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LOT NO1 DAU

‘ oo /

Day latap thit I cda bd sich « HE THONG DIEN., do mot nbém tic gid 12 can
;]6. giépég day thudc B6 mon Hé théng dién (phat dan dién) truong Dai hoc Bach khoa Ha

oi viée,

Tap nay nhim cung cfp cho sinh vién nganh dién (he théng dién, cung cdp va dién
khi hda xi nghiép hodc nong nghiép, kinh t& nang {ugng...) nhing kién thic co ban trong
linh"vuc gidi tich mang ludi dién, ddnh gia cic mit hanh 'vi cla hé cung cip dién nhu d6
tin ciy, chdt lugng dién ning v.v.., A : ' ‘

Ngoai nhing kién thic trong khuon khd gido trinh nganh rong, dip 1ny cho doi
ngit k§ su v& phat-dan — cung cdp —su dung dién, trong cic chuong c6 the hien nhing .
n0i dung mé rdng, nhim trang bi nhung kién thitc cin thiét trong linh vue nghién' ciu
phat trién. ..

Noi dung cudn sich a/fﬁm ba phin:

Phan the nhat. Gidi tich va thide ké mang didn ;

Trong phin nay & cic chuong 1, 2, 3 trin'il biy ngin gon nhing ndi dung tinh toan
ché 46 lam viéc cla mang dién, nham x4c¢ dinh cac-thong s6 trang thai cia h¢ cung cdp
di¢n nhu: dong dién trén cic nhanh, di¢n dp tai eac nit, tdn thit cong suit, dién nang
trong mang dién-v.v..., phuc vu cong tac thiét k& Ya van hanh mang dién. Trong cac
chuong nay da cd ging néu lén dic di€m cla chuyén tii dién ning xoay chi®u nham thiy
duoc ban chit vat li cia cic thong s6 mang dién nhu tdng ted, tdng din khi giai tich
mang dién. : . '

Bién phap gidm tdn thdt dién nidng nhim ndng cao tinh kinh t&€ khi van hanh mang
dién khdo sat tir khia canh' bl cong sudt phdn khing dugc d@ cap trong chuong 7,

= Nhing néi dung co bin va mot s§ luu § 'khi thiét k& so b mang dién duge trinh
bay & chuang 6 va 8. ,

Hai chuong 4 va % cla phin nay nhim cung cp nhing kién thic cin thiér de
gidi tich mang dién phic tap nho céng cu d3i s6 ma tran va phuong phap lap tac thuin
lgi cho budc chuong trinh,hda va nho su gitp-d5 cha may tinh dién tu sé.

Bén canh nhing ap dung cu thé trong hai chuong 4 va 5 da c§ ging néu lén nhitng
uu dig¢m -thung clia ngdn ngit ma tran va chuin bj cho tinh thin md rdng cha thuit todn
r 1ap theo huong tim kiém loi gidi trong mdi truong tdn tai bit dinh. |

Phan the hai. D¢ tin cdy cung cap dien )

Nhiing khii niém co bidn trong cdc chuong & ph2n nay c6 thé si dung cho nhimg
hé co bin chdt vag 1t khac nhat. . o, _

Chuong 9 mang tinh chdt mo dau, trink bay nhung dinh nghia va khai niém chi
yéu trong li thuyét d6 tin cay. \ . "

Chuong 10 nhim cung c4p mdt s6 phuong phap xac dinh d¢ tin cay ¢ia hé ¢ cach
chip ndéi khac nhau giira cac phin ti va 4ap dung treng viéc tinh d6 tin cdy cung cdp
dién. Do dac di€m kinh t& cda hé¢ thdng dién, viéc, danh gia d6 tin ciy cung cdp dién
thuang dua vé viéc ‘sac dinh gia tfj trung binh thiét hai kinh t¢ ang nim do thi€u hut
dién nang. Day cing la mot trong nhitng chi tiéu quan. trong kAi'lua .hon phuong an
cung edp dién. ‘

Do tinh chdt dp dung réng rai cha qua trinh nglu nhién Markov trong viéc mo ta
"hé qua céc trang thai va xac sudt chuyén gita ching .nén da danh chuong 11 cho viee sir
dypg qua trinh Markov danh gid d6 tin cay cung cip dién., G day cing hi vong phuong
phip qua trinh Markov sé dugc ap dung d& nghién cuw nhing vén d& khic trong hé théng
nang luong. :

Mot trong nhing phuong hudng chii yéu d& ndng cao d6 tin cidy cha hé la thyc hién
dy tr@, vi théng thudong « mudn tin cay thi phidi thwa». Chuong 12 kbhao sit muc do du
trit t8i uu v& cic phin tu trgng so d% mach dién va du tra t8i wu cong suit trong hé thdng
dién. Chi ‘tiéu t6i uu & diy dua tréd su hai hoa mau thudn gita v8n diu tu va thiét
hai kinh t& do kém tin cay. ' -



~

. . - . N
Dé ning cao do tin ciy clia hé, ng’oui cich thuc hién du trit cdn cd thé su dyng
nhitng bién phap khi vin hbn{], quin li, chi yéu la tién hanh ki€m tra, phat hién su.c8, tu
stta dinh ki v.v.. Chuung 135 xay dung mot 6 mo hinh todn hoc cda sach luge t&i wu
trong vin hanh he cung cip dign dua  trén nhitng ap dung v@ qua trinh: Markov va niig
Marckov. - . ‘

Chuong 14 xiyv  dung mo hinh toin hoc m8i quan h¢ gita do tin cidy cung cdp
dién va chdt fuong dién niang, su dung mor s8 khai niém ti Ii thuyét thong tin, chuan bi
nhin nbin cong tac qudn 1i chdt luung hé théng dién theo phuong hudng ti€p cin hé théng.

Je ting cudng tink ap dung, ngoai nhimg vi du rdi rac trong cac chuong, & phin
nay di Jdush phu chuong 1 trinh bay mot sS.bai tap v& cic vén d@ xung quanh do tin
cdv va chu ¢ dén phuong phip xic dinh d6 tin cdy cung cdp dién c6 xét dén khd nang
tal cua <u¢ phin tu,

Yhan the ba. C/J‘(il[‘ luong dign ning. -

- Trong hai chuong 15, 16 ngoai nhung khai niém co ban vé ch4t lugng dién 4p va tin
s& trong he thong dién cing m&i quan hé .dinh lugng gita ching, d danh phin quan trong
d& trinh bay mo. cich be théng nhitng bién phap di2u chinh dién ap theo dd léch so voi
gia tri dinh muc. ' A ' '

Ngoai tiéu chuan ve de léch hicu dung, ch4t luong dién dp con dugc danh gia theo
mirc d6 d6i xuny giita cic pha trong hé ba pha. Chuong 17 danh che ndi dung nghién cuu
ché do khong d8i xdng va bién hap d6i xung hoa trong hé théng dién. Trong chuong nay
ngoai nhing khai niém v& nguyen nhan, tac hai cia hién tuong khéng ddi xténg, 'da khao
sat mot cach dinh luong nhing ché do khong déi xung di€n hinh va nhiung bi¢én phip déi
xting hoda, chu 1du theo huéng tac dong (bu) vao cac thong sé cia’hé théng (chang han
dién khang that tu nghich). ' ' '

Trong nhiéu truong hop viéc danh gia chit luong dién ning theo chi tiéu cudng
do trén day (do lech, do khong d8i xing) td ra phién dién, chua phin anh day

~du théng tin dé ditu khién dicu do hé thdng va chua quan triét khia canh kinh té cta vin

dé. Vi vay chuong 18 da d¢ cdp dén khai niém xac suft va khai'niém t6i vu trong mod td
va ditu khién chidt luong dién nang nhim danh gia chdt lugng trong khéng gian ba
chig¢u: chitu rong caa cwong do (do léch), chigu dai cha thob gian (chi tiéu tich phén)
va chi®u séu clia hiéu qui kinh t€ (dién ap t8i wu). O day cang hi vong rhng cich tiép
cdn nay sé duge su dung khi nghién cau nhirng vin de khac.

Nhung ¢p dung cua phuong phap li thuyér zac sudt ngay cang c9 vai trd quam
trong khi gidi quvér cac bai toan ki thuar va kinh té. Phu chuong 2 danh riéng @& trinh
bay mot cach thuc dung nhung khii ni¢m co bidn va ciac phép toan xéc suft.

Cang nhu cac tap trong. bo sach, cac phin trong cudn sich nay dugc viét trong
khuon kh hé tidng nhung co thé nghién cuu doc lap.

Cac chuone dwse phian cony vidt nhy fau: _

— DPang Ngoc Dinh: chiy bién, viér 1ol ndi ddu va cac chuong 4, 5, 9, 10, 11, 12,
13, 14, phu chuong 1 va phu chuong 2.

Trong I mdt sé muc cia chuong 5 ¢6 su . tham gia clia Pham Van Hoa, Vuong
Van Liéu va Neuvén Ngoc Hai. ,

Ngd JLoug Quang: viér cic chuong 1,2, 3, 6, 7, 8.

— Trian Bach : vi(t cac chuong 15, 16, 18.

—-Trinh Hung Tham : viét chuong 17. . . .

Tap thé tac gia chan thanh cam on Ban bién tap Nha kuit ban 'Dai hoc va Trung
hoc chuyén nghi¢p da~cd ging d& cudn sach duoc hoan tit som. '

Nhang v kifn pné binh, gop y xin ghi theo dja chi:

Nha xuit Lig Pai hoc va Trung hec chuyén nghiép Ha Noi hoic

B3 mdn He thong di¢n (Phép d&n dién) trudng Dai hoc Bachkhoa Ha Noi.

CAC TAC GiA
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PHAN'THG NHAT
G]Al TiCH VA THIET KE MANG B}E\I

/ Trong Phﬁn nay tu dac didm cda viéc chuyén tai-dién nidng xoay chién quyct dinh
ban'chir vit li'cac thépg sd cia mang dién da trinh bay nhing phtrong phap gidi tich
mang Ehé’n nhim xac dinh cic thong s8 trang rhai - dong dién trén cac nhanh, dién dp
cac nut, ton thit trong mang dién v.v...

Giai tich mang dién nho dai s6 ma tran va nhing thuit toan lap Gauss — Seidel,
Neuton, Ma trin tong tré Z dugc trinh bay theo tinh thin khai thac khia cash uu viét cia
phuong phap luan’ nhu tdng quat, dé chuong trinh hoa dé¢ dung may tinh s3, tim kiém 1oi
giai qua cdc budc hi¢u chinh lién tuc vi d6i tugng phi tuyén hodc ton rai bat dinh.

Not dung vé lua chon cic phian fir cua mang dién va nhung cha y khi thiée ké
mang dién chl dugc d& cap so boe -

CHUONG 1

' CAC THONG SO CUA MANG DIEN

Moi tinh toan vé dién s thirc hién trén so d6 thay the mang dién. Thang
lap so dd thay th& bao gém luya chon so d8 cho méi phin tw niang dién, tinh
loan cic thond sd cha ching va chip ndi ching lai v&i nhau.

Cac thong s8 ¢6 nit trén so d6 thay thé phan anh nhiing hién twong
vat li xay ra trén cag ph"én ¢ mang -dién khi rc() dong dién soay chiéu ba pha

~hay qua.nbm phat néng, (r hoa, £6 dién, t&n’twr, ving quang dién v.v,

Sau day ldn luot trinh bay phuong phép xic dinh cdc thong s?)"’vz'] so do

thay th€ hai phdn t&r chd y#u cia mang dién: duong diy va may Dbign ap.
, & :

1.1. PIEN TR VA CAM KHANG CUA DUONG DAY

bién trg cua dudong day trén khorg V(/l cayy dwroe xace dinh theo vat liéu
va Li€t dién vat dan. Tri sé’ clia né c¢6 thé tra duoc theo cic banT cho sin. Cin
chi ¥ la 86 liéu cho trong bang rng véi nhiét do nhit dtnh 6,, vi du, voi cac
80 hou cua Lién Xo thi 6, —*+9(}°C Khi nhiét doé mm lrudng rai khd( nhiéu
cin x4c dinh lai dién tro theo céng lhirc: '

Bhrn+aw—en . (1-1)

Trong do re — dlen trg 1 km duoéng déy 6 nhié¢l do 6

— dién tré 1 km du'omg day tra theo bang 1ty ng vai 6,
\  — hés8 nhiét do ctia dien lrd, voi dbnc. nhom va nhom 16 thap
o = (4004, |

A



iing o thi xac dich trj 88 gin dung cia dién ey theo cong thic':

P 1000 3> B
FO:_u——.—:——Q/k o 1-2
' F - yF _ ) ( )
Troag 4o p — dign tré suft -cha vat lién lam day dan, Qmm*/km - d
v — dién dan su#t cda vat liéu lam day dan, m/Qmm?
/7 — it dién day dan, mm?

Tii s0 cta o, 7 tra theo bing dic linh cta vat liéu day dén

Bing 1-1
Dac tinh cia var lieu day din ' ;

-

/

[ , Vat liéu diy dan
f)@‘l lugng dong nhom

Dién‘ dan sudt, m/Qum® ] 453 ‘31,7
Dién trd sudt Q.mmZ/kmt | 18,8 i _ 31,5
\ | |

-
-

Thang s§ dién tré phan anh hién 1u’0’ng phat néng day dan khi dong
dien cha qq,_,a

\Juﬁ! i dong dién xoay Chleu ba pha, xung qudnh day dian va .bén trong_
P ddn xudl hicn mdt tr trugng, Luwe dién déng xuiit hién frong méi day dan
o 1 tradng VAt ca cie pha gay ra phu thuoc vao khodng cich twong ho gitia -
(i diy. Trép s d6 thay th€ mang dién hién twong t&n (r do duoc phan anh -

qua thong 50 cam khing. Cam kbang ti 1é voi lee dién dong, dé do ciing phu
thuge. vio khoing ciach uwng\ho giira cac dAy dan., N&u day dan du'o'c dat trém
ba dioh lagm pide d%u thi cam kl‘!ﬁng clia day din cic pha biing nhau, con nfu
cliing im trér myt phiing ngang thi cam kbang cac day pha s€ khac nhau,
ich (;:, mu&h chung co tri s8 bing nhau cén hoén' vi day _din. CAm khéang trén
; Fioctia mot pha duomg diy luong tng’ voi khoang cach {wong hé k'héc nhau

cao s Lrony cin bang hodc xagc dinh theo céng thae :
0144a lg ,_*b+ 0,0157 [Q fm] (1-3)

Teeng o R — bin kinh day dan » |
iy -— khoang cach trung binh hinh hoc gitta cic day

Dip = \/ Dlz Dza D31

voi % Dyg Dy — khodng chch gitta cac pba tu'ong ung 1, 2, 3. Thiy ring
1h1 d wy tan dal lrén ba dinh tam gidc d8u canh D thi Dy = Dy —-Dm =
== 1) = Dip, cOn khi day--din dit ndm ngang cich nhau D hi

i

Dy = VD.D.2D = 1,26D.



- D&i voi cic dupng diy cao ap tir 330kV tro lén d¢ giam cam khémg, kinh

€ hon ca la dung bién phap phan nhd day din. O cac dwong diy do, day din

moi mét pha duge phan ra lim 2, 3, 4 day nhd treo vao cliing mél chudi sir
va dwoc gitr cich nhau mot khodng cich nh8t dinb biing thi€t bi ddc biét.

Viéc.phin nhd day dan lam tang dang ké ban kinh ctta n6, va do do lam giam

cim khing dwrérng day. Khi do:

. Dt_b 1 0,0157

Ra» n

r, = 10,1445 Ig

Trong dén— s5 day din trong mot pha ’
Rqy — ban kinh d?mg tri cua cac day dan treng 1 pha

Rdg == -\/R . a:]b—l

«

R — ban kinh thyce cia moi ddy phan nhd
t ~ khoang cach trung binh hinh hoc gitta c4c day dén trong mot pha.

Thyc & cho thiy la khi méi pha phan lam hai day thi cdm kbang dwong
day giam xudng khoang 15 — r)0"/ khi phan lam 3 day thi giam xudng 25 — 30%:

Cac céng‘Qhu'c trén thanh lap cho d4y dan bing dbng, nhém va nhom I5i
thép la-tac loai day hién duec dlfmg phd bign trén dwong day tai dién. Trudong
hop dang day dan bing thép thi cin chu v la dién tré .
va car__n khang cia no khong nhl.rng phu tbuoc vao tizl (1, %
dién ma con phu thuge vao dc‘)ng dién trong day (hinh 1-1); oM /km .

vi th€ r, va &, cia day thép duoc 13y theo sb liéu thuc
nghiém cua nbd miy trong cic bing cho sin. Ngoai ra,
voi day cdp, v khoang Cdch gitra cac day pha rét nho,
kho xidc dinh cdm khang cia né theo cong thire, cdn tra
bang. Shp -

rd

-

. 5 ) 2.
.. & ; x . "\ AC-35
1-2. DIEN DAN VA DUNG DAN.CUA PUONG DAY '
bién dan la théng so phan anh hién twong tén . 97 *""Z'T“ o LA
thit cong suil-dac dung trong str va dién moi. Phan céng Hinh 1-1
rn -

sl tdn (hit trong sit cia dwong diy trén khong O Mo
cAp di¢n ap déu rit nhd thuong khong cdn tinh dén.
O’dlro'no day 1104V va cao hon, trong nhirn dlcu kicu nhit dinh u.’) the xu&‘t :
hién véng quang di¢n. B6 1a khi cuong do d.;én hucmg trén DB miit day dan dg

Jon lam ign hoa manh 1ép khong khi bao quanh gy nén hi¢n hrong phéng

dién 1o,

Yﬁng Guang dién g&y nhiéu hiw. qua ngluém trong - 1on (h&t démg k& dién
nang, dac bi¢t ¢ nhung viing ¢6 khi hau im wot, va lam o?y héa manh hé miit
day dan. Bé han chf ving quang dién ngudi la quy dinh ti€t dién day dan .nhé
nhat choméi cdp dién ap, vi dy AC-70 cho 110kV, AC-210 cho 220&V. Béi v&i
dién ap siéu cao 330, 500, 750kV, nguoi ta con ding bigr phip phan nhéd day din
& mdi pha. Song nhitng bién phép trén chi han ch€ ma khong hoan fohn \lo'l}\i triy



hién twong ving quang dién. Vi vdy, mic du di thwe hitn cliﬁqg,,thOng‘ sﬁ;dién
dan v&n cé mit trén so dd thay th€ dueng day dién 4p siéu cao. o

DPién dan 'duc‘mg ddy dwoc xac dinh theo tdn thit cong sufit tac dung
G = AP./U% trong d6 APy la tdn thit ving quang dién c6 the xic djnh theo
nhitng coéng thite kinh nghiém. -
iKhéng can 'xét d€n dién din cha duong day Cép. ._
o el ST
Khi c6 dong dién xoay chi®u chay qua, giita day dfin' cAc pha va giita ching
voi dau xulit hién mot truong tinh dién: Duwéi lac dung cua lru'(‘m‘g tinh dién,
trong chit dién méi bao quanh ddy dan xu#t hién dong dién chuyfn dich (con
a P A . 0
goi la dong dién nap cia dwong gay) c6 tinh chit dién dung, né vuot trirec 90
so v&i dién ap pha. Tri 86 cia déng dién chuyén dich tuy thudc vao dien"ﬁ_p va
dung dan cia dwong day |
Io=U;.0l=U,.8
trong d6 I’y — dién 4p pha cua duwdrng day ; | — chidu dai dudng déyf; b, — dung
dan trén 1km dudng day. | . :
Véido chinh xdc dd dang trong tinh toan k§ thuat b, duee xic dinh theo
cong thirc : B :
7,58
Dtli
g —tb
¢ R

by = 10-% [1/Qkm)

- (14)

néu la dwong day c6 diy din phan nhé thi tri 88 R trong. cong thuc trén- duoc
thay béng Ry, ‘ : ‘ N

. Cong suit phan khang xufit hién trén duong diay con goi l;‘a‘-;éépg‘suﬁt phin
khang do Awéng day sinh ra, bing : *

Qo = 31Uy = 5U20,0 = Uyl (1)

trane < [0 — difn 4p day.

