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VE PHUONG PHAP NGHIEN CUU KHA NANG
 ON DINH VA MAT ON DINH NGHIEM
CUA MOT PHUONG TRINH VI PHAN PHI TUYEN

NGUYEN DANG BICH, NGUYEN VO THONG

Khi nghién ctu trang thii mit 8n dinh khi ddng cla céc cdng trinh cao vi k&t ciu mém,
ngwdi ta phan biét hé s8 cdn k&t ciu va hé s cdn khi ddng. Higu s& gifra cAc hé s8 cdn twong ing
ndy 13 dai lwong dwomg thi phin dng cda két ciu y&u din theo th¥i gian vi k&t ciu trong trang
thai 8n dinh, hiéu s8 nay 15 dai lrong Am thi phin dng cda k& cfu manh din theo thei gian va
két ciu roi vio trang théi mit &n dinh 1, 2. Khing dinh nhw viy cé dling cho moi trwdmg hep
khéng ? Bing cich nio nghién ctu dwoc khi ning 6n dinh nghiém cda mét phwong trinh vi phin
phi tuyén, trong trwdng hop khéng tim dwoc dén cling nghiém twdmg minh. D6 13 didu ndi dung
bii bio ndy mudn d8 cip.

1. PHUONG TRINH CHUYEN DONG

Phwong trinh chuyén déng cia k& cu c6 cdn v6i gid thiét don giin héa cé thé viét duéi

dang:
M(E + fui +w?a) = f(z, £) . (L1)

M - khéi lwgng cda don vi 46 dai, -

B - hé s8 cin két cdu,

w - tan 58 dao dng riéng,

f(z, £) - e khi ddng.

Trong bii todn ndy f(z, <) khong phu thudc hién vio thoi gian va 13 him cda vi tri, vin t3c
dao d9ng cda chinh két ciu. :

~ 2. PHUONG TRINH CHUYEN PONG UNG V&1 DANG XAC DINH CUA -
LUC KHi DONG

- Ta xét hwe khi déng cé dang:

Flz i]:M[a;ui+(1+a)5:-2-+-lJ- z—S] (2.1)
‘ ’ T w 22 '
o - hé s8 cin khi déng,
a, b - hiing s3.
Thay (2.1) vao (1.1) ta dwoe:
I 22 a3 : ‘ .
.- . 2. _ o b %
I+trwi+w x—(1+a)~£+;-z—2 (2.2)
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dédiy v=p8-—a

Vin d% dit ra 13 nghidn ctu khd ning on dinh vi mit 8n dinh nghiém cda phwong trinh (2. 2)
phu thudc vio diu cia hé s6 v. Phwong trinh vi phan {2.2) 1a phwong trinh vi phan phi tuyén,
dé gidi ta dung phép bién ddi

T
y== (2'3)
xz
Véi phép bién di {2.3) phwong trinh {2.2) dwoe dwa vE phwong trinh
. b
yy=w'y’ oy’ —ay— = _ (2.4)
Phuwong trinh {2.4) cé thé phin ly bi€n 8
d.
vy = w?dt (2.5)
a b
R T
Pé st dung dwoc cong thirc nghiém lwong gidc cda phwong trinh bic 3 ta ding phép bién d8i
g )
Y 2.6
- | e
Thay (2.6) vao (2.5) ta dwoc
v
( — —) dz
S dul o % (2.7)
z°t+pz+gqg
1
p=_F(—3-+a) (2.8)
1 AN v
_ Ll v_ 2.9
1= 3 [2(3) Tag b] (2.9)
=)+ (Y- WAl v b E)
@=(5) + (3 S\Tar T T T e T 1 (2.10)
Phwong trinh ‘
z +pz+g=20 . (2.11)
c6 3 nghiém thuwe er, ez, e3 khi Q@ <0
—a. /. B ¥
e =2 /=3 cos - (2.12)
e /B ¥ T
eg3 = 2 3 cos (3 + 3) (2.13)
cosp = -——-—q-——3 (2.14)
2y/-(3)
3
Céc nghidm niy cé tinh chit:
e3<ep<O0<e, e +ex+ez=0 khig<0 ' (2.15)
ez <l <ex<ey, e1+exp+e3=0 khig>0 (2.16)
eg=0, e3<0<ey, e +e3=0 khig=0 (2.17)
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Trudng hgp @ < 0 phwong trinh (2.7) cé thé viés dwéi dang

=)

