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NIOKANbHI BEJINKI MOBHI
MOZESI ANA OBPOBKU )
KOHO®IAEHLIAHOT IHOOPMALI

Y cmammi posenadaromeca KoHyenmyaseHi nioxoou
00 BUKOPUCMAHHA JIOKAJIbHUX 8e/TUKUX MOBHUX Modesiell
(LLM) 0n1a 06pobKuU KOHideHUiliHOI iHghopmauii. Bukopu-
CMAHHA XMApHUX cepsicie 0719 Makux 3as0aHb MoXxe 8u-
K/IUKamu 3aHenoKOEHHA Wo0o b6e3neku ma 36epexxeHHs
npusamuocmi 0aHux. Tomy 3pocmae iHmepec 00 J10Kaslb-
Hux LLM, aki 0o3sonst0me 36epieamu KOHMpPOJsib HA0 KOH-
¢hideHyitiHoto iHgopmauiero, 3abe3nedyodu npu Ysomy
sucokuli piseHb npodykmusHocmi. ONucaHo mexHiyHi eu-
Mo2u ma eapiaHmu peanizayii nokasavHux LLM, 30kpema
yKkpaiHomosHoi modeni Mistral-7B, aka sukopucmosyeme-
€A 8 3axuweHoMy cepedosulyi. Bcmammi makox po3sens-
Hymo mMysibmudeeHmHi cucmemu ma ix posib y niosuweHHi
2HyYkocmi ma egpekmugHocmi 06pobku daHux. OnucaHi
mecmysaHHA moodesell 3a pi3HUX piBHi8 KBAHMYBAHHA i
HageodeHO MexHi4YHi suMoeu 018 iXHbOI peanizayii Ha s1o-
KaneHux niaamgopmax. OCHOBHA ys8aza Npuoiniaemoca

3abe3neyeHHI0 be3neku i KoHgiOeHYitiHocmi iHghopmayii

nio yac sUKopUCMAaHHaA 1okaneHUx LLM ma nomeHyitiHum
MOX/IUBOCMAM MYJIbMUA2eHMHUX cucmem y madbym-
HbOMY.

Knrouosi cnoea: nokaneHi senuki MosHi Mooesi, 06po6-
Ka KoHioeHYilHOT iHhopmayii, mynbmuaeeHmHi cucme-
Mu, wmy4HuUl iHmenekm, KBAHMyB8AaHHsA, 6e3neka OaHUX.

HapomyBanss mporecis mudposizarii Ta reaeparii Be-
JIMKUX JIaHUX CIIOHYKA€E JIep:KaBHI opranizalii Ta komep-
LiifHI KOMITaHil 10 HeoOXigHOCTI epeKTUBHO 00pOOIATH
BeJIMue3Hl 00caru koH(iaeHuiinoi inpopmanii. Benuki
MoBHI Mozeni (LLM), taxi sik o1 Big OpenAl [1], 3MiHIOI0TH
TPanuIiiiHI MiAXOAN 0 aHaTi3y Ta iHTeprpeTamii TeKCTo-
BHX JIaHUX, IPOIMOHYIOYH Oe3NpereeHTHI MOKIHMBOCT1
JUTSL aBTOMATHU3AIlil Ta IHTEIeKTyalbHOI 00poOKH iHpOpP-
Marrii. 3okpema, Bukopuctantus LLM y cdepi HaykoBOro
CYIPOBOIXKEHHS PO3pOOOK 030pOEHHS Ta BifiCHKOBOI TeX-
niku (OBT) BigkpuBae HOBI MOYJIMBOCTI JJIsl ONITHUMI3AIIil
MIPOIIECiB JIOCII/KEHHS Ta MPOEKTYBAHHS. 3aCTOCYBaHHS
LLM B 3a3Ha4eHOMY KOHTEKCTi CIIPHUSATHME aBTOMAaTH3a-
1ii aHai3y TeXHIYHOI JOKYMEHTAIIil, IPUCKOPEHHIO (op-
MYBaHHS TEXHIYHUX 3aBJaHb Ta METOJUK BHIPOOYBaHb
OBT, niBUIIEHHIO TOYHOCTI IPOrHO3YBAHHS PE3yJIbTaTIB
BUIIpOOyBaHb. L{e 103BOIsIE€ 3MEHIINTH YacoBi Ta (hiHaH-
COBI BUTpATH Ha PO3pOOKY, MiABUINYIOYH €(PEKTUBHICTH
BUKOPHCTAHHS HasIBHUX PECYpPCIB, y TOMY YHUCII EKCIIepT-
HuX. [IpoTe BUKOpUCTaHHS XMapHUX CEPBICIB IS BKa3aHHUX

MOJIEIICH IIJIKOM JIOPEYHO BHUKJIMKA€E 3aHEIIOKOEHHS MI0/10
Oe3mekn Ta 30epeKeHHs MPUBATHOCTI TaHUX. SIK pe3ynbTar,
3pocTae iHTEepec JI0 BIPOBAHKEHHs IoKampHIX LLM [2—4],
SIKi TO3BOJIAIOTH 30epiraTé KOHTPOIIb Hall KOH(IACHIIHOIO
iHpopMari€ero, 3a0e3nedyour MpH IbOMY BUCOKUI piBEHb
MIPOYKTHBHOCTI.

MeToro CTaTTi € PO3MIAA KOHIETITYaIbHUX IiAXO/IB 10
BHUKOPHCTAHHS JIOKAJIbHUX MOBHUX MOJIETIEH 11l 0OpOOKH
KOH(DIICHIIHHUX JaHUX, a TAKOK PE3ybTaTiB anmpoodartii ix
BIIPOBA/KCHHSI B 3aXUIIIEHOMY CEPEIOBHIIII.

Jits po3yMiHHSA TOTO, SIK (PyHKITIOHY€ iH(OpMAITiifHa CHC-
TeMa 3 JJoKasibHOK LLM, BapTo po3misuaTy ii sk CKIaJHuR
KOMIIEKC B3a€MOIIOB'I3aHUX KOMITOHEHTIB (puc. 1). Po3rs-
HEMO HOT0 OCOBHI CKJIaJ0B1 OUTBII IETAIIHHO.

LleHTpanbHUM, CHCTEMOYTBOPIOIOYUM €IEMEHTOM CTPYK-
TYpH Ha puc. | ciij BBaXaTH BUCOKOIIPOLYKTUBHI CEpBEPH
00poOKH JTaHKMX, OCHAIICH]I MOTYKHUMH NPOIIECOPaMH Ta
rpagiuHIMK KapTaMHu. BoHM BiJIIOBIalOTh 32 BUKOHAHHS
00YHCITIOBAIBHUX 3aB/IaHb, MOB'sI3aHUX 13 podoToro LLM,
3a0e3neuyroun mMBHIKY 1 eekTuBHY 00poOKy iH(opMmarii.
B sxocTi npuxitagy nmokansHoi LLM Ha puc. 1 BUKopucTa-
Ho Mistral 7B [5]. Ha mmardopmi Hugging Face nocrynni
pi3Hi 1i Bepcii, a Takox i LLM, BUKIaeH! Y BiAKpUTHIA
Jnoctyn. BoHn MOxyTh OyTH MOTIEpeIHbO 3aBaHTAXKEHI 3
MEpexi, 0 Ma€ JIOCTYH 110 [HTepHeT, I BiANpaItoBaHHs
3araJbHOi METOAUKHU JOCTIKEHHS CIIPOMOXKHOCTEN Pi3HUX
LLM Ta HaOyTTs MPaKTUYHOTO JAOCBIAY iX BUKOPUCTAHHS
MIPY BUKOHAHHI THIIOBUX 3aBJIaHb.

Bkazani Ha puc. 1 cepBepHi NOTYKHOCTI MTiIKJIFOYEH] J10
cucTeM 30epiraHHs TaHHX, I PO3MINIYIOTHECS MOBHI MOJIEITI,
HaBUYaJIbHI JaHI Ta pe3yisTaru o0pooku. lIIBuaKicHI Hako-
MUYyBadi rapaHTYIOTh MUTTEBUH JOCTYII 10 HEOOXITHUX
(haiiniB, a CCTEeMH pPe3epBHOTO KOIMIOBAHHS 3aXHIAIOTh
BiJl BTpATH JJaHKX.

Kopucrysaui B3aemonirors i3 cuctemoro LLM uepes
3pyuHuil iHTEepdeiic — e Mmoxe OyTHu BeO-10AaTOK, Cre-
LiaJi30BaHe NporpaMHe 3a0e3MeyeHHs], FoJI0COBa B3a€EMOIIS
a00 3aCTOCYyBaHHS CHMBOJIB IOTIOBHEHOI peaibHOCTI. Yepes
TaKui iHTepQelc HaICHITAIOThCS 3alIUTH 10 MOJIET Ta OT-
PUMYIOTB pE3yIBTaTH i1 pOOOTH.

B sikocTi O10KETHOTO pillIeHHs], 1110 J03BOJISIE Onepa-
THBHO PO3TOPHYTH JIOKaNbHY cucteMy LLM, nouineHo
3aaiATH pi3HI PpeHMBOPKH, AKi JO3BOISAIOTH OpaHi3yBa-
TH YaT KOPHCTyBa4a 3 MOBHOIO Mojiesuno. Cepes HUX Citif
BKasartu, Hanpukiax, LM Studio [6, 7]. Ha puc. 2 HaBe-
JieHo iHTepdeiicHe BIKHO L€l MporpaMu MoTOYHOI Bepcii
0.3.2 mpu tectyBanHi ykpaiHomoBHOI LLM Mistral-7B-
Instruct-Ukrainian.gguf [8] (Bepcist Bix 9 Bepecus 2024 p.)
3a pi3HUX piBHIB KBaHTyBaHHs. BiqIoBijHE TecTyBaHHS
MIPOBOMIIOCS 3 METOIO (POPMYBAHHSA MiHIMAJIBHUX BUMOT
JI0 araparHoi peasizauii cepBepHoro obnaananus. Cro-
4aTKy B SIKOCTi cepBepa OyB 3aIiTHUI HOYTOYK 3 iHTe-
rPOBaHOI0 BifcokapToto. [Ipu oMy mporiec iHpepeHcy
311 ICHIOBABCSI BUKJIIOYHO Ha MOTY)XHOCTAX IIpolecopa
(CPU). Yepes oOMexeHI po3MipH ONEpaTHBHOI MaM’sTi
OyJI0 BUKOPHCTaHO MOBHY MOJeNb [8] 3 3-0iTHUM piBHEM
KBaHTyBaHHS BaroBux koedimientiB (Q3_K S), mo mana
po3mip 3.16 I'b. B sixocti TecToBOro 3aBaanHs (QirypyBas
TIepeKIIa 3 aHIIIMCHKOT Ha YKpaiHChKY MOBY CITEIIialbHOTO
TEKCTY y BUINISIL (parMeHTy cTarti [9] po3amMipom OIIH3bKO
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Besmneka Ta ynpaBiliHHS JOCTYIIOM

CepBep aBTeHTUdIKaLii Ta aBTopusauii

BpaHAMayepu Ta MepeXXeBi ekpaHu

CucTeMa MOHITOPUHIY Ta AOKYMEHTYBaHHSA

AmnapaTtHe 3a6e3medYeHHs Ta MepeXeBa iHhpacTpPyKTypa

CermeHTaLis Mepexi

KopucTyBayi Ta po6odi cTaHIil
KopucTtyBsaui
(ABTOpUM30BaHI cniBpobiTHUKN)

(Beb abo CLI)

Po6oui cTaHuii
(MpucTpoi kopucTyBadis)

Mopaynb iHTerpauii RAG

JlokanbHa mepexa (LAN)

IHTepdelic KopucTyBada

Cepeepu 0bpobku gaHux
(CPU & GPU)

IIporpamHe 3a6e3neYeHHS

CxoBuLLEe AaHUX
(SSD)

Mogenb Mistral 7B PpeiiMBOPKMN rNnboKoro HaB4aHHA

(PyTorch, TensorFlow)

Reirieval-Augmented Generation (RAG)

MexaHi3M nowyky
(Retriever)

3aranbHa 6a3sa 3HaHb

MepcoHanbHa 6a3a 3HaHb

Puc. 1. TunoBwuii BapianT posropranus jokansHoi LLM Ha npukiani ykpaiHomoBHOI Bepcii Mistral 7B

815 tokeniB. Tecmosuii ppacmenm, akuit nompiono oyno
nepexkaacmu Ha yKpaiHceKy mogy: “According to NATO
standards, the identification of lessons from combat actions
(L1) and their transformation into lessons learned (LL) are
crucial elements in enhancing the effectiveness of military
operations. This article examines the primary component of
this process — the technical exploitation of enemy weaponry
and military equipment samples, regulated by NATO Allied
Publication AIntP-10. Technical exploitation involves
applying scientific methods to analyze collected exploitable
materials (CEM) and identify their useful properties. A
special type of CEM is battlefield evidence (BE), which can
support law enforcement agencies in legal proceedings.

