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MOT VAI PHUONG TRINH PHI TUYEN GIAI DUQC CO
LIEN QUAN DEN HIEN TUONG MAT ON DINH KHI DONG

NGUYEN PANG BiCH, NGUYEN VO THONG

Céng trinh cao, k&t ciu mém chiu tii trong gié dao ddng khéng chl theo phwong dong gis,
ma cdn theo phuwong vubng géc v&i dong gis, Chuyén déng thee phuong vudng géc véi dong gis
la hién twong tw dao déng, ¢6 thé din ti tinh trang mit on dinh khi déng. Phwong trinh mé ti
hién twomg tw dao ddng cla cdng trinh xem nhu hé mét bac ty do ¢ dang [1, 2]:

J$+ 86 +cp = Mlp, ) (1)

Trong bai todn nay M (¢, ©) 13 mb men cda lyc khi ddng, khdng phy thudc hién vio thei gian
v 1d ham cda vi trf vd vin t8¢ dao ddng cida chinh céng trinh.

Bii bio niy chira mét s& dang hre khi déng, tim nghidm chinh xdc cda phoong trinh vi phan
phi tuyén twomg tng, phin tich dic treng dao déng va hién twong mit 6n dinh khi déng tng véi
cde lre d6. Dudd diy xét cdc dang lwc khi dong

1. MO MEN CUA LUC KHI DONG CO DANG

M(p, $) = ca?p®, {1.1)
& diy o? - tham s cla Iwe khi ddng.
Khi 46 phuong trinh (1) cé dang [3]

S+ 2wp + wlp = wiap®, (1.2}
& diy p
¢
2p = — w?=—
J! J

Trong trudng hop tham s8 v, w bit k¥, phrong trinh (1.2) khéng tim dwoe nghiém chinh
x4c, nhuwng nd ¢b nghidgm ding khi .

2v/2
w22, (1.3)
3
Trong trwdmg hop ndy phwong trinh (1.2} ¢6 tich phin diu:
. 2v
©+ —3—(1+ago)<p:0 (1.4)
Phwong trinh {1.4) cho nghiém

1 e—(“/s)i
T Celv/3l o~ (/B0
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& diy C - hing s3 tich phin
Tir (1.4), (1.5) suy ra: ¢ 13 ham dong bién vi gid tri nim trong khodng hire han

N
a(C + 1}

Nghi¢m (1.5) 1 8n dinh khi C # —1

Sep<0 khi 0<t<+co

2. MO MEN LU C KHI PONG €O DANG

' =2
) PP
M =3Jo? T — 21
((P? (p‘) &3 1+ 052(,02 ( )
Khi dé phwong trinh (1) ¢é dang
e’
S+ 2o+ weo = 3a° (2.2)

1 + (22@2
bé gidi phwong trinh {2.2) ta ding phép bidn ddi
(au)l/a = (1 ang)—lﬂ (2.3)

nh¢ phép bién ddi (2.3), phwong trinh (2.2} dwa vé phwong trinh

1 )2
4+ 2wt + aw?u = wzaz(au)[waHl — (— - 1) il (2.4)
a u
a) Khie=1
Trong trwdmg hop nay phép bién d6i (2.3) va phwong trinh {2.4) 6 dang:
o= u(l - aﬁuz)‘l’}z {2.5)
4+ 200+ wiu = w?a’ud (2.6)

nhu vy, véi phép bign déi (2.5) phwong trinh (2.2) dwa vé phuong trinh (2.6) ¢6 ciing dang véi

phwong trinh (1.2). Do dé néu thda man digu kign (1.3), dwa vio (1.5}, (2.5) ta tim dwoe nghigdm
cia phwong trinh (2.2)

1 e~ 5t

p=——

2.7)
- 173 (
“ (Czeit + 203“3‘)

& diy : C - hing s8 tich phin
Khdo sit nghidm {2.7) ta thdy, © 13 hdm dong bién vh gi4 tri ndm trong khodng hiru han

<e<0 khi 0<t< o

N aC(C + 2)
* Nghiém (2.7) 13 8n dinh khi C # -2
b) Khi a = —2
Trong truéng hop ndy phép bién dsi (2.3) v phuong trinh (2.4} ¢é dang
~2u = 31+ o®p?) ' (2.8)
342
%+ 206 — 2wlu = wle® + Eu— (2.9)
%
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nhw viy, v&i phép bién ddi (2.8) phwong trinh (2.2) dwa vé phwong trinh (2.9}, vi th€ néu théa
man didu kign (1.3}, dwa vao (2.7), (2.8) ta tim dwoe nghiém cia phwong trinh (2.9)