= UJZ . .
(z—e)(z—ea)(z —ea) 7dt (2 18)
Tich phin phwong trinh (2.18) ta dwoc -
| (2= e1)™(z —e2)"(z — e3)* = 4™ - @) -
A - hiing 83 tich phin
R S L74.0))
(e2 — e2){er — es) (2.20)
- -/
(e1 — ea)(e2 — e3) (2-21)
R Ptn e (2.22)

" {e1 — es){ea — es)

Tir phwong trinh (2.19) khéng thé tim dwoc nghiém z = z{t) khi m, n, s néi chung 13 nhitng
88 vB t¥, vi vy cling khéng thé tim dwoc nghidm = theo phwong trinh:

dmgy=f-1o 1
i 7 )
z=B exp (f ;’:{15/—'3:}'—}') | (2.24)

B - hing 28 tich phan

Tuy nhién tir (2.19), {2.23) vin cho phép nghién ciu dwee khi ning 6n dinh vi mde &én dinh
cia nghidm z khit — oo

a) trwdmg hop g <0, v <0

Theo (2.15) ta ¢6 sy phan b8 cic nghiém trén truc thue

] | i 1 -
ie; e, To g

C5 thé ¢6 céc khi ning:
- Khd ning 1

_3%<63<82‘.<0<51 (2.25)
Dwa vio (2.20) + (2.22} va tir (2.25) suy ra:

m<0, n>0 s<0 _ (2.26)
Trén co s& (2.19), (2.26) c6 th ket lusn |
R - z—-+eg khi t— oo

Két hop voi (2.23) ta cd

d 1
7 (lnz) = >0 khi t—roo C (227)

27 35
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Nhw vy 13 khi v < 0 vi théa min (2.25) thi z ting khi t — oo, két ciu roi vie tinh trang
mit on dinh khi dong
- Khi ning 2
€3<€2<"“’/—<0<61 (2.28)
3w

Dwa vio (2. 20} (2.22) v tir (2.28) suy ra:
m<0, n<0, s>0 “ (2.29)
Tir (2.19), (2.29) va (2.23) ta cé
z—es khi t—oo

, |
£ (1nz) — — L <0 Khi t—oo (2.30)

e 3w

Nhw viy 13 khi v < 0 vi thda min {2.28) thi z gidm khi ¢ — co két cu trong trang thdi on
dinh. K&t luin niy cho phép chi ¥ ring khong phai ¢ » < 0 12 két cfu roi vio trang thii mit én
dinh, ma ngwoc lai ¢é thé 6n dinh.

b) trwémg hopg>0,v >0

Theo (2.16) ta cé sw phian b8 cdc nghiém trén truc thuc

' L l .
e; o Te; Te;

C6 thé ¢6 cac khi ning:
- Khi n3ng 1
v
€3<0<€2<—-"<81 (2-31)
Juw

Dwa vao (2.20) + (2.22) va tir (2.31) suy ra:
m<0, n<0 s3>0 (2.32)

So sdnh (2.32) véi (2.29) ta di dén két luin: Khi v > 0 v thda m3n (2.31) thi z gidm khi
t — oo, két c&u trong trang thii n dinh.
- Kha ning 2
v
63<0<§07<62<81 (2.33)

Khi 48 :
m<0, n>0, s>0 (2.34) -

Cin o vao (2.19) ta cb
z-—ey hodc z—e3; khi t— co

" Trwdmng hop nay két ciu cé thé & trong trang théi én dinh hojc roi vao trang tha.i mit dn
dinh. K&t luin na,y cho phép chi ¥ ring khéng ph5.1 ¢ v > 0 13 két cdun & trang thii dn dinh, ma
ngwoc lai ¢6 thé mit &n dinh.

¢} trowdrng hop g =0
Theo (2.7) ta ¢6 sy phan b8 nghigm trén truc thu‘c



C6 thé c6 kha ning:
-Khindng v >0
€3 <0{ l‘<el
3w
Khi 46 :
m<0, n<0 s>0 . (2.35)

Ket qui (2.35) twong tw (2.32), (2.29), két cdu trong trang thdi on dinh
“Khd ning v < 0
ea < —<0<ey
3w v

Khi 46
m<0, n>0 >0 (2.36)

K&t qui (2.36) twong tw nhw (2.34), két cfu cb thé & trong trang théi 6 dinh holc roi vio
trang thii mit &n dinh.

