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VE MQT LOP BAI TOAN CVC TR~ TIEN D~NH 

TUONG DUONG vor BAI TOAN eve TR~ Nclu NHIEN 
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TRONG LY THUYET DQ TIN C~Y CUA CAC CO Hlj:: 

NGUYftN VAN PH6 

' ' 1. MO DAU 

Trang nhi€u bai to<in CCI h~)Cl c6 ca.c d~i hr<!fig hay qui trinh ngau nhien tham gia, ngtrCri ta 
th u-Cmg giii bang hai cich: 

- Gilli tn;rc t-ie'p bing cic thu~t toin ng~u nhien. 
- Chuy~n bai toin ng~u nhien vf! bli toin ti~n d~nh trrcmg drrong. 

Ching h4n, phrrcmg phip t\fa gradian trong bii toin quy ho<;tch ng[u nhien (1]; tlm m~t d9 
xic su5:t trong bii toin dao dQng ng~u nhi&n d[n de'n giai phuang trlnh vi phin Fokker_- Planck 
- Kolmogorov [ 2]. 

Trang b3.i nay, tic gii mb rQng cic ke't qua trong [3, 4], chfrng minh Sl! tl.rcmg du-ang gifra 
bii tocin tlm d9 tin c~y v&i bii to<in cl!c tr! ng[u nhien, sau d6 chtl-ng minh S\r tu-ong dl.l'cmg gifra 
bii toin qrc tr! ngiu nhien v&i bii toin ev-e tr! ti'en d!nh. 

Do d6 1 dt giii bii toin tlm di} tin c~y crl.a d.c ca h~ chi ck giii bai toin quy ho~ch tuye"n 
tinh hay phi tuyen ti'en d!nh v&i ham mv.c tieu tuyen tinh. 

Nha cite thu~t toan cda ly thuyet quy hoach ta khic ph\lc dm;rc kh6 khan khi giiri bai toan 
vrr<;tt ngu-Ong trong khOng gian nhieu chi'eu [5], kh6 khan khi gib.i bii toin c6 sO ding thU:c it han 
sO an (bii toin xic d!nh khi nang ch!u Ivc, bii tocin thie"t ke" tOi u-u cUa ciC ca h~). 

Cic ke"t qua thu drrqc c6 th~ .ip dvng cho bii toin xic d!nh d9 tin c~y ella cit h~ kY thu?.t 
phli'c t~p 1 cic h~ sinh thii. 

2. STJ TUONG DUONG GIU A BAI TOAN TIM DQ TIN C~ Y VCH BAI 
TOAN CTJC TRr NGAU NHIEN 

Theo [6] d9 tin c~y cUa m9t h~ thOng hilt kY dm!c xic d!nh bbi xic suat: 

P(t) = P { 

Lii=<11:r) 
Mii= V 
/(ii) E fl 0 

r E [O,t[, rE V• 
} (2.1) 

Trong d6 1 illi bie'n tr~ng thii1 V lit bie'n chS:t hrqng, Oo li mi€n ki~m tra chS:t hrgng, L viM Ht 
cic toin ttl- vi phin, T Ia bin kinh veda, V"' li mien v~t chiem, t li th&i gian. 
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Khi bd qua ctic t~p c6- x<ic aua:t blng khOng (trong IY thuye't d9 tin c~y thl. di~u d6 Ia chS:p 
nh~n drrqc), ta thay 

Lii = if b<'ri { P(Lii <:: q) = 1 
(2.2) 

P(Lii?: q) = 1 

Mii=ii b<'ri { P(Mii<; ii) = 1 
(2.3) 

P(Mii?: v) = 1 

f(ii)Eflo b&i P[f(v) E flo] ?: p, 

rE[O,tj, i'E. V", p E [0, 1]. 
(24) 

Vl di~u ki~n (2.4) c6 th~ bi~u dien b&i m9t h~ bilt ditng thi'rc. Do dO, c<lc c1i~u ki%n (2.2), (2.3) 
va (2.4) co th~ bi~u di~n drr&i d<?-ng tOng quit 

1a vtktcr ngfi.u nhien. 
D9 tin c~y P(t) crl.a (2.1) c6 th~ bi~u di€n l~i nlnr sa.u: 

P(t) = max min Pi 

{ 

ii, v E X } (,I 
T E [0, tj 
TE V" 

(2 6) 

Trong do X Ia t~p th6a min (2.2), (2.3) va (2.4) hay (2.5) v&:i Pi tih djnh (song Pi chua bi~t 
tnr&c). 

