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Deoumun b.M. Ob6rpynmysanns napamempis 3emiepulinoco pobouo2co
00JAOHAHHS 3 PYXOMUM KOCOKYMHUM Hodcem. — KBamiikariiiiHa HaykoBa mparis Ha
paBax pPyKOIMUCY.

JuceprariitHa poOoTa Ha 3100yTTS HAYKOBOTO CTYIEHS JOKTOpa (himocodii 3a
cnemianbHicTioO 133 — «["amy3eBe mammHoOyayBanHa» — KUiBChbKUI HalllOHAIBHUN
yHIBEpCHUTET OYyIIBHUIITBA 1 apXxiTekTypu. — Kuis, 2025.

JHuceprariitHy poOOTy MNPUCBSYECHO aHANI3y Ta MiABUIICHHIO €()EKTUBHOCTI
BUKOPUCTAHHS 3€MJIEPUHWHUX MAIllMH Ta MOJAJBIIMK PO3BUTOK HAyKOBHX OCHOB
PO3pOOKH TPYHTIB MPOCTOPOBO OPIEHTOBAHMMHU HOKAMH Ha OCHOBI BCTaHOBJICHHS
3aKOHOMIPHOCTEH BIUIMBY PYXy HPOCTOPOBO OPIEHTOBAHHUX HOXIB Ha IPYHT Ta
PO3pPOOKH METOIIB 1 MOJIeJIe — OOTPYHTYBAaHHS NapaMeTpiB OyAIBEIbHUX MAIIUH IS
MIJIBUIICHHS iX HAJIMHOCTI Ta €PEKTUBHOCTI.

HaykoBa HOBHM3HA oO/ep:KaHMX Ppe3yJbTATIiB TMOJSITa€ y BCTAHOBJICHHI
3aKOHOMIpHOCTEH Tipoiiecy koranus rpyHTIB Il — V kareropiii BijBaasHUM poOOYHM
OpraHOM 3 PYXOMHUMH KOCOKYTHHMH HOXaMH. III0 BPAaXOBYIOTh BIUIMB OpIl€HTAITii
PYXOMHUX HOXIB B IJIaH1 MO BIJIHOIICHHIO JJO OCHOBHOTO PyXy poOOYOro opraHa Ha
€HepreTUYH1 MOKA3HUKHU MPOLIECY pi3aHHS HUMU POOOYOro CepeOBHINA .

eénepuie:

- OOTpYHTOBAaHO  TE€OMETPHYHI  MapaMeTpPH  B3AEMOJII  PyXOMOTO
JIBOIPAHHOTO KOCOKYTHOTO HOa BiIBay OYyJb103€pa, SKl MOJSAraloTh B TOMY, IO 31
30UTBIIIEHHSIM KyTa CHUJIM Pi13aHHS 3MEHIIYIOTHCS CHJIOBI Ta €HEPTreTUYHI TOKA3HUKHY;

- pO3pO0JIEeHO MaTEeMaTUYHy MOJIENIb BU3HAUCHHSI CUJIOBUX IapaMeTpiB
pizanHs rpyHtiB III-V kareropiii, pyXOMUMH IPOCTOPOBO OPIEHTOBAHMMU HOXKAaMH,
SKa BPaXOBY€E 3HUKEHHS EHEPTOEMHOCTI 3eMJICPUMHUX MAIINH;

YOOCKOHAIEHO:

- CUCTEMY BHW3HAUEHHS  XapakTepy BIUIMBY TI'E€OMETPUYHUX  Ta
KIHEMaTUYHUX TapamMeTpiB TPOCTOPOBO OPIEHTOBAHWX HOXKIB Ha I1X CHUJIOBI Ta
E€HEePreTUYH1 MOKa3HUKH IIPU PO3pOOIIl IPYHTOBOTO CEPEAOBUIIIA;

Hﬂﬁyﬂu nooanvbuL020 PO36UMKY.



