
T\lp chi CO HQC, t~p XV, 1993, so 2 (13 - 20) 
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CAC L1JC THUY DQNG TAC DQNG LEN TAU MONG 
0 " " A 

KHI LAC DQC TREN NUOC SAU 

, . 
1. MO DAD 

Trong [1, 3] cla thu du-qc thg v%n toe gay ra b&i S\f lAc dgc ella tiw ml>ng (a thin ship) khi 
kh6ng c6 chuy~n d9ng t&i tren s6ng bien cheu hOa c6 bi@n d9 nh6 va trong chS:t lOng siu v6 h~n. 
Theo cich thOng thU'Cmg, ta c6 the xic d!nh cic d~c tnrng th-6.y d9ng llfc h9c (kh5i hrq-ng nu&c 
kern, h~ s5 giim rung, lv-c vi m6 rilen ~hi~u x~) b~ng vi~c Ia:y t.lch phiin ip l\fc thlty dqng theo 
b'e m~t mYt thin tau. V&i d.ch ~nay, din vrrqt qua kh6 khan do bi~u thli'c the' v~n tOe cti.a. chilt; 
l6ng c6 di:u trUe phiTc t<;tp va c6 nhirng di~m k.Y d! tren m~t u-&t thin Um. Trong [3L Vorobiov 
dii sd- dvng m9t cich khic do Khaskind drra ra v&i Newman th1;YC hi~n B. xic d!nh cac lJ!C gii..Jl 
rung, h,rc vi m6 men nhi~u X<;t theo gi<i tri & rit xa thin tau cUa him the' v~n tOe. each nly dan 
giht hcrn cich t.hOng thrrCmg vl hlm the' v~n t8c dan giin hon nhieu khi & xa than tau nhrrng khOi 
hrqng mr&c kern kh&ng th~ xic dinh tn;rc tigp theo c<ic gii tri ti~m c?,n d6. Di'eu nay lim tr2t ng?i 
cho SlJ phit trign cUa phu-cmg phip Khaskind - Newman vl v~y tren thv·c t€ rat it dm:;tc srl- d~ng. 
D~ xic dinh khOi hn;mg nrr6c kern din phlti dUng h~ thli-c bin.thl!c nghi%m Kramer- Kronhig. 

Trong b~ti bio nay, tic gii trlnh bay mQt cich xic d!nh die d~c tnrng thlly d9ng hrc Jwc theo 
be m~t rrCrt thin tiu v6i vi%c xtr lY d.c di~m k:Y di tren d6. 

2. BAITOAN 

Xet bii toin Hie dqc nta ta.u mOng khi khOng c6 chuygn d9ng t&i trong chat lOng sau vO h?-n 
va tren s6ng bi~n di'eu hOa c6 phrrang truy€n s6ng trUng v&i chi~u d9c tau. Chiit 16ng duvc xem la 
lf tlr&ng, khOng nen du-qc va chuy4n df?ng ella chat Icing ll c6 the'. SOng bi~n di'eu hOa. vi c.ic dao 
d~ng M.c ella tau 111r9'c xem Ia c6 bien df? nhC. Drra vao xet h~ t9a d9 d'e cic vu&ng g6c Oxyz gin 
li'en v&i tau, t:rvc Ox hrr&ng theo chi'eu dai tau v'e phla mUi, trvc Oy hrr&ng ve m<;tn ben phlt.i, tr\1C 
Oz di qua tr9ng tim ta.u hrr&ng xubng dU'&i; m~t ph~ng Oxy trUng v&i m~t ntr&c khi yen finh. 

Trang [1, 3], ta c6 bai toin bien d6i v&i cic h3.m the' v~n t&c cpi(x, y, z) nhu sau: 

, a' a' a' ) 
Ll.p,(x, y,z) =(ax'+ ay' + az' \Oj(x, y,z) = 0 (2.1) 

trong mien cha:t l6ng (i = 3, 5, 7) 
va. cic dieu ki~n bien: 

- Tren m~t thoing 

(2.2) 
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v&i 

- Tren cla.y bi~n 
acp· 

lim ~-3 = 0 
z->+oo az 

- Tren m~t U'&t thin tim (chU y d~n tfnh mimh da than tau): 

-a 'P'-'''-'(-,x >c_±_o"-, z_c) f ( ) = ± X Z an ' 

h(x,z) = cos(n,z); fs(x,z) = -x~os(n,z), 
8cpo 8cpo 

h(x,z) = -- = -- ·cos(n,z) an az 
& da.y Po(x,z) = g2e-Kz±iKx 

0' 

cr- t'an sd vOng, K = u2 fg, i = -J=1 
n- vecta phip tuye'n don v! ngoai ella m~t rr&t. 