The process of technical exploitation includes the
collection of samples, their initial examination, detailed
technical analysis, functional testing, data collection and
analysis, and the preparation of detailed reports. Technical
exploitation encompasses three levels: tactical, operational,
and strategic, each with its tasks and specifics. At the tactical
level, immediate collection and initial analysis of samples
are conducted; at the operational level, more detailed
analysis and testing are performed; at the strategic level,
deep research and the development of recommendations for
improving ones weapon systems are carried out.

The importance of the technical exploitation process
lies in identifying enemy technologies and enhancing one s
weapon systems, which contributes to increased combat
efficiency and safety.

The article also discusses methodological recommen-
dations for the structure of strategic-level reports, including
sample identification, analysis of technological solutions,
assessment of the potential use of examination results, and
the development of proposals for government agencies.
Special attention is given to studying antenna elements,
reengineering onboard computing equipment, using
artificial intelligence technologies for sample identification,
and applying large language models for report preparation.
According to the authors, improving the report cataloging
system and using neuro-consultants will facilitate effective
expert interaction and the development of new approaches
to troop protection.”

Pesynomam nepexnady: “32iono 3i cmanoapmamu
HATO, ioenmudbixayisn ypoxie 3 6oiiosux Oiu (JII) ma ix
nepemeopenHs Ha ypoxu, Axi eusyaromocs (LL) € kpumuy-
HUMU enemenmamu 0Jisi 30LIbUeHHs epeKmueHocmi 6iti-
cbKkogux onepayil. L{a cmamms o2naoac 201061y CKAa008y
Yb020 npoyecy — mexuiune eKcniyamyeants 3pasKie 6opo-
arcoi 36poi ma silicbk08oi mexHixu, pe2ynvogarno2o HATO
Allicened Publication AIntP-10. Texniune excniyamyeanus
nepeobauae 3acmocy8anis HayKoGUx Memoois 0Jisk ananisy
3ibpanux excnayamayiunux mamepianie (CEM) i usnauen-
s ix kopuchux enacmusocmeil. Cneyianvnutl 6uo CEM — ye
0dokasz 3 6010 (BE), Axuil ModcHa niompumyeamu npasooxo-
POHHUMU OP2AHAMU Y CYOOBUX CNPABAX.

Ilpoyec mexuiunoeo excniyanysanHs 6K04ae 30ip npoo,
ix nonepedHro excnepmuszy, 0emanibHUull MexXHiYHUll aHa1i3,
KOeKYito OaHUX Ma AHaLi3, NI020MOBKY OeMAalbHUX 36IMI6.
TexHniune ekcnayamy8anHs Mae mpu pieHi: MmaKmuyHuil,
onepayitinuil i cmpameziuHuil, KOJceH i3 CG0iMU 3a60AHHAMU
i ocobnueocmsamu. Ha maxmuunomy pisni nposodsmucsi
wieuoka 30ipka ma nonepedHs obpodbxa npod; Ha onepa-
YiuHOMY pi6HI — OLIblU OeMANbHULL AHAI3 MA MEeCMY8aH-
HA; HA cmpameivHoMy pieni — enuboke 00CiONHCeHHs ma
PO3BUMOK peKoMeHOayitl w000 NOKpawenHs 81acHoi 30poi.

Baoicausicmo npoyecy mexniuno2o excniyamygeanHs no-
Js2ae 8 momy, wjod ioenmughikysamu 6opodxci mexHonoeii
ma nONINWUMU 8010 30p0ot0, WO NPU3E0OUNDb OO0 30LTbULEeH-
HA 60110601 echexmusHocmi ma be3nexu.

L cmamms makoodic pozensoae pexomernoayii uy00o
CMPYKMYypU CmMpameziyHo20 pPIGHsi 36IMi6, 8KII0UAI0YU [0eH-
mugikayiio 3pasxie, anaiiz MmexHiuHux piuensv, OYiHKy
MOAHCIUBO20 BUKOPUCIAHHSL PE3VILINAMIE OOCNI0NHCEHb Md
PO3pPOONIEHHA NPONO3UYiLl 0151 0ePHCABHUX OPeaHi8. Y Hbo-
MY 0ocobauea yeaea npudiiacmves GUSHEHHIO eleMenmie
aHmeH, nepepo3nooiieHHI0 Ha DOPMO8Y 0OUUCTIOBATbHY
anapamypy, 6UKOPUCMAHHIO MEXHOA02IL WMYYHO20 H-
menexkmy 05 i0eHmu@ikayii 3paskie ma 3acmocy8anHIO
BENIUKUX MOBHUX MOOeiell 01 ni020mosKu 38imis. Aemopu
66a0ICAIOMb, WO NONINUWEHHA CUCTIEMU Kamano2y 36Imi6 |
BUKOPUCMAHHSL HEUPOKOHCYIbMAHMIG CNPUAIMUMY b eeK-
MUBHIL 83A€MO0IT excnepmie ma po3pooyi HOBUX NiOX00i6
00 3axucmy 8illcoK”.
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Bing MomeHTY BiaNpaBiIeHHS 3alUTy Ha BUKOHAHHS
3aBJaHHA JI0 IOSBHU MEPLIOTO TOKEHY y HepeKIaleHOMY
TEeKCTI portnio 78,73 ¢, a moasbiia MBUAKICTh TIEPEKIATy
obmeskmacs piBHeM 3,21 TokeHw/c. OTpUMaHHUN pe3yINbTaT
€ IOCUTh TIOCEPEIHIM 3a IIBUIKICTIO 1 CBITYUTH PO MOTPE-
Oy 3acTOCyBaHHS OUTBII MOTYKHUX arapaTHUX pecypcis,
HaBiTh JUIsI TaKO1, HEOOTSHKIMBOI 3a po3mipom LLM.

CyTTEBOTO 3pOCTaHHs MIBHIKOCTI MEpEeKiIasy BAaIocs
JOCSATTH TICIIS TIEPEXOY 0 OLTBII OTYKHOTO CEpPBEPHOTO
obnagHaHHs 3 rpadiunoro kaproo NVIDIA RTX 3080.
B niif peamizoBano 8704 CUDA-sinep, 1o BiAIIOBiTal0Th 3a
HaBYaHHSI HEHPOHHHUX MEPEXK, OB’ sI3aH1 3 MapajieIbHUMH
obuncnennsamu. [Ipu nbomy RTX 3080 mae 12 I'b Bineo-
maMm’sTi, 272 TeH3opHUX sAapa i 68 RT-sxep, ski BigmOBi-
JIAfOTh 3a 3aBJaHHS MAIIMHHOTO HaBYaHHS Ta PEHJIEPHUHT
3 TpacyBaHHSAM IPOMEHIB BiAmoBigHO. L{i XapakTepucTuku
JO3BONIMIM Maiike B 150 pa3 ckOpoTUTH Yac 10 OSBH Tep-
IIIOTO TOKEHY IPH NepeKIa/ii TECTOBOTO 3aB/IaHHS 1 OiJIbIie
HDK B 15 pa3 migABUIIMTH MBHAKICTH CAMOTO TEepeKIIany
(tabm. 1).

Ilig wac tectyBanus moneneit Mistral-7B-Instruct-
Ukrainian va GPU 3 12 I'b nam’siTi Oys10 poBeieHO BH-
MipIOBaHHS IXHBOI MIPOIYKTUBHOCTI 3 PI3HUMH PiBHAMHU
KBaHTyBaHHs. BiqnoBifaHi pe3ynbratu HaBejeHi B Ta0u. 1

JUIS pi3HUX Bepciii 3a3nadenoi suie LLM. Hanpukan, mo-
nens Mistral-7B-Instruct-Ukrainian.Q2_K.gguf mae po3mip
2,53 I'b i BuKkopucroBye kBantyBanus Q2 k. Bona nemon-
CTpy€e MBUAKICTE 59.31 TOKeHIB Ha CEKYHY, 3aTpUMKa 0
MEPIIOro BUXiTHOTO TOKeHY cTaHOBHUTH (.32 ceKkyHIH, a BU-
XiJJHa KUTBKICTh TOKeHIB — 787. B cBoto uepry, LLM Mistral-
7B-Instruct-Ukrainian.Q3 K.gguf, 3 po3mipom 3,52 T'b i
kBanTyBanHsIM Q3 K, mparroe 31 mBuakictio 50.09 TokeHiB
Ha CEeKyH]Y, Ipu ckopoueHiit 0.49 cexyHan 3aTpuMIIi MTOSBA
HEepUIOro TOKEHY, NMPH I[bOMY BHXiJHa KiJbKICTh TOKEHIB
3pocna xo 802. Haiibinpmra 3a po3sMipoM MOIENb y Tec-
tyBanHi, Mistral-7B-Instruct-Ukrainian.Q8 0.gguf, mana
po3mip 7,17 I'b 3 kBanTyBanusam Q8 0. Bona nponemon-
CTpyBaja mMBUAKICT iH(epeHcy 40.26 TOKeHIB Ha CEKyHIY,
3aTPUMKY JI0 Bi3yasti3allii Iepuioro BUXiJHOTO TOKCHY —
0.37 cexynau i 3araJbHHUN 0OCST BUXITHUX TOKEHIB — 858.

3arasom, i3 30UIbIIEHHSIM TOYHOCTI KBAHTYBaHHS MO-
JieJiel criocTepirasocs MoCTyNOBE 3HIKCHHS IIBUAKOCTI
TeHeparlii TeKCTy, 301IbIIeHHS 3aTPUMKH 70 TTOSBH MIEPIIOTO
TOKEHY, & TAKOK 3MIHH Y KITBKOCTI 3reHepOBaHUX TOKEHIB.
Mopeni 3 HKINM piBHEM KBaHTYBAHHSI TIPAIFOBAIH IIBU/I-
1ie, ajge 3 MEHIIOI0 TOYHICTIO, TOAI SIK MOJENI 3 BUIUM
piBHEM KBaHTYBaHHS MaJIi OLTBIII 3aTPUMKH, TIPOTE 320€3-
nevqyBaJIy OLIbIII IeTaji30BaHi pe3y/bTaT. Taka noBeiiHKa

LM Studio - 0.3.2

@ F—‘q + {§} RichardErkhov/SherlockAssistant_-_Mistral-7B-Instruct-Uk.. v & Eject A
? NATO Standards, Military Effectiveness, Technical Exploitation
[Mpouec TexHIYHOro BUNPOobyBaHHA BK/OYaE 36ip 3paskis, iX NOYATKOBUM aHani3, AeTaAbHUN TeXHIYHUI
aHani3, gpyHKLioHaNbHe TecTyBaHHs, 36ip AaHWX Ta iX aHaAi3, a TakoX NiATOTOBKY AeTa/lbHUX 3BiTiB. TexHiuHe
BUNPOOBYBaHHA CKNaAaETbCA 3 TPbOX PIBHIB: TAKTUYHOTO, OMEPATUBHOTO Ta CTPATEriYHOro, KOXEH i3 AKUX Ma€
@ CBOI 3aBAaHHS i 0co6AMBOCTI. Ha TakTUUYHOMY piBHI NPOBOAATLCA HeraliHa 36ipKa 3pa3kiB Ta NoYaTKoOBUN
aHai3; Ha onepaTMBHOMY PiBHi BUKOHYIOTbCA Bi/ibll AeTanbHUIA aHani3 Ta TeCTyBaHHS; Ha cTpaTeriuHomy
=] PiBHi NPOBOAATLCA rNBOKI AOCNIAXKEHHSA Ta po3pob
<, G 4
51.78 tok/sec o 1298 tokens e 0.49s to first token e Stop: userStopped A > U 0 D ]j
P Use current model @ Load
rType a message and press Enter to send ...
User (Ctril +U) =~ @ Insert (Ct
¥
(4] Tokens: 1713/19989
4 LM Studio 0.3.2 User Developer SYSTEM RESOURCES USAGE: ((RAM: 18.93 GB | CPU: 0.00 %

