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TRAN VAN LIEN 

§ l. MO' DAU 

Nghi1~n c1fu clQ:1g dfif \'<'i tinh toan kh<lng cb:in cho cac e6ng trinh xfty ~h.rng bao 
gOm ba van d8 ca b~ln sau : 

1. Van u:e dja chfin: ngbie,Jn'ru vi tri nguOu, d¢ s~-U va magnbituda ella n6, ngbien 
Cli'tt d<lnh gi'it tnr6ng chiln dQng, tf\.11 sutll l~p h~i dno dQng d<,ng d~1t v.v ••• 

2. V[n dC dju chi'it r6ng trltl h : d:inh g!~t m(rc Ute d~ng (fQng d:lt ti1y theo tirng 
di£u ki~n nen dUt, philn vUng v·2.. v~ phftn vtlng d(mg dat, dAnh gii cac th6ng sO dao dQng 
(chu k.Y tr\:li, d¢ keo dai dao d¢ng m:mh, c:ic bien d¢ dao dQng v.v ... ) 

3. Van de xay dt~ng chOng c1Qug ctat: nghi~n clru. danh gia tile d:1)ng d9ng daJ 
ten cite c6ng trinh x&y clv·ng~ cilc gi3i pbitp ki~n Lnlc, ket diu, diu t~o d~ khUog dHtn v.v •.. 

B€! gi<:1i quy€it dtc viin ct£ nay~ din c6 d.c bang ghi duo dQng"' d¢ng dflt ghi dtrqc 
theo cac phu.ong kh&e nhau sau mOi tr~n d¢ng d3.t, d~c bi~t dtc b&ng ghi gia t6c'-' dao 
dQng d~ng 'dill. B6 19 cac thOng tin CO' biln va quan lr9ng nhat d€ ughien icUu d~c tinh 
nguOn, d~c trung clao clQug neTI dat nl d~c trung hie dQng d¢ug d§.t Um c8.c c6ng trinh 
xlly d1,mg (L 2, 4]. Trong tr Ong hqp c:ic may ghi d!a cb3.n chi ghi dm:;rc d!.c dich chuy~n 
cUa nen cHit trong dQng cHi! thi vi~c kh6i ph1,1c· lt,ti cic gi3.n dO v~n tOe va gh t6c dao 
dQng d¢ng d8.t duQ·c: d$t ra bet slrc can thift v3 dip bach. 

Trong b9.i n8.yt thl,np t6i d~_t b8i toan kh6i_ ph1J-c lq..i cc\c bllng ghi vRn 'tf>c, gia tOe 
dao df?ng dOng (Utt llr chc Nillg ghi djch chuyCn ghi nh~u duqc drr&i dq.ng b:li toin kh6ng 
On d!nh nghi~m. Sau kh1 r~ghien c{ru m()t s6 tfnh cbfft dln thiEd, c6 n6u plnrung phitp gilti 
vB vi cl~1 gifti tre11 m8.y Unh di{'>n t1J: d'& minh hQa hifu h,Jc ella phuang phip so v&i cac 
phuang ph~Lp u¢i suy khil.c da biEit .• 

B3.i to8.n xc\:' dtyng L.:: ci:<; ({!.) v~~-' t6e, gia t6c h'r 1-:ing ghi djel.1 chuy~n 

etb n€n th'it tro11g d(>'Jg <~Ji l,'· n<·: H1i.to8.n !.::_1\Qi_\g (')n Ojnh ·~~-· Bi8u d6 eO ngb'ia Ill 
ch] ciln mi)t S'l;r fl;jy d)Ji. tll;\!lh ·'r"::,, ·'h6ng tir ·;-;j'; cfi1;g r~.f·1~ d·~Jl ffiJ: tha-\,' 
dOi nlt 16n kb611g th:2 c~1,.·~ '~'r. v.':'F' cib w;;hi~nt. C~\;_, pb{Li nh.,, .. :n',}nh -dJJg' tinh ch[t 
kh6ng On djnh nay ct'J [i/n IJ ~i·:,"' ,-;.~;;. lJ~-1.]1 ehi-i\ toim hqc c.Df~ :tty Yi 1-'bfm va di hiin 
chi'it ctia sai s6 (nhi~l1} trur:t_; il!:••1b pkl!1 di.1 sri li1~u v,'lr), Vi i0~~ f.tp f}\IDg cic phuang 
ph&.p Jay d:Jo ham xfip x'i cttt' /q1 djnh [6]. 

