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MO PHONG QUA TRINH NGAU NHIEN DlTNG, KHAC CHUAN 

-<( ... 'I. ; 

NGUYEN CAO M~NH, TRAN DUONG TRI 

v • ' 
1. D~T VAN DEl 

Vi~c mO ph6ng qui trlnh ng~u nhi&n d1mg theo cic ham m?,t d{) ph5 .vi m~t d{J ph£n b6 xic 
suJ:t da drrgc bie't de'n nhieu, ch~ng h~n trong [3, 4, 7] ... D~c bi~t trong [3] cic c6ng thiTc mO 
phOng dva tren khai tri~n Fourier rCri r~c va bie'n d5i Fourier nhanh (FFT) [5] eta t6 ra han hin 
d.c phuang phip khic v'e thCri gian tinh tren IBM-PC. Thy v~y vi~c m& ph6ng qui trlnh dlrng c6 
m~t d9 ph§.n. b5 xic su5:t kh<ic chuin chrra drrqc xet de'n nhi'eu, m~c dU chUni thtrCrng g~p trong 
th'!c te'. Ching h;tn qua trlnh Rayleigh [2], qui trlnh Makxvell [5] ... 

Trong bii nay chling tOi drra ra mQt each gilri quygt va':n d'€ tr€n thea quan di.em xgp xi ham 
trong khOng gian cic ham b'mh phll'ang khi tich L2 • Chuang trlnh tinh vi dOth~ minh h9a cho 
m<)t thi dlf elf thj dU"'!c thv·c hi~n tren PC nhiY ngon ngfr TURBO-PASCAL. 

A ' ~ " " ,; ~ 
2. MO PRONG QUA TRINH DUNG, KHAC CHUAN 

Bai toan: Hay mO phdng qui trlnh ngiu nhien dU·ng c6 ham m%t c19 ph5 Sx(w) va him m~t 
d{l phan bi) xic suift fx(x) cho tru·&c. 

Khi fx(x) Ia chugn bli to<ln di drrqc giru, vi v~y c6 thg gilt thie't r~ng: vi~c t<;to r11 d.c th~ hi*n 
ella qua trlnh dlrng, 'chuin c6 m%t d{> ph~ cho tnr&c luOn thvc hi~n (hrqc. 

Gifra c<lc ham Sx(w) va fx(x) c'an cO di~u ki~n sau: 

= = J (x- m,j2 fx(x)dx = cr2 = J S,(w)dtv (2.1) 

-= -= 

2.1. PMt bi~u mqt ph1rOTig phap mo phc\ng 

Gi!t"srl- qua trlnh ng[u nhi€n dtrng {x(t)} c6 c<ic h3.m m~t d? ph5 Sx(x) va m%t cl? x<lc suit 
j,(x) cho trm'rc. Khi d6 cong thU·c mil phong drrqc. chgn la: 

x(t) = ~(t) +era cos(wot +I")+ m, 

& day: 
* 77(t) Ia qui trlnh dlrng, chu~ c6: 

(ry(t)) = o, 

* m, = (x(t)) lit ky vgng da {x(t)} 
* tham sO: a d1.1"9'C chgn tir: 

19 

(2.2) 

(2.3) 



- tnrlmg h'!P 1: 
NSu fx(x) i 0 khi X < 0 va 

v = 3o-4 
- 1'4 2: 0 (2.4) 

thl: 
(2.5) 

- tnrlmg h'!P 2: 
NSu fx(x) = 0 khi X< 0 va 

(2.6) 

thl 

(2. 7) 

trong d6: 
00 

l'k = J (x- mx)k fx (x)dx 

-00 

* Wo 13. tham sO' tUy y nlim ngoai mien xac dinh ella h3.m Bx(w), tU:c 13.: 
N&u Bx(fl), Vw E [-B,B] = D,(IBI <co) thiwo cfc D, 
* IP li d<_i.i lrrgng ng5.u nhien c6 phin bb d'eu tren ~o~ c6 dQ d3.i 211" ch£ng h~n [0, 211"]. 

