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MO DAU

Trong cic phwong phap nghién cGu hé co hoc phi tuy&n phuong phap tuy&n tinh nghu nhién
{stochastic hnearlzatlon) I3 mdt phue’ng phip ¢6 hidu qud vd d& sd dung do khai thac dwee cac
cbng cu cta If thuyét hé tuyén tinh. Y twdng chinh cda phuong phip tuyen tinh ngiu nhiéa 13
viéc dwa hé phi tuy&u cin nghién cifu vé mét hé tuyén tinh véi cic hé s8 twong dwong dwge chon
theo mat tidu chufin t8i wu ndo dé |1, 2, 3]. Céc tidu chuln t8i wu thay thé phwong trinh phi tuyédn
bing phuwong trinh tuyén tinh rit da dang. P& dinh gid mét xip xi thu dwoc 13 8t hay khéng
ngwdi ta thwdng so sanh né véi nghidm chinh xic di biét hodc nghidm thu dwoe bing mé phéng.
Vi hé phi tuy#n khdc hé tuyén tinh rat nhigu, do d6 nhw nhidu tdc gid d2 nhin xét phweng phép
tuyén tinh ngiu nhién cho cdc két qud khéng thda man d6i véi cic hé phi tuyén manh. Trong
nhirng nidm gin diy nhidu cdéng trinh da cJ ging ning cao @8 chinh xdc c¢da phiromg phip tuyén
tinh ngﬁu nhién {4, 5 6). Trong bai bdo ndy cic tic gid d& nghil mét thuit toan phét trién phuong
phap tuyn tinh ngdu nhién nhim ddm bio dd chinh xic cia nghiém gin déng cho h# phi tuyén
yéu ciing nhw phi tuyén manh. .

1. HE TUYEN TINH TUONG DUONG

D@ dé hi€u cic y twdng clia phuong phip ta xét hé co hoc mét bic tw do v lwe dan hdi phi
tuyén

" 4 2hz’ 4+ Wiz 4yt = w(t) (1.1)

trong d6 n 13 s8 nguyén dwong, w(t) - qua trinh ngiu nhién 5n tring chusin ¢6 ky vong bing khéng

va

(wltjwle+r)) = 6(r) {12
{ Y1a phep tinh 14y trung binh ngiu nhién, 6(r} - him suy rong Pirac. Theo phuong phip
tuyén tinh ngiu nhién, ta thay phwong trinh {1.1) bing phwong trinh tuyén tinh
" 2hx'+w2z+7kx = w(t] S (1.3)
hé 56 twong dwong k dwoc chon sac cho hidu hai phwong trinh (1.1) va (1.3} dat cwe tiéu theo
nghia binh phwong trung binh: '

({(z2™*! - kz)?) — min (1.4)



Tir d6 suy ra
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o )

Kozin [7] 44 chi ra ring néu cdc mémen (22”72}, (z%} trong (5} dwoc tinh theo h& gdc {1.1) thi
phwong trinh (1.3) s& cho gid tri chinh xdc cda {z*). Tuy nhién, nghiém cia phuong trinh (1.1)
13 chwa bift, do d6 ngudi ta phii tim céch tinh gin ding bidu thic (1.5). Theo cdch kinh dién
ngudi ta gid thidt 1i cic mémen trong {1.5) dwoc tfnh theo hé tuyén tinh {(1.3). Do w(t) 1A qua
trinh chuin nén ta cé

k=

<22n+2>

{z*)
Viéc thay hé phi tuyén gdc (1.1) bing hé tuyén tinh (1.3) trong d6 ha s8 twong dwong k& dwge tinh
theo {1.6) 12 ndi dung cda phirong phip tuyén tinh ngidu nhién kinh dién {1, 2]. Nhw d3 trinh bay
& phin mé& diu, do hé phi tuyén khic hé tuyén tinh nhidu nén viée tinh gin ding gid tri & (1.5)
theo phuong trinh tuyén tinh (1.3) din dén sai s8 khéng chip nhin dwec khi hé géc (1.1} 14 hé
phi tuyén manh (v > w?). Do d6 viéc tinh toin k nhu thé nao 13 ndi dung cda nhidu bai bio 43
céng bs. Trong [6] da xét 2 trudng hop t61 han ¢da hé gée (1.1} khi v =0 vd v — oo, qua dé da
dwa ra cdng thic tinh gin dding k nhw sau

P = (2n+ )N (2n+ 1)1 = 1.3..(2n + 1) (1.6)

(21 + 1)Mw? + kooy

k=
w? 4y

(1)

koo [(2n+ 1) L((4n +3)/(4n + 2)) ] _ (1.8)

reti((2n + 3)/{4n + 2))
trong d6 I'( ) 13 him s8 Gamma [8]

M3t huéng khdc [5] 48 nghi hé s8 tuyén tinh k trong {1.3) duo’c tinh trén co s& hifu cdc him

thé ning ciia 2 hg {1.1) vd (1.2) dat cwc tiéu nghia binh phwong trung binh

( (’Y p2e+2 B 7!C"Ii)z ) . niin (1‘9)