(2.3) 

(2.4) 

N go3.i ra cic him IPi( x, y, z) cOn ph<ii thO a miin c1i€u ki~n tin X<t & xa v6 cling (khi V x2 + y 2 -----+ 

oo). 
Ciing trong [1, 3], ta c6 nghi~m cua hai toan (2.1) - (2.4) nhrr sau: 

L/2 Ti<) 

'PJ(x,y,z) = Ke-Kz J J fJ(~,<;)No(KR)e-K'd<;d~
-L/2 0 

= L/2 T(l) 

- :, f f J fi(~, \)a(<;, p)a(z, p)Ko(J.LR) K 2J.L: J.L 2 d<;d~dp
o -L/2 0 

L/2 T(l) 

-iKe-Kz f f fJ(~,\)J0 (KR)e-K'd<;d~ (2.5) 

-L/2 0 

v&i L- chien dai tiw, T( f) - di) m&n nrr&c cua tau t~i m~t clt x = ~' a( u, I') = cos( u~t)- K sin( uJ.L), 
I' 

Jo(KR), No(KR), Ko(~tR), R = yy2 + (x- ~)2 Ia cite ham Betxen, Noiman, Macdonan dip 0. 
Bi~u thU:-c (2.5) dUng cho mQi di~m (x, y,z) trong mi'en (k~ d. bien) ch1t lOng. 
Trong [3] Vorobiov dii tlm gia tr! ti~m c%n cda 'PJ(x, y, z) khi R = yy2 + (x- ~)2 ~ oo. V&i 

eM y cic ham d~c bi~t J0 (K R), N0 (K R), Ko(J.LR) cling dlin t&i 0 khi R ~ oo nh=g ham Ko(J.LR) 
d'an t6i. 0 nhanh hctn nen bi~u thtl-c {2.5) lo<ti bd duvc th?:tnh ph'5.n thli- hai khi R __.. oo. Tlr d6 xic 
djnh dtrqc h,rc gifun rung, 1\fC v?:t m6 men nhi~U xq. [7]. . 

Trong (2.5), khi x, y, z n~m tren m~t u:&t th!in tau, nghia Ia -L/2 <e; x <e; L/2, y = ±0, 0 <e; 
z $ T(x) thl ta c6 R = [x- ~~-

ChU Y de'n bi~u di~U ella c<ic ham d~c bi~t [4]: 

2 ( u ) 2 = (-1)K(u)2K K 1 No(u) = -Jo(u) In-+ C -- L -- - _L-
1f 2 1C K~l (K!)' 2 m~l m (2.6) 

(u)2K (u)2K 
u =z =2 Kl 

Ko(u) =- (1nz +c) _L (1{!)2 + _L (K!)' _L m 
K=O K=l m.=l 
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& diy : C- hlng sO Ole C ~ 0, 5772157 1 1r ~ 3, 14159 
Thiy ding khi R = x- ~ = 0, nghia Ia x = ~ thl ham 'Pi (x, ±0, z) trong (2.5) khong xac dinh. 
Do d6 d~ xic d!nh ~i(x 1 ±01 z) tren m~t u&t than tau, elm xem xet cic di~m kY d! x = ~ va 

c~n lay tich phin dO'i v&i bie'n J.l trong (2.5). 

J , ' "' 

3. XAC D~NH CAC LTJC THUY DQNG 

Dua vio cic tham sO khOng thli' nguyen 

2 2 
X! :::;:- X . L ' Yl = y . B 

2,. , L 
K = T ' 1'1 = I' . 2 ' 

z 2 1 z, = T , 6 = ~ · £ , 11 = r , 
v = !:_ = KL K

1 
= 2T 

A 2,. ' L (3.1) 

v&i L, B, T ttrcrng li-ng li chigu dii, chi'eu r(}ng l&n nhit, d(;l m6n nrr&c l&n nhat ella Uw, A- brr&c 
s6ng, 7r = 31 14159. 

