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Phuong phap hang hai theo cung elip 16n

B TS. NGUYEN THAI DUONG - Trudng Dai hoc HAng hdi Viét Nam

TOM TAT: Bar béo gién thigu mdt phuong phap
hang héi theo cung elip lon Phuong phap nay
khéng chi tinh quang duéng tau chay theo elip Ién
ma con tinh 104n céc yéu 18 tuyén dudng khic, vi
du nhu 108 d6é dia du coa diém trung gian, hudng
a1 ddu va cudi cus tuyén dudng Phuong phap dé
xudt cac céng thic tinh ¢b dé chinh xac cao va
dé& dang cho vigc xdy dung cac chuong trinh dan
dudng, khéng yéu cau tinh toadn nang cao phuc tap
Muc dd tin cay cba phuong phap duoc xac dinh
dya trén kér qud tinh toan va so sanh vér phuong
phap tréc dia chinh xac

TU KHOA: Cung elip 16n, vi dé dia du, vi dé dia
t3m, goc & tam elia elip 1én, goe dia du cva elip lén

ABSTRACT: The objective of this study 1s to present
method for great elliptic salling calculations The
method solve the complete great elliptic saling
problem sailing not only the great elliptic arc
distance, but also other elermnent of the sailing such
as the geodehc coordinates of intermediate points
along the great elliptic arc, the initial and final
course The propose formulas provide extremely
high accuracies and straightfonvard 1o be exploted
immediately in the development of navigational
programs, without the requirement to use advance
aumencal methods Therr reliability has been
venfied with numerical fests and compansons to
extremely accurate geodetic methods

KEYWORDS: Great ellptic are, geodehic latitude,
geoceninc latitude, geocentric great elliptic angles,
geodehc great elliphc angles

1. DAT VAN BE

Trai dat 13 mét vt thé bién déi phuc tap va khang
¢6 qui luat nén khang thé gidi quyét cc bai toan hang
hai cdn thiét trén mo hinh that cda n6. Mo hinh tedi dat
13 Geoid va1 bé mat |3 mit nuée bién trung binh & trang
thai yén tinh kéo dai xuyén qua cac luc dia va héi dao
tao thanh mot mat cong lién tuc khép kin, Bé mét Geoid
luén vudng goc vai hudng day doi tai moi diém, thay
d6i phuc tap nén Geoid khéng phéi la mo hinh toan
hoc chinh tac. Tuy nhién, Geoid la mé hinh tréi dét gan
dang nht va |3 co s& dé so sanh @9 cao cac diém trén
bé mat trai dat. Trong hang hai, d€ giai quyét cac van dé
ky thuat, mé hinh toan hoc cla trdi dat dugc sir dung
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la elip tron xoay (ellipsoid). Trusng hop dac biét khi cac
ban kinh cua elip trén xoay bang nhau, mé hinh tréi dat
13 hinh cdu (sphere). D6 chinh xac cla viéc tinh toan dan
tau theo dudng ngén nhat trén bé mat trdi dat chu yéu
phu thuéc vao mé hinh tri dst Gugc ap dung.

Phuong phap dan tau theo tuyén &uéng ngin nhat
dang dugc 4p dung phé bién hién nay I3 phuong phap
hang hai cung vong lon. Pay la phuang phap tinh todn
cac yéu té hanh trinh clia tau theo cung véng 16n dya
trén o sd giai cac bai toan tam gidc cau véi mé hinh tréi
dat 13 hinh c3u (sphere). Phuong phap ny tinh toan don
gidn, phu hgp vé1 hang hdi truyén théng khi trén tau
chua duoc trang bi hé thdng cong nghé thong tin hién
dai. Trén thyc té, dé nang cao d¢ chinh xdc, trong hang
hai thuding st dung méd hinh toan hoc cda trai 83t la
ellipsoid trén xoay. Khi a6, tuyén duding ngdn nhit gitta
hai diém trén bé mat tréi dat 1a cung elip lén. D4 13 giao
clia bé mat ellipsoid tron xoay va mat phing chia tim
trai dat, Viec dan tau theo dudng i ngdn nhat cdn ép
dung phuong phap hang hai theo cung elip 16n sé c6
@6 chinh xac cao hon, mé hinh toan hoc cua trai dat 1a
ellipsoid tron xoay sai léch vdi bé mat trai dat nhéd hon
hinh cu. Mt khéc, xu hudng chung hién nay, trén tau
s& st dung hé théng théng tin va hién thi hai d6 dién tu
va tnén khai ing dung hang hai gién tit. Do vay, phuong
phap hang hai theo cung elip 16n sé thay thé hang hai
cung véng I8n truyén théng.

