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AHHOTaUUS:

BeepeHue. TexHONOrM4eckmin Nporpecc 1 AOCTWXEHNS B 06n1acTu nckyccTBeHHoro nHtennekta (1) 3a nocnegHvie rogsl nocno-
CO6CTBOBaNM BO3HVMKHOBEHNIO PELLIEHNIA, KOTOPbIE COOTBETCTBYIOT KITIOYEBLIM TREHAAM B rM00anbHOM 00pa3oBaHn: YBENUHEHNIO
rMOKOCTN 1 afanTUBHOCTW, NepcoHanv3aunn y4e06HOro npouecca.

Knto4eBoit BbI30B MEAMLIMHCKOrO 06pa30BaHuis — SKCMOHEHLManbHbIA POCT MHAYOPMaLN 1 HAKOMNEHWE CTREMUTENBHO YBENNYMBAIO-
LLMXCH B 0ObéMe 06a3 AaHHbIX COBPEMEHHbIX 1 MPOLLMbLIX UCCAefoBaHui. PelleHreM MOXeT ObiTb pa3paboTka UHTeNNeKTyanbHOM
CUCTEMbI Ha OCHOBE TexHonoruin I 1 xpaHeHnst AaHHbIX, CNocoOHOM aBTOMaTU3MpOoBaTh MOVICK, aHanu3 1 06paboTKy MHAopMaLMK.
Lienblo gaHHOro nccnefoBaHvsa SBNSETCA NPOEKTUPOBAHME 1 CO3AaHNe KNOHYEBbIX MOLYNEN MHTENNEKTyanbHOW kpoccnnartdop-
MeHHOW cucTembl «DocAl» ¢ Mcnonb30BaHMeM TEXHONOMMIN 06pabOoTKM eCTECTBEHHOMO A3blka M rpaddoBoO 6a3bl AaHHbIX AN On-
TMMM3aLmnm 06pasoBaTenbHOro NpoLecca B MEANLMHCKIX By3ax.

MaTepuanbl u metopbl. [1DOBEAEH KOMMNEKCHbIN aHanM3 KMtoHYeBbIX TDEHAO0B B rM06anbHOM U MEANLIMHCKOM 00pa3oBaHun, 13-
ydyeHa Hay4Has nuTeparypa 1 MeTo4oNorn4eckmne noaxodbl K LMpoBor TpaHcopMaummy 1 nepcoHanmaaumm obpasosarenbHoi
cpefbl, NpoBeaeHo nccnefosarme no metoponorun Customer Development (CustDev) 1 BbINOMHEH KOHKYPEHTHbIV aHanM3 coBpe-
MEHHbIX PELLEHM Ha OCHOBE TEXHOMOIMMIA MCKYCCTBEHHOIO MHTENEKTA.

Pesynbtatbl. B gaHHoM nccnenoBanun Hamm Obi peanvu3oBaH NPOTOTUM VHTENNEKTYaNbHOM KPOCC-NNaTOPMEHHON CUCTEMBI
ONA peLleHrs Ko4eBbix Npobnem onTmMmnaaumr o6pasoBaTensHOro npouecca: asTomarmsauma nonucka, aHanmsa 1 06paboTkm
nHpopmaumm ¢ agantaumein Nog NHAMBNAyanbHble NOTPEOHOCTH U YPOBEHb 3HAHWI CTYAEHTOB 1 9DAEKTVBHO yNpasnaTe 60sb-
LMW MacCrBaMn faHHbIX. [ng 3Toro Obin1 CNPOeKTMPOBaH NPOTOTUM MHTENNEKTYanbHOM CUCTEMbI C MOAYNBHOW OpraHm3aumen,
roe KaxnoMy MoAysio OTBOAMTCS CBOS 3afada: Mofynb bAM oTBevaeT 3a hopmMm1poBaHvie OTBETA MOb30BATENIO, MOAY b MPadOBOiA
6a3bl faHHbIx obecnevnBaeT rMbkoe 1 MacLUTabrpyemMoe XpaHeHe 3HaHW; MOAyIb METOAOB N3BEYeHUA MHpopMaLmnm oTBeYaeT
3a MOWCK 1 U3BMEYEHNE PENEBAHTHbIX AaHHbIX.

