Tap chi CO HOC, tip XII, 1890, s3 2 {1 — 5)

DAO DONG TRONG HE PHI TUYEN CAP MOT CO CHAM
L HE OTONOM

NQUYEN DONG ANH, NGUYEN TIEN KHIEM

MO DAU

So v&i hé vi phan thidmg, hé ¢4 chim cdn dwge nghién céu chwa diy dd vi chi tigs, dic bids
13 cic van d8 dao déng. Ngay cd phwong pkip bién thién hing s3 Lagring, phwong l;r‘mh diic-

tru’ng, nghiém tuin hoin cung chwa duwge nghién ciru nhidu,

- Muc dich cda cic téc gik 1a nghign cin mét cdch cb hé théng cic dang dao ddng c6 thé trong
hé phi tuyén cap 1 cé chim. Bii bdo niy chi xét hg 6t8ndm, ttre 13 chi nghidn céu cic dao déng
riéng, b dao ddng. RO ring sy ton tai dao ddng trong hé cc’ip 1 tuyén tinh thuiin nhit ¢6 chim di
néi 1én st khac nhau co ban gitva hé khéng va ¢6 cham. Thit viy, trong hé cdp 1 tuyén tinh thuin
nhit va khdung ¢é chim khdng thé c6 nghiém tuin hoin hay trong hé cip 2 Duffing théng thudng.
khéng cé tw dao ddng, nhu’ng trong hé cdp I ¢6 chim cdc dao ddng trén lai xuit hién. Chinh vi
12 46 bire tranh dao dong ciia hé cip 1 cé chiam khi ¢d lwe ngoai tuiin hoan tac dung ¢fing 13 diéu
1 thd mi ching t&i sé nghién ciru & bii tiép theo.

Hé dwoc xét trong bii ndy ¢6 dang

X(t)+aX(t— A) = ef[X(t), X(t), X(t — A1), {t - A1), (0.1)

véit >0, a>0 A>0 A >0, ¢ tham s§ bé. Phuwong phip nghidn etru 13 phwong phép
tiém can [1).

1. HE TUYEN TINH SUY BIEN
Khie=0 (0.1) cho ta hé suy bién:

X(8) + aX(t — A) =0. (1.1)
Phuong trinh dic trung twong fng véi (1.1) cé dang

A+ ae*d =0 (1,2)

Phuongt‘rigli h cudi ¢é nghigdm thuin 3o khi:
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acoswA =0; w-—asinwA=0 (1.3)

' Hé (1.3) cho thdy nghiém thuin 4o cda (1.2) sé 1z +ia vdi didu kién:
sineA =1 hay aA= w(1 + 4k) (1.4)
Nhu' viy {1.4) 13 dieu klen &€ (1.1) c6 nghiém tulin hodn

X(t) = ag cos(at + fp), (1.5)

trong 44 ao, #p cic hing s8 xdc dinh tir didu kién diu.
Viéc nghién céu phuong trinh (1.2) cho thiy tinh chim A du ¢6 nhé ciing ¢6 thé lam thay
d4i birc tranh dao ddng. Thit viy, xét phwong trinh

)Z(t) + 500% X (¢t — 0,001) = 0, ~(1.6)

tirc 13 khi @ = 5007, A = 0.001. Phwong trinh {1.6) c6 nghiém tuin hoin X = a¢ cos(500mt + §,).
Nhung vi A quéi nhd so véi o nén néu bd qua A thi (1.6) lai chi c6 nghiém dirng duy nhit 13
X =0

2. XAY DUNG NGHIEM TUAN HOAN CHO HE PHI TUYEN BE

Gih st hé suy bi€n (1.1) ¢é nghiém tudn hodn, tic 1a thda min ditu kién (1.4). Khi dé néu
e < 1 hé (0.1} cing cé nghiém gin v&i (1.5). Ta s& xay dung nghiém d4 bing phwong phip tiém
cén. ‘

Nghigm cda (0.1} s€ tim & dang:

VX(t):acos¢+su1(a,¢o)+ez..., ¢ =oat-+8. {2.1)

Trong d6 a, 9 14 cic ham thda man phwong trinh:

a=eA(a) +e%Ax{a) +...; 6 =¢eB)(a)+&2Ba{a) +... (2.2)
vi cdc hdm u;, A;, B; 1a phdi tim. _
“Truwée hét vi @, 6 thda min (2.2) nén & ~ 2, § ~ e%,..., va do dé ta cé:
1
er=alt—-Ay=a—-aA+ E&A2+---:a—sAA1+sz...
) 1. (2.3)
=9(t«_A)=9~3A+~2-3A2+---=3—5A31+e2....
Khi d6 ta cé thé tinh dwoc:
Xa=X(t—A)=asing —e{S§A,sind +aldBycosd+u}+... (2.4)
Trong (2.4) da tinh dén difu kién (1.4), tire la sinaA = 1, cosaA = 0. Twong tu ta cb
Xa, = —casin{¢p —al;)+e..., Xa, =acos(¢p—ad;)+te... (2.5)

M3t khic, tir (2.1) sau khi vi phin ta dwoc:
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X——aasxn¢+s{A1cosq§waBlsmqD+o: }+c (2.8)

