BAI BAO KHOA HQC

UNG DUNG THUAT TOAN QUY HOACH PONG CHO BAI TOAN
VAN HANH TOI UU BAC THANG HO CHUA THUY PIEN

Ho Ngoc Dung', Ha Vin Khéi', H6 S§ D'

Tém tit: Bdi todn van hanh t6i vu béc thang hé chira la xac dinh qui dao bién doi theo thoi gian
clia vec to trang thdi (miee nwée hodc dung tich) cdc hé chira trong bdc thang sao cho ham muc tiéu
dat duoc gia tri 16i wu. Khé khan co ban trong viéc giai cdc bai toan van hanh 16i wu hé th(fng bdc
thang hoé chira thiy dién bang phirong phdp quy hoach déng dé la khéi lwong khong 16 cdc phép
tinh khi bdac thang hé chira ¢é nhiéu bdc véi bude thay do6i mue nude nhé va nhiéu thoi doan tinh
todn. Bai bdo gici thiéu thudt todn DP-DP (quy hoach dong hai chiéu) dwoc phdt trién dua trén
nguyén ly chung cua thudt toan quy hoach dong voi viéc phan ra thanh hai nhom bai toan quy
hoach déng: quy hoach ddng theo chiéu khong gian (phdn bé t6i wu dung tich trit ciia ho chira trén
bdc thang cia timg thoi doan) va quy hoach déng theo chiéu thoi gian. Sir dung thudt todn DP-DP
gidm dwoc khd 16n khéi heong tinh todn so véi viéc gidi bai todn toi wu bang thudt todn quy hoach
déng thong thuong la vét can ludi vec to trang thdi (mwc nwée hodc dung tich) cdc hé chira trong
bdc thang. Piéu ndy cho phép rit ngdn thoi gian tinh todn. Mé hinh thudt todan DP-DP dd dwoc dp
dung kiém nghiém cho bdc thang thity dién Son La - Hoa Binh. Két qud tinh todn cho thdy sw hop 1y

va tin cq@y cua mo hinh.

Twr khéa: Hoa Binh, Son La, DP-DP, Bac thang thuy dién.

1.MO DAU

Hién nay hau hét cac hé thong song 16n cia
Viét Nam nhu song DPa, song S& San, song
DPdng Nai, song Ba.... viéc quy hoach va khai
thac ngudn ning lugng thity dién trén co ban da
hoan thanh, cdc cong trinh chinh c6 anh hudng
16n d&én quy trinh khai thac cic hé thong song
nay trén co ban da dugc xay dung va dua vao st
dung. Chinh pht da ban hanh céc quy trinh van
hanh lién hd chtra cho cac hé théng song 16n.
Tuy nhién, cic quy trinh van hanh lién h6 chira
vé co ban duoc xdy dung trén co sd tinh toan
dam bdo an toan cong trinh trong mua 1. Vige
tinh toan van hanh trong mua I cia cac “Quy
trinh van hanh lién hd chira” khong phai trén
nguyén 1y toi vu loi ich cic nganh tham gia loi
dung tong hop ma cha yéu trén co so tinh toan
diéu tiét It dam bao an toan chung cho hé thong
va giam thiéu ngap lut ha lvu. Trong mua kiét
(mua can), cac “Quy trinh van hanh lién ho

" Pai hoc Thuy loi.

chira” da dua ra cac quy dinh chung vé dong
chay t6i thiéu ha luu cac cong trinh dam bao cac
yéu cau loi dung tong hop ngudn nude. O mot
sO ho chira 16n ma ché do van hanh cia ching
c6 tinh quyét dinh dén ché do ha luu cua hé
thong bac thang, “Quy trinh lién hd” con quy
dinh muc nuéc téi thidu trong cac hd chira cua
tung thoi doan. Cac “Quy trinh van hanh lién
h6” chua dé cap day du va cu thé dén quy tic
van hanh t6i vu hé thong cong trinh tham gia loi
dung tong hop. Viéc quy dinh vé dong chay tbi
thiéu dam bao yéu ciu ha Iuu ciing chua duoc
xem xét va nghién ctru day du cung véi hidu qua
loi dung téng hop.