Puc. 2. Tect ykpainomoBHoi Mistral 7B B LM Studio

Tao6nuns 1. [Nokazauku TectyBanns Ha GPU (12 GB)

Low Fosu oy | Wi | Samons 1o vepors | Bz s
Mistral-7B-Instruct-Ukrainian.Q2_K.gguf 2,53 Q2 k 59.31 0.32 787
Mistral-7B-Instruct-Ukrainian.Q3 K.gguf 3,52 Q3 K 50.09 0,49 802
Mistral-7B-Instruct-Ukrainian.Q4 K.gguf 4,07 Q4 K 55.77 0,51 830
Mistral-7B-Instruct-Ukrainian.Q5_0.gguf 4,65 Q5 0 52.15 0.49 2934
Mistral-7B-Instruct-Ukrainian.Q6_K.gguf 5,53 Q6 K 46.15 0.50s 865
Mistral-7B-Instruct-Ukrainian.Q8_0.gguf 7,17 Q8 0 40.26 0.37s 858
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€ TunoBoto st LLM, ocKiTbKM KBaHTYBaHHs Oe3mocepe-
HBO BIUTMBAE Ha OajlaHC MK IIBUIKICTIO 00pOOKM TaHWX Ta
TOYHICTIO BI/IMOBI/II.

3pocTaHHS KiTBKOCTI TOKEHIB Ha BHXOIi MOXe OyTH
MOB’sI3aHE 3 THM, SIK Pi3HI PiBHI KBAaHTYBaHHS BIUIMBAIOTh
Ha MOBEJIHKY MOJEINI i yac reHeparii TekcTy. Momeni
3 HIOKYUM piBHEM KBaHTyBaHHS (Hampukiazn, Q2 um Q3)
MPAIIOIOTh MEHIII TOYHO, TOMY BOHH MOXYTbh YacTille 3a-
BEPIITYBaTH Bi/MTOBIIb paHiIlie, TeHEPYIOYN MEHIIIEe TOKCHIB.
3 iHmoro OOKy, MOJieli 3 BUIMM piBHeM KBaHTyBaHHS (Q5
gn Q8) 3maTHi Kparie «po3yMiTi» KOHTEKCT 1 TPOJOBKYBaTH
reHepallito TEeKCTY JI0 JIOTIYHOTO 3aBEPIICHHS, 110 MPH3BO-
JUTH 10 OLIBIIOT KUIBKOCTI TOKEHIB Ha Buxoxi. Kpim Toro,
BHCOKOTOYHI MOZIETi MOXYTh T€HEpyBaTH JOBIII Ta OiIbII
JieTaai30BaHl BiAMOBIMI, OCKIILKYA BOHU TOYHIIIE BiATBO-
PIOIOTH CTPYKTYPY TEKCTY, BPaXOBYIOUH OINBITY KiTBKiCTh
KOHTEKCTY 3 MOMEPeIHIX YACTHH TEKCTY.

HasBHWit B Ta0n. 1 cTaTHCTHYHUN PO3KH]] 3aTPUMKH JI0
TTOSIBH TIEPIIIOTO TOKEHA MOXKe OYTH TIOB’SI3aHHM 3 THUM, IO
o6csr mam’siti Ha GPU e nocrarnim i 06pooku LLM yceix
JOCTDKCHUX BEPCiii, i TOMy 301IBIIICHHS pO3MipiB MOJei
HE NPU3BOAUTD J0 TOMITHOTO 3pOCTaHHS 3aTPUMKH. [HIIN-
mu cioBamu, GPU He niepeBaHTaxXy€eThCs HABITH TPU POOOTI
3 OLIBIIMME MOJIEIISIMH, 1110 JI03BOJISIE il 30epiratu cTaliib-
Hy IPOAYKTHUBHICTH. Lle MOXke mosicHIOBaTH MiHIMaJIbHI
BIZXWJICHHS y 3aTPUMIII, SIKi € CTATHCTHYHUMH 1 HE 3aJIeKaTh
3HAYHOIO MIPOIO BiJl pO3Mipy MOJIEINI Y1 KBAaHTYBaHHS, a 3y-
MOBJICHI BHYTPIIIHIMH TpotiecamMu 0OpoOKH Ta BUKOPHCTaH-
Hsl 00UMCITIOBAIILHUX PECYPCIB, HAIPHUKIIA]I, ACHHXPOHHICTIO
nepeprBaHb Ha PiBHI ONEpariifHoi cucTeMu.

{06 oninuTH sAKiCTh PYHKIIIOHYBAHHS PI3HUX BEp-
ciit LLM B onncaHoMy eKCIIepUMEHTi, OyJI0 BUKOpHUCTa-
HO METOJUKY OLIHKHA TOYHOCTI TepeKIamy 3a JOTOMOTOIO
GPT-40 [10]. JouinapHICTh TAaKOro pillICHHS MOXe OyTH
0OTPYHTOBAHOIO 3 KUIBKOX MpHUHH. [leprr 3a Bce citijt BKa-
3ary, 1m0 GPT-40 100pe miaXOAuTh AJIsl TAKUX 3aBIaHb Yc-
PE3 CBOIO BHCOKY JIIHTBICTHYHY KOMITETCHITIIO 1 3IaTHICTh
aHaJ3yBaTH TepeKyIaj B KOHTeKcTl. LI mynpTuMonansHa
LLM Bonojie muOOKUMU 3HAHHSIMU 0ararbox MOB, BKIIIO-
YaI04H aHTITIHCHKY H yKpalHCHKY, IO JO3BOJISAE 1 TOYHO
BH3HAYATH MTOMMJIKH B CHHTAKCHUCI, CEMaHTHII a00 CTHIII
nepexsay. Bona 3yatHa He JHIe TOpiBHIOBATH CJIOBa, ajie
1 aHami3yBaTH KOHTEKCT 1 MPaBWIIbHICTD Tiepeadi 3Ha4eHb.
O1iHIOBaHHS TEPEeKIIay y KOHTEKCTI € 0COOIMBO BaXIIH-
BHM JUTSI CTICIIialli30BaHUX TEKCTIB, JI¢ MOTPiOHA TOYHICTH
TEPMIHOJIOTI Ta BIIIOBIIHICTE CTPYKTYpi opurinainy. Came
yepes e GPT-40 3maTHa moMivaTH, 91 KOPEKTHO TIepeIaHi
CKJIaJIHI KOHIEMNIi Ta 41 HEe BTpayeHul ceHc. Baxiauso
TaKOX, BIJ3HAYUTH yHiBepcalbHICTh qaHol LLM, amxke

BOHa MOXKE OyTH BUKOPHCTaHA Ul OL[IHKU Pi3HUX THIIIB
TEKCTIB — BiJl 3araJIbHOJITEpaTypHUX IO TEXHIYHHX 1 Hay-
KOBUX, IO POOUTS 11 1/16aIbHOIO /ISl OLIHKH €()eKTUBHOCTI
pizHoMaHITHUX LLM, fKi IepekIagaroTh CreriaiizoBaHi
texetr. Kpim Toro, GPT-40 MoxHa po3misiaary sik pedepeH-
CHY MOJIEJIb, III0 HaJla€ OLIHKY, OJIU3BKY 10 Ti€l, Ky MOXe
chopmyBatu excriepT-miHrBicT. Le no3Bossie 6iibin 00’ €x-
TUBHO OILIIHIOBATH SIKICTh nepekiany LLM, 3okpema, komu
BaYKKO IIPOBECTH HE3aJECKHY OLIHKY 3 3aJy4CHHSIM BEJIUKOT
kinbkocti srozeit. Hapewrri, 3actocyBannus GPT-40 s
OLIIHKH TaKOX JJO3BOJISIE MIBUJIKO MIEPEBIPUTH BEIHKY Killb-
KIiCTh IEPEKIIA/IIB, 110 OyJI0 O CKJIAIHO 3pOOUTH 3 JTHOACHKOIO
ekcriepTr3o1o. Lle poOuTh MeToANKy He JIMIIe TOYHOIO, ajle
i e(eKTHBHOIO, TIPO IO CBiAYaTh PE3YABTATH OI[IHIOBAHHS
B OINKCAHUIA CIOCiO, MPE/CTaBICHI B Ta0M. 2.

Sk Buano, LLM 3 xBanTH3a11i€ro 6 OIT JOCUTH HEITOraHO
MepeKIIaiae creliaibHi TeKCTH. B Toii jke yac, BUKOPHCTO-
ByBaTH MOJICJN 3 pIBHEM KBaHTyBaHHs HIDK4e 4 OIT ciifg
BBKATH HEJOLIBHUM.

OKpiM 3aBIaHb NepeKIIasy, CIPOMOXKHOCTI JIOCIIPKEHOT
LLM Mistral 7B 103BOJISAIOTE 3AIHCHIOBATA CyMapH3aIlio
YKpaiHOMOBHUX TEKCTiB, 3 MOMJIUBICTIO 3aBaHTaKEHHS 1X
gepe3 MeHr0O LM Studio y Burmsazi ¢aiinis txt, doc Ta pdf.
[Tpu npoMy citiji BpaxoByBaTH, 110 MAKCUMaJIbHUI pPO3MIp
BX1JIHOTO 3anuTy Ajst naHoro tuny LLM He nepeBumnyBa-
tiMe 32 Tucsdi TokeHiB (32K), a MakcuMalibHa BeJIMYUHA
BignoBiai craHoBuUTh Jvie 2048 TokeHis. Take 0OMe)eHHs
IpH epeKiiaax TeKCTIB y JaHOMY BHIAJKY MoTpedye ix
nornepeHboi pparmMeHTarii.

LM Studio no3Boisie peanizyBatu poooty 3 LLM 3 pos-
TOPTAaHHAM JIOKAJILHOIO cepBepy Ta goctynom 10 LLM ye-
pe3 mexaHizm API. OnHak cyTTEBUM HEJOIIKOM IPH [IbOMY
€ BIZICYTHICTh MOJKJIMBOCTI CTBOPHTH Ha OCHOBI iHTEpdeiicy
LM Studio kiieHTChKHIA TOCTYII 10 TaKoro cepsepy. s
[IOTO Ha JaHWil MOMEHT HEOOXiTHO 3aCTOCOBYBATH CTOPOH-
Hi BeO-iHTEepdeiicy, xoua po3yMHO OyJi0 O BCTAaHOBIIOBATH
LM Studio Ha o0nagHaHHI KOPHCTYBa4a i B3AEMOJIISITH Ue-
pe3 BiAmoBinHUH iHTepdeiic yaTy Ta JOKAIbHY MEPEXKyY 3
cepBepHuM BapianToM LM Studio, ne pozropayTta notpioHa
LLM. MoximBo, B MOAAIbIIOMY IIel HEOMIK Oye YCyHYTO.

