOJIEI
JKWHAWbI, OIpaKk Typ arayblH OipHemie Oenri
OoifpiHIIA  Tekcepemi. TePTIHINI  Ke3eHIe
JIEPEeKTEp KapTa, AuarpaMma Hemece Typ Ti3iMi
TYpiHIE TaJ1aHaIbl. Becinmmi Ke3eHIe
HOTHKEJIEp MICKTEeYyJIepiMeH Oipre TyCIHIIpiTi,
JKEePriTikTi  TaOWFaTThl ~ KOpFay  opeKeTi
YCHIHBUIABI. bym  Mozenp  3epTTEeymIlIiK,
KO00aJIbIK JKOHE OpPBIHFA HETI3JENTeH OKY/IbI

Tikeyne  OaramayJaplH  KaXeTTUTri  cuskThl  Oipiktipeni (1-cyper).
1 2 2 3 8l 4 o Ko 5Fa
Cypak Ko Xocnapnay || Henen xuHay ||LdepekTi Tannay ap gxe¥i

1-cypet. Hugpaslk TexHONOTHATIAP apKbUIBI OKBITYBIH Oec Ke3eH 11 MoJieni

baramay Kypan TaHmayra €Mec, OKY
MaKcaThIHa COMKECTEeHY1 KepeK. ¥FhIMIBIK OLTiM
TEHETUKANBIK, TYPJIK JKOHE  JKOXKYHeliK
OPTYPJILTIKTI ~ a@XbIpaTy  TalcChlpMallapbIMEH;
Jananelk  JaFAbl  O0aKbulay — XaTTaMacChIHBIH
TOJIBIKTBIFBl  JKOHE (POTO-ZQJNIENl  CarachIMEH;
JIepeKTep cayaTTbUIBIFBI ~ KapTaJarbl  YITiHI
TYCIHAIPY JKoHE OEJNTICI3MIKTI KepCeTy apKblIbl;
TaOUFATTBl  KOpFAay KY3BIPETi  YCBIHBICTHIH

JONEJILIITT ME@H OPBIHIATY MYMKIH/IITT apKBLITBI
OaramaHazpl. Tek  KOCBIMIIAFra €HTI3UITEH
Oakplay CaHbIH JKOFaphl Oaraiay KaTe CTUMYII
TYFBI3Ybl MYMKIH, COHJIBIKTAaH CaHHaH OYpbIH
IYPBICTHIK, OSTHUKAa JKOHE Taijgay caracsl
ecKepinesi.

Hudpnblk  TEeHC3AIK Te  OmicTeMeNiK
mrenriMre Kipeni. bapisix 6i1im anymsia 6ipaei
KYPBUIFBI, WHTEPHET HeMece AKBLIbI
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Oarmapiamanapra  KOJDKETIMIUTIK — OoJiMaysl
MYMKiH. TONUTBIK KYpBUIFBIIAp, AIJIBIH aja
KYKTelnreH odraifH kapranap, Kara3 Oakpuiay
nmapakrapbl JKOHE KEHIH OpTaK KOMIIBIOTEp/e
JIEepeK eHridy Oamama peTiHJE YCBIHBUIA/IbI.
Buptyanasl opra Kosranbic mekTeyi 0ap OiumiM
aTyIIbUIAPABIH KATHICYbIH KeHEWTe anabl, Oipak
uHTepdeiic  KOJDKETIMAUIri, CyOTHTp, TYC
KOHTPACTHI ’KOHE KHOSPKO3FAIBIC YKANCHI3IbIFBI
aNJplH ajna Tekcepinyl Tuic. MyramiMm nepbec

JepeKTep MEH TeOJIOKAlUsSHbl  JKapusuiay
KEJIICIMIH /1€ HaKThl YHbIMIaCThIPAIbI.

2. TaakpLiay

Kapactolpblmran  3epTTeyiepaiH OpTaK

OarbIThl — TUQPIBIK TEXHOJOTHUS TaOUFATIICH
TIKEJIEW KaThIHACTHI ajJMacThIpFaH Ke3Je eMec,

OHbl Oakpuiay, TIpKEY J>KOHE TYCIHAIpY.i
KYIIEUTKEH  Ke3[le  ManJaibl. MoOunbai
KOCBIMIIIANIAp ~ JKEPrulikTi  Typjepre Hazap

aynaprTajbl; a3aMaTThIK FBUIBIM OKY OpEKEeTIH

HIBIHANWBI FBUIBIMH MPaKTHKAMEH
OaitmanpicThIpanbl; GIS sxeke Oaxputaymapabl
KEHICTIKTIK 3aHIBUILIKKA alHaIABIpaIbL;
BUPTYQJIbl  OHE  KEHEHTUITCH  IIBIHIBIK

KOJDKETIMCI3 yaepicrepai OeiHeneial. Amaiina
3epTTeysepAin Oip OeJiri marbH yJrire, o3iHIiK
ecenke Hemece Oakpliay TOOBI JKOK JU3aiiHFa
cyiiereni [4; 6]. CoHABIKTaH «IUQPIBIK Kypa
OKY HOTIDKECIH MIHJETTI TYpPJIE KaKcapTaJbl»
JIETCH JKAJIIbl TYXKBIPBIM FBUIBIMH TYPFBIJIaH
HETI3Ci3.

omynbiH Tarbl Oip MaHBI3IBI HOTHXKECT —
Ma3MYHBIK TEHrepiM maceneci. Koceimiranap
keOiHe Typal TaHyFa OarbITTalFaH/IbIKTaH,
OMOaTyaHTYPJIUIIKTIH  TEHETUKAJBbIK  JKOHE
AKOXKYHENIK JeHreiiepi HazapaaH ThIC Kalysl
MYMKIH [4]. MyHBI TOJBIKTBIPY YLIiH Oip TYpAIH
MOMYJSIIUSUIAphl  apachIHAAFBl  ©3TEPrillITIKKE
apHaJFaH JepeKTep, MEKEH OpTachl KadaTTapsl
KOHE  DSKOXKYHENK  KbI3METTEep  IKOHIHJEr1
TarceipManap Kocbutybl KakeT. COHbIMEH Katap
QITOPUTM YCHIHFAH aHBIKTay HOTH)KECIHEe KYMOH
KeNTipy, OacTamkbl NEpeKKe3i TEKCepy >KoHe
KAIIFaH HEMece Kareé Ma3MYHJbl aXbIpary

IUQPIBIK  FBUIBIMA ~ CAYaTTBUIBIKTBIH — OOJIiri
00I1yHI THIC.

Ka3zakcran skarmaibIHAa 9/IICTEMEHI Jaja,
HI6JICHT,  CyJABI-0aTIaKThl  KOHE  KaJIaJbIK
IKOXKYHenepre Oeiimaeyre 0oJiansl. bonmamarsr
Oap OarbITTap: mekten  neH KOO
alfHaJIaChIH/IaFbl MAYCBIMJIBIK OMOOIHII, epeKIiie
KOpFaJaThlH ayMakKTapra BUPTYaIAbl MapIIpyT,
KEPTUTIKTI  TYpPJAEpIiH  Ka3aKIla—OpbICIIa—
JaTBIHIIA aTayJIAPBbIH CABICTBIPATHIH ITU(PPIBIK
AHBIKTAFBII YKOHE alllbIK JIEPEKTep HEri3iHAeri
Tapaly Kaptajmapbl. JIereHMeH KepriTikTi
THIMIUTIK XaJIBIKAPAJBIK 91cOMEeTTeH aBTOMATThI
Typae mbeiFapeuiMaiiael.  Kazak — TumiHAeri
uHTep(deiic, OailmaHblc  camachl, MYFaliM
TAsPIIBIFBI, TYP AaHBIKTAFBIITAPIBIH alMakKa
colikecTiri KOHE TaOUFaTTHI Kopray
JNEPEeKTEPIHIH Kayilnci3airt J>Keke OarallaHysbl
KEpekK.

3. KopbIThIHABI

Oneou 10JTy A PIBIK
TEXHOJIOTHSIIAP IbIH OMOaTyaHTYPJIUTIKT1
OKBITyJIa TOPT HETI3T1 MIHIACTTI KOJIAUTHIHBIH
KOpCeTTi: TaOWfu HBICAHABI N OakpLIay,
JanaiblK IEpPeKTi CTaHapTTalFal TYpAe TipKey,
KCHICTIKTIK JKOHE YaKBITTBIK 3aHJIbUIBIKTAP/IbI
Tajaaay, COHAAW-aKk OUTIM aJIyIIBIHBI FHUIBIMHU
JKOHE TaOWFaTThl KOpFay KaybIMJACThIFBIMEH
OaimanpicThIpy. EH HOTHKEN omic — MOOMIBAL
Oakputay, aszamaTThIK FhUIBIM, GIS Hemece
BUPTYaJIJIbl OpTa MYMKIHJIKTEPIH TpOoOIeMabIK
CYpakKIieH, 3epTTey XaTTaMachbIMEH, MYFaIiMHIH
KOJIJIaybIMEH JKOHE peduieKCUsMeH OipiKTipy.
[Mudpnblk Kypanl MakcaT emec; oJ Taburar
Typasbl JONENAl oiljlay MEH KayarThl OpeKeTTi
YUBIMIIACTBIPAThIH ~ MENAarorukanblK  Kypall
CoHppIKTaH OKYy OargapiamMachIiHAa
TEXHOJOTUSHBl MEHrepy KoepceTKilli eMmec,
OMOATyaHTYPJIUTIK ~ YFBIMBIH JIypbBIC  TYCIHY,
JIEpeK caracelH Oaranay, Oenrici3aIKT1
MOWBIH/IAY  JKOHE  JKEeprilikTi  TaOWUFaTThI
KOpFayFa Heri3Jie/iTeH UIelliM YCBhIHY 0acThl
HOTHKE OOIyBI THIC.
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BHOJIOrHAIBIK 3epTTey JIepaeri sKacaHabl HHTELIEKT skoHe MU(PIIBIK dgicTep
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Anparna. buonorusnma >xorapbl OHIMJII CEKBEHUPIICY, OIp)KACYIIAJIBIK OMHKA, CaHJIBIK
MUKPOCKOTIHS, KAIIBIKTaH 30H/TAy XOHE aBTOMATTAHIBIPBUIFAH CEHCOPJIAP 3€PTTEY JCPEKTEPiHIH
KOeJIeM1 MEH KYPJEIUIIriH KYpT apTThIpbl. OChl 91e0M MIOMYyABIH MaKCaThl — >KacaHJIbl HHTEJUICKT
MeH UG PIIBIK 9MICTEP/AIH OMOJOTHSUIBIK 3€PTTEYJIEPIeT1 HET13T1 KOJAAHbITY OaFBITTapbIH, OJIAPIBIH
FBUTBIMU MYMKIHIKTEPIH jK9HE CEHIM/I1 KOJI/IaHy IIapTTapblH Kyieney. Perien3usiianran eHOeKTep/l
TaKBIPBITITBIK CHHTE37ICY HOTHXKECIHJE JKAcaHJbl WHTEJUICKT N€HOMJIBIK BapHWaHTTap/bl aHBIKTAY,
Kacymiajgapabl  CETMEHTTEY, aKybl3 KYPBUIBIMBIH  OoipKay, Oip)KacymanblK — JIepeKTepai
UHTEerpanusiay, >kKaHa MoOJeKylauapabl IpiKTey, OHOamyaHTYpIUIIKTI MOHHUTOPUHITEY >KOHE
3epTXaHAIBIK UKJIIEPAl aBTOMATTaHABIpYAa eeyii HoTuxke OepeTiHi kepceTinal. COHbIMEH Katap
YKOFaphl 0OJDKaMJIBIK KOPCETKII OMOJOTHSIIBIK MEXaHU3MHIH JJICTACHTCHIH OUIIIpMEei: Iepex
arybl, TaHJaMaHbIH BIFBICYBl, JIOMEHJEP apachlHIAFbl aNBIPMAIIBUIBIK, TYCIHIIPMEIUTIKTIH
MIEKTEYJIUTIr JKOHE KOJ TIeH MOJETBIACP/IIH >KAOBIKTHIFBI HOTWDKEIEPl JKalIbulayFa Keaepri
KeNTipei. OneOneTTep CUHTE31 )KacaH Ibl UHTEJIJICKTIHI OMOJIOTTI aJIMacThIPaThIH Kypasl eMec, IepeK
camachl, CBIPTKbl BalMJAIMs, MOHJIK capanTaMa >KoHE KaWTalaHbIMABUIBIK CTaHJapTTapbIMEH
0acKapblIaThIH 3epTTey HH(MPAKYPBUIBIMBI PETIHAE KapaCThIPY KaKET €KEeHIH ailKbIHAaN bl

Tyiiin  ce3dep: owcacanObl  UHMENLNEKM,  MAUWUHATILIK — OKblMY, mepey  OKblmYy,
Ouounopmamuka, 2eHOMUKA, CAHOBLIK  MUKPOCKONUS,  OUOQIYAHMYPAINIIK — MOHUMOPUHSI,
3epMXAHANbIK A8MOMAMMAHObIDY

