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VE SV LAN TRUYEN CUA SONG PHI TUYEN 
A A A 1' I' _,./ "' 

TREN KENH NGHIENG CO DAY BIEN DOI 

TRUONG HQP X» 1 

NGUYEN VAN DIJ);P, PH~M HUNG 

Trong cac b3-i [3], [4] da xet S\t" lan truyen clia sOng phi tuye'n ytfu tren kenh nghi€ng c6 day 

b." d"· , h' 0( ) ( Ho H l' d' ' d" L !' d' d'. d" h l ., 1en m k 1 X = 1 X = L . , o a 9 sau ~c tru·ng, 0 a 9 a1 <;tc trU'ng t eo cneu 
osma 

dOng chiy, a li g6c nghi@ng eli a diy sOng so v&i phuang nam ngang ) . Trang bai nay chling tOi s€ 
xet sv· lan truy~n ella s6ng phi tuygn yeu tren k€nh nghieng c6 diy bien d6i khi X~ 1. 

v • " 

1. D~T VAN DE 

xet chuy&n d9ng ella cha:t l6ng nh&t kh&ng nen drrqc tren kenh nghieng c6 diy bie'n a6i (xem 
Hinh 1). H~ phrrcmg trlnh m6 t~ chuy~n d\>ng n6i tren c6 d;;ng ( xem [1], [5]) 

h, + (vh)x =a, 
v2 

Vt + VVx + g(h+ </>)xcos a= gsina- C1h' 

<Pt+qx=O; q=q(v,h), 

(11) 

trong d6 h li df? siu, v li v~n tOe trung binh thea thie't di~n, g gia tOe tr9ng tnr(mg, a g6c nghi€ng 
giii"a diy khi chrra h! klch dc}ng vi phrrcrng nlm ngang. CJ li h~ sO khOng thli- nguyen d~c tru·ng 
cho rna sit diy. ¢ li m~t dciy, q li hru hrqng bUn cit diy, drrqc gi<\ thie't la him di biet ella v, h. 

Ta drra vao cic d~i hrqng khOng thlf nguyen: 

' v v ---- v'9Ho' h' = }'__ 
Ho' <P' = ~0' ' t v'9Ho t = . 

Lo 
' q q = ~, 

qo 
' X X=-

Lo' 

Ho li dQ siu trung binh, L0 hi d<? dii d~c trung thea chi€u dOng chiy, q0 la hru hrgng bUn 
cit d~.c trrrng 

H~ (1.1) dm?'c drra v~ de.ng khong th{r nguyen: 
(D~ thu~n ti~n se bd d~u (') chi cic d~i hrc;mg khong th{r nguyen) 
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Trong d6 

ht + (vh)x = 0, 

vz 
x(v,+vvx+(h+</>)x·cosa)=1- FZh' 

</>t + f3qx = 0; q = q(v, h). 

X= L . ' o · sma 
Ho fJ- qo 

- ..J9Hr; · Ho' 

------------

Hinh 1. Set ilo dong chdy 

(1.2) 

X 

Thong thuimg tren d.c song C1 "' 10-3 (xem [5]), n~u ta ch9n g6c nghieng a "' 10-3 thl 
H . 

F = 0(1), n€u -". "' 10- 1 thl X"' 10-2 

Lo 
1 

Takyhi~ue=-. 
X 

H~ (1.2) c6 d~ng: 

h.,+ (vh)x = 0, 

vZ 
Vt + vvx +(h+ </>)x ·cos a= e(l- FZh), 

<Pt + fJq, = 0; q = q(v, h). 

H~ (1.3) c6 nghi~m dirng: 

h= 1;· v= F; </>=0. 

Gilt. thigt r~ng: 

1•1 «I ill« 1. 

