
vt Mc)T PHUO'NG PHAP XAC DJN H CAC D~C T~tft 
HINH -Dc)NG HQC AN KHOP 

NGUYEN THIE:N Pl-!lJC 

xac dtnh nhfrng qtLlll h¢ hinh- aewg hqc' cilu cac C(lp he rn~t d6i tiE!p truye_t\:_S~;tY~P: 
d¢ng cho nhau theo mQt quy lu~t nhitt dinh 13_ m~t trong nhfrng nQi ~lung ch~~):fffi:t~_--:~:-~{1. 
1j thuy€t lin kh&p. C6 nhieu phuang ph:lp nghi€m cU·u vin de nay. Trang v3.i c_~)~·~:_}1~m' 
gan diiy phuong phR.p rUa LitYin [1) duqc si'r dvng tuang dOi rQng rai. Tuy nh~~~•_.tb&o 
pbuang ph:ip_ nfly khi 'x3.c dinh cAc quan -h~ binh - dc)ng h9c ciia nh1Cu cl~og. 3n_:k.b&p_·c:y 

. the thu&ng g~p nhilng h~ cftc phuang tririb Sieu vi~t. Giai chlmg b3.ng cac p·hu:oOg pha_p 
g1in clUng dUng MTDT cling mfft nhi~u thCri gian m3.y va dOi k\1i l~tdmg hQi tt;~. .. . 

Phuong ph!ip trinh bay lrong bili n3y cho phep nh?-n dtrgc nhfrng k."et quit 'b 'tlni'g 
c3.c cOng thlrc x3.c djnh eRe d~c tinh hlnh - dQng hQC 8.n kh<Jp. 

§ 1. KHAO SAT ~~P BE M~T DUNG TAM DIE:N DQNG: 

Nh u da biet, d~ nghien ct'ru tinh ch1it m(lt b~ m~t c6 lh~ dung phtrong phap Darbu 
Thvc cUt phrrong phitp nay Ia: m9i linh chfft binh hQc cua bO m~t, each nay ho~c each 

kbilc, i!eu phfin anh lrong quy ]u~t chuy~n d(lng cua tam cli~n d(lng T(-;;, p,~) khi dinh 
ciia n6 -bO tren :m~t. GQi T Urn tam di~n d¢ng ·Darbu; ;; - Vecto piU.p _tuyen ;Q_o_n ·vi 

p va p- d.c'vecta don vj theo hai phuang vu6ng g6c v&i nhau va cling n8.m trong· m~t 
ph~ng tiep xUc v6i be m~t- Nhrr v~y: 

p=pXn, p=nXp, n=pXp (1.1) 

Khi di~m M chuyen djch tren be m~t m(>t lrrgng dS theo phuon~ p thi chuyh 
dQng cila lam di~n T nhu chuyen dQng ella mQt v~t di.n) x3.c djnh b3.ng (2]: 

jJ = V,(%p p + crpp), 

p = V r{- 'Xp p + 'rp n), (1.2) ._ 
!1 = -Vr(- crp p -'1'1) pL 

dS 
Trong d6 Vr = -- - gi:l tr~ ciia ·v~n t6c chuy~n djch J\f lren be m~t theo_ 

dt 

phuang p 
~P- d¢· cong trac dia cila b~ m~t lrong phuang p 

't'p va ap - dQ xo:ln tric dia va d¢ cong phi1p ciia bC rn~t hong )Jhll()'~g p. 
Th6ng sO Xp ph1,1 thUQc vao O'p nen _kh6ng xem 13. thtlng s6 d¢c l~r· 

Neu <dUng khii ni¢m ve.cto Darbu Ct)r: 

- -
Wr = Vc(%pn + "PP- Cfp p). 
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Ta c6: 

p = Wr X p; p = ~~r X p; n = C!h X n. (j,4) 