2.2. Chli-ng minh: 

Ta c6 cic nh~n xet sau diy drrqc suy trv-c tie'p tl.r d!nh nghia: 
Nhan xet 1: 
Gilt ·su- qui trinh ng~u nhien dlrng {x(t)} c6 kY v9ng mx, phrrO'llg sai (ax) 2 , c3.c him m~t d9 

phtin bO' xac suat fx(x) va m%t dQ ph5 Sx(w). Khi d6 qui trlnh ng[u nhien sau: 

"() x(t) -mx y t = -'-''---=-
O"x 

cling ll qui trlnh dirng thOa min: 

(2.8) 

(2.9) 

(2.10) 

va nSu g9i l'ky, l'kx tu-o-ng rrng Ia cac mo men trung tam b~c ·/;: Cll.a cac qua trlnh {y(t)}, {x(t)} 
thl ta c6: 

T\r (2.8) : 

l'kx 
l'ky = (o-x)k 

x(t) = O"xy(t) + mx 

(2.11). 

(2.12) 

va khi {y(t)} co ham m~t dg xac suitt (2.10) thl {x(t)} & (2.12) co ham m?-t d(i xac suilt cho tru-6-c 
fx(x). 

Nhan xet 2: 
Qui trlnh ngliu nhien sau [12]: 

h(t) = acos(w0 t + <p) (2.13) 
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trong d6·a, w 0 H. cic h~ng-sO, rp 1a d<;ti hr9'11g ngiiu nhien cO phan bei d'eu tren do~n [0,21r] ciing 1a 
qui trlnh dirng va c6 hlm m~t d(_) ph an bO xic suat cho bCri: 

khi [xJ :': a 

khi Jx[ 2: a 

(2.14) 

vg chli-ng minh cong thfrc (2.2) ta tlm mo phong cho (y(t)}, sau d6 nhlr (2.12) ta co cong 
thifc can tim. 

Tir (2.12) ta c6: 

(x(t)) = m., 
( ua) 2 

Sx(w) = S(w) + --5(w- w0 ) 
2 

& day 5( ) Ia hii.m Delta Diriic, tir d6: 

Sx(w) = S(w) = Sx(w) 'lwo i/c [-B, Bj 

G9i Yj ll qui trinh dirng, chuin c6 him m~t d(_) phd Sx(w)jcr Ga. bie't, ta d~t: 

E(t) = i](t) +a cos(wot + p) (2.15) 

Khi xet cic ham m~t d(_) phin b5 xic suS:t h:{x), /y(x) nhu hl cic.ph'an tti- trong kh&ng gian 
cac ham blnh phmmg khlt tich £ 2 [9] v&i Metric p( , ) chwc dinh nghia b&i: 

= 
'If,, hE £2, p

2 (h, fo) = I (fr(x)- h(xWdx (2.lfi) 

-~hu v~y c6 th~ xem 'E::::;;; y (tiTc ll fE ~ /y) ne'u nhrr p2 dt'r be. N6i cich kh.ic d.~ c6 thg liiy {2.15) 
lim c&ng thU.c mO phOng cho y(t) tham sO a c'an dd1rqc tlm tir di€u ki~n sau d3y: 

TacO. 

= 
' <(a)= p2 (JB, /y) = j (h(x, a)- /y(x)) 2 dx --• Min 

-= 

= 
fr;(x,a)=Fii * !H(x)= I !H(y,a)fii(x-y)dy~ 

-= 

(2.17) 

D~t y = a sin( c,o), khai tri~n Macloranh d.c ham dtr6i. diiu tich ph3.n lJ:y O.e'n sO h~ng bf.tc ba 
va ip d1].ng cic cOng thll:c tich phin trong (6], ta c6: :I 

(2.18) 

Him m~t d9 /y(x) drrqc kh~i trign theo chu6i Garam-Saclie [11] nhrr sau: 

1 + ~.~(x - 3x) + '---, -(x -- 6x + 3) + ... 
[ 

Jl-3 3 u4 - 30"4 4 2 l 
3!0"3 4!a-· 

(2.19) 
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b day do (2.16) ta c6: 
= 

!'k = J (x- m,)k fx(x)dx, <r
2 = 1'2 (2.20) 

-oo 

Tlr bai toan cv:c trj (2.17) nha (2.18), (2.19) va cic cong thrrc tich phan dii bi~t [6[ ta di d~n 
phrrcl'ng tTtn~ sau cho nghien cli-u c'a.n tim a: 

v&i dih ki~n (2.4) thi (2.5) duvc chrrng miuh. 
Khi fx(x) = 0 v&i x < 0 bai toan cv:c trj (2.17) trb thanh: 

00 

o(a) = J((JB(x,a)- jy(x)) 2 dx ~ Min (2.21) 

0 

L:Y lu~n tU'ang tv nhu tren, v&i di'eu ki~n (2.6), h~ th-frc (2.7} du-qc chtl-ng minh.-
Nhrr v~y, khi mO phdng qui trinh dirng, khic chulin tru-Crc hg't ta m& phdng qui trlnh dirng, 

chuin thea ham m~t d9 ph5 da. cho, sau d6 kifm tra di~u ki~n (2.4) ho~c (2.6) cho him m~t d9 
phan b5 xac sugt M xac djnh tham s5 a theo (2.5) ho~c (2.6) cho cong thrrc mo phdng (2.2). 

