Tap chi €O HOC 1979 56 | = 2 (trang 46 -~ 53)

DAO PONG CUA HE BONG LUC CHUA BAC TRUNG TRE
CHIU KiCH PONG NGAU NHIEN CUA THAM SO VA LUC NGOAI

l\’GUYE\T CAO MENH 5%

RONG bai nay, ta kbio sat hé phi tuyén chira déic trung dan hoi khéng hoan

~ toan, chiu kich déng tham s6 vi ngoai luc duéi dang qua trinh ngiu nhién

~ dirng chuin. Ding phuong phap gii. dinh vé tinh chit clia nghiém kél hop
véi phuwong phap hinh bao, twong tr nhu trong bai [5], ta lap dwge hé phuong
trinh vi phén kfn, tuyén tinh d& x4c dinh cac dic lrlmg clia nghlem

PAT VAN pE

7 Khi xét dao dong cia hé dan hdi chiu tic dung cda qua trinh ngiu nhién,
néu dung phuong phap Galerkin d& tim nghiém va chu ¥ d&n sy hao ta4n ning
irgng bén trong vat liéu ta s€ nhdn dwgc phwong Irinh vi phin phi tuyén chita
ddc trung tré chiu kich doéng tham s va ngoai lvc ngéu nhién.

Khi kich dong tham sé la tuin hoan. con tac dung cha luc ngoai la qua
trinh ngdu nhién «dn trdng» ngudi ta da khao sat bing cich dung phuong trinh
Fokker — Planck [3] ho3c phuong phap tham s6 bé [2]. D6i véi hé tuyén tinh chiu
kich dong tham s6 ngdu nhién on tring nguoi la ciing dung phvong trinh Fokker —
Planck d& l4p hé phwong trinh 4uyén tinh x4c dinh cac mé men va nghién ciru
sy On dinh cba hé [4). P&i v6i hé¢ tuyén tinh chiu kich déng tham sé va ngoai
lye ngdu nhién chudn, trong [1] ngueéi ta da dang phwong phap gid dinh vé tinh
chit chuin cia nghiém d2 khio sat. T4t ca cac kél qué trong cac cong trinh trén
khong thé wng dung trie tiép d& khio sal h¢ phi tuvén chira ddc trung tré chiu
kich dong tham s6 va ngoai luye duwéi dang nhitng qua trinh ngau nhién.

Trong bai nay ta sé dung phwong phap gia dinh két hgp véi phuwong phap
hinh bao, nhw trong bai [5], dé gidi quyét vin dé da dat ra.

§1. CAC PHUONG TRINH XAC PINH CAC PAC TRUNG J&Ac SUAT
CUA QUA TRINH NGHIEM

Xét hé dong lue chiu kich ddng tham s6 va lre ngoai ngau nhién bitu difn
boi phwong trinh:

Z 4 2bZ + Wl [1 — aG())Z + BO (A, Z) = F(1) (1.1)
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trong doé d)(A Z) thé hién ddc lrung Lré ctia hé¢, A la bién do dao ddng cia qui

~ trinh nghiém, G(t) va F(U la cac qua trinh ngdu nhién ding chudn c6 ky vong

bing l\h(’)ng vi ham twong quan 1a Ggg(t), Rpp(s), ham twong quan lién két Rep(t).
Gid sir qua trinh.nghiém Z(t) la'qua trinh ngdu nhién ding chuidn co ky
vong m va phuong sai o vA ham twong quan Rgy(<), d6 la cac dai luvong la cin
cac dinh.
Dang phep thay bién !
Z() = X(t) + m - o L2
phurong trinh (1.1) tro thanh .

