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So v&i tau mQt than, tau hai thau c6 tinh On dinh tOt bon, di~n -tiCh hfru ich tr~n 
boong tim l&n han va dQ Hlc tren sOng nhO han •... Vi the trong ~hu·ng nilm g3.n dAy, tau 
hai th~n duqc nghi~n ct'ru,, thi~t kC v:\ che t~o nhieu. Bai tofln xac d~nh chuy(m dQng 
liic ella tau hai thA.n tren- .s6ng ph(1·c t~p hun d6i v{Ji tau mQt than l:i <1lo c6.sv hrong Htc 
ella mOi than v6i chit lOng vit hi~u trng sOng trong vtlng gifi·a hai thAn. Trong hili b3.Q 
nay~ dlfa tren co siJ lY thuy~t s6ng ~~~u ella Khasldnd [8], Htc gift sir dQng phtrong phap 
Frank Close Fit cho tau m¢t than cl~ tinh to;in biti toftn chuyEm dQug cii.a tau bai thiin 
tr~_p. s6ng dieu bO-a._ trong .chat lOng sau v6 h~n va con titu khOng c6 v~n tOe chuy'~rl dQng 
ciia him. th&n n6. Hi~u t'rng tu·ang lite giil'a hai thfi.n drrqc 1 :x'(:l d~n bUng vi¢c dua vao 
di~n tich rr'&t -ella bai phUn than. Ket. qult nh~n duqc so v&i k8t qn3. bti.ng IY thuyCt va 
t_.hlJ:C· nghi~m iHi cO~g b6 trong [2, 3] Ill trltng hryp. Trong tnrOn.g bqp :bii tofl.n c6 xet den 
v~n tOe chuyen dQng cUa b<in than con tau. c6 the str d\lng c:ich giti{ nay va tham kh:lo 
lrong [5]. 

a_ day ngoai cac giii thiet citn c6 cho tiu m¢t than nhu·: 
\ 

- Chit ·lOng dugc coi li lj tuGng, khOng nen ctm)'c, chuyen ·dQng ella chat lOng 
Ia c6 the. . 

- Qua trinh s6ng dH~u h6a lft s6ng tien ·co bien d¢ nhO (bien dQ s6ng nhO bon 
nhieu llin bu:&c song) 

- ThA.n Um lit, v~t _the_ ·ran tu_y¢t d6i vit thvc hi¢n dao dQng dieu bOa c6 bien d¢ 
nlio (sa v&i cclc' kich~ thu&c d~c trung'clm con tau) quanh vi tri ·can bfing. 

Ta dln them cUe dieu ki~n d6i v&i tau hai lhiln sau: 

"":""" BO qua hi-~U Ung trrang lie ella chat tOng len c~u n6i gifra bai th<\n. 

-Than tau hai than duqc coi l:l mOo g. 

-D€! ngbien cUu hili to:ln chuy~n dQng ella tan hai than lr~n sOng dieu hOa, _ta 
thiet li).p hai h~ l9a d¢ sau: 

- H~ c6 d~nb 0'~'1~; o·~- hu&ng th5.ng dll·ng len tren. 
- H~ tQa dQ d(>ng Oxyz g~n li€n v&i tiiu, tq1c Oz di qua tr9ng tam t3.u. Ox d9C 

theo chi~u dai tau, m~t ph[ng OxY trUng v&i m~t mr6c khi yen Hnb. 
Hai h$ tQa d¢ nay h·Ung nhau khi !<hOng c6 s6ng. 
Khi d6 c6 6 thanh phan Hie Ia.: 
1')1, "/12, 'Y)3- C3.c thilnh phUn tjn!J tien ella con tau theo cite tqtc 0'~. b'·IJ, 0'~. 
'IJ4, 'IJ5, 7J6 - cac thilnh phii~quay ella con tau quanh cac tl·~rc o·~, 0'1], o'~. 

