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Pedepar:

1. Po6oTa npucBsiueHa JOCiIKeHHIO Ta po3po0Li Mofesel, arOPUTMIB Ta METOIiB aIalITUBHOTO YIIPaBJIiHHS
MapUIPyTaMU IOCTaBKU HA OCHOBI MiJKPIIlJIIOBAJIbHOTO HABYaHH. Y CY4aCHUX YMOBAX CTPIMKOTO PO3BUTKY
€JIEKTPOHHOI KOMEePLiii Ta JelleHTPali30BaHMX €KOHOMIYHMX CUCTEM JIOTiCTUKA TUIlY "KJlieHT-no-KiieHTa" (C2C)
HabyBae KJII0YOBOr0 3HAYEHHS, OJHAK CTUKA€EThCS 3 HU3KOI0 NpobsemM. Tpaguuiiini nigxony, siki 6a3yioTbCs Ha
CTaTUCTUYHUX JAHUX, BKe HEe MOXKYTb 33[I0BOJIbBHUTH 3POCTAI0Ui MOoTpedu iHayCTpii B AuHAMIUHINA onTUMizaLii
1106yJOBaHOTO MapUIPYTY 3TiAHO peasbHOI JIOTICTUYHOI CUTYaLlil y MICTi , IMHAMIYHUX CBiTaX 3HAYHOTO MacIITaly.
MerTo10 [oCiAKeHHs € MigBUIIEeHHS €(PeKTUBHOCTI npoleciB mapupyTusauii B C2C y10oricTulli IIISIXOM pO3POOKH
MOJIeJIi Ta aJITOPUTMY aANITUBHOTO YIIPaBJIiHHS MapIIPyTaMu JOCTAaBKU Ha OCHOBI IPOrHO3YBaHHS MONUTY Ta

TEXHOJIOTI! TJIMO0KOro HaBYaHHS 3 MOSKJIMBICTIO BpaxXyBaHHSI MHAMiYHUX 3MiH JIOTICTUYHOI CUTYyallii B peaibHOMY



