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Loi gidi thiéu

Tinh todn phdn tich hé thong dién la phdn kién thic rdt quan trong ciia mét
k¥ su dién. Nhiing hidu biét vé Tinh todn phén tich hé théng dién duoc si dung
thuomg xuyén trong qud trinh quy hoach, thiét ké, lua chon trang thiét bi, qudn
iy vdn hanh va tinh todn cdc chi tiéu kinh € ky thudt cia hé thong dién.

Tinh todn phdn tich hé théng dién bao g6m nhiéu bai todn quen thubc:
tinh todn ché'dp xdc Idp cia ludi dién, ddnh gid trang thdi ciia hé thong, tinh
todn ngdn mach va phan tich sy c6, 16i wu héa ché do lam viéc va trao liu cong
sudt ...

Méi bai todn nay tu né c6 nhiing y nghia khoa hoc va thuc tién riéng.

Chiing t6i hdn hanh duoc gidi thiéu cing ban doc tdp sdch “TINH TOAN
PHAN TiCH HE THONG DIEN” cia Tién s7 D6 Xudn Khéi véi néi dung khé
phong phu, hién dai, dé cdp dén nhiing vdn dé c6t 161 cia gidi tich hé thong
dién.

Nhitng ngi dung chuyén moén duoc trinh bay mach lac, cé hé théng, sic tich
va sdng sua.

Chiing t6i hy vong quyen sdch ndy sé duoc ban doc tiép nhdn va danh gia
t6t. Sdch cé thé dicgc sit dung nhu mot t?q. lidu gido khoa dé gmng day mén luci
dién cho chuyén nganh hé théng dzen G bFe dai hoc. Sdch ciing ¢é thé ding lam
ti liéu tham khdo rdt hitu ich cho cdc nganh hoc va bdc hoc khéc, cho nghién
citu sinh, ky su, cdn bg nghién citu va qudn Iy hoat dong trong linh vyc hé théng
dién.

VS.GSTSKH Tran Pinh Long
Chi nhiém Bé mén Hé théng dién - PHBK Ha Noi
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Loi néi dau

Ki thut tinh todn phan tich h¢ thang di¢n (Power System Analysis) di co
mdt lich sit phét trién 1au dai. Dong luc va noi dung cha gud trinh phit trién nay
mdt mat gan vdi sy phat trién cha ban than he thong dién (HTD), vai vice sir
dung cdc cong ngh¢ madi. thidt bi mdi, vdi vice gia 1ang khong ngilmg kich civ v
dd phire tap cia he théng din, ddng thai ticu chudn cung cap dién theo doi hoi
cla cdc h) dung dién hién dai ngay cang cao. Mal khdc qud trinh phat trién nay
gan lién vdi sy phat trién cha ki thut tinh todn va cdc cong cu tinh toan, giam
sil va didu khién hién dai nhat. D6 13 vi muc dich hang ddu cda tinh todn phan
tich h¢ thong la d€ phyc va cho vigc kiém sodt - diéu chinh - didu khién qua
trinh [am vi¢c cla né, ma HTD 1d mot hé thong cong nghiep phic tap, co qua
trinh di€n bién nhanh va ¢é vai trd kinh 1€ cue k1 to lon.

Trong giai doan phdt trién hi¢n nay, tinh toén phéan tich HT® ngdy cing chi
trong dén cdc dp dung thdi gian thue, tite 13 theo Kip cdc didn bign thue trong
van hanh-hé théng. Co sa cho tinh kha thi cia viée trién khai cdc 4p dung ndy 13
su xudll hien cla hé thong diéu khién gidm sdt va thu thap div lién SCADA
(Supervisory Control And Data Acquisition). Nhir 1én goi cia nd, hé thong nay bao
dam vi¢e thu thap va x(r If it licu thoi gian thyc 1 he théng cOng nghicp, phuc
vu cho khau tinh todn phén tich va 1dy quyét dinh didu khién. Sau d6 ciing chinh
né chiu trdch nhi¢m thi hanh ty dong c6 gidm sdt cde didu khién nay trén he
thong cong nghiép. SCADA 6 vai trd trong nhiéu nganh cong nghidp khic
nhau trong dé ¢6 HTD, va ¢ the dé thay rang sy xuét hién va phét trién cia né
gan lién vai sur phét trién cha cong nghé thong tin - mdy tinh va dién tir - vién
thong.

Trong hoi canh nhu vay, ndi dung linh vue tinh todn phan tich HTD ciing
rit phitc tap va da dang, dung cham dén nhiéu khu vue phit trién cao cia todn
hoc ciing nhur cong nghé. Pong thoi nhitng hiu bigt co ban vé nd 1a phan kicn
thic khong thé thi€u duye doi véi nhitg ngu‘m lam viéc trong linh vyc quan Ii
van hanh h¢ théng dién lan.

“Tinh ton phan tich hé thong dién” nhim gidi thicu mot s6 noi dung ca
s¢7 thuge Tinh vye nay, trong dé cé of glng can bing giita tinh khdi quat va tinh
chi tiét clia cdc vén d€ duge trinh bay.

Phan co ban gém mo hinh todn hoc cla ludi dien & ché do xdc lap cling nhu
cic cong cu todn hoc d8 gidi duge trinh bay kha ki dé c6 thé khai thdc thuét todn

va lap trinh Gng dung. Phin nay chi trong dén cdc giai thuat cé higu qua dai véi
HTD lon.



v

Tir chuong 3 d&€n chuong 7 di sAu vdo moét s6 dé tai quan trong cla bai toan
phéin tich hé théng dién hién daa.

Bai todn tinh todn ngdn mach (Short-Circuit Calculation) & chuong 3 cho
phép phét trién va md rong ki nang tinh todn d6i véi Iudi dién ba pha khong d6i
xtng. Phin nay d€ cap nhiéu kién théc co s& quan trong cho ki su he théng dién.

Dé tai gigi tich ché d¢ xdc ldp (Power Flow Calculation) trong chuong 4
chd ¥ d&n viec dat bai todn & cic dang khdc nhau c6 thé st dung trong thyc &
tinh todn. Phdn ti€p theo chd y&u trinh bdy phwong phdp Newton-Raphson va
cdc cai bién duge 4p dung phd bién trong thuc tién d€ gidi bai todn nay.

Ddnh gid trang thdi (State Estimation) 13 mot ndi dung co ban trong linh
vuc phan tich thoi thuc HTD. M6 hinh todn hoc binh phuong cuc tiéu trong s6
clia bai todn da dugc trinh bay k¥ trong chuwong 5. Phdn tiép theo néu vai
phuong phdp giai thudng dung c6 so sdnh hidu qua tinh todn. Dic bigt mot s
vin dé co ban gén véi bai todn dugc phan tich kém céc gidi phép thue t&€ nhu
tinh quan sit dugc, sai s6, dir liéu x4u. Phan cubi clia chuong khéi qu:it cdc khau

cha qud trinh x4y dyng m¢t mo hinh thdi thyc cia HTD danh cho céc 4p dung
diéu khién.

Hai churong cu6i 6 va 7 giéi thi¢u hai nhiém vu thdi thuc phlic tap nhdt va
c6 quan he chat ché 1a bai todn phdn tich su c& (Contingency Analysis) va bai
todn 16i wu hda ché do lam viéc (Optimal Power Flow). O day ¢6 géng mo t3
vén d& mot c4ch t6ng quan, con phdn trinh bay chi tiét chi dé cap dén cédc cOng
¢u ¢ s& va kinh dién danh cho cic bai todn phifc tap niy.

Cu6n séch c6 thé ding 1am ti liew tham khio cho ki sit nganh HTD, cﬁng
nhu sinh vién va nghién cu sinh chuyén nganh niy. Ngudi doc dugc gid thiét
da cé kién thitc co sd vé ki thust dien va 111’61 dién ciing nhu cdc ki nang vé dai
s3 ma tran.

.. Hy vong ring cu6n sdch s& d4p ting dugc phdn nio nhu cdu vé cdc hifu biét
co B&n trong linh vyc phan tich he théng dien hien dai, khi mé cﬁc ki thuat nay
' dang bét ddu dugc 4p dung vao hé théng dien Vigt Nam.

Nhan dip niy t6i xin chan thanh cdm on cc thay c6 gido va déng nghlep 0
‘B0 moOn He thdng dién, Trudng Pai hoc Bich khoa Ha Noi di dgng vien, gidp
dd trong. qué trinh hoc tap, cong tic tai bd mon va trong khi bien sban cudn sdch
ndy. Toi xin cAm on Gido su - Ti€n si Trdn Dinh Long d& vi€t 10 gi6i thi¢u cho
cubn sich.

Chiing t6i rat mong nhan dugc moi phe binh gép ¥ téi dia chi:
D6 Xuan Khéi, 95 Lo Piac, Ha Ngi, DT: 821 2761.
Email: khoidxfpt.vn
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1
Ha phuong trinh tuyén tinh

Giai hé phuong trinh (dai s6) tuyén tinh 1A nén tang cha viéc phan tich hé
thdng dién. Vi th€ truSc khi nghién cttu céc bai todn phén tich hé théng dién, trong
chuong nay ching ta s&€ xem xét mot s vin d€ lién quan dé€n loi giai hé phuong
trinh tuyén tinh. Cc hé ndy thudng c6 kich thude 16m trong cdc bai todn thuc t€, do
dé viec nghién citu cdc phuong phdp mdy tinh c6 hiéu qua cao cho phép giam khdi
lugng tinh todn va luu trif trung gian 12 rit quan trong, bén canh yéu ciu ve tinh én
dinh va chinh xdc cua tinh todn s6.

Diém dAu tiéh V& hiéu qud cla phuong phép tinh todn 12 dieu d& hidu, con vén
d® sau - tinh 6n dinh va chinh x4c clia thuit todn, doi héi vai 1o giai thich thém.

Tinh dn dinh va chinh xdc 13 nhitng yé&u t6 rit dic trung cho tinh todn trén may
tinh, va thudmg 1A dieu kién hang dau d€ lya chon thuat todn cho cdc bai todn phifc
tap, khong riéng gi bai toin gidi hé phuong trinh tuyén tinh 1ém. C6 thé hiéu so
luge cdc yéu t§ ndy nhu sau,

Chiing ta biét ring mdy tinh khong thé thuc hién céc phép todn s6 hoc mot
cach tuyét d6i chinh xdc, ma moi phép todn so cdp déu kéo theo mot sai s6 qui
tron, do do chinh x4c han ch€ cid béu dién s6 thuc trén may. Tiép theo, d6 chinh
xdc sd clia mot thuit todn phu thude:- vhor’su truyén sai s& qui trén trong qui trinh
thuc hién thuat todn. Vi yéu t8 niy mi e thudt todn khic nhau cho ciing mot bai
todn, mic dit déu diing vé todn hoc nhung lai o6 thé rit khdc nhau v& d6 chinh xéc
s8. Thi du don gidn 12 mot phép tinh téng thuc hién theo hai thuat todn'khic nhau
(a+b)+c v a+(b+c) c6 thé cho két qua khic nhau trong tinh todn mdy tinh. Mot
thugt todn dwoc goi la 6n dinh (s6) néu né khéng nhay véi su truyén sai s6, nkc la
sai s6 nhé ban ddu khéng bi khuéch dgi lén o két qud.

Tré lai v6i bai todn dang quan tam. Xét hé n phuong trinh tuyén tinh v6i # 4n
s6 viét & dang ma trin 12 Ax=b‘" , va c6 dang khai trién sau:

) Chi nét dam chi vecto, ma tran



12 1. HE PHUONG TRINH TUYEN TiNH

X Fdpx et X = b

Inn

Uy Xy + Xy toetddy, X, = b,

(1.1)
anlxl + anlx?. + “+am|xn' = bu
bé giai no, ta ¢6 thé nghi dén cong thikc Cramer:
ay ccoay,, boa,, o4,
anl an.r 1 bn anml ann
X, = (1.2)

Al
Theo cong thie ndy, dé gidi ra (At ca cc n, ta phdi tinh #+/ dinh thitc roi
thuc hién # phép chia. D¢ tinh moi dinh thic ¢an 1am a/n phép nhan va a!—f phép
cong, do do tdl ca yéu ciu;
fn+lnd n phép nhin,
{n+lint—1)  phép cong va
7 phép chia

cho 16ng s6 1T = (n+1)"n!-1 phép todn. Véi n=10 ta c6 '1'=400 triéu ! Thuc t€ gap
s0 phuong trinh Ién hon nhiéu va khdi luomg 1inh todn tang nhanh chéng (6i con s6
khé tuémg twomg, Chéng han chi tinh mot dinh thire cdp 20, néu ta sir dung mat
mdy tinh ¢d toc do mdt tricu phép tinh/gidy thi phdi mat 1,5 triéu nam dé tinh
20'20 phép nhan !

Mt y dinh khic 14 tinh nghich ddo cha ma rdn A theo phuomg phdp ding
dinh thic;

Al =Pl /Al trdé x=A"'b (1.3)

(rong dé P 13 ma tran cap n c6 phan tir 3 (-1)'" | Ay | vei Ajj1a ma tran A x6a bo
hang 7 va cot j (ky hi¢u T chi ma trin chuyén vi). R0 rang phuong phép ndy ciing
¢ khai lugmg tinh todn rat Ién do ciing phai tinh nhigu dinh thie. Ci hai phuong
phap nay khang thé 13 phuong phdp thuc t& trong viéc gidi hé phuong trinh tuyén
tinh.

1.1 Phuong phdp khi.bién va khai trién tam giéc

Trong myc nay ta s&€ xem x¢t hai thuat todn rt thong dung, thudc vao loai cdc
phuang phdp truc tiép d€ giai hé tuyén tinh. Cdc phwong phédp truc ti€p khic biét



1.1 PHUONG PHAP KHL BIEN VA KHAI TRIEN TAM GIAC 13

chit yéu so vdi phuong phap Idp & chd chiing di tdi o giai sau mol s6 xidce dinh cae
pheép toidn sa hoc,

1.1.1 Phuong phdp kht Gauss

Phuong phédp khir bién von di rat quen thude khi giai tay mot hé phuong trinh.
B¢ dp dung trén mdy tinh, ta ¢an trinh by né mot cdch hinh thde hom. Phuong
phiap nay chuyén hé phueng trinh ve dang tam gidc tuomg duong, chang han dang
tam gidce trén: ' '

Xy v Xyt e X, t X, = O
dy X, + o+ dy X, Uy, X, = b
(1.4)
an—l.n—lxr.-—l + an—l.nxn = bn—l
annxn = hn

Sau dé viéc gidi hé 1am gidc [ rdt don gian. Chang han d6i vai hé ram gidce trén,
nhv cho & (1.4), ta thu duge i giai bang mot qua trinh goi 13 thay the nguwe: t
phuong trinh cudi cing x:ic dinh x, , thay vao phuong trinh irén né, rdt ra x,,.;. Tiép
tuc nhu viy cho dén cudi cung xde dinh x;. 86 phép todn yéu ciu bii 1o giai nay
lix:

n phép chia

1+2+...4n—1 = n(n—-1)/2 phép nhan va chimg ay phép cong,

tong cong A T = n phép (odn st cip.

Trév lai thuat toan khir bién- tic |2 qua trinh chuyén hé phuomg trinh 15 dang
tam gidc, ta goi hé ban d4u la AV%=b", Gia str ring h¢ ¢6 nghiém, tie [3 ma tran
A" khong suy bién, nhu vy sau khi hodn vi cdc hang cha ma tran néu can thiét, 1a
s¢ ¢6 " khic 0, phan tir ndy duge goi [ phdn i chat (pivor ). Bi€n tuong tng
véi n6 12 x; s& duge Khay tir tat ¢a cdc phuong trinh khdc, o diy la cic phuong trinb
thit 2,3,...,n. D¢ khir x; trong phuong trinh /, ta nhan phuong trinh 1 vii:

o, i i
Qi =iy luyg {agy (!

va trit né vio phu - - i, Sau qud trinh khit x; {a thu duge hé mdi tuong dirong
APx=h? vii:



14 1. HE PHUONG TRINH TUYEN TINH

(1) () (45} )

ay,- ap; Ay, b
@ . @ @)

A = 0 a; Gon | . po = 2
2y .. (2) (2

0 an2 ann bn

Nhan xét ring thuit todn khong lién quan dén x va dugc thuc hién trén hang i
cha ma trin A ciing giéng nhu trén b, , vi vly ta c6 thé coi nhu thyc hién trén ma
trin m& rong A = (Alb) tic 12 ma tran gdom ma trin A va cOt b ghép vao bén
phai.

Nhu vay A® ¢6 cac phin tir cho bai:
- Hang ! gi6ng nhu & A®
- C4c hang i >2 o6 phin tir du bing 0 va céc phin tir khéc la:
. 2 . ' .
af’ =aV —gal) j=2,.n+1L

Tiép theo trong giai doan 2 (khir x; ) ta c6 thé 14y phan tir chot 12 2P # 0. C6
thé gia thiét phan tir ndy khic 0 12 vi A® phii 12 khong suy bién nén
|A®] = a®|AD| %0 va vi th€ Ay® (ma tran A? b hang 1 cot 1) khong suy
bién v sau khi hodn vi hing néu cin thi&, ta s& c6 phin tlr géc tréi trén khdc 0.
Bay gid khir x; & cdc phuong trinh 3,4,...,n theo cdch tuong tu.

Mot cach tdng qudt & budc k ta khir x; trong cic phuong trinh k+/,...,n clia he
tuong duong img v&i ma trén :

g o) W m
a, 4 - . T Ay b,
) @ e
0 ap a,, b
0 . : :
AW _ : w-) t-l) g (k1)
A™ = : 0 apis a5, b (1.5}
: w o 0 (k)
0 Ay 0 Ay by
'
(k) (k) (k)
\ ank e aun ’ bn /

V6i gia thiét phian tir chét thit & 13 a.™ # 0 (hodn vi c4c hang tir & t6i n néu cin
thiét), ta nhan hang thir k cia A™ véi gy = ay"/ay™ va trix vao hang i (i > k) dé
khir x; trong hang ndy. Két qua ducc ma trin A*™Y cho boi:

- k hang dau gidng nhu & A®,



1.1 PHUONG PHAP KHU BIEN VA KHAI TRIEN TAM GIAC 15

-Céc hang i 2k+1 c6 k phan tir dau biing 0, con lai:

a = af gua™  j=k+l,..n+1 (1.6)
Sau n~/ budce ta c6 hé tam gidc trén.

Nhin xét rang khi ti€n hanh qud trinh khir bién, kh6éng nhiing ta phdi chon
phién tir chét khic 0 ma con phai trinh phan tir qud bé. Li do & day 12 tuong tu; néu
ta chia cho mot s§ di khdc O nhung qui nhé s€ 1am mét y nghia céc dit liéu cta
phuong trinh. N6 ciing c6 nghia ring dé tang tinh 6n dinh cho thuat todn, rit cin
thi€t phai chon phan tif ch6t 16n, ching ban & budc & chon phan tif 16n nhét trong
cOt & tmg véi cdc hang tir & tGi n. '

Ngodi ra trudc khi ti€n hanh giai hé phuong trinh, cin trdnh tinh trang mot vai
phuomg trinh ¢6 hé s6 qud 16n so véi cic phuong trinh khdc, vi dieu ndy ciing din
- dén sai s6 16n. Ta ¢ thé chia méi phuong trinh cho hé s6 16n nhét trong 06, trudc
khi bat dau qué trinh gidi. Thii tuc ndy goi 1A cdn (scale) cic phuong trinh (va t4t
nhién khong 1am thay déi nghiém clia né).

Ve khéi lugng tinh todn ciia phuwong phdp khir Gauss néu gia thiét khong phai
hodn vi hang, thi & budc k phai thuc hién :

n—k phép chia,
(n—kj)(n—+%+1) phép nhin,
(n—k)(n—k+1) phép trir,

do d6 toan qud trinh khir can:

a-=1 a—1
D(n—k)=D k=n(n-1)/2 phép chia
k=1 k=1 :

Z(n k)(n - k+1) Zn )2 +(n—k) = Z(k2+k)-n(n -1)/3

phép nhin (vi chimg 4y phép trir)
CoOng v6i tinh todn yéu cu khi gidi hé tam gidc, ta c6 tht ci:
nin=1)/2 + n = n(n+1)2 phép chia, |
n(n—1)i3 + n(n—1)i2 = (2n +3n’=5n)/6 phép nhan (va chimg &y phép cOngAri),
téng cong yéu ciu Tg = (4n”+9n’ 7n)/6 phép todn. v

Vi du v6i n = 1iahi T = 805 rdt nho so véi ;pimung phap Cramer hay nghich
dio ma tran ding dinh thiic (1.3). V6i n 16n Tg ~20°/3.
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1.1.2 Phuong phdp khai trién tam gidc

Phuomg phdp khai triéy tam gidc chi 1a cdch trinh bay ma tran cba khir Gauss,
trong do (a biéu dién ma trin khong suy bién A dudi dang:

A=LU

L vl U Jan luot 13 ma tran tam gide dudi va tam gidc trén, mdt trong chdng ¢6
dutmg chéo bang dom vi. Tir dé hé phuong trinh Ax = b ¢6 1h€ gidi qua hai budc:
o Budic thay 1hé thudn gidi k¢ tam gidc Judi:
Ly=h (1.7
o Bude rhay thé nguoe giai he lam gide trén:
Ux=y (1.8)
Ve
Phucmg phap Khai trién tam gide (con goi 1 khai tridn LU ¢6 vu diém hon
phuong phdp Gauss khi can giai nhigu lan hé phuomg trinh véi v& phai b thay doi.
Py 13 mot thye (€ thudmp pap, chang han trong mat thuat todn lip t1a phai gidi lap
he Ax™ = fix™"y vai £ 12 mét veeto ham ciia x* vax™ 1a xap xi thir k cta 4n
phai tim. Khi d6 vi ma trin hé sd A Khong thay déi trong qué trinh giai lip nén ta
chi phai khai trién 1am giic A = L U mot Tan.
B¢ dan ra kbai trién LU, ta gid st c6 thé thue hién Khir Gauss khong ¢an phai

hodan vi hing, Xél cdc ma trin sau diy:

1

1
G, = e k=1,.., n-1 (1.9
8

—g !

trong dé g, "’ gidng nhu dinh nghia & phan trén (phuomg phap khir Gauss), nhung
thém chi s& trén (K) cho r;

I3 k ik .
go =g ag i=k+1,....n

'Thé thi ta ¢6 thé viél trong phuong trinh Khir biéh:

th»n :(‘;RKIH (1.10)
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trong d6 A™ va A™'" duge dinh nghfa nhu & muc truée (phuong phip khir
Gauss). 10 do suy ra:

2 A" -G, G, ,...G,AY

n-1
Bicu thic ciing ¢6 thé viét rieng cho A chd khong phéi ma tran mé rong A.
Trdéritra A =A" = LU véi:
L=(G . G)' =G, . Gyt (1.11)

U= A‘")

Nhir vay U I ma tran tam gide trén nhu két qua khir Gauss:

) ) T
(a“ a, - aln)
I

con L s€ 13 mot ma tran tam gidc dudi véi dudmg chéo don vi. That vay ta cé thé
tinh L tr (1. 11). Mébi phép bién ddi (1.10) - tiic la phép khir hién - cho ta mot hé
tvong duong, img vdi ma tran bién d6i Gy khong suy bién: That vay véi Gy xdc
dinh theo (1.9) ta s€ ¢6 ma tran nghich dao:

I

1

G,'= (1.12)
* g:)u

I !

v dé dang xdc nhan rang:

th

82 1 \
L=G,..G, = ei‘l’ g | (1.13)

i1 12) (n-1)

grrl gn’l e er -1 1
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Tir dang thitc A = LU ta c6 thé nit ra n’ phuong trinh sau day cho n’ 4n can
xdc dinh {; va uy:
mingf, k)

a, = fiuy, (l,=1) (1.14)

i=1

Suy ra cdc cong thirc sau dé tinh todn c4c ma tran L, U:

i-1

S s N = B tm) _(m) -
Uy =Q =Ay — 8049, 1, =4d, ~ ng. Ay =y~ Z[r‘mumk (i<k)
=1 =1
(m) (rnl
1k) - k-l _k-1) Zg
1, =gt = Ay A 8- lakkl.k el o
T &k T (k) = k) -
Ay Ay au
.15
k-1 (1.13)
al'k - Zlmrumk
. m=1 .
= - (= k)
L

- Chi ¥ mdi phin t&r ¢, chi dung d€ tinh u, hoic {,, nén tinh xong dat u,, I, vio
ludn vi i «,,.

Sir dung cdc cong thic trén 1a ¢6 thé tinh theo trinh tr sau: hang ! clia U (bang
hang | ctia A), c6t 1 cha L., hang 2 chia U, c6t 2 cla L v.v... Hoac ciing 6 thé tinh
theo timg hiang cla ma trin gop sau diy:

u, U, U,
Ly uy uy

Ly L, u

Nhu d3 gia thiét ban diu, cic cong thic trén img véi trutmg hop khong cé
hodn vi hang dé chon phan tir ch6t trong qud trinh khir. Tuy nhién nhu ta d3 biét
cong viéc ndy (pivoting) 12 rdt quan trong ¢¢ bao dam su 6n dinh s6 cia thuat todn.

Su hodn vi hai hang ciia ma tran cé the bidu dién bai phép nhan véi mot ma
trdn hodn vi. O budc 1 (khir x;) ta chon trong cdt 1 phin tir 16m nhat:
laﬂ |=maxf' ]ail‘

ding am phan tir chét (pivot). Nhu vdy ta s€ hodn vi hing | va hang r trude khi
tién hanh khir x,. Viéc ndy twong duong véi nhan trdi ma trdn mé réng A ma trin
hoan-vi sau day:
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0 1

P - (1.16)

r

Tom lai & bude 1 ta s& thue hién phép bién d6i sau:

AY=GP, A (1.17)
Sau bude cudi cung ta s8 cé;
A" =Gt Pt Guz Poy . G Py A (1.18)

Ta biét rang sau bude k-1 ta ¢6 ma tran A® dang (1.5). Trong dp dung mdy
tinh, ta ¢6 thé tinh todn trén ma tran nay, trong dé cde vi tri v6i s6 0 & dudi duemg
chéo duge dung dé chia cdc phan tir cia G , G ... Chéng han & budc  cic phan
ti dudi dudmg chéo clia cot & € bi triet tiéu. ‘Thay vao dé ta dat cdc phian (ir g,
v Bk cla Gy, Ban diw (a dat ching theo thit tu tu nhién nhu & (1.4), nhiung & cic
budc sau mai lan c6 hodn vi hang, chiing s& duge hoan vi theo. Nhu vay & budc &
ta lam viéc trén ma trin dang;

I(u“ Uy, ooy, u, e, hit
RECE SRS PR
Iv“ Yo
(i | My o [ Hen o My, b.:'l:“ (1.19)
{ YR alﬁ] aii] bih
LY ul ’ .}("2 o Y".k"l a.:?’;(; e af(]:) l’fllk)

trong dé ede:eft y [a cde ¢ot g nhung di bi hodn vi mdt 56 1an; cde phan tru
~ ! k1 - ~ . e -~ . .
vi b, wop i 17 s€ khong bi thay déi nita trong cdc bude sau.
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Két thiac n—! bude ma trin T s& ¢6 dang ghép hai ma tran :

™=@w|u) (1.20)

trong dé L 12 ma tran tam gidc gom cac phin tr dudi duemg chéo, U 1a tam gidc
trén hao gom dutmg chéo, va chiing chinh [ céc ma tran trong khai trién tam gidc
cua PA vai

P=P, .. (1.21)
1A tich cla tdt ca cdac hoan vi da thue hién. Tdce la ta ¢o:
LU=PA {1.22

Ta khong chimg minh két qua ndy.

Phuong phap khai trién tam gidc 1 tuong dwong véi phuong phip khir Gauss,
tuy nhién it phdi luvu trlt kél qua trung gian. Ngodi vai trd quan trong trong viée
gidi hé phuong trinh tuyén tinh, ching cling duge ding d€ tinh dinh thic cia ma
tran. Qua that, tir (1.22), bi¢t det(P) = =1, det(L) = | do dd:

det(A) = Hdei(U) = tuyg ugg ... Uy

tire 12 khong ké ddu, dinh thife ciia A bang tich cdc phin tir chét (pivol) da sir dung
trong yud trinh khir bién. '

1.1.3  Phiong phdp khai trién Cholesky

Trutmg hop dac biét clia khai trién LU la khai trién Cholesky: khi A d6i ximg
“thita ¢6 (khai trié€n Cholesky): .

A=LL" ‘ (1.23)

véi L 1 ma tran tam gide dudi. T (1.23) ta ¢6 cde phuong trinh ;

3 3 2
aki’ :I.“ +Ii’(2 +-”+ka( . (124)
a, =Ll Hlalg ot izk+ L

Suy ra ma tran L ¢6 thé tinh timg c6t theo cong thide sau:

Ly =+yay,

-Co b .
{,=a,ll, (=21
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‘ aAk Z!km
m=l

k-1
(1.25
aik - Zlimltm . ( )
ly=—"""—— i=k+len
kk

- Cot k:

Khai trién Cholesky ciing thudmg viét & dang:
A=L3 /" (1.26)

trong d6 .2 1a ma tran tam gidc dudi véi duomg chéo béng don vi (g6m cac s6 1),
con 3 la ma tran dudmg chéo. Ta ¢6 thé bidu dién 3 = D v6i D 1a ma tran duomg
chéo biing dudmg chéo ciia L, cdn £ = LD s& chinh 12 ma tran L véi duromg chéo
don vi. Khai trién dang (1.26) khong yéu cdu tinh can bac hai nhu trong cong thic
(1.25).

C6 thé chira [8] [1] " ring néu A 12 mot ma trdn xde dink dwong thi khai trién
Cholesky hoan toan dn dinh s&, khéng cin pivoting. Chii ¥ ring néu A 1 ma tran
phire thi tinh chit xdc dinh dwong duge xét trén c¢o s& A 12 ma tran Hermit, tic 1a
A = A" (v6i A™ Ia chuyén vi lién hop clia A), dong thiri khai trién Cholesky I
A=LL" vsi L cling 12 ma tran phic. Tuy nhién ching ta thuong giai hé phuong
trinh thuc trong phan tich ludi dién, ma trin cia Bé c6 thé 1A (d6i ximg) xdc dinh
ducng, khi d6 ¢6 vu diém rét 1én ve 6n dinh s6 nhu néi trén, dong thai giam khai
luong tinh todn do sir dung phuong plidp Cholesky nhu nhan xét sau day.

Khdi luong phép tinh so cdp phai im dé giai hé phuong trinh d6i ximg bang
phu’cm;_. phap khai trién Cholesky (k& ci viéc giai hai h¢ tam gidc) 1a Te = Q' +
1507 +n) / 6. VGi n 1ém T = n*/3 x8p xi mot nira khdi luong tinh todn cia phuong
phip Gauss (hay LU).

1.2 Phuong phdp khai trién tryc giao

Trong phuong phdp nay ta khai trién ma trin A thanh tich cia médt ma tran
true giao va mot ma tran tam gidc.

178G dat trong ngoac vuang chi dén mat tai licu tham khao cho & cudi sich
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Nhac lai ring mdt ma tran khong suy bién (thuc) Q duoc goi 1a rruc giao néu
Q' =Q". Ma tran A duoc khai trién thanh:

A=QR (1.27)
trong do R 1a ma tran tam gidc trén. Nhén tréi QT = Q'l ta co:

Q"A=R (1.28)
do dé hé phuong trinh Ax = b dugc chuyén téi dang tam gidc:

Rx =Q"b

C6 nhitu phuong phip khai trién truc giao mot ma trdn (hay con goi 1 khai
trien (OR), moi phuomg phip dp dung cd loi vao mot sd loai bai todn no do. Trong
muc ndy (rinh bay vin tit phuong phdp Householder, 13 phuong phap hay dung dé
giai hé phuomg trinh tuyén tinh.

Phuong phép nay 4p dung nhieu [an biéh déi Householder trén ma tran thuc A
dé dua vé dang (1.28), mdi bude bign d6i dwa cac phan tir O vao mot cot cua A dé
nd tr thanh mot ¢t chia ma tran tam gide trén R. Bién ddi néi trén sir dung ma
tran bién doi Householder 13 mt ma tran doi xing va trnye giao c6 dang:

1
H=1-—WW' (1.29)
r

trong d6 I 13 ma tran don vi, con s8 » vd vecto W xéc dinh sao cho khi nhén H vai
mat vector v # 0 ndo dé s& duge mot vector chi ¢6 phan tir dau tién khic 0, nic 1a:

Hv = ae

vi¥i oc 1 mot 5§ va e 1a ¢ot 1 cha ma tran don vi. Ta ¢6 thé xdc dinh H theo (1.29)
v ¢dc cong thic sau:

o = —sign(v, ) |v|
F=o{a—v,) (1.30)

w=v-ae = ~dV,,....,V,)

trong do sign (v, } chi dau cia phin tir dau tién v, cia v, con:

CEOYIRE
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1a chudn hay do dai cha vector v (¢4 n phin (i ).
Bay gidy gia sir chon ma tran bign déi H, theo c4c cong thitc trén véi v 14 edt |
cha A..Ta c6 thé biéu dién tich ma tran:
H, A=(HA HiA; ... HiA,) (L.31)

trong do A; 12 ¢ot i cha A, con HyA, s& 1a cot i cia H,A. Nhu vay phép bién ddi thi
nhdl ny Jdi dua A tré thinh ma trdn ¢6 ¢t dau tién ¢6 dang c6t ma trin tam giic
trén, tie 12 moi phan tir dudi phan tor dudng chéo bang 0.

Gia sir sau k-1 bién déi ta c6 ma tran A® = Hy. ... Hy A véi k-1 cot dau tién
¢4 dang ¢dt clia ma tran tam gidc (san | bién déi (1.30) ta di dwoc ma trin dang
nhu vay véi k=2) . Chia khoi:

A(k) Alk) <
k 11 12
r ( 0 A;';') -

trong d6 A;™ 13 ma tran tam gidc trén cz’ip k—f. Tai budc k ta s& tim ma {rin
Householder H cho ¢oOt thit nhét cia Aﬂ’f,’ ,tirdé H A(ﬁ,’ s& ¢6 ot 1 bi khir tat ca
cdce phin U trir phan tir diu tién. Ma trin bi€n ddi cho toan bo ma tran A™ & bude

nay s& 14y la:
H Fb, 0} : -
= — 33
“* L0 H, (139

trong d6 Iy, 12 ma trdn don vi cdp k-/, vi ta ¢6:

(A% A® )

A“‘*“ HAY=| " _ (1.34)
b lhA%J

Nhir vay &—/ hang v cot dau tien cha A™ khong bi thay déi khi chuyén sang
A vama tran mdi nay ¢d & ¢dt dau tién ¢b dang ot cha ma tran tam gic.

Trong khi thue hién phép nhin dang (1.31), ta phai tinh tich cia moét ma tran
Householder (1.29) vdi mdét vector ¢ ndo dé; tinh todn nén thuc hién theo trinh tu
Sau:

T
g=W ¢
p=qlr
He=c-pw | (1.35)
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Cong thie ndy ciing ding khi tinh ¢6t s8 hang tu do & budc k:

( c(k) \

h(k+l] - Hkb(k] ZLE d(k)J (136)
k

trong dé ¢™ gbm k—I phan tir day tien caa b®, khong bi thay d6i khi chuyén sang
™Y, con d™ gom cac phian tir con lai sé bi thay déi.

Két thdc n—1 bude bi¢n ddi ta chuyén 16i ma tran tam gidc tréen A™ img vai he
tromg duomg A™ x = b™. Lién hé véi cong thie (1.27), (1.28) ta ¢6 thé viét:
g2 £ : ng

QT = H!].l .ooH] H]

Vi H; d6i xdtmg nén ta cé:
Q = HI HZ---Hu-l

H; 1a truc giao do dé Q ciing 1a truc giao.

C6 thé 1inh dugce téng s& phép tinh so cdp can thuc hién dé giai hé phuong
trinh tuyén tinh cip » bang phuong phap Houscholder (k€ ca gidi hé tam gidc) 12
Ty = 40°/3 + 4n” + 14n/3 -9. Nhu vdy khdi lwong tinh todn nhieu hom so vai
phuong phdp Gauss (khai trién LU) dong thoi khong duge don gian héa ddng ké
khi A la doi xdng. Tuy nhién phuong phdp niy 16t hon ve tinh chat 6n dinh.

Phuong phdp bién ddi truc giao thutmg dugc sir dung dé giai xdp xi mot he
v6i s6 phuong trinh nhidu hom sd an bang phuong phap binh phuong cuc tiéu- nhu
la € gap khi nghién ctu bai todn ddnh gid trang thdi cua ludi dién: Néu A 13 mdt
ma trdn kich thuéc mxn véi m>n vd b 13 vector m phin tir, thi hé phuong (rinh
A x = b chi ¢6 thé ¢6 nghiém xdp xi. Mat phuong phip xdp xi nghiém 1a phuwng
phap binh phucong cue tidu, nd tim x lam cuc tiéu chuin vector Cuclide:

102 i
|Ax - b = [(Ax~b)" (Ax~b)] " - min (137)
Chi y bicu thife trong ngoic vuong 1 tich vo huémg cla vecta Ax-b véi chinb nd,
bai vay 12 mét sd.

Bang phucmg phdp bién doi truc giao, 1a xdy dung mdt ma trin Q cip m tryc
giao sao cho:

T
QA—T:((J (1.38)
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Dang nay 12 do A la ma tran chif nhat véi s6 hang nhiéu hon s& cot, T lama
tran tam gidc trén cdp #, con 0 1 ma trdn zero cdp m—n. Vi erQ'l nén ta c6 thé
viét tir cong thire (1.37):

|Ax - b =[(Ax - b)" Q" Q(Ax - )]
= {Qax - b)) [Quax - m} =1QAx - Qb

—~

¢
J v € 1A vector con cip a, thi

ba Qb = (

C

QAx - Qb“2 = H:fx - ’6”2 +c'e

Thay cho tim cuc tiéu {|Ax-b||, ta tim cwc tiéu cha dai luong biang no
12 ||QA x - Qb|| hoac tim cuc tiéu cta binh phuong cla dai lugng nay, theo cong
thite trén. R rang cuc tiéu s& dat dugce khi:

Tx=¢ (1.39)

T day dé dang suy ra nghiém x, vi ma tran cta hé la tam giac. Do & i gidi
xdp x1 cia hé ban diu.

1.3 Nghich dao ma trgn

Yéu cu tim ma tran nghich ddo it khi gap trong thue t€. Tuy nhién trong muc
nay ching ta nhdc dén mot vai van dé lién quan t6i nghich ddo ma tran gip trong
hii todn phan tich HTD.

Cong thire kinh dién cho ma tran nghich dao sir dung cac dinh thite, va ciling
nhu truong hop cong thite Cramer gial hé phuong trinh tuyén tinh, phuong phdp
nay hoan toan khang ¢6 hiéu qua. Ta ciing d& suy dodn la cdc phuong phap nghich
ddo ma trin ¢é quan hé gan giii v6i phuong phap giai hé phuong trinh tuyén tinh.

1.3.1 Phuong phdp Gauss- Jordan

Phuong phdp nay rdl gan vdi phuomg phap khir Gauss giai h¢ phuong trinh
tuyén tinh. X¢ét ma tran vudng khong suy bién A. Ma trin nghich dao A thu duge
néu ta “chuyén déi vi tri” hai vector. x va y=Ax.ttc 12 néu (a viét duge x=By thi B
chinh 1a nghich dao cia A. Xét hé thdng:



26 1. HE PHUONG TRINH TUYEN TiNH

X, +d;,X,++d, X, =y,
(1.40)
anlxl +an2x2 +.“annxn :yn

Bude 1, bién x; sé duge trdo ddi véi bién y; trong phuong trinh thit nhat. Ta gia
thi€t <& day phan tr chét «;, # 0. Tréi lai cdn tién hanh hodn vi phuong trinh thit
nhdt vdi phuong trinh thit r nao d6 ¢6 a,; =0 va sau d6 sé trdo d6i vi trd bién x; va
bién v, trong phueong trinh mdi (thi tuc pivoting gidng nhu & phuong phap khir
Gauss gidi hé phuong trinh).

Nhu vay bay gidrta o5 thé gid thié€l «,; = (). Gidi x; 1 phuong (rinh lhu’ nhil va
thay vao cdc phuong trinh con lai, ta thu duge hé:

al\y, +al . x,+-+a x, =x,

tnn

aLy, Fanx,eta, x, =y,

InT'n

. (1.41)
r
Up Y, tanX,teed) X =y,
v
| a
P L L
a‘ll . alk
y, a,
(1.42)
, . a,dy :
a, =— a, =a, ———— cho i, k=23..n
ap, a

il

Budc (i€p theo, bién x, duge trdo déi vai bién y, (hoac mot trong cdc bién
¥ v Yo DU ¢An pivoting). Tiép tuc qué trinh nay ta thu duge day ma tran :

AoAM 5 o 5 A®
vil {a co:
A"y =x (1.43)

vdi y'1a mot hodn vi nao dé cua cdc bién cla vector ban ddu y (d6 la do pivoting),
wrc 1a ¥y = Py v6i P la ma tran hodn vi thu duge sau qud trinh bién déi néi trén
{xem muc triede). Do do ta cd:

(AP y =x
va vi AX = y nén suy ra:

T A™P (1.44)
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1.3.2 Nghich ddo bdi khai irién tam giéc -

Trude hél ta nhan xét ring moi cot cha ma tran A™ ¢6 thé thu dugc nhur 101 gidi
cia mdt hé phuong trinh tuyén tinh véi ma tran h¢ s6 1a A, That vay vi:

AA' =1
vdi I 1a ma tran don vi, do do néu got x, 1a cot tha & cia A thi ta co:
0

Ax, =| 1|k (1.45)

V& phili [a cOt thit & cia I, ¢6 philn tir | & vi trf &, cdc vi tri khdc bang .

Nhu vay gidi he (1.45) cho ta cot & ctia A™. Ta da biét ring néu ma tran hé s
ciia h¢ phuong trinh la ma tran tam gidc thi 104 gidl im duge dé dang b mot qua
trinh thay thé thuan hoac nguge. Vi the néu ta di o khai trién tam gidc cia A dang
(1.22):

LU=PA
thi cot & clla ma tran nghich dao x, ¢6 thé thu duge dé& dang tir he:
0
LUx, =P| ||« & ' (1.46)

0

Khai tugng tinh todn cia phuong phdp nay ciing tuong duong vdi phuong phap
Gauss-Jordan [8].

1.3.3 Cobng thiac Sherman- Morrison
Nhiéu trutmg hop chung ta gap mot thay d6i nho trong ma tran dang xét. Hoi

ring ma tran nghich ddo hay khai trién tam gidc v.v.. clia n6 c6 thé duge suy ra
mot cich don gian tir cac két qua cii (treée khi c6 thay ddi) hay khong ?
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Ciu tri 101 Ia khidng dinh. Duéi day néu mot cong thie rat ¢6 ich d& cdp nhdt
ma trin nghich dao.

Gid st mot thay d6i trén ma tran A c6 thé bidu didn bi A + v w' trong do v
vit w lit hai vector (cOt) nao dé. Vay thi nghich ddo ctia ma tran mdi 6 thé tinh
theo nghich dio cia ma tran A theo ¢ong thite Sherman-Morrison sau day:

1o Ta !
1 . A Tvw A
(A+VWT) = A ‘——“““'—T_“jl_ (147
1+w Ay
Chd v ring mau so 1 mot dai lugng vo hudng. Cong thie ¢6 thé duge chimg,
minh bing cdch nhan hai vé véi (A + vw').

Chdng ta 1dy vi du tniémg hap don gian nhdt chi ¢ mot phin tr cha A bi thay
ddi, ching han ay thay doi 1 ay + e. Ta ¢6 thé 1dy trong truimg hop nay:

D& thily vw' 12 mot ma trin cling cip véi A vdi chi mot phin 1 khéc 0 va bing e &
viUrf 4. '

Cong thitc tong quit hon (1.47), doi khi duge biél dubi en cong thic
Woocthary, dude cho dudi diy:

(A+VBW') ' AT -A'V(B '+ WTATV) TWTAT (148)

trong da V, B, W 1i cac ma tran ¢6 kich thude sao cho biéu thife ¢6 nghia.

Ngoai thi du don giin trén khi A chi thay d6i mot  phén 1, ta thufmg gap
trudmg hop ma tran A thay di nhd 181 A” = A + B, trong d6 B ¢6 hang r nind: r <n
Vi {acap (va hang) cta A. Khi d6 ta luon bidu dién dugec B ddang B = v w! v
v viuw [d cac ma tran kich thurde nxr. Vay thi theo cong thie trén ta c6:

A =(A+vw ) ' =AT ATV + W A YY) TwTAT (1.49)

Tinh todn dom gian vi chi ¢in tim nghich ddO clla mﬁt ma tran (I + wialy) ¢6 cip
r nho,



1.3 NGHICHDAOMATRAN M

1.4 Phuong phap iap

Cac phuong phdp giai hé phuong trinh tuyén tinh dugce nghién cifu & cdc muc
trudc c6 theé goi 1a phuong phép sruc tiép dé phan biét véi nhém céc phuong phép
fap (iterative} duge gidi thiéu & muc nay. Trong phuong phép la(E, qud trinh giai he
phuong trinh Ax=b la qui trinh xay dung mot day céc vecto x*' sao cho diy nay
cO gidi han 14 10 giai clia he, tie 1a:

lim x* = x=A"p (1.50)
k—w
Mot phuong phép lap duge goi 1a ki tu néu gidi han néi trén cha x™ t6n tai va
bing 1% gidi cua h¢ phuong trinh. Khi tinh todn theo phuong phap lap, ching ta sé
sit dung mot tiéu chudn dimg; qua trinh lip s¢ dimg sau budc k nao dé thoa man:

1
Z'xﬁ"’ —x* Vg hay  max, ’x,-“” —x,“f_”‘ <& (15D
[

trong dé £ 1a mot s3 nhd do d6 chinh xéc cha 10 gidi duge 18y 1a x™.
K)

)

Xuit phat tir mot xdp « ddu x*, mdi buoe Iip k s8 x'&%/ dung mot xap xi x*
k =12,... Céc so dé lap thuimg x4c dinh xk+D dira theo x* theo dang sau:

xX*V = Bx™ 4 (1.52)

trong dé B va ¢ tuong ing 1A mot ma tran vi mot vecto. PE dily xdp xi ¢6 thé tién
té nghiém ctia hé (ndu hot ty), dé thay ring phai 6 ¢ = (I - B)A™b. Biéu kién cin

“va dit d€ day ndy hoi tu 1a [11]:

lim B = 0 (1.53)
k— o

bé xay dung so d6 lap dang (1.52), thudng phan tich ma tran A & dang
A = M - N v4i M 1a ma tran nghich dio duge. Thé thi tir quan hé Ax = b ta ¢6 thé
viét dang (1.52):

. x(k+1:t — M-I N x(k) + M.l b (1.54)
Sau day 1a hai so dé 1ap kinh dién sir dung dang phan tich Bor'ighie Ein’ A
déng thdi cho su hoi tu nhanh. Ta viét:
A=D-E-F

trong d6 D 1a ma tran dudmg chéo chifa céc phén t¥ duong' héd'clh A’ BVAF ith
lugt 1a cdc ma tran tam gidc dudi va fam gidc rén ghifa pﬁgmqrmqubng
chéo va trén dudmg chéo cia A (véi dfu nguge lai).
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1.4.1 Phuong phap Ip Jacobl

Trong so dé lap nay, con goi la Idp don, ta vict A= M -Nvéi M = D va
N = E + F. Néu moi phén ti trén dudng chéo ciia A khac 0 thi D kha nghich va ta
str dung so d6 lap sau:

=Dl E+F) xX¥+D'b (1.56)

Nghich dédo ma tran D rdt don gidn vi dang khai trién cla so d6 1ap nay nhu
sau:

Ly __i Ty o, =19
wn ooy S yw By (1.57)

iy ay;

J=i

Phuong phéap Jacobi hoi tu khi ma tran A la tri dudmg chéo [11]:

la, |>> |nU| i=l..n (1.58)
i=1
Jei

1.4.2 Phuong phap !ap Gauss-Seidel

Trong so d6 lap nay ching tally A=M -Nv§&i M=D-E vaN = F. Ma tran
D~-E kha nghich néu «;; # 0 Vi va ta c6 so d6 Lap:

MIBE =D - F) F x® . (D-E)'l b (1.59)

Ma trin D-E ciing dé nghich dao va fa c6 cong thitc khai trién cha so d6 lap
Gauss-Seidel nhwr sau:

il

a, "od, b,
x4 = (k+1) ¥ (k) i P
z - E X7+ i=l..n (1.60)

j=t i jint€i a;

Ta ¢ thé nhan xét ring phuong phéap nay chi khac phuong phép lap Jacobi 1a &
day khi tinh phén tir thit / clia xdp xi mai ta sit dung i~/ phin tir ddu tién cha chinh
xfp xI mdGi nay- gia thiét-da duge tinh trude d6, cé nghia ring mdi gia tri bi€én mai
duge tinh ra sé duge sir dung ngay. Diéu ndy ¢d thé 1am tang tdc do hdi tu, hon nira
lai dom gidn hon khi 1ap trinh: m&i gid tri mdi cha bién sau khi tinh duge dit ngay
vao O nhd ciia bién, nhu vay cdn giir trong bd nhd chi mot vecto x.

Phuwong phap Gauss-Seidel cling hi tu khi ma tran A tr0i dudnyg chéo.



~ P Xem tham chuong 3.

2
M4 hinh nat cua luéi dién

Trong chuong nay ta sé xdy dung hé phuong trinh dai s6 tuyén tinh mo ta ché
do xéc lap cha hé thong dign. N6 s€ 1a mo hinh todn hoc co ban cho céc bai todn
phan tich ch& d ciia he théng.

2.1 Hé phuong trinh nat

Nhu ta di biét trong 1i thuyét mach dién, viec sir dung phép bién d6i cac thanh
phin déi ximg cho phép nghién ctru lu6i dién ba pha cdn bing (balanced #'7 tren ba
uGi dién mot pha. Néu ché do 1am viéc 1a déi ximg ba pha, thi ta chi cdn nghién
cu trén mot lu6i dien mot pha, d6 1a lusi dién cha thanh phdn thie te thudn, clu
hinh clia né gi6ng nhu cfiu hinh mot pha cia ludi dién thuc ¢, Chting ta s& xay
dung mo hinh ché do x4c [ap cho trudng hop thudmg gap nay cua ludi dién.

Pé phan tich cdc lugi dién nay, nhdt 12 khi 4p dung mdy tinh, thi m6 hinh nit
13 m6 hinh co ban va tién 1gi. M6 hinh niy mo td quan hé giiia cic dai lugng dién &
cdc nit cha luéi: dién dp nat va
dong dién nat. Dién ap nit la T
mot dai lugng quen thude, con T] I
dong niit hiéu 1a dong dién trong [Zl
ngudn dién hodc phu tdi dién n6i ] Y |V
vaio nit (phin rr ngoai ludi). +
Dong ndy c6 thé 1a bidu dién LI
tuong duong cGa ngudn dp dat
vao mot nit hodc dat gita hai
ndt cua lugi. Bi€u dién nay ap (a) {b)
dung dinh li twong duong cha Hink 2.1
Norton: ngudn 4p dat giira hai
nit ¢6 thé chuyén thanh ngudn
dong tuong duong ndi giira hai ndt nay. Trurdmg hop thudmg gap ngudn dp dat gidia

' Lui dién trong dé coi cdc pha 1a hoan toan gitng nhau vé tinh chat di¢n. Mot cich chat che, lu6i
dign klidng bao gidr 1a cAn bang, vi chang han vi rf khdc nhau cia ciic pha cilia dutmg day tren
Klidng lan cho chiing o tdng tré riéng va tuong hé khdc nhau. Tuy nhién dudng diy duoc
chuydn vi pha c6 thé xem 1a cé 3 pha hoan toan can hang. : Lo
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mot nit v di€m trung tinh nhu trén hinh 2.1, ta ¢6 thé tinh todn ngudn dodng tuong
duomg & hinh 2. 1b nhir sau:

Tir s d6 ngudn 4p noi iép vGi t6ng trd (chang han la tdng Ud trong cla
ngudn) ta cd E =17 + U, con tir so d6 nguén dong n6i song song vdi 16ng din Y ta
¢ J =1+ U Y. Hai ngudn la tuong duong (cho ciing gid tri U va I) néu:

J=E/7 Y=17 2.1

Trutmg hgp ngudn ap dat giita hai nit lu6i chi khéc 1a trong so d6 trén niit ddu
duéi cia nhanh khong phii ¢6 dién 4p hiing (0 ma ¢6 dién dp U, ndo d6. Ké qua
tinh todn trén giit nguyén chi thdy U=U, -U, trong cdc cong thitc (vai U, i dién
4p nuit ddu trén clia nhdnh). B¢ cho téng quét ta ¢ thé coi diém ddt néu cé (hay
diém trung tinh ciia ludGi) 1 mot ndt nhu moi mit khéc, ddnh 86 0 va c6 dien 4p U,
(hing 0 n€u duoc do so vdi dién thé cla chinh diém d6). Nguén dong J s& tach
twrong duong ra hai nguén dong J, = -J, = J vdi J; 1a nguén di vao ndt 1, J, 1a
ngudn di ra khoi nat 0. Chiing déu ka dong mit, chi khidc ddu. Cc ngudn dong nay
duere xem 1a ngudn ngoau dat vao mot ludi chi bao gom cac phin tir thu dong (biéh

dién b&i cdc nhdnh 16ng tréy hay tdng din, bao gém ca tdng din nguén nhy phén tir
Y trén hinh 2.1b).

Quan hé gira dong va dp mit ¢ thé nit ra tir céc lugt Kirchhoff va Ohm cho
mach dién. Khong mat tinh t6ng quat, ching ta gid thiét ludi dién cé 4 mit, ddnh sd

ur O 161 3. Ludt dong dién ciia Kirchhoff viét cho mot nit s& biéu dién can bing
dong tai ndt naty. Ching han déi véi miit | ta cé:

o+, T, =1, (2.2)

trong d¢ vé€ trdi bi€u dién t6ng cdc ddng dien trong cdc nhénh cla luéi ndi 161 it
I, ching han iy, 12 dong nhdnh 1-0, N&u trong ludi khéng 16n tai nhdnh ndi tnsc
ti€p nit I va niit O thi coi ijp = 0. COn iy 1a dong mir & nit 1, va ta qui udce dong
mang ddu dong néu di vao Lwdi (the 12 ngudn dién), ddu am néu ta dong phu tai di
ra khoi hedi. Qui udc nay ddi vai dong nit din dén xéc dinh ddu dong nhinh:
chang han dong nhanh i, diwong néu di i 1 15 0.

Bay giv ta bidu dién cac ddng nhéanh trong phuong trinh theo dién ap hai nat
ddu nhdnh (4p dung fuat Ohm). Phuong trinh (2.2) trd thanh:

Y@ —a))+p @ i)+ y,, 00 —1,) =i, 2.%
trong d6 « ki hi¢u di¢én 4p va J,, 12 (ng din cua nhdnh 1-0, tic 13 bing nghich
dio cua tong tréy nhanh nay. Twong ty p,, va y,. ki hiéu t6ng din ctia cdc nhdnh
1-2 va 1-3 . Chti ¢ ring c4c dai lugng trong ca hai phuong trinh trén déu 1a s6

" bimg nhin vai dai lugng tdng ddn ngang cha duimg day fruyén tai dien, cling thudng duge goi
tat 1a t6ng, ddn cla nhanh duémg day do. Téng din ngang nhur the, néu c6 thi di coi Ja mot nhanh
néng (N1 v nit dat)- nhu pia thigt o rén,



21 HEPHUONG TRINH NUT 33

phitc (ki hi¢u v6i ddu chdm & trén, biéu dién chc dai lugng & che do xac lap)"
Trong (2.3) qui u6c t6ng déin nhdnh bang O néu khong 6n tai nhanh dé.
Neu nhém Iai cde s@ hang theo dién 4p, ta ¢6:

— Yty + (0, + 3, tYdu =y, - yu, =i (2.4)

Phuong trinh nay cho ta quan hé gitta ddng mit [ va dién 4p cdc nut trong ludi. M6i
0 hang tng véi mot dién ap mit; he s6 cua chiing 1a mét dai lugng ¢6 thit nguyén
tong dan, duge goi 1 téng ddn nit (cita nit twong tmg). Cu thé trong phuong trinh
(2.4), ta goi: :

o Tong ddin riéng (self-udmittance) cdu mit 1
Yll =YtV 25
s Chic Irfng,; den twong hé (mutual admittances) gitka it 1 va cde it khdc:
YIU ==V Yn: = =) Yls ==V | (2.6

Vai cic dai lueng (ong din nit méi dinh nghia nay, ta c6 phuong trinh mit
(cho nidt 1) sau day:

Vottg + Y + You, + Y0, = J 2.7

bay 1a phuong trinh niit cia nit 1 trong lué6i dien 4 mit 0,1,2,3 bét ki, cho quan hé
gitfa céc dién dp nit va dong nit 1. Cdc phuong trinh tuong tr c6 thé viét cho nijt
(0, mit 2 via mit 3. Quan sét dang phuong trinh cho nit 1, ta ¢6 thé viét ngay phuong
trinh cho ¢dc nit khdc mot céch hoan toan doi xing. Ching lap thanh /é phuong
trinh nut, viét & dang ma tran sé la;

Y()() },U] )/ll.?_ Yl"l? ?lﬂ iﬂ
Y. Y, Y, Y.llu i
i it 12 13 1 = 1 (2_8)
Voo V.0 Y Yy w i
Y., Y, Y, Yo /\u, £y

bay la h¢ phuong trinh tuyén tinh. Ma trén cha hé dugc goi 1a ma tran tong
dan niir {Bus Admittance Mutrix), ki hiéu la Y. Néu ciing ki hiéu u va i 1a cdc vecro
dp nut va dong mit, thi ta ¢6 thé viét gon (2.8):

" bd don gidn ki hiu ta s& b qua cic ddu chém chi s6 piute, trir mot s6 truimg hop
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Yu=i (2.9

Chii ¥ ring dang clia hé phuong trinh niit hoin toan khong phu thudc cfu hinh
cu thé clia ludi dién, d6 cling 1a diéu kién cén thi€t cho mdt mo hinh téng quat dé
nghién ctu heé théng.

