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BUKOPUCTAHHS JTUCTUWIHOBAHMX BEJUKUX MOBHUX
MOJIEJEM (LLM) JUISI MATEMATUYHUX OBYUCJEHD

Binaumskuii HaIioHATBHUA TEXHIYHUHN YHIBEPCUTET

Anomauin

Y pobomi poszenanymo 3acmocysanns OUCMUiIbOBAHUX GENUKUX MOSHUX MOoOenell 0N GUKOHAHHA AGMOMAMUYHO20
Mamemamuynoz2o obuucnenns. Ipoananizoeano egpexmusnicmo mooenei muny DistilBERT, TinyLLaMA ma MiniGPT
nio yac po3e A3y8anHs 3a0ay HA OOHUCAEHHS Ma NPUKIAOHUX 3a0ay. Jocnioceno 30amuicmo LLM 0o nokpoxogozo
OOTPYHMYBAHHA  Pe3VyIbmamis, IXHIO MOYHICMb, WEUOKOOII0 MA MOICIUBICMb PO32OPMAHHSL HA NPUCPOSX 13
obmedncenumu pecypcamu. Ocobaugy ysazy npudiieHo 00pooyi Yucio8ux CMpyKmyp y 3anumax npupooHo0 MO6010 ma
eenepayii noscnenv. Pesynomamu demoncmpyoms 00yinbHICMb 3aCMOCY8anHs OUCMULLOBAHUX MOOELEU Y HABYANbHUX
naamgopmax, uam-60max i MOOGIILHUX OCGIMHIX 000AMKAX .

Knouosi ciaoBa: LLM, nuctmnsnis, o0uncnenss, NLP, mryuyHuii iHTenekT, MaTeMaTHUHI3a1adi.

Abstract

This paper explores the application of distilled large language models (LLMs) for automatic computation of
mathematical examples. The effectiveness of models such as DistilBERT, TinyLLaMA, and MiniGPT is analyzed in
solving arithmetic and applied problems. The study evaluates the ability of LLMs to provide step-by-step reasoning, their
accuracy, performance, and deployment feasibility on resource-constrained devices. Special attention is given to the
handling of numerical structuresin natural language queriesand the generation of explanations. The results demonstrate
the practicality of using distilled modelsin educational platforms, chatbots,and mobile learning applications.
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Beryn

VY cy4acHHX yMOBaxX pO3BUTKY IITYYHOro iHTeIeKTY Beauki MoBHI Mogaeni (LLM) [1] nexani yacriie
BUKOPHUCTOBYIOTHCS JUIS O3B’ I3yBaHHS 3a/1a4, SIKi BUXOATH 32 MEXKi TpaIuiiHOI 00poOku TekcTy. OHiero
3 MEPCIEKTUBHUX c(ep IXHPOTO 3aCTOCYBAHHS € BAKOHAHHS aBTOMAaTHYHHMX MaTEeMaTUIHHX ITiIpaxy HKIB, 1110
0COOJNMBO aKTyallbHO B KOHTEKCTI OCBITHIX TexHojorii. I[Ipore moBHoOuiHHI Moaeni, sik-oT GPT-4,
MOTPEOYIOTh 3HAYHUX OOYMCITIOBATIBHUX PECYPCIB, IO YCKIAJHIOE iXHE BHKOPUCTAHHS HA MOOINTBHUX
MPUCTPOSX a00 B yMOBaxX 00MekeHO1 iHppacTpyKTypH.

VY 11bOMY KOHTEKCT1 IUCTHIBOBaHI MOBHI Moeni, sik-0T DistilBERT [2], TinyLLaMA [3] uu MiniGPT [4],
€ IPUBAOINBOIO AJTbTEPHATHUBOIO. 3aBIIIKN 3MEHINICHIH KITBKOCT1 ITapamMmeTpiB 1 ONTUMI3aIlii apXiTeKTypH, TaKi
MO/IeJTi 3/1aTHI 3a0e3nedyBaTi IPUHHITHY TOYHICTb 1 INBUKO/IIIO MPY 3HAYHO HUKYMX BUMOTAX J0 PECYPCIB.
Ie BinkpuBae MOKITMBOCTI AJIs iXHBOT IHTETpallii y HaBYaTbHI 1aTGOPMH, MOOUTBEHI 3aCTOCYHKH, 4aT-00TH i
IHIII1 32CO0U MIATPUMKH OCBITHBOTO TpoIiecy [5].

