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BAI TOAN XAC PINH CAC THONG SO VAN HANH HO CHUA
TRONG PIEU KIEN MUA, LU LON CUC POAN

Nguyén Ngoc Nam, L2 Vin Nghi, Bui Thi Ngin, Hoang Pirc Vinh
Phong Thi nghiém trong diém Quéc gia vé dong hec hoc séng bién

Tém tat: Vin hanh ho chira trong dieu kién mwa, li Ion cuc doan ld bai toan phiec tap vi phai
dam bdo cdc yéu cau an todan hé chira, an toan ha du va van phdi giiv dwoc hrong meée trong ho
cho cdac muc dich ccfp nuwdc, phat dién trong mua kiét. Trong dieu kién bién doi khi hdu hién nay
muea, lii I6n cwe doan xdy ra thwong xuyén hon trong khi céng tac du bdo con nhiéu han ché nén
can thiét cé6 mot phwong phdp xdc dinh cdc tiéu chi van hanh hé don gian, dé dp dung. Trong
nghién ciru ndy, chiing toi tiép cdn van dé tir bai todan ciee doan tong qudt la hé chira dang & mwc
nieée cao (trong thoi ky li chinh vy hodc dau ky li mudn) thi c6 li Ién dén hé. Ding phwong
phadp gidi tich két hop mé phong dong chay li bang mé hinh todn va phwong phdp thir dan,
chiing t6i xdc dinh dwoc cdc thong sé quan trong la thoi diém bt dau xa nwée Ty, cuwong sudt xd
li AQy; lwu heong xd lii thoi doan Oy mwe meée don li Zy; thoi diém két thiic van hanh T, va
tong heong xa W,. Phwong phdp nay dwoc dp dung tinh thir cho hé chira Suoi Hanh ¢ Khdanh
Hoa va Séng Sao ¢ Nghé An cho két qua tét. Nhitng théng sé nay ¢6 ¥ nghia quan trong dé vin
hanh hé chiva an toan va hiéu qua.

Summary: Reservoirs oporation in extreme rain and flood condition is a complicate work
because we need to ensure safety for dam, downstream areas and as well as store enough water
for dry season demands. In the context of climate change, heavy rain and floods are more
frequent while there are many problems in forcasting, so it is necessary to have a simple and
appliable method for determining the criterias for operating reservoirs. In this study, we
approached the problem from the general extreme problem when the reservoirs are being high
water level (during the main flood season or the first time of late flood period), then there is a
heavy flood comes to the reservoir. Using combination of the analytical, mathematical model
and trial-and-error methods, we determined the important parameters including: the time of
starting to operate Ty, Flood discharge intensity AQ;, Flood discharges Q., Reservoir water
level to catch the flood Zy; The ending time of operation T, and total discharge W,. This method
was applied for Suoi Hanh reservoir in Khanh Hoa and Song Sao reservoir in Nghe An provided
good results. These parameters are important for safe and efficient reservoir operation.

O Viét Nam, vin dé n ghién ctru van hanh hd
chira dd va dang dugc nghién ctru véi mot sd
thanh cong nhdt dinh. Cic phuong phép
nghién ctru déu hudéng téi sir dung mod hinh mé
phongkét hop véi mot sé ki thuat téi vu;

1. PAT VAN PE

Trén thé gii, thuat toan tdi wu thuong duoc ap
dung trong nghién ctru viéc van hanh hd chta
nhung cho dén nay khéng co mot 1oi giai
chung cho moi hé théng ma tuy dic thu cua
tirng hé théng ma c6 cac 1o giai phi hop. Thyc trang cic quy trinh van hanh hd chira ¢
Viét Nam thuong xdy dung trén nén tang cia
cong tac du béo, trong khi chét lwong du béo
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dong chdy trén song chi dat 50-65% [4] do
nhiéu nguyén nhan dy biao muwa con thiéu
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chinh xac, dia hinh luu vyc phire tap...