Biiy giO i.a fJling ml)t·tam di&a d¢ng T(-;; 1 p, p) d~ khiio sat c~p be rmH Si (b: dily va 

sau nay i = l1 2) dOi th~p v·6i nha!-l v~ truyen chuyen dQng cho nhau d~ lhl!c hi~n mQt 

quy lu*t t}• s6 truye'll niw .d6. Lttc nay;;- lit phap tuyen chung'. t_q.i ti~p di~m M, P v:l 

p n3.m trong mij.t ph£og ti€p xl1c chung. Be m~t Si gitn lien vfri khliu i c6 vlin tOe g6c 

;;;er TY sO truyen gifra citt; khAn nay 13: 

;
21 

= w /w 
ez e1 

Thtr&ng thtrCtng khau chU d{lng tJJel = consl~ c6n v~IJ tOe g6c cUa cila khan hj dQng 

we
2 

trong nhiCu trrrOng hqp cling rnong muOn Ia khUng dOi khi din tha:y d0i theo m!jt 

quy ju~t nbAI djnh n:l.o d6. 

Trong qua trinl1 an kh&p hai be mM chuy~n d¢ng tuung ddi v&i nl~au va coi ta'm 
_di¢n 4Qng T nbtr mQt v*t r:in c6 chuyen dQng theo -cirng nJi Si va chuy'@n d'~ng tucrng 
d6i trlm cac m~t S( v-&i v~n t6c gOc cun· Nhrr v~y chuy~n 1dQng tuy~t dOi dia tam rJi~n 

T duqc x:ic djnh bbi: 

wa = wr1 + c.Jet = cvr2 + wez 

va ttr dO cac th6og s6 cUa chuyen f1¢ng tuung d6i gifra· SI y(yj s2 18_: 

V = Vel. - Vez = Yrz - Vr_1 ' (1.5) 

(J) = Wel- wez = Nrz - Wr1 (1.6) 

C3.c vecta 1v~n tOe Vri deu uAm tr~n ml}.t pb&ng tiep xUc chung iU_a hai- b~ rn~t 

~i nim theo .{1.5) tbi vccta v:;tn tOe luang dOi V cling n3.m tr~n m~t d6. _Do v*y c6 phtrang 
trinh dieu ki~n an kh&p sau day: 

n.V=O (1.7) 

Qua trinh an kh&p x3.y ra 0 nhi&u di~m li~n ti~p tren cac be m~t. cho nen chijng 
nhii'ng I bOa man pbtrang trinh (1.7) rna 'ca phtrcrng trinh d~o bam ciia n6 theo tb&i gian: 

v&i 

chU 

28 

nV+nV=O. 

XH phuang trinh (1.8) ·trong 2 tnrOng hqp: 
a)- khi wei == const, ta cO 

. . 
V = <-;;;e,- ;;;-e

2
) X 61r1 + Ve1 ), h = ;;;-er X n + w,.1 X n 

Thay viw (1.8) nb~n dugc 

(wr1 X n)V - \w X nJV,.1 + F~ = 0 

( 1.8) 

(I .9) 

(!.10) 

F'F chinh II. d~o ham rieng ella phtro-ng trinh (1.7) theo g6c quay cp1 c~a kh:iq 
d~ng. 

bJ - Khi ·we1 = const vii (o)e 2 + consl, ta c6 

V = u> X Va-
ih ~ 
-- Ve2 
i~l 



Trong d6 

vii thay vao (1.8) nh~n du:qc 

v&i 

§ 2. Ht PHU'ONG TRiNH CO' BAN 

Tir (1.5) (1.6t ··~a (1.9) ha~c (1.11) ta co h~ phu:dng trlnh sau 1 

V=vrz-Vrl; 

cu = Wrz - wri ; 

(;;;r1 X;;-) V- (-;;,X-;;-) Vr1 + F; = 0 

(1.1) 

H¢ phtrang trinh nay dUng cho C~l trmJng hqp i2l + cOnst 'va i21 = Const o~·s 
d6 thay F; Mng F~) . ' 

KY hi~u! 

