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"" "' ' , VE MQT BAI TOAN GYROSCOP 
, ,./ , . ' "' 

CO TRl)C OOI XUNG DAN HOI 

NGUYEN THANH M~U 

Gyroscop c6 c[u trUe d3.n h'oi da dU'gc nghien ctru tlr nhfrng· nam 60 cUa the' kY n3.y [lj. Ph'a.n 
16n cic tic gi!t. d[ xem xet bii toin hang plnrcmg phip. tuyt1n ~lnh h6a. Vi v~y ch1ra th€ phit hi~n 
he't cic d~c ,tinh ell~ n6. 

Nam 1970 L. B. Anperin [2[ dung phrrcrng pMp ti~m c~n df xem xet m9t gyroscop khilng aai 
xU:ng c6 trv.c d~n hC;i tren de' di d9ng. Qng dii chi ra sv- lmh hmYng ding k~ cU.a l'fc dAn h&i de'n 
t& di} tie'll di}ng cUa gyroscop ne'u tlnh dgn cic s5 h:;mg b~c cao cda tham s5 be .. 

Trong bai nay de tac gil. su dl)ng phrrcmg phap tach chuyfn d9ng [5[ df khio sat m9t gyroscop 
c§.n bang c6 trvc d8i xtlng dan h'oi, trong gii cic dang tren d~ ha:t dQng. Kgt qua thu drr,... ... chU:-a 
m9t lrrgng tie"n d9ng b5 xung cho ke"t qua cda cilng trinh [1[. 

Tac gia chi ra d9 chlnh xac cua cac phrrcmg trlnh tie"n d9ng Islinski. 

' ~ ' 
1. PHUO"NG TRINH CHUYEN DQNG 

Gi.i sti- gyroscop can bLlg, treo trong gii c3.c dang, l.J d.c 5 tn;tc chi c6 ma s4t nh&t. NIO men 
ttrO'ng "trng Ia: 

Tn~c d5i-x"frng cda rO to dan h~i tuygn tinh, mO men llfc dan=h5i trrO'ng U·ng v&i g6c quay cic 
khung Ia: 

Theo [3[ khi u = 0, phmmg trlnh chuygn d\mg cda gyroscop c6 d~ng: 
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2 2 d2 cx . ) da df3 ·· 
[A2 +(A0 + A 1 ) cos f3 + C1 sin f3] dT2 - (Ao + A1 -C1 dT dTsin 2/3+ 

df3 da 
+H dT cosf3 = -L1a- N1 dT' 

J2f3 (d"')2 . (A0 + B1 ) dT2 + .(A0 + A 1 -C,) dT sm f3 cos {3-

(1.1) 

d(j df3 
-H- cosf3 = -Lzf3- Nz-. 

dT dT 

Di€u ki~n d'l:iu clia (1.1) ch9n nlnr sau: 

a(O) = ao; a(O) = 0; {390) = 0; fi(o) = 0. 

da df3 
dT=O,; dT=flz, 

[Az + (Ao + AI)cos2 (3 + C, sin2 f3]ddi- (Ao + A,-C,)0,02 sin2f3+ 

+Hflzcosf3 = -L1 cx- N 10 1 , {1.2) 

Chuin h6a h~ (1.2) , d8i bie"n sO: 

T = T,;t, 

Li = L.l,, 

(; d6 1*, L,.,, ... duyc chsm nlnr sau: 

dflz 2 sin2/3 
(A0 + B,) dT + (Ao + A1-C!)01 -

2
--

A.;=ail*, 

. Ni = N*ni, 

-Hflz cosf3 = -Lzf3- Nzflz. 

f3 = {J.y, 

0 1 = O*w1, 

i = o, 1, 2 

I.= max(A,, Bi), L. = max(L, £2 ), 

N. = rnax(N1 , N2 ), fl.= max( a., {3.)/T., 

(1.3) 

I .. , L*, N,.,, fl,<~ T*, ... Ht cic gii tri d~c tru·n-g cU. a cac d(.ti h:rqng tu·ong TI.-ng d:Oi v&i 
TnQt 16-p d.c chuy~n di}ng rna ta kh.io sit. 