2n+ 2 2
véi vt (2n + 2],7 +vkz? /2 13 cdc him thé ning twong ¥ng cda hé (1.1) va (1.3). Tir (1.9) ta cb

( 2n+4>

T (i
Ti€p theo {z?**%) (z) lai dwoc tinh theo hé tuyén tinh, tic 1 theo {1.6). Dudi diy 1a mét cich
tim hé s8 k do cic tac gid bdi bio d& nghi. Truwéc hét ta nhin xét ring viéc thay thé phwong
‘trinh (1.1) bing phwong trinh (1.3) téc 13 thay =2**! bing kx. D§ 1éch cda 2 s8 mi twong tng
1 (2n+ 1) — 1 = 2n. D léch ndy di tao ra sy sai 28 cda nghiém D& gidm &5 1éch ndy, theo quan
ni¢gm cla cic tdc gid cé thé thuc hién bing cdch ning s8 mi cia z?"! ]én mét mirc ding bing
d% 1éch 2n. Nhw viy ta c6 qué trinh thay thé sau:

(1.10)

mZ?L"fl - k1I4u+1 _ k1k2z2n+1 — ke (111)
Dé tinh ki, ks, k ta chon t8i wu theo nghia binh phwong trung binh théng thudme:
n 2 .
<($2 +1 _ k1$4n+1) )_‘ n;iin
13 2 :
((klz4"+l ke henz? +1) } -~ min (1.12)

((kykaz®™ ! — kz)?) — min
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Tir (1.12) ta cd:

<$6n+2'\ <‘$Gn+2)

s e 0 BT ey (1-13)
vi sau hét
Gr+2y2/ 2n+2
o ey -
(:c?""fg)(z4"+“)(a:-)
Ti€p theo cdc mémen trong (1.14) dwgc tinh theo (1.6) din d&n
2
6n+ )M (2n + 1

= I L ) z5)" (1.15)

(8n+ 1)1 {4n + 1)!

Nhw viy phuo‘ng trinh phi tuyén (1.1) dwgc thay thé bing phuong trinh tuyén tinh (1.3)
trong dé hg s k tinh theo {1.15).
D& danh gid mic chinh xdc cla thuit todn d& nghi, ta dng dung cho he Dufhing

2" + 2hz' + wls +yz® = 2V hw(t) {1.16)

trong d6 w{t) 13 qud trinh 5n tring chuin (1.2). Phwong phip tuyén tinh ngiu nhién kinh dién
(1.3), (1.6) dwa dén phuong trinh tuy&n tinh sau:

2+ 2ha’ + Wz + 3y(s%)z = 2V hw(t) _ (1.17)

Thuit todn Anh-Schiehlen (1,3), (1.7) dwa dén

3 2,1478
I"+2hir+wgz+’7~ww—t_.__,rm ) _2\/;1‘1,.') (118)

Thujt toin Elishakoff-Zhang (1.3}, (1.10) dwa dén

"+ 2ha’ +wiz+ ng(zz)m = 2\/;L-w(t) (1.19)
Thuaf.t.to:'m cla cic tdc gi (1.3), (1.15} dwa dén

" + 2ha’ + wis + 7'7 Vo = 2vhw(t) - {1.20)

3
Cic phwong trinh tuyén tinh (1.17), (1.20) cho cic.nghiém gin déng twong dmg sau:

—w? 4+ yJwl + 124

2y _
(a7) = = | (1.21)
(22) = Vwt + 44 - w? ) = Jw?y + 2, 1479° (1.22)
L 2X ! w? 4 o )

2 i

2y W+ /w? + 10y
{z°) = _— {1.23)

5 —3w? + /9w? + 84~y
(%) = e {1.24)

Sy 5o sanh cic nghiém gin ding (1.21) - (1.24) nhin dwgc bing cic thujt toin khic nhau véi
nghiém chink x4c (£?), ., cda hé Duffing (1.16} cho trwdng hop w = 1 dwoc thé hién trong bing 1.
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Bdng 1. So sanh cic nghidm gin dding

{2?) {z?) (1.23) {z?) (1.22) {z?) (1.24)
: Elishakoff- Anh-

2 Classical Paola-Anh
N i (5)e0 assicas Zhang Schiehlen acla-fn
1 0,01 0,9721 0,9717 0,9762 0,9718 0,9777
2 0,1 0,8176 0,8054 0,8284 0,8088 0,8367
3 1,0 0,4679 0,4343 0,4633 0,4586 0,4745
4 10,0 0,1889 0,1667 0,1810 0,1907 0,1867
5 100,0 0,0650 0,0561 0,0613 ' 0,0658 0,0634

\ .

