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MerToto mocimkeHHs € nigBUlLeHHs! e(eKTUBHOCTI rpouecis Mapupytusauii B C2C sioricTuli misxoM po3pooKu
MOJIeJIi Ta aJITOPUTMY aJAIITUBHOTO YIIPAaBJIiHHS MapIIPyTaMu JOCTAaBKU HA OCHOBI IPOTrHO3yBaHHS MONUTY Ta
TEXHOJIOTi! TJIMO0KOro HaBYaHHS 3 MOSKJIMBICTIO BpaxXyBaHHS JMHaMiYHUX 3MiH JIOTICTUYHOI CUTYyallii B pealbHOMY
yaci. Y pe3ysbTaTi JOCiIyKEHHS BIleplle po3p06JI€HO MOLEb IPOrHO3YBaHHS OIUTY Ta PO3MOAiNY JOTICTUYHUAX
3aBJIaHb, SIKA 32 PAXYHOK BUKOPUCTAHHS 32 MeTO/y (PYHKIIOHAJIbHOI perpecii 17151 IpOrHO3yBaHHS JIOKAJII30BaHUX
iKiB IONUTY Ta Teopii CTOXaCTUYHOI allpoKCcUMaliii AJ1s1 IMHaMiYHOTO BUOOPY ONTHMMAaJbHUX pillleHb, 3abe3nevye
aJanTUBHUM MEXaHi3M pO3IoZiNy 3aa4 MK BUKOHABLISIMU Ha OCHOBI IIPOrHO30BaHUX NIapamMeTpiB. Briepie
PO3p06JIEHO METOJ, aJallTUBHOI MapUIpyTU3aLlii 1151 cucTeM gocTaBku Tuny C2C, o I'PYHTYETCSI HA PO3POOIIEHIN
MOJIeJIi MPOTHO3YBAHH4 ITONIUTY Ta MEXAHI3Mi CTOXaCTUYHOTO IPUMHATTS PillleHb y TMHAMIYHOMY CEPEeIOBUII, Ta
I03BOJIsIE IPUIMATHU ONITMMAJIbHI PillIEeHH OO0 BUKOHAHHS OCTABOK, aJallTYI0YUCh 4O 3MiH Y CepeoBuI,
KOHKYPEHIIii MDXX areHTaMU Ta 3 ypaxyBaHHSIM OOMEXEHUX PeCypciB. Briepiie po3po6sieHO aJrOpuTM afalTUBHO]
KOPEKIii MapIpyTy, 10 I'PYHTYETbCS Ha PO3pO6IEHOMY METOi ajalTHBHOI MapUIPyTU3aLlii Ta 32 paXyHOK
BUKOPHUCTaHHS pOo3LMPeHO0i PyHKLii BUHArOpoay Ta >KaJiObHOI eBpUCTUKY 3 IiAKPIIIIOBaIbHUM HaBYaHHSM [1JIs1
MapKOBCBKOrO IpoLECY IPUIMHSTTS pillleHb, 3abe3nedye AMHaMiuHe OHOBJIEHHS OIITUMAJIbHOTO MApLIPyTy
JOCTAaBKU 3TiJHO aKTYaJIbHOI JIOTICTUYHOI CUTYyallil, 0 3HU3UTh KPUTUYHI ITOKa3HMKM 4acCy Ta BAPTOCTIi JOCTABKU.
[TpakTuyHe 3HaUYEHHS HAYKOBUX Pe3yJIbTaTiB IOJISITA€ Y HACTYIIHOMY: 1. 3acTOoCyBaHHS po3p0bJieHOi Mozei
IIPOTHO3YBaHHSI [IONIUTY OOMEXKEHOTO Yacy 1a€ MOXKJIMBICTb BUKOHYBATH PO3IOIiJ JIOTICTUYHUX 3aBJJaHb MK
BEJIMKOIO KiJIbKiCTIO BUKOHABIIiB. MOZI€Jb NO3BOJISIE€ LIBUIKO PO3IOIITUTYA BUKOHABLIB B MeXax OfiHiel a6o
IEeKiNIbKOX JIOTICTUYHUX 30H 3riIHO TPOrHO30BAHOrO MOMNHUTY. [Ipy YOMY KiJIbKICTb JIOTICTUYHUX 3aBJAHb, 1110
O/IHOYACHO aHaJli3yIOThCsl, MOXKEe MaclITabyBaTUCS BiJIIOBIIHO 1O IPOLYKTUBHOCTI 00YUCIIOBAIBHOTO CEpeloBULIa
Ta He € (aKTOPOM OOMEXKEHHS IJ1s1 IPAKTUYHOIO 3aCTOCYBaHHSI. 2. [IpaKTUYHO KOPMCHOIO BJIACTUBICTIO IPOrPaMHO-
anapaTHOro KOMIIJIEKCY Ha OCHOBI pO3p006JIEHOr0 METOAY aJallTUBHOI MapHIPyTU3aLlii € 10ro BUCOKA afJallTUBHICTh
IO 3MiHHUX ITapaMeTpiB OllepaliiiHOro cepenoBUIIa Ta JIOTICTUYHOTO CTaHy CUCTEMY, 110 3abe3nedye edeKTUBHE Ta
OIlepaTUBHE yIIPaBJIiHHA [IpOoLlecaMy MapupyTusatii. JJogaTKoBO, KOMIIJIEKC XapaKTEPU3yETbCS TOPU3OHTAJIBHOIO
MacIITabOBaHICTIO, sIKa JO3BOJISIE IOTO 3aCTOCYBAHHS B MEXKAX JIOTICTUYHUX CUCTEM Pi3HOTO PiBHS CKJIAIHOCTI Ta
IIPOCTOPOBOTO OXOIJIEHHS. 3. [IporpaMHe 3a6e3nedyeHHs, o peaslidye alropuTM aJanTUBHOI KOPEKLii MapIIPYTiB,
Mae MOTEHIIiaJl 10 YHIBEPCAJBHOTO 3aCTOCYBAaHHS, 30KpeMa B 3aJ1a4ax, sIKi BUMaraloTb JUHAMIYHOTO OHOBJIEHHS
MapuIpyTHOi iHpopmallii B pe>xkxumi peasbHOro 4acy, 103a MeXXamu JIOTiCTUYHUX CLeHapiiB. 4. Pe3ysibraTn
ICepTalifiHOi poO0TH peasi3oBaHi y BUIJISA MOl IPOrHO3yBaHHS ITOMUTY Ta PO3MO/AiIY JIOTICTUMHUX 3aBJAHB,
aJITOPUTMY aJAaNTUBHOI KOPEKILii MapIpyTy Ha po3po6sIeHOr0 METOY alallTUBHOI MapIIpPyTU3allii Ta BUKOPUCTaHi
Ha Kadenpi Komm'iotepHoi iHxkeHepii Jlep>kaBHOro yHiBepcuTeTy iH(popMalliiiHO- KOMYHIKaLlilHUX TeXHOJIOTI IpU
IIPOBEJEHI JIEKIIiH, 1ab0PaTOPHUX POOIT, B KYpCOBOMY Ta JUIIJIOMHOMY IIPOEKTyBaHHi. Pe3ysbTaTt poboTH, a came
IIPOrpaMHi 3ac06M Ha OCHOBi pO3PO6JIEHUX MOZEI, aJITOPUTMY Ta METOAY, BIPOBAI)KEHO B IHCTUTYTi IPOrpaMHUX
cucreM HAH Ykpainu ta y Bupo6Hnuux npouecax TOB «YKP-OH». 5. B pe3ysnbTaTi eKCcriepruMeHTalbHUX
JOCJIiZIPKEHb B peasibHUX yMOBax 3a(pikCOBaHO 3HIDKEHHS CepeIHiX BUTPAT Ha IOCTaBKy Ha piBHi 15-25% Ta
CKOPOYE€HHS 4acy BUKOHAHH 3aMOBJIeHb Ha 20-22% y MOPIBHAHHI 3 TPAAULIIHUMU aJITOPUTMaMU MapLIpyTU3alii.
Haii6inbm nomiTHI nepeBaru criocrepiranvcs B ClieHapisix i3 MiKoBUMU HaBaHTaKeHHSIMU Ta O0OMeKeHUMU