UCKYCCTBEHHBI MHTEJUIEKT U IIU®POBBIE METO/IbI B BHOJIOTMYECKHAX
HNCCJIEJOBAHUAX

AHHOTaIll/IH. BLICOKOHpOI/ISBOI[I/ITCJ'IbHOC CCKBCHHUPOBAHHUC, OJHOKIICTOYHAA OMHKA, I_[I/ICI)pOBaH
MUKPOCKOIIHA, AUCTAHIHMOHHOC 3O0HAWPOBAHHUC KW ABTOMATHU3UPOBAHHLIC CCHCOPBI IIPHUBCIN K
PE3KOMY YBCIIMYCHUTIO 00béMa U CI0KHOCTHU HCCIICAOBATCIIbCKUX JAaHHBIX B OHOJIOTHH. HCHB
JaHHOTI'O o630pa JIMTCPATypbl — CUCTCMATU3HUPOBATh OCHOBHBLIC HAIIPpaBJICHUA IMMPUMCHCHUA
HCKYCCTBCHHOI'O MHTCJUICKTA U I_II/I(I)pOBBIX MCTOO0OB B OMOJOTHYECKUX HCCIICAOBAHUAX, UX HAYYHBIC
BO3MOKHOCTH U YCJIIOBHUA HaAEKHOTO HCIIOJIb30BaHusi. B pe3yIbTaTe TEMATUYCCKOTO CHUHTE3a
PCUCH3UPYCMBIX HAYYHBIX HY6HI/IK3HI/II71 IIOKa3aHoO, 4TO HCKYCCTBGHHLIﬁ HMHTEIJICKT 00eCIIeunBacT
3HAYMMBIC  PE3YJIbTaTbl HPHU  BBISIBJCHHUHW T'CHOMHBIX BapUAHTOB, CCETMCHTALWH  KIJICTOK,
IMPOTHO3UPOBAHHUU CTPYKTYPBI 6GHKOB, HUHTCTpAllU OAHOKIICTOYHBIX HAHHBIX, CKPUHUHI'C HOBBIX
MOJICKYJI, MOHUTOPHUHI'C 6H0pa3H006pa3I/1;1 1 aBTOMAaTUu3allun Ha60paTOpHLIX uKiI0B. BMecTe ¢ Tem
BBICOKHC IIOKAa3aTCJIn IMPOTrHO3UPOBAHUSA HE O3HAYAKOT, YTO OMOJIOTUYSCKUI MEXaHU3M JOKa3aH:
yTCUKa JaHHBbIX, CMCIICHUC BBI60pKI/I, pasiimuuAa MCXKIY JO0MCHAaMH, OrpaHN4YCHHAA
HHTCPHIPCTUPYEMOCTh, a TaKKC 3aKpPbITOCTh KOJa H Moaeae NPCIATCTBYIOT 0606H.[CHI/IIO
PE3YyIbTATOB. Cunres JIMTCPATYpPbl ITIOKA3bIBACT, YTO HCKyCCTBCHHBIf/'I HHTCJUICKT CJICAYCT
paccMaTpruBaTh HC KaK HHCTPYMCHT 3aMCHBI 6I/IOJ'IOF2[, a KaK UCCJICAOBATCIILCKYTO I/IH(I)paCTp}/KTypy,
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(YHKIIMOHHUPYIONIYIO Ha OCHOBE KOHTPOJISI KauecTBa JAaHHBIX, BHEIIHEH BaJHMIAIIUU, SKCIIEPTHOM
OIICHKH B MPEAMETHOMN 00JIACTH M COOIIOJICHUS CTAHAPTOB BOCIIPOU3BOAUMOCTH.
Kniouesvie cnosa: uckyccmeennvlili unmesiekm, MawuHuoe ooyuenue, 2nyboxkoe odyuerue,
ouounopmamuka, 2eHOMUKa, YUPPoOBas MUKPOCKONUs, MOHUMOPUHZ — OUOpasHoobpasus,
abOPaAmMopHas a8MOMAMu3ayusl.

ARTIFICIAL INTELLIGENCE AND DIGITAL METHODS IN BIOLOGICAL
RESEARCH

Abstract. High-throughput sequencing, single-cell omics, digital microscopy, remote
sensing, and automated sensors have dramatically increased the volume and complexity of data
generated in biological research. This literature review aims to systematize the main applications of
artificial intelligence and digital methods in biological research, their scientific potential, and the
conditions required for their reliable use. A thematic synthesis of peer-reviewed studies demonstrates
that artificial intelligence delivers significant results in genomic variant detection, cell segmentation,
protein structure prediction, single-cell data integration, screening of novel molecules, biodiversity
monitoring, and laboratory workflow automation. However, high predictive performance does not
establish that a biological mechanism has been proven: data leakage, sampling bias, domain shifts,
limited interpretability, and the lack of transparency of code and models hinder the generalizability
of results. The literature synthesis indicates that artificial intelligence should be regarded not as a tool
for replacing biologists, but as a research infrastructure governed by data quality control, external
validation, domain expertise, and reproducibility standards.

Keywords: artificial intelligence, machine learning, deep learning, bioinformatics, genomics,
digital microscopy, biodiversity monitoring, laboratory automation.

Kipicne ANTOPUTMACPAl  KaMTHABL. Al HUQPIBIK
Kazipri OHMONOTHUSIIBIK 3€epTTey TEK OJICTEpPre CEKBEHHUpIEY, OMOMHGMOPMATHKAIBIK
3epTXaHAJbIK  OaKpUIAYMEH  HICKTEIMEWIi. KyOwIpiap, caHAbIK OcifHeney, reoaklapaTThiK
['eHOMIBIK ~ CeKBEeHHUpIEYy  IUIaTGopMaliapbl  JKyHelep, KallbIKTaH 30HATay, CEHCOPIBIK
MUWUIHAPATAFaH HYKJICOTUATIK OKbUIBIMIAPABI, MOHUTOPHHT, OYJITTHIK €CENTey, SJICKTPOHIIBIK
MUKPOCKOTITAD MBIHIaFaH KECKIHIEp/i, al 3epTXaHaJbIK *azoanap KOHE

KaMepa-Ty3aKTap, JPOHIAp KOHE aKyCTHKAJIbIK
CEHCOpJIap Y3IIKCI3 DKOJOTHSIBIK JEPEKTePi
eHmipeni. MyHaali MaccHBTEpIiI  JIOCTYpIIi
KOJIMEH Tanjay 0asy opi CyObEeKTHBTI OOIYBI
MYyMKiH. CoOHIBIKTAaH LHUQPIBIK JIepeKTepai
CaKkTay, OHJIey >KOHE O6lliCy TEeXHOJIOTHsIIaphI
MEH >KacaH/Ibl HHTEJIJICKT 9/1iCTePi OMOJIOTUSHBIH
3epTTey JIOTMKAchlHAa OipTiHaen eHai. TepeH
OKBITY KypAelni OeifHe, PEeTTUIIK »OHE CHTHAI
JepeKTepiHeH Maiaansl Oenriiepai aBTOMATTHI
TYpAe YipeHyre MyMKIHIIK Oepce, KITaCCHKabIK
MallMHANBIK OKBITY CalbICTBIPMANbl  TYPIE
IIaFbIH, KYPBUIBIMIANFaH JepeKTepAe oni Je
MaHb3abpl opblH anansl (LeCun et al, 2015;
Greener et al., 2022).

Xacanapl UHTENIEKT  YFBIMBI OV
IIOTyJ]a MAITUHAIBIK OKBITY, TEPEH HEHPOHIBIK
KeNijep, TeHepaTUBTI  MOJEIBACpP  KOHE
OKCIEPUMEHTTI JKOCHapiayFa KOMEKTECETiH

POOOTTAHIBIPBIIFAH AKCIIEPUMEHTTED KaTajbl.
Ochl1 eki Ton Oip-OipiHeH Oosek emec: UGPIIBIK

Kypangap CTaHAapTTalfaH JepeK aFbIHbIH
kKacalpl, al  JKacaHIbl HHTEIUIEKT  COJ
JIepEKTepJIeH  KIKTey, OoJKay, CEerMeHTTey

HEeMece OHTAMIaHbIPy HOTHIKECIH aaipbl.

MakanaHslH MakcaTbl — OHOJIOTHSIIBIK
3epTTeyNiepJeri  JKacaHIbl HHTEIUICKT IIeH
IUQPIABIK SIICTEP/iH JKETICTIKTEpiH Ti30eKTey
FaHa eMec, op KOJIJaHOAHbIH FBUIBIMH JIQJIEIITe
aifHaly [IapTTapblH  CaAJBICTBIPMANIBI  TYPHE
tangay. Herisri cypakrap: Oy TE€XHOJOTHUsIAP
KaHgail OWMOJNOTHSUIBIK  MIHAETTEpAl THIMII
mienieni; Kai skepae OJIapJblH KOPBITHIHABICHI
HIEKTEYITi; )KoHe CEHIM/I1, KaliTallaHAThIH 3ePTTEY
YILIIH KaHJai oJicCHaMalbIK KaFruganap Kaxer?

OJjaeduerrTepai ipikrey Taciii

Byn xymbIc xyifeni momay mopTedecine
YMITKEp €MecC, TaKbIPBINTHIK o1e0Hu IOy
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perinae paipiHganapl. 2015-2026 xpuigapaarst
eHOekTepre OachIMIBIK Oepirin, OarbITTHIH
KaJIbIIITaCyblHa BIKIAJI €TKCH CPTCPECK KYMBIC
KOCBLJLIBI. Isﬂey WWhBIMIAApbl Ka3aKlla XoHC
aFpUIIIBIHINA OanaManapMeH Kypbuiipl: artificial
intelligence in biology, machine learning
genomics, protein structure prediction, single-

cell ~foundation model, deep learning
microscopy, Al  biodiversity  monitoring,
bioacoustics, self-driving laboratory, data

leakage >xone reproducibility. Google Scholar-ma
HMHJIEKCTEJICTIH pereH3UsIIaHFaH KypHAIT
MaKaJaapbl HET13Te aJIbIH/IBI; aTay, aBTOP, KBbLI,
xypHau xkoHe DOI manimeTTepi xKypHaIgap/IbIH
pecmu  Oertepi  MeH  OuOnIHMOrpaduUsIbIK
»az0aap apKbLIbI KalTa TEKCEPUIIi.

IpikTeyae ymr emmeM  KOJIIAHBLIIBL:
OMOJIOTHSUIBIK ~ 3€pTTey MIHJETIHEe  Tikesen
KAaTBICTBUIBIK; OJIICTIH HeMece MpoOIeMaHbIH
FBUTBIMA KAaYBIMJIACTBIK YIIIH MaHBI3IbUIBIFEI;
HOTWIKEHI  TEKCepyre MYMKIHIIK  OepeTiH
typaktel DOI He pecMu Oacma OeTiHIH OOJYHI.
3epTTey Makajajgapbl HAKThl KOJIaHOamap bl
KOpPCETy VIIiH, al IIO0Jy JOHE YCHIHBIM
CUTIATBIHAAFbI eHOCKTEP CaNaNIbIK TEHICHITUSIIAD
MEH o[ICHAMAJIBIK IIEKTEYJICP/Ii CHHTE3/ICY YIIiH
naiananbuIAbl. TeK aHHOTAIUACH KOJDKETIMII1
E€HOCKTEP/ICH ErKEH-TETKENIIl CaHbIK HOTHIKE
IIBIFAPBLIMA/IBI. CoHpIKTaH TOMEHJIET1
TYXKBIPBIMIAP  «OapiblK  oACOMETTI  TOJIBIK
KaMTHABD» JCTEHJII eMec, IPIKTEeNIreH CeHIMIi
€HOCKTEP/I1H TaKBIPHITITHIK CUHTE31H OUIAipeIi.

buosorusiibIK aepekTepain nuppIIbIK
TpaHCc(PhoOpMAUACHI

Hudpnanapipy OHOTOTUSAIBIK HBICAH/IBI
enmey TocutiH esreprri. JHK wmen PHK
pPETTUTIKTEpl  CHUMBOJIIBIK  TI30CEKKeE, TIH
KEeCKiH/epl TMUKCeNIbAep JKUBIHBIHA, KaHyap
JAaybIChl YaKbIT-KULTIK CHEKTpIHE, all dKOXKYyiie
KOOpJIUHATalapMeH OaillaHbICKaH KEHICTIKTIK
KabaTTapra aliHaapl. MyHai
penpe3eHTanusIap  KOMIBIOTEPIIK  OHICYIl
KeHIaeTe i, 0ipak OMONOTHSIIBIK HIBIHIBIKTHIH
TOJIBIK KeIllipMeci emec. Ouiey Kypasbl, YIri
TabIHaAY XaTTaMachl, CEHCOPIBIH
Ce3IMTANJIBIFBI JKOHE JIEPeKTi aHHOTalusIay
TOCUIl KEHIHrT MOJenbre X yihem KaTe eHrizyi
MyMKiH. CoHIBIKTaH UUQPIBIK KYOBIPIBIH
carmacel TE€K aJrOpUTM JIIINIMEH eMec, YIri

amygaH Oacram  MeTalepeKTep/i
JEHIHT1 OYKIT TI30EKIeH aHbIKTAIa/IbI.
MamuHanelK  OKBITyZla MakcaT KeOiHe

Oenrici3  yirimepre  Ooipkam  Jkacay,  all
KJIACCUKANBIK OMOCTaTUCTHKANA TapameTpai
Oarajay MEH THIIOTE3aHbI TeKCepy O0omaabl. by
alBIpMANIBUTBIK ~ TPAKTHKAIBIK ~ MOHTE  HeE.
Mogens TYpai KeCKiHHEH KOFapbl JQJIIKICH
TaHbICA J1a, TOMYJISIMS CAHBIHBIH 03repy ce0e01H
TyciHaipmeyli MyMKiH. Col  CHUAKTBI Te€H
SKCTIPECCUsChIHAH (PEHOTUNTI OOJKay TEeHHIH
cebenTik peiiH aBTOMATThI TYypae
nanennemenai. Pichler sxome Hartig (2023)
IKOJIOTHSIa 00Ky MEH FBUJIBIMU KOPBITHIHIBI
yKacayJIbIH MaKCaTTapbIH aXKbIPaTy KAXKET eKCHIH
aTan Kepcere/l; Oy Karuja OMOJIOTUSIHBIH e3re
cayiajiapblHa J1a OpTaK.

