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Tém tit

Céng tdc diéu dong tau cdp cau la mot trong nhitng
cong tdc nguy hiém nhat trong qud trinh khai thac
vdn hanh tau thity. Van dé danh gid nguy co trong
qud trinh tau thity cdp cau déng vai tro quan trong
doi véi an toan ciia tau va cang bién. M6 hinh déanh
gid kha néng phat trién bén vieng ciia mot hé thong
dwa ra boi H. Bossel vao nam 1999 dwoc dp dung
cho nhiéu linh vuc khac nhau tir linh vuc kinh té xa
héi dén khoa hoc ky thudt. Bai bdao dé xudt mét mé
hinh danh gid va canh bao nguy co theo thoi gian
thue dé ning cao an toan va hiéu qud trong qud
trinh tau cdp cau dya trén mé hinh Bossel. Cdc tri
s6 ddnh gid nguy co trong mé hinh dwoc dé xudt sir
dung cdc thong sé dong hoc ciia tau (vi tri, hudng
tau, téc do), dac tinh cua tau (chiéu dai, chiéu rong,
tdi trong toan phan), diéu kién gié va vi tri cau cang
dwoc thu thdp, tinh toan tir cdc trang thiét bi lcfp dat
trén tau.

Tir khéa: Cong tdc diéu dong tau cdp cau, mé hinh
danh gia va canh bao nguy co, thoi gian thuc.
Abstract

Ship berthing is one of the most dangerous phases
in the process of ship operation. Risk assessment
during ship berthing play a vital role to improve
the safety of ships and ports. Sustainable
development model, which is introduced by H.
Bossel in 1999, is applied in various fields from
social systems, economical systems to engineering
systems. This article introduced a real-time risk
assessment and awareness model to improve the
safety and effectiveness during ship berthing
operation based on Bossel model. Risk indicators
of proposed model are assessed from ship
dynamics (position, heading, velocity), ship
characteristics (length, beam, dead weight), wind
condition and berth locations, which are collected
and determined from on board navigation
equipments.

Keywords: Ship berthing, risk assessment and
awareness model, real-time.

1. M& dau

Pam bao an toan va hiéu qua trong qué trinh tau
thity cap cau 1a vin dé duoc quan tim béi chinh quyén
cang, cang bién, chu tau va cac cong ty khai thac tau
bién. Hién nay dé dap ung nhu cau trao ddi thuong
mai quéc té, mat do tau bién ra vao cac cang bién cang
ngay cang tang, diéu kién hang hai trong khu vuc cang
bién tré nén phuc tap hon. Bt ky tai nan trong quéa
trinh tau cap cu déu din t6i mét an toan hang hai, anh
hudng ké hoach khai thac cua cang bién va nguy co 6
nhiém moi truong. Do d6, ddnh gia va canh bao nguy
co cho thuyén truong va hoa tiéu trong qua trinh tau
cap cau la giai phap hiéu qua dé dam bao an toan cho
tau va cang bién.

