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Kiém todn nha nuée

Toéom tat Dy bao luu lugng nudc dén hé chira c6 y nghla rdt quan trong trong viéc van hanh an
toan hé chira va phén phoz nudc hop Iy cho cac nhu cau swe dung nuoc . Do vay, da cé nhiéu nghién
cieu nang cao do tin cdy cua viéc dw bdao lwo’ng nueée dén phuc vy cho cong tac quan Iy, van hanh ho
chira. Do do muc tiéu chinh cua nghién ciu nay la vng dung mang than kinh nhdn 1o truyen thing
nhiéu I6p (ANN) s dung thudt toan lan truyén nguoc dé dir bdo luu lwong nude dén ho chita Cua
Dat trude 3 ngay trén co so phan tich, danh gla hai kich ban: (1) Dy bdo luu lu"ong dén hé chi xet
dén yéu té luu lu’ong dong chay va (2) xét dén yéu 16 luu heong dong chay va yéu to lu"ong muea. Két
qud cho thdy, khi ¢6 xét them yéu té lwong mua cho dg chinh xdc cao hon. Cy thé, véi dir liéu ciia
ram Cua Dat, sai s6 qudn phirong RMSE giam tir 75.04091 m3/s xuéng con 5 6.35318 m3/s va chi
56 xdc dinh R’ nang cao tw 0.68 len 0.72, twong t VOi tram Cam Thuy, sai s6 RMSE ciing gidm
xudng va chi sé xdac dinh R? tang lén. Két qua nghzen clu cung cap mot phu’O’ng phap hitu ich trong
bai toan dy bdo, ddc bi¢t co y nghia trong cong tac quan ly nguon nuoc va gop phan quan trong
trong vi¢c xdy dung cac phuong an quan ly van hanh hé chira duoc chu dong hon.

Twr khoa: ANN, mang than kinh nhdn tao, dw bao luu lugng.

Summary: Forecast of the water flow to the reservoir has a very important significance in the
operation of the reservoir safety and rational distribution of water for the water use needs.
Consequently, there have been many studies enhance the reliability of the forecast of the amount of
water to serve for the management, operation of the reservoir. Therefore, main objective of study is to
apply of artificial neural network (ANN) direct use of reverse propagation algorithm to forecast the
water flow to the Cua Pat reservoir before 3 days on the basis of the analysis, assessment for two
scenarios: (1) To forecast water flow to reservoir only consider about flow element and (2) consider
both of flow and rainfall elements. The results showed that, when considering both of flow and rainfall
factors for higher accuracy. In particular, with the data of the Cua Pat station is error (RMSE)
reduced from 75.04 to 56.35 m’/s m3/s and the index of R’increased from 0.68 up 0.72, with similar
error (RMSE), Cam Thity station also dropped and index R’ increased. This research results provide a
useful method in forecasting, that is particularly meaningful in the management of water resources and
significant contributions in building the reservoir operation management scenarios are more active.
Keywords: ANN, The artificial nerve network, forecasts of water flow.

1. PAT VAN PE trong d6 luong mua c6 anh huéng truc tiép
Bién ddi khi hau (BDKH) da tic dong dén sy 4°n dién bién dong chay, tac dong t6i cong tic
thay d6i luu luong tai cic ving, luu vuc trén quftn l}f ven h’anh ITO ch‘u’a trf:n ca nuocf,kday. }a
thé gii néi chung va Viét Nam néi rieng, MOt thich thirc ngay cang lén trong diéu kién
bién doi khi hau [1,13], doi héi can phai giai
quyét bai toan vé du béao trudc luu luong dén
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1y van hanh hé théng thuy loi néi chung va van
hanh hé chira ndi riéng.

