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HIEN TUONG ON PINH QUAN LIEN
TRONG HE A TUYEN NHIEU BAC TV Do

NGUYEN VAN DINH

RONG {1, 2]. nho khéo sat cac h¢ 4 tuyén tw chdn va théong s6 hai bic tu do, chang
ta d3 nhén biét hién twong dn dinh quan lién. Dudi day, xét tluong hop hé &

luyén nhigu bac tu do. ®

i

§1. HE TU CHAN

Cho hé phwong trinh vi phan dao dong mé t4 hé ty chin:

x + pix = Ef(x, X, Xto X{, oes Xns Xn) (1.1
.J;i + pizxi = &f; (x, x X1s ;41‘, cees En, ;(n) (1.2)
trong d6: i — chi s6 chay t 1 dén n; x, % — chc toa d0; diu «. " — ky hleu dac ham

theo thoi gian; p, pi — cac tan s riéng; f, f; — chc da thire cda X, X, xi, xi; € — tham 86 'bé.

' Gia thiét khong x3y ra (ndi) coHng huédng. Trong hé. ngodi ché d6 can bing (edc
kich ddng tir chéin khong gay dao dong) va chc ché d dao dong hdn hop (nhidu kich dong
ty chdn gay dao dong) c6 thE xiy ra ché dd dom {in cda riéng tung toa d6 (cic kich
dong khic khong gay dao déng). P cu thd, xét ché d6 don thn cia riéng x. ddt:

¥ = asin{pt + Q) ; x = apcos {pt -4 @) 1.3)
%; = ajsinpit + bicospit; i;i = pi (aicospit — bisinpit) (1.4
trong d6: a, ¢ (bién do va pha): aj, bi — cdc bién méi

He phuong trinh vi phan dao déng trd thanh:

. B . e .
a = — fcos (pt + @j ; 9 = _;—f fsin (pt + @) (1.5)
p .
a e " " g N .
aj = pi ficospit i by o= - pi fisinpit BT

Ti€én hanh trung binh héa voi chi ¥ réng. két qud 13 giir 1ai cdc 58 hang bang (sau
bi¢n d3i lrgng giac d% tridn khai v& phii thanh sin, cos clia 16 hop céc boi cung). He
" phuong trinh trung binh'cé nhing dac diém:

— V& phai khong chirta goéc pha @

~ @ v& phii hai phwong trink twong %ing (1.5}, che s& hang 12 bac chin @51 v&i
E‘L.VN‘Q, Cﬁp RN b;; . '

)




— ¥ vé phéi cha cip phwong trink thir | trong hé phwong lrinh tuong dng hé (1.6),
e &0 hang déu chiva aj hode bj.
(‘u th® homn:

a = €pla, a1, biy.... an, bn); @ = 8Q{a, a1, brs., a5 ba) (LD
ai== ¢ {aipia, a1, b1, .., an, bn) + biQi(a, a1, bi,, an, ba) |

Di= ¢ {aiRi(a, a1, b, ..., an, bo) + biSi (2, a1, b1, ..., an, ba) ! (1.8)

rong dé: P, Q, Pi. Q;, Ri, Sj~—cée da thae cfia a, a1, br,.., an, bn; P, Q—céc hiam
hwa tieng cip ai, bi & bac chin.

Ch& 46 khio sat twong wng nghiém a; = by = 0. voi bién 40 a, xdc dinh ti
‘huyong trinh: - -

pa, 0,0,...,0 0 = 0 (1.9
‘& gée pha Qo cé bitu thire ;

P = &Qla,, 0,0, ..., 6, 0)t - hing {1.10)
Git thiét nghidm aey ai = by = 0 ld ¢6 lap. Do nhitng dic di¥m d¥ néu trén, he

iién phan c6 dang don gidn: _

. A
ba =€ (——P—)o 6a (1.11)
da : . :

bai = epjodai + €Qi,dbi (1.1

_ 8b; = eRi 6ai + €Siodb;
roﬂg d6 chi s6 «0» 1a ky hi¢e yéu ciu tinh céc ham tai nghiém twong tng ch& do
‘héo sat. » : o
Phuong trinh dde trung cé dang tich:
2 | Epio — A €Qio )

il
So i=11 eRjo £Sjp— A ! l
Cac digu kién 6n dinh tach thanh hai nhém:
3 .
(—.—~ <0 : 1.14)
da s
p;0+ Sio <0 5 PioSio — RioQio > O (1.15)