Hocaimkenns epekruBHOCTI aucTuiaboBanux LLM [6] y cdepi o64ucieHb 103B0OJISIE OLIHUTH TXHIO
3IATHICTH 10 aHaJTi3y MaTeMarnyHUX BUPa3iB, JTOTIYHOTO MIpKyBaHHsI, TeHepallil MIOKPOKOBUX PIllICHb i
(bopMyIIOBaHHS MOSICHEHb MPUPOTHOO MOBOIO [7]. Came 11l XapaKTEePUCTUKH € KDUTHIHO BaXKITUBUMU IS
3a0€3MeYeHHS SIKICHOrO HaBYaHHS Ta aBTOMAaTU30BaHOI MIEPEBIPKH 3HAHb Y U(POBOMY CEPEI0BHIIL.

Pe3yabTaTi nocigxkeHnA

[TopiBHAHHS MOBHOMACIITAOHUX Ta JUCTHJILOBAHUX MOBHHUX MOJENEH /UIsl MaTeMaTUuYHUX 004K CIIeHb
BUSIBHJIO CYTT€EBI KOHTPACTH y NIBUAKOI1, TOYHOCTI Ta BUMOTAX JIO anapaTHOro 3abe3nedeHns. [[pubnmHo
175-minespaaa monens GPT-3.5, 3anmymmeHa B XMapHOMY CepeIOBUIII 3 TOCTYIIOM JI0 TpadiaHOro mporecopa,
PO3B’A3yBaJa CKIaJHI PIBHIHHS 3 YaCTKOIO YCIIIIHUX BiANOBiAeH 0113bK0 97% 1 cepeAHiM yacoM peakiii 3—
4 cexkynau Ha npuxian. Hatomicts DistilBERT i3 npubnuzno 66 MminplioHaMu apaMeTpiB, MPaLIOI0UN HA
3BUYaitHOMY HOYTOY 11 3 iporiecopoM Intel Core i5 Ta 8 I'b oneparuBHO1 mam’sTi, BUTpayaB 10 1 CeKyHIM Ha
TUIOBY 3aja4y MIKUIbHOT apudmMeTnku 1 3a6e3nedyBaB 85—88% npaBHUiIbHUX pO3B’A3KiB y TECTOBOMY HaObOpi.



Mogens TinyLLaMA 3 6nu3bko 50 MinslioHaMu apaMeTpiB 3/1aTHA Oyjia aTH PO3rOPHYTY MTOKPOKOBY
BIAMOBIJb y cepenHboMy 3a 0,8 ceKyHaH, OHAK TOUHICTb Majgana 10 80% mpu 6araToKpoKOBUX BUpa3ax i3
noriuauMu BctaBkaMu. MiniGPT 13 6au3pko 80 MinpiioHaMu mapameTpiB AeMOHCTpyBaB Oau3bko 85%
YCHIIIHUX Pe3yJIbTAaTiB Ha TECTOBUX 3aIIUTAHHIX PIBHI MOJIOAMMX Ki1aciB i 01u3pko 70% Ha mpukiIagax i3
6a3oBoi anre6pu. Xoua Benuki Moxeni Ha kmrant GPT-3.5 a6o GPT-4 MoxyTh po3B’s3yBaTi CKIa/IHI
3aBJaHHS 3 0araTOCTYyTNICHEBUMH OOYHUCIICHHSAMH Ta HaJaBaTH JCTaIbHI MOSICHECHHS B KOHTCKCTI OUTBIT HDK
95% nmpaBUIIBHUX BIINOB1ACH, BOHU BUMATalOTh 3HAUHO MOTY KHIIIO! IHYPACTPYKTYPH 1 3HAUHO JIOBIIOrO Yacy
00pOOKH CKIaHUX MIPUKIAIB (1HOI 10 5—7 CeKyH]l y MKOBHUX YMOBax ). BogHOYac IMCTUIILOBAHI BapiaHTH,
MOTIPY 3HIKEHUH BiZICOTOK MPaBUILHUX PO3B’A3KIB, Kpallle MPUIATHI 0 BUKOPUCTAHHS HA OOMEKEHHX
cuctemax, 60 30epiraroTh MBHUIKICTh 00UNCIEHb Y MekaX 1—1,5 cekyH i yCIIIIHO PO3B’A3YI0Th OCHOBHY
Macy THUIMOBHX HABYAJILHHX 3aBIIaHb.

