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CUCTEMA AJAIITUBHOI'O YIIPABJIITHHSA
JJAHINIOTAMMU ITIOCTAYAHHSA HA BUPOBHUYOMY
HIAIPUEMCTBI

VY wiit crarTi NpeacTaBleHO CUCTEMY JUIS BJIOCKOHAJIECHHS aJalTHBHOTO YIPaBIiHHS
OUIIXOM IHTErpaIii CHCTEeMH MPUUHATTA pIlIeHh 3 HEYITKOIO JIOTIKOK B OJIOKYEHHOM
acoIliifoBaHi CMapT-KOHTPaKTH TMianpuemMcTBa. CHcTeMa BUKOPHCTOBYE HE3MIHHY KHHUTY
0JIOKYCIHHY Ta CMapT-KOHTPAKTH IS aBTOMATHU3AIIi1 KIIFOUOBHX IIPOIIECIB, TAKMX K BUPOOHUY1
MIPOLIECH, YINPABIIiHHS 3amacaM Ta IAOTPHUMAaHHS HOPMATHBHHUX BHMMOT, TaKUM UYHHOM
BHPIIIYIOYN TaKi MPOOJIEMH, K MPOTATMHNA B KOMYHIKAIIii, 3aTPUMKH Ta PU3UKHU MiIPOOOK.
Opnak BracTUBa OJOKYEHH-CHCTEMaM >KOPCTKICTh Y aamnTalii 10 JMHAMIYHUX BUPOOHHYNX
CepeJIOBHIIl CIIOHYKAE JI0 IHTerpallii alirOpuTMIiB HEUiTKOT JIOTIKH.

HeuiTka Jorika IpoIOHYe BHpILIEHHS LBOTO OOMEXKEHHS, JO3BOJISIIOUM NpUHMaTH
JIEeTaJbHINI PIMICHHA NOUITXOM OOpOOKHM HEBH3HAYCHHWX a00 HETOYHHX HaHWX. Y CTarTi
JIETAIBHO OMHMCAHO IHTETPAIil0 HEYITKOI JIOTiKM 3 OJIOKYEHHOM, i€ CHUCTEeMH HEUYITKOTO
BUCHOBKY (Fuzzy inference systems — FIS) BUKOpUCTOBYIOTBCS JUIsl OLIHKH Ta iHTEpIIpeTaii
OIIEPaTHBHUX JIaHHUX 3a 3MIHHUX YMOB. Ll KOMOiHaIisl 103BOJISIE aaliTHBHO pearyBaTu Ha
3001 B JaHIIO31 MOCTaBOK, HANPHUKIAA, 3aTPHMKH TOCTadyaHHA abo Opak 3amaciB. Cuctema
HEYITKOT JIOTIKH 3aCTOCOBYE TIPaBWIIa JJII BU3HAUEHHS ONTUMAJILHOTO KYPCY iH, SKUi TOTIiM
BUKOHYETHCS UePe3 CMapT-KOHTPAKTH Ha OCHOBI OJIOKYEHHY.

KirouoBi JOCSTHEHHSI BKJIIOYAIOTH PO3POOKY MOAM(DIKOBAHOI CTPYKTYpH CMapT-
KOHTPAKTIiB, IKa BUKOPUCTOBY€E HEUITKY JOTIKY JJIs TUHAMIYHOTO HAJTAIITYBAaHHS MTapaMeTpiB
JIAHIIOra MOCTaBOK. Hampwkmana, HaIidHICTh MOCTAYalbHUKA OIIHIOETHCS 32 OTIOMOTOIO
He‘-IITKI/lX (byHKLIll/I npnﬂanemﬂocn 1o le/I3BOIlI/lT]) a0 KOpI/leBaHHH LIlH i O6CHF1B IIOCTa4YaHHsA
Ha OCHOBI OIIIHOK Y peaibHOMy 4aci. Llei miaxix miABAILYy€ THYYKICTb | LIBUIKICTD pearyBaHHs
BUPOOHHYKX OMepalliii, FapaHTyI04H, 10 PillleHHs] 0a3yIOTHCS HA BCEOIYHOMY aHaIli3i JaHKX,
a He Ha CTATUYHUX IPaBHUJIaX.

3anporoHoBaHa cucTeMa 3abe3nedye HajliiHe pillleHHs JUlsl YIIPaBIiHHSI BUPOOHUUYUMHU
IIpoliecaMy B yMOBaX KOJIMBaHb, OEIHYIOUH IIPO30PICTh 1 6e31eKy OJI0KUeHHY 3 aJal THBHUMH
MOJKJITMBOCTSIMH HEWiTKO1 JToTikn. L5 iHTerparis crupsMoBaHa Ha ONTHMi3amifo e(peKTUBHOCTI
BUPOOHHUIITBA Ta MIATPUMKY Oe3mepepBHOCTI poOOTH BCyleped HenependadyBaHUM
CHUTYAIIisIM.

Kniwouoei cnoga: 6nokueiin, Heuimka n02ika, ynpaeiinHa J1AHYI02Z0M NOCMAGOK, CMApHI-
KOHmMpaKkmu, a0anmueHe NPUiiHAMmA piieHb, 6UPOOHUYMEO

JEL classification: C63, D81, D86, L14, 033

This article presents a system for enhancing adaptive management through the
integration of fuzzy logic decision-making system in backed by blockchain supply chain
smart-contracts of an enterprise. The system utilizes blockchain’s immutable ledger and smart
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contracts to automate key processes such as manufacturing processes, inventory management,
and regulatory compliance, thus addressing issues like communication gaps, delays, and
counterfeit risks. However, the inherent rigidity of blockchain systems in adapting to dynamic
manufacturing environments prompts the incorporation of fuzzy logic.

Fuzzy logic offers a solution to this limitation by enabling more nuanced decision-making
through the processing of uncertain or imprecise data. The article details the integration of
fuzzy logic with blockchain, wherein fuzzy inference systems (FIS) are employed to evaluate
and interpret operational data under variable conditions. This combination allows for adaptive
responses to supply chain disruptions, such as supplier delays or inventory shortages. The
fuzzy logic system applies rules to determine the optimal course of action, which is then
executed through blockchain-based smart contracts.

Key advancements include the development of a modified smart contract framework
that uses fuzzy logic to adjust supply chain parameters dynamically. For example, supplier
reliability is assessed using fuzzy membership functions, leading to adjustments in pricing
and supply quantities based on real-time evaluations. This approach enhances the flexibility
and responsiveness of manufacturing operations, ensuring that decisions are based on
comprehensive data analysis rather than static rules.

The proposed system provides a robust solution for managing production processes
amidst fluctuating conditions, combining the transparency and security of blockchain with the
adaptive capabilities of fuzzy logic. This integration aims to optimize production efficiency
and maintain operational continuity in the face of unpredictable challenges.

Keywords: blockchain, fuzzy logic, supply chain management, smart contracts, adaptive
decision-making, manufacturing

JEL classification: C63, D81, D86, L14, 033

Beryn Tta mocranoBka mpodJemu. EdexkTuBHE ynpaBiiHHS OmepaiisiMu
JAHIFOTa TIOCTadaHHS Oa3yeThCcsl Ha aalTHBHIA CHUCTEMI YIPaBIiHHSA, sKa
OXOIUTIOE PI3HI ACMEKTH ONTHUMI3allii MPOLECIB, rHyt{KOCTi Ta lIyTJH/IBOCTi bi(s)
smin. Il cucrema nepenbadae MOHlTOpI/IHF IPOJYKTUBHOCTI PI3HHX OMEepaLliifHuX
€JIEMEHTIB, TMPOTHO3YBAHHS NOTEHIIHHUX 300iB 1 JUHAMIYHE KOPHTYBaHHI
CTpaTerii ajis MATPUMKH €(EeKTHMBHOCTI Ta CTIMUKOCTI B YCbOMY JIAHIIO31
nocradanHs. LleHTpanbHe Miclie B aJanTHBHOMY YTNpaBJIiHHI 3aiiMae TOCTiiiHA
OLIIHKA JISUTbHOCTI1 JIAHIIIOTa TOCTavyaHHs, 110 I03BOJISIE OpTraHi3allisiM epeaoayaTi
3MIHHU B MONHUTI, BUPOOHUYNX MOTYKHOCTAX a00 30BHIIIHIX (aKTOpax, TAKUX SIK
PUHKOBI YMOBH, TEXHOJIOTTYHUN nporpec a0o0 peryJsTOpHi 3MiHH.

