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Koctiok HO.B. IHdopmamiiiHO-iIHTEIEKTyallbHA CHUCTEMa OIIHKUA Ta
IIPOTHO3YBaHHS SKOCTI Xap4yoBoi npoaykuii. — KBamidikariiina HaykoBa poOoTa Ha
paBax pyKOIHCY.

Jucepraillist Ha 3100yTTS HAYKOBOT'O CTYIEHs JOKTopa ¢imocodii B ramysi
3HaHb «[H(popMaIliiiHi TexHONOTI» 3a cnemianbHicTio 122 « KoM toTepHi HayKu».
JlepkaBHMI TOProBeIbHO-CKOHOMIUYHUM YHIBepcuTeT, Kuis, 2023.

Jucepraiiisi € KOMIJIEKCHUM JOCTIIKEHHIM 3 pO3pOOKH, aHaTi3y, OLIIHKU Ta
3aCTOCYBaHHA IHPOPMALIHHO-THTENEKTYaJIbHOI CUCTEMH OLIIHKU Ta TPOTHO3yBaHHS
SIKOCT1 Xap4oBOi MPOAYKITIT.

AKTyallbHICTh TE€MH JOCHI/DKEHHS 3yMOBIEHa THM (aKTOpoOM, IIIO
VOPABIIHHSA SKICTIO BUPOOHHUIITBA XapyoBOI TMPOAYKINi BHUMAarae po3poOKu
KOMILJIEKCHOI 1H(QOpMAaIiHHO-THTEIEKTyaIbHOI CHUCTEMHU, SIKa TPYHTYEThCA Ha
MOJICJIIOBaHH1 1H(OpPMALIMHUX MOTOKIB BHPOOHHYOIO IMPOLECY, 3aCTOCYBaHHI
e(eKTUBHUX METO/IIB MATPUMKH MIPUIHATTS pillleHb, OCHOBHUX METOaX OI[IHKU Ta
MPOTHO3YBaHHS IMOKAa3HUKIB SKOCTI MPOMAYKILIi, 110 NpHU3BEIE O IiABUILICHHS
SIKOCT1 TIPOTYKITIi.

CyvacHuil po3BUTOK ITM(POBOrO CBITY MIJABUIILYE BUMOTU J0 TOOYHAOBH
1H(}OpMAaIITHUX CUCTEM JJI1 MOHITOPUHTY, OLIHKH, IPOTHO3YBAaHHS Ta MiATPUMKH
MPUIHATTS PIillICHb HA MIAMPUEMCTBAX, sIKI € BAPOOHUKAMH MPOAYKIii a00 TOBapiB
3araJlbHOTO BXHUTKY. Taki BUKIMKKA TOTPeOYIOTh BHUKOPHUCTAHHS CYYacHHX
IHHOBAIIMHUX MIAXOAIB 1IOA0 NoOYya0BU 1H(OpPMALIMHUX CHUCTEM, BKIIHOYAIOUH
BUKOPHUCTAHHS €JIEMEHTIB IITY4YHOI'O 1HTENIEKTY, a came 0a3 3HaHb Ta HEMPOHHUX
Mepex. [HpopmarliiiHo-1HTeNeKTyallbHI CUCTEMU 37aTH1 3a0e3MeYnTH ePEeKTUBHY Ta
MOTYXHY MIATPUMKY IOJAO0 TPUHHSITTS PIlIeHb, SKa HE BIJICTIIKOBYETHCS B
TpaJAUIITHUX 1HPOPMAIIITHIX CUCTEMAX.

[HdopmalliitHO-IHTENIEKTyalbHl ~ CUCTEMHM  BKJIIOYAIOTh PI3HI  aCHEKTH
nmporpamMHoro 3abe3nedeHHs, O0JaJlHaHHS Ta MAacCWUBU JaHUX IS 3a0e3medeHHs

HNIATPUMKA OPUUHSTTS PIIIEHHS HAa OCHOBI IHTENEKTYyaJbHOTO aHaJI3y JaHUX.



[HTenexkTyanbHUN aHammi3 JaHUX TMOEAHYE METOJIM CTATUCTUYHOIO Ta IITYYHOTO
IHTEJIEKTY 3 METOI0 OTPUMaHHS HOBUX 3HAHb T4 BCTAHOBJICHHS 3aKOHOMIPHOCTEH B
yMOBaxX HEBHU3HAYCHOCTI iH(GOpMaIIii.