·Vi d\1 l: Tir hi~·u tbu (:~rqr~ xo(t) gOrn ti~J. bif;u thqc Xt(i~:· '\:,~ L'P ~lFi u(t) = Nsinwt. 

fl¢ l~ch thOng tin vao ti H nhO : 

max lxa(t)- •t(t)i = max [u(!)J = !N! ,;;;; 3 
tE[o:r] tE[o,T] 
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max \ ~ox~,!~(l - d~: x~~ ~ = 

,~, 1 1 dt'" ~Jt I 
' ' 

max { -":\tq2"1nu\t1 ·=z !NI "(cl? 

[o~T] 

1?i rat l&n khi (0 e6 ;;if!. -rrj ,t,j Jbn (Hinh 1),. 

Hinh 1 

Vi d'IJ! 2. Vi~c dllng da thll:c. llQi suy Laprilng cte- tinh nQi suy l!hn sO tl'r c:ic.- di~m 
rOi rq_c va tinh d:;to hAm ciia cO se g~p sai s6 lCm.• Vl d-g k:hi l-'¢'; suy v.l tinh d~o 
ham cua h!m R·mge [3]y = 1/(1 + ;,5,2) voi x"" [- 1 ,l] khi c1\p de thirc n¢i suy ntang 
1€n thi 'Sai sO 1uJ H cr,r~ d~h ra oo khi ixl > 0,72ii (H1nh 2) 

f,!JIJ 
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B2i it):ln ;··;·;s L t"-:! I_' '~: ,--1 ! ~ rF1 yc·,(.'' 1_(,_:, ~):o t,)(' hr '-~" t" ghi di:·h chuy~Jt_ 

c6 the d~t ra nhu· sau : 

j. \'*u tOe vlt) v-d "'" tcic a(t) lffn hf) v6·i dkh chuy€n u(t) i t-eo eke h~ ddrc : 

d ' d2 
v(t) = -- u(t); a(t) = -- u(t) 

dt dt 2 ( t.!) 

2· Trong th3nh phln djch chuy-€-u u8(t) ella d<lt cht'ra dtc tin bi~u _tln,rc uT(t) v~ 
. phitn nhieu v&i d¢ sai l~ch 0 >~ 0 : 

11 nS(t) - uT(t) II< 3 (1.2} 

lrong d6tl. H a chuau ch1 l¢ch {l'U.'.tg binh hlnh phuang. Khi the h!~n rO·i .rqc tren may 
Jinh di~n trr th•y cho (t.c) c.O : 

.L [u3(tk) - uT(tk 1]2 < 32 

k=l 

(1.3) 

B:\i toim cl~t r:l Ht llm ngh.i-?m xfip xl v(t), a(t) v6i nghi~m chinh x:3.r, vT{t), aT(t) 
cO tinh (b:lt On d.jnh nghi~m v6i S\r th.ay dOi nhO ctia uO(t) va khi ~ ~ 0 th1 ngbi¢m x:lp 

xi thu dcrgc p43.i h<)i tt.t ve n.gh '~m chiuh :die VT(t)~ aT(t) th6ug qua mr)t li€u chulln 
cbQo nghi~tn nao d6. Tieu ci--JU~!J chQn nghl~m· xfip xl On dinh ph:ii dva vao s· nghia toan 
hQc v(U )j, Idnh te, v.v ..•. cUa bfli toitn tH tlm nghi~m On djnh trong v6 sO cb.c n~hi~m 
khlt di. (J d<iy tieu chuiin chQn nghi~m d;:it ra nhu sau: 

