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Tom tit

Xdc dinh vj tri tau bang phwong vi va khoang céch
dong thoi téi mét muc tiéu dia van la phirong phdp
don gian, c6 dé chinh xdc cao va thuong dwgC ap
dung khi ddn tau ven bo. Trong thién van, viéc do
phirong vi t6i thién thé firong doi phirc tap va kém
chinh xac. Chi ¢é phirong vi mat troi 1a c6 thé do
dac don Qidn va ¢6 dé chinh x4c cao. Hi¢n nay,
phuong phdp thién van xac dinh vi tri tau vao ban
ngay chu yéu la quan trdc khéng dong thoi dé cao
mat troi. Phwong phdp khéng dong thoi nay cé do
chinh xac kém, can phdi tinh todn quan trac vao
thoi diém mat troi qua kinh tuyén nguwoi quan sat
va khodng thoi gian giiza hai lan do phirong vi
I6n. Bai bao nghién citu dé xudt phirong phap xdc
dinh vi tri tau bang quan trdc dong thoi dé cao va
phuwong vi mat troi. Bdy la phwong phap thién van
xde dinh vi tri tau méi, khdc phuc dwoc cac han
ché ciia phuwong phdp quan trdc khéng dong thoi
mat troi, ¢6 thé xdc dinh nhanh chéng vao ban
ngay va it phu thugc vao sai so cua vi tri dir dodn.
Tur khoa: Vi tri dw dodn, cuc chiéu sang, thién
dz”r]h, pinh minh va hoang hén hang hai, quan
trac dong thoi.

Abstract

Determining ship’s position by simultaneous
distance and azimuth observation to a terrestrial
object is a simple method with high accuracy and
applied in coastal navigation. In celestial
navigation, azimuth observation to a body is quite
complicated but not very precise. Only the
azimuth to a sun can be simply measured with
higher accuracy. Nowadays, the celestial method
for ships position determination in daytime is
non-simultaneous observation of sun's altitudes.
The result of this method is poorly accurate and it
can only be done when the sun across the
observer s meridian and the time interval between
azimuth measurements is also big. This paper
suggests a new celestial method of simultaneous
observation of sun's altitude and azimuth. The
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proposed method can overcome the disadvantages
of sun non-simultaneous observation method and
determine the ship's position in a short time in
daytime as well as not much depends on the error
of predicted position.

Keywords: Dead reckoning, sub-stellar, zenith,
nautical twilight, simultaneous oservation.

1. Pat van dé

Quan tric thién thé xac dinh dinh vi tri tau 1a mot
phuong phap truyén thong, ¢6 wu diém la tin cay, doc
lap va chi phi thip. Tir khi hé thong dinh vi vé tinh
toan cu ra doi, véi nhidu uu thé vuot troi vé do chinh
xac va tinh lién tuc nén da tr¢ thanh phuong phap xac
dinh vi tri tau chinh khi hang hai xa bo. Tuy nhién vi
tri thién van van la phuong phap du phong trong cac
truong hop sy ¢ bat thuong. Hoi nghi caa T chirc
Hang hai qudc té ndam 2010 tai Manila, Philipine da
ban hanh sira d6i Cong uéc Qudc té vé cac tiéu chuan
huan luyén, cap chiing chi va truc ca thuyén vién
(STCW 78/2010). Trong d6, diéu 19 phan B-11/1,
chuong II ciia Cong wdc da bd sung yéu cau vé huin
luyén kha ning hang hai thién van ddi véi thuyén
truong va si quan van hanh [1]. Véi chuc nang la
phuong phap dy phong nén yéu cau vé do chinh xéac
cua vi tri thi€n van khong qua cao, chu trong hon yéu
cAu V& viéc xac dinh nhanh chéng va dé thuc hién.
Phuong xac dinh vi tri tu bang quan tric khong dong
thoi mat troi dang ap dung thuc té hién nay don gian,
c6 thé thyc hién ban ngay nhung thoi gian xac dinh vi
tri 1au va sai sb qui vé cang thoi diém 16n. Nham khac
phuc han ché néu trén, bai bao dé xuat phuong phap
xac dinh vi tri tau bang quan tric dong thoi d¢ cao va
phuong vi mat troi. Pay 1a phuong phdp moéi, dap (ng
yéu cau cua phuong phap du phong va phi hop véi
tiu chuan dan duong an toan trong diéu kién hang hai
hién dai ngay nay.