Theo két qua nghién ciru ciia nhom tic gia
thyc hién dé tai: “Nghién ciru gidi phdp ndng
cao hiéu qua cat lii, dam bdo an toan ddp va
viing ha du hé chira trong diéu kién muwa, lii
lon cuc doan”, tai Viét Nam: Doi véi cac hd
chtra vira va 16n, c6 ctra van khong ché thi viéc
van hanh thuong tuan theo mot quy trinh nhét
dinh. Tuy nhién, cac quy trinh nay thuong cha
trong dén bao vé an toan cong trinh ma chua
xem xét nhidu dén an toan ha du dic biét 1a
cac hd chira thuy loi, thuy dién 16n. Khi xay ra
cac tran mua, 16n cuc doan, i c6 thé do mua
16n hodc do van hanh xa bét ngo hay su cd
cong trinh.v.v... kha nang ngip lut ha du, mat
an toan hd cang tré nén nghiém trong,

Déi voi cac hd chiranhd: Hau hét cac hd chira
nhoé déu chua cé quy trinh van hanh, khong c6
phuong an phong chéng Iii cho ha du. Ngay ca
nhirng hd chira ¢ tran diéu tiét bang cira van
ciing chua xdy dung (hodc xdy dung chuwa
hodan chinh) quy trinh van hanh hd chira. Néu
¢6 thi chi 1a cac quy trinh do chii hé ty 1ap dé
van hanh nhung chua duwoc co quan c6 thim
quyén phé duyé. Dén nay chi c6 khoang 5%
hd chira nhé c¢6 quy trinh van hanh hoic dang
dugc xdy dung, dong nghia voi hién trang
khoang 3900 hd trén khip ca mrdc khong co
quy trinh van hanh. Hoat dong van hanh hd
chtra don gian 1a déng mé ctra van cong va dé
nude tu chay qua cong diéu tiét.

Quy trinh van hanh ¢ cac hd 16n da duogc phé
duyét, con ton tai mot sb bét cap, ddc biét 1a
viéc st dung dung tich phong lii trong qua
trinh didu tiét dé chu dong dén i va giam
thiéu ngap lut ha du;

Trong van hanh diéu tiét I, thuong quan tam
dén cac van dé veé thoi gian xa I, tong luong
xa 10 va luu lugng xa I Uung véi tung thoi
doan ma chua chu trong dén thoi diém xa 1d,
muc nude don 1, thoi diém muc nude trd vé
an toan;

Trong diéu kién bién d6i khi hau hién nay 1am

phat sinh nhiéu hién twong mua, li 16n cuc
doan [1], dé c6 thé xiy dung mot quy trinh vén
hanh hop 1y, nhém téc gia thyc hién dé tai:
“Nghién citu gidi phdp ndng cao hiéu qua cdt
lii, dam bdo an toan ddp va vimg ha du ho
chira trong dieu kién muea, lii Iom cuc doan” da
dé xuat phuong phap xac dinh duogc bo thong
s6 bao gdm: thoi diém bat dau xa nudc Ty;
cudng suat xa 1 AQ;; luu luwong xa 1i thoi
doan Q,;; muc nude don 1i Zy; thoi diém két
thuc van hanh T, va téng luong xa Wy nham
giai quyét bai toan van hanh cong trinh, dam
bao an toan dap va ha du.

Dudi déy, s& trinh bay bai toan tong quat va
két qua tinh toan cho mdt truong hop cu thé
cung cac phan tich, thao luan vé cac van dé co
lién quan.

2. PHUONG PHAP TiNH TOAN

Bai toan dugc xem xét trong diéu kién mua, I
16n cuc doan. Khi dé, hd chira dang 1am viée &
muc nudc Zo, twong tng thoi diém T,. Dung
tich ho tai thoi diém d6 1a Wy, dién tich mit
nude hd tai thoi diém d6 1a Fy (xem hinh 1).

Shas

Z; 77777877777
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W

Hinh 1: So do bai toan can bang nuwoc ho chira

Trude khi xdy ra mua, i lén cyc doan, can
thiét phai xa 1i dé ha muc nudc hd va tao ra
mot dung tich don 1a.

