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KHI CO CHUYEN DQNG TOI TREN NUOC SAU 

X ' NGUYEN TIEN D~T 

' ' MODAU 

Khi tau c6 chuy.1n d9ng t&i thl bii toin bien d5i v&i the' v~n tOe crl.a chS:t lOng ph li-e t~p han 
so v&i tau kh&ng c6 chuy~n di?ng t&i li Cr dieu ki~n tren m~t thilm tr&t crla thin ta.u vi d~c bi~t 
la tren m~.t thoing ctb ch5:t lbng. Trong [2L d.c tic gii da gihl quye't bii toin 3 chieu nhung v&i 
v~n t5c t&i nhd. Vorobiov dii giii quye't bii toin Lie d9c ella tiu m6ng khi c6 chuy~n d9ng t&i 
b1ing phuo-ng phip hiun Grin vi trong [3] cta giai quye't bii to<in khi khOng c6 chuy~n d9ng t&i 
blng phu:cmg phip khai tri~n the' v~n tOe dmJ.i d~ng tfch ph5.n Fourier-Mitren. 

Trang bii bio niy tic gilt gi<li quye't bii toan blng phu-ang phip khai tri~n him the' v~n tOe 
du-6i. d~mg tkh ph an Fourier - Mitren theo cic him ri&ng sau khi str d\].ng phep bie'n dbi Fourier. 
Trong tru·i'rng hq-p khi tiu m6ng, khOng c6 v~n tOe t&i, ke't qui trb v'e v&i kit qui trong [3]. Ph 'an 
nghiEin clru sO: tri se li n9i dung ctia d.c cOng bO tie'p theo. 

xet bb.i to;in M.c dQC eli a tiu m6ng chuyfn d9ng v&i v~n tOe t&i Vo = const c6 phu-ang trling 
v&i phucmg truy~n s6ng trEin s6ng bign di~u hOa, trong chit lOng sfi.u v& h~n. Chit ldng du-9'c xem 
nhrr 13. lY tu·&ng, kh6ng nen c1m;rc va. chuy~n d9ng eli a chtLt l6ng lJ. c6 the'. SOng bi~n d:i'eu hOa va 
cic dao d9ng l<tc cUa tiu dm;rc xem lll c6 bien d9 nhd. Drra vio xet hai h% t9a d9 De cic vuOng 
g6c sau: 

Hf cO d!nh 0' (,77~; tr\1-C 0 1 E- hll'&ng thing dU·ng xuOng drr&i. 
H~ di d9ng Oxyz gln W~n v&i t.J.u, trl!c Ox- hu·&ng theo chieu dii ve phla mlii tb.u; m~t ph5.ng 

Oxy trUng v&i m~t mr&c khi yen tinh; tr\1-c Oy- hrr&ng v~ m~n b&n phii; trvc Oz di qua tr9ng 
tim tiu. 

Hai h~ t9a d9 niy trling nhau khi khOng c6 sOng vi tiu khOng c6 chuyfn ti9ng t&i. 
Ta c6 cOng th{rc g'an dlmg bi~n d6i t9a d9 tir h~ c6 d!nh O~'~ry~ sang h~ di d9ng nhu sau [6]: 

y :::::: '1' 

DOi v&i bii t.oiin lie d9c, c6 3 thinh ph?in l£c la: 
7'}1, TJJ - cic thlnh ph'an qnh tien ella tau thea d.c trvc Ox, Oz. 
'75 ·• thJ..nh ph'an quay ella tim quanh trl).C Oy. . 
Theo gilL thie't. vl17i (j = 1, 3, 5) - nhd nen fJkTJi ~ 0 (k, J. = 1, 3, 5) vi vl tau c6 thiin m6ng nen 

ry, « ry3, '75 [1]. Vl v%y c6 thi! coi ry 1 = 0. 
Gi& sU· tlm duyc cic hrc. vi m& men t<i.c d9ng len con tau, ta c6 phrrang trlnh chuy~n d9ng 

c1ia tau d.Oi v&i h~ t9a d9 Oxyz nhu sau: 

(M + A33)ij3 + B33i}3 + C337J3 + AJsiis + B3si;s + CJsfJs = F3e-iar)t 

As3ij3 + Bs31}3 + CsJYJ.J +(Iss+ Ass) Tis+ Bss~s + CssYJs = Fse-iaot 
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(1.1) 



