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MO PHONG QUA TRINH NGAU NHIEN DUNG, KHAC CHUAN
NGUYEN CAC MENH, TRAN DUONG TRi

1. DAT VAN DE

Viéc mé phéng qué trinh ngiu nhién dirng theo cdc ham mit d3 phs vi mit d& phin b8 xdc
suit da duwgc bift dén nhidu, ching han trong [3, 4, 7]... Dic biét trong [3i cdc cong thie md
phdng dwa trén khai trién Fourier rdd rac va bi€n d8i Fourier nhanh (FFT) [5] d3 t4 ra hon hin
cic phiwomg phép khac v@ thot gian tinh trén IBM-PC. Tuy v3y vite md phdng qud trinh disng b
mit d5 phin b8 xic suft khic chuin chra dwge xét d8n nhidu, mic dd ching thwdong gip trong
thwe t& Ching han qui trinh Rayleigh [2], qud trinh Makxvell [5]... ‘

Trong bii nay ching 561 dwa ra mdt cich gidl quyét vin d8 trén theo quan difm xip xi him
trong khdng gian cic hdm binh phreong kha tich L. Chwong trink tinh vi &3 thi mink hoa che
mét thi du cu thé dwoc thue hign trén PC nh ngdn ngir TURBO-PASCAL.

2. MO PHONG QUA TRINH DUNG, KHAC CHUAN

Bai todn: Hiy md phdng qui trinh ngiu nhidn dirng cé ham mit 46 phd 5,{w) v ham mat
dd phan bd xic sudt f,(z) cho trudc.

Khi f.(z) 1a chufn bii todn d3 dwoe gidi, vi vy cd thé gid thidt ring: viée tao ro cdc thé hifn
cha qué trinh dirag, chuén ¢ mat d6 phd cho truée ludn thec hidn dwoc.

Gifra céc him 5, (w) va f;(2) cin cé didu kién sau:

[ e-m s = = [ 506 (2.1)

2.1. Phét bifu mét phrong phip mé phéng
Gid st qué trinh ngiu chién dirmg {2(t)} c6 cic ham mét 35 phd 5,{z} v& mit &6 xdc suds
fz(z) cho trwée. Khi d6 cdng thirc md phéng dwoe chon 1a:
z(t) = (¢} + oacos{wot + @] + mg B o ' {z.2}
& day: .
* n(t) 15 qué trinh dirmg, chuin cé:
() =0,  Sylw) =S.(w) - {2.3)
* my = (5(t)) 14 k¥ vong cida {z(t)}

* tham s8 ¢ dwoc chon tin:
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- trwdmng hop 1:
Néu fr(z} # 0 khiz <0Ova
V=38c"—ps >0 (2.4)
thi: 1 7
a= —~—+/5V/2 (2.5)
mo?
- trwdmng hop 2:
Néu f.(z}) =0khiz < 0va
V = 32u30 + 15¢/m(30* — g} > 0 (2.6)
thi
1 14
_ 1 2.7
xo? | 6/1 (27
trong dé:

Hr = f(z “mm)kfz(m}dﬂ:

* we 13 tham 88 ty ¥ ndm ngodi mién xdc dinh cda hdm I, (w), tire 1a:
Néu 5:(0), Yw € [-B, B] = D, (| B! < o0) thi wg ¢ D,
* © 13 dai lwong ngiu nhién c6 phin b8 déu trén dogn ¢b d6 dai 2m ching han [0, 2]

2.2. Chimg minh:

Ta cé che nhin xét sau diy dwoc suy true ti€p tir dinh nghia:

Nhan xét 1: .