Trén thuc té, viéc tinh todn khoang cach cia tuyén
hing hai ngdn nhat gida hai diém c6 sy sai lech khi sif
dung mé hinh trai dat 13 hinh céu va ellipsoid trdn xoay,
gia tn nay la 0,27% theo Tobler Waldo Rudolph [1) va
0,5% theo Earle Melvin Terry [2]. Vi du, 3p dung phuong
phap Thaddeus Vicenty (3] tinh khoang cach gida diém
xuat phat Sydney Harbour (33°46.210°S, 151931.964E) téi
diém dich 1a Valparaiso Chile (32°596.998'S, 71°36.675W),
v@i mé hinh trdi dat Ia hinh c4u, khodng cach tinh duoc la
D, = 6113 NM, mo hinh tréi dat 1a Ellipsoid 1984, khoang
cach tinh dugc la D, = 61284 NM, sailéch la AD = 15 NM.

Bai bao gigi thiéu phuong phap tinh todn hang hdi
theo cung elip 1dn, bao gém cac yéu té hanh trinh:

-Toa A dia du cua diém trung gian;

- Huéng di dau va cudi;

- Khoang cach tau chay gifa diém dau va cudi.

2. MO HINH ELLIPSOID TRAI AT

Mb hinh todn hoc trai dat |a hinh cu, gia tri 01 phut
cung vong lon bt ky dugc xdc dinh tuong duong 01 hai
Iy quéc té, bsng 1.852m. Nhu vy, ban kinh hinh cdu c6
gid tri la:



R=60x360/n ~3.437,7468 hai ly.

Ma hinh trdi dat la elip tron xoay, ban truc nho (b)
tring v6i truc trai dat, ban truc 1dn (a) ndm trén mat
phing xich dao. Trong hé trdc dia WGS 1984, md hinh
ellipsoid trai 6at c6 cac kich thudc co ban: ban truc lgn
a=6378137km, ban truc nhé b = 6356750km va dd léch
tam e = 0,0811919, Gié trj 01 phut cung kinh tuyén I6n
nhat tai xich dao: 1861,6m = 1,0052 hai ly quéc té va nhd
nhat tai cuc: 1842,9m = 0m9951 hai ly quéc té.
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Hinh 2.1: Vi dé dja du - dfa t5m - qui 1y
Mot diém trén bé mat trai dat duoc xac dinh bdi
kinh d6 X va vi 86 dia tam (6) hoic vi 46 dia du (@) hodc
vi d6 qui ty {B). Mdi lién hé gilra cac vi 46 xac dinh theo
céng thuc sau:
:
tan f=(1-¢*) tang
tan8 = (1 -e*tang
Diém P trén bé mat trdi dat trong hé toa dé qui ty
hedc hé toa Ao dia ly dugc xdc dinh bai ham cla cac toa
d¢ tuong Ung nhu sau:
acos ficosd i
P(B.A)=|acos fsind
bsin B
Tuang tu, trong hé tea dé dia du, diém P 1a ham cta
kinh dd va vi 8o Gia du:
Ncos @cosi ’
P(p,A)=| Ncosgpsin A
N(t-¢’sing
V&N = o/ (1 - e*sin® )"

3.TINH TOAN CAC THAM 56 CUA ELIP LON

Cung ebp ¥on

Xich dao

Hinh 3.1: Géc 6 tém 8, va goc dja du, cua elip ion
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Tau hanh trinh theo cung elip I6n tir diém F,(¢,, 4, )
161 diém F, (9, 4,).

