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Pedepar:

1. Incepraujiiina po60Ta IpUCBSYEHAa BUPIIEHHIO aKTyaJbHOI0 HAYKOBO-TEXHIUHOIO 3aBJJaHHSI — MiJIBUILIEHHS
CTIMKOCTI Ta apameTprUYHOI HaAiHOCTI AEePEBUHO3arOTiBEILHOI I1ifl YaC BUKOHAHHS TEXHOJIOTIYHYUX Ollepauin y
peXrMax HeCTalliOHApHOTO HaBaHTaKE€HHsI. Y Ipolieci po6OTH JlicOBa MaIlIMHA 3 TiPONPUBIAHUM MaHIMyISTOPOM
3a3Ha€ 3MiHHUX i 4aCTO aCUMETPUYHUX HaBaHTaXXEHb, 1[I0 3yMOBJIIOIOTh [IOPYIIE€HHS PiBHOBAru, KOHTAaKTHOI
B3aeMO/ii KoJliC i3 I'PYHTOM i MiABUILYIOTb PU3KK BTPATH CTIMKOCTi, 0COGJINBO Ha MOXWIKX JiSIHKax MiCLIEBOCTI. Y
ME>Kax JOCiIKEeHHS pO3p006JIEHO aHAJIITUYHY MOZEJb JIICOBOI MALIMHY, sIKa BpaxOBy€ F€OMETPUYHI Ta CUJIOBI
NapameTpH, MOJIOKEHHS T PONPUBIIHOrO MaHINyIITOPa, MaCy BaHTaXy, YXUJI OIIOPHOI MOBEPXHIi Ta 3MiHY
XapaKTEePUCTUK KOHTAKTHOI B3a€MOJIiI «KOJIECO — I'PYHT». BUKOpUCTaHO NPUHLUII CYIIEPIIO3ULLii CHJI 115
PO3iIBHOTO aHaJIi3y BIJIMBY CTATUYHUX, ACUMETPUYHUX i HECTalliOHAPHMX HAaBAaHTAXEHB, 110 JO3BOJIUIO
30iICHUTU KOMIUJIEKCHE MOJIEJIIOBAHHS XapPAKTEPUCTHK, 110 BIJIMBAIOTh HA CTIMKiCTb. YCTAHOBJIEHO, 110 IJIS JIICOBUX

I'PYHTIB IEPEKUIAHHS € NOMIHYIOYMM BAJIOM BTPATU CTIMKOCTI IOPIBHSIHO 3 CKOB3YBaHHSM. BM3Ha4eHO yMOBY, 32



SIKMX HacTa€ KpUTUYHUI KyT BTPATHU CTiMIKOCTI, Ta IOOYIOBAHO AiarpamMu JOIMYCTUMOTO BUJIbOTY CTPin
MaHINyJaTOpa B 3aJI€XHOCTI Bifi KyTa IOBOPOTY, HAXWJIy MIiCLIEBOCTI Ta Jil HECTalliOHAPHUX YMHHUKIB. [IpoBeneHo
€KCIIEpMMEHTAaJIbHE IOCIII>)KEeHHS 1711 MoZeli popBapepa — BUBHAYEHHsI KyTa BTPaTH CTiMKOCTI Iif] yac IIOBOPOTY
HaBaHTAXEHOTO MaHinyssTopa. ExcriepyuMeHTasbHi pe3ysbTaTy OPiBHSIHO 3 aHAITUYHNMY PO3PaxyHKaMU. Y
pe3yJbTaTi po60TH pO3pO6IEHO METOIMKY OLIIHKM CTIMKOCTi MAlIMH 3 YpaxXyBaHHSIM CKJIQIHOI CTPYKTYypU
HaBaHTa)KeHb, a TAKOXX CPOPMOBAHO y3arajbHeHy JiarpaMy 6e3eyHoi ekcIIyaTallii 1ico3aroTiBesibHUX MallvH Ha
CXUJIAX, SIKA [,03BOJIsIE BUBHAUNUTY TPAaHUYHI YMOBU O6€3I1€4YHOI pOOOTH TeXHIKU. Pe3ysibTaTu JOCTiIKEHHS] MOXYThb
OyTU BUKOPUCTAaHI Mifl YaC KOHCTPYIOBAHHS, MOJIEIIOBAHHS Ta €KCITyaTallil il OLiHIIi CTIMKOCTI J1icO3aroTiBeNIbHUX
MalllMH, 10 NPALOI0Th HAa TepUTOPIi 3 yxnyioM. HaykoBa HOBU3HA — Y AuCEPTallil pO3BUHYTO METOAUKY
IOCJIiI)KEHHS YMOB CTiMIKOCTI [10 IEpeKUIaHHsI JIiCOBOI MalllMHU B yMOBaX HECTAL[iOHAPHOI B3aeMO[Iii 3 po60YnM
cepeloBUIIEM, a caMe: 1. Yiepie 3alIpoNOHOBAHO Ta IETaJIbHO OO PYHTOBAHO METO[] PO3KPUTTSI CTATUYHOI
HEBU3HAYEHOCTI IIJIIXOM 3alpPOBa/I)KEHHS CyMapHOi peakiil Bif py1iiB, BifJjaseHuX Bif| pyLlis, IKUI MOXe
BTPaTUTU KOHTAKT 3 OIIOPHOIO IIOBEPXHEI0. 2. YIepile 00rpPyHTOBAaHO BUKOPUCTAaHHS METOy CYIIepIIO3uLiii cui asis
BM3HAUEHHSI OIIOPHUX PeaKlliii, sIKi BAHUKAIOTh Bif Aii pi3HUX 3a Pi3nyHOI0 NPHUPOAOI0 CUIIOBUX YAHHMUKIB. 3.
YIOCKOHa/IeHO MaTeMaTU4YHi MOJeJli 1J1s1 BU3HAYEHHS MEX CTiMKOCTI JIiCOBOi MallIMHY 3 aCUMETPUYHUM POOOYUM
OopraHoMm Ha yxuii. 4. Habymu 1oganbpioro po3BUTKY METOY BU3HAUEHHS MeX 0e3IeYHOi eKCIlyaTallii 3 orysay
CTiMKOCTi. [IpakTYHe 3Ha4EHHS OTPUMAHUX PE3yJIbTaTiB: 1. 3rpyrnoBaHO Ta CUCTEMATU30BAHO YNHHUKH, 110
BIIJIMBAIOTh HA CTiMKiCTb JIiCOBOI MAIIMHM B 3aJI€JKHOCTI Bif iX IOXOMK€HHSI. 2. 30y10BaHO PiBHSIHHS CUJIOBOTO
6anaHCy 17151 J1iCOBOi MAlIMHU 3 aCUMETPUYHUM POOOYMM OPraHOM, 11O MPaLOe Ha TEPUTOPII 3 YXUIIOM,
BpPaxOBYIOYM MOJKJIMBICTb HECTAL[ilOHAPHOI B3aeMOJIil i3 MoBepxHelo pyxy. 3. OOrpyHTOBaHO Ta 3aCTOCOBAHO
METOJI0JIOTi0 CYNEePNO3ulLlii CrJl AJ1s1 pO3IJISIAYBAHOTO Kacy 3afad. MeTofoJ10ris 03B0JIsle BAOKPEMUTH BILJIVB
YMHHUKIB, 110 BIVIMBAIOTh HA CTIMKICTb B 3aJI€JKHOCTI Bif I0JIOKEHHA. 4. BU3Ha4Y€HO rPaHNYHi YMOBU CTiMKOCTI
JIiCOBOi MalllMHU Mif, Yac excIiuyaTanii. OLiHeHO MOKJIMBICTb BUKOPUCTaHHS JJ151 OAATBIINX TEOPETUYHUX
JociinxeHs. 5. [IpoBejeHO eKClIepUMEHTaIbHY [1ePeBipKy OKPEMUX I10JI0KEHD ICEePTallii 1J1s1 po3yMiHHS

