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Tém tat. T5i wu phan bd cong suat (OPF) dé dat cac muc tiéu kinh té va k¥ thuat 1a mot trong nhiing bai
toan quan trong trong van hanh h¢ thdng dién. Bai toan nay da thu huat duge nhiéu sy quan tdm tir C4c nha
nghién ctru trong nhirng ndm gin day. Trong bai bao ndy, thuét toan t6i uru héa can bang (EO) duogc dé xuat
dé giai quyét bai toan toi uu phéan bd cong suét (OPF) v6i cac ham muc tiéu khac nhau nhu giam thiéu chi
phi nhién liéu, chi phi phat thai, giam ton that cong suat thuc trén hé thong giam d6 léch dién 4p tai cac nut
tai va nang cao do on dinh dién ap. Phuong phap dé xuit (EO) di duoc kiém tra trén hé théng chuan IEEE
30 nit va so sanh véi cac phuong phap tdi wu hoa bay dan (PSO), thuit toan tién héa vi phan (DE), dan ong
(ABC) va thuat toan s6i sam (GWO) di cho thay kha niang va d6 manh cia giai thuat trong viéc giai quyét
bai toan OPF.

T khéa: Thuat toan can bang (EO), t6i wu phan bd cong sudt (OPF), chi phi may phét, chi phi phat thai,
cai thién dién ap tai, 6n dinh dién ap, ton that cong suat

OPTIMAL POWER FLOW IN THE POWER SYSTEM USING THE EQUILIBRIUM
OPTIMIZER

Abstract: Finding the optimal power flow which is achieved economic and technical aims is one of the
important problems in the power system operation. This issue is attracted a lot of attention from researchers
in recent years. In this paper, the Equilibrium optimizer (EO) algorithm is proposed to solve the optimal
power flow (OPF) problem with various target functions such as cost reduction of fuel and emissions,
minimizes power loss, minimizes voltage deviation, and improves voltage stability. The proposed EO
method is tested on the standard IEEE 30 bus system and compared with the other methods as PSO, DE,
ABC, and GWO that is show the ability and strength of the algorithm in solving OPF problems.
Keywords: Equilibrium optimizer algorithm, Optimal power flow (OPF), Fuel cost, Minimization of
Voltage Deviation, Voltage stability enhancement, power loss.

1. GIOI THIEU

Téi wu phéan bd cong suat (OPF) d¢é dat cac ham muyc tiéu t6i uu khac nhau nhu tong chi phi nhién liéu, tong
ton that cong suét, tong chi phi phat thai, cai thién 6 6n dinh dién ap hay nang cao phuc loi xa hoi. v.v.. thong
qua xac dinh cac bién didu khlen t6i uu ciia cac may phat dién sao cho hé thng thoa mén cac rang budc
dang thtrc nhu cin bang cong suét, ciing nhu thoa mén cac rang bude bat dang thirc nhu gigi han cong suét
may phat, g101 han dién dp cac nit, gioi han néac didu chinh dau phan 4p, gidi han dung luong cac bo tu
cung nhu g101 han cong cuat truyen tai trén cac nhanh day la mot trong nhung bal toan phuc tap trong van
Nhiing phuorng phap t6i wu ¢ dién trudc day nhur lap trinh tuyén tinh (LP) [1], 1ap trinh phi tuyén (NLP)
[2], lap trinh béc hai (QP) [3], phwong phap Newton [4],[5]va phuong phap diém trong (IPM) [6], d& dugce
su dung dé gidi quyét bai toan OPF. Nhiing phuong phap nay dic trung st dung thong tin d§ dbc cua bai
toan dé tim kiém khong gian va 101 giai. Nhin chung, nhirng phuong phap cb dién 1a h¢ thong 1ap trinh toan
hoc phtec tap, co the tim dugc 101 giai hi€u qua voi nhimg khong gian tim kiém tuyen tinh. Tuy nhién, cac
phuong phap d6 rat d& mic ket & toi vu cuc bd khi khong gian tim kiém 13 phi tuyén, bao gdm céc bai toan
khong 16i. Hon mét thap ky trd lai day, cac nha nghién ctru nhin nhén cach giai quyét bai todn & mot goc
d6 khac. Ho xem nhu bai toan can giai quyét 1a mot hop den véi cac bién ngau nhién dau vao. Bai toan s&
dugc giai quyét boi hop den thong qua cac thuat toan tim kiém 1ay cam himg tir ty nhién nhu cac hién twong
vat ly, hanh vi dong vat hay cac khai niém tién hoa dé tim ra dugc céc bién tdi vu dau ra. Nhiing thuat toan
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tim kiém dién hinh nhu thuat toan di truyén (GA), GA thich nghi (AGA), GA néang cao (EGA), GA dugc
mi hoa (RCGA), 1ap trinh (EP), EP cai tién (IEP), tim kiém tabu (TS).

Tbi wu hoa dua trén dia sinh hoc (BBO), dan ong (ABC), téi uu hoa dya trén qua trinh day va hoc (TLBO),
t6i wu hoa bay dan (PSO), thuat toan tim kiém hap dan (GSA) va thuat toan krill-herd (KHA), di duoc ap
dung trong viéc giai quyét cac bai toan OPF véi cac ham muc tiéu khac nhau.

Mot trong nhing ky thuat t6i wu héa gan day dua trén trang thai can bang vat Iy (EO) da duoc dé xuét boi
tac gia “Faramarzi va cac cong su”[7]. Bai bao nay da ap dung giai thuat EO vao giai bai toan phan bd cong
suét t6i wu OPF véi cac ham muc tiéu khac nhau: giam thiéu chi phi nhién liéu v&i ham chi phi bac 2 va co
xet thém cac ham chi phi khong tron va ham chi phi tai diém van v6i 2 may phat tai G1 va G2; chi phi phat
thai, ton that cong suét thuc, cai thién on dinh dién 4 ap. Két qud mo phong duoc kiém chung trén hé thong
IEEE30-niit va so sanh v6i cac phuong phap t6i wu PSO,GA,CSA va GWO di cho thay kha niang va do
manh ciia giai thuat trong viéc giai quyét bai toan OPF.

