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Tém tit. Mang noron nhan tao (ANN) dugc st dung dé mo phong nhiét d¢ khong khi cho tram khi tugng
Nha Bé. B6 sb liéu sir dung gém 5 yéu t6 dau vao voi 1 yéu té dau ra 1a nhiét do khong khi. Ciu trac
ANN trong phan mém Matlab duoc thiét ké gdm 2 16p an véi 3 cép sb lwong noron (2, 5 va 8) trong mdi
16p 4n va ham chuyén tansig. Nhimg d6 dai chudi sb lidu khac nhau tir 1 thang dén 48 thang khi khao sat
da cho két qua R tir 0.8318 dén 0.9673. Gia tri R thay d6i khong theo quy luat khi d6 dai cta chudi sé liéu
tir 4 thang tro xudng nhung lai mang xu hudng giéng nhau cho ca 3 cau trac ANN khi s6 liéu dai bang 6
thang hodc hon. Véi cung cdu trac ANN, d6 dai chudi sé liéu ting khong dam bao cho gia tri R ting. Su
sai léch trong két qua md phong xdy ra manh hon & nhitng doan dinh thip hay cao ciia chudi s6 liéu, nhét
1a khi c4u trac ANN c¢6 s6 lugng noron it trong 16p an.

Tir khéa. Nhiét d6 khong khi, yéu té khi twong, do dai chudi s6 liéu, hun luyén, mang noron nhan tao
(ANN), m6 phong.

EFFECT OF THE LENGTH OF THE INPUT DATA SERIES ON
SIMULATION RESULTS OF AIR TEMPERATURE BY ARTIFICIAL
NEURAL NETWORK (ANN) IN NAM BO PLAIN

Abstract. Artificial neural network (ANN) was used to simulate air temperature for Nha Be
meteorological station. The data set used includes 5 inputs with an output element of air temperature.
ANN structures in Matlab software were designed of 2 hidden layers with 3 levels of neuron number (2, 5
and 8) in each hidden layer and tansig transfer function. Data series lengths varied from 1 month to 48
months giving R from 0.8318 to 0.9673. R values did not follow any certain rule when the length of the
data series was no longer than 4 months but bear the same tendency for all three ANN structures when the
data was equal or longer than 6 months. With the same ANN structure, the increase in the data series
length did not guarantee an increase in R value. The deviation in simulation results from measured data
occured more strongly in the sections of the low or high peaks of the data series, especially when the
ANN structure has a small number of neurons in the hidden layer.

Keywords. air temperature, meteorological factors, length of data series, training, artificial neural
network (ANN), simulation.

1 MO PAU

Nhiét d6 khong khi ¢6 anh huong hét sirc quan trong trong rat nhléu linh vuc kinh té xa hdi nhu san
xudt nong nghiép, chin nudi, giao thong van tai, y té. La mot nhan t6 khi tugng chii yeu nhiét do khong
khi tac dong manh mé tdi cudc song va hoat dong cua con nguoi. Cho dén nay, trén thé gisi da c6 nhleu
cong trinh duoc cong bd vé dic diém hinh thanh ciing nhu thay dbi ctia nhiét do khong khi ¢ nhiéu qudc
gia. Trong s6 d6, mot s6 nghién ctru da néu rd vai trd cua cac yéu té khi twong lién quan can duoc dua
vao phép tinh toan hay k¥ thuat du bao nhiét do khong khi nhu d6 4m tuong doi khong khi, tong birc xa
mat troi, lwong mua, lwong bdc hoi va tde do gio [2, 5, 6, 17].
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DPé md phong nhiing hién twong trong ty nhién, cac nha khoa hoc da sir dung nhidu cach tiép can
khac nhau nhu ARIMA hay hdi quy da bién. Pic biét, mang noron nhin tao (ANN) 1a mot trong nhitng
phuong phép tién tién c6 kha nang mé phong hitu hiéu cac qua trinh dién bién phirc tap va da thé hién hét
suc hiéu qua trong thuc té. ANN 1a mot hé théng huén luyén dya trén to hop noron than kinh véi cac két
nbi nham thu nhan va xtr Iy ngudn dit liéu thong tin dua vao. Strc manh cua ki thuat ANN mot phan nam
& kha nang tim ra dwgc moi quan hé phi tuyén phuc tap va an giira nhidu yéu té ma doi khi rat khé co thé
dat dugc bang nhitng phuong phép khac. Rt nhidu tai liéu trong nudc va nudc ngoai & cac linh vyc nhu
khi tuong, tai nguyén nudc hay moi trudng da dé cap kha chi tiét dén nhimg két qua tét thu duoc tir
phuong phap nay [1, 3, 4, 7, 8, 9, 10, 13, 14, 15, 18]. O nudc ta, ky thuat ANN ciing da duoc ap dung
hiéu qua trong mot s linh vuc khoa hoc va doi séng nhu cong tac diéu tra nghién ctru nhimg dic trung
khi hau[11, 12, 16].

