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Poszenanymo 3adauy npo KOAUBAHHA 8 S3KONPYIHCHO20 CMEPHCHA NPU OUHAMIYHOMY HABAHMANCEHHI,
NPUKIadeHoMy Ha 0OHOMY 3 1020 KiHyie. [Jocniodceno mepmMomMexaniyti enacmueocmi 2ymMonooiono2o neo-
2yKiecbko2o mamepiany. Jna po3e'sazanns 3a0avi GUKOPUCMAHO KOHYEnyilo KOMRJIEKCHUX MOOYTi6.
Ompumani  amnaimyOHO-YACMOMHI  Xapakmepucmuku Oni HanpyxcewHs ma Oegopmayii. Beedeno
oucunamueny QyHnkyilo, 3a 00nOMo2010 5AKOI 0ocAcHymo oucunamuehul posicpie cmepoicns. Ha ochosi
CKIHYeHHO-eleMeHmHoi Modeni noby006aHo po3e 30k 3a0ayi 3 6PAXy6aAHHAM 6 SIBKONPYICHUX 61ACMUEOCMEN
mamepiany. Ilpoananizoeano pesyabmamu 32i0HO 3 KIACUYHOIO MEOPIEI0 MepMOonpysicHocmi. 3pobneni
8i0N0GIOHI BUCHOBKU U000 NOBEOIHKU 2yMON0OIOHO20 Mamepiany npu mepMoMeXaHivHOMY HABAHMANCEHHI.
Ilepegipeno 0ocmogipHicms 3Ha4eHb Yacmom ONisl HEPUAUX Pe30HAHCIE HA OCHOGI MeopPeMUYHUX PO3PAXYHKIE.

Knro4o6i cnosa: neo2ykigcoKuil mamepian, OuUHamiyHe HA8AHMANCENHS, OUCUNAMUBHA (IYHKYIS,
MepMONPYICHICMb.

The problem on vibration of a viscoelastic rod under dynamic load at one of its ends is considered. The
external loading has a significant influence on the dynamic characteristics of the material. By using the
complex moduli, the problem on vibration of the viscoelastic rod was solved. The complex shear and Young's
moduli of a rubberlike material should exhibit the same dependence on frequency. The properties of a
rubberlike material was applied. The temperature influence is associated both with the Newton boundary
conditions and dissipative heating. The dissipative function is expressed in terms of deformations. The
[frequencies of high-damping materials occur at or near frequencies that are normally of interest in vibration
problems at room temperature. For solving the problem a finite element model was applied. Using this
model, qualitative analysis of the influence of dynamic load and dissipative heating on the resonant
vibrations of viscoelastic rod is performed. According to the theory of viscoelasticity an analysis of the
results was done. The reliability of the values of frequencies for the first resonances was checked. The
numerical results of the problem on vibration of a viscoelastic cylindrical rod under dynamic load at one of
its end by the general thermomechanical laws on vibration in damped mechanical systems were obtained
and investigated. Distribution of the temperature of dissipative heating along the rod axis is analyzed.

Key Words: Neo-Hookean material, dynamic load, dissipative function, thermomechanics.
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1. Beryn BEJIMKOra0apUTHUX ITHEBMATHYHMX IUMH TOLIO.
BHacnigok Takux crnenudivHHX BIACTHBOCTEH LHX
MarepiaiiB, K ICTOTHA 3aJEXHICTh MEXaHIYHHUX Xa-
PaKTEPUCTHK BiJ TeMIIEpaTypd, HHM3bKa TEIUIO-
OpPOBIJHICTb, 3HAYHI BHYTPILUHI BTPATH, TpHUBaJe
JMHAMIYHE HABAHTAXXCHHSA MOXE CYIPOBOKYBa-
THCH BHMCOKMM pIBHEM JUCHUIIATHBHOI'O pO3irpiBy.
B3aemopiss TEIUIOBUX Ta MEXaHIYHHX IIOJNIB Yy