Jlns Bizyamizamii apXiTeKTypH KOMIIOHEHTIB Ta MOAYMIIB iH(OpMaIiitHO-
IHTEIEKTYaJIbHOI CHCTEMH BUKOPUCTOBYETHCS CLIEHAPHO-IILITLOBUHM aHalli3 HAa OCHOBI
rpadoBux Ta mporpadoBux MoaeNeH, M0 BiJoOpakaroTh Ta IETaIi3yI0OTh OCHOBHI
1111, (GAaKTOpU BIUIMBY HA CTPYKTYPY MOJEII, Onepalii Ta MiXKoIepalliiiHi 3B’ A3Ku.
ToOto, iHTErpoBaHa iHPOPMaIIMHO-1HTEIEKTyaIbHA CUCTEMA TTOEIHYE B COO1 Pi3HI
MIJICUCTEMH, SIKI MOCTIMHO B3a€EMOJIIIOTh MIXK COOOI0, BIUIMBAIOTH HA 3arajbHy
edeKTUBHICTh 1H(POPMAIIIMHOI CUCTEMH Ta CHPSIMOBaHI Ha 3a0€3MEUYeHHsS SKOCTI
MIPOIYKIIIi.

[HpopMaLiitHO-IHTENEKTYyalbHl CUCTEMU AKTUBHO BUKOPUCTOBYIOTHCS MJIA
3a0€3MEeUCHHS SIKOCTI BUPOOHWYHUX TMPOIIECIB Ta MPOAYKIIT IUISIXOM IHTErparii
¢GyHKL1 0OOMIHY 3HAHHSIMU, OB S3aHUMHU 3 MOKAa3HUKAMH SIKOCTI MPOAYKIIi, 3
METOI0 3a0e3MeYeHHs] iX aBTOHOMHOCTI 3a JOIMOMOTrOI0 €JIEMEHTIB IITYYHOTIO
iHTenekTy. CTBOPEHHS TaKMX CUCTEM BUMArae o€ HaHHs HOBITHIX 1H(QOpMaIIHHUX
Ta IHTEJICKTYaJIbHUX TEXHOJIOT1H, XMapHUX 00UYHCIICHb, AHATITUKYA BEJIUKUX JTAHUX.
30kpeMa, 1€ BKIIOYAE BHUKOPHUCTAaHHS MOJJIMBOCTEM iHTerpaii JaHux
1H(pOpMAaIIHUX CUCTEM, NPUUHATTS pIlIeHb Ta 3/IaTHICTh pearyBaTH Ha HasBHI
CUTYallii, IPEICTABJICHHS PE3yJbTaTIiB uepe3 IH(POopMalliiiHi TaHesl Ta IHTEPaKTUBHI
Bi3yaJIbHI MaHENl, a TAKOK BUKOPUCTAHHS IHTEJIEKTYaAIbHIUX CECHCOPHUX TEXHOJIOTIH.
[HTErpOoBaHl CUCTEMHM, TMPOBOASYM IHTENEKTyaJIbHMM aHaimi3 JaHuX Ta
BUKOPHUCTOBYIOUM TEXHOJIOTIi IITYYHOTO IHTEJEKTY, JO3BOJIAIOTH PO3YyMITH Ta
MIPOTHO3YBATH PI3HOTO POy CUTYAITii.

OpHi€lo 13 BaXJIMBUX XapaKTEPUCTUK 1HPOPMALIMHO-IHTENEKTYaIbHUX
CUCTEM OIIIHKA Ta TMPOTHO3YBAaHHA SKOCTI TMPOIAYKIIi € 3a0e3NeyeHHs
1H(pOpMAaIITHUX TOTOKIB MIX iX CKJIaJOBHUMH, a TAKOX BHUSBICHHS MOMXJIMBUX

nedekTiB 1e A0 MoyYarky mnporecy. ToMy Jeski KOMIOHEHTH iHdopMalliiiHo-



IHTEICKTYyaJIbHOI CHCTEMH MOXXYTh BUKOPHUCTOBYBATH CTAaTUCTUYHI METOAM
VOPABIIHHS JJIS BUSBJICHHS aHOMaliil Ha eTaml iX MOXJIMBOTO BHUHUKHEHHS,
MOKpAIIyI0ur TUM CaMUM €(EKTUBHICTh YIpaBiIiHHS SKicTi0. DopMyBaHHS 3HAHB-
JaHUX dYepe3 CUCTEMH 300py JaHUX JO03BOJIsE€ aHalli3yBaTW Ta Bi3yalli3yBaTu
iH(opMaIlil0o B pEeXHUMI pealbHOTO dYacy, 10 30uIbllye €()EeKTUBHICTH MPOIECY
OPUMHATTS PIILICHb.

[HdopmarriitHo-1HTENEeKTyalbHa CUCTEMa OI[IHKM Ta MPOTHO3YBaHHS SIKOCTI
MPOAYKINi MOBWHHA BIJAMOBIAATH BUMOTaM Ta HaJaBaTH IOCTIMHE ITiIBUIICHHS
eexkTuBHOCTI  (QyHKI[IOHYBaHHA cucteMu B 1ijgomy. Illomo  acmekry
IHTEJIEKTyali3allli sSIKOCT1, BaKJIMBUM CTAa€ BUKOPUCTAHHA MiAXO/IB, IO 0a3yIOThCS
Ha 3HAHHSX, U1 CTBOPEHHS Ta eKCIUTyaTarlii CHCTEMHU Ha BIAMIHHY BiJ TpaaUIlIHHUX
niaxoaiB. BuHukae norpedba B MeTOAaX Ta METOJOJIOTISIX JUIsl OMUCY BUMOT OO
MalOyTHHOI CUCTEMH, OMUCY 3aJ[ITHUX €TaliB MPU MPOEKTYBAaHHI, BiJI0OpaKEHHS
MOCJIIJIOBHOCTI A1 MIDK CHCTEMaMH Pi3HUX PIBHIB BUPOOHHUYOrO MIAMPHEMCTBA.
MeTtononoris SysML n03BoJjsie aHani3yBaTH, KOHKPETU3YBATH 1 MPOEKTYBATH TakKl
CKJIAQJHI CUCTEMH 3 METOIO ITIABHUILEHHS X SIKOCTI.

