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DAO BPONG CUA DAM PAN HOI TU BIEN
' HOANG VAN PA, TRAN DINH SON
1. MO DAU

Bai toan dao dong cua dim theo mé hinh dan hdi théng thudmg, da c6 nhiéu tac gia trong
nudce va ngoai nudce nghién ciru [1, 4, 7]. Tuy nhién voi vét rdn dan héi theo mo hinh tr bien, cd
thé noi, theo tac gia cong trinh nay, cho dén nay con it ngudi nghién ciru, nhat 1a ¢ nude ta cang
rat it. '

Trong d6, bai toan dao dong ddm dan hdi tir bién khi c6 tai trong di dong trén d6 ciing chua
dugc khao sat day du.

Cac bai toan do s& dwgc nghién ciru tuan ty tir don gian dén phic tap trude tién 14 tuyén
tinh sau do {a phi tuyén do6i v&i timg loai bai toan bing phuong phap tiém cén d6i véi hé cap cao

[2].
11 DAT BAI TOAN VA PHUONG TRINH CHUYEN DONG

Bay gio, nghién ciru dao ddng ciia dam dan hoi tir bién, dai £, chiu lién két twa tuyén tinh
hai dau. Dam chuyén dong dudi tic dung cua tai trong phén bo q = q(x, t) ¢6 phuong vudng
}éc v&i truc cia ddm (hinh 1).

cFe=————————>" — M
E
< | —>
{ H M
A Hink 1 Hinh 2

Tinh chat co hoc cia vat liéu khi bj kéo nén dugc md ta bang mo hinh vat thé tuyén tinh
dang chuan (hinh 2) {3]. B&i vdy phuong trinh trang thai trong dang toan tir, 'dugc viét nhu sau

3] .
o = Ee. . (2.1

(2.2)
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trong d6 E,, Ej, K; la céc héng sb dic trung cho tinh tir bién clia vét liéu duoc xac dinh béng
thuc nghiém, € > (- tham s6 bé.

Bo qua chuyén dong quay, chuyén dong truot va bo qua chuyen dong doc, theo mé hinh
Euler- Bernoulli, chuyén déng ngang cia ddm dan hdi dugc md ta bing phwong trinh sau:

52 4

m—l+Ela—y:q(x,t)+f(x,y,y...) (2.3)
a2 4

trong do 1= ”yzdF =const, m=pF =const la khdi lwong don vi tiét dién ngang ciia dim,

p - mdt d6 khdi lugng, F 1a dién tich mit cit ngang, f =f(x,y,y...) 14 ham phi tuyén.
Thé mé dun dan hdi E tir (2.2) vao phuong trinh (2.3) ta dugec:

r E, 5 7
E1 +sK2(l+ ! } 4
8E2 ot o y
2 4
ot I+ 2 o Ox
L E2 6(

2 K E a4 K
m_@__y 1+—2£ +1E; +eKy 1+—L g cr. 1+-—2—2 [q+f1
a2 E, & eE, [0 | ax% E, &

=q(x, ) +f(x,y,y...)°

2
2, mK, 33 4 5, IE,K, 35 K ¢
ml Y 2207y g az+aleay5+ 172 07y 4 ={(q+ )+ —l—(qn)
ox X Ey  aox

, K
(n6i cach khac chia hai vé cho 2

Nhén hai vé ciia phuong trinh trén véi
sz E2

)ta

dugce:

dy B, o'y IEE, 2y IE &y IE 2y _F,
"K' m K, m adx® m asx’ K,m

K
((q+f)+—}f§t-(q+f)}

2

Pat E_,=&, W :E‘—, (2.4)
K m

o'y 9y o'dy o'y E, &y | G,

PRI +§w25x7:_8mzﬁf_W+E da+H+=@+D @25)

Dé don gian gia sir ring m = 1, g{x, t) = £q_{x,1) va f(x,y,¥...) nho, khi d6 phwong trinh

(2. 5) ¢6 thé viét nhu sau:
o'y
ar

'y , 0y » 0%y ,E, &%
+ +0 =T +E0 ] =gy > + +0+-—(q, + 2.6
gat2 a[ax4 g ax4 EI atax é(qtl f) (q() f) ( )
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3’ 9* o’ , &
? 3 + o’ y4 + &m ?:
ot a otox ox
Dam chiu lién 1&t ban 1& tai hai ddu nhu hinh 1, thi tai x = o, (d% vong va mé men uén
bang khoéng. Do d6 nhimg diéu kién bién dong nhét thich hop la:

