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Pesrome. B crarusara ce upejcraBs nadpacTrpyKTypa, KOATO HHTErpUpa CBOOOIHO
JIOCT'HITHA MHCTPYMEHTH M TOJIEMU €3MKOBU MOJIeJIM B repconajm3upan darbor. [lesra e
Jla Cce JIEMOHCTPHpPA KakK TOJIeMUTE €3MKOBM MOJEJIM MOraT ja ObJaT H3IO0JI3BAHU C
momorra Ha JocTbhiHO Karo ena GPU, KakTo u Bb3MOXKHOCTUTE 32 Pa3lIMpIBAHE HA
NOTPEOUTEICKUTE 3AABKY C JIOITbIHUTEICH KOHTEKCT B 3aBUCUMOCT OT HEJIUTE U 00J1acTTa
Ha mpmiaoxkenue. Paborara Ha mpeaBapuTesHO OOyYEHW TOJEMH €3MKOBU MOJIETH CE
JeMoHcTpupa ¢ noMornra Ha Texuosoruara RAG (Retrieval-Augmented Generation, wim
M3BJMYAHE C PA3IIMPEHO MeHepUpaHe) 38 ObJIrapCKu 3a perraBane Ha KOHKPETHA 3a/1a4a
B JaJeHa TemarndHa obsact. 3bpanara 3amada e pe3lOMHpaHe Ha JOKYMEHTH, a
obracrta e Hayka u obpazoBanme. llpemcraBenoro pemiennme MOXKe n1a Ce HPHJIOXKHI 3a
Cb3/IaBAHETO Ha JIPYTH MPUJIOKEHUS 38 ObJITapCKU €3WK.

Kaowoeu dymu: roleMu €3WKOBH MOJIEJIN; U3KYCTBEH MHTEJIEKT; 1aTb0TOBE

1. BbBeaenue

Fosemure esuxkoBn wmogenu (LLM) ca rexHojorms Ha W3KYyCTBEHUS
WHTEJIEKT, KOSATO ,pa3bupa’, 0600maBa, reHepupa U TPOTHO3UPA HOBO
CbIbpPKAHUE, U3MOI3BANKN TEXHUKHU 38 IbJIOOKO 00yUueHUe BbPXY MACUBHU
nabopu ot manuu. Cb3IaBaHETO HA COOCTBEH T'OJISIM €3MKOB MOJEJI BCE OIIEe
e NPeIU3BUKATEICTBO (4 BEPOSTHO M Ie OCTAHE I[OHE U3BECTHO BpPEME).
Iobpe m3BECTHO €, Y€ MPeaBaAPUTETHOTO 00yUeHnEe Ha TOJIIM €3UKOB MOIEJT
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M3UCKBA TOJSIMO KOJU4IecTBO Januu. Hampumep mpe3 2023 r. LLaMA
u3noJi3Ba HabOp OT jaHHU 3a obydenue ¢ obem 4,6 repabanra (Goyal et al.
2023). Moxe na ce uznonssa API (mpuiozkHo-iporpamen unTepdeiic) Ha
roJieMu €3UKOBU MOJIEJIN, KOUTO ce Tpejjarat B MoMmenTa. HeymobcrBara ca
CBbp3aHU ¢ aDOHAMEHTA, M3UCKBAHETO 34 HEIPEK'bCHATA WHTEPHET BPbH3KA,
Bb3MOXKHHUTE OTPAHUYCHUS 33 IMEPCOHAIU3AIINA, KOHTPOIA HAJl MOJeJa, HO
Hail-BeYEe Ce OTHACHAT JO CUT'YPHOCTTA HA JAHHUTE, KOUTO CE U3IOJI3BAT IIPU
KOMYHUKAITUATA, C MOJEJIA.

Paborara ma mpenBapuressHo 00yUIeHN TOJIEMU €3UKOBU MOJIE/N Ie ObIie
nemoncrpupana ¢ texuosoruaTa RAG (Retrieval-Augmented Generation,
WM U3BJINYAHE C Pa3IIMPEHO MeHepupaHe) 3a ObJrapCcKu 3a PellaBaHe Ha
KOHKpETHa 3a/7ada B [aJeHa TeMaTwdHa obOsgact. Vs3Opanara 3amada e
pesloMupaHe Ha JOKyMEHTH, a o0JlacTTa € Hayka u o0pa3oBaHUe.
Ilpemmaranara uH@paCTPpyKTypa  KOMOWHHpPa  CBOOOJHO  JIOCTHIIHU
WHCTPYMEHTH U T'OJIEMH €3WKOBU MOJIEJIN U WJIIOCTPUPA KAaK MHCTPYMEHTUTE
MoraT Ja 0bIaT KOMOMHUPAHN KAKTO 3a M3IOJ3BaHEe Ha MOIEIUTE JIOKAJJIHO
camo ¢ CPU wmnu ¢ mocrbiuo Karo nena GPU, Taka u 3a pasmupsiBane Ha
HOTp€6I/ITe.HCKI/ITe 3adBKH1 C JOII'bJIHUTEJIEH KOHTEKCT B 3aBHCHUMOCT OT
[eJInTe, 38 KOUTO Ce U3I0/I3BAT TOJIEMUTE e3UKOBH MoJjeu. [lorpeburesmre
MOraT Jia KOH(PUIYPHUPAT 3asiBKUTE B 3aBUCUMOCT OT IIPEAIOUYATAHUATA CU
3a W3MO0JI3BAHETO HA TOJIEMUTE €3WKOBU MOJEIU 38 KOHKPETHU 3a1adu:
onpocrsiBare Ha Tekcr (Fang et al. 2025), orroBapsine Ha BbIpocn (Xu et
al. 2025), kmacudukanus Ha gokymenTtu (Sun et al. 2023) u ap., u B
KoHKperHu obsactu: ¢unancu (Murtaza et al. 2025), maremarnka (Henkel
et al. 2024) u np. Ilo To3u Haumu pesynraruTe OT paboTara HA TOJEMHUTE
€3UKOBU MOJIeJIM Morar Ja Objaar okycwupanu u Ie I03BOJIABAT IIO-
aJIeKBATHO ¥ 1TO-ObP30 B3eMaHe Ha PEIeHus.

