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AHOTALIA

JlochipkeHHsT MpUCBSYEHE 1HTErparii Beaukux MoBHHMX Moxeneh (LLM) y
npouecH OowiHKK pu3MKiB sSkocTl (QRA) y ¢apmauneBTuyHiid ramgys3l BIANOBIAHO 10
Bumor ICH Q9. 3ampomonoBaHo miaxinm Ha ocHoBi Prompt Engineering s
aBTOMAaTHU3allli aHalli3y TEXHOJOTIYHOI JOKyMeHTalli Ta (OpMyBaHHS MaTpulb
pusukiB FMEA.

OcobOnmuBy yBary mpuAUICHO TepeBipll AaHuX, 3reHepoBanux III, Ha
BianoBiAHicT, npuHiunamMm ALCOA+ 1 Bumoram GxP. BuxopucrtanHsi METOIUKHU
JI03BOJISIE CKOPOTUTH Yac TMPOBEACHHS OIIHKH PU3UKIB, MiJIBUIIUTA 00’ €KTUBHICTH
aHaJI13y Ta MOKPAIIUTH BUSBICHHS KPUTUYHUX BIAXWICHb Y BUPOOHUIITBI JTIKAPCHKUX
3ac00iB.

KirouoBi croBa: Benuki MoBHI mojeni, QRA, Prompt Engineering, ALCOA+,

GxP, FMEA.

ANNOTATION

The study focuses on integrating large language models (LLM) into quality risk
assessment (QRA) processes in the pharmaceutical industry in accordance with ICH
Q9 requirements. A Prompt Engineering-based approach for automating the analysis
of technological documentation and generating FMEA risk matrices is proposed.

Special attention is paid to the verification of Al-generated data for compliance
with ALCOA+ principles and GxP requirements. The methodology reduces the time
required for risk assessment, improves the objectivity of analysis, and enhances the
identification of critical deviations in pharmaceutical manufacturing.

Keywords: large language models, QRA, Prompt Engineering, ALCOA+, GxP,
FMEA.
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BCTYII

AkTyasabHicTh Temu: CydyacHa (papManeBTUyYHA 1HIYCTpis nepedyBae Ha eTarl
mudpoBoi Tpanchopmariii B Mexax mapagurmu Pharma 4.0. OmHum 13 HaOUTBII
KPUTUYHUX Ta PECYPCOMICTKHX IMPOIECIB cUCTeMHU yrpaiiHHS skicTio (PQS) e
ynpasiiHHs pusukamu (Quality Risk Management - QRM). 3rigHo 3 HacTaHOBOIO
ICH Q9Y, ominka pu3ukiB Mae 6a3yBaTHcCs Ha HAyKOBHX 3HAHHAX Ta OyTH IMOB'S3aHOIO
13 3aXUCTOM manieHTa. OgHaKk TpaguliiHl METOAM OI[IHKM pu3UKiB sKocTi (QRA, Bif
aarn. Quality Risk Assessment) (FMEA, HACCP) w4acto crpaxmaroTh Bif
Cy0'€eKTHBI3MY €KCHEPTiB, BEJIMKHX YaCOBMX BHUTpar Ta (parMEeHTApHOCTI aHAI3y
JaHUX. 3aCTOCYBaHHS IITYYHOTO I1HTENEKTy, 30KpeMa BEIMKHUX MOBHHUX MOJEJeH
(LLM), BigkpuBae HOBI MOXJIMBOCTI [JIi aBTOMAaTHU3allli aHami3y TEKCTOBOI
JOKYMEHTAIII1 Ta BUSBJICHHS MPUXOBAHUX KOPEJALIM MIXK IMapaMeTpaMu MpoUECy, 0
poOUTH TaHE AOCIIIKEHHS HAJA3BUYaliHO CBOEYACHUM.

Merta nociigkeHHsI: JOCTITUTH Ta OIIHUTH €(EKTHBHICTh 3aCTOCYBaHHS
IHCTPYMEHTIB IUTYYHOTO IHTEJIEKTY JJii MPOBEIEHHSA AaHaNl3y PHU3HKIB SIKOCTI Y
dbapManeBTHIHOMY BUPOOHUIITBI.

3aBIaHHA TOCTIIKeHH:

e [IpoananizyBaru eBomtomito koHuenmii QRM Tta BusSBUTH OOMEXKECHHS

KJIJACUYHUX METO/IIB aHali3y PU3HKIB.

e OmiHUTH TOTOYHHMU CTaH Ta peryasaTopHi Oap'epum BmpoBamkeHHs I B

GxP-cepenonuiie.

e [lopiBHaTH edekTuBHICTh TpaaumiitHoro Ta IllI-opieHTOBaHOTO MIAXOAIB Ha

IPUKJIaA1 KOHKPETHOT TEXHOJIOTTYHOI CXeMH BUPOOHUIITBA.

e CdopmynroBatu pekoMeHAaIi moao 3abde3nedeHHs MuticHOCTI gaHux (Data

Integrity) npu Bukopuctansi LI B ynpaBninHi pusnkamu.

O0’ekT  [OCHiIUKeHHsI: TpOIEC YNpaBIiHHSA pU3UKAMU  SIKOCTI  Ha

(dapmalieBTUYHOMY MiANPUEMCTBI 3r11HO 3 npuHimnamu [CH Q9.



IIpeamer nociigskeHHsi: METOAM Ta AJITOPUTMH BUKOPUCTAHHS IITYYHOTO
iHTenekTy (3okpema LLM) nns aBromaru3zanii anamizy QRA.

Metoau nociigkeHHsi: Y poOOTI BUKOPHUCTAHO 3arajbHOHAYKOBI METOIU
aHaji3 Ta cuHTe3 (IIPM BUBYCHHI JIITEpAaTypHUX JDKEpEl Ta HOpPMATHUBHOI 0asw,
NOPIBHSUIBHUI aHaJII3 MpU 3icTaBieHH] pe3ynsrariB podotu LI Tta ekcnepra) meTon
MOJIETIOBaHHSI (IIPU pO3pOOII MPOMIMTIB Ta METOJ]) €KCIIEPTHUX OIIIHOK.

IIpakTuyHe 3HAYeHHS OTPUMAHHA pe3yJbTariB: Po3pobieHO MeTonuKy
aBTOMATHU3aIIl] OIIHKU PU3UKIB SKOCTI sIKa JO3BOJISE MIBUIUTH 00'€KTUBHICTh
aHaJIi3y Ta CKOPOTUTH YacOB1 BUTPATH Ha IIJATOTOBKY BaJliIalliiiHOT JOKYMEHTAITI].

Crpykrypa Ta o0car ksaJjidikaniiiHoi podorm: PoOora cknamaerbcs 31
BCTYIy, TPHhOX PO3IiIIB, BHCHOBKIB CIINCKYy BHKOPHCTAaHUX JDKEpENT Ta JIOJATKiB.

3aranpHuit 00csT podoTu 51 CTOPIHOK, MICTUTB TaOMUIL 23, mxepen Jaiteparypu 30.



PO311J1 1 TEOPETUKO-METOAOJIOTI'TYHI 3ACA/IX 3BACTOCYBAHHA
HITYYHOI'O IHTEJIEKTY B YIIPABJIIHHI PU3UKAMMU AKOCTI
PAPMAINEBTUYHOI'O BUPOBHUIITBA

1.1. EBosionisi KoHUenuii ynpapjJiHHA PU3MKAMM SIKOCTi: Bil KOHTPOJIIO

roTOBOI NPOAYKUII 10 NPEAUKTUBHOIO YIIPABJIIHHA

3a0e3neueHHs SIKOCT1 JIIKAPChKUX 3acO0IB TPUBAIHMM Yac TPYHTYBajoOCsS Ha
JIOTIII KOHTPOJIO KIHIIEBOTO TPOAYKTY: BIAMOBIAHICTE Cepii BCTAHOBIIIOBAJACS
[UIIXOM BUIPOOYBaHb T'OTOBOI MPOIYKILIi, a BUSABJIECHHSA HEBIANOBIIHOCTI O3HAYaJIo
BK€ TTOHECEHI BUPOOHWY1 BTpaTH. Takui MiAXiJl 32 CBOEIO MPUPOIOIO € PEAKTUBHUM -
BIH J03BOJIsIE 3a(ikcyBaTu mpobiemy, ajie He 3amoOirtu il Ha piBHI mpouecy [1].
[ToctymoBo B ramy3i cpopmyBanocst po3yMmiHHS, IO CTaOUIbHA SKICTh HE MOXE OyTH
«BOyIOBaHay ILJISXOM MEPEBIPKU - BOHA Ma€ OyTH 3aKJIaJIeHa Y KOHCTPYKIIIO MPOIIECY
Ta MPOAYKTY BiJl CAMOTO TOYATKY.

KonnenTtyansHuM TiATPYHTSIM I IIBOTO Tiepexoay crtana HactanoBa ICH Q9
«Quality Risk Management», ska BCTaHOBWJIA CHUCTEMAaTUYHUN MAXiA 0
1meHTudikailii, OUiHIOBaHHS, KOHTPOJIIO Ta MEPEerisly PU3UKIB ISl SIKOCTI HMPOJOBXK
yChOTO JKUTTEBOTO IMKIY JIIKApChkoro 3acoby [2]. Bmepme Oyno 4iTko
c(hopMynbOBaHO MPUHIUIT MNPOMOPIIHHOCTI: piBeHb dopmaiizailii Ta 3yCWib IpHU
yOpaBIIiHHI PU3UKAMH Ma€ BIMOBIAATH PIBHIO MOTEHINIWHOI 3arpo3u JJiA TAalli€HTa.
Came Oe3meka malfieHTa BHU3HAYAETHCA TOJIOBHUM KPHUTEPIEM TIPU PO3CTAHOBII
IPIOPUTETIB y CUCTEMI YIIPABIiHHSA AKICTIO [3].

[Tapanensno 3 ICH Q9 nabyna ynnnocti HactanoBa ICH Q10 «Pharmaceutical
Quality System», sika 3amporioHyBajia IIIJTICHY MOAEIb (apMalieBTUYHOI CHCTEMH
SKOCTi, J€ YIPaBIIHHSI PU3UKAMU € HE OKPEMOIO TPOIEAYpPOI0, a HACKPI3HUM
MEXaHI3MOM TNPUUHATTS PIIICHb HA BCIX PiBHAX oprauizaiii [4]. Ha HamioHansHOMY
piBHI 11 BUMoOru iMiieMeHTtoBaHo uepe3 Hacranoy CT-H MO3Y 42-4.0:2020 -

BiTum3HsHUIN aHanor npaBuil GMP €spomneticbkoro Coro3y [5]. Bumoru o sikocti



MOIIUPIOIOTHCS HE JIMIIE HAa BUPOOHUIITBO, @ W Ha BECh JIAHLIOT AUCTPHOYIIii, 110
BimoOpaxeno y HacranoBi CT-H MO3Y 42-4.2:2011 [6], Ta nigKpimiieHo
BIJIMOBITHUMU cTaHAapTamu JlepkaBHOi dapmakoriei Ykpainu [7]. 3aranpHa mpaBoBa
OCHOBa 00iry JikapchKuX 3aco0iB BU3HaueHa 3akoHOM Ykpainu «IIpo mikapchki
3acoom» [8].

Omnosnenns ICH Q9 no Bepcii (R1) y 2023 pori [2] 3acBiAUNIO HOBY XBHITIO
eBotonii KoHmeniyi. KirouoBUM MOCWJIOM pefakiii cTrajo BU3HAHHSA MNpoOIeMU
HaJMIpHOTO CYO'€KTHBI3MY B OIIHKaX pPHU3HKIB Ta BHMOTa IMEpPEeXoay A0 OuIbII
BIITBOPIOBAHUX, HAYKOBO OOTPYHTOBAaHUX IMiAX0/iB. L[eHTp Barm mepemMimryerbcs 3
aHajdi3y BKE BUSBICHHMX BIIXWJIEHb Ha MPOTHO3YBaHHS MOTEHLIMHHMX 300iB 1€ Ha
cTajii po3poOKH MPOAYKTYy Ta Iporecy - Tooto kormenilis Quality by Design (QbD)
CTa€ OPraHiYHOI YACTUHOIO YNPABIIHHS PU3HKAMU.

VYhpaBiiHHS pU3MKaMU SKOCTI HE ICHYE y BaKyyMi - BOHO HEpPO3PUBHO
MOB'SI3aHE 3 JIOTICTUYHUMHU Ta EKOHOMIYHHUMH IpollecaMu MianpueMcTBa. Pusuku
SKOCTI TEHEpPYyITh KacKaJHl HACIIJKU: BIiJ BUTpaT Ha BWJIyYEHHS cepii 10
penyTauiiHuX 30UTKIB, TOMY iX OI[IHKAa € CTpaTeriuyHuM eJIEeMEHTOM (PIHAHCOBOTO
manyBaHHs [7, 9, 10, 11]. Came Taka KOMIUIEKCHA TEPCIIEKTUBA — JI€ yIPaBIIHHS
AKICTIO PO3MIIAIAETHCS K YaCTHHA 3arajJbHOI CUCTEMH MEHEIKMEHTY IiIPUEMCTBA -

BijloOpaxkae cygacHe po3yminHs poii QRM y dapmareBTHUHIM ramy3i.

1.2. KnacuyHi MeToAu OUIHKM PH3MKIB SIKOCTI Ta MeXi iX NPAKTHYHOI

3aCTOCOBHOCTI B YMOBaX Cy4aCHOr0 BUPOOHHUIITBA

[Ipaktuuna peanizamis npunnumnis ICH Q9 BuMarae KOHKpETHUX aHATITUYHUX
IHCTPYMEHTIB. 3a JECATUIITTS 3aCTOCYBaHHS y (papManeBTUUHIN Taimy3i chopMyBaBCs
yCTaJeHU HaOlp METOAIB, 3alO03WMYEeHHMX TIEePEeBAKHO 3 1HXKEHEPHOI CHpaBH Ta

Xap4yoBOi MPOMHUCTOBOCTI [8, 12].
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Haii6inem nomupenum 3anumaerbes metoq FMEA (Failure Mode and Effects
Analysis) - aHami3 BHAiB Ta HacIiAKiB BigMoB. Moro mpuBaGIUBiCTH 3yMOBICHA
BITHOCHOIO  MPOCTOTOI  (popmamizaiiii:  KOKHOMY  TMOTCHI[IHHOMY  PHU3HKY
IIPUCBOIOETHCS TIpiopuTeTHE yucio pu3uky (RPN), mo € 100yTkoM TpbOX YHCIOBUX
OIIIHOK - MMoBipHOCTI BUHMKHEHHS (P), Tsokkocti HacminkiB (E) Ta HiMoBipHOCTI
BusBieHHs (D). B moegnanni 3 npuHnunamu (HapMareBTUYHOTO MEHEIKMEHTY
FMEA pnae 3Mory CTpyKTypyBaTH MpOLIEC yXBAJICHHS PIIIEHb LIOJ0 KPUTUYHUX
napameTtpiB mporecy [11, 13]. Metoqn HACCP (Hazard Analysis and Critical Control
Points) TpaauIiiifHO Opi€HTOBaHWI Ha CUCTEMAaTHYHE BHUSABICHHS (DI3UYHUX, XIMIYHUX
Ta MIKpOO10J0TiYHUX 3arpo3 y BUpoOoH4omy cepenouill. PHA (Preliminary Hazard
Analysis) 3acTOCOBY€TbCS TEPEBAXXHO Ha pPaHHIX CTaIiAX MPOCKTYBaHHS HOBUX
cucteM, GOPMYIOYM TIOMEPEIHIA peecTp PHU3UKIB [0 TMOYaTKy JAeTalbHOTrO
OTIpAITIOBaHHSI.

Cneundika CTEpWIBHOTO BHPOOHHIITBA BUMAra€ CyTTEBOTO YCKIIATHEHHS
CTaHJAPTHUX MaTPUIlb PU3HUKIB Yepe3 MYIbTU(PAKTOPHY MPUPOLY MIKPOOIOIOTIUHOI
KOHTaMIHaIlli - )KOJ{HA 3 Ha3BaHUX METOAMK y CBOEMY 0a30BOMY BUIVISI/II HE TIOKPUBAE
BCI€i CKIaAHOCTI 1bOro ceperosuina [14]. [IpuHIMIOBO Ba)JIMBO pPO3YMITH, IO
Oynp-skuit metonl QRA € 1HCTpyMEHTOM, a HE TrapaHTi€l0 SKOCTI: €(EeKTHUBHICTH
aHaJi3y KPUTUYHO 3aJIe)KUTh B1JI KOMIIETEHTHOCTI KOMaHI{ Ta IOBHOTHU BXIJIHHX
nanux [15].

[Tonpu mwpoke 3acTOCYBaHHS, KJIACHYHI METOIW BUSBISIOTH Pl CHCTEMHHUX
obmexxeHb. [lo-mepiie, BUcOKa Cy0'€KTHBHICTh YMCIIOBUX OIIIHOK: Oajiy 3a IIKaJllaMH
FMEA Hepigko BigoOpakarOTh IHTYILIF0O KOHKPETHOTO €KcIliepTa Oulbllle, HIX
00'€eKTMBHUYN aHaI3 NaHUX. BIiJICyTHICTh €IMHUX KPUTEPIiB KadiOpyBaHHS IIIKa
poouts mopiBHsHHS FMEA-omiHok MK  pI3HUMH  TIAPO3AUIAMH  OJTHOTO
HIIIPUEMCTBA MIPAKTUUHO HEMOXJUBUM [16]. Tlo-mpyre, MeToau € cTaTUYHUMU 3a
CBO€I0 NPUPOJIOI0: PEECTPU PHU3UKIB OHOBIIOIOTHCA PIAKO M MEPETBOPIOIOTHCS Ha

dbopManbHl JOKYMEHTH, LI0 HE BI1IOOpa)KaloTh AakTyaJlbHUW CTaH BHUPOOHHYUX
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nporeciB. [lo-Tpere, KaacuyHi MIIXOAM MOTAHO MAaCIHITA0YHOThCS Ha BEJIMKI MacCHUBH
HECTPYKTYPOBAHUX TEKCTOBHUX JAHHX - 3BITH MPO BIIXHICHHS, )KypHaJIU 00IaTHAHHSI,
npoTtokonu Bamijgamid. Lle cyTTeBo oOMexye iX aHamMITUYHY I[IHHICTH B YMOBax
1M (ppoBOro BUPOOHHUIITBA.

Ili oOMexeHHs cii po3misAaTd HE SK BaJM KOHKPETHUX METOMAIB, a SK
CUCTEMHY TipoOiieMy, 10 TMOTpeOye TEepEeOCMHUCTEHHS CaMOi apXiTeKTypHu
iHcTpymeHTapiro QRM [17]. Takuil momisx € KOHUENTYaJdbHUM MIATPYHTSIM IS
HACTYITHOTO MIAPO3ALTY, MPHUCBSIUYEHOT0 LU(PPOBUM MiAXOAaM 1O YIPaBIiHHS

PU3HUKaAMU.

1.3. IIndpoBa Tpanchopmaunia ¢apManeBTUYIHOIO BHPOOHMUTBA Ta

PeryjsiTOpHUii KOHTEKCT BIPOBA/’KEeHHS IITYYHOI0 iHTe1eKTYy B cuctemy GxP

Konueniisi Pharma 4.0, o € ramy3eBoto amanraiiero npuHuumiB Industry 4.0,
nepenbadae iHTErpamilo KiOeppi3MUHUX CHUCTEM, XMapHHX OOYUCICHb Ta
IHTENIeKTyaJbHOI aHAJTITUKU B YCl JJAHKM BUPOOHWUYOTO JIaHItora. J[jis BITYM3HSIHOI
dbapMareBTUYHOI Tay3l el mepexia TMOoB'sS3aHuid 31 3HAYHUMH BUKJIUKAMH -
TEXHOJOTIYHUMH, PETYIATOPHUMH Ta OpraHi3alliliHMMH, - XOo4ya TMOTEHLIaNl s
IIPUCKOPEHOTO PO3BUTKY € CYyTTEBUM [ 18].

Y KOHTEKCTI yMpaBiiHHA SKICTIO IUdpoBa TpaHchopmalliss TPOSBISETHCS
nepeayciM y 3acToCyBaHHI TexHosorid mrydHoro iHtenekry (LLII) Ta mammaHOTO
HaBuaHHs (ML). Cepen axTyalbHHUX HaNpsMKIB - MPEIUKTUBHE TEXHIYHE
o0cnmyroByBaHHs OOJIalHAHHS Ha OCHOBI CEHCOPHUX JAHUX, IHTEICKTyaJbHUN aHaIi3
KOPEHEBHUX TMPUYUH BIIXWIEHb, @ TAKOXK aBTOMAaTH30BaHa IEpEBIPKa BIAMOBIAHOCTI
JOKYMEHTAIll PEeryIsITOpHUM BUMOTaM. Po3misi muxX TEXHONOTIH Kpi3h HPHU3MY
opraHizalifHux TpaHcopMalliii, HEOOXITHUX Mg iX e(eKkTUBHOI I1HTerparii B
CUCTEMY YIPAaBIIHHS SIKICTIO, € BaXJIMBUM HAyKOBUM 3aBlaHHSM [19]. Anropurmu

MAIIMHHOTO HaBYaHHS 3/1aTHI BUSBISATH TPHUXOBAHI 3aKOHOMIPHOCTI Yy BEIHKUX
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MacuBax BUPOOHMUYMX JAaHUX, HEAOCTYIHI JJIA TPAJAMIINHUX aHATITUYHUX METOIB,
10 BIJKPYBAE MPUHIIMTIOBO HOB1 MOXKJIUBOCTI y1st QRM [12].

[IpakTyHi acmeKkTH BIPOBAKEHHS I1HTEICKTYyallbHUX CHUCTeM Yy (apmarrii
BUMAararTh 3aCTOCYBaHHS TIOPUIHUX IMIAXOIIB, IO TOEAHYIOTh J€TEPMIHOBaHI
QIrOpUTMHU 3 ANaNTUBHUMHM HEHUpoHHUMMHU apxitektypamu [20]. Pazom 3 TuMm
cnenuiuHi TpyaHOIII peryasoBaHoro cepenoBuia GxP (Bix anri. Good Practices —
3arajpHa  Ha3Ba  CTAHJIAPTIB  HAJEKHUX  MPAKTUK) -  MIATBEPAKEHHSA
KOMITFOTEpHU30BaHUX cucTeM (computer system validation), 3ab6e3nedeHHs MITICHOCTI
JTAaHUX, BIJICTeKEHHS BEPCii MOJIeJIeH - CYyTTEBO YCKIAAHIOIOTH MPAKTUYHY peastizallito
[21].

