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PO3POBKA KJIIEHT-CEPBEPHOI CUCTEMU
INEPCOHAJII3OBAHOI'O HABYAHHSA 3 AJAIITUBHUM
KOHTEHTOM HA OCHOBI HITYYHOI'O IHTEJIEKTY

BiHHUIIBbKMI HallIOHATILHUN TEXHIYHUN YHIBEPCUTET

AHOmauisi

Poboma npucesiyeHa po3pobui KrieHm-cepeepHOi cucmemu MepcoHani3oeaHo20 Hag4yaHHs, y sKiU aldanmauis
Hag4asibH020 KOHmMeHmMy 30ilCHIOEMbCS Ha OCHOBI MEXHO/102il WMmy4YHO20 iHmesnekmy ma mMooesi 8i0CMeXeHHs1 3HaHb
Kopucmyeaya. AKmyarsibHicmb meMu 3yMoerieHa 0bMeXeHUMU MOXIUBOCMSAMU Has8HUX OC8IMHiX rnrnamgopm w000
rnepcoHarnisauii: 60HU piOKO epaxosyromb iHOUBIOyarbHUU MeMr 3aC80€HHS, MpoaanuHu 8 3HaHHSX ma rnompeby 8
YKpaiHOMOBHUX Hag4asbHUX Mamepianax.

BanporioHosaHoO apximekmypy, wo rnoeGHye HacminbHUlU 3acmocyHOK Ha 6a3si Electron, xmapHy OOKyMeHMHo-
opieHmoseaHy ba3y OaHux Firebase Firestore ma cepeepHi Al-cepsicu 2eHepauji Hag4yaribHO20 KOHmMeHmy. Firestore
sukopucmosyembcsi 0515 3bepieaHHs pe3yfibmamie mecmyeaHHS, CrIUCKi8 meM i po2pecy Hag4aHHs i3 CUHXPOHI3auyiero
8 peanibHOMY 4aci, a cepeepHa soeika Ha Node.js/Firebase Functions 3abesneqye 6e3neyHy pobomy 3 Claude APl ma
ueHmparnizosaHe KepysaHHs 3anumamu 00 Al-modyrns.

Knrovosum enemeHmom cucmemu € GiaeHocCmu4HUL mecm, KUl 8u3Ha4vae no4amkosuli pieeHb 3HaHb Kopucmyeaya
Ui asmomamuyHoO ¢hopmMmye nepesiik mem 051 onpayro8aHHs 3anexHo 6i0 KinbKkocmi nomMusiok. Ha ocHosi pe3ynbmamie
mecmy Al-Modynb 2eHepye Hag4yanbHUU KOHMEHM YKpaiHCbKOK MO80K (meopis, npuknadu kody, cxemu Mermaid,
npakmuyHi pekomeHdauii), wo GuHamMiHHO OHOBITIOEMbLCS 8 MPOUECi HaBYaHHS.

lMoka3aHo, W0 8UKOPUCMaHHS KITiEHM-cepeepHUX cUCmMeM nepcoHarsnizoeaHo20 Hag4yaHHs 3 Al-modynem eeHepauii
KOHMEHMYy € MepcrnekmueHUM HarpsiMom 0151 nid8ULEHHST eQheKmuUBHOCMI HagYyaHHS ma 3ailyyeHHs1 Kopucmysadis.
HasedeHo pekomeHOauii w000 8rnposadeHHS mMmaKkux cucmeM, SKi epaxos8yrmb pemesibHe [POEKMYy8aHHs
OiaeHocmuy4Hux mecmis, wabroHie rnpomnmie 00 MosHUX Modernel, ueHmparizoeaHe KepyeaHHs1 docmymnom 0o Al-
cepsicie i macwmabosaHy XxmapHy iHgbpacmpykmypy 3 aKueHmoM Ha eHy4YKicmb, 6esneKky ma adanmueHicmb
HasyanbHo20 cepedosula.

KnioyoBi cnoBa: aBTomaTu3auisl, KNi€HT-CepBepHa CUCTEMa, LITYYHWUA I(HTENeKkT, XxmapHa 6as3a [aHux,
OiarHOCTUYHUI TeCT, aganTUBHMIN HABYaNbHUIN KOHTEHT.

Annotation

The thesis focuses on the development of a client—server personalized learning system in which the adaptation of
educational content is driven by artificial intelligence technologies and a user knowledge-tracking model. The relevance
of the topic is determined by the limited capabilities of existing learning platforms in terms of personalization: they rarely
take into account the individual learning pace, knowledge gaps, and the need for Ukrainian-language learning materials.

