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TU CHAN CUA DAY C6 MOT BO TAT CHAN DONG LUC

NGUYEN VAN DINH

W o A
PAT VAN DE
Trong {1,2] da khdo sat cdc bd ¢3¢ chin ddag lwc manh v3 y&u dit vio diy chiu kich déng tu
chén yéu. Ham Dirdc dwye diing d8 the hién tdc dyng cla bs tit chén vio diy ; dang dao déng
riéng cfia hé day - bs t3t chdn dugc kbai trién think cp vé han theo cdc dang dao déng riéng cia
diy. Bai bio nay x4t bd tit chin d6ng lwc manh, dang dao ddng riéng cda hé dwoce tim & dang
gidi ndi, phwong phip trung bink £6 ra thuin loi néu han ché & xip xi thit nhit khdng hoan chinh
nhd mét disu chinh nhd khi d8i bign.

i. HE PRUONG TRINH VI PHAN DAO DONG

Khdo ¢t diy mdm dong chit OA = £, khdi lwgng dom vi d3i 2, ndm ngang véi sivee cing &k v
chiu kich dong y&u phan b8 trén day va tdc dung theo phwong thing démg. Tai B cich O doan
OB == b ¢6 43t b3 t4t chin ddng lye 13 khéi lwgng m trec & d3u 15 so &8 clmg ¢, hé 88 cin nhét
A, hé phuwong trinh vi phin dao déng 13:

H2yi1) 7 yl1} ayly
- = ' <z<
T k 5o ER( Y ), o< x<h (1.1)
A2yl 52y2) ay(2) ,
—k =R ) <z< .
ST 8z ° (at ,  bxzst (1.2)
Jy(b,t)y
mi + oz — y(b,£)) = —-sA(é - yét )) : (1.3)

thda man diBua kién bién:

3240, ¢ 2y g ¢
Y ( ) :_y(z)(g, t) o Y ( )

1) t) = = 7 !
(0, 1) 5.7 52 0 {1.4)

va diéu kién lién hop tai ndt B gdm digu kién Hén tuc: 7
y 0 (b,8) =y (b,2) = y(b0) (15)

cung véi didu kién cin bing tai tirng thod difm tai it dé (gitra hai sfc cing cda hai nhanh day
vi téng hai lwe dan h3i va cdn nhét & bd t4t chin):
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(=~ y(b,0)) +er (5~ @—%ﬂ) = k(ay(;)ib’ i ayi}f’t)) (1.6)

trong dé-z,; hoanh d6 chay trén diy (0 < z < &), ', J 4'?) hai him cta hai bién (z,1) lién tu
cting véi cdc dao ham ridng cta ching theo t vi theo z twong fdng trong cdc khodng {0 <z <}

3
va (b <z < £); ylb,t), ﬁ_g?ml - gi4 tri chung tai thoi diém ¢t va tai z = b cda hai ham y(1)| yf?
Ayl t) ay2(b,1)

va cdc dao ham riéng bfc nhit oia ching theo ¥ - gid tri tai thai digm ¢

3z
va tal & = b cla cdc dao him riéng bic nhit theo z clda hail ham y(” Yz, 2, 7 - ham z{t) va
cic dao ham cZp mdt vd hai cda né theo t; & ky hidu dé chi cdc dai lugng b R(Bm) - ham kich
déng tw chin dang:
dy 3y Ay s
(=Y =h h 1.7
‘R\at) (at) 3(31;) . ( )

hi, ha hai hing s8 duweng.

2. DAO DONG RIENG

Cho & = 0 h& (1.1) - (1.6} suy bién thinh h¢ md t3 dao dong riéng cha hé diy - bb tib chin:

%) a%yp)

= <z<
EYE Gz =0 0szsh (2.1)
azygg)- ’ aZy(()z)‘ )
- ES <z <
SRy k 542 c, b<n <l (2.2)
man + c(z{, — yo (b, a‘.)) 0 {2.3)
324 (0,1) 074 (8,¢)
v (0.1) = T =4 (b,8) = “W =0 {2.4)
9M6,6) = P 0,1 = ws 0,1) ' (2.5)
(U(b t) G2
\ yo (bt}
c(z0 ~ wolb, 1)) = k( s S ) (2.6)

trong dé chi 88 0 diing dé phin bidt cic him mb t4 dao déng ridng véi cdc him mé 14 dac ddng &
hé kich dong.
Theo phwong phép phin ly biéa [3], dat:

yt()ll {z,t} = Y{E)(I) cos wi, 0<s<h (2.
yﬁf’ (z,t) = Y{Z)(x) coswt, <<t (2.
zo{t) = Zcoswi {2-

