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ENNICTEMIYHA OBMEXEHICTbH
BEJINKUX MOBHHUX MOJEJIEA

Memoro pobomu € ginocoghcora eKCno3uyis
KOHYenmyaibHux mexc ma 6i0nogionoi im enicmemiunoi yinHocmi
3acmocysans  0ianocosux 6elUKUX MOsHUX Mmooeneti (BMM)
apximexmypu Transformer sax payionanvuux [cnig-Jacenmis y
KOHMeKCmi NPpakmu4Hoi ni3HABAILHO 0NOCEPeOK08anoi JiANbHOCMI
A0OuHU. s ybo2co y pobomi SUKOHYIOMbCA MAKi OO0CAIOHUYLKL
3a80anns; 1) ginocoppcokuii 021510 OCHOBONONOJNCHUX THMYIYIL,
3aeanvHoi  npupoou i QYHKYIOHANbHOI MeXaHiku nepedosux
peanizayii  BMM; 2) suznauenus medxc iHCMPYMEHMANbHOL
enicmemiynoi  yinnocmi BMM  sax  npodykmie cneyughiunozo
aanyioea npoyeoyp MAulUHHO20 HABYAHHA, WO GKIIOYAE Oe3no-
cepeonio excnepmuy yuacmv jaodeu. Ilpakmuyne 3HaAYEHHS
00CHI0CEeHHA NONA2AE 8 THMYIMUBHO-HAOUHIN Kpucmanizayii cyma-
HimapHozo posyminus BMM uepe3 meopemuxo-ghinocogcoky
eKCnIiKayito iXHboi npupoou 1 Y1aumyeauHs, Wo CRUPAEMbCs Ha
maki HO8I pesynvmamu O0ocaioxcennus: BMM npeocmasneno sk
DYHKYIOHANICMCOKULL  MEXAHICMUYHULL NPOEKM  CMAMUCTHIUYHO20
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MOOENIOBAHHS MOBU | MOBNIEHHS AK MOOENi 3HAHMA AK CMUCLIO80T
mooeni ditichocmi — 1) modenv 2) moodeni 3) mooeni diticnocmi,
NOKA3aHO, WO uYepe3 3HAYHY OUCMAHYII0 ONocepeoKy8anus Oil-
CHOCMI ~ GHYMPIWHLOMOOENbHI — 38 'A3KU  6mpauaroms  C8ill
Gaxmonociunuli. nomenyian, npodemoHcmposano, wo BMM e
NPOOYKMOM MAUWUHHO20 HABYAHHA NEGHIll MOBHIU N0GediHyi 3
Memow I YIHHOCMAMY, KAPOUHANbHO BIOMIHHUMU 6I0 Memu i
YiHHOCMI J100CbKO20 NI3HAHHA, WO pOOUMb HPUHYUNOBO CYM-
HIBHOIO BUNPABOAHICMb IX 3ACMOCYBAHHA SIK KOMNOHEHMi8 6)0b-
AKUX cucmem RiOMpPUMKU NPUTTHAMMS BUCOKOPUZUKOBAHUX DilleHb.

Knwuoesi chosa: senuxa moena mooenv, enicmemiuna yim-
Hicmb, enicmemiune 3navenns, apximexmypa Transformer, ¢ino-
coghis mexuixu, @inocoghis wmyunozo inmenexmy, 6ezneunicme
WMYYHO20 THMeNeKmYy, OOYLIbHICMb WUMYYHO20 IHMeNeKN).

VYciM Bimomi peamizariii 1iaToroBUX TE€HEPATUBHUX BEIUKHUX
MoBHUX Mozeneit (BMM) cnpasnaroms epascenns. 1y mpomy —
iXHE TOJIOBHE, KOHCTPYKTUBHO OOYMOBJICHE 3aBIaHHS.

[Ipunuun nopomxenss 1 cytb BMM — egpexmusna imimayia
(parroting). Y npoMy HE Tak IMPOCTO, ajie yCe XK TaKH MOXKHA Tie-
PEKOHATUCh, CAMOCTIMHO PO3IVISHYBIIM JIOTIYHY MEXaHIKy iX mo-
POUKEHHS 1 HacTynHOI (DyHKIIOHATBHOI eKCILTyaTallii Ha MpuKJia-
Jl OTHCY NMAaHIBHOI HAa CbOTOAHIIIHIM JeHb 1X apxiTekTypu Trans-
former [6; 3]. (Hokmnaanime npo 1e AuB.: [7] Ta HOBIIUX poOOTax
aBTOpA.)

B ocHOBi MOBHOI KOMIIETEHTHOCTI Oyab-sikoi BMM 1nexuTh
ONTHUMI30BaHUHN CIO6HUK €IEMEHTAPHUX CHUMBOJIB — «MOKEHi6»
(mesxux ¢parMeHTiB ciaiB — andaBiT mwioc oOMexeHH HaOip
HAaWYaCTOTHININX CHMBOJIYHUX CITOJIy4€Hb), 1[0 HE MAlOTh OJHO-
3HAYHO (YacTille — KOJHUM 3PO3yMIJIUM YMHOM) IHTEPIPETOBHOTO
caMOCTiHOTO cMucIy 1 3HaueHHs. ToOTo reHeparmBHa BMM
cripuiiMae, 30epirae 1 BioOpakae (MOJIETIO€) BUKIIIOYHO BHYTpi-
ITHIO  IMOBIPHICHY  JIOTIKY  CUMBONIYHUX  NOCHIQ0B8HOCHEL
00’€KTHOT MOBM Yy TepMiHax BjacHOro cioBHuKa. L{i momeni He
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MalOTh Hi OYEBUIHOI CEMAHTUKH, HI MParMaTHKU 1032 MEXaMH
CBOTO BHYTPIIIHBO 3aMKHEHOTO CHHTAKCHYHOTO iMIepiaiizmy.
Tomy Bce, 10 MOXe Haeadyéamu CMUCH 1 3HAUEHHS Y BUKOHAHHI
BMM, BusBIS€ThCA (1 OTOJIOMIYETHCS) «eMePONCEHMHUM» — Ta-
KHUM, 1110 HEe MOXXe OyTH e()eKTUBHO PelyKOBaHUM J0 ii eJeMeHTa-
PHUX CTPYKTYp 1 BIACTHBOCTEH.