I'enoMuKka k9He Oip:KacymIaJbIK
OuoJIorus

['eHOMUKa >KacaHIIbl MHTEJUICKTIHI epTe
opi keH KaObuinaraH OareITTapasiH Oipi. Tepen
xkenutep JHK tizOerinmeri ¢GyHKIMOHAIIBIK
JJIEMEHTTEP/ll TaHy, BapUaHTTapAbl IIAKBIPY,
perreymi  OeinceHAUTIKTI  OoJpKay — JKOHE
KOITOMHUKAJTbI JEpEeKTEP i OIpIKTIpY
MIHJETTEpIHAEe KoJyimaHbutanbl. Eraslan sxoHe
opinTectepi (2019) TepeH OKBITYIbIH YJIKEH opi
Kypllelni TeHOMJIBIK JepeKTeplieH OeiChI3bIK
TOYCNAUIIKTEpZIl YHpPEHE allaThIHBIH, Oipak
MOJENTb  HUHTEpHpeTanyscbl  MEeH  JepeK
Ka)KeTTUIIr1 Herisri KHABIHIBIK OOJIBIII
KaJIaTBIHBIH ~ KepceTTi. JKanmel  omicTemMenik
nioaynap JAa Ouojor YIIIH MOJENs TaHIAy
MIHAETTEH, JAEPEK KOJIEMIHEH >KOHE TYCIHIIpY
TanaOblHAH OacTalybl THIC €KEHIH aiTaJbl
(Greener et al., 2022).

DeepVariant reHOMJIBIK OKbUIBIMAAPABIH

cakKTayra

JOKANJBIK  TypaJlaHyblH  KECKiHre  yKcac
penpe3eHTanusAra TYpPJIEHAIPI, oip
HYKJICOTUATIK  BapHaHTTap  MEH  ILIaFbIH

UHACNACPAl TEepeH Kell apKbUIbl KIKTEHI.
Poplin xone opintectepi (2018) oxicTiH opTypIi

CEKBEHHpIICY TEXHOJIOTUSIaPhI MeH
IKCIIEPUMEHTTIK IU3aiHapra OeriMmaese
QJIaTBIHBIH KOpPCeTTi. byn HOTHXKE
OMOMH(POPMATUKAIBIK  epeXenepAl  TOJIBIK
KOJIMEH a3yJblH OPHBIHA, MOJICJIB/IIH IIbIHANBI
JepeKTeH  maigansl  Oenrinepai  yHpeHy

MYMKIHAITIH TaHBITTHL. JIereHMeH eHIMILTIK
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pedepeHCcTiK TeHOMFa, KamTy TepeHJIriHe,
mwiardopmara KOHE STHUKATBIK
PENPE3CHTATUBTUIIKKE TOYeJ/Il;, KIMHUKAJIBIK

HEMCCC NONYJHNUAJIBIK KOPBITBIHABLI aJlIbIHAA
TOYeJICi3 IepeKIleH BAINIANNs KaXKeT.

Bipxkacymansik RNA-seq ap
JKaCyllaHbIH MbIHAaraH I'CH OoMbIHIIIA
OKCTIPECCHUACHIH ~ OmIel i, Oipak CHPEKTIK,
TEXHHUKAJIBIK my  K9HC MapTUAIIBIK aACcep
Tajaaydbl KUBIHIATabl. scVI BIKTUMAJIJABIK

TE€HEPATHBTI MOJENb apKbUIBl TOMEH OJIIeM/Il
KACBIPBIH KEHICTIK KYpbIN, MapTHUIBIK dcepAl
€cernKe ajly MEH JKacyllalblK BapUalUsHBI
Tangayra MyMKiHIiK Oepai (Lopez et al., 2018).
Keitin scGPT 33 MumimoHHaH actam jKacylia
npoduiHIe aJJIbIH ana OKBITBIIIFaH
TpaHcopMeplli  YCBIHBIN, JKacyllla THIIH
aHHOTAITUsIIAY, TEHJIIK JKETUIep/Il 3ePTTey KOHE
KOIIOMUKAJIBI MIHJETTEpTre oeitimaey
MyMKiHAIrH kepceTTi (Cui et al., 2024). Mynaii

ipremi  MozenpAep KaWTa TaialaHbIIaThIH
pernpe3eHTanusl  YChIHAABI, Oipak  oJapablH
KoJieMi OHOJIOTHSIIBIK MarbIHAIBUIBIKKA TEH

eMecC: OKY KOPIYChIH/IaFbl TIHJIED, aypyJiap KoHe
MOMyJSIMsUIap  TEH  YCbIHbIMAca, CHPEK
JKaraiapra KaThICThl KOPBITHIH/IBI QJICI3 00Ty
MYMKIH.

KypbLibIMABIK 0M0JI0THS sKIHE TIPi
izney

AKYyBI3 KYPBUIBIMBIH aMHUHKBIIIKBIIAAD
Ti30eriHeH OoJpKay JKacaHIbl HWHTEUICKTIHIH
OonoJlorusAmarsl €H  TaHbIMaJl  JKETICTIriHE
aitHangel. AlphaFold2 CASP14 OGaranayeinna
KONTEreH HBICAHIAp YIIIH JKCIEPUMEHTTIK
KYpbUIBIMIApFa KaKbIH JONIIK KepceTTi (Jumper
et al., 2021). Keitin omic amaM IPOTEOMBIHBIH
O0acelM OeuiriHe KOJIIAHBUIBII, KYPBUIBIMIBIK
KaMTYy/bl alTapIbIKTAl KEHEUTTI
(Tunyasuvunakool et al., 2021). AlphaFold
Protein Structure Database Gomxammapabl KeH
KaybIMJACTBIKKA  allIbIK ~ YCBIHY  apKBLIBI
U (PIIBIK UH(PaKYPHUIBIMHBIH FBUIBIMU
bIKNaNbIH KymedTTi (Varadi et al., 2022).

ConbiMeH Oipre OOJDKaHFaH KYpbUIBIM
MEH OKCIHEPUMEHTTIK JoNelAl TEeHEeCTipyre
6onmMaipl. MosienbaiH CeHIMIUTIK KepCceTKili
TOMEH alMakTap, peTci3 IoMeHjaep, Oamama
KoH(popmanusap, JTUTaHATap,
MOCTTPAHCISLUSAIBIK  MOAUDUKAIHSIIAD KOHE

KACyIIaNbIK  OpTa TOJBIK  CHUIATTAIMAYbI
myMKiH. AlphaFold runoresa xansimracteipyasl,
MYyTaIHst OpHBIH TaHAayIbl HEMece
IKCTIEPUMEHTTI 0aChIM/IBIKKA KOIOZIbI
xepenaeresni, 06ipak QYHKIUSHBI, THHAMUKAHBI
KOHE e3apa opeKeTTecyli pacray YUIiH
KPHOAJIEKTPOHABIK MHUKPOCKOTIHS, PEHTTEHJIK
kpuctamorpadus, SIMP xoHe OMOXHUMHSIIBIK
CBIHAKTap KaxeT OoJIbIN Kasia 6epel.
Jopi-gopMek 13aeyJe MAalluHANBIK OKBITY
HbICAHA  TaHJaylaH  Oactam  MOJIEKyla
KacHueTTepiH OoJKayFa, BUPTYyasibl CKpUHUHIKE
KOHE TOKCHKOJIOTHSAFA JEeWiH KOJIJIaHBLIAIbI.
Vamathevan  xone  opinrectepi  (2019)
MYMKIHJIKTIH MOJ €KeHiH, Oipak mangaisl
HOTIDKE HAKThl KOMBUIFAH CYpaK TICH Carlabl
JIEPEKKe TOYyeNal eKeHIH KepceTel. Stokes xoHe

opinrectepi  (2020) TepeH OKBITY apKbUIbI
KYPBUIBIMJIBIK JKarblHaH OYpBIHFbI
aHTUOMOTUKTEPAECH O3relle  MOJIeKyJaaap bl

OachIMJIbIKKA KOIOFa OOJIATHIHIBIFBIH KOPCETTI.
byn Mogmenmpaep  3epTXaHaNbIK ~ CKPUHUHT
KCHICTITIH TaphlITaAbl, OJIap MOJICKYJIaHBIH
THIMIUIITT  MEH  KAyICB3AIriH  e3[iriHeH
manenneMerni. COHOBIKTAH €CEITIK OoJpKaM
MIHJETTI TYpAe in Vitro, KeiiH KaxxeT Oosica in
VIVO TEKCEpYMEH KaJIFacybl THIC.
CaHabIK MUKPOCKOIIUA JKIHE

OuoOeiiHenep

CaHIbIK MUKPOCKOTIHSI/IA KaCYIIAIap.Ibl,
SAOpOJIapIbl  HEMece Yina  KYPbUIBIMIAPhIH
KOJMEH Oenriiey Kemnl YakbIT ajajbl JKOHE
3epTTeylIUIep  apachlHAa  aWbIPMAIIbUIBIK
TyFbI3aJbl. TEepeH OKBITY KECKiH IKIKTey,
0OBEKTIHI CETMEHTTEY, TPACKTOPHUSHBI

Kajarajiay JKOHE KECKiH camachblH KallbiHa
KeTIpy MIHJIETTepiH aBTOMATTaHabIpAbI (Moen
et al, 2019). Cellpose opTypiai KeckiH
TUTNITEPIHAE  >Kacyllanapiabl CerMEHTTEeyTe
apHaNFaH  JKajmbllamMa  MOJIeNb  PEeTIHAe
YCBIHBUIBIM, aJIJIbIH alla KaiiTa OKBITYChI3 J1a KeH
Koijanyra Oeiimaenni (Stringer et al., 2021).
Cellpose 2.0 agam KaTbhIcaThIH KailTa OKBITY
apKbLIbI JKaHa OelfHe JOMEHIHE CallbICTHIPMAIbI
a3 aHHOTAalMUAMEH OeiMIenyai >KeHUIAETTI
(Pachitariu & Stringer, 2022).

buobeitne MonenbaepiHiH ocal TYChl —
JOMEH aybICybl. backa MHKpockom, 0osy, yiri
MaiblHoay HeMece JKacymia MOpPQOJIOTHSACH
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YHpeTiren MoJenbaiH KaTeciH apTThIpa anajpl.
CerMmeHTTey Kareci KeHWIHTi jkacylia caHbIHa,
MopdoMeTpusiFa KoHe (EHOTHUIITIK IKIKTEYTe
Ti30ekTi Typae Tapananbl. COHIBIKTAH CarlaHbl
TEK OpTallla JIAJIIKIICH eMeC, OHOJIOTHSIIBIK
MaHbBI3JIBI CHUPEK OOBEKTUIepAEri KaTelepMeH,
CBIPTKBI ~ 3€PTXaHAHBIH  JIEPETIMEH  KOHE
capalllIbIHBIH BH3yaJIbl TEKCEpyIMEH Oaranay
KakeT. JKacaHabl WHTEIDIGKT OYJI  Kepie
OaKpIIAYIIBIHBI  TOJIBIK ~ QJIbIl  TacTamai,
KalTajdaHaTbIH KYMBICTBl a3alThIN, KYMOHAL
MBICAJIIapbl afaMFa KaliTa OarbITTalThIH KYyiie
peTiHe THIM/II.

JKOJIOTHSAl KIHE OMOoATyaHTYPJLIiKTI
IUPPIABIK MOHUTOPHHITEY

DKoJorusaa Kamepa-Ty3ak, IpoH, CITyTHHK,
GPS xoHE MacCUBTI aKyCTHKAIBIK KYPBUIFbIIAP
KEeHICTIKTIK-yaKBbITTBIK JEPEeKTEPAIH ’)KaHa
aFBIHAAPBIH  KAIBINTACTHIPAIbI. TEpPeH OKBITY
KECKIHHEH TYpJl aHbIKTay, >KaHyap CaHBIH
ecenTey,  MIHE3-KYJIBIKTBI ~ JKIKT€Y  JKOHE
ITBIOBICTAaH BOKAJIM3AIMSHBI TaHy MIHICTTEpiHE
eariziami (Christin et al., 2019). Norouzzadeh
xoHe opintectepi (2018) Snapshot Serengeti
SKUBIHTBIFBIH A bl 3,2 MWUINOH  KECKIH
OoiipiHIIa 48 TYpHi aHBIKTAy, CaHBIH €CENTey
JKOHE CHIIaTTay MYMKIHJIIrH KepceTTi. by
KaMepa-Ty3aK MOHUTOPHHIIH MaciiTadTayra
JKOJI aIThl, OipaKk MOJAENbIiH Oip ailMaKTarbl
JKOFaphl HOTWXKeci Oacka manamadr, MaychiM
HEMece KaMmepa MapaMmeTpiHe aBTOMATThI TYpIe
KOIIIIEeH/T].