Thay (2.1}, (2.4) - (2.6} vio ham phi tuyén f va khai trién theo chudi Hy thira cia &

'f[X(t), X(t), X(t—40y), X(t — Ay} = flacos$, —easing,acos(d — al,), —aasin{d — aﬁlﬂ-«— £...
(2.7)
Cudi cung thay (2.1), (2.2}, (2.4) - (2.7) vao (O.l) so sanh cic hé 38 cla e ta sé dwgce:

[A1cosd — aB;sing] — aAaB) cos ¢ + A, sin $i + Q(BE + ul) = fo, {2.8)

trong dé:

fo= fola, ¢) = flacos ¢, —aasind,acos(¢ — aA,), —aasin{g — al;)]

Khai trién cic him fp, u; ra chudi Fourie, gid thidt him wu; khéng chida thanh phin cos ¢,
sint ¢

fo = Z {hn cosnd + gn sinng);
n=—0_0

U = Z (V. cosng + W, sin nd),
nEl

~san dé so sanh cic hé s& Fourie trong (2.8} ta dwoc:

AL*QAG.Bl:hj_: (CL),
ald; +aB) = —g, = —g(a),
V, +nW, = lhn(a),
(83
1

_nVn+Wn: "gn(a); n:0,2,3,...
a .

Gili cac phuong trinh don gikn trén ta ¢

fi

Ar = (1+a?A?) Hh - aAg,
By = —[a(1+ a?A%)"Yg + alh],

1
VO = —h(),
e , {(2.9)
V = T T 5y hn. - rify 7
a4 nz){ ")
. .
W, = ——————[g, +nh,l.
w{l + n?) [9n + 7k
Nhr vy ta ¢6 thé xdc dinh dwee gin ding thir nhit hoin thién:
X =acosd+euyfa, 4), ¢=at+0. _ ' {2.10}
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Bién d% dao dong dirng =€ tim dugc tir phwong trinh |

| Asfo) =0. (211)
Dao dong dirng 46 sé én dinh nén
1a0) <0 (2.12)

vi d6 léch tin s8 s bing B, (a)

3. Vi DU

L.
X +aXa =e[-X + X3
trong trwémg hop niy

fo = —yacos ¢ + fa® cos® ¢

vi do dé
a’, gn;—-O, h,=0, n>3

H |

o \ |
g=0, h=—ya+;pa’ ho=

: ' 3

A =1+ azAz)( -9+ Zﬂaz)a,

By = ~ab(1+ 8%} (= 7+ 38a%).
Vi trf cin bing ag = 058 8n dinh néu v > 0
Ty dao dong: ' )

X= % cos(at + bg)

gé n dinh nfu 1< 0;8<0. NfuA=0 chl cé trang théi cin bing 6n dinh.
2.
X+ aXa = e|—kX + fX°]

O diy
| 3, S
o h= Zﬂaa, g=oaka, hy= Zﬂaa,
. va do dé
5 _
Ap={1+a%A%) " {~a?Ak + Zﬁaz}a,
By = ~(1+o2A%){ak + S ha’ad).
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C6 thé ¢4 hai trang thai dao déng dimg tuong img véia = 0,a = 20/kA/35
Vi trf cin bing sé on dinh néu k > 0 cdn tiy dao déng

X =22 kA cos(ot - eakt + fg)
3B
:=sé' 4n dinh néu k< 0,5 <0

- C4 hai trwdmg hop trén cho thiy trong hé cip 1 cb chiam véi lwe phi tuyén Duffing ¢6 thé ¢
" i dao dong. Nhung khic véi tw dao dfng trong hé Van de Pol cip 2 khéng chim, ty dao déng &
" dsy cb b 1éch tin s8.

3. Xét hé Van de pol:

X +aX, =elt -7X3)X

Sau nhimg tinh todn don gidn ta ¢é:

1
Ay = {1+ 2A%) oAl - Z’fag)a,
3
B, = {1+ a*A%) {1~ Z'yaz),

up = ;—Oas(cos 3¢ + 3sin 3¢},

. Nghién ciu cdc phwong trinh trén ta thdy vi tri cin bing o = 0 khéng &n dinh. Tw dao ding

i bién 46
\/T
anp — -
i

s&8n dinh. Bitc tranh dao ddng giéng hé cdp 2 Van de pel khéng c6 chim.

.~ KET LUAN

Daoc d8ng riéng cta hé phi tuyén c¢ip'1 ¢é chim da dwgc nghién cdu bing phwong phip tidm
¢an Crwlév-Bogoliubov-Mitropolskii. Két qua nghién ciu cho thay:

1. Trong hé tuyén tinh &d tinh chim cé rit nhé ciing 1am thay d&i tinh n dinh tiém cin cda
i tri'cin bing cia hé khéng chdm twong tng.

2. Dai lwong A 6 vai tro lam gidm dao dgng twomg tw nhir vai trd cla lwc cdn nhét 2R X(t)
trong hé cip hai. Ty dao ddng ¢6 thé xiy ra trong hé phi tuyén dang Duffing citng vi trong dang
Van de Pol.

Dia chi: Nhin ngdy 16/8/3989
Vién Co Vién KHYN { Xem ti€p trang 24 )