- METO/IM BU3HAUCHHS cuiin KonaHHs IpyHTIB I — V kareropiit, pyxomumu
IPOCTOPOBO OPIEHTOBAHMMU HOKaMU BiJBaTy OyJibao3epa;

- MeTOAu  IHTeHcu®ikamii  3eMJepUHHOTO  poOodoro  oOJaTHAHHS
Oymbao3epa

OcHoBHMUII 3MiCT qUCepTANiHHOI po0OTH.

Jucepraiiiiny po0OTy CHpSIMOBAaHO Ha CTBOPEHHS MOJEN pPO3paxyHKy Ta
JIOCTDKEHH] ~ 3aKOHOMIPHOCTEM  MpolLiecy pi3aHHA PYXOMHMH  IPOCTOPOBO
Opi€HTOBAaHMMM HOXKAMH BiJBaly Oysbao3epa. IX BIUIMB Ha CHIy Ta €HEPrOEMHICTb
pizanns rpyuTiB Il - V kareropiii.

Y nepwiomy po3oini nocnizkeHO OCHOBHI KPUTEPIi OLIIHKK pi3aHHS IPYHTOBOTO
CepeIoBHINa, JIe OYJI0 BCTAHOBJICHO, 110 BUJ pOOOYOT0 OpraHa i HOro reoMeTpuyYHi Ta
KIHEMaTU4HI XapaKTEpPUCTHKU ICTOTHO BIUIMBAIOTh Ha CHIy pi3aHHsI. Takox
IPOBEACHUM aHalll3 Ipallb PO CTPYKKOYTBOPEHHS IIPH pi3aHHI IPYHTIB, Ta 3’ ICOBAHO,
1[0 32 BUIJISOM 1 THUIIOM CTPYKKM MOXHA MaTH PO3YyMIHHSI SIK IMPOTIKAE IMPOLEC
pizanHs. Jlami mpoBeny aHaji3 KOCOKYTHOTO pi3aHHs, Jie 0yJI0 BCTAHOBJICHO XapaKTep
B3a€MOJIli KOCOKYTHOTO HOXa 3 TIPYHTOBUM cepeaoBuiieM. HactymHum Oyno
MIPOBEICHO JAOCTIIPKEHHS YMOB pAal[lOHAIbHOCTI pOOOYMX OpraHiB 3eMJIEPHUITHOI
TeXHIKUA. Takox TOCHIIKEHO JKepelia MaTeHTHO1 IOKYMEHTAIIli Ta 3allUTIB B MEPEXKI
IHTEPHET, 3 METOI BHU3HAYEHHS aKTyaJlbHOCTI MpOOJEeMH pi3aHHS IPYHTIB
IIPOCTOPOBO-OPIEHTOBAHUMH HOXaMU TpHU PoOOTI 3eMIIECPUNHUMHU MAallMHAMHU Ta
MOJANBIIIOT0  aHaJli3y 3alpONOHOBAHMX TEXHIYHUX pilieHb. B pesynbrarti
BUIICBKA3aHUX JOCIIPKeHb, OyJI0 BCTaHOBJIEHO, IIO0 TeMa KOCOKYTHOTO pi3aHHs
PYXOMHMH HOXKaMH € MaJIOJOCIIDKCHOI0, a aHali3 TaTEHTIB IT0Ka3aB IO TeMa,
30epirae MoCTiHY aKTyaJIbHICTh Ha PO3TIISTHYTOMY YaCOBOMY MPOMIKKY.

Y opyeomy po3oini nocnixkeHoO TeoJIOTIYHY KapTy «YKpaiHCBKOIO
KPUCTAJIIYHOTO IIUTa», Ha SIKI BUSIBICHO HAWIMOIIMPEHINI TPYHTH HA TEpUTOPIi
VYkpainu, a came, Meprei, CyrJIMHKY Ta TJIMHUCTI TJIMHU.

