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V.5. Makarian, V.V. Simonlan
On a dynamic problem for a circular elastic cylinder of finite length

Paccuatpipaercs 3aaata o6 YCTANOBUDUMIXCA KoAeGAHILIX YNPYTOro MUANHAPA KOHEHHOil
AR DOA ASTICTRHEM OCecHMMETPIMION AMHAMIICCKOI TNarpy3kit, NpHACKEHHON U ero BepxmenM
Tope. Peulemie 3aaaum CHOAMTCH K GeCKONENHLIM CHCTEMAM AMNEAHWX aAreGpamrfeckin
YPaBHEN, KOTOPEE KBAaIHBIOANE PeryAlpHLL

[lycrs ynpyrHii UHMAHHAD COBepUIaeT BEIHYXACHHEIE KoAeDaHWA oA
ACHCTBHEM  [EDHOAHYECKH H3MEeHSIOU[eHCA BO  BpeMeHH Harpyakmu,
NPHAOXKEHHOH K BepXHeMy Toply UHAHHApa. Yacroroll KoAeGaHus @
IIPHAOXKEHHOH CHABI KOAeGAeTcs M OCHOBAHHE HHAHHADA. [IpH COBlIaAEHHH
HACIOThl KOAEOAHMA NPHAOKCHHOM CHABl € YacTOTAMH COGCTBEHHDIX
KoAeGaHHH (O, BO3HHKAET HEeOGXOAHMOCTh AOMOAHHTEALHEBIX HCCABAOBAHHH
[3] .3Aech paccmaTpHBaeTcs CAyuad, KOrAQ YyKasaHHBIE YacToThl He
COBNAAQIOT.

['paHHYHEIe YCAOBHS 38AQUH HMEIOT CAGAYIOLIHI BHA:

U_,(r’,h,f):f(r}e"'w; Trz(r,h,f)=0 (0<?‘<R)
1,(Rz1)=0; o, (Rz)=0 (0<z<h)
u (r,0,¢)=0; u,(r,0,1) = ke™™ (0<r<R) (1)

rae  f(r) -unrerpupyemas  dynkuma, A -psicora uuanHApa, R -papunyc

IHAHHADA, K -aMITAMTYAQ KOAEGAHHI OCHOBAHHS.
KOMIIOHEHTEI BeKTOpa nepeMerenusn Gyaem ONPEAeAATs Mo (hopMyAam

o ¥ oD " o'V g ot >
U= M = e
T ' “Taar 2
Oynxuun © u ¥ YAOBASTBOPAIOT YpaBHeHHAM [3]
1 0°® 1905
Vid=—m——r, Vi =——— 3
U e o L i o )
TA€ €, ¥ €, —CKODOCTH NPOAOALHEIX W I1OITEPEYHBIX BOAH COOTBETCTEEHHO, a
2. & 1a ) 1
V'Z——,+——+'—; V‘=V2——, 4
Yot ror ot ST @

F,Z “llHAHHAPHYECKHE KOOPAHHATLIL.
Pemenue ypasHeHui (3) uuem B Bupe:
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®(r,z) = A4, sinalk - z) + B, cosalh—z) ~

- i(Ak cha, z + B,‘sh{:ak.:).}n (u,‘_r\j + i G (Bpr)sm Az (5)
k=] p=1

Y(r,z)= E(E,,clly 2+ F;_Shy,rz).}] (pkr) o+ ; Hpil(dpr]coslpz (6)
rae  J, (x) u fr(x) (f = 0,]) —yHKuHH DBecceas mnepBoro poaa or
ACHCTBHTEABHOTO H MIHMOTO aprymMenton COOTBETCTBEIHHO,

Ay, By, A B ,Cy D, E, uF, —ueunsnecranie nocrosnubre,
B dopmyaax (5) u (6) npHHATH TakXKe oGoaHayeHHs

ak:\fui_ﬂg; Br=‘\.lli_a:; {7
3 = 2 s 2 m: (IJ:
Ye =R =07 d=yN-b°; a'=—7% b =— (8)

(e c
1 2

YUHTBIBAS DpepcTaBaenus (5) M (6), a Takke (opMyAsl (2), Aad
nepeMeneni H HANPAXKEHHH MOAYUHM CAEAyIolHe BhIpaXKeHHA:

u, = —i[ut (At cho,z+ B,,shu.l.z) +Y. (E}Shy*z + F.chy kz)].l, (Lli.r) +
+Z[g 1(B,r)C, + 2,0, (d,r)H, Jsinn 2
", = Z[a,‘ Ashoz + Bycha, z) +p, (E chy 2 + F,{shy,tz)]Jc(ukr) +