Th~t v~y, n6i chung v&i Pi xic d:inh, 11, V E. X li da tri. Ta tlm i1, V sao cho Pi nhd nha:t d<;tt 
cljc d~i, d6 Ia gii tri P(t) phai tlm. 

Ta minh h9a (2.6) trong khOng gian 2 chi€u va dtng bu9c tuye'n tinh. (Hlnh 1). 

8 

A 

Hinh 1 

Da giac ABCDE xac djnh b&i (2.5). Treng thai 
e1b h~ c6 th~ vrrt;rt ra ngoai mi'en cho ph€p ABCD 
theo cic C<?-Hh khic nhau v&i cic XiC suat khic nhau. 

Giistl· PAB = Pmin· Ta tlm rnaxpAB v6i U,VE. 
(ABCDE). 

N6i mf?t d.ch chinh xic, P(t) x<ic d!nh theo {2.6) 
chi 1a c~n dtr&:i eli a P(t), vl c6 thf tr~-ng thii ella h~ 
vu-qt ra ngo3j mien cho phep theo m9t c~nh khic 
c6 xic su5t l&n han Pmin· Song t.rong d.c bii toin 
ca h~>e, sO in l&n, sieu di~n nghi~m li m9t sieu di~n 
trong kh6ng gian nhieu chieu, m~t khiic khi bie't du·qc 
c~n dmSi. li dli thOng tin d~ quy€t. d!nh cic v.in de 
khiic nlnr: xic d!nh h~ sO an toin, xic dinh phm::rng 
in thie't ke' v.v ... 

DJ thu~n lqi cho vi~c tinh toin, ta c6 thJ ch9n Pi = Po Vj. Ch9n nhu v%y khOng lim gi~un 
P(t). 

Th~t v~y, ne'u t"On t<I-i pj nao d6 ma Pj > Po t{rc Ut. t8n t~i m9t di€u ki~n ch~t han! trong khi 

ta ch9n pj = p0 li ta di gibrn nh~ di€u ki~n, hiJn nhien di€u d6 khOng lam giim P(t). 
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TnrCrng hqp, rn-lrc dQ quan trqng v'e kinh te' - kY thu~t ella cic di'eu ki~n khic nhau, thl ta 
dUng cic trqng sO O:ii O:j drr7c xic dtnh tnr&c sao cho 

Pi= "'fPO E [0, 1] =* 
1 

PoE [o,-] =* 
"'i 

1 
PoE [o,~~], 

O:jrnax 

Cic CX.:f dU'Q'C ch1~m cao U:ng v&i cic di~u ki~n c6 tlm quan trQng hay nguy hi~m cao va nguqc 
l~i. Neu cO nhii~1g Pi cho trm7c thl dU'gc gifr nguyen trong qua trlnh t!nh to<in. 

hay 

Tir nhlrng IY lu~n td!n ta thay dg tlm P(t) ta c"an tlm p0 . Dg tlm Po giii. bii toin sau: 

{ 

P{gk :S Ck} ~ max ' 

(I) ,. , d"' k"• { P{g; :S C;}?: po, i = 1,n 
va1 cac 1eu 1en [ ] 

, . r E 0, t, rEV* 

Trong d6, U, V va Po la all ella bii toin. 

(I)' 
{ 

Po~ max 

,. , d"' k .• { P{g; :S C;}?: Po i = 1,n 
VO'l cac 1eu len 

. r E [O,tj, rEV' 

Cac bai toin (I) va (I)' Ia cac bai toan quy ho~ch ngiu nhien [1]. 

Ta ch9n Po E [0, 1] hay p0 E [o, - 1
-] tren m\)t t~p rCr:i r~c 

O:jrnax 

Po = { Pb11 < Pb21 < · · · < Pb" 1
} 

V&i Pbi) = PG bai to<in t6n t{li plnr(J'ng in thl ta chuy~n sang chqn p0 = Pbi+lJ. Qui trinh l~p 
tmmg t'! cho de'n khi bai toan (I) hay (I)' khong ton t\li plnwng an thi dirng 1\li. 