Véi da phat trién ciia cudc cach mang cong nghiép 4.0, k§ thuat ANN ngay cang nhan duoc su quan
tdm 16n hon. Boi day 1a phuong phap c6 timg dung rong rai va da chimg minh dugc hiéu qua trén thyc té,
viéc danh gia anh huong cac déc tinh s6 lidu str dung dén két qua ude luong va md phong bang ANN la
mot van dé hitu ich. Do dic diém hoat dong, ky thuat ANN thuong khai thac sb liéu dé tir d6 dua ra két
luan va dan dén két qua s€ phu thudc vao dac tinh sb liéu duoc cung cép. Chinh vi vay, do chinh xac cia
két qua thu dugc tir viéc sir dung ANN s& ¢ thé dugc nang cao khi ap dung chudi sé liéu hop 1y.

Hién nay, sé lugng cac cong trinh di duoc cong bd vé cong tic md phong nhiing théng sb khi tugng
& mién bong Nam Bo béng cong cu ANN tam thoi con chua nhiéu. Pic biét, nhiing tac dong cua dac
diém sé lidu dau vao dén hiéu qua md phong theo ky thuat néu trén ciing dang con it duge dé cap toi.
Nghién ctru nay danh gia tac dong ciia d6 dai chudi s6 liéu khi tugng khi sir dung cac cdu tric ANN khac
nhau t6i két qua mé phong nhiét d6 khong khi tai tram khi twgng Nha Bé thudc khu vyc Thanh phd HO
Chi Minh. Nhirng két qua thu dugc s& gop phan 1am rd thém hoat dong ciia ANN trong nghién ciru khi
tuong ¢ nudc ta, ddng thoi co thé ding lam tai lidu tham khao cho cac nha quan Iy hay nha khoa hoc khi
can mo phong s liéu khi tugng cho cac muc dich khac nhau.

2 SO LIEU VA PHUONG PHAP NGHIEN CUU
86 ligu

Tram khi twong Nha Bé thudc luéi tram diéu tra co ban cua Trung tam Khi twong Thuy van Quédc
gia. Tram dugc dua vao hoat dong tir ngay 15/11/2012 va bét dau cung cép sb lidu quan tric tir ngay

1/12/2012. Céc yéu t6 quan tric bao gdm nhing yéu té khi twgng co ban va cac hién tuong thoi tiét.
Toa do dia 1y cta tram: 106°43 41” Kll’lh d6 Dong, 10°39 36” V1 doé Bac

[ i e e o
Hinh 1. Vi tri Tram khi tuong Nha Bé (Nguén: Here.DigitalGlobe)

S lidu duoc sir dung trong bai bao nay 1a két qua quan tric cho cac yéu té khi trong cia Tram khi
tuong Nha Bé thudc giai doan 1/1/2013 dén 31/12/2016. Cac s liéu ban dau sau khi kiém tra di duoc
chuyén d6i vé dang s6 liéu trong khoang gia tri tir 0.05 dén 0.95 nham ting cudng hiéu qua xir Iy cia cac
céu traic ANN trong phdn mém Matlab. Theo [9], cong thirc chuyén ddi s lidu truée khi dua vao md
phong c6 dang nhu sau:
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X, = —O(?((Xt Xuw) 4 .05 (1)

max min )

trong do:
X, - gia tri thyc;
Ximax - gla tri cuc dai cua X;;
Xmln gia tri cuc tiéu cua X
X - gié tri sau khi chuyén doi.
Khi d3 hoan thanh mé phong, céac gia tri da chuyén ddi duoc tinh toan dé tra lai nhitng gia tri ban dau
cua chung.