Crizt 3a3Ha4UTH, IO PO3IISIHYTA YKpaiHOMOBHA MOJIEITh
Mistral-7B-Instruct-Ukrainian.gguf Oy:na kpamioto ctaHoM
Ha 20 BepecHs 2024 p. cepesl BIIOMHUX aJIETEPHATHB TAKOTO
posmipy. HaBiTk 3a 1mosiBu OUIIBII TPOCYHYTHX 32 CLIPOMOJXK-
HOCTSMH MOJeINei ii TONiTbHO BUKOPUCTOBYBATH B SIKOCTI
MPOKCi-MOoIeJi /it OallaHCYBaHHS JIOKAJIbHHUX JIaTaceTiB,
3amisTHAX Ui peanizamii mexanismy RAG [11] Ta goHaB-
yauus LLM nuisixom ¢aiin-trionunry (fine-tuning) [12].
banancyBaHHs JIOKaJIbHUX JaTaCcETiB € KPUTHUHUM 3aB/IaH-

Tab6nums 2. TogyHiCTh IEpEKITaay TECTOBOTO TEKCTY 3 aHITIIMCHKOI Ha YKpaiHChKY MOBY 3a o1liakoro GPT-40

LLM Poswmip, I'b KBanTyBanHs TounicTh nepekiany 3a ominkoro GPT-40
Mistral-7B-Instruct-Ukrainian.Q2_K.gguf 2,53 Q2 k 6310
Mistral-7B-Instruct-Ukrainian.Q3 K.gguf 3,52 Q3 K 7310
Mistral-7B-Instruct-Ukrainian.Q4 K.gguf 4,07 Q4 K 8310
Mistral-7B-Instruct-Ukrainian.Q5_0.gguf 4,65 Q50 8310
Mistral-7B-Instruct-Ukrainian.Q6_K.gguf 5,53 Q6 K 8.5310
Mistral-7B-Instruct-Ukrainian.Q8_0.gguf 7,17 Q8 0 8310
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HSIM Y MalllMHHOMY HaBYaHHI, 0COOJIMBO MpH Kiacupikamii 3
HEpIBHOMIPHO MpeICTaBIeHUMH KitacaMu. HepiBHOMIpHICTR
y PO3MOJiTI KJIACiB MOXKE PU3BECTH JI0 TOTO, 1[0 MOJICIh
MePEeBaXKHO HABYNUTHCS Ha OIIBII MPEACTaBICHUX Kiacax,
ITHOPYIOYHM MEHII PENPE3eHTATHUBHI, 110 3HIKYE 3arajibHy
edexTuBHICTH Mozeni. Sk Bkazano B [13], BukopucTaHHus
MPOKCi-MOeIi € ehEKTUBHUM IHCTPYMEHTOM JUISI BHPIi-
IICHHS 1i€el mpoOiiemu. 3rigHo 3 [13], mpokci-momens — 1e
crporeHa abo momnepeaHs Bepeis ocHoBHOT LLM, sika BHKO-
PHUCTOBYETBCS JUIsl aHAJII3Y Ta PO3YMiHHS CTPYKTYPH AaHUX
Tiepe/] MOBHOIIIHHMM HaBYaHHIM. Y KOHTEKCTI OajlaHCyBaH-
HS1 JaTaceTiB, IPOKCI-MOJIeIb MOXKE OyTH BUKOpUCTaHA JIJIsI
BHSIBIICHHS CJIAOKUX MICIlb, TOOTO BU3HAUCHHS, SIKi KJIACH
a00 MiAMHOKUHH TaHUX MOJIENb KIacu(iKye HeIPaBUIHHO
a00 3 HU3BKOIO BIICBHEHICTIO. Ha 0CHOBI aHaMi3y QyHKITIO-
HYBaHHS ITPOKCi-MOJIeITi MOYKHA ILTECIIPSIMOBAHO JOABaTH
a0o0 CHMHTEe3yBaTH JaHi JJisl TUX KJaciB 4u oOyacteil, ne
MOJIeNb TIOKa3y€ HAWTIpIIl pe3yNbTaTH, 10 HA3UBAETHCS
CHpsIMOBaHUM OanaHCyBaHHAM. Lle 103BoMsIE EKOHOMUTH
PeCypCH, OCKUTBKHU 3aMiCTh 0€3p030ipIIHMBOTO 301IBIIICHHS
JMAHWX IS BCIX KIIACiB, 3yCHIUIA c(POKYCOBaHI Ha HAHOUTBII
npo0ieMHuX 30Hax. [lepeBary BUKOpUCTAHHS MPOKCi-MOIe-
JIi BKITFOYArOTh EKOHOMIO Y BHKOPHUCTAHHI 00U CITIOBAIBHIX
pecypciB Ta 4acy, YHUKHECHHI TIepEHABYAHHS 1 TIIHOIIOMY
PO3YMiHHI JaHUX, OCKUTBKH MPOKCI-MOJICIIb MOXKE BUSBUTH
MIPUXOBaHi maTepHu a00 aHOMaTii, IKi MOXKYTh OyTH BTpade-
Hi IPU TPATUIIIMHUX METOIaX OaaHCyBaHHS. Y KOHTCKCTI
TEKCTOBHUX JIATACETiB, TAKKX SK Ti, 0 oTprMaHi 3 Wikipedia
a00 0a3u npenpuHTIB arXiv, OalaHCYBaHHS JaHUX CIPSIMO-
BaHE Ha YCYHEHHS HEPIBHOMIPHOTO MPE/ICTaBICHHS TEM,
*aHpiB abo ctuniB. Hanpuknan, npu moOynosi LLM mns
3aB/iaHb KJ1acugikaiii TeKCTiB 3 arXiv 3a TeMaMH, MOXe BU-
HUKHYTH CHUTYaIlis, KOJIU JIesKi TEeMH MPEACTaBICHI 3HAYHO
Oinbine, HiX iHmI. [Ipokci-Mozens, HaTpeHOBaHA HA LBO-
My JlataceTi, MOJKe IOKa3aTH, [0 MOJIENIb Ma€ TPYIHOIII 3
NpaBUIBHOIO Kilacu]ikallieto crareil 3 MEHII MOMyISIPHUAX
Temark. Ha OCHOBI Takoro aHasi3y MOyKHa 301IbIINTH KiJlb-
KICTh TEKCTIB BIATIOBITHOTO CIIPSIMyBaHHS MIIIXOM 300py
JIOJTaTKOBHX JIaHUX 200 BUKOPUCTAHHS METO/IiB ayrMEHTALlT
TEKCTY, TaKUX SK nepedpasyBaHHS i CHHOHIMI3AIIis.
Kpim TOr0, B TEKCTOBHX JIAHUX MOXKYTh OyTH IIPHCYTHIMA
qucOaaHCy y CTHISIX HAIMCaHHS, MOBXKHHI TEKCTIiB a00
CKJIaIHOCTI MOBIEHHsI. [IpoKci-Mozenb 103BOJISIE BUSIBUTH,
mo LLM morano nparfioe 3 TeKCTaMH TIEBHOTO CTHITIO a00
ckiaaHocTi. Lle cTBOpUTH MiATPYHTS TS HIECIPSIMOBAHOTO
JI0/1aBaHHs abo reHeparlii TeKCTiB 3 HEOOXiIHUMHU XapaKTe-
PUCTHKAaMH AJIS1 TOKPAIIEHHS 3aralibHOI MPOAYKTHBHOCTI
mozeni. Y Bunanky 3 nanumu 3 Wikipedia, Takox Moxe
MaTH MicIle AucOaianc y MoBax a0o iX perioHaJbHUX Ba-
piarmisx. IIpokci-Monens 103BONUTE BUSBHUTH, IO MOJENb
ripiie o0pobisie cTarTi, HaNMCcaHi 3 BUKOPUCTAHHSIM Clie-
nudigaoi Tepminomnorii. Lle curnamizyBarume mpo Heoo-
XIHICTH OalaHCyBaHHS TEKCTOBHX JIATACETIB 1 CIIPHUSITH-
Me e()eKTHBHOMY BUPILIEHHIO POOJIEMH HEPIBHOMIPHOTO
MIPEICTABIICHHS 1X pi3HUX Kareropii. Ha ocHOBI iTeparliiiHo-
TO JOHABYAHHS IPOKCI-MOJIEi 32 METOAUKOKO [ 13] MOXITHBO
OTITHMI3yBaTH IPOLICHTHE CITiBBiIHOIIEHHS CKIIAY JOKAIb-
HUX JDKEepeT KOHPIACHIIIHUX TaHUX, 30KpeMa, TSKCTOBHX,
3 METOIO JIOCSTHEHHSI MAaKCUMaJIbHOT TOYHOCTI Pe3yJIbTaTiB
¢byHkuioHyBaHHs npokci-moneni. Takuii 30amancoBaHui

JlaTaceT Jaji MO)KHA BUKOPHCTOBYBATH JIJIsl POOOTH 3 OUTBIII
notyxHumMu LLM.

Oxpim LM Studio, 1151 monepeiHb0ro TeCTyBaHHSI MOB-
HUX MOJIeNell MOXKYTh OyTH BUKOpPHCaHI ¥ iHIIi BimoMi ¢pe-
imBopkH, 30kpema Ollama [14], Jan [15], Anything LLM
[16] Tomo. Ollama € iHCTpYMEHTOM JUIS IOKAJIEHOTO PO3-
roprauHs Ta ynpasninas LLM, skuit Hagae inTepgeiic xo-
MaHJTHOTO PsiIKa JUTS 3aBaHTaKEHHSI, 3aITyCKy Ta HaJaIITy-
BaHHS MOJIEJICH Ha JIOKAILHOMY KOMIT IOTepi, HalpUKIIaI,
y Bunisiai ollama run llama3 [14]. TIpuknan BukopucTaHHs
Ollama mmst 3amycky MoBHOI Mozienti Gemma 7B HaBeneHo
Ha puc. 3. OpeliMBOPK MIATPUMYE PI3HOMAHITHI MOJIEINI Ta
CIIpOIIIy€ npoLec iX iHTerpaii, 3ade3neuyroun e)eKTuBHE
BHUKOPHCTAHHS PECYPCiB CHCTEMH, Y TOMY YHCITi, AHAIIOTIYHO
LM Studio, B cepBepHoMy pesxumi 3 API-noctynom. OnHaxk,
SIK BUJIHO, 3 PUC. 3, po0OOTa 3 KOMAaHIHUM PSIJIKOM € HE Ta-
KOO 3py4HOI0, siK 3 iHTedeiicom LM Studio. /lo Toro x, 3a
nornomororo LM Studio MOXHBO 3a1isiTH 3HaYHO OLIBIITY
KiJIBKICTP MOBHHUX MOJIEJIeHi 3 uucia JocTynmHuX Ha Hugging
Face, y ToMy unciti U1t OIHOYAaCHOTO iX 3aITyCKYy.

B sKOCTiI KOMITPOMiICHOTO BapiaHTy MOKIIBO PO3TAIaTH
3actocyBaHHs ppeiiMopky Jan [15] (puc. 4), sikuii Tex Moxe
MIPaItoBaTH MOBHICTIO odaifH, moaioHo 1o LM Studio. Ta-
KMH pexuM 103BoJLsi€ 3anyckaru LLM Ha nokanbHuX npu-
CTpOsiX 0e3 HEOOXITHOCTI MiKITIOUeHHS 10 [HTepHeTy, 1o
3a0e3nedye BUCOKY KOH(DIICHITIHHICTD Ta Oe3MeKy TaHuX.
Jan.Al nmiarpumye pi3Hi anaparHi miaropmu, BKIIIOYaI0O-
uyn HacTutbHI [IK, cucremn Ha 6a3i NVIDIA GPU, Apple
M-series Ta iHIIi, 110 pOOUTH HOTO agaNTUBHUM [0 IIH-
POKOTO KOJIa KOPHCTYBadiB. 32 BEJIMKUM paxyHKoM, Jan. Al
€ TeBHOIO Mipoto kitoHoM LM Studio i Moxe ciayryBaTu
JIBTEPHATHBOIO ISl aBTOHOMHOTO BHKoprcTaHHst LLM, Ha-
nmaroun QyHKioHan, cxokuii Ha LM Studio y THX BUmaakax,
ko ipu podoti LM Studio BuHHKAIOTH TIpo0ieMu 3 Oe3Ki-
HEYHOIO TeHEepaIli€lo BiIOBiIei Ha 3amuT ab0 TOXUOKH Mpr
3aIyCKy HECyMICHHUX 3 (peiiMBOPKOM MoOJIeIeii.

