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BCTYII

AKTyaJbHicTh JociaimkeHnsi. Ha cygyacHomy ertamni nudpoBoi Tpancopmariii
CyCHiIbCTBa BelMKi MOBHI Mojieni (BMM) cranu dbyHIaMEeHTAIBHOK TEXHOJIOTIE0,
sKa PEBOJIIOIIOHI3YE CIOCOOW B3a€EMOJIl JIOJUHU 3 KOMITIOTEPHUMHU CHCTEMaMH.
Po3BuTok apxitekTyp Ha 0a3i Tpancdopmepis, 3okpema mozeneir GPT, BERT ta
Gemini, BIIKPUB HOBI MOXJIMBOCTI JJI1 CTBOPEHHS I1HTEJICKTYaJlbHUX J1aJIOTOBUX
CHCTEM, 3/JaTHUX PO3YMITH MPHUPOJIHY MOBY Ta MiATPUMYBATH CKJIaJHI 6araTOKpOKOBI
niamoru. OyHIaMEHTAIbHI JAOCHIDKEHHS Y 11 raigy3i 0yJo MpOBEIEeHO KOMaHJIOH0
Google Research, A. Paadbopmom, JIx. Hensinom, JI. Oysanom Ta 3. XaHowm.
KoHuenryani3aiito NOHITTS KOHTEKCTY B J1aJOTOBUX cucTemMax po3rsiaanu b. ['por
ta S. Jlepro , a METOA0JIOTiI0 OIIIHIOBAHHS SIKOCTI J1aJIOTOBUX CHUCTEM po3poduiu H.
Pan3suis Ta M. bBenTtoH.

Bongnouac, anami3 HayKOBUX TMpallb MIATBEPIKYE, IO KOMIUIEKCHI
TOCITIJKEHHS aJanTallii BEJIMKUX MOBHHX MOJIEJICH /I CTBOPEHHS OaraToareHTHUX
4aT-00TIB 3 KOHTEKCTHOIO MIATPUMKOIO 3aJIMIIAIOTHCS HEAOCTATHBO PO3POOJICHUMH,
0COOJIMBO Y KOHTEKCTI 0OMEKEHUX TEXHIYHUX PECYPCIB.

TeopernyHe 1 MpaKTUYHE 3HAYEHHS BEJIIMKMX MOBHHMX MOJCICH, aKTyaJabHICTh
PO3pOOKK METOMIB 1X ajanTallii AJIsi CTBOPEHHS CIICIIali30BaHMUX JT1aJIOTOBUX CHUCTEM
3 KOHTEKCTHOIO IIJITPUMKOIO, a TaKOXX HEOOXIJHICTh CHCTeMaTH3aIlli IiIXOJiB 0
MPOEKTYBaHHS 0araroareHTHUX 4aT-00TiB B YMOBaX OOMEXEHUX PECypCiB 3yMOBWIH
BUOIp TEMHU HAIOTO AOCHIDKCHHS: «Adanmayis Genuxkux MOSHUX Mooenel O
CMBOpeHHs Yam-O0mi6 3 KOHMEKCMHOI0 NIOMPUMKOIO) .

O0’€kTOM HAIIOr0 JOCIIIKEHHSI € apXITEKTypa BEIMKUX MOBHUX MOJEJEH,
MEXaHi13MH HaBYaHHS Ta 0COOJIMBOCTI POOOTH.

IIpeaMeTomM JOCJTiMKEeHHsI € ananTallis BEJIUKHMX MOBHHUX MOJEICH s
CTBOPEHHSI 4aT-00TiB 3 KOHTEKCTHOIO IMiITPUMKOIO.

MeTo10 OOCTIIPKEeHHS € JIOCIIUKEHHS METOMIB ajariTarlli BEJIMKHX MOBHHUX
Mojeleli B yMoBaXx OOMEXEHUX TEXHOJIOTIYHUX PEecypciB Ta po3polka

OaraToarenTHoro Telegram yaT0oTa.



BiamoBimHo 10 006’€kTa, mpeaMera Ta METH, BU3HAYEHO OCHOBHI 3aBJaHHSA
TOCTIKeHHS
1. IIpoananizyBaTu CyyacHI METOJIM aJanTallil BETUKUX MOBHUX MOJEICH.
JocniauTu apXiTeKTypHI MiAX011 MOOYI0BH BETMKUX MOBHUX MOJICIICH.
Jocnianutu MexaHi3MH yIIpaBiIiHHSI KOHTEKCTOM

Po3pobutu apxiTekTypy 4aTO0Ta 3 PO3MOIIIIOM POJIEH MiK areHTaMHU.

ok N

[IpoBecTn ekcrepuMeHTalbHE TECTYBAHHS MPOJYKTHBHOCTI Ta SKOCTI
po6oTH PO3pOOICHOT CUCTEMH.

Meroam [OCHiGKeHHsI:  aHai3 TEOPETUYHUX JDKEpesl, TOpPIBHSHHA,
CUCTEMATHU3allisl Ta Yy3arajbHEHHS TEOPETUYHUX 1 JOCHIJIHUX JaHUX, OMUCOBHUI
MeToa, MeToJ 300py 1H(OpMalli, BUBYEHHS i y3araJlbHEHHs HAyKOBOI'O JOCBIIY Ta
EMIIPUYHUN METOJ| JOCHI/DKEHHS, METOJ] NMPOTOTHITYBaHHS, €KCIIEpUMEHTaIbHUN
METO/]] Ta CTATUCTUYHUHN aHaIi3.

IIpakTuyHe 3HA4YeHHsI JOCT/DKEHHS TOJNSArae y TOMY, IO OTpUMaHi
PEe3YIBTYTH MOXYTh OYTH BHKOPUCTaHI MPU PO3POOIll IHTENEKTyaIbHUX 4aT-0O0TiB
JUIsl O13HECy Ta OCBITHIX 3aKJaiB 3 OOMEKEHHM OIOKETOM Ha 1H(QPACTPYKTYpY; Y
BHUKJIAJaHHI JIUCHMILUNH 3 MAIIMHHOTO HaBYaHHS, OOpOOKH NPHUPOIHOI MOBH Ta
po3pobku Al-cuctem; ik OCHOBa JJisl MOJAJIBIINX JOCIIKEHb PeCypcoedEeKTUBHUX
MIIXO0/IB 10 ajanTallli BEJIMKUX MOBHUX Mojienield. Po3pobiieHa cuctema TecTyBaHHS
Ta METPUKH OIIIHFOBAHHS SIKOCTI J1aJJOTOBUX CHUCTEM MOXXYTh 3aCTOCOBYBATHCS IS
MOPIBHSUIBHOTO aHAJI3Y PI3HUX MIIXO/1IB IO CTBOPEHHS 4aT-00TiB.

AnpoOaunia pe3yabratiB Ta mnyoaikamii: 4 nucronaga 2025 poky —
[Ty6mnikaris te3 Ta yuacts y X BceeykpaiHchbKili HAyKOBO-TIPAKTHUHIN KOHGEpEeHITiT
«JliurBictuyni ropuzontn XXI cromitrs». Tema Buctynmy: Aoanmayiss eeauxux
MOBHUX MOOenell OISl CMBOPEHHSL Yam-00mie 3 KOHMEKCMHOI0 RIOMPUMKOIO.

Ctpykrypa maricrepcbkoi po00TH CKJIAJA€ThCS 31 BCTYITY, TPhOX PO3MILTIB,
BHCHOBKIB JI0 PO3UTIB, 3araJibHUX BHUCHOBKIB, CIIUCKY BUKOPHUCTaHUX JKepen (68
HalilMEHyBaHb), 6 nomaTkiB, MICTUTh 17 pucyHnkiB. IloBHui1 oOcsr pobotu — 124

CTOPIHKH.



PO31J1 1. BEJIMKI MOBHI MOJIEJII: APXITEKTYPHI PILIEHHA TA
OYHAAMEHTAJIBHI IPUHIOUIIN ®YHKIHIOHYBAHHA

1.1. EBoawouiiiHuii PO3BHUTOK Ta apXiTeKTypHiI 0CO0JMBOCTI BeJMKHX
MOBHHX MO/ej1eH

[IpoGnema CTBOpEHHS INTYYHHUX CHUCTEM, 3JaTHUX PO3YMITH Ta Te€HEpYyBaTH
IPUPOJIHY MOBY, 3JMIIAETHCA OJHIEI0 3 HaWOUIbII aMOITHHX 3adad IITYYHOTO
1HTENEKTY. 3 moyaTKy 21-To CTOJMITTS HAYyKOBIl aKTUBHO JOCIHIKYIOTh MUTaHHS, YU
MO>KJIMBO MOOYyBaT MOBH1 MOJIEI, SIKi HE MPOCTO IMITYBaTUMYTh JIIOJICBKY MOBY, a
i JEMOHCTPYBAaTUMYTh CIIPABXHE PO3YMIHHSI KOHTEKCTY Ta 3JaTHICTH J0 JIOTIYHOTO
MUCJICHHS [49].

[lutaHHAM pO3pPOOKH BEIMKWX MOBHUX MOJEICH TPHUCBIYCHO YHCIICHHI
HAyKOBI JOCHIDKEHHS. 30Kpema, Ii€l0 MpoOJieMOI0 3aiiMaiuch Taki BUEHI, K A.
Pandopn [45], Jx. Atkincon [13], T. bpayn [15], K. Takyp Ta iHmi.

Otxe, mia noHATTAM Benuxa Moena Mooenw (anri. “Large Language Model”)
OyZIeMo pO3yMITH mun areopummy wmydnozo inmenexkmy (LL1), sxui suxopucmosgye
Memoou 2nub0Ko20 HABYAHHS mMaA 6eludesHi Habopu OaHux Ol PO3YMIHHA,
V3a2anbHenHs, CMBOPeHHs ma nepedbauenHs Hooz2o emicmy [6]. EdexTuBHICTH
Benukoi MoBHoi Mogneni (BMM) 3anexuth Bif KUIBKOCTI Ta SKOCTI JaHUX, SKi
BUKOPUCTOBYBAJIMCS JJIi TpeHyBaHHS Mozem. CTaTHCTHKa CBIIYHTH, IO
ONTUMAJIbHUM BapiaHTOM € OJM3bKO CTO MUIBAPIIB JAaHUX JJIsi TPEHYBaHHS MOJEII,
sKa TMI3HIIIe MOXKe BUKOHYBAaTH KOMIUICKCHI 3aBaHHs [13].

Bapro migkpeciauTH, MoBa € OAHUM 3 OCHOBHHMX CIOCOOIB KOMYHIKAIi JJIst
JI0JIeH, BOHA HAJa€ CEMAaHTUKY, CJIOBA 1 TpaMaTUKY JJIsl BUPAXKEHHS 1/1eH 1 TIOHSTh.
Taky x poisib Bimirpaiotb BMM y CBITI IITY4YHOTO 1HTENEKTY, OyAy4dd OCHOBOIO
redepanii TekcTiB. [[Imyunuti inmenexm (anri. “Artificial Intelligence™) - 1e
ANCOPUMM, AKUL CUMYTIOE HIOOCLKY NOBEOIHKY, PE3yNbTaT pOOOTH TAKOTO aITOPUTMY
MO>KHA Ha3BaTH po3yMHUMHU [49].

[IpoananmizyemMo  neTajbHINIE  TOHSATTS  BEJIMKAX  MOBHHX  MOJIEJEH,
3anporonoBane M. Biaropom.BMM - 11ie Mozeni rimmO0OKoro HaBuYaHHs, HAaBUCHI Ha

BEJIMKUX O0Csrax JaHUX, sIKI MalOTh 3MOTYy BHKOHYBaTH 3aBJIaHHS IOB’sI3aHI 3



00pOOKOI0 MPUPOIHBOTI MOBHU. SIK MITKPECTIOITh PE3yIbTaTH JTOCITIIKEHb, MOJEIb
HABYAETHCS PO3YMITH 3aKOHOMIPHOCTI Ta 3B'SI3KM MK cioBamMu Ta ¢dpazamu. IloTim
BOHAa BHUKOPHCTOBYE IO iHGOpPMAINIO s MPOTHO3YBaHHS WMOBIPHOCTI 3aJaHUX
TOKEHIB ab0 iX mocaigoBHOCTEH. B mporieci MOCIIKEHHS TEMHU, BHSBIICHO, IO
TOKeHaMmHu, B KOHTeKcTI BMM, € croBa. Lleii mporiec HaBUaHHS JT03BOJISIE TEHEPYBATH
3B'SI3HUM Ta KOHTEKCTYaJIbHO PEJIEBAHTHHIA TEKCT a00 BUKOHYBATH I1HIII 3aBJIaHHS,
MOB'sI3aHI 3 JIIOJICBKOI0O MOBOIO, Taki SK BIJAMOBIJII Ha 3alUTaHHS, IMEpeKiIaa 3
1HO3€MHO1 MOBH Ta T€HEepaIlis KOMIT I0TepHOTO Koy [58].

3ayBaskMMO, 10 171es1 CTBOPEHHSI MOBHHX Mojieneit 3apoauinacs y 1950-x pokax,
KOJIM HaYKOBIII MPaIlOBaIM HaJl 3aBJIaHHAM 00p0oOKHU npupoiHoi MoBH (aHri. “Natural
Language Processing”). [IporpamicTu Hamarajiucsi CTBOPUTH CUCTEMY, siKa Moryia 0
PO3YMITH JIFOJCbKE MOBJIEHHS Ta e€(EeKTHBHO Horo obpobOmsatu [54]. Eomroriro
CTBOPEHHSI BEJIMKHUX MOBHUX MOJEJEd MOXHa MOAUIMTA HAa TPU OCHOBHI CTali:
CUMBOJIIYHA, CTATUCTUYHA Ta HEUPOHHA [56].

Y 1950 pomi, A. Trwoopiar omyOmikyBaB ece “OOunciioBaibHa TEXHIKA Ta
IHTENEKT’ y IKOMY, IPEICTAaBUB TECT IS TOCIDKEHHS MAIIMHHOTO iHTeNeKTy. CyTh
TECTy TMOJIsiTa€ B 3aBJaHHI, /e MallMHA y XOJiI TEKCTOBOI PO3MOBHU, MOBHHHA
MEepEeKOHATH 1HTEPB 10epa-JI0AUHY, 110 BIH UM BOHA € JIIOJUHOK. Y CBOill poOOTI A.
TropiHT ciMpaBcs HAa TEOPIIO, sIKa TPAKTyBala, SIKIO MaIlMHI BAAJIOCS PO3Mi3HATH, YU
CHUJIKYETHCS BOHA 3 MAIIMHOIO, YW 3 JIIOJUHOI0, BOHA BBAXA€ThCA po3yMHOI0. Ha
TYMKY JIeSKUX TOCIHITHUKIB, II€ CTAJ0 CUMBOJIIYHUM ITOYATKOM PO3BHUTKY CY4acHOTO
MITYYHOTO 1HTEJEKTY Ta CHMBOJIYHOI epu OOpOOKM MPUPOIHOI MOBH Ha OCHOBI
CHUCTEMHU MpaBui [56].

Y xomi pochipkeHHs, Oysio BusiBIeHO, mo y 1990-x pokax, BinOyBcs
BEITMYEC3HUN MTOBOPOTHUIM MOMEHT PO3BUTKY IITYYHOTO IHTENEKTY, KOJU CTATUCTHUYHI
MOJIeIl 3aMIHWJIM TpaBuia. Mojeni Oyiu CTBOPEHI Ha OCHOB1 aHaji3y BETUKHX
MOBHHMX KopIyciB. Sk mokasye aHami3 jiteparypu [13, 56, 58], ogHiero 3 mepimx
Oyna mpuxoBaHa MmapkoBchbka wmojenb (anria. “Hidden Markov Models”), Bona
JI03BOJIMIIA Tiepei0avyaT JIHTBICTUYHI SBHUIA HA OCHOBI MOMEPEIHBOTO KOHTEKCTY.

HampukiHii ASCATHUIITTS, HOBI METOJIM MAIIIMHHOTO HAaBUYaHHS, TaKl SK BEKTOPHI



MoOJedl Ta HEHMpOHHI MEpexi, MNPOCYHYJIM PO3BUTOK Traiy3l Kiacugikarii
JIHTBICTHYHUX SBHI] [13].

BapTo 3rajatu iHHOBauiiiHy mpaio HaykoBIiB 3 Google, axi y 2017 por
MpeACTaBIIIN apXiTeKTypy TpaHchopmepa [37]. Llg poboTa 3anmponoHyBaia MexaHi3M
yBaru (aHri. “attention mechanism”), SKWii J03BOJIMB MOJETSIM €(HEKTHBHO
0oOpOoOIATH TOCTIJOBHOCTI PI3HOI JOBXKWHM Ta BUSBIATH CKJIAAHI 3aJICKHOCTI B
TEKCTi. Sk 3a3Ha4Yal0Th JOCIIIHUKH, caMe I apXITeKTypa cTaia (pyHIaMEeHTOM IS
BCIX CyYaCHHX BEJTMKHX MOBHUX Mojeneit [62].

He w™enm BaxiuBoro € pobora komanmu OpenAl, ska y 2018 por
npeactaBmwia mojaenb GPT (Generative Pre-trained Transformer) [45]. Lls Monens
MPOJIEMOHCTPYBaJia €(PEKTUBHICTh MIAXOAy MOMEPETHHLOTO HAaBUYAHHS Ha BEIMKHX
TEKCTOBHX KOpITyCax 3 TOJMAJbIIUM TOHKUM HaJalITyBaHHSAM JUIsl BUKOHAHHS
KOHKpETHUX 3anad. Ha BigmiHy Big mnonepenHix cucrem oOpoOku moBu, GPT
BUSIBUJIACH 37JaTHOIO TEHEPYBATH 3B'S3HUH TEKCT, MIATPUMYBATH KOHTEKCT y JIOBIHX
Jiajorax Ta aJanTyBaTHCS JI0 PI3HMX MOBHHUX 3aBAaHb 0€3 3HaUYHMX Moudikariit
apXITEKTYypH.

BueHi cTBepmKylOTh, IO €pa HEHUpOHHOI OOpOOKM NPUPOAHOI MOBHU
posnoyanacss Ha moyatky 21 cromitrs 1 TpuBae goHuHi [6]. Ileit Mertox
XapaKTEPU3YEThCS BUKOPUCTAHHSAM INTYYHUX HEUPOHHUX MEPEeX, SIKi IMITYIOTh
CTPYKTYpY JIOACBKOTO MO3KYy Ta JO3BOJISIOTH €(PEKTHUBHO OOpOOISATH MOBY 3a
JOTIOMOrol0 IHOoKoro HaB4yaHHs. [IpoTe, mITy4yHI HEMpPOHHI Mepexi, MpaloBaIH
JUIIEe 3 aHOTOBAaHUMHU TPEHYBAIBHUMH JaHUMH. 3700yTI HaMU JaHl CBIIYaTh, IO
noTpeba y MiArOTOBIN JaHUX 3HUKIIA 3 TIOSIBOIO TEHEPATUBHOTO MITYYHOTO 1HTEJICKTY,
SAKUU MOKE CAaMOCTIMHO HaBYAaTHCS HAa BEIUKHX HaOOpax AaHMX Ta F€HEPYy€e HOBHM
KOHTEHT Ha OCHOBI 3allMTIB KOPUCTYBayiB, TaKMM YHWHOM, III0 HOTO CKJIAIHO
BIJIPI3HUTH BiJ JIFOACHKOTO MOBJIeHHS [ 13].

OTke, KIIFOYOBUM €TarloM CyY9acHOTO PO3BHUTKY MOBHHMX MOJIEJICH cTajia mosiBa
moneni GPT-3, ska mnpomeMoHCTpyBana 37aTHICTh BHUKOHYBaTH pPI3HOMAaHITHI
3aBJaHHS, 0€3 CHeliaJbHOro MonepeaHLOro HanamTyBanHs. [42] e Oysno moyaTkom

PO3BUTKY KOHTCKCTHOI'O HABYadHHA, AC MOJCIIb HABYAECTHCA 3 BXiI[HOFO 34Ty



KOpHUCTyBada. BapTo 3ayBakuTH, 10 BETUKAM TTOBOPOTHUM MOMEHTOM CTaB BHUITYCK
BMM ChatGPT OpenAl nanpukinii 2022 pokxy, 1110 IPUBEPHYJIO yBary BChOro CBITY
JI0 MOBHHMX MOJEJEH 1 BIAKPWIO TOTEHINAJ BHUKOPUCTAHHS MOJEICH HE JUIIE B
TeXHIYHUX Taly3siX, a ¥ y TOBCAKACHHOMY >KHUTTI. BiaTtomi cdepa cmoctepirae
IIBUIKANA PO3BUTOK JOJATKIB 1 METOJIB HAJAIITYBaHHS CHUCTEM, SKi JO3BOJISIOTH
e(eKTHBHO BIPOBAKYBATH BEJIMKI MOBHI MOJIENI Ha mpakTwuii [8, 42].

3a3HayuMo, IO ICHY€ TPU OCHOBHI TUMH TpaHcPopMepHUx apxitektyp: GPT
(mume mexomep) mns TeHepamii Tekcty, BERT (ymme koaep) s TIHOOKOTO
po3yMiHHs KOHTEKCTY Ta 73 (moBHaA encoder-decoder cTpykTypa) /uist yHIBEpCATIBLHOTO
BUKOHAHHS 3aBJIaHb.

CyuacHi BMM nporso3ytoth TOKeH a00 MOCI1A0BHICT TOKEHIB. [1i/1 MOHATTSIM
moker 0yJIeMO PO3YMITH MOBHY OOUHUYIO, AKA MOdHce OYMU C08OM, MOPheMmor abo
00HuUM cumeonom. HaykoBIl TOTOXKyrOThbcs, mo BMM e kpamumu 3a CBOiX
NONEPETHUKIB 3 HACTYIMHUX MPUYMH: BOHM MarOTh Ha0araTo OiJblle MmapaMeTpiB Ta
30uparoTh Habarato OUIbIIIE KOHTEKTCY, HIK peKypeHTHI Mojem. B mporect
JOCIIJKEHHSI MU [EPEKOHAIUCh, 110 HAWUMOIIMPEHINIOW apXITEKTypHOK I
CTBOPEHHS MOBHHUX Mojieliel € Tpanchopmep [37].

PosrnssneMo Bu3HaueHHS mparcpopmepa, 3anpononoBane 0. XBaHom - 1€
apximexkmypa MO6HOI MoOdeni, AKa CcKiaoaemvcsi 3 koodepa ma oexkodepa (JluB.
Puc.1.1) [62]. Komep 00pobiisie BXiIHUX TEKCT 1 MEPETBOPIOE WOTrO HA TPOMIKHE
npexacrabieHHs. [li1 MpoMiXXKHUM MPEACTABICHHIM MAEThCS HA yBaszl BEKTOP, TOOTO
CIIUCOK 4YHCeN, fKI HEMpOHHA Mepeka po3yMie Ta Moxke 30epiratu. [lexonep,
HABIIAKU, TEHEPY€E BUXIIHUNA TEKCT Ha OCHOBI MPOMIKHOTO TPEACTABJICHHS KOJepa.
Takox, JOeKoAep Mae camoysazy - cnocib posensoamu 6Ci HACMynHi cl108a ma

BUSHAYUMU, SIKI 3 HUX, 0ONOMONCYMb 3po3ymimu konmexcm [37].

TpancdopmaTtopHuin nepexknanay

_exy - BUXiA

“This is my cat” xopep  f 3 I+ Aexopep “Ue min kit”

Puc. 1.1. [loBHa apxiTekTypa TpaHcpopmepa



Posrnsinemo npukiaz pedeHHs: "[HOMIaHETIHUH NPU3EMIIUBCS Ha 3eMIll, TOMY
o Homy moTpioHO Oysio cxoBatucs Ha tura”eTi". IIlo6 3po3ymiTH, 110 MAaEThCS HA
yBasl mija “Homy”, MH moBepTaemocs norisaoM Ao “lHomnmanersHun”. Te k came
poOuTH camoyBara, BOHa BIAMOBiJa€ Ha 3alWTaHHSA: “Ha SKI 1HII CJIOBAa MEHI
OTPiOHO 3BEpHYTH yBary, Moo Kparie 3po3yMiTH 11e ciioBo?” [49, 62]. Takum ynHOM
MEXaHI3M CaMOyBard BH3HA4Ya€ BITHOLICHHS KOXHOTO CYCIAHBOTO CJIOBa O
3aiiMeHHMKa “‘Homy”. Jlesaki MexXaHI3MM caMOyBard € JBOCTOPOHHIMH, TOOTO
OOYHCITIOITh Oajl JOPEYHOCTI SK JJI TOKEHIB, IO MEPEenyIOTh CIOBY, Ha SIKOMY
30CEpEe/KYEThCS yBara, Tak 1 TOKEHIB, 110 CIIYIOTh 32 HUM [37]. Takox sKIo Mu
MacKyeMoO cJ0BO "HoMy" 1 NMpOoCHUMO MeEpexy BrajaTH IHoro, MpHUCYTHICTh CJIOBa
"IHOIIaHETSIHUH" poOUTH OLTBII IMOBIpHUM BUOIp "Homy" 3amicTh "ii".

AHaniz miteparypu miaTBepmkye [37, 62], 1m0 KOXEH Iap caMOyBaru
CKJIQJAEThCS 3 KIJIBKOX IOJIIB camMoyBaru. Pi3HI rojIoBM BUBYAKOTh Pi3HI 3B S3KH MIXK
KOKHMM CJIOBOM, HaIlpUKJIaJ, TpamMaTU4yHi a00 CeMaHTHUYH1 3B’SI3KU. Y MpUKIai,
PO3IJIIHYTOMY BHIIE, IIap CaMOyBaru 30CEpEIUBCS HA BU3HAUEHHI TOTO, JI0 SKOTO
IMEHHHMKA BIJHOCUTHCA 3aiMEHHUK “HoMy”.

M. Pign 3a3Hauvae, MexaHi3M caMOYBaru CKJIQIa€ThCs 3 TPhoX eTamiB [49]:

- [Ins KOKHOTO CJIOBa CTBOPIOIOTHCS TPU Pi3HI mpeacTaBiaeHHs: 3anutT - “Ilo s
myka?”; kmou - “llo s moxy 3ampononyBatu?”’; 3HaueHHA - ““Aky
1Hdopmartito s Maro?”

- 3anuT KOXXHOTO CJIOBa TOPIBHIOETHCS 3 KJIIOUEM BCIX IHIIMX CIHiB, 1100
BU3HAYNTH, HACKIJILKM BOHU PEJIEBAHTHI OJHE OJHOMY. Y Pe3yJbTaTi IIbOTO
eTaly, CTBOPIOETHCSI MATPHIIS OL[IHOK yBaru.

- 3HayeHHs BCIX CIIB MiJICYMOBYIOTHCS 3 pe3yjbTaTaMu MaTpUlll, OTPUMAHUMHU
Ha TONMEpPeAHbOMY Kpolll. Y pe3yibTaTi KOXXHE CJIOBO Ma€ 3HAUCHHS, SKe
CKJIAIA€THC 3 MOr0 BJIACHOTO 3HAYEHHS 1 3HAUEHB OB’ I3aHUX 3 HUM CJIIB.
[lpunyctumo, wMu  oOpoOnsieMo  ciioBo  "3emist" B peyeHHI  1Ipo

"iHomuaneTssHUHA" Ta "muaHety". CaMoyBara Mo>ke 3MIIIaTy MpeacTaBieHHs "3emu”
3 MPEJICTABJIEHHAM "TJIaHETH", CTBOPIOIOYM HOBE YSIBHE MPEJCTABICHHS, AK€ MICTUTb

iHpopmariito 06ox cmiB. Ile pobuts mepembaueHHs OUTBIT TOYHHMH, OCKUIBKU



neKoziep 0auuTh HE MPOCTO OKPEME CIIOBO, a MOTO KOHTEKCTyaJIbHE TPEICTABICHHS
[4, 49].

OTxe, MU MOXXEMO 3pOOMTH BHCHOBOK, IO TpaHChOpMEp Mae HACTYIHI
nepeBarv, Ha BiAMiHY BiJ 1HIUX TUMHIB apxiTekTyp (RNN, LSTM): oOpo0Osie Bci
CJIOBa OJTHOYACHO, & HE TOCIIJOBHO; JIETKO 3B’S3y€ CJIOBa HA BEJIMKIN BIJCTaHI B
TEKCTi; €EKTUBHO MACIITA0y€ETHCS IO MUTBSIPIIB MapaMeTpiB [62].

3100yTi HAMU JaH1 CB1AYaTh, 110 HA OCHOBI apXITEKTypH TpaHchopmepa Oyiio
CTBOPEHO Pi3HI BapiaHTH MOJEIEH, KOKEH 3 SKUX ONTHUMI30BaHHUM JUIsl crienn(iaHmx
3aBnanb. GPT BukopucroBye nuiie decoder-uactuny st renepariii Tekcty, BERT
3acTocoBye encoder Njisi TIMOOKOTO PO3YMIHHA KOHTEKCTY, a TS 30epirae moBHY
encoder-decoder ctpyktypy. Lli momem € ocHoBow s cydacHux BMM, sxki
BukopuctoBytoThcs B ChatGPT, Google Gemini ta iHmux cucremax [15, 28].

Posrnssuemo Mojens ctBopeHy juiie 3 nexoaepoM, GPT. I{s moxens Oyna
cTBopeHa Ta npejacrasieHa OpenAl y 2018 potii, cTana nepiioro BiJOMOIO YCHIIIHOKO
peaizali€ro apXiTeKTypH 3 JIeKoaepoM. Takuii Tun noOyI0BU T03BOJISIE MOIeIl OyTH
0co0MMBO €(EKTUBHOIO IS 3a7a4 3 TEHEpalli€lo TeKCTy. Mojenb HaBYaEThCA
nepeadayaTH HACTYITHE CIIOBO B TIOCIIIOBHOCTI, IO JTO3BOJISIE i TeHEPYBATH 3B'I3HUIMA
Ta KOHTEKCTYaJIbHO PEJIEBAHTHUN TEKCT [ 15].

B psal pocnimpkeHb BiAMIYEHO, 10 ojHiero 3 ocoOnuBocter GPT e
BUKOPHUCTAHHS OOHOHANPABIEHOI camoysau, 1€ mun camoysacu, 0e KOM#ceH MmoKeH
PpO32NA0a€ uuLe nonepeoni moxkeHu, a ve Hacmynui. Takuil TUIT apXITEKTYpU MOXKHA
JOCSITTH 32 JIONOMOTOI0 MEXaH13My MAacKyBaHHsI, SIKHI OJIOKy€ JOCTYII 10 MalOyTHIX
TOKEHIB, MiJi 4Yac OOYHCIICHHS TMOmepeaHiX. TakuM YWHOM, MOJENb IMOCIiJOBHO
reHepye TeKCT 3711Ba Harpaso [15, 21].

[Tinkpecnmumo, mo GPT mpoxoawTh HBOETAlHE HABYAHHSI, CIEPITy MOJIETh
MPOXOJUTh TIOTNIEPEAHE HEKepoBaHe HaBuaHHS (unsupervised pre-training), sKe
BKJIFOYA€ TPEHYBAaHHS MOJICJIi Ha BEJIMKOMY KOpITyci TeKcTy. Ha 1mmpomy erami Moaens
BUUTHCSA MOJICTIOBATH MOBHY CTPYKTYpy. HacTymHMM KpOKOM € rimboke HaBYaHHS
(fine-tuning), KoJMM MOJENb TPEHYETbCS BUKOHYBAaTHM crHeuu@diuHi 3aaadi  Ha

HeBeIMKOoMY Habopi nanux. OTke, MOXKHa CTBEPIXKYBATH, 1110 TAKUNA M1AX11] JO3BOJISE
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OTpUMATH KpaIlll pe3yibTaTH TIiJ] Yac BUKOHAHHSA 3aBJaHb, HDK 3 MOJEISIMU
HaBueHUMH 3 HyJI1. OpenAl mponoBxkye OyayBaTh HOBI MOJIEN, 30UTBUIYIOYH PO3MIP
MoJiesl Ta 00CAT HaBYAJIbHUX JaHUX, 110 MPU3BOAUTD /10 OUIBII SKICHUX PE3yJIbTaTiB
[45].

[Mpuxnagom ixmoro tumy apxitektypu € BERT (Bidirectional Encoder
Representations from Transformers), pospobmenuii Google y 2018 pormi. [lns
CTBOPEHHsI MOjIeJli, BUKOpPUCTaIU Jnile encoder-yacTuHy Tpancopmepa [21]. Ha
Binminy Bix GPT, BERT BukopucroBye nBonampasieHy (anri. ‘“bidirectional”)
camoyBary, IO JI03BOJISIE KO)KHOMY TOKEHY 3BEpPTaTH yBary Ha BCl IHIIII TOKEHU B
MOCJIIJIOBHOCTI — SIK MOMEPENIHl, TaKk 1 HacTynHi. Takuii miaxij gornomMarae riauoiie
3pO3YMITH KOHTEKCT 1 CEMAHTHYHI 3B’SI3KH Y TEKCTI.

JIx. JlenBin 3a3navae, mius HaB4aHHS BERT BUKOPHCTOBYIOTH JBa METOJIU:
Masked Language Modeling (MLM) ta Next Sentence Prediction (NSP). V nepmiomy
METO/1, MacKyloThcsi 15% TOKEHIB y BXIJHIA MOCTIOBHOCTI, 1 MOJI€Jb MOBUHHA
nepeadayuTH 11l 3aMacKoBaHl TOKEHH Ha OCHOBI KOHTEKCTYy [21].Y apyromy metoi,
MOJIEJIb BUUTHCS PO3YMITH 3B’SI3KM MDK pEUYEHHSAM, nependadaroyd, 4Yd € OJIHE
pPEYEHHS JIOTTYHUM IMPOJIOBKEHHSM 1HIIIOTO.

OTxe MU MOXKEMO 3po0UTH BUCHOBOK, 1110 BERT € edextuBHuM ajist 3a1a4, e
HEOOXIJTHE PO3YMIHHS TEKCTYy, L€ MOXYThb OyTH: Kiacudikaiis, BIAMOBIAlI Ha
3alMTaHHs, CCHTUMEHT aHalli3. Mo/iesib CTBOPIOE KOHTEKCTYalIbHI 3B’ SI3KH, sIKI MOYKHA
BUKOPUCTOBYBAaTU SIK BXIJHI JaHl JJIsg 3aBJaHHSA 3 MIHIMQJIbHOI aJanTalli€ro
apxitektypu. BERT 3aBasiaye cBoiif 31aTHOCTI, Kpaliie 3aXOTUIIOBATH CEMaHTHUKY CIIiB,
3a OTIOMOT'0I0 KOHTEKCTY, IBOHAIpaBieH i mpupomi [21].

[Ticns ycmixy BERT, HaykoBLi BUIYCTHIIM TOKpall€HI Bepcii, BKIOYAIOYU
RoBERTa, ALBERT, DistilBERT Ta iHi11, KoXeH 3 SKUX ONTHMI3y€ pi3HI aCIEKTH
OpPUTIHAIBHOI apXITEeKTypUu — BiJ €(HEKTUBHOCTI HABYaHHS 10 po3Mipy mojeni [66].
[li 3miHM ToKazanu, 10 encoder-only apxiTekTypa 3aJUIIAETBCA OCOOIMBO
e(eKTHUBHOIO JIJIi BUKOHAHHS 3a]1a4d 3 PO3yMIHHS TEKCTY, OCOOJIMBO KOJHU BaXJIMBO

MpoaHaIizyBaTH TJIMOO0KI CEMaHTUYHI 3B’ SA3KH.
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TS5 (Text-to-Text Transfer Transformer), mpencraBnennii Google Research y
2019 pomi, € npuUKIaIOM MOBHOT apXITEKTypH TpaHchopMepa, IO BKIOYAE KOAEP 1
nexkonep [47]. KmrouoBa imes TS5 monsrae B Tomy, mo BCl 3amadi 3 OOpOOKH
MPUPOIHOTO MOBJICHHSI MOKHA nepedopMyJTIIOBaTH SIK 3314l IEpPETBOPEHHS TEKCTY B
TEKCT (aHri. ‘“‘text-to-text”), 1m0 J03BOJIIE BUKOPUCTOBYBATH OJHY U Ty camy
apXxITEKTypy Ta MiIX11 10 HABYAHHS JJIs PI3HOMaHITHUX 3aBJIaHb.

3rigHo 3 pochimxeHHsMm K. Paddens, TS encoder o6pobiise BXigHUN TEKCT 1
CTBOPIOE MOTO KOHTEKCTyaJlbHE TPECTABICHHS, BUKOPUCTOBYIOUH JIBOHAMPABICHY
camoyBary, noaiono 7o BERT. Decoder moTiM renepye BUXiJIHUN TEKCT HAa OCHOBI
[[bOTO TIPEJICTABIICHHSI, BUKOPUCTOBYIOUH OJIHOHAIPABJICHY CAMOYBAary Ta epexpecHy
yBary(cross-attention) a0 Buxoxy koxaepa [47]. Ha aymKy HOOCHITHUKIB Taka
apxitektypa poouth TS5 0COOIMBO THYYKHM 1 MPUAATHUM JJIsi HIUPOKOTO CIEKTPY
3a/1a4 — BIJ] IEPEKJIay 0 BIAMOBIAEH HA 3alTUTAHHS.

TS5 naBuaetbcss Ha MacuBHOMY HaOopi nanux C4 (Colossal Clean Crawled
Corpus) 3a METOAOM, Jie BUIAJIKOBO MACKYIOThCSl MOCHIIOBHI (hparMeHTH TEKCTY, a
MOJIE/Ib TMOBMHHA iX BiAHOBUTH [47]. JIOCHIIHMKKM CHUCTEMAaTHYHO BHBYAIMA Pi3HI
aCNEKTHU HaBYAaHHS MOJIEJeH, BKIIOYAI0UX PO3MIpH MOJIENEH, CTpaTerii monepeaHboro
HaBYaHHS, PO3MIpU HAOOPY AaHUX Ta MIAXOAMW A0 HamamrtyBaHHs. Lle mocmimkeHHs
BUSIBUJIO, 1110 3017bIIIEHHS MacIiTady sSIK MOJIeNl, TaK 1 JaHUX MOCIIIOBHO MOKpaILy€e
pe3yibTaTH BUKOHAHHS 3aBJaHb.