Céc nghién ciru vé bién d6i khi hau da chi ra
rang trong ba thip nién t6i, lrong mua & cc
Ivu vuc nho tai Han Quéc s€ tdng tr 6.6% dén
9.3% va nhiét do khong khi c6 xu hudng tdng
thém tr 0.8°C dén 3.2°C (Bae. D.H et al.,
2011). DPéi voi Viét Nam, trong nam thap nién
qua (1958 —2007) nhiét do trung binh da tdng
1én vao khoang 0.5°C-0.7°C (MORE., 2009).
Céc nghién ctru ciing chi ra sy bién d6i cua cac
yéu td va hién twong khi hau cuc doan, nhu
nhiét do cuc dai (Tx), trén toan Vi¢t Nam nhin
chung c6 xu thé tiang, dién hinh 1a ving Tay
Bic va ving Bic Trung B9; Luong mua ngay
cuc dai tang lén & hau hét cac vung khi hau,
nhit 13 trong nhirng nim gan day; S6 ngay
mua 16n ciing c6 xu thé ting 1én trong Gng va
bién dong manh, nhét 1a & khu vuc Mién. Theo
du béo, nhi¢t d¢ khong khi trung binh cua Viét
Nam sé& ting lén dang ké, c6 thé lén téi
0.3°C/thap ky trong nira dau thé ky 21; Luong
mua ciing c6 xu thé ting 1én trén hau hét cac
vung khi hau, dic biét 1a dai ven bién Mién
Trung (Thanh, et al., 2013). Nhitng tdc dong
cia BDKH khéng chi anh huéng dén hoat
dong kinh té, x3 hoi ma san xuét luong thuc
cling dang va s& gip nhiéu rui ro vi nhirng tac
dong cua hién twong bién ddi khi hau
(Dasgupta S., et al., 2007; HLC, 2008).

H6 chtra nude Cira Pat ¢6 nhiém vu cép nuoc
tu6i cho nong nghiép va két hop phat dién,
khi thiét ké chua dé cap dén yéu t6 bién doi
khi hdu nén nhirng nim gan day bién ddi khi
hau da anh huong xau dén viéc van hanh ho
chtra. Bén canh do, theo da phat trién ctua xa
hoi thi nhu cdu nuéc s& thay d6i, theo xu
huéng ting, din dén sy thay doi trong van
hanh, phin phdi nudc. Vi vay, yéu cau dit ra
14 can du bao duoc lugng nudce dén hd phuc vu
cho viéc van hanh, phan phdi nudc an toan va
hiéu qua. Bai viét ndy s& gidi thiéu két qua du
bao luu lugng nudc dén hd chira Ctra Pat trén
co s& Ung dung mang thin kinh nhan tao

truyén thang nhidu 16p (ANN) st dung thuét
toan lan truyén nguoc.

2. POI TUQNG NGHIEN CUU
2.1. Ho6 Cira Pat

H6 Ctra Pat dugc khoi cong xdy dung ndm
2004, thudc dia phan xa Xuan MY, huyén
Thuong Xuan, tinh Thanh Hoéa. Dién tich luu
vuc tinh t6i tuyén ddu mdi cong trinh Cira Pat
1a 5.938 km?, trong d6 c6 4.906 km? thudc dia
ph'?ln Lao, chiém 82,6% dién tich luu vuc;
dung tich hitu ich 1a 1,45 ty m® nudc; nhiém
vu chinh cta hd chira Cira Pat 1a giam lii Gng
v6i tan suat thiét ké P = 0,6%, cép nudc tuoi
cho 85.115 ha dét canh tac ving ha du va cap
nu6e phuc vu cic hoat dong kinh té xi hoi
khac. Hd chtra Ctra Pat duoc cung cap nudc tir
2 ngudn chinh 13 nuéc mua va nude dén tir
song M3 (va song Chu').

Khi hau luu vue hd Cira Dat chia lam 2 mua:
mua déng kho lanh va mua hé néng am. Mua
mua (tir thang V dén thang X) chiém tir 80-
85% luong mua nam, mua kho bat dau tur
thang XI va két thic thang IV nim sau. Ba
thang c6 lugng mua nho nhét tir thang 1 dén
thang I1I.

2.2. Mang thin kinh nhén tao

Mang than kinh nhan tao mé phong mang thin
kinh va cach lam viéc cua cac no-ron than kinh
trong bd ndo con ngudi nhim tng dung giai
quyét cac bai toan phirc tap do hai nha nghién
ctru McCulloch va Pitts xdy dung va lan dau
tién gio1 thiéu vao nam 1943. Sau d6, mo6 hinh
nay dugc hoan thién bdi nhiitng nha khoa hoc
khac va dugc ung dung nhiéu trong cac linh
vuc k¥ thuat. Mang than kinh nhan tao tmyén
thing nhiéu 16p (Multilayer Perceptron —MLP)
thuong duoc s dung pho bién dé giai quyét
cac bai toan phi tuyén, phuc tap, khi ma mbi
quan hé giita cac qua trinh khong d& thiét 1ap
mot cach tuong minh.

