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Vi DAD BONG TUA DUNG €UA CAC HE €O HOU
CVGI KICH BONG NGAU NRIEN
NGUYL 'm'tv\: HONG — NG:}YP N TH:N Ry IL M = TRAN DUONG HIEN :

51 BAT VAN E‘E

Trong 1§ ihuyét dao d¢éng ngdu nhién, Jao dong deng dwge hidu 13 _chuy%n dong
mang tinh chit cle qud trinh ogdn nhigu dirog, n6i cach khée 1a nghiém dirng ela phuwong
trinh vi phin chuy&n dong. Nhang trong nhidw tnmng hop cé thE tim duge chuyén

d9ng dang
x(t) = -acos(wt +6 . AED]

trong d6-a, 8 14 qua trinh nglu nhitu ding. Qua trinh (1.1) néi'chung 1A qua trinh nghn
nhién khéng dirng, vi vAy né khéng phai Ia dao ddug ding. Nhwng tinh chit va vnohza
cha né ghn lidn véi che qu4 trinh nglu Ilhie[] ding.

DE ngin gon, (1.1) duge goi 14 dao do ng tuf{ ding. Didu kién 10n tei dao dong
trra dirog 1a didu kiée tOn tzi chc qué trink ngdu nhién ding a, 0 théds man (1.1).

Trong bai bio nay, trink bhay m&i lien he giwe dao déng twa ding (1.1) véi dao
dong dung thong thudng. Nghién ctu’dao déng twa dirng trong hé $t4n6m 4 tuyén, trong
hé khi eé6 kich déng nghu nhién khong divng va kh4ai nié¢m 8n dinh cfa né.

§ 2. PIEU KIEN BE DAO DONG TUA DUNG LA QUA TRINH
NGAU NHIEN DUNG

Bieh mghia: Trong he Co bhee Z(x, x), ché 4o chuvin ddug (x. x) goi 12 che do
dac ddng tws ding néu tOn fai qud irinh nghu ohitn ding a, 8 daw

= acoa(wt + ), x = — aosin{wl + 0) (2.1)

X

voi a = V 2 + :.2 B4+ wt =P = — arctg — (2.2)

]

02 ) 0x ,
Gid s®& phan bé xde sudt el 2 va 9 14 pla, U Xem (2.1) ho#c (2.2) 14 phép bidn

d8i tos @6, luc &6 mat do xde sufl efa (x. x} 1a W, x, x) 3& bing

Wit x, x) = awpis, e)é . AR d Y
’ . i x \ X o
a= it +1 - LH= - (mt + areig —— {2.3}
@ N Wx .

Binh iF L: Ché ds duo dbng tya dirng (.10 14 gua trink oglu nhign dong kbi
phan b xhc subit cfta O [a phan b8 dBu tée 4p/eh = 6.

That vay, {(x, 0 14 qui trinh ngfu nhidn deng (hay dao dong (iung} nén dW/t = 0,
ditu kign nav thda man khi 8p/é8 = 0 vi

oW 2
Lt m% (2.4
3 9 a, 6 vic dink theo (2.2

Vidn o Xét he tayén tinh: ¥ + 2k - by = L0 1,53

v&i 00 14 Bn triog cudng 46 D, k va U nhd ctng bic
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¢ 3 2 1 3 FETE s . . oa e ’ o
BEng phuong plidp trung hink hde 13 ta Um o dwgr ohe d6 dao dong tua dong
2.1} vai

i / a4 o N
pla, B = ——aexp k— - ) lrong d6 o = D/dkai T (2.8)
ol 2% ) '

K& rang, phin bd cda 8 14 phén hi &8u lrong [(],lri, théa min d:eu kien dinh ]V {..

Dac déng tya dirng 1a dao dong ding.
‘Néu lap phwong -lrinh FPK tree L np cho (2.3} va gifii a6, ta dude nghlem c'mng

cia mit do xice sudt dirng 14

v -} = ot — [ 2 X RSP
Wt, x. 5) p— e\p; 7 (.\ + ( o ) )( R 7)

D& dang nhan thiy, néu thay (2.2) vio (2.6) ta Juge (2.7) didu 46 khing dinh
ring phuong phip trung binh trosg trwdng hop nay cho nghiém ddng va (2.1} voi pla, 9)
trong {2.6) thyc sy & qufi trinh [’Nﬂll nhién ding. .

§3. DAO DONG TUA DUNG TRONG HE OTONOM A TUYEN

© X6t ha oténdm™ 4 tuy8n sau

X4l = I(x,x)+Gt\, x)Zl’tJ (8.1)
£() — bn trdng cudng 46 D, T =¢l, G = Ve ¢ 1a cac ham phi luyén yéu. Dung phuong
phéap trung binh héa ta s& nhin duge ché && tya dirng t‘)I) vai pla, ) thda min
phuong’ trinh .

