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This paper presents a second-order cone programming (SOCP) model
aiming at power flow analysis in radial power distribution systems.
Calculation results obtained from this SOCP formulation are almost
identical compared to the solutions using the Newton-Raphson method.
In addition, the proposed SOCP model facilitates the incorporation of
the system of nonlinear and non-convex power flow equations into
optimization problems in the radial electrical distribution grid. The
optimization problems based on the second-order conic model of the
power flow equations are convex; therefore, the solutions to be found
are globally optimal. At the same time, the proposed SOCP model
considers the variation in power consumption of loads according to the
voltage (ZIP load model) using the Newton binomial approximation
approach. The developed SOCP model is validated on an IEEE 33-node
distribution network using the programming language GAMS and the
commercial solver CPLEX.
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TU KHOA

Ludi dién phan phdi

Phén tich trao luu cong suét
Phuong phap tdi wu

M5 hinh tai ZIP

Quy hoach non bac hai (SOCP)

Bai bao dé xuat md hinh quy hoach noén bac hai (SOCP) d¢€ phan tich
trao luu cong suét cua ludi dién phan phdi. Loi giai dat dwoc tir mé hinh
quy hoach nén bac hai nay co sai so rat nho so véi 1oi giai st dung
phuong phap Newton-Raphson. Ngoai ra, mé hinh SOCP d& xuat gitip
tich hop hé phuong trinh trao Iuu cong suat phi tuyén va khong 16i vao
cac bai toan tdi wu hoa trong ludi dién phan phdi hinh tia. Cac bai toan
t6i wu sir dung md hinh nén bac hai ciia hé phuong trinh trao lwu cong
Suit c6 dang 15i va nghiém tim duogc 14 t6i wu toan cuc. Pong thoi, mod
hinh SOCP @& xuit c6 xét sy thay ddi cong suit tiéu thu cua phu tai
theo dién 4p (m6 hinh tai ZIP) st dung phwong phap xap xi nhi thirc
Newton. M6 hinh quy hoach nén bac hai d& xuit duoc danh gia trén
ludi dién 33 nit IEEE sir dung ngdn ngit lap trinh GAMS va phan mém
thuong mai CPLEX.
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1. Gioi thigu

Hién nay, véi su phat trién cua ludi dién thong minh va mirc d6 tham gia ngay cang cao cua
céc ngudn dién phan tan (DG), luoi dién phan phdi co sy thay d01 16 rét V& Cau tric, phuong thic
van hanh va diéu khién. Su thay d6i nay doi hoi cac mé hinh téi uu méi dé nang cao hiéu qua
trong quy hoach va vén hanh lugi dién phan phdi. Bai toan ché d6 van hanh hé thong dién dugc
md ta bang hé phuong trinh trao luu cong suit. Dic diém cua hé phuong trinh nay 14 phi tuyén va
khong 16i. Do d6, cac phuong phap 1ap nhu Gauss- Seidel, Newton- -Raphson (NR) va cong cong
Suit... thuong duoc ap dung dé giai hé phuong trinh trao luu cong suét. Tuy nhién, khi ap dung
cac phuong phap lap nay dé phan tich trao luu cong suat cua ludi dién phan phdi, ta Can xét dén
cac ddc diém cua ludi dién nay nhu ty s6 R/X 16n, cau trac hinh tia, tich hop cac ngudn DG c¢6
kha ning diéu chinh dién ap va sy khong ddi xing. Mot s6 nghién ciru vé phan tich trao luu cong
suit va tich hop hé phuong trinh trao luu cong suat cua ludi phan phdi vao cac bai toan tdi uu
duogc trinh bay nhu dudi day.

