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ONTUMIBALIS JEHEHTPAJII3OBAHOI JOCTABKHA
OCTAHHBOI MWJII 3A IOIMTOMOTI'OIO IITYYHOI'O
IHTEJEKTY

'BiHHMIBKMI HALiOHAIBHHUN TEXHIYHUN YHIBEPCHTET

B cyuyacHux ymosax po3eumky esieKmpOoHHOI KOMepUii ma nocmiliHo2o 3pocmaHHs nonumy Ha weudki ma eghekmueHi
rnocriyau  OocmasKku, onmumi3auis  OCmaHHbOI  MUsi  Cmae KPUMUYHO  8aXnueot Ornsd  rid8UUEHHs
KOHKYPEeHMOCIMPOMOXHOCMI  Jl02iCMUYHUX  KomraHit. OOHUM i3 egeKmuBHUX PpilleHb € 8rpPo8adKeHHSs
OeueHmparizogaHoi Moodesii docmaseku, sika 8UKOpucmoeye sioKarnbHi yeHmpu abo mikpoxabu 0Oms onmumisauii
mapuwpymig. Le piweHHs1 0ae 3mozy ckopomumu Yac docmasku 00 KiHUe8020 Crioxueaya, 3HUXYHHU HaBaHMaXXeHHs
Ha uyeHmparbHi cknadu, a makox nidsuwye eHy4kicms i HaditiHicmpb nozicmuy4Hoi cucmemu. LmyyHud iHmenekm (L)
gidiepae Ko4osy porb y nidsuleHHi egpekmusHocmi deueHmparizosaHoi docmasku. 3aglsKu aHarisy 6eruKux
obcsieie daHux 6 peanbHOMYy 4aci, LLII donomazae onmumisyeamu mapwpymu docmasku, 3HUXY4YU sumpamu Ha
r1anueo ma CKOPOYYIo4U KiflbKicmb mpaHcriopmy, o 0OHOYacHO Mo3UMmueHoO 8rnau8ac Ha HasKoIUWHE cepedosulle.
Aneopummu MawUHHO20 HaedaHHs 00380/IsI0Mb asmoMamu4yHO adanmyeamu Mapwpymu 8i0rnogidOHo 00 3MiH
00pOXHBOI cumyauii, Mo2odHUX yMOo8 i pisHs mpagiky, Wo 0CcobIUBO 8aXXIIUGO Y 86/TUKUX MiCMaX i3 HACUYEHUM PYyXOM.
Kpim moeo, LI 3abesnedye ecbekmueHe yrpassniHHS 3anacamu 8 JIoKallbHUX yeHmpax, wo 00380r8€ Kpauwie
nnaHysamu rorno8HEeHHsT moeapie i 3MeHwysamu eumpamu, rnos'ssaxi 3i 36epiecaHHAM. YrpasrniHHS 0CmaHHbOK
munero 3a donomozoro LI makox crpusie nidsuweHHI0 sKkocmi obcry2oeyeaHHs KiieHmig. Cucmema Moxe
8paxosysamu iHOUgIOyarnbHI nepesazu crioxueadie, Harnpuknad, eudHadYamu onmumarnbHuli 4ac docmaeku Ors
3py4YHOCMI KiieHmMa, a makox Halasamu moYHy iHgbopMauito npo Yac npubymms Kyp'epa. Lle He minbku nidsuwye
pieeHb 3a008051eHOCMI KilieHMig, a U 3MeHWye UMOBIpHICMb no8mopHuUx docmaeoK y pasi 8idcymHocmi ompumysa4ya
Ha micui. Takum YuHomM, euyeHmparnizoeaHa Mooesib docmasKu, oimumizoeaHa 3a doriomoeoro LI, He minbKu 3HUXYE
onepayiliHi eumpamu ma roKpawye egeKkmusHiCmb J102iCMuYHUX fpouecie, ane U crpusie binbw eKonozivHo
4YuCmMoMy ma OpieHMo8aHOMY Ha KilieHma 00CiTy208Y8aHHIO.

KnrouoBi cnoBa: octaHHA muns, IJJTyL-IHVIl7I iHTEMNEKT, FeHETUYHI anroputmMu, yl'lpaBJ'IiHHﬂ 3anacamMmun, MallnHHe
HaBYaHHA.

Beryn

VY cydacHHX yMOBax CTPIMKOIO PO3BHUTKY EJEKTPOHHOT KOMEpIlii Ta 3pOCTAIOYMX OYiKyBaHb CIOXKHBAUiB,
OCTaHHS MUJIS IOCTABKH CTA€ BUPIMIATLHUM €TaroM JIOTICTHYHOTO Mpoliecy. BoHa CYyTTEBO BIUIMBAE Ha 3aralibHi
BUTPAaTU Ta PIBEHb 3aJI0BOJICHOCTI KIIIEHTIB, OCKUIbKM 3a0e3ledyye JOCTaBKy TOBapiB OE3MOCEPEAHBO JI0
KIiHIIEBOTO criokuBavya. OJHUM i3 TMEPCIEKTUBHHUX MIiXO/IB € JCIEHTPaTi30BaHA MOJICITb, SIKa BUKOPUCTOBYE
MEpEeXKY JIOKATLHUX BY3IIiB [Tl CKOPOUCHHSI BiJICTaHEW JOCTABKH Ta IMiIBUIIICHHS aJIAITHBHOCTI JIO 3MiH MOTIHTY.
BopHouac, y1st yeminiHoi peatizallii Takoro MmiIxoay HeoOXiHe BIIPOBaPKEHHS Cy4aCHUX TEXHOJIOTIH, 30KpeMa
mrryyHoro intenexry (LI), skuii 31aTeH aBTOMaTU3yBaTH NPOIIECH YIPABIiHHS Ta ONTHMI3aIlil.

