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Tom tat

Bai b&o nay gidi thiéu va ap dung phuwong phdp
ddnh gid vong doi san pham (LCA) cho déi twong
la tau cho hang. Vong doi cua tau cho hang dwoc
chia thanh nam giai dogn: khai thac va san xudt
vat liéu, dong tau, khai thdc, bdo duéng va phé
da. Viéc &p dung va tinh todn tuén theo voi cac
heong dan cua tiéu chuan 1SO 14040:2006. 12
chi sé tde d@gng téi méi truong cia phwong phdp
CML2001 dwoc sur dung trong bai bao. M6 hinh
vong doi va két qua duwoc xay dung va thu thdp
duéi sie hé tro cia phan mém GaBi. Két qud bao
gom do 1én cac khi thai va dé lon cac chi sé tac
dong trong cac giai dogn Cua vong doi va trong
toan bg vong doi. Phuwong phap LCA dwoc danh
gia 1a mang lgi cai nhin toan dién vé tdc dong téi
méi trrong trong toan bg vong doi cia san pham.
Tir khoa: Péanh gid vong doi san pham (LCA), vong
doi, khi thai, tac dong méi truong, tau ché hang.
Abstract

This paper introduces and applies the life cycle
assessment method (LCA) for a cargo ship. The
ship s life cycle is divided in five phases: (i) raw
material extraction and fabrication, (ii)
shipbuilding, (iii) ship operation, and (iv) ship
maintenance and destruction. The application and
calculation are based on the instruction in ISO
14040:2006. 12 environmental impacts of
CML2001 methodology are used in this paper.
The life cycle model and results are built and
obtained with the assistance of GaBi software
application. The results contain the emissions
amount and environmental impacts of the ship's
life cycle and its phases. The LCA method is
considered as a tool that could bring a holistic
approach in the entire life cycle of a product in
terms of the environment.

Keywords: Life cycle assessment (LCA), life cycle,
emissions, environmental impacts, cargo ships.
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1. Gioi thiéu chung

Hién nay, viéc thiét ké va ché tao ra nhitng san
pham than thién véi méi trudng 14 mot nhu cau cip
thiét. Nganh dong tau cua Viét Nam ciing nhu thé
giéi dang timg budc phét trién, va van dé tac dong
té6i moi truong trong nganh cdng nghiép tau thay
dang dugc quan tdm hon. Té chirc Hang hai quéc té
(International Maritime Organization - IMO) da dua
ra nhiing yéu cau khit khe vé viéc sir dung nhién liéu
cho cac vung bién cu thé [1]. Tuy nhién, viéc chi
guan tam tdi khi thai trong giai doan khai théc tau la
chua du, boi nhitng giai doan khac trong vong doi
cua tau thily ciing c6 nhirng tac dong dang ké téi moi
truong [2]. Hon nira, viéc giam mot sé khi thai nhat
dinh ciing chua dam bao rang san pham c6 giam tac
dong téi moi truong hay khéng.

Dé ¢6 céi nhin chinh xac vé mot san pham than
thién voi moéi truong thi viéc sir dung 1y thuyét Danh
gi4 vong doi san pham (Life cycle assessment- LCA)
14 rat can thiét [3]. Khi sir dung Iy thuyét nay, khi
thai va cac tac dong tdi moi truong s€ dugc nghién
ctiu trong toan bd vong doi cua tau thiry. Cac chi s6
tac dong toi moéi truong nhu: Sw 4m 1én toan cau
(GWP - kg CO> - equiv.), mua axit (AP - kg SOx
equiv.), mic d6 doc hai téi con nguoi (HTP kg
dichlorobenzene equiv),... cling dugc xac dinh khi
st dung ly thuyét nay. Theo huéng dan cua
1SO14040 [4], cac nghién cuau 4p dung LCA duoc
tién hanh qua bén bude chinh (Hinh 1), d6 la:

Budc 1. Muc tiéu va pham vi (Goal and scope
definition). Hai noi dung nay sé dugc xac dinh trong
buse 1. Cac yéu td quan trong nhu: cac giai doan
trong vong doi tau thay, bién cta vong doi (system
boundary), don vi chirc ndng (functional unit),... s&
duoc dinh ro.

