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Phuong phap hang hai theo cung eiip Ion 

I TS. N G U Y I N THAI DUONG - TrUdng Dgi hoc Hang hai Viet Nam 

TOM TAT: Bai bao giai thieu mpt phuong phap 
hang h^i theo cung elip lan Phuang phap nay 
khong chf tinh quang duong tau chgy theo elip Idn 
ma con tinh loan cac yeu to tuyen duong khac, vi 
du nhu toa dp dja du cua diem trung gian, huong 
dl dau va cuoi ciia tuyen duong Phuang phap de 
xuat cac cong thuc tinh co do chinh xac cao va 
de dang cho vigc xay dyng cac chuong trinh d in 
duong, khong yeu cau tinh toan nang cao phirc tap 
Mi/c dq tin c|y ciia phuang phap duac xac djnh 
dua tren ket qu^ tinh toan va so sanh voi phuong 
phap trac dja chinh xac. 

T O K H O A - Cung elip Ion, vT dg dja du, vT dp dia 
tam, goe 6 tam ciia elip Idn, goe dia du ciia elip Idn 

ABSTRACT: The objective of this study is to present 
method for great elliptic sailing calculations. The 
method solve the complete great elliptic sailing 
problem sailing not only the great elliptic arc 
distance, but also other element of the sailing such 
as the geodetic coordinates of intermediate points 
along the great elliptic arc, the initial and final 
course The propose formulas provide extremely 
high accuracies and straightforward to be exploited 
immediately in the development of navigational 
programs, without the requirement to use advance 
numerical methods Their reliability has been 
verified with numerical tests and compansons to 
extremely accurate geodetic methods. 

KEYWORDS: Great elliptic arc, geodetic latitude, 
geocentric latitude, geocentric great elliptic angles, 
geodetic great elliptic angles 

I.DATVANDE 
Trai dat la mot vat the bien doi phirc tap va khong 

cd qui luat nen khong the giai quyet eac bai toan hang 
hai can thiet tren md hinh that eua nd. Mo hinh trai dat 
la Geold vdi be mat la mat nudc bien trung binh d trang 
thai yen tTnh keo dai xuyen qua cac luc dia va hai dtio 
tao thanh mpt mat eong lien tuc khep kfn. Be mat Geoid 
luon vuong gdc vdi hudng day dpi tai mpi diem, thay 
ddi phde tap nen Geoid khdng phai la md hmh toan 
hpc chinh tac. Tuy nhien, Geoid la mo hinh trai dat gan 
dung nhat va la co sd de so sanh dp eao eae diem tren 
be mat trai dat. Trong hang hai, de giai quyet cac van de 
ky thuat, mo hinh toan hpc eiia trai dat dugc sir dyng 

102 

la elip trdn xoay (ellipsoid). TrUdng hpp dae biet khi eac 
ban kinh eiia elip trdn xoay bang nhau, mo hinh trai d i t 
la hinh eau (sphere). Dp chfnh xac cua viec tinh toan dan 
tau theo dudng ngan nhat tren hi mat trai dat ehu y^u 
phy thuoc vao md hinh trai dat dUOc ap dyng. 

Phuong phap dan tau theo tuyen dUdng ngan nhat 
dang dugc ap dung pho bien hien nay la phuong phap 
hang hai eung vdng idn. Day la phuong phap tinh toan 
cac yeu to hanh trinh ciia tau theo cung vdng Idn dUa 
tren co sd giai eae bai toan tam giae eau vdi mo hinh trai 
dat la hinh cau (sphere). Phuong phap nay tfnh toan don 
giSn, phu hop vdi hang hai truyen thdng khi tren tau 
chua dugc trang bj he thdng cdng nghe thong tin hien 
dai. Tren thue te, de nang eao do ehinh xac, trong hang 
hk\ thudng sir dung mo hinh toan hpe eiia trai dat la 
ellipsoid trdn xoay. Khi do, tuyen dudng ngSn nhat giCra 
hai diem tren be mat trai dat la cung elip Idn. Dd la giao 
ciia be mat ellipsoid trdn xoay va mat ph^ng chUa tam 
trai dat. Viee dan tau theo dudng di ngan nhat can ap 
dyng phUong phap hang hai theo cung elip Idn se c6 
do chfnh xae eao hon, md hinh toan hpc eiia trai dat la 
ellipsoid trdn xoay sai lech vdi be mat trai dat nhd hon 
hinh eau. Mat khae, xu hUdng ehung hien nay, tren tau 
se sir dung he thdng thong tin va hien thj hai do dien ttr 
va tnen khai iî ng dyng hang hai dien tir. Do vay, phuong 
phap hang h^i theo cung elip Idn se thay the hang hii 
eung vdng idn truyen thdng. 