yaci. Y pe3ysbTaTi QOCIiIKEHHS BIleplie po3p006JI€HO MOLEb IPOTHO3YBAaHHS MOIUTY Ta PO3MOAiNY JOTICTUMHUAX
3aBZaHb, SIKA 32 paXyHOK BUKOPUCTAHHS 32 MeToy QYHKIIOHaNIBbHOI perpecii 1715l IpOrHO3yBaHHS JIOKai30BaHUX
iKiB IONUTY Ta TEOpii CTOXaCTUYHOI allpoKcUMaliii AJj1s1 IMHaMiYHOTO BUOOPY ONTMMAaJIbHUX pillleHb, 3a0e3neuye
aJanTUBHUN MEXaHi3M PO3IOLiNy 3a4a4 MK BUKOHABLISIMU Ha OCHOBI IIPOTHO30BaHUX NIapaMeTpis. Briepiie
PO3p06JIEHO METOJ, aJaITUBHOI MapUIpyTU3aLlii 1151 cucTeM JocTaBku Tuny C2C, o I'PYHTYETbCSI HA PO3POOJIEHIN
MOJI€JIi TPOTHO3YBAaHHS MONUTY Ta MEXaHi3Mi CTOXaCTUYHOr'O IPUNHATTS PillleHb Y JUHAMIYHOMY CE€PELOBUIL, Ta
I03BOJIsIE MPUIMATH ONTUMAJIbHI pillleHHS 10JI0 BUKOHAHHS JOCTAaBOK, aalTYI0uUXCh IO 3MiH y CEpeoBUILj,
KOHKYPEHIIil MK areHTamMu Ta 3 ypaxyBaHHSIM 0OMeKeHUX pecypciB. Briepiie po3po61€HO airOPUTM afallTUBHOL
KOpEKIii MapIIpyTy, 10 I'PYHTYEThCSI HA pO3pOOIEHOMY METOi afalTHBHOI MapLIPyTU3aLlii Ta 32 paXyHOK
BHMKOPHUCTaHHSI pO3LIMPEHO] PYHKLii BUHArOPOAY Ta >KaJibHOI €eBPUCTUKY 3 IiAKPIIIIOBaJIbHUM HaBYaHHSM [1JIs1
MapKOBCBKOIO IPOLECY IPUMHSTTS PillleHb, 3a6e3nedye AMHAMiUHe OHOBJIEHHS ONITUMAJIbHOTO MapLIPYTy
IIOCTaBKY 3TiJHO aKTyaJIbHOI JIOTICTUYHOI CUTYallii, 110 3HU3UTh KPUTUYHI TTIOKa3HUKM Yacy Ta BapTOCTi JJOCTaBKU.
[TpakTUyHe 3HaUYEHHS HAYKOBUX Pe3yJbTaTiB OJISITae Y HACTYIIHOMY: 1. 3acToCyBaHHSI po3po6JieHOi Moei
IIPOTHO3YBAHHS [IONIUTY OOMEXKEHOTO Yacy 1a€ MOXKJIMBICTb BUKOHYBATH PO3IMOIiJ JIOTICTUYHUX 3aBJJaHb MK
BEJIMKOIO KiJIbKiCTIO BUKOHABLiB. MOie/1b L,03BOJIsSIE IIBUAKO PO3NOIINTY BUKOHABLB B MeKax o/iHiei ab6o
IeKiJIbKOX JIOTICTUYHUX 30H 3TiIHO MPOrHO30BAHOIO NMONHUTY. [Ipy YOMY KiJIbKICTb JIOTICTUYHUX 3aBJaHB, 110
O/IHOYACHO aHaJli3yI0ThCsl, MOXKEe MaclITabyBaTUCS BiJIIOBIHO 1O IPOLYKTUBHOCTI 00YUCIII0OBAJIBHOTO CEPENOBULIA
Ta He € (aKTOPOM OOMEXKEHHS IJ1s1 IPAKTUYHOIO 3aCTOCYBaHHS. 2. [IpaKTUYHO KOPMCHOIO BJIACTUBICTIO IPOTPaMHO-
anapaTHOro KOMIIJIEKCY Ha OCHOBI PO3p0O06JIEHOr0 METOAY aJallTUBHOI MApLIPYTU3aLlii € 10ro BUCOKA aJjallTUBHICTh
IO 3MiHHUMX ITapaMeTpiB ollepalliiiHoro cepefoBUlIa Ta JIOTiICTUYHOTO CTaHy CUCTEMY, 110 3abe3nedye eeKTUBHE Ta
oIlepaTUBHE YIIPaBJliHHS ITpoliecaMy MapuipyTusanii. JlogaTKoBO, KOMIJIEKC XapaKTePU3y€eThCsl TOPU30HTAIBHOIO
MacITabOBaHICTIO, sIKa JJO3BOJISIE IOTO 3aCTOCYBAHHS B MEXKAX JIOTICTUYHUX CUCTEM Pi3HOTO PiBHS CKJIAIHOCTI Ta
IIPOCTOPOBOTrO oxoryieHHs. 3. [IporpamHe 3a6e3neyeHHs, 110 peasli3ye aaropuTM afarTUBHOI KOpeKIii MapIpyTiB,
Mae MOTEHLIaJ 4O YHIBEpCaJIbHOTO 3aCTOCYBAaHHS, 30KpEMa B 33[1a4ax, SIKi BUMAraloTb TUHAMIYHOTO OHOBJIEHHS
MapuIpyTHOI iHpopmalii B pe>xkxumi peasbHOro 4acy, 1o3a MeXXamu JIOTiICTUYHUX CLeHapiiB. 4. Pe3ysibraTn
IycepTaliiiHOI po60TH peasli3oBaHi y BUIJISAA1 MOieJli IPOTHO3YBAHHS MOMUTY Ta PO3MOily JOTiCTUYHUX 3aBJIaHb,
aJITOPUTMY aJalITUBHOI KOPEKLii MapIIpyTy Ha po3po06ieHOro MeTO Y aflallTUBHOI MapIIpyTU3allii Ta BUKOPUCTaHi
Ha Kadenpi Komm'iotepHoi iHxeHepii Jlep>kaBHOro yHiBepcUTeTy iH(pOopMaliiiHO- KOMYHIKalLlilHAX TEXHOJIOTI IpU
IIPOBEJIEHI JIEKLii, 17ab0paTOPHUX POOIT, B KYPCOBOMY Ta AUIJIOMHOMY IIPOEKTYBaHHi. Pe3ybTaTtu poboTy, a came
[IpOrpamHi 3aco6u Ha OCHOBI pO3pOOJIEHNX MOJEJIi, aITOPUTMY Ta METOLY, BIIPOBAIKEHO B [HCTUTYTi IpOrpamMHuX
cucrem HAH Ykpainu ta y Bupo6Huuux npouecax TOB «YKP-OH». 5. B pe3ysnbTaTi eKClieprMeHTalbHUX
JOCJIiZIPKEHb B peajibHUX yMOBax 3a(pikCOBAaHO 3HIDKEHHS CepeIHiX BUTPAT Ha IOCTaBKY Ha piBHi 15-25% Ta
CKOPOYEHHS 4aCcy BUKOHAHHA 3aMOBJIeHb Ha 20-22% y MOPIBHAHHI 3 TPAAULIIHUMU aJITOPUTMaMU MapLIpyTU3alii.
Haii6inbu nmomiTHI nepeBaru criocrepiranucst B ClieHapisix i3 MiKoBUMU HaBaHTaKEHHSIMU Ta 0OMesKeHUMU

TPaHCIIOPTHUMHU PECypCcamu.