BbiBoabl. PagpaboTka MHTENNEKTyanbHOM KPOCC-NNaToOpPMEHHOM cucTeMbl «DOCAl» ¢ MCNoNb30BaHEM TEXHONOMN 06paboTKN
€CTEeCTBEHHOrO A3blka 1 rpadooBor 6a3bl AaHHbIX PACCMATPVBAETCS HAMW KaK akTyanbHOe peLleHre 3adayy onTuMmnaaummn obpa-
30BaTeNbHOro NpoLlecca 1 «Msarkoro» sHeapexunst Al-enabled education (AIEd) B y4ebHyto cpeay.

Krto4yeBble CroBa: 1cKyCCTBEHHbIN MHTENNEKT; MeuLHCcKkoe obpasoBaHue; Uundposas TpaHcdopmaums; o6paboTka
€CTECTBEHHOIO A3blKa; rpadooBble 6asbl AaHHbIX; NepcoHanuaaLms 06y4eHUs; HTENNEKTyanbHble CUCTEMBI.
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: Summary: :
Introduction. Technological progress and recent advances in artificial intelligence (Al) have led to the emergence of solutions
i aligned with key trends in global education — enhanced flexibility, adaptivity, and personalization of the learning process. j
i One of the major challenges of medical education is the exponential growth of scientific information and the accumulation of i
extensive databases of current and past research. A potential solution lies in the development of an intelligent system based on
i Al and data storage technologies capable of automating information retrieval, analysis, and processing.
The aim of this study was to design and develop the core modules of an intelligent cross-platform system «DocAl» using natural
i language processing (NLP) and graph database technologies to optimize the educational process in medical universities.
i Materials and Methods. A comprehensive analysis of global and medical education trends was carried out. The study included
i aliterature review and methodological assessment of digital transformation and personalization in educational environments, a i
Customer Development (CustDev) study, and a competitive analysis of Al-driven educational solutions.
i Results. A prototype of the intelligent cross-platform system was developed to address the main challenges of educational :
process optimization — automation of information retrieval, analysis, and processing with adaptation to the individual needs and
i knowledge level of students, as well as efficient management of large data volumes. The prototype includes a modular archi-
! tecture: the NLP module generates responses for users; the graph database module ensures flexible and scalable knowledge
storage; the information extraction module retrieves relevant data from various sources. §
i Conclusion. The development of the intelligent cross-platform system «DocAl», based on natural language processing and
i graph database technologies, represents a relevant and promising approach to optimizing the educational process and facili-
tating the gradual integration of Al-enabled education (AIEd) into academic environments. '

Key words: artificial intelligence; medical education; digital transformation; natural language processing;
i graph databases; learning personalization; intelligent systems.
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| HUS TAKUX PELLIEHW, HAapsaay C 3ApaBoOXpaHeHneM U
rocydapCTBEHHbIM perynmpoBaHnem. BHeapeHne pe-

TexHonorn4eckuini NPorpecc U AOCTUXKEHUS B
obnactn nckyccreeHHoro nHtennekta (M) 3a no-
cnefHve rofdbl NocnocobCcTBOBaIM BOSHUKHOBEHMIO
peLLeHWl, KOTopble COOTBETCTBYIOT KIMHOHYEBbIM TPEH-
nam B rmobanbHOM 06pa3oBaHumn: YBENNYEHUIO TUO-
KOCTW 1 afanTVBHOCTW, NepcoHann3aumm y4ebHoro
npoLecca.

Benyuive akcnepTbl B 06nact MHGOPMaLMOH-
HbIX TEXHONOIMIN paccMmaTpuBatoT cdepy obpasosa-
HWs Kak Hanbonee NepcrneKTUBHY AN UCMoNb30Ba-
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LeHuIn Ha ocHoBe VM1 ocobeHHO akTyalnbHO B MEAU-
UMHCKOM 06pas3oBaHuM, Tak Kak MoAroToBKa BbICO-
KOKBaNMMUUMPOBaHHbLIX CMeunanMcToB B MeamLmH-
CKOM YHNBEPCUTETE SBNSETCHA OAHOM U3 CaMblX CMOX-
HbIX 3afa4 B 0b6nacTu BbiCLLIEro 06pa3oBaHns BBUOY
MHOFOrPaHHOCTV MeaMLMHCKOM OoTpacnm 1 auHa-
MWYHO M3MEHSIIOLLIMXCS TpeboBaHW B cUCTeEME 3apa-
BOOXpaHeHNs.

