Tap chi CO HOC 1979 58 3 -4 (trang 57 - 64)

CO S& PHUONG PHAP TIEM CAN TRONG
HE PHI TUYEN MANH CO CHAM

\GUYE\' KHAC LAN

~

Ll‘\N ddu tién hé co chdm, ma @6 chim dwoe xac dinh bbiphuong trinh vi
phin, di dwgc nghién etlru trong cdng trinh [1]. P cham duwge. gid thiét
nhu trén khéc vé chdt véi cie dd cham did duge nghién cin trude day (do
chim A — khéng doi, A — 13 ham cuia théi gian, A — |3 ham clia ham cin tim
va dao ham clia no). Sy khac biét d6 thé hién & chd A 1a ham cho truée déu -
6 the gia thiét né 12 mol ham dwong I(rén mot mién nao do, con néu A coi nhu
nghiém ctia phuong trinh vi phén thi gia thiét trén bi pha v& va trong khi nghién
citu cin chi ra nhitng diéu kién d& A la nghi¢m dwong cia hé phuong trinh
1.'1 phan dé 1a mot Lho khidn 16n khi gidi quyél bai toan nay, )

- Trong bai nay chiing téi trinh bay phuorng phap xay dung nghiém gin
dung tiém can va ching minh co s& toan hoc cilia phuong phdp dé Irong hé
.phi luyén manh ¢6 chim, ma dé cham phu thudce vao trang thai cua hé dao
déng Su phu thuoc dé du'orc biéu dién’ bang phuong trinh vi pnfm

§1. TA KHAio sAT DAO BONG CI’JA HE CO CHAM DUO‘G XAC DINH ,_ ,
3 BOI PHUONG TRINH VI PHN \ '

!

il ' de . cdzy = o3 dr dzx
. ' +f ,x,—)= F o .
iy dt= - V(T' at) =% o o di’ dt &
S | S dz

; el F €y — A 5
) Ca el (7, 1 €)

trong dé la ki hiéu .1:A = (t —A),- 7 = sl — tham s6 bién dm cham, & — tham
-8 be, A — dic trung cho d¢ léch cha thoi gian,

5

1) Gid sir: cac ham F,, F, gidi tich d&i v6i tham sd ¢ va co lho khai trién
thanh chudi lay thia cia e, ma cac hé sd 1a cac da thire déi voi doi s6 cua minh.
2) Hé suy bién:

“ra

S dix i dx ' ' ;
s PR § (PR ) = . - 1.2)
dt2 ( Yot y A
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Khi do ¢ = const, phuong (rinh (1.2) ¢c6 nghiém dang:
o

T, = E az (z. |). {_‘71,3)

n=1

P =J‘m(r, a) dt + o.

trong d6 z,(z, ) — tuin hoan theo ¥ v&i chu ky 2:: a, ¢ Ia cac hing s6 tuy ¥,

a— nho chudi (1.3) ht): 1u déu trong mién |a|

3) Xac dinh duogc righiém gin dung cta he suy bién va ky hiéu né qua
e &, ).

. |

T = (1,8, )= E Az (z,g) - (L)
=1 . ) =
va thye hién didu kién: -~ .oy =" “
| 3 Z; er 4 E ' gy
A(r, a, w) == v =+=0. : ; (L5y
Zaw ng & ow - ;e

hhl x4y dlrng nghzem. chiing {a -coi ring nghlem A() cia he (1 1) 12 ham

duong. Ditu kién dwong cua ham A(l) s& chi ra & dudi.

beé x4y dung nghlem hé (1.1) la sé ap dung phuong phap tiém cin. Theo
luge d6 cua phuong phap dd trén doan [0, L] s& tim nghiém dung clia hé (1.1)
cdp nhd 0(a®) Lheo tham s a va cip O(e*) theo tham s e (rong dang

x = z(r,a, )+ eUp (1,72, 0, ) + *Uz2 (7, a, 6, }) —{—.-..

A=08-4evi(r, 2,0, p)+ e2velr, 2,6, P)+... . (1.6)
lrong doé cac dai lugng a, 1, 8 théa min h¢ phu.ong trinh
3—:" = eA (7,2, 0)+ %A, (7, a,8) + ...
%f" = w(z, )+ F;B1(r?f. a,08) + ¢2By(z, a, 9)‘+
—-:—f.-z-—- tCy(7, a, 0) -!—.lEQCQ(T, a.8) +.. : (1.7)‘

Cdc ham U;, v, tudn hoan theo w véi chu ky 2x.

