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3abe3nedeHHss HaAIHHOTO 300py TeaeMeTpil € KPUTHYHO BaXKIMBUM, OCOOJIMBO B
YMOBax BiJICYTHOCTI IpsMoOi BUIMMOCTI. 3acrocyBaHHs TexHoisorii LoRa nae
PIIICHHS Ui Tepenadi JaHWX B pealibHOMY 4aci Ha Benuki Binctani. [IpoBeseHi
nociikeHHs [1] nokasamu nepesary tonosorii Citka (Mesh) Han kinacuuHOIO
3ipkoro (LoRaWAN) Ha 6a30BOMY piBHI IPOCTOPOBOTO 00X0ay Meperikoa. B naniit
JIOTIOBIJIi PO3BUHYTO PO3POOKY KOMIUIEKCHOTO CUMYJIATOPA, 1[0 BPAXOBYE TUHAMIKY
MEpexi, EHEPreTHKY PaJiOCUTHAITY Ta YaCOBI MEXaHi3MU BUHUKHEHHS KOJIi3iil.

Y cumynaTopi peanizoBaHO MaTeMaTH4Hy MOJEb 3aTyXaHHs CHrHAJY.
TToTy>XHICTh MPUHHATOTO CHTHATY pO3paxoBaHo 3a (popmyIoro:
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3aTyXaHHS CUTHTY (7 =2 - BUIBHMMA MpocTip, n =3..5 - Micbka 3a0ynoBa), d -
BiJICTAaHh MDK TpuiiMadeM 1 mepemaBadeMm, X g - BHIIAJIKOBA BCIMYMHA, sKa

MOJIETTIIOE €(PEKT 3aTIHEHHS.

Y Mozelni BpaxOBaHO YYTJIHMBICTh NpHiiMada (IPUHAOM TakKeTa 3IiHCHIOETHCS
yurre 3a ymoBu RSSI > -137 nbm ans SF9) [2], a Takox BiTHOIIIEHHS CUTHAI/TITYM.

Jl1s MoziemfoBaHHS 9aCOBHUX XapaKTEPHUCTHK 3aCTOCOBAHO TUCKPETHO-TIOTi€BE
cepenosuine SimPy [3] 3 BpaxyBaHHSM PO3paxyHKY peajibHOI TPUBAJIOCTI Iepenadi
nakera B edipi, sika 3anexutb Bin koH¢irypauii LoRa (SF, BW, CR, Payload).
Po3pobneHoo anroputmMu 00poOKH KoOJi3iii: peanizoBaHo e()eKT 3aXOIUICHHS, KU
JIO3BOJISIE TpUiMady YCHIIITHO JAemm@pyBaTH MakeT y pas3l  OIHOYACHOTO
HA/IXOJDKCHHSI KUTbKOX CHTHAIIB, SKIIO HOTO MOTYXHICTh MMEPEBUIIYE MOTYXKHICTH
(hoHoBOTO TIakeTa Ha 6 Ab. B iHIIOMY BHUTIAAKY (PiKCyBaTH BTpaTy 000X MaKeTiB.

KitouoBor0  OCOONUBICTIO  PO3POOJIEHOTO CHMYJISATOpPA €  MiATpUMKA
MOOUTBEHOCTI (pyXy) By3JiB. Peasri3oBaHo aganTUBHY CHCTEMY MapIIpyTH3allii, ska
JMUHAMIYHO OHOBIIIOE IUISTXH Ha OCHOBI KUTBKOCTI BY3J1iB, BIZICTaHI MK By3JIaMHU Ta
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SKOCTI JIIHKY, 1HIIFOIOYM TOBTOPHI CHpOOM BiANpaBKd 3a BiICYTHOCTI
i ATBEPIKCHHS.

[IpoBeneHo eKCIepUMEHTANbHI TECTH JJIsS MOPIBHSIBHOI OIMIHKH TOIOJIOTIH
JUIL TPhOX KOHGIryparii: ineajgbHi YMOBH 3 HHU3BKUM TpadikoM, 3amrymiicHe
CepeIOBUINE 3 MiJBHIICHAM pIiBHEM 30BHIIIHIX 3aBaj Ta INIJIbHA MEpExka, IO
CTBOPIOE 3HAUHY KUIBKICTh B3a€EMHHUX KOJII3iil.

[TpoananizoBaHO BIUIMB KUIBKOCTI BY3JiB Ha CTaOUIBHICTE Mepexi. 3a
pe3ynbTaTaMi CHMYJISILii BCTQHOBJIIEHO, LIO B yYMOBaX BHCOKOi IIUIBHOCTI Ta
3anrymienocti Mesh-apxitekrypa 3abe3neuye 3Ha4HO BUIIMH KOe]iLliEHT yCITITHOT
nmoctaBku  ganux PDR  mopiBHSHO 31 3ipkoio, KOMIEHCYIOUH TIPOIOPITiHHE
3pOCTaHHS  CEepelHbOl HACKPI3HOI 3aTPUMKM Ta EHEpProBHTpAT  BY3JIB-
PETPaHCIIATOPIB.
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DEVELOPMENT OF A SIMULATOR FOR COMPARATIVE
EVALUATION OF LORA NETWORK EFFICIENCY BASED ON STAR
AND MESH TOPOLOGIES

A discrete-event simulator using SimPy was developed to evaluate the efficiency of LoRa Star
and Mesh topologies under complex conditions. The implemented model fully accounts for
dynamic node mobility, radio signal path loss, receiver sensitivity, Time-on-Air
characteristics, and the physical Capture Effect during signal collisions. Simulation results
across ideal, noisy, and high-density scenarios demonstrate that the Mesh architecture
significantly improves the Packet Delivery Ratio PDR in dynamic and dense environments,
accurately reflecting the trade-offs between delivery reliability, end-to-end latency, and
energy consumption.
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