2. KpaTko mpescTaBgHe HA U3IMOJ3BAHUTE TEXHOJIOTUU

Cuiesi BbBexianero Ha apxurekrypara Transformer (Vaswani et al.
2017) e mocTWrHAT CEpPHO3EH HANPEIbK B IMUPOK HAOOP OT 3aJa4u B
obJracTTa Ha M3KYCTBEHUsI MHTEJEKT U KOMITIOTbPHATA 00PAbOTKA HA €3UKA.
HampenbkbT ce ocHOBaBa Ha pakTa, Ue MOJEJNUTEe, Cb3MAIEeHU C Ta3u
apXUTEKTypa, Ca JEeCHH 3a Ilapajeju3upane, wmamabupane u QduHA
HACTPOUKA WJIM aJIalTHPaHe K'bM IIUPOK KPbr OT 3amadu. MarabupaHero
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ce mpuJjiara KakTO IO OTHOIIEHWE Ha pa3Mepa Ha MOJEJNTE, Taka U Ha
pa3mepa Ha nanHuTe 3a obyuenue (Radford et al. 2018; Kaplan et al. 2020).
JlHec, HAKOJIKO TOIWHM CJel] BbBexKaanero Ha Transformer, xapayepbT u
nHPaACTPYyKTyparTa 3a 00ydeHre Ha MOJIEMI €3UKOBU MOJIEJH Ca TO-IMUPOKO
JOCT'BIIHA ¥ € HAJIMIE MHOI'O TI0-00p0 U I10-38IbJIO0YEHO Pa3sbupaHe JOKbIE
MOXKe Ja ce Mamabupar MOJEJIUTEe W KOJIKO JIAHHW €& HEOOXOIUMU 33
npeasapuresino obydenune (Hoffmann et al. 2022). ITo to3m Hauun
BHUMAHUETO CE U3MECTBA OT MPOCTO MaIlabUpaHe Ha pasMepuTe Ha MOJIeIa
kbM duHa HacTporWka Ha cbinecrByBammuTe Mojean (Ouyang et al. 2022).
BERT (Bidirectional Encoder Representations from Transformers) e mozen
3a JbJIOOKO ODydeHue, KONTO u3moj3Ba apxurekrypa Transformer, n mo-
TouHo yacTtTa Ha enkojepa (Devlin et al. 2019). BERT ce obyuaBa upe3
[IPOU3BOJIHO MACKUPAHE HA JyMU B U3PEUECHUATA U MPEICKAZBAHETO UM Bb3
OCHOBA Ha, OKOJHHUS KOHTEKCT W TpWjara JIBYIOCOYHA OOpabOTKa Ha
KOHTEKCTa. [l0 Tasm mpuunHa peaniia M3C/IeIBaHUS TTOKA3BAT, 9€ MOJIETbT
BERT u nocienpammure MoauUKaAIIMK CE CIIPABST JI00PE ¢ OTKPUBAHETO HA,
jgorndecku Bpb3ku. Ob6parHO, MopenuTe camo ¢ jgekogep, karo GPT
(Generative Pre-Trained Transformer) wmim LLaMA, renepupar wusxo
aBTOPErPECUBHO — TPEJCKA3BalKy Hall-BeposATHATA CJEABAIIA JIyMa Bb3
OCHOBA Ha TIPEJXOJHUSA KOHTEKCT. Upe3 mpemaxsane Ha enkogepa GPT
mogesnure (Achiam et al. 2023) morar ga obpaGorBaT BXOJHUTE IaHHU
JIMPEKTHO W Jia TeHepupaT u3xoj, mo-0bp30. Tazu apxutekTypa MO3BOJISIBA
MOMeIUTe Ja ObIaarT obydaBaHW BBHPXY TOJIIMO KOJUIECTBO HEAHOTHPAHU
JaHHU. B MOMEHTa CMe CBUIETENN Ha HENPEKbCHATATA TOSBA HA HOBU
€3WKOBU MOJIEIN, YACT OT KOWTO Ca CBODOJHO JOCTBITHU, a JPYra FacT —
KOMIIPECUPAHY TI0 HAYWH, TaKa 9e MOTaT Ja ObIAT U3MOJ3BAHU C ITHPOKO
pa3mpOCTpaHeH Xapiayep.