Nhu vay bai todn tim nghiém gin dung hé (l.1) duoc du'a vé bai loan
xace clmh cic ham U, (z, a,8,v), Vi(=, a, 8, z:) & (. a, 8): Bi(r, a, 8). Ci(r, a,0)
i=1, 2, . -
GLm dung thi nhat hoan thién theo tham sé = duge xac dinh theo
cOng thire:
x(L) = z(t, a, P) + €L 1(1 a, 8, ¢) (1.8)
A0 = 0() +eVy(z, a, 0, Y




Ui(z, a, p), Vi(z, a, ¥ tudn hoan theo ¢ voi chu ky 27, Gae dai luogng
a. ¥, 8 thoa min h¢ phmrng trinh :

ua = zA((7. 2, )
dt .
- l -
2 = w(r, a) + By(z, a, 9). (1:9)
dt
% = EC](T,.E, 8)

Bay gid tim hara U;(z, a, 0, ¥), Vi(7, a, 8, ¥), VA Ay(r, a, 0), By(z, a, 8).
Ci(7. a, 8). V&i mue dich d6 fa vi phin biéu thire (1.8), khi vi phan 6 ké L6i

cac phurong trinh (1. 9) Sau-dé thé nhitng két qul'l nhan duogc vao pbuorng lrmh |

(1 1), khai trién hai vé theo chudi liiy lhu"l ciia €, cho cac hé s6 cliu ® va ¢! &
2 vé biing nhau. Ta nhan duoc cac phuong trinh :

'z{l’i +f(r z, mzw)__O
w? —-——Ul w (i) : __aL; Ny (i) U=
ay? 83X /o oy ax /o,

) - v s af ’ i f s G
R S e b e

aV, |

Ny

0’ day biéu thic lay gia tri lai nchlem cia hé suy bién du'orc L\ hitu qua

dali méc (.), va

7 - @y(z, a, o, q;) Fl(r, z (7, a, V), z(r,'a, w:— mA),'
mzw(r, a, IIJ) mzl]} (r, a w, m&) Q) — ( :i. ) 'z:[ —-—b?.lwz;'w-;w' z'w .

) *Truée hét v phuong trmh thir ba clia (1 10y ta xac dinh duoc ham
¥ (7, a, 0, ). Ham nay tudn hodn theo' § vén chu ky 27 khi c6 hé thuc

95T

1(1:, a, B) = ——-J.F'z(r T mzw, 8, C)ch{, | (L1
vA ham V, ¢6 dang | . '
(88 ., "1 & [Pa F2
Vi= — [ sin oy — —=cosny| ’ (1.12)
. =1 n

trong do Fu. F§, la hé¢ s6 Phua-ri-é -cla ham F,.

Tir phuong trinh thie hai etia (1.10) ta thiy ring, phwong trinh thuiin nhit
luong wwng voi noé tring véi phuong trinh higr phin cia hé suy bién (¢ = 0y,

-
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g i S Fa(r 2 wzq, 8)—— Ci(z, a,0) S e ! (1.10)‘




theo gift thicd vo kél gun eta 1y
{ &

thuyét phoong trinh vi phan dé dang bigt o

nghiem dace lp cta no. Sau d6 dé dang fim dwoe ham Uiz, o, 6, ) nhir phuong

phap bi€n thién hang s6 La-gring. Ta co:

T e
n=1 o
i a0
+ 2, (v, a. )"
4 i u=1 1

I

v

" i 2 o '
z (r.a,y) }_ — [Fu(r. a. §)siny — Q. (%, &, 8) . cosny] +

[Pr, a 0)sing — Q” (z,a, Bcosnp] (1.12)

trong do P (7, a,8). Qu(r, a, 0). P¥ (z,a,8), QF (z, 2, 0) la nhitng dai lwong da

dugc xéc dinh. Cic dai lwong A;, B, duoc xac dinh tir hé phuwong trinh.

s

" : . 217 W
: S £ 1
Si1A; + S By = [ ' i D adﬂi- -
° : T .13)
v 2J1 Z‘ ¢1 / v
! a 3
Sor Ar 4+ Sgo _Bz_ =,f de,
- S ;
Trong dé:
' o,
g ’ [m’ z. 4 2wz +(af z‘]dw‘
=] 4 “« =t a ’
3 11 J‘ mgw‘a) a a'tp o )O
= ;
= 2,
Z
. = S s of ‘
. sz’n—}—(———) Z’]d1~.
" .[_‘”Qc‘b [ v il ® 1
[ 5
o (1.13)
. % zi [, , af )
521 —_— o (43 /1. B 2[[}2, 1JJ + (_") Od d‘q:l
- Jo WD N N ax
I ‘ i
2%
Z:] r 7 t ki
SE' = 2wz g - —) Z'.J .,
4 - (u'-’-" L "PE { O:-t i * ’
Néu dinh thie:
S Siaf
S = ; _’ ql- == ﬁ
Js:‘;: SQ:<

thi Ay, By duge xac dinh moi cdach duyr nhit va bai toin gidi dwoe, néu dinh

thire dod bing khong

&

thi bai tofin khong giai duoe bing phuong phap trén,

Nhung doi vai nhife bai fodn thwe t8 dink thtre trén khae khong

-
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Vi du: Khio sal phuong trinb