OCIMIIK TYpJIepiH KECKIH apKbLIbl aHBIKTAY
a3aMaTThIK FBUIBIM MEH JajalbIK >KYMBICTBI
konmait amaapl. Waldchen sxone Mader (2018)
aBTOMATTaH/IbIPBUIFaH oCcIMIIK
UICHTU(PUKAIUSCHIHBIH JAMYBIH
KOPBITBIH/IBLIIAI, JKAIMbIPAKTaH 06JIeK 'YL, XKeMIC,
cabak »OHE DSKOJOTHUSJIBIK KOHTEKCT CHUSKTBI
OenruiepAiH MaHbI3bIH KepceTTi. IIpakTukaibik
Kyiie maligananymisira Oip ataynasl FaHa eMmec,
BIKTUMAJ HYCKaJapbl, CEHIMJLUIIK JeHTeHiH
KOHE HIEUIIMIe dcep eTKeH Oenruiepi YChIHYBI
kepek. CHpek JKoHE JKepriulikTi TYpJepIiH OKY
KUBIHBIHAA a3 OONybl KOpFay OachIMIBIFBI

KOFapbl ~ TaKCOHIapAa  Kare  TOYeKeliH
KyILIenTe .

buoakycruka KyCTap/Ipl,
KapKaHaTTapIbl, IKOHMIKTEPIl JKOHE TeHI3

KaHyapiapblH  y3aK  Mep3iM,  KaHacmai
Oakputayra MyMmKiHmik Oepeni. Stowell (2022)
TEPEH OKBITYIBIH JIBIOBICTBIK OKHUFaJapbl Tady
MEH JKIKTEeY/l UIrepiieTKeHiH, anaiiaa (GoHIBIK
nry, onci3 Oenri, TaKCOHIAp apachIHIAFbI
TEHCI3JIK oHEe Oacka OpBIHFA TachIMaJIay
Moceleniepi  MICHIUIMETeHIH — aTam  OTel.
DKOJOTHS MEH OBOJIONMANAFBl  JKY3ZIETeH
3epTTeylli KaMTBIFaH CHHTE3 TEPEH OKBITYIbIH
ocipece KECKIHAIK JKIKTEy/le Te3 TapajFfaHbIH
KepceTTi, OipaKk MEXaHUCTIK TYCIHAIPY MEH
00KaMIBIK ©HIMIUTIKTI aXbIpaTy KEPEeKTIriH
eckepreni (Borowiec et al., 2022). [lemex
U(PIIBIK MOHUTOPUHITIH €H CEHIMIl YyJrici —

CEHCOp, AaJFOPUTM, JalalblK TEKCepy IKoHe
SKOJIOTHSUIBIK ~ MHTEPHpPETAalusHbIH ~ OIpiKKeH
UKL

3epTXaHAJBIK ABTOMATTAHABIPY KOHE
TYHBIK IMHKJI IKCIEPHUMEHT
3epTXxaHaIbIK ABTOMATTAH/IBIPY/IBIH
OacTarKel MAaKCaThbl CYMBIKTBIK oepy,
WHKYyOaIrusiay JKOHE eJIey CHUSIKTBI
KalTaJlaHaThIH OPEKETTEP Al CTaHaapTTay OOJIIBI.
JKacanapl  MHTEIUIEKT — KOCBUIFAHIA  Kyie
AIBIHFBI HOTIDKETE CYHEHIm KeJecl
SKCIIEPUMEHTT1 TaHJayFa KaOUIeTTI TYHBIK
nukire oetemi. King skone opimrectepi (2009)
yceiHFaH Adam  poOOT-FaJIBIMBI  AIIBITKbI
(GYHKIIMOHAIABIK TEHOMHMKACBIHAA THIIOTE3a
KYPBII, OHbI aBTOMATThI 3KCIEPUMEHT apKbLIbI
TEeKCepYAiH MPUHIMNTIK MYMKIHIITIH KOPCETTi.

byn KyMbIC FBUILIMH  TIPOLIECTIH  KEHOIp
dopmanabl  OemikTepiH MamMHara Oepyre
OONATHIHBIH  JANEIAEI, O0ipaK  FBUIBIMH

CYPaKThIH MaHbBI3bIH OaFajiay MEH HOTHXKEHI KeH
TEOpUSIFA CHII3y ajJaM capanTaMachlH TaJar
ereql.

Kazipri O3IiriHeH OacKapbUIaThIH
3epTXaHajgap poOOTTHIK OHIIPICTi, KOFaphI
OHIMJI1 eJIey/ii KoHe OeJICeH/l OKbITY Hemece
baiiec onraiinanaeipybin Oipiktipeni. [Iporenn
WHXCHEPHUSACHIHIA aAITOPUTM TEPCIEKTHBAIIBI
BapHAHTTApAbl TaHJam, poOOT OJapAbl Kacar
OINIIeil, an KaHa JepeK Keleci IHKII
KaHapTaabpl. MyHIal ToCclT SKCIIEPUMEHT CaHbIH
a3alThIN, YIKEH 13y KEHICTIriHAe Maiaaisl
aliMakThl KbUIAaM TalOybl MyMKiH. Adnaiina
XKaOJBIK COMKECTIri, KamuOpiey, axaynaap.ibl
AHBIKTAY, KayIMCi3/IiK )KoHE IepeK CTaH1apTTaphl

35



LOGOS

ISSN: 3135-1883

SANA LOGOS — PecniyOnuKaibIK FBUTBIME KypHAI., Tom 1, Ne3-2026

eckepinmece,
KOFaphbl

aBTOMATTAHJBIPY  KaTeHi
KBUIIaMIBIKIICH

KalTaganabl.

e MIHIETTIH KypJAeluIiride,
OJIIICY/IiH CeHIMALTITiHE cail 60TYyBI KEpeK.

CoHABIKTAH aBTOHOMMS JI€HIEWl OUOJIOTUSIIBIK

TOyEKeJiHe >KOoHE

1-kecte. BHOOTHSIBIK 3epTTEYIepAeTi HETi3T1 HUMPIBIK IepeKTep, dIICTED KOHE BATHU AU

OHTAMIaHIBIPYBI

YaKbITBIH KbICKApTy

TaJanTapel
Hepexk Typi Heri3ri onic 3epTTeyre KocaTblH Bbactsl Tekcepy Tanadb
KYHIBUTBIK

JHK, PHK, CNN, Bapuant maksipy, Toyenci3z KoropTsl,

OMHKa TpaHchopmep, JKacylia TUIIH aXbIpary, | NapTHUSUIBIK dcep,
BapHALIUSITBIK JIEpEK MHTETPAIHSICHI TYBICTBIK TICH
aBTOYHKOJEP KalTalaHFaH yJaruiepal

ooy

AKYBI3 )KoHE KyppuibIMabIK KypbLasiM 60mKaMbl, OKCNEpUMEHTTIK

MOJIEKYyIIa ’KOHE TCHEPAaTUBTI | HBICAHA MEH KYPBUTBIM, OHOXUMHSITBIK
MOJIENbIIEP KaHuaaTTapabl OeJICEHILTIK KOHE

0aCBIMIBIKKA KOO KAyITMCI3I1K ChIHAFBI

Mukpockomusuiblk, | CermenTrey xoHe | JKacymamapasl backa MUKpOCKOII ITeH

KECKIH 00BEKTIH1 aBTOMATTHI CaHAY, XaTTamaza ChIpTKbI
KaJaranay MOP(OJIOTrUs MEH BaJIMJIAIHS, CUPEK

JTUHAMUKAHBI OJIIICY 00BEKTIIEPIl TEKCEPY

DKOJOTHUSIIBIK Kommnsrorepix Typni anbIKTay, CaHaK, JKana opblH, MayChIM

KECKIH MEH KOpy kKoHE MiHE3-KYJIBIK JKOHE KOHE CEHCOp/a TEKCepy;

IIBIOBIC AKyCTHUKAJIBIK (dheHOoIOTHS MOHUTOPHHT] | JKaJFaH OH HOTHXKEHI
KIKTEY €cemnKke ainy

PoGoTTBIK benceni okpITY, Keneci Toxipubeni Kanmu6prey, 6akpuiay

AKCIIEPUMEHT Baiiec Oeiimaen TaHaay, UK yarizepi, Kayinci3

TOKTaTY KOHE TOJIBIK
KypHaay
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Cenimainik, TyciHaipMeTiJIik KoHe ITHKA

XKacangpt MHTEJUICKT KOJIJAaHBUTFaH
OMOJIOTHSUTBIK  3€pTTEYAIH €H JKHi Kareci —
MOJICNBJIIH TECT HOTWKECIH IIBIHANBI FHUIBIMU
»KapaMJIbUTBIKIICH TeHeCTipy. Jlepek arysl ke3inue
0ip mapara, 6ip orOackIFa, Oip 3epTXxaHara HemMece
O1p YJri cepusiCblHA KATBICTHI aKmapaT OKY YKoHE
TECT JKUbIHJapbiHa KaTap Tycenl. CoHma MOJIeIb

onoJo TUAJIBIK 3aHABIJIBIKTBIH OpHBIHA
TCXHUKAJIBIK YKCACTBIKTBI JKaTTall, HOTIKEH1
KacaHIpl TypAe Kketepeni. Bernett xoHe

opinrectepi (2024) OUONOTHSUIBIK MAalIUHAIBIK
OKBITYyJIa aFyAbl aHBIKTayFa apHAJIFaH JKETi
OarpITTayIIbl cypak ychiHabl. [IpakTukana 6emy
O1piri OMOJNOTHSIIBIK TOYENCI3AIKKEe cail 00ybl
KepeK: MbICaJbl, KECKIHJ1 eMeC, TalUeHTTi;
IBIOBIC Y3IHAICIH eMec, jka30a OpHBIH; KacyIIaHbl
eMec, JOHOP/bI Ooy.

AmBIK Aepekkopyap Oenrur  Typaepmi,
OpraHu3Maep/i, MOMYJIALUSTIAPIBI KOHE
3epTXaHaap/bl IIaMaJaH ThIC KOPCETyl MYMKIH.
Mogenb oOcCbl  TapaJbIMIBI  YHPEHIN, CHPEK
TYpJIep/ie HeMece a3 3epTTENreH MOMysIusIapaa
Hamapyaiael. byl Tek TeXHUKaNbIK MpobdieMa
eMec: JepeK KUHAy OachbIMABIFBl  FBUIBIMU
Hazap/bl Kaiita eHgipeni. CoHABIKTaH OHIMIUTIKTI
JKaIIbl OpTallla KOPCETKILINEeH KaTap, MaHbI3/IbI
K1 TomTapja, »aHa reorpadusIIbIK aiiMakra
XoHe 0acka KypbUIFbIa Oaranay Kaer.

TyciamipMeninik meH ceOenTurK meceneci
Oenri MaHBI3IBUIBIFBI HEMece Ha3ap KapTachl
MOJENBbIIH KaHAail CUrHajd TaiijajaHFaHblH
mamajgan — Kepcereni, Oipak  OHOJIOTHSIIBIK
MEXaHU3MHIH [oneni Ooimaiinel. BomkxamMuHan
KEWi1H HOKAyT, MyTareHes, TeXerill IKCIEPUMEHTI
HEMece Toyelci3 Jananblk Oakpuiay CeKuii
Tekcepy Kaxer. Walsh xone opintectepi (2021)
YCBIHFaH DOME YCBIHBIMIAPhI Jepex,
OHTAMIAHABIPY, MOJIENb >KOHE Oaranay Typalibl
TOJILIK ecenm Oepyre 1makpipaabl. Heil xoHe

opintecrepi (2021) nepek, koxa, YHpeTiireH
calMakTap,  OarjapiamaiblK — OpTa  JKOHE
aBTOMATTaH/bIPbUIFaH AKYMBIC aFbIHBIH

JKapusayblH KalTaJIaHBIM/IbLIBIK YILIiH
MaHBI3bIH KOPCETEII.
I'enomapbIK JepeK TYJIFaHbI KauTa

ColiKecTeHIpyre MYMKIHIIK Oepyi MYMKiH, ai
OMONIOTUSIIBIK ~ TU3alH  MOJETBAEpl  Maiijanbl
MOJICKYJIaJJapMEH KaTap KayinTi CHITaTTaMaiapabl
na OHTaJIaHIbIpa anajpl. CoHbIKTaH
KOJDKETIMAUTIK JCHTeWl, JEpeKTI aHOHUM/IEY,
ayJIUT JKYPHAJIBI, POJJIIK PYKCAT XKOHE TOYCKENre
cail anam OakpliIaybl ajajblH ana *ko0ajJaHybl THIC.
FAIR  xarumpamapel  AepekTiH  TaObLIaThIH,
KOJKETIM/II, yinecimai J)KoHE Kalita
NalJaTaHblIaTEIH - OONYBIH  KOJIAWBI, Olpak
«amIbIK»  TEeH  «€KayanTbl  KOJDKETIMILTIK
opnaiieiM Oip Hopce emec (Wilkinson et al., 2016).