Theo gi3. thi~t cite 'lli (j = 1, 6)- .nhO nen c6 th6 bO qua tich ella chling: l)k. "'lj = 0 

(k, j ~ 1,6). 
Gi3. sir t.a tim duqc cac h,rc mOm en tic dQn,g l~n con tau, ta c6 the thifH J~p drrqc 

phrr<rng trinb chuy~n dQng ci':ta t3.u d6i v6i h(· tQa d9 o'~-IJ~ nhu sau: 
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L [(Mjk + Ajk):tjk + Bjk.;k + C;k·r,k] = F;ei<n, j =!, 6, i = V -1 , (1-1) 

k=t 
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- cite tlu).nh pht'tl1 ella m~L trl)n khCii l1tq·-" g 
Bkj - dLe b~ s6 kh6i luqng kt.:,m VL't h~ sO rung 

- dtc: h9 s6 ph\tc hbi tht"iy tlnh 

ti'ong db; i\lkj 
Akj~ 

Cjk 
Fj -- l~1·c kleh dQug din s6ng d-ieu hO~L len con Gn YD. lt;t·c tan X?- cUa ·con ·t§.u. 

7jk, ·?lk - v~n· tOe_ v~l gia t6c cUa qlc djch ehny'en con tau. C6 tJ:!~ de ~ang 
linh dm;rc c3.c th3.nh-ph~n lttc "1Jkn0u hi€t e{tc ma tr$-n h(fs6-(Mkj), (Akj), (Bkj} 1vil 

--cUe t-hU'nh-:ph?in Pj. Trong d6 vi~c .Lim d.c tlianh ph~n ella ma tr~m ~(Akjr v~- {BI-tJ) 
13. pht!c tt,tp nh:H vt d-6 la sv tuong Ute' eUa chilt lOng lt~n con tAu. 

Th6ng thm'mg thll_n tau ddi xU:ng qua mQ_t p~ilng xOz va trQng tftm d~t & (o, o, Zc). 
d6 rna tr~n kh6i lrrqng lit: · 1 

M 0 0 0 Jvizc : 

0 l 0 ~~ 0 - Mze 0 
I) 0 

0 

1-Izc 

0 

- Mze 
0 

0 

:

1

·/1_1\y !\--1- kh6i luqng dta con tau 
· ljj - rnOmen ,quftn -tinb 

A1! . 

0 

[Ajk] (hay [Bjk]l = 
A3! 

0 

A51 
(J 

M 

0 

0 

0 

0 

A22 
0 

A42 
0 

A62 

[) 0 

144 0 

0 _I 55 

-146 0 

A!3 0 

0 A24 

A33 0 

0 A44 
A5s 0 

0 As4 

01 

-~46 
16~ ) 

At5 0 

-0 A2s 
A3s 0 

0 A46 

A 55 0 

0 Ass 

I 

Ma tr~n [C;j] chl c6 c,,, C35, C53, C55 "18_ k:hac kh6ng va d11qc hiH tt'r cac thOng 
hinh rl~ng con tau. 

'Do ti nh cb~t d6i xtrng ella thftn tau, h¢ (A) duqc tach th8nh hai h$ d¢c l~p: 
H~ I ' 

(M + AJL) :~1 +- Bl1:~1 + A13:;i3 + B:13:fj3 + (i\-lzc + A1G)·"~5 + f.H5~5 = P1cyn, 

A_Sl ~·1 + B31~1 + (~I + A:n);·,l + B:n'~3 t- C-~3-'l::> + A35··~·5 + B35n~5 + C:35"1J5 = F3eiht, .. 

CMze + Asl)·~~ + Bsi"~l + Ass:~3 + Bss;,;~ + C35"1J3 + (155 + A5s)~5 ·1 Bss·~s+ Css·r;s == F5eict. 
Tr~n t·h\rc te con tO.u chiern mQt vt tri I rong khOng · gian 3 chiei1 nhung -n~u ·th;in 

tau la _dili (LIB> f); L -- chi8u dili c.on t:\u, B - chit~u rl)ng than t<'tu) thi c6 8/0x <{: Oj8y 
:va fJ(fJz trCn be m8.t thftn t:'tn v~a l\re tlnly dQng kich ti:Qng tl-Je'J lr!}e Ox rfit uhO so v6i 

- ---~<?2.~: thanh ph~n l~rc d.~n l:}i 11&n ·!]! <S "IJi (j = 2,6) [5]'. Ct\ng v6·i giil thie't sCmg c6 bi~n d¢ 
·,_,_D;t_lfJ, khi d6 Sl): t:ie d~-?ng gifl'a dtc mf~t dlt x == con.s[ Ut I~l'it i) n2n lt'{·n ml\i m(tt dit d6 
bai toUl1 3 chien trb- th3.nh 2 ehiBu. Vi thP ia tbq dtn.Je · 

·• ' ·· _, - ·en 
Of + /-\:;3h13 + B3a"tj-; + C,a:fijS + A3~'5"f)5- + B35"fJ5 + C:i 5 "rJ5 = 1"3P

1 

A~,3~1" ",- L'ls,.,:c('-t. ··'- 1-.·_,.,,·~·n10 + \·J--r:•·' ·t." ):r·- + B~·.:~,. ' ,-'-c·r- - Ti'-)at · ~ . "' I ~. v - . J:.>O ''-'-'fj j!.l '<;;} !j:J "T --<:JJ 1;) -- I' <:n.' 