Bay gidy chiing ta c6 thé khdi qudt hod qui tic x4c dinh téng din mit cho mot
twéi dign bat ki. Luu ¥ ring & day gid thi€t khong ¢6 hd cam tr gifta céc nhénh.
Trudng hop trdi lai s€ xét & phén sau.

» Tdng ddn riéng ciia niit k ndo dé bing téng tdt ca c4c t6ng din nhénh néi tnyc
tiép tai nidt k:

= Zykm 7 (2.10)
ek

Néu nhdnh néi truc ti€p k—m khong ton tai thi yy,, = 0. Ki hi¢u Z chi 16ng
mzk
18y theo moi nit m, m=. Nhan xé* ring dai lugng t6ng din riéng cla mot nit trong
ludi bao gio cling khéc 0.

s Tong ddn tuong hé gitu nit k va nit m bing gid tri Am cla téﬂg‘ din nhédnh
k—m (bing 0 n€u khong t6n fai nhanh niy):

Vo =~Fim @11

DéE thdy sy khdi quat hod nay 1a ding néu ta din lai hé phuong trinh nit nhu
lam & trén nhimng vai gid thiét luedi dign ¢6 s6 mit bit Ki. Phuong trinh thu duge ¢6
dang téng quét nhu & (2.9). Nhu vay ta thiy ring ma tran Y x4c dinh kh4 dé dang
tir thong s6 nhanh. DG 1a mot ma trdn doi ximmg, vi dé thdy ring Yy, = Y-

Mot nhan xét khdc rit ra tir dinh nghia cdc t8ng dfn nit 1a néu 1y t6ng cdc
phdn t clia mot hiing (hodc mot cot) clia ma tran, ta s€ dugce s6 (. N6i cdch khéc
ma tran cé modt hang (mot cot) phu thudc cdc hang (cot) khiac. Ma tran nhur vay 1a
suy bién (khong tén tai ma tran nghich dio). Ddng thai ta ciing nhan xét ring t6ng
c4c phén tir cha vecto dong niit i & v& phdi cia  (2.8) ciing bing O theo luat céan
bing ddng vao-ra clia toan ludi dién (thu dong):

Yi=0 (2.12)

{(diéu nay thdy r5 khi ta coi nit trung tinh (dat) néu ¢6 ciing nhu mot mit).

Nhu vay mot phirong trinh trong hé (2.8) 1a phu thudc; né bing t6ng cla cic
phuomg trinh khdc. V& todn hoc hé phuong trinh nhu vdy c6é nghiém khong duy
nhdt, tifc 14 véi vecto i da cho, cé nhiéu nghiém dién 4p ndt thod man hé phuong
trinh ! Diéu nay sé thdy rd hon khi quan st phuong trinh nit & dang ban ddu (2.3):
Trong phuong trinh nay vi dién 4p chi xudt hién dudi dang hiéu hai dién dp nén
phuong trinh thod man véi vo s6 dién dp ¢6 gid tn khac nhau cing mot hing sd
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cong. Diéu din xut tir mé hinh todn hoc mo ta ch& do x4c lap clia luéi dién ciing
phai biéu hién qui luat vat If (dién) cia ludi. That vay, néu dién dp duge do so vdi
mdt ndt qui chi€u thude 1udi thi ching chi ¢6 mot gia tri xdc dinh. Thukmg ta lay
nit qui chi€u 1a nit ddt- mit s6 0 ¢6 dién dp u, = 0. Thay gia tr xdc dinh nay vao
h¢ phuong trinh, dong thdi bd di phuong trinh tng véi nit 0 ¢6 dong niit i, phu
thudc vao céc dong nit khéc, thi hé con lai tré nén hoan toan xdc dinh (nghi¢m
duy nhit).

Ta cling c6 thé phat biéu didu ndy dudi dang sau day: dién dp ciia lwéi ol xde
dinh khi cho trudc tri s6 cia né & mét niit nao dé trong ludi. Nut nay goi la mit co
so dién ap cia ludi, né dn dinh mot “mat bing dién 4p” cho ludi.

Tir day ta s& gia thiét mit s§ 0 1a nit co s& dién 4p, cb dién dp phitc #, da cho,
con dong niit ip clia né phu thuoc vao dong céc niit khac theo diéu kién can bing
dong (2.12). BO phuong trinh (phu thudc) tng véi mit co sd dién 4p, ta sé xét hé 3
phuong trinh déce ldp d6i vai ludi dién 4 nit 0,1,2,3; tir (2.8) nit ra:

K, h, F)w i +y,u,
Vo Yoo Yu|luy|=}i+yy,u, (2.13)
Vi Y, Yi/\u iy +y5u,

trong dé v, 12 t6ng din nhanh ndi niit £ véi ndt co s&; néu khong t6n tai nhanh nay
thi Y = 0.

Bay gid trong cac phuong trinh trén, dién ap niit coi nhu duge do so vai bat ki
mot diém qui chi€u nao. Ta cé thé sir dung gid tri dién 4p pha, tic 14 dién dp so vai
ddt hay diém trung tinh cha may dién 3 pha. Niit dét- nit O nhu di qui wde- lien he
véi cdce nut ludi thong qua nhdnh dién dung cla dudng day, nhinh tir hod cia may
bi€n 4p, nhanh thi&t bi bu v.v.. Niit dat c6 dién ap “pha” bing 0 va ta c6 thé 18y né
lam ndit cor sé& dién 4p. Phurong trinh nidt véi dién Ap pha khi d6 ¢6 dang (2.13) trong
d6 uy = 0. Luu ¥ ring du trong hé nay khong con phuong trinh d6i véi nit dat
nhung cac nhdnh
ngung (MG dat) ' 2
trong  ldi  vin '
tham gia vao
phuong trinh khac
trong cdc  dai
luong téng din
riéng cha nit (Yy).

Chiing ta sé
thudng st dung
dang nay cha o
phuong trinh nit.

DE minh hoa Hinit 2-2
cu thé ta xé ludi
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dién trén hinh 2-2. Luéi g6m § niit ké ca nit dit trong d6 nguén dong (mdy phit
dién hodc phu tdi) duge néi vao nidt | va 3. H¢ phuong trinh nat vidt cho dién 4p
pha d6i véi ntit co s& dién dp la dat cé dang:

You, +VY,u, +Yu, =i
You, +Y.u, +Y,u, +Y,u, =0 A

+You, +Yau, +Y,u, =i, )
You, +Y.u. +Y.u, +Y,u, =0

trong dé ma irdn hé sa 1a ma trin tong dén nidt cdp 4, viel theo (dng din nhénh nhu
sa

()'lu + 3 +}‘14) AR 0 — My
v - Y (Y + ¥+ ) — ¥ — ¥
0 7 —Vy (¥ + ¥ +03y) = Yy
T ¥ — ¥ (Vo +Yar +¥03)
(2.15)

Chu y ma tran Ia doi ximg vi v, = v, ..

Tom lai, doi voi luci dién n+1 niit, ta s€ ¢é n phuong trinh nit dée lip (2.13),
Ncu da cho veetar dong mit i, thi dién &p nit xéc dinh béi he phuong trinh niy, titc
ta:

u=Y 'i:=Zi S (2.16)
trong dé ta goi 7, nghich dio cta Y, 12 pa trdn téng tré niit.

Trong thyc t€ d6i vdi bai todn tinh todn ¢hé do xdc iap, thudng khong cho
tnde dong nit, ma cho trude cong sudt mit (cong sudl ngudn dién hay phu tai
di¢n). Hom nita cong sudilt duce cho rddu cue may dien (mdy phat hay phu tai). Khi
do 16ng din cha ngudn (xem hinh 2.1b) khong duge bao gém trong so dé fudi nita,
vit ta & sir dung phwong trinh (2.13) trong d6 thay dong nlt boi céng sudt ni
fprindc) p+jg vivdién ap nit, theo cong thic sau:

Y = i,
i, = Py *.)'11. 2.17)
",

. I N )
(ddu sao chi s0 phite Llién hgp, |~ = -1).

Ta nhan xét rang hé (2.13) vdi noit cor s dit 6 uy = 0 v dong nit thay b
(2.17) trong d6 cong sudt nidt da cho, lai tré nén khong xdc dinh doi véi an dién dp
phite. RO rang néu ta quay (at cd cae vecta (s0 phie) dién 4p nat di cing mot gée
hiit ki, thi cac phuong trinh vin thoa man. DO 1a vivelté dé dicn ofif pha thude vao
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Roc twong doi gita odc dién dp nit, va ta cé thé chon goc qui chiéy hdl kv cho s¢
do géc pha dién dp trong ludi. :

Ta s& xem xét chi tiél bai todn tinh todn ch& do xdc lap trong chuong 4.

2.2 Ma tran t6ng dan nut

2.2.1 Ma trén tong ddn nit ciia phdn tir luéi

Trong muyc nay ching ta s& chi ra mot cdch ti€p can khac dé my dumg ma tran
tong din nit Y coa luéi dien. Phwong phép ndy dua trén viéc xép chong cdc ma
tran tong dan cia méi phdn tir (nhdanh) cda ludi. Cich ti€p can nay cho phép lugng
héa sur tham gia cia mdi nhdnh cia lu6i trong ma tran. N6 ciing mé ta dé dang hé
cdm néu c6 giira cdc phén U udi.

Quan sdt ma tran (2.15) clia ludi dién hinh 2-2 va d€ ¥ dén mot nhdnh nao d6

cia lud, Lhdng, han nhiinh 2-4, (a thdy rang téng dan nhinh ndy (y,,) tham gia

vilo 4 phn 1 chia ma tran, d6 13 cdc phén tir 22, 24, 42 va 44. Néu bd di Yaq tir 4

phan tir niy thi ta thu' dwx ma trdn cha ledi da bo di nhnh 2-4. N6i cdch khéc,

viée dong them nhdnh néi hai nit 2, 4 vio luGi s& twong duong vl viee X€p chong
lén ma trdn Y ma tran sau day:

1fo 0o o o)
2| 0 0 | 2 4
y -) i

| 2 | hay viét gon 2 ( . Y24 (2.18)

3|0 0 0 0 {
4 -1 |

N0 —yy 0 yy
Tiép theo chiing ta nhan xét r?mg ma trin dang viét gon trong.(2. 18) chinh 1
- ma tran téng din nit clia “Iué” chi g_om mot nhanh y,, ndi giita hai nit 2 va 4, Ta
s& poi tit 6 1a mia tréin tong déin wit cria nhanh 24,

Nhur vay ching ta ¢6 thé xdy ding ma trdn Y clia ludi bing cich x&p chéng
cdc ma tran (tong dan niit) clia timg nhdnh. Nhinh vai tdng din v n6i hai ndt m, »
c6 ma trdn t6ng din ndt Ly

m " ’ m n
m ( y - ] m ( | —]J (2.19)
H o\-y ¥y T o A\ Y

-1 . e . L
trong do ma tran 2x2 ( J duge goi W ma tran cdu thanh nhdanh. Khi xép
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chong 1én ma tran Y cla ludi, ta cong céc phin tir cia ma trdn nhdnh vao céc phan
tr ciing tén (hang-cOt) cua ma tran cia ludi. Néu mot niit clia nhdnh chua t6n tai
trong ludi, thi thém mot hang mot ¢t vao ma tran cda ludi. Nhan xét ring phép
cong noi trén tmg vdi viec cong thém dong nhénh méi vao tdng cic dong nhénh
ndi 16 niit lien quan, dé can bang v&i dong nit theo luat ddng dién cia Kirchhoff.

Trudmg hgp mot niit ciia nhdanh dang xét la niit co sd thi s& khong dua viao Y
hang cot (g v&i niit nay. do d6 ma tran clia nhanh x&p chéng suy bi€n thanh mot
gid tri, biing téng din cta nhinh dé.

2.2.2 Truong hop nhdnh c6 hé cam

Xét hai nhanh « va b ndi gilta cfic nit m—u vi p—g ¢6 hd cdm vdi nhau. Quan
h¢ dong 4p giita ching c6 thé bidu dién don gidn qua tng tr& cha mdi nhdnh va
tong trd trmg hd giita cdc nhdnh. Goi (0ng trd cta hai nhanh twong Wng la z, va z,, ,
chn tong 1 tuong hd 1 2y, , ta ¢ quan hé gitra di¢n 4p nhdnh va dong nhénh:

(0
= ) (2.20)
i, IV T AN

Ma train hé sO
trong phuong trinh trén
dugc goi la ma trdn
tong trd nhdnh cha hai
nhinh nay, do 1A ma
tran déi ximg. D4u clia
tong trd twong hd (do
hd cam gita hai nhénh) i —
ro rang phai phu thudc
vio chiéu dong dién
chay trong nhénh. Trén Hinh 2-3
so d6 hinh 2-3 qui ude
dénh ddu cuc tinh cha mdi nhdnh béi mot ddu chdfm & mot ddu cla ndé; néu ¢ hai
ddng nhénh déu di vao ddu ddnh dau thi z), [a dwong.

Tir (2.20) it ra phuong trinh dang dong dién:

a Yul(Ha)] [l
S SYERES SWANA Iy
trong d6 ma trin hé s6 1a ma trgn téng ddn nhdnh clia hai nhinh hd cam, nghich
déo clia ma tran téng trd nhdanh. Ta c6:
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- B r 1

)' (2.22)

g

(ya yM]_[Za ZM] o
Y Vs 2y zazb—:f

Bay gi® ta chuyén céc dai lugng nhédnh trong (2.21) thanh c4c dai luogng nit.
Quan hé giita 4p nhdnh va 4p nit biéu dién nhd mot ma trAn goi 1A ma trdn néi day
A (v€ ma tran nay chdng ta con trd lai trong muc sau):

-
FERS “af

m n p g | U

wY (uy-u\ @ (1 -1 0 O |u, u, | (2.23)
[ub)z[up—uq) T b (o 0 1 —1) w,| A u,
uq uq

i, 1 0

i, -1 0)fi, o[ fa

| = Tl=A" (2.24)
i, 0 1)\, i

i 0 -1 ‘

Ki hieu T chi ma tran chuyén vi, Thay 4p nhdnh trong (2.21) bé&i (2.23) va

nhan (rdi hai v& biéu thic niy véi AT d€ xudt hien dong mit theo (2.24), ta thu
duge:

u i

ATG}a yMJA n — 'n ' (225)
M Vi MP IP
uq iﬁ'

Theo dinh nghia day chinh 13 phuong trinh t6ng din ndt cha hai nhanh hd
cam. Thue hién phép nhan véi ma tran A, phuong trinh trén tré thanh:

Ya  —Va

Y “Vu |l ¥m I
— — u i
ya ya yM yM n — l" (2.26)
Vs Y Yy W up Ip
Y Yu Vb Yo u, iq

Quan s4t phuong trinh trén, nhan thdy ring ta lai ¢6 thé biéu dién ma tran téng
dan nit cia hai nhanh hd cdm diing ma tran ciu thanh nhanh (nhu & muc trude):




40 2. MO HINH NUT CUA LUSI DIEN

m n P g
m [ ] ~] nr ( 1 -1
PRl I WY
2.27
m h P q
o e ()
g \-1 i Y g \-1 I Y

Nhan xét rang & day ta cdn nhdn ma trdn cdu thanh nhdanh véi méi phdn i cia ma
trdn tong dan nhinh ciia hai nhanlt hé cam. Tén cla cac hing va c6t trong ma iran
4x4 nay gan theo qui tac bit ddu di tir ndt c6 dfu cham trude 16i dén niit khong ¢6
ddu chdm ctia mdi nhdnh.

Trudmg hop mot mit nao d6 trong 4 nit 1a nidt co s3, ta bd di hang va ¢ot tuong
img. Mot tinh trang ciing thudmg xay ra 1i hai nhanh hd cam c¢6 mot nit chung. Gia
st 2 vl ¢ 1a ciing mot niit. thi trong hé (2.26) cdc ¢t n v ¢ ¢6 thé cong lai, vi
i, = U, . dOng thii ta cling cong hai hang n va ¢ véi nhau, vi i, va i, bay gidy cling
thuoc vé mot dong nit chung.

Cudi cling hai nhdnh hd cdm s¢ duge ghép vao ludi bing cich x€p chéng ma
tran niit (2.27) clia chiing vao ma tran Y cla ludi, mbi phﬂn tir dugc cong vao phan
tr cling tén trong Y.

Nhu viy ta di thanh lap ma tran t6ng ddn nit clia hai nhdnh hd cim. Cach
thanh 14p ma trin nay ciing hoan toan tuong wr d6i véi trudng hop xét 3 hay nhitu
hon céc nhdnh hd cam 14n nhau. Cu thé ta theo c4c budc sau:

1. Lap ma tran t6ng tré nhanh cia cic nhanh hé cam. Néu ¢ 3 nhanh hd cam 1an
nhau thi ta ¢6 ma tran cfp 3. Phin tr trén dudmg chéo la (6ng trdr riéng clia méi
nhanh, phin tr ngoai duding chéo la tdng tr& twong hé gilra hai nhdnh do hd
cam (co thé bing 0 néu ching khong hd cam truc ti€p véi nhau)

2. Nghich dio ma tran d¢ thu dugc ma tran tdng dan nhdnh. Chd ¥ cap phén tir
ngoal dudmg chéo bing 0 trong ma tran t8ng tréy c6 thé trd nén khéc O trong ma
tran tong din. Piéu d6 c6 nghia ring mac di dong trong nhinh a khong tac
dong dén ap nhdnh b, nhung nguogc lai 4p nhdnh b lai dnh hudng dén dong
nhédnh a, d6 14 do ghép gidn ti€p qua moét nhanh khic thugc nhém cdc nhéinh
dang x¢t.

3. Nhan mbi phdn tir ciia ma tran tdng din nhdnh thu duge véi ma tran cau thanh
nhinh 2x2.

4. Danh tén nit cho hang va cot ma tran thu duge theo cdch sau: Trude tién gén
tén hai hang hai cot cia méi khéi 2x2 trén duding chéo; bit ddu bing @n it ¢
d4nh dau réi dén nidt khong ddnh ddu cha nhdnh tuong tng véi khdi. Sau do
tén hing cot cha cdc khdi ngodi dudng chéo gdan phidt hop vdi en trén khdi
duong chéo.

Cudi cling ta dugc ma tran téng din nit ciia cic nhinh xét, sin sang xép chéng
[&n ma tran clOa ludi.
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2.2.3 Ludi tuong duong cita cdc nhdnh ho cam

Cic nhanh ¢6 hd cam tir ¢6 thé duge biéu dién bdi mot mach dién tuong duong
trong do khong ¢6 lién hé tir giira cdc nhdnh (tte 12 khong con hd cadm).

Ching han xét hai nhanh m-# v p—y ¢6 hd cam, phuong trinh niit c1a ching
cho & (2.26). Dé thdy ring day ciing 1a phuomg trinh ndt ca ludi 16ng din cho trén
hindr 2-4a trong d6 khong cé hd cam.

Chung ta ¢6 thé kiém tra lai k& luan trén bing cdch lap ma tran Y cla ludi
trén hinh 2-4a. Luéi niy bdi vay ¢6 thé dimg d¢ bidu dién trong duong cho hai
nhénh ¢6 hd cam m-n vap—y.

. Yy
M e Iz @ A 0)
. 1 . . T .
Ya Yo Y hj
[] " Ya yM yM )ﬂ-
n 1 q
..yM @
o) b}

Hinh 24

Trutmg hop hai nhanh ¢6 mot niit chung, ching han n-¢q, thi ludi twong duong
trf thinh nhu Aink 2-4b sau khi hgp nhat hai nit 2 va q.

2.2.4 Thidu'"”

Xét ki dign trén hinh 2-5a, sa d6 dién khang trong don vi tuong doi 2 hidu
dién & hink 2-5b, trong do6 hai nhdnh 1-2 va 1-4 ¢6 hd cim vdi dién khang hd cam
bang 0,15. Nhanh mdy phat ndi vao nit 1 va dong co dién noi vao ndt 3. Cac
nhanh nay duge thay (hé€ bdi dién khang clla mdy phat (dong co) va dién khdng cla
may bién 4p, gid tri cho rén su dé. Sic dién dong ciia méy phdt dién bang 1,25 20
trong don vi tuong ddi va dién 4p trong ctia dong co dién bing 0,85 7Z-45".

it

Thi du nay dua theo [6]

2 Vi dign dp co so & mdi phia cla may bign dp i 12 vdi hé s6 bign dp va so dé khéng bao gbm
iy bidn dp i tudng nita.
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2
N
1Ll
1 4 3
(5 j1,15
+
0,85 £-45° _
(a) - (b)
Hinh 2-5
2 2
~j6,2
375
1

-16.25

1.02-90° 0.082-135"

o

{a) {b)
Hinh 2-6

Pé sit dung phuong trinh dong mit, sau khi ghép n6i tiép dién khdng méy phat
va dong co véi dién khdng mdy bi€n 4p, ta thay the ngudn dp dd cho G it 1 va 3
hing nguon dong twong duong va téng din sun theo cong thirc (2.1). Tiép theo xé4c
dinh (8ng din c4c nhdnh dudng day bing cdch nghich dao téng trd nhinh. Riéng
d6i v&i hai nhanh c¢6 hd cam, cdn nghich ddo ma tran dng trd nhénh theo cong
thite (2.22).
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Sir dung cong thitc niy, tinh nghich ddo clia ma tran t8ng tr& nhénh, ta ducc
ma (rin 16ng din nhanh cla hai nhdnh hé cam 1-2 va 1-4:

1025 7015\ ' (-j6.25 j3.75
(J J ) =( J J ] 2.28)

jO,15  j0,25 J3.75  —j6.25

Két qua duge so dd tdng din cho trén hinh 2-6a. Hai nhdnh hd cam sé duge
thay (h& bdi so d6 twong duwong khong hd cam vé trén hinh 2-6b. Ché ¥ cuc tinh
nthanh hd cam trudc khi v& so d6 nay.

Thay so do nay
vao vi trf hai nhanh
1-2 va 1-4 trong
hinh 2-6a va ghép
ciac téng din song
song, ta thu dugc so
d6 hinh 2-7. Bay
giy tir so d6 nay
(khong con hd cam) -j2,5 -j2,5
ta dan ra phuong 4
trinh nat sau day (vi
ma tran clia phuong
trinh la d6i xding 3 %
nén ta chi viét phin 7
tam gidc trén):

1,0£-90° 0,682-135"

Hinh 2-7
-j580  j2,50 0 j2,50 Y u, 1,002 —90°
—j19.25 5,00 JIL75 |uy | 0 2.29)
- 78,30  j2,50 || u, 0,68 /135"
-j16,75/\u, 0

Khi tinh todn trén mdy tinh, ¢4 thé c6 lgi hon néu sir dung phuong phap xé&p
chéng ma tran t6ng din nit cla céc phdn tir ludi nhu trinh bay trong muc 2.2.1 va
2.2.2. Khi dé d6i véi hai nhanh hé cam, ta c6 ma tran dang (2.27); hau § thit o nuit
trong mdi khai (tir trén xudng va tir trdi qua phai) bt diu tir niit c6 ddnh dau cue
tinh: :
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| 4 1 2
1 ( I _l}(_j6,25) ( ! ‘lj(jB,?S)
4 -1 | 1

‘ ( ‘ "](_13,75) ( ! —‘)(./6,25)
2 =1 | -1 )

Vi hai nhénh ¢ nidt chung 1a nat 1, ta cong cdc hang | va ¢ot 1 trong ma tran
trén, két gqud duge ma trin tong dfin cla hai nhanh niy (ma tran d&i ximg):

(2.30)

1 2 4
U (2(-j625)+2(3.75) - j3.765+ /625 j6.25— j3.75
q
2 ~ j6.25 3,75 (24D
4 - j6,25

Ma tran nay chinh [ ma tran t6ng din nit cta so dé hinh 2-6b.

Phuong phép xép chong cdc ma trin cia phin tir cling ¢6 ich trong viéc thay
déi cqp nhat ma tran Y khi 6 mot vai thay ddi trong ludi. Theo phuong phép nay,
khi dong them mdt nhianh vio ludi dién, ta chi cdn cong ma trin ctia nhénh vio ma
trin cla ludi. Nguge lai khi cat bd mot nhanh, ta trir ma tran clia nhanh nay vao Y.
Ta ciing c6 thé thay d6i gid tri tong din cla mot nhanh trong ludi bing cach ghép
thém mot nhanh mdi song song, sao cho tdng cha hai 16ng ddn song song cho gid
tri mong mudn. Tnh todn trén ma trin, ta ciing don gian x&p chdng ma tran cha
nhdnh song song mdi 1én ma tran Y cda ludi siin 6 theo nhimg qui tac thiét lap
trong muc 2.2.1 v 2.2.2. Cic qui 1dc nay ciing 4p dung d6i v&i nhanh c6 hd cam.
Chiing ta ciing ¢6 thé suy ra cdc hiéu chinh ¢dn 1im trén ma tran 16ng din nit cha
Irdi doi vai cdc thay déi dic biét. Ching han d€ cit ¢hi mot trong hai nhanh hd
cdm, ta 6 thé trude tién cit ci hai nhanh (trir di ma tran dang (2.27)), r6i déng lai
mol nhanh (cong vao ma triin dang (2.19)).

2.2.5 Biéu dién ma trén tong din nit cua luéi ding ma tran néi
day nit-nhdnh

Trong muc 2.2.2, d¢é xay dung phuong trinh mit cho hai nhdnh (hé cim),
ching fa da xudt phét tr phuong trinh nhanh (2.20), (2.21) mo ta quan hé gida
dong nhdnh va dp nhdnh. Thil tuc dé s& duge 16ng quat hod trong muc niy dé xay
dung phuong trinh nit cho ludi dién bar ki.

Xét ludi dién c6 B nhdnh vd N+1 mit. BE cho cu thé ta 14y thi du ludi dién
hinh 2-5, v&i B=7 vii N=4, dugc v& lai trén hinh 2-8 dang graph niit nhanh.
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Tir s0 liéu vé t6ng trd cia mbi
nhinh vi tong trd tuong hd giita céc
nhanh (néu ¢d), ta dinh nghia m trdn
tong trd nhdanh Z; cla ludi. Ma tran ny
¢6 kich thuée BxB: trén duong chéo
chinh dat cdc dng tr& rieng cta mbi
nhanh, ngoai dudmg chéo la s6 O hoic
16ng 10 tuong hd gita hai nhdnh. Dat
tén 7 nhanh cia ludi dang xét boi cac
chit c4i tir ¢ dén g, hai nhdnh b va ¢ ¢6

hé cim dat 1en lién nhau, ta ¢6:

Hinh 2-8

)

(2.32)

Ma tran nay 1a két qua cia viéc ghép cdc phuong trinh nhanh dang u, = 7.,
hoac dang (2.20). Goi u; vaiy 1a vecto 4p vi dong nhanh, 1a cé phuong trinh:

Z,i=u,

(2.33)

Nghich ddo Z, bang cdch nghich dio cac phan tr trén dudng chéo hodc ma

tran con trén duomg chéo, suy ra:

Yu, =i,

trong d6 ma trdn téng ddn nhanlr:

Yb YM
b A Yc

Ya

Y.

(2.34)

(2.35)

Ve
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C4c phin tr Y, Y. dugc viét bing chif hoa dé hiéu ring ching khong phai bing
nghich déo ciia téng tr& rieng clia nhdnh b va ¢, ma duge tinh theo (2.22).

Bay gid gifng nhur da lam & muc 2.2.2 ta s& chuyén phuong trinh nhanh (2.35)
sang phuong trinh niit. Mudn the ta phai bigt cdu hinh cta ludi, tivc 1a cfu tnic ndi
nit - nhanh cia ludi. That vay hé phuong trinh mit cla luéi phu thudc vao cach
chip ndi cdc nhdnh va it dé tao thanh ludi dién, trong khi hé phuong trinh nhanh
khong phu thudc vao diéu dé. Vi thé thudmg goi cdc phuong trinh nhdnh va ma tran
téng tr( hay t6ng din nhdnh, ciing nhu céc phin tir ca ching 1a cdc dai lugng
nguvén thuy, so cdp (primitive ).

C#u hinh (topology) cta lugi di¢n duge mo td bdi graph cha ludi (hinh 2-8)
trong d6 mdi nhanh duge qui vdc mot chiéu duong cla dong dién. Trén graph cé
thé dinh nghia mot cdy, 1a mot graph con gbm mot s6 nhanh ndi 14t ca cdc it
nhung khong tao ra vong kin. Ta ¢6 thé chon c4c cay khdc nhau, ching han (hinh
2-8) gém céc nhanh b,c,.f,a hay b,d.f.g v.v.. Sau khi x4c dinh cdy, cAc nhanh con lai
goi la bu cdy, déng mbi nhanh nay vao ciy sé tao nén mot vong kin. Mot graph
N+1 nit va B nhdnh s& ¢6 N nhanh cay vad B-N nhdnh bii ciy (bing s6 vong kin
doc ldp).

Mot graph c¢6 thé dugc mo tad bdi ma trdn ndi niit-nhdnh (branch- to- node
incidence matrix) A, kich thirde BxN, tic 1a ¢é hang tng vdi nhanh va cot ding vdi

it (thudng khong mo ta nit co sd). Phan tlt a;; cia A 12 cdc 36 O hodc 1 va theo
qui tic sau day:

J G néu nhédnh i khong ndi truc iép téi niit |
a, =1 néu nhanh i néi véi niit j va c6 chiéu ra khoi nidt j (2.36)
-1 néu nhénh i ndi véi nit j va ¢6 chiéu téi ndt j

P61 véi graph trén hinh 2-8 ta co:

123 4
a (1 0 0 0
b |1 -1 0 0
¢ |1 0 0 -1
A=g o 1 0 -1 @37
e 10 -1 1 0
|0 1 -1
g LO O 1 0

Nhu vy ta di t6ng quat hod mot ma tran ndi day niit-nhdnh, nhu dé gap trong
phuang trinh (2.23).
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Nhan xét ring m&i hang cia A - tmg v6i mot nhanh- chi c6 hai phdn tir khéc 0
vala +1 va -1; trir hang tng v&i nhanh néi t6i niit co s& chi c6 mot phan tir khdc 0.

Sau khi dd mo ta cflu hinh cla luéi bAng ma trAn néi nit-nhénh, ta c6 thé viét
quan hé giita bién nhdnh va bién nit nhu sau:

u, = Au (2.38)
i= AT, (2.39)

trong d6 AT 12 ma tran chuyén vi. C6 thé d& dang kiém tra lai cc phuong trinh nay
trén thi du luéi dién & hinh 2-8. M&i phuong trinh trong (2.38) biéu di&n mot dién
4p nhdnh nhir 12 hiéu cha hai dién 4p nit cla nhénh d6. D€ ¥ ring Vi ta khong dua
¢Ot ing v&i niit co 56 vio A nén dién 4p cdc nhénh ndi vdi nit nay tinh theo (2.38)
bing chinh dién 4p nit & d4u kia clia nhinh. Pi€u d6 c6 nghia ring dién 4p nit
duge tinh tuong d6i so véi niit ca sd. Con mdi phuong trinh trong hée (2.39) biéu
dién mot dong nit nhw 12 téng (dai $6) clia cdc dong nhénh ndi t6i nit dé, day
chinh 14 phuong trinh biéu dién luat dong dién cha Kirchhoff (luat Kirchhoff 1).
Pai véi niit co s@, cling 14 mit cAn bdng dong, khong viét phuong trinh nay. Theo
qui uSc ddu phdn tir cla A, dong nhinh di ra khéi nit sé tham gia vao phuong trinh
véi dau duong, do dé ta phai 14y ddu duong cho dong mit khi né di vao ludi (truomg
hop ngudn dién) dé thoa man diéu kién cin bing dong ¢ nit. Chd ¥ ma trin A
khéng vudng, ing vdi s6 phin tir cla vecto bién (dong, dp) nit va nhanh 13 khac
nhau (do d6 ta khong thé suy ra 4p nit va ddng nhénh tir cdc phuong trinh nay).
(2.38) va (2.39) 1a dang tong quét clia cdc phuong trinh (2.23) va (2.24).

Nhd cdc phuong trinh ndy bay gidy ta c6 thé chuyén quan hé nguyén thuy
dong-dp nhénh (i quan h¢ dong-ap nit, véi cdu hinh luéi A da cho. Thay u, trong
phuong trinh (2.34) Y,u, =i, theo (2.38) va nhan tri (2.34) vdi AT ta c6:

ATY Au=A"j (2.40)
V§& phai chinh bing vecto dong niit i, tic 1a:

(ATY,A) u =i (2.41)

RS rang day 1a phuong trinh nit, ma trdn hé s6 chinh 12 ma tran téng din ndit.
Viy ta ¢ cong thifc sau cho ma trin nay:

Y=A"YA (2.42)

Trong tich ma tran & v€ phai, cdc ma trin AT, Y, va A lan lugt ¢6 kich thude
NxB, BxB va BxN, do dé Y ¢6 kich thuéc NxN diing nhu ta chd dgi. Day 1a cong
thitfc ma tran biéu dién Y theo ma trdn nhdnh (nguyén thuy). Tir cong thitc nay ta
lai thiy Y 14 vudng va doi xing; that vay 14y chuyén vi thi v€ phal cOng thitc trén
khong thay ddi vi Y, d6i xing.
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bhﬁng ta c6 thé kiém tra lai cong thic, ding cdc ma tran Y, A va Y, cha ludi
dién & thi du trén.

2.3 Tinh chét thua cua ma trén t8ng déan nat va phuong
phéap khai trién theo thit ty t6i uu khi gidl hé phuong trinh
tuyén tinh thua

M@ hinh niit v6i ma tran tong dén nidt Y s& cho phép mo ta vi khéo sét nhiéu
bai todn phan tich h¢ thong dign. Day la mot ma tran phitc, d6i ximg va cé kich
thude Lon d6i vai cde ludi dién thyc 18, Qua that s hang (c6t) cha Y, bing s nut
cua luGi dién, dat dén hang triim hoac hang nghin. b6 ching han sg la s6 phucng
trinh nut phii giai dé xdc dinh phan bd dién ap trong ludi. Hai thach thitc 1én gap
phii khi gidi bai toan Ion nhu vay- di sir dung cong cu tinh todn hién dai- 1a thoi
gian tindt toan va véu cdu luw trit khéi lugng 1én dir licu ciing nhu cic két qua tinh
todn trung gian phuc vu cho qud trinh gidi. Ngoai ra do tin cay thu duge I giai va
dd chinh xédc clia né ciing bi anh hudng nhiéu khi khéi luong tinh todn tang lén.

Vige doi hdi gidm thidu thdi gian tinh todn phan tich he théng cdn duge dat ra
b yeu cu kiém sodt vi diéu khién nhanh HTD.

Trong muc nity chiing ta dé cap dén mot dac diém rét guan trong ctia ma tran
Y, cho phép gidm nhe khéi lugng tinh todn va luu trir khi gidi phuong trinh dién 4p
nidt ciing nhu cdc hé phuong trinh din xuat i h¢ nay. D6 la viéc ma tran Y thue &
¢6 da s6 cdc phan (& bang 0. That vy ta biét ring 16ng din twong hd giira hai niit
s¢ hing (0 néu khéng t6n tai nhanh nd tryc ti€p hai nidt d6 (ngoai trir trudmg hop
16n tai hd cam gita cde nhanh ndi t6i chiing). Trong luéi dién thyc 1€, trung binh
chi ¢6 3 dudmg day néi vao méot ndt, vy thi mdi hang (cot) clia Y trung binh chi c¢o
4 phin tir khic 0 (3 t16ng dén twong hé va | téng din riéng trén dudmg chéo chinh).
N ludi dién c6 100 niit (hi 96 phén nir con lai clia mdi hang s& bing 0 (néu khong
¢d hd cam). Nhu vay s6 phéan tr khdc 0 chi chiém 4 %. N&u ludi €& 1000 nit, thi
con s6 niy chi 1a bon phin nghin. Ta ndi réng ma trdn 'Y rdt thi (sparse). Thuc (&
niy dan 1 cAc AT thugt xi i me tren thiea nhim cdc muc téu sau:

*  Loai trir viée luu trit va tinh todn véi céc phan tir 0

* Han ch€ viéc dién them cac phén tir khdc 0 vio Y trong qua trinh tinh todn trén
ma trin nay.

Trudc tién chiing ta ¢6 thé chi lwu trit céc phan tir khic 0 ctia ma trn ban ddu.
Néu ma tran déi ximg thi chi luu trir chéng han phdn tam gidc trén. Hinh 2-9 minh
hoa phiong phap luu trit theo hang. Céc phin tit khéc 0 (ddnh ddu b X) trong tam
gidc trén clia ma tran hinh 2-9a duge dat trong hai vecto.
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1234 567 8_' y“ 1 o y|2 2
X|X I X Y2 3 Yis 8
X[X X[X 1 \ Yo | 7
X XX — R
X X y44 7 YZB
X|X yss | 8 Y ;
x[X[X[X[X Yeo | 9 Yag -
XX T XX V7 Yao >
xIXIx[ | X[ Yen J30
Y67 7
Yos g
(a) ' (k)
Hinh 2-9

Vecto thit nhdt chita cac phin tir dudmg chéo (thudmg 1 khac 0). Kém theo ¢6
mdL veetd con tré cho biét cdc phin tir ngoai duding chéo cla hang tuong g duoc
X€Ep tr vi tri nao trong vecto thit hai. Vecto thit hai nay ciing di kém vdi mot vecto
con trd chi rd vi tri cOt cla phdn 1 twong ving.

Nhu vay ngoai s6 6 nhé diing dé c4t giit cdc phdn tir khic O cha ma tran, ta cin
mot s6 lugng tuong duong 6 nhd (nhung kich thude bé hon) dé cat git céc thong
tin con tr6 cho biét vi tri clla mdi phdn tir. Gid phéi trd cho sy tiét kiém bo nhd 1a
viéc doi hoi mot thuat todn danh cho truong hop phai thye hién hodn vi hang va
cOt. Viée xudit hién cde phin tir khdc 0 khéc trong qué trinh tinh todn ciing gay kho
khan.

Dé minh hoa hién tugng dién them (céc phédn tr khéc 0) trong qua trinh khir
Gauss hoac khai trién tam gidc, ta xét ludi dién va ma tran Y cia n6 trén hinh 2.10.

1 2 3 45

4 5 1 (x x x 4
2 x x x x
2 | x x 3
X X X X
I 3 |x X =
4 | x x x x
4 | x X
1 5 \x x x x
2 5 \x X

Hinh 2.10
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Cic phdn tir khic O trong Y biéu dién boi ddu “X”. Bude thit nhét khir x; ta
tinh lai céc phén tir tir hang 2 ctia ma tran theo cong thife:

YiIYIj
Fa

Ymﬁl Y _

Duphﬂntlrcu Y,_,—O ph&ntumél c6 thé khdc O néu Y;, #0vaY; #0,c6
nghia [ t6n tai nhdnh nGi cdc mit i va j véi niit bi khir 1. Sau khi khir it l ta duge
ma tran c4p 4 nhu trén hinh 2.10 (bd hang cot 1). So v6i ma tran ban d4u, it ci céc
vi tri O (c4c phén tlr ngoai dudmg chéo) di bi dién ddy.

Bay gid néu ta ddnh s6 lai cic mit clia ludi nhu trén hinh 2.11, thi ma tran
khong bi dién thém sau khi khir x;.

1 2 3 4 5 :
2
1 1 (x « 2 3 4 5
2 (x
2 X X 3
X X
5 3 X x| =
4 X X
4 X X
5 A\x ox x x
4 3 5 \x x x % x

Hinh 2.11

Khir bién cling twong duong véi khir mit trén graph lu6i dién bing bign ddi
sao-tam gidc. Ta c6 thé mo ti qué trinh khir nit ¢ng véi hai cdch dénh s6 nit néu
trén nhu & hinh 2.12.

1 2 2
s 5 5 5
4 N4 3 4 3 4

3 23 2 3

Hinh 2.12
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Nhir d3 nhan xét & trén, khi khir mot niit & ludi dién sé thay déi nhu sau:
¢ BO niit k va cdc nhdnh ndi tdi niit nay

¢ Thém nhanh mdi néi hai nit i, / n€u hai nit nay duge néi tnrc ti€p dén k (néu
nhénh i—j di t6n tai thi chi thay ddi tdng din cha nd).

Do d6 dé han ché dién thém phén tif khac O vio ma trin sau khi khir, dng véi
viéc xuit hién nhdnh méi trong ludi, ta nén khir nit dwge ndi hinh tia, hoac néu
khong thi duge n6i véi it nhdnh nhat. Mot cdch chinh x4c hon, ta nén khit nit c6 s6
lrong cap nidt ndi vai né nhung khong ndi véi nhau la it nhat.

Nguyen téc khi 167 wu nhu vay xhd don gidn tuy nhién viéc 14p trinh né hoan
toan khong don gian; do phiic tap phu thude vao thuat todn logic phai thuc hién
trén graph, d6ng thdi phu thuge phuong phéip hru trit da lira chon.

Nhin chung viéc giai hé tuyén tinh thwa bing phuong phap khai trién tam gidc
(khir Gauss) cé thé bit ddu bdi mot giai doan goi la khai trién logic bao gbm ddnh
56 161 wu phuong trinh va 4n (tuong Ung v6i ddnh s6 nit clia ludi) - tic 1a tim mot
thit e khut 167 wu, ciing nhu du tra céc vi trf nhd cin thiét cho cfu tric cla cac ma
tran L va U.

Trong thuc t€ cic thuat todn mdy tinh khai trién theo thir ty 181 wu (OOF:
Optimally Ordered Factorization), vi mot cong sic tinh todn chfp nhan duogc,
thudmg chi cho moét két qué gén t6i wu. Nhidu chu‘cmg trinh mdy tinh d4 1t dung so
d6 khir t61 wu clia Tmney (37} trong d6 goi ¥ 3 tiéu chufin sau x&p theo mic do
phtc tap va hi¢u qua ting 1én:

. Trudc khi ti€n hanh khit, dinh s6 cic hing cha ma tran theo s8 cdc phin ur
khéc O tang ddn. Viéc khir sau d6 s& thie hién theo thi tu nay.

2. Chién luoc dong: 8 mdi budc khir chon hang ¢6 it phan tir khdc 0 nhat. Nhu
vay phéi tinh dén sy dién them x4y ra sau mdi 14n khir bién.

3. Ding chién luge dong nhimg chon hang & méi budc theo tiéu chudn dién thém
it nhat.

Lién quan dén viéc sir dung thuat todn OOF ching ta phai nhdn manh ¥ nghia
cla cdc he xdc dinh duong. That vy n€u ma tran cia hé¢ khong phdi 1a xdc dinh
duong thi d€ bio dim 6n dinh s6 cho qué trinh khai trién LU, ta cdn phéi lva chon
phén tit ch6t (plvotmg) Nhur vay ta khong con & do chon thit tu khir t8i wu. Nguge
© lai vm ma tran xac dinh duwong, vin dé 8n dinh khong cdn phai dat ra khi khai trién
LLT va la khong cin thuc hién plvotmg Thuat toan OOF c6 thé thuc hién giai doan
khai trién logic doc 1ap vdi glal doan khai trién s¢ (tinh todn s6). Nhu da nhan xét
& trén, trong giai doan Khai trién logic, bing céc thuat todn trén graph [1] ta c6 thé
Ira chon thit ty “t6i wu” theo c4c chién luge cia OOF dong thoi véi vige di bdo
cdc vi tri dién thém. Do dé6 kh dy tri c4c vi trf nhd ¢é chita cdc phén tir khéc 0 cla
ma tran thua (ciing ding d€ chita ma tran L vé sau), ta ¢6 thé danh sin vi trf cho
cdc phin tlr sé duge dién them. Nhu vay s& trinh duge viéc sau nay phdi “chen”
thém phan tir méi vao bang, kéo theo né phai dich chuyén vi tri t4t ca céc phin tir
dimg sau rét phic tap. Noi tom }ai cdc h¢ xdc dinh duong va thua (nhu ta s€ gip kKhi
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nghién cifu bai todn giai tich ludi dién) cho phép dp dung céc phuong phap gidi ¢6
hiéu qué cao vé nhiéu mat.

2.4 Cap nhat khai tién tam giac cla Y khi déng (cat)
mot nhanh

Khi déng cét mot nhdnh nao d6 trong ludi dién, ma tran tong din nit Y chi
thay d6i nhd va ta c6 thé cap nhat khai trién tam gidc clia n6 theo sy thay d6i nay
mi khong cin tién hanh khai trién lai.

Sy thay ddi nho trong Y khi déng thém mot nhanh ¢6 téng din y vao giita hal
niit p-¢ nhu di trinh bay & muc 2.2 ¢6 thé biéu dién nhu sau:

T

Y’=Y+caa (2.43)

trong 46 Y’ |a ma tran tong dan ndt mdi, ¢ = 2y, vecly cot a c6 cac phan tir 0 ngoai
trit @, = 1/¥2 va a, = — 1/¥2 (chon nhur vay a s& 6 do dai bang 1).

Gia sir da cho khai (nén Cholesky Y = LDLT. Ta tinh toén vecto b thoa mén:
Lb=a (2.44)
Bay gid¥ cd thé viét:
Y’ =LDL"+cLb b'L" (2.45)
=L(D+cbb" )L’
Goi ma tran trong ngoic Ja E va gi st ¢6 khai trién:
E=D+cbb’'=L’D L (2.46)
thay vio (2.45) ta nit ra khai trién méi clia Y*:
Y =(LL)D (LTLT):=AD AT (2.47)
A=LL"
Viéc tinh toan L’, D’ trd nén don gian nho st dung céc cong thitc sau day. Goi

d;. d;, by wong (g 1a phdn ur cla ma tran dudng chéo D, D’ va vecto b, ta dinh
nghia thém hai dai lugng:
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J-1
_ r 2
h, = > d)c;
k=)

(2.48)
¢, =b(c-h)ld;
Bay gity ¢6 thé chimg minh duge cdc cOng thifc sau:
Ly =by¢
d} =d;+ b} (¢ —I) (2.49)

_ r 22
h.=h_ +d; c;,
, Tinh todn bét ddu tir j=1, tinh h; , ¢; , &’; , L’;; v.v.. Céc phén tlt cha ma tran
A = LL’ ciing ¢6 thé tinh todn phéi hgp theo mot trinh ty dac biét dé giam bét s@
phép tinh [1].

2.5 Khi nat va bién déi tuong duong trong ludi dién

Nhu dd nhan xét, khir Gauss trén hé phuong trinh nit déng nhat véi khir nit
trong ludi dién. Ching ta s€ nhin né khong chi nhu mot thi thuat gidi hé phuong
trinh niy, ma rong hon nhu mot phuong phép bién ddi tuong dwong Tudi dign.

Bién d6i twong duong ludi dién 14 mot yéu cdu dat ra trong nhidu bai todn
phan tich HTD. Don gian nhdt khi tién hanh khir mot s8 mit trung gian tai d6
khong ¢6 ngudn (mdy phat hogic phu tai) va tai do ta khong quan tam dén dién 4p.
C4 thé khir 18n Iuot timg nit nhu trong thuat todn khir Gauss, hodic khir d6ng thdi
nhiéu niit. Gia st hé phirong trinh mit duge phan khoi nhu sau:

v )=
Y, Y, \u,/) Ay, S

trong d6 U, , 1, 1a céc vecto con (g vidi cdc niit khong duge quan tam (I, ¢6 thé
hang 0), con ma tran Y duoc phan 1am 4 ma trAn con ung v&i hai loai mit 1 va 2.
bién 4p 14y gid tri tuong d6i so vdi nit co s& 0 do d6 cac thanh phan vdi i, trong
(2.13) ba tridt tiéu.

Néu Y, (ma tran vuong) 1a kha nghich thi ta cé thé khir U, bing cach rit U, tr
phuong trinh th hai va thay vao phuong trinh thif nhat. Cy thé tir phuwong trinh thir
hai:

Y3U1 +Y4U2=Iz

ta ¢6 néu Y4 khd nghich:
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U, = Ys;llz - Y;lel’l
Thay vao phuong trinh thit nhdt ta ¢6:

Y, U, +Y,(Y,;'L,-Y,'Y,U,)=1,
hay
(Y, -Y,Y,'Y,) U, =L, -Y,Y;' I, @2.51)
D6 12 he mai dd khir U, N6 c6 dang phuong trinh nitit chia riéng cic niit ¢6 chi

56 1. Ma tran (Y1 -Y,Y, lY,) 12 ma tran t6ng din nit cha lu6i tuong duong chi
g6m cédc nit s6 1, ta ki hi¢u 1a Y

Y= (Y, - V,Y,'Y,) (2.52)

Vi Y, Y4 12 d6 xing va
Y, =Y, dodsddthily Y, =Y, Lusi A Lui
tifc-Yq cling 1a ma trin déi ximg. Ta trong ‘ ngoai
ciing nhan xét ring dong & céc niit bi
khit I, (nfu ¢6) vln tham gia vio '/'-_
Iréi twong duong (luGi nit gon) nhuw ;
mot thanh phdn méi cua dong J cdc I b €
mit s6' 1.

(a)

Phuong phdp nit gon tuong
duong ludi dién nay duge goi la rar
gon Kron hoac tuong duong Ward Ludi
[38] 12 mot trong cdc phuong phap | trong
twong dwong hod duge st dung tir '
lau trong phan tich ludi dién. Ngay g :
nay khi xudt hién céc he thong di¢én ™~
hop nhdt kich thudc 16n thi phwong _ E—
phdp nay lai cé nhiéu tng dung Y
khéng nhimg trong cdc bai todn tinh (b)

(nhu gidi tich ludi dién), ma dic bigt

trong céc 4p dung gidm st va diéu

khién hé thong. Mot phuong phép - ' Hinh 2-13
nit gon twong duong khéc cing duge

sir dung song song véi phuong phép

nay 12 phwong phip REI (xem muc 7.6.3).

4

He thong dién lén trong thue t& thudng dwge quan 1 phan tan, ching han mot
cong ti dién luc chi quan Ii mot phin cia luGi dién hgp nhét, duge goi 1a fudy dién
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trong. Phin con lai goi Ii ludi ngodi, chi duge quah tam trén phuong dién nhimg
dnh hudng clia n 16 ludi trong ma thoi. Trén hinh 2.13a udi trong bao gém céc
niit 7 va cdc nit bién b, ludi ngoai gbm céc niit e.

Phuong trinh mit duoc phan khéi nhu sau:

Yll Yib UI [I
Yu (Yo [+ Y5 Yo || U,|=|1, (2.53)
Yel Yee Ue le

trong d6 Y,, la ma tran dudng chéo, mbi phin 1l trén dudng chéo 1a téng cic tdng
din ndi nit bién b vdi céc niit ngodi. Nhu vay né 1a mot phén cia téng din rieng
clia nit bién.

. Bay gid ta s& khir cdc mit ngodi e biing cich rit U, tir phuong trinh cu6i ciing
va thay vao phuong trinh thir hai, dAn dén hé nit gon:

[Yﬁ Y, J[Uij_( K ] (2.54)
Yy Yo +Y AU AL -1, .

trong d6 ma tran téng din Y., tng vdi ludi twong duong cha lwdi ngoai, ludi twong
duong nay thudng 12 mot graph ddy (c6 nhanh n6i tryc ti€p gilta moi nit) lién he
cdc niit bién (hinh 2-13b). Do 46 ma trén Y, 12 ddy:

Y, =Y, -Y.Y.Y, _ (2.55)
con I, 1a vecto ngudn twong duong ciea ludi ngoai, dit vao cic niit b:
L, =Y, Y./, (2.56)

Nhur vay ludi ngoai guge thay the tuong duong boi mot thanh phén thu déng 1a
Y., khong d6i va mot thanh phdn ngudn dong niit 1a I, phu thuoc vao ché do lam
viec cha né (ludi ngoai). Nhan xét ring tuy s6 niit dwge gidm di trong ludi twong
duong nlimg bil lai xudt hién nhédnh néi giita moi nit bién.

Cong thitc nit gon Kron (2.52), gidng nhu khir Gauss, c6 thé gﬁp véin dé vé do
chinh x4c khi Y4 c6 gid tni nhé gay khuéch dai 16n sai s8 clia Y.t
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2.6 Ma tén téng trd nit

Ta da biét ring ma tran t8ng din nit Y cla luét dién trong thuc & 1a rdt thua
va duge xay dung kh4 dé dang. Nguoe lai ma tran tdng tré nit Z=Y ™ thudmg 1a
ddy va cdn nhiéu cong sitc d€ xé4c dinh. Déng thdi ma tran Z chita nhiéu thong tin
hon, tic 12 né cho nhiéu hiéu bigt hon vé luéi dién. Vai trd clia ma tran Z chi yéu
1a & trong bai todn tinh todn su 6.

Ma tran Z d6i xtmg nhu Y, phén tr trén dudng chéo chinh Zy, goi 1 téng trd
riéng (driving- point impedance) cla niit k, phin tir ngoai dudng chéo Z,, goi 1a
" tong trd titomg hé hay truvén (transfering) giita k va m,

2.6.1 Mot dinh nghia cia tong ddn niit va téng tro niit

Téng din va téng trd niit 1a cdc théng sé ludi khong phu thudc vao ché do lam
viec. Nguge lai ché do dién cha ludi sé phu thudc vao cdc thong s6 nay. Vi thé dua
theo ché do dong 4p ta cling 6 thé suy ra thong s6 ludi, vi ddy chinh li tiép can sé&
duge khdo sat trong muc ndy. Duéi day ta s& viét cac cong thirc ddnh gid tdng din
va t6ng trd nut tr cdc “thi nghiém dién” trén ludi.

Xét phuong trinh nidt Yu = i trong dé dién 4p do so vdi niit co sd. Dong nit &
nidt & nao d6 sé bing tich (vo hudng) clia hang & cha Y va vecto u:

ip=Yuup + Youp +.o 4 Yl +. o+ Yiu,

Néu bay gits ta néi ngin t6i mit co s& (nidt can bing dong) tdt ci cic nit, trix
moOt niit m nao d6, thi frong g trong phuong trinh trén tdt ca cdc s6 hang s trigt
tieu vi dién 4p bing O, trir s6 hang tng vdi dién ap u,,. Khi d6 ta c6 thé nit ra gia tri
t8ng dén tuong hd gilta niit m va niit k (Yy,) dua theo 4p trén nit khong bi ni ngin
nay va dong i’

i, _
Y, = =Y, - (2.57)
Py, =0 djzm
con téng dn rieng cla nit:
i
Y, =+ (2.58)
uk uy=0 ik

Xét ludi dién hinh 2. 14, néu ta n6i ngin cdc nit 2 va 3 thi ta c6:
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s » Yottt s
]

fa) (b)
Hinh 2-14
Yn =1 /ul
Y,y =i, /u ¢ véiu, =u; =0
Y, =i lu,

Nhu vay tir ché do dién & hinh 2.14b ta ddnh gid duge cot 1 cha Y (ciing la
hang I). -

RS rang dong i; chdy qua 3 nhanh song song 1-0, 1-2 va 1-3 dat dudi dién dp
u,, do dé Y;, chinh bing téng cic téng din 3 nhdnh niy, nhu qui tic x4c dinh tdng
din riéng cia ndt ma ta da biét (trudmg hop khong ¢6 hé cadm). V& phin minh,
dong i, chi chay qua nhinh 1-2, dat duéi dién 4p u;, do d6 Y,; chinh bing t6ng
dan nhianh 1-2 nhung véi ddu nguoe lai vi thue t€ dong i, ¢6 chiéu di ra khéi nit
tie la coi #,<0.

Tuong tw mbi cot (hang) cua Y s& dugce xdc dinh bai mot “thi nghiém dién”.
Bay gio d6i véi ma tran 18ng tré niit, tir phuong trinh Zi = v ta ¢6 thé tinh:
= ka

{;=0Y=m

(2.59)

A
k=0 vk

Khéc vdi khi tinh Y, ta Ad mach moi dong nuit trir mot mit trong ludi. Do do
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céc phén tir cia Z khong phai 13 nghich ddo phén tir cia Y ' va xéc dinh khé hon,
nhu minh hoa trén lu6i dién don gian hinh 2.15 (trén c4c nhanh cho tdng &)™ .

Theo cong thifc trén dé 3
xdc dinh cot m (bing hang . v
m) clia Z, ta hd mach moi  / I_—,Yv\ | 2

RN L j0,03 ) 10,04

ddng nat, trir dong nidt m.
Ch? mat giéjl tri ct'{a r.'fl, 140 3+0 2+j0
chang han i,=/ thi céic
phin fr coa c6t m coa Z o - b
chinh bing gid tri dién 4p
tai cdc nit (do so véi niit Hinh 2-15
¢an bang dong).

Vi dy xédc dinh cOt (hang) | cla Z cho ludi hinh 2.15. Dat {;=1, i;=i;=0. Dién
ap u; bdng {; nhan véi téng trd vao cla ludi nhin tir nit 1 (t6ng trd wrong duong
coa ludi do gitra nit 1 va mit 0). Do dé ghép song song - n6i tiép, ta c6:

u, = Z,, = 1] [ /0.03+3](j0,04 +2)| = 05457+ jo,009169

bé xdc dinh u;=Z3,=Z,; ta tinh ddong trén nhanh 1-3:

u
=i —i, =1-—=04543— j0,009169
1

13 1
Tir dé:

u, =27y, = Zyy =iy [3] Go.04+ 2)|= 05454 - j0,004461
Tinh trong tu: |

u, = Z,, = Z,y =iy, x 2= 0,5451— j0,01536

2.6.2 Matrén Z va tong tro Thevenin

Trong muc nay khi phan tich méi quan he gitta téng tr& niit va tong try
Thevenin, ta s& thy ma trAn Z cung cfp nhiéu thong tin rdt quan trong vé ludi
dién. Trudce hét ching ta nhic la dinh If Thevenin v& mach dién twong duong, dugc

"' p€ phan biet 16 doi khi ding thuat ngd téng ddn mit ngdn mach va téng trd nit hd mach. .

@ Thi du lay tir [1]
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phat biéu cho luéi dién trd nhu sau [11]:

Bat ki hai niit ctia mot ludi dién gém cdc phdn t tich cuc v thu déng tuyén
tinh c6 thé duoc thay thé bdi mot nguén dp tuong duong va mot dién rd
twong duong néi tiép. Ngudn dp bdng hiéu dién thé giita hai diém nit nay,
gdy bdi cdc phdn tit tich cuc (ngudn) cia lwéi khi khéng cé phdn tir ngodi
néi vao. Dién tré néi tiép la dién tré twong duong nhin vao hai diém nit dé
khi loai bo Gt cd cdc ngudn.