Chuyén ddi sang hé toa do dia tam [4):

6 =tan"(I-e*yiang,

6, =1an"'(1—e’)tan ®

Chuyén d6i sang hé toa 46 vuang goc:

X, = R cos(p,)cos(4)

i = R, cos(g,)cos(4,)

2, = R(I-cHsin(e,)

X, = R, cos(yp,)cos(d,)

¥, = R, cos(,)cos(4,)

2z, = Ry(1-¢")sin(g,)

Vai:

R

= a, >
‘/l ~¢’sin’(g)

R, = il
TS

Tham s6 A _va p_thdaman @iéukiénz=A x+y y
s& xac dinh vong elip 16n chda ba diém (O, F F ):

_NZ%H = N2
v =
NN TG,

_ X5 -2
Y2 T 0N
Toa 86 dia tdm clia diém Vertex V |a:

Hy

. o 1| Hw
Kinh 86 dia du: 4, = tan™ [—J
Ay

A +
Vl'd{:vquilu:ﬂ/:lau"[ i“l“—+‘:i]

—e

Vidé ia du: 6, = cos™ | — °L("_)=]
JI-2 cos’(5,)

Doléchtam e cla elip ton:
_ E’S"‘(L

e = /1 —e cos’( ,‘

Kinh 84 diém E 12 giao cla elip 16n véi xich dao:

A= -2

Géc &tam cba elip 16n tai diém F va F:
8, =cos™' [cos(6,) cos(4, - 4,)]
6,y =cos™ [cos(6,) cos(4, - 4,)]

Goc dia du clia elip I6n tai diém F va F:

-1| tan(é.

e ton Ji;:;
o Taney
oz [u— )}

4. TINH KHOANG CACH DOC THEO CUNG
ELIPLON

Thuc té, viéc tinh toan khoang cach doc theo cung
elip ln chi la mét yéu 16 hanh trinh ¢6 tinh chat tham
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khao. Trén cac Goan cung giifa hai diém trung gian lién
tiép, quang dudng cdn tinh van I3 cung dusng hiang
hudng. Hién nay, cé nhiéu phuong phap tinh khac nhau,
bai bo nay gidi thiéu cong thie Tobler Waldo Rudolph
[1] tinh khoang cach doc theo cung elip 16n kha don
gidn, 86 chinh xac d4p Ung yéu cau hang hai, sai s8
khong vuat qua 0,3%, thda man yéu cdu vé @ chinh xac
8o khoang cach theo Nghi quyét A. 529 (13) ca T chuc
Hang hai quéc té (IMO) (5).

-

ol - (][ll*lc +.96, —m 4*5 Sen2p +

a(l-¢l)
sin(e, )]

e

™ (24)

5. TINH HUONG DI PAU VA CubI CUA CUNG
ELIP LON
Trén hinh cdu:

Ay 2 =tan [ smA)
Wiedd cos(6,) tan(8, ) —sin(f, ) cos(AA)
Agayy = tan™ in(A4)
) cos(6,) tan(8,) —sin(6, ) cos(AA)

VGitHUGng dau A, .
Chuyén sang elip lan:
Ay = tan” [ 1an( Ay cos(, - 6) ]

Ay = tan ! [1an( g,y Yeos(, ~6,)]

huéng cudiA,,

vaak =), -2,

6. TINH TOA DO DIEM TRUNG GIAN TREN CUNG
ELIP LON [6]
S6 d@iém trung gian: N =[S, /4S)
Vitsi diém ddu trong hé lpa dé vuong goc:
x, =R cos(¢)
z = R,(I-¢")sin(e)
Tham s6 trung gian cta elip ion:
e =e, [sinl(el) + cns:(ﬁ,)cos’(/l‘,“,z))]
_ 1
Jite,
_a=b,
a+b,

| Y
a(HK”‘:).