AJIaNTHBHA CHCTEMA YIIPABJIiHHS XapaKTePU3Y€ThCs 31aTHICTIO A 1aN Ty BATHCS
JI0 HOBO1 1H(1)opMau11 B peXXHMi peanbHOro yacy. Bona BUKOPHCTOBY€ PO3IIMPEHY
AQHAIITUKY JaHUX 1 MAIIMHHE HAaBYaHHSI JIs IPOTHO3YBAaHHS TEH/ICHIIIH 1 BUSBIICHHS
HOBHX 3aKOHOMipHOCTeH. Lle mo3BoIse 3aBYacCHO pearyBaTh Ha BiIXWIICHHS Bif
OUiKyBaHOI MOBEMIHKU JIAHIFOTA TIOCTAYaHHsS, TaKi SIK KOJMBaHHS IMOMUTY abo
3aTPUMKH Y BUPOOHHIITBI, THM CAMHM 3MEHIITYIOUN PU3UK HEePEKTUBHOCTI.

AnanTUBHICTH y JaHIOrax MOCTAa4YaHHS TaKOX BHMArae e(peKTHBHOT
KOOpAMHAILI pecypciB 1 JIOTICTHKH, SIKI 4acTO € CKJIQJHMMH Ta BKIIOYAIOTh
OaraTo 3aIliKaBJICHUX CTOPIH y pi3HHUX perioHax. CUCTeMHU, sIKI BAKOPUCTOBYIOTh
TEXHOJIOTII0 OJIOKYEHH CHpUSIOTh OUTBbII IUIAaBHIM cHiBmIpani, 3a0e3nedyroun
JICIIEHTPaIi30BaHy HE3MIHHY KHUTY, SIKa BIJICTEKY€ pyX TOBapiB Ta iH(popmarii,
rapaHTyIO4H, 10 BCi 3aIy4eHi CTOPOHH MAIOTh JJOCTYII 0 OJTHAKOBHUX aKTyaJIbHUX
naHux. Taka Mpo3opicTh 3MEHIIy€e PU3HUK Je31HPOopMallii Ta 3aTPUMOK, 1110 CIIPHsIE
OUTBIIIN CHHXPOHI3aIlii orepariiii i ONTHMiI30BaHOMY PO3TIOILTY PeCypCiB.
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KpiM TOro, ajanTHBHICTE JaHIIOTa IOCTABOK IOKPAIIYETHCS 3aBISKH
BUKOPHUCTAHHIO TPOTHO3HOTO OOC/IyrOBYBAaHHA Ta MOHITOPMHIY OOIa{HAHHSA
Ta MaIlliH y peaabHoMy 4aci. JlaTunku Ta mpuctpoi [HTepHeTy pedeil HagaroTh
LiHHI JaHi TPO NPOJYKTHBHICTH OOJIAJHAHHS, 32 JONOMOTOI0 TMPOTHO3HUX
QITOPUTMIB BUSBIISIOTH paHHi O3HAK{ MOTEHIIWHOT HECTIPAaBHOCTI 00JIaTHAHHS.
Leil npeBeHTHBHMIT MAXIA rapaHTye, MO TEXHIYHE OOCIyroByBaHHS MOXKHA
MPOBOAMTH B ONTHUMAJIbHUI Yac, YHUKAIOUU JOPOTUX MPOCTOIB 1 MiJBUIIYIOYU
3arajbHy MPOTYKTUBHICTb.

AJanTuBHE yIpaBIiHHSA B JIaHII031 IOCTAYaHHs CIMPAEThCS HA THYYK] BUPOOHNY1
cTparerii, Taki sIK CBO€YAaCHE BHUPOOHMIITBO Ta MOAYJIbHI BUPOOHMYI CHCTEMH, SIKi
JIO3BOJISIFOTh KOMITaHIsIM MaciiTaOyBaTé CBOKO JIISUTHHICTH BIIIMOBIHO JIO ITOTOYHHX
noTpe0. 3aBAsSKU TICHOMY y3TO/IKEHHIO IpadikiB BUPOOHHUIITBA 3 (PAKTUIHUM MTOITUTOM
JIAHITIOTY TTOCTAYaHHS MOYKYTh MIHIMI3yBaTH Ha/IJTAIIIKOBI 3aI1acH, CKOPOTUTH BIIXOIN
Ta IIBUJIKO pearyBaTy Ha 3MiHY yroJ00aHb KITi€HTIB a00 pUHKOBUX YMOB.

BrurroueHHsT HEWIiTKOI JIOTIKM B IO aIalITUBHY CHCTEMY MOXE TOKpAIIUTH
MpoIeCc NPUHHSTTS PillIeHb, 3aMPOMOHYBABILIHU CIIOCI0 0OPOOKH HEBU3HAYEHOCTI
Ta HETOYHOCTI B JJAHUX JIAHITIOTa MOCTaBOK. CUCTEeMU Ha OCHOBI HEYITKOT JIOT1KH
OIIIHIOIOTH Pi3HI HEBU3HAUYEHI BXIHI JaHi, TaKi K HaIIHHICTh MOCTavaIbHUKA 200
BUPOOHUYI OOMEXKEHHs, 1 3a0e3MeuyloTh OUTbII TOHKI, THYYKI PIIICHHSA, SKi HE
3aJe’kaTh BUKJIIOYHO B1JI )KOPCTKHUX mHoporiB. Lle mo3Bossie OLIbII aganTHBHUM
1 HaAIMHUM TpouecaM NPUHHATTS pillleHb, 0COOJMBO B CHUTYyalsiX, KOJIM JaH1
MOXYTh OyTH HENOBHUMH a00 HEBH3HAYCHMMH, 3a0€3MeUyloOud KOHKYPEHTHY
nepeBary B CepeJOBHUII, IO IIBUAKO 3MIHIOETHCS.

[[lo6 migTpuMyBaTH 1i aJanTUBHI NPOLIECH, OpraHizaliiHa CTPYKTypa
JIAHITIOTa TTOCTaBOK TaKOX Mae Oyt rHydkoro. lle Bkiodyae B cebe MOKIHMBICTh
nepepomoninam pecypcH, KopuryBaTH pO3MoIi pobovoi CHIM Ta 3MIHIOBATH
cTpaTerii JOriCTHKM Ha OCHOBI NOTOYHMX moTped. Hampukian, ananTnBHi
JIAHIOTH TOCTABOK MOXYTh LIBHJIKO 3MIHIOBATH IOCTAYaJIbHUKIB 200 CIIocoOH
TPaHCTIOPTYBAaHHS Y BIMNOBIAb Ha 3001, 3a0e3meuytoun 6e3nepepBHICTh ONeparliii.
Bukopucranas xMapHuX 1miatdopMm 1 OokdeliHy 3abe3rnedye Taky THYYKICTb,
TIPONOHYIOYH CTaTUCTUYHI JJaHi [TPO eq)eKTHBHiCTL JIAHIIOra [IOCTaBOK Y PealbHOMY
Yaci, o CHpHUSIE MBUIKOMY IPUIHHATTIO leIeHB 1 KpalIiii KOOPAMHALIT B MEPEsKi.

Brokueiin  ycysae npodaemMu TpaI[I/ILIII/IHI/IX JAHLIOTIB TIOCTAaBOK, SIKi
4acTo CTPaXJAal0Th BiJ HEe(PEKTHBHOCTI, SKa HaWYacTilmie 3a BCe IOB’s3aHa
13 HENMpaBUJIBHOIO KOMYHIKAI€I0, 3aTPUMKAMH Ta PHU3MKOM IMOTPAIUISTHHA B
cUCTEMY ITiIpoOJIECHUX TOBAPIB., HAJIAI0UN €IMHE JHPKEPEJIo JaHUX, Ha SIKE MOXKYTh
TTOKJIACTHUCS BCI 3aIliKaBJICHI CTOPOHHU.

Kpim Toro, 6ok4eiiH mokpaiiye aBTOMaTU3aLil0 MPOLECIB 3a JOMOMOT0I0
CcMapT-KOHTPaKTiB. L{i KOHTPaKTH € CAMOBUKOHYBaHUMH YT'OJJaMH, 3aKOJI0BAaHUMHU
B OJOKYeiiHI, SIKI aKTHUBYIOTHCS, KOJIM BHUKOHYIOTHCS 3a3[aJierib BHU3HAYEHI
yMOBH. Y BHUPOOHUIITBI CMapT-KOHTPAaKTH MOKHAa BHUKOPHCTOBYBATH ISt
aBTOMATH3aIlli BHUITYCKY IUIATEXIB, IHIIIFOBAaHHS 3aMOBJICHb, KOJIM 3aIlacu
JIOCATAlOTh KPUTHUYHOTO PiBHS, a00 3a0e3meueHHs JOTPUMAaHHA HOPMATHBHHX
BUMOT 0€3 pyYHOTO BTPYYaHHS.