Phwong phdp nghién ciru

Mang Noron nhan tao (ANN) trong phin mém Matlab duoc st dung dé mé phong nhiét do khong
khi trung binh ngay (°C) bang cach sir dung 5 yéu t6 dau vao bao gdm do am tuong ddi khong khi trung
binh ngiy (%), tong birc xa mit troi trong ngay (W/m?), toc do gio trung binh trong ngay (m/s), lugng bbe
hoi ngay (mm), ngay trong nim. Cac thong s6 ddu vao trén dugc chon boi ching c6 mdi lién quan vat 1y
mat thiét dén nhiét d6 khong khi ciing nhu sy phd bién cua ching trong cac cong trinh nghién ctru khac
trén thé gidi vé chu de.

Cong tac md phong dugc bat dau bang cach cho ANN hoc trén bo s6 liéu dau vao (gém 5 thong sb
dau vao va 1 thong sb dau ra 1a nhiét do khong khi). Sau d6, mdi quan hé vira tim duoc s& dugc ap dung
v6i 5 thong s dau vao dé mé phong lai thong s6 dau ra (nhiét do khong khi). Sy tring khop gitra chudi
gid tri nhiét d6 khong khi m6 phong (tinh toan) va thyc do thé hién cho hiéu qua ciia cong tic mo phong.

Céu tric ANN trong phan mém Matlab st dung de md phong nhi¢t d6 khong khi trung binh ngay
dugc thiét ké gom 2 16p an véi sb lugng noron trong mdi 16p an 1a nhu nhau va 3 cép sb lugng noron (2,
5 va 8). Ly do s6 lugng noron trong 16p an t6i da 1a 8 duoc lwa chon 13 vi theo mot két qua nghién ctru
trude cia tac gia, khi ting s6 noron trong 16p an 1én hon nita thi hiéu suat mé phong ddi voi nhiét do
khong khi trung binh ngay tai Tram Nha B¢ s& tang 1én khong dang ké. Trong nghién clru nay, cac chu
trac ANN déu sir dung thuat toan huén luyén Levenberg-Marquardt backpropagation va s6 giai doan huin
luyén ti da 1a 1000. Ham “tansig” duoc str dung trong cac 16p trung gian va ham dau ra la “purelin”,

Cong tac md phong duoc tién hanh voi cac d6 dai chudi sé liéu khac nhau: 1 thang, 2 thang, 4 thang,
6 thang, 12 thang, 18 thing, 24 thang, 36 thang va 48 thang (chung méc thoi diém dau 1a 1/1/2013). Gidi
han thoi gian 48 thang trong nghién ctru nay bi han ché boi do dai téi da cua bo sb lidu thu thap duoc.
Viéc chia ra cac d6 dai doan sb liéu khac nhau cho phép danh gia anh huong cua do dai chudi sb liéu dau
vao dén do chinh xac trong md phong nhiét do khong khi. Trugce khi huan luyén mang Noron nhan tao, s6
lidu dau vao cho md phong da duoc chuyén ddi vé dang sb lidu trong khoang gia tri tir 0.05 dén 0.95 (theo
cong thirc 1 ¢ trén) va sau khi hoan thanh mé phong s& dugc chuyén d6i nguoc lai.

D6 chinh x4c trong md phong hién tugng cta cac céu tric ANN khac nhau dugc danh gia chu yéu
bang hé s6 twong quan (R) ¢6 tham khao sai s6 tuyét ddi trung binh (MAE) va cin bac hai cia trung binh
binh phuong sai sé (RMSE) giita két qua mo phong va thuc do.

> (5-7)(5-7)
R= — @
DRCEN PR

1 & N
MAE = EZ|Y1'Y1 3)
i1

RMSE = /Lkl_yl) 4)
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trong do:

y; - gia tri thyc do;

¥, - gia tri md phong;

y - trung binh céc gia tri thyc do;

)T/ - trung binh cac gia tri mé phong;
k - tong s6 luong cac gid tri;
1-s0 thir tu gid tri.

3 KET QUA VA THAO LUAN

Kiém tra chit lwong so li¢u dwa vao mé phong

Boi d9 tin c@y khi sir dung cong cu ANN trong m6 phong nhiét d6 khong khi tai tram khi tuong Nha
B¢ phu thudc nhiéu vao chét lugng cua s6 liéu st dung nén ta can tién hanh cong tac kiém tra s6 lidu tho
trude khi bat dau moé phong. Muc tiéu nham loai bo nhiing s6 liéu khong hop 1y ¢6 thé do nhiéu nguyén
nhan khach quan va chu quan khac nhau gy ra.