)
)
}

N
ROQO—J

trong d6 w i3n 8 ridng , Y{¥{z), Y{®(z) v& Z - hai him cita z (lién tuc cling véi cic dao ham
cla chiing trong céc khodng da bift) vA hé s8 hing xéc dinh dang dao d6ng ridng.
Thay {2.7} - {2.9) vac (2.1) - (2.6) thi dwec:
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42y (1)

pt YW f——m =0, 0<z<b {2.10)
a2y (2
pPYP 4 k=rom =0, b<z<e (2.11)
Z(c — mw?®) = cY (b) . (2.12)
' 42y (1) (0} 42y (2)(p)
Wgy = 22V _yleygy = 22V o

Yito) = T Y(b) I 0 | {2.13)
YU(p) = Y@ (5) = V() ' : (2.14)

| (1) (2)
(Z2-Y () = k(%@l - d—}'&gb—)) - (2.15)

Hé phwong trinh {2.10), {2.11) vi céc didu kién (2.13) thda mén bédi cde him:

Y({z) = asinvs, YN z) = fBsinv{f—z) . (2.16)

trong d6 @, B cdc hé 8 chwa xéde dinh; v = wi/p/k
Thay (2.16) vao (2.12), (2.14), (2.15) ching ta dwgce hé phwong trinh dai s5 béc nhit ding
cap ddivéi e, B, Z ‘ :
' asinvb — fsinv{f—b) =0
casinvb — Z{c — mw?) =0 . (2.17)
{kv cosvb + csinwb)o + kvbeosv(f —b) —cZ =0

Ditu kién dé hé ndy cb nghiém khéng tim thwong la:

sin vb . —siny(£—b) 0 1
¢sin vb 0 mw? —c{=0 {2.18)
csinwb + kv cosvb kv cosv(£—b) e

hay .
(¢ — mw®)/pksinwi/p/k = crw sinwby/p/ksinw(l — b)\/p/k ' (2.19)
P$ 13 phuong trinh tin s8 riéng cho mét diy v6 han tin s8 rifng w, (n=1,2,...)

avi ) o avte)

z dz

Chi ¥ ring dao ddng riéng cé diém goc tai B vi tai dé céec dao ham
khéng cung gid tri.

M3t khic, tin s8 riéng cda hé (day - bd tt chin) cé thé irlng véi thn 8 riéng cla bd it
chan hoic cia diy {(khdng tit chan). ‘ .

Thuc viy, gid thi€t b va £ khi wéce, (£/s) 1d doan wéc chung 1ém nhit cda hal doan b va £—b.
Khi a6, cdc tin s8 riéng thir v - s {r = 1,2....) cda day {(khéng tit chin) cing 13 tin 56 ridng cda
hé diy - bd tit chin va trong dao ddng riéng, didm treo B 13 nit, bd tit chin dimg im. Néu tin
88 riéng cda bs tdt chan lai tring véi tin s8 riéng thi r - s cda diy thi tin s3 &6 13 tin s8 kép
cla hé; ngoidi dang dac dong riéng vira néi, cdbn dang khic d6c 13p cing t3n s8 trong 46 doan BA
(OB) d&img im, doan OB (BA) dao ddng cing b t3t chin,

Thin s8 riéng cda b tit chin cdn 13 thn s& riéng cda hé khi né cling 13 tin =8 riéng cda doan
diy OB [hofc BA); trong dao d6ng riéng, doan OB [(BA) dao déng ciing bd tit chin, doan BA
(OB} diéng im. '

Chd ¥ ring tink troc giao cda cdc dang daoc déng riéng cho bédi hé thive:
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£

b
~ . ;O i O
jf pY Wy Mgz 4 j Y2y e+ mZ, 7, = f
s . L f\/fs ” =28

Hé thire trirc giso vin diing véi thn 8 kép bing cdch chon dang dao déng thick how.

3. TU CHAN DN TAN

Tr& lai hé kich ddng {1.1) - (1.6}, ching ta thinh Hp h& phuong érinh trang bink oho ché 35
tw chdn don tin gin mdt tin 88 riéng « k§ hifu wy mi chiing ta gid thit 13 don vh khéng b chng
hudng véi cde tan o8 khic cda hé.

Néu dirng lai & x&p xi thi nhit khdng hoidn chiah, ¢é thé din:

YV (e, =Yz} Tify),  0<e<h (2.1)
yt Nz, 1) = ¥0 (2} Tu(s), bas ! {3.2}
A
?’[f;} = Zl'ml{f)—E‘;(Zl—yl“kbj)fizf) (? 1}
troag 4 Ty, 11, 71 13 hdm chin xfe dinh theo thii glan va cdc duo ham cla no.
Céc &8y kign (1.4}, {1.5) dwoc théa min con didu kifn (1.6) thda man sai kém 0"}
Pem (3.1} - (3.3} thay vac (1.1} - {1.3] ching ta dwee
d?y(l)
nYIR g 5 Ti=ch, 0Sz<i (3.4)
{2)
(2) _d4Yy
p¥ T — #C-—gg:g T =eRs, 0<zx<h (3.8
leTl + 6(31 - Yl(b})Tl = &g {36)
L0 I 5 Sl gl
. s aas {2 y , y A I
trong 46 f;, Ro - che hdm Rl\—é-;—»), R( 3 ) sau khi thay FTRIT béd1 bitn thive cda
ching suy tw (3.1}, {3.2) va
At A ‘
g = W(Z} e 5’1 (D))T'l !9'7)

. !