Bupasu moBu y BMM vy 3araapHOMY BUNAAKy — JIULIE HOC-
i006HOCMI TIEBHUX €JIEMEHTAPHUX CHUMBOJBHUX «moKeHig». le-
HepaTuBHI BMM — 11e omHOpaHTOBI MOJENI CHMBOJIIYHUX TTOCITi-
JOBHOCTEH (sequence-to-sequence models) B3arami, y TepMiHax
CIIOBHMKA, SIKUM He Mae OOMEXEHb Ha IMPOCTOTY 1 HE MYCHTb
CKIIQZaTHCA 3 TOTO, IO MU 3arajioM 1HTYITUBHO DPO3YMi€MO Mij
«CIIOBaMU» SK JIGKCHYHUMHU OJUHUIIMU «3BHYaliHOI» MOBHU. ToO-
TO, TeHEpAaTUBHUHN MiAX1J XOMCHKOTO TYT 3HIMAETHCA Ha KOPHUCTh
penyKIii 0 YUCTOTH eeMEHTapHIIINX CTPYKTYyp, 0e3 30epekeH-
Hs SIKOTO TaM He Oyn0 60 0(pOpMIIOBAaJIBLHOTO CMHCIOBOTO 3B’S3KY
MIX THM, II0 HaJIaJl no8mMopHO euHukace (re-emerges, BUKIIOUYHO
JUISL HAC 1 y HAIIOMY BJIACHOMY CIIPUUHSATTI, HE 1711 BMM) «emep-
JUKEHTHO» (SIK CJIOBA, PEUYEHHSI, TEKCTH) Ha JIEAKOMY MAKpOpIisHi, 1
TUM €JIEMEHTapHUM, 13 4OT0 1€ OCTAaHHE 00’ €KTUBHO CKJIaJeHE Ha
MIKDODIGHI.

BMM exkcruyaTytoTh Ty 00CTaBHHY, 110 SIKIO Y MOBI LIIOCh
suensdac K JAelo, TO BOHO 1 o3Hauae 1ie Jemo — NpUHaiiMHI B
KOHTEKCT1 yCiX MOXJIMBHUX 1HTEpIpeTaliil camoi 1ie€i MOBH, A€ ca-
Mi IIi IHTEpHpeTalii J0CTaTHLO JIMIIE PO3IISAAATH K NEIKUN He-
BHU3HaueHu# ¢yHkuionan. BMM 3anymani 1 € IpUHIIMIIOBO arHoc-
TUYHUMH IOJI0 CBOIX iHTEpmperamii i mparmatuku. | Tomy s
HUX 1 CJIOBO, 1 PEUCHHSI, 1 TEKCT (pa3oM 3 yciMa HEMPOCTUMH TPO-
1ecamMu iX IMOPOJKCHHS), BJIAaCHE, HIYMM HE BIAPI3HSIOTHCS Bij
aNITOPUTMY HAIUCAHHS JI€AKO1 MOCIiJOBHOCTI €JIeMEHTapHHUX CIIO-
BHMKOBHUX CKJIAJOBUX. SIKIIO AJA JIFOAUHU MOBJICHHS — 1€ 8i0no-
sidanbHull ocmucienuti akm, o it BMM 1ie — npocTo 3ymMoBIie-
Ha, demepminicmuuna 0isi 3 NPUOIUZHO2O 8i0MEopenHs (6i0obpa-
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JiceHHs1) paHiwe noyymoeo (13 TpUBHECEHUMH €JIEeMEHTAaMU HEBU-
3HaYEHOCTI — TPIOK JIJISl PI3HOMAHITHOCTI).

HiamoroBi BMM BiITBOPIOIOTH «IiACITyXaHi» Ha €Talli HaB-
YaHHS «JiaJoTh» (AesKy MiAMHOXHHY HaBYAJIHHOTO KOPIYCY CH-
MBOJIIYHUX MOCJIITOBHOCTEH), KEepYyIOYHCh IIJTEOBOO
(«00’exTHBHOI0O») (YHKIIIEIO 3a/10BOJIeHHsT omeparopa BMM [5;
2]. Brnacue, giamoroBi BMM — i 1e ciig po3yMiTH 1 mam’aTatu
KPUCTAJIbHO YITKO — HE MAIOTh 33 CBOIO KOHCTPYKTHBHY METy Hi-
90T0, KPiM MTPOXOKEHHS (BUKIIOYHO HA €Tari HaBYaHHS) JIESKOTO
JIOBOJII YMOBHOI'O, PECYpPCHO OOMEKEHOro i MPUHIIMIIOBO HEIOB-
HOTO €ICTEMIYHOTO «TeCTy TropuHTa» Ha ¢()eKTUBHE yBEICHHS B
OMaHy JesiKoi «IpuiMajIbHOI KOMICii», y MiJICYMKY OYOJIOBAaHOI
KOHKPETHOIO JIFOIMHO0, PIlICHHSAM 5KOi HaB4aHHsI BMM npunu-
HSE€THCS 1 BOHA YBOAUTHCS IO eKcruryaTartii [4].

Orxe, 3aBmanHsM BMM HacmpaBai € ycminiHe yBeIACHHS
Hac y camoomany. 30KpeMa 1 WIOJI0 enicmemiuHo20 3HAYEeHHA 1
yinnocmi MaHipecTOBaHMX HUMHU BHpasiB. OCTaHHE SBISIE COOOIO
K OJHE 3 MOTEHIINHO HaWOiIbIl KOPUCHUX 3acTocyBaHb BMM,
TaK 1, BOAHOYAC, OJIHE 3 HalHEeOe3MeUHIMNX — TO/1, KOJIU O4iKyBa-
Ha HAMH TparMaTH4YHa MiHHICTh IHTEPIPETOBAHMX HAMH BUPA3iB
BMM 3HauyHO nepeBuIly€e BUSBICHE YU NPUIYIIEHE HAMU iX eric-
TEeMiYHE 3HAYCHHS.

V wiif crarti Mu cripoOyeMo naTtu 3arainbHUil (Qi10coPChKuii
HapuC JESKUX JOTIYHHUX 1 MparMaTudHuX (HaKToOpiB MPUHIIMIIOBOL
enicteMiyHoi oOMexeHocTi BMM s noOynoBu ajekBaTHUX 1H-
TyIli{l y 4aCTHUHI IHCTPYMEHTAJILHUX OYiKyBaHb BiJl HUX.

