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Tém tit

Chay trén tau bién la mét nguy co nghiém trong
de doa an toan hang hdi, gdy thiét hai vé ngieoi va
tai san. Nguyén nhdn chii yéu bao gom sw cé ky
thudt, chdp chay hé théng dién, ro ri nhién liéu
hodc 16i trong qud trinh vdn hanh. Khi xdy ra
chay, dam khéi va lira c6 thé lan nhanh, gay khé
khan cho viéc kiém sodt va ciu hé. Cdc bién phap
phong ngira bao gom kiém tra dinh ky, bao dwéng
hé thong phong chéy chita chay, hudn luyén nhén
vién va tudn thii cdc quy dinh an todn quéc té nhw
SOLAS. Trong truong hop chay, viéc swr dung cdc
thiét bi chita chdy phit hop va nhanh chéng so tan
nguwoi la rdt quan trong dé giam thiéu thiét hai.
Céng tdc tmg phé hiéu qua yéu cau sy phoi hop
chat ché giita cac thuy thu, nhan vién va cac co
quan cieu hé @é dam bdao an toan t6i da cho tiu,
con nguoi va hang hoa. Trong bai bao nay, chuing
16i thiee hién nghién civu tong quan vé si c6 chdy
trén tau bién, thong ké dir liéu sw c6 chdy da xdy
ra két hop phuwong phdp phin nhém hinh cdy
(Dendrogram).

Tir khéa: Sir cé hang hdi, chay trén tau bién, phén
tich dir liéu, phwong phap phan nhom hinh cay.
Abstract

Fire on board ships is a serious risk to maritime
safety, causing loss of life and property. The main
causes include technical failures, electrical
system short circuits, fuel leaks or operational
errors. When a fire occurs, smoke and fire can
spread rapidly, making it difficult to control and
rescue. Preventive measures include regular
inspections, maintenance of fire protection
systems, staff training and compliance with
international safety regulations such as SOLAS.
In the event of a fire, the use of appropriate fire

fighting equipment and rapid evacuation of
people are essential to minimize damage.
Effective response requires close coordination
between sailors, staff and rescue agencies to
ensure maximum safety for ships, people and
goods. In this paper, we conduct an overview
study of fire incidents on ships, statistical data on
fire incidents that have occurred in combination
with the Dendrogram method.

Keywords: Maritime incidents, fire on ships, data
analysis, Dendrogram method.

1. Pit van dé

Trong nhitng nim gan day, vin dé chay trén tau
bién da tré thanh mot mbi quan tdm 16n trong linh vuc
hang hai toan cau, anh huéng nghiém trong dén an
toan hang hai, tai san va con nguai [1-3].

Theo cac bao céo théng ké, hang nam co hang tram
vu chay xay ra trén cac tau bién, gay thiét hai vé vat
chat va de doa tinh mang cuia hanh khach va thuyén
vién trén tau [4-7]. Péc biét, cac vu chay khong chi
gay thiét hai vé vat chit ma con lam gian doan hoat
dong van chuyén hang hoéa qudc té, anh huong dén
chudi cung mg toan cau [8].

Nhiéu nghién ciru di phén tich sau cac vu chay
trong khoang may, nguyén nhan do ro ri dau, chap
dién, va van dé bao tri [9]. Hay tap trung vao cac dbi
tuong hay xay ra chay nhu tau Ro-Ro passenger [10],
[11], tau hang [12], tau container va viéc van chuyén
hang nguy hiém [13].

Dé hiéu rd hon vé cac dic diém, xu hudng, cac yéu
t6 lién quan dén cic vu chay va xay dung ké hoach
phong chay phu hop, mot sé nha nghién ctru di tmg
dung cac phuong phap phén tich danh gia khac nhau
nhu AHP [14], Bayesian network [12], AcciMap [15].
Trong nghién ciru nay, tac gia thong ké dit lidu vé su cd
chay trén tau bién trong thoi gian qua két hop phuong
phép phan tich dit liéu Dendrogram, dugc trién khai
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Hinh 3. Ty 1¢ khu vwc xdy ra chdy trén tau

thuc hién trén phan mém tinh toan va phén tich dit liéu
Matlab. Phuong phap nay cho phép phan nhém céac vu
chay dua trén cac dic diém nhu nguyén nhan, pham vi
thiét hai, thoi diém xay ra va vi tri trén tau, tir d6 gitp
xac dinh cdc md hinh va mdi lién hé gitra cac yéu td nay.
Thong qua viéc xdy dung cdy phan nhom
(Dendrogram), co thé dé dang nhan dién cac nhom vu
chdy c6 dic diém tuong dong, tir d6 dé xuét céc bién
phap phong ngtra va tmg pho phu hop hon.