No6i tom lai, hién nay cac cong trinh thuy
dién trong cac hé théng bac thang, tuy c6 “Quy
trinh van hanh lién hd chia” nhung chu yéu
phuc vu cho van hanh an toan cong trinh va ha
du trong mua lii. Pung trén phuong dién tong
quat, tuy cac “Quy trinh”da xem xét dén mot s6
yéu t6 tdi uu, nhung trong mua can van can phai
dua ra cac quy trinh cu thé nham téi vu loi ich
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tong hop noi chung va dic biét 1a loi ich vé mit
ning luong ndi riéng. Khi van dé an toan cong
trinh khong con bi de doa thi viéc van hanh tdi
wu cta hé thong lién ho 1a can thiét, dem lai loi
ich cho cac nganh tham gia loi dung tong hop
ngudn nude va cho toan xa hoi.

Trong nhirng nim gan diy di c6 mot s6 dé
tai dé cap van dé khai thac t6i wu hd chia voi da
muc tiéu sir dung tong hop ngudn nudc (Ha Vin
Khéi, 2013; H6 Sy Dy, 2013). Mot s6 phan
mém chuyén dung d3 dugc mot s tac gia trong
va ngoai nudc xay dung va ing dung tinh toan
t6i wu van hanh ho chira thiy dién (D. Nagesh
Kumar, 2006). Tuy nhién, viéc dp dung dé tinh
toan van hanh hé thong bac thang hd chira con
bi han ché. V& co ban 1a cac han ché do thuat
toan giai bai toan toi wu phirc tap, co khdi lugng
tinh toan rat 16n nén voi bac thang hd chira
nhiéu bac rat kho thyc hién. Pic biét 1 khi chon
thoi doan tinh toan ngan va sd hd nhiéu thi dung
luong yéu cau ddi voi may tinh 16m, két qua tinh
toan con rat han ché.

Noi dung bai viét trinh bay két qua nghién
ctru xay dung thuat toan giai bai toan tdi uu van
hanh bac thang hd chira thuy dién 1am co so xay
dung phan mém chuyén dung phuc vu cho viéc
tinh toan khai thac ti vu ning lugng cua hé
thong bac thang hd chira thiry dién co tinh dén
su can thiét phai thoa min cic nhiém vu khac
ctia hé thdng (cdp nude, giao thong thiy va moi
truong sinh thai ving ha du). Két qua nghién
ctru ciing 13 co s¢ tham khao dé hd tro lap quy
trinh van hanh lién hd chua.

2. THIET LAP BAI TOAN VAN HANH
TOI UU HE THONG HO CHUA BAC
THANG THUY PIEN

a. Thiét 1ap bai toan

Co so bai toan van hanh tdi wu ciia hé thong
bac thang thiry dién loi dung tong hop duoc xac
1ap theo ham muc tiéu. Him muc tiéu tdi vu loi
dung téng hop ngudn nudc vé nguyén Iy chung
13 ham da muc tiéu loi ich. Ham tong quat nhat
c¢6 thé 1a loi ich tong hop dbi voi nén kinh té
qudc dan 13 16n nhat. Hodc co thé 1a tong ton
that d6i voi cac ho huong loi va hé théng dién 1a
nho nhit khi khong dap tng duoc mirc dam bao

thiét ké ctia cac cong trinh tham gia loi dung
téng hop ngudn nudc. Trong ndi dung nghién
clru, tac gia st dung ham muc tiéu toi da dién
ning phat trong qua trinh diéu khién van hanh
hé thong trong diéu kién dép tng cac yéu cau
rang budc ciia cac ho dung va sir dung téng hop
ngudn nudc.

F = i i E; ; — max (1)

i=1 j=1

Trong do:

F- Tong dién ning thu duoc trong sudt thoi
gian van hanh T;

j- thoi doan tinh toan duoc phan chia ddi véi
khoang thoi gian tinh toan;

i- 1 thi tyr hd chira trén hé théng béc thang, phan
theo thur tu tir thuong nguén xuéng ha nguén;

Ei;- Dién ning cua hd thir i trong thoi doan
tinh toan thu j;

Dién ning cua ho thir i trong thoi doan tinh
toan thr j xac dinh theo cong thirc (2) va (3):

E;j=N;;. At _ (2)
Nij =981Ln.Q 2. Hy; < NJf 3)

N;; - cong suét phat dién trung binh dat duogc
tai thoi doan j cua tram thuy dién gin voi ho tha i;

At - khoang thoi gian tinh bang gio (h) cua
moi thoi doan tinh toan thir j;

QW - luu luong trung binh qua nha may tai
thoi doan j ctia tram thiy dién gan v6i ho thi i;

n; - hiéu suét trung binh chung cia TTD tai
bac thang thir i (bao gém gi4 tri trung binh cua
hiéu suét turbin, hiéu sut may phat);

N - cong suat khd dung cua tram thir i tai
thot doan j.