2 J T(t—L L .
BL g — 13 (—d_x') ce(l—gn BEU—D) T2 e iy
dts dt dt dt
Béi voi phuong trinh (1.14) ma tran S ¢6 dang:
, dw) Tmi llTw%
— ({.t) + — e = ) : U
g w* 2 4 ©OBYA
T . 1 1172
’ wl-wm)
20 64 A
va hé phuorig trinh (1.9) cé dang:’ '
; 2 :
4 57
aw(l ..l e ) cosnl\
da _ 8 | 256A
- | ' a2 2
dt : aw, fma 1|1Tm-;1 ‘
| BEE T S
. = 3 " - (L1D)
- 332 H’ma : -,
d ; (1 — - ——) smmé‘_ ' _
d—T = w — Ew + 6‘?‘ '
, . 642 / - )
de a? ; '
—_— f— i
dt 2

: Nghlem clia hé (1. 14) v voi o chinh xac a“ theo tham s6 a va ¢! theo tham
.36 g cé dang oy

b
3

Cx= acosy — —33’:—1 (c"osw‘- cos3y),

i -_ ks LA =04+ s—?—-— §in2y, , _ )

~ / w
trong dod a, p, 0 thoa min he phuong trinh (1. 15)

§2. Trong phan nay ta ching minh co s& cla phu'ong phap tiém cdn doi
voi- phurong lrmh c6 cham gan tich phin duge, tirc la ta chirng minh ring
nghxém gin ding ma tim duge bing phuong phap tiém cAn trén mot khoidng
lhén gian di lén véi d9 chinh xac cdn thiét 1a nghiém cla phuomr trinh luong
img. B2 don giin cho sy trinh bay, va khong han ché tbng quat, la ching

minh dinh ly vé co s&'clia phuong phap tiém can d6ji véi nghiém gin ding
thit nhdl hoan thién cla phwong trinh ¢1.1).

Co the khing dinh ring lwge 46 chirng minh v nhung két qua dudi ddy
ciing ding déi voi trudng hgp biét nghi¢m chinh xic cta phuwong trinh suy
bign vd d9 chim la h ing s6 hoic [a ham ciia thm gian,

il




V"¢l miue dich trén ta phat bitu khéng chirng minh dinh Iy saw:
Dinh Iy : Gid s he (1.1) thoa man cde dié¢u Lién 1) — 3) trong muc I vd

a) Hé phwong trinh (1.9) thoa man ditu kién

| 4;(r, a. 6| < Q;a + D40 -+ I (2.1)
1 C(r,a, )< Dya+ DB+ Dy e "
b) Nghiém a(t, 8(1) cia hé¢ (1.9) théa mdn bat dang 1 hire '

Iﬂ(—T)I-}-lB( Ni<e<a, ) s (2.2)

2 D + D A | » . :
o T = aeE(D +D"NL+T) PO Meithoui B, e(D T D) LAD _ 1) 2.3)
D+ - 23
trong'_dé D’ = max (Dy, Dg), D"’ = max(D,, D4). '
Ds -}—Ds ' - '
d <1 ; (24
Dot i g o 3

* Khi d6 véi L dd lon va cdc hang s6 S; M co the zdc dznh cdc sb du’ong"\r:..

K, g, d¢ cho we < e, vd tréen doan [0, L] s& ¢ bit déng thirc:

¥

- 1 2Dy — x(t) | < eK.

_1EDd) =a( | <K, ) (25) :

s AU)(t) — A(t) | < eK.

irong do 20y, A 1a nghiém gin dung ¢hir nhiit hodn thién duge mdc dinh

bgi cong thirc (1.8) vd (1.9), con z(l) vd A(l) ld nghiém chinh zdc ciia phzwng
{rinh (1.1). Chiing théa man diéu kié¢n ban ddiun.

z(t) = (1), :x:(!) = (1) irén dogn (— e, O).

dinh it quan he¢ véi A,
g_~(o)='cp<o) x(0) = ¢(0):  a(0) = (o), =D(0) = (o)
Loty — ¢V | < S 1 g D) | <M.
e — W) | <eS. H e 1 <A
trén tap E, va
| &) — AD(0) | < &S, [ AD(D) | <By.
cae ham oy, ) dit s6 tin khd vi trén mie‘én xdc dinh ciza minh.
Sau ddy la néu nhitng bude co bin cia luge dé ching minh dinh Iy
trén, Khi chirng minh chiing ta s& dung luge d6 clia Mi-lo-ro-pén-1ki dé ¢hing

minh dinhk 1y co bin cla phwong phap tiém cdn (xem [2]). B¢ st dung luge
do 46 ta lin luot ehing minh cie bo dé sau day,

6.

