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uHpopmamuxy u pacuosnekmponuxy. OOacmy HAYYHBIX UHMEPECO8 C8A30HA C PA3PaAbOMKON Memo008 U aneopUmMMOo8
nocmpoeHus UHPOPMAYUOHHO-KOMIBIOMEPHBIX CUCTIEM.

H.A. Pesnuroes

Cmyoenm xageopwvl 21eKmpoHHOT MEXHUKY U MeXHOA02UU benopycckozo 20cy0apcmeeHHo2o yHueepcumema
unpopmamuxyu  u  paouosnexkmponuxy.  ObAacms  HAYYHO20 — UHMeEpecd KOMNbIOMeEPHAs — UHIICeHepUs,
npopaMMUposanue.

C.K. Jux
3aseoyouguii kagheOpoii uHNICeHepHOT U KOMNbIOMepHOti epaguru bBenopycckuti cocyoapcmaenHulli yHugepcumem
UHDOPMAMUKUL  PAOUOITEKMPOHUKY, KAHOUOAM  (DUBUKO-MAMEMAMUYecKUx Hayk, ooyeuwm. Oxonuun Munckuii

paocuomexHuveckuti UHCMumym no cneyuanvHocmu « Paouomexnuxay, pykogooum HAYYHuIMU UCCIEO08AHUAMU 6
obnacmu Ja3epHOti MeOUYUHbL.
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B.M Bonoapux

Oxonyun MuHckuli paduomexnudeckuil UHCMuUmMym no cneyuanvHocmu «Koncmpyuposanue u npouseo0cmeo
paduoannapamypely. Kanouoam mexuudeckux Hayx, OOyeHm Kagheopul aneKmpoHHOil mexHuxy 1 mexnono2uy. Obaacmo
UHMEPecos MeOUYUHCKA 2NIEKMPOHHAL TMEXHUKA, NPOEKMUPOGAHUE VIbMPA3EYKOGHIX MeOUYUHCKUX NeKMPOHHbIX
cucmem U gHeOperue OUCHAHYUOHHBIX 0OPA308AMENLHBIX MEXHONO0SUIL.

H U. Pesunckasn

Oxonyuna Penopycckuti 2o0cyoapecmeeHublii yHugepcument UHGopmamuxy u paouosnekmpoHuxu. Cmapuiuii
npenodasameitv. Kagheopvl NeKmMpoHHOT mexHuxy u mexnonozuu. OOIacms HAYYHO20 UHMEpPEcad — MeOUYUHCKAs
NEKMPOHUKA U 0OPABOMKA MEOUYUHCKUX CUSHATIOB.

AnHoTamust, B cTaThe MPHBCACHO PEMICHAE MPOOICMBI COKPAIICHHS TATLTFOLMHALIH OO TBIIIX S3BIKOBBIX MOICTICH (LLM)
mpu padoTe C BHICOKOHATPY’KCHHBIME PACIPEICICHHBIMEI 0a3aMH JAHHBIX B apxurekType RAG. AHammupyercsl BIWsTHHC
CHCTCMHBIX (DAKTOPOB (CCTCBBIX 3AICP/KCK, ACHHXPOHHOH KOHCHCTCHTHOCTH, CCMAHTHYCCKOTO IIYMA) HA (DAKTOJIOTHHUCCKYFO
TOYHOCTb I'CHEPALAA. B KadecTBe pericHIs pacCMOTPCHB HHHOBAMOHHBIC TIOAXObL JCHCHTPATI30BAHHAS apxXuTekTypa DRAG,
MHOTOHCTOMHHKOBAA Kpocc-Beprurarst MFEGA-RAG Ha 6ase rpa()oB 3HAHHI, HHTCIUICKTY ATHHOC CCMAHTHYCCKOS KIIHPOBAHKC
H CTPATETHH MHOTO(JA3HOTO PAHyKAPOBAHMS. Y CTAHOBIICHO, YTO KOMIUICKCHOS BHCAPCHHE TAHHBIX MCTOJIOB CBOIMT K MHHAMYMY
(paKTONOTHHECKYIO MAHHMITYJBILHEO, 3(P(CKTHBHO OTCEHBACT «GKCCTKUC HETATHBBD) M ONTHMIBHMPYET OalaHCc MeXxAy OapsepoM H
CKOPOCTBIO BBIBOAA 0C3 PECYPCOCMKOTO TO00YHUCHS MOZICITHL

Kmodernie cjioBa; OobImme S3BIKOBBIC Momemu (LLA{), TeHeparms, JOTONHCHHBIH MONCK (RAG), TamOnMHALIMH
HelfpoceTel, pactipeneneHnble 0a3bl aHHbIX, DRAG, MEGA-RAG, ceMaHTHHECKOE KIIMPOBAHHUE, TPA(bI 3HAHMIL.

Beenenne. ®@yHoamMeHTaIbHBIA NPUHIMIT pabOThl COBPEMEHHBIX OOJNBLINX S3BIKOBBIX MOpesnei
(LLM) ocHOBbIBaeTCS Ha MEXaHM3ME ABTOPETPECCHOHHOIO MPEACKA3aHUs CIEAYIOIIEro TOKEHA, IPH
KOTOPOM 1ienieBast (PYHKIMS HEHPOHHOM CeTH ONTHMHU3HMPYeTCs Ha MHHUMH3ALMIO TOTeph NpU
BOCIIPOM3BENICHUN BEPOATHOCTHBIX M AUCTPHOYTHUBHBIX CTATHCTHUK, MOJMYYEHHBbIX M3 OOJNBIINX MacCHBOB
oby4aromx faHHbIX. OHAKO 3Ta K€ apPXUTEKTypHAas OCOOEHHOCTh MOPOXKIAET YSI3BUMOCTD: IPOLIECC
TeHepaLy TPOUCXOMUT Oe3 MOANEp KaHWs SIBHOTO, NETEPMHHHPOBAHHOIO COOTBETCTBUSI OOBEKTHUBHOM
BHEIIIHEH pealbHOCTH WK (popMaiibHbIM Oa3aM (hakToB. Mopeb OreprpyeT UCKITFOUUTENIHHO B JIATEHTHOM
NPOCTPAHCTBE BBIYUEHHBIX BEPOSTHOCTEH, YTO HEM3OEKHO MPUBOAMUT K (PEHOMEHy KOH(aOyJSIMH, WIH
TAJUFOLIMHALIMA — TeHepaly TPaBIOMOAOOHON, HO (PaKTUHUECKH HEIOCTOBEPHOW WM JIOTHYECKH
HEKOppeKTHOH uH(popMaumy. BHenpeHne Takux CHCTEM B BaXKHbIE JOMEHBL, BKIIFOYAs KIIMHIYECKYHO
MEIWLMHY, FOPHUCTIPYACHLHIO, (PMHAHCOBBIA ayAWT W YIPABICHHWE IPOMBIIUICHHBIMH CHCTEMaMH,
HATAIKMBAETCS HA JKECTKUE PETYISITOPHBIE Oapbephl, KOTOPbIe TPEOYIOT BBHICOKHX YPOBHEH MPO3PAYHOCTH,
UHTEPIPETUPYEMOCTH 1 aOCONMFOTHON (haKTONOTMYECKOM TOYHOCTH. JUIsi MPEONOJIeHHsT OrpaHYeHHUH,
CBSI3aHHBIX CO CTATUYHOCTBIO 3HAHHH, «3aMOPOYKEHHBIX» B BECOBBIX KO3(pPHIMEHTAX NTapaMETPOB MOZIEITH
Ha 3Tare MnpeIBapUTeIbHOrO O0yUESHUSI, HCCIIEIOBATEILCKUM COOOIIECTBOM OblTa pa3padoTaHa KOHIISTILIUST
reHepaLyy, TonoiHeHHOH ouckoM (RAG). B pamkax 3Toro nmogxona Ha nepBOM 3Tarle MOJIb30BATEIbCKUIHI
3ampoC BEKTOPU3YETCs] M WCIIONB3YETCs UL M3BJICUEHHS PEJICBAHTHBIX JOKYMEHTOB, maparpadoB Him
CTPYKTypPHpPOBAHHBIX (YparMEHTOB JaHHBIX M3 BHEIIHEH 0a3bl 3HaHUH. Ha BTOpOM sTare 311 n3BIeUeHHbIE
(bparMeHTbl HMHTETPUPYIOTCS B HCXOHHBIA KOHTEKCT (IPOMT) BMECTE CO CHEIUAM3UPOBAHHBIMU
CHCTEeMHBIMH MHCTPYKLIMSIMH, HAIPaBJIsisi OONBIIYIO S3BIKOBYIO MOJIENb Ha MCTIONB30BAHIE UMEHHO STOH
aKTyaJlbHOM MH(opMaLy npu (HOpPMYJTMPOBAHUM HTOrOBOro oreera. Takum obpasom, RAG mossossier
pacivpuTh (PaKTONOTHYECKYr0 0a3sy MOAENN 10 HEeOrpaHMYEHHBIX MAcITaboB, MPEIOCTABISAS AOCTYI K
CTIELMATM3UPOBAHHBIM 3aKPbITHIM KOPIIOPATHBHBIM JOMEHaM 3HaHUH 0e3 HeOOXOAMMOCTH HMHHLIMALIN
SKCIIOHEHIMAIBHO JIOPOTHX MPOLIECCOB  T00Oy4eHust Bcell HeipoHHOH cetn. OpHako 1O Mepe
MACIITaOUPOBaHUS MOAOOHBIX CHCTEM JIO KOPIIOPATUBHOIO YPOBHS apXHUTEKTYPHBIN (DOKYC HEM30EKHO
CMEIAeTCsl B CTOPOHY MPHUMEHEHHs BBICOKOHATPY KEHHBIX PACHPEeNIeHHbIX 0a3 NaHHBIX U XPaHEHHs
MIJUIMAPIOB BEKTOPHBIX TPENCTaBICHUH (3MOEIIHIOB) U aCCOLMHPOBAHHBIX TEKCTOBBIX (PparMeHTOB.
PacnipeneneHnble cpenbl XapaKTepu3yrOTCs (PU3MUIECKUM Pa3ZieSIeHHEM y3JI0B XPaHEeHHs1, HEOOXOIUMOCTHEO
CIIO’KHOM CEeTEBOI MapIIpyTHU3ALMHU 1 MPUMEHEHHEM KOMITPOMUCCHBIX MOZIENel KOHCUCTEHTHOCTHY IAHHBIX.