Kpim Toro, TexHosorist 6;10K4YeitH mocuioe 6e3rneKky BUpOOHUYUX oreparliil.
Hesminnuii xapakrep 3anuciB 6J0KYelHy 3amo0irac HeCaHKIIOHOBAHUM 3MiHaM,
3HIDKYIOUH PH3UK IIaXpaiicTBa Ta 3a0e31Meuyr0uH UTICHICTh JaHHX.
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Hapeuri, nerenrpanisoBana CTPYKTypa OJTOK4CHHY TOKpAIlye CTIKICTB
BUPOOHMYHX cucTeM. Ha BiMiHy Bij TpaIHUIHHIX 0a3 JAHUX, SIKi OK/IAMAI0ThCA
Ha IIEHTPAJi30BaHi cepBepH, OJOKYEHH MpaIfoe B PO3MOAUICHIH Mepexi, 110
pOOHUTH HOr0 MEHII CIPUUHSATIMBUM JIO CHCTEMHHX 300iB abo KibepaTak.
Lle#t nmeueHTpadi3oBaHWM MIAXiJ TapaHTye, M0 KPUTHYHO BAXKIMBI JaHi,
MOB’s13aHl 3 BHUPOOHMYMMH TPOIECAaMH Ta OTEpaIlisiMU JIAHIIOTa TOCTaBOK,
3aJIMIIAIOTHCS JJOCTYITHUMU HaBiTh y pasi 3001B y Mepexi ab0 3T0BMHCHHUX CIIPOO
CKOMIIPOMETYBATH CHCTEMY.

Tum He MeHII, He3Bakaroud Ha TpaHc(opmalilo BUPOOHUUYUX ONepaLii,
He 1030aBiIeHa MPoOJeMH CKIATHOCTI NPUMHATTS pillleHb Yy BUPOOHHUYOMY
CepeIOBHUILL, SIKE IIBUIKO 3MIHIOEThCS. BUpOoOHMYI ITpo1iec 3a3Hal0Th MOCTIHHUX
KOJIMBaHb, 30KpEeMa KOJIMBAaHb MOMUTY, HEOUIKYBAaHUX 3001B y TAaHITIO31 TOCTavYaHHS,
MPOCTOIB BUPOOHWYOTrO 0OJIalHAHHS 1 3MiH HOPMAaTUBHUX BUMOT. He3Bakaroum
Ha Te, 10 OJoKYelH 3a0e3neuye Mpo30picTh 1 BIACTEKYBaHICTh, CUCTEMI Opakye
THYYKOCTIi, 100 aanTyBaTUCs 10 LUX JUHAMIYHUX YMOB y PEKHMI peaJbHOrO
yacy 0e3 BTpy4aHHs JIOJUHU. [le 0OMeKeHHS MOXKe MPHU3BECTH JI0 3aTPUMOK Y
BUPOOHUITBI Ta Hee()EKTUBHOCTI, 0COOIMBO KOJIM MOTPiOHI MIBUAKI KOPUTYBAaHHS
JUTSL T ATPAMKH O€31epepBHOCTI POOOTH.

3 i€l IpUYMHY iCHY€E HarajibHa HoTpe0da BIPOBaHPKEHHS aAalTUBHOT CHCTEMU
yIpaBIiHHSA BUPOOHUIITBOM, IO MIATPUMYETHCS HEYITKOIO JIOTIKOIO MPUHHATTS
pimens. Ha Bi):[MiHy B/l TPAAUIIHHUX JIOTTYHMX CHUCTEM, SKi IPAIIoIOTh 32
(ikCOBaHMMM JBIHKOBMMH NPABHIAMH, HEYITKA JIOTIKA JO3BOJSE MPHiIMATH
plI_HeHH}I 3 OUTBII HIOAHCAMU, 06po6n;110q14 HU3KY BX1JIHUX JaHUX 1 TEHEPYIoUH
THYYKI pe3yJIbTaTH Ha OCHOBI CTYTIE€HIB ICTUHHOCTI, @ HE CTPOTUX BiAMOBIACH «TaK/
Hi». L1 cucTema 6e3/10raHHO IHTETPYETHCS 3 MEPEKETO OJI0KUESHH, 00 MOKPAITUTH
MPOLEC NPUIHSATTS PILICHD UIIAXOM OJHOYACHOT OLIHKH KiTbKOX 3MIHHHX, TAKHX
SIK PIBEHB 3a11aciB, MPOXYKTHBHICTh MAIUMHH Ta JOCTYIHICTh MOCTaYalbHHKA.
Konuenryanbna apx1TeKTypa MOTOYHOTO JOCITIJDKCHHSI TOJSTaE y CHUCTEMI,
sKa TP BUSABICHHI 30110 y JAHIIO31 MOCTA4YaHHs, HANPHUKIAI MPU 3aTPUMII B
JIOCTaBL{i CHPOBHHH, BUKOPHCTOBYE aJITOPTUMH HEHITKOT JIOTIKH JUIsl 3BaKyBaHHS
PI3HHX aNbTePHATHB, BKIIOYAIOYH 3MiHY T10CTa4allbHIKa, KOPUIYBaHHs rpadikis
BHPOOHMITBA 200 NEPEPO3IOALT PeCypeiB uls JOTPUMaHHs TepMiHiB. Ilpu
LbOMY, CHCTEMA Ha 0a3i O10KYeiH TrapaHTye, 10 BC1 BIAIOBIAHI JaHi, BKIIOYAI0UH
ICTOPUYHI 3aIMCH MPOTYKTUBHOCTI Ta OHOBJICHHS JIAHIIIOTA MTOCTABOK i1CHYIOTh Y
peasbHOMY Yaci, TOCTYIHI [Tl aHaTi3y CUCTEMOIO.

AHaJi3 oCcTaHHIX IlOC.J'li)I)KeHL i myOaikauniii. Y HaYKOBO- L[OC.Hi,[[HI/ILILKOMy
MPOCTOPi CHOrOJCHHS 3’SBISIOTECS POOOTH, MPHUCBSUCHI BUHAXOLY Ta aHaNIi3y
METOJI0JIOTIi MO POo3poOLl CUCTEM aJaNTHUBHOTO YIPABIiHHSA Ha BUPOOHUYOMY
i APUEMCTBI.

Hocaimkenns [1] mpeacraBise KOMIDICKCHUH IMiIXiJ IO OIIHKU BEJIMKHX
JIQHITIOT1B TOCTaYaHHS KapIaMOHY 3 BUKOPHCTAHHAM HEYITKOT JIOTIKH 111 BUOOPY
nocraganbHuka. OCHOBHA yBara NPUILIAETECS BUSHAYCHHIO HAlie(eKTHBHIIIOTO
JIAHIIOTa MMOCTaYyaHHs Ha OCHOBI KUIBKOX MapaMeTpiB SKOCTi. Mojaenb HediTKOi
JIOTIKA TIOJIETIIY€E paHXyBaHHA aTpUOYTIB JIAHIIOTAa TIOCTa4aHb IIITXOM
00YHCICHHSA TpiﬁOK JUISL PI3HUX JIAHITIOTIB TMOCTa4aHHS Ta iX BiAMOBIIHUX
napameTpiB sSKocCTi. 3a gormomoroio npouecy dasudikanii ta gepazudikarii iTKi
BXiJIHI J1aHi 3 JIQHIIOTiB TOCTayaHHS KapJaMOHYy OyJIM MEepeTBOPEHI B HEUITKi
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3MiHHI, a TIOTIM Ha3aJ y YiTKi 3Ha4YeHHs JUIsl OCTaTOYHOI OIIHKH. Pe3ynbratn
CBiIYaTh NP0 T, MO HaiieeKTHBHIINA MOJE/b JAHIIOra MOCTAYaHHs BKIIOYAE
TOTIK Bif BAPOGHHKIB JI0 CIIOXKUBAYIB YePe3 arperaropis, KOMlClOHeplB OTITOBUX
i pOS,I[p16HI/IX ToprOBLuB Cepen anI/I6yT113 SKOCTI HalBHIIE Miclle IMOCiIae
3aJ0BOJICHICTb KINEHTIB, 3a HCIO FilyTh 30BHIIIHS Ta BHYTPILUHS IiATPHMKa,
BHYTPILIHS €(EKTHBHICTH i CTpaTeriyHa Ta onepaTHBHa koopauHamis. Ls ominka
Ha OCHOBI HEYITKOI JIOTiKK 3abesnedye HajiiHy CTPYKTYpY JUISl HOKDAIICHHS
MPUNAHATTS PIlICHb B YIPABJIiHHI JIAHIFOTOM MOCTaBOK, 3PCIITOI ONTUMI3YHOYH
MOTIK TMPOIYKIIi Ta MOKPALIyIOYH 3arajibHy MpPOJYKTHBHICTh. BrpoBamkeHHs
HEYITKOI JIOTIKU CYTT€EBO CIIpHsi€ (DIHAHCOBUM Ta OIEPaLlifHIM aCIIEKTaM JIAHII0Ta
MOCTABOK, 3a0e31evy0uu OiIbII TOYHUH 1 HAIIHHUI BHOIp MOCTava IbHHUKA.

