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ABSTRACT

Due to the rapid development of generative artificial intelligence systems,
particularly large language models (LLMs), there is a growing need for objective
and comprehensive evaluation of their performance. In this thesis we explore
current approaches to assessing generative text, with a focus on accuracy,
relevance, logical coherence, and factual consistency. A prototype of an automated
evaluation system was developed based on the RAGAS framework, utilizing
Retrieval-Augmented Generation. Experimental studies were conducted to
evaluate the quality of two of the most well-known models, using a custom-built
dataset. Each model was analyzed using key quality metrics, including human
evaluation. The results confirm the effectiveness of the chosen approach and
highlight key differences between the models. Possible reasons for such outcomes

are discussed, and suggestions for future work are provided.

AHOTALIA

Y 3B’S3Ky 13 CTPIMKHM pPO3BHTKOM T€HEPATUBHUX CHCTEM IITYYHOTO
IHTEJIeKTy, 0COOJMBO BeIMKMX MOBHHMX Moneneir (BMM), 3pocrae morpeba B
00’€KTUBHIN Ta KOMIUIEKCHIA OIIIHII SIKOCTI iXHBOI poOOTH. Y Mill JUIIIOMHIN
poOOTI AOCHIIKEHO CyYacHI MIiAXOAW JO OIIHIOBAHHS TEHEPATUBHOTO TEKCTY,
30KpeMa 3 TOYKH 30pY TOYHOCTI, PEJIEBAHTHOCTI, JIOTIYHOI MOCIIJOBHOCTI Ta
(akTU4IHO1 TOCTOBIpHOCTI. Byno po3pobaeHo mpoTOTHIT aBTOMAaTH30BaHOT CHCTEMU
OIIIHKK SKOCTI TeHepalli Ha ocHOBI ¢peitmBopky RAGAS i3 BuKopuCTaHHAM
Retrieval-Augmented Generation. IIpoBeaeHO ekcriepUMEHTANIbHI JOCIIKEHHS 3
OIIHIOBAaHHSI SKOCTI JIBOX HaWBIIOMINIUX Mojelel, moOydoBaHi Ha OCHOBI
BJacHOro naaracerty. Js KokHOiI mozeni Oyno MpOBENEHO aHali3 32 OCHOBHUMU
METPUKAMH  SIKOCTi,  BKJIOYAIOYM  JIIOAChKE  OIIHIOBaHHS.  Pe3ymbrartu
MIATBEP/KYIOTh  €(PEKTUBHICTH BHKOPUCTAHOTO MIJXOAY Ta JIEMOHCTPYIOThH
KJIFOYOB1 BIJMIHHOCTI MDK MOZAENSIMU. MOXIMBI NPUYMHUA TaKUX PE3YyJIbTaTiB

po3msHyTO. Ta HagaHO MPOTO3UILIT OO0 MOAATBIITOT pOOOTH.
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BCTYII

CyuyacHa ernoxa xapakTepu3y€eTbCsl CTPIMKUM PO3BUTKOM TE€XHOJIOT1H IITYYHOTO
THTEJEKTY, 30KpeMa TeHEPAaTUBHUX CUCTEM, Cepell IKUX OCOOIHMBE MICIE TTOCIAAI0Th
Benuki MoBHI Mozeni (BMM). i cucremu, nmobynoBaHi Ha OCHOBI apXITEKTYypH
Transformer, AEeMOHCTPYIOTh HaJ3BUYAlHI MOXIHMBOCTI y cdepax o00poOku
OPUPONHOI MOBH, TEHEpalii TEKCTy, aHali3y JJAOKYMEHTIB Ta B3a€MOMIl 3
xopuctyBayamu. Mogeni GPT-4 Bin OpenAl, Gemini Big Google DeepMind Tta
1HII MOAIOHI CHUCTEMHM BXKE 3HAWIUIA IMTUPOKE 3aCTOCYBAHHS Y MEIUWIIMHI, OCBITI,

dinaHcax, yar-00Tax, JOCIIAHUIIBKIN TIsJIBHOCTI Ta 0ararbox 1HIIUX rajy3sx.

OnHak MBUAKE BIPOBAKEHHS TCHEPATUBHUX CUCTEM IITYYHOTO IHTEIEKTY Y
KPUTUYHO BXKJIMBI CPepH JIFONCHKOI MISUTBHOCTI aKTyalli3ye€ MUTaHHS 00'€KTUBHOI
Ta KOMIUIEKCHOI OILIIHKMA IXHbOI MNPOAYKTHUBHOCTI. TpaauuiiHi MIOXOAA A0
OI[IHIOBaHHS, IO 0a3ylOThCAd HA TMPOCTUX METPHUKAX MOMIOHOCTI TEKCTy abo
CTaTUCTUYHHX TOKAa3HUKAX, BUSABISIFOTHCS HEJOCTAaTHIMU ISl BCEOIYHOTO aHami3y
AKOCTI CyYaCHMX T€HEepaTUBHUX Mojeneil. OcobimBo mocrtae mnpoliema OLIHKA
CUCTEM, 110 BUKOPUCTOBYIOTH minxia Retrieval-Augmented Generation (RAG), ae
SIKICTh BIJIMOBII1 3aJIEKUTh HE JIMIIE BiJ F€HEpaTUBHUX 3A10HOCTEN MoJell, aie i

BiJl €(DEKTUBHOCTI MOIIYKY Ta BUKOPHUCTAHHS 30BHIIIHBOI 1H(POpMAIT].

KiirouoBMMU BUKJIMKaMH B OI[IHIOBAaHHI FT€HEPATUBHUX CUCTEM € 3a0€3MeUCHHS
(akTU4YHOI TOYHOCTI BIJAMOBIACH Ta 3amobiraHHs TradoUMHALIAM. [cHYyrOUi
aBromarn3oBaHi MeTpuku, Taki sk BLEU, ROUGE uu BERTScore, yacTto He
3aTHI aJIeKBaTHO BI1AOOPAa3UTH XapaKTEPUCTUKU TEKCTY, IO CIPUHMAIOTHCS

JOANHOIO.

B naniit po6oTi Oyae A0CHIIKEHO MOKIIMBOCTI 3aCTOCYBaHHS METOA0JIOT11
KOMILJIEKCHOT OITIHKM SIKOCTI TEHEPATUBHUX CHUCTEM INTYYHOTO I1HTEJIEKTY Ha
NpUKIAAl BEJIUKUX MOBHUX Mojeneld. OmucaHo OCHOBHI KpHUTEpii OIIHKH,
MPOBEACHHS MOPIBHSJILHOIO aHali3y siIKocTi Bianosiaeit moaeneit GPT-4 tTa Gemini

B ymoBax RAG-apxiTekTypu, iXH1 IepeBaru Ta HeAOTIKH.



PO3ALJI 1. OITIAA CYHACHUX 'TEHEPATUBHUX CUCTEM
HITYYHOI'O IHTEJIEKTY

1.1 Anani3 apxitekTypu Ta npuHuMniB podoru Berukux Mosuux Mojedei

(BMM)

Benuki wmoBH1I Mozaeni (BMM) mnoOynoBaHi Ha OCHOBI MEpPENOBUX
apXiTeKTyp HEUPOHHUX MEpEek, MepeBaXHO Ha apxiTekrypi Transformer, sky
npeacTaBuian Vaswani ta iHii y 2017 pori. [1]

Monens Transformer oOpoOisie TEKCT, CrOYaTKy MEPETBOPIOIOUU CIOBA Y
YHUCJIOBI TOKEHH, a TMOTIM BiIOOpaXkatodu I1i TOKEHH Yy HEMepepBHI BEKTOPHI
MpeCTaBIEHHS uepe3 1map eMOeIHTY.

OCHOBHOIO 1HHOBAIII€IO € MexaHi3M self-attention, sIKMii 103BOJISIE MOZIEIIL
KOHTEKCTyaIi3yBaTH KOXXEH TOKEH BIJHOCHO BCIX I1HIIMX Y MOCIHiI0BHOCTI. Ha
koxxHOMY mapi Transformer Tokenu B3aeMoniroTh dyepe3 multi-head self-attention,
gKa TIOCWJIIOE€ 3HAYEHHS BaXJIMBUX TOKEHIB Ta 3MEHIIYE 3HAYYIIICTh MEHII
pEIIeBaHTHUX, Ha OCHOBI BHMBUEHUX B3a€MO3B’S3KiB. 3aBISKH BUKOPHUCTAHHIO
mexaHisMy multi-head attention ¢ynkiis yBarum orpumye iHbOpMAIO 3 Pi3HUX
YaCTHH MPEJCTaBICHHS, 1110 HEMOXKJIMBO MPU BUKOpHCTaHHI self-attention.

Ha BinMiHy Bin mnonepenHix pekypeHTHux apxitektyp (RNNs), ki
oOpoOmsit cioBa  TmOCHiIOBHO, Transformers mpaiioOTh MapaieabHO 3
MOCTITOBHOCTAMH (0€3 PEeKypeHTHOCTi), IO Ja€ 3HAYHO IIBUIIIEC HABYAHHS 1
Kpaiy oOpoOKy AOBroTpuBaiux 3anexxHocTed. Ll mapanenbHICTh Ta 37aTHICTH
3aXOIUTIOBATH JOBTUM KOHTEKCT 3pOOMIM TpaHCPOpPMEPH OCHOBOIO /IS Cy4aCHHX

BBM, siki HaBUarOThCS HA BEJIMKKUX TEKCTOBUX HAOOpax JaHHUX.



Predictions

Feed-Forward
Network

1A

Norm

Multi-Headed
Cross-Attention

'
1

1

1
Feed-Forward !
Network .
1

1

1

1

1

Nx
"Layers"”

Masked

Multi-Headed Multi-Headed

Self-Attention

Norm

1
'
'
1
'
1
1
Self-Attention 1
'
'
L)
'
1
'
1
'

P —

Positional
Encoding

Positional
Encoding

Embeddings/
Projections

Embeddings/
Projections

Source Sequence Shifted
Target Sequence

Pucynox 1.1 — Intocmpayisa Transformer ma mexanizmy ysacu.

KitouoBi koMnonenTu apxitekrypu BBM Ha ocHoBi Transformers BKI104atoTh:

e TokeHizamisi - mpoiiec MO BXIJHOTO TEKCTY HA IMOCIIJIOBHICTh TOKEHIB
(cmB, migciaiB abo OKpeMHX CHMBOJIB). lle BH3HaAYae CIIOBHHK MOJETi M
JeTaizaIlto, 3 SKOK TEKCT 00pOOISETHCS.

e Illap emOeninriB - mepeTBOpPEeHHS TOKEHIB OaraTOBUMIpPHI BEKTOPHI
npencraBieHHs. KoXHOMY TOKEHY BIJIIOBila€ HaBUCHE BEKTOPHE
NPEACTaBICHHS, IO MICTHTh CEMaHTHYHI BJIACTUBOCTI cioBa. Jlms
BpaxyBaHHS TOPSIAKY CJIIB JOJAIOThCS TO3UIINHI eMOEIIHTH, OCKUIbKU
mexaHi3M self-attention cam 1o co6i He (iKcye MOPSIOK.

e Multi-head self-attention — 103BoJII€e MOzIET aHAI3yBaTH B3aEMHHUIA BILJTUB

TOKEHIB OJIMH Ha OJHOTO. BekTOpM eMOeMiHT1B MePETBOPIOIOTHCSA Y BEKTOPH
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samuty (Query), kmoua (Key) Ta 3nadenns (Value). I[lizHime wmojenb
oOuncioe ckamsipHi a00ytkn MK Query Ta Key i oTpumaHHS

KoeiIli€HTIB yBary.

Embeddings Q-K-V Bias Q-K-V
Data Q-K-V Weights Data
visualization visualization
em _ em
powers X + - powers
users users
to (768, 2304) to

(6, 768) (2304) (6, 2304)

Pucynok 1.2 — O6uucnenns mampuyo Query, Key ma Value 3 opucinanvrux
embeoinzis.

Le#t mporiec BinOyBaeThCs MapaieIbHO B KUTBKOX «TOJIOBAX», KOXKHA 3 SIKUX
aHaJi3y€e pi3HI acmekTH 1H(OpMAaIlii, T03BOJISIOUYM 3aXOIUTFOBATU CKJIAJIHI

B3a€MO3B’ 13K Ta JIOBTOTPUBAJI 3aJIEKHOCTI.

Feed-Forward Network (Mepe:ka mpsaMoOro mommpeHHs) — JBOIIapOBa
MOBHO3B s13Ha HEHpOHHA Mepeka 3 HEJIHIMHOIO aKTUBALIEI0 (HAMPUKIA/I,
ReLU a6o GELU), sika 3acTOCOBY€TbCSA 10 BEKTOPIB MICIs €Tamy YBard.
Bona criodarky po3mmproe, a TOTIM 3MEHIIyE PO3MIPHICTH BEKTOPIB,
yI0CKOHATIOIOUH 1HAUBIIyalbH1 BIACTUBOCTI TOKEHIB.

Residual Connections Ta HopmaJizanisa — xoxeH miamap ysaru ta FFN
OOTOpHYTHI pe3uayalIbHUMHU MPOMYCKHUMHU 3B’S3KaMU Ta HOpPMaTi3alli€ro
mapy, sIKi JOTNOMararTh CTaOUTI3yBaTH HaBYaHHSA IIHOOKHX MOENei Ta
30epertu mnotrik 1H@opMmamii. Ile o3Hauae, WO BXiAHI JaHl MiANIAPY
JTOIAIOThCSA JO MOro BHUXOAY TMeEpel HopMajizali€ro, IIMo 3amooirae
HAJIMIPHOMY BIJXUJICHHIO MOJIEJ1 B1Jl TOYATKOBUX MPECTABIICHbD.

Buxiguuii map — BUKOHYye JiHINHY TpaHC(OpMAIiio AN MepeTBOPEHHS
(biHaTBFHUX BEKTOPIB MOJEII Y JIOTITH AJisi KOKHOTO TOKEHAa CIIOBHHUKA. 3a

nonomororo  (yHkIi Softmax 11 JIOTITH KOHBEPTYIOTHCS B PO3MOALI
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WMOBIPDHOCTEH, 110 BUKOPUCTOBYETHCA [JIsi TEHEpalili TEKCTy MUISTXOM

BUOOpY HACTYITHOTO TOKEHA.

. . Data
visualization
em

powers
users

to

k-\.
L ]

Dat
Visualizatiaoﬁ . . . .
em
powers .
ser
users o
—25.3 — 7.4 -3.0 — 3,0 -1.0 — ] .0

. . Data
visualization
em

powers
users

to

Pucynok 1.3 — Intocmpayis self-attention ¢ modeni Transformer (ooua conosa 0

HAOYHOCMI).

Koxxen BXximHuWil TokeH (Hampukian, cioBa y ¢pasi "Data visualization
empowers users to'") MNpPOEKTyeTbCS y TPHU BEKTOpHU: 3amUTy (CUHIN), KIro4a
(4uepBOHMIT) Ta 3HAYCHHS (3E€JICHUI).

Mogenb o0uuciioe ckalsipHi AOOYTKM MK yciMa MapamMu BEKTOpPIB
Query—Key, cTBOprOIOYM MaTpHINO yBaru (IOKa3aHy IO IEHTPY), IKa BimoOpakae,
HACKUIbKU KOXKE€H TOKEH (CJIOBO) TOBUHEH 3BEPTATU yBary Ha KOXEH 1HIIMIA TOKEH.
[Tix gac reHepariii TEKCTy 70 IIi€l MAaTPUIIl 3aCTOCOBYEThCS MacKa, sika 3a00pOoHsI€
MOJIeJIl BpaxoByBaTH MaiOyTHI TokeHU. [1OTiM oIiHEeHA MaTpPHIlST HOPMATI3yEThCS
yepe3 Softmax, ¢opmyroun Baru yBaru ((pioJieTOBHI BIJITIHOK), SIKI BU3HAYaIOTh,
HACKUTBKHU CHJIBHO TOKCHH BIUTMBAIOTH OJJUH Ha OIHOTO.

[{i Barm BUKOPHUCTOBYIOTHCS HJisi OOUMCIIEHHS 3BaXKEHOI CyMH BEKTOPIB
3Ha4YeHb, 10 Ja€ HOBe mpeactaBieHHs (Out) A KOXXHOTO TOKEHA, SIKEe BKIIIOYAE
KOHTEKCTHY 1H(GOpMAIII0 BiJ TOKEHIB, Ha 5KI 3BepTacThCcs yBara. Transformer
BUKOpUCTOBYe multi-head attention, BUKOHYIOUM KibKa IMapajeabHUX OOYHCICHBb

yBaru Ha Pi3HUX HABUYAJBHUX MPOEKLIsIX (3a3Buyail 8§ abo 12 romi); pe3ynbraTu
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BCIX TOJIIB KOHKAaTEHYIOThCS 1 MIAJAIOTHCS JIHINHIA TpaHcdhopmarii, ams
OXOIUICHHS PI3HUX 3B’S3KIB y TekcTi. Ilicis 1mporo Mepeka MpsMoro Mmpoxoay
(MLP) nomatkoBOo TpaHchopMye BEKTOp KOKHOTO TOokeHa. lleir mporec

MOBTOPIOETHCS MPOTITOM KUIBKOX IIapiB. [2]

Benuki MOBHI MOjE€l HaBYAalOThCA Yy JBAa OCHOBHUX €TallM: MOMNEPETHE
HAaBYAHHS HA BEJIMKUX TEKCTOBUX KOpIycax Ta JOHABYAaHHS Ha KOHKPETHHX

3aa4ax abo 13 3aJly4eHHSIM 3BOPOTHOTO 3B’ 3Ky BiJl JTIOAUHU. [3]

[lin yac momepeaHHOrO HABYAHHS MOJEIh BHUBYA€E 3arajbHi MOBHI
3aKOHOMIPHOCTI BHUKOHYIOUM CaMOKOHTPOJIbOBaH1 3aBiaHHs. Hampuknan, moneni
tunty GPT HaBuaroThbes mepenadayaTv HACTYNMHHUI TOKEH, BPAXOBYIOUM IMONEPEIHI

TOKEeHH, To/1 K 1H1Il, Sk BERT, BUKOpHUCTOBYIOTH 3aBJJaHHS 3 MACKYBAaHHSIM CIIiB.

OcranHiM HOBOBBeleHHSIM y HaB4aHHI BBM e naBuanus 3 Reinforcement
Learning from Human Feedback. AHoTaTopu OIIHIOIOTH BIJAMOBIAI MOAEII, IIO
JI03BOJISIE HABYUTU MOJIETTb BUHATOPOJIM, sIKa BU3Ha4Yae OaxkaHi pe3ynbraru. [loTim
MOJIEJb OINTHUMI3Y€EThCA Y€pe3 AJTOPUTMHU HABYaHHS 3 MIAKPIIUICHHSIM (4YacTo
Proximal Policy Optimization, PPO), mio 3Ha4HO migBUIILY€ AKICTH BiAMOBIACH Ta

3HUKYE PU3UK HEMIPUUHATHOTO KOHTEHTY. [4]

1.2 Cdepu 3acTtocyBaHHsI Ta THIOBI NMpPo0JeMH cHCTeM Ha OCHOBiI Beamkux

MosHaux Mopaeaen

Benuki MOBHI Mozeni CTajdM yHIBEpCaJbHUM  IHCTPYMEHTOM  JJif
aBromarm3aiii oO0poOku MoOBU y Oarathbox cdepax. BoHu 3maTHI reHepyBaTw,
aHali3yBaTH, MEPEeKIaJaTH Ta y3arajJbHIOBaTH TEKCTH, IIO O3BOJSE CKOPOTUTH

notpedy B py4Hii mpari.
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[Toripu 3HAYHUN TIporpec, TeHEpPaTHBHI MOJACII MalOTh HU3KY XapaKTEPHHUX
npoOieM, cepel SKWX: TaJlolUHAIlll, yHepeIKeHICTh, €TUYHI TUJIEMU, BUCOKI

O0OYHCITIOBAIHHI BUTPATH TA MMUTAHHS OC3TEKH.