B Takux ycnoBHSAX K KJIACCMYECKMM IPUYMHAM BO3SHUKHOBEHMs TrajumouuHanmi camo LLM
NO0aBJIAFOTCS CUCTEMHBble COOM KOHBEiepa W3BJICUEHHS. CETEBble 3aEPXKKA MOIYT MPHBOAWTH K
PAaCCHHXPOHM3ALIMM KOMIIOHEHTOB, a IpOONIEMBI COIJIACOBAHHOCTH — K H3BJICUEHHIO YCTAPEeBIIMX,
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TIOBPEKACHHBIX WM MPOTUBOPEUMBBIX (pparMeHTOB 3HaHMH. Korja reHepaTrBHAs MOIENb MOJydaeT Ha
BXOJI T€TePOr€HHBIIN WM BHYTPEHHE MPOTUBOPEUNBBIA KOHTEKCT M3 PACTIPENIeSICHHOH 0a3bl, € MEXaHU3MBbI
BHUMAHUS! TIBITAIOTCS CHHTE3MPOBATh €IMHBINA OTBET, YTO C BBICOKOH 0Nl BEPOSITHOCTU NPUBOIMT K
KOMOMHHPOBaHHBIM ~TrajumrolmHaimsM.  CrenoBatenibHO, mnpobiieMa CHIDKEHWs] TaJUTFOLMHALMH B
Mactradupyembix RAG-cuctemax nepectaer ObITh HCKIIFOUHTENbHO JIMHIBICTUUECKOH M HEHPOCETEBOH
3amavueli; OHa TPaHC(OPMHPYETCsl B KOMIUIEKCHYIO MPOOJIeMy HMHXKEHEPUH DPACIIPEIENICHHBIX CHCTEM,
TpeOyOLIyIO ITyOOKOro aHajiM3a B3aUMOZEHCTBYSI MEXK/Y AITOPUTMAMH BEKTOPHOTO TTOMCKA, TOTIONOTHEH
CETH U MEXaHW3MaMH BHUMaHHsI OOJbIIHNX S3bIKOBBIX Mopeneit.. [1].

MHoromMepHasi TAKCOHOMHSI TAJLTIOLMHALIMIA M UX FeOMeTPHYecKHe CHTHATYPbI B JIATEHTHBIX
npocrpancTBax. YrodOer 3¢pekTHBHO OOPOTHCS ¢ TAUTOLMHALMAMY, HEOOXOOMMO JIETAJIbHO pa3o0paTh
CaMO 3TO TOHATHE TATIOLMHALMH, TIOCKOJIBKY CErOIHsI 3THM OOIIMM TEPMHHOM HA3bIBAIOT COBEPIICHHO
pasHble cuctemHble cOon. Curyauus, mnpu KOTOPOH SI3BIKOBas MOJENb TIOJHOCTBIO HMIHOPHPYET
NPEAOCTABJICHHBIE B KOHTEKCTHOM OKHE PEJIEBAHTHBIE IOKYMEHTBI U3 PACTIPeIeIICHHOM 0a3bl, KapMHAIBHO
OTJIMYAETCS OT CHTYaLMH, KOTZIa MOZENb FeHEPUPYeET abCOFOTHO HECYIIECTBYOLINE CYITHOCTH HA OCHOBE
IIyMa, WIM OT CJy4asi, KOIZia OHa MPEIOCTABISIET UCKKEHHBIE, HO MPABIONONOOHBIE AETAIH O PEATBHO
CYILECTBYFOIMX KOHLENIUsIX. JlaHHbIe COOM MMEIOT pas3iiMiHbIe KOPHEBBIE TIPUYHHBL, PA3HBIE TOCICACTBHS
IUIT  KOHEYHOTO TIOJB30BareNsi W TPeOylOT MpPUMEHEHHs MNPUHLMIMAJIBHO pPa3HbIX — CTpaTerdil
AITOPUTMUYECKON KOppekuuu. KoMIUIeKCHbIH aHaIN3 NPUYHMHHO-CIICAICTBEHHBIX CBsizel  TpedyeT
PaCcCCMOTPEHHST BCETO YKU3HEHHOTO IMKJIA Pa3paboTKe OONBINOH S3BIKOBOM MOJIENH, HAYMHAS OT 3Tarna coopa
JaHHBIX F ApXUTEKTYPHOTO MPOSKTHPOBAHMSI, 3aKaHIMBAs1 STAllaMU TOHKOH HACTpOIku 1 nH(epeHca B RAG-
KOHBelepe. B koHTekcTe ananmsa aBTOHOMHBIX MH-areHToB 1 cructeM, NOCTOSHHO B3aUMONEHCTBYIOLINX C
pacrpeniesleHHbIMU Oa3aMH JaHHBIX, COBPEMEHHASt MOJKHO BBIZIENTHTH HECKOJIBKO CIIELM(UUECKHX KATErOPHi
FAJUTFOLIMHALIAIN

1) rammorMHAIMK PACcCYKACHHS HAMNPSMYH0 BIMSIOT HAa CIIOCOOHOCTh MOZENH aHAIM3HPOBATH
TIOBEZICHNE U TPHHUMATh TOCIIEIOBATENbHBIC, JIOTHYECKH OOOCHOBAHHBIE PEIISHHsI MPU MHOTOIIArOBOM
TIOMCKE B rpadax WM PeNMOHHBIX TaOINIIAX,

2) TaUTOLMHALMM BBITIONHEHWSI, KOTZAa MOJIENIb HEKOPPEKTHO NPUMEHSET HHCTPYMEHTHI HIIN
(hOpMHUpPYET CHHTAKCUYECKH HeBEPHBIE 3arpockl (Harpumep, ormbdodHble SO/ -3arpochk K pacrpeie/ieHHbIM
Oazam);

3) TaUTFOLIMHALIMK BOCTIPUSITHS BOSHHUKAIOT IPH HEKOPPEKTHOW WMHTEPIIPETALA KOHTEKCTa HITN
MY JIETUMOZIAJTBHBIX JAHHBIX,

4) raJUTOLMHALIK 3aIIOMHHAHHMS CBSI3aHbI ¢ KOH(JIMKTOM MEXy 3HAHUSMHM, WHKAIICYJTMPOBAHHBIMU
B BECaX MOJIEJH, U 3HAHHSIMH, U3BJICYEHHBIMU U3 BEKTOPHOM 0a3bl,

5) rauTOIMHALIMM KOMMYHHMKALIMU TIPOSIBJBIIOTCS B BHIE HETIOCIENOBATEILHOIO IHAJIOrOBOTO
B3aUMOZEHCTBUSI C TTOJTB30BATENEM HITH IPYTHMH areHTaMH B CETH.