PoGora [2] 30cepemkyeThest Ha TOCHTIKEHHI TOT0, SIK IHTETpallis TEXHOJIOT1H
OJIOKYCIHY Ta CMapT-KOHTPAKTIB y TPAIUIIHHI CHCTEMH yIPABIiHHS JAHIFOTOM
MOCTABOK MOYKE MIJIBUIIUTHU O€3MeKy JaHUX, M1 IBULIUTH €PEKTUBHICTb 1 SMEHILIUTH
y4acTh TpeTiX cTopiH. [I[pomoHyeThCst MO, SIKa yCYBa€ MOCEPETHUKIB, 3aXHUINAE
JIaHi 3a JOMOMOT' 00 KpUNTOrpadiYHUX METO/IIB i TapaHTYE, 1110 Ie(hEKTHI IPOTYKTH
BHUKJIMKAIOTh BIJIIIKOMYyBaHHS, 3a0€3Meuyioun MiA3BITHE Ta e()EeKTUBHE PIIICHHS
JUIS JTAHITFOTa TIOCTaBOK. JlOCHipKyeThest iHTErparito iHGOpMaIlifHUX MOCTYyT
i3 JIOTICTUYHUMH OTEpallisiMi JiIi CTBOPEHHS KiOepcepeoBHINa, KepOBAHOTO
OJIOKYEHOM, sKe BimoOpakae peajbHy MisUTBHICTH JIAHITIOTA ITOCTaBOK. Y
CTAaTTi OMHMCAaHO TEXHIYHY pPO3POOKY CHUCTEMH, JI€ CMapT-KOHTPAKTH KEPYIOTh
JOTICTUMHUMH oOmepamisiMu Ta gaHuMu Tpan3akuiil. Texnomoris Blockchain,
Python 1 Solidity BHUKOPHCTOBYIOTHCS Il PO3POOKH OE3MEYHUX, HE3MIHHHUX
PEECTPIB TSl 3aMKCy Ji y JIAHI031 MOCTABOK, MPU IIBOMY CHCTEeMa 3arobirae
MaHIMyJISAIisAM 3 00Ky TpeTiX cTopiH. PO3yMHI KOHTpakTH aBTOMAaTH3YIOTh TaKi
TpOLECH, SIK OOPMIICHHS ILIATEKIB, MOBEPHEHHS TOBAPY Ta IiATBEP/UKCHHS
BIITYKIB KIEHTIB, OJHOYACHO 3a0e3Iedyioqn MpPO30piCTh i OesreKy MaHuX.
VY po3polii CUCTEeMH BUKOPUCTOBYIOTHCS Pi3HI 1HCTPYMEHTH Ta TEXHOJOTII,
3okpema My Ether Wallet, Ganache, Spyder IDE ta Remix IDE, npuainstouun
0COOJIMBY yBary 3axojlaM O€3IeKH JaHUX Yy TpaH3aKIisx OnokdeiHy. Y craTTi
nani OMHUCYIOThCS (I)yHKuiOHanLHi KOMITOHEHTH CUCTeMH OJIOKYEHH, BKIIOYAI0UH
NEPEeBIpKy TPAH3aKLiH, MaiHIHT, XCIIyBaHHS Ta IiATBEPUKCHHs pOGOTH.

Kpim Toro, Bapro 3a3HauyMTH mpami HacTynmHuX HaykoBmiB: Banm X. [3],
Heaitanro T.[4], Anbkonaci E., ApenosaJl. [ 5], bogemep O.[6],Omap A., BasepI1.,
Pimip P. [7], Anpkaxrani C. , Xe X., 'em0n P., [Tama M. [8], Ansdanmai O., Otym
C., xapasex 1O. [9], @y 1O., Uxy k. [10], FOans X., Lo X., bi FO., Yanr
C.-X., Jlam A. [11], Kampan P., Xan H. Cynnapakasni bu. [12], FO M., On 1O. [13]
Ta THILIHUX.

[Tpote, Gepyun 10 yBaru BUIIE 3a3Ha4€HI HAYKOBI JOCIHIKCHHS, TTUTAHHS,
MOB’s13aHE 3 METOJIOJIOTI€I0 MO PO3poOIl CHCTEM aJaNTHBHOIO YIPABIiHHS Ha
BUPOOHUYOMY MiANPHEMCTBI, BCE 1€ 3aJTUIIAETHCS HEAOCTATHBO JOCIIIKEHUM
Ta MOTpeOye MOJANBIIOTO ONPAIFOBAHHS.

IMocTanoBka 3aBaanHs. Metoio po6oTH € po3poOKa aganTUBHOI CHCTEMU
NPUNAHATTS pillleHb Ha 0a31 HEYITKOI JIOTIKM B CMApT-KOHTPAKTAX IMiIPUEMCTBA.

BuxnanenHsi 0CHOBHOTO mMaTepiaJy joc/izkeHHss. B ocHOBI aganTuBHOT
CUCTEMHM YIIPABJIIHHA JIeKaTh JBAa OCHOBHI KOMIIOHEHTH: OIlIHKA PHU3HKY Ta
ONTHMI3aIlisl JAHIFOTa TOCTaBOK. [[JIsi OIIHKK PU3MKY MOJENI HEYIiTKOi JIOTiKU
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AQHAMI3YIOTh BXIJHI 3MiHHI, TaKi SK PU3WKH JIAHITIOTa ITOCTAaBOK, (hiHAHCOBI
pu3uku Ta omnepauiiiai puszuku [3]. Lli BXiaHI JaHi OLIHIOIOTHCA 3a TOTOMOTOK0
HEYITKUX TPaBUJI JUIsl BU3HAUEHHS 3arajbHOTO PiBHS PU3UKY, KJIacH()iKOBAHOTO
K HU3bKUH, cepenHili abo BUCOKMA. Takuil migxix A03BOJISE OUTBII THYYKO i
TOYHO OIIIHIOBaTH MOTEHIIHI PU3UKH, IO MOXKE MaTH BUPIIIaIbHE 3HAUCHHS TS
MOTIePEDKYBATBHUX [T 1 CTPATETiYHOTO TUTAaHyBaHHS.

Jlnst onmTuMizaliii JIaHIOra IMOCTAa4YaHHS MOJIE]h BUKOPHUCTOBYE HEYITKY
JOTIKY JUISl IMHAMIYHOTO KOPHUTYBAaHHS POOOYMX MapamMeTpiB Ha OCHOBI JaHUX
y peanbHOMY 4Yaci. BXifHi 3MiHHI, Taki SIK piBE€Hb 3amaciB, TEMIU BUPOOHULITBA
Ta MPOIYKTUBHICTh IMOCTAYAIbHHUKIB, OHiHIOIOTBCH o0 OTpUMATH KOPHCHY
1H(1)0pMauuo Hanpuknan, sKio piBeHb 3amaciB HU3bKU, a TEeMIIM BUPOOHUIITBA
BHCOKI, CUCTEMa MOX€ PEKOMEHIYBAaTH KOPUTyBaHHS BI/IpO6HI/I‘lI/IX rpagikiB abo
TOYOK IIOBTOPHOTO 3aMOBJICHHS ITOCTaYaJIbHHUKA, 00 320€3MeYNTH ONTUMATbHUH
piBeHb 3amaciB 1 MiHIMI3yBaTH 3001 [4].

Ha nonaTtok 10 yrpaBiiHHS pU3HKaMM Ta OnepariifHoi onTuMizarii, Moaesb
iHTerpye (hiHAHCOBI MOKA3HUKH, 11100 3a0€3MCUNTH BCeOIUHE YSABICHHS TIPO BILIUB
JAHIIOTa TOCTaYaHHs Ha 3arajbHy (iHAHCOBY €(EKTHBHICTH MiANPHEMCTBA.
Taxi (hiHaHCOBI TIOKAa3HUKH, SIK JAOX1J, BIICTSKEHHS BUTPAT 1 HOpMa MPUOYTKY,
aHaII3YIOThCA, U100 OLIHUTU €(EKTUBHICTh PIIEHb JAHIIOIa MOCTABOK I0J0
npubyTKoBoCTi. [IpaBuia HEUiTKOI JIOTIKM 3aCTOCOBYIOTBHCS JUISI KOPUTYBAaHHS
¢diHaHCOBHX cTpaTerii i OKJHKETyBaHHS Ha OCHOBI eQ)eKTI/IBHOCTi JIAHILFOTa
MOCTaBOK, 3a0e3neuyodn e(heKTHBHUIA posnozun q)lHaHCOBI/IX pecypcis.