Véi dong chay 1i dén ho, ta co:
By = AL

Tu phuong trinh can bang nudc, véi dicu kién
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lwru vyc da bdo hoa va khong xem xét dén
dong tham, dong ngam ciling nhu hién tuong
bdc hoi, ta co:

dbV - b=
,2'.“’#31 - #w?i’f

Tai thoi diém 18 dén 16n nhét, c6 thé xem xét
Qp~(t) nhu la mét parabol ngwoc (dinh 16i &
phia trén) dé thiét 1ap mot twong quan gan
dung (xem hinh 3):
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H2: Qui he F, W=f(Z) cita hé chia Thetich W (ar” )
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M khac, tr cac duong dac tinh hd chua, ta
co:

AL FACY )
Vay tu (3) va (6) suy ra:
Rlad =W+ G-k ©

Tai thoi diém dang xét (c6 mua, I 16n cuc
doan), hd chtra dang & diéu kién nhiéu nuéde
hoic day nudc. Khi d6, c6 thé xem quan hé
gitta myuc nuwée hd voi dung tich hd (W~z) va
dién tich mat ho (F~z) 1a cac quan hé tuyén
tinh (xem hinh 2).
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H3: Qud trinh 10 dén hé chia Q= f{©)
Tuc la:
[ = fw | oo (7)
Xem xét cac quan hé xa li:
+ P01 vébi tran xa la:
Bep ™ iy By B (5= By 78 (8)
+ Cong va tran xa sau:
- T
Grs ﬁr.rfwﬁﬁﬂrﬁﬁu LTy, )

+ Tran sy cd (néu c6 hodc trong trudng hop
can thiét — do két qua tinh diéu tiet):

Bre ™ Mg Eﬂ"r’:E[;E - In:' 7 (10)
Tong luu lwong xa 1ii 14:
r‘:'r.' - I.'zllr '?iri | r‘:'rm' (1 1)

Trong cac cong thirc trén:

m, ¢ la hé s6 luu luong irng véi tran xa 18 (co
xem xét den co hep) va cura xa sau;

t 1a thoi gian;
p, x1a chi sé tng v i dong dén, dong xa;

sc, tr, xs 1a chi s6 ung vé6i cong trinh sy cb,
tran, cong trinh xa sau

Dé giai bai toan, ta chuyén sang dang sai phan.
W og = Wiy & &Wney (12)
Trong do:

i 1 thoi diém tinh thu i

i+1 12 thoi diém tinh thi i+1
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Do muc nuée hd cling 1a mot ham sb thay doi
theo thoi gian:

o gl (13)
Nén tir (3), (12) va (13) c6 thé viét thanh
phuong trinh sau:

Pk . ' 25T g F'-|
W= W ¢ PR - EeeRusy (14

Véi 4n s6 1a Z, vé phai da biét (voi cach tinh
thir dan) bang cach thiét 1ap bang tinh, s& xac
dinh dwoc Z.y, Qx['r#ql]a Qprir1y Wiis1g--- :[a s€
xac dinh dugc thoi diem T, muc nudc ho tro
vé MNDBT. Tir bang tinh s& xac dinh duoc
muyc nude don li caa hd chira (Z,), thoi diém
xa 1i (T), thoi gian xa 1i (T), tong lwong xa 1
(Wy), luu lugng x4 1t (Qy) tuong rng tirng thoi
doan va thoi diém muc nude hod tré vé muc
nudc an toan T,

Pay chinh 14 cac thong s6 quyét dinh cho bai
toan van hanh ho.

z
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Hinh 4. Cdc théng s6 quan trong vdn hanh
ho chira an toan

Ung cac con lii cyc doan khac nhau hay cac
phuong an van hanh khac nhau, s€ xay dung
duoc bo thong sb bao gdm 6 tiéu chi: (6) thoi
diém T, muc nuwéc hd tré vé muc nudc an
toan (MNAT: thong thwong la MNDBT. Tuy
nhién véi hé cé két cau chdc chdn, cdc thiétbj
van hanh dam bdo thi c6 thé chon MNAT la
MNGC hodc MNLKT — myc nuede lii kiém tra).

Tu bang tinh s€ xac dinh dugc (1) muc nudc
don 1ii coa hd chua (Z), (2) thoi diém xa I
(To), (3) thoi gian x4 1i (T), (4) tong lwong x4
(Wy) tuonging (5) luu lugng xa 1 (Q,) tung
thoi doan.

Quatrinh tinhtoan duoc thé hién qua so dd sau:

di

Hinh 5: So do bai todan vdn hanh hé chira khi
co mua, lii lon cuc doan

3. KET QUA CHO MQT SO TRUONG
HQP CU THE VA THAO LUAN

Duéi day, ching toi tinh toan cho mét sd
treong hop x4 i cua hd Sudi Hanh [3] va hd
Song Sao.

