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NGHIEN CUU PHUONG PHAP HIEU CHINH HE SO TON THAT
'BAN DAU VA XAY DUNG PUONG QUA TRINH LU PON VI TRONG
TINH TOAN THUY VAN CHO LUU VUC SUOI BAC CUONG, TiNH LAO CAI

Lé Van Thin
Phong Thi nghiém trong diém Quéc gia vé Pong luc hoc séng bién

Tém tit: Phuong phdp SCS-CN la phwong phdp tinh tén that dong chay tir mét tran muwa nham
xdc dinh dong chay cho mét lwu viee séng. Trong do, chi so dwong cong dong chay (Curve
Number — CN) va hé s6 ton that ban dau ) la mét trong nhitng chi s6 quan trong va déc trung
ciia moi lwu vuee séng. Hién nay, bang tra dwong cong CN do Cuc bao ton tai nguyén thién nhién
Hoa Ky (NRCS) duoc xdy dung cho A = 0,2 dwa trén s6 liéu thuc nghiém tai cac_luu viec dau
nguon ciia Hoa Ky va chira ¢6 sw diéu chinh cho cdc leu vue séng khdc, diéu nay dan dén mét sé
ddc diém chwa phit hop trong viéc dp dung phwong phdp SCS-CN tai Viet Nam. Nghién ciru nay
trinh bay phwong phép chung dé diéu chinh hé sé ton thit ban dau da trén tai liéu khi twong
thity vén ctia luu viee va xdy dung dwong qud trinh don vi cho leu vuec suéi Bac Cudng, huyén
Bao Yeén, tinh Lao Cai. ,

Tiur khéa: Phirong phdp SCS-CN, chi sé ton thdt ban dau, suéi Bac Cudng.

Summary: The SCS-CN method is widely used to estimate runoff from a rainfall event for
determining streamflow in a watershed. Among its parameters, the Curve Number (CN) and the
initial abstraction coefficient (1) are crucial and distinctive characteristics of each watershed.
Currently, the CN curve table developed by the Natural Resources Conservation Service (NRCS)
is based on 4 = 0.2 and experimental data from headwater watersheds in the United States.
However, this table lacks adjustments for other watersheds, leading to inconsistencies in
applying the SCS-CN method in Vietnam. This study presents a general approach for adjusting
the initial abstraction based on meteorological and hydrological data and building unit
hydrograph for the Bac Cuong river basin, Bao Yen district, Lao Cai province.

Keywords: SCS-CN method, Initial Abstraction Rate, Bac Cuong river.

1. GIOI THIEU Louisiana, dugc B6 Nong nghiép Hoa Ky xuét
Cac phuong phap tinh toan mua — dong chay ban vao nam 1956. Tir do, phuong phap nay
1a nguyén tic co ban trong tinh toan thuy van duoc ap dung ¢ nhleu noi trén toan thé gioi,
nham xac dinh cac tham sé dong chay nhu luu dic biét, nguyén tic tinh toan ton that mua cua
luong dinh 18, tong luong dinh 1d, thoi gian tap luu vie da dugce tich hop sir dung trong nhiéu
trung dong chay 1ii... tir luong mwa. SCS-CN mo hinh thuy van ndi tiéng nhu SWAT, HEC-
la mdgt trong nhitng phuong phap néj bat dwgc  HMS, TR-55, WEPP..

dua ra vao ndm 1954 dua trén sy ket hop cua  Mac du rat phd blen phu(mg phéap nay chi dua
ket qud nghién ctru tir Mockus [11 va Andreyvs ra bang tra h¢ so Curve Numbers (CN) trong
[2] voi tai liéu quan trac mua, ton that, thim diéu kién hé s6 ton that ban dau A = 0,2, tuy da

ciia cac luu vuc Grand (Neosho), Arkansas, ©0 nhiéu nghién ctu khac cho ra két qua trong

Kansas, Missouri, Oklahoma, Texas va Kkhoang tir 0+0,3 [3] [4] va khuyeén nghi su
dung 0,05 thay the [3], cho dén nay (nim

2024), Cuyc béao ton tai nguyén thién nhién Hoa
Ky (NRCS) chua dua ra quyét dinh nao vé
vigc gilr hay thay 6101 gia tri cia A nham xay
dung/phat trién bo s6 CN méi mot cach phu
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hop va hi¢u qua dya trén sd lidu vé quan tric
thAm cua cho cac truong hop ton thit khac.
Nghlen ciru ndy trinh bay mot phu’orng phép
xac dinh va diéu chinh cac chi so cta phuong
phap SCS-CN dua trén céc tai ligu thuc do
nham tang cuong do tin cay va phan anh ding
hon vé€ két qua mé phong dong chay 1 cho
mot luu vuc cy thé.

