
HJt PHUONG TRINH BIEN PHAN THEO BIEN DQ 

··.;_. PHA a HE DAO BONG A TUYEN NHI.EU BAC TU DO . . ' ~ . 
~GUY:EN VAN BiNH 

Trong .[1, 2] eta c1e xuat v:l x~y dlJng phrrang ph3.p l~p h~ phcrang trinh bien phAn 

,· theo biet{ dQ-pba, cUa chC dQ can bllng cho h~ thllng sO a tuy€rl" mQ! bq_c tv do. 

Trong b3.i l?~lO ni.ty rnb n)ng kCl -qua thu d:uqc cho trubng hqp nhi'eu b~c tv .do ·b 
-chC ·d:l) dap ClQng trong cto vi!ng m~t ·m9t s6 tan s6 nhu I a. c6 mQt s6 t9a d¢ (phAp) ·b 

'iran.g thai can bttng~ ., 

§ 1. B~ KHAO SAT VA H~ TRUNG BINH TBEO BI£N DQ·PHA 

C'h'o h¢ dao d¢ng a tuyea, m6 Hi -0 tQa dQ phap - bbi h~ pln:rong trinh vi phAn 
1 • 

Xi tP~Xi=sFi(X, X, Y, Y, x, i, y, ~, Ot. wt), 

Yk + Q~ Yk = .s Gk(X, X. Y, Y, .x, ;, y, ;. £?t, rut), 

~a +.p~ X a= E: fa(X, X, Y, Y, X, ;, y, .j, Qt, Ult), 

~Y + D~ yy == e: gy(X, X. Y, Y, x, ~) y, ;~·, Qt, cut). 

i = 11 2, ••. , N; k = 1, 2, ••.• M; t:t. = 1, 2, .... n; Y = 1, 2, ..•• rn 

(1.1) 

trong d6: f; - tham sO be; t - bien th&i gian; d~u (.) tren nie chiT - kj hi$u d~o him 

theo thOj gian; X= :(X,, X2, ..• , XN), Y = CY1, Y2 ••.. , YM}, x = (xl, x2, ... , xn), Y = <"Yt~ Y2~···' 

ym) - cac tQa. d¢ _ph:ip; Pi, Qk, Pa~ qy - eac tan sO riEmg; n = (h, 02, ... , Os). {t) = (Wh 

<Uz, . .-, Uln)- dtc tan sO kich d:Qng; fi, Gk, fa, gy- cic ham bi~u di€n du&i d<JBg tOng 
hi.'ru h~n Phurie cUa .O.t, (t)t chu k.Y ::m v6i h~ sO Ut da thU:c clw cic tQa dQ va t6c d:Q 

phap. GHi. thi~t: (Jk, (_fy- d.c tiln s6 kh6ng cQng hu6ng; P~. Po:- cac tan sO th8a man cac 

h¢ tht'rc rQng lnrCmg san: 

i=l e=l 
(1.2) 

Ill a 
po: = --wa, (a:= 1, 2, •.• , n}, 

na 

tro~lg d6: Pi ~ Pi, pet~ ;a;, d~X). l~X) - diC h~ s6 nguyen (tuang (rng mOi tri 8:6 X, cac 

.h¢ sO n~v kh6ng di'lng thOi tri~t--tieu v~ c6 tOng. trj i{1 tny~t d6i ·nhO.han m9t sO niw d6); 

ffi.;:t, n a: -· hal $() rJn·ung nguyen t6 eU.ng ohau~ Viet h~ (1.1) dub-i -d~ng: 
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xi+ pf Xi= s Fi{Xf x. Y, Y, x) s_, y. y, nt~ Wt), 
., '! 