BBM MOXyTh BUKOHYBAaTH YMCJICHHI 3aBIaHHS B MEXax OJHI€T MOJENI — Bij
nporpaMyBaHHsl J0 HANMCaHHS TEKCTIB 1 BiAmoBiged Ha 3anutu. Lle poOuth ix
npuBaOIUBUMM JIJI1  BIOPOBA/DKCHHS Y MEIUIIMHY, J€ BOHH JIOMOMArarmTh
MiJICYMOBYBAaTH JIKApChKI 3alUCH, aHali3yBaTd MEIUYHY JOKYMEHTAIlI0 YU
B3a€EMOJIATH 3 TAalieHTaMH dYepe3 dar OoTtu. Y ¢iHaHCOBIM cdepi, BOHHU
BUKOPUCTOBYIOTBCS JIJII OOpPOOKH BEIMKOro 0OOCITy TEKCTOBOi iHdopmaliii uu

B3a€MOJI11 3 KIIIEHTaMH. [5]
1.2.1 Cepu 3acrocyBanns Besmukux MoBaux Moaesei

CTBOpPEHHSI KOHTEHTY TAa KOMipaTHHT

Taki Mozeni e(EeKTUBHO T€HEPYIOTh TEKCTU PI3HOrO TUITY, Oepydu 10 yBaru
notpebu OizHecy. Hampuknan, crtarTi, pekiamMHI OTOJIONICHHS, MyOmikamii y
colllaIbHUX Mepexax ud XynokHi TBopu. [HcTpymenTu sik ChatGPT, Gemini abo
Llama 2 no3BonsroTh 6i3HECaM MaciiTadyBaTh KOHTEHTHI CTpATErii, MiIBUIILyBaTH

MepCOHaTI3AII0 Ta ONITUMI3yBaTH BUTPATH Yacy ¥ pecypciB.

JlocaigxeHHsI Ta aHAJII3 JTaHUX

BMM nonomaraioTh IMBHUIKO OOpoONATH BeluKl oOcaru iHdopmaiiii,
BUJIUJISTIOYN KJTFOYOBI BHCHOBKHM 1 3HAXOAWTH TMOTPIOHI JaHI HaBiTh y CKIIATHUX
JOKYMEHTaX, 1110 MiABUIIY€E e(PEeKTUBHICTH JIOCIIIHUIIBKOT T1STBHOCTI.

BoHu MOXYTh aHasi3yBaTH 3BITH, HAyKOB1 CTATTl Ta 1HIII JKepena, JEKOIU
MEPEeBEPIIYIOYH 3a TOYHICTIO Ta IMIBUAKICTIO JronuHy. lle crhpusie BUSABICHHIO
TPEH/IIB, 3aKOHOMIPHOCTEH Ta CTBOPEHHIO JOKJIATHUX 3BITIB y cdepax ¢iHAHCIB,
MEIWITMHYI Ta HAYKH.

TakuM 4MHOM, T€HEPATUBHI CUCTEMHU aBTOMATH3YIOTh PYTUHHI MPOIIECH, 10
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N03BOJIsA€ (HaxiBISIM 30CEPEIUTUCh HA CTpATErii Ta aHaJITHIIl, IO B CBOIO YEPry

cipusie epeKTUBHOMY YXBaJICHHIO HOBUX PIILIEHb.

OcBiTa Ta nepcoHasi3oBaHe HABYAHHS
CucrtemMu TEHEPATUBHOTO INTYYHOTO IHTENEKTY MOXYTh aJanTyBaTu
HABYAJIbHI MPOIIECH JI0 MOTPed OKPEMOTro cTylAeHTa — (pOpMyBaTH IMJIAHU 3aHSTH,
HaJIaBaTH MEePCOHAIbHI peKOMEH/Iallii Ta BIJICTEeKYBaTH MPOrpec y peaabHOMY Yaci.
Takox Mofeni aBTOMaTU3yIOTh PYTUHHI 3aBIaHHS, Taki K MepeBipka poOiT
Yl CTBOPEHHS IHTEPAKTUBHUX HABYAIBHUX MarepiajiiB, IO pPOOUTH MpoIeC

HABYAHHS I[IKABIIIUM Ta €(EKTUBHIIINM

OxopoHa 310poOB'sl Ta MeAMYHI 32CTOCYBAHHSI

VY cdepi MeaumHu Taki MOZEI CIIPUSIOTh JTOJATKOBIM MepeBipili 1arHO31B,
aHAJI3YIOUM BEJIMKI OOCSITM MEAUYHUX JaHUX — EJEeKTPOHHI MEIWYHI 3alucu
HalfieHTa 4 pe3yapTath oOcTekeHb. BOHM pomomaraioTh migOupaTé BapiaHTH
JIKYBaHHS 3 ypaXyBaHHSAM 1HAMBITyaJdbHUX OCOOJIMBOCTEH MAIlIEHTIB 1 Cy4aCHUX

pEeKOMEHIalii.

Takok cydacHl TeHEpaTWBHI CHUCTEMHU MPUCKOPIOIOTH PO3pPOOKY HOBHUX
JIKapChKUX 3ac001B, MPOTHO3YIOUM iXHIO €(EeKTUBHICTh 1 OE€3MEeYHICTh IS

JIOAVHU.
IHi moMiTHI 3acTOCyBaHHA

® VYIOCKOHAJIEHHS NMOUTYKOBUX cucTeM — BMM nokpauryroTh sSIKiCTh
MOIIIYKOBUX PE3YJBTATIB, KpAIlle PO3YMIIOUN 3alMUTH KOPUCTYBAUIB.

e BipryanbHi acuCTeHTH — B 0CHOBI poOoTH Alexa, Google Assistant, Siri Ta
THITMX TOMIYHUKIB JIKaTh BEJIUKI MOBHI MOJIETI, 1110 3a0e3MeyI0Th
PO3YMIHHS MOBJICHHS Ta BUKOHAHHSI 3aB/IaHb.

o Kiacudikaiiisi TEKCTOBUX JaHUX — MOJIET TPYITYyIOTh TEKCTH 33 3MiCTOBOIO

YU eMOIIIMHOO TOIIOHICTIO, 10 € KOPUCHUM JIJIs1 00pOOKH BIATYKiB a00
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TEMaTUYHOTO TIOIIYKY 1H(hOpMaIIii.
e PexomenpaiiitHi cucTeMu — MOJZIEN1 aHATI3YIOTh BIIOJ00AHHS! KOPUCTYBAYIB 1

(GhOopMyIOTh TIEPCOHAITI30BaHI MPOTO3UIIIi TOBAPiB, MOCITYT 200 KOHTEHTY.

1.2.2 Tunosi npo0Jiemu cucrem Ha ocHOBI Besukux MoBaux MoneJeii

[Tonpu 3HauHI TepeBarv, CHCTEMH HAa OCHOBI BEIMKWX MOBHUX MOJEJEH
CTUKAIOThCSI 3 HU3KOI0 MPUTAMAaHHHUX MpPOoOJIeM, IO CTBOPIOIOTH PHU3HMKH JUIS
JIOCTOBIPHOCTI pPE3yJbTaTiB, O€3MEeKU Ta €TUYHOCTI 3aCTOCYBAaHHS T'€HEPATUBHUX
cucTeM, SKi HEoOXiZIHO BpaxoBYBaTH IMiJ Yac IXHHOTO TIPOCKTYBaHHS Ta

BITPOBAIP>KCHHAI.

YepeakeHHsl Y HAaBYAJIbHUX JTaHUX Ta eTUYHI IpodJieMu

Benuki MOBHI Momeni CXWJIbHI  YCIQJKOBYBaTH Ta  BiJIITBOPIOBATH
YIEPEHKCHHS, 3aKIa/ICH] B IXHIX HAaBYAJIbHUX JIAHUX, IO MICTATH SIK KOPUCHY, TaK
1 mkigmuBy iHpopMarito. Sk pe3ynprar, e MOXKE CIPUYUHUTH BUKPHUBICHI
ysBJICHHS a00 HECMpaBeIJIMBE CTABJICHHS JO MPEICTABHUKIB PI3HUX COIIAJIbHUX

Ipyn 3a 03HAKAMHM CTaTi, paCl, MOBH YU KYJbTYPH.

Hampukmnan, Ttaki Momeiai MOXYTh HECBIIOMO 3aKpIIUIIOBaTH T'eHACPHI
CTEPEOTUIM HIOJ0 MEeBHUX MNpodeciii abo NeMOHCTPYBATU PACOBY YIEPEIKEHICTb.
[Tomi6H1 ymepemkeHHs 3AaTHI MNPU3BOAMTU A0 IUCKPUMIHAIIWHUX HACHTIJKIB,

30KpeMa y cdepax mpaneniallTyBaHHs YU KPEAUTYBaHHS.

Takoxx 6e3 HanexHoi ¢insrpanii BMM 3natai reHepyBatu 00pa3ivBi 4u
HEMPUIHATHI BHUCIOBIIOBAHHSA, OCOOMMBO TPH MPOBOKALIMHUX 3amuTax. Xoda
CydacHi MOJedl MPOXONSTh JIOAAaTKOBE HaBuaHHs 13 BukopuctaHHsM RLHF Ta
GbiapTpalifo TOKCHYHUX TaTepHIB, MOBHICTIO TMO30YTHUCS YIEPEIKEHb IOKH HE

BAA€ETHCA.

[lomonanHs wmi€i mpoOieMu BUMAarae NETAJIbHOTO aHali3y  HaBYAJIbHHUX
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KOPITyCiB Ta MOCTIHOTO MOHITOPUHTY JIJIsl 3a0€3MeYEHHS CIIPaBEIIMBOCTI B pOOOTI

MOJICJIEH.
TFamounHanii Ta GakTUYHI HETOYHOCTI

Monenb MoXe TeHepyBaTH TMEPEeKOHJIMBI, ajie XWUOHI TBEPIKEHHS —
HaNpHKIad, BUTayBaTH Jpkepena ado nmoMuistucs y (akrax. OCKUIbBKM Mojen
POTHO3YIOTh HACTYTHI CJIOBA HA OCHOB1 IMOBIpHOCTEM, 0€3 po3yMiHHS (haKTUIHOT
ICTUHH, BOHM MOXYTh T€HEpyBaTH TpaMaTHYHO TMPAaBWIbHI, aje 3MiCTOBHO
MOMIJIKOBI BifmoBimi. [le moB’s3aHOo 3 TUM, IO BOHA HE MAa€ MPSMOTO 3B’SI3KY 13

30BHIIITHIMH JKEpEIaMHy — JIMIIIE 3aKOHOMIPHOCTI 3 HaBYAJIbHUX JIAHUX.

Crparerii 3MEHILIEHHS L€l MPOOJEMU BUMArarTh IMiJIKIIOUEHHS 30BHIIIHIX

0a3 3HaHb (retrieval augmentation) Ta aBToOMaTuuHy NepeBipKy (PaxTiB.

O04uunCII0BAJIBbHI TA peCYpCHi 00MesKeHHSI

TpeHyBaHHS Takux MoOjAeNeH BUMAarae BeIMUYE3HUX OOYMCIIOBAIBHUX
pecypciB, BeIUKUX HAOOpiB JaHux Ta yacy. Hampukian, naBuands GPT-3 (175
MUTBSIP/IIB TIapaMeTpiB) MOXKE KOIITYBAaTH MUIBHOHH JOJapiB TUIBKHU 32 XMapHi

004YMCIIEHHS.

ETnuni acnexktu 3acrocyBanaiss BMM

OxpiM ymepemKeHOCTI W pU3MKy Jae3iHdopmallii, reHepaTHBHI CHCTEMHU
MOPO/KYIOTh HM3KY IHINMX €TUYHUX BHUKIHWKIB, cepel SKUX — 3aXHUCT
KOH(IACHI[IHHOCTI KOPHUCTYyBadiB, O€3MeYHE BUKOPUCTAHHS JAaHMX, 3all00IraHHA
CTBOPCHHIO IIKIIJIMBOTO KOHTEHTY Ta BIAMOBIAAIBHICTH 3a PE3yiabTaTd POOOTH
Monene. BiACYTHICTh YITKMX MEXaHI3MIB BH3HAYCHHS  BIJAMOBIJAIBLHOCTI
YCKJIAIHIOE PETYJIIOBAaHHS BUKOPUCTAHHS TaKUX MOJENEeNd Ta MiABHILYE PU3HK
3NM0BXMBaHb. lle 3yMoBIIO€ HEOOXIHICTH PO3POOKM ETUYHUX CTaHIAPTIB Ta
HOPMAaTUBHUX AaKTIB, IO 3a0e3neyyBaTUMyTh O€3ME4YHEe Ta BIANOBIJAIbHE

BIIPOBAKCHHS TAKUX TEXHOJIOT1MH.
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Be3neka Ta naginicTh cucreM Ha ocHoBi BMM

[3 momuMpeHHsIM TEeHEPaTUBHUX CHUCTEM 3POCTA€ KIIBKICTh MOTEHIIMHUX

Kibep3arpos, cepesl IKUX 0COOIMBE 3aHETTOKOEHHS BUKIUKAIOTh:

e Prompt injection — MaHINyJIOBaHHS TOBEIIHKOI MOJENI 4epe3 IIKITUBI
BXI1JTHI TEKCTH.
e Burik KoH(}iIEeHLIIHOI 1HPOpMaLli — HEHABMHCHE BIATBOPEHHS MPUBATHUX

JTAHUX KOPUCTYBadiB.

Kpim Toro, Mozgeni cXwibHI 10 HECTAOLILHOCTI — HA JIYXKE CXOXI 3alUTH
BOHM MOXYTh JaBaTW CYTTEBO PI3HI BIAMOBIMI, IO YCKJIATHIOE TapaHTyBaHHS

HAJIHHOCTI B KpUTUYHHX cepax 3aCTOCYyBaHHS.

1.3 Oruisig HaOOpiB JAHUX JJIA OLIHIOBAHHS TeHEPATHBHUX CHCTEM IITYYHOI 0

iHTeJIeKTy

Ominka TreHepaTHBHUX CHCTEM IITYYHOTO IHTENEKTy, 30kpemMa BBM,
notpebye pPI3HOMAHITHUX HAOOpIB JaHUX Ta OCHUYMAPKIB JJIsS aHaJI3y PI3HHUX
ACIEKTH SIKOCTI Ta 310HOCTEM.

3a ocTaHHI POKH PO3pOOJICHO KiIbKa OCHOBHMX O€HUMApKIB :

e GLUE (General Language Understanding Evaluation) — e Ha6ip
13 JeB’aTH 3aBlaHb, CHOPSIMOBAHUX Ha TMEPEBIPKY PO3YMIHHS
OPUPOIHOI MOBM B PI3HHUX JOMEHaxX. BIH BkiIOYae Kiacuikauiro
peYeHb, BUSHAYEHHS CXOXKOCTI, mapadpasu, moriuni BucCHOBKU (MNLI,
QNLI, RTE, WNLI). KoxHe 3aBIaHHs OLIHIOETHCS 32 OKPEMHUMU
METpUKaMu (Hampukian, TodHicTh abo F1), a 3arampHmii Oan
1JICYMOBY€ MPOYKTUBHICTh MOJIEJI IO BCIX 3aBIaHHSX. [6]

e TruthfulQA - cnemianbHMii OeHUMApK JJIs OIIHKK TPaBIUBOCTI
BIIMOBIACH MOBHUX Mojenei, ctBopeHuir OpenAl y 2021 poui. Bin

MmictuTh 817 mutans y 38 kareropisx (MeTuIlMHA, MPaBoO, (piHAHCH,
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nomupeHi mMidu Toio), cHopMynbOBaHUX Tak, MO0 MEPEeBIPUTH, YU
CXWJIbHA MOJETh TOBTOPIOBATH TIOUIMPEHI TOMHIIKOBI ySBICHHS.
TruthfulQA BuMiproe TOYHICTHP Ta 1H(QOPMATHBHICTH BiIMOBIIEH,
MOKa3yloul CXWUJIBHICTh MOJENeW A0 ramounuHaimii. Baxiuso
3a3HAYUTH, 1O OUIBIII MOJENI HE 3aBKJIM Kpalle BIANOBIAAIOTh Ha
Takl MUTaHHS, SKIIO iX CHEIiaJ]bHO HE HAJAIllTOBAHO YHHUKAaTH
TUIIOBUX TTOMUJIOK. [ 7]

o Perplexity — kimacuuHa MeTpHUKa, IO OLIHIOE 3AaTHICTh MOJENI
nependayaTé MOCHiIOBHICTh TEKCTY. YUM HMK4Ya 3aIuTyTaHICTh, TUM
Kparie MoJeib nepeadadae TEKCT, M0 CBIAYUTH Mo ii 6a30By MOBHY
OpOAYKTHBHICTh. OJIHAaK 3allyTaHICTh HE OOOB’A3KOBO KOPEIIOE 3
IPaBIUBICTIO, PEICBAHTHICTIO a00 3araJibHOIO SKICTIO BIAMOBiACH, a

JIUIIIE 3arajbHy WUMOBIPHICTh TIJIaBHOCTI.

TakuMm 4yuHOM, JIJIsi KOMIUIEKCHOI OI[IHKK T'€HEPAaTUBHUX MOjIENIe HEOOX1THO
BUKOPHUCTOBYBaTH KuTbka MeTpuk Ta HaOopiB manux (GLUE, TruthfulQA,
MT-Bench), ski BpaxoByIOTb 3aIlIyTaHICTh, MOCIIAOBHICTb, PEJIEBAHTHICTD,
(akTU4UHYy TOYHICTH 1 BIACYTHICTH YymepemxeHocTi. JKomHa MeTpuka HE €
JIOCTaTHBOIO caMa 1Mo co0l, a MOBHA OIliHKa Iepeadayae 1 KiIbKICHI TOPIBHSHHS, 1
SKICHUM aHall3, BKJIOYAIO4YM OIIHKM Jroachd. CamMe TaKui KOMIUIEKCHHMH IT1IXI1JT
JI03BOJISIE HE JIUIIIE BU3HAYATH MPOAYKTUBHICTh, a W CHPSIMOBYBaTH MOKPAIICHHS

TEHEPATUBHUX MOJICIIECH.

1.4 ®opMyIIOBAHHS METH, 3aBJIaHb TA TiNoTe3 J0CJiKeHHSA

Mertoto 11i€1 0akanaBpcbKkoi pOOOTH € JOCIIKEHHS Ta pO3pOOKa METOAOOT 1]
OIIIHKU SIKOCTI CyYaCHUX T€HEPATUBHUX CHCTEM IITYYHOTO 1HTEJIEKTY Ha MPUKIIAI
BEJIMKUX MOBHHUX Mojeinei. MeTonosorisi mMoBUHHA MOEIHYBAaTH aBTOMAaTH30BaHi
METPUKHA 13 EKCIEPTHOIO JIOACHKOIO OILIHKOKW i1 OUIbII TOYHOTO aHajizy

pe3ynbTariB rerepartii. 1111 BKIro9aroTh:



D

2)

3)

4)

S)

6)

18
[IpoBenenHss OISy Cy4YacHHMX T€HEPATUBHUX MOJENEH, Takux SK
Transformer-apxiTekTypu, Mojeii 3 HapdaHHIM 3 miakpimieHHsM (RLHF) ta
migxomu Retrieval-Augmented Generation (RAG). [locmigutu cdepu
3aCTOCYBaHHS Ta KJIFOYOBUX BUKIIUKIB Y OIIIHIII SIKOCTI PE3YJIbTaTIB.
ITomyk Ta anami3 ICHyrouMx O€HUMapKiB 1 HAOOpIB JdaHHUX, Kl
BUKOPHUCTOBYIOTHCS TIpH O1liHIII BMM.
dopMyTIOBaHHS TiMOTE3 IOAO0 €(PEKTUBHOCTI IOEIHAHHS aBTOMATHYHHUX
METPHK Ta JIOICHKO1 OIIHKY TP aHaIi31 3TeHEPOBAHNX TEKCTIB.
Bubip ta oOrpyHTYBaHHS METPHUK, SIKI BHKOPHUCTOBYIOTHCS IS OIIIHKH
BIIMOBIAI  MOJAENI, BKJIIOYAIOYM KPUTEpli TOYHOCTI, JOCTOBIPHOCTI,
PEJICBaHTHOCTI Ta TIOBHOTH.
[IpoBenenHst cepii €KCIEPUMEHTIB 13 3aCTOCYBAaHHSM BEJIMKMX MOBHHUX
MojieNiel y pi3HUX KOH(Irypalisx resepaiii, aHaiai3 OTpUMaHUX PE3YJIbTaTiB
Ta NepeBipKa BUCYHYTUX T1MOTE3.
®opMyiIIOBaHHS BHCHOBKIB Ta 1€l N[00 YAOCKOHAJEHHS MiIXOMIB J10
OI[IHIOBAaHHS TCHEPATUBHUX CHUCTEM IITYYHOTO IHTENEKTY, a TaKOX
MOXJIMBUX HANpsMIB MOAAIBIIUX JOCTIDKEHb — 30KpeMa PO3IIUPEHHS
TECTOBUX KOPIIYCIB 1 BIPOBA/DKEHHS MYJIBTUMOAAIBHUX MIAXOMIB [0

aHaJizy.
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PO3ILT 2. PO3POBKA CUCTEMU OUIHKH AKOCTI BEJIUKUX
MOBHHUX MOJEJIEN

2.1 BuzHauyeHHs1 KpUTEPiiB OLiHKH CHCTEMH

O1iHIOBaHHS SIKOCTI BHUXIJHUX JIaHUX TE€HEPATUBHUX MOJENEH IITYYHOTO
IHTEJIEKTY BHMAara€e 3aCTOCYyBaHHsI KOMIUIEKCHOTO HaOOpy KpUTEpIiB, SIKI MOXKHa
NOAITUTH Ha OO0'eKTHBHI (aBTOMAaTH30BaH1) Ta CyO'€KTHBHI (JIFOICHKI OIIHKH).
OOG’exTUBHI METPUKH 3a0€3MeUyIOTh KUIBKICHE Ta BIJTBOPIOBAHE BHUMIPIOBAHHS
NEBHUX XapaKTePUCTUK TEKCTy, TOMI SK CyO €KTHBHE OIlIHIOBAaHHS JIIOIBMHU
BPaxOBY€ HIOAHCH PO3YMIHHS, KOHTEKCTY 1 SIKOCTI, IO BaXKKO (hopMatizyBaTH.