Céc nghién ctru danh gia nguy co trong qua trinh
tau cdp cau hién nay chii yéu theo hai phuong phap
chinh: phuong phap ban thuc nghiém va phuong phap
phan tich dir liéu. Cac phuong phap ban thyc nghiém
duogc str dung trong cac nghién ctu [1], [2], [3], [4].
Nhém tac gia K. Hsu va J.C Kao da xay dung dugc md
hinh phén tich the bdc mo Fuzzy AHP (Analytic
Hierarchy Processs) dwa trén cac tri s6 an toan SI
(Safety Index) thong qua y kién danh gia cac hoa tiéu
hang hai vé cac yéu td an toan c6 thé nang cao an toan
trong qua trinh tiu cdp cau bang cac chinh sach dugc
dua ra boi chinh quyén cang trong nghién ctu [1].
Nghién ciru [4] két hop mé hinh phan tich 13i theo so
d6 hinh cay FTA (Fault Tree Analysis) va mang Bayes
(Bayesian Network - BNs) dé danh gia nguy co trong
qué trinh diéu dong cap man gitra tu v6i tau. Nhom
nghién ctru mo hinh FTA dugc str dung dé xac dinh cac
tinh hudng nguy hiém va céu trac logic cua chung dua
trén y kién chuyén gia va phuong phéap logic mo. Mang
BNs dugc sir dung dé mé phong cac nguy co trong qué
trinh diéu dong thong qua so d6 hoa mé hinh FTA. Tuy
nhién, cdc phuong phap nay déu chita cac yéu to bat
dinh dan t6i két qua danh gia nguy co tiém 4n bat dinh
nhét dinh. Ngoai ra, cac mo hinh danh gi4 nguy co duoc
dé xuat khé danh gia nguy co theo thoi gian thyc.
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Véi sy phat trién ciia cong nghé dir lidu 16n, cac
phuong phdp phan tich dir liéu tr¢ thanh xu hudng
nghién ctru hi¢u qua trong qua trinh xac dinh va danh gia
cac yéu té nguy co [5], [6], [7]. Nhom tac gia H.T Lee va
cong sy da str dung 9 thuat toan hoc may khac nhau dé
phén tich dit lidu téc do cap cau cua mot cang hang long
ctia Han Qudc [5]. Nghién ctru [7] duya trén phén tich 348
vu tai nan ctia tau ché hang nguy hiém trong qué trinh
cap cau dé dé xuat mo hinh hdi quy logic ¢6 trat ty dé
xac dinh cac yéu t6 khong dong nhat khong duge nhan
dién giita s6 liéu théng ké va phuong phap tinh toan cac
thong s6. Mot s6 han ché ctia cac phuong phéap phan tich
dit liéu bao gdm: Yéu cau xtr Iy lwrong thong tin 16n, gisi
han vé thoi gian xir 1y, kha ning thu thap dir liéu, thiéu
mdt hé thong tri s danh gia nguy co toan dién. Cac han
ché ctia cac phuong phap phan tich dir liéu bao gdm: Yéu
cau xir Iy lwong thong tin 16m, gi6i han vé thoi gian xir 1y,
kha ning thu thap dit liéu, thiéu mot hé thong tri sé danh
gia nguy co toan dién. Ngoai ra, mot sb nghién ctru can
c6 céc thiét bi hd trg lép dat trén bo, cau cang dé cung
cép dit liéu cho qua trinh phan tich.

Vian dé cdt 16i cua bat ky md hinh danh gia nguy co
cho cac hoat dong ctia mot hé théng can dua ra mot hé
thong cac tri s danh gia nguy co phi hop va toan dién,
chi ra muc d nguy co cho timg tri s6 d4anh gié trong cac
diéu kién hoan canh khac nhau. M6 hinh danh gia kha
ning phat trién bén vimg ctia mot hé thong dura ra boi H.
Bossel vao nam 1999 duogc ap dung cho nhiéu linh vuc
khéc nhau tir linh vuc kinh té x3 hoi dén khoa hoc ki
thuat. Nghién ctru sir dung mé hinh Bossel dé danh gia
va canh bao nguy co trong qua trinh tau cip cu dya trén
cac thong ) dong hoc cua tau (vi tri, hudng tau, tde do),
ddc tinh cua tau (chidu dai, chidu rong, tai trong toan
phan), diéu kién gi6 va vi tri cau cang duoc thu thap, tinh
toan tir cAc trang thiét bj lap dit trén tau.

2. M6 hinh danh gia va cinh bao nguy co theo
thoi gian thue trong qua trinh tau cip ciu
2.1. Cic thong sé dong hoc can tinh todn trong
qud trinh diéu dpng tau cdp ciu

Dé danh gia nguy co trong qua trinh tau cdp cau,
cac yéu t sau can dugc tinh toan, phan tich, d4nh gia
bao gom:

- Kich ¢d, trong tai cta tau: Thu thap tor dir liéu
AIS;

- Vi trf cau cang, huéng ciu cang: Thu thap theo
thong tin cau cang;

- Tbc @6 tau: Thu thap truc tiép tr toc do ké cua tau;

- Tbc d6 phéap tuyén cap ciu cua tau;

- Khoang cach tir tau ti cau cang;
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- Goc tiép can cau cang;

- Toc @6 quay mili tau: Thu thap truc tiép tir dong
hd do tbc d6 quay miii tau cta tau hodc tinh toan tir
huéng tau;

- Piéu kién gio, dong chay: Thu thap truc tiép tir
ddng hd do gio, toe do ké trén tau.

