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1. Inceprauiiina po60Ta IPUCBAYEHA aKTyalbHill HAYKOBIl 3a7ja4i PO3POOKY Ta BIPOBAIKEHHS iHTEJIEKTyaJIbHAX
MeToziB 06po6ku iHdopmauii 1715 onTuMizalii GyHKLIIOHYBaHHS JIOTICTUYHUX LIEHTPIB B YMOBaX aKTUBHOI iHTerpatii
iHTeJIeKTya/IbHUX iHPOpMaLiliHUX cucTeM. Y MeXXax NOCIiIKeHHs IPOBeleHO aHaJli3 Ta 3alIPOIIOHOBAHO LIISIXU
PO3B’13aHHA NTpobeMU Hee(EKTUBHOCTI CKIaAChKUX MTPOLIECiB, 3yMOBJIEHOI BUKOPUCTAHHSIM HETHY4YKUX
anropuTMiB. Y pobOTi NiIKpeCIEHO OOMEXKEHICTh TPAAULIIMHUX MiAXOAiB B CUCTEMAaX YIIPaBJiHHS CKJIAIOM, SIKi
3a3BrUvai 6a3yroThCs Ha cTaTuYHUX npaBuiax ABC ta XYZ-ananidy Ta (ikcoBaHUX perjlameHTax. MeTowo
IOCTiIKEeHHS € po3poOKa HOBUX MoZesiel KjacTeprsallii Ha OCHOBI aHasli3y YaCOBUX PSifiiB MONUTY Ta CTBOPEHHS
MeTonuku YacoBo-opieHToBaHoro [IpusnadenHs Micup 36epiranns (TOASL), sika 103BoJIsIe MiHIMI3yBaTH CyMapHi
MapuIpyTHU CKJIACbKUX onepauin. Y Po3aini 1 mpoaHanizoBaHO Cy4aCHUM CTaH aJITOPUTMIYHOTO Ta TEXHOJIOTIYHOTO

3a0e31e4eHHs JIOTiCTUKU. PO3IyIsiHYyTO posb IHTEpHETY pedeli, TeXHOJIOriH pafioyacToTHOI ineHTudikauii Ta