S liéu dau vao cho cong tac md phong duge cung cép baoi Dai khi twong thiy van khu vuc Nam Bo.
Chudi sb liéu khi twong 4 nam (2013-2016) da dugc kiém tra dé loai bo nhiing s6 liéu kém chat luong
nhu gid tri qua cao hodc qua thap khong hop ly. Két qua kiém tra cho thdy sb liéu déu c6 chét luong tot,
ngoai trir ngay 22/9/2013 c6 gia tri tong luong birc xa ngay bi khuyét (bo1 nguyén nhén khong r5). Sé lidu
ngay néu trén da bi loai khoi tinh toan ¢ cac budc tiép theo. Nhimng théng ké vé sé liéu dau vao duoc thé
hién trong bang 1; cic do thi s6 lidu 1 thang dai dién (thang 8 nam 2013) dugc thé hién trong cac hinh 2 +
6.

Bang 1. Théng ké cac yéu td khi twgng do dugc tai tram khi tugng Nha Bé

So A Pon | Giatrilon Gia tri nho Gid tri

thir tw , Tényéuto Vi do nhc'i't nhét trung biﬁh Do léch chudn

. b6 am tuong doi khong o

khi trung binh ngay o 96.50 58.75 79.99 6.30
2 Luong boc hoi ngdy | mm 7.60 0.40 3.04 1.15

Tong lugng buc xa mat 5
3 o w/m 7212.00 543.00 4545.96 1196.51
tro1 ngay
Téc d6 gié trung binh
4 . m/s 425 0.00 122 0.64
ngay

Nhiét ¢ khong khi .

5 o C 31.78 22.53 27.79 1.50
trung binh ngay
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Hinh 2. D6 4m khéng khi do tai Tram Nha B¢ T.8/2013 Hinh 3. Lugng bdc hoi ngay do tai Tram Nha Bé T.8/2013
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Hinh 6. Nhiét d¢ khong khi do tai Tram Nha B¢ thang 8/2013

Moé phong nhiét dp khong khi b(ing cong cu ANN

Sau khi qua kiém tra chét luong & budc trén, tong s6 mau sb liéu khi trong thuc do ngay dwa vao mo
phong 13 1459. S6 luong mau cu thé sir dung cho mdi kich ban chudi sé liéu phu thudc vao sé ngay trong
(c4c) thang thanh phan nam trong chudi, nhu thang 1 ¢6 31 ngay... Mdi mau sb liéu gom thong tin ctia 5
yéu t6 dau vao (do 4m twong dbi khong khi trung binh ngay, luong béc hoi ngay, tong luong birc xa mit
troi ngay, toc do gi6 trung binh ngay, ngay trong nam) voi 1 yéu t6 dau ra 1a nhiét do khong khi trung
binh ngay. Cac s6 liéu da dugc phan mém Matlab lya chon ngau nhién theo ty 1¢ 70% s6 lugng mau de
phuc vu cho cac muc dich huén luyén mang, 15% cho x&c nhan tong hop mang va tranh hién tugng qua
ngudng, 15% cho viéc kiém tra doc lap.

Viéc m6 phong dugc tién hanh 1000 lan cho mdi t6 hop cau trac ANN va do dai chudi s6 liéu mo ta
0 trén, trong do s6 liéu dau vao dugc phin mém Iya chon ngau nhién theo ty 1& 70/15/15 dé mo phong.
Cho timg ciu trac ANN, 1an chay cho gia tri hé s6 tuong quan R tong (gilta gia tri nhiét d6 khong khi mo
phong va thuc do) 16n nhat duoc ghi nhan. Téng hop két qua moé phong dua trén nhing gi tri hé sb twong
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quan (R) va sai s6 tuyét d6i trung binh (MAE) tuong Gmg cho nhiing t6 hop cta ciu tric ANN va do dai
chudi s6 liéu khac nhau nhu 1iét ké trong bang 2 va cac hinh 7 + 11 dudi day.

d Meural Metwork Training (nntraintool) — 4

MNeural Network

kvt —tEhalnw i

}T—?@EM EQE‘HEQE‘%"LI
Algorithms

Data Division: Randorn (dwiderand)

Training: Levenberg-Marquardt (trainlm)

Performance:  Mean Squared Error  (mse]

Derivative: Default (defaultderiv)
Progress

Epoch: 0 |i 29 iterations | 1000
Time: | 0:00:00 |
Performance; If

Gradient: !

