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VR MOT PHUONG PHAP XAC DINH CAC m{*
‘HINH ~— BONG HOQC AN MiGP

g NGUYEN THIEN PHUC

X4ac¢ dinh nhitng quan hé hinh — dong hoe ciia céc cip bé mit d6i tigp truys
dong cho nhau theo mét quy ludt nhdt dinh . 1A moét frong nhirng néi duung ehi
Iy thuyét dn kbép. Co6 nhidu phwong phiap ngh;én cfu vdn d@ nay. I‘tong vai
gin diy phueong phép cia Litvin {1} duge sk dung tuong ddi rong rii. Tay nh
pbwong phap may khi kie dink chc quan hé binh —ddng hoc cla nhidu dany. dn ;
th& thueng gip nhung he cac phwong irinh siéu vidt. Gidi ching bing cac phwong p (
gin dang ding MTPT ciing mit nhitu thei gian miy va 46i khi khong hoi tu.

Phroung phap trich bay trong bai niy cho phép nhin duge nhirng k&t qud’d dy uff '
cac cdng thire xdc dinh eac dac tinh hinh — d4ng hoc &n khap

§ L. KHAO SAT CAP BE MAT DUNG TAM DIEN DONG :

Nh w dd biét, 4% nghién ciu tinh chit mot be mit ¢ thd dang phwong phip Dérbu .
Thye chdt phwong phap nay la: moi tinh chét hinh hoc cfia bé mit, cich nay hoao céch

-khac, deuo phan dnh trong quy luit chuydn dong cdiz tam di¢n dong T(n p, p) khi dmh ;
_.cla né bé trén-mit. Goi T lim tam dién d¢ng Darbu; n — Vecto tikap “twyén c'lcm vi ‘ |

p vd p — c4c vects dom vi theo hai phuong vudng gée vai nhau va cung nim trong mat

phang tiép xiic voi bE mit. Nhw vay: :

~

P=pXm p=unXp s=pXp B (1.1>

Khi didgm M chuy®n dieh trén hé méf mit luong dS theo phuong ;thi chuy'én
dong cita lam dien T nhir chuydn dong clia mot vat rén; xc divh blng [2]:

p = Vr(’éﬂp P+ G‘pp)
p = Vel— %pp + Tp Il), ‘ “2) :
1= YT(—— O'p—[_-)——-rgpp)_
Trong dé6 Ve 3';" — gid iri cla "vin t8c chuydn dijch M Ilrén b mit ‘theo
t ) ; Y

phuoug 1—)
%p — do cong tric dia cha b mit trong phwong p

Tp va 6p — 49 xofin trde dia va d¢ cong phip chia b mit {rong
Théng s8 ®p phu thude vao op nén khdug xem la thdng sé ddc kp.
Néu dang kbii niém vecto Darbu or:

@r = Ve(¥gn + Tpp — 03 p)-
i .




Ta eb:

p=wrXp; p=eXps n= X (1.4

Bay gio ta dang mot-tam dien dong T(?},B, ) @& khao sat clip bé mil 8 (& day va

sau may i== 1, 2) d¢i tidp véi nhau vi trayén chuygn déng cho nhau d% thye hién mot
quy ludt ¥ s8 truyén nao 6, Lie nayn Ja phép tuyén chung t:u tlé'p didm M, pva

p nam trong mit phang tiép xlc chung. B mit Si gdn lidn ARE khau i co vin tée goc

'Ty sd truyen gitra cac khau nay T
i21 = megh”ei ‘ ‘_.'
Thirégng thu'c‘mg khau chi ddng 0g) = consk con vin tde goée cﬁa cﬁa"khéu bi dong
o trong nhigu tregng hep cling mong mudn la khong d8i khi ciin they adi lheo n16t

qu) lugt nhit dinh nio 6. ;

Trong qui trinh &n khcrp hai b& mit chuy%n dong twong d8i véi nhau va coi faim
dién dong T nhr mét vat rdn c6 chuydn dang theo ‘cling voi $i va chuyén d¢ng trong
d6i trén cic mit Si voi van tée goc wpye Nhw viy chuydn ;déng tuyét d&i cda tam dign
T duge xac dinh bdi: = - o '

‘/Ta = ‘(Trl + Vel ; \(’]'-2 + Vez.‘ .

