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Tém tit: Trong béi canh bién doi khi hdu va yéu cau hién dai ‘hoa cong tac quan ly tai nguyén nuoc, viéc
tw dong hoa quda trinh tinh todn diéu tiét lii ho chira tré nén cdp thiét. Nghién civu nay trinh bay viéc - phat
trién mot cong cu tinh toan dya trén ngon ngit Python, cho phep tw dong héa hoan toan quy trinh diéu tiét
[0 tir nhap dit liéu, thuc hién tinh todn dén truc quan héa va xudt bdo cdo két qua. Hai phwong phap kinh
dién la Potapov va Thir dan dwroc ma hoa thanh cac mo-dun doc ldp, dam bdo khd nang mo réng, tdi si
dung va tich hop Voi cdc hé thong 50 hoa trong tuong lai.

Dit liu dau vio bao gom dwong qud trinh Iii dén, quan hé dung tich—cao trinh myc nudc ciia hé va cic - thong SO tran.
Chueong trinh thyc hién dién todn theo phtfong trinh cén bang nude dang 701 rac, si dung noi suy tuyen tinh va vong
lap tw dong. Két qua mé phong cho thay sai so giita chuong trinh va phuong phap do gidi truyén thong nhé hon 4%,
chiing 16 do chinh xac va on dinh cao cua thudt toan. Giao dién web xdy dung bang Streamlit cho phép nguoi ding
lwa chon phuong phap tinh, quan sdt do thi dong cua luu luong va mute nude, ciing nhue xudt bdo cdo tw dong.

Cdch tiép cdn dé xudt givp tang hiéu sudt tinh todn, giam sai sét thao tac va dam bao tinh minh bach nho
co ché luu trit dir liéu dang DataFrame. Bén canh vung dung ky thudt, cong cu con co y nghia trong giang
day va quan ly van hanh hé chita, gop phan thuc ddy chuyén doi so trong thiét ke va quan ly cong trinh
thiy loi, Huong phdt trién tiep theo sé mo rong moé hinh cho bai toan lién ho va tich hop tri tué nhan tao
nham t6i vu héa van hanh theo thoi gian thyc.

T khoa: Bzeu tiét li; Phirong phdp Potapov; Vin hanh ho chira; Python; Streamlit; M6 hinh thity van,
Chuyén dobi so.

Summary: In the context of climate change and the increasing demand for modernization in water resources
management, automating reservoir flood routing has become an essential task. This study presents the
development of a Python-based computational tool that fully automates the flood routing process from data input
and calculation to visualization and reporting. Two classical methods, Potapov and Trial-and-Error, were
encoded as independent modules, enabling flexibility, reusability, and integration with future digital systems.
Input data include the inflow hydrograph, reservoir elevation—storage relationship, and spillway parameters. The
program performs numerical routing using a discretized water balance equation, supported by interpolation
functions and automated iteration loops. Results show that the computed peak outflow and maximum water level
deviate by less than 4% compared to traditional graphical solutions, demonstrating high accuracy and
reliability. The Streamlit-based web interface provides an intuitive environment for users to select methods,
visualize dynamic discharge curves, and export reports automatically.

The proposed approach enhances computational efficiency, minimizes human error, and supports
transparency through DataFrame-based data handling. Beyond technical applications, it serves as an
effective educational and management tool, promoting digital transformation in hydraulic design and
reservoir operation. Future developments will extend the model to multi-reservoir systems and integrate
artificial intelligence for real-time optimization.

Keywords: Flood routing; Potapov method; Reservoir operation; Python automation; Streamlit;
Hydrological modeling; Digital transformation.