OnHiel0 3 BaXIMBUX XapaKTEPUCTHK HUCTHWILOBAHUX MOJENEH € 3MaTHICTh 10 OMpAaIfOBaHHA
MaTeMaTUYHUX BUPA3IB, SIKi MICTATh O1NbIIe OJIHIET 111 UM MPOMIKHUX JIOTTYHUX KPOKiB. [IpakTuka cBimuuTh,
10 Mij Yyac po3B’si3aHHs OaraToeTamHuX 337124 i3 3aJTyYeHHSIM JTYKOK, CTETIEeHIB Ta IpoOoBUX KoedillieHTiB
TOYHICTb JIUCTHUIILOBAHMX BapiaHTiB Ha 3pa3ok TinyLLaMA Moxxe 3MeHITyBaTHCS 111€ Ha 5—8 BiJICOTKOBHUX
MyHKTIB TIOPIBHSHO 31 CKIagHIUMU MojensMu. OTHAK Y KOHTEKCTi HABYAJIbHUX CUCTEM, Jie OLIbIIiCTh
3aBllaHb HAJIEXKHUTH 10 0a30BHX apuPMeTHUHUX 1 JiHIHHMX anreOpaidyHuX omepariil, Taka TOYHICTH
BUSIBIISIETHCS 1OCTATHBOIO, 8/IKe IPUCKOPEHHS 00UYHCIIeHb 1 CKPOMHI BUMOTH 10 CHCTEMHHUX PECyPCiB MalOTh
NpiOPUTETHE 3HAYCHHSI.

UML-aiarpama nociiJoBHOCTEH LTIOCTPY€ NMPOIEC IHTerpalii AMCTUIBOBAHOI BEJIMKOT MOBHOT Moaei
(LLM) nns aBTOMaTHYHOrO OOYHMCIIEHHS MaTEMaTHMYHUX 3aBJaHb y HaBUYaJbHUX IUIaTQopMax, 5K Le
300pa)KeHO Ha PUCYHKY 1.

KopucTyBay MnaTdopma LLM 06uncnioBay

BeeneHHA MaTeMaTH4HOrD NpUKNany
(HaTypanbHOW MOBOK)

MNepepaya 3anuTy

Po3bip Brnpa3y Ta obuyncnenus

PesyneTaT o64McneHHA
3 NOKPOKOBOIO apryMeHTaLlien

MeHepauia NoACHEHHA
Ta eignoeigi

BinoBparkeHHa hiHanbHOro pesynbTaTy

KOP”%”” Nnathopma LLM OBuncnioBay

Puc. 1. UML-piarpama nocnioBHOCTe# iHTerparii AUCTIIbOBaHOI Benukoi MoBHOT moxeni (LLM)
JUIsL aBTOMATHYHOTO OOYMCICHHS MaTeMaTHYHUX 3aBIaHb