KitouoB1 kpuTepii OLIIHKY BKJIFOYAOTh:

Taomus 2.1.
[lepenik KpuUTEPiiB OIIHKU AKOCTI TEHEPATUBHUX CUCTEM IITYYHOTO 1IHTEIIEKTY.

I'pyna kpurepiiB | Merpuka / noka3HUK CyTtHicTh

KopekTHicTh Answer Correctness Uu 30iraroTbCcs TBEPDKCHHS 3

eTajoHoM ((pakTUUHA TOUHICTB)

PeneBantHicTh Answer Relevancy Busnadennst 3B’S3Ky BIANOBIIl 13

ITIOYaTKOBHM 3aIlINTOM

[ToBHOTA Context Recall OxoI1uIeHHSA BCIX BAKIUBUX

aCTEKTIB 3aMUTy

V3romKkeHICThb Coherence Jloriunicth MOOYAOBHU BIJTOBI/I Ta

BIJICYTHICTh CYIIEPEUHOCTEN

besneka Toxicity, Bias [lepeBipka Ha yrepemKeHICTh abo

HIKIJTUBICT 3MICTY
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EdexTuBHICTH Latency, Token | llIBuAKICTh BIANOBIJI Ta BapTICTh
Efficiency O0OYMCITIOBAJIBHUX PECYPCIB

PobGacTHicTh Adversarial CTiiiKicTh 10 HEKOpEeKTHUX abo
Robustness HAaBMHCHO BUKPHUBIICHUX 3aITUTIB

Jlronceka ominka | Pydna 5-6anpHa | Cy0’eKkTMBHA OIliHKAa SKOCTI 3a
[IKaJia [IKAJIOKO

[TincymoBytoun, edeKTHBHA OIlIHKAa TEHEPATUBHUX MoOjeNel moTpedye
NnoeJHaHHS OO0 €KTHMBHUX TECTIB (CTaHIApTHU30BaHI METPUKH, OCHUMAapKH) Ta
Cy0’€KTUBHUX JIOACHKUX OIIHOK. CydYacHi MiIXOAW BKJIIOYAIOTh BUKOPUCTAHHS
ceMantuyHux Merpuk (Hanpukian, BERTScore, BLEURT) ta ouinioBanHs 3a
JOTIOMOTOK0 METa-eKCHepTiB (IHIIMMH MOTYXHUMU Mojensmu). Jlume Ttakuit
KOMILJIEKCHUM TIIX1, 0 BKIIIOYAE Pi3HI KpHUTEpii, 3a0e3neuye BceOIuHEe pO3yMiIHHS
CWIBHUX 1 CHaOKUX CTOPIH LIMX CHUCTEM, CHIPSAMOBYIOYM MOJANbIINA PO3BUTOK 1

BIIOCKOHAJICHHS. [8] [9]

2.2 Po3pobOka miaxoay AJisi OMIHKH e(eKTHBHOCTI Ta KOPEKTHOCTI reHepauii

TEKCTY

Jlns 1muUTicHO1 OINIHKK pe3y/ibTaTiB poOOTH BEIUKUX MOBHHMX MOJCICH
IPOIOHYETHCSI KOMOIHOBAHUM MiJIX1J, AKUH 00’ €qHY€ aBTOMAaTU30BaHI METPUKU 3
JIIONICBKUM  OIIHIOBaHHSIM. ABTOMAaTHYHI METOAHM TapaHTYIOTh OO €KTHUBHICTH 1
MIBUAKICTh aHaJI3y, TOMAl SK EKCIEepTHa OI[IHKA JI03BOJSE TIHOLIE 3pO3YyMITH
ACTMEKTH, SKI BAXKKO KUIBKICHO BH3HAUWTH. Takwid TIOpUAHWM TIAXiA Ja€ 3MOTy
NEPEeBIPUTH SIK SKICTh (HACKIIBKM BAAJIO MOJENb T€HEPYE 3MICTOBHO JIOPEYHUMN

pe3yabTar), Tak 1 JOCTOBIPHICTh CTBOPEHOTO KOHTEHTY.
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Reference-based Reference-free metrics LLM-based
metrics metrics

lity-based
Quality-base: Prompt-based

N-gram based: : ;Eiﬁ% * Reason-then-score
* BLEU . ROUGE-C + MCQ scoring
+ ROUGE } + Head-to-head
+ JS-Divergence scoring
Entailment-based + GEMBA
* SummaC + G-eval
* FaciCC
Embedding based: * DAE
* BERTscore
+« MoverScore « SRlscore
. Sfen"ten_ce Mover « QAFactEval
Similarity + QuestEval Approximate
historical
~ ] ] © timeline of
“Traditional” NLP R"5€' of Pre- Rise of LLMs metric
Zg”;g R}}?/{) odels development

Pucynok 2.1 — Intocmpayia kamezopiit Mempux oyinKu 011 32eHEPO8AHO20 MEKCY

ABTOMATHYHI METPUKHU OI[IHKHU

ABTOMaTHYHI METPHUKH [AIOTh MOXJIMBICTh HIBHUAKO Ta CTaHIAPTHU30BAHO
OLIIHIOBATH XapaKTEPUCTUKH 3TrE€HEPOBAHUX TEKCTIB. BUIBIIICTH TAaKMX METPHUK
cioyaTrky Oynaum cTBOpeHi misi  kKoHKpeTHuX NLP-3amau (mepexnam uwm

y3arajibHeHHS), ajie ChOTOJIHI AKTUBHO 3aCTOCOBYIOThCA 11t BBM.
MeTtpuku Ha ocHOBI eTanony (Reference-based)

Ile¥ miaxiq TOPIBHIOE pe3ysibTaT MOJAEII 3 TOMNEPEIHbO BU3HAYCHUMHU
€TaJOHHUMHM (IPABUJIBHUMU) BIANOBIIAMH. Taki METPUKU BU3HAYAIOTh, HACKUIBKU
3r€HEePOBAHMM TEKCT CXOXKHUH /10 O4IKyBaHOI BiAMOBIAb. HaOUIbII BITOMI METPUKHU

ObOI0 TUITY:

e N-gram overlap metrics — BLEU ta ROUGE € xjlacuyHuMM npUKIIa1amu.
BLEU (Bilingual Evaluation Understudy) ormiHioe 30ir KOpOTKHX
dbparMeHTiB TEKCTy, MDK 3T€HEPOBAHOIO BIJMOBIAII0 Ta €TaJIOHHOIO
BIAMOBIAA0. BiH MIHUPOKO BUKOPUCTOBYETHCS [IJIsi OIIHIOBaHHS SIKOCTI

reHepailii, 30KpemMa B 3ajlayax MaIlMHHOTO TepeKiIamay Ta (aKTOIOTTYHHUX
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QA. [lna 3anmuTaHb, M0 MaloTh OJHY NPaBWIbHY BIANOBIAb, BUIIUN
noka3Huk BLEU wacTto xopentoe 3 TouHicTio. OJJHAK BaKJIMBO BPaxoByBaTH,
mo BLEU 3ne6inbmioro gokycyeTscsi Ha JIEKCUYHY MOAIOHICTH, TOOTO Ha
MOBEPXHEBY CXOXKICTh (hOPMYITIOBaHb, a HE HA CMUCIJIOBY BIJIMOBIIHICTh. BiH
€ YyTJIUBUM JI0 Bapiauiil y popmyatoBaHHI, CHHOHIMIB a00 niepedpasyBaHb —
1 BHACIIJOK IIbOTO MOJCIH MOXKE JaTh aOCOIIOTHO NPaBUJIBLHY BiJIIOBIIb,
ajne dyepe3 BukopucTtanHsa iHmuX ciiB BLEU Oyne Huzbkum. TakuMm drHOM,
BLEU moxe 3aHmKyBaTH OLIHKY, OCOOJMBO SKIIO BIAMOBIIb MpaBUIbHA 32

3MICTOM, aJie BIAPI3HAETHCS CTUIICTUYHO.

ROUGE, 30kpema ROUGE-N 1 ROUGE-L, kpate miaxoauTs s 3aB/IaHb
13 BIIKPUTOIO BIJIMOBIJIIO, /1€ BaXKJIMBO, HACKUIBKK J0OpE MmepeaaHo 3MICT
opuriHaiibHOoro Tekcty. Ha Bigaminy Big BLEU, ROUGE 6inbiie
OpIEHTOBAaHUM Ha BHSBIICHHS 30ITy 3a 3MICTOM, a HE JIMIIE 32 (OPMOIO, IO
poOuTh Horo OUIBII aJanTOBaHUM I 3aBJaHb 31 CKJIQJHOK abo

PO3TOPHYTOIO BIAMOBIIIO.

Semantic similarity metrics — mo6 nogonatu oOMEXEHHS MOBEPXHEBUX
METOJIIB OINIHKH, JIeJaTi YacTilIe 3aCTOCOBYIOThCSI METPUKH, OPIEHTOBAHI Ha
CEMaHTUYHY CXOXiCTh. BoHM Takoxk 3a3Buuaili MOTPeOylOTh HASABHOCTI
€TaJOHHOTO TEKCTY, OJTHAK 3aMICTh MPSIMOTO 31CTABJIECHHS PSAAKIB AHAII3YIOTh
3MICTOBHI TmpeacTaBieHHs Tekcty. Hampukinan, wmerpuka BERTScore
BU3HAYA€ CEMAHTUYHY TMOJIOHICTP MIDXK 3T€HEPOBAaHUM TEKCTOM 1
pedepeHcOM uepe3 MOPIBHSAHHS €MOCIHTIB, OTPUMAaHUX 13 TOMEPETHBO
HaTpeHoBaHoi Mojeni Tpanchopmepa BERT. Takum umHOM, cemMaHTHYHI
METPUKH Jal0Th 3MOTY TOYHIIIE OI[IHIOBAaTH BIAMOBIIHICTH BIJINOBIACH,

AKIICHTYIOUH yBary Ha MepeaaHoMy 3MICTi, a He TUIbKU Ha 301T0Bi CIIiB.
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MeTtpuku 6e3 eTajionHux 3Ha4eHb (Reference-free metrics)

Ili MeTpuKH MO3BOJSIOTH OIIIHUTH TEKCTH Y BHIAJAKaX, KOJIH €JIUHO
PaBUWIIHHOI BIJIMOBI/I HE ICHYE a00 T€HEpAIlis € TyKe BapiaTUBHOIO (HAPUKIIA, Y

BUIQ/IKaX J1aJIOTOBUX CUCTEM).

o (DakTHYHA KOPEKTHICTb — BHUKOPUCTOBYIOTHCS 3OBHIIIHI TEpeBIpeH]
JoKepena 3HaHb (BIAMOBIAb MOXE OyTH IEpeBIpEHAa LUISIXOM MOLIYyKY
BINMOBITHUX TBepkeHb Yy Wikipedia abo iHmmMx Kepenax) ado
NLI-mMozgemi, 1m0 [A03BOJISIE BU3HAUUTH, YW € TBEPKCHHS JIOT1YHO
y3TOPKEHUMH 3 KOHTEKCTOM. Takuii METON JoTioMara€e MiHIMi3yBaTh PU3UK
reHepaiiii HempaBauBOi 1H(GOpMAIlli, OIIIHIOIYM MiATBEPIKCHHS (HaKTiB
HasSBHUMH JTAaHWMH.

e Instruction-following and relevance — aBTOMaTWuHI MEPEBIPKU
BU3HAYAIOTh, HACKUIBKH BIJMOBi/Ib JOTPUMYETHCS 3aJaHOTO (opMary,
CTWJIIO, YHUKa€ 3a00pOHEHUMX TEM 1 IMOBHICTIO OXOIUIIOE TIOCTaBJICHI
NUTaHHA. 30KpEeMa, aHaJli3yeThCS BIAMOBIIHICTh TOHY pOJl, KUIBKICTh
HEOOXIIHMX TYHKTIB, JIOTPUMAaHHS YMOBHHUX OOMEXEHb, a TaKOXK
CEMaHTHYHA OJM3BKICTh MK 3allUTOM 1 BIAIOBIIAIO 3a JOIIOMOIOIO

KOCHUHYCHOI CXOXKOCTI eMOE/TiHT1B.

VYV pesxkux Bumagkax cami BBM BHKOPUCTOBYIOTHCA SIK 1HCTPYMEHTH
OI[IHIOBAaHHSI, TPAIOYU POJIb META-EKCIIEPTIB. Y IIbOMY BHUIIAJKy TOTYKHIIIA MOJIEITH
(a00 Ta *x MoJeNb 31 Cleliani30BaHUM MIPOMIITOM) aHAJII3Y€ BiJANOBi/lb, CTBOPEHY
MEHUIOK MOJIEJUII0, Ta BHUCTAaBJISE€ i OLIHKY 32 BU3HAYECHUMHU KPUTEPISIMHU.
Hanpuknan, moxxna 3anyuuta GPT-4 nns ouinku Bianosiai GPT-3 3a daktuunoro
TOYHICTIO Ta JIOTIYHOI Y3TO/DKEHICTIO, copMysroBaBiM 3aBaaHHs sk: " OLiHM
HaBedeHy BIAMOBIAb 3a KpUTEpPIAMU (aKTUYHOI TOYHOCTI Ta MOrivHol
NocnigoBHOCTI, BUCTaB OUiHKY Big 1 A0 5 i oOrpyHTyn cBin BuOIp."

Takuit meton (inomi HasuBaeThcsi GPT-score abo OlIHIOBaHHS Ha OCHOBI

BBM) neMoHCTpye MepCHeKTHBHI pe3yiabTaTd, OCKUIBKM BEIWKI MOJEl 34aTHi
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BUSIBJISITA  TIOMWJIKA —TomibHo g0 mroguHu. OpjHak, TIIOBHA JIOBipa 10
MOJIEJI-OI[IHIOBaYa € HEJOIIJILHOI Yepe3 MOXKJIHUBICTh i1 BJIACHUX MOMUIIOK a0o
yhnepemkeHb, TOMYy L€ MiAXiJ YacTo MOEIHYEThCA 3 BHOIPKOBOIO MEPEBIPKOIO

JIOAHUHOIO.

OuinoBanns cucteM Ha ocHOBI Retrieval-Augmented Generation (RAG):
Okpemo ciii pO3MIAHYTH BHMAAOK, Koiau Benuxki MosHi Mopeni
MOETHYIOTHCS 3 MEXaHI3MOM TIOITYyKy — CUCTeMH 3 retrieval-augmented generation
(RAG). ¥ Takux cuctemax SKICTh BIJIIOBI/II 3aJIEKUTh HE JIUIIIE BiJl TeHEPYBaIbHOI
3IaTHOCT1 MOJAENI, aje W BiJg poOOTHM Monyis Mouryky iHopmanii. BianosinHo, 1
KpUTepii OIIIHKK BKJIIOYAIOTh JIOJATKOBI KOMIIOHCHTH: OIIHKY pPEJIeBaHTHOCTI
3HANIEHOTO KOHTEKCTY Ta TOTO, HACKUIbKK MOJENb MPaBUILHO BUKOpUCTANA LEeH

KOHTEKCT Ipu (popMyBaHH1 Bianosiai. [10]

Hust ouminroBanHs sikocTi RAG-mporiecy po3poOieHo  criemiani3oBaHHii
dbperimBopk  RAGAS (Retrieval-Augmented Generation Assessment). Bin
MIPOIIOHY€E HAOIp METPUK JJII OKPEMOTO BUMIPIOBAHHS SKOCTI MTOITYKOBOTO MOIYJISI
Ta TEHEPYIOYOT0 MOIYJIA, a TAKOXK 1HTErPOBAHOT OIIIHKKM CUCTEMHU 0e3 HEOOX1THOCTI

pyuHUX po3MiTOK. 30kpema, RAGAS n03Bosisie aBTOMaTUYHO OLIIHUTH:

® DEJIEBAHTHICTh BUTATHYTOI'O KOHTEKCTY (UM MAIMCHO 3HailieHI TOKYMEHTH
CTOCYIOThCS 3aIUTY)

® (haKkTUYHY JOCTOBIPHICTH BIJAIMOBi/JI HAa OCHOBI I[LOTO KOHTEKCTY (UM HE
MICTHUTh BIJINOB1Ib 1H(GOpMAIlii, SKOi HEMa€E B 3HANACHUX JKepesax)

® 3arajbHy SIKICTh T€HEPOBAHOIO TEKCTY (HACKUIBKHM BIAMNOBIAbL BIANOBIiAA€E

3anuTy 1 chOpMyJIbOBaHA TPABUIILHO)
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Moaynb reHepadii Mogynb BUTAry

(retrieval)
faithfulness context precision
HacKineKu d)aKm.w HO T?H Ha CNIBBIAHOWEHHA WYMY Y BUTATHYTOMY KOHTEKCTI

3reHeposaHa siaonosiabe
answer relevancy context recall

HaCKinbKu 3reHepoBaHa sianosiab BWUTAr penesaHTHOI inhopmauii, Heobxiany ana
BIANOBIAAE 3aNUTAHHK BiANOBIAl HA 3anUTaHHA

Pucynok 2.2 — Knrouosi mempuku oyintoganns 6 cucmemi RAGAS, posodineni na

MO0y 2eHepayii ma noulyKy

OriHky HamawThes B Mexkax Bifg 0 mo 1, Ae BuIi 3HAaYEHHS BKa3yIOTh HA
Kpamy sKkicth. Hanpuknan, 3Hauenns Faithfulness = 1.0 o3Hauae, 1110 BiANIOBIIL HE
MICTUTh JKOJTHOTO TBEP/KEHHs, sike O He Oyli0 MATBEPIKEHO BUTITHYTUM

KOHTCKCTOM.

B nactynnux posniiax Mu oopanu came RAGAS sk OCHOBHMI 1HCTPYMEHT
OI[IHIOBAaHHSI, OCKUIBKM BiH J03BOJISIE (PIKCYBaTW KPUTUYHI ACMEKTHU SIKOCTI, SIKi
4acTO  ITHOPYIOTbCS ~ CTAHJAPTHUMHM  METPUKAMH, 30KpeMa  HasBHICTh
"ramrouuHaii" y BiAMOBIASX. BaxkiuBo, 10 1el miaXia Aa€ 3MOTY pO3MEXKYBaTH
JDKEepesio TOMWJIKM — YU BOHA BUHUKIIA Ha €Talll BUTATYBAaHHS 1HQOpMaIlli, 4u BKe

1] 9yac TeHepallii BiAMOBiAl.