Yk + Qk Yk = e Gk(Xl x~ "~L ·y, x, Xs y, }" t Qt, 00t}1 

~a+ p~ xa = e; fa(X~ X, ·y, ),I x, ~~ yl ;, Qt, wt), 

~;Y + qi yy = e .g-:(X, X, Y, Y, x, ~x, y, ~' Ot, wtJ. 

trong do: E'i = Fi + (Pf- P7}X.i; fa =·f(xep;- P~ha ([.5) 

Gi3. thiet cic ham fa thOa man ciie tinb chat & h~ r¢ng hrr&ng th6ng sO, cv th~ ia ·cac 

·so h~-ng kb6n.g chfra xo:,· xa (c6 dtrqc bilng each cho xa: = xa = O) kh6ng ph2.1 -Ia ac_m6ni~ 

thli nhH ella pa v6i h¢ sO 13. da thiTc h$-c ch3.n do]_ v&i dtc t9a dQ va_ tOe d¢ pMp, X, :i 
va b$.c chRn d6i Y(Yi tUng c~p t')a d¢ va tOe dQ ph:ip khac. Du6'i d~ng khai trf~n, chung ta. c6: 

r. = (""'· + f~11 l) ~. ·+· (ha + f6/ 2 'l~. + .2:_ f~ 2 J, (<X= 1, 2, .... n), (1.6) 
2 

·trong d6!: ~a' ha, fau~ f~12l- cic ham khOng chUB. Xtu -·~a: hrang: Ung kh6ng chtra va chi 
chua- etc sO h~ng Iii acmtm\c thU ha·i ella -po; v&i ci\c h$ sO la da thlrc b:;lc ·ch3.n dlH v&i 

cac tQ• d¢ va toed(> pMp X, X va b(lc chKn a6i v&i tirng c~p tQa d¢ v~ t6c d¢ phap kh:ic; 

f~2)- cac h:im gOm ·cac sO hqng chtl'a Xu, ~a h'r b~c hn.i tr& l~n va nhfrng sO h~ng khOng 

chtra xa, xa nhtrng kh6ng Phili ll\ acm6nic thiT nhlt da Ii6i t:rim cila Pu· 

thirc : 
flua vao cite bi~n bieri d.9 -ph a <R1. E;), (Sk, <llk), (ra. <j;.), (cry, 'fly) theo cac M 

'Xl' "'-Ricos(Pi!.~:Eil, Xi= -.P;R;sin(P;t-E!), 

Yk = :skeos(Qkt- <Ilk), ·h = - QkSksin(Qkt- «!>k), 

xa = racos(Pat -~a), ~a = - po:rasin(pat - 4;a). 

yy = crycos(qyl - <py), yy = - qyo-ysin(qyt - hl, 

D~ dang l~p ihr\'c va nh:;tn tMy h~ phuang trinh trung binh c6 d'!-ng: 

-e 
Ri = -- ( Fisln(Pit ~ Eii) 

Pi 
G ·- -e'• • , ' 

RiEl = -' (Ficos(P;t - Ei)) 
p; 

• e 
Sk¢k = ~~ < G~cos(Qkt - d:lkJ ) 

Qk 

. -;. 
ra = ~~ ( fasin(pd- ~cd) 

pcr 

e ~. 2 > 2) = ~° F-(R E S r'"' a . 
P

' l ' -~ ' -/ ' ' ' 

' 

e -
= -· --ra.fa:{R2, S2, -j-2,~cl.! 0'2), 

2pa: 

'1 _ e (·' 1 \ ~ ""~1 2 2 2 ,_,. 2' 
I'd't'o:- -- lacos(pttt- tfa); = -.-- rafc.R, S , r , ~a, e5 ,, 

pa - 2pu 

" -e e: ,.,._, 
cr, = -- ( g1sin(q,t- <p,J) = -crygy(R2, s2, r2, a2), 

qy ~qy 

• B --
Ciy'fy =- (gycos(qy! - <;> 1)) 

qy. 



trong Q6: ( .• ) ~ k:Y hi~u trung hinh theo thai gian; cAc h3J)] cO riiiu -...- p:k1;1 tltn~9 .~~f? 
bien ghi trong moe vOng ( ) v&i q uy u&c: H 2 -- b;jc cbitu dQ.i v{d de _biCn 1'.1~ 1.\i.v'·•., FU~-~ 
·s2, rz, a2 ~ bl}c chUn d6i vCri tl'rng bi~n Sk, ro:, cry. 