" Z [x 1(B,7)C, +4,1,(d, )H;]coslpz =
- aAO cosal(h— .) +aB, sinalh - z)
. = i:‘[(ai - v')(4,cha, z + B,sha,z) +
+7., (Eshy, 2+ Fchy )|/, (u,r) -
-3 [+ v)8,r)c, + h,d,1o(d,7)H, |sint, 2~
= Eall +V')4, sinalh - 2) - (a* + v*) B, cosalh - z)
T = -g[(b= +2y3(Ecchy 2 + Fshy,z) +
+ 2;1,‘ (4, s.hoc1 2+ B,chot,2)|, (,r) +

+Z[ (223, =5%)1,(d, ), +28,0,1,(8,7)C, Jeos =

G, = _g[ v' T )(A‘.chai.z+B‘.Shtl;2)+

+ ¥ b (Bkshy «Z+ Fichy, z)].lc (p* r') +
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)] J:{f‘_r}+

+ i[p‘_(Akchakz + Bl_shct,(:)+ ¥y (E,‘shykz + Fichy, z
k=1

S e 53l )- e,

1,(d,r)

sind z—

A H,\d, 1, (d,r)-

~v' A, sina(h—z) - v B, cosa(h - z) )

a

5 vb”
3aech BBEAEHO obo3HaueHHe v = 2{1 e v); V-koatpthruuent
Iyaccona.
BLIGpan 3HaueHHs AL A, H |[L, CAEAYIOLIMM oGpa3oM
2k -Dn
?\_k:—'zz“—'; J](“k'R):D

H YAOBACTBOPHB TPaHHUIIBIM YCAOBHAM AAfl KACATEAbLHBIX HANpsKeHHH U
PAAHAABHOrO IEpeMelleH s, NPHXOAHM K TNPOCTHIM 3aBHCHMOCTAM MEXAY

nocrosnuemu A, ,B,,C,, D, E, u F,
Hed, +Y, =
(6> +2y2 )(E chy i+ sthykh) +2p,0, (4, shee, b+ B,cha, h) = 0 (10)
28,1,1,(B.R)C, = (243 -8°)1,(d, R)H,
M3 ocrapnMxcsl TPAHMYHBIX YCAOBMH AASl HOPMAABHBIX HaMPSXKEHHd H

OCEBOr0 [epeMelleHHs [OoAYYaeM CAEAYIOH[YIO COBOKYHNHOCTh GECKOHEUHLIX
CHCTeM AHHEeHHLIX aAreGpanvyeckHx YPaBHEHHH:

L
p=l

o ) 2 R
Q.‘I:JXM +Qi‘r”}’;r = szE"PJH +m£rf(r)¢’u(umr)dr (11)

QA in,’x +in::Y +

[a( it +?L SI!IGJ'T] AV Bolm cosah
x,—a’ rN,—a

Heuasecrunie X .V H BXOAsLIHe B cHcreMmbl (11), cpg3ansl co

m?*= m?

CTapblMH HEeH3BECTHBIMH CABAYIOUMIHMH COOTHOIIEHHIMH:
X,y = Wodo (1 R) E,hy i + F,shy 4]

Y"r — 'Yﬂ']
1)

Jo(w.R)E,; H,=H,1,(d,R) (12)

m!
m

B cucremax (12) AAs KPaTKOCTH BBEAGHBI 0003HAUCHMA:
(et b +2y, Hothy b
2 chy.. h 2u’cha, b

; QP = tha h-

m
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"

(Zp,:‘—bz)ztho‘.mh‘ o - ue (o'.;‘—v’)

Q) =yathy -

uia, * %" " chy,h cha,h
o [ Ml (dR) (=2 13.R) 5 ]
22 1,{d,R) 48,A, I,(B,R) 2M.R |

[(1'— v)pi i vi('}LEp “bz]]

IR (i) )
o €078 50" <2u) e v )

"~ 2R(1-v) lp(j}i + l‘li)(d; 7 p.zu)

3 _ (' l)mlbz [ui (qu‘ = 21.2‘")4. vh* (lin — bt )]
Ko = 4(] = V} ui (U.: + )":,..)(Yi I K.:M)