Trong cac yéu tb néu trén, yéu t6 khoang cach tir
tau téi cau cang, tbc do phap tuyén cap ciu cua tau,
goc tiép can cau cang can duogc tinh toan duya trén cac
dit liéu vi tri tau (tir GPS), téc do tau va hudng chuyén
dong cuia tau (tir tbe do ké va GPS), huéng miii tau (tir
la ban dién) va vi tri cau cang, huéng cau cang.

a) Khoang cdch tir tau t6i cau cang

Khoang cach giira tau va cau cang D, dugc xéac
dinh tr vi tri kinh vi d9 cua tau Os(x;,y,) va vi tri kinh
vi d6 ciia cau tau B(xs,ys) nhu sau:

. T . s
D, = arccos (smylsmyL + M
180 180
s T XpTT—XsTT
180 180 180

cos

Trong d6: R = 6,371km 14 ban kinh ctia Trai Dat.

b) Géc tiép cdn cau cang

Goc cép cau 0 duoc xac dinh 13 hiéu sb gitta hudng
mili tau y va hudng cap cau w;, (Hinh 1):

0 ==l @

o %

Hinh 1. Goc cdp cdu va téc dé phap tuyén cdp cdu
cua tau

¢) Téc dg phdp tuyén cdp cau ciia tau

Tdc d6 phap tuyén cp cau 1a tbe d6 cua tau theo
hudng phap tuyén vudng goc voi cau cang (Hinh 1).
Téc do phép tuyén cap cau U, duoc xac dinh dua trén
toc do tau U, huong chuyén dong ctia tau Co va huéng
cap cau

U, = Usin(y, — Co) 3

2.2. Quy dinh an toan trong qud trinh diéu dong
tau cdp cdu tai Viét Nam

Cuc Hang hai Viét Nam da ban hanh Quyét dinh
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109/Qb-CHHVN “Ban hanh quy dinh k¥ thuat khai
thac cau cang” vao ngay 10/03/2005 v&i cic yéu cau an
toan trong qua trinh diéu dong tau cap ciu nhu sau [8]:

Diu 28

2. Diéu kién khi tuong thuy van khi cdp tau vao
céu cang dugc quy dinh trong li lich ciu cang. Thong
thuong diéu kién thuan loi cho tau cip cang trong
truong hop tde do gié dudi cap 5, chidu cao song dudi
cép 3 va tdc do dong chay dudi 0,6m/s (cap toc do gio,
cAp song tham khao Phy luc 5).

Didu 29

2. Trong moi trudng hop cap tau vao cau cang déu
phai dam bao:

- Téc @6 phap tuyén cap cau tau theo quy dinh ¢ 1i
lich cau cang, truong hop khong co quy dinh riéng thi
¢6 thé tham khao theo s6 liéu ¢ Bang 1.

Bang 1. Téc dp phdp tuyén cdp cau tiu

Luong chiém s .. | Luong chiém A a
. ... | Tocdd . ... | Tocdd
nuoc voi tai . nuoc voi tai .
cap cap
trong thuc trong thuc
) (m/s) ) (m/s)
ché (Wt) ché (Wt)
Pén 2,000 0,22 | Bén 20,000 0,11
Pén 5,000 0,15 | Bén 40,000 0,10
Pén 10,000 0,13 | Dén 100,000 0,09

- Piém cap cau (diém va du tién cua tau vao dém
tau nam trong khoang cach chiéu dai tinh tir mii tau
dén diém cach truc tim tau theo phwong doc mot
khoang bang 1/4LOA ddi v&i cau tau lién tuc va bang
1/6LOA dbi v6i cau dang tru va doc 1ap.