+E = eF(x,y,y...1). (2.7)

=( 62y ={)
Y x=0 ox?(x=0
J - 2 28)
x=1" axtlx=107 '
Luu y ring mdmen udn tai tiét dién ngang bét ky dugc xac dinh bing biéu thirc:
2
M=- EI%X%—’. 2.9)

Chuyén dong cta hé dan hdi tir bién dwoc mé ta bing phuong trinh dao ham riéng, trong do
¢6 dao ham béc ba dbi véi thoi gian t, diéu ma ching ta chua thay trong h¢ dan héi thong
thuong. Co thé thanh lap phuong trinh chuyén dong cia dam theo cach khac [8] ciing dua dén
két qua duy nhét nhu (2.7).

III. XAY DUNG NGHIEM TIEM CAN VOI HE O-TO-NOM

e  Khi £ =0, phrrong trinh suy bién cia (2.7) c6 dang:

o'y 0% 'y o'y
‘+§6t2+ 2atax4+éwzax4:0, . (3.1)
v&i diéu kién bién tuyén tinh sau:
=0 d*y| =0
¥ , s B
x=0 ox*| x=0
- - 32
) =0 oy =0 (.2)
x=10 x® 'x=1¢

Luu v ring voi hé 6- t6- ném ham F khong phu thude hién vao thai glan t. Nghlem cua bai
toan bién trén tim trong dang tach bién [6].

¥, (X, ¥) =Z(x)T(t) (3.3)
Thé (3.3) vao phuong trinh (3.1) ta cé:

1T o d’z dT
dx* dt

4
,d'z

Z
(X) dx*

+ & T=0,
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d'T d°T [ , dT s )d“z
: + Zx)+|w —+&0°'T |——==0,
{dt‘ édﬁ] 0 a 't

d‘T+§d2T d*z

- 3 2 N
d(dT dt” _ _ dx* = —]32 = const. (3.4)

Chu y ring trong phuorng trinh (3.4) vé trai la ham s6 clia d6i s6 thai gian (t) con bén phai
|2 ham sb cua do6i s0 khong gian (x) dé cho hai vé d6 bang nhau VO’l moi t va x thi ching phai
bang hing s6. Hon nita & ddy ta cha dén dao dong nén hing s& d6 12 4am ma ta ki hiéu la
(— B*). Tir (3,4) ta cé hai phuong trinh sau:

d't _d*T _, ,dT .. ,
+ 0 —+ o T=0, 3.5
dt? dt? +P dt P& (32)
d’ ng)—BZZ(x)zo, (3.6)
dx

Tir (3.2) d& dang thiy ring ham Z (x) phéi thoa man cac diéu kién bién sau:

2
4
Zx) =0 o4 (zx) 3.7)
—0.¢ dx
= x=0,/( #
Dat B2 =A%, ' (3.8)
Phuong trinh (3.6) c6 dang;:
zZ
d'Z(x) A Z(x) (3.9)
dx*
Nghiém ciia phuwong trinh (3.9) dioc tim dudi dang:
Z(x) = C,sinkx + C,cosix + C,shix + C,chAx, (3.10)

trong d6 C;, Cy, C3, C4 la céc hing s6 durge xdc dinh tir diéu kién bién (3.7)
2(0)=C,+Cy=0,
Z(£) = CsinM + C,cosif + C shif + C,chil =0,

2
d Z(:,_O) =-CA*.0-C,A*+C,\% =0,

dx

2
d dsz”) = —C,M3sinhd — C, A coshe + C, A shAé + C,AchAf = 0,
x -

dé dang xéac dinh dugc cac dai hre Cy, Cy, Cs, Cy

120



C,+C,=0
+—>C,=0,C, =0,
-C,+C,=0
C,sinM +Cshié=0
— C A sinhf + C A shil = 0
Csinhé =0

A 0=k, Ay :E}' 3.11)

}+—~>C1=O,

Viy ham co 56 (3.10) bay gio c6 dang dom gian nhét:
Zk(x):Cﬁk’sin—liztfx,(k:l.Z,...) (3.12)

C™* 1a cac hiing sb bét ky khac khong. Tir (3.8) ta co:
k'n k’n?
B2 - i B, = (k=1,2,.), (3.13)

dugc goi cac gia tri riéag phu thude vao didu kién bién. Bdy gid ta giai phuong trinh
k g g