1.1. Giéi thi¢u vé ho sudi Hanh va hd Séng Sao
Ho Subi Hanh do Congty Khai thac cong trinh
thiy loi Nam Khanh Hoa quéan ly van hanh tur
nim 1986. Pén dot li dau thang 12/1986 thi
xay ra su ¢ v& dap. Nam 1989 toan bo cong
trinh ddu mbi da dwoc khic phuc xong va tir
d6 dén nay dd qua gin 20 nim khai thic cong
trinh twong ddi on dinh. Nam 2012, cong trinh
da duoc tai dau tu xdy dung dé nang cép lai
cac hang muc cong trinh dau mdi.

Ho Song Sao nam ¢ xi Nghia Lam, huyén
Nghia Pan tinh N ghé¢ An dua vao st dung ndm
2008. Tir khi hd chira di vao hoat dong dén
nay, hang nim khi miia mwa 1ii dén, ho lai phai
xa mot luu lwong 16n co khi rat 16n dé dam
bao an toan cong trinh. Viéc xa 1t da gy thiét
hai rat 16n vé kinh té ving ha du hd chira lam
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anh huong truc tiép dén cudc song nguoi dan

vung ha du.
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Dudi day 1a cac thong sb chu yéu ctia hd phuc

vu cho tinh toan

Bang 1: Cac thong so co ban ctia ho suoi Hanh va ho song S ao

| CONGNGHE

Sudi Hanh

Song S ao
Cé‘c théng sfr)v co ban cia hd méinang cap, hoan Céc thong s6 co ban cita hd
thanh cu6i nam 2014
Thoéng sd Giatri | Ghichi | Thongsd Gmmgﬁ
MNDBT 33.5 m MNDBT 757 |m
MN dén lii (du kién) 33.5 m MN d6n lii (du kién) 75.00 | m
MNGC 3464 |m MNGC 76.66 | m
MNKTr 3598 | m MNKTr 77.10 [ m
Z ngudng tran 29.5 m Z ngudng tran 70.70 | m
Hé s6 co hep 0.98 Hé s6 co hep 0.98
Hé sb luyu luong 0.42 Hé s6 luu luong 0.42
B 1 khoang tran 6 m B 1 khoang tran 8 m
B tran 18 m B tran 24 m
Cong Cong tinh gop
Z ngudng cong 21.8 m Z ngudng cong 66.2 |m
B cong ¥ B cong 5 m
H cdng H cong 2.5
D cong 0.71 m D cong m
W cong 0.396 | m2 W cbng m2
Z ngtran sy cO khong c6 Z ngtran sy cO 76.77
B tran su cb khong co B tran su cd 68.5

vé gia tri 10 dén duoc dua vao luu lugng thuc
té (truong hop cd so li€u) hoac tinh todn voi
cac truong hop tan suat 0.1%, 0.2%, 0.5% .v.v.

Hinh 6a: Vin hanh diéu tiét lii cuc doan ho
Suoi Hanh — Tinh véi Truong hop lii thue té
nam 2009

Két qua tinh van hanh thé hién trong bang 2.
1.2. Két qua tinh toan

Hinh 6b: Vén hanh diéu tiét li cuc doan ho
Suoi Hanh — Tinh véi Trwong hop lii thuc té
gay ngdp ha du 2010
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Hinh 6d: Vin hanh diéu tiét lii cuee doan ho
Suéi Hanh - Tinh véi Triwong hop lii thwc té
tan sudt 0.5%

Hinh 6¢: Vin hanh diéu tiét lii cwc doan ho
Suéi Hanh - Tinh véi Truwong hop lii thuc té
tan sudt 0.6%

wRM =R S LIfT KL
DoaTTH oS Tehivi MOCR DD 0

Hinh 6f: Vian hanh dieu tiét lii cuc doan ho

Hinh 6e: Véan hanh diéu tiét lii cuwc doan ho
Séng Sao - Tinh véi Truwong hop Ui thuc té

Suéi Hanh - Tinh véi Trwong hop lii thiee té tan

sudt 1 % nam 1978
CLTEEA AP ML i 3 ATH edy b K MO S
Illr_- 1 .”.HI T
' )
|

e - T e e N i

Hinh 6h: Vén hanh diéu tiét li cuc doan ho
Song Sao - Tinh voi Triwong hop lii cuc han,
thu phong t lii 2010