BaxnuBiCTh AOCHIKEHHA TEPMOMEXaHIIHO1
NOBE/IIHKM €IEMEHTIB KOHCTPYKIHii, #AKI CKia-
JAI0ThCs 3 MOJIIMEPIB Ta €1aCTOMEpPiB, BUHUKAE B
baraTbox cepax CydaCHOI TEXHIKH, y TOMY 4HCII
IpM  PpO3paxyHKy MEXaHIYHOIO Ta TEIUIOBOIO
CTaHy TI'YMOTEXHIYHHUX BHpOOiB, BiOPOI30IATOPIB,
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B’S3KOIIPY)KHUX TiJIaX BHBYAETBCSI B MEXax Teopil
TEPMOB’ I3KOMPY>KHOCTI. B HUHIMHIA yac, TepMo-
MEXaHIYHUM CTaH €ITaCTOMEPHUX CIIEMEHTIB JIOC-
JILJDKYETBCS 3a3BHYai Ha OCHOBI pO3B’sA3aHHs 3B’ A3a-
HHX 3aJ]]a4 JIHIHHOI TePMOB’A3KONPYXKHOCTI, B AKUX
CIIBBITHOIIEHHS MDK HaNpyXCHHAMH Ta Jedop-
MalisMd € JHIMEMMH, Xo49a IpH LBOMY Bpaxo-
BYETBCS 3aJIEKHICTh BJIIACTHBOCTEH Marepiany Bix
Temnepatypu. Jemndyioua 3maTHICTL Matepiary
rpac BeJW4e3Hy pOlIb B JUHAMIYHIA IOBeIiHII
KOHCTpYKIlii. BoHa NpU3BOAMTH J0 3HAYHOIO 3HU-
KCHHS aMIUTITY/l IIPH BHMYIICHHX KOJNHBAHHAX Ta
3I71a/KYBaHHS HAINPYKCHb B 30HI KOHIICHTpAIil pU
KOJIMBAHHSIX.

2. IlocranoBKa 3aaay4i
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Puc. 1. CxeMa HaBaHTa)XeHHA

PosrnsgHeMo 3aady mpo AUCHIIATUBHUI PO3IrpiB
IpUd TapMOHIYHHUX KOJHMBAaHHAX CKiHYEHHOTO IH-
niggpuaHoro crepxusa 0 <z </ Ta pazmiycom R, i3
3a/IaHOI0 MHAMIYHOIO YMOBOIO Ha HOTO BEPXHLOMY
KiHIIi
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HyokHiit kpaii cTep)KHS XKOPCTKO 3aKPIIICHHUI.

l'apMOHIUHI KONMHMBaHHA Yy B’ A3KOIPY>XKHOMY
CEPEIOBUINL Y CIPOIIECHIH MOCTAaHOBLI OINHUCYIOTHCH
PIBHSAHHAM BHIY

(A+BVV -+ uVia+ po’i=0 ()

U =u'+7u" — KOMJICKCHa aMILTITy/1a IEPEMIlIECHD,
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Puc. 2. Cxema TemioBoi 3a1a4i

IIpu KONMBAaHHAX B’S3KOIPYXKHOTO Marepiairy
BiAOyBalOThCS BTPATH €HEPrii, 10 NPU3BOAMTEL 10
Horo HarpiBaHHs. IHTCHCHBHICTh BHJIUICHHS TeIUla
IPH TapMOHIYHHX KOJIMBAHHSX OIIUCYETHCA YyCe-
PEIHEHOI0 /IMCUIIATUBHOIO (yHKILI€I0, KA MOXKe
Oyt BupaxeHa uyepe3d amiityau aedopmauii
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Ilepenauy Temna y cepemoBuimli Oyaemo
OIIHCYBAaTH DIBHAHHAM TEIUIONPOBIOHOCTI BiIHOCHO
HAOJIMOKEHUX, YCEPEJHCHUX 3a Iepiojl KOJMBaHb

3Ha4eHb TeMnepatypu 1

kV2T+5=pcaa—7;, 4)
ne k — xoediuient TeruonpoBigHOCTI, € —

TEIUIOEMHICTh. Y TOYATKOBHMA MOMEHT 4acy CTep-
JKEHb Ma€ TEMIIEPaTypy HaBKOIMIIHBEOTO CEpeo-
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Buma 7. Ha ¥oro Giunilf moBepXHi HaKIaJalOTHCA
yMoBU HrloTOHa

or -
Q=—k—|, =T -T)) 3),
on
ne @ — TIycTHHa TEIUIOBOrO TIOTOKY, & —
Koe(ilieHT TeIUI0BiIaYi.

