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AHHOTALIUS

JummomHuas pabota comepkut: 46 crpanmi, 20 puCyHKOB, 6 MCHOIB30BaHHBIX

HCTOYHHUKOB.

Kmouessle  cnosa: [IOIIEPEYHBIE KOJIEBAHUS, PACIIPEJEJIEHHAS
HAI'PY3KA, COCPEAOTOYEHHBIE MACCHI, TI'PAHUYHBIE VYCIIOBUA,
OITEPATOPHBIN METO]I JIATIJIACA.

B jaumnomHOl paboTe paccMaTpUBAIOTCA IONEpPEYHble KOJIEOAaHUs CTEpPXKHS C
COCpPEZOTOYEHHBIMU MaccaMH MO JEeWCTBUEM BHEUIHUX CHJI, BHYTPEHHErO0 TPEHUS U
BHEILIHET0 COMPOTUBJICHHUSL.

Hens numioMHON pabOThI: pa3pabOTKa METOJOB aHATUTUYECKOTO pacuéTa U3THOHBIX
KosieOaHuil Oa’loYHBIX KOHCTPYKLUMH C COCPEAOTOYEHHBIMH MaccamMH i pa3iMuHbIX
Croco00B KperIeHu KOHIIOB MO/ 1eWCTBUEM MEPUOUUECKH N3MEHSIONIENHCS HAIPY3KH.

I[J'ISI JOCTHIXKXCHUA MMOCTaBJICHHOM OEJIN UCITOJIB30BAJINCh:

e VpaBHEHHE TMOMEPEUHBIX KOJIEOaHUI CTEP:KHS 0€3 ydeTa 3aTyXaHui, HHEPIUH
IIOBOPOTa CEYCHHMI, CHIT IIEPEPE3BIBAHNS U COCPETOTOUEHHBIX HArPy30K.

e Meroauka pemicaust auddepeHIraIbHBIX YPaBHEHUH ONEPATOPHBIM METOIOM
Jlamnaca.

e Ilaker cumBosbHOM MaTematuku Wolfram Mathematica.

B x0/1¢ BBIMOMHEHHUS TUIUIOMHON paOOThI OBLIM MMOJYYEHBI CIIEAYIOIINE PE3yIbTAThI:

e [lonyueHO ypaBHEHHE IIONMEPEUYHBIX KOJCOAHUN CTEPXKHS IO JEHCTBHEM
BHEIIHHUX CHJI C YYETOM CHJI BHEIITHETO COMPOTUBIICHHS M BHYTPEHHETO TPEHHUS.

e IlomyueHOo pellleHHE YpaBHEHHs IIONEPEYHBIX KOJICOAHWH CTEpXKHI C
COCPEIOTOYEHHBIMM MacCaMM IIOJ JICHCTBHEM BHEIIHHX CHJ C YYETOM CHII
BHEIIIHETO COMPOTUBJICHHS U BHYTPCHHETO TPEHUS IIPU OIIEPTOM JIEBOM KOHIIE.

e IlonyueHO pellleHHE YpaBHEHHS IIONEPEYHBIX KOJICOAHWH CTEPKHS C
COCPEIOTOYEHHBIMH MAacCaMM IIOJ JICHCTBHEM BHEIIHHX CHI C YYETOM CHII
BHEIIIHETO COIPOTHUBJICHHUS W BHYTPEHHETO TPEHHUS IPHU 3aAIIEMIEHHOM JICBOM
KOHIIE.

e IlonyuyeHO pellleHHE YpaBHEHHS IIONEPEYHBIX KOJICOAHWH CTEPKHS C
COCPEIOTOYEHHBIMM MAaCCaMM I1OJ JICHCTBHEM BHEIIHMX CHI C Y4ETOM CHII
BHEIIIHETO CONMPOTHUBICHUS U BHYTPEHHErO TPEHUS MPH 3aKPEIICHUH IIPABOTO
KOHIIA.

e IlonyueHO pellleHHE YpaBHEHHs IIONEPEYHBIX KOJICOAHWH CTEPXKHS C
COCPEOTOYEHHBIMH MacCaMH TOJ JECHCTBUEM BHEIIHHUX CHJI C YYETOM CHII
BHEIITHETO COMPOTHBIICHUS W BHYTPEHHETO TPEHHsI MPH 3aKPEIICHUH C JIBYX

CTOPOH.



AHATALBIS

JlprmutomHast mpana 3msimryae: 46 craponak, 20 imocTparisiid, 6 BBIKAPBICTAHHBIX
KPBIHIII.

KmrouaBsis  cnoBer:  [TAITAPSJJHBIAA BATAHHI, PA3MEPKABAHASA
HATPY3KA, 3ACAPOIXAHBISA MACBHI, MSXOBBIAA YMOBBI, AITEPATAPHBI
META JIATIJTACA.

VY  apluioMHal  mpanbl - pasrisjaroliia  MarnspovHbls BaraHHI CTPBDKHA 3
3acApo/KaHbIMI MacaMi MaJ J3eIHHEM 3HEIIHIX CUI, YHyTpaHara TpIHHS 1 BOHKaBara

CyTpailiBy.