2 [0 5
Amis = 2(1— v) (Tw & lz )(O;i 7 7\.":")
M neussecrbix nocroaunnx A, u B, u3 Tex ke rpaHHTHEIX

yCAOBHﬂ And NOPMAALHOTO HANMPAMEeHHA H OCEBOro NepemMelieHHa MOAYYHM
CAeAYIOLIHE 3HAMeHH:

(13)

bzRBU 1 R \e"'b @ )p+1
= :_—_[;f(r]dr——z-; o
3 P P
aRcosahA, 2smah kR
. e e { _[rf(r)dr +—] (14)

+li (bl—2a:)lp—2v']

AAsi MccAeAOBaHHA paapumumomu COBOKYNHOCTH BecKOHEYHHIX CHCTeM
AHHEHHBIX aAre6paHuecKuXx ypaBleHHH (11) BEIACHHM NoBeAeliHe BEIpa>keHHH

Q{"',] ( = 1,2,3,4,5) KOrpa M —> 0. ACHMOTOTHYECKHe pasAOXKeHH:d
BXOASIIHX B HUX (hyHKIHUH [03BOAAIOT YCTaHOBHTE CACAYIOUIHE OLEHKH!

2 2
L a2 +b7)
n zem ] m zum
bl 2 b? a‘.’ _bl b},
Q(':] = 2 A ( 3 )- QE:} = m (19)
2u,, 4p 2e
hla® - b* a’
QP ~— ( ) 1+ —~— npu m>> 1
4 A, R(a* -b?)
HeKAIOUMHB H p M3 CHCTEMBI (11), NPUXOAMM K CAGAYIOLIEH CHCTEMe:
= 7 mxm > xmxm
l 2)v _ "‘F pk mp y*‘
ina’Xm +sz Ym = ZXIKZ Q{Sl ZY Z ("}
k=1 p=l P k=l p=1
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= 7.:; al=1)2"s )\_P sinah N A’r cosah-|

(5] i QAT ey
p=|Q; 9 lp a k# a i
4]
{ e X w - X.,,, 0
QRIX, Q= ZX Z T Z St (16)
p=1 glp k=1 p=1 QP
(2} prl %
i3 a(=1)"" +A  sinah A, cosah
=V z x{:] 0 R '.f +BL’I A.J; 2
=] Qp lp -a L =G

AAfl HCCAGAOBAHHA DETYAADHOCTH cHcTeMbl (16) cAeAyerT OlEHMTE
CAGAYIOIHE BBIpAXKEeHH:
(1), 13) @ | aphl)asid)

- KmpX p Xmp X
0= Z Z étﬂ“ > 0, = Z Z étslpk
k=

p=1 k=1 | p=1
(2),.,(3) @ | m (2}, (4)
= xnlpxpk xmpx pk
= ):4 Z GG 0, = Z Z Q) (17
k=1|p=1 QP k=1|p=1 P

HceAeAOBaHHS TOKA3BIBaIOT, uTo Bhipaxenus O, u O, umeior Goaee
BEICOKMA MOpSAOK yOmpanus, wem @, 1 (J,, ONEHKH KOTOPBIX uepe3d
HITerpaAbl no»\qui'

0, = =Gl 4v) []+O{m ]; 0, = [l+()( }] (18)

e d=d(v)=(1 —Zv){%—arctgqfl—j-;}hfv(] -v) (19)

Orciopa HMeeM
16d* 4
: e S 0 .
lim 0, (B-4av)r’ IO i
Hetpyano yGeautscs, uro udean O (v); (I'=2,3) D 3aBHCHMOCTH OT
AONYCTHMBLIX 3HaYeHHH KoathpuiHenTa [TyaccoHa MEHAIOTCA B HIITEpBaAe
0,26 <0, (v) <041 (21)

|
CpoGOAHEIE YAEHEI B cHcreMax (16) HMeloT HopAAOK O['—,)
m>

TakuM o06pasoM, NOAYUEHHEIE DecKoleuHsle CHCTeMbl AMHeHHLIX
aAreGpaHdecKHx ypaBHeHHH (10) KBasHDNOAHE PEeryAspHEL.

3Hauyenue aMIAHTYABl OCEBOH CHABI B 3aBHCHMOCTH OT KOODAMHATHI 2
onpepeaserc opMyAOH

-

(i3 TEREbZ
2th.rcs_,(r,z]dr = ~-2—[A0 sina(h—z) + B, cosa(h— z)] -
0

°'° H sink 2
SRV — (22)
p=l B:’lp
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