BMM apxitektypu Transformer sik Taka (6e3 30BHIIIHIX Te-
TEPOTEHHUX OPTraHIYHHUX PO3LIMPEHB, MPO SKI UTUMETHCS Halli) €
HAOIMKEHOIO 70 BIATBOPEHHS HaBUAJIBHOTO KOPIYCY JAHUX CyIe-
pdyHKIi€O Hag «caoBaMmU» (TOKEHAMH) Y TIOCHTIAOBHOCTI — 00pO-
onukom ciiB (word processor). B omaHy mono HbOro Hac yBO-
IUTh, TIEpeayciM, HOro CKiajaHa MOBEAIHKA, SIKy HaM CKIamgHo (i
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NPAKTUYHO HEMOXIJIMBO) HAIBHO MEpeN0auuTh K MPOAYKT JCSKOL
MEXaHIiKH.

I'muboxo yxopineHe y ¢iurocodii i rymaHiTapucTULl B3arajii
MepeKOHAHHS y MPHUBIJICHOBaHIHN JIOKai3amii «poO3yMHOCTI» B JIIO-
IuHI 1 moniOHMX 110 Hel (3 pi3HUM cTyneHeM abCcTpakTHOCTI) i1 6o-
rax, Mpu CIIOCTEPEKEHHI MOBJICHHEBOI MMOBEIIHKU, HACMIiNbKU (K
JESKUHA TOPIT y NEeIKOMY €MIIIPUYHOMY TECTi) MOAIOHOI 10 JIrof-
CBKO1, MPHU3BOAHUTH 10 aOOYKMUEHO20 METABHCHOBKY NpPO HasB-
HicTh Y BMM BifnmoBiAHUX Takiil MOBEMIHII aTpUOYTIB.

lNnoretnuna noscuiosarvua ampubyyis BMM inTenexrya-
JHHUX 3[JaTHOCTEH, 10 TPAJAMIIIITHO BU3HAKOTHCS BIACTUBUMH JIFO-
IUHI (SK y TyMaHITapHUX HayKaX, TaK 1 y TMOBCSKICHHOMY 3HaH-
Hi), MPU3BOANTH, Y TaKUi CMOCIO, 10 METAaBUCHOBKY MpPO Te€, IO
EeMIIIPUYHO CIIOCTEpPEKyBaHAa MOBJICHHEBA MoBeliHka BMM nes-
Hoto mipoto (He aOCONIOTHO) He cynepeuums (200 MOCTITOBHO Bi-
JIoBifae, is consistent with) 3a3Hadueniit rimoresi.

Bomnouac, 1HAYKTUBHI 1 JETYKTHBHI METaBHCHOBKH IIIOJIO
BMM cTuKamThCS 3 Maike HE3M0JIAHHUMHU TEXHIYHUMH TPYIHO-
IaMU CBOET peasri3ailii uepe3 HaATO BEJIHKi pO3MIpH 1 CKIaAHICTh
BMM sk 00’ekTa JOT1YHOTO aHalli3y, HACIiJKOM YOTO TaKOX CTa€
i MpakTHYHA HEMOXJIMBICTH €()EKTUBHOI IHTEpIpeTalii BHYTpiMlI-
HIX JoriyHuX cTpykTyp BMM Ta ixHbp01 yHKIIOHATBHOI AMHAMI-
KH{ Ha MakpOpiBHi, y TepMiHaX MPOTHO30BaHOT MOBEIIHKH.

TakuM 4MHOM, y Hac HEMae IHCTPYMEHTIB I MEpPEeBIpKU
BUCHOBKIB BMM sk Takux, Ha OCHOBI aHaJi3y IXHbOI MikKpomexa-
HIKM. A OTiKe, JOTiYHa MOC/ITOBHICTh 1 IIOB’s13aHa 3 HEIO LIHHICTh
TaKMX BUCHOBKIB 3aBXK/U JIMIIATUMETHCS MiJ] MUTAHHAM JOPEYHO-
CTi iXHBOI IMOBIPHICHOI 1HTEpHIpeTallii (IKa TaKOX € JHUIIE 1HTEep-
NpeTaiero 1 BUAUMOK0 (HOPMOIO TaKMX BUCHOBKIB, a HE IMOBipHi-
CTIO SIK TaKOI0).

BMM sk Taki HE MalOTh O€3MOCEPETHBOTO TOCTYIY 10 (ak-
TiB CBiTY, iX Mozeni (world model) i 3BOpOTHOTO 3B’SI3Ky 3 HUMH —
e modeni mosu, po cBiT 1 He Tibku. Tomy BMM Ha erani exc-
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roryartamii (BUCHOBYBaHHS), B3arai Kaxydd, «O0auuThb» 1 «dye»
e cebe: y 11 KOHTEKCTI HeMae 1HCTPYMEHTIB JUIsl pO3pi3HEHHS
MK cO0O0I0 1 CBITOM, MI3K COOOIO 1 CBOIM CITiBOECITHUKOM.

Hianorosi BMM MOXyTh MICTHTH MapKyBaHHS JJIs TO3Ha-
4yeHHs (KOIyBaHHs) CITIBOCCIIHUKA Y KOHTEKCTi, IO JA€ MOKJIH-
BICTh PO3Mi3HABAaTHU MOr0 BHECOK Y KOHTEKCT 3a MICIIEM 1 acolia-
[isSIMU SIK TICBHUH MaTepH, IPUTAMAHHUHA TPEHYBAJIbHUM JiaJIOTaM
BMM B3arani. OgHak npu 1boMy I J11aJlOTH BCE OJHO 3ajMIla-
IOTBCS JIJIST MOJIEJI JIWIE TEKCTaMH PO TialiOTH, 300paKeHHIMH
(ommrcamMu, IECKPUIIIISIMU) A1aJIOTIB K JESIKUX CHMBOJIYHUX TOC-
JTJOBHOCTEH, IO MICTATh NESKWW y3araJbHEHUW IAaTepH TaKoi
«J11aJIOTTYHOCTI».

