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50 SANH PHUONG PHAP ciA DINH cHUAN VA
PHUONG PHAP TUYEN TINH HOA THONG KE
TRONG DAO DONG NGAU NHIEN -

NGUYEN CAO MENH

MOT trong céc phu'ong phap thong dung d& khio sat dao dong ngdu nhién cla he

phi tuy&n la phuwong phép tuyén tinh hoéa théng Ke. No6i dung cfia phwoung phap
nay 14 thay hé phi tuyén bdi hé tuyén tinh véi cac hé s6 duge x4c dinh sao cho gid tri
binh phwong trung: binh clia hi¢u gita thanh phin phi tuyén va thanh phin tuyén tinh
lwong tng dat gid tri cwe tiduw. Trong tng dung phuwong phap nay chi khdo sat nghiém
dirng ctia hé chiu kich dong clia qua trinh nglu nhién ding, chuin [1].

Mgt khac d6i véi nhitng hé co hoc chiu tic dung clda gua trinh ngiu nhién dung'
chuldn, ngudi ta cé th? dung phuong phap gid dinh chuln (2, 3, 4]. Thue chét ca phuong
phap nay 1a-coi ddp tng ctia h¢ 14 qua trinh nglu nhién chuin véi cac-tham s8 dwge xde
dinh sao cho thda min cac phwong trinh mo 14 hg thuge,

Duéi day chang ta s8 dang cach bidu didn ban b4t bién (hay cén goi 14 cumulant)
cla qud trinh ngdu nhién [5] d3 rat ra coéng théc 1dng quat cho "phwong phap gid dinh
chudn d6i véi hé mot va nhidu bac twy do. T d6, c¢6 thé chi ra r&ng khi nao phwong
phap gid dirh chuin khdc véi phwong phip tuyén tinh héa théng ké va khi nio hai
phuong phap nay tring nhau.

§1. Hf MOT BAC TU DO

Piau tién ta xét hé mol bic iy do bidu difn bdi phuwong trinh
X +20X + 03X + aF (X, X) = 8@ (.1
hay ‘
DX + aF (X, X) = E (1.2)

trong do E(0) 1& qua trinh ngdu nhién chudn, dirng b ki vong loan hoc bing khéng va
him twong quan (5@, E(t 4 7)) = Re{1), va

Ly bin doc l4p trong phuang trinh (1.2} 13 t1, sau 46 1& €2 va ding cac ky hidu

D = ¥, X(t) = X;. Dt]. ‘Di, F(Xi, X;)_. i =1, 2 (1.3)
sau A5 thiét l4p ban bit bién & haa vé phwong irinh (1.2) ia pbén duge:
1D % — oF (¥4, 3;11‘%, DX 4 aF (Xg, ﬁaﬂ = (&), By = 'RE {t9 — 1) {1.4)
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Theo tinh chii cla ban bat bifo i co.
DiD2 (X1, X2} + aDi(Xi, F2) 4+ aDy(Xe, ¥1) + aX(F1, F2) = Rgltz = w) (L5
Theo cbng thirc khai tridn ban bit bi&n [5] (trang 85)

8F9 GF
(X1, Fa) = ( ax, | (X1 X2) + ) (X1, X2} +
SERT L G “
+ ?2 <~——) y D1 B2, B2 {1.6)
k+>2 KEEE Voxjoxy | ko
aF; aFy
{¥s, Fy) = 1 {Xy, X2} +< ﬁ\{ ><h1; Koy +
1 X1
@ S 3 N o SR
R O S O ;W
—_— 2y K, K K
+ . : ®’ .7
Eli kit Kax‘,jaxﬂ_ > 1, k. !
3’°F‘>§BF2> >+(6F><x o) +
(Fy, Fa) =\ex (X1, X2 sXa 1. X2 '

oo oo k41 .
1 ° Fa X1, X9, X2
+ E E ————<—————_——-> g >ls B2y D2

S, K Voxgexh! Tl kL)

OF1>;OF2>. %3 <6F2
+ DXEI X4 (XI; 2) + bXQ

>()‘§1. X2} +

k+1 . .
1 ] Fa >
S 2 <__,T> (X1, Xa, Xy f

TSy B Vexgexyl T ket
K+ . 4
1 ek, g
+ SE T <"r—,> wh X X (1.8)
k+1>2 D};l@Xl g 5 )

trong dé 2, y , la ky hiéu ban bit bién bie L+k + 1,

Thay (1.6), (1.7) va {1.8) vao (1.5} va k¥ higu:

3F; | & 27\ :
CD§=Di+cx< F.‘ ) ¢ +c:,( i‘) G=1,2 - (1.9)
ax; | Qb | 0K

ta nhian dwoe phueong trink

oe oo ok Hip,
%1%2(X15X2>‘FO&ZELH| [< k_’>yh2 }an_,
' k+1>2 lefﬁXA 1, k., 1 ‘

k+1
/8

R :&;axé)_ kL L1

kg, | .

