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MOT SO BAT TOAN XAC DINH
DANG VO TRON XOAY KHONG CHIU UON

NGO HUONG NHU

V4 tron xoay khéng chiu udn ¢4 nhisu wu thé v duwoc st dung nhidu trong thue 8. Vi vy
viéc thift k& loai v4 nay 13 mét vin d& duoc nhitu nha khoa hoc My, Lién x3 da vi dang qua.n
tdm dén. Tuy nhién loai vé lam tir vt ligu dian hoi phi tuyén cé dé diy thay doi cdn chwa dirgc
xét dén {1]. ‘

Bii ndy nhim xiy dung mé hinh toén hoc xdc dinh dang vé khéng chiu udn cé 86 day thay
461 Jam tir vit lifu dap hoi phi tuyén dwdi tic dyng cla L& trong cho trwde va trwdng nhigt s
véi gid thiét cdc tdc dung niy khéng giy nén Gung suit udn trong vd. Trong khudn khd 1y thuyét
vd phi tuyén vit 1y, tuyén tinh hinh hoc, bii bio dwa ra dwoc nhimg phuong trinh x4c dinh dapg
dudmg sinh va quy luit bifn d8i cia 46 day vé tron xoay. Giai cdc phirong trink nay bing phwong -
phip tham s bé véi mét s6 trudmng hop tdi trong mdi, nhin dwge nghiém gin dung dwéi dang
gi&i tich.

1. NHUNG PHUONG TRINH VA LIEN HE.CO BAN

Lién hé gifra &ng sudt va bién dang cda vit lidu phi tuyén vt ly <6 dang [3]:

t . . 2(1 + )9, 5 . ' gy
= e T Y _ T —
T R {(T~ VI + Sigges (L0 H IV TE) HC(HU]T}’ (1.1)
. = —wl > * 2(1+V)g,_‘ «3 . )
¢ T 26 ke {(Tw VD) + Sraee 1T T (T - TP ]+C(1+U)T

T, T, - ndi hrc xac dinh tir hé phu’crng trinh cin bing. Néu ky hiéu n = secB f - géc giita ti€p
tuyen v&i dudng sinh cda vé va truc quay, nghiém cida hé phwong trmh cin bang cla vod trbn xoay
chiu tii trong khéng giy uén va xoin la:
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T = ;1_[ f , (z*+ :i_ 1) dr +C|
&

(12)

r*

* W * * * X* * dn
T,‘g:TﬂZ +[f?’ (Z +“"T?5T-l') dr ‘i‘C]a—

.
Ya

Theo 1y thuyét vé tuyén tinh hinh hoc, tir diéu kign khéng cé dng sufit udn trong vé ta c
céc dai lugng bidu thi s thay &&i ban kinh cong cda vé Xy = X3 = 0. Tir 44y suy ra diéu kign
khéng udn dwédi dang bién dang 1A:

d x
E;’(EPT ) = €;. (13)

2. BAI TOAN XAC DINH DANG DUONG SINH CUA VO KHI CHO

TRUGC NGOAI LUC, TRUOGNG NHIET VA QUY LUAT BIEN DOI cUA
DO DAY & = h(r).

Tw (1.1), (1.2 (1 3) nhin dwec phucmg trinh vi t1ch phin duwéi dang khdng thé nguyén xic
dinh dang dwéng smh cla vd:

| '(1+v)n(Z—{)(1+ )I +AQ%’E[(qu+I%)3w(£})S+ (mZ+I«A—IT”) -
8] S Y (s Y.

oo U - 2 (e 2 [ 20 53]
oo B a3 Y1) - o

r

I=/T(Z-}- an_l)dr+0

to

A = 2g2/27pu 14 dai luong bé thé hidn mirc d§ phi tuyén vat 1y cda vt lidu, 7 trwdng nhidt do.
Tim n dwéi dang chudi theo tham s3 bé:

n{r) = no + Any + A%y +0(0%)

e - h - 1 o . . '
Khi & thay d6i theo quy luit = (TL) , v6 bi€n dang béi tdi trong doc truc C # 0 v3 t3i trong
0 0

dang

X=0 Z= Z qer® (2.1)

k=-1
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phwong trinh vi tfch phin trén dwa dwge vé dwédi dang hé phuomg trinh vi phin béc hai dang
Phac

ZIOL—!-r[(l —n)ly +2 Z qk rk+2] [ Z qurk+2

k=—1 k=—1
+(2—-n) Z gertt? + (vn— 1)I0] n = F, i=0,2 (2.2)
k=—1
& da
ay = rht2 2 47
I = Z T + C, ngr(nT—rB—;),
k=—-1

Fy, Fy - Ja nhitng biéu thic hién ¢hira nghiém d2 nhin dwoc tir phwong trinh trudce lign dé
Nghiém co sd dwec tim dwdi dang:

(==} [+ 9]
’7: = P! Z C‘-r", = Z (23)
i=0 i=0
khi p; — p2 khdng nguyén, trong dé py, pp 1a nghiém cia phwong trinh d3c trung

PLa2= %[n +/n? — 4(nv - 1)]

D3t (2.3) vao phwong trinh diu cda hé (2.2}, so sénh hé s8 cling bic r véi 0 ta tim dwoc biéu
thie tinh C; sau:

Co

lI

— O 22 )/D 1<i<m+2,

Qm—- .
+ Ci_ + Crapie —D i>3
m+2 e w1/ =

m-}-a —

1,
( 91~2 C q1 3
= (Ci-

Tk+2
D=
Z q"k+2

Véi cdc hé s8 trén chudi (2.3) héi tu v& mot him xdc dinh dang:

ng =18, mp=r"5
1
§ = [ Gt 12 Gt ] (2.4)
D(m+2) D{m+1) D

Biét cic nghiém co s& %3, 14, nghiém tdng quit cia hé phwong trinh (2.2) dwoc viét dwéi
dang:

[ oika(r) [ n3kr)

TR ) Ty A Bk, 2=03 (2.5)
o T

W =ni(n3) = n3(ni), ki=F()/M; M=rk,
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Biét dwoc 1, dang vé xac dinh bang tich phin phwong trinh

d
__T_-= 1?2_1

dz

o day r, z 1a dai lwong khéng thi nguyén biéu thi khodng cach tir mdt diém trén duwdng sinh dén
truc quay cha vd v3 toa db z cida diém dé.