2. THANH LAP BAI TOAN OPF
Téi uu phan bd cong suat (OPF) véi cac ham muyc tiéu khac nhau thong qua xac dinh trang thai thiét lap toi
vu cua cac bién didu khién sao cho hé thong thoa min cac rang budc vé ding thirc va bat dang thirc ¢6 thé
duogc trinh bay nhu sau.
MinF(x,u)
Théa man g(x,u) =0
h(x,u) <=0
Trong d6 g(x,u) va h(x,u) thé hién cho cac ham rang budc dang thirc va bat dang thirc, X,u twong tmg 14 tap
hop cac bién diéu khién va bién trang thai
2.1. Cac ham muc tiéu caa bai toan OPF
Trong bai b4o nay cac ham muc tiéu ciia bai toan OPF dugc xem xét bao gom:
- Tong chi phi may phat véi chi phi nhién liéu 1a ham bac hai
- Tong chi phi may phat véi chi phi nhién liéu 1 ham bac hai theo timg mang
- Chi phi phat thai
- Ton hao truyén tai
- Giam chi phi may phat véi chi phi nhién li€u 1a ham béc hai va cai thién d¢ 1éch dién ap
- Giam chi phi may phat véi chi phi nhién liéu 12 ham bac hai va 6n dinh dién ap
2.1.1. Chi phi may phét.
Téng chi phi nhién liéu cia may phat dién véi hai loai dudng cong chi phi nhién liéu khac nhau dugce xem

xét theo [8] véi cac hé sé duoc dua ra trong cac bang [A2-A3]:
Ng

Fobj=Z(ai + biPg + ciPg) ($/h) )
i=1

- Tong chi phi may phat véi chi phi nhién liéu 1 ham bac hai
F1=Foj Vi cac hé s chi phi may phat a;, b;, ¢; duge cho trong bang Bl
- Tong chi phi may phat v6i chi phi nhién liéu 1a ham bac hai theo tirng mang
Fo=Foyy  V6icac hé so chi phi may phat a;, b;, ¢; duge cho trong bang B1, B2
2.1.2. Chi phi phat thai
Khi thai ctia cac nha may phat dién gy 6 nhidm cho méi trudng, gy anh hudng truc tiép t6i con ngudi.
Trong bai bao nay ham chi phi phat thai do 2 dang khi thai SO, phat sinh tir ham lugng Iuu huynh trong
than, va NOx phat sinh tir Nitrogen trong khong khi va trong nhién li¢u khi chay ¢ nhiét d6 cao duoc [9]
xay dung nhu sau:

Ng

F3 = Z (O‘i + BiPgi +viPG + fiexp(l'Pci)) tin/h (2)

Trong do al, ,Bl, i, &, A; 14 cac hé sb phat thai cua may phat thi i
2.1.3. Tén hao truyen tai . o
Tén that cong suat thuc trén duong day truyén tai va duoc biéu dién nhu sau:
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Ng Ny
F4ZZPGL' - ZPD] (3)
i=1 =

O day Pg; va Pp; tuong img 1a cong suét thuc tai nat mdy phét i va nit tai j. Ny, N; 1an luot 1 tong nit
may phat va tong nut tai

2.1.4. Cue tiéu dd léch dién ap

Sy chénh 1éch dién ap tai cac nat tai 1a mot chi sb danh gia vé mat chat luong dién ning, duoc [10] dua ra,
dd léch dién ap tai cac nut tai dugc xem xét voi ham muyc tiéu nhu sau:

N;

Fy = ) Vit = Vrey] @
i=1
F5 = F1 + WlFV (5)

w1 1a trong s6 trong ham t6i vu da muc tiéu nay — (w1=100)

2.1.5. Cai thi¢n 6n dinh dién ap.

Cong suét tai co xu thé thay ddi lién tuc, tinh trang nay din dén khong kiém soat duge, tham chi dan dén
sup db dién ap. Thong thudng chi sd L co gid tri trong khoang [0,1]. Khi L=0 cho biét tit ca céc tai trong
hé théng dang hoat dong 6n dinh nhung khi L=1 thi hé théng dang bi nhiéu loan mét on dinh va su sup do
dién ap s& som xay ra nhu trong bai bao [11] trinh bay. Do d6 viéc cai thién on dinh dién ap bang viéc giam
thiéu chi sb L 1a rat quan trong. Muc ti€u ctia L c6 thé duoc thanh 1ap nhu sau

Xem xét mot hé thong co Ny ndt trong d6 c6 Ng may phat, mdi lién hé gitta dong dién va dién ap duoc biéu

thi nhu sau:
IG] _ [YGG YGL] [VG] 6)
I Yie YullVe

Ig, Vg val 1, V, 1a dong dién va dién ap tai cac nit may phat va tai
Xap xép lai hé phuong trinh ta thu duoc:

ol =l vl g

o day Fi g = —[Y,.]7 [Yi6]

Khi d6 chi s6 L tai nat thtr j duoc xac dinh boi
N
5 .
L]= 1—21:}1714(9114'61—5]) ]=1,2,,NPQ (8)

i=1
Trong do V;, V;, 6;, ;la cuong do dién ap va goc pha dién dp tai nat may phati va j, 6;; 1a goc pha cua
Fji. Npg 1a s may phat PQ. Do d6 6n dinh dién ap bing cach giam thiéu chi s6 L dugc xac dinh ham muc
tiéu sau:

FL= max(L;)

Fe =F1 +w2 F_
W2 14 trong s6 trong ham t6i wu da myc tiéu — (W2 = 6000)
2.2 Piéu kién rang budc
2.2.1 Rang budc ding thirc
Rang budc vé cin bang cong suit: tong cong sudt thuc va cong sut phan khac tai mot nut bat ky bang
khong

©)

PGi_PDi_ViZIVjI(GijCOS(6i_5]') + BUSlTl(6l—5]))= 0 i=1,2,...,Nb (10)
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QGi - QDi - VLZ |V]| (GU Sin(é'i - (S]) - BU COS(6i - 8])) =0 i= 1,2,...,Nb (11)

Vi Np 1a tong s6 nut ciia hé thong. Pei va Qg 1a cong suat thuc va cong suét phan khang cua niit may phat
thir i ; Ppi va Qpi 1a cong suat thuc va cong suat phan khang tai nut tai 1; Gj va Bjj lan Iuot 13 phan thyuc va
phan 4o clia phan tir thir “i”” trong ma tran tong dan; Vi, &; va Vj,, 6; lan luot 12 bién d6 va goc pha dién
ap tai nat “1” va *j”;

2.2.2 Rang budc bit ding thirc

- Gi61 han cong suat cac may phat

PGi,min <P < PGi,max ) i_: 1,2,...,Ng (12)
QGi,min < Qg < QGi,max =12, .., Ng (13)
- Gi6i han dién ap tai cac nut
VGi,min SVe < VGL max | =1,2,.., Ng (14)
VLi,mm SV < VLL,max =12, .., N (15)
- Gi6i han dung lugng cac bd tu bu
) QCi,min, < Q¢ < QCi,max =12, .., Ne (16)
- Gi61 han nac phan ap ctia may bién ap
Tk,min S Tk S Tk,maxv ’ k = 1, 2, ey NT (17)