Pounsb inTerparopa 3rajanux GperiMBOPKIB PH JIOKJIAbHO-
My cepBici Moke BukoHyBaTH Anything LLM [16]. Oxnieto
3 TOJIOBHUX HOro (yHKIIH € 3JaTHICTh BUKOPHCTOBYBATH
JIOKaJbHO BcTaHOBJIEHI PpperimBopku LM Studio Ta Ollama
JUIsl CIITbHOT 00poOKM nanux. Lle no3Bossie kopucTyBauam
KOMOIHYBaTH MOXKJIMBOCTI Pi3HUX MOJIEJICH, ONTUMI3YIOUH
MPOAYKTHBHICTH 1 3a0€31eUy0YH OiIBII TOUHI Ta KOHTEK-
CTyaJIbHO pesieBaHTHI Binnosiai. Anything LLM nixrpumye
(hyHKIIi 3aBaHTaKEHHS TOKYMEHTIB [T peatizallii TeXHO-
norii Retrieval Augmented Generation (RAG) [11] (puc. 1),
mo6 LLM-crcrema MorIa 3ay9aTd JONATKOBY iH(POpMAIIito
JUTSL TIOJTIIIIICHHST KOHTCKCTY BiIOBIACH.

Texnonorist RAG mpaiiroe, moeIHyOYHd MOBHY MOJICIb
3 6a3010 JaHUX, 30KpeMa BEKTOPHOTO THITY, AKi 30epiraroTh
BEKTOPHI TIOJIaHHs JIOKYMEHTIB 4K nanux. [1in gac 3anury
MOJIeJIb BUKOPUCTOBYE Iii JaHi AJIs MONIYKY peJieBaHTHOT
iHdopmariii Ta 30arauenns Binnosini. Hanpukian, Anything
LLM no3Bonsie 3aBaHTaXXyBaTH Pi3HI TUIH JOKYMEHTIB
(PDF, TekcroBi (aiinu, ayaio ta inmi Gpopmarn), ki HoTiM
IH/IEKCYIOThCSI 1 30epiraroThes y BEKTOpHIl 0a3i nanux. Lle
3a0e3mnedye MBHIAKAI T0CTYyT M0 crenudigHoi iHpopmartii
i1 yac reHeparii BioBiieH, MiBUIIYOYH TOYHICTh 3aB-
JSIKM BHOKPUCTAHHIO PECYpCyY IMOIEPeHbO 3aBaHTAXKECHUX
nanux. J{ist 1boro BUKOpUCTOBY€eThes TexHika Embedding
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B C:\WINDOWS\System32\Winc X + v

Welcome to Ollama!

Run your first model:
ollama run llama2
PS C:\Windows\System32> ollama run gemma:7B
pulling manifest
Error: pull model manifest: file does not exist
PS C:\Windows\System32> ollama run gemma
>> ollama run gemma:7b
pulling manifest
pulling manifest
pulling manifest
pulling manifest
pulling manifest
pulling manifest
pulling manifest
pulling manifest
pulling manifest

My Models Ctrl + E  Active model mistral-ins-7b-q4

pulling 456402914e83... 100% (G 5.2 GB
pulling 097a36493¢71. .. 100% [ © . KB
pulling 109037bec39c. .. 100% [N 136 B
pulling 22a838ceb7fb... 100% (NG cu B
pulling atu3857cu317... loos [ 433 B
verifying sha256 diges
writing manifest
removing any unused layers
success
>>> Capital City of Ukraine?
Kyiv.
Kyiv is the capital and largest city of Ukraine.
Puc. 3. Ilpuknan poboru 3 LLM Gemma 7B y ¢peiimBopky Ollama
) Jan = o X
Jan Edit View Window Help
[ r_;/ Capital city of Ukraine Threads Settings  : BI)
Answer: Kyiv a 7S
R Title
\\\}J 19:11
Capital city of Ukraine Capital city of Ukraine
D The capital city of Ukraine is Kyiv... ® User 1911
0o Capital city of Ukraine? e
oo i ’ jan_1706209133
\\\}1 Assistant 19:11 Token Speed: 7.46t/s ~ Assistant
Y Jan
The capital city of Ukraine is Kyiv (also spelled Kiev). It's the largest
city in Ukraine and is located in the north central part of the Instructions
country. Kyiv is a major cultural, economic, and political center of g, You are a ekl sssistant
Eastern Europe with a rich history that dates back over a thousand
years. It's home to numerous historic sites, museums, galleries, and i
beautiful parks. A Model
& © @ b Mistral Instruct 78 Q4 <
©
[ knter your message... J Send
Q Vv Inference Parameters
&3

CPU: 2% Mem:39% Janv047 @3 €)

Puc. 4. Intepdeiicue BikHO QpeiiMBOpKY Jan

Ta BEKTOPHOTO MOIIYKY, IO JO3BOJISIE BU3HAYUTH peIIeBaHT-
Hi CerMeHTH iH(pOopMaIlii Ha OCHOBI TTOJIOHOCTI 3aITUTIB.

VY cTpyKTypi, IpeacraBieniii Ha puc. 1, inrerpanist RAG
Bi1I0YBa€THCS uepe3 OJATKOBUN MOAYIb MOUIYKY, KU
TICHO B3a€MOJIi€ 3 OCHOBHOIO MOBHOIO MOJICIIITIO. MexaHi3m
RAG mparroe TakuM YHHOM, IO ITiJT 9ac 00pOOKH 3aru-
Ty KOPHCTyBaya CUCTeMa He JINIIe aHali3ye BiIMOBITHUN
TEeKCT 3a gonomoroto LLM, ane # Ha 0CHOBI 3MicTy 3anuTy
3MIMCHIOE TIOMIYK pPENeBaHTHUX (pParMeHTiB JOKYMEHTIB
a00 3amuciB y 0a3i TaHUX crerianizoBaHoro cxosuiia. Le

JIO3BOJISIE MOJIETII OTPUMYBATH aKTyaJIbHY Ta CHenu(idHy
iH(opMaIito, ska MOXe OyTH BiICYyTHBOIO B 1 BHYTPILIHIX
napamerpax abo HaB4aIbHUX JaHuX. OTpuMaHa iHpopmaris
TiepenaeThes, HapUKIIam, yepe3 BHyTpimHii API-goctym no
LLM, sika BUKOPUCTOBYE i JuIsl reHepariii OiIblI TOYHUX 1
KOHTEKCTHO OOTPYHTOBAHHX BiJIIIOBiICH.

Iei minxing BUMarae HasiBHOCTI €EKTUBHO OPTaHi30-
BaHMX CXOBHII JaHMX Ta IHAEKCALIMHUX MEXaHI3MIB JUIS
IIBUJIKOTO JIOCTYITY A0 iH(opMarii, caMocTiifHa po3podka
SKUX € HAQATO CKJIAaJHUM 3aBAaHHsIM. CXOBHIA MOXYTh
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MICTHTH Haka3|, PO3IOPS/KCHHS, apXiBH JJOHECEHb, TEX-
HIYHY JOKYMEHTAIif0, BHYTPIIIHI 3BiTH a00 Oyab-sKi iHIII
peneBaHTHI AaHi. BaxiuBo, 110 Bei 1i 1aHi 30epiraroTbest
B MEKax JIOKaJbHOI 130JIb0BaHOI Mepexi, o 3abe3mnedye
BUCOKHI1 piBeHb Oe31eKu Ta KOH(DIAeHIIIHOCTI.

MexanisMm RAG mianopsaKoBy€eThCS THM CaMUM IO~
THKaM, 1110 1 OCHOBHA cucTtema. JlocTyn 10 CXOBHIL JAHUX
KOHTPOJITIOETHCS, @ BC1 J1ii KOPHCTYBauiB 1 CUCTEMH (iKCy-
IOTBCS B )KypHAJIaxX JUlsl MOAANBIIOro aynuty. Lle rapaHrye,
110 KoHieHilHa iHpopMmaris He Oyne po3kpuTa abo BU-
KOpHCTaHa He 3a NPU3HAYCHHSM.

InTerpauiss RAG Takoxk BUMarae J10JlaTKOBUX 00YHC-
JIOBAJIBHUX pecypciB 1 miarpumkun 3 6oky IT-daxiBuis.
Bonu BimoBiIaroTh 32 OHOBJIEHHS 0a3 JaHUX, ONTUMI3AIII0
MONIYKOBHUX aJITOPUTMIB 1 3a0e31eucHHs Oe3nepediiHoi
pobotu cuctemu. Perymspae oHOBICHHS iH(OpMaIii y cxo-
BUIL[AX FAPAHTYE aKTYaJIbHICTh Ta TOYHICTH BIAMOBIACH, 1110
0COOJIMBO KOPHCHO B YIPaBIiHHI KPUTHYHUMH TPOIIECAMH,
KOJIM TIOTpiOHA aKTyaibHa iH(pOpPMAIIis, sIKa MOXKE IIBHJIKO
3MIHIOBATHCS 3 YACOM.

Buxopucranus mexanizMmy RAG, iHTerpoBaHoro B
Anything LLM, nixBumye edexkruBnicts LLM-cucremu
6e3 HeoOXimHOCTI ii mepeHaBuYanHs. HoBa x TexHOIOTIs
RAG 2.0 nependauae MOXKIJIMBICTh €MOCIJIIHTY HE TIJIbKH
TEKCTOBHX, a i MyJIIFTUMEIITHUX JaHHX, 10 OCOOJIMBO aKTy-
aIBHO T 00pOOKH BifjeoaHUX, 300pakeHb, TPAaHCKPHOY-
BaHHs aynio3anuciB Tomo. OxHax i1 peamizamis B Anything
LLM numraeTscst Hapasi MUTaHHSAM Yacy.

s peanizanii RAG B LM Studio, MoxHa CKOpHCTATUCS
fioro BOYJJOBAaHUMH MOXIIMBOCTSIMH JUIsl CTBOPEHHS TEKCTO-
BUX BEKTOPHHX T0/aHb (text embeddings), siki € KIIFOYOBUMHE
it RAG. [ounnaroun 3 Bepcii 0.2.19, LM Studio Bxirouae
B ce0e cepBep T BEKTOPHU3AIlii TEKCTIB, SIKUH JO3BOJISIE Te-
HEpYBaTH BEKTOPH ISl [IOAANIBIIONO MOIIYKY 1 BiZOOpY pelie-
BaHTHOI iH(OpMAIIil 3 TOKAIFHUX TOKyMeHTIB. L{ei mpomec
MOYKHA peasli3yBaTH MOBHICTIO JIOKaJIbHO, 0¢3 HEOOX1THOCTI
migkaroueHHs 1o [arepHery uepe3 POST-3anuT Ha J10Kab-
HHH cepBep 3 JOJaBaHHIM JI0 MEPEKEBOTO apecy Kiroda /
v1/embeddings. 3reHepoBaHi BEKTOPH MOXYTh OyTH 30epe-
JKEH1 B JIOKaNpHIN 0a3i narux (Hampukitan, ChromaDB). [lns
Oinbin ckiaanoi peanizanii RAG moxna inTerpyBatn LM
Studio 3 3a3nauennm ¢peiimBopkoM AnythingL LM.

TakuM 4YUHOM, CHCTEMHU 3 iIHTETPOBAHUM MEXaHi3MOM
RAG ne numie 30epiratoTs yci nepesary JiokaiasHoi LLM,
aJe i 3HaYHO PO3IIMPIOIOTH 11 CIIPOMOXKHOCTI. BoHU cTaroTh
O1JIbLI @Al THBHUMH, 3[aTHUMH ILIBH/IKO pearyBaTH Ha HOBI
3aIATH Ta HaJ[aBaTH iHPOPMAIIifO, SKa BiIMOBITA€ OTIepaTHB-
HO OTpUMaHuM JianuM. Lle BiikpuBae HOBI EPCIICKTHBH JIsI
Bukopuctanas LLM B pi3HHUX MicCisiX, ITiIBUIIYFOYH I[IHHICTh
Ta e(PeKTHBHICTh IHTETPOBAHUX PIIICHB.