ABTOHOMHUX MOOiJIbHMX POOOTiB Yy (opMyBaHHi iHpopMauiiHoi 6a3u ckiany. OGIPYHTOBAaHO HEOOXiIHICThb
Iepexofly Bifl IUCKPETHUX TPaH3aKLiMHYX 3aIMCIB 10 BEKTOPHOTO NIPeICTaBIeHHS JaHUX Y POpMi 4acOBUX PSLiB
17151 30epeXkeHHs TOBHO] iH(opMallii Ipo CTPYKTYPY CIIO>KUBAHHS. [Ipyruil po3ia CipsiMOBaHUI Ha [OCIIiI)KEHHS
MaTeMaTUYHMX METO/IB KJIacTepu3allii 4aCOBUX PALIB Y JIOTICTULI AJ1S1 BUSBJIEHHS Ta aHAJi3y IPUXOBAHUX
3aJIEXKHOCTEN Y 3aMOBJIEHHSX TOBAPIB. Lle 1,03BOJIsIE€ 31iICHIOBATY IEPEXif, Bifl, CTATUYHOIO ONMUCY aCOPTUMEHTY J10
BUSIBJIEHHS AVMHAMIYHUX 3aKOHOMipHOCTel nonuty. Y Poznini 3 onucaHo po3pobisieHe cUMyJIsIIiiiHE cepeoBuILe
I71s1 Bepu@ikauii mogesneit po3mimenHs. O0YMCIEHO CyMapHi BiJICTaHi, gKi [01al0ThCs IEPCOHAIOM 7151 YKIIaJaHHS
TOBapiB Ha Micug 36epiranHs. ITopiBHSAHO nucTaHLii, poiiAeHi 6e3rocepesHbO i Yac 30MpaHHs TOBAPIB AJIs
3aMOBJIEHb Pi3HOro 06csry. HaykoBi pesysibTaTi, OTpUMaHi B JucepTalifiHiil po6ori: 1. Bnepiue po3po6ieHo MeTox
Time-Oriented Assignment of Storage Locations (TOASL) a8 iHTesIeKTyaJbHOIO PO3MillleHHS TOBapiB y
JIOTiCTUYHUX LIEHTPAaX, IKUI 32 PaXyHOK BUKOPUCTAHHS KJIACTEPU3allii YaCOBUX PsiiB IapaMETPiB MOMUTY 3
BMKOPHUCTaHHSIM MeTpuK DTW Ta SBD, ypaxyBaHHS JMHaMiYHUX XapaKT€PUCTUK IIONUTY (CE30HHICTb, TPEHIH,
BapiaTUBHICTD), a0aNITUBHOTO 30HYBAaHHS CKJIA[ICHKOTO [IPOCTOPY 3aJIEXKHO Bifl KjlacTepiB NONUTY, LO3BOJIUIIO
cpopMyBaTH BilOOPaKEHHS «TOBAP—30HAa» SIK (DYHKIIiIO [IOBEAiHKM MONUTY B Yaci Ta 3a0€3MeYNTH 3MEHIIEHHS
cepeIHbOI TOBXXUHY MapIIPYTiB KOMILJIEKTYBAaHHS 6€3 3MiHU CKJIaAChKOi iHPPacTpyKTypu. 2. YIOCKOHANIEHO
MOJeJIb OLIiHIOBaHHS e(EeKTUBHOCTI CKIaIChKUX OIepaliili, SIKa 32 paxyHOK BUKOPUCTAHHS 6araTOKpUTepiasibHO]
ONTUMI3allil0 IUISIXOM BUKOPUCTaHHS KOMOIHOBaHOI 11i/1b0BOi (PYHKILii, 110 iHTErpye NOBXUHY MaplIPYTiB
KOMIIJIEKTYBaHHS, BUTPATU HA PO3MillleHHS TOBApiB Ta 4aCOBi XapaKT€PUCTUKY BUKOHAHHS OIlepalliid, 1o
D03BOJINJIO NOCSIITYU 3HWKEHHS CyMapHUX OllepaliliHUX BUTPAT HA PO3MillleHHS Ta 0OPOOKY 3aMOBJIEHbD. 3.
YIOCKOHAJIEHO MOJIEJIb iHTE€JIEKTYaIbHOTO YIIPaBJIiHHS CKJIAICBKAMU IIPOL€CaMU, SIKA 32 PaXyHOK BUKOPHCTaHHS