Budc 2. Phan tich kiém ké (Life cycle inventory -
LCI). C4c s6 liéu bao gom sy tiéu thy nang luong, su
tiéu thu vat liu, khi thai s& dwoc tinh toan va tong
hop trong vong doi tau thay.
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Hinh 1. Cdc bwdc chinh trong phuwong phap LCA

Budc 3. banh gia tac dong (Life cycle impact
assessment - LCIA). Nhitng s6 liéu budc 2 s& duoc
chuyén thanh céc chi s6 tac dong tdi moi trudng.

Buéc 4. Dién giai (Interpretation). Khi thai va
cac chi sb tc dong s& duoc phan tich va danh gia. Tur
két qua caa nghién ctu, nhitng chi dan va nhan xét
hiru ich sé dugc dua ra.

Gan day, cac nghién ctu &p dung phuong phap
LCA trong linh vuc tau thay da xuat hién. Tiéu biéu
c6 thé ké toi 1a mot cong trinh nghién ctu vé mo
hinh ding dé u6c luong khi thai cua tau thuy trong
khuon khé vong doi da duoc xay dung béi nhém tac
gia nguoi Hy Lap [5]. Khi st dung mé hinh nay thi
lwong khi thai trong mot thoi diém bat ky caa vong
doi c6 thé xac dinh dugc. Tuy nhién, cong trinh
nghién ciru nay chi dirng lai & budc tinh toan khi thai
chtr chua xét t6i cac chi sd tac dong 1én méi truong
cua tau thuy.

Nhém tac gia dén tir Pai hoc Strathclyde da
thuc hién nghién ctu két hop giira chi s EEDI
(Energy Efficiency Design Index) va phuong phap
LCA [6]. Nhém nghién ctru da chi ré rang, chi s6
EEDI chi xét téi khi CO; 1a chua di dé danh gia muc
d6 tac dong téi moi truong cua tau, mac du khi CO;
1a khi thai chinh, chiém mét lwong l6n trong qué
trinh khai thac cta con tau. Ho da xay dung nén chi
s6 mai d6 1a EEDILCA dé dua céac khi c6 cung hau
qua am Ién toan cau vao va kién nghi toi IMO c6
nhitng chinh stra vé quy dinh ciia EEDI vé sau nay.

Mot nhdm nghién ctru tir Phép ciing da sir dung
LCA dé lya chon ra vt liéu dong tau cho tau ¢& nho
[7]. Trong nghién ctu nay, bon loai vat lidu duoc
dem ra dé so sanh va lya chon, d6 1a: thép, hop kim
nhoém, gd nhap khau va gd cua Phéap. Két qua nghién
ctu chi ra riang, ddi véi tau ¢& nho duge dong va sir
dung ¢ noi dia thi vat liéu dem lai hiéu qua cho méi
truong nhat 13 gd & Phap. Cong trinh nay dem lai
mot cai nhin hét siuc téng quan cho nguoi doc vé
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nhiing loi thé cua LCA khi danh gia tac dong moi
truong. Nhom nghién cau cho thiy rang, viéc sir
dung gé noi dia s& giam qua trinh van chuyén vat
liéu va khai khoang so vai cac vat liéu khac.

Hai tac gia nguoi DPtc di cong bd cong trinh lién
quan t&i nén cong nghiép pha d tau & Chau A trén
khia canh moi truong va loi ich kinh té bang céach su
dung phuong phap LCA [8]. Két qua nghién ciru cho
thy rang c6 su chénh léch rat I6n giira lgi ich cua
cac chii tau nguoi Chau Au so véi cac khu cong
nghiép déng tau tai Chau A. Nghia 13, cac chi tau
ngudi chau Au thu duoc lgi ich kinh té rat Ion va
chiu tac dong cuia su 6 nhiém méi truong lai khdng
déang ké, trong khi d6 cac co so pha d& tau ¢ chau A
thu duoc loi ich kinh té rat nho nhung lai phai chiu
su 6 nhiém ning né do hoat dong pha d tau nay gay
ra. Mot nghién ctiru LCA dién hinh khéc trong nganh
cdng nghiép tau thuy dugc thuc hién bai Ling Chin
[9]. Trong céc cdng trinh nay, tac gia da xay dung Ién
mot md hinh LCA dé &p dung tinh toan cho dong co
tau thay. Sau d6, mé hinh nay duoc ap dung dé xéac
dinh loi ich v& mat méi trudng ma mot sé sang ché
méi cua dong co tau thuy mang lai.