[HpopmaliiiHi Ta KOMYHIKaLIHI TEXHOJIOT1] CTPIMKO PO3BUBAIOTHCS, XMapHI1
TEXHOJIOT1i CTalTh Bce OuIbIIe 3aTpeOyBaHUMH Ta JI03BOJISIIOTH IOEIHYBATH
(b13M4HMI Ta BIpTyaJIbHUI CBIT HA OCHOBI MMPOTPAMHOTO 3a0€3MEeYEHHS 13 BIAKPUTUM
BUXITHUM KojoM. Jlns po3poOku iHdopmaliiiHoi mnaHen 1HPOpMaliifHO-
IHTEJIEKTyaJIbHOI ~CHCTEMH OIIHKM Ta TIPOTHO3YBaHHS SAKOCTI MPOAYKIIT
Bukopuctano cepefopume NODE-RED i3 BigKpuTUM BUXIIHUM KOJOM.
[HdopmariiitHa maHenb MpeACTaBlieHa y BUTJISAI MamiOopay, SKUM CKIaIa€Thes 3
KOJICKIII Bi3yasi3allii €JIeMEHTIB [JIs TPEACTaBICHHS [aHUX TMPOIECy dYepes
iHTepdeiic kopuctypaua (UI).

[HdopMaIiitHOIO 6a3010 TOCTIKEHHSI CTAIM HOPMATUBHI MaTepiaiu, HAyKOBI

npaii Cy4yaCHUX BITUYM3HSHUX Ta 3aKOPJOHHUX HAYKOBIIB Ta MPAKTHUKIB, BUOIPKU



TexHoNoriuHuX AaHux TOB «l"alicHHCHKUN MOJIOKO3aBOI» IS MpoIiecy 30MBaHHS
BEPIIKIB Y MacJo 13 BMICTOM Bosiorocti 16 %, 20 %, 25 % .

BropoBamkennss crparerii  iHTerpamii iH(opMaIiitHO-1HTEIEeKTyaTbHUX
CHCTEM, SIKI B OCHOBI CBO€i (DyHKITIOHAJIBHOCTI 0a3ylOThCS HAa MPHUHIIMIIAX Ta
apXITEKTypl WITYYHUX HEUPOHHUX MEPESXK, y €IUHUM 1HPOpMAIIHHUA TPOCTIP
MIIIPUEMCTBA JTaI0Th MOXJIMBICTh JIOCATTH BHCOKOi SIKOCTI TPOMYKINi Ha
BUPOOHMYOMY MignpueMcTBi. Lleil minxix crnpsiMOBaHMN Ha JOCSTHEHHS HU3KH
TOJIOBHUX IIJIEH, BKIIIOUAIOYM TIJBUIIEHHS pPIBHSA €()EKTUBHOCTI BUPOOHUYMX
IpoleciB Ta 3a0€3MEYEeHHs CTANol Ta HAAIMHOI SIKOCTI MpPOAYKIi. IHTerparis
1H(}OpMaIIHHO-THTEIIEKTYyallbHUX CHUCTEM 3aCHOBaHA Ha 3aCTOCYBaHHI CyYaCHHX
METOJIB aHaji3y, 1IHTepHpeTalii Ta 0OpoOKH AaHUX, IO JO03BOJISE BUSBIATH Ta
aHai3yBaTU PI3HOMAHITHI ACMEKTH SKOCTI MPOAYKIIl B peanbHoMy yacl. LlTyuHi
HEHPOHHI MEPEXi, sIKI BUKOPUCTOBYIOTHCS B IIUX CHUCTEMaXx, Ha/1al0Thb MOKJIUBICTh
aBTOMATUYHOIO BHMBYEHHS Ta aJamnTauli 70 3MIH y BHPOOHHMYOMY CEpeIOBHUII],
BUKOPHCTOBYIOUM HaBYaHHS Ha OCHOBI JaHuX. llell HampsiMOK CIpsSIMOBaHUN Ha
MiJBUINICHHS €()EKTUBHOCTI BUPOOHUUYMX TMPOIECIB Ta 3a0e3MeUeHHs CTaO1IbHOT
AKOCTI TpoAykKuli. Takuil HampsMOK PpO3BHUTKY CHOPSIMOBAaHUM Ha JIOCATHEHHS
ONTUMAJIbHUX PpilIeHb Yy cdepi BUPOOHUIITBA, MAKCHUMI3YIOUM BHKOPUCTAHHS
peCypcCiB Ta MIHIMI3YIOUM MOXKJIMB1 PU3UKH BUHUKHEHHS J€(EKTIB YU BIAXUIIEHb B
AKOCTI MpoAyKiii. Takuii miaxia He Julle COpUsE MiIBUILEHHIO SIKOCTI1 (D1IHAILHOTO
OpOAYKTY, aje ¥ [J03BOJIA€E 3HUXKYBAaTH BUTpaTH, ONTHUMI3YBaTH MPOLECU
BUPOOHMIITBA Ta MIATPUMYBATH KOHKYPEHTOCHPOMOXHICTh MIJIPHEMCTBA Ha
puHKY. Yce 11e, BpaXxOBYIOUH, IHTETpaIlito iHPOpMaIIHHO-THTEICKTyaIbHUX CHCTEM,
3aCHOBAaHMX Ha WITYYHUX HEMPOHHHUX Mepexkax, € BaXKJIUBUM IHCTPYMEHTOM JUJIs
JIOCSITHEHHS YCITIXY Ta CTIMKOCTI B Cy4aCHOMY Oi3HEC-CBITI.