3anpornoHoBaHa JiarpaMa mociiioBHOCTe# (puc. 1) BimoOpaskae iHTETpaIio JUCTHILOBAHOI BEIHKOL
MOBHOI MOJI€ITI Y CHCTEMY ISl aBTOMATHYHOT0 PO3B’I3aHHSA MaTeMaTUIHHUX 3aBJIaHb. [Iporec mourMHAEThCS 3
TOTO, 110 KOPUCTYBa4 BBOJIUTh MaTEeMaTUYHE 3aBJaHHA TIPUPOTHOK MOBOIO Yepe3 iHTepdeic mathopmu,
micias goro minatdopma nepenae 3anut 10 LLM. Jlani Mmojaens aHamizye BXiJIHI JaHi, pO3Mi3HAE YUCIOBI
CTPYKTYPH Ta JIOT14YHI OTIepaTOpH, 1 IeJIerye 004 CIICHHS cCTielianizoBaHoMy MOy r0 — O0urcioBayy.

Ob6uncmioBau oTpumye 3amuT Bin LLM, BuKOHye HEOOXiTHI PO3paxyHKH Ta TE€HEPY€E MOKPOKOBY
apTryMeHTali0 BUKOHAHUX onepaiiil. Pe3yapTar pa3om i3 JeTaTbHUM OMUCOM 00YHUCICHB TOBEPTAETHCS JI0
LLM, sika, y cBOIO uepry, popMye 3po3yMisie MOSCHEHHS Ta OCTAaTOYHY BiAMoBiab. [Ticns mporo miardopma
BimoOpakae (iHaTBHUN PE3yNIbTaT KOPUCTYBady. Taka apXiTeKTypa JEMOHCTPYE, SIK 3aBASIKH B3a€EMO 111 MK
MOBHOFO MOJICJLIIO Ta CTICI[ialli30BaHIM 00YUCITIOBATIEHUM MOIYJIEM MOKHA TOCSTTH OAITaHCy M1XK IBHIKICTIO
00pOOKM Ta TOYHICTIO BJIMOBIJICH, IO € HAaJ3BHUYAHO BAXIMBUM Yy KOHTEKCTI iHTErparii TeXHOJIOrH
MITYYHOTO IHTEJIEKTY B OCBITHI CHCTEMH Ta MOO1IbHI JOJATKH.

Hopampun eKCIIEpUMEHTH 3 PO3UIMPEHMM HAOOPOM TECTOBHX NPUKIANIB, IO BKIIOYAIH 3aJa4i Ha
IpoOOoBO-paIlioHaNbHI BHpA3H W €JeMEHTapHI TeOMETPUUHI po3paxyHkH, mokaszanu, mo DistilBERT i
MiniGPT MOy Tb IpOTIOHY BaTH JIAHIIIOXKOK JIOTIYHUX MipKyBaHb, X0Ua 1HO/[i HOMIUISIIOTHCS B OCTATOYHOMY
MIePEeTBOPCHHI PE3yJILTATy UM CIIPOIIeHHI BUpa3y. [[pumiTHO, 1110 TpH BBEICHHI MTiAKA30K, SKi HEJBO3HAYHO



BKa3yIOTh Ha MOKPOKOBY apryMeEHTallilo, SKiCTh (iHATBHOI BiATOBI/II MiABUIIY€ETHCS HA 3—5 BiICOTKOBUX
MyHKTIB, OCKUTEKH MOJIeNTb TOYHMHAE TOYHIIIE IHTEPIPETYBATH MOCIiTIOBHICTh MPOMIKHHUX JTiH.