Céac nghién ctu trong linh vyc tau thuy co éap
dung LCA trong thoi gian gan day da xuét hién trong
céc cong bd qudc té, tuy nhién chua c6 nhiéu va chi
tiét. Do vdy, bai bédo nay gii thiéu téi ban doc
phuong phap LCA dugc 4p dung cho ddi tuong la
tau thuy dudi sy hd tro cia phan mém GaBi cua
hang Thinkstep. Bai bao dong gop mot vi du hitu ich
cho céac tinh toan LCA lién quan tgi nganh cong
nghiép tau thiry trong bdi canh cac nghién ciru LCA
trong nudc chua nhiéu. Trong phan tiép theo, noi
dung nghién ciu s& theo cac huéng dan cua 1SO
14040, gém cac budc 1, 2 va 3 nhu da trinh bay ¢
trén. Budc 4 cia LCA s& duoc trinh bay trong phan 3
cua bai bao nay.

2. Ap dung tinh toan cho tau ché hang

2.1. Xdc dinh muyc tiéu va phgm vi

Theo huéng dan trong 1ISO 14040, muc tiéu cua
nghién ctu phai chi & dbi tugng, muc dich nghién
ctru, doc gia ma nghién ciru hudng téi. Trong bai bao
nay, d6i tugng nghién ciu 14 mot tau cho hang roi
Panamax c6 c4c thong sé chinh dugc trinh bay trong
Bang 1. Tau chd hang roi c6 thé duoc coi la mot
trong nhirng loai tau ché hang théng dung, do vay né
duogc chon dé 4p dung tinh toan trong bai bao nay.
Muc dich ctia nghién ctru 1a xay dyng mot vi du co
4p dung LCA trong nganh tau thiy huéng toi ddi
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tuong doc gia 1a nhiing nha nghién ciu vé moi
truong va nhiing ngudi hoat dong trong linh vuc
thiét ké, dong va khai thac tau.

Pon vi chirc nang va bién ctia vong doi dugc Xac
dinh trong phan pham vi LCA. Pon vi chic ning la
yéu t6 ma cac két qua ciia LCA hudng téi. Néu don
vi chie ndng 13 mot con tau thi cac gia tri vé khi thai
va chi s6 tac dong méi truong sé tinh cho con tau do.
O day, don vi chirc ning 1a tau hang roi Panamax ké
t6i ¢ trén trong sudt vong doi cia no.

Bdng 1. Thong sé kj thugt ciia tau dwgc &p dung

Thong s6 Ponvi | Giatri
Trong tai DW tén 73.000
Khéi lwong tau khong tan 11.400

Lwong tiéu thu dau khi khai thac | tdn/ngay | 33,0

Lwong tiéu thu dau khi & cang tan/ngay | 2,5

Chiéu dai tau L m 218,69

Chiéu rong tau B m 32,25

Chiéu cao man D m 19,03
Chiéu chim d m 13,765

Pha d&

Vén chuyén vét li¢u
Nhlen 1éu
Vit IIEUN} luong
SX vat Dong Khal
liéu thac dudng
Khi thai Khi thai Khi thai Khi thai

Hinh 2. Bién ciia vong doi tau thay trong nghién ciru

Bién cua vong doi dugc chi rd trong Hinh 2. Cac
giai doan chinh cua vong doi con tau bao gém céc
giai doan nhu: san xuat va khai thac vat liéu, dong
tau, khai thac, bao dudng va phd d& tau. Trong
khudn khé ciia nghién ciru nay thi giai doan pha d&
tau khong duoc xét téi do han ché vé mit sé liéu.
Viéc van chuyén vat liéu, cac yéu té bat dinh nhu sy
gia tang nhién liéu do anh huéng boi cac yéu té thoi
tiét, ha bam, ... ciing khong dugc xét ti.

2.2. Phan tich kiém ké (LCI)

Cac giai doan cua vong doi bao gom céc hoat
dong hay qua trinh ma can toi sy tiéu thy nang lugng
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va vt ligu, dong thoi cac hoat dong d6 sé san sinh ra
khi thai. Vi du nhu trong giai doan dong tau s€ ¢
cac hoat dong han, cat kim loai, phun cat,... Cac
hoat ¢ong nay tiéu tén dién ning va phat ra cac khi
thai, hat bui. Pién ning 1a yéu td can dé thyc hién
hoat dong, n6é duoc goi 1a diu vao cua hoat dong
(inputs), con khi thai dugc goi 1a dau ra (outputs).
Trong budc phan tich kiém ke, cac sé liéu lién quan
dau vao va dau ra can duoc xac dinh.