TankpLiay

KapacteippuiFan ~ oeOueTTep  YKacaHbl
MHTEJJIEKTIHIH OHOJIOTUAaFbl  ocepl OlpKenKi
eMec ekeHiH kepcereni. EH aillKbIH KETICTIKTEp
YJIKEH CTaHIapTTaJFaH JIepeK, HAKThl Makcar
J)KOHE OOBEKTHBTI JTalOH Oap MIHIETTEPIC
Oaiikamaapl: aKybl3  KYPBUIBIMBIH  0OJDKay,
HYKJICOTH]I BapHAHTTApbIH IIAKBIPY, Kacylia
CErMEHTTEY HeMece aJblH ajia OelruleHreH
TypJiepAl KeCcKiHHEH IKIKTey. AJ  ceOenTik
MEXaHW3M, CHpEK J>KaFjail, >KaHa opra HeMmece
KOIJICHT eIl JKyle KakeT OonraHma Oenrici3iik
aptanpl. COHIBIKTaH «EH KypjAeli MOJelb €H
JKaKChl MOJICIIbY JIETeH Karuaa FhIIBIMHU TYPFbIIaH
JYPBIC €MeC; KaparaibiM 0a3ajIbIK MOJIEIb, aHBIK
BaJIM/Iallks KOHE TYCIHIKTI KaTe Talfaybl Keiize
KeOIpeK aoien oepe/i.

[udpaslk omicTepAiH 0acThl KYHJIBUIBIFBI
JKEKEJIereH aJrOPUTMHEH Tepl 3epTTey LHUKIIIH
OaiinanpIcThIpybIHAA. CeHCOp HEMECE CEKBEHATOP
JIEPEK JKUHAWIBI; CTaHIapTTalIFaH KYObIp caraHbl
TEeKcepeli; MOJENb BIKTUMall  HbICAHJAp/IbI
OacbIMIBIKKA KOSIABI; OKCIIEPUMEHT HeMece
JanajiblK TeKCcepy OOJDKaMIbl CHIHAMABI; HOTHXKE
JIEPEeKKOp MeH MoJenbal kaHapTaasl. OChI
HUKIAEe ajaM 3epTTey CYpaFblH, OJIIEeMHIH
KApaMJIBUTBIFBIH,  ATHKANBIK  [IEKTI  JKOHE
OMONOTUSUTBIK MHTEPIPETALUSIHBl  AHBIKTAMIBI.
SfHu  OonamakTarel THIMII YATT — TOJBIK
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ABTOHOMHUS €MEC, aJaM MCEH eCeNTIK XYWeHIH
MIH/IETTEP1 1311 OOJIHTeH CePIKTECTIK.

KazakcTanapIk 3epTTey YUBIMAAPHI YIIiH /e
OYJT KOPBITBIH/IBI ©3¢KTi. KbIMOAT YIIKEH MOICITbTi
HOJIJICH YHpeTyleH OYphIH amliblK Kypaibl
KEPTUTIKT1 IEPEKIICH TeKCepy, caraabl METaIePeK
MeH JJCKTPOHJIBIK XaTTamMa KaJbITACTHIPY,
€CenTey OPTAChIH KYKaTTay JKOHE IMOHJIIK MaMaH
MEH JIEpeKTep MaMaHbIHBIH OIpJIECKEH KYMBICBIH
KYLIEUTY Al JaJbl. buoanyantypautik
caJlaChlH/la JKEPrUTIKTI TYpJAEpIlH CYypeT >oHe
IOBIOBIC  KOJUIGKIMSUTAphI, aid OHOMeJUIIMHaaa
MOMYJISIIVSUTBIK ~ PETPE3CHTATUBTI  JepeKTep
epeKile MaHbI3ra ve. MyHJal JepeKKOpIapChi3
CBIPTTaH aJIbIHFAH MOJIEJIB/IIH KATEJNIr1 dKaChIPbIH
KaJTybl MYMKIH.

KopbITbIHABI

Kacannpl HWHTEINIEKT JKOHE  IUQPIBIK
omicTep OMOJIOTHUSUIBIK 3€PTTEYiH NEpPEeK >KUHAY,
Tajjay, TUNOTe3a KYpy >KOHE SKCIEPUMEHTTI
KocTapyiay  caTbUIapblH ~ ©3repTil  OThIP.
['eHomukama omap Kypzeni peTTUTIK JepeKTepiH
OHJICHII; KYPBUIBIMIBIK OHOJIOTHSANA  aKYbI3

NimiHiH 0OJDKayIel KEeHEHTei; MUKPOCKOMIHsIA
CaH/IBIK (CHOTUIITEY/II )KEeIeIIeTe1; IKOJIOTHsI/Ia
YJIKeH  ayMmMakTa  Y3MIKCi3  MOHHUTOPHHIKE
MYMKIHIIK Oepeni; aBTOMAaTTaHIbIPbLIFaH
3epTXaHazga ToXKIpuOeHI Oelimaen TaHmayra
KoMeKTecemi. bipak Oyl apTHIKIIBLIBIKTAP
JIEPEKTIH camachl MEH perpe3eHTaTUBTUIINHE,
IyphIC OOJIHTreH OKYy >KOHE TeCT XKUBIHIapbhIHa,
CBIPTKBI BaJIMJAIMSIFA, TOJNBIK €Cer Oepyre >KoHe

OMOJIOTHSITBIK AKCHEPUMEHTIIEH pacrayra
TOYeI Il

O1eoneTTepIiH opTaK TYKBIPBIMBI
MBIHAJAl: KacaHJbl WHTEJUIEKT FBUIBIMH OJIICTI
alIMacThIpMalIpl, OHBIH KeHOip Ke3eHaAepiH
kymenTeni. CeHIMII  KoJaHy  YIIIH — 9p

00JDKaMHBIH JepeK Ke31, Oenrici3airi, KoJIIaHbLTy
HIeKapachl XKoHE TEKCEPY KOJIbI KOPCETLTY1 KEpeK.

bouamrak 3epTreynep MYJIbTUMO1AJTb]TbI
nepekrepai  Oipiktipyre, a3  YCHIHBUIFaH
OpraHu3MJep MEH MOMyJSAUUsIIapAbl KaMTYyFa,
CBIPTKBI BaJIMJALINATa, TYCIHAIpUIETIH

MOJICJIB/ICPTe JKOHE aIlIbIK, KaTaTaHATBIH KYMBIC
arbIH/IapbIHA OAFBITTANIFAHBI KOH.
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OcimikTep cHCTEeMATHKACBIHAAFBI AKACAHAbI MHTELIEKT HU(PIIBLIK repdapuiiiep TypJepai
AHBIKTAY JKOHEe TAKCOHOMUSUIBIK 3epPTTeyJIepAiH )KaHa MYMKIiHAiKTepi (9ae0M 1moJry)

A.A. Kynaii6epren” =,
Lon-Mdapabu arsmgarer Kasak yITTeIK yHUBepcuTeTi, AnMatsl, Kasakcran
e-mail: aiauzhankudaibergen@gmail.com

Kaobiiganran kyHi: 29.07.2026 | Kaosuinanasr: 23.09.2026 | Kapusaanasi: 30.09.2026

AngaTna. byn oneOu momyablH MakcaTthl — MAQPIIBIK TepOapuiiiep MEH jKacaHIbl MHTEIUICKT
O/ICTEPIHIH OCIMIKTEp CHCTEMAaTHMKACBIHJAFbl OPHBIH, TYpJEpJi aBTOMATTAHJBIPBUIFAH aHBIKTAY
MYMKIHIIKTEPIH »OHE TAaKCOHOMUSUIBIK 3€pTTeyjepre bIKMaJdblH KelleHal Oaranay. Onebuerrep
Google Scholar apkpuisl TaOyFa 0OJIATHIH PElICH3USIIAHFAH KaPHSIAHBIM/IAP apachlHAH TaKbIPBIITHIK
colikecTik OoibiHIa ipikTenin, DOI sxone Oacma 6eTTepiMeH cabICThIphLIa Tekcepinal. Herisri i3ney
ke3eHl 2015-2026 >xplgapasl KaMTBIABI, all TYKBIPHIMIAMAJIBIK MaHBI3BI 0ap epTepeK eHOCKTEp
KochbIMIIa eHri3ial. Hotmxkenep mudpibik repOapuiyiepiH CypeT MeH KalchipMa METaJAepeKTepiH
OIpIKTIPETIH ayKbIM/IbI 3€pPTTCY HHOPAKYPHUIBIMBIHA alfHATFaHBIH KOPCETTI. TepeH OKBITY YITriaepi ipi
JKOoHe caraibl TaHOaJaHFaH JepeKTep KUBbIHAAPbIHAA TYPJIEPAl KOFaphl AIAIKICH aXKblpaTa alajbl;
COHBIMEH Olpre ociMAIK MYIIeNepiH CerMeHTausIay, MOPQOJOTHIIBIK Oenriiepai  oIey,
(beHonorusIIBIK (pazanapiapl TaHy, JKANChpMa MITIHIH LIBIFAPY KOHE BIKTUMAaJ KaTe aHbIKTaMaslap/bl
Oenriney MYMKIHIIKTEp1 KeHeroe. Amaiia JonIiK KepCeTKIITepl AEPEeKTEPAiH TeHrepiMci3airine,
reorpausiblK  KOHE KOJUICKLIMSIIBIK  BIFBICYFa, CHUPEK TaKCOHJIAPJbIH a3  YCHIHBUIYBIHA,
TaKCOHOMMSUTBIK aTayjapAblH ©3repyiHe )KoHEe MOJIENbIIH OYphIH KOPMETEH TYpJIep/i TaHy KaOuieTiHe
toyenai. COHIABIKTAH >KacaHIbl WHTEJUIEKT TAaKCOHOMHCTI alIMacThIPAThIH Kypall PETIHIE eMec,
caparuibl 6ackapaTblH, HIeIIiM KaObu1ay bl KOJIAUThIH JKYile peTiHe KapacThIpbUTyhl THIC. bomarak
OarpITTap MYJABTUMO/IAJBABI JePEKTep/i, TYCIHAIPLICTIH MOACIBAEP/], AllIbIK KIACCThl TAHY/IbI KOHE
XaJbIKapaiblK IEpeK CTaHIAPTTaPbIH OIPIKTIpyre Heri3Aeme .

Tyiiin ce30ep: dwcacanovbl uHmenLIeKm, OCIMOIKMeEp CUCMEeMAmuKAacyl, yugppuvlk cepbapui,
KOMNbIOMEPIIK Kopy, mypirepoi anblKmay, MAuuHaIblK OKblmy, UHMe2pamuemi maKkcoOHOMUSL.

UCKYCCTBEHHBIIA UHTEJJIEKT B CHCTEMATHUKE PACTEHUI: IIU®POBBIE
I'EPBAPUU, MAEHTUP®UKALIMA BUT1OB U HOBBIE BO3MOXKHOCTH
TAKCOHOMMYECKHUX UCCJEJOBAHUM (JIUTEPATYPHBIA OB30P)

AHHoTauus. Llenb 1aHHOTO NIHUTEpaTypHOro 0030pa — KOMIUIEKCHO OLIEHUTh POJIb HU(PPOBBIX
repbapreB W METOJIOB HCKYCCTBEHHOI'O HMHTEJIEKTa B CHCTEMAaTHKe PACTECHHMH, BO3MOKHOCTH
aBTOMATH3UPOBAHHON MICHTU(UKAIMU BUJIOB M BIHMSIHHME ATUX TEXHOJOTHMH Ha TaKCOHOMUYECKHE

41


https://doi.org/10.5281/zenodo.23477056
mailto:aiauzhankudaibergen@gmail.com

ISSN: 3135-1883

LOGOS
SANA LOGOS — PecriyOnuKanbIK FBUTBIME KypHAI., Tom 1, Ne3-2026

uccienoBanus. Jlureparypa otoupanach Mo TeMaTUHYECKOMY COOTBETCTBHUIO CPEIU PELEH3UPYEMBIX
myOnMKaIuii, JOCTYmHBIX s moucka depe3 Google Scholar, ¢ mocnemyromieir mepexkpécTHON
npoBepkoit DOI u ctpanui; uznareascts. OCHOBHOM nepuo/ moucka oxsarbiBai 2015-2026 rosl, npu
9TOM JIOTIOJHUTEIBHO BKIIIOYANIMCh OoJiee paHHME PAa0OTHI, UMEIOIINE KOHLENTYyaJlbHOE 3HAYCHHUE.
PesynbraThl mokaszanu, 4to HU(GPOBBIC TepOAPHH MPEBPATHIIUCH B MAaCIITA0OHYIO HCCIIEA0BATEILCKYIO
UH(QPacTPyKTYypy, OOBENAMHAIOUIYIO H300pa’keHusl 00pa3loB M MeTaJaHHble C ITHKETOK. Mojenu
ri1yOOKOro o0yueHus: CHOCOOHBI ¢ BBICOKON TOYHOCTBIO Pa3iinyaTh BUIbI HA KPYIHBIX U KAYECTBEHHO
aHHOTHPOBAHHBIX Habopax naHHBIX. Kpome Toro, paciupsioTrcs BO3MOKHOCTH CETMEHTALlUU OPTraHoOB
pacTeHuii, u3MepeHuss MOpP(OJOrMYeCKUX MPHU3HAKOB, pacro3HaBaHUs (eHoJoruyeckux ¢as,
W3BJICYEHUS] TEKCTa C ATUKETOK M BBIABIICHUS MOTEHLMAIbHO OMMOOYHBIX ompeaeneHuil. OmHako
MOKa3aTea TOYHOCTH 3aBUCAT OT HECOAJaHCHPOBAHHOCTH JIaHHBIX, Treorpa@uyeckux U
KOJUIEKIIMOHHBIX CMEIIEHUH, HEAOCTATOYHOW IMPE/ICTaBICHHOCTH PEIKUX TaKCOHOB, H3MEHEHHM
TaKCOHOMHMYECKON HOMEHKJIATYphl U CITIOCOOHOCTH MOJIeNiel pacrlo3HaBaTh paHee He BCTpevaBIInecs
BUJIbL. [103TOMY MCKYCCTBEHHBIN HHTEIJIEKT CIIEAYeT paccMaTpuBaTh HE KaK MHCTPYMEHT 3aMEHbI
TaKCOHOMHCTA, a KaK CHUCTEeMY TMOJICpKKU TPUHATUS pEHIeHUH TOoJ KOHTPOJEM »JKCHepTa.
[lepciekTHBHBIE  HampaBiI€HUS  JAIBHEHIINX  HWCCIEIOBAHUW  CBSI3aHbl C  WHTErpanuen
MYJbTUMOJANBHBIX JTAHHBIX, pa3pabOTKON HMHTEPIPETHUPYEMbIX MOJeNiel, MPUMEHEHHEM METOJI0B
pacrno3HaBaHUs OTKPBITOTO Kjlacca U BHEAPEHUEM MEKIyHAPOIHBIX CTAaHJAPTOB JaHHBIX.

