
To;rp chi Co h9c' t{lp XI, 1989 siS 4 (trang 33- 40l 

Sl,r ON DINH CUA cAc THANH,BAN NHO'TGIA 
' ~ A 

KHONG DONG NHAT\ ' 

TO VAN TAN 
I 

Trang [1] dii slr dvng dinh nghla &n dfnh dQng theo LiapunOv. il~ nghi~n·-q:tru 
On d:inh cac- th::tnh dan nh&t gi:l kh6ng dOng nh3.L-tr0ng kho:lng th&i gian -:v6 h._n-. 

ong [2] dii sir dvng lY thuyt'H v~ C:ic <Hem phin nhanh -gi<'i ae ughien'-;ct'ru- Sl,r"-_Q_r}-_q.r:Oh 
~ thanh d:ln nh&t gi:l d0ng nhRt va di.i dua ra tieu cbuan On d!rih- chQ __ l&p_:_ -b~i 
Inn~· . . . 

Trong bai boo nity SIT dvng .phucrng phitp va kit qua a [2] a:~ nghi~n ciru ~v bn 
rl.h ci'ta cac thanh dan nh&t giil kh6ng diDng nlHH tr0ng __ kho8.ng th&i_.gian hfr:li hfin 
1i~t l~p li&n h~ tiii tr9ng th<':ri gia·n t6i h:}-n) Y~- v6 h~n-(thUt l~p ciw dieu--ld-¢n &n 
!1h cho cic than h. chin lvc va c6 lieD: ket khac nhau)._ 

§1. Til' BIJ'tN CUA CAC V!T THt GIA KHONG DbNG NHAT 

VA c.Ac TUO'NG TV DAN Hbl. 
I . 

Tr~ng [1] dil d~ c~p den ly thu:vn h!r bib cac v~t tb~ tlan . nhat~gia kh6ng 
ng nbfft. Cac b~ pMn cua cite v~t th~ 0:6 tlu<;'c eM t~o vit chju tai kh6ng tlilng thai 
do 0:6 qua trinh gia x~y ra kb6ng d@ng nhAt, tire .]It kh6ng nhu nhau 1~i eArl bO·" 
~n c Ua v~t the. 

Cac v~t li~u giit mil di~n hinh Ia b< ~t6ng, cac cMt p6lime chdt d~o g~,, ila~ •. 
cAc tinh chat ca Jj thay d6i theo thCri gian, tfrc la pht.I thnQc vao tu(H c\h ,v~t 

U· Qua trinh g:Ia ella cite v~t ll~u nay c6 th~ xay ra do cic ,bien db'i h6a. l.Y .ciia 
:lng (sv giA t!l nh1en) ho~c do tac Ctv.ng d1a c:lc lo~i tru&ng n;nr nhi~l dQ,(in'rc;·x'!·-·~ 
r giit nMn t~o). · · · ' . ' 

Tinh. kli6ng d&ng nhat v~ tubi ella v~t tb~ Ia rn'Qt trorig nhfrng yfiu.t6 ca· b3.ii· 
) phep thu nh~h cac th6ng tin d:ly dU hon vel fi·~ng .thai l'rllg Suat '..:..._ EdEn- _d:;mg, 
b~n, tu~H thQ ella c:lc v~t the do. _. 

Du-&i dfty l:i c:lc phuang trinh tr~ng thii cth V~t th~ ditTI tlh&t', fha, k:~O,pg 
ng nhdt [t] : 

B6i vd1i tr~ng thoii ling su:'lt dan·: 

t 

= <>x(t) · - J a,(T)K(t + p(xJ, 't' + p(xl)d't' 
,E.(t.+ p(xl) .. . 