Gih si¥ qud trinh nglu nhién dirng {z(t)} ¢6 k¥ vong m,, phuong sai {0;)?, cdc him mit d8
phin bd x4c sudt f,(z) v mit &6 phé I,(w}. Khi d6 qui trinh nghu nhién sau:

. zit] — my,
y(t) = =t —me (2.8)
Oz .
cung i qud trinh dirng thda min:
8 {w)
me =0, 8,(w) = =5 (2.9)
fuly) = 0s foloay + ma) {2.10)

v néu goi Uiy, Hes bwong dng 1b cdc mb men trung tAm bic k cda cic qué trinh {y(2)}, {=(t)}
thi ta cé:

HEa '
by = AEE 2.11)
y (o_m]k ] ( )
T (2.8) :

x{t) = o.y(t) + mq ' (2.12)
va khi {y(t)}-cé ham mit 48 xdc sudt (2.10) thi {z{t)} & (2.12) c6 him mit d6 xic sullt cho trwde
f=(z). ' C

Nhin xét 2:
Qua4 trinh ngiu nhién sau [12]:
h{t) = acos{wgt + ) (2.13)
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trong 46 a, wo 13 cdc hing 88, 14 dai lwong ngiu nhién ¢é phan b8 ddu trén doan [0, 2r] cling 12
qué trinh dirng v ¢4 ham mit d§ phin b xdc suds cho bdi:

1
! e khi <
fuls) = wvamlse (214)
0 ¥hi |z| = ¢

Dé chirng minh cdng thirc (2.2) ta tim md phéng cho {y(t}}, sau 46 nhd {2.12) ta ¢ cing
thirc cin tim.
T (2.12) ta cé:

D’ﬂ)2

(o0 = me, Sufo) = () + "0 (0 — o)
& diy §{ ) 1i him Delta Dirdc, tir dé:
So(w) = 8(w) = Sulw) Yoo ¢ [~ B, B]
Goi 77 1& qud trinh dirng, chudn ¢6 him mit d3 phé S,(w)/o di bift, ta dit:
548) = (1) 4 a coslwot + ) (2.15)

Khi xét cdc ham mit 46 phan b8 xdc _suﬁt fe(z), fy(z} nhu b cﬁc,ph\én ti trong khéng gian
cic him binh phwong khi tich L, [9] v&i Metric p{ , } dwoc dinh nghia béi:

Vi, f2 € Lay,  pP{f1 f2) = jf (Filz) ~ f2le})?d= {2.18)

nhir viy ¢6 thé xem ¥ & y (t6c 1 fr ~ f,) néu nhu p? 40 bé. Néi cdch kbde d@ 6 ¢hé 1dy {2.15)
lim céng thic md phdng cho y(t) tham =8 a ¢in ddwoc tim tir difu kidn sau day:

s(a) = p{fr, fu) = f {fe(z,a) ~ fulz})?dz —> Min {2.17)
Ta cb:
fole,0) = Py + Jn(e)= [ fulvo)irls — sy =
_ exp({—z?/2) ¢ exp{zy — v /2) . r exp(-zy ~ ¥ /2) N
- . / {a? - 9’2)1/2‘ dy j[ (a2 — y2)1/2 dy

D3t y = esin(yp), khai tridn Macloranh céc ham dwéi ddu tich phin My dén =8 hang bac ba
vi 4p dung cdc céng thic tich phin trong (6], ta cb:

fo(m,a) = e_"fé;fijf) 14+ e Y] (218)

Ham mgt d§ f,(z) dwoc khai trién theo chudi Goram-Saclie [11] nhwr sau: 7

)= Tk o gt s B et ]
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& day do (2.18) ta cé:

= [ o= (2.20)
- 00
Tir bai todn cwe tri (2.17) nhe (2.18), {2.19) vi cic cbng thire tich phan di bidt [6] ta di dén
phwong trinh sau cho nghién cfu cin tim a:

(12 _ 5(30‘4 — ].54)
' 2mlgt

vé&i digu kién (2.4) thi (2.5) dwgc ching minh.
Khi f,(z} =0 véi z < 0 bai todn cwe tri (2.17) trd thanh:

e{a) :J[((fg(z, a) — f,(z))*dz ~— Min (2.21)

Ly luén twong tw nhw trén, véi didu kién {2.6), hé thic (2.7) dwee chimg minh.

Nhir vy, khi mé phéng qué trinh dimg, khde chuin trwéc hét ta mb phdng qua trinh dimg,
chuan theo ham mat d6 phé da cho, sau dé kiém tra didu kién (2.4) hodc (2.6) cho ham mait d¢
phin b3 x4c suit d€ xdc dinh tham sd a theo (2.5) hodc (2.6) cho céng thirc mé phdng (2.2).