2. Xac dinh vi tri tau bang quan tric mit troi
khong dong thoi

2.1. Co sé Iy thuyét

Diéu kién dé do do cao la phai quan sat duoc ddng
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thoi thién thé va duong chan troi nhin thiy. Vi vay,
can tién hanh xac dinh vi tri tau bang phuong phap
thién van vao ltc binh minh va hoang hon hang hai.
Ban ngay, trén tau chi quan sat dwgc mdt troi nén
thuong ap dung phuong phap khong dong thoi. Mat
khac, do chuyén dong hang ngay nén mit troi lién tuc
thay doi vi tri so vai kinh tuyén va thién dinh nguoi
quan sat. Vi vay, dé giam sai s6 hinh hoc can tinh toan
thoi diém quan tric dé khoang thoi gian giira hai lan
do phuong vi mat troi bién thién 4 A > 30°.

Gia st, do d6 cao mat troi lan tha nhat duoc hy,
vong dang cao c6 tam la cyc chiéu sang Sy, ban kinh
1a dinh cy z1 = 90° — hy, dwong vi tri nhan duoc la I-1
(Hinh 1). Phuong vi va d cao mit troi thay doi, cuc
chiéu sang di chuyén theo cung S;S; t6i diém S,. Tién
hanh do d6 cao mit troi 1an thir hai duoc hy, duong vi
tri twong tng nhan duoc 1a 11-11. Gia st tau khéng di
chuyén (neo hoic budc cau) thi vi tri cua n6 s& la giao
diém Mo ctia hai duong vitri My =1—1n01 —1II

Hinh 1. Trwong hop tau ding yén

Khi hanh trinh, khoang thai gian giita hai lan quan
tric tau s& di chuyén trén bé mat trai dat mot khoang
cach MciMc2 =S (Hinh 2). Tuvi tri Mci, do dugce 3o
cao hy, duong vi tri I-I duoc dung trén co sé thién dinh
ctia Mc1 VA vi tri mat troi Sy (V6i cac yéu t cia tam
giéc vi tri du doan @c1, Aci, 81, t1). Tuong tu, tir vi tri
Mcz, do dugce dd cao hy, dudng vi tri 11-1I dugc dyng
trén co s& thién dinh ctia Mc2 va vi tri mat troi S (voi
cac yéu tb cua tam giac vi tri du doan ¢cz, Acz, 82, to).

Dé xac dinh vi tri tau, can quy cac duong I-1 va ll-
11 vé cing mot thoi diém. Viéc quy vé ciing mot thoi
diém c6 thé thyc hién bang phuong phap d6 thi. Giita
hai lan do d6 cao, tu chuyén dong dwoc mot khoang
cach S theo hudng Si Sy, twong ing duong vi tri I-1 s&
dich chuyén tai vi tri I’-I’. Hinh 3 cho thdy, ta c6 thé

v& duong I’-I” tir vi tri thir hai Mc, vai cac yéu t (Ahy
= hs1 - her va A(;l). Két qua nhan duogc vi tri tau vao
thoi diém thir hai s& 1a giao cua duong I1-11 va dudng
vitritinhtién '-I' (M, = II = 11 0 1" = T').

Hinh 3. Quy dp cao vé citng thién dinh

2.2. Xdc dinh vj tri tau bang quan trdc khong
dong thoi mdt troi

Chon thei diém quan trdc:

Bién thién phuong vi cua thién thé trong chuyén
dong nhin thiy hang ngay duoc tinh toan theo cong
thuc sau [2]:

A A= (cosAcos ptanh—sin ¢) At @

Phuong vi thay d6i I6n nhat khi dat gia tri A = 0°
hozc 180°, chinh 1 khi thién thé qua kinh tuyén nguoi
quan sét. Vi vay, thoi diém thich hgp nhat dé quan trac
xac dinh vj tri tau la truedc hodc sau khi mat troi qua
kinh tuyén thuong tir 2"00™ = 2"30™ & vi do trung
binh va tir 40™ + 1"30™ & vi d6 thép.

Quan tric lan the nhit tor vi tri du doan
Mci(oci,Aci), do d6 cao mit troi, ghi gior thoi ké, chi
s6 tbe d6 ké, hudng di, ap suit, nhiét do va do cao mat
ngudi quan sat.
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Hiéu chinh do cao do [3]:
hg; =0Ciq, +i+s—d+Ah+AR o (2)

Tur gio thé gisi Ty, tra lich thién vin xac dinh
duge xich vi 62 va géc gio thé gici t& cua mat
troi. Tinh toan géc gio dia phuwong cua mat troi theo
cbng thuc:

t=ta iy ®)

Vé6i cac ddi 6 (@cr, 62,t2), tra bang todn
chuy&n mén hoic tinh tryc tiép theo cdng thuc chung,
xac dinh dugc do cao va phuong vi cia mat
troi (he, A).

Tuong ty, tién hanh quan trac lan thir hai tir vi tri
du doan M, (¢cz, Acz) khi phuong vi thay ddi duoc
tir 300 = 45°, tuy didu kién thuc té [4].