~rong d6 TJi = a3e-io-ot+o:i; j = 3,5; a3, Cij- bien dq, d9 l~ch pha. 
M, Iss - khOi hrqng, mO men quin tlnh cU.a tau. 
Akf, Bkj (k, J. = 3, 5) - h~ sd kh6i hrqng nrr&c kern va h~ s6 gilun rung. 
Ck; (k, j = 3, 5) - h~ s5 ph\[c h6i thity tinh. 
Fi(j = 3, 5).- t&ng ella llfc t<l.c d(_)ng ella s6ng dieu hOa len con tau va h,rc nhi~u x<;~- nla con 

tau. 
iJk, ~k (k = 3, 5)- v~ t6c, gia tOe cUa d!ch chuy~n lie cUa tau. 
CkJ(k, j = 3, 5), M, I5 s Ia c<ic ham thv.-c dm;rc xac d!nh tlr hlnh d~ng thin tau vi m~t 09 khOi 

lrr7J1-g clia tau. 

hay 

H~ {1.1) cho phep xac djnh ~3 , ~5 nfu bift F;, A1k, B1k (j, k = 3, 5). 
Gii sll- ta cho the' v~n tOe ella sO:ng dieu hOa du&i d~ng: 

,_ ( t) _ ~ tgao Kz±iKx-io-Ot 
't'O x,y,z, - e 

(5 

v&i ao - bien d9 ella s6ng di~u hOa 
a - tan sO vOng; K = a 2 j g - s5 s6ng; i = yCI 

rro = u=fvoK 

( 1.2) 

{1.3) 

Diu (-) U:ng v6i tnrOng h91J hu&ng truy'€n s6ng cling chieu v&i hu6ng ehuy~n di?ng t6i. ella 
tau va dS:u (+) &ng v&i. tru·6-ng hsrp ngu·qc chi~u. Vifc tiffi c<ic Aik Bik Fi (k,j = 3, 5) dfin tOO 
vi~c xic djnh ham the' v~n tOe sau: 

if(x, y, z, t) = -ia0 e-iqot L IPJ(x, y, z)ai 
i=0,3,5, 7 

(r day- ipo = .....JLe-Kz±iKx- the' vin tOe ella sOng de'n. 
crcro • 

(1.4) 

- P3! Ps trrcrng ITng lathe' v~n t5c gily ra b&i d9 Hie thing dll-ng 1 quay quanh tn~c Oy ella tau 
tr€n nu6c yen l~ng. 

- ip7 - the' -v~n tOe cda chuyen d<;Jng nhi~u X<,t giy ra do sv d.c d{mg ella s6ng cle'n len con tim 
tren nrr6c yen l~ng va. a 7 = a0 • 

KY hi~u E - mi~n chiTa ehS:t l6ng b! gi&i h~n b&i m~t tv do 0 va b€ m~t thilm m1t crla thin 
tauS. Khi d6 cic him the' v%n tOe ~Pi(i = 31 51 7) can thda min phrrang trinh Laplace: 

~<p,.(x, y, z) = 0 (x, y, z) E E, (j = 3, 5, 7) 

va cic di~u ki~n bien 
- Tren m~t t'!" do 0: Khi Z = 0 

acpi a5 . aovo a pi vG (]2 Pi -- + -<p,.- 2·----- --- =0 
az g g ax g ax2 

- Tren diy bien: 
a<p· 

I. J 0 lffi --= 
z->+= az 

- Tren m~t tHm rr&t than tauS (chu y den tinh mlmh ella than tau) 

a 'Po 
-- = cos(n, z) 
an 

Brpo v0 -- = -xcos(n,z)- -.- cos(n,z) an t~o 

a'P7 =- a'Po =- a'Po cos(n z) 
an an az J 
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{1.5) 

(1.6) 

(1. 7) 

{1.8a) 

( 1. 8b) 

(1.8c) 



n - vecto phip tuy~n ngoii dcrn v! ella m~t S. 
Ngoii ra c<ic him <pJ cOn phii thda min di~u ki~n tin x~ & v6 cling (khi ...jx2 + y2 ----+ oo) 
Thin tau thuCrng d5i xU:ng qua m~t ph~ng xOz. 
G9i y = ±a(x, z) - phucrng trlnh mO ti b~ m~t thim m:Tt thin tau thi 

co;(n z) =_By=_ Ba(x,z) 
) az 3z 

Trong (1.8b), theo [1], ham 'Pi co thg dtrqc viet dtr&i d~ng 

o vo v 
<ps = 'Ps + -. -<ps 

w-o 
( 1.9) 

v&i 

a 'Po 
--

5 = -x cos{n, z) (1.9a) an 
B<p" 
ans = -cos(n,z) (1.9b) 

Vl v~y cac dih ki%n bien {1.8a), (l.Sc), {1.9a), {1.9b) c6 thg viet du-&i d~ng t5ng quat Ia: 

B<p;(x, ±0, z) ( ) _. ( ) ---'--'-'--:'-----''---'- = ±JJ x, z VO'l x, ±0, z E s 
Bn 

& day fJ(x, z) 13 him ella o:(x,z) nen du·qc xem nhu da bie't. 

