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Pedepar/anoTanis:

1. Inceprarnist Ha 3000YTTsI HAYKOBOTO CTyIIeHs AokTopa ¢inocodii 3a cnenjanpHicTio 133 - T'anysese
MamuHoOynyBaHHs (13 - MexaHiuHa imkeHepis). - HalioHanbHUI JiCOTEXHIYHMI YHiBepcUuTeT YKpaiHu, M. JIbBiB,
2026. Inceprauiiina po60Ta NpUCBsIYE€HA BUPIlIEHHIO aKTyaJlbHOTO HAyKOBO-TE€XHIYHOTO 3aBJAHHS — MOJIIIIEHHS
0e3reKu eKcIlyTyaTtallii KoJliCHUX JIiCOBUX MAIWH [J1s1 TPaHCIIOPTYBaHHS COPTUMEHTIB, IIIJISIXOM YTOYHEHHS
MaTeMaTU4YHUX MoJeJiel IXHbO1 CTaTUYHOI Ta AUHAMIYHOI CTIHIKOCTi, a TaKOX pO3pOOJIEHHS IOPTAaTUBHOTO
IIPUCTPOIO 17151 MOHITOPUHTY IIPOCTOPOBOTrO IOJIOKEHHSI MALIVHY B PeajIbHOMY 4aci. BcTaHOB/IeHO, 10 iCHYI0Yi
METOJIM YaCTO HE BPaXOBYIOThb IMHAMIYHY 3MiHy LIEHTPY Mac i CKJIaiHiCTh BU3HAYEHHSI KpUTUYHUX KYTiB Haxuiy. Y
POOOTi BIOCKOHAJIEHO MaTeMaTUYHi MOJeJli CTIMIKOCTi KOJIICHUX JIiCOBUX MalllMH HA OCHOBI aHaJli3y CUJl Y KOHTAKTi
KOJIIC i3 IOBEPXHEI0, 3 ypaxyBaHHSIM [IapaMEeTPiB JIiCOBO3HOTO CIIOPSII)KEHHS Ta AePEBUHU. [I71s1 IepeBipKy Teopii Ta
360py JaHux po3pobieHo npuian Ha 6asi ESP32, MPU6050 ta GPS. Lle 3a6e31e4unio MOHITOPYHT KyTiB HAaXUJTy

COPTUMETOBO3a MB PeajIbHOMY 4Yaci Ta aBTOMAaTH30BaHUH 306ip [aHUX i3 F€ONPUB’SI3KOI0 AJ1s ineHTrudikari