! Séng Chu thyc ra 1a nhanh cép 1 cia Séng Ma.

2 TAP CHi KHOA HOC VA CONG NGHE THUY LOI1SO 39 - 2017



1. PHUONG PHAP NGHIEN CUU

Nhing niam dau thé ky 21, trén thé gidi da bat
dau ung dung cic cong cu, phan mém duya trén
cac mo hinh toan vao giai quyét cac bai toan
du bao khi twong, thuy vian va cho két qua
dang tin cdy. Mang than kinh nhén tao c6 uu
diém 1a kha ning hoc va xir Iy chudi sb liéu
dau vao tan dung tri¢t dé duoc cac thong tin
(dir liéu do dac) hi¢n c6, dua vao mbi quan hé
giita cac dir lidu du vao dé tir d6 dua ra cac
du bao. Vi vay, nghién ctru nay s€ ung dung
phin mém Spcie — MLP (MultiLayer
Perceptron) dugc viét riéng dé xay dung mo
hinh mang than kinh nhan tao (Artificient
Neural Network) du bio ngin han (3 ngay) luu
lugng nudc dén hd chira Cra Pat.

2.3. Mang than kinh nhén tao truyén thing
nhiéu 16p

Mang no-ron nhan tao c¢6 kha nang “hoc" va xu
1y song song. N6 c6 thé tinh toan va du bao gia
tri clia bién dau ra v6i mot tap hop cac thong tin
cta bién dau vao duge cho trude. Mo hinh mang
than kinh nhan tao (ANN ) s& duoc “huin
luyén” dé c6 thé “hoc” tir nhiing thong tin qua
khtr. Ttr do, mang cé thé dua ra két qua du bao
duya trén nhirng gi da dugc hoc. Qua trinh nay s€
dugc tién hanh bang cic thuat toan hudn luyén
mang, phd bién 1a thuat toan lan truyén nguoc
(back-propagation algorithm) [1,6].

Mang than kinh nhan tao truyén thang nhiéu
16p dugc sip xép gom: Lop dau vao, cac 16p
an va 16p dau ra. Lop dau vao sé& 1a noi nhan
cac tin hiéu dau vao. Céc tin hiéu nay cé thé 1a
mot héng s6, dir liéu tho hodc cling ¢o thé 1a
dau ra cia mot mang no-ron khac. Cac gia tri
nay sé tic dong dén cac no-ron 16p an thong
qua bo trong s6 wij. Tai 16p an, tin hiéu cia 16p
vao s& dugc xir 1y bang mot ham kich hoat
(activate function), thuong la ham Sigmoid
hodac ham Tan-hyperbolic sau do6 tin hiéu s€
duoc truyén qua 16p ra théng qua bo trong sd
Wik [4,6]. Cac 16p an lién két giira 16p dau vao
va 16p dau ra, diéu ndy lam cho mang thin
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kinh nhan tao c6 kha ning md phéng mbi
twong quan phi tuyén tot hon.

Input signals
Output signals

INPUT LAYER

HIDDEN LAYER

OUTPUT LAYER

Hinh 2.1: Céu triic mang than kinh nhan tao

2.4. Phuwong phap hoc

C6 hai van dé can hoc d6i v6i mdi mang no-
ron nhan tao d6 1a hoc tham s (parameter
learning) va hoc cdu tric (structure learning).
Hoc tham s6 1a viéc thay ddi trong sd cua cac
lién két gilta cac no-ron trong mot mang, con
hoc céu tric 1a viéc diéu chinh ciu trac cua
mang bao gdm thay d6i sé 16p no-ron, sé no-
ron ctia mdi 16p va cach lién két gitta chung.
Co ba loai phuong phap hoc: hoc c6 giam sat
hay con goi 14 hoc ¢ thay (supervised learning),
hoc tang cuong (reinforcement learning) va hoc
khong c6 gidm sat hay con goi 1a hoc khong co
thdy (unsupperviced learning).

Mo hinh mang thin kinh nhan tao xéc lap mbi
quan hé giita mot tip hop cac bién dau vao X (i
=1,n) v6i mot hodc nhiéu bién dau ra Yy (k =
1, 1) dya vao dit liéu trong qua khir [6]. Vi cac
no-ron & 16p dau vao, mdi gia tri dau vao X; lan
luot dugc nhan véi cac trong ) wij, sau d6 dugc
cong voi nhau va cdng voi mot do léch (bias).
Tong dugc tao ra c6 thé sir dung ham kich hoat f
tao thanh no-ron trong 16p 4n H;.