MaremaTHyHe TNPEICTaBICHHSA Li€l MOJENi BKIIOYAE (bopMan/I HEYiTKOT
JOTIKMA ISl TIEPETBOPEHHS HEBU3HAUEHUX BXIJIHUX TaHUX y Ji€Bl pPIIICHHS.
Hanpukiaz, BUXia CHCTEMH HEYITKOT JIOTIKH MOYKHA BUPA3UTH TaK:

V=0g+ QX — 0% — A3X3 + AyX, + A5 X — AgXg (1)

Jie, y Hpe/cTaBIIsie BUXia (piBEHb pU3HUKY a00 KOPUTYBAHHS 3ana01B) TOMI SIK
X, € BXIIHMMHU 3MiHHMMHM (PU3HKH JIQHIFOTa TOCTaBOK abo0 piBHI 3amaciB), a, €
Koe(buueHTaMn 110 MPEJICTABIISIOTH BILTUB KOXHOTO (PaKTOpPy Ha pe3yJIbTar.

IIpoBinHOIO ifC€r0 CHCTEMH € MOEIHAHHS B COOI CMapT-KOHTPAKTIB
6J101<qu/IHy 13 IPUEHATTAM PIlICHh HA OCHOBI HEHITKOI JIOTiKH, 100 CTBOPUTH
Ha/lIiHY CTPYKTYpY Ul yIpaBliHHSI BUPOOHUYMMHU Ipouiecami [5].

[TokpamieHHst mporecy NPUAHATTS pillleHb B YIPaBIiHHI MOCTAYaHHIM
JOCATAETHCS 3aBISKU IHTETpallii CACTEMHU HEUITKOT JIOT1KH, IKa 00p00JIsie HETOUHY
Ta HeBM3HaueHy iHpopmanito. Ll cucrema TPAIIOE PasoM 31 cMapT- KOHTPAKTOM
Orokueiiny, 11100 3a0e3meduTH OUIBII afaNTUBHAIL 1 IHTENCKTYaNbHIMA X 10
YIpaBIiHHSA BUPOOHUYNMHE OTIEPAIliIMU.

Cucrema HeEUITKOI JIOTiKH 00poOIsie HewiTki abo HEOJHO3HAYHI JaHi 3a
JIOTIOMOTOI0  JIIHTBICTUYHUX 3MIHHHUX 1 HEYITKUX Ha60piB [6]. KomnoneHT
HEYITKOI JIOTIKH NPU3HAYCHUI JUIs OUIHKH Ta iHTEpIpeTallii HeBH3HAYCHOCTI B
OIICPATUBHMX JIAHKX, IOKPALLYIOYH 3araibHy CHCTEMY MiATPUMKH HPHAHSTTS
pillicHb.

KirouoBum kommnonentom konuenuii FL € cucrema HEWiTKOro BHCHOBKY
(FIS — Fuzzy Inference System), sika BUKOPHCTOBY€ HEUITKi TpaBwiIa 111 0OpOOKH
BXIJIHUX JIaHUX 1 IPUHHATTS pimieHb. BoHa nependayae:
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¢dasudikariro, B Xoai SKOI BiIOYBAa€ThCS 3ICTABICHHS BXITHUX NaHUX 3
HEYITKUMHU Habopamu;

— OIIHKY TPaBWJI, 331151 3aCTOCYBAHHS HEUITKUX MPABUII 10 JaHUX;

— arperaiito, To0To 00’€IHaHHS Pe3yJIbTaTiB HEYITKUX MTPABHIL;

— nedasudikailito, iIHIIUMHU CIOBaMH MEPETBOPEHHS HEUITKUX PE3YJIbTATIB
y Ii€BI pe3yJIbTaTH.

[TpuknanamMu HEHITKUX MIPABUIT MOXKYTh TMOCITYKUTH Y KOHTEKCTI IIOTOYHOTO
JOCIIDKeHHST HacTynHi ymoBH, 3rigHo 3 sxkumu: SAKIIO SupplyQuantity
(xinbKicTh mocTauanHs) € BucokuM I SupplyConfirmed (nificHicTh mocTauyaHHs)
€ ictuaamM, TOJI ProductionEfficiency (mpomaykTuBHICTE BHUpPOOHHIITBA) €
Brucokoro; ta: AKIIO SupplyQuantity € Huspkum I SupplyConfirmed € xubnuMm,
TOJI ProductionEfficiency € Husbkoro [7].

Buxin wewitkoro BucHOBKY (Fuzzy Inference Output) BupakaeThcsi 3a
JIOTIOMOTO0 HACTYTHOTO PIBHSHHSA:

Output = Defuzzify(Aggregate(R1,R2,...,RN)) 2)

ne xoxHe mpaswio R1,R2,..., RN Bianosigae yMOBi B HeuiTKiil cuctewmi,
a ixHi pe3ynbTaTH (HEUiTKI MHOKMHHU) 00’ €IHYIOTHCS 3a JOMOMOTIOIO Oreparlii
arperyBaHHs. Arperaiiist 00’€THye pe3ysibTaTH BCIiX MpaBWil, mo0 chopmyBaTu
enuHui HewiTkuil HaOip. Ilicns 3aBEPIICHHS arperyBaHHs ¢yukuis Defuzzify
TEPETBOPIOE LEH arperoBaHMil HEUITKHI HaOIp y TOYHE YMCIIOBE 3HAYCHHS, SKE
HA3UBAETHCS «YITKHUM BUBOIOM». Lle 4iTke 3HaYEeHHS € OCTaTOUHUM plIJ_ICHHSIM abo
JII€10 CUCTEMH, 1110 TIEPETBOPIOE HETOYHI, HEUITKI BX1/IHI JaH1 B YITKHH pe3yJibTar,
SKMH MOKHA BUKOPUCTOBYBATH JUISI IPUHHSATTS PillICHb.

YV KOHTEKCTI HEUITKOI JOTIKM MOJIEb 3IMIIKOBOI MEpeXi alanTy€eThCs s
OLIIHKY BUPOOHUYHNX MPOIIECIB:

F(x)=F(x,{W}H+x 3)

MOYATKOBUH BXIZ X JOMAETHCA HA3azd M0 TNEPETBOPEHOr0 BUXOAY, IO J03BOIISE
cucteMi eeKTHBHIIIC BUBYATH B1)106pa)KCHH$I IICHTUYHOCTI Ta 3a0e3rmevayBaTi
MJIABHUM TTepeOir rpalieHTIB MMiJ yac ontumMizaii [§].

H(x) = By (Fosy B (0 W1 ), {Wi2 ) o, (W) + x 4)

BBOJUTBHCSL Cepisi BKIQJAEHUX TIEPETBOPEHb, JI€¢ KOXKHE MEPEeTBOPEHHS
E, 33CTOCOBYETBCS MOCIIIOBHO 3 BUKOPHCTAHHAM BJIACHOr0 HabOpy Bar (W ,}.
LIsI CTPYKTypa yTBOPIOE TIMOOKY OararouapoBy (QyHKIiI0, y sKiil BXiZHI JaHi X
TOCTYTOBO MPOXOJSTH YEPE3 KillbKa MePeTBOPEHb, KOXKHE 3 SIKUX 3a/ICKHUTh Bl
neBHUX Bar. Hapemiri, BUXiHUI BXiJ X JOAA€ThCS Ha3a] y KiHI, MOAIOHO 10
3aJTUIIKOBOTO 3B S3KY B MEPIIOMY PiBHIHHI [9].

3naueHHs riaodanbHoro cepeanboro o0’eqnanus (Global Average Pooling —
GAP) ta knacudikariii 004MCITIOIOTHCS 32 YMOBH 3aCTOCYBaHHS (HOPMYII:

GAP(x) = —E Y Nt (5)
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Jie METOIO € y3araJbHCHHs IPOCTOPOBOI iH(opMmalii 3 BXiIHMX IaHHX X, siKa
€ JIBOBUMIPHOIO KapTor 00’€KTiB 13 BUcOTON /{1 1 mmpuHoro W. Iloxasiiine
T ICyMOBYBAHHSI arPErye 3HAYCHHS X,y A BCIX MPOCTOPOBHX MONOKEHb BXO1Y,
a pe3yJabTaT HOPMAJI3YEThCS 3arajllbHOI KINbKICTIO TPOCTOPOBHUX IO3MILIH,
Hx W. IHIMMu ciioBaMu, IPOCTOPOB1 PO3MIPH BX1THUX JJTAaHUX [1E€PETBOPIOIOTHCS
B €JIMHE CEpPEeJHE 3HAUCHHS AJsI KOXKHOIo 00’€KTa, CTUCKAIOuM BXiJHI JaHI B
MEHIIIE TTPEJICTaBJICHHS, 30epiraloun 3arajibHi XapaKTepUCTUKHN KapTh 00’ €KTIB.