Perynstopuuii BuMip mNWTaHHS € BHU3Ha4YadbHUM. [IpOBiHI peEryasTOpHI
areHTcTBa MepeOyBalOTh y MpoleCcl po3poOKH BiAMOBITHUX HacTaHoB Iomo IIII,
OJHAaK Yyxe c(OpMyJIbOBaHO 0a30BI OUYIKYBaHHS: MPO30PICTh  AJITOPUTMIB,
BIJITBOPIOBAHICTh  PE3YJIbTATIB  Ta OOOB'SI3KOBUM  JIIOACHKUMA ~ KOHTPOJb  HaT
ABTOMAaTH30BaHUMHM BHCHOBKaMH. METOONIOTIYHUM OPIEHTUPOM JUIs  Badigarii
[I-pimens y cepenounni GxP e macranoBa ISPE GAMP 5 [22], mo perameHTye
PUBHMK-OPIEHTOBAHUM MIAX1JA 10 KOMI'IOTEPU30BAaHUX CHUCTEM. BrpoBapKeHHs
nU(pPOBUX TEXHOJOTM CTBOPIOE HOBI BHUKIMKM ISl 3a0€3ME€UEHHS NPHUHLIMIIB
ALCOA+ Ta numicHocTi manux [23].

Ha piBHI KOHKpPETHUX TEXHOJOTiM OCOOJMBHUI IHTEPEC CTAHOBIISITH BEIUKI
moBHI Moxeni (LLM). JlocmimkeHHs B 1mii cepi TeMOHCTPYIOTh 3HAYHUHN TTOTEHITIAT
LLM s aHamizy CKJIaJHOI HAyKOBOI Ta PEryisiTOPHOi JOKYMEHTallli, BOJHOYAC
OKPECITIOI0YM KJIIOYOB1 BUKIMKH - MOXJIMBICTh F€HEpallii HeJOCTOBIPHOI 1H(pOopMaIlii,
HeoOX1THICTh BepHudiKallii BUCHOBKIB Ta MUTaHHS BiAmoBimanbHOCTI [24]. Ponp III
3arajioM y TpaHcdopmarlii (papmarieBTHYHOT Tady3l Iojarae He B aBTOHOMHOCTI
aJTOPUTMIB, a B iXHIA 3MAaTHOCTI MIFACWIIOBATH JIIOJACHKY ekcnepTusy [24, 25]. YV
koHTekcTi QRM 30Kkpema HaiinepcrekTuBHimoOw € wmonenb, ae LI Bucrtymae

KOTHITUBHUM 1HCTPYMEHTOM, IO Jonomarae (axiBiio IuOlIe Ta [IBHJLIE
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aHaJi3yBaTH PU3WKH, HE MMIJIMIHSAIOYN HOTO BIAMOBIAAIBHOCTI [26]. ITinTBepmKeHHIM
bOTO CiIyrye nocBia 3actocyBaHHs I myist cucremaru3zaiii MacuBiB MEAUYHHUX
JAHUX Yy KIHIYHUX TOCITIPKEHHSX, 1€ CX0Ka MOJCIb PO3MOLITY POJIeH MK JIFOMUHOIO
Ta aJITOPUTMOM CYTTEBO MIABUIINIIA SKICTh aHa3y [27].

TakuMm ynHOM, HH@posizauia 3a npuHunamu Pharma 4.0 ta interpamisa LI e
HE JIMIIE TEXHOJOTIYHUM TPEHIOM, a W PEryasiTOpHO OOYMOBJICHHM BEKTOPOM
PO3BUTKY CHUCTEMHM YIPaBJIIHHS SIKICTIO, 110 BIJIKPUBAE MOMJIMBOCTI ISl TTOIOTaHHS

CHCTEMHHX 00OMEXKEeHb KilacHUHHX MeToIiB QRA.

1.4. O0'ekr Bagdigamii: XapakTepUCTHKA JIKAapCbKOro 3acoldy Ta

BUPOOHUYOIO Mpolecy

3arajibHa XapaKTepUCTHKA NMpenapary.

OO6'exToM Bamiganli y 1bOMYy AOCIIIKEHHI € BUPOOHUYMI MpPOLEC TBEPAHUX
Karcys JICHAJIJOMIly — CHHTETUYHOTO MOXIJHOTO TaIJIOMiAy, IO HAJEKHUTh IO
kiacy imyHoMmonayistopiB  (IMiD). Ilpemapar 3apeectpoBaHuil Il JIIKyBaHHSI
MHOXXUHHOI M1€JIOMH, Mi1€JIOAUCIUIACTUYHOTO CUHIPOMY, a TAKOXK MaHTIHO-KIITHHHOT
aimpomu. 3aBIASKH CBOIM 3aTHOCTI MOJYJIOBATH IMYHHY CHUCTEMY Ta MPHUTHIYYBaTH
aHTIOreHe3, JIEHAMIAOMIJ YBIAIIOB O NEPEIKy €CEHLIaJbHUX JIKAPChKUX 3aco0iB
BOO3 (BcecBiTHBO1 opranizaiiii oxoponu 370poB's). [Ipenapar BumyckaeTbes y ceMu
no3yBaHHsX: 2,5; 5; 7,5; 10; 15; 20 Ta 25 mr, 110 3yMOBIIIO€ HEOOX1IHICTh PO3POOKH
FMEA 3 nudepeHuianiero pu3uKiB 3a MOTYXKHICTIO — OCOOJIMBICTD, SIKY (paxiBelb
BpaxyBaB B €TAJIOHHOMY JOKYMEHTI.

Kanacudgikanis 3a piBHeM He0e3MeYHOCTI.

Jlenamimomiz, HaleXUTh N0 KIacy BHCOKOAKTUBHHUX (hapMarieBTHIHUX
cyocranmii HPAPI 3 kareropiero OEB 4/5 3a kmacudikaiiero OEB (Occupational
Exposure Band). [Insi pe4oBHMH LBOTO Kjacy BCTAHOBJIEHO JOMYCTHUMHUN J000BHI

piBenb BupoOHM4oro BrumBy (OEL, Occupational Exposure Limit) na piBai 1-10
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HT/M?, 10 BHMAarae 3acTOCYBaHHS 3aKpUTHX CHUCTEM 3Ba)KyBaHHS Ta HAIMlOBHEHHS,
3aco0iB iHAMBIAYyalbHOTrO 3axucty piBHA C/D, a Takok peryaspHOro MOHITOPUHTY
noBiTpss podouoi 30uu (SMEPAC-tectyBanns). Came mst kimacu@ikarlisi 3yMOBIIOE
KPUTUYHY BaXKJIUBICTb KOHTEHHMEHTY SK OKpPEMOI Kareropii pu3MKy, 10 3HAWIILIO
BiToOpakeHHs B TecTax Al-moneneit 13 3actocyBanHsM npaBuiia Severity Override.

TexHoJyI0OTiYHA cCXeMa BUPOOHUIITBA.

BupobHuunii nponec Karcyin JeHamiIoMiy BKIIOYA€E MIICTh OCHOBHUX CTaJIIN.
Crazis 3BakyBaHHS: BiJIB&KyBaHHsSI BCIX KOMIIOHEHTIB (Jif04a PEYOBMHA, JIAKTO3a
MOHOT1/IpaT, MikpokpucTtaniyda memntonoza — MKIL, kpockapMenosa HaTpit0, MarHito
cTeapar) 3 CYBOPUM JOTPUMaHHSM BUMOI J0 KOHTEeHHMeHTYy. CTaiis TpUTyparlii:
MOTIepeTHE  3MINTYBAaHHS JICHATIOMIY 3 YAaCTHHOK JIAKTO3U IS OTPUMAaHHS
PIBHOMIPHOTO PO3MOLIY 1040 pEYOBHMHHU MpH 11 Mamiit 1031. Ctaais mMpUroTyBaHHs
onenay (Blend I): 3MmimryBaHHS TpUTypallii 3 pEIITOI0 JONOMI)XHUX PEYOBHH (JAKTO3a,
MKII, kpockapmenosa). Cramis ayOpuKali: JoJaBaHHS MarHil0 cTeapary Ta
¢diHanpHE MepeMillyBaHHS I 3a0€3MeueHHs HaJleKHOi TeKy4docTi Onenny. Cranis
HATIOBHEHHS KAarCyJl: 3alOBHEHHS TBEPJUX >KEIATMHOBUX KarCyJl Ha aBTOMATHYHIN
MaIHI-103aTOpl 3 MPOMDKHUM KOHTpojeM wmacu. Crajis MmakyBaHHS: OJicTepHE
NaKyBaHHS 13 320€3M1€YEHHSIM T€pMETUYHOCTI.

Kputnuni nmokasHuku sikocti (CQA) Ta oOIpyHTYBaHHsSI iX BHOOpY fIK
00'ekty FMEA.

Jlnst manoro mpemapary BuzHaueHO Taki CQA, 10 € mpeaMeToM OIliHKH
pusukiB. YHipopmHicTh Onenny Ta BMicT Bojoru (Blend Uniformity, Water Content)
— BU3HAYQJIbHUI mapaMmerp s 3a0€3MEeUYEeHHs] PIBHOMIPHOTO PO3MOAULY JIH0YOI
pedoBuHM y Manii no3i. @i3muni BractuBocti 6menay (Flowability, Bulk Density) -
KPUTUYHI JJIsI CTaOLIbHOTO HANOBHEHHSI KallCyll. 3OBHIIIHIA BUIVISAA KarcCyil
(Description/Appearance) — KOHTPOJIIOEThCA Ha KOXHIM cepli. Po3mamanus
(Disintegration) - BuU3Ha4a€ BUBUIBHEHHS 10401 PEYOBUHU in vitro. PozumHeHHs

(Dissolution) - mapameTtp, 1o 6e3nocepeaHb0 KOpetoe 3 610J0CTYHICTIO, 0COOIHUBO
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KPUTUYHUHN JJI TIOTY>KHOCTI 25 MT 4epe3 BIAMIHHOCTI y ckiajil. PIBHOMIpHICTh Macu
(Weight Uniformity) ta ynipopmuicTs BmicTy (Content Uniformity) - HaiiBaxHBIIII
NOKAa3HUKW TOYHOCTI JIO3yBaHHS, IO € MPEIMETOM MiJBUIIEHOTO KOHTPOJIO Jis
J03yBaHb 2,5 MI' 4Yepe3 Majie HaIOBHEHHSI KarCyJIH.

3arajibHa XapaKTepuCTHKA CHCTEMH YNPaBJIiHHS AKICTIO BUPOOHHITBA.

BupoOHUIITBO  Kamcynm — JICHANIIOMIAY  3IMCHIOETbCS B YMOBax, IO
Bianosigatote Bumoram GMP (Good Manufacturing Practice) €C BiamoBiiHO 10
Hactanosu CT-H MO3VY 42-4.0:2020. KonTponb sikocTi Bkioyae 000B's3koBi [PC
(In-Process Control) - koHTpoJb Yy Mpolieci BUPOOHUIITBA: 3BaKyBaHHS HAIIOBHEHUX
KarcyJl Ha TMO4YarKy, B CEpelWHl Ta HaNpUKIHII BUpoOHMYoro mukiay; 100%
Bi3yaJbHUN KOHTPOJIb 30BHINTHHOTO BUIJISAY; TECTYBAaHHS MPEIACTAaBHUIIBKUX 3pa3KiB
KOXKHOI cepii in-bulk Ha po3nagaHHs, po34rMHEHHS Ta YHI(OpMHICTh BMICTY. [IpoTokon
Bajigamii npouecy (Process Validation Protocol, PVP) Bianosizno ao Bumor EU
GMP Annex 15 onucye mian kBamiikaiiiHuX TOCTIIKEHb, KPUTEPii MPUIHHATHOCTI
ta ineHTtudikoBani CPP (Critical Process Parameters). Came ueit mpotokon (0e3
PO3MiTy OLIHKM PHU3MKIB) € OJHUM 13 KJIIOUOBUX BXIJHHX JOKYMEHTIB Yy CHCTEMI

tectiB Al-moneneii y Po3mini 3.

BucHoBku 10 po3aiay 1

[IpoBenenuit aHami3 TEOPETUUYHMX 3acaj] YIPABIIHHA PU3HKAMH SKOCTI
703BOJIIE CPOpMYITIOBATH Taki BUCHOBKH: 1. xoHueniis QRM 3a3Hasia mpUHIMIIOBOT
TpaHcdopmaiii - Big MOCTHAKTYMHOTO KOHTPOJIO TOTOBOI MPOAYKIII /10
MPOAKTHBHOTO, HAYKOBO OOIPYHTOBAHOTO YIPABIIHHS PU3UKAMHU BIPOJOBK YCHOTO
YKUTTEBOTO IUKJTY JIIKAPCHKOTO 3aco0y, 1110 3akpimieHo y HopMmaTtuBHik 6a31 ICH Q9
(R1), ICH Q10 Ta BigmoBiJHUX HALIOHAJIbHUX JIOKYMEHTAaX. 2. KJIACUYHI IHCTPYMEHTH
QRA - FMEA, HACCP, PHA - gocsmum Mexi CBO€i eeKTUBHOCTI: X CTPYKTypHa

IpOCTOTa, IO KOJWCh Oyna MepeBarolo, crajda OOMEKEHHSIM B YMOBaxX BEJIMKHUX
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00CAT1B HECTPYKTYPOBAHUX JIAaHUX Ta BUMOT JI0 BIATBOPIOBAHOCTI OLIIHOK. 3. (ppoBa
TpaHcopmairiss 3a npuHiunamu Pharma 4.0 Ta TexHONOr!i MITy4HOTO I1HTEIEKTY
GbopMyIOTh HOBY NapaJurMy VYIPaBIIHHS SKICTIO, peami3allis sKoi moTpedye sk
TEXHIYHUX PIlIeHb, TaK 1 BIAMOBIIHOTO PETYISITOPHOTO Ta METOO0JIOTTYHOTO

3a0€e3IeUYeHHS.
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PO3/ILT 2 METOAOJOI A IHTETPALIIL ITYYHOTI'O IHTEJIEKTYB
MNPOLHECH OIIHKHA PU3UKIB AKOCTI

2.1. ApxiTeKTypHa MOJeJib 3aCTOCYBAHHSI BEJIMKHX MOBHHUX Mojeseld fK

KOTHITMBHOIO iHCTPYMEHTY (paxiBus 3 Bajigamii

Huckycis mono poii LI y perynboBaHOMY cepeoBHUIII HEPIAKO 3BOJUTHCS J0
XuOHOT sguxoTomii: abo IIOBHa aBTOMarM3aiis, abo BiAMOBa BiJ MHGPOBUX
iHCTpyMeHTIB. [Ipore MDK MMM KpalHOIIAMHU iCHye OUIbII MparMaTUYHUN MUIAX -
BUKOPUCTAHHS BEJMKUX MOBHUX Mozene (LLM) sk iHTeleKTyalbHOrOo acCUCTEHTA,
0 PO3IIMPIOE AHANTHYHI MOMJIMBOCTI  ¢axiBIs, HE MIAMIHIIOYH HOTO
BIMOBIAQIBHOCTI  3a  mOpuiiHATe  pimeHHs. Lledt  miaxig,  BigoMud sk
«Human-in-the-loop», € 0a30BUM apXiTeKTypHUM MPUHLUIIOM METOAOJOTI, IO
po3mIsAaEThCS y IboMy po3ait. KirouoBa nepeaymoBa ioro e(heKTUBHOCTI TOJISTAE B
Ttomy, o LI Haiikparie mpairoe came Tam, Jie BiH IOTIOBHIOE, a HE 3aMiHIOE JIIOACHKY
ekcrepTusy [28].

ApXiTeKTypa 3alpONOHOBAHOTO PIIIEHHS OXOIUII0E YOTHUPH (PYHKITIOHATBHI
piBHI. Ilepmmii - map BXiIHHUX JaHHX, L0 BKJIIOYAE crenr@ikanli Ha CUPOBHHY Ta
TOTOBY TPOAYKI[IO, OMHCH TEXHOJOTIYHUX TMPOIECIB BUPOOHUIITBA, 3BITH TIPO
BIJIXWJICHHSI Ta MPOTOKONW Baiijganid. /[pyruil piBeHb - KOTHITUBHUN IpoLEcop Ha
ocHoBi LLM, 3gaTtHuii aHami3yBaTH JOBI1 JOKyMEHTU Ta T€HEPYBAaTH CTPYKTYPOBaHI
BUCHOBKM. TpeTiii piBeHb - 0a3a 3HaHb, CPOpPMOBAHA 3 PETYISATOPHUX JOKYMEHTIB
(ICH Q9, ISO 14644, aytpimnix COII mianpuemcTBa), 10 SIKOi MOJIETb 3BEPTAETHCS
yepe3 mexaHisM RAG (Retrieval-Augmented Generation). UeTBeptuii piBeHb -
BaJIiJIallisl PE3yJbTaTy: MOPIBHSHHS 3T€HEPOBAHUX BUCHOBKIB 13 €TaJJOHHUMHU JaHUMHU
Ta 00OB'sI3KOBa MepeBipKa KBaTipikoBaHUM (haxiBLEM.

VY3aranpHeHa apxXiTEKTypa 3alpoIlOHOBAHOTO PIllIEHHS HaBeleHa Ha PUCyHKy
2.1. Cxema BioOpaxkae 4oTHpU (DYHKLIOHATIBHI PIBHI Ta MOTOKU JAHUX MK HUMH,

BKJIIOYAKO4YH 3BOpOTHHI>i 3B’ SI30K JIIs iTepaTI/IBHOFO BIOCKOHAJICHHS ITPOMIITY.



18

ApxiTeKTypHa mogenb LLM-acucTtoBaHOro aHasisy pusuKiB AKOCTI

s N\
PiBeHb 1 — Lllap BXigHWUX AaHux
MpoTtokon Banigauii TexHonoriyHuii onuc Development Report KBanicpikaujiiinuii 3BiT
(Validation Protocol, (Manufacturing Process, (BnacTueocTi API (flaHi obnagHaHHs,
Sampling Plan, CPP) CPP, cTagii sup-ga) CQA, ekcumnieHTH) TpeHAu KBanidikaul)
®opmar: .docx/.pdf ®opmar: .docx/.pdf ®opmar: .docx/.pdf ®opmar: .docx/.pdf
\. I J
g A
PiBeHb 2 — KorHiTuBHuiA npouecop (LLM)
r MpPOMNT-i HXUHIPUHT Benvka MoBHa mofenb
1 Rale Definition — Task Instruction — Constraints — Chain-of-Thought Qwen3-14B / Qwen3-30B / GLM 4.6v/ GLM 4.7 / GPT-0OSS
|
<]
21 Y,
=
m I
2 v
S L ™
= | . . -
g PiBeHb 3 — BanigoBaHuii pesynbTtar
a2
U FMEA-Ta6nuua
CrpykTypoBaHa matpuus pusumkis (E, P, D, RPN, 3axoau koHTponio)
. J
Pucynok 2.1 — ApxitekrypHa Moxenb 4-piBHeBoOi cuctemu LLM-acuctoBaHOro

aHaI3y PU3HKIB SIKOCTI

[Iutanusa miaTBEep/pKeHHST Ta KBajiikaiii KOMITIOTEPU30BAHUX CHUCTEM Y
cepenounli GxP neranbHO pernamentye HactaHoBa ISPE GAMP 5 [22], ska €
METOJIOJIOTIYHUM OPIEHTUPOM Il po3poOku mporokoiiB Bamigarii III-pimens.
[IpuHIMIIOBO BaXXIMBUM € po3yMiHHA QyHKIIOHANBHOT poii LLM y miit apxiTekTypi:
MOJIe]Ib BUCTYyNa€ HE AaBTOMATOM ISl TPUUHATTS PIMIeHb, a IHCTPYMEHTOM
CTPYKTYpPYBaHHsI Ta TMOIEpeaHboro aHanizy iHdopmaiii. Takuii po3noain GyHKIIH -
7ie aITOPUTM CHUCTEMATHU3yE MAaCHBH JaHUX, a JIIOAMHA YXBAIIOE OCTATOYHE PIIICHHS -
JTEMOHCTPY€E CYTTEBE IMIJIBUIICHHS SKOCTI aHAI3y MOPIBHSAHO 3 KOXKHHUM 13 TIiXOIB
okpemo [27].

KitrouoBoro mepeBaroro apxiTeKTypH € MacIiTa0OBaHICTh: OJWH KOTHITHBHHIA
poLlecOp MOXKE aHaJi3yBaTH JOKYMEHTH pI3HOI MPUPOAM - Bl TEXHOJIOTTYHOTO
pernamMeHTy BUpPOOHMIITBA TBEPAUX JIKAPCHKUX (OPM [0 MPOTOKONY KBamidikaiii
YUCTUX TMPUMINIEHbh - BHUKJIIOYHO 32 PAaXyHOK 3MIHHM TiJKa30K (MpOMMTIB) Ta

MIIKIIIOUeHOi 6a3u 3HaHb. lle mo3Bossie yHidiKyBaTH MiaXiJa A0 OIIHKK PU3UKIB Ha
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pPIBHI BCHOTO MIANPUEMCTBA Ta 3a0€3MEYUTH Y3TOIKEHICTH METOJOJIOTII B PI3HUX

BUPOOHUYUX MiAPO3ALIAX.

2.2. CTPYKTYpOBaHMH TNPOMNT-iHAKMHIPUHT JJIS AHAJIZy TEXHOJOTIYHHUX

peryiaMeHTiB Ta cneuupikanin skocTi

SxicTh BuximHuX gaHuX Oyab-skoi LLM Ge3nocepeaHho BUZHAYAETHCS SIKICTIO
BXigHOro 3anuty. [lpomnrt-imxuHipuar (Prompt Engineering) - aucuuruiia, 110
BHUBYAE METOIW (POPMYJTIOBAHHS 3aMMTIB 711 OTPUMaHHS Mepea0oadyBaHNX, TOYHUX Ta
BIITBOPIOBAHUX BIAMOBIAEH Bia MOBHUX Mojened. CucreMHMR Mmiaxia a0
KOHCTPYIOBAaHHSI TIPOMIITIB € HOBUM THIIOM HAyKOBOI METOJOJIOTI{, III0 MOTpeOy€e Takoi
x (popmamizariii, Sk 1 po3poOKa JOCIITHAIIBKOTO MPOTOKONY B Oyb-sIKii 1HIIN TaTy3i
3HaHb [29].

Hna  3amau QRA y  (dapmanieBTHYHOMY  BHpPOOHHUITBI  po3poOiieHa
YOTHPUPIBHEBA CTPYKTypa MPOMITY, 10 0a3yeThCsA HA CHCTEMaTHU30BaHUX ITa0IOHAX
B3aemoii 3 LLM [30].