Du&i diy, ae ti~n trong d.ch vie't, ta t~m thb'i b6 chi sO "j" ciOi v&i him Pi(x, y, z), fi(~, d 
trong {2.5) vi chi sO "1" dOi v&i cic bie'n x1 , y11 z1 , ~ll ~1 trong (3.1). 

Ky hi~u 

Khi d6 

v&i 

1 1 

<pit) (x, ±0, z) = 1rvTe-KT• I I ,-KT, f(~, 1)No(1wR)d1d~
-1 0 

1l"V • 
a,( u, 11-tl = cos(K11'1 u)- - sm(K11'1 u) 

/'1 

R'=lx-EI 

(3.2) 

(3.5) 

Lrru y: Te.i m~t cit x = ( v&i cac gia trj ~rna T(c) :S 1 :S T thl f(e, I)= 0 nen ta luon c6 
(3.3) va (3.4) tu-ung drrung vCri (2.5) qua phep bign deli (3.1) va (3.2). 

G?i S - m;,Lt rr&t thin tau. M~t phing Oxz t:hia S thfmh hai m4t s+ vi s- trrong Ung v&i 
y 2 0 va y .S 0. Hai m;,Lt niy dOi xiTng v&i nhau qua m~t phing Oxz. Gii stt y = ±y(x, z) 1a 
phrrang trlnh m~[t u-&t thin tau. ChUng ta xic dinh the' v~n tOe ~(x, ±0, z) blng phu-ang ph<ip 
sai P4in hlru h~n. 

Chia IO, 1] theo trl)c z thimh n ph'an blng nhau va [ -1, 11 theo tr\lc x thanh m ph an bhg 
nhau (m- ch~n; m = 2£). Tren m6i m~t phin t5, him drr61 diu tlch phin drrqc xem nhu kh6ng 
d6i va nh~.n gii tri t?-i tim di~m. 

Tim di~m cda cic m~t ph in tO ll: 
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Zj- 1 
Xl~j+l = -2£ j 

ZK -1 
ZK=---; 

n 

2j -1 
X£+f=2£ 

K=G 

j = 1,£ 

(3.6) 

Trong (3.3), thay r~ng v&i cac gia tri z, <;, x, E cil dinh hilt ky, xi' E thl.cac ham a 1 (<;,1' 1 ), 

a1 (z, 1' 1 ), Ko(I' 1 R) lien t¥c theo bign 1'1 trong kholmg (0, oo) khi 1'1 -+ 0 thl 

<>i(l,l'd-+ 1-rrvK,<; 

a,(z, I'd .-> 1- 1rvK1 z 
1'1R 

Ko(!' 1 R)-+ -ln-
2

- + o, 5772157 

v&i e - gi3. tr! dd nhO. 
Khi 1'1 -+ oo thi 

Vi v%y 

v&i f.L* - gjci tr! dli l&n 

Theo [4], v&i l'lR 2 8 thl Ko(I' 1R)- ~(1'1 R)- 1 i 2 ,-~,R v&i d9 sai sil nh<l hem 1,5%. 

v&i 

M~t khac R = [x- El 2 3._ ngu x i' E 
m 

Vl v~y ch?n I'' = 4m thi (3.7) th<la man 
Tren m6i m~t phan td ta c6: 

X "+1 

1 j' { Ko (I',R,i) 
Ro(I'1R,f) = t>.Li Ko(l'1[x;- E[)dE = -In .!:'I_+ 0,42278 

xi 2m 

x,H { " ( Z>. ) 1 .HQ 1fV.J.'--ij 

Mo(rrvR,i) = ~ I No(rrv[x;- EIJdE = 1rv 
t>.Li In- - 0, 42278 

x 1 2m 
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ne"u if. J. 

ne'u t = J 

ne'u if j 

ngu z = J 

(3.7) 

(3.8) 