Dinh li Thevenin 14t ¢é ich khi cdn xdc dinh nhiéu 14n dién dp va dong dién
trén cap nit khi ¢6 mot nhdnh ngodi- phy tdi thay déi n6i vao. Toan bo ludi phic
tap bét ki n6i giita cap mit duge thay the twong duong bdi dién dp Thevenin giia
hai miie nay (bang dien 4p hd mach (phy tai) trén d6) va tdng trd Thevenin (bang
t0ng trd vao clia ludi thyu dong nhin (I cap niit) (hinh 2.16a). Sau d6é dong dién qua
phu ti 7 li:

ETh

I, =707
bz, +Z,
va dién ap trén

phu tai:

Up=En-Znm L

Bay gty gid L0 2
sir ch& d¢ ban dau
cia ludi dac trung
hd  vectd dong

P N
ndt i vd vecto ap
nit u’. Néu ta dat )
them mot “phu (e Hinh 2-16 ®
taa” gifta nidt &k va
nit can biang 0,
diic trung bdi su thay d6i dong niit ¥ mot gid tri Ai, , thi dién p niit & s& thay d6i tir
gid tri ban diu:

U,

wl= Zi)' o+ Zad v+ 2]
1Gi gid i
w.=w +Z, Ai,
(vdi didu kién cdc dong nit khong thay déi).
Mach tuong tng v6i phuong trinh nay vé trén hinh 2.16b. Do'd6 15 rang tong
tr& Thevenin & ntt & (gilta nit & va niit can bing) chinh la phén tr ciia ma tran tong
rd nit Zy;. D6 12 Vi phuong trinh t0ng tré nit hiéu dién ép nat nhu 1 xép chong

{ 2.60)
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hiéu qud cua cdc dong niit.

Nhu vay v&i mot nhénh mdi ¢6 6ng tr& Z; n6i giira k-0, ta ¢6 thé tinh dong
nhénh:

k ©.
+ I
J- i o
0 m
(a) (h)
Hinh 2-17
I,=u,/1Z, =u I(Z,+Z,) (2.61)

Tiép theo dé xét 10ng tr& Thevenin gitta cap nut k—mn, ta dit them mot “phu tai”
gilta hai nit nay, tuong dirong véi viee thay d6i dong nit k mot dai lugng Aiy =

-I. va thay d6i dong nit m mot lwgng Aiy, = Iy (hinh 2.17a). Khi d6 dién 4p niit & va
nadt i s& thay ddi tit gid tri ban ddu:

0 ] P . 0
Uy =2l + o A Zgdl Lt Lpdy T

] . . N - .0
Uy, =Lty + ...+ ka’k +..+ émm‘m +...

tH cac gia tn:

u, = u: +Z, Al +Z, A= ”g ~(Zy - Z,,)1,

! _ - oy (262
u, = "m + kaA’k + meA’rn - um + (me - mk) L

Do do:
u, —u, =, -~ (2, +Z, -2Z, ), (2.63)

Ta cd thé vé mach dién tng vdi cdc phuong trinh (2.62) nhu trén hinh 2.17b,
néu viét lai cdc phuong trinh nay nhu sau:
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u, =u, +(Z, - Z,)0i, +Z,, (Ai, +Ai)
W, =1’ +(Zp — Z I, +Z,, (AP, + AQ,)

Tir hinh 2.17b ciing nhwr tit phuong trinh (2.63) suy ra tdng trd Thevenin gifta
cip nidt k—m la

Zopim=2,+Z  —27Z (2.64)

km

Sa dé hinh 2.17b ciing cho ta mach dién thay thé Thevenin giita nit k va nit 0
cling nhu giita m va 0. Ching han t8ng trd Thevenin & niit k suy 6 hinh vé 1a
(ZnkZoauH i = Zoi VA dién 4p Thevenin & niit & bing dién 4p Khong 1 tqo.

Bay gi® v6i mot nhanh mdi véi téng trd Z, ndi gilta hai nit k-, ta ¢é thé tinh
dong trong nhénh theo cong thifc:

4]

= 2.65
+7Z, ( )

0
Hy =M, U —U

zZ, Z

I, =

L Th knr

BDé minh hoa ching ta xét lai thi du & muc 2.2.4 véi luéi dién & hinh 2.5. Gia

s\r fa dd xdc dinh dugc ma tran tdng trd nit, ching han bing céch ldy nghich dao

ma trin Y da tinh & phuong trinh (2.29). Tir d6 da xac dinh dugc dién ap céc niit

cha ludi & ché do lam viée dé cho trong thi du ndi trén.
j0,698%0 ;0,60822 ;055110 ;0,61323
j0,71966 j0,64178 j0,69140
7= ) _ {2.60)

j0.,69890 ;0,63677

déi xing : j0,73128

0,99964. - 153718°
0,96734./ — 18,6028’
0,94866.£ — 20,7466 |
0,969032 — 18,4189°

(2.67)

Bay gid néu trén ludi dién hinh 2.5 ta mic thém mot tu dién bl vao mit phu ti
3, thi héi ring dién 4p céc nit thay ddi nhu thé nao va dong qua tu 1a bao nhiéu ?
(v didu Kkién cic ddong niit Khong d6i). Gia sk ring tu ¢6 dién khdng 5,0 p.u
(per unit: trong dom vi tromg d6i) ndi giira nidt 3 va niit can bing dong (dat).

Dua trén cdc thong s3 tong trd niit va ch& do trude khi ¢6 nhdnh tu dién, ta ¢é
thé d& dang xac dinh su thay ddi ch€ do 1am viéc khi d6ng thém nhdnh nay, dva
vao dinh If Thevenin.
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Dong qua tu tinh theo (2.61) voi dién 4p Thevenin la u;” = 0,94866
~20,7466" va téng tr& Thevenin Z;; = j0,69890:

u W] 094866 - 20,7466

I == =
Yz, zZ,+Z, j0,69890 — j5.0

=0,22056.269,2534° p.u

Dién 4p mdéi & niit 3:
uy = Zyly, = - j5,0.. 0,22056.2£69,2534° = 1,10281 2 - 20,7466° p.u

bién 4p & céc niit trong 1uGi thay d6i mot lugng do xép chéng thém vao dong
mit 3 gia tri -, . Tir cdc phuong trinh 4p nit suy ra:
Auy = —I, Z;; = —0,22056 £ 69,2534" . j0,55110 = 0,12155 £ —20,7466°
Auy = —I; Z53 = — 0,22056 £ 69,2534" . j0,64178 = 0,14155 £ —20,7466"
Auy = — Iy Z;3=—0,22056 £ 69,2534° . j0,69890 = 0,15415 £ —20,7466°

(cong Au; véi u;” ta duge lai gid tri u; d4 tinh & trén)
Aug = 1, Z43 = —0,22056 £69,2534° . j0,63677 = 0,14045 £ ~20,7466°

Ghi nhan 1a ta sir dung c6t 3 clia Z dé tinh vecto dién 4p cong thém vio céc it do

d6ng thém nhanh 3-0. Tir d6 tinh duge dién dp nit mai:

;= u” + Auy = 09964 £ —153718 +0,12155 £ -20,7466 = 1,12071 £ —15,9539"

wy = " + Ay = 096734 £ 18,6028 +0,14155 £ ~20,7466 = 1,10880 £ —18,8764°

;= uy + Auy=0,94866 £ -20,7466 + 0,15415 £ 20,7466 = 1,10281 £ —20,7466"

Uy =g + Aug=096903 £ 18,4189 + 0,14045 ~ —20,7466 = 1,10038 £ ~18,7135"
( 2.68)

2.6.3 Suthay déi trong ma trdn Z khi déng (cdt) mét nhdnh

Trong muc trude, sit dung dinh 1i Thevenin ta ¢6 thé x4c dinh su thay d6i che
d¢ clia ludi khi déng thém mot nhénh, dira vao ma trin Z cia ludi cii va ché do lam
viéc cl. A

Trong muc nay chiing ta s& phan tich su thay ddi cla chinh thong s6 Z cia
lu6i khi déng thém mot nhdnh. L& di nhién khi biét ma tran Z mdi, ta cling tinh

duge ch€ d¢ 1am viéc mdi. Ti€p can nay 1A quan trong cho céc bai toén sit dung ma
trin Z.
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Khi luéi dién ¢6 sy thay d6i nhu vay, viéc c4p nhat ma tran Z dua vio ma trin
cii s& don gian hon la thanh 14p lai tir ddu ma trin cda ludi méi. Hon nita ti€p can
ndy ciing c6 thé duge sir dung dé xay dung tit ddu ma trin Z ctia mot ludi dién, nhu
ta sé& thdy 15 hon dudi day. Thuc t€ nd s&-1a mdt thult toan co ban cho tinh todn ma
tran téng trd nit, trong dé khong sir dung ma trin Y.

Chiing ta s& xem xét hai trudng hop lién quan d€n viéc déng thém mot nhinh
mdi vao ludi.

Truong hop 1: Péng thém nhinh 1am xuit hién mot mit mdi (déngnhanh cay)

Gia sir nhdnh mdi ¢6 téng trd Z,,..; duge nbi gilta nit p da ton tai trong ludi va
mot it méi goi 1a mit n+/, véi n bing s6 nit cii ¢6 trong ludi (khong ké niit co
s8- cAn bing ddng) (hinh 2.18). Ma trin clia luéi cii Z cdp n s& dugc bd sung thém
hang (cHt) n+1 Gng vai niit mGi.

Hang n+/ ng véi phuong trinh viét cho dién 4p u,,, ;. DOng thdi dé thdy ring:
Upyj = Up + zmrh' irﬂ-l

trong d6 u, 1a dién 4p mdi (tdc la gid tri dién 4p & Ww6i mdi, sau khi dong thém
nhénh) & nit p. Gid tri m&i nay thay d6i
nhtr thé€ ndo so véi gid tri cii (khi chua
dong thém nhénh) ? Vi néi chung dién 4p

& céc mit clia ludi thay déi nhu the nao ? Lubi i i L.,
R3 rang viéc dong thém mot nhdnh n it { g

cdy vao nit p chi anh hudng d&n ludi ci 7

thong qua chinh niit p nay; anh hudng dé P Ly n+]

14 do ddng nit mdi i,,,; giy ra. Valai dong ;

nay néu khong dit & nit méi ma dat ngay J-

& nit p thi ciing ching thay d6i gi 4anh 0

hudng cla né len ludi ci. Vi th€ ching ta

chi cdn xem xét bai todn tuong duong: .

Khong thay déi cdu tric ludi ma tdng Hinh 2-18
dong mit p lén mot gid tri bdng i,,; . ThE

thi dién 4p u, thay d6i so véi gié tri ci u,’

theo biéu thic:

u, u +Z i (2.69)

rpin+l

& day xudt hien Z,, 12 phén tit pp clla ma trdn Z ci, va phuong trinh nay chinh Ia
phuong trinh dién ép niit viét cho niit p ciia ludi, khi ta tang dbng ntt p 1&én mot dai
lugng bing i,,,. Vi€t 15 hon phuong trinh nﬁy va thay vao biéu thifc & trén cho dién
Ap mit méi n+1, ta o
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un+l - up + pr1n+l + Zmd’ilr&l

) . o ) ) 2.770)
A A A P I A AN (ZRP e

Phuong trinh nay dng véi haing mdi cia ma tran. Do ma trin ddi ximg, cot méi
ciing bing hang madi. Ngoai haing mdi ¢Ot mdi, cdc phin tir khac clia ma tran Z
khong thay déi, vi ta cé thé viét dién 4p cAc nit cii twong tu (2.69):

n -
u, =u, +ka.'"+l

2.71
i +72, i ¢ )

= Ztlil +Zk1i2 +""+an n kpfntl

Phuong trinh ndy tng vai hang &, quéa that c4c he s6 khong thay d6i, chi xudt
hién thém mot s¢ hang mdi img véi cOt mdi n+7 (s6 hang cudi cing).

Tém lai ma tran mé&i Z' cdp n+/ bing ma tran ¢ii Z thém mot hang mot cot
nhur sau:

z,

Z Z?"
Z' = : _ (2.72)
Z

np

Z. o 7 Z, +Z.,)

Pé y ring hang (cot) méi bing hang (cot) img v&i nit p cha ma tran cii (trir
phin tir trén dudmg chéo).

Trucomg hop ddc biét khi nhdnh moi duwoc noi tir niit co sd- cdn bdng dong (nit
0, tic 13 trutmg hgp p=0); khi d6 t6ng trd tuong hd gilra mot ndt & va ndt moi n+/
(tdc 1 phiin tir cia hang/cadt mdi) 16 rang bang 0, vi:

Zf(.n+] =T =0

n+l IJ,—'(‘)VJ‘?H-!
biéu nay ciing thdy rd tir phuong trinh dién 4p niit mai:
Uy = Zmé’i 1;n-h’

(khong phu thude cdc dong nit khdc !. Chd ¢ 1a dién 4p nit dugc do so véi mit co
sO-can bang).

Do d6 ma tran méi ¢6 dang:
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Z'=| : (2.73)

00 - 0 ch’!i

Truimg hop 2: Ddng thém nhanh ndi gitta hai mit sdn c6 (nhanh b cay)

Gia sir nhdnh mdi c6 t6ng trd 7, duge ndi
gitta hai niit di tdn tai p va q (k& ca trudng hgp da

sdn ¢6 moOt nhdnh néi p-q) (hinh 2.19). Ma tran Z P
gilt nguyén kich thude cii, nhung cic phédn tir cia d L
nG bj thay déi. /

Theo dinh li Thevenin, dong trong nhéanh Z s
madi xdc dinh theo (2.65): .

0 f) ’ q
U —u - J_
lLw=5—""—"7— (2.74) 0

" ZTh.pq + Zmdn :

_ . . . Hinh 2-19
Cing lap lufn nhu di lam khi tim t0ng tro
Thevenin, coi su xuft hién nhdnh mdi twrong duong véi cong thém cic dong mit
~Lue: VRO DL p va + 4 VAo niit q. Dién 4p c4c nit & ndo d6 s€ thay d6i tir gia tri ¢
u; dén gia tri méi bing:

"k = ug + ka (_Imd'i )+ qu (]mdl)

. . (2.75)
= Zkl'll +"‘7+Zi'm1n + (qu - ka )]mai

Chi y cdc phén tir chia Z trong phuong trinh déu 1A cdc gid tri ci. Phuong trinh
cling ding cho di¢n 4p cic nit p va g (thay k=p hoic k=g). Bay gid ta s khir /,,,
trong # phuong trinh trén, sir dung (2.74) duoc viét lai nhu sau:

_ .0 o
O = ”f] —Ilp T'_(ZTh.pq +Z1n('ri )Imﬁi ’

. ) (2.76)
=(Z,-Z,))++Z, -Z N, +{Zp 0+ Z a1

mén

Phuong trinh nay va # phuong trinh (2.75) viét & dang ma tran nhu sau:
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my [ Z,~Z, (i
", Zm “pr I,
Z : :
=0 . (2.77)
"" Ztm _qu l‘t‘
"_" an _an L
0 (qu _Zpl) oot (an_an) ZTh_pq+me)\1ma,/

Nhan xét ring c6t cudi clia ma tran (khong k€ phén tir cudi cling) bing cot ¢
cua Z trir cot p cia Z, va ciing bing hang cu6i. Viét lai gon hon:

u Z @, -Z N i)
= T P 4 (2.78)
0 - (Z = - th ) ZTh‘pq T anrh !mrh
trong dS goi Ze, va Z.q lan lugt 1a cot p viv ¢ cia Z (trude khi déng nhdnh mdi).

Khir 7, dung cong thite nit gon Kron (2.51) ta ¢6 hé tuong duong u = 701, véi:

(Z‘P ~Z.)Z, -Z*Q)T
Z +Z s

Z'=7- (2.79)

Th.pq

{cong thitc nay cé dang cong thire 2.52). Hé nay thod méan ch& d¢ sau khi dong
nhanh mé do d6 Z’ chinh 1a ma trin téng tr& nit méi. Cha ¥ miu s6 trong cong
thire trén 1a mot dai lugng vo hudng va nhd lai ring:

- 27

P

Zinpg=Zpp + 7

44
con tr $6 1a mot ma tran {c6t nhan hang).
Tir (2.79) ta c6 thé viét cong thitc cho timg phén tir ij clia 7.’
(Zr'fl B Zr'q )(pr — qu )

Z'=Z - (2.80)
R Y

Tém lai (2.79) va (2.80) cho ta cong thifg tinh todn ma tran méi Z’ (phdn (r
Z’;;) theo ma trén cil Z (phin (r Z;)).

Truong hop ddc biét khi nhanh méi néi gitia mit p (dd cé) va nit co sd - can
hang. N&u q 1a mit co & - can bang thi 16 rang 7y, = 0 va Z;g = 0 v6i mi i. Do dé:
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T
2 -z Lot
- Z_pp + Zm(’n. ( 2] l)
Z*I’Z;TP ‘
Z" :Zr e 7
’ ' pr +Zn|ﬁ1

bé minh hoa cho cong thitc cap nhat ma trin 7 vira duge din ra, ta xét lai bai
1odn dong thém tu dién bl vao ludi dd néu & muc trude. Sir dung cong thide (2.81)
ta € tim duge ma tran sau khi déng nhanh tu dién ¢6 dién khdng 5 p.u gifra cdc niit

Ival.

Cong thifc nay ¢6 thé mo ta nhu gdm hai giai doan: Diu tién déng nhinh cay
ndi niit 2 vai niit mdi p+/, sau d6 n6i tat nit niy vdéi nit O - e 13 dat dién dp cha

16y biing 0 va khir bién »+7 hing cong thie rit gon Kron.

Pong nhanh 3747 ) ta ¢6 ma trin mai trong hé sau:

", J0.55110 ) 4
i, j0,64178 || 1
", | = | Z j0,69890 || 1.
", J0.63677 || iy
0 JO55110 ;0,64178 j0.69890 ;0,63677 [ — j4,30110/\;

n+!

Ghi nhan riing hang méi bang hang 3, riéng phén tir trén dudmg chéo bang

Z_f_*'+zrrari'f = J().()9890—j5,() = —_[4,3()]]()

Tiép theo khir hing va cot mdi theo cong thifc (2.81) ta ¢6, ching han:

0,55110x j0,55110

' Zuzn .
Zl, =7, ~———— = j0,69890-

. — j0,76951
Zo+Z.. — 430110 ~

gy BaZa o JOSSUI0NJOSAITS

T AeTy oz I T jazone Y

Tinh todn tuong hr cho cdc phéan (i khéc, ta duge ma tran maoi:

JjO,76951  j0.69045 j0,64065 j0,69482
j081542 ;0,74606 j0,78641

j0.81247 j0,74024

doi xidng JO.82555
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Tir d6 c6 thé tinh cdc dién 4p nit sau khi bil, ching han dé tinh u;, 1dy hang 3
cua Z nhan v vecta dong nut (trong dé chi ¢6 i; va i; khac 0 va di cho trén hinh
- 2.6)%:

u; = j0,64065 (1,0 £-90% + j0,81247. 0,68 £-135%

= 1,03131 - j0,39066 = i,1028 /-20,7466" (p.u)

tring vdi két qua da tinh & muc trudce.

Nhdn xét:

e  Cic cong thiic da dan ciing c6 thé diing khi cdt bét mot nhanh ciia luéi da bigt
Z. DE cét nhdnh cay ta chi viéc xod hang cot tuong ting trong Z. Pé cit nhanh
bii ciy ta ddng vdo mot nhanh song song ¢4 t6ng trd Am ciing gia tri.

e Céc cong thic cap nhat Z ciing dwoe ding dé xay dung tir ddu ma tran nay
cho mot ludi dién. Nhanh ddng vio ddu tién la nhdnh 0~1, titc 1a mot nhénh
phai ndi véi niit co s& - can bang. Ma tran cho ‘lu6i” mot nhanh nay suy bién
thanh gi4 tri tdng trd nhanh. CAc nhanh khéc ti&p theo duge déng l4n lugt vio
lugi. Tat nhién viéc ddnh s nidt phai theo thd tr tng v6i thir tu déng cac
nhanh. Phuong phdp x4y dung ma tran Z, nay thudng cé hi¢u qua hon phurang
phép tinh theo thong s6 ch& d¢ ‘thi nghiém” hoac bién ddi tuong duong ludi
dién (ggi v 8 cde muc 2.6.1, 2.6.2).

¢ Cong thitc déng nhédnh bu cay (2.79)-(2.81) sir dung nit gon Kron c6 thé gap
vin dé d¢ chinh x4c khi dai Iugng & miu s6 trong cdc cong thirc niy qua bé do
cac sO hang khir 1an nhau.
Ta minh hoa tinh trang nay bdi mot thi du 14y tir [1]: Thanh 14p ma tran Z cho
lugi dién hinh 2.20. Ban ddu déng nhanh 0-1, 0-2, ti€p theo déng nhinh bu cay
1-2, ta duge ma tran trude khi nit gon, dang (2.77)-(2.78):

04 0 0.4 : Aﬁf&'m
0 05999 | -0,5999
04 -05999| 1 04 0,5999
W o

Sit dung cong thic nit gon Kron ta
duge ma tran cilia ludi véi cac phin - Hinh 2-20

7z, =04-04"=0,24

Z,; = 0,5999 — 0,5999% = 0,2400199

Z;; = 0,4 x 0,5999 = 0,23996

Bay gidy né'u lai ngét bo nhdanh 1-2 bing cach dung cong thitc déng nhdnh véi
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nhanh méi 1-2 ¢6 tdng trd bing —0,0001, ta c6 miu s6 trong (2.79) rdt nhd:
i+l 22147, = 0,24 + 0,2400199 — 2x0,23996 — 0,0001 = - 1. 10_7

Ma tran trudc khi nit gon dang (2.77)-(2.78):

0,24 0,23996 0,00004
0,23996  0,2400199 | - 0,0000599
0,00004 —-0,0000599 | —107’

Sr dung cong thite nit gon khir hang cot cudi ta co:
7, = 024 + 0,00004% / 107 = 0,256
Z,, = 0,2400199 + 0,0000599% / 10~ = 0,2759

K&t qua sai 1dn so véi ma tran cia ludi chi gém hai nhanh 0 -1, 0 -2, né bang:

z (0,4 0 ]
L0 0,5999

Sai sG gap phai trong vi du nay lién quan dén hién tuong khuéch dai lon sai 56
twomg doi khi thuce hién phép trr hai dai lugng xdp xi nhau (cancellation error). Sai
s tuong d6i ¢ gia tri 1dn da gap phai trong két qua tinh mau s6 cha (2.80) va sai
58 nay truyén manh tdi két qua cudi ciing Khi tinh cdc phdn tir cia Z, bdi vi phép
chia cho mot s6 nhd trong (2.80) s& cho m6t s6 hang lén ddng k€ ¢6 sai s6 16n
tham gia vao gid tri cha Z.

TSm lai néu gap phai gia tri qua nhd cia miu s6 khi ding cong thifc nit gon
Kron, cdn phai chuyén sang diing phuong phap khac.

2.6.4 Truong hop déng cdt nhdinh c6 ho cam

Cong thifc cap nhat ma tran Z (2.79)-(2.80) khi déng nhénh bl cly c6 thé
duoc gidi thich theo cong thic cip nhat ma tran nghich ddo (1.47). Qui that Z la
nghich ddo clia ma tran Y, va khi déng thém mot nhdnh vao luéi, Y duge xép
chong thém mot ma tran AY don gian nhu di phan tich & muc 2.2,

Ma tran x&p chéng thém AY c6 dang (2.18) c6 thé biéu dién theo téng din
nhdnh déng theém bdi cong thifc dang (2.25), (2.42), dugc viét lai sau day:

AY = ATY, A
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Véi mot nhanh bi cay déng thém thi ta c6 thé viét AY = AT Y, A trong do y; la
tong din nhdnh mdi, A 1 ma tran néi day cho nhdnh méi, gdm mot hang (img vdi
nhdnh mdi) va # cot (ng véi # niit cha ludi) xac dinh theo qui tic da cho & (2.36).
Ma tran Z” (mdi) la nghich dao cha:

Y+AY=Y+A"y A (2.82)
vir ¢6 thé xdc dinh theo ma tran ¢ii Z=Y ' bai cong thic (1.47):

Z'=(Y+ATyA) ' =Z-ZA"(y," +AZAT) " AZ
ZAT AZ (2.83)
z, + AZAT

Chiing ta ¢6 thé dé€ ding kiém (ra riing cOng thifc nay d6éng nhét vdi (2.79) ncu
dé y rang: '
A=(010--—1--0)

o o
P q

p. ¢ 1a hai nit cia nhinh madi.

Ti€p can nay ciing cho phép suy ra cong thifc cho trudng hgp déng cdc nhénh
¢ hé cam. Gia sir ta déng mot s6 nhanh hd cim 1an nhau vao ludi. Néu c6 xudt
hién nit mdi thi truSc hét déng cdc nidnh gid khong hd cam dé dua vao cdc mit
mai nity. Sau d6 ta déng céc nhdnh b cdy ¢6 hd cam véi nhau hodce vai céc nhénh
di ton tai trong ludi. Bay gidy cé thé sir dung cong thitc cap nhat ma tran nghich
dao nhur sau. Ma tran Y thay d6i t61 Y + ATY, A trong d6 Y 12 ma tran téng dén
nhénh cita céc nhénh hd cam (tinh todn nhy trinh bay & muc 2.2.2) trir di céc 16ng
dan gia, va A 1a ma tran n6i day cho céc nhénh nay.

Sir dung cong thiic Woodbury (1.47) ta c6:
Z' =ZAT(Y,' +AZA") 'AZ C(2.84)

Ghi nhan ring 1a phii nghich ddo hai ma tran nho ¢6 cép bing s6 nhinh hd
cam 1an nhau.
Thi du sau dﬁym minh hoa thuit 1oan noi {rén.

Xay dung ma tran téng din nit cho ludi dién hinh 2.21. T6ng 1r& cdc nhénh va
1éng, tr&y tuong hd gitta nhdnh 3-2 va nhanh 3-0 cho trén hinh.

[

L4y tir [2]
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Trrde tién dong  hai
nhdnh ciy khong hd

cam 1-0 va 2-0. Nt 3/
duge dua not vao WG j0.0z'\l
bing céch ddéng moL
nhinh gia khong hd
cim 3-0-cé tdng trd
ching han 1dy bing
j0,03. Ta thu duge ma Hinh 2-21
trin cho cay cua ludi

nhir sau:

j0.04 2 j0.04
1 VTN 3 ° SV " 3

j0,01 10,02 j0.04

fecd A g

0,01
% =j 0,02

(chi s& trén cua Z chi s6 nhanh bao gém trong ma tran). Nhdnh bl cdy 1-2 khong
hdé cdm duge déng tiép theo dan (3 ma tran sau {(ding cong thic (2.80) hay
(2.83)):

0,008571 0,002857 O
2™ = j10,002857 0,01429 O
0 0 0,03

Bay gi®y xem xét cap nhénh hd cam 3-0 vd 2-3, ma tran t6ng dén nhénh duge
tinh bing céch nghich dao ma tran t6ng trd nhénh:

- ,[0,04 0,02]" {100/3 40/3]
=20 T Ro02 004) T N\-s0/3 10073

Vi ta di déng nhéanh gia 3-0 c6 18ng dan nhénh bing 1/j0,03 = ~j100/3, do d6
phéi trir gi4 tri ndy vao Y) . Nhu vay ma tran t6ng din nhdnh md&i phai dong vao
I idy bing:

.(100/3 —50/_3} (—1100/3 o] ( 0 50/3]
Yi==A_s0/3 100/3) L 0 o) " ls0/3 —100/3

Ma tran ndi day cho hai nhanh mdi ¢6 dang:
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A= [0 0 —I](—nhénhS—O
“ 0 1 -1)¢nhianh2-3
nit 1 2 3

. Chid ¥ chidu duong cia dong nhanh di tir nit ddnh dfu cuc tinh dén mit con

iai. Ma trdn mdi tinh theo (2.84):

0 0 o o
Z“’:Z“) i AQTIN 1 YI-1+(2 (l) _IJZ“)
R 012 006 (00 -y O 0002857
=Z9-Z% 0 1 |-, 006 0 1 P 0 001429
-1-vl -003 ~-003
0 0 ‘ ¥
-j009 - ]0,03} [0 0 _lj
_ i) _ s o
i 01 11 (—1'0,03 70,04429) \0 1 _yZ
1,504 7520 -1053
=Z(4?—j- 7.520 3761 —52,64{107*
-10,53 -52,64 -2632
0,008421 0,002105 0,001053
= 0,01053 0,005264
déi xtng 0,03263

-1

[00
0 1

.

-1
y A
)

0 -1

i

01l -1

(2.85)

2.6.5 Tinh todn cdc phin ti cia Z ding khai trién tam gidc ciia

matranY

Muc nay gidi thieu mot ti€p can khac cho tinh todn ma tran Z, c6 thé khic
phuc duge cic nhuge diém cha phuong phap ding rit gon Kron (trinh bay & hai
muc trude) lien quan dén dg chinb xdc kém va yéu cfu luu trir 1on.

)

Tiép can nay cho bai todn xdc dinh téng trd niit ¢6 lién quan dén cic phuong
phap nghich déo ma tran, & day 12 Y, nhu da khio sdt & muc 1.3. Dac bi¢t khi da
biét khai trién tam gidc clia Y thi ta ¢6 thé x4c dinh riéng mot ¢t nao dé cia Z



26 MATRANTONGTRONE 8

biing c4ch gidi d& dang hai he tam giac. Gia sir biét khai trién tam gifc clia Y1
LU=PY (2.86)

trong d6 P 12 mot ma tran hodn vi (xem cong thitc (1.21)), thi nhu di bigt & muc
1.3.2, ¢t k clia Z ki hidu Z, c6 thé duge tim nhu 13 gidi clia hé:

LUZ, =PI, (287

trong @6 Iy 1a c6t £ cia ma tran don vi. Lo gidi nay thu duge dé dang bai vi L va U
la tam gidc.

Nhu vay khi khong cdn biét toan bo ma trin, ta c6 thé chi tinh todn rieng mot
s6 cot clia Z ma ta quan tam. Ta ciing c6 thé chi quan tam dén hiéu cda hai cOt ciia
Z, chang han dé tinh t6ng (r& Thevenin giita hai nit p—g:

Zripa = (Zop~ Zpgh ( Zyp-Zop,) (2.88)

Hiéu cua hai ct p va ¢ cha Z, ki hitu Z,,, c6 thé tim tryc 1i&p tir hé phuong
trinh :

(0

LUZ, =P|: (2.89)
~llegq

0
Mot thuat todn khac dua trén khai trién Cholesky (1.26) ctia ma tran d6i ximg
Y:
Y=LDL'

trong d6 L 12 ma trin tam gidc dudi v&i phin tir dudmg chéo bing 1, D 1a ma tran
dudmg chéo. Ta cé:

I=YZ=LDL'"Z:=(LD)W
trong d6 ma tran tam gidc dudi:
w=LTz=wp!'=p?'L" (2.90)
Dinh nghia U la ma tran tam gisc trén v4i dutmg chéo bang O:
U=1-L"7 .90
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thi ta viét duepe:
W+UZ=LT2+0-1)'Z2=7
din dén mot cong thire d¢ qui cho Z:
Z=W+UZ (2.92)

Luu y ring W Ia tam gidce dudi, con U la tam gidc trén v&i dudmg chéo bing 0,
Ma tran nghich dao Z c@p n duge tinh toan theo cong thitc nay bt dau (i cot n:

— Phan tir dutmg chéo: L =W

HH

"
~ Phén i & phin trén dudmg chéo: 7 = Z i,z

k=i+l
Zn' I.n = I]nfl.nznn
Zn b (jn— Z.n—lznrl.n + I]n——Z.wZn

Zrn = i(jjkzkn

kel
tiép theo tinh todn cit #—/, n-2.. . theo cach Wwrong 1y, tifc 1a d6i vdi cot § ta tinh:

— Phan tir dudmg chéo:

Z,=W,+ 2 U.Z, (2.93)

k-l

trong dé cac phin tir Z;; nam dudi dutmg chéo da biét, vi do ma trin Z ciing déi
xuimg nhu Y nén Zy=7, ma Z; (k>/) da tinh khi tinh todn cot 4.

— Phin tir & phin trén dudmg chéo:

Z, =y U,Z, (2.94)
k=i+]
tinh theo trinh (ri=j-/, j-2... ., ! phan tir tinh truede diing cho tinh phéan tir sau.

Nhur vay ma tran W chi cin ding dén cdc phan tir dutmg chéo W, - c4c phén tlr
nay rét dé tinh todan. That vay vi L 14 ma tran tam gidc vdi gid i | trén dudng
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chéo, do dé L ciing 1a tam gidc (dudi) véi gid (i 1 tren dutmg chéo; con D™ 1a ma
tran dutmg chéo vai cde phin tr bing 1/D;;. Dé thiy:

I
V = I"liil L= —
} H ( )Ir [)ﬁ

2.6.6 Thay déi trong ma trin Z khi dich chuyén niit co sé-cdn bing

boi khi ¢6 nhu cfu thay d6i nit chon tam cor sév- can bang trong i, viée niy
s¢ lam thay ddi ma tran thong s cla luéi. Trong muc ndy ching ta s& chi ra ring
vdii thay ddi nhir vay, ma tran 18ng tré niit ¢6 thé duge cap nhat d& dang chi biing
cdc thao tic cHng trilr trén ma trin ci.

Gia sir niit co 80 - chn biing s& duge thay déi tir nit » t6i nii & nio d6 trong

It dién # mit', Trude khi thay déi, phuong trinh t8ng (e niit & = Z i 58 duoe viét
cho vecta dp, dong sau:

(u —u, (i
M, —u, ' iy
u = i= | 2.95
w, —u, i (2.95)
L;"n a4 "nJ . \jn—lJ

trong dé khong ¢6 phuong trinh dong dién mit co sar; dong nay duge cho bdi diéu
Ki¢n can bang dong: .

=i+ b+ ... +i, ) (2.96)

Sau khi dich chuyén mit co sd, vecto don

Saukhi ‘ g nit doc 1ap méi s& bao gém J, va
loai bo i, ; dong nay bay gitr 1a phu thude:

i, = —21,. 2.97)

Ta c6 thé diing mot ma tran bign déi C nhur sau:

i - 3 -
UONit e s e6 e 1Ay 1a nar At hoac ndt bat ki

dé cho di¢n dp. Trong trudmg hop sau, nut da
duge coi 1a mét nit nhu cde nit khic, ¢ 1 saw, it ai
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i)
(1 (4
l -
. e
i=Ci_,= ' i ,
mdi -1 =1 ... -1 -n . (298)
. Teo
\ 1/
I,/

Con d6i vdi dien 4p, dé chuyén sang vecto dién 4p méi (qui chi€u tdi mit &), ta
Idy méi phin tir dién dp trong (2.95) trir di phén tt thi k, riéng phén t thi & mdi sé
Iy nhu gid tri d6i ddu cta phin tir & cii:

(wy—u, Y (1 0 0 - -1 )
U, — U, 01 0 : u —u,
: "y ~,
. - ‘N,;-,l —u, _ 1 -1 : _ Ty (2.99)
u, —u, -1 M, —u,
W — Uy -1 1
. Uy — Uy,
Lun_] —u, )\ -1 1

Nhu ta ¢ thé nhin thdy, ma tran bién d6i trong cong thifc trén chinh bing
chuyén vi cia C.

Bay gid ta c6 thé viét phuong trinh 16ng trds nit méi:

U =C u=C"Zi=C"Z Cing (2.100)
Suy ra ma tran téng tr& nidt mGi chinh 12:
Z.i=C'ZC : (2.101)

Viéc cap nhat ma trin Z theo cong thdc nay rdt don gian, ¢6 thé mo ta nhu
mét qua trinh hai bude:

i. Nhan trude v6i C' : Thue cht 1a iy hang k vio mi hang khic chia Z va déi
dflu hang .

2. Nhan sau vdi C : Trén ma trin thu dugc, ta trir c6t & vio mbi cot khac va déi
dau cot k.

Qu4 trinh nay khong yéu cdu phép nhén ndo ca. Chit y trong ma trin mdi,
hang k va cot k ing v6i niit co s& cli (nit »).
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3
Tinh toan ngén mach

3.1 Nhap dé

Trong qua trinh van hanh, khong thé trdnh khoi xdy ra nhimg e hdng (faults)
trén cic phin tr udi dién. Hu héng thuong xdy ra nhit trén cdc dudng day truyén
tai digén, va trong s6 cac hu hong nay, thuomg gap nhit 1a hu hdong do sét danh.
Ngoai ra cdc dudng day trén khong va thiét bi cot do c6 thé bi hu hdng do gi6 bio,
cay dd v.v.. Hiu hét cdc su ¢6 nay din dén ngdn mach (shori-circuit) trong ludi
dién, anh hudng 1on dén su lam viée cha né.

Téc hai ddu tién phai k€ dén 13 su nguy hiém tryc tép do dong ngan mach rét
16m chay trong ludi dién. Dong nay thudmg Ién hon nhiéu so v6i dong phu tai binh
thudng va gy hur hong céc thiét bi dién khéic khi né chay qua. Yéu cfu cia h¢
thong bao vé cft nhanh cdc phidn hu héng dit ra van dé xdc dinh dong (4p) ngén
mach trong ludi. Gi4 tri clia n6 tai di€ém ngén mach va cac diém kh4c trong hudi,
d6i vdi céc loai ngin mach khic nhau s& dung d€ kiém tra sitc chiu dung cla céc
thiét bi ludi, kha nang cit dong ngdn mach cla cdc méy cit, ciing nhu dé thiét k&,
chinh dinh hé thdng 1o le bao vé.

Dong dién ngén mach 1dn nhdt s xdy ra ngay sau thdi diém sy c6 (dong ngin
mach siéu qud dQ), vi dong nay thudmg la gia tri duge quan tam bdi cic yéu ciu
trén. Dién 4p tai cdc nit trude sy cf 12 ngudn cung cdp dong ngén mach, va tinh
tofin ddng ngéin mach tién dung h¢ phuong trinh dang:

Zi=u 3.0
do viy ma tran t6ng trd nit Z s& ¢o vai trd 1dn trong bai todn ngén mach. Mot s6
diém dic biét khi sir dung phuong trinh trén cho bai to4n 1a nhv sau.

e Ma tran thong s6 luéi Z duge xéc dinh trén co s¢ so d6 thay thé (siéu) qui 4o
clia cac may dién déng bo c6 trong hé thdng (mdy phat dién, dong co dong bo
16n). Hinh 3.1 biéu dién so d6 nhu vay véi E” va X, ldn lugt 12 s.d.d va dién
khéng siéu qué do clia mdy dién dong bo.

E” dugc x4c dinh theo ché€ do trude su ¢6: Gid sir dién 4p & diém f trudc sy c6
12 uy va dodng phy tii (ddng trudc sy ¢6) 1a iy, thi ta c6:

E” =g + (Zege + jXo" ) L (3.2)
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Dong ngén mach siéu qua do tai diém fla:

Foll u,
Zo +JXG  Zoy + X

e Ma tréin Z ciing ¢4 hé thay d8i so v&i ma @
tran trong ché& dd binh thudmg. Ching han khi Y |
n‘gﬁn mach trén mot dudng day, xét thai Lext
diém sau khi méy ciit ddu dudmng day géin .
diém su cd da cit (mdy cit gin noi su c6 Xd
thudng cit trude). Ma tran Z khi d6 6 thé
x4c dinh theo thuat todn c4p nhat ma tran khi
thay déi mot nhdnh trong ludi dign.

¢ Vi thudmg dong ngan mach (3.3) rdt 16n hon
dong phu tai i; nén thudng bd qua dong phl_] Hinh 3.1
tai khi tinh toén ngén mach. Diéu dé cé
nghla ring coi dién dp tai moi diém trong ludi trude ngdn mach déu bing nhau-
chiing han biing up. DBong thoi dong mit trong (3.1) bing 0, trir tai diém ngin
mach c6 dong bing dong ngdn mach.

»  Trong céc sy ¢ trong lrGi dién thi ngin mach mot pha (cham d4t) chiém tuyét
dai da s0 cdc trudmg hop. Loai sy ¢6 nay (ciing nhu ngin mach hai pha) lam
cho h¢ thong mat di xding. DE nghién c\itu sv cé khdng doi ximg (asymmetrical
Juults)- cling nhu céc ch€ do khong ddi ximg khéc- chiing ta thuomg phai phan
tich ra 3 thanh phin ddi ximg, mdi thanh phan ndy duge nghién ciu véi mot s0
d6 thong s6 Wrdi dién rieng vi bdi vay, moOt ma trdn thong sO riéng.

Ngoai nhimg diém dic biét nay, viéc sit dung ma trin Z yéu cfu nhiéu xem xét
vé hiéu qua tinh todn vi ddy 1a mot ma tran ddy va khé x4c dinh. Yéu cdu ndy duge
dat ra, mt mat vi ludi dién thue € 1a phitc tap (ma tran Z do d6 rft Idn) va s6
trwomg hop ngan mach cdn tinh todn ciing 1a rét 16n, mat khéc loai tinh todn nay lai
khong doi hdi do chinh xic cao.

Lién quan t6i di€ém sau ciing nay, mot s& don gian hod thudng duge sir dung
trong tinh todn ngén mach. Ngoai gia thiét bo qua dong trudce sy c6 va do léch dién
ap giira cdc nit nhu da néu, cic gia thiét khic thuimg duge chdp nhan la:

— B6 qua nhénh tir hod trong sg 30 thay th€ cia mdy bién 4p va dau phan dp
chinh xac duge dat cia ching,

— B4 qua dién dung cua cdc dudmg day,

— Bo qua dién trd. Gia thiét nay 1am don gian nhiéu tinh todn vi luéi dién trer

nén thudn khang, cac dong su c6 déng pha duge phan tich nhu luéi dién mot chiédu.
Chu y doi khi gia thiét nay din dén sai s6 qué Ion.
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3.2 Tinh to@n ngén mach déi xiing (Symmetrical faults)

3.2.1 Coéng thirc tinh todn

Chiing ta biit ddu bing viéc chi ra cdc cong thifc tinh dong 4p ngén mach diing
10ng tré ndt Z, 4p dung cho trudng hop ngdn mach 3 pha, tic 1a d6i ximg. Didu
nay ¢6 nghia 1a ta véin c6 thé skt dung so dé thay thé mét diy 38 tinh toan, nhu la
khi phan tich ch€ do lam viéc d6i ximg binh thudmg.

Xét hedi dién t0ng quat & hinh 3.2
vii nit co s dign ap la dit, ta o6
phuong trinh dong dién mit viét theo

r
s ) // ’ +
di¢n ép pha: {(n ntit) ——l— u
S pilt
Zi=u (3.4)
nuf
bé tinh todn dong ngén mach 1=

(siéu) qua do, ma tran Z s& dugc thidt
lap ing v&i cdc nhanh may dién dong -
b duge thay thé bdi dién khang (siéu) Hinh 3.2
qua do.

Gia st ngéin mach 3 pha xdy ra & niit £ ndo dé, dién dp nit nay trd nén bing 0
trong ngdn mach, va ta bidu dién bdi viée xép chong mot ngudn dp — u; 1én dién dp
trudic syt ¢8 i, & nit £. Chinh vi quan hé ddng-ap 1a tuyén tinh nén (a ¢6 thé sir dung
phuong phap phan tich x€p chong. Néu goi A7 v Au ta s6 gia dong va 4p niit nhan
duge do ngiin mach tai £, thi ta co:

A =(00. 0, —i7.0.+,0)

—
d (3.5)
Au :{Au,.Auz.---.——uf,---,Aun}r
a

trong dé i/’ 12 ddong ngin mach siéu qua do tai £ d6 la dong tdng cong 3 pha, biéu
dién nhu mot dong di ra khoi ludi- dong nit. Vi qui ude dong di ra khoi lusi mang
ddu am nén dit ddu tnr trwde gid ti cla n6. Dong niit tai cdc mit khic khong thay
d6i sau su co.

Thay vao phuong trinh (3.4):

Zy, o Ziy o ZL)0 Au,
Z, o Zy o Zyl|l-it|=]-u,
Zy o Zy o Z, 0 Au,
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tir do ta co:
Au, Z,
—up|=|Zg | (-if) (3.6)
Aun Zﬂ‘f
— —
et felaZ
rit ra;
u
’”' :‘""Z"'-f_
d 5 3.7
Muy=-Z it =-"Lu, (Vk#f)
Zy
vi dién 4p tai mit & sau ngén mach 0 f 1a:
Zy .
w, =u, ———1U, :uf—ZkfzJ'! (3.8)
Zﬁ

trong d6 ta ldy gén ding dién 4p trude su cd & it k (cling nhu moi nit trong 1udt)
déu bing nhau va bing u, - dién 4p trudc ngin mach, nhu nhan xét d& néu & muc
3.

Biét dién 4p cdc nut 1a ¢6 thé tinh c4c dong nhénh siéu qud do, ching han ddi
vdi nhanh k-m nao dé6 c6 10ng trd z:

L el Zig ~Zuy oM Zy —Zy
o z z / z Z (3.9)

r
(k.m# f)

Con dong nhanh trong nhénh ndi tryc ti€p dén niit ngédn mach (gid st nhdnh ¢
t6ng tr& z) thi tinh theo iy =u,/ z

Nhan xét ring d€ tinh todn sy o8 & nit £, chi cdn bict cot f clia ma tran Z. Tuy
nhién ta s& cdn khao s&t ngan mach & moi nut trong 1uéi, do d6 cdn xéic dinh va luu
trit toan bd ma tran Z kich thude 16n va ddy (néi chinh xde la phdn tam gidc trén
hodc dudi chia ma trin ndy ma thoi, vi Z d6i xing). DE tinh toén Z c6 thé dung céc
thuét todan cho & muc 2.5.
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Phén trén chiing ta d3 gid thiét ngdn mach xdy ra & mot niit nao d6 cha luéi
dién. Ta ciing s& khéo sat ngdn mach.tai mét diém trén duong day truyén tdi dién.
Dé slt dung cac phuong trinh trén, &iém nay s& phz’ﬂ duge dura vao ludi dién va vao
ma trin Z nhu 1a mot nit. D& ]am viéc nay, ta sé sir dung céc cong thic cap nhat Z

khi thay d8i mot nhénh: cit nhanh cii dng vdi dudng day va déng vao nhdnh mdi
ndi téi mit mé (12 diém ngén mach).

Mot trudng hop ciing ddi hdi thay déi Z- nhu 43 nhan xét & muc 3.1- lién quan
dén viéc khi ngdn mach hé théng bdo vé c6 thé cit cac mdy cét khong déng thoi.
Miy cét gdn diém su c6 cit trude, sau d6 ngin mach vin chua duge loai trir va ta
g4dp bai todn ngin mach ‘mdi”, véi ma tran Z da thay déi do cfu tnic luGi di thay
ddi sau khi mdy cét & gén cét. Dién hinh cho tru‘Emg hop nay 1a khi ngén mach & rit
gdn mot dau dudmg day.

3.2.2 Sudung chh tuong duong Thevenin

Trong muc 2.5.2 chiing ta da khao sat mach dién twong duong Thevenin thtay
th€ cho luéi dién glu'a mot cap niit bt ki. Tir mach dién ndy ta c6 thé tinh todn
dong ngdn mach xay ra tai mot nut va dién 4p taj nit kia trong cap niit.

Hinh 3.3a v& lai so d6 mach tuong duong di cho & hinh 2.17 (muc 2.6.2) cho
cédp nit f-m. Cac dai lugng t6ng trd cho trén so d6 déu 1a phén tir chia ma tran Z.

Hinh 3.3

Trén so dd, dién 4p trudc sy cd & cc nit lﬁy gén diing bing dién 4p nit su c6
uy (trudmg hop bd qua dong phu tii). Khi d6 ta c6 thé ghép hai nguOn 4p bing nhau
nay lai nhy & hinh 3.3b. Trén hinh ndy ciing biéu dién dudng ngin mach va dong
ngan mach tai nit f (ngn mach 3 pha duge biéu dién bdi ndi dAt (trung tinh) tryc
ti€p diém ngin mach). Lwu § riing mach dién twong duong Thevenin cho phép tinh
todn dong trén nhanh déng thém vao cip nit va sy thay ddi 4p nit do nhinh nay.
Nhiénh n6i d4t déng vao nit £ biéu dién sy x&p chdng ch€ do ngén mach lén ch€ 4o
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binh thuimg va dong trong nhanh ndy s& biéu dién dong ngin mach.

Tir sor dd hinh 3.3 16 riing tach 17 = o/ 7,0 Dong nay gy ra mouAp ot trén
Wng At 7y, bing (7, / 7,0 1, do d6 b thay doy dién &p ndt i (6w — (7, 7 74 1,
- Cie cong thite niy triing var cic cong e da dan 3 phin trén.

Much tuong duong Thevenin el cap nit &-p nido do ciing cho phép tinh todn
d¢ dang pyan mach irén dicomg dov k-m. Gid s xét ngan mach 3 pha o diu duimg
diy phia nit A vii xét dong ngan mach sau khi may cit dil dudmg day niy da cin,
Tinh trang nay bicu dién bdi viee dong thém hai nhdnh sau day vio cap nit A-m:

- Bdong nhanh mai vdi Wng 1@ —z vao cip nit, trong d6 2 L wong i cua
duimyg day & e (duimg iy bi ngin mach). Thao I:lL nay lwomg duong v vice ngit
bd nhianh & e Khon lucn,

Dang nhanh mdé v (ong (e z gilta ntit e vie moOt ndt mdi /2 Nhanh nay s¢
hicu didn duimg day k- v
dicm ngan mach /& phia
nat & nhume da cit rdi Khoi
nuit nay.

y‘mln_y‘ml

Mach tiemg diremg ban . +
Jau viv hai nhdanh méi dong
vilo duge vé rén hinh 3.4,
Dong ngan mach & f duge
cho b i7" = w, ! 7y trong
Jd 2y Lo 10ng ey ricng clia =
ndt /2 NG ciing B 10ng 1rd
Thevenin cia nidt f (tong 11
cua L nhin G it £). Do Hinh 3.4
6t ¢ the vict U s dé:

/‘If_[-'hn

Ili'_

ZL’ ' q+[(7mm T )//(7“ Am z)]+7im
(7 MM )(7H. Z) (3.!())

nm B - Lm -
=+ ! + Z

A
T 7 AZy —Zu -2 "

mm ik

St dung dad Trgmg tong tra Thevenin gildta & vivm 1 7y 0, = £ + Lo = 28
viteht ¥ 7,0 ¥ . La e the hicu dién:

(me - Z.mk )[{ Z?'h.i'm - Z) - (me - Zr‘--—" )]
Zi"h.l‘ml -z
- (me - Znn'\ }:

Z}‘hﬁ

(3.1n

= mii

il
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Chiing ta ¢6 thé kiém tra ring cong thic trén tring véi két qua tinh todn téng
trer riéng cia ndt £ sau khi déng hai nhdnh néi trén vao Iudi (st dung cong thific eap
nhat ma trdn 7).

3.2.3 Thidu

Xét ludi dicén 5 nat ' ¢ s dé thay th& nhur trén hinh 3.5 trong d6 tdng 1rd cac
duimg day duge bidu dién & don vi tuong d6i véi co sar l()() MVA (b& qua ting
dany. Mdy phit ditn nGi ¢ ndt | va 3 ¢é cong sudt 1an luot [ 270 va 225 MVA.
Bicn khang siéu qua do cia méi may phdt cong v dién khdng mdy bién dp 1a (0,3
trong dom vi (wong dai co s& may '

Tinh todn sy ¢d ngin mach 3 pha & niit 4 va trén du ducng ddy 1-2 & phia nit

2 (sau khi miy cit dutmp day & ddu nay cit), coi dién 4p trude sy ¢ & moi ndt
bang 1.

® Q,
£y 7YY Y i Y Y Q
T L j0.168 0126
' .
-0 . Y © YT Y ()
: . . + N/ _J-
= 10,126 m 10,1333 L0
31252 0,336
Hinh 3.5
71\“714 ) 255—254
o , ®
j0.0155 j0.0299
Y. Ziy2.
+ Zoa=ty + A4 &35
120 joge0r @ |20 §0.1319
7Z,,=j0,0720 Z.45=j0.1002
Hinh 3.6

Thi du nay Ky tir {0]

"' G thidt cde co sé didn dp echo dom vi teomg d3i cla ludi va midy phit) c6 quan hé ding theo ti
S0 bIcT dAp cuanity hicn cip
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Trén so d6, dién khéng nhénh méy phét - my bién dp da dugc qui vé co 38
luéi 100 MVA:

— My phét & nit 1: X" =0,3(100/270) = 0,1111

~ My phét & nit 3: Xy = 0,3 (100/225) = 0,1333

Ma tran t8ng tr& nit di duge x4c dinh nhu sau (theo dénh s6 nidt nhur trén so
d6- ma tran dé6i xdng):

0,0793 0,0558 0,0382 0,0511 0,0608
01338 0,0664 0,0630 0,0605
0,0875 0,0720 0,0603

0,2321 0,1002

0,1301

N
Il
~

Pé tinh to4n dong ngdn mach mit 4, c4c thanh phén cha n6 trén nhénh 3-4 va
5-4 va dién 4p & hai mit k& 3 va 5, chiing ta 1ap so d6 Thevenin cho cap mit 3-4 va
5-4 nhu & hinh 3.6. Tir c4c so d6 nay:

~ Dodng ngén mach & nit 4: i’ = uy/ j0,2321 = — j4,308
— Pién 4p niit 3 va 5 trong ngén mach :
uy =ty —Zsq i = | — j0,0720 (- j4,308) = 0,6898
us = up—Zsg if’ = 1 - j0,1002 (- j4,308) = 0,5683
— Dong ngin mach déng gép bdi hai nhénh néi tdi nit 4:
isg = u3/ z = 0,6898 / j0,336 = — j2,053
isg = us / z = 0,5683 / j0,252 = — j2,255
D4 tinh todn ngdn mach 3 pha trén dudng day 1-2 phfa ddu 2 (sau khi méy cét
déu nay di cit), chiing ta sit dung so d6 dang hinh 3.4 cho cip nit 1-2. Theo cOng
thic (3.10) ta c6:
Z,; = Zs3 = j0,0793 - j0,0558 = j0,0235
Zyy —Zs; —2 = j0,1338 — j0,0558 — j0,168 = — j0,09
7,,"% = 10,168 + [ j0,0235 // (~§0,09) ] + j0,0558 = j0,2556
Do d6 dong ngén mach dang xét la:
i7" = 1/j0,2556 = - j3,912
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3.3 Phan fich ché& dd khéng déi xiing bdi
phuong phép cdc thénh phan déi xiing

Ngin mach khong d6i ximg, ciing nhu moi ché€ d6 lam viéc v6i 3 pha khéng
déi xing, khong con cho phép tinh todn ludi dién 3 pha trén so d6 mach dién mot
pha, nhr chiing ta di lam tir tra6c d€n nay. Cong cu thudmg duge sir dung cho bai
todn nay la phuong phdp phan tich h¢ thong 4p, ddng- nhiéu pha khéng d6i xing
ra cic thanh phén (nhiéu pha) ddi xiing, dugc d8 xudt bdi C.L.Fortescue tir 1918.

Xét mot he th6ng dong, dp 3 pha khong ddi xing, ching han he dién 4p

Uype = (1, ty uy)" trong d6 méi thanh ph!in 12 mot s6 phifc (vecto) dién 4p clia mot
pha clia ludi dién 3 pha.

Chiing ta sir dung mot phép bi€n d6i nhu sau ma ¢ nghia s& thdy & dudi day:

ua uO
Uue =14, | =TUy, =T 5, (3.12)
uc u2_

trong d6 ma tran bign di T dugc x4c dinh béi:

11
T=|1 a> a| v6i a=e™?=12120" - (3.13)
1 a a%) -

12 mot taun tir quay (khi nhan vdi mot s6 phic-vecto, né lam vecto dé quay di mot
g6c + 120° )]

Phép déi bién (3.12) cho phép xéc dinh mot he vecta Uy, duy nhit d6i véi
'mOt he théng U,y da cho. That vay ma tran bign ddi T 12 kha nghich, véi:

1
1 a a’ | (3.14)
1

Do d6 ta c6 thé xdc dinh Uggy = T Upe.
Khai trién c4c phuong trinh ma tran, ta c6 cdc cong thic bién ddi sau day:

U, =Uy +Uy +U,
u, = uy +a‘u, +au, ‘ (3.15)

u, =, +au, +a’u,
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i, =, iy +u)
o=, ran, +atu) (3.16)
M. =tlu, tatu, +an

Bay gidr ching ta s& dé ¢ dén y nghia cia phép bicn doi trén. l’hmmg trinh
(3.15) da phan tich h¢ théng 3 pha ra 3 thinh phéan:

gy 13 (21
U, Uy +ul +us (3.17)

() h 21N 7

., ", " 1, W, \I
oy e il 2 20 [gnd

UInl.'n:‘: ", =, U[ﬂht':' "y | = a U ahe-— | My "= ai l
() i 2 - i
", n, Lul. au, T i, )

Theo ¥ nghia cGia 0dn tf guay «. ta ¢ thé nhan xét rang thinh phin U‘,b{“' I

mot he thOng dién ap 3 pha doi ximg (gom 3 vecto dién dp trén 3 pha, bing nhau
vé do 1ém va léch nhau 120" nhu minh hoa trén hinh 3.7a.

w0 - M, Ha
u‘\r.'.'
E e
d
[ (t /
Hp My
I /
7
'’
)
“"klI
{u) h) fe)

Hinh 3.7

Ticp theo, thanh phian U U, ciing 1a mat hé thdng 2 pha ddi ximg, nhumg thi
1 pha nguge van thimh phan trude (hinh 3.7b). Dai voi dong ap 3 pha ta qui e
dat 16n pha sao cho trén bidu dé veeto 2 pha, néu di «ong theo chicu kim dong ho
thi thit wr pha ld abe. Thir tr qui wde nay tring vot thit ty pha ciia thanh phan
Uabcm do do thinh phan nay duge goi fa Hmnh phan thie ve thgn (Positive-
Sequence Component). Ciing vay thanh phin U,,,l s¢ duoe goi 1a thandr phdn thur
tw nghich (Negative-Sequence Component). Cudi cing thinh phin thit ba Uul,,:"”
cing Ia moL hé dién dp doi ximg {(gom 3 vecto dp hoan toan trang nhau trén 3 pha).
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pac dicm cua thimh phin nay cho nd uii 8n thanh phdn thir tr khong (Zero-
Sequence Component). Nhu viy he thong 3 pha bat ki (khong dor xdémy) di duge
phan tich ra 3 thinh phin doi ximg thudn, nghich va khong (d61 khi ciing goi 1a
thinh phin doi xing 1,2 va 0).