Krto4eBot BbIZ0OB MeAVLIMHCKOrO 06pasoBaHns —
3KCMOHEeHUMasnbHbI POCT MHdPOPMaLIMK U Hakone-



HME CTPEMWUTENbHO yBeNMYMBalOLLMXCS B 0Obeme
6a3 gaHHbIX COBPEMEHHbIX 1 MPOLUMbIX MCCNeaoBa-
HWW. Tak, yBenu4eHue konmdectsa nybnmkaumin B Me-
OnUmMHCKoW 6ase gaHHbix PubMed HauvoHanbHoro
LueHTpa bruoTtexHonormveckom nHhopmaumm (CLLA),
B KOTOPOW HOBble CTaTbl MOSBASIOTCA CO CKOPOCTbIO
He MeHee O[HOM B MUHYTY, a KONIMYeCTBO ONy6anKo-
BaHHbIX Hay4YHbIX paboT Mo MeaMUMHe 3a NocneaHne
10 net exxerogHo ysenuymBaeTca Ha 8-9%, cBuae-
TENbLCTBYET O BOZMOXXHOM MOBbILLIEHNN KOTHUTUBHOM
Harpy3km B npouecce obyyeHuda. CoBpPEeMEHHble
MeanLMHCKME By3bl HY>KAAIOTCSA B MHCTPYMEHTAX On-
TMMUM3aUMK y4ebHoro npouecca, CnocobHbIX afan-
TMpoBaTb 00y4eHue NoA MHAMBMAOyaNbHbIE MOTPEO-
HOCTW CTyAeHTOB N 9 EKTUBHO paboTaTb C 06-
LUIVPHBIMU MacCmMBaMm aHHbIX.

PeleHnem moxeT 6biTb pa3paboTka UHTenN-
neKTyanbHOW CUCTEMbI Ha OCHOBE TexHonorun
N XpaHeHUs OaHHbIX, CNOCOOHOW aBTOMaTU3NPO-
BaTb MOWCK, aHanua n o6paboTKy MHdopmMaLmmn.

L{ernibto paHHOro nccnenoBaHus ABAaeTca Npo-
EeKTUpOBaHMe U CO3AaHMeE KOYEBBLIX MOAYEN UH-
TENNEKTyanbHOM KPOCC-NNatOpPMeHHOM CUCTEMbI
«DocAl» ¢ ncnonb3oBaHeM TexHonornm obpa-
O0TKM eCTEeCTBEHHOIo A3blka U rpadosoi 6asbl
OaHHbIX ANg onTuMm3aumm obpasoBatenbHOro npo-
uecca B MEOANLIMHCKMX By3ax.

HpOBeﬂeH KOMMMEKCHbIN aHanm3 KIt04YeBbIX
TpeHOoB B rmobanbHOM 1 MeAULIMHCKOM 00paso-
BaHUM, N3ydeHa Hay4Has nutepartypa n MeTogono-
rmyeckme nopxodbl K UMPPOBOM TpaHcdopma-
umMn 1 nepcoHanmsaumn obpasoBaTesibHON cpe-
Obl, NPOBEAEeHO nccnegoBaHe No METOAONOrMu
Customer Development (CustDev) v BbINOAHEH
KOHKYPEHTHbIV aHanM3 COBPEMEHHbIX PeLLUeHniA Ha
OCHOBE TEXHOMOMUIN NCKYCCTBEHHOIO MHTEMNNEKTA.

Bbinn BbigBNEHbI aKTyalibHble npo6ne|v|b| aKk-
TOpOB 0OpasoBaTenbHOro Npouecca B MeanLUmH-
CKUX BYy3ax: OTCYTCTBME ObICTPOro W erkoro
AOCTyna K akTyanbHOM nHopMaumMm 1 TpyaoeM-
K1l mpoLuecc noncka, o6paboTku 1 aHanmsa aaH-
HbIX; HegocTaTo4YHaa agantauusa y4ebHblX Npo-
rpamMm K MHOMBMAYaNbHbIM OCOOEHHOCTAM CTYAEH-
TOB; MHdOpPMaUMOHHaa neperpyska BCleacTene
pocTa uMdpPOoBbIX PECYPCOB.