2. PHUONG PHAP NGHIEN CUU
2.1 Phwong phap SCS-CN

Phuong phéap SCS-CN duya trén phuong trinh
can bang nudc va hai gia thuyét:
Thir nhat: Ty 18 giita dong chay mat truc tiép
(Pe) va luong dong chay tiém niang (P — la)
bang vai ty 18 gitra do sau thim lién tuc (Fa) va
luong nudc gitr tiém nang t6i da (S). Thé hién
bang phuong trinh nhu sau:
¢ - (2-1)
P—1, S
Thir hai: Téng lugng mua ton that ban dau (Ia
— luong t6n that khong sinh dong chay), do sau
tham lién tuc (Fa) va dong chay mat truc tlep
(Pe) bang luong mua roi xudng bé mit. Thé
hién bang phuong trinh nhu sau:
P=P +1,+F, (2-2)
Két hop phuong trinh (2-1) va (2-2) ta duoc:
(P - Ia)z
< (2-3)
P—I,+S
Phuong trinh (2-3) duoc goi la phuong trinh
co ban cta phuong phap SCS-CN dé tinh do
sau mua hiéu dung (hay dong chay truc tiép)
tr mot tran mua.
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Hinh 1: Cdc bién s6 ciia ton that dong chay
trong phwong phap SCS:
la— Do sau ton that ban dau;
Pe — B¢ sau mua hi¢u dung;
Fa— D0 sau tham lién tuc;

P — Tong luong mua

[ 76n that tham ban dau
[ 76n that tham tién tuc

20-

Lugng mua (mm)

15 2 25 3 35 4 45 5 55 6
Thai gian (gio)

Hinh 2: Minh hoa ton that tham ban dau (I,)
va ton that tham lién tuc (Fa)

0o 05 1

Luong tdn that ban dau I c6 mdi quan h¢ dén
lugng gilt nude tiém nang toi da S thong qua
biéu thirc:

I, =2S (2-4)
Véi A dugc goi 1a hé s6 ton that tham ban dau.
Hinh 2 minh hoa tén thit thim ban dau cua
mot luu vye 13 I, = 10mm va ton that tham lién
tuc la Fa = 2mm/gio (gia dinh — trén thyc té,
luong ton that tham lién tuc giam dan theo thoi
gian), nhu vy, cuong d§ mua trong gio dau 1a
4 + 7 = 11mm méi chi du cho ton that tham
ban dau (10 mm) va mot budc ton thit thim
lién tuc (Imm trong nira gio). Mdi budc thoi
gian t1ep theo (nura gio), luong mua tiép tuc
chiu ton that thdm lién tuc (Imm/nia gio).
Phan mau xanh dugc goi 1a lugong mua vuogt
muc (Rainfall excess) trong tran mua. Luong
mua ndy con goi la luong mua hiéu qua hay
dong chay mit, 1a tham sd quan trong trong
viéc hinh thanh dong chay 1 trén luu vuc.
Thong s6 S cua phuong phap SCS-CN phu
thudc vao loai dét, loai hinh sir dung dat, diéu
kién thuy vin va diéu kién do am ky trudc
(AMC). Ton that thAm ban dau chi 1a ngan
han, sau d6 nuéc s& dugc thim theo thoi gian.
Tuy nhién, dic tinh Iuu vyc, loai dat, tham phu
la nhiing dinh luong kho xac dinh mdt cach
chinh xéc, dac biét viéc xay dung duong cong
CN la dai dién cho dir liéu thuc té phu khép
Hoa Ky.