€6 the tim duge ¥ nghia cac digu kién 8n dinh nhw sau;

— Trudc hét, khio sat dao déng cta x khi cac nod khdi dnh hudng clia che toa
Trudc hét, kh at d i khi cach 1y nd kh ol g cfi e

6 khac. D4 13 dao dong «twr than» mé 1A bdi phwong trinh vi phan (1.1) khi xi=x=0. -

x + plx = 8f (x, 0) = &f(x,x, 0,0, ..., 0, 0) (1.18)
Thye hién phép ddi bi&n (1.3) va tién hanh trung binh héa, ching ta duge:
a=3apa) ; ¢ =80 {(a) (.47

D2 dang nhin théy, dd ngay tiv diu cho i = % =0 hay chi sau khi bién 4% moi
- O q 9

[=h

<faac
)
i
il

P(a, 0,0, ..,0,0) =P (a}

i) [P (1.18)
( aa s ~ 53 )(7 '

Nhu thé ché d¢ don 1in cda riéng x tring véi ché do dao dong ty than céa ud
vi (1,14) chinh 1a didu kién dn dinh cla bAn tlian ché do dao dong — dige kiéd &o dinh
ety {han». ‘ . ‘ :

Béy giv; xét trang thai-can bing céa xj khi dwoc cdch ly véicic toa do xi (i5=))
khée nhwng chiv Anh hwdng clia dao dong ty than clia x. P& 1& trang thii can bing & h¢




mb 1 boi phuong fvinh thi § treug he (12) kbl xy= xpo== D= va o bien thien theo
qoy luit dao déng ty ihan di tim duge:
,

2 '
xj + pjxj = Bf] {aosin(pt + ©5), acpeos{pt + @o), xj, xj }

= efy [aos_ﬁn(pt + @0}, acpeos {pt + Po), 0, 0, ..., xj, 'Xj, ce, 0,01 (119)
‘Thye hién phép bién d8i dang (1.4) rdi tin hanh truug binh hoa, chting ta dwoe:

|- 4= € ;ajpg (ag, aj, by + th%(aoﬁ aj, bj)é

sy , o (1.20)
hy =& ani {ao, uj by -+ b_jbi(am aj, by
Cing nbu trén co thé nhin thiy: 7
Fio = P% (ag, 0, B): Qjo = Qj (a,, 0, 1)
(1.21)

Rjo = R;- (25, 0, 0); Sjo = b] (a0, O

Nhu thé cip didu kién th# j trong nhém (I.15) 14 didu ki¢n 6n dinh clla trang thai
"can bing xj =0 khi bi kich doéng bdi rieng ché& d0 dao dong ty than cha x. Goi d6 1a didu
kién dn dinh quan lién vi né th& hi¢n &nh hwdng cha xu thé tw chan cla toa d¢ x;. (goi
~]a xu thé vi dao dong khong xiy ra).
b& rd hon, xét trang thai cAn bing cda xj khi cach ly noé véi tdt cd cac toa dd
khéac k& c&d x, K&t qui cho thdy, cac didu kién &n dinh vin cé dang (1.15) nhung mé&t di
. nhirng s8 hang phu thude chi ao- Trong cdc hé hai bac ty do khlo sit & [1,2]. cac s6
" hang nay la nhiitng lgc cln hoic d¢ léch tin bd sung; O day, ching vin cé y nghia d6
'vi, d& dang théy rdng, ching bdt ngudn ti nhitng s§ hang chi phu thude vao x, x, xj Xj;
.¢6 bac chin d6i véi x, x vd bic nhit déi voi xj x5, Nhu thé, ché do dao dong ty thin
" clia X, qua céc liwe cdn va d0 lgch tin bé sung dd lam thay dbdi nhiing thong s én dinh
clia trang thai can bing clia toa @9 xj. Twong @wng khi xj can bing on dinh, ch& d¢ dao
déng don tin cla x c6 thd dwoc thiét lap va dn dinh.