, 't' 0 (x) · . 

ex(t} (1.1) 

Trong- d6 : eX, cr. Ia bifn ding va t!ng suat t:;~.i b¢ ph~n c6 (Qa d¢ X ; <r .. (x) __ -
Ji d1~rn d~t ti1; p(x) Ht tuCn c;Ua h¢ pb~n v*t tb~ c6 tQa d() _x, cOn gQi Ht -haTil,~giA­
~ng tl@ng nMt. Trong m¢1 s6 biti toin ham p(x) da l1iH, trong m¢1 so lrulmg Oo/P 
lc ham p(x) phai ch9n theq nhfrng dieu ki~n nhit( dinh, 

' -- I 
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B6i v6i tqmg th:ii ltng sudt kh6i 

S,;(t) 
e ij( t) = ---='-'---

2G[t + p(x)] 

e(t) = 
a(t) 

E*[t + p(x)]·· 

t J Sij( -r)K1[t + p(x), '< + p(x)]d'<", 

'<o 

t J ·a(-r)K2[t + p(x), '< + p(x)]d-r 

'<o 

I 

(1.2) 

Trong 06: Sq, eij B .tenxcr Hch trng suat va bien d~ng coh 3e(t) ~a bien d~ng 
ich, a(t)' 1:11. lrng su:lt hung binh ; K1, K2 lit nb~n bien d9-ng lu'r bih1 truqt va 
ich ; 't'o - tb<Ji diem d{it t8.i -nhu 11hau v6i mQi b.¢ ph~1n· 

B~ lil.m co sb cho vi¢c nghien clru ve On d~nh ta- slr dvng phuong pio.ap trong 
ty dvn'g d.c tuong tv dim hOi. Tru6c 1.i~n de dun gHln ta gi<i thiet Tq = 0 ;_ E, 
h3.ng sO v~ xem e~, G~ U:ng v6i 1r~ng tMti ca h~n, cOn ex, crx lrng v&i tH}.ng thAi 

It!J'C kich dQng. Khi d6 ; 

(NJ (N) 

r<iYi ph~n nh:inh gia b~c N (t. ex+ O, !!. ax+ 0, l'J.e, ·= !!.ax = ... = 0) . 

.• 1) c6 the xrty dvn·g d:uqc c:ic tuang tv: dan hOi tuang tv trong (2] 

•g d6: 

(NJ ...... (NJ 

1_ /l O"x = EN fl C% 

t 

E f (-r- t)N K (t + p, 't" 

N! 
0 

tr:;tng th3.i lrng- su3.t khOi ta c6 c3.c tucrng t~r dtm h@i : 

c.N) '"""' !NJ 
!!. Sij = 2 GN Ll. elj 

t 

+ p)d't" 
]

-1 

2G I ('t"­
N! 

t)N Kt (t + p, '< + p)d< 
(NI ]-! 

0 

~y xern bien d•ng th~ tich 13. bien «l~ng dan h0i. 

(1·3) 

(1.4) 

cac phuang trinhhinh b(jlC va c5n bting ta v~n siT-<!ll)ng nhu trong bUi toftn On 
l1 dim h0i- cd>n cac phuong trinh tr~ng thai duqc J:ua v~ dt:c tucrng tv dan h&L 
d6 vi~c gi3.i bai toim <3n <iinh ca.c v~t t;be dUn Iih&t gUt kb~mg d0ng nhat (b:.\i 
1 phfln nbinh gi8.) tiuo/c dua ve giih bS.i to;.in lJn djnh dUn h~i (bai to3.n phl-q. 
nh t. ~ng th:ii) (•J· 



§ .2. bN DJNH c:Ac THANH 'l'.~ONG KHOANG 

TH{YI GL.\~N HUUH4N . 

Su d1,1ng tiou chu~n 5n djnh trong {2] ta di xet ph~n nl,imh gia l{~c 
tJ·uCrng hgp thanh c6 liin -kft va ~hiu h_rc _kh<iC -:nhau• . 

Lily nh~n tit bien c(~ng [1]: 

a . . . .. -r<t--rl 
K(t, -r) = -· - [<p('<") {1 ~ e · )] · 

a-r . . 
. -[3-r 

Trong d6 ham· giil <p(-r) = C0 + A0 e · ·· 

Nfu .k~ den tinh gHt khOng d@ng _nh:It, ia c? : 

.. (2.1) 

a -[3<r+pl -r(t.::.-r) . · 
K(t + p, '<" + p),=- (C,+ A0 e ) (1 - e )] (2:2) 

. k ' .. 