- Gi6i han duong day truyén tai
SI<Simax: 1=1,2,..,Ni (18)

3. THUAT TOAN CAN BANG EO
3.1 Thuit toan cin biang EO
Thuat toan can béng EO la mot thuét toan tdi wu hoa dugc léy cam hung tir can béng mot khéi hdn don don
gian trén mot khéi diéu khién dwoc st dung dé udc tinh ca trang thai dong va trang thai can bang. Trong
EO, mdi hat (dung dich) véi ndng do (vi tri) né hoat dong nhu mét tac nhan tim kiém. Co ché cua cac tac
nhan tim kiém duoc cap nhat ngﬁu nhién dya vao cac ing ctr vién can béng dé cubi cung dat duoc trang
thai can bang va xem d6 1a giai phap kha thi cho bai toan tdi wu héa. Qua trinh thuc hién giai phap (EO)
cho bai toan t6i wu hoa c6 thé duoc trinh bay tom tit nhu sau.
Mot phuong trinh vi phin bac nhit biéu thi cho su can bang khéi luong trong mot khdi diéu khién ma cé
su thay d6i khéi lugng theo thoi gian voi khéi lugng vao va ra 1 bang nhau dugc mé ta bang phuong trinh
can bang sau:
E=QCeu—-QC+G (19)
Trong d6 C ndng do bén trong khbi diéu khién E, E 1a tbc d6 thay doi khéi lugng trong khi diéu khién, Q
1a tbc d6 luu luong thé tich vao va ra khoi khdi diéu khién, Cequ  dai dién cho ndng do ¢ trang thai can
bang ma khéng co sy tao ra bén trong thé tich khéi diéu khién, G 1a khdi luong thé hé bén trong khdi didu
khién. Céac budc co ban cua thuat toan EO duogc thyc hién qua cac budce sau:
e Khéi tao
EO str dung tip hop ban dau dé bat dau qua trinh tdi wu héa. Cac nong do ban dau duoc xdy dung dua trén
sO lugng hat va kich thudc voi sy khéi tao ngiu nhién dong nhét trong khong gian tim kiém nhur [19]
coitial = ¢+ Ru( Cax — Conin) n=12,..,Np (20)
cinitial 13 vecto nong do ban dau cua hat thit n, va Cpgy, Coin 12 gi6i han ctia ndng d6, Rn 13 gia tri ngiu
nhién trong khoang [0, 1] va Ny 1a s6 luong hat nhu mét tap hop. Cac hat dugc danh gia vé chirc ning ham
muyc tiéu cua ching va sau do duoc sap xep dé xac dinh cac tng vién can bang. Nong do duoc cap nhat
ngiu nhién dé phu hop véi cac giai phap dugc goi 1a g vién can bang.
e Nhém cin bang
Nhom cin bang dwoc dinh nghia 13 nhitg dung dich c¢6 ndng d6 tot nhat dugc Iya chon két hop véi gia tri
trung binh cong cua nong d6 cac dung dich dé
Cequ.pool = { Cequ 1, Cequ 2, Cequ 3, Cequ4, Cequ avg} (21)
bé cap nhét lai nhoém cén bﬁng méi trong (EO) thi hai thuat nglt ham mii (F) va ty 1€ tao (G) dugc xem xét
e Ham mi F:

F = el=A(t=to)] (22)
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Trong d6 thoi gian dugc dinh nghia nhu mot ham thay doi ciia sy 1ap lai (Tter) va s6 1an 1ap t6i da (Max_iter),
A ¢o gia tri trong khoang [0, 1].

Iter

. (1 __ter )<azm) (23)
Max_iter
to = %ln(—alsign(r —05)[1—e™M]+¢ (24)

a1, a2 12 hai thong s6 quan 1y kha ning kham pha va kha nang khai thac ciia giai thuat

o Ty lé tao G:

La mot trong nhiing thuat ngit quan trong nhat trong thuat toan duoc dé xuat dé cung cip giai phap chinh
Xac bﬁng cach cai thién giai doan khai thac.

G = Goe[—l(t—to)] = G,F (25)
Véi Gy la gia tri ban dau duoc x4c dinh nhu sau:
Go = GCP( Cpq — AC) (26)
_ 0.5T1 1) > GP
Gep = {0 2 ap @7)

Trong d6 1,7, 1a cac gia tri ngdu nhién cé gia tri trong khoang [0, 1], GP 1a théng s6 quan trong trong
viéc diéu chinh kha nang kham pha hay khai thac cua giai thuat GP = [0, 1]. GP=1, giai thudt chi c6 kha
ning kham pha,din dén gai thuat kho tim kiém dugc t6i wru toan cau. nguoc lai voi GP 0, giai thuat chi co6
kha ning khai thac diéu nay d& dan dén tim kiém t6i uu cuc bd. Do d6 dé can bang giita kha niang kham
pha va khai thac thi gia tri GP duogc chon 1a 0.5.
Cubi cing viéc cip nhat lai trang thai cin bang cua giai thuat (EO) s€ nhu sau
C=Coq+(Co— eq)F + = (1 —F) (28)
V: dugc xem nhu 13 chi s6 don vi va théng thuong chon V=1.
3.2. Ap dung thuit toan EO vao bai toan OPF
Dé 4p dung thuat toan EO dé giai bai toan OPF, mdi vi tri c4 thé thé hién cac bién diéu khién dugc xac dinh
nhu sau:
Xid = [PGZ""lPGNGlVGll""VGNGlTl"'"TNT’QCII""QCNC] dzl:"'aNp (29)
Trong d6 Xq 12 hat thir d va Np 14 s0 hat
Gia tri ban dau Xig dugc khoi dong nhu sau:
X(O) Xmm + rand = (X[ Xmln (30)
O day Xigmax V& Xidmin gi01 han trén va dudi cua tung hat d, va rand1 1a gia tri ngau nhién tr [0,1].
Ham muyc tiéu can dugc cuc tiéu trong OPF dya trén ham muc ti€u cla bai toan va cac bién phy thudc bao
gom cong sudt phat thyc tai nit can bang, cong suat phan khang tai nit may phat, dién ap tai nut tai, cong
suét biéu kién ctia duong ddy truyén tai, ham muc tiéu dugc tich hop trong ham danh gia nhu sau:

FT = f(x,u) + Ky * (Pyy — P;m) + K, Z(le QM?
(31)