He6e3MnevHyX IisHOK aopir. [TosboBi focinkenHs Ha 6a3i aBToMo6insa Ypan-4320 nigTBepAuIn JOCTOBIPHICTD
MaTeMaTUYHUX MOJeJIeH. AHaJI3 JaHUX 3aCBil4UB CYTTEBUI BIUIMB TUITY BAHTAXY Ta JJOPOKHbOTO IIOKPUTTS Ha
IVHaMIi4Hi [IapaMeTpy Ta CTIMKICTb COPTMMEHTOBO3a. HaykoBa HOBU3HA OTPMMAaHUX PE3YyJIbTATIB [IOJIATaE y
TEOPETUYHOMY OOI'PYHTYBAaHHI Ta HOBOMY BUPIillIEHHI aKTyaJIbHOTO HAYKOBO-TIPAKTUYHOIO 3aBIJAHHS 00
OJIMNIIEHHS CTIMKOCTI KOJIICHUX JIiICOBUX MAIIVH [171 TPAHCIIOPTYBaHHSA COPTUMEHTIB IIif] YaC PyxXy IO JIiCOBUX
IOpOrax 3 yXUJIoM, a came: 1. Yriiepiie KOMIIEKCHO BPaXxOBaHO BILJIMB XapaKTEPUCTUK BAHTAXY, 30KpEMa
BapiaTMBHOCTI I'yCTUHU Pi3HUX IOPiJ, IepPEBUHY, Ta XapaKTEPUCTUK MiKPOIIPOQiJio ONOPHOI TOBEPXHI Ha 3MiHY
KOOPJMHAT 3arajbHOr0 LEHTPY Mac JIiCOBOI MallMHU. 2. YIIEpIIe 3alIpOIIOHOBAHO iHTerpawilo JaHUX iHepLiaIbHUX
CEHCOPIB i CyNyTHUKOBOTO T€ONO3ULIIOHYBAaHHS [1714 NTOJaJIbIIOTO OLiHIOBAHHS CTaHy JOPO>KHBOTO IIOKPUTTSI.
3aIpoIoHOBaHMM MifXif, JO3BOJIsSI€ BUKOPUCTOBYBAaTA HAKONIMYEHI MACUBHY JAHUX JIJIS [IOJAJIBIIOTO aHai3y i
BiZICTE€KyBaHHS [IPOCTOPOBO-4YaCOBOI Aerpajalii 1icoBuUx OOPpir, o BiIKPUBAa€ MOKJIUBICTb IPOTHO3YBAaHHS PU3UKIB
BTpAaTHU CTIMKOCTI MallIH Ha KOHKPETHUX AiJITHKaX MapupyTy. 3. YAOCKOHAJIEHO MaTeMaTUYHI MOZEJI OLHIOBAaHHS
CTaTUYHOI Ta IUHAMIYHOI CTIKOCTi KOJIICHUX JIiCOBUX MAlIWH, HIJISIXOM YPaxyBaHHS CUJI, O JIIOTh Iif, Yac pyxy
€JIACTUYHOTO TATOBOTO KOJIECA YePE3 3HAUHY HEPIiBHICTb, 110 3iCTaBJIsI€ThCS, HAIIPUKJIIA], 3 TOPOOM, Ta 3
ypaxyBaHHSM IIPU LIbOMY BEPTHUKAJIbHUX KOJIMBaHb. 4. Habysa nojanbuoro po3BUTKY METOAMKA MOJIbOBUX
€KCIIepUMEHTAJIbHUX JOCTiIKEeHb CTIKOCTi MalllMH MIJIIXOM 3aCTOCYBAHHS PO3PO06JIEHOTO LIU(PPOBOTO MPUCTPOIO
300py Ta 06pOOKU [aHUX, 10 3a0e3ledye TUCKPETHICTb Ta TOYHICTh BUMipIoBaHb. [IpakTH4He 3HaY€HHSI OTPUMaHUX
pesysbTartis: 1. 3rpynoBaHo Ta CUCTEMATU30BaHO YMHHMKY, 110 BILJIMBAIOTh HA CTiMKiCTb JIiCOBOi MAIIMHU B
peanbHUX YMOBaxX eKcIyaTatii. 2. Po3po6yeHo po3paxyHKOBY CXeMY Ta MaTEMATUYHY MOJIeJIb JIiICOBOI MAlIMHY, 110
II03BOJISIE BPaX0OBYBaTH OCOOJIMBOCTI B3aEMOJ] €/1aCTUYHUX IIMH 3 HEPIBHOIO OIIOPHOIO [TI0BEPXHEIO IIpY BU3HAYEH]
[TIOKA3HUKIB CTIKOCTI. 3. BU3Ha4€HO rpaHNYHi YMOBHU CTiMKOCTI JIiCOBOi MalllMHY IIif YaC eKCIUIyaTalii Joporamu 3
Pi3HMM MOKPUTTSIM Ta HABAaHTAXXEHUX PI3HUMHU [IOPOJAMU IE€PEBUHU. 4. PO3p006I€HO MPUCTPIl A1 MBUIKOI Ta
O101KeTHOI MoZiepHizallii aBTONapKiB BITYM3HSIHUX JIICTOCIIB IIJISIXOM OOCHAIIEeHHs 6e3 CKIagHOro BTPYYaHHS B
KOHCTPYKIilo. 5. YHiBEpCaslbHa arlapaTHa Ta IIporpaMHa apxXiTeKTypa IIPUCTPOIO T03BOJISIE JIETKO alallTyBaTH Oro
IO iHIIKX MOJeJiell MalllvH i IeperporpaMmyBary Iif, pi3Hi nopoay gepeBuHU. 6. Po3po6yieHo Ta CTBOPEHO
KOHCTPYKLiIO IIPUCTPOIO JUHAMIYHOTO MOHITOPMHTY Ta KOHTPOJIIO CTI¥IKOCTI IIPOCTOPOBOTO MOJIOKEHHS B
peasIbHOMY 4Yaci i MoJjaHo 3asBKy Ha JiepKaBHY PEECTPaALilo [1JI1 OTPUMAaHHS [TaTEHTy Ha KOPUCHY MOJEb. 7.
PesynbTaTu JOCiIKeHb IPUIHSATI 10 BIPOBAKEHHS Y BUPOOHUYY AisyIbHICTb JIbBiBCbKOTO HaasmicHuLTBa Pinii
“Kapnatcbkuii sicoBuit odic” IIT «Jlicu YkpaiHnu» Ta BUKOPUCTOBYIOTBCS Mifl 4aC TPAHCIIOPTYBAHHS IepEBUHU

