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BIJIIM AJTIYIIBUUIAPJABIH OKY YJI'EPIMIHE 9CEP ETETIH ®AKTOPJIAP/IbI
MAIINHAJIBIK OKBITY 9AICTEPIMEH TAJIJAY )KOHE BOJI’KAY

Anoamna. 3epmmeydiy makcamol OiNiM anyublIApObly KOPLIMbIHObL OKY HIMUdCECIHE acep
ememin He2i32l aKAOeMUSLIbIK JHCIHE OKY MIHe3-KYIblK (PaKkmopiapvlh AHbIKMAY HCIHE MAUUHATBIK
OKbIMY 20IiCMePIHIY KoMe2iIMeH KOPbIMbIHObL eMMUXAH 0A8aAcblH 001cay 0aN0I2iH CAbICMbIPMAIIbL
bazanay 6orvin mabwiniaovl. Ixcnepumenmme 2000 6inim anywvt mypanvl xcazdoadan mypamoiH
auvl Oepekmep dHcublHbl naudaranvliovl. Kipic oOencinepi peminde cabakka xamuvlcy, Oipinudi
JiCOHE eKIHWII apanvlk mecm Hamudicenepi, mancolpma 0a2acvl JHcoHe KYHOENKmi OK) VaKvlmbl
anviHobl, an makcammol auHviManwl peminde 100 6andvlK wKaniadazvl KOpbimMblHObI eMMUXAH
bazacvl manoandvl. Jlepexmepoe 60c MaHOEp AHLIKMAIMAObL, CMYOEHM UOeHMUDUKAMOpPbl
Mmooenvoeyee eneizinmedi. Linear Regression, Decision Tree, Random Forest owcone Gradient
Boosting peepeccusnviy mooenvoepi 80/20 oxvimy-mecminey 661yi apKblivl CAlbICMbIPBLIObL.
Mooenvoep MAE, RMSE sicone R? kopcemkiwumepimen 6azananobvl dcane Hamudicenep 5-Kabammol
Kpocc-eanuoayusimern mexcepindi. Linear Regression mecm oscuvinbinoa R?=0.830, MAE=3.675
gtcone RMSE=4.618 nomuoicenepin kepcemin, 3epmmenzern Mo0enb0epoiy iuinoe2i ey dHcoeapul
bonxncamovly canaga xon ocemkizoi. Kpocc-eanudayusoaser opmawa R? 0.836%0.008 601001.
Koppenayusanvix manoay cabaxka kamulcyobly KOPbIMbIHObL OAAMEH €H HCO2apbl OAUIAHBICHIH
kepcemmi (r=0.726), an Random Forest botivinwia oHbly Manwi3ovLawiesl 41.49% 6ondvl. Anvinean
Hamudcenep CanblCmulpMaibl mypoe KapanatblM HCIHe UHMEPRpemayusiaHamsli Moo0enb0epoiy
Oinim Oepy OepexmepinOoe muimMoi 001a ANAMBIHLIH KOpcemeoi JHCoHe epme aAKAOeMUSLIbIK
MOHUMOPUHE JCYlenepin azipieyee He2iz 601a anaobi.

Tyitin co30ep: mawunanvlK OKblmy, oKy yacepimi, Oiim anyutvl, akadeMusivlk 60axicay, oinlim
bepy depexmepi, pecpeccusiiblk MOOeb, Pakmopavik maioay.
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AHAJIN3 1 ITPOI'HO3UPOBAHUE ®AKTOPOB, BJIIMAIOINUX HA YCIIEBAEMOCTb
OBYYAIOIIUXCH, METOJAMHN MAILIMHHOI'O OB YYEHUA

Annomauyus. llenv uccredosanus 3aKnouaemcs 8 Gvla6leHUU OCHOBHBIX AKAOEMUYECKUX U
NOBCOCHUECKUX — (DAKmMopos, — CEA3AHHLIX € UMO20B0U  YCNEeBAeMOCmbl0  0OYUAIOWUXCS, U
CPABHUMENbHOU OYEHKe MOYHOCMU Memo008 MAWUHHO20 O00VUeHUss Npu NpocHO3UPOBAHUU
UMOo2060U IK3AMEHAYUOHHOU OYeHKU. B sxcnepumenme ucnonvb3o6an ompolmulii HAOOP OAHHBIX,
cooeporcawuti 2000 3anuceti. B xkauecmee 8XOOHbIX NPUZHAKOS UCHOIL308AHbI NOCEUAEMOCHb,
pesyibmamsl  08YX  NPOMEICYMOUHbIX — Mecmos, OYeHKa 3d 3a0aHUsi U  edHCceOHe8Has
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NPOOOIHNCUMENTLHOCIb CAMOCMOAMENbHO20 00YYeHUsl; Yelle8ol NepeMeHHOl 8bICIYNULA UMO0208as
aKk3ameHayuounas oyenka no 100-b6annvnoll wxane. Ilponywennvie 3HayeHUss OMCYmMcmeosal,
udenmughuxamop cmyoenma uckuodanca uz mooenupogsanus. Cpasnueanucv Linear Regression,
Decision Tree, Random Forest u Gradient Boosting npu pazoenrenuu oannvix 80/20. Kauecmeo
oyenusanocb no MAE, RMSE u R’ ycmouuusocms pe3yibmamos OONnoIHUMeNbHO Npo8epsiach
nAMUKpamuou kpocc-eanudayueu. Linear Regression nokasana na mecmogoti evibopke R*=0,830),
MAE=3,675 u RMSE=4,618, npes3otios bonee crodicuvie ancamonesvie mooenu. CpeoHee 3HaueHue
R? npu kpocc-eanuoayuu cocmasuno 0,836+0,008. Haubonee cunvnas xoppensiyus ¢ umozosou
oyenkou eviaeniena ons nocewaemocmu (r=0,726), a ee saxcnocmv 6 Random Forest cocmasuna
41,49%. Pe3yromamvl noomeepicoarom yeiecooopasHocms NPUMEHEHUs UHMePNpemupyemblx
Mooenell Ol AHAIU3A 00PA308AMENbHbIX OAHHLIX U NOOOEPIHCKU DPAHHE20 aKaA0eMuuecKo2o
MOHUMOPUH2A.

Knrouesvie cnoea: mawunnoe obOyuenue, axkaoemuueckdas YCneeaemocmv, 00VHAIOUULCS,
npozHo3uposanue, 0opazosamenvhble OaHHble, pecpeccus, aHAIUu3 haKxmopos.
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ANALYSIS AND PREDICTION OF FACTORS AFFECTING STUDENT ACADEMIC
PERFORMANCE USING MACHINE LEARNING METHODS

Abstract. This study aims to identify the main academic and learning-behaviour factors
associated with students’ final academic outcomes and to compare machine learning methods for
predicting final examination marks. An open dataset containing 2,000 student records was used.
Attendance, two internal test scores, assignment score, and daily study hours were selected as
predictors, while the final examination mark on a 100-point scale was used as the target variable.
No missing values were detected, and Student_ID was excluded because it does not represent an
educational characteristic. Linear Regression, Decision Tree, Random Forest, and Gradient
Boosting regression models were compared using an 80/20 train-test split. Predictive performance
was evaluated with mean absolute error (MAE), root mean squared error (RMSE), and coefficient
of determination (R2), and robustness was additionally assessed using five-fold cross-validation.
Linear Regression achieved the best test performance with R2=0.830, MAE=3.675, and
RMSE=4.618. Its mean cross-validated R? was 0.836+0.008. Pearson correlation analysis showed
that attendance had the strongest relationship with final examination marks (r=0.726). Random
Forest feature importance also ranked attendance first, with an importance of 41.49%. The results
demonstrate that a relatively simple and interpretable regression model can outperform more
complex tree-based models on this dataset. The proposed experimental workflow can support data-
driven academic monitoring and provide a reproducible basis for further development of intelligent
student assessment systems.

Keywords: machine learning, academic performance, student, performance prediction,
educational data, regression model, factor analysis.

KIPICIIE

binim Gepy xyienepiHin uudpaaHysl OUTIM aTyIIBIHBIH OKY OpeKeTi Typajbl KYphlIbIMIAIFaH
JIepeKTep KOJIEeMIH apTThIPBII, OJap/bl aKaJeMHUsIIbIK MIeNIiM KaObuiaayaa naiaanaHyra MyMKIHIIK
6epni. Educational Data Mining >xoHe Learning Analytics GarbITTapblHIa MallUHAJIBIK OKBITY
o/icTepi CTYHNEHTTIH YJrepiMiH OoJpkay, ToyeKeld TOOBIH epTe aHbIKTay KOHE OKBITY/IbI
nepOecTeHipy YIIiH KeHiHeH konmanbUianbl (Romero & Ventura, 2024). Mynpait Tocimaep
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JOCTYPIIL KOPBITHIHABI Oarara FaHa cyiieHOei, OKy OapbIChIHAAFbl OipHEeIIe KOPCETKIMTIH OipjecKeH
BIKITAJIBIH TaJIayFa MYMKIH/IK Oepei.

Conrbl 3epTTeyNiep/ie CTYISHT YATrepiMiH OOJKay YIIIH CBHI3BIKTBIK MOJENBACP, MICHIiM
aramrapsl, Random Forest, Gradient Boosting, HEWpOHBIK >KeJiiep jkoHe THOPUATI aHCaMOIIbAEp
konmanbutyna (Abougalala et al., 2025; Baashar et al., 2022; Chen & Ding, 2023; Hegazi et al.,
2023; Huynh-Cam et al., 2022; Ji et al., 2024; C. Liu et al., 2022; Nnamoko et al., 2025; Olabanjo
et al., 2022; Pallathadka et al., 2022; Poudyal et al., 2022). Zhao et al. (2023) MamUHAIBIK OKBITY
HET131HJe aKaJeMUSIIBIK HOTIDKENEP/Ii CaHIBIK Talaay OuTiM camachklH Oaraiayja MaHBI3Ibl EKEeHIH
kepcerce, Guanin-Fajardo et al. (2024) >xorapsl OLTIMIET]I aKaaeMUSUIBIK TaOBICTBI OipHerie ML
oniciMeH OoipkaraH. OHIAH OpTalaFbl MIHE3-KYJIBIK JePEKTepiHiH e O0KaMIbIK MOHI 0ap eKeHi
clickstream »xoHe oKy OenceHauTIrine Heri3aenrexn 3eprreyiepae kepcerimred (Y. Liu et al., 2023;
Wen & Juan, 2023).

ConplMeH Oipre KypJeni MOJENbJiH KOJJAaHBUIybl aBTOMATThl TYPAE >KOFapbl JAJIJIKKE
kenuiik Oepmeitai. HoTmxke nepextep KypbUIbIMBIHA, OCNTUIEP/IH TaOUFAThIHA KOHE MAKCATThI
allHBIMaJbIHBIH OaiaHpic cunartelHa Toyenal. COHOBIKTaH Oip JEepeKTep >KUbIHBIHIA OpTYp:l
KYPJEIUIIKTET1 alropuTMIEP/I1 OIpbIHFall SKCIIEPUMEHTTIK XaTTAMaMEH CaJIbICThIPY KOHE HOTHIKEHI
WHTEpIpeTalusiay MaHb3Abpl. Ocipece OuUTiM Oepy canacbiHAa OOJDKaMHBIH TYCIHIIPMENUTIr
MeJarorke Hemece SKIMIIUTIKKE KaHAal (aKTOPIBIH HOTIKEre KeOIpeK ocep €TETIHIH TYCIHyre
kemekTecei (Borna et al., 2024; Jin, 2026).

Ochl 3epTTeyaiH MakcaThl — cabaKka KaThICy, apaJIbIK TECT HOTIIKENepl, TarnchipMa Oarachl
OHE KYHJIENIKTI OKY YakKbIThl HET131HJIe KOPBITHIHIBl €MTHXaH HOTHXKECIH OoJKay >KOHE TepT
perpeccHsuIbIK MOJENBbIH TUIMIUIINH CalbICTBIPy. 3€pTTey MIHIAETTepl: JAEPEKTEpHiH calrachlH
Tekcepy; (akTtopiap MEH KOPBITBIHABI OaFa apachIHIArbl KOppesusHbl Oaranmay; Linear
Regression, Decision Tree, Random Forest xone Gradient Boosting monenbaepin okeity; MAE,
RMSE sxone R? apkputbl cambicthipy; 5-fold cross-validation kemeriMeH TYpakTBIIBIFBIH TEKCEPY;
Random Forest Herizinae Oenriiep MaHbI3AbUIBIFBIH TAJIIAY.

3EPTTEY MATEPUAJIJAPBI MEH 9/ICTEPI

OkcnepuMeHTTIK 3eprrey ymiH Kaggle mmargopmaceinan anmeiaFaH  Student Academic
Performance tumingeri amwsik CSV npepekrep xkubiHbl naigananeuael. Daitnga 2000 Gaksuiay
xkoHe 7 Oaran Oap. boc moHmep asbikranmraH koK. Student ID Tex Oipereit maeHTHHUKATOP
OOJIFaH/IBIKTaH, OOJDKAaMJIBIK MOJENBICPTre CHI3UIreH >KOK. MOoJenbaiH MakcaTThl aifHBIMAJIBICHI
Final Exam Marks (out of 100) 6onsl. JlepekTep >KMBIHBIHBIH KYPBUIBIMBI 1 -KecTeze OepuireH.

Kecre 1. DxcriepuMeHTTe NMakianaHbUFad OeATIepAiH CUIaTTaMachl.

Beuri Ma3myHBbI Peoui
Attendance (%) Cabakka KatbICy, % Kipic
Internal Test 1 (out of 40) 1-apainsik Tect, 40 Gasmn Kipic
Internal Test 2 (out of 40) 2-apanbIK Tect, 40 Gat Kipic
Assignment Score (out of 10) Tamnceipma 6aracer, 10 6an Kipic
Daily Study Hours KyHIeniKTi 0Ky yaKbIThI Kipic

Final Exam Marks (out of 100) Kopsrteiaasl emtuxas, 100 6amr Makcar

Jepekrep train_test split mponenypacsiMen 80% OKbITY xoHe 20% TecT >KUbIHbIHA OONIH/I;
Ke3JIeHCOKThIKTH KalTamay yumiH random state=42 Oenrutenai. Hotwxkecinpe 1600 :xa30a
Mozenblepal okbITyFa, 400 >xaz0a Toyenci3 TecTuieyre mainananeliabl. OkcnepumeHT Python
opracbiHia pandas xoHe scikit-learn kiTamxaHamapbl apKelibl opbiHAaNbl. CanbicTeipyra Linear
Regression, Decision Tree Regressor, Random Forest Regressor (100 aramr) sxone Gradient
Boosting Regressor anbiHpl. AFalThIK MOJIENbEp YiIiH random state=42 maiiganaHbUibL.

Perpeccusnblk cananbl Oaranay yuriH opTama adbconorTik kKare (MAE), oprama kBaapaTThiK
kareHiH TyOipi (RMSE) xone nerepmunarnius kodddunuenti (R?) xonmansinasl. MAE men RMSE
HEFYpJIBIM a3, all R? Gipiiikke HEFypJIbIM XKaKbIH 00Jica, MOIEIB/AIH 00DKaMIBIK Carachl COFYPIIbIM
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KOrapsl Jemn ecenrtenni. Hotmxeniy Oip FaHa train/test 6esiHiCiHE Toyemnni 00IMaybIH TEKCEpy YIIiH
JepeKTep apanacThIpbuIbil, 5-kabarTel KFold kpocc-Bamumanus xKyprizii.
CBI3BIKTBIK PErpeccus MOJIEINI KAl TYPJIe KeJIeCi OpHEKIICH CUTIATTaII/IbI:

Y = Po + Pixi + faxz + Psxs + Pfaxs + Pxs, Q)

MyH/1a ¥ — OOJDKaHFaH KOPBITBIHIBI OaFa; X1 — cabakka KaThICY; X2 )KOHE X3 — €Ki apajIblK TECT;
X4 — TATNICBIpMa OaFachl; Xs — KYHACIIKTI OKY YaKbITHI; [o...[}s — MOJEINb apaMmeTpIiepi.

dakTopiapplH MaKcaTThl alHBIMAIBIMEH CBI3BIKTBHIK OaiiaHblchiH Pearson Koppemsuus
KOA(QQHUIMEHT] apKbUIbI, Al CHI3BIKTBHIK €MEC JXOHE ©3apa OPEKETTECETIH Jdcepiepiai KOChIMIIa
uHTepnperanmsyay ymidH Random Forest feature importance kepceTkimi apKbuibl Oaraiajblk.
MyHaaii canbICTBIPMAIIBl OMIIC CTYAEHT YJTEPIMIH OpTYpIIi allrOPUTMIEPMEH OOJDKayFa apHaJFaH
Kazipri sepTreynepaid Taxkipubecine coiikec keneni (Holicza & Kiss, 2023; Tang et al., 2024; Zhao
et al., 2023).

HOTUXEJEP MEH TAJIKBIJIAY

AnnpiMeH Kipic OenrulepiHiH KOPBITBIHIBI €MTHXaH OarachIMEH OalIaHbBICHl €CENTeNIl.
Bapneik Oec Oenri oH koppensuust kepceTTi. EH xorapel kodhduimeHT cabakka KaTbicya
Oaiikanasl (r=0.726). Exinni sxoHe OipiHINI apaiiblK TeCTTep.iH Koppemnsuusicel TuiciHme 0.691
xoHe 0.689 Gomnnpl. Tanceipma Garacel yuriH 1=0.669, an KYHIENIKTI OKy yakbIThl yiniH r=0.413
anbiHAbl. Byn gepekrepnie Kyihedl KaTbiCy MEH apalblK Oakplilay HOTHXKeNepl KOPBITHIHbI
€MTHXaHMEH €H ThIFbI3 OaillaHbICTHI €KeHIH Kepcerel (1-cyper).

Correlation with final exam marks

Attendance (%)

Internal Test 2 (out of 40)

Internal Test 1 (out of 40)

Assignment Score (out of 10)

Daily Study Hours

{l

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Pearson correlation coefficient

Cyper 1. Kipic ¢akTopraapbIHbIH KOPBITBIHbI EMTHXaH OaFaChIMEH KOPPEISAIHICHL.

Tepr Mozenp Oipaell OKBITY JKOHE TECT JKHBIHIAPBIHAA CalBICTHIPbLIIBL. HoTmxkesep
2-KecTeqie JKoHe 2-cypeTTe KentipinreH. Linear Regression GapibIK yIil HEri3ri MeTpuka OOWbIHIIA
eH kakchl HoTmke kepcerti: MAE=3.675, RMSE=4.618 xone R?=0.830. Gradient Boosting
HOTIOKeCi orfaH kakelH OomraneiMen (R2=0.817), Random Forest xome Decision Tree
MO/ICTBIEPIH/IE KaTe KOFaphbl OOJIIbI.

Kecre 2. MamuHanbIK OKBITY MOI[CJIBI[epiHiH TCCT XUBIHbIHAFbl HQTI/I)KCJ'Iepi.

MopeJb MAE RMSE R?

Linear Regression 3.675 4.618 0.830
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Mopean MAE RMSE R2
Gradient Boosting 3.737 4.786 0.817
Random Forest 4.160 5.252 0.780
Decision Tree 5.747 7.235 0.582

Comparison of regression models

Linear Regression

Gradient Boosting

Random Forest

Decision Tree

]|

R2

Cypert 2. Perpeccusinbik Monenbaep/aiH R? kepceTkinni O0UBIHITA CATBICTHIPBUTYHI.

R?=0.830 notmxeci Tagaanran 6ec OeNri apKbUIbl TECT JKUBIHBIHIAFBI KOPBITBIHIBI EMTHUXaH
OaracbIHBIH BapHAIUSACHIHBIH ImamMaMeH 83%-bI  MOJENbMEH TYCIHIIPUICTIHIH KOpCEeTel.
MAE=3.675 OonrannmeikraH, Linear Regression Oommkambl HaKThl KOPBITBIHIBI OaragaH opTa
ecenmeH mamaMeH 3.7 Oamrra aybITKbIABL. HakThl JkoHe OoJpKaHFaH OaFajlapiblH TapaTybl
3-CypeTTe KOpCeTUIreH; HYKTEJEPiH JAuaroHajabFa >KaKblH OPHAJIACybl MOJENb OOJDKaMIaphIHBIH
HAKThl MOHJICPMECH Kbl COMKECTIrH BU3YaJIJIbI TYPJIE pacTaiiIbl.

AJIbIHFaH HOTHIKEHIH Ke3/1eHCoK OeiHicKe Toyenaiairin oaranay yuiid 5-fold cross-validation
xyprizinal. Linear Regression oprama R?=0.836+0.008 xepcerimn, kaiTagaH OIpiHIII OPBIH aJIJIbI.
Gradient Boosting ymrin oprama R*=0.818, Random Forest ymrin 0.790, Decision Tree yuiin 0.617
O6onael  (3-kecte). TemeH CTaHIAPTTBIK AaYBITKY CBHI3BIKTBIK MOJIENBIIH OPTYPAl JEepeKTep
O6JIIKTEepiH/Ie TYPAKTHl HOTHKE OCPETiHIH KOpCceTe/Il.

Kecre 3. 5-fold cross-validation noTrkenepi.

Mogeian R? oprama SD MAE RMSE
Linear Regression 0.836 0.008 3.622 4.587
Gradient Boosting 0.818 0.005 3.823 4.831

Random Forest 0.790 0.007 4,086 5.186
Decision Tree 0.617 0.028 5.598 6.998

Linear Regression MoJemniHiH ajlblHFaH K03(duiimenTrepi OOMbIHIIA SKCIEPUMEHTTIK TEHICY
TeMEeHJeriielt O0IbI:

Final Mark = —44.817 + 0.394-Attendance + 0.892-Testl +
+ 0.883-Test2 + 1.450-Assignment + 2.866-StudyHours. 2

Kosdduuuentrepaiy enmem Oipiaikrepi opTypii OOJFaHIBIKTAH, OJIAPJBIH aOCOJIOTTIK
[IaMajapbelH TikeJned (akTop MaHBI3ABUIBIFBI PETIHAE calbICThIpyFa Oonmaiiasl. Ocbkl cebernTi
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kKoceimma Random Forest feature importance Tanmaysl xxyprizingi. Hotmwkecinae cabakka KaTbiCy
41.49% manpI3abUTBIKIICH OlpiHIIi opbiH anbl; Internal Test 2 — 24.39%, Internal Test 1 — 23.96%,
Assignment Score — 6.79%, Daily Study Hours — 3.37% (4-cyper).

Linear Regression: actual vs predicted

90 A

80 A

70 A

60 -

50 A

Predicted final marks

40 A

30 -

30 40 50 60 70 80 90
Actual final marks

Cypert 3. Linear Regression Mojesni yIiH HaKThI )koHEe O0JDKaHFaH KOPBITBIHIBI Oaraiap IbiH
CaAJIBICTBIPBLITYBI.

Random Forest feature importance

Attendance (%)

Internal Test 2 (OUt of 40) _

Internal Test 1 (out of 40)

Assignment Score (out of 10)

Daily Study Hours

0 5 10 15 20 25 30 35 40
Importance, %

Cypert 4. Random Forest moaeni 6oiibIHIIa (hakTOpIapIbIH CABICTBIPMAaIIbl MAHbI3IbLIBIFbI.

Koppensuusnbik Tangay MmeH Random Forest MaHBI3ABUIBIFBIHBIH Oip OaFbITTHI HOTHXE Oepyi
cabakKa KaTBICYJBIH OCHI JEPEKTep XKUBIHBIHAA MaHBI3Jbl OOJKAMABIK Oelri eKeHiH KepceTel.