Phan tich tren ciing dp dung cho dong dién va ciing cho cdc cong thite ¢6 dang
nhir trén.

Hinh 2.8a minh hoa h¢ 3 pha khang ddi ximg duge phén tich ra 3 thanh phén
nhur trén hinh 3.7, :

M, Hy,

fer “(h)
Hinh 3.8

Chiing ta ¢ mot 0 nhan xét sau day:

» Néu h¢ thong dong (dp) 11 doi ximg, bicu dién nhur trén hinh 3.8b (chiing han
doi vai ap) thi theo (3.16) tasé ¢ uy = 0, uy = u,,, 1> = (1, 6 nghia la dw Jeong
3 pha doi xing triang véi thanh phin thit tr thuan cia no.

e Trén duwimg day n6i dén cudn day mdy bién 4p hay phu tdi ndi sao h mach
trung tinh hodc n6i tam gidc & khong thé ¢6 dong dién thit ty khong. That vay
& tnuemg hop ndy iy = (i, +iy+i) 13 = O Vi i, +iy+i. = 0 d6i v6i cic so do nai
day néi tren, khong pin thude hé théng dong o6 doi ximg hay khéng.

e Ciing tir nhan xét trén ta suy ra ring néu diém trung tinh clia so d6 ndi sao
duge ndi dAt (trge GEp hay qua mot tdng tr0) thi dong dién chay trén mach
trang tinh niy (duoe goi 1 dong trd vé) sé chi c6 thanh phén thit tr khong
(xuit hién trong ch€ do khong doi xing) va cb gid tri bing 3ip trong dé i, la
thanh phin thit tr khong trén mdi pha. Néu trung tinh néi dit qua dng trds z,,
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thi xuft hién dién 4p thit tu khong 3igz, trén tng trd d6 (khong c6 dién 4p roi
thuin hay nghich). '

* He théng dién 4p day ciing luon luon khéng chita thanh phin thi ti; khong, vi
ta luon ¢6 up+up +u, = 0.

3.4 Ludl dién cua cac thanh phan déi xing

Trong muc nay ching ta s& chi ra ring viéc nghién citu cic ché€ do khong ddi
xing trén cic thanh phin d6i xing cla né c6 thé ti€n hanh trén cic mach dién
riéng ré, thay thé' cho méi thanh phdn déi ximg. Nhu vay thay cho tinh todn thuin
tuy diing céc cong thic bién dbi todn hoc, chiing ta ciing o thé tinh todn trén cic
mach dién thay th& nay, sit dung cic quy tic tinh todn mach dién quen thugc. Tuy
nhién diéu kién cho viéc dua vio khéi niém méi nay 1a ludi dién 3 pha phai 1a cdn
bdng.

Truée tien di tir dinh nghia clia ddng va 4p thanh phin, ta s& dinh nghia cdng
sudt cua thanh phdn doi ximg.
Ldy lai dinh nghia cdc vectd (cot) Uy, Upyy nhur & cong thitc (3.12). Tuong tu

goi L. va Iy 14 vecto (cot) dong dién pha vi dong dién thanh phin d6i ximg. Ta
cé cong suft 3 pha:

S e =gty viguy +ilu, =13 U (3.18)

(dfu sao chi s& phirc lién hgp, dfu T chi chuyén vi vecto-ma tran). Chuyén sang
bi&n 0,1,2 ta cé:

IZL abe = (Tlgyy )*T TUg, f Imz .TTUou =3I;¥2Unu A

3
vitichmatran T T = 3
3

Goi Sy, = L1, U,y |2 cdng sudt téng ciia dong dp thudn, nghich, khéng, ta ¢6
quan hé don gian:

Save = 3 Sos2 (3.19)

va ta néi ring phép bién d6i thanh phin d6i x\ing bdo todn céng sudi. (Chd ¥ trong
don vi tuong d6i thi he s6 3 bigh mat néu ta 14y Sone"" " = 38,12°79.



3.4 LUGI DIEN CUA CAC THANH PHAN DOIXUNG ~ 89

3.4.1 Mach dién thanh phdn déi ximg ciia duong ddy

Bay gitr ta sé dua vao khai niém téng trd (thit ty) thudn, téng trd nghich, téng
tré khodng cua dudmg day dién luc 3 pha.

Trude hét nhan xét ring quan hé dong 4p trén dudng day 3 pha phy thudc vao
téng trd rieng cta day dAn méi pha va téng trdr twang hé giita cic day pha. Téng trd
riéng clia cdc pha thudng bing nhau z,, = z,, = 7. cdn tdng trd tuong hd gitta
chiing ¢6 thé khac nhau do vi tri dit cdc pha thudng 12 khong d6i xing. Vi du khi 3
pha cla dudng day trén khong dit ndm ngang thi tuong hd giita hai pha ngoai nhd
hon tuong hd giita pha ngoai va pha giira, va ta ¢6 z,, # z,. .. . Ngoai hé th6ng pha
thi d4t hay day chong sét n¢i ddt- nhu 12 mot vdr ddn trd vé (do n6i dit trung tinh
trong hé th6ng)- ciing tham gia vao quan h¢ dong 4p trén dudng day. Hinh 3.9 vé
hé théng vat din trén mot dudmg day 3 pha trong dé day din thit 4 biéu dién dudmg
trd vé ddt (ki hiéu n). -

Zoa
a —
b g h
1 Zab i ?
b —i
i, S Uy

c ——
r

' C z'lﬂ

n —i
—

" Hink 3.9

bién 4p roi trén pha a cho bdi:
Zaa ia + Zup ib + Zye ic + Zan in
Dién 4p roi trén day trd vé cho bdi:

Znn i,, t Zin ia t Zp, ib + Zen i

Do d6 do léch dién dp pha u, gilta hai diém trén dudmg day dwoc suy ra khi viét
phuong trinh can bing 4p cho mach vdng pha a — day tro vé:

Uy — Uy = (Ztm - Zan) ia + (zab - an) ib + (zac - ch) ic + (Z'an - Zuzl) in (3‘20)
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Thay the dong trdr vé hoa:
b= (i, 1, +1) (3.21)
1o co

i, — U, "~ -{‘Tlht t T - 2Z.m) L (:-lfr + Zpw " Zhn f-T.m) f, t (:m Y I, o2, “.7‘,,,J 1,

Cic hicu thife tuomg 1w ¢ 1he durgic vidl cho cic pha H viy ¢, cho ta mdt he
thang wong duong 3 pha did khie day . He nay bicu dién quan hé gifra dién ap
(phay roi theo dong dién pha, thong qua mot ma win 1ang (rd 3 pha rong duong
ma ta KT hicu boi (ma tran dai ximg);

\FJ Z.l.l Zui Zm-\
Z:\In = zin‘\ ZM-. Z, “ (323
\Z, oz, Z. )
P PR
VAP R ,
He phurmyg toh O dang ma ran:
Al‘!llbl' = 7‘:|IM' I.Il)l' (3.24)

chuven 1 dong ap thuan, nghich, kheng bing cach nhan (ki vos ma (7an bich doi
nehich dios

cee-l . el .
Al Tabe = 1 ,‘illh' l;ubc

(FHISH

. P oy .
AU =1 Lgne T lyga i= 2z Loy (3.25)
. - — g . - N . a - -
trong A6 eoi 2y =1 £V 6 st tong tref thadn, nghich, khong,

Thong thiemy 1a chip nhan gii thidh ring dikmg day 3 pha 13 cdn bang
ol cd ) nghia L et moi 1Ong trd rieng clia cée pha hang nhau va moi 10ng e
nrng hd gira cac pha bang nhau, déng thii cic tng trd twromg hd pha-dat ciing
bang nhaw. Chang G ki hidu 3 i heomg ndy o hegt 1oz, 2z, va oz, - Gia thiét
AP XY iy 1l thod min doi van cie duimg day trén khong ¢6 chuyén vi pha, Tiromg
imy v NG G co thé thily ring ma tran tong 117 pha (3.23) chi ¢con hai phan ur phan
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bict: 1ong 113 iéng Ki hidu 7, va 16ng ¢ tuong hd ki hicu 7,

Z.\‘ Zm Zm
Z abe Zm Z\ Zm (326)
an Z"l Z\

/m =L b 2Z-J'r
Didu quan trong ciia gid thid tren 1a & chd, d6i vai dudmg day cin hing ¢6 the
Kiem tra ring:

Z,,.=-F'Z 7 -7 i (3.27)

ahe

te 10 s ter thinh ma trin dutmg chéo, va do do he phuong trinh (3.25) s¢ tach
duoe thanh 3 phiemg trinh doe g

-’—1”’, ; ’/\ + 2/1'14} "‘U S Z” “H

Atz = (7, — )iy =70

Nhur ta dii thily, ma fran 10ng G Zyys chi con ki 3 dai leomg 7. 7 va 7 ducge
goi lan luot 1 téng tro thir ur khong, tong tror thie we thudn va rong trd thir te
nghich. Vidt lai cic dai lugng nay, ta cé:

So=F %20, = 2.+ 220+ 32, 02, (2.29)
zn’ = z,’ - 7.\ - /m = Ziga —Zab

Nhur vay chi ricng (dng 116 thir trr (¢ phy thude vao dat- dirimg r(y vé, Tong tr
thuin vii nghich bang nhau vivkhong chiu inh hidmg cua diit (duomg 1eds vé).

Trés i két luan quan trong da mit ra: Che 46 3 pha khong doi ximg trén diimg
day can bing ¢6 thé duge nghien ciu trén cde dai luong thir ur thuan, nghich va
khong mot cach doc 1dp vdi nhau. dong thai ta co thé mo hinh hod bdi 3 mach di¢n
doc 1ap: mach thir te thugn, mach thur ue nghich va mactt thir tie khong {hinh 3.10}.

N6i (6m lai nhér bign d6i cdc thanh phén déi ximg. ché do 3 pha khong do
xtmg ¢6 thé duge nghién. effu trén 3 ludi dién mot day. Trong 46 hudi thuin va
nghich cua duimg day trfl'gfén tai dien 1a dong nhilt 7; = 7, . Riéng t8ng (r&y the ur 0
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c6 gi4 tri khic, cu thé dién khéng X; clia dudng day trén khong thudng 16n gdp 2-3
ldn X; (%) , diu d6 14 do ddng thit ty O tring pha nhau trong céc pha va giy ra
trudng tir rit khac so véi hai thanh phén kia.

;) . ]
—»la » W 7 i
| S | S J S
Zs Z; Z;
u“(o)I ua‘m) ua(l) u,,-(“ uaz’i’J u,,-"”
Hinh 3.10

Chii ¥ ring bién ddi cac thanh phin d6i xing ciing cho phép nghién ctu he
thong 3 pha trong trudmg hop d6i xiing nhu mét hé thdng mot pha. Nhu ta di thdy
khi he 1a d6i xtng thi u, = u; va i, = i; dong thdi chi cdn tinh cho pha a. Do dd ta
s& nghién citu hé trén luéi dign thi tr thuan, tng véi phuong trinh trong (3.28):

duy=2yi;=(2,-2Z,) i;

Cong sudt 3 pha S, =3i,u, . Nhan xét ring ta khong dé ¥ d&n h8 cam nira, n6
di bao gbm trong tOng trd tht ty thuan. Cling c6 thé xét trudng hgp dudng day
khong can bing, khi d6 s& chi thay Z; trong phuong trinh trén (va luéi th ty thuin)
bdi phén tir dng vé6i thanh phén thuin trén dudng chéo clia ma tran Zg;; ; ¢6 thé
kiém tra ring né chinh bing trung binh c¢Ong cdc t0ng trd riéng trong ma tran -

(3.23) trir di trung binh cong céc tdng trd twong hd, c6 nghia 1a vé co ban gidng véi
cong thifc cha Z;.

Phuong phip néi trén phén tich ch€ d9 binh thu‘d‘hg (déi xitng) ciha ludi dién
chinh 1a phuong phap vin duge sir dung quen thudc treng tinh todn ludi dién.

'3.4.2 Mach dién thanh phdin déi ximg ciia mdy bién dp va mdy
dién dong bé

Trudc hét nhan xét ring cdc pha trong may bién ép va méy dién dong b déu
can bing (d6i xing) so vdi nhau, do d6 ta ciing c¢6 cdc mach dién thanh phidn doc
1ap nhau nhu d&i v6i duomg day cn bng, tmg v6i khai niém vé 3 tng trd thir tur.

Ta biét ring mbi cudn diy cua méy bién 4p duge néi vao ditdng day 3 pha theo
so d6 hinh sao hoac tam gidc. Tir nhan xét & cudi muc 3.3 ta thiy ring thanh phén
thit tu O c6 thé t6n tai hay khong t6n tai tuy thudc vio so d6 ndi day cu thé clia
mdy bién 4p, do d6 mach thay th€ thit tu O ciing thay déi theo. V& phin mach thi
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ti thuan va nghich, ta ¢6 hai tng & Z; va Z, cha may bi€n 4p la bing nhau, ciing
nhu d6i v&i dudng diy hay moi thi€t bi finh khéc. Do su néi day khéc nhau cia céc

-cudn day so cdp va thit cdp, thanh phdn thuan va nghich clia cuon day nay c6 thé
léch pha so véi cudn day kia.

Bang dudi day cho so d6 mach thd wr O tng véi cdc ki€u n6i day khdc nhau
clia mAay bién 4p. Mii tén chi dong thit ty O khi n6 ton tai.

Nhan xét:

s Khong t6n tai dong 1, trong cudn day ndi Y va trong mach ngoii cudn day ndi
A. .

¢ Né&u trong mot cugn day khOng t6n tai dudng cho I thi dong nay ciing khong
thé ton tai trong cudn day kia clla mdy bi€n 4p (vi du trudng hgp ndi Y4-Y)

s  Trudng hgp cudn day ndi Y, v6i mot téng trd & trung tinh, t8ng tré that tw O cta
né phai bao gém 3 l4n gi4 tri téng 1rd trung tinh (nhu d3 néu trong nhan xét &
cudi muc 3.3). Diéu nay ciing ding d6i v4i moi thiét bi c6 trung tinh ndi dat
qua mot téng trd (vi du mdy phat dién). Trdi lai cAc mach thit tr thuan va
nghich khong bao gém céc téng trd trung tinh.

o V& gi4 tri c6 thé 1%y x4p xi bing nhau cho ca 3 t8ng trd thanh phén thi by cia
mdy bié&n ap.

» Trong so d6 n6i Y—A hay A-Y, dong 4p thit tu thuan va nghich s€ dich pha 30°
. gilta so cp va thi¥ c4p cha mAiy bién 4p. Tuy theo chudn ché tao may bién 4p,
thudmg dong &p thuan sé dich pha +30" khi chuyén tir phia ha 4p t6i phia cao

ap va dong dp nghich s& dich pha - 30°,

D61 vai may dién déng b bao gém mdy phét dién, ta cé trung tinh thudng ndi
dit qua mot dién khdng. Do d6 ¢4 thé t6n tai thanh phdn thd tr O trong may. Tuy
nhién dong dién thanh phdn nay hoan toan tring nhau trong cic pha duge dat doi
ximg quanh stator tao nén mot stc tr dong t6ng gén bing O & moi diém khong
gian, ting véi dién khéng thi tr O nhd so véi hai dién khéng kia (chua k€ sy tham
gia cha dién khéng trung tinh vao mach thi ty 0). Ngoai ra khong gi6ng nhu & thiét
bi tinh, dién khang thd tr nghich s khéc dién khdng tht ty thuan trong cic may
dién quay; diéu dé 1a do tir trudng quay sinh ra bd dong thit ty nghich 1a nguge
chiéu quay so vdi tir trudng quay clia cudn day rotor. Diéu ki¢n nay qui dinh gié tri
X, gin vdi dién khéng siéu qui do cBia mdy. Do d6 trong tinh togn ngén mach siéu
qué do, ta c6 thé 18y X; va X, déu xp xi bing dién khang siéu qua do.
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Ki hicu So do noi day Muach thir tu 0

X N'\\\ﬁ“/ —
N t J.I i 7o

@ ' Za
Yn - Y 7

| s : _
A-A Ve YN ‘— Lo
\ZJ— - oY

Yo— 4

Trong 3 mach dién thinh phin, riéng mach thit trr thudn cia mdy phat dién s&
chita nguon s.d.d. cia mdy (vi s.d.d. nay 1a doi ximg thir t thuan).

Nhur vy ching ta di ¢é mach dién thinh phan ddi ximg cia cac phin ur clia
ludi dicn. Bay gidr ta s€ noi cde mach thit tr thudin ciia céc phan tir ludi lai véi nhau
dé thu duroe hedi dién that e thudn, Ludi dién ther te nghich chi khdc ludi thuan o
chd khong ¢6 nguén s.d.d. va dién khing mdy dién quay ¢o thé ¢ gid 1r khdc.
Tuong 1r ta ciing ghép nai cac phin ur thie wr khong a8 1ap ra ludi dién thit ur
khong.

Vice sir dung 3 1w dien thanh phin nay dé¢ tinh 1odn cdce ché 46 khong dai
xtiy s¢ duge {(inh hay trong phan tiép theo.
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3.5 Tinh toén hu hédng khdng ddi xing

Tinh trang fam viée Khong dd xtmg hay gap trong cde hie hong thong thuomg
et ludi dicn nhu ngin mach mat pha cham dit. ngdn mach hai pha, hu hong dit
day. hoac trong cic tnemg hop thiét bi bdo vé cit rieng pha hay cit 3 pha khong
dong thii.

Xdt mot inh trang ngdn mach khong d6i ximg nio dé xiy ra i didm firong
i dien. Chiing ta s¢ quan tam trude 1ién dén domg dién ngiin mach tai /- tie T
domg di ra khai Tirdi dién binh thadmg, xudi hién do huer hong. Hinh 3.1 1a biéu dién
diem £ uren Ludi dicn 3 pha vacdong ngdn mach .

Theo cie két qua thu diroe trong hai mue tnde, ching ta s@ téng hop dong

'S

!

I, , Yer
h O SO0

Ilm Y AY Y A

T

b,

fet) (h)
Hinh 3.11

nean mach tir cac dong thimh phiin thuin, nghich viv khong; moéi dong duge xéc
dinh doc Fip trmot ludi dién thinh philn tuong (mg.

B¢ minh hoa cu thé ta xét luedi dién hinh 3.1 1h, cac so dd mach thinh phan da
xtimg cia no duge vE trén hinh 3.12 theo qui tie da thiét lap o muc trude.

fet) Eoicn 1hiegn (hy Lt nehch (o) fLarcn kliong

Hinh 3.12

ity 1a dign dp truede ngdn mach, chi t6n tai & ludi thi ar thudn.
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3.5.1 Ngdn mach mét pha

Gia st ngén mach tai diém 12 ngdn mach mot pha (cham d4t). Goi pha cham
ddt 1a pha a. Dong 4p tai di€ém ngin mach thoa min:

w, =0 hay wug, =3 zpig néu téng trd cham ddft fa z; =0 (3. 30)
fﬂ, = lfc =0
Tir d6 theo quan hé giita dong pha vi ddng thanh phédn d6i xtmg, ¢ dang bifu

thite (3.16) nhung viét cho dong, ta cé:

L}
. 1 . . . ‘ffa
lfﬁzg(’fa-’—lﬂ)-l-lfc): 3_

) | i . i
in=5lq +a:ﬂ,+a21fc)=—g- (3.31)
N o

ira :E(rﬁ, +azrﬂ, +a1fc)=%

va theo (3. 15):
Wi = Up + Uy + U = 3zl (hodc bdng 0) (6.32)

Nhu vay 3 dong ngin mach thanh phén ip, iy vé ip 12 bing nhau con tdng ba
dién 4p thanh phdn tai diém ngén mach bing dién 4p roi trén tng tré ngén mach.
biéu kién nay cé thé dugc biéu dién bing cach ghép néi tiép 3 ludi dién thanh
phdn. L&y thi du ludi dién hinh 3.11, 3.12 ta ¢6 so d6 hinh 3.13a.

Thay th€ ludi dién gilra mit £ va nit co sd-cin bﬁng béi mach twong duong
" Thevenin, ta di t6i so d6 hink 3.13b, trong d6 Z;", ¥, 2,/ 1a téng & twong
duong cla ludi dién thuan, nghich, khong khi nhin tit niit £. Chting ciing chinh 1a
phan tir ff clia ma trdn tong trd niit cia cdc ludi nay. T d6 ta ¢6 thé tinh cac dong
ngén mach thanh phén:

U
o =ip =gy = =ay——m . )
2y +Z5 +Zy +3z,

(3. 33)

vt sau dé tinh dong ngin mach ig,.

Biét cac dong ngin mach thanh phdn, ta lai ¢6 thé tinh dién 4p thanh phin &
nit bat ki, cling nhu ddng thanh phén trén cdc nhanh, st dung cic luéi dién thanh
phén nhu trén hinh 3.12. Ta ciing c6 thé ding cdc phén tif chia c4c ma tran t8ng trd
nit Z1, 7%, 7 theo cong thic twong ty nhu da din & myc 3.2, ching han dién 4p
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thanh phin o it 4 nao 6" :

- i
ty = - Ly i

i
iy =ty Ly

. 42
= Ly J"fz

{N‘J,«'\/\_N\_ ]
;

-

T

| ]

T

i

4—.—
A
(ct) ' (h}

Hinkh 3.13 c

3.5.2 Ngdn mach hai pha cham ddt

XEt s dd ngdn mach wén kink 3.4 Goi hai pha su cd [a b vive, didm sired
£ (cham dal qua mot g (2.3, ta o didu kien dob v dong dp ngdn mach -

YUOnG ¢ dign ip thanh phin quamdy be2nap nor Y-A phi dich pha 30"
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Up = Up = (Iﬂ, + ifc) Zs (3.35)

ifa = 0 ifa il
. - b -
Vi, =0 08N 12 c6 iy = (ify = in+ i)/3= inl
(in + §,)/3. Do d6 diéu kign dién dp trong ¢ :
(3.35) trrthanh: % !
Zfr
up, = g = 3 zsip (3.36)
Dung bién ddi cdc thanh phin d6i Hinh 3.14
xing (3. 16) tacd
Upo = F(tg g tuy)
upy =3, +aug +a‘ugy) (6.37)

2
Uy =y, +a ug +aug)

Vi g, = iy DEN SUY 12 iy = up, cOn d6i v6i thanh phén thit ty khong ta c6:
Jup = up + 2up = (up + up +up) + 2 (3zsig)
trong d6 di sir dung phuong trinh (3. 15) cho ug, va (3.36) cho ug,

2ug=2uy +2(3zip);
Uy = up 3 zrip
 Tém lai diéu kien ngn mach ndy dn dén diéu kién sau d6i vGi cic thanh
phén d3i xing:
Up = up = up —3 Zip . (3.38)
ip+ig +ip=10

trong d6 phuong trinh thit hai thé hién diéu ki¢n i, = 0.

Nhus vay trong ngén mach hai pha cham d4t, néu tdng trd cham dat z,= O thi 3
dien 4p thanh phdn tai diém ngén mach bing nhau va téng 3 dong ngin mach thanh
phin bing 0. Diéu kién ndy c¢6 thé thuc hién bang céch ghép song song 3 luoi dign
thanh phén tai diém ngdn mach. Truomg hop z; # 0 so d6 thay ddi chut it. Lay thi
Ju Lt dién hinh 3.11, 3.12 ta ¢6 so d6 tinh todn hinh 3.15a.

St dung mach tuong duong Thevenin tai diém ngén mach ta ¢6 so d6 tuong
duomg hinh 3.15b. So d6 nay ciing mo (4 cdch tinh todn dya trén ma Irdn éng trgs
nut. :

Tir cdc so d6 nay chiing ta ¢6 thé tinh ddng, 4p thanh phdn tai diém ngin mach
ciing nhu tai céc diém khic trong luéi. Tir d6 ¢6 thé suy ra cdc dong pha.
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S
Z1h
Up u 7 l 7 ﬂ(:) Vi ﬁrm
l
—
in 3Zf
S
Tuﬂ
1
—
in
J
Tuﬁ?
32_,’
—
(a) ' (b)

Hinh 3.15

3.5.3 Ngdn mach hai pha

biéu kién ngén mach hai pha- gia sit 14 pha b va c- bi€u dién béi:

Uy = uy, (3.39)
I = —lf
ifa = 0

Tir didu kién ug, = uy. suy ra ug = up - gidng nhu & myc truée (ngén mach hai
pha cham ddt). Con d6i vdi dong dién thanh phén, ta cé tir diéu kién trén:

iro=3(p+ig+ig)=0

i =%(r'fa +ai, +a2iﬁ):%(0+aiﬁ, —aziﬂ,)

iy =5l +a’iy+ai)=1(0+a%, —ai,)=~i,

Tom lai cdc diéu kién sau day thod min d6i véi ddong 4p thanh phin dai ximg:
Un = Up

i = —ip (3,50}
fﬂg = 0
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biéu kién nay trong dng vai viée bd qua ludi dien thit tr khong (do trong dang
ngan mach nay khong ton 1ai dong thit iy khong) va ndi song song hai ludi dién thir

tu thuén vi nghich tai diém ngén mach.

3.54 Thidu

Thi du sau day""’ tinh todn ngéin mach mot pha trgc tigp tai mot diém f trén

duing diy & hinh 3.16a.

{c)

PG S PO

02 J0d 0.2 01 ol

IHH

1 > & 3 4
TV ___'_m

_4.4’“1’“\._..
g2 o N2 o jor o jod
I”ﬁ'

1.0

—

1 2 T’;n 3 -‘
_—es .z‘\r”x_é.J’\f“\___.__.__f"v’\__i__f'\f'\_..._.*
SLNS pa 03 ol

Hyy

T

(h)

Hini 216

. _
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Céc thong sd duge cho nhu sau:
* Midy phit: 100 MVA; 20kV
X7"=X,=20%; Xo=4%; X,=5 % (dién khang trung tinh)

» MaiybiCndp T, va Ty 100 MVA; 20A/345Y kV; X =10 %

s Dién khing dudmg day trong dom vi trong déi vdi co si 100 MVA; 345 kV:
Tue T, i /- X =X2=20% Xa=50%
Tir T> téi f- X =X=10% Xo=30%

S0 dd tinh 1oén diing cdc gid tri dién khdng trong dom vi tuong d6i di cho tai
mdi cip dién dp, vdi cdc dai luong co sa bing dinh mic.

Ghép ndi ticp cdc ludi dién thanh phdn d6i xdng tai diém f, ta ¢ so dé tinh
todn hinh 3.16b. Di¢n dp trude ngin mack: tai f 18y bang 1 (khod S md, khong cé
dong trude sy ed).

Téng trdr nhin tir diém f cia cdc ludi thanh phin 1a:

Za'” = j0,6 /7 j0,4 = j0,24 p.u
2= 2y = 10.5 pa

Dong ngdan mach thanh phén:
o =1 =ip = 1 /({05 + 0,5 + j0,24) = - j0,8065
Dong ngin mach thuce (ngidn mach trén pha o):
ign = 3ip = — j2,4195
Dong ngén mach trén hai pha tanh (hiéu 1h dong di ra khoi fudi) im =i =1

tuy nhién cac thanh phan d6i ximg cia ching t6n tai, ching han tinh theo cong
thite twong tw (3. 15) cho dong dién pha b:

i =g = 0,8065 /- 90"

i =a" iy =a iy = 10,8065 2 ~ 90"+240" = 0,8065 £ 150"
N - N - _ il 0 _ ft
g =aip=aly = 0,8065 £ - 90 +120" = 0,8065 ~ 30

Tdng 3 thanh phan niy bang 0.
Ticp theo 1a xdc dinh dong trén hai phia dudng day di dén diém ngan mach.

Dong thanh phdn: Ddng ngén mach thit ty khong ig tinh & trén duge phan phéi ra
hai mach song song (xem ludi dién thi we O);
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ir1g0 = j0,4 / (0,6 + jO,4). 0,8065 £-90° = 0,3226 £-90°
ir2.10 = JO,6 / (10,6 + j0.4). 0,8065 £-90" = 0,4839 £-90°

Dong thit ty thuan va nghich di tdi f chi tir phfa T, vi phfa T, hd mach, do d6:
irg1 =in = — j0,8065

irg2 =ip =—j0,8065

Dong pha:
inga = ipege + s Fing
=0,3226 /-90° + 0,8065 290" + 0,8065 £-90° = - j1,9356
ines =ireot a’ It + 2T

=0,3226 £-90° + 0,8065 £ 150" + 0,8065 30" = j0,4839

inac  =0,3226 £-90° + 0,8065 £30° + 0,8065 £150° = j0,4839
Dong dén tix phia T, la ddong thit ty khong:
b2qa = itep=lnge=— J0,4839

Qua mdy bién 4p T, nGi Y-A sang phia ha dp, dong dién thit tu thuin va
nghich s& dich pha —30" va +30" tuong ing. Do d6 ddng trong méy phét G s& 1a:

i = o + i1 + g2 =0 + 0,8065 £ -90°-30" +0,8065 £ —90"+30° = — j1,3969
iop = ico + 2 g1 + @ igy = 0+ 0,8065 £—120°+240" + 0,8065 2-60"+120° = j1,3969
i, = o+ 2 i + 2 i = 0+ 0,8065 £~120"+120° +0,8065 £-60%+240° = 0
Dong thit tr 0 khong thé ra khdi cudn day A cua T, do d6 khong xuft hi¢n
trong mach m4y phat. Ta cling nhan thdy dong su ¢ khong xudt hién trong pha ¢
cua may phat. :

Ciing ¢6 thé xdc dinh dong trong cc cugn diy may bién 4p: Phia cao 4p cla
T, ¢6 dong bing dong trén dudng ddy ma & trén ta di tinh. Dong trong cudn day
tam gidc & don vi tuong d6i dinh mite nhd hon V3 14n so v6i dong trong cudn sao:

i =ia/ V3 =—j1,9356 /3 =—j1,1175
ine =in/ V3 = j0.4839 /3 =j0,2794

=ie/ VR = )i52794
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Theo ti 1& nay cung xdc dinh céc dong thanh phén néu cdn. Két qua duge cho
trén hinh 3.17 (ché ¢ c4¢ ddng thanh phdn trén 3 cudn day 14p nén hé vecto dsi
xing).

i, = 13969 »-90°

— i, = 02794.7-90°
i 0= 0,1862.2—90°
iy = 046561300
iz = 046562150

a

iw=111752-90°
iwo= 0,1863.2-90°
i1 = 046562 - 90°

-——.-.-.-.’ ¢
i=0 : a2 = 0,4656.L - 90°
¢ i, = 02794 290°
iea = 0,1863-90°
1,0120465(1115(?
e s = 040502 30°
—

ip = 13969 90"

L
iy= 193562 90"

T 3ip = 096782 - 90"

B
iy = 04839290°

——tp
ic = 04839.290°

Hinh 3.17 -

Nhan xét ring trong cudn day tam gisc cha T, tOn tai dong thd tv khong
nhung trong mach ngoai khong c6 ddong nay. Con trong cudn tam giac cua T, thi
chi t6n tai ddng thit tr khéng (gifng nhu trong toan bd mach bén phai diém ngin
mach).

3.5.5 Ho mach khéng déi xitng

H& mach khong d6i xing trén dudng day c6 thé xay ra do gié bao lam dift day
dn hay do thiét bi déng cit (cdu chi hay céc thiét bi khac) chi cit mot hay hai pha.
Nhu vay hé mach khong d6i ximg bao gém cdc trudmg hgp mot hay hai pha bi cét
tai mot diém nho A4 1rén dutag day.
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Gid sit phanh (duomg day) gitta hai mit k-m bi din mach pha « hoidc hai pha b
va ¢ tai diém £. Goi fva £ 13 hai diém tao-

nén do dit mach (hinh 3.18). foo
Truomg hop hd mach mat pha @ ta ¢d a
cac didu kién i diém hé mach- cap nit 5
S .
C
=10 (3.41) {a)
"'l' = "(- = () a
trong d6 ki hiéu v 1a di¢n ap rui giita f-f . h oy
Vi chi pha « bi hér mach nén chi ¢6 v, = 0. ¢ '
bidu ki¢n do chuyén sang diéu kién (b

dot voi cdc thanh phdn doi ximg- sir dung
ciie cong thife chuyén Joi dang (3. 15),(3. Hink 3.18
16)- cho i o

in+ l'-] + flg ={} (3.42)

vo=v; = v = v,/ 3

Nhu vity d¢ thuc hién diéu kién nay, ta s& ghép song song 3 ludi dién thanh
phan tai cap nat f-f °. Hinh 3.19 v& cdc luéi dién dé, ching duge suy ra tir cic ludi
dién nhin tir cap nit &-m trude sy ed (e 1a bao gom ci nhdnh dudng day &-#1) nhu
sae:

Loai bd nhdnh k-m biing cdach ghép them nhéanh téng tr& - z giita hai nit &-m,
sau d6 thém hai nhdnh k-f ¢4 10ng trr 2, vivm-f* €6 10ng 1671 z,,, bidu dién hai nira
(dudmg diy noi (& diém hd mach /. Trén hinh 3.19 céc hrdi dién nhin W cap nat &-m
da duoe thay the bii mach tuong duong Thevenin.

Tir hinh nity ta ¢6 thé tinh thong s& mach Thevenin cho cip nidt /~f
- Tong 15 Thevenin:

.

-z~

1y () ~ _
Zﬂ’ =2y i/ M2+ 2, = i (3.4%)
Thim — €
. o ) o
tchi ¥z, + z,, = z). Tuong W ta 6 cong thite cho gﬂ,’ "va Zﬁj“’_
~ Bi¢n dp Thevenin giira /~f* tinh nhu dp gidng trén téng trd —z:
=il
. H, —u A _
F=-z k m_o_ ("k — ): Z”“k", (3 44)
A - e #
~Th. km
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k f
1 I}
l —a
1 I Z“
7 2N T
/‘kk 'Lkm
th ]
- Z'I‘hk.m ] —Z
Vi
- il iy
‘Cmm )'ka
i n
“kr i —
Loy f
k f
1 —_
| et
a1
12 (B}
ZKL ‘Z‘Iun
g || -2
V2
(8] 2
me _kal :
gD m
]'km ll 1
k !
i —T]
1
(™
Ty

" "y t
/‘k.k "/‘km

* 7’I‘h|km(m L] -Z‘OJ

Vi
g [T i
/‘mm -Amk
AL m
/‘kln ; —
5 O
!*m! f

Hinh 3.19

trong dé i,;,,, = (1,11, )z iy ddng nhanh k-m trude sy co.

Bay gidy theo két luan & trén, ta s& ghép song song 2 luéi dign thanh phén tai
ciip ndt ff* va duge so do hinh 3.20.

So d6 niy cho phép tinh cic dong 4p thanh phin cho d (3.42) tai diém hd
mach:
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+ . Z.g‘)'
n=1 -

Vo =V, =V, = I'](Zg.) //Z}]q.))

NEu d€ § rang ir,, va i; 12 céc dong dien thuan trén nhénh k-m truce va say khi
h& mach mot pha, thi ta c6 thé nhan xét ring su c6 ndy lam tang téng tr& truyén
thif tir thudn qua dudng day 1en mot lugng bing (Z,2//Z,'%)

_ v
T i T 2 T fo
Z'! v Zy*” vz zp" [] Vo
fo'”fkm
r
Hinh 3.20

Tigp theo ching ta xem xét trudng hop hé mach khong d6i xtng thi hai 13 ho
mch hai pha, ma ta goi 1a pha b va c. Bay gity diéu kién la:

v, =0 Q. 46)
in=i.=0

suy ra:
Vo+ v+ v, = a (347)

fﬁ=f; = i2= ’0/3

tic 1a mot diéu kién déi ngdu so véi trudmg hop h ma{ch mOt pha. E?iéu\ kién nay
tuong (ng viéc ghép noi ti€p cac ludi dien thanh phén tai diém f-f’ (hinh 3.21).
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Tir d6 suy ra:

g=0p =1, =1

v =i(Z5 +Z3))

v, = —:'22;,%?
— i 7(®
Vo = =iy Z g

km i) (2 (0},
Zﬁ,+Zﬁ.+Zﬂ.

Nhu vay nhan xét ring sy ¢6 hd mach hai pha
lam ting t6ng trd truyén thi fr thuan qua dudng
day 1én mot lugng bing (Zﬁom+ Zﬁsw’).

Cu6i ciing chiing ta hru ¢ ring d€ xdc dinh sy
thay d6i dién 4p tai mot nit j bdt ki trong luGi do

sir 6 hé mach khong déi
ximg trén dudng day k-
m, ta ciing c6 thé dua
trén ma tran Ong tré mit
cia Iwéi  dién  binh
thuomg  (trwde sy ¢B).
That vay céc lu6i dién
thanh phin trong sy co
nhu trén hinh 3.19 ¢6
dang hinh 3.22a sau day
(trong d6 ki hiéu tét cdc
dai lugng c6 thé cing la
thanh thit ty khong, hodc
ciing 1a tht tr thuan hay
cang 1a th& tr nghich).

Néu thay th€ ‘“ngudn
ap” v ghép ndi ti€p véi
6ng trd z bdi ngudn
dong ghép song song véi
16ng trd, ta c6 so dO hinh
3.22b, tr d6 c6 thé loai
boé hai nhinh z va -z
ghép song song, Vva
chuyén ngudn dong 1
hai nit k,m. Do d6 c6 thé

f.
)
Zg-m _“b Y
2y, B !
L |
{3.48) s
—
7. -
5 i ” T Vs
t
-—E:!—'I—i-'
_—P
w
Z'g- of’. T\»’a
Hinh 3.21
k
[
1
29.1,2
ZOJ.2 —Zpy2
Vor.2
1
|
m
(o)
k
t
Zy1.2 —2, 50l Zou2 Vor1.2/ Zo1.2
t
m
(b)
Hinh 3.22
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ket ludn ring: Str ¢6 hd mach khong d6i ximg trén nhénh k-m téc dong dén cac hiegi
thanh phdn giGng nhu khi dit them t6i nit & nguén dong thianh phin ¢6 gi4 tri
bing v, ;> / 2, ; va dat thém t3i ndt m ngudn dong ciling gia tri nhung trii dfu.

Vige bidu dién trong duong nay cho phép suy ra sy thay déi 4p (thanh phdn)
tai mot niit bt ki trong ludi do sy ¢6 hé mach khong d6i ximg tai mot dudng day;
né chinh bing dién 4p nit 46 khi chi c6 riéng hai dong niit c(_)ng thém néi trén, nhu
vdy ta c6 thé tinh bing cach nhan ma tran tdng (ror nit Z, Z¢ , 22 ciia 1u6i trude
st ¢6 (bao gém dudmg day k-m) véi “dong niit” vira xdc dinh. Tir dé suy ra ring s
thay d6i di¢n dp thanh phdn & niit j ndo dé s& bing:

- ym

[£] 1}
zZV-z

VAR A
An ., = L—,—m v, (3.49)
i= z(-) =

Z(n; _7fl_|)

Ll

An g =——-"y,

0 0
Z( )

Nhic lai ;‘aing Z;1a phan tif ma trdn 16ng trd ndt thinh phin twong tng (trude
sueoy, 20 2 1 t6ng (1&f thanh phin cia dutmg day k-m; con vy, vy, v, 12 dp

thanh phdn roi tren diém hé mach (gitta diém £ va diém /7 &hinh 3.18).



4
Giai tich ché dd xac lap

4.1 DPinh nghia bditodn

Gidi tich (ché do xdc Lip cia) lwdi dién (PF: Power Flow, Load Flow
Calewlation) 1a xuat phét tir cic phuong trinh ch€ do xdc 1ap dé€ xdc dinh phan be
dong, dp, cong sudt trong ludi, bang cdch gidi cic phuong trinh ndy. Bai todn gidi
tich ludi duce thue hicén trong nghién ciu qui hoach (planning) chang han cho mo
duimg day hodc tram cung cdp dién mdi, mot trung 1am phu tai mai hoae su tang
truomg mdi cia phu tai hé théng dién. Khi dé tinh todn gidi tich ludi duge thuc hicn
d¢ xem xét kha nang ddp dng coa ludi dién, gigp cho viée lua chon vi tri, céu tric.
thong s¢ cia cde phan tr madi cho ludi dién.

Pl- ciing 12 mot b phan cla tinh 0dn 167 wu hou (optimization) ché do lam
viée, tinh (dn on dinh (stability) hay phan tich ch€ do sy ¢6 Tinh todn Pl thude
Joai tinh 104n nghica ci (study), Khong sir dung cdc dir ligu thod thure (real time).

Cic phuomg trinh ché d6 xdc 1ap, d6i tuomg ca PI°, sir dung mo hinh todn hoc
tuy¢n tinh ¢ho cae phan tu hudi, nhumg phi tuy€n cho ngudn va phu tai dién. Sy phi
{uyén ndy la do dang phi tuyén clia luat Kirchholf cho ddng cong sudl, ma & ché do
xdc lap, thuimg phy tai dién dugc cho bin cong sudt thye P va phan khing Q hang
s, con cde nguon dién thudmg Am viéc vai cong sudt P xdc dinh va dmdt dién dyp:
duoe dicu chinh xde dinh. Diée ndy s& thiy ro hon dudi day.

Néu goi dién dp phitc (ché do xdc 1ap) & mot ndt ludi k 1 i, = v, + Jw, va
dong dicn (phirc) phu 131 hay nguon dién ¢ ntit £ 12 7, thi nhu di biét & chuong 2, a
6 phuong trinh ché do xdc lap 7, = ZY,U" i, v&i l.fkm 12 phan tir (phatc) ma tran

tdng dan nit vdi nidt co sa dién ap ka nut trung tinh (di). Ma tran (¥, } 6 thé bao
pém cdc tong dian & nidt (bl tinh, khing dién...). Ky hiéu Z chi tong 1dy theo mi

nit (k& ca nit &, nhumg oir ndt da). Vi day I ma irdn hang nén v& phii i
phuang trinh (hidu dién hed dien) 1a uyén tinh voi u,, trong khi dd néu cong
st it duge cho chir ]\hunb phii dong nit, ta o V& trdi - dic trumg ngudn v

1i - cho bdi (o, - jg) /w10 phi tuyEn ddi vai dicn dp (diu * ¢hi s0 phitc lién hap).
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Bién ddi phuong trinh ndy ta c6 cOng sudt nit (cOng sust pha Gng v&i 4p pha hoac
cong suft ba pha img vdi 4p day):
P tjq, = wi; :i‘kZYl::nu; “.1)

trong d6 gia sir s6 phic téng din biéu dién bdi Yy, = G, + jB,, trong d6 ¥,y ké ca
di¢n dung dudng day néu c6. The thi ta cé:

ptig, =, +jwk)Z[(vm - w G, - JB,.,)]

Tach phan thuc, do va dat:
S(k) = Z (vafmr - mekm) (42)

Z(k) Z—Z (mekm + vakm)

Ta s€ ¢

fpo = w

q, =w,S(kY—-v,Z(k)
P6 12 phuong thinh nidt & dang cdn bdng céng sudt viét theo dién dp & toa do
vudng géc: i, = v, + jw,.

Ta ciing c6 thé€ sir dung phuong trinh nit & dang cdn bdng dong:

Z(vm + j‘vm )(ka + ijn ) - ik = 0

m

(6 thé thdy rang t6ng trong phwong trinh ndy chinh bing S(k) + jZ(k). Thay
i, ={p, - jg. )/ (v, — jw,) va tich thyc do, ta nit ra 2 phuong trinh cho phan
thyc v phin ao, ky hiéu win or 12 a, va G, :

( v, +g.w

o, =S - Fet ek 2 0

| p‘:;_";*v (4.4)
sz“kk kl't=0

Pe=2B=T0 0

Cong thifc PF thudmg hay sir dung dién 4p viét & toa do mfc: u, =u, exp(j0,)
(ki hicu exp(j@) = ¢/ ). Néu téng din ciing viét & toa do cuc: Y, =Y, exp(jv,,)
thi thay vao (4.1) ta cd;
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P+ Jq, = u, exp(j6, )Z u, exp(-j6,)Y,, exp(~jy,,)
= ”kz 1Y €XP(J O — J¥Wicm)

trong d6 6, = 8, — 6, . Tich thyc 3o, ta duroe:

m

J - ul ZumY Cos(ekm '%m.)

4.5)
l ZumY sm(ebn wkm)
Ciing cd thé viét & dang:
ka = ul’ Zum(cm _Cosekm + Bkm Sinekm)
L {4.6)

lqk - uk Zum ((;km Sinekm - Bkm Cosekm)

Cic phuong trinh (4.3), (4.4) va (4.5), (4.6) la dang toa dd vudng goc va toa
do cuc cha phuong trink ché dé xde ldp. Chi y ky hiéu Z chi téng 18y theo moi

nit ké cd nit & va nidt can bang. Cdc phuong trinh ndy mo ta cin bang cong sudt
(dong) & cic niit va | phuong trinh (dai s8) phi tuyén (dGi v6i dién dp). Chi ¥ rang
cic phuong trinh nidy khong chifa bién thai gian vi ta dang xét ch& do xic lap.
Ciing chu ¥ ring ta di tdch thyc 30 nén 1t ci céc dai lugng trong phuong trinh déu
a sd thuc'

Bay gi0r chiing ta s&€ xem xét viéc gidi cdc phuong trinh ndy. Tru6c hét nhan
x€ét rang vi phuong trinh 13 phi tuyén nén dé gidi né ta khong th€ dimg phuong
phép giai tich tudmg minh, ma phai ding cic phuong phdp s& (numerical methods).

Gia sir luGi dién ¢6 n+] ntit dénh s6 tir O t16i #, khong k€ ndt trung tinh (&)
. Tai mdi nit c6 4 bién thue p,.q,.%,,6, hoic p,.q,,v,.W,. Néu cho trube
2(n+1) céc dai lwong ndy, thi tir 2(n+/) phuong trinh ch€ d6 xéc lap & trén, ta cd
thé xdc dinh 2(n+1) bién con lai. Gia thiét ndy duge thoa min, néu nhy ta xem xét
tnromg hop biéu dién nit phu ti béri cong sudt P,Q hang s6 dil biét (bao gom ca nit

' (fing c6 the sit dung bigh phite khi tinh todn trén mdy tinh; vn d& 1h hiéu quad tinh todn.

@ Khong vigt phueng trinh cho nit ndy, dong thdi trong phuang trinh cho cdc nut, tdng khong bao
gom nat dat vi tai dé =0 ’
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ndi day c6 P=0, Q=0 hoac Q=Q, vdi Q, mo ta cong suat rén dién dung chia duimg
day ndi téi mit), con & nit ngudn dién cho trude cong sufll tde dung P va madus
dién 4p u (cde nit loai sau ndy dugc goi 1 nir diéu khién dién ap).

Tuy nhién xem xét kit hon ta ¢6 hai nhdn xé1 sau diy:

» Phuong trinh dang toa d6 cuc (4.5), (4.6) chita mot bién s6 ka géc pha cla dién
ap, tay nhién cdc phuong trinh nay chi phuy thude vao goc rwong déi gitra hai nut
8,, =06, -0, , do dé néu cong thém mot dai luong ndo d6 vao tat cad cde goc
thi khong lam thay déi phuemg trinh. D6 13 vi vé vit I géc dién dp duge dinh
nghia so vai mot "moc” ndo dé tiay chon. Pitu dé ciling ¢6 nghia ring ta phai
chon trude goc cho mot wit nao do b

¢ Khong thé xdc dinh trude cong sudt P& (it ¢a edc ndt coa ludi dién, vi digu kicn
cdn bang cong sudl qui dinh phdi ¢6 mdt nidt tai dé cong sudt phat vao ludi phu
thudc 16ng cong sudl phu tai, (6n thil cong sudl trén ludi va cong sudl di cho &
cde ndt nguon khdc. Nat ndy duge goi 1 mir can bdng cong sudt (swing bus.
sluck bus) va dugce chon trong s6 cdc ndt nguon. Vi thd khong the cho trude P a
14t ¢d cac nguon nher gid thidt & uén.

Nhir vay tir nhan xét tha nhidt, s6 an gdée dién dp gides di mot vi phai cho trude
mot goe, ¢on tir nhdn xét thit hai phai ¢é mot cong sudt P (o ndt cin bang) 1 an sé
(bi¢hh phu thudc). DE cho tién ta chon goée & nidt can bang 8 = U, nhu viy & ndl nay
(mal ndt nguon) s¢ cho trude w0 thay vi cho  w.P. S0 an con lai vian bang sd
phuong trinh.

Tom lai, 3 loai ndt thutmg duge xix 1f trong tinh toan P la:

1. Nt PV hay niit didu khicn dién dp: Cong sudt tic dung P va bién do dicn ap
dugc cho trude. Py thuimg 3 cde nha mdy dién vai « duge duy ri bon thict by
dicu chinh tu dong di¢n dp (AVR- automatic voltage regulator) hay céc tram bu
cong sudl phan khang. Viée duy tri dién 4p duoge thue hién bai didu chinh cong
sudl phan Khing nguon phat ra. T4 nhién khoang di¢u chinh ndy ¢6 gidi han
do gidi han cda dong stator va gidi han cha dong kich tir clia mdy dién dong
bo, ciing nhu dicu Kicn lam vice on dinh 6 ¢h¢ do thidu Kich thich. Do d6 & cdc
nut foai ndy thudmy phai xéi dieu kicn rang hude:

O < g, <O @

20 N PQ: thuemg 12 ndt phu tai dicn & dé cong sudl tico thu gid thi€l 1a khong
bi hién ding theo dd 1éch nho cua dién dp trong ché do xdce 1ap.

' Pt ny cing da duge ghi nhdo & chuong 2
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3. Niit cdn bdng: Phit sinh do tdn thit cong sufit trong luéi 13 khong biét truge
khi tinh todn giai tich ch& d. Niit niy thudng dugc chon frong s6 nit nguon va
ing v&i nha mdy dién 1am nhiém vu ditu chinh tan s6. Tai ndt cén bang cho
trudc u, & Thong thudmg céc chuong trinh PF diing mot nit ¢an bing, tuy nhién
cling c¢6 th€ xir 1i bai todn giai tich trong hé th6ng hop nhét, bao gom nhidu
ving, nhiu nit digu chinh tan s§ vi cOng suft trao d6i (mua, bdn) giita cdc
ving.

"~ Mot trutmg hop dic biét cia bai todn giai tich heoi dién:

Mot s6 diém b sung trong mi6 ta bai todn PF s¢& duoc xem xét & mot phan sau,
& day chi hu § mot trudmg hop dac biét. hay gap khi tinh todn PF phuc vu cho
nghién ctu 6n dinh qué d¢ (Transient Stability)'" hay nghién citu sy c6, trong d6
cin dy dodn hiu qua clia mot thay ddi ndo dé cia cu enic ludi (gay ra do sit c6).
Néu gia thi€t rang cong sudt cha 4t ca cdc mdy phdt dién va phuy tai dién thay déi
rit it sau su ¢ (trong thoi gian qué dé nhanh), thi viéc xac dinb dién ap trén ludi
sau sy cf trér thanh bai todn PF trong dé tdt cd cde mit cho trude P va Q. trur niit
cdn bdng. Chi y ring diéu kién cin bing cong suff trén ludi cling dp dung déi véi
cong sudt phan khang, do dé6 ciing khong thé cho trude Q & t4t ca cdc nit. Nhu vay
riéng nat can bing s& duge cho dién 4p, giéng nhu d3 xét & trén.

Nhan xét.so bo vé giai phuong trinh ché do xac lap:

Ta néo mdt nhan xét lién quan téi viéc giai plivong trinh ch€ d§ xdc lap, tic
12 giai bai todn PF: M4i dn cong sudt (p hodc q) chi tham gia vao mét phuong trinh
(G dang cdn bdng cong sudt), do dé khong cdn gidi hé phuong trinh dé xdc dinh
chiing. Cong sudt chua biét s& duogc tinh tir phuong trinh twong mg sau khi xdc
dinh 4n dién 4p v,w hodc u, @bang cich giai hé phuong trinh.

" Gia sirndt O 12 ndt can bang, # nit con lai bao gom n, nit ngudn (generators,
hay miit PV) va n. nit tai (charges, hay nit PQ). Tir 2(n+/) phuong trinh ta loai ra
cdc phuong trinh iing v3i céng sudt niit chua _bié't, cu thé 1a 2 phuong trinh d6i véi
ndt cin bang, », phuong trinh cho g & nit ngudn. Cdn lai hé n+a, phuong trinh da
dé gidi ra n géc 6 & c4c nit va n. 4n dién ap # & cic nit phy tai (trong trudng hop
ding toa do cuc). Truong hop diing toa do vudng géc (4.3) ta c6 2n &n v,w. Dé gidi
chling, ta s& b6 sung vao cho n+n. phuong trinh néi trén n, phuong trinh sau day
- viét cho cdc nit ngudn (da biét u):

Uy =v, +w; k=l.,n, (4.8)

i (Ning thudng goi 4 dn dinh déng
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4.2 Phuong phdp Iap Gauss- Seidel gidi tich 1ubi dién

Pé 4p dung phuong phip lap Gauss-Seidel (xem chuong 1) gidi hé phuong
trinh ch¢ d¢ x4c 14p, ta ddng phuong trinh cﬁn bang dong nit viét cho n nit, trr
nit cin bang di biét dién 4 ip u,y:

EYkmum =i, k=I.,n
m

Téach riéng dién 4p it & tir tdng, ta c6 phuong trinh lip sau day:

RT3 A VA - 49)

mzk

trong dé dong nit k x4c dinh theo dién 4p it & budc lap trudc'”’

o PmiQe o 3
i == Y (4.10)
k

Dé ¥ rang trong cong thic ndy, ta di gop ddng trong cdc nhanh sun (nhénh
ngang) clia ludi vio dong nut: Y, 13 t6ng dén nhanh sun ndi v6i nit . Néu lam nhu

vay thi trong phin tir ma tran tdng dan nit trong (4.9) s& khong tinh dén tat ca cdc
nhdnh n&i dit ndy.

Trong (4.10) cOng sudt nit 1 dai luong d4 cho. D6i vdi cédc nit PV, cong suét
phan khdng trong (4.10) s& 14y x4p xi theo dién 4p budc lap cil. Chéing han tir cong
thiic (4.5):

g =u, Z uy, sin(8F —w,.) @.11)

trong d6 u;, 1 dién 4p dd cho tai ndt PV. Nhu vay & cac mit PV, trong x&p xi dién
dp mdi tinh theo (4.9) chi ding dén go6c pha &, khong ding médun. Ciing nhéc
lai rang trong phuong ph.'ip GS, luén luon dung gi tri mé&i nhdt clia dién 4p khi
tinh v€ phai chia (4.9), tic 1 néu tinh todn iheo thit tu k=1,2... thi (4.9) thay boi:

‘" (ing c6 thé xdc dinh theo dién 4p & bu6c hién tai: thay 7, tinh theo ™ vao (4.9) va gidi ra
ud™" nhumg khong c6 hieu qua dang k& [1 }
£ kKhong
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(H—l) _( Z Ymu(4+l)+ ZYMMU))/Y . 4.12)

m=0k-1 m=k+1ln

Ul diém chia phwong phip GS I3 don gian, kh6i lugng tinh todn nhod trén mot
budc 1ap va yéu cau L trit nhd. Nhung nhuge diém 16n ciia phuong phép ndy 1
hoi tu cham, nhét 13 khi kich thuéc ludi dién tang lén. S6 lugng budce lap yéu chu
tang theo s3 bién, vdi luGi dién thuc t€ vi du c6 S00 niit, phuong phdp GS doi hoi
cd 500 budc lap, théi gian tinh lén hon nhiu so v6i phuong phdp Newton-
Raphson (s& dugc dé cdp trong phan sau). Do dé trong thyc (& thudng GS chi sir
dung c6 loi cho tinh todn PF trong vai bai todn 6n dinh hay phan tich sy c8, trong
d6 yéu cau tinh gidi tich nhiéu lin v6i chi mét vai céng sudt nit thay ddi nhe. Xdp
X1 ban d4u c6 thé 14y theo két qua tinh'todn trudc, tic 13 khd gin nghiém. Cing véi
yéu cau vé dé chinh xic tuong d6i thip, két qua Ia 1dp GS 6 thé hoi tu nhanh.

Céc chuong trinh gidi tich Iu6i dién thuc t€ ciing c6 thé ding GS cho 1,2 budc
lap dau tien, khi x4p xi con xa.nghiém, tai dé phuong phdp c6 t6c do hoi ty cao
nhu Newton- Raphson lai c6 kha ning hoi ty kém (xem phin sau). Bing cdch ndy
cé thé bao dam hon cho sy hoi tu cha tinh todn, lai ¢6 thé giam duoc mot budc lip
Newton- Raphson, tmg vdi mot khdi lugng tinh todn kha 16n.