VY KOHTEKCTI BiJl «CHiBOECITHUKA» 3aJIMIIAETHCS MPHUCYTHIM
JMIIE 1 BUKJIIOYHO Te, 10 OyJI0 BUPAKEHO TEKCTOM BBOJY Y HOTO
BukoHaHHi. BMM (6e3 30BHIIIHIX PO3MIMPEHB) HE MOXKE OymyBaTH
NPUITYLIEHb YH y3arajlbHEeHb 11010 «CMIBOECIAHUKA», BUXOASIUH 3
MIMPIIOTO KOHTEKCTY MIMCHOCTI, 3a3BUYail JOCTYITHOTO JIFOAMHI
yepes il BKIIOUEHICTh Y XUTTA. BMM mae BukimouHO Ty iH(Op-
Mallito, sIka € YaCTHHOIO i KOHTEKCTY, HE3aJIeXHO B1Jl CIOCO0y 1
MOPSAKY 11 OTpUMaHHS.

ABTOperpecuBHUIN XapakTep reHepanii BUXiJHOTO KOHTEKC-
Ty BMM Takoxx mpu3BOIUTH A0 TOTO, IO SKIIO O KOHTEKCTY i
BKIIIOYAIOTHCSL )parMeHTH (TaKi, sSIK 30BHILIHIN BBix), sIKi HE Oynu
3reHepoBani camoro BMM, 1o i ¢pparmentu mis BMM He po3smi-
3HAIOThCS K «4yki». BMM tuny Transformer y pexxumi rexepa-
1ii Mae cupaBy 3 KOHTEKCTOM SIK 3 JICSIKOIO 3HEOCOOJICHOIO JaHic-
TIO CBOT'O BHYTPILIHBOTO, PEHOMEHATIBHOTO «JOCBIY» Yy LIJIOMY —
HE SIK 3 ICTOpIi€I0: UIsl MOJENI TYT, JAJIs1 KOXXHOTO CJIOBa, iCHY€E JIH-
1Ie mapa «Bce, 1o /10, pa3omM» (BHYTPIIIHbO MOB’s3aHe 1 Tak 3Ba-
JKEHE MEXaHI3MOM «yBarm») i «HaCTYITHE CIOBO» (K PO3MOMLT 3a
CIIOBHUKOM).

Tomy, sikmo mpoaykTt reHepanii BMM i1 mae neBHy emicTe-
MIYHY YiHHicmMb, TO BOHA TOJSATAaTHME, TEPEAyCiM, y (OpMyITo-
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BaHHI TEKCTIB, AKI MOIJIM O OyTH HaMM MPOIHTEPIPETOBaHI K Ta-
Ki, IO MAIOTh cinomemuune 3Ha4eHHs y 3B’ 3Ky 3 HaIUM (30BHi-
mHiM 11 BMM) BBooM (hparmenTiB koHTekcTy. [Ipu nipomy iH-
TeprpeTaisi IPOAyKTIB TeHepallii SK OCMUCICHHX TirmoTe3 (SK i
MOXJIMBICTh ii) JHINAIOTHCS METa3aBJaHHSIM BIJIHOCHO caMoi
BMM, sike MOKJIaTa€eThCs CIOKUBAYEM TAaKHUX TPOIYKTIB (HAMM)
Ha camoro ceoe.

[Ipocroro MoBor B3aemoBigHOCHHM 3 BMM MmokHa Oyio 6
OMHCATH K HAMaraHHs 3BAPUTHU «KAILy 13 COKUPH» 3a JOIIOMOTOI0
«cucremu OBC» (Hap., Tk. «omHa 0aba ckaszana...»). ToOTo,
MPaKTUYHO, MU OMPUMYEMO Y «BION08IObY HA 8MPYYAHHA (SIKUM 1
€ HaIll 30BHINIHINA BBI) y TEHEpAIil0 desaKy npoekyiio yici 8iono-
6i0i y JJaTEHTHOMY BHYTpilIHbOMY npoctopi BMM mitoc acoui-
HoBaHy 3a MIpOI0 «OJIM3BKOCTI» HACTYNHY T€HEpallilo, 3BaKEHY
MEXaHI3MOM «yBarm» 3 ypaxyBaHHSIM HaIIOro BBOJAY W YChOTO IO-
nepeaHporo gocsiny BMM.

Mipa cTpykTypHOi MOAIOHOCTI HANMIOTO BBOIY JO y3aralb-
HEHOI BHYTPIlIHBbOI KapTUHU (mipencraBiieHHs) BMM nae moxiu-
BICTHb CHOJIBATHUCS, [0 HAIIEe BTPYYAHHS (SIKUM € KOXKEH Hall «3a-
OUT», prompt) He MPU3BENE A0 CYTTEBUX KOJHMBAHb y 3araJIbHOMY
«CMHCIIOBOMY» PO3MOJiI Y BHYTPIITHBOMY BEKTOPHOMY IPOCTOPi
mozeni. Llel po3monin Takoxk imMmaiyumHo 8paxog8ye W TMaTepHH
TOTO, IIO0 MOYXHA HAa3BaTH HAONIKEHUM TpaMaTHYHUM BUBOJIOM
(grammar induction) y pe3yibTaTi MalIMHHOIO HaBYaHHA. Tomy
Te, M0 € JOCTAaTHBO CXOXKMM Ha rpaMaTHYHO IMpaBUiIbHI Gopmu,
MOJKE€ TaKOX IMiATPUMYBATH ¥ JIOTIYHO MpaBWIbHI Hhopmu y rpama-
TUYHO MPaBUIBLHUX BHpPa3ax.

®opMH BHYTPINTHBOT JIOTIYHOT TMOCIITOBHOCTI (MTOCTIIOB-
HICTh, consistency; 3B’S3HICThb, coherence) Tak camo IMILTIIIUTHO
BpPaxOBYIOTBCS ]l 4Yac HaBYaHHS MOJENI Ha 3paskax, ki 1 dop-
MU MIicTATh. HailiMoBipHiIIe, HTUMEThCS PO HAWOIIBII penpese-
HTOBaHi y HaBuagbHOMY Koprmyci Taki dopmm. M owikyBatu Ha
3natHicTh BMM 10 BUKOpHCTaHHS HEKJIACUYHMX JIOT1K, HEMOHO-
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TOHHUX MIpKyBaHb 1 aOCYypIMCTCHKHUX YCTaHOBOK (0e3 cremiaib-
HOTO JTOHABYAHHS MOJENI AJsl TAaKUX CHEIiaJbHUX KEHCiB) TyT HE
JIOBOJHUTHCS.