10
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Jllerenmen Oyn OaiinmaHbic ceOenm-canapiblK dcep PEeTiHAE TYCIHIIpUIMEyl THIC: KOJJaHBLIFaH
JepekTep OaKbUIAyNIBIK CUIIATTA, all MOJICNBICP acCOoIHaMsIap MEeH O0JDKAMIBIK 3aHIBLTBIKTAPIbI
AHBIKTANbI.

biuin »kcnepumentre Linear Regression-HbIH KypHemipeKk aramThlK aHCaMOJIbIepaeH
KOFapbl HOTIKE KOPCETYyi AEepeKTepAeri Heri3ri OailaHbICTApAbIH eJneyiai Oeliri ChI3BIKTHIK
KOMITOHCHTIICH CHIIATTAJIATBIHBIH OOJDKayFa MYMKIHTIK Oepesi. Bysl KOPBITBIHIBI KYpeli MOJCITh
opIalibIM THIMII JIeTeH TYCIHIKTI HIEKTEW I XKOHE aJTOPUTM TaHAay[da SMITMPUKAIBIK CAIBICTBIPY
KOXKETTIriH Kepceremi. ©OpaeOuerre ne opTypii JEepeKTep IKUBIHAAPHl YIIIH  OHTAMIIBI
AITOPUTMICPAIH e3repeTiHi Oaifkamanpl: KeWOip >KymbIcTap aHCaMOJBIIK >KOHE HEHpPOHIIBIK
MOJETBIACPIIH apThIKIBUIBIFEIH Kopcerce (Tang et al., 2024; Xue & Niu, 2023; Yu & Liu, 2022),
O0acka 3epTTeylep WHTEpIpETAIUsUIAHATRIH Oenriiep MeH Kiaccukanslk ML omicrepiHig
NpaKTHKAJIBbIK KYHIBUIBIFbIHA Ha3ap aynapaabl (Guanin-Fajardo et al., 2024; Jin, 2026).

[IpakTukanplK TYPFBIIAH MOJENBIlI OKY TMPOIECIHIH apaliblK Ke3€HIHJEe aKaJIeMUSIIBIK
MOHHUTOPHHI Kypajbl peTiHAe KojgaHyra Oosanpl. Cabakka KaTbiCy MEH €Kl apaliblK TecT
HOTHKeNepl KOPBITHIH/BI OaFaMeH >KOFapbl OalijIaHbIC KOPCETKEH IIKTEH, OChl OeNTiiep TOMEHAereH
Ke3Ze OuriM anymblFa KOChIMINA KOJJay YChIHY CIIEHapHiliH KapacThIpyFa OoJansl. Auaiina
ABTOMATTaH/BIPBUTFAH OOJDKaM CTYIEHTKE KOPBITHIHABI Oara KOIOJBIH >KaJFBI3 HETi31 00JIMaysl
KEepeK; OJ TMeJarorTiH MeNIMIH KOJJANThIH KOChIMIIA AaHAJUTUKAJIBIK Kypajl peTiHae
nal1aTaHbLUTYbl THIC.

3eprreyaid mekTeynepi ae 6ap. BipiHmrineH, ambIK IepeKTep >KUBIHBIHBIH KOHTEKCTI HAKTHI
YHUBEPCUTETTIH OKY MPOLECIH TOJbIK OeiiHenemeyl MYMKiH. EKiHIIiAeH, Jepekrepae IoH
KYPJENUIIri, OKBITYIIBI epeKieniri, aaapiHFel GPA, aneymerTik koHe MOTHUBALUSUIBIK (akTopiap
KOK, YIIIHIIIZACH, MOJENIb CBIPTKBI TOYyeJCI3 YHHBEPCHUTET JICPEKTEPIH/IEC TEKCEPUIreH >KOK.
bonamak 3eprreyne HakTel LMS nepexrepiMeH CHIPTKbI BaluJalMsl >KYprizim, TyciHaipiieTiH Al
OMICTEPiH KOHE 0OBEKTUBTI Oarasiay MOJIeTIIHE HHTErpalHsIIay MYMKIHIITH 3€pTTEY OPBIH/IBI.

AJBIHFaH DKCIIEPUMEHTTIK HOTWKEIEP Il Tayiay OapbIChIHA MOJIENb KYPASIUIITIHIH KOFaphI
00JTybl opKalaH OOJKaM camachlHBIH apTyblHA aJIbITT KEJIMEWTIHI aHBIKTalAbl. 3epTreyae Linear
Regression MomeiHiH aHcaMOJbIIK KOHE aFrall HETi3iHAeri aJropUTMIEPMEH CallbICTBIPFaH/Ia
JKOFapbl HOTIKE KOPCETYl KapacThIPBUIFAH JIEPEKTEp JKUBIHBIHIAFBI Kipic Oenruiepi MeH
KOPBITBIHIBI €MTHXaH Oarachl apachlHAa aWKbIH CHI3BIKTBHIK TOYEJIUTIKTIH Oap €KeHIH KOepCeTei.
Aran aitkanga, Linear Regression mozeninin R? kepcerkimi 0.830 nenreitine sxerin, Gradient
Boosting (0.817), Random Forest (0.780) >xone Decision Tree (0.582) HoTmwKenepiHEH »KOFaphI
o6onael. ConbiMeH kKatap MAE=3.675 6Gonybl Mojenb OoJpKaraH KOPBITBIHIBI OaraHbIH HAaKThI
OarajiaH opTa ecereH mamMaMeH 3.7 OajFa FaHa aybITKUTBIHBIH KepceTe/l. biniM amymbiiapabig
Hotmwxkenepi 100 OGannplk mikanana OarajaHATBIHBIH €CKEPCEK, MYHJAall aybITKy 3epTTeNreH
JEPEKTEP YIIIH MOJCIIbIIH KETKUTIKT1 00JKaMIbIK KaOUTETIH CUITaTTal IbI.

DKcriepuMeHT OapbIChIH/IA aHBIKTAJFaH Tarbl Oip MaHBI3Abl EPEKIIEeTiK — aKaJeMHUSIIBIK
KOPCETKIIITEPAIH OKY HOTHXKECIHE ocep eTy JHeHreiiHiH Oipkenki OosimMaybl. Koppemsiusiibik
Tangay OoifbIHIIA cabaKKa KaThICy KOPCETKIlll KOPBITHIH/IBI EeMTUXAaH HOTH)KECIMEH €H >KOFaphbl OH
OaittanpicThl KopceTTi (r=0.726). BipiHini KoHe eKIHIII apalIbIK TECT HOTHIKENEpl ¢ KOPBITHIHIbI
OarameH KoFapbl OaiiaHbicka Me 060Jabl. bys1 OUTIM amyIIBIHBIH OKY HOTHIKECIH Ooikay Ke3iHze
Tek Oip Oakpliay KOpCETKIlIiHEe CYHeHYIiH OpHbIHA OipHelle akaaeMHsUIbIK (akTopabl Oipre
KapacTblpy KaxeTTirin kepcereqi. COHbIMEH KaTap KYHAENIKTI OKY YaKbITBIHBIH KOPPEJALUS
ko3 duimenTi 6acka KOPCETKIITEPMEH CalbICThIPFaHa ToMeH OosraHbiMeH (1=0.413), OHBIH OH
MOHI JKYHeNl 031H1K JalbIHIBIKTHIH KOPBITHIHIBI HOTH)KEMEH 0aliIaHbICThI €KEHIH KOPCETe/Il.

3epTTey HOTHIKENEPiHIH MPaKTUKAIBIK MaHBI3ABUIBIFEI MAlTUHAIBIK OKBITY MOJETIH OiliM
Oepy YIepiciHAe epTe aKaJeMMsJIbIK MOHUTOPUHI Kypajibl peTiHjAe MNaiiianaHy MyMKIHAIMIMEH
OaiinanbicTel. CemecTp OapbIChIHAA >KUHAKTaNaThiH cabakka KaThICy, apaiblK Oakbuiay KoHE
TarchlpMa HOTHXKeENepl Heri3iHae OUTiM amylIbIHBIH BIKTUMaT KOPBITHIHIBI HOTHKECIH alJbIH ana
Oaranmayra Ooiajapl. MyHJail ToCUT TOMEH HOTH)KE KepceTy Kaymi Oap OuliM  amylibuIap/abl
KOPBITBIH/IBI ~ €MTHXaHFa JIeWiH  aHBIKTal, OJlapFa  KOChIMIIA OKYy  MaTepuallapbiH,
KOHCYJIbTAIIMSIIapAbl HEMece KeKe KOJIay [apanapblH YCHIHYFa MYMKIHAIK Oepei.
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ConbIMeH Oipre YCBIHBUIFAH TACUIAI OUTIM alylIbiFa KOPBITHIHABI OaFaHbl aBTOMATTHl TYPAE
TaFalbIHOAWTBIH KYHE PpETIHIE KapacThlpy Oypbic emec. MaluHainblK OKBITY HOTHXKECI
OKBITYIIBIHBIH KociOM OaranayblH anMacThIpMaid, mIenriM KaObUIgayabl KOJIJAWTHIH KOCHIMIIA
aHAJMTHKAJIBIK KYpaJl KbI3METIH aTKapysl THic. bonamiak 3eprreynepie Moiensre OuTiM amynibIHbIH
OKY Tu1aT(OopMachIHAaFbl OEJICEHUTIT], TarChIpMatapabl OPbIHAAY TYPAKTBUIBIFBL, OUTIM JICHreHiHIH
yakpIT OOWbIHIIA e3repyl >koHe Oacka Ja aKaJAeMUSUIBIK KOPCETKIIITEpJi EHTi3y apKbUIbI
00JDKaMHBIH CEHIMJIUTITT MEH OOBEKTUBTLUIINIH 0J1aH 9pi 3epTTEy KOCTapiaHa bl

KOPBITBIHAbI

3eprreyne 2000 OLTiM anMyIIBIHBIH JE€peKTepi HETI3iHAE KOPBITBIHABI €MTHXaH HOTHUKECIH
0oJDKayFa apHAJIFaH TOPT MALIMHAJIBIK OKBITY alTOPUTMI canbIcThIpbuiabl. Kipic Oenrinepi perinae
cabaKKa KaThICy, €Ki apajbIK TECT, TallChIpMa Oarachl KOHE KYHJIENIKTI OKY YaKbIThl KOJIJaHBLUI/IBI.
OkcnepumMeHT OipbiHFait 80/20 train-test Geminici sxone S-fold cross-validation apKeLIbI KYPri3iii.

Linear Regression tect >xubiabiHIa R?=0.830, MAE=3.675 xone RMSE=4.618 xepcerim,
Gradient Boosting, Random Forest >xone Decision Tree MozaenabaepiHEH *KOFapbl HOTHKE Oep/l.
Kpocc-Banunanusina onsiH optama R? xkepcerkimi 0.836+0.008 Gosmbl, Oy1 MOAENTb HOTHXKECIHIH
TYPaKTBUIBIFBIH PACTAIBI.

dakTopibIK Tanaay OoibIHIIA cabaKKa KaThICy KOPHITBIH/IBI eMTUXaH OarachbIMEH €H KOFaphl
Koppemsiusiael kepceTTi (1=0.726) xoHe Random Forest feature importance Ooiiprama 41.49%
yiecrieH OipiHmIi opbelH angsl. Ocbliaiiina, 3epTTeyAlH MPaKTUKAIBIK HITUXKECI — CabICThIPMAJIb
TYpJE KapamaibIM, TYCIHAIPUIETIH PErpecCHsUIbIK MOJIETb apKbLIbl OKY HOTHXKECIH MKETKUTIKTI 1971
OoJpKayFa ’KoHE HEri3r'1 akaJIeMUsIIBIK (paKkTopaap/ sl alKbIHAAyFa O0JaThIH/BIFI .

AJNBIHFaH MOJENb OUTIM amylmIbUTapJbIH OKY JWHAMHUKACBIH epTe Oakbulayra apHajFaH
MHTEJJIEKTYaAbl KYHeIepIiH aHATUTUKAIbIK KOMIIOHEHT] peTiHAe KOJAaHbUTYbl MyMKiH. KeliHri
3epTTeyiepe HAKThl kKorapbl OKy OpHbIHBIH LMS jxoHe Oaranay nepeKkTepiMeH MOJEIbAl TeKCepy,
KOCBIMIIIA MIHE3-KYJIBIK OCNTUIepiH €HT13y jKoHE 0O0JKaM HOTHXKECIH OOBEKTUBTI Oaranay MOJCIiHe
OIpIKTIPY YKOCTapJIaHaIbI.

KAPXBIJIAHABIPY: 3epTTey apHaiibl TPaHTTHIK KapKbUIaHIBIPYChI3 OPBIHIANIIbI.

JKACAHIbI HWHTEJJEKT TEXHOJIOTHUSIJIAPBIH TAMJAJIAHY TYPAJIBI
XABAPJIIAMA: Komka3z0anbl naiibiaaay O0apeIChiHAa reHepaTHBTI skacan bl HTEIIEKT ChatGPT
(OpenAl, 2026) MoTiHAI KYpbUIBIMJAY, TULAIK pEIaKIMsUIay JKOHE AKCIEPUMEHT HOTHIKEIepiH
TYCIHIIpyre KOMEKIIl Kypajl peTiHIe KOJAaHbUIIbL. Jlepektepal eHIey MEH MallluHAIIBIK OKBITY
OKCIIEPUMEHTIHIH CaHJIBIK HOTHXKeNepl OarmapiaManiblK —€cenTeyiep apKbUIbl  TEKCEpUIi.
ABTOp(J1ap) KOmKa30aHBIH Ma3MYHbI MEH FBUIBIMH TYKBIPBIMIAPHI YIIIH TOJIBIK JKAayarKePIIUTIKTI
cakKTaiipl.
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TEHEPATUBHBI NICKYCCTBEHHBI MTHTEJUIEKT B YHUBEPCUTETCKOM
OBYUYEHHMHU U YCJIOBUSI COXPAHEHHWSA IMO3HABATEJBLHOM
CAMOCTOATEJIBHOCTU CTYJAEHTOB

Annomauyusn. I'enepamusHulii UCKYCCMBEHHBIU UHMEILIEKM MeHsem NO08CEOHEGHYI0 YUeOHYIO
pabomy cmyoenmos. Q0vscHeHUe UIU 20MOoBoe peulenue menepb 00CMYnHee, HO N0 IMOMY ewé
Heb3sl CYOumy, HACKOILKO YC80eH mamepual. B cmamve paccmampueaemcs, npu Kakux yciogusix
UCNONb308AHUE 2EHEPAMUBHO20 UCKYCCMBEHHO20 UHMENIeKMA 6 YHusepcumeme noo00epIcusaem
oOyueHUe U COXpaHsiem CAMOCMOAMENbHYIO NO3ZHABAMENbHYI0 OesimelbHoCmb. /i1 omeema Ha
9MOM  GONPOC BbINOIHEH KPUMUYECKUU aHATUMUYecKUull 0030p HAYuHbIX NYOIuKayuu u
ouyuanbHuix onucanuili 0bpazoeamenvHulx GyHKyull Yugposwvix cepsucos. ConocmasieHvl
IKCNEePUMEHMATbHbIE pPe3VIbmamsl, OaHHble 00 OMHOULeHUU CMYOeHMO8 K MEXHOI02UU U
02PAHUYEHUs ABMOMAMUSUPOBAHHO20 KOHMPOJSA. AHANU3 NOKA3bI6Aem, YMO YCHeUWHOe 8bINOTHEHUE
3a0anus ¢ NOMOWHUKOM, OWyUjeHue NOHUMAHUSL U CAMOCMOAMENbHOe NPUMEHeHUe 3HAHUS 0arom
PasHble OCHOBAHUSL OISl OYEHKU Y4ebOHo20 pe3yavmama. B npednosceHHol anaiumuyeckol cxeme
yeib 0OpawjeHuss K UCKYCCMBEHHOMY UHMEILIEKM)Y C653aHA C XAPAKmepom NoMowju u cnocooom
nocnedyroweti npogepku. Paccmompenvl 0uanozogvie NOMOWHUKU, pabOmMa ¢ UCTMOYHUKAMU U
2eHepayus y4eOHbIX Mamepuanos. /s smux 603MOHCHOCMEN 00CYHCOAIOMCS PUCKU (DAKMUYECKUX
OWUDOK, 3A8UCUMOCTIU OM 20MOBbIX OMBEMO8 U HEODOCHOBAHHBIX 8bIBO00E 00 YPOGHE 3HAHUIL
AHnanuz  obocHogvisaem  couemarue OOCMYNHOU NOOOEPHCKU C  CAMOCMOAMENbHbIMU U
omcpouennvimu 3a0anusamu. Ilpakmuueckum npoooadxiceHuem mozia 6vl cmamov yueOHas cpeoa ¢
OUACHOCTUKOU OCBOEHUsL OMOENbHLIX MeM, OMOeNEéHHOU om oguyuaipbHozo oyenusanus. [loxa
npeonodicena eé koumyenyus. Cucmema He 6HeOpeHd, a neodazocudeckyro 3poexmusHocmo
npeocmoum npogepume dmnupuvecku. I[lpakmuueckas 3HAUUMOCMb pabomvl COCMOUM 8
Kpumepusix opeanusayuu u oyenku MH-nooodepicku yHueepcumemcko2o 00y4eHus.

Knwuesvle cnoea: cenepamu6Hulii UCKYCCMBEHHbIN UHMELIEKM, Gblculee 00pa30sanue;
camocmosmenvHoe — 0OyueHue,  nedazocuyeckas — N000epicKa,  yu4eOHas — OUACHOCMUKA,
akademuveckas 000poco8ecmMHOCb.
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YHUBEPCUTETTIK OKbITYIAT'BI TEHEPATUBTI /KACAHAbI MHTEJIVIEKT KOHE
CTYAEHTTEPAIH TAHBIMIBIK JEPBECTII'TH CAKTAY IHAPTTAPBI
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AHnoamna. ['enepamusmi dicacanovl uHmen1eKmmiy mapanyvl cmyoOeHmmepoiy KyHOeriKmi
0Ky apexemin e32epmyode. Anatioa mycindipmenep men OaublH wewimoepoiy Koaxcemimoi 00myvl
0Ky Mamepuanvlh MeHeepy canacbli o30icineH  Oanendemeudi. Makananvly — maxcamol
VHUBepcumemme 2eHepaAmusmi HcacaHobl UHMeNIeKmmi KOAOAHY OKyObl KOJLOAUMbIH HCIHE
cmyoeHmmiy Oepbec MAHBIMObIK dPEKemin AIMACMbIPMAMbIH WaApmMmaposbl aHbIKMay OOJbIN
maovLiadsl. 3epmmey  bLILIMU  HCAPUSIAHBIMOAD MeH YUPPIbIK cepsucmepliy 0Oinim  bepy
QYHKYUALAPLIHA KAMbICMbl pecMu  CUNAMMAMALAPbIHA CbIHU  AHATUMUKALLIK WOTY MypiHOe
HCYpRI3iNoi. DKcnepumMeHmmiK 3epmmeynepoiy Hamuoicenepi, cmyoenmmepoiy MmexHoI02Uused
KO3KaApachl — JiCOHEe  a8MOMAammaHoblpuliean  OAaKulLIayobly — uiekmeyiepi  CanblCmbulpbliob.
Komexwimen opvinoanzan mancelpmanvly Hamudxiceci, maxblpblnmel MYCIHSeHIH C)yObeKmuemi
ce3iHy oicone OinimOi 03 OemiHwe KOAOaHMy Kabilemi OKy HamMudicecin 0a2anayovly apmypii
Hez2i30epi ekeni kopceminoi. Kacanovl unmeniexmre Hcy2iHy MaKCamoit, YCbIHbLIAMbIH KOMEKMIH
cunamvlin Jcone Keuinel mexcepy macilin OaulanblCMulpamvii AHATUMUKANBIK CXeMAa YCbIHbLIObI.
Juanoemix  kemexwiinepoiy, 0epeKKO30EPMEH AHCYMbIC —Icmey KYpanoapbiibll —JHCIHE OKY
mamepuanoapvii  a3ipiey cepsucmepiniy MymKiHOikmepi Kapacmuipuliovbl. CoubiMeH Oipee
Gdaxminix Kamenep, OaublH Hcayanmapea mayenroilik dcoHe OIiM Oeneelli mypanvl Heli3Ci3
KOpbIMbIHObL dHcacay mayekenoepi manoanovl. Konxcemimoi konoayowl depbec scane beneini Oip
VaKblMmmaH KeuiH OpblHOAIAMbIH MANCLIPMANAPMEH  YWMAcmulpy Kaxcemminiei He2iz0enoi.
Ipakmukanwix 06azvim peminOe diceKeseceH Maxblpblnmapovl MeHepy OUAcHOCMUKACLL pecmu
bazanayoan — axdcolpamouli2an  OK)y  OPMACLIHbIY — MYHCHIPLIMOAMACHl  YCblHbLIao0bl.  Onbiy
neoacocuKanvlK MuiMoinici  apHalibl IMAUPUKATLIK 3epmme)yoi  Kadcem emeodi. Kymvicmuly
NPAKMUKANBIK MAHbI3bL YHUBEPCUMEMMIK OKbIMYOd HCACAHOb UHMEILIEK KOMe2IH YUbIMOACmblpy
JHCaHe bazanay eauemoepin mysHcoblpbIMOAyMeH OAUIaHbICbL.

Tyiiin ce30ep: eceHepamuemi HcacaHObl UHMELIEKM, JHCOApPbl OLliM; Oepbec 0Ky,
neoazocuKanblK Koaioay,; oKy OuaecHOCMUKACHL, aKa0emMusiiblk a0aio0blK.
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GENERATIVE ARTIFICIAL INTELLIGENCE IN UNIVERSITY LEARNING AND
CONDITIONS FOR PRESERVING STUDENTS’ COGNITIVE AUTONOMY

Abstract. Generative artificial intelligence is changing students’ everyday academic work, yet
access to explanations and ready-made solutions does not by itself demonstrate successful learning.
This article identifies conditions under which generative Al can support university learning without
replacing students’ independent cognitive activity. A critical narrative review combines research
publications with official descriptions of educational features offered by digital services.
Experimental findings are distinguished from student perceptions and from claims about product
functionality. The analysis differentiates performance with assistance, perceived understanding,
and the ability to apply knowledge independently. It proposes an analytical framework connecting
the purpose of Al use, the type of assistance provided, and the evidence required to assess learning.
Conversational support, source-based study tools, and learning-material generation are considered
alongside factual errors, dependence on completed solutions, and unsupported judgments about
mastery. The article argues for combining accessible assistance with independent and delayed
assessment tasks. A learning environment that records topic-specific evidence and separates
formative diagnosis from official grading is outlined as a possible application. This proposal is
conceptual rather than an implemented or validated system. Its educational effectiveness requires a
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separate empirical investigation. The contribution is a set of practical criteria for designing and
evaluating Al-supported university learning.

Keywords: generative artificial intelligence; higher education; independent learning;
instructional support; learning assessment; academic integrity.

BBEJIEHUE

CTyneHT MOKET TOYYUTh Pa3BEPHYTHIN OTBET HA y4eOHBI BOMPOC paHbBIIE, YeM YCIIEeT
chopMynupoBaTh COOCTBEHHOE OOBSCHEHHE. JTa BO3MOXKHOCTH 3aMETHO MEHSET YCIOBHS
CaMOCTOSITENIbHOW paboTel B yHHBepcuTere. Panbine 3arpyaHeHune TpeOoBasio oOpamieHus K
y4eOHHUKY, TPENoIaBaTeI0 WIH OJHOKYPCHUKY; TENeph JOCTATOYHO OIMUCATh MPOOJIEMy B IMAIIOTE
¢ I (POBBIM MOMOIIHUKOM. ¥ 100CTBO TaKOTO B3aMMOACHCTBHUS OYEBHTHO, HO €TO MeAarOrHueCKHi
pe3yabpTar HeoaHo3HadeH. OIUH CTYAGHT HWCHONB3YeT OOBSICHEHHE, 4YTOOBI MPOJOIIKUTH
paccyxJeHue, Apyrol MepeHOCUT TOTOBOE pellleHHWe B paboTy, MOYTH HE pa3dupasch B €ro
OCHOBAHUSIX.