Texnosorusita eenepupare ¢  paswupeno uzsaudane (Retrieval-
augmented Generation — RAG) ciayxu 3a nog06psiBaHe Ha MHCTPYKIUUTE
K'bM TOJIEMHU €3WKOBU MOJENH C MOAXOMAIIN JAHHN € TeJT IOy IaBaHeTo Ha
no-ymectan u no-rounu orrosopu (Lewis et al. 2020). Ilenrra ma
TEXHOJIOTUATa € Ja C€ Cbhb4YeTadT BDH3MOXKHOCTUTE Ha I'OJIEMHUTE €3UKOBU
MOJIEJIM, KOUTO Ca, IIPEABAPUTETHO TPEHUPAHN C OOIIM MO3HAHUSA 38 CBETA, C
nHdopManys, cuenuduyHa 3a JgaJeHd OpuiaoxKenuss u obnactu. RAG
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M3II0/13Ba, BEKTOPHU 0a3u OT JaHHU, B KOUTO CE€ ChXPAHSBA ITOIXOJIANIATA
nHMOPMAIKS, OT KOSTO Ce U3BJIUYAT JAHHU C [OMOIINTA HA CEeMAaHTUIHO
TbpCEHE © ce J100aBAT KbM KOHTEKCTHUS IIPO30Per] Ha IIOJIKAHATA.
IIpexmvcersara npu musnossBanero Ha RAG ca: momobpeHa TOYHOCT Ha
[IPEIOCTaBsAHATA OT TOJIEMUTE €3UKOBU MOJIC/IN MWH(MOPMAIWS; HAMAJISBAHE
WA TPEOOJIsiBaHe Ha CJAydYaWTe Ha XaJONWHAINS HA TOJIEMUTE €3WKOBU
MOJIEJIA TIOCPEJICTBOM I'€HEPUPAHETO Ha OTTOBOPU, KOUTO CE€ MPEIU3BUKBAT
OT paslInpeHa JI0CTOBepHa uHMopMalnsd; (prHa HACTPONKa 3a crenuduIHun
TeMaTUIHU 0OJIACTH, KOETO TTO3BOJISIBA, PEIIABAHETO Ha KOHKPETHU 33/Ia9H.

Texnonoruure 3a RAG ca pasHoobpasHu W BKJIOYBAT MPUIOKEHUS 34
chbupaHe Ha JaHHU, TeHepupaHe Ha cunTeTnanu ganuu (Shi et al. 2024) wim
M3MOJI3BaHEe HA T.HAP. TMPOIEC HA Pa3ChKIACHWE MO BEPUTATA HA MUCHITA
(chain of thoughts)(Wei et al. 2025). Pazau4annre Bapuayn v MpuaoKeHus
Ha RAG ca onucanu B peauna uscieasanus (Gan et al. 2025; Li et al. 2025).

Ilorpeburesncku unrepdeiic

HTTP

y[[paBJIﬂBalﬂ, MeXaHUu3'bM

HTTE \Q

Ollama |

ChromaDB

®@urypa 1. ApxuTekTypa Ha paspaboTeHaTa CHUCTEMa,
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3. ApxuTekTypa Ha mH(ppacTpyKTrypara

[IpoexkTnpanara cucTemMa 3a aBTOMATHIHO PE3OMUpAHE HA TEKCTOBE €
CbCTaBEHA OT YeTUPHU KOMIIOHEHTA, TOKa3aHu Ha ¢dwur. 1 — 6a3a oT 3HAHUS
(ChromaDB), esukoB wmomesn (Ollama LLM Service), mnorpeburescku
unrepdeiic  (Frontend Service) u ynpasassam wmexanusbMm (Backend
Service). Cucremara BkimouBa RAG, Koero ocurypsiBa reHepupaHe Ha
M3Pa3u Ha €CTECTBEH €3UK 34 PAa3IIMPABAHE HA KOHTEKCTA HA WHCTPYKIUHUTE
K'bM €3WKOBHS MOJIEJI C 9aCTH OT HPEJIBAPUTEIIHO 3a/I3/IEHO ChIbPKAHUE.

OCHOBHUAT KOMITOHEHT Ha CHCTEMATa € W3II'bJIHEHUETO Ha €3UKOBUS
Mojies1, Koeto ce ocurypssa or codryepa Ollamal. Codpryepnr Ollama
HO3BOJISIBA JIOKAJIHO WU3MOJ3BAHE HA TOJIEMH €3UKOBU (M MHOTOMO/IAJIHN)
MOJIET TIO0 HSKOJIKO HAYMWHA: JUPEKTHO Ha TIPEJOCTABEHUTE MOJETN B
xpanusuiero Ha Ollama winn umnoprupane na HoBu Mozaean B GGUF wiu
Safetensor cdopmar. Ollama mo3BoJisiBa U TEpCOHAIU3UPAHE HA MOJEIUTE
9pe3 HACTPOWKa Ha TJIODATHN TApAMETPH M CUCTEMHU WHCTPYKIIHM.

Bazara or gmamam  ChromaDB? cay:km 3a cbxpaHenue Ha
BEKTOPU3UPAHUTE JOKYMEHTH, ThPCEHE W WM3BJIMIAHE HA ChIbpPIKAHUE OT
tax. IlpeamMcrBOoTO Ha TO3M CcOdTyep 3a yIpaBJeHUE Ha JAHHUTE €
onTuMHU3aNUATa 3a paboTra ¢ MaTpuuHU CTPyKTypu. llommabpkar ce
dbyukuum 3a 6bp30 cemanTHIHO ThpceHe (similarity search) ma msGpana
MaTpudHa HOpMa. OOGMKHOBEHO BXOJHOTO ChIbPXKAHUE CE€ CETMEHTUPA Ha
MAJIKU 110 00eM 9acTh, KOUTO (DOPMUpPAT 3aIicuTe B ba3ara OT JIAHHU.