Thao tac trén hai d6 voi cac yéu td vé duong vi tri
thién vin nhu sau (Hinh 4):

buong I-I: vi tri du doan Mg (@¢q, Act, phuong
vitinh Ag; vahiéudd cao Ah, = hg; — h¢q,

buong H-11: vi tri du doan M, (@2, Ac2), phuong
vitinh Ag, Vahiéudd cao Ah, = hgy — hey

Hinh 4. Thao téc xdc dinh vi tri tau khéng dong thoi

3. Xdc dinh vi tri tau bing cac quan tric ddng
thoi d§ cao va phwong vi mat troi

Vi tri tau xac dinh bang quan tric khong dong thoi
mit troi c6 nhidu han ché nhu: can tién hanh vao thoi
diém mat troi qua kinh tuyén nguoi quan sét, chiu anh
huéng cua sai s6 vi tri du doan va dic biét 12 sai s6
tinh tién dwong vi tri. Nhdm khic phuc cac han ché
trén, bai bao gidi thiéu phuong phap xac dinh vi tri tau
bang quan tric dong thoi do cao va phuong vi mit troi,
bao gom cac budc sau:

Buwéc 1: Xac dinh mién tim kiém

Muc dich cta budc 1 1a xac dinh khu vuc 1an can

vi tri du doan co xéac suét chia vi tri that caa tau lon
hon 95% theo tiéu chuan vé d¢ chinh xéac dinh vi [5]:
Mién tim kiém x4c dinh nhu sau:

Vido gidi han: @pin = @max (9161 han phia Nam
Po = Pmin va glé'l hi.in phia BéC Yo = ¢max)

Kinh @6 gidi han: A, + A (9i6i han phia Tay
Ao = Amin V@ gidi han phia Bong 1, = Aax)

Vai:

Pmin = @c — 14@cl, Pmax = @c + [A9pcl, Apc
sai s6 cua vi d6 du doan ¢,

. Amin = A¢ = [A2¢c], Amax = A¢ +14¢], A4¢ sai
s0 cua kinh d6 du dodn A,

Sai s6 du doan (4@, AM;) duoc xac dinh dua
trén sai s6 binh phwong trung binh (R) cua vi tri tau
(I1A@c| = kR, |A;| = R, trong d6 (k) 1 hé sb tang ty
¢ xich doc theo kinh tuyén hay d6 ting vi do tién trén
hai d6 mercator) [6]. Gia tri ban kinh (R) dwgc tinh
toan va lua chon sao cho xac suat vi tri that cua tau
nam trong mién tim kiém 16n hon 95%.

Trong thuc té dan tau, ban kinh sai s6 binh phuong
trung binh (R) duogc tinh toan theo hai truong hop co
ban sau:

Truong hop 1: Khoéng xac dinh duoc vi tri tau, sai
s6 binh phuong trung binh cua vi tri dy doan tinh theo
cong thuc [7]:

R= \/(STK gL)z + (STKgTK)z (4)
Vai:
Srx: Quing duong tau chay,
g, Sai s6 trong sb hiéu chinh la ban,
eri: Sai 6 trong s6 hiéu chinh toc d6 ké.
Gia str tau chay dwoc quing dudng theo tde do ké
1a 100 hai ly, sai sé trong sb hiéu chinh toc do ké 1a
0,6%, sai sb trong sb hiéu chinh la ban 0°5 . Tinh toan
ban kinh sai s6 binh phuwong trung binh (R):

2 2
R =\/(100 0.5 J +(100%j =1.06nm
57°3 100

Dé tinh toan sai s6 du doan, ban kinh sai sé duoc
xéc dinh 12 3R = 3,18 hai I (99,7%).

Truong hop 2: Xac dinh dugc vi tri tdu bing muc
tiéu dia van. Xét truong hop xac dinh vi tri tau bang
hai duong vi tri dia vin dong thoi, danh gia d6 chinh
X&c cua Vi tri xac dinh bang hinh tron xéac suat, ban
kinh tinh theo cbng thc [8]:

R =/(An,)” +(n, )’ ®)
Véi:

R: Ban kinh sai s6 binh phuong trung binh,
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An,: Khoang dich chuyén binh phwong trung binh
ctia dudng vi tri thir nhét,

An,: Khoang dich chuyén binh phuong trung binh
cua duong vi tri tha hai.