“hin thdy rdng Q. phu thu¢c chi y&u vao dién ap cua dudng day.«Véi -
di o day 35KV va thiap hon ¢6 Q. rdt nhd ; voi 100km duwong day 110kV c6
(b MV Ar va voi 100km duong day 220kV cé Q. ~ 13MV Ar. '

Dong dién dién dung cla duorg dy cdp lon hon dwong day trén khong
vi the kbi ding cap dién 4p tir 20kV tré nén nguei ta di phai xét dén théng sg
dung din trén se dé lhay thé, | ’ '

1-3. S0 DO THAY THE CUA DUONG DAY - » A

Cic thong s3 cla dudng ddy - dién trd, chm khang, dién diin va dung din_
hdu nhur phan b déng d¥u doc theo duong diy. Tuy nhién, trong cic tinh todn
thuc (€ voi sai 8 cho phép, véi nhithg dwong day c6 do dai khong lém Hm —
dwyng diy trén khong d€n 300km va dwong day cap’ d€n 50km — ¢6 th& ding céc
*hong sd tip trung. - ; s L »



. 1
Tién loi tion ca la dung s¢ d6

thay thé hinh I (#inh 1-2 .a) trong dé 1-::.....__0__[_—_}._..9“\/“\___-

tunu tré va tong\dén tinh theo bitu thuc
Z=R+ X ==(r, # jro) )
) — ¢ —r— _;«’) = (go —i— ;bo)lr s .

Nhuw dd noi & phin trén, ddi vai

(1-6)

|9

duing: diy: mang dién kbu vuc, dien 4p o] .
110 — 2204V @3 chu v dén tiét dién (i a)
thicn han ché ving quang dién, Lrén s¢

dd thay th¥ thudng bé qua lhong sO dién o -} = a
dan G (hinh 1-2, b). So d thay th¢ dwgng

_day .mang dien dia phwong di bo qua :|'
tong dan, cho trén hinh 1-2, c. Riéng voi
dwong cap 6 — 10kV va thiip hon, vi tri

s& cAm khéng rit nhd thwong ho qua, so

dé thay thé rit don guan, thudn Ué

(hinh 1-2,d). D&i ~o1 duong diy mang b)
dién mét chidu, cha v la vy =0 L, = 0 %
va by, =w C, =10, so d6 lhay thé cling /[ : S

thuin tréo nhw di cho tvén hinh 1-2, d. _, c)
JDuong day mang dién ap siéu cao

thuworg dai hang ngan km, cin deoe sem g T

fa dudng. déy dut ¢O thong s rail déu

(hinh 1-3, a). Khi dé cé thé xét no theo | d)
mo hinh mang hai cua (hinh 1-3, b) vor Hink 1-2
cac phuong trieh truyén dat guen bi€t :!

U, = A0, + {121/512-

- U,
11 = .'iu)l Y

T

- -

S S ——y e T —..,_Zii-
L T

[

~

a)
f_ ‘ I
JPo———— | ——c
UJ A]! ATZ lu
7 . 2
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b)
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trong dé - . Ayg == 4,, = chyl
| AIZ = ZCS,ITI ‘
1

.41: shy!
. B

[y, [y — didn 4p day tai ctra L va 2. I}, [, — dong dién pha tai cta 1 va 2,
So d6 binu 1 twong dwong voi mang hai cira do (hinh 1-3, ¢) ¢o cdc thong s8 :

4/

7 = Zshl
q

Y = = tp & il

7. 2

Ciing ¢é thé phin nhd dweng day dai thanh nhidu doan ngan hon, khoang
200 — 300 km. moi doangthay th€ bhing so d6 thong s6 tap trung hinh 11, sau dé
ghép ndi ti€p ching lui thanh sy d6 xAu chudi. Taicde diém ndi dat vao mol phu
tai b¥ing cong suiit 16n (hiit do ving quang dién trén moi doan (hinh 1-4). Nhiing
“ehi 1ifL ve duong day dai (1ai dien di xa) duge trinh bay & lap I clia bd séch

L ‘-7—1 | 7 e “— ’ z; T e :
T ' F : T
_u__;___-__u.___w_L_," T

1-4.CAC THONG 0 v} SC DA THAY THE MAY BIEN AP

Trwdc h8t xét mayv hin ap ba pha hai cudn day la loai duoce dung phd bhi€n
nhat trong hé thang dien. Khi tinh toin no6 ngwdi ta thudong ding s d6 thay thé
hinh U (hinh 1-3) v&i bon théng s3

i, ®q S , r  ddc trung cho qui trinh tai dién qua
vy o . . 2 , . o Lt .
i cr——-r———-w——L‘_,*:“f M3 =% 16 : dién tré Ry, cim khiang ,\jB, dién
dan Gy va cam dan By. trong do:
Ry= R 4 R,

Xpg =X, 4 X2
Ry va N3 la dién tré va cdm khiang
- J cla cudn day thir.cip 2 da quy dbi
2 ‘ vé cudn so ccip 1.

‘ Tdng tré miy' bidn 4p Zp =
= ! SReRe ; ¢ =t Ry + jXg phén anf hién tugng t5n
ST ' thit eéng suil lac dung do Inéu tUng
i Jun va ién tuong dn thit cong suil
phan khangdo tdn ti trong hai cudn
Lo 1. day, con 16ng din Yg= Gy I jB;
) . .chin anh hién lugng tdn thill ¢Ong
sual trong 161 thép mdy bifn ap: phit néng do dong Foucaull va tén hao gly
tr. Nhing lugng ton thil lrong 181 thép hdu nhu khéng phu thudce vao tai cda
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mzﬁy bi€n ip va bing hic khémg tai; vi vay d° llf’n loi hon, trong tinh toan th“dnﬂ\
diung so d6 hinh 1-5b.

.~ Céc thong §8 cila miy bitn 4p cé thé link Lloan theo b8n s8 liéu cua may
bign Zip nha che tao cho: ton thit ngin mach APy, tén that khéng tai AP,, dién
ap ngi mach ["y9 va dong di¢n khong tai 1,%. Bon s3 liéu trén la k€t qua cla
viéc 1am thi nghiém ngdn mach (v&i déng dinh muc) va thi nghicm khong lai
(voi ap dinh miae), : -

-

- ‘ 0 - S m
T APy =Ry = Ry -
dm
suy ra
| HB — _—_A[)Nl]gm
Sém i
Tinh toan véi hé don vi thuong ding st c6:
APNAW] . U2,1kV?) . 108 ‘
R, — | ]. il KV°) . 1 Q] | (1-7)

S5a KV A7)

- Biét riing dou voi may bi€n 4p Ry < Xp. nghia ]a o thé bb qua dién 4p

roi trén RB, vi thé .
L'N% ~ _I_"M_X.E___/ .lU.U
) - / u‘m!vd
T dé : " ‘ - |
: e TR% U0V 10
N f dm O 1-8
B Saqm V1] - @ ( :

Térng dir may bi¥n dp xic dinh then cie lwong /tfih hao khc‘mﬁ tai
AP, = I, . Gy

80, ~ Ulu. By

suy ra p
. A
(IR'—: ,.20 (1'9)
/ dm .
AQ,
By=— — -
B Uz (1-10)
chu v rdng AQ, > AP, vi thE
| , V3T, S,
. _IOE'L = 2 1) = —~~-——-——E—_ 100 = 1 o
I4m '8 Law! gm Sdm W
AQ‘) 109.
A ¢ Vi
tr do o . . , ‘
"~ F,0,8
A o P o ndm VA : _ .
¢ 00 [ ] (1-11)

11.



t

PEi veri omiy bitn Ap o ba cudn diy va mdy bi€n 4p tu ngiu nha ché tao cho

nhitng sO li‘u san: . :
Ssm — ©ong sudt dinh mue cla
| m:’tv bién‘ép .
(£ N /PPN dlen ap dyih mrrc
cua cic cudy caos
trung, ha

o/0 — dong dién khong tai; AP”

Ui2%; Urg%. Uz3% — dién ap ngin
mdach luwong wng véi -ba lrang thal
thi. nghiém ngén mach. ,

ba cuén day (hinh 1-6,a) va may
bién 4p tu nglu (hinh 1-6,b) vé dang

irong thép (hinh 1-6,c). -

mach, cuén 3 ho mach con cuon. 1
duge dial vao mol dién 4p sho cho

ngudi ta do duwoc APy va Uy %, co:

APy = AP, + AP,

Hinh 1-6 . o
: : Ur2% = 01% + 1 5 %.

Tiép tuc cho hé mach cuén 2, ngan mach cudn 3 va dil vao cudn 1 dién ap sao
cho trong cuon 1 va3 ¢é dong dinh mde, thu dwee APy va U9, luc do:

- -

AP, = AP, 1 AV,
Mt = 0% + Us%.

Cudi cting cho cv’a ) héd mach, cuon 2 ngéw mach, dil van cuon 2 disn ap
sao cho trong ‘.). va 5 ¢o dong dinh muc, thu dwoe AP,y va /5,9

Ua3% = U % + U3%.

Tir ba h¢ phuony trinh trén dé& dang tinh dwoc Ldn thit ngin mach va- di¢n ap
ngan mach déi vai tieng cuon div theo s& lidu d4 cho :

, 1, g
A= E(ﬁjj'z + AP g — AP,,)
] i ‘

AP, — Lon thdl kihong hiI -

AP.g, APy3 — ton thit ngin mach.
- lwong ung vai ba trang thai tam thi..
nghiém ngdn mach mdy bién dp,'

* So d6 lhz:ly the may bi€n ap.

hinh sao dit thém lwong ton th&t

Khi cho cugu thu hai ngén

. . A . .
lrong cuon 1 va 2 c6 dong dinh muc

il

APy = AP, — AP, ’ (1-12)

APy == APy — AP,



Vi
Uste = 5 Wia% + Uig% = Uzst%) |
U,% = Uia% — 1% } (1-13)

: . ['3% == l"xs% T 17190
Tl day co thé tinh dwge cac thong b clia m 1y bign 4p ba cadn day va bi€n ép
tir ngfm (71, Z2, Z4) theo cic cong thUL (1-7y vd (1-8) giong nhw ddi voi may
Ei¥n ap hal cudn day.
Vi dy 1- 1. Xdc dinh cic thong so cia so d6 thay € winy bicn ap tw ngdu
3—'““'_‘*/ 1 £V, Cong suiit dinh muye 120 MV.1 ¢6 c&e o8 lifu sau: tén thidl khong

% . 17,=160 kW, dung lwong dinh.mic ciia cde cudu ta 100/100/509%, cde t6n thit
ngan mmh APy, _, = 3BﬁkW APy, . 3 = ‘24(!&“ Al'yo_5 == 240 kW, cic dién ap
ngan mach Uny_o% = 10,5%, Uy 3% == 36.2%,, " no_ 3% = 259,, dong khOrrg\léi
Ia.Ug — ‘“l)) . (‘

\ Giai. Truoe hit cin quy doi cic b (b nol naeh giiea cuon 1 — 3 v®
cutt 2 — 5 veé cong suiit dinh mure’cia may LiEs up iy o en theg cong thire

o APy = Al . (ﬁ)
) M
irong dé S, la céng suil dinh mirc ctia cuén ha ap
' . 120 \? [
_ 60
St dung cie cong thue (1-11), (1-12) c6:
L APy = 0,5(360 + 980 — 980y = 130 AW
- APy == 360 — 180 == 1a0 kW
AHxq == 960 — 180 ' = 720V
1% = 0,5(10,0 4 36,2 — 78) == 11,304
Ungd =105 — 1155 = — 1350
[Ung 9% == 35,2 — 11,85 == 24,250,
W day tinh dwoce gic thong s cip mdy bitn Ly ngau theo (dng thite (1-7)
Ly : -
van } . .
. R ) ‘)‘ sl.l ‘,!I,\:
1{1 — Hg == "‘]bu - .'_;*" == 40
- . - (L o)
780 ; 220 ~.-~’ .
Rs = q , — .),,u_2 .
20,0002+
Xl — IU . 1];&’0 . 2!“ e ‘; gz
120.000
X, = - 101,35, 2207 — 060
120.000
h . 24,35 . 2 :
‘Xa = ---—-——24 3'0_ ——
120:000
Ludi cing, theo (1-11)- ,
. : 3 :
* AQ, = ——— . 120 = 3,6MV.1.

100
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So @0 thay Lh€ cung céc théng s8 cta no cho & hinh 1-7,
Vi du 1-2..Thanh lip so d& thay th€ va tinh cic thong s§ cia mét. mang

dien nhw binh vé (hinh 1-8, a). Buong day dién ap 110 &V, dai 100 km, day din

dit trén mit phéng ngang cich nhau 4m. May
© 7 bi€n ip dung lwol ng 31.500 kVA co AP,= 86kW.
: APy = 200kW, 1,% = 27%, Ux¥s =10,5%.

Giai. So do thay thé mang dién cho trén
hinh 1-8, b. Vi diy AC-185 va Dy = 1,264 =5m*
tra bdms dwoe r, == 0,17 Q)km, x, = 0,409Q/km,
Dy == 82010 "1,0 . km. Diép tré v chm khang -
cia dwung day kép:

e, L 0,17.100

Z:06+)

A% =016 +)3,6MVA

’ R = = = 8,50
) 2 ) .
= i
N Tosl 0868100 e
' 2 o2 -
H‘{'h 7 . Bi¢n dén phan khing mot nita duong day
‘ -b e
B bl 5 28210710 L, hes 10400
2 2 : 2 ’
1_--_‘ o 2 j
| 2 wAC.135 r@)}‘

Zg= 8.5 v 204508 z < 122¢ j2ADM
2

3 ST——-D—Q
[ T ro
lju JRe 4S = L.oss + j0.65MvA
T ' R o
., | )

- e
Hink 1-8

—)

Cong su#l phan kbhang do dién dung méi mia dwong diy sinh ra

B 9 . - - .
Qcy = Qez = -"17% = 2.02.107 110° = 3,4M V.1,

Tbn thit cong suéit pbdn khang trong I15i thép miy bifn ap

0 5T 31,5 = 0,85 MVAR
g &= — = (),85 MV A
100 ©

Tong tréd cla hai may bi&n ap song song:
86 . 110% .'10° .
Ry = -~ ij“’ 107 1920
(31.500)% . 2
16.10,5. 1102
Xp= - = 24Q
8 31.500 . 2




CHUONG 2

'DAC'TINH CHUYEN TAI PIEN NANG

. ' : /;' . ’

Khi chuyén tai dién ndng tir ngudn dén ho tidw thy, méi phiin tr cia mang
di¢n, do c6 tdng tro, d8u gay nén LOn thil cong suil va dién ap.

TOn thil céng sufl gy ra tinh trang Lhi€n hul diéh nang tai cue hd ding
di¢n, lam ling gid thanh (,lmyén tai dién va lam gifin hiéu qud kinh (8 clia he
~ thdng dién.

Ton thit dién ap lam xufit.hién d6 1€ch didn &p tai cic h¢ tiéu thy anh hwéng
dén chitt lwgng dién ning din dén lam gidm hiéu suit ctia cac thiét bi dung dién.

- ~LAc. bién phép van hanh kinh (¥ mang dién nhim giadm (6n thél dién nidng
88 dé‘ cap toi & chuong 7, van dé dieu ‘éhl'n'h dién ap ¢gam bao chat lugng dién
nancr xem & phdn thu ba.

Lllu‘O’ng nay nghién ciu phuwong phép xic dmh caL luonn ton thit tlén trng
phin ti cla mang de . -

.1. TON THAT CONG SUAT TREN DUONG DAY.