4.3 Phuong phap Newion- Raphson

4.3.1 Phuong irinh Igp Newton- Raphson
Néu ta viét hé phuong trinh phirtl;lyé'n cia ch€ do xdc l4p & dang:
| r(x)=0 (4.13)

thi d6i voi dang cong sudt (4.3), (4.5) hoic (4.6) r I vecto him bi€u dién sai s¢&

cong sudt 7 cde niit: 7
)
. \AQ

trong dé P,Q 12 cong suﬁt da cho_cua nut; cbn p,q 12 ham cla dién 4p ndt (bién x
trong (4.13) ). V&i dang dong dién (4.4) thi r = (a,B), x bao gom dién dp va cong
sudt phan khing.-
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Trong cic phuong phdp sd giai phuong trinh phi tu}é’n, phuong phdp Newton-
Raphson ¢6 vi tri quan trong. Hinh 4-1 minh hoa qua4 trinh gidi cho trudng hop mot
phuong trinh f{x)=0. Xudl phét tir diém x4p xi thtt nhdt (x,.f;), ham f{x) dugc ruyén
tinh héa bdi dudng tiép tuyén tai diém ndy, tir d6 x4c dinh nghiém ciia phuong
trinh tuyé&n tinh héa, va ta duge xdp xi thit hai (x;,f2) t6t hon. Qué trinh dugce ti€p
tuc vd hoi tu dén nghiém ctia phuong trinh phi tuye’n fix)=0. Phuong trinh cia
dudng ti€p tuyén tai x; 12 s6 hang
tuyén tinh clia khai trién Taylor clia
ham f{x) tai x; va ¢6 dang: s )

ye [éf_] |
I~ feHGe) s N

Pt bang 0 ta c6 phuong trinh
tuyén tinh cho phép gidirax,: . 5

)~ x) + = |
trong 46 ftxl) 1a dao ham f tai x; - : Xz X x

v

Ap dung vao hé phuong trinh
can bing cong suit nit dang (4.13),
(4.14) ta c¢6 phuong trinh tuyén tinh
hdéa can gidi & mot bude lap i la:

Hinh 4-1

J (x,,{l X,)=r, _ (415)

trong d6 r, =(P-p,, Q- ql) con J 1a ma trin Jacobian (chita céc dao ham
néng ctia p v q; chiing ta s& khao sit ma trin néy trong muyc sau)

_._ , P (XI)J
b= rJ("‘)“(ql'(x.) S

4.3.1 Jacobian ciia cdc phuong trinh ché do xdc ldp

Ma tran Jacobian c6 vai trd quan trong trong thuat todn giai bing phuong phép
Newton- Raphson. Vi phuong trinh cho p va g 1a phi tuyén d6i v6i 4n x (dién 4p)
nén ma trin ndy, xic dinh theo (4.16), phu thudc ché€ do 1am viéc (dién 4p) va do
dé thay ddi tir bu6c 1ap ndy sang budc lap khéc. Sau ddy din ra biéu thiic cho cic
phin tir cla ma trin dao ham riéng rlily biang cich ldy dao him tryc ti€p céc
phuong trinh ch& do x4c lap. ‘
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Bét dau bing phuong trinh & toa do cuc (4.5), (4.6) dugc din lai & day :

P =1, ZumYm cos(#,, — Wm)'i'u:Gkk

mek

=u, z #,, (G €08 8y, + By, 8in 6,,,) +14;G, (n phuongtrinh)

_ukzu Ykmsm(gkm '/’km) u; B

mzk

. mzk

=u, z u ((;,m sin 9 B,m,' 086y, ) — w;B,  (n phuoﬁg trinh)

Tir c4c phuong trinh ndy d€ dang tinh céc phin tir Jacobian:
. - B o (4.17):
@, 188, =uu Y, sin(6,,~ y/h;,)
=wu,u,(G,, sin 6, —B cose,m)
c'pk /86, = ~ukZu Y., sm(e,m y/k,,,)

-ukZu (- (;,,m smB +B cosﬂm)— Zé?,,/ﬂﬂ
) mzk. m‘.:k
By Aty = Yy OOy = W)

- uk (G,m; cosﬁkm +B,,,,, -Sin9k,;,) .

D, M = 2,6 +Zu Ykmcos(ﬁ,,m y/,,,,)

m#zk

=2u,Gy + Y u,(G,, €080, + B, sinb,,) = 2u,G,, + 3. b, /o,

q, 136, =-uu, kmcos(gkm.— Wm)'
' uku (U,m, cos8,, +B,, sin B,M)

a, /5‘9 =u, > u,l, cos(@km ~ Wim)

mek

—";:Z" ((,,,,,,cose,,,,,+B smG,,,,,)- Zﬁqk/%

m=k mek
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ag, é‘m =u,Y, sin( 6, — ¥,)
=u,(G,,sin6,, ~B, cosb, )

a, /o, = -2u, B, + zumykm Sin(6,,, — ¥, )

mzk
=—2u, B, + > u,(G,,sin6, —B, cosb,)=-2uB, +>. .45, 1,
mek ek

So sanh céic biéu thitc 6 thé rit ra:

@, 16, = _Z(épk 168,)=-q, _uszk

mzk

a1 96, = _Z(&h'/ 36,) =p, —u; G,

mek

u (p, o )=(a, 6,)+2uG, =p, +u.G,

u, (b, | h,)=—-(,/56,) |

u, (3, | A)=~(P,/36,)-2u;B, =q, ~u;B,

u (g, /a,)=2dp, 130, (4.18)

Nhan xét rang viée tinh todn Jacobian s& don gian hon néu 4dp dung cic cong
thitc trong (4.18). Nhu ta thdy, cdc phin tir dudmg chéo c6 thé tinh theo p, va g, va

¢6 thé don gidn héa néu thay thé gin ddng p, va g, boi P, vd Q, (cOng suit nit da
cho). Néu gin nghiém xdp xi nay 12 t6t [4].

Bay gid ta biéu dién ma tran J duéi dang khéi gbom 4 ma tran con:

G 3)-EE

“\&q/o0 &/

4.19
3, 3, 4.19)

Kich thudc cic ma tran nhu sau: J (nxn), J,(nxn), Jy(nxn), J4(nxn.). Ta c6
tir (4.18) quan hé giita cdc kh6i con:

{ukJ4(k,k) =2q, +J,(k,k) (4.20)

u,J,(k,m)=J (k.m)
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VuJ, (k k)y=2p, — T, (k. k
{u,, 2k, k) = 2p, ~ Jy(k,K) a2

u,J,(k,my=—J,(k,m)

Tiép theo chiing ta xem xét phuong trinh ch& d6 x4c 1ap & toa d6 vudng goc
(4.3), (4.8) dugc viét 1ai dudi day:

P =V +w])Gy +v, 2 (v, Gy, W, B+ W, > (W,Gp +V, B

(n phuong trinh) "t " )

g =—(vi +W)By +W, D (VG — W, B ) =V, Z w,G,, +v,B.,)
(n. phuong trinh) " i

u; =v; +w. (n, phuong trinh) O (4.22)

Jacobian tuong iing ¢6 cic phin tir sau:
é’k f a’k = zvakk + Z (vakm —mekm)
2k

&P, ¥, :.va.tm +w, B,

@y [ O, =2w, G, +Z(mekm +v,B,.,)

mzk
&, | W, =-vB, +w,G,,

ay, | &, =—2v, B, — Zk(me,m +v,B,,)
&, &, =d, W,

&, | v, =—2w, B, + z;“(va,,,,, -w,B,,)
a,lw, =—-d, |,

N &, =2v,
| dw, =2w, C(4.23)
Kich thudc clia ma trin & day 13 2», 16n hon 1a khi ding toa do cuc, nhung cac

phin tir khong chifa ham luong gidc 1a céc dai lugng doi héi nhigu thoi gian tinh
to4n.
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Ciing ding toa do vuéng goc, nhumg v&i phuong trinh & dang dong dién (4.4)
thi Jacobian don gian hon nhléu dic biét. cdc phin tir ngodi dudmg chéo clia cdc
kh&i déu 12 hang s6: '

‘ . e ol
50:: /a)k - Gidc + 2qukwk +€k (vk wk)
_ u,

éak /avk = —.B + zpkvkwk _qk(v; _w.i) .

e 4
u,

of;ﬁk ] &, B -’—kakw —q, (vk '.'wk) (4.24)

4
uk

Oﬂﬂk /éwk - Gkk + 2qukwk —pk(vi —Wf:)

."4

. k
Ba, | &, =3B, 1w, =GC,,

aak favm = _aﬁk /a)m: -

4.3.2 -Dac diém phuong phap va dp dung cho bai todn
guu tich luél dtén

“Nhu ta d3 nhdn xét, ma trin Jacobian thay ddi tir budc lap ndy sang budc lap
khic. Sy phic tap cita phuong phip Newton- Raphson (NR) chinh 4 & ché phii
giai he phuong trinh tuyén tinh & mbi bude lap v6i ma tran thay déi. Thei gian
méy can cho Idi gidi ndy 13 phan chi yéu trong thdi gian tinh todn ciia mot budc
tap. Giai hé tuyén tinh diay m phuong trinh yéu cau ¢ 2m3/3 phép tinh; d6i véi
luéi dién 500 nit, gidi hé khoang 1000 phuong trinh sé cin 667 triéu phép tinh !

May mén 1 ma trin J ciing rdt thua nhu ma tran t8ng ddn nidt Y: phan tir
ngoai dudmg chéo chia méi khdi con chi khdc O néu fon 1ai nhénh ndi gilra hai ndt
twong tng. Nhu ta d3-biét, khéng phu thudc vao sd nidt, thudng chi ¢6 trung binh 3
nhanh ndi v6i mdi ndt, do d6 ma trin cing thua d6i v6i lu6i dien 16n'” . Phuong
phip NR chi ¢6 hiéu qua néu 4p dung k7 thudt ma irdn thua trong viéc giai phuong

D Lam phép todn don gian chang han déi véi khéi con J; c6 n° phan tir. Néu méi ila1lg chicé 1
phan tir dudmg chéo V"I 3 phin tir ngoai dudng chéo khic 0 thi tdng cong cic phian tir khic 0 chl .
chi€ém mot Ui s6 dnin’ = 4/11 Vi du n=100 nit, ti 1€ nay chi 1a 4%.
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trinh, nhu phuromg phdp khai trién tam gidc theo thit ty (6i wu (OOF) ma ta da xem
xét & chuong 2.

Mat bat loi khic cha phuong phip NR 1A yéu cdu b6 nhé nhidu hon so véi
phuong phép Gauss - Seidel (GS). Bu lai, vu diém 16n ctia phuong phip NR 13 1é¢
d¢ héi tu cao. Néu phuong phip GS héi tu tuyén tinh, tic 1a ¢6 €,,, = k&, vGig; A
sai s6 cla xdp xi thit i, thi phuong phap NR /i 14 bdc hai: &, = k,& . So sinh
v6i k, = k, < 1 10 rang sai s8 cia NR giam nhanh hon, néu sai s6 ban dau nho. Trai
lai néu sai s6 cha x&p xi diu I6n, iap NR c6 thé phan ki. Nhw vay su hoi tu bac hai
12 t6t khi va chi khi x4p xi ban dau 16t. Do dé d€ 4p dung thanh cong phuong phép
NR, can bao dam mét x&p xi t6t ciia nghiém.

Tuy thoi gian yéu cau cho mét bude lap & phuong phip NR 16n hon vii fan so
véi GS, nhung s6 budce lap yéu cau clia NR thudmg chi [a 2-5 buéce, hiu nhur khong
phu thudc vao kich thudc lusi dién. Do dé sir dung phuong phap NR rét ¢6 loi cho
tinh todn luGi dién 16m.

- Mot s6 uu diém khdc thuomg dwoc néu len cia phuong phdp NR so véi GS Ia:

o (6 thé giai cho hé thdng nang tai, véi goc léch pha ti 90° (d6i khi con héi tu
cho ca mot ché d6 khong dn dinh)

e (6 thé giai cho hé théng chita dién khing am nhu mﬁ hmh méy bién dp 3 cudn
. day hodc tu dién bl doc cho dudmg day

. Cothé giai cho hé théng chifa nhimg dudmg day c6 do dai rit I6n lam viéc song
song vdi dutmg day ngin, hodc he thing truyeén tdi rit xa.

Ap dung phuong phap cho pﬁﬂo‘ng trinh cong sudt nit & toa dd cuc, phuong
trinh tuyén tinh can giai trén mot budc lap i la:

Ap]" _[J . Jz]f[Ae]”‘ 2%
Aq) \Jy J,/\Au -
Ap’ =.P—p’;Aq"'= Q-q:Au"' =u"' —u'; AG" =g -4 1 =J(F ')

Thuc t€ hay s dung 4n Aw'""' /4 thay cho Au™', tuong img trong cic ma
tran con J, vd J, phan o &,m can duoc nhin thém véi . Dang ndy 6 lgi hon

trong tinh todn, ca hai 4n tré thanh khong thi nguycn va cdc ph‘ﬁn ur Jacobian cé
cong thice ddi xing nhy sau:
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Phan tir ngodi dumg chéo:
Ji(k,m)=p, / 38, = uu (G, sin 6, — B, cosb,,)
J(k.m)y=(,/36,)=—-uu, (G, cosb, +B,sing, )
J,(k.m)=u, (&, [ )=—J,(k,m)
o Gem) =, (g, | A4,y = J (k,m)

Phin tir dudmg chéo:

Jikk)==2"J,(k,m)=~q, ~u,; B,

mik
J, (k k)= J,(k k) + 202G, = p, +u3G,
Jy(k k) == J,(k,m) =p, ~u}G,

mek
J (k.k)=—J (k. k)-2u’B, =q, —u’B,,

| (4.26)
Chi y ring ma tran Jacobian khong d6i ximg, trir khi moi dién 4p (phic) bing

nhau.

L2

DA W

Qud trinh lap tién hanh theo thuat todn sau:

Tinh todn sai s§ cOng suit nit Ap, Aq theo x4p xi hién tai clia 4n dién 4p (u,0)
Néu mflx|Ap,r| <g, va mflx|Aqk| < g, thi dimg qu trinh 1ap. Xdp xi hién tai
12 nghiém bai todn. Néu khoéng thi tiép tuc budc (3).

Lap ma trdn J

Giai hé tuyén tinh (4.25) dang JAx = Ar

Tinh x4p xi méi cla nghiém x := x + Ax. Riéng bi€n dang Au"' 1 u' s& cho
xdp xi dién 4p mdi:

) . . ) AutV
wY = w3 A =y (14 ——)
O

Tro lai bude (1).

Sau khi két thic qué trinh lap tim dugc dién 4p cdc niit, cdc dai luong ché do
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x4c l1ap khdc nhu phan b6 cong suft trén ludi c6 thé x4c dinh d& dang theo dién 4p
nat. ‘

D6i v6i cdc nit PV cin thdéa man ditu kién rang budc (4.7). Do d6 tai moi
bude lap cin tinh cong sudt phan khang clia cdc nit PV dé kiém tra digu kién ndy.
Né&u gi6i han bi vi pham thi ndt twong tng s& dugc chuyén tir nit PV thanh niit PQ
voi Q dit o6 dinh & gid tri giGi han bj vi pham. Khé khan gap phai ¢ day la khi
chuyén loai nit nhu viy thi cfu tric ma tran Jacobian cling nhu cfu tnic phiuong
trinh va dn bi thay déi.

Nhu da néi, ¢in chd ¥ bt dau qu4 trinh lap NR khong qu4 xa nghiém dé€ bao
dam sy hoi tu. Néu khong biét mdt xdp xi ndo tt hon thi cé thé dung khdi tgo dién
dp bdng phdng, tic 1a 14y dién 4p cdc nit PQ bang dién 4p nit can bing, dién 4p
cic mit PV 14y theo gid tri da cho, cdn géc pha 14y bing 0 (bang géc pha nit can’
bing).

Kem theo viéc lua chon xdp xi dau tién nhir vy, mét hoac hai buéc 1ip Gauss-
Seidel ¢ thé dung dé khdi tao. Mot bién phép khdc dé tranh tnromg hop khéng hoi
tu 12 han ché€ d6 ldn cha hiéu chinh AO va Au & cic budc lap. Viéc ndy tuy nhién
1am giam t&c do hoi tu.

T4t nhién tinh todn PF khong thé héi tu cho cdc ché do khOng ton tai vé vat Ii,
nhu ch€ d6 khong én dinh, do phu tai qué nang hodc dir Lidu sai.

Phuong phdp NR ciing dwgc 4p dung trong toa d¢ vudng géc. Dang phuong
trinh dong nit it khi dugc sir dung.

44 Thidy

Chiing ta minh hoa phuong
phiap NR dung toa do cuc bing 0 - _
mot thi du dua theo [6), gidi bai T 1

todn PF cho ludi dién don gian
4 nt trén hinh 4.2. Tai mit O va
3 ¢ ngudn dién, & tat ca cdc nit
¢6 phu tai. 80 liéu nhénh va nit

cho trong bang dudi ddy v6icic 2 -Tr -3
dai luong co s& 1 100 MVA va M

230 KV.

Hinh42
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So liéu cac duing day:
Nhénh R X G ' B Qnap Tdngdan sun
(p.v) (p.u) (p.v) (pw)  (MVAR)* Y20
0-1 001008 0,05040 3815629 -19,078144 10,25 0,05125
02 000744 003720 5160561 -25,847809 7,75 0,03875
13 000744 003720 5,169561 .-25.847809 7,75 0,03875
2-3 001272 006360 3,023705 -15,118528 12,75 0,06375
+ Xic dinh & 230KV,
$6 liéu nat:
N.ul Cong suit phat Phu ti | U (p.u) Loai nit
P (MW) Q(MVAR) |P (MW) Q(MVAR)*
0 - - 50 30,99 1,00 can bang
i 0 . 170 105,35 - PQ
) 0 0 : 200 123,94 PQ
3 318 - 80 4958 | 1,02 PV.
* Hé s6 cong suit 0.85
Ma tran tng dan nit G+jB tinh dugc nhu sau (ma trin d6i xiing):
Nit 0 T 2 3
0 8,985190 -3,815629 5,169561 0
-j44,835953 +j19,078144 +j25,847809 |
L 8,085190 0 .5,169561
| j44,835953 , +§25,847809
2 . 8,103267  -3,023705
-j40,863838  +j15,118528
3 8,193267

-j40,863838
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Phuong trinh 1ap (4.25) ¢6 5 phuong trinh tmg véi P,,P,,Py, Q;,Q, v2 5 4n 8,

8,,8;, u,u, (1dy 6,=0). Jacobian xdc dinh theo (4.26), tai x4p xi dAu tién (dién dp
phing) 8,=0,=8,=0, u,=u,=1 p.u, ta c6 ching han khéi J:

Phin tir ngoai dudmg chéo:

J,(1,2) = &P, 1 36, = J,(2,1) = 0

J,(1,3) = P, 1 30, = uu, (G, sin 6,, — B,, cos6,,)
=1x1,02(-5,169561sin 0 — 25,847809 cos0) = —26, 364765

J,(2,3)=1x1,02(-15,118528cos0) = —15,420899 '

J,(3.1) = 1,02 x 1(~25,847809 cos0) = ~26,364765

J,(3.2) = 1,02 x 1(~15.118528 c0s0) = ~15,420899

Phin i dudomg chéo: ‘
(22) = —J,2,0)~J,2D - J,23) =
= 1 x1x (~25,847809cos0) - 0 - (~15,420898) = 41,268707

J(2, 2)_—J (2,00~ J,(2.1)-J,(2, 3)=
= 1% I x(~25,847809c0s0) — 0 — (~15,420899) = 41,268707

J,(3.3)=-/,3.00-/,3,)-J,(3,2) =

— 0—(—26,364765) — (~15,420899) = 41,785664

Tinh ti€p theo Jy, J, vd J, , cudi cing ta c6 phuong trinh 13p dang (4.25):

45443 0  -26365| 8882 0 Y ag/Y ) (-1597)
0 41269 ~-15421| O 8,133 ALY -1,940
26365 -15421 41786 | -5273 -3084| ag!Y |=| 2213
~9,089 0 5273 |44229 0 | AuY /u(‘” ~0,447
0  -8254 3084 | O 40,459;@4“ /ul® L—o,835 )

“Gidi hé phuong trlﬁh nay dugc xdp xi mdi cla dién 4p:
u, = 0,98335.2-0,93094°
uy = 0,97095/-1,78790°
u; = 1,02£-1,54383°
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Bang dudi diy cho ket qua giai bai todn sau 3 budc lap. Dong nhdnh dugc tinh
sau khi biét dién 4p nit. Céc dai luong khac nhu t6n thdt cong sudt téng trong ludi
c6 thé tinh bang cdch so sdnh cong sudt phat va thu, con tén that trén nhinh xdc
dinh nhu hiéu s§ gitta cong suit dau va cudi nhanh.

Nit| U Goc | Cong sudt phat. Phu tai Loai; Téi Dong nhénh
(kY) | (d6) | (MW) |(MVAR)|(MW)|(MVAR)| nit | nut | (MW) (MVAR)

0 1,0 0,0 | 186,8 | 1145 50,0¢ 30,99 | CB

p—

38.69 22,30

2 98,12 61,21
1 | 0982 )-0,976 0 0 [170,0f 10535 | PQ| 2 -38,46 -31,24
3§ -13154 | -T74,11
2 [ 0969 |-1,872 0 0 1200,0; 12394 | PQ| O -97,09 -63,57
3

-102,91 -60,37
3 1,02 | 1,523} 318,0 | 1814 BO | 4938 | PV | 133,25 74,92

t

104,75 56,93

Tong cong | 504,8 | 2959 |500,0| 309,86

45 Phuong phép PF bac hai

Xem xét phuong trinh PF & toa do vuong géc (4.22) ta nhan thdy rang v€ phai
1a cdc ham toan phuwong cla phan thuc va phan ao cla dién 4p, tic la chi bao ghin
toan s6 hang bic hai cla cdc bién ndy. Méi ham nay c6 thé biéu dién dudi dang:

f0)=(1/2)x"A x

trong d6 x=(v,w) vd A, i2 ma trin hing d6i ximg, xdc dinh tir ma tran tdng dén
nit. Nhu vay khai trién Taylor cita c4c ham nay sé két thic & s6 hang bic hai ma
khong c6 sai s& chat cut. Khai trién ham f, trong phuong trinh F, —fi(x) = 0, ta ¢6:

F, = f,(x*)+J,Ax + £, (Ax) 4.27)

trong d6 F, 1a dai luong da cho; f, = (1/2)x" A, x ding cho cong sust tic dung,
phin khang hay bién do dién 4p & nit &; x? 1a xdp xi diu; Ax = x - x?

I =, 1 &), =(x")' A, (428
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12 hang k clia ma trn Jacobian, S hang bac hai clia chubi Taylor chinh 14 f, (Ax).
Nhu vay cho tdt ca phrrong trinh (4.22) ta ¢6 hé:

J'Ax =F-f(x")-f(Ax) (4.29)

Chi y ring phuong trinh ndy 12 chinh x4c, khong phai x4p xi cia phuong trinh
phi tuyén ban dau. Ta c6 thé giai n6 bang cdng thic lap sau day:

J°Ax" =F-f(x*)-f(Ax') (4.30)

véi Ax=0 tai buéc i=0. Bay gitr Jacobian J® 12 ma trin hing, do d6 chi can tinh
mot [an tai x4p xi du tién; dong thai luu § ring Ax luon ludn do tir xdp xi ndy.
Xip xi m&i x"' =x° + Ax™'. Qu4 trinh lip dimg khi makuAxf' —Ax}| <. Ta
¢6 thé nhan xét ring cong thitc lap (4.30) twong duwong véi cong thitc truy hbi san
day:

' -x)=F-£(3") | 4.31)

tifc 12 phuong trinh ldp NR ciia (4.22) vdi-ma trdn hdng. Bdi vay c6 thé n6i t6c do
héi tu clia so d6 1ap nay 1A tuyén tinh chi khong phai bic hai nhur lip NR chudn.
Tuy nhién t6c d6 hoi tu c6 thé duge cii thién bing cdch khoi tao lai qué trinh lap,
ching han sau méi 3 budc, va ding Jacobian méi cip nhat. Gi phai trd 12 ma tran
c6 thé c6 cfu triic khdc va phai Bim lai khai trién tam gidc.

Nhién xét tir (4.22) ring phuong trinh d&i v6i bién do dién 4p cha cdc nit PV 1A
ddc 14p vii cac phuong trinh d6i vdi p,q, do dé phuong trinh (4.31) ¢6 thé tich dé
dang ra 2 hé, mot hé don gian dung dé cdp nhit n, bién, va mot hé véi ma trén
Jacobian d6i ximg, cing cdp vdi Jacobian trudng hop toa dO cuc va 1a ma trin
hing.

Biéu dién toa d¢ vuong géc con mét wu diém di néi trudc day 12 viec cap nhat
sai s6 cong sudt mit & moi budc lap 1A nhanh vi khong doi hoi tinh todn ham luong

gidc. Phuong phdp nay c¢6 thé t6t hon phuong phdp NR chudn trong toa do cuc ve
ca t6c dd va yéu cau bo nhd [ 1].

4.6 Thay dditrong cong thic Newton- Raphson
Phuong phap téch bién

Chiing ta di c6 d;p nh4n xét ring, phuong phdp NR khong thé ¢6 hiéu qui néu
khong khai thdc tinh chét thua clia ma trin Jacobian. Co s& cia ki thuat giai he
phuong trinh tuyén tinh bdi khai trién tam gidc theo thit tu t6i wu (OOF) di trinh
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by & chuong 2. Nhieu thay d6i trong cong thic NR cling duge tim kiém dé cai
thién hiéu qua tinh todn. CAn nhé ring do kich thudc 16n clia bai toin PF thuc 1€,
nén nhing cai tién dit nhé cling tdc dong o6 ¥ nghia dén thoi gian mdy va dung
luong b§ nhé yéu cau cho bai todn. Mot s6 thay d6i ndy di dugc de ¢ép trong cac
myc trude, trong muc niy tap trung chi y dén phuong phdp tich bién P-Q, mot cai
ti€n da-trd thanh co ban trong tinh to4n PF. ' ‘

Trd lai thuat tosn NR, ta thdy ring viec c4p nhat ma trin Jacobian & mébi budc
~lap 1a cong viéc nang ng, bdi né doi hoi khoéng nhimg tinh lai cdc phin tir Jacobian,
ma ti€p theo phai khai trién LU lai ma tréin ndy. Phin tir ciia J phu thudc bién dién
ap u,@trong ludi dién, tuy nhién cic bi€n niy sau vai budc lap s& it thay déi so vdi
gia tri cudi cing clia chiing. Tir nhan xét ndy, ta c6 thé chi ¢4p nhit Jacobian & 2,3
budc 1ap dau, roi ding ma tran hang cho cic bude sau. Mét céch khdc 13 chi cip
nhat Jacobian sau moi 2 hay 3 buéc lap. Nhimg thay d6i nay khéng tic doéng 16n
dén 16c d6 hoi tu nhumg s& cho phép tiét kiém nhiu thori gian tinh todn.

Mot su thay déi I6n cong thitc NR & toa do cuc dén tir viéc xem xét sw doc lip
tuong doi gida cdp bién p-6va cdp bién q-u, mot thuc t& di dugc biét tir 1au trong
lu6t dién truyen (di cao 4p (d0i tuong chi y&u ciia tinh todn PF). D6 1a co s cla
phuong phdp tdch bién (decoupled load flow), doi khi ciing goi la phuwong phép
Stott, duge d& xudt tir phimg nam' 1972-1974 [39, 40], s& dwgce giai thich dugi
day. ' _ '

* Trong cong thiic Jacobian & toa d() cuc (4.26) hay (4.17),ta dé y ring gé6c lech
pha 6, giiia cdc nit thudng khéng 1én va luéi dién cao dp thudmg trdi dién kKhdng
X>>R, tfc A B >> G. Ditu nay kéo theo:

|G,y sin 8, ~ By, cos6,,|>>|G,, cos 8, + B, sin 6,,,|

va @/ I0>> p/ Ayl i >> 4/ 5. Nhu vay cdc ma trin con ngoai dudmg
chéo 12 nhé so v&i ma tran trén dumg chéo. Néu coi J 2~ 0,J; =0 thi h¢ tuyén
tinh (4.25) dugc tdch ra hai hé: ' : : '

Ap=JA8 : @32
Aq=J,(Au/u)

trong d6 ki hiéu Au/w 1 vecto c6 phan tir bang Au,, /u,. Chd ¥ thuat ngit “tich
bién” dugc hiu ring A8 dugc tinh todn chi theo Ap va Au chi theo-Aq, cdn that ra
hai phuong trinh trén van phu thudc 1dn nhau vi Ap, Aq va Jy, J4 déu phu thuéc ca
AB va Au. '

Néu hon nira ta chdp nhan ring:’
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cosf,, =1 sin 8, = 6,, nhod
G, sin6,, <<B,  q,<<B,u;
thi ¢6 thé don gian hod hai ma tran J;, J4 cia h¢, by gid theo (4.26):

Jk.my=J,(k,m)~—-uu, B,
(ko) = S, (k,m) = —u,u,B, @33
J (ke k)= J (k. k)~ —u; B, '

Thay vao cic phuong trinh (4.32) va chia phuong trinh thit & cho u,, ta c¢6 hai
hé sau day: '

i Ap, /u, == B,u,A0, (4.34)

Aqk /uk = _'Z BMAUM

(h¢ thit nhét 6 n phuong trinh va 4n, he thif hai ¢6 n, phuong trinh va dn)

Néu dang don vj tuong d6i va coi dién 4p cdn lai & v€ phdi #, =1 thi
Jacobian s& bao gbm cdc phin tir cha ma trén t6ng dén niit, va 1 hing s6. Nhu vay
véi x4p xi ndy, dong thoi véi viée tach hé 1on ra hai hé nhé s& cho phép giam s6
lwong phép tinh khi gidi, cic ma tran trdy thinh khong ddi va do d6 chi phai khai
trién tam gidc mot [An & dau qud trinh lap, trir khi mot gi6i han Q hodc P bi vi
phamn doi hi phéi thay déi kiéu nit.

Cht ¥ dang céc phuong trinh céng sudt nit véi xdp xi ndy: Gid sir cing véi
cic xdp xi nhu trén d6i v6i cosd,, VA sinf,,, ta coi G, = 0 tic 1a bd qua tén that
(nang hugng) trén cc nhénh, thi cic phuong trinh nidt (4.6) trd thanh:

ZB,m,uku (6,8 )

_z Bmuk

(4.35)

Néu trong phuong trinh cong sust tdc dung lai xem xét dién 4p cdc nit (& don
vi twong d6i) x4p xi bing 1 trong ché€ 46 1am viéc binh thudmg u, ~u, ~1, thita
¢6 phuong trinh thudmg dugc goi 1 xdp xi phdn bo dong mét chiéu sau ddy:

P = Z Bm(ek -6,) (4.36)
Phuong trinh ndy c6 dang phuong trinh nit ciia w6 dién mot chidu véi p coi

12 dong dién va @ coi B dién ap. Ro rang v6i gid thiét trén thi trong don vi tuong
d6i p =i:
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ik = Z(uk - ﬂm)jBkm
=Y [(cos 8, + jsin8,)—(cos b, + jsin4, )] IBm
= Z [cos 6, —cos@, + j(sinB, —sin g, )] JBim

i ZBkm(gk -6,)=p,
ftm = Pim

con phuong trinh v4i ¢ khong cin diing dé&n nira. Mo hinh x4p xi nay c6 thé chap
nhin duge trong phdn tich su cé (contingency analysis).

Trong phuong phdp duogc goi 1A tdch bién nhanh (FDLF: fast decoupled load
flow)'V , mot s6 dom gian héa con duge dung khi tinh todn Jacobian: Ma trén trong
phuong trinh P-6 duge bod qua cac phan tir ludi tdc dong chii yéu dén dong Q, nhu
dién khdng sun hay ti s6 bi€n 4p ngodi dinh mic. Con ma trdn trong phuong trinh
Q-u dugc tinh todn bo qua cdc thiét bi dieu chinh géc pha (Phase Shifter) (néu cé)
trong ludi. Cudi ciing ta c6 biéu dién cic phuong trinh & dang:

[Ap/u]=B'A6

4.37)

[Aqfu] = B"Alé

Céc ma tran trong cdc hé trén vin ludn ludn rit thua, trong d6 B" (vuodng) doi

xtmg, lam giam nhe yéu ciu bd nhd khi khai trién tam gidc (B' ciing d6i xing néu

khong c¢6 thiét bi ditu chinh géc pha hoic sir dung mot phuong phédp khéc dé tinh
dén cdc thiét bi nay).

M6t uu diém quan trong khic clia phwong phdp 13 ma tran B khong nhimg déi
ximg ma cdn xc dinh duong (hoac it nhét xdc dinh khéng 4m). Do d6 ta c6 thé 4p
dung phuong phap khai trién LLT (Cholesky) dé giai hé phuong trinh bio dam 6n
dinh s6 va cho phép dung thuat todn t6i vu OOF cho ma trén thua (xem chuong 3).

Hai phuong trinh trong (4.37) nén giai xen k& trong qué trinh lap: mdi budc
lap bao gom giai cho @ va giai cho «. Ludn ludn ding gid tri dién 4p mdi nhdt.

Mot ditu cin chi ¥ 1 cic gia thiét gan ding trong phuong phdp tich bién
(nhanh) khong anh hudmg t6i do chinh xdc cha 1 giai cudi cing, dd chinh xdc nay
duge dieu khién bdi sai s8 can bing cong sudt nit cho phép, diung 1am tiéu chudn

) B. Stott and O. Alsac, "Fast Decoupled Load Flow", IEEE Trans. Power Apparatus and System,
PAS-93, 5-6/1974.
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dimg phép lap. Cdc gia thiét gdn ding c6 thé dua sai s6 vao hiéu chinh A8, Au &
moi hude trung gian, nhung chi lam tang it s6 brée lap NR yéu cdu (it khi hon qud
mot bude). Phuong phép tich bién vin nhanh hon nhiéu so véi NR chuin, d6ng thai
sir dung it bd nhd va ciing tin cay. D6i vdi trudng hop 1udi ¢ Ui s3 R/IX Ion, c6 thé
dua vao mot sd thay d6i dé dam bao hoi tu hogc st dung mot phuwong phdp bt cho
nhdnh ¢6 RIX1on. Y tdng ctia phuong phdp 1a ting nhan tao B clia nhdnh réi b lai
bing mot vai nit va nhdnh gid ndi song song.

Tom lai phuomg phdp tach bién (nhanh) ¢6 nhiéu uu diém so véi NR chufn khi
diing cho ludi dién thue t&

4.7 Tinh todn céng suét nhénh

Dudéi day cho cong thire tinh cong suft va t6n thit cong sudt trén cic nhénh cla
graph ludi dién (duomg day, mdy bi€n 4p...), bién dién 4p & hai ddu nhanh.

. N |
Xét nhanh &-mr ¢6 t6ng dan (doc) ¥ = 7= G +jB.
Dong nhanh va cong sudt nhdnh tai ddu & va di tir £ t3 m 1

—1_ );(uk = um)

=T .
Sem = Prm + JGem = \/g:ikfk‘-m =Y, (i — i)=Y (ui — upu,, /By =8)
= (G —jB)(u} - uyu,, cosBy,, — jupuy, sind,)
Chii y néu tdt ci cic dai hrong ding don vi twvong ddi thi bd cic hé s6 J_
cong thitc cudi khong thay déi. Tir dé6:
P = 87 G — wguy, (G eosb, +Bsind,,,) ‘ {4.38)
Fm = — ufB = wpny, (Gsin® . — Bcosty,,)
Hay py, = Glu} - wu, €058, ) -Buyu, sin6,)
Gim = — Gttty 808, )= B(1f — ity ey, €OSOy,, ) _ (4.38a)

N&u viét theo cac phdn tir ma tran t6ng din nit G,,, = -G, B, = —B8 thi ta ¢6
comg thiic:
- 2 ‘ .
P = = G {1ty — wpae,, 080, )+ B, 0, Sm.ek’“) (4.39)
Gim = Gty iy SINOy, + B, (#f — w u,, c058,,,)
Dé xdc dinh t6n thit cong sudt trén nhanh, ta cé thé tinh cOng sudt & ddu m (di
tr 1 tGi k) diing cong thife tuong t, va ta ¢6 tdn that cong sudt:
Apk.m =P T ok = — G km (ui + ” 2”1{ Iy, COS 9 kin )

A = Gom + o = By (uf + u,i -2 upu, coslell) = —AmeLJ (4.40)
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4.8. Giaifich ché dd cé diéu chinh va cac bai todn PF
dac biét

Trong muc nay ta ghi nhian mot s6 yéu_cﬁu tinh todn gidi tich dic biét c6 thé
gap trong thue (€. Trirde tién 13 Khd niing tinh dén mot s6 tdc dong diéu chinh trong
hé thong.

Ta da bigt dsi véi nidt diéu khién dién p (nit PV), trong qua lrinh tinh glau tich
ché do ¢6 thé kiém tra diéu kién gidi han ph4t VAR. Chuong trinh PF c6 thé cho
phép thay d6i kiéu niit trong qud trinh lap, chang han néu cong sudt Q tinh ra vi
pham gidi han, ¢ thé chuyén nit PVisang toai nit PQvdi Q datbang gid trigiSi han.

Dién 4p nit PV ciing ¢6 thé duge diéu khién bdi mot ngudn VAR & noi khéc
trong ludi. Nguoc lai cling ¢6 thé sir dung loai nit diéu khién c6 P xdc dinh va Q
bién thien dé duay tr dién 4p & mot nadt khéc.

Chuong trinh PF ciing c6 thé chdp nhén loai it cdn bdng ving, cong sudt P
clia né bién thién dé duy tri didu kién trao di cong suft giita cac viing tdn sd, con
dién 4p giif c6 dinh trong gidi han Q da cho.

Hai loai tic dong didu chinh khéic trong luéi ciing c6 thé duge tinh dén bdi
chuong trinh PF. D6 14 mdy bién 4p diéu chinh dién 4p dudi 14 va mdy bién 4p diéu
chinh pha (Phase Shifter). Trong loai thit nhit, ddu phan 4p (thudng gia thigt didu
chinh tron) duge tim ra cling véi két qui tinh PF sao cho bdo dam duy tri dién 4p
cho trude & nidt didu chinh (goi 1a nide POV). Trong loai thit hai, téc dong diéu chinh
g6c pha trong ludi (diéu chinh cong sudt tdc dung P) duge thuc hién biing cach dat
ndi HEp vao pha mat dién dp khdc géc pha (thudmg ldy tir dién dp pha khic). bo
dich chuyén pha cén thigt d€ duy tri ddng cong sudlt tic dung da cho tai diém diéu
chinh duoce xédc dinh bdi chuong trinh gidi tich ché do.

D¢ hifu cich dua cdc bién didu khién ndy vio chuong trinh ché do x4c lap, ta
dan ra ma tran (dng din niit clia may bién 4p diéu chinh.

M4y bién dp vdi ti s6 bién déi /: ¢ duge biéu dién trén hinh 4.3a dudi day boi
mot may bién dp If tudng néi véi mot dng din Y (bing nghich dio téng trd may
bién 4p). Tong din gid thiét dat & phia cd ddu phan 4p diéu chinh.

I, Iy
k — 11 . «— m r
Y tY
I G, LU“ Iu] t(t-Y (1-HY
{u) - {b)

Hinh4.3.
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Hé s& bign 4p ¢ ¢6 thé 1a s¢ thuc hoac phitc. Cong sudt di vac mdy bién 4p i

tudng tir hai mit k va m la:
S, =04 8, =d,;
M4y bién 4p H tudng khong c6 ton thit, do d6 § = —é,,, ,suyra:
=T,

trong d6 dong L, ¢ thé biéu dién boi: I, = (U, —tU)Y = YU, + YU,

Do dé: j,=-ri, =WYU,~-1"YU,
Nhu vay ta ¢6 phuong trinh téng din niit: [I 2y - t*Y] U, I,

G

Nhan xét ring ma tran chi d6i ximg (va khong lam cho ma trin Y cia toan ludi
mét d6i ximg) khi t 1a thuc (khong c6 quay pha); khi d6 may bién 4p c6 so d6 mach
twong duong nhu trén hinh 4.3b.

Bay gidr d€ mo hinh héa méy bién 4p diéu chinh duge ndi gita hai nit £, 1 cla
ldi, ta x&p chéng ma tran t6ng din clia may bi€n 4p trong (4.38) 1én ma.tran téng
din nit cia (oan ludi: thay d6i 4 phén ti kk, kon, mk v mm. Bién ¢ ¢6 thé tham gia
vaio cde phuong trinh 1ap NR nhu 4n s6, thay cho 1U,| bay gid duge gin gid tr
mong muén (trudng hop chi didu chinh modun di¢n 4p - ¢ thuc). Trudng hop khdce,
bién géc quay pha @ (véi t = 1.£¢) tham gia vio &n s8, ing vdi phuong trinh phy
thém mo ta dong cong sudt P mong mudn (trudng hop méy bién 4p diéu chinh pha).

Mot s6 chuong trnh PF chép nhan nhénh L-C sun d6ng cét tw dong timg bac
theo didu kién dién 4p tai nit (thict bi bi). ‘

Pé tien Ioi cho tinh todn nghién ciw, qui hoach, chuong tinh PF ¢6 thé dugc
thi&t k& phit hop cho viéc tinh nhiéu 14n k¥m d6i thoai ngudi-may tinh. Cic diéu
kién gidi han v& dong, cong suflt trong cdc phdn tir 1u6i, dign dp tai cac nt... duge
kiém tra, cdc vi pham dugc thong bao. Ngudi st dung chuong trinh c6 thé thay déi
di liéu va tién hanh tinh toéin lai, chuong trinh tr dong tan dung cdc két qua tinh
to4n trudc trong 14n gidi méi.

Vié c4c loai bai todn PF dac biét, c6 thé ké ra yéu cdu tinh todn 3 pha, tinh phan
b6 dong hai, tinh phan bg dong trong he théng AC-DC (xoay chiéu - mot chiéu hbn
hop). Phan b6 dong 3 pha ducc ding dé phan tich he théng lam viéc rdt khong doi
ximg, nhu vai trudng hop dudng day truyén tai cao 4p khong chuyén vi pha hay luéi
dién phan phdi hén hgp 3 pha va 1 pha. Tuy nhién tinh to4n 3 pha phic tap va cong
kénh hon nhiéu nén it duge sir dung. '

Trudmg hop t0n tai céc phu tii phi tuyén trong hé thdng dign nhy céc thiét bi
dién tir cong sudt 16n, dong 4p trong h¢ théng trd nén khong sin, c6 thé khai trién ra
nhiéu thanh phdn hai tdn s6 khéc nhau. Khi cdn dénh gia dnh hudng cha cdc thanh
phén tin s& cao nay, hay khi thiét k€ céc bo loc hai..., yéu cdu tinh todn giai tich
dong hai trong hé thdng dién.

-ty Yy AU

m "t
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Danh gia trang thai

5.1 Nhap de

Trang théi cua heé théng dugc dic trung boi vecto trang thdi 12 mot tap hop di
céc bién xdc dinh duy nhdt mét ch€ do (xdc 1ap) cha hé thdng dién. Nhu di thdy
khi xem xét bai todn gidi tich ch€ do, ta c6 thé gy tap hop dién 4p va géc pha
tuong ng & cdc nit trong hé thng 1Am vecto trang thai. T4t ca cdc thong sd ché
d6 khic c6 thé xdc dinh duy nht tir dién 4p nit.

Trong van hanh h¢ th6ng dién hién dai, cin phai ndm bat dugc trang thdi cla
hé thong trong thdi thuc (real time). Céc théng s§ trang thdi ndy s& lip nén mot cor
s& dit li¢u thoi thye Cn thiét cho viéc dénh gi4 va digu khién do an toan cung cip
dién (security) cling nhy tjnh kinh t€ cba hé théng, lién tuc trong qud trinh vén
hanh né. Yéu ciu néi trén duge thyc hiién bdi bai todn ddnh gid trang thdi (SE:
State Estimation) cla hé thong dién, thudc loai bai toan trie tuyén (on line), hon
nlfa thov thyc, va 12 mot nhiém vy chinh ciia cdc trung tam digu 4o, didu khién hé
thdng dién. ' ‘

Dé danh gid trang th4i thyc tai mot thoi diém van hanh, tat nhién khong thé
chi dua trén céc thong s6 qui hoach, nhan tao (vi du cdc thong s6 cdu tric ludi,
thong s6 qui hoach ngudn va tai...), ma phai dya trén céc dit ligu do tric tiép trong
h¢ thong. Tuy nhién & day gip phai vin dé 13 cic s& do ndy khong hoan thién:
ching khong chinh xdc, thdm chi sai, hoac thiéu (thiéu diém do hodc hu hong hé
thong do va truyén s& licu).

Sai s6 clia cdc s§ do 12 khong thé trinh khdi va do nhidu nguyén nhan nhw:

Sai s0 cua thi€t bi do va mdy bién 4p/dong do luong,

* Sai sd cua khiu bién déi twong ty - s (dir liéu thudng dige truyen bang tin
hiéu s0; néu truyén bang tin hiéu tuong ty sai s& cdn cao hon nhigu),

e Nhiéu trong kénh truy&n,

* B0 dir li¢u khong dong nhit ve thoi diém do. Do hang sd thoi gian cia thiét bi
do, cla viéc truy@n sd liéu va do phuong phdp hoi-dép tulin tu gilta trung tim
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didu khién vi céc didm thu thap dit liéu trong luci (RTU: Remote Terminal
Unir), ma do léch thasi gian nay (time skew) thudmg t&i vai gidy. Sai léch con
nang hon trong trudmg hop nhigu hé théng thu thap dit lieu tham gia déng gép
cho mét co sd dif liéu cia hé théng dién hop nhét.

Su khong hodn thién clia dit liéu 13 mot 1i do khién ta khéng thé diing phuong
phdp ctia bai todn giai tich ch€ do (load flow) cho ddnh gid trang thdi: ti€p can giai
h¢ phuong trinh tdt dinh ¢h€ do xdc 1ap 1a khong ¢6 higu qua d6i vai dir liéu ¢6 sai
53, 1o gidi cha né rdt nhay d6i véi su thay déi trong dit liéu cong suét nit, dong
thri khong cho phép sit dung sy du thira di# liéu d€ han ch& dnh hudng cha sai 0
do.

Qua that s8 liéu do trong ludi dién & nhitu ch€ d6 1am viéc 1A du thira, chang
han dién 4p tai ciing mot tram dugc do & nhitu phia mdy bién 4p, duong diy... trén
ba pha; do cong suit W va VAR kém theo do dong dién trén ba pha... Mat khic lai
¢6 nhimg thong s& khong thé do duge, nhu géc dién dp. Nhiém vu cua dinh gid
trang thdi la tie tdt cd cde dit lidu thoi thue ndm duge (bao gom s6 lidu do va cdc
dit liéu khdc) du thita va khéng hoan hdo, lpc ra trang thdi thue ciia hé thong, tinh
todn nhitng théng s con thiéu, phat hién va nhdn dién nhimg dit liéu xdu (bao gom
cd thong s6 ché do va théug s6 cdu tric lwdi).

Tiép can dinh gid trang thdi, dugc 4p dung vio hé théng dién boi F.C.
Schweppe @ Vién cong nghé Massachusetts (MIT) nam 1968, di tro thinh mot
cong cu chuén trong vén hanh hé thong va ngly cing duoc phit trién d€ cho phép
quan I cdc hé théng 16m hon, bao gom tir ludi dién cao dp dén trung dp, mot cich
tin cdy va chinh xic.

5.2 Tiéu chudn xéc sudt cyc dai

Goi x 13 vecto trang thdi. D6i v6i he théng dién n+1 nit, nd 1a vecto 2n+1
phin tir, bao gom n+/ di¢én dp nit- tri hiéu dung (hay phén thyc cia dién 4p phiic)
va n goc dién dp niit (hay phan do cia dién dp phic). Géc (hay phan do) dién 4p
ctia ndt cin biang duge cho trude, nhu d4 phan tich khi nghién ctu bai todn giai tich
ché d6. Bién trang thai ciing c6 thé bao gom vj tri d4u phan 4p ctia cdc mdy bién 4p
diéu chinh ty dong dudi tii. '

Gia sit z 1a vecto cdc dai luong duoe do, nhe dong/cong sudt duomg day hoidc
nit, dién 4p nit... Cdc dai lugng ndy c6 thé bifu dién qua bién trang thdi boi
phuong trinh z = h(x) v4i h thuong 1a ham phi tuyén béic hai.

Khi do z, ta gip phai sai s6 e ndo dé va ta biéu dién s6 do nhan duge boi:
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z=h(x)+e 5.1

Chi y riing & day ta gia thiét loai trir nhimg s6 do sai hién nhién. Nhimg s6 do
nly ¢6 thé duge loai ra bdi mét qud trinh loc so bg tai cic RTU, ching han bing
phuong phdp ki€m tra gi6i han... Tuy nhién sau d6 vin c6 thé ton tai nhitng di lidu
xdu- dif lieu c6 do léch 16m hon do lech chudn- & diu vao SE. Chuong trinh dénh
gi4 trang thdi, nhu d néi & trén, phai c6 kha nang phdt hién su ton tai cia dir liéu
x4, nhdn dién chiing va néu c6 thé, loai bo chiing.

Tré lai v6i bi€u dién (5.1), sai s6 ¢ 13 mot dai luong ngiu nhién, vA néu qui
trinh thu thap dir liéu khong c6 sai s6 hé théng, thi thuong gia thi€t e tudn theo luat
phan b6 chuin (Gauss) v&i gid tri trung binh bing khong.

Ham mat dé phan phdi x4c suft chudn cia mot dai lwgng ngdu nhién e véi gi
tri trung binh E[ej=p c6 dang hinh 5.1 va cho boi: :

e) =~ ex [—l(e*”]z] (5.2)
[ —o‘/z—n P 2 o e

v6i 0" 13 phuong sai (variance) clia bién ngéu nhién e, tifc 1 gi4 tri trung binh cla
binh phuong do léch giita ¢ va tri trung binh p clia né:

o® =Ej(e:p)?]

cdn can duong cia phuong sai o 1a do lech trung binh binh phuong ciia ¢ so v6i .
Dién tich dudi dudmg cong ¢fe) cho xdc suit xay ra cdc gid tri ndo dé cla e, vi du
xdc sudt dé e ldy

4 €
gid tri nim giita - ¥e)
a va b bing

]L(p(e)de .

Vi s kién e
ldy gid trj nam -
gilfa -co va +oo 12 3o 20 o
chic chdn (x4c
sudt 1) nén dién Hinh 5-1
tich toan bo duéi
dudmg cong mat do phan ph6i biang 1. Ta thdy ring bién ngdu nhién Gauss c6 x4c
sudt 1ém nhét 0 quanh gid tri trung binh (trudng hgp hinh v& 1a bing 0) va phin bd
d6i ximg qua gid tri ndy. Gid trio dac trung cho d6 phdn tdn clia n6: ¢ 14y gid tr
trong khodng ut3c v6i xdc sudt 99% tic 12 bao gobm hiu hét cic kha nang va ldy

v

o 2o 3o e
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gid tri trong khodng pt2c véi xdc sudt 95%.
Ta thudmg sir dung dai lwong miu (hay chufn héa- normalized) cho bai:

eN=(e-w/o (5.3)

Nhan xét ring v6i e biéu dién sai s§ cha s6 do, gia thiét tuin theo luat phan b6
chudn v6i u=0, dai lupng & ddc trung cho d¢ chinh xdc cia thiét bi do va gia thiét
da biét; o lém d6i vdi thiét bi c6 chit lugng kém.

D6i véi bién ngdu nhién z, hAm mét d¢ xdc sudt ¢ cing phuong sai:

_ 2= h(x)]’
Pl2) =~ e~ 64

_ Dé hiéu nguyén li ddnh gid trang thdi, ching ta bat ddu bang viéc xét trudmg
hop don gian mot bién x (5.4): Hdy ddnh gid trang thdi x theo s6 do nhdn duoc z,
nao do.

Xudt phdt tir gia thiél ring z, khong chia sai s6 hé thGng va gid tri trung binh
clia n6 chinh 1a gid tri thuc cha dai lugng, mot cich hop I 1a s€ tim m¢t danh gid
£ "phit hop nhdt" véi z; tikc la lam cho xdc sudt xudt hién s6 do dé la xdc sudt cuc
dai. Xac suft ndy s& cyc dai khi hdm mat d6 (5.4) cyc dai, va & ddy max, ¢(z)
don gian xdy ra v6i dieu kien z, = h(X). ‘

Biy gitr gia s ta danh gid bién x tir hai phép do hai dai lugng z, = A, (x);
z, = h,(x). Luu ¥ riing & day ta 6 thia 56 do d€ xdc dinh x. Tuy nhién sy du thia
sé cho phép ta danh gid x 16t hon, cé xét dén sai s6 cia cdc s& do. Cling goi z;, z,
12 hai s6 do nhan dugc, ta sé tim ddnh gid X sao cho sy kién tich z, X z, c6 xdc
sudl cuc dai. Néu xem céc dai luong ngdu nhién ndy 1a doc lap, thi xdc sudt nhén
duge dong thiri z, va z, bang tich cdc xdc sudt nhin dugc z; va xdc suft nhan dugc
z,. Cuc dai clia né sé& tring véi cuc dai cla tich cdc ham mat do sau day:

-1 —{z - BT
q’l(zl)fo_]‘/i;exp 20°

BT PENC)),
=TT 2

Ta cé:
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max_(¢,9,) = max _[In(g @,)]}=

1~ h,
= m - i V2) - 2, gy L2 T

Vi 50 hang thir nhét va tha ba 13 hing s6, ta ¢6 bai todn tuong duong sau day
(thay cuc dai héa bang cuc ti¢u héa sau khi b ddu trir frong ham muc tiéu):

(2 -m T | [z -m(OF

min

] (5.5)

R& rang danh gia X theo (5.5) phu thudc vao d6 chinh xidc di cho cha cac
phép do. Theo (5.5), néu phép do z, chinh x4c cao, tic 14 ta ¢6 & ; nho, thi r6 ring
cyc tiéu s& dat dugc v6i dénh gis £ sao cho z, — I (N <[z, — by (%)]* tic I
“coi trong” z, hon.

Tdng quat cho trudmg hop ding m s6 do Zy02gss2,, d€ ddnh gid veclo trang
thdi x, tiéu chudn xdc sul cyc dai dn dén didu kién tromg tu (5.5):

i _ P4
l__f_m} 66

minx! J(x)=_
L P

3

Theo dang todn hoc ciia (5.6), ddnh gid theo dieu kién nay dugc goi 1 theo
phuong phdp binh phuong cuc tiéu trong sé (WLS: Weighted Least Squares).

béim x lam cyc tidu ham J(x), ta giii hé phuong trinh &/(x)/ &, =0

j=1....s v6i s Ia s6 bi€n trang thdi cin d4nh gii. Liy dao ham (5.6) ta cé hé s
phuong trinh cho s bién:

S —hk(x)]%w

o Oi ) (5.7)

=1,....%

~
Il

Nhur ¢6 thé thay rd tir (5.6), néu s& phép do m chi bing s6 bién trang thai s, thi ditu
kién cyc tiéu don gidn 1 z,=h(x) k=/,....m; tic 12 c6 m phuong trinh cho m=s 4n,
cho phép giai ra x néu hé ndy c6 nghiém duy nhat. Truong hgp nay khong loc duoc
6 do ¢6 sai s6 16n. Néu m<s thi phuong trinh khong x4c dinh duy nhét s bién
trang thai. Truomg hop chudn ciia bai todn do dé phdi la m>s (thia 56 do), trang
thdi x nit ra tir (5.7) néu hé ndy c6 nghiém duy nhat.
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5.3 Ddanh gia binh phuong cuyc tiéu trong s6
(WLS Estimator)

5.3.1 Phuong trinh chudn

Ta trinh bay lai bai todn binh phwong cuc tiéu trong s6 (WLS) & dang ma tran:

Goi x 12 vecto gom s trang thdi cin ddnh gid, z 13 vecto gdbm m s6 do va R 1a
ma tran tuong quan (covariance matrix) cla sai s6 do:

(o7 )
Ca

. (5.8)
L cf,,J

Chi ¥ e la vecto (c6t) sai s6 do, phin tir dudmg chéo clia R bang E[e,e,-]:a’f ,
con phian tir ngodi dudmg chéo bing E[ee|=0 vi gia thiét e; va ¢; 12 cdc bién ngiu
nhién déc 1ap.

R=Elee")=

Bai todn (5.6) viét lai 1a:
min, {J(x) = [z - h()]" R {z - h(x)}} (5.9)
Bai todn cyc ti€u héa din t6i ditu kién (f_i:’(') ¢6 dang;
H(x)'R'[z—h(x)]=0 (5.10)

v6i ma trian Jacobian H(x) = 8h/&x (kich thuéc mxs), cé cdc phin ti ij = c‘)hklaxj.
Vi thudmg h(x) phi tuy&€n nén-H phu thudc x.

Ta ¢6 thé giai phuong trinh phi tuyén (5.10) dang r(x) = 0 bang phuong phip
lap Newton- Raphson ding so do lap tai bude i 12 r'(xAx! = -r(x}) v6i Axl = xM! -
xi, v ma tran dao ham riéng r' ¢6 c4c phin tir c6 thé x4c dinh tir (5.10):

T

e @)

J
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Can chii ¥ ring, ta cling c6 thé ding so db 1ip v6i mot ma tran khéc, cu thé
ding moi phuong trinh lip c6 dang:

A(x)Ax = -r(x') | (5.12)

trong dé A(x") 12 m6t ma tran khong suy bién. Thic vay néu diy x4p xi {x'} sinh
ra bari (5.12) hoi t (tic 12 Ax' tién dén 0), thi rd ring n6 s& hoi tu t6i nghiém cla
phuong trinh r(x) = 0, chimg ndo AxMH R khong suy bién.

Trong phuong phdp WLS chudn, ngudi ta sit dung ma trn v6i phin tir f xdc
dinh theo (5.11) trong d6 bd qua s6 hang v6i dao ham bac hai, tirc ia ding:

A(x)=-H(x)"R'H(x) (5.13)
Phuong trinh lap sé la:
G(x')Ax' = H"(x')R'[z~ h(x")] (5.14)
trong d6 ma trin :
G(x')=H"(x")R'H(x') (5.15)

duoc goi 1 ma trdn lgi sudt (gain mairix). Day 13 mot ma trin vudng ddi ximg cép
s. Phuong trinh (5.14) goi 1A phuong trinh chudn (normal) cha bai todn WLS.