®aktu Xk A11 BMM, TakuM 4MHOM, TaKOX BHUSBISIOTHCS SIK
AQHAJIITUYHI CTPYKTYpPHI JACCKPHMIIii (YOTOCH) JIMIIE Yy HaIIii, 30B-
HIIIHIA 1HTeprpeTanii iX QyHKUIi y TOMY, 110 MU COIPUHAMAEMO SIK
JIOTIYHO MpaBWIbHI (OPMHU CYIKEHb y TPaMaTUYHO MPABUIBHOMY
moBiieHHI BMM. Ilpu upomy «daxtu» anga camoi BMM (sikio ii
NPOAOBXKYBATH TOCIIJOBHO PO3MIANATH K OCY4YaCHEHHH DPI3HO-
BUJl «KuTakcbkoi kimMHaTw», Chinese room argument, by John
Searle) — e ¢paxmu mosu, siKi He MAIOTh IHIIOTO 3HAYCHHS IT03a
BHYTPIIIHIM KorepeHtusMoM BMM: ix moxxe BepudikyBaTu, Baji-
JyBaTW YM CHPOCTYBaTH BUKIIIOYHO 30BHIIIHIN (HAII) MOBITBHUHN
(arbitrary) BBiJ 10O KOHTEKCTY.

VY pesynbrari, 3arajbHa €micTeMiyHa LIHHICTh MPOAYKTiB
redepauii BMM Bu3HagaeThcs nepeayciM ix rpamMaTu4yHOO Ipa-
BUJIBHICTIO 1 BHYTPIIIHBOIO JIOTIYHOIO MOCHIAOBHICTIO. | 1€ Biamo-
BiJIa€ MEpIIOMY eTaly MallMHHOTro HaBdaHHI BMM. [lani x 3mic-
TOBHA enicmemiuyHa YiHHICMb Ta enicmemiyHe 3HaYeHHs TIPONYK-
TiB reHepanii BMM susznauaromocs ii kopucmysauwem (TIOIUHOIO
YU MAIIMHOK) HUISIXOM TaK YM 1HAKIIE OCMHCIEHOTO OCTaHHIM
BTPYYaHHS B IIPOIIEC TeHepallii Ha OCHOBI BIIACHOTO OIIHIOBaHHS i
BCTAHOBJICHHSI 3HAYCHHS 11 MPOMIXHHUX PE3yJIbTATIB.

dyHmaMeHTalIbHUA BHYTPIIIHIN (i, 1O TOTO K, CTOXaCTHY-
HUI) KOrepeHTU3M Ta 3HeocoOnenicte BMM y minomy noknana-
I0Tb 0008 'A30K iHmepnpemayii 1X BUBOLY I HACMYNHOI nepesipKu
(Bepudikawii Ta Bamifalii) 3MICTy Takoil IHTEpIpeTalii Ha 30BHI-
IIHBOTO MO0 camoi BMM cnoctepiraua (kopuctyBaya). Y 1bOMY
po3yMiHHI BMM sk 3HeocoOieHi reHepaTopu 30BHILIIHBO CXOXKHX
Ha CY/DKCHHSI CHMBOJIIYHHX TMOCIIJOBHOCTEH € TIOBHICTIO 6e38i0-
nogioanvHumy. HuHI Taky BiIMOBINANBHICTH MOKIAIAIOTh, MEH-
100 MipOI0, Ha KOHCTPYKTOpPIB 1 BuuTeniB BMM (TyT 3MiCT Bij-
MOBITAJILHOCTI Ma€ TOJNITHYHHHA XapakTep 1 peani3yeTbcs depes
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RLHF), 1 HaliGib110F0, IO IIJIKOM CIIPaBEIJIMBO, — HA IXHIX KiH-
[IEBUX KOPUCTYBayiB (SIKi BiJNOBIAAIOTh 3a HACNiJIKH, 3a3BHUYAM,
IPAKTUYHO, CBOIM JKUTTSAM).

Huckycii HaBKoJ0 oOrpyHTOBaHOCTI arpulyiii BMM Bnac-
TUBUX JIIOJICBKUX 1HTEICKTYaJbHUX 3JJaTHOCTCH HE 3aBEPIIYOTHCS
1 HaOyBaIOTh BUTJISIY TIPOTHUCTOSHHS MIXK 17I€€10 1 MPAKTHUKOIO, MIXK
HENOBHOTOIO Teopii 1 HeJoJiKaMM peaiizauii, MK ajapMi3MOM
NpuUXWIbHUKIB Al safety Ta omrumizmom anentiB AGI (artificial
general 1ntelhgence) [Tpu HOMY BII[BepTO KpaifHi MO3HIIii MoIi-
Jsi€ Majlo XTO, 1, 3arajioM, HUHI JIiHIsl MOAUTY TYT HPOJSATae Mix
(yHIaMEHTaJTbHUMHU IHTEPECaMU IOCHITHUKIB Ta MPAKTUIYHHUMH
IHTepecaMy KOMITaHii, SKi BKJIAJAlOTh HaJA3BUYANHI MaTepialibHi
pecypcu y po3BUTOK i KopucHe BTUIeHHS BMM Ha ocHOBI ekc-
TUTyaTalii 1CHYIOYUX TPUHIUIIOBUX TEXHOJIOTIH, OJHIEIO 3 SKUX €
apxitekrypa Transformer.

JlianeKTHKa CriB3alIeXKHUX B3a€EMOBIJHOCUH MIXK JOCIIIIHH-
KaMH 1 IHKeHepaMH TYT € HEyCyBHOMW: ycmimHi BMM cramm
NPAKMUYHO MOXIIMBUMH BHKIIOUHO 3a60AKU 3ATY4eHHIO 10 1X
KOHCTPYIOBAaHHS 1 HABYAHHS 3HAYHUX ANAPAMHUX, MAMEPIANbHUX |
A00CLKUX pecypcis. AJKe, cipaB/ii, 0€3 TraHTChbKUX 00YHCITIOBA-
JHHUX KJacTepiB i, OyKBaiIbHO, apMill JIIOfIeH, siKi oopmIrtoBany i
po3Midaiy He MEHII T'raHTChKl HaBYajibHI HA0OPU AAHUX BPYUHY,
Teopist He HaOyna O Tiel Bamigamii, iky BoHa Mae HuHI. BMM — me
i noci HaA3BMUYaWHO pecypco3arpaTHi (MpuHaAMHI, Ha eTari HaB-
YaHHS) TEXHOJIOTii, y SKHX PO3MIpHI XapaKTEePUCTHKU JTOCTYITHUX
pecypciB MarTh BH3HAuajbHE 3HAYCHHS. [IpU 1bOMY OJHHM 3
«TeMHUX O0kiB» BMM came € moBoiii 00’€MHE NMpsSMEe BUKOPHC-
TaHHS JIOACHKHX PECYpCIB SK Ha eTamax iX HaBYaHHS 3 MiIKpiN-
nenusm (RLHF), Tak i B mpouecax iX HpHUBEIEHHS y BiJIIMOBif-
HICTh JI0 THX YM 1HIIMX JIFOJCHKUX odikyBaHb (human alignment,
political correctness).