© Truée hdt sac ﬂinhﬁén that cong suft rén duong day cda, mang cung cip
c6 s07do thay th€ hinh II (hinh 2:1a)

o+ B Pre)d : :
A S
Urp - T!'Dcr
; P _ 1
- a)
" . ﬁ .. ’
; B " Ptif_ 5
L= [:}w—_——v———-f-«
- }?: ?j Qd'
b)
Hink 2-1

_———

e
Cong” suﬁt cudi dlr(‘mg"day Ng b&ng céng suat cua tai B, - jQ, trir di lu'ong
cOng sudt phﬁn khéng jQ., do dudng day sinh ra .

b” —_ P’: + an — P2 +JQ2 _ j'ch
U'Ohg. dé . \
Qcam—‘vg_lczb'Z:LZER’l {—:

-
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Bi8t rdng khi c¢6 dong xoay chiéu ba pha chay qua‘dm‘)’ng_- day ibng tro
Z = R + jX, tbn thiit cong suél lac dung va phan khing xéc dinb theo cong thi¥c:

. 52
AP = 3I*R = o R

5
AQ - 312x\' == ( - X.

Tie diy xac dinh dwoe tdn thit cordg suét tréu dlwng day 6 so d6 (4ha'y thé
hinh I

p p— (P” 2 + (()”)2 H "IN
% » (21)
(P W) | :

Cong stiit diu dwong day -
= §” 4+ AS = (" 4 AF G+ AQ)=F
o =2+ (7 + )+ WG+ A0 = U

Cong suat diu vao-
51-——‘" S, — chl - Pl + J'(v.)(‘l .

ch-w/slclUl—U—B—wU =

B3i voi dwong day mang phdn phdi (hinh 2-1,b) do b6 qua dunrf dan B dé dang"‘"
xi¢ dinh duoc tén thit cong sufit theo cOng suft tii

trong do

! ap= P2t 0 g
U_dm' '
2 2 ’ (2-2)
AQ = P+ 0F ,+‘ 0f -y ; “ ‘
L'ia %
L o1 | . trong tlhuc (& cﬁi’xgh thuong gip
e T T duong day phan phdi cé phu tdi
S ]_ (', phin b5 dBd (hinh 2-2a), vi du
| | S " " dudng diy chi€u sing ngoai trét.:
. TR ' © T hinhiov2 thily rdng n€u duong day
iz, cG 4o dai L, tii Ik ciac dong bing
g ~— .. 2 1
~ LI %1' o nhau I, — ———-thl lal tigt dlen cach
b | diém cudil 88 ¢é dong Tyl chay qua ,
; Z, > o 1'8n that cong sud! trong mol vi phan
o ‘ - = ﬁ'; dil, bﬁng
c) 73 AAP = 3(Ll)3dr = 3(I hr.dl
Hink 2-2 , iy lich phan §u'61 chiéu dai duong”
day vhin dwoc e
P =3 J.r(Iol)zr'odl- - 312r 1—;5— = (I LY, L = I'R - °

16



S0 v&i tr] s§ 31311,11han thdy 1dn lhhl cong suiit [rén duong day co phu tai phan
LG dBu bé hon 3 1in (hp thEL teen dirong day co cang pha [ahnhung tip trup
O eudi. Tu d6.cod the dung 1 lrong 2 so d6 thay e twung dwong (hiuh 2-2,b, )
dé xac dinh ton 1hil cong sufil mang phin bo d®u,

San khi xac dinh ton thiit cong suil uf) th¢ tinh dwge hiéu sufl tai dién
i dLrong day -

D ) ——
1]9'(, - PH 100 = _]_l._ﬂj N0 = (]. _ "%f') Ino.

-~

1'1 Pl 1
Vi du 2-1. Hlv xac dinh dn thit cong suﬁl vit hiéu sufit cia duong diy
THOKV 6 tng rd 74 = 10 4 250, dung dan == 3.10~ 4 1/Q, bi€t phu tai cudi

dwong day msg =10 4+ j30MV.A.

Giai. Buong day 110AV ¢o &» d6 thay (h€ hinh T nhuw hrnh 2-1,a. Trisd
dién ap 18y gan dung bing (ri s dinh mire,
Cong suitt phan khiang do md: nira dudong day sinh ra la

Il
Qop = Qez== = U? = 31074 (110)T = L,om’-m.
Cong suil cudi dudng day -

7= Sim g, = M0 0 5= 40 28,5 MV,

T2 thiat cong suilt Lrén dwéng day :
AN
(RN J VN2 312 53y 2
PP QY g, W@

Ab' = (,’%m (ng g Qs
(40)2 + (26,5)?' i (4“)2 + (26,5)‘2 g ) '- ' . f
g 11()2 1 + I 11“2 .20 = 1-"’ ‘+‘ ]4.70 }[‘ A

(Cdng suit diu duc‘mg{lay
$ =404 j26,5 + 1.9 + j475 = 41,9 + 731,25 MV A
Céng sudil ddu vag:

Hiéu su#it dirorng day :
| 09’0—(1 :9 14;0::90 :

2.2. TON THAT CONG SUAT TRONG MAY BIEN AP

Ton that cong sual Lrong miy bién ap gom hai thanh phin: thanh phan
t6n that trong I8i thép va thanh phin (3n thal trong diy quin. Thanh phdn 1dn
LhAL trong 151 thép khong thay doi khi phu tai thay dm vit bling ton (hit khc)ng

&

iai dd xac dinh dwoc 6' clurong 1. - ; .
r B R . ) b {
K Brossrs v ASD Rdr- J(Io/() dm)'
o = & 100 .

o ' N .
P AL o
y—49 » = 17




BOL VOT may Hi ap o cudn day, ton Thil cang suctl tic dung trong céc cubn
dﬁv klll lul tIl' I 'HUL ||\ ])d“n lull H]Uﬂ H”dll [nll(h, llghlﬂ la

AI‘IUI]H] = ‘LJ\
N@u. chu ¥ riing Rp <€ A thi on th"‘ll L(‘)ng sufll phan klmng lrong céc Luén day
xdc dmh theo dien ap ngan macn %
@, : [ ' A
AO N { I\'Pi: . Sim
Jyudm " _']'i'UU' —

. \ V. L. . , . . .
Thue (€ may bi€n ap thvong Kim viée voi tai kbae dinh mic, vi th€ khi xac dinh
Cton thitl (rong may bitn op can o vao cac lwrong dinh mire cdn phii xél dén hé
$5 tai cta 1o, Wi do lon thitt trong ¢ac cudn day la

. ' ot 100 : &
Ninr vay, tou that thre (8 tronyg may bicn dp khi &i hEt ky s& xac dinh theo
cong thuce ]

*S(]'n

ASp == (A8 k5 APR) + J(J6% - B TR o~

- (2:3)

trong dé 1oy = I/lym — S;Sim — Dé 88 lai ciia may bicn ap.

Cing ¢6 the xie dinh 1on (hit cong sufl trong may bitn Lap hai (:ubn day
theo tong o cua no: ,
//DV“’_ 2 AbB — "T—— I{B —I- J —l'—'— 4\ i

13N ' (2-4)

o | |

. Boi vori mdy bi€n ap ba cugn day

. N J va may bi€n ap tur bgau, sau khi

) : —— : da xidc divh duoc tong trd cha b
- — jpe———, ‘K ) . L g o cC a
. ; > cuon  diy theo cic cong thue
: ' (1-11), (1-12) va (1 6), (1-7), tién

N hanh xde dinh t6n thit Long su#t

N4

1 s nhw sau. Truwdce hét tinh ton thit

Honl oo L cong sual trong cudn day 2 va.3
e theo phu tai trung va ha (hinh 2-3)

PR O

G 51” + (2

A S 7 (2-5, )
t (' Iy ;
"J [) )% - . 1)2 _l“ ‘2 e
_\_.32: -—-___f.—,‘-— 11_1 + / T ,Q-—‘)' _‘2 b)

trong do [y, {3, Ky, Ry, N2, X — cée oen ap va long lrdr lwong uua da quy dﬁl
ve dién 4p uudn 1.
Cong suid & cubi cuon 1

SU =8y 4 S5 = Sy A S 4 DY, ASy= PP 4 jQ°
Tén thit cong sufil trong, cudn 1;

s : YRRV (N2
A‘; (f")-{-(”)2 +j(11)+(01) X,

2 -
gz _ Us P




Tdn thit cong suft trong may bidn 4p 3 cudn diy va may bi¥n ap tw ngau cling
;. . . en ® B . N At s
¢G the tinh truc tigp theo cie legng dinh nice va hé si tai ‘

AC ; Ty 2 , .2
ASy = (A¥, + APNL l.tz -+ _\PNZ l\‘tz -}~ L\I’Na I.ta) -

. 2 - I m . . br'mg 2 . 5 m ‘e 5
+ (AQ." + kg Ung o £ Tk Ny T kta [ Ns % ]t(IIO3 ) (+9)

trong doé ‘1 kt! , I\'ts-a hé 8O lai cua-céde cuon 1, 2, 3.

Vi de 2-2. Mot tram bith &p kho vuc dalhaj mdy bifn ap tu ngau"
220/121/11 KV cong sudit dinh mure 120 MV co chce 6 Iléu sau : AP, == 160 kW,
ding twong dinh mare cua cae cudn la 100100500, cae tdn thit ngdn mach
APNl_z — 360 kW, AP’ L, 240 AW Ai”N g = 240 kY, ciac dién ap ngln

ot % = 10.5%, ['Nl L 0, — 396,24, FN gy = 239%. dong khong tai
I,0, = 3%, phu tai phia trung ap 120 4- j50 M V.1, phu tai phia ha ap 30+ j20.MV 4
ﬂa\ xic dinh ton thii LOng suitt trong hai may bien dp do.
Giai. T k&t qud vi da 1-1 dd c6
R, = Ry = 0,60, Ry = 2,69
X, =489, X, = —1,6Q, Xy = 930

O da} lrg‘]-u ¢o hai may bien 4p lam vicc song song, tong iré cda so dé
ding tri (hinh 2-2) giam 'di ngot nira, nghia la .

/=034 Jn;A Zo =103 — JU,3, £q== 1,3 -+ J49Q
Ton that cong suit Lrong cudn day trung va ha l

mach I'N

- 2
- 30F 4 20 : , .
ASy = —————— (1,34 148) = 0 4 j1,3 MV .1
’ gz (Lo A A =0 |
. 2. Exd ‘2 :
AS, = 1207 + o (0,3 = j0,3) = 0.1 — jo,1 MV,

, 220?
Cong su#t cudi cudn cao ap
SP= (120 4 j30) + (0,1 — jo,1) -+ (30 4 j20) 4 (0 4 j1.3) =
= 150,1 4 j71,2 MV.1,
Toén thdt cong suft cudn cao
. [ 2,0
AS, = (1pu.1) +2(f 2)%.
- 220
Tdng t8n thiit cong suél trong hai may :
AS, = AS, + AS, + ASy + AS, = o
= 0,24 J13.74+ 0,1 — joT 4 j1,8 4 2.0,16 +

— (03 4 24) =024 j13,7 MV 4

1200, 2

100

ASy = 0,6 + j21,2M V4. } | |

Bay gior tinh ton thit theo cong thire (2-5). Tur KEU qui vi du 1-1 di co:
APNl = 180 kW, AP == 1‘*0,!{“ Al == T80 kW

[rN /O —_— 11 bl) l)) [,.Nz 96 == e ] {)D “, -' 346 = ...4 d!),u



tinh duow :

¢

Ng m= Y02 4 20 == 36 MV Sy = V120 + B0% =130 My 4

SE= V(20 + 3.“)2 4+ (50 + 2002 = 165 MV'.1.

Thay cac giiv trl trén vao (2-6) vi chi ¥ tram hai m;’x‘*}.’ub:

36

umﬁr[me6+24mx(
+

20,78, (

2.120

2

2. 60
+( ibo )" 11,85 .

165 \? 130 \?*
—_— 2. (',]8- -_—
9,120 ) T ( 2. 120 ) +

i + _._‘5__.. 120 .2+
) ] J [( wo

a1y, 0y 2 ‘ .
2,120 ( 130 ) (= 1,359). 2.120
100 2.120 100

. ) N
1+ ( 46 ) .24,35.-:LLE9~]

2. 60

Ay = 0,6 + j2I MV

1ot

2.3. TON THAT DIEN NANG TREN PUONG DAY VA MAY BIEN AP

Tri s& ton thit dién 1. g tren tdae phiin G cia mang dién phu thudc chd
y8u vao dic tinh phu tai. Néu nhw phu tai khong thay dbi thi trén phin Lkco tdn
thiit cong suitl AP s& gy ra 16n Lhil dién nang trong (M cian ¢ la

72
(5.
1=1

20

At =AP .t
Song, trong thuc t&, phu tai luon luén bi€n déng.
Cin cr vao do 1hi phu (di nidm (hinh 2-4)
tinh dugce tén thiit dién ning trong mét nim
theo cong tMic :

8760 ' 8760

. 2
AAzsﬂj'mmnzﬂ SO g —
U%(t)

0 o
8760 8760
RO L0,
- 1{( = -~ dt) (27
I ay U ) gy ) 40
O ' 6]

P(t) v ((t) nhidu khi r&t kho bidu difn
dudéi dang cong thive gidi tich. Khi d6 ¢6 thd
xic dinh t6n (hil di¢n ndng giin dung blng
cach bic thang hoea duing cong P(t) va Q(t)
vi cho trj 80 dién &p 1dy bing ‘dinh mure :

n ' n
R \ R |
Ad ~ Y Siat = —— Y (PE 4+ 02)at,

U'dm
1=1



Tuy nhién, thu'drng khong DIt trwee d6 thi P(t) ¢a Q@) vi vay trong linh toén
thuOn,s, dung phuwong phip gdn ding dwa vao hai khéi iiiém quv trire ¢ Lhai
gian sit dung céng sudl lom nh&l Thax vt thei gian tén thit cong suit lon nhdt T,
N€u trong khoano UlOl gian 7', hé tiéu thu luén luon lam viée voi pho tai:-
lérn nhdt thi s8 l)han duge mot lrong dién nang dung bing [lwong dién ning no
nhan dwoc thue (@ lrong mot nam. Vay Ty, dwoe dinh l]ghld theo biéu Ihirc

1(t) dt
O (2-8)
Trax == |

Imax
Dot voi cke xi nghiép lam viée mot ca Tpae < 1500 = 2000h, lam viéc hai ca
Trmex = 3000 = 4500h, ba ca Tma = 3000 + 7000h ; phu tai sinh hoat thawh phd
c0 1T pex = 2000 — 3000h.
Thoi gian tdn thit cong sult lon nhit « la thoi gian ndu trong d6 mang

dién ludn luon mang tai" lan nhit s&€ gy mot (6n that dién nang ding bﬁng tén
that dién nano thuc t€ trén mang dién trong mot ndm, nghia la

R 8760 8760
— N2 =
1=0 1= ‘
R 2 2
= (2 (P-ax Ta -+ Qmax Tr)'

Tri s 7. va 7. phu thudc vao hinh diang d6 hi cong suid tac dung va phan
khang. noi chung la khac nbau. Trong thuc € thwong ding mél tri s + chung

8760 -
A4 = BRI (1) dt = 5T, Re = :] 2 (2-9)
' o
Tir dé ¢o:
\ 8760
& I I*(t)dt
' , VE T (2-10)

gia thi€t ring 46 thi cong sut tac dung va phan khang cé6 lunb dang gidng nhau
va do d6 h¢ 3 cong sufit cua phu tai coi la khong H]d) doi trong nam. Tri s 1
xac dinh theo d6 th] quan hé ¥ = [(Thax, cosp) (hink 2-5). Cling co thé zac dinb
theo cong thu'(, kinh ngluem cua Kezevits :

T = (0124 4 Toee . 10742 8760 (2-11)

Theo phwony phap trén, t6n that dién nang trong may bi€n &p lam, viéc sudt
niam xac dinh theo cong thic

S‘ \2 ’ ’
Aly = 8760AL, + APN( pax | (2-12)

’56113 ’.



Tong qual, voi tram o n méy‘lam viee song song

1 Smax \2 b
AAB :.—:3371‘)0![1 _\.IJO -+ — API\; ( m X ) T (2'13)
f - Sdm
T
om0 R A
7000
6300
5% r-—
ooy
m'r | —
nee .
200 oA |
o0 1T [
i J } a1 (h)

SiGp Gout o0G 3000 8780
Hink 2-5
N&u bift @6 thi phu 1ai, dégidm 16n Lhal dicniniing, nguol ta thudng thay

ddi s8 lwong may bien p lay theo mire tar (hinh 2-6), khl do Lon thit dién ndng
¢va tram Irong mot nam

m

My = 3, E ol APy Y ( ) B (2-14)
Y 7t

’dm

trong do n; — s6 mdy bién ap lam viée iroug“thoi gian (..

1 S(KvA)
5', _,

N Sas?
32 _____ e

ot ]
A
t3 .
t(h)

8760
Hinh 2-6

Trong whidu trirong hop cin xic dinh giastién ton Lhit dién nang Gia tfn
ton thdt dién ndng phu thude vao gid LB sin xudl dién nang Lé ca khiu hao
hao mon, stra chira va phue vu. gid tién nhién liéu. Khi xéc dinh gia tién ton thit

=2



dién nang (*Ung:{ cin chi ¥ dén chi phi cho viée mdr r(mg, nha may diéu d¢ b (Hu
thiilt cong spit trong mang va chn phi cho viee mé réng co sé nhién lidu, Gia
tién (6n thil dién niang ¢6 (hé xac dinb {heo cong Lhire tong yuil sau :

C == 3(aNyADPm. + DAY (2-19)

trong d6 8 — hé 83 tinh d¥n vice lang yid tién dicn phu thuée vao mire 1dn thit
cia mang di¢n so voi ngudn cung cip.
a — sudl chi phi cho viée méd rong nhi m"ly dién
7 'Ry —-hé 86 dong thoi xét d€n kha nang xay ra cue dai dong thor giia
phu tai cua he lhdng vii,cua mang dién dang xél, néu dong thoi
thi Ky =1
APpg — ton thit cong suit! khi phu tai lom nhit
b — gia 11Bn don vi dién nang tén thit trong mang va suét chi phi cha
vice mo réong co so nhiél twong ung. (ong thwre (2-1 r)) con dugc
Vit cmh khae

(4 = C,AN ‘ (2-15)
vori '

¢, =5 (__"14 b) apkw

R6 rang, gia ticn don vi diér nang ton Whil ¢6 cée Uri 84 khic nhau, 0y thude
vaon cdac khu vuc ma mang dicn di gqua. .
. - . oy r 1 ! : 2.
Vi du 2-3. Mot. dwong diy mang dién thanh pho 6 LV did 2 km céd phn tai
phian bd déu I, = 0.20 A[m. DAy dan nhom ti¢l dién 93 mm2. Nace dinh gid tién
tdn thal dién nang trén ducug iy ‘rong mol nam n¥uy £ = (H d/kW h.

Giai: Buwong day co phu tai phan bd dén va so d6 thay th€ cia no trén hinh
v& (hinb 2-7), trong d6 phu tai tap trung cudi dwong diy ding 'ri co tri sé bing

'
o

—%— phu tai long

[ - ]—I [ = —]—(l J.2.10% =200 4
3 3
Tén Lhit cong sudt tac dung trén dwong day L
\

P JER = 2002 . 2.0 1073 = 26,4 AWV

Tronyg do dién trd suiit ¢tia day A-95 la r, = 050 QJhm, tra bane. Liy sd gio
str dung cong sudl lrn nhitt T, = 30004, xac dinh duoc sé gio ton thiil cong
, sudt lon nhat

T S T T A = (a2 1074, 30002, 8768
i , i .
L. ~ 16004, -
a) Ton th&t dicn njng leér duwong
. J: day mdt nim
oz hr
£ \ - Ad = 26,0 1600 == 42209 KWh
) Gia  tign n Wit dien nang
mat nam

Hik 27 Caq =M1 42000 = 2227,



Vi du 2-4. Mot tram ha ap dat

hai may bién ap 110{11 AV’ dung lwong P #ws)
31.500 &V A%ung cfp cho phu tai c6 do f

thi nhwr hinh v& (hinh 2-8). Khi phu tai
c6 gia tri tr 0,5 tri s§ lon nhit o

xudng chi cho” mdét may lam viéc.

hé 8 cong suit cosp = 0,8 khang thay daoi

sudt niam, hiy xac dinh ton - hil
nang mat nitm ‘cua lram -

Giai. May bi€n ap 110/11 AV,
Sqm = 31.500 kV A c6 cac so liéu sau:

APy = 200 kW, AP, = 86 kW,

Un% = 105%. 1,% == 2.79%.