Knrouesnie cnosa: uckyccmseenuvili uHmenieKm, CucmemMamuxa pacmeHnuil, yugpoesotl cepbapuil,
KOMNbIOmMepHoe 3peHue, UOeHmuurayus 81008, MauluHHoe oOyueHue, UHMe2pamueHas MmaKCoOHOMUSL.

ARTIFICIAL INTELLIGENCE IN PLANT SYSTEMATICS: DIGITAL HERBARIA,
SPECIES IDENTIFICATION, AND NEW OPPORTUNITIES FOR TAXONOMIC
RESEARCH (A LITERATURE REVIEW)

Abstract. The aim of this literature review is to comprehensively assess the role of digital herbaria
and artificial intelligence methods in plant systematics, the potential of automated species
identification, and the impact of these technologies on taxonomic research. The literature was selected
from peer-reviewed publications searchable through Google Scholar based on thematic relevance, with
DOI records and publisher websites cross-checked for verification. The main search period covered
2015-2026, while earlier studies of conceptual significance were also included. The findings indicate
that digital herbaria have evolved into large-scale research infrastructures integrating specimen images
with label metadata. Deep learning models can distinguish species with high accuracy when trained on
large, high-quality annotated datasets. In addition, capabilities for plant organ segmentation,
morphological trait measurement, phenological stage recognition, label text extraction, and the flagging
of potentially erroneous identifications are expanding. However, accuracy metrics depend on data
imbalance, geographic and collection biases, the underrepresentation of rare taxa, changes in
taxonomic nomenclature, and the ability of models to recognize previously unseen species. Therefore,
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artificial intelligence should be regarded not as a replacement for taxonomists but as an expert-
supervised decision-support system. Future research directions include the integration of multimodal
data, interpretable models, open-set recognition, and international data standards.

Keywords: artificial intelligence, plant systematics, digital herbarium, computer vision, species
identification, machine learning, integrative taxonomy.

Kipicne

OcimaikTep CHUCTEMATHUKACKHI OCIMIIK
IyaHTYPJUIINiH CUMATTay, aTray, JKIKTey >XoHe

OalimaHbICTapblH  TYCIHIIPY
aTkapanel. byn  MiHZeTTEpaIH

SMIUPUKAIIBIK HEri31 — TYpHAIH MOPQOJOTHUSIBIK

SBOJTIOIUSIIBIK
MIHJIETTEPIH

Oenrinepid, TapalyblH, KHHAJFaH OPHBIH JKOHE

TAKCOHOMUAJIBIK  aHBbIKTaMaJlapbIH CaKTafITBIH
repbapuii  yaruiepi.

KEeNTIPUITEeH OCIMJIK €MecC: OJl KaiiTa TeKcepyre

I'epOapuit  maparel  Tek

OOoJaThIH  3aTTall  KyoJdiK,  KalChIPMaJIaFbl
KCHICTIK-YaKbITTBIK ~ JIGpEK  JKOHE  KEHIHTi
peBm3usapaAbiH, Tapuxbl. COHIBIKTAH TepOapuit
KOJUIEKIMSIIapbIH uudpranasIpy

CHUCTEMAaTUKAIaFbl JIEPEKTEePIH KOJDKETIMIUIIr
MEH CaJbICTBIPMAJIBLIBIFBIH TYOCTEHIII ©3TepTTi
(Soltis, 2017; Meineke et al., 2019).

Karmaii nudpaasabIpy HOTHKECIHIE
MUWUTHOHAFaH OFapbl aXXbIPATHIMIBUIBIKTAFbI
KECKIHJIEP GBIF, iDigBio
WHCTUTYLMOHAIJIBIK BUPTYAIIbl TepOapuiiiep
apKbUIbI TapaTbuiabl. bys Kopiap 3eprreyrire
0ip KOJUICKIIMSMEH IWICKTEIMEW, op aiiMaKk IeH
TapuxXu Ke3eHJeri yiruviepai Karap Tajjayra
MYMKIHAIK Oepeni. bipak 1mudpiblk mepek
KOJEeMIHIH ecyl JKaHa KeJepri TYFBI3JbL:

KOHC

CypeTTepli KOJIMEH aHBIKTay, >KarchlpMaiapibl
TPAHCKPUIILIMSIIAY, MYIIENep/l Oenrviey >KoHe
KaTe kaz0amapipl TeKcepy KapKbIHBI JepeK
utece Ocbl  TycTa
KOMIIBIOTEPIIIK KOpy, TaOUFU TUIAL OHIEY >KOHE

arbpIHbIHA aJIManIpl.
MalIMHANBIK OKBITY JKyHenepl KalTajgaHaTbIH
omnepanusIapapl KEACNACTETIH Kypal peTiHJe
MaHbI3Fa ue 6oinel (Pearson et al., 2020; Hussein

et al., 2022).
Kacagapl WHTEJUIEKTIHIH OCIMIIK
CHUCTEMATHUKACHIHIAFbI KOJIIaHBLTYbI TEK

«CYpEeTTEeH TYp aTayblH TaOyMeH» IIEKTEeIMEHII.
Kazipri xxyiienep repbapuii maparbIHIaFbI OCIMIIK
neH (oH 3JEeMEHTTepiH Oesenmi, XKambIpak, Ty,
JKEMIC CUSKTEI MyTIenep/ai TabaksI,
MOPGHOMETPHUSITBIK oenruiepai eJIIeH I,
XKarchlpMa  MOTIHIH  KYPBUIBIMIAHIIBIPAJIBI,
(hEeHOIOTHUSITBIK KYHI Oarajaiipl
KOJUICKIMSIIAFBl  KYMOHJI  aHBIKTamalapbl

capamnibira yceiHaap! (1-cypet). CoHFBI eHOCKTED

KOHC

MyHBI OIpHEIIe JEpeK TYpiH — KECKiH, MOTIH,
reorpadus, ¢deHororus TeHETUKAJIBIK
aKmaparTel —  OIpIKTIpeTIH  HMHTETPaTUBTI
TakCOHOMMSUTBIK Al GarbIThiHA yiacTeipansl (Guo
et al., 2025; Takano et al., 2026).

KOHC
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1-cyper. XKacaH1bl HTHTEIUIEKTIHIH ©CIM/IIK CHCTEMATHUKACBHIHIAFbI KOJJAHBLUTYbI: HHTETPATUBTI
TaKCOHOMHSUTBIK Ty

MaxkaiaHbelH A (PIBIK
repOapuiinepre HEeTi3IeITeH KacaHAbl HHTEIJIEKT
omicTepiHiH TYpIepai aHBIKTay
TaKCOHOMUSUIBIK 3€pTTeyJiepre KOCaThIH YJIECIH
onebu JnepekTep Heri3iHae Xyieney, OoJIapiblH
CEHIMIUTIK IIEKTEPiH KOPCeTy KOHE OCIMIIKTEp
Ooarrax 3epTTey

MaKCaThl -

MCH

CUCTEMAaTHUKACBIHIAFbI
OaFpITTapbIH allKbIHAAY.
Marepuasgap MeH daicrep
XKymbIc SMIUPHUKANBIK SKCIEPHUMEHT eMec,

KYpbUIBIMJAIFAH HAppaTUBTIK oAe0u 1oy
peTinae OPBIHIAIITBI. PCC JIOTHKACHI
KOJIaHBUIJBI: 3€pTTEY HbICaHbl — replapuii

YJIriiepi MeH eCIMJIK TaKCOHAAPbI; HET13I'1 YFbIM
— ’KacaHbl MHTEJUIEKT, MAIIMHAIBIK OKBITY ’KOHE
KOMIBIOTEPIIIK KOpy; KOHTEKCT — IUQPIBIK
repbapuiiniep,  TypiaepAi  aHBIKTAy  JKOHE
TaKCOHOMUSUIBIK 3€pTTey. Y1 cypaK KOWbLIABL: 1)
uudpiaslK repbapuil aepexrepi Al ymriH Kanpmai
MHOPaKYpbUIBIM KabIITacThIpaasl; 2) Al ecimaik

TYpPIH repOapuiifii  eHIEY
MIHJETTEPIHAC KaHIall HOTHXKEIep KepceTenl; 3)
Oy1  omicTepai  TaKCOHOMUSIIBIK
alHanApIpyFa KaHJal  IIEeKTeylep  Keaepri
Kacanael? Akmapar i3ney crparterusicel Google

Scholar-na TaObIaTBIH  FHUIBIMH ~ €HOEKTEP/Ii

AHBIKTAy  JKOHC

LIENIMIe

KaMTy MaKCaThIMEH aFbBUIIIBIH TUTIHAECT1 MbIHA

YFBIMAP KEKe KOHE OIpIKTIpLTIIT
af qaJTaHbUIAbL: “artificial intelligence”,
“machine learning”, “deep learning”; “plant
taxonomy”, “plant  systematics”,  “species

identification”, “species delimitation”; “digital

herbarium”, “digitized herbarium specimen”;

b b
“computer vision”; “label extraction”; “trait
extraction”; “open-set recognition”.

Hotwxenepniy OubanorpadusiblK AYpPHICTHIFBI
KypHaiaelH pecmu Oeti, DOI xaz6acel, PubMed
Central Hemece YHBIMJIBIK PEMO3UTOPHUIT apKbIIbI
CaNBICTBIPBITIA TeKcepinal. Tikenel TaKbIPBINTHIK
eHOeKTep/IiH o1ebuerTep Tizimaepi OoibIHIIA Kepi
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noieKkce3 ik i3aey ne xkypriziungi. Google Scholar
BAey KYpaJbl  peTiHje
naiigagsaHpUIFaHBIMEH, OaCBUIBIMHBIH CEHIMIUIIT]

OonbIMoTpadUsITBIK

onblH Scholar-ma kepiHyiMeH FaHa emec,
peleH3UsIIaHybl, Oacmachl, SICIHIH AlIbIKTHIFbI
MKOHE JIEPEKKE COMKECTIr1 apKplibl OaraiaHabl.

JepexTepi WIbIFAPY KoHEe CUHTE3/AEY

Op eHOek OOWBIHINA aBTOPHI, KbUIbL, JEpPEK
KO31, 3epTTey MaKCaThl, JEPEK >KUBIHTHIFBIHBIH
CUTIAThl, MOJIEJIb HEMECE aHATUTUKAIBIK TCLI,
HETI3T1 HOTHXE, aBTOpJIap KOPCETKEH MIEKTEYIep
JKOHE CHCTeMaTHKara KOJJAHBUTYBl TIpKEJ/Ii.
Jlonmik, yAT1 CaHBl JKOHE TAKCOH CaHBl TEK
OacTamkpl Makamaja HEMEce pPEeCMU  TOJIBIK
MOTIHJIE HAKThl KOPCETUITCH IKarjaija FaHa
Tan1aaHbUIbI. OpTypii MIHJETTEPAIH
MeTpHUKaJapsl Oip-0ipiHe TiKeIeH TeHeCTipUIMe/Ii:
Kinaccuukanus onairi, OOBEKTIHI aHBIKTay

KOPCETKIII XoHE OeNriHi eJmey camachl 0ejek

TYCIHIIP UL 3eprreynep omiCTeMEITIK
reTeporeH i OOJIFAHIBIKTAH MeTa-Tajaaay
KacaMajibl; HOTHDKEJICP TAKBIPBINTHIK CHHTE3

apKbUTBI TUQPPIBIK UHPPAKYPBUIBIM, aBTOMATTHI
UACHTU(PHUKAIINS, JIepeK

TaKCOHOMMUSUIBIK MHTEpIpeTaIUs
TOyeKenaep TonTapbiHa OemiHal. by skymbic

HIBIFapy,
KOHE

TONBIK JKydem mony Hemece PRISMA ece6i
peTinae cebebi  GapiibIK
JepeKKopiaap OOWBIHINA TAYENCi3 KOcCapiiaHFaH
CKPUHUHT KYPIi3UIreH KOK.