+ K, z(vgi —ylimyz 4 K, Z(S“ _ spnaxy2

Trong d6 Kp, Kqg, Ky va Ks lan luot Ia he sb phat cua cong Suat thuc nat can bang, cong suat phan khang
méy phat, dién &p tai va cong suat truyén tai. f(x,u) twong wu véi cac ham muc tiéu tir Fy toi Fe
Cac budc ap dung thuat toan EO giai bai toan OPF nhu sau:
Budc 1: Cai dat cac thong s6 diéu khién ciia EO bao gdom
S6 lugng hat Np, Sé 1an lap ti da Itmax, hé s6 kiém soat s lwong thim do , khai thac a; va a,, Xac suét thé
hé GP ([0 1]), hé sb phat Kp, Kq, Ky, Ks cho céc rang bude.
Budc 2: Khéi tao mot quan thé c6 Np ca thé ban dau trong d6 mdi c4 thé chira vector cua cac bién didu
khién theo cong thirc (29), (30)
Budc 3:  Khéi tao nhom can bang ban diu nhu sau:

Xequ 1=zeros(1,dim);  FTI=inf;

Xequ 2=zeros(1,dim);  FT2=inf;

X equ 3=zeros(1,dim);  FT3=inf;
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X equ 4=zeros(1,dim);  FT4=inf;
Xequavg=(Xequl +Xequ2 + Xequ3 + Xequ4)/4;
Xequ.pool = { Xequ I, X equ 2, X equ 3, Xequ4, X equ avg}
Trong do6 “dim” la do dai cta bién diéu khién, “inf’ dugc dinh nghia la s6 vo cung lon
Budc 4: Tinh gia tri ciia ham muc tiéu FT thong qua giai bai toan phan bd cong suit cho timg hat theo
cong thuc (31)
Budc 5:  Tinh toan tao ra cac trang thai hat méi
Tinh toan tao ra cac trang thai hat méi theo cac cong thirc (22), (23),... (28)
Budc 6:  Kiém tra giéi han va cap nhat lai cac hat méi duoc tao ra theo cong thirc (32)

( ir(rilax if X(Tl) > Xmax
Xi(r;l) — irgin if X(Tl) < Xmm (32)
Xi(;) Trwong hgp con lai

Budc 7: Kiém tra diéu kién ding
Neéu n < Itmax, tdng s0 vong lap n=n + 1 va quay lai budc 4, nguoc lai thi dung thuat toan va suat két qua.

4. KET QUA TiNH TOAN

4.1. H¢ thong dién chuin IEEE-30 nit

Thuét toan dugc ap dyng tinh toan trén mang dién chuén IEEE 30 niit [12], gdm 6 nut may phat, 24 nut tai
va 41 nhanh. Cac may phat duoc ndi vao cac nit 1,2, 5, 8, 11 va 13 v6i 4 may bién ap ndm & cac nhanh 6-
9, 6-10, 4-12 va 27-28. Hé thong co cac daytunamorcac nut 10, 12, 15, 17, 20, 21, 23, 24, va 29. Sb blen
diéu khién cua hé thong 1a 24 bao gom dién 4p ¢ 6 nit may phat, chinh néc ciia 4 may bién ap va cong suét
phan khang ¢ 9 diy tu. Thong s6 mang dién IEEE 30 nit, hé s6 chi phi nhién li¢u, gidi han cong sudt cac
may phét ciing nhu gidi han cong suat trén duong day co thé tim thay trong cac Bang B1, Bang B2, Bang
B3 va Bang B4. Ngoai ra dién 4p cac nit may phat c6 gidi han trong khoang [0.95, 1.1] pu. Dién ap tai cac
nut tai c6 gidi han trong khoang [0.95, 1.05] pu

Véi mirc dd phire tap cua bai toan (OPF) va sau rat nhidu 1an thir nghiém dé tim duoc 10 giai chip nhan
duoc voi thoi gian chay mo phong nhoé chung t6i lya chon bd thong sb cai dat coa thuat toan EO cho hé
thdng nay vai tat ca cac ham muc tiéu nhu sau :

Sé luong ca thé ban dau Np = 20, s6 lan lap t6i da ITmax = 500, cac hé sbal =2,a2=1va gia tri ham phat
1a nhur nhau véi tat ca cac bién trang thai Kq = Kv = Ks = 10710, Cp = 0,5

4.2 Két qua cac ham muc tiéu

Két qua tinh toan tir phuong phap EO cho hé thong IEEE 30 nuat v6i ham muc tiéu khac nhau dugc dua ra
trong Bang 1

- Trudng hop 1 : Cuc tiéu chi phi mdy phdt véi hé sé chi phi la ham bdc hai

- Trudng hop 2 : Cuc tiéu chi phi mdy phdt véi hé sé chi phi la ham bdc hai timg mdang

- Truong hop 3 : Gidm thiéu chi phi phat thai

- Trudng hop 4 : Gidm ton that cong sudt thire

- Trudng hop 5 : Cuec tiéu chi phi mdy phdt két hop on dinh dién dp nit tdi

- Trudng hop 6 : Cuc tiéu chi phi mdy phdt két hop on dinh dién dp

S
s

1
L
- TT%

24'1'* %5 26

Hinh 1. So db hé théng dién IEEE 30 niit
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Béng 1. Thong sd cac bién didu khién tot nhit dugc tim thay tir giai thuat EO véi cac ham muyc tiéu khac nhau