Memoro  Oucepmauininoi pobomu € po3poOka  iHPOpPMaIIHHO-
IHTEEKTYyaJIbHOI CUCTEMHU OI[IHKM Ta MPOTHO3YBAaHHS SIKOCTI Xap4yOBOi MPOAYKIIii,

sKa JO3BOJIUTh MOKPAILIUTH MOHITOPUHT IPOLECY, IPOTHO3yBaTH MOKJIUBI BaplaHTH



MPOXO/PKEHHS BUPOOHWUYOTO TIPOIECYy, THM CaMUM TOKPAITyIOYH KIHIICBUI
MOKA3HUK SKOCT1 MPOTYKIIIi.

006’ckmom oocnidxncennsn € iHPopMalliiiHi TOTOKUA OI[IHKU SIKOCT1 Xap4OBOi
MPOTYKITIi.

Ilpeomemom oOocniorycennsa € ITHCTPYMEHTH IHTETpallii arapaTHoro Ta
IPOrpaMHOTOo 3a0e3nedeHHs Il 1H()OPMAIliHHO-THTENEKTyalIlbHOI CHCTEMH OIIHK!
Ta MPOTHO3YBaHHS SIKOCT1 MPOTYKIIii.

Haykoea nosuzna ompumanux peszyavmamig. Y IHUCEpTaIiiiHIi POOOTI
OTPUMMaHI TaKl HAyKOB1 pe3yJIbTaTH:

eénepuie:

— po3po0JIeHO Ta BOPOBAKEHO CIEHAPHO-IIUIBOBUH  MIAXiA — IIOAO
MOJICTIOBaHHSI CTPYKTYpH 1H(QOpPMAIIHO-1HTENEKTYyaJIbHOI CUCTEMU OLIHKU Ta
MPOTHO3YBAHHS SKOCTI XapyoBOi MPOJYKIii (Ha MPUKIAAl BUPOOHUIITBA Macia),
AKUH  TPYHTYETbCSI HA  MeTojaojorii  (opMalbHO-TpadiqHOrOo  Omucy 13
3acTOCyBaHHAM TpadiB Ta nporpadis, TaKUi MIAX1J B MOJIOYHIN MPOMHUCIOBOCTI
B3araJi He 3aCTOCOBYBABCH;

— nobOynoBani A-cueHapii Ta C-cueHapid st mozeni iHdopmariifHo-
IHTENEKTYaJIbHOI CHCTEMH OLIIHKY Ta MPOTHO3YBAaHHS SIKOCTI BAPOOHUIITBA XapuOBO1
npoAyKiii (Ha MpHKIaal BHPOOHMIITBA Maciia), IO Ha BIAMIHY BiJ paHilie
3aMpONOHOBAHMUX CIIEHAPIiB I03BOJUTH MPOaHaII3yBaTH Ta OLIHUTH 1H(OpMaIiiHI
MOTOKA MIXK KOMIIOHEHTAMH MOJENl Ta 00paTH ONTHUMAJIbHY CTPYKTYpY ISt
BUKOHAHHS TIOCTABJICHUX 3aBJ/IaHb;

YOOCKOHAIEHO:

— TOHATTS CHCTEMH YIPaBIIHHA SKICTIO B po3pi3i  1H(MOpMaIiiiHo-
IHTEJIEKTyaJIbHOI CUCTEMH OIlIHKHM Ta MPOTHO3YBAaHHS SIKOCTI Xap4OBOi MPOMYKITT
JUIS.  TJIBUINECHHS €(EeKTUBHOCTI KOHTPOJIO SKOCTI, IO JIa€ MOXJIUBICTh

3a0e3nedeHHs 0e3MeKn Ta yI0CKOHAJIEHHS BCIX aCMEKTiB BUPOOHUIITBA;