[Tepmmii piBeHs - BuzHadeHHs poii (Role Definition). Monens oTpumye 9iTKO
chopmynboBaHuii NpodeciiiHuil KOHTEKCT: il pOJjb BU3HAYAETHCS HE SIK 3arajibHOTO
aCUCTEHTa, a AK (paxiBI 3 YNpaBIiHHA PU3UKAMU SIKOCTI 31 3HAHHSM BIAMNOBIAHOI
HOopMaTuBHOT Oasu. [lpukmagom Moke ciyryBatu Take ¢opmymtoBanHs: «Tu -
npoBigHui excriepT 3 QRM y dapmaneBTuyHid Tamy3i 3 TITHOOKUM 3HAHHSIM
crangaptis ICH Q9 (R1), GMP Ta BHyTpilHIX BUMOr MmianpueMcTBay. Lle akTuBye
BIJIMOBIAHI CETMEHTH 3HAaHb MOJIENI Ta 3a/1a€ TEPMIHOJIOTIUHHUM CTaHAAPT MOAAIBIIIOTO
aHalizy.

Hpyrwuii piBeHs - moctanoBka 3aBaanfs (Task Instruction). Tyt dhopmymtoeTbest
KOHKpPETHAa aHalliTMYHa 3ajladya 3 NPUB'S3KOI0 JI0 JOKYMEHTAa, IO aHali3yeTbCs.

Hanpuknan: «IIpoananizyii crtagito BOJOroi rpaHyfsiiii y HaJaHOMY pPEIIaMEHTI.
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Busnau kputnuni mapamerpu mpoiiecy (CPP) Ta omiHuM iX BIUIMB Ha KPUTHYHI
noka3zHukH KoCcTi (CQA): OMHOPITHICT BMICTY Ta PO3NaJaHHS TabIETOKY.

Tperiii piBeHb - oOMexkeHHs Ta Jioriuni npaBuia (Constraints). 3 TOYKH 30py
PEryIATOPHOI BIAMOBIHOCTI 11€ € HAWBAXKIIUBIIIUM €JIEMEHTOM CTPYKTypHu. Came TyT
3aJ1al0ThCsl MIPaBWIIA, 110 MIHIMI3YIOTh PU3HMK I€Hepalii HEeIOCTOBIPHOI 1H(QOpMaIii.
KirouoBuit mpuiiom - BUMOTra MapKyBaTH BiACYTHI JaHi gk «IHQopmarliis BiACyTHS /
HEOOX1THUM 3amuT BUPOOHUKY» 3aMICTh iX JOMHUCIEHHs. [le mMpuHIUIIOBO BaXKIUBUIA
MEXaHi3M YIPaBIiHHS BIIOMOIO TpoOieMor «ramonuHamiiny LLM B aHamiTHIHUX
3a/la4yax, Jie TOYHICTh € KPUTUYHOIO.

UerBepTuit piBeHs - HaBiaHI nigka3ku (Chain-of-Thought Prompting). Moaens
OTPUMY€ TIOKPOKOBUU alTOPUTM MIPKYyBaHHS: CIIOYATKy BHUSBUTH (HI3UKO-XIMIUHI
PU3UKH, TMMOTIM OLIHUTH €(EKTUBHICTh HASBHUX 3aCO0IB KOHTPOJIO, 1 JIUIIE TMIiCHsA
OTO poO3paxyBaTu NiACYyMKOBUM Oan pusuky. lle 3abesneuye BiITBOPIOBAHICTH
JIOTIKHM aHalli3y He3aJleHO Bia TOro, XTo came (popmynroe 3anut. CTPyKTypOBaHUM
MOKPOKOBUM MPOMIIT CYTTEBO MIJIBUIIYE TOYHICTh Ta MOCIIIOBHICTh Bijanosiaeit LLM
y CKJIAJHUX HAyKOBUX 3aJadax - el e(eKT MiATBEPKECHUN Yy TOCHTIKEHHAX 13
3actocyBaHHs LLM y dhapmanieBTHUHNX HayKax [24].

3acTocyBaHHSI YOTHPUPIBHEBOI CTPYKTypU MPOMNOTY (HAKTHUHO KOAMPIKYeE
3HaHHS JOCBITYEHOro (axiBI Yy BIATBOPIOBaHY (OpMY, JOCTYIHY IJsi OyIab-sIKOTO
yiieHa KoMaHau. Lle yacTkoBO BUpINIy€e ONHY 3 KIIOYOBUX MPOOJIEM TPadUIIHHOTO
QRA - xpuTwuHy 3aJCXKHICTh SKOCTI OIIIHKA BIJ HAsSBHOCTI «HE3aMIHHUX)»

BY3bKOIIPO(DIILHUX €KCTIEPTIB.

2.3. Aaroputm Bepudikaunii pe3yabrariB aHagi3y Ta BIANOBIIHICTH

npunnunam ALCOA+ B yMoBax pery/ib0BaHOT0 BUPOOHMIITBA

Bynp-sikuii  IHCTpyMEHT, 110  BUKOPUCTOBYETBCS Yy  PEryJIbOBAaHOMY

(dhapMalleBTHIHOMY CEpEOBHIII, MA€ BIAMOBIIATH MPUHIMIAM IUTICHOCTI gaHux. Lli
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npuHIUnu 3BefeHl B akpoHiMi ALCOA+: Attributable (arpubytuBnicth), Legible
(uitkicth), Contemporaneous (ogHoyacHicTh), Original (opuriHaibHICTB), Accurate
(Tounicth), a Takok Complete, Consistent, Enduring ta Available. Iludposizaris He
3HiMae BumMor ALCOA+, a HaBmaku - YCKJIAIHIOE iX BHUKOHAHHS, OCKIJIBKH
€JEKTPOHHI CHCTEMH Ta aJIrOPUTMHU TEHEPYIOThb HOBI BEKTOpPH MOTEHIIIHUX
MOPYIIEeHb IUTICHOCTI JaHux [23].

3anporoHOBaHUM aIrOpUTM BepHu(iKallii CKIaAAEThCS 3 YOTUPHOX MOCI1TOBHUX
eramiB. Ha mepmiomy BigOyBaeTbcs TeHepalis mepBuHHoro 3Bity LLM -
ctpykrypoBanoi FMEA-tabnuiii abo peectpy pus3ukiB y ¢dopmari, BU3HAYCHOMY
mabioHoM mnpomnTy. KokeH BHCHOBOK MOJEN Ma€ MICTUTH IIOCHJIAaHHS Ha
KOHKPETHHI (PparMeHT BXIJHOTO JOKyMeHTa (aTpuOyTHBHICTH), a YacoBa MiITKa
reHeparlii Ta Bepciss BUKOPUCTAHOI Mojiell (hIKCYIOThCS aBTOMATHYHO (OHOYACHICTH).
Ha pgpyromy erami BUKOHY€TBbCS aBTOMaTH4HA TIEpPEBIpKAa Ha «rajlolMHAIND -
Kpoc-BepudiKallisi 3reHepoBaHUX AaHUX 3 0a3010 3HaHb: (aKTH, 110 HE MiAKPIIUICHI
XKOTHUM JDKepesoM y 0a3i, aBTOMAaTUYHO TMO3HAYAIOTHCS JUIS JIFOJACHKOTO PO3TIISTY.
Po3zpaxynkosi 3nadennst RPN (no0ytku P x E x D y FMEA) nepeBipsitoTbCsi OKpeMHUM
JETEPMIHOBAHUM CKPHUIITOM, IO 3a0e3leuye MareMaTU4yHYy TOYHICTh HE3aJekKHO Bij
nMoBIpHicHOT npupoau LLM.

Tperiii eranm - o0oB'si3koBa ekcrneptHa 1iepeBipka (Human Review)
kBamipikoBaHUM (QaxiBuem 3 Bamigamii. Ll 7gaHka € CTPYKTypHOIO TrapaHTIe€r0
BimoBigHOCTI BUMoraMm GAMP 5 [22] Tta npuanuny «Human-in-the-loop». ®axisenp
KPUTUYHO OIIIHIOE JIOTIKY aHajli3y, MOBHOTY BHUSBJICHUX PU3UKIB Ta aJICKBAaTHICTh
3apONOHOBAHUX 3aXOJIB KOHTPOJK — HE NPOCTO MIATBEPIKYE (popmManbHy
HasBHICTH 3BiTYy. UeTBepTHii eTan - ¢ikcairist (piHAIBHOTO 3BITY B CUCTEMI YIIPABIIHHS
SKICTIO MANPUEMCTBA 3 KBaTi(hIKOBAaHUM EJIICKTPOHHUM IIMHUCOM BIAMOBIAHO 10
BuMor Hacranosu CT-H MO3YVY 42-4.0:2020 [5].

Opnum 13 wmodoBux pusukiB BrpoBamkenHa LI B GxP-cepenosuine €

CIIOKyCa JIeJIeryBaTH aJrOpUTMY HE JIMIIE BUKOHAHHS aHAJi3y, a ¥ BIAMOBIIAILHICTh



22

3a Koro pesynbrar [21]. 3anpornoHOBaHWII YOTUPUETANMHUN AITOPUTM yCyBa€ IEd
PU3HMK CTPYKTYpHO: Ha KOXXHOMY e€Tarl mepeadayeHuil He3aJIeKHUA MeXaHI3M
KOHTPOJTIO, a KIHIIEBA BiAMOBIAAIBHICTh 3IMINAETHCS 32 cepTU(]DIKOBAaHUM (HaxiBIIEM.
[Tpunnmn npo3opocti anroputmy - Explainable Al (XAl) - € nogaTkoBor0 BUMOTOO:
st nuted  GxP-Bamimamii  mogens Mae OyTH  31aTHa  OOIPYHTYBarH — KOXKEH
chopMoBaHMII BHCHOBOK, IO BIATIOBIA€ 3arajbHii JIOTIIl JI0Ka30BOi 0a3u B

pPeryIbL0BaHOMY CEPEIOBHIIIL.

BucHoBku 10 po3aiiay 2

Po3pobnena metomonoris iHTerparii Benukux MoBHuUx Momeneit (LLM) y
IPOLIECH OLIHKK PHU3UKIB SIKOCTI 0a3yeTbcs Ha TAaKUX KIOYOBUX KOMIIOHEHTax: 1.
apxitektypHa mozenb «Human-in-the-loop» 3a0e3neuye peryiasiTopHO NPUIAHATHUN
OalaHC MK aBTOMATHU3AI€I0 Ta JIIOACHKUM KOHTPOJIEM, IO BiJMOBIIAE OUIKYBAHHIM
ICH Q9 (R1) ta GAMP 5. 2. 4oTupupiBHEBAa CHCTEMa MPOMNT-IHXKUHIPUHTY
Tpanchopmye HedhopMai3oBaHi 3HAHHS JOCBiAYeHHMX (axiBIiB y BiATBOPIOBaHI
AQHAJIITUYHI aQJTOPUTMH, MIABUILYIOYH Y3TOMKCHICTh Ta OO0'€KTHBHICTh OIIIHOK
pu3ukiB. 3. anroput™m Bepudikauii BianosiaHo a0 npuHuuniB ALCOA+ 3abe3neuye
IUTICHICTh Ta IOPUAMYHY CHIIY JTOKyMEHTarlii, reHepoBaHoi i3 3amyudenHsm IIII, B
peryJIb0BaHOMY  CEpPEIOBHUINI. Y  CYKYNHOCTI IIi KOMIIOHEHTH (OPMYIOTh
METO/IOJIOTIUHY OCHOBY JJISi MPAaKTUYHOI ampolarlii, Mo € IpeaIMETOM HACTYITHOTO

PO3ILTY JTOCIIIKEHHS.
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PO3/LI 3 MPAKTUYHA ATTIPOBAIISA METOJOJIONTi: IOPIBHSIJIbHUM
AHAUJII3 PE3YJIBTATIB TEHEPAIIII TABJIUIb OLIIHKY PU3HUKIB 3A
JIOIMMOMOI'0O10 BEJIMKUX MOBHUX MOJEJIENA

3.1. /[Iu3aiiH eKCNepPUMEHTAJBbHOI0 MOCIIIKEHHS Ta XapaKTepHCTHKA

BXIIHHUX JaHHUX

[IpakTHuHa YacTHHA NOCHIKEHHS MPUCBAYEHA BepHQiKallii METONOIOTIYHUX
noJiokeHb Pozminy 2 nuisxom peanbHoro TectyBanHs LLM-acuctoBanoro FMEA nHa
Matepiajai BUpOOHHUYOTO Mpollecy JieHaniaoMminy — mnpemnapary kiacy HPAPI (Bix
anrn. High Potency Active Pharmaceutical Ingredient — BucokoakTHBHA ditoda
dapmanieTruHa pedoBrHa) 3 kinacudikaiiero OEB 4/5 (Occupational Exposure Band
- Jlana3oH JIONMYyCTUMOro BUPOOHHMYOro BIUIMBY). [{u3ailH nocmikeHHs nependavas
JIBA KIIFOYOBHX BHUMIpH: TOCIIJOBHE HaApONIyBaHHS 1H(MOPMAIIHHOTO KOHTEKCTY Ta
€BOJIIOI[IIIHE BAOCKOHAJIEHHS IPOMIITIB Bl TECTY A0 TECTY.

Bax1uBUM METOIOJOTIYHUM 3ayBa)KEHHSIM € PI3HHIS Y IIKaNax OLIHIOBAHHS.
CydacHa mpoMHcIiOBa MPAKTUKAa Ta OUTBLIICTh aKTyaJIbHUX HACTAHOB IMepedayaroTh
mkany 1-10 ans xoxuoro 3 mnapamerpiB E (Effect), P (Probability) Tta D
(Detectability), mo 3a6e3neuye makcumanbHuit RPN (Risk Priority Number) = 1000 1
J03BOJIIE OUIBII TOYHO AU(PEPEHIIIIOBATH CTYMiHb PU3UKY. UMM MIupIla 1IKajga, TUM
TOHIIIE MOXXHA IU(EPEHINIOBaTH PU3UKU MK COOOK0 — OCOONHMBO y TPaHUIHUX
BUIAJKAX, KOJIW PI3HUI MK «3HAYYIIUM» Ta «HEMPUUHATHUMY» PU3HUKOM
OPUHIIMIIOBO BaXXKJIMBa JJisi po3cTaHOBKM mpioputeTiB. Etamonna FMEA, cknanena
BajigamitnuM (QaxiBiem, O6aszyerbcs Ha mkanmi 1-5 (Makcumanbamii RI = 125), mo
BIJINOBIA€ TPAKTUII MIANMPUEMCTBA HAa MOMEHT CKJIafaHHs JokymeHTa (2016 pik).
Came tomMy Al-monmeni y BCIX TecTax BUKOPHCTOBYBaJIM cydacHy Ikany 1-10, a
MOPIBHSHHS 3 €TAJIOHOM MTPOBOAMIIOCA 32 SIKICHUMH KputepisiMu: oxorieHHs: CQA Ta

Jorika oOrpyHTYBaHb, a HE TIpsiMe unciioBe 3icTaBiieHHs RPN.
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BaxxnuBuM METOMOJOTIYHMM 3ayBaXKCHHSM € PI3HMIlI Y IITKaJIaX OIlIHFOBaHHS.
CyyacHuii cTaHJIapT y MPOMUCIOBIA MPAKTUIll Ta B OUIBIIOCTI Cy4YaCHMX HACTAHOB
nepenbadae Bukopuctanus mkanu 1-10 mams kokHoro 3 mapamerpiB E, P ta D, mo
3abe3neuye MakcumaabHuii RPN = 1000 Ta 103B0ssi€ OUTbII TOYHO TU(EpEHITiOBaTH
cTymiHb pu3uky. Eranonna FMEA, ckianena BamijganiiiauM (axiBiem, 0a3yeTbest Ha
mkani 1-5 (mMakcumansHuii RI = 125), mo Biamosigae OLIbI paHHINA IMPaKTHIN Ta
BHYTPIIIHIM CTaHAapTaM MNiAnpueMcTBa (IOKyMeHT aaroBaHui 2016 poxom). Uum
MIMpIIA ITKaja, TUM TOYHIIIEe MOXKHA OIIHUTHU PU3UK 1 Tu(EpeHIII0BaTH MPIOPUTETH
MK pi3HUMH BinxwieHHsIMU. Came Tomy Al-Mozeni B yCix TecTaX BUKOPUCTOBYBAIU
mkany 1-10, mo € cyyacHUM 3araJbHONPUUHATHM MIAXOAOM. [ KOpEKTHOro
MOPIBHSHHS 3 €TAJOHOM y pOOOTI 3aCTOCOBAHO sIKiCHE 3icTaBieHHs oxorieHHs CQA
Ta JIOTIKK OOIPYHTyBaHb, a He mpsame uucioBe mnopiBHIHHS RPN. Llentpansuum
METOMIOJIOTIYHUM OpieHTUpPOM cliyrye ertaronHa FMEA, cknaneHa JgoCBiIY€HUM
BajiganiiiauM ¢axipreM. Came TOPIBHSHHS 3 UM €TaJIOHOM JIO3BOJISIE 00'€KTUBHO
oIiHuTH, Hackinbku Al-renepoBana FMEA HaOnuxaeTbess 10 pe3yibTaTry
JIONUHUA-CKCTIEpTa Ta sSKa KOH(QIrypamis npoMmMnTy 3abe3medye HaWOiIbIIe
HaOnmmxeHHs. KiroyoBa MOCHITHUIBKA TINNOTE3a: MPU YITKOMY, CTPYKTYpPOBaHOMY
IPOMIITI Ta HEOOX1JHUX BXiAHUX AaHux LLM 3narna renepyBatu FMEA, nopiBHSHHY
3a SIKICTIO 3 Pe3yJIbTaTOM BalllAIliiHOTO (haXiBIIs.

3arasiom mpoBeieHO 12 TeCTOBUX ceCiii Ha YOTUPHOX BEIUKMX MOBHUX MOJEIAX
Ta onmHii pedepentHiin. [[ns TectyBanHs obpano Taki moxaeni: Qwen3-14B Thinking
(xommnakTHa thinking-monens xommanii Alibaba Cloud, 14 mapa nmapameTpiB, pexum
mubokoro mipkyBanHs); Qwen3-30B Thinking (macmtaboBana thinking-monens, 30
MJIpJ] TIapaMeTpiB, MiJBUINECHA 3aTHICTH 0 OararokpokoBoro anamizy); GLM 4.6v
Flash (Momenb 3aranpHOro mnpu3HadeHHs kommaHli Zhipu Al, onrtumizoBana st
mBukoro pearyBanns); GLM 4.7 Flash (ynockoHanena Bepcist monepeaHboi Moiedi 3
MOKpAIIEHUM  pPO3yMIHHSAM rany3eBoro KoHTekcTy); GPT-OSS (pedepentna

open-source Mozenb Ha 0a3i apxitektypu GPT). [Ins kokHOTO TecTy 3adikCOBaHO:
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HaO01p BXiMHUX (DAIIIIB, IOBHY CTPYKTYpPY MPOMIITY B OPUTIHAJILHOMY aHTIIOMOBHOMY
dopmari, pesynbryrouy FMEA-Ta0nuiro Ta MNOpIBHSJIBHUM aHali3 3 €TaJOHOM
BajigamiiHoro axiBog. JleTaapHHMI aHadI3 JIO3BOJSIE MPOCTSKUTH TECHJACHIIIIO
HAONMMKEHHST PE3YJbTaTiB IITYYHOTO 1HTEJNEKTY JO0 €TajJOHYy B MIpy BIOCKOHAJICHHS

IPOMIITY Ta HApOIlyBaHHA 1HPOPMALIHHOTO KOHTEKCTY.

3.2. ETanonna FMEA BajninauiiiHoro gaxiBus sik 0a3a nopiBHsIHHSA

OO0'exToM Bamigaunli y HbOMY AOCIIIKEHHI € MPOLIEC BUPOOHUIITBA TBEPAHMX
Karcyn JeHamigominy. JleHamimomin - 1€ 1IMyHOMOAYJIOIOUMN TIpemapar, o
3aCTOCOBYETBCS JIJISl JIIKyBaHHS MHO)XMHHOT MIEJIOMH Ta Mi€IOANUCIIACTUYHOTO
cunapomy. [Ipemapar wanexuts g0 kimacy HPAPI 3 knacudikamiero OEB 4/5, mo
03Ha4Ya€ BKpail HU3BKI JOMYCTUMI PiBHI BUPOOHUYOTO BILJIMBY Ta MOTPEOYy€E CyBOPHUX
BUMOI' O KOHTEMHMEHTY NpU BUPOOHULTBI. BHpoOHMUMII Mpolec BKIIIOYAE TaKl
CTafii: 3BaXyBaHHS KOMIIOHEHTIB, TMPUTOTYBaHHS TpUTypallii (momnepeaHe
3MIIIyBaHHA JIIF0401 PEYOBUHU 3 JIAKTO3010), MPUTOTYBaHHA Onenay | (3minryBaHHs 3
JOTIOMIXKHUMHU PEUYOBHUHAMH), TMPHUTOTYBaHHsS JIyOPUKOBAHOTO ONeHAy (3 Martiro
cTeapaTroM), HAIOBHEHHSI TBEPAMX >KEJTATMHOBHUX KallCyd Ta MaKyBaHHS y OJiCTEepH.
Came i crafii € 06'ektom FMEA-ananizy sik 3 00Ky BasiiauiifHOro (axiBis, TaK 1 B
ycix Tectax Al-momeneit. Jlo mouarky anamizy Al-pe3ynsrariB HEOOXiTHO
NpeCTaBUTH eTalloHHUuM AokyMeHT - FMEA, cknageny nocBigueHuMm daxiBueM 3
BaJiAallli, O BUCTYIA€ KPUTEPIEM SIKOCTI JIJIsl BCIX HACTYIHUX NOPIBHSIHB. PO3yMIHHA
CTPYKTYpH Ta JIOTIKM €TaJOHYy € KIIYeM JO OIIHKHA CTyNeHS HaOIKeHHS
Al-Mmonenen.

XapakTepuCTHKA €TAJIOHHOTO JOKYMEHTY.