Tren thuc te, viee tfnh toan khoang each eua tuyen 
hang hai ngan nhat gida hai diem cd sU sai lech khi sCr 
dyng md hinh trai dat la hinh eau va ellipsoid trdn xoay, 
gia tn nay la 0,27% theo Tobler Waldo Rudolph [1] va 
0,5% theo Earle Melvin Terry [2]. Vi dy, ap dung phuong 
phap Thaddeus Vieenty [3] tinh khoang each giUa diem 
xuat phat Sydney Harbour (33°46.210'S,151''31.964E) tdi 
diem dieh la Valparaiso Chile (32''596.998'S, 71°36.675W), 
vdl md hinh trai dat la hinh eau, khoang each tfnh dUOc la 
DJ ^ 6113 NM, mo hinh trai dat la Ellipsoid 1984, khoang 
each tinh dupe la D̂  = 6128,4 NM, sai lech la AD = 15 NM. 

Bai bao gidi thieu phuong phap tfnh toan hang hi\ 
theo cung elip Idn, bao gdm eae yeu to hanh trinh: 

-Tpa dp dja dUCLia diem trung gian; 
- Hudng di dau va cuoi; 
- Khoang each tau chay giUa diem dau va cuoi. 

2. MO HiNH ELLIPSOID TRAI DAT 
Md hinh toan hoe trai dat la hinh eau, gia trj 01 phut 

cung vong Idn bat ky dupe xac dinh tuong dUOng 01 hai 
ly qude te, bing 1.852m. NhUvay, ban kfnh hinh cau cd 
gia trj la: 
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R = 60 X 360 / n == 3.437,7468 hai ly. 
Mo hinh trai dat la elip trdn xoay, ban tryc nho (b) 

trung vdi true trai dat, ban trye Idn (a) nam tren mat 
phlng xich dao. Trong he tr ie dja WGS 1984, md hinh 
ellipsoid trai dat cd cae kieh thude cO ban: ban true Idn 
a = 6378137km, ban tryc nhd b =; 6356750km va dp lech 
tam e = 0,0811919. Gia trj 01 phut eung kinh tuyen Idn 
nhat tai xich dao: 1861,6m = 1,0052 hai ly qudc te va nhd 
nhat tai cue: 1842,9m = 0m9951 hai ly quoc te. 
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Hinh 2.1: VTdp dia du- dia tam - qui tu 

Mpt diem tren be mat trai dat duoc xac djnh bdi 
kinh dd X va vT dp dja tam (6) hoac vT dp dja du (tp) hoac 
vi dd qui tu (p). Mdi lien he giOa cae vT do xac dinh theo 
cong thdc sau: 

tany? = ( l -e^)^tarno 

tan^ = ( l - e ^ ) t a n ^ 

Diem P tren be mat trai dat trong he tga dp qui tu 
hoac he tpa do dia ly dupe xae dinh bdi ham eua eae toa 
do tuong dng nhu sau: 

acos^cosA] 

P{P,^)--
bs.vnp 

Tuong tu, trong he tpa dp dia du, diem P la ham ciia 

kinh dd va vT dp dja do: 

N cos (pcosA. 

P{^,X)= Ncos(osin,l 

N ( l - e ' s i n p 

m / . - N ^ a / C l - e ^ s i n V ) ' " 

3.T(NHTOAN CACTHAM SO COA ELIP L<3N 
Cung elip l^n 

Hinh 3.1: Gde & tim fl, va gdc dja du^^ cua elip Ion 

Tau hanh trinh theo cung elip Idn td diem F, C^,, -^i) 
tdidiemFj{^, ,A,). 