K.Y hieu 

D~t tga = fl2 . khi d6: 
71"V 

•• 

(3.9) 

(3.10) 

IM(zk, ze, R.;i) =I e<z(zx, \ga)az(ze, tga)R0 (7rvtgali.;J)tg2 ada (3.11) 

• 
• t '" a =arc g- , 

1rV 

0 

1 . 
a2 (z, tga) = cos(Kltga7rvz) - ~ sm(K1tga1rvz) 

tga 

(3.11) dm;rc xac djnh nhir chu-crng trinh chu~n QUANC8 [5]. Tir (3.8), (3.9) tim du-7c the v~n toe 
crl.a chat l6ng tren cac mat phin tO cUa ph1in u-Crt than tau. 

Sll- dl)ng trO. le5 chi ,"5 "j" tro'ng (2.5). Tir (2.4), (2.5}, (3.2), (3.8)- (3.11} ta c6: 

T m n 

\Op(x;,±O,ze) = ~ L L /p(x;,zx)[ -2.IM(zx,ze,ll.;1 )+ 
rrm.n i=l K=l 

+ .,.z,-KT(zK+z,)Mo(7rvR;iJ]-i2:v: f t /p(x,,zx)e-KT(zK+zdJo(7r~R;,) 
1~1 K~l (3.12} 

(p=3,5,7) 

v&i 

h (x;, ZK) =- aa y(x;, z) I =- BZTn (Yi.K+l - Yi.K) 
Z ;;;:::::zK 

L BnL ) 
fs(x;,zx) = -x;-zh(x;,zx) = 

4
T x;(Yi.K+l- Y;.K 

h(x;,zK) = K\Oo(x;,zK)h(xj,zK) 

B.n ( . ( ) 
= - K. 2T 'PO Xj, ZJ() Yj,K +1 - Yi,K 

U = 1,m, K = l,n) 
\0 (x z ) _ _!!_e-KTzK±iK~x;· o 1 1 K - a 2 

Yj.k = y(x;, zK) (3.13) 

Theo [1], ta c6 cOng th<rc xic dinh cic lvc thUy d9ng 

A0~ + ~B"~ = -p II \Oan~d8 (a, ;'I= 3,5) (3 14) 
s 
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F.= Fl'' + iFl"l = -p<7
2 J J ('Po+ 'Pr)nadS 

s 

B<p. ( 
n. = Bn a = 3, 5) 

v&i Aap, Ba/3 ( o:, j3 = 3, 5) Ia d.c khOi hrqn.g m.r&c kern, h~ sO giim rung trrcrng -&ng. 
F3, Fs la h;rc va, mO men nhi~u X~ 

(3.15) 

Tau cO thin minh n€n ph<ip tuygn d5i v&i m~t S khic rilt it v&i trvc Oy. G9i 8 0 - hlnh chie'u 
eli a S tren m~t phing Oxz va c6 thg coi 8 0 ~ S. 

Tir {2.4), {3.12), (3.13) va chu y de'n chieu Ll:y tich phan ta c6: 

JJ <p0 npdS=2 JJ <p0 npdS (a,,8=3,5) 

s s: 

JJ ('Po+ 'P7)n.dS = 2 J J ('Po+ 'Pr)n.dS 

s st 

Do d6 ta thu dm;rc 

4]"'2 Lpv m n rrt n 

Jrm2n2 LLL L fa(x,,ze)fp(x,,zK)X 
i=l l=l i=l K=l 

X [- 2JM(zK,ze,Rij) + 11"2,-KT(zK+Z,)Mo(JrvJI;i)] 

4p1rv<7T
2 
L ~ ~ ~ ~ , 

Ba/3 = m 2·n2 LLL L !a(xi,ZeJff3(x}lzK)x 
i=l e=l i=I K=I 

X ,-KT(zK+zdJo(1fvRij) (a,,B = 3,5) 

LT m n 

F'a = -2pr7
2 mn L L ('Po(x,.,zK) + 'P7(x,,zK))J.(xj,zK) 

j=l K=l 

v&i <po(xj, ZK), 'P7(Xj, ZK) dm:rc xac djnh b&i (3.13), (3.12) 
Khi d6 

Fa= !Fa[= V(Fi'1)
2 + (Fi"1)