B xone anammsa aBTOHOMHBIX HM-areHTOB M CHCTEM, TOCTOSHHO B3aUMOACHCTBYIOIINX C
pacripenielleHHbIMHA  0a3aMH [TAHHBIX, BBIAEJICHbI OCHOBHbIE NPUYMHBI BO3HHUKHOBEHHS TaJUTFOLIMHALIMI
(Tabmuma 1) [2].

Tabmma 1. OCHOBHBIE IPUYUHBI U MEXAHW3MbI BOSHUKHOBEHWSI TAJUTFOIMHALMN B LIAM

I Ipyumza DaxTop ysS3BUMOCTH MexaHu3M BO3HUKHOBEHHS TALTEOL [AHAI AR

Y BIIMSHUE HA TeHEpaliio
Kauectso 3arty MIIeHHOCTb U HETIOJIHOTA BHepeHre onMOOUHBIX TIATTEPHOB B IAPAMETPHYECKYIO IIAMSITh MOJIEIH, YTO
VeI 1117 0 TIPUBO/TUT K HEKOPPEKTHBIM OTBETAM JiKe [TPY HATIUHH ITPABITHHOTO KOHTEKCTa.
JIAHHBIX
CwmertieHre Jlebrpr perpeseHTaTuBHOTO TIpoBormpyer IMUTAIIMOHHBIE KOHGaGYIISI M, KOTJia MOJIENh YPe3MEPHO
JIAHHBIX pasaoobpazus SKCTparioUpyeT y3KUe JIOMEHHbIE KOPPETBIN Ha YHUBEPCATIBHBIE 3aITPOCHL
Bpemennast Hcrionp30Banye YCTapeBIx Teneparpst GaxTOIOrMHecKUX ONMUOOK IIPU OTBETAX Ha 3aIIPOCHI O JIMHAMUYECKH
Jlerpajiaryist (CTaTMYHBIX) KOPITYCOB MEHSTFOITIEMCST MUpe, TPeOYIOIIAs! KECTKOTO TIePEKpPhITHS Yepes MexaHm3Mbl RAG.
Apxurextypa u TIpupoia aBTOPEr PECCHOHHOTO OrrmuMenar sl BEpOSTHOCTHBIX paciIpe/IeNieHui 6e3 TIPUBS3KU K CEMAaHTUIECKOH
nH{]pepeHe JIEKO/TAPOBAHIIST HCTHHE (OTCYTCTBHE JETEPMUHUPOBAHHOTO O00CHOBAHIEST).
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PasmiiHble KITACCHI TAJUTFOIMHALMKN OONBILINX S3BIKOBBIX MOJEICH MOANAIOTCS MaTeMaTHYeCKON
i depeHIMaii Ha OCHOBE AHAIM3A MX TOMOJOTMYECKOrO IMOBEACHHS HA MHOTOMEPHOW €MHHYHOM
runepcdepe BEKTOPHBIX BIOXKEHNH, 0003HauaeMoi kak (. B kauecTBe MaTeMaTHIeCKOTro HHCTPYMEHTA ISt
TaKOro aHaymmsa ObUT TpemIoxkeH MHIeKC CeMaHTHYeCKOro OOOCHOBAHMS, KOTOPBIH KOJUYECTBEHHO
U3MepsieT CTeNeHb BOBJIEUEHHOCTH CTeHEPUPOBAHHOIO OTBETA BO B3aMMOJEWCTBHE C IPENOCTABIEHHBIM
KOHTEKCTOM. MeXaHHKa JaHHOrO MHIEKCAa 0asupyeTcsl Ha BBIMHCICHHH CIIOKHBIX OTHOIIEHHH YIJIOBBIX
PacCTOSIHMI MeXAy BEKTOpaMH TOKEHOB OTBETAa M BEKTOpaMH HCXOMHBIX JOKYMEHTOB Ha €AWHUYHOMN
runiepedepe [3]. MHneke ceMaHTHIecKOro 000OCHOBAHMS! TOCTUTAET BICOUANINIETO YPOBHS JUCKPHMHHALINN
(Bemmmba >Qdexta d KosHa nHaxomurcs B umHTepBaie 0,92-1,28) mpu obOHapy:keHmn (eHoMeHa
HEOOPOCOBECTHOCTH — CHEM(PHUUECKOrO THIA TAJUTFOLMHALIAN, TIPU KOTOPOM MOZETb TeHEPHPYET TEKCT,
CEMAaHTHUYECKH OpPTOrOHAJIbHBIA  W3BJIEYEHHOMY KOHTeKCTy. Maremarmueckuii  Mmeron  (MHpekc
CEMaHTHUYECKOrO OOOCHOBAHMS) PA3ACISIET K HOPMAIBHBINA OTBET» W «TAJUTFOLMHALIMIO» HACTOJIBKO YETKO,
YTO OHM BBITJBIIAT KaK aOCOIOTHO pa3Hble KaTteropuu 00beKToB. CHCTEMa He MPOCTO «CJIerKa 3aMedacT
OIIMOKY, OHA BUIWNT TMTAHTCKHI Pa3phbIB MEKITY JTOCTOBEPHBIM (DaKTOM U BBITyMKOH HEHPOCETH, KOTOPBIH
TMO3BOJIAET U30JIMPOBATh Takue rajurormHaimuy co 100% ysepeHHoCTh0. I JToHNMaHMe 3THX reOMeTPUIECKHX
XapaKTEPUCTHK OTKPBIBACT MyTh K CO3MAHHIO MPEBEHTHBHBIX (PIIIBTPOB HA YPOBHE JIOTHYECKOTO BBIBOJA!
€CITM CHCTeMa BEKTOPHOTO TOHCKa (PUKCHPYET, 4TO (POPMHPYEMBIi OTBET HAYMHAECT OTKJIOHSATHCS OT
runepchepuueckoro  Kjiacrepa M3BICUEHHBIX JOKYMEHTOB, TeHEpalysi MOXET ObITh IpepBaHa HWIH
CKOPPEKTHPOBAHA /10 TOT0, KaK rAJUTFOLIMHALMS Oy T TPAHCIPOBaHA KOHEYHOMY TTOJTB30BATENIO [4].

BiusiHue cereBbIX 3ajepKeK M ACHHXPOHHOI KOHCHCTEHTHOCTH Ha (aKToI0rHYecKylo
TOYHOCTb. B npoliecce 3BOMOLIMH BEKTOPHOTO MOMCKA OT W30JIMPOBAHHBIX POTOTUIIOB K IIPOMBILILIEHHBIM
pacripenielleHHbIM  apXUTEKTypaM TIPOSIBIIIETCS.  CYLIECTBEHHBI HENocTaToK RAG-crcTeM, KOTOpBIH
3aKJIFOYAeTCsl B UX HU3KOW YCTOMYMBOCTH K CHCTEMHBbIM COOsIM M aHOMaIMsiM B pabore 0a3 MaHHBIX.
KauecTBO reHepupyeMoro TekcTa M BEPOATHOCTb BO3HUKHOBEHMs TJUTIOLMHALINKM 3aBUCHUT OT YHCTOTHI
PEeNEBaHTHOCTH U CBOEBPEMEHHOCTH JJOKYMEHTOB, IPEA0CTABIIIEMbIX MOy JIeM H3BJiedeHys. B apxurexType
pacripernieieHHbIX 0a3 JTAHHBIX OMHUM U3 HAanOoJIee pa3pyIIUTeNbHBIX (PaKTOPOB SIBISIETCS CETEBas 3a/IePiKKa
— BPEMEHHOH MHTEPBaI, HEOOXOIMMBIH JUTS Mepeavr MAKeTOB JAHHBIX MEXTY (PHU3HIECKH pa3HECEHHBIMU
BBIMUCIIHTEIbHBIMHE Y3JIaMH KJacTepa. B MacmTabHol pacnpeneneHHoM cperne, 0COOSHHO MOCTPOSHHOM Ha
NPUHLMIAX MUKPOCEPBHUCOB WITH TJI00ATBHOTO Ie0-1IapAUPOBAHMS, TaHHBIE XPAHSTCS (PPAarMEHTHPOBAHHO
Ha MHOJKECTBE cepBepoB. JIrobast KoMIuiekcHast oneparysi, TpeOyroImast JOCTyNa K PasIMIHbIM CETMEHTaM
3HAHUHA WM OOHOBIIEHHS BEKTOPHBIX WHAEKCOB, HEM30EKHO COMpPsDKeHA C MHOTOKPATHBIM
MEXKCETEBbIM B3aUMOAENCTBHEM.