['eHepaTUBHBIN HCKYCCTBEHHBIM MHTEIUIEKT PACCMATPHUBACTCS B HACTOSIIEH CTAThe MPEKIE
BCEr0 KAk CpEACTBO  B3aUMOJEHCTBUS ¢  yueOHbIM  cojaepkaHueM. OH  TO3BOJISIET
nepe@opmMyIpoBaTh 00BbsICHEHHE, TOJ00paTh MpUMEp, 0OCYAUTH OMIMOKY, TOATOTOBUTH BOMPOCHI
JUI CaMOIIPOBEPKU M OPraHM30BaTh MOMCK MaTeprasioB. PaHHME 0030pbl onucaid MIUPOKUN KPyr
MOA0OHBIX MPUMEHEHUH. B HUX ke 0TMedaanch HEOCTOBEPHbIE OTBETHI M TPYAHOCTH BKIIOUECHHUS
NN B cymectBytomee orenuBanne (Kasneci et al, 2023; Lo, 2023). Tlostomy Hamu4ue
TEXHUYECKOM (QYHKUMM HENlb3s HEMOCPEICTBEHHO IMPHUpPaBHUBATh K 00pa3oBaTeIbHOMY
MIPEUMYILECTBY: MEX1Y HUMH HaXOJUTCSI KOHKPETHAas AeATeIbHOCTb CTYJCHTA.

Jlnsa yHuBepcuTeTra mnpobiieMa HE CBOJAUTCS K pPa3pellieHUI0 WM 3alpeTy OTAEIbHBIX
cepBucOB. OOUH M TOT XK€ MHCTPYMEHT MOJKET HCIOJIb30BaThCA IMPU OCBOCHUH HOBOM TEMBI,
MOATOTOBKE YEPHOBHKA, BBIMIOJHEHUH TPEHUPOBOUHOTO 3aJaHUS M cllaue€ KOHTPOJIBHOU paboThI.
TpebGoBaHMs K CAMOCTOSITEILHOCTH B 3THUX CUTYallMsSX pa3inyaroTcs. Eciu mpaBuia HE yTOYHSIOT
1enb 3aJaHus, MPEnoJaBaTesib OLEHUBACT TEKCT HIIM pPEIIEHHUE, MPOUCXOKICHHE KOTOPOro He
packpbiBaeT BKJIaa oOyuaromierocs. OJHOBPEMEHHO CTYIEHT MOXKET OTKa3aTbCsi OT IOJIE3HOM
MTOMOIIIM U3 OTTaceHwMs, uTo Jtoboe obpamnienne k UM Oyner nmpusHaHO HApYIIICHUEM.

lenp wccienoBaHus — ONPENCIUTh YCIOBUS TNpPUMEHEHUs TreHepatuBHoro WU B
YHUBEPCUTETCKOM O0Y4YEHHH, MO3BOJIAIONINE COYETATh JOCTYIHYIO MEJaroruueckyro MmoIepKKy €
COXPaHEHHEM I[I03HABATEIbHOW CAMOCTOSITENbHOCTU. [IIsl JOCTMXKEHHS LIeTH COIMOCTABJISIOTCS
pe3yNbTaThl UCCIEN0BAaHUM, pa3TPaHUUMBAIOTCS OCHOBHBIE YueOHbIEC CLIEHAPUU, PACCMATPUBAIOTCS
BO3MOHOCTH IIM(PPOBBIX CEPBHCOB U NPEIaraloTcsi KPUTEPUH MPOBEPKH OCBOCHMS MaTepHaa.
UccnenoBatenbckuit  Bompoc  chopMylnupoBaH — CIEAYIOUIMM  oOpa3oM: Kakue MpHU3HAKH
opranuzanuu U-noanep ku Mo3BOJISIOT OTIIMYUTH MTOMOIIL B 00YUYE€HUU OT 3aMelleHUs yueOHOM
NeaTenbHoCTH?

HcxonHoe monoxeHHe padOThl COCTOMT B TOM, 4YTO KauyeCTBO HUTOTOBOTO TMPOAYKTa,
MOJIyYUEHHOTO C TMOMOUIHHKOM, HE SBJISIETCS JIOCTAaTOYHBIM CBHJIETEIILCTBOM HWHIMBHAYAJTIEHOTO
3HaHMS. DTO MOJOKEHHE PACCMATPUBACTCS Yepe3 COMOCTABICHUE OMyOIMKOBAaHHBIX JAaHHBIX, a HE
MpoBepsieTcsi Ha COOCTBEHHOM CTyJeHUeCKoW BBIOOpKE. ABTOPCKHMI BKIAJ 3aKIIOYaeTcs B
o0beMHEHUN TPEX OCHOBAHUM aHanM3a: Leau oOpallleHus 3a MOMOIIBIO, XapakTepa IeHcTBUS,
OCTAaIOIIErocs 3a CTYAEHTOM, M Cloco0a HE3aBUCHUMOIO MOJTBEPXKIEHUS pe3yiabraTa. Takoe
o0beMHEeHNE TO3BOJSET 00CYXKIaTh yHUBEpCUTeTcKoe mpuMmenenue MU 6e3 mpenmnonoxxenus oo
OJIMHAKOBBIX IIPAaBUJIaX OLICHUBAHUS BO BCEX JAUCIUIUIMHAX.

MATEPHUAJIBI U METO/IbI UCCJIEJOBAHUSA

HccnenoBanue MOCTPOEHO KaK KPUTHUECKUM aHAIUTHYECKUH 0030p C 3JIeMEHTaMH
CpaBHUTENbHOTO aHanu3a. Victounuku noadupamu 16 centsabps 2026 roga: yepes 1eneBoil BeO-
MOMCK MEPEeXOAMIM K HaydyHbIM MyOJIMKalMsIM Ha CTPaHUIAX H3JaTeded M B aBTOPCKHUX
penosutopusx. PaccmarpuBamuch skcnepumeHnTsl ¢ WM-penerutopamu, 0030pbl MpUMEHEHHS
ChatGPT B oOpa3oBaHuM, BOCIIPHATHE TEXHOJIOTHU CTYACHTaMHU U HaJI&KHOCTH jaeTekropoB M-
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Tekcra. Jlyis yTOouHeHUWs mMyOnHMKauii ucnosib3oBamuch ux HasBanus u DOl OdunumansHbie
MaTepHalibl pa3padOTYUKOB MOJOMPATHCH OTIEIBHO MO Ha3BaHUAM y4eOHBIX QyHKIMA. [lonck He
MpeCTaBIsuT co00M CIUTONIHYIO BRITPY3KY u3 Scopus wiu Web of Science.

B coneprxarenbHyr0 OCHOBY BOLUIM JIecsiTh HayyHbIX craTeil 2023-2025 rogoB, pykoBOJCTBO
UNESCO u nsaTh opUIMaNbHBIX MAaTEPUAIOB O HU(PPOBBIX CepBUCAX. 3aMUCh 00 MCIOIH30BAHHOM
npu noarotoBke pykonucu MW mpuBeneHa oTAENbHO M HE BKJIIOYAETCS B aHAJIUTHUYECKYHO Oazy.
[Ipuoputer oTAaBancs mMyOoIUKaLUsIM, TO3BOJISIOUIMM YCTAHOBUTD JU3ailH UCCIIEOBAHMSI, KOHTEKCT
IIPUMEHEHUSI M XapaKTep OLIEHUBAaeMOro pe3ynbrara. OTo3BaHHbIE Pa0OTHI HE UCIOJIb30BAIKUCH JUIS
000CHOBaHHS BBHIBOJOB. J[OKyMEHTHI TPOM3BOIUTENCH paccMaTpUBAINCh Kak OIHMCAaHUE
3asBIICHHBIX (DYHKINH, HO HE KaK JJOKa3aTeIbCTBO AP (PEKTUBHOCTH O0yICHUSI.

[Ipy YTEeHNH WCTOYHHWKOB BBIACISUIMCH IATh XapaKTEPUCTHK: 0Opa30BaTEeNbHBIN KOHTEKCT,
pons MU, neictBue CTylneHTa, IOKa3arellb pe3yjbTaTa M OrpaHUYEeHHE HHTeprperanuu. [[ns
SKCHEPUMEHTAJbHBIX MCCIEAOBAHUM OTAEIBHO YUUTHIBAIOCH, OCTaBajCsl JIM [OMOULIHHUK
JOCTYITHBIM BO BpeMsi NpoBepku. ONpocHbIE JaHHbIE HE CMELIMBAINCh C U3MEPEHMSIMU 3HAHMU.
CpaBHeHue TU(GPOBBIX CEPBUCOB CTPOMIIOCH TIO YUEOHOM 3a71a4e U XapaKTepy B3auMOIeHCTBUsI, 0e3
MIPUCBOEHUS PEUTHUHIOB U OajyioB, Uil KOTOPHIX HE MPOBOJAMIIOCH HE3aBUCHUMOE TECTUPOBAHUE.
OYHKINU ONHUCHIBAIOTCA B IIpeieiax MOATBEPKIEHHBIX O(PUIINATbHBIX TyOIMKALUH.

UYucneHHble pe3ylbTaThl BOCIPOU3BOIATCS U3 IEPBOMCTOYHUKOB C YKa3aHHEM UX KOHTEKCTA.
CoOCTBEeHHBIN MeTaaHaIN3 HE BBIMOJHSAJICS: pa3uuusl TUCIUIUIMH, BBIOOPOK, YCIOBUM U ILIKall HE
MO3BOJISIIOT MEXaHUYECKU 00bEeIMHUTH MoKa3areau. OTHOCUTENbHbIE H3MEHEHUS YCIIEBAEMOCTH He
TPaKTYIOTCSI KaK MPOLIEHTHbIE MyHKTHI WK JI0JIs1 OCBOGHHOTO Marepuana. [lpencraBienHbliii Habop
HCTOYHUKOB SBJISIETCS LIEJIEBBIM, @ HE HCUEPIIBIBAIOLIUM; [T03TOMY 0030p HE MPETEHIYET Ha OLIEHKY
pacnpocTpaHEHHOCTH BCEX BBISBICHHBIX 3PPeKTOB. Pe3ynpraToM aHalin3a ciyXkaT CpaBHUTEIbHbIE
TaOJIMLBI U MIpearaeMasl CxeMa opraHu3aluy MoAJep>KKU U JUarHOCTUKH.

AHAJIN3 U PE3YJIBTATHBI

Y4yeOHasi NOMOIIb M MOJIMEHA CAMOCTOATEIbHOH PadoThI

[TepBoe paznuume MEXIy MOJIE3HBIM U MPoOJeMHbIM TpuMeHeHneM MU cBsizaHo ¢ TeM, Kakoe
neiicTBre BBINOJHSAET cTyaeHT. [Ipoch0a OOBSICHUTH HEMOHATHBIM TEPMHH OCTaBISET 3a HUM
paboty ¢ conmepkanueM. [Ipocrba HamucaTh MOJHBIM OTBET Ha OLICHUBAEMBIM BOTIPOC MOKET 3Ty
paboty ycrpanuTh. OHAKO TpaHUIIA OTIPENEseTCsl He JJIMHOW OTBETa MOMOIIHHUKA. Pa3BEpHYTHIMA
pa3bop ObIBaeT HEOOXOIMM HAUMHAIOIIEMY, TOT/Ia KaK KOPOTKas MOJICKa3Ka HHOTJa COJIEP>KUT BECh
KoY K peuieHuto. CrnegoBaTenbHO, OLIEHUBATH cienyeT (YHKIUIO [OMOIIM B KOHKPETHOM
3aJlaHUH.

B kadecTBe aHAaTUTHYECKOrO pe3yibTaTa IMpeajaraeTcss pa3jiuuaTh TpH peXuMa
B3aUMO/JICHCTBUS: OOBSICHEHHE, COBMECTHYIO NMPAKTUKYy M CaMOCTOSITENIbHOE MOATBepxkaeHue. B
MIEPBOM PEKUME JIOMYCTHUMBI TOJIPOOHBIE TPUMEPBI M MOBTOPHOE H3J10kKeHHe. Bo BTopoM momo1ibs
JOJKHA OCTaBJIATh CTYACHTY COJEp)KaTelIbHBIA crieayromuii mar. B TpetbeM HeoOXxoaumo
YCTaHOBUTH, YTO OH MOXKET BBITIOJHUTH 0€3 TEKyILero yyactusi nmoMoimiHuka. Eciu oOHapyxunach
omunOKa, CTYACHT BO3BpallaeTCsi K OOBACHEHUIO U 3aTe€M BHOBbH IOJTBEPXKIACT OCBOCHHE.
[ToBTOPUTH MOKA3aHHBIN OTBET JJIsl TOrO HEAOCTaTOYHO. [lepexoibl Mexay peKMMaMu HE 3aaHbl
pa3 ¥ HaBCer/a; UX CBsA3b MOKa3aHa Ha PUCYHKE 1.

O0630pbl  00pa3oBaTeNbHBIX YaT-O00TOB OMUCHIBAIOT TOJACPKKY JAOMAIIHUX 3a/laHuM,
MEePCOHATHM3AINIO B3aUMOACUCTBHS U TIOMOIIb IIPENOoAaBaTelo, HO OJJHOBPEMEHHO MOIYEPKUBAIOT
npobieMsl ToyHOCTH W HanékHoctu (Labadze et al, 2023). Jlias Hacrosimiero aHaausa
CYIIECTBEHHO, 4YTO IEPEYHCICHHbIE BO3MOKHOCTH OTHOCSTCS K pa3HbIM CTOpPOHaM Yy4eOHOTO
npouecca. CokpallleHne BpeMEHH MOATOTOBKU MAaTEPHUAJIOB TOJIE3HO MPENOIAaBATEN0, OJHAKO CaMO
mo ce0e He TMOKa3bIBaeT, HACKOJIBKO CTYACHT HAy4YWICA pacCyXkaaTb. DKOHOMHS BPEMEHU U
pe3yabTaT O0y4eHHUs JIOJDKHBI OICHMBATHCS pa3/ielbHO, Jake Korja 00ecledyMBaloTCs OJHUM
CEPBHCOM.

Jlpyrasi TrpaHuIla MPOXOAUT MEXIY JOCTYIMHOCTBIO OOBSCHEHHS U €ro COOTBETCTBUEM
yueOHoil 3agaue. Harpumep, npu nzydyennn SQL MOMOIIHMK MOKET MPEUIOKUTHh paboumii 3ampoc
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C OKOHHOW (YHKIMEH, KOorja IIeNb 3aHATUS — OCBOUTH T'PYNIUPOBKY. TEXHHUYECKH BEpPHBIN
pe3yiabTaT B TaKOM Cllydya€ HE pacKpblBaeT BIAJCHHME HM3ydaeMbIM MeTol0M. 1I03TOMy KOHTEKCT
Kypca [OJDUKeH BKJIIOYAaTh HE TOJIBKO YCJIOBHE, HO M JOIYCTHMBIE CHOCOOBI peLIeHus,
IPENUIECTBYIOLIME 3HAHUS M LEJIb YIOPaKHEHUsA. OJTa HAcTpolKa TpeOyeT Neaarormyeckoro
peleHusi, KOTOpOoe HeJb3sl 3aMEHUTH OOIIUM YKa3aHUEM «IIOMOTail CTYJCHTY».

OObsicHEHUE CI0KHOM TeMbl, 00paTHas CBSI3b U IOMOILb C MMCbMEHHOW pabOTOM OMMCAHbI B
0030pe amnupuyeckux uccaenopanuii Albadarin et al. (2024). Ero marepuan 0THOCUTCSI K paHHEMY
nepuoay pacrpoctpaneruss ChatGPT. [lns comocraBieHusi ClIEHapueB HCIIOJIB30BAHUS ITO
II0JI€3HAasl OCHOBA; CUATATH €€ OIIMCAaHUEM HEM3MEHHBIX CBOMCTB BCEX IMOCIEAYIOINX MOJIEIEN yKe
Henb3s. B Tabmune 1 5Ti GopMBI TOMOIIM COMTOCTABICHBI ¢ HEOOXOAMMBIMH CIIOCOOAMU MTPOBEPKH.
Takoe comocraBieHHE COCTAaBIISIET MPEUIOKEHHYIO AHAIUTUYECKYI0 CXEMY M HE IPEACTaBISET
pe3yJIbTaTOB IKCIEPUMEHTA.

Moppep>xka obyyeHUs U noaTBep>XXAeHUe OCBOEeHUA

Mpegnaraemas cxeMa * 3thheKTUBHOCTL TpebyeT Nposepku

01 UsyuyeHue 02 lNpakTUKa 03 TlpoeBepka
MaTepunansl Kypca —» CobcTBeHHas nonbiTKa ——» HoBoe 3apaHue
ObbAcHeHnsa A MNMonckasku no 3anpocy Bes3 Tekywwmnx noackasok
Pa3zobpaHHble NpuMepsbl ObcyxaeHune owmnbok ObbACHeHNe pelleHns

t

MoBTopeHVe Npu 3aTPYAHEH NN

OcHOBaHUA ANA cfepyiollero wara

CaMocToATeNbHEIN pe3yfbTaT » HoBas oWrbKa * MoOBTOpHas
npoeepka

Pucynok 1. [Ipemraraemas cxema oOydenus ¢ M-noanepxkoit 1 caMOCTOSATEILHOM MPOBEPKOH.
CocTaBie€HO aBTOpPaMH.

Tadoauna 1. ®opmer UM-nonepkku 1 OCHOBAHUS IPOBEPKU OCBOCHMUSI.

YuyeOnan
JonycTumasi momoub CBueTe/IbCTBO OCBOCHUS

CUTYyalus
OcBoeHue OObscHeHue, aHAJIOT U, OObscHEeHnEe CBOMMHU CJIOBaMHU U
MOHATHUSA pa3o0paHHBIN TpUMEp IIPUMEHEHNE B HOBOM IIPUMEPE
TpenupoBounoe  Pa36op ommbku u CamMmocToATENbHOE BBIIIOJIHEHUE
3a/laHue MOCJIEI0BATEIIbHBIE TI0JICKA3KH M3MEHEHHOTO 33/1aHus
Pabota ¢ [TouckoBas moxbopka u IIpoBepka Te3uCOB Mo
HWCTOYHUKAMHU npeaBapuTensHoe 0000IIeHne MIEPBOUCTOUYHHUKAM
[ToaroroBka k Bormpocsl, kapTouku, o0ObsicHenrie  HoBble 3agaHus 6e3 TeKyIIHUX MOCKa30K
JK3aMEHY 3aTpyAHEHUI Y NIOBTOPHAsI POBEPKa

Hpumeanue. Cocmaeneno 6 pavKax HacmoAauieco analusd, cxema He npoxodwza
IKCnepumermailbHyro BClﬂuaCIZ/ﬂ/HO.

CTy,[[eHT MOKCT 3alaBaTb MHOI'O BOIIPOCOB, IOTOMY HYTO IIPOBEPACT T'HIIOTC3bI. KOpOTKI/Iﬁ
AAAIOT TOXKE HOOIYCKACT PAa3HBIC O6T>5ICH€HI/I$I, BINIOTH OO MPOCTOr0 KOIMPOBAHUSA OTBETA. Ilo
KOJIMYCCTBY COO6L[ICHI/II>’I, JJIUTCIIBHOCTU JUAJIoTa U YHUCIY MMOACKA30K MPAMYIO HMIKAJTY HC3HAHUA HE
MOCTPOUTE. Ot CBCACHHU IIOMOTI'alOT OIIMCaTb pa60Ty n BLI6paTB MOMCHT TMOJICPKKH. I[J'ISI
ITIOHUMAaHUA 06pa111eH1/1171 3a JOIIOJIHUTCIbHBIM O0OBSICHEHHEM OCTaéTCs CONOCTAaBUTh UX C TEM, KaK
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CTYIEHT JeWCTBYeT B HOBBIX 3aJaHusX. MHaye cucrema OyAeT MOOMIPSATh BHEIIHIOK
CaMOCTOSITEIbHOCTh M HaKa3bIBaTh OTKPHITOE 00CYKICHUE 3aTPyTHEHUH.

YTo noka3pIBalOT KOJUYECTBEHHbIE HCCIeJOBAHUS

OnyOnMKOBaHHbBIE Pe3yNbTaThl MO3BOJSIOT YBHIETh PA3IMUUEe MEXKAY MPOJYKTUBHOCTBIO C
WU u oOyuyennem. B mikosisHOM 3KcniepuMmenTe o Matematuke Bastani et al. (2025) nokazartenu
BBITIOJTHEHUSI TPEHHPOBOYHBIX 3aJaHUIl  BBIPOCIM OTHOCHUTENILHO KOHTposisi Ha 48% npu
ucnosib3oBannu GPT Base u Ha 127% nipu ucrionb3oBarnu GPT Tutor. OmHako nocie OTKII0YCHHS
nomomu pesynbratr Tpymmel GPT Base okazancs Ha 17% HWKE KOHTpOJbHOro. BapuaHT ¢
MEJarornyeCKUMU OTPaHUYEHUSMU CYLIECTBEHHO CMSITYWII OTPULATENbHBIN dPPekT. OObeTUHATh
NpUBEIEHHBIC BEIIMYMHBI B OJHMH IMOKa3aTelb «Imoyb3bl MI» Hemb3si: OHM OTHOCATCS K pa3HbIM
YCIIOBHSIM ITPOBEPKH.

WHo# pe3ynbTaT TpEACTaBICH B yHHBepcuTeTckoMm dkcriepumente Kestin et al. (2025):
MeJlaHa pe3yibTaTa UTOroBOro tecta cocrasmia 4,5 B ycnosun MHM-peneruropa u 3,5 B ycinouu
AKTUBHOTO ayJUTOPHOTO OOYYEHHS. DKCHEPUMEHT MPOBOJMIICA CO CIEIHAIBHO pa3padOTaHHBIM
MHCTPYMEHTOM B OTpaHMYEHHOM y4eOHOM KOHTeKcTe. Ero pe3ynbraT He XapakTepu3yeT cBOOOIHOE
WCIO0JIb30BaHUE JI000ro 4var-60oTa. PasHuily B onuH Oan Heldb3sd MEPEHOCUTh Ha CTOOAIBHYIO
YHUBEpCUTETCKYI0 IiKany. Ob0a wucciaenoBaHusi NPHUBEAEHbI B Tabmuue 2 BMECTE C OIPOCOM
CTY/ICHTOB, U3MEPSBIIUM JIPYrOil TUI pe3yibTaTa.

Tadauua 2. KonmuecTBeHHBIE pe3yibTaThl U TPAHULBI UX UHTEPIPETALMH.