Bién trang thai Truong hop | Truong hop | Truong Truong hop | Truong Truong hop
(u) 1 2 hop 3 4 hop 5 6
P2(MW) 48.6250 54.9957 67.5551 80.0000 48.8166 48.7411
P5(MW) 21.3637 24.6692 50.0000 49.9998 21.5962 20.9954
P8(MW) 21.2797 34.9021 35.0000 34.9995 22.2695 21.8743
P11(MW) 12.0227 18.5209 30.0000 30.0000 12.4716 11.3202
P13(MW) 12.0000 17.2629 40.0000 40.0000 12.0004 12.1026
V1 (p.u) 1.0837 1.0724 1.0627 1.0619 1.0430 1.0808
V2 (p.u) 1.0640 1.0570 1.0564 1.0578 1.0253 1.0624
V5 (p.u) 1.0315 1.0230 1.0370 1.0385 1.0118 1.0361
V8 (p.u) 1.0371 1.0404 1.0435 1.0449 1.0065 1.0463
V11(p.u) 1.0999 1.0855 1.0863 1.0784 1.0545 1.0996
V13(p.u) 1.0448 1.0973 1.0547 1.0517 0.9878 1.0606
T11(p.u) 1.0939 1.0087 1.0799 1.0837 1.0767 1.0332
T12(p.u) 0.9000 0.9022 0.9001 0.9100 0.9000 0.9041
T15(p.u) 0.9757 1.0335 1.0007 0.9939 0.9386 0.9773
T36(p.u) 0.9725 0.9543 0.9767 0.9771 0.9710 0.9596
QC10(MVAI) 2.6927 - 0.0016 4.1207 4.9483 0.0584
QC12(MVAI) 4.8884 - 4.7952 4.6747 0.0031 0.8889
QC15(MVAI) 3.8565 - 5.0000 3.5051 4.9839 0.9494
QC17(MVAr) 4.9918 - 4.9690 4.9992 0.0579 0.2721
QC20(MVAr) 3.6434 - 3.7332 4.0835 5.0000 0.0287
QC21(MVAr) 4.9998 - 4.9661 4.9933 4.9508 0.0566
QC23(MVAr) 3.1230 - 2.4263 3.1600 5.0000 1.5007
QC24(MVAr) 4.9955 - 4.9967 4.9964 4.9989 4.3108
QC29(MVAr) 2.3705 - 2.3589 2.3136 2.7592 0.1816
Fuel Cost ($/h) | 800.5222 647.4169 944.3617 967.6638 803.6827 801.0260
Emissions 0.3662 0.2835 0.2048 0.2073 0.3630 0.3676
PLoss(pu) 9.0297 6.9507 3.2355 3.1013 9.8228 9.2069
Fv 0.9072 0.7585 0.8835 0.8905 0.0965 0.8490
Fu 0.1380 0.1379 0.1387 0.1386 0.1490 0.1370

4.2.1 Truong hep 1: Cuec tiéu chi phi may phat véi hé s6 chi phi 13 ham bic hai
Cuc tiéu chi phi may phat 1a mot muc tiéu quan trong bac nhat trong bai toan OPF d6 d6 muc tiéu dau tién
chung t6i Iya chon dé thir nghiém giai thuat EO 1a tiéu cyc tiéu chi phi may phat duoc dinh nghia trong (1)
& day tat ca cac dic tinh nhiéu liéu dwoc biéu dién dudi dang bac 2 duoc so sanh vé6i cac phuong phap khac
nhau dugc cho trong bang 2 i
Bang 2: So sanh két qua cho mang IEEE 30 nut véi ham muc ti€u cuc tiéu chi phi may phat, ham chi phi nhién

liéu bac 2 (Truong hopl)

Ham chi phi béc hai Do léch | S6 SO ca SO lan
Thuét toan Min Average Max chudn lan thé ban lap tdi da
SD chay | dau N,

MDE [13] 802.376 802.382 802.404 0.040 - 18 160
MSFLA [14] 802.287 802.4138 802.5087 - - 10 100
LDI-PSO [9] 800.7398 801.5576 803.8698 - - - -

ABC [9] 800.66 800.8715 801.1851 - 20 50 200
GWO [15] 801.413 801.655 801.958 0.1129 50 8-12 300

DE [15] 801.231 801.282 801.622 0.0663 50 7-11 300
BBO [16] 799.1116 799.1985 799.2042 - 50 50 200
EGADQLF [17] 799.56 - - - 20 200 -
EADDE [18] 800.2041 800.2412 800.2784 - 20 50 250
GSA [19] 798.6751 798.9131 799.0284 - 50 - 200
MSCA [20] 799.31 - - - - 200-30 | 500

EO 800.5222 800.6117 800.8931 0.0768 50 20 500
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Hinh 2. Téc d6 hoi tu cta giai thuat EO trong truong hop 1 v6i 50 1an chay

Béng 2 cho thiy két qua téng chi phi nhién liéu t6i thiéu thu duoc tir giai thuat EO 1a 800.5222( $/h) véi
gi4 tri trung binh 800.6117 ($/h) va gia tri t6i da 800.8931 ($/h). Tir két qua nay cho thdy ring, gia tri toi
vu cua phuong phap EO tot hon mét sé giai thuat khac nhu MDE [13], MSFLA [14], LDI-PSO [9], ABC
[9], GWO [15], DE [15]. Tir hinh 2 va bang 2, c6 thé thiy rang giai thuat EO ciing 1a mot trong giai thuat
¢6 kha nang hoi tu cao va do 1éch chuan thap so voi cac giai thuat khac.

Hinh 3 trinh bay d¢ 1éch chuan cua giai thuat EO trong 50 1an chay cho truong hop 1 véi kha ning 6n dinh
cao khi gié tri toi da chi 1a 800.8931 ($/h).

$00.9 . . . ;

800.85 - b

800.8 - -

800.75

800.7 - b

800.65 — -

Pb Iéch chuin (SD)- Trudmg hop 1

800.6 n

800.55 - -

800.5 I | I | I | I 1 I
0 5 10 15 20 25 30 35 40 45 50

$6 14n chay = 50
Hinh 3. D6 1éch chuén cua giai thuat EO trong trudng hop 1 v6i 50 1an chay
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Nt tai
Hinh 4. Bién d¢ d1en ap cua g1a1 thudt EO va cac giai thuat khac trong truong hop 1
Tir bang 2 cling c6 thé thdy rang, gi4 tri t6i wu ctia giai thuat EO cao hon mét ti so v6i cac giai thuat da
cong bod BBO [16], AGAPOP [10], EGA-DQLF [17], EADDE [18], GSA [19], MSCA [20]. Tuy nhién,
vGi gid tri toi uu cla cac gidi thuat BBO [16], AGAPOP [10], EGA-DQLF [17], EADDE [18], GSA [19],
MSCA [20] thi mét s6 rang budc vé gidi han dién ap, gioi han cong suét phan khang va cong sudt trén cac
nhanh diy d& cham téi gidi han dinh muc cua cic thong s6 d6 nhu ta thiy trong bang phu luc BangA1l va
hinh 4.
4.2.2 Truwdng hgp2: Cuec tiéu chi phi may phat véi hé sé chi phi 1a ham bac hai tirng mang
Ham muc tiéu dugc chon 14 cyc tiéu chi phi may phat dugc dinh nghia trong (1). O truong hop niy cac ham
chi phi nhién liéu tai niit 1 va 2 theo timg phan dugc mo ta trong bang phu luc B2. Va dé ¢ sy so sanh cong
bang v6i cac phuong phap khac thi trong truong hop ndy chung toi ciing s& khong xét toi co su tham gia
cua cac bo tu VAR tai cac nut 10, 12, 15, 17, 20, 21, 23, 24, va 29
Tir bang 3 cho thiy giai phap EO dua ra dat két qua t6i wu toan cuc 1a 647.4169 ($/h) tot hon mot s6 giai
thuét khac nhu DE [21], AGA-POP [10], MDE [13], BBO [16], PSO [22], SCA [20], ABC [9]. Tuy nhién
xét d6 6n dinh cua EO sau 50 1an lap thi do 1éch chuén SD dat duoc 14 26,851 cao hon rat nhiéu nhu so véi
MDE [13], va so v6i SD chi 13 0.44. Trong trudng hop nay dé dang nhan thiy tir Hinh 5 giai thuat EO bj
mic ket 7 1an trong ving tdi uru cuc b va quan st k¥ ta s& thiy néu EO c6 thé thoat ra khéi ti wu cuc bd
d6 thi EO dé dang chuyén sang ving t6i uu toan cuc. Didu d6 duge quan sat 1o hon trong hinh 6.
Bang 3. So sanh két qua cho mang IEEE 30 nit vdi ham muc tiéu cuc ti€u chi phi may phat, ham chi phi nhién
lidu bac 2 ting mang (Truong hop2)