2. This dissertation is devoted to the investigation and development of models, algorithms, and methods for
adaptive route management in delivery systems based on reinforcement learning. In the current context of rapid
e-commerce growth and decentralized economic systems, customer-to-customer (C2C) logistics has gained
significant importance. However, it faces numerous challenges. Traditional approaches grounded in static
statistical data are no longer capable of meeting the increasing demand for dynamic route optimization aligned
with the real-time logistics situation in large-scale urban environments. The aim of this research is to enhance the
efficiency of routing processes in C2C logistics by developing a model and algorithm for adaptive route
management, integrating demand forecasting and deep learning techniques with the capacity to respond to
dynamic changes in the logistics environment in real time. As a result of the conducted research, for the first time,
a novel model for demand forecasting and task allocation has been developed. By applying functional regression
for forecasting localized demand peaks and stochastic approximation theory for dynamic optimal decision-making,
the model enables an adaptive mechanism for task distribution among agents based on predicted parameters. For
the first time, a new method for adaptive routing in C2C delivery systems has also been developed. It is based on



the aforementioned demand forecasting model and a stochastic decision-making mechanism operating in a
dynamic environment. This method supports optimal decision-making for delivery execution by adapting to
environmental fluctuations, agent competition, and resource constraints. For the first time, a new adaptive route
correction algorithm has been proposed. It is based on the developed adaptive routing method and leverages an
extended reward function and greedy heuristics within a reinforcement learning framework modeled as a Markov
Decision Process. This algorithm allows for dynamic updates to delivery routes based on the current logistics
situation, effectively reducing critical delivery time and cost metrics. The practical significance of the scientific
results lies in the following: 1. The application of the proposed demand forecasting model enables the distribution
of logistics tasks among a large number of agents within a limited time frame. The model allows for efficient
executor allocation across one or more logistics zones according to the predicted demand. The number of
concurrently analyzed logistics tasks can be scaled in accordance with the computational environment’s
performance, making the approach practically viable. 2. A notable practical feature of the hardware-software
complex based on the proposed method is its high adaptability to variable operational parameters and changes in
the logistics state of the system. This ensures effective and responsive management of routing processes.
Moreover, the system demonstrates horizontal scalability, allowing its deployment across logistics networks of
varying complexity and geographical scope. 3. The software implementing the adaptive route correction algorithm
possesses the potential for universal application, particularly in tasks requiring dynamic real-time route
information updates beyond standard logistics scenarios. 4. The results of this research have been implemented as
a demand forecasting and task allocation model, and as an algorithm for adaptive routing based on the developed
method. They have been integrated into the educational process at the Department of Computer Engineering of
the State University of Telecommunications for lectures, laboratory work, and student projects. Furthermore, the
software solutions derived from the model, algorithm, and method have been adopted by the Institute of Software
Systems of the National Academy of Sciences of Ukraine and in the operational processes of LLC "UKR- ON". 5.
Experimental studies conducted under real-world conditions demonstrated a reduction in average delivery costs
by 15-25% and a decrease in order fulfillment time by 20-22% compared to traditional routing algorithms. The
most pronounced benefits were observed in peak load scenarios and in conditions with limited transportation
resources.
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dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JTameBcbka Hartanis OnexkcangpiBHa

2. Natalia O. Lashchevska

KBasigikanis: . r. u., gou., 05.12.17
Imentudikarop ORCID ID: 0000-0003-2148-115X
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI OCOOM: [lepkaBHuil yHiBepCUTET iHHOPMALIHO-KOMYHIKALIHIX

TEXHOJIOTI

Kopg 3a €IPIIOY: 38855349

Micue3HaxoaKeHHS: ByJ1. CosloM'stHCBKA, Oyz,. 7, Kuis, 03110, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
Biacue Ipizsume Im's [10-6aTbKOBI Bumnnischkuit Bikrop BikTopoBnd

TOJIOBH paju



Biacue IIpizBume Im's [10-6aTbKOBI Bummniscekuit Bikrop BikToposnd
TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY Jlazopenko JI.M.

00JIiKOBUX JOKYMEHTIB

Peecrtparop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