YCBIHBIJIIM aﬁ,ﬂbl,

Hormkenep

Hudpnsik repbapuitnep Al yuiiH nepek
UHPAKYPbUIBIMBI pETIHE

I'epOapuiinepai uudpranapipy (U3NKaIBIK
KOJUISKIUSIHBI  QJIeMJIK  JIeHreiae  i3geyre
OomaTelH  JAepeKk  JKyHeciHe  alHaIABIPIbI.
Hudpnbik xa36a omerTe yAri KECKiHiH, TaKCOH

aTayblH, >KMHAyIIBIHBI, KYHMl, Teorpa@usuibiK

OpBIHJIBI, KOJUICKLIMS HOMIPIH JKOHE KeHIHT1

aHpIKTay  Oenrimepin  Kamtuabl.  OcwlHmait
KYPBUIBIM MOJICNIBJII OKBITyFa KAKETTI KECKiH—
TaHOa Ooepemi.  Soltis  (2017)
UGPIaHABIPYABIH ~ TapUXW  YIATUIEpAl  JKaHa
3epTTey CYpakTapblHa KalTa MaijalaHyra »OJ

amkaHblH KkepceTTi; Meineke et al. (2019) TaOuru-

JKYITapblH

Tapuxu KOJIJICKIUsJI1apabl aHTpOHOIIGH)IGFi

OnoayaHTYPIUTIK TYCIHAIPETIH

y3aK Mep3IMJIi IepeK peTiHe Oaraiajbl.

e3repiCcTepiH

Al ymrin repbapuil KecKiHAepiHIH MaHbI3/bI
APTHIKIIBIIBIFBI — KOTIIIUTINHIH MaMaHap OeprexH
TaKCOHOMMUSUTBIK aTayMeH OaiiTaHbICYHI.
ConbiMeH KaTap Oy aTaynap TOJBIK MIHCI3
«aKuKaT Oenri» emec: keibdip kazbanap eckipreH
HOMEHKJIATypaHbl CaKTal I, KEHOIp yariiep Kare
aHBIKTaJIFaH, ajg Oip TakCOH op KOJUICKIIHSIA
optypni armen Oepiryi mymkiH. Ludpranasipy
KapKbIHBI J1a OipKenki eMec; ipi MeKemesep MeH
KeH  TapajraH  Typiep  OackiMm,
repbapuiinep, CUpeK TypJiep KoHe TeorpausIIbIK
TYPFBIZIAaH a3 3€PTTENreH alMakKTap >KETKUIIKCI3

kepiHedi. Jlemek, mudpiblk repoapuii — JailbIH

I1arbIH

JKoHe  OelTapam  OKy  JKUBIHTBIFBI  €MecC,
KYpaTOPJIbIK TAPUXbI Oap JIepeK Ko3i.

Typaepai aBTOMATTAHABIPbIJFaH
aHBIKTAY

Carranza-Rojas et al. (2017) repbapuit
KECKIHICPIH TEpeH HEUPOHIBIK KeIIepMEH
KIKTEYNIH Ky3ere acaTblHBIH ipi MacmTadra
kepceTTi. bynm eHOexk KeWiHri repOapuiiiik
KOMIIBIOTEPIIIK KOpY 3epTTeyiepiHe Heri3 00bl.
Little et al. (2020) yitbimaacteipran Herbarium
2019 OalikaybIH/1a Melastomataceae
TYKBIMAACBIHBIH 46 469 ymrici men 683 Typi
KOJIJIaHBUIBIN, V3K TepT Mojaenb 88%-man
KOFaphl  JIONJIIKKE Mynpaii  HOTHXKE
QITOPUTMICPAIH MaMaH KYMBICBIH XKblJIamMaaTa

JKETTL
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aJIaThIHBIH KOPCCTKCH iMeH,

oip

KOHC

JEpeKTep

TAaKCOHOMUSUIBIK ~ TONIEH  HIEKTeJIi
TYPIAEPIIIH OKY MBICATIApPhI T€H OOTiHOE I,
Kanonwust Gopacerabiy 500 554 keckiHi MeH
2171 TakcoHBIHIA X)acayFaH xyie 96,4% monmik
KOpPCEeTT1 KOHE MOJENb Ha3ap ayJapraH KecKiH
OOJIKTEepIH Tajujgay apKbUIbl KaTe aHBIKTaTybl
BIKTUMAJ YJruiepal Oenruieyre MyMKIHIIK Oepi

(Takano et al., 2022). byn HoTmXe >KOFapbl

camajipl, alMakTBIK  TYpPFBIOAH  YHiIeciMIl
koreknusgga Al ere THiMAl  OOJIATHIHBIH
monenaeial.  Amaiima  kepceTkimTi - Oacka

KYpJIBIKTapFa, 0acka repOapuii cTaHaapTTapbIiHA
HEMece OKy  IKUBIHTBIFBIHAA JKOK Typiepre
Tikeneil kemipyre OosiMaiiabl. YKaOBIK KI1acCTh
CBIHAKTa OApJIBIK TECT TYPJEP1 aJiIbIH ajia Oenriii

0oJlazpl, HAKTHI TepOapwil KYMBICHIHIA >KYie

Koanany Herisri nepex
0aFbITHI

Typai xkikTey I'epbGapunit maparbIHBIH

KEeCKiHi
CermeHTanust OciMiK IIeH mapax
3JIEMEHTTEP1
Myue Tany JKamsipaxk, Ty, xxemic,

cabax

MOoTiH mbIrapy Kanceipma sxoHE

AHHOTaIuA

Mop¢ 00rusiIbIK
KeHicTiK

Ken yiriniH yipeHinren
oenrinepi

aHOMAJTUSIIAP bl KOpCeTe i

KaHa, THOpPHITI, TOJNBIK €MeC  Hemece
aHBIKTAJIMAFaH MaTEePHAIIMEH Ke3/IeCEe]Ii.

Ipi nepexrepaeri OKUIIIK OKBITY 12 MaHBI3/IbI
OarpiT Oosibim oThip. Walker et al. (2022) Gec
repOapuiiieH anpiHFaH 2,25 MWUIMOHHAH acTaMm
64 500 Typmi

KECKIHJIEP/I1H >KaJIIbIFa TaChIMAJIIaHAThIH CaH IbIK

KECKIH MEH maiganaHbIIl,
CUTIaTTaMajiapblH YUpeH 1. YIITIK el apKbUIbI
allbIHFaH KEHICTIK OipHemie KeWiHr1 MIHJEeTKe
JKaKChIpaK aybICKaH. MyHmaii MOpPQOIOTHSIIBIK
KEHICTIK yKcac YATUIep/l TONTAayFa, aTUIIHSIIBIK
»az0ayap/ipl TabyFa )KOHE caparilblFa CalbICThIPY
YIIIH S>KaKbIH YJITUIEpAl YChIHYFa MYMKIHIIK
Oepei.

Al HoTakeci TaKkCOHOMHAIBIK MIHi

Taxconra AnpIH ana aHbIKTay XKoHe
BIKTUMAIIIIBIK Oepei PEBU3USIHBI OaCBIMIIBIKTAY
OcimuikTi poHHAH

Oemei

[y acepin azalThIm,
eNIICy/i TYPaKTaHIBIPAIbI
Mymenepai Tadbast JIMarHOCTUKAIBIK

JKOHE CaHanIbl Oenrizep MeH (pEHOIOTHSIHBI

LIBIFAPAIbI
OCR xone NER JlokanureT, KyH,
apKbUIBI epicTepi Oenexni JKUHAYIIIBI )KOHE
aHBIKTaMaJIap/Ibl
KYPBUIBIMIAHTBI

¥KcacThIKTap MEH Typ mekapacsia

TeKCcepyre TMIOTe3a YChIHA b

1-kecre. Ludpibik repbapuiinepaeri Al MiHAETTEp1 KOHE OJIApABIH CHCTEMAaTHUKAIaFbl KbI3METI

MCH
(l)eHOJ'IOFI/IHJIBIK AKIIapaTThbl aBTOMATTHI HIbIFapy

MopdonorusibIK Oenrinep
TakcoHOMHUSI YIIIH TEK COHFBI TYp aTaysbl

€MeC, OHBbl HETBBACUTIH Oenriiep MaHbI3/bI.
GinJinn cusAKTBl OOBEKTIHI aHBIKTAy KYOBIpJIapbl
repbapuii  KecKiHJEepiHJeri  KypbUIbIMIAp.bl

aBTOMaTThl TaOyra apHairad (Ott et al., 2020).

LeafMachine >xoHe OHBIH KeHIHIl HyCKaJlapbl
JKaTbIpaKTapIbl Taoy,

MOP(OIOTHSIIBIK ~ Genrinepi
HIBIFApY JKYMBICBIH aBTOMaTTaHAbIpaabl (Weaver
et al., 2020). Younis et al. (2020) >xambipak mneH
ca0aKThIH KaKChl TAaHBUIFAHBIH, ajl YCaK HeMece

KabaTTackaH Tyl MYyIIeTepiHiy
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OOJFaHBIH  KOPCETTI. albIPMalIbUIBIK

byn
Oenriiepain

KOJDKETIMIIUTITT MOJIE)Th HOTHIKECIHE TiKeIeH acep

TaKCOHOMMUSUIBIK BU3YaJlJIbl
eTeTIHIH OuTipei.

DeHOJIOTUSIIBIK Ke3EHAEP/Ii aHBIKTAY TYIIEY
KOHE JKeMIC Oepy YaKbIThIH TapuXH KaTapiap
OolibIHIIIA 3epTTeyre MyMKIHIIK Oepeni. Pearson
et al. (2020)
(EHOJIOTHSIIBIK JEPEK alyFa apHaJIFaH MOYJIbAIK
MalIUHAJIBIK OKBITY KYMBIC YIEPICIH CUIATTabl.

repOapuii  KeCKiHIEpIHEH

MyHia Moenb afgaM eHOEriH Tyres OWManbl:
capamibl OKy JeperiH Oenriieisi, MOJelb Kol
oHJeimi, an
ipikTeMeciHe OarajiaHabl.

KECKIH/II Karenepi

Ocnl

OakpLTay
cxema
TaKCOHOMUSUTBIK 3EpTTeyre Ji¢ COWKeC KeJe,
ce6e01 MOp(OIOTHSITBIK OCITIH1 OJ1I1Iey MEH OHBIH
TaKCOHOMMSUTBIK MaFbIHACHIH TYCIHIIPY €Ki Oe1ek
Ke3eH 0oJIbIT Kajia Oepei.
Karceipma  MoTIHI
METaJIepeKTEP/Il OHILY
I'epOapuii maparbIHAAFBl KANChpMa TYP
aTaybIMEH KaTap YJATIHIH Kail xKep/e, KalllaH jKoHe
KiM )xuHaraHbIH Kopcereni. OCR MoTiHAI TaHUIBL,
an arayiabl MOHJEPHlI TaHy alTrOpUTMAEpl COi
MOTIHHEH €JI, €lAl MeEKeH,
YKUHAYIIBI, KYH JKOHE KOJUICKITUsS HOMIpi CeKUIIi

MCEH  KOJUJICKIHAJIBIK

KoOpAnHara,

epictepai Oeneni. CoHFbl Xylenep OOBEKTIHI
anbikTay, OCR xoHe TaOuru TunAl eHaeyai Oip
KYOBIpFa OipiKTipin, KOJDKa30a, TUIOTPa]HsIIBIK
OPKENKLITIK KONTULAI  JKarchkIpManap
YKarJalbIHJIA XKYMBIC icTeyre YMThuIaabpl. MyHaan
aBTOMATTAHJBIPY YATUIEpAl Kaprara Tycipyai,

KOHC

CHHOHUMJIEPJIl  CalbICTBIPY/bl KOHE TapUXHU
aHbIKTAManapJpl 137eyAl Kenenjereni, Oipak
HOTIDKeNepi Darwin Core CUSKTEI

CTaHJapTTapFa COMKECTEHJIpil, aJaMHBIH cara
OakpUIaybIHAH OTKI3y KaXeT.

Typ mexkapamapsl KoHE HHTETPATHUBTI
TaKCOHOMHUS

Knaccudukarop Oenrimi ataymapapiy OipiH
TaHJaNIbI, TYpAi
JepeKTepAeri MIeKapaJapblH ©31H TeKCepe.
COHIIBIKTaH aBTOMATThl HUACHTHU(UKAIUS MEH
TYpAi
bakpinaycei3

all ACIMMUTALUAIIAY

KaHa cunarray Oip MIHAET eMec.
OKBITY,  KJacTepiey

OJIIEMIUTIKTI a3aliTy MOpP(QOJIOTUSIIBIK HEMEce

KOHC

TEHETUKAJIBIK KEHICTIKTeT1 TaOufu TONTap/Ibl
KOpCEeTyre KOMEKTece 1, OipaK KiiacTep e3iriHeH
OMOJIOTUSIIBIK TYp OOJIBIN caHajIMaibl. Species
delimitation 4.0 TyxsIipsiMaamacsl Al kemerimeHn
Mopdoorus,
reorpadusapl  Oipre Tanmgan, CyOBEKTHBTLIIKTI

F€HOMHKa,  DKOJIOTHUS  JKOHE
a3alTy/bl YCHIHAABL; TYIKI IeNIiM OipbIHFall TYp

TYKBIPBIMIAMACHI MeH TaKCOHOMMUSUTBIK
capanTamara CYHeHyl Kepek.