(1.3) 

(1.4) 

Ta se khio sat S\f bien thien theo thCri gian cUa cac kich d9ng b~c £ thea cic tnrCmg hqp sau: 

9 



...... A .. ..... ' ~ ' "' 

2. DIEU KIJ);N BAN DAU LA CAC HAM Cl)C BQ 

Gilt thie't r~ng t~i thOi digm t = 0, h(o,-xL v(O, xL ¢(0, x) Ia cac him q1c b9 theo x (cic ham 
chi khac kh6ng trong m\)t kho>ng hfru h~n tren trvc Ox) 

Nghi~m c-lia h~ (1.3) duqc tlm drr&i d~ng chubi ti~m c~n: 

h = 1 + e:ho + e:2h1 + ... , v = F + <:vo + e2v1 + ... , <P = e</>o + e:2</>1 +.... (2.1) 

xap xi b~c e cho h~ phuang trlnh: 

Wot + Co · Wox = 0. 

Trong d6 

( 

F 1 
Co= cos a F 

(381 f38z 

i)ql 
81 "" - . 

Bh h=l, vc:..F' 

aql 
au h=l., vc:..F 

H~ (2.2) !a h~ hyperbol v&:i d.c h~ s&la Mng s5. 
N ghi%m chung c6 d~ng (xem [6]): 

3 

Wo =I: G, · fn(x- Ant), 
n=l 

fn Ia cic him c~c b9 drrqc xic d~nh tir dieu ki~n ban d'au, 

(2.2) 

(2.3) 

{2.4) 

An li ctic gii tr~ ri€ng cU. a rna tr~n Co, ?n, 'In li cic vecteur rieng phii va trii ella C0 c6 d~ng: 

e- = R ( An · (>.n- F) An - F ) . 
n f--Jn 1, , _ , 

(An+ {351) ·COS C< An+ {351 

an, /3n Ia cic sO thl!'c biit k)'. 
Xiip xi b~c e2 c6 dq,ng: 

trong d6 

811 = azq I .. 
- 8h2 

hc:..l,vc:..F' 

Ta xet phep d5i bi€n: 

T= t, 

h% phrrcrng trinh (2.6) c6 d~ng: 
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( 

1 ) - ). - F 
rn = C>n -1 + (>.n- F)2 

cos a-

(2.5) 

(2.6) 

(2.7) 

{2.8) 

(2. 9) 
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Nhan hai vg v&i vecteur rieng td.i tl.rang Ung ta c6: 

(2.10) 

Tir (2.7) suy ra Go Ia ham ctla vo, ho, ¢o. Tir (2.4) ta thay neu dih ki%n ban dau dm;rc cho 
du&i dang him C\(C b9 theo x thl sau m9t thCri gian nghi~m (2.4) se tich ra lam 3 modes. Nh1r 
v~y Ung ~&i m8i n I ve phai ella (2.10) la. ham ella En· Dieu niy din u;;n ke't qult v€ trii se tang 

tuye'n tinh theo T. 
KhO khan nay drr'!c khil.c ph;tc Mng phtwng phap nhieu c& thiri gian (xem [6]). N goai thiri 

gian nhanh To = T,ta dtra vao th0-i gian ch~m 71 =cT. ve phlti ella ph nang trlnh (2.10} c6 them 
sO h~ng -En. Woro· D€ cho yg trcti khOng tang tuye'n t:inh thea To, c'.in thOa man phu:'O'ng trlnh: 

The'~ tir (2.5) vi v0 , h0 , ~0 tlr {2.4), ta thu drrqc ke't qua dUng cho t3:t d. d.c modes 

trong Q6 

Trang d6 1/Jn li him sO chua bie't. The' (2.14) vio (2.12) ta thu ctm1c plnraug trl.nh cho ·0n 

Nghi?m da phrrcrng trlnh (2.15) drrcrc tlm cho 4 tmirng h'!P: 
Trrr&ng hgp 1: 

ta thu chrqc phuang trlnh 

Tru-Crng hqp 2: 

khi do bling phep dcii bi~n 

Cn 
->0 
A.n. , 

Cn 
-<0 
An ' 

B · C > o, 
n n 

1\ ---t 00. 
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(2.11) 

(2.12) 

(2.13) 

(2.14) 

(2.15) 

(2.16) 

(2.17) 