Ha npomy (oni MokHa 3p0O3yMiTH, 4OMY B IIIJIOMY BITy4YHA i
HeOe3mifcTaBHa xapakrepuctuka BMM sk stochastic parrot
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(«cToxacTuuHMi imiTaTop») [1] HE 3HAXOAUTH CBOTO CXBaJICHHS
(ame HE PO3YMIHHS) Y JIOBOJII HIMPOKUX KOJIAX CIIELIalliCTiB, 3aIIy-
YEHUX J0 MPAKTUIHOI IHKEHEPHO-TEXHITHOI poOOTH Yy 1iH cdepi.

HatomicTh, He3Bakatoun Ha PyHIAMEHTAJIbHY OOMEXEHICTh
BMM, 3 pi3HUM yCIIiXOM BEAYThCS PO3POOKH METOAMK Ta CUCTE-
MHHX IHTETpallii, aKi Jaju O MOXKJIUBBICTh TIOM’ SIKIITUTH Y 3aMa-
CKyBarH (ajie He yCyHyTH) e(eKTH I1iei oOMexxeHocTi. | mi 3ycu-
81, Y MiJICYMKY, Jal0Th PE3yIbTaTH.

Tak, METONMKN «KOHCTPYIOBAaHHA ITiAKa30K» (prompt engi-
neering) Ha MPaKTULI 3aCHOBYIOTHCS HA IMIUIIMTHOMY BHU3HAHHI
TOro, 110 3a 3MicT BigmoBizi BMM Hece BiAnoOBigaJbHICTh TOMH,
xTo 3anutye (be careful what you wish for!). I sxmo neBaum 4u-
HOM «IIPaBWJIBHO CIUTaTH», T0 BMM 3 BUIIOIO iIMOBIpHICTIO Ha-
JACTh BIATIOBI/b, IO MOXKE KPAIlle BiAMOBIATH OUiKYBaHHSIM.

[IpakTU4HO, 11i METOAMKH 3BOJATHCS 10 PYYHUX 1 aBTOMATHU-
30BaHHUX METOJIB BTPYYaHHs y KOHTEKCT TI'eHepaiii JUIsl HaIloB-
HEHHsSI WOTO HEOOXITHOI IS HaJaHHS BIANOBINI 1H(OpMaIli€r.
s indopmanist nani, yepe3z MexaHi3M «yBarm», BIUIUBA€ Ha 3MICT
HACTYITHOT 3a HEKW TeHepallii, JTeMOHCTPYIOYH, TaKUM YHHOM,
«EMEP/DKEHTHHI» e(eKT «HaBYaHHS 3 KOHTEKCTy» (in-context
learning).

«HaByaHHSM» 13 CaMOTO KOHTEKCTY B PEXHMI EKCIUTyaTarii
BMM HnacnpaBni He BiOyBaeTbCsi — BHYTPIIIHIA JTaTCHTHUH BEK-
TopHHH pocTip BMM 3MmiH He 3a3Hae. TuMm He MeHIIIe, Ha OCHOBI
EMIIPUYHHUX CIIOCTEPEKEHb 3a MOBeAiHKOI0 BMM sk «40pHOTO
SIIUKa», IPAKTUKH «KOHCTPYIOBAHHS IT1IKa30K» PO3MIISIAI0Th Me-
TOJUKH YBEJEHHS J]O KOHTEKCTY MPUKJIAJIIB 0aKaHOTO MIpKyBaHHS
4yu pesynbrary (few-shot learning), iHCTpyKIiii KepyBaHHS CTPYK-
TYpOIO 1 MOCIIZOBHICTIO KpokiB 1 omepauii mipkyBaHHs (COT,
chain-of-thought; TOT, tree-of-thought), murat BimomocTeii i3 30-
BHiIIHIX nomykoBux mkepen (RAG, retrieval-augmented genera-
tion), BIAMOBiJEH BiJ 30BHINIHIX CIEMiali30BaHUX iH(pOpMAaIii-
aux cucteM (LangChain).
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CTBOpIOIOYHM KOMIUIEKCHI MPOTpPaMHi 3aCTOCYHKH, Y SIKHX
BMM € nume onqHUM 3 KOMIIOHEHTIB, PO3POOHUKH TaK MOXYTh
oOMexxyBaTu (haKTHUHE BHUKOPUCTAHHS MOXJIMBOCTEH MOjeni, Bi-
JIOKPEMITIOIOUH i1 KOMIIETEHTHOCTI Y YaCTUHI pO3YMIiHHA MOSU Bif
il 4yacTo mpoOJIEeMAaTUYHUX «EMEPIDKCHTHHX)» KOMIIETCHTHOCTEH y
YaCTHHI pO3YMiHHI Npeomemy MOGIEeHHS..

3okpema, pedinut oduMcaOBaIbHOT MOBHOTH (32 TropuH-
rom) y BMM Moske KOMIEHCYBaTUCS TUISIXOM TEPEKIaay 3amuTy
(JacTHHM 3aMWTYy) 3 IIPUPOTHOI MOBH» HA JESIKY 00’ €KTHY MOBY
NpOrpaMyBaHHs, BUKOHAHHS OTPUMAHOTO NPOTPAMHOTO KOIY Y
BIJIIOBIJTHOMY 30BHIIIHBOMY CEpEIOBUINl 1 BCTaBKM BUBOAY pe-
3yJIbTaTiB TaKOrO BUKOHAHHS Ha BiJNOBIJHE Miclle y KOHTEKCTI
reHeparii.