[TorpeburesckusT narepdeiic Ha cucTeMara MO3BOJISBA JIa CE BbBEXKIAT
3adBKU K'bM MOJIeJIa U JIa C€ BU3yaJu3upar MoJydeHuTe orrosopu. Toii e
MPOEKTUPAH Jla OCUTYPH HHTYUTHBHO B3aUMOIEHCTBHE C MOTpebUTEInTE
BbPXY PasjudHu 1o pasdmep ekpadu. OCHOBHUIT €KPaH ChIbPKA TOIIMO
TEKCTOBO TIOJIE 38 BbBEKIAHE HA 3asIBKU: BHIIPOCH, KIIOYOBHU JyMU WX TEJTH
tekcroBe. (e wW3MpalmaHeTo Ha 3asgBKaTa WHTepdeiHchT MmoKa3Ba
WHIAKATOD 3a 3apexkjane, WHMOPMUPANKN TOTpeOUTEssds, T€ CHCTeMaTa
obpaboTBa mHpOpMaIuATa. KOraro 0OTroBOpbT € TOTOB, TOM Ce BU3yaJIUu3npa
B OTJIEJTHA CEKITNsT KATO (DOPMATHPAH TEKCT.

VupassgBarara ycayra KOOpAXHApa paboTaTa Ha CUCTEMATA, KATO, OT
eJ[HA CTpaHa, MpejocTaBs HHTepdeic Ha moTpeduTe/ICKaTa CTPAHUIA, & OT
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Ipyra — OCHUTYpABa B3aMMOJIECHCTBHETO C €3WKOBHA MOJE] M Oasara OT
JAHHU, KaTo obe3redaBa HeOOX0oIMMaTa MeXKIMHHA 00paboTKa Ha JTaHHUTE.

3.1.U3zepascdare Ha 6azama om 3HaAHUS

Bazara or 3Hanmg e BaxkKeH KOMIIOHEHT B pa3paboTBaHATA CHCTEMA,
MPOEKTUPAHA 33 pe3lOMUpaHe Ha TEKCTOBe Ha ObJTapCKd  e3WK
(nadpacTpykTypara MOXKe Ja ce KOH(MUIYpHpAa 3a MHOIO Da3IMdHU
npustoxkenust). T Ciry»Ku KaTo CTPYKTYPUPAHO XPAHUJIUIIE 38 CEMAHTHIHO
[peJICTaBsHe Ha JOKYMEHTH Ype3 TEeXHUKHU 33 BEKTOPHO HWHIEKCHUPAHE.
OcHoBHaTa I POJIst € JIa OCUT'YPsIBa KOHTEKCTHA WHMOPMAIMS 328 NOJIEMUTE
€3UKOBU MOJIEJIN, KATO T'U PA3NIUPABA CbC CIEIUATU3UPAHU 3HAHUS OT
KOHKpeTHa obJsiacT (Hamp. Hayka u obpasosanue). Ilogroroskara Ha
texkcropure gokyMeHTn 3a ChromaDB zamousa cbc 3apexkmaHero uM 4upes
crienuaJn3upann KoMmrnoneHTn Karo TextLoader 3a TekcroBu (aitsioBe. Karo
anrepHaTruBa morar ga ce msnosasBar PDFLoader 3a PDF mokymenTn c
nojapbxkka Ha OCR, HITMLReader 3a yebcbabp:kanne min JSONParser
3a CTPYKTYPHPAHH METAJaHHW. 1€3M KOMIIOHEHTH Ca HAaJUIHA B
oubmorekara LongChain® 3a wHTerpupane Ha €3WMKOBUTE MOJCTH B
PABIMYHA TPUIOXKEHUS.

Caen 3apexXIaHeTO TEKCTbT Ce pasfejs Ha IO0-MaJKd CEerMeHTH.
CeFMeHTaHI/IHTa Ha TeKCTa BKJIIOYBa pPa3Ae/IdHETO Ha TI'oOJIeMHU TEKCTOBHU
JIOKyMeHTH Ha no-majku dactu (chunks) ¢ mesn onrummsmpase Ha
M3YUCJIATEIHUTE PECYPCH U MOI00psiBaHEe Ha TOYHOCTTA MPU CEMAHTUIHO
Tbpcene. 1031 MOIXO0 TTO3BOJIsIBA TO-e(PUKACHO UHIEKCUPAHE W M3BJIAIAHE
Ha wH@OpMarus or 6aszara or manau. CerMeHTAIMSITa HA TEKCTa Ce
U3BLPIIBA B 3aBUCUMOCT OT CTPYKTypara Ha JokyMeHTa. Hampumep B
HayJIHU TEKCTOBE Ce W3IOJI3BA HepapXWaHa CETMEHTAIUsI, KOSTO Pa3iess
JOKYMEHTa Ha TJIaBd, ceKmuu u maparpadu. Ilpm oOMKHOBEHM TEKCTOBU
daiioBe ce N3M0JI3Ba PEKYPCUBHA CETMEHTAIIMS TI0 CUMBOJIM, KOATO PA3IeJIst
TEKCTa Ha YacTU C (PUKCHPAH pa3Mep W HpUIoKpuBaHe. Ta3m TeXHHUKA
OCHUT'yPsIBa M3IIOJI3BAHE HA KOHTEKCTa OT OTEJHUTE JYaCTH Ha TEKCTa, KOETO
€ BayKHO 33 TOYHOCTTA HA CEMAHTUIHOTO T'hPCEHE.