Oco0MBOI yBaru 3aciIyroBy€ aHal3 MOBEAIHKH Y HECTaHIAPTHHUX 3alMUTAHHSIX, JIe KOPHUCTYBadi HAaBMHCHO
CIOTBOpIOBAH (pOpMy BUpa3y ab0 3aCTOCOBYBAITH TEKCTOBI MiAKa3KN y PO3MOBHOMY CTHIII. BusBuiocs, mo
nuctuiaboBaHi LLM 3aranom 30epiraroTh aIcKBaTHE PO3ITi3HABAHHS OMEPATOPIB 1 YHCIOBHUX BEJTUYHH, IPOTES
MEHIII CXHWJIBHI 10 TeHepallii HaUTMIIKOBOT0 TEKCTY, IO TTO3UTHUBHO BIUIMBAE HA IIIBUKICTH BiATIOBI . PazoM
13 M, O1bI po3BuHeHi pimeHHs Ha KTart GPT-3.5 yn GPT-4 y noaibHX yMoBax 3/1aTHi 3apOTIOHYBATH
JIOKJIaTHIIIIE TOSICHEHHSI i OLTBIIT TOYHY 00POOKY HETHIIOBHX MaTeMaTUYHUX KOHCTPYKIIiH, aje moTpedyoTh
CYTTEBINIOTO 00YHMCIIIOBATIHHOTO PECYPCY 1 MAIOTh TPUBAIINIUK Yac BIATYKy. Takuil KOHTPACT CTHMYJIIOE
PO3pOOHHKIB OCBITHIX MIAaT(OPM BH3HAYATH KOMIIPOMIC MK BHCOKOIO TOYHICTIO W J€Talli30BaHUMH
MOSICHEHHSIMU 3 0JTHOTO OOKY Ta IIBHKICTIO 1 MOSKIIMBICTIO aBTOHOMHO1 POOOTH 3 1HIIOTO.

BucHoBkH

VY pe3ynbprari NpoBeICHOTO JAOCHIKEHHSI BAAIO0CS MMPOJEMOHCTPYBATH, 110 JUCTHUIHLOBaH] BETWKI MOBHI
Mogeni, Taki sik DistiBERT, TinyLLaMA ta MiniGPT, € nepcneKkTUBHUM PIillIEeHHSIM JJIsI BUKOHAHHS
ABTOMATHMYHOTO MAaTEMAaTHYHOTO OOYMCIIEHHS Y HaBYAIBHHX IuIaTGopMax. 3anporoOHOBaHA apXiTEKTypa
JTO3BOJISIE JOCSATTH IPUHHATHOI TOYHOCTI TA BUCOKOT IBUIKOAII ITi/T 9ac po3B’si3aHHS 0a30BUX apru(METUIHIX
1 anreOpaiuHuX 3a]1a4, HE3BAXKAKOUN HA JIENI0 HIKYI MOKA3HUKH YCIINTHOCTI MOPIBHSIHO 3 MacHITaOHUMU
moaensamu Tuiy GPT-3.54u GPT-4. Bukopucranns guctuipoBanux LLM 3a0e3mneuye MoKIMBIC TS reHepariii
MOKPOKOBUX MOSICHEHb, IO CIPUSIE KPamoMy PO3YMIHHIO JIOTIKH OOYHCIICHb KOPHCTyBadaMH Ta €
HAJ[3BUYAIHO BaXXJIMBUM aCIEKTOM Yy KOHTEKCTi IHTepaKTHUBHOro HaB4uaHHS. KpiM Toro, onrumizopaHa
apxiTeKTypa Ta 3MEHIIICHa KiTBKICTh ITapaMeTpiB JO3BOJSIOTH BIPOBA/KY BATH TaKi piH_IeHHH Ha MPUCTPOSIX 3
OOMEKCHIMI 00UNCIIOBATEHIMH PECYPCaMH, MO BIIKPUBAE MIHPOKI MOXKITHBOCTI ISl BUKOPHCTAHHA y
MOOUTBHUX 3aCTOCYHKAX, 9aT-00Tax 1 IHIIKUX OCBITHIX IHCTpyMEHTaxX. 3arajioM, pe3yIbTaTH J10CITiIKeHHS
CBIZYaTh IIPO BUCOKY MOTEHIIIHICTh AUCTUIILOBAHUX MOBHUX MOJIelIell y c(hepi aBTOMAaTH3aIi1 MaTeMaT HaHHIX
004YHCIIeHb, CIPHUSIOUH K MiABUIICHHIO SKOCTi OCBITHBOTO MpOIIECY, TaK i ONTHMi3allii BUKOPUCTAHHS

pecypcis.
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