Theo can true (!.6), c6 th~ vi€t khaj tri~n: 

fa = hap a - (B; + paCa)eos2tJ;a +(B. - paC~) 8in2tj;a 1+ raf~2 l, 
~ ~ ~ ~ ~ - (1.5) 

f~ = t>a + (Ba- paC~)cos2tj;. + (B~ + p.C.)sin2<{;« + :·.r~m. 

- 2 2 2 2) (f(lll ) -' . -' ( 2 2 • 2 2) (11) • ) Ba = Ba(R • s ' 1'-(h 0'. =- IX . cos2pat ; Bq, = B• R • s '1'-«· cr ~ (f Q SlD~_pct ' 

c. = Ca(R2, s2, r: •• o- 2) = (f~2 'oos2pal); c• = C~(R2 , s2, r: •• a 2) = (!~12 'sin2p.t)' 

\ih6ng p4.v thu¢c ra, b~c chan dOi v&i c3.c bien R 'va dOi viri tfrng bi€p S~ 

2 -~·(2) £(2) ( . 
r 0 • "' ( a cos pat- tj;.)) 

Gia tbiet ton t~i eM d~ ciao d¢ng trong d6 e6 m~t efw tiln s6 P, Q nhtrng via 
' mij.t eac tiin so p, q nghla lit ciw tQa d¢ X, Y dao dgng trong khi cac tQa dg x, y b tr~ng 
\!Hi c~n bi'ing. Khi d6 c6 tb~ vi~t h~ (1.8) du&i d~ng: 

e ..._. '"", ,..... _....,. "", . ""<Zl ... = -- ral h.p. - (BOt + P• c.)cos2tJ;. + (B. - p.c.)s:n2tj;. + ... f & I· 
2pa 

a E; "-' "-' "" - N (2) 
ra ·h = -- ra! t.. + (B. - poC~)cos2tj;. + (B~ + p.C.)sin2tj;. + r• f~ I• 

2pa 

0 - _•_ - (R2 sz : 2) O'a- a"lg'V ,.,r,a, 
q, 

0 e -"''fly ='-ayg!,(R2, sz, r2, .. z). 
qy . 
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F i(Ilo\ E?, ;;;;, 0, 0} = 01 

F~(R.o, Eo, S~, 0, 0) = 9~ (l = L 2, •.. , N), (2.3) 
""'- ! 

Gk <RZJ s~9 o, 0) = o, (k == 1. 31 ••• , i\.J). 

C3c gOc l¢ch pha 1f'a, ~y B biit kJ· cOn g6c J~e-h phrr <Pko {itrqc xac C!:inh b&i h$ thfrc 
t 

tPko = ~ _f G~ (R~;. s~, 01 O)dt + (b:kv(O), (k :~ 11 2, .,., j1) (2~'1_, 
Qk ~ 

trong d6: fl»ko(O) - gia trj ban tlUl1 ella <Dko· 

Tinh <3n djnh cU.a-·cbiS dQ dao d(/ng th'rng liCn.quan d€n quy 1u4t bien thieri cUa cac 
bien R, E, S, I:P, r, d" li\~1 c:~n cUe giil. tri R

0
, E~~ S0 , <Dt.J, r 0 , rJ0 = 0. Do d6, ·tbeo each 

th6ng thrrOnfi l~p h¢ bien phin ella ch€ ·OQ drlO dQng (thl_rC S\1:) clang va cBch l*p h~ bien 
phan. ella ch~ d\) ean bfing fUi ti6n "h~mh a [2), c6 chll y den c.an trllc cUa vf phiii h~ (2.1) 
,,a cac J1ij thtrc (2.2- 2.4)) b$ bien ph<ln ella che c1Q dao df,!ng ~ang duqc khRo sat Ia-: 

t=l 

;;: 
~~) c1. = -··--· 

----- 6 t-··-1 + 

L f'< . 
-, ',be-

'~. c '" ,..., 
Oay = -- ()n,1 , gy. 