(1.10) 

Dtr&i ciiiy ta gi!U bai toan bien {1.5)- {1.7), {1.10) bhg phwrng phip bien d5i Fourier va khai 
tri~n dtr&i d~ng tlch ph3.n t5ng quit Fourier-Mitren theo d.c him rieng. 

Khi tlm du·qc cic hilm 'Pi (x, ±0, z) v&i (x, ±0, z} E S ta c6 

i j'f a Aik + ao Bik = -p J (t- vo 8J'Pk · nidS (J",k = 3,5) 
s 

Fi=-pa5ll n;(1-vo:J('Po+<p7 )dS (1=3,5) 
s 

Luc d6 h% {1.1) cho phep xic d)nh ry3 , ry5 . 

Ta th~y rhg trong {1.10) v&i m9i difm (x, ±0, z) kh6ng thu-o?c S thl /;(x, z) ""0. 
thg n6i (1.10) thOa min v&:i m9i digm tren m~t ph.ing y = 0, 

~ ,../ A ,../ 

2. XAC D~NH THE VAN TOC 

(1.11) 

{1.12) 

Vi v~y c6 

Bai to<ln xic d!nh the v~n t6c giy rabbi str l~c d9c ctia tau minh khi e6 chuy~n d9ng t&i 
phfrc t<_~.p han bli toin khi khOng <:6 chuy~n di?ng t&i B. sv: c6 m~t ella thinh ph'an thli- 3 vi th{f 4 
trong (1.6). D~ gia.i bai to&n, ta sU· dl.}ng phep bie'n d5i Fourier. . 

Gilt stl- tPJ(u,y,z) Ii ph€p bie'n d6i Fourier ella hlm Pi(x,y,z) theo bie'n x 

= 
( ) 1 I -' ) ~'""d tpjx,y,z=-ylh tpju,y,ze u 

~= 

i"J(u,y,z)·= Jz; I 'PJ{x,y,z)e'""dx 

~= 
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Khi d6 M.i toan bien (1.5)- (1.7), (1.10) di\n dgn bai toan bien d5i v&i ham i5J(u,y,z) nhtr 
sau: 

,;,. +<p-. - uz,;,. = 0 
Y)yy Ju l'"'J - 00 < u, y < 00 0 < z < 00 (2.1) 

va cic dieu ki~n bien 

i5J. + rni5i = 0 khi z = 0, m = ~(<To- uv0 )
2 

( -oo < u < co, y # 0, z = 0) (2.2) 
g 

Piz. - o khi_~- oo (2.3) 

ap,.(u,±O,z) 1 1= ( ) iux 

a = ± ;n:: [j x, z e dx 
y v 2,-

v&i - oo < u < oo, y = ±0, 0 :S z < oo 

(2.4) -= 

Ngoli ra hlm Pi cOn c'an phii thOa min dieu ki%n khi y--+ oo. 

Ta se khai tri~n hlm Pi(tt, y, z) dmSi d~ng tich ph.in Fourier-Mitren theo c<ic ham ri€ng ella 
dz 

toin td- vi phlin - dz2 tr€n bin tr~c o :S z < oo va chU y de'n dieu ki~n bien (2.2) khi z = o d~c 

tnrng cho S\}" th<ic tri~n tv lien hqp crl.a toin trl- niy: 

ai5,. -
--+m<p·=O 
az 1 

Thea [3, 5], U:ng v6i cic gii tr} ri€ng drrang 11-2 ta c6 cic ham ri€ng 

va li-ng v&i tri ri€ng am -m2 ta c6 ham rieng e-mz. 

v&i 

Ciing theo [3, 5], ta· c6 c&ng thli-c ngu·qc sau: 

00 ; I a(z,Jt)PJ(u,y,z)dz =g,.(u,y,l') 
0 

00 

2m 1 e-mzp,.(u, y, z)dz = r,.(u, y) 
0 

Tir (2.2), (2.6) va do tinh tr.,-c giao ella ham a(z, I') va e-mz chung ta c6: 

Bay giCr ta xet him gi(u, y) 
Ta ky hi~u 

9i, - (1'2 + u 2 )gi = 0 y # 0 

r,., + (m2
- u2 )r,. = o 

2 1= ( )ap,.(u,±O,z) 1 ( ) - a:z,Jl. dz=±-xiu ,- ay 2 
0 

ap,.(u,±O,z) --±_1_ loo . 
fJ(x, z)e'""dx 

ay vz;;: 
-= 
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(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

(2.10) 

(2.11) 

(2.12) 

I 
' 
'l l 
I 



thl ta c6 bii to<in bien sau d5i v&i ham 9i(u, y) 

g,,(u,y)- p2 g;(u,y) = 0 

a 1 
ayg;(u,±O) = ±z-x;(u) 