FC(x) = Wj, X GAP(x) + W = by, (6)

TyT omucyeThcs moBHIicTIO 3B’s3anmii (Fully connected — FC) piBens,
3acTOCOBaHUN 10 pe3ynbraTy omnepauii GAP. W, TIPE/ICTABIIAEC Bark FC, a
b € umenom 3cyBy. Omeparrist WM:}C X GAP(x) ‘€ NHIHHMM NEPETBOPEHHAM
00’€IHaHOTO BUXOMY, IO €(EeKTHBHO BioOpa)ka€ MPOCTIp O3HAK BHCOKOI
PO3MIPHOCTI y BHXIiJ HW)KYOi BUMIPHOCTI, MPUIATHUN 7Sl TAaKUX 3aBJaHb, 5K
knacudikais. [Torim momaerscs 3cyB b, mo0 3cyHyTtH Buxia. llel moBHICTIO
MIIKTIOYeHUH piBEHb Ji€ K KiHIEeBUNA eTan TpaHchopmallii, 1e BUBYEHI (yHKIIIT
00’ €THYIOThCS JJIS OTPUMAaHHS 0CTaTOYHOro pe3ynbTaty [10].

L = X5, v log(S;(x)) (7

NpPEACTaBISEThCA QyHKIis BTpaT, A¢ C BIANOBIIA€ KITBKOCTI KIIACIB, y,
H03Haqa€OCHOBHYMITKaICTI/IHHOCTII[J'IHKJ'Iacyl a5, (x) IPE/CTaBIIAE IPOrHO30BAHY
WMOBIPHICTB JIs KJIacy i, OTPUMaHy 3 BHXOJIY MOJENI uepe3 QpyHKIio softmax.
Tepmin  y,log(S;(x)) obunciioe sorapum MpaBIOMOAIOHOCTI MPABUILHOTO
MPOTHO3Y KJ1acy, a M1ACYMOBYBAHH: BCIX KIIACIB J[a€ BTPATY EPEXPECHOT eHTpOIii
(cross entropy 1oss) [1 1]. Ll dyHKIisS BTpat BUKOPUCTOBYETHCS TS KUTbKICHOTO
BM3HAYCHHS DI3HHIl MiX MPOrHO30BAHMMH HMOBIDHOCTAMH Ta CIPaBXKHIMH
MITKaMH, KEepPYIOUd MPOIECOM OMTHUMI3allii MOJENi ISl MiJABUIIEHHS TOYHOCTI
nepeaoadeHHs.

MopentoBaHHSI HEUITKMX 3MIHHUX 31HCHIOETHCS 3aBISIKM BUKOPHCTAHHIO
¢bynkmii HamexHocti. Hampuknam DeliveryOnTime(mocTaBka BYacHO) MOXKe
OyTH MpEeACTAaBICHO TpAamemieno/i0Ho (YHKIIEI0 HAEXKHOCTi, Ji¢ 3HAYCHHS
BapitoroThes Bia 0 (He BuacHO) 10 1 (BUacHO):

0 AKIIO X <

— dKmMoa<x=h

b—a
1 skmob<x<c (®)

AKMIO c < X = b
0 AKIO X > d

SKmo cTyniHb HaleXKHOCTI JopiBHIOE 0, 116 BKa3y€ Ha Te, 10 3HAYCHHS
MOBHICTIO BUXOJHTH 32 MEXi HediTkoro Habopy. Komm x 30imabmyerhes mix
a 1 b, cTyniHb HaJIe)KHOCTI JiHIHHO 3pocTae BiA 0 g0 1, mo npeacrasisie
BUCXIJHUN HaXui Tpamneuii. Mixk b 1 ¢ IpUHAJIEKHICTh 3aJIUIIAETHCS PIBHOIO
1, BKa3yl0uu Ha OBHY NPHHAJICKHICTH 0 siApa abo MiIaTo HeYiTKOi MHOKHHHU.
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3a yMmMOBH, WO X NMPOIIOBKYBATHME 3POCTATH BIZl ¢ JI0 d, NPHHATCKHICTH
3MEHIINTUMEThCA JIiHIAHHO Bix 1 10 0, yTBOpIOIOYH CIIaJHUH HAXHJI Tpamewii
[12]. duist 3HAUeHB x OisbIe, HIXK d, CTYIIHb TPUHAIICKHOCTI TOBEPTATUMETHCS
1o 0, me pa3 BKa3yro4u, 10 3HAYCHHsI IOBHICTIO BUXOIUTh 32 MEXKi HEYITKOTO
Habopy. Y Toii ke yac, mapameTp QualityScore(ominka KOCTi) MOJEITIOETHCS
3a JIONOMOTOK TPHKYTHOI (YHKIIi 4WICHCTBa, MO BimoOpakae pi3HI piBHI
SIKOCTI MPOJYKTY.

TakuM 9MHOM, 3aCTOCYBaHHSI AJITOPUTMI30BaHOT CUCTEMH TPUHHSTTS PillleHb
Ha 0a31 FL pe3ynbTye y Moau(dikyBaHHI CMapT KOHTPAKTY

VY MoauQikoBaHOMY CMapT-KOHTPAKTI BUKOPHUCTOBYETHCS HEUITKAa JIOTiKa
JUTS. OLIHKHM HaJIMHOCTI MOCTa4albHUKA, NTEPETBOPIOIOYH ii Ha HEUITKI CTyIeHI
YIEHCTBA JJIsl HU3bKO1, CEPEHbOT Ta BUCOKOT KaTETOPii.

[ToTiM KOHTPAKT 3aCTOCOBYE HEUITKi MpaBUJIa ISl KOPUTYBaHHSI TapaMeTpiB
nocrayaHHs. SIKII0 HaAIMHICTD BBAKAETHCS HU3BbKOIO, I[iHA MPOAYKTY
30unbmIyeThes Ha 10%, a oOcsar mocradanHs 3MeHmryeTbes Ha 10%. | HaBmakw,
SIKIIIO HATIMHICTh BUCOKA, IliHa 3MeHIIyeThcst Ha 10%, a KUTbKICTh 301TBIITY€EThCS
Ha 10%. Lli kopuryBaHHs 00UUCITIOIOTHCS 32 IOTIOMOI'00 METOIiB Aedazndikarii
B defuzzifyPrice() i defuzzifyQuantity(), sKi BUKOPHCTOBYIOTh 3Ba)KE€HE CEPEIIHE
3HAYEHHS [T IO€THAHHS HEUITKUX Pe3yJIbTaTiB.

AnanTHBHA cHCTEMa YHPABIIHHSA PECypcaMu XapaKTePU3YEThCS 3AaTHICTIO
pearyBaTH Ha 3MIHM 30BHIIIHBOTO CEpEeAOBHINA Ta BHYTPIMIHIX mpoueciB. Ls
cucTeMa Mae€ IHTETrpyBaTH IEpeoBl TEXHOJOTIT Juis e(eKTUBHOTO YIpaBJIiHHS
pecypcamu Ta 3a0e3Me4YeHHs CTPaTeriyHoi CTadlIbHOCTI.

EdextuBne ynpapninHs mnependadae Oe3nepepBHUN LUK IJIaHYBAaHHS,
aHa3y Ta NPUUHATTS pimieHb. € HEOOXIAHICTh ananTyBaHHS (iHAHCOBHUX
cTpaterii A0 rio0albHUX TEHAEHLIN 1 TeXHOJOTIYHOIO nporpecy. Exonomiuna
OCHOBA JUISl BIPOBA/UKCHHS aJalTHBHHUX CHCTCM YIPABIIHHS IOYMHAETBCS 3
pETeNbHOTO aHan13y BHTPAT 1 BUTOJ1, SIKHii € BUPILIATEHUM JUTS OL[IHKH () iHAHCOBOT
JKUTTE31aTHOCTI cuctemu. Leit anaiis nependadae 004UMCICHHS YHCTOI PHBEACHOT
BapTOCTl (Net Present Value — NPV) [13], sika JomoMarae OIiHUTH, Y1 IPUHECY Th
1HBECTHII] B OJIOKYEWH 1 TEXHOJIOT1i HEUITKOi JIOTIKM MO3UTHUBHHUIA NPUOYTOK 3
gacoM. NPV Bu3HauaeTncs 3a GopMyIIoro:

_ w7 B G

NPV =31, Yy I )
R, TpejcTaBisie JIOXiJl, OTPUMAaHHUW 3a Tepioj f, C, TO3HAYae BUTPATH,
MMOHECEHI B IIbOMY IEPio/Ii, 7 € BIZICOTKOBOIO CTaBKOIO, 1 € 3arajbHOI0 KUTBKICTIO
MepioJIiB, MO PO3MIISIAIOTHCS, [ - TOYaTKOBA HEOOXiAHA iHBeCTHIIis. [lo3uTHBHUI
NPV Bka3zye Ha Te, 110 OUYiKyBaHi BUTOAM BiJ CUCTEMH NEPEBUIIYIOTh BUTPATH,
MIPUITYCKAIOUH, IO IHBECTHINS € CKOHOMIYHO OOIpyHTOBaHOK. EKOHOMIiuHI
nepeBaru OJOKYEHHY MOKHA KiJTbKICHO OI[IHUTH IUISXOM OIIIHKH CKOPOYEHHS
TPaH3aKI[IHHUX BUTPAT 1 TMIJBUIICHHS CQEKTUBHOCTI TPOIECCIB. 3HAYCHHS
3HIDKEHHS aMIHICTPAaTUBHUX BUTpAT, MOB’SI3aHUX 3 MArepoBOI0 POOOTOIO Ta