Céc tac gia [1] da chi ra rang ty s6 R/X 16n 1am giam kha ning hoi tu cia phuong phap
Newton-Raphson (truong hop giai kém). Do d6, voi ludi dién phan phéi co cau triic hinh tia, cac
phuong phap 1ap Ladder thuong dugce ap dung [2]. Tuy nhién, cac k¥ thuat lap Ladder s€ khong
ap dung duoc véi ludi dién hinh tia duge tich hop cac DG c¢6 kha niang diéu chinh dién ap [3].
Ngoai ra, do vn dé mat can bing pha nén phuong phap trao luu cong sudt mot pha khong thé
dugc ap dung cho ludi dién phan phdi. Vi vay, bai bao [4] da dé xuit phuong phdp m6 hinh mach
tuong dwong voi cac bién dién ap va dong dién dé phan tich trao luu cong Suat ba pha. Cac nam
gan day, su phat trién cua ludi dién thong minh yéu cau cac phuong phap phén tich trao luu cong
Suit c6 kha nang tinh toan nhanh dé 4p dung vao cac bai toan diéu khién va van hanh thoi gian
thuc. Do d6, bai bao [5] di dua ra phuong phap NR c¢6 kha ning tinh toan véi sé phic, toc do
tinh toan nhanh va phu hop véi cac bo vi xir 1y hién nay. Mac du vay, phuong phap nay lai khong
thé 4p dung dugc vao cac bai toan t6i wu do tinh toan bang sé phirc. Ngoai ra, v6i su hinh thanh
cua thi truong dién ban 1¢, vin dé mo hinh hoa va tim 15i giai ctia bai toan can bang thi truong
mot cach hiéu qua da thu hat rat nhiéu cac nha nghién ctru. Khé khan chinh cia cac bai toan toi
uu la h¢ phuong trinh trao luu cong suat phi tuyén va khong 16i. Dé giai quyét van d& nay, bai
béo [6] da d& xuit md hinh trao luu cong suat tuyén tinh cai bién (MD). Tuy nhién, nhuoc diém
ctia cac mo hinh tuyen tinh la gan dung va c6 sai s6 lon trong nhiéu truong hop. Do do, cac
hudng nghién ctru vé& k¥ thuat bién doi hé phuong trinh trao Iuu cong suit nhu mo hinh quy
hoach non béc hai (SOCP) dang tr& nén phd bién [7]- [11]. Ngoai ra, sy phu thugc cua cong suét
phu tai theo dién ap dong gop mot phan quan trong dén cong suét nit. Theo td chirc B.C Hydro,
cong sut tic dung va cong suat phan khang cua phu tai thay doi lan lugt 1a 1,6% va 3% khi dién
ap thay doi 1% [12]. Vi vdy, viéc tich hgp mé hinh tai ZIP trong cac bai toan quy hoach va van
hanh luéi dién phan phdi co ¥ nghia quan trong. Tuy nhién, mé hinh tai ZIP khong thé duoc tich
hop truc tiép vao mo hinh quy hoach nén bac hai.

Tu cac nghién ctru da trinh bay ¢ trén, ta thdy rang ba nhém phuong phap chinh dé phan tich
trao luu cong suat cua ludi phan phéi 1a ky thuat lap giai truc tiép hé phuong trinh phi tuyén,
phuong phap tuyén tinh hoa gan dung va phuong phap néi long SOCP. Do d6, muc dich cua bai
bao 1a dé xuat mo hinh SOCP ¢ xét tai ZIp dé phan tich trao luu cong sut cta ludi dién phan
phdi. Cac dong gop chinh cua bai bao bao gom: (1) Xay dung mé hinh tai ZP tuong duong tir mod
hinh tai ZIP sir dung phwong phép xap xi nhi thirc Newton; (2) So sanh 10i giai cua bai toan phan
tich trao luu cong suat co xét tai ZIP str dung phuwong phap SOCP va phwong phap NR; (3) So
sanh dién ap nat cua ludi dién khi st dung mé hinh tai ZIP va tai cong suat hang.

Bai bao gdbm bén phan. Phan 2 trinh bay phuong phap nghién ctru, bao gém mé hinh nén bac
hai cia hé phurong trinh trao lwu cong suat, mo hinh phu tai ZP twong duong va mé hinh bai toan
phan tich trao cong suét st dung SOCP. Phan 3 ap dung tinh toan cho ludi dién phan phéi 33 nit
IEEE. Nhitng két luan va huéng nghién ctru trong twong lai duoc trinh bay trong phan 4.
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2. Phuwong phap nghién ciu
2.1. M6 hinh nén bac hai ciia hg phwong trinh trao lwu cong sudt luéi phin phéi
Xét dudng day phan phdi két ndi hai nat i va j nhu Hinh 1.
U./é, Y; -G, - jB, U,£68,
£ +79,
Hinh 1. M6 hinh dwong ddy heéi phin phoi

Dong cong suat trén dudng day ij dugc biéu dién nhu sau:

P, =G,U? -G,UU, coss; +BUU; sin g, (1)