Tinh dén thoi diém hién tai, chua c6 nghién ciru
trong nudc nao thuc hi¢n phan tich dir li¢u chay trén
tau bién. Lién quan dén van dé chay trén tau (voi tir
khoa tim kiém “chdy trén tau bién” trén hé thong cong
b6 khoa hoc Scholar), cac tai liéu/cong trinh di cong
bd trong nude hdu hét 1a cac bao cao vu viée nho 1é
hoidc tip trung vao xdy dung hay phat trién cac hé
thong bao chay trén tau. Dic biét, néu két hop ca 2 tir
khoa tim kiém “chdy trén taw” va “dendrogram” hoan
toan khong ¢ két qua nao. Do do6, c6 thé néi day 1a
hudng di hoan toan méi ma cac nghién ctru trong va
ngoai nude chua ai thue hién.

2. Thong ké sw ¢6 chay trén tau bién trén thé
giéi 10 nim gan day
2.1. 86 ligu théng ké

Thdng ké s6 vu chay trén tau hang nam trong giai

372

doan 10 nim gan déy tir ndm 2015 dén nam 2024 dya
trén tong hop tir cdc béo cao thuong nién ciia IMO
duoc thé hién trong Hinh 1 [16].

Dit lidu cho thay, s vu chay trén tau bién toan ciu
ghi nhan xu hudng gia ting dang lo ngai. Nam 2015
chi ¢6 khoang 90 vy, tuy nhién con s6 nay da ting déu
qua tung nam, dat 135 vu vao nam 2019 va 1én téi 165
vu vao nim 2021. Xu hudng nay tiép tuc bung nd
trong giai doan gan day, v6i 187 vu nam 2022 va dat
dinh 250 vy vao nam 2024.

Nguyén nhan gy chay ciing dugc thong ké va
thé hién trong Hinh 2. Theo d6, nguyén nhan chinh
dugc xéc dinh chit yéu do chap dién trong khoang may,
10 ri nhién liéu, 16i van hanh con ngudi, va chay tir
hang héa nguy hiém, dic biét 1a pin lithium-ion trén
cac tau container va tau chd 0 to.

Hinh 3 minh hoa khu vuc xay ra chay cling nhu ty
1é xuét hién trong cac su cb chay dugc théng ké. Khu
vuc xdy ra chay phd bién nhét 1a phong may chinh,
tiép theo 1a khoang hang va khu sinh hoat. Cac vu
chay khong chi gay thiét hai 16n vé tai san ma con de
doa nghiém trong dén tinh mang thily tha doan va an
toan hang hai toan cau. Viéc ting manh sé vu chay
trong giai doan 2022-2024 phan 4nh o rang yéu cau
cép thiét vé nang cao tiéu chuén an toan phong chay
chira chay trén tau bién hién nay.
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2.2. Tan sudt

Dua vao cac bao céo théng ké duogc thu thap, tin
suét xdy ra cac sy ¢ chay trén tau dugc md ta nhu
Béang 1 sau.

Bing 1. Tan sudt xdy ra chdy

Loai/ Khu vue tau Tén suit

Chay may chinh ~7 trén 10,000 tiu mdi nim

Chay may phu ~4 trén 10,000 tiu mdi nim
) ~40-45 vu mdi nim

Chay hang container . N .
(khodng 1 vu moi 9 ngay)