HccaenoBanue Ony0uKoBaHHBIN pe3yJbTaT Yro oH XapakTepHu3yer

. Tpenuposka: +48% mis GPT
Bastani et al. (2025) Base, +127% suis GPT Tutor: Ge3 Paznnune mexy BeinoiaHenueM ¢ MU

IIIxonsHAA W CaMOCTOSITETbHOM IIPOBEPKOM; HE
nomomu: —17% nna GPT Base POBEP

MaT€MaTHuKa MIPSIMOI 3 CKT JJId BY30B
OTHOCHUTCJIBHO KOHTPOJIA p (1)(1) A y3

Kestin et al. (2025)  Meauana uroroBoro tecra: 4,5 ¢ Pe3ynbraT KOHKPETHOTO Y4eOHOTO
YHuBepcUuteTcKas NH-penetutopom u 3,5 B AKCIIEPUMEHTA; HE YHUBEPCAIbHBIN
¢buznka YCIIOBUU aKTUBHOTO 3aHSATHS PEUTHHT TEXHOJIOTUI

Chan & Hu (2023) 66,7% cooOumau 00 orbITe
OIIBIT OTPOIIEHHBIX, & HE POCT

Onpoc 399 MCII0JIb30BAaHUS TEHEPATUBHOTO N
3HAaHUU WM yCTIEBAEMOCTHU
CTY/ICHTOB U B 0011eM KOHTEKCTE
Ipumeuanue. Januvie nepsoucmounukos, npoyenmor y Bastani et al. — omuocumenvnvie

U3MeHeHUsl, He npoyeHmHubvle nyHKmol. Medxcoy ucciedosanusmu nokazamenu He yCpeoHsIUCh.

Jlpyryto cropony mokassiBaeT onpoc Chan and Hu (2023), B kotopom yuactBoBasu 399
CTYIEHTOB OakanaBpHara W MOCIEAUIIIOMHBIX MPOTPaMM IIECTH YHUBepcUTeTOB ['oHKOHra. XoTs
Obl OJJHAXK/IBI UCTIOJIB30BaMU reHepatuBHbii MU B 00mieM koHTekcte 66,7% ydacTHukoB. B mienom
OTHOIIIEHUE K TEXHOJOTUU OBLIO IOJIOKUTEIBHBIM, HO COXPaHSIMCh OIACEHHUs] OTHOCHTEIHLHO
JIOCTOBEPHOCTH, MPUBATHOCTHM M JIMYHOTO Pa3BUTHA. 31€Ch OINKMCAHBI OIBIT W BOCHPUSITHE
CTYIEHTOB. 3 3THX OTBETOB HEJNB3s y3HATh, Y KaKOM JOJIM BbIpocia ycneBaeMocTb. O1LleHUBATh 110
HUM pacrpocTpaH€HHOCTh ucnolibzoBanusi MM B ynuBepcurerax Kazaxcrana Takke HEb3sl.

Jlasxxe 0e3 TOMOIIHMKAa TPOBEPKU H3MEPSIIOT pa3Hoe. HeMmeseHHBI TecT MOKa3hbIBAET
pe3ynbTaT cpazy mocie o0ydeHus. UToObl y3HaTh, YTO COXPAHUIIOCH MOKE, HY)KHO OTCPOUYEHHOE
3aJlaHue; MePeHocC crnocoba IeHCTBUS MPOBEPSIOT B U3MEHEHHBIX yCIOBUAX. Eciau nu3smepeH ToJIbKO
HEMEJUJIEHHBIN pe3ysbTaT, TOBOPUTH O JIOJTOCPOYHOM BIaJIeHUH TeMod paHo. Kakoe n3MeHeHue
noikHa nath MW -noanep:xka, B yHUBEPCUTETE CIIEYET ONPEAEIIUTh 3apaHee.

Y1006CTBO MOMOIITHUKA UMEET CAaMOCTOSATEIbHOE 3HAYCHHE: CTY/IEHT MOKET OXOTHEe 3a7aBaTh
Bompockl. JIErkocth paboTHI emié He MOKa3bIBaeT, YTO MaTepHall YCBOEH. beiBaeT U HaoOOpOT:
HEOOXOIUMOCTh OOBSICHUTH XOJ PEIICHHS YCIOXKHSET 3aHATHE, XOTS COOTBETCTBYET €ro
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oOpazoBarenpHol 1nenu. [lpemmaraemass cxema y4YUTBIBaeT U BIICYATICHUE CTYACHTA, W
CaMOCTOSITENIbHBIA pe3ynbTaT. Ecu OHM pacXosTcs, HYKHO pa3oOparbcs B NpPUYMHAX, a HE
OCTaBJIATh TOJIBKO BBITOJIHBIN [yl TEXHOJIOI'MH I10KA3aTENb.

Bo3moxxHocTH 1M POBBIX CEPBHCOB B YHUBEPCUTETCKOM 00y4eHUH

IIpn comocraBia€HHM CEPBHCOB BO3HUKAIOT IIEPECEUEHUS: OJUH HMHCTPYMEHT MOXKET
MO/JIEP’KUBATH HECKOJIBKO YUeOHBIX ClieHapueB. B aHanu3e pa3nuyaroTcs AUaJoroBoe 0ObsICHEHHUE,
paboTa c 3amaHHBIM KOPIIYCOM MaTepHajoB M TOUCKOBOE HccienoBanue. [Ipumepsl (QyHKIHIA,
MOATBEPXKAEHHBIX OPUIIMATBHBIMA MYOJIMKAIIMAMH, cOOpaHbl B Tabmuue 3. 3a CXOAHBIMU
(GYHKIMSMH MOTYT CTOSITh Pa3HbIE€ MOJENM M CHOCOOBI OpraHu3aliy B3auMojeicTBus. Tabmuma
MIOMOTAeT CONOCTaBUTh (DYHKIIMU, HO OCHOBAHUH BBHIOpATH YUK NPOAYKT He 1aét. HezaBucumoe

CPaBHHUTCIBHOC UCIIBITAHNEC KAY€CTBAa OTBETOB HE ITPOBOANIIOCH.

Tabauua 3. [IpuMepsl cepBUCOB U YU€OHBIX CIIEHAPUEB.

SO Onucannas QyHkuus IMpennaraemoe yueOHOe NpUMeHeHHE
HCTOYHUK yHrn pet y P
ChatGPT Study mode: Bonipoch! 1 Pazbop 3aTpyaHEeHUS ¢ TOCIEAYIOMIeH

OpenAl (2025)

momaroBO€ COIMPOBOKIACHUEC

CaMOCTOATEILHOU 3a1aueit

Claude Learning mode: moiepixka OOcyXIeHHEe apryMEHTOB 1 00bSICHEHHE
Anthropic (2025)  paccyxaeHus BBIOOpa

Gemini Guided Learning: nHanpaBnsiemoe  [losicHeHue TeMBI U IPOBEPOUHBIE
Google (2025b) H3yUYCHHE BOTIPOCHI

NotebookLM KapTouku 1 BOpoCsI 1Mo [ToBTOpEHHE MaTepuana Kypca ¢

Google (2025a) JOKYMEHTaM oOpaleHreM K HCTOUYHHKY

Perplexity Deep Research: [TpeaBapuTenbHast Moa00pKa C
Perplexity (2025) MCCIICIOBATEIILCKHI TOUCK U CaMOCTOSITEIIbHOM TPOBEPKO

000011IEHNE

nyOIuKammit

Ipumeuanue. @ynxyuu npusedenvt no oQuyuarvhvim mamepuaiam 2025 2ooa. Cyenapuu
npeolodcensl 8 Hacmoswell pabome,; He3a8UCUMOe UCHbIMAHUE CePEUCO8 He NPOBOOUNLOCH.

OpenAl (2025) ommceiBaet Study mode kak momiaroBoe cornpoBoskacHue, a Anthropic (2025)
cBsa3piBaeT Learning mode ¢ Bompocamu, pasBuBaromuMu paccyxaenue. Google (2025b) rtaxke
3asBJISICT HAMpaB/IIEMOC HW3y4YeHHE Marepuasa. OJTH PEXKHMbl HHTEPECHBI TMPEKIE BCErO
BO3MOYKHOCTBIO HM3MEHHThH TMPHBBIYHBIA 3apPOC HA TOTOBbIA OTBET. I10 OMHCAHHSIM IPUHIIH MBI
O3k, HackosbKo OJNM3KUMH OKaXyTCs pe3yJbTaThl, W3 3TOro emé He scHo. s BwiOOpa
HHCTPYMEHTA TIPEMOIaBaTeIi0 Hy)KHAa IPOBEPKa Ha COOCTBEHHBIX 3aJaHHSX, BKJIIOYAs SI3BIK
OOBSCHCHHUS M YCTONYMBOCTH MMOBECHHUS MOMOIIHUKA TIPU MPOChOE HEMEUICHHO BBIIATh PEIICHHE.

ITpyu MOBTOpPEHHH Kypca KapTOYKH M BOMPOCHI MO 3arpy’KCHHBIM JOKYMEHTaM MO3BOJIIOT
OIlEPEThCS Ha €ro MarepHaibl BMECTO IIPOM3BOJILHOIO u3jokenus teMbl (Google, 2025a). Ho uro
COXpaHsETCs MPU COKpANICHUH Tekcta? YCIOBHE MPUMEHUMOCTH (DOPMYJIBI WM CYIIECTBEHHAsI
OTOBOpPKA MOTYT HMCYe3HYTh. KpaTkuii KOHCIEKT CTOUT COMPOBOXKIATH JOCTYIIOM K HCXOTHOMY
(bparMeHTy, 4To0BI K HEMY MOXKHO OBIJIO BEPHYThHCS. Bompoc «rie 3To cka3aHO B JIEKIUH?» 371€Ch
HE MEHee BaKEH, YeM BOTIPOC «OOBSICHH MPOIIIEY.

[TepBOHAYATBHO MTO3HAKOMHUTHCS C BOMPOCOM U MOJATOTOBHUTH CITHCOK MATEPHAIOB MOMOTAIOT
MOUCKOBBIe pekuMbl, BKiouass Deep Research (Perplexity, 2025). TlonydeHubiii oT4éT emé He
3aBepiiaeT 0030p swmTeparypbl. I[IpeCTOMT TNPOBEPUTH CYIIECTBOBAHHE YKa3aHHBIX padoT,
COOTBETCTBHE CCBHUIOK YTBEP)KIACHHUSM W OTJIHYWTH MEPBUYHBIC MCCIICAOBAHUSA OT MEpecka3oB. B
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9TOM €CTh M BO3MOJKHas ydyeOHas 3ajaya: CTYIEHT COIOCTaBJISET HECKOJBKO TE3MCOB OTUETA C
MEPBOMCTOYHUKAMH, BHOCUT HUCITPABIICHUS U OOBSICHSICT UX OCHOBAHWSL.

OObsicHEeHHE HAa BBHIOPAHHOM SI3BIKE MOJKET OBITh MOHSTHBIM B OBITOBOM CMBICIIE M BCE Ke
HETOYHO TepeaaBaTh MPoGECCHOHATBHBIA TEPMHH. J1JIsT MHOTOS3BIYHON ayUTOPUH ITO OTIEITHHBIN
Bompoc mpoBepku. OIUH M3 BO3MOXKHBIX BAapHAHTOB 3aJaHHsI COCTOUT B TOM, YTOOBI CTYIEHT
CpaBHMJI OOBACHEHHE IMOMOIIHUKA C OINpPEAEICHUEM M3 MaTepHalioB Kypca M yKaszall pa3juuMsl.
Takol cuieHapuii JOMyCKaeT MOMOIIb B MEPEBOJE, HO OCTaBIIACT 3a OOYJarOUIUMCS PEIICHHUE O
KOPPEKTHOCTH cojaepkaHus. CaMo Hamudue MHOTOSI3BIYHOTO HWHTepdeiica 3Toi pabdoThl He
OTMEHSIET.

Pucku 3aBHCMMOCTH OT IOTOBBIX PellIEHUI U HeIOCTOBEPHOr0 KOHTPOJIsI

['maBHBIN e1aroruyecKuil pUCK BO3HUKAET TOTAA, KOTJa JEHCTBUE, KOTOPOE CTYJEHT JIOJIKEH
OCBOUTbH, PETYIISIPHO BBIMIOJHAET cucTema. Eciu nens 3agaHus — HAy4YUTHCS CTPOUTH apryMEHT,
MIOJIyY€HUE TOTOBOTO apryMEHTHMPOBAHHOI'O TEKCTa COKpAIaeT HEOOXOIUMYI0 NMpPaKTHKY. ToT ke
TEKCT ObIBAaeT IMOJIE3€H, €CJIM 3ajaya COCTOUT B OOCYXJIEHUUM M KPUTHUKE YK€ HaNJEHHBIX
aprymeHToB. PUCK HY)XHO OLIEHMBATH 110 TOMY, KaKyro omnepauuto nepenaror MM u yemy nosmkHO
Hay4YuTh 33JaHue. ITO He Aa€T OCHOBAHMI FOBOPUTH O CHUKEHUH MHTEJIEKTa BCEX MOJIb30BaTeen
numn.

Bropoit puck cBsizan ¢ omubOkamu B coaepskanuu. O63op Grassini (2023) paccmaTpuBaeT
o0Opa3oBaTesibHbIe BO3MOKHOCTH TEXHOJIOTMH BMECTE C €€ MOCIEICTBUSMU U OrpaHuYeHUsIMU. J{7s
OpraHM3aIiK 3aHITHUS U3 3TOTO CIEAYeT NMPAKTUYECKHIl BOMPOC: KTO U HAa KAKOM J3Tare MpoBepsieT
o0bsicHenne? HaunHaromuii cTyieHT He Bcerja croco0eH 0OHapyKUTh MPaBIONOA00HYIO OIIHOKY.
[Toatomy mnpennoxxkenue «mposepsiite otBeTsl MM» HemocrarouHo 6e3 AOCTYMHOTO ATallOHA,
HaJEKHOTO UCTOYHMKA WJIM BO3MOXHOCTU 00paTUThCs K npenojaasarento. [IpoBepka noykHa ObITh
4acThIO 33/1aHHUs, a HE (POPMaIbHOI OTOBOPKOH.

Tpetnii puck BO3HMKAET MPH MEPEHOCE KOHTPOJISI ¢ YIEOHOTO NEUCTBUS HA MPEANOJaracMoe
npoucxoxkaenue tekcra. Weber-Wulff et al. (2023) wucciaemoBanu 12 0OIIEIOCTYHBIX M JBa
KOMMEpUYECKHX HMHCTpyMeHTa oOHapyxeHus NM-TeKCcTOB M BBISBWIM MPOOJIeMbl HAIEKHOCTH.
Liang et al. (2023) mokaszamu omuOOYHYIO KiIacCH(UKAIMIO TEKCTOB aBTOPOB, JUISI KOTOPBIX
AQHIVIMMCKUN  A3BIK HE SBIICTCS POAHBIM. OTH PE3yibTaTbl OTHOCATCS K HCCIEAOBAHHBIM
MHCTPYMEHTaM M MaTepuajaM; OHHM HE JaloT YHUBEPCAJIBHOIO MPOLEHTAa OUIMOKH s
COBPEMEHHBIX PYCCKOS3BIYHBIX MpOoBepok. ONHAKO MX JOCTAaTOYHO, YTOOBI HE CUMTATh PE3yJabTaT
JETEKTOPa CaMOCTOATEIbHBIM JI0KA3aTEIbCTBOM HAPYILICHMUS.

Bbonbiie o BiaangeHun coOCTBEHHOM pabOTOM MOKHO y3HATh, €CIU CTYACHT OOBSICHUT BHIOOD
METO0/1a, BOCCTAaHOBUT MPOMEXKYTOUYHBIM MIar, UCHPABUT MPEAJIOKEHHYIO OMIMOKY WJIM PEIIUT
n3MeHEHHOe 3ajmaHue. Tak MOsBISIOTCS Oojee coAepiKaTelbHble CBHUAETENbCTBA JIOCTHIKEHUS
yuebHoi 1nenu. [IpoucxokaeHue Kaxaoro NpedsioKeHHs] Takas MpOoBEpKa HE YCTaHABIUBAaeT.
3apaHee OINpeNeNUB AOMYCTUMYIO IIOMOIIb M MOPSAOK €€ PACKPBITHS, MPErnojaBaTelb MOJy4aeT
BO3MOXHOCTh 0OCYXXJaTh pabOTy MO MOHATHBIM IpPaBHJIaM U MPOJAEMOHCTPUPOBAHHBIM 3HAHUSM,
0€3 CTUITUCTUYECKUX MTOJ03PEHUN.

OTnenbHO cleAyeT Y4UThIBATh MPUBATHOCTh W HepaBHbIM moctyn. PykoBoacteo UNESCO
MpeAJiaraeT 4YeJIOBEKOLICHTPUYHBIM MOJAXO0J, B KOTOPOM pPAa3BUTHE BO3MOYKHOCTEH TEXHOJOTUU
COOTHOCHTCSI C CAMOCTOSATEIBHOCTBIO, BKIIFOYEHHOCTBIO U 3aIIUTON ydacTHUKOB 00ydeHus (Miao &
Holmes, 2023). B mpakTtu4eckoM IUIaHE 3TO O3HAYaeT, 4to oOs3areibHas paboTa HE JODKHA
3aBUCETh OT JIMYHOW IUIaTHOM TMOANMMCKH, a 3arpy3ka ydeOHBIX MAaTepualioB HE JOJDKHA
ABTOMATUYECKU BKJIIOYATh MEPCOHATBHBIE CBEJICHHS OJTHOKYPCHUKOB. O0bEM COOMpPaEMbIX TaHHBIX
CJIelyeT CBA3BIBATh C KOHKPETHOM NEAaroruyeckoil 3ajgaveil, a He ¢ TEXHUYECKOH BO3MOXKHOCTBIO
COXpaHsATh BECh AUAJIOT.

OBCYKJEHUE

YcaoBus nmeaarorntuyeCKm OﬁOCHOBaHHOFO HpI/IMeHeHI/Iﬂ

Ha ocHoBanuu HpOBCZ[éHHOTO COMMOCTAaBJICHUS MpEIaracTcd OLCHUBATH IMPUMCHCHUC nn
4gcpe3 COriIaCoOBaHHOCTb TpéX pemeHHﬁ. CHaqana 3az{aéTc5{ pe3yiibTaT O6yquI/I${I 06’bHCHI/ITB
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MOHATHE, BHITIOJHUTH OTNEPAIUi0, 000CHOBATH BHIOOP WM MEPEHECTH METOJ. 3aTeM OMpeAeIsaeTCs
nomyctumas nomoimb. Octaércst BbIOpaTh, KakUM JICHCTBUEM CTYACHT HOJTBEPAUT OCBOCHHE
HE3aBHCHMO OT YK€ MOJIYy4eHHOro oTBeTa. [IpoBepka 10JkHA COOTBETCTBOBATH LIEIM KOHKPETHOTO
3aHATUSA. OOHmMX JUIs BCEX YHHMBEPCHTETOB HK3aMEHOB WJIM PEUTHHIOBBIX (OPMYNl cxema He
TpeOyer.

[Ipu paboTe c mporpamMMoOl CTYIEHT MOXXET pa3o0paTh C TOMOIIHHKOM COOOImeHHe 00
omuoOke. [locme 3TOTO OH HCHpaBIsSeT MporpamMmy W TpoBepseT e€ Ha HoBoM Tecre. Jlms
MUChbMEHHOTO aHaiu3a M MOXXHO MOpYyYUTh MPEATIOKUTh HECKOJIBKO BapUAHTOB IUIAHA; CTYJCHTY
octaércs BbIOpaTh OMUH M OOBSICHUTH OTKa3 OT OCTalbHBIX. K 3K3aMEHYy MOXXHO TOTOBHUTBHCA,
OTBEYask Ha BOMPOCHI MOMOIIHMKA [0 MaTepuaiaM Kypca, a Uil UTOTOBOM CaMOTIPOBEPKH HY>KHBI
3aJaHusA C emlé He MOKa3aHHBIMH OTBETAMU. DTO MPUMEPHI BO3MOXKHOM OpraHu3aiu paboTsl, a He
ONMCAHNE IPOBEAEHHOIO AKCIIEPUMEHTA.

Ecmu cryneHT emé He BiageeT MCXOTHBIM MOHATHEM, CEpUsl HABOMSIIMX BOIPOCOB MOXKET
JUIIb TPOJJIUTH 3aTpyAHEHU. Torna nojie3Ho pazoOparh NpuUMeEp U MPEUIOKUTh OJIU3KYI0 3a/1auy,
MOCTENEHHO YMEHbINasi TOMOIIb. [[pUHIMIT COCTOUT HE B TOM, YTOOBI HUKOT/JA HE TOKa3bIBAThH
pelieHre, a B TOM, YTOOBI MOCHE MOoKa3a OCTaBajlaCh BO3MOXHOCTb HMPOBEPUTH CAMOCTOSITEIILHOE
neiicTBre. YPOBEHb MOJIEPKKH JIOJKEH 3aBUCETh OT yUeOHOW CUTyalluu, a He OT (UKCHPOBAHHOTO
JUMUTA MOACKa30K.

JUis OueHKHM BHEOPEHHUs TMpeasaraercs pasJelibHO YYUTHIBATh pe3yabTaT 3aJaHusl C
MOJIICPYKKOH, CaMOCTOSITETIHHYIO MPOBEPKY, OTCPOUYCHHYIO TPOBEPKY M BOCIPHUITHE CTYACHTOM
cBoero nporpecca. Heo0s13aTenbHO CBOANUTH UX K €AMHOMY MHJIEKCy. Hampumep, CTyIeHT ycrenrHo
o0cyXJaeT TeMy, HO [oKa He IPUMEHSET e€ caMOoCTOoITeNnbHO. J1Jis mpenojaBaTesnis Takoe OMMCaHue
cozepkarenbHee uyucia 0e3 mosicHeHui. [Ipu cpaBHeHUU TpyII MOSBISETCS €l€ OJWH BOMIPOC:
COTOCTaBUMBI JIM UCXOJHbIE 3HAHUs, BpeMsl paboThl U cocTaB 3anaHuii? be3 ux yuéra paznudue
yCIIoBU# 00ydeHUs MOKHO TTPUHATH 3a aeiicteue M.

[To Teme MOeT BO3HHUKATh MHOTO BOIPOCOB M3 MHTEpeca K OOCYXACHUIO WU MOTOMY, YTO
oHa TpeOyeT Oosee pa3BEpHyTOM mpakTUKH. Camo 1o cede 3To emnié He CBUACTEIBCTBYET O ClaboM
ocBoeHnHU. CBOJIKa MOBTOPSIOIIUXCS 3aTPyJHEHHI Moryia Obl MOMOYb MPENoAaBaTeI0 U3MEHUTh
00BsICHEHHE Ha 3aHSATUH, €CITU YacTOTa BOIMPOCOB COOTHECEHA C YHCIIOM YYaCTHUKOB M XapaKTepoM
3amaHus. [l MOHMMaHUS aBTOMATHYECKOW CBOJKH HY)KHBI HpUMEphbl OIIMOOK W OCHOBaHUS
BbIBOIOB. OTHOTO MepeyHsl «CIa0dbIX TEM» Mallo.

[Tocne ObIcTPOro 0OBSICHEHUS OCTAETCS BBISICHUTD, MOYKET JIU CTYJCHT IPUMEHUTH MaTepHall.
Ecnu momouHUK y4yacTBOBaJN B IOHMCKE, MPEIMETOM MPOBEPKU CTAHOBITCS HMCTOYHUKHU; IOCIIE
oOcyXJeHHsl OMIMOKHU MPOBEPSETCS CaMOCTOATEIbHOE HCIpaBieHue. Tak B mpeaiaraeMoi cxeme
Kaks1ass BO3MOkHOCTh M cooTHOCUTCS ¢ mpoBepsieMbIM y4eOHBIM jeiicTBueM. OOmui nepedeHb
MPEUMYILECTB U HEJOCTAaTKOB TEXHOJIOTUM ATHX CBSI3el HE pacKphiBaeT. Takoe cOMoOCTaBlICHHUE HE
rapaHTupyer mneparorudeckoro sddexra, HO 3amaéT yCIOBUS, NPU KOTOPHIX €ro MOXKHO
uccinenoBatb. OHO TakKe MO3BOJISIET OTACIUTh TEXHUYECKYIO JOCTYINHOCTh WHCTPYMEHTa OT
KayecTBa MOCTPOCHHOTO BOKPYT HEro 0OydeHusl.