3. MOT VAT THI DU

Gid stk cdc qud trinh nglu nhién dwoc xét san day Ia dirng, S;{w) vA fo(z) 12 cic him mit
dd phé, mit d§ phin phéi xdc suit cda ching. Tinh cdc mémen trung tim theo cdc mémen twong
trng xem trong {10j.
Thidyl
‘ khi |zl <b

khi |z > b

folz) = {

S

Og’..lw

Ta cé: my =0, 02 =5%/3 | pus = b1/5
Do (2.1) nén:
1/2

b= 6[5;@)@;
J :
Do V = 2b*/15 > 0 nén a = (3)1/2/x cho nén:
o,
z(t) = n(t) + - cos{wgt + )

14 m& phéng cn tim cho qud trinh dirng, phin b8 déu trén doan [—b, b].
Thi du 2

fm(u"i) = ;—(2“%{75 exp ( — :1:2/202)
do

2k)! |
Hox—-1 =0, H2k = (Zkk)' JZk: k= 1;2:31‘--‘

© nén py = 30* do d6 a = 0 v3 z(t) = n(t).
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Nhw viy d8i v&i qud trinh ding, chuin thi cdng thitc md phéng (2.2) véi dien kién {2.4) cho
ta k& qud ding (chtr khéng phéi gin ding) cia him mit do phin bd x4c sudt.
Thi du 3

Zz .2 2 . -
fulz) = { o2 exp (— z%/(2c)) khi >0, ¢>0 (3.1)
o . 0 khi =<9
(Him mit do Rayleigh)
Ta ¢é:
mg = c{m /)2 pp =0 =4 - 7m)/2
o = {m = 3)(m/2) M py =t (32 - 307 /4
Dé thda man (2.1) tham 58 ¢ dwge chon i
o /2
. 4 fS(w)dw 3.2
£ =
47 (3.2)
G
Thee (2.6) thi:
Vo= ()2 [16(r — 3){4 — )¥/% + 15(3x% — 127 + 8)/2] (3.3)

Tinh trén PC-AT theo ngdn ngit Turbo-Pascal s& 7 = 3, 145926535897932385 (ché d5 dich
8087/80287) ta ¢d V > 0, nén cé a dwoc tinh theo (2.7). Viy:

z{t) = n{t) + vacos{wot + ) + m, {3.4)

Ta bidt ring [2] vin t8c séng bién 14 qué trinh nghu nhién dirng <6 mat dé phé 5w la:

Sulw) = 0 Sp_y(w) (3.5)

& ddy: _ o
S sal) = acexp ( - daeg? /({2 fu” (1.6)

14 him mis 45 ph8 Plerson-Moskowitz trong d6 «, H,, ¢ 13 cic hing «8 khéng ngiu nhidn . Cid st
ring ham phin b8 xdc sudt cia van t8c séng bién 12 ham Rayleigh {3.1) véi tham s8 ¢ xdc dinh
hdi (3.2). : _

Véia = 0,0081, I, = 4,3, g = 9,81, N =512 1 5§ difm tinh cho mbi thé hitn dang {3.4),
mitn r&i rac cho Sp(w) 1a {w : S; < & = 0,001} thi d6 thi cda Sy(w), fo{z) cho bdi hink v& 1,
2. Thé hién cia qui trinh dang dwece xét dang (3.4) ciing véi cac ham mat d5 phé, mat 45 phin
bd x4c suit tinh dwoc tiy thé hidn d6 cé d8 thi cho trén cic hinh vE §, 4, 5. Khéng kho khin b
thé chirng minh ring qué trinh dirng Rayleigh qua mdt phép bién &8 tuyn tinh vin 1A qua trinh
Rayleigh vi binh phwong cda nd qué trinh x2 (KEi - binh phwong) hai bic tw do [5] nén khi tinh
wée lwong cda mat 46 phd tir thé hién theo bi€n déi Fourier rir rac, ¢6 ap dung bifn d8i Fourier
nhanh, phép IAm trom ciing dwge lam tron nhw d3 lim cho qud trinh chuin. Viéc tao s& ngiu
nhién ¢é'phin b3 d8u trén doan [0, 1] xem [7, 8] dwoe thé hién trong chwong trinh cé k&t hop véi
st dung him miu cia Turbo - Pascal.