V&i ph:\n 1/Hinh gia b*c 2 Ur (1~3) ta vift drro/C: 

~;; = ii2 <\ ~· 

t 

.ng d6 - =E [1- ~ s (-r- 02 
K(t + p," + p)d ... r 

0 

t (2.2) vao <2·3} s~ tLu du<;rc : 

E2 = E !1 + ECo [ 1- e -Yt ( 1+ '(t '1'- Y:tZ 1) J + 

+EAo'(
2

e. -~p[,e-[31 _ e-rt{;1 -t t(y ~ ~) + i_(y _ ~)2).]1 . .::.1 · 
<r _ f3J2 \, · . . 2 . r . I . (2.4) 

I sir xet thanh m¢t dliu ngitm m¢! dau chju h!' P, sir d\lng
1
Ht lu~·n(•) va ki hi~u . · 

= P/Pa, (Pa ..:. lvc l<iYi h~n ale), ta c6: . · . 

S =: = )1 + EC 0 [ 1 - e -yt ( 1 +yt + y:iz )] ~. 
a 

+ EA0"(2e-:-~p[e -[3t 
('( - ~)2 

-rt( t2 
:·····. )]t1

; 
- e 1 + (y - [3) t + 2(l - [31 2

1 
· I : 

' . 

I 

11'1. 

1/.,. 

.{2.5) 

-'-------,-.---~.·---

(1 

filnh t 

t 9fl .. · ,·Ill 
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n~u cho tru&c ll,rc p va ham p(x) ta s~ tinh dUo/C thO·i gian Hri hf,tn, ch~ng 
: each su dvng dulmg cong s ~ t(h. 1). 
ta nh0n th3.y kbi P giJ.m ·thl t Hing, v21 dm'rng cong s-- t ti~m c~n v&i mQt 
gang. 

~Y giir neu slr dvng cac hang so v~t li~u 1r [2] va lay s = 0,7, tlit (2.5) ta v@ 
/rug t- p (h· 2) ta nh~n thay \hiYi gian l&i h(ln gia tang khi tu&i v~t li~u t~ng. 

hu 'Y : 

- Cf trfm ta xet v&i thanh ngam m('>t diiu, m¢t diiu ch.Lu lt,rC P• v<!d cic thanh 

ket khac va chin ll}'c khac ta ct:ing C6 c6ng lhtrc (2.5). Sv kh<ic nhau gifr.a chllng 

- Trong cac hai toan ta ghi. thiet E = const. 

'uy nhiiln, neuE thay doi theo t, chhg h;m Hiy E(t) = E(l- ~e -~ 11 ) thl du&~g 
-- t se hh6ng di qua diem (1, 0) rna th5.p hon m9t it· 

t) Tr<rirng h'?'P ly-e t~p trung. 

;J·ong (2.5) cho t -+ oo ta thu dugc : ~ 

)th = -p 
0

(1 + ECo)- 1 va gQi H. lgc t&i ·h(m khi thanh chiu t8i Hu deli. 

fllr hinh 1 ta thay: Neu P < Pth thi thanh lu6n. On djnh, n8u Pth < P < P a 

1h se m:it dn d!nh sau mOt kho~ng th&i gian nao d6. neu P = P a thi than~ m:lt 

1 tire thCYi· 

.~n ~n djnh li. : 

Ta nh~n thay Pth kh6ng ph\1 thu¢c tuoi vat li¢u p(x) 

b) Trttirng h'?'P l\f< phiin bo g <h. Bl· 

Veri lbanb dim hOi Ia c6 : 

go-==" 7,84EJ!- 3 

tv nlnr a) cueu kH~n On djnh cUa thanh cl~lll nh&t la ~ 

g < gLh = gcr(l + EC0)-l 

I 
I , 

lj': 
I ·' 
I 
I 

Hinh 3 

• 

(3.1) 

.··• 

T 
l 
·~· 

I 

I 
I 
I 

I 
i 
l 



) .. v EJ 
I< l,b = 1,986 

g(l + ECol 

~y (3.3) 13. diCu ki~n On djnh ella thanh chju t:ic dvng 'Htu dai ella tr9Dg lli~_ng 
in thln• \-

'<"',' 

cl bn c!inh cua t nh clan nhot co c6t 

et m9t thanh cu.n nh&t c6 rhieu dai l -chj~ nen, v&i' gia thiet vat li¢u C6t .tuin lheo 
jnh lu~t HUe, cOn v;)t lie-u co b n tu&n theo\c.JUJ:" !u~t dAn {;hat g_i~ khOni dOng 
hilt. (h. 4). 