Vri = Vnp P + "\-\,ip p 

Ytip::::::: YtiCOS8ip) 

V ~ ';::::. Vr1 sin 8ipt 
np 

Rip = - (o'"ipcosfhp + 't'ipsmfhn), 

R- = ~ (d- sin6ip + 't'ipcos6ip) 
ip ' ip 

HM \hay vito (!.3) la c6 

Dung (2.2) va (2.3), bien dbi h~ (2.1) thitnh 

AX=B 
Kp Tp () Yrtp 
Tp K~ 0 v 

A !' X= clp 

llifl a ~ 
lp 

c i]_t 

trong d6: 

aip = VpVlp + v.~ 'Tip + cv~, 
p p 

B = 

Vp, vp va (,)p, w;- hinh chieu lren clc tfiJC p va p cUa v va w. 

\2.3} 

\2.4) .,, 
a ~ 

2p 

F• I 

(2.5) 

Trang ly thuyet an kMp olung khai ni~m m~t cong Iuong duong cua hai M m~l 
liep xuc v6i nbau (St viiS,) !a m\)l m~t c6 cac d.(> cong tuong irng: 

(2;8) 
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Di! cong io:in pbftn c&a m(Lt cong tn·on g d.trung f.SJ-i tiep tii~m :fvl Ht: 

Ko = KpKP- T~ 

I-Iai he mi'}_t S1 va S2 s{'i ti~p XliC du6-ng khi Ko = 0, uep xUc en lip khi Ko > 0. 
ton ti'u&ng bgp Ko < 0 - tiep xlic khGng binh thuOng nen tn\nh sir dQng~ 

§ 3, TRUONG HQ'P TI:itP XUC DUONG 

fljnh thrrc cua ma tr~n h~ s6 A trong h~ plmong trlnh (2.4) Ia :. 

~ = C(KpK~·- T~) = CKo 
p 

Khi !Iep xitc duirng, Ko = 0 nen A = 0 va hai phrrang trinh <Uu ctia M (2.4) Iii 
khOng d¢c l~p va h~ ( !.4) c6 vu s6 liri giili t1rc I a V '1P• V .

1
- khOng xac djnh. Th~t v4.y. 

' p 

tt)· (2.4) c6 the rUt cUe quan h¢ sau: 

Y - (a1PK-- a ~ Tp) == a - a1p - F~Tp, 
tlp p lp" . 2p 

Yttp(a 1~P Kp- atpTp) = n2pa - - F~Tp. 
!p 

(3.1) 

BJeu dO chfrng tO ·•rang khi ti~p Xlic V<Ji duUng VrJ kb6-ng xac.dinh. Neu cho tnr&c 

~'1 thl y,.z holm loan xitc ,djnh thea (1.5). Tuy nhi~n h$ (2.4) phili thi\a man v6i mQi 

y,,. Nbu: v~y cilc quan h~ (3.1) ciing dqng thiJi thOa man. Mu6n tM thl ph3J tull.n thea' 
cite diht ki~n sau n'Jt, tlr (3.1) 

ho*c · 
K,...,/Tp =a ,....,fa1p 

p lp 

1-Jai dieu ki~n n&y hra11g cluaug nhau khi Ko = 0. V<'ri de dH~u ki~n d6, tli' (;1.1) 
{a nh;:u\ 'dtrqC nhfrng quan h~ SaU ve d_Q Cong cite ffi(Lt tiep X{lC! 

Kp = GJ.p - crzp = a1pazp/F ;F", 

K.....,=_cr'"" -cr,.._. =a'"'"'a '"'"'/F~, 
p 1 p 2P 1 p 2p , 

Dl\ng them (2.5) va ('3.1) co th~ suy ra: 

V&i 
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K 2 /C'' p = 0'1p - crzp = alP tP• 

K·- =cr.--_, cr T'J =a~"" /Cip, 
p lp 2p p 

Tp = 't'1p - 't'zp = a1pa"" /Cf pj 
lp 

(3.2) 

(3.3) 



Cbng thtrc tinh dr; cong (3.3) nH thu~n ]ryi vi khi d6 kh6ng cil:n bi~-t he m~t S2 c6 
the xac djnh dQ cong cUa n6 a phuong b:lt kY theo dQ COlllt luang lrng ella be m~t Si 
(.ibuOng dan gilm han nhH!iu) v3 theo dtc thOng s6 ella chyy~n dQng luang d6i gifta bai 
khAn. COng I hue (3.3) l~i c6 th~ d1ing cho ca tru&ng hqp ty so truy~n !hay d~i (biH tnr6c 
quy tu~t tbay dbi cb n6. hrc la biet ii.tl vit tnrang b(1p ty so truy~n khOng dM. 