40

- -

Bi&t
20

digén

/0

|
| t{Ah)
5000 8760

Hink 2-8

<O
N
&7 ]

Can cir vao ch® d6 van hanh di cho thi:
Voi tai P, = 40 MW s& vian hanh 2 may trong ¢; = 2000A

Voi tai Pg = 10 MW & van hanb 1 may tmng‘ 3 = 2760/

Voi tai Py = 20 MW s& vian hanh 1 may trong £ = 4000h [

Tbng ton th&t dién nang tropg tram mot nam la

m

m

‘' p 1
= 4, -k APy —
APoEnll’}"APl\z,“i

1 40 2 e 1

200 | —| —————=) 2000 + —
+ 0[2(0,8.31,5) + 1(
Ad =

2.4 TON THAT DIEN AP TREN D

a)
" Hink 2-0

2%

0,8 .31,

(LS ) .—-hﬁ[("’l)ﬂ[l)+(].676())]+
‘Sdm

¢ ‘ 2 ’
2 ) 4000 4 — (___.L) 2760 ]
¢.8 . 31,5

2021000 KW h,

UONG DAY VA MAY BIEN AP,

Truge hét ciin phan biét khai niém dé
sul 4p va tdn thit dién ap. Khi chuyén tai

cong sulit trén doan duong diay 1 — 2, gita

dién ap diu dwong day L, va cudi duwong day

U, (hinh 2-%,a) 8¢ sai khac nhau ci vé trj 86
va goe pha (hinh 2-9, b). Do sul ap AU lahiéu
Hinh hoc gitta hal %eclo l"'l va l"'z con. 16n
that. dién dp la hiéu dai s& gm‘a hai fri s&
dién ap Uhova U

(Gia thist mang di¢n Iam wéc & ch® do
déi xirng, vi viy chi cdn nghién ciru Linh toan
trén mot pha cua nd. BJi voi duong day



mang diél\,Cllng ciip 110, 220 kV ¢é so d@d thay th¥ hinh I (hinh 2-10, a), N&u
bi¢t dong [ dién ap pha (.'zr‘ va néL lech pha gitra chiung g, O Lhet x;‘u' dinh duoge
di¢n 4p dau duong day U jp VA goc 5 gida I 1ps Uzp thong qua dién ap roi Al Lién
dwréng dav Theo (v,__,. dong dién dung cudi direng day hany

/

IJZ == ﬂ-'ZP

1y

N
——{:rm”'

.H J

Q) ‘
. | . _E i
AN
| T : \\h
f/ | /// L
// !
— | /
-
7 ~ :
L {—:l:: — T I - Z‘,A ~< - —} F
Q\.‘"_‘._’__I'
T T, (.'P
At\i.\‘\"‘_,gz b) \/\B
Z ’
~‘lf?p' JICZX --
) ,J.—B:""' ' ,___&,__\1162’?
- C)
dink 2-10

\

Khi d6 dong cudi &ueng day. cling chinh la déng chay qua ifng tré

)i
I"‘I"+Ic2 ~IZ+J(2p }\

Pién ap roi tren tong trér /

Uy =12.= (I, + Lz) R+ %) = ' fz + TR+, + I )X =

1

B
]



Ty d.(\S' thi vectu (hinh 2-10,L) eo 1hé xae dinh dwge cée tri 88§ cla thanh phdn sut’
ap doc (vecto .1F) va thanh phiin sgt ap ngang (vecto FE) tiph voi dién 4p day
. . _ i

Al = y7 (I2Rcos @y - I X8in g, — I X) | '
‘ (2418)
U= 1/3 (12:\’(.'08(."12—'-‘ Izl{sin (PZ+ICZB) '
Dién ap ddu duwong day:
Uy e Uy AL
Dong dién dau duéng day : ' ;
Ce - A A &
Iy=1,+ I+ 1, =1 +J—L.p""¥ B
Tri s& gén ding cia dién ap diu dwong day :
UI_JW[2+J)2+8(2w(24—AU4—®lYP12 (2-19g)

suy ra lon Lhat dién ap

—

Uy = U g e Al 4 (81Y2720, - 1 (2-20)
Cin chu ¥ toi treéeng hop dac hiét ta ch€ d¢ lam viég khong tai cu® du‘cng diiy
I, = 0. Kkhi d6 dong chay (rén dwong day chi la dong dién dung

! S ; . DB

dién ap pha diu duong day
N i
- Fip =12y + I(R + jX)
dién ap day ddu duong day

w . 7 XB . .RB
| (lzudf%—Lm¥j}))
Lic do -
.AL';:._1'2.¥f’ 5

Nhan thay _\.i Ia mot tri 88 am, co nghia la & ch€ do. khdng tai dién Aap
cufi duwong diy cao hon dd}‘l dwérng day. Biea d6 1hé hién rd trén hinh vé (hmh
2-10, ¢). Mtre do nang cao dién dp cudi duvong day phu thude vae Lh)eu dai dwong
day, dai vol dwong day 220 &V n(.') béng khoang 0,5; 5 va 119 kHi chidu dai day
la 100; 300 va 500 km.

Trong tinh toin thuwong b€t phu tai duoi d@ng cong suiil, vi vay can thanh
lap cong thire tinh t6n thit dién dp theo cong suflt tai. Sau khi tinh dwgc edng

suiat cudi duong day §0 = j{g"f‘”l
S” ‘ 3 . B TR

(R+iX) = = (1" — jQ) (R4 jX) =
ah By

= 2 [PPR A QX 4 j(P'X - QR

B g

Ay =17 =

26



-

s ° . . \
Néu dat veclo U, trung voi true thye thi Ugp =1 gp €0

I
', 1 PR+ QX X — QRN
.5 UZP (-)'ZP
Cudi cang, chuy®y v& dién ap day ¢
. Piiil EX] )a,‘r . ER) . . '
ar = R+ QX PPN O ey e (2:21)
[, U,
Khi bigt eong sufilt va dién ap dsu nguon
g PR+ OX . PPX — R : . .
‘A[’l = (_.]_ — -+ ] -_*—[.—” = AU+ 8l (2-22)
1 L |
Dién dap cudi duong day tinh theo 7.
Sy ¥ T YA R (2-23a)
Ciéng xac dinh d!fc»'o goc léch pha gina Uovall,
} : S0,
o S L Y B ~ (2-29)
[+ Al T — Al -

Khi tinh toan dwing diy 1104V co thf"cho phiép bo gua thanb phédn sut ap ngang
khi d6 coi géin dung /ton thitt dién ap biing thanh phdn doc ‘

. .

oy 4 R(*’Q A (2-19,b)
N

. . [ (’ - l.

Uyme Uy — il ?‘,-1 A (2-23,h)

P&i voi dirang day rﬁang dién dix phm}ng, do bd qua tdng'dar (hinh 2-11, a), d6
thi vecto dién ap dor Oldn hon nhifu (binh 2-11, b).

Ngoai ra, khi tmh toan tén thit dién 4p ming dién dla phuong c6 thé¢ coi
[y =U;="T4m va ¢é th¢ bd qua Qianh phiin sut ip ngang 30 vi riit nhd

[ ‘
PR 4+ Q,X

Al —
. . Udm
hodc . B S . (2-24)
A PR 40X
Udm

Trong thue & ¢o thé gip mr‘)t 96 dirong day ¢6 phuy tai phan bd déu (hinh 2.12, a)
trén do p, 1a cong suiit mol don vi chi®u dai. Tai 18l dién nado do cach cuoi
dwong day doan [ 8¢ ¢6 dong cong sudl Pyl di qua. Gid thift duarng ddy co dien
tr& sual ro, vi phan chiéu dai d[ ¢6 dien trdr rodl.



Tdn that dién ap trén vi phan chitu dav dl

: olrod!
d (ALY = Fole®l
‘ [ dm
Tén thit dién 4p trén toan dwong day
L L rol. |
, AL ol gy pol-== » pR
A= j d( ): I Ldn Udm 2L'dm
b
w _ 2
, TR
g g - i
- S ’ - 5 , 4 el
5 I Sz s U-'P P )

w S
Yl >
B A
Pl e : W-——':]——*—*?
. 1:2 g Usp ~ o) S/‘
' Hink 2-11 ‘ Hink 2-12

Twong tw cd céng thirc tinh AL khi phu tdi l1a g, Nhur vay, voi phu tai phén
b6 déu s, = S|L, conyg thuc tinh 1on thit dién &p la:,

PR + 0OX

2’ dm

M = (" ’5)

Nhan thidy 1dn that dién ap trén duong diy c6 phu lai phan bd déu bing
mdt nira t6n thit dién ap trén duong day cé phu tai dat tap trung & cudi dudng
~day. Vi th& ¢ tht ding 1 trong 2 so d0 thay thé lwong dwong trong tinh todn
(hinh 2-12, b, ¢). |

Ton that dién ap trong may bién ap hai cuén day gifing hét nhuw duc‘rhg
day, nghTa la theo cong thire (2-24). Bor voi may bign dp ba cudn day cdn xac
dinh 6u that dién ap trén trng cuon day. Cdn nhé may bi&n ap 1 phin tk lido

lac gitta chc c@p dién ap khac nhau, vi th€ kbi tinh toan ching phai quy do:l
dién ap vé cung mot cap. | : , .

Vi du 2-5. PBuong day kép IIG)AV dav AF 150 da1 100 km dét trén ba dlhh
tam giae déu canli D = .rm (hinh 2.17a) cung cAp dién cho phu téi cyc dai §; =
== U + j30 MVA. Xé4c d@inh 16n thit dién ap trén duwong day, bidt d;én ap diu
dugng day U, = 120 kV. .-

- 28



Giai. Su 4o t.héy Lh€ dwong ddy vE& teén hinh 2-13b. Day AC-150 c¢6
I'o = 0,21 Q/km, xo = 0,41 Q/km, by, = 2,74 . 10-8 1/Qhmn. Tinh dwoec :

Z.= —:—(0 100 4 j 0,416 . 100) == 10,5 + j 20,8 QFm

D074 1n~u’ 100 = 5,48 L 10—4 1/9

D=
Vi chwa bigl dién ap cudi dwong 1 oz,
day cdn finh gin dung ton that = N J—%0"%
cong suft d& xdc dinh cong suiil a) | '
diu dyong day, sau do cin cir vao ,_ 19,5+20.8 2 s
dién 4p U xir dinh dwge tdn thitt T -] — .
dién ap trén duéng day. - SebTRE et
Cong sufit cudi duong day
- \ ————
Cas - . T, 2 5,48 o . ! -
ST =504 j30—Jj110 ——2—1ll i— _l' : f
— 50 + jOBTMV A, - -
TOn, th&t cong suit trén duong diy | b)
tinh gidn ding theo dién ap dinh Hink  2-13
mirc . ' 7
.02 9872 502k 26,70 .o . .
AS = 10,50 + 208 =28 4- j5,6.MVA4

1102 ) 1102
Cong sudt d§11 duonyg day -
$ =30 4 j26,7 + 28 + j5,6 = Hh2,8 4+ j322MVA

T.h&gll phin sut 4p doc:

X -:) ‘ 3y
o | Al L 281054322, 208 _ -
- 1.!0
Thanh phén sut ép ngang :
. , ‘-
. 0§ — A :

| 120
Trj 88 dién ap cudi dudong day :

o

: = V{120 — 10)2F 72 = 110kV.

Tir k&t qua tinh tdan nhan th’a'y anlf hwong cha thanh phin sut ap ngang d&n k&t
qua tinh loan khong d&ng k&, nghla & cO thé cor ton thil dién ap biing thanh
phén sut 4p doc AL = 10KV v ,

Géc léch, pha gita U, va 12 N | |
7
tg8 =—= —————, 3§ 3930y, .
8= To—1w " ~

29



Vi dg 2-6. Nac dinh dicn dp tai thanh
cuon day 113/38,5/11 &V cong suat 16 MYV

TIOAV. Phu tai cho trén hmh\w (hinh 2. ]4 a).

Giki. Tra duoc ciic 6 Héu sau day cua
AI)N = ]“ )]1‘_‘ ]00“ == ]“OOO- ( N.)/ == l“l)l

B e Brjes WA

i lrung va ha ap miy bi€n 4p ba
, hiet dien ap fai {hanh cai cao fp lé

may bitn &p 16 MVA A\I’ == riZAVV
17/6Y%. T cong thire (1-11) thiy rdng
voi mAy bi€n 4p ba cudn day co
{1 80 Lc‘)n” suitl 100/100/100% va co
AP, = APy = AP23 _AI;\ 1

08 ton Lt trén mdi cubn' AP =
v == AP2 = APy = ), \)AP;\ ==
5050 / = a23 0 kW, |
*::_—[ —}v—" _ Theo (1-13) tinh dwgce dién
Fars85 e ) ‘ 4p ngin mach trén moi cudn
; < it = 0T U =
- 51 30k
, ) Ton (Lt céng suiit trén cudn liung
Hink 2-14 va ha
AS, = APy K, 4 b5, U Samz_
2 — 2 t2 .2./0 I_U(}
2 2 .
= 52,5, (—71—;’—) + }(%bﬁ) LU ]—10‘?—' = 11,5 4 jokV.L.
: 2 5 \2 500 | .
AS, = 52,5 (—156—) + j(w)-.mf} 16000 _ 59 4 jlookva

Céng suitl cudi cudn cao

100 -

=6+j4,5+4+13+ﬂ

Ton thiit cong suilt lrén cuon cao :

3= 10 + 7.6 MV.L

£ .
A - S 75 4- 5\ . 16000
ANy = 32,3 --—-—~—) 2N 10,75, —
' ( 16 T J( 16 ) 100

— 31,5 4+ jlo0n LV A,

Cong sufit dfiu cuon cao

o‘; =‘”+ASI — ](

J —}— ]l‘) 1][ V 1

Theo (1-7) va (1-8) linh duoc tdng trd cic cuon day :

Z, = :,§+
Zy == 26 4
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TOn thilt dién 4p trén cuén cao

(AN S S A (Y .
A[rl _ 10 N 3 "I" s = 1”’1' l\\
' 110 -

R

Bién ap tai diém 0.
' : Uy= 110 — 10,9 == 1,1 kV.
T5n thit dién ap trén bhai cuon lrung va ha

’ = "L\Ug‘:\h 1’6 o H.]G AV
49,1 ‘
08 L
Ay e 22O 34Ty 5y,
99,1 :

Bién ap tai thanh cii trung, ha quy vé phia cao ap:
Uy == 'y — Al ; 49,1 — 0.16 = 08,04 iV

U= — Allg = = 99,1 — 1,0 = 97.6 &V,
Bxén ap thue tai thanh cai lrung, ha ap

U= U ky = 98,94 ':“f’ = 33,3 kVy
i | , 10
v 3 LB ’ 11 [y Iy 7
[3 :U:"A.Sl - 9/") == 9,.5{)]«".

@\,'115

kqy, kgy — i 8§ bi€n dp gilia cuém 2va 1,3 v L

CHUONG 3
GIAI TiCH MANG DIEN BON GIAN'

i

Nhiém vu cua gial tich mang dien la xic h cic théng s ch& dé lam viée
chi y&u ladong ya &p, Lul moi didm nit cia maifty dién, Boi khi nhiém vu nay con
duoc gox mol cach khic [a linh lodn dién ciia mmo dién. Viéc xac dinlr cac lh()ng
30" ch®& do mang dlen rat Ldﬂ llnel khi thiet k&, vm hanh va difu khién hé
théng dién. -

Mang dién la mol dai twong kha phiic Mp diic biét doi véi nhfrng hé thong
dién hién dui bao gom nhiéu phiin i, nhiéu cip bitn ap; vi thd kho ap dung trug
ti¢p cac dinh luat Kirchoff dé UJrU tich no. Hay lay mot vi du. Gia thigt bidt cong -

suit tai mot nit phu iax nao do §; = I’s + JU,, khi d6 dong tai niul 46" xac dinh

theo cbng thirc - .
‘Si o %((/z.— L 4

Ii = ——-——}/ 3_l i | 'S ]37,}1\\/
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l)ung I, a6 clara thd tinh dwoc vi chinh dién ap U; cling la mot dai lu'o'ng ,
chira bi€t ¢cin tim,

Troug tinh toin nguéi ta thirong dang hai phnrmu phip do va lap, nhung
lip dwge dimg pho bitn hon, Noi dung chii y€u ctia phwong phap 1dp la chuyén
din loi giai sor bo nao do d&n loi gidi chinh xdce hon, vi vay con goi la phwrong
phap din ding lidn U@&p. Lol giai so bo ¢6 thé ldy bdng ciach dy doan. Trong
mang dién o nhong thong 86 tuy khong bigt chinh xac Urf 38 nbirng bitl duoc
khi chac chian mién dao déug oia ching, Vida dién ap dao ddéng xung quanh tri
S0 dmh mure, cam khang trén mot km dmrng day tinrong nim hong khoing
0,33 — 0,430 w

Thyce & chi ra ring doi vori mang dién dia phueng chi ¢dn qua bwoce lap
thir nhitt va voi mang khu vire qua bwéace lgp thie hai i d& duge Lo giai c6 d6
chinh xic cho phép.

Chuong nay nghién ciru ap dang phwong phap din ding licn tiép d& giai
tich mang di¢n don gian — maug dién ho va mang dién kin don gian nhitt, Chi
ti€t vé cac phwong phap lap gidi tich mang dién duge. lrinh bay & chuwong 5.

_3-1. TINH TOAN CHE DO MANG DIEN HO KHU VUC
: b
Nét mang dién hd 6 mot & phu tai (hinh 3-1,8). Phy tai c¢6 (hé la dwang
diy 1ré nhinl hoic tram bién ap khu vuc. \o'gﬁo lhay th€cua mang dién co duoc
bing cach ghép ndi titp so do thay llu trng doan dwong diy v tai cho ghép dat
cic phu tar (hinh 3-1,b).