Eramonna Tabmums BinpizHseTbest Big Al-reHepoBanmx FMEA 3a kinbkoma
npyUHIMIOBUMU o3Hakamu. [lo-nepire, 3actocoByeThes mkana 1-5 (a e 1-10), ne

3HAYEHHS MalOTh KOHKPETHY SIKICHY MpUB'SI3KY 10 cTarycy mporecy. [lo-apyre,
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HasiBHA KOJIOHKa «Strength» - okpeMi psiAKu A Pi3HUX J03yBaHb (2,5-25 Mr), 1o
BiloOpaXkae peanbHy crienudiky npoaykry. [lo-tpere, o6rpyHTyBaHHs P 6a3yeThes He
Ha 3arajbHUX MIPKYyBaHHSX, a HA KOHKPETHOMY (DaKTi: «IpoIiec Ie He BajliJOBaHUM,
aje eKCIepPUMEHTAJIbHI JIaHl MIATBEP/UKYIOTh BIAMOBIIHICTh SKOCTI». Ilo-derBepre,
oOrpyHryBanHs D mocuinaerbes Ha koHKpeTH1 [PC-nponienypu cuctemMu ynpaBiliHHS
axicTio (QS). [Mo-m'ste, Gpokyc - BukiIt0o4HO Ha TexHoJoriyHuX CQA (yHIDOPMHICTH
OJeH Ty, BOJIOTICTh, TE€KYUICTh, IIIJIBHICTh, 30BHIIIHINA BUIVISA KarcCys, po3MajaHHs,
PO3UMHEHHS, PIBHOMIPHICTh MacH, YHI(QOPMHICTH BMICTy) O€3 pHU3UKIB YTHIIT,
o0JIafHaHHA YU LIJIICHOCTI TaHUX.

st «MiHIMaATICTUYHA» CTPATETisl € PEryaaTOpHO OOIPYHTOBaHOIO: (haxiBellh
30CEepeIMBCA Ha TOMY, IO O€3MOCEpPEeNHbO 3arpoXKye SKOCTI MPOMYKTy Ta Oesmerri
nalieHTa B KOHTEKCT1 HEBAJI1JOBAHOTO MIPOIIECY, BIAKIABIIN CUCTEMHI PU3UKU HA 1HIII
JNOKYMEHTH. PO3yMiHHS 1IIl€]l JIOTIKM € KJIIOYEM JO KOPEKTHOI I1HTephperanii
pO301KHOCTEN MK eTaioHoM Ta Al-pe3ynbraramu.

JleTanbHi pe3yabTaTy aHali3y, IPOBEICHOrO BT IAlliiHUM (axiBlieM, HaBEEH1
y Honatky A.
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Ku1r040Bi XapaKTepHCTHKH €TAJIOHY ISl IOPiBHAHHS:

Oxomunennsi: 5 kareropiii mpobnem (blend uniformity/water content, ¢i3uusi
BJIACTUBOCTI, 30BHIIIHIA BUIISA, PO3MaJaHHS, PO3YMHECHHS, PIBHOMIPHICTH MAaCH,
yHI(OPMHICTh BMICTY) M0 2 cTajisxX (MpUroTyBaHHS OJEHIy, HAIIOBHEHHS Karicyin).
[kana 3nauens RI: 20—100. YHikanbHa puca: qudepenuianis 3a 103yBaHHAM (2,5 mr
oTpuMye BUINy P depe3 TeXHOJOriYHy CKJIaaHICTh HamoBHeHHs). Crpareris: E
cTabubHO 4 11 OUIBIIOCTI PU3UKIB — «IIKOJUTH 3/I0pPOB'I0 MauieHTa»; P=5 mpu
HEBaJiloBaHOMY Tipomeci + 06e3 koHTpomtwo; D=1-3 3aBmsku  HasIBHUM

[PC-npouenypam.

3.3. Cepis tectiB Qwen3-14B Thinking

3.3.1. Tect 1 - «<3BOPOTHA iH:KEHEPis» 32 MPOTOKOJIOM BaJtixamii

Moaean: Qwen3-14B Thinking
daiinu: Validation protocol (without Risk Assessment)
CTpykTypa Ta J0rika npoMImry.
bazoBuii wotupukomnoneHTHuit mpomnt: Role Definition — Scoring Criteria
(mxana 1-10, RPN = ExPxD) — Formatting Rules — Ask. Ines Ask-cekmii — meron
«3BOPOTHOT 1HXKEHEPii»: ISl KOOKHOTO TECTY MPOTOKONY BU3HAYHUTHU SIKUH MedeKT BiH
MOKJIMKAaHUW BUSBUTH Ta pekoHcTpytoBathi FMEA. TlpuanumnoBa BiAMIHHICTH Bil
eTaJIoHy BXKe 3akiajieHa y mkani: 1-10 3amicts 1-5.
PROMPT — Test 1 (Qwen3-14B)
# Role:
You are a Senior Validation Lead with 15 years of experience in GMP.
Specialization: QRM, Data Integrity, EU GMP Annex 15: Qualification and
Validation.

# Input Data Validation (Pre-Check):



28

Before generating the table, if critical information is missing, output:
"WARNING: Analysis conducted with limited data.
Missing description: [list] Assumed Worst Case Scenario for parameters:

[list]"

# Task: Perform a Risk Analysis (FMEA) with detailed justification of ratings.

# Scoring Formula: RPN =E x P x D

Eftect (E): 1-3 Low (cosmetic), 4-6 Medium (process deviation), 7—10
Critical (recall/patient harm).

Probability (P): 1-3 Unlikely, 4-7 Possible (operator dependent), 8—10
Likely/repetitive.

Detectability (D): 10 No control, 7-9 Visual only, 4-6 Periodic IPC, 1-3

Automatic interlock.

# Formatting: Actions column — [Action]. Resp: [Role]. Stage: [[Q/OQ/PQ]
RPN > 100: UNACCEPTABLE RISK. RPN 50-99: ALARP. RPN < 50: Risk

accepted.

# Handling Missing Data: write 'Insufficient data. Conservative assumptions
applied.'
Score P and D at upper bound (Worst-Case). Tag row as (Data Gap).

# Few-Shot Example: [Labeling | Missing label | E=9 | P=3 | D=2 | 54 | Increase
sensor checks]

# Ask:

Read and learn the file completely.

Reverse-engineer a FMEA based on tests described in the Validation Protocol.
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For each test determine: Failure Mode / Cause / Effect on patient.
Create an FMEA table
3renepoBana mozaeiTio FMEA-tabnuiist 1st JaHOTO ClIeHapito MpeACTaBIeHa Y
Honarky b.

Amnami3 TeHaeHii. Tect 1 € HalBIAAANCHIIITUM BiJI €TAJIOHY: OXOIUICHO JuIIe 2 3
7 wmouoBux CQA, BIACYTHS CTajid NPUTOTYBaHHS OJICHAY, HeMae
mudepeHmianii 32 JO3yBaHHAM. MeToa  «3BOPOTHOI  1HXKeHepiD»  0e3
TEXHOJOTIYHOTO  KOHTEKCTYy BHUSBHUBCS MPUHIUIIOBO HENOCTATHIM A

BIJITBOPEHHS pe3yibratry (paxiBIis.

3.3.2. Tect 2 - Auditor Mode. /lonaBaHHSI TEXHOJIOTiYHOIO OMUCY

Moaean: Qwen3-14B Thinking
®daiinu: Validation protocol + Description of Manufacturing Process
EBosonisi npomnty BiznocHo Tecry 1.

CucreMHa yacTUHA HE3MIHHA. ASK-CEKI[110 MOBHICTIO 3aMIHEHO Ha TPbOXKPOKOBUI
«Auditor Mode»: STEP 1 - BuBunTH TexHonoriyauil aiin ta ¢izuxy nporecy; STEP
2 - ayauT NpoToKoIy 11070 goctatHocTi KoHTpoito CPP; STEP 3 - renepaiiisi pu3ukin
yepe3 TpHW creHapii (BIICYTHICTh KOHTPOJIO, BiJIMOBa OOJIaTHAHHS, JIOACHKUAN

daktop). HoBa i1es1: OIIHIOETHCSA HE HAsIBHICTh TECTY, a aJICKBaTHICTh KOHTPOIIO.

PROMPT — Test 2 | CHANGE: Ask-section — 3-step Auditor Mode
(Technology + Protocol Audit + Risk Generation)

# Role:

You are a Senior Validation Lead with 15 years of experience in GMP.
Specialization: QRM, Data Integrity, EU GMP Annex 15: Qualification and
Validation.
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# Input Data Validation (Pre-Check):
Before generating the table, if critical information is missing, output:
"WARNING: Analysis conducted with limited data.

Missing description: [list] Assumed Worst Case Scenario for parameters:

[list]"

# Task: Perform a Risk Analysis (FMEA) with detailed justification of ratings.

# Scoring Formula: RPN =E x P x D

Effect (E): 1-3 Low (cosmetic), 4-6 Medium (process deviation), 7—10
Critical (recall/patient harm).

Probability (P): 1-3 Unlikely, 4-7 Possible (operator dependent), 810
Likely/repetitive.

Detectability (D): 10 No control, 7-9 Visual only, 4-6 Periodic IPC, 1-3

Automatic interlock.

# Formatting: Actions column — [Action]. Resp: [Role]. Stage: [IQ/OQ/PQ]
RPN > 100: UNACCEPTABLE RISK. RPN 50-99: ALARP. RPN < 50: Risk

accepted.

# Handling Missing Data: write 'Insufficient data. Conservative assumptions
applied.'
Score P and D at upper bound (Worst-Case). Tag row as (Data Gap).

# Few-Shot Example: [Labeling | Missing label | E=9 | P=3 | D=2 | 54 | Increase
sensor checks]

# Ask — INSTRUCTIONS (Auditor Mode):
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STEP 1: TECHNOLOGY ANALYSIS — study physics of the process (mixing,
heating, compression).
STEP 2: PROTOCOL AUDIT — evaluate CPP control adequacy.
STEP 3: RISK GENERATION — three scenarios:
Scenario 1 (Lack of Control): parameter in technology but only

visual/undocumented control — HIGH D.

Scenario 2 (Failure Mode): CPP exists but no alarm/calibration test — RISK.

Scenario 3 (Human Factor): manual recording without automation — RISK

31 crpyktypoto FMEA, 3renepoBaHolo 111 4ac APyroi TECTOBOI cecii, MOXKHA

o3Hanomurucs y Jlomarky B.

Ananiz TenaeHmii. TecT 2 AEMOHCTpye Teplie CyTT€BE HaOIMKEHHS 0
€TaJOHy: CTajid IpuroryBaHHs Onenay 3'asuwinacb y FMEA. Ilpore noriku
aHami3y 1€ pI3HATBCS TMPUHIUIIOBO: (axiBemb MUCIUTh KaTeropisiMu
«ueBianoBiaHicT CQA», Tomi sk Al - «HEIOCTaTHICTh KOHTPOJBHOTO 3aX0dy
s CPPy». Ile € kIi040BUM CTPYKTYpHUM PO3PUBOM, IO 30epiraTUMEThCS 10

BBeneHHa STEP 1 «Scientific Basis» y HacTynHuX TecTax.

3.3.3. Tect 3 (mepma cnpoda) — Tpianryasiuis: nonasannsa Development

Report

Moaean: Qwen3-14B Thinking

daiinu: Validation protocol + Manufacturing Process + Development File

EBouronisi npomnry BitHocHo Tecty 2.

Ask-cekmito posmmpeno mo STEP 1-4. KmiowoBe nomaBanns - STEP 1
«Scientific Basis Analysis»: moBauii anami3z Development Report (TirpockomniuHiCThb,
noJIMOP(13M, pO3MOALT YACTUHOK, TEKYUiCTh, ekcuumieHTn). STEP 4 - «Triangulation

FMEA»: kpoc-pedepeHilis TpbOX TOKYMEHTIB depe3 CiM CIieHapiiB pu3uky. Jlorika
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«pU3UK = pO3ODKHICT, MK JOKYMEHTAMH» HAOMWXKae MiAXia J0 METONMY, SKUN

3aCTOCOBYE (haxiBellb MPHU ayAUTI.

PROMPT - Test 3 | CHANGE: STEP 1 Scientific Basis added; STEP 4
Triangulation with 7 risk scenarios

# Role:

You are a Senior Validation Lead with 15 years of experience in GMP.
Specialization: QRM, Data Integrity, EU GMP Annex 15: Qualification and
Validation.

# Input Data Validation (Pre-Check):
Before generating the table, if critical information is missing, output:
"WARNING: Analysis conducted with limited data.
Missing description: [list] Assumed Worst Case Scenario for parameters:

[list]"

# Task: Perform a Risk Analysis (FMEA) with detailed justification of ratings.

# Scoring Formula: RPN =E x P x D

Effect (E): 1-3 Low (cosmetic), 4-6 Medium (process deviation), 7—10
Critical (recall/patient harm).

Probability (P): 1-3 Unlikely, 4-7 Possible (operator dependent), 8—10
Likely/repetitive.

Detectability (D): 10 No control, 7-9 Visual only, 4-6 Periodic IPC, 1-3

Automatic interlock.

# Formatting: Actions column — [Action]. Resp: [Role]. Stage: [IQ/OQ/PQ]



33

RPN > 100: UNACCEPTABLE RISK. RPN 50-99: ALARP. RPN < 50: Risk

accepted.

# Handling Missing Data: write 'Insufficient data. Conservative assumptions
applied.'
Score P and D at upper bound (Worst-Case). Tag row as (Data Gap).

# Few-Shot Example: [Labeling | Missing label | E=9 | P=3 | D=2 | 54 | Increase
sensor checks]
# Ask — INSTRUCTIONS (Auditor Mode) STEP 1-4:
STEP 1 SCIENTIFIC BASIS: study Development Report — hygroscopicity,
polymorphism,

particle size, flowability, excipient reactivity.
STEP 2 TECHNOLOGY ANALYSIS: physics of process based on formula
from Step 1.
STEP 3 PROTOCOL AUDIT: evaluate CPP controls against scientific risks of
Step 1.
STEP 4 TRIANGULATION FMEA - cross-reference Dev.Data vs Technology
vs Protocol:

Scenario 1 (Scientific Gap): Dev.Report risk not tested in Protocol — RISK.

Scenario 2 (Lack of Control Gap): Technology parameter missing in Protocol
sampling plan — RISK.

Scenario 3 (Instrument Failure): CPP checked but no alarm/calibration backup
— RISK.

Scenario 4 (Human Factor/Data Integrity): manual entries, no Audit Trail
review — ALCOA+ violation.
Scenario 5 (Environmental Impact): hygroscopic APl/excipients, no RH

verification — RISK.
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Scenario 6 (Utility Failure): power loss during encapsulation, no recovery test
— RISK.
Scenario 7 (Containment/HPAPI): OEB 4/5, no SMEPAC seal/filter
verification — RISK.
3reHepoBaHa TaONMUIs OLIHKKM PHU3MKIB HAa OCHOBI TPbOX JDKEped JaHUX
npencrasieHa B Jlogarky I
Anami3z tengenuii. Tect 3 Bmepmie 3amydae Development Report, ognak
METOJIONIOTIYHUN pO3pHuB 13 (paxiBiem 30epiraerbes. TplaHTyNAIis TeHEpyE PUBUKHU
Instrument Failure Ta Data Integrity - kareropii, ikux Hemae B eTajnoHl. BogHouac
6a3oBi CQA eranony (blend uniformity, dissolution, weight uniformity) B siBHOMY
BursiAl  BifacyTHI. Ile Bkasye Ha HEOOXIIHICTh mepedOKyCyBaHHS MPOMNTY 3

CPP-napametpiB Ha CQA-BiAMOBIHOCTI.

3.3.4. Tect 4 (apyra cupo6a) — Severity Override ta HPAPI-konTekceT

Mopean: Qwen3-14B Thinking

®daiinu: Validation protocol + Manufacturing Process + Development File

EBourouisi npomury BinHocno Tecry 3.

Cucremna vactuHa oHoBiieHa: Role posmmpena mo HPAPI GMP Auditor;
Project Context sBHO Bkazye OEB 4/5 ta kputnuHuii ¢Gokyc Ha KOHTECHHMEHTI.
Honano STEP 5 «Calibration & Reality Check» 3 Tpproma mnpaBuiamm: A —
Equipment Reality (6e3 checkweigher — D>5 nns macu), B — Severity Override
(mun/Butik OEB 4/5 — E=10), C - Historical Context (micro-stops — P=5-7 mus
nakyBaHHs). L{i npaBuna nabmxkarote npomnt 1o creundiku HPAPI-ponykry, ane

OJTHOYACHO BiJIBOMSTH aHaJI3 1m1e Jaji Bia ¢pokycy daxiBis Ha TexHoioridyHux CQA.
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PROMPT — Test 4 | CHANGE: Role — HPAPI expert; Project Context
OEB 4/5; STEP 5 Constraints added (Equipment Reality A, Severity
Override B, Historical Context C)
# Role: Senior Validation Lead and GMP Auditor, 15+ years, HPAPI
manufacturing.
Expert in EU GMP Annex 15, ICH Q9, 21 CFR Part 11.
# Project Context: Lenalidomide Hard Capsules. Hazard Class: OEB 4/5.

Critical Focus: Containment, cross-contamination, personnel safety, content

uniformity.

# [Scoring, Formatting, Handling Missing Data — unchanged]

# Ask — INSTRUCTIONS (Auditor Mode) STEP 1-4:
STEP 1 SCIENTIFIC BASIS: study Development Report — hygroscopicity,
polymorphism,
particle size, flowability, excipient reactivity.
STEP 2 TECHNOLOGY ANALYSIS: physics of process based on formula
from Step 1.
STEP 3 PROTOCOL AUDIT: evaluate CPP controls against scientific risks of
Step 1.
STEP 4 TRIANGULATION FMEA - cross-reference Dev.Data vs Technology
vs Protocol:
Scenario 1 (Scientific Gap): Dev.Report risk not tested in Protocol — RISK.
Scenario 2 (Lack of Control Gap): Technology parameter missing in Protocol
sampling plan — RISK.
Scenario 3 (Instrument Failure): CPP checked but no alarm/calibration backup

— RISK.
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Scenario 4 (Human Factor/Data Integrity): manual entries, no Audit Trail
review — ALCOA+ violation.
Scenario 5 (Environmental Impact): hygroscopic APIl/excipients, no RH
verification — RISK.
Scenario 6 (Utility Failure): power loss during encapsulation, no recovery test
— RISK.
Scenario 7 (Containment/HPAPI): OEB 4/5, no SMEPAC seal/filter

verification — RISK.

STEP 5: CALIBRATION & REALITY CHECK (Constraints):

A. Equipment Reality: no 100% online checkweigher — any weight variation
D >5.

B. Severity Override (OEB 4/5): dust/leakage = E 10; cross-contamination = E
10.

C. Historical Context: Micro-stops on blister foil — P = 5-7 for packaging
steps

Pe3ynbraTi pu3uKiB 3 ypaxyBaHHSIM KPUTHUYHUX OOMEKEHB Ta TPIOPUTETHOCTI
oe3reku HaBeneHo y Jlonatky /1

Amnaniz tenneniii. Tect 4 € HalBimmaneHimmM BiJ GOKYCy €TalioHy B cepii
Qwen3-14B, xoua 1 € METONOJOTIYHO HAMOAraTmiMM 3 TOYKH 30pPy OXOILJICHHS
cucteMm Oesneku. lle nmeMoHCTpye KIIFOUOBHM METOAOJIOTIYHMM TMapajokc: OuIbIna
KUTBKICTh TIPaBUJ Ta OOMEXKEHb y TPOMIITI HE 3aBXKIM HAOIMXKAE JI0 PE3yJbTaTy

(daxiBlsg — BOHA MOXKE MIEPEOPIEHTYBATU aHAJ3 B IHIIHMHA PETYISITOPHUI BUMID.

3.3.5. Tecr S - YerBepTuii piBeHb kKoHTEeKCTY: Qualification Report

Mopean: Qwen3-14B Thinking
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daiinu: Validation protocol + Manufacturing Process + Development File +
Qualification Report

EBouaroniss npomnry BinHocno Tecty 4.

[Ipomnt Tecty 4 306epekeHO MOBHICTIO. €auMHA 3MiIHA - JOJAHO YETBEPTHId
JOKYMEHT: KBami(ikamiiHui 3BIT oOnagHaHHA. Ask-cekuis chpolieHa 10 MNpsMOi
komaHu «Read all files and write a Risk Assessmenty.

PROMPT - Test S | CHANGE: Added Qualification Report (Input Data 3);
Ask simplified to direct command
# Role: Senior Validation Lead and GMP Auditor, 15+ years, HPAPI
manufacturing.
Expert in EU GMP Annex 15, ICH Q9, 21 CFR Part 11.
# Project Context: Lenalidomide Hard Capsules. Hazard Class: OEB 4/5.

Critical Focus: Containment, cross-contamination, personnel safety, content

uniformity.

# [Scoring, Formatting, Handling Missing Data - unchanged]

# Ask — INSTRUCTIONS (Auditor Mode) STEP 1-4:
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STEP 1 SCIENTIFIC BASIS: study Development Report - hygroscopicity,
polymorphism,
particle size, flowability, excipient reactivity.
STEP 2 TECHNOLOGY ANALYSIS: physics of process based on formula
from Step 1.
STEP 3 PROTOCOL AUDIT: evaluate CPP controls against scientific risks of
Step 1.
STEP 4 TRIANGULATION FMEA - cross-reference Dev.Data vs Technology
vs Protocol:
Scenario 1 (Scientific Gap): Dev.Report risk not tested in Protocol — RISK.
Scenario 2 (Lack of Control Gap): Technology parameter missing in Protocol
sampling plan — RISK.
Scenario 3 (Instrument Failure): CPP checked but no alarm/calibration backup
— RISK.
Scenario 4 (Human Factor/Data Integrity): manual entries, no Audit Trail
review — ALCOA+ violation.
Scenario 5 (Environmental Impact): hygroscopic API/excipients, no RH
verification — RISK.
Scenario 6 (Utility Failure): power loss during encapsulation, no recovery test
— RISK.
Scenario 7 (Containment/HPAPI): OEB 4/5, no SMEPAC seal/filter

verification — RISK.

STEP 5: CALIBRATION & REALITY CHECK (Constraints):

A. Equipment Reality: no 100% online checkweigher — any weight variation
D >5.

B. Severity Override (OEB 4/5): dust/leakage = E 10; cross-contamination = E
10.
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C. Historical Context: Micro-stops on blister foil — P = 5-7 for packaging

steps.

# Ask: Read all files and write a Risk Assessment for Lenalidomide hard
capsules.
PesynbraTi aHanizy 3 BUKOPUCTAHHAM IMOBHOTO 1H(OOPMAIIIITHOTO KOHTEKCTY

cucreMarnu3oBaHo y Jlonatky E

Amnaniz tenaenmii. Tect 5 aeMOHCTpye, MO YETBEPTUN PIBEHb KOHTEKCTY
(Qualification Report) no3BonuB inenTudikyBaru pusuk dissolution variability -
eauHui psanok y cepii Qwen3-14B, 1110 4acTKOBO MEPETUHAETHCS 3 KIOYOBUM
CQA eramony. lle miarBepKye 3HAYYIIICTh MMOBHOTO KOHTEKCTy. Constraint A
(6e3 checkweigher) nabmkae miaxia 10 BUSIBHOCTI Macu JI0 JOTIKH (paxiBIis.
[Ipore 3aranpHa opieHTamis aHamizy 3anumaetbcss Ha piBHI HPAPI safety

systems, a He product-specific CQA.