Do cac cong trinh trong bac thang c6 lién
quan mat thiét v6i nhau vé thuy lyc ciing nhu
lién quan trong hé thong phan phdi dién ning
(hé thdng dién) do d6 trang thai ctia cac hd chira
c¢6 anh huodng tryc tiép hodc gian tiép v6i nhau.
Cu theé:

- Vé luu hrong

Luu lugng st dung dé phat di€én cua tram
thuy di¢n bac thang tha i trong thoi doan j s€
xac dinh tir phuong trinh can bang:
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AV ; . .
e n ™ X I : ]
“as M - Q:.‘j + Q:-—-IJJ + Q;-lll‘[ - Q:'J

"E‘r:_,l' T"r:,;- - 1':.;'—1

At At

Trong do: @17 ,QE‘L. j twong ung 1a luu luong
phat dién cua tram thuy dién bac thar i va tram
bac trén truc tiép trong bac thang (i-1) trong thoi
doan j;

Qi ,Q-:;—'—'—J' twong tng 13 Iuu lugng xa khong
qua phat dién cua bac thir 1 va bac trén i-1, trong
thot doan j;

QL) J - Tuu lu’orng dong ty nhién dén cong trinh
khong qua diéu tiét ctua bac thu i, trong thoi
doan j (néu phia trén c6 hd diéu tiét thi day 1a
luu lugng ty nhién do khu gitra tao nén);

QTJ - luu lu’orng cap nudc cho cac nganh loi
dung tong hop ldy nude truc tiép tir thuong luu
khong qua phat dién ctia hd chira i ¢ thoi doan j;

Qij- luu luong ton that cua bac tha i, trong
thoi doan j;

Vi, Vij-1tuong ung dung tich hd chira bac
thir 1 va i-1 tai thoi doan thur j. Dung tich cta cac
hd chira duge xac dinh theo duong quan h¢
dung tich va myc nudc thuong luu hd chua:
Vij = f(Zss).

- V& ¢t nuée

Cot nudce trung binh tai thoi doan j ctia tram
thity dién gan véi ho chira thi i:

H, —Z“—Z”L—h (6)

Trong do Z la muyc nudc hod thir i tai thoi
doan j; zh i j“ la myc nudc ha luu tai tram thay
dién gfm voi ho tha i tai thoi doan tinh toan thi ]
phu thudc vao luu lwong xa xudng ha luu va
muc nudc thuong lwu hd bac thang dudi do
nuéc dénh.

Ton that cot nudc tai cong trinh tha i, phu
thudc vao luu luong phét dién:mw = £ (@17).

Cdc diéu kién bién va cdc gidi han:

+ Luu lugng x4 xudng ha luu ¢ bac tha i tai
thoi doan j khong nhé hon luu luong yéu cau tdi
thiéu ha luu theo diéu kién duy tri dong chay
mdi truong hoic nhu cau cap nude ha luu Q{T :

Q’ + Qfj = Qi )

¥
— Q o~

Qi) — Qu; (4)

¢

6))

+ Piéu kién gi61 han lam viéc cua turbin tai
bac 1thoi doan

Q_T_Eimh < Q;l;:l < QT:Jmn ®)

Luu lwong ti thiéu Qﬁmw cua turbin phu
thudc vao loai turbin. Luu luwong téi da qua
turbin Qil.}gmax
hanh cua turbin ¢ bac th 1, luu lugng bi gidi
han boi cdt nudc phat dién va gidi han vé cong

dugc khdng ché boi dic tinh van

suat kha dung, cong suit cong tac gidi han cia
tram thuy dién i ¢ thoi doan j, tuy nhién diéu
kién rang budc ndy trong thuit toan tbi wu
khong phai dé loai boé ma dé tinh dién ning. Khi
Tomin 010 thi thy Qi = 0 khi d6 tir phuong
trmh can bang dé tinh Qi . Piéu kién cn bang
luu lwong con can luu ¥ tit ca thanh phan vé
phai cua phuong trinh (4) phai 16n hon hoac
bang 0:
+ Piéu kién gidi han vé muc nudc:
zm]'l < z” = zm-x (9)
7" myc nude cao nhat cta hd chira i ¢ thoi

doan j, c6 thé 1a myc nuwdc dang binh thudng
hodc muc nudc trudce li. Zrnm 1a myc nude thap

nhat hd chira cho phép, c6 thé dugce khdng ché
do nhu cau cia cac nganh tham gia loi dung
tong hop ngudn nudc hodc 13 muc nude chét
ctia ho chira.