AHaJli3 3a3Ha4€HOr0 BHINE J03BOJIMB HaM KOHCTaTyBaTH, IO apxiTektypa TS5
pPOOHUTH MOJIeNIb KOPHUCHOIO JJIi BUKOHAHHS MHOXHMHHUX 3a7a4, 0e3 HeoOXi1THOCTI
JOIAaTKOBUX HaamTyBaHb. CTPyKTypa 3 KOJEPOM 1 JEKOJAEPOM € €(PEKTUBHOIO IS
3aBJaHb, JIe PO3MIp BXIJHUX JaHMX 3HAYHO BIJIPIZHSAETHCS B PO3MIPY BUXITHUX
nanux. lle MoxyTh OyTu Taki 3ajadi $K, TIAOWTTS MIACYMKIB a0o0 TeHeparlis
po3ropHyTOi Bianosii [48].

B mporieci mocCiPKeHHST MU TTEPEKOHATUCH, 0 PO3TJISHYTI TPH apXiTeKTypH
tpanchopmepiB — GPT, BERT Ta TS5 — neMoHCTpyIOTHh pi3HI MIAXOAH 0
BUKOpPUCTaHHS 0a30BO1 TpaHChOpMEpP-apXITEKTypH 3aJIeXKHO Bia crneunudiky 3aaad

00poOKH TpupoHOI MOBU. BUOIp apXiTeKTypu 3aleXHUTh B KOHKPETHOI 3ajadi:
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GPT € xopucHuM Jyisi TeHepairii BiAmoBinel Ta 3aBepmieHHs 3amad, BERT - mms
pPO3yMiHHS Ta aHalli3dy TEKCTy, a TS5 € yHiBepcainbHUM BapiaHToM. KoxHa 3 1ux
apxiTEeKTyp BHecCJa 3HAYHMW BKJIAJ Y PO3BUTOK CYYaCHHX CHCTEM OOpOOKH
MIPUPOJIHOI MOBHM Ta MPOJOBXKYE E€BOJIOIIOHYBATH 4Yepe3 YMUCIICHHI Moaudikalii Ta
MTOKPAIIECHHSI.

Posrnsinemo, sik Mozeni 0OpoOJIsIOTh TEKCT, a caMe: TOKEHI3allil0, CTBOPEHHS
eMOeIJIMHTIB, KOAYBaHHS Ta JEKOAyBaHHS. 3rigHo 3 Bu3HaueHHsM C. Merturepa,
MOKeHI3ayisi - ye npoyec po3oumms meKcmy Ha MeHuli 0OUHUYI, AKi HA3UBAIOMbCSL
mokenamu [S1]. 1l oaunuii MoXyTb OyTu croBamu, (pazamu, miJICIOBAMH,
PO3I1JIOBUMH 3HaAKaMu a00 cuMBojamu. 3a nanumu OpenAl, oJluH TOKEH CTaHOBUTH
NpUOJIM3HO YOTHUPU CHUMBOJIM 1 ¥4 CIIOBa B aHINIMCBHKIA MOBi, ToOTO, 100 TOKEHIB
npUOJIM3HO JOPIBHIOIOTE 75 cioBam [42].

3100yTi HAaMU JaH1 CB114aTh, [0 KOMI IOTEPHI MAIMHU HE PO3yMIIOThH CIIIB Ta
MOXXYTh MpaLIOBaTH JHIIE 3 YUcIaMH. TOKeHi3alis € MIATOTOBYMM €TaloM s
aHai3y TEKCTOBHUX JAaHHUX, poOJisur 1H(GOpPMAIII0 CTPYKTYpPOBAaHOIO Ta TOTOBOIO JI0
00poOKku MOBHUMH MojeiasiMu. OKpiM IbOTO, ICHY€E JEKIJIbKa THUIIIB TOKEHI3AIlli:
TOKEHI13aIlisl CJ1iB, TOKEHI3allisl CAHMBOJIIB, TOKEHI3allis IT1JICII1B, TOKEHI3allisl PeUYCHb Ta
N-rpamua tokenizanis [S1].

C. Merturep nigkpecitoe, 0 TOKEHI3allisl CIIB € HAUMOMIUPEHIIITUM METO0M,
TEKCT PO3IIAE€ThCS Ha okpemi cioBa [51]. Takuit MeTon € eheKTUBHUM JIJIT MOB 3
YITKUM PO3MEXYBAHHSIM CJIB, AK aHIUcbKa. Po3riasHeMo mnpukiaa, BXiAHUMHU
JaHUMH € Take pedeHHs: [“MallvHHe HaBYaHHS € CKIQJHUM Ta YHIKaJbHUM
npeaMeroM”’]. BuxigauMu gaHuMHM, Ticias TOKeHi3arli, €: [“Mamuna”, “HaBuaHHS,
“€”, “cxitamHo’”, “Ta”, “yHikanbpHO”, “nipenmet’’] [29].

[Tiu wyac TokeHi3alii CHMBOJIIB, JaHI PO3AUISIOTHCS Ta IMEPETBOPIOIOTHCS Ha
MOCTIOBHICTh OKPEMUX CHMBOJIB. Takuii MeTOJ KOPUCHHMM IIiJI 4ac BUKOHAHHS
3aB/IaHb, SIKI MOTPEOYIOTH JAETAILHOTO aHaJli3y, HAIIPUKJIIA] BUMIPaBIEHHs opdorpadii

n n

[29]. BuxigHuMH JaHWMHU y TaKOMY BUNAAKYy € HacTymHi Tokenu: [["M", "a", "m",

T e e e e nnen

JH,e) 3H9a7B’q’a7

"nn
2

"n on oo nomnmn o onnmn

H H9H7 367 ,C)K,J—I,
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L1 | o ) I R | D | D P | At 1 A U Uy IO N I o Ry It o | D I D B | U D I | B P )y | D B | B | P L B 1 |

a, a1, H, U, M, , T, a, , Yy, H, 1, K,a, T, b, H, H, M,

"nn

, 1, P

Tokenizarist miACHiB pO3ILE€ TEKCT Ha OJUHUII, K1 OUTBII 32 OJUH CUMBOJL,

" nn o n_nn

nan o nonon..n n onononn
)eﬂ H,MﬂeﬂTﬂ

o","mM"," ", "a", 11m.].

aje MeHI 3a moBHe cyioBo. K. JIaHHAKOTI CTBEpKye, 10 TaKUM THM TOKEHI3aIli
BUKOPHUCTOBYETHCS AJI1 poOOTH 3 MOP(OJIOTiYHO OaraTuMu MOBaMH ab0 PiJIKICHUMU
cinoBamu. PosrmstHemo mpukian, BxigHi mani: [“TliamopsakyBanss’]. BuxigHi maHi:
[“Tlix”, “mnopsin”, “xkyB”, “anns’] [22]. Takuit TUI TOKeH13aIlli JooMarae o0poOsATH
CJIOBA 11032 CJIOBHMKOBUM 3aI1acOM Yy 3aBAAHHSIX 3 00pOOKH MPHUPOTHHOTO MOBJICHHS
Ta MOB, SIKI YTBOPIOIOTh CJIOBA IUIAXOM MO€IHAHHSI MEHIIUX OJMHHIIb.

3a3HauMMO, IO TOKEHI3aIlisl peueHb TaKOX € IMOIIMPEHUM METOAOM, SKHUI
BUKOPUCTOBYETHCA JUIsl MOJUTY ab3aiiB abo BETUKOro HabOpy peueHb Ha OKpeMi
peueHHs sk TokeHH [29]. lle xopucHO mIs 3aBIaHb, IO MOTPEOYIOTH aHalizy abo
00poOKu okpemux pedeHb. Bxiani gaui: ["LLITyunuil iHTENEKT — 1€ HOBA TEXHOJIOT 1.
Maivaae HaBuaHHs 3axoruiorode. Komm'torepHuii 3ip 00po0Oisie 300paxeHHs."].
Buxigni gani: ["IlTydnuii iHTeIeKT — 1€ HOBa TexHoJjorid.", "MalivHHe HaBYaHHS
3axoruoroue.", "Komn'torepuuii 3ip 00po06iisie 300paxkenns." | [22].

PosrisitHeMo Takok OCHOBHI 3acaju N-TpaMHOiI TOKEH13aIli1, Ka pO3/I1JIsi€ CIoBa
Ha (parMeHTH JaHux (IKCOBAaHOro po3Mipy (po3Mip = n). BxigHi maHl mnepen
TOKeHizaliero: ["MamurHHae HaBYaHHS TOTYkHe"|. BuxigHi naHi micis TOKEHi3arii
oirpamamu: [(‘Mammna', 'HaBuanns'), (‘"HaBuanus', '€"), (€', 'moryxuwuit')] [22].

Crmparourch Ha TOCHIKEHHS 3Ta/IaHUX BUIIE HAYKOBIIB, MU BU3HAYAEMO, 1110
TOKEHI3aIlisl € BaXXJIMBUM KPOKOM B 00poOIl TEKCTy Ta 00poOIll MPUPOIHOI MOBH 3
KUTBKOX TIpUYuH. TOKEHi3allis 3MEHIIy€e€ pO3Mip HEO0OpOOJIECHOTO TEKCTy, IO
MPU3BOIUTH JO JIETKOTO Ta €(PEKTUBHOTO CTATHCTHYHOTO Ta OOYHCIIIOBAIBHOTO
aHami3zy. TekcToBl JaHi MOXKHA TPEACTABUTH Yy YHUCIOBOMY QopMari s
QITOPUTMIYHOTO PO3YMIHHS, BHUKOPHUCTOBYIOUM TOKEHH SIK O3HAKH B MOJCIIAX
MaIllMHHOTO HaBYaHHS. TOKEHI3allisi € BaXJIMBOK [JIsl 1HJEKcallli Ta MOIIyKYy B

CUCTEMaX, sIKl €)eKTUBHO 30€piraloTh Ta BUTATYIOTH 1H(GOpPMAIIiI0 Ha OCHOBI CJIB 200

bpas.
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Opniero 3 mommpeHux mpobiemM TokeHizarii, sky omucye b. [lenr, € o6podka
opdorpadiuanx nommwiok. Hampukias, sKIo KOprmyc MICTUTh CJIOBO 3 MOMUJIKOIO
3aMICTh TPAaBWJIBHOTO CJIOBa, MOJIEIb MOXXE pO3IJISIIaTH MOro SIK CJIOBO 032
CJIOBHUKOM, 1110 MO>KE€ 3HaYHO 3HU3UTH MPOAYKTUBHICTH Mojieni [41, 43].

[Ticnst TOKeHi3aIlii, KO>KeH TOKEH MEPETBOPIOETHCS HA YMCIIOBE MPEICTABICHHS,
SKe MOXKe 00poOsiTH Moenb. [leit mpoliec Ha3UBa€THCA CTBOPEHHSM €MOCIMHTIB.
K. JlaHHakoTi TpOMOHY€ Take BHU3HAYCHHS TEPMIHY embedouHz - TE npoyec
npeocmasieHHs MOKEeHi8 AK HenepepeHuUx 6eKmopis y 6a2amosumipHomMy npocmopi,
0e CX0JICi MOKeHU Maromv cxodici eekmopui npeocmaenenns [22]. EmMOenmuHru
JOTIOMAararoTh MOJIEJISIM 3aXOIUTIOBATH CEMAaHTUYHE 3HAUCHHS TOKEHIB Ta 1XHI 3B'SI3KU
y BX1IHOMY TEKCTI.

Hampuknaz, cioBo "kopons" mMoxke O0yTu mpencraBiene Bekropom [0.2, -0.5,
0.8, 0.1, ...], ne KOXXHE YUCIIO KOJYy€ MEBHUU aCMEKT 3HaueHHs cioBa. CioBa 3i
CXO0XHUM 3HAQUECHHSIM MAaTUMYyTh CXOXI1 BEKTOpH — "Kopousb" 1 "KopoisieBa" OyayTh
OJIMKYE OJTHE 10 OJIHOTO B BEKTOPHOMY MPOCTOPI, HIXkK "Koposb" 1 "cTin" [22].

[lepuiuM BigoMuM migxoaoM J0 eMOeauHry Oyisio one-hot encoding, xoxHe
CJIOBO TIPEACTABIISIIOCS BEKTOPOM JOBXHHH CJIIOBHHMKA. Y MeEXax I[bOTO BEKTOpa
CTOsIJIa OJUHUIIA, KA NT03HAYaIa MO3MII0 CJIOBA Y CJIOBHHUKY, a PEIITA MO3UIIN OyJu
Hym. Ilpore, Takuii MeTo] BHUABUBCA HEE(PEKTUBHUM, OCKUIBKHM CTBOPIOBAB
eMOCNJIMHTY BEJIMKOI JIOBXKWMHHU, SKI HE TepelaBajii CEMaHTU4YHI 3HA4YeHHS 1
nmo10HICTh ciiB [49, 9].

HoBorw eporo y cTBopeHHI emOeauwHTIB cTama myOmikamis crarti Efficient
Estimation of Word Representations in Vector Space" y 2013 porii. ¥ cBoiit po6oTi
Tomac MikoJIOB 3aITpOTIOHYBaB MPEACTABIISTH KOXKEH TOKEH K BekTop. Lle 103800
MOPIBHIOBATH CJIOBA Ta 3HAXOJIUTH MOMAI0HOCTI y CEMAaHTHYHUX 3Ha4YeHHX [36, 55].

EmMOenuHr MaroTh MaTeMaTHYHI BIAcTUBOCTI. Hampukiram, Mo)kHa BUKOHYBaTH
omepartlii 3 BeKTopaMu: BeKTOp(“Kopoib”) - BeKTop(“‘4osoBik™) + BeKTOp(“KiHKA™) =
BekTop(“koponeBa”) [36]. lleit mpuknam miATBEPIKYE, IO €MOCIIUHTH CIPaBIl

3aXOILUIIOIOTH CMHUCJIOBI BIJHOIIEHHS MK KOHIIEIILISIMH.
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Posrnssnemo netanpHime QyHKUii Ta 3aBAaHHS Kojepa 1 Jekojaepa, aki Oynu
3a3HauYCHl paHille, SK CKIaJ0BI apxiTektypu TpaHchopmepa. Komep BHUKOHYE
(GYHKIIII0O CTUCHEHHSI BEJIMKOi KUIBKOCTI 1H(pOpMalli y KOMIIaKTHE MPEICTaBICHHS.
3amicth Toro, mob oOesmocepenubo 3'eaqnyBatu 50,000 BXomiB (10 OJHOMY JIS
KOKHOT'O MOXJIHBOro cioBa) 3 50,000 Buxo/iB, KOJAEp CIIOYATKY MEPETBOPIOE BXi/IHI
naHl y MeHIIMKA Habip umcen — Hampukiaa, 256 3HadeHb 3amictb 50,000 [49].
XOopoluM MOPIBHSHHSAM € CTUCHEHHS (paililiB, KOJIM KOPUCTYBad apXiBye JOKYMEHT,
BiH OTpUMY€E MEHIIUHN (paiin, skuii OlIbllle He MOYKHA MPOUYUTATH A0 PO3apXiByBaHHS.
ToOTO KOIlep CTBOPIOE CTHCHYTE NPEICTaBIEHHS, sKe 30epirae HalBaXKIUBIIITY
1H(OpMaILiIo PO CIOBO Ta HOTO KOHTEKCT.

Konep HaBYaeThcsl TPymyBaTH CXOXKI CIIOBa pa3oM y I[bOMY CTHCHEHOMY
npocrtopi. CrnoBa "kopons", "kopoiseBa", "mpuHiieca" MaTUMyTb CX0Xi 256-BUMIpHI
MpECTaBIICHHSI, OCKIJILKHM BC1 BOHM MOB's13aH1 3 KOHIleNIiero "MoHapxii" [49, 55].

Jekonep Mae 3BOPOTHY (YHKIIIO: BIH MpuUiiMae CTUCHEHE 256-BUMIpHE
MIPE/ICTaBIICHHS BiJ] Kojiepa 1 mepeTBoproe ioro Hazan y 50,000-BumipHuMii npocTip, 1e
KOYKHE 3HaYE€HHS B1JIIIOBIJIA€ MOKIMBOMY CJIOBY Y CJIOBHUKY.

Cepen HenomnikiB TpaHchOpMepiB HAYKOBIl BUAUIAIOTh TaKi MyHKTHU: TPUBaJe
HaBYaHHS, 1110 TIEPEIIKO/KAE MMBUIKOMY CKCIIEPUMEHTYBAHHIO; 0OMEKCHHSI TOBKUHHU
KOHTEKCTY, PEKOMEHAYEThCS BUKOPUCTOBYBATH 110 512 TOKEHIB, IPU CTaHIAPTHOMY
amapaTHoMy 3a0e3MeUeHHI; BUCOKI OOYMCIIOBAJIIbHI BUMOTH, IO POOUTH HaBYAHHS
JIOPOTHM 1 HaBITh € OJJHUM 3 YUHHUKIB BUCOKOT'O BYTJIeLIEBOTO ciify [64, 34].

OpHi€ero 3 mepeBar BEIMKUX MOBHHX MOJCNEH, Ky BHIUISIOTH JOCIIIHHUKU €
BeNMYe3HUN 00csT iHpopMallii, Ha STKOMY HaBYaloThcs mMojeni. [le Bkiroyae KHUTH,
OJsioru, cailT HOBUH, AUCKycli Ha Reddit Ta HaBITH PO3MOBHU y COLIAIBHUX MEpexkax.
Takwuif miaxig goromMarae BUKOHYBaTH PI3HOMaHITHI 3aBJaHHS 3 pi3HUX JOMeHIB [49].
Cepen 1HIIUX TIepeBar BUAUISIIOTH (PYHKIIFO CaMOHABYaHHS, 1]l 4ac HaBYaHHI,
MOJIeJTb CAMOCTIHHO KOPUTYE TTapaMeTpH, SKIIO HE BAAETHCS Mepe0auynuTH TPaBUIIbHE
cioBo [28].

HaykoBIii migKpecaoTh 1 HEMOJIKM BEJIMKUX MOBHHUX MOJENed, Taki SK:

BIJICYTHICTh 3HAHHS ICTHHHU, MOJEJNb JIMIIE Tependadyae CIOBO, HE PO3YMIIOYH YU
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IPaBAMBHUM € TBep/uKeHHs [49]; rajgronuHalli 4acTo TpamisiioTbCa y MOJENEH, KOJIn
BOHH Tepe10avatoTh HEMPABUIbHI CII0BA; BEJIMKI MOBHI MOJIEJI € aBTOPETrPECUBHUMH,
KOJIM MOJICNIb POOWTH TMOMIUIKY, IIsl TIOMIJIKA TTOBTOPIOETHCS TIiJ Yac mepeadadeHHs
KO>KHOT'O HACTYIHOTO CJIOBa, 30UTBIIYIOYM BIJICOTOK XHOHMX Iepen0adeHb; BEIUKI
MOBHI MOJelll HE BEIyTh JiaJord, MalllhiHa HE MaM’siTa€ MOMepeaHi BXiAHI JaHi, a
OTepYye€ JIUIIE 3 THM, III0 TPUMaJia BiJ KOPUCTYBaya 1 Ma€ 30epexkeHe y mam’sTi [56].

B nporeci gocinipkeHHsT TpoOjieMHU BUSBICHO, 110 MPUHIMI POOOTH BEIIUKUX
MOBHHX MOJENIe CKIagaeTbcs 3 JEKUIBKOX €TamiB: TOKEHi3allis, CTBOPEHHS
eMOETMHTIB Ta 3aCTOCYBaHHS MEXaHI3My CaMOYBaru JjIsl aHaII3y KOHTEKCTYaJIbHUX
3B'SI3KIB MK CJIOBAMH.

Tokenizaiiss po30MBa€ TEKCT Ha KEpOBaHI  OJUHUIN, €MOEIIUHTHU
MIEPETBOPIOIOTH 111 OJIMHMII B 0araTOBUMIPHI BEKTOPH, SIKI 3aXOILIIOIOTh CEMaHTHYHE
3HAUCHHS, a apXIiTeKTypa Kojepa Ta Jekojepa e(DEeKTUBHO CTHUCKAE Ta BiIHOBIIOE
iHpopmariro. CaMoyBara € KIIOYOBOIO 1HHOBALIEI, SKa JO3BOJIIE MOJEISAM
aBTOMAaTHYHO BU3HAYATH, K1 CJI0BA B IMOCIIJOBHOCTI MOB'sI3aH1 MIJK CO00I0.

[lincymMoOByrOUM CKa3aHe BHILE, 3ayBaKUMO, IO €(QEKTHBHICTh BEITUKHX
MOBHHMX MOJIeJICH 3aJIe’KUTh Bl KoMOiHaIlli epeKTHBHOTO MeXaHi3My TpaHchopmepa
Ta HaBYAHHS Ha BEJIMYE3HUX 00cCsATrax pi3HOMaHITHUX TEKCTOBHUX JAHUX 3 IHTEPHETY.
Mopnenb HaBYa€THCS PO3MI3HABATHA Ta BIATBOPIOBATH CTATHUCTHYHI MAaTEPHU B MOBI,
10 JT03BOJISIE 11 TE@HEPYBATH TEKCT, SIKUW BUTIISAAE TMIPUPOJHUM Ta KOHTEKCTYaIbHO
PEIICBaHTHUM.

Po3yMinHs 1ux QyHIaMEHTaIbHUX MPUHIUIIIB POOOTH € 0COOIMBO BAXKIMBUM
JUISL BIATIOB1 A IbHOTO BUKOPUCTAHHS BEJIMKUX MOBHHUX MOJIEJICH, YCBIIOMJICHHS TXHIX
oOMeXeHb Ta OIlIHKK SKOCTI IXHiX BignmosBiaer. Ili moxaem € MNOTyXHUMH
IHCTpYMEHTAaMH, aji¢ BOHH 3QJIUINAIOTHCS 1HCTPYMEHTAMHU, sIKIi BUKOHYIOTh CKIJIaJIHE
CTaTUCTUYHE Iepe0adeHHs, a He JACMOHCTPYIOTH CIIPaBXXHE PO3YMIHHS YU

MMUCJICHHA.
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1.2. CyuacHi MeTOJOJIOTiYHI MiAX0AM A0 HABYAHHS BeJIMKHMX MOBHHMX
MojaeJien

AHari3 BiIMmoBiaHOT mxepenbHoi 6a3u [10, 21, 7] m03BOIUB KOHCTATYBaTH, 110
e(EKTUBHICTh BEJIMKUX MOBHUX MOJEJICH 3aJIeKUTh HE JIUIIE BiJl TUIY apXiTEKTypH,
ane W Big MeromoJorii ix HaB4yaHHsA. CydacHl MiAXOoAW A0 TpeHyBaHHa BMM
0a3yloTbcss Ha OaraToeTaltHOMY TIPOIIECi, IO BKJIIOYAE€ TEPBHHHE HABYaHHS Ha
MacIITaOHUX KOpITycax TEKCTIB, aJlalTallifo 0 crneru@iuHuX 3aBJlaHb Ta MOJAJIbIIIC
BJIOCKOHAJICHHsSI 4epe3 3BOPOTHUI 3B'SI30K BiJ KOpHCTyBadiB. EBouoiist MeTosiB
HaBYaHHS MojieNiel moyanacs 3 KIACHYHOTO KEpOBAaHOTO HABYAHHS Ta MPOMIIIA TaKl
eTanu sk, CAMOKEpOBaHE HaBYAHHS, SIKE JIO3BOJIMIIO MAacIITa0yBaTH MPOIIEC HABYAHHS
Ha MUIBSPAM MApaMETPiB HE BUKOPUCTOBYIOYHM aHOTALII].

Hamu BCTaHOBIIEHO, 110 y KOHTEKCTI MPAKTHUYHOTO 3aCTOCYBAHHS BEIHKUX
MOBHHMX MOJIEJICH, MOMYJSPHOI0 TEMOI0 € aJamnTallis MOJeled 10 KOHKPETHHX
npeaMeTHUX obsiacted. TOHKE HanallITyBaHHS BCIX MapaMeTpiB BUMArae CKIAJIHI
MaTeMaTU4yHl OOYHUCIICHHS, 0 TajJbMy€ PO3BUTOK Ta BIIPOBAKEHHSI TEXHOJIOTH.
HayxkoBi 30cepeuincs Ha pO3BUTKY albTEPHATUBHUX IMIJIXOJIB, TAKUX SIK MPOMIT
IHKEHEpisl, BOHHM JIO3BOJISIIOTH aJalTyBaTH TMOBEAIHKY MOJEI 3 MiHIMaJIbHUMH
BTpaTaMu pecypciB. MU pO3IVISIHYJM OCHOBHI €Talmy Ta METOJIOJIOTiT HaBYaHHS
BEJIMKMX MOBHHX MOJIEJIEH, iXH1 epeBaru, 0OMexeHHs Ta c(hepu 3acTOCyBaHHs, K1 €
BOKJIMBUMU JJII PO3YMIHHS TPOIECY CTBOPEHHS CICIalli30BaHUX J1aJIOTOBHX
CHCTEM 3 KOHTEKCTHOIO MiATPUMKOIO.

B mnporeci mocmimkeHHs mnpoOiieMu Hamu OyJio BUSIBICHO, IO TOMEPETHE
HABYaHHS BEJIMKUX MOBHHUX MOJIENIEH € TOYaTKOBUM KPOKOM, Ha SIKOMY MOJEII, TaKi
ak GPT-3 a6o BERT, HaBuatoTbcs 3 BEIMUE3HUX OOCATIB TEKCTY, TAKUX K KHUTU Ta
BeO-caliTu, HE 30CEPEeKYyIOYMCh Ha KOHKpeTHOMYy 3aBmaHHi. lleit mpormec
BUKOPUCTOBYE CaMOKOHTPOJIb, TOOTO MOJENIb HABYAETHCSA, MPOTHO3YIOYM BiJCYTHI
YaCTHHU TEKCTY, TakKi SIK HACTyIHE CJI0BO a00 MPHUXOBAHE CJIOBO, a HE MOTPEOYIOUH
no3HaueHux jganux [10].

Jlns monepeansoro HaBuanHs LLM 3actocoBytoTbes Tak 3BaHi Data Mixtures

BEJIMKI Ta PI3HOMaHITHI KOPITYCH TEKCTIB, 1[0 OXOILTIOIOTh IMIUPOKUN CIIEKTP CTHUIIB,
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TeM 1 (popmatiB. OCHOBHI JpKepena TakuxX AaHUX BKIO4aroTh:— GitHub ans xomy Ta
TEeXHIYHOro KOHTeHTy;— Wikipedia /s 3arajibHUX 3HaHb,— ArXiv JJii HayKOBUX
nochikeHb;— KHHMM 1711 JOBrUX HapaTWBIB Ta CTPYKTYpOBaHMX TEKCTIB;—
StackExchange nns dopmary 3anmurtanpb 1 Bianosijgei;— CommonCrawl ta C4 s
3arajJbHOTO KOHTEHTY BeO-Mepexi [10].

[ligkpecnuMo, 10 TMicias MOMEPEAHHOIO HAaBUaHHS Il MOJETl MOXKHA
MOAM(IKYBaTH 3a IOMOMOTOK TOHKOTO HAJIAIITYBAaHHS ISl BAKOHAHHS KOHKPETHUX
3aBlIaHb, TaKWX SK BIJMOBIMI HAa 3aMWTaHHS ab0 TMepeKyiag MOB, 3 MEHIIUM
J0JIaTKOBUM HaB4YaHHSM. L{e poOuTh iX yHIBepcaaIbHUMU Ta €(hEKTUBHUMMU.

PosrisiHemo netanbHilie 3aBAaHHs, SKI BUKOHYE MOJIEINb IT1]T 4ac MONepeTHbOTO
HaBYaHHS, nependayaroun, 10 Oyae Aami, abo 3aMoOBHIOYM MPOMYCKHU, MOJECIb
BUBYA€, K Mpaioe mMoBa. Hampukian, skmo BoHa 6aunth «KiT _ », BoHa MOXKe
nepen0aynuTH «CIHUTH» HAa OCHOBI BUBYEHUX 1Ia0JOHIB. Lle nonomarae il 3po3yMiTu
CTPYKTYpPY p€uU€Hb, 3HAUCHHS CJIIB 1 HABITh JI€SIKI CBITOB1 3HAHHSI, HANIPUKJIAJ, 3HATH,
10 KOTH MOXKYTh cratu [21].

HaykoBiii BUIUIAIOTH JBa OCHOBHHUX CIIOCOOM TMONEPEIHbOTO HABYAHHS:
ABtoperpecuBHi Mojenm (Hampukian, GPT): mporHo3yBaHHsS HAcCTYMHOTO CJOBa,
HaBYaHHS 371Ba HampaBo. Mojeni wmackoBaHoi MoBu (Hampukian, BERT):
MPOTHO3YBaHHS MPUXOBAHMUX CIIIB, BPaXOBYIOUM Bce peueHHs. Lleil mpoiec cTBoproe
OCHOBY, IKy MO>KHA aJIaliTyBaTH Mi3HIIIE, 3a0Ia/KYyI0YU Yac 1 JaH1 JIJIi KOHKPETHUX
3aBaasb [21].

[lonepenne HaB4aHHs, TaKOX BiIOME SK TpaHChEpHE BUKOPUCTOBYE
BEITMKOMACINTA0HI, HEMapKoBaHI JaHi, 10 pOOWUTh HaBYaHHS EKOHOMIYHO
¢EeKTHBHUM Ta MacITAaOOBaHUM TOPIBHIHO 3 HABUAaHHSM 3 HYJS JJI KOXKHOTO
3aBaaHHs [16].

[HIIMM METOIOM HaBYaHHS BEJIMKUX MOBHHUX MOJIEICH € TOHKE HAJTAIITyBaHHS.
3BepHEMOCS 10 BU3HAYCHHS  MOHKO20  HANAWMYBAHHS,  3alPOTIOHOBAHOTO
MinictepctBoM 1mdpoBoi Tpanchopmariii  Vkpainu, 1e npoyec aoanmayii

nonepeoHbO HABYEHOI MOOENl MAUUHHO20 HABYAHHS 00 cneyupiuno2o 3a860aHHs YU
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npeomemuoi cpepu winsAxom 000amMKo8020 HAGUAHHS HA HEBEUKOM) HAOOPI YINbOBUX
Oanux [8].

[Tigxing TOHKOTO HANAINTYBaHHS IMEPEHOCUTh BUBYCHI MIAOJOHM Ta (QYHKIT
MOMepeTHbO HABUEHOT MOJIEN Ha HOBI 3aBJIaHHS, MOKPAIYyIOYH MPOIYKTUBHICTH Ta
3MEHIIYIOUU MOTPeOM B HABYAIBHUX JAaHUX. 3TIAHO 3 JOCTIIKECHHSIMH, BOHO CTajo
MOMYJIIPHUM y 00poOIi TPUPOAHOI MOBHM ISl TaKUX 3aBAaHb, SK Kiachikarlis
TEKCTy, aHalli3 HacTpoiB Ta BiAMoBiAl Ha 3anutaHHsA. Cepen THUIIB TOHKOTO
HANAINTYBaHHS, HAYKOBIIl BUAUIAIOTH HACTYNHI: HEKOHTPOJHOBaHE TOHKE
HaJallITyBaHHS, KOHTPOJIbOBAHE TOHKE HAJIAINITYBaHHS Ta TOHKE HAJAIITYBaHHS 3a
JIOTIOMOT 010 IpoMIITiB [23, 40].

Hamu BuaineHo, 110 HEKOHTPOIHOBAHE TOHKE HAJAIITyBaHHS HE BUKOPHCTOBYE
aHOTOBAHI JIaH1, HATOMICTb MOJI€NIb TPEHYETHCS Ha BETUKOMY KOPITyCl HEMapKOBAHOTO
TEKCTYy 3 IIJIbOBOI 00JIacTi, 10 MOKpallye ioro po3ymiHHs MoBH. Lleil miaxina
KOPHCHHUU JJI1 HOBUX O0JIacTel, TaKUX SIK MPaBOBa Y MEAWYHA Taiy3i, ajle € MEHII
TOYHUM JJIsl IEBHUX 3aBJIaHb, TAKUX SK Kiaacudikaris uu y3aranpHeHHs [18, 40].

HaTomicTh KOHTPOJIbOBaHE TOHKE HAJAIITYBAHHS B1JOYBA€THCSI HA AaHOTOBAHUX
JAHUX, QJaNTOBAHUX O IIJILOBOrO 3aBAaHHs. [IpukiagoM 3aBlIaHHS SIKE BUMAarae
KOHTPOJIbOBaHE TOHKE HAJIAIUTYBaHHS € KiIAacH(ikalisi TEKCTy B O13HEC-KOHTEKCTI.
Jlns  Takoro HaJlalITyBaHHS BHUKOPUCTOBYIOTH HaOlp (parMeHTiB TEKCTy 3
MiTKaMHU(aHOTaIisIMU) Kiacy. Xo4a 1ed MeTo] e(pEeKTUBHUIA, BIH BUMArae 3HAYHUX
MapKOBaHUX JAHMX, OTPUMAHHA SKUX MOX€ OyTH JOPOTUM Ta TpyaomicTkuM [40].

3a3HayuMo, 1110 TOHKE HaJAIITYBaHHS 3a IOIOMOTOI0 MTPOMIITIB CIIUPAETHCS Ha
HaJaHHS PO3POOHUKAMH THCTPYKIIH ISl MOJIETI IPUPOTHOIO MOBOIO. Takuii MeTo.
3MEHIITye NoTpely y BeNWYe3HIN KiJTbKOCTI aHOTOBAaHUX JAHUX, ajie 3aJICKHUTh BiJ
sikocTi mpomnTiB[ 18, 40, 60].

[TopiBHIOIOYH TTOTIEpETHE HABYAHHS Ta TOHKE HAJAIITYBAaHHS BapTO 3a3HAUNTH,
0 TepUIMi MeTON BKIIOYAE peTelbHE HaBYaHHA Ha BEIWYE3HMX o0csArax
HEMapKOBaHUX JaHUX i (OPMYBaHHS 3arajbHUX JIHTBICTUYHHMX 3HAHb, TOMI 5K

JIPYTUM MAXI1J aanTye TonepeHh0 HaBYEH1 MOJIE1 0 Clelliali30BaHuX 3aB/IaHb 3
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BUKOPHCTAHHAM MEHIINX, MapKOBAHUX HA0OpIB [aHUX, 30CEPEIKYIOYHCh Ha
MOKpAIIeHH] MPOyKTUBHOCTI KOHKPETHUX 3aBaanHb [40].

J1. 3irnep, nocaigHUK Ta po3poOHUK y Anthropic, aMepukaHChKOT KOMIMaHii, sSKa
Crieliam3y€eTbess Ha AociipkeHHsx Oesneku IIII Ta po3poOIli BENIMKHX MOBHHX
MOJeNIeH, BHIAUILE 3MEHIICHHS BHUMOT 10 JaHUX, SK OJHY 3 IepeBar TOHKOTO
HajamryBaHHga. OKpiM IIBOTO BiH 3a3HA4ae€, 110 TOHKO HAJAIITOBAaHI MOJEII Kpaiie
aJanTyIOThCS A0 BUKOHAHHS MIMPOKOTO KOJIa 3aBAaHb Ta Yac HABYAHHS € 3HAYHO, HIXK
y BUMAJKY 3 MonepeaHimM HaBuanHs [60, 68].

Cepen HenmonikiB ToHKoro HanamtyBaHHs, J[k. Toppe, 3acHoBHuk Helicone,
JOIaTKy IS MOHITOPUHTY Ta HAJAro[KEHHS MporpaM IITYYHOTO 1HTEJIEKTY,
MIJKPECIIIOE TaKl MyHKTU: oOMexeHa cdepa 3acTOCyBaHHS, MOTEHIlIHA Aerpajalis
MPOyKTUBHOCTI, BapTICTh CTBOPEHHS Ta OOCIYrOBYBaHHS 1 PU3HMK 3acTapiBaHHs
naHux [57].

HaykoBii BUIUISAIOTH 1€ OAWMH MeToja HaBuyaHHs BMM. HapuanHs 3
MIKPITIJICHHSM Yepe3 J0JIChKUI 3BOpOTHUH 3B's130K (aHri. “Reinforcement Learning
from Human Feedback (RLHF)”) crano kjiro4oBUM METOIOM IHTErpailii CUTHasiB
JIOJICBKUX yIoJ100aHb y MeTodaX MamuHHOro HaBuaHHS [38]. 3okpema, RLHF craB
CTaHJAAPTHAM KOMITOHEHTOM Y IOCT-HaBYIBHOMY TPOIECI ISl BEIMKUX MOBHHX
MOJENICH, SIKUH CIY>KUTh JIJISl Y3TOJDKEHHS Pe3yJIbTaTiB IIUX MOJIEEH 3 JIFOACHKUMU
IIHHOCTSIMHU, TAKMMHU SIK KOPUCHICTD, HEIIIKIJIMBICTh Ta YECHICTH [67].

B mnporeci AoCHiKEHHS] MU TMEPEKOHAIHCh, 110, CEepell BIAOMHX MOBHHUX
moxenelt, ski BukopuctoByroTh RLHF - ChatGPT, Claude Ta Gemini. 3HauHwMiA
IHTEpEC 10 HAaBYAHHS 3 MIJKPIMUICHHAM Yepe3 JIIOJCHKUN 3B 30K BUHUK 3 TMOSBOIO
ChatGPT, mpote MeToAd 3alUIIA€THCS MEHII JOCHIKEHUM, aHIX KOHTPOJIhOBAHE
HAJTAITyBaHHS.