Thuat todn . Ham chi phi bac hai theo tirng mang D(f)q léch
j Min Average Max chuédn SD

DE [21] 650.8224 NA NA -

AGA-POP [10] 654.5391 NA NA -

MDE [13] 647.846 648.356 650.664 0.44

BBO [16] 647.7437 647.7645 647.7928 -

PSO [22] 647.69 647.73 647.87 -

GSA [19] 646.848066 646.896273 646.938163 -

SCA [20] 648.1366 NA NA -

MSCA [20] 646.36 NA NA -

ABC [9] 649.0855 654.0784 659.7708 -

EO 647.4169 659.8680 727.0140 26.8510
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Hinh 6. P léch chuén cua giai thuat EO trong trudng hop 2 vé6i 50 lan chay
Qua d6 cho thay d¢ tim ki€m giai phap on dinh cho cac bai toan c6 ham muc tiéu khong phai ham 16i thi

EO khong phai 1a mot giai phap tot.
4.2.3 Truwong hgp 3: Gidm thicu chi phi phat thai

Véi muyc tiéu giam thiéu chi phi phat thai da dugc trinh bay ¢ trén véi ham myc tiéu la cong thuc (2) thi
giai thuat EO thu dugc két qua t6i thi€u 0.2048 (tan/h) thap hon céac giai phap dugc so sanh nhu ta thay

trong bang 4

0.20496
0.20494
0.20492

0.2049
0.20488

0.20486

Dd lgch chuéin (SD) - Truomg hop 3

0.20484

0.20482
0

S lin chay = 50

40 45 50

Hinh 7. D¢ 1éch chuan cia giai thuat EO trong truong hop 3 voi 50 lan chay
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Mit khac voi tiéu chi danh gia do 6n dinh thi trong truong hop nay giai thuat EO cho thdy d6 6n dinh
cao voi chi s6 SD = 3.1423¢-05 nhu trong bang 4 va hinh 7 )
Bang 4: So sanh két qua cho mang IEEE 30 nat v6i ham muc tiéu giam thiéu chi phi phat thai (Trudng hop 3)

Thuét toan Chi phi phat thai Do 1&ch
Min Average | Max chuan SD

ABC [9] 0.204826 | - -

MSFLA [14] 0.2056 | - -

SFLA [14] 0.2063 | - -

GA [14] 021170 | - -

PSO [14] 0209 | - -

EO 0.2048 0.2049 0.2049 3.1423e-05

4.2.4 Truwong hop 4: Giam ton that cong suat cong suat thue
Két qua tinh toan tir phuong phap EO cho hé théng IEEE 30 nit v6i ham muc tiéu 13 giam ton thét
cong suat dugc so sanh vai két qua tir cac phuong phap khac nhu trong Bang 5.

Bang 5. So sanh két qua cho mang IEEE 30 nat véi ham muc tiéu giam ton that cong sudt (Trudng hop 4)

Thuat toan Ton that cong suat thuc Do léch
Min Average | Max chuan SD

ABC [9] 3.1078 - -

EGA-DQLF [17] 3.2008 - -

MSCA [20] 2.9334 - -

PSO [22] 3.6294 - -

Jaya [23] 3.1035 - -

EO 3.1013 3.1306 3.2408 0.0334

Tir két qua & bang 5 cho thay rang giai thuat EO cho két qua twong ddi tot khi dat gia tri tdi thiéu
3.1013 (MW), t6t hon mét s6 bao cao khac nhu ABC [9] Ia 3.1078 (MW), EGA-DQLF [17]1a 3.2008
(MW), PSO [22] la 3.6294 (MW) hay Jaya [23] 1a 3.1035 (MW), nhung lai kém hon MSCA [20] véi
cuc tiéu 1a 2.9334(MW). Tuy nhién véi d6 léch chudn véi 50 1an chay doc 1ap twong ddi thap
SD=0.0334,

3.25 T T T T

315 -

Do léch chuiin (SD) - Trudng hop 4

3.1 | 1 | 1 | 1 |
0 5 10 15 20 25 30 35 40 45 50

$6 14n chay =50
Hinh 8. P9 1éch chuan cua giai thuat EO trong truong hop 4 véi 50 1an chay
4.2.5 Truong hgp 5: Giam chi phl nhiéu lidu két hop véi giam do I¢ch di¢n ap nut tai
Véi ham da muc tiéu bao gdbm t61 uu hoa chi phi may phat két hop voi cai thién d6 1€ch dién ép tai cac nit
tai nhu cong thirc (5) véi trong s6 wl=100. Thi EO cho ra giai phap t6t hon hén so v6i cac giai phap con
lai véi gi4 tri ham muc tiéu 1a 813.3304. Ngoai ra quan sat tir Hinh 9 ta thiy véi muyc tiéu 1a truong hop 5
thi do 1éch dién ap tai cac niit tai dwoc cai thién dang ké so véi cac truong hop con lai.
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Béng 6: So sanh két qua cho mang IEEE 30 nit v6i ham muc tiéu giam chi phi nhién liéu két hop giam tong do

chéch dién ap nut tai (Truong hop 5)