BuseaeHo podody rimoresy, pyxy MpoCTOPOBO-OPIEHTOBAHUX HOXKIB Ha BiJBaIl
Oynbao3epa, /e BCTAHOBJIIECHO, IO MPU PO3POOIll TPYHTY HA PI3HUX IMIBUAKOCTSIX
nepemilieHHs: 6a30BO1 MAIIMHU Ta PyXy MPOCTOPOBO OPIEHTOBAHOIO BIAOYBAETHCS

BIIXWJICHHSI BEKTOPY NPUKJIAJAaHHS CUJIM pi3aHHA Ha KyT (a), IO B CBOIO Yepry



BIUTUBA€E HA T€OMETPUYHY B3a€EMOJII0 MPOCTOPOBO-OPIEHTOBAHOIO HOXA 3 poOOUUM
CepeloBUILEM. 3MiHAa T€OMETPUYHOT B3a€EMOJIIi IPOCTOPOBO OPIEHTOBAHOTO HOXKA 3
I'PYHTOM BIUIMBA€E HA CHIIYy Pi3aHHS, 1110 3yMOBUJIO CTBOPEHHS MapaMeTPUYHOI MOJIENI
B3a€MO/I11 MPOCTOPOBO-OPIEHTOBAHUX HOXIB 3 POOOYHM CEPEIOBHUIIIEM.

Mopens Oyna po3po6iieHa s p13HUX KOH(Irypaliii HoXiB BiBally OyJibjio3epa
1 PI3HHUX CIIBBITHONIICHHh IMIBUAKOCTI OYyJbJ03€pa M0 MIBUIKOCTI PyXy MPOCTOPOBO
Op1EHTOBAHOTO HOXA.

byna crBopeHa po3paxyHKOBa MOJI€Jb, BIAMOBIIHO 10 poOOYOi TinmoTe3u, Ae
OyJ0 OTpUMaHO N'STh IUIAHIB PyXY HMPOCTOPOBO OPIEHTOBAHUX HOXKIB BIJBAJIHHOTO
oOnagHaHHs, Y KOPEeJsLii 10 BIAXUIICHHS MPUKIIAIEHOT TOBHOI CHJIM P13aHHS HA KYT dL.
[IpoBeneHO pO3paxyHOK CHWJI pI3aHHS IPYHTY Ha pI3HUX DIHOMHAX TpU poOOTI
PYXOMHUX MPOCTOPOBO OPIEHTOBAHUX HOKIB POOOYOI0 OpraHy.

Y mpemvomy po3oini onucano mnporpamy Ta 00’€KT MPOBEICHHS
EKCIIEPUMEHTAIBbHUX JOCTiIKeHb. EXxcriepuMenTanbHl JOCTIKEHHS TPOBOIUIIHCS 3
METOI0  TEpPEeBIPKM  aJEKBAaTHOCTI  OTPUMAHUX  AHANITUYHUX  JaHUX. Y
€KCIIEpUMEHTAIILHOMY JOCIIHKEHH], /ISl TOTPUMAaHHS YMOB MOA10HOCTI IPOILIECIB, IO
B110yBatOThCSI, IPU B3aeEMOJIT (DI3UUHOI MOJIETI OPUTIHATBLHOTO POOOUYOTO OpraHy, 3
HABKOJIMIITHIM ~ CEPEIOBUILIEM, HEOOXITHO JOTPUMYBATUCS PIBHOCTI, KpUTEPIiB
r€OMETPUYHOI Ta TMHAMIYHOT MO11I0HOCTI. BupaxkeHo mapameTpu HaTypHOTO MPOoIecy
yepes napaMmeTpu PpizuuHoi MoJiesi Ta KoeIieHTH Mo 110HOCTI.

JInst mpoBeIeHHS €KCIIEpUMEHTAIBLHUX JOCIIKEHB TPOLIECY pi3aHHsS poO0UYOTo
cepeZioBHUIIa MPOCTOPOBO OPIEHTOBAHUMU BIJBAJIAMH HOXOBOTO OOJagHAHHS OYJI0
BJIOCKOHAJICHO TUHAMOMETPUYHHUM CTEHJ MJIsi PEECTpailii CUIOBOrO0 HaBAaHTAXEHHS
aBTopchkoi  KoHCTpykmii KHVYBA, mo m03Boauiao mpoBeCTH  IOBHOIIIHHI
€KCIIEpUMEHTAJIbHI JIOCHII)KEHHS 3 YPaXyBaHHAM YCIX ICHYIOUHX (DPAKTOPIB B3a€EMO/IIi
pobodoro cepenoBuiia Ta poOOYOro opraHy MmiJg 4Yac pi3aHHA. 3amporOHOBAHO
BukopuctanHs rpyHtiB III, IV ta V kareropiii sixk po60o4oro cepenoBuia.