2 
(a= 3,5) 

Tir {3.16), l"i m\)t JRn nira ta c6: 

(a,,8=3,5) 

X ' , , 

4. KET QUA TINH TOAN 

(a= 3 5\ 
' J 

(3.16) 

(3.17) 

(3.18) 

Da tinh to<in cho m9t d<;~-ng tlm thin minh seri 60 [8] cO h~ sO d'ay 0 = 0, 7 va o: = o, 785. 
Chi.€u d3j tau drrqc chia thanh m ph'an vi d9 m&n mr&c drrqc chia th?tnh n ph'an v&i m = 20, 
n = 5. 

Tren hinh 1: d1u x 1.1. ke't qui tinh toin 

d5u - - - ll ke't qui ella Vorobiov nh~n d\rqc tlr cic gi<i tr! ti~m c~n ella the' v%n 
tOe & xa thfin tau. So sinh hai ke't qui cho thS:y sv- tnlng h<;Yp khi tOt. 

Hai hlnh d'au mO t.i hf sd khOi lu-<;Yng m.r&c kern (khOng tinh du-qc theo phrrcrng ph<ip ella 
Vorobiov). So sinh v&i ket qui thvc nghifm trong b~ th-fr cUa tnrCrng k:Y str h~mg hii Odessa cho 
s'~' phu h'!P t5t. 

BOn hlnh sau mO t<i h~ s6 giim rung, ll!c va mO men nhi~u x;;t. 
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Hinh 1. ca.c khOi hrqng mr&c kern, h~ sO giim rung, ll!c nhi~u X~ cda tau minh khi lie d9C 
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Nh.}n xet: Phrrang phip trlnh bay cho ph€p xic d~nh drrqc khOi lu·gng nu&c kern A 33 , A55 , 

A35 nen U'U vi~t hOTI [3] song khOi hrvng tinh toin phll-c t?-p han. 

Dia chi: Nhqn ngay 25/11/1992 
Phdn vi4n Ca h9c Bitn Vi4n KHVN 
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PE3!0ME 

OE OITPEJ(EJ1EHI1J1 f'l1J(POJ(l1HAMWIECKI1X Cl1J1, J(EJ/!CTBY10Ill,l1X HA 
TOHKOE CY,ll;HO ITPl1 ITPO;l10J1hHOJ/! KA'IKE HA f'J1YEOKOJ/! BOJ(E 

B ,a.aHHO:ti: cTaTbe, f'H,II,po,a.HHaMH4ecKne xapaKTepHcTHKH (o6o6JJ.I.€HHbie rrpHcoe}J,HH€HHhie 

MaCChi, J:I,eMIT~HpOBaHHe, B03MJI.I1,310IIJ.He CIUibl H MOMeHTbi) rrpo,[I,OJihHOfi K3'-IKH TOHKOro cy,u.

Ha 6e3 XO)J,a II Ha BCTpeT.JHOM (rronyTHOM) perynHpHOM BOJIHeHHH M3JI01t aMTIJIHTY)J,bl orrpe

,a,eJUI10TC51 ITyTeM 1-IHTerpllpOB3HM.H f'H,[I,.pO,U.HHBMHl.JeCKHX p;aBJieHHH ITO CMO'-IeHHO:a IIOBepXHOC

TH KOpiiyca cyp,aa. Pacl.f€TH!:.Ie pe3yJihl'3Tbl 3TMX XapaKTepHCTHK1 KOTOphie IIOJJYl.fBlOT c IIO

MOillblO 3CHMIITOTH'-ieCKHX 3H31.feHHH IIOTeHIJ,l:I3Jl3 CKOpOCTe:tt B6Jill3H KOprryca cy)J,Ha, XOpOillO 

COBII3)1.3IOT C pe3JilbT3T8Mll J:I,pyroi'O aBTOpa, IIoJiy'-leHHhiMH C IIOMOIIIbiO 3C:HMIITOTH4€CKHX 

sHaYeHHfi noTeHII,HaJia cxopocTett Ha 6orrblllOM y,n,aneHHH oT cy.u,Ha. 
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