2
u= —%(Ce%"t + 1)2 {2.10}

D% dang nhin thiy ring (2.10) 1i nghiém khéng &n dinh
¢} Khi a bit k¥
Dvya vao (2.3}, (2.7) ta tim dwoe nghidm cda phwong trinh (2.4)

1 1

u = — 2.11
a(_a)a (Cegm o 1) ( )
Nghiém (2.11) 8n dinh khi a > 0, khéng 6n dinh khia < 0
3. MO MEN LUC KHI DONG CO DANG
. 22
2 o q a2 PP 2,3
M{p, ) = 3Ja m—ca o (3.1)
Khi 6 phuong trinh (1) ¢6 dang
2 2 PP’ 2.2, 3
. . a2 PP 3.
o+ 20 +wip = 3a T+ aZph .wa(p (3.2)
nh¥ phép bién dai (2.3) phwong trinh (3.2) dwa vé phwong trinh (4]
1y i ‘
™ . 2 o _ = =
i -+ 204 + aw u-(l a)u o (3.3)
a)Khic=1
Trong trutrmg hop ndy phép bién déi (2.3) va phwong trinh (3.3} ¢é dang:
e=u(l- azuz)_1/2 (3.4)
i+ 2vt+win =0 (3.5)

Khi v > w, phwong trinh (3.5) che nghidm

1
= a—e“"t ch(Vi?2 —w? t+48) (3.8)
& diy C, £ - hdng s& tich phéan

Duwa vao (3.4), (3.6) ta tim dwoc nghidm cda phwrong trinh (3.2)

ch(vrZ —w? ¢+ g)

o= (3.7)

[C2e2t — a2eh2 (Vo2 — o -t + B)]*

Khéo s&t nghidém {3.7) ta thiy: trong khodng bién thién cha ¢, 0 < ¢ < +o0, © I3 ham ¢é cuc
dai, cwrc dai dé ¢6 thé hivru han, ciing 6 thé v& han, phu thudc vio gid tri cla tham & lwe khi
dong 0. Nhw vy c6 thé xem (3.1) 13 dang lyc cé khi ning gdy mat én dinh khi déng va (3.7) 13
nghidm md t hién twong mit on dinh khi déng twong Gng vé&i né.

b) Khi o bt k¥

Duwa vio (2.3}, {3.7) ta tim dwge nghiém cda phwong trinh (3.3}
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. 1 Cha( f12 — 2 .t+ﬁ) (3.8)

2 Caeauz
Nghiém (3.8) &n dinh khi a > 0, khdng 8n dinh khia < 0

KET LUAN

1. Qua khio st nghiém cic phwong trinh vi phian phi tuyén dwec d8 cip cho thiy: phwong
trinh (2.4) v phwong trinh (3.1) cho nghiém khéng &n dinh, nhir viy dang hwe khi d6ng cho & vé
phii c4c phuong trinh nay 13 d4ng chi ¥, vi n6 ¢6 khi ning gy mit 6n dinh khi déng.

2. Phwong phép gidi cic phwong trinh vi phin phi tuyén & diy l: dung phép bign ddi chira
tham s6 (2.3) d€ diéu khién viéc hwéng téi nhing phwong trinh gidi dwoc, sau d6 ding hiéu 4ng
day chuyén: bift nghiém cda phwong trinh gidi dwec, nhe phép bién d5i tim nghiém cda phwong
trinh khic.

3. Day md&i chi I ¢ ging budc diu trong vide chi ra mat s8 dang lwc khi déng gdy mét &n
dinh, song ¢6 thé nhin xét, nhirng lwc khi déng cdu thanh tir hai y&u t8: yéu t3 phi tuyén vi yéu
t& tan sic nhu (3.1}, d giy mit &n dinh khi déng.

Céng trinh hoin thanh véi s tii tre cia Chwong trinh nghién cidu co bdn trong linh vuc
khoa hoc tw nhién. '

Dia chi: Nhén ngdy 12/9/1994
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SUMMARY

SOME SOLVABLE NON-LINEAR EQUATIONS
RELATED TG AERODYNAMIC INSTABILITY PEHENOMENA

This article proposes some forms of aerodynamic forces, looks for accurate solutions of corre-
spondent non-linear differential equations and analyses the characteristics of aerodynamic forces
and of equation’s solution. Found solutions proves that aerodynamic forces are formed from two
elements; element of non-linear and dispersion, that single solutions are usually found and aero-

dynamic instability easy occurs.
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