1 3 Fq ,

+ a? 2 2 WET <——-k ‘-z_\ fo:X‘, X Ra(tye 1) (1.10)
k+1>2 ) 1@}& / s K. l. k

Néy gid thi€s tim nghiém gin ﬂung ciia (1. 1) duéi dang phén bé chuln [6] thi cdc ban

bét bién bac i&n hon hai chs Xu Xz ‘(19 Xq s& bing khong. Khi do phmmg irigh (1.10)
irér thaph:
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r@K’HEn |

Dy DeRin, 2} + & e e | P2, At Ko Re (ts — 11} - y
! Eg Iz loxkoxl: "1k, 1 Rgtz—ue o (i

d6 ky higu (X1, X2) = Ry, tg
al xét nghiem dung thi (1.11) tré thanb

oo oo ki
1 .40 F1 F , X4, \
(__.__.) 2 A AT Rg(r) (1.12)

9. Sy P o
Dy DRI + o 22 1 X 1,k [
k+I>2 °X1 X4

ao 2_51; c6 dang nhu D, nhu;ng céc hé s6 clia dao ham bic nhét theo 7 déu ddi ddu.

cdng thwe (1.12) néu F(X, X) 1a da thirc cfia X va X thi tdng trén chi 12 hiru han.
wdng hop riéng

: : F(X, X) = F(X) + GX) (1,133
6 phuong trinh (1.11) tré thanh : :
y Ruts) +
oo X k :
1 fjdFy LI X Ga X a“Gi\f Fa Xy G2 Xi
> '“—,‘[(—“—}( +u ) +< - >(x + ®e )]=R§(l2“’t1) (1.14)
et k! dXI; 1,k L k dxllc 1, k 1, k ,

cong thite cho trong [5] (cong thice (11.24) trang 366)

By = (W)
\ai trién céc bén bat bién trong (1.14) va chi xét trudng horp dirng ta nh'm duge

ng trinh
[~-4

—_— 1 . y a5
DR+ = 17 (PR ROF—(O@ @O =R (15)
k=2

vay, chting ta d3 nhén dwgc cAc dang phwong trinh téng quat (1.12) va (1.15) d&i
1am twong quan d& gidi bai todn phi tuyén bing phwong phdp gid dinh chuin.

Néa ta chi xét nhirng qua trinh nghié¢m ¢6 tinh chdt chudn ddng thoi dbi v6i kich
thi ia s& thu duge phwong trinh tuyén tinh don gibn.

Thal vay. tir pheong trinh (1.1) ta cb

2,

aF(X, X) = &) — X — 2hX — 05X

Fa2, X X [ 1 ! : 2,0
}&]2h 1, ! = (% ] [] , F(Xy, X-ﬂ}—-*—« (Xg } XE ] s E(ta) =%y~ 2hKo —woXa)
» Ko o o8 l .
k+12>2 vé phaw béng khong, do d6 phwong trinh (1.12) tr& thanh
Dy Dy R(T) = Re(7) L {1.16)

g

t¢e ham mat d6 phd cia qui trinh nghidm 12 (@), va cda kich déng la Sglw), ding
' bi&n &8i Fourier &01 v (1.16) ta nhan dwge
L st = St = (1.17)
[ —n? 4+ (2h +‘ay<—a£,~\)>w,+wo + a< P~ >
l ax !
véi phuonrx trinh (1.1), néu diang phwong phap tuyén tinh héa thong ké, ta thay

aF(X, Xj = a -4 bX° + cX°

0
O

=}

Ko = X — {X}




Cac dai beong &, b, ¢, duge xhe dinh sao cho
Ja, b, c) = ([OLF(X, X} —a~— b}\{o - eX°®) = min

Trong trwong hop X(D i qui trinh nghu nhién dung, ta tim duge

xSy n g (FOXO) (R, X)X
= a(F(X, X)), b=a g ¢ -——-———“02) 7

Phwong trinh (1.1) tré thanh: .
.o - 2
X° +(2h + )X° 4 (wg + ) X° = &

'Bﬁng phuong phap pho ta tim dwge

Sglw)