g = tory + ey = wrg + ey

vi tr do cAc théng sd ela Ichu’yén dong twong ddéi giva St véi Szalé_:'-
Vo=V, Ve, =V = Vo, , (1.5)
S G ag — Gy = ey, — gy (1.6)
Céc vecte van t8e V]-l d&u niim {rén mit phanrr ti€p xtc chung cla hai- b® mit

51 nén theo (1.5) thi veclo vin téc tuong dai v ciing nim trén mit do.. Do vay c6 phuonb
trinh didu kign dn khép sau day-: S
n. V= ‘ . .. am

Qua trinh in khdp xdy ra & nhitu didm litn ti€p trén cic bé mit, cho nén ching
nhimg théoa min pheong trinh (1.7) ma'ca phu’ung trinh dao ham cia n6 theo thdi gian:
nV+nV=~‘0. p ‘ (®

Xét phuong trinh (1.8} trong 2 truwdng hop:
a) ~ khi w,. = comst, ta co

V = (tey — We,) X (Vpy + Vo 10 = Gy X1 + Gpy X 11
Thay vao (1.8) nhin dwge
' (G XMV ~ (@ XV, +Fp=0 (1.9)
vai _ o o
Fg = (g X 0}V — (X n) Ve, (1.10)

Fg chinh 14 dao hém riéng ctia phwong trinh (1.7, theo gée quay @t cla khay
chi déng. . ' ’
b} — Khi @, = const va mez == const, ta co

V: COXVa—"‘-'——VeZ
121
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Trong dé . .
iy = digi/dept
vh thay vio (1.8) nhin dwge

' (m"l XnV - (m X n)Vr1 + Fg=0 {111,

vi Fé =Fq¢ = Citg, C = Vezsn!igi.

§2. HE PHUONG TRINE Co BAN
T& (1.5) (I-ﬁ)_,-(;f'%\ (1.9) hoiic (1.11) ta ct hé phuwong trinh saut
1f = ’(_Jh.[.z —'—\-fr-; § . 7
‘ @ = gy = 0Ty : (21 ]
(wp, X 1'1)\7—(0))(n)vl1 + Fq: =0
Ha phmmg teinh’ nay ding cho ¢ truong hop ]9; =~ const va i21 = t:onst {luq

do thay Ftp bing Fq) ) i

T

Bigu thi Vl-iqua ciac hinh chiu cda cht’mg,lrén‘hai trucp va p!

V= Vr;p P+ "up p
Viip = Vyicos Uip, (2.2
V ~ i= Vrisin Bipg .
rip
K hidu: Rip = — (dipcoship + tipsinbin), ' y
Ry = - (6{; sinfip + Tipcosﬁjp)
Rdi thay vio (1.31 ta co
03:1 = Vri (""R ]) - Rip p + RIP 1 12.3%
Dang (22) va (2.3), bign ddi he (2.1) thanh.
AX=B ' (2.4)
Kp T;J 0 V‘r1p | ‘ Agp ’
Tp K"‘ 0 v —~ a o~
A= ¥ X = rlp il B =] 2
ap 8~ C ia1 Feg '

trong dé:
aip = VpGip + V-~ Tip + w~,
P p
{2.5)
~ = —~ ~ T PR
alp VP i + \p'l'xp Wp,

¥p. Vo Vi oy, w"“—hinh' chiéu lrén cde trye p va pcha V vA &

Trong |y thuyét an khép dung khél ni¢m mit cong trong dwong cha hai bd miit
hép xtic voi nhau (St va Sp) 14 ml mit ¢ cie d9 cong twong wng:
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B cong ioan phln cda mil cong twong dwong iai tidp ditm M la:
— - 2
Ko = KpK~— T}

Hai b2 migt S1 va Sz g6 ti€p xuc dwong khi Te = 0. tidp xic enlip khi Ko > 0,
Con truwéng hgp Ko <0 — ti€p xGc khong bivh thuéng nén tranh s& dung,

§3. TRUONG HOP _TIEP 'xﬁc '_B_U_'imk;

Binh thirc cfa ma trﬁn hé s6 A trono hé phu'ang trinh (2.4} la H
= C(KPK~ — T = C-Ko
. Khi tiép xiic duong, Ko=198 nén A =0 va hai phwong trinh Qo cla hé (2.4 13
]chbng d6e 1ap va he (2.4) co v s6 1oi gidi tie 12 Vrgps V'I;T khoéng xac dioh. That vay.
v (2. 4) (:6 th® rdt cic quan hé sau:

~ (aipI&N —a N Tp) = 3.2'5 a1p — 'F$Tp9

; T — — FER. — aan
\rlp (alp Kp a:pTp) FoKp _raj_pﬂ.ZP,

r {e — B o~ = K~ — ~ !
it tp ([Llp-I\ . alp Tp) _F(PI\P a_zp alp ) (3’1)

thp(ﬂl'rv Kp — ajpTp) = n;pal_; - F:JTP.