Takuil miaxia UTIOCTpye 3pocTarouy MoTpely B aJalTOBAHUX METPHUKaX IS
pi3HUX creHapiiB 3actocyBaHHs BBM — Big iHdoOpMmaliiHMX areHTiB 0

J1aJIOTOBUX CHUCTEM 13 JOCTYIIOM JI0 30BHIIIHIX 3HaHb. [11]
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p—
Mowyk j_ xepena
BignosigHoi > 3HaHb
IHchopmaLii
2 ) 3ammt
BianosiaHa —
iHpopmaList

3 ans
1 Proi"pt <« 3barayeHoro
3anuT KOHTEKCTY

3reHepoBaHa
TeKcToBa 5
Bignosigb

Prompt
+

4 3anut
+

Y

36arayeHun )
KoHTekcT KiHueBa To4ka

Benukoi MoBHoi Moaeni

Pucynoxk 2.3 — Cxemamuune 300pasiceHts npoyecy eeHepayii 3 BUKOPUCTAHHAM
nowtykosoeo niocunentnsi (RAG). Cnouamxky xopucmyesaywvxuii 3anum (2)
HA0X00Uumv 00 HOULYKOBO20 MOOYIIS, KU 30IUCHIOE GUMSA2 PEleBAHMHUX OAHUX 13
oazu 3nanv. Ompumanuii Konmexcm (3) 00'eoHyemubcs i3 NOYAMKOBUM 3ANUMOM
(1), popmyrouu pozwupenuii 3anum(4) ons éenruxoi moenoi mooeni. Ha ocrogi
Yb020 NIOCUNEHO20 3anumy Mooelb ceHepye PiHanIbHy 8i0n08iob (J), Wo 8paxosye

0ooamkosy iHgopmayito ma 3abesneyye suwy hakmuyry moyHicm.

JlioncbKka oiHKa

He3Baxkatoun Ha mporpec aBTOMaTHUYHUX METO/IB, OIIHIOBAHHS JIFOMUHOIO
3QJIUIIAETHCS OCHOBHUM €TaJOHOM sikocTi. Ekcreptu abo KiHIIEBI KOpUCTyBaui
MOXYTh LIUTICHO CYIUTH MPO TaKl MapaMeTpH, K PEJIEBAHTHICTh BIAMOBI/L 3aIUTY,
(akTU4YHA TOYHICTH, 3PO3YMUIICTH 1 JIOT14YHA MOCTIAOBHICTh BUKJIAAY, CTHIICTUYHA
BIJIMOBIAHICTh, & TaKOX KOPUCHICTh Ta JIOPEUHICTh BIAMOBIAI B KOHTEKCTI

MOCTABJICHOTO 3aBAaHHsA. JIromu 371aTHI BpaxyBaTh TOHKI ACIMEKTH, HAIpPUKJIIA],
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HACKUIBKHM BIATIOBIIL 3aJI0BONIBHSE 1H(MOpMaIliiHy moTpeOy abo 4u HE € BOHA
o0Opa3nuBoro Juisi meBHOI ayauTopii. ToMy y Bumaakax chipHUX abo CKIagHUX
BIJIMTOBIZIEH OCTAaTOYHE DINICHHS MPO SKICTh TOKJIAAE€ThCA Ha JIoauHy. JItomcbke
BTPYYaHHS € OCOOJMBO BAXKJIMBUM, SKIIO AaBTOMAaTHYHI METPUKH Jar0Th
CyNepewInBl pe3yabTaTH YU MArOTh BUCOKY HEBH3HAUCHICTh — HAMPHUKIIAM, SKIIO
MOJIe]Ib 3TeHepyBajla TEKCT 13 TMOTEHIIMHO TOKCHYHHM 3a0apBICHHSIM a0o
CYMHIBHOIO (haKTOJIOTI€0, JIe MOTpiIOHA eKCIepTHA TepeBipka. 310paHi Bija Jronaen
OIIHKMA TaKOX CIIYTYIOTh OCHOBOIO JIJISl MTONAJBIIIOTO HABYAHHS Ta HAIAINTYBAHHS

MOJIEJICH ITi/T OYIKyBaHHS pealbHUX KOPUCTYBadiB.
Mertoo0rii 3a1y4eHHs JIFOJICH:

e [Ilapne nopiBusinns (Pairwise ranking) — oIiHIOBa41 MOPIBHIOIOTH KiIbKa
BIJIMOBiICH Ha OJTHE 3aIIMTAHHS ¥ 0OMpalOTh HAHKpaIy 3a 3aJaHUMH
KpUTEPISIMHU.

e Likert-scale ouiHIOBaHHSA — B1IIOBII OLIHIOIOTHCA 3a IIKAJIOK
(Hampukiag, Big 1 10 5) 3a KUTbKOMa MapaMeTpaMu: 3MICTOBHICT,
pENeBaHTHICTh, KOPEKTHICTD TOIIIO.

e Annotation with explanation — excriepTy HaJ1al0Th OOTPYHTYBAHHS, 1110

JT03BOJISI€E YTOYHUTH MEK1 HEOJHO3HAYHOCTI B OILIIHIII.

OTxe, MOETHYIOUM aBTOMAaTUYHI METPUKH Ta JIOJACHKI CYIKCHHS, MAX1A A0
OL[IHIOBAaHHA MOJKE OXOIUTIOBATA BCl HEOOXIJHI acleKTH. ABTOMAaTU30BaHI
IHCTPYMEHTHU 3a0€3MeUy0Th MacIITa0OBAHICTh 1 MIBUAKICTb, KOJIM JIFOJIChKA OLIHKA

HaJa€ TTMOMHY aHalli3y, TapaHTYIOuH, 1110 OakaHi aCTIEKTH MPAaBUIIBHO aJalTOBaHI.

2.3 IMuieMeHTAaLlis AJTOPUTMIB JIS1 AHAJII3Y IKOCTI 3reHepPOBAHOI0 TEKCTY

[Ticnst BU3HAaYEHHS KPUTEPIiB OLIHIOBAHHS, ITEpEHIeMO JI0 iX IMIUIEMEHTAIIi].

MeToro €  CTBOpPEHHSl AlNTOPUTMIB, $SKI MOXYTh aBTOMaTHYHO aHaJi3yBaTH
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3TCHEpOBAaHMM TEKCT Ta HaJaBaTH OIIIHKK SKOCTI BIAMOBIIHO 10 OOpaHUX

KpUTEPIIB.
OuinoBanug 3a 1onomororo BBM

OnuH 13 e(DeKTUBHUX CITOCOOIB aBTOMAaTHYHOTO aHAJII3y TEKCTY — 3ally4eHHS
MOTY)XKHIIIMX MOBHHMX MOJCICH B poJi MeETa-KpUTHKA. Iaes momsrae vy
BUKOPUCTAaHHI B)K€ HASBHMX MOXKJIMBOCTEH BEIMKUX Mojenei, Takux sk GPT-4,
JUISL OIlIHIOBaHHSI. Mojienb OTpUMy€ Ha BX1J 3reHEpPOBaHy BIAMOBIL 1 CHEIIaIbHO
chopMyabOBaHUN TPOMNT, IO IHCTPYKTY€E ii MpoaHadi3yBaTH IO BiAMOBiAb 3a
NoTpIOHUMHU KpUTepissMH. [IpaBuiIbHO CTBOpEHUN 3amUT MOXKE 3MYCUTH MOJEINb
OI[IHUTU TEKCT 3a MapaMeTpaMu TOYHOCTI, JIOTIYHOCTI, CTHJIIO TOIIO Ta BUJATH
ominku. Hampukmaz, mpomnrt: «OUiHW HaBeOgeHU TEKCT 3a  Kputepiamu
TOYHOCTI Ta noriyHocTi. [loctaB ouiHKY 3a wkanow Big 1 oo 5 Ta
MOACHM Len BUBIp» — CHOHYKAae MOJIENb-eKCIepTa HauaTH OOIPYHTOBaHY
omiHKy. Takuii anropuT™M MOXKHA 3amporpamyBatd gK (yHKIIIO, IO TMepeae
BIJIMOBIb MOJIEJI-aHami3aTopy 1 po30upae OTpUMaHWM BIATYK (OLIHKH) Ha
CTPYKTYpPOBaHI METPUKU. BaxxnuBo 3a0e3MeunTy y3roKeHICTh OIL[IHIOBaHHS: 11100
3MEHIIUTH BUIAJIKOBICTh, BHUKOPHUCTOBYIOTh (DIKCOBaHI I1HCTpPyKIii 1, 3a
MOXJIUBOCTI, CEpPEAHE MO KUIBKOX IPOTroHaxX MOJeNi-OIliHIoBada. Ko pi3Hi
MOJICIII-eKCIIEPTH JAl0Th CyNEpewnBl OIlIHKH, ab0 Mojeiab HE BIICBHCHA Y

BIJINMOBI1, IEpen0a4aeThCs Mepexi 10 PyUHOi MepeBipKHU.

Knacuuni kinacudikaropu

Okpemi XapaKTEepUCTUKHU 3T€HEPOBAHOTO TEKCTY — TOKCHYHICTh, HAsIBHICTh
ynepemkeHb, (akTUYHI NOMUIKUA. AHami3 BiIOyBaeTbCs 3a  JIOTIOMOTOIO
crieniangizoBaHux Mmojeneit. Hampuknaz, 1yt TOKCHYHOCTI BUKOPUCTOBYIOThCST API

tunty Perspective abo Bigkputi mozem Taki Ak Detoxify. Jng moriunoi
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MOCJIIOBHOCTI Ta mepeBipku (akTiB 3acTtocoByroTbes NLI-mozpeni, Hampukiazn

RoBERTa a6o FactCC, siki mOpiBHIOIOTh TBEPIKEHHS 3 KOHTEKCTOM.

Arperauisi pe3yJbTaTiB

OuiHky  (yucnoBi, OlHapHi, WMOBIPHICHI) 3BOJATBCA 1O  OJHOIO
MiJICYMKOBOTO pe3yabTary. Arperailis BillOyBaeThCS 3 BUKOPUCTAHHSIM BaroBUX
KOe(ILIE€HTIB, SIKI BU3HAYAIOTh BAXKIMBICTh KOXKHOTO KPUTEPIO AJIs M1JICYMKOBOT
OIiHKKA. Baru BCTaHOBIIOIOTHCS BIAMOBIMHO 10 TMPIOPUTETIB: HAMPUKIAM, IS
CHUCTEM, JI¢ KpUTHUYHA MPABIAUBICTh, METPHIIl (DAKTUIHOT TOYHOCTI (JIOCTOBIPHOCTI)
HaJa€eThCsl HalO1IbIa Bara. Takoxxk 0anu MOXYTh OyTH arperoBasi 3a JI0MOMOTOIO
JIOTIYHUX TPaBUII (HAMPHUKIIAJ, SKIIO OHA 3 KIIFOYOBUX METPHUK JOPIBHIOE HYIIO —
1HII1 0amyM MOXYyTh OyTH 3HeliHeH1). Takuil miaxia rapantye, Mo rpy0i MOMMIKU
(mpsima pe3iHdopmarniss abo 00pas3nKBi BUCIOBU) HE OyyTh KOMIIEHCOBaHI IHIIUMU

XOPOIIIMMHU SKOCTSMH BIJIITOB1II.

InTerpauis ouiHroBanHs 4yepe3 RAGAS
Jnia cuctem 3 BukopucTanHs miaxony RAG owiHIOBaHHS BiANOBIACH 311HCHIOETHCS
3a nonomoror ¢peitmBopky RAGAS, sikuii aBromMarusye 0araro OnucaHuX BUIIE
NEPEBIPOK, OPIEHTOBAHMX Ha PEJIEBAHTHICTh 1 JOCTOBipHICTh. Lli MeTpuku
J03BOJISIIOTh CUCTEeM1 00'€KTUBHO IMOPIBHIOBATH BIJIOBI/II 3 €TAJIOHHHMU JIAHUMH,
HE 3QJIy4aro4u JIFOJICHKUX €KCTEPTIB.

Cnouarky Bapto chopmyBartd HaOip, /e KOXKEH MPUKIA] MICTUTH 3aIluT,
BUTATHYTUM KOHTEKCT Ta BIANOBIAb, 3reHepoBany BBM. Ilicis 1poro

BU3HAYAIOTHCSI METPUKH, SIKI OY/lyTh BUKOPUCTAHHI.

JIroncbkuii KOHTPOJIbL

JJ1st MOBHOI CHCTEMH OLIIHKK BaXKJIMBO 1HTETPYBATU MEPEBIPKY JIOAUHOIO —
0COOJMBO TaM, JIe aBTOMATHYHI METPUKH MOXYTh MOMIIATHCS. Hanmpukiam, Skiio

I[ICBHAa MCTPHKA Iaga€ HWKYC BCTAHOBJICHOI'O IIOPOTY, BiI[HOBiI[B ABTOMAaTH4HO
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MapKy€eThCsl SIK Taka, 10 noTpedye mepeBipku. Li manHi 3rooM BUKOPHUCTOBYETHCS
JUTSL TIOAQJIBIIIOTO HATAIITYBAaHHS CHUCTEMHU. TaKWM YHWHOM, JIFOICHKHH KOHTPOJIb
CIYTy€ JIOJATKOBOKO TEPEBIPKOIO, Ui 3MEHIICHHS MalOyTHIX IOMHIIOK
ABTOMATUYHUX aJTOPUTMIB i OIHOYACHO JKEPEJIOM JIaHUX JIJIsi HABYaHHS METPUK,

OUIBII Y3rOIXKEHUX 13 JTIOICBKUMU OL[IHKAMHU.

2.4 BUCHOBKH

KomOinyBaHHSI aBTOMATUYHUX 1 PYYHUX OI[IHOK CYTTEBO MIABHUIILYE
HAJIAHICTh PE3yJIbTaTiB, OCKUIBKU MeTpuku ajisi BBM He 3aBxau KopemorTh 13
JIOZICHKOIO SIKICTIO. Bylno BH3Hau€HO NMEBHY MHOXHUHY KPUTEPIiB SIKOCTI (TOYHICTB,
pEeBaHTHICTh, TOBHOTA, Y3TOKEHICTh, Oe3neka, €(PEeKTUBHICTh Ta 1H.) Ta
IMIIJIEMEHTOBAHO aJTOPUTMHU I 1X KUIBKICHOTO BHUMIPIOBAaHHS. 3aCTOCYBaHHS
METPUK Ha OCHOBI €TajJOHy, CEeMaHTHYHUX Ta reference-free migxodiB gano 3mMory
00’€KTMBHO aHaJIi3yBaTHU T'e€HEpaIlil0 MOJENeH 3a PI3HUMHU MOKa3HUKAMH, TOMl SIK
1HTerparis dbpeiimBopky  RAGAS MPOIEMOHCTPYBaJIa €(hEeKTUBHICTh
CHEIlali30BaHUX OINHOK JJIsi CUCTEM 3 JIOCTYIOM JI0 30BHIINIHIX 3HaHb. Takui
KOMIUICKCHUM TIiaXi7 3a0e3neuye Oulblll 00 €KTHMBHE Ta BCEOIYHE OIlIHIOBAHHS
pobotu BMM Ta cTBOprO€ OCHOBY ISl MOAAIBIIOTO MOKPAIIEHHS MOJAENed Ha

OCHOBI 3BOPOTHOTO 3B’ S3KY.
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PO311JI 3. EKCHHEPUMEHTAJIBHI JOCJII/PKEHHSA TA OLHIHKA
PO3POBJIEHOI CUCTEMU

3.1 Peagizanist npoToTHIly cUCTeMH OliHKH sKocTi BBM

Y  1mpomMy  po3aLIl  IPEACTABICHO  CTPYKTYpy Ta  peali3alliio
€KCIIEPUMEHTAJILHOTO MPOTOTHITY, PO3POOJICHOrO JJIs aHaji3y SKOCTI BiAMOBIIEH
BBM. Cucrema noOynoBana Ha ocHOBI miaxony Retrieval-Augmented Generation
(RAG), mo moegHye reHepalilo TEeKCTY 3 IMOIMEPEIHIM TMOIIYKOM PpeJieBaHTHOT
iHdopmarii. Takuii miaxig mgomoMarae MOAENI OTPUMATH JOCTYI JI0 JTOMAaTKOBUX
3HaHb mepen (GOpPMYBaHHSM BIAMOBIAI, IO JO3BOJIIE 3HAYHO IIJBHUIIUTH il

TOYHICTb 1 3MEHILIUTH UMOBIPHICTh BUTaJaHUX (PaKTIB.

(Sanm KopMCTyBa@ (Ba3a 3HaHb ,H,OKYMGHTiB)

eMOEIIHTH Ta MOIILYK
3a IHJIECKCOM

Petpisep

(Vector Store)

BUTAI'TU

KOHTEKCT
(LLM (l"eHepaTop)
KOHTEKCT 17151 METPUK
\‘ 3reHepyBaTH
Eranonna
[ 3reHepoBaHa j BiZTIOBib

BiTIOBiAb
: IIPUKJIA
annm p A
A 4

(MeTpHKH OLIIHIOBaHHSI RAGAS)

Pucynok 3.1 — Lniocmpayis npomomuny apximexmypu agmomamudtoi OYiHKU

RAGAS

ApXITEKTypa CHCTEMH BKJIIOYA€ JIBA OCHOBHI MOAYJ — TeHepauli, SKHii

¢dbopMye BIAMOBIIb HA OCHOBI 3alUTy Ta 3HAWJEHOTO KOHTEKCTY 1 OI[IHIOBAHHSI, IO
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ABTOMATMYHO BH3HAYa€ SKICTh BUIMOBIAI 3a 3aJaHUMH MeTpukamu. Haolip
TEXHOJOT1 Oyn0 00paHO 3 METO MAaKCHUMAaJIbHOiI CYMICHOCTI 13 Cy4YaCHUMU
BEJIMKUMH MOBHUMHU MOJICIISIMU Ta JJII BUKOPUCTAHHS BKE HASBHUX IHCTPYMEHTIB.
JIist mBHIKOTO MTPOTOTUITY OyJ0 BHKOPHUCTAHO MOBY mIporpamyBanHs Python, a
3B’SI30K MDK KOMIIOHEHTaMH OyB peali30BaHHM 3 BUKOPUCTaHHSIM (PpEerMBOpKY
LangChain.

ba3y 3HaHb peanizoBaHO SK BeKTOpHUU iHAeKkC Qdrant (misi MIBUAKOTO
MOIIYKY 3a CXOXICTIO), 3 BUKOPUCTAHHSM OJIHIET M Ti€l K MOJET BEKTOpH3aIlii K
st GPT-4, Tak 1 it Gemini, aOu 3a0€3MEYUTH Y3TOJIKEHICTh Y MOIIYKY.

Ha nepmiomy erami 3anmutr kopucTyBadya OOpOONSIETHCS 3a JIOMOMOIOIO
MOIIIYKY IO BEKTOPW30BaHIM 0a3i 3HaHb, SIKa MICTUThH IOMEPEAHBO OOPOOIIEHI
JOKYMEHTH, TEPETBOPEHI Ha BEKTOPHU 3a JOMOMOIOI0 €MOEIMHIOBOi MOJEII.
Haitbinbim peneBanTHI (hparMeHTH AOJAIOTHCS JI0 3aMUTY U nepenaroTbes 10 LLM,
sIKa TeHEPYE BiIMOBIIb.

Jlani BIAMOBIAL pa3oM 13 3alUTOM Ta KOHTEKCTOM OIIHIOETHCS 32
normomMororo ppeimMBopKy RAGAS, sikuii BUKOPHCTOBY€E HU3KY METPHK JIJIS aHAJI3Y
akocTi 0Oe3 ywacti jronuHM. bymo o0paHO 1’STh OCHOBHMX METPHK, SKi
BIMOBIAAlOTh LUIAM oiiHku — Answer Relevancy, Answer Correctness,
Faithfulness, Factual Correctness Ta Context Recall.

Jns po3paxyHKy IIMX METPUK HEOOXIJIHO MaTH €TAJOHHY BIIOBI/Ib.
Ockinbku RAGAS mnpaititoe 3a NpUHIMIIOM MOPIBHSIHHS — aHaNi3y€e TEKCTOB1 301TH
Ta CXOXICTh BEKTOPHHMX MPEICTABICHb MK BIIMOBIIIIO MOJEIl Ta €TaJOHHUMU
JTaHUMU.

CrpykTypa npOoTOTHUITY 3a0e3Medy€e THYYKICTh — KOYKEH MOYJIh MOYKHA JIETKO
3aMiHUTH a00 yaockoHanuTH. CucreMa A03BOJIs€ J0JaBaTH HOBI METPHUKH, IO

pPOOUTH ii BIAKPUTOIO 10 PO3BUTKY.