The' (1.3) va.o (1.2) ih.rqc: 

+w2 cosy=-l1 x-xn,w,, (1. 4) 

dwz wi 
p(ao + b,)dt + p(ao -t a,-c,)T sin 2y-

-wl cosy = -[2 y- xn2w2, 

x(O) = x0 ; y(O) = 0; :i:(O) = 0; y(O) = 0, 
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& day T0 = I.fH, T, = HfL., x = N.fH. 
Xet l&p chuy€n di)ng cda gyroscop di~n ra trong kholmg thiri gian T1 l&n. Ch9n : 

T1 = T., a. = (3. = 1, TofT, =TofT. = p, «: 1 

D~ thil:y rhg h~ (1.4j th<la man cac dih ki~n cda dinh ly Tikhon6v-Vaxili-eva. Xay dl)'ng 
ti~m c~ nghi~m cho {1.4). 

Dg don gilm h6a vi~c t:inh toin, coil= l1 = l2, n = n1 = n2, x, y' nhd. 

2. XAY DVNG NGHI:JtM TI:JtM c4.N 

A ) • ' ' A 

a. NGHI:ipM a NGOAI LOP BIEN 

a g'a.n dung b~c 0 theo I" ta co: 

dy(o) (o) 
~=w2' 

W~O) COS y(O) = -lx(O) - nxwlO), 

-w\0) cos y(O) = -[y(o) - nxw~o). 

(2.1) 

H~ (2.1) chinh lah~ suy bie'n cda (1.4) va no ciing chinh Ia h~ phuang trlnh tie'n di)ng cda 
phuang trlnh vi phan chuy~n di)ng gyroscop. Nhrr v~y h~ phrrang trlnh tien di)ng chinh Ia phmmg 
trlnh glin dung b~c khong ala ly thuye't tacli chuy€n di)ng. Do d6 di) chinh xac cda cac phmmg 
trlnh til!'n di)ng ph1f. thu9< vao d(il&n cda tham sil M p,. Nhung p, =" T0 fT = I.L.jH2 . Vi v~y 
ne'u I. va L .• khilng l&n lil.m thi p, se r;;:t' nh6. Thong thrrlmg [4]: 

H ~ 103 + 106
; I, ~. 2 · 10 + 8 · 10; l. ~ 102 + 104 

Cho nen p,..., w-•. Vi v~y phrrang trlnh tie'n di)ng c6 th€ dung cho nhfrng tU>h toan rna d(i 
chinh xac doihOi de'n b~ 10-5 

Gi~ (2.1) Mng phrrang phap tach chuy€n d(ing. d:u(>'c: 

x(0 l(t) = Xo~-woxnt_coswot, 

y{o)(t) = Xoe-woxnt sinWot, 

a g'a.n dung b~c 1 theo I" ta co: 

dy(l) (!). dx(l) ( . )( · ) -w0 nxt 
dt+lx +nx-----;u-="'-a2+ao+,a1 -xowonxcoswot-~0w0 smw0te ~ , 

~1) ~1) t 
nx-·- + ly(l) ~ ·-- = -(ao + b,)(-xowonxsinwot + XoW- Ocoswot)e-wonx. & . & .. . . 

Nghi~m cda (2.3) d~ dang thu drr(>'c: 

19 

(2.2) 

(2.3) 



x1 1 l(t) = (axncosw 0t- bsinw0 t) xo;ot e-woxnt+ 

+( b . t 2 t + . 2 t t xoxn . 3 t) -woxnt xo xnsmwo cos wa xoasm Wo coswo - a-
2
-stn Wo e , 

(l)( ) ( ) xowot w xnt y t = axnsinwot-acoswot -2-e- 0 + (2.4) 

( 
. 2 _ · bxo . 2 axo · 3 ) -woxnt + cxobxnsm wat cos wot - - sm wot cos wot + -sin wot e ·, 

2 2 
a= az + a1 + 2ao + b1; b = az + a1- b1; _ c = a2 + a1 +cia. 

" ' ,- "' 
b. NGHI]j:M 0 TRONG LOP BIEN 

Phu-cmg trinh vi phin chuygn d(}ng & trong l&p bi€n c6 d~ng: 

dx dy 
de = J.LWtj de = f-.I.W2j JLC = t, 

I ( ) 2 • 2 ] dw, ( ) . az + a1 + ao cos y + Ct sm y de - J.L a1 + ao+ct WtWz sm 2y+ (2.5) 
+wz cos 2y = -lx- nxwl, 

dw2 2 sin 2y 
(ao + b,)- + p(ao + b,- c,)w,--- w, cosy= -ly- nxw2, 

~ . 2 . 

6 glin dung b~c 0 theo p c6: 

dxiD) dy(D) 
--=0· --=0, 

. de . ' . de 
(0) . 