Chen cerMeHTaUUsITa BCEKH TEKCTOB CECMEHT ce IIpeoOpasyBa BbB
BEKTOPHO IIpeicTaBaHe. ToBa ce M3BBPIINBA C IMOMOIITA Ha MOIEIN, KOUTO
reHepupaT BEKTOPHU ¢ BUCOKA pasMmepHocT (Hampumep 1024). Pasmepnoctra
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Ha BEKTOPHUTE € BayKHa, T'bil KATO TS BJUs€ HA TOYHOCTTA HA CEMAHTUIHOTO
TbpCeHEe ¥ HU3BJAMYAHETO Ha peseBaHTHa uHMopManng. OOydeHHETO Ha
MOJIEJIUTE 38 BEKTOPHO IIPECTaBsIHE U3WCKBA NOJIEMU KOJMIECTBA JTAHHU U
W3YHUC/IUTEHA PECYPCH, HO MO3BOJISIBA IMEPCOHAJIU3UPAHE HA MOJIEIUTE 3a
KOHKDETHU TIpUJIOXKeHns 4upe3 «¢uHa HacTpolika. [emepmpanero Ha
BEKTOPHO-MATPUYIHO MPEJCTABIHE 3a BCEKM TEKCTOB CETMEHT €€ TOCTHUTa
qpe3 wu3moia3BaHe Ha moaxomdiy kKommoHeHT — OllamaEmbeddings ot
oubsmorekara LongChain.

IlocnenuuaT eram e cbXpaHeHHETO Ha OOpabOTEHU MOKYMEHTH 3a€IHO C
TAXHOTO MaTpudHO TperacTaBane B ChromaDB, koero ce ocbimecTBsaBa 0T
obekta Chroma ot 6umbamorexkara LongChain. Tpamummonnure 6a3m ot
naaan karo Postgres miam ClickHouse ca mpemgHasnavenu 3a pabora CbC
CTPYKTYPUPAHU [JAHHW W He Tpeajarar ONTUMU3UPAHO CEMaHTUYIHO
Tbpcere. Te moraT ma 6bIAT U3MOM3BAHU 33 ChXPAHIBAHE HA METAIAHHH,
HO He ca mnouxoidamuy 3a BekTopHu oneparuu. ChromaDB wusnonssa
anropurmu kKaro HNSW (Hierarchical Navigable Small World) u IVF
(Inverted File Index), kouro no3BoJisiBaT 6P30 MPUOIU3UTEIHO T'HPCEHE Ha,
Ha-O/m3Ku cbeean. Te3n aJIropuTMu HaMaJIgBAT CJIOXKHOCTTA Ha, ThPCEHETO
or O(N) no O(log N) u nomrbpkar 6aanc MeKLy TOYHOCT U CKOPOCT Ype3
mapamerpu kKaro efConstruction wu efSearch. Jpyrm apxurekrypaU
PEMMCTBa TIPU TOJIsIM 00eM Ha JaHHUTE Ca aBTOMATUYIHOTO Pa3IpeesisiHe
HA KOJIEKI[MUTE BbB BcMuku mHCTaHimu Ha Gasara, LRU (Least Recently
Used) kemmpase 3a 49ecTO W3NOA3BAHM BEKTOPDH ¥ aBTOMATHYHO
MpenHIeKCUpaHe Mpu 106aBsIHe WM TpeMaxBaHe Ha 3aITACH.

3.2.B3aumodeticmeue ¢ nompebumeaume

BzaumomeiictBuero ¢ morpeburesnTe ce OCHOBaBa Ha oOpaboTkaTra Ha
3asiBKM W TeHepHpaHeTO Ha OTroBopm. 1o03mM mporec KOMOWHHPA
M3BJMYaHeTO HA uHQOpMAaIUd OT 0a3ara JaHHU C Bb3MOXKHOCTHUTE 33
reHEpUpaHe Ha ChbIbpXKaHUE OT TOJIeMH €3WKOBU MOJIEJId, 3a Ja Ce
IIPEIOCTABAT KOHTEKCTHO OOOCHOBAHU U TOYHU OTTOBOPH.

Korarto mnorpeburendar wu3nparu 3asBKa 4Ype3  MOTPEOUTEJICKUS
unrepdeiic, Ts ce nmpegaa kato JSON 06eKT K'bM yIIpaB/sgBaIiaTa yCciayra.
3asiBKaTa OOMKHOBEHO C'bIbP2Ka BBIPOC WIK KJIIOUOBA JIyMa, KOsITO TPsiOBa
ma Obme amammsupana. Cucremara mbhpBO TNpeobpa3yBa 3asgBKATa BDLB
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BEKTOPHO-MATPUIHO TPEJCTaBAHE. BEKTOPHOTO MPEICTaBIHE ITO3BOJISIBA
3agBKaTa J1a ObJe CpaBHEHA 3a CXOJMICTBO C JOKYMEHTHTE B Oa3ara OT TaHHU
ChromaDB. Cemantuanoro Tbpcene uaeHTHMUIMPA  HAW-OJM3KHATE
JIOKYMEHTH W YaCTH OT JOKYMEHTH, KOUTO ChOTBETCTBAT HA 3asdBKATA.
OOGHUKHOBEHO Ce U3BIMYAT HAKOJKO (3 — 5) Hal-OJIM3KY CHBIAJIEHUS, KOUTO
e ObJIaT M3MOJI3BaHA KATO KOHTEKCT 3a TeHepupaHe Ha OTTOBOP.

Cue1 M3BIMYAHETO HA PEJIEBAHTHUTE JOKYMEHTH (MJIM 9acTU OT TsX) Te
ce KOMOWMHMUPAT B €IMHEH KOHTEKCT, KOUTO Ime Obae M3IMOJJI3BAaH KATO BXOJI
3a e3uKOoBUs MOJe. 1031 KOHTEKCT MOXKe Jia ObJjie CTPYKTYpPUpPaH Taka, de
Jia ChIIbp2KAa 3ar/iaBUsl, METJIAHHN WA JIPYTHU 10Jie3Hn ejieMenTu. Llesnra e
Jla Ce OCHTYpH JOCTaTHhIHO wnH(MOpPMAIMS 3a MOJEIa, 3a Ja MOXKe Ja
reHepupa TOUYE€H u J00pe obocHOBaH OTroBop. CJiesl MOATOTOBKATA
KOHTEKCTHT C€ TOojaBa KaTo dYacT OT I[OTpeOUTe/ICKaTa 3asiBKa KbM
€3UKOBUST MOJIEJ.