Hinh 6g: Van hanh diéu tiét lii cuc doan
hé Séng Sao - Tinh véi Truwong hop lii
thuec té nam 2011

Hinh 6: Vin hanh diéu tiét lii cwc doan 1 s6 truwong hop dién hinh

Bang 2: Théng ké két qua tinh toan van hanh lii cwe doan cho mdt s6 trwong hop dién hinh

Z T T W T { Cl
T Nii dung phiing an xi X L X Qe Al st‘hc a vzj\n Ghi
Iii clc doan (m) (ngay, gil) [(gil) m? (m3s) (ngay, gil) am‘gla chii
vin hanh
I | SuliHanh
Triing hip 10 dih thic
ngay 31A0/2009 - 11/3/2009 11/3/2009
! 03/11/2009: di kiin mic 34.29 15:00 35 1188533 12016 18:00 !
niic dén i la MNDBT
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T Nii dung philng an x( x To L Wy Wtman Tar Sti](;ﬂ:]\;?an Ghi
i clc doan (m) (ngay, gi)) (gi) m3 (m3s) (ngay, gi) vin hanh chu
Tring hip 10 dh thic &
ngay 27102010 - 10312010 111412000
2 [31/102010 - gay ngip| 33.58 12.0 7,128055 281.68 2
. 0:00 18:00
[t hidu: dikiin mic niic
don It 1a MNDBT
Tring hip G din 02 %
gil dinh ngayl
27/1022021 - 10/272021 11/5/2009
3 28/102021 -Vii hi mii: 3401 11:00 150 21362229 1378% 18:00 3
di kiln mic niic don Id
la MNDBT
Tring hip G din 05 %
gil dinh ngay|
4 27/102021 | 13402 10/272021 13.0 17565625 |354.10 11/6/2009 3
28/102021 -Vii hi mii: 11:30 18:00
di kiln mic niic don Ia
la MNDBT
Tring hip G din 1% gil
dinh ngay 27/10/2021 -
5 128102021 -Vi ho miiz| 33.78 101272021 105 13,898,809 |328.09 17712009 3
di kin nic nic don 1 12:00 18:00
la MNDBT
Il | Séng Sao
; . 101171978 11/9/2009
1 | Bitldthicttnam1978 |75.04 19:00 17.0 10,917,512 | 136.59 1800 1
2 | Triing hip 1d di thic t1f 74.16 | 6/17/2011 29.0 30,546,853 |570.15 | 11/102009 1
24/6/2011 din 23:00 18.00
26/6/2011
3 xl qua
5 LG cic hin (PMF) thu 72 49 10/172010 400 41,688,076 | 784.91 11/102009 5 o iran
phoéng 11 2010 15:00 18:00 ga

1.3. Mt s6 van dé thao luin

V61 nhitng tran [0 c¢6 dang duong cong tron
(thwong la lii tinh todn theo cdc tan sudf) thi
bai toan diéu tiét don gian, d& dang, co thé tu
dong diéu chinh sb ctra van tham gia diéu tiét
cho phu hop (xem hinh 6c¢, 6d, 6e). Trong
nhirng truong hop ndy, biéu d6 diéu tiét
(duong mau vang — Qx) c6 dang hinh thang

Nhin vao sé dinh hinh thang, ta c6 thé thay
ngay sb ctra van tham gia diéu tiét van hanh hd
trong tran mua, [ lon cyc doan (du kién hodc
thire té xay ra). Vi du nhu hinh 6¢c, ¢6 3 bac
thang, khi 1 vé, lac dau 3 cira van md dé diéu
tiét, van hanh, sau khi i giam, muc nudc
trong hd da 6n dinh thi dongbét 1 cira chi con
2 clra van van hanh. Khi 1i tiép tuc giam, déng
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b6t 1 cira van nira, chi con 1 clra van mé van
hanh. Vi du nhu hinh 6e, c6 2 béc thang, khi I
vé, lac dau 2 cira van mé dé diéu tiét, van
hanh, sau khi i gidm, muc nudc trong ho da
on dinh thi dong bét 1 ctra chi con 1 cira van

van hanh.