3a nonomororo CAD cucrtem, Oyno ctBopero 3D Mozens Ta BUTPoOyBaIbHOTO
CTEHY, JUUISl pEeECTpaIlii CUJI pi3aHHs, 3 PYXOMHUM MPOCTOPOBO OPIEHTOBAHUM HOXKEM,
Opy LIbOMY CUMYJIIOBATH Pi3HI BUIM POOOTH, HABAHTAXEHb Ta YACTOTH BJIACHHUX

KOJIMBAaHb.



Bupimmrtu BijoMi HEAOMIKH BUMPOOYBAIBHOTO CTEHIY Ta YIOCKOHAIUTH HOTO
KOHCTpyKIito. BimmoBimHo no moOymaoBanoi 3D mogeni, BIATBOPUTH CIHPABKHIO
MOJIEJIb MIPUCTPOIO MO3/I0BKHBO-TIOCTYNAIBHOTO MEPEMIIIIEHHS, TA CAMOT'0 PYXOMOI'O
MIPOCTOPOBO OPIEHTOBAHOTO HOXKA.

[TinibpaHo Ta MOJEPHI30BAaHO BHUMIPIOBAJILHO-PEECTPYIOUE OOJIaJIHAHHS, Ta
CTBOPEHO METOJIMKY MPOBEJACHHS €KCIIEPUMEHTAIBHUX JTOCIIIKECHb.

[TpoBeneH1 ekcrnepuMeHTaNIbHI JOCHIIKEHHSI B TMOBHIM Mipi MIATBEPIKYIOTH
aJICKBaTHICTh TEOPETHUYHMX PO3PAXyHKIB, a TIOPIBHSHHS TEOPETUYHUX Ta
EKCIIEPUMEHTAIbHUX PE3yNbTaTiB BU3HAUCHHS CHUJIM PI3aHHA MOKAa3allo iX JOCTATHIO
301KHICTB 1, BIJIMOBIAHO, MPABOMIPHICTh BUKOPHUCTAHHS aHATITUYHUX BHUPA3iB IPHU
PO3paxyHKYy CHJIOBMX MapaMeTpiB MallliH 3 MPOCTOPOBO OPIEHTOBAHUMHU HOKAMH
B1/IBaJILHOTO 00JIaIHAHHS.

MakcumanibHe 3HaUY€HHS MOXUOKU BU3HAYEHHS CUJIM PI3aHHS TEOPETHUYHUM Ta
€KCIIEPUMEHTAJIbHUM IIUIIXOM Ha JabopaTOpHOMY CTEHJl peecTpalii CHJI pi3aHHs
IPOCTOPOBO  OPIEHTOBAaHUMH HOXKaMU  BIIBAJIBHOTO  OOJaHAHHS CTAHOBUTH
As=10,06%.

Y uemeepmomy po3oini nocnikeHo 3arajlibHUI OMmip Ta WOro CKJIAAOBI, 110
BUHUKAIOTh M 4ac poOOTH Oyibpao3epa B IPYHTOBOMY CEPEIOBHINI Ta MPOLECIB Y
MPU3Mi BOJIOYIHHS.

[e#t 3aranbHUi OMIp € CYKYMHICTIO KIIBKOX OKPEMHX CHUJI: OIOPY HEOOXITHOTO
JUTSL PO3pi3aHHsl poOOYOro CEepEeOBHINA; OMOPY BiJl BOJOUYIHHS MPU3MHU IPYHTY TIEpe
BIJIBAJIOM; OIOPY, 1110 BUHUKAE MIPU PYyCl IPYHTY Bropy Mo MOBEPXHI BIJIBAIY; OMOPY
pyxy camoro OyJb/103epa; a TAKOX TepPTA BiABaIY 00 IPYHT.

