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1. luceprarito NpUCBSYEHO BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIAJHOI 3a71a4i, CyTHICTb SIKOi IOJISITaE y
(opMyBaHHi HAyKOBO OOI'PYHTOBAaHUX PEKOMEHTALIIN 1010 OOOPY CTPYKTYPH i IapaMeTpiB OYpOBUX YCTAaHOBOK, a
TaKOXX XapaKTEPUCTUK TEXHOJIOTIYHUX ONepaliil mpolecy 6ypiHHS CBEpJIOBMHU Ha OCHOBI KOMILJIEKCHOTO aHAJIi3y
IVHAMIYHUX SIBUIL Y MEXaHIYHUX CUCTEMax YCTAHOBOK IIiJl Yac NepeXilHMX Ta yCTaJeHUX PEKUMIB po6oTH,
HaIpyXeHoro-1edOpMOBaHOI0 CTaHy eJIEMEHTIB KOHCTPYKILIiii, 2 TAKOX [IPOLECiB POCTY TPIillIMH Y KOHCTPYKLiHUX
Marepianax 3 ypaxyBaHHSIM Jii peasibHUX CIeKTpiB HaBaHTaxkeHb. Y BCTVIII no nuceprauiitnoi po6otu
OBI'PYHTOBAHO aKTyaJIbHICTh HAYKOBOI IPOGIeMH, cHOPMYIIbOBAHO METY i 3a7jadi JOCiKeHb, BU3HAYEHO 00 €KT i
IIpeMeT HayKOBUX JOCIIIKEHD, 4 TAKOXK ONMCaHi OCHOBHI HAYKOBO-JIOCJIiTHULIbKI PE3YJIbTaTH, iXHE IIPAKTUYHE
3HAYEHHS /IJ1S1 PO3BUTKY HAyKOBUX 3HaHb 3 [IPUKJIAIHOI MEXaHIKH i, 30KpeMa, y rajysi 3abe3rnedyeHHs MilJHOCTi Ta
[IPOTHO3YBaHHS JOBrOBIYHOCTI iH)KeHepHUX KOHCTPYKLUiK. Y [IEPIIIOMY po3nisni npoBeeHo JiTepaTypHU OTJIsL
IOCJIiIKeHb 32 TEMaTHUKOIO AucepTaLiiiHOI po60TH, 06rPyHTOBAaHO MeTy i 3amaui nocimkenns. Y IPYTOMY po3sgiini