MaTeMaTUYHOIO NIePexXoy 4O BEKTOPHOIO NPEACTaBIEHHS IONUTY Y BUIJIAL] 4aCOBUX IIPOQiiiB, 32CTOCYBaHHS
iepapxiYHOi KylacTepu3allii Ta CaMOOPraHi3oByBaHUX KapT KOXOHEHa, BAKOPUCTAHHS CIIELiali30BAHNX METPUK
MOAiOHOCTI YaCOBUX PSI/IiB, JO3BOJINJIO MiABUIIUTY TOYHICTh KJIACTEPHU3allii TOBAPiB 32 MOBE[iHKOIO MMOKA3HUKIB
IIOTIUTY, 326€31€YUTU 3MEHIIEHHS] CyMapHOi JOBXMHU MapIIPYTIB i MiABULIIEHHS MIBUAKOCTI BUKOHAHHSI CKJIaIChKUX
onepatiii Ta cpopMyBaTH LIiJIiCHY iHTETPOBaHY MOZEJb YIIPABJIiHHS CKJIAIOM, OPi€EHTOBaHY Ha MiHiMi3alliio
JIOTICTUYHUX BUTPAT 1 MiJBUIIEHHS IPOLYKTUBHOCTI 6€3 po3MmupeHHs iHPppacTpykTypu. OTpruMaHi HayKOBi
Pe3yJbTaTU [10Ka3ajHu, o 3acTocyBaHHs MeToauku TOASL 3a KoM6iHOBaHOI cTpaTerii MapipyTusallii 103BoJIsie
IOCATTY CKOPOYEHHS CEPEIHbOI OBKAHYU MapUIPYTiB KOMIUJIEKTYBAaHHS Ha 32-44 % BiIIHOCHO BUIIaJIKOBOTO
po3aMilneHHs Ta Ha 15-24 % nopiBHsHO 3 ABC. EkcriepuMeHTanbHO JoBeneHo 3adesnedyeHHss TOASL cTabinbHO
KOPOTILIMX MapIIPYTiB 30MpaHHs 32 Pi3HUX PO3MipiB NapTili 3aMoByeHb. [IpakTUyHe 3HaYeHHSI OTPUMAHUX
PEe3yJIbTATIB [OJIArae y JOBEIEHHI 10 PiBHA IPAKTUYHOTO 3aCTOCYBAHHS METOIUKY iHTEJIEKTYaJIbHOI'O PO3MIIEHHS
TOBApIB Yy JIOTICTUYHUX LIEHTPAxX Ha OCHOBI aHaJIi3y 4aCOBMX PsiB IIONUTY. 3allpOIIOHOBAHI B AucepTalii Mojesi Ta
aJITOPUTMU MOKYTb OyTH BUKOPUCTAHI B AisIbHOCTI JIOTiCTUYHUX LIEHTPIB, CKJIAJCbKUX KOMILJIEKCIB, €-commerce-
nnaTdopM Ta MigIPUEMCTB JUCTPUOYLIi AJ1s MifBuIilleHHs e(PeKTUBHOCTI YIIPaBIiHHS CKIaAChKUMU OIlepaLlisiMHU.
ExcriepuMeHTaIbHO BCTAHOBJIEHO, 10 BIPoBamykeHH MeTonuku TOASL nae 3MOry CKOPOTUTH CEPELIHIO LOBXKUHY
MapIIPYTiB KOMIJIEKTYBaHHS Ha 32-44 % BiJHOCHO BUIIQIKOBOTO PO3MillleHHsI Ta Ha 15-24 % MOpPiBHSHO 3
TpaguiiriHoo ABC-cTparerieio, 306epiraiouyn nepesary s pisHUX po3MipiB napTiii 3aMoBJieHs. JucepTaniiina
pob0oTa BUKOHAaHa B paMKax roCII0rOBipHOI HAyKOBO-JOCIiHOI po6oTu «KoMIliekcHa po3pooka npuxkiaagHux IT-
pilleHb AJ1s1 MiJBUIIEHHS TPOAYKTUBHOCTI KOMITIOTEPHUX CUCTEM Y KOMEPLIMTHOMY Ta COL[iaJIbHOMY CEKTOPI»
(depsxkaBHuit peectpauiitnuit Homep 0125U003178), [lep>kaBHOro yHiBepCUTETY iH(POpMaLiliHO-KOMYHIKaL[iTHUX
TE€XHOJIOTI.