Dau vao va dau ra duoc xac dinh thong qua hé sé
phét thai (emission factors). Vi du nhu hé sé phat
thai khi CO> khi tiéu thu 1 tin dau HFO dbi véi tau
hang roi ¢& 16n 1a 3,114 tan CO,/tan HFO [1]. Tir d6
dé dang suy ra dugc lugng CO; sinh ra khi biét duoc
lwgng HFO d3 tiéu thy. Tuy nhién, day chi la gia tri
wdc tinh trung binh vi hé sé phéat thai con phu thudc
vao nhiéu yéu té nhu ché do hoat dong cua may
chinh, diéu ki¢n khai théc cia tau...

Pé don gian héa trong nghién ctu ndy, cac hoat
dong duoc xét toi d6 1a: hoat dong san xuat vat liéu,
hoat dong han cit kim loai tiéu thu dién ning, hoat
dong thu tau, qua trinh tiéu thu nhién liéu khi khai thac
tau. S6 liéu lién quan téi vat liéu va niang luong tiéu thy
duoc lay tir nghién ctu [10]. Céc di liéu lign quan t6i
hé sb phéat thai da dugc tich hop sin trong GaBi.

2.3. Danh gid tac dong moi trwong

Bai bdo nay su dung phuong phap danh gia tac
déng moéi truong CML2001 do Truong Dai hoc
Leiden, Ha Lan thiét 1ap [11]. Phuwong phap nay
dugc danh gia 1a toan dién va phd hop véi hau hét
cac qudc gia trén thé giéi. C6 12 chi sb tac dong moi
truong trong phuong phap nay (Bang 2).

Cac chi s6 tac dong toi méi trueong phy thude vao
d6 16n cua khi thai va mie do nguy hai caa khi thai
gdy ra tac dong d6. Vi du do 1on cua chi sé 4m Ién
toan cau c6 thé dugc tinh nhu sau:

GWP=1.Mmco2 + 28.McHa + 265.mn20 +
23500.mggg + -+ (1)

Cac khi nhu COy, CH4, N2O, SFs, ... 1a cac khi
gay ra hién twong 4m Ién todn cau, con cac hé sb 1,
28, 265, 23500,... 1a cac hé s6 thé hién mic do tac
dong cua cac khi ddi vai hién twong 4m 1én toan ciu.
Céc chi s6 khac ciing dugc tinh toan tuong ty nhu
cong thuc (1).
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Bdng 2. Cac chi sé tdc dgng méi trwong trong CML2001

Chi s6 Pon vi Cac tac dong téi moi trudong
ADPe kg antimony equiv. That thoat kim loai

ADPf MJ Sy that thoat ning luong

AP kg SOx equiv. Hién tuong mua axit

EP kg phosphate equiv. Sy pht dudng hda

FAETP kg dichlorobenzene equiv. Su doc hai toi nguon nudc ngot
GWP kg CO> equiv. Sy 4m |én toan cau

GWPe kg CO> equiv. Su am Ién toan cau (c6 ké t6i carbon hiru co)
HTP kg dichlorobenzene equiv. Su doc hai téi con nguoi
MAETP kg dichlorobenzene equiv. Sy 6 nhiém méi truong bién
ODP kg trichlorofluoromethane equiv. Sy nguy hai toi tang ozon
POCP kg ethene equiv. Hién tugng quang hda

TETP kg dichlorobenzene equiv. Su doc hai hé sinh thai trén can

2.4. Ldp so dé tinh toan trong GaBi

GaBi la phan mém danh gia vong doi san pham,
duoc xay dung boi Think-step. GaBi cung cap cong
cu tinh toan va chtra sn thu vién d6 s6 vé hé sé phat
thai cia hon 5.000 quy trinh san xuat trong cac
nganh cdng nghiép va cac phuong phap danh gia tac
déng. Vong doi cia tau duwgc mé phong theo 4 giai
doan (Hinh 3) va trong mdi giai doan s& ¢6 nhiéu cac
quy trinh kém theo vai s6 liéu dau vao va dau ra cua
quy trinh.