B yueOGHOM 3aaHuM TOJIE3HO SIBHO Pa3/IENUTh MPOAYKT U CBUAETEIHCTBA €r0 MOJATOTOBKHU.
Hanpumep, k kpaTkoMy 0030py TE€MbI CTYAEHT MOXET MPHUIIOKUTH HECKOJIBKO HCIOJB30BAaHHBIX
HCTOYHHUKOB, MOSICHUTH BBIOOP OJTHOTO M3 HUX M IMOKa3aTh MCIPABJICHUE CIIOPHOTO YTBEPKICHHUS.
Ecnu nouck unu penaktupoBanre BoINOTHSUIHCH ¢ I, 9TO HY>)KHO pacKpbITh U OMHCATh MPOBEPKY,
npoBenE¢HHYI0 YenaoBekoM. [lo TakoMmy ommcanuio mpenojaBaTellb MOXKET OLIGHUTh BKJIAJl CTy/IeHTa
INPUMEHUTENBHO K 1 padoTel. [lonHas nuyHas nepenycka U MOCTOPOHHHME CBEAEHUS JUIS 3TOTO
HE HYXHBI.

Jlo anpoOaruu Hy)KHO pelIuTb, YTO CUMTaTh Heydauyei. [Ipu nmpoTuBOpednBOM 0OBSCHEHUN
WIM OTCYTCTBUH OTBETA B MaTepuajiaXx OT MOMOIIHUKA MOKHO O>KHUJAaTh MPU3HAHUS OTPAHUYEHUS U
HanpaBJeHUs K mpernojaBaTento. Ecin mocne ycrnemHoil TpeHUpOBKU CTYICHT HE eIl HOBYIO
3aJjauy, COXpaHATh 3a TEMOI CTaTyc OCBOCHHOM aBTOMAaTH4YeCKH Helb3s. PekoMeHaanuo npuaércs
nepecMoTpeTb. Jlias MpOBEpKH Takoro MOBEACHHUS HYXEH Habop CIEHapHeB C MPaBHIbHBIMU
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OTBETAaMH, TUIUYHBIMUA OIIMOKAMHU, HETMOJHBIMU YCIOBHSIMH M CIy4asMH HEJIOCTaTOYHOCTH
JAHHBIX.

3amanue ¢ OJHO3HAYHBIM  OTBETOM  YAOOHO  mpoBepsATh  aBromMaruyecku. C
apryMEHTHPOBAHHBIM pPEILIEHUEM CJIOXKHEE: OHO MOXKET JOIYCKaTh HECKOJBKO CIIOCO00B U
TpeOOBaTh MpPeAMETHON SKcnepTu3bl. CIIOPHBINA Pe3yNbTaT HY)KHO OOCYXKJIaTh C MPENOJaBaTeIeM.
[Tostomy npumenenne MU pa3yMHO HauyMHATh C OrPaHUMYEHHOIO Kpyra 3ajaad, I'le KpUTEPUHU
MOHATHBI y4yacTHUKaM. KadecTBO o0ObsCHEHWI u OOpaTHOW CBA3M HYXHO IPOBEPHUTH 0
pacmupeHus cueHapueB. Takod MOPSIOK MO3BOJISIET UCCIEAOBaTh KOHKPETHBIN 00pa30BaTeIbHbIN
pdexT, He CBs3bIBasg yCHNeX BCEeH HHUIMATHUBBI C OOCIIaHMEM YHHUBEPCAIHHOTO IU(PPOBOTO
HaCTaBHUKA.

KoHuenuus cpeasl Noaep:;KKu 1 MOHUTOPHHI'A OCBOCHUS TEM

OnHuM U3 BapUaHTOB MPAKTUYECKOTO IPUMEHEHUS SBISIETCSl yaeOHast cpenia, 00beIMHSIONIAs
MaTepuaibl IpenojaBaTesis, AUAJOrOBYIO MOMOIIb M TEMaTHYECKYI camMomnpoBepky. CTyaeHT
BBIOMpAET JIEKLIMI0, (parMeHT BUJICO WM 3aJaHHe, a MIOMOIIHUK MOSCHAET BHIOPAHHBIN MaTepHall.
Jliga BUzIeo HyXHa pacmiMPpoBKa C BPEMEHHBIMH METKAMM, a €CJIM OOCYKJAeTCsl BU3YyallbHOE
coJiepkaHne — et M JIOCTYI K COOTBETCTBYIOLIeMY Kajpy. Ha pucyHke 2 moka3zaHo, Kak Takoe
B3aUMO/ICHICTBUE MOTJIO ObI BBITJISAETh. MaKeT U AUAJIOr WUIIOCTPUPYIOT KOHIIETIINIO; O CO3/IaHUuU
VIV BHEJIPEHUHU CUCTEMBI peUb 3/1€Ch HE UJET.

Y4yebHasa cpepa KOHLLENTYAJIbHbLIA MAKET

OcHoBbl SQL / NpynnupoBKa JaHHbIX
MnnwocTpaTUBHLIN cLueHapuii * paboTa c MaTepMasioM U NOSCHEHUAMUA

MaTepuan npenopasaTens Auanor c NOMOLWLHUKOM
®parMeHT nekuun < 01:21 Cryaent

Moyemy nocne GROUP BY cTpok
GROUP BY obvennHseT CTPOKMN Mo CTaHOBUTCS MeHblle?

BelIBpaHHOMY Npu3HaKy. SUM BeidyncnseTt

CYMMY 3Ha4YeHU BHYTPU KaXAol rpynnesl. AL P

Kaxxpas cTpoka pesy/bTaTa
onucbiBaeT of4HY rpynny. Kak
AyMaellb, CKOJIbKO IPyMn NoJyynTcs
ONnst TPEX pasHbIX roponos?

YuebHbI NnpuMmep

SELECT city, SUM(revenue)
FROM orders
GROUP BY city; NcTouHmk: nekumsa, pparmMeHt 01:21

[MokKa3aHbl NPoeKTUpYyeMble 3JIeMeHThI; AMaJlor cCoCTaBNeH 4NS WINKCTpaunn.

Pucynok 2. KonuenryaibHbplii MakeT paboThl ¢ geknuei u M -nomomnaukom. UaTtepdeiic n
JIMAJIOT MOATOTOBJICHBI TS WILTIOCTPALIUHY, a HE MOJIy4eHbI U3 paboTaloIel CUCTEMBI.

Iloka cTyneHT y4uTCs, OH MOMKET 3aJaBaTh BOINPOCHI, pa3dupaTh MPUMEPbl U TOIy4aTh
nocienoBarebHble Mojcka3ku. Korga pedb 3aX0JuT O caMOCTOSITEIbHOM AMAarHOCTUKE, HYXKHBI
HOBBIE 3a/laHMsl U 3apaHee onpeAenéHHble MpaBuia nomoinu. EE menecooOpa3HO NPOBOAUTH
ornensHO. Habmromaemble nelcTBUS [JalOT OCHOBAHME Ui KAapThl OCBOEHMSI TEMBI: CTYICHT
YCIIEIIHO IPUMEHMII MaTepHuaj CaMOCTOSTENbHO, ITOBTOPHUII OMIMOKY WM TaHHBIX Ul BBIBOJIA TIOKA
Mano. Yucno oOparieHuit K MOMOILIHMKY OIMCHIBAE€T MPOLECC, HO HANpPSIMYI0 IEpEeBECTH €ro B
IPOLEHT MOHUMAaHMs Heb3s. ABTOMATUYECKM YUYUTHIBATh €ro B OQUIMAIBHON OLEHKE TaKKe
Henb3s. [IpuMep kapThl 1aH Ha pucyHKe 3.

Bo3Bpat k ¢parMeHTy JeKIUH, OBTOPEHHUE MO KapTOYKaM WJIM HOBBIE YIPAXXKHEHUS MOTJIH
Obl CTaTh PEeKOMEHJALUAMH A CTyAeHTa. [IpaBuiibHas pabota uHTepdeiica emé He MoKa3bIBaeT
UX TOJIE3HOCTH; 3TO IPEAMET OTACIBHOM NMpOBEpKU. Jlake OTKIIOUMB BCTPOEHHOTO INOMOIIHHKA
JUI TUCTAaHLMOHHOM JMarHOCTUKH, HEJb3s HCKIIOUUTH oOpalleHue K BHemHeMmy cepBucy. C
IIPOTHO30M DK3aMEHALMOHHOI'O pPe3yJIbTaTa BOMPOC TOXKE OCTAETCS OTKPBITBIM: I HETO HY)KHBI
COOCTBEHHbIE JlaHHbIE M IIpoBepka KadecTBa. [loka oO0ocHOBaH mopsaok HabmoaeHuid. Pa3paboTka
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paboTaromeil cuctemMbl M oleHKa e o0pa3oBarenbHOT0 3(h(dexTa OTHOCATCS K CIEAYIOIEMY
HCCIIE/I0BAHMUIO.

Y4yebHan cpepna KOHLLENTYAJNIbHbIA MAKET

KapTa ocBoeHUua TeM
[leMOHCTpaUMNOHHbIe 3anncK » y4ebHasa AMarHoCTMKa oTAe/IbHO OT oULINaSIbHbLIX OLIEHOK

Tema HabnwpaeMblie pecTBUA CnepyloLwun war
duneTpauns Hoeas 3afaya BbINO/IHEHa CAMOCTOSTE/LHO. MpoBepka
Cnocob pelieHns 06 bACHEH. rocne rnepepsisa
FCpynnnpoBKa MpaKTWKa BbINOJHEHa C MOACKa3KaMu. Hoeoe 3apaHue
CaMoCToATeNLHON NMPOBEPKK eLlLé HeT. 6e3 noackasok
ObbegnHeHue B oByx 3aflaHUAX NOBTopUiack olnbka Pa3bop owimnbkun
Tabnuy npu Bbibope KNto4a coeguHEeHUs. 1 NOBTOpeHue

Yucno nopckasok He nepesoguTCA B NPOUEHT NOHUMaHUWA.

KOHU,EI'\TyaJ'IbeII?I MaKeT,; AaHHbl€ He ABNAITCA pe3ynbTaTaMun HabnoaeHwa 3a CTyAeHTaMWu.

PucyHnok 3. KoHuenryanbHblil MakeT KapThl OCBOCHHUSI TEM. JJeMOHCTPALIMOHHBIE 3aIIMCH HE
ABJISIFOTCSL SMIIMPUYECKUMHU JTAHHBIMU CTYJIEHTOB.

OrpanuyeHus aHaIM3a

O0630p omupaeTcss Ha IEJIeBOM HAOOP MCTOYHMKOB M HE OIICHMBAET COBOKYITHBINA 3(deKT
reHepatuBHoro M. B Hero BK/IIOYEHBI pa3Hble TUIBI JOKA3aTeNbCTB, KOTOPHIE pa3rpaHUYEHbl, HO
He mnpuBeneHbl K oOmel mkane. [KoabHBIH SKCIIEPUMEHT HCIOJB3YeTCs IS OOCYXKICHUS
MEeXaHHW3Ma 3aBUCHMOCTH OT MOMOIIHM, a HE KaK IpsMOe J0Ka3aTeabCcTBO 3((dekTa B BbICHICH
mkosie. JlaHHble 3apyOeXHBIX YHHMBEPCUTETOB TaKKe HE IEePeHOCATCS aBTOMAaTHYeCKH Ha
JoKanbHbIe OOpa3oBaTenbHble YycioBUA. llpeanaraemas aHanuTHUecKas cxema HYXJaeTcsd B
MIPOBEpKE HAa KOHKPETHBIX JUCHMILINHAX U TPYIIaX CTYIECHTOB.

CepBuchl ONHMCAaHbl MO OMYOJIMKOBAHHBIM (PYHKLHAM; TEXHUYECKOTO TECTUPOBAHUS HUX
aKTyaJlbHBIX BEpCHUH STO OmNucaHue He 3ameHseT. HalOmroneHue 3a CTyAeHTaMu, OIEHKa HX
MEePCOHANBHBIX JAHHBIX U SKCIIEPUMEHTAIILHOE CpaBHEHHE IIATPOPM HE MPOBOAUIKMCH. BBIBOMBI
KacaroTcs opranuzaiuu npumenenuss UM u 060cHOBaHHOCTH KOHTPOJIsS, 6€3 MOCTPOCHUS pEeHTHHra
npoayktoB. [l nanpHeWied mnpoBepKH IlieaecooOpa3HO BBHIOpATh OJAUH Y4YEOHBIH MOIYIb M
3aUKCUPOBATh JOMYCTUMYIO TOMOIIb. McXOmHble 3HAHMS 3aTeM CJeAyeT COIOCTaBUTh C
CaMOCTOSITENIbHBIMH pe3yJbTaTaMH cpasy MOcie U3YYeHUS U MOCIie IepephIBa.

3AK/IIOYEHHUE

FeHepaTI/IBHHﬁ I/ICKYCCTBCHHHﬁ HWHTCJUICKT paclupdaeT AOCTYII K O6’L$ICHCHI/I$IM, O6paTHOﬁ
CBA3HU U y‘ICGHBIM MarcpraiaM, HO O6paSOBaTeHLHLIﬁ pe3yJIbTaT 3aBUCUT OT TOI'O, KAKUC I[efICTBI/ISI
COXPAHAIOTCA 3a CTYACHTOM. CornocTaBjieHHEIE HCCIICAOBAaHUsA IIOKAa3bIBAIOT HCO6XOI[I/IMOCTB
pa3jiniaTth yCIICHIHOCTDH pa6OTBI C NMOMOIIIHHUKOM, OTHOIICHUEC K TCXHOJIOTMHU U CaMOCTOSATCIIBHOC
BJIAICHUC MAaTCpHUAIIOM. Hu y,I[O6CTBO CCpBUCA, HHU KauCCTBO IOATOTOBJIICHHOIO OTBETA IO
OTACIIBHOCTH HC MO3BOJIOT CYAUTb O JOCTHKCHUHN yqe6H0171 menud. Ilo Toit ke MMPpUYINHC
PE3YyIbTAThl ACTCKTOPOB HH-TekcTa HE 3aMEHSIOT IMPOBEPKY 3HAHUM.

OcHoBHO# pe3yiabTar pa60TBI — aHAaJIMTHYCCKasA CXEMa, CBA3bIBAIOIIasa ICJIb UCIIOJIb30BaHUA
I/H/I, XapaKTep MOAACPIKKU U croco0 MOCJICAYIOIICTIO MOATBCPIKACHNUA OCBOCHUS. Eé IMPUMCHCHUC
npeanojiaract 10CTYITHbIC O6’b$ICHCHI/ISI, COACPIKATCIIbHYIO MTPAKTUKY, CAMOCTOATCIIbHBIC 3aJaHUA U
MOBTOPHYIO IIPOBEPKY IpU HCO6XOJII/IMOCTI/I. Takoit moagxon JAOITYCKACT pa3jnivd AUCHUIUIAH U
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YHUBEPCUTETCKUX TPABUJ, TOCKOJIbKY HE 3aaéT YHHBEpPCAIbHYIO (GOpMyny oleHKd. BuiBog o0
OCBOEHHMHU TpeOyeT HabII0AaeMOTr0 IEHCTBUA U yU€Ta YCIOBUN €TO BHITIOJTHEHUS.

[Mpennoxxkennass uudpoBas cpega Moria Obl TOMOTaTh YYUTBCS H  BBIOMPATH TEMBI
IOBTOPCHUA, COXpaHAd PCKOMCHAAIHWU OTACIBHO OT O(bI/II_[I/IaJIBHBIX OILICHOK. IloBeICUTCH 1M
yCIIEBAEMOCTh, CHU3UTCA JIM 3aBHCHUMOCTH OT IOJICKA30K, HACKOJIBKO TOYHBIM OKAXKETCS MPOTHO3
sk3amena? OTBEThl MOTPEOYIOT OTIEIBHOTO HccienoBanus. Ha gaHHOM sTame BKJIAJ COCTOUT B
(bopMyITHPOBAHUU YCIOBHM, IPH KOTOPBIX TaKUE PE3YIbTATHI MOTYT OBITH KOPPEKTHO TOYYEHBI U
UHTEPIPETUPOBAHBI.

COOBIHIEHUE OF HMCIOJIb30BAHWHM TEXHOJIOTHd MCKYCCTBEHHOI'O
HUHTEJVIEKTA: Ilpy 1oOAroTOBKE  PYKOIIMCH  aBTOPBI  MCHOJIB30BAIM  MHCTPYMEHT
uckyccrseHHoro unremiekra ChatGPT (OpenAl, 2026) nns npuBeneHuss opopMIIEHHs TEKCTa B
COOTBETCTBUE C TPEOOBAHUSAMU U3JAHUSL.
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DEVELOPING AN OPEN-SOURCE DATASET FOR SPEECH SOUND DISORDERS IN
KAZAKH CHILDREN

Abstract. Speech sound disorders (SSD) in childhood affect intelligibility, literacy, social
participation and emotional well-being, yet no annotated corpus of child speech exists for Kazakh,
a low-resource language, which limits the development of diagnostic and therapeutic tools. This
study describes the construction of a Kazakh child SSD dataset from 100 children aged 3—-10 years
(50 with SSD diagnosed by speech-language therapists and 50 typically developing controls). Each
child completed a fixed elicitation protocol (30 single words, 10 phrases and 5 sentences) recorded
at 44.1 kHz/16 bit under controlled clinical conditions; after segmentation and quality screening,
the corpus contains 10,000 utterance-level audio files with IPA transcriptions, error annotations
and participant metadata. Compared with controls, the SSD group showed higher mean FO, F1 and
F2 (Cohen’s d = 0.44-0.53), longer articulation duration (d = 0.88) and a markedly higher error
rate (35% vs. 5%), dominated by substitutions and omissions of velar and uvular consonants. The
dataset, preprocessing scripts and documentation are released at https://doi.org/
10.5281/zen0do.14589203 under the CC BY 4.0 (metadata and code) and CC BY-NC 4.0 (audio)
licences, providing a basis for Kazakh-specific research on child speech development and for Al-
based screening tools.

Keywords: speech sound disorders, Kazakh language, child speech corpus, phonological
disorders, articulation disorders, low-resource languages, acoustic analysis.
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Kooica Axmem AHAcayu amvinoagwt Xanvikapanvik kazax-mypix ynusepcumemi, Typkicman K.,
Kazaxcman
LE-mail: arypzhan.aben@ayu.edu.kz*
2 E-mail: gabdulladimas@gmail.com

KA3AK BAJIAJTAPBIHJIAFBI COMJIEY JAbIBBICHI BY3bLTYBIHA APHAJIFAH
AMBIK KO311 AEPEKTEP )KUbIHbIH 93IPJIEY

AHnoamna.  Bananapoazvl  coetiney  OvibbicmapuiHbly — Oy3vlyel  (SSD)  cetineyoin
MYyCIHIKminiciHe, cayammuoliblKKa, dl1eyMemmiK KapblM-KamblHAC NeH IMOYUOHALObIK dl-AVKAMKA
acep emeodi, anaioa pecypcwl uiekmeyii Ka3ax mini ywin 6ananap ceuneyiniy anHOmayusiaHeau
KOpNycvl JHCOK, 0¥ OUACHOCIUKANLIK JHCIHE MepanusiblK Kypanoapovl 23ipneyoi medicetioi.
Maxanaoa 3—10 oswcac apanvizvinoagsr 100 6anadan (noconed SSD ouaenoswvin xotizan 50 6ana
Jcone Kanvinmul oamwizan 50 6ana) xypaneanm kazax mininoeei SSD Oepexmep dfcublHblH KYpy
cunammanaovl. Op 6ana 6ipoeu mancvipmanapost (30 oucexe ces, 10 co3 mipkeci, 5 cotinem)
OpbIHOAObl, JHcazbanap OAaKbLIGHAMbIH KIUHUKATLIK dcazoauda 44,1 kly/16 bum gopmameinoa
acacanovl. Ceemenmayus MeH cana mekcepyinen keuin xopnyc IPA mpauckpunyusicel, Kame
annomayusnapel sncane memaodepexkmepi oap 10 000 ayouoyneioen mypaovl. baxviiay mobvimen
canvicmoipzanoa SSD moowinoa FO, F1 ocone F2 opmawa manoepi scoeapol (Cohen’s d = 0,44—
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0,53), apmukynayus y3axmoizvl y3azvipax (d = 0,88), an kame yneci edayip scozapol 601061 (35%
Kapcol 5%); xamenepdiy Oacvim O6niciH Gensap JHcaHe YEYIAp O0ayblccbl30apobl AIMACMbIPY MeH
mycipin aiumy Kypaosl. /lepekmep HCUblHbl, Al10bIH Ald OHOEY CKPUNMMEPI HCIHE KYHCAmmamacsl
https://doi.org/10.5281/zen0do.14589203 mekenarcativinoa CC BY 4.0 (memadepexmep men Koo)
acone CC BY-NC 4.0 (ayouo) nuyeH3usiapvlmer JHeapusiianaobsl; 01l Ka3ax OalaiapulHuly colliey
oamyvin 3epmmeyee dxcane KU nezizinoeei ckpunune Kypanoapuln yxcacayea Heaiz 6oaa aniaowl.

Tyiiin co30ep: cotiney OblOblcmapviibly OY3bLIYLL, KA3aK mini, baianap couneyiniy Kopnycol,
GoronocuAbIK  OY36IALICIAD,  APMUKYIAYUALBIK  OY3bLIICIAD, pecypcbl  uwekmeyii minoep,
AKyCMUKanblk manioay.

A.B. ABEHY, JI. TABIYJIJIA VJIbI?

Medwcoynapoonulil kazaxcko-mypeykuil ynugepcumem umenu Xooxcu Axmeoa AHcasu, Typxkecmat,
Kazaxcman
L E-mail: arypzhan.aben@ayu.edu.kz*
2 E-mail: gabdulladimas@gmail.com

PA3PABOTKA OTKPBITOI'O HABOPA TAHHBIX I1O HAPYIIEHUAM 3BYKOBOM
PEYH Y KABAXCKUX JETEHN

Annomauusn. Hapywenus 3eykonpousnowenuss y oemeti (SSD) enusitom na pazoopuugocmo
peuu, 2paAmMOmHOCMb, COYUANbHOE 83AUMOOeUCmEUe U IMOYUOHATbHOe blazononydue, 0OHAKO Ois
KA3aXCcKO20 A3bIKA, OMHOCAWE20Cs K MAN0PeCcypPCHbIM, OMCYMCmeEyen aHHOMUPOBAHHBIL KOPNYC
0emcKou peyu, umo coepaicusaem paspabomky cpeocme OuacHocmuku u mepanuu. B cmamove
onucano cozdanue Habopa dannvix no SSD na kazaxckom sa3vixe, xarouaroujeco 3anucu 100 oemet
3-10 nem (50 oemeii ¢ SSD, ouacnocmuposanuvim nozonedamu, u 50 oemeil ¢ HOPMAMUBHbHIM
peuesvim passumuem). Kaxicoviti pe6EHOK 8bINONHAL 00UHAKOBBIN npomokol (30 omoenvbHbIX €08,
10 cnosocouemanuti, 5 nNpeonoNCeHUll);, 3aNUCU BbINOJIHEHbl 68 KOHMPOIUPYEMbIX KIUHUYECKUX
yenosusax ¢ yacmomoti 44,1 xkl'y/16 oum. I[locne ceemenmayuu u KOHMPOJSL KA4ecmea KOpnyc
cooepacum 10 000 ayouoobpaszyos ¢ mpanckpunyueti IPA, pazmemxoii oumubox u MemaoaHHbIMU.
Ilo cpasnenuro ¢ xoumponvHou epynnou y Oemeti ¢ SSD 6visigneHvl Oonee 6blcoKue cpedHue
snavenus FO, FI1 u F2 (d Kosna = 0,44-0,53), 6onrvwas onumenvrocme apmuxyasayuu (d = 0,88) u
3HauumenvHo 6olee @vicokas 0o owubok (35% npomue 5%), npeumyujecmeenHo 3ameH U
NPONYCKOB GENAPHBIX U VBVIAPHBIX coznacHviX. Habop Oawnnvix, ckpunmul npedobpabomku u
0oKymeHnmayusi onyoaukosaunvl no aopecy https://doi.org/10.5281/zenodo. 14589203 na ycrosusx
auyensutt CC BY 4.0 (memaodannvie u k00) u CC BY-NC 4.0 (ayouo) u mocym cayircumv 0CHOBOU
OJ151 UCCNIe00B8AHUUL OeMCKOU pedu U pa3padomKu UHCMPYMEeHmMos8 CKpunuHea Ha oaze UHU.