Hi~n nhien, Po phv. thuf?c t, vi gi phl,l thuQc r marE [0, t]. 
Trong qui trlnh giii ta xem t 13 tham sO_. Tieu chu~n chuy~n giai do{ln li giai do{ln tru·&c t&n 

t~i phuong in, chtl- kh&ng c'an tlm phrrang in tOi lrll. DO 13. d~c digm vO cling thu~n lq'i khi giai 
bii toin qrc tr! tren miy tinh. 

'"' ' / -:::: ,.. .... ' / 

3. CHUYEN BAI TOAN QUY HO~CH NGAU NHIEN VE BAI TOAN QUY 
HO~CH TIEN D~NH 

1. Drra cac dieu ki~n d')-ng ding thfrc ve tien djnh, 

Gilt sci- ngo\li ll[c q(t) c6 th~ bi~u dih du&i d\lng [1] 

k 

Trong d6 ~k(t) li cic hlm khOng ngiu nhien cU~~-.thCti gian, Qk Ia cic d~i lm;mg ngiu nhien. 
Ta ch9~ u(t) = L Qk,Pk(t), trong d6 ,Pk(t) Ia cac ham tien djnh c'an tim. 

k 

Khi L 1a toin ttr tuye'n tinh kh&ng ngiu nhien thl Li1 = if tr6- thinh 

(k = 1, 2, ... ). (3-1) 

(3.1) li h~ phrrcrng trlnh vi ph5.n khOng ng[u nhien, n6 dtrgc giU: nguyen trong cic di'eu ki~n ella 
b3.i toin. 
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2. DU"a bai toan quy ho<).Ch ngh nhien ve bai toan tien djnh. 

a) Ne'u cac dih ki~n {2.5) g,(u, v, 0, t)::; c,(e, t) c6 thg drra v~ d~ng 

i= r,n 
trong d6 X= {xi} li vee tO' fin tifn dinh. TrrrCmg hqp niy thuOng g~p trong ccr h9c. Ch~ng h~n) 
khi ngo<,Li lvc li tien d!nh cOn h~ng s5 deo crla v~t li~u Ht ngiu nhi€n. 

Trrang tv [3J, ta g9i H,(z) Ia ham phiin phoi xac suat C\la K,(B). Thea djnh nghia ta c6 

H1(z) = P{K,(B)::; Z} hay 1- H,(Z) = P(K,.(B) 2 c,} 
Bai toan (I) tmmg drrcmg v&i bai toan 

{ 

1-Hi(Gi) ~max 

(II) { 1- H ·(G) > p •. d'' k. " ' J - 0 
vcn teu 1en 

· r E [o, tJ, rEv· 
j = l,n 

Bai toan (I)' trrang drrang v&i hai toan 

{ 

Po~ max 

(II)' { 1- p > H(G) .. d'' k" 0 - J J vert teu ten 
• T E [9, tJ, r E v• 

j = 1, n 

Vl ham H1 lit ham khong gilrm theo G1 nen (II) tu:ang du:ang v&i 

(III) 
{ 

G,(x,r) ~min __ 
G·X1 < · ·-1n . . . d'' k" { J ( ' ) - (3, J - ' vcn cac 1eu 1en 

. rE[O,tJ, rEV• 

va (II)' trrang drrang v&i 

{ 

Po ~max 

• . . d'' k" J ' - ' , 
(III)' {G(xr)<f3· J·=1n 

vcn cac teu ten [ ] 
· r E o, t , r E V* 

Trang do, f3i Ia gia trj l&n nh5t cda (3 thOa man Mt phrrang trlnh 

1- Po 2 H,(/3) 

Do d6, ta c6 th~ xic dinh /33 tir phrrang trlnh 

1-po = H,(/3) 

Phm:mg trinh nay n6i chung c6 thg giiU bang dB thj. (III) va (III)' Ia cac bai toan quy ho~ch 
phi tuye'n tien d!nh. 

b) Ne'u 91 trong di~u ki~n {2.5) c6 thg bigu dih drr&i d~ng 

TnrCrng hqp niy x[y ra trong cic bii toin tuye'n tlnh, nghi~m c6 th~ bi~u di~n drr6i d~ng bi~u 
di~n phi) [6]. 