3 . . 1 2 - 2 1 2 .
— (K, )y + (Kgp) = - Y+ ——(D _gpi + — (D p) (3.2)
g g Ko = Ty PR e Papr ey Per
trong da:
1 g \ 2 2Py
Ko = — fla, 9 + — —= gla, B } sin®@ ) + {g*(a, Bsin @),
wo 2. dx 2acoo
1
Kg = — ( {a, g a, 0 eos® ) — (nga,e)co s®sin®) ,
aty, _ 2 0&& azmo
D .
b, =— (g2(a, B)sin®d) | bg= (g¥(a, Deos@sin D) ,
wa < am;
132
Da = — (0‘(21; Meog? @ @ = ot + 8, (3.3
a2es?
fla, §) = facos®, — nwsin®). gfa, 8 = glacos®, — awsin®},
27
& day (= k¥ higu tofin tf trung hinp lUceh phan: o #d®. Sau khi trung bish héa
. 2

0
3.3) cdc him Krl" g o Ty obi phy lhade vao a {do tinh Gténdm ez hé) i nghitm
sha (3.2) ¢o dang

o

C 4 Ka(S) \
l{d.,ﬁ) = """eap {2 CalS) ds (3.4)
1ig K 14 (5}
| : . J > 5 1
o ‘ 1 a{$ -
voio C= %21? expq 2 mdS da% _ {%5)
- Defal Dai8) :
: 0

Bién kidn tén tgi (3.4) hay tdn tai ché &§ dao dong twa dvmg chinh 14 didn kién
@® tich phan trong ddn ngoie {3.5) héi tg.

D& dang nhin (bdy (rong (3. 4) phan bd elia © 1a phan bé déu vi viy ‘theo .
dink I¥ 1 ta ¢6s ' CECR Rt

21




ngayn nhitn ﬁung uhax fl w ddng <
“Trong drwimg hop nav, cé

(3.6)

Nghia 14 phuong sai e@a gud Lrinh dao ﬂong tya dang bing mot mra phuong sai

bign Jdé (h,lv maximun ciia né,. That vay
[~

"Bl = — f J a cosz@p(a, Brdadl = é‘“ Jw aZp(a)da =%~E[‘.-—12] -

0
- pla, B) ¢6 dang (3.4) va cos‘)CD 12 ham toin hoan cilia B chu kj 2w

§4. DAO BONG TUA DURNG CUA HE CHIU KICH BONG
NGAU NHIEN KHONG DUNG

Xét hé tuyén tinh (28) véi &(t) 1 qua trinh ngfu nhién khéng ding. Trong
trwdrng hop nay ¢6 thd khing dinh ring khong the tdn tei dap dong dirng, béi vi
: t

.x(i) = § h(t ~ T)&(v)ar B (4'.1)_

! —
Voi (1) khéug ding, x(t) ofing 13 Khong dung. Tuy vy két qui sau diy ching
16 ring trong hé ndy tOn tal ché d¢ dao dong fva dirng va ehinh trong trudng hop nay
dac ddng tga dirng méi bdc 16 bin chit «khéng ding» va ¥ nghia méi cda no.
Gid sk 5(1) ¢6 dang D = 1w (4.2
véi L 14 hkam tién dinh tuin hodn ehu ky zm/v, a(t) 14 ®n trdng cwong do6 D. b,

z = acos(w.t + 0), x . awsin®, © = wit + 0, lap phwong teinh FPK cho (a, 0

ta cé
dp 8 1 8‘ #? * :
—_ ——-(hn)} + ”""(szfh — —= byt (Dlz )+-“* — (Dzz boo{4.8}
' irong 4o '
. DI*(y !
L= —2kasin®® 4+ —*“—"‘2' cost®, Bg=-—-tkeos®sin® — DL*(0 —— p05sin D,
ga&)cj‘ azmn
DI%{t) ' DI s DIt
Dyp= — i_’- 2@, Das= - {,, - eos* @, Diz = .__%,.).,. cos@sin®. (4.4}
W 2" w? awsg

o

2
Trung binl hoa che be s {413 ta duge chc hifu thie rut gon:

— D e D o
1= (K1) = — ka+ —— 1), Ko =)= - . T*()eosCsin®)y . (4.5}
_ Aa007 a‘wé

o oo, LI R ey D . .
' 11i =Dy = = (O80T L Dz = (D) = 3 - (12(theos @) |, Dy = (Dag) «
. w Tz {ﬂ
DE tinh (4.5 ta phai phan bidt 2 weng hop V 7= o, (khéng cdng hwédng) va v = @,

(cong hudng)
Trudng bop khong chug hudngt v == wo.