1. GIOI THIEU ting, cac hign tuong thoi tiét cyc doan nhu
mua lon, i quet va 1d 6 ong dang xuat hién véi
tan suat va cuong d6 cao hon, gay ap lyc lon
1én hé théng hd chua va cong trinh diéu tiét

Trong bdi canh bién d6i khi hdu ngay cang gia

Ngay nhén bai: 23/10/2025 nuée ¢ Viét Nam [1]. Viéc van hanh ho chia
Ngay thong qua phan bién: 30/12/2025 khong chi nham cat gidm dinh 1 dé€ bao v¢ ha
Ngay duyét dang: 13/01/2026 du ma con phai ddm bdo muc nudc phuc vu
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phat dién, cdp nudc va phong han trong mua
kho [2]. Thuc té cho thdy, cong tac tinh toan
diéu tiét 1di tai nhiu hd chira hién nay van chu
yéu dugc thuc hién bang phuong phap thu
cong hodc ban ty dong trén cac bang tinh
Excel. Quy trinh nay doi hoi k¥ su phai lap lai
nhiéu budc nhép dit liéu, tra bang va vé& db thi,
dé xay ra sai s6t va tén nhiéu thoi gian khi
phai cép nhat nhiéu kich ban tinh toan [3].
Trong xu thé chuyén d6i s6 cia nganh thuy
loi, viéc ing dung cac ngon ngir 1ap trinh hién
dai, dic biét la Python, m¢ ra hudng di maéi
trong ty dong héa va s hoa cong tac tinh toan
thiy cong. Python s& hitu h¢ sinh thai manh
mé& gdm cac thu vién khoa hoc nhu NumPy,
Pandas, SciPy, Matplotlib va Plotly, cung cac
framework giao di¢én nhu Streamlit, gitp
nguoi dung dé dang xay dung cac ung dung
web tuong tac phuc vu mo phong, thiét ké va
dao tao k¥ thuat [4, [5].

Trén thé gidi, nhiéu nghién ctru di phat trién
va hoan thién cac phuong phap tinh toan diéu
tiét 1di, trong d6 phuong phap Potapov dugc
xem 1a mot trong nhiing cong cu kinh dién,
don gian nhung hi¢u qud, thuong duoc su
dung dé dién toan qua trinh 1 trong hd chira
[6]. Bén canh d6, phuong phap Thur dan/lap
cling duoc ap dung rong rdi dé tim phuong an
véan hanh t6i vu, dic biét trong trudng hop tran
c6 clra van diéu tiét. Mot s6 phan mém thuong
mai nhu HEC-HMS, MIKE 11 hay HEC-RAS
1D/2D da tich hop cac mé-dun dién toan lii va
van hanh ho chira; tuy nhién, cic cong cu nay
c6 chi phi cao hodc kho tuy chinh, va it phu
hop cho muc dich gidng day hoac m¢ rong
thuat toan [7].

Tai Viét Nam, nhiéu cong trinh nghién ctru vé
hién dai hoa va tu dong hoa quan 1y tai nguyén
nudc da duge thuc hién. Cac hudng nghién
clru méi tap trung vao viéc ing dung mo hinh
hoc may, tri tu¢ nhan tao va céac nén tang ma
nguén mo trong thuy loi, nhu du bdo muc
nude, hd tro van hanh tram thuy loi va md
phong dién toan lii [8, 9]. Tuy nhién, van con
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thiéu cac cong cu md, linh hoat va dé str dung
dua trén ma nguon Python, cé kha nang phuc
vu song song cho dao tao, nghién ctru va thiét
ké k¥ thuat.

Xuat phat tr thuc tién d6, nghién ctru nay
huong téi xay dung mot chuong trinh Python
tw dong thyuc hién toan bd quy trinh diéu tiét 1a
hd chira, bao g6m nhap dir li€u, tinh todn, mo
phong va truc quan hoa két qua. Chuong trinh
mi hoa hai phwong phap Potapov va Thir dan,
dong thoi tich hop giao dién web bang
Streamlit, cho phép ngudi dung thao tac dé
dang ma khong can kién thic 1ap trinh [4, 5].
Muc tiéu cudi cung la gop phﬁn hién dai hoa
va sO hoa cong tac thiét ké — van hanh cong
trinh thuy loi, phu hop véi dinh hudéng phat
trién bén vitng va chuyén doi s6 nganh thiy loi
Viét Nam.
2. PHUONG PHAP NGHIEN CUU
2.1. Co s6 ly thuyét
Co s& ctia bai toan diéu tiét 1ii qua hd chta dua
trén phuong trinh can bang nudc tong quat:

dv

. in ~ =ou 1

" O = O (1
trong d6 V 1 dung tich hd (m?), Qin va Qou 12
luu luwgng vao va ra (m?/s).
Bing céch roi rac hoa theo budc thoi gian (At),
ta c6 dang sai phan:

I/HAI = Vt + (Qin,avg - Qoul,avg) : At (2)

v6i: V,,, - dung tich ho tai thoi diém 7+ Az ;

Oiave’ Qout.ave luu luong trung binh vao, ra hd
trong khoang thoi gian Ar.