An architecture is proposed that combines a desktop Electron-based application, a cloud document-oriented
database Firebase Firestore, and server-side Al services for learning content generation. Firestore stores test results,
topic lists, and learning progress with real-time synchronization, while the server-side logic based on Node.js/Firebase
Functions ensures secure interaction with Claude API and centralized management of requests to the Al module.

A key element of the system is a diagnostic test that determines the user’s initial knowledge level and automatically
forms a list of topics to be studied depending on the number of errors made. Based on the test results, the Al module
generates Ukrainian-language learning content (theory, code examples, Mermaid diagrams, practical
recommendations), which is dynamically updated during the learning process.

The study shows that client—server personalized learning systems with an Al-based content generation module are
a promising direction for increasing learning efficiency and user engagement. Recommendations are provided for the
effective implementation of such systems, emphasizing carefully designed diagnostic tests, well-structured prompt
templates for language models, centralized management of access to Al services, and a scalable cloud infrastructure
focused on flexibility, security, and adaptability of the learning environment.

Keywords: automation, client-server system, artificial intelligence, cloud database, diagnostic test, adaptive learning
content.



Beryn

Cy4acHi JoCHiDKeHHs Y cdepi udpoBoi OCBITH MOKA3yOTh, 0 BUKOPUCTAHHS TEXHOJIOTIH INTYyYHOTO
IHTEJIEKTY CIpUsiE TIepeXo/ Ty Bil MACOBOTO OTHOMAHITHOTO HABYAHHS JI0 IEPCOHATI30BAHNX OCBITHIX TPAEKTOPI,
1l BPaxOBYEThCS PiBEHB MiATOTOBKU, TEMIT 3aCBOEHHS Ta iHAMBIAyanbHI 0COOMMBOCTI KopucTyBaya [1]. Pazom i3
UM 3pOCTa€ TIONMUT Ha CHCTEMH, 3/aTHI AaBTOMATHYHO AaHANI3yBAaTH pe3YyIbTaTH HAaBYAHHA, (OPMYyBATH
peKOoMeHalil Ta IPOMOHYBATH aJaNTUBHIH HABUAIbHUI KOHTEHT.

BaxxmBoio CKITaoBOI0 TaKOTO MiIXOAY € IHTEJIeKTyalbHI THIOTOPCHKI CHCTEMH, SIKi MOETHYIOTH MOJENI
KOpHCTyBaya, MPeaIMETHOI 00JI1acTi Ta MeJarorivyHNX CTPaTerii i BUKOPUCTOBYIOTH METOIU IITYYHOTO 1HTENEKTY
JUISL MATPUMKH TPUAHATTS PillIeHb MOJ0 TOro, IO 1 SK caMe MOBHHEH BUBYATH KopucTyBad. Ha mpomy Tii
aKTyalbHOIO CTa€ po3po0OKa KIIEHT-CEPBEPHOI CHUCTEMH IEPCOHATI30BAHOIO HABYaHHS, fAKa IHTErpye
NiarHOCTUYHE TECTYBaHHs, aJalTUBHE IUIAHYBAaHHS HaBYaHHA Ta TIEHEpalil0 HaBYAJIBHUX MaTepiaiiB
YKpaiHCBKOI MOBOIO 13 BUuKkopucTanusM Al-cepsicis [2].

OxpeMoro poOIIEMOIO € BiICYTHICTh JOCTaTHBOI KiTBKOCTI 1HCTPYMEHTIB, OPiEHTOBAaHUX HAa YKPAaiHOMOBHUX
KOPHCTYBadiB 1 TaKWX, IO MOEAHYIOTh IHTENEKTYaIbHY MIATPUMKY HaBYaHHS 3 €JIEeMEHTaAMH aBTOMAaTH3aIliil —
(hopMyBaHHSIM TIEPETiKy TEM, CTBOPEHHSIM CTPYKTYpOBaHHX MarepiasiB i 30epeKeHHSM MpOrpecy y XMapHii
iHppacTpykTypi. Lle 3ymMoBItoe moTpeOy y CTBOPEHHI KITI€HT-CEPBEPHOI CUCTEMH, sika O BpaxoByBaja creludiky
migroroBku [ T-crienianpHOCTEH, 3a0e3medyBaa mepcoHaTi30BaHAN JOCTYII 0O HABYAIIEHOTO KOHTEHTY Ta MOTJa
OyTH HaJai PO3MIUPEeHa HOBUMH IUCIIUILTIHAMHU i MOBaMH IIPOTpaMyBaHHS.