A2 c 
f1 = n · (1- e::i!'~'t); r1-+ oo; f1-+ 

Bn ·Cn 

ta thu drrc!c phrrang trlnh 

Trrrang hqp 3: 

sau d6 b~ng phep d5i bie'n 

ta thu drr\)'c phrrcmg trl.nh 

Trrrang h9'P 4: 

khi d6 b~ng phep dii bie'n 

en 
A>O, 

n 

en <0 A , 
n 

f1= A~ ·(1-e~r1 )·; 
Bn ·Cn 

ta thu drr\)'c phrrO'Ilg trl.nh 

(2.18) 

(2.19) 

(2.20) 

(2.21) 

(2.22) 

1/Jn,f, - .Pn · .Pn,e" = 0. (2.23) 

Cac song & tru"ang h7p 1 va 3 luon 6n d)nh phi tuygn. C:ic phrrcmg trl.nh (2.17), (2.19) c6 
tlnh chat ,Pn = const tren duCrng d~c tnrng 

den ( -d.=~. 2.~ r, 
C:ic phrrcrng trlnh (2.21), (2.23) c6 tinh chat .Pn = const tren drrang d~c tmng 

den 
dfl = -1/Jn. (2.25) 

Cac phmrng trlnh (2.17), (2.21) dii drr\)'c nghien crru ky trong Whitham [5]. 
An li cic gi<i tri rieng ella ·rna tr~ (2.3), chUng c'an thOa man m9t phrrong trlnh b~c 3 rna 

trong dih ki%n nhat dinh se cho 3 nghi%m thl)'c kh:ic nhau (xem [4]). Ngu f3 « 1 thl c6 th~ t\m 
dtrqc c3.c nghi~m ti~m c~n theo fi 

(2.26) 
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Ne'u mode thfr n Ung v&i gii tr! rieng .\n; n = 1, 2, 3 thl tir (2.13) ta c6 c<ic ke't lu%n: 

Mode thlr nhit cling v&i s6ng b~ m~t lu6n chuygn d?ng theo chi~u dOng chly. Mode niy luOn 
6n dinh va li s6ng li-ng v&i tru·Ung hqp 1 ne'u .\1 > 3F /2, lut-n m1t 6n dinh va la s6ng U:ng v&i 
tnrc,;,g hgp 2 ngu >.1 < 3F j2, 

Ngoii ra ntu 51 + 02~ > 0 thl bUn cAt lam tang tinh cin dinh, ngu 61 + 02y'cos o: < 0 thl 
bUn cit. lim gian1 tinh in dfnh. 

Mode thl.i' hai li-ng v&i s6ng be m~t chuy~n d9ng thev chieu dOng chiy n€u dOiig ch.iy xie't 
v3. ngrrqc Chi'eu dOng chly ne'u dOng chiy em, lu6n 511 d!nh phi tuyifn va li s6ng li"ng v&i tnr&ng 

hgp 3. 
Mode thU: b~ li-ng v&i s6ng cit, ne'u F52 --51 > 0 thl mode nay se chuyin d<$ng xuOi dOng 

ne'u dOng chiy em, va ngm7c dOng nf"u dOng ch.ly xi€t. SOng cat luOn 6n d!nh phi tuye'n. Ne'u 
B3 C3 ·> 0 thll3. s6ng li-ng v6i.truCrng hqp 1, n€u BsCs < 0 thl t'rng v&i t.nrCrng hqp 3. 

Nhll' v~y ta thiy mode thiT hai va thU ba lu()n bn d!nh phi tuye'n. Mode thU: nh5:t d:§ mitt 6n 
4!nh va. nhq,y cim v&i inh hu&ng cd.a bUn cit. 

V&i di~u ki~n ban d'au bJ:t kY se khOng c6 khi n3.ng tach modes c1la. (2.4). Khi d6 h~ (2.6) 

khOng thJ giii bang phep d6i bi@n (2.8). 6 diy chling tOi stl- d\mg phrwng phip cda Chikwenduj 
Kervorkian [ 2]. Xet phfp bie-n d5i: 

W• = R · W1
; ( 3.1) 

\of'"' Ht v-ecteur c"an t1m. R lii rna tr~n drrqc t~o thanh tiT cic vecteur ri€ng phii clia Co (xem 
(2.5)). Sau khi dm< vi10 hai c& thiri gian 7o = t, 71 = e;t, th~ (3.1) viw (2.6), ta thu dtrac phu:ang 
trlnh: 