Thi du 4 .

2

| D/ ey (- P0)  Kbi 220

0 khi z <0

folz) =

(Qud trinh Makxvell) {5].
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" Tinh trwe ti€p, difu kitn (2.6) & diy ciing dwoc thda méin. Him mit 6 phin bd xa’.cguﬁt'
clia qud trinh Makxvell cling bat bién qua phép hién ddi tuyén tinh va binh phwong cda né liqué
trinh x? {Khi - Binh phwong) v&i ba bic tw do. Vi viy thudt todn trén cling 4p dung dwec cho
qud trinh nay.

5(a)

Hinh. 1. Mit db phd vin téc séng tir mat 46 phd P-M.
N =512 page =1, maxpage = 1,
= —9.500F + 0000, b = 9.500E + 0000, ¢ = 0.000E + 0000 d=1. 124E+ 0000.

p{x}
d

Hinh. 2. Ham mit 4§ xdc suft Rayleigh.
N =80 page =1 maxpage =1,
e = ~1.238FE+ 0000, b = 6.538E + 0000, ¢ = 0.000E + 0000, d = 3.216R — 0001.
X(1) '
d

Hink. 8. Mé phdng tir mit 46 phé & mit 46 Rayleigh.
N =511 page =1 maxpage = 1,
a = 0.000E + 0000, b = 1. 603E +0002, ¢ = —1.233E + 0000, d = 6.588E+ 0000.
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Hinh. 4. Mat % ph8 (Céng cos) tir X(¢).
N =512 page =1 maxpage = 1,
1= -—9.500E+ 0000, & = 9.500F + 0000, ¢ = 2.329F — 0003, d = 1.120E + 06000

a1

plx)
d

e J\M

—

L
o

a 3

Ly
. B/
' %
Hinh. 5. Mat d6 xéc sudt thyc nghiém tir X (t).

N =80 page =1 maxpage = 1,
a= —1.238F 4+ 0000, b = 6.538F + 0000, ¢ = 0.000F + 0000, d = 4.019E — 0001

4. KET LUAN

Phwong phip mé phdng qua trinh dirng, khic chuin d3 néu trén dea trén quan diém xap xi
ham vi mé phdng cda qus trinh dirng, chudn da bigt. C4 thé mé rong k& qu trén khi him mit
dd phin b xéc suit khong thda min ditu kitn {2.4) hay (2.6) bing c4ch 18y thém céc s8 hang
trong khat trién (2.18}, {2.19). Sau &6 tham s8 a s& 12 nghiém thwc cia mdt phwong trinh dai s8
bic 14n hon hai. N&u nghiém ding khéng tim dwoc ¢6 thé dp dung céch tim gin ding [1]

Pia chi: Nhin ngdy 29/4/1992
Vién Co Vién KHVN '
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SUMMARY

SIMULATION OF STATIQNARY, NON-NORMAL RANDOM PROCESS

Simulation of stationary random processes specified by spectral density function and Non-

Normal probability density function has been rarely studied, though the these processes are often
met in both theory and pratice.

In this paper we consider a simulation method which can apply to the mention - above process-

es. The main idea based on the simulation of the Normal process and approximation of functions
in the space of quadratically intergrable functions. The numerical program for illustration of the
method is written by Turbo -'Pascal language.

SU HOI TU CUA PHUONG PHAP BIEN THE .

(ti€p trang 9)

SUMMARY

ON THEl CONVERGENCE OF THE MODIFIED METHOD OF ELASTIC SOLUTION
IN THE THEORY OF ELASTO-PLASTIC DEFORMATION PROCESSES

The modified method of elastic solution in the theory of elasto-plastic deformation processes

had been proposed in [1]. In this paper, through the numerical solutions of two elasto-plastic
problems the convergence and the convergence rate of this iteration method are con51dered
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