B pacnpenenennbix apxutektypax RAG BO3pacTaHUE CETEBBIX 3aJEPIKEK BBICTYTAET (haKTOPOM,
JIMMUTHPYIOLIUM ITPOU3BOAUTENBFHOCTb CUCTEMBL. JlaHHOE BO3IEHCTBHE NPOSIBIISIETCS B IBYX aCMEKTax:

1) u3BNEYEHNE CEMAHTUYECKU PEJIEBAHTHBIX YaHKOB M3 F€TEPOreHHBIX reorpapuueCcKux 30H MPUBOIHUT
K HAKOIUICHHIO KPUTHUYECKOH 3alepkKKH (KyMyJIITMBHOW JIATEHTHOCTH), YTO HCKJIFOYAaeT BO3MOMKHOCTD
HCIIONB30BaHUs CHHXPOHHBIX METOZIOB IIOHUCKA B KOHTYPE NeHepaLiiy OTBETa;

2) BBICOKHE CETEBbIC 3a[EPXKKU MPENATCTBYIOT PEAM3ALMU TPAH3aKUWH C TapaHTHAMH CTPOTOH
KOHCHCTEHTHOCTH.

ITporecchr oOHOBNIEHHS Oa3bl 3HAHMH (BEKTOPHOTO MHAEKCA) TPEOYIOT KOOPAMHALIMH MEXKIY y3JIaMH
pacrpenieNeHHON CHCTEMBL, TPEBBbIIEHHE MOPOrOBbIX 3HAYEHWH JIATEHTHOCTU JEJIaeT CHUHXPOHHBIN
KOHCEHCYC HEOCTMKUMBIM, BBIHY)KAAs MPUMEHATb MapajurMy COIJIACOBAHHOCTU B KOHEYHOM CUETe.
Pexxum cOrnacoBaHHOCTM B KOHEYHOM cuere B pacrpeneneHHbIX bJI xapakrepusyercs HajauuueM
BPEMEHHOIO OKHA, B TE€YEHHE KOTOPOrO Y3Jbl CONEpKaT MPOTHUBOPEUMBBIE JAHHBIE. JTO MPUBOIUT K
COCTOSIHMIO TOHKH TIPH KOHKYPEHTHOM OOHOBJICHWH 3alMCEH, CIIEICTBHEM Yero SIBISICTCS JeTPasIaLiiist
BEKTOpPHBIX WHAEKCOB. [ RAG-maiirialiHa J[aHHAs JAerpajanus 00OpavyMBaeTCs W3BJICYCHHEM
CEMaHTHYECKH HECOITIACOBAHHBIX (PParMEHTOB, COnIepKaux KOH(puMKTyromue (akTbl IlockonmbKy
apxurektypa LM He mpeanojaraeT BCTPOSHHOTO JIOTHYECKOTO (DaKTYEKWHra, MEXaHM3Mbl BHHMAHUSI
HUBEJIMPYIOT TPOTHBOPEUHs MyTEM TI'€HEpalld CHHTETUYECKHX, CTATUCTUYECKH MNPAaBIOIONOOHBIX, HO
JIO’KHBIX KOHCTPYKLIMH, YTO MASHTH(HULMpPYETCs Kak (hakTonornyeckas rajumoimHaims. Husrmposanie
TaHHOH TpoOieMb! TpeOyeT MPUMEHEHHsI KOMITEHCATOPHBIX apXUTEKTYPHBIX [TATTEPHOB. MHOT'OY POBHEBOTO
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K3LIMPOBAaHUs Ha TIPaHULE CeTH, PEIUIMKALMU C Y4YEeTOM JIOKaJbHOCTH 3alpOCOB U JMHAMMYECKOH
ONTHUMH3ALMH MAPIIPY TU3ALIHH.

JlenenTpajm3zoBanHass  mapaaurma.  Kiaccuueckue — LeHTpam3oBaHHble — RAG-CHUCTEMBI,
JEMOHCTPHUPYSI BBICOKYIO 3((EKTHBHOCTE B JTaOOPATOPHBIX YCJIOBUSIX, TIPH PA3BEPTHIBAHUH B PEATbHBIX
BBICOKOHAIPYKEHHBIX JIOMEHAX CTAJIKHMBAIOTCS C OrPAHMUYEHHMSMH MAacIITAaOMPyeMOCTH M OOeCIIeHeHHsI
koH(puneHmanbHOCTH AaHHBIX. Oco0yr0 OCTpOTY naHHas mMpobjeMa NMPUOOpeTaeT B UyBCTBHUTENBHBIX
00MacTsIX, TAKUX KaK MPELI3HOHHOTO 3IPAaBOOXPAHEHMs], TpeOyeT arperanyy BbICOKOYYBCTBHUTENBHBIX
NIEPCOHATBHBIX OMOMETPHYECKUX U MEIULMHCKHX JAHHBIX MAIMEeHTOB. LleHTpam30BaHHbIE MOHOJUTHBIE
0a3bl 3HAHWI BCTYMAIOT B MPOTHUBOPEUHE C PEryJIITOPHBIMU TPEeOOBAHHMSMU CYBEPEHHTETAa NAHHBIX, a
NOoZAepKaHUe MX aKTyaJIbHOCTH B TUHAMUYECKU M3MEHSIOLIUXCS YCIIOBUSIX CONPSKEHO C SKOHOMHYECKH
HEONPABIaHHO BBICOKMMH 3aTpaTamMH. PasperneHneM yKa3aHHOTO apXUTEKTYPHOTO TYIHKA BBICTYIACT
napagurMa pacrpeneseHHONH reHepalyy ¢ TOTONHEeHHbIM MOMCKOM (DRA(G), peanmsyromias mepexon OT
00JauHBIX MOHOJIUTOB K OIHOPAHTOBBIM CeTsiM nepudepritHbIx BhrucieHnit. B apxurextype DRAG
KQKAbIA YYaCTHUK CETH BBICTYNAeT ABTOHOMHBIM y3JIOM, OOJIQJAFOIIUM JIOKATBHOW Oa30il 3HAHWIA,
NPUBATHBIM 3K3EMILBIPOM SI3bIKOBOH MOZIEIN U MOZYJIEM 3aIHIIIEHHON KOMMY HUKALIHH.

Obpaborka MHPOPMALTMOHHOTO 3aITPOCca CTPYKTY PUPOBaHA KaK MSITHATAITHBIA KOHBEHE.

1. MTHAIMHpYOIINI y3ed CHlaMH JIOKTbHON MaJIOH sI3bIKOBOM MonenH (sL./.A{) BBIOHSET NapCHHT
3ampoca U U3BJIEKAaeT UMIUIMLIMTHBbIE TeMaTuueckue cUrHatypbl Ha ocHOBE BBIMMCIEHHs] KOCHHYCHOTO
CXOICTBA MEXAY SMOEIMHIOM 3arpoca M JIOKAJbHbIM rpad)oM 3HAHMH TNPHHUMAETCS peLIeHHe O
JOCTATOYHOCTH JIOKAJIBHOTO KOHTEKCTA. 1IpH HM3KMX 3HAYEHMSIX CXOACTBA WJIM HETATHUBHBIX 3BPUCTHKAX
yIIOBJIETBOPEHHOCTH MOJIb30BATENS] HHULIMUPYETCSI IEPEXO/ K CTAIUH BHEILITHETO TIOUCKA.