Chay tau Ro-ro >1% sb tau mdi nim

Téng hop su ¢b chay Trén 150 vu mdi nim

Béng thdng ké cho thiy phong méy chinh van 1a
khu vuc ¢6 nguy co chay cao nhit, vi tin sut khoang
7 vu trén mdi 10.000 tau mdi nam, phin dnh vai tro
quan trong nhung day rui ro ciia khu vuc nay. Phong
may phu dung thir hai, gay ra khoang 4 vu trén 10.000
tau, cho thay van dé bao tri va kiém soat nhiét van con
han ché. Pang chu y, chiy hang container xay ra
khoang 40-45 vu mdi nam, tirc trung binh cr 9 ngay
lai ¢6 mot su ¢b, nhin manh mdi nguy hiém tiém tang
tir hang hoa nguy hiém, dic biét 1a pin lithium-ion.
Déi voi tau Ro-ro, hon 1% tong sb tau gap su ¢b chay
mdi ndm, phan anh céu tric ddc thu khién viée kiém
soat lira trd nén phtrc tap. Tong cong, nganh hang hai
toan ciu ghi nhan trén 200 vu chay hang nim thoi
diém hién nay, cho thay nhu ciu cap bach vé nang cap
tiéu chuén an toan phong chay trén tau.

2.3. Hdu qua

Mirc d6 thiét hai trong cac su ¢ chay trén tau va
ty 1€ xuit hién trong dir li€u théng ké duoc thé hién
tom tat trong Bang 2.

Bing 2. Mirc @ thiét hai va ty I

Hau qua Xu huwéng/ty 1€

MAt toan bd tau ~5-10 vu/nam gﬁn day (dac

(Total loss) biét RO-RO va container)

Thiét hai 16n 10-15% sb vu
Thiét hai vira

. 30%

phai
Thiét hai nhe 50%
Anh huong dén B i
] o ~10% s0 vu c6 thuong vong

thuy tht doan

Phan tich hau qua cac vu chay trén tau bién giai
doan 2015-2024 cho thiy tac dong nghiém trong ca vé
vét chit 1dn con ngudi. Khoang 5-10 tau bi mét hoan
toan mdi nam, chu yéu 1a tau RO-RO va container,
gdy ton that kinh té hang chuc triéu USD cho mdi vu.

An toan, méi trwong va phat trién hang hai bén virng

Bén canh do, khoang 10-15% vu chay duoc phan loai
murc do thiét hai ndng, anh hudng nghiém trong dén
kha nang khai thac va van hanh tau. Pang chu y, du
phin 16n vu chay chi gdy thiét hai nhe hodc vira, van
6 téi 10% su ¢d lién quan dén thuong vong hoic tir
vong thuy thu doan.
2.4. Danh gid so bp

Su ¢ chay trén tau bién mang lai nhitng hau qua
nghiém trong, anh hudng khong chi dén an toan cua
tau va hang hoa ma con dén con ngudi va moi truong
xung quanh. Nhat 14 khi ma xu hudng tai nan chay
trén tau ngdy cang ting manh trong nhimg nim gan
day. Trude tién, vé con ngudi, chay nd gy thiét hai
téi tinh mang va suc khoe. Nhitng ddm chdy dir doi,
khi doc va khoi den c6 thé giy ngat thd, bong hodc
thuong tich ning, thim chi din dén tir vong néu khong
dugc xir 1y kip thoi. Thir hai, v& mat tai chinh, sy ¢b
chay géy thiét hai 16n vé tai san, bao gdm thiét hai vé
tau, hang hoa va cac thiét bi trén tau. Chi phi stra chira,
khic phuc hau qua cling nhu mat mat hang héa giy
thiét hai kinh té dang ké cho chu tau, doanh nghiép
van tai va cac bén lién quan. Th ba, vé mdi truong,
chay trén tau bién c6 thé dan dén 1o ri nhién liéu, hoa
chat hodc cac chét dé chay ra bién, giy 6 nhiém moi
truong bién, anh hudng dén hé sinh thai va cac sinh
vat bién. Thtr tw, hau qua vé mit phap 1y va hinh sy
ciing rat nang né. Cudi cung, hau qua lau dai con anh
hudng dén uy tin ciia doanh nghiép vén tai, gdy mat
niém tin tir khach hang va cac déi tac.
3. Panh gia dir liéu chay sir dung phwong phap
dendrogram
3.1. Phuwong phdp thuc hién

Phuong phap thuc hién nghién ctru dugc mo ta
nhu Hinh 4 gém cac budc: Thu thap dir li¢u - Phan
tich dir liéu - Xay dung cong cu tinh toan - Phan tich
két qua.