qy 

e-=1 

"' ,._. ,-. __., 

t.rong dO d'u:L: d<J.O hi:un ritmg va chc hilm h{t> .6.n." Dto B;;, Cu:, c~ -va gy, gy dtrqc hnb !.~i 
cac gii lrj Ho, Eq, So, r 0 = f}, Go = t~, cac dieu ki$n au d~ c6 [In dj_nh ti~rn c?-n Ja ~ 

Hl 



E OFi 

Pi-Rio ORj 

e oGk 
-Sk0 -·

Qk 8Rj 

2. 

3. 

Pi 8Se 

0 

(2.TJ 

g't < 0, (y = 1, 2, ... ,"m) (2 •. 8\ 

hu ..:::::.: 0, (Ct.= 1, 2, ... , n) 

h~P~ + L\~- (B~-+ flGC~l 2 - (~"- po:Cd) 2 :> 0, (ct = L 2, ••• , n) (2.10) 

Nhw da nh~n xet b [2], c6 th~ thay c1ien kii;n (2.10) hoi clieu ki~n Ia h~ phuang 

dqi s;~ : 
"-' TV I'-' -"' 

(B:. + paCa) Ua - {Ba - paC~) v.a =hap a, 

c6 nghi$m tlaJ Vo; thDa man b3t ,~.ing th-trc: 

2 
Po: 

v&i quy uOc 18. khi: (I3~ + pa:Ca)'2 + <B"'o: - po:Cu:) 2 = 0, chling ta xem 

og~Ia Ia :xem nhrr (:J.Jl) thOa man" 

(2·1i) 

( 2-12) 

t 
nhrr -, < 1 

li'" 

CU_ng 11hu <1:-i chtt y 0- [~:], khi ('2.7) thOa mil.n, cttc bien OR, ~S tifn t6'i kh6ng 

t(leo Iu~t mU n~n hiEin ph&n S<Pk ella g6c 1(;--ch pha cflk0 tiCn tCd gil-t tr! h3ng. 

--- Bf.. minh hoa, xet he dao r1Qng hai. b*-e t1,1· clo m6 ta b&i h$ phuang u·jnh 

vi phan! 

~1 + prxl =e:(hl~l ~ 1{1~~ + 6txr + m1x1x~ + nl;U~ + 2fx1cos2plt), (3, 1) 

•• ; 2 . • . "s 2 • 2 
x2 + p 2 xz = r::(b2x2 - h2x 2 + L.2x2 + m2x2x1 + n2_.:xzx 1 ), 

trong dO-: p1 , p2 -~ c;lc Hln s6 rleng kh6~1g nQi cr)-ng huVng; L~1, 62, h1, k1, mt, 01, f, 
h2, kzJ· m?,J n 2 -- dtc hAng sO, 
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H$ phttang trinb trung binh theo bien t'l:¢- pha 1a: 

<s.:n 
~2 = -"- r2 ( h2p2- 2_. l<2p~r~+ ...!._ ,nzp2rf )• 

~ 4 2 . 

~'2~2 = --·- rz ("""' + 1.. mzrr ·)· 2p2 . 2 

Che d¢ can biing ttrang lrng nghi~rn riO= r2o = O'·(q>!, !p:!- biit ky) vi\ c6 h~ 
bien 'pMn: 

. s - ~ a r!::::; --3"rl(hlpl + fsin2q-;1), <pl := 

2p1 

. e 
8 r2 = -- 8r2h2p2, 

2p2 

Cac di€u ki¢n On dlnh ti~m c~n Ia: 

s 
1C!.1 + fcos21jl!), · 

2p1 

' h, < 0, hrrt + ll~ - £' > o.- hz < 0. 