3.4. Cepis TectiB GLM 4.6v Flash

3.4.1. Tectr 1 GLM 4.6v Flash - Model swap: Toii camMuii NIpoMIT, HOBA

MOJI€JIb

Mogeas: GLM 4.6v Flash
daiian: Validation protocol + Manufacturing Process + Development File
EBomonis mpomunry: inentuuduid nmpomnt Qwen3-14B Tect 5. 3mina -

Juiie Moaesb (mepmni «model swap» Tecr).

PROMPT - GLM 4.6v Flash Test 1 | SAME as Qwen3-14B Test 5 | Model
changed only



40

# Role: Senior Validation Lead and GMP Auditor, 15+ years, HPAPI

manufacturing.

Expert in EU GMP Annex 15, ICH Q9, 21 CFR Part 11.

# Project Context: Lenalidomide Hard Capsules. Hazard Class: OEB 4/5.
Critical Focus: Containment, cross-contamination, personnel safety, content

uniformity.

# [Full prompt identical - STEP 1-5 with Constraints A/B/C + Data Submission
# Ask: Read all files and write a Risk Assessment for Lenalidomide hard
capsules.

Pesynbratu nepuioro tectyBanus moaeni GLM 4.6v Flash naBeneni y Jonarky K

Anam3 tennpeHmii. GLM 4.6v Flash Ha imeHTHYHOMY MpPOMITI BIEpIIE Y
JTOCHIPKCHH] TeHEepY€E PU3UK, MPUUYUHHO-HACIIIKOBHM JIAHIIOT SKOTO (moisture
uptake — blend segregation — content uniformity failure) BignmoBizae moriii
eTajoHHoro pusuky #l. lle € mnepmmM peanbHUM HAOMMKEHHSIM /10
CQA-dokycy (axiBisg — JOCATHYTUM 3aBASKH Kparliit interpaiii GLM manux

Development Report y oOrpynTyBanns P ta E.

3.4.2. Tectr 2 GLM 4.6v Flash - R&D Risk Alignment Ta Criticality

Override

Moneas: GLM 4.6v Flash

®daiian: Validation protocol + Manufacturing Process + Development File

EBoarouist npomnry BinHocHo GLM Tecr 1.

Role posmmupena no FDF-manufacturing 3 nogaBanusm 21 CFR Part 211 Ta
FDA Process Validation. Project Context — micts Critical Focus Areas. Jlo STEP 4

nonano Scenario 7 (Equipment Cleaning). Jlo STEP 5 nogano mpaBuio D - R&D
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Risk Alignment (BupiBHioBaHHs E 3a mouarkoBoro knacudikaimiero R&D: Low—E
1-3, Medium—E 4-6, High—E 7-9) Ta Criticality Override (E>9 — aBTromaTuuno
HenpuitHATHUH). 1le mpaBuiIo MOTEHIIHO HAOMMXKAE MAX1J] 10 OIMIHKH TSKKOCTI Y

daxiBig, ae E 3anexuts Bia BiAnoBiaHocTi HOpMaTuBHUM CQA.

PROMPT - GLM 4.6v Flash Test 2 | CHANGES: Role—FDF; Scenario 7
Cleaning; STEP 5D R&D Risk Alignment; Criticality Override (E>9
auto-unacceptable)
# Role: Senior Validation Lead and GMP Auditor, 15+ years, FDF
manufacturing.
Expert in EU GMP Annex 15, ICH Q9, 21 CFR Part 211, FDA Process
Validation, EU GMP Chapter 1.
# Project Context: Lenalidomide Hard Capsules. Hazard Class: OEB 4/5.

Critical Focus: Containment, Dissolution/Disintegration, Flowability,

Blend Uniformity, Mass Balance, ALCOA+ Data Integrity.

# [Scoring, Formatting unchanged; STEP 1-5 with all Constraints + R&D
Alignment]

D. R&D Risk Alignment: align E with Initial Risk Assessment in
Development Report.

Low — E 1-3; Medium — E 4-6; High — E 7-9.

E=10 ONLY for Containment/Safety breaches (Rule B).
# Criticality Override: E > 9 — AUTOMATICALLY Unacceptable regardless
of RPN.

RPN > 250 (or E > 9): Unacceptable. RPN 100-249: ALARP. RPN < 100:

Accepted
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3renepoBana mozaeitto FMEA-ta0bnuiist st JaHOTO ClieHapito MpeACcTaBiIeHa y
Honarky U.

Ananiz tegaenuii. GLM Tect 2 € naiibnmwxuuMm 10 Qokycy daxiBug y cepii
GLM 4.6v Flash. Ilpasuno R&D Risk Alignment ycynyno «indmsiio E» Ta
HaOJIM3UIIO OIIHKHU TSHKKOCTI J10 JIoTiku eTanony. OxormieHHs blend preparation
PO3IMIMPUIIOCH: BoJOTICTh (moisture—BU) Ta mapamerpu 3MimyBaHHs (mixing
time—BU) pa3zom mokpuBaioTh OOHIBa aCMEKTH E€TAJOHHOTO PU3UKY #1 mis

ctazii Preparation of blend.

3.4.3. Tect 3 GLM 4.6v Flash - be3 nporokoury: TexHoJsoris + Development

Report + HOpMaTHBHI J0KYMEHTH

Mogeas: GLM 4.6v Flash

®daiian: Manufacturing Process + Development File + EU GMP Annex 15 +
ICH Q9 + FDA Process Validation (6e3 npoTokomny Bamigairii)

EBoarouist npomnry BinHocno GLM Tecr 2.

[TpoTokon Basiaiii BUKJIIOUEHO, JI0AaHO TpU HOpMaTuBHI JokymMeHTU. STEP 3
(Protocol Audit) BukitoueHo sik HeakryanbHU. STEP 5 ciporieno 10 Tphox mpaBui
(6e3 Equipment Reality). Meta: anamniz 6e3 CPP-nipotokoiny - HaGIMKEeHHS 0 JIOT1KU
«rexHonoriunoi FMEA.

PROMPT — GLM 4.6v Flash Test 3 | CHANGE: Validation Protocol
REMOVED; Regulatory docs added (Annex 15, ICH Q9, FDA); STEP 3
removed; Equipment Reality constraint removed

# Role: Senior Validation Lead and GMP Auditor, 15+ years, FDF
manufacturing.

Expert in EU GMP Annex 15, ICH Q9, 21 CFR Part 211, FDA Process
Validation, EU GMP Chapter 1.



43

# Project Context: Lenalidomide Hard Capsules. Hazard Class: OEB 4/5.
Critical Focus: Containment, Dissolution/Disintegration, Flowability,

Blend Uniformity, Mass Balance, ALCOA+ Data Integrity.

# [STEP 1-2 + STEP 4 Scenarios 1-7 + STEP 5: Severity Override + Historical
Context + R&D Alignmen

Pesynwraru renepanii FMEA npencrasieni B matepianax Jlomgarka K

Anam3 tenaeHmii. GLM Tect 3 neMmoHcTpye HaiOunblne HaOMMKEHHS 0
¢dokycy eranony y Bciil cepii GLM 4.6v Flash: Bnepme oxomneno 4 3 5
CQA-xareropiti eramony (BU, dissolution, weight, physical properties). Lle
MOSICHIOETBCSL  BIJICYTHICTIO TPOTOKONY, IO 3MYCHJIO MOJENb aHaji3yBaTu
TEXHOJIOTIYHI PU3UKHU NPOAYKTY, a He mporaiuHu koHTponto CPP. ITiaxia no D

3AJIMIIA€TBCA OCHOBHHUM PO3PUBOM.

3.5. Cepis TectiB Qwen3-30B Thinking Ta GLM 4.7 Flash

3.5.1. Qwen3-30B Tect 2—4 ta GLM 4.7 Tect 2-3 — AHTUTAJTIOIUHATOPHI

O00MEKEeHHS Ta a0COJIOTHA THAXKKICTH

Monedni: Qwen3-30B Thinking (Tectu 2—4), GLM 4.7 Flash (Tectu 2-3)

®daiian: Manufacturing Process + Development File + HopMaTuBHI IOKyMEHTH
(6e3 mpoToKOoITy Basigallii)

EBoarwouist npomnry BizHocHo GLM 4.6v Flash Tecr 3.

Cepis Qwen3-30B ta GLM 4.7 xapakrepu3yeTbcsi KapIWHAIBbHOIO 3MIHOIO
napagurMu: Big «maximal risk discovery» mo «pragmatic physical FMEA». Beeageno
omok STRICT EXCLUSIONS (5 sBuux 3abopon: ytwiitw/HVAC, wmexaniuHi
MOJIOMKHM KBaJlipikoBaHOTO OONaJHaHHSA, KpPOC-KOHTaMiHaIlis, XIMIYHA JAerpajartis,

BIJICYTHICTh JaHUX # KpuTu4Hui pu3uk). Tect 4 Qwen3-30B ta Tectu 2-3 GLM 4.7
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noganun CRITICAL RULE FOR SCORING EFFECT: E ormiHtoeTscs aOCOTIOTHO -
«IKIIO JeEeKT peanizyeThCs, sIKe HACHIAOK JJIsl Malli€eHTa», HE3aJeXHO BiJ JaHUX
R&D. 1e aBi HaiOamxk41 10 JTOTIKH (axiBIsA cepii TeCTiB.
PROMPT — Qwen3-30B Test 4 & GLM 4.7 Tests 2-3 | CRITICAL
CHANGES: STRICT EXCLUSIONS (anti-hallucination) + CRITICAL
RULE: Effect is ABSOLUTE (never justify low E by R&D success)
# Project Context: Lenalidomide Hard Capsules.
Product is already well-understood and validated before.
Primary Focus: Physical interactions — blend uniformity, water content,
flowability,
density, capsule description/appearance, disintegration, dissolution,

weight uniformity, content uniformity.

# STRICT EXCLUSIONS (Anti-Hallucination Guardrails):
DO NOT generate risks related to:
1. Utilities & Facilities: HVAC, humidity, power outages.
2. Equipment Breakdowns (equipment is mechanically sound and qualified).
3. Cleaning & Cross-Contamination (cleaning validation already passed).
4. Extreme Chemical Degradation unrelated to the specific step.

5. Missing Data # Critical Risk: assume standard industry practices.

# CRITICAL RULE FOR SCORING EFFECT (SEVERITY):
NEVER use Development Report to justify a LOW Effect score.
Effect (E) is ABSOLUTE - score based strictly on:
"If this physical defect actually happens — consequence for product/patient?"
Example: Chaotic mixing — E = 8-10 (wrong dosing). Do NOT say 'E=3

because R&D showed good uniformity.'
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# Task: Pragmatic step-by-step FMEA focused ONLY on physical process and
product quality.
Instructions:
1. Analyze Composition & Development (physics only, NOT to lower E
scores).
2. Iterate by Production Stage through Technology Steps.
3. Identify Physical Failure Modes:
— Blending: over-lubrication — delayed dissolution; incomplete mixing —
poor BU.
— Encapsulation: powder bridging; dosator inconsistency — weight
variation; empty capsules.
— Packaging: incomplete blister sealing; pinholes in foil.
— Capsule Filling non-conformances: appearance, disintegration, dissolution,
weight uniformity, content uniformity.
4. Score: Effect (E) ABSOLUTE; P realistic 1-4 for validated product; D
I1=automated, 10=no IPC.

Pesynsratn Qwen3-30B Tect 4 ta GLM 4.7 Flash Tect 3 € HalOuibII
HAOMMKEHUMHU JI0 €TaJIOHY Y BChOMY JOCIIKEHHI.
[TopiBHSIIBHI pe3ynbTaTH HAWOUIBII ePEeKTUBHUX KOH(QIrypauid monenei

HaBezeH1 y [lonarky JI

AHani3 TeHaeHUli - KiIouoBui pe3ynsrar pochipkeHHs. [loegnanns STRICT
EXCLUSIONS (peamictuuni P) + Effect is Absolute Rule (kopextHi E) + diznunuit
CQA-dokyc (6e3 BiiBOJIKAaHHA Ha CHUCTEMH O€3IMeKH) 3a0e3meqmyio HanouIbIe
HaOmkeHHst 10 pe3yaprary ¢axieisg. GLM 4.7 Tect 3 Bmepuie y AOCIHIIKEHHI
BUKOPUCTOBYE (opmyatoBanHsa 'Non-conformance of X' — imeHTHYHE CTPYKTypi

eranony. Qwen3-30B Tect 4 Ta GLM 4.7 Tect 3 1eMOHCTPYIOTh, IO MPH NPABUIBHO
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CKOHCTPYHOBAaHOMY TPOMIITI IITYYHUHN 1HTENEKT 31atHa reHepyBatu FMEA, sika 3a
OXOIUIEHHSIM KPUTHYHMX MOKa3HUKIB sikocTi (CQA) Ta JOrikoro OOIpyHTYBaHb €
MOPIBHSIHHOIO 3 PE3yJIETaTOM BalligaIiiHoro ¢axisisg. Arami3 Tadmuil 3.13 BusBisie
KUTbKa MPUHIMIOBUX 3akoHOMipHOcTel. [lo-mepiie, HalapamMaTuyHIIMK CTPpUOOK
skocTi BimOyBca mnpu mnepexoni Bin Qwen3-14B TectriB 4-5 (nme BBeaeHHS
HPAPI-oomexxens  Severity Override mapamokcalbHO — BIJIBEJIO aHANI3  BIJ
texHonoriyHux CQA) no GLM 4.6v Flash Tect 1 — ne ta cama Mozesnb pu TOMY X
IPOMITI BIEpIIe ieHTU(IKyBala MPUIUHHO-HACTIAKOBUHN naHmor humidity—blend
segregation—CQA failure, imenTuyHui sorimi eramoHHoro pusuky. [lo-gpyre, GLM
4.6v Flash Tect 3 nmpopeMoHCTpyBaB MapagoKcalbHU €(DEKT: YyCyHEHHS MPOTOKOTY
BaJIijamii 3 BXiJHUX JaHUX HAOIM3HMIIO aHalli3 J0 TEXHOJIOridHOro (Gokycy Qaxisi,
OCKUTbKM MOJIeJIb BHUMYILIEHO aHaji3yBaja pU3UKUA NPOAYKTY, a HE NPOTaJMHU
KOHTposIbHUX 3axoliB. Ilo-Tpete, mepexin Bix tectiB Qwen3-30B 2-3 no tecry 4
(BBenenns mpaswmia «Effect is Absolute») Hao4HO MiATBEPIKYE, MO OJHE TOJAHE
PaBWJIO Y IPOMITI 3/aTHE MIAHATH OIIHKKA E 11s1 pu3uKiB yHIPOPMHOCTI BMICTY 3 3
10 9 ipu He3miHHUX P Ta D — 1m0 sikicHO BiamoBinae migxony ¢axisig. [To-ueTsepre,
GPT-OSS na igmentnunomy mnpomnti GLM 4.6v Flash Tect 3 mokazama HK4uid
CTYIMIHb BIANOBIJIHOCTI 4epe3 CUCTeMaTudyHy D-1HQusmio, 1Mo CBIAYUTH IPO

MoJIeb-crieliuIgyHu e(eKT, SKUH HE YCYBAETHCS JIUIIIE BIOCKOHAIICHHSM IPOMIITY.

3.6. GPT-OSS — PedepentThmii Tect

Mogeas: GPT-OSS
daiiu: Manufacturing Process + Development File + HopmaruBH1 JOKyMeHTH
[nentuunnii npomnt GLM 4.6v Flash Tectr 3 (Role FDF + STEP 1-5 + Criticality

Override + R&D Risk Alignment). Tperiit «model swap» TecT.

PROMPT - GPT-OSS | SAME as GLM 4.6v Flash Test 3 | Third model swap
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# Role: Senior Validation Lead and GMP Auditor, 15+ years, FDF

manufacturing.

Expert in EU GMP Annex 15, ICH Q9, 21 CFR Part 211, FDA Process

Validation, EU GMP Chapter 1.

# Project Context: Lenalidomide Hard Capsules. Hazard Class: OEB 4/5.
Critical Focus: Containment, Dissolution/Disintegration, Flowability,

Blend Uniformity, Mass Balance, ALCOA+ Data Integrity.

# [Full prompt identical to GLM 4.6v Flash Test 3 with R&D Risk Alignment]

Pesynbratn pedepentnoro tecryBannsa moxeni GPT-OSS cucrematnzoBaHo y

Honarky M

Amnamni3 tennaeniii. GPT-OSS e pedepeHTHUM NpUKIAIOM MOAEII, 0 CXWIbHA
no «D-indmnsamii» Ta cucremarmyHoro mnepeopientyBanHs Ha HPAPI safety
systems. Ile o3Hauae, MO AJI9 AaHOT MOAENI HEOOXITHE JOAATKOBE IPABUIIO
kamiopyBanus D (amamoriune STRICT EXCLUSIONS, ane mis omiHKH
BusiBHOCTi). [lopiBHssHo 3 GLM 4.7 Tectr 3, GPT-OSS € Ouibm
«KOHCEPBATUBHOIO» Yy OIK over-reporting Ta MEHII HaOIMKEHOK /0 JIOTIKU

daxiBis.

3.7. 3arajpHa TeHaeHUisA HAOIMKEHHS 10 €TAJIOHY

CykyrnHui aHami3 12 TeCTOBUX ceciil J03BoJIsS€ KUTBKICHO OI[IHUTH TEHJSHIIIIO
HaOnmmxeHHs Al-pe3ynbTaTiB 10 €TaloHy 3a JBOMA KJIOYOBUMHM BUMIpaMHU:
oxoruieHHss CQA-kaTeropiii eTajioHy Ta BiMOBIAHICTD JOTIKA OOTPYHTYBAaHb.
XapakTepucTuka Mojene Ta oOrpyHTyBaHHsA BuOOpy. s AociipkeHHs oOpaHO

YOTUPHU MOZEINI 3 PI3HUX apXITEKTYPHUX POAMH, IO JO3BOJISIE BUSIBUTH 3aJI€KHOCTI
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BiJl XapaKTEPUCTUK Moneii mnpu oaHakoBomy mpomnTi. Qwen3-14B Thinking €
koMmnakTHOW0 thinking-monemnto komnanii Alibaba Cloud 3 14 mupn mapamerpis.
Pexxum «thinkingy» mno3Bosisie mMomeni po3roprard BHYTPINIHIA JIAHIIOT MIPKYBaHb
nepea (OpMyBaHHSM BIANOBIAI, IO MIABUILYE 3AaTHICTH 1O CTPYKTYPOBAHOTO
aHaJi3y CKJIAIHUX JTOKyMeHTIB. OOpana sik 6a30Ba MoJenb i cepii TecTiB 1-5 yepes
ONTUMAJIbHUM OallaHC MK TPOAYKTHBHICTIO Ta IMBHUAKICTIO TeHeparii. Qwen3-30B
Thinking € macmtaboBanoro thinking-mozemto Tiei x poaunu 3 30 MiIp/1 mapaMeTpiB.
[lopiBusiuast 3 Qwen3-14B y pamkax TecTiB 2—4 103BOJsi€ 130/110BaTu  €(eKT
Mmacitaby mojeni npu inentuanomy npomnrti. GLM 4.6v Flash ta GLM 4.7 Flash €
MOJIEISIMU  3arajibHOro npu3HadeHHs kommadii Zhipu Al GLM 4.6v Flash
Bipi3HsAeThes Bim Qwen3 BimcyTHicTIO thinking-pexuMy, M0 T03BOJISE OIIHUTH
BIUIUB apXITeKTypHOro mijgxoay Ao MipkyBaHHsA. GLM 4.7 Flash € ymockonaneHoro
Bepciero, siky nopiBHioBanu 3 GLM 4.6v Flash npu i1eHTHYHUX poMIITax JUisl OLIIHKH
BIuBy Bepcii mogem. GPT-OSS BuxopucToByBanach BHUKIIOUHO SIK pedepeHTHa
Monenb Juist ogHoro model swap TecTty 3 MeTow Bepudikaiii BHUCHOBKIB Ha
apXITEKTYpPHO BIIMIHHINA CUCTEMI.

3BeaeHa TabuIls €(DEKTUBHOCTI BCIX MPOBEIACHUX TECTIB MICTUThCS y JlomaTky

H

BucHoBku 10 po3uinay 3

[TopiBHsTBHE — JochimkeHHs 12  TeCcToBUX CeCii 13 CHCTeMAaTHUYHUM
31CTaBJICHHSIM 3 €TAJIOHOM BaJIJALIMHOTO (haxiBUS MIITBEPAKYE KIIOUOBY TIIOTE3Y Ta
JI03BOJISIE 3pOOUTH TaKi BUCHOBKH:

1. IligTBepIXeHO IEHTPAJIbHY TINOTE3y: HpPH UITKOMY, CTPYKTYpPOBAHOMY
IPOMIITI Ta HEOOX1IHUX BX1AHUX AaHuX LLM 3narna renepyBatu FMEA, nopiBHSIHHY
3a AKICTIO 3 pe3yapraroM BainamiiHoro daxisug. Qwen3-30B Tect 4 ta GLM 4.7

Tect 3 pocsarmu 70-75% 36iry 3a CQA-oxoruieHHsiM Ta 60% 30iry 3a JIOTIKOIO
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oOrpyntyBanb 3 eramoHoM. GLM 4.7 Tect 3 Bmepiie BiATBOpUB (HOPMYITIOBAHHS
«Non-conformance of X» - iIeHTUUHE CTPYKTYp1 €TAJIOHY.

2. BcTraHOBIEHO ONTHMAaJbHY KOHQITYpAIil0 MPOMIITY I MaKCHUMaJlbHOTO
HaOmwkeHHss 1o ertanoHy: STRICT EXCLUSIONS (peamictuuni P) + Effect is
Absolute Rule (kopektHi E) + ¢dizuunuiit CQA-dokyc 6e3 BiIBONIKaHHSI HA CUCTEMU
oesneku HPAPI. lle mnoemnanus 3abe3meuye OamaHC MIDK CTPOTICTIO Ta
peaNliCTUYHICTIO, III0 XapaKTepu3ye poOOTy NOCBITUEHOTO (haxiBIIs.

