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BAI TOAN CHUYEN DONG ‘UA TAU HAI THAN
TREN SONG DIRU HOA
NGUYEN 'IIEN BAT

So v&i tau mét than, thu hai than cé tinh &n dinh tdt hon, dién -tieh hiry ich trén
boong tau 1én hen va d¢ Mce trén séng vhd hon.. Vi thé trong nhifmg nim gin. day, tau -
hai than duwge nghién ciru, thi&t k& va ché tao nhigu. Baj todn xac dijoh chuyén dong
Téc etia tau hai than trén’ aong phie tap hon 461 véi tha mdt than 14 do cb sy lrong tic
cia mdi thadn voi chit I0ng va hidu dng song trong ving gitra hal Lthin. Troag bai hao
nay, dua trén co sé Iy thuyst séng tiu cla Khaskind [8], tac gi& s& dung phrong phap
Frank Close Fit cho tau m¢t thin d? tinh toan bai toan chuy?n doug cha tdu hai than
trén séng didu héa, trong chit 1éng sau vo han va con tiu khong c6 vin tde chuyen dong
efia bin, thin né, Hidu Gng twong l4c glle ‘hai thén du'oc\xu dén Ding vige duwa vao
dién iich wét clia hai phin than. Két qud nhén duge so voi két qud bang I3 thuyét va
thue: nghi¢gm da cdng b6 trong [2. 3] W trang hop. Trong trudng hofp bal toan cé xét dén
van téc chuydn déng cda bdn than con tau, c6 the s dung cach gidi nay va tham khao-
trong {5].

§' day ngoai cac gid thigt cin co cho tau modt than nhu:

~ Chit '1dng duoge coi 1a 1y tudng, khéng mén duorc, chuyén déng clia chat long
Ia b ths.

: — Qua trinh song didu hoa la song (idn cé bién do nhd (hlén 4% s6mg nhd hon '
phigu lin buwge séng)

— Than tau I vit thd rin luyéL ddi v thye hign dao dyng digu hoa co blen d
nho (50 voi cac’ kich thuée dac trung clia con tan) quanh vi tri cAn bing. '
3 Ta cin them cac didu kién a8i voi tau hai than sau:

— B gua hiéu ing twong lac clia chidt lonU lén clu n&i gitra hai thin.
~ Than tau hai than dwoe coi’ [ mdog.

§1. BAI TCAW

Dt nghién edu bai toén chuyén dong clia tiu hai thén trén sépg didu hoa, ta
thigt lap ha1 hé toa dd sau:

— H& ¢4 dinb OE,,T]C 0t — Lhudgng thing dtng lén trén.

— Hé toa 4§ dong Oxyz gin Hién véi ldy, true Oz di qua trong tam tdu, Ox doé
theo chidu dai tiu, mit phing Oxy tring v&i mit nwée khi yén tinh.

Hai hé toa d9 nay tring nhau khi khong cd séng. '

Khi @6 c6 6 thanh phin ldc 1a.:

N, N2, U3 — Cae thanh phin tinh tidn céia con tiu theo cie tryc O'F, O’Q, o’L.

N4, 15, N6 — Cac thanh phian c quav clia con tiu quanh cac true O, 0% O°C.

Theo gia thiél cac #j (j =1, 6) — nho 1én cé the bd qua tick cla ching: Mk . ny = 9
(k, J =1, 6)

Gid st ta tim dwge cde lyc moémen tae ddug Ién con 1au ta ¢6 the thigt lip duoe
phuong trinh chuy®n dong cha tiu d&i vol he toa d9 oG nhu sau ¢
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Z (M + Ajk):fik' + Bjk"‘]k + Ciere] = F;eict, j=16,1= V=1, - (i-1)
k=1 ) '




Akj; Bl — cde hi s6 khéi lwong kém va hé sd rung
Cix — cac bhé s p’mm hai thay tiak .
Fj - luc kich dduy cfa song dleu hoa 16n con (81 valye tAn xa elia con tia.

tiong 45t Mig — ghe thanh phin cla ma irin kial lug

'ﬂk - van tdc. va gia tde cia céc dichi chny®n . con' tin, G6 thk dé déng
imh ﬁugc che thanh phiin e Ak néu hiét edc ma lrin b 56 (Mg, (A, (Bkg} v

. 1a phire tap nhdl vi dé 14 sw lwong the cda chit Idng 1én con thu.
Thong thuong thin (du d6i xing qua mit phing x0z vi i trong tam dgt & (o, 0, Ze).
i 66 ma trin khdi ltrsng 15‘ : | ! .