EsukoBuaT Momesn ananmmsupa mpeJocTaBeHnusi KOHTEKCT U BhIIPOCa, CJe]]
KOETO TeHepupa OTTOBOp, KOUTO e (opMyupaH Taka, 4e Ja € sICeH u
paszbupaeM 3a mnorpedburesisi. ['eHepupaHUST OTTOBOpP C€ BpPbBIIA KbM
norpeburesickus narepdeiic kato JSON 06ekT u ce Busyasusupa B ya00eH
3a dereHe ¢opmar. AKO Bb3HUKHE TIpelllKa II0 BpeMe Ha obpaborkara,
cucreMarTa WHMOPMUPA MOTPEOUTES C MOAXOIAII0 ChODIIEHHE.

4. MudpacTpykTypa 3a cb3JaBaHe HA 4YaTOOTOBe 3a pabora
C TOJIEMU €3UKOBU MOJIeJIN

[IpencraBenara wHPpPACTPYKTypa € mM3rpajeHa 4dpe3 KOMOMHUpaHE Ha
CbBpPEeMEHHU yeb TEeXHOJOTHH W WHCTPYMEHTH 338 KOHTEHHEPU3AIHsi, KOUTO
paGorar B cunxpoH. Node.js* u Express dopMupar ocHOBaTa Ha ycjyrara
3a ymnpasienue. Node.js mpejcrasisBa JavaScript miardopMa 3a ChbpBbLPHE
MPUIOXKEHUsI, KOSATO TO3BOJIsIBa 00OpabOTKA Ha ACHHXPOHHU 3asBKU U
KOMYHHKAIlAsd C JPYyTH CHCTEMHHM KOMIIOHEHTH. KExpress.js® yiecHssa
cb3gapanero Ha REST API, karo mpemocraBst MeXaHU3MH 32
muctevepupane u obpaborka na HTTP 3aasku.

HTML5, CSS3 u JavaScript ce wumsmonszsar 3a dopMmyaupane Ha
norpeburesickust untepdeiic, karo HTMLS ocurypsBa cemManTudHa
CTPYKTypa Ha ¢popmara 3a B3auMoeiicTBue ¢ morpedburessi, qokaro CSS3

OCUT'ypsBa aJallTUBEH NU3aliH U HACTPOWKA Ha CTUJIUCTAYHUTE CBOMCTBA HA
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CEMaHTUIHUTE €JIEMEHTH. JavaScript byHKIIN YIPaBJIABAT
MOTPeOUTEICKOTO B3anMoJIeiicTBrue ¢ momorra Ha wHTepdeiica Fetch API
3a W3MpallaHe Ha 3asiBKU K'bM YIIPaBJsSBaIlaTa yCcjIyra u obpaboTBaHe Ha
JSON otrosopure.

VYeayrara DockerS zaegno ¢ mncrpymenta Docker Compose ocurypsiBar
M30JIUpaHa Cpella 3a BCEKM KOMIIOHEHT OT pa3paboTeHara CHUCTEMA.
Konreitnepusamusara dape3 Dockerfile mozsonssa Ollama ma pabotu B
cOOCTBEH KOHTEHHEP ¢ TpeaBapuTeiHO 3apegaenn mogenn, ChromaDB na ce
U3M'bJIHABA KATO OTJEJCH CbLPBDLD HA JAHHU, & YIPABJSBAIIATA YCIYTa,
KAKTO W TOTPEOUTENICKAAT WHTEPGEHC /a ca ¢ HE3ABUCHUMO HU3IIbJIHEHUE.
Docker mosBossiBa JjiecHO MalmabupaHe W yIpaBJIEHHE HA 3aBUCHMOCTHTE
MEXK/JAY KOMIIOHEHTUTE Ha CHUCTeMaTa.

B TekcroBo mosie na unTepdeiica mOTPEOUTEAT MOXKE /18 BbBEIE TEKCT
3a obpaborka. TekcTOBOTO I1OJIe € C aJalTWBEeH IW3aifH, ITO3BOJISTBAIIL
BbBEXKIAHETO Ha ToJiIM obeM TekcT. B monmHaTa wacT Ha wmHTepdeiica e
CEKISAATA 33 OTTOBOP, KbIETO Ce BHU3yaju3upa OTTOBOPHT OT €3MKOBUSI
MoJiest. Jlu3aiiHbT € U3UUCTEH, C EHTPAJN3UPAHA CTPYKTYPa U aJalTUBHOCT
KbM pPa3jIMYHU pPa3Mepu Ha eKpaHa, KOeTO TO IPABU IOJXOISIN 3a
M3II0JI3BaHE KAKTO HA, HACTOJIHA KOMITIOTPH, TAKa ¥ HA MOOUJIHU YCTPOUCTBA.