3. Két qua va thao luan

GLO: Steel plate "
worldsteel

1.46E004 t IMAINTENANCE ==

Steel plate m—)
1.9E003 t

Ship hull

I 1.14E004 t

'OPERATION =’

1.27E004 t
{SHIPBUILDING X =<'

.ShiD hull‘

Hinh 3. Mé hinh vong doi trong GaBi

Bdng 3. Khi thdi trong vong doi tau thiiy (don vi: kg)

Khithai | Vatliéu | Pongtau | Khaithdc | Bao dudng Téng
CO; | 3.184E+07 | 1.727E+06 | 1.717E+09 | 4.036E+05 | 1.751E+09
co 5.050E+05 | 2.796E+03 | 1.617E+06 | 3.051E+02 | 2.125E+06
NOx | 4.876E+04 | 6.173E+03 | 4.366E+07 | 3.679E+02 | 4.371E+07
N,O | 1.233E+03 | 3.727E+01 | 1.008E+05 | 3.554E+00 | 1.021E+05
SOx | 0.000E+00 | 2.191E+03 | 2.319E+07 | 0.000E+00 | 2.319E+07
NMVOC | 3.995E+03 | 7.612E+03 | 4.363E+05 | 1.989E+04 | 4.678E+05
CH., | 9.121E+04 | 2.920E+03 | 9.623E+05 | 4.363E+02 | 1.057E+06
VOC | 1.659E+00 | 5.194E+03 | 0.000E+00 | 1.454E+04 | 1.974E+04
PM 3.135E+04 | 1.260E+04 | 3.526E+06 | 1.314E+04 | 3.583E+06

Bang 3 trinh bay do I6n cua 9 khi thai tiéu biéu
trong cac giai doan cua vong doi. C6 thé thiy ring
khi CO; 1a khi dwgc thai ra nhiéu nhat trong subt
vong doi cac giai doan cua con tau
(1.751E+09Kkg). Ngoai ra cac oxit cia ni-to va luu
huynh ciing c6 khéi luong dang ké. Bang nay ciing
canh béo khdi lugng khi thai san sinh trong sudt
vong doi mot con tau 1a rat Ion (muc do triéu tin
trong sudt vong doi).

va

Mirc d6 phan b céc khi thai trong cac giai doan
cua tau duoc thé hién trén Hinh 4. Giai doan khai
thac tau 1a giai doan thai ra nhiéu khi thai nhat so voi
cac giai doan khac. Hon 95% cac khi nhu PM, SOx,
N20, NOx, CO, dugc thai ra trong giai doan Kkhai
thac tau. Piéu nay dugc ly giai boi tau tiéu mot
luong 16n nhién liéu dé phuc vu cho qua trinh hanh
hai cua tau. Giai doan khai thac va san xuét vat liéu
thai mot luong dang ké khi CO va CHy4 ra méi truong
(v6i 23,8% va 8,6% cho mdi loai khi). Khi VOC chi

SO 63 (8-2020)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TE(]IN'JI.OGVJ

san sinh ra trong giai doan dong tau va bao dudng do
Viéc su dung son tau.

Bang 4 biéu dién do 16n cua céac chi sé tac dong
t6i moi truong trong subt vong doi cua tau thay con
Hinh 5 biéu dién muc d6 phan b cua cac chi sb tac
déng méi truong trong cac giai doan cua vong doi.
Ciing twong ty nhu muc do phan bd cua khi thai thi

KHOA HOC - CONG NGHE

giai doan khai thac tau 1a giai doan chiém ty I¢ lon
ddi vai sy phan bé cua phan Ion cac tac dong. Tuy
nhién, giai doan dong tau chiém ty I& 16n ddi véi chi
sb ODP. Qué trinh khai thac va san xuat vat liéu
chiém phan khéng nho ddi véi hé s6 MAETP va
TETP. Viéc khai khoang dién ra trong giai doan khai
thac vat liéu, do d6 chi s6 ADPe chu yéu tap trung