Pesynbratel CustDev nokazanu, 410 88,6%
pecnoHOeHToB (64,9% CcTyaeHToB, 23,7 % opanHa-
TopoB., 11,5% npenogasateneit) ncnonbaytoT V-
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CEPBUCHI B y4EOHOM UNKW NPOdEeCCHMOHANbHOW Aes-
TeNbHOCTW, NpK 3TOM 23% y)Xe onnadvBatoT Mof-
nUCKy, 77% npeanovmtatoT 6ecnnaTHble peLleHus,
a 63% roToBbl NNAaTUTh 3@ KA4YeCTBEHHbIE UHCTPY-
MEHTbI, YTO MOATBEPXXOAET BbICOKYIO 3anHTEPECO-
BaAHHOCTb LENeBON ayauTopuu B WHTerpaumu
NN-nHCTpYyMEHTOB B o6pasoBaTenbHyto cpeay U
X OXuaaHua no ynoOCTBy, mepcoHanmsaumn v
afanTVBHOCTU K MEAMLMHCKOMY KOHTEKCTY.

CpaBHUTENbHbLIN aHanua CyLLeCTBYIOLLMX pe-
weHun Ha ocHoBe VI nosBonseT BbIAENUTL ABE
OCHOBHbIe rpynnbl KOHKYPEHTOB: 3apyDeXxxHbIe UH-
TennekTyanbHble NNaTdopPMbl, OPUEHTUPOBAHHbIE
Ha aHrMoA3bIYHYIO ayauUTOPUIO, U OTEeYeCTBEH-
Hble pa3paboTku, orpaHnYeHHble PYHKLMOHaNb-
HOCTblO 4aT-60TOB Ha OCHOBe MPenobydeHHbIX
A3bIKOBbIX MOOENEN.

NpoaHanuanpoBaB COBPEMEHHbIE TEXHOMO-
rmyeckre peLlieHns, 6bi10 peLleHo NCMNOoNb30BaTh
6onblne a3bikoBble mogenu (BAM) n metogbl 06-
pabOoTKM eCTECTBEHHOIO A3blKa, apXUTEKTYPY rpa-
doBolt 6as3bl AaHHbIX, a Takxe MeTodbl U3BMe-
4eHusa nHopmauuu, BBMAay rmbkom n macLitTabu-
PYEMOW TEXHOMOMMN XPaHEHUA 3HAHWIA, A5 MOBbI-
LLIEHUST JOCTOBEPHOCTU N CHIVDKEHUS rantoLumHa-
UM TEHepUpPYyeMbIX OTBETOB.

B naHHOM nccnepoBaHun Hamu Obin peanu-
30BaH NPOTOTUM UHTENNEKTyanbHOM Kpoc-cnnaT-
(DOPMEHHOW CUCTEMbI ONA PeLUeHUA KITIYEBbIX
npobnemM onTuMmMaaumy obpasoBarefibHOro NpPo-
Luecca: aBTomaTmsauymsa noncka, aHanmsa n obpa-
60TKM MHOPMaUMK ¢ aganTaunen nog NHOUBU-
ayanbHble NOTPEOHOCTM 1 YPOBEHb 3HAHWIA CTy-
OEHTOB M 3PPEKTUBHO ynpaBnsaTb O0NbLUMMU
MaccuBamu OaHHbIX.

[na aToro 6611 CAPOEKTVPOBAH NPOTOTUM UH-
TenneKkTyanbHOW CUCTEMbl C MOLOYJIbHOW OpraHu-
3auven, roe Kakgomy mMoaysato OTBOAMUTCS CBOS
3apgava: mogynb BAM oTBevaeT 3a hopMmpoBa-
HVe oTBeTa MNosb30BaTento, Moaynb rpadoBoi
6a3bl gaHHbIX obecrne4ymBaeT rmbkoe 1 macLuTabu-
pyemMoe xpaHeHne 3HaHWi; MOAy/lb METOAOB M3-
BNeYeHna mHdopmMaumm otBevaeT 3a MOWCK W
N3BNEYEHVE PerleBaHTHbIX AaHHbIX.