AJBTEPHATUBOIO 10 PO3MIIHYTHX (PpPEHMBOpPKIB € BU-
kopuctaHHs iHCTpyMeHTy Llamafile Bix Mozilla [17] ans
CTBOPEHHS BUKOHYBaHMX (aiiniB mogeneit LLaMA, sikuii
no3Boiisie ynakopyBatn LLM, Hanmpuxmnan, B oquH dain
¢dopmary “.exe'. LLaMA (Large Language Model Meta
Al) — e cepist MOBHHUX MOJEINIEH, pO3pOOICHUX JOCIi/I-
HUIBKOIO KoMaHI0r0 Meta Al, siki Oynu onTUMi30BaHi Iist
e(PeKTUBHOTO BUKOPUCTAHHS 00UNCIIIOBAJIBHUX PECYPCiB.
Buxopucranns Llamafile mo3Bosnse o6iiitu moTpedy B cTo-
POHHIX (peiiMBOpKax, Ha/Ial0ul MOXIIUBICTH Oe3nocepes-

HBO IPALIOBATH 3 MOEJUIIO Yepe3 CTaHAapTHI 0i10IioTeKH
mrOoKoro HaBYaHHS, Taki K PyTorch abo TensorFlow. Le
cripusi€ OUIBIIOMY KOHTPOJIIO HaJl IPOLIECOM PO3TOpPTaHHS
Ta HAJAIMITYBaHHS MOJEINI, 0 € KPUTHIHUM TIpU POOOTi 3
KOH(DIICHIIIHHUMHU JaHUMHU B 130JIbOBAHOMY CEPEIOBHIIL.
Bapianr 3amycky MmynbsTuMonansHoi Mozeni LLaVa y Bu-
sl Llamafile, nmepefimeHoBaHoro B exe-(haiil, HaBeIeHO
Ha puc. 5. Sk BumHO, y ¢opmari Llamafile mogens LLaVa
Mae BOyroBaHMi rpadigamii iHTepdeiic i peamizallii yaty
i 3a0e3medye reHepalliro TCKCTOBUX OIMHCIB 300paKeHb,
HaJaHUX KopucTyBadeM. Ha manuit moment Ha Github mo-
crynHi Llamafile s 29 MmoBHHX Mogieneit B pi3HUX KOH)i-
Typalisx, mo J03BOJIIE€ O0PATH ONTUMAIILHUI OaJIaHC MiXK
MIPOAYKTUBHICTIO Ta BUKOPUCTAHHAM PECYpPCiB BiIMOBITHO
JI0 IOTpeO KOHKpeTHOro npoekTy. Leit mepernik Mmoxe OyTn
PO3IIUpPEHUIT caMOCTIHHO.

[ToBepTarounch 10 PO3ISLAY CTPYKTYPHOI CXeMH Ha
puc. 1, citig 3a3Ha4YNTH, 110 Oe3MeKa J0CTYITy 10 JOKaJIbHO
posroprayToi LLM 3abe3nedyeThcs cucTeMaMy aBTeHTH]I-
Kallil Ta aBTOpH3allil, SIKI IEPEeBIPSIOTH 0COOUCTICTH KOPHC-
TyBadiB i KOHTPOJIOIOTH IXHi paBa noctyiy. Lle rapanTye,
110 TIJIBKU aBTOPU30BaHI 0COOM MOXYTh KOPUCTYBATHUCS
MOXITHBOCTSIMHU CHCTEMH.

Xoua ycs 3a3HavyeHa iHppacTpykrypa i QyHKIIOHYE B
MeKax JIOKaJIbHOT 130Jb0BaHOT MEpEeXKi, s TOIaTKOBOTO
3aXHUCTy 3aM00ITaHHsI HeCAaHKI[IOHOBAHOMY JOCTYITY 330BHI
BUKOPHCTOBYIOTbCS OpaHaAMayepH Ta CUCTEMH BUSIBICHHS
BTOPTHEHbB, SKi KOHTPOJIOIOTh MepexeBuil Tpadik i Bij-
CTEXYIOTb IMiZI03Piy aKTHBHICTB. 3 II€I0 K METOI0 Mepexa
pO37iJeHa Ha CerMEHTH, 1110 JI03BOJISIE 130JTF0BATH Pi3HI KOM-
TTOHEHTH CUCTEMH 1 KOHTPOIFOBATH JIOCTYI Mi>k HUMHU. Kpim
TOTO, Ma€ 31MCHIOBATUCS MU(PPYBAHHS JJAHUX HA TUCKAX
(at rest) Ta mix gac ix mepenadi (in transit) 3a 10ITOMOTOIO
SSL/TLS (puc. 6).

KopucryBauamu cucremu MaroTh OyTH BHKIIIOYHO aBTO-
PH30BaHI CIEIaliCTH — aHATITUKU-IOCIIIIHUKH, EKCIIEPTH
Ta iHII 0COOU, SIKi MPAILOTh HA POOOYUX CTAHIISAX, M-
KITIOYEHMX JI0 IOKaJIbHOT Mepeski. IXHi i dikcyroThes cuc-
TEMaMH MOHITOPUHTY Ta JJOKyMEHTYBaHHS, 1110 JOTIOMarae
BIJICTEXXYBaTH POOOTY CHCTEMH Ta pearyBaTH Ha MOXKIIUBI
IHIIMACHTH 3 MOJAJBIINM MPOBEACHHSIM ayANUTy TIPH HE0O-
xigHocTi. [ToniTiky Oe3meKy BU3HAYaI0Th TPpaBHJIa IOCTYITy
JI0 TaHHX 1 PECYPCiB, PETIIAMEHTYIOTh IIPOLIETYPH OHOBIICH-
HSI Ta YIPaBIIiHHSI CHCTEMOIO.

Kputngamm actiekToM poOOTH CUCTEMH € yIpaBIiHHS
JAHUMHU, SIKI MArOTh BBOAUTHCS 1 30epiraTucs 3 JOTPUMAaH-
HSIM yciX BUMOT Oe3rekn. CHCTeMH pe3epBHOTO KOTFOBAHHS
JIO3BOJISIIOTH IIBUIKO BIIHOBUTH iH(opMalito Ta dhaiiau
LLM y pa3i 36018 a00 iHIIMX HenepeadadyBaHUX CUTYaIliH.
Komanna IT-¢axiBuiB BifnmoBigae 3a mMATPUMKY Ta 00CITy-
rOBYBaHHs BCi€i iH(ppacTpykTypu. BoHM 311iICHIOIOTH OHOB-
JICHHSI IPOTPAMHOTO 3a0€31EeUCHHS Ta MOJIENIEH, CTEeXATh 3a
MPOIYKTUBHICTIO (DYHKIIOHYBaHHS CHCTEMH 1 PO3IINPIO-
10Tk i MOKIMBOCTI ITpH HeoOXigHocti. Konu xopucrysa-
yaM HaJICWIIAEThCS 3aMUT Yepes3 inTepdeiic, Toi MpoxXoanuTh
yepe3 yCl KOMIOHEHTH CUCTEMH O€3INeKH Ta MOTparuise J10
mozneni LLM. Pesynbrar moBepTaeThcss KOPUCTYBATY THM
caMHM LUISIXOM, 3a0e3neuytoun iH(opmaliiiHuii KoHBeiep
3 MIHIMAJIBHOIO 3aTPUMKOI0. TakUM 4MHOM, CHCTEMa 3 JIO-
KaJibHOIO LLM € KOMIJIEKCHUM MO€THAHHSM arapaTHoOro Ta
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llama.cpp

@® Chat

[ Reset all to default ] O Completion

Prompt

This is a conversation between User and Llama, a friendly chatbot. Llama is
helpful, kind, honest, good at writing, and never fails to answer any
requests immediately and with precision.

User name Bot name
User

Prompt template
{{prompt}}

{{history}}
{{char}}:

Chat history template
{{name}}: {{message}}

Grammar

Use gbnf or JSON Schema+convert

order: prop1,prop2,prop3 I Convert JSON Schema I
Predictions

=0

Temperature

400 = 07

Penalize repeat sequence

o g

Consider N tokens for penalize

=D 256

Top-K sampling
[ E—T))

» More options

Top-P sampling
——f 05

User: Capital city of Ukraine ?
Llama: The capital city of Ukraine is Kiev (also spelled Kyiv).

User: Poskaxw aetansHiwne

Llama: 3suuaiixo! Ki

User: npoaoBxu

Llama: Bi

User: Plse give a more information Babout Kyiv

Llama: Of course! Kiev is the capital city of Ukraine, located in the north central part of the
country. It has a population of over 2.8 million people and covers an area of approximately
870 square kilometers. The city is situated along the Dnieper River and is known for its rich
history, cultural landmarks such as St. Sophia's Cathedral and St. Michael's Golden-Domed
Monastery, and its vibrant nightlife scene. Kiev is also home to many international
organizations, including the United Nations Educational, Scientific and Cultural
Organization (UNESCO) and the Organization for Security and Cooperation in Europe
(OSCE).

User: Please describe this picture
Llama: The image features a person wearing green gloves, holding up their cell phone to

take a picture. They are also using an electronic device attached to the back of their vest or
jacket for easier access while taking pictures and possibly other tasks.

In addition to the main subject, there is another individual in the background on the right
side of the image. A truck can be seen further away from both people, indicating that they
might be outdoors near a vehicle.

Say something...

4

Say something...

4

Upload Image | Siop | Reset

Powered by lama.cop. aaml.ai, and llamafile

[Upload image | i

330ms per token. 3.03 tokens per second

(Reset |

Puc. 5. Iarepdetic Ta pesynsrar 3amycky LLaVa 1.5 y purmani Llamafile

KopucryBaui Ta poboui craHIii

KopucTtysaui

(ABTOpM30BaHI cNiBpOBITHNKM) =
TP IHTepdelic KopucTysaya
. (Beb abo CLI)
Poboui cTaHuii

(MpucTpoi KopucTyBayis)

Besnexk: TIpaBJIiHHS JIOCTYIIOM

BpaHaMayepu Ta MepeXXeBi eKpaHu Cuctemu WwWndpyBaHHS

CermeHTauis Mepexi P JlokanbHa Mepexa (LAN)

Moaynb iHTerpauii RAG ——P»

CepBep aBTeHTUdiKaUii Ta aBTopusauii — CUcTEeMa MOHITOPUHIY Ta AOKYMEHTYBaHHA

AnapaTHe 3a0e3le4eHHsI Ta MepeXxeBa in)pacrpyxk‘
>

Retrieval-Augmented Generation (RAG)
3aranbHa 6asa 3HaHb

MexaHism nowyky
(Retriever)

——P» MepcoHanbHa 6asa 3HaHb

aMHe 3a0e3redyeHHs

DpeliMBOPKMN rMUBOKOro HaBYyaHHA
e (PyTorch, TensorFlow)
——p» Mogens Mistral 7B
CxoBuLle AaHUX
(SSD)

Cepsepu 06pobku gaHux

AnapaTHe WudpyBaHHs

(CPU & GPU)

Puc. 6. BapianT cxemu Ha puc. 1 3 toqanuM mmppyBaHHIM JaHUX

MPOrPaMHOTO0 3a0e3MeUYCHHsI, MEPEIKEeBOT IH(PACTPYKTYpH Ta
3axof1iB 6e3nek. Ii ehexTUBHE PYHKITIOHYBAHHS 3aJIEKUTH
Bi 371ar0/PKEHOT POOOTH BCiX KOMIIOHEHTIB 1 YITKOTO yIIpaB-
JIHHS B3aeMoJi€r0 M HUMU. L{e 103BoIsIe MakcUMabHO
BUKOPHUCTOBYBATH MOTYXHiIcTh LLM, 3abe3medyioun mpu
I[bOMY BUCOKHH PIBEHb MPOAYKTUBHOCTI Ta 3aXHCTY JJAHUX.