AHaJOTiYHO, KOHTEKCT TaK0K MOKE HAIIOBHIOBATHCH BHOIp-
KOIO aHOTAIlii BEO-CTOPIHOK, BiHAWIEHUX 32 CKEPOBAHUM JIO 30-
BHIIIHIX MOIIYKOBUX CHCTEM 3allMTOM Ha OCHOBI BIANOBIIHOI yac-
TUHU KOHTEKCTY.

Hapemrti, yMOBHO-IIMKTIYHE (3aJI€KHO BiJl TOTOYHOTO CTaHY
BHBOJY Te€Hepallii) aBTOMaTH30BaHE YaCTKOBE HAINIOBHEHHS KOHTE-
KCTy 30BHIIIHIM BBOJIOM 13 BUBOAY caMoi BMM (cuHTeTHYHHUMH
JaHUMH) 200 IHTETpOBAHMX 3 HEIO 30BHIIIHIX i1 TeTepOreHHUX po-
3IIUpPEHb Ha3uBaloTh aceHmom (agent). [IpuHuMIOBO, HEMAE Teo-
PETHUYHHUX YU TEXHIYHUX OOMEKEHb JJI TOrO, a0M TaKUil «areHT»
MITI' BBaKaTHUCS «IHTEJIEKTyaJbHUM» HACTUIbKH, HACKUIBKU TAKUM
MIir OM BBa)KaTHCsl BECh IHTETPOBAHHHA KOMIUIEKC CHUCTEM, BKIIIOY-
HO 3 BMM, pa3zom y3srtuii.

Ta, OinbIlIe TOTO, B3arajli HEMae MPUHITUIIOBUX OOMEXKEHb 1
Ha miaKmodeHHs 10 BMM Oyab-sSKuX CUCTEM 30BHINIHHOTO BBOIY
(«ceHcopiBY», sensors) 4u BUBOAY («aKTyaTopiBy, actuators). I Toxi
yCI0 BUIIMMICTh TPOIIECY 1 pe3ysbTaTiB MipkyBaHHsS BMM vy sikoc-
Ti cucTeMHu ympasliHHs (control system) MmoxkHa Oyino 6 crocrepi-
raTH SIK B)K€ HE BUKIIOYHO MOBJICHHEBY 1CTOPIIO ii HOCIS y CBITI.
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Hapasi takumu HocisiMu iH(GOpPMAIIHHUX CUTHATIB YIpaB-
7iHHA 3 60ky BMM no0poBiinbHO, X04 1 HE 3aBXKIU YCBiJIOMIICHO,
BHCTYIIAIOTh caMi iX KOPUCTyBadi, SIKi HaIUISIOTh MPOAYKTH TeHe-
parii BMM enicTeMiuyHOIO I[IHHICTIO 1 3HAYEHHSAM Yy CBOIX OIIiH-
Kax 1 Jisix.

[Ipuknagu HETATUBHOTO 1 HABITH HIKIJJTMBOTO COI[IOCKOHO-
MIYHOTO BIUIMBY BiJf HEKPUTUYHOI OI[iIHKH MOXJIMBOCTEH 1 PpyHIa-
MEHTaJIbHUX OOMexeHb cydacHuX BMM e Bimomumu: npobiaema
«ramorHanii» (hallucinations, Buraganux npasaonoaioHux da-
kTiB) BMM 3auenuna yci cdepu, ae ix Hamarajauch 3acTOCOBYBa-
TH (Bl CYIOBOi MIPAKTHUKH 1 MyOJIYHUX KOHCYJBTAIiN W 10 OCBITH
1 MCJIUIIUHH ).

Sk HacIiIOK, YCBIJIOMJICHHSI HEMUHYYOCT] TPSIMOTO TIEPETi-
KaHHS 1O0B’A3aHUX 13 32CHOBAaHUMH Ha MAIIMHHOMY HAaBYaHHI CHUC-
TEMaMH IITYYHOTO iHTeNeKTy (BKiIrouHO 3 BBM) emicremiunmnx
PU3UKIB y PU3HMKHU YNPaBIiHHA, €BpONEHCHKUM MapIaMeHTOM Oy-
70 mpuitHATO 3akoH mpo mTy4yHUil iHTenekT (Artificial Intelli-
gence Act), IKUM, 30KpeMa, YBOAATHCS YiTKI 3000B’sI3aHHS 100
BUKOPUCTAHHS CHCTEM IITYYHOTO IHTEJEKTYy Y BUCOKOPH3UKOBa-
HUX cdepax, 10 AKUX (3riTHO 3 MEepeikoM) BITHOCITHCS MPAKTH-
YHO Bcl cdepu MpaB JIOJUHU 1 OpraHizamii CUCTEM KPUTHYHOTO
3a0e3MeYeHHs COlliyMY 1 JIep KaBH.

Lleli MOKyMEHT Yy WLiJIOMY YMOKJIHMBIIIOE IMPOMHUCIOBE BHKO-
PUCTAaHHS TAaKHX CHUCTEM, SK OCHOBU [UISL A8MOMAMU308AHO20
npuiHAmMms [ynpaenincokux| piuienv MO0 IPOMaASH 332 YMOBU
HasIBHOCTI «CHCTEM YNpaBIiHHA pu3ukamm» (risk management
system) 1 «Harnany 3 6oky moguHu» (human oversight). Ilepen-
0agaeThCs, 10 TPOMASTHU MaTUMYTh IIPAaBO nodagamu ckapau Ha
CUCTEMH HITYYHOTO 1HTEJIEKTY Ta OMmpumy8amu NOACHEHH:A U000
piuieHb, 3aCHOBAaHUX Ha CUCTEMax IITYYHOTO IHTENEKTY y BHCOKO-
pU3MKOBaHUX cdepax, AKi BIUIMBAIOTH Ha IXHI MpaBa i Xi/J )KUTTS.