A ' Il ' 2 ‘f |
— e . e -
$5-1 a, {‘52 .53

_l;' - 5 ﬁ; A 3'2"‘}}\ o £ i
il > .
1“’ T T T

i b/
Hink 3-1

Cén tinh toin hai Irerrng hop: xie dinh'eice lhfmg 30 ché dﬁ mang d;en
khi bitt dién 4p diem cadi vi khi Li€t dién ap tai diém di,

Truae hEL, xét tarong hop don gian hon la bict &ién ap didm cudi. Tr lro'ng '
hop nay chi vige can cir vao dién dp va cong suiil didm i tinh nguoe vé ngudn
s¢ xdc dinh duwoe hong 86 can thigl lai moi diém nut cua mang dién. Cy thé vm
mang dié¢n di che, cong suiit cudi dwong day 3

Sy =S5 — iU = Py + i)



Tbn thit cong suit trén dwong ddy 3

Asa — (Py)? ’11]‘2(0;5’)2 (R, + jxs)
B¢ sut 4p trén du'i‘mg'déy'?) *
AU, — Py Ry + Q¥ 3\3 4 . Py Xy — Qf

Uy Us

'COng sudt dau du’dng day 3 ..
bs-_-:bg +Ab3—_ P3 +JQ3

Bién ép diu dweng day 3 ciing tirc 1a dién ap didm 2

U, = Uy + AU,
V& tri sb voi du'o'ng dav 110 &V trd xudng, c6 thé 1dy gin dung
= Uy + AU,

Cong sufl cudi dwong day 2
8 =8 — jQis + S, — Q2 = Py + 307
Tén th#t cong suit trén dm‘mg day 2
- PyY: + (03’ .

2

Po sut ap trén dwdong day 2 :
AU — PiBe+QvXy | o PiXp — QyRy

U, U,

Cong sufit diu dwong day 2 |
- . $; = 8% + AS;=P; + jQ;
Pién 4p tai didm 1 ‘
. | | U, =0, + AU,
Tri 88 dién 4p gén dtmg tai dxem 1 o
= Uy + AUz,
Cong suﬁt cudi dtwng day 1

87 = 83 = jQ ++5, — JQa1 —-P"+Q

'I;bn thal céng suft trén du'dng day 1
: 2
Ab (Pl) +(Ql) (R + ]Xl)

U2

o sut 4p trén dwong day 1
! AU, =, PrRy + Q1% + PyX, — Q'R
U ' U

Cong suft diu dwong diy 1
S 5, =80 + A,
Cong suét d&u vao, nghia 1A cong sudt ngudn 4 cin cung cdp cho mt_mg dién

3—42
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p Sa=38) — jQy= Py + jQa
Didn ap tai thanh cai 4 ’
] [:" = Ul + Aijl.
Tr! s3 gin dang
Uyv= Ui + AU,

Goc léch pha gitra dién 4p diu va cudi mang di¢n
: - D
Spam 8y + 8 + 3y = Eisi
_ i 1
rong 46 3,, 8;, 83 — goc léch pha gitra dién ap diuiva cudi cac dwéng day
' 1, 2, 3 (hinh 3-2) tinh dwoc theo cong thuc di bigt
3U;
Us + AU

Bay gi¢ ti€n hanh tinh toan cho
treeng hop biét dién ap ngudn U,. Pién
apt cudi Ug cling nhujdién ap tai cac nut
khic 12 nbirng %o s§ cin tim. Truwong
hep nay ap dung phurong phép din dung
lién ti€p voi ol gidi so bo la dién 4p
dinh murc tai moi diém (rén mang dién
Usy=U,=1U, = Ugp. Ciin c&r vao ¢ac
phu tai dd biét va iri s§ dién ap dinh
‘mure, tinh nguge tir cudi mang dién tim
cong sudt ddu ngudn. P€n day, chuyén
_ sang buoc lap thir hai tu cong sufit va
Hink 3-2° dién 4p oguon A xac dinh:dién ap tai

cac didm cdn thi€t. Trink tv ti€n hanh

1gd; ==

nhw sau:

Tén thit cong sudl lrén dudng day 3:

. 1132 ERY-

Lfam

Cong suait cudi dwong day 2

- Sy =8+ ASy— Qs + 52 — QY
T&n th#t cong suit trén dudng dﬁy 2

Tl&p tuc tinh dwgce 81" va tdn th&t cong sudt trég dttdmg 1

2
a§, = L HW p 4 ix)

Uie



/

Cubi cing xdc dinh dwoe cong suil din vao mang dién 5, va cong sufit diu
duéng day 1 ;. ’ |

Dién 4p tai nut 1 tinh theo ifA
PiR + QiX, , PiX — QiR,

A U,

Trl 8 gén ding dién ip tai nut 1
ll - l - AL"I.

U, =TUx~— = U, — AU, — jdU,

bién &p tai nut 2

Up = Uy P:Ry, + 02X, j Pixz — 3R, [, — AU, — j8U,
U, v,

Tri s§ gin dung dién ap tar nut 2
Uy = Uy — Aly

=2

Dién 4p tai .nut 3

.+ PRy + OXs . PiXg— QiRy _ o .
Uy =, — =3 sl'f QsXs _ ; Heds U?_Qs S = U, — AUy — j3Us.
‘2

Do thi vecto dién ap trong trwong hop
nay va géc léch pha g:ua ching minh
hoa trén hinh 3-3, trong 'do

— 38U,
gl — —————
O = . — AL,
Vi du 3-1. Mang dién 110kV nhw
hinh vé. Day dan AC-185 dit irén ba Hink 3-3

dinh tam gidc d8u canh D = 5m. May

bign ap 110/11kV dung twong 31.500kVA. Bigt Uy — 10 kV, hdy xic dinh dién ap
va cong su#it tai thanh cii 4, dién ap Uy, xac dinh hé 83 cong suit tai thanh cai
cag 4p tram blé/n ap va hiéu sufit cia tram (hinh 3-4, a).

A 120 ke ! F0km ? 5
r - : 1 %}“‘ 490130
ac-B§ ‘l AC -85 YA
40+ j30MYA
a)
40+530

mt’,,’ ) ﬂrjso

JH Jl ‘[

o alded g

p 8,5+2045 - * 4Evjf0 225 1,22+
S “’T“j_‘?
g T = { I

~ .S“,'

Hink 3-4
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Giai. Miy Di€n ap gidm ép 121{11 &V dung lwong 31.500 AVA 6 clc 56
litu: AP, = 8 IW OPy = w0 kW, 1,% = 2,7%: Un% = 10,5%, t& dé.
tinh duoc ,

Lo = 244 + ]48 Q vi AQ, = 850 kVAR.

CVoi tram 2 méy Zp - 1,22 + j21 Q

AS, == 192 4 j1700 kV A.
Bwong div kép AC-185 dai 100 km da linh dwoc

Z = 854 j20,45 Q.
Yai dpong day 30 L ) .
Z = 4,26 + j10,225 Q.

Cac thOng 0 lmh dugce da ghi trén 30 do thay th€ (hinh 3-4b),

Pién ap didm 5 qui ve phia 1104V

Cr = 10 Y% o 1004V~
- 11

Ton thit dién ép trong tram bién 4p
\' 40.1,22 + 30. 24
. 100
Bién ap tai thanh cdi cao ap tram bi€n ap
Uy == Uy + Ally= 100 + )= 107,7 kV

Tén thét cong sufit trong tram bi€n ap

ASp = 192 + [1700 + 2?;’ (515 )2+,- St (my) 10 =

= 445 - 3850 LV A = 0,445 + 5,85 MV 4.

Cong suit cudi dwong day 2

!

! ALTB =

= 7.7kV

Sy = 53 + A8 — jQo2 = 40+ 30 4 0,445 4 5,85 ~ j1,7 =
== 40,445 + jS4,15MV 4. ‘ |
Tén thét didn #p trén dwong diy P

~ _ A 495 L 24 1% —_— :
AU, = 10,445 . 1.,31—57é4,13. 10,225 — 483KV,

%a

Bién ap tai nit 1’
= Uy, 4 AUy = 107,7 +485 = 112,55 kV
Tdn thit cong sufl fren duong day 2
(40,445)% -+ (34,15)%
- (107,7)?
Céng sudt cudi duong day 1 |

(4,25 4 j10,2R5) == 1,09 + j262MV A |

S S“ + ASy — jQq + $ — jQo =

:40445+j3415+109-]-]269-—_]17 + 40 + j30 — j3,4 =
= 81,535 + J61,67
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Ton thit dlén ap trén duong day 1

81 535 . 8,5 + 61,67 . 20,45
112,55

Bi¢n 4p tai thanh cai cao ap ngudn A

Uy = U, ¥ AU, = 112,55 + 17,3 == 129,85V
Ton thit cong sudlt trén‘dm‘mg day 1
-(81,535)% 4+ (61,67)2
’ (112,55)?
Cong sufit cin c6 tai thanh cai 4

AU1 =S = 17,3\/{37

AS, = (8,5 + j20,45) =7 + j16,8MV 4

Sa= 87 + ASy— jO. = 8153 + 5167 4+ 7 4 168 — 3.4 =

, = 88,535 - j74.07 MV A, "
Hé s& cong suiit tai thanh‘c,éi cao ap tram bign élxp
P, ___ P

| TS TR+ G
“trong @6 | .
ﬂ -
$; = 40 4 30 4 0,455 + 5,85 = 40455 + J35,85 MV A
CoSp, = —= 40’40'5 ‘ — = 0,75

“V(40,455)% F (35.85)2

Hiéu suit tram bi€én dp _ : =
' 40

- 40,455

K&l qua trén chitng t6 ring hiéu sujt may bién ap r&t cao, nhung tdn hao céng

suat phan khang kha ion uén lam cho h¢ 38 cong sufit gidm ro rét (chu ¥

cosgg == (,80). \

"% = 100 = 99¢;.

'3.2. TINH TOAN MANG PIEN Pl PHUONG O CHE DO HG

Nhin thay rdng trong mang dién dia phwong dé léch dién ap so véi tri
dinh murc tai moi diém d&u kha nhd. Vi th€ khi tinh todn mang dién & ch& do
nay ngoai gid thi€t bo qua théng s8 dung din trén so d6 lhay thé, ngusi ta cén
gia thiét 18y trf s§ dién ap tai moi difm bing dinh muc. K d¢ cong suiit tal
cudi va dau duong day nao do c6 tr{ §3 tinh theo Ugy:

= V3 Unl” va 8" = V3 Ugpl’
Cac cOng suéit do6 bdhg nhau &’ — 5 oghia la ciing d& ho qua khong Llinh dé&€n
t5n that céng suit trong mang dién, Nhiing gia thlét trén ril quan trong, khong
phirng n6 vin dam bio d¢ chinh xéc cho phép cua cdc kél'qud tinh lodn ma cén
cho phép chi cin ti€n hanh buoc lip déu tién.

Xét mang dién dja phuong & ch€ d¢ hé cé6 mét s§ phu tai (hinh 3-5, a).

Trén so d6 thay th€ (hinh 3-5, {;) dé tién thanh lap chc dang cong thirc khac
nhau,’ da sir dung cac ki hiéu sau :
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P;, Q; — cong sugt chay trén doan thu i c6 thong sd r; va :c,
Pis i — coOng suit phu tai thi i |
Ry, X; — dién tré va cam khang dwong day tinh tir ngudn A dén phu tai i

\

A 1 ‘ Z 3
T S
. P1+49 Pa?J92 Ps*4G3
as
A pHE rf_“l;x? 2 FHI o
A Sz +jg, S +
P:+J4, Patjqz %3 PatJ43

Do b6 qua ton thit céng suft, de dang xac dinh duoc luong céng suit trén
méi doan .

S'z = ps+ Jas + p2+ jo2 = (p2 + P3) + (g2 + aq3)

Sy = (py + p2 + by + i + 92 + gs)
Tdng quat, cong suit trén doan thir i nao do

b—P-}-jQ;—:EPm']—jEQm . (3'1)

. X m—1 m=i
Tén that dién ap trén doan thw | |

A[[('i — Pil‘i + Qixi

7 7o (3-2)
Thea 0. xac dinh dwece tdng ton that dién ap toan mang dién
AU — Pyr, +\Q1331 Pary + Qp, + Pyry 4 Qyz4
[Jdm (Jdm ~ g/dm
Tong qlldt tong 10n thil dién 4p trén mang dién c6 n phy té'u
AU = — Pir; ;) -
Uam Y (P + 0im) (3-3)

1=1

Truorng hop toan b6 dwong day c6 clng tikt dién, nghia 13 cé cung théng sg
For X, cOng thire (3;3) c6 the vidt '

AU — t., (r, Y Pl + 2, Z 0 l,) (39

i=1 i=1
trong d6 I; — chléu dai doan du'dng day i.
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N€u bi€t di¢n 4p tram cung c’ip A la Uy, dién ap cudi mang dién U, xdc
dinh theo cong thurc

Up=U, — AU =U,— i 4 Qi) (3-5)

=1 :
Theo (3-1) ¢6 the vi€t

E Piri = (P14 P2t e+ pa) i+ (P2 F o + D) Ty + oo b paln =

= pur+ Pars 1) e Pl rg e F 1) = ): pR;.

, | i=1
Twong e ciing cé v ;
’ ' . 2 lek = E Q1Xi
i=1
Tir k&t qua nay c6 th® vift cong thl&c tinh dién ap dgng khée
AU = R: 4 g:X; ]
U.,,,X(P + 9:)) 69
| i=1

va voi duang ddy cing ti€t dién

. a

do MU= (r. Vorbi+a ¥ qili) | (3-7)

i=g i=1

Cin chu v la ddi viri mang dién phin nhanh (hinh 3-6) tbn thét dlén ap lon
nhit trong mang dién c6 thé la AU,; hoic AUM

ALAS = AL] +A[Jz+ AU3
CAlU L, =AU, Al
‘Khi d6 dién ap lai cac di¥m
cudi 3, 4 tinh theo U/,

Uy = Uy — (AUy 4+ AU, 4+ Aligy 4 L 3
y— 'y — (A, +AU) t 'S, 1y ﬂ’
T4t nhién, khi cin thi€t, c6 . \ Hink 3-6
thd d& dang xac dinh dugc tdn
thit cobg su#t trong mang dia phu'ong theo cbng thie

| AS=—-—-—Z(’+02)(rs+J:r) | (3-8)

1=1
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Vidg 3-2. Mang dlen cong nghlép 10kV, toan bé dung day A-95 véi Dﬂ,: Im
(hinh 3-7). Phu l4i c6 don vi MVA. X4c dinh tdn th&t dién ap lo'n nhit va ton -
th&t cong sudt trong mang di¢n. Néu dién ap nguén A & 11 AV, xéc dmh dién 4p
di¢m co6 dién ap thdp nhat.

2+J'I ,
/ik— ! 4 2\ 3 .
14/0.5 1+/0,5
& [}
\ n
J..;z+1'2

Hink 3-7

Giai. Tra dwoc £, = r, + jxr, = 0,33 4 j332 Q/km.
Tinh dwoe Z, = -12_ (0,33 4 j332) = 0,165 - j0,1660
Z, = 2(0,334 j332) = 0,66 4 j0,664Q = Z,
23 = 0,33 + j0.332 Q
Cong suéit chay trén cdc dogn dudng day
S; =24 j2MV4
Sg =1 + j0,5 MVA
S, =1 4.j0,5) + (1 + j0.5) = 2 + jl MV4
S =242 + 1 +jo5) + (1 + jo5) + (24 j1) =6 + j4 MVA,
Tén thit cdng su#t trén toan mang dién xdc dinh dwoc theo (3-8) -
g 1 . . .
AY == 17 [(6% -+ 4%) (0,165 + j0,166) - (2% + 1%) (0,66 + j0,664) -
(1 + 0,5%) (0,33 4 j0,332) + (2% 4 22) (0,66 -+ j0,664)]
AS = 0,175 + j0,180 MV.4 |
Tén th&t cOng sufit tac dyng va phan khang tinh theo phin trim

APY, = —”%i 100 = 2,929

AQ/’_O—Iﬁg—Qloo_ 3.0%

— /-' .
T3n'thdt dien ap t&r A 8o phu i 3 tinh theo (%-3)
, 1 - -
AU, = T 1(6.0,165 + 2.0,66 + 1.0,33) -+
(4.0,166 + 1.0,664 + 0,5 .0,332)] = 0,412 kV"



Ton thAt didn 4p tir 4 d€n phy tai 4
2.40,0

6) 4 (4. 0,166 4 2. 0.064)] == 0407 LV.

A!'M:: — [(6 (0,165 + 2

ap lh’ap nhidt many dicn

3-3.

y\\ b

7™ S

/‘\//

o
LA
- T !
‘ N i
1. ‘
Cy o r

JA T

1

1 3
Nhuw vay B0 thil du b ap Lm nhit Ja AT ag = 0,412 £V vd diem 3 o dién

Ug =1, —1"g =11 — 0,212 =10,083 kV
TINH TOAN CHE DP{ MANG
Dé- lam don\gidn sy do tinh todn madg dign kin nguoi
niéw phu lai tinh lodn va cong suiit tinh toan nha may dién. Xét mang dién kin
cung c;ip‘(imi
gt (!