M 0 0 0 Mze )

, 0 Mo 0 —Wae O [ !
0 6 M 0 0 5ol
' 6 —Mze 0 Taa 0 — I o

Maze B0 .0 : Iz 0

RO | 0 —1l4s 0 g

ay M - khéi lwgng oila con tau
Tjj — mdémen gquan tink

At 0 Al 0 Az 6\

O Az 0 Awa 0 Ao

Agl 0. Ass 0 - Ags 0
[} (hay [Bjx]) = : - '
[ag] (hay [Byi] 0 Ads 0 Az 0 Adg

As1 Ags 0 Ass 0
4 A2 0 As4 ¢ Ase

; Ma tran [Cij] chi 6 Css, C35, Css, Csz 13 khdc khéng va duge blét tr che thang
a hinh dang con tdu. :

Do tinh chit ddi xdng cla than thu, he (4) duoe tach {hinh hai hé doe lap

He I ‘ |

(M + Aty g1 4 Bii%e + \1,:,5 + }31003 4 (Mze + A15)7g + Bw = F1ei®t,
Asi + Baty -+ (M -+ x;;}m +Bya’s + Cisns + Ass7s -+ BT + Cagny == Fael

(Mze + AsDTy, + Bst7y ++ A5, + Bas7y -+ C35%s -+ (155 + Ass)ng 4 BssTis+ Cssus = Fsel®l,
. Trén thye t&€ con tau chiém mm vi tri trong khong ‘gian 8 thell nhung néa thin
‘t‘au 12 dai {L/E >> 6; L — chidu dai con (Au, B — chitu rhng than tau) thi co 3/9*( < 8fdy
Vi 3/32 trén hé miit thin idv va lge thidy dom{ kich JOT‘F then lrge Uy r4t nhé so voi
_ ;thﬁnh phin lge con lal nén 7 -7 1 (j = 2,6 [5] Cm]o vGi gid thiét séug ¢6 bidn &6
h, khi do sy the dong gifta cic mil cfit x = consi 1A YA i ndn trén mdl mit ot dé
ai toan 3 chidu rd thanh 2 chiBu. Vi thé is thua dugce
(M + ~\33}'Qq -+ ngm + Cgarg A\m} 5 + ba:q, gy = Fsamgy
As 3T13 + E} ‘7;3 '{ (awp’z .t {Ig5 L‘LB:;}Q: + Lu}"ﬁ! + 5:‘55'?]5 = FEC‘NJT *

He T - - -
M+ A2 + Bazhiz b (— Mze + AsMe + Baava + Asgvs + BoeWg =Fae'™,
Mze + Azadna 4 B2ana -+ (144 -+ Ada)na -+ Baana + Cadany $5(— fag -+ ;"\46)‘%%‘]3467]6:‘.13‘4316&‘

Agahg + Boznz - (—T46 +iAsa)vs + Beana + (g6 + Ase)ns + Besls = Fget®t.
He (D va (ID cd the gidi dwge @61 voi cac 1) nbu bist dage cie Fj vd Ajx, Bik
¢ Gid s ta cho thE van t8c ctia séng didn hos dwdi dang:
P = Agh o ik{xeoss—ysins) kziist Y A (1.9)
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egfe thinhphdn Ty, Trong 46, vigelim che thank phin cla ma irdu {Ap) v (Bx)d



trong d6: h —bién 40 sépg digu héa
. & - tin sO sdng
s --gév gitta huwdng séng didu hoa va tryc 0x’
= g¥jg, ¢ — gis t6c trong trwdng.
"Vizge tim cdc. Ajk, Bjx di d€n viée gidi 3 ham thé vin tdc ‘Dz, _‘1’3, @, trong mﬁ,
thigt dign x = const théa min cie dign klen sau [2, 8]: .

——r—

q:’ —V}m(x,y)e 9(_]:2.) _ _‘ .
Vgel'ﬁ = ﬂz + x‘qg,vVg_e = 7]3 - X'Vls, V4e = Tlnl H .
_ . 420 a%0. S .
ﬁ@l am A?j = q;j —}-_ ?21 =, : _ .. (1.3)
dx* - T ay ' ' )

. ireng mién chil Iﬁng ¥ <0
{0 day ta d& chuy®n ky hitw y —x, z — y)

. va edc ditu kisn bitn nhuw sau:

1. Pidu kigp trén mit ty do:

2
i G
oy g
2. Piéu kitn & day:
' ‘ lim [Veil= ' . (18)
3——#“%}

3. Bléu ki¢n trén phiin ogdp dudi nudce clia thiét dign than thu:
n V‘Pl =1nj (j =2, 2,4);

ns = cos’n, x); N3 = cos(n, ¥); n4 = xcos{n, y) — ycas(n, x), (1.6)
»=ve: tw phip tuyfn dow vi cua thiét dién ngip nuoe than thu 8. ’
4. Didu kign & vo cing (linh duy nhit nghlem cdn bai lodn)

— [ 3o _ '
Lim Vr (,——3#’— + ikcpj) =0, r = Vi + 32, (1.7)
P = or

theo Wehausen vi Laiton [1], ham thda min cdc dien kien (1.3), (14), (1.5), (1.7) Ia:
. =]