V6i nhirng tran mua, 14 lon cuc doan xa ra
trong thuc té thuong c6 dang dinh tam giac
nhon, 1én xubéng khéng theo quy luit. Do vay,
bai toan diéu tiét van hanh néu dé tinh ty dong
diéu chinh thuong rat phuc tap, dang biéu dd
x4 ciing bién thién theo dang tam gidc nhon
(hinh 6b — nhin vao biéu do xa cua hinh nay,
khong thé thdy ré quy ludt vdn hanh cira van).
Thuc té van hanh hd chira, rat kho dé van hanh

ctra van theo biéu do nay.

Chinh vi vay, voi céc truong hop ndy, phuong
phép tinh thir dan dé tim ra bo thong sb cac
tiéu chi van hanh hd chtra: (1) muc nudc don
li cia hd chira (Z,), (2) thoi diém xa 1i (T,),
(3) thoi gian xa I (T), (4) tong luong xa (Wy)
tuong tng (5) luu lugng xa 1 (Qy) tung thoi
doan, (6) thoi diém (T, muc nude hd trd veé
muc nuéde an toan (MNAT) nham giai quyét
bai toan van hanh cong trinh, ddm bdo an toan
dap va ha du tré nén co6 hi€u qua nh at.

Tu ké& qua tinh toan trén cung véi cac s6 liéu
diéu tra, nghién ctru gin 600 cong trinh hd
chtra thuy loi vira va 16n hién nay ¢ Viét Nam,
chung t6i nhén thay:

Véi cac hd ¢6 hé théng quan tric tdt, co sin
cac dir liéu dia hinh, dir liu vé hé théng song,
hé théng cong trinh va co s¢ ha tang thi ¢6 thé
4p dung md hinh toan dé tinh toan du béo va
dé xuat phuong an van hanh hd chira cho cac
treong hop mua, 1 16n cuc doan c6 thé xay ra.
T d6 co quan quén Iy ¢6 co sd xdy dungbiéu
d6 van hanh, phwong 4n van hanh chi tiét cho
cac truong hop cu thé.

Vo6i da s6 cac hd chtira vira va nho hién nay,

viéc xdy dung hé thong quan tric dong bo voi
hé théng dir lidu dia hinh, dit liu vé hé thong
song, hé thong cong trinh va co s¢ ha tang 1a
khong thé thue hién ngay trong thoi gian ngan.
Phuong 4n hiéu qua nhat véi nhitng hd chira
ndy 1a bai toan thir dan dé tim ra by thong sd
tiéu chi van hanh hd chira hop 1y .

4. KET LUAN

Trén day 1 tom luge két qua nghién ciru cua
nhom tac gid. Phuong phap nghién ciu nay
duoc 4p dung thir nghiém cho mot sb trudng
hop van hanh cta 2 céng trinh Sudi Hanh va
Song Sao cho thay hiéu qua tét, dap ungtinh
linh hoat, c6 kha nang tng dung thuc tién
cao. D& hoan thién phuwong phap nay, trong
thoi gian t6i, nhom tac gia sé tiép tuc nghién
ciru va d4p dung cho mot vai truong hop cu
thé khac.

Trong dy kién nghién cru hoan thién phwong
phép nay, chung t6i du dinh s& tiép can mot
phuong phép bd sung, cap nhat dir litu mua
trén luu vuc trong truong hop khéng day du
hodc thiéu nhiéu sé liéu quan tric. Van dé nay
s& duoc dé cap trong thoi gian téi.

LOI CAM ON

Nghién ciru dugc tién hanh trong khuon kho
dé tai: “Nghién ciru gidi phdp néng cao hiéu
qud cit li, dim bdo an toan dap va viung ha
du hé chita trong diéu kién mua, lii 16n cuc
doan” do Phong Thi nghiém trong diém Qudc
gia vé dong luc hoc song bién thuc hién.
Trong qua trinh thyc hién nhiém vy, ching t6i
di duoc su hd tro cuia Vu KHCN&MT — Bo
NN&PTNT, S¢ NN&PTNT, Chi cuc Thuay lgi
Quang Binh, Ban quan 1y hé Pha Vinh; Chi
cuc TL&PCLT cac tinh Vinh Phtc, Quéang
Ninh, Thanh Héa, Khanh Hoa va nhiéu co
quan khac. Chungtoi xin tran trong cdm on su
hop tac va giap d& cua cac to chirc, ca nhan
dbi voi Phong TNTD va nhém nghién ciru.
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