.0

y ¥
.
Vil
m«ly dit:'r} la CLTe quat I) At ra
iién dd
that

G vao kueai

IEN KIN PON GIAN

¢6 bai phit i va maot nguon
2-3,a). So sdnh

g

pita s do thay tht (Lioh 3-8,D)

vaso dodi dooelom don cién
han tiey iolad
o

(hrenh d-5.¢), nhan tiicy phis lad
Honhine

agom phu
cong sut

ngn 3, 1
wore boo

tinl
qay
ilﬂf._i

o,

Lerty .
b
tar thire,
trong may bien ar

_ o
AT
o
do dudng day sinb ra
O i
.]\,.-}02'
nha

B
toer

Lun
' A cong s

. : e
Sp = =y ‘f"—\éﬂl - .JQ
cong suil' dnh loin
cua nha may dién di
cong sulit lu rnng, (on
cong suat lrovg mdy bi€n &p
i do duong

./.I = .
© tdng vl corg sual
diav sinh ra
l

— Sig— Ay o+

e e i o b ot 8

TLF
s, T
b) ./‘/ :‘ . + J (\,)f‘l —I— (\2('3'
. ) day chi xél mang dié
s D ' O d.c“_‘, chlixél mdng i b
;/ \‘;/3\ kin don gian nhit 1a mang chy
e N, . . 3 . s ~
y N ’ comot vong (hinh 3-6,a) hoic
S N ] dudmg didy b hai duu cung
~, T, ool 2 - e e & S J;’
’ - _ ¢ip dién (hinh 3-8,b), trén de
© : ' Sgr Sz, S, la nhitng phu La
» Hink 3-8 tinh foan tai 1, 2, 3. Thuong
biel trwde dién & ngu''n cun;
cqp va cong sual cac\phn tai, nghia la bi¢l cong suit va-dién &p o nln'u‘f dicn
khae nhau, vi vay dé tinh (ndine ché do ma ang dién kin phai ding }]'Hlull” AIEEES
din dung lién ti€p. Bwoc thir nhit nhim xac dinh phdn b8 dong troung mang
\
',11



dién voi gia thist dicn #9 )iy bling tri 8§ dinh muc, lai mei dik&m va hd quéd tén
th&t ¢ong sultt (vén e doun duong d’xy Budc thu hal x4¢ dinh chinh xac hon
cOng suat va dién ;ip tai cie didm aot eha mang dién. ‘

Qui uoc chidu cong sual nhua hinh v& va gia Lhidt dlen ap hai diu cung

(ap b¥ng nhau cd vé tri s0 va goc pha, theo dinh luat Kr‘rchoff II vxét duo*c,
phlrong trinh cin bing dién 4p sau day

l , bAl r Sl? , §23 ,>_ g\
i _— é e — /1’ - ——— Z
V3Usw ! + V3Usm * L Vil Y30 Udm 4

hay 14
Sar Z1 + Sty Zy 4335 Zg =

N b a6
\S:,‘j/ ~J Cha y ring vi bd.gua tbn that
e ' 3 cdng su#it, co: "g‘
\\ ://‘ ,

Sa + ‘533231*"524‘ ‘53

@ - suy ra
S Sar =51+ 8+ 83— Sgy.
4 Sa 7 _i’?. , S22 5 _SB3 . B Ngoai ra, viét duoc cac phuwong
o ———Z . Z“A i 7 trinh can bing dong tai nut 1,2
f vz 1 > L * theo luat Kirchoff I:
b S, o S3 .
/ ‘ ! 4512 — S 1 —— bl
Hink 3.9

S35 = 5.41 - S1 — §,
Thay nhiing dax lwgng dé vao phwong trmh cAn bing dién ap, nhan dwoc
SwZ + 2+ 23+ 2 — S Lo+ 234+ 20 =S, (Gs+ 2y —
: ' - 5'3,24 = 0. o @
Suy ra: s
| $121 + 8,25 + SyZg
| 2“3'

twong ty co:

8121 + S22y + S4Z3

Téng quat, nfu trong mang kjn c6 n phu tai
' n

- Y S Zm

§, = =1
Zxe

« 3y
K .

n . Paa
E S‘Zié N
. i=1 © . .
Sp = l—/\—' . < (310
. ZAB C '
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Trong @6 Zip — ting 16 }ns_mg dién k& tr phu tdi { d8n nguon cung cip B;

Z;, — ciing vay, nhung dén ngudn 1; Zyp — tong tré loan mang kin.
Nut c6 cong sufit di d€n tr hai phia goi la difm phén cdng sufit, ki hiéu v (hinh
3-10, a), a6 13 dim c6 dién 4p thip nhit mang dién kin. Truong hop mang cé

hai diém {han cong suft thi’ duirg ki hiéu g chi diém phén cong suft tac dung
va ki hién ¢ chi dx"ém ph.n cong sudit phfm khiang (hinh 3-10,c).

KW . .::.1 Q - 5 3 B
1A ! 22 f-g s T, , *—’*—_J
a/ - S.I 52 ; S:g
A‘_ . - 2: 2” q , . :3
—— I 7
</ S; 5,2 532 53.
Sa ...._’2:_’ 8
Ao_ - 7 "l \ & —223 Y3 -8 -
('?/ }é/ *52 - ‘53
4 1 ' 2 '3 B
d _‘{3.1 7}32,‘ {S.; -
2 .+ Hink 3-10

Poi vai mang kin cé cung ti€t dién trén tit ca cic doan, phan b8 cong suéit’
trong mang chi phu thude chiéuidai:

E&vf+ﬂa%
1=1

(ro 4 jx,) las

SA =5

¥ S: (ry + o) lia
i=1

'Zro + jxa) I,AB

nghia la:

07
=
1=
S
;'f"
7
o
5
[ 4

3 i=1 = . i=1 e
W = b (3-11
A Lie [am [aB {
n \ n
Y Silyy ¥ Py, Y Qilis
Sg= 1=1 _ 1=1. + 1=1 (3-12).
IAB [AB IAB



Cong thice (511 va (572 vong dwoce st dung  trong giai doan thi¥! k€ mang

dién khi chua )00 137'1 wicn day wan. . -
Sau khi wie dinh pbdn b corg sudl ¢o the tach mang kin thanh bai meang

ho dac 1an pliw (hinh =10, 1), trong dé tai diém 2 ddt phu tai 5"12 va loi 27 dat

phu tad S{o. Troong hop miang ¢é hai diém phan céng suitt cling tach ra Lun hai
mang Lo (hinh 3-10 ) o4 k& ACu 1ons it céng sudt Lrén doan day ndm_gilra hai
diéni phan cong sual dé, nghia la :

.",'2‘ = Fy - |5, == Py + 1(Q¢ 4+ Alys)

- G = (Pag '—\st) +'7Q33
trong do : ‘

i : Lj'} +_£§__ i.‘) A!'JZ . Q23 XS |

'U‘gm “ o U

DO Ay hovon sine TTge Linh loan tha hai, cdn e vao cong sufit phu
i Vit 7 gn na A ton Hedo cong sudt Udn che do‘,.m. cuffi cung xac dinh dwoc
cong sucl ngtin, I o4 can oot via dditn op ngudn xac dinh di¢n ap tai cac dim
nul. Bo chinh la ey Daon Uil toan oh do mang dién ho khu vae da nghién ctu.
Tat nhién, + 0 o, div phiwong, Jdo b qua lon thil cong sufit, cé thé st dung
ngavstyi 5 ©Ong suit nouda tinh duoce then (3-9) — (3-12) @€ ti%n hanh xac dinh
d1én ap cae nol, '

Trudwg i.._;;, datn .-'J) har dia nguén khac nhau, ngay ci ~khi mang

kin kliosecd »lo 20 cAn o8 mot dono dIPH -hax qt'a con 14 dong dién cin bing IO.

J_JAB
Nhu vor, wdi e 5 b ndy, cong sudt tmh# theo (3-93, (o 1¢) phai cong thém
mot thanh 1 6o den worg ¢ién cin bing do
E ‘:‘1 ZiB
I T =1
A T T ‘-/‘j r‘AIO+ .

| Zun
Thav [rj so w1 vin cong thice trén cd
) ‘ -
e
-» o~ A ‘SIUIB
rr : .
N i=1 .
O = _ > . ; gy
7a P P (3-13)
‘\’AB ‘AB
n -
. Y Sizi,
. Y A i=1 ,
‘SP - ( A + —
: R p 3.
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Vi du 3-3. Mang dién 10 kV cung cip dicn cho 4 phu tii (hinh 3-11) trong
do phw tai cho bmg kVA, chign dai km. Toian Lo 1 ang dicn g day A-95 co
Dy == Im. Hay kiém tra diéu kién dién ap ncu 16n the L dien dp chio phép huc
binh thuong 14 59, khi s ¢d 1a 109,

Giai. Tra duge Zo == 0,35 j332Q/km.

o Bﬁy la maug kin cung tidl dién, tinh dirce cong suial i apnon . theo cong
thite (3-11). (3-12) dd chu ¥ tap trung phu i 1 v.‘f‘. ntiot:

G CEIEDFCHEIDU LD FC Y
b,\l — : - BRI A N j.;,/d
14+ 24% 42
MMV
oo CHRDOA2E D F U ICF DT+
AS — - i T
T4 24 L4
= 3,62 4 jE,25 MV
T day linh dirge cong suill di tréu cée doan c¢in lai, ght o hinh vé,
Nut 1 la difm phan cong suil, ~ ~ :
né ¢6 dién ap thip nhil trong
mach vong cén nul 4 ¢c6 dién ap
e . \ Caea - &
thap nhal loan mang dién. AN :
Toén th&t dien ap rén _ %-,\‘:,f/ - |
doan -1 \ P /N ‘ B
/_\Lr 19‘. — ) /
ALl STV, 4 oz

2,38.0,33 + 2,75.0,352

o107 1447 JryE
=72,02%. ' Pt - L aE
Tén that dién ap trén doan 14 x S
: NP
&( 14/() — ';
_ 1 . U.l J + ] . '_],OJ._‘ IEU . i VI’I
10? - Hinl 5-11
= 0369

Tén (it dicn &p 1én nhdl trong nang dién

AUp14%6 = 0,862 + 2,020 = 2.6, 2, <50
Trudng hop sy ¢t lon nhit trong mang dién niy ta G0t doan vuong day dy, he
do6 tré thanh mang dién hé A-5-2-1-4. Ton that dicn av 1 ohil sd 1

(7.0,33.2 4+ 5.0,33 + 4.0,8.2 -1 1.0y - t*‘.!),:-i:;:a'.2+
142 '

Uas214%0 =

+ 4.0,332 4 3.0,332.2. - 1.0,332)

= W00 =[S g >~ 109,



Nhur vdy, mang dién (rén khOng ddm bhao yéu cdu vé dién &p khi'xdy ra sw c8

doan dwong day A-1.

O e ',
—_— —

6) #5012
fl 2 A .
t i 3
500,40 30+,20 5770

. ) |
Hink 3-12

(40 4- j30) (30 +10 + 20) —

Vi du 3-4. Hai'lram bi€n 4p lrung

gian dwroc cung cip tir nha méy dién 4.
_ va hé théng H theo mach vong 110 kV

(hinh 3-12). C4c phu tai S;, S, la céc
phu tdi tinh loin va cong suft S,%1a
coHng suil linh todn nha may dién,
MVA; toan mang dién dung day dén
AC-185, Dy, == 5m, chiéu dai ghi trén
hinh v&, Am. Bi#t dién 4p tai thanh edi
hé thdng Un = 110kV, yéu chu xac
dinh.dién &p tai thanh cii ¢cgo 4p tram
bi€n ap 1 va 2.

Giai. Chv v rdng khi trong mach
vong ¢6 hai nguon cung clp thi coi
m6t ngudn la phu tai 4m, sau 46 vin
&p dung céng thirc 1dng quét tinh toan
binh thuong. BSi voi mang dién da
cho, cong suét phn b8 theo chidu dai

(30 + j20)(10 + 20) 4 (50 - j40) 20

Sy =
HL == 10 + 30 4 10 + 20
§ o B0 140) (40 4 30 + 10) — (30 + j20) (30 + 40) 4 (40 + j30) 40
H2 40430 + 104 20
=35 ++ j30 MV .4
Suy ra -

Say =154 jI0 MV A |
SAZ =15+ jI0MVA. -

T bdné, voi diy AC-185 ¢6 £,

Tén thit cong suit

ASy; =

25% -} 202

1102

== 0,17 + j0,409,
irén .doan H-1 (hinh 3-12h)

0,17 ..

40+ ]

= 0,575 + j1,39 MV A.
Long suit dau dwong day H-1
Shy = 25+ j20 4+ 0,575 + j1, 39 = 20,575 + j21,39.

T&n thil dién 4p trén doan H-1
22,575. 0,17 . 40 + 21,39.0,409. 40

AUHI -
Pién 4p tai out 1

25% 4 e
. 0,409.40 =
114"

A
B!
v

-

110

== 5,24 kV

Uy Uy = AUny = 110 — 5,24 = 104,76 kV

46



'IBn thiit cong suit tren doan A-1 (hinh 3-12, c)

15% 4 10% 152 + 102 ,
AS,, = 07 0,17.3u+1——-711—0-2-—.u,409 L 30 =

_K)
= 0,137 + j0,33 MV A.
Cong suil cu& doan 2-A
= (30 + ]20) - (15 + 10y = (0,157 + o, 33), =
| _—_-.14,863.+ 987 MV A,
Ton Lh&L cong sufit trén doan 2-A
. B3 - 2 : z
ASy, = UABBR? HQOTR o g0 (14863)° 4 (067)

1102 ‘ 1102
= 0,043 4 j0,1n3 MV A, o

‘Cong suit cudi doan day H-2

- 1,409 .,10 =

8= (50 + jdU) ~- (14,863 + j9,67) — (0,043 F j0,103) =
— 35,14 j31,23 MVA.
Ton thit cong gpat trén doan -2
: (35,1)2 4 (31,23)?
110%
= 0,615 + j1,48MV 4,
Cong suat ddn doan H-2

ASy, = (0,17. 20 4 0,409 .20) =

8, =351 + 31,23 + 0,615 4+ j1,48 = 35,715 -+ j32,71 MV A.

Ton, lhit dién 4p trén doan H-2:

35,713 . 0,17 . 20,4 32,71.0,409 .2 ,
gty = 35,713 . 0,17 L,j—lpo JL0409.20 o0 pv

bien ap i oot 2 |

I, = Un — AUy, = 110 3,61 = 166,39 kV. .
3.4, LINH TOAN MANG .DIEN O NHIEU CAP BILK Ap
2 Mang dién thwong bao gém ubidu Ldp dién agp khac nnau (hinh 3-13). Khi
tint !n4n ching, v&i nhing mary don gidn ¢ the tinh riéng of trng c&p dién 4p
co ¢t v d&n sy bi&n déi dong dlén dién ap qua may bi€n &p. N6 chung, li¢n

lgi hon ca 1a quy cac théng 6 cua mang dién vé cing niot cHp dién ap nao do
tuy ¥, nhw viy mqn tinh toan chi thuc hién trén mot ip dién ap.

&
A 220/ II 0,0
¢é 7 TN gy
[ a B b Ty ) i?
I R t o fow ' )l_‘ - *

* Hink 313

a2



ad “ . b i g
Thwény su dung'mél s cong thire quy d?i quert Dbidt

Z} = Z; (Ikp)* (3-15)
Y'=Y, o o (3-18)

trong 46 75, ¥5 — (6ug trdva tdng din thue cta plin (& thir § ndo do.
] Z7, ¥l — 1éng 11(7 va tong dan clia phiin tir thit i sau khi quy dbi vé cép

dien dp nao doé .
itag = (I ,h cic i 8O bi€n ap gith cdp dién 4p thuc cta phin & i va

cap ditnrap (,un quy vt.
bien Gy tul mot nul € nao do umg duoe quy doi theo cong thic |
= U, 11 &y ! (3-17)

57 S tele o e Y, P N, N G S A 1) TR IS €A
viodu ting trd cas doan 24 quytve cap dicn dp 220 AV 1A

. ., . C20\2
Ly == Lag(ky2)? = Zoa (_ﬁ‘ ) '

Bign i tai thavh cai 7 quy v8 clip dién ap 2204V la

B ) 121 220
P U e Jn = U ( ;)( )
ki ki 67 13 T ) ]1 121 B

Tt m}ién, sau khi tinh toin, can str dung cac cong Lhue trén dé x4c dinh céac tri
83 thuee. Vi du, nfu It qua tinh dwoe Us%= 195 AV thi tri s& thwe cua dién ap
tc_u thanh ¢t 5 la:

(), ;
Ug== Uy kg = 195. (-“ —1) — 0,30 &V.
220 10

Vidu 3-5. Mang dién ¢6 ba cép dién 4p nhu hinh v& (hinh 3-14, a). May
bign ap -1 dung lwgng 6.300 VA, Un% =7.5%; APy = 16,5kAW + may bién
up B-2 dung mong wuu AVA, Un% = 3,5%; APy =8,6kW. Bi€t dién ap tai

thanit cai <4 la Lo AV, Hidy xée dinh dien Llp tai thanh cai 2, 4 va 5,

2}“!.7
-2 . A &= 7Y

8-/ .
’ ZOJZ . . 23\2

2

"'J

d'af‘f'u

D

&

8 S
p 'faj"'ﬁA . N ;‘/‘5{,758 . 880 N ¢
(G -] *———T————{ 5 . >

2ej2 “ asr 04 . 02f07
V//_ P b) -~
Hinh 3-14



| |
Gial, Truve ht xéc dinh che thong s5 ¢aa mang dlén Tbng teds méy bign
ap B-1 lmh vé phia 35 LV -

. 46,5.(35)° 7,5. (35)’ ”
lpy —= ———— 2 et 1()_1,45 14;5Q
LT 300)*" g + 6300 T
Tbng t16- may bi&ndap B-2 tigh v& ph;a 10kV .
8 6(10)’ 550102
_ ——— 10 ==, 86 + J5,5Q
ooy 0 H 000 !

Tra duo-c véi day A-95c6 Z, = 0,334 j0,357Q[km
A-70 6 Z, =2 0,45 + j0,341Q)km,

' Cap nh6m 70 c6 Z, ~ 0,45 4 jO Qlkm tir dé tiph ra dwoc :
JM_(U33+]0357)5_165+ ﬂ949 '
Zyy = (0,45 + j0,341).2 = 0,90 j0,68,
- Zy=45. 0,2 = 0,09Q.

Quy dbx e cé chc lhong s3 trén v& c§p dién ap 35kV

zm_(nss+ 95)(385) =105 + J67,3.
| z,,_(09+ 068)(3815 ——11+183Q
10 38,5)\2
Zis = (0,09) . s — 6800
s = (0,09) (04 ) =680

Riéng JM va Zg, da tinh voi dién ap 35kV.

Cudi cung c6é so 44 thay th€. nhu' hinh vé (hinh 3-14 b> {rong do da
vi€t gon lai: = -

Zy, =22 + Zyp = 21,54 j75,6Q.
Pién ap cac diém 2, 4,5 da quy vé phia 35kV xéc dinh nhu sau :
2,7.3,1 +2 5.16, 44

L” Uy — AUy, = 3 — =L - = 36,6kV
l".'f‘: Uy — M,;‘ = 366 07 21‘.5 ;;@6 : 75,6'.: 351 XV
Uy =U - AU = 35,1.— &5;5“.’3&;31.2kv
Blén ap t \hu'c-tal céc dlé‘m d6-la | _{ ‘
RUSS /If,B — 366 % 10,3 kV.
U4=' Uilkm; kp2 : 35,1 —2—;— %- = (J400H
Ug =I,[‘];5_,l-"“§nl kaz 4= 31,2, -91-:— : 3-1515- ,.-. 0, 360 kY.
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3. s MOT SO PHU‘ONC PHAP BIEN Dbl SO DO THAY THE MANG BIEN

-

Nhir d& néi, mang dién ta mot ciiu 4rlic phire. tap bao gom_ nhléu phiin i,

nhigu mach vorlg. mang. dién cang lon so dd thay th& cang ‘phitc tap va linh

lodn cang kho khiim. Vi thE, song song

voi viéc hoan ti’ncn cic phuong phip

tinh, cin ap dung-cac. phwong phép

~ bi€n ddi lam don gidn so. 48 thay

Y mang dién. Trong nhiéu trudng.

| hop, béng cic phwong phap b:@n-

. . ~ dbi ¢ the dua so dé phirc tap vé so

N . do don gidn c6 hai ¢iu cung cfip dién.