b. Khong gian nghiém

Nghiém t5i wu ctia bai toan véi ham muc
tiéu dang (1) twong ing vo1 véc to trang thai
t6i wu cta hé thdng hd chira voi bién trang
thai 13 myuc nuée hd cd dang:

Zl*,l Z;,l Z;,l . Zi*,l" Z;,l (] = 1)

Zl*,z Z;,z Z_z*,z Zi*,Z" Z;,z (] = 2)

7 * ......... * ......... * ............... * ..................... . .

Zi; 2y 2y, Z,. Z,, (G=))

Zl*,n Z;,n Z% n Zz n Z;,n (] = n)
i=L..m; j=1,.n(10)
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Vi Vi; = f(Z;) nén cac cac phan tir Z;; clia
ctia biéu thirc (10) c6 thé thay thé bang cac gia
tri V.

Vlfl Vz*,l V_':l . V’*l" V;,l (j=1)
VITZ Vz*,z V}Tz . Vz*z V;,z (j:Z)

T e
Vi Vag Vay o Vigee Yoy U=
VL VL Ve Ve G=n)

i=l..m; j=1.n (11)
3. LUA CHON PHUONG PHAP VA
THUAT TOAN GIAI

DPbi v6i hé thong bac thang hd chira thuy
dién, mdi phan tir V;, cia vecto nghiém (11) c6
quan hé voi cac phan tir khac cung hang (theo
chiéu khong gian) chira phan tar d6, dong thoi
lai ¢6 quan hé voi cac phan tir cung cot (chiéu
thoi gian) chira phan tir d6. Nhu vay, bai toan
t61 wu phai dugc giai theo lién két khong-thoi
gian. Day la mdt kho khan khi lya chon phuong
phap giai bai toan toi wu dang (1). Rat nhiéu
phuong phap khac nhau da dugc nghién cuu lién
quan dén viéc giai quyét lién két khong-thoi gian
clia bai todn ndy. Bai bao nay gidi thidu két qua
nghién ctu giai bai toan t6i wu dang (1) theo
thudt toan quy hoach dong hai chiéu DP-DP.

a. Nguyén ly cia thuat toan quy hoach
dong véi thuat toan 2 chiéu DP-DP

Theo thuat toan DP-DP, bai toan ti uu dang
(1) duogc phan ra va tich hop cua 2 16p bai toan
quy hoach dong phang: chiéu thoi gian (bai toan
1) va chiéu khong gian (bai toan 2).

Bii todn I: Goi tong dung tich phin nam
phia trén muc nude chét caa cac hd chira tai thoi
doan j (VS)) la tong dung tich trir cua cac hd
chura trong hé théng bac thang tai thoi doan j,
can tim qué trinh thay d6i dung tich trit nudc
tong cong cua cac hd chia trong hé thong béc
thang sao cho tong dién ning thu dugc trong
sudt thoi gian van hanh dat gia tri 16n nhat va
cling chinh 1 nghiém cua bai toan t6i wu dang
(1). Pay 1a bai toan quy hoach dong co bién
trang thai theo thoi gian. Tuy nhién, dé giai
duogc bai toan 1 can phai lién két véi bai toan 2
duoi day.

Bai todn 2: Tai mdi thoi doan tinh toan, moi
phuwong an tong dung tich trit VS; ddi véi bai
toan 1, can duoc phin bd cho cac hd trén hé
thong nhu thé nao dé dién ning thu dugc tai thoi
doan d6 1a 16n nhat. Thuat toan quy hoach dong
theo mau bai todn phan bod tdi wu tai nguyén
duoc ap dung cho bai toan 2.