S{w) = €1.18)

o 5
— @? 4+ (2h +¢) iw +w“+b‘
Cha ¥ rflng, dsi voi trwong hop X(1) 1a chuln, ding ta c6 [5]
(XFE, ©) = (F(X, D) (X) + < ><x X)

Mat khac .
(X, X} = (X°% X°) = (X°)
" pén
oF )m (XF(X, XY = (FEK, XY (X) _ (X°FIX, X))
X | (x°%) : ‘ (x°%)
irong tu

rad
——)=c
8X
‘ ) .
Do d6, hai cong thac (1.17) va (1.18) hoan toan trung nhau. Viy, trong truéng hop
kich d9ng ngoai 14 qua trinh chulin, ding thi phwong phap gid dinh chufin véi gid thiét

vé tinh chudin ddng thoi clia qud trinhn ghiém va qua trinh kich dong s& twong dwong voi
phuong phap tuyén tinh héa théng ké.

§2, HE NHIEU BAC TU DO

Phwong phap gid dinh chuin 4p dung cho hé nhidu bic (g do dwgc irinh bay
trong céng trinh [8] mot cach -kha phite tap. T d6 khé ma c6 thd thiy dwge nhitng didm
chung ctia phuwong phap nay va phuwong phap tuyén tinh héa thong ke,

Du¢i day chung ta s& trinh bay phuweng phap gid dinh chuin theo hidg dlen ban
bit bign va s& thu duwge k&t luan mé rong truong hop mot bac tw do.

Xét he n bac {u do chin Lic duyng cha véc-io ngiu nhién chuin dwoge mo 13 béi
phuong trinh

.\ X 4+ CX + KX + g(X,X) = f() ; @1
trong ds
X1(0) a(x, 0 | £1(t)
Xw=| : |.gxx= { 0 =] R
Xa(D) ga(X, X)_{ L £a®)

f(t) 12 véc-to nghu nhién chufin, C va K !a cic ma trin hing s§ cdp n X n.




Gné stt A(t) 12 vécio nglu nbitn bt k¥ ta co 1hé suy ra i trudng hop v hwéng
Hng thie sau day: :

! : . ag " (1 ag”
(K1), g"[X(ty), X ]y = (X, X () ) < g ( )>+ { X, x%m <_g@> +
, X(i2) X (t3)
[~} @ ' . 3 , .
TP XWX, xn<tz>< pkit-kangT 1)y ) .
§ 4 ]', o . Ve
B kit ka2 L k1es Kan @X‘{l(tz),..@xlézﬂ (a2 "
. pas
Xilt), Xilta),.... Xalta)
X(ty), Xit), ..., Xalta) L ko “”k”“
1. ki,..., kon - .
. ' n(tz),Xl(t2) ,Xn(t2)
. I 1 lx!... k‘;'n e
Kt T LI ak1+...+ kan |
" " = o o gg}(tl),...,gn(m) | >
a0 X K2ugey) o XN, 0 X (2001
ng ty:

ag(ty).
axX(t1)

ag(t1)

>(X(t1), X (ta)) +<
3xX(ty)

(glXy), Xw) X () = < >_<5{(n), X"y +

% % pkit...tkas gl(ty > XM (1), Xilt), v, 5(;;(11) )
+ E, E 1y Kty ovn Kan (2.4
t1) , [ 3g (1) ag (t1) agT(t
), g(tz))=(~5g§%17>(x(t1), X m»\ fX(‘w) >+< - ><x<m XT(tz))< ai(t;)>+
1 : g
3 8oL . . P
+< 28U\ o, 1 )>< g “2)>+< % () }(xun, XT(13)) <—————g. Gg) >+
3X(t1) ¢ aX(tg) ax(i1) : X (tg)
TE < i N Xo(ig'* vy Xt ( ki o kan g Ty }
B TR P YRS Lo

kit.. +k2 >3
fe el

. X(h)v X](t?)v xsa® }‘én (tfz)
+2 E 7 k1. .0 Kap

gkt -t + fan gT(tz) >

ki b bt Fan ‘@n‘ XXty ... aXi2n (1)
o0 o5 ! e iy . Y .
5 i plit o Than gy )ut Taa), Xitth oo X (19 .
K. +kzn> kit..-kan! ‘@X%I (il)u.aXEz“(m k15 oos Kan
phuong trinh (2.1} lip phwong trink ban bt bi&n:
. T T T, L ‘ . .
(DsX( + g(t), X (1)Dy + gl i)y = (it £ (1)) (2.6)
mg dé
L3
Bi=1 + C— 4+ K (2.7}
mi ot