H~ II 

('! + A,l:;,2 + Bz2';,2 + (- Mzc + A2-tl~4 + 824;,•! + A2s:,is + E26~6 ""F2eiat, 

Mze +Au)~~+ E24'~2 + 044 + A44)~-4 + B44~·! + CH'f)., +( -146 + A4s):~s+B46~6=F4eiat,. 
A6Z~2+ Bs2;,2 + (-146 +:Ac4J~4 + 864;4 + (]66 + As6):;,6 + B66-~6 = F6eirrt. 

H¢ (I) V.(\ (II) cO tht! _gioi.i duqc d6i Yt'Ji cUe ·~j neu biet dnqc c:le F'j va Ajk, Bjk· 
Giil s-IT ta cho the v~\n tOe ci'ta s6ng lliCu hOa <.ht&i dQng: 

A* _ .igh ----ik(xcos~,-vsii-1:0:) k.z-Hcrt '*' -~--e ~ e (1.2) 
G 



hong ito , h - bi~n a<) s6ng ciieu Ma 
cr -tan ,.,Q sOng 
:z.- g6e gitra lnrfH'lg s6t1g difi!H ll(:Ja va tn.IC Oxj 

!'- ~ ~/g~ g - gia t6(~ trQng tnrU ng. 
Vi~c tim c:ic Ajk, Bjk di den vi¢c gild 3 hAm the v*-n t6c Cb2-, fl)s, tfJ;4 trong m3i 

lloi~l di~n x =canst thOa man cite dien ki~n san [2, 8]: 

'crt -
<1>1 = v;,.;(x, yle1 

, (j = 2,4) ; 

iat ·' · iat · · iat ·. . 
V2e =·~z+x'l)a;V3e =1),-x1J&; V4e ='1]4, 

lrong mien chat long y < o 
(ll .Uy ta d4 chuy~n ky hi~" y --> x, z--> y) 
vo etc di~u kien bi~n nhtr oau: 

t. Di~u kieo trim m~t IIJ' do: 
il<p· "2 
--' --'l'!=B 

ily g 

lim [v<p;] = 0 
y-+-OQ 

t1eny=O 

3. !Ji~u ki~n tren' ph an DII~P clll&i mr&c cua thiet di~n titAn tau: 

n. \)'<pj =nj (j =2,4); 
I 

n:2: = eos:n, x); ng ":"' cos(n, y); n4 = xcos(n, y)- ycos(u, x), 
•-vee 111 phitp tuyEn <loa vj da thiet di¢n ng~p nu&c thAn tauS . 
•• DUu kitn b vO cling (tinh duy nMt ngh!¢m cun Lit.i loan) ' , 

lim v~ (. O'!'j + ikq>j) = o. r = Yxz + y2. 
r_,.oo , Cr 

( ].3) 

(1.4) 

(1.0) 

(1.6) 

(t. 7) 

tlleo Woho.u.en v:\ Laiton [1], bilm tho~ man cac dieu kitn (1.3), (t.4), (1.5), (t.7) !:\: 

"dh: . 

G(z, 6l "" ;, Re. [ tog(z - \:) - log(z - fi + 2P • V J 
0 

. Slili do tim 'f'i dm\i d~ng 

'!'i "" f Qj(S)G(z, \;)ds, (j = 2, l) 

s 

.-ik(z- b 
" - k 

dk]-

Cho. th8• min ((.G) t• !hu itugc 5 •lip h~ 2 ph•rang trlnh d~ tim cac phh lhlJC 
c&.o Q2, Qs, Q< : 

· .. iO 

Re(n · V'J J Qj(S)G(z, bJG!S = nj, 

s 

Im(n • \ll J Qj(S)(;(z, \)ciS"' O, 

s 
z, 6 E s, (j = 2,4) 

(l.s) 

(1.9) 

vi io 

(1.10) 



Gi<:H (1.10) thu dU'qC Qj va tbay vao (L9) tim duqc 'flj. Criiii (1-10) bilng each chia 
s thanh nbiing dm)ng gdp khlic S!US,U ... USn (khl n-> oo: S1USzU ... USn-> S). Tren 

mOi Si, coi Qj = const. Slr djfng: 

Rej (n . V )Fpo) j = Rej- ie1"clF/ciz j 

b ... dAy n;:;::: ~iei«, tX - v(:cto tifip luyen ella S. 