— KOHTEKCTHY MOJIEIb 1H(hOPMAIitHO-THTEIEKTYaTbHOT CHCTEMH OIIHKH Ta
IIPOTHO3YBaHHS SIKOCTI Xap4yoBOi MPOAYKIIii, SIKa, HA BIAMIHY B 1HIIUX 1CHYIOUHX
MoOJieNiel, BIAPI3HAETHCA BUKOPUCTAHHSM TIEPEIOBUX AHAIITUYHUX METO/IB,
MO>KJIMBICTIO MOHITOPUHTY Ta OHOBJICHHS MPOTHO31B B peajbHOMY 4aci, OLTBIIO0
e(EKTUBHICTIO Ta BIAMOBIAHICTIO Cy4YaCHHM BHMOTaM OIIHKH SKOCTI Xap4oBOi
MPOYKIIIT;

— MeToa (GopMyBaHHS OIIHKHU SKOCTI MPOMYKIT Ha OCHOBI KOHTPOJBHHUX
kapt Illyxapra 3a BXiZHUMHU TEXHOJOTIYHUMH TMapamMeTpaMy 13 HAHECEHHSIM
KOHTPOJIbBHUX MEX, IO CTaBUTh AaKLUEHTH Ha BHABJICHHI 3MIH Ta NUIAXIB
MOKPAIIEHHS TPOIIECY;

Haby10 nO0ANBLULO20 POZCUMKY:

— MOJIeJb KOHIIEMIIN YIpaBIiHHS SKICTIO Xap4yoBOi MPOJYKIi, siKa, Ha
BIJIMIHY BiJ 1HIIMX ICHYIOUMX KOHLEMIIN, 0a3yeTbcsi Ha BHUKOPUCTaHHI
1HQOpMaIIHHUX TEXHOJOTIH Ta aHami3y JaHUXCIPHUSE BIOCKOHAJICHHIO SKOCTI
XapyoBOi MPOIYKIli, 3a0e3reuyroyr Oe3MeKy CHOKHWBaudiB Ta IiJIBUIYIOYU
KOHKYPEHTOCTIPOMOXHICTh CY0’€KTIB TOCIOIaPIOBAHHS,

— apxiTeKTypa HEWpPO-HEUITKOI Mepexi MPOrHO3yBaHHS SKOCTI Xap4yoBOi
npoaykiii 3a gomomororo maketry Fuzzy Logic Toolbox cucremu MATLAB Ha
OCHOBI afanTuBHOI cucteMu BUBoly ANFIS 11st O1IHKM SIKOCTI TOTOBOT MPOAYKIIIi.

Ilpakmuuna 3nauumicmop HAYKOBUX pe3y1bmamis.

[IpakTyHe 3HAYEHHA 1HPOPMALIMHO-IHTEIEKTYaIbHOI CUCTEMH OLIIHKU Ta
MPOTHO3YBaHHS AKOCTI XapyoBOi MPOJAYKLIi MOJSAra€ y HaJaHHI HAyKOBO
OOTPYHTOBAaHMX MPOMO3UIIINA Ta PO3pOoOICHUX i1H(OPMAIIHHO-THTEICKTyAIbHIX
MPOJYKTIB, $IKI PEKOMEHJIOBaHI 1O BHUKOPUCTAHHA VY [ISUIBHOCTI BHPOOHHYOIO
nignpueMctBa. Lle crpuse migBHIIEHHIO SKOCTI Ta €(EKTUBHOCTI BHPOOHHUYOTO
Mpollecy, 3MEHIIEHHIO BUTPAT Ta PU3HKIB, a TAaKOX 3a0e3rnedye BiAMOBITHICTh
OPOAYKIIi Cy4acHMM CTaHgapTaM Ta BHUMOram crnoxuBayiB. KpiMm ToroO,

1H(OopMaIIHHO-THTEIeKTyaIbH1 MPOIYKTH miel CUCTEMHU MOXYTb



BUKOPHCTOBYBATHUCS NJIsI PUUHATTS OOTPYHTOBAHMX PIllIEHb Ta IS TUIAHYBaHHS
CTpaTETIYHUX HAMPSMKIB PO3BUTKY IMiAMPUEMCTBA.

Po3pobieno iH@popmaliiHO-1HTEeNeKTyalbHe 3a0€3MeUeHHs] JUIS  OLIHKHU
SIKOCTI1 MPOAYKIIi1 3 BUKOPHUCTAHHSM HACTYITHUX CEPEIOBUII MPOTPAMyBaHHS:

1. [ToGynoBani koHTpodbHI KapTu Illyxapra 3a J0mOMOrorw cepemoBHINA
Statistica m1st MOHITOPHHTY Ta OIIHKH SIKOCT1 Xap4OBO1 MPOTYKIIii.

