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CAC LUC THUY DONG TAC DONG LEN TAU MONG
KHI LAC DOC TREN NUGC SAU

NGUYEN TIEN DAT

1. MO DAU

Trong (1, 3] d3 thu dwgce thé vin téc giy ra bdi sw lic doc cda tau mdng (a thin ship) khi
khéng ¢é chuyén ddng t61 trén séng bién digu hda cb bidn 49 nhd v trong chdt 1dng siu vo han.
Theo céch théng thuwirng, ta cé thé xdc dinh cic dic trung thdy déng luc hoc (khdi lwong nuwée
kém, hé s8 gidm rung, lwe vi md mhen nhiu xa) bing vidc My tich phan 4p lwe thiy ddng theo
b8 mit wét thin tin, Véi cich ndy, cin vt qua khé khin do bifu thie thé vin t8c cia chit
Idng c6 ciu tric phic tap va cé nhirng diém ky di trén mit wét thin tin, Trong [3], Vorobioy
di s& dung mét cdch khdc do Khaskind dwa ra v&i Newman thuc hign la xdc dinh cédc luc gidm
rung, lwc v mé men nhidu xa theo gid tri & rit xa thin tiu cda him thé vin tdc. Cdch ndy don
gidn hom céeh théng thwdmg vi ham the vin tdc don gidn hon nhidu khi & xa thin tau nhung khéi
Irong nwéde kém khdng thé xdc dinh trec tifp theo cdc gid tri $18m cin 4. DiBu ndy lam trd ngal
cho s phét trién cla phwong phép Khaskind - Newman vi viy trén thuc € rat it dwoe st dung.
DE xdc dinh khéi lirong nwée kém cin phidi diing hé thire ban thwe nghitm Kramer - Kronhig.

Trong bai bio niy, tic gid trinh bay mdt cich xdc dinh céc dic trung thay ddng hre hoc theo
bé mit wét thin tin véi vide xtb ¥ cic difm ky di trén d6.

2. BAI TOAN

Xét bai todn Hc doc cda tau mdng khi khéng ¢ chuyén ddng t&i trong chit 1dng sdu v6 han
vA trén séng bifn diBu hda cd phuong truyin séng trang véi chifu doc tau, Chit 1dng drec xem 1a
¥ twéng, khéng nén dwoc va chuyén dong cla chit 1dng 13 <6 thé. Séng bién didu hda vi cde dao
déng 13c cda tiu dwge xem 13 b bién dé nhd. Pwa vio xéi hé toa dd d8 céc vudng gde Ozyz gin
lign v&i tau, truc Oz hwéng theo chibu dai tau ve phia mii, truc Oy hudémg v€ man bén phdi, truc
Oz di qua trong tim tau hwéng xudng dwéi; mit phing Oxy tring v4é1 mit nuéc khi yén tinh.

Trong |1, 3}, ta c6 bai toin bidn déi véi cac him the van tdc wy(z,y, z) nhw sau:

- 32 32 a2 ‘
Bpilen) = (55 + 5 b ) ale ) =0 2
trong mien chit 1éng (7 = 3,5,7)
va cdc difu kién bién:
- Trén mit thodng
Y- 2
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- Trén ddy bifn

- Trén mit wét thin tiu (chd ¥ dén tinh minh cda than tin):
dp;(z, £0, 2)

n =) (2.4)
\ig! .
fa(z,z) = cos(n,'z}; fo{z,2) = —z cos(n, 2),
frlz, 2) = ﬁ%fi_o = f%%) - cos{n, z)

& day 300(3,2) = fgeﬁmim

- t3n 58 vong, K = ¢ /g, i = v/—1
n - vecto phip tuyén dom vi ngodi cda mie wéi.
Ngodira cdc ham (s, y, z) con phéi thda min di€u kién tdn xa & xa v6 cing (khi /22 +y? —
Cling trong [1, 3], ta ¢4 nghiém cda bai todn (2.1) - (2.4) nhwr sau:

ﬁ Lj2 T(¢} |
‘P?'(z: ysz) = K‘g“Kz jf / fj(g, §)N0(KR)67K§d§dff

2 7 u?
- f f / Ji(65)as, oo, W) o) g —dsdtd

L/2 T(g) ,
-z'Ke‘Kz[ ffj(g,g)JD(KR)e-degdg | (2.5)

—Lf2 0

M ey A a -~ ’ - . i o K s
v&i L - chigu daitiu, T(€) - 46 mén nuwée cia tu tai mit cdt = = £, o, p) = cos{up) —— sinf{upy),
. Py

Jo{KR), No(KR), Ko(uR), R = /4% + (v — €)% 1A cAc him Betxen, Noiman, Macdonan cip 0.