Pe3yabTaTu gocaimKkeHHsA

ABTOMaTH3allisl MPOIECIB IMEPCOHANI30BAHOIO HaBUYaHHS Iepeadadyac BHUKOPHCTAHHS IHTENEKTYaIbHUX
iH(pOpMaIIHIX CUCTEM, IO 3/1aTHI aaliTyBaTH 3MICT 1 CKJIAJHICTh HABYAJILHUX MaTePiaiB 10 MOTOYHOTO PiBHS
MiATOTOBKH KOPWCTyBada, Pe3yJbTaTiB TECTyBaHHA Ta AWHAMIKA HOTO mporpecy. Takmid MigXix TO3BOJISE
MiIBUIIATH €(PEKTUBHICTh 3aCBOEHHS MaTepiary, 3MEHIIUTH IEePEeBAaHTAKEHHS KOPHUCTYBadiB Ta 3a0e3MEeUnTH
OLIbLI THYYKY OpraHi3allifo 0OCBITHBOTO mporecy [3].

Po3pobiieHa B po0OTI KIIiEHT-CEpBEpHA CUCTEMa MIEPCOHAI30BAHOIO0 HABYAHHS TOKJIMKAaHA BUPIIIUTH HU3KY
NPaKTHYHUX Mpo0sieM, sKi CIOCTEPIraloThCSs B pEaTbHUX YMOBaX BHUKOPHCTAHHS €JIEKTPOHHUX OCBITHIX
miardopm. OCHOBHI 3 HUX TaKi:

1. OpnnakoBuW# miIXix A0 BCiX cTyAeHTiB. He3anexHo Bif piBHS IMiATOTOBKH, JOCBi Ty TPOTpaMyBaHHS YH
MOTIEPE/THIX PE3YNIbTATIB, YCi OTPUMYIOTH TOM caMuii 00CST 1 CKIIagHICTh MaTepiany. [ cnadmmx e
O3HaYya€e TEPEeBaHTAXKEHHsS Ta BTPATy MOTHUBAIIi, Uil CHJIBHINIMX — BiJICYTHICTH IOTJIMOJIEHOTO
OIIPALIIOBAHHS TEM;

2. BincyTHICTB 3B 3Ky MIX JIIarHOCTHKOIO Ta IJIaHYBaHHSIM HaBYaHHS. Pe3ylnbTaTi TECTIB 4acTo JUIIIe
(IKCYIOTBCS, alle He BHKOPUCTOBYIOTHCS JUIS aBTOMATUYHOTO (OpMYBaHHS HACTYIHHUX TEM, TOMY
CTY/ICHT PYXa€eThCs 3a )KOPCTKO 33/IaHO0 MPOTPaMoro, a He 3a BIACHUMHU MOTpedamu,

3. Hecraua sikicHUX yKpaiHOMOBHHUX MaTepialiB. 3HaUHa YaCTHUHA JOCTYITHUX KypCiB 1 MPUKJIAIIB KOIY
MoJIaHa 1HO3EMHHUMM MOBAaMH, IO YCKIAIHIOE HAaBYaHHS JUIs CTYICHTIB, SIKI BIJJAIOTH IepeBary
HaBUYAHHIO YKPaiHCHKOO;

4. OOmexeHi pecypcu BUKIanadiB. [liAroToBka OKpeMUX KOHCIIEKTIB, 3aBIaHb 1 MOSCHEHb JUJIS Pi3HUX
piBHIB miaroroBku 3abupae Oarato dYacy, TOMY IEpCOHaNi3alis KOHTEHTY 3Ae0iIbIIoro He
peai3y€eThCs Ha IPaKTHUII;

5. Heuitke OaueHHs BnacHoro nporpecy. CTyA€HTH HE 3aBXAU PO3yMilOTh, SIKi TEMH 3aCBO€HI A00pe, a
SKi MOTpeOyIOTh MOBTOPEHHS, TOAlI K BHUKJIagayaMm Opakye HAaOYHHMX IHCTPYMEHTIB Ul aHali3y
YCIIITHOCTI OKPEMUX CTYJIEHTIB i TPy,

6. Pospi3HeHi iHCTpYMEHTH HaBYaHHS. TeCTyBaHHs, BUBUEHHS TEOpIl, Meperiisiy] MPUKIAIIB 1 BeJCHHS
YpHaJIiB YCHIIIHOCTI YacTo BiIOYBaOThCA B PI3HHUX CEPBicax, L0 yCKIAIHIOE 00’ €IHAHHA JaHUX Ta
mo0Oy 0By LITICHOT KAPTHHU HABYAJIBHOTO IPOIIECY;