2. Po3po06iieHO HEeWpO-HEUITKY MEpPEXy JJi MPOTHO3YBAHHS OIIHKU SKOCTI
Xap4yoBOi MPOJIYKIIii, Ha MPUKJIA/I1 BEPIIKOBOTO Maciia, 3a TOMOMOTr oo nakety Fuzzy
Logic Toolbox cucremu MATLAB Ha ocHOB1 aganTuBHOi cuctemu BuBoay ANFIS.

3. [lo6ynoBani rtpacdoBi Ta mporpadoBi MOJENi, SKI JOMOMararTh
BI3yalli3yBaTH apXiTEKTypy Ta (DYHKIIOHATBHICTh 1H(QOpPMAIIHHO-THTEIEKTyaIbHOT
CUCTEMHU OLIIHKY Ta IPOTrHO3YBaHHS AKOCTI MPOIYKII1.

4. TloOynoBani A- ta C-cuenapii mojeni iHGOpMaIiitHO-IHTENEKTyaIbHOL
CUCTEMHU OLIHKM Ta MPOTHO3YBAaHHS SKOCTI Xap4yOBOi NPOAYKUIi 13 BUIIJICHUMHU
aTpuOyTamu, 010 AO3BOJIAIOTH OLIBIILY JI€Tali3allil0 BHYTPIIIHBOT CTPYKTYpPU MO
Ta MDKKOMITOHEHTHUX 3B’ 3KiB CUCTEMHU.

5. CdhopmoBaHi MOTOKM JIJI5 3aMUCY JAHUX MPOLIECY 10 XMAPHOT'O 3aCTOCYHKA
Google Sheet y enexrponny kuury RPIData ta Telegram-60T mist oTpumaHHS
1H(OopMaIIii 11010 TOKa3HUKIB AKOCTI B PEKUMI pEealIbHOTO Yacy.

6. Po3pobiiena indopmartiiiHa MmaHens IS MOHITOPHHTY Ta OIHKH SKOCTI
xapuoBoi mpoxaykiii B cepeaoBuili Node-RED 3 BigkpuTUM KOJIOM Ha OCHOBI
JavaScript Ta Node.js. Ta WEB-inTepdeiic kopuctyBaua y BUTIISIAL JamOopay 3
Bi3yaJTi3aIli€lo OCHOBHHUX MapaMeTPiB KOHTPOJIIO SKOCTI XapuoBOi MPOYKITIi.

Pesynbrat  ynockoHasieHHS — 1H()OPMAIIHHO-THTEIEKTYallbHOI  CUCTEMH
OLIIHKHM Ta MPOTHO3YBAaHHS SIKOCTI Xap4yOBOi MPOIYKIIii anpoOOBaHi Ta BIPOBAHKEHI
B AisUTbHICTh HacTymHUX TianpueMctB: TOB «l alicuncbkuii Mmosoko3aBoa», TOB

«TICEP», TOB «Inxenepunii BupoOHN4O-TeXHIUHUM LIEeHTp « Texno-CepBicy.



Huceprariiiina poO0Ta BUKOHaHAa BIAMOBIAHO JI0 IJIAaHY HAYKOBO-TOCIITHUX
pob6iT  JlepkaBHOro  TOProBeIbHO-EKOHOMIYHOTO  yHiBepcuteTy.  HJIP
Ne0121U109155 «MonentoBanHs iHGOPMAIIITHO-aHATIITUYHOI CUCTEMHU KOHTPOJTIO
SKOCTI TpoIlecy BHPOOHHUIITBA MPOIYKITii», (moBiaka Bim 23.03.2023 Ne458/24),
BUKOHABIEM $SIKOi € 3700yBay, MICTUTh pe3yJbTaTH HAYKOBUX JOCIHIIKEHb
3a3HAYCHOI TEMHU.

PesynpraTti mucepTamiitHOTo JOCIITKEHHS BHKOPHUCTAHO y HABUYAJIHLHOMY
npoiieci JlepKaBHOTO TOProBEIbHO-€KOHOMIUYHOTO YHIBEPCUTETY (IIOBIJIKa BIJ
28.03.2023 No490/22) npu BUKIAJaHHI ITUCUUILTIH «JHQOpMaliiiHI TEXHOJIOTIl B
IOPUINYHIN MpakTuil», «Opranizallis KOMIT IOTEpPHUX Mepex», «MeToau 1 3acooun
nepenadi  ganux», «CormioTexHiuHa KiOepOesneka», «TexHomorii Oe3neku
0e3MpOBOJIOBUX Ta MOOUIBHUX Mepex», «OCcHOBH KiOepOe3nekn» Ta B po3pooii

METOJUYHOTO 3a0€3MeUeHHS OCBITHBOT'O MPOIIECY.