(3.5). nghiém cia né tim trong dang

#

T=e" . (3.14)
Thay T vao (3.5) ta cd phuong trinh dic trung, xac dinh cdc gia tri dic trung 4.
L HEL +Pro’ A +ER e’ =0,
(h+E)Yx, +plo’}=0, : (3.15)
Céac gia tri riéng;
A ==E, A = HPw, Ay =—ifo,
A==€ = +iB, @AY = -ip, o,
A =-EAY =410, A = -iQ,,

kin® |IE .
Q, =op, =—Ez—‘l—m—‘. (3.16)

Nghiém cia phuong trinh (3.5) ¢6 dang
T, =Ce® +CPe™ ™ 1 CFe™  (k=1,2,...) (3.17)

C, - hing sb thuc, C‘;”,Cgk’ 14 cac hing sb phirc lién hop. Theo cong thirc Euler

e"? =cosg, +ising,, e

= cosg, —ising, (3.18)
C¥ =a, +ib, ,CY¥ =a, —ib, ., = Q1. (3.19)

Thé (3.18), (3.19) vdo 3.17) ta c6:

121



T, =C,e™ +a,cosp, +ia,sing, +ib,cosp, —b,sing, +a,cosp, —
—la,singp, —ib, cos@, —b, sing,,
T, =C,e™ +2a,cosp, —2b,sing,,D, =2a,,G, =-2b,
T, =C,e ™ + D, cosp, +G,sing,, (3.20)
Tu (3.3)tacod:
yo'x0=T.Z,,

yi'(x,1)=C,C"e “sin E? + [DkC‘,"’costt +G kCﬂk’siant]sin k—? ,

kmx
f"(x np=Cce smE(,LJPA cos(, Isin—— ; +B sinQ2 tsmk?, (3.21)

C¥, A, By la cac hing sb thuc dugc xic dinh tir didu kién diy;
c®¥=C,C¥, A, =D,CY,B, =G, C¥. Boi viy dbi vdi cac ham riéng (3.12) dé thuan tién
nhiéu khi ngudi ta cho C™* =1,k ciing khong anh hudng gi dén nghiém (3.21).

Nghiém téng quat ciia phuong trinh thuan nhét (3.1) la:

o ) k o . . o . . k
y(,(x,t):[g Cﬁ“e"i'51n7m+ > A, costt51nk7m+ > B, stktsm—?x-J. (3.22)
P P

k=1

) #
Khi 7 > thi €™¥ — 0, nén trong pham vi gin dung ngudi ta chi ldy
k
yo(x,0) = ZA cos(2, sin kg +ZBkst tsmrl;i. (3.23)
Céan xac dinh cac hang sb Ay, By tir diéu kién dau.Gia sir rang
(x,0)
¥, (x,0) =, (x), ay"at = f,(x). (3.24)
Khi d6 ta co, tir (3.23)
.k
ff,(x)sm X dx
ZAk m—~—:f()—)Ak— 4
. 5 kmx
fsm o dx
4 £
sin’ Eri:(l—cos anxJ/Z -> _rsin2 mdx = Jl[l - oS Zkg-x)/ dx :ﬁ,
¢ ¢ ) ¢ ) ‘2 2
2 _k _
A= ffl(x_)sm—?idx, (3.25)

o

=Z-A,{Q st,“smkf +ZBQ cos ) tska

k=1 =1
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o = .k
— ¥ (x,0) = ZBka sin >~ = fr(x)—
or — {

2 .k
B o ffz(x) smedx. (3.26)

Nhur vy 1a nghiém (3.23) hoan toan xéc dinh, Luu ¥ ring néu ta van lay nghiém (3.22) Khi
do cac hing sé can xac dinh 1a C*, A, B,.