Trong truang hqp ty s6 lruy~u khillig ci:M can thay F; Mng F• vao cOng !hue (3.S) 
Vii. (3.4) 

vcJi 

Kp = O'lp - d2p = a~p/Ctp, 

Kp = aip - a£p = a21p /Clp, 

Tp = '<lp - '<2p = atpa{p /Crp, 

Ctp = Vpa1p + V pa!p + F•· 

(3.5) 

(3.6! 

Bi~u lhue (3.5) tning v&i eOng thuc tinh d(> ~ong theo phtr<>ng phap dung t.enso [3]. 
iJ truOng bqp ri~ng· vecta chi phucrng b:It k:Y P lrt\ng v&i vectcr_- chi phuong ; ella 

v·~n tOe truqt V thi c3.c cOng thlrc tren trb nen dan gHin han vi V; = o ) 

K-v = aJv- o'zv = afv/Clv 

(3.7) 

Tv= 't"iv- 1'2v =alva~ fC1v 
. !V 

v61 

Phuong V la phtrang duy nbat rna vecta v~n t6c djch chuy~n etla dtrltng tiep xllc 
tren be lfl~l V,t va v,, eitng lren m<)t drrong thil.ng (suy lir (1.5)): Tiet ai~n ph:ip ehfta 

'otmng xem nhiJ m\>1 tiel oli~n d~c bi~t. Tren tiH di~n d6 Iuong irng c6 quan M ln k.h6p 
pHng tue thai. Nhih li>e gilt d1i tim duqc nhfrng cOng thfrc tinh di) cong cite m~t trong 

' . tiH ditn nay. Tuy nhien, M eong eua be m~t /y m\Jl tiet di~n ch.ra bi~u thi dung ll~n d(l 
con.g. ctia be m~t d6 trong an kh(Jp kh6ng gian. 

T.:r e6ng thue chung (3.3) eho lrtrong h<7p tiep xuc d>limg va so s:i.nh (3.6) va (3.4) 
ta suy ra c6ng thlrc tinh i.it khi biet tnr6c qnan h~ d¢ ('ong ella bai b~ m~t: 1 

ho~c 

hoij.c 

ctr = Ctp- Ci2t = afp/Kp = af"' /K "' = a1pa"" /Tp 
p p lp 

. , 1 z I l 121 = - (C!p - •tP Kp 
c 

t2 1 = 2.. (Ctp -· •I-lK- l c p p 

1 
iln = - (Ctp - atpa

1
- /Tp). c p 

§ 4. TRlrtJNG HQ'P TI~P XUC EN LIP 

(S.9) 

Truong hgp nay K,> o, do d6 djnb thl'rc 6, 1= 0 va h~ 12.4) e6 la.i gil>.i duy nh.i( 

Vrip = Bp/K,, (f,l). 

Vr- = B-/K 0 (4.2) 
ip p - ' 

F• 1 
1~ 1 = - ~ -. -(a- B- + a!pBpl 

C KcC lp P 
(4.3) 
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'y6i 
Bp = K.--.. a2p - 1':r:i""", 

p 2-p 

B~ = Kpa ~ - Tpa2p· 
p 2P 

C6ng thirc (4.3l d1! uim trong hili [4] cho phep x_ac dinh Sl! J:iien d(irig cuat:§-_ s6 

truy~n khi an kh&p giln dUng la d:mg an kh&p phO_ bi€in nh:lt. 