" Chuwong 5 va 8 giéi thi¢u -mét s&

phwong phap hién dai. gidi tich mang

dién phirc' tap, song ngay ca khi #p

dung nhirng phuong phip hiéa dai-

, ~* dé viéc bitn ddi lam do'q glﬁn so do.

Hink 3-15 . © . thay th¢ mang dién ciing v&n cin
. ' thigt. -

. Thue t& tinh toan thuomg sip truong: hop nhiéuw ngudn cung Lap cing

dua dién dén mét (ram trung gian nao dé (hinh 3-15). D& lam don gidn mang

dién nay tdt nh%t"1a thay (W& cde mhanh 1, 2, 3 bing mdk nhanh ding tri co

dién tré bing dién (rd dang tri cia 7, )’z, Z3 va di¢n 4p ngudn bing dién

ap dang tri cda 3 nguén l/M, ‘l A2 bna Bitu kiép d¢ thuc lnen cdc bitn ddi la
dién ap Uy tai nul B va dong T di ra tir niit d6 khong . lha) ddi.
Dopg dién chay tljong ‘cac nhanh x4c dinh theo c¢ac phwong trinh
‘ 111 = (U — Ug) Yy :
Dy == Up)Ys -
Iy =(Us3 = Up)Y,
Troﬁg a6 Uy, Ujss (7,\,, Uy 14 cac dien ap pha.
Tir'ditu kién dong 1 khong ddi c6 the vidt:

/

=L+ 40y =1s= (1/":«-—19"5_) Yo'
Thay cic biéu thirc ciia dong dién vao, nhin dwoc

(( ar - U B))l+(U 2 — U ) Y2+(U g— 1’ 3)13~(7]d:—UB)Yat IS
.Sau khi bi&n ddi e6: | '
Uu) L+ UaeYy + UagVy —H 0 (Vg + 13 + Yoy = Ua:Ya; — U Y

~ Chu v mng )d,_*}, +Y, 4+ Y, rat ra duoc bleu thuc xic dinh \dxén ﬁp
d&ng tri :

UpY, + UY, +, ["raays 2

Ugy = — .
Y RS

20



S ' -

;rt:)ng quat, b n nbanh nguon ndi vz\o.] nit, dién dp d?u;g tri x4¢ dinh theo ¢ong
U sau o -

-~

ZU!,

lat=-——~———. - (3-13

£y
i=1

I’h\m'n'd phip thay th& cic nhianh ddng quy vira ngbién etru goi la phuong
phip & hop  nhit» che nhinh dong quy. Phwong phap nay chi diing dwoe khi
gilta ciac nhinh khéng ¢6 phu tdi. Trueng hyp cé nhitng phu l&i trung gian -
(vi du phu tai 1, 2, hinh 3-18a), lrwée hét cin ph.u {Am m’a’t chung di béing ciach
phin chia chung ra {hanh hai phin r6i ¢chuyén vé hai didu nhanh. Cich ldm nhw
vay goi la phwong phap «chuyén dich » phy tii. Vi duy, cin chuyén dich™ plhu tai
S, vo hai dau A va B (hinh 3-16, 2). Diéu ki¢n chuyén dich la cong suiit d‘ﬁu vao.
tai 4 va B trirde va sau khi Lhuyen dich khong- l.hay adi.

S 4 1 ) r

—_— . - - Wa o Sy
4 *5, }‘;« ]
214 I47
ot —_—
el ZAB L
Ve
324 o . 8 _Sa
e P &
1(A) 7 ) )2 5,(6)
- 6) . X
. Hink 3-16

Tmoc khi bién ddi cong suat A vao xac dinh du'o'c. theo cac cfmg thire
phan b cong sudt hong mang kin (3-9), (3-10). |

.S Jm + S2Z2p

LS, =
o . — Mu + 52434 S 3 ;
| L Sy = .
’ Z,g

Saufkhl chuyén djch phu 14i S, v& 4 va B (hinh 3- 16, b) co the vigts

§ = Sl(m/m + s.zuzr;/‘f" bum/nn
A

] Zin .
- g',’; — Slu\)lm 4+ S 2Zaa + bl(B)AAB ‘
. ‘ : AN
‘trong do blm,bua, — phﬁn phu tal bi chuy!:n dlch ve@ A va B : ."
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(‘h“ Y rlng Zpg = Z,, =0, Sau d6 cho cén bﬁng cac cong suﬁt dh‘u vag
‘SA — ‘51;, 63 = .SB nhin dugc it . 'p

’ - s 3 . : - 3
g Bm g g Zud LR
1(a) — IZ s p - 3 %

AB Zss

Tbng quat, xac dinh d\ro'c phﬁn cong sufit 'clia phu tz’u n cﬁn chttyén d[ch vé lm j
dﬁu A B nhu' sau :

- / ‘ Sn(a) = Sn ,[nB , ‘ 7 .
. : ‘JAB ) o .
7 o - (3-19)
Sucm = 8 = o -
. Lp - o

- ) ‘
Phu'orng phép dich chuyén phu lai ciing dygc ding dé chuyén chc phu tai tmng
gian trong mach véng v& cac nit (vi du phu tij 4, 5, 7, 8, hinh-3-18, a). :

. Ngoal ra, phuong phap bign adi -
ALY, Y —A (hinh 3-17) rit hay dugre
ap dung trong tinh Toan. o day’ khOng :
thanh 1ap ma chi nhic lai c4c cong thire
bién @di trong gido trinh ki thuit dien.
- Cong thirc blén_déx A-—Y '

-

Z127[1+42+'———2‘

Z, |~
; . Y
Zyg =71 +Z§' = G0
= 2 |
: ' VAYA
Hink 3-17 . Layg = lz + Zs z, 3 »
z,
vA céug thirc bign ddi ¥ — A |
| 4= Z13Zyy .
Lyz+ Zig+ Zy N
YATYA ' » £
7 12223 gapy
T Ziy + Zys+2Zys G
Zy= Z13Z3s : 7
‘xz+zxs+ Zayg /- S

Vi du. cé mang dnén gom 3 nguBn va 2 mach v(‘mg (hinh 3. 18a, a), hing'
phwong phap chuy&n dich phu tai 43 1am mét t#t ci phu téi trung gian (hinh '3-18,'b),

sau d0 bing phuong phép hop nhit céc nhianh déng quy va ghép song song &a,
nhan dwoc so d6 don gian ch1 ¢6 hai diu cung cﬁp ¢ién (binh 3-18, L) Trong a6:

Z, Zy _ 4y z

s,=b,+s; 41+53+ 2£a+z‘ + 8 = Zit 7, + uz.+4.1.;‘.

02



Sp=S8s+ 8 __5___ PR At R SN £V
8 sg4r'—_{—_571+ Js+la+1 - P

Z, oz
SB — S + S ____________+ 10 .
e ’ Zs+ 4y, ’zm+zu

: .415 =61+ 2y) /1 (Zy+ Z))

- Zie=Zs+2Z7) 1l Zot Zg)
Zi1=(Zo+ Z11) 1/ (Z1o + Z12)
1 : ]
- U, —
Vi [:.' —_— AL £1+A3 N Az Z2+Z4
M ' '

- — + = -
Zi+2Zs | Zy+Zs

Hinh 3-18

_ TAt nblén, sau kh1 ¥dc dinh dugc cdc thong s6 ch€ dé cua mang dién trén
0 db don gidn cin «hoan nguyén» & tim cac thong s8 ché A9 ctia mang dién thue,

Vi dy 3-6. Ba phau tai Sl. S, S\., (MV4), dugce cung cip dién bing mang kin
110 kV (hinh 3-19, a). Hiay xac dinh phén bd dbnb biét réng mang dién ding cing
mot het dién day dﬁn. chidu’ ﬂéu day- trén hinh v& cho bing Am.

03



¥

Giai, Truoc h&t, chuyén dich phn LA 87 va S, vé ot ] vé 3;chu ¥ 1ﬁng vi

ciing tiét di¢n nén 8ng (rd h ¢ viri chibu dai T NE
Sém =5 -'——1—3—— :(24 —|— j16) 0 = 15 -+ jll) M‘."A
| ’ I 80 :
) : 3
. % lo 30 . :
Spigy == 8y . —2— —(24 + 16) =94 jBUVA
ly + 15 ST )
. ) 5, X
Sany = Sy = -T + ja MY l

Seats

Hink 3-19

yhi dé, phu taj tai nut 1 va ? (hmh %1" b) co Iri s , i

- Sl + 6?_(1) + Su,“ p——— 6“ + ]40 (M‘ l
Sa = 153 “I— bz(a) + \54[3} = 4'—1 + 31 M‘ 4.4..’ :l" l_
“Cliéu dii ding Lr] cia doan 1'3° la. (hinh 3-19, ¢) |
/ 48 . &)

A | ;k
o= Ut 0) 1 U le) = g = 30km -

04



Voi mang kin A1'3’ d8 da\ng xdc dinh-du’m phﬁn b ‘cong sufl
| e 60 Co
8, = (60 4 j45) (30 + 30) + (44‘]31) 30 49,5 + 36,3 MV
o()—{—-3()+40 R
'S4 (44+ 131)(30—}- 40) 4+ (80 + ji5). 40 _45 G 07 ey
C100 R

S7= 10,5 + j87 MVA. . _ i

Tw day li€n hx‘mh hoan nguyén tim phan b5 cong snat trén 80 dé hinh 3-19, b:.

H N

l4 3()
= (10,5 \ 7)) —— = ( 6 o,aM\A
ot s =( + ) W6 -+ j

L *531 — *57

Sy = (10,5 + ,3,7) %—u = 3,9 4 j3.2 MV
| f ‘ '\
Tigp tuc hoan nguyén v€ so d6 Dan diu ‘

S5.=Ss1 + Say = (65 + j5,5) + (5 + j5) = 11,5 + j11,5 MV.A-

$a = S5 + S2ip = B9+ 3,2) + (9 + j6) =129 + j9,2 MV |

$6 =S5 — S, = (11,6 + j10,5) — (10 — jlvy == 1,6 + j0,5 HVA

Sy =8, — S3= (24 + jI6) — (12 0+192) = 11,1+ Jbsuw_ |
Gudi cung co phan h8 cong suit loan mang dién (hmh 3-19, d),

CHUONG 1

SU DUNG DAI SO MA TRAN GIAI TICH MANG DIEN’
\

4-1. KHAI NIEM CHUNG.

Giai tich mang dién nhim xic dmh cde thoong s6 titang thai Iam vié: nhw
dong dién trén cac nhénh, dién ap lfu cdc nut dua trén Ihong 8O (m cac phan tor
Ilong mang nhr tong Lro cac nhanh v& cac s8 lleu vE nguon va phu ten

- Tuw nhu-ng thong s lrang Lhai o ban trén div ta cé thé xdc dmh ti€p
nhung thong 88 dic trung cho cac lxang thai khiec nhau phuc vu cong tac thigt
k& hoic van hanh mang dién, chdng han xic dinh dwoc on thdt cong sudt, ton
thil dién nang trong mang, céc bi¢n phdp diéu chmh chit luong dlen v.V..

Mot trong nhirfg nhi¢m v ‘quan lrong khi "thit k¢ va. van hanh m'mg
dién la tim nhirng phuorng phip hiéu hr¢ dé g]dl tich mang dién phm tap bao
gom phiéu nut, nhiéu vong kin. Trén co s& giai tich v nhiing thong lin ban
ddu khac nhau ¢ thé xiac dinh diroe trang thai t8i wu c¢Ga mang dién. Trong
troweong hop nay. phirong phap sit dung dal sb ma lrgm td ra co huu lwe 1o rét,

T
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Phirong phap ma tran’ cho phép str dung .nh&'ng' bi€n abi toan hoc chit

ché&, bidu didn gon, rd rang. Dic biét khi bai toan gidi {rén m4y tinh dién tir -

phuong phap nay cang td ré tinh wu viét, vi co thudt toan don' gidn va st dung
rong- rm cac chwong trinh miu. Vi vay ngay nay phwong phap ma trin dwoc

LY

" st dung nhidu khong nhitng trong 1'nh vuc giai lfch mang dién phll'c tap ma cbn; .

& cac 1Tnh vure tinh to4n ki thuit khic ahau. , P |
Tuy nhién edn luu v la phlmrng phidp ma tran.vé nguyén tic kh(’mg cung
cdp cho ta mot khd ning moi d& gidi bai toan, ma chi cho ta cach bibu diép,
cach thuc hién cac phép bién ddi gon, thugn loi. Un difm do dwoc gidi thich 14
phu'cmg phidp ma tran khong dua trén tirng phﬁn tir riéng ré trong phwong trinh
dé tinh loan ma dya lrén ting nhém phén tir c6 tich ch&t nhu nhau dwoc tweng
trung ciing ki hiéu d& tinh toan, vi véty qua trinh tinhk loAn lhlre hién dé déng,
dic biét khi co nhidu hé phuong trinh. _ ‘
Tuy nhién cédn thén trong khi thuc hién eac phép tinh dal s dai vo'l ma-
tr4an. Ching han & dai s8 ma tran :
— phép nhan néi chung khéng c6 tinb giao hoan. nghia la AB + BA
— khéng ton tai phép chia tryc ti€p cho -ma trin, ma dwoc thay bing phép
nhin v&oi ma tran nghich ddo. Hon nira chi c¢6é ma trin dang vuéng, khépg suy
bi€n.moi tén tai ma trin nghich ddo (s€ tiinh bay & muc sau). |
, Trong chwong nay trinh . bay so lwoc nhirng khai mém v tinh toan ma .
trin, phwong phap giai tich mang dién nhé phwong trinh ma trin dién thé nut
phuwong trinh ma tran mach vomg va ap dung d&i véi mang dién cu the.

4-2, SO LUQC CAC PHEP TfNHE MA TRAN.

clia mot may bi€n ap khOng 16i thép. Trong do:

M — D1 cadm giora hai cuén day ; I, —dong dién so va,
thir cﬁp U, U, — dién ép dit vao cudn so va thir cp.

 Hinh 4-1\ "Khi bd qua dién trd tac dung caa cdc cudn diy, c6
_‘ thé vi€t quan hé giira dién 4p va dong dién theo cac
phuong trinh sau : -
U, = jwLd, + jwMI, s A
& J 1.1+J.w : (1) .
Uz = jwMI + jwl,l, o
trong 46 w = 2=f va [ la tin s8 ciia déng di¢n. N&u dil
JwL; = Zy : o
JwLy = Zy, R
J’”M = Zyy = £ ' S
{hi hiéu thuc (4-1) duo'c vi€él dwéi dang: '
U, = Zy + Zi,i - ._ R
5 1l + tafe { - L4

U, = 42111' + 512
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Vi du trén hinh 4-1 mé.td tinh trang lAm wiéc -

L,, Lz — tr cam cda cudn diy so clp va thir cap; -



Hé phwong trinh (4-2) mé ti° mdi quan hé gilta cac thong 88 (rang tha
(di¢n ap " va dong dién I) théng qua cic thong 88 phin i (tbng & Z). Trong
rwéng hop cac gia tri Zy,, Zip, Zp2 la hiing 8, khéng phu thudc cac ‘théng 86
trang thai, 1a cé hé phwong trinh (4-2) la tuyén tinh. ' '
Mot cach Mdng quat khi dua vag hé nhitng kich thich Ty, Tyyees Lo ta nhan
duoe nhiing dap 1rng Yo Ygeew,” Yo (hinh 4-2). Mﬁl quan hé giua nhung ddp ung

yl va kich thich xy, i = Tyn c6 thd wt‘t trong. h¢ phirong

day : ) xz__..l., a 4
g]_""—"‘- allxl + (1121'2 +..- + dlnwnf . (4 3) x __‘__ " L""yl/'y
Yz = g%y + app% + e - Qgu¥n )
S SRR Hinhk 442
- Yo = Qp1 X + UyaXy + ... + un Un,
lrong do cac hé 86 ay;, | = LA, j = T, dic trung cho thong s8 cac phin tir

cia hé, thwong coi [a hing, sd.

Ta th#ly hé (4-3) twong tr hé (4-‘7) nghla la tmng nhiéu truong hop-khi
n0h1é|1 ctru cie ddi twong vat i khace nhau din dén su can thi€t gidj hé phlrong _
trinh ' dang (4-3).

Nhan thiv ring nlurng hé s8 a;j Lrong (4 3) ¢6 lihh chit gidng nbau - va
dé tranh c6ng kénh khi gidi, nha toan hoc Anbh Cayly vao cufi (hé ki 19 da vigt
141 hé (4 3) trong dang sau

[ 1 Ay A3 e App 2y _
Uy (g ... x '
LE: _ 2t ‘22 2| 2 C(4-4)
Un Uy Ung ..o Qpy Ay |

va coi bang cac hé s§ a;; trén ddy nhwr mét lodn t&r thuc hién trén cac An ay,
Zg.., Tp. LI thuyt ma tran xudl phat tur sy nghitn cru cde qui lvat cia tofn tu
dang dé.
Tir day bitu thirc (4-4) c6 thé vigt gon lai: »
Y = AX . ' T (4-3)
trong d6 Y, 1, X la nhit ng bing s ho#c chir trén day va duwoge goi la cac ma

tran.
Tu'crng tir nhurr vay bitu thic (4- 1) c6 the viét lrong (}ang ma. lrin:

13‘ a

(71 Jll le . 1'1
[l — AR , ;o = . '
I"z . 721' 'Zzz . R 12

Nhu vay ma tran ¢6 dinh nghia ~Q.’am _
Ma tran clp m > nla mot bing gobm m 3 n phan lu tao 1hanh m hnng va =

cot, nhwr vay ma. tran .1 cAp m ¢6 dang

yy Qgy . Qyn

trong d6:

21 ':2" (1) a2u

1

aml Um9 .ev. Chan



va ki hién Ia
A == \u”),m\n
tyong 6 a;j 12 cde phin W clia ma.trin.
' Néu m &= nta c6.ma (rin vuéng cip n. '
Hai ma trdn A va B coi la bﬁng nbag n&u chiing c6 cung cap m >< n vé mm
- phEin v tirong wng d8u bing nhau, nghia Ia o
A= (@)axn B = Gidmxnt 4 = Ikhiva chi khi @ = bu voi mai i’
va j !
Céin chu ¥ la ma tran. khbng co. gm tri fa mot 88 cu (hd ma la m()t béng
gom céc phan . 2 ;
Sau day xét mét sd phép lodn ché yéu ciia ma tran,

1. Phep( nhan bing 86 voi ma tran.. Tich cla hiing s§ » \vo'l ma trarl
d = (dij)mwxa la mgt ma tran ki hiéu la A.l, trong dé cac phén tir la 2.a;;, 1ighia la:

[ . : . 'MI“ -Aalz woe .faln

‘ ) ' Iz \ ?\ L ( oen -)\a - —
7oL rd = (/‘ui,)mxn - a?l } ."!2 ! 2n — 4.
/\aml 7\am2 oo )\(lmn

| Tu- day thay re’mg phép nhan hing sd voi ma tran cé «cac tinh chét giao ‘rhdén'.‘.

va k&t hop: \
’ - rA = 4.