Twong dmg nhin (3.4), (3.5), (3.6} véi Ylm, er‘?}Zl, 81 cdng lal, chid ¥ d&n B thie {2.20)
khir =5 = 1, ching ta dwgo

T+l = (3.8]
vherthi=geh | , 55
trong dé:

b £
- (1) i2) P 3 o)
J1 '—f Rl}l dI“ﬁ‘f REYL dz -+ gﬁj (39)

o b

Pén @iy nhw binh thudmg dit:

T} = a; cosy, Tl = —g,twy 301, {(3.10
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Ha phuong trinh tring binh i

. - A1 . 3 3,

a) = M (fl sinyy) = M{}h — A2, - 1) - Ehsaf‘”g} (2.11)
. £ . )
$hy =y — m(h cos ) = w,

trongrc.’ié { ) 1A k¥ higu trung binh vi:

L]

b
2 4
Y :hl[f v e f VAR da: B —,a J/ v dz+[ v® dz] (3.12)
o 3} i .

D6 l1a nhung plm(mg trinh vi bifu thire 43 thu dwoc hrong [2].

Biay gi¥ gid thift t3n 8 riéng wy 13 kép nhumg khéng xdy ra cdag hlré'ng v&i chc tin 88 riéng
khic. Ky hién ¥ i {€ = 1,2) - hai dang dac d8ng riéng cling tivong Gng véi wi duwge chon sao
cho cée hd thic Lluc giao {Z.20) dwoc thdéa mén. | '

s .
2
o) =5 VI T(r),  o<a<h (3.13)
§=1
2
P o) = 3 Y @Tl),  b<ase (3.1
§=1
? X
A8) = 30§ Zelelt) - = (% — Ve Tele) (3.15)
£=1

trong &8 Ty (t), Tu(t) 1a nhivng him theo th¥i gian cBn xdc dinh.
: Cée digu kign (1.4}, (1.5) thda min, cdc difu kién {1.6) théa mian sai kém 0{e*), hé phuong
trinh {1.1) - {1.3) sxd thianh:

2 () szg[” i
ST -k - T} = ey, | 0< et

£=1
2 ézyem : o :
Z{ Tc—n‘C dIé‘“TE} IERQ, 6§x§£ : ' (316)

=1

Z{mZETe +e{Ze — Ye(b })f&} = &g

<
et

Véi bé thire true giao, hé (3.16) bién A& thanh:

T+ Wil = ﬂ/- —f, T wil = ﬁ,“fg o (3.17)
trong 46
2
_ Am
- Z, e~ Yelb) 7, Je= [ Rl )dx—i—fﬁﬂ’( )d:c+gZ¢ 7 {3.18)
£=1
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Dén d4y nhu binh thwimg d3:

T = aj cos 11, f["l = —gw; sin (3.19)
To = agcos ¥a, Tg = —qgnwy 8iN Py
Theo-cic bifn ay, ag, ¥1, Y2, hé phwong trinkh {3.17) thanh:
. ) N . . - _
ay = _lel(ﬁ sinyy}, %1 =wi M ot (fl cos 1) (5.20)

. £ . . [
iy = _Mzwl (fg SII'-I ¢2), v = le o (fl cos 1,[11) Mzu)la,z (fg [Mat] ‘l,[)g)

trong dé ¢ = 3 — 2
Bidu thitc cudi ciing v vide phan tich hé (3.20) khd phirc tap nén ching 6i dirng lai & vide
"thiét 13p hé dé.

KET LUAN

Qua ndi dung dwoc trinh bay, ¢6 thé thiy viéc bifu dign dang dao déng riéng bdi ham lién
tuc khi vi tirng khic cho phép thiy ¥d didm gdc troug dao déng ngay trong xip xi thir nhit va
v&i mdt didu chinh nhé trong vidc d8i bién, phwong phip trung binh vin té ra thuin loi.

Dia chi: Nhdn ngdy 8/8/1990
Vién Co Vién KHVN
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PE3IOME

ABTOKOJEBAHWA CTPYHLI C O4HUM JUHAMUYECKHUM "ACUTENEM

PaccMaTpuBabl aBpTOKONEBAHKA CTPYHB! ¢ ONHUM IHHAMHYeCKUM racurenesM. Ilpepmono-
JKeHBI coBeTBenel GopMEI B BHfE HENPEPLIBHEIX KycouHo-BuddepeHINpOBaHHEIX GYHKIKE B
KaXJbIX IpoMexyTkax. /s toro, yrobnl Opur HCIIONL30BAH YCpefHeHLN MeTol, B gaHHON
CTaThe, HpenoKeHEl HEKOTOPLIE HAMeHeHHA B POPMYIax HpeolpasoRanus NepeMenHLIX,
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