Metor poOOTH € TOCHIPKEHHS MOXKIMBOCTEH ONTHMI3aIlil MPOIECY JMEICHTPATi30BaHOI TOCTABKH OCTAHHBOT
MuIti 3a joroMororo mryyHoro intenekty (II). Ile mepembadae po3poOKy Ta BIpPOBaKEHHS iHHOBAIIHMX
METOJIIB YIPaBIiHHS JIOTICTUIHUMH OIEpaIlisiMH, 30kpema, Bukopuctanss LI s rmianyBaHHS MapuipyTiB,
yIpaBIliHHS 3aMlacaMy Ta aanTalii 10 3MiHHUX YMOB B pEaJIbHOMY Yaci.

Pe3ynbTaTu A0CaiTKEHHS

Onne 3 ocHoBHHMX 3actocyBaHb I B norictumi - ne npeavkTuBHa aHajiThka. Anroputmu LI MoxyTbh
aHaJli3yBaTH ICTOPUYHI JaHi Ta BUSBIIATH 3aKOHOMIPHOCTI a00 TEHICHIIT, SIKi JIFoAUHA MOXKe He momiTuth. Le
MOXKHa BHUKOPHUCTOBYBAaTH JIJIsl MPOTHO3YBAaHHS IIOMUTY, 4Yacy JIOCTAaBKH, OITHMI3allii MapuIpyTiB 1 HaBiTh
nependadeHHs] MOTEHUIHUX 300iB y JIAHILIOKKY MOCTaBOK. 3aBASKM TOYHMUM IPOrHO3aM KOMIIaHii MOXYTb
npuiMaTi OOTPYHTOBAHI PillleHHs, €)EKTUBHO PO3IOJUISATH PECYPCH Ta MiJBHINYBATH 3aralibHy OIepaliiiHy
e()eKTHUBHICTb.
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VY coepi Tpancnopty Ta nocraBku LI moxe onTumizyBaTd MapIpyTH, BPaxoBYIOUH pi3Hi (aKkTOpH, Taki SK
YMOBH JJOPOXKHBOTO PYXY, JOPOXKHI poO0oTH Ta noroza. Lle He TiNbKYU CKOPOUY€ Yac JOCTaBKH, ajie i EKOHOMUTh
HaJINBO, TUM CaMHUM 3MEHIIYIOUM BUTPATH 1 BIUIMB HAa HABKOJMIIHE cepenopuiie. Kpim Toro, mryyHuil iHTEIEKT
MOKE BiICTE)KYBaTH BaHTaXi B PeXHMIi PEalbHOrO 4acy, HaJIalouu KIIi€HTaM TOYHY 1 CBO€YacHY iHQopmarito
PO IX TOCTABKY.

Bu moxeTe 310paru gaHi o MICIIs TOCTaBKH, BiICTaHi Ta 9ac y 1opo3i Mk HuMu. Lli 7aHi MOXKHA OTpUMAaTH 3
pizHux mxepen, Takux sk GPS-mpuctpoi, kaprorpadiuni API ta 3anucu kommnanii. Kpim Toro, aani mpo norogy
Ta IOPOXHI YMOBH B peajbHOMY 4Yaci MOXHa oTpuMard 3 morogHux API Ta inpopmaniiiHuX cucTeM KepyBaHHS
JIOPOXKHIM PYXOM.

Micust A0CTaBKH BKIIOUAaTUMYTh TOUHI reorpadivHi KOOpJHHATH (IIMPOTA i IOBroTa) KOXKHOTO MICIISl JOCTaBKH:
1 Location 1:40.712776, -74.005974 (New York)

2 Location 2: 34.052235, -118.243683 (Los Angeles)

3 Location 3: 41.878113, -87.629799 (Chicago)

Bizxcrani Ta yac y 70po3i MOXXHA TPEACTaBUTH y BHUIJISAI MAaTPHIIL, Ie KOXKHA KIIITHHKA MPEICTABIISE BiICTAHb
a00 vac y J0po3i MiXK IBOMA ITyHKTaMH:

New York | Los Angeles | Chicago
New York 0 2789 miles | 790 miles
Los Angeles | 2789 miles | O 2015 miles
Chicago 790 miles | 2015 miles | 0

Ta6n. 1. Bigcranb Ta yac y 10po3i

[MoromHi faHi BKIIOYAIOTH JIaHi PO TEMIIEPaTypy, OMaau, HIBUAKICTh BITPY Ta iHIII TOTOHI YMOBH, SIKi MOXYTb
BIUIMHYTH Ha JOCTABKY:

1 New York: 75°F, 10% chance of rain, 5 mph winds

2 Los Angeles: 85°F, 0% chance of rain, 7 mph winds

3 Chicago: 70°F, 20% chance of rain, 10 mph winds

JopoxxHi yMOBH BKJIFOYAIOTh JaHi MPO 3aTOPH, IEPEKPHUTTS AOPIr, OyJiBHUIITBO Ta iHIII (PaKTOPH, SKi MOXKYTh
BIUITMHYTH Ha 4ac y 0po3i:

1 New York: Moderate traffic, road construction on 1-95

2 Los Angeles: Heavy traffic on [-405, accident on US-101

3 Chicago: Light traffic, road closure on I-90

i mani moTpiOHO 30MpaTH B peKUMi peaabHOT0 a00 OJIM3BKOTO JI0 PEATBHOTO Yacy, 00 aNropuT™ OITUMI3allii
MapuIpyTy MaB HAUTOYHIITY Ta HAHAKTyallbHINTY iHPOPMAIIifO

BucHoBku
I BigirpaBaTuMe TpaHCHOPMAIIHY PONb Y JIOTICTUI, MPOMOHYIOUM DPIlICHHS JUIs ACSKHX 3 HalOUIbII
HarajabHUX npoOsem ramysi. OgHak i yCHIIHOTO BIPOBAIXKEHHS IITYYHOTO iHTEJIEKTY B JIOTiCTHUII TOTPiOHE
YiTKe PO3YMiHHsS HOTO TMOTEHIIIHOTO 3aCTOCYBaHHS, a TakoK NpoOiieM 1 MipKyBaHb, MOB'S3aHUX 3 HOTO
BIpOBa/KeHHsIM. Llell mpakTHYHWI NPHKIAA BiIKPUBAE CBIT MOXKIMBOCTeW Uit BukopuctanHs I ms
MOKpAILEHHS MOCIYT J0CTaBKH. BiH Jae 3Mory 3a3upHyTH B MailOyTHE, A€ MapLIPYTH JOCTaBKH JTUHAMIYHO
ONTUMI3YIOTECS B PEXHMi PEaJbHOTO 4acy, BPaxOBYIOUM IIUPOKUI CHEKTp (akTopiB s 3a0e3MedeHHs
e(heKTUBHOCTI Ta OE3MeKH.
3 PO3BHUTKOM TEXHOJIOTIH Lie pillleHHs] MO)ke OyTH BJOCKOHAJIEHE 1 PO3IIMPEHE. 3 POCTOM JOCTYIHOCTI AaHUX Y
PEXUMi peaslbHOTO Yacy Ta MOCTIHHUM PO3BUTKOM TEXHOJOTIH MITyYHOTO iHTENIEKTY 1 MAIIMHHOTO HABYaHHS
3'SIBJIAIOTBCS YHMCIACHHI MOIJIMBOCTI IS 1HHOBaIlii. MU MOXeMO MOOAuUTH IHTErpallifo OLIbII CKJIaJIHUX
monenei 11, 3qaTHuX BpaxoByBaTH I Oijibliie 3MIHHHMX, a00 BUKOPHUCTAHHS HOBHMX TEXHOJIOTIH, TaKUX SIK
ABTOHOMHI TPaHCIIOPTHI 3aCO0H.
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OPTIMIZATION OF DECENTRALIZED LAST-MILE DELIVERY USING
ARTIFICIAL INTELLIGENCE

Vinnytsia National Technical University

In today's e-commerce environment and the ever-growing demand for fast and efficient delivery services, optimizing the last mile is
becoming critical to improving the competitiveness of logistics companies. One of the most effective solutions is to implement a
decentralized delivery model that uses local centers or micro hubs to optimize routes. This solution reduces the time of delivery to
the end consumer, reducing the load on central warehouses, and increases the flexibility and reliability of the logistics system.
Artificial intelligence (Al) plays a key role in improving the efficiency of decentralized delivery. By analyzing large amounts of data in
real time, Al helps to optimize delivery routes, reducing fuel costs and reducing the number of vehicles, which at the same time has
a positive impact on the environment. Machine learning algorithms allow routes to be automatically adapted to changes in traffic,
weather conditions, and traffic levels, which is especially important in large cities with heavy traffic. In addition, Al ensures efficient
inventory management in local centers, which allows for better planning of replenishment of goods and reduces storage costs. Last-
mile management with Al also contributes to the improvement of customer service. The system can take into account individual
consumer preferences, for example, determine the optimal delivery time for customer convenience, and provide accurate information
about the time of arrival of the courier. This not only increases customer satisfaction, but also reduces the likelihood of repeated
deliveries in case the recipient is not at the location. Thus, the decentralized delivery model optimized by Al not only reduces
operational costs and improves the efficiency of logistics processes, but also contributes to a more environmentally friendly and
customer-oriented service.

Keywords: last mile, artificial intelligence, genetic algorithms, inventory management, machine learning.
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