Thu thgp | * Thu thap dit lidu tai nan chay trén tau ‘
dir ligu « Téng hop chi tiét timg vu

Phan tich | * Dua vio chi tiét dé tach bidt tidu chi ‘
dit lign | * Lap bang tong hop theo timg tiéu chi
Congeu | ° S4 héa thanh phan theo bang tong hgp ‘
tinh toan | * Xay dung cong cu tinh toan

T huAthﬁI,’ va, , Panh gia do chinh xac ‘

phantich | | pyap tich kbt qua

két qua

Hinh 4. Ly thuyét thue hién nghién ciru
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Trong do, dir liu sy cd chay trén tau bién dugc thu
thap trong 10 ndm tr¢ lai day (khoang 100 vu nghiém
trong/ dién hinh tir nim 2015 dén 2024. Cu thé, tap
trung vao Hdu qud la cac thiét hai 16n vé con nguoi,
tai san gém tau-hang hoa, va thiét hai vé moi truong,
hay Nguyén nhdn nhu cac hinh thai/ nguyén nhan gay
chay nd thudng xuyén xay ra hodc mdi xuit hién),
phan tich va 1ap bang tong hop theo cac thanh phan
chinh: Loai tau, vi tri chay, nguyén nhan, mac do
nghiém trong, t6n that nhan mang va diéu kién thoi
tiét. Sau do, st dung cong cy Matlab dé tinh toan va
thu thap két qua.

3.2. Ly thuyét tinh todn theo phwong phdp
Dendrogram

Dendrogram con goi 14 biéu dd cay, biéu thi diém
tuong dong gitra cac vecto chu thich, tinh toan phan
cum dya trén yéu té khoang cach giira cac muc tiéu
(dots) theo cong thirc Euclidean. Trong nghién cuu
nay, budc phai ma héa sé cac thanh phan/ tiéu chi
danh gia dé c6 thé tryc quan duoc gia tri khoang cach
nay.

Cu thé, co 2 su cb chay duoc mi hoa thanh 2
vector:

Xl ¥y =y ye e vl

Khi d6, khoang cach Euclidean gitra 2 diém duoc

tinh bang cong thirc:

X = [xl,xZ,

d(x,y) = Z?=1(xi - yi)2 (D

Truc ngang (x-axis) trén dendrogram 1a sap xép vi
tri cua ting vu chay tau duogc so hoa;

Truc dimg (y-axis) trén dendrogram 1a khoang
cach giira cac cum khi hgp nhat.

Cang 1én cao, cac cum dugc gop & khoang cach xa
hon, nghia la cac cum d6 khac nhau nhiéu hon.

Trong nghién ctru nay, cac dac trung dugc ma hoa
gom:

- Loai tau (ShipType);

- Vi tri chay trén tau (FireLocation);

- Nguyén nhén (Cause);

- Murc d0 thiét hai (Severity),

- Ton thét con nguoi (CrewLoss);

- Thoi tiét (WeatherCondition).

Sau khi ma hoa sd, cac su ¢d duoc xem 1a diém
trong khong gian 6 chi¢u. Khoang cach Euclidean do
muc do twong tu (hodc khac biét) tong thé gitlra cac su
0, dua trén tat ca cac yeu to do.

Vi du tryc quan, ch’fmg han ¢6 2 su ¢b chay trén
tau A va B, thong tin thanh phan nhu Béang 3.
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Bdng 3. Thong tin thanh phtin sw cé chayAva B

Thanh phén Sw cb A Swcé B
ShipType Cargo Passenger
FireLocation =~ EngineRoom Accommodation
Cause Electrical HumanError
Severity Medium High
CrewLoss No Yes
WeatherCondition Calm Rough

Buée 1: Ma hod s6
Gia tri s6 md ho twong mg v6i mdi thanh phan
duoc lya chon cai dat theo dinh hudng nghién ciru.

Bing 4. Gid tri 56 dwgc mi héa twong tng

Thanh phE?m Gia tri 56
ShipType Cargo = 1, Passenger = 4
. . EngineRoom =1,
FireLocation .
Accommodation =3
Electrical = 1, HumanError =
Cause
4
Severity Medium = 2, High =3
CrewLoss No=0, Yes=1
WeatherCondition Calm =1, Rough =3

Nhu vay, vi tri tuong irng ciia A va B trong ma tran
6 chiéu 1an lugt nhu sau:
A=[1,1,1,2,0,1]
B=1[4,3,4,3,1,3]
Bucc 2: Tinh khodng cdch theo cong thirc
Euclidean
Khoang cach dugc tinh theo cong thuc (1). Trong
treong hop nay dugc tinh nhu sau:

denmy = A =22 + (1 —3)% + (1 — 92+(2 — 3)2+(0 — DZ+(1 - 3)?

