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Pedepar:

1. Incepraujifina po60Ta IPUCBAYEHA AOCIIIPKEHHIO KOJIMBaHb IPY>KHUX BaJIiB Ta CTEPKHIB I1pX 0OEPTaHHI 3
ypaxyBaHHSIM r€OMETPUYHOI HEJIIHIMHOCTI, MPOCKOIIIYHMX HABAHTAKEHb, [I030BXKHIX 30BHIIIHIX HABAHTAXXEHDb. B
pOOOTi 31iICHEHO OISl JliTepaTypy 3a TEMOIO AOCIiIpKEHHs, pO3IJIsIHYTi PyHIaMeHTalbHi ITpalli BUJaTHUX BYEHUX
y rasly3i IMHaMiKu CTEP>)KHEBUX CHUCTEM, a TAKOK POOOTH Cy4aCHUX BUEHUX, sIKi 3aliMalOThCs [IpobIeMamMu IUHaMIK1
POTaLiMHUX CUCTEM 3 YPaxXyBaHHAM [ii TiPOCKOIIYHMX HaBAaHTaKEHb, [IPY 3[1¥ICHEHH] CKJIaIHOTO Pyxy. BUKOHaHO
MaTeMaTu4He MOJIE/IIOBAaHHS AMHAMIKU MPY>KHUX CTEP>KHIB, 1[0 00€PTAIOThCS, 3 yPaxyBaHHS F€OMETPUYHOL
HEJIHIHOCTI, CHJI iHepLii TOCTYNaJIbHOTO PyXy €JIEMEHTIB CTEPIKHS, BiALIEHTPOBUX CHUJI iHEPLii, KOPIOJICOBUX CUJI
iHepuii, ripocKONiYHMX MOMEHTIB, MO3[JOBXXHIX 30BHIIIHIX Ta rPaBiTaLlilHUX HaBaHTaXXeHb. [100y10BaHi pPiBHSIHHS
KOJIMBAJILHOTO pyxy. OTprMaHi GopmMyJin /111 BUSHAYEHHS! KPUTUYHUX MIBUJIKOCTEN 06EPTaHb i YaCTOT BIIACHUX

KOJIMBaHb. 32 JOIIOMOI0I0 PO3PO6JIEHUX HAa OCHOBI IIMX () OpMYJI ITPOrpaM OTPMMaHi i IIpeJicTaBiieHi pe3yabTaTy, sKi



[IOKa3yIOTh 3aJIEXKHOCTI KpUTUYHUX LIBUAKOCTEN OGEPTaHb BiJl TAKMX IIapaMeTPiB: pO3MipH IOIIEPEYHOro Iepepizy
CTEP>KHiB, iX MOBKWHU, BEJIMYNH MO3/IOBKHIX HaBaHTakeHb. Ha OCHOBi po3p06JIeHOI METOIUKYN KOMITIOTEPHOTO
MOJ€JIIOBaHHS KOJIMBaJIbHOTO PyXY Ta CTBOPEHOTrO Ha 11if 6a3i IporpaMHOro 3a0e3eyeHHs! IPOBeIeHO
IOCJIiIKEeHHS NIONePEeYHUX KOJIMBAaHb €JIEMEHTIB KOHCTPYKIIil, II0OKa3aHO $IK NipOCKOIIIUHI CMJIM BIUIMBAIOTh HA
IIpOLeC KOJIMBAJIBHOTO PYXY IIPY Pi3HUX MIBUIKOCTSIX 0O6epTaHHs. ['padiky, 1o oTpUMaHi, Bio6pakaloTb PO3BUTOK
aMILIITY], KOJIMBaHb y 4aci, a TAKOX TPAEKTOPii pyxXy MepepisiB CTEPsKHIB SIK B CUCTEMI KOOPJMHAT, 1110 06€PTAETHCS
Pa3oM 3i cTepKHEM (BaJIOM), TaK i B HEPYXOMIll cucTeMi KoopAuHaT. [y CTepsKHIB 3HaYHOI JOBKUHU, SIKUMU
MOJIEJIOI0ThCS 6YPUIIbHI KOJIOHH, 32 IOTIOMOT0I0 pO3pPO6JIEHOT0 IPOrPaMHOro 3abe3nedeHHst OTpuMaHi popmu ix
BUTMHY y Pi3Hi MOMEHTHU 4acy I[IpU 3OiCHEHHI KOJIMBAJIBHOTO pyxy. [TokasaHo, 1o npu Jii N0300BXHbO1
30CepeIHKEHO] CHJIHY, IPUKIIALIEHO] 1O HUXXHBOTO KiH1lsSl BEPTUKAJIBHOTO CTEPIKHSI, BUHUKAE €(EeKT 3aKpyuyBaHHS
J10r0 HIDKHBOI YacTHHU o cnipasti. Takuil e(eKT BUHUKae BHACIILOK [ii FiPOCKOMIYHUX MOMEHTIB, SIKi IOYMHAIOTh
3'IBJIATUCS CaMe Yepe3 30i/bLIeHHS] BUTUHY HIKHbOI YaCTUHU CTEP>KHSI, OCKIJIbKY 30i/IbLI€HHS] BATUHY [TPU3BOAUTD
I10 30i7bIIEHHSI KyTiB IOBOPOTY HOTO I1epepisiB, IBUKICTh 3MiHHU SIKUX i € CKJIAJJOBUMU TiPOCKOIIIYHOTO MOMEHTY.
[pu gocnigykeHHi IMHAMIKU pyXy CTEP>KHIB, 110 06€PTAIOThCS i, Ji€l0 N03L0BXKHIX I€PioJUYHMX HaBaHTaXXEHD,
1151 pi3HUX 00’€KTiB BUSIBJIEH] 3aJI€KHOCTI MIBUJIKOCTEN OOEPTaHHS i 4aCTOT 3MiHM MO3/I0BXXHIX HaBaHTaKEHb, IPU
SIKMX HaBiTh [IPY JOKPUTUYHUX MIBUIKOCTSIX OOEPTaHHS BUHMKAE IMHAMiIYHA HECTINKICTh CUCTEMU SIK IIPU
IIPSIMOMY, TaK i IIpY 3BOPOTHOMY IIpelieciiiHOMy pyci. B mpolieci BUKOHaHHS AucepTaliiHOi po60TH po3po06seHO
METOJMKY NOCJIiIKEHHS IMHAMiK1 00’eKTiB y 3a3Ha4€eHill noctaHoBLi. Ha 0CHOBI po3p0o6JsieHOi METOAMKY CTBOPEHO
IIpOrpaMHe 3a6e3Me4YeHHs], 33 JOIIOMOTOIO SIKOTO BU3HAYEHHI KDUTWYHI MIBUAKOCTI 06€pTaHHS, YaCTOTU BJIACHUX
KOJIMBaHb, 06J1aCTi AMHAMIYHOI HECTIMKOCTI [I71s1 00’€KTiB 3 Pi3HUMU NapameTpamu. JJoCiIKeHO BILJIUB
ripocKOmivYHOro e(eKTy Ha 3HaUEHHSI KpUTUYHUX IIBUIKOCTEN 06€pTaHb IIPU Pi3HUX IapaMeTpax cucTeMu. [
Pi3HMX CHCTEM BUSBJIEH] IapaMETPH, NIPU IKMX BOHU MAIOTh AUHAMIYHY HECTINKICTb i MOXKYTb IIBUIKO YBINTU B