KitouoBoro ocobnuBicTio RLHF € BukopucTanHsi 3BOpOTHHOTO 3B’ 513Ky 3aMICTh
YITKUX OI[IHOK BUHArOpOJM Ha BIAMIHY BiJ] KJACUYHOTO HABUAHHS 3 MIAKPIIICHHSIM.
Takuit miaxig € 61Tl ePEeKTUBHUM, OCKUIBKH JIFOISAM, SIK1 OLIHIOIOTH 3reHepOBaHi
JTaHl, CKJIQJHO HaJaBaTH TOYHI aOCOJIOTHI OIIIHKH, HATOMICTH BOHHM 3 JETKICTIO

MOXYTh BUOpATH Kpallluii BapiaHT 3 IBOX 3alPOTIOHOBAHUX BiMOBiaeH [38].
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Jlonur OysH, nocmignuk 31 CteHpopaa, BUAUISE TaKi KOMIOHEHTH, HEOOX1/IHI
JUISl HABYAHHS 3 MIAKPIIUICHHSIM 4Yepe3 JIOJChKUI 3BOPOTHUN 3B'SI30K: MOIMEPEAHBO
HaBYCHA MOBHA MOJIENIb, Ha0lp MPOMIMTIB, HA OCHOBI SIKHX MOJENb T'€HEPYyBaTHME
y3roJIPKEH1 pe3ysIbTaTh Ta KOMaHJa HaBYaHUX aHHOTaTopiB. HaykoBelb miakpecitoe
Tpu etariu RLHF:

1. 30ip AeMOHCTpaliiHUX [OaHUX, HA I[bOMY €Tali aHHOHATOPHU HAJAlOTh
JIEMOHCTpaIliiH1 (04iKyBaH1) pe3yJbTaTH y BIAMOBIAL HA MOMEPEAHBO IIATOTOBJICHI
BX1AH1 fnaHi. Jlami, TOCHiTHUKY HANAITOBYIOTh MOMEPEAHHO HABEHY MOJENb Ha IHX
JAHUX, BUKOPUCTOBYIOYM METOJ| KOHTPOJIbOBAHOTO HaBUaHHS [38].

2. 30ip gaHUX TOPIBHSHHSA Ta HABYAHHS MOJIEJII BUHArOpOJau. AHHOTATOpU
NeperaajsaioTh BUXIJHI JaHl MOJENl Ta OOMpaloTh OJIMH BapiaHT cepel] ACKLIbKOX
3anponoHoBanux. JlociaigHukyM 30uparoTh HaOlp JaHUX TOPIBHSHH Ta HABYAIOTh
MOJIENTb BHHATOPOAW JJII TIPOTHO3YBAaHHS BHXITHOTO CHUTHANy, SKHH BYUTHCS
MPOTHO3YBAaTH BaplaHTH, sIK1 OLIbIIE IMIOHYIOTH JIIOIAM [38].

3. OnTumizaiis TOJITHKA BIZHOCHO MOJIeNIl BHHArOpoJW 3a JOTOMOTOIO
IPOKCUMAaJbHOI ONTUMI3alli MOmMTHKU. l[IpokcumanbHa onTuMizauis MOJITUKHA L
QITOpUTM HaBuaHHA 3 miakpimieHHsM (RL), skuii BUKOPUCTOBYETHCS IS
onTUMI3aIlli MOJITUK CTaOUIHLHUM 1 epeKTUBHUM criocobom [7]. Moaenb npoaoBxKye
reHepyBaTH BIJMNOBIAL, SIKI OIIHIOIOTBCS MOJEIUII0 BHUHAropoj. Ha OCHOBI OIlIHOK
MOJI€JIb BUNTHCS TEHEPYBATH Kpallli BUXIHI JaHi.

JIOCIITHUKK ~ CTBEPIXKYIOThb, U110 JAPYrUd Ta TPETIh KPOKH MOXKYTh
MOBTOPIOBATUCS O€3MepepBHO, IO Jomomarae 3i0paTd  OuIbIle JaHUX Ta
ONTHUMI3yBaTH POOOTY MOJENI MijJ TMepeBaru KOPUCTYBadiB, SKI TaKOX MOXKYTh
3MIHIOBaTHCS 3 yacoM [38].

P. XKenr, HaykoBenb @ynaHCHKOTO YHIBEPCUTETY, Y CBOIM Mpalll BUALINB Taki
nepeBaru RLHF: - 3BopoTHIi# 3B’SI130K Bija Jtojiei 3abe3reuye MOJelb JaHUMU IS
reHEryBaHHS OUIbII TOYHUX 1 KOHTEKCTYaJIbHO KOPEKTHHUX BIJMOBIACH, - BUXIIHI
pe3ynbTaTH € OUTBI THYYKUMU 3aBJISIKU JIaHUM BiJl aHHOTATOPIB, - 30ip BIATYKIB BiJ
JFOZICH 3 pI3HUMHU TOYKAMH 30pY JOMOMAarae TeHepyBaTy pe3ybTaTH, sIKi BPaXOBYIOTh

pi3HI 3aITUTH KOPHUCTYBaviB [67].
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lomo HemomikiB Takoro meroay HaBuaHHs, P. JKeHr 3a3Hauae: - BHCOKY
BapTICTh ISl HAaliMy KOMaHAM aHHOTATOPIB, - Cy0'€KTUBHA OI[IHKA 3 KO MOXXE HE
MOTOAUTHCS OUTBIITICTh KOPUCTYBAIB [67].

PosrisiHemo 1ie onuH MeTo1 HaBuaHHs Mojenei. [lapamerpo-eexTrBHE TOHKE
HanamryBaHHs (aHri. “Parameter-Efficient Fine-Tuning (PEFT)”) e Habip meTomis,
KU KOpUTYE JIUIIe YacTuHy napamerpiB y BMM nns ekonowmii pecypcis. Kimtodosa
ocoomuBicte PEFT mosnsirae B TOMy, 1110 OHOBJIIOETHCS JIMIIE HEBEJIMKA KUIbKICTDH
JOJJATKOBUX IapaMeTpiB abo MiAMHOXKMHA TOIMEPEeIHbO HABUYCHUX MapaMeETpiB, IO
JI03BOJIsI€ 30€perTH 3HaHHS, 3700yTI MOAEIUIIO Mij Yac MOMEpeAHbOr0 HaBYaHHS, Ta
3HU3UTHU pU3UK 3a0yBaHHs naHux [63].

3. XaH, pocmigHuk [liBHIYHO-CcX1qHOrO yHIBepcuTeTy y bocToni, kmacudikye
n'stb ocHoBHHMX Karteropii PEFT: nomatkoBe HamamtyBanHs (aHri. “‘additive
fine-tuning”),  yacTkoBe  HamamTyBaHHA  (aHrn.  “partial  fine-tuning”),
pernapaMeTpru30BaHe HajalTyBaHHs (aHri. “‘reparameterized fine-tuning”), ribpuaxe
HanamryBanHs (aHri. “hybrid fine-tuning”) Ta yHidikoBaHe HanmamTyBaHHS (aHTJL.
“unified fine-tuning”) [30].

ExcriepuMeHTanbHl JTOCHIKEHHS MiATBEPIKYIOTh, IO OUIBIIICTH METOJIB
PEFT 3HauHO MOKpalytoTh €PEKTUBHICTh NAPAMETPIB 1 1OCATAIOTH MOPIBHAHHOI 200
HaBITh Kpamioi MpOAYKTUBHOCTI MOPIBHAHO 3 TIOBHUM HAJAIITYBaHHSM, MPH I[bOMY
CYTT€BO 3MEHIIIYI0UM BUKopucTanHs nam'sti GPU.

Hocnignuku BUALIsA0Th HU3KY nepeBar PEFT y mopiBHAHHI 3 KJIaCUYHUMU
Meronamu HaBuaHHa BMM. Mertonq OHOBIIOE JHINE HEBEIUKY IMIJIMHOXKUHY
napameTpiB, 110 3HAYHO 3MEHIIYE BUMOTH JI0 OOYMCITIOBAILHUX PECYPCIB Ta MaM'sTi,
JO3BOJISIIOYM HAJIAIITOBYBATH MOJIENI HABITh HA MPUCTPOAX 3 OOMEKEHUM arapaTHUM
3abe3neuennsiMm. PEFT mpuckoproe mpoiiec HaBYaHHS TOPIBHAHO 3 TTOBHUM
HaJallITyBaHHSM, M0 3a0e3neuye MMBHIIIL ITepalrii po3poOKH Ta TECTyBaHHS
Mozesnield. OHOBIIEHHSI MEHILIO1 KUIBKOCTI TapaMeTpiB 3HUKYE PU3UK MEepEeHaBUaHHS,
1BUIIYFOYH 37aTHICTh MOJies €()eKTHUBHO MPaIioBaTH 3 HOBUMU fgaHumu [17, 30].

[Ilomo nenomiki, PEFT nHaltedexTrBHIIIE Npalltoe Ipu ajanTailli 10 3aB/laHb,

Kl € CIOPIJIHEHUMH 3 3HAHHSMHU TONEPETHHO HABYCHOI MOJEINI, Ta JEMOHCTPYE
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CKJIAIHOIII Tpu POOOTI 3 aOCONIOTHO HOBUMH NpEeIMETHUMH obOjacTsaMu. Jleski
TexHIKH, 30kpeMa LoRA, BHOCSTh J0JaTKOBI OOYMCIIEHHS TiJ] Yac BUBEACHHS, IO
OpU3BOAUTH JI0 HE3HAYHOro 30UIbleHHS JaTeHTtHocTi. Kpim Toro, Bubip
ontuMmanbHoro  meroxy PEFT  ngnd  KOHKpeTHOro  3aBJaHHS ~ BHMAarae
eKCIIEPUMEHTYBAaHHS Ta TECTYBaHHS PI3HUX MIJIXOJiB, IO YCKJIAJHIOE MPOLEC
onTuMizalii mogeni [17].

TakuMm 4YMHOM, aHaNI3 Cy4aCHUX METOJIB HaBYAaHHS Ta aJanTailii BEIUKUX
MOBHHMX MOJI€ICH 3aCBiqUy€ HAsIBHICTh PI3HOMAHITHUX MiJIXOJiB, KOXKEH 3 SIKUX Ma€
cnenugiuyHi  nepeBarn Ta  oOMmexeHHs. [lomepeaHe  HaBuaHHA — (GopMmye
dbyHIaMEHTaJIbHI JIIHTBICTUYHI 3HAHHS MOJIENII Ha OCHOBI MacHITaOHMX KOpITYyCiB
TEKCTIB, TOAl K TOHKE HaJallITyBaHHs 3a0e3ledye aJanTaiiio 10 Cleliali30BaHuX
3aBJlaHb 3 BUKOPHUCTAHHSIM IIUIbOBUX JaHMX. HaBuaHHS 3 MIAKPIIUICHHSIM uepes
JIOJICBKUM 3BOPOTHUM 3B'SI30K J03BOJISIE Y3TOJUTH MOBEAIHKY MOJIEINI 3 JIIOJACBKUMU
LHIHHOCTSAMU Ta mpedepeHuIsMH, IO € KPUTHYHO BAXKIWBHM [UJII CTBOPEHHS
HaaiiHuX miamoroBux cucreM. PEFT mocrae sk HaWOLIbII €KOHOMIUYHO €()EKTHBHE
pIIEHHS, [0 CYTTEBO 3MEHIIYE BHMOTHM JIO0 OOYMCIIOBAJIBHUX PECYPCIB IpH
30epeKCHHI BHCOKOI MPOJYKTUBHOCTI Mojeni. KomIiekcHe po3yMiHHSA —ITHX
METO/OJIOTIH € HEOOXIJTHOK MEepeAyMOBOI sl €()EeKTUBHOI pPO3pOOKH Ta
BIIPOBA/HKCHHS CIICIIAII30BAaHUX MOBHUX MOJCIICH y TMPAKTUIHUX 3aCTOCYBaHHSX,

30KpeMa IIpu CTBOPEHHI 4aT-00TiB.

1.3. MeToau onTuMi3alii Ta aganTalii BeJUKHUX MOBHHUX MoJeJel 11
BUPILICHHS Celiali30BaHUX 3a1a4

Benuki MOBHI MoOJeni JNEMOHCTPYIOTh BpakKarodi MOXJIMBOCTI Y IIMPOKOMY
CIIEKTP1 3a7a4 0OpOOKH MPUPOIHOI MOBHU, IIPOTE iX OE3MOCEPETHE 3aCTOCYBAHHS JJIsI
BUPIIIEHHS CIEHIaI30BaHUX MPOOJIEM YacTO CTUKAETHCS 3 PSAAOM BUKIUKIB. [o
TaKMX BHKJIWKIB HaJIeKaTh OOMEKCHHS KOHTEKCTY, HEIOCTATHA TOYHICTh Y
BY3bKOCIICI[IaTI30BaHUX JOMEHaX Ta MpoljeMa akTyaldbHOCTI 3HaHb Mojeni. s

MOJIONAaHHS X 0OMEXeHb OyJI0 po3poOJIeHO Pi3HOMAHITHI METOAM ONMTHUMI3allii Ta

24



ajamnTaiii, SKi J03BOJSIOTH e(eKTHUBHO HamamToByBath BMM min KoHKpeTHi
3aBJaHHS 0€3 He0OX1THOCTI IOBHOTO NIepEeHABUYAHHSI MOJCII 3 HYJIS.

CyvacHa mpakThKa 3actocyBaHHs BMM Bce wdacrime coupaerbes Ha
KOMOIHYBaHHS JE€KIJIbKOX METO/IIB OJHOYACHO, 1110 JI03BOJISIE€ TOCSATTH ONTHUMAIBHOTO
OamaHcy MK SKICTIO PE3yibTaTiB, MIBHAKICTIO OOpOOKHM 3amuTiB, CIOKHBAHHSIM
pECYpCiB Ta MOKJIMBICTIO afamTarii A0 crenmu(piYHIX BUMOT MPEAMETHOI 001acTi.
Mu po3risiHyJM OCHOBHI METOJM ONTHUMI3allli BEIUKUX MOBHHMX MoJeNed s
BUKOHAHHS 3aBJIaHb Pi3HUX JOMEHIB.

3100yTi HaMHU JlaHi CBIA4aTh, IO OJHUM 3 HAWMOIMYJSIPHIMIUX CIOCOOIB
apanrtanii BMM € npomnT imxeHepid. 3HaiouM SK €()EKTUBHO CTPYKTYpyBaTH Ta
OLIIHIOBATH MPOMITH 1]l Yac BUKOpHcTaHHSI BMM, kopucTyBaul OTpUMYIOTh Kpalll
pesynbTatu. llpoMnT i1HXKeHepis 1€ CHUCTEMaTUYHUX TMPOIEC NPOEKTYBaHHS Ta
onTUMI3aIli BXIJHUX 3anuTIB (IPOMMTIB) IJisd BEIUKUX MOBHUX mojaenei (BMM) 3
METOI0 OTPUMAHHS TOYHUX, PEJICBAHTHUX Ta y3TOJKEHUX pe3ynbTatiB [S0].

Jnst po3yMmiHHS ~ TEPMIHY  NPOMIOT  CKOPUCTAEMOCS  BHU3HAYCHHSIM
3anpornonoBanuM C. IImtoxoddom, BxigHl nani 1ias BMM, 110 BUKOPUCTOBYIOTHCS
I KepyBaHHA 1i Buxigaumu gaHuMu [50]. Ilpommnramu MOXyTh OyTH TEKCT,
300pakeHHs, 3BYK uM 1HII Memia-popmatu. IlpoMnT ckimanaeTbcs 3 TaKuX
KOMITOHEHTIB: THCTPYKIIisl, IPUKIIAIU, (hopMaT BUBOY, POJb, JOJATKOBA 1H(OpMaIis
[17].

[HCTpyKIIis MOACHIOE OCHOBHY METY MPOMNTY, Hanpukiaa: “Hamumm 3BiT 1715
npoekty”. Ilpukiamu neMEHTPYIOTh OYIKyBaHI pe3yibTaTH BUKOHAHHS 3aBJIaHHS.
[IpoMnT iHXEHEpisl MOMUISETHCA HA TPU TUIU 32 KUIBKICTIO MPUKIAIB Y OJHOMY
3anuTi: Zero-Shot - 6e3 npukiani, One-Shot - onun npuknan, Few-Shot - kinbka
npukiaaiB. dopMaryBaHHS BUXITHUX JJaHUX JOAa€ CHEUQIKAIio OYiKyBaHOTO
dbopmaty BIAMOBIAL, Hanpukiad: ¢dopmaT Ta CTpykTypa (aitny. Jlocmiaaukamu Oyiio
BUSIBJICHO, IO JOJaBaHHs TEBHOI pOJIi, MOKpallye CTUJIb Ta SKICTh BIJMOBIACH.
Hampuknazn: “Tu icTopuk 3 TIMOOKMMHU 3HAHHSAMU MO 20 CTOMITTS, MpOaHaI3yl

nomTu4YHy cutyauito y @paniii y 1950-x pokax™ [50]
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Bukopuctanus MeTOay MPOMNT IHXKEHEpii MOAUISIETbCA HAa TPU MOBTOPIOBAH1
kpoku: 1. Buxonanns indepency Ha nmanux [17]. Ilim TepmiHoMm iHdepeHC
PO3yMITUMEMO TIPOIIEC OTPUMAHHS BIAMOBIAI (TIepeaOaydeHHs) BiJ HaBYEHOI MOJEII
Ha OCHOBI BXimHUX maHux [50]. 2. Ominka pe3ynbTaTiB. 3. Moaudikaiis TpoMITy.
Taka mMOCHIIOBHICTE KpPOKIB MOBTOPIOETHCS, TMOKU PO3POOHUKU HE JOCSATHYTH
Oa’kaHUX pPe3yJIbTaTIB.

[1. Caxy Harojomye Ha HEOOXIJTHOCTI BUKOHAHHS BCIX €TalllB PO3POOKHU
npoMnTiB. Criepiry HayKOBII JOCHIDKYIOTh MpoOieMy Ta crenu@iky AOMEHy Ta
aHaMI3yI0Th HAsBHI JaHl JUIs BU3HA4YEHHS KpuTepii ycmixy. HacTymHuM kpokom €
TeCTyBaHHs HaWmnpocTimux miaxoxis. I1. Caxy pekomenaye Bukopuctanss Zero-Shot
IPOMIITUHI Ta OI[IHKY pe3yabTariB micas. Jlaml BapTo ONTUMI3yBaTH HPOMIIT
BUKOPHUCTOBYIOUM TeXHIKY Few-Shot mpoMmnTuHr, nogarouu NpUKIaad 10 3aluTy.
KiJIbKICTh Ta PeNIeBaHTHICTh NPHUKIAAIB TPAIOTh KIIFOUOBY POJIb AJIA AKOCTI MalOyTHIX
pe3ynbrariB. OCTaHHIM €TaloM € 1HXXEHEpis BIJANOBiMAI, JOCIIIHUKHA 3a3HAYaIOTh
dbopmy, MOKIIMBI OOMEXKEHHS Ta MpaBmiIa s popMyBaHHS Biamosiai [50].

JIOCIITHUKY BUAUIAIOTh TAKOX HACTYIHI TUIW MPOMIIT 1HXKEHEPII: JAHIFOKOK
MIpKYBaHb, ITEPATUBHUM TMPOMNOTHUHT, HETATUBHUNM MPOMNOTHHT, TiOpUIHUN
IIPOMITHUHT, IEPEBO TYMOK Ta camMOy3roJuKeHHs[ 12, 59].

Jlanroxkoxk MipkyBaHb (aHria. “Chain-of-Thought Prompting”) ne Ttexnika
dbopmymtoBaHHs 3anuTiB 10 BMM, ska crioHykae MOeIb TOKPOKOBO IEMOHCTPYBATU
npolec NPUUHATTS pilieHb ad0 MOHIyKy BIAMOBIAI Ha 3amutT [8]. [ns mpukiany,
KOPHUCTYyBady MOTpiOHO HAIMKCATH BIAMOBIIb HA BIATYK KIIE€HTA, IEPIINM 3alIUTOM JI0
mozeii €: “IIpoananizyii BIATYK KIII€HTA Ta BUILIN:

1. 3aranpHy TOHAJIBHICTH (TIO3UTHUBHA/HETATUBHA/3MIIIIAHA)

2. [To3uTHBHI acIEKTH (CIHCOK)

3. HeraTuBHI acieKTH (CIUCOK)

4. PiBeHb HEe3a10BOJICHHS (HU3BbKUI/CepeaHIN/BUCOKHIA)”.

OTpuMaBIIU BIANOBIb, KOPUCTYBAU HaJCHIIa€ HACTYMHU 3anuT: “Ha ocHOBI
aHai3y BIATYKY, 3alIPONOHYH CTPATET1I0 BIAMOBIII:

1. ToH BignoBial
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2. SIKi acrieKTy BapTO BU3HATH

3. SIxi koMreHcarlii 3arponoHyBaTH

4. KoHkpeTHi ii 11 TOKpaIeHHs .

OcTaHHIM MNPOMOTOM Yy JIaHHIOKKY Oyne: “Hammmm mnepconamizoBany
BIJIMIOBI/Ib KJIIEHTY Ha BiJIT'YK, BUKOPUCTOBYIOYH: JIaH1 3 BIITYKY KJII€HTA Ta CTPATETIIO
BiMoBii”. TakuM YHMHOM 3a JOTMOMOTOI0 HAOOpy 3allWTIB MOJETh 3MOTJja SKICHO
MpoaHaIi3yBaTH BXiJHI JJaHI Ta 3T€HEPYBaTH BIJIIIOB1/b, SIK1 BIATIOBIIa€ BCIM BUMOTaM
[92]

ItepatuBauii nmpomnrtunr (anra. “Iterative Prompting”) me Tum iHxkeHepii
3aIUTIB y IKOMY 3aIIUT IIOCTYIIOBO pelaryeThes, crpsMoBytoun BMM no npaBuibHOi
BianoBial. Hanpuknan, noyatkoBuM 3anutoMm €: “Ilpumymail Ha3By Juisl JOJATKY IS
meautauii’. OTprMaBLIM BIANOBIAb, KOPUCTYBAU pelarye 3aluT BKa3yrud AETai:
“IIpuaymaii Ha3By AJis JOAATKY JUIsl MeauTallii. Bumoru: kopoTtka, 3anam'sTOBy€ThCH,
yKpaiHcbkoro”. ITpoananizyBaBiiu BiAMOBIAb, Jo1aeMO (iHanbHI aetani: “Tlpumymai
Ha3By I JOJATKy AJs MeauTanii. Bumoru: kopoTka, ykpaiHChKOIO, KpeaTHBHA
Cruns: sk "Headspace" - nerko, cyyacHo”. Takum YMHOM 3a JOIIOMOTOO IIOBTOPHOTO
HAJICWJIAHHS CXOKHUX MTPOMITIB MU OTpUMAaJ OakaHuii pe3ynbTar [12].

HeratuBuuii nmpomntusr (anra. “Negative Prompting”) me Tum iHxkeHepil
3aMUTIB y AKOMY 3a3HaudaroThes i, ski BMM noBuHHA yHUKATH T11]T 4aC BUKOHAHHSI
3apmaaHHsa. PosrmsHemo mpukiaa: “Hamwmm npo kimok. He pobu TekcT 3aHanTo
nosruMm. He BukopuctoByil ckiagnux ciiB. He mumm nynHo. He poGu Oarato
a03amiB.” [59]. BMM yHuKatuMe BKa3aHWX [Iiif, CTBOPIOIOYM OLIBII YITKHUMA
pe3yJIbTar.

JI. Banr ta K. Yen BUALISAIOTh TaKoX TiOpuaHuil npomMnTuHr (anri. “Hybrid
Prompting”) sikuii Bkiroyae B cebe Aekiabka MeTojiB. Hampukian, BUKOpUCTaHHS
HETaTUBHOTO Ta JIAHIIOKKOBOTO MPOMIITUHTY Ta JIAaHIIOKKa MIpPKyBaHb. ‘‘3ajauva:
BusHay, un BapTO KyIyBaTH L€l B)KUBaHUI HOYTOYK.

XapaKkTepUCTUKMU:

- Hina: 8000 rpu

- Bik: 5 pokiB
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- [Ipouecop: Intel Core 15 (7 mokosniHH:)

- RAM: 8 GB

- CraH: "gx HOBUI"

[HCTpYKITII:

1. IIpoananizyii KO>KeH mapaMeTp KPOK 32 KPOKOM

2. OOrpyHTY# CBOi MipKyBaHHS

3. Haii ¢piHanbHy peKOMEeHAIl 0

HE POBUTU:

- He mpuiimaii pimenns onpasy 0e3 aHamizy

- He irHopyit Bik mpucTporo

- He nogipsii ciino onucy "sx HoBuit"”

HepeBo nymok (anri. “Tree of Thoughts (ToT)”) me mnepemoBuii MeTOq
onucanuii b. UeHOM, SIKMII BUKOPUCTOBYE CTPYKTYPOBAaHUM MiAXIJ JJI1 KEPIBHUIITBA
BMM vy npouecax MipKyBaHHsI Ta TeHepallli Bianosiield. Bin nmokpanrye BUpIIEHHS
npo0ieM, AOCTIKYI0UM KUThbKa MUISXIB MIPKYBaHHSI, sIKI HA3UBAIOTHCS <«JIyMKammuy.
[Tinxing ToT, nanpukiiam, 3aCTOCOBYEThCS /10 CKIIATHOIO MaTe€MaTUYHOTO BUPIIICHHS
po0sieM, CIOHYKa€e MO/JIeIb TeHEPYBaTH Pi3HI MOTEHIIIMHI PIIIEHHS Ta OIIHIOBATH iX,
a He MpocCTo 3anutyBatu npo pimedHs [17]. [puknan: “/letansHuit aHamiz po3Mipis:
BIICbKOBI TAHKH MPOTH aBTOMOO1TIB

1. Po3mipu Ta Bara:

- BiiicbkoBi TaHKH: 3a3BUYail OCHOBHI 001OBI TaHKH (Taki sik M1 Abrams abo
T-90) maroTh

[IUPUHY ...

2. ManeBpeHICTh Ta KOHCTPYKIIISL...

Buxopucraiite HaBefeHy Buille iHGOpMaIlio, mo0 BIAMOBICTA HA HACTYIHE
3aMUTaHHS: YABITh COO01 HECKIHUEHHO IIUPOKUIN BX1JI, SIKAU 3 OLIBIIOI0 WMOBIPHICTIO
npoizie yepe3 HbOro, BINChbKOBHUM TaHK YM aBTOMOOUIB?”

Camoysromkenicte (anri.  “Self-consistency”) € 1me OZHUM METOJIOM
npoMnT-iHkeHepii, sakuii omucye b. Uen. Lleit meron mokpainye HaaidHICTh Ta

TOYHICTH BIJMOBIACH BEIMKHMX MOBHHMX MOJENICH IIISXOM TIeHepallii JIeKUIbKOX
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BapiaHTIB pillleHHs Ta BUOOpPY HANOUIBII MOLIMPEHOTO pe3ynabTaTy. Ha BiaMiHy Bif
CTaHJApPTHOTO MIJAXOAY , SKUWA BUOUpAE JIUIIE OHY HAWOLIbIT WMOBIPHY BIIOBI/Ib,
CaMOYy3rO/KeHICTh BUKOPUCTOBYE TEXHIKH CEMIUTIHTY JUIsi CTBOPEHHS PI3HOMaHITHUX
NUISIX1B MipKyBaHHs [17, 59].

B psini gocmipkeHb BiAMIYEHO, IIO METOJ CaMOY3TOJKCHHS CKIIAJA€ThCs 3
TPHOX €TamiB: CIOYaTKy MOJIETb OTPUMYE MIPOMIT 13 JaHIIOKKOM MipKyBaHb (CoT),
MOTIM T'eHepYyeE JeKiIbKa albTePHATUBHUX PIllICHh BUKOPUCTOBYIOUH Pi3HI TPAEKTOPIT
MIpKyBaHHs, 1 HApPEIITI TeHepy€e pe3yNbTaTh, OOUPAIOYX BiJIMOBiAb, 10 HaWYaCTIIIE
3YCTpIYA€EThCS cepell YCIX 3reHepoBaHUX BapiaHTiB. Lled miaxim € epekTuBHUM HJIs
3ajlady apuPMETUKU, JIOTIYHOTO MIPKYBaHHS Ta OOYHMCIIEHb, OCKUIBKM BHUIAIKOBI
MTOMHWJIKH HE TIOBTOPIOIOTHCS CHCTEMATUYHO, TOM1 SIK MpaBUJIbHA JIOTIKA MMPU3BOINUTH
JIO OJTHAKOBO1 BIIMOBIA1 pi3HUMH TuIsIXamu [17].

Posrnsnemo mnpuxnaa: "3amawa: Y marasuni € 24 HoyTOyku. Ilpomamu 7
HOYTOYKIB BpaHlll Ta 5 yBeuepi. [loTiM 3aBe3nu HOBY mapTito 3 12 HOYTOYKIB.
Cki1bKM HOYTOYKIB 3apa3 y MarazuHi? 3reHepyil 5 pi3HUX CIOCOOIB BUPIIIECHHS €T
3a/1a4i 3 IeTaJIbHUM TOSICHEHHSIM KOYKHOTO KpOKYy. ITiciis 1iporo Bu3HaY, sIKa BiAMOBIIb
3yCTpI4aeThCsl HafyacTiie, Ta O0TPYyHTYH, YOMY caMe BOHA € MPaBHIHHOO."

JIi Banr migkpeciroe, 10 IIBUIKE BIPOBAIKEHHS Ta €KOHOMISI PEeCcypciB €
NepeBarol0 BUKOPUCTAHHS MPOMIT 1HKeHepii. OKpiM TOro, HAyKOBEI[b 3a3HAYaE, 110
TaKUl METOJ € JyXe THYYKHM Ta JO03BOJISIE MIBUAKO €KCIIEPUMEHTYBATU 3 PI3HUMHU
3aBHaHHAMM. JlOCHIgHUK BHUILISE, OOMEKECHHS JIMIIE ITOYaTKOBUMHU AaHMMH BMM,
SIK OCHOBHHM HEJIOJIIK TaKOTO MeToTy [59].

Ax yxe Bimomo, BMM oTpuMyioTh CBOI 3HaHHS MPO CBIT 3 BEIWYE3HUX
KOPIYCIB TEKCTy, MPOTE, TaKi 3HAHHS € J0BOJl oOMmexeHuMU. [lo-mepiie, Bakko
30eperT BCl 3HAHHS 3 HABYAIBHOTO KOPITYCY, OCOOJIMBO JIJISi MEHII MONIMPEHUX Ta
Outbll crnenudiyaux AoMeHiB. [lo-Apyre, OCKUIbKM MapaMmeTpu MOJIEeTl HE MOKHA
JMHAMIYHO OHOBJIIOBATH, 11l 3HAHHS CXWJIBHI JO 3acTapiBaHHs 3 yacoM. PosmmpenHs
napamMeTpiB MOJIeNll TPU3BOAUTH N0 30UIBIICHHS BUTPAT Ta € JIOBTOTPUBAIAM

nporiecom. [[nst BupiieHHs 1i€i mpooJieMu 1CHYe MeTOJ 1HTerpailii 0a3u JaHux 3
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BMM. Leit niaxin BiqoOMHiA SIK, TeHEPYBAaHHS IOTIOBHEHE MOIIyKoM (aHri. “Retrieval
Augmented Generation (RAG)”) [8, 32].

TepMiH reHepallis JOMOBHEHA TOIMIYKOM OyB BIEpIIE 3alpPOINOHOBAHUN
[Tatpikom Jlproicom y 2020 pomi [33]. Lleit MeTon mo€Hy€e MOMEPEIHHO HABUCHUM
nourykoBuil mpuctpiit 3 BMM. Ilicas nossu BMM, takux sik ChatGPT, reneparusHi
MOBHI MOJIEJi CTalu TMEPEeBAXKAIOYUMHU, JEMOHCTPYIOUHM BUCOKY MPOIYKTHUBHICTH Y
3aBJAaHHAX MOB’S3aHMX 3 TEHEpalll€l0 MOBHHUX MOCIHIOBHOCTEeH. OqHaK MOJeINi Bce
II€ CTUKAIOThCS 3 TAaKUMH MpoOJeMaMu, SK TalIOIMHALl OHOBJIEHHS 3HAHb Ta
npoOiemu, NoB's3aHl 3 AaHuMH. lle BIMBae Ha IXHIO HAJINWHICTh, YCKIIAIHIOIOYU
BUKOHaHHS BMM niisi BUKOHAHHS CKJIAJIHUX 3aBJaHb, 110 MOTPEOYIOTh JOCTYIY 0
BEJIMYE3HOT KIJIBKOCTI 3HaHb, TaKUX SIK BIJMOBIAI Ha 3alUTaHHS 3 BIJIKPUTOIO
peaMETHOI0 00acTio [24].

['eHepyBaHHS TOMOBHEHE MONTYKOM CKJIQJA€ThCs 3 KUIBKOX €TaIliB: 1HEKCaIlis,
MoIIyK Ta TeHepaiis. Etanm iHaexcanii BKIIOYa€ BUJIYUYEHHS BXIJHUX JaHUX Ta
MEepPEeTBOPEHHA iX 3 pi3HUX ¢opmarti, sikux ssk PDF, HTML uu Docx y 3Buuaiinuii
TekcT. Llel KpoK TakoX BKJIIOYAE PO3IUICHHS 3aBaHTAXEHOTO TEKCTy Ha MEHIIl
dbparmenTtu. L{e HE0OXiTHO, OCKIIBKM MOBHI MOJIeJIl 3a3BUYail MalOTh OOMEXEHHS Ha
00CAT KOHTEKCTY, SKMHA BOHM MOXXYTb OOpOOWUTH, TOMY HEOOXIJHO CTBOPIOBATH
sKoMora MeHI @parmMeHTu TekcTy. [li3Hime i pparMeHTy 1aHuX MepeTBOPIOIOTHC
y BEKTOpH, IO JOIOMArae MiJBUIIUTH MIBHAKICTh TOIIYKY Ta BUBEIACHHS JaHUX.
[Ticnst reHeparii BEKTOPIB HACTYNMHUM KPOKOM € CTBOPEHHS 1HAEKCY, 30epiraHHs
OpUTIHATBHUX (PparMeHTIB KOPIyCy Ta BOY/IOBYBaHHS y (OpMi Map KIIFOUY-3HAYCHHS
JUISL IITBUJIKOTO Ta YacTOro MOIIYKY B MailOyTHROMY [32].

Hamu BCTaHOBJIEHO, 110 HACTYIIHMM KPOKOM € MOIIyK JaHuX. OTpuUMaBIIU
3alUT KOPUCTyBada, Ta caMa MOJCNIb KOIyBaHHS, IO W Ha TEpIIOMY €Tarl,
BUKOPUCTOBYETHCS JJI EPETBOPEHHS 3alUTy Y BEKTOp. OOUUCIIOETHCS TO110HICTD
MDK 3alMTOM Ta 1H(opMaIliero 30epeKeHOI0 y BEKTOPHINM 0a3l JaHUX. 3HAUIIOBIIN
noTpiOHI HAM JjaH1, TOYNHAETHCS HACTyMHUH eTamn [32].

OcraHHill eTar, ONMUCaHWM MOCHITHUKAMU BKJIOYae Taki 1ii. OTpumaBiiu

3alUT KOPUCTyBaua Ta JaHi 3 0a3u gaHnx, BMM renepye BiAMOBiAb HAa OCHOBI
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HajaHoi, 6a3010 gaHuX, iHGopMmailii. OKpiM TOTO, icTOpHYHA 1H(POPMAIIisSI TIPO T1aJIOT,
MOK€ TaKOX CIyTyBaTH JI0JJaTKOBUMU JaHuMU i1 BMM [32].

3 uporo npuBoxay, C. becen Buainse kimodoBy mnepeBary RAG: MoxIuBICTH
JOCTYNy JO CIEeHiai30BHUX JaHUX KOHKPETHOTO JIOMEHY Ta KOH(IICHIIHHOT
iHpopMaIlii, sika He BKJIIOYEHA 10 CTaHAApTHUX JaHUX HaBYaHHS MOBHOI Moxeni. Lle
0COOJIMBO KOPUCHO JUTIsl OpPTaHi3allii, Mo MpaioTh HaJ BIACHUMHU JAOCI1HKCHHIMHI
Ta MPOEKTAMH, KOJU KOMIIaHisl Moxke Hajatd RAG-cucteMi 10CTyn A0 BHYTPIIIHIX
TaHUX, JO3BOJITIIOYM MOJCNI BHUKOPHUCTOBYBAaTH CIICIialli3oBaHl 3HaHHSA 0e3
HEOOXITHOCTI TIepeHaBYaHHS Ha KOHQiIEHMIHHIN 1HdopMali. [HIIO BaKIMBOIO
nepeBaro0 € 3aatHicTh RAG HamaBath MOJENSIM JOCTYH JI0 HaWaKTyalbHIIION
iH(opMmaiii, gonaroun Oap’ep oOMexeHUX 3HaHb Mozenl. RAG-cucreMun MOXKYTh
IHTErpyBaTUCS 3 KUBUMHU JKEPEJIaMU JTAHUX, TAKUMU SIK: THTEPHET, HOBUHHI CTPIUKH.
[TocTiiiHe oHOBJIEHHS 0a3u JaHUX 3a0e3ledye BUKOPHUCTAHHS MOTOYHOI 1H(pOpMalii
IpH resepauii Bianosiaen [14].

®anwken (Ppanx) Croil, nocmanuk 3 MailikpocodT, 1m0 mpaioe y cdepi
HITYYHOT'O 1HTENEKTY, BUALILE MpoOaeMH1 00J1acTl MiJ Yac BUKOPUCTaHHS T'eHepalli
JIOTIOBHEHOI TIOIIYKOM: SIKICTh TOIIYKY, SKICTh TE€Hepallii BIAMOBIACH Ta MpoIriec
nonoBHeHHsT [14]. TIpoGiema £KOCTI TONIYKYy € OaraTorpaHHOI0, OCHOBHOIO
npoOJIieMOI0 € HHM3bKa TOYHICTh, KOJM HE BCl JIaHl 3 BEKTOpHOI Oa3u JaHuX
KOPEJIOIOTh 13 3aIMTOM, IO MPU3BOJMTH JO MOTSHIINHUX TaltoluHaIii. BropuraHo
npoOJieMOI0 € HHU3bKa MOBHOTA, fKa BUHUKAE, KOJU HE BCl BIAMOBIIHI OJIOKH
BUTATHYTI, 0 nepemkomkae LLM oTrpuMarn gocTaTHIA KOHTEKCT JIs TeHeparii
BiamoBial. KpiMm Toro, 6a3a maHuX, TaKoX MOBHHHA PETYJISIPHO OHOBIIFOBATHCS JJIS
3ano0iraHHsl BUKOPUCTAHHS HAQJIMIIKOBUX a00 3acTapuiMX [aHUX, 110 MOXYTb
MPU3BECTH JI0 HETOYHUX PE3yJIbTaTIB MONIYKY [24].