Mu: 0.00100 | 1.00e-05 | 1.00e<10
Validation Checks: 0| 6 | 6
Flots

{plotperform)

Training State [plottrainstate}

Regression {plotregression)

Plot Interval: . 1 epochs

v Validation stop.

Hinh 7. M6 phéng ANN cho céu tric 5-5-5-1 va do dai chudi sb liéu 12 thang
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Training: R=0.9808 Outputs vs. Targets, R=0.93481
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Hinh 8. Két qua R véi cdu triic 5-5-5-1 va 12 thang sb liéu Hinh 9.Két qua R tdng véi cau tric 5-5-5-1 va 12 thang s6 liéu
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Hinh 10. So sanh kérg qua mo phong nhiét do khong khi sir dung ciu tric ANN 5-5-5-1 va
12 thang so liéu dau vao véi dit liu do hién truong cho giai doan 1/5/2013 - 30/6/2013

Béng 2. Két qua md phong nhiét d6 khong khi tai tram khi tugng Nha Bé
véi cac d§ dai chuoi so liéu khac nhau va mang ANN 2 16p an

Tén théng 56 S??jglji(;ll?n(z) - S0 noron tml;g moi lop an -
1 0.8318 0.9352 0.9673
2 0.9132 0.9408 0.9508
4 0.9397 0.9605 0.9627
R 6 0.9251 0.9483 0.9665
12 0.9077 0.9348 0.9468
18 09110 0.9431 0.9512
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24 0.8930 09311 0.9350
36 0.8903 09218 0.9260
48 0.8617 0.8930 0.9013
1 0.56791 0.54208 0.54568
2 0.69337 0.69714 0.65917
4 0.98359 1.00957 0.98752
6 0.94714 0.85939 0.85878
RMSE 12 0.71227 0.65399 0.61600
18 0.75924 0.64285 0.61211
24 0.74799 0.63000 0.61776
36 0.72661 0.62536 0.60924
48 0.76076 0.67481 0.65107
1 0.4692 0.4348 0.4380
2 0.5879 0.5889 0.5551
4 0.7727 0.8359 0.8285
6 0.7512 0.6845 0.7081
MAE 12 0.5783 0.5209 0.4995
18 0.5990 0.5018 0.4864
24 0.6001 0.5084 0.4954
36 0.5741 0.4943 0.4846
48 0.5709 0.5145 0.4985
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—2 noron treng mai lop an —35 noron trong mai ldpan —8 noron trong moi ldp an

Hinh 11. Két qua gia tri R thu duoc tir cong tdic mo phong nhiét d6 khong khi
v6i dg dai chuoi so liéu khac nhau (truc hoanh khong theo ty 1€)
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Két qua mo phong di cho thiy mét s6 diém quan trong sau:

- Gia tri R thu duoc qua md phong thay d6i trong khoang tir 0. 8318 dén 0.9673. Hé sb tuong quan R
nho nhat khi s6 liéu ddu vao ngin nhat (1 thang) va cau trac ANN ¢ s6 noron it nhét (2) trong 16p an, chi
dat 0.8318 (hay R =0. 6918). Dul ring gla tri R nho nhat van da 16n dé chap nhan d6 chinh xac cua két
qua md phong nhiét do khong khi (khi R’ dat mirc tir 0.6 + 0.7) nhung két qua cling cho thay khong nén
sir dung cau trac ANN c6 s0 noron trong 16p 4 4n bang 2 (tirc 5-2-2-1) khi d6 dai chudi sé liéu bién d6i ma
nén su dung s6 noron trong 16p & an it nhat bang 5. Bén canh do, trong do thi, nhimg dlem md phong bi sai
1éch nhiéu so véi s6 liéu thuc do thuong nam ¢ cac doan dinh thap hay cao cua chudi s6 liéu, diéu nay dac
biét rd hon khi sé lugng noron trong 16p an cua chu tric ANN nho.

- Véi cung mot do dai chudi dir liéu, cdu tric ANN (2 16p) nao co so lwong noron trong 16p 4n 16n
hon s& cho gié tri R cao hon. Didu nay da thé hién rd strc anh huong cua so luong noron trong m6 phong.
Tuy nhién, gia tri R tang chdm dan (thé hién qua cac duong két qua R gan nhau hon trén d6 thi hinh 11)
khi s6 lwong noron trong 16p a 4n tang lén.