Nhén xét ring (5.14), (5.15) chinh 12 151 giai ciia bai todn tuyén tinh héa: That
viy néu ta xfp xi tuyén tinh h(x""')=h(x')+ H(x')Ax' thi bai todn (5.9) tr&
thanh:

min ,[Az' ~H(x")Ax'|"R7[AZ' - H(x')Ax'] (5.16)

trong d6 Az':=z—h(x') va x! di bié. Digu kién cyc tiéu héa (5.10) c6 dang
phuong trinh tuyén tinh H'R™ [Az — HAx] = 0. Day chinh | phuong trinh (5.14).
Néu Ax di nhd d€ x4p xi tuyén tinh clia h(x) 13 chinh xéc, thi x1¢6 thé xem 1A

danh gi4 can tim. Trai lai phai tién hanh lap theo (5.14) d€ tim mot ddy dénh gid
dan ding.
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5.3.2 Thidu

Ching ta minh hoa phuong phap bing mot thi du don gian'” : Xem xét lu6i
dién hinh 5.2a véi x4p xi phan b§ dong mét chigu (4.36); dong trong nhanh km la:
Pim = B (6, - 6,)
Vecto trang thai gom g6c pha cdc nit, trir nit cin bang x = (6,, 6,) .6,=0.
Dénh gi4 trang thdi dya trén s6 liéu do ddng cdng sudt & 3 nhdnh M, M5, My
Biéu dién theo bién trang thdi, ta c6: )
M, =h,=3(6,-6,)=56,-56,
M, =h,=3(6-6,)=2,56
M,, = hy, = 55(6, - 6,)=-46, (5.17)

59

Do dé Jacobian H=[2,5 0 {{puv)
Lo )

Gia st thiét bi do ¢6 dic tinh sau:
M, vaM;,:  Thang do 100 MW
Sai s6 £3MW
M, Thang do 100 MW
Saj s6 0, 3MW
Vai gid thiét sai s6 tudn theo ludt phin b& xdc sudt chudn (Hinh 5.1), ta c6 sai
s6 do trong hiu hét cdc trudmg hop nam trong khoang +30; trong trudng hgp cia
ta tuong dng véi F3IMW va +0,3MW. Do d6 phuong sai cha phép do M, va
M,, 1a 6 = | MW = 0,01 p.u (don vi tuong d6i co s& 100 MVA), cbdn cia phép do
M,; o =0,1 MW =0,001 p.u.
Do dé ma tran trong s6:

(02, Y (10 A
R= lL Gos JI: 10°° JI (p-w

107

1 4y tir (5}
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Mu= 62 MW

60,55 MW —» :
O p
1 2 o 99,35 MW
M= 6 66 MW 38,34 8,= - 0,097003

M32= 37 G[= 0,0241 15

(O

44—
32,77 MW
'93= 0 )

3

Dién khang dudmg day

trong don vi tuong ddi (p.u)

co 56 100 MVA:

X12 =0,2; X13 = 0,4: X23 = 0,25

{te) (b)
Hinh. 5.2

By gitr ta chu ¥ ring cdc ham h(x) trong thi du ndy I3 tuyén tinh: h(x) = Hx
vdi H=const, do d6 phuoug trinh WLS (5.10) 12 tuyén tinh va c6 o4 giai giai tich:

H'R*[z-h(x)] = H'R'[z- Hx] = 0
Tir d6 it ra:

Gx=H'R'z; hay x=G'H"Rz ' (5.18)
Vi G=H'R'H

Thay s& chia thi du nay:

10°* (5 -5
G [.5 2,5 0] o s ol [ 6.510° —2,5.105]
T-s 0 - JdoT “\-2510°  4110°
107 0 -4
0,62 .
(Gia st s6 do thu duge & 3 diém do 1a z=| 0,06 p.u. ThE thi trang thdi s& dugc
' 0,37 '

ddnh gia boi:
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-1
; 107 [0,62
_[ 6.510° —z,s.losJ '[ 5 25 o] - 0’06
*lo2510° 41100 ) \-5 0 -4 T
10 037

( 0,024115 j
~ = 0,097003

Tir hai géc 6,, 0, tinh trd lai dong cong sudt trong w6 theo (5.17) va dong
nit, két qua trinh bay trén hinh 5.2b. So sénh dong cong sudt duge ddnh gid véi
cdc sd liéu do (H 5.2a) ta thdy dong dénh gi4 chia nhdnh 1-3 gan vdi s6 do hon
nhiéu so v&i dong ddnh gid cha hai nhdnh kia. Di€u d6 hop li vi thiét bj do trén

nhdnh 1-3 [a chinh xdc hon va két qua tha du‘o‘c nhu vy do s6 do nay dugc dat
trong sO lom hon,

5.3.3 Jacobian

Cdc dai lugng duoc do trong ludi dién
bao gom chi yéu cong sudt nit, cdng sudt P +J
nhdnh, dién 4p nit. Cic phan tir clia ma
tran Jacobian H biéu dién dac ham cia by
cdc dai lugng ndy theo bién trang thdi 1A
dién dp nit. Pao ham ctia cong suft nit
theo dién dp nit di dugc cho khi nghién
cdu bii todn giai tich ché dj. Con cong suﬁt (pha) nhénh 4m (& dau k) biéu dién
theo dién 4p nudt nhu sau:

L

i, = jbeu,

=

Y

Pim * I = Wh g = 0, [ (00, ~ 01, )P, +, jb, I
=ty (g —4,)Y i _j‘f.:bk

trong 46 y,,,, = Bkm +jbkm 12 t6ng din nhénh km, jb, 12 téng din ngang tai nit &, ddu
~ sao chi s6 phic lién hgp. Thay y,., bng phan tir ma trin tdng dan mit:

Ykm =Vem = ka+jBkm = |Ykm| £ V,km’ ta c6:
Pim + J Qi =~ (U — u;t)Yk:n _jufbk
= —u:Ykmé Vet Y, 26, -v,,)- Julb,

tir d6:
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pkm = _u;ka + ukumYIcm cos(okm - ka)

) _ (5.19)
Qem =4, (B, —b)+uu Y, sin(8, —v,,)
Céc phin tir twong ting cta Jacobian 1a:
Diw ! 66, = —wu, Y, sin(6,, - v,,)
D ! W, = 20,G, +u Y, coA6,, — y,,)
Diw | 98, =—p,,, 1 56,
D | A4, =u, Y, coA0,, —,,)
(5.20)

AR,.106, =uuY, cos(8,, -y, )

X M, =20, (B, —b)+u Y, sin(8, -v,.)
a,,106,=-,. 1066,

X | O, = Uy Yy SN B,y = W)

Néu ding bién thuc va do cha dién 4p thi:
Pim T jqkm = _(vk +jwk )[(vk - vm) - j(wk - wm)](ka - jBlcm) - f(v: + w: )bi:

(5.21)

Pim = Ve (Ve = v, ) +w, (W, —w )]G, +[v (W, —w, )= w, (v, —v,)]B,,
Gim =V v, =V, ) +w, (W, —w )IB,, +[v,(w, -w,)-w, (v, -v,)IG,,
—(vi+whb,

Do d6 c4c phan tir tuong tmg cua Jacobian H a:

@, &, =(v, -2v.))G,, -w, B,
@, |, =(w, -2w)G, +v B,
P, &, =vG,, +w.B,
@, [ w, =w G, -v. B (5.22)

a,. & =Q2v,-v )B, -w G, —2v,b,
A, | W, = (2w, -w B, +v,G, —2wb,
A | H, = By, | O,

X | Wy = =P | P,
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Jacobian bao gdm cic khdi dao ham cua éﬁng sudl nit, clia cong sudt nhinh
vd clia dién 4p niit, theo modun va géc pha dién dp nit. Khéi dao ham cha cong
sudt mit tuong ty Jacobian trong phuong trinh gidi tich lwéi bang phuong phép
Newton- Raphson, nhu ta biét 13 rt thua. Khéi dao ham ciia cong sudt nhénh ciing
rit thua vi rdt nhitu nhdnh khong ton tai. Con khéi dao ham cla dién 4p nit s&
bang 0 v4i dao ham theo géc va bing ma trén don vi véi dao ham theo médun dién
4p. Tém lai ma tran H r4t thua, tinh ch&t ndy clin phii duoc khai théc d€ giam nhe
tinh todn. ,

5.4 Tinh quan sét duge cia hé théng vé s6 do gid

&

D¢ phuong trinh lap dénh ghi-trang th4i (5.14) c6 nghiém duy nht, ma trén
loi sudt*G(xl) phai khéng suy bisirs Didu nay dugc théa méin néu ma tran Jacobian
H(x!) (kich thudc mxs) co hang day, tic 13 hang s (s < m). Khi d6 lu6i dién duge
£9i 14 quan sdt dwoc (observable).

Véi mot cdu hinh 1am viéc nao d6, tinh quan st dugc cla 1usi dién phu thugce
vao sur phan bd thiét bi do trong lu6i cling nhur loai s6 do. D& nhan thdy rang cdc
thiét bi do phai dugc phan b& dong ddu trén cdc nit. Ta ciing di nhan xét ring, dé
cho trang thdi d4nh gid 13 tin cdy, can c6 khéng nhimg da, ma phai du thira s6 do
thisi thue. V&1 uéi dién # nidt, cin t6i thiéu 2n-7 56 do d€ quan st dugc (xem bai
todn gidi tich ch€ dé). Néu ta do dién 4p va cong sudt (P va Q) & moi nit, cong
sudt nhdnh (P vd Q) & hai dau mbi dudng day, thi tdng cOng c6 In+4/ s6 do, trong
dé 7 14 s6 nhénh.

Ta goi hé s6 dw thita (redundancy factor) 1a U s6 m/s = (3n+41)/(2n-1). Néu
14y trung binh ddi v&i hé théng 16n s6 nhdnh bang 1,5 s6 nit (/n =1,5) thi hé sd du
thira x4p xi 4,5 d6i vdi bd s6 do day di n6i trén. Thuc t&€ s§ s6 do thudmg it hon,
nhung thudmg yéu cau hé s6 du thira t6i thiéu bang 3 [14]. Cic s6 do thira ciing nén
dugc phin bé dong deu trong ludi.

D€ minh hoa tinh trang khdng quan sdt duge trong luéi dién 3 nit thi dy
muc trén, ta gia thiét chi tdn tai mot s6 do M12. Khi dé ta chi biét dugc, tir phuong
trinh thit nhét trong (5.17), hiéu s6 géc pha 8,-0,, nhung khong biét gid tri cla
timg bién ti'ang thdi ndy. Do d6 ta ciling khéng x4c dinh dugc dong cong sudt trén
cdc dudmg day va cOng sudt nit. Bay gio thix tinh ma trin 1gi sudl. Ta ¢6 Jacobian

H=(5-5) v
G—[S}o“ 5 _5 —(25 -25]10“
-5 G -3= -25 25

la ma lré_‘m'suy bién, do dé ludi dién 1a khoéng quan sét dugc.
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Thuc 1€, hé théng do thuong dugce thiét k€ sao cho ludi dién 12 quan sdt duor,
va hon nira, du thira s8 do. Nhung trong vin hanh, do hu hong RTU hoic kénh
truyén, ¢6 thé mot s& s6 do khong nhan duce, hodc do cdu hinh lugi thay d6i ma
né tré nén khong quan sit duge. Do d6 méi khi xdy ra cdc thay d6i ndi trén, can
phai tién hanh kiém tra 1inh quan sdt duge. |

Hién nay duge sir dung hai loai thuat todn kiém tra, dua trén phan tich cdu
hinh (topology) cta luéi hodc dilng phuong phip sd&. Tiép theo néu hé théng l1a
quan sdt duge thi c6 thé tién hanh ddnh gid trang thdi. Trong trudmg hop nguoc lai,
can xdc dinh nhimg nit ndo 12 khong quan sat duge. Nhimg niit nay hoac dugc loai
khoi tinh todn SE, khi dé SE phai ¢ khd ndng tinh todn cho hé théng gom nhigu

"dao” quan sdt duoc, hoac kha nang thi hai B sir dung cdi goi 1 s6 do gid
(pseudomeasurements) thay cho nhitg sé do thidu.

Thutmg s6 do gid 12 cong sudt cac mit phu 1ai. DE dy dodn duoe gia tri cla
ching tai thoi diém bat Ki, cdc dai lugng ndy duge ghi lai trong sudt qua trinh van
hanh. Ta biét rang ddnh gia trang thdi duoc thue hién rit (hudmg xuyén, sau moi 5-
10 phat. Phu tai MW va cosgp ¢ka méi niit duge ghi lai, tuong img theo timg thoi
gian trong ngly, ngay trong tuin hoac thing trong nam. Coéng suat MW phu tai
thudng duge ghi dudi dang ti s6 so vdi tong phu tai cia hé thong. Bo dif liéu nay
duge cap nhat thudng xuyén, nhdt 12 khi dac diém cha hé théng thay déi, va san
sing dugc dung dé ude lugng phy tai nit déi véi mot phu tai t6ng di cho va tai
mot thoi gian, ngay, thing di cho. Ngoai viéc ding lam s4 do gia khi ¢an, ching
con phuc vu cho cdc tinh todn nghién ctu hay phan tich ngoai tuy€n (off line).

‘5.5 Phan fich sai s6 cla dénh gid WLS
Trong muc ndy ta s€ din ra cdc quan hé nhay (sensitivity) gilta s6 do va két
" qua ddnh gid trang thdi thu duge. Céc quan hé ndy dugc ding dé phan tick sai so.
Goi X 1a ddnh gid trang thai thu duoc sau (hd tuc lap (5.14) va veclo sd du
(residual):
r=z-h(x) (5.23)

Gid tri r cho ta mot ddnh gid cha sai s0 do {khong biét) e trong (5.1). Gia sl ¢o
mot nhidu nho Az dat vio s do z, ta sé tinh todn su thay ddi twong tng AX va Ar.

Trang thdi danh gid X thoa man dicu kién t6i wu (5.10):

HX)' R 'z-h(x)]=0 (5.24)
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Sau khi ¢6 nhiéu ta cé:
HE+AX)" R [z+ Az-h(X + AX)] = 0 (5.25)
véi sur thay d6i nho ta cé thé v‘ié't:
h(x + AX) = h(x) + H(X)Ax (5.26)
H(R + AR) = H(R) | s
(nhu di iam dé thu dugc phuong trinh lap (5. 14)_ ). Thay vao (5.25):
H(E) R7'[z+Az—h(X)-HE)AR)]~ 0
K&t hop visi (5.24) suy ra: | HE)"R7[Az~ H(X)AX)] = 0
“Tir dé r ra: |
A% =[G(§)" HR)'R'JAz | (5.28)
trong d6 ta c6 ma trdn nhay:
. éi/&:G(i)"‘H(i)rR" “ | (5.29}
‘ Défi vGi 5O du r trong (5.23),. sau khi ¢6 nhiéu ta cé6:
rmm=r+Ar;z+Az-h(i +Ai)

mz+Az-h(i)-‘H(i)Ai

suy ra:
Ar=Az-H(X)AX C(5.30)
Thay A% tinh theo (5.28) ta di t6i: |
Ar = [1-HE)GE) 'HE) "R ™ Az
v&i 1 1a ma tran don vi. Dat:

R'=R-HG'H' : (5.31)

ta co:
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Ar=RR‘'Az (5.32)
trong d6 ma tran nhay:
al/é&=RR! {(5.33)

Néu ta diat Az = Zonye = 2= - € 1 sai 56 do va gi4 thiét sai s6 ndy di nho, thi
(5.28) biéu dién quan hé nhay gilra sai s6 do vd AX = = Xthye - X =- ¢, 1 sai s§
ddnh glé frang thai, cdn (5.32) cho quan hé gitta sai s6 do v ddnh glé r clia né:

e, ={GE)"'HEZ)"R"Je (5.34)
r=RR7e (5.35)

Néu sai s8 do e c6 phan b6 x4c susit chudn thi sai s6 dénh gid trang théi e, va
s du r ciing c6 phin bg chudn véi cung tri trung binh bang 0.

Ti€p theo dé phan tich gi4 tri trung binh binh phuong cla sai $6, ciing nhu Aé
$& tuong quan giita cdc sai s6, ta xem Xét ma trdn tuong quan cia céc vecto bién
ngiu nhién e, var.

Biét rang néu ta 6 hai vecto ngiu nhién u v v sao cho u = Av v6i A Ia
ma trdn xdc dinh, thi ma trin tvong quan clia vecto u: , ,

cov(u) = E{uu"|= E[AWTAT | = AE[wT]AT = A cov(v)A"
A;S dung vao (5.34), biét E[éeT]=R ta c6:
cov(e )=E[ee;]1=(GH'R)R(R ’HG“) , (5.36)
=G'H'R'HG ' = G(Z)"'

Nhu vy ma trin G(X) ' ¢6 ¥ nghia quan trong, né cho udc legng do chinh
xdc clia ddnh gid % trong trudmg hop sai s6 nhé. Phin tir dutmg chéo cia né 1a
phuong sai clia sai s6 d4nh gi4 trang thdi X , tic 1 E[efj 1= El(x, - i’j )2].

Tuong t tix (5.35) : ¥ =[I- HG'H™R'Je ta cé:

cov(r) = Elrr’ ] = (I-HG'H'R " JR(I-R'HG'H")
=(I-HG'H'R")}(I-HG'H'R )R
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D& thdy ma trin trong ngodc khong déi khi nhén véi chinh né, tir dé:
cov(r)=(I-HG'H'R"')R=R-HG'H' =R’ (5.37)

Phén tir dudmg chéo cta R’ cho ta phuong sai ciia s6 du r; titc 12 £ [rja ]-

Ta thudmg sir dung 55 du chudn héa (normalized) rN, 13 gid tri mau (hay chuin
héa) clia vecto bién ngiu nhién r, dinh nghia bai (5.3) : ‘

r" ={diag(R")]™"*r (5.38)

v6i diag(R') 1a ma trin l4p bdi céc phin tir dudmg chéo cha ma trn tuong quan R'.
Vecto N ¢6 cic phan tir ¥ =7, / \fR! 13 dai lugng ngau nhién c6 trung binh 0 v
phuong sai 1.

5.6 Duliéu xdu

M5 hinh todn hoc cla dinh gia trang thdi WLS nhu di trinh bay gia thiét sai
s3 do c6 phan bd xéc suét chuin (Gauss) véi trung binh biang 0 va phuong sai da -
biét. Nhung trong thyc t&€, mic dil ¢6 thé 4p dung mét thil tuc loc so b, vin 6 thé
"lot luéi" nhimg di liéu xdu (bad data) véi sai s6 1on vuot ra ngoai gia thiét, tai
dau vao khau dénh gid trang thdi. Dir lieu x4u nhan duoc c6 thé do hu hong that
thudng thiét bi do vA dudmg truy@n hodc don gidn do dat sai cuc tinh hay chinh
dinh sai thiét bj. Dir liéu xfu ciing c6 thé 1a cdc s6 do gia, lac hiu so v6i sy thay
déi chia hé théng v.v... Dii do nguyén nhan ndo thi sy ¢c6 mat cha dif liu xdu 1am
sai gia thiét ban d4u khi thiét 1ap bai todn SE va din dén 10i gidi sai.

Nhr di it ma
boi phan tich tuyén
tinh & muc trudc,
néu khong cé dit liéu
xdu thi vecto s6
dur=z-h(X) (gid
tri ddnh gid cta sai
sd do) c¢6 phan b6

ﬂl

Dién tich 1-o Dién tich

L 4

xdc sufit Gauss véi , e yh
trung binh bang 0 va ‘ o
ina trin tuong quan- o Hinh 5-3

1a

R'=R-HG'H".
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Trong trudmg hop nay, dai lugng J(X) = irf / o’j- (hAm muc tiéu cuc ti€u héa cia
J=l

bai todn WLS), nhu dé chi ra boi Ii thuyé&t xdc sudt thong ke, s& 14 bi€n ngiu nhién
c6 phdn b6 xdc sudt y° (Chi-Square distribution) véi m-s5 bdc tw do (m 14 s6 s& do,
s 14 6 bién trang thii) (hinh 5.3).

, Phdn b6 y2 voi K bgc tw do 13 mot phin bd xic sudt khong d6i xing khi K
nhd. Nhung khi K 14 16n (K>30) thi n6 tr& nén rdt gan v6i phan b8 chudn Gauss.
Pay 1a trutmg hop thudmg gap trong bai toin SE thyc t€ (m-s > 30). Néu J(X ) ¢6
phén b6 %2 véi K bac tr do thi J(¥) < x,f._a v@i xdc sudt (1-a), trong d6 < 1a dién
tich dudi dudbmg cong vé bén phai gid tri Zi.‘ o <on (1-a) bang dién tich phan bén
trdi gia tri ndy (hinh 5.3). Bang duéi day cho mot & gid tri cla xi,_& (xem bang

~day ¢ hon trong céc sd tay todn hoc).

Tir bang ta bi€t dugc chang han véi K=20 thi, khi khéng c6 dir lieu xdu, s&

phai c6 (v6i o = 0.01) J(X) < 37.57 véi xdc sudt 1-o = 0.99 (tire 13 v6i do tin cay
09%). ) :

a ' ' <3 _
K 005 002 0.01 K 005 0.02 0.01
i 384 541 664 |11 1968 2262  24.73
2 599 782 921 12 2103 2405 26.22
3 782 984 1134 |13 2236 2547 27.69
4 949 H.67 1328 - [ 14 2369 2687 20.14
51107 1339 1500 [ 15 2500 2826 30.58
6 1259 1503 1681 |16 2630  29.63 32.00
7 1407 1662 1848 |17 2759  31.00 3341
8 ° 1551 1817 2000 [18 2887 3235 34.81
O 1692 19.68 2167 |19 30.14 3369 - 36.19
10 1831 2116 2321 |20 3141 3502 1.57

Gié tri trung binh céia J(X ) chinh bing K=m-s, chn phuong sai 1a 2K. Nhi da
néi, khi K 16n thi J(X ) tién (6i phan bo Gauss, ta thuomg dung gid tri chudn héa:
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- 5.3
- 2K (5.39)

Nhu vay khi khong ¢d dit 1iéu x3u thi ta di bi€t qui luat phan bo théng ké cua
cdc dai lugng nhu r, J... Trdi lai néu qua kiém (ra thiy ching khong tuén theo luat
phan bd di biét, thi ¢6 thé nhin dinh rang di ¢6 dir lieu xdu, va i giai SE 1a
khong tin cay. D6 chinh 1a phuong phdp dé phdt hién va nhan dién dir liéu x&u,
dugie goi 14 phuong phdp thir nghiém gid thuyér théng ké (hypothesis testing). Két
ludn it ra tir cdc thir nghiém ndy 1a cdc két ludn thong ke, ludn gan véi mot xdc
sudl tin cily. Ching han két ludn vé su ton tai dif licu x&u s& gdn véi mot xdce sudl
bio dong sai va mOt xdc xudt khéng phdt hién duoe. .

Thir nghiém trén dai lugug s6 du r; (j=/.2,...,m) duge thyc 1€ cho thiy 12 kha
tin ciy. Nhu di néu & muc trude, s6 du chuin hoa rjfv c6 phin bo xdc sudt Gauss
(trung binh 0, phuong sai 1) néu khong c6 dir liéu x3u. Nhu vay er < 2 v xic
sudt .95, Néu er vugt qud gid tri nay, (2 k€ luan rang co dit ligu xdu voi xdc sudt
bdo dong sai 1a 0.05.

Thir nghiém trén s6 duwr ¢6 khé khan do phai tinh todn phuong sai R} (cong
thitc (5.37)). Ta c6 thé ban dau thir nghiém trén dai luong J(X ) hodc § don gidn
hon (theo digu kién phin b8 %2 hoac Gauss). Tuy nhién thir nghiém nay chi phd
hién duge su 16n tai di lidéu x&u. D€ nhéan dién n6é, mot khi cd két qua thir nghiém J

*"duong tinh", ¢in tinh todn cdc s@ du chudn héa rJN. Véi vai don gian héa thi dir
liéu dng v&i s6 du chuén héa 1én nhét chinh 13 dif liéu xdu {25,26]. Dit liéu nay hay
mét phém dit lidu dng v cde 86 du ldn nhat sau d6 duge bo di va tién hanh lai
dénh gi4 trang thai va thir nghiém gia thuyét. Sau mot s vong tinh todn ta 6 thé

xic dinh chinh xdc dir liéu x4u.

Phuong phap thir nghiém J don gian nhung khong tin cay 1dm doi vdi ludi
dién Iom; néu dimg ngudmg ldn thi xdc sudt khong phéat hién duoc tang, con néu
gidm ngutmg lam tang nhicu kha nang bdo déng sai [26].

M5t s8 trutmg hop 1am phife tap bai todn tach dir liéu xdu 1a trudmg hop (6n tai
nhi¢u dir liéu nhu vay, hoac cdc di lidu xdu o6 twonag tdc (interacting bad duta),
hodc khi mitc do du thia cuc bé dit liéu khong di. Trong trudng hop sau cing, mot
56 do nio dé cé thé 1a s6 do 150 han (critical measurement), c6 nghia rang néu bo
né di tir tip sd do thi hé thdng tré nén khong quan st duge. Trong trudmg hop nay
viéc kiém tra s6 du chudn héa g véi s6 do tdi han s& khong ¢d y nghia, vi s6 du
va phuong sai tuomg dng ti€n tdi 0; sai s6 16n cla s6 do tdi han s& khong nhan biét
duoe. Con khi t6n taj cdc di iéu xdu cd tuong tac (tite 12 sai s6 cla cdc s6 do nay
cung tdc dong dén s6 du cia mét 8 do khac) thi ta khong con ¢6 thé phédn doan dir
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liéu x4u dwa vao gid tri lén cla s@ du.

Mot ti€p cin khdc cho bai todn dir liéu x4u 12 tir bd phuong phdp dénh gia
binh phuong cuc tiéu. Phuong phap WIS cyc ti€u héa téng (trong s6) cic binh
phuong cila cdc s6 dw, din dén viéc 107 gidi rdt nhay déi véi diz lidu xdu, tic 1a cdc
vi pham gi thiét ca thu4t toan. D4anh gia WLS do dé6 dugc goi 1a khong ving (not
robust). Cdc phuong phdp ddnh gii vimg, trong d6 cyc tiéu héa ham khong binh
phuong (bac thdp hon 2), cue ti€u héa ham gis tri tuyét doi... di dugc nghién ciru
nhung chua duge 4p dung nhidu,

Dé két thic phin ndy ta luu y rang c4c thao luan v& dénh gi4 trang thai va dir
litu x4u & trén d&u dua trén gid thiét khong cé sai léch Ion trong mo hinh cdu tric
ludi dién diing cho bai todn. M6 hinh nay gi6ng nhu mo6 hinh dang cho tinh todn
gidi tich lu6i di¢n, bao gdm thong s§ cdc phin tir (thong s6 tinh, khong thay déi)
va cdu hinh luéi ( thong s6 dong, xdc dinh bi tinh trang dong/md ciia c4c thiét bj
cat, vi tri dau phén 4p mdy bién 4p...). Thong s6 cdu hinh luéi dugc thu nhan- ciing
nhu cic 56 do ché 46~ bdi hé thong diéu khiéu gidm sdt va thu thép s& lidu
(SCADA: Supervisory Control And Data Acquisitio#), thong qua cdc thiét bi do xa.
Chinh thong tin sat so v6i thuc t€ hién tai vé vi tri cic thiét bi déng cit 1A ngubn
chu y&u cba sai s¢' cdu hinh (topological error) gap phai trong cdc hé théng quan
Iy nang hugng thoi thye (EMS: Energy Management System). Sai s@ loai nay din
dén két qua sai cho dénh gid trang thdi va ca phan tich dit liéu x4u, tham chi lam
cho tinh todan SE khéng thuc hién duge (phép lap khong hdi tu...); néi chung né
thudce loai sai s6 ndng ne cho viéc phan tich thifi thuc hé théng dién. Vi thé nhidu
thuat todn va thi tuc t4ch sai s& c4u hinh da dugc nghién cif,

57 Thidu"

Céc s6 do xa nhan duoc tir Iu6i di¢n hinh 5.4 nhy sau (trong don vi twong d6i):
zl>=uz=0,92 y=u = 1,02

73 = Q = 0,605 74 =P}, =0,598 75 = Qy; = 0,305
Phueng sai clia cdc sai s6 do trong don vi twong d6i la:
o =0, =001° ' ol =02=0,02" o’ =0,015°

Hay danh gid WLS cic bién trang théi x, = 6,, Xy = Uy va X3 = Uy, Kiém tra dix

O Thi dy Idy tit [6].
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liéu x4u dung thir nghiém gia thuyét thong ke.
Vi phai chon thy ¥ mét géc dién 4p ludi nén ta di chon 8, = 0, con mddun

dién &p nit nao d6 di c6 thé di duge qui dinh trong van hanh nhung muén dénh
gid lai theo dif liéu do. '

D ueo jo2s @ v,z
-4 V" e 3
— L — — | « |
P, P, (Z) P, P, P=06
Q@) | Qo Qy (Zs) Q Q=03
j6,0§ I Z, z,
Hinh 5-4

Biéu dién céc dai lugng do theo bién trang théi ta c6:
z, =h(x)=x,
z, =h,(x) = x,
z, = h(x)= 0, = uX(3 +4)— duu, cos(f, — 6) = ¥ x; — 4x,x, cosx,
z,=h(x)=F,=-P, = ~4u,u, sin(f, - 6) = —4x,x, sin x,

z.=h(x)=0, =0, = Hu; —uu, cos(6, - )] = 4(x; — Xx,%, O X, )

Tinh todn dao ham cta cdc ham z = h(x) trén, (a ¢6 Jacobian:

( 0 | 1 0
0 0 1
H=| 4x,x,sinx, —4x,cosx, X, —4x, COSX,
—4x,x, COSX, —4x, sinx, —4x, sinx,
4x.x, sinx, 8x,-4x;cosx, —4x, cosx,

Ching ta bat dau phép lap bang gid tri khdi tao phing x(@ = (0;1;1), tir d6 tinh
dugc vecto e va ma tran H:
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(0,92 — 1,00 - 0,08 0 1 0)
1,02 - 1,00 0,02 0 1
=z x0=| 0605-¢ |=|04383(; H®=| 0 -4 4
0,598 — 0,0 0,5980 -4 0 0
0305-0,0/ \0.3050/ 0 4 -4
Ma trin trong s6 la ma tran dudmg chéo:
; [ 1 1 1 1 1 )
R =
001° 001° 002° 0015 002°/
va ma trdn lgi sudt (d6i ximg):
0 1 0
0 0 o -17778 o) o o0 1
G =(HY'R “ZYH"™)=10'1 0 -] 0 i1fo -4 L
0 1 10833 0 -1{-4 0 o0
L0 4 -4
71111 0 0
= _ 90000 —83333|x10*
9.6944
Tinh budc lap thit nhit xtD = xt® 4 (GO)-1 HOT R-1at®
(-0,0800
0 0 0 0 -1,7778 0| 0,0200
xV = 1|+(G™)y'x10*1 0 -] 0 1 04383
1 0 | 10833 0 -1J| 05980
0,3050
0) (71111 0 0o ) (-10631) (-01495
= 1{+| © 90000 —83333| |-0.2133|=| 09727
i) L\ 0 -83333  9,6944 0,1898 0,9961
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Tiép tuc qud trinh 1ap va di t6i gid tri hoi tu la dénh gia cha x:

£, = 8, = -0,1762rad = —10,0955°
u, =09578p.u
X, =u =09843p.u

=y
[
il

Tiép theo dé kiém tra su ton tai dir litu x4y, ta tink todn s6 du r =z — h(x).
Thay X vio cdc ham h(x) di x4c dinh & trén, ta tinh ra:

7 =092 - 09578 =—0,0378

7, = 1,02 — 0,843 = 0,0357

7, = 0,605— 0,3240 = 0,2810

7, =0,598 - 0,6610 = —0,0630
7. = 0,305 ~ (~0,0430) = 0,3480

tir do:

—0,0378> 0,0357° 02810° -0,0630° 0,348’

T+ —+ ~—+ —+ — =545
0,01 0,01 0,02 0,015 0,02

J®Y=D. 1 lo7 =
k=1

Ta [am thir nghiém trén J xem c6 thoa man phan b6 xdc sudt x2 hay khong.
Vai s6 bac tu do K = m-s = 5-3 = 2 vi 18y a=0,01, tra bang & muc 5.6 ta ¢b
ow = 9.21, thc R J(X) < 9,21 v6i xdc suat 0,99. G day J vuot qué rit nhigu
chimg 16 su (6n tai cla dir liéu xdu va két qua dinh gid trang thai khong thé chip
nhin duoc.

Dé nhan dang dir liéu x&u, ta thir 4p dung thl tuc di néu trong muc trudc; dau
tién can tinh cdc s§ du chudn héa. Ta xdc dinh phuong sai cia cha céc s6 du nay
nhu phan tir duomg chéo cia ma trin R"=R - HG'H" = (I-HG'H'R )R
tai gid tri X .

i 0 3
0 1
H(x) = | 4%.%,sinx, —4%,cosx, L%, -4x%, cos%, |=
—4x,%. cosx, —4x,sink — 4%, sin¥x,

\ 45,5 sink 8X%, —4%,cosX, 4% cosx, /



156 5. DANH GIA TRANG THAI HE THONG DIEN

0 _ I 0
0 0 1
=|-0,6610 -38761 44303
-3,7125 0,6901 0,6716
-0,6610 3,7863 -3,7719/

Twr dé tinh duoc:

63442 - 11239 -12169
G(X)=H"R'H=|-11239 85518 —7.6575|x10*
12169 -7.6575 9.6641

Ti€p theo ta xdc dinh G*! roi G-THTR-! nhu thuong 1am trong céc budc lap va
sau d6 nhan trdi v6i H. Chi y phép nhan nay chi can iy kél qua cdc phan tir trén
dutmg chéo:

0,5618 X X X x )
X 0.4976 X X X
HG 'H'R ' =| «x x 05307 . x x
X x % 0,9656 X

x o ox x x 04443

Cu6i ciing ta c6 thé tinh dugc cdc phan tir dudng chéo cha R*:

04382
| 0,5024 . .
R'=(I-HG'H'R )R=| | R 77 . Ix10™
0,0773
2,2229

Wwdd cde s6 du chudnhéa b r” =, / JR”  j=12,.5 . Chang han ta tinh:

n" =—0,0378/ /04382 x 10~ = ~57106

Két qua tinh ton s& thu dugc:
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rN=(-5,7106 5,0419 20,5079 -22,6559 23,3403)

Chiing ta nhan thdy s6 du chudn héa 16m nhét @mg v6i s do 3,4 va 5. DE duy
tri su du thira (m>s), ta chi ¢6 thé bo di mot s6 do, ma ta chon la z,, ing vd&i s¢ du

chudn héa I6n nhét.
Lap lai ddnh gfa trang thdi dung cic s§ do cdn lai, ta di téi ddnh gid méi:

Ratl
K

62 -0,1600rad = -9,1673°
fl =u, =09223p.u
¥, =u =10174p.u
Umg v&i s6 du: '
7 =092 — 0,9223 = —0,0023
F, = 1,02 — 1,0174 = 0,0026
F, = 0,605 - 0,6072 = —0,0022
7, = 0,598 — 0,5978 = —0,0002

va tdng binh phuong trong sé tinh duge 1a J(X) = 0,1355 < Zio.m =6,64, tic Ia
d4nh gid trang thdi mdi co thé tin ciy duge v6i xéc sudt 0,99. Nhu vay z; 1a dir liéu
xdu duy nhat. Trong thi du nay <6 thé Ii do don gidn do 14y sai cyc tinh s6 do 5:
néu ta sta lai z; = 0,305 thi két qua danh gia trang thii véi 5 s6 do cho ta 3 gid tri
trang thai a -9,1616 do, 0,9222 p.u va 1,0175 p.u tmg véi J(X ) = 0,1421.

5.8 Gidi bditodn WLS

Trén mbi bude lap, xdp xi méi chia trang thdi ¢6 thé xdc dinh bing c4ch giai
phuong trinh chudn (5.14). Ma tran cia hé tuyén tinh nay 12 ma tran loi sut G(x)
d6i ximng, xac dinh duong va tuong d6i thua, That vay, Khai trién (5.14) ta ¢6:

= H, (x)H, (x)

G(x)= >
k=1 k

(5.40)

trong d6 H,(x) 1a hang & cha H(x). Ma trin H rit thua, nhung G it thua hon, vi néu
hang & ciia H c6 chang han 3 phan ti kbdc 0, thi theo (5.40) né s& dua vao G 9
phin tir khac 0. Iﬁ.«\.hu&lt ina trin thua duge sir dung trong khi 1ap ma trén loi sudt
va ti€p theo trong khai lr:én.tam gidc G=UTU (v6i U 1a moOt ma tran tam gidc trén).
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Sau dé6 hé (5.14) duoc giai béi qua trinh thay the thuan va nguoc.

Phuong phdp nay dugce sit dung nhidu trong ddnh gid trang thdi, tuy nhién
- trong mét s& trudng hop, hay khi kich thuéc hé théng tang Ién, né c6 thé 13 cé didu
kién 56 xdu (numerically ill-conditioned) gy khé khan cho su hoi tu ctia 1o gidi
lap, tham chi m4t dn dinh s& . Ta biét ring miic do khong dn dinh s6 cla viéc giai
hé phuomg trinh tuyén tinh ¢6 thé ddnh gid bdi s6¢ diéu kién (condition number) chia
ma tran hé sé. 8§ ndy cia ma train G= HTR-1H béng binh phuong s6 diu kién clia
H.

Mot phuong phdp dé giam dé nhay d6i véi sai s6 qui tron trong tinh todn, tang
do chinh xdc cha 1o gidi va trdnh mé&t 6n dinh s6 12 khéng sir dung ma trin loi
suat, chi ding ma trin Jacobian. Chang han phwong ph%p ding bién doi truc giao
ma tran H, nhu tom luge sau day.

Xét lai bai todn WLS tuyén tinh (5.15). Gia sir Q 12 mot ma trén tryc giao
(mxm, QT=Q1) thi ta c6 thé viét 1ai him muc tiéu chia bii todn trén nhu sau (bo
qua cdc chi s6 i cho don gidn): '

J(Ax) = (AZ - HAx)" Q" Q(Az — HAx)
= (QAZ — QHAX)' (QAZ - QHAx) (5.41)

trong d6 Az:= R Azva H:=R™"*H

Bay gidy néu ta tim dugc "bién déi tryc giao " trén ma trin H, ttc ta chon duoc
Q tnre giao sao cho:

— (R,
QH = (5.42)
L0 : _ :
o . N 4 7 BN
v6i Ry 12 mot ma tran tam gidc trén (cdp 5) va gid sit QAZ = | Ay thi:
’ 2

J(Ax) = (Ay, - R,Ax)T(Ay, - R,Ax)+ AyTdy, (5.43)
| Cuye tiéu cia (5.43) xay ra khi:
R,Ax = Ay, (5.44)
Nhu viy phuong phép bét dau -hé‘mg viéc tim bién déi true giao (5..42), sau dé

gidi he tam gidc (5.44) bang thay thé nguoe. Bién d6i truc giao cling ¢6 thé sir dung
tinh thua clia ma trin.
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M0t tiép can khdc dya trén nh4n xét rang bién d6i truc giao trén H (5.42) ciing
cho phép khai trién tam gidc ma tran lgi sudt G dé giai phuong trinh chudn. That
viy:

G=H'W'H=H"H = (QH)"(QH) = R|R, (5.45)

Ti€p can ndy duge goi [a phuwong phdp lai (hybrid method). Phuong phép nay
kém 6n dinh hon phuong phép bién ddi truc giao [13].

5.9 Phuong phap WLS véi rang budc

Bén canh nhiing s6 liéu cung c4p bdi cdc thiét bi do, théng tin vé trang thii hé
thong con bao gom cdc dit lieu dac biét khong doi hoi cdc thiét bi ndy, chiing duoc
goi 1a 56 do ao (virtual measurements). Mot vi du la cong sudt zero cha cdc mit néi
day trong ludgi, tai d6 khong c6 ngudn dién, ciing khong ¢6 phu tai. Nhimg “s6 do”
ndy ¢6 thé duge xir Ii nhu s do binh thutmg, nhung dé tinh dén "dé chinh xdc cao”
cha chiing, ¢an phai gan ching véi hé sd trong 1dn khi lap bai todn WLS. Tréi lai,
cdc s6 do gia it tin cdy can gan vdi hé s6 trong nho. Tuy nhién digu rdc r6i 12 sy
chénh léch Iém giira cdce hé so trong s€ giy kho khan cho su hoi tu cha 1o giai lap.
O day 1a lai gap phai van dé 6n dinh s8 trong tinh 10dn, ¢6 thé gdy dé v hoan toan
qud trinh ddnh gid trang thai'’ .

Bé khic phuc kho khan ndy, cde s6 do & duge chuyén sang dang digu kién
rang budc dbi vai bai toan WLS, u6i ding hon thi nhu vay ching duoc xem xét

trye ti€p nhu cdc diéu kién chinh xdc ma khong bi liét vio loai sd do (vdisai s0...).

B¢ giai bat toan WLS (5.9) vdi vecto rang bude o(x) = 0 ndo dé, c6 thé ding
phuong phap nhan tr Lagrange vdi ham (Lagrangian) sau day:

L(x,A)=4|z—h(x)]"R '[z—h(x)}- A c(x)

trong dé A 13 vecto nhan tir Lagrange. P)iéu kién cho 1 giai cha bai todn tdi uu
hda véi rang budc 14 dao ham ciia Lagrangian doi véi x va A triét tiéu, tac la:

H ()R '[z—h(x)]-CT(x)A=0 L (54s)
' e(x)=0 o

Vi de én dinh ciing ducc ghi nhan trong trudnig hop cé mat mof s8 lumg lon cde s6 do cong
sudt ndt hoac khi ndi mét duimg day dii (tng trér lan) vdi met dutmg day ngdn (t6ng trér nhd),
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trong d6 C(x) = &(x)/ X, ma trin Jacobian clia hé phrong trinh rang budc.

V6i xfp xi tuyén tinh  h(x"')=h(x') +H(x')Ax' v
c(x"")=c(x')+C(x')Ax', ta di t6i thuat todn lap giii (5.46); trén mdi bude lap
giai hé tuyén tinh sau cho Ax va A:

[HTR"H(x) CT(x))(Ax) B [HT(X)R"Az]

cw 0 ha ) (5.47)

vii Az = z - h(x).

Ma trin hé s ciia phuong trinh (5.47) d6i ximg, nhung khong cdn 13 xéc dinh
duong nhu G; khi khai trién tam gidc theo thy ty t61 wu phai ding phuong phip
phic tap hon dé bao dam 6n dinh s0.

Mot phuong phap khic cho bai todn WLS, khong yéu ciu ma tran loi suit,
duygce goi 12 phuong phdp ma trdn md réng Hachtel. Trong phuong phdp nay, s&

Ar:= Az - H(x)Ax , : (5.48)

duoc coi 13 mot 4n, ciing vdi Ax. Do d6 kich thudc clia hé phuong trinh tang lén.

Ap dung cho truomg hop bai todn véi ring budc, ta viét phuong trinh thi nhit trong
(5.47) & dang:

H'(x)R'Ar-C"(x)A =0

Keét hop véi phuong trinh thi haj cha (5 47) va phuong trinh (5.48) ta c6 hé véi 3
din Ax, Ar, A :

0 0 Cx))[ -4 -¢
0 R HX | R'Ar|=| Az (5.49)
C'x) H"(x) o Ax 0 '

Ma tran h¢ s6 46i xtmg nhung cling khong xdc dinh duong, gidng nhu he
(5.47). Ma trdn mo rong Ién hon nhung thua hon, do dé khéi lugng tinh todn van
so sdnh dugc vdi hé (5.47) khi sir dung ki thuéit ma trén thua. Ve kha nang én dinh

s, phuong phép Hachtel lai t6t hon, do d6 phuong phdp ndy c6 trién vong hon
13].
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5.10 Phuong phép tach bién trong dénh gid trgng théi

Gidng nhu & bai todn gidi tich ché d6 gidi bing phl.r(mg phiap Newton, d4dnh
gid trang théi tdch bién ciing duge sir dung dé giam kich thuéc phuong trinh va
khdi luong tinh to4n.

Cac s6 do trong w61 dién dugce tich ra hai loai: (1) ¢Ong sudt thuc nhinh va
nit va (2) cong sudt phan khing nhdnh va ndt va bién do dien dp. Ta biét rang
quan hé gitfa cdc dai lugng nay va bién trang th4i (gdm bién d6 dp nut va géc pha
clia n6) thé hién troi béi tic dong clia cong sudt thuc trén goc pha (quan hé P-6) va
cOng sudt phin khdng trén bién do dién 4p (quan he Q-U).

Téch bién z = (z,, ) va bi€n trang thdi x = (6,u), ta c6 ma tran Jacobian duoc
phén khéi véi cdc khdi trén dudng chéo chinh 12 troi:

H ,(x) Hpk(x)] (&P/ﬁﬁ &plﬁl]

H(x):(ﬂqg(x) H,(x) \&, /8 &, i

(5.50)

Tuong tng ma tran loi suit G = HTR-1H ciing duoc phan kh&i vdi cic khai
dutmg chéo chinh 14 troi:

_(Gpg(x) GP,,(x)J .
“®=l¢,x 6, x) &30

Néu bo qua cic khoi ngodi dudmg chéo coa H, ta c6 tuong tmg:

(&, !3) R (&, 50) 0 ]
)

G(x) :[ 0 (&, 1) R (G, |

V6i xdp xi ndy, phuong trinh chufn ciia ddnh gi4 trang thdi duoc tdch 1am hai:
~H R . :
G,,A6=H,R Az, (5.52)

G, Au=H R 'Az, (5.53)
Boug thoi véi viée tach bién, H duge xfp xi rét t6t 12 ma trn hing (khong
phu thudc x) néu cic s6 do thuc va phan khdng dugc chudn héa boi dién 4p tuong
ung, tic 13 thay cdc s& do Py, Qg va P, Q, bdi P, /U, Q.U P/U, v2
Q/U- Ma tran hing ndy 1a ma tran H xdc dinh & di¢n dp phdng (U=1, 8=0). Ding
Jacobian khong ddi qua cic budc Jap cho phép gidm nhitu khéi lugng tinh todn.



162 5 DANH GIA TRANG THAI

Viéc sir dung thuat todn téch bi€én va ma tran hing s6 12 rdt c6 hiéu qua trong
dinh gid trang thdi va ching duoc dp dung t6t d6i véi cdc phuong phap Hachtel va
phuong phdp lai, nhung it phit huy tic dung d6i vdi phuong phap bién déi truc
giao 12 phuong phip c6 tinh chat s6 t6t nhat [13,12]. Nghién ctu trong [13,12] chi
ra ring phuong phdp Hachtel va phuong phép lai 1a mot théa hiép 18t nhdt giita kha
nang 6n dinh $6 v3 hiéu qua tinh 10dn, dong thei hai phuong phdp nay ciing khong
qud phic tap trong viéc trién khai. Ngodi ra kha nang xir If cdc s§ do ao nhu ring
budc dang thice cho phép loai bo mét nguon mét én dinh s& quan trong, dé la uu
di¢m cta phuong phip Hachtel.

5.11 Mb hinh hod théi thuc hé théng dién

Trén day da nghién ciu bai todn ddnh gid trang thdi 1la mot ndi dung cot 16
trong viéc ldp mo hinh thot thute (real-time modeling) cGa hé théng dién. Mo hinh
nay- 1ap nén tir tap hop cdc thong s6 cu tric va thong s trang théai ctia hé thdng
tai mot thoi diém da ¢ho- s& duge diing d€ nghién cttu trye tuyén (on line) he théng
dién tai cdc rrung tam didu khién. Cic nghién ctu trong d6 sit dung mo hinh nay
nhur dit liéu vao bao gdm cdc bii todn phdn tich sw o6 va diéu khién 167 wu, s& duoc
d¢ cip trong cdc chuong sau.

Céc budce cia qua trinh xay dung mo hinh thdd thue duge biéu dién trong sg do
hinh 5.5 [14].

I N4
Ditliéu TH i tra 4 ié i .
XG || Kigmra ‘Lf)anh gid Ki€m tra jkhong| MO hinh MG hinh
thon thige 7] cliu trae tinh quan trang thii [~®  dir hidu +  ludi — .
i . . L . thev thiee
Juési sdt duoe xdu ngoii ’
Hinh 5.5

Ba xur If cdu tric Tuch (Topology Processor) ¢é nhiém vu nhidn dang cau tnic
luci dién tai thoi diém xét, dua trén céc s6 licu thdi thuc nhan duge vé vi tri
{(dong/md) coa cdc mdy cit, kGt hap vdi st dung mot e s& dir ligu chita cde thong
s0 nhdnh va thong s6 két ndi.

Ba khai ti€p theo da dugc khao sét chi ti€t & phan trén. Khoi con lai lién quan
dén vice mé hinh hod lwéi dien ngodi duge nghién citu trong muc nay, tuy nhién
chi gidh thicu khdi quat cac van dé dat ra ma khong di sdu vao chi e’

U Mot vai tai ligu vé& bai todn niy cho & [27]-[32]
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5.11.1 Van dé mé hinh hod luéi dién ngodi

Nhu da biét & phin trude, ddnh gia trang thdi chi thye hién duge trong phén
quan sat duge cua he thong. Trong hé thong dién 1dn, hgp nhit, 15 rang mot trung
tam di¢u khién hay mot cong Ui dién luc chi quan If mot phin luéi dién, duge goi 1A
Ludi trong. Ludi nay s8 duge trang bi cdc (hiét bi do sao cho né 1a quan sét duge,
nghia 1 trén co s& cac s6 do thdn thue & phin ludi nay c6 thé nhan dang duge ciu
tric va danh gid trang thdi hién thdi cha nd kitdng cdn 6 hiéu biét vé phdn con lai
ctia hé thong. Phin con lai ndy duge goi 1a lwdi ngodi. Bude kiém tra tinh quan sét
dueye v8 & hinh 5.5 chi kiém tra lai tinh chdl niy déi v&i ludi trong (tie 1a phén ludi
binh thutmg 1a quan sdt duge) ma thai. Nhu di biét, mot su hu hong thiét bi do
hoac dudmg truyén so licu ¢ thé lam cho mdt s6 nit cha lugi trong trd nén tam
thoi khong quan sat duge. Cae mit niy s& duge lam cho trd lai quan sat duge bing
cach diing cédc s6 do gid, hodc trii lai s€ bi loai ra khdi ddnh gid trang théi va ghép
vio ludi ngoid, tire ta phin khong quan st duge.

e xay dung mé hinh hé¢ thong ding cho céc tinh todn nghién ciu khéc thi
y¢u ciu trd nén phife tap hon, cu thé ta sé cdn tinh dén viec mo (& ludi dién ngoai.
Ly thi du bai todn phan tich su cd trye tuyén (on line) doi hoi nghién ciu cdc sy
8 6 thé xdv ra tai ché do lam vigc hién thdi. C4c sy c6 nay c6 thé duge mo6 phong
néu ta biél trang thai va cdu tric hé thong § ché do trude su ¢, goi la ché' do goc
(hase case) (xem chuong 6. Liu ¢ ring ta khong cé s6 ligu do sau sy ¢0, vi cdc su
¢d nay chi duge gia thiét ¢6 thé xdy ra). Nhu vay sy hiéu biét vé ludi trong sau khi
thue hién d4nh gid trang thdi 13 khong dd, ma ta ¢dn cin mo hinh ho ludi ngoai dé
ddnh gid dnh huong cia né dén leoi trong khi st ¢6 xdy ra trong ludi ndy. Can
nhin manh ring didu ta quan tam chi 1a ch€ do lam viéc cua ludi trong, dong thdi
ciing thudmg chi xem xét nhimg sur ¢& (co thé xdy ra) & ludi trong hay lan can né.

Nhur vay muc dich duy nhat cha viéc 1ap mo hinh ludi ngoai 12 dé ddnh gia anh
hudmg cia né dén ludi trong. Do d6 mé hinh nay khong cin chi ti€t nhur m6 hinh
IuGi trong, dong thdi cac phin & cang xa ludi trong cang it cdn quan tam d€n vi anh
huémg clia chiing 1a nhd. N6i chung Iudi ngoai duoe chia ra 3 phén:

— Phén & xa khong c6 anh hudmg d&n Ludi trong va c6 thé duge bd qua,

— Phéin & gdn hon ¢6 anh hudng nhd dén ludi trong, co thé duge bidu dién dudi
dang nit gon,

~ Phin 1an can ludi trong cdn duge mo hinh hoa chi tigt.

Ranh gidi giita 3 phéin nay thutmg duwge xdc dinh trude bdi cac ddnh gia kha
true gide két hop vdi plin tich dé nhay (cta lué trong d6i véi cac thay doi trong
fuedi ngoa). ’

Trong thue 1€ diéu do hé thong dién, bai toan nhan dang cfu triic lu6i trong va
ddnh gi4 trang thai ludi trong thuimg duogc thue hién sau mdi it phiit (chéng han 5-
10 phiit). Bai todn 1ap mo hinh ludi ngoai, chi yéu phyc vu cho phén tich su c6, cé
thé durie tién hanh trudec mi 14n thue hién su phan tich nay (khoang méi 15-30
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phit). Tinh todn diéu khién mdy phét dién, diéu khién cong sudt trac d6i hée
thong... ciing dugc cap nhat tir mo hinh thdi thuc, va vdi tdn suft thdp hon. Nhur
vdy mO hinh ludi trong thuémg duge cép nhat thudng xuyén hon mo hinh ludi
ngodi, diéu d6 cho phép phat hién sém sy thi€u hut hay sai héng cia s6 do thoi
thure.

Ta c6 thé hiéu ring tinh thich ding clia mo6 hinh ludi ngodi duge dénh gis b
do chinh x4c phan 4nh tic dOng thuc clia né dén ludi trong & cic diéu kién su cd.
Cong cu giai tich ludi di¢n s€ duge diing trong phén tich s ¢6, va diu kién diu
tién d6i v6i mo hinh luéi ngodi 13 né khong 1am thay ddi thong sd trang thai lusi
trong da x4c dinh bdi ddnh gi4 trang théi, khi dit toan b m6 hinh duéi c4i nhin
gidi tich ludi dién & ch€ do g6c. Ngodi ra mé hinh ludi ngoai mong mudn dat duge
nhimg tinh chét sau:

»  Sir dung dugc moi dit kién c6 thé c6 vé ludi ngoai dé cip nhat mo hinh. Ta bist
rang ludi ngoai s& duge quan Ii nhu 13 ludi trong d6i véi mot cong ti dién luc
khac, va thudng c6 it nhiéu thong tin trao déi gilfa cdc co quan nay.

o Tuong thich v6i dir lieu ddi hdi bdi cong cu gidi tich ludi dién, dé co thé sir
dung dugce trong céc tinh todn nghién citu di néu. Ngoai ra cdc thong s6 phai 1a
“16t” cho tinh todn gidi tich luéi, vi du ti s6 X/R lén, dién 4p gin dinh mic
AN

e Ton trong cac gidi han Q d6i véi may phét ngoai, U d6i véi phu tdi ¢6 tinh tic
dong diéu chinh.

» Thudn tién cho viéc nhan biét, sira chita cac sai s8 [6n trong dir liéu ludi ngoai
duge st dung. '

Hai ti€p can chl y€u cho bai todn mo hinh hoa luéi ngoai duge khao sit vin
tat dudi day.

5.11.2 M6 hinh tuong duong cho ludi ngodi

Mot phuong phap nit gon twong duong ludi dién ngoai duge 4p dung nhiéu
nhdt 12 phuong phép nit gon Kron, da dugc dé cap & muc 2.5, trong d6 hréi ngoai
dugc thay the bdi:

— M0t thanh phin thu dong Y., ting véi ludi twong dwong lién hé moi it bién (it
nam ¢ bién gidi gifta ludi trong va ludi ngoai),

- M@t thanh phdn ngu6n I, phu thuOc ch& do lam wec cta ludi ngofu dat tai cic
niit bién.

Dé 4p dung thai thuc va dac biét cho bii todn phan tich su ¢6 thdi thuc, c¢é hai
vin dé nhu di biét cdn quan tam gidi quyét:

1. Vin dé cap nhat mo hinh twong duong,

2. Vin dé do chinh x4c ca mo hinh phan dnh dap (ng cla luéi ngoai d6i véi cic
su ¢6.
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Thanh phén thu dong Y., (khong phu thudc ch€ d9) duge xdy dung ngoai
tuyén (oft line) d6i vi mbi cdu tric cha ludi ngodi. Vi thong tin vé cfu tric luéi
ngodi ¢6 thé khong chinh x4c, dong thofi cdu tnic niy ¢6 thé thay déi, nén cin c¢6
cdc tiéu chudn dé phat hién sai 56 cdu tric (giita cfu tric that va cfu tric biéu dién
bdi Y,g). Ching han mot sy thay di cdu tric quan trong & ludi ngodi ¢6 thé duge
phat hién qua sy thay d6i céc luéng cOng sudt lién lac hé thng. Trong cic trudng
hop nhu vy, cdc 16ng din tuong duong c6 thé duge chinh dinh lai nhér mot phuong
phdp ddnh gid théng sé (parameter estimation). Mit khdc, nhd trao déi thong tin
v6i céc cong ti dién luc 1an can, ¢6 thé ndm duge cdu hinh chi tiét thai thyc cla
phén luéi ngoai & gin, 14 phédn ma sai s6 & d6 c6 anh hudng nghiém trong, tir d6
cho phép cap nhat m6 hinh trong duong bing céch tinh todn lai rit gon tuong
duong cua phin nay.

Thanh phan ngudn cia mé hinh tuong duong I, trdi lai cdn cap nhat theo su
thay d6i ch€ do lam viéc cia lu6i ngoai. D6ng thoi do sai s6 trong dit licu vé ludi

nay ma sau khi dit I vao céc nit bién, sé xudt hién tai d6 su khong can bing cong
suft, giira:

— Cong sudt truyén dén tir ludi trong, tinh todn bdi ddnh gia trang thai trong,

~ Cong sudt truyén trén cic nhdnh tuong duong ngoai, xdc dinh béi dién ap
céc nit bien (k&t qua dénh gid trang thai trong) va céc téng dAn twong
duong,

- Cong sudt niit I,,.

Sai léch nay cén phéi duoc toai bd va mot s6 nghién ciu da chi ra ring c6 thé
chdp nhan céch rit don gian 13 khong c¢dn x4c dinh I, tir dif liéu ngodi nita, ma xéc
dinh truc ti€p theo cén bing cong sudt niit bién nhu trén ! Viéc can bing cOng sudt
nut bién nay s& duge cdp nhit thoi thie.

V& viin d8 thit hai cdn quan tdm néu & trén, tic 13 do chinh xdc cia mé hinh
tuong duong ngoai phan dnh dap iing cha lusi ngoai ddi vdi cdc su cd trong gia
thiét xay ra & ch€ do goc, ching ta s& cén tinh dén hai yéu (0 sau day:

e Ddp img cong sudt phan khdng cla cdc mdy phat ngoai d6i vé6i su c6 duge xét.
Khi sy c8 xdy ra, cdc mdy phét ngodi cé diéu chinh dién 4p (nit PV) s& thay
ddi cong sudt Q phét ra. Didu nay thudng dugc tinh dén khi phan tich su c6
bing cach dat mot nguén Q gia tudng & céc niit bién, cé cOng suit phu thude
dién 4p cac nit nay.

» Dip ing cong sudt tic dung cha may phét ngoai d6i véi mot su cd mdy phdt
trong: Khi Xem xét sir c6 mot may phét 16n cla ludi trong thi cdn tinh dén tic
dOng diéu chinh ty dong t6¢c do cha cdc mdy phat khac, k€ ca cac mdy phat
ngoal I)ép ing nay thuong duge xac dinh theo dudng dac tinh tuyé’n tinh hod
clia mdy phét va ciing duge qui 'd6i v& niit bien.