2. Jlna HaBuraumu B JCLEHTPAIN30BAHHOM CETU MPUMEHSETCS QJITOPUTM  TEMATUYECKU-
OPUEHTHUPOBAHHOTO CIIy4aifHOro Oy>knanus. B orimidue ot naBuHHON Maprupytusaimy, 7TARW ucnonesyer
AHATUTHYECKUH MOTEHLIMAI JIOKAIBHOH LM 11sl HApaBJIeHHOTO TIOUCKA: MOJIEIb HASHTU(HLMPYET Y3ITbl-
KaHZUIAaThl HA OCHOBE K3IIMPOBAHHBIX TAOJMII SKCIEPTU3bL, HATPABISIA 3AMPOC TOJBKO T€M NMHUpPaM, Ubs
UCTOPUYECKAst PEIEBAHTHOCTD B TAHHON MPEAMETHON 00JIACTH MTOATBEPKIACHA.

3. Y3IbI-IOHOPBI HE 3KCIIOPTUPYIOT ChIPbIe TEKCTOBbIE NaHHbIC. Bmecto sToro nokanbHas LIAM
TeHepHpyeT «OT(UIBTPOBAHHBIE TMOJB30BATENEM (PParMEHThl 3HAHWID, TPUMEHSSI MAaCKHPOBKY
KOH(pMIEHIMATIbHBIX MATTEPHOB. JIaHHBIM MEXaHU3M TapaHTUPyeT aOCONMOTHBIA CYBEPEHUTET UCXOIHBIX
TaHHBIX, TPAHCIMPYS UX B CEMAHTUUECKH OOOTalIEHHBIH, HO IeMAEeHTH(ULIPOBAHHBIH (OpMAT.

4. VIHMWMpYROINUH Y3l arperupyer IMOJy4YeHHble NEeUTeHTU(PUIMPOBAHHbIE (ParMEHTHI C
COOCTBEHHBIM JIOKJIBHBIM KOHTEKCTOM, (POPMHPYsI PaCUIMPEHHOE CEMAHTHYECKOE MPOCTPAHCTBO IS
(bMHAIBHOM reHepaly OTBETA.

5. CreHepupOBaHHBIN OTBET K3LIMPYETCS, & METPUKH PeITy TALIUH MTHPOB-TOHOPOB OOHOBILIFOTCS. ITO
obecrieunBaeT afanTHBHYE) MapIIPy TU3ALHUIO OyAyIIHX 3apOCOB, TIO3BOJIsIs OOXOMUTH IETPaIuPOBABIIIE
WJIH BBICOKOHATPYKEHHBIE Y3JIBL, YTO MOBBIIIAET OOIIYIO OTKa30yCTONYMBOCTD PACIPEeNIEHHON CUCTEMBL.

OkcrepuMeHTaNlbHasl  omeHKa anmroputMa  [ARW  nemoHctpupyeT ero  3(QeKTHBHOCTH B
pacnpenenenHoi apxutektype DRAG: Ha 6enumapke MMI.U nocrurnyTta TouHOCTh Fxact Match 83,90%
(mpotus 85,73% y ueHTpam3oBaHHOTO RA(r) TIpH COKpAIeHNH MEKCeTeBOro Tpaduka 110 6,87 cooOrmeHuit
Ha 3anpoc (npotus 10,91 npu flooding). I mapHast npobiema pacrpeneieHHOro Moaxoaa — reTepOreHHOCTh
y3JI0B M PUCK KOHTAMHHALIMM JAHHBIX — KOMIIGHCUPYETCS BHENPEHHeM Kpurrorpaduueckoi
pernyTalMOHHON CUCTEMBI U B3BELIEHHOTO PaH)KUPOBAHMSI IIUPOB 110 UICTOPUYECKOI BAIMAHOCTH [6].

MHOroncTo4YHHKOBasi Kpocc-Bepudukanusi 1 rpagosBble CTPYKTYPsI B apxutektype MEGA-
RAG. Munnmvmzanmst (pakTosorndeckux oO000IIeHNH B CAMbIX BaYKHBIX TIPEAMETHBIX 00JIACTSIX (TAKMX Kak
KJIMHUYECKAsT MEAUIMHA, (hapMaKoNIOrys ¥ FOPUCTIPY ISHIWs) OOyCIIaBIMBaeT HEOOXOMUMOCTD Pa3paboTKu
APXUTEKTYpPbl C HYJIEBOH TOJNEPaHTHOCTHIO K KoH(paOyssiwsiM. [logoOHBI ypOBEHh HANEKHOCTH
NPUHLIMITHAIBPHO HEJOCTIDKAM B paMKax 0a30BbIX mapaaurM RA(G, BHE 3aBUCHMOCTU OT CTENEHH HX
nereHTpamm3ai. OObIMHBIE T'€HEPATHBHBIE AareHThl YacTO HE CIOCOOHBI PACIO3HATH JIOTHYECKUE
NPOTUBOPEUMS TIPU arperalii HeCKOJIbKUX (DparMeHTOB TEKCTa, YTO AeNaeT UX HENPUTOAHBIMH IS
KIMHUYECKOTO MCTIONB30BaHUs. Jyist pereHnst naHHbIX 1podieM ObLT MPEIOKEH CrelaIn3HpOBAaHHbINA
dpeiimBopk  MEGA-RAG (IlouckoBasi NOMONMHEHHAsl TeHepanusi ¢ yTOYHEHWEM OTBETOB HAa OCHOBE
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HECKOJIBKMX JIOKa3aTeJIbCTB), MPEACTABISIOIINI COOOH KOMIUIEKCHYIO HYETBIPEXSTAITHYIO apXUTEKTYpY,
HANPaBJICHHYI0 HAa MUHAMH3ALMIO TAUOLMHAIMN. B Oommmume OT CraHmapTHOW —MapajgurMel
pacrpeneNsroeiicss HCKIIFOYUTENBHO Ha TUIOTHBIX BEKTOPHBIX HHIEKCaX, MSER peanusyeT OpTOrOHaIbHYO
TIOCJIEIOBATENBHYIO arperaryio reTePOreHHbIX TaHHBIX U3 TPEX CTPYKTYPHO PA3NIMYHBIX PacIpeAesIeHHbIX
xpaHmwmi. K HAM OTHOCATCSI TIOJHOTEKCTOBBIE 0a3bl pereH3UpyeMoil OHOMETMIIMHCKON JINTePaTypbl
PubMed, obpabatpiBaeMble C TIOMOIINBIO TUIOTHBIX BEKTOpHBIX OuOmmorek FAISS, HopmatuBHast Oasa
naHHbIX /RIS BeeMUpHOI CHCTEMBI 3IpaBOOXPAHEHHS, TIONCK B KOTOPOH OCYIIECTBISIETCS C IPUMEHEHHEM
JIEKCUUECKOTO ajiropuTMa opranmsauuu BA25 [7].

Wnrerpaims rpaduueckix 6a3 manabix (Graph-RAG) snsiercst onHuM 13 Hanbodee 3P QeKTHBHBIX
METOJIOB TIOJABJIEHHS TAJLTIOLMHALIMI B OOJIBIIHX SI3BIKOBBIX MOAEISIX (LLM).

BekTopHBIE CHCTEMBI CTPOSIT CBS3H HA OCHOBE BEPOSITHOCTHOTO MAaTEMaTHUECKOT0 OA00Hs, TOrIa KaK
rpadbl 3HAHUI ONMEPUPYIOT ACTEPMUHUPOBAHHBIMH PeOpamMH, OTPAKAFOIIUMHU TOYHBIE OHTOJIOTMYECKUE
OTHOLICHUSI MEKAY CYIIHOCTAMH (HApuMep, B JIOTHYECKON TpHasie «CHMIITOM — TIpenapar — MoOOYHbIH
addexr»).