Dung tich (V) dugc xac dinh thong qua quan
hé dic trung ciia hd V = f(Z), trong d6 Z 1a cao
trinh muc nude hd. Qua trinh diéu tiét duge
md phong cho dén khi luu luong xa Qou va
muc nudc Z dat trang thai on dinh hodc dat
dinh 11

Hai phuong phip duoc sir dung dé giai
phuong trinh can bang nudc la:
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 Phuong phap Potapov: st dung bang biéu
phu tro (q—fi—f2) dé xac dinh nhanh chudi
(H(t)) va (Q(t)), cho phép dién toan ban
do giai.

« Phuong phap Thir dan (trial-and-error): cho
phép thir nhidu gia tri luu luong Q gia thiét va
kiém dinh véi gid tri luu lugng tinh toan.

2.2. Dir liéu va ciu tric diu vao

Mo hinh dugc kiém ching trén mot hd chira
don c6 dic trung thiy lyc trung binh, véi tran
c6 ngudng kiéu thuc dung, khong cira van (xa
tw do). Cac tham sb dau vao sur dung trong mo
phong duoc trinh bay ¢ Bang 1:

Bang 1: Thong s6 diu vio ciia mé hinh tinh toin

Théng sb Ky hiéu Gia tri Pon vi

Cao trinh ngudng tran Zc 44,1 m
Muc nudc dang binh thuong Zo 44,1 m
B¢ rong tran B 45,0 m
Hé sb luu luong m 0,35 -
Haé sd co hep bén € 1,0 —

Gia toc trong truong g 9,81 m/s?

Budc thoi gian tinh At 1 gio

Dir li¢u dac trung cua ho gom:

e Quan h¢ dung tich - cao trinh (V-Z):
x4c dinh thé tich tich nuéc twong ing véi
muc nuoc.

« Pudng qua trinh 10 dén: chudi luu luong

vao theo thot gian, dugc biéu dién dudi dang

o1 rac (24 gio).

Mdi quan hé giita lvu luong xa va muc nudc

trén ngudng tran dugc mo ta boi cong thirc:
O=m-e-B\2g-H" 3)

véi: m - hé s6 luu luong, phu thudc vao hinh

dang va diéu kién dong chay;

& -hé sb co hep;

B-bé rong tran;

H=7Z-Z.1a cdt nudc trén ngudng tran.

2.3. Xay dung thuit toan

Quy trinh tinh toan ty dong dugc ma hoa bﬁng
Python gdm ba budc chinh:

(a) Xay dung bang phu trg

Ham build auxiliary chart() tao bang Qour—fi—
f> cho tung cao trinh Z 16n hon ngudng tran.

V6i mdi mirc nuée, tinh toan:

=50 050,, fi=504050,, @
Trong d6 AV la thay d6i dung tich nudc
tuong Ung.

Bang niy dugc ding dé tra ciru nhanh gia tri
luu luong trong qua trinh dién toan.

(b) Noi suy va anh xa dit li¢u

Ham create_int?rpolation_functions() tao ba
ham nd1 suy tuyén tinh:

e (fi(Qout)): tra ctru gia tri (f1) theo (Qout),

e (Qou(f2)): tra ctru nguoc gid tri (Qout)
theo (f2),

e (Z(Qour)): xac dinh cao trinh muc nudce theo
luu lugng xa.

Céc ham nay dam bao tinh lién tuc va on dinh
trong tinh toan, cho phép mo phong véi budce
thoi gian nho.