Trudmg hep g_, = 0, m = 0 twong ng véi Z = go = const, biéu thic {2.4) tring véi két
qba di cb trong [3] vi cdc dudng sinh ¢d dang sau (Hink 1):

Khim=10

8] 2
_ E .k#q—l . gan _q—lr
Z—k~ lqkr o +q°:>SW1/(1 2D D )’

Khim=1 '

i 2
q_s q; qq 9.7
Z = X ke Tm e =3 S = 1 1 —_— s .
k:§-1q;r ~ ot /( )

Biét § d¢ dang tim duwge 5}, 5 va 7.

Twong tr cd 6hé vift cdc nghidm n cy thé trong timg trwdmg hop d%t tii riéng dang (2.1).
Bit 5, tich phan {2.6) nhin dwgc dang dwdng sinh cia vé . Bal todn nhw viy di dwoce gidi tron
ven.

1277,
70
4,8
2.6 FS IS L2
0,4
72
;] 12 14 7

Hinhi
Dang dudng sink cia vé 1am tir vat liéu dong nhém g, = 0,04.10°%, v = 0, 33 véi cde dxeu kién
hinh hoc va Iyc khdc nhau: :

1. ng = 2; n = 0.5; & = 0.0003; Z = 0,0001{n4 = |n]
2. 4 =4; n=2; & =0,0005; Z = 0,0001,

3.9 =15 n=0,5; 0400003 Z—O 0001

na =2 n=4; O =0,0003 Z = 0,0001
C‘)"din—-O, C, Z 13 cic dai lwong khéng thi nguyén cda cc e X, C, Z.

r=rg )’

w
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3. BAI TOAN XAC DINH QUILUAT BIEN DOI DO DAY CUA VO TRON
XOAY KHI BIET TRUGC TAI TRONG, NHIET bO VA DANG DUONG SINH
CUA VO

" Néu dang dwdmg sinh cho trwéc ¢6 nghia 1a 5 = secd 1d hdm xdc dinh cila r. Khi dé dang

khéng udn cda vé cé thé dwge nhin do qui ludt bi€n dai dd day.
Dang khéng thir nguyén cda phuong trinh xic dinh 4§ day L

3}:[ ’11 (1:“ v} e - UT’)_%)""(Tg +(Tp - T\«)S)L
H ";_[ T3 + (T, — T')S)] Y%] [T:' (T_, _ TW)S] _
1 1 d
=505 (T, — vTy)— o] dr —[r(T, —vT,)].

Giai pero‘ng trinh niy bing phwong phip tham sé bé h = ho+ Ak, + A%A, +0()\3 )} nhéin du‘orc
nghiém gin ding:

T, — T, F T, —uT,
Lo T Yis SAT Ve g
5| eTp { [ Ty~ T =+

T

h(r) :hG;'O' TO _
7]

r

+Aexp(—f r)dr ffi r}ezp[ afr)dr)dr{ +

rg ro

+,\2wp( / r)dr L falr ezpf ()dr)d]}+0()\3].

& day ho, To, 17 - gid tri h, T, T, véir =rq, alr), fi(r), f2{r) - cdc ham cé dang hién.
Thi du cu thé dwoc xét véi ban ciu hd ban kinh R{n = r/R) trén bién r = R téc dung lwc
phin bé déu song song véi truc quay. Khi d4: :

O(TM2R* /1 1\  MH2(TOPR' (1 1 2 3
h(r)=hD+AH-—~"};0—“ rjmﬁz +T TT—EZ_H+R3 +0(A
m
D3i véi tai trong dang Z = Y qer, X = 0. theo cdng thitc trén cé thé tinh dwoc 45 day
k=-—1

v4. Chi ¥ trong thue t&€ phii kiém tra digu kidn d6i v&i vé mdng h(r)/r < 1/20.

~ A
KET LUAN
Céc phwong trinh vi phan va vi tich phin xéc dinh d6 day va dang duwdng sinh cda vd tron
xoay khéng chiu udn lam tir vit liéu dan hoi phi tuyén 4% dwoc thidt 1ip. Bing phwong phép

tham s8 bé v&i mét s8 dang tdi trong, phwong trinh vi tich phian dwa dwgc vé hé phwong trinh
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vi phén bic 2 dang Phéc va nhan dwge nghidm gidi tich, twomg dng v41 ham 7 <6 lidn quan d&&n
dang dwdng sinh céa vé. Cédc bii todn dwgc minh hoa bang thi du cu thé,
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SUMMARY
OSCILLATIONS IN THE FIRST ORDER NON-LINEAR SYSTEMS WITH DELAY.
T AUTONOMOUS SYSTEMS

'COntrary to the systems without delay, in the first order systems with delay may he an
tndamped oscillation, which is constructed in this paper by means of the asymptotic method. The
self-excited oscillations in the Duffing and Van-De-Pol systems are considered.
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