Q,J—BUZ—BUU coss; —GUU; sin g )

trong do, Pj va Qj lan luot 1a cong suét tac dung va cong suat phan khang tai nat i trén duong
day ij; Gj va Bjj lan Iuot 1a phan thyc va phan ao cua tong dan nhanh ij; U; va U lan luot 1a mo-

dun di¢n dp nati vanut j; &; =0, —&; 1a d l¢ch goc pha dién ap gilra nat i véi nit j.
bt u; =U?/y2, R, =UU, cosd, va I, =UU;sind;. Khi do, véi hé théng dién co N nat

(nat ngudn dugc danh sé 1a 1), tir (1) va (2), ta ¢6 hé phuong trinh cin bang cong suat nut:

> R =v2u Y G- > (GyR;—Byl;) =Py —Py; i=23..N 3)

jeqy jey jey
> Q=+2u Y B,— > (B;R,+G;l;)=Qs —Qui i=23...N 4)
jeQy jeQy jeQy

trong do, Pg; va Pp; lan luot 1a cong suat tac dung caa ngudn DG va phu tai tai nat i; Qg va
Qoi lan luot 1a cong sudt phan khang ciia ngudn DG va phu tai tai nat i; Q, 13 tap cac nat két noi
V6i nat . N

Moi quan h¢ gitra R;; va lj; cho moi duong day ij:

2 2
2uu; =R} +1; (®)

Bicu thuc (3), (4) va (5) la hé phuong trinh trao luu cong suat nut cta ludi phan phoi hinh tia.
Bicu thuc (5) 1a phuong trinh phi tuyén lam cho hé phuong trinh trao luu cong suat khong 16i.
Bang cach bién doi rang budc dang thirc nay thanh rang budc bat dang thic, ta dugc:

2uu; 2 RE+ 15 (6)
Biéu thuc (6) co dang |(A)i’V.';1 cac biéu thuc (3), (4) va (6) mo ta dang nén bac hai cua hé
phuong trinh trao luu cong suat.

2.2. Mé hinh nén bdc hai ciia tai ZIP
Ta c6 nhi thirc Newton:

(1+x)" ZCk X )

Khi |X| <<1va |nx| <<1, biéu thirc (7) c6 thé dugc xap xi thanh hai s6 hang dau tién.

Trong ché d6 van hanh binh thudng, mo-dun dién 4p cua tat ca cac nit xap xi bang 1 pu nén
ap dung (7), ta co:

U7 =(1+AU,)" ~1+3AU, 8)
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trong d6, U; 1a moé-dun dién ap nut i (pu) va 77 1a hiang s sao cho |77AUi| <<1.
Vi np=2vaU; =1+AU,, taco:

U2 =(1+AU,)" =1+2AU, )
Mo hinh tai ZIP c6 dang da thirc bac hai dwoc biéu dién nhu sau:
Foi = Fooi (aipu i2 + blpui + CiP >; aiP + biP + CiP =1 (10)

7,b” va ¢ lan lugt 1 cac hé s6 ciia mo hinh tai ZIP tai nut i; Ppg; 1a cong suét tac

dung cua phu tai nat i tai dién ap dinh mac (pu).
Céc hé sé cua moé hinh tai ZIP a”,b” va c” (chi sé twong Gng véi nat i dugc bé qua) co thé

trong do, &

duge xéac dinh sir dung phuong phap hdi quy. Khi d6, cac hé s6 nay 1a nghiém cua bai toan tdi wu
¢6 ham muyc ti€u va rang budc dudi day.

minfIZV;‘[PDO(aPUjZ+b"Uj +CP)—PDJ-:|2 (11)
e

trong do, | U, Py, | 14 tap dir liéu do duoc thi j vaN,, 14 tong s6 tap di ligu do duoc.
thoa méan rang budc:
a”+b” +cf =1 (12)
Bai toan t6i uu (11)-(12) c6 thé dugc giai sir dung phuong phap ham Lagrangre.
Ham Lagrange:
Ny )
P P, AP
L:Z[PDO(a"Uf+b"Uj+cp)—PDJ +A(a” +b? +cP -1) (13)
j=1
Diéu kién t6i vu theo dinh Iy Karush-Kuhn-Tucker:

Ny
%zZPDozUJZ[PDo(aPUjZ+bPUJ+CP)_P ]+Z=O 4
j=1

Dj

Ny
%=2PDOZUj[PDO(aPUj2+bPUj+cp)—PDJ}+/1=0 (15)
g"P 2PDOZ[ Poo (a"UZ+b°U, +c7) - Pj]mzo (16)
a”+b” +cf =1 (17)

Giai h¢ phuong trinh (14)-(17), ta dugc cac hé s6 ciia md hinh tai ZIP twong ng Véi cong
suét tac dung. Cac h¢ So ciia m6 hinh tai ZIP twong tng voi cong suét phan khang cling duge xac
dinh tuwong tw. Luu y rang, vi md hinh t8i wu c6 dang toan phuong va 15i nén nghiém dat duoc 1a
ti wu toan cuc.

Mo hinh tai ZIP c6 thé dugc Xap xi thanh mo hinh ZP tuong duong véi cac hé s co thé dat
duogc tir mo hinh tai ZIP ban dau. Tur cac biéu thuc (9) va (10), ta co:

2 —
P, =Py [cf +a/U;? +b" (1+ AU, )] ~ Py, {cf’ +a’U’ +b’ (1+ U‘2 1}}

P P P P
~ P, Kcip + %) + (aip + b—éju f} ~ P, Kcip + b—éj + (aip + %} J2u, }

(18)
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Tuong ty, biéu thie x4c dinh cong suét phan khang trong mé hinh ZP twong duong dugc biéu

dién nhu sau:
Q Q
Q= [0+ 5 [0 v s

2.3. Mé hinh quy hoach nén bdc hai

Trao luu cong sut cua ludi dién phan phéi trong khoang thoi gian T ¢6 xét mo hinh tai ZIP
dugc phan tich dua trén mo6 hinh quy hoach nén bac hai vai ham muc tiéu:

T
max » > R, (20)
t=1 ijeQ
thoa mén cac rang budc:

> R =20, > G = > (GyRy, — Byl ) =Py —Poy i=23.,N;t=1..T (21)

jeQy jeQy jeQy;
> Qe =~2u, > B, - > (BR;, +G;l;,)=Quy —Quis 1=23,...Nit=1,...T (22)

jeQy; jeQy; jeQy;
20U, RS+ 10 VijeQt=1.T (23)

UZ
ul,tzﬁ,u“zo; i=2,..,N;t=1..T (24)
R, 20; VijeQ ;t=1..,T (25)

(., B b?

Poi = Poo [cf+?}+[af+—éj\/§um} =2 N:t=1..T (26)

i Q Q
Qoir = o (ciQ +b#2j+(ai‘3 +b‘7j\/§ui,t}; i=2,...,N:t=1..T (27)

trong do, €2, 1a tap cac nhanh cua ludi dién; Pgit va Qgit lan Tuot 1a cong suat tic dung va
cong suat phan khang cua DG tai nut i trong thoi diém t; Poit va Qoit lan luot 1 cong suét tac
dung va cong suat phan khang cta phu tai tai nat i trong thoi diém t.

Nghiém cta mé hinh toi vu SOCP (20)-(27) 1a 10i giai cta bai toan phan tich trao luu cong
suat ludi dién phan phdi cé xét mo hinh phu tai phu thudc dién ap. Loi giai cua bai toan phan tich
trao luu cong suat dat dugc khi hai vé caa (23) bang nhau.

3. Két qua tinh toan va thao luan

Trong muc nay, mo hinh SOCP véi tai ZIP da xay dung ¢ muc 2 dugc ap dung tinh toan voi
ludi 33 nat IEEE ¢6 DG [13]. M6 hinh SOCP dugc lap trinh str dung ngén nglt GAMS [14] véi
phan mém thuong mai CPLEX. Tat ca cac tinh toan dugc thuc hién trén may tinh c4 nhan vai vi
xtt Iy AMD Ryzen 5 5600G 3,9GHz va 32GB RAM. Phan tich trao luu cong suét theo phuong
phap Newton-Raphson (NR) trén phan mém POWERWORLD [15] dugc sir dung dé danh gia do
chinh x4c cta phuong phap dé xuat. Bién ap van hanh ciia ngudn dién tai nat 1 bang 1,05 pu.