IHTEeHCUBHUY KOJIMBAJIbHUI PYX I1iCJIs1 BUBEIEHHS iX 31 CTaHy PiBHOBaru.

2. The thesis is devoted to investigation of elastic rods oscillations during rotation with account of geometric
nonlinearity, gyroscopic forces and axial external loads. The literature review on the research topic is done. The
fundamental works of prominent scientists in the field of rod dynamics are considered, and the works of modern
scientists who deal with the dynamics of rotating systems taking into account the actions of gyroscopic loads in
complex motion are considered too. The mathematical modeling of the rotating elastic rods dynamics with
account of geometric nonlinearity, linear inertia forces, centrifugal inertia forces, Coriolis inertia forces,
gyroscopic moments, external axial and gravitational loads is done. The equations of oscillations are derived. The
formulas for calculations of the critical rotational speeds and the natural oscillation frequencies are found via
solving of the differential equations of oscillations. Using the programs that are developed on basis of these
formulas were found and presented the results, which show the dependences of the critical rotational speeds on
such parameters as: dimensions of the cross-section of rods, their length, values of axial compressing loads or
longitudinal tensile load. Based on developed technique of computer modeling of oscillatory motion of rotating
rods and with software, that is created using this technique, the research of the dynamics of transverse oscillations
for different shafts and rotating rods have been done. It is shown how the gyroscopic forces have been influencing
on the process of oscillatory motion by different rotating speeds. The diagrams that show the development of
oscillation amplitudes in time were built. The diagrams that show the trajectories of moving for cross-sections of
the rods, both in rotating coordinate system and stationary coordinate system were built, too. Using the specified
software the bend forms of heavy rods with large length in process of oscillation were defined and presented for
various moments of time. Such rods are modeling the work of drill strings. It is shown that the action of an axial
force that is pointed to the lower end of the vertical heavy rod leads to the effect of twisting to a spiral of its lower
part. This effect arises via action of gyroscopic moments, which begin to appear when the lower part of the rod
starts to bend and this bending have been growing. It happens because the growth of bending leads to increase the
angles of rod cross-sections’ turn, the velocity of change of which is part of the gyroscopic moment. In the process
of rotating rods dynamics investigation under action of axial periodic forces for various objects, such ratios of
rotational speeds and frequencies of axial loads changes have been found by which, even far before critical



rotational speeds, arises the dynamic instability of system in case of direct and reverse precession. In course of
thesis the techniques of dynamics research of investigated objects in specified statement were developed. Based
on developed techniques, has been created the software using which the critical rotation speeds and natural
oscillation frequencies are calculated and dynamic instability regions are found for objects with different
parameters. Influence of gyroscopic effect on values of critical rotational speeds with different system parameters
is studded. For various systems, the parameters at which they have dynamic instability and can quickly start
intensive oscillations after loss of equilibrium are found.
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