7. Tlorpeba y MacmTaboBaHiii cepBepHill iHPpacTpykTypi. 31 301IBIICHHSIM KiJIBKOCTI KOPHUCTYBadiB
TpaAWLilHI PIIEeHHS MOXYTh BTpadaTH MPOAYKTUBHICTh, TOMY IOTpiOHA apxXiTeKTypa, 37aTHa
00pOOIATH BEMUKY KiJIBKICTh 3aIUTIB A0 0a3u naHux i Al-cepsiciB 6e3 BiJUyTHUX 3aTPUMOK.

CydacHi JOCTiKEHHsI, TPUCBIYEHI aJanTHBHOMY HaBYaHHIO Ta OU(POBHM OCBITHIM matdopmam [3], a
TaK0X 3aCTOCYBaHHIO BEIMKIX MOBHHX MOJIeJIel y HaBYaIIbHUX cepenoBuimax [4] Ta Al-opieHToBaHHX cHCTEM i3
MEPCOHANI30BaHOIO [T0Iauel0 KOHTEHTY, TOKA3yIOTh, [0 OEAHAHHS 11arHOCTUYHOT'O TECTYBaHHs, MOJIeliei 3HaHb
KOpHCTyBa4ya Ta TeHepaTUBHUX Al-TexHONOTrid Ja€ 3MOTy CYTTEBO MiJABHIIUTH THYYKICTh 1 €(eKTHBHICTH
HaBYAIBHUX CHCTEM. Y 3alPOIIOHOBAHIN pO3pOOIIi I1i MiIXOAH iHTETPOBAHO Yepe3 MOAYIb AIarHOCTUYHOTO TECTY,
KU aBTOMaTH4HO (GOpMye TepeNik TeM Uil OmpaiioBaHHsA, Ta Al-MOIynb, 10 TeHEpye CTPYKTYypOBaHHMA
yKpailHOMOBHHI1 KOHTSHT BIiJIIIOBITHO 10 BU3HAYECHHX MOTPed KopucTyBaya [5].

Jua 3abe3nedeHHsT HAAIHHOCTI Ta MacImITabOBAaHOCTI CHCTEMH 3aCTOCOBAHO XMAapOOPIEHTOBaHY KITi€HT-
CepBEpHY apXiTEKTypy, IO Y3TOUKYETHCS 3 CyYaCHMMH MiIXOAaMHU A0 MOOYAOBM aJaNTHBHUX HaBYAIBHHX
cepenoBull. BoHa mependavae mofin Ha piBHI KIIi€HTa, CEPBEPHOI JIOTIKK Ta 30epiraHHs JaHUX, IO CHPOLIYE
MOIAJBIINK PO3BUTOK 1 MOIEPHI3AIlI0 CHCTEMH, & TAKOXK JTO3BOJISIE IIEHTPAII30BaHO KEPYBATH AOCTYIIOM 10 Al-
CepBiciB Ta HaBYAIbHOI iH(OopMartii [6].

Jnst epekTHBHOT peanizallii 3amporoHOBaHUX MAXOAIB JOLIIEHO BUKOPUCTOBYBATH TPUPIBHEBY apXiTEKTypy,
sgKa 3a0e3nedye diTKe pO3MEKyBaHHS BIAMOBIJATBHOCTI MK KOMIIOHEHTAMH CHCTEMH. 3alporiOHOBaHA
apxiTeKTypa CHCTEMH HaBeJleHa Ha PucyHky 1.
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Pucynok 1 — /liarpaMa po3ropTanHsi KJIi€HT-CePBEPHOI CHCTEMH MEPCOHATIZ0BAHOI0 HABYAHHS