- Véi ciing mot cau trac ANN, d6 dai chudi s6 liéu dua vao mo phong tang khong chic s& dan dén su
tang 1én cua gia tri R hay do chinh x4c ctia md phong (vi du: 48 thang sb liéu cho R thap hon 6 thang s6
lidu v6i moi ciu traic ANN dugce khao sat). Diéu nay xay ra c¢6 thé do nhitng s liéu khac biét méi dua vao
chudi dai hon lai mang tinh bién dong khac biét nhiéu so voi quy ludt von co ctia cac chudi dir liéu ngén,
tir do gy kho khan cho qua trinh mé phong va anh huong dén do chinh xéc cua két qua.

- Khi d6 dai cua chudi sé liéu dau vao ngan tir 4 thang tro xudng, su bién d6i R trong mo phong
khong tudn theo mot quy ludt nhat dinh. Nhung véi cac chudi s6 liéu c6 do dai tir 6 thang tro 1€n, su bién
doi trong gia tri R thu dugc tir ca 3 cau trac ANN réat ddng nhat vé xu hudng (cting ting hay cting giam)
du bién d¢ thay d6i ctia R tir cac céu triic ANN néu trén ¢6 khéc nhau.

4 KET LUAN

Cong tac md phong nhiét do khong khi tai tram khi twong Nha Bé da cho thay tim quan trong ctia do
dai chudi s6 liéu dau vao dén do chinh xéac cia két qua mo phong khi 4p dung nhitng cdu trac ANN khac
nhau. Sy bién d6i cua gia tri R trong mé phong tir chd khong tuan theo mot quy ludt nhat dinh khi d6 dai
ctia chudi s6 liéu du vao ngén dudi 4 thang dén chd c6 xu hudng gidng nhau khi sir dung cac chudi c6 do
dai tir 6 thang tro 1én duge thé hién 16 cho 3 ciu tric ANN di lya chon. Tuy nhién, d6 dai chudi s6 liu
dua vao md phong tang 1én chua chéc s& din dén su ting 1én cua gia tri R tic chat lwgng mé phong (trong
nghién ctru nay tham chi con c6 xu hudng giam dan) khi str dung ciing mot céu tric ANN boi két qua rat
6 thé con phu thudc vao do phurc tap cua dir liéu dau vao.

Mot két qua khac tir cong tic md phong nhiét d6 khong khi 13 sy sai 1éch giita két qua mé phong voi
két qua do thuong xay ra manh hon ¢ doan thu¢c cac dinh thép hay cao trong d6 thi ctia chudi sb liéu.
bic biét, diéu nay cang thé hién 15 rét hon trong trudng hop cau tric ANN véi sé luong noron it trong
16p an duoc st dung dé mod phong.

Nghién ctru nay da sir dung 4 nam s6 liéu thue do tai mot tram khi tuong mién bong Nam Bo trong
qué trinh md phong. Du danh gia da duoc thyuc hién v6i nhitng d6 dai khac nhau cta chudi s6 liéu nhung
vi tri khao sat mai chi gidi han & mot tram khi tugng nén can dugc thr nghiém thém béng s6 liéu thu thap
tir nhitng tram khi twong ¢ cac dia phuong c6 dac diém tu nhién khac nhau dé co thé tong quat hoa. Mat
khéc, cac td hop thong s6 khi twong ciing nhu ciu tric ANN thay ddi ciing c6 thé s& co tac dong tdi mirc
d6 anh huong cua do dai chudi sé lidu dén két qua mo phong nhiét do khong khi va ciing can duoc diéu
tra thém trong tuong lai.

LOI CAM ON

Tac gia xin cam on Truong Pai hoc Cong nghiép thanh phé Hb Chi Minh di tao moi diéu kién thuan
loi dé cho nghién ciru nay c6 thé hoan thanh. R4t cam on cac ddng nghiép ¢ Vién Khoa hoc Cong nghé va
Quan Iy Mbi trudng da hd trg tac gia trong qud trinh thuc hién cong viée. Xin cam on Dai khi twong thuy
vin khu viec Nam B da cung cdp s6 liéu cho nghién ciru.
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