[[lo crocyerhcsi TreHepaiii  BIANOBIACH, TalIOIMHAINI  3aJIUIIAIOTHCS
HaWOUIBIIO TPOOJEMOI0, KOJU MOJIeSIb TEeHEpy€e€ BHUXIAHI JaHl 3 BHIaJIaHOIO
iH(popmarriero. HepeneBaHTHICTh € 1€ OJIHIEID TPOOJIEMOI0, KOJU 3TeHEpOBaHA

BIJIMOBIb, HE BiAMOBiae Ha 3anmuT. KpiM TOro, TOKCUYHICTh 200 yHepemaKeHICTbh,
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KOJIM MOJIEJTh TEHEPYE MIKIUTHBY a00 00pa3uBy BIJIMOBI/b, € M€ OJHAM HEAOIIKOM
Takoro miaxony [24, 33].

[Tporiec momoBHeHHs (aHri. “augmentation”) y RAG-cucremax CTHKaeThCs 3
HU3KOI BUKJMKIB. KitouoBow mnpoOiemMoro € epekThBHA 1HTErparliss KOHTEKCTY 3
OTpUMaHHX (pParMeHTiB y 3aBJaHHA TeHepalii — HeHalekHa o0poOka Moxke
IOPU3BECTH /10 HE3B'SI3HUX a00 HEUITKUX pe3ynbTaTiB. HaamumkoBicTs iHpopMariii
BUHMKAE, KOJM Oarato (QparMeHTIB MICTSITh CXOXXHH KOHTEHT, WIO CIPUYMHSIE
MOBTOPEHHSI HA eTarll re’epartii. Jlog4aTkoBUMH BUKIMKAMU € CKJIaHICTh BU3HAYCHHSI
PEIEBAHTHOCTI Ta BaXKJIMBOCTI KOKHOTO OTPUMAHOTO (hparMeHTa, y3ro>KeHHS PiI3HUX
CTHWJIIB 1 TOHIB MUCHhMa JIJIs 3a0€3MeUeHHs IKICHOTO BUBOJTY, a TAKOX PU3UK HAJAMIPHOI
3QJIEKHOCTI MOJIEJII Bijl pO3MIMpPEeHOi 1H(OopMaIlii, 110 MOXKE MPU3BECTU JI0 MTPOCTOTO
HNOBTOPEHHSI OTPUMAHOTO0 KOHTEHTY 0€3 CTBOPEHHS HOBOI I[IHHOCTI Y CUHTE30BAHO1
1H(popmarii [32].

Juctumsnis 3Hadb (anra. “Knowledge Distillation”) — e TexHika CTUCHEHHS
MoJIeNiel, sika J03BOJISIE TIepeAaTH 3HAHHS BiJ] BEJMKOI, CKJIAJHOT MOBHOI MOJEII
("Buntens") no MeHIO1, ePexTrBHIIIOI Mozenl ("yuHs") 6e3 BTpaTH NPOLYKTHBHOCTI.
[le#t meTox OyB Briepiie onucanuii byuiny ta cniBaropamu y 2006 port [1, 19].

OCHOBHOIO TEpeBarold JAUCTWIALIL 3HAHb € MOXJIMBICTb CTBOPEHHS
KOMIMAaKTHUX MOJENeH, siKi 30epiratoTh OUIBIIICTh MOXKJIUBOCTEH BEIMKUX MOJCICH
IIPY 3HAYHO MEHIIN 00YMCIIIOBANIbHIN CKIaHOCTI. 1{e poOuTh NHCTHIIHROBAHI MOJIEITI
NPUIATHUMH JJI1 3aCTOCYBaHHS Ha MOOUIBHHX MPHUCTPOSIX Ta B CEPEAOBHINAX 3
obMexxeHuMH pecypcamu [39].

PesynbpraTi Hamoro AOCTiIHKEHHs JOBEIH, 10 TUCTUIISIISA 3HAHb CTUKAETHCS 3
panoM oOMeXeHb Ta BUKIMKIB. HalCyTTeBimow mnpoOjeMor € HEBIAMOBIAHICTH
MNOTYKHOCTEH MK BUHMTENIEM Ta yYHEM — JOCIIIKEHHS MOKa3yloTh, U0 OUIbIII Ta
TOYHIII MOJIEi-BUMTENl HE OOOB'I3KOBO MPHU3BOAATH 10 Kpamux y4HiB. Ko
PI3HMIIS B MOTY>KHOCTI 3aHAATO BEJIMKA, MOJIENIb-y4eHb (DI3MYHO HE 37aTHA IMITyBaTH
CKJIQJHY TMOBEIIHKY BUYHUTEJIS, 10 MPU3BOJUTH 0 BUCOKOI PO301KHOCTI MK TXHIMHU
MPOTHO3aMU HaBITh MmijA yac HaBuaHHs [19]. [TocnimoBHa TUCTHIISIS Yepe3 TPOMIKHI

MOJIE/I TaKOXK BHSBJISETHCS HES(HEKTUBHOKO TSI TIOI0aHHS €T IPOOIeMHU.
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I-arentn (Al Agents) 3ampomonoBani JIx. Ilepmom ta A. Heroemnom
3pOOMIIM €BOJIOLIMHUI KPOK y PO3BUTKY IUTYYHOIO IHTENEKTY, MEPEXOJ4Yd BiJl
NAaCMBHUX TEHEpaliil BIANOBIAEH [0 aKTUBHHX, IIJIECIPSIMOBAHUX YYaCHHKIB
BUPIIICHHS CKJIQJHUX 3aBdaHb. JSIKIIO TpaauIliiiHI BeIUWKi MOBHI Moe
O0OMEXKYIOTbCS TEHEpalli€l0 TEKCTY Ha OCHOBI oTpuMaHoro mpomnrty, To LlI-arentu
3[IaTHI CaMOCTIHHO PO3KJIAJAaTH CKIIAIHI Tl Ha MiJ3a]a4i, [JIaHyBaTH MOCI1JOBHICTD
T, B3a€EMOJIIATH 3 30BHINIHIMHM 1HCTPYMEHTAMM Ta aJanTyBaTH CBOIO CTpATErii0 Ha
OCHOB1 OTpHMaHUX pe3ynbTaTiB. Lleit miaxin M03BOJIsIE CTBOPIOBATA CUCTEMHU, SIKI HE
IIPOCTO BIAMOBIIAIOTh HA 3alHUTH, a TMPALIOIOTh HaJ JOCATHEHHSM IOCTaBICHUX
I1JIEH, 1110 BIAKPUBAE HOBI MOXKJIMBOCTI JJIsl aBTOMATHU3AIll] 1IHTEJIEKTYaJIbHUX 3aB/IaHb
y pi3HUX ramyssx [61].

Hamu BcTraHoBieHO, 110 Ha BIAMIHY BiJ TPagulllMHUX TpaHcPopMepiB, SsKi
TE€HEPYIOTh BIJIMOBIJI HA OCHOBI BUKIIFOUHO CBOI'O BHYTPIIIHBOTO 3HaHH:, LIII-arenTn
aKTUBHO B3a€MOJIIOTH 13 30BHIIIHIMH IHCTPYMEHTAMH Ta pecypcaMu: 0azaMu JaHUX,
BeO-mormykoM, APl Ta HaBiTh IHIIMMHU areHTamMu ISl OTPUMaHHSA HEOOXiTHOT
iHpopmaryii. Ilicns 300py i1HQopmalii areHT OHOBIIOE CBOIO 0a3y 3HAHb Ta
BUKOPUCTOBYE areHTHE MIpKyBaHHs (aHra. ‘‘agentic reasoning”) — MpoIiec
Oe3nepepBHOI TMEPEOIIHKU IUIaHy i Ta CaMOKOpPEKIli, 10 3a0e3nedye OuIbII
aJanTUBHE NPUUHATTS pimeHs [11].

Apxitektypa cyudacHux III-areHTIB TpyHTye€TbCS Ha TI'SITH KIFOYOBHX
KOMITIOHEHTaX, sIKI 3a0e3MedyloTh IXHIO (YHKIIOHAJIBHICTh Ta €(EKTUBHICTH Y
BUPIIIEHH] CKJIaJHUX 3aBlaHb. llepmmii xkommnoHeHT - mojaenb (BMM), ska €
HEHTPAIBHUM €JIEMEHTOM MPUUHATTS pillieHb Ta 00poOku 1Hdopmarii. [ momens
BIJIMOBIZA€ 32 PO3YMIHHS 3alMTIB, F'€HEpallil0 BIAMOBIAEH Ta BU3HAYEHHS CTpATETii
nit. Jlpyruii KOMIIOHEHT - 1HCTPYMEHTH, BOHU 3a0€3MeUyl0oTh areHTaM MOXJIUBICTb
BUKOHYBATH /111 Ta B3a€EMOIISITH 13 30BHIIIHIM CEPEAOBUIIEM, BKIIOUAIOYH JOCTYI J0
0a3 nanux, API, mourykoBUx CUCTEM Ta IHIIMX 30BHIMIHIX pecypcis [11].

Tperiii KOMIOHEHT - 3HAHHS Ta MaM'sATh, BKJIIOYAE JIBA PIBHI: poOOUy Mam'siTh
JUIsL KOPOTKOCTPOKOBOTO KOHTEKCTY AaKTHBHOI cecii Ta NOCTIMHY mnaMm'saTh AJis

JIOBITOCTPOKOBOTO 30€pEKEHHsI TOMEpeAHIX B3aeMOAINM Ta ICTOpii 3aBAaHb 3a
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JIOTIOMOTOI0 BEKTOpPHHUX ©0a3 ganux. YeTBepTuil KOMIIOHEHT - OOMEXyBajbHI
MEXaHi3MH, sK1 3a0e31euyoTh 0e3MeKy, eTUUHICTh Ta KOHTPOJIbOBAHICTh IMOBEIIHKH
areHTa, 3anoOiraroun HeOaxxaHUM a00 MKIATUBUM JisiM. [1°sITHiT KOMIIOHEHT - piBEHb
opkecTparllli - kepye mporecoM o0poOku iHdopMallii, KOOPAUHYE B3AEMOIII0 MIX
IHIIMMUA KOMIIOHEHTaMH, BUKOHY€ MIPKYBaHHS Ta MpPUHMAae PIlIEHHS MPO HACTYIHI
mii areHra.

B psini mocaimpkens BiAMIYEHO, 110 KIIF040BOI0 ocobmuBicTio IIII-areHTiB € ixHs
3MATHICTh JUIMTHCSA 1H(POPMAIIEID MK PI3HUMH 1HCTPYMEHTaMH, IO poOUThH iX
OUIbIII yHIBEpCATLHUMU TOpPIBHSIHO 3 Tpaauiiinumu BMM. Hanpuknan, npu
IJIaHyBaHHI BIJITYCTKU areHT MOKE CIIOYATKY 3BEPHYTHUCS JI0 30BHIIIHBOI 0a3u TaHUX
3 ICTOPUYHHMH METEOPOJIOTIYHUMH JTaHUMH, MOTIM MPOKOHCYJIbTYBATUCS 3 IHILUM
CHEIlla]i30BaHUM AareHTOM [l OTPUMAaHHS eKCHEPTHUX 3HaHb, IIICIS YOro
CUHTE3yBaTU OTpUMaHy 1HQopMalio s (GopMyBaHHS OOIPYHTOBAHOT pEKOMEH IALIli.
baraToiHcTpyMeHTalbHa apXiTEKTypa 103BOJISIE aT€HTaM JI0JIaTh OOMEKEeHHSI 0a30BUX
MOBHHUX MOJEJICH, sIKI HE MOXKYTb CHEI[lali3yBaTUCAd Ha BCIX MOXJIMBUX JOMEHaX
3HaHb, Ta 3a0€3Me4y€ THYUYKICTh Y BUPIIIEHH] PI3HOMAaHITHUX 3aBaaHb [11].

OcnoBuumu nepeBaramu IlII-areHTiB € aBTOHOMHICTH Ta MacIITaOOBaHICTb.
ATEeHTH MOXYTbh MpaloBaTU LUIOA000BO 0€3 BTOMIIFOBAHOCTI, OOpOOISTH BEIHUKI
oOcsiru  iHdopMalii Ta aJanTyBaTHCS JO0 HOBUX CHUTyallld 0e3 HeoOX1IHOCTI
nepenporpamyBadHsa. lle poOuth iX 0COONMBO IIIHHUMH [IJI8 3aCTOCYBaHHS B
aBTOMaTH3allli 00CITYyroByBaHHS KJIIE€HTIB, aHANITHILI JAHUX, HAYKOBOMY JOCIII>KEHHI
Ta ONTUMI3aIlii O13HeC-MPOIIECiB, /1€ MOTPIOHA 3AATHICTH 10 CAMOCTIHHOTO IPUIHATTS
pillieHb Ha OCHOB1 TMHAMIYHO 3MIHIOBAaHOTO KOHTEKCTY [61].

Onnak E. Anmonco mimkpecitoe, mo Al-areHTH TakoX CTHUKAIOThCS 3 PSAIOM
BUKJIMKIB Ta 00MexkeHb. OCHOBHOIO MPOOJIEMOIO € HAIIWHICTh Ta MepeadavyBaHiCTh
NMOBEAIHKA: aBTOHOMHI areHTH MOXYTh MpPUHAMATH HEOUIKYBaH1 pilleHHs a0o
BUKOHYBAaTH TOMUJIKOBI J1i, 0OCOOJIMBO B HOBHX a00 HEOJAHO3HAYHUX CHUTYaIlisiX.
[lutanHsa Oe3meky Ta KOHTPOJIO € KPUTHYHHUMH, OCKUIBKH areHTH 3 JOCTYIIOM JI0
30BHIIIHIX CUCTEM Ta JaHUX TMOTEHI[IHHO MOXYTh 3aBIaTH IIKOAU TIPH

HENPaBWILHOMY (DYHKIIOHYBaHHI

34



BucHoBku 10 1-ro po3ainy

[IpoanainizoBaHO €BOJIOMIMHUK PO3BUTOK BEIMKAX MOBHUX MOJEICH Bif
CUMBOJIIYHOI €pu 00pOOKH IPUPOAHOI MOBH Ha OCHOBI CHCTEMH MPABUII IO CyYaCHUX
HEHPOHHUX apXITeKTyp. BcTaHOBIEHO, 1[I0 PEBOJIOLIMHOI BIXOIO  CTalO
3anpoBaKEHHS apxiTeKTypHu TpaHchopmepa y 2017 poii, sika 3aBASKA MEXaHI3MY
caMOyBard J03BOJMIa MOJACNISIM €(hEeKTUBHO OOpOOIATH TMOCTIAOBHOCTI PI3HOI
noBxuHU. HaykoBIll 3a3Ha4aroTh, 10 came I apXiTeKTypa craja GyHIaMEeHTOM Jis
BCIX CyYaCHHUX BEJIMKUX MOBHHUX MOJIEICH.

Po3ristHyTo Tpu OCHOBHI THNM apxiTeKTyp Ha 0a31i TpaHchopmepa: GPT
(decoder-only), BERT (encoder-only) ta T5 (encoder-decoder). Anani3 mxepenbHOI
0a3u IOCHIPKEHHS JO3BOJISIE KOHCTATyBaTH, 10 KOXKHA apXITEKTypa ONTHUMI30BaHa
Uit cnenrdivHuX 3aBAaHb 00poOku npupogHoi MoBU. GPT BusiBuBCS epexkTUBHUM
JUISL TeHepallii TEeKCTy Ta MIATPUMKUA KOHTEKCTy Yy poBrux miamorax, BERT
JNEMOHCTpPY€E TEpEeBard y 3aBJaHHSIX PO3YMIHHS Ta aHali3dy TeKcTy, ToAl sk TS5 e
yHIBEpCaJIbHUM BapiaHTOM JIJIsl IEPETBOPEHHS TEKCTY B TEKCT.

3'sicoBaHoO, 110 Cy4acHI METOJIOJIOTTUHI MIAXOAM 10 HABYAHHS BEJIMKUX MOBHUX
Mozeneld 0a3yroTbea Ha OaratoeranmHoMy mnpouect. IlonepeaHe HaBuanHs (opmye
dbyHIaMEHTaJIbHI JIHTBICTUYHI 3HAHHA HAa OCHOBI MacIITaOHUX KOPIYCIB TEKCTIB,
TOHKE HaJIAIITYBaHHS 3a0e3Meuye afanTalliio 0 Creliali30BaHuX 3aBJaHb, HAaBYaHHS
3 MAKPITUICHHSIM Yepe3 JIFOACHKUNA 3BOPOTHUHN 3B'S30K JO3BOJISIE Y3TOIUTH TTOBEAIHKY
MOJIEJ 3 JIFOJICBKUMH IIHHOCTSIMU, a TapameTpo-e(HEeKTUBHE TOHKE HaJaIlTyBaHHS
CYTTEBO 3MEHIIIYE€ BUMOTH JI0 OOUMCIIOBATIHLHUX PECYPCIB.

BcranoBieHo, 10 A7l MPAKTUYHOTO 3aCTOCYBAaHHS BEJIMKHX MOBHHMX MOJENEH
y CHeIliaTi30BaHuX JOMEHAaX BUKOPHUCTOBYIOTHCS PI3HOMAHITHI METOIU OMTHMI3aIIii.
[IpoMnT-iHKeHepis J03BOJSE aNaNTyBaTU MOBEIIHKY MOJENI Yepe3 CTPYKTYpOBaHI
3anmuTH 0€3 HeoOXimHOCTI mepeHaB4YaHHs. ['eHeparis mpomnoBHeHa morrykoMm (RAG)
BUpIIIy€e MPOOJIEMy aKTyaJdbHOCTI 3HAaHb MOJIEl 4epe3 IHTEerpailito 3 30BHIITHIMU
0azamu ganux. JlucTunsiis 3HaHb 3a0e3Mmeuye CTBOPSHHS] KOMIAKTHUX MOJIETCH st

3aCTOCYBaHHS Ha MPUCTPOSX 3 0OMEKEHUMHU PECYPCAMHU.
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[IpoananizoBaHO €BOMIOIIIO BiA TPAAMLIMHUX MOBHUX MOJENEH [0
[[II-areHTiB, $Ki 3JaTHI CAaMOCTIHHO PO3KJIaJaTH CKJIagHI 11l Ha Mmig3ajgadi,
IJIAaHYBaTH TIOCTIOBHICTh MJi Ta B3a€EMOISATH 3 30BHINIHIMH 1HCTPYMEHTAMH.
ApxiTektypa cydacHux LlII-areHTiB BKJIIOYA€E IT'SITh KIOYOBUX KOMIIOHCHTIB: MOBHY
MOJielb, IHCTPYMEHTH, CHCTEMYy MaMm'siTi, OOMeXyBajdbHI MEXaHI3MH Ta pIBEHb
opkectparii. Ilg OGaraTOKOMIOHEHTHa CTpyKTypa 3a0e3medye aBTOHOMHICTb,
aJanTUBHICT, Ta 3JaTHICTh JIO NPUUHATTS pIIEHh HAa OCHOBI JUHAMIYHO

3MIHIOBAHOT'O KOHTEKCTY.
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PO3I1J1 2. JTAJIOI'OBI CUCTEMMH 3 KOHTEKCTHOIO INIATPUMKOIO:
TEOPETHUYHI 3ACAIM TA METOJIOJIOTTYHUM BA3UC

2.1. KoHTekcT y AiaJIOTOBUX CHCTEMAaX: KOHIENTYAJi3a1is Ta MeTO10JI0Tisl
yHpaBJIiHHSA

Po3BuTOK YaT-00TIB MIAKPECIUB BAXKIMBICTD 30€pEKEHHS KOHTEKCTY B
nianoroBux cucremax. Po3poOka Ta po3BUTOK MiAXOAIB JJIsl MOJAETIOBAHHSA KOHTEKCTY
B1JI0OpaXkae He JIUIIIe TEXHOJIOTTYHUI porpec, a i NorimuOIeHHsI TEOPETUUHUX 3HAHD
PO PO3YMIHHS MPUPOIH 1aJIOT1B.

[lin TepMiHOM KommeKkcm PO3YMITUMEMO BH3HA4YE€HHS, 3alponoHoBaHe b.
I'pomr y 1980-x pokax, BCi daHi, sIKI CHCTE€Ma BHUKOPHMCTOBYE [IJIsi OI[IHIOBAHHS
MOTOYHOI B3aeMO/I1i. HayKOBIIl MOTOKYIOTHCSI KOHTEKCT BIJITPaE HEHTPAIbHY POJIb
y MPOEKTYBaHHI J[1aJIOTOBUX CUCTEM 3 OOpPOOKH MPUPOIHBOT MOBU. OTHAK KOHTEKCT
BaXKO BU3HAYUTH OJHO3HAYHO. Y JOCHIJKCHHSIX KOHTEKCT PO3TIISAIAETHCS SIK
CYKYMHICTh acleKkTiB a00 KOHTEKCTyaJlbHUX €JIEMEHTIB, KOKEH 3 SIKUX MOXe OyTu
BU3HAYCHHUI 1 MPOAHANI30BaHUM Ta MIAKPIIUIIOE 3/1aTHICTh CHUCTEMH PO3YMITH Ta
Te€HEPYBATH PEJIeBAaHTHI BIAMOBI/I 1 4Yac KOMYyHIKaIli [2].

[IpuknagoMm paHHIX JiadoroBUX cucteM Moxke ciayryBatu ELIZA, po3poOnena
JIx. Baitnenbaymom y 1966 pori. Cuctema omnepyBaia NPUMITUBHUM PO3YMIHHSAM
KOHTEKCTY, OOMEXYIOUNCh IPOCTUM BiI3epKAJICHHIM KJIIOUOBUX CIiB KOPHUCTyBada
0e3 CHpaBXHBLOTO PO3YMIHHS CEMaHTHYHUX 3B'I3KIB [66]. Taki cucremwu
IPYHTYBAJUCS Ha OPCTKHX JIHTBICTUYHUX TMPaBWJIAX 1 HE MOTJH yTPUMYBATH
1H(popMaIlilo Npo MmomnepeiHi perTiku aianory. KoHuemniiss KOHTeKCeTy B 1€l mepiof
3BOJIMJIACS TIEPEBAKHO JO CHHTAKCHMYHOTO aHalli3y MOTOYHOTO BUCIIOBIIIOBAHHS.
ELIZA Gyna onHuM nepiux 4at-00TiB, ki npodnu Tect A. TiopiHra, 3rajaHuii y
nomnepeHbOMY po3iii [58].

3T11HO 3 TOCTIKEHHIMH OAIBIINN PO3BUTOK JIHIBICTUKU MPU3BIB /10 MOSBU
CTaTUCTUYHHUX MOJIENeH, 30KpeMa MpUXoBaHUX MapKOBCcbkux monaenedt (HMM), sxi
JO3BOJIMIIA TIepea0ayaTH JIIHTBICTHYHI SIBHUINA HA OCHOBI MOIMEPEIHHOTO0 KOHTEKCTY

[56]. Lle crano KIIOYOBUM MOMEHTOM Yy PO3BUTKY PO3YMIHHS KOHTEKCTY SIK
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MOCIIOBHOCTI BXIIHUX JaHMX, J€ KOKEH HACTYIMHUN €IEMEHT A1aJIoTy 3aJIeKUTh Bl
MOTIEPETHIX.

HaykoBI1i OTrOIKYIOThCSI, 110 CIIPaBXHBbOIO PEBOIOIIIHOIO 3MiHOIO Y cdepi
KOHTEKCTY OyJI0 BIPOBAKEHHS TpaHC(HOpMEPHUX apXITeKTyp, Takux ik BERT 1 GPT
[21, 28]. BMM mnepeBepHy/nd YSBICHHS MPO MOHATTA KOHTEKCTY Yepe3 MeXaHi3M
yBaru, KM TUHAMIYHO BU3HAYa€ PEIEBAHTHICTD €JIEMEHTIB icTopii aianory. Cy4acHi
mozaeni, Hanpukian: GPT-4, neMoHCTpyIOTh 3AaTHICTh YTPUMYBATH JTOBTOCTPOKOBUIA
KOHTEKCT, IO Tiependadae HE JuIne 30CpeKECHHS TMOIMEpeaHiX perulik, aie u
PO3yMIHHS iXHIX CEMAaHTUYHHUX B3a€EMO3B'A3KIB Ta HAMIPIB KOPUCTYBaya.

OTxe, MiJ NOHATTAM J1aJJOTOBa CUCTEMa, Oy/IeMO PO3YMITH 1LI€ KOMII'FOTEPHY
CUCTEMY, MPU3HAYEHY Ul CHUIKYBAaHHS 3 JIIOJAMHOKO 3B'SI3HOIO, CTPYKTYpPOBaHOIO
MOBOKO [5]. JIOCHiIHMKK TOAUISAIOTH JiajJoroBl CHCTEMHU Ha IUIBOBI (QHTJL
“goal-oriented”) Ta HenIbOBI (aHTII. non “goal-oriented”) [20].

[{11p0B1 [11a7I0TOBI CHCTEMH NOOYAOBaH1 JUisl BUPIIIEHHS KOHKPETHOI 3a7a4l 1
3a3BUYail MarwTh JocTyn 10 Oa3u naHux. 5. Jlepio Buauise Taki KOMIIOHEHTHU
IUJIBOBUX J1aJIoroBux cucteM [20]:

- cucTteMa pO3yMiHHS MNpUPOAHBOI MOBU (aHri. “‘natural language
understanding”) nepeTBoproe BXiJH1 AaHi Y (hopMaT 3p03yMUINIA MaIlIUHI;

- Tpekep ctany aianory (anri. “dialogue state tracker”) anami3ye Ta BU3Haudae
TEMEePITHIN CTaH A1aJoTy JJisg BUOOPY HACTYMHOT Jii;

- cucTeMa BU3Ha4YeHHs HacTymnHoi aii (aHri. dialogue policy learning) oOupae
HACTYTHY Jit0 Ha OCHOBI TEMEPINIHBOTO CTaHYy J11aJIoTy;

- TeHepaTop MpUpoIHOT MOBH (aHrI. “natural language generator”) nmepeTBoproe
3reHepoBaHi AaHi y jopmMaT NpupoIHOT MOBH.

Hamu BcTaHOBJIEHO, IO KOXKHA ITTHOBA JIAJIOTOBAa CHCTEMa CTBOPIOETHCS 1
HaJIAIITOBYETHCS BiJ KOHKPETHY 3afauy. [Ipu nipomy yacTo aesiki abo BC1 KOMIOHEHTH
CTBOPIOIOTHCS IHKEHEPHUM METOJIOM, 3 BPYYHY CTBOPEHUMU TPaBUIAMH Y BUTIISAIN

CKPUITIB KOy. Taki CHCTEMU HEMOKJIMBO IIIBUIKO MEPEHAIAIITYBATH 1] 1HIII 337241

[2].
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VY TemnepimHiil 4ac CTBOPEHHS YHIBEPCAIbHOI T1aJIOTOBOI CUCTEMU € BITKPUTOIO
npobsemoro. HeminpoBl AianoroBi CHCTeMH, fKI 1€ HAa3WBAaIOTh 4YaT-00TamMu, HE
HAMAraloTbCsl BUPIIIMTU KOHKPETHY 3ajady. IX Wilb B TOMy, 100 HiATPUMATH
PO3MOBY 3 KOPUCTYBaueM Ha BU3HA4YeHY a00 BUIbHY TeMy [5].

KonTekct € (yHmaMeHTaIbHOIO KOMIIOHEHTOM Y TPOEKTYBAHHI J1aJOrOBHUX
CHUCTEM, 1[0 BU3HAYAE iXHIO 3JATHICTh MATPUMYBATH PEICBAHTHY KOMYHIKAIIifO.
3100yTi HAMHM JIaHi CB114aTh, 1110 €(PEKTUBHE YIIPaABIIHHS KOHTEKCTHOIO 1H(POpMAIII€I0
BUMAara€ KOMIUIEKCHOTO METOJIOJIOTIYHOTO IMIIXO0My, SKUH OXOIUTIOE SK TEXHIYHI
acrneKkTu 30epiraHHs JaHuX, TaK 1 KOTHITUBHI MEXaHI3MHU iX 1HTeprpeTaii [5].

VY mporeci gocaipKeHHs TpoOieMH BUSBIIEHO, IO CYy4YacHI JiajJoroBi CUCTEMHU
ONEpYyIOTh KOHTEKCTOM Ha JEKUIBKOX pIBHSIX OJHOYACHO: JIHIBICTUYHOMY,
CEMaHTUYHOMY Ta MParMaTUIHOMY.

PosrisitHeMo paeTalibHIlIE METOAM MPEACTABICHHS KOHTEKCTY B apXITEKTypi
J1aJIOTOBUX CUCTEM. AHAJII3 JITEpaTypH MIATBEPIKYE [S, 65], 110 HAMNOMUPEHIINM
MIJIX0/JI0M € BEKTOPHE IMpEJCTaBICHHS KOHTEKCTHOI iH(opMarlii yepe3 eMOe I IuHTH.
[eit MeToa H03BOJIAE NMEPETBOPIOBATA TEKCTOBI €JIEMEHTH Alalory B OaraToOBHUMIpHI
BEKTOPH, JI¢ CEMAaHTUYHO OJIM3bKI KOHIICHI(II PO3TAIIOBYIOTHCS IMMOPYY Y BEKTOPHOMY
npocropi. Hanpuknan, y aiagoroBomy KOHTEKCTI Ppas3u "s xouy 3aMOBUTH" Ta "MeH1
noTPi1OHO NpUAOATH" MATUMYTh CXOKI BEKTOPHI MpeACTaBieHHS [65].

BaxxnuBUM acmekToM METOJOJIOTIT YIpaBIiHHS KOHTEKCTOM € apXiTeKTypa
nam'siti B cydacHux [II-arentax. 3rigHo 3 gocnimkeHHsMu [20], areHTH MOTPEOYIOTh
nam'siTi JuIs 30€peKEeHHS Ta BIAHOBJICHHS MHHYJIOTO JIOCBIAY 3 METOKO MOKpaIISHHS
NPUIHATTS pimieHb. Ha BiqMiHY BiJ TpaaulliiHUX MOJENeH, K1 00poOstOTh KOKHE
3aBJIaHHS HE3aJIEKHO, ar€HTH 3 MaM'ITTI0O MOXYTh 30€piraTi KOHTEKCT, PO3Mi3HaBaTH
MaTEepHU 3 YacOM 1 aJanTyBaTHCS Ha OCHOBI MOMEpPEHIX B3aeMoid. 3700yTi HaMu
JIaHl CBIYaTh, 110 JOCIITHUKH KaTErOpU3yKTh areHTHY MaM'aTh MO11I0HO JI0 TOTO, SIK
TICUXOJIOTH KAaTerOpHU3YyIOTh JIFOJACHKY MaM'siTh: KOPOTKOCTPOKOBA TaM'Th J03BOJISIE
3armam'siTOByBaTH HEJaBHI BXIJHI JIaHl, TOAl SK JIOBFOCTPOKOBA MaM'siTh 3abe3medye

30epexxeHHs 1H(hopMallii Mk pI3HUMU cecisiMu [65].
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OnHi€l0 3 KIIOYOBUX METOJIOJIOTIYHUX MPOOJIEM € YIpaBlliHHA OOMEKEHHSIMU
KOHTEKCTHOTO BikHA. SIk 3a3Haudae S. Jlepto [20], mpoeKkTyBaHHS Mam'saTi areHTa Iie,
0 CyTi, 1HXKEHEpPis KOHTEKCTY: BHU3HAUEHHS TOTrO, SIKI TOKEHHU MOTPAIUISIIOTH Y
KOHTEKCTHE BIKHO Ta sIK BOHU OpraHi30BaHi.

Cepen ™eroniB cenekuii Ta (iapTpamii KOHTEKCTY HAYKOBII BHIUISIOTH
JIeKiTbKa OCHOBHUX MiAXoAiB. CucCTeMH MaM'aTi MOEIHYIOTh TaKi TEXHIKH, SK
MIJICYMOK, TEpPENUCyBaHHS KOHTEKCTY Ta TIOWIyK, JUIs YIOPaBIiHHSA Pi3HUMU
KoMnoHeHTamu nam'siti [2]. TexHika miacyMKiB JO3BOJISIE€ CTHCKATH 0BT ()parMeHTH
niajory, 30epiraiouu Juiie Kio4doBy iHdopmarito. Meroa sliding kKoB3HOro BiKHa
(anrm. “sliding window™) 36epirae mumie octaHHi N peruiik Aianory, aBTOMaTHYHO
BUJIAJISIIOYM HaiigaBHiI noBigomiieHHs. [1iaxin reHepyBaHHS JOMOBHEHOTO MOITYKOM
(RAG) BHUKOPHCTOBYE CEMAaHTHYHHH TIOIIYK JJI1 JWUHAMIYHOTO BIJHOBJICHHS
PEEBAaHTHOTO KOHTEKCTY 3 JOBTOCTPOKOBOI MTaM'sTi.

B mporeci gocmikeHHS MM TE€PEKOHAMCh, 110 MEXaHI3M CcaMOyBarw,
3aMpoBaKEHU B apXITEKTypi Tpancpopmepa [65], Bimirpae KpUTHYHY POJb Y
BU3HAYCHHI PEJICBAHTHOCTI KOHTEKCTHHUX E€JIEMEHTIB. Y J1aJJOTOBOMY KOHTEKCTI II€
JT03BOJISIE CHCTEM1 aBTOMATUYHO BHM3HAYATH, SKI TMOMEPENHI PEIUIKA € KPUTUIHO
BOKJIMBAMH JJII PO3YMIHHS TIOTOYHOTO 3allUTy KOPUCTyBada, a SKi MOYKHA
MPOITHOPYBATH.

OpHi€l0 3 MOMMPEHUX MPOOJEM YMPaBIIHHSI KOHTEKCTOM, SIKY OIHCYIOTh
JOCIIITHUKH, € PO3B'SI3aHHS CYNEepevyHOCTel y KOHTeKCTHIM iHpopmarii. Komwm
KOPHUCTYBau y pI3HUX PEIUTIKax HaJlae CynepewmBy iHQopMaIlito, CucTeMa MOBUHHA
BU3HAYMTH, siKa 1H(popMallis € akTyanbHoro. CydacHi METOA0Jorli mependayaroTh
BUKOPHUCTAHHS YaCOBHX MITOK Ta MEXaH13MiB BIJICTE€KEHHSI 3MIHU T€M JIJIS BUPIIIICHHS
Takux KoH(DIikTiB. CucTeMa Hajae MpIOPUTET OLIBIN CBIXKIN 1HGOpMAITi, ajle TaKoX
MOX€E 3alUTaTH KOPUCTYBaya PO YTOYHEHHS B BUMAJIKY CYNIEPEYHOCTEN [65].

Cepen HemONIKIB ICHYIOUMX METOJOJIOTIM YIpaBiIiHHS KOHTEKCTOM HAyKOBII
BUJIIJISIFOTH TaKl MyHKTH: BTpaTa PEJICBAaHTHOI 1H(OpMAITT MpU CKOPOUYEHH1 KOHTEKCTY,
HAKOTMMYEHHSI TTOMUJIOK MPH JOBIUX Jiajiorax, BUCOKI OOYHMCITIOBAIbHI BUMOTH JJIS

00OpOOKH BETMKUX KOHTEKCTHUX BIKOH [2, 5]. L{i 0OMeXeHHSI CTUMYIIIOIOTh TI01aJIbIII
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JOCTI/PKEHHS B HAMNpsSMKY pO3pOOKH OUIbII €(PEKTUBHUX aJITOPUTMIB CEIEKIT
KOHTEKCTY Ta ONTUMI3aIlli BAKOPUCTAHHS O0YHCITIOBAIBLHUX PECYPCIB.

OTxe, MOKHA 3pOOUTH BUCHOBOK, ITI0 METOJIOJIOTIUHI TiAXOIN 10 30€peKCHHS
Ta yIpaBJiHHS KOHTEKCTHOIO 1H(OpMAIli€r0 B J1aJIOTOBUX CHCTeMax 0a3yloThCs Ha
MO€HAHHI BEKTOPHUX TMPEJCTaBICHb, OaraTOPiBHEBOI apXITEKTypu MaMm'sTi,
MeXaHI3MIB cenekmii Ta QuibTpalrii, a TaKoX CIeIiali30BaHUX AarceHTIiB IS
JTUHAMIYHOTO OHOBJICHHS KOHTEKCTY. PO3yMiHHS X pyHAaMEHTaIbHIUX METOAOJIOTIH
€ 0COOMMBO BAXXJIIMBUM JUISI TMPOEKTYBAHHA €(PEKTHUBHUX [1aOTOBUX CHUCTEM, SKi
MOXXYTh MIATPUMYBaTH TNPUPOJHY Ta 3B'SI3HY KOMYHIKAIII0 3 KOPHUCTyBauaMu

MPOTATOM TPUBAIUX CECiH B3aEMO/III.

2.2. MeToauka OLiHIOBAHHA SIKOCTi (DYHKIIOHYBAHHSA A1AJIOTOBUX CHCTEM 3
KOHTEKCTHOIO IIATPUMKOIO

O1iHIOBaHHS SIKOCT1 JIIAJIOTOBUX CHCTEM € BAXJIMBUM €TarioM PO3POOKH, IO
J03BOJISIE BU3HAYUTU €(PEKTHUBHICTh CUCTEMHU Ta 1JEHTU(DIKYBAaTH HAOPSIMKH IS ii
BJIOCKOHAJICHHs. MeTOJu OIIHIOBaHHS TICHO TIOB'A3aHI 3 XapakKTEePUCTHKAMU
J1aJI0OTOBO1 CUCTEMH, SIKY BOHHM MPU3HAYEHI aHAII3yBaTH, TOMY SIKICTh BU3HAYA€THCS B
KOHTEKCTI 3aBJaHb, Ky CHCTEMa Ma€ BUKOHYBaTH. 3700yTi HAMH JjaH1 CBI4aTh, IO
cUCTeMa, MpH3HAYCHA IS BIANOBIACH HaA 3alMTaHHS, OIIHIOBATUMETHCS Ha OCHOBI
MPaBUIIBLHOCTI Ta PEJIEBAaHTHOCTI BiANoBieH [46].