Knrouosi cnosa: ingpopmayitina cucmema, iHmMeNeKMYaIbHA CUCmeMd,
iHpopmayitini mexHono2li, IHMmeNeKMyanbHull aHaliz OaHux, cucmema YnpaeiiHHs
axicmio, Heupo-Heuimki mepedici, kapmu [llyxapma, monimopune sikocmi, Heuimka
JI02IiKa, cucmema NiOMpUMKU NPULHAMMSA pilleHb, CIMPYKMYPHO-QYHKYIOHANbHUL
aHanis, CMAMUCMUYHi Memoou, OYIHKA AKOCMI, MamemMamuidHa MoOelb,
diacnocmuxa, 2paghosa Mooeib, NPOSHO3YBAHHS, HEUPOHHA Mepedcd, IHopmayilina

nawueib, AKicms NPOOYKyii.
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The dissertation represents a comprehensive study on the development,
analysis, assessment, and application of an information-intellectual system for the
assessment and prediction of food product quality.

The relevance of the research topic is driven by the necessity to develop a
comprehensive information-intelligent system for quality management in food
production. This system is based on modeling information flows within the
production process, the application of effective decision support methods, and
fundamental quality evaluation and forecasting techniques, ultimately leading to the
enhancement of product quality.

The modern advancements in the digital world have heightened the
requirements for constructing information systems for monitoring, assessment,
prediction, and decision support in enterprises engaged in the production of
consumer goods. These challenges necessitate the utilization of contemporary
innovative approaches in information system development, including the
incorporation of elements of artificial intelligence, such as knowledge bases and
neural networks. Information-intelligent systems are capable of providing efficient
and robust decision support that goes beyond the capabilities of traditional
information systems.

Information-intelligent systems encompass various aspects of software,
hardware, and data arrays to facilitate decision support based on intelligent data

analysis. The fusion of statistical and artificial intelligence methods within data
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analysis aims to acquire new knowledge and discern patterns within an environment
characterized by information uncertainty.

The visualization of the architecture of components and modules in an
information-intelligent system is achieved through scenario-driven analysis based
on graphical and prograph models. These models illustrate and detail key objectives,
factors influencing the model's structure, operations, and interoperations. In essence,
the integrated information-intelligent system amalgamates various subsystems that
continually interact with each other, impacting the overall effectiveness of the
information system and aiming to ensure product quality.

Information-intelligent systems are actively employed to ensure the quality of
production processes and products by integrating knowledge-sharing functions
related to product quality indicators, thereby achieving autonomy through the use of
artificial intelligence elements. The creation of such systems necessitates the fusion
of cutting-edge information and intelligence technologies, cloud computing, and big
data analytics. This encompasses the utilization of data integration capabilities in
information systems, decision-making, the ability to respond to existing situations,
presenting results through information panels and interactive visual panels, and
leveraging intelligent sensor technologies. Integrated systems, through intelligent
data analysis and the use of artificial intelligence technologies, enable the
understanding and prediction of various situations.

One of the crucial characteristics of information-intelligent systems for
quality assessment and prediction of product quality is the provision of information
flows between their components and the early detection of possible defects before
the commencement of the process. Therefore, certain components of the
information-intelligent system may employ statistical control methods to identify
anomalies before their potential occurrence, thereby enhancing the efficiency of
quality management. The generation of knowledge-data through data collection

systems allows for the real-time analysis and visualization of information, thereby
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increasing the efficiency of decision-making processes. An information-intelligent
system for assessing and forecasting product quality must meet requirements and
provide continuous improvement in system efficiency as a whole. Regarding the
aspect of quality intelligence, the use of knowledge-based approaches becomes
essential for the creation and operation of a system that differs from traditional
approaches. There is a need for methods and methodologies to describe the
requirements for the future system, depict the stages involved in design, and outline
the sequence of actions between systems at different levels of the production
enterprise. The SysML methodology allows for the analysis, specification, and
design of such complex systems with the aim of improving their quality.

Information and communication technologies are rapidly advancing, and
cloud technologies are becoming increasingly demanded, allowing for the
integration of the physical and virtual worlds based on open-source software. The
development of the information panel for the information-intelligent system for
quality assessment and forecasting of product quality was accomplished using the
NODE-RED environment with open-source code. The information panel is
presented in the form of a dashboard comprising collections of visualization
elements for representing process data through the user interface (Ul).

The research is based on normative materials, scientific works of
contemporary domestic and foreign researchers and practitioners, as well as samples
of technological data from "Haisyn Milk Plant" for the process of churning cream
into butter with moisture content of 16%, 20%, and 25%.

The implementation of the strategy of integrating information-intelligent
systems, which are fundamentally based on the principles and architecture of
artificial neural networks, into a unified information space of the enterprise, enables
the achievement of high product quality at the manufacturing enterprise. This
approach aims to achieve several key objectives, including increasing the efficiency

of production processes and ensuring consistent and reliable product quality. The
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integration of information-intelligent systems is based on the application of modern
methods for data analysis, interpretation, and processing, enabling the detection and
analysis of various aspects of product quality in real-time. Artificial neural networks
used in these systems provide the ability for automatic learning and adaptation to
changes in the production environment based on data-driven learning. This direction
Is aimed at increasing the efficiency of production processes and ensuring stable
product quality. Such an approach not only contributes to the improvement of the
final product's quality but also allows for cost reduction, production process
optimization, and maintaining competitiveness in the market. All of this, taking into
account the integration of information-intelligent systems based on artificial neural
networks, is a crucial tool for achieving success and sustainability in the modern
business world.