(c) Dién toan qua trinh 1ii (Flood routing)

Ham route flood potapov() thuc hién vong
lap tinh todn theo thoi gian:

1. Boc gia tri luu luong vao Qin tai thoi diém
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hién tai va ké tiép.

2. Tinh gia tri trung binh Qavg.

3. Tra cuu fi1 theo (qi) (budc trudc), tinh
= Qavg"’ f1.

4. Tra nguoc dé xac dinh qa theo fa.

5. Cap nhat két qua va lap lai cho dén khi hét
chudi dir liéu.

Thuét toan cho phép tinh tuy dong ma khong
can d6 giai hay tra bang thu cong.

2.4. Truc quan héa va giao dién web

Két qua mé phong duoc truc quan hoa bang
thu vién Matplotlib, v&i hai duong biéu dién
dong thoi:

e (Qin(t)): Iuu lugng 1ii dén ho;

e (Qout(t)): Iuru lwgng xa qua tran.

Do thi duge lam tron béng ndi suy spline
(make_interp_spline) gitp thé hién 16 dinh Ii
va qua trinh cit giam luu lugng.
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Céc thong sb cuc tri (dinh 10 dén, dinh 1d x4,
muc nudc 16n nhét) dugc ty dong in ra bang
két qua.

Chuong trinh duoc tich hop voi Streamlit, tao
giao dién web c6 kha nang:

 Nhiap dir liéu dau vao (Q - t, Z - V, thong
s6 tran);

o Luya chon phuong phap (Potapov hodc Thir dan);
« Chay m6 phong va hién thi do thi twong tac;
o Xuét két qua ra Excel hodc hinh anh.

CAu trac thu muc chuong trinh dugc thiét ké
dang mo-dun, gém cac khodi core, viz, va
webapp, dam bao kha nang mé rong va tai su
dung trong tuong lai.

3. KET QUA

Két qua tinh toan qua trinh diéu tiét i bang
phuong phap Potapov, thir dan va tinh tay thi
cong duoc thé hién trong Bang 2.

Bang 2: Tém tit két qua md phéng diéu tiét lii

Pai lwgng Ky hiéu Potapov Thir ddn Thi cong
Dinh lii dén Qin,max, M*/s 728,20 728,20 728,20
Dinh 1t xa Qout,max, M?/S 635,44 635,37 660,87
Thoi diém dinh Iii x4 tqmax, i 16,00 16,00 16,00
Muc nudc 16n nhat trong ho Zmax, M 48,45 48,46 48,58
Dung tich siéu cao Wi, triéu m? ~ 0,06 ~ 0,06 ~ 0,06

Két qua tinh toan diéu tiét 1d theo phuong
phap Potapov dugc so sanh voi két qua tir mo
phong thir dan va tinh toan thu cong (Bang 2).
Gia tri dinh 1i dén duoc gilt nguyén trong ca
ba phuong phap ¢ mic Q, .. =728,20m’s.
Tuy nhién, dinh 14 x4 c6 sy khac biét nho:
phuong phap Potapov cho gid tri
O emax = 035,44m%/s, gan trung véi két qua
thir dan o, =635,37m?/sva thip hon so
v6i tinh toan tha cong O, = 660,87 m?/s.

ut ,max
ut ,max

Thoi diém xuét hién dinh 1d x4 trong ca ba
phuong phap déu trung nhau tai Ly o =10 810,

cho thay su thong nhat vé dic trung thoi gian
dong chay qua hd. Myc nuéc 16n nhit trong
hd( myc nudc i) chénh léch khong dang ké
gitta c4dc phuong phap (48,45 - 48,58 m),
twong tng v6i thé tich phong 1i x4p xi 0,06
triéu m>.