MaTeMaTUYHO OOI'PYHTOBYETHCS METOJ, IIPSIMOI JUCKpeTHU3allii JOBrOMipHUX IIPY>KHUX JIAHOK y 3aCTOCYBaHHi 10



BiJIbHUX i BUMYILIEHUX [1I03[I0OBXXHIX KOJIMBAHb IIPSIMOTO CTPVKHS SIK MEXAHIYHOI CUCTEMU 3 PO3IIOAIIEHUMU
napaMeTpamy, a TaKOX JIOCIIIKY€eThCs 30DKHICTh METOY ITifl Yac BU3HAYEHHS BJIACHUX YaCTOT i aMILTITy[L
BMMYVIIEHUX KOJIMBaHb ME€XaHIYHUX cucTeM. Ha npukianax 064MCaeHHs BJIaCHUX YaCTOT KOJIMBaHb CTPMKHS 3
BiJIbBHUMHU KiHLISIMH, @ TaKOXK CTPYDKHS 3 OHUM 3allleMJIEHUM, a IPYTUM BiJIbHUM KiHIIeM Ta ITOPiBHSIHHS
HaOJIVDKEHUX Pe3yJIbTaTiB PO3PAXYHKIB i3 TOUHUMHU Pe3yJibTaTaMU AOCIIiIKEHO 30DKHICTh MeToay. JlocimKeHo
BIIJIMB YMCJIA CTYIIEHIB BIJILHOCTI PO3PaxXyHKOBOI MOJIeJIi, JOBXKUHU CTPUIKHS, TYCTUHU MaTepiany Ha 3Ha4€HHS
BJIACHUX 4acCTOT. 3'1COBaHO, 1110 [J1s1 3a6e3euyeHHs JOCTAaTHbOI 1151 iHKeHEePHOi MPAaKTUKX TOYHOCTi BUBHAUEHHS
TPHOX 260 YOTUPHOX HIDKYUX BJIACHUX YaCTOT MOXKHA 3aCTOCOBYBATH PO3PAaXyHKOBI MOfieIi, 110 MaioTh 8 — 10
CTYIIEHIB BiJIbHOCTI. PO3TJIIHYTO BUMYIIEHI TO3[I0BKHI KOJIMBAHHS MPY>KHOTO CTPYIKHS, OJVH KiHELb SIKOTO
3allleMJIEHUI B OCHOBI, a Ipyruil KiHelp BiJIbHMIA, 32 CUJIOBOTO Ta KiHEMaTUYHOTO 30y ykKeHHs. [106y0BaHO
aMIUITyAHO-4aCTOTHI XapaKTePUCTMKU MEXaHIYHMX CUCTEM Y BUTJIA] 3aJIEXKHOCTEN aMIUITYAu NIepeMillleHb O Hi€l
3 MaTepiaJbHUX TOYOK i aMIUIITYAY MTO300BKHBOIO 3YCUJLJIS B OJIHIN i3 NIPY>KHUX JIAaHOK PO3PaxyHKOBOI MOJI€Ii Bif,
YaCTOTU BUMyLIEHNX KouBaHb. TPETIV po3pin MpucBIYeHO MaTeMaTMIHOMY MOJIE/TFOBAHHIO MOTIEPEYHMX
KOJIMBAHb JOBIOMiIDHUX KOHCTPYKLUIM 3i CTYIIHYACTOO 3MiHOIO [TIOIIEPEYHOrO NEPEPI3y i3 3aCTOCYBAHHAM METOLY
npsiMoOi IUCKpeTu3anii. MeTog, itoCcTpyeThCs Ha IPUKIIAZaX PO3PAaXyHKY BiJIbHUX i BUMYIIEHNX KOJIMBaHb OYPOBUX
mory1. Po3risinaoTbCs BUNIAAKY 3aKPIllJIeHHS OIIM Ha abCOJIIOTHO KOPCTKIil Ta Ha MOJATIUBIN y
rOPU30HTAJILHOMY HaIpsMi OCHOBI. BiiacHi 4acTOTH, OTpHUMaHi po3paxyHKOBMM IJISIXOM i3 3aCTOCYBaHHSIM METOLY
[psAMOI IUCKpeTU3allii, IOPiBHIOBAJIM 3 PE3yJIbTaTaMU PO3PaXYHKIB, BUKOHAHNX METOLOM CKiHYEHHUX €JIEMEHTIB, Ta
3 eKCIIEPMMEHTAJILHO 3HAMEHVMU [1JI1 aHAJIOTIYHMX YMOB 3aKpIllJIeHHs | 3aKOHIB PO3IIOAiNy Macu pe30HaHCHUMU
yacroTramu. [TokazaHo, 110 po3paxyHKOBi 3HaU€HHS TPbOX HMKUMX BJIACHUX YACTOT JOOPE Y3rOIKYIOThCS 3i
3HAUYEHHSIMY PE30HAHCHUX YaCTOT, 3HalJl€HUMU €KCIIEpUMEHTAaJIbHO. BinHOCHA moxubKa [j1s1 yCixX AOCiIpKyBaHUX
pexuMiB He nepesuiye 11%, mo nigTBepIKye afeKBaTHICTb PE3yJIbTaTiB MATEMAaTUYHOTIO MOJIEJIIOBAHHS PEAJIbBHUM
IrHamiyHuM npouecaM. Y HETBEPTOMY po3gini po3risgaeTbCcsl yTOYHEHUIN METO]I, aHali3y BiIbHUX i BUMYIIEHUX
IIOTIEepeYHi KoJIMBaHb 6AlITOBOI BeXXi 6YpOBOi YCTAaHOBKU. BUCOTHA KOHCTPYKILis TIOJAETHCS K 6araTonporoHoBa
6aska TumoleHkKa 3i 3MiHHUMMU 11O JOBXUWHI 3TMHHOIO YXOPCTKICTIO, PO3IMOAiIEHOI0 MaCoIO i TO3[I0BKHBOIO CUJIOIO.
[TpuiimaeThes, WO BesKa BCTAHOBJIEHA HA KOPCTKiH miatdopmi, 06irepriil Ha IPy>KHY OCHOBY. [J0IaTKOBO Bexka
3B’s13aHa 3 OCHOBOIO 32 [I0IIOMOTOI0 IPYKHUX PO3TSIKOK. AHaJII3yeThCsl 301KHICTh METOJLy PO3B'sI3aHHS 3a1ayi.
Po3rngpaoTbCst MAaTPUYHUIN aJITOPUTM 1 pPe3ysIbTaT PO3PaxyHKiB [IONIEPEYHMX KOJIMBaHb 6AITOBOI 6ypoBOi BeXi. Y
ITSITOMY po3zini nj1s BU3HAYEHHSI JUHAMIYHMX HABAaHTAXEHb i HANIPYXXeHb B €JIEMEHTaX KOHCTPYKILill 106yJ0BaHO
y3araJibHeHy MaTeMaTU4YHYy MOJIeJIb HECTAllilOHapHUX [IPOLEeCiB y MifiliMabHill cucteMi 6ypoBOi yCTAaHOBKU 3
yPaxyBaHHSM B3a€MO3B'SI3Ky €JIeKTPOMAarHiTHUX IIPOLIECiB B aCUHXPOHHOMY [IBUTYHi Ta ME€XaHiYHMUX KOJIMBAJIbHUX
sBUIL,. [JOBrOBiYHICTb €JIEMEHTIB KOHCTPYKLi{ BU3HAUYEHO 32 JOIIOMOTOI0 KOMITIOTEPHOTO aJIFTOPUTMY aHAJIi3y
IIBUAKOCTI POCTY TPiluHY i3 3acTocyBaHHAM PiBHAHHA NASGRO, 110 ofepkaHe 3 ypaxyBaHHSAM HasBHOCTI 30H
IacTUYHUX Aedopmaniit. Ha npukmiazi oci KpoH610Ka TPOIIOCTPOBAHO BILJIMB HECTALlIOHAPHUX AMHAMIYHUX

