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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau remMaTHYyHHX PyOpPHK: 30.15

Tema guceprauii:
1. Innamika Tpy60IpOBOLY 3 PiIMHOIO, 10 37ilICHIOE 06€epTaJIbHUN PyX

2. Dynamics of a pipeline with a liquid, which performs rotational motion

Pedepar:

1. lana po6oTa NpuUCBsiYEHA CaMe BUBYEHHIO AMHAMIYHUX NIPOLECIB JJIs1 CUCTEMU, 10 CKIIAIAE€ThCS 3 TPYOOIIPOBOLY,
110 31ifiCHIOE 06epTaZbHUI PYX, Ta PiAMHY, L0 Teue 10 LbOMY TPy60oIIpoBoy. B x01i BUKOHAHHS po60TH OyJia
JOOTIpalibOBaHa Ha BUIIAJOK OOepTaHHS TPyOOIIPOBOY HeJliHiliHa MoJieJb AMHAMIKYA CUCTEMH, 10 BPaXOBYye BCi
HeJIiHITHOCTI OKpiM HeJIiHIHOCTI, [10B’13aH0oi 3 peosorielo nedopmarii Tpydonpososy. Lis monesns 103Bosisie
BMKOHYBATU JOCJIIKE€HHS B JOKPUTUYHIN Ta 3aKPUTHUYHIN 06J1aCTi IBUAKOCTI Tedii pinnHu. Bya Bu3HayeHa
3aJIEXKHICTb KPUTHUYHOI IBUIKOCTI Teuil pinyHY Bif KyTOBOI IBUIKOCTI 06EPTaHHS TPyOOIIPOBOY Ta [TOKa3aHO, 110
30iJIbIIE€HHS 00EPTaHHS MPU3BOIUTH 10 BTPATHU CTIMKOCTi, TOGTO 10 3MEHIIEHHS! KPUTUYHOI IIBUIKOCTI Teyii.
JocnipeHa AuHaMiYHa [IOBEJIiHKA CUCTEMHU J1J1 Pi3HUX PEKUMIB Tedii pilHN Ta 00EPTaHHS TPyOOIIPOBOLY.
BukoHaHi po3paxyHKM T€CTOBUX IIPUKJIAZIB /1J1 BapiaHTy €BHOI CTaIol IBUAKOCTI Teuii pifuHu (KyTOBO]

IIBUJIKOCTI 06ePTaHHS TPyOOIIPOBOLY) IIPU Pi3HUX KYTOBUX LIBUAKOCTSIX 00€pTaHHS (LIBUAKOCTIX Tedii). [TokasaHo,



110 ITpM 30i/IbIIE€HHI IBUAKOCTI Tedii pifHY (KyTOBOI LIBUAKOCTI 06€pTaHHS TPYOOIIPOBOAY) B IEBHUII MOMEHT Yacy
(B OKOJIi KpUTHUYHOI BUIKOCTI) BiOyBa€eThCS MEPeXif, 10 KOJIMBAaHb HABKOJIO aJIbTEPHATUBHOTO IMHAMIYHOTO
TI0JIOKEHHS PiBHOBAru 3i 3Ha4HUM IIPOSBOM BUIMX FAPMOHIK (J0JaTKOBMX BUCOKOYACTOTHUX KOJIMBAaHb) B OKOJIi
1bOro nepexony. Takox BigMiueHO, 10 y JOKPUTUYHIN 06s1aCTi 361/1bLIEHHS IBUIKOCTI Tedii (06epTaHHs
TPYOONPOBO/Y) NPU3BOLUTD IO 3MEHIIEHHS YACTOTU KOJIMBAHb, TO/I SIK Y 3aKPUTHUYHIN — HAaBIAKH, [0 30i/IbIIEHHSI.
s pe>xumiB JiiHiMiHOT 3MiHM BUAKOCTEH Tedil (KyTOBUX MIBUAKOCTEN 06epTaHHs TPyOOIIPOBOY) OTPUMAHO, L0
XapakTep 3MiHU AMHAMiYHUX NPOLECiB 3a/1e5KUTh Bifl CTaHy CUCTEMU B IIOYAaTKOBUI1 MOMEHT Ta BiJ MOMEHTY
IOCSATHEHHS CUCTEMOIO KPUTUYHOCTI. [ly1s peskuMiB mysbcalii Tevii pinnauy, mo Haitbinbu 1ikasi 3 oryisiay Ha Te, 1o
Teyist B peasibHUX MeXaHi3Max BifOyBA€THCS B MyJIbCALITHOMY PEXXUMi, BUBHAYEHO, 1110 HANOiIbII HEOe3eYHNMU €
PEKMMU 3 4aCTOTOIO IyJbcallii 6J1M3bKOI0 [I0 BJIACHOI YaCTOTHM KOJIMBaHb TPYOOIIPOBOAY Ta 3 BEJIMKOIO aMILIITYA00
IyJIbCallii.

2. This work deals with the study of dynamic processes of a system consisting of a pipeline that performs
rotational motion and liquid flowing in this pipeline. In the course of the work, a nonlinear model of the system
dynamics was modified for the case of pipeline rotation, which takes into account all nonlinearities except the
nonlinearity of the pipeline deformation due to nonlinear rheology. This model provides the conduction of studies
in the subcritical and supercritical regions of fluid flow velocity. The dependence of the critical liquid flow velocity
on the angular velocity of the pipeline rotation and liquid velocity was determined and it was shown that an
increase in the rotation leads to a loss of stability, i.e., to a decrease in the critical flow velocity. The dynamic
behavior of the system for different modes of liquid flow and pipeline rotation is investigated. Calculations of
testing examples for a variant of a certain constant velocity of liquid flow (angular velocity of pipeline rotation) at
different angular velocities of rotation (flow velocities) are performed. It is shown that with the increase of liquid
flow velocity (angular velocity of pipeline rotation) at a certain point in time (around the critical velocity) the
transition to oscillations around an alternative dynamic equilibrium position with significant manifestation of
higher harmonics (additional high-frequency oscillations) around this transition occurs. It is noted also that in the
subcritical region the increase in the flow velocity (rotation of the pipeline) leads to a decrease in the frequency of
oscillations, in the subcritical region, on the contrary, to an increase. For the modes of linear change of flow
velocities (angular velocities of pipeline rotation) it is obtained that the nature of the change of dynamic processes
depends on the state of the system at the initial time instant and for motion when the system reaches criticality.
For the pulsation modes of fluid flow, which are most interesting due to the fact that the flow in real mechanisms,
the pulsation mode occurs, it is determined that the most dangerous are modes with pulsation frequency close to
the natural oscillation frequencies of the pipeline and with large pulsation amplitude.
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