Knroueswvie cnosa: napyuienus 36yKONpoUsHOUIEHUs!, KA3AXCKULL A3bIK, KOPNYC 0emcKol peyu,
Qononocuveckue  Hapyuwienus, — apmMUKVIAYUOHHble  HAPYUIeHUs,  MAalopecypcHvie  s3bIKU,
aKycmu4eckull aHanus.

INTRODUCTION

Speech sound disorders (SSD) are difficulties in the perception, motor production or
phonological representation of speech sounds that reduce a child’s intelligibility in everyday
communication (Stackhouse & Wells, 1997). The term covers a continuum from mild distortions of
single sounds to speech that is largely unintelligible. Two broad subtypes are usually distinguished:
articulation disorders, involving distortions or substitutions of individual speech sounds, and
phonological disorders, involving rule-based error patterns in the use of sound contrasts at the word
level. The presentation of SSD changes with age and severity. Across languages, most consonants
are acquired by about five years of age, and by 5;0 children produce the large majority of
consonants correctly (McLeod & Crowe, 2018).
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The causes of SSD vary: in some children they are associated with neurological, structural or
hearing conditions, whereas in many others no identifiable cause is found. Early identification is
important because persistent speech difficulties can interfere with education and social development
(Child Mind Institute, 2025), and affected children are at risk of later difficulties in academic
achievement, social well-being and mental health (Langbecker et al., 2020).

Epidemiological data illustrate the scale of the problem. In the United States, about 7.7% of
children aged 3-17 years have a speech or language disorder, with a higher reported prevalence in
boys (9.6%) than in girls (5.7%) (National Institute on Deafness and Other Communication
Disorders, 2025). These figures underline the need for early identification and treatment.

Building a specialised corpus of Kazakh child speech poses particular challenges. Speech
technology resources for Kazakh are limited, and labelled child speech is scarce. Young children
are also difficult recording participants: they tire quickly, lose attention, move during recording and
may feel uncomfortable speaking into a microphone. As a result, recordings vary in length and
content, and the produced utterance does not always match the intended target (Olstad et al., 2024).

Parental involvement is essential for data collection. Background questionnaires completed by
parents may be incomplete, formal Kazakh-language speech assessment tools are scarce, and
qualified speech-language therapists working in Kazakh are difficult to recruit. Recording
conditions also affect data quality: background noise, the presence of other children and procedural
errors reduce the usability of recordings (Olstad et al., 2024). Because Russian and other languages
are often used alongside Kazakh, multilingual family backgrounds must be documented and
considered in the analysis.

Child speech also differs acoustically from adult speech. Children have shorter vocal tracts,
which results in higher fundamental and formant frequencies, and speech motor control matures
slowly, so that articulation varies considerably even among children of the same age. Consequently,
speech technology models trained on adult speech perform less well on child speech, and dedicated
child speech training data are required (Benway et al., 2023).

In this study, speech recordings from children with typical speech development and from
children with SSD, together with the associated metadata, were collected to build an open dataset of
SSD in Kazakh-speaking children. The dataset is intended to support the automated analysis of
child speech, the detection of SSD with Al models and the development of online speech therapy
tools.

The contribution is also relevant to low-resource languages more broadly. To the authors’
knowledge, no publicly available database contains speech samples of Kazakh-speaking children
with SSD or with typical speech development. Previous work on Kazakh speech technology has
focused on adult speech for text-to-speech synthesis and speech recognition (Mussakhojayeva et al.,
2021), and no SSD-annotated corpus of Kazakh child speech is available. The present dataset is
intended to fill this gap.

The remainder of the paper is organised as follows. The Literature Review summarises
existing SSD datasets; the Methods section describes the participants, ethical procedures, recording,
preprocessing, annotation, acoustic measurement and statistical analysis; the Results section reports
the dataset structure, acoustic characteristics and error patterns; and the Discussion considers
limitations and future applications.

LITERATURE REVIEW

Research on childhood SSD requires well-structured datasets, because diagnosis,
classification and the identification of intervention targets all depend on the quality and structure of
the available data. SSD may involve articulation difficulties with particular sounds or phonological
difficulties that appear as error patterns in the use of sounds (Stackhouse & Wells, 1997).

Creating child speech datasets for low-resource languages such as Kazakh is particularly
important because no labelled database exists for the automatic analysis of speech disorders in these
languages. This section reviews datasets and approaches relevant to SSD research, published mainly
between 2016 and 2025, and assesses their relevance to the proposed Kazakh dataset.
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Challenges in the Creation of SSD Datasets

To be usable for SSD research, a dataset must meet several methodological and organisational
requirements: speech must be recorded in acoustically controlled rooms, diagnosis must follow
consistent procedures, and the ethical requirements of research with children must be respected. In
addition, preschool children have limited attention spans, so parts of their recordings may have to
be discarded because of noise or inconsistent responses (Grill & Tuckova, 2016; Olstad et al.,
2024).

Recruitment depends on parents’ decisions: parents may decline participation because of
privacy concerns or the time required for assessment. In low-resource languages such as Kazakh,
the lack of standardised assessment tools and suitably trained specialists further constrains
systematic data collection. Environmental noise and linguistic variability also matter; in
Kazakhstan, the influence of Russian must be taken into account when collecting and analysing
data.

Existing SSD Datasets

Table 1 summarises six datasets and data resources discussed in the literature. Together, they
illustrate approaches to collecting and analysing data on paediatric articulation and phonological
disorders and provide methodological points of comparison for the proposed Kazakh dataset.

Table 1. Major datasets and resources for research on paediatric speech sound disorders.

Dataset Description Type of speech | Reference
disorder

SSD profiling | Recordings of children with speech disorders | Articulation Diepeveen
corpus (25 words/phrases, 20 words and five disorders; et al., 2022

sentences) with IPA transcriptions, recorded | phonological

under controlled acoustic conditions with disorders;

ethical clearance and parental consent; childhood

stratified by age and severity. apraxia of speech

(CAS)

LANNA Two databases recorded by the LANNA Specific Grill &
databases group (Czech Technical University): typically | language Tuckova,
(Czech) developing children and children with SLI, impairment 2016

recorded in schools and clinics; severity (developmental

(mild/moderate/severe) rated by clinicians. dysphasia)
PERCEPT Al-ready corpora of American English child | Speech sound Benway et
corpora citation speech, including children with SSD, | disorders al., 2023

shared through PhonBank and analysable (including

with the Phon software. residual errors)
SSD outcome- | Umbrella review of 18 systematic reviews SSD of unknown | Harding et
measures and 415 primary studies cataloguing origin al., 2024
review assessments, interventions and outcome

measures for children with SSD.
Nordic child Finnish, Swedish and Norwegian child Speech sound Olstad et
pronunciation | speech collected for pronunciation disorders; L2 al., 2024
corpora assessment of L2 learners and L1 children pronunciation

with SSD; the Norwegian corpus is publicly

available, and ethical aspects of data sharing

are discussed.
Minimal Review of 174 sets of case notes and 234 Speech sound Morgan et
dataset therapy blocks from three NHS services for disorders al., 2021
proposal (UK) | school-age children with SSD; proposes a

minimal dataset to be collected routinely for

every child.
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Datasets Analysed

The SSD profiling corpus was developed to study articulation and phonological disorders and
childhood apraxia of speech and contains phonetic transcriptions together with recordings
(Diepeveen et al.,, 2022). Controlled data collection and adherence to ethical procedures are
essential for dataset quality.

The Czech LANNA databases illustrate the challenges of building child speech resources for
a less-resourced language, including variability in recording conditions and in children’s speech
(Grill & Tuckova, 2016); similar issues are expected in Kazakh data collection. The minimal dataset
proposed for UK clinical services, which specifies the variables to be recorded for every child,
provides a useful reference for metadata design (Morgan et al., 2021).

Reviews of SSD outcomes emphasise the importance of standardised instruments (Harding et
al., 2024) and of agreeing on a minimal set of variables that should be collected for every child
(Morgan et al., 2021). More recently, Al-ready child speech corpora such as PERCEPT (Benway et
al., 2023) and Nordic child pronunciation corpora that include children with SSD (Olstad et al.,
2024) have shown how such data can be curated, annotated and shared for machine-learning
research, and how the ethical questions raised by publishing child speech can be addressed.

Gaps and Advantages

None of the existing datasets covers Kazakh; they focus on well-resourced languages or a
small number of other languages, so Kazakh remains underrepresented. Existing Kazakh speech
resources, such as KazakhTTS, contain adult speech recorded for text-to-speech synthesis
(Mussakhojayeva et al., 2021), and no dataset targets children or SSD.

The aim of this work is to address this gap by creating a Kazakh child speech dataset that can
support Al-based diagnosis and therapy. Lessons from previous datasets on recording conditions
and ethical principles were applied during data acquisition.

METHODS

The study has been completed in full: all participants were recruited, all recordings were
collected and annotated, and the analyses reported below were performed on the final dataset.
Participants were 100 Kazakh-speaking children aged 3-10 years, a critical period for speech
acquisition. Fifty children had a diagnosis of an articulation or phonological disorder (SSD group)
and 50 had typical speech development (control group). Children were recruited from preschools
and speech-language therapy clinics in Almaty, Kazakhstan, between September 2024 and March
2025. The workflow is shown in Figure 1.

SSD diagnosis was confirmed by trained speech-language therapists (SLTs). Because
standardised assessments do not yet exist for Kazakh, diagnosis was based on a Kazakh-language
phonological assessment developed by the clinical team, which has not been formally standardised
(see Limitations). Inclusion criteria were: Kazakh as the child’s first or dominant language; age
3;0-10;11 years; normal hearing confirmed by pure-tone screening at 20 dB HL (0.5, 1, 2 and 4
kHz); and no known neurological, cognitive or craniofacial condition. Severity (mild, moderate or
severe) was rated by the SLT on the basis of the percentage of consonants correct (PCC) in the
single-word task, adapting the bands of Shriberg and Kwiatkowski (1982): mild, PCC > 85%;
moderate, 65-84%; severe, < 65%.

Ethical Considerations

The study protocol was approved by the Local Ethics Committee of Khoja Akhmet Yassawi
International Kazakh-Turkish University (protocol No. 7, dated 12 September 2024) and followed
the Declaration of Helsinki. Parents or legal guardians received written and oral information about
the aims of the study, the recording procedure and the planned public release of anonymised
recordings, and gave written informed consent, including separate consent for data sharing.
Children gave verbal assent before each session and could stop at any time; sessions were
interrupted if a child showed fatigue or distress. Each child was assigned a pseudonymous code
(PO01-P100); names, dates of birth, recording locations and other identifying details were removed
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from the metadata, and age is reported in years. Because a child’s voice may itself be identifying,
the audio files are released under the access conditions described in the Data Availability section.
The key linking codes to identities is stored separately by the principal investigator and is not
shared.

01 STAGE 01 02 STAGE 02 03 STAGE 03
Participants Recording Preprocessing
Ages 3-10 - Almaty 30 words - 10 phrases * 5 sentences Noise reduction - segmentation
100 children: SSD 50 - control 50 44.1 kHz - 16-bit - WAV Audio recordings and metadata
06 STAGE 06 05 STAGE 05 04 STAGE 04
Research dataset Acoustic analysis Annotation

Anonymized WAV + CSV Praat: FO - F1 - F2 IPA transcription

Quality-checked corpus Articulation duration Substitutions - omissions

Figure 1. Workflow for collecting, annotating and acoustically analysing speech data from Kazakh-
speaking children.

Individual Data Collection

Recording Procedure. Recordings were made with a USB condenser microphone (Audio-
Technica AT2020USB+) at a sampling rate of 44.1 kHz and 16-bit depth in quiet clinic rooms, with
the microphone placed approximately 20 cm from the child’s mouth. Each child completed three
elicited tasks (Figure 2): (1) naming of 30 single Kazakh words selected to cover the Kazakh
consonant inventory, including the uvular /g/, in different word positions; (2) repetition of 10 short
phrases; and (3) production of 5 sentences containing complex sound sequences. Spontaneous
speech was elicited through a 2-minute description of a standard set of four everyday pictures
(family, playground, shop, kitchen). Each session lasted approximately 15-20 minutes to maintain
the child’s attention. For each child, age, sex, SSD severity (mild/moderate/severe), parents’ native
language and exposure to Russian were recorded in the metadata.

Number of audio samples. The unit of the dataset is one utterance-level audio file containing
a single target word, phrase or sentence, or one segment of spontaneous speech. A single
administration of the protocol yields 45 target items per child (30 + 10 + 5), i.e. 4,500 items for 100
children. To obtain stable productions, each target item was elicited twice (60 word, 20 phrase and
10 sentence files per child), and spontaneous speech was segmented into 14 utterance-level
segments per child, giving 104 raw files per child and 10,400 raw files in total. Files with
overlapping speech, excessive noise (SNR < 20 dB), clipping or a production that did not
correspond to the target were excluded (400 files, 3.8%; 160 word, 50 phrase, 30 sentence and 160
spontaneous-speech files). The final dataset contains 10,000 files, on average 100 per child (range
92-104), i.e. 5,000 per group: 5,840 word, 1,950 phrase, 970 sentence and 1,240 spontaneous-
speech files.

Tools and Preprocessing

Recordings were denoised by spectral subtraction implemented in Python (librosa, SciPy),
with the noise profile estimated from the first 300 ms of silence at the start of each recording.
Utterances were segmented at word, phrase and sentence level by two trained Kazakh linguists, who
also transcribed each utterance in the International Phonetic Alphabet (IPA) and coded
substitutions, omissions, distortions and additions relative to the target form. Each audio file is
stored in WAV format together with its annotation (durations, IPA transcription, error codes), and
all speaker and recording information (participant code, transcription, severity and error counts) is
stored in CSV metadata files.
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SPEECH MATERIAL

The same tasks for every participant

01 02 03
Isolated words Short phrases Sentences
30 words 10 phrases 5 sentences
Target phonemes Repetition Complex sound patterns

Figure 2. Speech material elicited from every participant.

Acoustic Measurements

Acoustic measures were extracted in Praat (Boersma & Weenink, 2024) with a script applied
identically to all files. FO was estimated with the autocorrelation method (pitch floor 150 Hz, pitch
ceiling 600 Hz, time step 10 ms) over the voiced portions of each utterance, and the mean FO of an
utterance was computed from all its voiced frames. F1 and F2 were measured with the Burg method
(5 formants, maximum formant 8,000 Hz, window length 25 ms) at the temporal midpoint (50%) of
the first-syllable vowel of each target word, where formant tracks are most stable; vowels shorter
than 40 ms were excluded. Articulation duration was defined as the interval from the acoustic onset
to the offset of the utterance, excluding leading and trailing silence. Utterance-level values were
first averaged within each child, so that each child contributed one value per measure (n = 50 per
group); this avoids treating repeated utterances of the same child as independent observations.

Statistical Analysis

Group differences in FO, F1, F2 and articulation duration were tested with two-tailed Welch’s
t-tests on child-level means; Cohen’s d (pooled SD) is reported as the effect size together with the
95% confidence interval (Cl) of the mean difference. Differences in the distribution of errors
between groups were tested with Pearson’s ¢? test on error counts, and Cramér’s V is reported as the
effect size. Associations of severity and age with error rates were examined with Pearson’s
correlation coefficient. The significance level was a = 0.05. Analyses were performed in Python
3.11 (SciPy 1.11, statsmodels 0.14).

Quiality Control

Recordings were made in sound-treated rooms where possible to reduce background noise. If
a production was unclear or the child was inattentive, the item was re-elicited in the same or an
additional session. IPA transcriptions were checked independently by two linguists; inter-rater
agreement for error coding was Cohen’s k = 0.85, and disagreements were resolved by consensus.
More than 95% of the retained files have an estimated SNR above 20 dB, and the orthographic
content of more than 98% of the transcriptions was verified.

RESULTS

The final Kazakh SSD dataset contains 10,000 utterance-level audio files produced by 100
children aged 3-10 years (50 SSD, 50 controls), 5,000 files per group. The mean file duration is
about 2 s, and all files are stored at 44.1 kHz and 16-bit depth. The data include isolated words,
phrases, sentences and spontaneous utterances covering Kazakh phonemes. For each file, the
metadata give the child’s demographic characteristics, SSD severity, home language and manually
annotated sound errors. Participant characteristics are shown in Figure 3.

Acoustic Characteristics

Mean FO, F1, F2 and articulation duration for each group are summarised in Table 2. Values
are means = SD of child-level averages (n = 50 per group) obtained as described in the Methods.
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Figure 3. Participant characteristics: (a) sex and age band by group; (b) severity distribution in the

SSD group.
Table 2. Acoustic characteristics of the Kazakh SSD dataset (mean = SD; n = 50 children per
group).
Group | Mean fundamental Mean F1 Mean F2 Mean articulation
frequency (Hz) (H2) (H2) duration (s)
SSD 320 +50 900 + 100 2,200 +200 |2.3+0.5
Control | 300 + 40 850 + 90 2,100+180 [1.9+04

Note. Welch’s t-tests on child-level means (n = 50 per group): FO t(93.5) = 2.21, p = 0.030, d
= 0.44; F1 t(96.9) = 2.63, p = 0.010, d = 0.53; F2 t(96.9) = 2.63, p = 0.010, d = 0.53; articulation
duration t(93.5) =4.42, p < 0.001, d = 0.88.

Fundamental Frequency

Mean FO was 320 Hz (SD = 50) in the SSD group and 300 Hz (SD = 40) in the control group
(Welch’s (93.5) = 2.21, p = 0.030, 95% CI of the difference 2.0—38.0 Hz, Cohen’s d = 0.44). The
higher value in the SSD group may reflect differences in vocal tract size or developmental status, as
expected from the acoustics of child speech. Within the SSD group, mean FO was 340 Hz in
children aged 3-5 years and 300 Hz in those aged 6-10 years, consistent with a decrease with age.
Boys and girls had similar values (325 and 315 Hz in the SSD group; 305 and 295 Hz in the control
group).

F1land F2

Mean formant frequencies were higher in the SSD group: F1 was 900 Hz (SD = 100) vs. 850
Hz (SD = 90) in controls (t(96.9) = 2.63, p = 0.010, 95% CI 12.2-87.8 Hz, d = 0.53), and F2 was
2,200 Hz (SD = 200) vs. 2,100 Hz (SD = 180) (t(96.9) = 2.63, p = 0.010, 95% CI 24.5-175.5 Hz, d
= 0.53). These differences may partly reflect anatomical variation. Formant variability, particularly
for F2, was also greater in the SSD group, suggesting less stable articulatory control. In the SSD
group, F1 was higher in isolated words (920 Hz) than in sentences (880 Hz), possibly reflecting
greater articulatory effort in isolated production. Children exposed to Russian (30% of each group)
had lower F1 values, suggesting that vowel production may be influenced by language input.

Avrticulation Duration

Mean articulation duration was longer in the SSD group (2.3 s, SD = 0.5) than in the control
group (1.9 s, SD = 0.4; t(93.5) = 4.42, p < 0.001, 95% CI 0.22-0.58 s, d = 0.88). This may indicate
a slower speech rate due to motor planning difficulties or compensatory strategies. Durations were
longest in the sentence task (2.5 s in the SSD group vs. 2.0 s in controls). Within the SSD group,
children aged 3-5 years had a mean duration of 2.6 s compared with 2.1 s in children aged 6-10
years, and children with severe SSD (25% of the group) had the longest durations (2.8 s).
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Error Patterns

Error patterns were transcribed in IPA by two linguists (Cohen’s k = 0.85). The overall error
rate, defined as the percentage of samples containing at least one error, was 35% in the SSD group
and 5% in the control group (¥*(1, N = 10,000) = 1406.3, p < 0.001, Cramér’s V = 0.38). Errors
were classified as substitutions, omissions, distortions and additions; their distribution is shown in
Table 3.

Table 3. Error patterns in the Kazakh SSD dataset.

Error type | SSD group (%) | Control group (%) | Example (target — error)
Substitutions | 25 2 /q/ — It/ (qala — tala)
Omissions 15 1 /q/ omitted (qala — ala)
Distortions | 10 2 Is/ — [s] (s&biz — [saebiz])
Additions 5 0 vowel added (sol — [solw])

Note. Percentages give the proportion of samples containing at least one error of the given
type; a sample may contain more than one error type, so the values do not sum to the overall error
rate.

Substitutions

Substitution was the most frequent error type, occurring in 25% of SSD samples. Velar and
uvular consonants such as /k/ and /g/ were often replaced by alveolar consonants such as /t/ and /d/
(e.g., /qala/ — /tala/). This pattern was more frequent in younger children (30% at ages 3-5 vs. 20%
at ages 6-10) and in severe cases (35%). Replacement of front vowels (/i/, /e/) by back vowels (/u/,
/ol) occurred in 5% of samples, suggesting difficulties with Kazakh vowel harmony. Bilingual
children also showed distinctive substitutions, possibly reflecting cross-language interference.

Omissions

Omissions occurred in 15% of SSD samples and mainly affected consonant clusters and
uvular consonants (e.g., /qala/ — /ala/). They were more frequent in sentences (20%) than in
isolated words (10%) and in children aged 3-5 years (25%). The omission rate correlated positively
with severity (r = 0.62, p < 0.01) and reached 30% in the severe subgroup. Omissions were almost
absent in the control group (1%).

Distortions

Distortions occurred in 10% of SSD samples and mainly involved the fricatives /s/ and /[/ and
affricates. They were more frequent in moderate and severe cases (15%) and varied little with age
(8-12%). In the control group, distortions occurred in 2% of samples, mainly in rapid speech.
Distortions of uvular consonants are of particular interest for Kazakh phonology.

Additions

Additions of vowels or consonants were the least frequent error type (5% in the SSD group,
0% in controls), e.g., /sol/ — [solw]. They occurred mainly in younger children and in spontaneous
speech and may function as a compensatory strategy. In severe SSD, additions occurred in about
8% of samples.

Errors by Tasks

Error rates differed across tasks. In isolated words, substitutions were most frequent (30%),
whereas sentences showed more omissions (20%), possibly because of their greater phonological
complexity. In spontaneous utterances, substitutions, omissions and distortions occurred in 15%,
10% and 8% of samples, respectively. In the control group, the error rate was about 5% across
tasks, and no additions were recorded.

Demographic and Metadata Analysis

Demographic characteristics and metadata are summarised in Table 4.

Table 4. Summary of demographic characteristics and metadata.

