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PRAM HUNG 

Trong bJ..i nay, S\}.' lan truyE!n ella s6ng tren kenh nghieng, c6 diy bi€n d:Oi dii dm;tc khio sit. 
Phrrcmg phip dll'Ong d~c tnrng di drrqc s& dvng. Dii du·a ra plnrang trlnh du-Crng d~c tru·ng va h~ 
thti-c tren diTCrng d~c tru·ng. DOi v&i s6ng c6 bien 09 nhO, phuang phip Fourier dii dU'qc sti· dvng. 
f)i chi ra r~ng dieu ki~n On d!nh c1la s6ng c6 the thu dugc tU: ke't qult crla phucrng phip Fourier v~ 
phrrang phip drrCmg d~c tru·ng. Di chi ra inh hu&ng ella bie'n d5i diy H~n tinh On d!nh cda sOng. 

A ' ' 

1. H)): PHUONG TRINH CO BAN 

Chuy~n d(?ng cda cha:t l6ng nh&t, kh&ng nen dm;rc, tren kE:nh nghieng, thigt di~n hlnh chfr 
nh~t, c6 diy bi~n dOi (xem Hinh 1) dm;tc mO d. bdi hf phuang trlnh Saint-Venant m9t· chieu vi 
phtrcrng tr\nh bign d6i day (xem (1], (2]) c6 d~ng: 

h, + (vh)x = 0, 

v2 

v, + vvx + g(h + .P)x ·cos a= gsinc>- Crh' 
cp,+qx =0, q=Q(v,h), 

(1.1) 

trong d6 h ll 09 sau, v v~n tOe trung blnh theo .thiet di~n, g gia tOe tr9ng tru·Ong, a g6c nghieng 
gifra tr~c Ox va phrrcrng n~m ngang, c, h~ sO khOng thfr nguy~n, 1/J m~t diy, q hru lrrqng bUn cit 
day, Q Ji1 ham siJ da bigt cUa v, h ky hi~U [.),, ( )x ch\ d~o ham rieng thea t va X cUa d~i Jtr9'ng [.} 

Ta dU'a vio cic d~i lu-qng khOng thti- nguyen: 

h' = !'._ 
ho' 

' X X=-
Lo' 

' v v =--
Vif!;' 

' q 
q = Qo' ¢' = ~o' ' t,fiH; t =---

La ' 

trong d6 Ho dQ s5.u, d~c tnrng crl.a dOng ch~.y, L0 d9 dJ.i d~c tru·ng theo chi~u Ox, ViJf; v5.n ti).c 
d~c trU'ng, Q0 hru lm;mg bUn cat d~c tru·ng. . 

H~ (1.1) du-qc drra v~ d~ng khong tht'r nguyen (bO dau (')chi de d<).i hrcmg khong thtl- nguyen): 
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;rong d6: 

ht + (vh)x = 0, 

1 v2 

x(v,+vv,+(h+4>)x ·cosa) = 1- F 2 · h' 
q,, + fJ · q, = 0, q = Q(v,h), 

Ho fJ- Qo 
-~·Ho' x= L . , 

0 ·s1na: 

Chung ta se xet tnrcmg hqp, F = 0(1), X= 0(1) 

(1.2) 

Vl gia tri cv th~ d.a x kh6ng d6ng vai tro quan tr9ng, khOng mO:t tinh tilng quat ta d~t: X = 1 

Hinh 1. Su ao dong chdy 

2. PHUO"NG PHAP DUCJNG D~G TRUNG 

H~ phrrang trlnh (1.2) drrqc khl.o sat Mng phrrang phap drrang d~c tru-ng (xem [3], [4]). Cac 
v%n tOe d~c tnrng thda man phucmg trinh: 

v- >. h 0 
cos a v-). coso: = 0 
fJqh {Jq. ->. 

Phrrang trlnh (2.1) trrang drrang v&i phrrang trlnh b~c 3 d5i v&i >.: 

),
3 

- 2v · ),2 + >.( v2 
- fJ cos aq. - cos a h)+ fJ cos a(qv · v - qh ·h) = 0. 