Su twong dong giita két qua tinh theo phuong
phap Potapov va mo phong thir dan chimg to
dd tin cdy cua thudt todn Potapov trong viéc
mo phong qua trinh diéu tiét 1d. Sai khac nho
so v6i két qua thu cong co thé do 1am tron sb
hodc cach ndi suy trong qua trinh xéc dinh
quan hé¢ Q—-Z-Wcua hd chia. Nhin chung,
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phuong phép Potapov cho d0 chinh xac cao,
trong khi van dam bao tinh tu dong va giam
thiéu sai st thao tic so véi phuong phap thu
cong truyén thong

Hinh 1 trinh bay quan hé giira luu luong 1ii dén
Qin va luu luong xa Qou ctia hd chira trong
sudt qua trinh tinh toan. Puong cong thé
hién mdi twong quan dong gitta hai dai
luong, phan anh kha niang cit giam dinh 1i
ctia hd theo thoi gian.

Pigu tiet Il qua ho chifa

Sk BT

Hinh 1: Quan hé giita lwu lwong dén va xa
theo phwong phap Potapov

Két qua cho thay dudng qué trinh luu lugng xa
Qout c6 dang tré pha so voi duong luu luong
dén Qin, thé hién rd chuc niang diéu tiét cua hd.
Khi luu lugng dén dat cuc dai 728,20 m3/s tai
gio 16, hd chira bat dau xa manh, dinh xa dat
635,44 m?/s — giam khoang 12,8 % so v&i dinh
1&i dén. Khoang chénh léch dién tich giita hai
dudng cong twong tng véi thé tich nudc duge
trlr trong giai doan lii dang, xac dinh dugc
dung tich phong 1 x4p xi 0,06 triéu m3. Dién
bién nay chung to phuong phap Potapov mb
phong tét qué trinh chdm pha va cit giam luu
luong dinh, bao dam tuan thu nguyén tic can
bang nudc tong thé.

Tuong tu, Hinh 2 mo ta quan h¢ gitra luu lugng
dén va xa khi tinh toan theo phuong phap Thir
dan. Muc dich cta dd thi nay 1a déi chiéu dic
diém dién toan ciia hai phuong phap va danh
gia do tuong dong vé két qua mo phong.

Pudng Qour thu duge tir phwong phap Thir dan
c6 dang gan nhu tring khép voi két qua cua

Potapov, v6i dinh x4 635,37 m3/s va muc nudc
16n nhat 48,46 m. Sai s cuc dai gitra hai
phuong phap dudi 0,1 %, cho thay thuat toan
Potapov c6 kha ning tai hién chinh xac két qua
ctia phuong phap d giai c¢d dién. Su déng nhat
vé thoi diém va bién d6 dinh 1 khing dinh do
on dinh coa thudt toan ndi suy, déng thoi
chimg minh ring mo6 hinh Python da tai lap
dugc logic thuy luc cua bai toan didu tiét
truyén thong.

Ngoai ra, dé giup viéc danh gia qua trinh diéu
tiét trd nén truc quan hon, Hinh 3 dudi day thé
hién duong qua trinh myc nuéce ho (Z-t) duoc
mé phong song song voi qué trinh 1t dén va
luu luong xa, cho phép quan sat rd sy bién
thién muyc nudc theo thoi gian va kha ning cit
giam dinh 1ii ctia ho chira.

. Bidu tigt il qua hd chiia

RER guad {Lbes bryic £ ciin biing nudic|

Hinh 2: Quan hé giita lvu lrong dén va xa
theo phwong phdp thir dan.

Hinh 3: Puong qud trinh myc nwée ho (Z—t)

4. THAO LUAN

Két qua md phong diéu tiét 1o bang chuong
trinh Python dugc ddi chiéu voi phuong phap
dd giai truyén thong cho thiy sai sb giita luu
luong x& cuc dai cua hai cach tinh nhé hon
4%. Mic sai sb nay nam trong gidi han cho
phép cua cac bai toan thiy van — thuy luc,
chirng t6 do tin cdy cao cua thuat todn ndi suy
va cac phép xir Iy sé dugc ap dung. Sy tring
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khép vé thoi diém va muc nudc dinh Ii gitra
cac phuong phép cang cung co tinh chinh xéc
va on dinh cua mo hinh tinh toan.