Do tlnh chit cda vecteur rieng phii, ta c6: 

( 

).l 

,;z-t ·Co· R. = 0 

\ 0 

Sau m<?t sO ph€p tinh tocln don giin ta thu du·gc h~ 3 phuang trlnh: 

3 

h;o + ..\1h; = L 7'1n9nl 

n=l 

3 

n=l 

3 

¢;c, + ..\gr}; = L r3n9n, 
n=l 
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( 3.2) 

( 3.3) 

(3.4) 



Trong d6 

3 3 3 

g, =- L L C<netm(f:Jm + f:nfn)- L anfn,,, 
n=l m=l n.=l 

3 3 n 3 

gz =- L L C>nam(An- F) (Am- F)J,J:n- ~ L C>n ·(an- F)fn-
n=l fn=l n=l 

r13 = !!13- ..\zf/ Li., 

rn = l-(),s -F) ( -1+ 1Ar~·Ff)- (..lr-F){ -1+ (.\3- F)')]/Li., 
cos a cos~ 

rn = f(.l.s - F)2- p,, - F)2 Jl / Li., 
L COS 0. 

r23 = [.:\1 -~ A3]/L\_, 

[
,. ·\( . (..ls-F)2, (' "')( ().z-F)2)]/ 

rs1 = \.>.1 -· F 1 -- 1 + - J - -"2 - 1.' - l + Ll: ' =a =a 
ro-- = II t:l.z_-::D.' - (..lr - F)'j I Li. 

'-'-" ' j - cosa 
r3:_1 = [.A:;: -- ), 1 ]/ D., 

KY hi~u 

t,a thu drrqc v6-!. ~n = c.ohst 

'" 
)n cc lim _!_ (( ) dr, 

-ro·-roo To ., 
0 

CJ 

L Tn.m{9m)n = 0; 
m-=1 

~n = const 

(3.5) 

(3.6) 



' -----1 

Cic phU"O'Tig trlnh (3.6) m'O ti S\f bie'n thien theo thai gian va tu·ang tic phi tuye"n gifra cic 
modes fn, n = 1, z-, 3. Cic phrrang trinh nay 13. d~ng t6ng quit cUa cic phrrcrng trinh vii~'t cho tirng 
mode (2.12}. 'I'rong tnremg h'!J' di~u ki~n ban dliu drrqc cho dtrai d~ng CaC ham Cl).C bi), (2.12} 
drrqc thu nh?-n tir (3.6) nhu m9t trtrCm.g hqp rieng. 

.. A 

4. KET LU~N 

B£ng phtrang phcip nhi~u cCf thCri gian da khlw sat su· Ian truyen cUa s6ng phi tuye'n ye'u tren 
kenh nghieng c6 9ciy -bie'n d6i v&i x » 1. Di chi ra d.ng mQt k:ich d{)ng eve bQ hilt k)r luOn tich 
ra 13m 3 modes. Di thu nh~n cic phuang trlnh mO t<i Sl!' bie'n thien phi tuye'n eli a cic modes khi 
.thOO gian l6n. Di nghien cll-u l&i giai cUa cic phuang trlnh tren. Trong tnrCrng h<;rp dieu ki~n ban 
d'liu b3:t k)r da thu nh~n h~- 3 phtrong trinh vi ph an phi tuye'n tbng quit mO ti Slf tu·cmg tic gifra 
cac modes khi thai gian l&n. 

iJia chi: Nhqn ngiiy 28/12/1989 
Vi~n Cu Vi~n KHVN 
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SUMMARY 

ON THE PROPAGATION OF WEAK NONLINEAR WAVES 
IN THE ALL UVIAL INCLINED CHANNEL WHEN x :» 1 

The propagation of weak nonlinear waves in the alluvial inclined channel when x ::?> 1 (here 
X = Ho/ Lo sin a, Ho is the average depth, Lo is the characteristic length along the flow, a is the 
inclined angle between the undisturbed bottom and the horizontal direction) is investigated by the 
multiscale method. It shows that arbitrai-y localized pertubations will be split in to three modes. 
The nonlinear differential equations discribing the evolution of those modes are delivered. Their 
solutions are thus analysed. 
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