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VE MOT BAI TOAN GYROSCOP
CcO TRUC DOI XUNG DAN HOI

" NGUYEN THANH MAU

Gyroscop <6 cin trc din hbi 43 dwoc nghlen ot b nhlrng nim 60 cla thé k¥ niy [1]. Phan
16m cdc tdc gid d4 xem xét bai todn bing phuong phap tuyen tinh hda. Viviy chwa thé pha,t hién
hét cde dic tinh cda né.

Nam 1970 L. B Anperin [2] ding phuong phap tlem cén d€ xem xét mot gyroscop khong 381
ximg cb truc din hdi trén d¢ di dong Ong 43 chira sw inh hwéng d4ng ké cda lye din hdi dén
toc 46 ti€n dgng cila gyroscop néu tinh d&n cic s8 hang bic cao cla tham s8 bé,

Trong bai ndy cic tic gidst dung phwong phip tdch chuyén déng [5] d8 khio a4t mét gyroscop
cin bing cé truc @6 xérng dan hdi, trong gid cdc ding trén A€ bit d6ng. K& qui thu dwe chira
mét lwong ti€n ddng b8 xung cho két qui cda cdng trinh [1].

Téac gih chl ra d6 chinh x4c cda céc phuong trinh tién ddng Islinski.
1. PHUGNG TRINH CHUYEN DONG

Gid st gyToscop cin bdng, treo trong gid cdc ding, 6 chc B truc chl ¢é ma sit nhét, Mé men
twong dng la:

Lmn‘ = _Nldn Ly; - _N‘Z:é

Truc doi xfrng cda rd to dian hdi tuyen tinh, mo men hrc dan héi twong Gmg véi gde quay cic
khung la: R

M., = ~Lia, Ly = Tyf
Theo [3] khi u = 0, phwong trinh chuyén déng cla gyroscop cé dang:
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. o d
[Az “*'_(Ao + Al) CO‘ES2 ﬁ + C]_ S}.l’i2 /8] 472 (Ao + A]_ Cl) ‘;‘—ﬁ—‘ sin 2,8+

d1dT
ds do
+Hﬁ cosfi=—L,a— Nlﬁ,
by do ‘ (1.1)
(4o + By) 7] +(Ag + A, —Cy) (dT) sin § cos fi—
d
| -H:{gcosﬁ:ngﬁ Ng ﬁ
Digu kign dau cida {1.1) chon rhw sau:
a{0) = ag;  &(0)=0; F90)=0; £(0)=0.
Ha bic (1.1) d€ dwa ndé v8 dang cbsi:
do i
T y; 7 22,
dn :
{Ag + {4 + Ay) cos? B4 G sin® ki) E} - (Ao -+ Al—cl)ﬂ192 sin 25+
' - +HOzcos = ~Lio — N 0y, (1.2)
dti,
( ip + B;) (Ao + Al*cl)ﬂg sin Zﬂ

ar 2

~HQgcos 8 = —Lyff — Nalla.
Chudn héa he (1.2} , d8i bidn &
T=T4 A=al, a=oz =70y,
Ly =Ly, Ny = Nuny, 0 =0, o {13)
By =ILbyvu...7=12 1i=012

& dé 1., L., ... dege chon nhw sau:

L = max{4;, B;), L. =max(Ly, Ly},
Ny =max(N, Nz}, . =max{a,,b.)/Ts,
i L., N, Q. T. ... 1% cdc gid trl ddc treng cda cée dai lwong twong fng 481 véd

bt 16p che chuvén ddng ma ta khao sés.
The (1.3} vio {1.2) dugc:

do . 4y _
dt“wl) dt—MZl

. dw . .
wlag + {ag + a3) cos® y + ¢y sin® ] :ﬁl — plag + a1 —e1 Jwiws sin 2y+

twy cosy = ~lz — yniwy, {1.4)
2
plag -+ 51}"0{? + plao + a1 — 61}—2- gin 2y—
Wy cosy = —bhy -~ Xhaewa,

#{0) =xp; y(0}=0; z(0)=0; g(0)=0,
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& day Ty = I*/H, T = H/LH X = N*/H

Xét 16p chuyén déng cla gyroscop dién ra trong khong théri gian Ty 1én. Chon :

=", a*—ﬁ*—l TQ/T1 T/ T =p<«l

D& thiy ring hé (1. 4) thda min céc difu kién cia dinh ly Tikhéndv-Vaxilieva. Xiy dung
tiém cin nghiém cho {1.4).

D€ don gidn héa vidc tinh todn, coil =lj = Iz, n = n; = nz, z,y' nhd.

2. XAY DUNG NGHIEM TIEM CAN

a. NGHIEM O NGOAI LOP BIEN

& gin ding bic 0 theo p ta cé:

.dz(®) (0) _ {0, dy(0) )

Ta T T T
ng] cos ym) = _Jg0) . nxwtlo), ’ (2.1)
—w(lo) cos y(o) = —Iy(o) - nxw(;)).