X+2nX +0l(1—aG)X +uwm(l —aG)+ D (A, X +m) = Fy (13)

Vé&i phép thay bién nay, qua trinh X(t) ¢6 k¥ vong bing khong va cd ciung ham
twong quan vi phwong sai nhu Z(t). Theo phuong phap [5] dua vao tinh chit
ding chuin, ¢6 k¥ vong bing khong clia cac qua trinh X(t), G(t) va F(t) ta dua
vao ba qua trinh khac Y(t), H(t) va E(t) lién hé véi ba qua trinh trén b&i cac ding
thirc sau day:
Ryy(t. ) = 0; Rpg(, t) = 0;  Rg(t, ) =0 . (L)
Ryy(1) = Ryx(v) Ban(t) = Reg(v) Rez(v) = Rypp(v)

Ngoai ra néu cac qué trinh X(t), G(t) va F(t) cé khai trién phd 12

X() = J-ei‘”' dOy(w); G(t) = Ieiwt d®c(w); ~F(t) = j.ei“""dtbp(w) (1.5)
—_ 0 -_—0 - 0o

thi cac qua trinh Y(1), H(t) va E() c6 khai tridn phd twong tng duéi dang
> =-] =]
Y(U) = I et ddy(w); H(t) = J‘ei“” dby(w); E() = Sei“‘dth(m) (1.6)
p— "} _—0 -2

trong do theo [6]:

O dy(w); Ba(e) = — i —o Ogle); Vgle) = —i—2
w] | w] | w]
ang thoi khi d6 ta cé thd bidu didn

Op(w) (1.7)

Py(w) = —1i

AXL) = X2(t) + Y2(1) (1.8)

Liy ky vong hai v& phuwong trinh (1.3) ta nhdn dugc phuong trinh
m == Gch({. l) -— 2 P(m, D')' . (1-9)
: " |

trong dé

P(m, o) = (VXE+ T2, X+m> =

o

i
fee—y A
‘—"\8 e“

(V2 +y?, z+ m)f(z, v)dzdy (1.10)

=
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f(z, ¥) = -7’; exp, ——'-5;:'—-—‘ 7 - (1.11)

la ham mat do phd xac suidl cia gud trinh X(1) va Y(U).

Tiép theo nhan bhai v&€ phuong trinh (1.3) voi G(t,) va H(l,) sau do iy k¥
vong hai vé, d& ¥ rang mo men bac 1¢ cia cac bién ngdu nhién chuin voi ln
vong bang khong s¢ bing khong, ta nhan ducc hé hai phuong trinh sau day:

Kgx(®) + 2h Rgx(v) + woﬁcx('f) + BQ(Rgx.Rgy) = auw, 2 mRgg(r) + Rgp(r) (1-12)

Fux(® + 2h Rux() + oRyx(s) + BM (Ryx, Ryy) = sw? mRya(v) + Ryp(s) (1.13)
trong doé . ' !
Q(P‘G\- Rgy) = < ® (VM+Y2 X+m)Gl) > (1.14)

M(P‘HI\'RHY)‘“ <¢(VM+Y2 \+m) H(ll) > (1.15)

& day ta ¢6 the coi cac qua trinh la .lién két duno' vi mbi qua trinh dwroc khio
sat d&u la qua trinh chudn dirng nén la qua trinh dung theo nghia hep. Hai qua
trinh dirng theo nghia.hep sé co lién két dirng [6].

Trong cac phwong trinh (1.12) va (1.13) ta c6 th& chi ra ring [5].
RGY(T) = -—HHX(T); RHY(T) = BGX(t) (1.16)
Do d6 hai phwrong trinh (1.12) va (1.13) lap nén hé phuong trinh vi phén xac dinh
‘cac ham Ry (1), Ryg(1) voi vE€ phai da biél. D& xac dinh cic biéu thire hién (1.14)
va (1.13) theo [5] ta ¢6 ham phﬁn bd

z ]
f(z.y.g.h) = - exp —~ o8 [ (x’-}—\'?)-l—u’(gﬂ-i—h?)-—"R :cg—‘.ZP-”x:rh -
+ 2Ry vE — QRGth] i (1.17)
trong doé
O B — 2 | 1.18
o o’g RGX (1) RHX(T) | ( )

va az la phwong sai cha qué trinh nghiém G(1).

