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VE SU LAN TRUYEN CUA SONG PHI TUYEN
A A ~ » ’ ~ ~
TREN KENH NGHIENG €O DAY BIEN DOI
TRUONG HOP x> 1

NGUYEN VAN DIEP, PHAM HUNG

Trong céc bai [3], [4] d2 xét sy lan trayén cda séng phi tuyén yeu trén kénbh nghifng cé diy
bién d&i khi x = 0(1) ( y =

2 Hyla 45 siu dic trung, Lo 12 48 dai dic trung theo chidu
Losina ’

dong chiy, o 13 géc nghiéng cda ddy séng so v&i phuong ndm ngang ). Trong bai nay ching t5i sé
%6l sy lan truyén cla séng phi tuyén y8u trén kénh nghifng ¢ diy bién 48 khi ¥ > 1.

1. DAT VAN DE

xét chuyén déng cda chit 1dng nhét khong nén dwoc trén kénh nghiéng cé ddy bign d6i {xem
Hink 1). Hé phwong trinh mé t& chuyén déng néi krén 6 dang ( xem {1}, [5])

h‘t + (‘Uh)z = 0,
2
vt+vul+g(h+¢)zcosa:gsina—6’;%, (1.1

Cdi+ g, =0; q = qlv, ),

trong dé A 13 @6 siu, v 14 vin t3c trung binh theo thift dién, ¢ gia tdc trong trwdmg, o gbe nghibng

gitra ddy khi chwa bi kich déng v phuong ndm ngang. Cy 13 hé s6 khéng thi nguyén dic trung

cho ma sat ddy. ¢ 1a mit ddy, g [a lvu lugng bun cdt ddy, auo'c gid thidt 13 him d3 bidt cida v, h.
Ta dwa vao cac dal lwgng khéng th nguyén:

ho ‘ '
'U": Y , hi:___, qr:_q_, (}5’:—%—, ZJZ_I_, tf:t gHO'
gHy Hy do Hy Lo Lo

Hp 13 43 sfu trung binh, Ly 13 46 dai dic trumng theo chidu ddng chdy, go 12 lwu lwgng bin
cit ddc trung

Heé (1.1) dwoe dwa v& dang khdng thit nguyén:

(D€ thudn tién s& bd d&u {') chi cic dai lwong khong thir nguyén)
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e

ht, + (‘Uh)z = 0,

2
v
x(ve +vvg + (h+ @)z -cosa)=1— i
_ ¢ + gz = 0; q = g{v, h).
Trong d6

Hy qo0 sin a

= F =
X Lo -sina’ A VoHy - Hy' Cy

Hink 1. So 46 dong chdy

Théng thuéng trén cic sdng C; ~ 107° (xem [5]), néu ta chon gée nghiéng o

H,
“F =0(1), néu Eﬁ 2 1071 thi x =~ 1072,
g

1
Ta ky hién e = —
X
Hé {1.2) c6 dang:
hy -+ (”h)z =0,
v?

ve+ vug + (R +¢)s -cosa = (1 ~ F‘z_i;)’

B¢ + Bgs = 0; g = glv, h).

HE (1.3) <6 nghiém dirng:

Gil thigt ring:

el < |l < 1.

(1.2)

107° thi

(13)

(1.4}

Ta s& khio sat sy bi€n thién theo thii gian cda cic kich d8ng bic e theo cic trwdng hop sau:
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2. PIEU KIEN BAN DAU LA CAC HAM CUC BO

Gid thigt ring tai th¥i diém ¢t = 0, A(0,z), v(0, =), #{0,z) 12 c4c haim cuc b theo = (cic ham

chi khac khéng trong mét khodng hiru han trén truc Oz)

Nghiém cda hé (1.3} dwoce tim dwdi dang chudi tidm can:

h=1+¢chg+e’hi+..., v=Fteugteiu +..., ¢p=cdo+ep1+.... (2.1)

X&p xi bic £ cho hé phwong trinh:

Trong dé

Woe + Co - Woe = 0. (2.2)
[k F o1 0
Wo=1{w ], Co=1{cosax F cosa {2.3)
bo Bé fé; O
5} a )
61 = _:, ) by = —q
d h=1,v=F v h=j v=F

He (2.2) 12 hé hyperbol v&i cic hé s8 13 hing s3.
Nghiém chung cé dang (xem [6]):