H§ (2.1} chinh I3 hé suy bign cda (1.4) vi né ciing chinh 13 hé phwong trinh tifn déng cla
phwong trinh vi phan chuyén dong gyroscop. Nhw viy hé phwong trinh $i€n déng chinh 13 phwong .
trinh gin dding bic khéng cia 1y thuyé tich chuyén ddng. Do d6 4 chinh xdc cdia cdc phwong
trinh ti€n déng phu thuoc vio d% lém cda tham s8 bé p. Nhung p = Ty /T = LL./H?. Viviy
néu J, vi L, khong 1ém 13m thi p s€ rit nhd. Thong thwimg [4):

H ~ 10% + 10°% I*_ ~2-10+8-10; I ~10%+ 10*

Cho nén u ~ 107°, Vi vay phu’c‘ng trinh $ién dong c6 thé dung cho nhitng tmh todn ma dd
chinh x4ic 51 hdi dén bac 1075

Gidi (2. 1) bing phlrong phap t4ch chuyén dong dwoc:

2O (¢) = zoe\"""”‘"’t cos wot, :
' ) ‘ ! - (2.2)
0 (4} — o p—@OXRE i1 -

y( )(t) = ID_E wO)w(n EmQJ(}t, ‘WO-E 1+ n2x2,

g gin ding bic 1 theo p ta cé:

{1) (1) : ,
dy + 193(1) + ndet = +(ag + ag + a1} {—zowon)x coswot — Towg sinwgt)e ¥o™XE, :
n dz) | o R
nxX - + ly(_l] — = —{ao + b1)(—zowonx sinwot + Tow — 0 coswgt)e ™ WImX®,

Nghi¢m cda (2.3) 48 ding thu dwoc:
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Fowpt
— Q¢

z(l)(t) = (axncoswpt — bsinwpt) —woxnt_
+{zobynsinwot cos? wot + zga sin’ wot coswot — a 20X i3 wpt)e~WoxX™E
, . .
y{l}(t) = (axn sinwot — a cos wot) %3_“0" nty ' (2.4)
)
+(ezobxn Sin2 wot cos gt — _;;'9 sin wpt cos” wot + % sin® wot)e TWOX"E,
a=ay+a,+2ap+b;; b=ax+a —by; ] c#a2+a1 + dg.
” 3 . -
b. NGHIEM O TRONG LOP BIEN
Phwong trinh vi phin chuyén ddng & trong 16p bién cé dang:
dz dy
E.; = pwiy; a‘,—s' = plrz; #E:t:
2 .z 4wy .
[a2 + (a1 + ag) cos® y + ¢y sin y]E — pley1 + agtcr)wiwo sin 2y+ (2.5)
“$ws co8 2y = Iz — nywy,
dwg sin 2y :
(@0 + bl)E -+ u(ao + by — cl)wf 5~ wicosy = —ly — nxwz,

& gin diing bic 0 theo p cé:

dz(0) 0 dy(® 0
de . de !

(o) - '
[az + (ay + ao) cos® (%) + ¢ sin? y(o)]_du;—; + wi cos y(®) = 120 — iy, (2.6)
) (o} - ‘

(a0 -+ &1) dc;i - wtlo} cos yl® = —py(0) — nxwgﬁ)‘

Digu kién die cta hai phuong trinh din cda hé (2.6) theo {5] 1a:

) —o0 4O o
)| . =0 ¥Oe)| _ =0
Vi viy 2(9(e) =0, y(®e)=0.
O gin ding bic 1 theo s dwyc:
dz'0) {0) : -
4 _ o, W o @7)

de o de 3

& 36 w{” (£) va wi(e) xdc dinh bing (2.6) d& thiy z(%(e), y(®) (e} 12 tdng cda cic ham sin v
cosin nhin véi him exp(~t/u). Néi cich khic z{®)(e), y{°){e). 12 mdt dao ddng didu hda t4t din.
D5 tdt din ~ 1/u. Vi viy cdc dao déng nay khi g — 0 58 nhanh chéng bi dép t4s.

Tém lai nghiém cda phrong trinh vi phin chuyén déng gyroscop (1.4) cé dang:
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z(t, i) ={z coswot + pl{anx coswy
bzoxn . .
+ ———921— sin 2wt coswet + azxg sin? wot cog wot — gzoxn sin® wot]}e“woxnt,

: (2.8)
Wo t+ .

y(t, 1) ={zo sin wot + p(anx sinwot — a cos wot) o

. bxg . azy .
+ ¢z xn sin? wok cos wyt — 5 sin wgt cos® wot -+ - sin® wotl}ewoxnt,

Nhin xét

+ Phwong trinh ti&n déng c6'd3 chinh x4c bic p. ‘
+ NEu p = 0, £ nhd gyroscop chuyén déng gidng nhw gyroscop ning. K&t qua niy Magnus {1
d3 thu dwee bing phwong phap tuyén tinh héa cic phwong trinh vi phin chuyén déng.

+ Néu p # 0, gyroscop c6 thém mgt tién déng hé théng phu thudc twémg & thei gian. Néu
chi khio =it phwong trinh vi phin chuyén d6ng & dang tuyén tinh hodc trong khudn khd cda ly
thuy€t tifn ddng thl khdng phét hién dwec ti€n déng ndy.

Khi ¢ — oo thi lwong bé xung nay khéng dwgc bd qua.

Téc gi chin thinh cdm on gido sw tién si Pham Huyén, tién si Neuyén Vin Khang di déng
g6p nhi%u ¥ kién qity bau vi gidp d& tdc gid hoin chinh bai bio nay.

Dia chi: Nhén ngdy 3/8/1990
Trudng Das hoe Sw pham Hd Noi 1.
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PE3IOME

' OB OJIHOM 3AJIAYE TMPOCKOTIA C I'MBKON CUMMETPHMHYHON OCBIO

B panHolt paBoTe paCCMATPHBAETCH OBUMKCHHE acTATHYeCKOT'O MMPOCKONA B KApIAHOBOM
ImojBece ¢ THOKOH OChI0 Ha HEMOABMIAKHOM OCHOBaHHH. BBenenueM OeapasMepHBIX BeIHMHH,
CHCTeMa YpaBHEeHHM NBMYKEHNS NpHBeleHa K CTAHAAPTHON GopMe, A% KOTOPOH MOMHEO HCCe-
ROBATH MeTOMAOM PASACICHHS NBHeHUM. BRIBEJEH CHCTeMATUHeCKHH YXOf, KOTODEIH 3aBHCHT
ABHO OT BpeMEHH.
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