3. Df!o d:Qng dl)ng d!H H lTH)t S~t' gi8i ph6ng nang luqng l&.tl h(i'U h;Jn, v~n tOe va 
gia tOe dao d{mg dQng ddt la e6 t(\n t<.li tht.rc va c6 th-~ ghi nh~n duqc. Ye mfii_t to8.n h9c 
u(t) can duqc xem la him c6 dq.o ham liEm tl}c tO·i dip 2 trong khoing thCd gian ghi nh~n 
dtrgc 

' (1.4) 

§ 2. GIAI BAI TOAN 

Trong (5] trinh bay lc\i gi8..i t0~1g quat cho b8.i toan khOng On d)nh nghi~m tren 
kh6ng {an Hinb~~rt rUt phltc t~_tp va kh6ng ti~n lqi ;ip dung thl.TC te. Du&i dft~,-, xu1t phat 
tiT y nghla v?t lY t[y"rc te ctb h~\i to{m se lrinh b3_v rnQl 16-i gii1i r:p.~n gQu vfl dO'n gian 
han. Vi~:: gi3_i b8.i toa t d1rqc t1fn h::nh nhlr sau: 

1. Tr~n mi3i do~n (:i? ti+l}, !. = 0, n, gia tOe rb.o dQng d¢'~1g CUi' dU'qc. ,.-j~p xi tuyen 
tinh vc't bBm n6i suy (~ich chuve 1: dtrGc chnu theo ti&u t'hu~n eh(!H (Lt), (L'~), (<4) v3 
ph3i c6 d~ng d~n gian ;lt;_2t. - · · 

2. Btr<1 vao thOng s6 th:1,. riOi IX. df! th6ug (rua n6 c6 -i:h·e. d?t ch·ryc nglTi$m On dinh 

v~(t), a8(0 trong sO c.Jc ngbi1)~1; kh8. cll ;;;~to cho .s1.r sai I~ch k6t qu~'t ph::U tuung duong 

v&i rlQ sai l$ch ella 1hr':lng lin vi-lo J .. a.l~ cH.n, 

ne llghii'Jl ctru B•ih hub_:';~ ,J,.; ·vi rhflll rteu Sl.!' 0:1 di;lh ngLi~m b x€1 
tnr(rng hqp 3 = 0 (t(rc. l:l i\"Fi'~'g l:'JP n!(,,; __ Q: li~~ ban di:h klu!ng d1 sc,i ~:6). l'ih;t.u xet 
th:ly tren h5_ng ghi rlao cl'(;i g !hn·rfn;;: f'!Jfrl d)~m cU.u va ri1Bm cn6' b~lt1g ghi_ tl!'O'ng Ung, 
v&i etc <Jao dQng rat y•2u llrc U1 t.:6 thC clwn di8u ki¢n: 

ll(o) = u(T) - 0 (2.1) 

Tren [ti-1 9 tt], chQn gia tOe dao dQng cHit a(t) c6 cl~ng tuyl!n ti:Dh: 

.• t; - t t - fi-1 
a(t) = u(t) - crt-l ---- + "' 

hi hi 
(2.2) 

ht = u ~ti-l;"'~ ~·(t•I· 
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u(l) = 
l_ -- t±~1 

~!- t "'" __ _ 

v(t) ~ u( t) =- <H-1 (ti -- l: )2 -.j·· Vi ~.<t ~ fi~1)2 + ·-'-'i----~~1L::! "- hi 
hi 

trong d6 A~ B dtrqc xitc d!nh tiT di8u ki<;n (1.2) t:;~.i t = tl.-1' ti : 

A -;;; Ui-1 - t1i-1h~/{5; B = lli - C'ihr/6, 

hi 

(2.4) 