II‘OCTOBipHOCTi OTPUMAaHUNX TEOPETUIHHNX ,Z[OCJILU‘)KCHL.

2. The dissertation is devoted to solving the urgent scientific and technical problem of improving the stability and
parametric reliability of forestry-harvesting machinery during technological operations under non-stationary
loads. In operation, a forestry machine equipped with a hydraulic drive manipulator is subjected to variable and
often asymmetric loading, which disturbs equilibrium and contact interaction between the wheels and the soil,
increasing the risk of stability loss, especially on sloped terrain. An analytical model of the machine was developed
that accounts for geometric and force parameters, the position of the hydraulic-drive manipulator, payload mass,
surface inclination, and the evolution of wheel-soil contact interaction. The principle of force superposition was
applied to separately analyse the influence of static, asymmetric, and non-stationary loads, enabling
comprehensive modeling of stability-affecting characteristics. It was established that for forest soils overturning is
the prevailing mode of stability loss compared with sliding. The critical stability angle was determined, and
diagrams of admissible manipulator outreach were constructed as functions of slewing angle, slope, and non-
stationary factors. An experimental study on a forwarder model determined the stability-loss angle during rotation
of a loaded manipulator, and the results were compared with analytical calculations. As an outcome, a
methodology for assessing machine stability under complex load structures was developed, and a generalized
diagram for safe operation of forestry machines on slopes was produced, enabling identification of the limiting
conditions for safe operation. The results can be used in the design, modeling, and operational evaluation of the
stability of forestry and related woodworking machine tools operating on inclined ground. Scientific novelty - the
dissertation improves methods for studying the stability conditions of forestry machines against overturning
under non-stationary interaction with the working environment, specifically: 1. For the first time, a method for
resolving static indeterminacy was proposed and thoroughly substantiated by introducing a resultant reaction
from the drive units remote from the one that may lose contact with the supporting surface. 2. For the first time,
the application of the force superposition method was justified for determining support reactions arising from
forces of different physical origins. 3. Mathematical models for determining the stability limits of a forestry



machine with an asymmetric working element on a slope have been improved. 4. Methods for determining the
boundaries of safe operation in terms of stability have been further developed. Practical significance of the results:
1. The factors affecting the stability of forestry machines were grouped and systematized based on their origin. 2. A
force balance equation was developed for a forestry machine with an asymmetric working mechanism operating
on a sloped surface, considering potential non-stationary interaction. 3. The force superposition methodology was
substantiated and applied to this class of problems. The methodology enables separation of influencing factors
based on their positional impact on stability. 4. The limiting stability conditions of a forestry machine during
operation were defined, with prospects for further theoretical research. 5. Experimental validation of selected
dissertation provisions was carried out to verify the reliability of the theoretical studies.
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