(y}
H; = f(ZwaU- + bias)
i=1

Céc no-ron trong 16p an duoc tinh todn, tiep
tuc nhan vdi cdc trong sO wjk va cong thanh
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téng net. Sau khi tong net dugc tinh toan, nd
dugc chuyén thanh tin hi¢u dau ra ¥, (gia tri
wéc lwong) bang viéc ap dung ham kich hoat f.

m m n \
ﬁ:f Zijiﬁ-bm =f zf(ZwaUHias)wjﬁbias

= ALNEL

/

Ung voi mét gia tri quan sat thir t (1 = 1,T), dd
léch giira tin hiéu dau ra cia mang Ym va Yi;
duoc goi 1a sai sb (blas) gia tri do léch ban déu
mic dinh 1a 0. Dé tong binh phuong cac sai sb
niy 1a bé nhat, phai di tim bo trong s6 wij va wik
hay tim gi4 tri bé nhat ciia ham muc tiéu E(w): [6]

E(w ——ZZ{YM Y,“

=1 k=
Vi ham E,, 1a mot ham phi tuyén nén khong
thé tim cac trong sb w bang phwong trinh hbi
quy tuyen tinh ma s& duoc st dung thuat toan
lan truyén ngugc sai sb.

z
A

2.5. Thuit toan lan truyén nguoc sai s6

Thuat toan lan truyén ngugc sai sd (back
propagation algorithm) la mot thuét toan phirc
tap dé t6i thiéu hod cac ham muc tiéu, phuong
phap 13 giam gradient dé diéu chinh cac trong
s6 lién két giita cac no-ron. Y tudng co ban
cta thuat toan nay 1a: khi trong sb w thay doi
thi ham muc tiéu E(w) s& thay d6i va tng mot
ham E(w) s& c6 mot tap gia tri ciia cac trong sd
w ma lam cho ham E(w) dat gia tri cuc tiéu.

DPé ude hl’O’I’Ig cac trong s6 w bang thuit toan
lan truyén nguoc sai sO, dau tién gan cho mang
mot bd trong s6 w ban dau, tir bd trong ) nay
ta tinh toan dugc gid tri ham E(w). Sau do ta
s& diéu chinh trong s6 w sao cho bd trong sb
moi lam cho ham E(w) bé hon, trong do, gia
tri ciia trong sd phai giam néu dao ham JE/ow
1a dwong. C6 thé biéu dién phwong phap giam
gradient bang cong thirc nhu sau:

Aw = whW — o = _paE/dw

Qué trinh tim b trong s6 thich hgp cho mang con
duoc goi 14 qua trinh hoc. Hing s6 1 con dugc goi
14 hing s6 hoc, 1 14 hing s6 dwong xac dinh tdc

d6 giam gid tri cia w, con dau 4m chi chiéu giam
gradient. Qua trinh hoc s€ dugc 1dp di lap lai cho
dén khi Aw gan bang 0 (nho hon mdt mirc sai s6
cho trudc) hoac diéu kién dimg hoc dugc kich
hoat. Piéu kién dung hoc duogc thiét lap nhim
tranh tinh trang hoc qua (over-fitting).

Tuy theo dang bai toan cu thé ma moé hinh
mang than kinh nhan tao s& duoc xay dung véi
cac chu tric ¢6 sy khac nhau nhim dat higu
qua toi da, tuy nhién cach thirc hoc ciia mang
1a khong thay d6i.

3.NOI DUNG VA KET QUA NGHIEN CUU

Pé tién hanh dy bao luu luong nude dén hod
no6i chung va dén hd chira Ctra Pat néi riéng,
trong nghién ctru nay str dung mo hinh Spice —
MLP (MultiLayer Perceptron). M6 hinh xay
dung chuyén dung sir dung cac thuit toan thin
kinh nhan tao (ANN). Sir dung phin mém
Spice — MLP khé don gian, két qua dau vao va
dau ra duoc nhap, xuat ra voi dinh dang cua
Microsoft Office Excel, thuan ti¢n trong qua
trinh st dung va tinh toan, kiém tra sd liéu.
Mang than kinh nhan tao noi chung va duoc
xdy dung bang phan mém Spice — MLP néi
riéng qua ba budc chinh:

Bude 1: Xac dinh cac bién dau
vao, dau ra ciia mo hinh

U

Budce 2: Chuén hoa dit lidu
dau véo, diu ra va chon ham
kich hoat

U

Budce 3: Xay dung va lya chon
cAu tric mang

4

Burde 4: “Hoce” va du bao

Hinh 4.1: Cac budc xay dung mo hinh Spice - MLP
3.1. Dir liéu sir dung du bao
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Nudc cia hd chira Cira Pat dugc cung cap
nude tir 2 ngudn chinh 13 mua va lugng nuée
dén cua song Song Ma (va séng Chu). Trén
luu vuc ¢6 2 tram khi tuong, thuy van quan
trac sb liéu tir hai séng nay 1 tram Cam Thuy
va tram Ctra Dat. Do han ché vé chudi sd liéu
quan tric nén bo dir liéu nhém tac gia st dung
dé du bao luu lugng nude trude 3 ngay dén hod
chtra Ctra Pat gom co:

Bg dit li¢u quan tric luu lugng: tor nam 2004
dén nam 2006.

B9 dir liéu quan tric luong mua: tir nam 2004
dén nam 2006.

Dit liéu dau vao mo hinh mang than kinh nhin
tao sir dung phan mém Spice — MLP duoc chia
thanh: di liéu hoc tir naim 2004 dén nam 2005
va dit liéu kiém tra 1a ndm 2006. Vi ngudn dix
liéu nay chua du tinh dai dién tot dé luyén
mang than kinh nhén tao nén c6 thé két qua du
bao chua dat dugc do tin cdy cao nhét (sai sb
nho nhat).

Nhom nghién ctru tién hanh xdy dung 2 phuong
an du bao luu luong trude 3 ngay dén hd chia
Cira Dat: phuong an 1 - Du bao trude 3 ngay xét
dén yéu t6 luu luong dong chay va phuong an 2
- Du béo trude 3 ngiy xét dén yéu té Iuu luong
dong chay va yéu to lugng mua.

Phwong dn 1: Dy bao truée 3 ngay xét dén
yéu t6 luu lwong dong chay.

Trong phuong an nay viéc dy bao luu lugng
nudc twong lai trude 3 ngay Q(t+3) dua vao
cac luu luong nude tai thoi diém hién tai va
qua khu. Chung t6i st dung ba gia tri luu
lwong lam dau vao cia mang gom:

- Luu lugng nudc hién tai: Q(t)

- Luu lugng nudc trude do6 3 ngay: Q(t-3)

- Luu lugng nudc trude d6 5 ngay: Q(t-5)
Biéu thuc tdng quat: O(+3) = f (O(1), O(t-3),
Q(t-3))

Chang t61 dung mang no-ron dugc xay dung
trén phan mém Spice - MLP dé hoc duoc mbi

[ KHOAHOC
quan hé giira cac bién du vao nay. Sau khi hoc,
phan mém du bo, cho két qua véi dir licu kiém
tra (test set) 1a luu lwong dong chay dén hd Cua
Dat nam 2006. Duong qua trinh mé phong luu
luong nudc dén hd Cua Pat tai cac tram Cira
Pat va Cam Thuy cung cac chi sb danh gia két
qua du bao 1an lugt dugc thé hién nhu dudi day.

Két qua du bao luu luong dong chay dén trude
3 ngay sur dung sd liéu quan tric tai tram Cira
Dat co:

- Sai sb can quén phuong RMSE = 75.04091 m’/s
- Chi s6 R? = 0.684653

Puwing qua trinh lru lwrgng dy bio trirde 3 ngay va thie té - tram Cira Bat

Hinh 2.5: Buong qua trinh lvu lvong du bao
trueée 3 ngay va thuc té - tram Cira Pat (PAI)

Két qua du bao luu lugng dong chay dén trudce
3 ngay st dung sb liéu quan tric tai tram Cam
Thuy co:

- Sai sb cin quan phuong RMSE = 271.7461 m’/s

- Chi s6 R? = 0.692655.