Do @6, ta co thé tinh dwge (1.14) va (1.15) va nhén dwoc két qua san
QRgx:Rgy) = Q;(m.c)ﬁcx(r) — Qa(m,@)Ryyy(7) (1.19)
MRy Bryyd o= Q:(""U)Bﬂx(r)+ Qua(m.0)H 4 (1) (1.20)
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trong dé

: Q!(qu)

w—'
9::04 ' S 3“"‘”?’ . z+m)ye

Do a6 hai phuong trinh (1.12) va (1 13) tro thanh

a
dzdy

dagy

(1.21)

(1.22)

( .{(1’) + ‘)hBGx(T) -+ [“’ + BQ,] BGX(t) ﬂQZRHX(r) = aw? mRG(}(") + RGF(T)

(1.23)

H‘(T) -+ )th\(t) =+ [m = o BQI]RHx(T)'{_ﬂQzRGX(T) — am mRHG(t) + RHF('T)

Gia sir, trong bai toAn ma ta khao sat, ton tai cac ham mit -d¢ pho tmmg
'rng voi cic ham twrong quan lrong hé& (1.23), ta: ky hiéu c4c ham mat dd phd iy

1a Scx(w), Snx(lﬂ), e

Khi d6 4p dung pheﬁ bién ddi Fourier vao hai vé phuong lrinh £1. 23) ta nhdn

duoe:

(“-'; — w? + BQ; + 2hiw)Scx(w)—BQuShx(w) = d-wa Uzlsdc(m) + Scr-(w)

BQaScx(® + (@2 — w? + pQ1 +2hiw)Spx(w) = aw? mSyc(w)+Sux(w) -

Ta d6 suy ra

[aw] mscc("’}+ Scr(w)} [.‘“" —m‘+ﬂ€!’1+2hiw]+BQ,[¢w msﬂc(m)-f-sm(lﬂ)}

(wf — ¥ +‘I3QI + 2hi)? + BQ:.

[am mSpc(e) + Snr(‘-")} [w) —w"{-ﬁﬁrl'%lﬂ']—3szwzm5c;c(w)+5up( ")I

Sr.-xw—-

}

(] — w2 ﬁQz + 21'!1«’)’-{- ﬂ’Qz

(1.24)

gm

Nhin hai veé phwong trinh (1.3) Vﬂ‘l. Fell), E(tl) 8 lﬁy ky vun g har v é ta .
dwoc hai phiong trink sau R 73

Rex() + ZhRigs(r)+0? Rex(h) + AL (Rm Rn) =aw mecm +Bn(r>

e'-':k"

Rex(v) + 2h Rex(r) + of Rex(v) + ﬂN(Bm P‘EY) = aw] mRge(v) + Rip(1)- (f-?_?

Ciing nhu trong truémg hop trénm, ché y ring |

Rey() = — Hn(t) Rgy{t) = Ryxiz)

F o T

hai phuong trinh (1.27) va (128) r& thanh hé phuang trinh xac dinh Hn{t).

Rgx(z). lrong do:

ich



L (Rgx» Rpy) = LRz, —Rex) = < OVEEITE X+ m) F(l)> (130,

N(Rex Rey) = N(Rex, Bpx) = < o(VEEF VE, X-+m) E(l) > (131
b2 tinh cac biéu thirc (1 A30) va (1.31), ta cén lim ham m4t d6 phan.bd xic sué!

F(zx, y, f, e) clia 4 bién ngiu nhien l(l). Y(t), F(t;) va E(ty). Twong tu nhw trong

- ~bai [5] ta tim du'qc :
v expi— oo [cr= (z=+ y’) +o’(f=+e2) —?Rrxxf -

1, e)=
F(:ry e) ?D

K —2Rgxme+2ﬁnyf—‘2ﬂrxye]f (132)

“'O'BE ﬁb-ﬂf lé. 'phlrong sai clia qua trinh ngiu nhlén F(l)

e -_'D-—v’o' —Rn(ti R (1:) = . S (1.53)
' Thay (.1..32) vao céc bléu th:.rc ‘tinh ky -vong (1.30) va (1 31), tuc la -sau khi tinh
,mc:tiihphin__ s e B = N o e e g
ot B o SSSSJ‘I’(‘V22+y’x+m)fF(z, y,r e)dxdgdfde
e 5 Gog W . —_0 - .