I ia ma tran don vi
1 {2.8) ta ¢o6
T ) LT
Di{X(tp), X (1)) Dy + Di(Xitn). g" (1)) +{gt), X (1)) D, +

F{glty, g i) = () () _ i2.8)




They cac cong thire (2.3) — (2.5} vac (2.8) sau khi r&l gon ta nhin duge:

. \ T’ A
j gty | & Poglug V), . P T j8g Gy a
{5 + {(hm), X" (1)) {D +<-.—~ +
;D‘ { oXn | 3\ 3R | 2 3X(ty) | 02
EYRCY % § 1 g XX, X1(t)y vvs Xnlig)
X i Kil... Kan! L5 ke - kop
ax (L2 /). ki oo tkon>2 1 2n

X(t0), Kilizdory Xnltg) | [ aK1Heethan o T ()

TR kL e Kan

4
|+

J (a XEi(ty)... 0X K2n(ty)

|

pliteetkan gy LX), Xt Xaltz)

aX%l(tl)...a}‘(ﬁml(h)y’ Is k. .., kan

o - .
+i E 1 ( oKt t...+lkan g(t1)> ng(tz), Xiltn),eeny Xnlt)
kl-};u-"*".k2n>2 kyte Kanl 6X1f1(t1)...axn(t1) i, klvug koq

(£, £Tt)) 2.9

Néu ta tim nghiém X (1) 12 véc to nghu nhi2n chuiin, phwong trinh (2.9) tré thanh

: : T T
{og{t) \ a jagly)! T ; T <0g (ta) 2 dg (ta)y }
o — S R, XM + (=) (=

%Dl+\ax(n) o (OX(h), (X0, X"()) {D, i | o T axuy) +

okttt gy | gTty), Xulthr s Xa(t) _

' o 1
+ E E i » ki, ey K2n

Kiteoof-kan 22 kileon kop!

<’

XK1 (1p... axEan (u)>
= (f(tn), 7)) (2.10)

. Néu chi giéi han tim cac nghiém X(t) 1ap thanh véi f(t) véc to chuln 2n chidu phuong
“trinh (2.10) khong tdn tai thanh phin c6 diu tdng, va co thé viét duw6i dang

) ? 3 ‘ o aglt) |8 g aglt T
R Di+ —g—@—>- <-g—(ﬂl—\, X, 3[{)2 +< A )———( glty) ung) f =
aX(t1) 3ty GXUI)/ X (tg) aty | 9X(ty)
= (flt), 17(ty) (211)
Phuong trinh (2.11) ¢6 thd xem nhu twong ttng v6i phwong trinh tuyén tinh
0 i
§D + —,—%)——‘i—« + <—-g—>£ X(0) = £(t) @.12)
{ X dt 8x

Nhw viy, néu tim nghiém X{t) c¢da (2.1) sao cho véc to 2n chidu (XZt). )T 14 vée to nglu
nhién chudn thi ta dua duge phwong trinh nay v& dang tuyén tinh (2.12).

o3 < 2g
D' > ") ex
1he gidi h¢ (2.12) bing phwong phép thong thwong. Cc hé s8 ehn va hé s6 cing hd sung la
. e a ) 4
{ b, K= (—&> @13
. X oXj
Ciing gi6ng nhu trong truong hop mot bac ty do, ta co th® chitng minh dwgc ring che

hé¢ s6 nay trung véi cac hé s6 cho trong phwong phap tuyén tinh hoéa théng ke [7] ya
trnh dwge vite gidi he 2n phwong trinh tuyén tinh.

Néu ehi xét gua trinh ding, céc ma lran < > 12 cdc ms trin hing va c¢é
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\ SUMMARY

ON THE COMPARISON OF THE GAUSSIAN HEURISTIC WITH THE STATISTICAL
' LINEARIZATION METHODS IN'RANDOM VIBRATIONS

{n this paper the cumulant description of random processes is used for obtaining
seneral formulae of the Gaussian heuristic method in single-degree-of-freedom and multi-
legree-of-freedom systems. These formulae can be easily applied to particular cases. Whereby
he Gaussian heuristic method and the statistical linearization method are compared. It
:an be shown, that if the solution process and the excited process are assumed to be jointly
raussian, then these two methods are equivalent. Besides, on the basis of the Gaussian
1euristic method, the statisiical linearization coefficients are presented by more simple

»xpressions than that in the papers [1,7].
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