166 5. DANH GIA TRANG THAI

5.11.3 Mo hinh ddy dii ciia lidi ngoai

Trong phuong phap nay ciu hinh ciia lwéi ngoai duge giit lai ddy da, nhdt 1a
ddi voi nhimg phin duge coi 1a ¢d tic dong 16n dén ludi trong khi xdy ra mot su cé
Phuong phdp bao gdm cédc bude sau:

1. Gia thiét cdc dit liéu thdi thue cho ludi ngodi,

2. Tinh todn gidi tich hoic ddnh gid trang thai cho ludi ngodd véi diu kién duy tni
trang thai nit bi¢n theo cdc gid tn xac dinh bdi danh gid trang théi trong (gia
in ding),

3. Kiém tra vd stra chita su khong can bing cong sudt & niit bien.

Tai budc 1 do thiGu s& licu thoi thue d6i vdi led ngodd nén cde dit kién cau
triic viv che do phai dua theo gid tri qui hoach hay ngoai suy, ching han phu tai
tong cha lirdi ngodi duge gid thidt 4 1¢ véi phu 1ai ludi trong, con phu tdi mdi nit
xdc dinh theo mot he¢ s& phan bd phu (d; cong sudl cdc nha mdy dién cé thé coi
nhu tuin theo mdt chi tiéu phan ba kinh t&.. .

Tai bude 2, Iudi ngoin cin duge gidi trén co s& cdc dir lieu gia thiét, ding mot
trong hai phuong phdp gidi tich hay danh gia trang thdi. V&1 phuong phap giai tich
ch& do, cdc nit bién ducke xem nhur cdce niit co sd-can biing v dién 4p v gée pha
2ilt bing gid tri xdc dinh bii ddnh gid trang thai trong. Muc dich clia bude nay 1a
xéc dinh cong suat Ao phidi dit vio ndt bién dé duy tri can bang cong suél tai day:
bi¢u nay duge giai thich rang, ciing nhu xay ra dot vdi tiép can twong duong hoa,
do dir kién cé sai s6 nén dan dén cong suat nil bién tinh ra khong ding nhu thuc
té- cong sudt tinh todn nity xdc dinh b viée can bing giira cong sudt dén wr hudi
trong ¢ biét hdi ddnh gid trang théi trong va cong sudt dén ir Jusi ngodi (k& qua
cla 107 gidi ludi ngoai). BE sai s6 ngoai khong 1dc dong dén ludi trong & céc phan
tich vé sau, dd léch cong suat ( nit hién phai duce loai bo bing mot nguén do.
Phiremg phép khac diing s bude niy ¢ the cho phép tranh 1ap trung sai s0 nhu vay
vé nadt bién 1 sir dung dédnh gi4 trang théi thay cho gidi tich dé gidi cho ludi ngoai.
R& rang hiing cdch thao t4c cdc hé s6 trong, ta ¢é thé dn dinh véi do tin cdy luy y
cong sudlt nit hién hdy hit ¢ dir liéu nao vé ché do ludi ngmu Phuong phap nay
cho 1t gidl ludi ngoidi ‘“mém déo™ ham vit ¢6 thé sit dung moi dit Kién ¢6 thé cd
durge uir Wadi nay.



6
Phén tich su c6

6.1 An todn cung cap dién va bdi toan phdan fich su cé
thdi thue

Diéu kién lam viéc an todn (securitv) cia hé thong dién duge ddnh gid béi viee
1at ca cac phu tai duge cung cip dién va khong c6 thiét bi dién nao bi dat ra ngoa
wici han lam viée cho phép. Hai thong s6 ch& dO thudmg dung lam tiéu chudn 1a
dién 4p tai cdc nit va dong trén céc thiét bi luéi dién. Vi diéu kién lam viéc nguy
hiém nhét thuomg xuat hién do ser 6" (hu hong thiét bi, ngin mach v.v..) v vi mat
sy ¢6 ¢d thé xdy ra bit ¢ lic nao trong hé théng, do d6 mot ché do lam viee dé
duge coi 1a an toan phai ¢6 kha nang chéng dd vdi sur ¢6, c6 nghia la git duoe cac
thong s0 di¢n dp va dong dién néi trén khong vt qué gidi han cho phép ngay ca
trong cac diéu kién sw ¢o, tuy nhién cé thé vai sy trg gilip clia cic tde dong diéu
chinh, diéu khién.

Chii y ring & diy chi néi dén cac diéu kién finh, cdc ché do lam viéc xdc lap
twong ding vai bai tocin danh gid an todn tinh (Steady- State Security Assessment ).

Khai niém vé an toan cung cp dién va phuong phap danh gid an toan cia mot
ché dg hé thdng dua trén viéc phin tich mot tap hgp chon loc céc su o6 duge dat co
s( bdi Dy Liacco [41] va lap nén nén tang cho m6t trong nhitng nhiém vu quan
trong va phifc tap nhit clia hé thdng quan if nang hrong (EMS) trong céc trung tam
di¢u khién hién nay. So d6 dudi day 1a mot phin loai cdc mic an toan trong hé
thong cé thé ding cho vi¢e xdc dinh cac chifc nang EMS [33]. Miii t2n trong so d6
chi sur chuyén ti€p khong mong muén do sy ¢6 gitra cdc mifc an toan.

bé loai hd cdc vi pham gidi han & mic 4, nGi chung yéu cu thue hién céc tac
dong diéu khién chita (Corrective Rescheduling) dé dua vé mitc 3. Sau d6 str dung
céc dicu khién phong ngita (Preventive Rescheduling) dé & vé migc | hay mic 2.
Chii y cac vi pham & mic 4 chi fa vi pham giéi han 1am viéc dai han va trung han,
khong vi pham gidi han lam viéc ngén han, -

Né&u hé thdng d4 roi vio midc 5, phu tai s& bi sa thai bdi tr dong cit tai chd
hofic do 1¢nh tir trung tam diéu khién. Doi khi c6 thé tinh todn “sa thai phu tai 16i

»r

mnt .
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Mirc 1: An todn
(Secure)

- Mic 2: An toan véi
tde dong diéu khién
(Correctively Secure)

Mifc 3: Bdo dong
{Alert)

Miic 4: Khong an todn
sita chita dugc

(Correctable Emergency)

Mitc 5; Khéng an toan
khong sita chita
dugc
{(Noncorrectable
Emergency)

Miic 6: Khoi phuc
(Restorative}

T4t ca phu tai duge cdp
dién khong vi pham gidi
han, k& ca khi sy c6

v

T4t ca phu tai duge cép dién
khong vi pham giGi han. Vi
pham do su c6 c6 thé sia
chita bd&i tic dong diéu
khién khéng gdy mat phu
tai.

a

T4t ca phu tdi duge cdp
dién khong vi pham gi6i
han. Vai vi pham do su c6
khong thé dugc chita ma
khong mét phu tii.

T4t ca phu tai dugc cip dien
¢6 vi pham giéi han va ¢c6 thé
duge chifa khong gy m4t tii

T4t ca phu tai duge cip
dién c6 vi pham gi6i han
vd kheng thé dugc chita
ma khong mA4t tai.

tde dong didu khién

Khéng vi pham giéi han
nhung mat mét s§ phu tai

Mifc 1 va 2 la ch€ d) lam viéc binh thudmg. Mic | 12 an toan If trdng trong
khi mifc 2 kinh € hon, nhung 1¢ thudc vao chitc nang diéu khién chita sau su c6
clia EMS, d€ loai bd cdc vi pham gidi han sau mot khoang thdi gian x4c dinh.
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Ddnh gid an todn (Security Assessment) chia he thong dién c6 thé dugc thuc
hién theo phuong thitc thoi thuc hay phuong. thitc nghién citu (real-time or study
mode). Phuong thifc thoi thuc s€ dua trén mé hinh thoi thyc cha hé thong (xem muc
5.11), trong khi phuong thic nghién cttu khdo sét diéu kién lam viéc du bdo, duioc
xéc 1ap tir cdc ch& do c6 trudc va cdc thong tin vé hudng tién trién hodc cac didu
kién gia thiét. N6i chung muc tiéu cia ddnh gid an toan 1a x4c dinh mifc 36 an toan
cua ch€ do 1am viéc cha hé théng, lam ca s& cho chitc niang didu khién an todn
(Security Control) tic 12 tinh todn cdc tdc dong diéu khi€n cdn thi¢t nhim dua he
théng t6i mot mic an toan mong mudn. Chirc ning EMS niy ¢6 thé bao gém tinh
ning t6i ru hod, s& dugc xem xét sau.

Nhur ta da biét, ciac mitc khong an toan clia hé thng dic tnmg bdi sur xu4t hién
diéu kién lam viéc nguy hiém (emergency) véi sy vi pham cic gidi han cia thong
sd, trong thoi diém hién tai hodc sau su c6. Vi th€ bai todn phdn tich su c6 (CA:
Contingency Analysis) duge nghién ciiu trong chuong 'nay la ndi dung 16n nhét ciia
danh gi4 an toan. Trong trudng hop mot sy cd (hue hdng don hoac x&p chéng thiét
bi) néu xdy ra s& 14p nén ch€ do nguy hiém, thi diéu do vién hay hé thong diéu
khién an toan ¢6 thé dy trl c4c tac dong sau day, ty theo miic 4o nguy hiém:

a) Thay d6i ch€ do trudc su cd d€ khit hay giam nhe su nguy hiém clia sy ¢6,
T

b) Xay dung mot chién luge diéu khién sau sy c6 dé loai trir nguy hiém,

¢) Khong cdn quan tam, néu sy nguy hiém s& la nho.

Phan tich sy ¢6 s& mo phong mbi ché do su cf tiém tang (c6 kha nang xay ra)
trén ché'dé goc (base case, ché 46 1am viéc trude sy c6 dang xem Xét vé an toan)
va kiém tra cic vi pham giGi han lim viéc. V& nguyén tic, tinh todn gidi tich ludi
dién (Power Flow Calculation) c¢6 thé duge tién hanh cho méi trudng hgp su c6.
Thuc t&€ ¢é ba nhiém vu khé khidn phii gidi quyét cho vin dé phan tich sy cd thoi
thue:

e Lap mo hinh thdi thye thich hgp cho hé théng cén nghién cim (xem muc 5.11),
e X4c dinh cAc su 8 cin Xxem xét,

s  Phat trién céc phuong phap cho phép tinh todin mot s6 1dn sir co trong thdi gian
ngén.

Ti€p can chung cho bai todn phan tich sy ¢ thdi thuc thudng phan tdch ra ba
giai doan: Xidc dinh su c6, chon loc si ¢ va ddnh gid sy ¢6.

Trong giai doan thtt nhét, c6 thé dua trén x4c sudt xay ra dé lap danh séch su
¢6 cdn xem xét. Danh sich niy thay déi theo ch& do phu tii va c4u hinh ciia h¢
thdng, va ¢6 thé bao gém ca su o thir cdp (su cb sinh ra do su c6). Mai sur 6 s&
duge mo ta bdi hu hong nhdanh hay ngudn phat trong graph 1udi dién.

Chon loc sy ¢6'1a qua trinh cho phép giam nhe nhiu nhét cong sic tinh todn,
do dé6 di dwoc nghién ctu rit nhiéu. Muc tiéu 1a gat bo khoi danh sdch phén 16n
céc su c6 khong gdy nguy hiém. N6 sir dung mot mo hinh x4p xi clia hé thdng va
ki thuat tinh to4n thich hop d€ rit ra két luan mot cdch nhanh chéng. Sau d6 danh
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sdch sy cO s& duge xép thit tu theo “mutc nguy hiém” gidm dén (st dung mot chi sa
chit lugng dé do mic nay).

Cu6i ciing ddanh gid s c6 s& dung cong cu chinh xdc hon cha giai tich ludi
dién dé mo phong céc su cf theo thit ty da x&p. Qua trinh duge ti€p wic cho dén su
¢O khong con gay ra vi pham gidi han an toan, hodc cho d&n khi da xem xét ¢ mot
s0 lugng nao do sy o8 hay da hét thdd gian tinh todn cho phép.

Giai doan 2 va 3 ciing ¢d thé duge ph6i hgp vao mot qué trinh.

6.2 Vainét vé cong cu phan tich sucd
6.2.1 Mo hinh cho tinh todn su cé

Cac nghién citu trong thdi Ki ddu di t3p trung vilo viée phan tich qua tai do sy
¢0 hom 1a phan tich vi pham giGi han dién dp. Trong he thdng cao 4p c6 thé gid
thi¢t tinh todn phan bo P-0 djc 1ap véi dién ap va cong sudt phan khang, v&i su
thira nhan ring sau nhiéu sy 6, dién 4p va cong sudt phin khing thay déi rit it, va
rang dong (2 trong 1u6i 12 nho. Phuong trinh phan bd dong mot chiéu (xem chuong
4) ¢6 thé duae st dung cho tinh todn, hay tin cay hon sit dung dang sai phan &
phiueing phap tdch bién nhanh (4.37):

B’ A0 = Ap 6. )

Trong khi tinh (0dn ma tran hing B’ ciing ¢6 thé bd qua dién trd dudmg day va
cia dién dung cia dudmg day, diéu cho phép cai thién t6¢ do hoi tu va thudng chi
thue hién mot phép lap khi dp dung cho giai doan chon loc sur ¢6. Nhiéu Ki thuat
ciing duge nghién cifu d¢ st dung tinh chét thua cha cdc ma tran, dé tinh todn
nhanh sir thay d6i ludi dién do sy ¢80 ma khong cdn xay dung lai, khai trién tam
gidc fai hay nghich ddo lai ma tran. Thdi gian tinh todn cling duge giam nho Ki
thuét han ch¢ tinh todn @ “lan ¢in su ¢6”, ki thuat x4c dinh “ving an toan” cla
hién gdc 8 cho phép loai trir nhanh cdc su c6 khong gay qud tai. N6i chung cédc ki
thudt ndty duge phat trién dé hop Li hod viéce tinh 10dn rat nhiéu trudmg hop hu hong
trén mot ché do gde da bidt, voi muc tidu vu tién (6c do tinh todn ma khong doi hoi
nhiéu sir chinh xéc.

Mat phuong phdp cho phép ddnh gid sa bo su thay déi dong nhdnh gay b
mot thay d0i ¢t nhanh (hu hdng dudng day, may bién 4p..) hay thay déi dong niit
(hu hong may phat dién) trén co s& chdp nhan mé hinh tuyén tinh (phu tii mo ta
nhu 10ng trd hing hay dong dién hing, mdy phat mo ta nhu nguén dong dién
hang), 1a phuong phdp sit dung cdc hé sé phdn hé. Phuong phap nay ¢6 thé rdl
khéng tin cay va ciing it duge ding trong thye €, tuy nhién viéc hiéu né rdt c6 ich
vé mat sur pham, vi th¢ s& dvoc trinh bay ki trong muc sau.

boi vdi trudmg hop sirco nang nhu hu hong may phét/phu 14 hay hu hong gay
phan tach ludi, c6 (hé tinh todn didu kién ngay sau sy c¢6 vdi ddp (ng theo quén
tinh ciia h¢ thong hoac tinh todn trang thai xudt hién mudn hon, sau tic dong diéu
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khién i dong (diéu khién t6c do, AGC hay didu d¢ kinh 1€). Tuy theo céc trudng
hop sé& cdn sir dung cdc hé s6 phan bd lai cong sudt thigu cho cdc nguén. Hon nita
cdc su ¢8 nang loai niy ¢6 thé dat ra vin dé vé tinh chinh xdc cha mo hinh cong
sudlt 1ace dung.

Bai todn phan tich dién dp sy ¢ duye nghién ctu mudn hon, mot phin do tinh
phic tap cia n6. Tuy nhién khdo sat dién ap 1a cin thiét d6i véi nhiéu hé thong cé
sif cang thing vé {/-(). Bai todn cong sudt phan khdng cd tish phi tuy&n nhiéu hom.
Ngoai ra dién dp cling phu thudc manh vao sir thay déi dong cong sudt tic dung, do
dd phuonyg trinh (/-0 tuong g v (6. 1) sau day:

B” Au = Aq/u 6.2)

higm khi ¢6 thé dugc diing riéng & cho bai 1an ndy; thudng cin thiét tinh 10dn Aq
theo ¢ca goe pha dién dp thu duoc tir mo hinh cong suflt tic dung. N6i cdch khac, du
lit trong phan tich gan ding viin cin tinh dén sy thay ddi diéu kién cong sufl tic
dung khi xac dinh sif thay déi di¢n dp do su ¢6. Nhu vay tinh todn dién dp sau su
cd 56 ludn di kéem voi tinh todn qud tdi si oé: goe dién 4p cap nhat tir mé hinh tinh
todn qua 1ai su ¢0, ching han tir (6. 1), s& ding dé tinh todn Ag/u trong (6. 2). Cic
ki thuit cho bai 10dn trude cting duge dung cho ma trin B” clia bai todn nay, tuy
nhién do tinh phi tuyén In clia n6, 18 gidi saw mot bude 1ap ¢6 thé khong tin cay.
Ngodi ra ¢dn tinh dén tdc dong tr dong dicu chinh {/-Q) trong h¢ théng, dac biét
phai tinh Jén cac diéu kién vé gidi han phat cong suat phan khéang.

Vin dé phan tich sy ¢6 ¢6 thé la nhiém vu nang né nhét, 1a chd thit ¢6 chai
trong hé thong EMS. Hon nita né cling cén duge xem xét dén trong chifc nang toi
wru hod ché do. Hudmg phat trién trong linh vie nay phid 14 cdi thi¢n d6 chinh xdc
mo phdng sir o8, bing viéc cdi thign cdc phuong phap mdy tinh cling nhu ning e
phiin cimg (nhu kha nang e I7 phdn tin). '

6.2.2 Xép hang su cé nhé chi s6 nguy hiém

Chi 56 nguy hiém (Severity Index, Performance Index) 1a mot phuong tién cho
phép lugng hod dO nguy hiém / mal an toan cta mot sy ¢f5. N6 bidu dién ché do sau
sit c6 ciia ludi dién vé mat an toan cung cdp dién bai mot con 56, tir d6 cho phép
XEp thif tu cdc sur co. :

Mot tiép cin chii yéu trong x4c dinh chi s6 nguy hiém la sit dung tnre tiép cac
thong sd ché do bi ring budce theo diéu kién an toan la dong nhénh va dp nit, duge
2ol 1 plurong phdp truc tiép.

Chi s& nguy hiém c6 thé ¢6 dang:
=Y wlx, [ X)) (6.3)
k

trong 46 x 12 thong s6 duge kiém sodt nhir dong hay 4p, X1a gidi han (trén) cha né,



172 6. PHANTiCHSsY cd

w 1a hé s6 trong, m 14 s6 nguyén duong. Vi pham 16n gidi han an toan sé déng gép
gid tri 16n vio =. Gi4 tri cia m c6 th€ duge ding d€ tranh hiéu ting mdt na (masking
effect), trong d6 trudng hop su c8 gy ra mot vi pham 16n lai x€p sau (x nhd hon)
st ¢80 gy ra nhiéu vi phamnho, trong khi trudmg hop ddu thufmg duge coi 1a nguy
hiém hon. Viéc chon gid tri cha m béng 2 hodc cao hon sé cdi thién dugc tinh trang
nay. Tong trong (6.3) ciing c6 thé chi 14y d6i v6i nhitng vi pham ma thoi.

Mot cong thifc dua vao céc yéu t6 nay duge viét nha sau d6i véi dong cong
sudt [42):

S "
n:prk(S k —y] (6.4)

trong dé:

p 12 x4c sudt xay ra su cd,
Sir Simax 12 cOng sudt toan phén trén dudng day k sau su ¢ va cong sudt gidi han,
J 1a tap chon loc céc dudng day thoa mén:

P> Py0) v3i Pf0) 1a cong sudt & ch€ do gdc
S/ S > 0Sax]

ylamotsdsaocho 0 <y <o

Cic gid tri m, ¢, ¥ Xac dinh tir thue nghiém cho phép chon mot xép hang “tot”
cho cdc sy ¢G (chd ¥ rang gia tri tuyét d6i cia & khong cd ¥ nghia, ma quan trong
12 so sdnh twong d6i gid tri cha nd d8i vdi cdc sy ¢d khdc nhau). Mot chon lya duge
khuyen 1208 <a <1, y= avam=10.

Dai vl dieén dp cong thic sau day [43] cho chi s6 nguy hiém sir dung ca gidi
han cong suat phan khang clia niit nguon:

v =D widUp +) wo,dQ} (6.5)

trong d6 d6 léch dién 4p chuédn hod & nut -

dUk - (Ukmax +U/ k min )
U -U

k max k min

v do lech cong suft phan khdng chudn ho4 & mdy phat i:

20, — (0. .
ko — L: Q(an'l_axQ+ Qrmm)
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Tuy nhién viéc dua cdc vi pham gidi han Q (khong truc tiép lién quan dé€n an toan
cung cdp dién) vdo chi s6 nguy hiém c¢6 thé khong cho két qua tét [35].

6.3 M0 hinh tuyén tinh: Phuong phép déng b

Nhu da néi, trong cdc khdo sit so bo, gin ding, d6i khi c6 thé sit dung mo
hinh tuyén tinh v6i gi thi€t dong dién nit (dong tai hay ngudn) 1a khong déi. Piéu
d6 ¢6 nghia Ia gia thiét ring moi thay d8i trong 1ui dien dugc xét khong tdc dong
dang ké dén dién 4p trong ludi. Khi d6 ch€ 40 ludi dién dugec mo td bing quan hé
tuyén tinh dong-ip niit Yu=i hay u=Zi.

Véi mo hinh tuyén tinh nay ta c6 thé 4p dung phuong phap x&p chéng: néu
dong nit thay déi mot lugng Ai thi dién 4p mit thay déi mot lwgng Au thod min
Y.Au = Ai.

Mot \ing dung 1a phiong phdp dong ba, trong d6 sy déng cit cdc nhanh cla
ludi (c6 thé do hur hang thiét bi) duge biéu dién bdi dong it bi Ai va ché do mdi
dugce suy ra ma khong xem xét sy thay d6i cdc ma tran cfu tric Y, Z do déng cét
cdc nhdnh ndy. Phuong phép di duge sit dung do6i 14n trong cdc chuong trudc:
Nhanh k-m véi dong nhénh iy, cd thé thay bdi hai dong mit (bl) Aiy = — iy, va 4,

= iy, ma khong lam thay ddi ché do cha ludi dien.

Téng quéit, mot s6 nhanh nao d6 cla ludi c¢6 thé duge thay thé bdi dong nit
theo cong thic (3.29)"

A= AT i (6.6)

trong dé i, 1a vecta dong cic nhanh ndi trén ma ta qui udc goi 1a vectd dong nhdnh
mdi (vi thudmg 4p dung thay th€ cdc nhinh mdi déng vao ludi), Ai 12 vects dong
niit (bao gém tét ca cdc nit ludi- xét trudng hop khong xuft hién mit méi khi déng
nhdnh méi), A, 12 ma tran ndi nit-nhdnh d6i v&i nhdnh mdi (g6m cdc hang ing véi
cac nhanh mdi va cdc ¢Ot iing vdi moi niit trong ludi; nhu th€ cic ¢t tng vai nit
khong n6i véi nhdnh mdi s& déu bing 0). '

Dién 4p nit sau khi déng nhdnh mdi, ki hi¢u 12 w’ s& thod mén phuong trinh :

Yu =i+ A =i+A]iy (6.7)

Chd ¥ trudng hop cit nhdnh chi khdc 12 dong bl Al mang dfu 4m trong
phuong trinh trén (d€ thay the cho viéc cit nhénh). Y Ia ma tran t8ng dén nit trude
khi c6 thay d6i (d6ng/cit nhanh).

Trong phuong trinh ndy i 1A da biét: ddng nidt trude khi c6 thay ddi, tic 1a
dong ché do gdc, c6 thé suy ra tir két qua dénh gis trang théi va coi 1a khong déi
sau khi dong cit nhdnh. N&u xdc dinh dwogce i, (dong nhanh mdi sau khi déng) thi
c6 thé gidi raw’.
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Ta cﬁng bi€t dién 4p niit u’ lién he véi 4p nhanh mdi u, theo cong thitc (3.38):

0, = Zl, iI. = Ac u’ (68)
Hai phuong trinh trén viét lai trong h¢ sau day, cho phép gidi ra 4n w’ va iy

Y -Al)w) (i
D RN )
-A, Z, )\ 0
Riit u’ tir phuong trinh thit nhat thay vao phuong trinh tha hai ta ¢6:

A Y i A Y A i+ Zip= 0

)
_ S P -1, (6.10)
(Z,-A Y A )i, = A Y

w=Y'i+Y' AT, 6.11)

Phuong trinh (6.10) cho phép giai ra i, , sau d6 tinh dién 4p mdi u” 1ix (6 1.
Nhu viy ta cd thé xac dinh ché dﬁ sau khi déng mot s0 nhdnh ma khong cén tinh
todn lai ma tran niit Y hoac Z=Y™.

Phuong phip c6 thé dung dé mo phong nhanh bién dong dién 4p trong cdc su
¢0 hu hong mot hodc nhidu thiét bi luGi dién, tng v@ viéc mot hay nhiéu nhianh
cia graph ludi dién bi cat. Sir dung cdc phuong trinh trén néu cit nhdnh duge coi 1a
déng thém nhénh song song cé tdng (r& am ciing gia tri.

Sau day la vai thao ludn vé viéc tinh todn, st dung cac phuong trinh (6.10)-
{6 11).

Trong cdc phuong tnnh trén, sy ¢é mit cia y! khong ¢6 nghia Ia ta nghich
dido ma tran nay (dé duge ma tran tOng trd mit Z). Néu dién dp trude khi thay dol
(déng nhanh) 1a da hiét- vi du dién 4p & ché do gdc- thi dién dp d6 chinh 12 u= Yl

trong (6.10) va (6.11). Néu di biét khai men tam gla(, cha ma tran tng din nur
Y=LU thi ¢6 thé tinh todn ma tran F := Y A trong ¢ hai phuong trinh trén tir:

YF=A" hay LU.F=A4a/ (6.12)

B¢ ¢ ring méi cot cia A,' tmg v6i mot nhanh méi va chi ¢6 hai phdn tir khac
() via bing +1: vi du ¢t j img véi nhdnh m&i déng vao hai niit k.m (hudng tir & 16i
n1) ¢O tat ci cdc phan wr bang 0, trir phan tir & bing | va phin tir m biang —1. Nhu
vay cit j cua F (goi Ia F) 14 101 gidi cia LU F; = (ACT),- , & chinh bing hi¢u hai cOt
kvivedt moclia 7, tite |

Fy =7y — Zn ‘ (6.13)
Bay gidy ta ¢6 thé 1ap ma trin 7y — A, y! AcT =7 A, F cdp bang s6 nhanh
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mdi vi gidi pheong trinh (6.10) véi ma tran nay. Diéu kién 4p dung dugc thuit
todn 12 ma tran nay khong suy bién. Dang ciia n6 c6 (hé suy ra tir dang cGa F va
A.. Thi du cho trniremg hop déng 3 nhanh mdi 1la mi-n, p-g va r-s, thé thi ta cé:

Z,-AF =
I Zﬂ:.nm (Zmp - qu ) - (an - an) (Zmr - Zrm) - (an - Zm)
P4 | (2 =2,) A2y = Z,) Z 10 py (Z,, —Z,) (2, - Z,)
T (Zrm _Zm)_(z\m -Z\’n) (Z » _Zr'q)_(zsp -‘Z\'q) Z’m.r\'
m- p—q r—s
(6.14)

Ghi nhan riing cdc phin tir dudmg chéo bing 16ng trdr Thevenin clia cap ndt (mg
voi nhdanh mdi, chang han:

[Th.mn = /mm + Amn - [mn - [mn

That vay lien hé véi cong thite (3.65) cho cich tinh dong phu (di ddng vao
mach twong duong Thevenin cia cip it m-n:

jl’ = ( Uy — 1y )/{Z'”urm + 7 )

chiing 1a thily'cong thie (6.10) cho tnitmg hop dong thém mot nhanh trd nén triing
vai cong thie trén.

Cudi ciang dién iap mdi tinh theo (6.11):
u =u + Fi, 6.15)

Mot dp dung khic ciu phuong phap dong b 1a dé don gidn hod viec gidi phuong
trinh ndt tuyen tinh Yu=i. Cach dat van dé & day 13 nhicu khi ma tran Y s€ trés nén dom
gian cho viée gidi phuong trinh néu la bo bét di mat sé nhdnh cia lud (vd b lai bang
dong miit, 14t nhién). Chang han sau khi bd mét s6 it nhanh, img véi viéc bo di mot s6 it
phan tit ngodi dutmg chéo, ma tran Y <6 hé duoe dua v dang khéi dudmg chéo, vi dy gém
ba khéi: |

YIll

vt Yy . Yy . Y 13 cdc ma trin vuong, ngodi ra 1A cdc phdn tir 0. Didu ndy tuomg g véi
viee tdch hwdi didn ra ba [udi con riéng ré (chung mit co s0) san khi bo di mét vai ditimg
day lisn lac giita ba phdn nday. MO s6 Tudi dign 1ém, hop nhat ¢6 thé c6 tinh chat nhu vay,
vt cho phép dp dung phuong phdp néi trén, duge goi 14 phuong phip xé nhid (diacoptic).

Nhu ta da c6 thd thiy. véi Y ¢é dang khoi dudmg chéo, c6 thé tich ra cdc phuong
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trinh doc 14ap ting véi mbi ludi con, véi thi du ba khéi trén phuong trinh Yu=i tich ra ba he
doc tap:

YI U= i'l *
Yoy =iy

Yor iy = im

Diéu ndy cho phép tim 131 gidi dién 4p d& hon. Néu xét ca céc dudng day lién lac
bing phuong phip bil, ta s& cé he (6.9) & dang BBD (Bordered Block Diagonal):

Y, ~AL Y upy (i
YII l - A;rll “;1 _ ill (6. 16)

Yo A ||V im

_Acl _AclI _AclI[ ZL iL 0

trong d6 ma trin ndi cha cdc nhénh lien lac he théng A, tich ra 3 ma trén con cé cic cft
ting vdi cdc niit thude méi ludi con:

Ac=(Aa Aar Acm)

Thuét todn giai he BBD (6.16) tuwong ty nhu cho he (6.9):
1. Khai trién tam gidc
| Y. =L, U, r=11,11
2. Glicho dién 4p “cii” (khi chua tinh dén cic nhénh lien lac):
CYeu, =i, r=1 1L
3. Gidicho F=Y" AT theo cing céch:
Phuong trinh ~ YF= AT
tich ra: Y.F.=A, r=1 1,00
¥,
F=| F,

Fu
4. Giai cho i, tit phuong trinh :
(Zy + A F)i, = A
hay (Zy + Aa Fy + A Fy + Aqn Fin ) i = A9+ A Un + Aao Ui
5. Tinh dién 4p “mdi” (dién dp cha h¢ thong hop nhdt):
- w=u-Fi

hay w’ =u.—Fi, r=L1I,II
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6.4 MO hinh tuyén tinh: Hé s phdan bd dong
Vin st dung mo hinh tuyén tinh, bay gid ta nghién citu sy thay déi dong
ohénh bat ki trong lu6i dién khi ¢6 hu hdng mdy phét dien din dén thay ddi dong
nit, hay hu hong dudng day, méy bién 4p din dén thay d6i dong nhénh (cit
nhanh). Ta s& chi ra ring sy thay d6i nay 1a G 1¢ véi dong mit mat thong qua mot
hé s6 nhan phu thudc thong so Ledi dién.
6.4.1 Hé sé’phdn bé dong mit _
Dong dién nhanh p-¢ nao dé véi téng din v,
fng = (Ut — ) ¥y, '
Biéu dién di¢n 4p theo dong nit ta c6:
i, —7}1]+ +ZP”{-’|'
”:,l:Zq‘l f‘] + . +lqrt n
Do di:
= (7 I) ypq -+ (z‘pn lqn) qu in (6 1N
- Phuong trinh nay cho quan he giita dbng nhanh va cdc dong niit; cic hé s6 cua

né duge goi 14 hé 56 phdin b dong nit (Current- Injection Distribution Fac tor)
Lh(lﬂ& h.m £0oi: '

Kpqx 1= Alpg / Al = (Zp = Z.qi) Ypq I (6.18)

I hé & phin b6 dong mit k doi véi nhdnh pg: Khi dong nat k thay d6i mot lugng

4iy thi dong nhénh p-¢ thay d6i mot luong ti 1& A7, = K, A,

Cée cong thife trén cling ¢ thé vidt & dang ma tran nhu sau:

— Dong nhénh viét theo dp nhdnh (cong thie (3.34)):
! e '
iL=71"wm

— Bién dp nhdnh viél theo dp nidt va dong mit:

'|||,=Au=AZi

Do dos
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Chiing ta ¢6 thé biéu dién luong thay d6i dong trong nhinh p-g theo ti 18 véi
dong nhédnh bi cét k-m; dong nay trude khi cét nhdnh bang i, = (4 — ) | Zin.
Pua viao cong thife trén ta viét duge:

. L oz | Em )2 -2 |
Ai =1 —1 :—L-’: a 2 Pk a* :|Ikm

ZPG

ZTh,km - zl’m

Hé sd ti 1& nay duge goi 1a hé s6 phdan bé" dong nhdnh hie hong {Line-Outage
Distribution Factor):

‘pq.km': . Z (6.21)
Vim Z g Thim ~ Ziem

] ) A o Zim {(Z qu)_(zpm_zqm):l

Nhu vay néu dong dudmg day k-m da duge ddnh gia trude su ¢4, thi sau khi hu

héng dutmg day ndy, ¢6 thé kiém tra sy qua tai dong trén nhinh p-g bit ki theo
cong thife gan diing:

»

J;,Hq = ipq + qu.km ikm (622)

6.4.3 H¢ s6 phdn b6 dong cho su cé xép cho“hg

Cé4c hé s6 phan b8 dong (nit/nhdnh) da x4c dinh trén cho phép tinh toan rét
nhanh dong cdc nhdnh trong ludi sau mot sy ¢ hu hong mot dudng day hay sau
mot sy ¢d phan bd lai dong niit cha hé th6ng (chuyén tai giffa cdc nha may dién).

Chii ¥ ring vdi cdc hé s6 phan b8 dong, ta c6 thé xét sy thay d6i dong thoi
dong moi niit, nhimg trédi lai chi xét sy hu hong mdt dudmg day. D6 1a vi cdc hé s6
niy phu thudc thong s8 tong trd mit, tng véi mét cfu hinh ludi xdc dinh cia ché do
gdc dang xét. Sau khi mot nhanh ndo dé bi cat, tdt cd cdc ng trd nit vé nguyén
tic s& thay ddi lam cho cic hé s phin b6 dong thay déi theo. D6 1a diéu cdn hvu
khi dat van dé xem x€t su ¢6 boi (hay si cd xép chong).

Gia sir xay ra hu hong cit dudmg day k-m gay ra qué tai vai duong day khdc.
Diéu do vién cé thé thay déi phan ph6i phu tai giita cdc nguén dién dé loai trir su
qu tii nity. Nhu vay dat ra vin dé tinh todn dong trén cdc nhanh sau su c§ boi: cit
dudmg day k- va phan bo lai dong niit gitia cac ngudn.

Xét mdt nhanh p-g nao da:
— Cét nhdnh k-m, ta c6:

"!'({ = ’-Pq + Lﬂq.km "-km (6.23)‘

— Thay déi dong miit cﬁﬁng han & hai nidt 7, s din dén:

Cvadian e -
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Ipg =ip, T4 = +K;,q,A: +K;,“Ai, (6.24)
Chiing ta thém ddu nhdy trén cdc hé s6 K dé chi ring chiing dugc tinh cho cfu
hinh ludi mdi (da cat nhanh k-m), khong con giit gia tri nhu & ché do géc.

Khong khé di doan ring cdc he s& phan b6 méi sau mot sir c8 s& c6 thé duoc
hi¢u dién gidi tich theo cdc he s6 ciia ché do gdc, d6 1a vi cdc phuong trinh ché do

dang xét la tuyul tinh, thod méan nguyeén tic x&p chéng. Chiing ta khdo sét chi tiét
trromg hop sy ed boi ndy dé lam thi du. \

Ciing chinh do mo hinh tuyén tinh nén ta ¢6 thé thay déi trinh tu x4y ra céc su
cO: ta tign gia thiét 1a xdy ra trude sy phan bo lai dong niit & hai ndt r, 5. Khi d6
dong sZ thay déi trén nhanh p-¢ vi k-m nhu sau:

i;n; - _rrq + A"pq X A flq qu r. AI + qu A 5
o (6.25)
fiw = i + Aigy, o Ay, = Kkm_.r Aip + Kkm.s A

Tiép theo cit nhanh k-m s& gay nén sit thay déi t6i -
i[h‘;f ,rw + A'pq 'V(ﬁ B Alpq = qu ket "-.lm’

(Iru ¥ hé s3 L van 1a gia i tinh LhO cu hinh luri gfﬁ, vi thay d6i dong mit khong
tam thay d6i 1dng troy nit caa lum) '

ipq‘ = (ipq +- Aipq) + ([qu.hn ii.'m'.+ qu.km 4’.&1")
(6.26)
= (qu + Lpr,r ki "iur) + A’pq + [‘pq ki Aikm .

, So sanh vai cong thifc (6.24) ta thay: Phin trong ngu.u, chinh la dong nhanh -
q dn riéng sy cO cit nhdnh k-m gay ra- dai luong i, trong (6.23)(6.24). Thay thé
Aiy,. Aiy,, trong phin con lai cia (6 26) lhu) (6.25) viacdn hang vé‘l (6 24) ta nit ra:

qu,r = K;n,v,r + Lpr;..i'm K.km.r - ' ) (627)

K =K, + I-pq.f\'m Kkm;-

I}[f,_\ "Vlf._[
D6 chinh 13 cdc he $6 phin bi dong nidt cha nidt 7 va s sau su ¢d cit nhanh k-nt.
Trudmg hop sy ¢6 boi thit hai ¢6 thé cin xem xét 1a su c8 dong thdi hai dutmg
day, gia su la k-m va r-s. St thay doi dong nhdnh p-¢ sau sy ¢8 kép nay 6 thé viét:

Iuj' I;nq»(m’,(m +];1q I ‘r Co . ‘ (6.28)

trong d6 iy, Vi i,, Ia dong & ché dd goe. Sir dung ti€p can dong bit & muce 6.3: tinh
todn theo cic u‘mg lhll'L (6.1(H(6.11) cho trudmg hUp hai nhdnh. Sau khi xac dinh
dtcn ap ntit mm u,’, 1, s€ tinh duge dong mdi i, Dudi ddy chi cho két gqua tinh
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todn nay [6], cho cédc he sd trong (6.28):

L +L, L .
f _ T pa.km pa.rs s km (629)

L =
gk i.— L I

rs.km—km. rs

Tuong tucho L, ..
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Phén tich tinh Kinh (& ciia h¢ th6ng dién la mot nhiém vu hét sitc quan trong
trong 14t ca cdc khau qui hoach, thi€t k€ va van hanh hé théng. Ciing thod man nhu
cdu cung cip dién cho c4c phu tdi trong nhimg gidi han dodi héi v& ki thuat, nhung
ton tai nhimg lua chon rédt khdc nhau ¢6 thé anh huéng 16n dén hiéu qua kinh t€ cia
h¢ thong. Trong phdn nay ching ta chi gié han xem xét tinh kinh t€ trong van
hanh. That vay ngay trong van hanh hé théng dién dé c6, sau khi thod man nhimg
rang budc ki thuat nhu chat lugng dign nang va myc an toan cung cdp dién, ta vin
con khd nhiéu bac ty do dé lua chon ché do lam viéc t6i wu vé& kinh €. Hé thong
dién cang Idn thi cang ¢6 nhidu kha nang lya chon va hiéu qua kinh t€ cha viéc hra
chon nay cang lén.

Bai todn co ban va ¢ dién trong linh vire nay dugc bi€t dusi tén goi didu do
kinh 16 (ED: Economic Dispatch), khio sat sy phan b6 phu 14 16i wu gitra cdc nha
mady dién thoa mén rang budc vé can bing cOng sudt trong hé théng. Sir t68i wu dugc
danh gid bdi chi phi sdn xuél dién dat cuc tiéu. Tién dé clia né 13 & chd cac nha
may dién c6 thé c6 hiéu qua kinh (€ rdt khdc nhau tuy theo cong nghé duge sir
dung.

Bai todn 157 wu hod ché'dé lam viéc 16ng qudt hon sir dung thuat ngt Optimal
Power Flow (OPF} bao ham ca cong suft tic dung, cong sudt phan khéng... ciing
nhu cdc rang budc vé gidi han lam viéc. ..

Nhimng cong trinh diu tién nghién citu linh vue nay (OPF) di c6 tit nhimg nam
1960 tién phong béi Carpentier [44] va Dommel & Tinney [45]. Su phét trién clia
nd gén vGi sur phét trién va 4p dung clia nhimg cong cu todn hoc t6i wu hod. Do tinh
phirc tap 16n cia bai 104n, dac biét trong viéc 4p dung cho diéu do truc tuyén, ddi
hdi sy thod hiép tot gitta yéu cdu vé do tin cly va t6c do tinh todn, ma 4p dung thic
té cia nd trong cac trung tim diéu khién hé théng dién con & cdc mic do rat khic
nhau.

Trong chuong nay s¢ gidi thiéu vai nét chung [33,36] vé bai todn OPF inh,
trong d6 khong xét dén rang budc vé gidi han ngudn nang lugng cla cdc nha may
thuy dién cé diéu tiét nudc. Tiép theo s khao sét chi tiét hon bii todn diéu d6 kinh
t& ¢ dién, nhu 13 nhimg kKhéi niém co sd.
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7.1 Khdi quat vé bai toén OPF

Nhur di néi, OPF I.hul')C loai bai toan 16i wu hod, trong d6 tim cuc tiéu cha mot
ham muyc tiéu nao do, & day gin vdi chi phi san xudt dién va van hanh hé théng
dién. N6 cd dang t6ng quit clia mot bai todn 167 wu hod véi rang buge sau day:

Tim vectd z 1am cuc tiéu ham:
f2.x) (.1
vdi cdc didu kién rang bude:
g(zx) =0 (7.2)
h(zx) =0 (7.3)

trong dé6 z 1a tap hop céc dai lugng diéu khién duge trong hé théng dién, con x 1a
md! 14p cdc bién phu thudc. g va h 1a cac vecto ham, con f1a (mOt) haim muc tiéu.
Déng thic (7.2) s& bidu dién cdc phuong trinh ch€ do xdc 14p (nhu khdo sét &
chuomg 4), ngoai ra c6 thé bao gém thém vai diéu kién rang bufc dic biet. Bit
ding thitc (7.3) biéu dién didu kién giGi han cia céc bién diéu khién z ciing nhu
gidi han lim viée cta hé théng. Nhy di biét, cic gidi han lam viéc nay xuét phat tir
diéu kién chdt lugng dién va an toan cung cfp dién, va c6 thé cho phép xé dich doi
chit. Do d6 ching duge goi 1a rang budc "mém”, trong khi cdc rang budc ddi vii
gidi han gid tri bién diéu khién thudng 1a rang budce “cimg”.

Dang tong quét trén cta bai todn OPF thudng c6 thé duge phan ra cdc bai todn -
con, lién quan chl y&u d&n cong sudt tic dung, lién quan chi y&u d&n cong suii
phin khéng, hodc lién quan dén ca hai. Diéu nay tuong img. véi loai bién diéu
khién duge xem xét.

7.1.1 Phdn loai bién diéu khién
Ba Joai bitn diéu khién s& (mg vdi ba bai todn con sau day:
«) Bai todn con cong sudt tde dung:
Bién diéu khién z sé bao gdm:
— Cong suft MW phét boi cac may phét dién
— Ndc diéu chinh cita cdc may bién pha (diéu chinh pha)
— Cong sufit MW trao déi, mua bdn giita cdc viing
— Cong suit MW trén dudng lién lac ding dién mot chiéu (HVDC)
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b} Bdi todn con cong sudt phan khdng:
Bién diéu khién ¢6 thé la:
— Cong sudt MVAR hay dién 4p cha cdc mdy ph4t dien
- Déu phan 4p cla cac m4y bién 4p |
— Tu hay khdng b ngang

¢) Bai toan con lién quun dén cd P va Q:
Loai nay tmg vdi cic bién diéu khién sau:
— Ti s6 bién 4p phitc cia cdc mdy bién 4p
~éng, cit (khéi dong/ngimg) céc mdy phﬁt dien
— Giam hay sa thai phu 14

- Pong cit dudmg day truyén tai dién.

7.1.2 Phdn loai rang buéc ché do

Tuy lhen bai todn con nao dum, xem xét ma cén tinh dén céc rang budc khic
nhau trén ché do lam viée.

«) Bdi todn con cong sudt tie dung:

- Rang bugc vé dong MW trén cdc nhinh
— Rang bugc vé du trir quay cong sudt tac dung
— Rang budc vé cong suat MW trao ddi lién ving
- Rang budc vé do lech géc dién dp niit
b} Bai todn con cong sudt phdn khing:

- Ra‘mg hude dién &p nidt

— Rang budc dong MVAR nhanh

- Rang budc vé du trit quay cong sudt phian khang
c) Bdi todn con P-(): '

- Rang buoc dong MVA nhénh

Ngoai rang buge ché do, s& ¢d cdc rang bude gidi han bién diéu khién va cé
thé ¢6 ring buoc vé thoi gian cuc dai 14y tac d(‘mg diéu khién. Rang budc sau nay
¢6 thé duge chuyén vé giGi han bién didu Khién, bidl 16¢ do thay doi cla cdc dai
luemg do.

Can nhin mdnh ring viée lién két mdi bién didu khién va méi rang budc vdi
méi loai bai todn con cong sudt P, cong suit Q hodc ci hai, tng vai mot ham muc
tiéu cling phai (wong tng véi loai dang xét, 12 rit quan trong d€ dit bai todn (6 wu
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hod mot cich hop Ii. Su hop If nly gin véi dac diém lam viéc cha hé th6ng dién
binh thudng ¢6 mot su phan tich trong d6i gita P va Q. Khong dé y dén diéu nay
6 thé dfn t6i bai todn 16 wu hod duge dat khong chinh. Nhimg trudng hop dic biét
chéng han nhut xem xét rang budc dién 4p khi diéu khién cong sudt tdc dung cfn
phai duge khio sét cdn than. M6t 1i do khéc.1am cho viéc diéu khién phéi hgp déng
thdi ci P va Q it thich déng 14 thuc 1€ khé cé thé tAc dong cling mot ldc dén mot s6
16n céc dai lugng diéu khién.

7.1.3 Ham muc tiéu

d)

b)

)

Cue tiéu chi phi nhién liéu sdn xudt dién nding

Chi phi nay c6 thé duge cong thém moi chi phi do trao déi cong sudt giita céc
viing néu ¢6. T4t ci chc bi€n diéu khién ké trén c6 thé tham gia 1am cuc tiéu
ham muc tiéu ndy, l4p nén bii todn OPF ddy di, bao gém ca diéu khién cong
sudt tAc dung va cong sudt phin khing. Néu chi didu khién cong suft tic dung
thi c6 thé x&p vio loai bii 104n diéu dé kinh 1 véi rang buéc an toan (SCED:
Security-Constrained Economic Dispatch).

Yé&u t8 quyét dinh & day cho hiéu qua clia bai todn ciing nhu do phifc tap clia
phuong phép giai 14 viée biéu dién dutmg cong chi phi sin xuét P ciia cic may
phét dién. Ching thuimg khdng tron va khiéng 16i nhu yeu clu d6i véi ham muc
tidu clia cdc phuong phép todn t6i vu hod. Giai phép la xir I x4p xi (timg doan)

«cdc dudmg cong chi phi trude khi gidi bii todn.

Cuc tiéu 10n that cong sudt tdc dung trén lwsi dién

Bai todn nay duge diing dé bé tro them cho muc titu 16 w hod ché do he
théng dién. N6 sl dung cdc bién didu khién khong lien quan tryc ti€p dén chi
phi san xudt dién, tic 1a sir dung bic ty do con lai sau i gidi bai todn trén.
Thudmg cuc tidu hod 16n thét duge gan véi diéu khién dién 4p / cOng suft phan
khdng. Lo gidi bai todn nay ciing cho phép céi thién do bing phing dién 4p
trén ludi dién, vi né hudng t6i gidm dong VAR trén lu6i. Hon nita diéu khién
dién 4p c6 thé 1a myc dich chinh, cdn gidm t8n thit truyén tai chi 1a "san
pham" phu kém theo. Liru ¥ ring & m6t s6 hé théng nao d6, han ché di¢n 4p va

cong suft phin khdng 1i rdt quan trong vi chung lam giGi han viéc truyén P
kinh té.

Cuc tiéu dé léch tir rmit diém lam viéc ddc biét

Loai muc tiéu ndy cé thé duge dung cho tﬁc dOng diéu kluén chira (xem
chuong 6). Diém lam viéc n6i & day c6 thé Ja ché do 16i vu ban ddu hay mot
ch& do dich xdc dinh trude. Thi du sy phéi hop gita mot tinh todn nghién ciu
x4c dinh phan b8 U-Q t8i wu va mot tinh todn thoi thuc duy tii sy lam viéc
khong vi pham gidi han an toan va & gén nhdt ch€ d6 t6i wu. Hién nhién ring
diéu khién thoi thuc Inon luon 12 qué trinh dudi bit mot muc tieu dong, do d6
1o gidi t6i wu chinh x4c 1 khong quan trong bing viéc tudn tha céc giGi han
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lam viéc. Lién quan tGi diéu khién chita, c6 thé phai xem xét diéu kién gidi han
cho thdi gian yéu ciu bing viéc 1ap mo6 hinh (don gian hoa) dong hoc cia qu4
trinh diéu khién.

Loai muc tiéu nay vé thyc chét cho ta loai bai todn 67 wu da muc tiéu, huéng
tGi duy tri nhiéu bién diéu khién c6 bin chdt khic nhau. Him muc tiéu cuc tiéu
hoa thudng dugc viét & dang tdng binh phuong cd trong s6 cia cic do léch cia
bién didu khién so vdi gid tri dich. Viéc chon céc hé s trong &; trong ham muc
tiéu dang:

f=ky (A2, + ks (Azf + .

sao cho hop i la rit khé khin trong trudng hop cac dai luong z;, z5 .. . ¢6 ban
chét khéc nhau, vi du cong sudt tdc dung va dién 4p v.v.. Trong trwdng hop nay
ta s& phai "dinh gid” mot don vi P so sdnh vdi mot don vi U 2. Vi thé thudng
tach roi hai bai todn con cong suat t4c dung va cong sudt phan khing ; cic bién
diéu khi€n trong ham muc tieu déu lien quan chat véi P trong bai to4n thi nhat
va v6i Q trong bai todn thit hai. Nhu vay céc hé sd trong trong bai todn thit
nhit ¢6 thé xdc dinh theo lugng cong sudt tdc dung ma mdi don vi bi¢n diéu
khién sinh ra, con trong bii toan thit hai x4c dinh theo do thay ddi dién dp gay
ra b&i mébi bién diéu khién.

d) Cuc tiéu 56 lwong diéu khién phdi thuc hién

Muc tiéu nay thudmg diing cho cdc diéu khién thoi thuc, khi khong thé hay
khong mong mudn thuc hién mot s3 lon cdc diéu khién déng thdi. Mot dp
dung la trong diéu khién thoi the U-Q. Chir "cuc tidu" & day khong c6 nghia
chat ché ma hifu 1 han ch€ & m6t s6 nho cac diéu khién c6 thé thuc hien duoe.

Mot véan dé c6 lién quan la sy cin thiét loai bo céc diéu k_h}én c6 hiéu qua nhé
(trén haim muec tiéu hay trén cic rang budc).

Trén day 1a cAc nhém cha yéu cha nhiém vu t6i vu hod ché d6. Ngoai ra doi
khi ciing thuc hién nhimg nhiém vu dac biét khéc, ching han trong ché do sau sy
¢6 6 thé im cue tieu cde vi pham théng s§ an toan, hay trong didu kien lam viec
nguy hiém c6 thé im su thdi 13 wu phu d@i (Optimal Load Shedding) (Xem thém
muc 7.2).

Phuong phdp gifi c4c bai todin OPF sg& khong duge dé cap dén. Nhu di néi, cac
phuong phip nay lién quan dén todn hgc 18i tu hod, mot linh vuc riégng ma céc
cong cu cua né gt qua gidi han cia sich nay. Hom nira, mac db da dat duge nhiéu
tién bo qua hon 30 nam phét trién v6i rit nhiéu hudng nghién ciu, nhung viée gii
bai toan va 4p dung trong thuc t&€ hé théng dien vin cdn bi giGi han bdi nhimg diém
han.ché cia cOng cu todn hoc. D6 1a vi OPF & dang chit ché 1a bai todn kho trong
cic loai bai todn 6i uu hod véi hiaim muc tiéu vi rang budc ¢6 thé khong kha vi va
161, rang budc phi tuyén ci hai loai dang thic va bét ding thitc, bién didu khién c6
thé thay d6i khong lién tc... Biéu d6 di din t6i viéc nghién ctu mot s6 lwong
khong 16 cdc phuong phdp nhiim vt qua duge nhiing trds ngai trén, sao cho ¢6 thé



7.1 KHAI QUAT VE BAITOAN OPF 187

di téi 104 giai 0 tin cay véi thuat todn di nhanh v mém mai dé c6 thé trién khai
cho c4c 4p dung truc tuyén. Chinh & linh vue dp dung tryc tuyén ma céc 4p dung
OPF con nhiéu diém han ché.

Mt khdc chiing ta luu ¥ ring moi thong s& m6 hinh hod todn hoc cia bai tain
déu c6 sai s6, ké tir ham muc tiéu dén cic ring budc vd mo hinh ludi dign. Do dé
mot phuong phip giai qud chat ché ¢6 thé khong cd nhiu ¥ nghia. Nhing nguge
fai ciing phi thdy ring do chi phi sin xudt clia hé théing dién L cye ki 1on, vuot
qua moi chi phi cho tinh todn, diéu khién ; do do mot sai 56 ¢b thé ¢6 inh hudng
Iém dén hidn qua kinh t&€ that su thu duce.

7.2 X< li trudng hop khéng gidi dugc

Nhiéu trudng hop bai todn OPF duge dat ra 1a khéng gidi duoc, tic 1a vé toédn
hoc khong thé thod min tdt cd cdc rang bude duge xem xét, chi y€u Ja cdc rang
buoc dang (7.3). Trong trudng hgp nay hién nhién 1a khong nén tir bo chifc ning
OPF, ma nén xem xét viée tim mot 10 gidi 167 nhdt 6 thé.

Hai ti&p céan ¢6 thé durge sir dung:

a) Thay déi cdc diéu khién va rang buéc :
Thi tir wu tién cho cc thay déi ¢6 1hé 1a nhu sau:

~ B& sung thém bién diéu khién

- M& tOng gidi han cho phép déi vdi céc thong s6 ch& 36 bi rang buoc
— Thay déi c&u hinh ludi dién

— Giam hay sa thai phu tdi

B) Xem xét bai todn goi la "vi pham cuc tiéu” (minimal violation):

Vi pham d6i véi mdi loai ring budc s€ duge dat trong s6. Myc tieu s€ 1a cuc
tiéu cia téng binh phirong ¢6 trong s6 cdc vi pham gidi han. Ham muc tiéu phy
nay s€ duge cong thém vao ham muyc tién dang xét cua bai todn OPF.

Ch hai tiép can trén ¢6 thé duge sir dung két hop hay Juan phién. Liwu ¥ ring
[0 gidl thu duge ¢6 thé rat khac nhau d6i véi méi loai tiép can.

Trong 4p dung diéu khién tryc tuyén, cin thiét k&€ mot h¢ thong cho phép dua
vao cdc hiéu chinh néi trén mét cach ty dong hoac thong qua d6i thoai ngudi - miy
tinh. Céc hi¢u chinh s& duge dua vio theo mot thif ty wu tien dugce qui dinh sén,
cho dén khi thu duge 19 gidi "6t nhit c6 thé". Thit tr vu tién nay c6 kha ning
duge thay ddi mot cich mém déo dé phi hgp vdi cde yéu cdu lam viée khéc nhau
clia cdc he théng dién khdc nhau, ciing nhu khi gidi céc bai todn OPF khdc nhau.

Vé dai thé, tap hop cic diéu khién va céc rang bugc s& duge x4c dinh trudc
theo cdc mifc vu tién. Céc mie nay s& duge x€p thit tur theo hai cach:
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1) Cho kha ning gidi duge ting lén,
2) Cho kha nang gidi du‘oc gidm di.

Theo céch thit nhét thi b4t ddu bing viéc thir gidi bii todn OPF gdc diy da;
theo cdch thit hai thi kh&i tao chifc nang OPF bing viéc gidi bai toan chi vdi tap
hop cuc tiéu nhitg rang budc quan trong nhét. Trong ¢4 hai cdch nay, mt vong
lap s& duge thigt k& phéi hop hai ti€p cin a) va b) néi trén, thudng bit ddu tir a) réi
dén b). Thuc t€ thue hién theo thit tr kha nang gidi dugce tang 1en [ thong thudmg
hon, xudt phat tir gid dinh ring tap céc rang budc ché do duge dit ra 1 c6 tinh kha
thi, va nhir vay bai todn s& sém giai dugc trong vong 13p wu tién. Hién nhién yéu t6
thdi gian ludn luon 1a quyét dinh trong diéu khién thoi thuc; chi riéng thii gian cin
thi€t cho vige 14y quyét dinh (tic 1a giai bai todn t8i wu) di cé thé ting lén nhiéu
trong trudmg hop gap diéu kién khong gidi duge nhir xét & day. Thoi gian nay sé
phu thudc vao:

— T6c do giai mdi trirdmg hop cha thuat todn OPF,
~ Kha nang thuat todn t6i wu ho phét hién nhanh tinh trang khong gidi duoc,

~ 86 cac mifc wru tién phai xem xét trede khi dat duge 10i gidi. RS rang khi he théng
dién lam viéc trong diéu kién cang thing thi s¢ nay tang lén.

T4t ci cdc y&u t6 trén cin phai duge xem xét con thin khi thi€t k€ chic nang
OPF thdi thuc dé ¢6 duge su trong thich véi yéu ciu vé thoi gian tac dong diéu
khién.

7.3 T8i uu ho& ché dé véi rang budc an todn sy cd

Viéc dua cic rang budc an toéin sy ¢6 (nhu phan tich & chuong 6) vao qua trinh
t6i wu hod ché d6 1a bude tién quan trong trong sy phét trién cha ki thuat OPF.
Tuy nhién viéc ghép ndi hai nhiém vy ndy 1a mot thich thirc rdt Ién vi néu nhu
phan tich su ¢6 thdi thyc la mot nhiém vu d4 rdt phic tap thi OPF chic chin la
chitc ndng EMS phiic tap nhdt. Vi th€, tuy viéc két hop hai nhiém vu nay 1a cén
thiét dé thpd mian diéu kién an toan - kinh t€ cho hé thong dién, nlamg n6 s& doi
hoi nhimg nang luc rédt Ién vé phdn mém va phin ctmg tinh todn & cdc trung tam
didu khién h¢ thong dien.