3. MQT V AI THi DTJ 

Gi~ sd- c<lc qui trinh ng~u nhi€n dm;rc xet sau diy 13. dirng, Sx(w) vi fx(x) Ll cic him m%t 
d$ ph5, m~t d9 phin phb'i xac sufi:t ella chling. Tinh c3c mOmen trung tim thea cic mOmen tu-ang 
rrng xem trong [10]. 

Thi dv 1 

fx(x) = { 2

1

b 

' 0 

Ta c6: mx = O, CJ
2 = b2 j3, J.,t 4 = b4 /5 

Do (2.1) nen: 

khi [x/ ~ b . 

khi [x[ > b 

b = C l S,(w)dw) 

112 

Do V = 2b4/15 2:0 nen a= (3) 112 j,. cho nen: 

b 
x(t) = ry(t) +- cos(wot + ;o) ,. 

1a. mO ph6ng c)n tlm ·cho qui trlnh dirng, phtin b5 d~u tr€.n do~n [-b, b]. 

Thl dv 2 

do 

fl2k-1 = o, (2k)! 2k 
Jl2k = 2kk! (j , k = 1, 2, 3, ... 

nen 1'4 = 3a4 do d6 a= 0 va x(t) = ry(t). 
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Nhu- v%y doi v&i qua 1rinh dirng, ehuiin thi c&ng thrre mo phclng (2.2) v&i dieu kien (2.4) eho 
ta b~·t qui dUng (chiT khOng phii g'an dUng) cUa him m~t d9 phiin bO xAc suilt. 

Th! dv 3 

(Ham m%t di) Rayleigh) 
Ta c6: 

khi 

khi 

X 2: 0, C > 0 

x<O 

mx = e(T;/2) 112
, 1'2 = a2 = e2 (4 ~ 1r)j2 

JJ.3 = c3 (1r ~ 3)(rr/2) 1 12
, 1'4 = c4 (32 ~ 3rr2 )/4 

D~ thcla man (2.1) tham soc duye eh9n !a: 

( 

= ) 1/2 

c = 
4 
~ 1f [ S(w)dw 

Thea (2.6) thi: 

(3.1) 

(3.2) 

(3.3) 

Tinh tren PC-AT theo ngOn ngfr Turbo-Pascal sO 1r = 3,14592653.5897932385 (che' d9 djch 
8087 /80287) ta e6 V > 0, nen e6 a drrae tinh theo (2.7). V%y: 

x(t) = ry(t) +a a eos(w0 t +I")+ mx (3.4) 

Ta bie't r~ng [2-] v~n t5c sOng bi€n lit qui trlnh ng~u nhien di:mg c6 m~t dQ ph5 S,_(w) la.: 

(3.5) 

& day: 
(3.6) 

li ham m%it dQ ph& Pierson-Moskowitz trong d6 ex, Hz, gla. cic hlng sO kh6ng ng§..u nhien. Ci& stl· 
d.ng him phim bO xa.c su5t ella v%n tOe s6ng bi€n Ia. hAm Rayleigh (3.1) v&i tham sOc x<ic d!nh 
b&i (3.2). 

V&i o: = 0,0081, Hz= 4,3, g = 9,81, N = 512li sO digm tinh cho mbi th& hi~n d~ng {3.4.), 
mien reri rae eho Sx(w) Ia {w : Sx < e = 0,001} thi do thi e1h Sx(w), fx(x) eho b&i hlnh ve 1, 
2. Th~ hi~n crl.a qui trlnh dang drrqc x€t dq,ng (3.4) cling v61 cic h~un m~t dQ phO, m~t d¢i phdn 
bO xic suat tinh drrgc tir thg_ hi~n d6 c6 ci'O th~ cho tren d.c hlnh ve 3, 4, 5. KhOng kh6 khan cb 
thf clni-ng minh rlng qui trlnh dirng Rayleigh qua m,¢it ph€p bien c16i tuyen tinh v~n li qui trlnh 
Rayleigh va binh phrrang ella n6 qua trinh x2 (Khi- blnh phrrang) hai bae trr do [5] nen khi tinh 
rr&c hrqng nla m~t dt$ ph~ dr thf hi~n theo bie'n d5i Fourier rOi. r;:tc, c6 ip dvng bie'n dOi Fourier 
nhanh, ph€p lim tran cling Ch.rqc lam tr011 nh1f di lim cho qui trlnh chuan. Vi~c t~o sO ngAu 
nhi€n c6 'ph5.n bO Ci'eu tr€n do~n [0, 1] xem ,[7, 8] drrsrc the hi~n trong chrro-ng trlnh c6 k€t hqp v&i 
s-d- dvng ham m~u ella Thrbo -.PascaL 