Cong thirc (2-3) co thé viét lai thanh:
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2.2 Xac dinh hé s6 ton that ban dau A

Diém dau tién bat diu duong qua trinh cua
mot tran i c6 thé d& dang phat hién ddi véi
cac tran mua 16n, do vay, do cling 1a biéu thi
qué trinh mua vuot tén thit (luong mua vuot
murc). Dong nghia véi thoi diém dé 1a P > AS
(voi P 1a luong mua tich ity tinh tir dau tran
mua) hay A < P/S. Tuong Ung v6i mdi tran
mua, can x4c dinh CN, S va tir d6 xac dinh chi
s0 A. Gia tri trung binh ctia chudi cac gia tri A
chinh 1 gia trj can tim.

T "R F re
1 Lueng mua (mm) | -

o0 ] Luu luong ims) | gy

8
51—
2
g

P A
//\/ \

2 0 2 4 8 8 10 12 4 1B 18 0 2 24 X B I I
Budc thivi gian

=
a8

Luru lvgng (m¥fs)
e}
&
i
]
<}
s
Luong mua (mm

/
g ¥

Baseflow = 24m?/s

- 350

Hinh 3: Dit liéu cuia mot tran i ciia mot luu vuc

Nhu & Hinh 3, tai budc thoi gian s6 3 dong
chay 1ii bat dau xuét hién (tong lugng mua &
budc thot gian 1 va budc thoi gian 2 la
26,4mm). O day, P vuot muc ghi nhan la
26,4mm. Mac du gia tri thuc té vuot ngudng
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c6 thé chi 16n hon 26,4 khong dang ké, dir liéu
quan tric mua theo budc thot gian 1 gio khong
du phat hién ¢ murc chi tiét hon. Tuy nhién voi
sd lidu quan trac trong nhiu tran 1ii, con sd
nay s& bién dong dang ké va trung binh cua
cac gia tri mua vugt ngudng sé dugc xac dinh
mot cach twong d6i phu hop. Quy trinh xac
dinh hé sb ton that ban dau A c6 thé dugc xéc
dinh nhu sau:

Xac dinh Xac dinh dieu Xac dinh
CN2 (theo [ kiéndéamky [ CNdua
NRCS) trudc (AMC) trén AMC
Mua thuc Lugng mua L g
do vuat Xac dinh S
Luu lugng I
thuc do
Xac dinh A;
Su kién i
A =mean(A, A, .. AL

Hinh 4: Quy trinh xdc dinh A cua luu vuc
Theo huéng din ctia NRCS, bang tra CN tir
nhém dat thuy van va diéu kién sir dung dat
la CN2 (theo diéu kién d6 am ky trudc la
AMCII), cic diéu kién khac dugc quy doi
nhu sau:

Bang 1: Xac dinh CN va S theo diéu kién do am AMC

Piéu kién Lwgng mwa 5 ngay trwéc (mm)

do am Mua kém sinh Mua sinh CN quy doi S quy doi

AMC truéng trudng
AMCI < 12,7 < 35,56 N = BN

’ ' ~ 10— 0,0568CN, 25400
AMCII 12,7 + 27,94 35,56 +~ 53,34 CN = CN, (tra bang) S=—— 254
AMCIII > 27,94 > 53,34 o 23CN N
-0 - ~ 10 + 0,13CN,

Tir tong lwong mua 5 ngay trude (tinh dén thoi
diém bt dau tran mua dang xét) c6 thé xac
dinh duoc diéu kién do am ky truéc AMC va
CN tuong ung, lugng mua vugQt trong quy
trinh xac dinh A 1a luong mua iy tich tinh tur
thoi diém bét ddu mua dén khi xuét hién luu
luong ting trén song/sudi. M4i tran mua s&
xac dinh mot A, tir 46 14y gia tri trung binh dé
xac dinh A dai dién cho luu vuec.

Viéc phai tim A mang mot y nghia 16n boi do

1a tham sd dai dién cho ton that ban dau va la
tham sd quan trong trong viéc tinh toan dong
chay mat, tir d6 l1am co so¢ tinh toan luu luong
dong chay 1. Do hé s6 ton that A ctia mot luu
vuc duoc xem 1a khong doi, nén khi A cang
nho thi ton thit ban dau cang nhoé va nguoc lai.
2.3 X4y dung dwong qua trinh don vi

Vao dau nhitng nim 1930, L.K. Sherman [10]
da trinh bay mot 1y thuyét vé dudng qua trinh
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thiay van don vi véi mét gia dinh riang luu
luong tai bit ké thoi diém nao ciing déu ty 18
voi1 lugng mua hiéu qua thoat ra tai ctra ra cua
luu vuce, cac yéu t6 thoi gian anh huéng dén
hinh dang ctia dudng qua trinh 1ii 13 khong doi.