Khi giai bai toan 1, tai mdi budc thdi doan
tinh toan thr j, theo thuat todn quy hoach dong
cac gia tri VS; dugc luya chon theo sy phan chia
thanh nhiéu cap VS;k (k=1,...,Ns), trong d6 Ns
1a tong cac phuwong an phan chia vé téng dung
tich trit VSj;. Nhu vay, twong tng véi mdi
phuong an dung tich trit VS, ¢ thoi doan thir j
can thyc hién giai bai toan 2. PO chinh la
nguyén ly phan ra va tich hop cta 2 bai toan
quy hoach dong da trinh bay ¢ trén.

b. Thuat toan quy hoach dong trang thai
thoi gian (bai toan 1)

Goi F(V'S,;, VS,) 1a tong dién ning cua cac
tram thuy dién trong qua trinh thay d6i tong
dung tich trit ciia cac hd chira tir trang thai ban
dau VS, dén trang thai cudi cing VS, trong sudt
qué trinh diéu khién. Can tim quy dao thay doi
VSo—VS,;i v6i i 1a trang thai bat ky tai thoi
doan cudi, sao cho ham ning luong:

F= F[T"sn.:- Vf"oj — max (12)

Ta chia thoi ky )+ t, ra nhiéu thoi doan ndi
tiép nhau, gia s ta chia 1am n thoi doan. G mdi
thoi doan, trang thai vé dung tich ho chira ¢ thé
14 bat ky trong gidi han hoat dong ctia né (Hinh
1). Ky hiéu VSj; 1a trang thai c6 thé cia tong
dung tich trit ¥S; & thoi doan thr j (j 1a chi s6 chi
thoi doan; k 1a chi sd chi trang thai ciia tong dung
tich trit VS; & thoi doan d6). O mdi mot thoi doan
dugc phén chia, trang thai tong dung tich trit VS;
chi nhan nhing gi4 tri thoa méin diéu kién:

L*sjﬂ‘.:"’i < '[_rs;.'k = L.'EJJHEK
voij=1,2, .. ... ,n; k=1,2, .., Ns

Trong d6: VS/™" va V5™ tyong tmg la
gi61 han trén va gidi han dudi cua trang thai
dung tich trir tai tho1 doan thir j da phan chia.

Khong cho phép muc nude cac hdo nhd hon
muyc nude t6i thiéu theo yéu cau loi dung tong
hop ngudn nude, tic 1a:

(13)
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m
- rromin ry, MIN
0=V 5_.!' = Zl h:._;-'l (14)
=1
Tuong tu, gidi han trén cua tri ) VS;nax
khong thé 16n hon tong dung tich 16n nhét cho
phép cta cac ho chira trong bac thang:

(15)

m
VSer < 3 VAT

=1

Trong do:

- VA#*1a dung tich 16n nhét cho phép sir
dung ctia hd chta thir i trong hé thdng tai thoi
doan j;

- VAT™ 1a dung tich nhd nhat can phai trit
do yéu cau vé muc nuéc thuong luu ctua hd
chura.

vSn-1,1 ! VSn,1

V‘S"m,am

Vsmiﬂ

Hinh 1. So d6 mé ta sw thay doi trang thdi theo chiéu thoi gian véi bién trang thdi
la tong dung tich trit cua cac ho chia.

thi i trong hé thong tai thoi doan j dé dam
bao yéu cau lgi dung tong hop;

- m 13 s6 hd chira trong hé thong bac thang.

Bai toan t6i vu dang (12) duoc giai bai theo
nguyén 1y t6i wvu nhiéu giai doan ciia Bellman
(nguyén 1y Bellman) duoc md ta theo biéu thirc

Fi(VSix)= T.n}ax(gj(vsj.k- VSi_1x)+ Fima(VSi_1.1))
b

Trong do:

Ei(V5; % VSj_1k) 12 dién nang nhin dugc
khi tong dung tich trit thay d6i tir trang thai
VS;_1x O giai doan j-1 dén trang thai bat ky
V5 ¢ giaidoan j.