3.1. D ligu tinh todn

Trong bai bao nay, ba loai phu tdi duoc xem xét la sinh hoat, dich vu va cong nghiép tuong
ung vai do thi phu tai dugc mo ta trong Hinh 2. Kiéu phu tai twong tng véi cac nat cia luédi dién
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dugc biéu dién trong Bang 1. Cac h¢ 6 clia md hinh tai ZIP cta céc loai phu tai trong h¢ don vi
tuong doi dugc biéu dién nhu sau [16]:
—Sinh hoat: a] =0,24;b7 =0,62;¢” =0,13;a% = 2,44; b =—1,94; ¢? = 0,50

~Dichvy: a’ =0,16;b” =0,80; ¢ = 0,04;a° = 3,26;b° = -3,10;¢c° = 0,84
— Cong nghi¢p: a’ =-0,07;b" =0,24; ¢ =0,83;a° =1,00;b® =0;¢c° =0

120 4

= = = Sinh hoat = - —Dich vu

Cong nghiép
100

Cong suat (%)
(=)} 2]
(=] (=]

e
o

(=]
o

=]
Y

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Thoi gian (h)

Hinh 2. Po thi phu tdi
Bang 1. Tinh chat cua phu tdi

Phu tai Nut
Sinh hoat 2,5,12,14,19, 22,31, 32
Dich vu 4,7,8,10, 11, 13, 15, 17, 20, 23, 24, 25, 26, 28, 29, 30, 33
Cong nghiép 3,6,9,16, 18, 21, 27

Ngoai ra, ludi dién phén phéi co6 dit cac DG véi cac thong sb cia DG duoc md ta trong Bang
2 va cong suat phat ciia DG trong 24h dugc biéu dién trong Hinh 3.

Bang 2. Théng sé cua DG

Ngudn Nt P max (KW) coSp
in e, 10 400
bien gio 33 300
0,95
A ke 7 350
bién mat troi 14 450
120 4
— — — Dbign gid Dién mat troi

—
(=]
o

=]
o

Cong sudt (%)
E=y [«
[=] o

[¥]
o

o
r

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Théri gian (h)

Hinh 3. Céng sudt phdt ciia DG
3.2. Két qud tinh todn

Ket qua tinh toan dién 4p nit tai thoi diém t = 12 c6 xét tai ZIP st dung phuong phap SOCP
dé xuét va phuong phap NR duoc trinh bay trong Bang 3. Két qua tinh toan cho thay rang sai sb
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I6n nhét vé dién 4p nut gitta hai phuong phap 1a 2,23x10°% (nut 18). Sai s6 ndy hoan toan ¢6 thé
b6 qua trong cac ap dung thuc té.
Bang 3. So sanh dién dp niit theo phuwong phap SOCP va Newton-Raphson tgi t = 12

. U (pu) Sai s ) U (pu) Sai s6 . U (pu) Sai s6
NUETS5cP NR O (10°%) N Tsoce NR O (10°%) YU TSocP NR O (10°9%)
1 10500 1,0500 0,000 12 10152 1,0152 1,388 23 1,0356 1,0356 0,495
2 10480 10480 0044 13 10126 10127 1335 24 10292 10292 0221
3 10390 1,039 0339 14 10119 10119 1523 25 10261 10261 0327
4 10349 10349 0091 15 10110 10110 2109 26 10200 1,0200 0,081
5 10311 10311 0324 16 10102 1,0102 1577 27 10183 10183 0,258
6 10213 10213 0036 17 1,0089 1,000 1618 28 10104 10105 0,201
7 10108 10198 0,601 18 1,0087 10087 2,230 29 1,0049 10049 0,228
8 10182 10182 0,102 19 10476 10476 0487 30 1,0027 10027 0,275
9 10171 10171 0260 20 1,0449 10449 0368 31 10012 10012 0,310
10 10163 1,0163 0488 21 10444 10444 0069 32 1,0011 1,0011 0,033

11 11,0158 1,0159 0,981 22 11,0439 1,0439 0,358 33 11,0015 1,0015 0,422

Két qua so sanh tong ton that cong sudt tai thoi diém t = 12 gilra phuong phap SOCP va
phuong phap NR dugc mo ta trong Bang 4. Két qua tinh toan cho thdy rang sai s6 vé tong ton
that cong suat tac dung va tong ton that cong suat phan khang theo phwong phap SOCP so Vi
phuong phap NR lan luot 14 0,015% va 0,267%. Do d6, mé hinh SOCP hoan toan phu hop dé
tinh toan trao luu cong suét cta ludi dién phan phéi.