PosrisitHemMo neranbHiIe OCHOBHI T1IXO/IH 10 OLIIHIOBAHHS JI1aJIOTOBUX CHCTEM.
JocnimkeHHs: TiATBEPIKYIOTh, 10 JIOJICbKA OI[IHKA 3aJIMIIAETHCS CTAaHAAPTOM JIJIst
OIIHIOBAHHS J1aJIOTOBUX areHTIB, IPOTE 1€ Jy>KEe JOPOTUH Ta Yaco3aTpaTHUH MPOIIEC
[53]. Ilim wac mocmipKeHHS NpOOJIEeMU BHUSBJICHO, IO JOCTIAHUKH IEPEBAXKHO
MOKJIaIAI0ThCS Ha aBTOMATUYH1 METPUKH 1] Yac po3pOOKH 11aloToBUX cucteM. Lib
METO/MY OIIHIOBAHHS TMOJSTaE y OTPUMaHHI PE3yJbTAaTiB BUKOHAHHSA TECTIB:
aBTOMATU30BaHUX Ta IIOBTOPIOBAHWUX TMPOICAYP, SKi JIO3BOJSIOTH €(PEKTUBHO
MOPIBHIOBATH SIKICTh PI3HUX MJIaJIOTOBUX CHUCTEM Ta 3a0e3neuyloTh 00'€KTUBHE

BUMIPIOBAHHS MPOTyKTUBHOCTI cuctemu [46].
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BaxnuBuM acmekToM  METOJOJIOTII  OIlIHIOBAaHHS € BIAMIHHICTH MK
OIIIHIOBAaHHSAM Ha PIBHI OKPEMHUX PEIUIIK Ta OI[IHIOBAaHHSIM IIJIMX J1aJIOTiB.
O1iHIOBaHHS JIaJIOTOBUX CHCTEM Iependadae BpaxyBaHHS BCI€l iCTOPIi PO3MOBHU SIK
KOHTEKCTY [16].

AHani3 niteparypu MIATBEPDKYE HEOOXIAHICTh BHU3HAUEHHS CIIEHApiiB Ta
OUIKYBaHHUX PE3yJIbTATIB PO3MOBH, a HE JIMIIIE BXOJIB Ta BUXOMIB JIsI OJHOKPOKOBHUX
BUMA/KIB BUKOPUCTAHHS. ATpUOYTH SIKOCT1 MOXHA IPyIyBaTH BiMOBIIHO JI0 PI3HUX
aCTIEKTIB 3PYYHOCTI BHKOPHUCTAHHS. JlOCHITHUKH BHSBWJIN, IO aTPUOYTH SKOCTI
y3TOJIKYIOThCA 3 €(PEKTUBHICTIO, PE3yIbTaTUBHICTIO T 33JJ0BOJICHICTIO KOPUCTYBAYiB.
EdexTuBHICTS BIIHOCHTBCA JO TOYHOCTI Ta TIOBHOTH JIOCATHCHHS IIUICH,
pPE3yIBTATUBHICTG OINMKCYE BUKOPUCTAHHS PECypCiB, a 3aJ0BOJICHICTh BH3HAYAE
3arajbHUN KOPUCTYBALIbKUN TOCBI [46].

H. Pan3Buib niaKpecitoe, Mo Kareropis NpoayKTUBHOCTI (aHra “performance™)
BKJIFOYA€ TaKl KJIFOUOBI aTpUOYTH SIK CTIMKICTh A0 HenepeadayyBaHUX BX1IHHUX JaHUX
Ta KOPEKTHE po3Mi3HaBaHHs 1 00poOKy komaH [46].

B psal pocnimkeHb BIIMIYEHO, IO Kareropis (GyHKIIOHAIBHOCTI (aHTJ
“functionality’) oXOIUTIO€ TOYHICTH PO3YMIHHS KOMaHJ, BUKOPUCTAHHS BIAMOBITHOTO
PIBHS CTUJIFO MOBJIEHHS, JIHTBICTUYHY MPaBUJIBHICTh BUXIJHUX JIaHUX, BUKOHAHHS
3aMMTYBaHWX 3aBAaHb. JlOCTiPKEHHS TOKa3ald, IO CHCTeMa TOBHHHA MICTHUTH
IIMPOTY 3HAHBb Ta OYTH THYYKOIO B iX 1HTEpHpeTallii, o 3abe3nevyye aJanTUBHICTD 710
PI3HOMaHITHUX KOPHUCTYBAllbKUX 3anuTiB [46, 53].

Kareropist moastHocTi (aHri. “humanity”) BuU3HAYa€ 3MaTHICTb CHCTEMH JI0
MIePEKOHJIMBOI Ta MPHUPOIHOI B3aeMoii. HayKoBIIl MmAKPECTIO0Th, 0 CUCTEMAa Ma€
BI/IMOBIZIaTH HA KOHKPETHI 3alUTaHHs Ta MiATPUMYBATH JUCKYCII0O Ha OOpaHy Temy
MpPOTATOM BCi€i po3MoBU. BapTo 3a3HauMTH NMHUTAHHS MO0 MPOXOHKCHHS TECTY
TropiHra: aesiki JOCHIIHUKU CTBEP/KYIOTh, III0 CTBOPEHHS BPaKEHHS JIFOAUHU HE €
BaJliTHUM aTpUOYTOM $IKOCTi, OCKUIBKM KOPUCTYBadi TOTOBI B3a€EMOMISTH 3
BUTaJlaHUMHM TIepcoHakamu [46, 56].

Kareropiss emouiitHocTi (anrn. “‘affect”) Bkilouae HajgaHHS TNPUBITaHb,

nepeaady 0COOMCTOCTI, MATPUMKA €MOLIIMHOCTI Yepe3 TOH PO3MOBH. 37100y TI HAMU
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JaHl CBIAYATh MPO BAXJIHMBICTH 3JATHOCTI YUTATH Ta BIAMOBIAATH HA HACTPOI
YYaCHHMKIB PO3MOBH, 1110 3HAYHO MIABUIIIY€ 3aTy4Y€HICTh KOPUCTYBayiB.[40]

Kareropist etuku Ta moBeainku (anri “ethics & behavior”) oxomtroe mosary 10
KOPHCTYBauiB, €TUYHI Ta KYJbTYpPHI OCOOJMBOCTI, YECHICTh Yy PO3KPUTTI MPUPOIU
4aT0O0Ta, YyTIAUBICT COLIANbHUX MpobeM. JlocmiKeHHs MATBEPIKYIOTh KPUTHUHY
BaXJIUBICTH JTOBIPH, SIKa MOB'I3aHA 13 CIPUMHATTAM SIKOCTI cucteMu [46].

PosrisitHeMo feTanpHINE METPUKHU JUIsl OI[IHIOBAHHS J1aJIOTOBHX CHUCTEM 3
HOiATPUMKOIO KOHTEKCTy Ta MHOXXHHHUX areHTiB. MeTpuka 4YITKOCTI (aHIIL
“precision”) BUMIPIOE BIMOBIIHICTH BIAMOBI/II 3aMUTY Ta JOTPUMAHHS TEMHU J1aJIOTy.
[1s MeTpuKa OILIIHIOE, HACKUIBKM TOYHO CHCTEMa pO3yMi€ Hamip KOpHCTyBaya Ta
HACKUIBKM PEJIEBAaHTHOI € 3T€HEpOBaHa BIANOBIAL y KOHTEKCTI po3moBH. [l
J1aJIOTOBUX CUCTEM 3 KOHTEKCTHOIO MiATPUMKOI METPHKA YITKOCTI BUBHAYAETHCS SIK
BIJIHOIIIEHHSI PEJICBAHTHUX Ta TEMATHUYHO BIAMOBIOHUX (parMeHTiB iH(popmarii 10
3arajbHOi KIUIBKOCTI BKJIIOUYEHOI 1H(pOpMalii y BIANOBIAb. BHCOKMI MOKa3HUK
YITKOCTI CBITYUTH MPO 3JATHICTh CUCTEMU (HOKYCYyBaTHUCS Ha CyTi 3anuTy [46, 56].

Metpuka 1HdepeHuii (aHri. “‘inference”) OLIHIOE 3AaTHICTH CUCTEMHU
MpaBUJILHO BUOMPATH BIJAMOBIAHOTO areHTa IJisi OOpOOKH KOHKPETHOrO 3amuty. B
0araToareHTHUX [iaJJOTOBUX CHCTEMax I TOKa3HUK € KPUTUYHUM, OCKIIBKHU
BU3HAYAE, YM CUCTEMa KOPEKTHO BHU3HA4Ya€ THUIM 3alHUTy Ta HampaBisie HOro 0
Creliaii30BaHoro areHra [16].

Metpuka 30epekeHHs KOHTEKCTy (aHri. ‘“‘content retention”) BHMIpIOE
3JIaTHICTh CHUCTEMH 3araM'siTOByBaTH Ta BUKOPUCTOBYBATH 1H(POPMAIIIIO 3 MOMEPEaHIX
MOBIJIOMJICHb Y po3MOBI. L{s1 MeTpuKa € BaXJIMBOIO /i 0araTOKPOKOBHX J1aJIOT1B, JI€
KO>KHA HACTYITHA BIJMIOBI/Ib 3aJI€KUTh BiJI MOMEPETHBOI0 KOHTEKCTY [46].

Metpuka BigmoBigHOCTI mpaBmwiaMm (aHria. “rule compliance™) oiiHIOE
JOTPUMAaHHS CHCTEMOIO BCTAHOBJICHHX TIOBEIIHKOBUX HOPM Ta oOOMexeHb. Lls
CKJIaJIHa METPUKa BKJIIOYAE KITbKa KOMIIOHEHTIB: Y HUKHEHHS IIKiJITMBOTO KOHTEHTY:
CUCTeMa HE IIOBHHHA TeHepyBaTH BIANOBIAl, IO MICTITh OOpa3/IMBUH,
JTUCKpUMIHALIMHUI a00 HeOe3neuyHuil KOHTeHT KOpeKTHICTh 3MIHM areHTIB: CUCTEMa

MOBUHHA TJIABHO MEPEXO0IMTH MK ar€HTaMH JIUIIE 32 HeOOX1THOCTI, 0€3 CTBOPEHHS
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po3puBiB y po3MoBi. HanexHe 3aBeplieHHS BHUKOPUCTaHHS areHTa: CHCTEMa Mae
KOPEKTHO 3aKpHUBAaTH CECII0 3 areHTOM IICJs BUKOHAHHS 3aBJIaHHA Ta IepeaaBaTH
KepYyBaHHsI BIAMOBITHUM YUHOM [16, 27]

Metpuka ckinagHocTi (aHria. ‘“‘complexity”) OIlIHIOE 37aTHICTh CHCTEMH
aJanTyBaTH PIBEHb BIIIMOBIAEH MO CKIAAHOCTI TeMH. [ JErKkux TeM, Takux sIK
0a30Bi 1H(pOpMaliliHI 3aTUTH 200 MPOCTI TPaH3aKIIii, OUIKYETHCSI BUCOKA TOUHICTh Ta
IIBUJIKICTh BifAmoBien. [[Is BaXKWUX TeM, 0 BHUMArarTh TIIMOOKOTO PO3YMIHHS
KOHTEKCTY, 1HTErpamii MHOKMHHUX JiKeped iHpopMmalii abo CKIaJHUX MIpKYyBaHb,
METpUKa BpaxoBy€ HE JIMIIE TOYHICTh, ajlle W TOBHOTY BiAmoBial. Cucrema
OLIIHIOETbCA OKpeMO Ha Ha0Opax NpPOCTHX Ta CKIAJHUX 3alMTIiB, a 3arajJbHUN
MOKa3HUK BKJIIOYAE PIZHULIIO Y MPOJAYKTUBHOCTI MK LIMMHU KaTeropisimu [16].

M. benton 3a3Hauae, 1Mo 6araTo aBTOMaTMYHUX METOJIB OL[IHIOBAHHA IS
reHepaiii BIAMNOBIAEH MarOTh 0araTo BIAMIHHOCTEW 3 JIOJCHKUMU CYKEHHSIMHU.
TpanuiiiiHi METPUKU MEPEKPUTTS CHIB, PO3POOJICHI I MAIIMHHOTO MEepeKamy,
BUSBWINCS HEC(PEKTUBHUMHU JJi1 OILIIHIOBaHHSA JIaJIOTOBUX CHUCTEM 4epes
MHOKHWHHICTh NMPaBUJILHUX BIAMOBIEH HAa OAUH 3amuT [46].

PosrisitHemMo METOMONOTIYHI eTanu KOMIUIEKCHOTO oIiliHioBaHHS. CrnovaTky
CTBOPIOETHCSI HAOIp TECTOBUX BXIJIHHMX JIaHUX Ta OYIKyBaHUX pe3ynbTariB. [loTim
MIPOBOJATHCS CECli B3a€MOJIl 3 CUCTEMOIO 3a YYacTIO KOPUCTYBauiB, MiJ 4Yac SKUX
30MparoThCs JIaHl 32 00paHUMH MeTpukamu [53].

Jns  3a0e3nedeHHs 00 €KTHMBHOCTI PE3yJIbTATIB, HAYKOBLI MPOMOHYIOTh
OOYHUCITIOBATH MDKKOPUCTYBAIBKY Y3TOJKEHICTh. 3a3BWYall KiJbKa KOPUCTYBadiB
TECTYIOTh CHCTEMY 1 HAIPHUKIHII OIIHIOIOTH ii 32 BU3HAYEHUMHU KpuUTepismu. s
YHUKHEHHS EeKCTPeMallbHUX OIIIHOK 4Yepe3 YIepeIKEHICTh BUKOPHCTOBYETHCS
koedimienr Kanma, 1 juine OIIHKKM KOPUCTYyBadiB 3 mokazHUKoM TmoHan 0.2
BKJIIOYAIOTHCA y (piHATBHE BUMIpIOBaHHS [53].

PosrisitHemMo TakoX METpUKY e(QEeKTHMBHOCTI MaplupyTu3allii, SKa OLIHIOE
3JIaTHICTh CUCTEMHU MIHIMI3yBaTH KUIbKICTh NIEpelad MK areHTaMH JIJIsl TeHEepYBaHHS

BiAMOBiAl. OnTuManbHa CHCTEMa MOBHMHHA HAIPAaBIATH 3alUT O€3MOocepeHbo /10
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HAWOUTBII BIAMOBIAHOTO areHTa 3 Mepuioi cnpoOu, YHUKAIOUM HEMOTPIOHUX
nepeasapecariii [ 16].

3100yTi HAMH JaHl CBIYAaTh MPO MOXKIUBICTH MPAKTHYHOTO 3aCTOCYBaHHS
OMHMCAHOI METOJIB IS TIOPIBHSHHS PI3HUX BEpCid [1aJIoroBoi cucTteMu abo
OLIIHIOBaHHS MOKpaIieHpb 3 yacoM. JlOCTITHUKA MOKYTh BUKOPHUCTOBYBAaTH TECTOBHIA
YeKIUCT Jid 3a0e3MeyYeHHs] OXOIUICHHA KIIOYOBHX AacCMHeKTiB (yHKI[IOHYBaHHS

CHUCTCMHM.

BucHoBKH 10 2-T0 po3aiiy

[IpoaHami3oBaHO MOHATTA KOHTEKCTY B apXITEKTypl M1aJIOTOBHX CHCTEM.
BcTaHoBIIEHO, 0 KOHTEKCT BU3HAYAETHCA SIK BCI JIaHI, SIKI CUCTEMa BUKOPUCTOBYE
JUISL OLIIHIOBAHHSI TOTOYHOI B3a€MOJIi, Ta €BOJIOIIOHYBaB BiJl MPUMITUBHOIO
CUHTaKcu4yHOro aHanizy B ELIZA 10 OTuHaMIYHOTO MEXaHI3My YBaru B CyYacHHX
BEJIMKUX MOBHUX MOJIEIISX.

3'sicoBaHO, MIO0 METOJOJIOTIYHI MIJXOAM JO YIPaBIiHHA KOHTEKCTHOIO
iH(popMaitiero 0a3yroThbCsl Ha BEKTOPHUX TMPEACTABICHHSX Yepe3 eMOEIUHTH,
OaraTtopiBHEBIM apXiTeKTypl mHam'aTi (KOPOTKOCTPOKOBAa Ta JOBIOCTPOKOBA) Ta
MeTOoJIaX 30epeKeHHSI KOHTEKCTY, TAKUX SIK MiJICyMKH, KOB3HE BIKHO Ta T€HEPYBaHHS
JIOTIOBHEHE MOLITYKOM.

[IpoanasnizoBaHO METOJMKY OIIHIOBAHHS SKOCTI (DYHKITIOHYBAaHHSI J1aJIOTOBUX
CUCTEM 3 KOHTEKCTHOIO MIATPUMKOI0. ATpUOYTH SKOCTI TPYIYIOThCS 32 KaTEropisiMu
MPOAYKTUBHOCTI,  (YHKIIIOHAJIBHOCTI, JIFOJSHOCTI, €MOIIMHOCTI Ta  E€THKH.
OCHOBHUMH METPUKAMHM OLIIHIOBAHHS € YITKICTh BIJAMOBIIL, 1H(MEpeHLis s BUOOpy
areHTa, 30€peKeHHS KOHTEKCTY, BIJIMOBIJIHICTh MpaBUjiaM Ta CKJIAIHICTH OOPOOKH

TCM.
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PO3/ILJI 3. MPOEKTYBAHHS TA IMIIJIEMEHTAIISI BATATOMOBHOI
JIAJIOTOBOI CUCTEMH

3.1. IIpoekTyBaHHS CHCTEMHOI APXiTEKTYPH Ta OOIPYHTYBAHHS BUOOPY
TEXHOJIOTIYHOIO CTEKY

[IpoekTyBaHHSI apXiTEeKTypu Yar-00Ta € KPUTHYHHM €TarioM pPO3pOOKH,
OCKIJIbKA BOHO BH3HA4a€e (DYHKITIOHATbHI MOXKJIMBOCTI CUCTEMH, 11 MacIITaOOBaHICTh
Ta epeKkTUBHICTh poOOTH. OJTHUM 13 3aBJaHb HAIIOTO JOCIIKEHHS € MPOCKTYBaHHS
Telegram-6ota, sikuii mir Ou migTpuMmyBaTu Kisibka I[-areHTiB 1 30epiratu KOHTEKCT
PO3MOBH, BUKOPUCTOBYIOUHM OOMEXEHI OOYMCIIOBaJIbHI pPECypcH. 3a3HAu€Hl BHILE
YMOBU 3MYCUJIM HAC NEPEriiiHyTH ICHYIOYl TEXHOJOTIYHI PIIIeHHS Ta BUOpaTu
ONTUMAJBLHUM MIAX1]1 O BUOOPY peatizailii AJisl Halloi CUCTEMHU.

TpanuuiiiHuii TiAXiJ CTBOPEHHS 4aT-O00TIB Tepeadayae HAMMCAHHS KOy 3
BUKOpPUCTaHHAM MOB mnporpamyBanHa (Python abo JavaScript). Take 3aBmanHs
BUMAarae rimOOKUX TEXHIYHUX 3HAHb Ta 3HAYHUX YACOBUX PECYPCIB. 3a3HAYUMO , 1110
po3Butok low-code Ta no-code miaathopm BIAKPUB HOBI MOKJIMBOCTI JUIsl CTBOPEHHS
KOMIUIEKCHUX CHCTEM aBToMmaTu3ailii 0e3 HeoOXimHOocTi HamucaHHs koxay. Cepen
TaKUX PIIIEHbh MU PO3TJISIHYIN Ta oOpanu miargopmy n8n, sika MoegHye y coOi
THYYKICTh TPAIUIIIHHOTO POTPaMyBaHHS 3 BI3yallbHy MPOCTOTY KOHCTPYKTOPiB [61].

X04eMo MiJIKPECIUTH, 1110 KOHUEMII apXITeKTypH HAIIoro yaT-00ta 0a3yerbes
Ha MoayiapHOMY Imiaxoai. KokeH KOMIIOHEHT CHCTEeMH BHUKOHY€ (YHKINIO Ta
B3aeMOJIi€ 3 iHIIMMHU eneMeHTamu. Jljis ananrtaiii BMM 1o okpeMux 3aBaaHb, 0yJio
oOpano meton ctBopeHHs IlII-arenTiB. Pe3ynapTatu HOCHIIKEHb TOBOJSATh, 10 TAKUA
MIIX17 JorMoMarae IO€IHATH JICKIIbKa KOMIIOHEHTIB, IO BHUKOHYIOTH OKpeMi
3aBJaHHSA, B 0JIHY cucTeMy. OKpiM 3a3HadeHoro Buie, [1II-areHTn 103BOJIAIOTH JIETKO
pO3IIMPIOBATH apXITEKTYpy Ta EKCIEPUMEHTYBATH 31 CHOCOOAMU HalalITyBaHHS
cuctemu [11]

[linkpecnumo, 1m0 OCOOJMBY yBary MNpH MPOCKTyBaHHI OYJI0 MPHUIIICHO
MUTaHHIO 30epeKEHHST KOHTEKCTY PO3MOBH, OCKUIBKH TI€ € KIFOYOBOK BUMOTOIO JIJIS
3a0€3MeUeHHs] TPUPOJHOI B3aeMOJIl KopuctyBada 3 00ToM. KOHTEKCT po3MoBU

BKJIFOYA€E HE JIMIIE ICTOPII0 TMOBIAOMIIEHb Ta CTaH JIajioTy 3 KopucTyBadem. Jlis
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peanizamii mi€i QyHKIIOHANBHOCTI Oyin0 00paHO MIAXiJA 3 BUKOPUCTAHHSIM MOIYJIS
Simple Memory, sikuii 3a0e3nedye 30epiraHis Ta MBUJIKUN TOCTYI O KOHTEKCTHOI
iHpopMariii.

[Tnatdopma mporpamyBaHHsi n8n Oyna oOpaHa MICHS PETEIBHOTO PO3IIIALY
TeXHIYHMX Ta EKOHOMIYHUX acmekTiB. [lo-mepme, tmatdopma MPOTIOHYE
O€3KOIITOBHUI MpOoOHUI mepiof, mod cucreMa Moryia OyTH MpOTEeCTOBaHAa Ta
po3pobiieHa Ha BCIX eTamax 0e3 JOpOruX MOYaTKOBUX 1HBecTHIH. lle € BaximBuM
dakTopoM IS aKaAEeMIYHOI JIITEpaTypu Ta EKCIEPUMEHTAIbHUX TMporpaMm 3
oOMexxeHuM OromxketoM. Ha BiaMmiHy BiJg 3BHYAaliHOTO MpOrpaMyBaHHs, n8n
HIATPUMYE Bi3yalbHHUI TIpoLeC NI B3a€EMOJIIT 3 MOJYJISIMU/areHTaMu, 1o J03BOJISIE
JIETKO CTBOPIOBaTH poOOYMII Mpolec 1 MPUCKOpIOE mpolecu po3pooku [48]. Ilpu
TECTyBaHHI PI3HUX HaJAIITyBaHb AapXITEKTypH 1€ € BUPIMIAIbHUM, OCKUIBKH
anbTEpHATUBHI KOH(Irypamii MOXyTh OYTH IIBHAKO CTBOpEHI 0€3 HEOoOX1THOCTI
MEPEnrCyBaTH KOJI.

KitouoBa mepeBara n8n mojsirae B TOMy, III0 BOHA PO3MIIIEHA B XMapHOMY
CepeNOBUIII, IO MOJIETIITye OOYMCIIEHHS 3 BUII[E3a3HauYEHOr0 Miaxoy. BoHa nepenae
CKJIa7H1 0OpOOHI 3aBIaHHS Ha 1HII KOMITHOTEPH, 110 JO3BOJISIE CTBOPIOBATH MOTYKHI
[III-cuctemu Ha BIJHOCHO HHM3bKOpiBHEBOMY oOisamHanHi. Lls monmens poboTu €
O0COOJIMBO KOPHMCHOIO JUIsI TPOEKTIB, SIKI BKJIIOYAIOTh PECYPCOEMHI BEJIMKI MOBHI
MOJ€EJI1, OCKIJIBKH BOHA HE 3aJIC)KUThH Bl JOKAJIbHOrO OOJIagHaHHS.

B mpoueci nocniikeHHS MU NepeKoHanucs, mo n8n niarpumye Oinbiie 400
JIOCTYITHUX 1HTEerpariil 3 6e3miuuto ceppiciB Ta API, mo monermye inTerpaiiro ado
3'€eIHAHHS YaCTHH IMa3;1y 0e3 HalMCcaHHs KOy IS KO>kKHOT yacTuHM [48]. Jlns Hamoro
MPOEKTY 1€ BKJIOYaao HaTUBHY miaATpuMKY Telegram Bot API nns croinkyBanHs 3
kopuctyBadamu, Google Gemini Chat Model ayist 06poOku pupoHOi MOBH, Simple
Memory aiia 36epiranHs KOHTEKCTY Jianory ta Agent Tools A cTBOpEHHSI OKpEMUX

areHriB, Ha Pucynky 3.1.1 300paxxeHa apXiTeKTypa KOMIIOHEHTIB 4aTOoTa.
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Puc.3.1.1. Apxitektypa yatboTa

3a3HaunMo, MO Yy n8n pobOOUl MpoLECcH BiNOOpakaroThCs Bi3yalbHO, IO
MOJIETIIY€ HATAro)KeHHsT a00 Moau(IKaIliio apXiTeKTypH, OCKIJIbKA PO3POOHUK Ma€e
MOXJIMBICTH MaTH JIOCTYI 10 JaHUX y pealibHOMY dYaci. KpiM Toro, apxitekrypa
maTopMu TakoX 300pakeHa y BizyajdbHOMY (opMmari, TOOTO cucTeMa MOxe OyTu
pO3IIMpPEHa 3a MOTPeOr 3a JAOMOMOTOI0 areHTIB ab0 1HCTPYMEHTIB, SIKi HE MOTPIOHO
MepenucyBaTH JJIsi pOOOTH, IO JO3BOJISIE TMOBUIBHO 1 TMOCTYHOBO ITOKpAIlyBaTH
4aT-00T I11]1 Yac Po3pOOKH.

BuOip BenmKoi MOBHOI MOJIENI € OJJHUM 3 OCHOBHHX PIIIEHb IPU MPOEKTYBaHHI
cucteM Al-areHTiB, OCKUIbKM MOBHa MOJIEIb CHPHUSE SKOCTI PO3YMIHHS 3alUTy
KOpUCTyBada 1 BIUIMBae Ha (opmyBaHHS BiAnoBial. Mu obpamu moxaens Google
Gemini 2.5 Flash 1 npoananizyBaiu TEXHIUHI SIKOCTI, 1100 MOPIBHATH ii 3 1HIIUMHU
Mozensamu cimerictBa Gemini JjIsi Hamoro npoekTy. Mu amanrtyBamu Gemini aJis
BUKOPHUCTAHHS B cUCTeMax 3 €(EeKTUBHOIO OOpPOOKOIO 3amuTIB, 30€piratouv BHUCOKY
SIKICTH BIJAIOBIIEH.

Hani nocnimxenb Google, cBimuaTh, mo Gemini 2.5 Flash miarpumye po3mip
KOHTEKCTHOI'O BIKHA JIO OJIHOI'O MIJbHOHA TOKEHIB, IO J03BOJIIE€ iM BIAMOBIAATH Ha
HAJ3BUYAHO JOBT1 Jiajord 1 30epiraT peleBaHTHY 1H(OPMAII0 MPOTITOM
TpUBaIuX ceciii. Tako MBHIKICTE OOpOOKM ONTHMI30BaHA ISl HU3BKOI 3aTPUMKHU
BIIMOBII, IO JyX€ BAXKIUBO JIg 3a0e3MedyeHHs MPUPOAHOI PO3MOBHU IMiJ Hac

npouiecy [27]. Kpim Toro, sk HalaemieBIia MoOJENIb 3a TOKEH CEpel MOJeieH
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cimeiictBa Gemini, BOHA MPEACTABIISIE EKOHOMIYHO €(PEKTUBHE PILLICHHS 7Sl IPOEKTIB
3 00OMEXKEHUM OIOHKETOM.

[Topiussuas 3 Gemini 1.5 Flash, mnonepenniM TOKOJIHHSIM MOJETI,
MIJKpecaio Benuki mepeBarn HoBoi Bepcii. Gemini 1.5 Flash mae oOmexene
KoHTeKcTHE BikHO B 128 000 TOKeHiB, IO 3HAYHO YCKJIQJHIOE 3/aTHICTh CHCTEMHU
3amam'siITOByBaTH JOBTY icToOpito 4aTy. [lepmia Bepcis TakoX AEMOHCTPYE CIIa0ITy
MIPOJYKTUBHICTh CKJIQJHUX 3alMTIB, OCOOJMBO B CKJIATHUX a0o0 CIeliaai30BaHuX
o0JacTsaX, TaKUX SK JIHTBICTUKA Ta eTtuMmosioris. lle ocoOmmBO akTyambHO IS
0araToKpoKOBUX 3aBlaHb, SIKI € BXKIMBUMH €JIEMEHTaMH TeHepallii BIKTOPUH Ta
€TUMOJIOTIYHOTO aHali3y, OCKUIbKM BOHU MOBUHHI CaMOCTIMHO pO30MBAaTH CKIIaJIHE
3aBJIaHHS Ha 1T€PAaTUBHY MOCIIIOBHICTh ONEPALIIii.

B mporeci gocnipkeHHs Mu niepekoHanucs, mo Gemini 1.5 Pro Oyma OiabIin
MOTY)KHOIO MOJICIITIO, HIXK TIOTIepeTHE TIOKOJIIHHS, X04a BOHA 3a0e3rnedyBajia Kparry
MPOIYKTUBHICTE JUIsl HAICKIAIHUX 3aBAaHb, aje OyJia 3aHAJTO PECYPCOEMHOIO IS
HAIIOTO MPOEeKTy. MoeNb € TOPOKYOI0 1, TAKUM YMHOM, €KOHOMIYHO HEJOLLIBHOIO
JUIsL OCBITHBOTO IpoeKTy. HaBiTh mBUAKICTB, 3 ko0 Gemini 1.5 Pro Biamosinae,
MeHIIa 3a MBUAKICTh Bepcii Flash, 110 He € 3pydyHuM 17151 B3a€EMO/IiT B peaibHOMY Yaci
[25]. Cnuparourch Ha pe3yJIbTaTH JOCTiKeHb HayKoBIB 3 Google, 1.5 Pro gilicHo
3aHaATO MOTY»Ha, ocKUIbkU 2.5 Flash 3matHa BUKOHYBaTH 11i 3aBIAaHHS 3 TIEIO XK
SKICTIO 1 3HAYHO HUKYOIO BApPTICTIO 3 HAOarato OUIBIIO0 MIBUIKICTIO OOPOOKH.

Gemini 2.0 Flash, sxa € excrnepuMeHTalbHUM MIAXOAOM, IOCTYIHUM Y
MEHIIOMY Macmtabi, He Oyna oOpanHa depe3 pizHi oOmexeHnHs. Lle
eKCIIepUMEHTaJIbHA MOJENIb, TOMY HE TapaHTye€Thcs cTablibHa pobOTa 1 TaKOK
MOXYTh MICTUTH HEBUSBJICHI MOMWIKU [26]. BiACYTHICTh AeTanbHOI AOKyMEHTaIlli
YCKJIQIHIOE HAIATO/PKEHHS Ta ONTHUMI3aIlI0 CUCTEMHU.

binbme toro, 6e3 monepemkeHHs EKCHepUMEHTANIbHI Bepcii MOXYTh OyTH
3MiHEHI a0o0 BHUJAJICHI, [0 CTBOPIOE PHU3UK JJs MIATPUMKH TMPOEKTY B
JIOBTOCTPOKOBIH MepcrieKTuBl. Mojienb JEMOHCTPYE XOPOIll 3HAHHS JIHTBICTUIHUX
KOHIICMI[IH JIJI1 OCHOBHOT'O areHTa, 110 MiATPUMY€E OCBITHIO IOMIOMOTY, 1 0a3y€eThCs Ha

BEITUKOMY KOPITYCl aKaJIeMIYHUX TEKCTIB /Il HABUAHHS.
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[Tinkpecnmumo, 10 (QYHKINS PO3MMPEHHS [1ajoTiB TO3BOJUTH HaJdaBaTH
MepCcoHaII30BaHl MPOMO3HUIll 3 ypaxyBaHHSAM IIOBHOi 1CTOpPii pO3MOBH Ha OCHOBI
MMOBHOTO BBEJICHHS, IO MPU3BOAMUTH JI0 KPaIioi OCBITHBOI miaTpuMku. IIIBuakicTh
BIIMOBIZI TapaHTye MNPHUPOJHE Ta KOMMOPTHE CHUIKYBaHHSI, 1 3 MEHIIUMH
3aTpUMKaMU BiJ 3amuTy 10 iH(popmallii KopucTyBad HE BiT4yBa€ 3aTpUMKH. Mojenb
MOXE€ TEHEepyBaTH CHHOHIMIYHI 3alUTaHHS 3 MPaBIONOMIOHUMH BiBOIKAIOUNMU
dbakTopamMu Ui areHTa BIKTOPUHHU, IO € HEOOXITHOK YMOBOIO IS PO3POOKH
SKICHUX TECTIB.

OO0pana MoJieNb TIATPUMYE CEMAHTUYHUIN aHaI3 Ta J03BOJIIE CTBOPIOBATH PSIJ
3alKTaHb, 110 OXOIUIIOIOTH Pi3HI PIBHI CKJIAHOCTI Ta BIAMOBIJAIOTh KOHKPETHINA TeMi
Ta KOHTEKCTY po3MmoBH. [HTerpamiss Gemini Search 103BOJsi€E BUKOPHUCTOBYBATH
aKTyaJbHY JIEKCUKY 3 PI3HHUX JIOMEHIB, III0 POOUTH CHCTEMY aJanTOBAHOK IS
CTBOPCHHsI BIKTOpPMH Ha OyIb-iKy TeMy, BHU3HaueHy KopuCTyBadeMm. /[y areHra
€TUMOJIOTII MOJENIb BUKOPUCTOBYE BEIMKY 0a3zy 3HaHb MpPO ICTOPIl0O MOB Ta
€TUMOJIOT14HI 3B'S3KH, 10 MICTATH JIETajl MPO MOXOIKEHHS CIIiB.

CrtpykTypyBaHHs JoroMarae 3 npe3eHTaiiero iHpopmailii — eTMMOJIOTIUHI TaH1
MOXXYTb OyTH MpEACTaBICH] y YITKO BijadopMaToBaHiii ¢opMi, 3 JIETKO BUZBHAYEHUMU
po3aiiaMH, a TaKOXXK YaCOBMMH IIIKaJlaMU Ta TopsakoMm. baratorpanna Bamimaiis 3
GyHKLIA MOUmIyKy MoJenl 3a0e3nedvye IMOBHOTY ICTOPUYHMX JaHUX 1 BUPILIYE
HEBU3HAYCHICTh, KOJIA PO3TIIAIAETHCS PO3OIKHICTh B €TUMOJIOT].

[Ticnss  3aBepieHHs eTanmy MPOEKTyBaHHA apXITEeKTypu Ta  BUOOpY
TEXHOJIOTIYHOTO CTEKY, BKJItoUarouu riatdopmy n8n i MoBHYy Mozenb Google Gemini
2.5 Flash, mocrae HeoOXi1HICTh MEPEHUTH BiJl TCOPETUYHUX KOHIICTIIIN A0 MPAKTUYHOI
peamizauii cucTeMd. Bu3HAUMBIIM  KITIOYOBI KOMIIOHEHTH apXIiTEKTypu Ta
OOTPYHTYBaBIIM TEXHIYHI PINICHHSI, MU MAaEMO 3MOTY pO3MoYaTd Oe3MocepenHe
BIIPOBAPKCHHS yaT-00Ta. [IpakTuuHa peanizailis nepeadadae mociiloBHE BUKOHAHHS
KUTBKOX €TalliB: BiJ nepBUHHOrO HanamTyBaHHsa Bot APl na muardopmi Telegram no
KoH(piryparii pobounx mporieciB y n8n ta inrerparii oopanux llII-arenTis.

PosranssHeMo mporec HajamrtyBaHHS yaT-00ota Ha miatdopmi Telegram.

[TnaTdopma mpomoHy€e CTBOPEHHS 4aT-00Ta 3a JIOMOMOTOI0 CIeIialli30BaHOTO 0OO0Ta
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@BotFather, skuii Haga€e MOXIIMBICTb CTBOPIOBAaTH Ta aIMIHICTPYyBaTH BIACHI
0oT-cuctemu. i 1bOTO CIiA 3HAWTH JaHUN aKayHT yepe3 (PyHKIIIO MOIIyKYy Ta
pO3MoYaT Jiajior.

bor mpomoHye HH3KY KOMaHI Ui KOHQIrypyBaHHs OorTa, 30Kpema
BCTAHOBJICHHSI 1MeHi, omucy (yHkmioHany, iHGopmarii «IIpo Gota», 300pakeHHs
npodiTro Ta TepeniKy AOCTYymHUX KoMaHJ. PosmodnmHaemMo poOOTy 3 BUKOPUCTAHHS
KOMaHIu /newbot, sika pomomMarae 3alyckae Ipoliec TBOpEHHs HoBoro Oora. Ha
IbOMY €Tali KOpPHCTyBad oOHpae Ha3By 00Ta, a MOTIM yHIKaIbHHUH 1IeHTH(IKATOP

(username), sxuit 000B'A3KOBO Mae 3aBepinyBaTucs cioBoM "bot" (Puc.3.1.2).

o, December 17
< /newbot 1230 AM W

Alright, a new bot. How are we going to call it? Please choose a
name for your bot.

lingua_buddy_bot 1530 a1

Good. Now let's choose a username for your bot. It must end in
“bot". Like this, for example: TetrisBot or tetris_bot.

lingua_buddy_bot 1537 a1

Sorry, this username is already taken. Please try something
different.

lingua_buddy vnu_bot 5.3 oy

your new bot. You will find it at
t. You can now add a description, about
your bot, see /help for a list of
commands. By the way, when you've finished creating your cool
bot, ping our Bot Support if you want a better username for it. Just
make sure the bot is fully operational before you do this.

Use this token to access the HTTP APL:

Keep your token secure and store it safely, it can be used by
anyone to control your bot.