Tu-ong tv: {1], ta coi t li tham s5 va 1a:y g'an dUng t tren t~p rUi r<_tc {t} nen khi bie'n d5i tirng 
di~u ki~n ta coi t khOng d5i. 
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Xj 1a in, a,_,i vi bv coi li d9c l~p vi c6 phin phOi chuin, ta k:Y hi~u m3{X) li kY v9ng cUa 
9i - ci nghia 13. 

" 
'trong d6 d:vj = Mavj, b~-' = Mbv M 13. kY hi~u kY v9ng. G9i dj(X) > 0 li phtrcmg sai cda 
9i ~ Ci. Ta xet d9-i hr<fllg ng~ u nhi€n 

vl a,_,1, bv c6 phin phOi c~uan thl Kj(i} cling c6 phin phOi chufin v&i kY V<{ng bing 0, plnrang sai 

b3.ng 1. Vl phin ph5i chuin dtrgc hoin to~m x<ic d~nh bcYi k:Y v9ng vi phrrang sai, ta suy ra Ki(i) 
khong phv thu9c £ '1]. Vl thS 

P {gi- Ci ~ o} = P { 
9
' -Jim, + :/J; ~ o} 

Do d6, ta da du-a v'e trU'Crng hqp a) v&i 4im 

4. UNG DTJNG 

1. Xac djnh xac suat S\JP d6 Cll.a h~ &m hoi - dt\o chju tac dvng lvc gi&i h\in. 

Nhli ta da thJ:y, hrc t6i h<}n Pma.x = Po trong bii to in ph in tich _gi&i h~n thO a man cic di'eu 
ki~n [7] 

Ta x€t bii toin 

Trong d6 aii vi q li in. 

f(a;j) ~ C 

Lcrif =Po l 
q~ max 

v&i cic dih ki~n { P{f(a;i) ~ C} ::0: q 

q E [0, 1[ 

Bii toin thich ITng -:Ua h~ din deo cling drrqc th~mh l~p hrong tv- khi thay Uij b&i cr!;J + Pii) 

I , t ' ' 't d fil I' ' 't d' h'. Pii a nrcmg rrng sua rr, crii a rrng sua an 01. 

2. Xac djnh xac suat an toim ella h~ phan bo tham so. 

Xet d3m tren 2 g6i tva don gilm chiu tic dvng toh trong phan b6 q(x, t) li him ng[u nhien. 
G9i M(x) t) li mOmen uOn, M0 li mOmen gi&i h~n [6]. 

Phmmg trinh vi phiin can blng (bai toan t'!a tinh) Ia: 
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a2 M 
ax2 = q 

Di~u ki~n kigm tra chift hrqng ]M(x, t)] :S Mo 
Gilt stl-

q(x, t) =I: Qk'Pk(x, t), ta chQn M(x, t) =I: Qk•h(x, t). 
k k 

X.iic su5t an toan Ia 

ax2 = pk{x~r), 'Pk(O,r) = ,Pk(£,r) =. 0 

{ 

a2 ,Pk(x, r) 

P(t) = P ]M(x, r)] <:; Mo i=~} 
Vx E [0,£], r E [O,t[ • 

D~n de'n bai toin 

82 = 'Pk, ,Pk(O,r) = v'>k(£, r) = 0 I 
Po ~max ( a2 ,pk 

v&:i cac dieu ki~n P~M] :S Mo} ?: Po 

Vx E [0,£], r E [O,tj 

Dia chi: Nh4n ngay 5/7/1991 
Tm&ng JJ~i hqc Xay D'(ng 
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SUMMARY 

A CLASS OF DETERMINISTIC EXTERMAL PROBLEMS EQUIVALENT 

TO STOCHASTIC EXTERMAL PROBLEMS IN THE RELIABILITY THEORY 

OF MECHANICAL SYSTEMS 

In this paper, the reliability of the Mechanic Systems is expressed under a new form. Then 
we propose au iterative method of computing of the Reliability, and apply the obtained results to 
the some problems of Solid Mechanics. 
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