MocepeTHIKaMH MOYKHA BUPA3HUTH 32 TOTIOMOTOI0 (OpPMYJIH:

S=C -G (10)
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ne C, TO3HA4Ya€ BUTPATH, TOB’A3aHi 3 TPAJMIIHHUMHU METOJAMH PETYIIIOBAHHS
JIAHIIOTOM MOCTa4aHHs, a (;, 03Ha4a€ BUTPATH MiCJIs BIPOBALKCHHS OJOKYEHHY.
s exoHoMmis 6e3nocepenHbo crpusie 3arajbHii TMpUOYTKOBOCTI JIAHITIOTA
TMOCTABOK. BIIINB BUKOPHCTAHHS HEYITKOT JIOTIKH BiZOOPAXKAETHCS Y 3MCHIICHH]
HA/UIMIIKOBMX 3aMaciB 1 NOKpAIEHH] y3ro[KeHHs Ipono3uuii 3 nonutoM. Llei
BIUIMB MO>KHA OILIIHUTH 32 JIONIOMOT010 ()OPMYJIM €KOHOMIYHOT JOAaHOI BapTOCTI
(Economic Value Added — EVA):

EVA = NOPAT — (WACC X Kamitanr) (1)

ne NOPAT (Net Operating Profit After Taxes) o3nauae yucTHii onepamiianii
npubyTok micns cratu noaatkie, WACC (Weighted Average Cost of Capital)
— LI cepe/lHbO3Ba)keHa BapTicTh KamiTaimy. 30uibmieHHs EVA Bkasye Ha Te,
0 CUCTeMa HEYITKOi JIOTiKM €()EeKTHBHO MiJBHIIYE MPHUOYTKOBICTH NIISIXOM
onTuMizamii onepauiﬁHo'l' e(beKTHBHOCTi

IporeypHa iHTErparis [IX TEXHONOTIH BKIIOYa€ HU3KY KPOKiB. CriodaTky
HEOOXI/IHO TMPOAHA3yBaTH JAHIJOr TOCTABOK, 100 BHM3HAYMTH 007acTi, 1e
OJIOKYEH 1 HedwiTKa JIOTiKa MOXKYyTh MPHHECTH HAWOUIBII 3HA4YHI TIEpeBary.
[e#i anaii3 BKJIOYAE OIIHKY IMOTOYHOI Hee(EKTUBHOCTI, ONEpaIlifHiX BUTpAT
1 TporeciB anﬁH;ITTsI pimeHb [Ticas mporo mporec BUOOPY TEXHOJIOTIL
nependadae BUOIp BIAMOBIIHUX TLIATGOPM OIOKYCHHY Ta MOZENCH HEediTKOi
JIOTiKH, aIalITOBAaHUX J0 KOHKPETHUX MOTPEO JIAHIIOTa MOCTABOK.

3ro10M po3pOOIIAETHCS TUTAaH TIOETAITHOTO BIIPOBADKEHHS, KU BKIIOYAE
MJIOTHE TECTYyBaHHS, CUCTEMHY IHTETpaIlil0 Ta MOBHOMACIITa0OHE PO3TOpTaHHS.
[Tin wac miei ¢a3u BIACTEKYEThCS BIUIUB CHCTEMH Ha eKCIUTyaTalliifHi
XapaKTePUCTHKN Ta BHOCATHCA HEOOXiJTHI KOPUTYBaHHS JUIS ONTHMI3allii
nepesar. PerymnspHi nepeBipku epeKTUBHOCTI Ta OLIIHKA BUTPAT MPOBOJATHCS ISt
3a0e3MedYeHHs peatizailii 09iKyBaHUX €KOHOMIYHHX TIepeBar.

BucnoBkn. B po0oTi NPONMOHYETHCS CHHEPrivyHE TOEJHAHHS CMapT-
KOHTpPAKTIB Ha OCHOBI OJIOKUYCHHY 3 HEYITKOIO JIOTIKOIO NPUHHSATTS PILlIeHb VIS
MOKPAIIEHHS YIIPABJIiHHS JIAHIIOTaMH [TOCTaYaHHs HA BAPOOHUYHUX i ITPUEMCTBAX.
CMapT-KOHTPAKT, OMMCAHUA y CTaTTi, 3abe3mneuye Oe3neyHi, aBTOMaTU30BaHi Ta
Mpo30pi oneparlii B JIaHII031 TTOCTABOK, BU3HAYAIOUW TIPaBHJIA Ta B3AEMOJII0 MIX
HiINPUEMCTBOM Ta HOT0 MmocTavaibHUKaMK. [HTerpallisi HE4iTKOI JIOTiK! JI03BOJISIE
crcTeMi 00poOIIATH HETOYHI Ta HEBU3HAYEHI 1aH1, IPOTIOHYIOYH OUIBII aIlal TUBHUN
Ta IHTEICKTYaTbHAI MIIX1] 10 NPHIHATTS PIllICHE.

Cucrema HediTKOi JIOTiKH 00pOOIse HEOAHO3HAUHY iH(pOpMALiio 32
JOTIOMOTOI0 JIIHTBICTUYHUX 3MIHHMX 1 HEUITKMX HaOOpiB, SKi JOIMOMaraiTh
IHTEpIpEeTYyBaTH HEBU3HAYCHOCTI B ONEPAaTUBHUX JaHUX. KiouoBuMm
€JIeMEHTOM CHCTEMHU € CHUCTEeMa HEYITKOTO BHCHOBKY, SIKa BHUKOHYE Taki
OCHOBHI eTan#, K ¢a3udikailis, oliHKa npaBuIl, arperauiﬂ Ta J:[e(bamq)ixaui;{
Ile mpusBoauTh 10 OiIbLI TOHKMX BHUXOAIB PIlICHb Ha OCHOBI HEYITKHX
IpaBWII, AKi MOKYTh BPaXOBYBaTH Pi3HI YMOBH, TaKi K KiJTbKICTh IIOCTaYaHHS
Ta HaAIWHICTH mocTradanbHuKa. [loegHaHHS HEWITKOI JOTIKM 31 CMapT-
KOHTPaKTaMH TOJIETIIy€e AMHAMIYHE KOPUTYBAHHS B YIPaBJIiHHI OCTaBKaMH,
HamnpUKJIaJ HIHOYTBOPEHHS Ta MOAU(DIKAIII0 KIJIBKOCTI MOCTABKM HAa OCHOBI
HaTIWHOCTI ITOCTavYaIbHUKA.
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ITpoBOMTECS OLIHKA TOTO, SIK MOKHA BUKOPHCTOBYBATH 3aJIMIIKOBI MEPEXKi
Ta IJTMOOKI OaraTopiBHEBI MCPETBOPCHHSA B MOEIHAHHI 3 CHCTCMOKO HEYIiTKOi
JOTiKM [ns miaBUIIeHHS e(deKTUBHOCTI pobotu. Konmemiis rio6anibHOTO
CepeIHbOro 00’€HAHHS 1 MOBHICTIO 3B’S3aHUX PIBHIB 3aCTOCOBYIOTBHCS IS
3aBlaHb KnacmbiKauii‘ a QyHKIIT BTpaT MEpexXpecHOi eHTpoIii HiILBI/IIIIYIOTB
To4HicTE Mozenm. KpiM Toro, BUKOpHCTaHHs (YHKIIIi NPHHATICKHOCTI, TAKUX
K TPANeLienoiOni Ta TPUKYTHI HAOOPH, NO3BONIAE TOYHO MOJIENIOBATH TaKi
(akTopu, SIK CBOEYACHICTh JOCTABKH Ta SKICTh IPOAYKTY.

Chnucox ukopucmanux oxcepei

1. Dash S., Dash K., Choudhury S. Evaluation and selection of large
cardamom supply chain using fuzzy logic based decision-making model. Journal
of Food Process Engineering. 2022. Ne 46. DOI:10.1111/jfpe.14266.

2. Turjo M. D., Khan M., Kaur M., Zaguia A. Smart Supply Chain
Management Using the Blockchain and Smart Contract. Scientific Programming.
2021. PP. 1-12. DOI:10.1155/2021/6092792.

3. Wang X. Research on the Application of Blockchain Technology
and Smart Contracts in the Financial Industry. Frontiers in Business,
Economics and Management. 2024. Ne 15. PP. 392-395. DOI:10.54097/
gx0qhy44.