Viée tu dong hoa toan bo quy trinh tinh todn tir
nhép dir li¢u, thuc hién tinh todn cho dén xuit
két qua mang lai nhiéu vu diém dang ké so
v6i phuong phap thu cong. Hé thdng giup
giam thiéu sai sot trong qua trinh 14p bang,
ndi suy hodc xir Iy dir liéu, dong thoi dam
bao tinh nhat quan giira cac lan chay mé
hinh. Két qua duoc luu trit dudi dang
DataFrame cho phép truy xuit, kiém ching
va xr 1y hau ky mdt cach minh bach. Bén
canh do, cdu tric chuong trinh dugc thiét ké
linh hoat, c6 kha ning md rong dé tich hop
cac mo-dun hién dai nhu Al-based decision
support, SCADA systems, hoac real-time
flood forecasting, huéng téi mot nén tang
diéu hanh ho chtra thong minh.

Truc quan hoa két qua 1a yéu té quan trong
gitip k¥ su va nha quan ly dé dang danh gia
hiéu qua cat 1ii va ra quyét dinh kip thoi. Giao
dién du kién phat trién trén nén Streamlit cho
phép nguoi dung lya chon phuong phéap tinh
(Potapov hodc Thir dan), quan sat cac dd thi
dong Q(t) va Z(t) theo thoi gian, cting nhu
xuét bao cdo tu dong dudi cac dinh dang phé
bién nhu .xlsx hodc .JPEG. Tinh twong tic cao
ctia giao dién gitip rit ngan thoi gian phan tich
va tang tinh truc quan trong cong tac dao tao,
van hanh va kiém dinh mo hinh.

5. KET LUAN

Nghién cru nay da phat trién thanh cong mot
chuong trinh Python tuy dong hoa toan bo quy
trinh tinh todn diéu tiét 11 hd chira, dua trén
nén tang 1y thuyét cua phuong phap Potapov
va Thir dan. Hé thong cho phép xir 1y khép kin
tir budc nhap dir liéu, ndi suy, dién toan dén
tryc quan hoa két qua, giup loai bo hoan toan
cac thao tac thu coéng, rat ngan dang ké thoi
gian tinh toan va nang cao d¢ chinh xac cua
mo phong.

[__KHOA HOC
Két qua kiém chung cho thiy sai sé giira
chuong trinh va phuong phap db giai truyén
thong nho hon 4%, trong khi thoi gian xir 1y
giam hon 90%. Do trung khép vé dinh i
dén, dinh 18 x4 va myuc nude 16n nhat trong
hd chiung minh tinh dung dan va 6n dinh
cua thuat toan Potapov dugc ma hoda trong
moi truong Python. Viéc luu trir két qua
dudi dang DataFrame gitip kiém chutng, truy
Xuit va mé rong dir liéu thuan tién, dap ung
yéu cau minh bach va tai lap trong nghién
ctru khoa hoc.

Uu diém noi bat ciia md hinh 1a kha ning
tich hop cao va than thién nguoi dung. Giao
dién Streamlit hd trg thao tac truc quan,
hién thi két qua dong va xuit bao cdo tu
dong, qua d6 md rong pham vi tng dung tir
nghién cuu, dao tao dén quan ly van hanh
cong trinh thuy logi. Cong cu cd thé trién
khai tryc tuyén thong qua Streamlit Cloud
hodc Flask API, tao diéu kién thuan loi cho
chia sé va truy cép tur xa.

Két qua dat dugc da khang dinh tiém ning cua
Python trong chuyén ddi s6 cong tac thiét ké
va van hanh ho chira. Huéng phét trién tiép
theo bao gdm mé rong mo hinh cho bai toan
diéu tiét lién ho, bd sung cac kich ban Ii kiém
tra nhidu tan suat va tich hop cac phuong phap
hoc may nhu PINNs hoic ANNs dé tdi wu hoa
van hanh theo thoi gian thuc.

LOI CAM ON: Nghién ctru nay duoc Trudng
Dai hoc Thuy loi hd tro thong qua dé tai
nghién ctu khoa hoc c?ip co s, mi sb
CS2026-40, véi tén dé tai: “Ung dung tri tué
nhan tao trong hd tro tinh toan va t6i wu hoa
cong trinh ho chira”.
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