Bing 2. Piéu kién cip céu cing Dinh Vi

Chiéu .
o R Toc
. .z | Yantoc| cao . B
Trong | Vantoc| ~ . | do Géce
e R gio khi | song . .
tdi tau | cap tau . . dong | cip
cap khi . 5
(DWT) | (m/s) . chdy | tau
(m/s) | cap
(m/s)
(m)
Dén <
V<0,15 | V<10,7 | H<0,5| V<0,6
20,000 15°
Lén
hon
20,000 <
P V<0,10 | V<10,7 | H<0,5| V<0,6
den 10°
dudi
50,000

- Goc cap tao gitta truc doc tau véi tuyén mép cau
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gidi han tir 0°-20°. Khi lya chon céc tri s6 =20° can
xem yéu t6 duong bao miii tau & cao do boong chinh
va duong cong than tau & cao d¢ diém va dé tranh va
cham tau bién vdi cac thiét bi trén bén.

Cong ty CP dau tu va phét trién cang Dinh Vi ban
hanh Quyét dinh 47/QD-TGD “Quy dinh ky thuat
khai thac cau cang” vao ngay 20/12/2019 [9].

Diéu 8 - Pidu kién ty nhién khi cap cau (Bang 2).

2.3. Ap dung mé hinh Bossel dé dinh gid va
cdnh bdo nguy co trong qud trinh tau cdp cdu

Vao nam 1999, H. Bossel da dua ra mo hinh phat
trién bén viing cho mot hé théng dé danh gia toan dién
kha ning bén viing ciia hé thong theo nhiéu khia canh
khéc nhau, trong cac didu kién hoan canh khac nhau [10].
M5 hinh dwa ra 6 trj s6 danh gia bao gdm: Tri s Tén tai,
tri sb Hiéu qua, tri s6 Tu do, tri s6 Bao toan, tri sb Thich
nghi, tri s Cting ton tai. Trong do, tri s6 Ton tai lién quan
dén kha nang cta hé thng duy tri sy ton tai ctia hé thong
va cac thong tin, ngudn luc can thiét dé duy tri sy ton tai
ctia hé théng. Tri sé Hiéu qua phan anh kha ning ctia hé
théng tan dung ngu@)n luc han ché tac dong 1én moi
trudng xung quanh. Tri s6 Ty do thé hién kha nang xir Iy
cac kho khan, tro ngai khi méi truong hoat dong thay doi
theo cac cach khac nhau. Tri s6 Bao toan phan anh kha
ning cua hé thong bao vé khoi cac anh hudng tiéu cuc
ctia méi truong bién dbi. Tri s6 Thich nghi thé hién kha
ning thich mg phu hop cua hé thong dbi véi cac thay
d6i ciia moi truong. Tri s Cing ton tai phan anh kha
nang diéu chinh cac hanh dong dé duy tri kha niang cing
ton tai v6i cac hé thong khac trong méi trudng.

Mo hinh Bossel ¢6 tinh toan dén sy két hop anh
hudng ctia céc tri s6 danh gia 1én hé thong. Tri s6 danh
gia nguy co tong hop duoc xac dinh tir hé sd ciia cac
tri s6 danh gia. Cac yéu t6 anh huong dén qua trinh
tau cap cau duoc lua chon cho céc tri s6 danh gia cua
mo hinh Bossel nhu sau:

- V& co ban, tau c6 tai trong cang 16n thi cong tac
didu dong cép cau cang kho khan. Tai trong cua tau
trong qua trinh cap cau la co s¢ quan trong dé thuyén
truong va hoa tiéu quyét dinh téc d6 cap cau an toan,
st dung may chinh, chan vit man, tau lai hd trg phu
hop duoc quy dinh phu thudc vao cac tidu chuin khai
thac ctia chinh quyén cang. Do dé, tai trong toan phan
cta tau duoc lva chon dé danh gia tri 6 Ton tai.