(3.3) 

(3 •• , 

Che d¢ dao d¢ng cua ri~ng tQa d<) XI luang frng nghi~m r20 = 0 v6-i rlo, '!'10 Xac djttb til 
h~ P.hucrng tr!nh: · 

. 3 
hlp! -- ktp1rt0 + fsin2<p10 = 0 .lit + fcos2<pto = 0. (3.5) 

4 

H~ bien pHn Ia: 

8r1 = -- l'lo - -·- ktp1r1o8r1 + 2fcos2<pto8<pt · , 8<pt = - fsin2!p!O • 8cpt, . e ( 3 - l) · -e 
2pl 2 pi 

• " ( 1 %) 3rz = - 3r2 hzp2 + - TI2pzl'JO , 
2p2 ~ 

'1'2 = 

va dl€u ki~n On djnh ti~m c~n 1a: 

k1 > 0, fsin2ql!O > 0, h2p2 + 1.. h2p2ffo < 0. 
2 

(3.6) 

(3.7) 

Ch€ d¢ dao d¢ng eiia d€ng tQa dQ xz trrang Ung nghi~m r1o = 0 v&i, 1'20, ~20-xS.c 'i!nh 
tir h~ phrrang trinh; ~ 

3 2 2 e 
112 - - k2p2r:Hl = o~ <pzo = -=-=:_ ,1.&t + cp2o(O). 

.4, 2p2 
(So8) 

H~ bi€n phl\n 18.: 

fsin2'{'1 )-

fcos2'!'1} (3.9) 
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(3.1()) 

Che d¢· daD dQng clia to:ln h~ (ella_ c8. hai tqa _d¢) hrong-irng e:lc gi3. tri rlO, :cplO 

r~o, '!'20 xa.c djnh tt'r h~ phtrang trinh: 

1 2 . 0 - n1p1r2o + fsm2cp1o = , 
2 

1 . 
~~ + - rn1r~o + fcos2<ptO = 0, 

2 

3 3 2 1 2 
hzp2-- kzpzr2o + - nzpzrto = 0, 

4 2 

'Pz = -"-(~2 + .J_mzrlo)t + <pzo(OJ, 
2pz 2 

H~ phuong trinh bi~n phAn c6 dgng quen biH: 

8~1 = -
2
-:-

1 
l ( ll1p1 - -~-- kipfrt 0 + -+ n1p1r~o + fsin2<p!O) 3r1 + 

+ 2frtocos2<pto8<p1 + n1P1'20rto8r2~1) , 

. • • • l 
O<p1 =' -- - 2fsin2q>10 • o<p1 + lTI1f2QOf2 , 

2p1 

0;2 = __:;__ lnzpanonoBr!, + (hzpz - ~ kzpMo + .2_ 
2~ I • 2 

. . e 
O<p2 = -.- mzrtoBr!, 

2pz 

(3.1!) 

va tu d6 c6 th~ de dang lop phm:mg trlnb d~c trung d~ tlm ra cac di~u ki~n i'.n dinh 

ti~m c%n· 
Qua vi d1,1 cO thC thRy rti Ia khi kh3.o sat chEi dQ dao d¢ng trong-d6 v2.ng miH 

m¢t sO tan s6, vi~c slr d_1,mg bien bien d¢ - pha se van gifr dugc nhieu thn~n lgi neu 

chU y- (Un nhfr11g d~c di~m eli a b$ bi€n phftn trong truUng hqp nay~ 

Trong blli b:io hoiw tofln sli dvng cac bien bien d¢ pha, h$ phucrng trinh bien phlin 
duzyc tht,rc str thH'H l$.p ~;a irong· c~.c tiln s6 vling m~t, ngoti cic tan sO khOng c¢'ng 

htrCmg cQo c6 cite bin s6 c¢ng hu&ng thOng sO. 

f>ia chi 

Truitng f>#i h,e Bach kho• 

Ham; 
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I.--NGUYEN \'AN DJl"i'JL \'0 tn(1t phLrung p!.1f\p 1zlp b{) p-Ini'ung lritth bl6n ph&u fhe0 bien 