Chuyen doi sang he tpa dp dia tam [4]: 
1̂ = tan'" (1 - e^) tan ip^ 

$2 = tan" '( l -e")tan^2 
Chuyen doi sang he toa do vuong gdc: 
x,=R,cosi(p,)cos(A,) 
_V, = ff| C0S(V|)C0S(/1|) 

z, =R^(\-e')smi(p,) 

x^ = R.^ cos(^j) cos(,^) 

y^ = R2 cos(^2)cos(Aj) 

2j = /?j (1 - e^) sin(^j) 

Vdi: 

'r-sin ((c,) 

R.= 
yj\-e-sm'(g},) 

Tham sd X^ va fi^ thda man dieu kien z = X^x + \i^y 
se xac djnh vdng elip Idn ehda ba diem (O, F,,Fj): 

-̂  = ^2>'|-^l>'2 

x.z, - x , z . 

Toa do dia tam ciia diem Vertex Via: 

Kinh dp dja dU: Ay = tan 
/̂ w 

Vfddqui tu: A ' =^^^ 

VT do dia dU: 6 

| ( ^ +/^w 

cos(A.) 

[Vl-e=cos= (,(?,,) J 

Dp lech tam e ^ eiia elip Idn: 

esm(i9|.) 

^' ' J l - t - cos=(0 , , ) 

Kinh do diem E la giao ciia elip Idn vdi xich dao: 

" ^ 2 

Gde d tam ciia elip Idn tai diem F̂  va F̂ : 

^,„ = cos"' [cos(^,) cosiA, - A^)] 

i9̂ ,j =cos"'[cos{i92)cos(^-Aj-)] 

Gdc dja du eiia elip Idn tai diem F, va F̂ : 

= tan" 
tao(9„) 

tan(fl„) 

.(•-<.). 

4. TiNH KHOANG CACH DOC THEO CUNG 

ELIP L O N 
Thuc te, viee tfnh toan khoang each doe theo cung 

elip Idn chi la mot yeu td hanh trinh ed tinh ehat tham 
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khao. Tren cae doan eung giUa hai diem trung gian lien 
tiep, quang dudng can tfnh van la eung dudng hang 
hudng. Hien nay, ed nhieu phuong phap tinh khae nhau, 
bai bao nay gidi thieu cong thdc Tobler Waldo Rudolph 
[1] tfnh khoang each doe theo cung elip Idn kha don 
gi ln, dp ehinh xae dap Ung yeu cau hang h i i , sai sd 
khong vuot qua 0,3%, thda man yeu cau ve dp chinh xae 
do khoing each theo Nghj quyet A. 529 (13) eiia To churc 
Hang hi i qudc te (IMO) [5]. 

,.«, a { l - e ' ) 

' V[(l-<.(sin{e)]= " 

(24) 

5. TfNH H U O N G D I D A U VA Cu6l COA CUNG 
ELIP L O N 

Tren hinh cau: 

A-, ,. = tan ^̂ — 
' " ' ' ' l̂  cosid,) tan{(9j) - sinCfii,) cos( AA) J 

A.„ „ - tan-' =5=(M^ 1 
^ " " " l̂  cos(i9,) tan(^,) - sm(^3) cos( AA) J 

Vdi: Hudng dau \^^^y hUdng cudi A^j ,jVa AX = X.̂  - X^. 
Chuyen sang elip Idn: 

/li_, = tan''[tan(4,(1-21 )cos(«!'i - ^ i ) ] 

A2_, = tan"'rtan{4,(2-1))cos(p; -^2)] 

6. TI'NH TOA DO DIEM TRUNG GIAN TR^N CUNG 
ELIP L O N [6] 

So diem trung gian: N = [S^^ /AS] 
Vj trf diem dau trong he tpa dp vudng gde: 

X, = . / ? , c o s ( ^ i ) 

z, = i ; i ( l - e ' ) s i n ( ^ i ) 

Tham so trung gian ciia elip Idn: 

eo =e^,,[sin'(^i)-+-cos-{i9,)cos'(^o(i-2>)] 

1 

° 

^'0 ' 

.A = 

V' + e,, 
a-b„ 
a + b^ 

0(1 + i n , 
8 

'+"0 

ThamsotinI 

.,, 
^tan" ' -

1' 
Goe trung g 

0) 1 

VOi: 

= »,-(!-

' • 1 = 1 -

;)' 
hvT 

\x, 

ian: 
3 

"4 

do diem dau: 

.., 
COS(^o„_,,)J 

1 7 / 1 2 
r^)r^ sin(—i;/. 