[a2 + (a1 + a0 ) cos2 y(o) + c1 sin2 yiD) ]d:~ + w~o) cos ylo) = -lx(o) - nxw\0 ), (2.6) 

d (D) 
(a0 + b1)__2_- w\0 ) cosy( D)= -ly(o)- nxw&o). 

dt 

Dieu ki~n d1u- ella hai phucrng trlnh d'au cda h~ (2.6) theo _[5]la: 

Vi v~y xl0 l(e) = 0, yl0 l(e) = 0. 

6 glin dung b~c 1 theo p du:qc: 

dx(o) _ w(o). 

de - 1 ' 

dy(o) (o) 
----;i;- = w 2 ' (2.7) 

& d6 w(0 l(e) va w&0 )(e) xac djnh Mng (2.6) d~ tHy xl0 l(e), y1°l(e)Ja tilng cda cac ham sin vi\. 
eosin nhan v&i ham exp(-tjp). N6i d.ch khac xl0 l(e), yl0 l(e). U.. m{lt.dao d9ng di~u hoa t~t dlin. 
D{l tilt dlin - 1/ p. Vi v~y de dao dgng nay khi p ~ 0 se nha~>h chong bj d%p tilt. 

Tom l')i nghi~m cda phm:mg trlnh vi phan chuy~n d{lng gyroscop (1.4) c6 d~ng: 
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. ) XoWo x(t,p) ={x0 cosw0t + p[(anxcoswot- bsmwot --t+ 
2 

bxoxn . · 2 a s J , + --
2

- sm 2wot coswot + axo sm wotcoswot- 2x0 xnsin .w0 t }e-woxn , 

( ) { . [( . . ) xowo y t,f.l. = XoBillWot+f.L anxsmwot-acOSWot -
2
-t+ 

• 2 bxo . 2 axo . 3 j} t + cxaxnsm wot cos wat- 2 smwot cos wot + 2 sm w0 t e-woxn , 

Nh~n xet 

+ Phrrong'trinh tie'n dc}ng c6'd9 chinh xic b~c p.. 

(2.8) 

+ N<!u p =a, e nh6 gyroscop chuy€n di)ng gi6ng nhrr gyroscop n~ng. K;!t qua nay Magnus [1] 
di thu dtrgc b~ng phtrong phip tuygn tinh h6a cic phu-ang trlnh vi phin chuy~n d9ng. 

+ Ne'u J.J 1- o, gyroscop c6 them m()t tie'n d{)ng h~ thO'ng ph~ thu{k tU.Crng b thOi gian. Ne'u 
chi khcio sit phrrO'ng trlnh vi phin chuy€n d<}ng & d<}ong tuye'n tlnh ho~c trong khuOn kh(j ella l:Y 
thuye't tie'n d{)ng thl khOng phit hi~n dtrgc tie'n d{)ng nay. 

Khi t -> co thllu:qng b& xung nay khiing drrqc b6 qua. 
T<ic giA chin thinh d.m O'n giio su· tien si Ph¥U Huy~n, tie'n si Nguy~n Van Khang d[ dOng 

g6p nhi'eu Y kie'n qUy biu va giUp d& t<ic gilt hoin chlnh bai b<l.o nay. 

Dia chi: Nh4n ngay 8/B/1990 
Trv:ung Dqi hqc Sv: phqm Ha Nqi 1. 
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PE310ME 

. OB 0):\HOYI 3A_AA 'IE I'ill'OCKOTIA C I'MBKOYI CHMMETPWlliOJi! OCbiO 

B ,n,aaao:tt pa6oTe paccMaTpHBaeTcH ,II,BitJKeane acTaTHl.fecKoro rnpocKorra B Kap.r:r.aaoBOM 

no,IJ,Bece c rn6Kott oc:E,.IO aa aerro)J.:SIDKHOM ocaonaHHH. BBe,n,eaHeM 6eapaaMepHLIX BeliHI.fHH, 

CHCT€M3 ypaBHeHHH ,Il,EIH)K€HHJI llpH-Be,ll.eHa K CTaHp,apTHO:£t q,opMe, ,Il,JIR KOTOpO:fi MO)KHO HCCJie~ 

)l.OB3TL MeTO,[J.OM paap,eJieHHH ,II.Bl:DKeHHH. BLIB€)l,eH CHCTeMaTH'-IeCKJ:dt yxop,, KOTOpLI:fi 33BHCHT 

JIBHO OT BpeMeHH. 
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