Gia sir xac dinh vi tri tau bang hai khoang céch
ddng thoi t6i hai muc tiéu. Ban kinh sai s6 binh
phuong trung binh ctia vi tri xac dinh theo c6ng thuc:

R= i_ie«/(Anl)z +(An,)2

Sin

1 a0y (a0 Y (6)
S N TR
walse) (2

Vai:

0 :goc kep gitra hai duong vi tri, trong treong hop
nay 6 =60°,

9p1 = 9p2 = gp: 96c Kep gitra hai duong vi tri,
trong truong hop nay 0 =60°,

£p1 = €pp ~ €p: Sai SO binh phuong trung binh
ctia viée do khoang cach bang radar. Si quan hang hai
c6 thé tu xac dinh trén tau hoac st dung gia tri théng
ké trung binh trong tai liéu chuyén nganh, truong hop
nay lay e, =0,05nm [9],

Vi cac s6 lidu trén, tinh toan ban kinh sai s6 (R):

R=t L )+ (e =42 ()2 o

"~ sinb

V2 2
-+ = m
+ 2 so(0.05)7 =0.08n

Pé tinh toan sai s6 du doan, ban kinh sai sé dugc
xéc dinh 12 3R = 0,25 hai 1y (99.7%).

Buwéc 2: Thiét 1ap tap hop vi tri tau gia dinh trong
mién tim kiém

Xay dung mang kinh vi tao thanh tap hop diém
A={M,, (¢, 1)}, v6i:

x={12,....b} vay={12,...,a}.

Vido giéi han phiaNam ¢y = @i, va vi do gidi
han phia Bic ¢, = @

Kinh d6 gi6i han phia Tdy A, = Ay, va kinh d6
gioi han phia Pong 1, = 1.,

Khoang gian cach dam bao: @i, — @; =
09000001 va A;,; — 4; = 0°000001

Trén tau tién hanh do d6 cao va phuong vi mat troi
dong thoi, sau khi hiéu chinh dugc (hg A7). Thao téc
xéc dinh vi trf tau trén hai d6 mercator: Vong ding cao
c6 tam 1a cuc chiéu sang S(¢s, As), ban kinh Ia
khoang cach that (hs), giao véi phuong vi do (Ar) cho
vi tri tau la F. Tuy nhién, vi tri that F chi la gia dinh vi
khong thé vé duoc duong vi tri (hg, h%) trén hai do
do khoang cach hg quélon.
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a

P

A A4

Hinh 5. Tdp hep diém trong mién tim kiém
Tinh toan khoang cach tir diém batky M, € {A}
t6i F, do khoang cach FS rit I6n nén coi gan ding:

~

EF ~ EF va EF 1 M,,S (8)

Hinh 6. Xdc dinh vj tri x4c sudt nhat

Xeét tam giac vudng M, EF, ta co:

(]V[xyF)2 = (MxyE)2 + (EF)2 (9)
Trong do:
M, F : Sai sb ciia vi tri gia dinh Myy,

EF ~ EF=FSxa=hg*a
a=Ar—K
My F? = (M E)? + (EF)?
K la huéng tr  M,,, — S trén hai d6 Mercator,
tinh theo cong thac [10]:

K =tan™ (M) =
HD

Véi:
Vi do tién cua
D, =alntg [

Vi do tién cua

A=A
s Ty (10)
D¢s_D‘ﬂx
Px-
l-esing, )2
7L P & (11)
4 2 )| 1l+esing,

Ps:
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1-esi 2
D_=alntg Zy 9 ﬂ (12)
‘”5 4 2 )\ 1+esing

Trong do:
a: ban truc I6n cua elip kinh tuyén trai dat,
e: d6 léch tam cua elip kinh tuyén trai dat.
M, E =SM, —SE=h —h, (13)
Voi:

- - -
h,, =sin"[sing, sino "
+C0S ¢, COS 5 COS(tg + Ay ]

Vi tri tau xac sut nhat (M ) théa man diéu kign:
(M, F)* =min{(M,F)’} (15)

4. Két luan

Bai bao da trinh bay phuong phéap xac dinh vi tri
tau bang quan tric mat troi khong dong thoi truyén
thong. Phan tich, danh gia uu nhugce diém theo tiéu
chuan vé do chinh xéc dan duong va dic diém cua
phuong phép du phong theo yéu cau cua Cong wdc
STCW. Nghién ctu méi dé& xuit phuong phap xac
dinh vj tri tau bang quan tric ddng thoi d6 cao va
phuong vi mat troi. Vi tri tau dugc xac dinh trén co so
phuong phap binh phuong nhé nhat. Pay 1a phuong
phap méi, thuc hién don gian nhanh chéng vao thoi
diém bét ky vao ban ngay, hau nhu khong phu thudc
vao vi tri du doan. Trén co s& todn hoc da trinh bay,
trong cac nghién cuu tiép theo tac gia s& xay dung
chuong trinh tinh toan tw dong, hoan toan c6 thé trién
khai &p dung trén tau bién.
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