Sir dvng dieu ki~n (1.4) doi hoi v(t) = ,;(t) lien t~c l?i t;(i = !,""" n - 1) vA d!i\u 

ki~.Il bifm (~. 1) thu drrgc h$ phuang trinb 

Acr = HuT 

trong do: cr =(at, •.• , a._,)T UT = (ui, ... , un-1F 

hi+ h2 hz 
0 ... 0 

3 6 

hz b2 + h, h3 
0 

6 3 6 

A= 
0 

h3 h3 + h4 
0 

6 3 

0 

0 0 0 
hn-1 hu-1 + ho 

6 3 

0 
1 ( -- ~~ -h: ) 1 

hl h2 

0 
(2.6) 

!j (- ~~- :J 0 
H= h2 

0 0 I 

Vi rr:a lr~n A d6i xU·ng va cb du&ng (•b6o chinh lrQi thve SIJ n(%n A !3. ma 1r*n 

xitc dinh duang9 do 06 h~ (2.5) cO q;hHrt. duy nl:di1: rr = 1 cr1~. ~, r:>n-1) 

Xet pbiem bam: 
'T' 

(2.7) 



h·ong lop cac ham e6 tbn t~i d~o ham cap hai b!nh phl!ong khi tlch vi. lhl\a mlln dl~u 

ki~n" (1.2) v&i i:l = 0: 

Kht 46 
T T 

F(g- u) = J \g.- ~· 12ctt ""F(g) - F(c)- 2[(g- ~} ~· C -s (g- ~}·~· dt] = 

0 0 

= F(g) - E(u} - 2£ f (g- ~)·~·cit 
k= I lk-1 

N 

F(g- u)= F(g)- F(u}- 2 L 
k=l 

Do <16 : F(a) = F(g) - F(g "" u) < F(g) 

I
lk 

Ck(g - u) 
tk-1 

= F(g) - F(u) 

Nhu v~y hitn' u(t) xac ii!nh theo (2.4) lam eve t1h phi~m ham (2.7). Co th~ djnh 
ngh1a u(t) la hitm nh~c gi8. trj tq.i dtc m6c tk cB.c giH tr! cho tru&c v-8. Hnn ere tibu (2.7)• 
Xet trrr6ng hqp cite gia tri 1~i clic rn6c tk khOng chinh :xac rna c6 m¢t sai s6 8 nao d6 
(8 > 0). Trong trrr&ng hgp nUy, vi~c xAy -dl!ng h3m tqi cac m6c tk nh~n gi:'1 tr! dll gln 
cite gia lri dii cho v&i m¢t ding di~u dti hon cho sai sO trung bjnh 19. be nbii se c6 Y 
nghia thvc te. Ham u( t) lam eve tih (2.7) va c6 rang bu¢c (t.3) c6 th~ dua v~ hoi loan 
cqC tri liJ flo: 

r N 

Fa(u) = f I ~·(t) i2mt + « L [u(tk)- ukl' ~min 
0 k=1 

;·Oi tha~ :sO IX x.itc U!nh llr _phuvns tdah d9 l~cll ban dS.u: 

N 

\' [u"(tk) - Uk]2 = 82 
.~,._./ 

k=l 

Ap d1J,ng djnh Iy Eu!ei', :->flU ~=".!1 ::H) b:~n d:Oi cO :lu-ge: 

Sau cll!"tg xiv~ ~ ,~>oi: de 
xl u(t) theo (2.3) : 

(A + e<HR' '" He! 

(2.8} 

(2.9) 

(2.10) 

(2.11) 

Ma tr~n ella (2, 10) h mn tr~\E _dtco c"luung cln'>o~ d6i xlrng xUe djnh duang 
nen c6 nghi?m duy rlt1fH-· Vi~c gild b:h to{w (2.'.1), (2.10), (2·11) rUt phlrc t~p. C6 hai dch 
gild quylH n h u sau: 

1. Ch9n o: = X 3 = ~oq$ 6 df'ly ~0 , {-{ Ll d.c tham s6 xac djnh ciin clr v:lo dij.c di~m 
tru&ng th6ng tin Lan diiu. Gii1 trj oc = ;x; ch.1p nh~n dU'<JC nEfu (2.9) (.luge thOa min gln 
dung. 