TakuM YUHOM, Y CHCTEM IITYYHOTO iHTEJIEKTY 3’SIBIISIETHCS
3aKOHHUHN YHIBEpCAJbHUN KpPEOUT JOBIPH HA yXBAJIEHHS I0JI0
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TPOMaJISIH €K3UCTEHIIIHOTO 3HAaYEHHs PillleHb, SKi, PyHIaMEHTa-
JHHO, €()EeKTUBHUX MOSICHEHb MAaTH HE MOXYTh. AJDKe TaM, Jie Taki
MOSICHEHHS € MOXJIMBUMHM, JIIOTh MpaBuUJia HE CTATUCTUYHOTO, a
KJIACUYHOTO JIOTIYHOTO YMOBHUBOIY. A BHUKOPUCTaHHS CTaTUCTHY-
HOTO MpOo(diNTIOBaHHS, 3a3BUYal, BIACTHBI MPH YXBaJIEHHI JUCKpe-
[IHHUX PIlIeHb, OCKUIBKY JUIIE e TUT PIllleHb Ja€ MOKJIUBICTh
IHKOpIIOpYyBaTH €(PEeKTUBHO HEIMOSICHIOBAaHI apTyMEHTH K KOMIIO-
HEHT BIAMOBIIAIBLHOTO MMOSCHEHHS.

[HIIMMHU CcIOBaMH, SIKIIO TPOMAISHUH TOTOMKYETHCS 3 BU-
CHOBKOM CHCTEMH IITYYHOTO 1HTEJEKTY, TO MOSICHEHHS JI0OBOJIIB Ha
KOPHUCTH IILOTO CTa€ HOTro 0COOUCTOI0 MPOOIEMOIO 1 BiMOBIIAJIb-
HICTIO. A SIKIIO TPOMAJASSHHH HE TIOTO/DKYETHCS — TOJI TYT BUCHO-
BOK CHCTEMM MepeKBali(hiKOBYEThCS y TUCKPEIIHHUN BUCHOBOK
JIOANHU-CITYKOOBIIS, SIKIM JOBEIETHCS BIANOBIJAIBHO MOSCHIOBA-
TH, Ha SKUAX MIHCHUX IiJICTaBaxX, KPiM BUCHOBKY CHUCTEMH IITY4-
HOTO 1HTEJIEeKTY, Oyja MpUHHATA Ta YU 1HIIA KBaJidikalis, KiIacu-
Gbikaris 9u pimeHHs MO0 TPOMaJTHIHA.

Taka migMiHa cy0’€eKTa BiIMOBIAAIBHOCTI HE 3MA€ThCS HAJI-
TO OE3MEeYHOI0, OCKUIbKH, Y 3arajJbHOMY BHIIQJIKy, BiJIIOBiajb-
HICTb 3a pIIIEHHS «caMoBmeBHEHO» (overconfident) cucremu
MITYYHOTO 1HTEJIEKTY MEPEKIaAA€ThCA HA TPOMAISHUHA, IKUH TyT
BXKE HE € IMOBHICTIO JOOPOBUIBHUM KOPHUCTYyBaueM I[i€l CUCTEMHU.
[Tpn upoMy TpOMajsHUHOBI, 5K 1 y BUNaAKy 3 BMM, HanexuTth
CaMOCTIHHO cyoumu npo cebe, IpUNRMAIOUYM PILIEHHS IPO T€, YU
MOTO/)KYBAaTUCh 3 aBTOMATUYHUM BHCHOBKOM IO cebe, He Malo4H
Uit eheKTUBHOI apryMeHTalii Hi iHCTpyMEHTaJIbHUX 3ac00iB, Hi
JIOCTaTHBOI 1HpOpPMAIIii.

VY 3B’S3Ky 3 UM MH MOXEMO JIUIIEe CIOAIBATUCS, 10 3aMPO-
MOHOBaHA BWINE EKCIO3UINS 3pa3Ka «TyMaHITapHO-TEXHIYHOTO)
pPO3yMiHHSA BEIWKHUX MOBHHX Mojeied tumy Transformer, depe3
IHTYITHBHO-HA0YHY TEOPETHUKO-(PiT0COPChKY eKCIUTKAIiI  iX
NPHUPOJH, YIAMITYBaHHS 1 MOXKIIMBOCTEH, TACTh 3MOTY Kpalie 3po-
3yMITH Miclle, pOJib, 3HAUEHHS, CTYIIHb HEOOX1THOCTI 1 MPUHHATHI
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CIOCOOM COIialIbHOI Yy4YacTi MUX CHCTEM y MpoIecax MPaKTUIHOL
Mi3HABAJIBHO OTIOCEPEIKOBAHOI JisSTTbHOCTI JIFOJUHHU.

AJDKe TIoKa3aHi HaMH yHIaMEHTalIbHI 3acaii eMiCTeMITHOT
00OMEXEHOCTI Cy4acHUX [iaJJOTOBUX BEIIMKHMX MOBHUX MOJENEH
(30kpema y pouri 6a3 3HaHb Ta T€HEPATOPIB MIPKyBaHb) 3ajIHIIIA-
I0Th MPUHIIMIIOBI CYMHIBH Y HaJIMHOCTI 1 O€3MEYHOCTI 3aCTOCY-
BaHHS 1X peali3aliil y SKOCTi OCHOBHUX KOMIIOHEHTIB KOMITETEHT-
HUX arcHTIB IOHAHMEHIIIEC Y BUCOKOPU3UKOBAHHUX Cepax JIHOICh-
KOTO JKUTTSI.
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Epistemic Limitations of Large Language Models

Abstract

The purpose of this paper is a philosophical exposition of the conceptu-
al limitations and the corresponding epistemic value of applications of
dialogic large language models (LLMs) based on the Transformer ar-
chitecture as rational [co-]agents in the context of practical cognitively
mediated human activity. To this end, the following research tasks are
accomplished in the study: 1) a philosophical review of the fundamental
intuitions, general nature and functional mechanics of advanced LLM
implementations, 2) finding the limitations of the instrumental epistemic
value of LLMs as products of a specific chain of machine learning pro-
cedures, which includes direct expert participation by humans. The
practical significance of the study lies in the intuitive and compelling
crystallization of the humanitarian understanding of LMMs through the
theoretical and philosophical explication of their nature and design,
which is grounded on the following new research results: LLMs are
presented as a functionalist mechanistic project of statistical language
and speech modeling as a model of knowledge as a semantic model of
reality — 1) a model 2) of a model 3) of a model of reality; it is shown
that due to the significant distance of reality mediation, intra-model
connections lose in their factual capacity, it is also demonstrated that
an LLM is a product of machine learning of a certain linguistic behav-
ior with a purpose and values that are radically different from those of
human cognition, which makes the justifiability of their employment as
components of any high-risk decision support systems to be fundamen-
tally questionable.
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