Thuit toan Fv FualCost Fitness
ABPPO [24] 0.09232 804.7339 813.9659
BBO [16] 0.1020 804.9982 815.1982
PSO [22] 0.0891 806.38 815.2900
EO 0.0965 803.6827 813.3304
1.06 T T T T T T T T T T T T T T T T T T T T T
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1.05 %% 2
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Hinh 8. D6 léch chudn cta giai thuat EO trong trudng hop 6 véi 50 1an chay
4.2.6 Truong hgp 6: Giam chi phi nhiéu li¢u két hop véi 6n dinh dién ap
V61 ham da muyc ti€u bao gOm t6i uu hoa chi phi may phat két hop vi on dinh dién dp nhu cong thirc (9)
v6i trong sb w2=6000. Thi EO cting cho thdy duoc hidu qué ciia phu:o‘ng phap trong viéc giai quyét bai toan
da muc tiéu voi gia tri t6i uu thu duoc 13 1623.296 bé hon ABC [9] v6i 1629.065. Va kém hon 3 giai phap
con lai 1a PSO [22], EGA-DQLF [17], GSA [19] két qué dwoc tim thdy trong Bang 7. Tuy nhién da c6
nhiing vi pham ve gioi han dién ap cac nut tai, gioi han cong suat phan khang nit may phat cing nhu vi
pham giéi han dudng day cua 3 giai phap nay. Céc gia tri két qua ta co thé thay trong Phu luc Al véi cac
gi tri in ddm 1a nhing két qua vi pham

45

50
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Bang 7: So sanh két qua cho mang IEEE 30 nit véi ham muc tiéu giam chi phi nhién li¢u két hop véi on dinh
dién ap (Truong hop 6)

Thuit toan FL FualCost ($/h) Fitness
PSO [22] 0.1246 801.16 1548.76
EGA-DQLF [17] 0.1056 802.06 1435.66
GSA [19] 0.116247 | 806.6013 1504.0833
ABC [9] 0.1379 801.6650 1629.065
EO 0.1370 801.0260 1623.296

5. KET LUAN

Bai bao nay déa ap dung thanh cong giai thudt can bang (EO) cho bai toan OPF trong hé thong dién. Phuong
phap tiép can dd duogc thir nghiém va kiém tra voi cac ham muyc ti€u khac nhau bao gom cyc tiéu chi phi
may phat vdi cac chi phi nhién liéu khac nhau, tong chi phi phat thai, tong ton that dién nang hoat dong, cai
thién cu hinh dién ap, va on dinh dién ap. Két qua thu duoc tir giai thuat (EO) so sanh véi

cac phuong phap MDE [13], MSFLA [14], LDI-PSO [9], ABC [9], GWO [15], DE [15] cho thay EO vuot
trdi so voi cac phuong phap da thuc hién ¢ giai phap t6i wru thu dugc. Ngoai ra, EO cung cho thay tinh hiéu
qua va on dinh trong viéc tim kiém t&i wu toan ciu véi cac bai toan thu¢c dang ham 16i nhu truong hop 1,
3,4, 5va 6, dbi v6i nhitng bai toan khong 16i nhu trudng hop 2 thi d6 6n dinh ciia EO chua thuce su cao.
Hon nita, kha niang hoi tu dén gia tri t5i wu toan cuc véi s6 vong lip bé ctia EO cho thiy EO c6 thé dugc ap
dung cho céac h¢ théng dién 1on.

Phu luc A
1.1 T T “’ T T T
—— Casel
+ —4— Case2
Case3
1.08 —p— Cased | |
Y —&— Case5
Case6
—_ 1.06[
g
=
=
2 1.04
=
=
g
= 1.02
1
0.98
5 10 15 20 25 30
S6 nut = 30
Hinh Al. Dién ap tai cac nut trong cac truong hop
Bang Al : Két qua phan bo cong suat ing vai cac bién dicu khién dugc cac bao cao dua ra.
Bién diéu Truong hep 1 Trwong hop 6
khién (x) ["BBO[16] | EGADQLF EADDE | GSA MSCA | PSO[22] | EGADQLF | GSA
[17] [18] [19] [20] [17] [19]
P1(pu) 177.0145 177.3486 177.2223 | 177.8284 | 177.6723 | 175.5493 | 177.0224 176.4023
Q1(pu) -13.4748 | 3.1198 31176 | 44.0305 | -16.4592 | 10.8160 | -27.1786 -14.5099
Q2(pu) 26.7326 | 19.1340 224432 | -50.8549 | 11.3316 | 27.5246 | 49.3754 12.0342
Q5(pu) 29.0221 29.4514 27.8416 33.7725 22.3812 39.7527 38.5779 61.5797
Q8(pu) 35.0907 449708 29.2258 113.6951 | 65.0477 55.6411 86.1290 83.0861
Qll(pu) | 13.3833 | 6.1645 235323 | -2.6287 | 15.9257 | -10.9947 | -13.2859 -23.4442
Q13 (p.u) | 5.0974 13.1760 74478 | 0.7379 | 17.6828 | -16.0325 | -18.9430 -27.7767
V3 (p.u) 1.0778 1.0704 1.0547 1.0511 1.0857 1.0488 1.0741 1.0737
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V4 (pu) | 1.0725 1.0636 1.0474 [ 10431 | 1.0820 | 1.0397 | 1.0681 1.0679
V6 (p.u) | 1.0687 1.0581 1.0460 | 1.0505 | 1.0798 | 1.0381 | 1.0734 1.0730
V7(pu) | 1.0579 1.0482 1.0351 | 1.0365 | 1.0641 | 1.0336 | 1.0672 1.0739
VI(p.u) | 1.0731 1.0836 10412 | 1.0828 |1.0701 | 1.0502 | 1.1254 1.1448
V10(p.u) | 1.0899 1.0625 10486 | 1.0676 | 1.0741 | 1.0521 | 1.1210 1.1443
V12(p.u) | 1.0934 1.0712 1.0519 | 1.0992 | 1.0776 | 1.0513 | 1.1242 1.1355
V14(p.u) | 1.0851 1.0610 1.0413 [ 1.0829 | 1.0684 | 1.0418 | 1.1135 1.1288
Vi5(p.u) | 1.0859 1.0604 1.0404 | 1.0765 | 1.0687 | 1.0419 | 1.1118 1.1304
V16(p.u) | 1.0869 1.0604 1.0457 | 1.0799 | 1.0700 | 1.0461 | 1.1169 1.1345
V17(p.u) | 1.0871 1.0566 1.0464 | 1.0678 | 1.0692 | 1.0479 | 1.1161 1.1398
Vi8(p.u) | 1.0797 1.0508 1.0334 | 1.0616 | 1.0625 | 1.0361 | 1.1062 1.1284
V19(p.u) | 1.0791 1.0482 1.0324 | 1.0558 | 1.0618 | 1.0358 | 1.1058 1.1301
V20(p.u) | 1.0838 1.0521 1.0372 | 1.0580 | 1.0667 | 1.0410 | 1.1106 1.1358
V2I(p.u) | 1.0825 1.0536 1.0412 | 1.0574 | 1.0639 | 1.0439 | 1.1096 1.1349
V22(p.u) | 1.0831 1.0542 1.0420 | 1.0585 | 1.0649 | 1.0445 | 1.1098 1.1346
V23(p.u) | 1.0841 1.0561 1.0409 | 1.0639 | 1.0654 | 1.0426 | 1.1083 1.1287
V24(p.u) | 1.0780 1.0472 1.0386 | 1.0552 | 1.0602 | 1.0380 | 1.0966 1.1189
V25(p.u) | 1.0801 1.0507 1.0349 | 1.0754 | 1.0655 | 1.0416 | 1.0795 1.0953
V26(p.u) | 1.0635 1.0336 10176 | 1.0587 | 1.0487 | 1.0243 | 1.0628 1.0789
V27(p.u) | 1.0895 1.0611 1.0411 | 1.0961 | 1.0770 | 1.0522 | 1.0769 1.0886
V28(p.u) | 1.0659 1.0546 1.0435 | 1.0493 | 1.0768 | 1.0376 | 1.0776 1.0777
V29(p.u) | 1.0807 1.0452 10323 | 10778 | 1.0709 | 1.0487 | 1.0710 1.0821
V30(p.u) | 1.0659 1.0329 10165 | 1.0671 | 1.0547 | 1.0309 | 1.0547 1.0663