B1éu a6 chitng td eling khi tifp xdc voi dedmg Vi khong xée.dinh. Néu cho truge
Vn ‘thi \’12 hoin toin xée dinh tbeo (1.5). Tuy nhién he (2.4) phii thda min véi moj

Virr Nhir viy che quan h¢ (3 1) ciing déng thoi théa mén. Mudn thé thi phii te4n theo’
cie didu kitn sau vat tir (3.1)

Kp/Tp = atp/ap

hoic’

K}'/‘Tp = a Nf'lj_p

Hai didu kién nay twong dwong nhau khi Ko = 0. Vai che didu kign d6, ti (3.1)
ta nhin dwgc nhitng quan hé sau v do cong chc mit tiép xuc:

Kp = 61p — a2p = apazp/Fq,

KE~=—=Gwr —G ~ =g ~ o~ e 3.2
kp - Ip ap r{lpaz;] "'Fq:’ (, )
Tpe=n7 Ty = alp “" 7% = A~ & F*.
p 1p 2p Llp:lzp [Fe i azp/Fg
Dung thém (2.5) va (3.1) cé thE suy ra:
Kp = o1p — O35 = afp/Clp, . :
K= G = G rez= s (OF " (3.3}
P ) 'IP 2}3 lp f 1P» (

Tp = Tgp ~ Tap = agpap JCTes
Vi Clp = Vyaip + Vyag; + FE (3.4
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Céng thire tinh ci@ cong (3.2 rdt thudn loi vi khi d6 khéng cén biét bs m#t S2 cé

1he x4c diph do cong ella nd & phucmg bét ky theo 40 cong lwong {ng cla bé mit 5

. (thuong don gidn hon nhidu) va theo cic thbng 58 cfia chyy&n déng teong déi giira bai
khay, Coog thire (3.3) lai c6 thd dung cho ch trrong hop 1§ s6 truy2n thay ddi (bist trude
quv luat thay ddi cila né, tire 1a biét i2y) va trudng hop ty 86 truyén khéng @bi.-
2 ‘Trong trudng hop t¥ s6 truy@u khong dbi cin thay FE bing Fg vao ct'mg thire (3. 3)
‘ vé (3 4)

Kp = o1p ~ dop = a}p/C1p,
o PR D C :
Ky =of —og=eglin T
o . Tp = 71p — T2p = alpa ] 1C1p, ‘ '_ .
i : C1p = Vpagp + v;alf;' +Fee o Be

Bidu thire (3.5) trang véi cong thire tinh d6 cong theo phuong phép ding tenso [3]
, ] tradng hop riéng vecto chi phwong bét ky p lring véi vecto chi phrong v cua
vﬁn toe trugt V thl cde cdng thite trén trd nén doo gidn hon vi V” =g ?

.:'; . } . K¢ =0oly —cdpv = a%v]C].v ;

Ky =05 — a5 =alyiC : ' INEA )

Tv = %1y — T2v = alvaf“}' }-Civ
voi . Civ = Vaiy +Fg _ (3.8)

Phrong V 13 phuong duy nhét ma vecto vin tdc dich chuyén cda duong ti&p xilc
trén bd mit Vi va Vrg ciing trén mot dwdng thing (suy tiv (1.5)): Tiét dién phép chia
‘¢hiog Xem nhy mot tidt dién dic bidt. Trén tiét dién d6 twong gng cb quan he #n khép
pbing e thoi, Nhidu tic gid a8 tm dwge nhtrng cong thire tinh 46 cong cic mit trong
-1iét dign nay, Tay vhién, 6 cong cla be mit & mot tiét dign chua bidu thi dang din do
cong, cta bé mit dé trong dn khép khong gian.

T ctng thie chung (3.3) cho trudong hgp tifp xdc dwong va g0 sanh (3.6) va (3.4)
ta suy ta cbng thic tinh 121 khi bift trude quan hé d¢ cong cia hai hé mit: )

Clr = W(Izl—'ﬂ}pI’Kp"“llN,”[\r- —alpa*"/lp
Vay
i3 = —:;(Glp — afp/Ky) (3.9
hode.
l 1’21'—"'5((119 a1~fK~)
hodc

. 1
iy = ~— (Cip — D.].]Jalf-l-)' [Tp).