Bai todn duge biét dudi tén goi SCOPF (Security/Contt'ngénry-Conslrained
-QOPF) x4c dinh mot ché 40 (61 wu déng thoi thod min tiéu chufn an toan mic 1
hogc 2 nhi dinh nghia & muc 6.1. Thuat to4n ¢é thé 1a nhu sau [33]: -

1) Budc chon loc su ¢8 duge thuc hién tai diém 1am viéc hién tai dé xdc dinh N,
trudmg hop sy c6 gay vi pham gidi han lam viéc cho phép.

2) Cic rang budc an toan sau sy ¢d duge x4c dinh tir cdc su cO' nay s& duge dua
viao bii todn OPF cing vdi cdc rang budce trude su c8 (ché 4o gdc). Bai todn m&
rong s& c6 dang sau day:



7.3 TOIUU HOA CHE DO V&I RANG BUOC ANTOANSU CS 189

Cuc tiéu ho4 ham:

fi@x% | 1.4)
thod man: | '

2 x" = 0 k=0.1,.,N. (7.5)

W x*) > 0 k=01,.N. (7.6)

trong d6 chi s6 "0" chi ch& d¢ géc duge t6i wu hod, chi s6 k" (k>0) th ché do sau
st ¢0 cha N, su ¢6 da x4c dinh. Chi ¥ ring rang budc bt ding thic h* (k>0)
khong c6 quan hé vdi h’. bléu dién céc d6i tugng duac kiém sodt khic nhau hay
cAc gidi han khac nhau. Con g (k>0) cting khic g~ do cé hurhdng thiét bi.

Bai todn néi trén s& duge giai & budc nay (xem thém dudi day).

3) Diém lam viéc x4c dinh méi c6 thé 1ap nén cic diéu kién khong an toan sy c6
mdi. Do d6 phii 1ap lai qué trinh tir bude 1 cho 61 khi khong con t6n tai vi
pham gidi han an toan sau su ¢,

Nhan xét ring viéc gidi bai toan OPF md rOng & burGe 2 tén rat nhidu cong sic
hon gid b todn OPF thudng (7.1)-(7.3). C4c rang budc bd sung bdi mébi sir ¢ ¢6
thé rdt 16n; s8 su c6 nguy hiém ciing Ién d&i vdi he thong 16n. May mén la c6 rdt ft
cic rdng budc nay.la hiéu dung (dat giSi han cho phép) tai 10i giai. Diéu d6 cho
phép str dung cdc Ki thudt gidam nhe tinh toén.

Khéi lugng tinh todn yéu cdu lai con 1dn gdp boi néu thuc hién lip nhu néi &
budc 3.

Sau day 1a vai phan tich thém vé bai toan (7.4)-(7.6).

Su thay di clia hién diéu khién tir z° tGi 2* phu thuéc vao phan tng cha he
thng d6i vdi sy 6. Trong tnmg hop xét diéu kién an toan mic 1 thi yeu ciu la
khong ¢é vi pham sau sir ¢& trong khi khong ¢6 tdc dong diéu khién chita. Trudmg
hgp niy chi c6 dép tmg tu nhién hay cta hé thong diéu khién ty dong (thay déi
cong suidt mdy phédt dién do quén tinh, diéu chinh ty dong t6c do hay AGC) lam
thay déi bién diéu khién tdi:

A= AR (7.7
Trong, truémg hop xé1 diéu Kién an toan mic 2 (kinh t& hon), hé théng EMS sé
6 tac dong diéu Khién chira sau sy cd 82" & loai tri vi pham giGi han an toan va ta
o :
=AM+ & ' (7.8)
be gidi hai todn cho truomg hop an oian mie 1, ta s€ st dung(7.7), trong d6

vint dé dat ra 1a biéu dién gidi tich dap img AZ* theo (2, x%). D61 vl loai bién
diéu khién nhur dién 4p mdy phét thi c6 thé 2* = 2°.
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DGi v6i bai todn ki€m soét an toan myc 2 thi tdc dOng chita c6 thé duge chon
theo mot ham muc tiéu ndo d6. Him nay sé dugce cOng thém vao muc ticu (7.4)
nhir mot ham ciia (_zk,xk); nhu vy 2" tr& thanh bién doc 1ap. Ngodi ra gia tri chira
52 1¢ thudc vao thdi gian chita cho phép. Ph6i hop véi t6¢c do thay déi cha bién
diéu khién, ta c6 thé chuyén 16i didu kién rang budc sau:

buin & 2 -2 AF < bnax (7.9)

bidu kién nity s& duge b sung vao bai todn t6i wu hod.

Trong céic mug ti€p theo chiing ta s& gidi han & viéc xem xét chi tiét bai todn
didu d9 kinh t& c6 dién.

7.4 Phan bd 18i uu c¢ong sudt cho cac mdy phat dién

Trong muc nay s& néu qui tic phan bd kinh t€ phu tdi cho cdc mdy phat dién
trong tnromg hop don gian nhat khi khong ¢6 hudi dién. Ching han xét trudng hop
mot ntha mdy dién ¢6 cong sudt phét theo yéu cdu da cho, ching ta cin phan phdi
‘cong suat nay cho cdc may phat dién ¢6 dic tinh kinh (& khdc nhau sao cho chi phi
nhién liéu tong cong la nho nhat.

Xuiét phat diém & diy chinh la sy khdc nhau vé hiéu qua kinh t& cfia c4c mdy
phét dién sir dung cong nghé khic nhau hay ¢6 thong s6 ki thuat khic nhau. Hiéu
qué kinh 1€ nay duge do bing chi phi nhién li¢u cho viéc phat mot gid tri cong sudt
MW. Trong pham vi gidi han ki thuat vé cong sudt clla mdi may phat thi mbi diém
lam viéc ¢d thé ¢6 chi phi don vi khdc nhau, do d6 mbi médy phét dién c6 mot
duomg cong hiéu dién chi phi nhién liéu theo céng sudt phet (con goi I ddc tinh
vao-ra). Dang clha dudmg cong nay cé thé nhu trén hinh 7.1a bao gém mét s6 doan
dac tinh khac nhau.

Chi phi nhién licu & day da duge qui ra tién trong mot gidy lam viéc (ki hiéu
$/h). Gid don vi s& la $/h d6i v6i 1 MW biéu dién bdi $/MWh.

Khi xem xét viéc phin bo kinh t& phu tai, cai ma ching ta quan tam la mic
tang chi phi clia mot 16 mdy khi ting cong sudt clia nd, so sanh véi mic giam chi
phi cha t6 may khéc khi gidm cong sudt (bdi vi phu tii t6ng 1a di cho). Do d6 thay
cho chi phi f{P) ta thudmg quan tim dén dai lugng dao ham dffdFP, dugc goi 1a sudt
tang chi phi (incremental cost). Hinh 7.1b biéu dién dudng cong sudt ting chi phi
theo diém lam viéc. Nhu vay sudt tang chi phi biéu dién do d6c cha duomg cong chi
phi va ¢é thé xem géan diing bing lugng tang chi phi nhién liéu khi tang | KW céng
sudt cia 19 mdy.

Thong thudmg f{ ) c6 dang xdp xi duding cong bac hai:

t

= PE+ b, P+ (7.10)

trong d6 ta thém chi s6 & dé nh&n manh ring mdi ngudn dién £ c6 mot dac tinh
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vao-ra khidc nhau, dac tnimg bai cic hé s8 a,. by, ¢, Do d6 ham sudt tang c6 dang
dudmg thing:

df,
2, =Y _ o p s () Mwm) 7.11)
ap,

H¢ s6 ¢, khong can dung dén khi chi xem xét sudt tang chi phi.

4 /(8M) Ld77dP ($/MWh)

v

Pmin P“‘“-\ prl'lin . Pma.x

{a) tb)
Hinh 7.1

Nhu trén hinh 7.1, dé ting do chinh xdc ta xap xi f{P) béi nhiéu doan dudng
cong hic hai. Khi dé s 1mg vdi dudmg cong A(P) dirge x4p xi tuy€n tinh timg doan,
vi c6 thé ¢é nhimg diém gidn doan. Ching ta mé ngoac & day d€ nhic lai ring

dang dudng cong nay s& c6 anh hudng dén phuong phép todn hoc phdi sir dung cho
bai todn OPF tng quat.

Sau khi da c6 dudng cong sudt tang chi phi cia mi t6 mdy chiing ta ¢6 1hé dé
dang thiét lap qui tic cho viéc phan bd cong suft 16i wu. Gia sir hai t6 may dang
lam viéc vdi cong sudt nao do va tai cdc diém lam viéc riéng nay ching ¢6 suit
tang chi phi A khdc nhau, ching han A, > A,. Thé thi 15 rang néu ta chuyén bét tai
cla may 1 sang méy 2 thi s& gim dugc chi phi tng, bdi vi do A, 16n hon nén glam
14 mdy 1 s& lam gidm chi phi nhiéu hon la sy tang chi phi khi tang tdi may 2 ciing
mdt lugng cong sudt. Lap luin nity s€ nhanh chéng din dén qui tic cho van hanh
t0i wu 1a mioi 16 mdy phdi diwoc phdn tdi sao cho tai diém lam viéc ching cé cang
suar tng chi phi.



192 7. 16I1UU HOA CHE BO LAM VIEC

Tir qui tic ndy ta c6 thé x4c dinh don gidn tai cho mbi 16 may xuft phét tir
dudmg dic tinh tuyén tinh cha suft ting chi phi. Goi suﬁt tang chung tdi wu cho cac
16 may 1a A, v (7.11) nit ra:

P Ah
a,
| b {(7.12)
=V P =AY —-F % '
ARSI o
trong d6 Py 1a cOng sudt tdng clia nha mdy d4 cho. Tir d6 it ra:
A=aPy +h
-1
1
a:(Z—) - (7.13)
a, :

lb:az-:);i— )

Phu tdi t6i wu cOa 18 mdy thit & Ja P, x4c dinh theo (7.12). N€u mot s6 gia tri
nay vuot ra ngodi gidi han cong sudt cho phép ciia t6 mdy, ta c6 thé xir If nhu sau:
C6 dinh cong suit clha cdc t8 may nay tai gidi han m ching di vuot qua (min hay
max), x4c dinh phu 13i (6ng cdn lai cho c4c 8 may khdc va tinh todn lai nhu trén
phan bé ti wu cHng sufft gilra cac 16 may nay.

Chiing ta minh hoa bing thi du'” nha mdy gém hai 18 mdy c6 dac tinh sudt
tang chi phi la:

A, = 0,0080 P, + 8,0 (USD/MWh)
Ay = 0,0006 P, + 6,4 (USD/MWh)

Phu tai t6ng clia nhi m4y thay ddi tir 250 dé’n 1250 MW, gidi han lam vic clia té
may Ia tir 100 d&n 625 MW.

Khi & phu tdi nhe X,>A,, ching han khi 1am viéc & cong suat P,,li,‘:l()() MW ia
td A =88 USD/MWh va A,=7.36 USD/MWh. Do d6 nén git P;=100 MW cong
sudl toi thidu, phin i6n hon giao cho 16 may 2 cho (6 khi A, dat dén 8,8 , d6 1a khi
P, = (8.8 — 6.4/0,0096 = 250 MW. Tir diém ndy tr& di (Pc=350) cong sufit s& phan
ha theo luat cin bing suat tang. K&t gud tinh todn che & bang sau. Khi 1—12 413
mdy 2 dat tdi giGi han trén, do d6 s& duge duy tri 1ai gidi han do.

T du 1Ay i (6
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Pz (MW) | A (USD/MWh) P, (MW) P, (MW)
250 - 7,84 100 (gi6i han ) 150
350 8,80 100 (gi6i han ) 250
500 9,45 182 318
700 10,33 291 409
900 11,20 400 500
100 | 12,07 509 591
1175 | 12,40 550 625 (gidi han)
1250 13,00 625 625 (gi6i han)

Chiing ta thir so sdnh hiéu qua kinh t€ so v&i khi phén tai déu giita hai t6 may,
chéng han tai Ps=900 MW nhur sau. So véi phan b6 t6i vu P,=400, P,=500, nfu hai
td mdy dugc phan tai déu 6 nghia 1a t6 may 1 phdt 450 thi lugng tang chi phi tai
t6 may nay sé la:

450 ) .
J(0,00SP; +8)dP, = (0,004P2 +8P, +¢,) :22 =570 USD/ h

41K}

Néu té may 2 phat 450 MW, lugng tiang chi phi cho t6 nay la:

450
[ (0.0096P, +6.4)aP, = (0.0048P7 +64P, +c,)|, =—548 USD/h

500

Lugng ting chi phi tdng cong 14 570 — 548 = 22 USD/MWh. Ta két luan ring
lugng ti€t kiem dugce khi phan bé t6i wu, néu tinh theo con s nay cho ca nim s& 1a
192 720 USD.

7.5 Phan bd 16i uu cong sudt gida cdc nha may dién

Muc trude da xét phin bé cong sudt t6i wu giira cdc 6 may phat clia mot nha
mdy dién, c6 nghia la giita cdc ngu6n dién ndi truc ti€p vao mot mit, khong thong
qua ludi dién. Trong muc ndy, khi xét dén tap hop cdc nha may dién, ta sé phai
tinh dén luéi dién 1lam nhiém vu truyén tai dién dén cdc ho tiéu thu. Sir truyén tai
ndy s& din dén t6n thit cong sudt trén ludi cdn phai tinh dén. B4i vi mot nha may
dién néu ¢6 chi phi sin xudt nhd ta biét ring s& nén dwgc phén tai nhiéu hon, nhung
néu nhi may ndy & xa phu tai thi t6n that truyén tai lai 16m, din dén chi phi san
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xuit dién phu thém dé bi vao cong sudt mat mat trén hudi.

NG6i mot cach téng quat, tinh dén ludi dién ¢6 nghia 1a 1am thod méan céc
phuong trinh ché€ do xdc lap, nhu trong tinh todn gidi tich ludi dién & chuong 4.

Didu kién nay da néu dudi dang rang buac déing thife (7.2) cho bai todn OPF téng
quat; ta viét lai & day:

g(z,x) =0 (7.14)
trong c4c phuong trinh ché do xac 1ap (7.14) ¢6 chita vectd bién diéu khién z (vi du
cong sudt P, cAc nha mdy dién), vecto céc bién trang théi x.- -

Mot phuong phap xét dén rang budc (7.14) khi tim cyc tiéu ham muc tiéu
fiz,x) 1a phuong phdp nhan tie Lagrange (Lagrange Multiplier Method), trong d6
thay bai todn cyc tiéu hoa vdi rang bude bing bai todn tim diém dimg cha sam
Lagrange (Lagrangian):

LzxA) = fz0) + X gz.x) (7.15)
trong d6 A 1a vecta nhdn tr Lagrange, chita cdc bién doc 1ap bd sung, gin véi méi
rang budc trong vecto g. Nhu vay sd bién- kich thudéc bai to4n tang 1én.

biém dimg cia Lagrangian thod man phuong trinh :
ILJOx = Offox + [0g/ox]" A =0
OLJox = Dt/oz + [og/dz) = 0 (7.16)
OLjoL=g =0
Chi ¢ trong hé nay J = [Og/Ox] 12 ma tran Jacobian cGa phuong trinh ché do
x4c 1ap giai bdi phirong phiap Newton-Raphson.

Sau day ching ta khio s4t chi tiél hon bai todn & dang nit gon vé cdc bién diéu
khlcn 14 cong sudt P, cla cdc nha mdy dién, thudng goi 1a bai {iin diéu do kinh &
cé dién (ED) 46] [47] Hon nira chi xem xét cong sudt tic dung va rang bude duy
nht lién quan dén ludi 12 phuong trinh can bing coOng sudt tic dung

Cuc tidu hod ham chi phi nhién liéu tdng & cdc nha mdy dién:
. e
[=2 hF) (7.17)
k=1
thoa min didu kién ¢an bing cong sust trong hé thong :
P+ PL—3Py=0 (7.18)

trong d6 Pc 12 tdng phu 1ai trong hé thong con Py 1a t6n that trén ludi dién, phy
thudc vao phan bd cong sudt lua chon.
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bé gidi bii todn, ta lim diém dimg clia ham Lagrange:
=X+ A(Po+P 2Py ) (7.19)

ddi vdi bién P, , titc 1a thod mén:

A __d 4 A 1}:0 (7.20)
P, dP, >,

ok

& day phu tai 16ng P 13 hing s6 di cho, t6n thét truyén tai phy thudce phan bd cong
sudt, tc 1a phu thude tdt cd cong sudt cic nha may dién Py, con chi phi f; chi phy
thude Py, do d6 dao ham duge ki higu béi d thay cho ki hiéu dao ham riéng &.

* Néu bd qua tén that truyén tai Py trong rang budc cin bing cong sudt, ta (rd lai
bai todn khio sdt & muc trude, va (7.20) din dén didu kién cin bang sudt tang chi
phi nhién liéu A =df, / dP,, = const Vk.

Trong (7.19) va (7.20) A la nhan tir Lagrange, didc tnung cho sudt tdng chi phi
e hé thong ™ khi ¢6 xé1 dén t6n that. Didu kign 161 wu suy tir (7.20) 1a:

i= ' df, k=12,Ng (7.21)
| -éP, P, ) dP, - '
hay: A=L, s k=12.---N;
dPy

trong d6 goi dai lugng Ly 12 hé 56 phat (penalty factor) ciia nha mdy k:

J A — (7.22)
- 1P,

Ta thdy rd § nghia cla tén goi nay khi quan sit cong thirc: Dao ham riéng
Py /EJPBR bidu dién sudt tang 16n thdl truyén tdi theo céng sudt phdt ciia nha mdv &,
do d6 ¢6 gia tri nam gilta O vd 1. N&u viéc truyén tai dién tir nha mdy & cho phu tai

gty ra nhiéu ton thit, thi Py /0P, — 1 va Ly s€ tang lén. Khi do tir diéu Kién t8i vu
(7.21):

' Tai 1o gidi. nhan tir Lagrange b bidu didn do nhay cha ham muc tidu ddi vai rang bude k (& ddy
hiii todn chi co mot rang hudc)
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L
dP, dpP, dr.

gl 22 23
Vi dfy 1dP g, 6 dang ;P + by, ta suy 1a L, 16n s& din dén Py nho.

Cac nha may dién dat tai cing mt niit cla luéi dién hién nhién s& c6 Ly bing
nhau. Néu tdt ca cdc he sd phat bing nhau ta s& tr& lai diéu kién t6i vu nhu trudng
hop phan b6 cong sudt giita céc t6 may ciia cing mot nha mdy.

Tém lai bai todn diéu do kinh (& din dén viec gidi hé Ng+/ phuong trinh cho
(Ah,Pgy) bao gbm Ng phuong trinh (7.21) va phuong trinh can bing cong suft (7.18).
Diéu c6t y&u va khé khan & day 1a phii biéu dién tén thdt truyén tdi Py nhw mot
ham cila cong sudt cdc nha mdy dién Py dé tix d6 tinh todn cdc sudt tang tOn that.
Ham nay hay gi4 tri suft 1ang t6n that chi c6 thé x4c dinh s6 hay giai tich gdn ding
phu thudc vao mdi di€m lam viéc clia hé théng (xem muc sau). Khé khin nay 12
gi4 phii tra khi gidm bai todn (7.16) t6i bai todn (7.17)-(7.18).

Thi du'® :

Hai nha miy dién lam viéc trong hé théng c6 phu tai P=1,561 (don vi tuong
d6i co s& 100 MW). Dic tinh chi phi nhiét clia hai nha mdy cho bdi:

f; = 864,4 P, + 1070,7 P, (MBTU/h) 0sP, <05
£ =7552P, + 141,6 P (MBTUM) 0<B, <15

trong d6 BTU {British Thermal Unit) 1A don vi nhiét tuong duong 1055,06 J hay
0,2931 Wh va biét ring gi4 $/BTU cita hai nh mdy 12 nhu nhau.

Tén that truyén tai dugc cho bdi phirong trinh bac hai:
P, = 0,01065 P2 + 001415 P,P, + 0,0181 P,
xac dinh tal diém lam viéc hién tai (xem thém muc sau):
P,=03952 P,=1.2 P-= 1,561
Yéu cdu phan bd lai cong sudt theo diéu kién t6i wu.

.-

L& giai:
Csc phuong trinh (7.21):

Ui dy My tir [2]
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__dfi/dP, 864,44 21414P,
1=, /& 1-0,0213P, - 0,01415P,
df,/dP,  7552+2832P,

T1-P, /P, 1-001415P, ~0,0362P,

Tai di€m 1am vi¢c hién tai hai gi4 trj ndy khong bing nhau A, = 1766 MBTU/h
va Ay = 1152 MBTU/h. ' '
Phuong trinh c4n bdng cong suft :
.P;+P2—l,561 —P[_ZO

Ba phuong trinh ndy 1ap nén h¢ di phuong trinh (phi tuy&n) d6i véi AP, P Sir
dung phuong phép lap Newton-Raphson dé giai, ching ta thu dugc:

P; =0,1517 P, = 1,445 A=1231

D6 12 phin b6 cong suft t&i wu. So v6i diém 1am viec cl, mot lugng phu tai

duge chuyén tir nhia may | sang nha may 2: )

— Ché do 1am viéc cii:
P,=P; +Py=03952+ 12 = 15952
P, = 0,0342 |

" f, = 509 MBTU/

£, = 1110 MBTUh
Zf=1619

— Ché db t6i ru:
P, =0,1577 + 1,445 = 1,6027
P, =0,0417
fi =163
£ = 1386
Zf= 1549
Tén that truyén tai ting so v6i ch€ do lam viéc cii, tuy nhién chi phi t6ng gidm

mot lugng 1619 — 1549 = 70 MBTU/h. Néu gid nhiét chung clia hai nha méy la
1,30 USD/MBTU thi tiét kiem duoc 91 USD/h. ' :

Trong thi di_] trén, phuong phép Newton-Raphson durgc diing dé giai hé phuong
trinh diéu d6 kinh t& (7.21)-(7.18). Mot thuat todn lap khéc c6 thé sir dung nhu sau:

) Chon mot gid tri cho A. Gi tri xép xi ban du ndy o6 thé duoc 1y theo tieu
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chudn can bing sudt tang chi phi nhién liéu cha trudng hop bd qua tén that
truyén tai, tic l1a xdc dinh theo (7.13). Nhan xét ring khi A da cho thi cic
phuong trinh (7.21) trd thanh tuyén tinh dgi v6i cdc dn s6 con lai, tic 1a cong
sufit cdc mit ngudn Py n€u nhu ta d3 x4p xi cdc ham chi phi f; va t6n that £,
nhu ham béc hai, do dé dao ham ciia chiing tic 12 ham sudt ting déu 13 ham
tuyén tinh d6i vdi P,.

Tir nhan xét vira néu ta thue hién budc sau giai hé tuyén tinh nay tuong d6i dé
dang.

2) Gidi h¢ tuyén tinh (7.21) cho cac gid tri Py

3) Tinh todn Py theo Py tir quan hé da xdp xi (ham bac 2). T d6 kiém tra phuong
«rinh can bang cong sudt (7.18):

PC: Z[)gk—PL

Néu thod mén tic la da thu duge 10 gidi, néu khong thuc hién budc tiép theo.
4) Hiéu chinh gid tri cla A:

l(rw‘l — A{rl + A.ﬂ.m
ching han diing cong thic [6):

a6 _ gt

S A G Yy
4 &

AR =

Quay trd {ai bude 2.

Mot vu diém clia thuat todn ndy 13 sau méi 14n thie hign buée 2, cdc gid tri Py
thu duge tuy chua phai 1o phan bs 61 wu d6i véi phu tai P da cho, nhung ching
cling 14 phan bd t6i wu d6i véi mot mide phu téi khdc, chinh bang I Py — Py, tifc gid
tri tinh duge & bude 3 (v& phai cha phuong trinh cian bing cong suft). Do dé két
aua ndy ¢6 thé duge sir dung vé sau.

Thi du & muc 7.7 s& sir dung thuat todn nay.

7.6 Phuong phap céc hé sé tén thét B

Nhu phan tich & trén, bai odn diéu 40 kinh t& ¢6 dién 12 k&t qua cha viéc mo
hinh hod t6n that truyén tdi cong suft tdc dung. Cong viéc nay da duoc thuc hién
vdi nhiéu cong trinh nghién cdu trong nhimg nam 1950. Trong dé mé hinh sir dung
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cdc dai lugng quen goi 1a cdc h¢ s6' ton thit B (Loss Coefficients, B-coefficients)
[47] 149] cho phép biéu dién t6n that ndy nhir hdm todn phirong clia cong sudt tdc
dung clia cdc nha mdy dién, dura trén mot s6 gia thiét gan ding. MO hinh nay da va
vin con duge 4p dung rong rdi, dong thdi ¢6 nhiéu sy phat trién va cai thién khac
trong viéc 1ap mo hinh t6n that trén ludi.

7.6.1 Cong thitc ton thdt céng sudt

Truée hét ching ta s& din ra cong thitc co ban biéu dién tn thét trén udi theo
dong dién niit & tat ci cdc nit trong ludi. Goi vectd ap va dong & tal cd cic nit cua
Iudi dien, trir nut trung tinh (dat) 12 U viv I; ma tran tdng trd miit v&i miit co so dién
dp la trung tinh 1a Z. Khi d6 ta co thé x4c dinh 16n thit cong sudt toan phén trén
lugi nhu 13 16ng dai 6 cia cong sudt cdc nit. Tac 12 ta ¢6 thé viét cong thic ma
trin sau day:

S, =P +jQ=UT (7.23)
trong d6 7" vaa * 14n lugt ki hiéu chuyén vi va liéen hgp phic. Tir d6:
S, =P +jQ=U1=ZD)I=rzr
Né&u 14y lien hop va chuyén vi hai v& cla biéu thifc trén ta ¢6:
(ST =8 =P -j0 =W ) =F U =FZ'T

Cong hai biéu thitc nity ta nit ra phén t6n th4t cong sudt tic dung trén ludi 1a
dai heong duge quan tim:

P=ul @Z+ZI)I

Néu khai trién Z ra hai ma tran dién trd va dién khang Z=R+jX thi ta ¢6
Z+7" = (R+jX) + (R—jX) = 2R . Do d6 ta di dén cong thic:

p,=I'RI (7.24)

Chd ¥ ring cac vecto dong dién & v& phai la phic, nhung ket qua vé& trdi Py la
dai lugng (v hudng) thuc. That vay néu dat i= 1" + jI” thay vao cong thic trén va

tién hanh cdc phép nhan, ta thu duge biéu thic thyc:

P =(lFRI +("VRI (7.25)
I’ va I” 14n luot 1a vecto dong thuc v dong phin.khang tai nit.
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7.6.2 Tinh todn cdc hé s6 B

Ta da c6 cong thic tinh tén thét cong sust theo moi dong niit bao g6m ci mit
tAi va niit nguén. By gi® ta s& chuyén cong thifc nay (7.24) t6i dang ham ciia riéng
cOng sudt cdc nha may dién, nhrr yéu cdu cha mo hinh bai todn dang xét. Khong
mit tinh t0ng qudt, gia thiét he théng dién gém 4 ntt va ndt dit, trong d6 hai nit
s6 1 va 2 13 nha mdy dién.

Xét mot diém lam viéc nao d6 cha h¢ thdng. Chiing ta s& biéu di&n dong & nt
tai 3 va 4 theo ddng ntit ngudn. :

Tru6c hét mbi dong nit tii s& duge vist nhu mot H s6 cha dong tdi tng
Io=ly+1,, tc la:

Li=csle Ay=cqle (7.26)

Céc he 56 i 18 c5, ¢4 c6 thé 1a phic va phu thudc diém lam viéc. Ta ciing c6
ch = 1. )

Tir phuong trinh U=ZI véi nidt co s& dién 4p chon la nit trung tinh (d4t) ta xét
mot phwong trinh, ching han dsi véi niit diéu khién dien 4p 1: '

w =Ly +vZpih+Ziz+ 2740

=Z1iy+Zpi v e lo+ cfZyg I

Suy ra:
1. = _Zn ; "le- : _le -
c 2, ¢z z,2 "0z z,
€323 +¢,2, Cydyz + €4l C3£)3 T Catyy
=-hi — i - hley
trong dé I(-g = — Uy I‘Z”
by =2y (csls + cqZyg); ty ' =Zp 1 (€32)3 + c4Zyy)

Bay gid ta vi€t dugc:

s=cile=—cslip ~c3ty iz —cty Iy

i4 =y IC = =y t’ i; —Cy tz iz — 4 t] ICU

. Céc phuong trinh ndy di biéu dién dong tii theo dong ngudn va dodng /-, phu
thugc dién 4p. Ta viét lai dudi dang ma tran nhu mét phép d6i bién dong mit:
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i 1 0 0 _ .
i 1
i 0 1| o ' ! L
= L =G G| i 7.27
iy —Gh 6l |~ 6 = ( ' n) 712— (7.27)
i —cuty —eyty | —ety) o

trong d6 C, la cot cudi clia ma tran, C, 1a cic ct ddu dng vdi cdc niit nguén. Phép
bién di vdi ma tran C := (C; Cg) ndy di giim kich thudc vecto ddng mit 16 s@
nhé céc nha méy dién. Tiép theo ta cin thay thé dong bdi cong sudt téc dung, la
c4c bién diéu khién clia bai todn 16i wu hod.

Dé biéu dién dong nit ngudn theo P, chiing 1a s& phéi sir dung hai thong s§
ch& d6 mdi 1a dién 4ap va cong sudt phin khéng tai nit ndy, bdi Vi ta c6: i, = (P, -
JO) / u, . Hai thong s6 nay khong phdi 12 bi€n diéu khién clia bai to4n ED do dé
ta s& gi4 thi¢t di¢n 4p khong d6i quanh diém lam viéc P, duge t6i wu hod (nho
phuong tién diéu chinh dién 4p clia nha méy di¢n), con Q, Se biéu dién theo P, bdi
mot ham tuyé'n tinh don gidn Q, = s, Py + Qui , hodic don gidn hon- 4 lé vcu Py,
tiic 1a xem hé s6 cong suflt cose clia nhd may dién 13 khong d6i: Q. = Py 120 .
Trong trudng hop thi nht s& cdn biét hai diém lam viec &€ xdc dinh hai tham s6 s,
va (g d6i v&i mbi nha miy dién. Vi trong diéu do kinh t&€ thoi thuc, ché do hien
tai (cdn t6i vu hod) cha hé thdng duge biét sau Khi ti€n hanh ddnh gi4 trang théi, do
d6 s& phai thuc hién ddnh gi4 trang théi hai l4n d€ dugc hai diém 1an can.

Tém lai ta c6 thé x4c dinh:

1- js
iy = { j k)ng QDo = Py + By {7.28)

Uy ugk

Biéu didn & dang ma tran d6i véi udi dién dang xét: |
B G P4 S () B )
L a,/\P, ‘ 5

Viét gon: ig=aP,+Pp
Nhu vay két hop vdi (7.27) tacé:

h =c[“P;+ﬂ J : o (7.30)
N Ao :

Nhic lai ring @ va § 1a ma tran va vecto nhu & cong thitc (7.29), P, 1a vecto
cong suflt tic dung ciia cdc mit ngudn.
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Cudi cliing thay vio cong thirc tdn thit cong sudt (7 24) va thuc hién lan luot
cdc phép nhian ma tran, ta c6:

" :(aP; +ﬁ]T CTRC” (an +ﬁ]'

on [}

=(Pla+p" 1(1(,)[55]12((:; C;)[Q‘Pﬁﬁ‘]

15,

:[(P:a +BTCT +1,.,C| R[C (@', + 57 )+ Colly ]

=[PfaCT +(B7C] +1.,CD)| R[Cia’P, + (Cip" +Cy 1%

=P aC{RC;a"P, + PTaC{R (C}f" +C,I},) +

+(BTCl +1.,,CRCa™P, + (BCT +1.,CEYR(C B +Co12)
Néu dat cdce dai lugng phic:
H = «CTRC]a" (ma trin vuong)
h=aC/R(C; 8" +CI},) (vecto cot) (7.31)
Ho = (8" C{ +1.,CHR(C} 5" + CL1I7.,) (Mot s6)
ta vidt duoc:
P, =P/HP, +P h+(h")' P, +H,, (7.32)

bé di dén phuong trinh cla P v cac hé s8 thue, ta ldy lién hop phic cia biéu
thirc trén:

Pl =P =P/H'P,+P/h" + kP, + H},
Cong hai biéu thitc nay ta nit ra: ‘
= [PS(H+ H)P+P] (h+ b Wb+ 0°)T P, +(H,, + Hyy)|
By gidyta s€ dat cac dai lugng thie:
B=(H+H")/2=(ReH)/2 = (g" B”]

2 17

5 = (7.33)
b:(h+h‘)/2:(Rch)/2:( ‘“]

20

By, =(H,, + H(T(,}I'Z:RCH“O /2

“Re” ki hiéu phin thue cua dai Tigmg phitc. Cic ma tran viét & tan ciing bén
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phai ctia cong thitc B va b 1a ing véi trudmg hop ludi dién ¢6 2 nha mady dién nhu
dang xét. Cong thitc (rén d3 cho cdc dai lugng dugce goi 1a cac hé s6'tén that B. Sit
dung cic dai lagng nay ta viét duge: '

P.=P BP, + 2b" P, + By (7. 34)

Cing cin nhin xét ring H 1a mo6t ma trin Hermil, nfc 1h H = H™ (ma trian
khong ddi khi 1ay lién hop vi chuyén vi), Tinh chilt nity ¢6 thé kiém tra bing cich
1y chuyén vi lién hgp clia biéu thie ctia H theo (7. 31), hru ¥ ring « 1a ma trin
duomg chéo va R 2 ma tran thyc d6i xing. Do tinh chdt nay ta s€ c6 Re(H ;)
=Re(H ;) din dén B 1a ma trin d6i ximg: By, = By;... )

Khai trién (7. 34) cho ludi dién dang xét:

P = BuP)P + 2 BoP Py + ByPy + 2 BioPy + 2 ByPy + By,

Nhur vay (7. 34) cho ta i6n that truyén tai dugec bidu dién nhu ham toan
phuong cia cong sudl (ac dung cla cac ngudn. Cdc hé s (6n thit B that ra phy
thuge diém lam viée, do d6 khi tdy 13 hing sd trong quan hé ham P(P,) s& pham
sai $8. Vi the trong cic he thong EMS thai thue, xu huong sé 1a xdc dinh théi thue
cic hé s§ B sau budc 1ap mo hinh thoi thue cba hé thdng (xem muc 5.11). Tnurde
day cdc h¢ 56 nay duge tinh todn ngoai tuyén (off-line) cho nhiéu mic phu tai va
durge I trilr nhu mot co s& dit liéu cho tinh todn ED. Ngoai ra méi su kién dic hiét
nhur thay ddi cla ciu tric ludi dién hay hu hdng may phét dién hoic thay déi trong
cong sudt trao d6i lién viing- trao doi gitta cdc h¢ thong dién... cling yéu cdu bo he
s B riéng. Do dé khoi lugng luu trir s8 Ia kha nang né dé bao dam hé s& sir dung
phin dnh diing diéu kién van hinh hién tai.

Tir ham todn phuong biu dién t6n thét truyén tai sé d& dang xéc dinh cdc suit
tang tdn thal va cdc hé s6 phat d6i v6i mdi nit ngudn.

7.6.3 Su dung ludi dién tuong duong REI dé tinh cdc hé sé' B

Mot 1iép can khac d¢ xdc dinh cdc hé sd B sir dung mot trong cac phép bién
doi trong dueng ludi dién duge biét dudi tén goi twong duong REI [50]. Phuong
phédp nay chuyén déi tuong duong mét s& dong nit trong luéi d&n mot nit gia duy
nhat. Ludi twong duong duge xay dyng nhu sau:

I. Chuyén dong / cong sudt niit clia cdc nit mudh rit gon dén mot nit gia R (goi
la nit RET), tic 1a nit nay c6 cong sudt:

S,:\::S] +S2 + ... +SN (735)

N & s6 mit mudn khir (& day ta s€ ldy toan bo niit tai).

L e
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2. Trang thdi ban dfu ciia N nit nay dugc bio toan bdi viéc dua vio giita chiing
va nit R mot {udi thu dong gia, goi 1a 1uéi REI (hinh 7.2a).

Dén day ta c6 thé nhan xét ring tren lust REI tn that cong suft t6ng bing 0;
ds 12 do diéu kién (7.35) va hinh 7.2a. Do d6 t6n thit tdng trén toan bo i tuong
duong van béng t6n that trén luGi dién ban ddu (va sé tinh bing téng cong suat nit
theo cong thitc (7.23)(7.24)). '

Gia sur Sy, u; 12 trang th4i ban ddu (gia thi€t d4 biét) & cdc nit cdn khir, thé thi
lui dién hinh sao & hinh 7.2b s& thoa man diéu kién cfia mot ludi REI v6i ching
han dién dp nit G u;=0 (ta cling ¢6 thé gan mot dién 4p nao d6 cho nit gia G) va
cdc tdng din nhdnh cho bdi:

“Fs}—— REI

(a) - (b)
Hinh 7.2

2

Yo =~ fu, =~8S; /Iukl k= L. N

(7.36)

Vg =ig lug =S :’|z¢R|2

trong dé dién 4p mit R:
N N R
U =Sp lig =2 S, 1> i =D wig 1> iy (7.37)

Cac cong thitc (7.35) (7.37) cho ta thdy ¥ nghia vat Ii ctia niit gia R.
. Bay gid trén lu6i dién twong duong, N niit ndi trén ¢6 dong nit bing 0 c6 thé
dugc khir bdi phuong phép khir Gauss. '

. bé 5[} dung cho bai tosn dang xét (tinh todn cdc he s¢ B), ta s€ xay dung tuong
dwong REI cho tdt ca céc nit phu tai (ki hiéu .) d& khir c4c nit nay. Cic niit giit lai
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g6m nha may dién hodc nit trao ddi cong suft v6i he thong dién ngoai (ki higu i)).
Qua trinh g6m céc giai doan nhir sau.

Ludi REI diroc ghép vao cic nit tii cho ta luéi méi nhu hinh 7.3. Luéi nay
g véi mot diém lam viée di bi€t cha hé théng. Phuong trinh nut cla ludi duge
phan khdi nhu sau:

—+—()
Ludéi t O
" Lienlac
4 h&théng
Hinh 7.3
u, 0
(Y“ Y“J sl |0 (7.38)
Yy, Yn u, 1
Up I
Khir c4c nit ta va nidt G c6 dong bing 0 (nhu & muc 2.5), ta c6:
. iy | u ) (i, |
(Yzz - YnYn le) =l . (7.39)
= 2\, ip

r

~ trong d6 da goi Y, 1 ma tran t6ng dan niit cia ludi tuong du'Ong gbm céc mit g va
mit REL

Nhu d3 nhéan xét t6n that trong ludi nay vin bing t6n thét trong luéi ban diu,
do d6 ta tinh theo céc cong thitc (7.23), (7.24):

.PLzR_e|:(u;‘r uR)[ J} (l iR)Rr[i_f] (7.40)

vdi R, 1a phan thuc cia ma trin Z; = Y, . Tir cong thic nay dé dang suy ra céc he
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s@ B theo cdc phn tr cia ma trin R,. Trudc hét ta ¢6 thé xdc dinh Y, theo (7.39)
trong d6 phai nghich dao ma tran Y ; ¢6 kich thuéc bing s6 nit tdi (16n) nhimg rit
thira. Tiép theo phdi nghich dio ma tran (ddy) Y, ¢6 kich thudc nhd dé xdc dinh 7,
va R,. Mit khdc ndu goi Z 1a ma tran t6ng tr& niit cla Iudi dién hinh 7.3, duoe
phan khoi twong tr nhu Y trong (7.38), thi ta ¢6 thé chimg minh dugc ma tran con
Z,; cua Z chinh bing Z,:

7y, =Y =7, (7.41)
Do dé néu tinh duge ma tran tdng trd nit cia ludi md rong hinh 7.3 thi ma tran
con tng v cdc ndt nguon va mit R s& chinh bing ma trdn tong (r& nit cha hrdi

dién it gon.

Cudi ciing ciin nhéc ki ring ludi dién it gon tuomg duong phu thude vao diém
lm vi¢e cua hé thong.

7.7 Thidu®

H¢ thong dién 4 mit (hinh 7.4) ¢ thong s6 nidt - nhanh cho & bang sau day
trong don vi iromg doi vai co s 230 KV, 100 MVA,

buong R X SunB { Nt Phat Tai
day P Usd P Q
1=3 | 001008 | 00504 | 01025 1 120
1 -4 0,00744 001372 0,0775 2 RN L] 1
2-3 000744 00372 00775 3 2,20 1,3634
2.4 001272 0,1636 0.1275 4 2.80 1,7352

Két qua gidi tich ché do cho trén hinh 7.4 gém dién 4p va cong suat nat (trong
dom vi tuong 36 ndi trén).

g du dua theo [6]
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U =0,90605]
0 =-1,07932"

P=1,913152 P=3,18
Q= 1,872240 Q=1,325439
U=1,0£0 U=1,0.,243995
U = 0,94304
6 = -2,62658"
Hinh 7.4

Tinh todn cdc hé s6 B:

Ta s& diing phuong phap & muc 7.6.2 dé tinh cdc hé s6 nay.

Biéu dién m&i dudng day bdi so d6 hinh Pi véi téng trd doc va sun dién dung
nGi d4t, ta 1ap duge ma trén t8ng trd nit véi nut co s [a dit:

2911963 -1786620 -0,795044 - 0.072159

R- 2,932995 -0,072159 —1,300878 10°?
2911963 - 1,736620

dai ximg 2932995

- 2582884 2606321 —2,60i379 -2597783

—2,582784 -—2597783 -—2.603899

X-=
2582884 - 2.606321
—2,582784
Ché do lam viéc dang xét co:
j =B/ Z 22413038 co464121471331°
Ul 09605£1,07932
=Pl —28HILTIOL 5 493043,145 5863

U,  094304.£2,62658

Tir d6 xé4c dinh cAc he s6 (i va c&¢ dai luong ¢ £,
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¢ = Iy / (I + 1) = 0,435473 4 0,006637
ca=Iil (I + 1) - 0,564527 — j0,006637

t) = Z1y 1 (csZs3 + caZre) = 0,993664 + j0,001259
0= Zi 1 (csZys + c4Zsq) = 1002681 — j0,000547

Ma tran C theo (7.27)=

C=(C, Cy)=

1 0 0

o 1 ' 0
—0,432705 - j0,007143 - 0,436644 — j0,006416 | — 0,432705 — j0,007143
- 0,560958 + j0,005884 —0,566037 + j0,006964 | — 0,560958 + j0,005884

(C, la'ma tran kich thuéc 4x2, ¢t (ing véi nha may dién, Cg 12 cOt 4 phén tir).
log = U2 = (1,0 + j0,0) / (0,002912 - j2,582884 = — 0,000436 — j0,387164

Gia thigt rﬁng cos@ clia céc nha mdy dien Ja khOn,g ddi, ta tinh cdc hé s6 o
theo (7. 28) coh p=0: -

= tgg; = QP = 1,872240/1,913152 =0,978615
53 = 1g@ = Qo/P; = 1,325439 /3,18 = 0,416805

a; = (1-js;}/ U;” = 1,0 - j0,978615

oy = (1 ~js;)1 U; = 1,016836 - j0,373855

Bay gids ta c6 thé tinh ma tran H nhur sau: Trude tién thue hieh céic phép nhan
ma tran d€ cé:

4,282185 —0,030982 — j0,010638] 10_'3

CTRC‘=(
P72 0,030082 + j0,010638 5,080886

(ma tran Hermit, do d6 chi cén tinh todn mot phén tam gidc trén hodc dudi).
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0,985724 — j0,005255
CRC, =( / )

1367642 + 70,006039
CyRC, =0.601225

Tir d6 H tinh theo (7. 31):

o Jar
H:( ‘ ]c’fkc,[ ‘ _J:
o, a,

_[ 8,383183 —0,049448 + j0,004538] ,
~\- 0,049448 — j0,004538 5,963568

{ma trdn Hermit)

Vecto h va phin tr Hyg tinh theo cong thife:

- 0.375082 + /0,380069
h=a(C,TRc;)1;0=( / ) -3

0194971+ 70,539511
Hyy = 10y (CyRCy) 17, =0.090121

Sau cling cdc hé s6 18n thit B x4c dinh theo phén thuc cia H, h vd Hy, bdi
(7.33). Ta x€p cic h¢ s6 nady trong ma tran d6i xdng sau:

g o (8383183 0049448 0,375082
[ T J: 5963568 | 0,194971;10°°
b" B,

1 0,090121

Cac he s6 nay la chinh x4c d6i vdi diém lam viéc dang xét; ta ¢6 thé kiém tra
bing cach tinh t6n that truyén tdi theo (7. 34) va so sdnh v6i k&t qua gidi tich ché
do (hay danh gia trang thai) di cho:

B, B, Y1913152 191315
+<{Dy

v .
P, =(1913152 3,13)(32l B\ s 118 J+Bm=0,09315

Gid tri nay tring véi gid tri t6n thét tinh theo cong suft nit P, = I P, = P,
+P; — P; — P, trong do Py, P, di cho, Py, P; 1a két qua cha gidi tich ché d0.

Tinh todn phdn b6 t6i wu cong sudt :

Bay gi& sir dung thuat todn da cho & cudi muc 7.5, chiing ta s& x4c dinh phan
bd cong suft t6i ru tai diém lam viéc dang xét, tic 1a véi phu tai téng P = 2,20 +
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2,80 = 5,00 = 500 MW. Biét ring dic tinh su#t tang chi phi nhién liéu cla hai nha
may dién duge cho nhu sau:

A = dfy/dP, = 0,0080 P; + 8,0 (USD/MWh)
A = dfy/dP; = 0,0096 P, + 6,4 (USD/MWh)

tirc 1a nhu trong thi du & cudi muc 7.4.

Buée 1. LAy mot xdp xi cho A: Dya theo tinh todn phan bd t6i wu khi khong xét
t6n thit truyén tai & cu6i muc 7.4 tai gi tri Pc = 500 MW, ta 1ay A" = 9,454545.

Bude 2: Lap hé phuong trinh tuyén tinh (7. 21):

df, / dpP,
A

=1-P, /@, = k=12
PP = 2B P, + 2B;:P; + 2By
OP,JEP; = 2ByyP; + 2By P, +2B,
dfildP, = a;,P; + b,
dfy/dP; = a;P; + b,
do d4 phuong trinh d6i véi nha méy 1 c6 dang:
(P + b/ A= 1 ~2B;,P; -2BPs — 2By,
hay:

(%‘ + 23,,)11 +2B,P, =1-2B, —%‘ (7.42)

Tuong tur cé phuong 1rinh cho nha miy 2.

Thay s6 chi § ring néu P tinh theo don vi turong ddi thi @, va a; cling phai qui
dai theo:

08 . 8
(—;1—+2x8,383183x10_3)]’, —2x0,049448x 107 P, =1-2x0,375082x 107 -7

ap 998 Y L 64
-2x0,049448x 107" P, + +2x5963568x107 |P, =1-2x0,194971x10
1 A 2 i
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Luu ¥ ring hé phuong trinh tuyén tinh (7.42) c6 ma tran d6i xing va chi c6 A
thay déi trong qua trinh lap:

o8 , k - 0.098896 x 10~ P 0,999250 — 8

e

~0.098896 x 107> E;E+11927136x10‘ P, 6.4
(7.43)

Giéi he phuong trinh nay din dén:

P = 1,512870 P =2, R45238

Buge 3: Thay xdp xi viva tinh clia P, va P, vao ham toan phuong cia Py, tinh dugc
T _ :
P =0,069373

Kiém tra diéu kién cn biing cong suit:
Pe+ P (P + PYY) =5,069373 - 4,358108 = 0,711265 > £=10"
Buoc 4; Hieu chinh A theo:

A /1(0)

ny
AA (Pn) +P”)) (P(ﬂ) +P(0))

[Pc~+PL“) (1) m]

Tai budc 1ap ddu tién nay xem A2=0vaP,?=pP,"=0tacs:
AAD = 9,454545
4358108

AP = 2 4 A2 = 10,99758
Tré lai gidi he phuong tinh (7.43) véi A%,

0.711265 =1,543035

Qué trinh lap hoi tu véi do chinh x4c yeu cu rét cao e=10", ket qui 1a:
4=9839863 USD/MWh |
P, =190,2204 MW
P, =1319,1015 MW
P.=9,321914 MW
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Tai ch€ d¢ t6i wu ta c6 thé tinh sudt ting chi phi riéng cia m&i nha may la:
A = df/dP; =9,521763 USD/MWh
Ay = dfs/dP, =9,463374 USD/MWh

Suft tang t6n that truyén tai:
PP, =0,032328 PP, = 0,038261

Tuy sudt tang chi phi & nhi may 2 vin con nhd hon, nhung sudt tang tdn that
truy€n tdi d6i v6i nha may ndy lai lon hon, tdc 12 he s6 phat L, 16n, do d6 n6 khong
dugc chia thém phu tai nira (ta c6 tai diém t6i wu nay L, A; = L,4,).

Nhu dd nhan xét vé thuat todn ndy, gid tri phan b6 cong sudt x4c dinh & giai
doan 2 cia mdi budc 1ap 1a phan b6 t6i wu d6i vdi mot mitc tai ndo do, c6 thé xac
dinh ti phuong trinh can bang cong sudt. Cu thé & budc lap ddu tién, phan b cong
sudt P, = 151,287 MW va P, = 284,5238 MW la t6i wu ddi vdi midc téi Pc =P, + P,
Py = 428,8735 MW.

7.8 H@ théng ty dong diéu khién phat dign (AGC)

Chitc ning diéu do kinh t€ hay OPF s& dugc thyc hién thong qua hé théng tur
dong diéu khién phdt dién (AGC: Automatic Generation Control). Trong muc nay
s€ gidi thi¢u vé cdc cdp do diéu khién cong suft phét trong hé théng nay.

7.8.1 -Bdc tinh diéu téc cua cac mdy phdt dién

Mitc diéu khién cong sudt so cfp nht duge thuc hién riéng & d6i véi mdi t6
méy phét dién bdi thiét hi diéu 16c (Speed Governor) gin véi turbine-may phat.

T

»

Podéc=-R

v
v

P P P P+AP
(a) (b)
Hinh75
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Thiét bi nay diéu chinh lién tuc clra hoi hodc nuée cung cip cho turbine d€ diéu
chinh cong sudt td mady theo sy thay d6i t6c do-tdn s6 ciha hé thong. Muc tiéu |3
giir toc do-tdn s6 & mot midc 6n dinh nio d6 khi ¢6 s thay d6i phu t4 dien. Pac
tinh diéu chinh t6c do-cong sudt clia bo diéu t6c t8 may nhu & trén hink 7.5q, tic la
c6 mot sy sut t6c do-tn sd nao dé khi phuy tai ting.

Do ddc cua dudmg dic tinh do béi do suf tan s khi phu tai tang tir O t6i dinh
mue:

f 1 f 1

P

dm

R = (Hz / MW) (7.44)

Né&u sir dung don vi tuong d6i cho tin s6 va cgng sudt, ta c6 do déc dac tinh
diéu chinh trong don vi tuong ddi:

(..~ F)/ fr

YR, P

(7.45)

trong do ki hiéu fz va Sg li tin s6 co s& va cong sudlt co sé.

V6i gia thiét do d6c cha dic tinh diéu chinh 1a khang d6i, ta c6 thé xdc dinh s6
gia tadn s0 Al ddi v&i mot s8 gia cong sufit AP:

Af =—R-AP= -{R,, { ]AP (Hz) (7.46)

Khi ¢6 nhiéu may phét Iam viéc song song, mot s6 gia phu tai téng AP sé& din
dén mot s gia tdn s6 duy nhat trong hé thdng va do doc dic tinh didu t6c cia mbi
mdy phét k s& x4c dinh phan déng gép ctia né vao AP:

AP, :_ﬁz_sﬂ.ﬂ (7.47)
Ri{ Ruk .fR
Dé xdc dinh Af theo AP, ta viét:
RERMEIP

Ir

do d6 do thay d6i tin s6 hé thong 1a:
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o A (7.48)

vil ta ¢O tr (7.47):

. UR,

= — AP
D UR,

AP, ZM

ZSRk /Ruk

Nhu vay b diéu 16c clia céc méay phat gidp 6n dinh t4n s6 h¢ théng, tuy nhién
khong thé duy tri duge tdn s6 khong déi khi phu tai thay déi. DE lam viéc nay, mot
tdc dong diéu khién phéi hop s& duge cung clip bdi he théng AGC tir trung tam
diéu khi€n h¢ théng 161 tdt ca hay mot s6 mdy phét d€ thay déi diém ddt cha bo
dicu t8c, do d6 tifp tuc thay ddi cong sudt cdc 18 mdy. Viec thay d6i nay c6 thé
minh hoa nhur viéc dich chuyén dutmg dic tinh 16¢ do-cong suit nhu trén hinh
7.5b. Thong qua tdc dong diéu khién ctia AGC, tin s6 trong hé théng s& duge khoi
phuc, déng thoi cdc may phét cling duge phan (Al theo mong mudn.

(7.49)

7.8.2 Hé thong AGC

Ta biét rang cac hé thdng dién thudmg duge hgp nhit thong qua cic dudmg day
licn lac, goi la dudng day lién viing hay lién hé thdng (tie-line interconnections).
Vai trd ciia cdc dudmg day nay 1a dé cho phép céc hé thong dién 1an cin phéi hop
vdi nhau bao ddm sy lam viée kinh t& trong ch€ do binh thudng va hd trg 14n nhau
trong trudmg hop xay ra sy ¢6. Viée phoi hgp nay duge thye hién b&i méi trung tam
diéu khién viing tng vii mdi hé théng dién, thudng ciing duge coi 1A mot viing diéu
khién (control area). M&i ving nhu vay ngodi trdch nhiém bao dam dép tmg cho
phu & trong viing, thuc t¢ thay ddi thudmg xuyén, con phéi ¢d géng duy tn su trao
déi cong suat-nang luong di duge hoach dinh trude vdi cdc vung ldng giéng. Diéu
d6 dan dén hai thong sG cdn phii kiém sodt bdi cdc trung tam diéu khién (ECC:
Encrgy Control Center) 1a tdn so hé théng va dong cong sudt trao d6i lién viing.
Mot thong s6 18ng hop goi 1 sai 56 didu khién vitng (ACE: Area Control Error)
hiéu dién phoi hgp do léch tdn s6 va do 1éch cong sudt trao doi lién viing so vé6i gid
tri qui dinh. Chinh h¢ thong AGC cia viing s€ ¢6 trdch nhiém khir sai s6 ACE bdi
mot chign luere diéu khién 61 wu nao d6 déi vdi cdc may phat thude viing.
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Tir cac trinh bay & trén, ta ¢6 (hé khdi quat cdc chife ning cla hé théng AGC
nhv sau:

Trao déi ving

chufin
PII
- Trao déi viing
z thye (& .
+ ' 2. .
® P Trao d6i He s6
Hé s6 qui déi o , ving B P,
tdn s6 Tan s6 chuin
LB, £, l l l
+ - o ’
C Tan s6 thuc (& Tinh todn
3 — 4 5 phs
@ M AF + 1 céc he sO phat
€ @
ACE
Chinh dinh . Tinh toan
% viin, : *. cbng sudt phat
vang A viing mong mudn
® J,
Tong phét Tin hieu diéu khién
mong mudn ¢ cdc mdy phét

Téng phit
thue ¢

Hinh 7.6

* Hip thu céc thay déi cla phu tai rieng cha viing
e Duy tri trao déi lién viing da hoach dinh
e Bdo dam didu do kinh € c4c ngudn cla ving
*  Phdi hop bio dam t4n s0 cia hé thong hop nhat
Hinh 7.6 biéu dién mot so dé nguyén If chinh cha hé thdng AGC [6]. So d6

nay s¢ mo td logic cia qud trinh didu khién thoi thuc cha hé thong, ma nhimg
nguyén tic diéu khién di duge trinh biy trong cdc phin trén.

Sai sa diéu khién viing thu duge & dau ra clia khau s6 4 theo biéu thirc:

ACE = (P —Py) =10 By (f — fu) (MW) (7.50)
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trong d6 P va Py 12 tdng cong suit trao déi viing thure t& va chudn (theo k€& hoach), f
vi f, 1a tdn s thure (€ va chudn (vi du tdn s6 dinh mic 50 Hz), B, 1a mot he s& qui
doi do 1ech tdn s, thit nguyén MW/0,1 Hz va cé gid tri dm; né nhan véi 10 Af dé
cho dai lugng thi nguyen cong sudt 70 B, Af 1a d9 l¢ch tdn s6 qui d6i (Frequency
Bias). Ghi nhan ring gia tri cha ACE t6ng hop do léch trao déi viing va d6 léch tdn
s0. Gid tri cGa P va P, 14y dfu duong khi t6ng cong suit trao déi la di ra khdi viing
(han dién). Két hop vdi h¢ s6 B; <0 nén ta thdy ching han gia tri ACE s€ cang am
khi cing ¢6 P<P; (xudt thi€u) va f<f; (tdn s& thdp); hai yéu 16 nay duge cong vé
nhau mét cach hop If va tn s6 ACE sé qui dinh tdc dong diéu khién cin thuc hién.

Vi ACE biéu dién mot tinh trang “mét can bing cong sufit” ciia viing, ta sé&
dung né dé chinh dinh dai luong A viing nhu trong thuét toan diéu do kinh t& néu &
cudi muc 7.5 v & thi du 7.7. Cic khau 8,9 1a tinh toan diéu do kinh (€ trén cu s&
dinh huéng diéu khién d3 x4c dinh bdi ACE va khau 7.

Khau s6 5 tinh toén dai lugng SCE (Station Control Error) dic tnmg cho do sai
lech / cham tr€ giita quy€l dinh diéu khién va thuc t€ thuc hign. Dai lugng nay duoc
trir vio tri 56 ACE nhur 1a mot tdc dong can diu dao dong diéu khién.

Diu ra cta hé thong cho cic tin hiéu tang/gidm cOng sudt gii d&€n mbi may
phat duge diéu khién cia viing.
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