Takano et al. (2026) ychiHFaH WUHTETPATUBTI
TaKCOHOMMSUTBIK Al TocimiHe KeKke KecKinre 0ip
atay Oepy emec, KeINTereH YIriHI OpTaK
yipeHuIreH MOPGOIOTHSITBIK KEHICTIKTE
CalBICTBIPY OackiM. by KEHICTIK TYpIIuTiK
©3rePrilTIKTI, BIKTUMAJ THOPUATEP/I,
yJriaepi, KaTe aHbIKTaMallap bl )KOHE Kas3ipri Typ

meKapacblHa colikec TonTapabl

LIETKI

KEJIMENUTIH
Al
TUIIOTE3a  TY3€.l;

KepceTyi MYMKIH.
TAKCOHOMHUSUIBIK
THUIITIK

MyH/1a KaHa
rurnoTesa
MmaTepua,
reorpadusi, MOJEKyIalblK (UIOTCHHUS KOHE
capamuiblHbIH ~ MOP(OIOTUSIIBIK — OaranaybIMeH

TeKcepiIe.

AWardo3, HOMCHKIJIATypa,

Tankel1ay

Foutbivu KoHE NPaKTUKAJIBIK
ApPTHIKIIBUIBIKTAP

Oneduertep Al-IbIH €H KYILITI acepi ayKbIM
MeH 0achIMJIBIKTA €KEeHIH KepceTei. bipinmriieH,

MOJIeTTh MUJUTMOHaFaH KECKIH apachlHaH Oenriii
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O0ip TakcoHFa, Mymiere Hemece (EHOIOTHSIIBIK
Kyiire coiikec jxa30amapabl >KbUIIaM IpiKTEH .
KYMOHII  Hemece

Exinmrigen, ATUMHSIIBIK

yiritepai  Oenriner,

KYpJeni skaFaiapra OarbpITTaiIpl. Y IIIHIIIACH,

caparnmbl YaKbITBIH CH

Oipneit
KOJUIEKIIUAra

AITOPUTMIIK epexe

KOoJIJaHBbLIIFaHaa

KOIITereH

111(5%
KalTanaHbIMIBUIBIFE YKOFaPbLIIANIbI.
TepTiHlIigeH, TUPPIABIK KECKIHIAEp (PU3UKAIBIK

YATiHI KalTa-KalWTa ycTay KaXeTTIrH a3alThI,

CHUPEK JKOHE THUINTIK MaTepuajbl KAllbIKTaH
CaJBICTBIPYFa JKaFJal sKacaiibl.

Kacanmpl  WHTEIUIEKT  ocipece  «amaM—
anropuT™M»  OIpJeckeH  yaepiciHAe  THIMIII.

Mojenp amramksl 0OKaMILI JKOHE CEHIMIUIIK
MOHIH Oepeni; TaKCOHOMHCT JTHUArHOCTUKAJIBIK
Oenrinepi, araynapAblH KOJJAAHBLIYBIH JKOHE
THIITIK YATUIEPI1 TEKCEPEIl; pacTalIFaH Ty3eTyep
KaliTamaH OKy JeperiHe Kocbuiaabl. OchIHmai
OeliCeHIl OKBITY IHMKJII CHPEK TaKCOHIapFra
apHaJFaH TaHOamaHFaH  JIEPEeKTI  OIpTIHIET
KakcapTaJbl KOHE MOJENIb KAaTeCiH >KachbIpMaii,
KYpaTOPJIBIK IIECHUIIMIe alfHaJIIbIPaIbI.

CeniMaijlik 1IeKTepi KoHe JAICHAMAJIBIK
TdyeKeJiep

bipneme keH TapanraH TYpPIIH MbIHIaFaH
KEeCKiHI 0ap, all CHUpeK TypJiepIiH OipeH-capaH
yiarici FaHa kesjaeceni. JKaiambl IOIIK SKOFaphI
OONFaHBIMEH, CHUPEK HEMece KOpFaylbl KayKeT
€TeTIH TaKCOHJAAFbl KaTe YJeCi >KaChIPbIH Kallybl
myMmkiH. Conpapikran macro-F1, op Takcon
OoMbIHIIA ce3IMTangblK, top-k momniri >xoHe
KaTUOpJIEHIeH CEeHIMAUTIK CeKUIII KOpCeTKITep
KakeT. Mogenb eciMIik MOpQOIOTUSACHIMEH
Katap repOapuil Kara3bIHBIH TYCIH, MacuTad
CBI3FBIIIBIH, IITPUXKOATHI, MEKEME MOPIH HEMEce
KEeCKIH TYCipy CTWIIH YiHpeHyl MyMKiH. bip

KOJICKIIHMSIIA JKAKChl HOTH)KE KOPCETKEH JKyiie
Oacka repOapwiiie dJICipeiIi.

Kenm Mopgens TecT KeckiHiH OKy Ke3iHze
TYPIACPIIH Oipine
KaTKbI3apl. HakThl TaKCOHOMHUSIJIBIK >KYMBICTA

KepreH MaXOypIen
aHbIKTaJIMaraH, jkaHa, THOPUATI HeEMece OKYy
JKUBIHTBIFbIHAH THIC TakKCOHAap Oap. AIIbIK
KJIaCCTHI TaHy JKylecl MyHJal YJriH1 «Oenriciz»
JIeT TOKTaThIN, capamniubiFa ki0epyi tuic. Kby

KapTachl MOJIeJb Ha3zap ayJapraH aWMaKThl
KepceTe  amagpl, Oipak o7a  OOTaHUKAJIBIK
UArHOCTHUKAJIBIK OENriHI MaigaJlaHFaHbIH TOJIBIK
eI AEMENTI. COHIBIKTaH TYCIHIIpME
MOPQOJIOTHSUTBIK ~ HETI30eH  JKOHE  KapcChl
MBbICaIapMeH Tekcepinyl kepek (Guo et al.,
2025).

['epGapwuit KOpJapbl KUHAY

OKCIICAUIHATIaPbIHBIH, KOJ'I}KGTiMI[i KOJIHapabIH,

casicu nIeKapaiapIbIH KoHE

OachIMIIBIKTAPBIH 131H cakTaiel. Al ochl ynriHi

FBIJIBIMHA

KaliTalnaiapl: IEpEeKTe a3 ailMak MEeH a3 TaKCOH

Mojaenpae aAe onci3  Oomampl. byraH  Koca,
KaObLIJIaHFaH arayjap MEH CHHOHHMJIED YaKbIT
e3repeji. TYPAKThI

TAKCOHOMMUAJIBIK  AHBIKTAMAJIBIKIICH HYCKaJay,

ere OKy  KUBIHTHIFbIH
Oacrankbl verbatim identification epiciH cakray
MOJICNIb  IIBIFAPFAH  aTayJblH
HOMEHKJIATYpAJIbIK HYCKaFa COMKeC eKEHIH TIpKey

JKOHE Kan
Kaxer.

3eprrey MH(PaKYpBUIbIMBIHA KONBLIATHIH
TajanTap

Cenimpi xyiie Kypy YIIIH KECKIHHIH TYpaKThl
UJEHTU(PHUKATOPBI, KOJUIEKIMS KOJbl, TaKCOH
aTaybIHbIH aBTOPbI, AHBIKTAYIIBI MEH aHBIKTAY
KYHI, reorpa@usuiblK JAepeK, JHIEH3Us KoHe
TAaKCOHOMMSUIBIK HYCKa CaKTaJybl Oxky,
BaJIMJAIIMs )KOHE TECT )KUBIHTHIKTAPbIH KE3/ICHCOK
KeCKiH JeHreiinge raHa Oemy Oip YATIHIH

THIC.
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Kelllipmerniepi Hemece Oip >KMHAY OKHFACBIHBIH
CepHUsIChl apKbUIBI JIEPEK aFblll KEeTyiHE OKeyi
MYMKIH. CoHppIKTaH Oeny yJIri
UACHTU(PUKATOPBI, MeKeMme, Teorpadus Hemece
KYPri3iim,

YaKbIT OOMBIHIIIA

KOJUICKIIUSIIa CBhIHAK >KacainraHbl Aypeic. Ko,

CBIPTKBI

MOJIENIb CaJIMaKTaphl, JIEPEK IPIKTEY epexenepi
YKOHE KaTe MaTpHuIlaiaphl alllblK OepuIreH e FaHa

HOTHXKE KalTaJlaHbII, Oacka (daopara
OaranmaHabl.

Kazakcran J)KoHE OpTanbiK Asnsa
repOapuiinepi ymriH OackiM Kagam — OipjaeH

KYpJieni yHUBepcaa MOJeNb jkacay eMec, carabl
IUQPPIBIK  KOPIYC KAJIBIITACTBIPY. AJABIMEH

TUNTIK ~ JKOHE  (DIOPUCTHKANBIK  MaHbBI3JIBI
yaruiepai KOFaphbl camaza TYCIpY,
JKarChlpMayiapZibl €Ki HeMece  ym  TUlIe

KYPBUIBIMJIAy, CHHOHUMIEPA1 OIpi3IEHIIPY KoHE

caparbl pacTaraH HIaFbIH 3TaJOH
KUBIHTBIKTApPbIH Kypy Kaxer. OpmaH KeHiH
aliMaKTBIK MOJIeb Il CBIPTKBI repbapuit

MaTepHUaIbIMEH ChIHAI, CUPEK TypJiep OOMbIHINIA
Karenepal Oenek KepceTy Kepek. by Tocin
KEPruTikTi  (uiopaHbl  XaJIBIKApAIBbIK  JIEPEK
JKEJUIepiHe KOCHIN, COHBIMEH OIpre >KeprurikTi
TaKCOHOMMSUTBIK ~ OUTIMHIH ~ JKOFQJIyblHAa  KOJI
oepMeiii.

byn mony Oapnbik OubmuorpadusIIbIK
JIePEeKKOpAbl TOJNBIK KAMTBIFAH >KYHEl IOy
emec. Heri3ri Ha3ap arbUIIIBIH TUTIHJETI, OHJIAHH
TeKkcepyre OONaThIH peleH3MsIaHFaH deOueTke
ayJapbli/ibl; COHJIBIKTAH JKEPruliKTi TUIAepAeri
KOHE MHJIEKCTeNyl oJci3 eHOEKTep TOJBIK
KepiHOeyl MYMKIH. OpTyp:ai 3epTTey JepeKrepi,
TAKCOH CaHbl JKOHE MeTpUKalapbl OlpKemKi
OONMaraHIBIKTaH, HOTIKENEp CaHABIK Typle
oipikripinmeni. Keitbip sxana enGekrtep 2025—
2026 >xbU1ApBl KAPUSAJIAHFAHABIKTAH, OJIAPIbIH

TOYyeJICi3 KalTallaHybl MEH y3aK Mep3iM/Ii acepi aii
TOJIBIK OaranaHOaraH.
KopbIThIHABI
Hudpeik repOapuiinep
CHCTEMaTHKAChIHA )KOFapbl KOJIEM/I1, TEKCepLIeTiH

eCIMIIIKTEp

JKOHE Tapuxu TEpeH JepeKk Oepil; KacaHIbl
WHTEJUIEKT COJl JIEPEKT1 137Iey, JKIKTEy IKoHE
eJIlIey MYMKIHAIIH KEHENTT1. O1e0ueTTep Tepeq
TYpJiepai
oenruiepai

OKBITY  KYyHenepiHiH
Mmymienepal  Taoy,

aHbIKTAY,
LIBIFapy,
deHosoruaHpl Oaranay *oHe >KarcblpMa MITIHIH
KYpbUIbIMJIAY MIHJIETTEPIH/IE HAKThl HOTHIKEJEp
Oeprenil kepceteal. EH nepcnekTuBaibl e3repic —
JKEKe KEeCKIHre aTtay OepyleH KONTereH YJriHi
opTaK MOPQOJIOTUSIBIK KOHE MYJIbTUMO/AJbIbI
KEHICTIKTE CaJIBICThIPYFa KOTITy.

CoHbIMEH Oipre Al HOTHIKECI
TAaKCOHOMUSUTBIK aKT emec. JKoFapbl JoiIIiK
NEpeKTep  JKUBIHTBIFBIHBIH  IIETiHAe  FaHa

MarblHAJIBI; KaHa TYpIi TaHy, TYp MIeKapachiH
e3repTy HEMece HOMCHKIATYpPAIbIK — IICIIiM
KaObuIlay YIIIH THNOTIK MaTepHall, JIUarHo3,
oNeOHeT, TEHETHKAIBIK JKOHE  DKOJOTHSIIBIK
JIEPEKTEP, COHJIal-aK MaMaHHBIH JKayarKepIIuIiri
KaxkeT. CoHmpIKTaH OosamaKTarbl THIMIlI MOJEb
- TYCIHIIpUIETIH, oeirici3 TaKCOH/IBI
KaObUIIAWTHIH, OipHEIIe JepeK MOJAJIbIriH
OIpIKTIpeTiH XoHEe aJaM OaKbLIayblH >KYHEHIH
MIHJETTI O6jiri peTiHae CaKTaWThIH MOJCIb.
Ocrlnnait JKarmanaa Al eciMIiKTep
CHCTEMATHUKACHIH aJIMacThIPMaIpl, OHBIH
JIONENIIK ayKBIMBIH JKOHE 3€PTTeY KbIIIaM/IbIFbIH
apTThIPaJIBI.
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