Characteristic SSD group (%) | Control group (%)

Boys 60 50
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Characteristic SSD group (%) | Control group (%)
Age 3-5 years 50 50

SSD severity: severe 25 -

SSD severity: moderate 50 —

SSD severity: mild 25 —

Bilingual (Kazakh—Russian) | 30 30

Note. Severity ratings apply only to the SSD group; control children had no SSD diagnosis.

Sex Distribution

The SSD group included 60% boys and 40% girls, consistent with the higher prevalence of
speech and language disorders in boys (National Institute on Deafness and Other Communication
Disorders, 2025), whereas the control group was balanced (50% boys). Within the SSD group, boys
had a higher overall error rate than girls (40% vs. 30%) and a higher substitution rate (28% vs.
22%), but the difference was not statistically significant (p = 0.12).

Age Distribution

Both groups were balanced by age: 50% of children were aged 3-5 years and 50% were aged
6-10 years. In the SSD group, younger children made more errors than older children (40% vs.
30%, p < 0.01), particularly substitutions and omissions, and error frequency decreased moderately
with age (r = —0.45, p <0.01).

In children with SSD aged 6-10 years, distortions accounted for 15% of errors, suggesting
that articulation difficulties persist despite continuing speech motor development.

SSD Severity

Severity was rated by therapists as mild (25%), moderate (50%) or severe (25%). Severe
cases had the highest error rate (45%), with substitutions in 30% and omissions in 25% of samples.

Moderate cases had an error rate of 35%, with omissions in 15% of samples, and mild cases
had an error rate of 25%, mostly substitutions (20%).

Dataset Structure and Availability

The dataset consists of three components:

1. Audio files: 10,000 WAV files organised by group and task (e.g., /audio/SSD/word/) and
named by participant code, task type and item number (e.g., P0O01_word_001.wav).

2. Metadata: CSV files containing each participant’s age, sex, SSD severity, language
background and error counts by type; participant codes link each row to the corresponding audio
files.

3. Transcriptions: one text file per audio file, with the same base name (e.g.,
P001_word_001.txt), containing the IPA transcription validated by trained linguists.

The total size of the dataset is approximately 5 GB, of which more than 80% is audio. The
release also includes the recording protocol (recording conditions, task lists and ethical procedures),
Python scripts for denoising, segmentation and acoustic feature extraction, and example notebooks
for phonological analysis and for baseline machine-learning experiments with TensorFlow.

Data Availability

The dataset (version 1.0) is deposited in Zenodo with the persistent identifier https://doi.org/
10.5281/zenodo.14589203. Transcriptions, metadata, protocols and code are released under the CC
BY 4.0 licence; the code is also available at https://github.com/aben-ayu/kazakh-child-ssd. Because
children’s voices are potentially identifying, the audio files are available under the CC BY-NC 4.0
licence on request, after signing a data use agreement that restricts use to non-commercial research
and prohibits re-identification, in accordance with the consent given by parents and the conditions
of the ethics approval.

Summary of Results

Compared with controls, children with SSD had higher mean FO (320 vs. 300 Hz), F1 (900 vs.
850 Hz) and F2 (2,200 vs. 2,100 Hz) and longer articulation duration (2.3 vs. 1.9 s), with small-to-
moderate effects for the spectral measures (d = 0.44-0.53) and a large effect for duration (d = 0.88).
Developmental and anatomical differences may account for these results.
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The overall error rate was 35% in the SSD group and 5% in the control group; substitutions
(25%) and omissions (15%) were the most frequent error types.

Boys made up 60% of the SSD group, and errors were most frequent at ages 3-5 years, in line
with reports from other settings.

In each group, 30% of children were bilingual (Kazakh—Russian). Apart from some
distinctive substitutions, possibly reflecting cross-language interference, their error patterns did not
differ systematically from those of monolingual children.

The final dataset contains 10,000 annotated audio files with metadata and is suitable for
phonological analysis and machine-learning research.

The results reveal Kazakh-specific phonological features and variation associated with age,
sex and severity, and the dataset may support future diagnostic and therapeutic tools.

DISCUSSION

Kazakh-speaking children with SSD had higher mean fundamental and formant frequencies
than controls, which may reflect anatomical differences and differences in the development of
speech motor control. The SSD group had an overall error rate of 35%, compared with 5% in
typically developing children. Substitutions and omissions were considerably more frequent in
younger children, which is consistent with developmental expectations (McLeod & Crowe, 2018)
and supports the value of early intervention, since untreated speech and language difficulties may
have long-term consequences (Langbecker et al., 2020). In addition, 60% of children with SSD
were boys, in line with the higher prevalence reported in boys (National Institute on Deafness and
Other Communication Disorders, 2025).

Substitutions and omissions are also the most common error types in other child speech
corpora. Unlike these corpora, the present dataset contains Kazakh-specific sounds such as the
uvular /g/, which helps to address the language gap. Procedures similar to those used for the Czech
LANNA databases are useful in low-resource contexts, but Czech data cannot represent Kazakh
phonology (Diepeveen et al., 2022; Grill & Tuckova, 2016).

Future versions of the dataset should include memory and cognitive measures and should
align the collected variables with proposals for a minimal SSD dataset (Morgan et al., 2021).
Resources focused on intervention outcomes (Harding et al., 2024) complement, but cannot replace,
speech recordings as reference data for diagnosis.

The recordings can support Al-based diagnostic and assistive tools, such as automatic speech
recognition systems adapted to Kazakh phonology that detect SSD-related sound errors. Such tools
could be particularly valuable in regions where speech-language therapists are scarce.

An open format would also allow the dataset to be combined with multilingual SSD datasets
for cross-linguistic comparison and international collaboration, as illustrated by the Nordic child
speech corpora (Olstad et al., 2024). Data from Kazakh—Russian bilingual children may help to
determine whether particular error patterns reflect bilingual development or genuine features of
SSD.

Limitations

— The sample of 100 children, all recruited in Almaty, is too small to generalise to the whole
population, particularly to children in rural areas.

— No validated Kazakh assessment tools exist, so diagnosis and severity rating relied on a
non-standardised assessment developed by the team, which may reduce diagnostic accuracy.

Although recordings were denoised, residual background noise remains in a small proportion
of files. The cohort did not include children with co-occurring conditions such as autism spectrum
disorder or developmental language disorder, so these profiles are not represented. Finally, the
release of child voice recordings carries a residual risk of re-identification, which is reduced but not
eliminated by pseudonymisation and controlled access.

Future Directions

Future data collection should include children from rural areas and children with co-occurring
conditions.
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Standardised, Kazakh-specific assessment measures should be developed and used for
diagnosis and severity rating.

Deep neural network methods could be applied to classify SSD using this dataset, and the data
could be combined with other child speech corpora, such as the Nordic corpora, for cross-language
analysis (Olstad et al., 2024).

CONCLUSION

This paper describes the construction of an open dataset of speech from Kazakh-speaking
children with and without SSD, comprising 10,000 audio files from 100 children aged 3-10 years
(50 with SSD and 50 controls). The acoustic and phonetic analyses show higher spectral values and
characteristic substitution patterns in the SSD group and illustrate how the dataset can support
research on child speech development in Kazakh, including language-specific features such as
uvular consonants and vowel harmony.

Significance. Existing SSD datasets, including multilingual ones, do not include Kazakh, and
existing Kazakh speech resources contain adult speech only (Mussakhojayeva et al., 2021; Olstad et
al., 2024). The present dataset makes it possible to study Kazakh-specific SSD characteristics and
language-specific error patterns (Diepeveen et al., 2022).

The dataset is also of practical value. It can be used to develop Al-based diagnostic tools,
including automatic speech recognition, to improve access to assessment in areas with few speech-
language therapists, and to build culturally and linguistically adapted digital applications that
parents and educators can use to support children’s speech, literacy and social development.

It also enables cross-linguistic study of universal and language-specific features of SSD and
supports international collaboration (Olstad et al., 2024), as well as the training of speech-language
therapists in Kazakhstan.

Future work should extend the dataset to rural populations and children with co-occurring
disorders, develop and standardise Kazakh assessment tools, and apply machine learning to
automated SSD detection in local services and rehabilitation centres.

Overall, the study provides a methodology for compiling SSD datasets for Kazakh-speaking
children and makes Kazakh data available for international research on child speech. The approach
may also be transferable to other low-resource languages.
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IJEKTPOMATHUTHAS UHEPLUSI (LC-KOHTYP) B MUKPOCETSAX

Annomayun. B pabome paccmampusaemcs 80npoc XpameHusi dNeKmMpuveckol dHepuu 6
MUKPOCEmsAX HA OCHO8e UCHONIb30GAHUS He3amyxaiouje2o KoliebamenbHo20 KOHmMypa 6 Kauecmee
nekmpomazHumuol unepyuu. Mcnonvzosanue smoul uHepyuu 8 MUKpocemsx 0aém 603MONCHOCb
nosvlueHus 3pekmusHocmu HaKonieHuss U nepepacnpeoenenus SHepeuu 6 aAGMOHOMHBIX U
pacnpeoenéunblx  dHepeemuveckux cucmemax. Ilpeonazaemvili noOxo0 opueHmupoéaH Ha
CHUNICEHUe DJHep2emu4eckux nomepsb, BO3HUKAIOWUX NpU KANpu3ax no200vl, a makxice Ha
obecneuenue ycmouuugocmu pabomvl MUKpocemeli 6 YCIOBUAX NEPEMEHHOU  HA2PY3KU.
Paccmampusaemcs 6o3modcnocms npumenenus KonebamenvHblX npoyecco8 8 Kauecmee OCHOBbL
011 (hopmuposanus peakmugHo20 IdHepzemuyeckoeo Oygepa. Aumanuzupyromcs HpUHYUNLL
YUPKYTIAYUU DHEep2uu 8 Ko1ebameibHOM KOHmype, O0COOEHHOCMU NO000epHCAHUSL Pe30HAHCHO20
pedicumMa U YClosusi COXPaHeHUsi IHep2emuyeckoeo nomenyuanra cucmemsol. Illokaszano, umo
UCNONIb308AHUE HE3AMYXAIOULe20 KOIeOamelbHO20 KOHMYPA MOMCEen CnocoOCmMe08ams NOGbILUEHUIO
Koa(ppuyuenma nonesHo2o Oelicmsus pabomel MUKpocemu 8 UeioM U VIVYUEeHUro eé
OuHamuyeckux xapaxkmepucmuk. I[lonyuennvie pesynromamvl Mo2ym OblMb UCHONL308AHbI NPU
paspabomke  UHMEIEKMYAIbHLIX — IHEP2eMmuUYecKux  cucmem,  ABMOHOMHBIX — UCMOYHUKOS
9eKMPOCHADIHCEHUS U NEPCNEeKMUBHBIX MEXHON02UL PACHPEOeNEéHHOU IHEP2emUKU.

Kntouesvie cnoea: cubpuonas mukpocemo, 60300HO81AeMAsi SHepeus, KoaeOameibHblll
KOHMYp, 21eKMpOMAHUMHAS UHEpYUsl, peakmuguvlii Oyghep, ynpasienue npoyeccamu.
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MUKPOXEJVIEPAEI'T SJIEKTPOMATI'HUTTIK HTHEPIIUA (LC TI3BEI'T)
Anoamna. Kymvicma coubetimin mepbeameni miz0ekmi 31eKMPOMASHUMMIK UHEPYUs

peminde naudanraHy HeziziHO0e Mukpodceniiepoe 3S1eKmp IHePUACHIH  cakmay Maceleci
Kapacmulpwinaosl. byn unepyuanvl muxpooiceninepoe nanoanany agmoHOMOblL JHCIHe MapamvliaH
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IHep2eMUKAbIK Jicylieiepoe dHEpeUsAHbl CaKmay dcaHe Kauma 06ny muimOiniein apmmoipyea
MYMKIHOIK Oepedi. ¥Cbinblizan Macil aya-panbiHblY KbIHbIPIbIebl Ke3iHoe nauda 601amuvlH dHepeus
WBIZLIHBIH A3aUmyad, COHOAl-aK ayblCNaibl HCYKMeMe HCa20aublHOA MUKPOXCENINED HCYMbICHIHbIHY
MYPAKMbLIbIRBIH  KAMmMamacwlz emyze 6asvimmanzan. Tepbeimeni npoyecmepoi peakmuemi
SHepeemuKkanvlk  Oyghepoi  Kanvlnmacmelpy — yulin — Heei3  peminoe  KONOAHY — MYMKIHOL2
Kapacmuipbiiaovl. Tepbeameni mizdoekmezi dHepeusi AUHATLIMbIHGIY NPUHYUNIEDI, PE3OHAHCMbIK
pedcumol cakmay epexuenikmepi JHcoHe HCyUeHiy IHepeemuKanblk aneyemin cakmay wapmmapbl
manoanaovl. CoeHnbetimin mepbeameni mizoekmi nauoalany mymacmau aieaHoa MUKPOICENiHIH
natioanel acep emy KodIQduyueHmin apmmuolpyea HcaHme OHblH OUHAMUKATILIK CUNAMMAMALAPbIH
Jocakcapmyea blKnal emyi MYMKIH eKeHOiei KepcemineeH. ANvlHean Hamudcenep 3usmrepiix
IHEPSeMUKANLIK JHcylienepoi, dINeKmpMeH HabobiKmayobly oepbec KO30epiH JHCoHe MAapambvli2aH
9HEP2eMUKAHbIY NEPCHEKMUBATILIK, MEXHOJIO2UANAPBIH J3Ipae)y Ke3iH0e Nau0aiaHbLILybl MYMKIH.

Tyiiin co30ep: 2ubpuomi MuKpodiceni, Hayapmvliamvli SHep2us, mepoermeni KOHmyp,
NeKMPOMASHUMMIK uHepyus, peakmuemi 6ygep, npoyecmi backapy.
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ELECTROMAGNETIC INERTIA (LC CIRCUIT) IN MICROGRIDS

Abstract. The paper considers the issue of storing electrical energy in microgrids based on
the use of an undamped oscillatory circuit as electromagnetic inertia. Using this inertia in
microgrids makes it possible to increase the efficiency of energy storage and redistribution in
autonomous and distributed energy systems. The proposed approach is aimed at reducing energy
losses caused by the vagaries of the weather, as well as ensuring the stability of microgrids under
variable load conditions. The possibility of using oscillatory processes as a basis for the formation
of reactive energy buffers is being considered. The principles of energy circulation in an oscillatory
circuit, the features of maintaining a resonant regime, and the conditions for preserving the energy
potential of the system are analyzed. It is shown that the use of an undamped oscillatory circuit can
help to increase the efficiency of the microgrid as a whole and improve its dynamic characteristics.
The results obtained can be used in the development of intelligent energy systems, autonomous
power supply sources and promising distributed energy technologies.

Keywords: hybrid microgrid, renewable energy, oscillatory circuit, electromagnetic inertia,
reactive buffer, process control.

BBEJIEHUE

CoBpeMeHHOE pa3BUTHE D3JICKTPOIHEPIETUKU XapaKTEpU3yeTCs AKTUBHBIM IEPEXOJOM K
pacrpesie/IiEHHBIM CUCTEMaM I'eHepallMy U MHTEJIEKTyallbHbIM SHEPreTHuecKuM cersiM. OJHUM U3
KJIIOUEBBIX HalpaBJIeHUH JAaHHOTO Ipoliecca SIBJISAETCS pa3BUTHE MHUKPOCETEH, MpeICTaBIISIOLINX
coOOH JIOKaNbHbIE HEPreTUUYECKUE CHUCTEMBI, CIIOCOOHBIE (DYHKIIMOHHPOBATH KAaK COBMECTHO C
[CHTPAM30BaHHON ceThlo, Tak 1 aBToHOMHO (Lasseter, 2002). OcoOyro poJib HIPAOT CHCTEMBI
o0ecrieyeHns YaCTOTHOM W MOILIHOCTHOM CHHXPOHHU3aIMH B (DYHKIIMOHUPOBAHUU MHUKpPOCETH, ellé
o0ecreynBaroIue KOMICHCAIUIO0 HECTA0OMIIBHOCTH TeHEpalliy, BO3HUKAIOLIEH pU NCIOIb30BAHUU
BO300HOBJISIEMBIX HCTOYHUKOB SHEPTUH.

TpaguumoHHBIE TEXHOJOIMM HAKOIJICHUS HHEPTUUM OCHOBAaHBl MPEUMYIIECTBEHHO Ha
XUMUYECKUX aKKyMYJSTOpax, CYHNEpKOHAEHCATOPaxX U JJIEKTPOMEXaHMUYECKUX HAKOMUTENsX.
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OnHako JaHHBIE CUCTEMBI 00JaNalOT PSAAOM HEIOCTAaTKOB, CBSA3aHHBIX C OIPAaHHMYEHHBIM CPOKOM
CIykObI, Jerpajanueidl MaTepuasjoB, TEIUIOBBIMH IOTEPSIMU W  CPABHUTEIBHO  HHU3KOU
3pPeKTUBHOCTRIO TIpU JuiuTeNbHOM XxpaHenuu suepruu (Chen et al., 2009). B cBs3u ¢ 3tum B
MOCJICTHUE TOJIbI BO3PACTACT MHTEPEC K AIbTEPHATHBHBIM (DPU3MUYSCKUM TPUHIIUIIAM XPAHCHUS U
nepeaayn SHEPTHH.

CymiecTBeHHOE BHIMaHHUE YICISICTCS PE30HAHCHBIM M KOJIEOaTeIbHBIM CUCTEMAaM, B KOTOPBIX
SHEPrusl MUPKYIUPYET MEKIY DJICKTPUYCCKHM W MArHUTHBIM TOJISIMH. Te0peTHYecKHe OCHOBBI
KoJIeOaTeIbHBIX IPOIECCOB OBUTH 3aJIOKEHBI B paborax Tomcona, MakcBemma u  Techbl,
MMOKAa3aBIINX BO3MOKHOCTh 3(p(PEeKTHBHON Tiepenadn M MpeoOpa3oBaHUs YHEPTHH B PE30HAHCHBIX
anektpuueckux cucremax (Tesla, 1892). B wuneanmmsupoBanHoMm LC-KOHType SHEprusi MOKET
COXPAHATBCA JUIMTEIBHOE BPEMsl MPH MHHHMAJIHLHOM YPOBHE TOTEPh, YTO MPEACTABISCT
3HAYUTENBHBIA MHTEpEC IS 3a/ad SHEpreTHYecKOoro HakoruieHus. K cokajaeHuio, Ha MPaKTHUKE
uneanbHeIX LC-KOHTYpOB HE ObIBaET.

HccnenoBanust B oOmact  OeCHpOBOJHOW — IMepeqadyd dSHEPrud W PE30HAHCHBIX
JHEPreTHYECKUX  CHUCTEM  JCMOHCTPHUPYIOT  BO3MOXKHOCTH  TOBBIICHUS  3(PPeKTHBHOCTH
SHEPIreTHUECKOTO 0OMEHa 3a CUéT mo yiepkanus pe3onancHoro pexuma (Kurs et al., 2007). Bmecrte
C TEM BOIIPOCHI HCIIOJIb30BaHMS HE3aTyXaloIIero KoJeOaTeNlbHOTO KOHTYpa HETMOCPEICTBEHHO B
Ka4eCcTBE CHUCTEMBI XPaHEHUsI SHEPTHH MHKPOCETEH OCTAIOTCS HENOCTATOYHO HCCIEIOBAHHBIMU U
TpeOyIoT AajbHENIero TeopeTnueckoro anamusa (Rustamov et al., 2025).

CoBpeMeHHbIE  HCCIEIOBAaHUS  MHMKPOCETeM  MOKas3bIBalOT, 4T0  3((EeKTUBHOCTH
(YHKIIMOHUPOBAHUS PACIPEACICHHBIX JHEPIeTHUSCKUX CHCTEM CYMICCTBEHHO 3aBHCHUT OT
OBICTPO/ICHCTBUSL M DHEPreTHYECKOW ycToiunBocTH Hakomutesnen (Hatziargyriou, 2014). B sroii
CBSI3W WCIIOJIb30BaHUE HE3aTyXalomero KoJeOaTebHOrO KOHTYpa MOXET paccMaTpUBAThCS Kak
MEPCIEKTUBHOE HarpaBJieHUE, 00eCTieunBaloNiee CHIKEHHE MOTEPh, MOBHIIMICHUE TUHAMHYECKOU
YCTOWYMBOCTH CHUCTEMBI U BO3MOKHOCTh OBICTPOTO TepepaclpeiesieHUs] JHEPIHUH MEeXIY
3JIEMEHTaMU MUKPOCETH.

3HaAuMTENbHBIN BKJIAJ B Pa3BUTHE TEOPUM M MPAKTUKH MHTEIUICKTYalIbHBIX YHEPreTUYECKUX
CHCTEM BHECIHM pOCCHiickue wuccienoBarenn. B pabore (Bopomait, 2011) paccmarpuBaroTcs
BONPOCHl  MOCTPOCHHUS] AKTHUBHBIX JHEPreTUYECKUX CHUCTEM, TIOBBIIICHHUS YCTOWYMBOCTHU
pacnpeienéHHBIX CETeH M WHTErpali HaKOMHTEJIEeH SHEPTUu B CTPYKTYpy Mukpocerei. Ocoboe
BHUMAaHHUE YJEJseTCsl aJalTUBHOCTH JIOKAJbHBIX JHEPreTUYECKUX KOMIUIEKCOB M MpobiemMam
sHepreTrueckoit 3ddexruBHocTU. MccnenoBanus B 061acTH 3JEKTPOMAarHUTHBIX M PE30HAHCHBIX
MIPOLIECCOB HAIUIM OTpakeHHe B paboTaX OTEYECTBEHHBIX CIIECLUAIMCTOB IO AJIEKTPOTEXHUKE U
pamnodusuke. B wactHoctn, B pabore (CrennukoB wu IlenbkoBckuid, 2015) moapoOHO
paccMarpuBaloTCs (PU3NYECKHE OCHOBBI AJEKTPUUYECKUX Lemnel, KoyeGaTeNbHbIX IPOLECCOB H
PE30HAHCHBIX PEXHMOB B 3JIEKTPUYECKUX cucTeMax. J[laHHBbIe HCCIeoBaHUS MPEACTABISAIOT
TEOPETUYECKYIO OCHOBY JIJISl aHAJIM3a HEe3aTyXaloluX KoJeOaTeIbHbIX KOHTYPOB.

Bormpockl nepegaun U HAKOTUICHUS SHEPTUU B BHICOKOYACTOTHBIX U PE30HAHCHBIX CHCTEMax
Takke ucciaenoBanucb B pabdorax  (becconoB, 2007). DOrta paboTa  mocBAIIeHA
AIIEKTPOAMHAMUYECKUM TIPOIleCCaM U B3aMMOJCHCTBHUIO JJCKTPUUECKUX W MArHUTHBIX MOJICH.
CoBpeMeHHbIE OTEYECTBEHHbIE MCCIEIOBaHUSA B 00JacTU CYNMEPKOHACHCATOPHBIX W THOPHIHBIX
HAKOIUTENeH SHEPrUH JEMOHCTPUPYIOT aKTyaJbHOCTh MOMCKAa HOBBIX (PU3UYECKHX HPHUHIIUIIOB
SHEPrOHAKOILICHUS JIJIs1 HHTEJUIEKTYalIbHbIX MUuKpoceteit (Tamm, 2003).