Di~u ki~n M cho (2.2) c6 ba nghi~m th\fc khic nhau Ia (xem [5] trang 45) 

27{!2 cos2 a(-%· h + q. · v)2
- 4cosa(h + {Jq.)(v2

- hcos a- f!qv ·cos a)2+ 

+4{Jv ·cos a(hqh - vqv) · ( -v2 + 9 cos ah + 9{! cos aqv) < 0, 

(2.1) 

(2.2) 

(2.3) 

(2.3) tho a man ngu v2 - hcos a = 0(1), fJ -«: 1 , ho~c q. > 0, fJ » 1. Gilt sUe >. (n), n = 1, 2, 3 Ia 
ba nghi~m th\fC cUa (2.2), khi do cac phrrang trinh drremg d~ trrrng CO d~ng: 

dx- ),In) 
dt - , 
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lfng v&i cic drrOng d~c tnrng, c6 cic h~ thli·c tr€n drrCrng d~c tru·ng nhrr sau: 

_ {>.In). (v- ,11"1) + (Jq,} dh + {).In) } du + d¢ = ).In) {
1 

_ ~} 
cosah h dt cosa dt dt cosa F2h (

2
.4) 

Gii thie't {3 << 1, nghi~m cda (2.2) dtrqc tlm drr&i d~ng chu6i ti~rn c~n theo f3 nhu sau: 

>. = Ao + fJ,\1 + 1'12 Az + ... 
The' vao (2.2), xitp xi b~c 0 theo fJ cho nghi~m: 

).~1 • 21 = v ± .Jh ·cos a, ).~31 = 0. 

XO:p xi b%c m9t theo fJ cho nghi~m: 

,In) 
). ( n) __ -_,q,,_·_::C:;-O=cS ;"'_:v_+~qh:'-;-' ..:CO:c:S_::<>..:h:_:.+_:"_:;O!.._.:_CO..:S_:<>..:q"'-" 

1 
- 3).~n) 2 - 4,\b" 1v + (v 2 - cos a h) 

lrng v&i n = 3, ta c6 

).131 = _cos a ( q, · v - qh · h) 
L v2 - cos ah ' 

(2.5) 

nlnr v%y, ne'u qv · v - qr. · h > 0 drrCmg d~c tru·ng U·ng v6i chuy~n di?ng ella bUn cit sf! hrr&ng sang 
phii ne'u v 2 < cos a · h va hu&ng sang trii ne'u v2 > cos a· h. 

Trang [1] Cunge cling thu dm;rc ke't quit tren khi Ong xCt chuy~n d9ng i dtrng, coi cic d~c , 
tnrng thUy Iv-c nhu d9 sau, v~n tOe khOng ph~ thuQc thCri gian, trong khi clay bien d5i theo thCri 
gian. 

3. PHUONG PHAP FOURIER 

H~ (1.2) c6 nghiem dirng: 

vo = F, ho = 1, <Po = 0. (3.1) 

Ta xet kich d(>ng nh6 ben c~nh treng thai dimg (3.1): 

v = vo + ev1 + .. . 
h = ho + •h1 + .. . (3.2) 

.P=e¢>1+··· 

Trong d6 e Ia tham s8 khOng thU; nguyen d~c tru·ng cho bien d9 cda d.c kich d{mg. Gii th~e't 
1•1 « 1 ta xet 2 tru·irng h?P sau: 

a) 
lill :0: 1•1 « 1 

The' (3.2) viw (1.2), chi giir l~i nhirng s8 h~ng b~c nh~t theo e, ta thu drr'!c h~ phtwng trlnh: 

2vl 
vlt + Fvlx + h1x ·coso:+ ¢'lx ·cos a+ F- h1 = 0, (3.1) 

"'" = 0. 
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Phrrong trinh cu8i cho nghi%m </> 1 = G(x), trong d6 G(x) Ia hiun Mt ky cua x, dm;rc xac djnh 
tir di'eu kien ban diu. 