_ Diz - - DI: - — DI2
Kz = —ka + Ky =0, Dil= Diz =€, Dy = = (4.6)
: 1wl s 202w%
o o]
o e Y )
‘Vryj ES = ‘i.itr("“l)} _ I {t)dt-
o )
O
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ham (4-BF khdng phy thade vao B onon mat 46 wae suat plu, B co dang (2.8) vai

che
dong (2.4) trong treong byp ndy lwong dwong voi kich dong dirng

6% = DI%/8kwi. Kich

. t . ) .
2(1) dgng On tring cwong 40 bang ;—I%D (the béng—?.[% Bn cwrdng do cda with

. » _
Truogng hop cong huwong ¥ = ©a.

1E1 = — ka + D [15 + I%cusQG - I%sin26], ii-z = - [1500326 + I%sin.za']; -(_4,7)
: acel T : 2a%m? o :
—_ D 2 2 . 2, : - D 2 :Z G R
D11 = ——(1% = 1500820 + Tisin2), Dap = —— =I5 + Leeos20 + Lisin2l), "=
205 2a2e? RREE :
— D '
D12 = —— (I%sin28 + IZcos2D).
2&@% i ;
vd nghi¢gm dung ela (4.3 c('; dang by
2k ke
pla, 0) = ®-aexp{ — ot (12 + T2cos20 ~ T%sin2, !, {4.8)
DwG, ;2 ¢ ’

12 = (2tcosvty , 12 = (I2sinvt), 6& = @2+ (127 + (B2
Nhu vay khi cong hudng tén tai ché dd dao dong twa dung (2.1) véi pla, B ea

dang (4.8) .
Trong tit cd cic thé bién c6 thé cha dao dong twa ding, ché dd

voi

x = agcos(wqi + %) (4.9)

. D2 4+ yE 1y P I
v&i g =( 2 11{);’ S - = — arctg _1‘“2"' . (4.1
) ! c -

xAy ra voi xdc suft lon nhét
Trong trudng hop nay cé thé tinh dwoe

i
62= —- (62 + Acoswot + Bsinwel) irong dé

™
-

a1C
362 : 206
A = w{0(Meosaly = DG cos2Ud ,
8kl (12 + 12cos20 — 1%5in2f)2
. b
3 o 640 : .11
B = 7 {(Msinat) = DGS . sin20d i
8kw3 (12 + 1 cos20 — 1%sin28)%
G -
p’ci |

. f-)
v (v Q) - ézpfa. O3ds = .
_%q amked (1% + 12cos2b — 12sinal)?
3

[

§5. EHAI NIEM VE 8¢ ON ;Bmﬂ' CllA DAG DPONG TyA DUNG

DE ding thay ring mo! chuydn dong {x, _xb} d%n co th? bidu difn dudl dang
- tbug quat
X(t) = a(t_)COS((J)l -+ {)} X{t) = a(t}sin(b(t), (I)(i) — m(t) -+ BCt) (5"1)

a{t) — bitn 49, P() — pha, B() = & + B(1) la tin 8. Vi d8i v6i chuyin ddng dang
thng quat (5.1} trong wng ta 6 mit do xae suit cia a, 013 P, a, §) 13 nghidm cda
phuong trinh FPK tdng qual (1.3). Nhu vay ché d0 dao dong tya dirng (2.1) cé th: xem
14 chuyén déng ridng bidt chia (5.1) kki aft) va H(t) 1& qui trinh nglu nhién dong.

M3zt khae, n&€u pla, 9) 12 méit 36 xac sudt cla 2, U trong eké a6 tua dong, nghia
14 06 théa man pt FPEK dwng. Theo tinh chit 4y la o
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ghte B o= ton pli. s, U (5.9
[ O
{5.2) chtrng 16 réng a, 6 lrong ché d¢ tua dong o6 dang _
a = li.mali), = lim B(t) (5.3)
) e ) -

trong @6 gi6i han Liam hidu theo nghla (56.2). Day co the bide nha tinh On dink ciu chd
&9 dao dong dirng. ¥ay moi ché dp dao dong tya ding s8 én dinh theo nghia xée wuft,
néu né ton tal . B : S
KET LUAN

_ Trong vong trinh nay dua ra khai ni¢m dao déng twa dirng réng han khai nigm
dao dong dong théng thuong. Phuwong phap tim va-tinh chdt cda no. Két qud nhin duos
clio phép ta tryc tidp nghién ciu nhitng Bai tean dao &éng cda hé cohoe chiju kich dong
khéng dirng bing phuong phap quen thude trong 1y thuyét -dao dong ngiu nhisn, '
_ Bia chi- : Nhén ngay 8/10/1984
Vién Co hoec Vidn KHVN '
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SUMMARY

ON THE QUASI — STATIONARY STATE OF VIBRATION
IN MECHANICAL SYSTEM WITH RANDOM EXCITATION

Some aspéc!& of the se-zatled gunsi-staticuary siale of vibration in the random
foreced mechanical systems are Inlrodue ,ul Existence and stability problems ave discussed
in the lormuelation for the siation: ! in general case,

The approach make pos te dvnamie syslems to nonstalionury
exitation basing wpon {he siatic aned ohases.
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