§2. HE THONG SO VA TU CHAN THONG SO

Cho hé phwong trinh vi phan dao d¢ng:

Cox o plx = 8F (0, X, Xp, X, .. ¥no Xn, U (2,17
%+ p;};i = 8fi(x, %, %4, X4, ..., Xn, Xp, b ©.2)

trong do vé& phai co thém nhitng him khai tridm thanh cp hitu han Phurié voi hé s§ 1a

da thic cla x, x, xi, i, nhung khong c6 s6 hang chi phu thubc thoi gian (kich d¢ng cudng
bire). DS 14 h¢ phwong trinh vi phén md td hé dao déng théng s6 hoiic hén hop tw chin
théng sd.

Gi4 thiér chi x4y ra cong hwong gita tirng tin s6 riéng vol tirng tin s6 ngoai lye.
. Khéng lam mét tinh tdng quat, xem d6 13 cong hudng ding.

- Khdo st v tim ¥ uglﬁa cdce didw kién On dinh cta ch& d¢ dao d¢ng don tin cda
riéng x duoi kich dong cong hudng loai thong s6 hodc hdn hop tu chin — thong so (43
co ﬂ:?’l, 6 xdp xi thi nhdt, x3y ra ché d6 nay, phai c6 nhirng didu kién nhét dinh: thi

\ 'd“l.l, 0 phuong trinh thi: j trong hé (2.2), khong c6 mit s§ hang la tich cfia ham didu hoa
n s8 p; voi ham chiin d8i voi x, %). Thue hién phép bign abdi (1.3) (1.4) d& duwa h¢
» phuong trinh vi phan v¢ dang (1.5), (1.6) rdi Li€n hanh trung binh héa. K&t qui cho hé:

2=TCCH g




a = £pla, F, ai, by B, babs @ o= e{a; ®, oy, Dreces A, finh )]

ai == 8p; (a, a1, bt, ...., ans bo): bi = &Qi(a, ars bieew., an, bn) (2.4)

b—fitrong d6: P, Q — cac ham phu thudc @ va 1& Dbie chiin 461 voi itdng cip, a, bis
Py, Q5 — bac chin d8i véi a va d6i voi timg ciip ai, bi{i== i), ‘
Ché @6 khho =47 twong wiyg nghidm ai = b; =0 v4 véi bién do a, v gbc pha
x4c dinh i h§ phuong trinh:
Pla, 9,60, .., 0,00 =0, Qlz, 9,6, 0,..., & =0 , 2.5}
Gid thiét d6 13 nghi¢m cé lap. He bién phan Ia:

‘ i} [s]
éa:r(—»P—) éa-}—s( P) 50
da 3
/0 o
. 8Q L 1.8Q 3
bp =8 (”—‘aa )o ba + &( 3 )Dacp (2.6)
* GPI aPl
ba; = ba; — ) &
8 = E(Gai)o al+8(5bi) bi
oL 2
dbi =€( Qi ) ba; + 8( Ql)s 8b; (2.7)
daj ° abl ° \ .

trong 46 chf 58 «0» vin c6 ¥ nghia da bi&. Phwong trinh dic trung c6 dang tich:
<} i 0P .
(), E(P) : ( ) e (o)
% Je o7 NI Ay e
e [2Q e 80 (=1 5Q1 8Qiy _ A
da o ab]
[} 4]

Céac diéu kién dn dinbh bac giﬁm.
oP 80 8P\ [3Q\ [P 3Q N
(——aa )0+(Mp)<o (aa )O(MP ) (Mp) ( )°>0 2.9)
ORI L (200} o (B} (001} _ (ORI} (20 f
( ﬂai)o+(abi)o\0v (bai)o(abi )0 (abi )0(5211 )o,>0 (2.10)

Tién hanh tim hi%u § nghia céc didu kién &n dinh nhw & ¥, két qui cho thiy:

-~ Ch& d0 dao dong khac sat 1a ché dd dac doéng ty than cha x vd do dé (2.9)
13 hai didu kieén &n dinh ty than;

— Cac didu kién (2.10) 1a cAc di%u kién 6n dinh quan lién th? hién 4nh hudng
clia che xu thé don tin khic d&n tinh &n dinh cfa ché d¢ dao dong don tin cla ridng xi