SSSS (V@ + 5,2+ meF(, y, I, e)dzdydtde -
-t " y ) . -

ta tim dwgc ‘ ) o . i
' L(Rex, — Rey) = Qu(m, 6) Rex(s) —Qa(m, 0) Rex (7) . (L34
N(Rgx, Rex) = Qu(m, @) Rex(r) + Qa(m, o) Rex(r) (1.35)
trong d6 Qy(m, o) va Qu(m, o) dugc cho bdi cac congithire (1.21) va (1.22)

Thay (1.34) va (1.35) vao (1.27) va (1.28) ta dwoc hé phuwong trinh vi phan
tuyén tinh cip hai h¢ s6 hiing s6 d61 véi Rpx (7) va Rex (1)

: Rex (1) + 2hRpy (1) + [w? + BQ,] Rex(%) — BQ: szf") = aw] mRFc(T)‘I' Rgg(7) }

) R}:x (7) + 2bRyy (“) + [w? +BQ,] sz (7) + BQs Rrx(f) "-‘”o mREc(‘l‘) + Rgg(1)
- (1.36)

. 'Ap dung phép bién "dc‘)i ‘Foufier”véo hai _v'é’ '(1.36) ta chuy&n hé nay vé hé
pbuong'trinh dai s6 d6i voi ham mat d¢ phd:

‘ (1.37)
. BQs Spx (w) + (w: — o® 4 BQ; + 2hiw) Sgx (w) = aw: m Sgg (w) + Sgr(w)

50



Tu- hé pmay ta tim duge.
[2 w2 mSge(w)+ Spr(w)] (02 —w? +BQ1 +2hlw)+{°‘w L SEG (@) + Sgr (w)] BQ:

(m —o? + BQ: 2blm)’ = ﬁ”Q'

Spx (w) =

(1.38)
[aw? 2 mSgq(w) + Sgp(w)] (*ﬂ -~ m2+BQ1-}-2hlw) — [aw mSgg () + Spe (w)] BQs

(02 —w? + BQ: + 2hiw)? + ﬂ’(f ‘

Sex (w) =

(1.39)

Nhan hai vé phu-orng trinh (1. 3) véi X(ll) vi Y(tl) sau d6 ldy ky vong hai
vé’ phuwong trinh mm nhin duge, ta doa dén hai phu'cmg trinh sau day '

chx (t) + 9['13)(*( (‘-‘) + o 2 Ryxx (%) + BI [Ryx (1), RxY (T)] = aw’ 2 mRgx(—7) + Rﬂ(*—“)

(1.40)
R;(Y(?J) —' Qh'R' )+ u RXY () +BK [ R‘{Y(’:) RYY (t)] = aw; 2mRey(v)+Rey(t1)
. , (141)
trong do B r',_—_t,—t:—_t ) : :
I [Ryx (7). Ryy (7)] = (? (VEF T, X+ m) X (tl)) (1.42)
K [Byy (7)) Byy (0)] = (g‘- (Y FT5X4m)Y (tl)) (1.43)
Ham mit do phan bd xac suit fi:v, ¥, ;1 'v1); theo . [6], cha duéi dang
k! _ - J
f@ y. 2oy = zﬂl i OP ;-— Satp? [=* +:ﬂ_—i— e el
o ) 2!: (a:aa + 771} — 2r-(::1y 5 zy)l] . (k44
- Ve , : Rl
K(xp) = R e o = ) 1o BE) -t 04
Sau kh1 thay (1. 44) vé.o (1.42) va, (1 43), tire 1a tmh cac tich phin sau
SSSS ?_(‘{524‘ ¥ z + m)-x, f (I--Yv. 1) dz.dy dﬁl.dj’ai
SSSS § (VI’H*--:H-m) Y1 E(2 3. 3y, 7)) dx dy dz;dyy -
va chi ¥ ring o= T g 5
Ryx(7) = Ryx (71} = Ryy (71); Bxy(7) = — Ry (7))
% 7 aduge ;
I [Ryx (7)s Bey (0)] = Qi (m, 0) Ryxx(7) — Q: (m. @) Ryy (1) (1.46)
K [Bxy(7y)- Ryy(zp)] = — Q; (m, @) Byy (1) + Qy (m. @) Ryx (7)) (1.47)