‘ ‘ . 0) &y(x,0
Do dé can ba diéu kién dau  yox, 0), ¥olx )9 4G )

ot or’

Bay gi0 ching ta di xac dinh ham nghiém riéng cua (2.7). Gia su réng hé suy bién (£ =0)

ton tai nghiém khong tat ddm €2, va khong co hién tuong néi cong hudng déi voi tan sb Q tirc la
(€, -nQ2)=0 , (kn=1.2,..) (3.27)

Khi dé nghiém riéng coa bai toan bién (2.7), (2.8) tim dudi dang chudi
y(x,r)=acoseZ (x)+ el (x,a,@)+eU,(x,a,p) +...., (3.28)

trong do ¢ = (Q,t +w},U, U, tuin hoan chu ki 27 theo @, con a,  duge xac dinh tir hé
phuong trinh vi phin sau:

@=3A,(a)+52/12(a)+...,
» _ drt
f‘gi= B,(a) +£2B,(a) + ... (3.29)
2 3 !
Y Y TV (i (328) chir dén (3.29) rdi thay

Bay gio ching ta phai tinh cac dai lugng —,—=-,
y B ChuRE P S a

cac dai hrgng do vao (2.7) va trong xép xi thir nhét hoan thién ta co:

Q:E@_CO8¢ZI_asin¢£@Z] +8%£+8%@+ "
ditdt dt da dt op dt
. . L oU
i = g4, cos@pZ, —asinpeB Z, —asingk), Z, + &, —L,
ot o
. o oU
¥ &, cos@Z, —aQ), sinpZ, - eB,asinpZ, + &0, —*, (3.30)
ot g
o’y : : 2 , 9°U,
P ~&4, Q2 sinpZ, — €4/, singZ, - aQ); cospZ, — &B,aQ), cospZ, — £B,aQ), cos@Z, + &0, Fyca
Y
0’ , . d
atf = —264,Q, sinpZ, — 2£B,aQY, cos pZ, — aY} cos pZ, + &2} 5571 (3.31)
'y ) U
ol —2e4/ Q] cospZ, +26B,a); sinpZ, — e4, Q] cos@Z, +aQ; singZ, + aeB Q) sin gZ, + &) ——,
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63
o

Cén phai tinh mét s6 dai luong sau déy:

—3e4,Q° cos pZ, +3£B,aQ} sinpZ, + aQ); sinpZ, + £Q; %U' . (3.32)
4

2 asy 2 7' xt .t U
o’ — =eAw Fcosqazl -aQ, e’ ~asin 9Z, - eaB,w’ ~osin OZ, + 0’ Q, 6x4(:“l(;’
. (-sz 'QSU
@ - = g4,Q} cos@Z, - al)] singZ, - eaB,Q; singZ, + ew” Q TP (3.33)
oxtor " ox op
4 4
fw’ ¢ i’ =¢fa QlacosgZ, + £€@° ¢ U‘:' . (3.34)
ox ox
8y : ; U (335
Y = =284 Q) sin@Z, —26EB,aQ) | cospZ| —alll] cospZ, + ££Q; —g(p—— (3.35)

Bay gid hay thé cac dai lugng (3.31), (3.32), (3.33), (3.34), (3.35) vao phuong trinh (2.7) ta
co: -

hl 2 . . a U .
—324,Q] cos@Z, +3eB,aQ] sinpZ, +aQdsin @Z, + £Q) -l - 2684 Q) sin g -

2

a°U,
std_fB|aQ cos@Z, —al)} cosgpZ, + &Y —L + &4, Q0 cospZ, -
d¢’

3 4

, .. a . OU s ,OU
—aQ}; singZ, — caB,)} sinpZ, + ew™Q, ——+&Q acosZ, + el ——L = *
Ox O ox

=&F(x,acos@Z, ,—aQ}, singZ ,...)=&F ,F, = F(x,acos@Z,....),

Sau khi don gian ta co:
3

3
—264,Q} cos@Z, + 2eB,aQ)} sinpZ, + £ au —2884,Q2, sinpZ| —
4

d*U 1y U o'U
L+ e Q) — 1+ b’ —— - = ¢F,.

ox o
— 260, (4, +éaB))cospZ, — 2602 (&4, —QaB,)singZ, +
3 2 5 4
fab;‘+ 20U, UZ'H;Q,ao2 (-?4”' +g§a)"—————8 (i‘:gﬂ,
O op ox"op Ox
Cudi ciing ta co phugng trinh sau:
& v, a*u o°U o'U
Qe L+ f0t ——=F +
op’ op’ ox"Op Ox
+2Q, (2,4, + &aB))cospZ, + 20, (&4, —aQ), B, )singpZ -

—268B,aQ, cospZ, + ££Q2; -

Q3

(3.36)