Qua bing 1 ta nhin thiy cic nghiém gin ding (z?) (1.22), (1.23}, (1.24), thu dwge bing céc
thuit todn cdi tién gin nghiém chinh xdc {z?),, trong ci hai trudrng hop hé phi tuyén yéu (v - -
nhd) vi hé phi tuyén manh {y - 1én), trong khi nghiém (z?} (1.21) thu dwoc bing phwong phip
tuyén tinh twong dwong kinh dién chi chip nhin dwec khi  twong d3i nhé . Qua bing 1 ciing cho
thay két qui xip xi cda chc tic gid &8 nghi dao déng xung guanh, 1é6m hon hoic nhé hon nghiém
chinh xic. '

2. HE CO LUC CAN PHI TUYEN
Ta xét hé co hoc mét bic tw do ¢d lwe cin phi tuyén dang saﬁ:

2"+ 2k’ + B’ + 7 = 2VAW(¢) (2.1)

trong d6 W{t) 13 qui trinh on trdng chuin (1.2). Khic véi hé Duffing (1.16), hé ¢é cdn phi tuyén
{2.1) chwa ¢ 1& gidi chinh xdc, Theo tw twémg cla phwong phdp tuyén tinh ngiu nhién ta thay
phwong trinh (2.1) bdng phwong trinh tuyén tinh:

2" + 2k’ + dz’ + z = 2VRW(E) ' (2.2)

trong dé hé s8 twong dwong d s€ dwge tim theo cic thujt todn khic nhau,
- Theo thuit toin kinh dién, d tim tir diu kién:

(82" - da')*) — min (2.3)
tir 44
4 : |
- Theo thuit todn cda Elishakoff - Zhang, d tim tir digu kién:
B 4 d m\? .
<(4x T2 ) )Hn’i}“ ' - (28)
suy ra
B(=) 5, .
d= 2 '276(2 } (2.6)

- Theo thujt todn cda cic tac gid, d dwoe tim tir cdc digu kign:
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( (ﬁz’3 - dlr'5)2> — min : (2.7)

d;
< (dlx's - dg:c's)2> — n‘}in (2-8)
{ (daz" — dz )2> — mdin (2.9)
tir dé
d=3 (' )2<$' } _ Zﬁ(zfz) (2.‘10)

@) ) 3
Thay (2.4}, (2.6), (2.10) vio (2.2) ta Iin lwgt thu dwoe cdc nghiém gin ding sau:
- Nghidm gin ding theo thuit todn kinh dién

—1+4/1+ 128 12
(=" = (2.11)
64
- Nghigm gin diing theo thuit todn Elishakoff - Zhang:
-1 4 =1+ 14105 1+ 104
(') = (2.12)
58
- Nghidm gin ding theo thut todn cda cdc tdc gik:
=3 ++/9+ 84
(o7 = 2T VO 84P (2.13)
145
Bdng 2. So sinh cic nghiém gin ddng cda phrong trinh (2.1)
N 8 (=) [2] (z'%) (2.11) (z'?) (2.12) (z'®) (2.13)
1 1 0,4556 0,4343 0,4633 0,4745
2 2 0,3537 0,3333 0,3583 0,3680
3 3 0,3017 0,2824 0,3045 0,3132
4 8 0,2000 0,1844 0,2000 . 0,2062
5 9 02,1899 0,1748 0,1898 0,1957
6 10 0,1813 0,1667 0,1610 0,1867

Céic nghiém gin ding (2.11} - (‘2 13) vo’i cac gid tri khdc nhau cla £ dwgc thé hién trén bang
2, trong 46 dwa thém vio nghidm gin dung [2 ] thu dwoe bzmg phu'crng phap khép kln khéng
chuin ¢ip 4 (xem {2]). Ta nhin thiy ring cic nghiém gin ding (z [2] ) (2.12), { ) (2. 13)
lip thanh mét nhom khd gin nhau trong khi nghiém thu dwoc theo phu'crng phip tuyén tmh ngiu
nhién kinh dién {z' ) (2.11)} déng tach riéng bigt.

KET LUAN

Viée d& ra cdc thudt todn cii ti€n nhim ning cao dd chinh x4c clia phwong phip tuyén tinh
ngiu nhién cho cd trrong hop Lé phi tuyen manh hién dang 12 mét hwdng dwoe nhidu nhi nghién
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cu quan tAm gidi quyét. Thult todn do cdc tic gid d& nghi ciing d& 4p dung nhu thuit todn kinh
dién. Qua so sinh véi cdc thuit todn cdi tién khac, thudt todn cla cic tic gid cho nhivng két qui
kh4 t&t trong 2 hé véi lwe din hdi va cdn phi tuyén riéng bigt.

L&l cAm on. Céng trinh dwoc s tii tro cda chwong trinh nghidn ciu co bdn trong khoa
hoc tw nhién.

Dia chi: Nhin ngay 25/8/1988

Téng hep Palermo. Italia

Vién Co hoc, Hanot Vietnam
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SUMMARY

ON AN EXTENSION OF THE STOCHASTIC LINEARIZATION

Stochastic linearization method is one of the most useful tools for analysis of nonlinear systems
under random excitation. The fundamental idea of the classical stochastic linearization consists in
replacing the original nonlinear equation by a linear one in such a way that the difference between
two equations iz minimized in the mean square value.

- In this paper a new version of the stochastic linearization is proposed. It is shown that for
iwo nonlinear systems considered the new version gives good results for both the weak and strong
nonlinearities.