Budng qua trinh luu lrgng dy bdo trude 3 ngay va thye té - tram Cam Thiy

Hinh 2.6: Puong qua trinh luu luong dy bao
truGe 3 ngay va thue té - tram Cam Thiiy (PAI)
b) Phuwong dn 2: Dy bio trude 3 ngay xét dén
yeu to luu lugng dong chay va yéu to lugng mua:
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Theo cac nghién ctru thuy vin, dit liéu vé mua
trén Iuu vuc ciing anh hudng dén Iuu luong nudce
trong twong lai. Viéc du bao can ca thong s6 vé
lugng mua tai thoi diém hién tai va lurong mua
trong qua khir (do anh hudng dén trit luong nudce
ngdm). Trong phuong 4n ndy, du bao luu luong
nudce trong lai trude 3 ngay Q(t+3) khdng nhirng
chi dya vao céc luu lugng nude qua khir va hién
tai Q(t), Q(t-3), Q(t-5) nhu phuong 4n 1 ma con
phu thudc vao lugng mua trong qua khir va hién
tai tai luu vuc do X(t), X(t-3), X(t-5).[1]

- Luong mua ngay hién tai: Q(t)
- Luong mua trude do 3 ngay: Q(t-3)
- Luong mua trude do 5 ngay: Q(t-5)

Biéu thuc tdng quat: O(+3) = f (O(1), O(-3),
Q(t-3), X(v), X(t-3), X(1-5))

Str dung phan mém Spice — MLP du béo, cho
két qua véi dir lieu kiém tra (test set) 1a luu
lugng dong chay dén ho Cira Pat nam 2006.
DPuong quéa trinh m6é phdéng luu lugng nudce
dén hd Cua Pat tai cac tram Cira Pat va CAm
Thuy cung cac chi sé danh gia két qua du bao
lan luot dugc thé hién dudi day.

Két qua du bao luu luong dong chay dén trude
3 ngay sur dung s6 liéu quan tric tai tram Cua
bat co:

- Sai sb can quan phuong RMSE = 56.35318 m’/s
- Chis6 R2 =0.721401.

Dudng qua trinh lwu lwong dw bido trurde 3 ngay va thue té - tram Cira Pat

hii g

Hinh 2.7: Duong qua trinh lvu lvong dw bao
trie6e 3 ngay va thuec té - tram Cira Pat (PA2)

Két qua du bao luu lugng dong chay dén trudce
3 ngay str dung sb liéu quan tric tai tram Cam

Thuy co:
- Sai s6 can quan phuong RMSE = 223.378 m’/s
- Chi s6 R2=0.729415.

Duing qua trinh lru lvgng dy bio trude 3 ngay va thie é - tram Cim Thiy

Hinh 2.8: Puong qua trinh luu luong dy bao
truGe 3 ngay va thue té - tram Cam Thiy (PA2)

4.KET LUAN

Két qua du bao trude 3 ngay luu luong nudc
dén hd chira Ctra DPat cho thiy khi xét thém
yéu t6 lwong mua cho d6 chinh xac cao hon
chi dung sé liéu quan tric luu lugng dong
chay. Tai tram Cura Pat, chi sé xac dinh R2
nang cao tir 0.684653 1én 0.721401 va sai sd
quan phuong RMSE giam tr 75.04091 m’/s
xudng con 56.35318 m3/s. Tai tram CAm Thuy,
chi s6 xac dinh R? tir 0.692655 1én 0.729415
va sai sO quan phuwong RMSE giam tir
271.7461 m3/s xubng con 223.378 m%/s. Nhu
viy, yéu t6 luong mua anh huong dén qua
trinh du bao luu luong dong chay dén hd chira
Cura Dat.

Bo sb liéu st dung dé du bao con kha it, chua
day dii nén c6 thé chua dap tmg 1a chudi c6 tinh
dai dién tot nén mang than kinh nhén tao trén
phian mém Spice - MLP cho két qua du bao ¢
chi sb xac dinh R? chua thuc sy cao. Vi vay, dir
liéu quan tric cac yéu to khi twong, thuy vin
dai hon thi viéc du bao trudc luu lugng nudc
dén ho sé& dat do chinh xac cao hon.

Dy bao luu lugng nuédce dén ho chta Cura Pat
g dung mang than kinh nhan tao (ANN) c6
¥ nghia quan trong, gép phan du bao trude
trong viéc xay dung cac phuong an quan ly van
hanh hd chta duoc chi dong hon. Ngoai ra,
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nghién curu c6 the ap dung dé du bao luu lwong  dén cho cac ho chira khac nhau trén ca nudc.
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