ITonoOnast TonoNOrust MO3BOJBIET ENATh JIOTMYECKHE BBIBOIBI HETTOCPEICTBEHHO HA YPOBHE CHCTEMBI
XPaHEHUs1 JAHHBIX, OTCIICXKUBAsA 3Ty 3a4ady TIeHEPaTUBHOM MOIENH, JUHAMHYECKOW CTOXaCTUYECKOU
koH(paOysimn. OTcyTCTBHE MCKOro (hakta B rpade MpUBOAWT K BO3BPATY MyCTOTO PACHPOCTPAHEHHS,
KOTOPOE MHHLIMMPYET IMPABUIIBHBIA OTKa3 MOZENH OT (hOPMHUPOBAHMS OTBETA M OJIOKUPYET T€HEpaLlHIO
aprepakToB Ha OCHOBE JIOTIOJIHUTENbHBIX BEKTOPHBIX cooTHOIIeHHH. [locnenyromas oOpaboTka B paMKax
(bpeiiMBOpKa BKITIOYAET B ceOsl TP CTauK TTyOOKOrO aHATH3A.

BTopoii KOMIIOHEHT — MOIyJIb T'€HepaLli BapHaTHBHBIX 0TBETOB (DPAG) — dopmupyer mMaccus
KaHMJATHBIX PEIIeHHH METOJOM COMIUIMPOBAHMS, TIOCHIE Yero K HAUM NPUMEHSIOTCS BBIMHUCIUTENBHO
pecypcoeMKkue Monenu Kpocc-3HkoaepoB. CoBMecTHast 00paboTKa 3armpoca U KaHAWIATHOTO JTOKYMEHTa
Yepes3 MoImaroBbli Tpanc(opMep 0OeCTIieurBaET BBIIBICHHE TOHKUX CEMAHTHIECKUX CBSI3EH, HCKITFOUAFOLIHX
3a7ep KK OMPHKOIEPaM.

Ha Tperbem sTanme Momyib CEMaHTHKO-3BUIEHIMAIBLHOTO criopta (SEAL) ucnonms3yer MeTpuky
BERTScore nyist MaTeMaTHYeCKOM KBAHTH(DUKALMHY CTETIeHH 0OOCHOBAHHOCTH KaXKIIOTO CTEHEPUPOBAHHOTO
TOKEHA TMOJYYeHHOH A0KazaTenbHO 0a3oi. OCHOBHBIM MHHOBALIMOHHBIM MEXAHU3MOM BBICTYIIAET
YeTBEPTHII MOMYJIb MPUHLIIA PACXOXKIEHUH U camopasbsicHeHus (D1SC).

Ilpu nanenun wmerpuku SEAE HMke yCTAHOBJIEHHOIO MOPOTOBOIO 3HAYEHUS [aHHBIN
KOMIIOHEHT HE TNPEpbhIBACT I'€HEPALMIO, aHAIU3 NMPOBOAUT CEMAHTHUYECKHE AMBEPTECHLH MEXKTY
MacCHBOM TNOTEHIMAJbHBIX OTBETOB, CHHTE3UPYET BTOPHUYHBIH KOPPEKTHPYIOIIUH 3ampoc K
XPaHWINIIAM JAaHHBIX WU PEHU3yeT MpPOIEeCC HAMpaBIEHHOTO PEAaKTHPOBaHUS (opMUpyeMbIX
3HAHUN.

DKCTIepUMEHTAIbHBIC 3aMEPHI B 331a4aX MEANLIUHCKOTO Npoduiis yOeaUTeNbHO AOKA3bIBAIOT
npeBocxoactBo  MEGA-RAG  Haag W30JUPOBAHHBIMH — OOJIBIIVIMH  SI3BIKOBBIMH  MOZEJISIMH,
nooOyueHHbIMU cucteMamu Bpoae PubMedGP T v 6azoBeiMu peanuzauusimMu RAG.

ApPXUTEKTypa IOCTUTae€T BBICOKOH TOYHOCTH W MPO3PAYHOCTH, TAPAHTUPYS, YTO JHOObIE
(akTONMOrMUeCKNe YTBEPXKACHUS TOAKPEIUICHbl IEPEKPECTHO TNPOBEPEHHBIMH HCTOYHHKAMU
(Tabmuma 2) [8].

Taonuya 2. CpaautenbHast 3((GEKTUBHOCTD MOAETIEH

Tun moaenaun To4HOCTB CHIKCHHC YPOBHS TAJIFOIHHAITHH

PubMedBFERT (m3omposansas moaens) | Huskag (uacreic pabpukanmm) | basosas maama (0%)