OE€PEBNMHOBO3HMMU MAallIMHAMU — COPTMEHTOBO3aMU.

2. The dissertation is devoted to solving an important scientific and technical problem - improvement the
operational safety of wheeled timber transport vehicles by refining the mathematical models of their static and
dynamic stability, as well as developing a portable device for real-time monitoring of the vehicle's spatial position.
It has been established that existing methods often ignore the dynamic change of the center of mass and the
complexity of determining critical tilt angles. The work improves the mathematical models of stability of wheeled
timber transport vehicles based on the analysis of wheel-terrain contact forces, considering the parameters of
logging equipment and timber. To verify theory and collect data, a device based on ESP32, MPU6050, and GPS was
developed. This enabled real-time tilt angle monitoring of the log truck and automated data collection with
georeferencing to identify hazardous road sections. Field studies on the Ural-4320 vehicle confirmed the reliability
of the mathematical models. Data analysis demonstrated a major impact of the load type and road surface on the
dynamic parameters and stability of the log truck. Scientific novelty of the obtained results lies in the theoretical
substantiation and a new solution to the important scientific and practical problem of improving the stability of
wheeled forestry timber transport vehicles when driving on uneven forest roads, namely: 1. For the first time, the
combined influence of load characteristics, specifically the density variability of different wood species, and the
microprofile characteristics of the supporting surface on the coordinates of the overall center of mass of the
timber transport vehicle has been comprehensively taken into account. 2. For the first time, the integration of
inertial sensor data and satellite geopositioning has been proposed for the subsequent assessment of the road
surface condition. The proposed approach allows using the accumulated datasets for further analysis and tracking



of the spatio-temporal degradation of forest roads, opening up the possibility of predicting the risks of vehicle
stability loss on specific route sections. 3. Mathematical models for evaluating the static and dynamic stability of
wheeled timber transport vehicles have been improved by accounting for the forces acting during the movement
of an elastic driving wheel over a substantial irregularity, comparable, for instance, to a bump, while
simultaneously taking vertical oscillations into account. 4. The methodology for field experimental studies of
vehicle stability has been further developed through the application of the developed digital data collection and
processing device, ensuring the discreteness and accuracy of measurements. Practical significance of the obtained
results: 1. Factors influencing the stability of a timber transport vehicles under real operating conditions have been
grouped and systematized. 2. A computational scheme and a mathematical model of a timber transport vehicle
have been developed, allowing for the specific features of the interaction between elastic tires and an uneven
supporting surface to be taken into account when determining stability indicators. 3. The boundary conditions for
the stability of a timber transport vehicle during operation on roads with various surfaces and loaded with
different wood species have been determined. 4. A device has been developed for the rapid and low-cost
modernization of the fleets of domestic forestry enterprises via retrofitting, avoiding complex structural
interventions. 5. The universal hardware and software architecture of the device allows for easy adaptation to
other vehicle models and reprogramming for various wood species. 6. The design of a device for real-time dynamic
monitoring and control of spatial position stability has been developed and built, and an application for state
registration to obtain a utility model patent has been submitted. 7. The research results have been accepted for
implementation into the production operations of the Lviv Forestry District, a branch of the “Carpathian Forest
Office” of the State Enterprise "Forests of Ukraine," and are utilized during timber transportation by log-

transporting vehicles.
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