4. Dewayanto T. NLP-Bert and Optimization of Efficiency-Security in
Blockchain-Accounting Smart Contracts. Fokus Ekonomi : Jurnal Ilmiah
Ekonomi. 2024. Ne 19. PP. 145-151. DOI:10.34152/fe.19.1.145-151.

5. Alqodsi E., Arenova L. Smart Contracts in Contract Law as an Auxiliary
Tool or a Promising Substitute for Traditional Contracts. Journal of Legal
Affairs and Dispute Resolution in Engineering and Construction. 2024. Ne 16.
DOI:10.1061/JLADAH.LADR-1132.

6. Bodemer O. Smart Contracts as a tool for small and midsized companies.
2023. DOI:10.36227/techrxiv.24005568.v1.

7. Omar A., Waweru P., Rimiru R. Fuzzy Logic Framework for Qualitative
Evaluation of Supply Chain Responsiveness. 2024. Ne 4. PP. 37-48.

8. Algahtani S., He X., Gamble R., Papa M. Formal verification of functional
requirements for smart contract compositions in supply chain management systems.
Proceedings of the Hawaii International Conference On System Sciences. 2020.
PP. 5278-5287.

9. Alfandi O., Otoum S., Jaraweh Y. Blockchain solution for IoT
based critical infrastructures: byzantine fault tolerance. Proceedings of the
2020 IEEE Network Operations and Management and Symposium. 2020.
PP. 1-4.

10. Fu Y., Zhu J. Big production enterprise supply chain endogenous
risk management based on blockchain. /IEEE Access. 2019. Ne 7.8626088. PP.
15310-15319.

11. Yuan H., Qiu H., Bi Y., Chang S.-H., Lam A. Analysis of coordination
mechanism of supply chain management information system from the perspective
of block chain. Information Systems and E-Business Management. 2020. Ne 18.4.
PP. 681-703.

99



ISSN 3041-2153 (print), ISSN 3041-2161 (online). European Vector of Economic Development. 2025. Ne 1 (38)

12. Kamran R., Khan N. Sundarakani B. Blockchain technology development
and implementation for global logistics operations: a reference model perspective.
Journal of Global Operations and Strategic Sourcing. Ne 4.4, PP. 360-382. 2021.

13. Yoo M., Won Y. A study on the transparent price tracing system in supply
chain management based on blockchain.MDPI AG.2018. Ne 11. 4037 p.

References

1. Dash, S., Dash, K., Choudhury, S. (2022) Evaluation and selection of
large cardamom supply chain using fuzzy logic based decision-making model.
Journal of Food Process Engineering. No. 46. DOI:10.1111/jfpe.14266.

2. Turjo, M. D., Khan, M., Kaur, M., Zaguia, A. (2021) Smart Supply Chain
Management Using the Blockchain and Smart Contract. Scientific Programming.
PP. 1-12. DOI:10.1155/2021/6092792.

3. Wang, X. (2024). Research on the Application of Blockchain Technology
and Smart Contracts in the Financial Industry. Frontiers in Business, Economics
and Management.No. 15. PP. 392-395. DOI:10.54097/gx0ghy44.

4. Dewayanto, T. (2024) NLP-Bert and Optimization of Efficiency-Security
in Blockchain-Accounting Smart Contracts. Fokus Ekonomi : Jurnal Ilmiah
Ekonomi. No 19. PP. 145-151. DOI:10.34152/fe.19.1.145-151.

5. Alqodsi, E., Arenova, L. (2024) Smart Contracts in Contract Law as an
Auxiliary Tool or a Promising Substitute for Traditional Contracts. Journal of
Legal Affairs and Dispute Resolution in Engineering and Construction. 2024. No.
16. DOI:10.1061/JLADAH.LADR-1132.

6. Bodemer, O. (2023) Smart Contracts as a tool for small and midsized
companies. DOI:10.36227/techrxiv.24005568.v1.

7. Omar, A., Waweru, P., Rimiru, R. (2024) Fuzzy Logic Framework for
Qualitative Evaluation of Supply Chain Responsiveness. No. 4. PP. 37-48.

8. Algahtani, S., He, X., Gamble, R., Papa, M. (2020) Formalverification
of functional requirements for smart contract compositions in supply chain
management systems. Proceedings of the Hawaii International Conference On
System Sciences. PP. 5278-5287.

9. Alfandi, O., Otoum, S., Jaraweh, Y. (2020) Blockchain solution for IoT
based critical infrastructures: byzantine fault tolerance. Proceedings of the 2020
IEEE Network Operations and Management and Symposium. PP. 1-4.

10.Fu, Y., Zhu,J. (2019) Big production enterprise supply chain endogenous risk
management based on blockchain. /EEE Access. No. 7.8626088. PP. 15310-15319.

11. Yuan, H., Qiu, H., Bi, Y., Chang, S.-H., Lam, A. (2020) Analysis of
coordination mechanism of supply chain management information system from
the perspective of block chain. Information Systems and E-Business Management.
No. 18.4. PP. 681-703.

12. Kamran, R., Khan, N. Sundarakani, B. (2021) Blockchain technology
development and implementation for global logistics operations: a reference
model perspective.Journal of Global Operations and Strategic Sourcing. No. 4.4,
PP. 360-382.

13. Yoo, M., Won, Y. (2018) A study on the transparent price tracing system
in supply chain management based on blockchain.MDPI AG. No. 11. 4037 p.

100



ISSN 3041-2153 (pring), ISSN 3041-2161 (online). European Vector of Economic Development. 2025. Ne 1 (38)

ADAPTIVE MANAGEMENT SYSTEM OF SUPPLY CHAIN IN A
MANUFACTURING ENTERPRISE

levgen Pirkovets, Alfred Nobel University, Dnipro (Ukraine)

E-mail: pirkovets@ukr.net

https://doi.org/10.32342/3041-2153-2025-1-38-7

Keywords: blockchain, fuzzy logic, supply chain management, smart contracts, adaptive
decision-making, manufacturing

JEL classification: C63, D81, D86, L14, 033

This article presents a system for enhancing adaptive management through the integration
of fuzzy logic decision-making system in backed by blockchain supply chain smart-contracts
of an enterprise.

The adaptive management system is based on two main components: risk assessment
and supply chain optimization. To assess risk, fuzzy logic models analyze input variables such
as supply chain risks, financial risks, and operational risks.

An adaptive resource management system is characterized by the ability to respond
to changes in the external environment and internal processes. This system should integrate
advanced technologies for effective resource management and ensure strategic stability.

The system utilizes blockchain’s immutable ledger and smart contracts to automate
key processes such as manufacturing processes, inventory management, and regulatory
compliance, thus addressing issues like communication gaps, delays, and counterfeit risks.
However, the inherent rigidity of blockchain systems in adapting to dynamic manufacturing
environments prompts the incorporation of fuzzy logic.

Fuzzy logic offers a solution to this limitation by enabling more nuanced decision-making
through the processing of uncertain or imprecise data. The article details the integration of
fuzzy logic with blockchain, wherein fuzzy inference systems (FIS) are employed to evaluate
and interpret operational data under variable conditions. This combination allows for adaptive
responses to supply chain disruptions, such as supplier delays or inventory shortages. The
fuzzy logic system applies rules to determine the optimal course of action, which is then
executed through blockchain-based smart contracts.

Key advancements include the development of a modified smart contract framework
that uses fuzzy logic to adjust supply chain parameters dynamically. For example, supplier
reliability is assessed using fuzzy membership functions, leading to adjustments in pricing
and supply quantities based on real-time evaluations. This approach enhances the flexibility
and responsiveness of manufacturing operations, ensuring that decisions are based on
comprehensive data analysis rather than static rules.

A fuzzy logic system processes ambiguous information using linguistic variables and
fuzzy sets that help interpret uncertainties in operational data. The key element of the system is
the fuzzy inference system, which performs basic steps such as fuzzification, rule evaluation,
aggregation, and defuzzification. This results in more refined decision outputs based on fuzzy
rules that can take into account different conditions such as supply quantity and supplier
reliability. Combining fuzzy logic with smart contracts facilitates dynamic adjustments in
supply management, such as pricing and modification of supply quantity based on supplier
reliability.

It is evaluated how residual networks and deep multi-level transformations
can be used in combination with a fuzzy logic system to improve performance. The
concept of global mean pooling and fully connected levels is applied to classification
tasks, and cross-entropy loss functions improve model accuracy. Additionally, the use
of membership functions such as trapezoidal and triangular sets allows for accurate
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modeling of factors such as delivery timeliness and product quality.The proposed
system provides a robust solution for managing production processes amidst fluctuating
conditions, combining the transparency and security of blockchain with the adaptive
capabilities of fuzzy logic. This integration aims to optimize production efficiency and
maintain operational continuity in the face of unpredictable challenges.
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