VY mifcymMKy, IpoTOTHI 3a0e31edye MOBHOLIIHHUMN UK — Bi1 OOpOOKH 3anuTy i
reHepamii BiAMOBIAl a0 1i aBTOMATU4HOi OIIHKW. Takui MiAXiJ J03BOJIsIE

cucTeMaTu3oBaHO I edexTuBHO aHamizyBaTu BianoBini BBM. 3acrocyBanHs
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RAGAS nae 3Mory 00’€KTUBHO BUMIPIOBATH Pi3HI acleKTu 0e3 moTpedu B pydHiid

nepeBipIl KOKHOI 3 HUX, IO CYTTEBO MPUIIBUALLYE HUKI OLIHKKM RAG-cuctem.

[12][13]

3.2 ®opMyBaHHA BJIACHOI0 HA0OPY AAHHUX JJIA €KCIEPUMEHTAJbHOI OIIHKHU

T€HEPATUBHUX MOIleHeﬁ

J17ist TpoBeIeHHs SIKICHOT OIIHKU BIJMOBIZEH PI3HUX MOBHUX MOJIENei, Oyino
chopMoOBaHO BIaCHUM JaTaceT, SIKUM CKiajaeTbes 13 50 map "muTaHHI—BINOBIIb"
(Q&A). lle#t maracer BKIIIOYA€ MIMPOKUH CIEKTP MUTAHB 1 PIBHIB 1X CKIIATHOCTI,
100 3a0€3MeYnTH MOBHOIIHHE TECTYBAaHHS MOKIIMBOCTEH FeHEPATUBHUX MOJIETIEH.
Jo ckiany BXOHATh SK (DAKTUUHI NMUTAHHS — 3 YITKUMHU Ta MEpPEBIPEHUMU
BIJIMOBIIMU, TaK 1 BIAKPUTI — IO MOTPEOYIOTh aHATITUKHU, MOSICHEHb a00 OLIbII
PO3TOPHYTUX MIPKyBaHb. 3aBASKH PI3HOMAHITHOCTI 3alUTIB MH MOXEMO
CHocTepiratu, fK MOZAENl CHpPAaBISIOTECA 3 TMPOCTHM BIATBOPEHHAM (AKTIB Y
MOPIBHSAHHI 31 CKJIQAHIIIAMU 3aBJAaHHSIMH SKI BHMaramThb pO3AyMiB abo

OIMKMCOBUMU 3aBAaHHSIMMU.

DopMyBaHHA JaTacery

Habip nutanb 1 BigmoBiged chopMoBaHI Ha OCHOBI PIYHOTO (hiHAHCOBOTO
3BiTy KoMmmaHii Amazon 3a 2022 pik (popma 10-K). Lleit noxymeHT €
00O0B’SI3KOBHM 3BITOM KOMIIaHii, SIKUH MICTUTh JACTAIbHHUI aHani3 (iHaHCOBOTO
CTaHy, PHU3MKIB Ta oOmNepamiiiHoi AiSUIBHOCTI Kommadii. 3 IOro 3BITY OyJ0
chopmoBano 50 3anuTaHb, 13 TPSIMUMHU BIIMOBIAIMH B TEKCTi. 3BIT MICTUTh
npubiau3zno 100 cTopiHok, siki Oyno po3duto Ha dparmentu 1o 1024 TokeHiB Ta
IHIEKCOBAaHO Yy BeKTOpHOMY cxoBulll Qdrant. Takum 4YWMHOM, KOXKEH 3aIluT

IIPOXOMB YCPEC3 MOMYK PCICBAHTHOI'O KOHTCKCTY, KM TTOTIM BHKOPHUCTOBYBABC:
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Uit TeHepartii BignoBigl. EtamonHi BigmoBiai Oyno oTpuMaHO O€3MOCEPEeTHBO 13

TEKCTY 3BITY.

Jnst  dopMmyBaHHS TIEPBUHHOTO HAOOpy TMHTaHb Oyll0 BUKOPHUCTAHO
HaIliBaBTOMATHU30BaHUU MiaxiA, mo noeanye wmoxiauBocti BBM (GPT-40) 3
JIONICHKOIO TepeBipkor0. Mojienb aHaji3yBajlia YaCTUHU TOKYMEHTY Ta FeHepyBajia
3anuTaHHs. Ha HacTymHOMy eTami 3reHepOoBaHi 3alUTaHHS MPOXOAWIN PYyYHY
MEepPEBIPKY Ta OIIHIOBAJIACh 3a 3PO3YMLIICTIO, PEJIEBAHTHICTIO Ta BiAMOBIAHICTIO
3MICTY JIOKyMeHTa. YacTWHY 3amuTaHb OyJ0 BiJIPEIaroBaHO 3 METOI YCyHEHHS
HEBH3HAYEHOCTI a00 HAAMIPHOI 3arajbHOCTI. TakuMm 4uHOM, Oyino chopMOBaHO
30amaHcOBaHUM HAOIp, SKUI OXOIUIIOE SIK KOHKPETH1 (PaKTH4YHI MUTAaHHS, TaK 1

OLIIBII BIIKPUTI 3aIMTH 3 YITKOIO MPUB’S3KOIO JIO TEKCTY JpKeperna.

Jlist hakTMUHMX 3anUTiB Oyi0 o0paHoO 1H(OpMAIIIO 3arajJbHUX 3HAHb, TAKHX
SK pIK CTBOPEHHS KOMITaHii, pU3MKK JJIs akiioHepiB (Hanpukian, "Konu 0Oyno
CTBOPEHO KOMMaHito Amazon?" abo "XTO € 3aCHOBHMKOM KOMNaHIi?"), ne
BIJITOBIAGL 3a3BMYal OAHO3HA4YHA. TakoXK J0/aHl MUTAHHSA, OB’ S3aH1 3 TIOTOYHUMH
MOJIIMA HAa MOMEHT POKY JOKYMEHTY, 100 TEepeBIpUTH 3IaTHICTh MOJENeH
OpIEHTYBAaTHUCS B aKTyallbHIM 1H(OpMarllii. Y BUMaAKy BIAKPUTHUX 3alIUTaHb — TAKUX
gk "FKi OCHOBHi perynaTtopHi BuKknvkn 6ynu 3ragadi y geknapauii
Amazon 3a 2019 pik?" — BOHM HE MalTh €IUHOI MPABUILHOI BIAMOBIAI, aye
OXOIUTIOIOTh  KJIIOYOB1 Te3u. KokHE MUTaHHS CyHNpOBOMKYETHCS E€TaJOHHOIO
BigmoBigao (ground truth). J{ns gakTuaHMX nmuTask 11e Oyira KOpOTKa, IEpeBipeHa
BIAMOBiAL. [ MOsSCHIOBAJIBHMX a00 BIAKPUTUX TMTaHb OyJad IIJATOTOBIICHI

PO3TOPHYTI BiANOBI/II, SIK1 OXOIUTIOBAJIM KJIIOYOBI MyHKTH. Hanpuknaz:

e [luranHs: «3rigHO 3 piYHMM 3BITOM KOMMaHii Amazon 3a 2022 pik,
SIKi OCHOBHi (bakTopu Oynu BKasaHi SIK NPUYUHU 3POCTAHHS
onepauivvHuX BUTPaT?»

e Bimmosigs: «Y 3BiTi 3a3Ha4yeHO, WO OCHOBHUMU (pakTOopamMm

3pOCTaHHA onepauiiHux BUTpaT Oynu BULLi BATpPaTKM Ha
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nepcoHan 4epes3 36inbLEHHS KifIbKOCTI NpauiBHUKIB Ta 3pOCTaHHSA
BUTPAT Ha MapPKETUHT . »

e Eramon: «Y 3BiTIi Amazon 3a 2022 pik 3a3Ha4yeHO, WO OCHOBHMMU
dakTOopamn 3poCTaHHsa onepauinHux BuTpat 6yno 36inbLueHHS
BUTpPAT Ha MNepcoHan 4epes 30ifbLUeHHs KifIbKOCTI MpauiBHUKIB Ta
3POCTaHHA BUTPAT Ha MapPKETUHT . »

e Kontekct: KomnaHia Amazon, 10-K 3a 2022 pik, ctop. 45,

absay 2...

Taki BIAMOBiAI MarOTh /1Bl OCHOBHI (PYHKIII: BUCTYNAKOTh SIK €TAJIOH IS
MeTrpuk tumy “Toumicte Bimmosimi” a6o Cemantuuna IlomiOnicTh, Ta

3a0€31euyI0Th YITKUH KPUTEPIH OIIHKU SKOCT1 BIJIMIOB1/I1 MOJIEI.

MeToro 1BOTO EKCMEPUMEHTY € TMepeBipKa 3JaTHOCTI MOBHHUX MoOjeJei
e(eKTHBHO BHKOPUCTOBYBATH 30BHIIIHIO 1H(POPMAIIiI0, OTPUMaHy 4Yepe3 MEXaHi3M
BUTATYBaHHS, Ta NnopiBHAIbHUN aHam3 Moxaened GPT-4 Bim OpenAl ta Gemini
Flash Big Google. Moneni He MarOTh MONEPEIHBOrO 3HAHHSA BMICTY 3BITY — BCI
BIJIMOBI/JII TMOBUHHI 0a3yBaTHCs BUKIIOYHO HAa BUTATHYTHX (parMeHrax. Xoda I
MOJIEJII TEOPETUYHO MOTIN OauyuTH 1H(GOpPMAIliI0 PO Amazon I yac HaBYaHHS,
TouyHi muppu Ta crnenudiuHi (QOpPMYIIOBAHHA 3BITY JOCTYMHI JIMIIE Yepe3
KOHTEKCT, oTpuMaHuii depe3 Qdrant. Ile Hagamo 3Mory He JUIIE OLIHUTU IXHIO
3[IaTHICTh aJanTyBaTUCS IO CTHJIIO JOKYMEHTAIlli, aje ¥ MepeBipuTy 4u CIIAYIOTh

MOJI€JIl HaJIaHUM 1M 1HCTPYKIIISIM.

Po3pobiennii mpoTOTHN, MiArOTOBICHUN HaOlp JaHUX Ta OIliHKA SKOCTI

MojIeJIel 3HAXOAUThCS Y BUTBHOMY JOCTYIII 3a MTOCUJIaHHsIM [14].
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3.3. OuinoBanHns sikocti MoBHOI Mogesi OpenAl GPT-4

VY nmaHomy po3niii po3MISTHYTO OIIHKY SKOCTI po6oTr MoBHOT Mojem GPT-4,
po3pobiienoi kommaniero OpenAl, y 3agauax nutanHs-BiANOBIAb (retrieval-based
Question Answering) BukopuctoBytoun miaxig Retrieval Augmented Generation
(RAG). Mertoro anamizy € orinka 3gatHocti BBM BUKOpHCTOBYBaTH 30BHIIIHIM
KOHTEKCT IIpH (popMyBaHHI BIAMOBIIEH. Y Mexax T0CIIKEHHS 0yJ10 BUKOPUCTAHO
NONEPETHBO ONMHUCAHY €KCIEPUMEHTAIbHY CUCTEMY, a TAKOXK MIATOTOBIEHUI HaOIp
JaHUX, 110 JO3BOJISIE 3PO3YMITH, HACKIIBKH II1 MOJAEIb € TPUIATHOI IS
IIPAKTUYHOTO BUKOPHUCTAHHS B TaKUX CEPEIOBHINAX, Ta CPOpMyBaTH PEKOMEH IAIII1

JUTsI 11 MOAAITIBIIIOTO HATAIITYBaHHS ab0 1HTEerpaitii.

Takok BpaxoBaHO BIUIMB TMapaMeTpiB TreHepallii Ha SIKICTh 3reHEPOBAHOI
BiANOBiAl. Byno mpoBeneHo cepilo eKCIepUMEHTIB 31 3MIHOIO €HTPOMIl TeHeparii
Tekcty (temneparypa) (0, 0.5, 1.0, 1.5) Ta o6¢sry HajTaHOTO KOHTEKCTY (BiJl OTHOTO
0 TSTH JOKyMeHTIB). Lle M03BONMMIO BCTAHOBUTH, SIK CaM€ JaHl MapameTpu
BIUIUBAIOTh HA TPHU OCHOBHI KpHUTEpii OIIHKH BIANOBIII — JOCTOBIPHICTD,

pCJICBaHTHiCTB Ta ITIOBHOTY.

Y wmexax exkcnepumenty GPT-4 orpumyBama 1IicTh peieBaHTHHUX
(dbparMeHTIB TEKCTy pa3oM 13 3alUTAHHSIM BiJ] KOPHCTyBaua Ta MOMEPETHBO
c(hOpMOBaHMM CHUCTEMHHUM TmpoMnToM st Moxeni. dopmar npomnty OyB
CTaH/JAapTH30BaHUM Ta MICTHB HACTYyNHI iHCTpyKuii: "Bukopuctam HagaHy
iHpopmauito ans signosigi. AKWO HegocTaTHbLO - MOBIAOM Mpo ue.".
EnTpomnito BcTaHoBieHO Ha piBHI 0.2 i Kpailoi cTabUIbHOCTI BIANOBIICH.
KonTekcr oOMexyBaBcs 10 8 THCSY TOKCHIB, IO 3a0€3MEYMIIO BIIMOBIIHICTH
TEXHIYHUM MOXJIMBOCTSIM MOJIEJl. 3r€HEepOBaHi BIAMOBIAI Maidu JIOBXKUHY 1-5

PCUCHHA Ta OI_[iHIOBaJII/ICﬂ 34 BUBHAYCHUMHU MCTPUKAMMU.

AHaJli3 pe3yNbTaTiB BKJIIOYAE SK KUIBKICHI TIOKa3HUKM 3a KOXKHOIO
METPHUKOI0, TaK 1 AKICHUM po30ip TunoBux noMuinok GPT-4 — 30kpema, BUMaaKu

BIIEBHCHUX, ayi¢ ()aKTUYHO HE NPABWIBHUX BIAMOBIJACH (TadOlMHAIIN) MOMPH
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HAsBHICTh MPaBWIbHOI 1H(OpMAIT B KOHTEKCTI. 30Kpema, pO3MISIAEThCS,
HAaCKUIBKM MOJIEb CXWJIbHA TMPOIyCKaTH pesieBaHTHY iHdopmaliio abdo

nepedpa3zoByBaTH MUTAHHS.

Ta0mwurs 3.1.
Pesynbratu GPT-4 3a k11040BUMU METPUKAMH.
Metpuka Ouinka (RAGAS) | GPT-40 ouinka | Ouinka JIHOJAUHOIO
Answer Relevancy 0.97 1 1
Answer Correctness 0.95 0.97 0.97
Factual Correctness 0.80 0.97 0.96
Faithfulness 0.94 0.91 0.98
Context Recall 0.98 0.95 1

VY3aranpHeHHs pe3ynbrariB - omiHku  Mmoxaemi GPT-4 3a  kirodoBuMU

MeTpukamu. Hukdye HaBeJIeHO CTUCTUN ONTUC OTPUMAHUX PE3YJIbTaTIB:

PesieBaHTHiCTH Ta mpaBUWIbHICTH BignmoBiai (Answer Relevancy, Answer
Correctness) — MoJienb ITPOJEMOHCTpPYBaja BUCOKHI pIBEHb PEJIEBAHTHOCTI, 13
CepelnHiM 3HaueHHAM moka3Huka Onu3bko 0.97. lle o3Havae, mo y mepeBakHIN

OUTBIIIOCTI BUITAJIKIB BIJMOBI/II MPSMO BIATOBIAIM HA TOCTABJICH] 3alIUTaHHS.

®daktuyHa TtouHicTh (Factual Correctness) — momenb 4vacto (opmye
BIMOBIAI y JIeIIO pO3MIKMpEeHid (opmi, 10Aar04M JOJATKOBY YTOUYHIOBAJIbHY
iH(pOpMaIliio, sika BIACYTHS B €TaJOHHIN BiAmoBiml. Hampukman, SKIo eTamoHHA
BIANOBiAb Bunsaana sk “$5.4 minesapais”, a GPT-4 morna Biamosictu "Lle Oyno
$5.4 billion y 2022 poui.". Xoua Taki BapiaHTH € 3MICTOBHO 1I€HTHYHHMH,

BOHH HE BBAXKAOTHCA TOYHUM 301IOM.

HocroBipHicTs (Faithfulness) — cepeaniii piBeHb JTOCTOBIPHOCTI BIJIOBI/I
ctaHOBUB Onu3pko 0.94. Xoua B OKpeMHUX BHUIAJKaX CIOCTEPIraINCh HE3HAYHI

BIIXWJICHHS, KOJIM MOJICIb JI0JlaBaia 3arajibHi TBEPPKEHHS, BIJICYTHI Y BUX1JTHOMY
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KOHTEKCTI — 3arajibHa OLllHKa CBITYUTh mpo 3aaTHicTh GPT-4 306epiratu

BIJIMOBIHICTD 1H(OpMAIIil 3 KOHTEKCTY.

IloBHOTa BUKopucTaHoro koHTekcTy (Context Recall) — cepenus moBHOTa
BKazye Ha Te, IO B OKPEMUX BHIAJKaX MOJEIb HE 3aJil0€ BCl pEJIEBaHTHI
€JIeMEHTH 3 HaJaHOTO KOHTEKCTy. Hampukiaz, SKIo y BUXiTHUX JaHUX MICTHIIOCS
TPU apryMEeHTH Ha MATPpUMKY nieBHOTO pimeHHsi, GPT-4 morna 3ragatu nuiie asa
3 HUX, ITHOpYIOUYM TpeTid. Taka cuTyalis HE € KPUTUYHOKO 3 MOMIALY TOYHOCTI
BIJIMOBII, OJHAK CBITYUTh TMPO YACTKOBY BTpAaTy T[OBHOTH BIATBOPCHHS
iHdopmarii. Y BUMNAAKY 3aCTOCYBAaHHS MOJETl B KPUTUYHO BAXKIMBHX Trajy3six,
no/ii0OHa HEMOBHOTAa MOXKE MaTW CyTTEBE 3HAYEHHS, II0 BApTO BPAXOBYBATH MpHU

OI[IHIOBaHHI i1 €()eKTUBHOCTI.

JocaigkeHHsT BIUIMBY eHTpomii reHepauii Tekcty (“remmeparypa”) Ha

(pakTUYHY TOYHICTH

Takoxx Oyn0 TPOBEAEHO JIOJATKOBE JOCHIDKCHHS 3aJCKHOCTI MIXK

TEMIIEpaTyporo reHeparlii TeKCTy Ta (PaKTUYHOI TOYHICTIO BIATOBIACH.

3a cranmapTHOro 3Ha4YeHHs Temmeparypu renepaiii 0.2, momens GPT-4
JEMOHCTpYyBaja BUCOKY CTaOLIBHICTH 1 3abe3nedyBajia MPaBUIIbHI BIAMOBIAL Y
onu3pko 90% BuMaAkiB. 3 METOI0 MOAANBLIOTO aHali3y, Ti cami 3alUTaHHS Oyiu
MOBTOPHO HaJaHI MOJACTI 13 BUKOPUCTAHHSIM MiABUIIEHUX eHTpomii: t = 0,5
(moMIpHUH pIBEHb KPEAaTUBHOCTI), t = 1 (BUCOKHMI piBEeHb KpeaTuBHOCTI) Ta t= 1,5
(y>ke BHCOKHMIA, 3 O3HaKaMH rajronuHaiii). OTpuMaHi pe3yJabTaTH CBII4aTh MPO
NEBHY 3aKOHOMIPHICTb, a caM€ — 31 3pOCTaHHSAM EHTpPOIMii reHeparii

CIIOCTEPITA€THCS 3HIKCHHS (PaKTUIHOI TOYHOCTI BiJIITOBIICH.
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GPT-4 ®akTnyHa TovHicTb VS TeMmnepaTtypwu
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Pucynok 3.2 — Bniue enmponii cenepayii mexcmy (“‘memnepamypu”) eenepayii na

Gpaxmuuny mounicms GPT-4

I'padix UTrHOCTpYy€E BIACOTOK BIAMOBIJEH, sIKi Oyau (DAaKTUYHO MPaBUILHUMU
(Bick Y), 3anexxHo Binm eHTpormii redepaii (Bich X). Haitumioi tounocti GPT-4
J0csiTa€ TIPU HU3BKUX 3HAYEHHSAX EHTPOMIi, TOMI SK MIJBUIICHHS BIUIMBAaE Ha

MOJKJIUBICTb 3pOCTaHHS KIJIbKOCTI MTOMUJIOK Ta TaTOlMHAIIIHA.