2. This thesis addresses the pressing scientific challenge of developing and implementing intelligent information
processing methods to optimise the operation of logistics centres in the context of the active integration of
intelligent information systems. Within the scope of the research, an analysis was conducted and solutions
proposed to address the problem of inefficiency in warehouse processes caused by the use of inflexible algorithms.
The thesis highlights the limitations of traditional approaches in warehouse management systems, which are
typically based on static ABC and XYZ analysis rules and fixed regulations. The aim of the study is to develop new
clustering models based on the analysis of time series of demand and to create a Time-Oriented Allocation of



Storage Locations (TOASL) methodology, which allows the total routes of warehouse operations to be minimised.
Chapter 1 analyses the current state of algorithmic and technological support for logistics. The role of the Internet
of Things, radio-frequency identification technologies and autonomous mobile robots in forming the warehouse’s
information base is examined. The necessity of transitioning from discrete transactional records to a vector
representation of data in the form of time series to preserve complete information about consumption patterns is
substantiated. The second chapter focuses on investigating mathematical methods for clustering time series in
logistics to identify and analyse hidden dependencies in product orders. This enables a shift from a static
description of the product range to the identification of dynamic patterns in demand. Chapter 3 describes the
simulation environment developed for verifying location models. The total distances covered by staff when placing
goods in storage locations have been calculated. The distances travelled during the picking of goods for orders of
varying sizes have been compared. Research findings presented in the thesis: 1. The Time-Oriented Assignment of
Storage Locations (TOASL) method has been developed for the first time to enable intelligent goods placement in
logistics centres. By clustering time series of demand parameters using DTW and SBD metrics, taking into account
the dynamic characteristics of demand (seasonality, trends, variability), and adaptive zoning of warehouse space
depending on demand clusters, has made it possible to establish a ‘goods-zone’ mapping as a function of demand
behaviour over time and to ensure a reduction in the average length of picking routes without altering the
warehouse infrastructure. 2. The model for evaluating the efficiency of warehouse operations has been improved.
This was achieved through multi-criteria optimisation using a combined objective function that integrates picking
route lengths, goods placement costs and the time characteristics of operation execution, thereby reducing total
operational costs for order placement and processing. 3. The model for intelligent management of warehouse
processes has been refined; by utilising a mathematical transition to a vector representation of demand in the form
of time profiles, applying hierarchical clustering and self-organising Kohonen maps, and employing specialised
metrics for the similarity of time series, has made it possible to improve the accuracy of clustering goods based on
demand behaviour, ensure a reduction in the total length of routes and an increase in the speed of warehouse
operations, and form a comprehensive integrated warehouse management model aimed at minimising logistics
costs and increasing productivity without expanding the infrastructure. The scientific results obtained showed
that the application of the TOASL methodology within a combined routing strategy enables a reduction in the
average length of picking routes by 32-44% compared to random placement and by 15-24% compared to ABC. It
has been experimentally demonstrated that TOASL ensures consistently shorter picking routes for different order
batch sizes. The practical significance of the results obtained lies in bringing the methodology for the intelligent
placement of goods in logistics centres, based on the analysis of demand time series, to a level suitable for
practical application. The models and algorithms proposed in the thesis can be used in the operations of logistics
centres, warehouse complexes, e-commerce platforms and distribution companies to improve the efficiency of
warehouse operations management. This thesis was completed as part of the contract research project
‘Comprehensive development of applied IT solutions to improve the performance of computer systems in the
commercial and social sectors’ (State registration number 0125U003178) at the State University of Information and
Communication Technologies.
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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0OH: Jlep>kaBHMII yHiBEpCUTET iHPOPMAIiTHO-KOMYHIKaI[IHHUX

TEXHOJIOTIN

Kopg 3a €IPIIOY: 38855349

Micuesnaxon)KeHHﬂ: ByJs1. ConoM'siHCchbKa, Kuis, 03110, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Hecrepenko Karepuna CepriiBHa

2. Kateryna S. Nesterenko

KBasigikamis: n. 1. 1., npodecop, 05.22.13
InenTudgikarop ORCID ID: 0000-0001-7672-7386
JoparkoBa indpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOH: [lepkaBHuii yHiBepCUTET iHGOPMALIHO-KOMYHIKALIAHIX

TEXHOJIOTIN

Kopg 3a €IPIIOY: 38855349

Micqesﬂaxon)KeHHﬂ: ByJs1. ConoM'siHCbKa, KuiB, 03110, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak/1104Hi BiZOMOCTI



BaacHe IlpizBume Im's I10-6aTbKOBI 3ampiii Ipuna BikropisHa

TOJIOBH paju

Biacue IpizBume Im's I10-6aTbKOBI 3ampiii Ipuna BikropisHa

rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY Jlazopenko JL.M.
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

IistJIbHOCTI