MbTa npluioMHal npalibl: pacipaloyka MeTajay aHaliThlYHara pa3iiKy BhITIOHBIX
BaraHHsAYy Od3J€UYHBIX KAHCTPYKIBIM 3 3acsApo/KaHbIMI Macami JJii pPO3HBIX crocabay

MallaBaHHAY KaHIOY MaJl A3eTHHEM MEephIsAbIYHa 3MEHIIIBal HArpy3Ki.

JInst macsirTHEHHs MacTayieHail MAThI BRIKAPBICTOYBAJICS:
e VYpayHEHHE MaIsIpOYHbIX BaraHHsAY CTPBDKHS 0€3 YJIiKy 3racaHHsy, iHAPIIbI
naBapoTy nepacekay, cijl nepepe3blBaHUs 1 3aCsIPOHKAHBIX Harpy3aK.
e Meronbika pamdHHSA ABIQEPIHIBIIIBHEIX  ypayHEHHSY —anepaTapHbIM
meTazaam Jlamnaca.
o [laker 3HakaBaii MaToMaTbiki Wolfram Mathematica.
VY xoza3e BbIKaHaHHS JBIIIIOMHAM Mparibl ObLUTi aTphIMaHbl HACTYITHBIS BBIHIKI:
e ATppiMaHaypayHEHHE NAMsIPOYHBIX BaraHHsIY CTPBDKHS Maja J3esTHHEM
3HEIIHIX CUI 3 YJIIKaM CiJ1 BOHKaBara CymnpaliyiaeHHs 1 yHyTpaHara TpIHHS.
e ATppIMaHa paldHHE VpayHEHHs MalsIpOYHbIX BaraHHAy CTPBDKHS 3
3acsApoKaHbIMI Macami Taj A3eTHHEM 3HEITHIX CUT 3 YJIiKaM CLT BOHKaBara

CyTmpariyJieHHs i YHyTpaHara TPIHHS HpPbI allepThIM JIEBBIM KAHIBI.

e ATphIMaHa paldHHE VpayHEHHs TMalsIpOYHbIX BaraHHAy CTPBDKHS 3
3acsApoJKaHbIMI MacaMmi MMajl A3eSHHEM 3HEIIHIX CUT 3 yJIiKaM CiJT 3HEITHATa
CyMpariyJieHHs 1 YHyTpaHara TPIHHS MPbI 3alTYAMIICHBIM JIEBBIM KaHIIBI.

e ATphIMaHa paldHHE VpayHEHHs TMalsIpOYHbIX BaraHHAy CTPBDKHS 3
3acsApOJKaHBIMI MacaMmi ImaJi J3esTHHEM 3HEIHIX CUT 3 yJIiKaM CiJl 3HEITHATa
CympariyJieHHs 1 YHyTpaHara TpIHHsI MphI 3aMallaBaHHi IIpaBara KaHIia.

ATppIMaHa paldHHE VpayHEHHs MalspOYHbIX BaraHHsy CTPBDKHS 3 3aCSApPOKaHBIMI
MacaMi maji A3esTHHEM 3HEIIHIX CUT 3 yJIiKaM CUT 3HENIHsTa CyIpaliyJeHHs 1 yHyTpaHara
TPAHHS TIPHI 3aMallaBaHHi 3 IByX 0aKoy.



ANNOTATION

The thesis contains: 46 pages, 20 figures, 6 sources used.

Keywords: TRANSVERSE VIBRATIONS, DISTRIBUTED LOAD,
CONCENTRATED MASSES, BOUNDARY CONDITIONS, LAPLACE
OPERATOR METHOD.

The thesis examines the transverse vibrations of a rod with concentrated masses
under the action of external forces, internal friction and external resistance.

The purpose of the thesis: to develop methods for the analytical calculation of
bending vibrations of beam structures with concentrated masses for various methods
of fastening the ends under the influence of periodically varying loads.

To achieve this goal, the following methods were used:
* Equation of transverse vibrations without considering damping, rotational inertia
of sections, shear forces and concentrated loads

* The method of solving differential equations using the Laplace operator method.

* Package of symbolic mathematics Wolfram Mathematica.

During the completion of the thesis, the following results were obtained:
* The equation of transverse vibrations of the rod under the action of external
forces is obtained, considering the forces of external resistance and internal friction.

* The solution of the equation of transverse vibrations of a rod with concentrated
masses under the action of external forces is obtained, considering the forces of
external resistance and internal friction with the supported left end.

* The solution of the equation of transverse vibrations of a rod with concentrated
masses under the action of external forces is obtained, considering the forces of
external resistance and internal friction with the pinched left end.

* The solution of the equation of transverse vibrations of a rod with concentrated
masses under the action of external forces is obtained, considering the forces of
external resistance and internal friction when fixing the right end.

* The solution of the equation of transverse vibrations of a rod with concentrated
masses under the action of external forces is obtained, considering the forces of
external resistance and internal friction when fastened on both sides.