3
Wo = rn falz— Aat), (2.4)
n=1

fr 1& cdc ham cuc b dwee xde dinh tir didn kién ban diu,
An 13 cde gid tri riéng cda ma trin Cy, 7y, £, 14 cdc vecteur rigng phdi va trai cia Cy <6 dang:

1
- An - (An — F) A — F A — F
en = Pr (1; s )1 = b .
P (An + 861) - cosex’ Ay + £6 Tn = Cn 14 {)\n“F)2 (2.5)
cosa
Cin, Bn 1A cée s8 thwe bat ky.
Xip xi bic &% ¢4 dang: :
_ Wi+ CoWi, = —Go(Wo, Wos) (2.6}
trong dé
h]_ (Uohﬂ):ﬂ 5
o 3 2 2
Wl = v ) GO = o Vo + ﬂ - FOZ {27)
#1 -\ Béiihohos + Béi2(voho)e + Bazvovos
a?.q . aéq f qu
b= ;o big = g ;b= 4
BhE h:l,u:F’ Shdv h:l,u:F’ 8U2 h=1l,v=F
Ta xét phép ddi bidn:
T=t  f.=z—Ant; n=123 (2.8)
hé phwong trinh (2.6} ¢é dang:
Wir — An 'Wlsn +Cy 'Wlin = —Go. ' (2.9)
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Nhan hai vé véi vecteur riéng trai twong ¥ng ta cé:

& Wir =1, Go (2.10)

Tir {2.7) suy ra G5 13 ham cda vg, Ao, ¢o - Tir {2.4) ta thiy néu didu kién ban d3u dwoc cho
duéi dang him cuc bb theo z thi sau mét thoi glan nghi@m (2.4) s& tach ra lam 3 modes. Nhuw
vay Gng véi mdi n, v phai cda (2.10) 1d ham cda €,. Diéu ndy din dén két qud v trai s8 ting
tuyén tink theo T. 7

Khé khin ndy dwoe khic phyc bing phweong phip nhibu ¢& théi gian (xem [6]). Ngoai thd
gian nhanh 7 = T,ta dira vio thdi gian chim r = eT. V& phii cla phlrcng trich {2.10) ¢é thém
58 hang -, WDTO Dé cho v& trai khong t3ng tuyén tinh theo 7o, ¢in thda man phwong trinh:

£y Wor, + £, Go = 0. (2.11)

Thé 7, tir (2.5) v& vy, ho, do tir {2.4), ta thu dwoe két qud ding cho tit ¢i cde modes

Aﬂ.fnf._ + ann.ﬁn + Ori-fﬂ. - 0; {2.12)

trong 44

/\n'("\n“F)z . s}\rz“F)(()\n“F)B—COSQ:)
()\n-i-ﬁél)-cosa_r“ cosa -, + B&)

A Q= F) D= B
(Ap + 861) -cosae AL+ B8

¥
22 (A = F}Y( 2 — —2—‘
= . 2
Cr T cos o, + A5) {2.13)

An =1+

B, =2(A - F)+

{601+ 260200 — F) +ban (A — F)P)

Ta x&t phép bién déi:
_Cn. :
fﬂ =¢ 4n't 'wn(‘rlsgn}- (214)

Trong d6 ¥, 13 ham 8 chwa bidt. Thé (2.14) vio (2.12) ta thu duge phuwong trink chio 4,
An &
-B?— ' 8'—*_"”1 "Ebn..-rl + thy - T/‘}n‘f:’n =0 (2'15)

Nghigm cia phuwong trinh (2.15) dwoc tim cho 4 trwdng hop:
Trwdng hop 1:

C, A?
— >0 >0
A, " B, C, ’
khi 5 bing phép d& bién
A2 Lo,
. NIRRT (219
. ta thu dwoe phwong tiinh
) %Dn :rl‘]"d)n ) nEn = 0, (217)
Trudmg hep 2:
. C, 2
= <0, An <0,
An, Bn. : Cn

khi 46 bing phép i bidn
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Er ~
1= ~E. 'nC,,, . (1— CA,JL); Ty —ro0; T ~B. -nCn. (2.18)
ta thu dwoc phwong trinh
Vo4, + 0 Yug, =0 (2-19)
Trlrb'i-ig' hop 3:
' %:— > 0, B,IA-?LC,,, <0,
sau dé bing phép déi bign
. AZ Sn. N s :
Tl:_Bn'Cn.(eAn ~1); 7 —o0; # — oo (2-20)
ta thu dwgce phwong trinh
Yo — P Pne, =0 (2.21)
Trudng hop 4: :
7 % <0, B:i-icn >0,
khi dé bing phép i bién
R AZ Gn . A2
h=gC. {1—e®™); mi—voo; B Boc (2.22)
ta thu dwgc phwong trinh
Yo7 = Pn - ¥ne, =0 (2.23)

Céc séng & trudme hop 1 va 3 ludn 8n dinh phi tuyén. Cédc phwong trinh (2.17), (2.19) c6
tfnh chat ¢, = const trén dwdng dic trung
dén

= ¥n. 2.2
ey | (22
Céc phwong trinh (2.21); (2.23) 6 tinh cht 1, = const trén dudng dic trung
de, |
g Yoo _ (2.25)

Céc phuong trinh {2.17), {2.21) di dwoc nghién ciru k¥ trong Whitham [5].

A, 13 céc gid tri riéng cda ma trfn (2.3), ching cin thda min mét phwong trinh bic 3 mi
trong dieu kién nhit dinh sé cho 3 nghiém thwe khéc nhau (xem [4]). Néu 5 < 1 thi c¢é thé tim
dwgc cdc nghiém ti€m cén theo :

A = 29 4 g 4 o(8?),
’ ,\(10] = F ++/cosa, -
Ago} =F —+/cos &,
A =,
NE {81 + b2+/cos a)/ecos a (2.26)
v 2(F + \/cos a) !
NO (61 — 824/cos ) feos
2 - 2(F — \/cos a) ’
_cosa(F by 6y)

F2 —cosex

A =

12
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Néu mode thit n tng vdi gia b riéng A,; n=1,2,3 thl tir {2.13) ta ¢ cdc k&t ludn:

Mode thir nhit ciing v&i séng b8 mih luén chuyén dong theo chidn ddng chdy. Mode nay ludn

én dinh v 13 séng tng véi trwdng hop 1 néu Ay > 3F/2, lu'n mit Sn dinh vi 1 séng Gng véi
tredmg hop 2 néu M < 3F/2.

- Ngosira néu &y -+ 62\/5_0?& > 0 thi biin cit 1Am ting tinh Sn dich, néu §; + 52\/555“— < 0 thi

ban cat 13m gidm éimh &n dinh.

Mode thi hai ung véi song bé mit chuyén aang thec chidu dong chly nén doug chiy xidt
va nguoc ¢hidu dong chdy néu dong chiy ém, ludn &n dinh phi tuyén vi 13 séng dng véi trudng
hop 3.

Mode thir ba ng véi séng cit, néu Fé, - & > 0 thi mode niay & chuyén déng xudi domg
nén dong chiy 8m, vi ngwoc dong néu ddng chdy xiét. Séng cdt luén on dinh phi tuyén. Néw
B3Cs-> 0 thi I séng Gung véitrudng hop 1, néu BgCB < 0 thl #ng v61 trudmg hop 3.

Nhw viy ta thiy mede thi hai v thir ba luén &n dinh phi tuy&n. Mode thit nha: 42 mat on
dinh vi nhay cdm v&i dnh hudng cda bin cat.

3. DIRU KIEN BAN DATU BAT KV

Vé&i dign ki€n ban diu bit ki s& khiong c6 khd nidng tach modes cia (2.4). Khi 44 hé {2.6)

khéng thé gidi bing phép 46t bidn {2.8). & diy ching t6i 8% dung phovong phép cda Chikwendy,
Kervorkian {2]. Xét phép bién d&:

h*
W* =R W' W* = (U* {3.1)
L é°

W* 1% vecteur ¢in tim. % 15 ma trin dwoc tao thanh tir cde vecteur riéng phai cda Oy (xem
(2.5)). Sau khi dwa vao hai ¢& thé glan 7o = ¢, 1, = et , th€ (3.1) vio (2.6), ta thu dwoe phwong
trinh: .