2. Sfr d9ng phcrang phap l~p Niut•.Jn d~ tim ngbi~m gh dung cua (2.9). 
, Sau d6 irng v&i mili giit !I'i ~.sir d9ng bien doi Householder [3,5] dua h~ (2-10) 

ve h¢ ba duirng cheo doi xirng va Sll' uvng phcrang pbap khu du~i vai s6 pMp loan 
bil.ug cffp ma tr~n h¢ (2.10) d~ giai. 
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l 
I 
I 

C:ic c6ng thlrc (2,:?), (2.3.k-C~.,1) dw phep x§.0 djnh d.c gia tr~ Xi'i.p x1 cu& djeh 
huy~n "~'~tn U)c, ght t6c di)ng di'i.l l~i dtc diem k1H)ng pbUi h di"E>.m m6c d?-c t~u--i1g 
~r_{k = ;:--;; tlrc 12. :iO cJ·,o phE-1; chlnh l)' du~ st' li~Ll ll!' c:fl.~ ctfCm do d~c trung ve c~c 

- _i~m dv dteh llen v0~ bubc ~t khbng thny d(ll~ Tl'I)Eg c·fte b:h Loin xac iljnh phlm trng 
6t1·g- trlnh~ x&y tl!,t~lt{ 1lH~i: d\1 ·ph() niing luvng, ph(J tDe dQng d~)Ilg dfit Y. V,o. thu(Jng ch} 
{r d1:1ng cUe s6 li~u dii. dtrqc ehlnh ly: 

§ 3. V:i: D!} MINH HQA 

NQi SLW va tinh d~o ham d~n cap hai ctla ham Runge tren do:,.n ( -1,1] th·eo cti.c 
itt tri chinh x:ic t:}i ·n ar:~;n c&ch den nhau n =lOll. Thlr t~t· t-inh lolm nhu sau: 

1. Theo cac gia lrj h&m Hunge duqc linh chinh x_Ac t<;ii n di~m cc'tch d2u nhau tlnh 
~n toe v(t) (tmbng hqp a= o) 

2. Sai s6 gifra giU trt chinh x:ac vT(t) va giii tJ'j !inh toan v(t) H. co sO· d~' tfnh 
ia toe a(t) (tnr&ng hqp a = 0) 

liang 1 
" 

' 
Gia tr! cbinh xac Gia trj tinh toftn 

'Me 
V*n tOe Gia tfl c Y~n t6c Gia tOe 

u.o o.oo - so.oo u.oo - 49.9785 

®.1 -3.20 - 6.40 - 3·19994 - 6.40937 

0.2 - 2.50 12.50 - 2.50 12.50!3 

o.s - 1.42012 8.37506 - 1.42012 8.37532 

0.4 - 0.80 4.40 - 0~79~999 4.40001 

05 - 0.475624 2.32892 ~ 0.175624 2.3289[ 
I 

0.6 - o.su !.30 - o.JGGO{J 1.29999 
I 

(>~ 7 - 0.19935B 0.'768420 

I 
- 0.1\J0359 0.768418 

0.8 -· 0.!3S.4G:5 0.47~i3~3 - 0.1::\8408 0.478321 
I 

0 ,. , 0 - f'.G9G65-'i0 o.~r: 13-37 I - o. 09~;):'539- 0.311331 

1.0 _ __ _ -~ t.'J.J;:;::n.W,i5 lL2105t4 I - 0 o:.:;--\_} !20 0.209487 
I . -·---~'~""---·--~~~--· ~-~~~ .. =~----==-~~~~=='<~~~-=~~"~ .. , 