DA =

S

§2. BE 0 EKICH DONG CUGNG BUC

RS

Pal thém vao hé khio sal kich dong cudng bac 1a ham khai trién thanh cdp him
ban Phuarié véi hé s8 hing. Xét trwong bhop idng quat cb dong thoi kich dong khdng
edng hudng vi cong “fmé‘ng Hé phwong trinh vi “Dhén dao ﬂéng co dang:

x+px—F(t)+ i (x, x, m le«,,}sns}in, U ‘ {3.1)
) \1—}— p%x‘ = Fl(t) 4 et (x, xy X1, X1, ocey Xmy xm £) (3.2

a) Dao d¢ng thuin cwdng birc khong céng hudéng — Trong uhing didu kién nhif
dinh, ¢6 the xay ra dac dong thulin cudng btre khong cdng hwdng:

X = Xq (ﬁ) H 'u = Xip (i) (33)
teong ufng nghiém cda hé suy bién.
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$5 khio sal On dimb, dat:
x = x by +yi xi = xip () + ¥ (3.4)
Hé phuong irinh vi phén dac déng tré thénh

y+py—%f(y- v, y1=y1, ,yn,ymt) : (3.5)

i+ pi‘)‘mr- efi (y, v yi yl,--, Yo, yo O (3.6) -

trong do, de don glany chc ham f, fi vin gil nguyén ky hiéu sau bién 4asi.
bat ;.
y = asinpt + bcospt; ¥ = p{acospt — bsinpt) (3.7)
vi = ajsinpit + bicospit ; ;;71 = pilaicospit — bisinpit} (3.8)
~Cha ¥ ring, & vé& phadi hé (3.5) (3.6), ¢6 nhitng s hang chi phu thudc théi gian
bidu difn kich dong cudng bitc. Theo gid thiét xdy ra dac dong thudp cudng birc khong
cong hudng, phii xem 1a & mdi phwong trinh trong hé (3.5) (3.6), khong c6 sd hang bidu
di®n kich dong cuwdng bie coéng hudng chinh voi tin sb riéng twong &ng. Hé phuong
trinh trung binh la:

e

EP(a, b, ai, bl,..., an, bn9 ao)
= &Q(a, b, a1, bi..., an, ba, a0} (3.9)
a; = €Pi(a, b, a1, by, an, bns 20

bi = €Qy(u, b, a1, by,..., an, ba, ao) ' (3.10)

trong G0 : &, — Chc thong s6 clia dao dong thuidn cudng bte; P, Q —cac ham bic chin
d6i voi téng cip ai, bi; Pj, Qj — cdc ham bac chdn d6i voi a, b va tung cip ai, hi (1=/=J)

.o
!

Phuwong trinh dic treng va cac diu kign 6n dinh c6 dang twong wd §2 (thay @
b&i b). C6 thd gidi thich 46 1a cac didu kién &n dinh clia trang thai cAn bing cta ting
toa 40 sau khi duge ché d6 thuio cudng bibc }b’c“) sung cac lyc cdn vi d0 léch tén.

b) Dao ddéng cuwdng bitc hén hgp — Khd sal ché do dao-dong hém hgp gém thanh
phin cudng bitc khong cong hudng va thinh phin céng hudéng cha riéng y. Tién hinh
" khdo sat nhu & §2, k&t qui cling twong tw v6i ch@l ¥ ring, cac lge cdn va d¢ léch tin
85 bd sung 14 do cd hai thanh phin dao déng gay ra.

Bia chi: Dai hoc Bdch khoa . Nhidn ngdy 13-6-1986
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PE3IOME

OB-ABJIEHU W~ CBAZAHHON - YCTONYHBOCTH B KBA3IWUIMHEIHOM
KOJIEBATEJIPHOM CHCTEME ¢ MHOIMMM CTEMEHAMMW CBOBOAH

Pacemarpupaerca xpasuaunelinas koseGaTeabHas CHCTEMA C MHOTHMH CTeleHaMH CcBOGOAH,
Ycranapausaores CcOGCTREHHNE H CRAMHHNE YCAOBHA yc’roﬁlmaocw
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