Pe3ynpTaToM AOCTIIKEHHS SIBISETHCA JEMOHCTPAIIiSl TOTO, 1[0 BUKOPUCTAHHS
PYXOMHX MPOCTOPOBO OPIEHTOBAHUX HOXKIB HA BIJ[BaJll 3HAYHO 3MEHIITYE HEOOXITHY
cuity pizanss. Po3paxyHku Ta rpadiku miATBEPIKYIOTh, IO YUM O1IbIIE 3MIHIOETHCS
KYT o IPUKJIaJaHHsI CHITH Pi3aHHS, TUM JIETIIE 3pi3aeThes IPYHT. Lle 3MeHIeHHs onopy
pizaHHIO Oe3mocepeIHO MO3UTUBHO BIUIMBAE HA CTIMKICTh MAlTMHU i 9ac poOOTH,
10 € BOXXJIMBUM (PaKTOPOM B YMOBAX €KCIUTyaTallii.

Takoxx Oyno JOCHIPKEHO KIIIOYOBI TOKa3HUWKaX €(GEeKTUBHOCTI PpoOOTH

3eMJICpUHHOT MAalIMHU, a camMe NPOIYKTUBHOCTI, IO BHUMIPIOEThCA B oOcsArax



MEePEMIIIIEHOTO TPYHTY 3a OJWHHIIO Yacy, Ta €HEPrOEMHOCTI, KUIBKOCTI €HepTii,
HEOOX1THOI /IS BUKOHAHHS OJUHUII POOOTH. Y BAXKKUX IPYHTaX BHUCOKHM OMIp
3MYyIIye OyJIbI03Ep 3pi3aTH TOHIII IIapH, 110 3HUKYE 00'€EM IPYHTY, SIKMH MOKE OyTH
MepPEeMIIIEHU 3a OJWH ITMKJ, 1 30UIBIIyE 3arajbHy TPUBAIICTH POOOYOTO ITUKITY.
Opnak, 3aBISKH 3MEHILIEHHIO CHJIM Pi3aHHS, JOCSITHYTOMY 3a JOTMIOMOIOI0 PYXOMHX
MIPOCTOPOBO OPIEHTOBAHMX HOXKIB, OYJIbI03€p MOKE PO3BHBATH BHUIYy pPOOOUY
MIBUIKICTh. [[e MpU3BOAWTH O 3HAYHOTO 30UIBIICHHS 3arajbHOI MPOIYKTUBHOCTI
MAalIuHU 1 10 3HUKEHHS! MTUTOMOI BUTPATH €HEprii Ha OJUHUINI0 BUKOHAHOTO 00CsTY
poboTu. OnTrMi3allis X JBOX MOKA3HUKIB € OCHOBHUM 3aBJIaHHSIM ISl MAKCUMIi3aIlii
BUTOJM Ta 3HIKCHHS EKCIUTyaTalliiHUX BUTpAT y OyAiBEJIbHIM Ta TipHUYOA00YBHIM
TaTy3sXx.

KurouoBi ciioBa: Oynbao3ep, BiABajl, HOXKI BIJIBAIY, IPOCTOPOBO-OPIEHTOBAHI,
KOCOKYTHE pi3aHHS, MPOCTOPOBO OPIEHTOBAHUM, CTPYKKOYTBOPEHHS, MPOCTOPOBO-
OpIEHTOBaHUM, BiJBaJl €KCKaBaTopa, BEKTOP, CIHIBBIJHOIICHHS IIBUJIKOCTEH,
napameTpu3allisi, Cuja pi3zaHHs, IPOCTOPOBA OpIEHTAIlis, KT MOBOPOTY B IUIaHI1, OMIp
pI3aHHIO, KOMIT'IOTEpHE BHUIPOOYBaHHS, OYJIbIO3CPHHUI BiJBal, BUIPOOYBAIbHUIA
cTeH, napadid, ycTaHOBKa, (Pi3M4Ha MOJICIb, p13aHHS, pOOOUUIA OpraH, CEPEeIOBHIIIE,
MOJIETIIOBaHHS, KOe(Ili€eHTH MOAIOHOCTI, JTabOpaTOPHUIN CTEHJI, €KCIEPUMEHTAIbHE
JNOCIIJKEHHS, CTEeHJ, BHUMIPIOBAJIbHO-PEECTPYIOUE OOJaAHAHHS, WMOBIPHICTb
BUKOHAaHHS HEpiBHOCTI, 3D MpoeKkTyBaHHs, HABaHTa)XEHHS Ha rpaHi, ONTHUMI3aLlis,

E€HEPTrOEMHICTh, IEPEMIIIICHHS. .