T+n,

Tham s6 tinh vi do diém dau:

o az,
w=tan | ————
by, €OS(Ayyay)

G6c¢ trung gian:

3 a2
m|=u‘—(l—§nq')/“‘ sm(iw']

Vi = 1= %uo cos(2u,)
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v,=1- %»1D sin(2u,) trong hé toa @6 cuc

Khoang cach tir ban truc 16n cUa elip 16n i diém
daula M = w4

Khoang cach téi diémthun (n=1,2,3, ..., N)
Khoang cach tinh ti diém d3u: S |, = nAS
Khodng cach tir ban truc I8n va goc trung gian w:
M =M, +S

i

w, =M, 14
Tham sé tinh vi @9 ¢iém trung gian thu n:
5 9 = 8
=, +=(1-—nrP sin(—
e, )" (3%
Véi

= —%nucos(lw")
33 . N
v .= %nnsm(Zm,) trong hé toa d6 cuc

Goc gida ban tryc lan cda elip va truc X la:

sy = tan” S Agyi-zy ) SI0(E)
? c08(Ayqzy)

Vi tri cia diém trung gian trong hé toa 44 vudng
gocla:
x = acos(u,)cos(f) + b, sin(i, )sin( 1) c0s(0,)$in Ay )

v =cos(u, ) sin{ ) + b, Sin(1e, Y cos( 4, ) €os(6,) sin( Ay, )

——
2= bysin(u,) Jsin? (8)+ cos™ (8 )cos™ (A, »,)

Toa dd dia du cia Giém trung gian:

1 z,
ran | ——F
femn [(i—E’)\)lf#r,’}

7. TINHTOAN THU NGHIEM

Tinh toén cdc yéu t3 hang hai cung elip I6n
tU vi tri Sydney Harbour Australia (34°26.66460'S,
152°19.17840F) @én Valparaiso Chile (33°00.00000N,
139°36.66660'W) duoc két qua nhu sau [6-7):

Khoang cach: 6.129,11699 haily

Huong di dau: 143,99463°

Hudng di cudi: 035,64240°

Khoang cach trung gian: 50 hai ly

Tinh t04n theo phuong phap trac dac Vicenty, t3ng
khoang cach la 6129,12 hai ly, sai léch so véi tinh todn
trong Bdng 7.113 0,71 hai Iy, gia tri ndy rét nh, ¢ thé bd
qua trong thuc té. Véi khoang cach trung gian 13 50 hai
Iy, do lech gitra har huéng dilién tiép khéng vuot qué 0°,
nsm trong giéi han sai s6 hang hai cho phép vé hutng
3i [8-9]. Nhu véy, 6 thé dan tau truc tiép theo cung elip
16n theo cac diém trung gian véi khoang cach chia tuong
duong quang dudng tau chay trong mot ca bién, x3p xi
50 hai ly.



Bang 7.1. Tinh toan cic yéu t6'hang hal theo cung eljp 16n tr
Valparalso - Yokohama

[ Knhdé [ Huonga | [ Yéng kholng cich_

1520250 [1a366mz | 4559965 [ aasmes |

716 | 14332226 99917 | 99593

o o Fr L " T
‘ | -38.4749 | 15396095 1959986 e |
(5 T -3n0875 | 15459363 | 14222683 999994 aawes ]|
[ 18 | 3607879 - 74354 | 37,1917 00030 | sesgsn |
119_[ 3541237 | -73,73863 | 36833 5000037 T 595000008 |
20| 2424279 | 730241 | 36486 500004 | eovoo0dsz |
(21| -340%0718 | -72.525% | 3615100 | 00051, | eosooonez
i | nsowes | 7104y | s5aa6es | S000057 ™ ei0000me0
[ [ “33.00000 [ 7161100 | [ 5000039 [ eomiee |

8.KET LUAN

Bai béo da gidi thieu ca sq ly thuyét va dé xuat cac
cdng thuc tinh toan cac yéu té hang hai theo cung elip
16n. Hé cong thuc don gidn cho phép siquan hang héi c6
thé 1ap chuong trinh dan tau theo elip Idn trén méy tinh
ho&c may tinh b tui. Trén co s& hé cong thuc da dé xust,
tinh toan thi nghiém so sénh véi phuong phap trac dia
Vicenty cho thdy phuong phap dé xuat ¢ d¢ chinh xéc
va tin cdy cao. Mat khdc, theo tinh todn khodng cach va
hudng di trén cac doan cla tuyén chay tau, sai s6 ndm
trong giéi han hang hai cho phép nén c6 thé ddn tau truc
tiép theo cung elip [6n véi khodng céch hgp ly.
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