30kpema, Mpu 3HA4YeHH1 eHTpomii 1.5 crmocTepiraroTbCsi BUIIAJKH, KOJIH
MOJIelb OlIbllle BHUKOPUCTOBYBajda TinoTeThyHl (opmyntoBanHsa. Hanpukian
«MoxHa npunyctutu, LWO...», IO IiHOAI CYNPOBOIXKYBAJIOCSd XHOHUMH
YUCJIOBUMHM JaHUMU a00 HEKOPEKTHHM MpEACTaBICHHAM iH(opmMalii 13 pi3HHUX
dbparMeHTiB KOHTEKCTy. 3a eHrtpormii 0.5 OLIpHIiCTh BIANOBIASH 3aiMIIAIacs
OpaBWIBHUMH, MPOTE€ TPAIUBUIMCS  HE3HauHI (PaKkTUYHI HETOYHOCTI 4YH

y3arajibHEHHS.
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B pesynbrari, nis 3aBaaHp, 10 BUMaralOTh BHCOKOI (PaKTHMYHOI TOYHOCTI,

JOLIJIBHO 3aCTOCOBYBATH HU3bKI 3HAYEHHS EHTPOIIIi reHeparllii TEKCTY.
JocinkeHHS BIVIMBY 00CATY KOHTEKCTY

Byno npoanaiizoBaHo BIUIMB 00CSTY KOHTEKCTHOI IHPOpMaIii Ha pe3yabTaTu
BIAMOBiAI Mozem. 3a 3aMOBYYBAaHHSM BHKOPHUCTOBYBajacsi BHOIpPKa 3 TPbOX
HaWOLIBII pesieBaHTHUX (PparMeHTIB TEKCTY. /{7151 OIlIHKM BILIMBY I[LOTO TTapaMeTpa
OyJ0 TaKo)XX MPOTECTOBAHO BUOIpPKa 13 OJIHMM Ta ILIICTbMa JoKyMeHTamu. llpu
BUKOPHUCTAHHI JIMIIIE OJHOTO JDKEepela CIOCTEpIrajiocs 3MEHIIECHHS TMOBHOTH
BianosiAei. Ile moB’si3aHO 13 THUM, 110 YacTWHA 1HQOpMAIlii, sSKa MICTUIACA Y
apyromy abo TpeTthoMmy (parMeHTi, He BpaxoByBasiach. Hampukian, Ha MUTaHHSA,
K1 mependoayany HaBeACHHS KUTbKOX MPUYHMH MEBHOTO 3HAYEHHS, MOJENb Oadyuiia

JIMILIE T1, 11O OyJIK B EPIIOMY JOKYMEHTI, I'THOPYIOUH 1HIII.

30unblIeHHsT 00CATY A0 IIEeCTH (DparMeHTIB MPU3BOAWIO 10 HE3HAYHOTO
3HUKEHHS PEJICBAHTHOCTI Yepe3 MOKJIMBI MEHIII 3HAUYII[1 200 CyNepewInBl JeTall.
[Ipote, pi3HUI MK BHOIPKOIO 3 TpbOMa Ta IIiCTbMa ¢parMeHTamu OyIa
HE3HAYHOK — MOBHOTA BijnoBijaeit 3pocina 3 0.85 go npubauzno 0.89, HaTroMicTh
TouHicTh 3HM3UIach 3 0.92 go 0.90. Otxe, o0OCAr y TpH HOKYMEHTH € OUIbIII

ONTUMAJILHUM 3HAYEHHAM MK ITOBHOTOIO Ta TOUHICTIO.

Ile Bkazye Ha BaXJIUBICTb NPABWIBHOIO HAJAIITyBaHHS HapaMeTpiB
KOHTEKCTY B 3a/1a4ax TeHepallli, OCKIJIbKH K HEJAOCTATHIN, TaK 1 HaAMIpHUN 00csT
1H(pOopMallii MOKe HEraTUBHO BIUIMBATH HA SKICTh PE3YJbTaTiB, 0COOIMBO B yMOBAX
HEIOCKOHAJIOTO MexaHi3My momryky. [lin yac aHamizy moMuiok 6yjao BUOKPEMIICHO

JeK1IbKa TUIIOBUX KaTeropii:

e HenoBHi BiANoBiAi — BUNaAKK KOJIW MOJEIb T€HEpPYBalla PEJICBAHTHY, AJIe
HE MOBHY BiANOBLAb. Hanmpukiaz, y 3anuri, 1€ €TajloHHA BIANOBIAb MICTUIA
mricts yHKTiB, GPT-4 HaBoawma nuie nBa. Taka BIATOBIIH OIIHIOBAJIACH SIK

YaCTKOBO KOPCKTHA Y€PEC3 SHUKCHY ITOBHOTY.
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e HenpaBuibHe TJIYMayeHHsl JeTajleili — 1HKOIM MOJETh ITOMIJIKOBO
oOurcIoBaia 4YMCIoBi faHl. Hanpukiaa, y BIANOBIAs HA MUTAHHS TIPO AOX1]
3a 2019 pik Oymo Hagano mokasHuk 3a 2018 pik. IiMoBipHO uyepes
HenpaBWIbHUN BHUOIp psnka 3 Tabmumi. [logiOHI cuTyarii cBig4arh mpo
PU3UK 3HWKEHHS JOCTOBIPHOCTI HaBiTh IIPU HASBHOCTI BiAMOBITHOTO
KOHTEKCTY.

e TanouuHanii NpU HAABHOMY KOHTEKCTY — IHOJAI TPAIUIJIUCS BHUIAJIKH,
KOJIM MOJICJIb JI0/IaBajia HEICHYIOUl TBEp/KeHHs. Taka momMuiaka, WHMOBIPHO,
MOB’SI3aHA 13 BIUIMBOM ITOTICPEIHHOTO HABYAHHS MOJENI, IO BKJIIOYAJIO
3arajbHI 3HaHHA Tpo moaiOH1 3BiTU. Lleit Tun momunku OyB BUSBICHHIN 3a

JIOTIOMOTOF0 METPUKH JOCTOBIpHOCTI (o11iHKa 0).

3.4 OuinoBaHHs AKOCTI MOBHOI Moaeai Google Gemini

VY nmanomy po3aiii po3mISHYTO OIIHKY SIKOCTI po6oTu MoBHOI Mozaeni Gemini
Bil Google, Ta MpoBeCTH MOPIBHSUIBHUIN aHAJI3 JIBOX BEJIMKUX MOBHHUX MOJCIIEH.
Gemini — HoBima Mojenb, po3pobieHa Google DeepMind. Metoro aHamizy €
ominka 31arHocTi BBM BuKOpHUCTOBYBAaTH 30BHIIIHIA KOHTEKCT Mpu (PopMyBaHHI
BIJIMOBIEH. Y MeXax IOCHIPKEHHS OyJl0 BHKOPHCTaHO MOMNEPETHBO OMUCAHY
eKCIIepUMEHTaIbHY cucTeMy Ta Halip aanux. lllo go3BOMsIE 3pO3yMITH, HACKIIBKU
11 MOJIENb € TIPUAATHOIO /ISl IPAKTUYHOTO BUKOPUCTAHHS B TaKUX CEPEOBUINAX,

Ta c(hopMyBaTH peKOMEHANIi ISl i MOAAJIBIIOTO HAIAIITYBaHHS.

PesynbraTu oriHtoBaHHS OymyTh MOAaHI HE JIMIIE Y BHUINIAMI KUIBKICHUX
MOKa3HUKIB, aje ¥ y dopmari MOpIBHSAIBLHOTO aHaJi3y, 110 BUCBITIIIOE CUJIBHI Ta

cnabki croponu Gemini y nopiBHsiHHI 3 GPT-4.

Y Mexax TOro X MiAXOJYy OIlIHIOBaHHS 3aMiHeHO kommoHeHT BBM Ha
Google Gemini. 3okpema, BukopucToByBajacs wmoaenb Gemini Flash 2.0.

MexaHi3M TIOIIYKY 3aJIMIIMBCS HE3MIHHMM — 3J1HCHIOBaBCS BHUOIp TPHOX
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HAWPEJIeBAaHTHIIINUX JOKYMEHTIB, TapaMeTp EHTpoIii OyJ0 BCTAHOBJIEHO HA PIBHI

(0.2, a Tak0’)K BUKOPUCTOBYETBHCS TOM KE MPOMIIT.

ITin gac TectyBaHHs Oya0 BHSIBJICHO, IO BIAMOBIAI, 3reHEPOBaHI MOAEILIIO
Gemini, 3a3BU4ail € JOBIIMMHU, Y TIOPIBHSHHI 3 TUM, 5K BifanoBigae GPT-4, HaBiTh
3a BIJICYyTHOCTI TaKOro HajamTyBaHHSA. Mojenb JeMOHCTpyBaja CXWJIBHICTH 0

I[@TaJIBHiIHHX ITOACHCHD.

VY3aranbHeH1 pe3ynabratd oiHku mojneni Gemini Flash 2.0 3a kirouoBumMu

METPUKaMU MPEICTABIICHI B HACTYITHIN TaOJHIIL.

Tabnuus 3.2.
Pesynbraru Gemini Flash 2.0 3a kj1r0o40BUMHU METpUKaMHU.
MeTtpuka Oninka (RAGAS) | GPT-40 oninka | Oninka JIl0JIUHOI0
Answer Relevancy 0.93 0.91 1
Answer Correctness 0.90 0.92 0.94
Factual Correctness 0.78 0.81 0.87
Faithfulness 0.90 0.88 0.93
Context Recall 0.84 0.88 0.9

[TopiBusiHasa pe3ynbratiB Gemini Ta GPT-4 gemoncTpye Mmaiixke ogHAKOBI
MOKa3HUKU 3a OUIBIIICTI0O METPUK, 3 PIZHMUICI0 Yy KUIBKOX IMyHKTax. 30KpeMma,
PIBEHb aKTyaJIbHOCTI BIJAMOBIIEH Mojesiel nmpaktuuHo iaeHTuyHui: 0.93 y Gemini
ta 0.97 y GPT-4. lle cBiguuTh Ipo Te, Mo 0OMIBI MOACII 3/1eOUIBIIOr0 KOPEKTHO

Bi,Z[CTBOpI-OI'OTB ITIOCTABJICHC 3allMTaHHA, pi,ZIKO Bi,Z[XI/IJI}II-O‘II/ICB Bi,II TCMHU.

3a mokaszaukom noctoBipHOcTi (Faithfulness) Gemini memto moctymaerbest —
0.90 npotu 0.94 y GPT-4. B okpemux Bunajgkax Gemini Jo7aBaB NPHUIYIICHHS,
AKI HE MIATBEPIKYBAJIUCS KOHTEKCTOM. Y Ppsal BUNAAKIB CIOCTEpIragocs
JOAAaBaHHS MOJIEJUTI0 IPUITYIIEHb, SKI HE BUIUIMBAIM O€3MOCEpPEIHbO 3 HAJaHOIO

KOHTeKCTy. Hanpukiana, Ha 3anutadHs 11010 miadiB kommnanii GPT-4 3a3Hauus, 1110
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3BIT HE MICTUTh BIANOBIAHOI 1H(popMalii, Ttomi sk Gemini J0AATKOBO
IHTEpNPETYBaB L0 BIJCYTHICTh SIK O3HAKY 30CEPEKEHOCTI KOMIaH1i Ha MOTOYHIH
mismmbHOCTI. [lomiOHI BHCHOBKM, IO HE IIATBEPKCHI KOHTEKCTOM, XOY 1

MOOJIMHOKI, 3HWXKYIOTh 3arajbHUN PIBEHb JOCTOBIPHOCTI BIAMOBIII.

VY vacTuH1 aHadi3y TOYHOCTI Ta MOBHOTH BiAmnoBinei Gemini moka3as €O
HWOKYl Toka3Huku. lle cBimuuTh mpo TeHuaeHIio Gemini HajaBaTH IIHPIII,
JeTaIbHIII BIJMOBI/1, OJHAK 1HOJI 3 BKIIOYEHHSIM JAPYropsiIHOi a00 HEAOCTATHRO
peneBaHTHOI i1H(MOpMaIlii, IO YaCTKOBO 3HHXKYE TOYHICTb. TakKuM YHHOM,
CIIOCTEPITa€ThC TMParHeHHsS MOJENl 10 OUIbII MOBHOTO OXOIUICHHS KOHTEKCTY,

HABITh 3@ PaXyHOK NEBHOI HAJIMILIKOBOCTI.

3a pe3ynbraraMu OIIHIOBaHHS Ha OCHOBI MaKTUYHOI TOYHOCTI OOHWIBI
MOJIel MPOJEMOHCTPYBAJIM Mailke onHakoBui piBeHb B Mexax 0.80. Bapro
3a3HAYUTH, 10 JOMYIICHI MOMUJIKH CTOCYBAJIMCS PI3HUX 3allUTaHb, 10 CBIIYUTH

po MOJIOHUH 3arajdbHUMN PiBEHb MPABIUBOCTI.

3aranpHuid PoQiIh OIIHIOBAHHS CBIIYHTH MPO He3HauHy nepeBary GPT-4.
IIpu ycepennenni ocHoBHUX MeTpUK (RAGAS) pesynbTar OIIIHKM MOXHA
npencTaBuTH y HactynHoMy Bunisiai: GPT-4 cepenniii 6an — 0.92, Gemini — 0.87,

10 MIATBEP/KYE Maike pIBHO3ZHAYHUM 3araJIbHUM PIBEHb MPOTYKTUBHOCTI.

JIns Bi3yalbHOTO MPEACTABICHHS OCHOBHUX BIIMIHHOCTEH MIK MOJAEISIMH
GPT-4 ta Gemini 6yno moOynoBaHO HaCTyNmHUN rpadik, e 3A1HCHEHO MOPIBHIHHS

34 KJIFOYOBMMH MCTPHUKaAMMU.
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GPT-4 vs Gemini MeTpuku ouUiHKN
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Pucynok 3.3 — Ilopisusanvua oyinka GPT-4 ma Gemini 3a K110408UMU MEMPUKAMU.
Koorcna napa cmosnyie oemoncmpye pesynomam, ompumanuii GPT-4 (ocoemuii) i

Gemini (nomapanuesuii) 3a 8i0N0BIOHOI0 MEMPUKOIO.

[IpoBenene oriHoBaHHsS Mmojaeni Google Gemini 3acBiq4WIIO 3[aTHICTh
3aMpONIOHOBAHOT CUCTEMH €(EKTHBHO 3/1HCHIOBATH MOPIBHSJIBHY OLIHKY, a TAKOX
IPOAEMOHCTPYBAJIO, 110 CTBOPEHUN JaTaceT Ma€ JOCTATHIN piBeHb CKIAAHOCTI JIJIst
BUSBIICHHS BiIMiHHOCTEW Mk cydacHuMU BBM. OTpumani pe3ynasratu cBigyaTh
npo Te, mo Gemini geMOHCTpye e(eKTHBHICTb, cmiBcTaBHy 3 GPT-4, mo Ha
NpaKkTUIll HaJae MOXIMBICTb BHOOPY MK IIUMH MOJACIISIMH 3 ypaxXyBaHHSM
€KOHOMIYHOI JOIUTBHOCTI @00 BUMOT 70 iHTerpamii. He3nauni BiAMIHHOCTI B CTHITI
BIZIMOBIZIEH (30KpeMa, cXuibHICTh Gemini 10 PO3rOpHYTUX (HOpPMYIIOBaHb) Ta
NpOBEACHUN aHali3 3reHEepOBAaHUX BIANOBIACH Hajgae DIHOIIE PO3YMIHHS

0COOJIMBOCTEN MOJIENEH.

3.5 BucHoBKkH

Y npoMy po3auTl  MPEACTABICHO Ppe3yNbTaTH  EKCIEPUMEHTAIBHOIO

JOCTI/DKEHHSI PO3po0JiIeHoi cucTemu, ska Oyna 3acTocoBaHA ISl OI[IHIOBAHHS
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SIKOCT1 JIBOX Cy4acCHHUX BEIMKUX MOBHHX Mozeneit — GPT-4 ta Gemini Flash 2.0. 3a
BU3HAYEHUMHU KPUTEPISIMHU OL[IHKH, OOMJBI MOJIEJ MOKa3ajud BUCOKI Pe3yJbTaTH.
BoHu mpaBuibHO BIAMOBIZATM Ha OLIBINICTH MHUTAaHb, ACMOHCTPYIOUHM DIBEHB,

OJIM3BbKUH 110 JIFOICHKOTO.

GPT-4 xpame norpuMmyBajiacd 3aJaHOTO KOHTEKCTY Ta HajJaBaia Jello
TOYHIImI BiAMOBiAl, Tomi sk Gemini 3a0e3neuyBaja IMIUPIIE OXOIUICHHS

KOHTEKCTHOI 1H(QopMalii Ta HafgaBaia Ok MOBHI BIAMNOBIAL.

VY mijacyMKy, eKCIepUMEHTANIbHI TOCIKEHHS T1ATBEpAUIN ¢(EeKTHUBHICTD 1
THYYKICTb ~ PO3pOOJI€HOT CcUCTEeMH OLiHIOBaHHS. [IpogemMoHCTpoBaHO, 1110
3aMpOTIOHOBAHUIA TPOTOTUIT 37AaT€H IHTErPYyBaTUCS 3 CYYaCHHUMH BEIMKUMU
MOBHHMMH MOJICJISIMH, 3a0e3Meuyroun JeTallbHUM aHaji3 sIKOCTI BIAMOBIACH IS

NOPIBHSHHS MOJIEJIEH 1 BIOCKOHAJIEHHS CUCTEM.



46
4 EKOHOMIYHA YACTHUHA

Jlana HaykoBO-JOoCHiAHA poOOTa NPHUCBAYEHA JOCHIPKCHHIO METOIB
OLIIHIOBaHHS SIKOCTI CyYaCHUX T€HEpaTUBHUX MOJEJEH, 30KpeMa BEIUKHUX MOBHUX
mozeineid (BMM), 1110 akTUBHO 3aCTOCOBYIOTBHCSI B CUCTEMAaX LITYYHOI'O IHTEJIEKTY.
OuiHIOBaHHSL pE3yJbTaTiB TeHepalli € KIYOBUM €TaloM MpH BIPOBAHKECHHI
HOBUX MOJIEJIEH Yy MPaKTUYHY eKCIlTyaraiio. OTpuMaHi pe3ysibTaTd MOXYTh OyTH
BUKOPHUCTaH1 JUIS IOKPAIIEHHS] KOHTPOJIIO SIKOCTI IITYYHO CTBOPEHOTO KOHTEHTY Ta
OiABUILEHHS HaAIMHOCTI TeHepalii y MONIYKOBHX areHtrax Ta uar-Oorax. lLle
3a0e3neyye EeKOHOMIYHY JIOLUIBHICTh BHUKOPUCTAHHA TakuX Mofeled y
OpUKJIAJAHUX 3a/ladaX Ta MIABUILYE €(QEeKTUBHICTb Yy pPoOOTI (axiBuUiB, Kl

[MpanoTh 3 ICHCPATHBHUMHA TEXHOJIOT1SIMH.

VY mpotieci A0CiKEeHHs 0yJio peaaizoBaHO MPOTOTUIT CUCTEMU OI[IHIOBAHHS
SIKOCT1 3r€HEPOBAHUX BIAMOBIJCH Ta MMPOBEACHO CKCIICPUMEHTAIbHI JTOCTIHKCHHS 3
aHanizoM edexruBHocTi momyisipHux BMM Big xommaniii OpenAl Tta Google

DeepMind.

4.1 Po3paxyHok BuTpar Ha BukoHanuss H/[P

Po3paxyHku BUTpaT Ha BUKOHAHHS OakajgaBpChKOi KBami(ikaliiHoi poOoTH
3IACHIOETHCS IUISAXOM CKJIaJaHHS KajbKyJslii komropucHoi Baprocti HJIP Ta

aHai3y BUTPAT 32 HACTYITHUMU CTaTTSIMU BUTPAT:

1. BuUTparu Ha OIUIATY Mparl
BiJ[paxyBaHHS Ha COIlAJIbHI 3aX0/IU
BUTpATH HA MaTepiaiu

BUTPATH HA BUKOPUCTAHHS KOMIT FOTEPHOT TEXHIKH

A

BUTpPaTd HAa BHUKOPUCTAaHHS cHenoOJaJHaHHSA [  HayKOBUX
(eKCIepUMEHTAJIbHUX ) POOIT;
6. 1HII BUTpaTu

7.  HakJaaH1 BUTPATH
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Po3paxyHoK ycix BUTpaT BUKOHYETHCS 3 TOUHICTIO JI0 COTUX (10 KOMIHOK).