OpHak, MOPH 3HAYHI MOYKIIMBOCTI, SIKi HAIa€ B3a€EMOJIis
3 JJ0KabHOIO LLM, HACTYIHHM KPOKOM y PO3BUTKY BIAIO-
BiJTHOT KOHIICIIIIii MOXE CTaTH MEePEXiJ] IO MyJIbTHATCHTHOT

CHCTEMHU y BUIVISIAI Tak 3BaHOI BeJukoi moxeni fiii (Large
Action Model, LAM). Takuii migxin nepeabadae po3mnomin
(hyHKIIOHATFHOCTI MK KiJTbKOMa aBTOHOMHHMH areHTaMu
[18] (puc. 7), koxkeH 3 KUX peani3yeTbes Ha ocHOBI LLM
1 CIIeriami3yeThcs Ha BUKOHAHHI MTEBHUX 3aBIaHb IIISTXOM
B3a€MOJIIT 3 IHIIMMH JJIs1 TOCSITHEHHS CITUTBHOT METH.
JloninpHICTE TAKOTO MEePEX0ay 00yMOBIIEHA TOTPEOOO B
I ABUIIIEHHI THYYKOCTI, MACIITA00OBAHOCTI Ta €(DEKTHBHOCTI
cucteMHd. Y PO3MOAUICHIH apXiTeKTypl MyJIbTHATCHTHHUX
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IHOOPMALIINHI CUCTEMMW

Retrieval-Augmented Generation (RAG)

Mopaynb iHTerpauii RAG ——————Jp» AreHT nollyky —————J» AreHT nepcoHasibHoi 6asu 3HaHb

KopucTtyBaui Ta po6odi cTaHIIii

KopucTyBaui
(ABTOpM30OBaHIi cniBpo6iTHUKM)

e (Beb abo CLI)

Poboui cTaHuii
(MpucTpoi koprcTyBa4is)

besmneka T aBIIiHHS JOCTYIIPM

AreHT aBTeHTU®IKaLii ————p» AreHT LOKYMeHTYBaHHS

T

AreHT 6paHamMayepy AreHT WwudpyBaHHA

AmapaTHe 3a0e3mevueHHs Ta MepexXeBa iHGPacTPyKT

AreHT cermeHTalii Mmepexi ——— P AreHT Mepexi — B> Cepsepu 06pobku faHnx
e B (CPU & GPU)

AreHT anapaTHOro WwudpyBaHHS

IHTepdeiic kopucTyBada > MyanVIaFEHTHa cuncrtema —»>

AreHT 3aranbHoi 6a3un 3HaHb

TIporpamue 3a6e3neYeHHS

DpeMBOPKM rNMBoKoro HaB4aHHS
(PyTorch, TensorFlow)

T

AreHT cxoBULLA faHUX

Puc. 7. MynasTuareHTHa cuctema

cucTeM (puc. 7) KOXKEH areHT MOXe OyTH HaJIallTOBAaHUI
Ha BUKOHaHHS crienniuHux QyHKLIN: OMUH BIANOBINAE 3a
00pOOKY MPUPOAHOT MOBH, 1HIIIHIA — 3a MOIIYK 1 BUJIYYCHHS
JAHMX, TPETIH — 3a aHAJITHKY Ta NPUHHATTA piieHs. Lle
JI03BOJISIE OTITUMI3YBaTH KOXKEH KOMIIOHEHT i/l KOHKPETHI
3apraHHda. Hampuknan, y mexax ACY KOMaHIHOTO IMyHKTY
a00 1mTady TaKTUYHOTO MiJPO3ITY PiBHS OpUTaaun, pO3Iis-
HyTa MyJIBTHar€HTHA CUCTEMa MOXKE peaji3yBaTH IUPOKUI
crekTp (QyHKIIH, CIpsSMOBaHUX Ha ONTHUMI3AIIIO YIIPaBIIiH-
ChKUX Ta OOMOBHUX IPOIIECIB.

Y pazi 30010 OJTHOTO 3 areHTIB CHCTEMA 3arajioM ITPOJI0B-
YKHTh CBOE (DYHKLIIOHYBaHHSI, OCKUIbKH THII ar€HTH MOXKYTh
KOMIIeHCYBaTH abo 00iiiTH Henpalowunii KoMnoHeHT. Lle
0COOJIMBO BaXIIMBO B KPUTHYHUX 3aCTOCYBAHHSIX, 1€ Oe3rie-
PEpBHICTH POOOTH Mae BUpilIaibHe 3HaYeHHs. KpiM ToTO,
TaKa chcTeMa JIeTle a1alTyeThes 10 3MIHHUX BUMOT 1 yMOB.
JlonaBaHHsI HOBUX areHTiB 200 OHOBJICHHSI ICHYIOUHMX HE BU-
Marae IIOBHOTO 1iepepoliieHHs Beiei cucremu. Le cripomrye
nporec MaciTaOyBaHHsI Ta BIPOBAPKEHHsI HOBUX (YHK-
1ii1, 10 € KJIFOYOBHM Y HIBUAKOIUIMHHOMY TE€XHOJIOTTUHOMY
cepenoBuili. MylbTHareHTHa CHCTEMa TAKOX HiABUILYE
e(eKTHUBHICTh 00POOKH aHKMX 3aBISKH MOXJIMBOCTI Mapa-
JIEIbHOTO BUKOHAHHS 3aBaHb. ATEHTH MOXYTh IIPAIFOBaTH
HE3aJIE)KHO OJIMH BiJl OIHOTO, OJJHOYACHO 00POOIISIIOUH Pi3Hi
3anuTh 00 YaCTWHU CKJIaIHOTO 3aBaHHsl. Lle ckopouye uac
peaxuii cucTeMu Ta MiBHUILYE ii IPOTYyKTUBHICTS.

[lependauaeTbes, M0 B3aEMOJIisi MDXK areHTamMH BiiOy-
BAETHCS Yepe3 YiTKO BU3HAUEHI IPOTOKOJIN Ta iHTepdeiicy,
1o 3a0e3mneuye y3ro/pKeHICTh 1 MUTICHICTh cucTemHu. Lle
TOJIETIIY€E PO3POOKY, TECTYBAHHS Ta MIATPUMKY OKPEMHX
KOMITOHEHTIB, a TAKOX CIIPHSIE IOBTOPHOMY BUKOPHCTAHHIO
KOy Ta MOAYJIiB. ¥ KOHTEKCTI O0e3MeKH MyJbTHATCHTHA
apXiTeKTypa HaJlae J0aTKoBi nepesard. Posmonin dyHkiii
JI03BOJISIE OLIBLI TOYHO KOHTPOJIIOBATH JJOCTYII 10 PI3HUX Ya-
CTUH CHCTEMHM, BCTAHOBJIFOBATH CIIEL[1aJ1130BaH] MEXaHI3MHU
3aXUCTY JJIsl KOOKHOTO areHTa Ta MiHIMi3yBaTu MOTCHINHHI
BPAa3IUBOCTI.

BaximBoro € 1 MOXKJIMBICTB IHTErpanii pi3HUX TEXHOJIOTIH
HITYYHOTO iHTENIeKTY. MyJIbTHareHTHa CHCTeMa MOXe 00’ €1
HyBaTH MOJIeJIi MAIIMHHOTO HABYaHHSI, EKCIIEPTHI CUCTEMH,
QJITOPUTMHU ONITHMI3alii Ta 1HIII IHCTPYMEHTH, CTBOPIOIOYH
OLIBII TOTYKHY Ta YHIBEPCAIBHY IIaTGOpMY.

Takum 4MHOM, IEepexij BiJi MOHOJIITHOI BEJIUKOI MOB-
HOT MOJieNl 10 MYJIBTHAreHTHOT CUCTEMH BiJIKPUBAE HOBI
HalpsIMU B PO3BUTKY 1HTEJEKTyalbHUX cucteM. Lle 103-
BOJIsIE CTBOPIOBATH OUIBII a/IalITUBHI, CTIHKI Ta epEeKTHUBHI
pileHHs, SIKi Kpalie BiANOBiJaloTh Cy4aCHUM BUMOTaM Ta
BUKJIMKaM. B ymoBax, konu iHopMaliiiHi IOTOKK CTAIOTh
BCE CKJIIHIIIMMHU, a TIOTpeda B orepaTuBHiii 00poOLli JaHuX
3pOCTaE, MyJIBTHATCHTHI CHCTEMU MOXKYTh CTATH KIIFOYOBUM
€JIEMEHTOM YCIIITHUX TEXHOJOTTYHUX 1HHOBAIII.

Cain 3a3HaunTH, mo Ha riardopmi Hugging Face ke
JIOCTYIHA BeJHKA KimbKicTh arentHux LLM. Ix momyx i
TECTYyBaHHS JOLUILHO 3/11HCHIOBATH 32 JIOIIOMOTO0I0 (hpeid-
Mopky LM Studio. 3okpema, KOpHCHOIO MOXe OyTH MO
Agent-Flow-Phone Demo 3GB RAM st renepauii aia-
rpamu Mermaid 3a J10IIOMOTo0 HepesiKy MocCiiJOBHOCTI
KpOKiB, HaJjaHux y npomnri [ 19]. Arent o0po0iisie BXiaHUIH
TEKCT 1 aBTOMaTUYHO CTBOPIOE OITUC OJIOK-CXeMH y popmari
Mermaid, siky aJ1s1 Bi3yastizalii 10CTaTHbO 3aBaHTAXKUTH 10
penakropa BifnosigHoro gpeiimopky (https://mermaid.
live/edit). Mozenb cyBOpo JOTPUMY€ETHCS] BU3HAYEHOTO 111a0-
JIOHY 1 HE TIOTpeOye 0JaTKOBOTO HAJIANITYBAHHS 3aIUTY.
[Ipu 2-0iTHOMY piBHI KBAaHTYBAaHHS MOJENIb areHTa Mae
po3mip 1,36 I'b. B sikocTi npukiany BKa3aHOMY areHTy
0yJI0 HAJIaHO TECTOBY IHCTPYKIIIO [UIS IEMOHCTPAIIT HOro
CIIPOMOXKHOCTEH:

«Create an ideogram from the sequence of learning stages
in a virtual environment. Main stages:

1. Initiation of training:

— the virtual environment is prepared for learning with

all the necessary equipment and materials.

2. Command execution.

3. Feedback.
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4. Collaborative interaction.

5. Summing up».

Pesynbratom poOoTH areHTa cTaB Kof:

graph TD

A[Start Training] --> B {Initiate VR}

B --> D[Prepare Virtual Environment]

D --> F[Enter Command Execution]

F --> G[Receive Commands]

G --> L[Handle Feedback]

L --> M[Interact Collaboratively]

M --> N[Summing Up]

N --> O[End Training]

Ha puc. 8 HaBeneHo iHTepdeiic pexakropa GpeiiMBOpKY
Mermaid, B skomMy OyJ10 BIATBOPEHO BiAIIOBIHY Jiarpamy.

Ccepamut 3acTOCYBaHHS OIMCAHOTO areHTYy, SIK 3a3Ha4CHO
B (paitsii Readme.md, € Bizyasizaliisi HOKPOKOBHX HPOLECIB,
TIepETBOPEHHS TMCHMOBHX IHCTPYKIIIH Ha WiTKI Ta JIETK] IS
CHPUHHATTA aiarpamu. Takui areHT MOXKE CTaTh B Haroxi
JUISL JOKYMEHTYBaHHsI poOOYMX MOTOKIB, CTBOPEHHS Ha-
BYAJIBHUX ITOCIOHHKIB TOIIIO.

Ha 3aBepuienHs ciij BKa3aTH, 110 Ul BIIPOBAKCHHS
nokaneHUX LLM, npu3HayeHux Juist 00poOKH KOH(1IeHIi-
1HOT 1H(popMaIii, He0OXiTHO 3a0€3MEUUTH PSIJT TEXHITHUX
BUMOT. ATlaparHi pecypcH OBUHHI OyTH JOCTATHBO MOTYX-
HUMH 1 MaTH BUCOKOIIPOIYKTHBHI OararosiepHi nporeco-
Py AU IATPUMKH NapajiedIbHUX OOUMCIIeHb Ta TpadidHi
mporecopu (GPU), taki sik NVIDIA 3 miarpuvkoro CUDA,
00 IPUCKOPUTH HaBYaHHS 1 iHdepeHnc mozeni. Pazom 3
THM, arniapaTHi BUMOTH BiAPI3HAETHCS 3aJI€KHO BiJ] TOTO,
yn 6yne LLM BUKOpHCTOBYBaTHCS BUKJIIOUHO JUIsl iH(e-
peHCy, UM BOHA Ma€ JIOHABYATHUCS HA JIOKAJIBHUX AAHUX Y
pexxumi aitH-TroHnHrY 3a TexHozoriero LoRa (Low-Rank
Adaptation) a0o iHmIOIO.