Diéu nay c6 nghia, cing lwong mua hiéu qua
thi luu lugng tai cura ra ¢6 cung mét hinh dang.
Day con goi 1a nguyén tic bat bién cia dudng
qué trinh don vi. Nguyén tic thir hai 1a nguyén
tic xép chdng, co nghia 1 lvong mua hiéu qua
hinh thanh theo thoi gian s€ tao thanh luu
luong dong chay theo thoi gian riéng biét, két
qua tong hop cua luu luong dong chay theo
tung bude thoi gian s€ 1a luu lugng tai ctra ra
cua luu vue.
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Hinh 5: Nguyén tdc xép chong dwong

qud trinh lii theo thoi gian [11]

Luu luong dong chay truc tiép duoc sinh ra
boi lugng mua hiéu qua. Mdi don vi mua hiéu
qua tuong tng voi duong qua trinh don vi cia
Iuu vue. Tai mot thoi diém n, luu lugng dong
chay truc tiép Qn v6i luong mua vuot Pm va
dudng qua trinh don vi U duoc xac dinh bang
cong thirc (2-6):

nsMm

= Z BnUn—m+1
m=1

Pé giai dugc U, tmg v6i mdi Qn va Pm, c6 thé
giai dugc U tuong tmg. Nhu véy, sir dung mot
tran 1d da biét co thé khoi phuc lai dong chay
tryc tiép (sau khi di bo qua dong chay co s0)
Vé‘lugmg mua vugt co thé khoi phuc lai U
nham xac dinh duong qua trinh 1ii don vi. Mot
cach giai khac 1a st dung phép tinh ma tran.
Ta co:

[PI[U] = [Q]

> [W]= [QIIPY

3. KET QUA, THAO LUAN
3.1 S6 liéu sir dung

(2-6)

(2-7)

Trong phan nay, nghién ctu sé& trinh bay
phuong phap xac dinh chi s ton thit ban dau
va xay dung duong qua trinh don vi cho luu
vue sudi Bic Cudng, huyén Bao Yén, tinh Lao
Cai trong viéc ap dung phuong phap SCS-CN
dé tinh toan ton that. Nghién ctru lya chon 16
tran Id sinh ra boi cac tran mua 16n tir nam
2020 tr¢ lai day.

Bang 2: So liéu va nguon so li¢u sir dung

TT Tén s6 liéu

Nguén sb liéu

1 | Luu lugng dong chay

Tai tram thuy van Vinh Yén, huyén Bao Yén, tinh Lao Cai (01/01/2021 +
31/12/2023) - Téng cuc Khi tugng Thiy vin

2 Luong mua tai khu vuc
Bao Yén, tinh Lao Cai

- Ngudn dix ligu Vrain, cung cap mién phi truy cap tai https://www.vrain.vn.
Tai khoan: Laocai@vinarain; Mat khau: 123456 [6].

- Nguon dir liu WeatherPlus, cung cap mién phi truy cap tai duong link:
http://laocai.weatherplus.vn/. Tai khoan: pcttlaocai; Mat khau: laocai2021 [6].

3 | Nhom dét thiy van toan

cau (HSG) phan giai 250m [7].

Dit liéu vé nhom dat thuy van toan cau (Global Hydrologic Soil Groups) ¢ do

4 Tham pha 2020 Viét

Ban dd tham phu dwoc giai doan tir anh Sentinel-2 & d6 phan giai 10m dugc
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TT Tén so liéu Nguén sé liéu
Nam cung cap boi JAXA/ALOS [8].