.
voc
o
nvvoc
sox - |
nN2o
Nox |
co |
co2 - |2
0% 20% 40% 60% 80% 100%
Vitliéu mbéngtiu mKhaithic Bao dwdng
Hinh 4. Phan bé khi thdi trong vong déi tau
Bdng 4. Cac chi sé tdc dpng méi trwong
Chi sb Vit liéu Pong tau Khai thic | Bio dwdng Téng
ADPe 1.34E+07 1.29E+04 1.50E+01 1.29E+03 1.35E+07
ADPf 3.74E+08 2.25E+07 2.22E+10 5.94E+06 2.26E+10
AP 9.84E+04 7.98E+03 5.11E+07 6.02E+02 5.12E+07
EP 6.96E+03 8.47E+02 5.71E+06 5.26E+01 5.72E+06
FAETP 3.79E+04 4.50E+03 5.45E+06 1.74E+03 5.49E+06
GWP 3.44E+07 1.81E+06 1.77E+09 4.16E+05 1.81E+09
GWPe 3.47E+07 1.82E+06 1.77E+09 4.17E+05 1.81E+09
HTP 1.98E+06 1.32E+05 9.61E+07 3.40E+04 9.83E+07
MAETP 6.57E+09 8.41E+08 1.56E+10 1.98E+09 2.49E+10
ODP 0.00E+00 1.38E-03 6.57E-04 1.38E-04 2.18E-03
POCP 1.98E+04 8.05E+03 2.57E+06 2.09E+04 2.62E+06
TETP 5.51E+04 5.22E+03 3.78E+05 6.19E+02 4.39E+05
TETP |
POCP | ——
ODP | ——
MAETP - |
HTP 1
Gcwere [
Gwp 1
FAETP |
< |
A I ——
ADPT [ ——
ADPe |
0% 20% 40% 60% 80% 100%
Vatliéu MWDOngtau MKhaithac Bao dwéng

Hinh 5. Phan bé ciia cac chi sé tac dgng moi trwong trong vong doi tau
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vao giai doan nay.

Trong phuong phap CML2001 thi c6 téi 12 chi
s6 tac dong moi truong duge danh gia. Tuy nhién,
chi s6 nao can dwoc wu tién hon thi didu nay phu
thuoc rat nhiéu yéu t6. Néu nguoi thiét ké uu tién
giam anh huong téi méi truong trén mic do toan cau
thi can wu tién cac chi s6 GWP, ODP va POCP vi
pham vi tac dong cua c4c hién twong nay rat rong.
Néu van dé sic khoe ngudi lao dong hoac khu vic
dan cu 1an can duoc uwu tién hon thi cac chi s§ nhu
HTP va MAETP trong giai doan san xuit vat li¢u,
déng tau va stra chira can duoc luu tim hon. Ngoai
ra, phuong phap LCA con mang lai cho nguoi thiét
ké mot chi sé l1a diém danh gia moéi truong
(environmental scores). Pay 1a chi sé mang tinh tong
quan nhit giGp viéc lya chon mot san pham hay
phuong 4n thiét ké than thién voi moi truong duoc
tién hanh nhanh hon. Tuy nhién, chi s6 nay ciing nhu
phuong phap tinh toan ciia né con nhiéu han ché ma
trong khuon khé bai bao nay chwa dé cap téi.

4. Két luan

Bai bao da gidi thiéu phuong phap LCA va ap dung
phuong phap nay dé tinh toan khi thai ciing nhu cac chi sb
tac dong téi méi trudng cho mot tau hang cu thé. Bé don
gian cho viéc tinh toan, qua trinh phé d& tau va van chuyén
vat liéu da khong duoc xét téi. Viéc st dung LCA nhu 1a
mot cong cu dé danh gia mirc do 6 nhigm méi truong do
mot san pham gay ra la mot xu huéng hién dai ngay nay.
Phuong phép nay dua t6i mét cai nhin toan dién vé vong
doi cua san pham trén khia canh méi truong. Bai béo nay
¢6 thé la mot vi du hitu ich cho nhitng nghién ctu vé LCA
&p dung cho tau thuy & Viét Nam sau ndy. Tuy nhién, dé c6
duoc mot két qua c6 do tin cay cao thi rat nhiéu sb liéu can
phai thu thap. Bai bao ciing chi dung lai & mire d6 4p dung
don gian vi n6 da chua xét toi mot s yéu tb bat dinh trong
vong doi con tau.

Loi cam on

Bai béo la san pham cua dé tai nghién ctu khoa
hoc cap Truong niam hoc 2019-2020: “Nghién ciu
Sw dnh hwong téi méi truong trong vong doi cua tau
chg hang bang Iy thuyér LCA ", dugc hd trg kinh phi
bai Truong Pai hoc Hang hai Viét Nam.
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