H~ (3:3) dm;rc drra ve 2 phmmg trlnh khong dBng nhit, nghi~m rieng cna h~ c6 d~ng: 

(3.4) 
-= 

Nghi~m chung cna h~ hai phmmg trlnh dBng nhilt dm;tc tim b~ng phrrang phap Fourier (xem 
[3]) 

, h(g) - AH, ei(kx-wt) 
1 - ' (3.5) 

(k la s5 s6ng, w 13. t'an sb, AH, AV la bien d9 c'an tlm). 
The' (3.5) vao (3.3) (b6 qua d.c s8 h~ng tinh Mn bie'n d~ng day), ta thu dtrqc h% hai phrrang 

trlnh d<;t.i s5 dOi v&i AH, AV di~u ki%n d~ h~ c6 nghi~m kh8ng t'am thuCtng li w thO a min quan h~ 
tan x~: -

trong d6: 

Xk= ) 2 -k2 cosa, rk~Jx~+k2 , 
vl h 1 =his)+ h~g), v1 =vi~)+ vig) di'eu ki~n d~ nghi~m hr, v1 5n d!nh la 

1 J"•+X• -- + <0. F , 2 -

Di'eu niy tu-ong du·O'ng v&i tga .S 4C 1. 

Kgt quit (3. 7) dii. du:qc thu nh~n d8i v&i kenh c6 day cu11g, phltng (xem [3]). 
phrrO'ng ph3.p dtrCtng d~c tru·ng dbi v&i h~ {3.3), ta c6 3 chrCrng d~c tnrng: 

dx 
-=0 
dt ' 

dx ~ dt = F + ycoso:, 
dx 
dt = F - .JCQSa, 

M~t khcic, tir (3.6), v%n tOe ph a ctl.a cac kinh dSJng c6 d~ng 

w(k) =F±..!:_jr•-X• 
K K 2 

DH~u nay khOng mciu thufin v&i (3.8) ne'u: 

1Jr•-X• ~ K 
2 

2-:vcosa, 

(3.9) trrang drrang v&i: tga <;; 4C1. 
Co th€ ki~m tra dm;rc r&ng khi tga = 4C1 . nghWm cua h~ (3.3) c6 d~ng: 

h, = h['l +fi(x- -3F-t) +g1 (x- !:_t)e-1>•, 
2 2 

(•) F ( 3F { F F 2 "!-f . . } , v, = v1 + z j, x- -
2 

t) + - 2 g1(x- z-t) + F -oo g1 (x)d(x) . e-.,t, 
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(3.6) 

(3. 7) 

(3.8) 

(3.9) 

(3.10) 

·~ 

I 
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fl, g1 13. hai ham sO bat k;, drrgc xic d!nh tir di'eu kifn ban dau, hi"), vi") bi€u dien qua G(x) 

theo (3.4} 
b) 1•1 « 1!91 « 1 
H~ (3.3} se c6 d~ng nhu sau: 

2v1 
vlt + Fv1x + h~z ·cos a+ ~lx ·cos a+ F- h1 = 0, (3.11) 

</>It + {361 . hlx + {315, . v,. = 0, 

trong d6 

Ap dvng phuang phap Fourier d6i v&i h~ (3.11}, ta t\m nghi~m du:&i d~ng: 

V1 = AV · ei(k:z:-wt), ,Pl = AF. ei(kx-wt)' 

the' vio (3.11) ta thu drrqc hf. 3 phuO'Ilg trlnh d~i sO dOi v&i AH, AV, AF di"eu ki~n d€ h? c6 
nghi~m khong t'am thrrimg Ia w phiii th6a mam phu:ang trlnh: 

zw3 -w2 
· {zikF+ ~} +w · {sk+i(k2 F2 -cosae(f3152 + 1)) }+ 

+ {icosak'f3 · (62 F- 6,)} = 0, 

nghi~m ella (3.12) drrgc tlrn du·&i d<:ng chuOi ~i~m c~n: w = wo + {3w 1 + {3 2w 2 + ... 
X~p xi bij.c khong cho 3 nghi~m ,w~1 ·') c6 d~ng (3.6) , w63

) = 0 

xSp xi b@..c m9t theo {3 c6 d~ng: 

(n) ik2 cos aw~n) · 62- ik3 cos a(15,F- 15,) 
w - --~~------~--~--------~~~~--~ 1 