3. Po3B'si30Kk 3axayi Ta pe3yJbTAaTH

IIpyu yucenbHOMY pO3paxyHKy 3aja4i Oyim B3ATi
HACTYITHI 3HAYEHHS:

R=0,01M,71=0,2m, P=1000 I1a, To=20°C.

Juss  orpumaHoi  3B’S3aHOI  TEpMOMEXaHIYHOI
3aadi B SAKOCTI TymomnoaiOHoro wMarepiany OyB
BUOpaHUM HEOrYKIBCLKMH Martepiall, SKUH Mae
HACTYIHI TEPMOMEXAHIYHI BETUYHHU:

E’=107£2,
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M

~

ne G =G +iG" — xoMIUIeKCHUI MOTYIIb 3CYBY.

'=L=1,667-10*Ez,
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D=2 -12.10°M
K' H
¢=2000%  5-91- BT
kr - K M- -K
k=008
M.

3agaga po3risAAanacsa B HACTYIIHOMY 9aCTOTHOMY
mianasoni: 0< f <1000 Ty, a po3s's3ok 3axaui
OyayBaBcs B OKOJII mepmoro pesoHancy /= 114 I'n.

BHUKOPHCTOBYIOYM CKIHYEHHO-€JIEMEHTHY MO~
nens, OyB OTpUMaHMM pO3NOAI  TEMIIEPATypU
B3IOBX CTCpXKHSA TMpPH 49acToTi, ONHM3BKIA [0
PE30HAHCHOI IPH 3aAaHMX MEXaHIYHMX Ta TEIUIOBUX
ymoBax. Ha MaoHKy HaBeaeHUH el po3mojil, e
3HAYEHHs TEMIIEpaTyp BKa3aHi B rpagycax °C.
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Puc. 3. Po3noain TeMnepaTypu B30BXK CTCPKHA

4. BUCHOBKH

BUKOpHCTOBYIOUM  KOHIEMII0  KOMIUIEKCHHX
MoaymiB Oyna po3B’s3aHa TEpMOMEXaHIYHa 3ajada
PO pO3irpiB IMIIHAPUYHOIO CTEP)KHS IIpU rap-
MOHIYHHUX IO3JIOBXHIX KOIMBAaHHAX B OKOJI IepuIoi
pe30HaHCHOI YacToTH. J[aHy 3agadqy B TepMiHaX KOM-
IVIEKCHUX aMIUIITYJl OCHOBHHMX I10JIbOBUX 3MIHHHMX
PO3B’5A3aHO 13 3aCTOCYBaHHAM MO M(IKOBAHOIO Me-
TONY CKIHYCHHHX CIICMEHTIB, SIKUHM Yy3araJlbHCHO Ha
BUIIAJIOK AaMIUILITYJHHX CIIIBBiIHOIIEHb IpU rap-
MoOHIUHOMY JedopMyBaHHI. 3 rpadiky po3nOALTY
TemrepaTypd OaduMo, M0 TeMIepaTypa 3pOCTac
3rOpH JIOHHM3Y Ta CHAJac Bill CEPEIMHH CTEPXKHA 10
6iunoi mnoBepxHi. Ile 3ymoBiIeHO 30LIBPIICHHSIM
aMIIiTy/ M JiepopMmalliii Ta HanpyKeHb Ha JaHid
(bopMi KONMMBaHb Y HWKHIM gacTuHi crepkns. [lpu
aMIUTITYOl HampyXEHHS Ha BEpXHIH IIOBEPXHI
crepxus 10° Ila Ta Temneparypi 30BHILIHLOIO
Cepe/10BHILA 20°C Haiibinblie 3HAYEHHS TEMIIC-
paTypu [OCATAETbCA B HIDKHIH CepenHidl Toumi
crepX)HA: Tmax = 29.53°C. TakuM YMHOM, MOMKEMO
3po0UTH BHCHOBOK, IO CKIHYCHHOEJIEMEHTHE MO-
JEMIOBaHHA JO3BOJAE €(EKTUBHO PpO3B’SI3yBaTH
TepMOMEXaHi4Hi 3aJadi Ipo po3irpiB B’sA3KONpPYXK-
HMX TiJI 3 BUKOPUCTAHHAM KOHIEIIi KOMIUICKCHUX
MOJTYJIiB.
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