Standalone LLM (GPT-4) Cpemasas Oxromo 15%

Crangaprasiii BeKTOpHBIH RAG YMepeHHas Oxomno 25%

MEGA-RAG Bricokas Cepmrre 40% OTHOCHTCIBHO
CTAHIAPTOB

HNHTenIeKTyalbHOE CEMAHTHYECKOEe KIIMIHPOBAHHE: KOMIIPOMHUCC MEKAY 3aAep:KKOi H
JIO)KHBIMH ~ cpalaTbiBaHusiMH.  PasBepTbiBaHMe  Macmradupyembix  cucteM RAG B
NPOM3BOJCTBEHHON Cpele CONPSKEHO C MOCTOSTHHOH OOpbOOW MPOTHB ABYX TIJIABHBIX BpParoB
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APXUTEKTYPbl: CTOMMOCTU OOpalieHust K OOJBIINM SI3BIKOBBIM MOZEIISIM H 3a/I€PKEK JIOTHYECKOTrO
BbIBOAA, pa3pyLIAIOIIUX ITOJIb30BATENbCKUN OMBIT. JlJIs1 MPHIIOKEHHH, XapaKTepU3YHOIIUXCS
BBICOKOHW TUIOTHOCTBIO TMOBTOPSIFOLIMXCS 3alpPOCOB ¢ HEOONBIIMMH BapHanMsMU (POpMyIHPOBOK
(Harmpumep, 4aT-00ThI KIIMEHTCKOH MOIAEPIKKH, HHTEIJUIEKTY aJIbHbIE CUCTEMbI aHAJIN3a TEXHIYECKON
OOKyMEHTAI[MH),  KJIACCHMYECKHEe  METOAbl  NPEePUKCHOrO  KIUIMPOBAHUS  OKA3bIBAIOTCS
HEOCTATOYHBIMU. MeXaHNU3MBbI K3IIUPOBAHMS MPOMITTOB, PEAJIM30BaHHBIE HA YPOBHE NPOBAIepOB
(takux kak Microsoft Azure nim OpenAl), PyHKUNOHUPYIOT MyTEM COXPAHEHUSI TEH30POB «KIFOU-
3HAYEHNE» MEXaHW3MOB BHUMAHMs MJIs1 HAYaJbHBIX TOKEHOB 3ampoca. JTOT momxox Tpedyer
U/IeaJIbHOTO, TO0AMTOBOrO COBMAAEHUs] MpePUKCHOM HacTH 3ampoca. AHAJIOTHYHBIM 00pa3om,
TPaTULMOHHOE K3LIMPOBAHUE THIA KIFOU-3HaueHue (Oasmpyromeecs Ha XEIIMPOBAHWUH CTPOK) He
croco0HO 0OpabaTeIBaTh €CTECTBEHHBIN A3bIK: 3anmpockl «KakoBa Bamma nmonuTuka Bo3spara?y, «Kak
sL MOTY BEPHYTb TOBap?» 1 «MOry JIU 51 OTHPABUTH 3TO 00paTHO?» OYAyT BOCIPUHUMATHCS CUCTEMOM
Kak a0CONIOTHO pasHble KJIOYH, WHULMUPYS TPH OTHENBHBIX, JOPOTOCTOSIIIUX M MENJICHHBIX
IPOXO0/ia Yepe3 BCIO LeTb U3BJICUEHUs U reHepanui. KoHenTyanbHbIM peIeHrneM 3TOH podsieMbl
SIBJIIETCSI BHEIPEHHUE WHTEJUIEKTYaJbHOrO CJIOS CEMAaHTHYECKOTo K3IHpoBaHus. CeMaHTHUECKOe
K3IIMPOBAHUE ONEPUPYET HE CHHTAKCHUCOM, a HCKIIOYUTENIbHO MAaTeMaTH4YeCKUM CMBICIOM U
UHTEHIMeH 3ampoca. Anroput™M (QYHKUMOHHMPYET CJIEOYIOIUM 00pa3oM: MOCTYMAaOIHN
MIOJIb30BATENBCKHIA 3aPOC KOHBEPTUPYETCS JISTKOBECHOH MOJIENBI0 B BEKTOPHOE IMPEICTABIICHHE.
3areM 3TOT BEKTOP MCIOJIB3YETCS ISl TOMCKA B BBICOKOCKOPOCTHOM PEe3HIASHTHOH 0a3e NaHHBIX, I1e
XpaHATCST 3MOEATUHTA HMCTOPUYECKUX 3aIlpPOCOB, COMPSDKEHHBIE C paHee CreHepUpPOBAHHBIMHU
STAJIOHHBIMH OTBeTaMH. ITOMCK OCyIIeCTBIsIETCS Uepe3 BEIYUCICHHE KOCHHYCHOTO CXOACTBA MEXIY
BEKTOpAaMH B MHOTOMEPHOM THPOCTpaHCTBE. Ecnm mokaszarenb CXOACTBA TMPEBBIIIAET JKECTKO
3alaHHBIN MOPOT YBEPEHHOCTH, CUCTEMa MIHOBEHHO BO3BPAILAET K3IIHPOBAHHBIN OTBET, IIOJTHOCTHIO
0o0xonst 3Tanbl BEKTOPHOrO NMOWCKAa MO 0ase NOKYMEHTOB M TeHepaluu OTBeTa Tsokenoi LLM.
Brenpenue storo natrepHa obecrneunBaeT (PeHOMEHATBHBINA MPUPOCT MPOU3BOAUTEIBHOCTU: BPEMSI
OTKJIMKA MOJKET COKPATHTBCS ¢ ~0.5 cekyHn (nmonmueiii ki RAG) no 100 mummicekyHn (M3BJICUEHUE 13
K311a) — 65-KpaTHOE YCKOPEHHE, CONMPOBOXKIAOIIEECS IMPONOPLMOHABHBIM MAJCHUEM OIePALMOHHBIX
pacxonoB. OnHAKO BHEOPEHHE CEMAHTUYECKOrO K3Ia TauT B ceOe CKPBITYIO YIrpo3y, M3BECTHYIO B
UHAYCTPUM KaK «KPH3UC JIOKHBIX cpabaTbiBaHMiD. BEKTOpHOE NPOCTPaHCTBO HE WICAIBHO, MPH
HEKOPPEKTHOM HACTPOWKE THIeprapamMeTpoB CHUCTEMa HAYMHAECT BbIIABATH YBEPEHHbIE, CEMAHTUUECKH
Omm3Kre, HO (PaKTHUECKH HEBEPHbIE OTBETHI M3 KAIIIA, 3aMeHsIst (DAKTOJIOTHUYECKYEO TOYHOCTh HA CKOPOCTb.
Ji1st HeiTpaiM3aLiy 3TOro CYIIECTBEHHOTO PHCKa HEOOXOIMMO MEPEHTH OT MPOCTOro TFOHHHIA TIOPOTOB K
MHOTOCJIOHHOMY apXUTEKTYPHOMY Iu3aiiHy. PyHIAMEHTaIBHBIM MPHHLUIIOM PEJOTBPALICHHS JIOJKHBIX
cpabaThIBaHHH SIBJISIETCS «TIPHHLINT HAVITY YIIer0 KaHAUAaTay. JJaHHbIHA MPUHIMI TIOCTYIUPYET, YTO BMECTO
WHKPEMEHTAIPHOTO 3alOJHEHHsl KJIA «HA JIeTy», TPOW3BOACTBEHHAs CHUCTEMa JOJDKHA ObITh
NPEABAPHUTENHFHO HHULMATM3HPOBAHA «30JIOTHIM CTAaHAAPTOM» — KAHOHMYECKUMH OTBETAMU Ha BOIIPOCHI,
TIOKPBIBAIOIMMH  OCHOBHBIE TpeMETHbIe JOMeHbl CYIIECTBEHHO Ba)KHO, YTO BMECTE C 30JIOTHIM
CTaHZApTOM B 0a3y BHEAPSIOTCS «CTPATErMYECKHE AMCTPAKTOPBDY — CHHTETHYECKHE 3aIpOChl, KOTOPbIC
CEMaHTHYECKHU MOX0KM Ha KAHOHIYECKHE, HO TPeOYIOT MPUHLMITHAIIBHO HHOTO OTBETA.

HneanbHoe 3MIMPUYECKOE COOTHOLIEHHE COCTaBISIET 3 AMCTPAKTOPA HAa | 3TaNoOHHBIA 3ampoc.
Hammue Takix KOHTPOJIbHBIX TOUEK B JIATEHTHOM IPOCTPAHCTBE MO3BOJISIET AITOPUTMY TIPENETIbHO TOYHO
BBIUHMCIISITh TPAHHLBI CMBICJIOBBIX KJIACTEPOB, IPENoOTBpalas OMMOOYHOE OOBEAMHEHHE pPa3HbIX
koHuemmil. OnruMusanyst mopora cpadaTbIBaHUS SBISIETCST HE MEHee 3HaYMMbIM (DaKTOPOM U CHJIBHO
3aBHCHT OT BbIOOpa 0a30BOM MOZIENH SMOEAIMHIOB, TAK KaK INIOTHOCTh PAaCIpeNieNIeHHs] BEKTOPOB Y Pa3HBIX
APXHUTEKTYP KapAUHAIBHO oTii4aeTcs. [lapHeiiiee CHIKeHNE YPOBHS JIOXKHBIX CpadaThIBaHuUi (HInKe 5%0)
TpeOyeT peasi3aiii MHOTOBEKTOPHOH apXUTEKTY Pbl, IIPX KOTOPOH CO3MIAI0TCS H30MPOBAHHbIE MHIEKCHbIE
NPOCTPAHCTBA JUIS Pa3IMYHBIX ACTIEKTOB OTHOTO 3ampoca. Kpome Toro, BHepeHHe JIerKOBECHBIX MOTIeNeH
KPOCC-3HKOAEPOB Ha 3Tare BaJIMAALMM KaHAWAaTa W3 KAIIA IO3BOJSIET IMPOBECTH TIIyOOKWA aHAIH3
B3aUMOCBSI3EH MEKTy BXOJHBIM 3aIIPOCOM H K3LITHPOBAHHBIM 3TAJIOHOM JI0 OTIPABKH OTBETA ITOJTB30BATEIIO,
(haKTHUECKHN UCKITIOYAsi CEMAHTHYECKHE TAJUTFOLMHALIMK Ha YPOBHE K31ma [9].
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MHuorogasHoe panxkupoBanie U (WILTPAUUsT CEMAHTHYECKOro0 IIyMa. YIIPaBJICHUE
pacripeneneHHbIMHU LieTsiMU RAG TpeOyeT »KecTKOi OanaHCUpOBKH MEXKIY 33/1€p>KKOH BBIBOZIA U BBIXOIOM
(KOMIPOMHCC 3a/I€P’KKH M TOYHOCTH). JIMHEHHOE pacIurpeHne KOHTEKCTHOTO OKHA FJTH YBEJIUUEHHE BHIOOpa
(mapamerp 7op-K) meperpyskaer MexaHH3Mbl BHUIMAHUSI M TIPOBOLIMPYET TAJUTFOLIMHALINN THITA «TIOTEPU B
cepenuHey. IlpoOnema  pemmaercss  BHEIPEHMEM  METONMK ~ MHOrOQasHOrO  paHKUPOBAHMS,
JEKOMITO3UPYIOLIEro Ipolecca onperneneHus. llepBudHblii 0030p MaccHBa AHHBIX OCYIIECTBISIECTCS
BBICOKOTIPOM3BOMTEBHBIMH JIeKCHIeCKuMU (BM25) u BexktopabiMH (ANN) anroputMam, IUisl 4ero
NPUMEHSIETCS] THOPUTHOE TIePePaHKMPOBAHUE JIYUIINX KaHAUIaToB. Ha KOHEYHOM 3Tare pecypcoeMKue
KPOCC-3HKOAEPHI IPOBOAST MPELM3HOHHbINA CEMAHTUYECKUI aHAIM3 OTPAaHIYEHHOHN BHIOOPKH, B PE3YJIBTAaTe
Yero ONPENEISIeTCs] PENEBAHTHOCTh 0€3 KPUTHYECKON JIerpafalii JJATeHTHOH chcTeMbl. CyIeCTBEHHBIM
HCTOYHHUKOM TPOUCXOXKACHNST KOH(aOyISILMN SBJISIETCS] HAJIMUUE B BBIOOPKE (CKECTKUX HETaTHBOB) —
JOKYMEHTOB C BBICOKMM IOBEPXHOCTHBIM CXOACTBOM, HO (DaKTOJIOTMYECKH HEBEPHBIM JOOABICHUEM.
Heiirpanisaryst JaHHOTO CEeMaHTHYECKOTO LTyMa TpeOyeT NMPUMEHEHHsI KOMIUIEKCHBIX aIlTOPUTMOB Ha 0ase
METOJ/IOB aTPHOYIIHH.