Bidu thie (2.5) ding cho moi diém (z, y, z) trong mitn (k& ci bida) chét léng

Trong [3] Vorobiov da tim gid tri tiém cin cla {7, y, z) khi B = /¢? + (z — — oo, Véi
chd ¥ cdc ham dic biét JO{KR), NO(KR) Ko(uR) ciing dan t’.cn 0 khi R — oo n}umg ham Ko (,u.R)
din t41 0 nhanh hon nén bidu thite {2.5) loal bé dwge thanhk phin thi hai khi B — oco. T 46 xdc
dinh dwoc hre gidm rung, lwe v m& men nhiéu xa [7].

Trong (2.5), khi z,y,z ndm trén mit wét thin tiu, nghia 13 -L/2 <z < L/2, y = 40,0 <
z <7z} thitacéd BR=|z~ €|

Chd y d&n bicu difn cida cic ham dic bigt [4]:

K
o) = 2o (g ) =2 50 G () 2 "
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dday: C- hé'mg 58 Ole C = 0,5772157, 7 = 3, 14159
Thiy réng khi B =2 —¢ =0, nghiala z = £ thi ham ¢, (:r +0; z) trong {2. 5) khong xdc dinh,
Do dé d& xé4c dinh o, {z, £0, z) trén mit wét thin tau, cin xem xet cac didm ky diz = £ va
can 14y tich phin d&i véi bign p trong (2.5).

. 3. XAC DINH CAC LUC THUY DONG

Dwa vao cac tham sé khdng thi nguyén

y) 2 oz . 2 ¢
Iy = T- E: Y1 =Y Bn zl—Ta 51_'5 erl‘%v
27 L I KL 27
K=5 =g, v=3=5 0 Ki=7p (3:)

véi L, B, T twong fng 14 chiBu dai, chigu rdrg 16m nhit, 46 mén nwéc 16n nhit cda tiu, A - bwée
song, ™ = 3,14159.
Duéi diy, d€ tién trong cdch viét, ta tam th¥i bd chi sd “77 d8i véi ham p,(z,y, 2}, (£, ¢)
trong (2.5) vi chi s8 “1” d8i véi cée bién zy, yy, 21, £y, ¢ trong (3.1).
K higu , |
ole,y.2) = o' (2, y,2) +ip! (2, 4,2) (3.2)

Khi d6

: 1ot
(pm(r, +0,z) = mvTe K72 / f E—KTgf(ﬁ,g]NO(ﬁuR)dgd«f—

Z10
cc 1 1
=) [/ff{f, ¢as(s, pi)oa(z, ﬂl)Ko(}LlR) dg‘dfdm
0 -10 {3.3)
11
“Hz, +0,z) = —WVT&AKTz//f{f,g)e_KT"Jo(yruR)dg‘dé {3.4]
Z10

oL,
a1{u, p1) = cos(Kypu) — -;- sin{Kypu)
1

o —g| (3.5)

Luu ¥ : Tai mit ct 2 = & véi cic gid tri £ ma T(€) < ¢ < T thi f(£,¢) = 0 nén ta ludn cb
(3.3) va {3.4) twong dwong véi (2.5) qua phép bidn ddi (3.1) vi {3.2).

Goi § - mit wét thin thu. Mt phing Oxz chia § thinh hai m3t S+ vi §~ twong éng véi
¥ > 0vdy <0 Hal mit nay d8i xtng véi nhau qua mit phing Ozz. Gid st y = +y(z, 2z) Id
phwong trinh mit wét thin tau. Ching ta xdc dinh thé van t8c w{z, £0, 2} bing phwong phip
sai phan hiru han.

Chia [0,1] theo truc z thinh n phin bing nhau va {—1,1] theo truc z thinh m phin bing
nhau {m - chin; m = 2¢}. Trén m3i m4t phin t&, him dwdi ddu tich phan dwoe xem nhir khong
d&i va nhin gid tri tai tim di€m.