B ka4ecTBe MCTOYHUKA AaHHbIX ANA HAanonHe-
HUA rpadoBoi 6asbl BbIOpaHbl KIMHMYECKME pe-
koMmeHaaumm (KP) MyuHagpaBa PD, koTopble ocTa-
lOTCA HOPMaTWMBHOM OCHOBOW OKa3aHus M
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MeamumHckor nomorm (N 323-03, MnHagpasa Poc-
cum ot 20.05.2021 N 17-4/11/1-7530 —n. 2.1 4. 1 CT.
79) 1 MoryT cnocobCcTBOBaThL COMMacoBaHWIO y4eb-
HbIX MPOrpamMM C COBPEMEHHbIMY MeAVLIMHCKUMM
cTaHgapTamu 1 pelueHnsMn. INocne peanusaumm ap-
XUTEKTYPbI MPOTOTUMNA C MHTErpaumer moaynem rpa-
doBoi 6a3bl AaHHbIX, 6ONbLLIOM A3LIKOBOM MOAENN
(GigaChat 2.0) 1 MeTOOOB 13BNEYEHUS HADOPMAaLN
npoBeAeHO TecTMpoBaHWe CUCTEMbI. Peaynb-
TaTbl BanMaaLMoHHOM MPOBEPKM C NCMONMb30BaHMEM
aBToOMaTU3MpoBaHHbIX MeTpuk: BLEU - 93%,
ROUGE-L (cpenHee 3Ha4eHue) — 96%, Precision —
0,91, Recall - 0,95, F1-score -0,923. Kpome TOro0,
CpaBHeHWe C 3TaNIOHHbIMY OTBETAMW MOKa3ano, 4To
cucTtema obecrneymBaeT BbICOKYO CTENEHb coBrnaae-
HMS 11 OCTOBEPHOCTM OTBETOB MO COAEPXKAaHUIO U
CTpyKType. Takum 06pa3oM, B OTAMYME OT Cyllie-
CTBYIOLLIMX peLLeHnid, B paspabdaTtbiBaeMor cnucteme
«DocAl» byaeT ncnonb3oBaTbCs KOMOUHUPOBAHHOE
MPYIMEHEHNE TEXHOMNOrM 06paboTKM eCTECTBEH-
HOro s13blka, METOAOB N3BEYEHNA MHPOPMaLIMM U3
rpachoBor 6a3bl AaHHbIX U UTEPATUBHYIO FeHepaumio
— WHHOBAaLMOHHYO METOAOMOMMIO, paspaboTaHHYyo
ONS peLlleHns Npobnembl rannoumHaumin npu obpa-
60TKe AaHHbIX C MOMOLLIbIO BOMbLLVX A3bIKOBbLIX MO-
genen, 410 ob6ecnednT ObICTPbIM  OOCTYM K
peneBaHTHbIM AaHHbIM, UX CTPYKTYPUPOBaHHOE Xpa-
HeHue 1 060CHOBaHHOCTbL OTBETOB, aAanTVIBHYHO MO-
jady wmartepuana B COOTBETCTBUM C  YPOBHEM
noaroTOBKK 1 3anpOoCcOoM NMonb3oBartens.

B xope pabotbl ¢ y4actuem Lndoposon ka-
henpbl Ce4eHOBCKOro yHMBEpCUTETA BbIMOTHEHO
aApXUTEKTYPHOE MPOEKTUPOBAHME W co3faHne
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KITOYEBLIX MOAYNEN NHTENNEKTYalbHOM Kpoccnnar-
hopmeHHoM cuctembl «DocAl» ¢ ncnonb3oBaHeM
TEXHONOrMM 06pPaboTKM ECTECTBEHHOIO A3bIKa W rpa-
cboBoV 6asbl AaHHbIX Ans onTuMM3aumm obpasosa-
TENBHOrO rMpouecca B MEOUUMHCKMX By3ax. B
OTNNYME OT CYLLIECTBYIOLLMX PELLIEHN, B pa3paba-
TbiBaemoi cucteme «DocAl» byaeT MCnonb3oBaTbCH
KOMOUHMPOBAHHOE MPUMEHEHME TEXHONOMMM obpa-
OOTKWM €CTECTBEHHOIO A3blka, METOOOB U3BNEYEHMUS
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puana B COOTBETCTBUU C YPOBHEM MOArOTOBKW U
3anpocom nonb3oBarensd. OCHOBbIBAsCb Ha cTpaTe-
rmn «Evidence-based educational policy», noctas-
neHa 3agada peanusaumm NMnoTHORO TECTUPOBAHNA
OaHHOM MHTENNeKTyanbHOW CUCTEMBI B YCITOBUSAX pe-
anbHOM obpasoBaTenbHOW cpeabl C MPoBeaeHNEM
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3ajayu onTuMmsaumn obpasoBaTENbHOro MpPo-
Lecca u «MAarkoro» BHegpeHua Al-enabled educa-
tion (AIEd) B yuebHryto cpeny. &
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