2Dty = o0t z1ty =¢0) tren 1ap E,, E, 1a 1ap ban dadu wdc.




Bo de 1: (rid sw hé plurong frinh (1.9) thoa man diéu kién (2.0) thi nghiem a(l), .

oty gicri noi trén doan =T <1 L.

Bo de 2 : Néu ¢6 ditu kién (2.4), thi phuong trinh (2.3) ¢é il nhdl mol nghi¢m

nhé hon t.

Bay gio ta gia skt = 0 Ia thoi difm ban diu. Tir quan hé eiia ADQ) -

ta xac dinh tiap hop ban diiu E,. Tap hgp nay bao gom diém L, = 0 va 14l ca

cic gid tril — Am(l) ma t — A“’(t) - 0khit>0; dong thoit, = 0 1a di¢m bién
bén phii ctia tap E,. Ky bié¢u doan bao gém tdt ci. cic gia ln teE, va {u, L]
qua doan [t*, L]. I\h: do la ¢o:

Bb de 3: Gid st c6 ditu kign (2.1), (2.2) va 0 {(=T) >0, trong dé T ta nqluem clia
phuong trmh (2 3) thi:

Fe

a) A(l)(” gtm ndi va 5(1)(1) << T <7, néu v 2n thi A“)(t), <' 2n ; dong

thoi Am(t) la ham duong trén dogn [t*, L]
b) z*(t) ld ham gidi ngt trén doan (8%, L), .
Theo k&t qui cia bd d& 1 nghiém () gidi ndi trén c‘[oan [-T,L]va theo bd

a8.3 A1) < T, do d6 ta c6é thé suy ra riing doan [/%, L] nim trong doan

=T, L]. Cho nén 6(l) ciing gi¢i nodi trén doan [t*, L]. _
_ Bbd da 4: Néu didu-kién (2.1) duwgc thuc hién va 7
D;N 4 Ds
. B D,
rong dé: N = mazf(t) trén [t*, L]. Khi d6
| ' e <M< 1.

<o<l,

:eu a(t") =T<1.

Db de 5: Gid stt cde didu kién cta dinh.1j dugc thee hlén khi dé nghtém

an dung thir nhat hodn thién a:(l) AQ) 1héa ‘man phnrong trinh (1 1) voi sai s6-

2, tirc la ¢6 cdc bt dang hire

S 3 )
d2z(Y) dz(h) (1) da() dxg _
== ‘(l)s e far o F “ly (l): ? T R, T T W 2 ?F )
= _f(‘t, G = ) € [(1: T x o e), we R

1 . -
—& —¢F, (r x(1), dm('), A, 'a)
- dt

“<\- F'QFL’#

fong do Fy,, Fo, la nhitng s xdc dinh. ’
Sau khi chitng minh céc.bo d& trén va nho phuong phap buéce {a c6 thé
r.dung so d6 cha Mi-lo-ro-pon-xki [2] dé chitng minh dinh ly. O day ta

hong lrinh bay so dé chitng minh eac bé dé va dinh 1¥ dd néu & trén.
K Dia chi

Nhin ngay 5-5-1979
Trirang Pai hye Tdnyg hop .
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RESUME

e ' FONDEMENT DE LA METHODE ASY\IPTOTIQUE DANS UN
SYSTEME NON LIZ\EAIRE 'AVEC RETARDEMENT

s

Dans ce travail se propose un schema de consiruction dune soluhou approxima-

tive asymploliquement d'une systéme non _linéaire au sens fort avec relardemenl dé-
pendant de I'élat du systéme. La relation entre-le rctardement et l'étal du systéme
. est etprlmée par une équation différentielle.

- 8
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Nam 1879 Tap chi Co Hoe che dong gop, s0 1-2 ra Lhang 8, s& 5—4 ra Lthang 12,
vai gid 0830 X 2 = (460 '

Nam 1980 Fap chi Co Hoe s& ra 5 thang mét ki vio cée thing 3 6 9 wa 12 voi
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