Bang 4. So sdnh tong ton that cong sudt theo phirong phip SOCP va NR tai t = 12

SOCP NR Sai 56 (%)
AP (KW) 76,552 76,563 0,015
AQ (KVAT) 49,727 49,860 0,267
1030 4 L — . —Nat3 NGt 15 — — — Nut 26
1.045 *
1,040
1,035
E. 1.030
é 1.025
-‘E' 1,020
1.015
1.010
1.005
1,000 >

1 23 4 5 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24
Thoi gian (h)
Hinh 4. Phan bo dién dp trong 24h tai cac nut 3, 15 va 26

Phan b6 dién ap trong 24h tai cac niit 3, 15 va 26 dwoc biéu dlen trong Hinh 4. Tai t = 6, dién
ap tai cac niit 3, 15 va 26 1a 16n nhat. Tai th(n diém nay, cong suat tiéu thy cua phu tai sinh hoat,
dich vu va cong nghiép lan luot bang 25%, 30% va 24% phu tai cuc dai; cong suat phat cta dién
gi6 va dién mat troi 1an luot bang 45% va 15% cong suat phat cuc dai. Tai t =12, dién 4p tai cac
nat khao sat 1a nho nhét. Tai thoi diém nay, cong sudt tiéu thu cua phu tai sinh hoat, dich vu va
cong nghiép lan lugt bang 82%, 96% va 50% phu tai cuc dai; cong suat phat ctia dién gié va dién
mit troi 1an luot bang 70% va 30% cong suét phat cuc dai.
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Phan b6 dién ap khi xét phy tai cong suat hing va phu tai ZIP tai thoi diém t = 10 dugc mo ta
trong Hinh 5. Hinh v& nay cho thay riang dién ap tai tat ca cac nut trong hai truong hop déu l6n
hon 1 pu. Ngoai ra, dién ap tai tat ca cac nut (trir nat nguon) véi mé hinh phy tai ZIP nhé hon so
v6i md hinh phu tai cong suét hang. Piéu nay 1a do phu tai ZIP mo hinh chinh xac su phu thudc
Clia cong suat phu tai vao dién ap nén khi dién ap 16n hon 1 pu thi cong suat phy tai theo mé hinh
ZIP 16n hon md hinh cong suat hang. Vi vay, ton that dién 4p cua ludi dién véi md hinh tai ZIP
Ién hon so v&i md hinh tai cong suat hang.

1,06 4

Phu tdi céng sudthding =  ====- Phu tai ZIP

1,05
1,05
1,04
1,04

p (pu)

Bién a

1 23456 7 8 910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Nut

Hinh 5. Phdn b6 dién dp véi tdi cong sudt hang va tai ZIP tai thoi diém t = 10
4. Két luan

Bai bao d& xuit mé hinh quy hoach nén bac hai (SOCP) dé tinh toan trao luu cong suit cua
ludi dién phan phdi co xét mo hinh tai phu thude dién dp (mo hinh tai ZIP). M6 hinh SOCP nay
bao gom md hinh nén bac hai cua hé phuong trinh trao luu cong suit va tai ZP tuong duong. Tai
ZP twong duong ndy dwoc bién déi tir md hinh tai ZIP sir dung khai trién nhi thic Newton. Ludi
dién 33 nat IEEE duoc str dung dé d4nh gia mo hinh dé xuét. Cac két qua tinh toan trao luu cong
suat theo phuong phap SOCP va phuong phap Newton-Raphson co thé coi 1a hoan toan gidng
nhau. Ngoai ra, md hinh nén bac hai cua hé phuong trinh trao luu cong suit c6 thé dé dang tich
hop vao cac bai toan tdi wu trong ludi phan phdi. Khi do, cac bai toan tdi wu nay cé dang 16i va
dam bao tim duoc 101 giai tdi wu toan cuc. Pong thoi, bai bao nay ciing cho thay ring mé hinh tai
ZIP c6 anh hudng dén dién ap tai cac nut va do d6 can phai dugc xét dén khi phan tich trao luu
cong suit cua ludi phan phdi. Huéng nghién ctru trong twong lai 1a tich hgp mé hinh SOCP dé
XUAt vao cac bai toan tbi wu nhu tai cau trac ludi dién, hra chon tiét dién day dan t6i wu va tdi wu
hoéa vi tri va dung lugng cua tu bu ngang.
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