Uscnenpano € m NUHAMHYIHOTO B3aMMOJIEHCTBHE MEXKJIy YCJIYIUTE B
cucTeMarTa, KOraro MOTPeOUTEs AT U3NPATH 3asiBKa Upe3 MOTPeOUTesICKUs
uaTepdeiic. YupasisBalara ycjayra mbpBo ce obpbina KbMm Ollama 3a
mpeobpa3yBaHe Ha BbBEJICHUST TEKCT BbB BEKTOPHO-MATPUIHO TIPEICTABSIHE.
Crenpa 3asBKa KbM BeKTOpHaTa 6a3a or manau ChromaDB 3a cemanTuaHO
TbpCeHe Ha pesieBaHTHU TekcToBe. Cjies TOBA TeHEPUPAHUAT KOHTEKCT Ce
KOMOHMHHUpa ChC 3asgBKaTa Ha moTpebuTesis u ce msnpaina KbM Ollama 3a
obpaboTka upe3 mHTEpdeiic 3a regepupane Ha orropopu. Ollama m3mossa
PEIBAPUTETHO 3apejieH MOJIeJI, KATO HACTPOiiBa MapaMeTpu KaTo pasMep
Ha KoHTekcTa, Opoit GPU cjoeBe u aumku. Hakpas ynpasisiBaiaTa ycayra
M3Mpalna pe3yarara 00paTHO KbM IOTpeduTesckus murepdeiic, KoWTo ro
BuU3yasu3upa 3a norpebutesns. llokaszaHuTe JIOrOBe JIEMOHCTPUPAT
CUHXPOHU3UpaHa paboTa MeXJy KOMIIOHEHTUTE, OTKbJIETO MOXKE Ja Ce
OIEHSAT 3aKbCHEHUSTA B CHCTEMATa W MecTaTa 3a [pUJlaraHe Ha
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ONITUMUBAIINASA, HAIPUMEP dYpe3 J00aBdHE Ha PECypCcu 3a TapaJiesiHa
obpaboTKa.

ollama_ 1| [GIN] 2025/03/07 - 16:00:24 | 200 | 2.89695479s | 192.168.208.4 | POST
" Japi/embeddings"

chromadb_ 1| INFO: [07-03-2025 16:00:24] 192.168.208.4:42924 - "GET
/api/v2/tenants/default _tenant/databases/default _database HTTP/1.1" 200

backend 1 | <|begin of text|><|start header id|>system<|end header id|>
backend 1 | You are an advanced language model capable of summarizing text and
generating

backend 1 | RAG Context: "Ha nme! BbB Bpb3KkaTa Ha ejiHa IIOKaHA 3a IIOCEIIECHUE B
Boirapus, equH 1y KypHamucT /Hemcku,/ ¢ Vime, ce n3pasu taka: Biarogaps, 3acera
MU €

ollama 1 | time=2025-03-07T16:00:26.183Z level=INFO source=server.go:380
msg="starting llama server" cmd="/usr/bin/ollama runner --model
/root/.ollama/models/blobs/sha256-6a0746aleclaef3e7ec53868f220{f6e389f\
618ef87a01d77c96807de94caaa --ctx-size 8192 --batch-size 512 --n-gpu-layers 33 --threads
28 --parallel 4 --port 38731"

ollama_1 | [GIN] 2025/03/07 - 16:00:42 | 200 | 17.979607604s | 192.168.208.4 | POST
" Japi/generate"

[Tokazana e cTpyKTypaTa Ha M3MOJ3BAHUS BXOJ, KOUTO ce MojaBa K'bM
€3UKOBUs MOJIeJI. B mpuMmepa 3a JIeMOHCTpalis € W3IOJI3BaH BApUAHT Ha,
mogzena Llama3d ¢ 8 munmapna mapamerbpa u 4-OMTOBO KBAaHTyBaHE Ha
ternara’. 3a HoJdydaBaHe Ha BEKTOPDHO-MATPUYHHU IIPEJICTABAHUSA €
uznonzean BERT momensT® mxbai-embed-large. B npoekTupanns Bxojen
n3pas IIbPBO ce U3I0JI3BA CEMAHTUYIEH ollama MapKep
“<|start header id|>system<|end header id|>" 3a mnogaBame Ha
CUCTEMHU KOMAHIN K'bM MOJeNIa, KATO Ceé YTOTHABAT M3NCKBAHUITA, POJIITA
7 3aJa9aTa Ha MOJIENa, N3NCKBAHUATA 38 M3X0AeH dopMmat u e3uk. Cieasa
CEMaHTHYHUIT MapKep 3a norpeduresicku Bxox < |start header id|> user
<|end header id|>, karo B Ta3su cekuus ce 3aJABAT BXOJHUAT TEKCT U
M3BJIEICHUSAT KOHTEKCT OT 0a3aTa JaHHW. BXOTHWAT m3pa3 3aBbPINBa ChC
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cemanTuyHus Mapkep <|start header id|> assistant <|end header id|>,
C KOETO Ce 0YaKBa TeHepUPAHe HA OTTOBOP OT MOJIEJA.

const prompt = * <|begin_of text|><|start_header id|>system<|end header id|>

You are an advanced language model capable of summarizing text and generating
structured outputs. Your task is to:

1. Summarize the provided text using context retrieved from external sources
(RAG context).

2. Output the summary strictly in JSON format.

3. Answer in Bulgarian language.

4. The JSON should include:

- "keywords": A list of 5 key terms that capture the essence of the text.
"questions": A list of 3 questions that should be addressed based on the text.
"categories": A classification of the text into 3 categories.

- "summary": A short summary of the provided text

Ensure your response is valid JSON with no additional text outside the JSON
object.