Fi_y(V5;_1,) 1a gia tri toi wu coa dién nang
do tong dung tich trit cta cac hd chira trong hé

Fp(VSnx) = ,1'.‘}3‘(5?:(1"5':.10 VSn-1,k) + Fr-y(VSn_1,x))

ok
Trong do: V5§, ; 1a trang thai can dat dugc &
thoi doan cudi voi cac muc trit khac nhau (k=1,
2, .., Ns). DBén thoi doan cudi cung gid tri lon

tong quat cua bai toan toi vu c6 diéu kién nhu
dang (16). Phuong phap giai bai toan ti wu theo
nguyén ly Bellman da dugc gidi thiéu trong cac
tai liéu tham khao (Bellman, 1957; Ha Van
Khéi, 2013; Phé Ptic Anh, 2007; Ha Vian Khdi
va nnk, 2007).

(16)

thong thay d6i tir trang thai ban dau VS, dén
trang thai VS,.; x ¢ giai doan j-1.

Fi(V5;%) 1a gia tri toi wu cua dién ning do
tong dung tich trit cua cac hd chua trong hé
thong thay d6i tir trang thai ban dau VS, dén
trang thai VS, ; & giai doan j.

Dén thoi doan cudi cung j = n, ta co:

(17)

nhét ciia Fp,(VS,.x) chinh 1a gia trj toi wu coa
ham muc tiéu dang (1), tuc la:

B = maxF,(VS, ;) (18)
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c¢. Thuat toan quy hoach dong cho bai toan 2

Trong biéu thirc dang tong quat (16) cac gia
tri E;(VS; k. VSj_1,) tai thoi doan tinh toan j
phu thudc vao phuong an phan phdi tong luong
trit VS;x cho cac hd chira ctia hé thong tai thoi
doan d6. Mdi phuong an VS, s& c6 vo sd cac
phuong an phan phéi dung tich trir cho cac hd
chira trén hé théng. Nhiém vu cua bai toan 2 la
tim mdt phuong an phan bd tdi uwu dung tich trix
cho céac hod chua tai thoi doan dang xét sao cho
E;j(VS; k. VS;_1,x) dat gid tri 16n nhit. Dé tién

F=£(5;)+£:(5)+ -+ £(5;,

Trong do:

fi (5,' A )- f (5}.2 ) s f:(sj.:s ) I (Sj.m) 1a
dién nang thu dugc cua cac tram thuy dién gfm
voi cac hd chta 1, 2, ..., is,..., m tai thoi doan
tinh todn thr j twong Ung vo1 phuong an trir
nudc 5}?; = V5 k.

Can x4c dinh chién lwoc phan bd dung tich
sao cho ham muc tiéu (20) dat gia tri 16n nhat:

F* = maxF va thoa min diéu kién (19), tirc
la: ST =5;4 4 Sj2+ = 4 Sjc + =45 m . Thuat
toan toi wu duoc thyc hién theo nguyén ly
Bellman, theo do, dau tién xem xét chién luoc
phan bd tdi wu cho hai hd chira, sau do 14 3 4 ,...
dén m ho chua.

Dang tong quat cta thuat toan quy hoach
dong theo mau bai toan phan bd tai nguyén
duogc viét dudi dang (22).

F5 (5_:-:"::5) = I?:E'__‘ [f (5_;'.:5) + Fig_y (5_,1?::_:—1)] (22)

Vi cac rang budc:

=15 =1F

Z l'h}“.m = 5}~.— < Z [rh}n‘ax (23)
=1 =1

Trong d6: Fiz (5]::) 1a gia tri t5i wu cia ham
muc tiéu F khi xét phuong an phan bd tong dung
tich trit cho is hd chira dAu tién; Fre—y (S)is—1) 1
gid trj t6i wu ctia cia ham F cho phuong 4n phan
b6 tong dung tich trit cho is-1 hd chira dau tién;
fi< (5T:5) 12 dién nang thu duoc cta hd thir is khi
duoc phan bo dung tich 14 Sy; is 1a thir tur hd chira
tinh tir bac dau tién duoc phan bd dung tich. Gia

— T T
tri Sis = 5_;'.;5 - 5_1',:5—1_

)+ fonlSim)

trinh bay ta dat Si =Vix N SjaeSjas=Sjir s 3j,m
1a dung tich trir tai cac hd chura trén hé thong
bac thang tai thoi doan tinh todn j twong ting véi
phuong an trit nude VS;i; m 1a s6 hd chira trén
hé thong.