Chi tiét quy d6i chi s6 CN tir nhom dit thuy vin va tham phu theo NRCS duoc thé hién &
bang sau:
Bang 3: Quy ddi chi s6 CN tir nhém dit thiy vin va sir dung dat bé mit

Chi s6 CN theo nhém dat Tham
Ma hiéu trong dir liéu Mo ta thiy vin khao
A B C D
#1. Water Mit nude 99 99 99 99 [9]
#2: Urban/Built-up Khu vuc d6 thi/xay dung 89 92 94 94 [9]
#3: Rice Trong lua 61 75 83 87 [10]
#4. Other Crops Céc loai cay trong khac 67 78 85 89 [11]
#5: Grass/Shrub Co/cay bui 30 48 65 73 [9]
#6: Woody Crops/Orchards Cay dn qua/ciy lau nam 45 66 77 83 [9]
#7: Barren Dit trong/can cdi 63 77 | 85 88 [9]
#8: Evergreen Forest Rung thuong xanh 25 55 70 77 [11]
#9: Deciduous Forest Rung rung 1& 45 66 77 83 [11]
#10: Plantation Forest Rimng trong 57 73 82 86 [12]
#11: Mangrove Forest Rirng ngdp man 98 98 98 98 [9]
#12: Aguaculture Nubi trong thuy san 99 99 | 99 99 [9]
= e - e F Bing phuong phap chép 16p ban d6 trén GIS
_ ] ~<Q>f c(la hai loai ban d6 nl}(’)m dat thuy van va ban
£ | I do tham phu, sau do tong hop gié tri binh quan

cho luu vue sudi Bic Cuong, huyép Bao Yén,
, nghién cuu da xac dinh dugc hé s6 CN2 theo
e NRCS cua luu vuc 1a 75,8.

Pé xac dinh luong mua theo thoi gian cta luu
vuc, nghién ctru st dung phuong phap ndi suy
cac diém mua theo thoi gian (thanh raster) va
téng hop theo Iuu vuc c6 cira ra 1a tram thiy
van Vinh Yén. Sb liéu mua va luu luong cua
mot sd tran 1d dugce tong hop cho luu vuc
nghién ctru duoc thé hién trong cac hinh dudi
day (bén trai la toan canh tran 1{i, bén phai la
thoi diém phat hién 1 1én).
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I

439:000 444:000 449?000 454:000
Hinh 6: Luu viuc suoi Bac Cuong
(cira ra tai tram thuy van Vinh Yén)
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3.2 Két qua xac dinh hé §6 ton thit ban ddu vuc AMC dya vao lugng mua tich liy 5 ngay
dua trén dir liéu quan trac trude (120 gio trude thoi diem bat dau tran 1ii). Cac
M3i sy kién Iii cén x4c dinh thoi diém bét ddu tinh  h¢ s0 CN va S duge xdc dinh twong (g v6i moi
toan, sau d6 xac dinh trang thai do 4m ky trude luu trang thai AMC. Chi tiét thé hién nhu sau:

Bang 4: Tong hop cac tham so tran li phuc vu tinh hé s6 ton that ban dau X

2 coan Mua 5 ngay Luong Tra,l?g
TT | Thoi diém bat dau trude (mm) mua vugt théi CN S A

(mm) AMC
1 10/08/2021 03:00 23,060 13,760 I 52,133 233,212 0,059
2 04/09/2021 20:00 42,523 1,100 I 72,800 94,901 0,012
3 19/09/2021 19:00 22,660 5,550 [ 52,133 233,212 0,024
4 14/10/2021 15:00 57,080 11,170 1l 86,025 41,261 0,271
5 21/05/2022 21:00 22,950 8,591 I 52,133 233,212 0,037
6 05/06/2022 22:00 7,100 18,499 I 52,133 233,212 0,079
7 13/06/2022 23:00 14,600 6,560 [ 52,133 233,212 0,028
8 21/07/2022 21:00 87,230 9,938 1 86,025 41,261 0,241
9 21/08/2022 07:00 29,310 16,019 [ 52,133 233,212 0,069
10 | 04/09/2022 02:00 23,086 8,733 I 52,133 233,212 0,037
11 | 01/10/2022 21:00 43,047 4,260 I 72,800 94,901 0,045
12 | 09/10/2022 07:00 19,200 14,630 I 52,133 233,212 0,063
13 | 23/06/2023 07:00 8,490 19,593 [ 52,133 233,212 0,084
14 | 14/07/2023 19:00 13,268 21,120 I 52,133 233,212 0,091
15 | 07/08/2023 10:00 338,000 6,600 Il 86,025 41,261 0,160
16 | 06/09/2023 23:00 29,358 32,080 I 52,133 233,212 0,138

Tir bang danh gia cho thdy, hé s6 A cta luu  thoi gian mua vuot ngudng 13 2 gio.