Trong do F, = F(x, acos ¢,—a€?, sing,....) da biét con U = U(x, a, ®) cén phai xac dinh
phai thoa man cac diéu kién bién sau:
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Ut =0 o, 9
g ’ 2 . ’
0 1 x=0 (337)
‘A =0 8, =0
x=( ax’ x={
A g3 5 Y s . , \ ‘a . knx
Pé tim ham U, ta khai trién ham U, va F, theo cac ham riéng {Sm 7}
U, =Y Uy (a,9)Z,(x), (3.38)
k=1 .
F =Y Rla.pZ,(x), (3.39)
k=l
_E F sin kigx_ dx
Ek = ‘ )
_csinz feme dx
¢
2 . kmx
Flk = 'E -EF'I Slanx, (340)

. .
Céc dai lugng (3.39) da xac dinh can xac dinh U, (a,@) . Thay cac dai lugng (3.38), (3.39)
vao phuong trinh (3.36) ta co:

@

2 4 4
ez a3z 00y Sl a iy, O
=l =1

=Y F,Z, +2Q,(Q 4, + &aB ) cos ¢Z, + 2Q,(£4, — ad, B, )sinpZ,.
k=1
Can bing hé s cac ham riéng doi voi: k = 1 ta ¢

3 pyy
aaU:] Z, + & aaU“ Z,+Q, zggi%_z + @’ i LU Z =F,Z +
@ @ @

+2Q,(Q 4, +&aB,)cospZ, +2Q, (&4, —aQ, B, )sinpZ, —

U oU/
3” U +§Q|2Uu =F, +
O op

+2Q,(Q, 4, + éaBl)cosq; +2Q,(&A, —aQ B))sing
Véik=2,3, .. tacod:

8’ U”

Q & + Q)

(3.41)
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&'u - = oU -
[u O YL N A
k= k=2

k- 2 k=2 k=32
a U, o =
[Q 40,0 U }zk =Y F
- §9 599 %=1
s 0V, U 3.42
Q 50’ ;‘Q] +0,Q028 ¢v+§£2 U, = F (a.p), (3.42)

v&i cach khai trién nay ham U(a, @, x) tur thoa man diéu ki¢n bién (3.37). Dé xac dinh U, (a, @)
trong (3.38) mét lan nira hay khaj trién ham F“\(a o) va U(a, 9) theo @ nhur sau:

= Z[Kff)(a)cosngo + W (@)sinng), (3.43)

=Gy,
V!9 (a)y,W ") (a) cin x4c dinh
Fula.@) = Y g (a)cos, @ + hlY (a)sinng], . (3.44)
n=0

(k}

] n 1 27
g @ == [Fu(a.0)Me. gy (a)=— [F,(a.p)cosnpdp.
‘ 2r Ty

2
B (ay = ! IF, (a,p)sin npdp.
Ty .

Cic dai luong g,” (a), h,” (a) da xac dinh. Tir phuong trinh (3.43) theo (3.42) can tinh cac
dai luong sau:

oU, <

oo :Z[ —-nV " (a)sinng + nW'" (a)cosny]
n=0

aZU (k) z (k) 1

p 2 Z[ n’ V"% (a)ycosngp — n’W'H (a)sin ne] (3.45)
qﬂ n=0

a—gl = Z[+n V5 a)sinng — W, * (a)cos ng]

In

voin=1,k=1 thay vao per(mg trinh (3.41) ta ¢é:
+ V" (a)sing - W, " (a)cosp - QI (a)cos o - EQIW, (a)sing - Q" (a)sing +
+ QW (a)cos @+ EQV 1 (a)cos @ + EQW M (a)sing = gl (a)cosp + A (a)sing +

(3.46)
+ 262, (82,4, + &aB Ycosp + 2Q, (€4, - aQ), B, )sing

Sau khi don gian dé dang suy ra:
g (@)cosp + k') (a)sing + 2Q,(Q, 4, + £aB,)cos @ +2Q, (£4, —aQ), B, )sinp =0
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2Q,(Q, 4, + éaB)) = -g\(a),
2Q (¢4, +aQQ, By =h)(a). (3.47)

(1}
Q, 4, +&aB, =~ &0 (%Ql’

h(l)
— &4, +aQ B, =" (%Ql .