3. NGHIEM CUA PHUONG TRINH (2.19) KHI ¢ =0

Tir (2.14) suy ra
COBYp = — === ), tp=g (3.1)

Dwa vio (3.1) ta cé:

e _ V3 €T z0 w(8-T)=¥
cos o = -, cos(3+3.—0, cos | 5 3)—.2 (3.2)
Thay két qui (3.2) vio (2.12), (2.13) va c6 chii ¥ dén (2.8) ta dwoc
2 1 2
61'—"'% %“"{'G, eg = 0, 33=-—;; %—-{—G o (3.3)

Dva vao (2.20) + (2.22) vi két qui tinh dwoc (3.3) ta cé:

25 re-3) .7 e
(3.5)

‘/?_Jr | - (3.6)




Tir phwong trink (2.19) vin chwa tinh dwge twdmg minh 2 = 2(¢) khi két qud m; n, ¢ tinh
dwoc nhe (3.4) + (3.6). D& 1im v{ dy ta xét trwong hop ridng don gidn

2.2
- a=-—s {3.7).
C m=0’ n=-—-—, 3:...."_0_ ’ ' V (38)
Thay (3.8) vao (2.19) ta duwge
z —
W Au/Swe—(vu/S)t' ’ (3.9)
> .
Tir (3.9) suy ra : ]
v
_ - _ - 3.10
3w (Aylsug_(uwfa)t. — 1) ( )
Tré lai bién cit (2.3), (2.6)
R Sw (3.11)
z v ,,(ﬂ_ Avi3wg=(vw/3)t 2)
Tich phin (3.11} ta dwoe:
Inz = —3—"‘it + —I.n (2e(”‘”/3?* - A"/S“). +InD
- g/20? .
g = De~(3w/v)t (2e(W/3Jt - AU/S‘-’) / _ 7 (3.12)

D - hing s tlch phin.
Nghiém (3.12} 6n dinh khi v > 0 va mdt on dinh khi v < 0, phi ho-p véi nhimg ket luin rit
-a tir (2.35), (2.36). _

4. NGHIEM CUA PHUGNG TRINH (2.5) KHI 5 =0

Khi dé ta c6 phwong trinh _ 7
Y ()
V¥+-y-— : : :
w” W

Phwong trinh (4.1) cé thé vidt dwéi dang

dy 2 '
—_— e widt 42
=ev=e) - e
SIS B el - («3)
2w 2w . _
v 1 : '
= —_——— = 2 *
ez 5 " VY + 4a (4.4)



Tich phin phwong trinh (4.2} ta dwee

y—e2 _ Ae—wVPi+dat (4_5)

y— ¢

A - hing s8 tich phin
Duya vio (4.5) ta thiy'y — ey khi t — co
Tré lai bién il theo (2.3) ta b

d 1 .
a;(].na:) ~ khi ¢t — oo
Nhw viy néu e; < O thi Inz d6ng théi véi = gidm theo ¢ khi t -+ oc, két ciu trong trang théi
én dmh Né&u e; > 0 thi Inz ddng thoi véi z ting da.n theo ¢ khi ¢t — oo, két ciu roi vio trang thdi
mii 6n dlnh
Dua vio (4.4) ta thiy

e2<0 khi »>0 vikhi v<0, a>0 . {4.8)
e2>0 khi v<0, a<0 - (4.7)

Tir (4.6) din d&n lvu § ring khi v < 0 chwa hin k&t cdu d3 roi vio trang théi m&t n dinh,
mi ngwoe lai ¢6 thé 6n dinh.
K&t ludn rit ra ti (4.6), (4.7) phtt hop véi két ludn rit ra tir bidu thic nghiém tim dwoc &

trong [4] 20
e ur a

Cljachlja(w\/-%ij;t_*_ﬁr) ‘ 7 (4.8)

=

C, ~ - hing s tich phin

5. KET LUAN

- Khi v < 0 chwa chic chin két cdu d3 roi vio trang thdi mdt &n dinh, mi ngwee lai b thé
én dinh, két ludn niy rit ra tir (2 28). Khi v > 0 chua chic chin két cfu & trong trang thai on
&mh ma ngwoc lai ¢6 thé mat on dinh, két lua.n nay rit ra tir (2.33).

- Nghién céu kha ning on dinh vi mat én dinh nghlem cla phuong trinh (2.2) ba.ng phwong

'trinh (2 29) v bing mét loat cic nghién ciu da.nh gid (2. 25) (2 29), {2.31) + (2.34) 13 mot ddng
g6p md&i cho phuong pha.p nghién c¥u khi ning én dinh va m&t 6n dinh nghiém cda mét phwong
trinh vi phan phi tuyén

Céng trinh duwge hodn thinh véi sw tii tre cda Chwong trinh nghlen ciu co ban trong Finh
vire khoa hoc tw nhién.

Dia chi: Nhin ngdy 30/10/1995
Vién Khoa hoc kj thuit Xdy dung
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