3. InentudikoBaHO OCHOBHMU CTPYKTypHHMH po3puB MK Al Ta daxiBuem:
daxiBerb MUCIUTh KaTeropismMu «HesBiamoBiaHicTh CQA cnernudikaiii — pu3MK IS
namieHtray, Toai sk Al 0e3 BIAMOBIAHOTO HaNAIITYBaHHS CXUJIbHA aHATI3yBaTH
«HEIOCTATHICTh KOHTpoJbHOro 3axoay mis CPP — texHomoriunmit 30ii». Ileit
PO3PUB YCYHYTO B HaWKpaIUX KOHDIrypalisix MpOMIITY.

4. Buseneno edexr «D-iHduranaii» (GPT-OSS, Qwen3-14B 0e3 oOmexeHb):
cuctemarnune D=8-10 mpu BiACYTHOCTI SBHUX TECTIB y BXIAHUX TOKyMEHTaX, TOII
sk ¢axiBenb BcTaHOBIOe D=1-3 3aBasku 3HaHHiO HasgBHuUX [PC-mpouemyp. Lleit
edexT moTpedye OkpeMoro mpaBuia kKaiaiopyBanHs D B mpomniTi abo HalaHHS MO
aBHUX Janux npo [PC-npouenypu.

5. BcTraHOBIEHO MOPSAIOK 3HAYYIIOCTI (PaKTOPIB SKOCTI: KOHPIrypalis IpOMIITY
(BuO1p TpaBMII Ta OOMEXKEHb) > MOBHOTA BXIIHUX JOKYMEHTIB > BUOIP apXiTEKTypHOI
moneni. «Model swap» TecTw MIATBEPAWIIH, IO 1ACHTUYHUNA TPOMIT Ha PI3HUX
MOJICISIX Ja€ PI3HWHA CTYIMiHb HAONKEHHS 0 €TAJIOHY, OJHAK BIIMIHHOCTI MIiX
MOJIEJIIMU MEHII CYTTEBI, HIXK BIIMIHHOCTI MK BEPCISIMH TIPOMIITY.

6. 3anumkoBuii po3pus (25-30% CQA-oxorsieHHs, BIACYTHICTb Iu(epenianii
3a JI03yBaHHSM) BKa3ye Ha Mexi motodHoi napaaurmu LLM-acucroBanoro FMEA Ta
OOTpyHTOBY€ HEOOXIJHICTH 000B'si3k0Boro Human Review sk CTpyKTypHOTo

€JIEMEHTY METOJ0JIOT1i, a HE OMIIITHOrO KPOKY.
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BUCHOBOKH

VY kBamidikamiifHii poOOTI TPOBEACHO KOMILUIEKCHE JOCIIIIKEHHS €(DEeKTUBHOCTI
3aCTOCYBaHHS BEIMKUX MOBHUX Mmozenen (LLM) s apromaruzariii mporeciB OmMiHKA
pusukiB sikocTi (QRA) y dapmaneBTuuHiii ranysi. Ha ocHOB1 oTpuMaHux pe3ysabTariB
3p00JIEHO TaKi BUCHOBKH:

1. TeopernuHuii aHami3 €BOJIOIT KOHIICTIIN YNPaBIiHHSA PU3UKAMH SIKOCTI
MIATBEPUB HEOOXIAHICTh MEPEXOJy BiJI PEAKTUBHUX METOIB A0 MPEAUKTUBHUX
mozeneit. Becranorneno, mo kmacuuni meronu (FMEA, HACCP) B ymoBax Pharma
4.0 moTpeOyrTh 1HCTPYMEHTIB JUIsi OOpPOOKHM BEJIMKHUX MACHBIB HECTPYKTYPOBAHUX
JaHuX, AKUMU € cydacHi LLM.

2. Po3pobneno 4-piBHeBy apxiTekTypHy Moznenb interpariii I B cuctemy GxP,
mo Oazyerbcs Ha mpuHII «Human-in-the-loopy». Ile m03BosisiE BUKOPHUCTOBYBATH
KOTHITHBHI MOYJIMBOCTI MOJIETI€ AJid CTPYKTYpyBaHHs 1H(popMallli, 30epiratouu npu
I[OMY BIJITIOBIIAJIbHICTD 32 MPUUHATTSA PillIeHb 32 KBaTI(piKoBaHUM (axiBILIEM.

3. JoBeneno, mio sikicte pesynbrariB Illl-acuctoBanoro FMEA kputudHo
3aJICKUTh Bl MPOMNOT-iHKUHIpUHTY. BripoBamxkenns cnenudiganx npasmi (STRICT
EXCLUSIONS, Effect i1s Absolute Rule) mo3Bommno pocsartu 70-75% 30iry
pesynbrariB 11 3 eTasioHHOO OLIIHKOIO BaslilalliitHOTO (haxiBIis.

4. Busasneno Ta onucaHo cnerudiuni edextu podoru I, Taki sk
«D-1H}undis» Ta CXWIBHICTh A0 aHall3y TEXHOJOTTYHUX 300iB 3aMiCTh PU3UKIB AJIS
naifieHTa. 3amporoOHOBAaHO METOAM KajiOpyBaHHS MOAENEH i YCYHEHHS IHX
PO30DKHOCTEH.

5. Bcranosieno, mo HaiOuIbn edekTuBHUMU i 3aBaaHb QRA e mogmeni 3
PO3BUHEHUMH JIOTTYHUMH MOXIHBOCTAMU (thinking models), Taki sk Qwen3-30B ta
GLM 4.7 Flash, sxi npoaeMOHCTpYBaIM 31aTHICTh 10 ITUOOKOTO KOHTEKCTYaIbHOTO
aHaII3y CKJIaJHHUX TEXHOJOTTYHUX PEMIAMEHTIB.

6. [lpakTuuHe BHIPOBAHKEHHS PO3POOJIEHOI METOAOJOTIi J03BOJISE CYTTEBO

CKOPOTHTH 4YacoBl BHUTpaTH Ha MIArOTOBKY BaliJallifHOI JTOKyMEHTalli Mpu
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30epeKeHHI BUCOKOT SKOCTI aHai3y, 1110 0€3M0CepeIHbO CIPUSE MiABUIICHH] Oe3MeKn
JIKapChKHUX 3aCO01B.

3aranoMm, pe3yapTatd poOOTH MIATBEPIKYIOTH TINOTE3y TMPO BUCOKUH
noteHiian LLM sk iHCTpYMEHTY MATPUMKH NPUHHATTS pillieHb y dapMalleBTUUHIM
CUCTEMI SIKOCTI, 332 YMOBHM HaJieHOi BepuQIKalii Ta JIOTPUMAaHHS MPUHIUIIB

LIIICHOCTI] TaHUX.
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JIOJIATOK A

[Mpumitku: llxama E, P, D - 1-5. 3enennii ¢boH Tabnuil mo3Hayae eTamoHHUM nokymeHT. J[ns dissolution Ta

weight uniformity HaBeaeHo okpemi psaku s pisHUX 103yBaHb. RI=100 - high risk; RI=48—60 - significant risk; RI<30

- insignificant risk.

Tabauus 3.1 — Etanonna FMEA Baainauiiinoro ¢gaxiBus

Steps of Problems and Stre |E(1-5 |E P(1- | P Justification D(-5 | D Justification RI Actions
manufact |causes ngth |) Justification | 5) ) =ExXPxD
uring
Preparatio | 1. Non-conformance | All |4 It may lead to | 5 Experimental data confirms blend |5 Do not control during 100(high | See
n of blend | of blend uniformity, harm to may be produced in conformance routine manufacturing risk) conclusion of
water content patient health with required quality. But blend process. risk
manufacturing process is not evaluation
validated. under table 3.
Preparatio | 2. Results of All |4 It may lead to |5 Experimental data confirms blend |5 Do not control during 100(high | See
n of blend | physical properties harm to may be produced in conformance routine manufacturing risk) conclusion of
(flowability, density) patient health with required quality. But blend process. risk
not acceptable for manufacturing process is not evaluation

capsule filling

process

validated.

under table 3.
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Steps of Problems and Stre |E(1-5 (E P(1- | P Justification D(1-5 | D Justification RI Actions
manufact | causes ngth |) Justification | 5) ) =ExPxD
uring
Capsule 1. Non-conformance | All |4 It may lead to | 5 Capsule filling process is not 1 Appearance of each capsule | 20(insignif | See
filling of capsules harm to validated. Experimental data batch is a part of routine icant) conclusion of
process description/appearan patient health confirms capsules may be manufacturing IPC risk
ce (Critical produced in conformance with (In-Process Control). evaluation
defects of required quality. Disintegration Representative sample under table 3.
capsules) tests confirm QS requirements. tested per QS requirements.
Capsule 2. Non-conformance | All |4 It may lead to | 2 Capsule filling process is not 3 Representative sample of 24(insignif | See
filling of disintegration harm to validated. Experimental data each "in-bulk" batch is icant) conclusion of
process patient health confirms conformance with tested for disintegration. risk
quality. Disintegration tests evaluation
confirm QS requirements. under table 3.
Capsule 3. Non-conformance | 2.5 |4 May harm 4 Capsule filling process is not 3 Representative sample of 48(signific | See
filling of dissolution mg patient due validated. Risk of each "in-bulk" batch is ant) conclusion of
process inaccurate non-conformance of dissolution is tested for dissolution. risk
content of API bigger for 25 mg strength. evaluation
in capsules under table 3.
Capsule 3. Non-conformance | 5-20 | 4 May harm 4 Capsule filling process is not 3 Representative sample of 48(signific | See
filling of dissolution mg patient due validated. each "in-bulk" batch is ant) conclusion of
process inaccurate tested for dissolution. risk
content of API evaluation

in capsules

under table 3.
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Steps of Problems and Stre |E(1-5 (E P(1- | P Justification D(1-5 | D Justification RI Actions
manufact | causes ngth |) Justification | 5) ) =ExPxD
uring
Capsule 3. Non-conformance | 25 4 May harm 5 Risk of non-conformance bigger |3 Representative sample of 60(signific | See
filling of dissolution mg patient due for 25 mg strength. each "in-bulk" batch is ant) conclusion of
process inaccurate tested for dissolution. risk

content of API evaluation

in capsules under table 3.
Capsule 4. Non-conformance | 2.5 |4 May harm 5 Filling of smallest dose is more 3 IPC by filled capsule 60(signific | See
filling of weight uniformity | mg patient due complicated. 2.5 mg has very weight is a part of routine ant) conclusion of
process inaccurate small nominal capsule content (40 manufacturing [PC. risk

content of API mg) vs 400 mg of 25 mg strength. Representative sample evaluation

in capsules tested for average mass. under table 3.
Capsule 4. Non-conformance | 5-25 |4 May harm 4 Capsule filling process is not 3 IPC by filled capsule 48(signific | See
filling of weight uniformity | mg patient due validated. Experimental data weight is a part of routine | ant) conclusion of
process inaccurate confirms conformance with manufacturing IPC. risk

content of API required quality. evaluation

in capsules under table 3.
Capsule 5. Non-conformance | 2.5 |4 May harm 5 Filling of smallest dose is more 3 Average representative 60(signific | See
filling of content mg patient due complicated. 2.5 mg has very sample of each "in-bulk" ant) conclusion of
process uniformity inaccurate small nominal capsule content (40 batch is tested for content risk

content of API mg). uniformity. evaluation

in capsules

under table 3.
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Steps of Problems and Stre |E(1-5 (E P(1- | P Justification D(1-5 | D Justification RI Actions
manufact | causes ngth |) Justification | 5) ) =ExPxD
uring
Capsule 5. Non-conformance | 5-25 |4 May harm 4 Capsule filling process is not 3 Average representative 48(signific | See
filling of content mg patient due validated. Experimental data sample of each "in-bulk" ant) conclusion of
process uniformity inaccurate confirms conformance. batch tested for content risk

content of API uniformity. evaluation

in capsules

under table 3.
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JIOJIATOK B
PesyabraTu. Tadmuusg 3.2.
Taonanus 3.2 — FMEA Qwen3-14B, Tect 1 (Juie npoTokos Bajixanii)
Steps  of | Problems and causes E E Justification P | P Justification D D Justification RI Actions
manufact (1-1 - (1-10)
uring 0) 10)
Non-confo | Failure Mode: | 8 Risk of incomplete | 5 Operator-dependent 4 Periodic IPC  checks | 160(UNA [Increase frequency of
rmance of | Disintegration not drug release; harm compression  settings; using disintegration | CCEPTA | disintegration testing
disintegrati | meeting ~ pharmacopeia to patient health historical batch testing BLE) during PQ. Resp: QA.
on standardsCause: deviations observed Stage: PQ
Inconsistent tablet
hardness or excipient
incompatibility
Non-confo | Failure Mode: Dissolution | 8 Delayed/irregular 5 Blend uniformity issues | 4 Dissolution testing | I60(UNA | Implement additional
rmance of | profile outside specified drug release; due to scaling performed at OQ/PQ [ CCEPTA |blend homogeneity
dissolution | limitsCause: reduced therapeutic differences in batch sizes stages BLE) checks during PQ. Resp:
Inhomogeneous blend or efficacy Eng. Stage: OQ
improper tablet coating
Holding Failure Mode: Product|5 Potential microbial | 3 Non-sterile FDF in |1 Automated sampling and | 15(ACCE | Acceptable risk. Continue
time study | quality deviation due to growth or API D-class cleanrooms with testing systems for hold | PTED) holding time study on two
failure extended holding degradation;  may controlled HVAC time studies batches per strength.
timesCause:  Inadequate require reprocessing Resp: QA. Stage: PQ
storage  conditions  or

environmental exposure




HopiBusinnsa Tect 1 3 eTanoHoM
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ITponosxxenus noa. b

Kpurepiii Eranon  (Bamipauivinuii | Al (zaHuii Tecr)
NOPIBHSIHHSA (paxiBenn)
Oxomnenns CQA 5 npooiiem: blend |3 npob6nemu: nume disintegration, dissolution, holding time.

uniformity, physical

properties, appearance,
disintegration, dissolution,

weight uniformity, CU

Biacytni: blend uniformity, appearance, weight uniformity,

content uniformity

[IIxasa omiHOK

E/P/D: 1-5. RI max = 100
(high risk)

E/P/D: 1-10. RPN max = 160. Pi3Hi mKkanu yHEMOXIUBIIOIOThH

IMpsAME YMCJIOBC HOpiBHSIHHS[

Cranii BUpoOHUIITBA

2 cranmii: Preparation of

BincytHs cragis Preparation of blend. Holding time — He B

blend + Capsule filling €TaJIoHi
Hudepenmiamis  3a | Oxkpemi PAIKU s | BincyTHst nudepeniiianiis 3a J03yBaHHSIM — y3arajibHEHI pU3UKH
JI03yBaHHSM 2.5/5/7.5/.../25 mr. P=5 nnsa

2.5 wmr (HalckIamgHIIe

HAITOBHECHHS)
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Kpurepiii Eranon (Bagipamiiinuii | Al (1aHuid TecT)

NOPIBHSIHHSA (paxiBennp)

OO6rpyuTyBanHs P bazyeTbcs Ha dakri |'Oneparop-3anexHi HaJalTYyBaHHsS; BIAXWICHHS cepiid'
'mpoliec He BaJliIOBAaHUM + |3arajibHi MipKyBaHHs O€3 MPUB'SI3KH 10 CTaTyCy BaJigarli
€ JaHi po3poOKH’

O6rpyntyBanas D |[locunanns wa koHkpetHi |[D=4 mns [IPC-mepeBipok — ajekBarHO, ajne 0e3 MOocuUiaHb Ha

[PC-nipouenypu QS
(D=1-3)

KOHKPETH1 NpoLeAypHU

3arajibHU BUCHOBOK

I[Toesha FMEA 3 11
pAIKamMu (pi3H1
no3yBaHHs), (OKyC Ha

texHojoriuaux CQA

Henosna FMEA: 3 psnku, BimcyTHi kimtodoBi CQA erasoHy.

TenaeHIis: qyxe AaJIeKO BiJl €TAIOHY
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JIOJIATOK B
Tadonuus 3.3 — FMEA Qwen3-14B, Tect 2 (nmpoToko. + TexHoJ0riYyHMii onuc)
Steps of | Problems and | E(1-1 | E Justification P(1-1 | P Justification D(1- | D Justification RI Actions
manufacturing causes 0) 0) 10)
Blend Mixing time |7 Inadequate mixing may |4 Operator-dependen | 8 Visual inspection only | 224(UNA | Install automated
Preparation(mixing | deviationCause: lead to content uniformity t  settings; no during IPC; no real-time | CCEPTA | timers with
time) Operator error in issues, risking automated monitoring BLE) interlocks. Resp:
timer  setting or underdosing/overdosing validation during Eng. Stage: OQ
equipment failure PQ
Blend Rotation speed | 6 May cause uneven | 4 No  documented | 8 Manual checks only; no | 192(UNA | Implement RPM
Preparation(rotation | deviationCause: blending; potential sensor testing in automated feedback | CCEPTA | sensors with
speed) Motor  failure or rework/rejection protocol for during PQ BLE) calibration logs.
calibration drift rotation speed Resp: QA. Stage:
0Q
Trituration(mixing | Mixing time | 6 Incomplete trituration may | 3 Rare events based | 9 No controls for mixing | 162(UNA | Add automated
time) deviationCause: affect API  dispersion; on historical data time in validation | CCEPTA | timing with
Manual timer errors potential batch failure protocol BLE) failure  alarms.
or equipment Resp: Eng.
downtime Stage: PQ
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Steps of | Problems and | E(1-1 | E Justification P(1-1 | P Justification D(1- | D Justification RI Actions

manufacturing causes 0) 0) 10)

Filling Capsule height | 6 May result in capsule|5 Operator-dependen | 7 Visual inspection only; | 210(UNA | Integrate vision

Process(capsule deviationCause: weight variation; t adjustments; no no real-time monitoring | CCEPTA | system for

height) Dosator calibration non-compliant with USP auto-checks for height BLE) capsule  height
drift or operator dissolution criteria documented with 0oQ
error validation. Resp:

Eng. Stage: PQ

Stability Testing Incomplete sampling | 4 Minor impact on stability | 3 Sampling  points | 6 Periodic IPC  checks | 72(ALAR |Risk  accepted
pointsCause: Manual data; may require retesting documented in during stability studies P) per EMA
record errors  or but not patient safety protocol guidelines  and
omissions bracketing

approach




HopiBusinnsa Tect 2 3 eTaioHOM

66

[Iponosxkenus noxa. B

properties, appearance,

disintegration, dissolution,

weight uniformity, CU

Kpurepii Eranon (Bagmigaunivinuii | Al (1aHuii TecT)
NOPIBHSHHS (paxiBennp)
Oxomnenns CQA Blend uniformity, physical|3'sBunaces ctamis Blend Preparation (mixing time, rotation

speed). Aune: BiacyTHI appearance, disintegration, weight

uniformity, CU. Oxormneno ~30% CQA eramony

dokyc aHamzy

Texnomoriuni CQA npoayKkry

®okyc 3MmictuBcsi Ha CPP-nmapamerpu  obOnagHaHHS

(dac/mBHUIKICTH 3MimnryBaHHs), a He Ha kiHIeBl CQA.
daxiBellb MUCJIHUTH 'O MOXE HE BIJTMOBIIAaTH crienudikaii',

Al — 'sxkuil mapameTp HEe KOHTPOIIOETHCS'

3uauedusa D

D=1-3 3aBAsiku KOHKPETHUM

IPC QS

D=7-9 uepe3

BIJICYTHICTh aBTOMAaTHKH HaJIMIpHO

KOHCEpBAaTUBHO; He BigoOpaxae HasBHl [PC-nponenypu

CUCTEMH SIKOCTI

Judepenmiaris

J03yBaHHSIM

3a

[Mpucytus ms dissolution,

weight uniformity, CU

BiacyTHs OBHICTIO
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Kpurepiii

NOPIBHSHHS

Eranon

¢daxiBenn)

(BamipamiiHum

Al (maHui TecT)

Teunents vs Tect 1

[lonmimmenHs: 3'IBUIUCH CTaais OJEHAy Ta TEXHOJIOTIYH1
pusuku. Ane Al ananmizye 'mapamerpu oOniagHaHHA', a HE
'KIHIIeBa SKICTh MPOAYKTY' — MPHUHILUIOBA PO3OKHICTD 3

JIOT1KOO (haxiBIIs
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JIOJIATOK T
Taoauus 3.4 — FMEA Qwen3-14B, Tect 3 (nmpotoko.a + TexHosoris + Development Report)
Steps of | Problems and causes E(1-10) | E Justification P(1-10) | P Justification D(1-10) | D Justification RI Actions
manufacturing
Mixing Time in | Insufficient mixing due to | 6 Process deviation; may cause | 5 Manual  timing |7 Relies on visual | 210(UN | Implement
Trituration deviationCause: ~ Manual non-uniform blend but not could lead to inspection or batch | ACCEPT | automated
timing, no  automated direct patient harm operator  error; records only ABLE) |timer with
monitoring historical data not alarm. Resp:
provided Eng. Stage:
0Q
Rotation Speed | Sensor failure causing | 6 Non-uniform blend; may |7 Operator-depende | 8 Visual inspection | 336(UN | Add
in Trituration incorrect speedCause: No require rework nt monitoring; no only during PQ; no | ACCEPT | redundant
redundant  sensors  or mention of alarm automatic interlock | ABLE) sensors and
calibration checks testing daily
calibration
checks.
Resp:  Eng.
Stage: 1Q
Blend Step 1 |Premature stoppage due to | 7 Incomplete blending may |5 Operator-depende |7 Relying on batch | 245(UN | Install
Mixing Time manual  oversightCause: lead to disintegration or nt timing; no records with no | ACCEPT | automated
No automated verification content uniformity issues real-time in-process checks | ABLE) [timer  and
of 30 min monitoring 100% vision
evidence system.
Resp:  Eng.
Stage: OQ
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Steps of | Problems and causes E(1-10) | E Justification P(1-10) | P Justification D(1-10) |D Justification RI Actions
manufacturing
Blend Step 2 |Extra mixing — |6 Potential particle size | 4 Rare operator | 8 No controls; | 192(UN | Program
Counter-Clockwi | over-blendingCause: changes; may require rework error; historical depends on visual | ACCEPT | PLC to
se Manual step not followed; data not provided inspection of final | ABLE) disable
no interlock blend counter-cloc
kwise after
30 min.
Resp: Eng.
Stage: 1Q
Sampling Points | Insufficient sampling | 4 Cosmetic defect; no patient | 6 Sampling strategy | 9 No control for |216(UN | Validate
for Batches pointsCause: Limited harm if minor deviations not validated for small batch | ACCEPT | sampling
validation data for small target batch sizes validation ABLE) | protocol
batches with
statistical
analysis.
Resp:  QA.
Stage: PQ
Rotation Speed | Equipment failure — |5 Process  deviation; may | 4 Reliable 3 Assumed 60(ALA | Document
in Blend Step speed deviationCause: No require rework equipment; automatic interlock | RP) existing
alarm or interlock for conservative from calibration interlocks in
speed drift assumption records SOPs. Resp:
applied QA. Stage:

0oQ
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70

[TIponosxkenus noxa. I’

KpuTrepii Erasion (Banimaniiinumii | Al (nanmii Tecr)

NOPiBHAHHS daxiBeun)

KirouoBi CQA |Blend  uniformity, water |XKomen 3 CQA erajioHy He 1IeHTU(IKOBAHUM K OKPEMHUU PsJIOK
€TaJoHy content, physical properties, FMEA. 3amicte mnporo — mnapamerpu CPP oOnagHanus

appearance,  disintegration,

dissolution, weight

uniformity, CU

("4ac/mBUIKICTH 3MINTyBaHHS, CEHCOPH)

Jlorika anamizy

'HeBiamoBigHICTE
cnenudikamii CQA — pusuk

JUTS TIarieHTa’

'‘BincytHicts koHTpomo CPP — texnomoriunuii pusuk'. Jlorika

ommxk4da 1o engineering FMEA, Hix 10 pharmaceutical QRA

HaykoBa 6a3a

P oOrpyHTOBY€TBCS cTaTycoM

Baj1gaIll Ta TaHUMH

PO3pOOKH

STEP 1 BBenmeHo, ane HaykoBa 0a3za Development Report ne
3HaXOIUTh BiOOpaxkeHHs Yy KiHneBux psaakax FMEA

oOrpyutyBanHs E/P 3ammmunice 3aransHIMEU

3rauenns RI/RPN

RI 20-100 (mxkana 1-5)

RPN 60-336 (mkana 1-10). Makcumansuuit RPN=336 nmns
CEeHCOpa TpUTypalli — TEXHOJOTTYHUN PHU3BHUK, SKOTO HEMae B

eTaJIoH1




Kpurepiit

NMOPIBHSIHHS

ETtajon

(daxiBenn)

(BasmimamiiHuM

Al (maHui TecT)

Teunenmisa vs Tecrt

2

3pocTaHHs KUIbKOCTI psiAKiB (6 vs 5), mosiBa pusukiB Instrument
Failure. Ane po3puB 3 eranoHom 30epiraerbes: Al anamizye 'ax
koHTpoitoeTbcst CPP',  ¢daxisenp — 'ska CQA Moxe He

BIAIIOB1IaTH'
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Taonuus 3.5 - FMEA Qwen3-14B, Tect 4 (Severity Override + Constraints)
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JIOJIATOK JT

Steps of | Problems and | E( | E Justification | P(1-1 | P Justification D(1-10) | D Justification RI Actions
manufacturing | causes 1- 0)

10

)

Pre-Validation Missing 10 | API 7 Worst case: No |5 No protocol tests [350(UN |Data Gap - Complete Development
Gap Development Data degradation data to rule out for moisture | ACCEP |Report required. Validate storage
on API affects content instability under exposure or | TABLE) | conditions per ICH Q1A

hygroscopicity/poly uniformity & storage polymorphic
merization risks shelf life conditions conversion
Equipment Missing calibration | 9 | Weight 5 Assumed 4 Manual IPC | 180(UN [Revalidate  equipment  calibration.
Qualification certificates for variation risks moderate risk due checks only; no | ACCEP |Implement automated weight verification
capsule filling impact content to prior OOS automated TABLE)
machine & scales uniformity trends checkweigher
(Constraint A)
Environmental No protocol | 10 | API 6 Worst case: |3 No protocol tests | 180(UN | Integrate RH monitoring into validation
Controls verification of degradation Storage in for environmental | ACCEP | protocol. Use SMEPAC for containment
humidity limits for risk under non-classified monitoring TABLE)
hygroscopic API worst-case room
humidity;
impacts  shelf

life
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Steps of | Problems and | E( | E Justification | P(1-1 | P Justification D(1-10) | D Justification RI Actions
manufacturing | causes 1- 0)
10
)
Containment & |No verification of [ 10 | Dust leakage = |7 High potency |2 No protocol tests [ 140(UN | Perform SMEPAC testing and establish
Cross-Contamina | seals/filters for safety hazard + strict for filter integrity | ACCEP | cleaning validation for OEB 4/5
tion OEB 4/5 API cross-contamin containment; or residue analysis | TABLE)
ation (Severity micro-stops
Override) increase exposure
risk
SOP & Data | In-bulk stability | 8 | Content 5 Worst case: No |4 Manual review of | 160(UN |Investigate dissolution variability. Add
Integrity data shows uniformity root cause data tables only ACCEP | statistical analysis to stability protocol
variability in risks; impacts analysis for TABLE)
dissolution/related batch  release trends
substances criteria
Power  Failure | No test for power |9 |Unknown 4 Low frequency |3 No protocol for | 108(UN | Include power failure simulations in OQ.
Recovery loss during product status; but high impact if recovery validation | ACCEP | Verify capsule integrity post-recovery
encapsulation risk of capsule occurs TABLE)

damage or

contamination
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[Iponosxenus nox. /I

Kpurepiii nopiBHsIHHS Eranon (Banipaunivinumii | Al (xaHuii Tecr)
daxiBenn)
ITeperun CQA 3 eTanoHOM Content uniformity, ['SOP & Data Integrity' mictuth dissolution variability —

dissolution sik ocHoBHI CQA

NepIIUi pAJOK LI0 YaCTKOBO MepeTuHaeThes 3 dissolution
CQA eranoHy. Ane KOHTEKCT IHIIMI: BapiaOeNbHICTh

CTab1ILHOCTI VS HEBaJIIJOBAHUN MPOIIEC

Hogi kareropii pu3ukiB BizncyTHi B eTasnoHi Pre-Validation Gap, Equipment Qualification,
Containment, Power Failure — kareropii Oesmeku Ta
CUCTEM, BIJICYTHI B €TajioH1 (haxiBIls

Jlorika P P Oazyerbcsi Ha crarycl [P Oasyerbcs Ha 'worst case' Ta 'assumed risk' — OinbIn

'mpoliec He BaJliJOBaHU' KOHCEpBAaTMBHA Ta MEHII OOrpyHTOBaHa (aKTUYHUMU

JTAaHUMU

BignoBigHIiCcTE perynsTopHiii | Binnosinae cranaptHomy | Binmosigae aynuty cucrem 0e3neku HPAPI, ane Buxoauts

MIPAKTHII QRA pis PV-niporokoiy 3a Mexi TunoBoro PV Risk Assessment
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Kpurepiii nopiBHAHHS

ETranon

daxiBenn)

(BasmigamiiHU

Al (maHU# TECT)

Teunenuid vs Tect 3

Pusuk Pre-Validation Gap (RPN=350) € metomonoridyto

I[IHHUM CUTHAJIOM, aJie 3arajbHe BIAXWICHHS Bia GOKyCy

etanony 30utpmmiiock.  HPAPI-oOmexenHs

aHaii3 Big Texaomoriyaux CQA

BIJIBEIN
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TIOJATOK E
Taonuus 3.6 - FMEA Qwen3-14B, Tecrt S (moBuuii konTekeT + Qualification Report)
Steps of | Problems and | E(1-1 |E Justification P(1-10 | P Justification D(1-1 | D Justification RI Actions
manufactu | causes 0) ) 0)
ring
Pre-Validati | Missing 10 API degradation affects content| 7 Worst case: No |5 No protocol tests for | 350(UNACC | Data Gap -
on Gap Development Data on uniformity & shelf life data to rule out moisture or [ EPTABLE) | Complete
API instability  under polymorphic Development
hygroscopicity/polym storage conditions conversion Report
erization risks required.
Validate
storage
conditions per
ICH Q1A
Equipment | Missing calibration | 9 Weight variation risks impact| 5 Assumed moderate | 4 Manual IPC checks | 180(UNACC | Revalidate
Qualificatio | certificates for content uniformity risk due to prior only; no automated | EPTABLE) [ equipment
n capsule filling OOS trends in checkweigher calibration.
machine & scales encapsulation lines Implement
automated
weight
verification
Environmen | No verification of | 10 API  degradation risk under| 6 Worst case: | 3 No protocol tests for [ ISO(UNACC | Integrate RH
tal Controls | humidity limits for worst-case humidity Storage in environmental EPTABLE) | monitoring.
hygroscopic API non-classified monitoring Use SMEPAC
room for containment
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Steps of | Problems and | E(1-1 |E Justification P(1-10 | P Justification D(1-1 | D Justification RI Actions
manufactu | causes 0) ) 0)
ring
Containmen | No verification of| 10 Dust leakage = safety hazard +|7 Strict containment | 2 No tests for filter | 140(UNACC | Perform
t & | seals/filters for OEB cross-contamination (Severity required; integrity or residue | EPTABLE) | SMEPAC
Cross-Cont | 4/5 Override) micro-stops analysis testing and
amination increase exposure cleaning
risk validation  for
OEB 4/5
SOP & | In-bulk stability data | 8 Content uniformity risks; impacts | 5 Worst case: No | 4 Manual review of data | 160(UNACC | Investigate
Data shows variability in batch release root cause analysis tables only EPTABLE) | dissolution
Integrity dissolution/related for trends variability. Add
(from substances statistical
Qualificatio analysis
n Report)
Stability Equipment  failure | 5 Process deviation; rework needed | 4 Reliable 3 Assumed  automatic | 60(ALARP) | Document
Testing — | causing speed but not patient harm equipment; interlock from existing
Equipment | deviation; no alarm conservative calibration records interlocks  in
or interlock assumption SOPs.  Resp:
QA. Stage: OQ
Power No test for power |9 Unknown product status; risk of | 4 Low frequency but | 3 No  protocol  for | I08(UNACC | Include power
Failure loss during capsule damage high impact recovery validation EPTABLE) | failure
Recovery encapsulation simulations in

0oQ




HopiBusinns Tect 5 3 eTanoHOM
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.E

Kpurepiii Erajion (Banmipauivinumii | Al (1aHuii Tecr)

NOPIBHSIHHSA (paxiBenn)

Hosgi Dissolution (per strength), | Pamox 'SOP & Data Integrity' mictuth dissolution variability —
ineHTudikoBani | weight uniformity, CU sk |yHikaneHuii 1is Tecty 5, noctynnuit nuuie 3aBasku Qualification
PU3UKHU kirouoBi CQA Report

[Tepetun 3 | Dissolution + weight | Dissolution variability 3'sBumace y FMEA, ane depe3 mpusmy
€TaJIOHOM uniformity sk HalBa)xIMBIiLI |'cTa0LILHOCTI' @ HE 'HEBAIAOBAHOTO Ipouecy'. HacTkoBUM NEepeTHH

CQA nys Oe3reku maifjieHra

3HaueHHd D g

weight risks

D=3 (IPC by filled capsule

weight € crannaptaum [PC)

D=4 (Constraint A: 6e3 checkweigher). binvxde 10 eranony, Hix B
nonepenHix tecrax — Constraint A 4acTKOBO BIATBOPIOE JIOTIKY

eTaJoHy momao D

Teunenmis Vs

Tect 4

[TosiBa pusuky Ha ocHoBi Qualification Report — kpok Bmepen.
Constraint A Habnmxae D g pu3ukiB Macu. 3arajbHUi MpoQuib

sammmmaeThesi HPAPI-opienToBanum, a He CQA-opieHTOBaHUM




79

Kpurepiit ETrajnon (Bamigamiiinuii | Al (1aHU# TeCT)

NOPIiBHSIHHSA (paxiBenn)

3arajabHUI dokyc: TexHonoriuni CQA + | dokyc: cuctemu 6e3neku HPAPI + Data Integrity + Qualification
BHCHOBOK cTatyc Baiigari gaps. Pi3Hmii piBeHb aHamizy, aje o0OuABa PETYIATOPHO

0oOTpyHTOBaHI1
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JIOJIATOK X
Taonuus 3.7 — FMEA GLM 4.6v Flash, Tect 1 (ineHTHuHMii mpoMmnT)

Steps of | Problems and | E(1-10) | E Justification P(1-10) | P Justification D(1-10) | D Justification | RI Actions
manufactu | causes
ring
Blend I | Polymorph 8 Polymorphic  form change | 5 Mixing  generates | 6 No routine XRD | 240(U | Conduct in-process XRD
Mixing - |conversion of impacts API stability and localized heat; analysis;  final | NAC | analysis. Verify tumble
polymorph | API during content uniformity thermal data not testing  occurs | CEPT | blender temperature
conversion |tumble blending provided after filling ABLE | limits. Resp: Process Dev.

due to )

heatCause: No

temperature

monitoring  or

post-mixing

polymorph

testing
Blend I | Mixing time | 7 CU failure impacts dosage |5 Operator error or |4 IPC 140(U | Add intermediate BU
Mixing — | deviation — accuracy equipment post-lubrication; | NAC | sampling at key time
time poor content variability deviations during | CEPT | points. Real-time mixing
deviation uniformityCaus blending may be | ABLE | speed monitoring. Resp:

e: Sampling undetected ) QA

only after

lubrication; no

intermediate

checks
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Steps of | Problems and | E(1-10) | E Justification P(1-10) | P Justification D(1-10) | D Justification | RI Actions
manufactu | causes
ring
Blend I | Humidity 9 Lactose moisture uptake — |6 Environmental 5 No RH | 270(U | Install  real-time RH
Mixing — | failure due to blend segregation — CU humidity sensors/checks in | NAC | monitoring with alarms.
humidity lactose issues fluctuations protocol;  only | CEPT | Resp: Facilities
hygroscopicityC common in final ABLE | Engineering
ause: No room manufacturing flowability/weig | )
humidity ht tests
monitoring
during
blend/filling
Capsule Speed variation | 8 Weight deviation impacts CU | 6 Operator  machine | 5 Manual average | 240(U | Integrate automated
Filling — [— weight and dosage accuracy speed  adjustments mass checks at | NAC | checkweigher with
speed deviationCause: are common start/middle/end | CEPT | real-time speed
variation No automated only ABLE | correlation. Resp:
detection of ) Equipment Supplier
speed drifts
Capsule Power failure | 10 Power loss risks uncontrolled | 4 Power outages are |3 No post-failure | 120(U | Add power failure
Filling — |during product release, rare but possible inspection of | NAC | recovery procedure.
power fillingCause: No cross-contamination (OEB filled capsules CEPT | Verify backup power
failure power recovery 4/5) ABLE | systems. Resp:
testing in ) Maintenance

protocol
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Steps of | Problems and | E(1-10) | E Justification P(1-10) | P Justification D(1-10) | D Justification | RI Actions
manufactu | causes
ring
Containme | Filter integrity | 10 Dust escape — occupational | 5 Filters degrade over |2 Only blister | 100(U | Implement routine filter
nt — filter | failureCause: exposure and time or cleaning integrity test; no | NAC | integrity testing (pressure
integrity No routine filter cross-contamination cycles filter  pressure | CEPT | drop monitoring). Resp:
leak testing for drop/leak checks | ABLE | QA
OEB 4/5 )
Data Manual entry of | 7 Human error in data recording | 5 Operator 6 No automated | 210(U | Require electronic
Integrity — | critical impacts process control fatigue/miscommuni validation; only | NAC | logging. Implement
manual parameters; no cation common final batch | CEPT | ALCOA+ audit trail
entry audit trail in record review ABLE | review. Resp: Data
protocol ) Integrity Team




HopiBasinasa GLM Tecr 1 3 eTajionom
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[Iponosxkenus noa. K

Kpurepiii Eranon  (Bamigauiiinmii | Al (1anuii Tecr)
nopiBHsAHHA | axiBenb)
Oxorutennss | Blend wuniformity (water |Blend I Mixing mictuth pusuku, nos'szani 3 BU ta CU. Pagok humidity
CQA eranony | content, flowability), | — blend segregation — CU — HalOMMX4nid 7O €TAJIOHHOTO PUBUKY #1
dissolution, weight | (blend uniformity)
uniformity, CU, appearance
KirouoBe Preparation of blend —|GLM inentudikye humidity — lactose segregation — CU (RPN=270).
HaOmmxkeHHst |blend  uniformity/physical | [IpuanHHO-HACTIAKOBHIA JAHIIOT I ICHTUYIHHMA €TaJIOHY, ane
properties — RI=100 dbopmyroBaHHS pi3HE
SAxicTb Oo6rpyntyBanHs 0a3yerbest [GLM: 'Environmental humidity fluctuations common' — 3aranbHe.
oOTpyHTYyBaHb [Ha KOHKpeTHux (akrtax |Etamon: 'experimental data confirms but process not validated' —

(mporiec HE BaJIiJOBaHUMU,

XRD 3adikcoBano)

cnenudiyHe
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Kpurepii

NOPIBHSIHHSA

ETranon (BasmigamiMHUi

daxiBenn)

Al (maHu# TeCT)

3uayenus P

Tta D

E=4, P=5, D=5 nua blend
— RI=100; D=1-3 3aBasku

"assauM [PC

E=9, P=6, D=5 — RPN=270. D=5 (6e3 checkweigher) Ommx4e a0

€TaJIOHHOTO Miaxoay, Hixk D=8-9 nmonepenHix TecTiB

TeunmeHisg vs
Qwen3-14B
Tect 5

GLM Ha ToMy X MPOMITI TeHepy€e OMmK4mii 10 (HOKYCy €TalloHy PU3HK:
humidity—CU Bignosigae morimi blend uniformity eranony. Ilepie

peanbne HabmmkeHHs 10 CQA-dokycy
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JIOIATOK 1
Taonuus 3.8 —- FMEA GLM 4.6v Flash, Tect 2 (R&D Risk Alignment)
Steps of | Problems and causes E(1-10) | E Justification P(1- | P Justification D(1 | D Justification RI Actions
manufacturin 10) -10)
g
Blend Hygroscopic APIl/excipients; | 9 Hygroscopic 6 Likely due to|7 No RH verification in |378(U | Implement real-time
Preparation — | no humidity monitoring in APl/excipients; protocol powder  handling protocol; manual | NACC | humidity sensors in
Moisture protocol — risk of lacks RH monitoring — and environmental checks insufficient EPTA | blend/filling areas
Control degradation/sticking degradation/sticking variability BLE) |with alarms. Update
protocol
Blend Verification  missing  for |5 R&D rates Dissolution | 4 Moderate; 7 CPP defined in | 140(U | Add process
Preparation — | Trituration/Blend mixing in blending as 'High' — equipment may technology  but no | NACC | parameter verification
Mixing parameters parameter deviation drift without sampling plan to verify | EPTA | checks via equipment
Time/Speed could impact quality verification during validation runs | BLE) | logs or direct
measurement
Capsule Filling [ Manual IPCs without Audit |9 Data integrity is critical | 5 Typical  operator | 6 Manual weight/CU tests | 270(U | Mandate weekly
— Manual | Trail reviewCause: Manual per GMP;  manual error  or  data lack audit trail review | NACC | review of manual IPC
IPCs No Audit | weight checks and CU tests entries prone to falsification risk in — no  automated | EPTA |logs by QA.
Trail lack audit trail requirement errors/manipulation high-volume detection of anomalies |BLE) [Implement electronic
processes data capture

Capsule Filling | Power loss during filling; no | 8 Power loss could lead to | 5 Common utility | 7 No power failure [280(U | Add 'Power Failure
— Utility | recovery test — unknown unaccounted HPAPI interruptions in recovery test — |NACC | Recovery' test to
Failure product status material release; OEB manufacturing unknown impact on [ EPTA | protocol: simulate
(Power) 4/5 risk environments product status BLE) | outage, document
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Steps of | Problems and causes E(1-10) |E Justification P(1- | P Justification D( | D Justification RI Actions
manufacturin 10) -10)
g

product handling

procedure
Lubrication Temperature  control  not | 4 R&D rates lubrication | 3 If equipment | 6 No temperature | 72(AL | Add temperature
Step — | monitored; no thermal Dissolution as 'Low' but controlled, monitoring; logs do not | ARP) | sensors to lubrication
Temperature monitoring in specification heat could affect API temperature spikes capture thermal blender; include
Control stability may occur during excursions pre/post-mixing

mixing temperature checks

Blend Reduced sampling for small | 6 R&D rates CU in|4 Small batches | 5 Sampling plan includes [ 120(U | Maintain full 10-point
Uniformity batches; scale effects may blending as 'High' — common; may have specific points for small | NACC | sampling for all blend
Sampling — | cause higher RSD undersampling may higher RSD due to batches; deviations | EPTA | sizes; retain original
Small Batches miss variability scale effects detectable via QC BLE) [ sampling frequency




HopiBasinasa GLM Tecr 2 3 eTajioHOM
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[Iponosxenus nox. 1

Kpurepiii

NOPIBHSIHHSA

Eranon (Baninauiiinuii gpaxiseunb)

Al (1aHui TeCT)

Bigmosigaicte CQA

Blend uniformity/water content —

Blend Preparation — Moisture Control (RPN=378) +

blend uniformity RI=100 (E=4, P=5, D=5) Mixing Time/Speed (RPN=140) pa3zom OXOILTIOIOThH
o0Ou/IBa aCMIEKTH €TaJIOHHOTO PU3UKY #1
Judepenmiartis P=5 nnsa 2.5 mr udepe3 texnosoriuny | Blend Uniformity Sampling BinzHauae Bumuit RSD

CKJIaJIHOCT1 MPOLIECY

CKJIAIHICTh HAIIOBHEHHS

IUIsL MajuxX cepii — 4YacTKOBa aHajorisa, aie 0e3

MPUB'SI3KU 0 KOHKPETHUX JI03YBaHb

R&D Risk Alignment

BIAIIOBIIHICTH

€TaJIOHy

E crabimpno 4; P=2-5 3amexxHO Bif

CTaTycy BaJsijamii

R&D High—E=5-7; Low—E=4: Ommwxue no0

etanoHHoi E=4, Hix nonepeani tectu ae E=8-10

Hosuit pusuk Blend

Uniformity Sampling

BincyTHiit sik okpemuit psaox

InenTudikarmis CTaTUCTHYHOIT HEAJEKBATHOCTI

BII0OpY MNpoO0 — IIHHUKA HOBUW AaCHEKT, IO

BIJINOBIJIA€ TyXy €TAJIOHHOTO M1IX0ITy




Kpurepiii

NOPIBHSIHHSA

Eranon (Baninaniiinuii gpaxiseun)

Al (maHui TecT)

Teunenuis vs GLM

Tect 1

R&D Risk Alignment 3um3uB E mrs  menHm
kputnyHux pusukiB (lubrication E=4) — 6nuxue no
eraJlonHoi Jiorikn. RPN=378 mma Bosorocri