- 3iw~(n)+3k+ik2 (F2 -cosa)-4w~n) ·(ikF+})' 

lrng v&i w~3 ) = 0 

13 ) -ks · (F2 - cos a)(152F- 6,) cos a 
Rew - ----~~~~~~---.~----

1 - 9k2 + k4 (F2 - cosa)2 ' 

(3) -3k4 (62 F- 15,) cos a 
Imw1 = , 

9k' + k4 (F2 - cosa) 2 

(H2) 

(3.13) 

(3.14) 

Tir (3.14) ta th~y song cat li s6ng tan X~ (vij.n t5c pha phv thu(\c bu&c s6ng). Ne'u 6,F-61 > 0 
s6ng cit luOn bn dinh tuyen tfnh. Ngo3.i ra, neu F 2 - cos a > 0, 62 F- 61 > 0 s6ng cit chuy~n. 
d{mg sang trii, neu F 2 -cos a < 0, 82 F- 61 > 0 s6ng cit chuy~n d<}ng sang ph!i . Di~u niy 
hoim toan phu h'!P v&i ke't lu~n (2.5) cua phmmg phip dm'mg d~c tru-ng. 

Dang chU Y Ut khi pe =cos a, Rew~3 ) = 01 lmw~
3 ) < 0, ngu 62 F- 61 > 0 s6ng cit se dl.fng 

yen vi t£t theo thCr:i gian, t~o thinh diy ph~ng. Ke"t lu~n nil.y phll hgp m9t cich dinh t:inh v&i 
thvc nghi~m. 

D~ xet !..nh hrrbng cua bun cat len tinh iln djnh cua song tir (3.6) ta th~y khi tga = 4G1 , . 

lmwb
1

) < 0, lmwb2
) = 0. 

=~~~,---Tir (3,1-:t)-occ\oth~ ki~m tra dtrac rhg 
.!Jl[l' ,.,,.~ ... · . . ~ • 

HILl\ 

I 
- .J 
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ksF•(hl + 5) (2) 2 1 
Rew 1 = ( F'K') 

24 1+ -.-

Nh • ' 52 F ' o b' 't -I' t" t' h " d··. h -' . ' b' " h " d' u.v~y, ~eu 2 + u1 > un ca se am a.ng 1n on ~n cua song e m~t, c uyen qng 

sang ph~i v&i v$n t5c 
3
: ngrrqc l~i ne'u 

0~~ + 01 < 0 bUn cit se lam giam tinh 5n d!nh. Ngoai 

' 52 F 5 0 b' ' I' " A t' t ' ' ' bzF ' 0 b' ' I' .,_ ra) neu -
2

- + 1 > un cat am tang v~n oc ruyen song, neu -
2

- + o1 < un cat am gtd.In 

v~n tC:c truyen s6ng. 

H A 

4. KET LU~N 

Phuang ph<l.p dU'Cmg d~c tnxng va phrrang ph<lp Fourier da dtrqc <lp d~ng trong nghi€n cll-u 
tinh 6n d!nh cda s6ng lan truy'en tren k€nh nghieng c6 dAy bie'n d5i. Bling phrrang phip ti%m c~n 
da thu dtrqc ke't qui trUng v&i ke't qui ella Cunge khi Ong nghien cli-u chuy~n c19ng i dirng. Dieu 
ki~n 5n d!nh da dm:;rc thu nh~n ti:r ke't qui ella ·hai phucrng phip tren. Da chi ra ltnh hu&ng cUa 
bUn cit len tinh 6n d!nh cda. s6ng he m~t khi g6c nghieng b~ng g6c nghieng t&i ·hsm. 

Tic gii chin th3.nh b"ay t6 S\f cim an G.S.T.S. Nguy~n Van Di~p di quan tim rl.ng h9 va 
d6ng g6p nhi'eu nh~n xet c6 gii tr! khoa h~K cho cOng trlnh nay. 

flia chi: Nh4n ngay 12/10/1989 
Vi~n Ccr Vi~n KHVN 
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SUMMARY 

THE UNSTABILITY OF A FLOW IN AN INCLINED ALLUVIAL CHANNEL 

The unstability of a flow in an inclined alluvial channel is investigated by the chiuacteristic 
and the Fourier methods. It is shown that the bedform development could influence significantly 
on the stability of the water surface. 
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