Lt1~\'5 1 dUn :·a du~ g!-:~ trj Uuhl toUt; i:Ji H (Ji"em DtH c:Gch !tCu nhau~ sB.i sli tGong 
.(JLil c1h vl)n lOt~ gia 1.0c J:i: 

~ VT(L .. l -- v{l) i 
tn.UK -----~~-~ .. - ;;::;;~ 

tE[-·Ll] I V'l'(l) I 

ffi<'IX 
l a'r(t( - a(t) l 

= 
tE[~l,l] I a~(t) I 

1, Vi~c d~t hB.t toan kh6i ph~1c l!!i c&c b:lng ghi v~tn i_('jc, 'gin tl"ie dso d¢ng d(mg 

lilt Ur e:]c truJ.g gili l}ic:U cl:my@n gbi nh;f_n 1ht9·'.-:. troug c-;\e tr:)n d:i~JJg dM cln&i. d~Ilg bAi 
do{tn khO.ng (}n Jtnh nghi{'m dfi cho phep tlm dnf;rc nghi~'Hl 011 d!rtll dny nh~H xllp xi -{Qt 
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vbi nghi$m ihv~ 'Ff, 

bS.ng c£tc ph 1.~-ong 
cho l$-p c»:n-:'fHJ;{ ·tTi 

cUa q~hJ~~~ t·Lr, .:::·>: r 
ttr cue Lhtm n:o d~tc 

bD ·duqc ·nh&ng Slii :sO 16n thu&ng g~p p:t&i khj gl&i _Mal wan 
p ;~;nL. }{itin ng-hi phucru::; :.JJ:'!.r bit toUr :n.t~l' g·~-~~ ·--~1 tllr;llr: ti_~n 

-.-_ ~=--?n- ;:na•; t'r:!h. cl'-c.~- tL· '\i flu 'Q',;_J;:h hoc, t11c '" c1J rbb1b xB.c cao 
a-:o-i cling ;_·1~- (tf·ng r.l~·q:: pJ-iu;ng pi·,{lp chh~1_ly dto:: sO li_¢n 

;·.;-.!~ d:r dte --dl·em bat k::," theo . eu ciit~-

.-0 _Cl•' k···t cdl l~· :)' s6 L~~ V}l ('~),_;_~ ~J:12.U ao 'Um d,i(;>:_e i3 UJ.SO c:.e glili dtc b:'•i toan 
khf'lc ]'hait ti'o1:'~f l.p_~l~e-:: crr.u -dy::i~: dB..t -dt tinh tofH, khil.-ft g cbf,n cho de t'O.;g trinh -xfiy 
chr:~g nhlr: xU:t d;· m6 hinb dllo d¢ng r1Qllg d£'i.t, x3.e djnh m~t ct¢. ph~ n3.ng.h.r_grig 

· va pliO tic ctqng d¢;;g d:it h~:1 c6·;g trinh v.v .•. 

tJia dd 
Vi#s Kh-at} h:h' ky. t,b:_U xt1y l~rng co btin 
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Sm•.!MARY 

In lfi-3 c-::rL,~!-' th-s av~Gor i,,~c.:n·.:!-'> to pu~ a problem of ~ehuifdjr,g ~Lc~i:-ro~ram and 
velo·:e·~i'<Ull rr::::.·~n t'- d :·::·b.1.:e-:-; r'?'c·;rd.-· of ~·-.·.e last t.'-1l.r-i:hqtL~k~::-s 1;' t_,_;2 i(:::':r;_ of the ill"' 
coodi~ :>. 1:ntg ;,~s -prc-b~·m<_ '':""le rc<l)' Lnd th-e un·,~F'"" r-;o:u: -cr~ hig'-'>i.y ;:tpp
roxi'm,ted t>re c:~ad ;:-.:-;L~. C'-" ~-:. _(j s,;t;-~l2 to .. c..:1Go-:-n e-nor:~ of th:: tn~~l:l ;l:~t-:s" The high 