- Téc do tau 1a mot trong cac yéu té chinh anh
huéng dén cac kho khan trong qué trinh cép cau va
hi€u qua diéu dong tau. Tbc @6 tau can duogc giam
trong pham vi an toan cho phép vé6i khoang cach nhét
dinh tir tau toi cau cang. Khi khoang céach tir tau toi
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cau giam, toc d6 tau can duoc giam tuong tmg dé dam
bao an toan. Nguoc lai, khi khoang cach tir tau t6i cdu
16n, tde d6 tau can dugc ting 1én dé ting hiéu qua diéu
dong va tiét kiém thoi gian cap clu. Téc dd tau duge
Iwa chon dé d4nh gia tri s6 Hiéu qua.

- Trong diéu kién hanh trinh véi tbc do thip, gid
¢6 tac dong dang ké dén kha nang diéu dong cia tau.
Téc do gi6 cang 16n, nguy co mt an toan trong qué
trinh cap cau ting 1én. Tuy theo quy dinh ciia qudc gia,
clia cic cang khéac nhau, tau khong dugc cap cau khi
cép d6 gi6 trén murc d6 nhét dinh, thong thudng 13 khi
cip do gio6 trén cip 7. Tac dong cua gid 1én tau duoc
lya chon dé dénh gia tri s6 Ty do.

- Trong qué trinh cp cau, khi tau gan khu vyc cau
cang, néu tbc d6 quay mii cua tau qua nhanh c6 thé
dan toi nguy co va cham vao cau tau, ké ca ¢6 su hd
tro cua tau lai. Toc do quay mili cia tau dugc lya chon
dé danh gia tri s6 Bao toan.

- Trong qué trinh tiép cin cdu tau, tbc do cap cau
phu hop cua tau dugc xac dinh dya trén luwgng gian
nudc cla tau va loai ciu. Néu téc do cap cau qué
nhanh trong khi khoang cach giita tau va cau cang nho,
tau ting nguy co va cham vao cau cang. Do vy, toc
do cap cau dugc lwa chon dé danh gia tri s6 Thich nghi.

- Chinh quyén cang dua trén diéu kién khu vuc cau
cang s& quy dinh gbéc cdp cau cia tau (goc xét dén
hudng tau va hudng cip cau) can dugc didu chinh
thich hgp, khong vuot qua gid tri cho phép. Thong
thuong, goc cap cau cia tau can dugc diéu chinh
khong vuot qua 10-20 d6. Goc cap clu dugce lya chon
dé danh gié tri s6 cung Ton tai.

Ngoai cac yéu td néu trén, cac thong sé chiéu dai
L va chiéu rong B clia tau ciing duoc xem xét dé danh
gia nguy co.

Béng 3 tong hop cac yéu t6 cin xem xét trong qua
trinh c4p cau va cong thirc tinh toan twong tng dugc
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Bing 3. Cic tri 56 ddnh gid nguy co

s A ar C6ng
Tri s0 danh B A e ., .,
., Yéu to danh gia thirc
gia nguy co i .,
danh gia
Tén tai Tai trong toan phin Duwt
Hiéu qué Téc do tau =
Van téc gi6 tac dong
Tu do L Vwina LB
1én tau
Bao toan Téc d6 quay mili tau r
Téc do phap tuyén
Thich nghi 0¢CoPhap Iy Us
cap cau
Cung ton tai Goc cap cu %

lwra chon dé danh gia cac tri s6 danh gia nguy co.

Trong d6: D, 1a tai trong cta tau, U la van te tau,
D, 12 khoang cach gitra tau v6i cau cang, vying1a van
toc goc, r 1a toc do quay miii tau, Us 1a van toc cap
cau, 0 1a goc cap cau, L 1a chidu dai tau, B 1a chiéu
rong tau.

Mirc d6 nguy co tong hop dwoc xac dinh 6 tri sb
danh gid bao gém: Tri s6 Ton tai, tri s6 Hiéu qua, tri
s6 Ty do, tri s6 Bao toan, tri s Thich nghi, tri sb Cung
ton tai (Hinh 2).