IIpolLieciB B OypoOBiil YCTaHOBL Ha JOBrOBiUHICTh €JIEMEHTIB KOHCTPYKLIiH.

2. The dissertation is devoted to solving a current scientific and applied problem, the essence of which lies in
formulating scientifically sound recommendations regarding the selection of the structure and parameters of
drilling rigs, as well as the characteristics of technological operations in the well drilling process, based on a
comprehensive analysis of dynamic phenomena in the mechanical systems of the rigs during transient and steady-
state operating modes, the stress-strain state of structural elements, and crack growth processes in structural
materials, taking into account the effects of real load spectra. The INTRODUCTION to the dissertation justifies the
relevance of the scientific problem, formulates the purpose and objectives of the research, defines the object and
subject of the scientific research, and describes the main research results, their practical significance for the
development of scientific knowledge in applied mechanics and, in particular, in the field of ensuring the strength
and predicting the durability of engineering structures. In the FIRST chapter, a literature review of studies on the
topic of the dissertation is conducted, and the purpose and objectives of the research are substantiated. In the
SECOND chapter, the method of direct discretization of long elastic links is mathematically justified in application
to free and forced longitudinal vibrations of a straight rod as a mechanical system with distributed parameters, and



the convergence of the method is investigated when determining the natural frequencies and amplitudes of forced
vibrations of mechanical systems. The convergence of the method is investigated using examples of calculating the
natural frequencies of a rod with free ends, as well as a rod with one fixed and one free end, and by comparing the
approximate calculation results with the exact results. The influence of the number of degrees of freedom of the
computational model, the rod length, and the material density on the values of natural frequencies is investigated.
It is found that to ensure sufficient accuracy for engineering practice in determining the three or four lowest
natural frequencies, computational models with 8-10 degrees of freedom can be used. Forced longitudinal
vibrations of an elastic rod, one end of which is fixed at the base and the other end is free, under force and
kinematic excitation are considered. Amplitude-frequency characteristics of mechanical systems have been
established in the form of dependencies of the displacement amplitude of one of the material points and the
amplitude of the longitudinal force in one of the elastic links of the computational model on the frequency of
forced vibrations. The THIRD section is devoted to the mathematical modeling of transverse vibrations of long-
span structures with a stepped change in cross-section using the direct discretization method. The method is
illustrated by examples of calculating free and forced vibrations of drilling derricks. Cases are considered where
the derrick is fixed on a completely rigid base and on a base that is flexible in the horizontal direction. The natural
frequencies obtained by calculation using the direct discretization method were compared with the results of
calculations performed using the finite element method, as well as with the resonant frequencies experimentally
determined for the same conditions of fixation and mass distribution. It is shown that the calculated values of the
three lowest natural frequencies agree well with the experimentally determined resonance frequencies. The
relative error for all studied modes does not exceed 11%, which confirms the adequacy of the mathematical
modeling results to real dynamic processes. The FOURTH chapter discusses a refined method for analyzing the
free and forced transverse vibrations of a drilling rig tower. The tower structure is modeled as a Timoshenko
multi-span beam with bending stiffness, distributed mass, and longitudinal force varying along its length. It is
assumed that the tower is mounted on a rigid platform supported on an elastic foundation. Additionally, the tower
is connected to the foundation by elastic tie rods. The convergence of the solution method is analyzed. A matrix
algorithm and the results of calculations of the transverse vibrations of the drilling rig tower are discussed. In
CHAPTER FIVE, a generalized mathematical model of transient processes in the drilling rig hoisting system is
developed to evaluate dynamic loads and stresses, considering the interaction between electromagnetic and
mechanical vibrational processes. The durability of structural elements is assessed using a crack growth analysis
algorithm based on the NASGRO equation with plastic deformation effects taken into account. The impact of
unsteady dynamic processes on structural durability is demonstrated through the example of the crown block
shaft.
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