9i _,. 0 khi y _,. ±oo 

va d~ ding nh;:in drrqc nghi~m 
1 

g,-(u, y) = _ 
2
Px;(u)e-Pivl 

Bay gi& ta chuyiin sang xet ham f;(u, y) 
Ta ky hi%u 

00 

J 
-~za<{i;(u,±O,z)d 18 () 

2m e z=±--i u 
ay 2 

0 

v&i 
00 

a<ji,-(u,±O,z)_J__l_J ·( )'"'d 
a - ~ ~ [3 x, z e x 

Y y2rr 
-oo 

thi ta c6 bii to<l.n bien d5i v&i ham rj(u, y) 

r;,(u,y) +q2f;(u,y) = o, q2 = m2 - u2 

a 1 
a/;(u, ±0) = ±z-8;(u) 

va di'eu ki~n dOi v&i ham rJ(u, y) khi y _,. ±oo. 
xet hai tnrCrng hqp: 
1) Ntfu m 2 ~ u2 > 0 thi ta din du-a vio dieu ki~n tcl.n x~ khi y _,. ±oo 

lim vTYf(aari 'f iqr;) = o 
y->±oo Y 

Ta thu chrqc nghi~m 

r,-(u, y) = -~e;(u)e''lvl veri q = ..Jm2- u2 

2) N~u m 2 - u 2 < 0 d~t r = ../u2 - m2 

LUc na.y di'eu kifn khi y -+ ±oo Ia 

lim f;(u,y)=O 
y-->±oo 

va ta thu dU'qc nghi~m 

Vi v~y 

1<\(u,y,z) = 

v&i lui< m 

v&i lui> m 
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(2.13) 

(2.14) 

(2.15) 

(2.16) 

(2.17) 

(2.18) 

(2.19) 

(2.20) 



00 = 

e ·( 1 = 4m J_u, ,-
v'27r 

J J e-=• J,(E,z)e'"1dzdf 
-= 0 

00 00 

XJ(u) = ~ J J a(z, l')f,(E, z)e'"1dzdf 
1fy21f 

-= 0 

Thv-c hi~n phep bie'n d8i Fourier ngrrr;rc ta c6: 

00 

\Of(x,y,z) = vb J <PJ(u,y,z)e-'""du 
-oo 

(2.21) 

(2.22) 

Tinh (2.20)- (2.22) li'Ilg v&i cic giJ. tr~ v0 kh6c nli:au cho tru·&c, ta. thu dU'qc the v~n tOe din 
tlm. 

(72 
Xet trm'Jng hvp khi vo = 01 nghia L1 khi Um khOng c6 chuygn d<}ng t&i, ta c6 m = - = k khi 

g 
J6 (2.20) - (2.22) t.r& thimh 

(2.23) 

Then [6,7]: 

--coD 

(2.24) 

v&i Ko(I'R), No(kRJ, J0 (kR), R = ,/1? + (x- EF Ia de ham Macdonan, Noiman, Betxen dp 0. 

G9i L · chib dai tau, T . dij m&n mr&c nla tau. Khi d6 v&i chli y cl~n (1.10), {2.24) tr& 
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thinh, 

L/2 T(e) 

p;01 (x, y,z) = ke-kz j j fJ(c,\)N0 (kR)e-k<did~
-L/2 0 

= L/2 T(~) -:2 f f f /,(~,i)<>(i,J.L)a(z,J.L)ko(J.LR) k2 ~ 1'2 did~dJ.L-
o -L/2 0 

L/2 T(e) 

- ike-kz j j J,(e,I)Jo(kR)e-<'didc 

-L/2 0 

v&i T(t)- d9 m&n mr&c ella tau t;;ti m~it d.t X= e. 
(2.25) Ia kgt qui> da bigt trong [3]. 

~ A 

3. KET LUh.N 

(2.25) 

Sau khi xac djnh drrqc \OJ(x, y,z), ti'r (1.11) va (1.12) ta xac djnh du:qc A,k, B3k, l~· (j, k = 
3, 5). Luc d6 hf (1.1) tr& thanh hf phrrang trlnh d~i s5 dg xac djnh a,, "'J (j = 3, 5). 

Tcic gila. chiin thimh d.m ern giclo Sl.f vi~n sy Vorobiov Ju. L. trong vi~c d~t bii tocin va cho 
nhieu y kie'n, gqi y qu:f biu. 
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SUMMARY 

ON THE LONGITUDINAL MOTION OF A THIN SHIP 
TRAVELLING WITH CONSTANT FORWARD SPEED IN DEE>P SEA 

In this paper, the problem of the longitudinal motion of a. thin ship with a consta.nt forward 
speed and direction parallel to wave direction is solved by using Fourier transform and expanding 
the velocity potential in Fourier integral on eigenfunctions. The influence of the forward speed on 
the velocity potential of fluid is considered. In the case of a thin ship with zero - forward spee1l 1 

the result shown good agreement with the one obtained by other authors. 
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