a1



Do do cac phuong trinh (1.40) va (1.41) trd thanh

i "Rxx (v + 2h-ﬂx'x (r) + {mf + BQy] Byx(r) — BQy Ryy(r) = uwz mBex (= 1)+ Rex(-
' ' (1.
‘ B‘}‘{T (fa) — 2thy (TJH'[“’E — BQi] Ryy (13) + BQz Ryx (11)= "“’“’g mRgy(71)—Rex(
_ ' . (1.
Trong phwong trinh (1,49) la da thay Rcy(fz) va Rpy(7y) bdi Rgx(m) va Rgx(ry)
, Ap dung phep bién d6i Fourjer vao hai vé phvong trinh (1. 48) va (I 4‘5!) ta nh:
duqc
(w —w? 4 BQ1 + 2hiw) S,,(w) —-BQ,SXY(w) = aw mScx(—w)-I—pr(-—-w)
(1.5
BQES:::!(“’) -} (m s '-"2 —BQi—2 2hiw) Syxy(w) = —'-'-“Jo 2 mSyy(w)—Sex(w) - (

. Tu do ta tim dwge :

[am mScx(—w)-}-pr(-—w)] (m —m'—BQ]—-—2h1w)-—BQ9[aw mSHx(u,).;_sﬂ(m
" (w -—m9+ﬁQ1+2hlw)(m —mz“-BQ1—-2hlm)+ﬁ2Q— ) (1‘31

S =

_ ' Trong cf)ng thire (1.51) cAc ham mét. a6+ *'pho ed rﬁit & 1 56 da tim ﬁa:ro
trong cac tinh toan truée day. Sau khi thay cac biu thire (1.25), (1.26). (1 38) ¥i
(1.39) vao ((1.51), qua qua trinh bién doi ta tlm duwgc hé thie:

See(w) =

- A4D 2‘4 '2 - 3 | ' ' .'2
- o m2S¢a(w)+S (m)-—!—[s (w)+S (-—w)]w m 5_
- (m% —w?)? (Zhiw + BQy)? + BQQE = e L e e o
= B+C a'lmé mESHG(w)—j—SEF(w) +u,w2o 1'1'1 [SEG(N)——SEG(-—UJ)Jf
(02 — 0?)*—(2hin+pQ,)* —;—EQQ" : " )
, : - 152,
trong dé ) 3 |
' T (0 — w?— 2hiw)? — p2Q>
§ e _° 1
(w? — w4 BQ; — 2hiw)? + Q2 '
, BQ, (02 — w2 — BQ; — 2hiw) "
B = R
(w?—w?4 BQi—2hiw)t + 2Q2 e .
e - A ST - (1.53)
BQ (w® — w? 4 BQ; + 2hiw) |
L= -
(w? — 0¥+ BQ; + 2hiw)? -+ p2Q2
2 . il
i P

(wi —u? o fQi+2hiw)* + p2Q?

a2




. Trong hé lht’fc (l-.52) néu ta tach phan lhl;c va phin 30 cia Syy(w), tir bidu
thitc tong quat dy ta c6 th& ching minh dwge ring, phin thyc clia Syy(w) tic
l2 ReSyx(w) 12 ham chin cia w, con phin 40 ImSxy(w) 12 ham 1é cla w. Vi vay khi
tim phuong sai clia qua trinh nghiém lich _phan phin d0 tr —e dén +o- bing
khong va ta con lai

; S teo )
s ot = f ReSyx(w)dw tl.§4}
Cing bdng ly luin twong tw, ta tim duac céug thue san day de xae ctmh ham
twong quan ctia qui trinh nghlém ) s

oo

Bxx(f)_= S el S\ () dw = S [coswr . Re Sxx(w)+éinmr .Im Sxx(m)_]'dut (1.55)
— . — 0 ) i

Trén day chung ta da trinh bay phin Iy thuyét téng quat cbn cac’ trudng hgp
riéng va vi du s& dwgc khao sat trong phan sau.
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. SUMMARY _ _

THE OSCILLATIONS OF THE DYNAMIEAL S‘ISTEMS WITH HYSTEBBS!S

CHARACTERISTICS EXCITED BY STOCHASTIC PA—RAMETER AND FORCES. L.

Tn this paper, the nonlinear mechanical system with imperfect elastic characteristics

sxeited by parameter and externzl forees in the form of stationsry Gaussian stochastie’ pro-
cesses is eomsidered

Heuristic and enveloped methods in a simriar way as in the paper [5] are used. The

sloged differential equatiow.system with constant coaﬂtclenu is estnblnhed to ditermine the
statistical chnuerenstlu of solulhn process. .
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