Cu thé hon, c6 thé tinh gia tri ctia timg thanh phan
nhu Bang 5.

Bing 5. Gid tri ciia méi thanh phdn twong iing

Thanh phén Cong thirc Gia tri
ShipType (1-4)*=9 9
FireLocation (1-3)*=4 4
Cause (1-4)*=9 9
Severity (2-3)2=1 1
CrewLoss (0-1)*=1 1
WeatherCondition (1-3)2=4 4
Téng 28

Sau do, 1dy can bac hai cua téng: V28 = 5,29.
Nhu vay, khoang cach giira A va B = 5,29, gia tri
nay cang 1én nghia 1a 2 sy ¢b cang khac nhau (vé loai
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tau, vi tri chay, nguyén nhan, thiét hai,...).
3.3. Thue hién tinh todan trén MATLAB

Trong nghién ctru nay, tac gia st dung cong cu tinh
toan la phﬁn mém Matlab dé thuc hién truc quan Kkét
qua nghién ciru cia minh.

Céc bién phan loai dwoc ma hoa bing phuong
phap Label Encoding. Sau d6, dit liéu dugc chuan hoa
bang phuong phép Standardization & tranh hién
tuong uu tién bién ¢o6 gia tri 16n. Phan cum phéan cép
(Hierarchical clustering) dugc thuc hién véi phuong
phap lién két Ward nham téi thiéu hoa phwong sai
trong cum. Két qua phan cum dugc tryc quan hoda
thong qua dendrogram, cho phép xac dinh s6 lugng
cum phu hop duya trén khoang cach cit. Cudi cung,
mdi nhém duge phan tich dic diém nham xac dinh cac
yéu t6 nguy co dic thu.

Cu thé, file dit liéu sau khi tong hop va thong ké
duéi dang file gidng Exel thi luu thanh file csv cho
tuong thich. Sau d6, dung dummyvar hodc grp2idx dé
chuyén doi text sang sb.

% Chuyén ting cdt sang numeric index

[~, shipTypeIdx] = grp2idx(data.ShipType);
[~, fireLocIdx] = grp2idx(data.FireLocation);
[~, causeIdx] = grp2idx(data.Cause);

[~, severityIdx] = grp2idx(data.Severity);
[~, crewLossIdx] = grp2idx(data.CrewLoss);
[~, weatherIdx] =

grp2idx(data.WeatherCondition);

% Ghép lai thanh ma tran
encodedData = [shipTypeIdx, fireLocIdx,

causeldx, severityIdx, crewLossIdx, weatherIdx];

Trong code Matlab, khoang cach dugc tinh bang

cong thuc:

% Tinh khodng cach Euclidean

distances = pdist(encodedData, 'euclidean');
pdist: Tinh toan tit ca khoang cach cip giita cac

hang ctia encodedData.

'euclidean': Dung khoang cach Euclidean, tirc
la khoang cach theo cong thic "duong thing" trong
khong gian nhiéu chiéu.

Tinh khoang cach va phén cum:

% Tao hierarchical cluster tree

tree = linkage(distances, ‘'ward');

% Vé dendrogram

figure;

dendrogram(tree, 20); % cé thé chinh s& cum hién
thi (20 hoac s6 khac)

An toan, méi trwong va phat trién hang hai bén virng

title('Dendrogram cac sy c6 chdy trén tau
bién');

xlabel('Sy cé6');

ylabel('Khodng cach');

Trong Matlab, mdt cach tinh toan va hién thi truc
quan hon d6 14 c6 thé tao heatmap ma tran khoang
céch (tiry chon) tirc 1a khoang cach duoc chuyén thanh
cac ma tran vudng tuy chon mat do theo khoang cach
% Chuyén khoang cach thanh ma tran vuéng
distMat = squareform(distances);

% Vé heatmap

figure;

heatmap(distMat, 'Colormap', hot);
title('Heatmap ma tran khoang cach cac su cé');
4. Két qua tinh toan va thio luin

4.1. Cdc két qua

Hinh 5 minh hoa mdi quan hé phan cép gitta cac
su cb chay trén tau théng qua phuong phap phan cum
dendrogram. Cac nhanh dwoc chia thanh bon nhém
chinh, duoc thé hién béing céc mau sic khac nhau (do,
xanh 14, xanh duong nhat, va den), cho th'ély su khac
biét rd rét gitra cac nhom sy cd.