vuce sudi Béc Cudng dao dong tir 0,014+0,317 Bing 5: S§ li¢u sir dung khoi phuc
V61 binh quén toan chuoi s6 liéu 1a 0,1. H s6 A dwdng qua trinh lii don vi

~ 0,1 ciing chwa thap nhu v6i nghién ciu cua - » Pe 0 or
Hawkins [3] va Noori [13] d& xuat 14 0,05, tuy | N9 | G [P(MM)| (mm) | (mis) | (mds)

nhién, mdi luu vuc khac nhau c6 nhitng phan ! 0.03 ' 4.86 -

, , N . TR 8 16.02 | 0.22 | 10.94 | 6.08
ung khac nhau va xu hudng cho thay gia tri A 9 1520 | 196 | 19.84 | 14.98
= 0,2 1a qua 16n d6i voi luu vuc sudi Bic 10 | 999 | 2.23 | 39.53 | 34.67
Cuodng. Do d6, khi x4c dinh dong chdy mit & 11 66.20 | 61.34
trén 1 A didu chinh phi h 12 66.98 | 62.12
rén luu vye nay can ¢6 sy diéu chinh phithop 15025 05 73 6777 1 6291
3.3 Két qua xiy dung dwong qua trinh don |21 ig ‘31223 ggg?
vi va mo phong thuy van 16 5717 19232
Nghién ctru st dung trén mua — i ngay 17 21.56 | 16.70
21/8/2022 dé khoi phuc, xay dung dudng qua 1 1563 W7
trinh don vi. DAy 1a tran mua don dong thoi co 20 16.88 | 12.02
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Ngay | Giov |P (mm) (nfﬁ]) (m?/S) (n?a;s)
il 15.99 | 11.13
2 15.12 | 10.27
23 1420 | 9.43
0 1347 | 862
2022-08- [ 1 1269 | 7.83
22 2 1263 | 7.77
3 1258 | 7.72

Cot P thé hién lugng mua thuc té (két qua ndi
suy tai cac tram thanh raster va tong hop cho
luu vuc), cot Pe 1a lugng mua hi€u qua (tao
dong chay madt), cot Q l1a Iuu luong thuc do
trén song va cot Qr 1a luu lugng dugc sinh ra
boi dong chay mat (sau khi trir di luu lugng co
s0). Nhu vay, 2 chudi sb liéu can sir dung la
luong mua hiéu qua Pe va luu lugng Qr. St
dung cong thirc (2-7) cho phép tinh ma tran két
hop vé6i thu vién Numpy trong python dé thuc
hién phép tinh. Ta dugc két qua thé hién &
hinh 7. Nhu vay, duong qud trinh 10 trén la
duong quéa trinh thé hién khi luu vuc vuot
Imm mua hi€u qua sé€ sinh ra duong qua trinh
luu lugng twong ung.

Budng qué trinh 10 don v luu vyc subi Bac Cudng

16 —— Budng luu lugng don vi tinh todn
—— Pudng luu luong don vi hiéu chinh
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Hinh 7: Két qua xdy dung dwong qud trinh
luu lwong don vi luu viee suoi Bac Cudng
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Hinh 8: Ket qua mé phong lii cho tran li
ngay 21/8/2022 va tran lii 07/9/2023
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Két qua hiéu chinh (tran 1i ngay 21/8/2022)
cho hé s NASH 1én t6i 0,95 (do bo thong sb
1& ngay 21/8/2022 dugc sir dung dé tinh toan
nguoc lai duong qua trinh don vi). Trong khi
do6, két qua tinh toan hé sé NASH cho tran li
ngdy 7/9/2023 1a 0,76. Nhu vay, bo thong sb
mo hinh ty xay dung dua trén phuong phap
SCS-CN c¢6 co s¢ dam bao trong tinh toan
thiy van cho luu vuc subi Bic Cuéng, huyén
Bao Yén, tinh Lao Cai.

Viéc thay d6i hé sb ton that ban dau s& lam
thay d6i hoan toan cach ma luu vyuc phan tng
v6i lugng mua theo thoi gian, déac biét 1a viée
xac dinh dong chdy mat (lugng mua hi¢u qua)
dé tinh toan dong chay trén song.

4. KET LUAN

Nghién ciru da trinh bay mot phuong phap
diéu chinh hé sd tén that ban dau trong
phuong phap SCS-CN duya trén s lidu quan
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