Ha xrierTchKOMY PiBHI pO3MINIYEThCS HACTUILHUI 3aCTOCYHOK Ha 6a3i Electron, mo 3abe3mneuye iHTYiTHBHUIA
iHTEepderc s MPOXOKESHHS JIIaTHOCTUYHOTO TECTY, MEePErIsIy MepCOHABHOTO CITUCKY TeM Ta podoTu 3 Al-
3reHepoBaHUMH Matepiasiamu. CepBepHHUI piBEHb BIANOBiIAE 32 00pOOKY 3amMTIB, pealtizaiiio O13HEC-JIOTIKH,
interpanito 3 Claude API Tta Bamimamiro nanux. Ha piBHI JaHMX BHKOPHUCTOBYETHCS XMapHa JOKYMEHTHO-
opieHToBaHa Oa3a Firebase Firestore, me 30epiraroTbcs pe3yiabTaTd TECTyBaHHS, CTPYKTYPH KYpCiB 1 Iporpec
KopucTyBauiB. Takui miaxia CpoIiye MmaTPUMKY i MacITabyBaHHS CUCTEMH, a TAKOXK 3a0e3Medye MOXKIIUBICTh
MOIAJIBIIIOTO PO3IIMPEHHS (DYHKIIIOHATHHOCTI 0€3 CyTTEBUX 3MiH y KIIIEHTCHKiN YaCTHHI.



BucHoBku

OTxe, BUKOPHCTaHHS KIIIEHT-CEPBEPHUX CHUCTEM I[IEPCOHANI30BAHOIO HAaBUaHHA 3 iHTerpoBaHuMH Al-
MOJYJSIMH € TEpPCIEKTUBHUM HANpsSMOM PO3BUTKY LU(QPOBUX OCBITHIX pimieHb. 3aBIsSKW aBTOMAaTH3aLil
TiarHOCTHKY 3HaHb, aJIATHUBHOMY 1000PY Te€M Ta TeHepallii iHIUBIIyaTi30BaHUX MaTepiatiB, TaKi CHCTEMH 3/1aTHI
MiJBUIIYBATH 3Iy9EHICTh KOPUCTYBadiB, IIOKpAIlyBaTH SAKICTh 3aCBOEHHS Marepially Ta 3MEHIITyBaTH
HaBaHTa)XEHHS Ha pO3pOOHHKIB KYPCiB i BUKJIAAAYiB.

BrpoBamxkenns 6araTopiBHEBO1 apXiTEKTypH 3 pO3MOILIOM Ha KIIEHTCHKHUN PiBEHB, CEPBEPHY JIOTIKY Ta PiBEHBb
JaHUX pOOUTH CHCTEMY THYYKOIO, MAacIITaDOBAHOIO Ta MPUAATHOIO JI0 iHTErpamii HOBUX TEXHOJOTIH MITYYHOTO
iHTeneKkTy. BomHoyac BasKIMBO BpaxoOBYBaTH OOMEXKEHHsI, TOB’sI3aHi i3 3aJIeXKHICTIO BiJl JOCTYIY A0 MEpexi,
cTaOUIbHOCTI 30BHIIHIX Al-CepBiciB i KOPEKTHOCTI HalallTyBaHHs MPOMITIB Ta MEXaHi3MiB 3aXHCTYy AaHHX.
3aranom, 3alporOHOBAaHUH MiIXi MOXE CTaTH OCHOBOIO JUIS IMOAAIBIIOTO PO3BUTKY IHTEIEKTYAIbHUX OCBITHIX
m1aThopm, 10 MOEAHYIOTh aBTOMATH3aLli10, XMapHi TEXHOJIOT] Ta MepcoHani30BaHe HaB4aHHS [7].
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Annotation

The thesis focuses on the development of a client—server personalized learning system in which the adaptation of
educational content is driven by artificial intelligence technologies and a user knowledge-tracking model. The relevance
of the topic is determined by the limited capabilities of existing learning platforms in terms of personalization: they rarely
take into account the individual learning pace, knowledge gaps, and the need for Ukrainian-language learning materials.

An architecture is proposed that combines a desktop Electron-based application, a cloud document-oriented
database Firebase Firestore, and server-side Al services for learning content generation. Firestore stores test results,
topic lists, and learning progress with real-time synchronization, while the server-side logic based on Node.js/Firebase
Functions ensures secure interaction with Claude API and centralized management of requests to the Al module.
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A key element of the system is a diagnostic test that determines the user’s initial knowledge level and automatically
forms a list of topics to be studied depending on the number of errors made. Based on the test results, the Al module
generates Ukrainian-language learning content (theory, code examples, Mermaid diagrams, practical
recommendations), which is dynamically updated during the learning process.

The study shows that client—server personalized learning systems with an Al-based content generation module are
a promising direction for increasing learning efficiency and user engagement. Recommendations are provided for the
effective implementation of such systems, emphasizing carefully designed diagnostic tests, well-structured prompt
templates for language models, centralized management of access to Al services, and a scalable cloud infrastructure
focused on flexibility, security, and adaptability of the learning environment.

Keywords: automation, client-server system, artificial intelligence, cloud database, diagnostic test, adaptive learning
content.
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