B ycnoBusix orpaHM4e€HHOro JOCTYTIa K Py caM MOZIENeH B pacTIpe/ieNIeHHbIX 0a3aX PEKOMEHY eTCsI
UCTIONB30BATh aTPUOYLIMHU «YEPHOTO SIINKa» C MPUBJICUSHHEM aJIbTEPHATUBHBIX (PHIIBTPYIOIINX MOJEIEH,
3aMEHSIFOINX TPaJueHTHhI aHamm3 («Oembri  simmk»).  TlomoOHast KOMIUIEKCHAs — ONTHMH3ALMS
IIIYMOIIOJABJICHHS] U PAHKUPOBAHME CEPHE3HOCTH 3a/1ad TPaHCPOPMALMH €CTECTBEHHOTO si3bIka B SO~
3anpocsl (1ext-to-SOL).

B omnuume ot 0a30BBIX apXUTEKTYP € MCTIONB30BAHUEM CXEeMbI (PUKCHPOBAHHOTO KOJIMYeCTBa (fixed-
k), BHeIpeHWEe AITOPUTMOB IMHAMUYECKOH HEPApXUUYECKOH KIIACTEPH3AlMK TI03BOJISET aJalTHBHO
ONPENEISITh PENICBAHTHBIA OOBEeM TaONMI, OTCEKAIOIIMK IIyM Ha 3Tare (POPMUPOBAHMS KOHTEKCTA.
Cuneprus JaHHOH CUTYaLK C UTEPATUBHBIM O0OOTAIIIEHHEM TPEJIOKEHNS PEATbHBIX 3aIUCEH TIOBBIICHHST
MeTpuky /1 usBneuenus cxem ¢ 0,79 no 0,88 u noBbIIAET TOUHOCTH BBIOJHEHH 3a11pocoB Ha 11%,
TIOJTHOCTBIO BBITIOJNHSIST HEOOXOIMMOCTB PECYPCOEMKOTO TOOOYUeHusI (TOHKOM HacTporiku) Moxaen [ 10].

3akmouenne. MHTErparysi OONBIINX S3BIKOBBIX MOZENEH C pacnpeaeeHHbIMI KOPIIOPATHBHBIMU
0a3aMl IaHHBIX B paMKax CTPyKTypel RAG axkTyammsupyeT (QyHAAMEHTANBHYIO —mpoliemy
(baKkTONOrMecKOl JOCTOBEPHOCTH NCKYCCTBEHHOTO MHTEIUICKTA.

CereBble 3a1eprKKH, KOMIPOMHUCCHBIE MOZIENH ACHHXPOHHOW KOHCHCTEHTHOCTH U TIPUCYTCTBUE
CEMaHTHYECKOTO LITyMa TPAHCHOPMHUPYIOT (PYHKIHIO MONABICHHUS TAJUTFOLMHALNN 13-3a JITHIBHCTUYECKOH
B KOMIUIEKCHOH MHKEHEPHOH mpodiieme.

IIpeononenue BEBIBICHHBIX OrpaHUUueHHH TpeOyeT KOHLETTyaIbHOTO OTKa3a OT 0a30BBIX MapagurM
JIMHEHOrO BEKTOPHOIO TIOMCKA C HCTONB30BAHMEM INyOOKO SIIENOHMPOBAHHBIX, MHOTO(A3HBIX
APXUTEKTYPHBIX 00PabOTOK TAHHBIX.

AHaI3 COBPEMEHHBIX MOIXOIOB JOKa3bIBAET 3(P(HEeKTHBHOCTH NELIEHTPAIN30BAaHHBIX CHCTEM KJlacca
DRAG, koTopble 32 CHET aJIrOPHTMOB HAIPABJIEHHOTO TOIOJIOTHYECKOTO Oy KIaHHs PEIatoT MpoOIeMbl
MacIITadMpyeMOCTH CETH U CYBEPEHUTETa KOH(PHICHIIAIBHBIX JaHHBIX.

B Bakneiimx obnacTsix, TpeOyrOIMX HyJIEBOH TOJIEPAHTHOCTH K KOH(DAOy JISILISAM, apXUTEKTY PHBIMU
peLIeHHsIMH sIBIIsIETCs] MHOTO(akTopHast Kpocc-Bepudrkanus (ppeiimBopk MEGA-RAG).

UHTerpaimsi  BEPOSTHOCTHOIO  BEKTOPHOTO — ONpENeNieHHs] CO  CTPOrod  OHTOJIOTMYECKOH
JETePMUHHUPOBAHHOCTHIO TpadoB 3HaHuil (Graph-RAG) MO3BONSET CHU3UTH YPOBEHBb (DAKTOJIOTHUYECKHX
cOoes.

BbruumcnmTencHas peHTaOENBPHOCTD TaKMX —TSDKEIOBECHBIX IPOLIECCOB BHEPEHWsSI  YPOBHEH
UHTEJUIEKTYAJIbHOTO CEMAHTUYECKOrO KAIIMPOBAHUS C HUCIIONB30BAHUEM JIOKHBIX MPOrPaMM M METOIUK
HEPapXIIECKOr0 MHOTrO(asHOr0 PaHKHPOBAHMUS, KOTOPbIE MHHHMIBHUPYIOT JIATEHTHOCTh BBIBOIA H
3¢ PEKTHBHO PUITBTPYIOT «GKECTKHE OLITHOKID.

Obecrieuenrie HaIEKHOCTH I'eHEPATUBHBIX CUCTEM B BBICOKOHAIPY>KEHHBIX PACIPEIENICHHBIX Cpeax
HE YUUTBIBAET SKCTEHCUBHOTO MACIITAOMPOBAHUS TAPAMETPOB S3IKOBBIX MOZENEH M X PECyPCOEMKOrO
o0y4eHHs, a CIeOBAaTENbHO, TIYOOKOW aJrOPUTMUYECKOH ONTHMH3AlMKM KOHBEHepa H3BJICUEHHS |
BepU(HKALIN KOHTEKCTA.
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INocnenyrornast SBONFOLMS HH)KEHEPHBIX 3HAHWH B JTaHHOH obnacTu Oy ieT 0a3upoBaThCs HA Pa3BUTHH
FI/I6pI/I,I[HbIX METOAOB IMyMONOAABJIICHUA, MOCKOMIIO3HUIMU TIPOCTBIX 3alpOoCOB JIA HUTCPATUBHOI'O
q)aKquKI/IHFa W BHCAPEHUA MaTEMATUICCKN 00OCHOBaHHBIX METPUK TrCOMETPUIECCKOTIO KOHTPOJIA CEMAHTHUKHU
Ha BCEX 3Tarax JIOTHYeCKOro BbIBOJA.
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CACHING TO INCREASE THE RELIABILITY OF DOMAIN-ORIENTED LLMS
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Abstract. The paper discusses an approach to increasing the robustness of neural network models used in eye footage
segmentation to typical image distortions using targeted data augmentation. Using the example of the winner of the OpenEDS
Semantic Segmentation Challenge 2019 —the RitNet model (based on U-Net and DenseNet), it is shown how the addition of synthetic
artifacts (structured starbursts, Gaussian blur, random lines and shifts), characteristic of images in VR / AR glasses, made it possible to
achieve high accuracy with an extremely small model size. This approach emphasizes the importance of adapting training data to real-
world application conditions to improve the reliability of models in computer vision tasks.

Keywords: big data, convolutional neural networks, segmentation, model robustness, infrared cameras, data augmentation,
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