ABSTRACT

Fedyshyn B.M. Substantiation of parameters for earthmoving working
equipment with a movable oblique-angled blade. — Qualification Research as the
manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 133 — “Industrial Mechanical Engineering” — Kyiv National University of
Construction and Architecture. — Kyiv, 2025.

The dissertation is devoted to the analysis and improvement of the efficiency
of the use of earthmoving machines and the further development of the scientific
foundations of soil development with spatially oriented knives based on the
establishment of the regularities of the influence of the movement of spatially oriented
knives on the soil and the development of methods and models — justification of the
parameters of construction machines to increase their reliability and efficiency.

The scientific novelty of the obtained results lies in the determination of the
regularities of the process of digging soils of categories I11 - V by a blade working body
with movable oblique knives. which take into account the influence of the orientation
of the movable knives in the plan in relation to the main movement of the working
body on the energy indicators of the process of cutting the working medium by them.

first developed:

— The geometric parameters for the interaction of the movable two-sided
oblique knife of the bulldozer blade were substantiated, demonstrating that an increase
in the cutting force angle reduces the required force and energy indicators;

— a mathematical model for determining the power parameters of cutting soils
of categories I11 - V by movable spatially oriented knives was developed, which takes
into account the reduction of the energy intensity of earthmoving machines;

improved:

— a system for determining the nature of the influence of the geometric and
kinematic parameters of spatially oriented knives on their power and energy indicators
when developing the soil medium;

acquired further development:



— methods for determining the digging force of soils of categories I11-V by
moving spatially oriented blades of a bulldozer blade;

— methods for intensification of the earthmoving working equipment of a
bulldozer

The main content of the dissertation work.

The dissertation work is aimed at creating a calculation model and studying the
regularities of the cutting process by moving spatially oriented blades of a bulldozer
blade. Their influence on the force and energy intensity of cutting soils of categories
I - V.

In the first chapter, examines the main criteria for assessing the cutting of the
soil environment, where it was established that the type of working body and its
geometric and kinematic characteristics significantly affect the cutting force. An
analysis of works on chip formation during cutting of soils was also conducted, and it
was found that by the type and type of chips one can have an understanding of how the
cutting process proceeds. Then, an analysis of oblique cutting was conducted, where
the nature of the interaction of the oblique knife with the soil environment was
established. Next, a study of the conditions of rationality of the working bodies of
earthmoving equipment was conducted. Sources of patent documentation and Internet
queries were also studied in order to determine the relevance of the problem of cutting
soils with spatially oriented knives when working with earthmoving machines and
further analysis of the proposed technical solutions. As a result of the above studies, it
was found that the topic of oblique cutting with movable knives is poorly studied, and
the analysis of patents showed that the topic remains constantly relevant in the
considered time period.

In the second chapter, a geological map of the “Ukrainian Crystalline Shield”
was studied, on which the most common soils on the territory of Ukraine were
identified, namely, marls, loams and clayey clays.

A working hypothesis of the movement of spatially oriented knives on a
bulldozer blade was derived, where it was established that when developing the soil at
different speeds of movement of the base machine and the movement of the spatially

oriented one, the vector of the application of the cutting force by an angle (a) is



deviated, which in turn affects the geometric interaction of the spatially oriented knife
with the working environment. A change in the geometric interaction of the spatially
oriented knife with the soil affects the cutting force, which led to the creation of a
parametric model of the interaction of spatially oriented knives with the working
environment.

The model was developed for different knife configurations and different ratios
of the speed of the bulldozer to the speed of movement of the spatially oriented knife.