For a description of the Bot APJ, see this page:
http )

Puc.3.1.2. CtBopeHHs yaT-60Ta 3 1OMOMOI0r0 KOMaH 1 /newbot

Bapro migkpecnuTtd, mo iM’s 4Yar-00Ta MOXHA 3MIHUTH, BUKOPHCTABIIU
KoMaHay /setname. Ilpolienypa BHKOHYETHCSI HACTYITHUM UYWHOM: IICJS BBEICHHS
KOMaHI1 He0OX1IHO 00paTH BIJMOBIIHOTO 00Ta Ta HA/IICJIATH HOBY Ha3By. Y HAIIOMY
BUMaaKy Oyino oopano Ha3By LinguaBuddy, sixa miakpeciioe mMeTy 60Ta 1 € JIETKOIO

Jutst 3anam’sitoByBanHs (Puc.3.1.3).
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/setname 12:33 AM &

Choose a bot to change name.

@lingua_buddy_vnu_bot

OK. Send me the new name for your bot.
LinguaBuddy

Success! Name updated. /help

Puc.3.1.3. 3miHa Ha3BHu yaTtboTa

[Ticnst mboro HEOOXIHO HANAIITYBAaTH CTUCTY 1HpopMaIllio npo 6ora. Ctucia
iHdopmartis BimoOpakaeTbess y npodiiai 60oTa Ta y MONEPEIHbOMY MEPEriisial Mpu
MOIMPEHH]I TOCUIaHHA. J[JI1 BCTaHOBIEHHS KOPOTKOTO OMNHCY BHUKOPHCTOBYETHCS
KoMaHna /setabouttext (Puc.3.1.4).

/setabouttext ;.46 AM
Choose a bot to change the about section.
@lingua_buddy_vnu_bot .46 A

OK. Send me the new 'About’ text. People will see this text on the
bot's profile page and it will be sent together with a link to your bot
when they share it with someone.

An Al-powered bot for language learning that delivers interactive
quizzes, etymology insights, and personalized study support
246 AM W

Sorry, the about info you provided is invalid. It must not exceed 120
characters.

An Al-powered bot for language learning ;.47 am 7

Success! About section updated. /help

Puc.3.1.4. HanamtyBanus onucy yatooTa

HacTynmHUM KpOKOM € HalamTyBaHHS JCTAJLHOTO OIKCY IPU3HAYCHHS Ta
GyHKIIOHATPHUX ~MOXJIHBOCTeW 0OoTa. J[Jis 1BOrOo 3aCTOCOBYETHCS KOMaHa

/setdescription (Puc.3.1.5). 1a indopmariist BitoOpaxaeTbes MpU MepuIid B3aeMoaii
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KOPHUCTyBada 3 4aT-00TOM, mepes 1HIIIoBaHHSAM aianory. BoHa po3TamoByeThes y

Otomi 3 Ha3Boto «Illo BMie meit 60T? / What can this bot do?»

/setname

Choose a bot to change name.

@lingua_buddy_vnu_bot
OK. Send me the new name for your bot.
LinguaBuddy 1733 A0 w7

Success! Name updated. /help

Puc.3.1.5. HanamryBanns 6;10ky “What can this bot do?”

OcTaHHIM KPOKOM € JOJaBaHHS MEHIO KOMaHJ, I iX KOH(IrypyBaHHS
BUKOPHUCTOBYEThCS KoMaHa /setcommand (Puc.3.1.6). Komanau notpibHo HaaicaaTH
y HacTymHomy QopmaTi: Ha3Ba KOMaHAW BBOJIUTHCS JNATHHCHKUMU JTepaMu, depes
nedic MOJAEThCS OMUC TMPU3HAYEHHS KOMAaHM; HACTylTHA KOMAaHJa BBOJUTHCS 3
HOBOrO psjaka. s xomanaum /start Oyno momano omuc “Welcome message and
introduction”, a ays komanau /quiz — “Enter quiz mode for vocabulary practice”.

L A%

g /setcommands 3:01 AM &

Choose a bot to change the list of commands.
@lingua_buddy_vnu_bot 301 AM

OK. Send me a list of commands for your bot. Please use this
format:

command?1 - Description
command2 - Another description

Send /empty to keep the list empty.

start - Welcome message and introduction

help - Show this help message

quiz - Enter quiz mode for vocabulary practice
topic - Change quiz topic (only works in quiz mode)
etymology - Analyze word origins

quit - Exit quiz mode

end - End conversation

Success! Command list updated. /help

Puc.3.1.6. HanamryBaHHsI MEHIO KOMaH/T
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HactynnuMm eranom € moOynoBa apXiTEKTypHU areHTiB, Ui SIKOTO MOTPIOHO
30epertu TOkeH 4ar-0oTa. CKOpPUCTaBIIMCh KOMaHAOW /mybots Ta oOpaBIIH
notpioumii 00T y BotFather , Mu oTpumanu TokeH, sikuil qajni BUKOPUCTOBYBATUMEMO
JJISl TIpUEHAHHS areHTiB 10 00Ta Ta OTpUMAaHHS BIATIOBIEH.

Jis mouatky moOyJOBH CHCTEMH TMOTPIOHO CTBOPUTH TpHUTEp, SKHU
aKTUBYyBaTUME pOOOTYy areHTIB. Y HAaIIOMy BUMAAKYy TPUTEPOM € TMOBIIOMIICHHS Y
Telegram uarti Bin kopucTyBaua. Ha mpoMy erami MU HalalITOBYEMO €JEMEHT,
PO3B'SI3yI0YM WOTO JI0 HAIIOTO 4YaT-00Ta 3a JOMOMOTror TokeHa. [lepeBipuBiu, 1m0
CHCTEMa pearye Ha MOBIJJOMJIEHHSI KOPUCTyBada MU JI01a€MO JIOAATOK, SIKHi 30epirae
TEKCT MOB1IOMJICHHSI KopuctyBaua Extract User message (Puc.3.1.7). Takuii kpok €
HEOOXITHUM i1 €(PEeKTHUBHOI OOpOOKM 3amuTy Ta 30€peKEHHS MOBIIOMIICHHS Y

nam’sTi 9aT-00Ta 11 BIATBOPEHHS 30€pEeKEHOT0 KOHTEKCTY .

Telegram Trigger Extract User Message

Updates: message manua

Puc.3.1.7. CtBopeHHs Tpurepa yaT-60Ta

HacTymHuM KpOKOM € CTBOPEHHS OCHOBHOTO areHTa, SIKHi MOXKe BiJMOBIAATH
Ha 3aMUTaHHs Ta 0y/1e€ OCHOBHOIO JJAHKOIO KOMYHIKaIll1 Mk KOPUCTYBa4eM Ta 1HIIUMH
arenramu. [licns nogaBaHHA KOMIOHEHTY Al Agent MOTpIOHO HAJIAIITYBAaTH OCHOBHI

CJICMEHTH areHTa, a came: npomnt, BMM, nam’sth Ta incTpymenTu (Puc.3.1.8).

Telegram Trigger Extract User Message

Updates: m e manual

Puc.3.1.8. JlonaBaHHsS OCHOBHOI'O areHTa CUCTEMU
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[lepmium eneMEHTOM areHTa € MPOMIIT, SIKUH BHU3HA4Ya€ O0COOIUBOCTI poOOTU
areHTa, rnpapwia Ta ¢gopmat BianoBii. Po3pooHuky miatgopMu n8n peKOMEHIyIOTh
CTBOPIOBATU MPOMIIT areHTa BKa3yIOUM HACTYIIHI crienu@ikaiii: pojb, sIKy BUKOHYE
areHT; BX1JIHI JJaHl — MOJIs, SIKI HaJlae KOPUCTYBay; 3aBJaHHS — MOKPOKOBHUI OIHUC
nporecy poOOTH areHTa; BHUXIAHI JaHI — TOYHHM OMHUC KIHIEBOTO pe3yibTary,
BKJIIOYAIOYU TOH, CTPYKTYpYy Ta JaHi, SKi 30epiraTUMyTbCi y MaM’STi areHra;
OOMEXEHHs — TpaBWia, SKUX JIOTPUMYETHCS areHT MiJ Yac BUKOHAHHS 3aBJIaHb.
[ToBHMi1 npoMnT Al Agent MOXHA TIEPETVISIHYTH Y JOAATKY A.

HacTynHuM eleMeHTOM areHra € BeJIMKa MOBHA MOJIENb, sIKka 00poOJIsie 3auTH
1 i€ sk ABUTYH areHta. st peamizanii A Agent Oyno ob6pano moaenb Gemini 2.5
Flash, mo BiamoBimae Ha 3anuTaHHs KopucTyBayiB. Lleld BHOIp OOIpyHTOBYEThHCS
KUIbKOMa KIIIFOYOBUMH (akTtopamu. Ilo-mepiie, Moiens AEMOHCTPYE ONTUMAIbHUMA
OaylaHC MIXK IIBHUIKICTIO OOPOOKHM 3allUTIB Ta SIKICTIO BIJIMOBIICH, 0 € KPUTUUYHUM
Tt 3a0e3meueHHs] KoM(POPTHOI B3aEMO/IT 3 KOPUCTYBAUEM B PEKHUMI PEaTbHOTO Yacy.
[To-npyre, Gemini 2.5 Flash nmiarpumye posivpeHe BIKHO KOHTEKCTY, IO J03BOJISIE
are’Hry e(QeKTHBHO OOpOOJIATH CKIAIHI MIAJIOTHU Ta YTPUMYBaTH KOHTEKCT Oecinu
npotsarom TpuBanux ceciil. [lo-Tpete, ekoHOMIYHA €(pEKTUBHICTH MOENI POOUTH
MOKJIMBUM MaclTaOyBaHHs cucTeMu Oe3 3HayHuX (piHaHCOBHX BUTpat. Hapemri,
MyJBTUMOJATIbHI MOXJIMBOCTI MOJENi 3a0e3medyloTh THYYKICTB Yy 0O0poOri
PI3HOTUITHUX JIaHUX, 1110 PO3IMIUPIOE (DYHKIIIOHATBHICTD areHTa.

[Tix yac mia’enHanHs Beaukoi MoBHOI Mojeni (Puc.3.1.9) , moTpibHO He nuiie
BKa3aTu Ha3By Mojieni, a i API kirou, skuii MO’KHA CTBOPHUTH Ta CKOIIIOBATH Ha CAMTI

Google Al Studio.

Google Gemini Chat
Model

Puc.3.1.9. Ilix’equadus BEIUKOT MOBHOI MOJIEN 1O areHTa
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[HIIMM BaXXJTUBUM €JIEMEHTOM areHTra clIyrye mam’aTh, ska 30epirae Bci
HEOOX1/TH1 JIaHl MPO TOMEepeHl 3alUTH KOPUCTyBada Ta BIJIOBIAI areHTa. 3aBAsSKH
IIbOMY KOMIIOHCHTY areHT 3JaTHUN 30epiraTd KOHTEKCT PO3MOBH, IPHUTATYyBaTH
momnepeaHl MOBIAOMIICHHSI Ta TOCHJIATUCA Ha 1HGOpPMAIlII0 3arajiaHy B 4YaTi paHilie.
Jlnst  peamizamii mporo (QyHKIioHay oOpaHo KommoHeHT Simple Memory,
BOynoBanuii y miaarpopmy n8n (Puc.3.1.10). Lleit BubGip 3ymoBIEHHI KibKOMa
daktopamu: mo-nepie, Simple Memory € O€3KOIITOBHUM pIIIEHHSM, IO HE
noTpedye MoAaTKOBUX (DIHAHCOBHX BUTPAT; MO-APYTe, KOMIIOHEHT XapaKTePU3y€EThCS
IHTYITUBHO 3pO3yMUIMM 1HTepdeiicoM Ta TMPOCTOTO0 Yy HajallTyBaHHI. Y
KoH(irypamii mam'sTi BCTaHOBJIEHO mapaMmeTrp 30epexkeHHs 10  ocTaHHIX
MOBIJIOMJICHb, 110 3a0e3Meuye JAOCTATHINA KOHTEKCT JJIsi MiATPUMAHHS 3MICTOBHOTO

Jianory 0e3 HaJIMIpHOTO HaBaHTa)KCHHS Ha CHCTEMY.

Telegram Trigger Extract User Message

Updates ge nanua

Google Gemini Chat
Model

S|

Simple Memory

Puc.3.1.10. I1ig’eqHanHss KOHTEKCTHOI I1aM’ ATi areHTa

OcTaHHIM KJIIOYOBUM €JIEMEHTOM areHTa € IHCTPYMEHTH, SKI PO3LIUPIOIOThH
Horo ¢yHKIIOHATBHI MOMJIMBOCTI Ta HANAIOTh JOCTYN 10 3O0BHINIHIX JKEPEI
iHpopMmairii. Y Hamii peamizaiii OCHOBHUM 1HCTPYMEHTOM CIIYI'y€ TMOIIYyK 3a
nonomororo Google Gemini (Puc.3.1.11), sikuii ngo3Bosisie areHTy 3IiHCHIOBATH
MONIYK akTyaidbHOi iH(opmallii B mepexi [HTepHeT. 3aBOsKu 1IbOMY KOMIOHEHTY
areHT 3/aTHUW OTPUMYBATH HAWHOBILII J1aHIl, K1 BUXOJATH 32 MeXl1 Horo 0a3oBHX

3HaHb, Ta HAJIaBaTH KOPUCTyBayaM BIJAIMOBI/I HAa 3aMUTaHHSA MPO MOTOYHI MOIIi,
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CTaTUCTHKY a0o0 Oyap-sKy 1HIITY iH(pOpMaIlifo, o moTpedye akTyamizamii. [HTerparis
IHCTPYMEHTY TIOIIYKYy peajli3oBaHa 4yepe3 BOYJI0BaHI MOXJIIMBOCTI muiatrgopmu n8n,
mo 3a0e3nedye Oe3mepediiiHy B3a€MOJII0 MK areHTOM Ta IONTYKOBOIO CHCTEMOIO.
TakuM YMHOM, areHT OTPUMYE MOKJIHMBICTH JHHAMIYHO PO3IIMPIOBATH CBOIO 0a3y

3HAaHb Ta HAJlaBaTH KOPUCTyBadaM HAHOUIBINI peJIeBaHTHI Ta aKTyaJlbHI BIAMOBiAI HA

1XHI 3alUTH.

@ oo 3

Telegram Tngger Extract User Message

4

Google Gemini Chat
Model

Message a model in
Google Gemini

Simple Memory

Puc.3.1.11. Ilix’eqHaHHs iIHCTPYMEHTIB areHTa

Jns posmmpeHHs — (QYHKIIOHAIBHOCTI  CUCTeMHU  OyJ0  CTBOPEHO
cnemianizoBanuii Quiz Agent, Npu3HAYEHUW [JIs1 TPOBEACHHS 1HTEPAKTUBHHMX
BIKTOPMH Ha OCHOBI CJIOBHHKOBOTO 3amacy 3a oOpaHor Ttemoro. [licist momaBaHHs
koMrioHeHTy Quiz Agent Tool 10 OCHOBHOTO areHTa MOTPIOHO HAIAITYBAaTH HOTO
KIIIOYOB1 €JIEMEHTH: MPOMIIT, BEJIMKY MOBHY MOJETb, HaM'siTh Ta 1HCTPyMEHTH

(Puc.3.1.12).

(
‘ @ ® 5 / ‘7>! @ Al Agent

|
> &
Telegram Trigger Extract User Message 2 ? ‘
Updat age manual 1 [
b et
& ‘ &

(1 jof b Quiz Agent Tool

) 4 > S ¢

Google Gemini Chat
Model

Simple Memory Quiz Agent Chat Message a model in
Model Google Gemini
message: text

Puc.3.1.12. lonaBanus Quiz Agent 10 cuctreMu
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[Tepuum enementom Quiz Agent € IPOMIIT, SIKUW BU3Ha4ae cieludiky poOoTH
are’Ta Ta MpaBuUJia MPOBEJEHHS BIKTOpUHU. [IpoMnT BKIIOYAE AeTabHI IHCTPYKIT
MIOJI0 Balifalii TeM, KOHTPOJIIO BIKTOPUHU Ta OOpOOKM BIAMOBiJEH KOpHCTyBadya.
30kpema, IpOMIIT BU3HA4Ya€e pojb areHTa sk Vocabulary Quiz Game Al Agent, uio
JOCTIKY€E BIIMOBIAHY JIGKCHKY, CTBOPIOE TNMHUTAaHHS 3 MHOXXHHHUM BHOOpOM Ta
3a0e3medye 1HTEPAKTUBHMMA MOCBi TecTyBaHHSA. (OCHOBHE 3aBJaHHS arcHTa
po3aieHo Ha 4YoTupH das3u: AOCHIHPKEHHS TEMU 3 BHUKOPUCTAHHSAM I1HCTPYMEHTY
Google Gemini mns momryky 10-20 peneBaHTHMX TEpMiHIB;, TeHepallil MUTaHb Y
dbopmari "OOepiTh CHHOHIM JO CJIOBA"; YHPABIIHHS B3a€EMOJIEI0 3 KOPUCTYBaueM,
BKJIFOYAIOYU TPE3EHTALlI0 MUTAaHb 10 OJHOMY Ta HAaJaHHS HETaifHOro 3BOPOTHOIO
3B'SI3KYy; JOKYMEHTYBaHHS JKepen 1H(opmanii 3 NpiOpUTETOM aKaJEMIYHHUX Ta
npodeciitnux pecypcis. [IpoMnT TakoX MICTUTh KPUTHYHI IHCTPYKITT IIIOJI0 BasTiAailii
BBEJCHUX JaHUX: AKIIO KOPUCTYBay Hajcuiae oany Jirepy (A, B, C abo D), cuctema
00po0Jsie 1e sIK BIANOBIAb HA MOTOYHE MUTAHHS; KOMaH/1a /topic 3yNUHSE BIKTOPUHY
Ta 3alUTye HOBY TeMy; OyAb-sKE 1HIIE BBEIEHHS MNPU3BOJAUTH IO MOBTOPHOIO
B1100pakeHHs MOTOYHOTO MUTAHHS 3 TPOXaHHIM HAJaTH BalliIHY BiJMOB1Ab. OKpeMy
yBary MPHUAUICHO MOJITUIIl KOHTEHTY: IMepes] MOYaTKOM BIKTOPHHH areHT OIIHIOE
JOIIJIBHICTh TEMHU Ta BIAXUIISE TEMH, 1110 MICTSITh HACUILCTBO, CEKCyaIbHUN KOHTEHT,
JUCKPUMIHALIID a00 MOCHJIaHHS Ha HE3aKOHHY MisUbHICTh. [loBHUI mpomnt Quiz
Agent MOKHa NeperIsIHyTH Y AofaTky E.

Jns dyukuionyBanss Quiz Agent o6pano monens Quiz Agent Chat Model Ha
6a31 Google Gemini, sxa 3abe3neyye oOpoOKy 3aluTIB KOPUCTYBada Ta TE€HEPAIIO
nuTanb BikTopuHU. Kommonent Simple Memory Quiz Agent Biamosinae 3a
30epeKeHHs KOHTEKCTY BIKTOPHHH, BKIIOYAIOYH TEMY, CIMCOK 3a/laHuX IHUTaHb,
BIJIMOBI/Il KOPUCTYBaya Ta MOTOYHUI mporpec. Y KoHdITypallii mam'sTi BCTAaHOBJICHO
napameTpH, 110 J03BOJISIIOTh areHTY BIJICTEXKYBATH, Kl MUTAHHS BXKe OyJu 3a1aHi,
1100 YHUKHYTH MOBTOPIB, Ta 30€piraTu iCTOPIO BIAMOBIAEH N1 MOKJIMBOTO aHAIII3Y
pe3yJIbTaTIB.

OcHoBHuM 1HCcTpyMeHTOM Quiz Agent € xkommnoHeHT Message a model in

Google Gemini, sikuii 3a0e3Medye MOITyK CIOBHUKOBOTO 3aracy 3a 00paHoI0 TEMOIO
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Ta TIEPEBIPKY JOCTOBIPHOCTI CHUHOHIMIB. Ilel 1HCTpyMEHT MO3BOJIIE areHTy
JWHAMIYHO JOCIIJKYBATH JICKCUKY 3 aKaJeMIYHUX JKepes, TpodecifHUX CIOBHUKIB
Ta OCBITHIX PeCypciB, 1[0 TapaHTy€ BUCOKY SIKICTh MUTaHb BIKTOPUHH. [HTErparis 3
Google Gemini 3a0e3neuye IOCTYN [0 aKTyaslbHOi 1HQOpMalii Ta MOMXJIHMBICTh
BepHdiKkallii TEpMIHIB y pealbHOMY Yaci.

Takum umnoMm, Quiz Agent (QyHKIIOHY€ SK CaMOCTIHHHI crieniani3oBaHu
KOMIIOHEHT CUCTEMH, 3[JaTHUI MPOBOJUTH OCBITHI BIKTOPHHH 3 IMEPEBIPKU 3HAHHS
CHHOHIMIB Y M@XaX BU3HAUYCHOT KOPUCTYBAaUYEeM TEMaTHKH, 3a0€3MeUyI0Un MPHU ITOMY
BUCOKY SIKICTh TUTaHb Ta IHTEPAKTUBHUMN JOCB1 HABYAHHSI.

Jns  3a0e3nedeHHsT CHEIagi3oBaHOTO aHaNI3y IOXO/KEHHS CIIB  OyJio
po3poosieHo Etymology Agent, npusHaueHWil Uil HaJaHHS KOMIUIEKCHHUX
S€TUMOJIOTIUYHUX JociiKeHb. [licns nopaBanus komnoHeHTy Etymology Agent Tool
JI0 OCHOBHOTO areHTa HEeOOXIJTHO HaJIalITYyBaTH MOro KJIIOYOB1 €JIEMEHTU: MPOMIT,

BEJIMKY MOBHY MOJI€JIb, MaM'siTh Ta IHCTpyMeHTH (Puc.3.1.13).

¢ > ¢

B

ol / 047 @ Al Agent
Extract User Message Y k4

manua

S ) 23 %
[ @ Quiz Agent Tool @ E.ZYOTOIOQY Agent

) 4 > ST ¢ 4 y ST ¢
Model | i e = ‘

Google Gemini Chat

- -

Simple Memory Quiz Agent Chat Message a model Etymology Agent
Model Google Gemini  Chat Model

Puc.3.1.15. logaBanns Etymology Agent o cucremu

[Tepmmm enementom Etymology Agent € mpoMmT, SKuii BU3HAYA€E pojb areHTa
sk Etymology Analysis Al Agent, mo Hazae TOYHI €THMOJIOTIUHI aHAMI3U CIIIB,
MPOCTEXKYIOUN 1X TOXO/UKCHHS, ICTOPUYHUN PO3BUTOK, CBONIOIIIO0 3HAYCHHS Ta
3B'SI3KM MDK MoBamH. [IpoMIT CTpyKTypoBaHO y KiIbKa KJIIOUOBHUX (a3 poOOTH.
[lepma ¢asza - anamiz ciaoBa - mnepeadavyae BUKOpPUCTaHHs 1HCTpyMeHTY (Google

Gemini Jy1st AOCIIPKEHHS] €TUMOJIOTI 3 IPIOPUTETOM aBTOpUTETHUX JiKepen: Oxford
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English Dictionary, Merriam-Webster, etymonline.com, akageMi4YHUX JTIHTBICTHUYHUX
JKYpHaJliB Ta ICTOPUYHUX CJIOBHHUKIB. ATEHT TIPOCTEXKYE CIOBO JO HOro
HAM/IaBHIIIOTO BIJIOMOTO MOXO/KEHHS Ta 1IeHTH(]IKYe BCI MPOMIXKHI MOBHI €TallH.
Hpyra ¢aza Bu3Hayae iHPpopMaIlito, sIky HeOOX1JHO BKJIFOYUTH: OPUTIHAJILHY MOBY Ta
KOpPI1HHE CJIOBO, OYKBaJIbHE 3HAYCHHSI KOPEHs, ICTOPUYHUN TaiiMIIaifH pO3BUTKY CIIOBA,
CBOJIIOLIII0 3HAYCHHsI, CIOPIAHEHI cJoBa y TIA caMid MOBHIH pPOJUHI, I[IKaBUN
icTopuyHu ab0 KyJIbTYpHUH KOHTEKCT Ta CydacHe BHKOpUCTaHHs. Tpers dasza
BCTaHOBIIIOE (hOpMaT Mpe3eHTalli pe3yJbTaTiB 3 BUKOPUCTAHHSIM CTPYKTYpOBaHOTO
ma0JaoHy, LI0 BKJIKOYA€ PO3AUINA: IMOXOMKEHHS, KOpIHHE 3HAU€HHS, 1CTOPUYHUN
PO3BUTOK, €BOJIOIIS 3HAYEHHS, CIOPIHEHI cjoBa Ta IikaBl ¢aktu. KoxeH po3min
CYIPOBOJIKYETHCA €MOJA31 JJid Bi3yaslbHOI opraHizainii iH@opmaiiii. YeTBepra daza
nependayae TOKYMEHTYBAaHHS JKEPEI 3 00OB'SI3KOBUM IMOCHJIAHHSIM Ha aBTOPUTETHI
€TUMOJIOTIYHI CJIOBHUKH Ta NEPEXPECHOI0 MEpeBipKor AaHuX. [IpomnT Takox
MICTHUTh YITKI OOMEKEHHS: aHaJli3 BUKJIIOYHO 3allUTAHOTO CJIOBA, MaKCHUMajbHa
nomkuHa  BianoBiml 500 cimiB, YHHKHEHHS CHEKYJSIid Ta  JOTPUMAHHS
JOKYMEHTOBAHOI  JIIHTBICTUYHOI icTopli. JSKImio erumonoria HesigomMa abo
CymnepedwInBa, areHT 3000B's13aHMM 4iTKO 11e 3a3HaunTH. [loBHuUi mpomnT Etymology
Agent MOXHa IeperyIsiHyTH y 1oaatky XK.

Jns pysukmionyBanHs Etymology Agent o6pano moxens Etymology Agent
Chat Model na 6a31 Google Gemini, sika 3a6e3nedye 0OpoOKy JIIHTBICTUYHUX 3aIUTIB
Ta CTPYKTYpyBaHHS eTumMoJioriuHoi iHdopmanii. KommoneHnT Simple Memory
Etymology Agent BiamoBimae 3a 30€peK€HHS KOHTEKCTY €THMOJIOTIYHOTO aHai3y,
BKJIFOYAIOYM paHIIIe MPOAHANII30BaHl CJIOBAa Ta iX 3B'A3KH, IO JIO3BOJISIE areHTY
MOCUJIATUCS Ha TOTNEepeH] JOCIPKEHHS Ta BCTAHOBIIIOBATH MIKMOBHI Tlapajiesni mij
Yyac TPUBAIUX J1AJIOTIB.

OcHoBHUM 1HCTpyMeHTOM Etymology Agent € kommoneHT Message a model in
Google Gemini, skuii 3abe3nedye JIOCTyHn 10 €TUMOJIOTIYHMX ©0a3 JaHUX,
aKaJeMIYHUX JIIHTBICTUYHUX PECYpPCIB Ta ICTOPUYHHUX CIOBHUKIB. Lleil iHCTpyMeHT

JIO3BOJIIE areHTy TMPOBOJAUTH KOMIUIEKCHE JOCHIPKCHHS TOXOKEHHS CJIiB,
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Bepu(ikyBaTu iHPOpPMAIIIIO 3 ACKITLKOX AaBTOPUTETHUX JKEPENT Ta MPOCTEKYBATH
MOBHI POJIMHU BiJ] MPOTO-1HI0EBPONECHCHKIX KOPEHIB JI0 Cy4YacHHUX (PopM.

Takum umHoM, Etymology Agent ¢yHKIIOHYe $K cHeliaii30BaHUN
JIHTBICTUYHHUM KOMIIOHEHT CHCTEMHM, 3JaTHUH HaJaBaTH JETallbHI €THMOJIOTIYHI
aHali3M 3 JOTPUMAaHHSAM aKaJeMIYHMX CTaHAapTiB, 3a0e3Meuyloud Mpu IHOMY
JOCTYMHICTh 1H(OpMAaIii 715 IIUPOKOi ayIUTOP1i KOPUCTYBaUiB.

[Ticns oTpuMaHHs pe3ysbTaTiB Bij creriaidizopaHux areHTiB (Quiz Agent Ta
Etymology Agent) nani moBepTaroTbesi A0 ocHOBHOTO Al Agent nmns diHampHOT
0o0poOKM mepes HaJCHIIaHHSIM KopucTyBauy. [lelt nporec BKItouae Kijlbka KpUTUYHUX
€TaIliB, 110 3a0€3MeUyI0Th KOPEKTHICTh Ta YNTAOCIBbHICTD BIAMOBIACH.

[lepmmmM erarnom € OTpUMaHHS BUXIJHUX JaHUX BiJ areHTiB. OCHOBHMI areHT
30upae BCcro 1H(OpMaIIiio, 3TeHepOBaHy Creliaai30BaHUMH KOMIIOHEHTAMHU, sIKa MOYKE
MICTUTH TEXHIYHI MeTaJaHl IpO BHUKOPHUCTAHI IHCTPYMEHTH Ta MPOLIEC BUKOHAHHS
3aBnanHs. Lli mani 30epiratoteest y dopmati JSON Ta nepenaroThes 10 KOMIOHEHTa

Clean Al Output (Puc.3.1.14).

@ - Y 4 {} e 1@ e

Telegram Trigger Extract User Message Clean Al Output Send Al Response to

L

( £ Quiz Agent Tool & f,x’l'“’"’gy Ageat

¢ ¢ >
Google Gemini Chat 4 Moy T 4 : S ¢
Model

=] ( < (

Simple Memory Quiz Agent Chat Message a model Etymology Agent
Google Gemini Chat Model

Puc.3.1.14. 3aranpaa cxema workflow cucteMu 3 KOMITIOHEHTaMH OYUIIEHHS Ta
BIJIMPaBKHU

Kommnonent Clean Al Output BUKOHY€ KPUTHYHO BAXKIUBY (DYHKI[IFO OUUILIEHHS
BIJIMOBIJII B TexHIYHOI iH(popmarii. 3a monomororo koxy JavaScript (Puc.3.1.15)
CHUCTEMa BUTATY€ BHUXIJHI JaHl areHTa Ta BUJAJSAE€ METafaHl MPO BUKOPUCTAHHS
IHCTPYMEHTIB 3a JIONMOMOTOI peryssipHoro Bupazy. Koa orpumye HeoOpoOsieHuit
BUBi areHTa depe3 const rawQOutput = Sinput.item.json.output, micis dYoro
3actocoBye Metop replace() 3 marepuom /\[Used tools:.*?Result:.*N\|\s*?g, saxuii

imeHTru(IKye Ta BHUAANAE€ BCl (parMeHTH TEKCTY, IO MICTATh 1H(POPMAIIIO PO
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BUKOPHUCTaHI 1HCTPYMEHTH Ta MPOMIKHI pe3yibTatu ix podotu. Ilicas BumaneHHs
TeXHIYHUX JIaHMX 3aCTOCOBYeThbcs Meroh trim(), sSkuil ycyBae 3aiBi mpoOuM Ha
MOYaTKy Ta B KIiHII TeKCcTy. OumimeHuid TeKcT nosepraeThes y dopmari JSSON ms

MoAaNBIIOT 0OPOOKH.

nst rawOutput = $input.item.json.output;

nst cleanedText = rawOutput.replace(/\[Used tools:.*x?Result:.*x?\]\sx/g, '').trim();

rn {
json: {

output: cleanedText

Puc.3.1.15. Kon xommonenta Clean Al Output jis ouMinmeHHS BiAMOBiAL

OcTaHHIM €TanoM € HAJCWIAHHS OYMILIEHOI BIAMOBIAI KOPUCTYBady 4Yepe3
komrnoHeHT Send Al Response to User (Puc.3.1.14). Lleit KOMIIOHEHT IHTETPOBaHUI 3
Telegram API Tta BukopuctoBye meron sendMessage nisi gocTaBKy (DiHAIBHOT
BIJINIOBIJII O€3MOcCepelHbO B YaT KOpHCTyBaya. KOMIIOHEHT aBTOMAaTUYHO BHU3HAYA€
imeHTudikaTop 4aty Ta (opmaTye MOBIIOMJICHHS BIAMOBITHO 10 crenudikaiini
Telegram, 30epiratoum Mpu LBOMY BCi €MOA3l, CTPYKTYpOBaHI CIHUCKHA Ta
dbopmaTyBaHHS TEKCTY, 5Kl OYyJIM 3T€HEPOBaHi CIeliali30BaHUMH areHTaMHU.

TakuMm dYMHOM, apXiTEKTypa CHCTeMH 3a0e3rnedye MOBHUW LMK OOpPOOKH
3alMTIB: BIiJ] OTPUMAaHHS MOBIIOMJIEHHS KopucTtyBaya uepe3 Telegram Trigger,
nepeaadi 1oro OCHOBHOMY areHTy, JeJIeTyBaHHS 3aBJIaHb CIEIliali30BaHUM areHTam,
OUMILICHHS TEXHIYHUX JIaHMX Ta HaJCWiIaHHs (iHAIBbHOI BIAMOBIAI Ha3an
KopucTyBauy. Lleil mpoiec rapanTye, 10 KOpPUCTyBad OTPUMYE JIMILE PEJICBAHTHY,
OYMIIEHY BIJl TEXHIYHHUX JeTajed iH}opmalilo y 3pydyHOMY Ta YUTAOEITBHOMY

dbopmari.

62



3.2. ExcnepyMMeHTaJIbHI [JOCJHIZKEHHSI Ta aHAJNITHYHA IHTepmperauis

OTPUMAaHMX Pe3yJbTATIB

TectyBanHs1 yaT-00Ta € BaXJIMBUM €TalOM, OCKIJIBKU 11€ JTOMOMOXKE OLIIHUTHU
e(heKTUBHICTh poOOTH Mporpamu. Jjis aHai3zy epeKTUBHOCTI pOOOTH Ta BU3HAUCHHS
HaANpPSMKiB BJOCKOHAJICHHs 0yJI0 CTBOPEHO Halip TeCT-KeHciB

Cucrema OIIIHIOBAaHHS BKJIIOYA€ I'ATh OCHOBHUX METPUK, SIKI JO3BOJSIOTH
BCEOIYHO mMpoaHali3yBaTh (YHKIIOHAJIBHICTh YaT-00Ta: 1HQEpEHIs - 3AaTHICTh
4yaT-00Ta MpPaBMWJIHHO BU3HAYATH areHT JAJsl BUKOHAHHS HeoOXigHoro 3aBaaHHs. [linx
yac TeCTyBaHHsS 1H(epeHlli OCHOBHA yBara MPUAUISETbCS AITOPUTMY “MUCIEHHS
yaTOOTa, @ HE BIAMOBIAI oTpuMaHi y 4ati. Posrimsuemo mpukian, Could you please
explain origins of word partner, oO4ikyBaHMM pE3yJbTATOM TECTYBaHHS €
BUKOpHUcTaHHsA, 60oToMm, Etymology agent. KinbkicTs 0aniB, oTpuMaHa B pe3yJbTati
YCHIIIHOTO BUKOHAaHHA TecTy - 3. Taka oIliHKa 3yMOBI€Ha THUM, IO KOPHCTyBad
MOCWJIAE€TbCA Ha MOTPIOHMI areHT, He BHUKOPUCTOBYIOUM KIIFOUOBOI'O CJIOBA -
etymology, ToMy cuCTeMa MOBHMHHA cama 370rajaTHCs, SKAW 3 areHTiB Oyne
aKTyaJlbHUM JIJI1 BUKOHAHHS I[bOTO 3aBIaHHsA. [IOBHWUH CHOHCOK TECTiB s
BU3HAYCHHS OLIIHKY 1H(EpEeH i MOKHA MEPErJISIHYTH y T0AaTKy b.

HactynHoro € MeTpuKa 4YITKOCTI, SIKa BH3HAYa€ PEJIEBAHTHICTb OTPUMAHUX
BianoBiel. [Ipukiagom TecT-keicy, SKUil aHalli3y€e YITKICTh MOXKE CIIYTyBaTH TaKUn
3amuT: Can you explain what phonology is? OuikyBaHHM pPe3yJbTaTOM OTPUMAaHHS
TAaKoro 3amuTy € BukopuctanHs Al Agent, sikuil cTBOpeHMi Uisl BIANOBIAI Ha
JHTBICTUYHI TiuTaHHsA. [I0BHMI CIIMCOK TECTIB YITKOCTI Ta PE3yJIbTaTiB T€CTyBaHHS
300pakeHuil y 1o1aTky B.

Metpuka 30epekeHHsT KOHTEKCTy BIJINOBIa€ 3a 3AaTHICTH 30epiraTu Ta
BUKOPUCTOBYBATH 1H(OpMAIlI0 3 TOMEPeNHIX MOBIJOMIICHb y mianosi. Ilig dac
TECTYBaHHSI KOHTEKCTY OCHOBHA yBara OyJyia 30CEpe’KCHHS Ha 3JaTHICTh MOJEl
“npuragaTy’ JaHl, 3rajaHi padime y 4ari. Po3riasHeMo mpuKiad, KOpUCTyBad
Hajicuiae Hu3Ky 3anuTiB: Please list the drawbacks of collaborative learning method /
What is the difference between applied linguistics and linguistic applied? / Please

find definitions of the teaching method I mentioned in the previous two messages.
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OTpumaBmm TpeTiit 3anut, BMM 3BepTacThCs 10 KOHTEKCTY PO3MOBH, 30€pEKEHOMY
y mam’siTi cucteMu. TakuM YMHOM, BOHA PO3yMi€, 1110 OCTAHHIHM 3aMUT MOCHIAETHCS
Ha TEPMIH 3raJlanuii paHimie, a came: collaborative learning. [ToBHUI CITUCOK TECTIB
MO>KHA MEPErISIHYTH y 1oAaTKy I

MeTpuka BIAMOBIZHOCTI TpaBWJIaM BHU3HAYA€ JIOTPUMAHHS CHCTEMOIO
QITOpUTMY POOOTH TPH BUKOPUCTAHHI KIIOYOBUX CJiB. Hampukmam oTrpuMmaBim
3anuT #help, Moxenp mpomyckae eramn oOpoOKM Ta TreHepallli BIAMOBIAI Ta HaAae
CIUCOK TIpaBWJ Ta KIIOYOBUX CIIIB, BU3HAYCHHMX MpaBuiaMu cuctemMu. CHHCOK
3aMMTIB Ta pe3yJbTaTH TECTYBaHHS NEepeiyeH1 y noaartky J.