Dat F = Ej(VS; k. VSj_1,x)

m
i She= S (19)
i=1
Ham muc ti€u cua bai todn phan bo dung tich
sé la:

(20)

O giai doan cudi khi i = m ta co:
E,(Sm) = max(f,, (S;,,) + FoiSim)] (24)

V&1 cac rang budc:

m m
th;ﬂn: = S_IT.?T! < Z '[_,rhj_':tax
=1 =1

Dén giai doan nay gid tri Fj,(S],,) chinh la

(25)

gia tri cuc dai cua ham muc ti€u F.

4. KET QUA TiNH TOAN UNG DUNG
CHO HE THONG 2 HO CHUA HOA BINH
VA SON LA

Trén co s¢ thuat toan DP-DP xay dung mo
hinh va thyc hién tinh toan cho bac thang thuy
dién song Pa v6i hai hd Son La va Hoa Binh.
Muc dich tinh toan nham kiém tra kha ning tng
dung cta thudt toan quy hoach dong da thiét lap.
Tinh toan van hanh téi vu duge thuc hién theo
phuong phép diéu tiét toan liét véi chudi sd lidu
104 nam thay van tir 1902 dén 2006. Két qua
tinh toan dwoc tong hop trong Bang 1 va céc
duong trang thai myc nudce trén cac Hinh 2 va 3.

Tir két qua tinh toan cho thy rang viéc tinh
toan diéu khién tdi wu c6 thé mang lai hiéu ich
khoang 5-6% dién nang trung binh ndm so vd&i
két qua tinh toan diéu tiét theo ho so thiét ké ky
thuat. Ngoai ra, & day chua ké hiéu qua cta viéc
can bang cong suat ctia hé thong dién luc. Céc
biéu d6 ¢ Hinh 2 va Hinh 3 1a biéu dd cac quan
hé myc nude hd chia ti wu véi thoi gian trong
cac nam thiy van cta 2 hd Hoa Binh va Son La
dugc xdy dung tir két qua tinh toan tir mé hinh
vo1 thuat toan DP-DP.
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Bing 1. Két qua tinh toan diéu tiét t6i wu bac thang hd thiy dién Son La - Hoa Binh

, Y A L . . K&t qua tinh toan
Cac chi ti€u tinh toan b.Vi Sonla Hoa Binh Téng cong
1. Tinh theo ti¢u chuin toi wu
Dién nang trung binh nam 10°kWh 9.551 11.402 20.953
2. Theo ho so TKKT
Dién nang trung binh nam 10°kWh 9.282 10.505 19.787
3. Chénh léch
Dién ning trung binh nim 10°kWh 269 897 1166
F7 e —SS

E
g
H \\‘
\
i
15/6-5 15/7 1518 15/9 15/10 15111 1512 15/1 15/2 15/3 154 15/5 156 8D15/6 157 158 159 1510 1511 1512 151 152 153 154 155 156
Théigian Thei gian
Hinh 2. Duong qua trinh myc nuoc toi vu Hinh 3. Duong qua trinh myc nuoc toi vu
ho Son La ho Hoa Binh
4. KET LUAN qua tinh toan cho thay su hop 1y va do tin cdy

Mo hinh van hanh t6i wu bac thang hd chita  ctia mo hinh.
loi dung téng hop st dung thudt toan quy Tuy md hinh thuét toan duoc 4p dung kiém
hoach dong hai chiéu (DP-DP) trinh biay & nghiém thanh cong véi bac thang ho chira 2 bac,
trén da duoc tac gia ap dung kiém nghiém cho nhung vé nguyén 1y co thé phat trién dé ap dung
bac thang hd chita Son La — Hoa Binh. Két cho bac thang hd chira nhidu bac néi chung.
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Abstract:
APPLICATION OF DYNAMIC PROGRAMMING ALGORITHM FOR OPTIMUM
OPERATION OF CASCADE HYDROPOWER RESERVOIRS

Based on the principle of dynamic programming algorith, this article presents the researchresults on
developing algorithmofoptimal two-dimensional dynamic programming (DP-DP) to calculate the
optimal operation of cascade hydropowersystem. This algorith uses spatial and temporal state
variables to optimize spatial nodes simultaneously. This modelallows to reducecomputedtime compared
with the usual dynamic programming.TheSon La and Hoa Binh cascade hydropower reservoirs were
selected as case study.Resultsshows that DP-DP model developed in this study is dependable.
Keywords: Hoa Binh, Son La, DP-DP, Cascade hydropower system
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