The aim of this dissertation is to develop an information-intelligent system for
the assessment and prediction of food product quality, which will enhance the
monitoring of the process, forecast potential variations in the production process,
thereby improving the final quality indicators of the products.

The object of the research is the information flows related to the assessment
of food product quality.

The subject of the research includes the tools and integration of hardware and
software components for the information-intelligent system for quality assessment
and prediction of production.

Scientific novelty of the obtained results: The following scientific results were
obtained in the dissertation work:

For the first time:

- We have developed and implemented a scenario-targeted approach for
modeling the structure of an information-intelligent system for assessing and

forecasting the quality of food production (using the example of butter production).
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This approach is based on a formal-graphical description methodology using graphs
and prographs, and it has never been applied in the dairy industry before.

- A-scenarios and C-scenarios have been constructed for the model of the
information-intelligent system for assessing and forecasting the quality of food
production (using the example of butter production). Unlike previously proposed
scenarios, these scenarios allow for the analysis and evaluation of information flows
between model components and enable the selection of the optimal structure to
accomplish the defined tasks;

Developed:

- The concept of a quality management system in the context of an
information-intelligent system for assessing and forecasting the quality of food
production to enhance quality control efficiency, ensuring safety, and improving all
aspects of production.

- The contextual model of the information-intelligent system for assessing and
forecasting the quality of food production, which, unlike other existing models,
distinguishes itself by using advanced analytical methods, real-time monitoring and
updating of forecasts, greater efficiency, and compliance with modern quality
assessment requirements.

- A method for generating product quality assessment based on Shuhart
control charts using input technological parameters with the application of control
limits, emphasizing the detection of changes and improvement opportunities in the
process;

Enhanced:

- A model of food quality management concepts that, unlike other existing
concepts, is based on the use of information technologies and data analysis,
contributing to the improvement of food product quality, ensuring consumer safety,

and enhancing the competitiveness of economic entities.
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- The architecture of a neuro-fuzzy network for forecasting the quality of food
products using the Fuzzy Logic Toolbox of the MATLAB system, based on the
Adaptive Neuro-Fuzzy Inference System (ANFIS) for assessing the quality of
finished products.

The practical significance of scientific results.

The practical significance of the scientific results lies in the provision of
scientifically substantiated proposals and developed information-intelligent
products recommended for use in the activities of the manufacturing enterprise. This
contributes to the improvement of the quality and efficiency of the production
process, reduction of costs and risks, and ensures compliance of the products with
modern standards and consumer requirements. Additionally, the information-
intelligent products of this system can be utilized for making informed decisions and
planning strategic directions for the development of the enterprise.

Developed information-intellectual software for production quality using the
following Programming Environment:

1. Constructed Shewhart control charts using the Statistica environment
for monitoring and evaluating the quality of food products.

2. Developed a neuro-fuzzy network for forecasting the quality
assessment of food products, specifically butter, using the Fuzzy Logic Toolbox
package in the MATLAB system based on the adaptive ANFIS output system.

3. Created graphical and flowchart models to visualize the architecture
and functionality of the information-intelligent quality assessment and prediction
system.

4, Developed A and C scenarios for the information-intelligent quality
assessment and prediction system model, with highlighted attributes allowing for

greater detailing of the model's internal structure and inter-component connections.
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5. Established data flows for recording process data in the Google Sheet
cloud application into the RPIData electronic workbook and implemented a
Telegram bot for real-time quality parameter information retrieval.

6. Designed an information dashboard for monitoring and evaluating the
quality of food products within the Node-RED open-source environment, based on
JavaScript and Node.js, along with a user-friendly web interface in the form of a
dashboard with visualization of key quality control parameters.

Further development and enhancement of the information-intellectual system
for forming and predicting product quality have been successfully tested and
implemented in the operations of the following enterprises:

1. LLC “TISER” (implementation report dated 29.12.2022).

2. LLC “Haysyn Dairy Plant” (implementation report dated 02.03.2023).

3. LLC “Engineering Production and Technical Center Techno-Service”
(implementation report dated 23.03.2023).

The dissertation work was carried out in accordance with the plan of scientific
research of the State Trade and Economic University. Research Project No.
0121U109155 “Modeling of an Information-Analytical Quality Control System for
Production Processes” (reference dated 23.03.2023, No. 458/24), executed by the
candidate, contains the results of scientific research on the specified topic.

The results of the dissertation research have been incorporated into the
educational process of the State Trade and Economic University (reference dated
28.03.2023, No. 490/22) in the teaching of disciplines such as “Information
Technologies in Legal Practice,” “Organization of Computer Networks,” “Methods
and Means of Data Transmission,” “Sociotechnical Cybersecurity,” “Wireless and
Mobile Network Security Technologies,” “Fundamentals of Cybersecurity,” and in

the development of educational materials.
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