<leot _id|><|start header id|>user<|end header id|>
Here is the input text: "${query}"

RAG Context: "${results.map(r => r.pageContent).join("\n")}"

Expected Output Format:

{
"keywords": ["kirouoBa ayma 1", "kmouosa ayma 2", "ksodosa gyma 3",
"kmowosa myma 4", "kimouosa ayma 5"],
"questions": ["Bbupoc 1", "Bbupoc 2", "Bbopoc 3"],
"categories": ["Kareropusa 1", "Kareropua 2", "Kareropus 3"|,

"summary": "pesiome na rekcra"

<|eot _id|><|start header id|>assistant<|end header id|>";

5. 3akJroueHue

[IpencraBenara cuctemMa JEeMOHCTPHWpa YCIEIIHO WHTETPpUpaAHE Ha
Retrieval-Augmented Generation (RAG) apxurekTypa 3a 00paboTKa Ha
JOKYMEHTH Ha Objrapckm e3uk. YUpes xombOuuarust or Ollama 3a
ympaBjenue Ha rofemu e3ukosu mojenn, ChromaDB 3a BekTopHO Thpceme
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“  ajanTuBeH  yebwHTepdeiic cucremMara  [MO3BOJIsiBA  KOHTEKCTHO
pasmupsBaHe Ha 3asBKU C MUHUMAJIHU U39nucJuTeHU pecypcu. [IpoBeneru
ca eKCIIEpUMEHTH C HU3MO0J/I3BaHe Ha, JIOKAJHO W3IIbJIHABAHU MOJIEJN KaTo
Llama3 u BERT 6asupana Bekropusarusi. 3cienBana € TOYHOCTTA Ha
CEMAHTUYHOTO ThbPCEHE M NeHEPUPAHUTE Pe3loMeTa. ABTOPUTE IIPEIOCTaABAT
I'bJIHUS TIPOIPAMEH KOJI Ha cucreMara’.

Cucremara mpejjara Be KJIOYOBH TPEIAMCTBA: 1. CHUTYPHOCT HA
JIAHHATE Ype3 JIOKAJHO W3II'bJIHEHWE; W 2. 'bBKABOCT 10 OTHOIIEHWE Ha
[IePCOHATA3AITAATA, Ha MOJIEJIATE 3a, crienupuIHT 00J1aCTH.
[IpousBogureHOCTTa OCTaBa 3aBUCHMa OT XapIyepHUTE PECypCH, a
Ka4eCcTBOTO HA W3XOIUTE Ce€ BJdse OT JHUICATa Ha CIelnaJIu3upaHu
npeaBapuTesiHO O0ydueHM MOAeau 3a Objarapcku e3uk. JlombJIHUTeHO
OrpaHMYEHHE € TPYIHOCTTAa IpHh 00paboTKa Ha JOKYMEHTH CbhC CJIOKHA
BHU3yaJiHA CTPYKTYypa.

HepCHeKTI/IBI/ITe 3a pa3BUTHE BKJIIOYBAT BHEIAPABAHEC Ha MHOI'OMOJaJIHU
MOJIeSIA 38 00pabOTKa HA TEKCT, N300parKeHust v TabJIMIH, pa3IIupsIBaHe Ha
(PYHKIIMOHAJIHOCTATE 33 PAa3JUYHA 33Ja491d, HAIPUMED aBTOMAaTH3WPaHA
KJIacupUKaIMs HA JTOKYMEHTH.

Baazodaprocmu
N3zcnenpanero e pa3paboTeHo B paMkuTe Ha mpoekTa ,,JIuppacTpykTypa

3a (puHa HACTPOWKA HA MPEJIBAPUTE/HO OOYUYEHU IOJIEMU €3UKOBU MOJEIN",
norosop Ne IIBY — 55 or 12.12.2024 r. (BG-RRP-2.017-0030-C01).

BEJIE2ZKKNA

1. Ollama: https://ollama.com/ [uperienan ua 10.3.2025]

2. ChromaDB: https://www.trychroma.com/ |mperseman na
10.3.2025]

3. LongChain: https://www.langchain.com/langchain [upersenan
mra 10.3.2025]

4. Node.js, 6e3mnaTHa, ¢ OTBOPEH KO, MEXKIyIIaT(dOPMEHA CpeIa
3a m3mbaHEeHNe Ha JavaScript: https://nodejs.org/en [mpernenan Ha

10.3.2025]
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5. Express.js, Node.js yebmimardopma 3a IpUIOKEHUS, KOSTO
IpeJIocTaBd HA0OP OT (PYHKIMU 3a yeO- U MOOWJIHU ITPUJIOZKEHU:
https://expressjs.com/ [nperaeman Ha 10.3.2025]

6. Docker: https://www.docker.com/ [npersegan na 10.3.2025]

7. Bapuant ma Mmojena llamad ¢ 8 mMmamapa mapamerbpa u 4-
6UTOBO KBAHTYBAHE HA TEIJIATA:
https://ollama.com/library/llama3 |npersiesan na 10.3.2025]

8. Mozmeabr BERT: https://huggingface.co/mixedbread-ai/mxbai-
embed-large-vl [nperneman ua 10.3.2025]

9. Usxomen koj Ha cucremara: https://github.com/DCL-IBL/dcl-
summarizer [mpersienan za 06.06.2025]
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INFRASTRUCTURE FOR DEPLOYING LARGE
LANGUAGE MODELS IN CHATBOTS WITH
RETRIEVAL-AUGMENTED GENERATION

Abstract. The article presents an infrastructure that integrates freely available tools
and large language models into a personalized chatbot. The aim is to show how large
language models can be used with affordable graphics processors and what possibilities
exist to enrich user queries with additional context depending on the objective and area
of application. Working with pre-trained large language models will be demonstrated
using RAG (Retrieval-Augmented Generation) technology for Bulgarian to solve a specific
task in a particular thematic domain. The chosen task is document summarization, and
the domain is science and education. The presented solution can also be used to create
other applications for the Bulgarian language.

Keywords: large language models; artificial intelligence; chatbots
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