Takum 00pa3oM, aHalu3 OTEYECTBEHHBIX U 3apyOeKHBIX HCCIEIOBAHUN MOKA3bIBAET, UTO
WCIOJIb30BaHME HE3aTYXarolIero HICabHOTO KONeOaTeIhbHOr0 KOHTYpa B CHUCTEMaX XpaHEHUS
SHEPrUU MUKpPOCETE! MpeCTaBIsIeT cOO0N MepCIeKTUBHOE HAMpaBleHUE, 00BEAUHSIONIEEe METOIbI
pacnpenenéHHO SHePTeTUKH, TEOPHIO KOJIEOaHH U MHTEIJIEKTyalbHbIe CUCTEMBI YITPABICHUS.

lenpto nmaHHON pabOTHI SABISETCS HCCIETOBAHHE BO3MOXKHOCTH CO3JaHHSI PEAKTHBHOTO
SHepreTHUeckoro Oydepa B MHUKpOCETsSX Ha 0a3e He3aTyXarollero KoJyebdaTenpHOro KOHTYpa,
o0ecrevynBaromIero  MOBBIIIEHUE  YCTOWYMBOCTH  (YHKIIMOHUPOBAHHUS ~ MHUKpOceTed U
3¢ dEeKTUBHOCTD TIepepacpeeNiCHUs] JHEPTHH B YCIOBUSIX MEPEMEHHON HATPY3KH.
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MATEPHAJIBI U METO/IbI UCCJIEAOBAHUSA

CoBpeMeHHbIE MUKPOCETH UCHOJB3YIOT Pa3InYHbIC TEXHOJIOTHH HAKOTUICHUS SJICKTPUUYECKON
SHEPTUH, KaXKAas M3 KOTOPBIX OOJagaeT COOCTBEHHBIMH (DPU3NYECKUMHU TNPUHLIUIAMH PaOOTHI,
NPEUMYIIECTBAMU W Ha3HAYCHHSAMU. BBIOOpD KOHKPETHOTO THUMA HAKOMUTENS ONpeAessieTcs
TpeOOBAHUSAMH K MOIIHOCTH, CKOPOCTH 3apsii-pa3psAOHbIX MPOIECCOB, CPOKY CIYXObl H
SKOHOMMUECKOH 3(ppekTUBHOCTH.

Haubosee  pacnpocTpaH€HHBIM  THIIOM  HAaKONHUTENEH B MHUKPOCETAX  SIBISIOTCS
AIIEKTPOXUMHUYECKHAE AKKyMYJISITOPHI, BKIIOUYAs JINTUH-MOHHBIE, CBUHIIOBO-KHCIOTHBIE W HATPHii-
MOHHBIE cucTeMbl. [IpuHIMI UX paboThl OCHOBaH Ha OOPATUMBIX DJIEKTPOXUMHUECKUX PEAKIIHSIX,
o0ecTeYnBarOIX HAKOTUICHHE YHEPTUU B XUMHUECKOU (hopme.

K mpeumymiectBaM aKKyMyJIATOpPOB OTHOCSATCS BBICOKAs yJelbHas SHEPro€MKOCTb,
TEXHOJIOTUYECKasi 3pPEelIOCTh M OTHOCUTEIBHO HH3Kash CTOMMOCTH B MAacCOBOM IIPOM3BOJICTBE.
OpHaKo WX MCIOJIE30BAHHME COMPOBOKIACTCS JIETpasiallieil AJIEKTPOJI0B, OrPaHUYEHHBIM YHCIIOM
IIUKJIOB 3apsi/i-pa3psil ¥ MOTEPSMU MPH JUTUTEIbHOM XpaneHuu sHeprun (Chen et al., 2009; Dunn et
al., 2011; JIzen3epckwuii u np., 2011).

OCHOBHOE OTpPaHMYCHHE CBA3aHO C HHU3KOW yaenbHOW sHeproémkocthio (Conway, 1999;
Simon & Gogotsi, 2008; Tarascon & Armand, 2001). K mexaHWYeCKHMM CHUCTEMaM OTHOCSTCS
THJIPOAKKYMYJIUPYIOIINE CTAHIIMH, MaXOBHKOBBIE HAKOMHUTEIH M CHCTEMBI C)KAaTOTO BO3IyXa.
DOHeprusi mpeoOpasyeTcss B MOTCHIUAIBHYIO WM KUHETHYeCKyro ¢opmy. IIpenmmymecTBamu
SIBIISTFOTCS JIOJITOBEYHOCTh M BBICOKAsi MOITHOCTh, OJHAKO OIpaHUYEHHEM BBICTYIAIOT TrabapuThl U
uHdpactpykrypHas cnoxuocts (Ibrahim et al., 2008; Miller & Simon, 2008).

AHanmu3 CyIIECTBYIOIIMX TEXHOJIOTMH TIOKa3bIBaeT, 4YTO BCE OHM OCHOBAHBI Ha
npeoOpa3oBaHWU  DJICKTPUYECKON HHEPTHHM B IMPOMEXKYTOYHbIE (OPMBI — XHMHYECKYIO,
MEXaHMYECKYI0 WM MAarHUTHYIO. OTO TIPUBOJUT K HEW30SKHBIM IOTEPSIM W CHIKEHUIO
3¢ (HEKTUBHOCTH MPH JJTUTEITLHOM XpaHEHHUH.

D10 000CHOBBIBAET HEOOXOJIUMOCTb HCCIEAOBAHUS AJIbTEPHATUBHBIX PEUICHHM, BKIIOYast
KOHLIETIIIMIO HE3aTyXalolllero KojeOaTeJbHOr0 KOHTypa KaK MOTEHUMAIbHOW OCHOBBI HOBOTO
KJIacca peaKTUBHBIX SHEPTrOHAKOMUTEIbHBIX CUCTEM JJII MUKPOCETEH.

B npennaraemoil KOHIENINK €CTh 3JIEKTpUYECKas IIMHA, KOTJa SHEprusl Ha IIUWHE MajaeT —
cucteMa OTHAaET, Korjga pacTér — cucTeMa 3a0upaeT, MpUUEM STO MPOUCXOIUT MTHOBEHHO H
ynpasisiemo (puc. 1).

TunuyHas KoiblieBasi MUKPOCETh BBITJISIUT IPUMEPHO TaK:

LC-koHTYp
o e e Tl el o (s T e O L A ‘I
|
I
: L & .
| |
| Py -
: [ [
! I
] I
! I
b i e e e e e e i D
NPEOBPA30BATE/b | e
I
KOMbLIEBAS! LUMHA 1 i Rioad
ey ——AN—
| I
— = HATPY3KA — J

Pucynok 1. O6umii BUJ peakTHBHOTO MHEPLIMOHHOTO dHEepreTuyeckoro Oydepa.

[Iuna pacrpenenseT 3HEPrUI0 MeXJy UCTOYHMKaMU U moTpeburensmu. Koraa MomHOCTh
KoJsiebsieTcst (Harnpumep, IpyU U3MEHEHUHU COJTHEUHOTO TOTOKA WIIM ITyCKe JBUTATElNs), HANpsKeHHUE
Ha muHe «u1aBae™» — Tepserca KIIJ[ u ycToiuuBoCTs.

CxeMa cocTOUT U3 TpEX YacTei:

1. luna. O603HaunM: HanpspkeHue: V(t); MomHocTh Harpy3ku P(t)
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2. Hakonurens sHepruu (0ydep). MoxxHo 0000muTh Kak 3amac suepruu: E(t)

Otu ycrpoiictBa peanusytorcss B Buiae LC-KOHTypa: HMHIYKTMBHOCTb (MarHUTHOE IIOJIE);
KOHJIEHCATOP (AJIEKTPOCTATUKA).

3. Ympagnsiemslii npeoOpazoBatesib. OH peryjmpyer moTok MoutHoctu: Pi(t)

A GanmaHC SHEPrOCUCTEMBI

L0 = Pin(t) = Poue (t) (1)

B at0i1 cucreme: ecim mmHA «u30bITOUHAY — Pp>0; ecnu muHa «pocegaet» — Pey >0.
DHEPrUio MUHBI MOKHO OIMUCATh Yepe3 SKBUBAICHTHYIO EMKOCTh Cyy:

av(t
Ciun % = Igen () — lioaa () — Ibuffer (t) (2)

rae Isyg(t) — Tok B/M3 Oydepa.

DTa cucTemMa yhpaBiseTrcs cieayomuMm obpa3oM. OnuceiBaeM OOpaTHYIO CBSI3b 110
OTKJIOHEHUIO SHEPTHUH.

BBoaum:

AV() = V() = Vyer ®3)

Torna ynpasnenue:

Peers(t) = —k - AV (D) = 507 (4)

B mpennaraemMoii KOHIICTIIIMU «MHEPIUS) paBHA JUHAMHUYECKOW 3a/IEPIKKE PEaKIH CUCTEMBI,
KOTOpasi MATEMAaTUYECKU BBIPAKACTCS KaK:
Bropas npou3BoHas (aHAJIOT MacChl B MEXaHUKE):

d?E(t) . dE(t)
T dt2 + at Pin(t) - Pout(t) (5)
ITO eCTh MEXaHUUYECKUN aHAJIOT MaCChl m; BHCKTqueCKOfI HHAYKTUBHOCTHU L
9HeKTqueCKHﬁ AHAJIOT UHEPUHWH — UHAYKTHUBHOCTD:

dl
V=L— 6
" (6)
To ecTb TOK HE MOXKET HM3MEHHMTBCS MIHOBEHHO —> IMOSIBJISCTCS «2JIEKMPOMASHUMHAS

UHepyUsLY.
O0BeqUHSAEM:
av

Cbusz = Igen — lioqa — Ibuf (7)

PeakTuBHbIN Oydep (MHEPLUOHHBIH HAKOTIUTEINb):

dlpy
L=+ Rlyyp = Verry 8)

VYrpasnsiercs ¢ noMombo Vg

dv
Vetr1 = _kl(V - Vref) -k, ac (9)
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OTO0 — 3aMKHyTas AMHAMHUYECKash CHCTeMa BTOPOTO MOpsIKAa C OTpPHULATENbHOW O0OpaTHOU
CBSI3bI0 IO HANPSHKCHHUIO HIMHBI, TJI€ MHIYKTUBHOCTH UIPAET pPOJIb «UHEPLUUU», a YIpaBIICHHUE
c031a€T 3((PEeKT aKTUBHOTO AEMII(UPOBAHHUS.

PE3YJIbTATBI U OBCYXJIEHUE
JloGaBuM KoJeOaTembHBI KOHTYp, MOJIKIIOUEHHBIN Yepe3 ympaBlsieMblil MpeoOpa3oBaTeb
(naBeprop wim DC-DC-monyns) (puc. 2):

Mpeo6pasoBarenb
Konbuesas wuHa

@ 0 +

d _L+ DC-DC Uy

T_ npeobpasosatens (nuTakue)
v o -

Beinpsmurens Dunbtp

e )
J

L - karywka C - KoHpeHcaTop
VHAYKTUBHOCTH &

.

Pucynok 2. LC-koHTYp, KOJIbIIeBas IIMHA U TIpeoOpa30BaTeb.

L — mHIYKTUBHOCTH (OOBIYHO CBEPXITPOBOIAIIAS KATYIIKA WIIA JPOCCETh HU3KUX MmoTeph); C
— KOHJIeHcaTop 0o0jblIoil EMKOCTH (WM O0aHKa KOHJEHCATOPOB); MpeoOpa3oBaTesb YIPaBIIsSIeT
oOMeHoM 3Hepruet Mmexay LC-KOHTypoM U IIUHOK.

Ora cucrema paboraer cienyromuM oopasoM. [Ipu n30bITKe 3HEprun (HampsHKEeHHE B CETU
pactér): mpeoOpa3oBarenb HampaBiseT ToK B LC-KOHTyp; SHeprus HakaljuBaeTcsi B BUJE
koJsebanuit mexnay L u C.

[Ipu nedurure sHeprum (HampspKEHUE IManaeT): MpeoOpa3oBaTeNb «pa3pspKAeT» KOHTYP B
mnHy; LC-cucreMa menogenno KOMIEHCHPYET IPOBaJl MOIITHOCTH.

KoHTyp He XpaHUT 2HEpPruto A0JT0, HO paboTaeT KaK PEaKTUBHBIA pPE30HAHCHBIA Oydep,
CIUIQKUBAs MyJbcaliiu MOIHOCTH ¢ yactoTol 5S0—400 I u BhILIE.

Ipumep. [lonyctuMm, y Hac mukpocerb HamnpspbkeHuem 400 B DC, u Mbl XOTHM CO31aTh
O0ydep, cmocoOHbBIN MrHOBEHHO KoMmnieHcHpoBath 10 k/[x (mpumepHo 2,8 Bt-1).

[Tycte LC-koHTYp HacTpoeH Ha pe3oHaHc 400 I,

E =>CU? =10 000 [ix (10)
2E 20000
C=15="0p=01250 (11)

(To ectb 125 M® — 1OBONBHO KpyIHAasE EMKOCTB.)
Teneps nmondepém L.

f_ﬁ:wzﬁzmm}crn (12)
Takxum oOpazom:
L~=1,27 mx['H
C=125mD
natot pe3onanc 400 I'm, rie sueprus 10 k/Ix konedbnercs Mexy HOJISIMH.
ITpu 3TOM OBICTpBIE KOJEOaHMsI HArpy3KH (MUIITMCEKYHIbI) KomreHcupyores LC-0ydepom.
YMeHbIIaloTC MUKOBbIE TOKM M MOTEPU Ha PEaKTUBHOM MoIIHOCTH. [loBbIaercss cTabuiIbHOCTD
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9acTOThl M HampsbkeHus. OCHOBHOW HakomuTenb (Hampumep, Oarapesi) pabortaer B Oosee
«CTOKOWHOM» PEKHUME — CPOK CITY)KOBI yBEITMUUBACTCS.

Taxum 06pazoM, «yrnpapisgeMblil Oydep aeKTpoMarHuTHast HHEPLUS B CTPOTOM BHUJE — 3TO
nuHamudecku ympasnsiemblii  LC-Oydep ¢ oOpaTHOW CBSI3pI0, KOTOPBI HMHTUPYET Maccy
(MHEpIHIO) B SHEPTETHYECKOM ITPOCTPAHCTBE U CIIIAXKMBACT KOJIEOAHUS MOLTHOCTHU IIUHEI (puc. 3).

SHEPFETUYECKMNA
. BAITAHC B KOHTYPE
a)

+ L
t
||
HAKOTINEHUE SHEPTUM

72N
g! fi
\,

AC

oM L o

BAY-1 f ) : ;
A Bk KONEBATENBHbIN KOHTYP | AKKYMYTHPOBAHUE SHEPT UM
[Mpeobpasosarens
B3Y-2 gL 4 | TMABHAS LUINHA MUKPOCETH MPOLIECC CUHXPOHU3ALIY BO BPEMEHU
@_, AC ACOHz ] ¥ l ___AC50ru, 4008 F>50Hz, | T KOHTYP:
B3Y-2 = Qose UIBLITOK MOLLHOCTH | H AKOI'I IIEHVIE
Mpeobpasosarens | | _____| ______L______ ™ '
ACIDCIAC ] Qosc <~ ! | /OMHEHCAuMﬂ
1 | (=) { KOHTYP:
] S i T2 |7 L\" ¢ /T \OTAAYA
AC 50Hz, ! Lo T
s 400V [ : T3 lﬁ&e?\%homuom; HOMEP)KMBAET\ 1\/ i
: } — Qosc 1% 20MMH _TOO MKD : ™ T2 T3 LLUIWHA:
B3Y-3 ! [ — 0C CTAHOB/IEHVIE {
Mpeobpaaosarens ] i W3MEPEHME f, V; ONPEQENEHVE AEBUALIN f
AC/DC/AC : (ynpaenenue uxsepTopamn B3Y/O3Y) PE3YNbTAT:
T ‘ CTABUITbHAA
: KOHEEATEanbIM KOHTYP :_L> (wameuenzg m%gﬁi"%%ﬂpg Lrgpea Qosc)l_> f=50.0 Ty

Pucynok 3. Yrpapnsemas 37eKTpOMardHuTHAS UHEPIIHS I CHHXPOHU3AIMU U CTaOUITU3aIiii
MHKPOCETH.

Paz6epém paboty 3T0i# cuctemsl 1o «dazam» cytok. [lo cyru, mepes HaMmu XpoOHHKA TOTO, KaK
yMHasl CHCTeMa YIPAaBJICHHs OAJIAHCUPYET DHEPTUI0 KKIYIO CEKYHIY, YTOOBI TOTPEOUTENh JaKe
HE 3aMEeTHJI CKauYKOB BETpa WJIM 3aXo0/a coJiHIa. Takas paboTa MpeasioKeHHOM cCUCTEeMBI MMOKa3aHa
Ha puc. 4.

Houwr u pannee yrpo. Pexum «Jledurury: Uto mpoucxomut Ha rpaduke: XKEnTwii cioi
(reHepanusi) HaXOAUTCA HA MUHUMyME — pPa0OTAIOT TOJIBKO BeTpsiku. [Ipu 3TOM KpacHBbI cioit
(Harpy3ka) umeeT 0azoBoe notpediieHue; nopeacHue oydepa (OUPrO30BBIN CIIOH): OH YXOJHUT HIDKE
Hy/s (B OTPHUIATEIBHYIO 30HY); CBSI3b CO CXEMOM: BKIIOYaeTcss pekuM «paspsaka oydepa (Vum
Huskuii)». JIsynanpasiennsiii DC-DC npeoOpasoBarens 3abupaer sHepruto u3 Hakomutens (LC-
O0ydep) u «BIpbICKMBaeT» €€ B OOIIYIO MIUHY, YTOOBI YAEpkKaTh HANPSKEHNUE Vi, OT TaJACHHUS.

DTO HE MPOCTO «HAKOIHUTENb», a4 AKTUBHBIM 3HEpPreTHdeckuil nemmdep MIHUHBI, KOTOPbII
UMUTUPYET UHEPIUIO CUCTEMBI Yepe3 yIpaBIeHUE MTOTOKOM MOIIHOCTH.

JlueBHoii muk. Pexum «M30biTok». UTo mpoucxomut Ha rpaduke: JKEnTwid clioli pe3ko
B3JIETAET BBEPX — O3TO IMPOCHYIUCH COJIHEYHbIC MaHenu. ['eHepanusi CTaHOBUTCS 3HAYUTEIHHO
BBIIIE KPACHOM JIMHUM HArpy3ku; moBeaeHue Oydepa (OMpPrO30BBIN CIOM): OH MepecekaeT HOJb U
YXOJIUT BBICOKO BBEpPX (B MOJIOKUTENbHYIO 30HY); CBsA3b co cxemoii: Paboraer pexum «3apsaka
oydpepa (Vum BbICOKHI)». CucTeMa yIpaBiICHUS BHIUT, YTO SHEPTrUH CJIMIIKOM MHOTO U
HampsDKeHWe Ha IIMHE HauuHaeT pacTt. [IpeoOpasoBarenb TyT K€ MEPEKIIOYAETCS B PEKUM
3apsIKH, «BIIUTHIBASH U3JIUIIKU TOKa B Oydep.

Beuepnnii muk. Kputnueckuit momeHT. Uto mpoucxoaut Ha rpaduke. ConHIE 3aXOAUT
(xkEnThIi COM TMangaeT), a JIIOAM BO3BPAIIAIOTCS JOMOW WIIM Ha 3aBOJaX BKJIFOYAECTCS BEUEPHSSA
cMeHa (KpacHBI CIOW — Harpyska — JIOCTHTaeT CBOETO MakcHMyMma). Pa3peiB Mexay HUMH
orpoMeH; LC-Oydep (Oupro3oBblii cnoif) mamaer B ray0okuit muHyc. Mukpokonebanus
(mmepoxoBatocTh NuHUI). OO0paTuTe BHUMAaHKE, YTO JTUHUHM HE UACATHHO TJIaJKUEe, OHU «IPOXKAT.
DT0 MTHOBEHHBIE TIOPBIBHI BETPa WM BKIFOUEHHE/BBIKITIOUEHNE METKUX TPHUOOPOB B HArpy3Ke.
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Ha cxeme 3a ux criaxuBaHue oTBe4aeT OJIoK «DnektpomarautHas uHepuus» (LC-koHTyp).
OH paboTaeT Kak T'MIpaBiIMUECKUii amopTu3arop: moka aiekrponuka (DC-DC mpeobpasoBartesb)
«IyMmMaer» | IepekiodaeT pexumbl, LC-KOHTYp 3a Cc4€T DHHEprud MAarHUTHOTO  TIOJIS
WHAYKTUBHOCTH U 3apsjia KOHJEHCATOpa MITHOBEHHO TaCUT 3TH MUKPOCEKYH/IHBIE BCIIECKH TOKA.

15 ri.y O N B o o
MotHocTs (kBr)

sy
Chok(‘fac 20 1. leHepayus
Pucynoxk 4. O6b€MHas MO/I€TTb TUHAMUKU [TOTOKOB SHEPTUU.

3AK/IIOYEHUE

B pabote paccMoTpeHa KOHIIETIIUSI PEaKTUBHOW YIpaBIsieMON 3JIEKTPOMArHUTHON CHCTEMBI
uHepuuu u Oydepusanuy SHEpruM, peaau3yeMon Kak JUHaMUYEeCKasi CUCTeMa ¢ 00paTHOU CBS3bIO
[0 COCTOSIHUIO 3JeKTpuyeckoil muHbl. [lokazaHo, 4To mpemIokeHHas CTPYKTypa MOKET ObITh
MHTEPIPETUPOBAaHA KaK aKTUBHBIM SHepreTHueckuil Oydep, OCHOBAHHBIM Ha ABYHANpPaBIEHHOM
peoOpa30BaHUK MOIIIHOCTH MEXAY IIMHOM U HaKOMUTEJIEM SHEPTHH.

B otnnuune oT kiaccuueckrux MacCHUBHBIX HAKOMUTENEH, paccMaTpuBaeMasl cucreMa ooagaer
CBOWMCTBOM YIPABISIEMON «IHEPreTUUECKOW WHEPIUN», KoTopas (GopMHUpyeTcss 3a CU€T
B3aUMO/JICHCTBUSL DJIEMEHTOB HAKOIUIEHUS (MHIYKTHBHBIX W/WIM EMKOCTHBIX) M aJropuTMa
yOpaBieHUS. JTO MO3BOJISET CUCTEME HE TOJIBKO XPAaHWTh U MTHOBEHHO OTJAaBaTh YHEPrUIO, HO U
JUHAMHYECKU CrJIaKHUBaTh KOJIEOAHHWS MOUIHOCTH, BO3HHUKAIOIIME B Harpyske U HCTOYHHKAX
MATAHMUS.

YcTaHOBIIEHO, YTO TMOBEACHHE CHCTEMbl MOXET OBbITh ONHCAHO KaK 3aMKHYTHIH
JMHAMHYECKUN IMPOLIECC BTOPOTO MOPsIKA C OTPUIATENIbHON OOpaTHOM CBS3BIO, TNIe MapaMeTphl
yIpaBleHUs ONPEAEISAIOT CTeNeHb JeMI(UPOBaHUs U ObICTPOACHCTBUS YHEPreTUUECKOTO 0OMEHa.
Takoil moxxoj TMO3BOJIIET MHTEPIPETUPOBATH Mpolecc Oydepuszanuu HSHEPTUM Kak aHajor
WHEPLUUOHHOIO JIBIDKCHHS B MEXAaHMYECKHUX CHCTEMaxX, HO B SHEPreTHYECKOM IPOCTPAHCTBE
ANEKTPUYECKOU IIMHBI.

Takum 00pa3oM, MpeAsio’KeHHass KOHIEMLHS MOXET ObITh HCIOJb30BaHa Ui Pa3pabOTKH
CUCTeM CTaOWJIM3allMd JHEPrONOTOKOB B MHKPOCETSIX, THOPUIHBIX HAKOMUTEISIX JHEPTHU U
MHTEJUIEKTYAJIbHBIX SHEPIeTUUYECKUX KOHTYpaXx ¢ aJJallTUBHBIM YIIPABICHHUEM.
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