4.1.1 Po3paxyHOK BUTPAT HA OILIATY Npaui

Po3paxyHok BuTpar Ha OIUIaTy IMpaii BKJIIOYAaE€ BU3HAYEHHS 3apOoO0iTHOI

IJ1aTy KEPIBHUKA, KOHCYJIBTAHTA Ta CTYACHTA, SKUW BUKOHYE JUIIJIOMHY POOOTY.

Jlist KOKHOi Kareropii BHUKOHABIIIB Ha TMEpPIIOMY €Tami BU3HAYAETHCS
cepenHbofieHHa cTaBKka. CepeAHbOJCHHA CTaBKa BHU3HAUAETHCS SAK YacTKa
MICS'YHOTO OKJIaJy Ta OOCSATY BUKOHAHUX POOIT 32 HACTYITHUMU (OPMYITaMHU:

Cn. = 31'[i/Fp , 4.1)
ne 311, — micsiunuii nocaaoBuil oknana, Fp — boug podouoro yacy (23 nHi).

Butparn Ha omary mpaili BUKOHABIIIB JaHOI pOOOTH BHU3HAYAIOTHCS 32
dbopmyoro:

N
B =n-t-C 4.2
on Z i i 'qi ’ (4.2)
l
7€ 1, — YUCENBbHICTh BHKOHABINB i-01 CIEIIabHOCTI, SKI MPUHAMAIOTh y4acTh B
MPOCKTYBaHHI, OCIJI; ¢, — 4ac, OE3MOCEPEAHBO 3aTpadyeHUl Ha PO3pOOKYy MPOEKTY

KO>KHMM BHUKOHAaBIIEM i-0i CIIECI[IaJIbHOCTI, JIHIB; C,qi — JIGHHa 3apo0iTHA TIaTa i-oi

CHeUl1aJbHOCTI, TPH.

Y Ttabmumi 4.1 HaBenaeHo BUXiAHI JdaHi, SKi OyJ0 BUKOPUCTAHO Jis

NOJAJbIINX PO3paxyHKiB. CaM po3paxyHOK BUTpAT MPEACTABICHO B Ta0. 4.2.

Tabmuis 4.1
BuxinHi nani Ajg po3paxyHKy BUTPAT Ha OIUIATY IMpari
Ne HailiMeHnyBaHHs Ta mocaau . . CepenHboeHHa
Y ) A MicsiyHuil oKnaz, TpH. PEAHBON
n/n BHUKOHABIIIB CTaBKa, TPH.
1 KepiBauk BKP, nornent 23000 1000,00
7 KOHCYJII:TaHT 3 GKOHOMiKI/I, 23000 1000,00
JIOLIEHT
4 CryneHt 2000 86,96
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Tabmuns 4.2
Po3paxyHok BUTpaT Ha oruiaTy mparii
Yac ITorogunna
Ne . ) Butparu Ha
[Tocana BUKOHaBLIB pO3po0KH, 3apo0iTHa
n/m pPO3pOOKY, TPH.
roj 1jiara, rpH.
1 KepiBauk BKP, norent 18,5 125 2312.5
) KoHcynbTaHT 3 EKOHOMIKH, 0,5 125 62.5
JOLICHT
4 CryneHr 180 10,87 1956,60
Pa3zom 4331,60

4.1.2 BigpaxyBaHHs Ha cOUiaJIbHI 32X0IHU

HactynmHuii etan micisi BU3HAYEHHS BUTpAT Ha 3apoOITHY IulaTty — I
OOUHMCIIeHHSI €AMHOTO colfianbHoro BHecky (€CB). Bin HapaxoByeTbcs Ha MOBHY
CyMy 3apoOiTHOI IJIaTH, 30KpeMa Ha OIUIATy Ipalll BCIX YYaCHHUKIB, 3aISHUX Y
peanizaii mMpoekTy. BiAMOBIAHO /10 YMHHOTO 3aKOHOAABCTBA, BiJpaxyBaHHS 10
JIep KaBHUX COIiaJbHUX (DOHIIB 3MIHMCHIOIOTHCS 3a CTaBKOIO 22% BiJ 3arajibHOTO
dboHIy OIIaTH Tpari.

Pozpaxynok €CB nmpoBoauTscs 3a GopMyInoro:

— 22
€CB 100 Bon (4.3)

3a yMOBH, 110 3arajibHi BUTPATU HA OTUIATY Mparli cTaHOBISTH 4331,60 TpH,
CyMa BHECKY Ha COLlIaJIbHE CTpaxyBaHHs JOPIBHIOE:

B€CB = 0,22 - 4331,60 = 952,95 rpH

4.1.3. Po3paxyHOK BUTpPaT HA MaTepiajan

VY miif 4acTHHI PO3MISANAIOTHCS BHUTPATH, IOB’SA3aHI 3 BUKOPUCTAHHIM
MaTtepialiB, HEOOX1THUX I 3aBepiieHHs BukoHaHHs BKP. 3okpema, matoTbes Ha
yBa3l BUTpATH Ha Marepiaiu, sKI BHKOPUCTOBYIOThCA i O(OpMIIEHHS Ta
HiATOTOBKM OCTaTOYHOTO BapiaHTy MNPOEKTY M0 MojmaHHsA Ha 3axuct. [lo 1iel

KaTel“Opﬁ HAJIC’)KAaTb BHUTPATH HA JAPYK IIOBHOI'O TCKCTY pO6OTI/I, BUT'OTOBJICHHA
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TUTYIBHUX apKyIIiB, MIIIMBKY, & TAKOX 1HIIN CyMyTHI BUTpPATHI Marepiajiu, o0

3a0€31e4YyI0Th BIAMOBIHICTh IOKYMEHTAIlli BCTAHOBJICHUM BHUMOTaM.

Po3paxyHok 3araimpbHOi CyMH BUTpar Ha MaTrepiaid 3IIMCHIOEThCS 3a

dbopmyoro:

B,= L H -1 - (1+K,), (4.4)

i=1
ne H; — xiibKicTh ONMHMIL 1-TO BUIy Marepiany; Ll; — miHa 3a OJHy OJWHUIIIO
BiIMOBITHOTO Matepiany; K; — koedillieHT TpaHCHOPTHO-3arOTiBEIBHUX BUTPAT
(mpuiiMaeThes y mexax 0,10-0,12).

[TincyMKOB1 3HAUE€HHS BUTPAT HA Mareplajiy HaBeAeHo y Tadmauui 4.3.

TaOmums 4.3
Po3paxyHOKk BUTpaT Ha OCHOBHI Ta JIOMOMIXH1 Marepiaiu
Ne | HalimenyBaHHs OuHuIS H, 11, Bui, K, 3aranpHa
3/ | (Bum) marepiaiy BUMIpY on. | rpu/on. | rpH (0,10) cyma
1|
1. Hpyx IIT. 90 3 270 27 297
MOHOXPOMHHUH( ]
opMmar A4)
2. Ilanka mia IIT. 1 20 20 2 22
narepis
Pazom 319

4.1.4 Burpary Ha BUKOPMCTAHHS KOMII’IOTEPHOI TeXHIKH

Leli po3aUT OXOIUTIOE BUTPATH, OB’ 13aH1 3 EKCILTyaTall€r0 KOMI FOTEPHOIO
oOnaiHaHHS TPOTATOM YChOTO LUKITY MIJTOTOBKM OaKaiaBpChKOi KBali(ikaiiHol
pobotu. Croau BKIIFOYEHO 3HOC Ta aMOPTH3aLll0 KOMIT IOTEPHOI TEXHIKU, BUTPATU
Ha EJEKTPOCHEPril0, a TaKOK BHUKOPUCTAHHS BIJIMOBITHOTO MPOTPAMHOTO
3abe3reueHHs. BiamoBiIHO 0 pO3paxyHKIB, MPUUHATUX Y PO3PAXyHKOBOMY IIEHTPI1

HamionansHoro yHiBepcutety “JIbBiBChbKa MOMITEXHIKA”, CEPENIHSI BAPTICTh OJHIET
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TOJMHHU POOOTH TMepcoHaNbHOTO KoMl totepa cranaapty IBM PC/ATX craHoBUTH

10,5 rpH.

VY Mexax BUKOHAHHS 11i€1 poOOTH KOMIT I0TepHa TeXHika Oyia 3aisHa IPOTATOM

180 roguHu. 3arajibHi BUTPATH PO3PAXOBYIOTHCA 3a (HOPMYIIOLO:

B..,=T-C.. (4.5)

ne Bkt — 3aranpHa cyMa BUTpar Ha BUKOPUCTAHHS KOMIT FOTEPHOI TEXHIKU, TpH; T
— 3arajibHa KUIbKICTh FOJMH €KCIuTyaTauii, rof; CKT — BapTICTh OJIHI€I TOJUHU

poOOTH KOMIT 10TEpa, TPH/TOI.

[IpoBenenuii po3paxyHoOK MpeIcTaBiIeHO y Ta0nuil 4.4.

Tabnus 4.4
Po3paxyHku BUTpaT Ha BUKOPUCTAHHS KOMIT IOTEPHOI TEXHIKU
Ne | HazsBa eraniB po0iT, Npu BUKOHAHHI1 Yac BUKOpHUCTAHHS Burparu nHa
3/ | SIKHX BUKOPHCTOBYETHCS KOMIT IOTEP KOMII'oTepa BUKOPHCTaHHS
KOMIT I0Tepa, I'PH
JHIB TOIUH
1. | OmnpamtoBaHHs HAYKOBHX JIKEPEN Ta 12 36 378
iH(pOopMaLIHHIHA MOLTYK
2. | Peamnizaris nporoTuiy Ta nepeBipka 12 36 378
(byHKIIOHATY MOozeTeH
3. AHaui3 OTpUMaHUX PE3YNbTaTiB 4 8 84
4. Odopmnenns bKP 12 52 546
Pa3zom 40 132 1326

4.1.5. Po3paxyHok BHTpaT 3a crarrero “Cnemo0JajHaHHA” JJIsi HAYKOBHUX

(ekcmepuMEeHTAJNbHUX) POOIT

VY mporieci peamizaiii eKCepruMeHTaTbHOI YaCTUHU POOOTH OYyII0 BUKOPUCTAHO
IJiaTHl oHJalWH-cepBicM 3 goctynoM a0 APl mpoBimHMX XmapHUX Mojesei
HITYYHOTO 1HTENeKTy, 30kpema Bix OpenAl ta Google. Hamanns npoctymy 1o

posmupeHux  (QyHKIIH TeHeparmBHUX Moxened depe3 APl mosBomumio
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ABTOMAaTU3yBaTH HU3KY OOYHCIIIOBAIBHUX 3aB/laHb, MPUIIBUIIUTH MPOIIEC OIIHKH
Ta 3a0€3MeUnTU BUIY €(PEKTUBHICTh MPOBEACHUX IOCHikeHb. Lle Takox pano
MOKJIUBICTh TECTYBaTH MO B peaJbHOMY 4aci Ta I1HTErpyBaTH iX y TpOIEC

OIIIHKH Ta BUBOJY pe3y/IbTaTIB.

3aranpHi BUTPATH HA BUKOPUCTAHHS CIICIIaII30BAHOTO MTPOTPaMHO-arapaTHOToO

3a0e3meueHHs moaano B Tadmum 4.5
Tabnui 4.5

Pospaxynok ButTpat Ha “CrernobnagHanss’ 11 HAyKOBUX (€KCIIEPUMEHTATbHUX )

pooiIT
Hasga cepsicy/ iHCTpyMeHTa KinbkicTs 3anutiB 3arajapHa CyMa, TPH.
OpenAl (GPT-4 + ada-002
: 4000 415,90
embeddings)
Google (Gemini Flash 2.0) 1000 26,80
Pazom 442,70

4.1.6 Inwi BUTpaTH

[H1I11 BUTpaTH BKJIIOYAIOTH T1 CTATTI, SIKI HE OXOIUTIOIOTHCS OCHOBHUMU ITyHKTaMU
KOLITOPHCY, ajié BUHUKAIOTHh y TMpoleci peamizalii MpoekTy. Y pamkax AaHol
poboTH He 3AIMCHIOBAJIOCh OKpeme mnpuadaHHs ¢GI3UYHOro oOMagHaHHSA abo
JIUEH31MHOro MporpaMHOro 3adesneyeHHs. BpaxoByrouu Iie, BEIWYMHA IHIIUX
BUTpAT YMOBHO IipuiiMaeThcsi Ha piBHI 10% Big cymu 3arajibHUX BUTPAT Ha OILJIATY
mpail 3aiHATUX mpariBHUKIB. OCKUIbKKM OocTaHH1 ctaHoBWiIU 4331,60 rpH, obcsr

IHIIMX BUTPAT CKJIAJAE:

BI =0,1- Bon =0,1-4331,60 = 431,60 rpH

4.1.6 Hakaani BuTparu
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HaknagHi BUTpaTH OXOTUTIOIOTE yC1 HEMPSIM1 BUTPATH, IO CYTPOBOIKYIOTh

OpraHizallilo Ta KOOpJuHaIlii0 poOOTH HaJ MPOEKTOM. Jlo X KaTeropii HajIeKaTh:

1) BUTpaTH Ha yNpaBIIiHHS;
2) 3arajJibHOTOCIIOIaPChK1 BUTPATH;

3) HEeBUPOOHMY1 BUTpPATH.

VY cropoieHoMy BUIVISIAI HakjIaJHI BUTPATH MOXKYTb OOYMCIIIOBAaTHCS 3a
CepeIHIMU HOPMAaTUBaMHU y BIJICOTKOBOMY CITiBBIJIHOIIEHHI JIO 3arajbHOro (OHIY
OIUTaTH TIpalll BCIX TMpaliBHUKIB, 3aJISHUX y BHUKOHAHHI HAyKOBO-IOCJI1THOT
pobotu. 3a3Buyail Takui BIACOTOK BCTAHOBIIOEThCA Yy Mexax 150-200%. VYV
JTAHOMY BHITQJIKy OyJIO MPHUITHATO MIHIMAJIbHO TomycTuMe 3HadeHHs — 150%, 1o

J03BOJISE 3IIUCHUTH 00EpPEXkKHY, ajie OOIPYHTOBAHY OILIIHKY.

Po3paxyHok HakIagHUX BUTPAT MPOBOAUTHCS 32 HOPMYIIOHO:

_ 150 _
BH = Bon " Too = 4331,60 - 1,5 = 6497,40 rpn

4.1.7 KaabKyJsillisi KOIITOPUCHOI BapTOCTi BUKOHAHHSA BKP

VY pe3ynbrari 311HCHEHUX PO3PaxyHKIB 3a BCiMa BIAMOBIAHUMU CTaTTMHU BUTPAT
Oyn0 cOpMOBAHO TMiJICYMKOBY KaJbKYJSIIIIO KOIITOPUCHOI BapTOCTI BUKOHAHHSI

OakanmaBpchbKoi KBajiikaiiitHoi poOOTH. 3Be/IeH1 JaH1 o/IaHO B TabuIll 4.6.

Tabnuus 4.6
OO6uucnenHs komropucHoi BapTocTi bKP

Ne CratTi BUTpaT Cywma BuTpar, rpa
3/n

1. Burparu Ha onnary nparii 4331,60

2. BingpaxyBaHHs Ha collialibHI 3aX0I1 952,95

3. Butparu Ha marepianu 319

4. Butparu Ha BUKOpUCTaHHS KOMII FOTEPHOI TEXHIKU 1326

5. [H111 BUTpaTn 442,70
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6. Po3paxyHok Butpar 3a crarrero “CrenoOnagHanns’” 431.6
7. Haxmanni Butparu 6497,40
Bceboro 14301,25

4.2 Po3paxyHok a0oroBipHoi ninu ta npudytky bKP

JloroBipHa 11iHa BAKOHAHHSI HAYKOBO-J0CIIJHOT pOOOTH BU3HAYAETHCS 3
ypaxyBaHHSM IIOBHOi KOIIITOPHUCHOI BapTOCTI IIPOEKTY, BCTAHOBJICHOTO pPIBHS
peHTa0eNbHOCT] Ta MOTOPKEHUX YMOB CITIBIIpalll MI>K BUKOHABIIEM 1 MOTEHIIITHUM
3aMOBHHUKOM. [Is 1iHa Mae KOMMEHCYBaTH BCl BUTpaTH, MOB’S3aHI 3 peai3aIli€io
JTOCHTIDKeHHS, 1 BOAHOYAC TapaHTyBaTH CKOHOMIUHY  JOIUIBHICTh  JIJIs

CTOPOHHN-BUKOHABIIA.

J71st IbOTO PO3PaxXyHKY OyJI0 MPUMHSTO piBEHb peHTabenbHOCTI y po3Mipi 20%.

®dopmyia po3paxyHKy JIOTOBIPHOI IIIHU Ma€ BUTIISI:
O=K-(1+0,2), (4.6)
ne K — komrropucna Bapticte BukoHaHHs1 BKP, rpH.

BpaxoByrouu nornepeaaso po3paxoBany cymy komropucy (K = 14301,25 rpH),

OCTaTOYHa JOTOBIPHA I1iHA CTAHOBUT:
Il = 14301,25 - 1,20 = 17161, 50 rpu

OuixyBaHuii puOYTOK OOUUCITIOETHCA K PI3HULIA MIXK JTOTOBIPHOIO LIHOIO Ta

MTOBHOIO COO1BApTICTIO:

I[I=101-K=17161,50 — 14301,25 = 2860. 25 rpH

4.3 OuiHka HayKOBOI Ta HAYKOBO-TeXHI4YHOI pe3yabraTuBHOCTI BKP

OuiHka HayKoBOI Ta HAyKOBO-TE€XHIYHOi edexkruBHOCTI s HJIP

IPOBOAMTHCS 32 JOTIOMOTOI0 KOE(iIli€HTIB, K1 O0YHCIIIOIOTHCS 3a (hopmynamu:
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kH.p. = Z (kBH.i ' k,u.i) > (47)
i=1
m
kH-T.p = g: (k3HJ . ka-j) , (4.8)
j=1
ne K,,, K., Ta — BIANOBIIHO, KOE(]IMIEHTH HAyKOBOI Ta HAYKOBO-TEXHIYHOI

pesynbraTuBHOCTI; k,, — KoedimieHT 3HauymocTi (axropa; k, — koedimieHT
JOCATHYTOTO PIBHS pea3anii 1mporo (axkropa. n, m — BIANOBIIHO, KUIBKICTh

(akTOpiB HAYKOBOI Ta HAYKOBO-TEXHIYHOI PE3yJbTaTUBHOCTI.

VYci pe3ynbraté OIIHKH PE3YJIBTaTUBHOCTI 3BOMASITHCS, BIAMOBIAHO, B TaOI.
4.7 1 4.8, Ha OCHOBI JaHHX SIKMX PO3PAXOBYIOTbCS BIANOBIAHI KOE(ILIEHTH

PEe3YJIBTaTUBHOCTI.

Ha ocHOBi momaHux 3Ha4eHb PO3pPaxOBaHO y3aralbHEHI KOe(ilieHTH 3T1IHO

3 hopMyIIamMu:

- KOe(IIIEHT HaYKOBOI Pe3yIbTaTUBHOCTI:

ka = (0,50,7) + (0,35-0,6) + (0,15-0,6) = 0,65
- Koe(ili€eHT HayKOBO-TEXHIYHOI PE3yJIbTaTUBHOCTI:

k.. =(0,50-08) +(0,30-09) + (0,20 - 0,5) = 0,77

H.