Ta sir dvrog li!}n h~ d¢ cong v:l m6rn€n u6n ['1]: 

t 

W(\) + ~ J 
0 

rong d6 : 

-- ' M(D . 
w(-r)R(t, -r)d-. =- --.­

EJ 

(3.5) 

l(t)- dQ cong cll:a thanh, Ja- rn6'1nen quail- tinh cUi _cOt dQi v6i !_t:_v.c:·x, J!? ~·m6men 
ua·n tinh ,eli a m~t c~t- ngang ella v~t li~u Co bB.n d6i -v6i1 trlJC X•_ : -. 

Truong h'i'P ~ = 1 irng v6i 'V~t li~u don nh&t khi>ng uit cot, con ·~ = 0 .irng v-&i 
~t li~u dim hOi thuan tUy. -

:(t, T) lil r~gionven cua nli!n EK(t, T) vii dutjYC tinh Mng. cO.ngthir£ [1).: _i 

t 

R(t, ~l = -Y<p(-<)E + [y2'P(-r)E + y2<p 2(-rlE2 '+-/f~(TlE)e'IJ(t) J e-t,(s)ds 

t 

'rong d6: 'lj(\) = y J [1 + 'f'(slE)<i!s, <piC<) ~ hitrn gi:l. 

0 

'ir (3.4) v&i t .. 0 !a co li4n M d(> cong - momen uon eli a thanh dan qilt \L 
w =- M/EJ 

(3.6) 

Bly gio ~~~ .:leu c cu(t)- w0 (t), b.M = M(t)- ,M 0 (tl v:l. viet (3.4J1 thitnh d~ng: 

t 

AM(tl . J 
- E; = boo>(t) + ~ . .· A~(-r\R(t, -r)d-r (3.8) 

"· . -

0 

D:;to hilm (3.8) 2_ liin theo t, phOn tich Aw(-r) thitnh chubi t~i lin c~n ~i~m 

· = t vil su <il\lng dinh nghla PG2 (Aw of= 0, i~1 o/=.0, <1w =_boM ~· ''·;, 0) ta 'lhu dUQ'C 
uong tv dan hOi : 



g d6: . [ !3 
E, = E 1 + -;- 13.9) 

0 

>It)'= C0 • Co I~ gia trj gi&i h~n cua ham giit khi t __,. oo va sir d\lng (3.6} ta 
~Uo/C : 

( ) C E 
y(l + CoE} ('r - t) 

R t, 't' = - Y o •e (3.10) 
.\I) · a (3 10) ta c6 : 

Ez I + ECo(1- [3) 
-= 

E 1 + ECo 
(3.11) 

KJ•t thonh chiu Ivc nen P !hi ~~ (3.11} c6 th~ viet : 

p 
-= 

1 + EC,(l- [3) 
(3.12) 

tieu ki~n On djnh se H.: 

p('f 
P < Pth = ,

1 
+ EC, (1 + (1- {3}ECo] 

<el thanb chjU l\lC phitn bo ileU g !hi dieu ~i~n On djnh se Ia 

go· 
g < gth = 1 + ECo [1 + (1- ~}ECo]• (3.14) 

tg hgp thanh l<hOng d~t cot ([3 = 1) Ia c6 dii!u ki~n ~n djnh (3.~}. Neu f3 = 0 !a 
~u ki~~l On djnh cUa thanh dan h0i g < g0 . 

Tlir (3.14) ta thu drrgc di) dai tai hqtn cua thanh dan nh6t c6 c6t: 

th = 1,986 . - •. ·..::______.:=~ I [ 
liJ (' 1- ECo~ )]''

3 

g . 1 + ECo 
(3.15) 

eu I < l,h thi thanh on di nh· 

oN DJNH D.f.\NG u6N PRANG evA THANH THANH MONG 

Trong truimg ho/P nay phrrang trinh tr!)ng thai co ct:eng [3] : 

Trong do: 

t 

cnp · s e(t) = E - "(T)Kft + p, T + p)dr, 

0 

t 

y(t) =--:- 2(1 + v) -r{-r)K(t + p, T + p)d-r. T(t) s 
G· 

0 

& 
K(t + p, T -!- p) = - C(t + p, T + p) 

8T 

:o- bit'ln d1).ng ci!j)c v:h bien d<}.ng trugt. 