Thi dv 4 

fx(x) = { 

(Qua trlnh Makxvell) [5]. 

2 

x
3 

(2/rr) 1
/ 2 exp ( ~ x2 /(2c2

)) 
c 

0 
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· Tfnh trl)'c tiep, dih ki~ {2.6) & day ciin~ dm!c th6a man. Ham m~t d9 phiin b5 xac ~ua:t 
cUa qua trlnh Makxvell cling bat bie'n qua phep ~ie'n d5i tuye'il tinh vi ~lnh phtrong cU. a n6 Ii'"'qua 
trlnh x2 {Khi - Blnh phrr=g) v&i ba b~c tl)' do. Vl v~y thu~t toan tren ciing ap d\lng drrqc cho 
qui trlnh nay. 

Sin) 

c 

Hi.nh. 1. M~t d9 ph& v~n t6c sOng tir m~t ct{> ph& P-M. 

N = 512 page = 1, maxpage = 1, 

b 
Q 

a= -9.500E + 0000, b = 9.500E + 0000, c = O.OOOE + 0000, d = 1.124E + 0000. 

a 

p(x) 
d 

c b 

H1nh. 2. Ham m~t d9 xic su8:t Rayleigh. 

N = 80 page = 1 maxpage = 1, 
a= -1.238E + 0000, b = 6.538E + 0000, c = O.OOOE + 0000, d = 3.216R- 0001. 

X(t) 
d 

a 

c 

Hinh. 9. Mi> phdng tir m~t d9 ph5 & m!-1 di) Rayleigh. 

N = 511 page = 1 maxpage = 1, 

b 
.t 

a = O.OOOE + 0000, b = 1.693E + 0002, c = -1.233E + 0000, d = 6.538E1+ 0000. 
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Sin) ~ 

~~ 

r 
---4--~~==~--7,~--~~~~--~-~ 

Hinh. 4- M~t dq phil (Cling cos) tir X(t). 
Q 

N = 512 page= 1 maxpage = 1, 
a = -9.500E + 0000, b = 9.500E + 0000, c = 2.329E- 0003, d = 1.120E + 0000 

plxl 

0 

d r 
I 
I 

T 
' 

c 

A~ 
Hinh. 5. M~t dq xac sua\ lh'!C nghi1m tir X(t). 
N = 80 ·page = 1 maxpage = 1, 

X 

a= -1.238E + 0000, b = 6 .. 538E + 0000, c = O.OOOE + 0000, d = 4.019£-0001 

# ' 

4. KET LU.~N 

Phtrcmg ph<ip· mO phd-ng qua trlnh dlrng~ khic chu&-t dii neu tren dl!a tren quan digm xap xi 
ham va. 'mo phdng cda qui trlnh dirng, chufin dii bi~t. C6 thg rn& r~mg kgt· qui tren khi ham m~t 
df? phan b6 xac suit .khilng th6a man di~u ki~n {2.4) hay (2.6) b~ng each Hy them cic s6 heng 
trong khai tri~n {2.18L {2.19). Sau dO tham sO a se 13. nghi~m th'!c ct\a m9t plnrcrng trlnh d~i sO 
b%c l&n hO'n hai. Ne'u nghi?m dUng khOng tlm dU'qc c6 thg 3.p dvng c<lch tlm gJ.n Ching [1]. 

Dia chl: Nhgn ngay 1!9/4/199!! 
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SUMMARY 

SIMULATION OF STATIONARY, ]'ION-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 <ire often 
met in both t~eory and. pratice. 

In thi~ 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 nume:fical program for illustration of the 
method is written by" Turbo -'Pascal language. 

A ' - , ,..( .-.) 

SV HQI Tl} CUA PHUONG PHAP BIEN THE 
(tiep trang 9) 

SUMMARY 

ON THE 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 ihe convergence rate of this iteration method are considered. 
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