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AHHOTALIUS

JlummomHast paborta cogepxut: 53 cTpanuisl, 11 pucynkoB, 14 ncnoab30BaHHBIX

HCTOYHUKOB.
Kmouesbie cnopa: M3TMBHO-KPYTUJIBHBIE KOJIEBAHUS, VIIPYTUH

CTEPXXEHb, KOHCOJIbHASI BAJIKA, CBOBOJHO OIIEPTASI BAJIKA,

BAPUAITMOHHBINM IIPUHIINIL, YPABHEHW S KOJEFAHUIA.

Lenp auniaoMHOM paboOThl 3aKiIOYaeTCs B  BBIBEJICHUUM YpPaBHEHUMU
JUHAMUYECKOTO PAaBHOBECHUS U3TMOHO-KPYTUIIbHBIX KOJIEOAHUM yNpyTroro cTepxHs

" UCCIICOAOBAHUC ITPCACTABIICHHBIX MOIleJIeﬁ.

I[I/IHJ'IOMHaH pa60Ta HaIlpaBJICHAa Ha H3YYCHUC OCHOBHBLIX TCOPCTUYUCCKUX
acCIICeKTOB MaTEMaTUYECKOM MOICIIN KPYUCHUA U n3ruda CTCPIKHCBBIX CHUCTEM C
y‘{éTOM HUX ACTUIAHAIIMM, a TAKXKC IMOJYYCHHUC HOBBIX 3HAHUN U MPaKTUYCCKUX
HaBBIKOB B 00JIacTH aHaJIM3a YIOPyTUux KOHCTpYK[IPIﬁ, 4TO AaKTYyaJIbHO I HX

IMPUMCHCHUA B PA3JIMYHBIX OTPACIIAX ITPOMBIIIJIICHHOCTH.

JUIsT TOCTYIKEHMSI YCTAHOBIICHHBIX IeJield ObUTM MPHMEHEHBI CIIeIYFOIINe
METOIBl W TOIXOJIbI: BapHallMOHHBIN mpuHOUI OcTporpanckoro-I'aMuiIbTOHa,
ypaBHeHue Jlammaca, 3amada O paclpeieicHHH KacaTelbHBIX HANPSHKCHUN B
CTep)kKHE HecuMMmeTpuuHoro npoduns, npunnun J['AnambGepa, dopmymna s

HaXO0XICHUA HOTCHHHaHBHOﬁ OHCPIUH CTCPIKHAI.

B xone BBITIONHEHUS JUIUIOMHOW pabOTHl OBLIM TMOJYYCHBI CIICTYIOIIUE

PE3YNBTATHI:
o OOGmme muddepeHnanbHbIe YPABHCHUS IBIKCHHS CTEPKHS;

o OOmme ypaBHEHUS U3THOHO-KPYTUIIBHBIX KOJICOaHUH;
o VYpaBHeHUs KoJieOaHMIl 111 CBOOOIHO OMIEPTOrO CTEPKHS;
* VYpaBHeHUs KOJEOaHUU JJisI KOHCOJBHOIO CTEPXKHS, UMEIOIIEr0 IMIOCKOCTh

CUMMETPUHU.



AHATALBIS

Jlpimiomuas mpana 3msiraae: 53 craponki, 11 imroctparnsiii, 14 cKapbICTaHBIX

KPBIHIII.

Kmouasie  cioBs.  BBITTBHA-KPYIIUIBHBISI BATAHHI, IIPYTKI
CTPBIKAHB, KAHCOJIBHA S BOJIBKA, CBABOJTHA ABAIIEPTAS BDJIBKA,
BAPBISLIBIMHBI ITPLIHLIBIIL, YPAYHEHHI BATAHHSY.

MbTa npirioMHail paboThl — IITa BhIBAJL payHAHHAY JbIHAMIYHA payHaBari
BbIT1OHA-KPYIUIBHBIX ~ BaraHHsAY  NOPYrKIX  CTPBDKHAY 1 JacielaBaHHe

IPaJICTAYIEHBIX MAJDJIAY .

JlpiyioMHasi mpalia HakipaBaHa Ha BBIBYYPHHE ACHOYHBIX TIAPITHIUHBIX
acmekTay MaTdMaTbluHai MadJl KPYUdHHS 1 BBIT10Y LPJACHBIX CICTAM 3 YJIKaM 1X
JPTUIaHALIBI, @ TaKCaMa aTphIMaHHe HOBBIX BeAay 1 MPAaKTHIYHBIX HABBIKAY Yy rajiHe
aHaJli3y MPYIKiX KaHCTPYKLbIM, IITO aKTyallbHa Ul 1X NPBIMSHEHHS ¥ PO3HBIX

rajiHax MpambICIOBACIIi.

JIist nacsiTHEHHST YCTAHOYJICHBIX MATAy OBUTI Y)KBITHISI HACTYITHBIS METAJIbI i
NaJbIXObl: BapbIAIBIAHEI TPBIHIBIT AcTparpajackara-lI'amineraHa, payHaHHE
Jlammaca, 3amaya a0 pa3MepkaBaHHI JaTBIYHBIX BBICUTKAY y  CTPBDKHI
HeciMeTpblyHara npodinro, npeiHb 'amamOepa, Gopmyna i 3HAXOKaHHS

MATIHIIBIAHAN SHEPT1l CTPBIKHSL.

VY xoa3e BbhIKaHAHHS JABITIIIOMHA Mpallbl ObLTI ATPhIMAHbI HACTYITHBISI BHIHIKI |
e ArynbHBIS AbIDEPIHIBIUIBHBIA YPayHEHHI PYXY CTPBIKHS,
e ATyIBHBIS YpayHEHHI U3TUOHO-KPYTUIBHBIX BaraHHAY,
e VYpayHEHHI BaraHHsy Uil CBA0OIHA OTIEPTOTO CTPBIKHS;
e VYpayHeHHI BaraHHsy JUIsl KaHCOJIbHAara CTPBDKHS, SKI Mae IJIOCKACIh

CIMETPHIi.



ANNOTATION

The thesis contains: 53 pages, 11 figures, 4 sources used.
Keywords: FLEXURAL-TORSIONAL VIBRATIONS, ELASTIC ROD,
CANTILEVER BEAM, FREELY SUPPORTED BEAM, VARIATIONAL
PRINCIPLE, OSCILLATION EQUATIONS.

The purpose of the thesis is to derive the equations of dynamic equilibrium of

flexural-torsional vibrations of an elastic rod and to study the presented models.

The diploma work is aimed at studying the main theoretical aspects of the
mathematical model of torsion and bending of rod systems, considering their
deplanation, as well as obtaining new knowledge and practical skills in the field of
analysis of elastic structures, which is relevant for their application in various

industries.

To achieve the set goals, the following methods and approaches were applied:
the Ostrogradsky-Hamilton variational principle, the Laplace equation, the problem
of the distribution of tangential stresses in a rod of an asymmetric profile, the

D'Alembert principle, the formula for finding the potential energy of the rod.

During the completion of the thesis, the following results were obtained:
e General differential equations of motion of the rod.
e General equations of bending and torsional vibrations.
e Oscillation equations for a freely supported rod.

Oscillation equations for a cantilever rod having a plane of symmetry.