Dendrogram céc sw cé chay

20

&

o

Khoang céch

Hinh 5. Dendrogram cdc sw cé chdy

Nhom dau tién tap trung cac vu chay c6 tinh chét
tuong tu vé nguyén nhan hoac vi tri, vi du nhu cac vu
chay trong budng may. Nhom thir hai va thi ba dai
dién cho cac sy ¢b xay ra ¢ khu vuc khac nhau, chéng
han nhu khoang hang hay khu sinh hoat, voi mirc do
thiét hai va nguyén nhéan khac biét. Nhém cudi cling
chira cac su ¢b co dic diém ngoai 1¢ hoac it phé bién.

Khoang cach doc (y-axis) thé hién mtc do khac
biét, cho thiy ¢ sy phéan tich 13 giita cac nhom & mirc
khoang cach 16n hon 15.

Két qua nay giup nhan dién cac dic diém chung,
phuc vu cho viéc xay dung chién luge phong chay
hiéu qua hon.
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Mot két qua khac thé hién trong Hinh 6 1a ban d6
nhiét (Heatmap) ma tran khoang cach gitra cac su cd
chay, cho thay mirc d6 twong dong hodc khac biét giira
ting cap sy cd. Cac 6 mau den trén duong chéo chinh
biéu thi khoang cach bang 0, vi mdi sy ¢b so v&i chinh
n6. Nhitng 6 mau vang va do xuét hién rai rac cho thay
tdn tai cac nhom sy ¢ co mic do tuong déng cao
(khoang cach nho), trong khi nhitng viing sam hon (d6
dam dén den) biéu thi sy khac biét 16n hon giita cac
su cO0.

Heatmap ma tran khoang cach cac sw cé

Hinh 6. Bin dé nhigt ma trin khoing cdch sw cé

Sy phan bé mau sic day dic va phan mang cho
thay dit liéu c6 tinh da dang cao, phan anh sy phirc tap
cua cac nguyén nhan va hoan canh xay ra chay.

Heatmap nay gitp tryc quan hoa mbi quan hé toan
cuc, hd trg qua trinh xac dinh cac cum sy cd dé tir do
dua ra cac bién phap quan ly rui ro va phong chay
chira chay phii hop hon cho timg nhom tau va diéu
kién cu thé.

Hinh 7 thé hién két qua cta su phan bd cac cum
(cluster) sy ¢ chay theo hai bién chinh: Loai tau
(ShipType) va vi tri chay (FireLocation). Mdi diém
dai dién cho mot su ¢6, dwoc ma hda mau sic tuong
g véi nhom (cluster) ma sy ¢d d6 thude ve.

;hén bé cac Cluster trén khéng gian 2D

45 =

N =

41 C

¢

FireLocation
N ©
N (4] w a
O O
O O O
O O
O

N
(9]

1 2 3 4 5
ShipType

Hinh 7. Phin bé nhém sw cé trén khong gian 2D
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C6 thé thay, cac diém phan tan kha déu trén khong
gian 2D, cho thdy su da dang trong kiéu tau va vi tri
chay. Mot sb cluster tap trung & cac khu vire nhat dinh,
phan 4nh nhitng nhém su ¢b lién quan mat thiét dén
loai tau cu thé va vi tri xay ra chay, chelmg han nhu
nhém cluster 2 ¢6 xu hudng tap trung nhiéu & loai tau
thtr 3 va vi tri chay tha 4.

Biéu dd nay gitip nhan dién cac miu phan bd dic
trung, hd trg xac dinh loai tau va khu vuc c6 nguy co
cao dé vu tién kiém soat an toan va xdy dung chién
lugce phong chay chira chay phu hop hon.