0:¢ ~ ph<l ciL\ ellt tl~~ cftn Jding'·- Tr~p ell i CO' H(lC S6 2~ 1984, 

2-: T'{GU l"~;N >;:<.:\_l'il Bil'<JH. IH phuang triuh bi&n ph:ln 1lwo b.iCn __ dQ- pba Ul~la dJ( dQ can 

b:inr; b J1(:• th6ng s6. T~Jp chi CG f-I<)C, SO 4, Hl8-L 

3. MAJJKVIH. H. f. HelloTOpbre sa.~a'Hl Teopmi;;eiiH!leiiHJ,IX. r<Oile6aHwii. rocy.Q. 

!13Il,. MOCKBa, 1956. 

PE3!0ME 

CllCTEMA YPABHEHHrl B BAPI1AUJ151X ITO AMl1JLvlTY,D,E-<PA3E B 
KBA3VIJ1viHEthmx KOJJEEATEJlbHb!X CVICTEMAX C MHOrHMl1 CTEHE
H51MH CBOE O.Qbl 

• l . 

Pacnpoc-rpaHH!OTCH no.1yqeHHble B [.l, 2] pe3y.~bT8Thi :(Jill KBB3HJII!Heliam1 

K0,1e6aTellbHOfi C!!CTeMbl C lvlHO!'IIMH CTeiieHl!lvlll CB060!1bl. 5b!JIH COCTBBJI€Ha CI!C

T€1vla ypaBHe,HHii B JiapHB!l)lllX 00 2MI!JlllTYI\e-cpa3e H yCIIOBH5! yCTOH"!IIBOCTH 

I<OJ!e6aTeJibHOrO jile}KHMa, npu l<OTOpOM OTCyTCTByiOT H8KOTOpble Hepe3oHaH

CHbl8 H IT~,paMeTpH'IeCKlte pe30HaHCHbl8 qacTGTbl, 

... , '/... ... 1 .I' . . 

SAl TOAN CHUYEN DONG CUA TAU HAl THAN 
TREN SONG DIEU HOA 

(Ti6p trang 12) 

-4· MIKIO TAKAKJ «On the hydrodynamic forces 3.nd m01nen!s ::1cting ov the bvo-dirnen'"" 
tiona1 bod!e:·s osciUati1)g in shalloiY water )J, Report of res~~ard; irslitutc for appli'ed 
mecha_nks. VoL 2:'1 N°1- 78, 1£i77. · 

5· Ship runhon ac;d 3e:c1. load. 

6. AYDPOBCKi-·Jti B. A. l/1cc;1C,Li,OB3HEe BOJlHOBoro conpo'lJIB,1£Hf:lfl EannrapaH·a. 
CVl\OCTpO~Hll8. N~ 7, 1972. 

7. « ·nPOLU:---\OC-T H C~')J,OB D. Bl-IfWHH~. CuJibi, J-V2iicTBYIDr.t~He Hfl ,'\BYXKOpnycHOe 
C)'llHO E;:L LlO)TH-~HIHL jJ., ,::LGc:-I-pOCH1T8, ~l9"Jf_:l, 

8 XACfU·1H Ni. ).J,. fHJ!.pOJ1.fEIUJJ\Iwqcown: Tcopu;t l{\FIIGl xwpa6JUL VIs~. HayKa 9 

Jv1ocKB2: 

SI'MMARY 

ABOl'T MOTIONS Of 1\ CATAMARAN IN HEGULIP. WAVES 

lu !:hie; raper. the autbor uses E.basldnd method \Yith Fra.n.k Close F1t method to 
--Ca!~u!al:e rnottom;-a.nd _lo<~ds for a ship and a cat~1mnnm at zero speed in reguh.r \Vaves of 
ui'hitru.rr rrequr~ncy and direclkm. Tlle hydrodynarn:i(;al inter2clion het'vl'een the-·f\VO hulls 

--)fa catam,H'lln hao~ been iaksn inlo comridHntion. C:ornpnn~On:< \VIlh mode! l'P~t.s have 
:{iV·e.ll good agreemct!t" 
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