(4·1) 

( 4.2) 

-t) - dQ do tili' bi~n; E, G, v- cite m6dun clia v:it li~u. SU dl}.ng phuang ph:lp 

.----! 
.j 
I 

l 
\ 
' 

_-J-
1 



am a tr~n, trr (4.1) ta thu dug¢ cac hro-ng _tv ~<f~n h&i d6i_ --V&i PG'N': 

ng 1!6 .: 

(N) _ (N) (N) _ 1 (N) 

Aa=E Ae, Ll,-r,=GNAT 
'.f 

/ ,. 

) 

- [ E Ew = E 1- -.. -
- !N! ft (N) ']-1 · 

(-r- t)N !{ (t + p, .'t" + p)d't" , · 

0 

t 

GN = G [ ~ - NG! J 
0 

(N) 
(-r - t)NK (t + 

I)~ xac d!nh ta xet dUrn C.1lli __ u6u-· thuan ttly bbi ~6-me_n M -b hai dau. "Trang 
h~n dim h@i mOmen u0n t@'i h~n [4] : 

I 

J (4-.5) c6 the viet rn6men u6n frong diCu- ki¢~ tir bH~n nhu _s_au_: 
' ~-

M= 

y ( 4,4) viw (4.6) ta thu dugc : 

\ 

c<J sa (3] l~y N • 2 va tmrng f\jc nhrr (2.2) ch~n 

C(t, -r) = (0
0 

+Aoe -~(•+,p)) (!- e-'((t--r)). 

(4.8), (4.2) vit (4.7) ta thu drrqc : 

~~ = ~ 1 + EC0 [ 1- e-Yt(l + Yt\ + T:t
2

)] + EA '(2 -~~ [ •. \ ' \. 
, . e e . 0" e ----~t -=-'- -.Yt.-x· . 
(y- ~)2 .· .·. 

\ 

x ( 1+ (Y _:_ ~)t + :' (Y -w)Jrt. 
\ 

(4.9) 

se cho phep xac dinh t]:lCri gian t&i' h~n '•khi cho·:tr_l.1'6'C M. £)~ ngliietf_ ~fill Cln 
L trong khoiing th6"i s;:ian v6 h:!,!n, cho t ~ co, ta tl~u dugc- di~ll -ki~u-_On -dinh':-: 

1 I . 

M < Mtb = M · (! + EC r 1 (4.10> a a 



Qua vi~c s~ dvhg I}T ihnyet v~ ca~ dii~m ph:ln nhanh gi~ d~ nghiQn cUu s\r On 
ella cac thanh dan nbCrt gia ki-:.Ong il0ng nhfit trong lrhoang th&i..-gian hfru h~n 

) h~n tlii dua ra nhfrng cOng thU:c ·cho phep xac dinh th&i gian t&i h:l_ln (2.5), (4.9), 

:.ic dU~u ki¢n On dinh ella d.c thanh c6 lic}n ket hai diin va chfu lvc kh:lc nhau, 
,( vii. kh<lng c6 cot 13.!), (3.2), 13.13), (3.14), (4.10). Trong d6 c6 mQt so ket 'fUa 

: v0-1 [1] nhu 13.1), 13.2), (3.13), (3.14). 

hl : Nhan ngiiy 6-4-1987 
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PE3IOME 

YCTOtlt.!IIBOCTb HEOJ(HOPOJ(HO CTAPEIO!llM:X Bfl3KOYOPYniX 

CTEP/1\HEtl 

B )(3HHOH pa6ore Ha OCHOBaHHii TeopHH nceB)(o6n<jlypK3!\HOHHhlX TO'IeK HCCJieAQB>lH8 
i'lHBOCTb HeJ)(HOpO)(HO CTapeiOI[\HX BH3KOynpyrux CT~plKHeii Ha KOHe'IHOM H OeCKO­
JM, HHTepBaJie BpeMeHH. Y CT3HOBJieHhl YCJIOBilll yCTOH'IHBOCTil II <jlopMyJibi, IT03BOJIH­
e onpe~teJinth KpHTH'!ecKHe speMeua. 
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