Dua trén cac quy dinh an toan trong qué trinh diéu
dong tau cap cau da trinh bay trong phan 2.2, nghién
ctru da xdy dung bang danh gia cac tri sb Ton tai, tri
s6 Hiéu qua, tri 6 Tu do, tri s6 Béo toan, tri s6 Thich
nghi, tri s6 Cuing ton tai theo Bang 4.

3. Két qua phén tich va danh gia

Nhiam dénh gia tinh kha thi va hiéu qua ciia mé
hinh dugc dé xuat, nghién ctru da sir dung mé hinh dé
phan tich va danh gia, canh bao nguy co cho dit liéu
ciia mot tau thyc té cap cau. Kich ¢& tau va diéu kién
cdu cang dugc phan tich theo Bang 5.

Bing 4. Pdnh gid mirc nguy co ciia tri sé6 ddnh gid nguy co

Tri s6 danh gia 5 4 3 2 1
Mirc d§ nguy Nguy co thap Nguy co trung Nguy co' cao
Nguy co cao . . . Nguy co cao
co vira binh vira
L 50,000-
Ton tai <5,000 5,000-10,000 10,000-50,000 >100,000
100,000
Hiéu qua <0.05 0.05-0.19 0.19-0.45 0.45-0.87 >0.87
72481-
<7950 7950-19092 19092-72481 >131588
Tu do 131588
Bao toan <5 5-10 10-15 15-20 >20
Thich nghi <0.05 0.05-0.1 0.1-0.13 0.13-0.15 >0.15
Cung ton tai <10 10-12.5 12.5-15 15-20 >20
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M6 hinh Bossel Nguy co téng hop

Tén tai -
Nguy co thap

Hiéu qua -
Nguy co thap vira

Twdo

Nguy co trung binh

Bio toan
Nguy co cao vira

Thich nghi

Nguy co cao

Cung ton tai

Hinh 2. M6 hinh danh gid va cdinh bdo nguy co trong

qud trinh diéu dong tau cdp cau

Hinh 3. Qud trinh tau diéu dpng cdp ciu

Hinh 3 mo ta vét chuyén dong cia tau trong qua
trinh diéu dong tau cap ciu.

Hinh 4-8 thé hién db thi ciia thong s6 khoang cach
giita tau va clu cang, toc do tau, tbc do phap tuyén cap
cdu, goc cap cau, tbe do quay miii tau trong qua trinh
tau cap cau. Theo Hinh 4, 5 va 6, tau duoc diéu dong

900

800 [

58 8 8 3
8 8 8 8

Berthing Distance(m)

s

0 500 1000 1500 2000 2500 3000 3500
Time(s)

Hinh 4. Dé thi khodng cdch t6i ciu cing

Bing 5. Cic tri 56 ddnh gid nguy co

Théng sb Gi tri Don vi
Chiéu dai cta
235 m
tau (L)
Chiéu rong
38 m
cua tau (B)
Tai trong toan
phén cia tau 86,528 MT
(Dwt)
s 34-19.77N
Vi tri cau .
] 132- Kinh vid¢
cang
57.55E
Hudng ca
‘Ag P 290.7 bo
cau

giam dan toc do dé tiép can cau, hoan thanh cap cau
tai 2700s. Khi khoang cach dén ciu 50m tai 1500s, tbc
d6 phap tuyén cap ciu va tdc do tau 1a 0,1m/s tuong
g murc Nguy co trung binh. Tuy nhién, tai thoi diém
2300s, toc d6 phap tuyén cap cau va tdc do tau ting
1én 0,2m/s 1én mirc Nguy co cao. Theo Hinh 7, goc
cép cau ban d4u la 16n nén mirc nguy co dat mirc Nguy
co cao, sau d6 hudng tau dwoc didu chinh dé giam goc
cap cau vé dudi 10 do vé mirc Nguy co thap khi tau
cach ciu 50m tai 1500s va duy tri khi hoan thanh qua
trinh cap cu. Theo Hinh 8, do hudng tau can dugc
diéu chinh v& huéng cap cau nén toc d6 quay miii ting
dén 23 d¢/phiat mic Nguy co cao sau d6 on dinh dudi
5 d6/phut twong tmg muc Nguy co thap.