Ha piBHi iH(epeHcy 3ammyck MOBHHX MOJCIICH Ha 3ra-
JaHoMy Buiie rpadigaomy npouecopi RTX 3080 3 12 T'b

BiJZIeomaM’ITi MOKJIMBHH 3 MMOBHUM IXHIM 3aBaHTaXCHHIM
y Bifeokapry, akuio posmip LLM ne nepesuntye 10 I'b. Le
MOXYTb OyTH, HAPUKJIIA[, YCi MOZEINI 3 KUIBKICTIO TapaMeT-
piB 7B, 8B Ta 9B npu 8-0iTHHX piBHAX KBAaHTyBaHHS abo
ouremi momeni (13B, 2x7B, 2x8B, 20B, 22B, 32x1.1B Ta
iH.) 3 HIDKYMMU PIBHSAMHM KBaHTyBaHHS. [Ipu posmipi LLM
nonan 10 I'b ix ¢pyHKuioHyBaHHS y BileonaM’ siTi MOXKIJIUBE
Ha OCHOBI IapauHry (Bix anni. sharding), To6To mporecy
po30UTTS MozieNi Ha (pparMeHTH ISt 11 3aBaHTaXKeHHs. Taka
TEXHOJIOTISI JO3BOJISIE PO3IUINTH BEJTUKY MOJIEIb HAa MEHIII
yacTuHH ((pparMeHTH a0 mapn), oo mojgermuTH ii 30e-
piranss, 0OpoOKy Ta 3aBaHTaXeHHs. [Ipn HbOMY KOKeH
(hparMeHT Ipartoe 1o Yep3i 3 IHIUMH, TPUHMAIOUN Pe3yIlb-
TaTH BiJ] IONEPEHBOT0 (hparMeHTy 1 mepesaroun CBoi BH-
X1JIHI JaHI HACTYITHOMY. 3BiCHO, IO II€ 3HWKY€E MIBUIKICTh
iH(epeHCy 1 TOMY € 3allaCHUM BapiaHTOM 3 ypaxyBaHHSIM
HaMaraHHs pO3MICTUTH MaKCUMaJIbHO OLIBIY 32 PO3MIpOM
LLM y Bineonam’sti rpadivyHOi KapTu.

J1J1s1 noIIyKy KOMIPOMICHOTO PillIeHHs III0/10 BapTOCTi Ta
MPOAYKTHBHOCTI anapaTHHUX pillleHb CIiJl pO3NISAaTH YCIO
JHIMKY HasBHUX Ha CBITOBOMY PHMHKY BiJI€OKapT 3 00cs-
rom Bigeomnam’sti Big 24 I'b i Oinbine. Cepen BimeokapT 3
OJTHOYMITHUM rpadiqHUM ITPOIIECOPOM HalOIIbIINHA o0csT
nam’sti 94 I'b mae Nvidia H100. L{s Bineokapra npu3Ha-
YeHa ISl LEHTPIB 00POOKH JaHWX 1 BUCOKOIPOAYKTHBHHUX
o0uncIIeHb, BKIIOYAI0YN HABYAHHS Ta iIH(PEPEHC BEINKHUX
3a po3mipom LLM. Takox Bapto 3ragatu AMD Instinct
MI250X, B sKi#l 3araJbHHUE 00CAT MaM’ATi CTAHOBUTH
128 I'b HBM2e. I1pore citig 3a3Ha4MTH, 10 LISl BileOKapTa
Hastuye 18a rpadiunux ginu (GPU) Ha onHili rutari, KOkeH 3
sikux Mae 64 I'b mam’siti. ToMy 3 TOYKH 30py OTHOYUTIOBOTO
pitennss NVIDIA H100 94 T'b nuniaerbest 10CUTH 3aTpe-
OyBaHUM PEKOPIACMEHOM. BiTbII OIOKETHUMH BapiaHTaMU
€ Tepexij 10 3actocyBaHHs rpadiunoi kapta Nvidia A100
3 80 I'b a0 40 I'b Bimeonam’sTi, a Takoxk RTX 4090 abo

<[> Code

| <bcoce | .

1 graph TD

2 A[Start Training] --> B{Initiate VR}
3 B --> D[Prepare Virtual Environment]
4 D --> F[Enter Command Execution]

5 F --> G[Receive Commands]

6 G --> L[Handle Feedback]

7 L --> M[Interact Collaboratively]

8 M --> N[Summing Up]

9 N --> O[End Training]

10

11

Start Training

Puc. 8. Cunres giarpamu B Mermaid Chart 3a kogom, 3reaepoBaruM LLM-areHTom
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RTX 6000 Ada 3 Bineonamsr’to 48 I'b. Taki pecypcu 103-
BOJISIIOTH JI0BOJII €()EKTUBHO OIEpyBaTH 3 KBAHTOBAHUMH
Bepcisimu 70B LLM. [Ins BUKOpHCTaHHS XK TimepMoeneit
turry LLaMa 3.1 3 xinbkictio napametpis 405B, Mixtral—
8x22B, MiquMaid-v2-2x70B, DBRX-16x12B Tta im nozi6-
HHX JIOIJIBHO, KPIM ILAp/HHTY, Iepe10auYlTH BUKOPHCTAHHS
onpa3y kirbkox GPU-kapT po3misHyTHX THITB (10 4 200 8).
Hanpuknan, 1715 HaJlalTyBaHHS CepeIHbOPIBHEBOIO Kiac-
tepy LLM migxoanTs poboua cranmis tuiry Lambda Labs
GPU Workstation, sxa npononye koH¢iryparii 3 4 GPU.
Y BHCOKOMY CErMEHTI TOBHOLIIHHE IHTErpOBaHe PillIeHHS 3
8 GPU, onrrumizoBaHe Aist OCHiKeHb y cdepi Al, Hamae
NVIDIA DGX Station.

Cepen mpouecopiB sl TAKKMX CTAHIIHN MPOIMIOHY€EThCS
obuparu pimenns tumy Intel Xeon W, mo 3a6e3medyioTsh
BEJIMKY KUIbKicTh simep 1 PCle niniit Juis miATPUMKH KiJTb-
kxox GPU. 3okpema, mporecop 3 32 ssapaMu 9yH0BO IiIX0-
JIITB JUTst OajlaHCyBaHHs HAaBaHTAXKEHHSI MIXK ITi/ITOTOBKOIO
naHux 1 06podxoro Ha GPU. B inTepecax epexTuBHOTO
BUKOPHUCTAHHSI TaKUX MPOIIECOPIB ONEepaTHBHA I1aM’ Th
(RAM) mae 6ytn minimym 256 I'b DDR4/DDRS 3 moxin-
Bictio 30inmbIenHHs 1o | Th ans 06poOku Bemuknx HaOOpiB
JAHUX 1 MOJIeIIel. 3 METORO IIBUIKOTO JOCTYITY 10 JaTace-
TiB TpEeHYBaHHS HEOOXiHNM € HakormayBad NVMe SSD
o0csirom 1-2 Th, 3 101aTKOBHUM HAKOTIMYyBaueM BEJIMKOT
emHocTi (4 Tb i Oinbmie), mo 3abe3neduTs 30epiraHHs
BEJIMKHAX HAOOPIB MaHUX i KOHTPOIBHUX TOYOK MOJEII.
BucokomBunkicai NVMe SSD 1011oM0oXyTh YHUKHYTH
BY3BKHX MICITh TIPH 3aBaHTaKEHHI Ta 30€peKeHHI BEIUKUX
00CSTIB TaHUX.

Ockinbku Bkazani GPU 1 CPU cnioxuBatots 6araro exnep-
Tii, BOKIUBAMH 151 X cTabimbHOT poOOTH Tij Yac iHTEH-
CUBHUX O0YHCIIeHb € e(DeKTHBHA CHCTEMa OXOJIOJKCHHS
i moTyxHe mKepeno xxusineHHS (1 kBt 1 6inpme). [Hdpa-
cTpyKTypa posropranas LLM moBuHHA MiATpUMYBaTH
MacmTadyBaHHS Ta e()eKTUBHE yIPABIIHHS pecypcami,
JUISL YOTO MOYKYTh BUKOPHCTOBYBATUCS CUCTEMH OPKECTpPALil
Ha 3pa3ok Kubernetes.

JloTprMaHHS X TEXHIYHUX BUMOT 320€31eUNTh HaTil-
Hy, Oe3reuny Ta eeKTHBHY poOoTy sokanbHOi LLM, sika
31aTHa 0OPOOISITH KOH(IIEHITIHHY iH(OPMAIIIO BiAITOBITHO
JI0 BCIX BCTAHOBJICHHX CTaHAApTIB Ta HOpM. Pazom 3 Tuwm,
CIIiJT BU3HATH, 110 B MEXaX CTATTI HEMOXKJIMBO OXOIHTH
BCi HIOAHCH Ta aCHEeKTH (PyHKI[IOHYBaHHS JOKAJIbHUX CHC-
teM LLM. HakonudeHHs Kpalux OPaKTHK Ta 3aCBOEHHS
YPOKIB 3 OTPUMAHOTO JIOCBi/ly JO3BOJHTH B ITOJAJIBIIOMY
HEOJHOPA30BO MMOBEPTATUCS 10 OOTOBOPCHHS Ii€T TEMU SIK
MEPCIIEKTUBHOTO HANPSAMY JOCIiKEHb. 30KpeMa, Micist
OBOJIOJIIHHSI METOOJIOTI€I0 PO3TOPTaHHs POOOUUX MiCIlb
st podotu 3 LLM 6e3nocepenabo Ha poOOYHX CTAHIIISIX
HAaCTYITHUM KPOKOM CTaHE peai3allis ONTHMaIbHUX TeX-
HOJIOT1l MEPEXKEBOT0 JOCTYITY 10 MYJbTHATCHTHUX MYJIb-
tuMomanbHuX LLM, po3ocepemKeHnx 3a apXiTeKTypoIo
Mixture of Experts (MoE) [20—23] Ha KiJIbKOX CEpBEPHHUX
wtardpopmax. GopMyBaHHS BUMOT 710 MOJIOHNX MacIITa-
0OBaHUX PILlIEHb Ma€ CYMPOBOKYBATUCS YIOCKOHATICHHIM
YKpaiHOMOBHHX MYJIBTHMOAJIBHUX JIaTACETIB CHeNiaIbHO-
ro IpU3HAYEHHs Ta METOJIMK T€CTyBaHHs JIoKaabHuX LLM
3 METOIO BiIOOPY KpAaIIKX i3 HUX 33 CIIPOMOXKHOCTSMH Ta
SIKICTIO 1H(EpeHCy.
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Slyusar V.I.

LOCAL LARGE LANGUAGE MODELS FOR
CONFIDENTIAL INFORMATION PROCESSING

The growing demand for digitalization and the generation
of vast amounts of data drives government organizations
and commercial companies toward the need for effective
processing of large volumes of confidential information.
Large language models, such as ol from OpenAl, are
transforming traditional approaches to data analysis and
interpretation, offering unprecedented capabilities for
automating and intellectually processing information.
However, the use of cloud-based services for these models
raises concerns about security and privacy. As a result, there
is a rising interest in implementing local LLMs that allow
control over confidential information while maintaining high
levels of productivity. The article delves into conceptual
approaches to the application of local language models
for processing confidential data and examines the results
of their deployment in secure environments. At the same
time, various quantization levels of language models are
evaluated, including a case study of the Ukrainian-language
model Mistral-7B, assessing their performance in different
configurations.

In addition to LLMSs, the article also introduces multi-
agent systems, exploring their role in enhancing the
fexibility and efficiency of data processing. These systems,
which consist of multiple agents working collaboratively
to solve complex problems, can be configured to perform
specific tasks. For example, one agent may handle natural
language processing, while another focuses on data retrieval

or decision-making analytics. This modular approach
enhances system adaptability, scalability and efficiency,
making multi-agent systems particularly valuable in dynamic
environments. Additionally, this article also examines
the technical and hardware requirements necessary for
implementing these solutions on local infrastructures.

Keywords: local large language models, confidential
information processing, multi-agent systems, artificial
intelligence, quantization, data security.
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