4.2. Thao lugn

Két qua phan tich dendrogram cho thiy sy phan
tach 13 rét cac sy c¢6 chay thanh bon nhom chinh, phan
anh tinh da dang trong dic diém sy c¢b vé nguyén
nhéan, vi tri va loai tau. Viéc cac nhanh cay tach ra &
khoang cach 16n trén dendrogram cho thdy cic nhom
c¢6 su khac biét dang ké, giup dinh hudng viéc xay
dung phuong an phong chay chira chay riéng biét cho
tung nhom tau hodc ting khu vuc trén tau.

Hinh heatmap ma tran khoang cach cung cap mot
c4i nhin truc quan vé mutrc do trong ddng giira cac sy
¢b, v6i nhitg 6 mau sang (vang, cam) chi ra cac cip
su ¢6 gan nhau vé dic diém, trong khi nhing ving tdi
hon biéu thi sy khac biét 16n. Viéc c6 nhiéu ving mau
rai rac va khong tap trung thanh cum qua ro rét cho
thdy dir liéu c6 tinh phic tap va da chiéu, diéu nay
cang khing dinh tinh can thiét ciia phuong phéap phéan
cum trong viéc nhan dién cic mau nguy co tiém an.

Biéu do phan bd céc cluster trén khong gian 2D
(ShipType va FireLocation) dd minh hoa mbi quan hé
giita loai tau va khu vuc xay ra chay, tir d6 cung cip
thong tin thyc tién phuc vu quan 1y an toan. Co thé
nhan thay mot sb cluster ¢6 xu hudng tap trung & mot
s6 loai tau hodc vi tri nhit dinh. Piéu nay chimg t6
rang mot sé loai tau ¢6 cdu truc hodc chie nang dic
thu, khién chung d& phat sinh sy ¢ chay ¢ nhirng khu
vuc cu thé.

Nhin chung, két qua phan tich nhidu chiéu nay
gitip nganh hang hai co co s¢ khoa hoc dé dé xuét
c4c giai phap phong chdng chay nd dic thu hon, thay
vi ap dung chung cho moi loai tau. Cy thé, co thé wu
tién kiém tra dinh ky va cai thién hé thong dién ¢ khu
vuc may chinh, ting cudng kiém soat hang hoa nguy
hiém trén tau container va tau Ro-ro, dong thoi cing
¢ hudn luyén ctru hoa tai cac vi tri d& xay ra chay.
Viéc ap dung mo hinh phén cym dendrogram va
heatmap két hop voi phan tich khong gian 2D mang
lai cai nhin téng thé, hd tro ra quyét dinh chién luoc
nhiam néng cao hiéu qua phong chay chira chay, bao
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v¢ tinh mang thiy thu doan va giam thiéu thiét hai
tai san, moi truong.
5. Két luan

Qua phan tich dit liéu su ¢b chay trén tau bién giai
doan 2015-2024, nghién ctru da chi ra xu hudng gia
tang dang lo ngai ca vé sd lwong va mirc d6 nghiém
trong. Két qua phan cum dendrogram va heatmap cho
thdy cac nhom sy ¢b c6 dic diém nguyén nhéan va vi
tri khac biét ro rét, giup nhan dién cac khu vuc va loai
tau c6 nguy co cao. Biéu dd phan bd 2D khing dinh
mdi quan hé gitra loai tau va vi tri chay, tir do cung
cAp co s khoa hoc cho viéc uu tién kiém soat an toan
va cai tién thiét ké phong chay. Nhing phat hién nay
nhin manh sy can thiét cta viéc nang cap hé thong k§
thuat, ting cudng kiém tra dinh ky, va dao tao thiy
thii doan, nhdm giam thiéu thiét hai vé ngudi, tai san
va mdi trudong trong tuong lai.

Nghién ctru ndy méi chi tap trung vao cac tai nan
su ¢b chay nd trén tau giai doan 2015-2024 va xoay
quanh 100 vu viéc dién hinh duoc lya chon chu quan
1a nhitng han ché ctia nghién ctru. Trong nhitng nghién
ctru tiép theo, tac gia s& cd gang thu thap day du, chinh
xac va cu thé hon, trong thoi gian dai hon dé mang lai
nhing két qua tong hop tin cdy nhét c6 thé.

Lo&i cdm on

Nghién curu ngay duogc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.182.
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