" §4, TRUONG HOP TIEP XUC ENLIP

.Tru'fmg hop ndy K, >0, do d6 dinh thitc A 5= 0 vi h¢ (2.4) cé 1o gi i duy nhi

Vrip = Bp/K,, CTEVINE
Vi~ = B (Ko, ! (4.2)
ip P _ e
i3 = "']?‘2‘ - {8~ Bar ’{”V:alpo) (4.3)
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Bp = K~ 880 — Tpi ~
P \"P agp — 1 p“lzlp )
B~ = Kpaw — Tpagp: .’

Céng thue (4.3 d uén twng bai [4] cho phép xéec dinh sy bién dfmg cua ty 8
truyen khi dn khép ghn ding 1a dang &n khép phd bién nhil.
.. Dua V.‘Elo (1.5) tinh ra cdc thanh phan cua Vi theo céc thanh phﬁn ciia Vrl, !u'orng
'. n‘ng véri (.13 (1:2). Sau a6 tinh tﬁng vecto cha Vil VA Vrz 1a Vy LT
Cubi ctmg ta co!

! o N | o
m1= (%4*%) P Ve = RHJ+KJ~ﬁ+(%+%%WﬂPQ
i ' .Ku I{o P P. .
= fesse — V~ )2 + (2K IBP + Vet S JCE

L
Céng thee (4.4) cho bu,l gifl tri clia céc van toc 011113 én dong ctia dl@m tigp xuc
trén cAc bd mit va van tdc lin tdng cong.
T Dong thoy efing xde dinh dwge phuong clia cie vecta Vﬁll tdc nay, bidu thi qua

cde goe twing ng gilta chung vi phu'cmé, D

tglap = (By + Vo K )/(Bp =+ VoKo),

igep —(‘>B~1c—1 + Ve )/(')Bph“l + vp). 7t 5)

- CHn bigt gia ] va phu‘orncr' efla che vecto van té’c pay nhit Ia ]\hl Lhao sat st hmh
,iha‘mh tbng hop vEt ’uep xte gitta hal hé mit, mtuw dilu thiy dong, nh:et tlep xic va ma
sl glﬁa ching v.v.

§5. KET LUAN

1. & bai nay 43 d& xuft mdl phuwong phip nghién ctu trong 1y thuvét &n khop
tvén co sé khio it qui trinh dong hoe khi tiép xie gitta hal be miit truy&n chuyén dong
cho nhau. Phwong phap nay dung cho ed irudng hop tiép xic duwong hoic tidp xtic enlip,
t¥ 83 truyén cff dinh hogc thay ddi, &n khép kbhi lam viée hofie khi tao hinh. Trong
nhitu traong hop dn khop khi lim vide co the kbdo sat ting thei didm nhw mot t0 -hop
ddbng thei nhifuqua trich 8n khép khi tao bich. Thuong thudng mit Sy 14 mit don gidn gin
lién v&i mil dao tao hinh, con mit Sy thi phite tap hon nhide. Béi 1hé vige x4c dinh cac
dic tinh hinhmdonﬁ hoe &n khép khéng qua con dudrng tim mit Sz, t0 ra eé wi digm
nbi bat.

2. Theo phwong phap nay viéc xée dink chc ddc tinh hinh —déng hoe &n khop
dwge tién hanh theo coéng thire chi khong phii gidi cac hé phuong trinh phee tap bing
cde phuwong phap s6 nhu trude diy nén rd! thuin tién trong viée phén tieh va tdng hop
"sif #in khop, nhit 1a trbng thiét k& cac truydn dong banh ring. true vit va c6 th® ding
"khi khio sat cdc co cfu c6 khap dong hoc cap cao khac. -

Dis chi: _ , | © . Nhgn ngay 18/8]1983
Trutug Dai hoc Bdch khoa HN - '
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SUMMARY
ON A MATHEMATICAL MODEL OF THE THEORY OF RELIABILITY.

_ In the papex, & mathemalical model of Lhe theory. of reliability for struclures
is. consxdered- The problema of reliabilily is formulated in stochastic programmmg
i‘orms and correspondmg nlgorlthms are given...
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