Dva v::\o (1.5) tinh ra c:lc thfmb pb3.n ell~ Vr2 t!!_eo dt~thAnb p~iin.1 clla Vr1, tuong 

irng v&i (4. 1')1 <L2). Sau d6 tinh tbng vecta cua Vd va V,2 la Vr, 

Cu61 cf~ng ta c6: 

1 ( 2 :l )1/2 . ' 1 . 1 ? 
VH =_ ·. -· __ Bp + B~ ; V,2 =- [<B~ + K 0V~ )2 + (Bp + l{,Vp)2] '-, 

· ,.- · !(o - P Ko P P • 

·v =" [(2K: 1 B~ - V~ )2 + (2K;; 1Bp + Vp)zjl '2 
1: . .. p p ' 

(4.4) 

C~6ng th(rc ('1-4) cho biCI giit tri_ c-lw cac v~n t6c chuy'en d(}ng cila di~m ti~p xUc 
tren cac bC m?;it Vii v*n tOe Ian tbng cQng. r 

Btmg thbt cling xilc dinh dugc phtr_?ng ci'ta dl.c vecta v~n t6c n:\y, bi~u thj qua 

c:ic g6c tut'mg Ung gifi'a chlwg v&i phrrang p. 

tg6zp = (B~ + V- K,)/(Bp + VpKo), 
<. p p 

'J, ·''; 

Cfin bi~t gilt td va phttang· ella cac \'CCto' v~n toe nay n:hat l:l khi khU_o sat _Sl,t hhih 

. ibAnh t(}ng hqp vt't tiep xtw giita hai be mi;it,_ mitng dllu_ thliy d¢ng,· nhi-~t tH~p xlic va ma 

''t;:it gili'a" ch(mg- ,v.v ... 

1. (t hili nfl.y da ae xu:lt m9t phuang ph6.p ltghien e{r~ trong ly thuyet an kh&p 

tl'i'm co sb- kh3.o sat qufl triuh dt)ng h9c khi tiep xt-lc gifru hai b~ m~t truyen chuy~n d:~ltig 

cho nhau. Phuong phlip nay dltng cho eU tntUng h~rp tiep xltc dut)·ng ho~c tit'~p x(~e enlip, 
tY sO truyen c6 djnh ho~c thay d()i, Jn kbt'rp khi hlm Yi~e ho?,lc khi t:;to hlnhG Trong 

nhieu trtrUng hgp rm 1\h&p khi Utm vi~·c c0 tltEl kht'lo sit hl·ng ih&i diem nbU'· ft!-<)t tO -hqp 

dOng th&i nhi0u qut't tr.!nh :'in .kh6'}'l khi t~o hink Thu(Jng lhu&ng m~t S1 1a m~·t dan gian gao 

litln v&i m~t lilao to.o hlnh, cOn m~t S2 tld phtrc U~p han nhieu. Bt1i th€ vi~c xac .dJrib cac 

d~c tinh -hinh ~ d<)ng h9c tm kh&p kh6ng qua con dultng lim m(d S2, tO ra c6 uu di~m 
nOi b:,lt. 

2· Theo phuong phf.tp nay vi~c x:lc djnh· cac d~c tinh hinh - d¢ng hQc an kh&p 

duqc tien hanh theo c6ng thllc chU: khOng phii gifti cac hf pbuong trinh phtrc t~p b3.ng 

c{\c· phuan.g_.pha!J sO nhu tru&c dAy nen riU thu*n ti~n trong '"i~c --p-han tiC.h ·va tOng bqp 

stf iin kh6p, nhllt 13. trong thi€it k~ cite truyen dQng b:lnh rang_, tn~c vit v:l c6 th~ dUng 

'klli khlto sat cac ca cau c6 kh&p dQng hQ~ cap cao khac. 

D!l chi : Nh¢" ngay 18/8/19/l'J 

Truilng fJGi kpc Ba1h khoa HN 
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SUMMARY 

ON A MATHEMATICAL MODEL OF TilE TllEORY OF RELIABILITY. 

In the paper. a mathematical model of the lheory of reliability for structures 
is _consl.,(!ler_ed. l'P._e prqbl~mi of reliability iR formulated in stochastic programming 
fo,I::J;,P,S, ~_11~4. correspon~i~g -algqri.thr:ns a1·e given .•. 