rtp cos{2W|) 

y/ 1^1—OgSin(2U|) trong he tpadd cue 

Khoing each td ban trye Idn cua elip Idn tdi diem 
dau l a :M ^= (o^A 

Khoang each tdi diem thd n (n ^ 1, 2,3,...., N): 
Khoing cieh tinh tU diem dau: S ,„= n^S 
Khoang each td b in true Idn va goe trung gian w: 
M , , - M , + S j „ 
CO , = MJ A 
Tham sd tinh vT dp diem trung gian thd n: 

I. ^d) + — ( 1 - ^ — n n ) r " s m ( — w „ ) 
" " 4 16 " " ^33 v « / 

Vdi: 
. „ = l - i l n „ c o s ( 2 . J 

20 " 

w = — n,,sin(2(a ) tronq he toa do cUc 

Gdc giiJa ban true Idn eua elip va true X la: 

sm(4)(i-2))sin(^i) 
/ ig- tan" 

C0S(-^„ll,2)) 

Vi trf ciia diem trung gian trong he tpa dd vuong 
gdc la: 

.t„=acos(«„)cos(//3} + i„sin(Mjsin(/i,)cos(^,)sm(4„_,,) 

v ,= -cos(i/„)sin(//3) + i„sm(u„)cos(//Jcos(5,)sin(4„_,,) 

z „= iosin(»„)^sin=(ei) + cos'(e,)cos'(4,„_,,) 

Toa do dia du ciia diem trung gian: 

p„ = tan"' 

A„-/l,+tan"'(^) 

7. TiNH T O A N 1H\S N G H I I M 

Tinh toan cie yeu td hang hai cung elip Idn 
tCf vi trf Sydney Harbour Australia (34^26.66460'S, 
152^19.17840'E) den Valparaiso Chile (33°00.00000'N, 
139''36.66660'W) dUOc ket qu i nhU sau [6-7]: 

Khoing cieh: 6.129,11699 hai ly 
HUdng di dau: 143,99463" 
Hudng di eudi: 035,64240° 
Khoing cich trung gian: 50 hai ly 
Tfnh toan theo phuong phap trac dae Vieenty, tdng 

khoing each la 6129,12 hai ly, sai lech so vdi tfnh toan 
trong Sdng 7.7 la 0,71 hai ly, gia trj nay rat nhd, cdthe bo 
qua trong thUc te. Vdi khoang cich trung gian la 50 hai 
ly, do leeh giUa hai hUdng di lien tiep khdng vUOt qua CS, 
nam trong gidi han sai sd hang hai cho phep ve hUdng 
di [8-9]. NhUvay, cd the dan tau true tiep theo eung elip 
Idn theo cae diem trung gian vdi khoang each chia tuong 
duong quang dUdng tau chay trong mot ea bien, xap xi 
50 hai ly. 
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Bing 7.1. Tfnh toin eac yeu to hing hai theo eung elip Idn tir 
Valparaiso - Yokohama 

WPT 
1 

3 

3 

4 

119 

120 

133 

123 

-34.44411 

-35,11504 

- 35,78283 
-36,44749 

-36fl7879 

•35,41237 
-34,74379 

-33,39465 
-33,00000 

152,12531 

152,72716 

153,33893 
153,96095 

- 73,73363 

-73,13241 

-71,94873 

-71,61100 

143654C2I 4999965 
143,32326 , 4999972 

142.96903 
143,60400 

36,83336 

36,43655 

35,82645 

49,99979 
49,99986 

50,00037 

50,00044 

50,00057 

50,00039 

Tong Mhoing cich 

49,99965 

99,99936 
149,99915 

199,99895 

5950,00008 

6000,00052 

6100,00160 

6129.111699 

8. KET LUAN 
Bai bao da gidi thieu co sd ly thuyet va di xua't cac 

cong thde tinh toan cic yeu to hang h l l theo cung elip 
Idn. He cong thdc don gian cho phep sT quan hang hl i c6 
the lap ehuong trinh d in tau theo elip Idn tren miy tinh 
hoac may tinh bo tui. Tren co sd he edng thdc da de xuat, 
tfnh to in thir nghiem so sanh vdi phuong phap trac dja 
Vieenty cho thay phuong phip de xuat cd dp chfnh xae 
va tin eay cao. Mat khae, theo tfnh toan khoang cich v l 
hudng di tren cae doan eua tuyen chay tau, sai sd nam 
trong gidi han hang hl i cho phep nen ed the dan tau true 
tiep theo cung elip Idn vdi khoang each hop ly. 
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