OcTaHHsT MeTpUKa CKJIAJHOCTI OOpOOKM BH3HAYa€ 3JATHICTh CHCTEMH
e(eKTUBHO OOpOOJSATH 3alUTU PI3HOrO PIBHSA CKJIAJAHOCTI Ta CTpyKTypH. Ilig yac
TECTyBaHHS II1€i METPUKM OCHOBHA yBara MPUIISETHCS MOXIMBOCTI 4Yar-00Ta
KOPEKTHO IHTEpPIPETyBaTH OaraTOKOMIIOHEHTH1 3aluTH, SKIi MOXYTb MICTUTH
JeKUIbKa miJ 3aBAaHb ab00 mOTpeOyBaTHM KOMIUIEKCHOTO aHami3dy iHQopmaiiii.
Posrnsaemo npukian ckimagaroro 3anuTy: "Could you find the etymology of the word
'pedagogy’, explain its phonological structure, and then compare it with similar terms
in applied linguistics?" OuikyBaHUM pe3yJbTaTOM OOPOOKH TaKOro 3aluTy €
MOCJIIJIOBHE BUKOPHUCTAHHS JEKIIbKOX areHrtiB: Etymology Agent ayig BU3HAY€HHs
oXoJKeHHs cioBa, Al Agent 1ist mosicHeHHsT (DOHOJIOTIYHOT CTPYKTYPH Ta aHaJi3y
TEPMIHOJIOTI] MPUKIAIHOT JIHrBICTUKH. KinbKkicTh OaniB 3a yCIilIHE BUKOHAHHS
CKJIAHUX TECTIB € BHUIOI0, OCKUIBKM CHCTEMa IOBHHHA HE JIMIINC TPABUIHHO
BU3HAYUTH HEOOXIJHI I1HCTPYMEHTH, aje€ ¥ Opra”izyBaTh iX B3a€EMOJIIO IS
dbopMyBaHHS KOMIUICKCHOI BiamoBiai. IloBHMI CIHCOK TECTIB CKJIAQIHOCTI Ta
pe3yIbTaTiB TECTyBaHHS MPEACTABICHO y ToAaTKy E.

J1st KoKHOT METpUKH OyJ10 po3pobiieHo okpemuii Habip 13 8-9 TecT-KekciB, 1m0
JIO3BOJIIE  OTPUMATH PENPE3CHTAaTUBHY BUOIpKY I aHamizy. Tecr-kelicu
nuepeHIioBaHO 3a PIBHEM CKJIQJHOCTI Ta OLIHIOIOTHCS 3a MIKanow Big 1 mo 3
OamiB, 3aJeXHO BiJ CKIAQAHOCTI 3aBIaHHS. 3allWTH, M0 TOTPEOYIOTh MPOCTOl
imenTudikamii areHra abo MNPSMOJIIHIAHOT BIAMOBII, OIIHIOIOTECS B 1 Oal.

TecT-kelicu cepeHbOI CKJIQJAHOCTI, $KI BHMAaralroTh aHalli3y KOHTEKCTY a0o
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1HTEepIIpeTalii HeSBHUX BKa31BOK, OTPUMYIOTh 2 Oanu. HalicknmagHimi 3aBAaHHs, 110
nepeadavaroTh OararoetamHy oOpoOKy, 30epeKeHHs KOHTEKCTy abo poboTry 3
MHOXMHHHMH areHTaMH, OILIHIOIOTHCA B 3 0anu. MakcMMalIbHO MOXKJIMBA KiIbKICTh
OaiB I KOXKHOT METPUKH CTaHOBUTH BiJl 16 1o 18 GamiB, 3ajekHO BiJ KUIBKOCTI
TECT-KEUCiB y HabOpI.

Pe3ynbraT TecTyBaHHS JEMOHCTPYIOTh BHCOKY €(QEKTHBHICTh CHCTEMH B
O1MBIIOCTI acmeKTiB (yHKI[IOHYBaHHA. MeTpuKa YITKOCTI IOKaszajia HaWBUIIHMA
pe3ynbTaT - 94%, 1Mo CBITYUTH MPO 3JATHICTH CUCTEMH T'€HEPYyBaTH PEJICBAHTHI Ta
TOYHI BiAMOBiAI Ha 3anutaHHs kopuctyBauiB (Puc. 3.2.1.). Cucrema aemMoHCTpye
BIJIMIHHE PO3YMIHHS JIIHTBICTUYHOI TEPMIHOJIOTIi Ta HAJa€ BUYEPIHI TMOSCHEHHS
KOHIICTI[IA MPUKIIAIHOI JIHTBICTUKUA. MeTpuka CkiIagHOCTI o0poOku gocsria 91%,
MIATBEPKYIOUN €(DEKTUBHICTh apXITEKTypPH MYJbTUAreHTHOI CUCTEMHU y BUKOHAHHI
KOMIUIEKCHUX 0araTOKOMIIOHEHTHHMX 3aBliaHb. YaT-00T yCHIITHO KOOPJAMHYE POOOTY
JEKUTBKOX CIHEIlai30BaHUX areHTIB Ta IHTErpy€e€ OTPUMaH1 pe3ysibTaTH y IJIICHY
BIJITIOB1/Ib.

Metpuka 30epexeHHs KOHTEKCTY MoKazaia pe3yibTaT 85%, 110 BKazye Ha
JIOCTaTHIO, ajie¢ He ijealibHy pobOoTy KommoHeHTa Simple Memory. Cucrema
e(ekTUBHO 30epirae Ta BUKOPUCTOBYE 1HPOpMaIlito 3 nomnepennix 10 moBigoMIICHb,
NpoTe 1HOAI BUHUKAIOTH TPYIHONII 3 BIACTEKEHHAM CKJIAIHUX OaratoeTamHux
niajnoriB a00 KOPEKTHUM MOCHJIAHHAM Ha 1H(OopMaIlito, 3rajjany Ha Mo4aTKy TpUBaJIOl
PO3MOBH.

MeTtpuka iHpepenmii nocsirna 77%, 1Mo € TpUIAHITHUM, ajie BOJHOYAC BKa3ye
Ha ToTeHmian s BaockoHaneHHs (Puc. 3.2.1.). OCHOBHI TPYJIHOIII BUHHKAIOTH y
CUTYallisIX, KOJU KOPHUCTYBau (HOPMYJIIOE€ 3alUT HECTAHAAPTHUM CIOCOOOM abo He
BUKOPUCTOBYE KJIIOYOBUX CJiB, IO YCKIAJIHIOE aBTOMAaTUYHE BU3HAYCHHS
BIIMOBIHOTO areHTa. Hampukian, HenpsiMi MOCHJIAHHS HA €TUMOJIOTIYHHMM aHami3
a00 3aByaJIbOBaHI1 3alIUTH HAa POBEJICHHS BIKTOPUHU MOXKYTh MPU3BOJAUTH JI0 BUOOPY
HEBIJIMOBITHOTO 1THCTPYMEHTY.

Halinmxuuii pe3ynbTrat NpoAeMOHCTpyBajga METpUKa BiANOBIIHOCTI IPaBUIaM

- 62%. lle cBimunTh PO HEOOXIAHICTH YAOCKOHAJIEHHS CUCTEMH OOPOOKH KITFOYOBHUX
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CIIB Ta KOMaHJ. AHaji3 MOMUJIOK IMOKa3aB, IO CHUCTEMa 1HOJI ITHOpPY€E CHeIliasbHi
KoMaH/u (Taki sik #help a6o #rules) a6o 00po0OJIsi€ X K 3BUYANHI 3AUTH, TIEPETAIOUH
Ha TeHeparlio BiAMOBIAl 3aMICTh BUKOHAHHS BIAMOBIIHOI cucTeMHOl GyHKIii. Takox
BUSIBJICHO MpoOJeMU 3 pO3MI3HABaHHAM KOMaHJ Yy pI3HHX perictpax abo 3

J04aTKOBHUMH CHMBOJIaMU.

Imdbepenmia @ DirricTE @ 30epezeHH KOHTEKCTY

@ BianoEimHICTE OPaEHTAM @ Crmagmicts
100

80
60
40
20
0 77 94 85 62 91

Puc. 3.2.1. MeTpuku o1iHKH epeKTUBHOCTI 4aT-00Ta

3arasibHa OIlIHKAa €(QEKTUBHOCTI CHUCTEMH, pO3paxoBaHa SK CEpeaHE
apu(pMETUYHE BCIX METPHK, CTaHOBUTH §1.8%, 110 CBIAYUTH MPO BUCOKHI PiBEHb
(GyHKLI0HATBHOCTI po3pobieHoro yar-6ota. IIpoTe pesynbraTu TeCTyBaHHS YITKO
BU3HAYAIOTH JIBA OCHOBHI HAMPSAMKH JIJIsl TIOJIAJIBIIIOTO BIOCKOHAJICHHS: MTOKPAIEHHS
CHUCTEMH pO3ITi3HABaHHA Ta OOPOOKH KIIFOUOBUX CJIB 1 KOMaHJ, @ TAKOX IM1BUILECHHS
TOYHOCTI aJIrOpUTMY 1H(QEPEHIIIT 1711 KOPEKTHOTO BU3HAYCHHS BiAMOBIHOTO areHTa B

HECTaHJIaPTHUX a00 HEOJHO3HAYHUX CUTYaIlIsIX.

BucHoBk#u 10 3-ro po3aiiay
OOrpyHTOBaHO BHOIp TEXHOJOTIYHOTO CTEKY AJisi pO3POOKH MYJIbTHAT€HTHOTO
yaT-00Ta HAa OCHOBI aHaNi3y cydacHux low-code Tta no-code miardopm. Buznaueno

mwiatpopMy n8n SK ONTHUMaNbHE PIMICHHS, M0 TMOEIHYE BI3yalbHY MPOCTOTY
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KOHCTPYKTOpPIB 3 THYYKICTIO TpPaguIliifHOrO MporpaMyBaHHs Ta 3a0e3nevye
€KOHOMIYHO e(peKTUBHE MacIITaOyBaHHS! CUCTEMHU.

CrpoekToBaHO MOIYJIbHY apXITEKTypy 4aT-00Ta, 1o BKIIOYae OCHOBHUMA Al
Agent mis koopauHalii poboTH cucTtemu, cremiamizoBanuii Quiz Agent s
IpOBEJCHHS OCBITHIX BIKTOpHH Ta Etymology Agent s €TUMOJOTIYHOTO aHAMi3y
ciiB. PeanizoBaHo MOBHUM LUK OOpOOKH 3amMTIB BiJ OTPUMAHHS TOBITOMJICHHS
KopuctyBaua depe3 Telegram Trigger 10 HajJCWIaHHS OYMINEHOI BIAMOBIAI uepes
komrioHeHT Send Al Response to User.

Po3pobneno cuctemy TecTyBaHHS 3 TI'STbMa METPUKAMU OI[IHIOBAHHS:
iH(pepeHIis, 4YITKICTh, 30€pEKEHHS KOHTEKCTY, BIAMOBIAHICTh TMpaBWIaM Ta
CKJIAAHICTh 00poOKU. [[1s1 KOKHOI METPUKH CTBOpEHO Halip 3 8-9 TecT-KelciB,
nudepeHIIioBaHrX 3a PIBHEM CKJIATHOCTI Ta OI[IHEHUX 3a IIKajoo Bij 1 10 3 Oais.

[IpoBeneHO ekcrmepuMeHTaTbHE TECTyBaHHSA po3pobieHoro wyar-60Ta Ta
MpOaHaIi30BaHO Pe3yJbTaTH. 3arajbHa OI[iHKa €(EKTUBHOCTI CHUCTEMHU CTAHOBUTH
81.8%, 110 CBIAYUTH MPO BUCOKUH piBeHb GyHKIIOHATHHOCTI. HaliBui pesyiabTaTi
MPOJIEMOHCTPYBaJIM METpUKU YITKOCTI (94%) Ta ckiagHocTi 00podOku (91%), mio
MIATBEPKYE €(PEKTUBHICTh MYJIbTUATEHTHOT apXiTeKTypu. Bu3zHaueHo 1Ba OCHOBHI
HaIMpsMKH BJIOCKOHAJICHHS: TIOKPAIICHHS CHUCTEMH PO3Mi3HABaHHS KJIIOYOBUX CIIiB

(62%) Ta miABUILIEHHS TOYHOCTI aropuT™My 1Hepentii (77%).
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BUCHOBKHA

VY pe3ynbTati 1oCHipKeHHs Oyo:

1. IIpoanaizoBaHO E€BOIOIIMHUANA PO3BUTOK BEIMKHUX MOBHUX MOJEIECH BiJl
CUMBOJIIYHOI epy 0OpOOKH PUPOJAHOI MOBH JIO CyYaCHUX HEUPOHHUX apXiTEKTyp Ha
0a3i TpanchopmepiB. BctanoBneHo, 1o apxiTekTypa TpaHchopmepa, 3anpoBaIKeHa
y 2017 pomi, ctana ¢yHIaMEHTOM JJIsl BCIX CY4YacHHMX BEJIMKHUX MOBHUX MOJeNel
3aBJSIKM MEXaHi3My caMoyBaru. Po3risiHyTo Tpu ocHOBHI Tunu apxitektyp: GPT
(decoder-only) mnsi renepamii tekcty, BERT (encoder-only) ans po3ymiHHA Ta
anamizy, TS (encoder-decoder) sik yHiBepcaibHHI BapiaHT. 3'sCOBaHO, 110 Cy4acHI
METOJIOJIOTIYHI MiAXOIM /A0 HaBYaHHSA BKIJIIOYAIOTH IONEpPEIHE HABYaHHS, TOHKE
HaJallITyBaHHS, HABYAHHS 3 MIJKPIIUIEHHAM 4Yepe3 JIF0JChbKUN 3BOPOTHHM 3B'SI30K Ta
napaMmeTpo-e()eKTUBHE TOHKE HanamTyBaHHA. [IpoaHanizoBaHO MeTOAM ONTHMI3aLil
MoJieJIel, 30KpeMa MIPOMIIT 1HXEHEPio, reHepauio JonoBHeHy mnomykoM (RAG),
JUCTUISLIIO 3HaHb Ta apxiTektypy LLI-areHTis.

2. TlpoananizoBaHO KOHIIENTYaJi3allll0 TMOHATTS KOHTEKCTY B J1aJOrOBUX
CUCTEMaxX BIJ] MPUMITUBHOTO CHHTakcHM4HOro aHamnizy B ELIZA no auHamiuHOrO
MEXaHI3My yBaru B Cy4aCHUX MOJesiX. BcTaHOBIEHO, 1110 METOA0IOTIYHI MIAXOAH JI0
YOPaBJIIHHSA KOHTEKCTHOIO 1H(QOpMali€to 0a3yloThCsl HA BEKTOPHUX MPEACTABICHHSIX
yepe3 eMOe[IMHIY, OaraTOpiBHEBIM apXITEKTypl MaMm'saTi Ta METOAAX CEeJeKIii
KOHTEKCTY. P0O3p0o0JI€HO METONMKY OIIHIOBAHHS SKOCTI J1aJOTOBUX CHCTEM 3
KOHTEKCTHOIO MIATPUMKOIO, SIKa BKJIIOYAE M'STh KIIOYOBUX METPUK: UITKICTh
BIJIMOBII, 1H(epeHIlis s BUOOpPY areHta, 30€pekeHHsI KOHTEKCTY, BIJMOBITHICTD
IpaBujIaM Ta CKJIQJIHICTh OOPOOKH.

3. Po3pobneno OararoareHTHuil uyar-00T Ha Tuatrgopmi Telegram 3
BUKOpUCTaHHAM low-code mmatdopmu n8n. OOGrpyHTOBAHO BHOIp TEXHOJIOTIYHOTO
CTEKY Ta CIPOEKTOBAHO MOJAYJBbHY apXiTeKTypy CHCTEMH, 110 BKIII0Ua€e OCHOBHUN Al
Agent 1 KoopAuHaIlii, crnemiani3zoBanui Quiz Agent 1711 NpOBEEHHS BIKTOPUH Ta
Etymology Agent mis erumosnoriuHoro ananmizy. Jns peamizauii cuctemu oOpaHO
mozenb Google Gemini 2.5 Flash, komnonent Simple Memory ans 36epexenus 10

OCTaHHIX TOBIOMJIEHb Ta iHTerpamiro 3 Google Gemini Search mns goctymy 10
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akTyanbHOi iH(poOpmariii. PeamizoBaHo mOBHUN 1HMKI O0OpOoOKM 3amuTiB 3
aBTOMAaTUYHUM OYMINEHHSAM TEXHIYHUX METaJaHUX Tepe] HaJCWIAHHAM BIIMOBIII
KOpUCTYBayy.

4. 3niiiCHEHO eKCIIepUMEHTalbHE TECTyBaHHA pPO3po0OJieHOro 4ar-0oTa 3a
n'siThMa METPUKaMHU OLIHIOBaHHs. JJi1 KOXXHOI METpuKH CTBOpeHo Habip 3 8-9
TeCT-KeiCiB, nudepenIiiiioBanux 3a piBHeM ckiaaHocTi. [IpoananizoBaHo pe3yabTaTH
TECTyBaHHS ¥ BCTAHOBJICHO, 1110 3arajibHa €(PEeKTUBHICTh CUCTEMH CTaHOBUTH 81.8%.
HaiiBumi pe3yabTaT TPOJEMOHCTPYBAM METPUKH 4iTKOCTI (94%) Ta CKIagHOCTI
00poOku (91%), mo niaTBepKye €(HEKTUBHICTh MYJIBTHATEHTHOI apXITEKTYpH.
BusHaueHo aBa OCHOBHI HalpsSIMKHU Ui MOJAJIBLUIOTO BJAOCKOHAJIECHHS: MOKPAIICHHS
CUCTEMU pO3II3HABAHHA KIIOUOBUX CIIB (62%) Ta MiABUIIEHHS TOYHOCTI aITOPUTMY

1Hpepenuii (77%).

69



CIIMCOK BUKOPUCTAHUX JIKEPEJI

1. Binenpkwmii b. C. AganTariist METOy TUCTHIISIT 3HAHD TPUPOTHOIO MOBOIO JIJIS
kinacuikarii remmopanbanx (pasz. 2024. C. 1-2.

2. bonpap B. [lianorosa cucrema inpopmyBanHs a0iTypieHTis. 2020. C. 16-23.

3. Jlucwuii O. [IpuHuunu podotu Benukux MoBHUX Mozenen (LLM). 2025. C.
67-72.

4. Jlsmenko P. bibmomerpuuHuii aHasi3 10CIIKEHb 3 HAaBYaHHS 4aT-00TiB:
KJIFOYOBI ITOHATTA Ta TeHaeHii. 2024. C. 9—13.

5. Ocuxka I. bBaratoMoBHa J1iaoroBa cucTemMa 3 BUKOPUCTAaHHSAM 3aC001B
mry4yHoro intenekry. 2024. C. 46.

6. IlinBaspHa A. Benwki MOBHI MoIelTi B po3p0o0Ili TEKCTOBHX irop : JUC. ... KaH]I.
/ HarioHasibHMI TEXHIYHUN YHIBEpcUTET YKpaiHu « KUiBChKUi MOMITEXHIYHUN
iHcTuTyT iMeHi Iropst Cikopcskoroy. Kuis, 2024. 96 c.

7. IlpoxcumanbHa ontumizaiis nojaituku (PPO) y HaBuaHH1 3 MiAKPITUICHHSIM.
Code Labs Academy. 30.05.2024. URL.:
https://codelabsacademy.com/uk/blog/proximal-policy-optimization-ppo-in-rei
nforcement-learning (nara 3Bepuenns: 12.08.2025).

8. CII0BHUK TEpMIHIB Yy c(pepl ITYy4HOTO 1HTENEKTY. MiHicTepcTBO IU(POBOI
TpaHchopmariii Ykpainu. URL:
https://storage.thedigital.gov.ua/files/2/72/389a01ab0cc82040dfe172f94d1af72
0.pdf (mata 3BepHenHs: 12.08.2025).

9. Spomuu M. MeTtoau Ta 3aco0M BEIMKUX MOBHUX MOZCICH IS
KOHLenTyam3auli npeaMerHoi oonacti «lltyunuit intenexkt». 2025. C.
331-140.

10. Adithya S. PreTraining LLMs. AI Engineering Academy. 27.10.2025. URL:
https://aiengineering.academy/LLM/TheoryBehindFinetuning/PreTrain/ (date
of access: 12.08.2025).

11.Alonso E. Al and Agents: State of the Art. 2002. 37 p.

12. Aryani A. 8 Types of Prompt Engineering. Medium. 03.12.2023. URL.:
https://medium.com/(@amiraryani/8-types-of-prompt-engineering-5322ft77bdf
(date of access: 12.08.2025).

13. Atkinson-Abutridy J. Large Language Models. CRC Press, 2024. P. 123—134.

14.Besen S. The Practical Limitations and Advantages of Retrieval Augmented
Generation (RAG). Medium. 15.04.2024. URL.:
https://medium.com/data-science/the-limitations-and-advantages-of-retrieval-a
ugmented-generation-rag-9ec9b4ae3 729 (date of access: 12.08.2025).

15.Brown T. B., Mann B. Language Models are Few-Shot Learners. 2020. P.
6-22.

16.Casas J. Trends & Methods in Chatbot Evaluation. 2020. P. 37.

70


https://medium.com/%40amiraryani/8-types-of-prompt-engineering-5322fff77bdf

17.Chen B., Zhang Z. Unleashing the potential of prompt engineering for large
language models. 2023. P. 5—-18.

18.Chen Y. LongLLoRA: Efficient Fine-tuning of Long-Context Large Language
Models. 2023. P. 8§-14.

19.Cho J. H., Hariharan B. On the Efficacy of Knowledge Distillation. 2019. P.
6-8.

20.Deriu J. Survey on evaluation methods for dialogue systems. 2021. P. 53.

21.Devlin J., Chang M.-W. BERT: Pre-training of Deep Bidirectional
Transformers for Language Understanding. 2018. P. 1-11.

22.Dhanakotti K. Tokenization and Subword Tokenization in Generative Al: A
Complete Guide. Medium. 08.09.2024. URL:
https://dkaarthick. medium.com/tokenization-and-subword-tokenization-in-gen
erative-ai-a-complete-guide-9fc4978d3243 (date of access: 12.08.2025).

23.Ding N. Parameter-efficient fine-tuning of large-scale pre-trained language
models. 2023. P. 8.

24.Gao Y., Xiong Y. Retrieval-Augmented Generation for Large Language
Models: A Survey. 2023. P. 4-15.

25.Gemint 1.5: Unlocking multimodal understanding across millions of tokens of
context. 2025. P. 4-15. URL:
https://docs.cloud.google.com/vertex-ai/generative-ai/docs/models/gemini/2-5-
flash (date of access: 12.08.2025).

26.Gemini 2.0 Flash. Google. 01.06.2025. URL:
https://docs.cloud.google.com/vertex-ai/generative-ai/docs/models/gemini/2-0-
flash (date of access: 12.08.2025).

27.Gemini 2.5 Flash. Google. 01.06.2025. URL:
https://docs.cloud.google.com/vertex-ai/generative-ai/docs/models/gemini/2-5-
flash (date of access: 12.08.2025).

28.Grouchy P. et al. An Experimental Evaluation of Transformer-based Language
Models in the Biomedical Domain. 2020. P. 2—4.

29.Gupta M. Tokenization in NLP. Geeks For Geeks. 11.07.2025. URL:
https://www.geeksforgeeks.org/nlp/nlp-how-tokenizing-text-sentence-words-w
orks/ (date of access: 12.08.2025).

30.Han Z., Gao C. Parameter-Efficient Fine-Tuning for Large Models: A
Comprehensive Survey. 2024. P. 2—14.

31.Hosseini A. S., Di Gioia F., Versino M., D'Angelo A. Emotional framing in the
spreading of false and true claims. Scientific Reports. 2024. Vol. 14. URL:
https://pmc.ncbi.nlm.nih.gov/articles/PMC11305955/ (date of access:
12.08.2025).

32.Jiang Z., Xu F. F. Active Retrieval Augmented Generation. 2023. P. 3-9.

71


http://www.geeksforgeeks.org/nlp/nlp-how-tokenizing-text-sentence-words-w

33.Lewis P., Perez E. Retrieval-Augmented Generation for Knowledge-Intensive
NLP Tasks. 2020. P. 1-10.

34.Manos P. What are the limitations of transformer models?. AIML.com.
08.09.2023. URL.:
https://aiml.com/what-are-the-drawbacks-of-transformer-models/ (date of
access: 12.08.2025).

35.Marshall K. What are the benefits of parameter-efficient fine-tuning?. Deep
Checks. URL:
https://www.deepchecks.com/question/what-are-the-benefits-of-parameter-eftic
ient-fine-tuning/ (date of access: 12.08.2025).

36.Mikolov T., Chen K. Efficient Estimation of Word Representations in Vector
Space. 2013. P. 2-6.

37.Norvig P. Large Language Models. Google. 17.09.2021. URL:
https://developers.google.com/machine-learning/crash-course/llm/transformers
?hl=uk (date of access: 12.08.2025).

38.0Ouyang L., Wu J., Jiang X. Training language models to follow instructions
with human feedback. 2022. P. 15-23.

39.Park W., Kim D. Relational Knowledge Distillation. 2019. P. 1-4.

40.Parthasarathy V. B., Zafar A. The Ultimate Guide to Fine-Tuning LLMs from
Basics to Breakthroughs: An Exhaustive Review of Technologies, Research,
Best Practices, Applied Research Challenges and Opportunities. 2024. P. 5-12.

41.Peng B., Narayanan S. On Limitations of the Transformer Architecture. 2024.
P.3-14.

42.Pilipiszyn A. GPT-3 powers the next generation of apps. OpenAl. 12.05.2021.
URL: https://openai.com/index/gpt-3-apps/ (date of access: 12.08.2025).

43, Piskozub A. Researching vulnerabilities in chatbots with LLM (Large
Language Model). 2023. P. 6.

44.Prabhatzade. Parameter-Efficient Fine-Tuning (PEFT): A Deep Dive. Medium.
14.02.2025. URL:
https://medium.com/@prabhatzade/parameter-efficient-fine-tuning-peft-a-deep
-dive-6a8ef05cbee3 (date of access: 12.08.2025).

45.Radford A., Narasimhan K. Improving Language Understanding by Generative
Pre-Training. 2018. P. 3-7.

46.Radziwill N. M. Evaluating Quality of Chatbots and Intelligent Conversational
Agents. 2017. P. 10-14.

47.Raffel C., Shazeer N. Exploring the Limits of Transfer Learning with a Unified
Text-to-Text Transformer. 2023. P. 28-36.

48.Ramchandani T. Part 1: Introduction to n8n — What It Is and How It Works.
Medium. 26.03.2025. URL:

72


http://www.deepchecks.com/question/what-are-the-benefits-of-parameter-effic
https://medium.com/%40prabhatzade/parameter-efficient-fine-tuning-peft-a-deep

https://medium.com/data-and-beyond/part-1-introduction-to-n8n-what-it-is-and
-how-it-works-74c214de769¢ (date of access: 12.08.2025).

49.Riedl M. A very gentle introduction to large language models without the hype.
Medium. 14.04.2023. URL:
https://mark-riedl.medium.com/a-very-gentle-introduction-to-large-language-m
odels-without-the-hype-5f67941fa59¢ (date of access: 12.08.2025).

50.Sahoo P., Singh A. K. A Systematic Survey of Prompt Engineering in Large
Language Models: Techniques and Applications. 2024. P. 2-5.

51.Sascha Metzger. A Beginner’s Guide to Tokens, Vectors, and Embeddings in
NLP. Medium. 20.12.2022. URL:
https://medium.com/(@saschametzger/what-are-tokens-vectors-and-embedding
s-how-do-you-create-them-e2a3e698e037 (date of access: 12.08.2025).

52.Schulhoff S., Ilie M. The Prompt Report: A Systematic Survey of Prompt
Engineering Techniques. P. 26-38.

53.Sebastian H. How Are You, Chatbot? Evaluating Chatbots in Educational
Settings — Results of a Literature Review. 2019. P. 13.

54.Subhash Khandare S. Mastering Large Language Models: Advanced
techniques, applications, cutting-edge methods, and top LLMs. BPB
Publications, 2024. P. 248-266.

55. Tamkin A. Understanding the Capabilities, Limitations, and Societal Impact of
Large Language Models. 2021. P. 2-5.

56. Thakur K., Barker H. G. Artificial Intelligence and Large Language Models:
An Introduction to the Technological Future. 2024. P. 94-128.

57.Torre J. The Case Against Fine-Tuning. Helicone Al. 08.10.2024. URL:
https://www.helicone.ai/blog/when-to-finetune (date of access: 12.08.2025).

58.Vidgof M. Large Language Models for Business Process Management:
Opportunities and Challenges. 2023. P. 15-16.

59. Wang L., Chen X. Prompt engineering in consistency and reliability with the
evidence-based guideline for LLMs. 2024. P. 1-7.

60. Wang X. How fine can fine-tuning be? Learning efficient language models.
2020.P. 7-11.

61. What are Al agents?. IBM. 15.05.2024. URL.:
https://www.ibm.com/think/topics/ai-agents (date of access: 12.08.2025).

62.Xu J., Huang Y. Advancing Transformer Architecture in Long-Context Large
Language Models: A Comprehensive Survey. 2023. P. 5-21.

63.Xu L., Xie H. Parameter-Efficient Fine-Tuning Methods for Pretrained
Language Models: A Critical Review and Assessment. 2023. P. 1-9.

64.Yang A. Memory Complexity with Transformers. KD Nuggets. 07.12.2022.
URL.:

73


https://medium.com/%40saschametzger/what-are-tokens-vectors-and-embedding
http://www.helicone.ai/blog/when-to-finetune
http://www.ibm.com/think/topics/ai-agents

https://www kdnuggets.com/2022/12/memory-complexity-transformers.html
(date of access: 12.08.2025).

65.Y1Z., Ouyang J. A Survey on Recent Advances in LLM-Based Multi-turn
Dialogue Systems. 2025. P. 24-26.

66. Yinhan Liu, Myle Ott. RoOBERTa: A Robustly Optimized BERT Pretraining
Approach. 2019. P. 2-8.

67.Zheng R., Dou S. Secrets of RLHF in Large Language Models Part I: PPO.
2032.P. 8-13.

68.Ziegler D. M., Stiennon N., Wu J. Fine-Tuning Language Models from Human
Preferences. 2020. P. 2-8.

74


http://www.kdnuggets.com/2022/12/memory-complexity-transformers.html

JOJATKH

Jonarok A. Cucremunii mnpomnt Al Agent

QUIZ MODE STATE MANAGEMENT:

Once quiz mode is activated (via /quiz command or Quiz Agent Tool call), ALL
subsequent user messages MUST be routed to the Quiz Agent Tool until the user explicitly
exits with /quit command. This includes: single letters (A/B/C/D answers), topic names,
/topic command, and any other input. The ONLY exceptions are /quit (exit quiz mode) and
/end (end conversation). When in quiz mode, do NOT process messages yourself - always

call Quiz Agent Tool with the user's message.

You are a friendly LinguaBuddy specializing in study tips and linguistics.
ROLE:

- Help students with study techniques, learning strategies, and time management
- Answer questions about linguistics, language learning, and language concepts
- Engage in natural, helpful conversations

- Route users to appropriate functions based on keywords

For all responses, provide the answer directly - the system will handle sending it to

the user.

KEYWORD DETECTION (Check user message first):

If the user message contains these exact keywords, respond accordingly:

/start - Respond with welcome message:

\\\\v

"
k\\

Welcome! I'm your LinguaBuddy, here to help with:
- Study tips and techniques

- Linguistics and language learning

- Etymology and word origins

- Vocabulary quizzes and practice

Commands:
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/help - Show help message

/quiz - Start a vocabulary quiz
/topic - Change quiz topic
/etymology - Analyze word origins
/quit - Exit quiz mode

/end - End conversation

How can I help you today?"

/help - Respond with comprehensive help:
" Lé LINGUABUDDY HELP

¢ AVAILABLE COMMANDS:
/start - Welcome message and introduction
/help - Show this help message
/quiz - Enter quiz mode for vocabulary practice
/topic - Change quiz topic (only works in quiz mode)
/etymology - Analyze word origins
/quit - Exit quiz mode

/end - End conversation

¢ WHAT I CAN DO:
- Provide study tips and learning strategies
- Help with time management and organization
- Answer linguistics questions
- Explain language learning concepts
- Create vocabulary quizzes
- Analyze word origins and etymology
- Offer personalized study advice
- Discuss grammar, phonetics, syntax, and semantics

- Recommend study techniques (spaced repetition, active recall, etc.)
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¢ HOW TO USE ME:
- Use commands above for specific functions
- Ask me any question about studying or linguistics
- Request a quiz with /quiz
- Ask about word origins with /etymology

- Chat naturally - [ remember our conversation context

Example questions:

'How can I improve my memory retention?"'
'What is phonology?'

'Can you explain the Pomodoro technique?'

'How do I learn vocabulary effectively?'

LT

Need something? Just ask! &

/quiz - Call the Quiz Agent Tool with message: "User wants to start a quiz"

/topic - If in quiz context, call Quiz Agent Tool with message: "User wants to change

topic"
Otherwise respond: "Use /quiz first to enter quiz mode, then you can change
topics!"
/etymology - Call the Etymology Agent Tool with the user's word request
/quit - Exit quiz mode and respond with: " Quiz mode ended. How else can |
help
you?"

/end - Respond with: "Thanks for studying with me! Good luck with your learning!

REGULAR CONVERSATION:

For messages without keywords:

- Check conversation history to see if Quiz Agent Tool was recently called. If yes,
assume quiz mode is active and call Quiz Agent Tool with ALL user messages until /quit is

received.
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- If NOT in quiz mode and discussing quiz/test/vocabulary practice — Call Quiz
Agent Tool

- If asking about word origins, etymology, or word history — Call Etymology Agent
Tool

- For study tips, linguistics, or general questions — Respond directly

- Remember conversation context for personalized advice

- Be encouraging, educational, and supportive

CONSTRAINTS:

- Always check for keywords FIRST before processing the message
- Keywords are case-insensitive

- Only one keyword should be processed per message

- Keep responses clear and concise for regular conversation

- /help response should be comprehensive but well-formatted
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Jonarok b. Cnincok Tect-KeiiciB indepeHuii

Ne | Bxigni nani OuikyBanuii Makcuman | @akTUYHHNI
pe3yJbTar bHU 0as pe3yJabrar PesyabTar
(arenT) (arenT)

1 | Please explain Al Agent 2 Al Agent 2
objectives of
discourse
analysis.

2 | Hi, how are you? | Al Agent 1 Al Agent 1

3 Could you Al Agent 3 Al Agent 3
compare flipped
classroom and
blended learning
teaching
methods?

4 Could you give Etymology Agent | 1 Etymology 0.5
me etymology of agent (no reply
a word. in the chat)

5 | Please share Etymology Agent | 2 Etymology 2
etymology of agent
word cactus.

6 | Could you please | Etymology Agent | 3 Etymology 1.5
explain origins of agent (no reply
word partner. in the chat)

7 | Please start quiz. | Quiz Agent 1 Quiz Agent 1

8 Create synonyms | Quiz Agent 2 Quiz Agent 2
test on conflicts.

9 [ want to practice | Quiz Agent 3 Quiz Agent 1
vocabulary. (no reply in

the chat)
3arajbpHa KJIbKICTh MAKCUMAJIBHUX 18 3arajinHa 14
0aJiB: KIJIBKICTH
OTPUMAHUX
oaJjiB:
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Joaaroxk B. Ciucok TecT-KeiciB 4iTKOCTI

Ne | Bxigni OuikyBanuii | Makcumaapb | @aKTUYHUH pe3yJbTAT
naaHi pe3yJabTar HHUH 0aJ1 Pe3yan
TAaT
1 | Whatis the | Study tips 2 1. Spaced Repetition: This |2
best way to is a highly effective
memorize method where you review
new words at increasing
words? intervals over time. Tools

like Anki or Quizlet are
excellent for this.

2. Active Recall: Instead
of just rereading, actively
try to recall the meaning of
a word when you see it.
Flashcards (digital or
physical) are perfect for
this.

3. Contextual Learning:
Don't just learn words in
isolation. See them in
sentences, read them in
articles, and try to use them
in your own conversations
or writing.

4. Mnemonics: Create
memorable associations,
rhymes, or visual images to
link a new word to its
meaning. The more bizarre,
the better!

5. Break Down Words: For
longer words, try to
identify roots, prefixes, and
suffixes. This can help you
guess the meaning and
connect it to other words
you know.

6. Personal Connection:
Relate the word to
something in your own life,
an experience, or another
word you already know.

7. Regular Practice:
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Consistency is key!
Dedicate a short amount of
time each day to learning
and reviewing words rather
than cramming.

Which of these sounds
most appealing to you, or
would you like to dive
deeper into any specific
technique?

Can you
explain
what
phonology
is?

Short and
structured
explanation

Absolutely! Phonology is a
core branch of linguistics
that studies how sounds are
organized and function in a
language.

Think of it this way:

- Phonetics is about the
physical production and
perception of speech
sounds (like how your
tongue moves to make a "t"
sound).

- Phonology is about how
those individual sounds are
used to create meaning
within a specific language.
It looks at the patterns of
sounds.

Here's a breakdown of
what phonology typically
covers:

1. Phonemes: These are
the smallest units of sound
in a language that can
distinguish meaning. For
example, in English, /p/
and /b/ are phonemes
because changing "pat" to
"bat" changes the meaning.
2. Allophones: These are
different pronunciations of
a single phoneme that don't
change the meaning of a
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word. For instance, the /t/
sound in "top" (aspirated)
and "stop" (unaspirated)
are allophones of the /t/
phoneme in English.

3. Phonological Rules:
These are the rules that
govern how sounds behave
and change in a language.
For example, how sounds
are assimilated (become
similar to neighboring
sounds) or deleted in
certain contexts.

4. Prosody: This includes
elements like intonation
(the rise and fall of voice),
stress (emphasis on certain
syllables), and rhythm, all
of which contribute to
meaning and naturalness in
speech.

5. Syllable Structure:
Phonology also examines
how syllables are formed in
a language, what sounds
can go where, and what
combinations are allowed.

In essence, phonology
helps us understand the
abstract system of sounds
that allows speakers of a
particular language to
communicate effectively
and to distinguish between
different words and
meanings. It's less about
the physical act of speaking
and more about the mental
organization of sounds in
the mind of a speaker.