Phan in ddm chi nhitng gid tri vi pham gidi han

Phu luc B
Béng B1 : Hé s6 chi phi may phat va chi phi phat thai
| G1-Busl | G2 -Bus2 | G3-Bus5 [ G4—-Bus8 [ G5-Busll | G6—Busi3
Hg¢ s0 chi phi may phat
a 0 0 0 0 0 0
b 2 1.75 1 3.25 3.00 3.00
c 0.00375 0.01750 0.06250 0.00834 0.02500 0.02500
Hé sb chi phi phat thai
a; 0.06490 0.05638 0.04586 0.03380 0.04586 0.05151
B; -0.05554 -0.06047 -0.05094 -0.03550 -0.05094 -0.05555
i, 0.04091 0.02543 0.04258 0.05326 0.04258 0.06131
& 0.0002 0.0005 0.000001 0.002 0.000001 0.00001
A 2.857 3.333 8.000 2.000 8.000 6.667
Generator data limit
Pmin (MW) 50 20 15 10 10 12
Pmax (MW) 200 80 50 35 30 40
Qmin (Mvar) | -20 -20 -15 -15 -10 -15
Qmax (Mvar) | 200 100 80 60 50 60
Bang B2: H¢ s0 chi phi may phat G1 va G2 st dung cho Truong hop 2
May phat Limits in (MW) HE s6 chi phi may phat
pmin ppax a b c
May phat 1 50 140 55.00 0.70 0.0050
(MW) 140 200 82.5 1.05 0.0075
May phat 2 20 55 40 03 0.0100
(MW) 55 80 80 0.6 0.0200
Bang B3: Thong s6 tai hé thong IEEE-30 nit
, Téi , Téi , Tai
Nt POu) [ Qpu) | " POu) [ Qpu) | " POu) | Q)
1 0.000 0.000 11 0.000 0.000 21 0.175 0.112
2 0.217 0.127 12 0.112 0.075 22 0.000 0.000
3 0.024 0.012 13 0.000 0.000 23 0.032 0.016
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4 0.076 0.016 14 0.062 0.016 24 0.087 0.067
5 0.942 0.190 15 0.082 0.025 25 0.000 0.000
6 0.000 0.000 16 0.035 0.018 26 0.035 0.023
7 0.228 0.109 17 0.090 0.058 27 0.000 0.000
8 0.300 0.300 18 0.032 0.009 28 0.000 0.000
9 0.000 0.000 19 0.095 0.034 29 0.024 0.009
10 0.058 0.020 20 0.022 0.007 30 0.106 0.019

Bang B4: Thong s6 duong diy hé thong IEEE-30 nlt
Nhéanh | From | To | R(pu) | X (pu) | B(pu) | SImax | Nhanh | From | To | R(pu) | X (pu) | B (pu) | Slmax
1 1 2 0.0192 | 0.0575 | 0.0264 | 130 22 15 18 | 0.1070 | 0.2185 | 0 16
2 1 3 0.0452 | 0.1852 | 0.0204 | 130 23 18 19 | 0.0639 | 0.1292 | O 16
3 2 4 0.0570 | 0.1737 | 0.0184 | 65 24 19 20 | 0.0340 | 0.0680 | 0 32
4 3 4 0.0132 | 0.0379 | 0.0042 | 130 25 10 20 | 0.0936 | 0.2090 | 0 32
5 2 5 0.0472 | 0.1983 | 0.0209 | 130 26 10 17 | 0.0324 | 0.0845 | 0 32
6 2 6 0.0581 | 0.1763 | 0.0187 | 65 27 10 21 |0.0348 | 0.0749 | O 32
7 4 6 0.0119 | 0.0414 | 0.0045 | 90 28 10 22 | 0.0727 | 0.1499 | O 32
8 5 7 0.0460 | 0.1160 | 0.0102 | 70 29 21 22 | 0.0116 | 0.0236 | O 32
9 6 7 0.0267 | 0.0820 | 0.0085 | 130 30 15 23 | 0.1000 | 0.2020 | O 16
10 6 8 0.0120 | 0.0420 | 0.0045 | 32 31 22 24 101150 | 0.1790 | O 16
11 6 9 0 0.2080 | O 65 32 23 24 |10.1320 | 0.2700 | O 16
12 6 10 |0 0.5560 | 0 32 33 24 25 10.1885 | 0.3292 | 0 16
13 9 11 |0 0.2080 | O 65 34 25 26 | 0.2544 | 0.3800 | O 16
14 9 10 |0 0.1100 | O 65 35 25 27 | 0.1093 | 0.2087 | O 16
15 4 12 |0 0.2560 | O 65 36 28 27 |0 0.3960 | O 65
16 12 13 |0 0.1400 | O 65 37 27 29 |0.2198 | 04153 | 0 16
17 12 14 | 0.1231 | 0.2559 | O 32 38 27 30 | 0.3202 | 0.6027 | O 16
18 12 15 | 0.0662 | 0.1304 | O 32 39 29 30 | 0.2399 | 04533 | 0 16
19 12 16 | 0.0945 | 0.1987 | O 32 40 8 28 | 0.0636 | 0.2000 | 0.0214 | 32
20 14 15 ] 0.2210 | 0.1997 | O 16 41 6 28 | 0.0169 | 0.0599 | 0.0065 | 32
21 16 17 ] 0.0824 | 0.1932 | 0 16
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