W ARGy RWh =R G RL Wy, (52)

T

Do tinh chit cda vecteur ritng phii, ta o

A 000
"l-CO'R: 0 A @

{3.3)
V0 0 A
San mét s& phép tink todn don glén ta the duwoc hé 3 pheong trinh:
‘ 3
h:O + )\lh; = Z TinGn,
ri=]1
3
vy, + Azuy = Z TonGn; {3.4)
n=1

3

¢:0 + }‘39'5: = Z T2nfn)

n=1
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3 3 3
g1 = = z Z anam(f:lfm + f:;-lfn} - Z ®nfnr,
. ni=lm=1 resl
3 3 2 i
g2 ==, Zji nten(dn = F) b = F)fufin = 5 on (e = F) fum
n=1me= n=.
1 3 3
— 5 2, ek S en(An = Fifam,
n=1 Ei 21
3 _2"3_ 3 _i\
93:_5112 ‘ Oifzarnfnf:fm_ﬁl’_éz L a?‘.-,am{-;\n“F) (f,;fm'f_f;fn}ﬁ
n=3m=] n=1m=1 '
3 k4 3
g ) ; {)‘ _'F)Q
— o 5 D — PV (A — Flfnfl - —lp it
bua L Lt \}‘n :i m F},nfm ,; an( f cos )fn.ru
__!' {Agw.F)z‘ N ()\ZH]{)’E
vy = L{\Q"F)(“1+ e ”(\es“F)(—l Y )]/A:
Fidg = F1%2 (s - F)?
iy = [L_Q_____.j_‘ (s i.}/!;\,
COR Y

cos o
rag = [A1 — Aal/4,

{Ae — 72, Az — F)*
= {{a; = Fy(— 14 - - F ;
roi [V\l P"(‘ ! cosee ! (Ae }( ! CO8 x )J/A
Ay — FY¢ = (X, — F)F
Yo = i_wawm):___{_aﬁjﬁ] /a,
! cos &
raa = (A~ Adl/ A,
(ﬁ\g*F)g {)\g - F)? ' | (Al—F)?
ﬁ:(}.z‘—ﬁj(—l—i-*zﬁsa )+(A1~F)(—1$“‘;#)+()\3—F)(W1T_m— ~
, : (A = F)? {Pe - F)? (o Qe = 7P
fdy = {1 2y - Ay - PV {1+ ) = {A~ F) (- —_——].
{42 }( * COS ) (s )( b o8 o ) (%2 ﬁ)( T €os o )
K7 higu
o
{ Jo= lim 1 { }dr £,, = const
Tores T
9
ta thu dwge véi &, = const
3
z ?nm<9m>n:0; n=1273 ‘ (3'6)
m=1 .
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C4c phwong trinh (3.6) md ta sy bifn thién theo th¥i gian vi twong tic phi tuyén giita cdc
modes f,, n = 1,2,3. Cic phuwong trinh niy 12 dang t8ng quat cda cdc phiwong trinh viét cho ting
mode (2.12}. Trong trwdmg hop ditu kién ban diu dwgc cho dwéi dang cac him cuc bd, (2.12)
dwogc thu nhin tir (3.8) nhu mét trwong hyp riéng.

4. KET LUAN

Bing phrong phép nhidu c& thoi gian da khio sét sw lan truyén cida séng phi tuyén yéu trén
kénh nghiéng cé ddy bi€n d6i véi x > 1. D3 chi ra ring mét kich déng cuc bs bit ky ludn tach
ra 13m 3 modes. DA thu nhin cic phwong trinh ms ti sy bién thién phi tuyén cda cdc modes khi

" thoi glan lén. DA nghidn céu 161 gidd cda cdc phrong trinh trén. Trong trwdng hop digu kién ban

diu bit ky di thu nhin hé 3 phwong trinh vi phin phi tuyén tdng quit md ti sy twong tic gifa
cic modes khi thii gian 1ém.
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SUMMARY

ON THE PROPAGATION OF WEAK NONLINEAR WAVES
IN THE ALLUVIAL INCLINED CHANNEL WHEN x > 1

The propagation of weak nonlinear waves in the alluvial inclined channel when x » 1 (here
x = Hg/Lgsin a, Hy is the average depth, Ly is the characteristic length along the flow, o is the
inclined angle between the undisturbed bottom and the horizontal direction) is investigated by the
multiscale method. [t shows that arbitrary 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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