Does that explanation make
sense?

Please
describe

Easy
explanation

Imagine a magical friend
who has read every single
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what an
LLMisto
a child

book in the entire world,
maybe even twice! Because
this friend has read so
much, they know exactly
how words go together to
make sentences that make
sense.

When you ask this magical
friend a question or tell
them a story, they can talk
back to you or help you
finish the story, just like a
real person would. That
magical friend is what we
call an LLM (Large
Language Model)!

#quiz /
Artificial
Intelligence

Vocabulary
quiz on
Artificial
Intelligence

Question 1: What term
describes a machine's
ability to imitate intelligent
human behavior, often
associated with tasks like
learning, reasoning, and
problem-solving?

A) Robotics

B) Machine Learning

C) Artificial Intelligence
D) Data Science

2.5

#quiz /
Office

Vocabulary
quiz on Office

Question 1: What is a
common term for a
person's workspace,
usually in a corporate
setting, consisting of a
desk, chair, and computer?
A) Breakroom

B) Cubicle

C) Conference Room

D) Archive

#quiz /
Time
manageme
nt

Vocabulary
quiz on Time
management

Question 1: Which
technique involves working
in focused, 25-minute
intervals separated by short
breaks, to maximize
productivity?

A) Eisenhower Matrix

1.5
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B) Pareto Principle
C) Pomodoro Technique
D) Time Blocking

#etymolog
y / Book

Etymology of
term book

The word ""book"" comes
from the Old English word
boc (plural bec), which
referred to a volume or a
written document. The
origin of boc itself is
debated, but a widely
accepted theory connects it
to the Proto-Germanic root
*boks and ultimately to the
Proto-Indo-European root
*bhag-, meaning 'beech
tree'.

This connection is based on
the practice of carving
runes onto wooden tablets,
specifically from beech
wood. Therefore, a
""book"" may have
originally meant 'beech
tablet' or 'writing tablet'.

Related words across
languages include German
Buch and Dutch boek, both
meaning 'book’, and
Swedish bok.

#etymolog
y / Tlogska

Etymology of
Ukrainian
term nmoasika

The Ukrainian word
"momsika" (podyaka),
meaning 'thank you' or
'gratitude’, has roots in
Proto-Slavic.

It comes from the
Proto-Slavic root *podjrka,
which is related to the verb
*podojiti meaning 'to give'.
The prefix po- often
indicates completion or
direction. So, the original
meaning was likely 'a gift
given' or 'a return of favor'.
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Over time, this evolved to
mean 'thankfulness' or
'gratitude’ for a favor
received. The word is
similar to other Slavic
terms for gratitude, such as
Polish podzigkowac ('to
thank").

9 [ #etymolog
y/Podiaka

Etymology of
Ukrainian
term Podiaka

The word "podiaka" is a
transcription of the
Ukrainian word "mojska"
(podyaka), meaning 'thank
you' or 'gratitude'. Its
etymology is as follows:

It comes from the
Proto-Slavic root *podjrka,
which is related to the verb
*podojiti meaning 'to give'.
The prefix po- often
indicates completion or
direction. So, the original
meaning was likely 'a gift
given' or 'a return of favor'.

Over time, this evolved to
mean 'thankfulness' or
'gratitude’ for a favor
received. The word is
similar to other Slavic
terms for gratitude, such as
Polish podzigckowac ('to
thank").

3arajbHa KiJIBKICTH
MAKCHUMAJbLHHUX 0AJIiB:

18

3arajbHa KUIBKICTh
OTPUMAHMX 0aJIiB:

17
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Honarok I'. Cincok TecT-KeiciB 30epekeHHs] KOHTEKCTY

Ne | Bxigni OuikyBanuii | Makcumaapb | @aKTUYHUH pe3yJbTAT

naaHi pe3yJabTar HHUH 0aJ1 Pe3yan
TAaT

1 | Please The term 2 Certainly! The last wordin | 1
compare workbook is the previous message was
these 2 explained "topic."
terms:
notebook,
workbook /

Can you
explain
thelast
word
more?

2 | What are The last two 1 Based on our previous 1
the most terms conversation, the last two
common mentioned in terms discussed were
teaching the list **Project-Based Learning
methodolo | (Project-Based (PBL)** and
gies? / Learning and **Differentiated
Compare Differentiated Instruction**. Here's a
last two Instruction) comparison:
terms are compared
discussed **Project-Based Learning

(PBL)**

* #*What it is:** A
specific teaching
methodology where
students gain knowledge
and skills by working for
an extended period to
investigate and respond to
a complex question,
problem, or challenge. The
core focus is on the project
itself as the primary vehicle
for learning.

* #*Key Characteristic:**
Students apply learned
material in a practical,
often real-world, context,
frequently integrating
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multiple subjects to create
a final product or
presentation.

**Differentiated
Instruction**

*  **What it 1s:** Not a
single methodology but an
overall framework for
adapting teaching to meet
the individual needs of
diverse learners in a
classroom. The focus is on
adjusting the content,
process, and products for
students based on their
readiness, interests, and
learning profile.

* **Key Characteristic:**
The teacher customizes
instruction for individual
students or small groups,
which can be applied
*within* other
methodologies (like direct
instruction, collaborative
work, or even PBL).

**Comparison:**

* **pPBL** defines
*what* students are doing
(a project) to learn a topic.
* **Differentiated
Instruction™** describes
*how™* the teacher adjusts
instruction for individual
students to ensure they can
succeed, potentially even
within a PBL framework.

In short, PBL is a
structured activity, while
Differentiated Instruction is
an approach to
personalized learning.
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Please
translate
the word
TAJISTHALS
nto
English /
Find
etymology
of this
word

Etymology of
term
HaJISTHULS

The word **namstanis* *
(palyanytsya) in Ukrainian
has a fascinating
etymology:

**Origin: **

The term likely comes
from the Proto-Slavic word
*#\*palp**, meaning
"fire," "heat," or
"scorched." This root is
related to words for "to
burn" or "to scorch" in
various Slavic languages
(e.g., Ukrainian
*FnamuT** (palyty) - "to
burn").

**Meaning Evolution:**

1. **Original Meaning:**
The initial meaning of
**mansHunga®* was
probably "something baked
on fire" or "something
baked in a heated oven."
The word emphasizes the
baking process, particularly
the scorching or heating
required to cook the bread.
2. **Bread Type:** Over
time, the word became
specifically associated with
a particular shape and style
of bread common in
Ukraine—a round loaf. The
name highlights its
preparation method and
appearance (often with a
scorched or browned
crust).

**QOther Theories (Less
Likely):**

Some folk etymologies
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suggest a connection to
**nana™* (palya), meaning
"stake" or "pile,"
referencing the bread's
round shape, but this
connection is less
supported by linguistic
analysis.

**Modern Significance: **

In modern times,
**nansauua™** has gained
cultural significance
beyond just being bread. It
has become a linguistic
**shibboleth**—a word
used to test if someone is a
native Ukrainian speaker.
The specific combination
of sounds (particularly the
soft "s" and stressed "u") is
difficult for non-native
speakers, especially russian
speakers, to pronounce
correctly.

Please list
the
drawbacks
of
collaborati
ve learning
method /
What is the
difference
between
applied
linguistics
and
linguistic
applied? /
Please find
definitions
of the
teaching
method I
mentioned

List of
definitions for
term
Collaborative
Learning

Based on our previous
conversation, the teaching
method you mentioned is
**Collaborative
Learning®*. Here is a
definition of this method
and related concepts from
our discussion:

**1. Collaborative
Learning Method**

* *#*Definition: **
Collaborative learning is an
educational approach
where students work
together in small groups or
teams to achieve a common
learning goal. It
emphasizes mutual
interaction, shared
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in the
previous
two
messages

responsibility, and peer
support rather than
individual competition.

* #**Key Principles:**
Students are encouraged to
share knowledge, discuss
different perspectives,
challenge each other's ideas
constructively, and support
each other's learning
journey. The goal is not
just to complete a task, but
to deepen understanding
through social interaction
and shared inquiry.

* kExamples:** Group
projects, joint
problem-solving activities,
peer tutoring, and
think-pair-share exercises.

*#2. Applied Linguistics**

* **Definition:** While
not a teaching *method*
itself, Applied Linguistics
is the interdisciplinary field
that informs many teaching
methods. It uses linguistic
theories, data, and insights
to solve practical problems
where language plays a
central role.

* **Relevance to
Teaching:** It provides the
foundation for methods like
communicative language
teaching and task-based
learning by helping
educators understand
language acquisition
processes, learner
differences, and effective
pedagogical strategies.

Summarise
our
conversatio

Summary of
the
conversation

Based on our recent
conversation, we have
discussed the following
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with the
following
topics
mentioned:
Applied
linguistics,
Collaborative
learning

topics:

1. **Drawbacks of
Collaborative Learning:**
We started by exploring the
potential challenges of
collaborative learning,
including issues like
uneven participation, social
loafing, time consumption
for coordination, and
potential conflicts among
group members.

2. **Applied Linguistics
vs. Linguistics Applied:**
We then clarified the
difference between these
two terms, explaining that
"Applied Linguistics" is the
broader, interdisciplinary
field of study, while
"linguistics applied" refers
more specifically to the
direct application of
existing linguistic theories
to real-world problems.

3. **Definition of
Collaborative Learning:**
We concluded by
reviewing the definition of
collaborative learning,
identifying it as an
educational approach
where students work
together in groups to
achieve a shared learning
goal.

Compare
three last
terms we
discussed

Comparison
of the last
three terms
mentioned in
the
conversation
(Collaborative
Learning
Drawbacks,
Applied

Based on our recent
conversation, here is a
comparison of the three
terms we discussed:
Collaborative Learning
Drawbacks, Applied
Linguistics, and Linguistics
Applied.
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Linguistics,
and
Linguistics
Applied)

### Comparison of
Concepts

**]1. Collaborative
Learning Drawbacks**

* **What it is:** These
are the potential challenges
or limitations associated
with the collaborative
learning method.

* **Key Issues
Identified:** Uneven
participation, social loafing
(reduced individual effort
in groups), personality
conflicts, and time
consumption for group
coordination.

*  **Relevance:** It
provides a critical
perspective on group work,
highlighting issues that
educators and students
should be aware of when
implementing this teaching
strategy.

**2. Applied Linguistics**

*  **What it is:** An
interdisciplinary field of
study that focuses on
solving practical,
real-world problems related
to language.

*  **Scope:** Broad and
problem-driven. It uses
insights from linguistics to
address issues in areas like
language teaching,
translation, speech therapy,
and forensic analysis.

* #*Key Difference:**
Unlike "linguistics
applied," it doesn't just
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apply existing theories; it
develops its own
methodologies and
theoretical frameworks
specifically for practical
application.

*#3. Linguistics Applied**

* **What it is:** The
direct action of using
established theories and
principles from core
linguistics (e.g., phonology,
syntax) to solve a specific
problem.

* **Scope:** Narrower
and theory-driven. It's a
one-way application of
knowledge from theory to
practice.

* **Key Difference:** It
is often seen as a less
developed approach
compared to Applied
Linguistics, which involves
generating new knowledge
within the practical field
itself, not just pulling from
core linguistics.

What is
fine-tuning
?/Can you
find a
synonym
for that
term?

Synonym of
term
fine-tuning

Based on the context of
fine-tuning in machine
learning, here are a few
synonyms and related
terms:

* **Customization:**
This emphasizes adjusting
the model to fit specific
user requirements or data.
* %k Adaptation:** This
highlights the process of
adjusting the model from a
general purpose to a
specific task or domain.

*  #*Specialization: **
This focuses on making the
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model an expert in a
particular niche area after
its general training.

A related, broader term
often used interchangeably
1n some contexts, is
**Transfer Learning™*.
Fine-tuning is a specific
technique used for transfer
learning, where knowledge
gained from one task (the
large pre-training dataset)
is transferred to improve
performance on another
related task.

What is the | A list of topics Based on our most recent
topic of our | mentioned in interactions, the current
conversatio | the chat topic of our conversation is
n? **fine-tuning in machine
learning**.
We have discussed:
* The definition of
fine-tuning.
*  Synonyms for
fine-tuning.
* A vocabulary quiz about
fine-tuning.
Can you Quiz on the Here is your quiz on the
create a last topic topic of fine-tuning in
quiz on that | mentioned in machine learning. Please
topic? the chat choose the best answer for

(fine-tuning)

each question.
### Question 1

Fine-tuning involves taking
a model trained on a
massive, general dataset
(like general internet text
or ImageNet) and adapting
it for specialized use on a
much smaller, specific
dataset. This strategic shift
in focus is primarily a form
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of:

A. Dimensionality
Reduction

B. Ensemble Learning

C. Domain Adaptation

D. Catastrophic Forgetting

### Question 2

When fine-tuning a large
model, researchers often
choose to freeze the
weights of the initial, deep
layers and only train the
parameters in the final few
layers (often the
classification or regression
head). This specific
implementation technique
is frequently referred to as:

A. Weight Initialization
B. Hyperparameter
Optimization

C. Feature Extraction

D. Generative Adversarial
Training

### Question 3

Fine-tuning is considered
the dominant and most
successful practical
implementation of which
broader machine learning
paradigm, where
knowledge acquired during
one task is reused to solve
a different, but related,
problem?

A. Reinforcement Learning
(RL)

B. Transfer Learning

C. Unsupervised Clustering
D. Active Learning
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### Question 4

When adapting a large
language model (LLM)
using new,
instruction-based data to
align its output with human
preferences and safety
guidelines, this specific,
post-pre-training step is
often achieved through
fine-tuning, but is distinctly
characterized as:

A. Zero-Shot Inference
B. Prompt Engineering
C. Alignment Training
D. Weight Pruning

### Question 5

When a model is
fine-tuned, its weights are
updated, continuing the
learning process. The
antithesis of
fine-tuning—the alternative
approach where the model
must learn its task-specific
features without leveraging
any prior general
knowledge—is formally
known as:

A. Batch Normalization
B. Low-Rank Adaptation
(LoRA)

C. Training from Scratch
D. Early Stopping

Please provide your
answers (A, B, C, or D) for
each question.

3arajbHa KiJbKICTH
MAKCHUMAJbLHHUX 0AJIiB:

20

3arajbpHa KiJIbKICTh
OTPUMAHMX 0aJIiB:

17
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Jonarok /I. CiucoK TecT-KeHCiB BiIMOBIIHOCTI MpaBWjIaM

Bxigni
aami

OuikyBaHui
pe3yJabTaT

MakcumaJib
HUH 04

DakTUYHUN pe3yJbTaT

Pesyab
TaT

/start

Welcome
message

Welcome! I'm your
LinguaBuddy, here to help
with:

- Study tips and techniques
- Linguistics and language
learning

- Etymology and word
origins

- Vocabulary quizzes and
practice

Commands:

/help - Show help message
/quiz - Start a vocabulary
quiz

/topic - Change quiz topic
/etymology - Analyze word
origins

/quit - Exit quiz mode

/end - End conversation

How can I help you today?

/help

List of
commands
and
istructions

Iy LINGUABUDDY
HELP

L 4

AVAILABLE
COMMANDS:

/start - Welcome message
and introduction

/help - Show this help
message

/quiz - Enter quiz mode for
vocabulary practice

/topic - Change quiz topic
(only works in quiz mode)
/etymology - Analyze word
origins

/quit - Exit quiz mode

/end - End conversation
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¢ WHAT I CAN DO:
- Provide study tips and
learning strategies
- Help with time
management and
organization
- Answer linguistics
questions
- Explain language learning
concepts
- Create vocabulary quizzes
- Analyze word origins and
etymology
- Offer personalized study
advice
- Discuss grammar,
phonetics, syntax, and
semantics
- Recommend study
techniques (spaced
repetition, active recall,
etc.)

¢ HOW TO USE ME:
- Use commands above for
specific functions
- Ask me any question
about studying or
linguistics
- Request a quiz with /quiz
- Ask about word origins
with /etymology
- Chat naturally - I
remember our conversation
context

Example questions:

'How can I improve my
memory retention?'

'What is phonology?'

'Can you explain the
Pomodoro technique?'
'How do I learn vocabulary
effectively?'

Need something? Just ask!

~ ~
—
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3 | /quiz Enter quiz 3 Great! What topic would 3
mode you like your vocabulary
quiz to be about?
4 | /topic Change quiz 3 Please specify the new 1
topic topic you want to change
to.
5 | /etymology | Word origin 3 To analyze a word's 1
analysis etymology, please tell me
the word you'd like to look
up!
6 |/quit Exit quiz 3 - 2
mode
7 | /end End 3 Thanks for studying with 3
conversation me! Good luck with your
learning!
8 | Harmful System 3 - 0
content refuses to
provide the
answer on
given topic
and warns
user
3arajpbHa KiJIbKiCTh 24 3arajbHa KUIBKICTh 15

MAKCHMAJBHUX 0AJ1iB:

OTpMMaHHUX 0aJiB:
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Joaarok E. Ciucok TecT-KelciB CKJIaTHOCTI

Ne | Bxigni OuikyBanuii | Makcumaapb | @aKTUYHUH pe3yJbTAT
naaHi pe3yJabTar HHUH 0aJ1 Pe3yan
TAaT
1 |Pleasefind | Word origin | 2 [y Etymology 2
etymology | analysis of the o
of word term ETYMOLOGY
etymology | ‘etymology’
€  Origin:

Ancient Greek, from the
compound noun
**éToporoyio**
(*etymologia*).

€ Root Meaning:
The word is a fusion of two
Greek components:
1. **Eropov**
(*¢tymon*): meaning "the
true, real, or original sense
(of a word)."
2. F* hoyla** (*-logia*):
meaning "study of" or
"discourse," derived from
*ENOYOGH* (*logos*,
meaning "word, reason, or
account").

The literal meaning is:
**"The study of the true
sense of a word."**

L 4
Historical
Development:
The path of the word
demonstrates its classical
scholarly roots:

* **Ancient Greek (c. 4th
Century BCE):**
**EToporoyio**
(*etymologia*). Used by
philosophers and
grammarians, notably
Plato, who explored the
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"truth" inherent in words.

* **[atin (Post-Classical
Era):** **etymologia™**.
Adopted directly by Roman
scholars. The term was
cemented in Western
tradition by Isidore of
Seville's monumental
7th-century encyclopedia,
*Etymologiae™.

* **(Qld/Middle French
(13th-15th Centuries):**
**ethimologie**. The term
passed into French
vernacular, undergoing
slight spelling shifts.

* **Middle English (Late
14th Century):**
**ethimologie®* or
**etymology™*. It entered
English, likely via French,
during a period of high
classical learning.

* **Modern English (16th
Century onwards):**
**Etymology**. The
spelling reverted to the
classicizing Latin form,
standardizing the term for
the academic discipline.

€ Meaning Evolution:
Initially, etymology was a
more philosophical or
rhetorical exercise, often
based on speculation about
aword's "true" (sometimes
allegorical) nature.

* #%Shift:** By the 17th
century, influenced by the
rise of empirical science
and historical linguistics,
the meaning solidified into
its modern definition: the
**historical, objective
tracing of a word's origins,
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transmission, and
development™* through
documented evidence,
rather than mere
philosophical deduction.

¢ Related Words:
Words sharing the root
components:

* **Etymon:** The
original, true root word
from which a later word is
derived.

* **Logic:** (from
*l6gos*) The study of
reason.

* **Geology, Biology,
Theology:** (from
*-logia*) Any specialized
branch of study or
discourse.

* **True:** (Though not
a direct cognate, it shares
the semantic core of
*étymos* in
Proto-Indo-European
concepts of truth).

@ Interesting Facts:
The word *etymology* is
**self-referential **: its
own etymology provides a
perfect demonstration of
the discipline it names,
showing the historical
layers and

What
teaching
method
should |
choose for
the class of
4 people?

A list of
teaching
methods

A class of four people
offers a fantastic
opportunity for highly
**personalized and
interactive learning**.
Here are some effective
teaching methods tailored
specifically for this small
group size:
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### 1. Collaborative
Learning (High Interaction)

This is perhaps the most
effective method for a
group of four. In a large
class, collaborative
learning can sometimes be
challenging due to social
loafing or large group
dynamics, but with four
people, every student's
contribution is essential
and visible.

* **Key Activities:**

* **Socratic
Seminars/Discussions:**
Introduce a central topic or
question. Each student
must contribute by asking
questions, responding to
others, and building on
previous points.

* **Role-Playing and
Simulations:** Assign
roles to each student for a
scenario (e.g., a debate, a
business meeting, or a
historical event
simulation). This
encourages active use of
language and critical
thinking.

* **Mini Group
Projects:** Give the group
a short project to complete
together during class time.
This could involve creating
a presentation, solving a
complex problem, or
analyzing a text from
different perspectives.

### 2. Student-Centered
Instruction
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With only four students,
you can easily shift the
focus from a traditional
lecture format to one
driven by student questions
and interests.

* **Key Activities:**

* **Personalized
Feedback Loops:**
Because the class is small,
you can provide
individualized feedback on
every student's work in
real-time, focusing on their
specific strengths and
weaknesses.

* **Tailored
Content:** Adjust reading
materials, topics, or
difficulty levels based on
the specific needs and
goals of each student.

* **Student
Presentations:** Assign
each student a topic to
research and present to the
small group. This builds
public speaking skills and
encourages deeper
understanding of a subject.

### 3. Flipped Classroom
Model

In this model, students
review pre-recorded
lectures or readings before
class. Class time is then
entirely dedicated to
discussions, activities, and
problem-solving.

* **Why it works for 4
students:** You avoid
spending valuable class
time lecturing and
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maximize the time for
interactive application of
the material.

### 4. Hybrid Method:
Individual Accountability
within Group Activities

A common challenge in
small groups can be uneven
participation, even with
only four people. To
prevent this:

* **Assign Individual
Roles:** When doing
group work, explicitly
assign a "facilitator,"
"note-taker," "reporter,"
and "timekeeper" to each
student. Rotate roles
regularly so everyone
develops different skills.

*  #**"Think-Pair-Share"
Modification:** Have
students work individually
for a few minutes
("Think"), then pair up
with one other student
("Pair"), and finally share
their ideas with the other
pair ("Share"). This ensures
every student processes the
information before
contributing to the larger
discussion.

**Recommendation:** [
suggest a primary approach
that combines
**collaborative learning**
and **student-centered
instruction**. This
maximizes engagement and
ensures that each student
receives targeted support
while learning from their
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peers.

Find
reliable
academic
sources to
learn
philosophy
of language

A list of
academic
works

This 1s an excellent topic.
Philosophy of language
examines the relationship
between language,
meaning, truth, and the
world. Here are reliable
academic sources,
categorized by type, to help
you learn about it:

### 1. Introductory
Textbooks and Handbooks

These provide a
comprehensive overview
and are ideal for beginners
or those seeking structured
learning.

* **"Philosophy of
Language: A
Contemporary
Introduction" by William
G. Lycan (Routledge): **
This is a highly regarded
textbook covering a wide
range of topics, from
meaning and reference to
speech acts and pragmatics.
It presents complex ideas
in a clear and accessible
manner, making it suitable
for a first course in the
subject.

* #%"A Companion to the
Philosophy of Language"
edited by Bob Hale and
Crispin Wright
(Wiley-Blackwell): ** This
is a collection of essays by
leading scholars on key
topics in philosophy of
language. While more
advanced than Lycan's
book, it serves as an
excellent reference for
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specific areas and different
perspectives.

* #**'Philosophy of
Language: The Key
Thinkers" edited by Barry
Lee (Continuum):** If you
prefer a historical
approach, this book breaks
down the central ideas of
major philosophers who
have shaped the field, such
as Frege, Russell,
Wittgenstein, and Austin.

### 2. Foundational
Primary Texts (The
Classics)

To truly grasp the
philosophy of language,
you'll need to read the
original works of the most
influential thinkers. These
are often challenging but
essential.

* **Gottlob Frege - "On
Sense and Reference"
(1892):** This short paper
is arguably the single most
important text in the
history of analytic
philosophy of language.
Frege introduces the
distinction between "sense"
(the way an object is
presented) and "reference"
(the object itself), which is
foundational to
understanding meaning.

* **Bertrand Russell -
"On Denoting" (1905):**
Russell's response to
Frege's work, providing an
alternative theory of how
proper names and
descriptions work. It's
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crucial for understanding
the debate over reference.
* **Ludwig Wittgenstein
- "Tractatus
Logico-Philosophicus"
(1921):** Wittgenstein's
early work attempts to
define the limits of
language and thought by
proposing that language is
a "picture" of reality. A
difficult read, but
fundamentally important.
* **J L. Austin - "How to
Do Things with Words"
(1962):** This book
introduced the concept of
**Speech Act Theory**,
arguing that words aren't
just for stating facts but are
actions themselves (e.g.,
promising, marrying,
commanding).

### 3. Online Courses and
Open Access Resources

For structured, free
learning, online platforms
offer excellent resources
from top universities.

* **Stanford
Encyclopedia of
Philosophy (SEP):** This
online, peer-reviewed
encyclopedia is considered
the gold standard for
philosophy research.
Search for entries like
"Philosophy of Language,"
"Meaning," "Reference,"
and "Speech Acts." Each
entry provides a detailed
overview and a
comprehensive
bibliography.
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OpenCourseware -
"Philosophy of
Language":** Many
universities, including
MIT, make their course
materials (syllabi, reading
lists, and sometimes lecture
notes) available online.
Searching for "philosophy
of language syllabus" can
help you build your own
reading list.

### 4. Key Thinkers and
Areas of Study

When researching a topic,
be sure to look for these
central figures and
concepts:

* **Reference and
Meaning:** Frege, Russell,
Kripke, Donnellan.

* **Speech Acts and
Pragmatics:** Austin,
Searle, Grice.

* **Holism and Quinean
Pragmatism:** Quine,
Davidson.

* **Contextualism and
Relevance Theory:**
Sperber and Wilson.

Is applied
linguistics
taught in
Volyn
National
University?

Yes

Based on current
information from Volyn
National University's
program offerings, a degree
titled specifically
**"Applied Linguistics"**
may not be available as a
separate program.

However, the content and
principles of applied
linguistics are almost
certainly taught within the

0.5
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framework of a broader
program. Y ou should look
into the offerings of the
**Faculty of Philology™**.

* **Program Titles to
look for:** Look for
specializations under
"Philology," particularly
those focused on:

* English Language
and Literature

* Translation Studies
(Translators/Interpreters)

*  Methodology of
Teaching Foreign
Languages

* **What to expect: **
While the degree name
might be "Philology," the
curriculum often includes
courses on language
teaching methodology,
second language
acquisition, and
intercultural
communication—all core
components of applied
linguistics.

**Recommendation:** To
get the most accurate and
up-to-date information, |
highly recommend
checking the official
website of Volyn National
University's **Faculty of
Philology** or contacting
the faculty directly.
Program specializations
and exact course names can
change over time.

Is it
advisable
to change
teaching

Explanation of
why teaching
methodologies
should be

Yes, absolutely.
**Changing teaching
methodology over time is
not only advisable, but
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methodolo
gy
throughout
time?

changed and
combined

essential for effective and
engaging teaching.**

Here are the key reasons
why adapting your
methodology is beneficial
and often necessary:

### 1. Adaptation to
Student Needs

Every group of students is
different. A teaching
method that worked
perfectly for one cohort
might fall flat with the
next. Changing
methodology allows you
to:

* **Address Diverse
Learning Styles:** Some
students learn best visually,
others by doing (kinesthetic
learning), and some by
listening and discussing
(auditory/social learning).
Varying your methods
ensures you reach different
students throughout the
course.

* **Respond to
Feedback:** If students are
disengaged or failing to
grasp concepts with a
particular method (e.g., a
pure lecture format),
adapting to more
interactive methods (like
group discussions or
project-based learning) can
significantly improve
comprehension.

### 2. Matching
Methodology to Content
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Different topics require
different approaches. A
"one-size-fits-all" method
rarely works across all
subjects or lessons.

* **Example:** When
teaching foundational
concepts or new
vocabulary, direct
instruction or a structured
lecture might be necessary.
However, when teaching
critical thinking,
problem-solving, or
application of knowledge,
collaborative activities or
case studies are far more
effective.

### 3. Maintaining Student
Engagement

Students often suffer from
"methodology fatigue"
when subjected to the same
routine day after day.
Varying your approach
keeps things fresh and
holds students' attention.

* **Ghifting Rhythms:**
Transitioning from
individual work to group
work, or from a short
lecture to a hands-on
activity, can keep energy
levels high and prevent
monotony.

### 4. Continuous
Professional Growth

As a teacher, you gain new
experience, discover new
technologies, and learn
new techniques throughout
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your career. Changing
methodology allows you to
incorporate these new
discoveries and improve
your craft.

* *FExample:** A
teacher might initially rely
heavily on lectures but later
transition to a "flipped
classroom" model after
seeing its success in a
professional development
workshop.

**]n summary, a flexible
approach to methodology
allows you to tailor your
teaching to the learners, the
subject matter, and new
developments in pedagogy,
ultimately leading to better
learning outcomes for your
students.**

Can you
test me on
vocabulary
about
LLM?

Quiz on the
topic of LLM
1s created

### Vocabulary Quiz:
Large Language Models
(LLMs)

Let's test your knowledge
of key terminology related
to LLMs. Choose the best
answer for each question.

### Question 1

What term refers to the
process of adapting a
pre-trained language model
to a specific task or domain
using additional, smaller
datasets?

A. Prompt Engineering
B. Transfer Learning
C. Fine-Tuning

D. Zero-Shot Learning
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### Question 2

What is the term for a
pre-trained model's ability
to perform a task without
having seen any specific
examples of that task
during its training process?

A. Few-Shot Learning

B. Zero-Shot Learning

C. Self-Supervised
Learning

D. Reinforcement Learning
from Human Feedback
(RLHF)

### Question 3

What technique involves
designing specific
instructions or inputs (like
"Act as a helpful assistant")
to guide an LLM's behavior
and response quality
without changing its
underlying model weights?

A. Fine-Tuning
B. Prompt Engineering
C. Data Augmentation
D. Pre-training

### Question 4

When a model generates
output that seems plausible
and coherent but is
factually incorrect or
nonsensical, what is this
phenomenon called?

A. Overfitting

B. Catastrophic Forgetting
C. Hallucination

D. Bias Amplification
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### Question 5

What method involves
training a separate model to
act as a judge or reward
model, using human
preferences (feedback on
generated answers) to
guide the LLM's
fine-tuning process towards
better, safer outputs?

A. Zero-Shot Learning

B. Retrieval-Augmented
Generation (RAG)

C. Low-Rank Adaptation
(LoRA)

D. Reinforcement Learning
from Human Feedback
(RLHF)

What is
linguistics?

Academic
explanation of
linguistics

Linguistics is the
**scientific study of
language®*. It involves
analyzing language from
various perspectives to
understand its structure,
function, and development.

Think of it as looking
under the hood of human
communication. Instead of
just learning to speak a
language, linguistics
studies *how* language
works.

Here are the main areas of
study within linguistics:

* **Phonetics:** The
study of speech sounds
themselves—how they are
produced, heard, and
described.

* **Phonology:** The
study of how sounds are
organized and function in a
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particular language's
system.

* **Morphology:** The
study of word structure and
how words are formed
from smaller units called
morphemes (e.g., "un-" +
"happy" + "-ness").

* **Syntax:** The study
of sentence structure and
the rules governing how
words combine to form
phrases and sentences.

* **Semantics:** The
study of meaning in
language, examining how
words and sentences
convey meaning.

* **Pragmatics:** The
study of how context
influences meaning and
language use, examining
what people *do* with
language in
communication.

Beyond these core
components, linguistics
also explores areas like:

*  **Sociolinguistics: **
How language varies in
different social groups.

* **Psycholinguistics: **
How the brain processes
and understands language.
* **Historical
Linguistics:** How
languages change over
time.

* *F*Applied
Linguistics:** How
linguistic theories can be
applied to practical
problems like language
teaching and speech
therapy.
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Create a
grammar
ex on
relative
clauses for
C1 students

Grammar ex
on the
specified topic
1s created

This is a great exercise for
C1 students, as it moves
beyond basic
"who/which/that" and
focuses on more formal
structures and prepositions.

Here is an exercise
designed to test Cl-level
understanding of relative
clauses:

### C1 Grammar Exercise:
Advanced Relative Clauses

**Instructions:** Combine
the two separate sentences
into one sophisticated
sentence using a relative
clause. Be careful to use
the correct relative pronoun
(**which, whom, whose,
where, when**) and pay
close attention to
prepositions and
punctuation (commas for
non-defining clauses).

**Example:**

*Original Sentences:* We
stayed at a hotel last
weekend. The hotel was
extremely luxurious.
*Combined Sentence:* We
stayed at a hotel last
weekend, **which** was
extremely luxurious.

###H Exercise Questions

1. **Original Sentences:**
Our team is working on a
complex project. The
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completion of this project
depends on several external
factors.

* *Combined
Sentence:* We are working
on a complex project,

*% ** depends on several
external factors.

2. **QOriginal Sentences:**
The company organized a
meeting for all employees.
Many employees were
critical of the new policies
discussed at the meeting.

* *Combined
Sentence:* The company
organized a meeting for all
employees, ** ** were
critical of the new policies.

3. **Original Sentences:**
My best friend is a talented
software engineer. I have
enormous respect for her
professional achievements.
*  *Combined
Sentence:* My best friend,
*# ** [ have enormous
respect, is a talented
software engineer.

4. **QOriginal Sentences:**
We visited a small village
in the mountains. We could
see the entire valley from
this village.

*  *Combined
Sentence:* We visited a
small village in the
mountains, ** ** we could
see the entire valley.

5. **Original Sentences:**
The professor, Dr. Evelyn
Reed, gave a lecture on
historical linguistics. Her
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groundbreaking research
was recently published.

* *Combined
Sentence:* The professor,
Dr. Evelyn Reed, ** **
research was recently
published, gave a lecture
on historical linguistics.

#### Answer Key and
Explanation

1. **Combined
Sentence:** We are
working on a complex
project, **the completion
of which** depends on
several external factors.
* **Explanation:**
This advanced structure
uses "of which" to create a
possessive relationship
(similar to "whose") for
inanimate objects in a
non-defining clause.

2. **Combined
Sentence:** The company
organized a meeting for all
employees, **many of
whom™** were critical of
the new policies.

* **Explanation:**
This uses a quantifier
("many") combined with a
relative pronoun ("whom")
to refer to a specific
number or portion of the
group mentioned.

3. **Combined

Sentence:** My best

friend, **for whom™** |

have enormous respect, is a

talented software engineer.
* **Explanation:**
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The preposition "for" is
moved to the beginning of
the relative clause, creating
a more formal style
typically expected at C1
level.

4. **Combined
Sentence:** We visited a
small village in the
mountains, **from
where** we could see the
entire valley.

* **Explanation:**
"From where" (or "from
which") specifies the
location and the movement
away from it, providing
more precise information
than simply "where."

5. **Combined
Sentence:** The professor,
Dr. Evelyn Reed,
**whose** research was
recently published, gave a
lecture on historical
linguistics.

* **Explanation:**
Using "whose" to show
possession (Dr. Reed's
research) in a non-defining
clause to describe the
person.

What
Noam
Chomsky
said about
current
approach to
building
Al?

Scientist’s
critic
regarding
statistical
approach

Noam Chomsky has been a
vocal and consistent critic
of the current approach to
building Al, particularly
large language models
(LLMs) like those
developed by OpenAl and
Google. His core
arguments stem from his
long-standing theories in
linguistics, which
emphasize an innate,
structured, and rules-based
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nature of human language.

Here is a summary of
Noam Chomsky's main
criticisms of modern Al:

### 1. The Distinction
Between Human
Intelligence and Statistical
Imitation

Chomsky's most
fundamental critique is that
current Al models are
fundamentally different
from human intelligence.
He argues that LLMs are
essentially sophisticated
statistical parrots.

* **Human Language
(Generative Grammar): **
Chomsky's theory posits
that humans possess an
innate "Universal
Grammar"—a biological,
hardwired structure in the
brain that allows children
to learn language rapidly
based on limited input.
This system is
**generative™ ™, meaning it
allows us to create and
understand an infinite
number of novel sentences
based on a finite set of
rules.

* **AT (Statistical
Modeling):** Chomsky
argues that LLMs operate
purely on statistical
probabilities. They predict
the next word in a sequence
based on vast quantities of
data. They do not possess
true understanding, intent,
or a generative grammar.
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### 2. Lack of
Understanding and
Reasoning

Chomsky maintains that
LLMs, despite their ability
to generate coherent text,
lack genuine understanding
and reasoning.

* **Plausibility over
Truth:** He claims these
models prioritize
**plausibility **
(generating text that
*sounds* correct) over
**truth** or
**coherence®*. This is
why they frequently
produce
"hallucinations"—confiden
tly stating facts that are
completely wrong.

* **The Problem of
"Theory of Mind":** He
argues that LLMs do not
have a "theory of mind" or
the capacity to understand
the intentions, beliefs, or
desires of others, which is
critical for real
communication.

### 3. The "Search
Engine" Fallacy

Chomsky compares LLMs
to highly advanced search
engines, but emphasizes
that they are fundamentally
different from human
cognition.

* **Knowledge vs.
Information Access:**
While LLMs can access
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and process information
rapidly, Chomsky
differentiates this from true
knowledge and
comprehension, which
involves applying rules,
forming hypotheses, and
engaging in critical
thought.

### 4. The Risk of
Misdirection in Scientific
Research

From a scientific
perspective, Chomsky
worries that focusing on
large data sets and
statistical models
misdirects research away
from true advances in
understanding human
cognition.

* **Avoiding the "Hard
Problem":** He suggests
that current AI methods
bypass the more difficult
question of how human
intelligence actually works.
He calls this a scientific
dead-end for understanding
human nature.

#### Summary of
Chomsky's View:

In a widely cited 2023
op-ed for *The New York
Times*, Chomsky and his
co-authors stated:

> **"The human mind is
not a statistical machine.
The mind is a system of
specific, high-level

capacities that operate on
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symbolic representations
and combine them in
complex ways."**

While he acknowledges the
technological novelty of
LLMs, he strongly believes
they are not a path to
creating truly human-like
intelligence or language
understanding.

3arajbpHa KiJIbLKIiCTh
MAKCHUMAJbLHHUX 0AJIiB:

18

3arajgbHa KUIBKiCTh
OTpMMaHHUX 0aJiB:

16.5
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