&, A4, +E%aB, = - &V (a)/29Q,,
— O, A, +aQl B, = - QAP (a)/2Q, .

h(ll (1)
aBl(Q:Iz +§2)_ 1 (C;)Qlég y (a) ,

[fg“’(a)—Qh‘”(a)] |
2aQ,(&E7 +Q7)

QIZAI +Q,caB, = ]gl:}(a)/zgl ,
—EPA+Q LaB, =+ EhP (a)/2€,

e +eue @)
» A= ) (3.49)

Nhu viy ta da xac dinh dugce céc dai lugng A, By, trong phuorng trinh (3- 29)

(3.48)

1 2x .
gil(@) =~ [F,(a,p)cosgdy, hP (@)= IE.(a psingdp.  (350)
0
C6 nhan xét ring cac dai lugng V,\"(a),#,\" (@) c6 nhimg gia tri nhu thé nao di chang

nira thi vé trai ctia phuong trinh (3.46) ciing bang khong, noi cach khac ¥\ (a),W,\" (@) khong
x4c dinh. Dé cho ham U,(x, a, @) co gid tri duy nhit thi ta lay

V' (a)=0,w'"(a) =0, c6 nghia 1a ham U\(x, a, ¢) khéng chua cac dleu hoa thir nhét
COS ¢, sin @, suy ra<Ucosep>=0,<Ussing>=40.

Vai(n=2,3,..)thay (3.43) (3.44) vao (3.42) ta nhin dugc:
+ Z Qv (@)sinng - Y QIn’W\ (a)cosnp - Y EQIRY (a)cosng - D EQIR WP sinng -
a=0 r0 n-=0
- Z Q Q¥ (@)sinng + Y Q.Q2nW, M (a)cosnp + EQLY VW (@)cosngp + EQ7 Y Wit (a)sinng =
LBy #-0 .

= Z g"a)cosnp + Z h* (a)sin ng,
n=0
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Z{[—Q?n3W.“"<a) EX VP (@) + Q, QW (a) +EQ, VY (@) Jeosng) +
+z{193 3V”"(a) £ (a) - Q. QY (@) + EQIWP (@) Jsin np) =

g cosngp + Z A (a)sinne,

n=0

Ms

It
(=4

cén bing didu hoa hé s6 cac cos @, sin ¢ ta co:
—QIn'W, (@) - SV + QO (a) + £V, (@) = g1 (a) }
Q'Y (a) - EQin* W (@) - @, Q1nV (@) + EQ WP (@) = b)Y (a),

(Q,Q2n- Q2 WP (@) + (EQ2 - £Q2n* W2 (a) = g (a),
QL - P QW (@) - Qn(Q] —-n* Q) = B (a),

EVIO @)+ nQ W (@) = g (@)/(Q2 - nQF)
Q¥ (@) -, (a) = - Wy (@ (01 - Q] )
tir h¢ phuong trinh nay dé dang tinh duge:
B ( & _ O h“‘)(a))
(& +n"Q))Q; - QY)
(2,812 (@) + 1y () 6.5
&+ QN -1 Q) |
Thé cac dai lrgng da duge xac dinh tir (3.51), {(3.52) vao (3.43) ta duoc:
2 & (@) - n2, k(@) |cos ngp + [n€2, 2 (@) + £ (@) |sin nep
U!k (a,go) = Z 2 22 2 .
= (&2 +n?Q7 Q2 - n?Q?)
Tir (3.38), ham U, dugc xac dinh nhu sau:
= [EgY (@) - nQh (@) cosng +[nQ, g ¥ (a) + & (a)]sinng | . kmx 354
: S sin——~. (3.54)
: P +n’ofaz —n’Q?) ¢
(khik=1,n=!)
Nhur vy trong x4p xi thir nhit hoan thién nghiém (3.28) d4 duoc x4c dinh nhu sau:
x k) (%) (k) :
Sty - acospsin® + 33 [ (@)~ n2, (a)]c?sriw[nfzz.gl AORE @kinng) .k
g (& +n Qr)‘*(Qk"”QJ £
' (khik=1,n=1). (3.55)
Dé thiy ro cac dic trung cia hé dan hdi tir bién ta xét trudng hop khi lyc kich ddng ngoai
bang khong q(x, t) = 0 va ham phi tuyén bang khéng f(x, ¥, ¥ ...)= 0, khi d6 phuong trinh (2.7)
co dang:

Vii(a) = (3.51)

Wy (@) =

(3.53)