Tim difm cda cdc mit phin t8 1a:
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T4l =TT o8 Ty = T =1

zK_ZK—I; K=1n {3.6)

Trong (3.3}, thiy ring véi cdc gid tri 2, ¢, z, € <8 dinh bat k¥, o # £ thi cdc ham ay(¢, ),
ai(z, p1), Ko{p, R) ién tuc theo bién py trong khodng (0, 00) khi gy — 0 thi

ayf¢,p1) — 1 — mvKyg
oz, p) + 1 — mv K2

Ko(pa R) — i
Béi vay .
€
2 .
/ on(z, 1) ) Ko B) g K w0

0
v&l e - gid tri dd nhd.
Khi py — oo thi

oz, pr)en{c, u1)| <1, Ko(pR) — \/?(#13)_1/25—“1%

Vi v
1vay o #g \
fal(z‘, ul)az(f,ul]ffn(ﬂlﬂ)mdﬂi ~ 0 ‘ (3.7)
e |
A .

vét p* - gid tr1 44 1én
Theo [4], v&i 4 B > 8 thi Kg(mR) \/g(le)‘Vze““lR véi d5 sai 83 nhd hon 1,5%.

Mit khé,cR:|:c—~§|Z — nfuz#L
m

Vi viy chon u* = 4m thi (3.7} thda min

Trén mdi mit phin t& ta co:

‘ -2
p(t)(xi,io, zg) = T Z z f(zj,zx)[wr e KT(z"+Z‘)M0(7rVR,J)—

2
ik an 1 kel
Ty _ : 2
15
- 2/01(25;',#1)“1(35:#1)30(#1&3)—2“‘2+—ugdmj (3.8}
o
val .
. . a:j-z-.lK ) K(}(i-ll-R{j] ne"uz';éj
Rolpua i) = 37 olesla: = ENdE =y | Mo 49078 newi=;
3.‘_,' ' 2
it ' NO(WVEJ) néui# g
Mylrv R ) = d
o{mv Fis) AL; / No(mvjz; — £])d€ = E_ ~0,42278 néui=7
Ty m
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Riy = |2 — z;; ALy =zj41 —2;= —  va
b i)
(a) 2T s ~KT{zc+24)
ol (20,0, 20) === "= 5 0 N a7k )e wt24 Jo (rvR;;) (3.9)
T of=1R=1
K7 hidu
[T
M -t R ki
(zxc, 20, Ryj) = o J o fzr, 1) e (ze, 1) o(m_R{J-)WdM (3.10)
Dit tgo = £L | khi a6
v
. a*
IM(zy, 20, Ri;) = /ag(zrﬁ-,tga)ag(ze,tga)Ro('.rrutga&j)tgzada (3.11)
/ :

& diy

1
a* = arctg”— . o2(z,tga) = cos(Kltgarvz) — — sin(K 1tgaryz)
T tpa
(3.11} dwoc x4c dinh nhdr chwong trinh chuin QUANCS [5]. Tir (3.8}, (3.9) tim dwoc thé vin téc
cta chit ldng trén cic mit phin 3 cda phin wét thin tiu.
St dung tréd lai chi s§ “37 trong (2.5). Tir (2.4), (2.5), (3.2), (3.8) - (3.11) ta cé:

2;’?'; Z Z fa(zjazfc)['_ 2. IM(zx, 20, Rij)+

wp{zi, £0,2¢) = i

" =1K=1
+ wze—KT(ZKJrzt}MO(yryRij)] mizm)T z’": i folzy,zr)e” HT et gy R
e 1 kS ©(3.12)
(p=3,57)
v&i
falzj, 26 ) = —gzy(rj,z) e —%(yj,K+1 ~yx)
fslzy, 2z ) = _$3'§f3($j;25{) = ‘%%'sz(9;’..?(+1 - Ui k)
Frlzi 200 = Kwolz;, 250 ) falmy, 25 )
= -K-%ﬂ—n@o(%zx}(%‘xﬂ = Yik)
(7=1,m, K=1n)
wolzy, 26} = C%efKT"“ﬂK%zf
vix = ¥(z5, 2k ) | : (3.13)
Theo [1], ta cd cdng thirc xdc dinh cdc lyc thiy ddng
N Anp + {%Buﬂ = 7’0[/ PangdS (o, =3,5) {3.14)

5

17



8o
F,=F) 1 iF® = —paﬁf (0o + p1)nadS  ng = _a"o (@ = 3,5) {3.15)
T

v Aap, Bag (2,8 =3,5) 12 cdc khdi lvong nwde kém, hé s8 gidm rung twong éng.