A computational model was created, in accordance with the working
hypothesis, where five plans of movement of the spatially oriented knives of the blade
equipment were obtained, in correlation with the deviation of the applied total cutting
force by an angle a. The calculation of soil cutting forces at different depths during the
operation of movable spatially oriented knives of the working body is carried out.

In the third chapter describes the program and object of experimental
research. Experimental research was carried out to verify the adequacy of the obtained
analytical data. In the experimental study, in order to comply with the conditions of
similarity of the processes occurring during the interaction of the physical model of the
original working body with the environment, it is necessary to adhere to the equality,
criteria of geometric and dynamic similarity. The parameters of the natural process are
expressed through the parameters of the physical model and similarity coefficients.

To conduct experimental studies of the process of cutting the working
environment with spatially oriented blades of knife equipment, a dynamometer stands
for registering the force load of the author's design of KNUBA was improved, which
allowed conducting full-fledged experimental studies taking into account all existing
factors of interaction of the working environment and the working body during cutting.
It was proposed to use soils of categories 11, IV and V as a working environment.

Using CAD systems, a 3D model of the test stand was created for registering
cutting forces with a moving spatially oriented knife, while simulating various types of
work, loads and frequencies of natural oscillations.

To solve the known shortcomings of the test stand and improve its design.
According to the constructed 3D model, to recreate a real model of the longitudinal

translational movement device and the moving spatially oriented knife itself.



The measuring and recording equipment were selected and modernized, and
the methodology for conducting experimental studies was developed.

The conducted experimental studies fully confirm the adequacy of theoretical
calculations, and the comparison of theoretical and experimental results of determining
the cutting force showed their sufficient convergence and, accordingly, the validity of
using analytical expressions when calculating the force parameters of machines with
spatially oriented knives of blade equipment.

The maximum error value of determining the cutting force by theoretical and
experimental means on the laboratory stand for recording cutting forces by spatially
oriented knives of blade equipment is A;=10.06%.

In the fourth chapter presents an investigation into the total resistance and its
constituent components that are generated during the operation of a bulldozer within a
soil medium, specifically focusing on the dynamics of the soil drag prism.

This total resistance is defined as the summation of several distinct forces: the
resistance necessary for the cutting of the working medium; the resistance arising from
the dragging of the soil prism preceding the blade; the resistance developed during the
upward movement of soil along the surface of the blade; the resistance to the motion
of the bulldozer itself; and the frictional force between the blade and the soil.

The core finding of this research is the demonstration that the implementation
of movable spatially-oriented knives on the blade significantly reduces the requisite
cutting force. Empirical calculations and graphical analyses confirm a correlational
relationship: a greater change in the cutting force application angle a results in a
corresponding reduction in the force required to shear the soil. This minimization of
cutting resistance directly and positively influences the operational stability of the
machine, which constitutes a critical parameter in field exploitation conditions.

Furthermore, the study examined key performance metrics for earthmoving
machinery, namely productivity (quantified as the volume of displaced soil per unit of
time) and energy intensity (the energy expenditure required to perform a unit of work).
In heavy soils, elevated resistance compels the bulldozer to engage with thinner layers,
thereby decreasing the volume of soil transportable per cycle and augmenting the

overall duration of the work cycle. Conversely, the reduction in cutting force achieved



via the movable spatially-oriented knives enables the bulldozer to attain a higher
working velocity. This mechanism facilitates a substantial increase in the machine's
overall productivity and a concomitant reduction in the specific energy consumption
per unit of completed work volume. The optimization of these two indicators is
paramount for maximizing economic benefit and mitigating operating costs across the
construction and mining sectors.

Keywords: bulldozer, blade, blade knives, spatially oriented, oblique cutting,
spatially oriented, chip formation, spatially oriented, excavator blade, vector, speed
ratio, parameterization, cutting force, spatial orientation, angle of rotation in the plan,
cutting resistance, computer testing, bulldozer blade, test stand, paraffin, installation,
physical model, cutting, working body, environment, modelling, similarity
coefficients, laboratory stand, experimental research, stand, measuring and recording
equipment, probability of inequality fulfilment, 3D designing, load on faces,

optimization, energy intensity, movement.