TPAHCIIOPTHUMU PECypCaMU.

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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JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: JlepkaBHUIl yHiBEpCUTET iHPOPMALIHO-KOMYHIKALIHIX

TEXHOJIOTI

Kopg 3a €JPIIOY: 38855349

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

Cdepa ynpaBitiHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu
Inentudikarop ROR:

CeKTop HayKH:. YHIBEPCUTETCHKUIL

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. JlJameBcbka Haranis OsnekcangpiBHa

2. Natalia O. Lashchevska

KBasigikanis: . . u., gou., 05.12.17
InenTudikarop ORCHID ID: 0000-0003-2148-115X
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHuii yHiBepCUTET iHGOPMALIHO-KOMYHIKALiHIX

TE€XHOJIOTI
Kopg 3a €IPIIOY: 38855349
Micue3HaxoaKeHHS: ByJ. COsIOM'SIHCBKQ, Oy, 7, Kuis, 03110, Yxpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3akar04Hi BimoMocTi
Biacue Ipizsume Im's [10-6aTbKOBI Bunischkuit Bikrop BikTopoBuy

TrOJIOBH pagu

Bnacwue IpizBume Im's [1o-6aTbKOBI Bumnischkuit Bikrop BikToposnd

rOJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBigasbHUH 3a MiATOTOBKY JlazopeHko JI.M.

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiJaJIbHUM 32 PEECTpalLilo HayKoBoOi IOpuenko TeTsHa AHaToiiBHA

OisSIIBHOCTI