' N , — —ik(y = 1)
Gle, D) = —‘ml— He.[log(z -0 —loglz =D +2P. v j i—iﬁw—@—dk] -

4 V- k
. ] 0 _ .
- iBe[e““’(z“:’] = Gi(z, §) + iGelz, &), v = a¥g. ‘ (1.8)
& day: z=x+iy;_§=lx1+i}.»i. ’
- Khi @6 tim ¢; dudi dang ‘
' ' gj == E Qi(C(z, Dds, (j=2,4) (1.9)

Cho thda mEn {(1.5) ta tho éuee 3 ciip h¢ 2 phwong trinh 4% tim cic phin thre va &o
ofia Qa, 0Qf, Q4: o

" Re(n . V) I Q(S)C(z, £)dS =
S
Im(n . /) j. Qsiiz, DdS = 0, | {1.16)
7, €S8, (=24 '
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(+i41 (1.10} thu dwege (Y va thay vio (1.9 tim duwge %5

S thanh nhirng deong gip k

mbi Si, col §j = const.

“YVige tim Fj cling di dé

“eomn (1.3} dwoge thay bing phuong trink

aZCPJ

htic S1US:U .,

St dung:

@ 'd;iy n = —iel® & — vécto tiép luyén clia 8. _
Ehi 84 (1.10) trd thanh 3 ¢dp hé 2 pheong trinh dai s6 tuyén iinh tim c&c Q}(l) o
9,4) théa min che didy kien {1.4) —~ (1.7)

n tim 3 ham CP} (j =

952

s

1. Da thiét lap chwong trinh todn trén mdy tinh dign t& IBM 360/50 & 3

g™ 2 2
4 -t “(Lcoss) cp;‘:

dy? g

cia T \

§2. EET QUA TINH TOAN

[ USn (khi n— eo: §1USU ...

Giki (1.10) bing cach chiz
U8n — 8} Trén

- Re{ (nj'\_/?)‘—F(i") 1 = Ref = ie1%dF/de }

o

(1.37)

Ta th&y c“/g €1 nén c6 th& eoi o;] = ¢j [2]. T d6 ta tim duge Fi(j = 2, 2,6) va thay vao

. he (I)"'(II) ta tim duge b lhénh phin e 0 (G =2,6) v6i 7 = T eIdt+mT trong as. 'r[]y
&j la bisa d§ va 49 lech pha.

i

Trung tém

tinh toin (Uy ban k& hogeh nhi nuée) @3 tinh todn che hé 56 khéi lwgng kem va che
hé s rung cho truong hop S 14 mbt nia dirdng iron 6 dudng kinh 24, Trén hinh 1 va 2
12 che két qui trong [2, 8] vi cd¢ dfu x 13 két qud tinh tohn cho che hé 86 235, bgg, .23
bys. DG vi che hé 96 agq D44, azs, b24 k&t qui ciing tring nhaw & day : 1 Ia két qua
tinh toan cho tau mét thin, 2 vi 3 14 k&t qud tinh todn cho
glfra than 13 4d vi 6d; A = nd® = §,14d%. CG thd thiy k&t qui nhﬂn dwge 14 trang hop.
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. Khét hmng kem d81 vl e ngang

thu hai than ¢6 kholing cach
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Hg 6 rung d6i véi e ngang
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. Hink 2 , DRI
Khéi lugng keém dsi vai lde thing ding Heé s6 rung d6i voi lhe thing dirng
ng ket ! g dot vor g an

2, 'bid thist lap bo élumna trinh tinh toan d® tinh 5 thanh phiu lie cda tdn hai
than theo kich thwde trovg [2]. Ma lrAn khéi lugng duge dira vio trén gid thift mat dé
khéi logng ‘phain b6 d3u. Tinh toan véi séﬂg diZu -hoa cé bién ¢ h = 4(m) va tin s
o = 1,5 giay cho hai t:ll’O’l’IG hgp khl €= 0% va €= 00" d& cho mot s& ket qua dinh tinh

tdt. Cu thé ) ‘
—Khie= 0°: ﬁg, = 0,08(m), -53 = 7.5(m), Hd: = 2,7% '—I]—5 =18, :";5.: %, o

g = 180°, a3 = 83°, &4 = 09, a5 = §3°, wg = 180°.

= Khi e =80%: ) = 1,97(m), Ty = 216(m), 7 = 15%, n5= 140 78 = 2°,

ay =00, 05 = —1,(30_°, o, = 180°, w5 = 1437, .V‘ﬁ:: 180°

o
F

§3. KET LUAN

Phuong phip ndy <6 th: e dung cho bal toan chuyén déng lic cla tdu hai
than trén song dign hon bien 46 nhd vai viee coi than 1au Lial than i& mong. Khi gid
thiét nay khéng duge théa min, tu ciin phii nghién cin bing cach khic, chiing han nhu
md hinh pa chidu.
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