Khi d6 (1.10) Ira th:lnh 3 c~p h¢ 2 phtrang trinh d"i so tuygn tinh tim cite Qj(il 

\'i~c tim Fj cling di d~n tim 3 hitm 'l'j U = 2, 4) thila man car di~u ki¢n (1.4)- (1.7) 

- cOn (1.3) duqc thay b3..ng }I huang trinh -

(t.3') 

Ta tMy cr4jg2 <f 1 n8n c6 th~ coi 'l'J ""''Pi [2]. Tir d6 .ta tim du:<;rc Fj(j = 2, 6) vii thay vito 

bt (l)- (ID ta tlm dugc 5 thanh phAn l~c "'i (j = 2, 6) vai -~~ = i]ieiO't+i"i, trong d6 7jj, 
"i li bi1\n d¢ va d¢ l$ch pha ciia 'llj \ 

§ 2. Klh QUA TiNH TOAN 

1. fl§ thiH l~p chuang lrinh toim tri'n may tinh di$n tir IBM 360/50 o Trung tAm 
tinh loin (0y ban H ho~ch nha nuuc) a~ tinh loan cac M s6 kh6i lrrgng kem va cac 

h~ s6 rung cho ll'lrong hqp S Ia m¢t nira duong tron co duimg kinh 2d. Tr~n hlnk 1 vlt 2 
Ia eic kH qua trong [2, 3) vii cite dii;u X Ia kM qua t!nh to{m cho cac h~ •6 •zz, bz2• ·~3 
b~3• D6i vlri cac h$ s6 a44, h44, a2,, b24 Ut qua ciing trung nhau. & day: 1 lit kH qua 

tinb toan cho tau mYt than, 2 va 3 Ht ket qua tinh toan cho tau hai th~n c6 khoing each 
giila 2 thh hi 4cl va 6d; A= r.d2 = 3,1442 • C6 tM tMy ket 'lml nh~n duqc !a tri\ng l!gp. 
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Hinh 1 
KMI hrqng kern a6i v6i l~c ngang 

(}:!f 10 1.5 ' 

II~. so rung d6i vl!i ll\c ngang 
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4.0 

3.0 

Hinh 2 

Kh6i lucrno kern d6i v&i Hlc th&ng dUng 
' 1::1_ I 

\. 
H~ s6 rung d6i n'd lilc th&ng dlrng 

2. Bi thi~t l~p bQ ~huang trlnh tinh toin it~ tinh 5 th£inh phiin Ulc cUa tau hai 

than theo kich tliu&c trong [3]. Ma lr~n kh6i Juqng duqc dtra v~o tren ghi thiM m~t d¢ 

kh6i lrrqng phUn b6 cteu. Tinh toiln v6i s6ng di~u -hOa c6 ltien d¢ h = 4(m)_ va tan s6 
• 0 . . • 

a= 1,5 gi;ly cho hai tnr&ng hqp khi -6 = 0, vit e = 90[) da cho m¢t s6 ket qua d!nh tinh 

t6t. c~ tb~ 11, 

- Kh i e --= 0°: '112 = 0)08(m), ·IJ3 = 7,5(m), 1j4 = 2,t'_,_ 7]5 _:;::::;;;_ 18°, ·fJ6 .= 1°, 

!Xz = 180°, C1.3 = 83°, «4 = 0°, 0:.5 = 8\ 0
, ets = tsOo. 

§3. dT LU!N 

Phteong phip n:ly c6 th~ slr dvng cho b:li to{tn chuy'bn dQng l?t.e dia tau hui 
th:in trCn s6ng cneu h{)a bien d¢ nhO v6i Yi(;c coi thin tau hal than [8. mi:lng. Khi gi:i 
thiet uay khOng duqc lh0~1. miin, ht cin phlti nghien cltu bang eUch khftc, t'hft ng h~n nhu 
rn6 ~inh ha ch-i.Pu. 
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