BiIoOpakae peaibHUM TIPIOPUTET O€3MEeKH TPOTYKTY

88
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JIOIATOK K
Taonuus 3.9 — FMEA GLM 4.6v Flash, Tect 3 (6e3 mpoToko.1y, HOpMaTHBHA 0a3a)
Steps of | Problems and | E(1-10) E Justification P(1-10) | P Justification D(1-10) | D Justification RI Actions
manufacturin | causes
g
Trituration & | Inadequate 8 High risk to CU |5 Moderate likelihood if |6 Sampling plan includes | 240(UNA | Develop SOP
Blend I | mixing (CQA rated 'High' parameters not strictly BU testing but may miss | CCEPTAB | with  real-time
Mixing time/speed — by R&D) monitored real-time monitoring LE) mixing
poor content speed/time
uniformity of monitoring; QA
API review of
blending logs
Lubricated Over-lubrication |7 High risk to|5 Process parameters | 6 In-process  dissolution | 210(UNA | Add in-line PAT
Blend — | or segregation — Dissolution (CQA defined but not verified test on blend but limited | CCEPTAB | for lubricant
dissolution dissolution rated 'High') during PQ sampling frequency LE) level;  increase
profile affected blend dissolution
sampling
frequency
Capsule Manual  speed | 5 Medium risk to | 6 Historical — micro-stops | 5 Manual checkweighing; | 150(UNA | Implement
Filling Speed | changes - Capsule  Weight affect consistent audit trail compliance | CCEPTAB | automated
Variation weight deviation (CQA rated operation required but may lack | LE) weight
beyond spec 'Medium") review checkweigher or
enhanced manual
verification with
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Steps of | Problems and | E(1-10) E Justification P(1-10) | P Justification D(1-10) | D Justification RI Actions
manufacturin | causes
g
electronic
logging
Packaging Micro-stops  in | 10 Critical 7 Frequent micro-stop |2 Visual inspection only; | 140(UNA | Conduct
Blister blister foil — containment events historically on no automated detection | CCEPTAB | SMEPAC test on
Integrity ~ — | dust breach for OEB this line or leak testing LE) blister  sealing;
micro-stops generation/HPAP 4/5 (Containment implement
I exposure Override) real-time Dblister
defect
monitoring
Power Failure | Unexpected 9 High risk to|4 Facility has backup |1 No protocol for | 144(UNA | Develop power
During Filling | power outage — product quality systems but occasional recovery testing or | CCEPTAB | failure SOP with
product  status and safety outages possible product segregation | LE) immediate
unknown post-failure stoppage and
product
hold/analysis
Blending Inadequate RH | 8 Medium-High risk | 5 Facility may not have |4 RH sensors present but | I6O(UNA | Install real-time
Humidity monitoring ~ — due to hygroscopic strict RH control for dry not included in | CCEPTAB | RH monitoring
Control API moisture excipients blending sampling plan LE) with alarms;
uptake or lactose affecting integrate into
caking flowability and CU environmental
monitoring

system




HopiBasinasa GLM Tecr 3 3 eTajioHoM
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[Iponosxkenus noa. K

Kpurepiii Eranon (Bamimauiiinmid | Al (nanuit Tecr)
NOPIBHSIHHSA (paxiBennp)
Oxomnenns  CQA |Blend uniformity, physical | Tect 3 oxommoe: BU/CU (Trituration & Blend I), dissolution
eTaJIoHy properties, dissolution, | (Lubricated Blend), weight (Capsule Filling Speed), humidity—BU
weight uniformity, CU (Blending RH). 4 3 5 CQA-kareropiii eTasioHy NpUCyTHI y TIEBHIH
dbopmi
Dissolution — [ Non-conformance of | Lubricated Blend — dissolution: E=7, P=5, D=6, RPN=210. Tou
HaNOIMKIe dissolution: E=4, P=4-5,|cammii CQA, ane E Bumuii (6e3 ooMexxenns mo R&D) ta D Bummii
HaOJIKCHHS D=3, RI=48-60 (6e3 mocunanus Ha HasiBHUI [PC dissolution test)
Weight uniformity | Non-conformance of | Capsule Filling Speed Variation: E=5, P=6, D=5, RPN=150. E ta D
— HaONMKEeHHS weight uniformity: E=4,|06muxde 10 eTanoHy, HIX y MONEPEIHIX TECTaX
P=4-5, D=3, RI=48-60
[Tigxin qo D D=3 3aBasiku | D=4-6 6e3 siBHOrO nmocuiaHHs Ha HasiBHI [PC-tiporienypu. OcHoBHa
KOHKPETHOMY IPC | po30ixknicTh: ¢axiBenb 3Hae, 1o I[PC icHyrorp; Al TiTbKH

MIPUITYCKAE
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Kpurepiii

NOPIBHSIHHSA

Eranon (BamipamiiiHui

daxiBenn)

Al (maHu# TeCT)

dissolution test ta IPC

weight

Tenneutua vs GLM
Tect 2

Haiibinpe HabnuxeHHs: 10 CQA-0XOIJIEHHS €TAJIOHY Y BCii cepii
GLM 4.6v Flash. 4 CQA-kareropii ineHTu(dikoBani. YCyHEHHS

MIPOTOKOJIY TMapalOKCAIbHO HAOIMU3UIIO aHAII3 J0 TEXHOJOTTYHOTO

(okycy
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JIOIATOK JI
Taoauus 3.10 — FMEA Qwen3-30B, Tecr 4
Steps  of | Problems and causes E(1-10) E Justification P(1-10) | P Justification D(1-1 | D Justification RI Actions
manufactu 0)
ring
Trituration |Inadequate API-lactose | 9 CU failure — incorrect |3 Development 5 CU testing on | 135(UNACC | Validate
mixing — poor blend dosing. Serious patient validates trituration trituration blend — |EPTABLE) | mixing
uniformityCause: safety issue. Critical up to ...kg; largest standard IPC  that time/speed for
Insufficient mixing quality failure. batch may be would detect uniformity largest  batch.
time/speed for large borderline issues Implement CU
batches testing on
trituration
before Blend I
Blend I Inconsistent blend | 9 Poor BU — CU failures | 3 35-min time | 5 CU testing standard for | 135(UNACC | Validate
uniformity — CU across batch — incorrect validated for Blend I; would detect | EPTABLE) | mixing time for
failureCause: Insufficient dosing for patients smaller batches; issues before largest  batch.
mixing time for large largest may require lubrication Implement CU
batches more. Historical testing on
data consistent Blend I before
lubrication
Lubricated |Inadequate lubrication — | 8 Poor lubrication — CU |3 3-min lubrication | 4 Blend flowability and | 96(ALARP) | Validate
Blend poor  flowability and failures and  capsule time validated for CU testing performed; lubrication
CUCause: Short filling issues. smaller batches; would detect issues time for largest
lubrication time for large Over-lubrication — may be insufficient batch.
batches for largest Implement
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Steps  of | Problems and causes E(1-10) E Justification P(1-10) | P Justification D(1-1 | D Justification RI Actions
manufactu 0)
ring
delayed dissolution — flowability
recall testing on
lubricated
blend
Capsule Capsule weight variation | 8 Weight variation — CU |2 Development shows | 3 In-process weight [ 48(ACCEPT | Implement
Filling beyond limitsCause: failures —  incorrect minimal filling checks regularly | ED) continuous
(Dosator) | Inconsistent dosator dosing. Batch rejection or speed impact on performed; detects in-process
filling  for  extreme recall risk. weight. 2-3% weight variation before weight
strengths deviation << 7.5% completion monitoring.
limit Validate
machine
parameters for
all strengths
Capsule Capsule  bridging in |7 Bridging — inconsistent | 2 Development shows | 3 Visual inspection and [42(ACCEPT | Continuous
Filling hopper — inconsistent filling — weight and CU no bridging issues. monitoring of filling | ED) flowability
(Dosator) | fillingCause: Poor failures. Batch rejection Blend flowability rate detects bridging monitoring.
flowability of blend or recall. sufficient to prevent Validate blend
bridging. flowability for
all strengths
Capsule Capsule appearance | 4 Cosmetic  defect — |2 Development shows | 2 100% visual inspection | I6(ACCEPT | 100%  visual
Filling defects (dust, cracks, patient rejection but no minimal appearance required ED) inspection  for
(Dosator) | holes)Cause: ~ Machine safety or efficacy impact defects; process all  capsules.

well-controlled

Preventive
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Steps  of | Problems and causes E(1-10) E Justification P(1-10) | P Justification D(1-1 | D Justification Actions
manufactu 0)
ring
wear or improper maintenance
parameter settings schedule




Ta6auns 3.11 - FMEA GLM 4.7 Flash, Tect 3
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[Iponosxkenus goxu. JI

Steps of | Problems and causes E(1-10 | E Justification P(1-10) | P Justification D(1-10) | D Justification |RI Actions
manufacturi )
ng
Weighing & | Non-conformance of weight |9 Low dose API|2 Standardized 5 Weight check of [ 90(AL | Calibration of balances. SOP
Sieving uniformityCause: Incorrect (7.54%) — small weighing and raw materials | ARP) |adherence. Weight check of
weighing of APl  or absolute error — calibration (IPC) raw materials
excipients (calibration drift, significant % usually  prevent
operator error) deviation — patient this
dosing risk
Trituration Non-conformance of blend |9 API is active | 3 Simple  process | 5 Blend CU test|135(U |Monitor Speed and Time.
(API + [ uniformity (CU component, uneven but low dose before NACC | Blend CU testing
Lactose) failure)Cause: Incomplete distribution — high requires strict lubrication EPTA
mixing of API with lactose RSD in CU parameter BLE)
adherence
Blend I Segregation 8 Segregation — |4 High risk due to |5 Blend CU test|160(U |Sieving of all materials.
(Density/Flowability)Cause: weight variation and density before NACC | Minimize transfer steps.
Density  differences  and CU failure differences  and lubrication EPTA | Blend CU testing
multiple transfer steps cause multiple transfers BLE)
stratification
Lubrication Non-conformance of | 7 Slows 3 Historical  data |5 Dissolution test | 105(U | Strict Time and Speed limits.
dissolution (Delayed disintegration/dissolu showed no impact (QO) NACC | Dissolution testing

release)Cause:

tion —  potential

at ...min but risk




97

Steps of | Problems and causes E(1-10 | E Justification P(1-10) | P Justification D(1-10) | D Justification |RI Actions
manufacturi )
ng
Over-lubrication — MgSt bioavailability increases with EPTA
coats particles — reduced reduction time BLE)
wettability
Capsule Non-conformance of weight | 6 Out-of-spec  weight; | 4 Flowability 5 Weight check of [ 120(U | Monitor Blend Flowability.
Filling uniformityCause: usually recoverable critical;  s/100g capsules (IPC) NACC | Machine maintenance.
Inconsistent ~ dosator  fill by re-weighing must be EPTA | Weight check of capsules
(bridging) or machine controlled BLE)
vibration
Capsule Non-conformance of content |9 Directly impacts | 3 Low dose API|S5 Capsule CU test | 135(U | Hopper design. Monitor
Filling uniformityCause: patient dose sensitive to NACC | Height of uncompacted
Segregation in hopper or hopper EPTA | mass. CU testing
overfilling — hard powder segregation BLE)
compaction
Capsule Physical Defect: | 4 Cosmetic defect; no | 2 Standardized 5 Visual inspection | 40(AC | Monitor Height of
Filling Cracks/HolesCause: safety impact unless parameters (IPC) CEPT |uncompacted mass. Visual
Overfilling —  excessive shell integrity usually  prevent ED) inspection

pressure on capsule shell

compromised

this
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[Iponosxkenus goxu. JI

HopiBusanusa Qwen3-30B Tect 4 + GLM 4.7 Tect 3 3 eTa10HOM (CHijIbHE MOPiBHAHHSA)

Kpurepiii Eranon (Bajainauniiinuii ¢paxisensp) Al (nanmii Tecr)

NOpPiBHSIHHS

Oxomnennst CQA |5 CQA-kareropiii: BU/water content, | Qwen3-30B T4 oxorumoe: BU (Trituration/Blend 1), physical properties
physical properties, appearance, | (flowability/lubrication), dissolution (lubricated blend), weight uniformity, CU,
disintegration,  dissolution, = weight | appearance. GLM 4.7 T3: BU, CU, dissolution, weight uniformity, appearance +
uniformity, CU CU segregation. HainoBHiIe moKpUTTs y TOCITIKSHH1

@®opmymoBanHsa |'Non-conformance of X' blend  GLM 4.7 T3 BuxopuctoBye 'Non-conformance of X' — [JEHTUYHE

Failure Mode uniformity, dissolution, weight | popmymoBanns 3 eranonom! IloBHuit 36ir crpykrypu Failure Mode
uniformity, CU, appearance

3nauenns E E=4 crabinpHo (mkana 1-5). Jlorika: | E=6-9 (mkana 1-10). IIpu mepepaxynky: E=4/5 etanony ~ E=8-10 3a mkanoro
'MOXKE 3aB/IaTH LIKOJU MaLli€HTY' 1-10. Tect 4 Qwen ta GLM 4.7 T3: E=7-9 ana CU/dissolution — sKicHO

BiJIMIOBITAFOTH €TAJIOHY
3HaueHHs P P=4-5: 'mpouec He BamimoBanuii + €|Qwen3-30B T4: P=2-3 (STRICT EXCLUSIONS + validated basis). GLM 4.7 T3:

eKCIepUMEeHTaJbHI 1aHi'

P=2-4. Hwxui 3a eTaloH — aje MEeTONOJOTIYHO KOPEKTHIII JAns 'BiKe

BaJIiJOBAHOTO POAYKTY'

3uaueHus D

D=1-3: xounkpetHni IPC-npouienypu QS

(D=1 gna appearance, D=3 nusa

dissolution)

Qwen3-30B T4: D=2-5; GLM 4.7 T3: D=5. D=5 (routine IPC sampling)

BiJiMoBi1ae eTaJoHHOMY D=3 sikicHO — B 000X BuMajkax 'e crangaptauii [PC'
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Kpurepiii Eranon (Bajinaniiinuii ¢paxiBensp) Al (nanuii Tecr)

NOPIBHAHHA

Hudepenmiamiss | Oxpemi psaxu s 2.5/5/.../25 mr. P=5 | Bincytnsa. Opmnak Qwen3-30B T4 wmictuth npumiTKy 'extreme strengths' —

3a I03yBaHHSM A 2.5 Mr po3ymiHHs 0e3 sBHOT nudepeHniiamii
3aranabpHa Eranon — 100% BianoBigHOCTI Qwen3-30B T4 + GLM 4.7 T3: ~70-75% 36iry 3a CQA-oxomneHHsM 1 ~60% 30iry
CXOXICTh 3 3a JIOTiKOI0 OOTpyHTyBaHb. HaliBUIINT MOKA3HUK Y JOCIIIKEHH]

€TaJIOHOM
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JIOJATOK M
Ta6amus 3.12 - FMEA GPT-OSS, Tecr 1
Steps of | Problems and [E(1 | E P(1-10) P Justification D(1-10) D Justification RI Actions
manufacturing causes -10) | Justification
Weighing & | Dust generation | 10 | Containment |6 Frequent handling | 10 No dust monitoring | 600(UNACC | Implement
Mixing — API | during manual breach & manual weighing or containment test in | EPTABLE) closed-system
weighing weighing of unacceptable increase dust risk protocol weighers and
high-potency for OEB 4/5 HEPA-filtered
APICause: (Severity extraction.  Update
Inadequate Override) SOP. Assign
containment — Engineering/QA
airborne
contamination and
exposure
Blending Mixing speed/time |9 High risk to |4 Variation in manual | 9 Protocol lacks | 324(UNACC | Add continuous
(Trituration & |not recorded or CQA 'content operation and real-time monitoring | EPTABLE) logging of blender
Blend I) monitored — poor uniformity’ equipment wear of speed/time speed &  time.
content uniformity (Initial Include BU
assessment: sampling after each
High) step. QA  review
during PPQ
Lubricated Blend |No monitoring of |9 High impact | 4 Manual mixing can |9 Protocol does not | 324(UNACC | Record MgSt
MgSt addition (time, on CU & vary; lubricant capture this | EPTABLE) addition
amount) — affects dissolution distribution critical parameter time/amount in SOP.
(Initial Periodic blend flow
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Steps of | Problems and [E(1 | E P(1-10) P Justification D(1-10) D Justification RI Actions
manufacturing causes -10) | Justification
flow and capsule assessment: tests. Assign Process
weight High) Engineer
Capsule Filling Manual capsule | 6 Medium 6 Human factor error | 8 Lack of audit trail; | 288(UNACC | Implement electronic
weight check, no severity rate.  ~3-5% in detection only during | EPTABLE) weight recording
electronic data (Initial manual weighing QC review with audit trail. Train
capture - assessment: operators on
ALCOA+ violation Medium for ALCOA+. Data
capsule integrity checks in
weight) SOP
Packaging & | Visual blister check [ 10 | Containment |7 Shared equipment, | 10 No quantitative seal | 700(UNACC | Validate blister seals
Blister Integrity only; no seal/filter breach frequent test in protocol EPTABLE) with  pressure-test
integrity test — dust unacceptable micro-stops and leak detection.
escape HPAPI (Severity increase failure Incorporate into
Override) probability PPQ. Routine seal

tests by QC




IHopiBusinasa GPT-OSS 3 eTajioHom
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[Iponosxenus non. M

Kpurepiit Eranon Al (nanuii Tecr)
NOPIiBHSIHHSA (BagipamiiHui
(daxisenp)
CQA-oxomnenns | BU, dissolution, | Blending oxorumoe CU Tta dissolution wactkoBo. Capsule Filling — weight (uepes

VS €TaJIOH weight uniformity, CU | ALCOA-pu3uk). Ane 2 3 5 psaakiB — safety/containment (Severity Override), 1o
— BCI K | BIZICYTHI B €TaJIOHI
significant/high risk

CucremarnyHa D=1-3 3apasku | D=8-10 cucremarnuno. D=10 mns blending — nepeamnictiuuno (crangaptauii [PC icuye).

npobiema D HasIBHUM D=10 nns packaging — o6rpynToBaHo. Lle € Ki110490BOI0 pO30IXKHICTIO 3 €TATOHOM
[PC-nponienypam

3nayenuss RPN RI=20-100 (mkama | RPN=288-700. HaiiBumii 3HaueHHs y gociimkeHHl. RPN=700 mus blister integrity —
1-5) epext D=10xE=10xP=7

[opiBHsIHO 3 | ~70-75% wnabmmxenns | ~40-50% nadbmmxenns. GPT-OSS BinBonikaeThest Ha containment/safety 6e3 moBepHEeHHS

GLM 4.7 Tect3 |mo  CQA-oxoruenHs | 1o texnonoriaanx CQA
eTaJIoHy

Tenpenuis — GPT-OSS na Tomy »x mpomnti mo i GLM 4.6v Flash T3 nae menm BiamoBimHuit

pesynbrar depe3 D-indusamito Ta dokyc Ha HPAPI safety. IligrBepmkye: momens >

MIPOMIT JIJIS LILOTO PiBHS KOHTEKCTY
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JIOJATOK H

Ta6muus 3.13 — Y3arajabHeHa TeHAeHIIA HAOJIUKEHHS 10 €TAJIOHY

Tecr Moneas /1 CQA Tennenuis KirouoBa npu4uHa 3MiHH

IIpomnT-Bepc | OXONMJICHHS

ist 395)
Tecr Base +11-235 | Ayxe nanexo BiacyTHs TeXHOJIOTIS; JIMIIIE KPUTEP1T TPOTOKOITY
1(Qwen3-14B |Reverse
) Engineering
Tect + Auditor (235 1 Hesnaune | 3'sBunnace cranis blend; ane dokyc na CPP, ne
2(Qwen3-14B |Mode STEP MOKPaLIECHHS CQA
) 1-3
Tecr + 235 — bes 3minu CQA | Dev.Report gomano, ane pusuku — Instrument
3(Qwen3-14B |Triangulation Failure, ne CQA
) STEP 1-4
Tect + Severity |2-33 5 | Binxunennsi(HPA | Severity Override BiaBiB aHaii3 a0 safety systems
4-5(Qwen3-1 |Override+ PI focus)

4B)
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Tect

Mopenab /
IIpomnT-Bepc

i

CQA
OXOIIJICHHA

(€)

TeHaeHIisA

KirouoBa npuunHa 3MiHU

Constraints

A/B/C

GLM
T1(model

4.6v

swap)

Tou caMuil

IPOMIT

335

1 Ilepumit mpopus

GLM xpame iarerpye Dev.Report: humidity—CU

GLM 4.6v T2

+ R&D Risk
Alignment+
Criticality

Override

3435

1 I[lokpameHnHs

R&D Risk Alignment 3uuxye E-indumsmito; E

OJIIKYE 10 €TaJIOHy

GLM 4.6v T3

bes
IIPOTOKOJTY +
HOPMAaTHUBHI

JTOKYMEHTH

435

i

MTOKPAIICHHS

CyTtreBe

BiacyTHICTh TPOTOKOITY — TEXHOJOTTYHUHN (HOKYC
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Tect Mopean /| CQA TeHaeHIisA KirouoBa npuunHa 3MiHU
IIpomnT-Bepc | 0OXOMICHHSA
in 395)
Qwen3-30B | STRICT 3435 1 Ilokpamennss P | Peanmictuuni P, ane E 3anuxena 6e3 ABS E rule
T2-3(STRICT | EXCLUSION
+physical) S+  physical
focus
Qwen3-30B | +Effect is[535 % % Haiiommxkunii | ABS _E + STRICT = peanictuuni P + kopekthi E
T4% Absolute Rule
Haiixpanmit
GLM 4.7 T2 |STRICT +14-535 % Habmmwxenus [neHTruHUN TPOMIIT — O1TBIIIA TPAHYIISPHICTD
ABS E rule
GLM 4.7 |+CQA-mpukn |53 5 * % "Non-conformance of X' = ¢popmar eranony
T3% aauy InentuunedopmyI1
Harikpammi Instructions FOBaHHS
GPT-OSS GLM 4.6v T3 (335 D-induisiiis D=10 cucremaruuno; safety-bias BinBiB Big CQA
T1(model prompt

swap)
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ITpumiTka: Y % T03HAYAE TECTH 3 HAMBUIIMM PiBHEM HaOmmkeHHsS 10 etajgony (70—75% 3a CQA-oxomieHHsM Ta 60%
y

3a JIOT1KOIO OOTpyHTYBaHb). TeHaeH g 171 Bi1oOpakae HAMOUIBIINI OJUHUYHUM MPUPICT MK MOCITIJOBHUMHU TECT
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