Hinh 9 thé hién d6 thi céc tri s6 danh gia nguy co
trong qua trinh tau cap cau. Trj sé danh gia nguy co
téng hop Total risk ting dan tir mic Nguy co trung
binh Ién muc Nguy co cao vira tai 500s sau d6 giam
dan vé mirc Nguy co thap vira. Tri s6 Ton tai theo tai
trong toan phan duy tri khéng di & mirc Nguy co cao.

Ship Speed(m/s)

0 500 1000 1500 2000 2500 3000 3500
Time(s)

Hinh 5. Do thi téc dp tau
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Berthing Speed(m/s)
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Hinh 6. D6 thi téc dp phdp tuyén cip cau
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Rate of turn (degree/min)
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Hinh 8. Do thi téc dg quay miii tau

Tir Os dén 500s, céc tri sb danh gia déu & muc Nguy
co cao trir tri s6 Tu do & mirc Nguy co thap vira. Sau
d6, chi con tri s Hiéu qué theo tbe do tau va tri sd
Thich nghi theo tdc d6 phap tuyén cap cau con duy tri
& mic Nguy co cao nhung sau do giam dan vé mirc
Nguy co trung binh. Nhu vay, dua trén danh gia cua
mo hinh, qua trinh didu dong tau thyc té duy tri toc do
tau va toc do phap tuyén cép cau nhiéu thoi diém con
¢ao so voi yéu cau, tiém an i ro.

BERTHING RISK ASSESSMENT AND AWARENESS

Distance to berth (m)| 531 @) Berthing angle (degree) 85 @
SOG (mis) 016 @ ROT (degree/min) 0.0 @
Berthing speed (mis) | 0.15| @ Wind speed (ms) 43

Total Risk: | Medium High Risk | @

T T T T T e T e e e e

0 240 480 720 960 1200 1440 1680 1920 2160 2400 2640 2880 3120 3360 3600
Time: 1495.1 sec

Hinh 10. Danh gia va cinh bdo nguy co trong qud

trinh diéu dpng tau cdp céu theo thoi gian thuc
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Hinh 7. D6 thi goc cdp cdu
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Hinh 9. Do thi tri 56 ddnh gid nguy co

Hinh 10 thé hién cong cu danh gia va canh bao
nguy co theo giodi gian thyc ciia mo hinh dwoc dé xuat
tai cac thoi diém khac nhau trong qua trinh tau cép cau.
Cac gia tri khoang cach tdi cau cang, tde do tau, toc
d6 phap tuyén cap cau, goc cap cau, tbe do quay mii
va tbc d6 gio déu duoc hién thi theo thoi gian thuc
ddng thoi dua ra cac canh bao theo mau. Nguy co tong
hop duogc hién thi dudi dang chit va mau. Tai thoi
diém 1500s, mo hinh d4nh gia dua ra canh bao nguy
co vé toe do tau va tde do phéap tuyén cap cAu, muc do
nguy co tong hop hién thi mirc “Nguy co cao vira”.

4. Két ludn

Trong bai béo nay, tic gia da dé xuit mo hinh danh
gi4 va canh bao nguy co giita trong qua trinh didu
dong tau cap cau theo thoi gian thuc dua trén mo hinh
ctia Bossel. Cac tri s6 danh gia nguy co dugc phan tich
dua trén cac yéu td an toan duge xac dinh theo cac
thong tin thu thap tir cac trang thiét bi lap dit trén tau
va thong tin cau cang. Két qua phan tich di lidu cap
cAu cia mot tau thuc té cho théy hiéu qua cua mo hinh
trong viéc danh gia va canh bao nguy co theo thoi gian
thyc trong qua trinh tau cap cau, tir 46 thuyén truong,
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hoa tiéu nhan thirc duoc cac rii ro hién hitu dé dua ra
cac hanh dong phu hop.
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