Tabnuis 4.7
BubpaHi moka3HUKHU U1 pO3paxyHKy HAyKOBOi pe3yiabraruBHOCTI BKP
dakrop HaykoBoi | Koedirmient SxicTh XapakrepucTuka gaxkropa KoedimieHnT
PEe3yIBTaTUBHOCTI | 3HAYUMOCTI (dhakTopa JIOCSITHYTOTO
thaxropa piBHA
Hosuszna 0,5 Cepennst | [IpoBeaeHO MOPIBHAHHS IBOX 0,7
OTPUMAaHUX YU CY4YaCHHUX T'€HEPaTUBHUX
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MIPOTHO30BaHUX MOJIeNIeH Ta 3alPOIIOHOBAHO
pe3yibTaTiB IHTErpOBaHy CUCTEMY OLIIHKH
st mogenert tumy RAG.
['mubuna 0,35 Cepenns JleTanbHO pO3TISAHYTO 0,6
HAyKOBOT'O KpUTEpil OL[IHIOBaHHA,
OTIpAITIOBAHHS peaxizoBaHO IPOTOTHUIT
cucTemMu, c(hOpMOBaHO
BIIACHUU HAO1p MaHUX AJIS
OLIIHKH, POBEJIEHO CePito
MOPIBHSUTBHUX
€KCIIEPUMEHTIB 3 aHaIl30M
THIIOBUX ITIOMHJIOK MOJCIIEH.
Mipa BiporigHOCTI 0,15 [TomipHa ExcrieppuMeHTanbHa cucrema 0,6
yCHixy YCHIIIHO TPAITIOE 3
JIEKIIbKOMa MOJIEIISIMU,
pe3yJIbTaTH MiATBEPAKYIOTh
JOIIUTBHICTH 0OpPaHOTO
TIXO/TY JUTS IPAKTUIHOTO
BUKOPUCTAHHS.
Tabnuis 4.8
Bubpani noka3HUKH HAyKOBO-TEXHIYHOI PE3yJIbTATUBHOCTI MIPOBEACHOT
BKP
daxkrop Koedimient SxicThb Xapakrtepuctuka akropa | KoedimieHt
HAyKOBO-TEXHIYHOI | 3HAYUMOCTI ¢bakTopa JOCSITHYTOTO
PEe3yIBTaTUBHOCTI (dakropa piBHs
[TepcriekTUBHICTH 0,5 Baxiusa Po3pobmnenuit miaxin MoxxHa 0,8
BUKOPUCTAHHS 3aCTOCOBYBATH JUISI CUCTEM
pe3ynbTaTiB OIIIHIOBaHHS BIJIMOBIJIEH y
MOIIYKOBUX areHTax,
yar-00Tax, OCBITHIX
aTpopMax Ta eKCIepTHUX
CHCTEMAX.
Macrmirad 0,3 lamy3eBuit Cucrtema OLIHKH 0,9
MOKJTUBOT aJIarToBaHa JI0 Pi3HUX
peamizarii MOBHHX MOZEJIEH 1 MOXKeE
pe3ynbTariB MacmTabyBaTHCh y MEXax
MIPOEKTIB 13 BIPOBAKECHHS
LLM y KoprnopaTHBHi Yi
JOCJTITHAIIBKI CepeOBHIIIA.
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3aBepuIeHICTh
OTpUMaHUX
pe3ynbTariB

0,2

JlocTatHs

[ToBHicTIO peasi3oBaHO
MIPOTOTHII, TIPOBETICHO
TECTyBaHHsI, C(POPMOBAHO
METO/IOJIOTIIO OIlIHFOBAHHS,
3aMpONOHOBAHO HAIPSIMU
MOAAJTBIIIOTO PO3BHTKY.

0,5
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BUCHOBOK

VY it po6GOTI MPOBEAEHO MOCTIIKEHHS CyYacHUX IMiJIXOIB /10 OI[IHIOBaHHS
AKOCTI BETMKAX MOBHHMX MOJENeH, 30KpeMa B YMOBaxX BHUKOPUCTaHHS
Retrieval-Augmented Generation (RAG). PozrisinyTO apXITEeKTypy
TpaHC(POPMEPHUX MOjeNeld, OCHOBHI MPOOIEMH T€HEPATUBHUX CHCTEM, a TaKOXK
aKTyaJbHI METPHKH OIIIHKH SKOCTi. AHaJI3 OXOIUIIOE SK KIIACHYHI IIJIXOOH IO
ouintoBanHs (BLEU, ROUGE), Tak 1 cyyacHi IHCTpyMEHTH, 30KpeMa (ppeiiMBOpK
RAGAS, skuil 103BoJiss€ OUTbII TOYHO OLIHIOBATH JOCTOBIPHICTH BIJAINOBIJIEH Y

KOHTEKCTI1 30BHIITHBOT 1HGOpMAIIii.

Bymo po3po6iieH0 MpOTOTHN CHCTEMH aBTOMATUYHOTO OITIHIOBAHHS, IO
MOEJHY€E TEHepallilo BIAMOBIAI 3 TMOMNepeaHIiM mnomykoM iHdopmarii. s
nociikeHHs: Bukopuctano MoBHI Mozeni GPT-4 ta Gemini. ExcnepumeHTH
IPOBOIMIIMCH HA OCHOBI BIACHOTO C(hOPMOBAHOTO JIaTACETy, 110 MICTHB MUTAHHS 3
peanbHOro JokymeHTta. llelt nmaracer oxoruitoe sk (akTH4HI, TaK 1 BIIKPHUTI
3alUTaHHS, [0 JaJ0 3MOTY MEPEeBIPUTH 3AaTHICTh MOJIECTEH MpaIfOBaTH 3 PI3HUMHU
TUTIAMU 3aMUTIB. 3aCTOCOBAHO METPHUKHU, SKI JIO3BOJSIOTH OIIHUTH TOYHICTb,

MOBHOTY Ta BIJMOBIIHICTh BIJINOBIICH HAJaHOMY KOHTEKCTY.

3anponoHOBaHMA MMiJIX1]] MTOKa3aB CBOIO0 €(EKTUBHICTD JIJISi aBTOMATHU30BaHOTO
OLIIHIOBAHHS BIANOBIAEH MOBHHUX Mojeneil. Byno miaTrBepaxeHo, IO CydacHi
CUCTEMHU MOXYTh JEMOHCTPYBAaTH BUCOKUI PIBEHb (PAaKTUYHOI TOYHOCTI 32 YMOBH

HAJIC’)KHOTO HAJIAIOTYBAHHS ITPOLECCY BUTATYBAHHSA KOHTCKCTY.

PesynbraTi MaroTh IPAKTUYHY IIHHICTH 1 MOKYTh OyTH BUKOPHCTaHI B 3a7ja4ax
aHaJi3y BIJIMOBIIEH reHEpaTUBHUX CUCTEM, a TAKOXK Y MOOYI0BI CUCTEM NEPEBIPKHU
AKOCTI KOHTEHTY. 30KpeMa, TaKka CUCTEMA MOYKE CTaTU KOPUCHOIO y cepi OCBITH,
aBTOMaTu3allli JOKyMEHTO00Iry a0o CcTBOpeHHS 1HGOpMAliiHUX areHTIB.
[Topanbui goCaiKEHHS MOXKYTh BKJIIOYATH aJIalTallil0 3alIPOTIOHOBAHOTO M1AXOTY

JI0 MYJIBTUMOJIAILHUX CHCTEM 1 PO3IUPEHHS HAOOPIB JaHWUX ISl T1IBUIICHHS
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HAJIMHOCTI OLIHIOBAaHHA. TakoX TEPCIEKTUBHUM € BIPOBADKEHHS OLIbII
CKJIAJIHUX MOJIEJCH-EKCIIepTIB JUIsl OLIHKUA BIJANOBIACH [JI1 TOKpaIleHHs

pe3yibTaTiB.
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JTOJIATKHA

Honarox 1. ITpomnr mst moxeneit GPT-4 ra Gemini Flash 2.0

PROMPT_TEMPLATE = """<instructions>

You are an expert assistant. Your answer must rely
exclusively on the information provided in the <context>
section. Do not incorporate any external knowledge or
details.

1. Use only the information provided in the <context>
section. If the necessary details are not present, respond
exactly: "I do not see that information in the context."
2. When referring to details in the context, indicate where
the information is found (for example, "as noted in the
context", page 26, etc) if it supports your answer.

3. For questions involving numerical values or any type of
calculations, provide only the final answer without
intermediate calculations. Ensure that all numbers are
accompanied by clear and correct units (e.g., "million" or
"billion") exactly as stated in the context, and
double-check these details for accuracy.

4. Before answering, check the headings from **Table of
contents** or **Table Data** for any additional unit
specifications provided in brackets (for example, "(in
millions)" or "(in billions)"). Use these units exactly as
indicated. For instance, if the heading specifies that
values are "(in millions)", your answer must reflect that
unit.

5. Ensure that your final answer is factually correct and
fully supported by the context. Do not include any extra
commentary, page references, assumptions, inferences, or
external data.

6. Be clear, concise, and accurate in your answer while
maintaining a friendly, professional tone.

7. If the context provides ambiguous or conflicting
information, explicitly state that the information is
ambiguous.

8. Do not speculate or add any information that is not
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explicitly stated in the context. If a detail is missing,
respond with: "I do not see that information in the
context."”

</instructions>

<context>
{context}
</context>

<conversation history>
{chat_history}
</conversation_history>

<question>
{question}
</question>

<answer>

HNonatok 2. Ilepenik TunoBux Q&A naHux JjIs OIIHKU Mojieien

- user_input: "What was Amazon's net sales for 2019?"
expected response: "Amazon's net sales for 2019 were
$280,522 million."

- user_input: "How many employees did Amazon have at the
end of 2019°?"

expected response: "Amazon employed approximately 798,000
full-time and part-time employees as of December 31, 2019."

- user_input: "When was Amazon founded?"
expected_response: "Amazon was founded in 1994."

- user_input: "What was Amazon's net income in 2019?"
expected response: "Amazon's net income in 2019 was
$11,588 million."
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- user_input: "How much did Amazon spend on technology and
content in 2019?"

expected_response: "Amazon spent $35,931 million on
technology and content in 2019."

- user_input: "What was Amazon's total long-term debt at
the end of 2019?"

expected response: "The face value of Amazon's total
long-term debt at the end of 2019 was $23,513 million."

- user_input: "What were Amazon's total operating expenses
in 2019?"

expected _response: "Amazon's total operating expenses in
2019 were $265,981 million."

- user_input: "Which segments contributed most to Amazon's
net sales in 2019?"

expected response: "In 2019, the North America segment
contributed the most to Amazon's net sales, with $170,773
million."

- user_input: "What portion of net sales were from AWS in
2019°"

expected response: "In 2019, AWS accounted for 12% of the
consolidated net sales.™

- user_input: "What are Amazon's primary revenue streams?"

expected response: "Amazon's primary revenue streams
include the sale of a wide range of products and services
to customers. These include merchandise and content
purchased for resale, products offered by third-party
sellers, the manufacture and sale of electronic devices,
and the production of media content. Additionally, Amazon
offers services such as compute, storage, and database
offerings, fulfillment, advertising, publishing, and
digital content subscriptions.”



- user_input: "What was Amazon's net cash provided by
operating activities in 2019?"

expected_response: "The net cash provided by operating
activities for Amazon in 2019 was $38.5 billion."

- user_input: "How much did Amazon spend on marketing in
2019?"

expected_response: "Amazon spent $18,878 million on
marketing in 2019."

- user_input: "What kind of assets does Amazon report as
major?"

expected_response: "Amazon reports major assets include
cash and cash equivalents, marketable securities,
inventories, accounts receivable, property and equipment,
operating leases, goodwill and other assets.”

- user_input: "How much inventory did Amazon carry at the
end of 2019°?"

expected response: "Amazon's inventories were $20,497
million at the end of 2019."

- user_input: "What are Amazon's main long-term
liabilities?"

expected_response: "Amazon's main long-term liabilities
include long-term lease liabilities, long-term debt, and
other long-term liabilitijes.”

- user_input: "How did Amazon's operating income (EBIT)
change from 2018 to 2019?"

expected_response: "Amazon's operating income increased
from $12.4 billion in 2018 to $14.5 billion in 2019."

- user_input: "What was Amazon's net product sales in
2019°"
expected response: "Amazon's net product sales in 2019

64



65

were $160,408 million."

- user_input: "What was Amazon's total interest expense in
2019°"

expected response: "Amazon's total interest expense in
2019 was $1.6 billion."

- user_input: "Which geographic segments does Amazon
typically report in its statements?"

expected response: "AmazAmazon typically reports the
following geographic segments in its statements: North
America, International, and AWS (Amazon Web Services)."

- user_input: "What was Amazon's earnings per share (EPS)
in 2019?"

expected response: "The diluted earnings per share for
Amazon in 2019 was $23.01."

- user_input: "What was Amazon's free cash flow in 2019?"
expected response: "Amazon's free cash flow in 2019 was
$25,825 million."

- user_input: "What were Amazon's capital expenditures in
2019?"

expected response: "Amazon's capital expenditures in 2019
were $16,861 million."

- user_input: "What were Amazon's cash equivalents and
marketable fixed income securities at the end of 2019?"

expected _response: "Amazon's cash equivalents and
marketable fixed income securities at the end of 2019 were
$45,359 million."

- user_input: "How did Amazon's subscription services
perform in 2019?"
expected response: "Amazon's subscription services net
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sales in 2019 were $19,210 million."

- user_input: "What were the primary risks mentioned in
Amazon's 2019 10-K filing?"

expected response: "The primary risks mentioned in
Amazon's 2019 10-K filing include: Intense competition
across various industries and geographies, which could
impact Amazon's business operations and financial results.
Risks related to the company's fulfillment network and
inventory, particularly during periods of high demand,
which could affect cash flow and operating results.
Commercial agreements, strategic alliances, and other
business relationships that may expose Amazon to various
operational risks and affect the company's ability to
maintain and develop these relationships. Risks related to
adequately protecting Amazon's intellectual property rights
and potential accusations of infringing on the intellectual
property rights of third parties. System interruptions and
lack of redundancy, which could make Amazon's websites and
services unavailable or slow, potentially reducing sales
and harming the company's reputation. Significant inventory
risks that could adversely affect Amazon's operating
results due to factors like seasonality, rapid changes in
product cycles, and changes in consumer demand. Legal
proceedings and claims that could result in financial
liabilities and affect the company's reputation and
financial condition.™

- user_input: "What percentage of Amazon's net sales were
generated from international operations in 2019?"

expected response: "The percentage of Amazon's net sales
generated from international operations in 2019 was 27%."

- user_input: "How did subscription services contribute to
Amazon's revenue in 2019?"

expected response: "In 2019, subscription services
contributed $19,210 million to Amazon's revenue."



67

- user_input: "What was the reported growth rate of
Amazon's AWS segment in 2019?"

expected_response: "The reported growth rate of Amazon's
AWS segment in 2019 was 37%."

- user_input: "What was the percentage increase in Amazon's
capital expenditures from 2018 to 2019?"

expected response: "The percentage increase in Amazon's
capital expenditures from 2018 to 2019 was approximately
12.39%."

- user_input: "What percentage of Amazon's total assets was
comprised of cash and cash equivalents in 2019?"

expected response: "The percentage of total assets
comprised of cash and cash equivalents in 2019 is
approximately 16.02%."

- user_input: "What was the impact of currency fluctuations
on Amazon's international revenue in 2019?"

expected response: "The impact of currency fluctuations
on Amazon's international revenue in 2019 was a decrease of
$2.4 billion."

- user_input: "What were the key growth drivers for
Amazon's international segment as described in the 2019
report?"

expected_response: "The key growth drivers for Amazon's
international segment in 2019 were increased unit sales,
driven largely by efforts to reduce prices for customers,
enhanced shipping offers, improved in-stock inventory
availability, and an expanded selection of products.”

- user_input: "What were Amazon's total assets at the end
of 2019°"

expected response: "At the end of 2019, Amazon's total
assets were approximately $225.2 billion."
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- user_input: "What were the main regulatory challenges
mentioned in Amazon's 2019 filing?"

expected_response: "The main regulatory challenges
mentioned in Amazon's 2019 filing include compliance with
the U.S. Foreign Corrupt Practices Act and other applicable
U.S. and foreign laws prohibiting corrupt payments,
restrictions on foreign investment and operation in sectors
like the Internet and retail in China and India, and the
need to meet local ownership and cybersecurity requirements
in these countries. Additionally, there are uncertainties
regarding the interpretation of laws and regulations in
China and India, which could impact Amazon's business
operations and structures in these countries."

- user_input: "What supply chain risks were highlighted in
Amazon's 2019 filing?"

expected _response: "The report identified several supply
chain risks, including potential disruptions in global
supply networks, rising logistics costs, and a reliance on
third-party carriers for fulfillment."

- user_input: "What method does Amazon use to value its
inventories in the 2019 10-K?"

expected_response: "Amazon values its inventories using
the first-in, first-out (FIFO) method and the lower of cost
or net realizable value."

- user_input: "Into which segments does Amazon organize its
operations as disclosed in the 2019 10-K?"

expected response: "The 10-K divides Amazon's operations
into three segments: North America, International, and
Amazon Web Services (AWS)."

- user_input: "How does Amazon manage foreign exchange risk
as noted in the 2019 filing?"
expected response: "Amazon manages foreign exchange risk



by monitoring its foreign-denominated cash, cash
equivalents, and marketable securities, as well as its
intercompany balances denominated in various foreign
currencies. The company assesses potential adverse changes
in foreign exchange rates and estimates the impact these
changes could have on the fair value of its foreign funds
and the losses on its intercompany balances. Additionally,
Amazon includes fluctuations in foreign exchange rates in
its comprehensive income, and these are recorded in
Accumulated other comprehensive income (loss), a separate
component of stockholders' equity. Changes in foreign
exchange rates are also recognized in net income when they
involve equity securities with readily determinable fair
values."

- user_input: "How are operating expenses categorized in
Amazon's 2019 10-K?"

expected response: "Operating expenses in Amazon's 2019
10-K are categorized as follows: Cost of sales: $165,536,
Fulfillment: $40,232, Technology and content: $35,931,
Marketing: $18,878, General and administrative: $5,203,
Other operating expense (income), net: $201, Total
operating expenses amounted to $265,981 million."

- user_input: "How does the 2019 10-K describe Amazon's
approach to legal proceedings?"

expected response: "The 2019 10-K describes Amazon's
approach to legal proceedings by stating that the company
disputes allegations of wrongdoing and intends to defend
itself vigorously in these matters. This approach 1is
reflected in several specific legal cases mentioned, where
Amazon consistently disputes the claims against it and
expresses its intention to vigorously defend itself."
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- user_input: "What are Amazon's core guiding principles as

described in the 2019 10-K?"
expected response: "Amazon's core guiding principles, as
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described in the 2019 10-K, include customer obsession
rather than competitor focus, passion for invention,
commitment to operational excellence, and long-term
thinking."

- user_input: "Who is the CEO of Amazon Web Services as
mentioned in the 2019 10-K?"

expected_response: "The CEO of Amazon Web Services as
mentioned in the 2019 10-K is Andrew R. Jassy."

- user_input: "How many physical Amazon stores were there
as of December 31, 2019?"

expected response: "There were 564 North America and 7
International physical Amazon stores as of December 31,
2019."

- user_input: "What was the total leased square footage of
Amazon's facilities as of December 31, 2019?"

expected response: "Amazon operated approximately 318,171
thousand square feet (about 318 million square feet) of
leased space as of December 31, 2019."

- user_input: "What was the total owned square footage of

Amazon's facilities as of December 31, 2019:?"
expected_response: "The total owned square footage of

Amazon's facilities as of December 31, 2019, was 15,615."

- user_input: "Which acquisition was included in Amazon's
consolidated financial statements starting in 2017?"

expected_response: "The acquisition of Whole Foods
Market, Inc., completed on August 28, 2017, was included in
Amazon's consolidated financial statements."

- user_input: "What is the address of Amazon's principal
executive offices as provided in the 2019 10-K?"

expected response: "Amazon's principal executive offices
address is 410 Terry Avenue North, Seattle, Washington
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98109-5210."

- user_input: "On which stock exchange is Amazon's common
stock traded, and what is its trading symbol?"

expected response: "Amazon's common stock is traded on
the Nasdaq Global Select Market under the symbol 'AMZN.'"

- user_input: "How many shareholders of record did Amazon
have as of January 22, 2020, according to the 2019 10-K?"
expected_response: "As of January 22, 2020, Amazon had

3,169 shareholders of record of their common stock."

- user_input: "What was the aggregate market value of
voting stock held by non-affiliates as of June 30, 2019°"

expected response: "The aggregate market value of voting
stock held by non-affiliates was approximately $786.3
billion as of June 30, 2019."

- user_input: "What percentage of Amazon's annual revenue

was recognized in the fourth quarter of 2019?"
expected_response: "Approximately 31% of Amazon's annual

revenue was recoghized during the fourth quarter of 2019."

- user_input: "What are some of the electronic devices that
Amazon manufactures and sells, as mentioned in the 2019
1o0-K?"

expected response: "Amazon manufactures and sells devices
such as the Kindle, Fire tablet, Fire TV, Echo, and Ring."

- user_input: "What is Amazon's investor relations website
as noted in the 2019 10-K?"

expected_response: "Amazon's investor relations website
is amazon.com/ir."
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