Unap=Y

k=l k=
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o'y Loy &y ., 0% By, &y
+ +w +éwt — =—&w — . 3.56)
ar’ g o’ orox* g ox* E, orox* ¢
trong trudng hdp nay ham F, & (3.36) ¢6 dang don gian nhét khi thay
E . .
F, =——2-Qfasmqosmﬂ
E, ¢
Y = acos wsinﬁg— =acos(Q,t + w)sin%
vao vé phai chia phuong trinh (3.36) ta c6:
E i .
F=-"1a&’ 9 - [acos¢smg—j|
E, oOtox £
E 4
F = N JY—qasinqr)sinﬂ
E ¢ ¢
(3.57)

E Lo
F =—2Qasingsin ™.
E, ¢

Theo (3.39) cin khai trién ham Fi(a, ¢, x) theo cic ham riéng zk(x)zsin%’%,

% - 3" F, (a,9)Z, (x)trong trubng hop ny chi c6 s5 hang
k=1 :

> E . .
F :ZF”((a,qo)Zk(x):—E—zﬂi‘asmgosm%x-. 3 © (3.58)
k=1

Taclas  F =F,(a,0)Z,(x) =EZQ,3asm¢)sm%

1

E .
Fi(a,9)=—-Qjasing . ‘ . (3.59)

]
Ciing theo (3.44) cén khai trién ham Flk(a, @) thanh chudi lwong giac

Fy(a,9) = (g% (a)cosng + k)Y (a)sin np)
n=0

ki

trong truémg hop nay cé dang don gian nhét

E .
Fu(a.p)=F,(a.p) = > Qasing.
|
Dé dang nhan thdy rang;

gV(@) =0, con h(a) =%Q§a. (3.60)
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Theo cac cong thirc (3.48), (3.49) xac dinh duoc A, B,

A=~ éEZQ'z a B =—9ﬁ%2— (3.61)
' oaE Q7)Y T 2B Q2 + &Y
. 2
dt dt 2E (Q +§ )
a=a, G—E&t, p=[l+e Oyt +y,l. (3.62)

ag, Yo la céc hang sb dugc xac dinh tir diéu kién dau.

o Tu(3.62) d& dang nhén thiy ring, mic du khéng ¢6 lyc can ngoai ma dao dong tr do van
tat dan khi thoi gian tang vé cang. Ching té tinh tir bién coa vat iéu lam gidm bién d6 dao ding
tuong tw nhir lue can nhét va lam tang tin sé riéng mét lygng nhé ¢d £(e C).

D6 14 céc két qua moi thu nhan dugce cia hé dao dong dan hoi tir bién khac biét so voi he
dao ddng theo md hinh dan hot théng thudng ma chang ta da gap.
IV. KET LUAN

ba thiét lap duge phuong trink dao dong ngang cua dﬁn} dan héi theo mS hinh tir bién.
Chuyén déng ctia n6é dugc mé ta bang phuong trinh vi phén cip 3 do6i voi thai gian t, di€u ma
trudc ddy ta chua gap theo md hinh dan héi thong thudng,

Da xy dyng duge mé hinh tim nghlem riéng ctia bai toan dé bing phuong phép tiém &40
dbi voi phuong trinh vi phén cdp 3 d6i vdi hé 6-t6-ndm. Con hé khong 6-t6-ném s& duoc nghién
ciru & bai bao sau,

Buoc diu di néu dugce cac dic trung cua hé dan hdi tir bién lam tang tan sb riéng mot lhuong
nhé ¢& ( € ). Tinh tir bién da tao ra mét lyc can chuyén dong tuong tu nhu can nhdt,
D6 1a cac két qua da thu nhén duge.

Lei cdm on. Cong trinh nay 1a két qua cla dé tai NCCB do bd Khoa hoc va Cong nghé tai tro.
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SUMMARY
THE OSCILLATIONS OF A CREEPY ELASTIC BEAM

In this work, the authors have investigated the oscillation of creepy elastic beam
homogenous linear boundary conditions.

It’s motional equation which was setup. It is easy to see that the motion of the creepy is
described by the partial deriving equation of third order with respect to argument t.

Solution of this equation has been found by means of an asymptotic method for higher

* order systems. It is the better first approximation the solution of the boundary value problem is

determined. After series of simple calculations, it is easy to prove that, when taking into account

the creepy property of the material the amplitude of oscillations was decreased and the natural
frequency is increased

It is the new results which we now obtain.

*Dia chi: . Nhdn bai ngay 7 thdng 4 ndm 2006
Trudmg Dai hoc Mo - Pia chét Ha Nai.
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