F3, Fg lalge va md men nhidu xa

‘T¥u cé than minh nén phap tuyén d&i véi mit S khie it i véi truc Ov. Goi Sy - hinh chidu
cia S trén mit phing Ozz vi cé thé coi Sp~ 5.

Tir (2.4}, (3.12), {3.13) va chfi ¥ dén chifu 18y tich phén ta cé:

ff PangdS = 2/[ pansdS (o, 8 = 3,5)

5 361' )
f/‘((PO Jr {PT)nadS - 2/[(‘300 + ‘P?)nad‘g
& 3;

Do d6 ta thu duwgce
B 5 9 D) SV AERT A EN
Sl ijm1 K1
x [g QUM (2, e, Riy) + 7r2e“KT("K+ZLJMD(7ruR4-3~)]

4pmro T L v o o v
Bmg:WZZZZfa(miszijfﬁ(xj)zf(}x

i=] =1l j=1K=1
x e BT 430 JolnuRy) (o, B = 3,5) {3.16)

rre n

2K ) +<p7($J,zK})f&(mJ~,zK) (= 3,5} (3.17)

F, =

f=1 k=1
véi wolzy, 2k )y wr{zy, zx ) dwoe xdc dinh béi (3.13), (3.12)

Khi ds |
F,=IF,|= (Fy))2+(Fe{laJ)2 { = 3,5) (3.18) :

Tir (3.16), lai m&t Iin n&a ta cé:

App = Apa B.p = Bgq ((Jt, £ =3,5)

i. KET QUA TINH TOAN

D3 tinh todn cho mdt dang tiu thin minh seri 60 [8] ¢6 hé =6 day 6 = 0,7 va a = 0,785.

Chigu dii tau dwoce chia thainh m phin vi 46 mén nuéc dwoe chia thanh n phin véi m = 20, .
n = 3. i
Trén hinh 1: diu x 13 két qud tinh todn
diu - - - 13 k&t qud cha Vorobiov nhin dwgce tir cde gid tri ti8m cdn cda thé van

t8c & xa thin tan. So sidnh hai két gqud cho thiy sw tring hop khd t&t,

Hai hinh d3u mé ¢4 hé 8 khéi lwong nwéc kém (khc“mg tinh dwgc theo phwong phdp cda
Yorobiov). So sanh véi k&t qui thue nghlem trong bé thir eda trwdmg ki sw hing hdi Odessa cho
sw phd hop 8%. .

Bé&n hink san md td hé s& gidm rung, lrc v md men nhidu xa.
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Nhin xét: Phwong phip trinh biy cho phép xdc dinh dwge khdi lwgng nude kém Ass, Ass,
nén wu viét hon [3] song kh3i lwong tinh todn phike tap hon.
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PEZIOME

OB OTIPEJENEBWH 'UArOMMHAMMYECKIX CWJ, AEACTBYIOLIIMX HA
TOHKOE CYOHO ITPU TIPO/IO/IBHON KAYKE HA INIVEOKOH BO/JE

B maHHOH cTaThe, PHAPONKHAMUYECKKe XapakTepicTHRY [0Bobuignnte HpHCdeﬂ,HHéHHBIe

MaCChl, NeMIdHpOBaHNe, BOSMYLEAIOULHE CHIBI ¥ MOMEHTHI) IPOAONBHOR Ka4KH TOHKOT'O CY-
Ha 6e3 Xopa M Ha BCTpeyHOM (NONyTHOM) Dery/sfpHOM BONHEHHM MAalo# aMIITUTYAEL Olpe-
Lels0TcA HyTeM HHTeIPUPOBANMS FENPOLVHAMHIMECKHX AABIEHHH o CMOMeHHOH HOBEPXHOC-
TH KOPHyca CYEHa. Pacu&THele pesyIbTaThl 3THX XapPaKTEPHCTHMK, KOTOpPhie HOAYYAWT ¢ Io-
MOILBH aCUMOTOTHYECKHX 3HAYeHUH HOTEHIWANA CKOPOCTER BOJIM3HM KOpIyca CYLHA, XOPOIIO
COBIIAJAIOT ¢ Pe3ayIBTaTaM# [APYIol'c ABTOpA, HOMYYEHHBIMH € IOMOIHNLK ACHMITOTHYECKHX
sHaYeHAH oTeHIIHANIa cXopocTeit Ha DBONBIIOM YAAICHNH OT CYAHA.
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