~ " (N)A = n(u.1)

i @ h _
2. Phép cong che ma trgn. Cho hai ma trin cung cap 4 = (a,l).,,xn,
= (hi{)mXn <0I long cua 1 va B la ma tran C__(c,,)mxn, hong do. :

Ty

i = dij + b;j voi moi i va | :
. ' ,'

- ‘Td(l \ l . .
3 —4 2 2 6 —1 S5 21
(s )= 50)
—1 5 -1 —3 2 3 =3 7
B;nh nghla trén co6 thc mo 10ng cho ]ﬂ:n‘p céno mhmu ma {réin Cung cﬁp
'Ilr d[uh nghia trén, suy ra . o -

A A4+ A =04
p I TR,
n

Phép cong ma, trin cang. c6 (aL lmh chﬁi nhu phép tinh c¢ng da1 s8
théng thuong, nghia [ : o g
4+[)’::B+A1 . ‘ - U
A (B =4+ BFC -, y
| M+ By =714 418 - :

Ta ciing dinh nghia phép tvir cac ma trin nhw sau :

Cé . . ’ 1 ‘--’v_(aij)mxnv B== (bii)mxn '
thi - A—B = A + (‘"‘1) I = (an; “"Abij)mxn/‘
Bac biet kbi A== B thi - o &

A— B=1, d6 la ma tran khong aép m ><n L\ghlﬂ la m )<11 phan Wr
bing 0.
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Taco 4+ 0= .g véi moi ma tran 4 cip m Son

0 — d= —4 lh ma trin déi cia A N

‘3. Phép nhan cde ma trgn. Cho ha1 ma tran A = (u,j)m . va 1?’ (h,)p P
ta goi ma lran € = (¢ ,,)m\n la tich etia A va B, trong do gia trj coa phfm L
Cij thube hang i va ¢6t j ctia € dwoe xic dinh biing tdng céc tich lirng cap cia
cac phan (i trong wng & hang { cua ma, trin A \u\ ¢l i cu.n ma trin B
nghia la ;!

C}j = (?il - blj + iy . bei + ... + aig5 - bnj
Quy tic nhan hai ma tran dwoc bidu dién theo so dd sau.

< .

11y Mg+ My by Dyg.n. | byy| - byp
l o b21 Dys .. sz oo bzp
qu- (1,2 Ve am N \
i ~ ’
{
aml hmz .7.-. amn bnl bng h bn‘j bnp

ILTP PR C‘lp\ NS

X Cip

le B sz (e Cmpl

O diy cin dic biét chu v 1a phép nhan ma trin A . B chi thuc bién duoe
khi s8 cét cta A bing sd hang cia B, kbhi d6 got la .\ nhan voi B tir bén (rai va
"on. lai ma tran C = AB. :

Vi du o
) o 1 3
,Az(_}r“f ‘5) B:(—-l u)
i I ’ - 'r)‘ ,2 4 B
]lnh(,_lB L L ‘
o (1 1+_ L —1-4+3.2) (1.1'+_2.o+3.4)=_(9 15)
| (( 4,942, —145.2) (—4.3+2.045.4) 4 8

Néu 4 va B déu 124 ma tran vuong cap i lhl phép. nhan AL hao gm cung xde
dinh va ma tran C = AB ciing co cap n. - _
Tré lai vidy o h”b,b 4-1, da ‘o phuong trinh ma lsin
|

o (D Yo (1
' Lyy. Zaz i
- o _ . 2
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vy theo quy téc nh&n ma tran la xac djn‘h dwge ma tran U

Uz(f:, ) _ (z,,_,zu) ( I, )
i ] Véa Zn) \ v
2
Tir day | 3
(U:) _ ( Zydy + Zpl,y )
U Ll + Zz_zlz
nhu da thiy o hleu lhu'c (4-2).

- Mot d¥c ditm ciia phép nhar ma tran la_: noi.chung khong co tinh chit
giao hoan, Vi theo quy l&e t0m tai tich hai ma lrdn AB khi s8 cot cua. 4 b&np 80
hang cia B Lhi khi AB (8n tai, chwa hin lich BA di on taj. Ngay cad trong

trirng hop ca AB'va BA d¥u ton tai thi:

Néu cdp cia 4 1a m X n, clp cia B phél 1a 'n X m d& c6 ci AB va BA
" nhung khi d6 tich AB cé clip. m X m va tich BA cé cdp n X n, oghia la
- AB = BA. Trong truwong hop A va B la ma tran vudng, noi chung vﬁ,n c6

-AB == B4A
A=(1 2) B-:(O l_) °
. 01 2 o/

Vi du
(1 u+2 2 -1.1+2.0)_;(4 .1)
0.04+1.2° 0.1+1.0 2 0/ -

_(0.1-{-1.0 0.241.1 __(o 41) o
.. S \2.140.0 2.24—0.1)"' 2 4/ . _
nghia 1a AB = BA. | ,

Ngoz'ai ra cdn chd y la khi co AB = 0, khéc vou’ quy tic da: 8¢ théng
thuong, o day khong nhdt thiét A/—‘O hoac B =0, ma n6i chung 4 =# 0

'm3+0
A=) ee ()
0 o -1 0

Vi du .
AB:‘:(I4 4’0):(00
0 0 —-1 0 00

Tt nhién khi A = 0- hoac B =0 va 16n tai tich AB lhl AB Iuén b"lng ma"
Irdn 0. ‘ 7 ‘

Phép nhin ma llan khong Lb lmh giao hoan nhung tudn theg 4inh kit hqp"’
va phan phdi : _

khi dé

ta co

(4B)C = A(BC) = ABC
A(B+ C)= AB + BC.
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Q. Mot 20 deng d;e bi¢t ella ma trgn.

Ma tran don vi 1. Ma trandon vl cdp n, ki hfeu la I (hoﬁc I) 1a mél
ma lrfn vudéng ma cic phén b trén dirdmg chéo chinh (Wr goéc trai trén cing d&€n
go6c phai duoi cing) bﬁng 1 cén cdc phiin t& khéc bﬁng 0,

41 0. Oy

I = [) 1 seh [)

‘- N 00 .1/
hodc ki hiéu e . :
‘I = (Sﬁ)lxn

trong dé 2 . .
. { 1"khi { =]
o il_)Okh1:=f=]
Ma tram dcm vi co6_tinh chit sau:
o . Al =JA = 4
. | II = 1% nghia la/I* = I

Ma trgn dudng chéo 1A ma tran khi cac phén tir trén duo-ng chéo chmh
c6 gid trf khac 0, con cic phin tir khic bing khong. /-

Vldu
12 .0 0
=(0 1 0
0 0 "4

-. Trong truirng hop che phin tir ‘trém duong chéo chinh bﬁng nhau thi ta co-
ma trdn v6 hwéng. Vi du

3 0 0
03 0
0 0 3,

Ma trgn fam gidc la ma tran vuéng ma cic pﬁﬁn e & phia trén (hoiic
dwéi) quong chéo chinh d&u’ biing 0. Vi dy c6 ma trin tam gidc phdi:

1 7 8
0 3 5
0 0 6

Ma trdn cdt cdn goi 1a vecto' — cdt la ma tran chi gom mot col.

' Ma trdn-hadng cbn gm 1a vector — hang la ma tran chi gm mét h&ﬁg.
Tbi dll - - . :

' 2
A=|"1
_ 3

_ Ma- trdn chuyén v}. Cho ma trin 4 c&p m X n, ma trap chuyén vj. oua 4,
ki hiéu 1a A; hoiic AT hodic A’ la ma_trin dwec tao tir-A bing cich chuyen v; E
tri hang thanh. cét lu'(mg li'ng Véy Aycéd cipnXm, Vi da:

-

B =

.»A =

vd‘B;—:‘(4'_6‘ 8 9)

i n 2 3
A=(3 0 r) M|
cat T 0 7




Ma tran chuyén ¥1 ¢6 nhitng tinh chit sau :
Y N ®
‘ 1, (‘-'ll)t s ‘,1

Neu ¢6 C = 4B thi\C: = (AB) = BiA,

Vi du: co
(= ()
‘ | _. 34 o/
Khi do . ‘
' =y ) ()= ()
3 4) Vo) Ny
va o @me=@
Mat khac -
. ‘ 13y
[ Be=d U):A‘Z(z 1)
o | 13 .
Bedc = (3 0) - —= (@3
o ,(~)(2 4) e
nghia la i '
| | (13),_04,

Ma tr un 50 pluu lIa ma l:.!n khi co it nhiit mol phiin tir la 88 phm,
Ma lrgn phirc hop. Gia thigl ¢6 ma lran s6 ) phirc A

‘) ’ A.’ .
A = ( 0 + 3 ) lip 4y = ( 0 )
\ 2 1441 : ( 24j3 141
sau do thay cac phin r phite cua A, bang cac gid tri lién hop ta duo'c A* la
ma trin phic hop cia 4

= (L0 TR
- | 2 — 3 1—}1

- Tir day thiy - ' -
: (A*)* = 4 \é\ khi .4 14 ma tran thue thi.

h ' » 4'\* ‘: 4’41' -

|

~

V)u {ran plz ke doi kh} cac phiin (& trén dudng chéo chinh 1a s§’ thue con
cic cdp phin tir AGi xirng qua du'unu chéo-chinh 1a nhir ng sO phire hén ho'p
Vi du -
- 3 9 642 |
-4 =',( +i 4 3
’ 6 — 2j 3 6 _ ,
A \ !

Mu tran i wcyng cd cic ])hdn tu doi xirng qua dwang Ch’éerjchinh bﬁng‘&:

nhau, Vi du: ‘ o . y
1 0 3 R
A=(02-7) )
' , 5 =7 3| . | -
khi d6 4 =4, - |
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Ma imn p]um d‘ox xung. GO chc plidn t trén duorng chéo chinh b¥ng 0,
¢on cae ‘phitn 1 A8 x(tng qua dudng chéo chinh bm‘«r nhau nhu'nﬂ trili dﬁu Vi du:

0 ;; 41 . |
A , 4 = | -3 0 5' \

= 5. Dinh the&e caa ma tron. Khi giai hé phuang trinh (4-2) xac d;nh dc‘mg
di¢n Iy, Iy ta c6 k&t qua: - :

- Il _ ' '1722 —_— U 7]2 . Iz :: lelvz -; -ZZIL'I i
| ’ Zirdor — ZLigdpy

Al — Liady
Ta co l}w ki hiéu nhw sau :

- ?iz {{12" Zn _ 151 .
Uy o )~ I
1 3 5
- , ATRRAT /11 —ZLya| :
22y Z22 Zay Zp .
lrong dé » 4 x
ﬁ“ ?2 '/“/22-— /21/12 dwoc goi la dinh thm: cia ma trén cﬁp 2
a1 L2
caa (A,}) dihh thirc cia ma trin Z con ki hiéu. la del l luong tu 1a goi
. {l}",‘" = Uy, ~ Uiy i dinb thire ciia ma trdn (L‘ ,‘“)
Uy 2y, , U, 422

T day thiy r.’lng dinh thire Lua ma nén co Iri 8b nhit dinh vA ¢6 hd
séc dinh theo qui lic sau dAy - . -

B38i voi ma trgn | = (a) mot phan L, thx detd = a.

Bai voi ma tr An clp 2 :

A = le 012)
: - \dap; az; _
detd == ajjaz: — azay,. _ . .7 ‘
' B&i v&i ma tran cdp 3 _ - '

a;y @z agg
19y g3 U2y
3y “32 Qgg

ta co thd xic dinh del 4 bang, mgh vidt lai hai cot*diu vho bén phax

1

q 2 g ayy a1,

(a; Qg Uzg Upy - Ap
. - Q3 Ay ‘133\ Q31 Qg3 :
. sau dé Iy céc tich 56 lung 3 8§ theo chiéu nglnéng lcr trén xudng. lbl mang
dfu 4, tr duoi 1én thi’ mang du 2. Nhwr' vay .

N

&

deld = = 01102208 + a;ya9308; + ”13“21033 - ‘131022&13 —
: — dg2pa0y, — “33“21‘11:

Chu v la qui téc né\y cunﬂ dung d8i voi ma tran ¢lp 2 vé. dﬁy chmh M the
hién qux lac. tbng quat zéc’ dinb d;nh thuc u:a ma tr§n cﬁp n bt ki nhuw sau:
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Binh thire cia ma lran vuOng cép n bling tong chc tich cta céc phin i
~ trén m¢t hang (hoiic cdl) ndo dé6. nhan voi ph‘a‘n phis dai s8 clia, ghﬁﬂ lu‘
twong rng.
Gla thift ¢o 4 = (a;j)n'Xn
n

delA = E ay 4y \ : (4-6),

i=1 A Y

trong &é 4;; 12 phan phu dai 38 cla phh‘n Lt .a;j.

Phiin pha dai s8 .i;; la dinh thirc cia ma trin A khi loal bd lmng i, cot
j» va mang d¥u (—1)i+5.

Nhe qui tac trén day viéc lim dinh thirc clia ma trin thuec hxén theo dang
tray toan, nghta la xac dinh dinh thirc ctia ma tran cdp thip din cho’ dén cdp 1.

Ap dung qux tic tong quét nay ddi voi ma tran 4 c8p 3 trén ha, 18y . cot
j=1 dé khai trién, ta c6: _

detA = (—1)%ay, (a" 23) + (= 1)8 az, (alz ala) +

. asy a Qg2 (lgy

» + (7'1)‘ Q31 (alz ‘113)
azp dzg

ti€p tuc khai trién céc dinh thirc cap 2 ta nh@n duo'c két quid nhiwr ci.
Vi du Xac dinh dinh thie cia

: - 1 2 3\
s - A=(1 1 1)
‘ . 21 3

Theo qui thc trén, khai trién theo cée ph?:‘m tir & cot 1, co:

“'dem:l.det(l 1)_1 dl(2 _3)+2.det 2 3
: 13 13 1 1) =

_1(3-—-—])—1(6—-3)+2(’—-3)—2-v-3——-1‘—'—-3

Tir dinh nghia v& dmh thirc clia ma tran trén déy ta cb mét s8 dfnh Li cﬁn
thigt sau day :

Binh 1y 1. Néu trong ma tran cé hai hang (hotic cf)l) gom cfu. phﬁn\m
lwong Ung ti 1é véi nhau thi dinh thirc cia ma tran d6 bing 0, nghia la:

Co A == (@ij)uyn néu ai; = Mayj, k + 1, j =1, n thi detd = 0. 3

- binh li nay co thé dwoc chirng mmh nhw san: Vi khi ta l.;lp tb hO‘p luyﬁn'
tinh (cic phép toan dai $8) chc phdn tir cta 2 hang (hoic cdl) cia mot ma trin
thi ‘dinh thirc ctia né khong d0i. Khi ma tran ¢6 hai hang (hodc col) gém cécr
phiin tir ti 16, ta c6 thé bi€n déi thanh ma trin gém mét hang (hoﬁc c()t) toan
. 88 0 va-nhu vay dinh thirc cia ma tran s& bdng 0.

Binh I1 2. Binh thirc ciia tich cc ma.tran bﬁng tch cac dinh thic cda ma
tran thanh phﬁn, nghla la - _ }
T det(ABC)—detA detB detC ' LT .
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Ma tran cé' ditnh thice bing 0 goi la ma tran suy bi€n. Nhu vay Ut dinh
li 2 suy ra r¥ng:
l?gu C = AB khi A hogic B suy bi&n thi € suy bi&n.
O diy cfin chi ¢ la kbai aniém dich thire chi 4p dang dot voi ma lran
vulng. '
Ngoai ra tir cach tim dinh ihtrc cia ma tran ta thily riing (ong cic tich ciia
cic phdn tr trén mét hang (hoic col) nao dé voi phan phu dai 56 tirong Ung
cua cic phiin U & hing (hmc ¢6l) khae thi biing 0. Vi lrong truéng hop nay
nhan duoc dinh thite ¢ia ma tran ¢6 hai hang (hoic cOl) cO cite phin (r gidng
nhau. Chi y nay s duvoc st dung khi lim madvin nUhlch dao. |

6. Ma trin nghich. dag. Cho mot ma tran vuéng A ciip n. Néu t6n tai mot
ma tran vaong A7! cling cidip n sao cho Lhda min hé thie
At =ut=7 (4-7)
thi A-! goi la ma tran nghich dio cda A.
Xidc dinh ma tran nghich dao 14 mot trong nhitng phép lodn ma tran ph'c
tap. Sau day ta xay dung (hu tuc cta phép toan doé.

Vid.A7'=1T nén detl = del.! . detd-!. Do dé det] ——1 nén 4 va A™! phéi
" la nhitng ma tran khong suy Lifn. Gid (hi€t co ma tran .4 vuong, khong suy bifn

a;; dip ... N1n
l — azl a22 cee azn

(Iny Upy .. Upg

N&u 14y cac phian phu dai 8§ theo cic phin Ur ctia hang i niao dé (i =1, n)
roi sap lai thanh ¢dt { cua moét ma lran khac thi ma tran moi nay c6 dang:

illl AZI e flnl
."112 :;-."122 see a‘lnz

va goi 1a ma tran phu hop cua A

Ta x6t ma lran lch A A= (cij). Trong d0 cée phin 16 ¢, = 2 e L
k=1
Ta thiiy riing ntu i =& j Lhi gia tri ¢ ¢ chinh 14 tong cac lich cvia cic phin k trén
moé6t hang 1 véi cac phidn phu dai s lay trng véi cac philn (b & hiny j khac, Nhw
trén di bi€t cac thng do ddu bing 0. Néu1 = j thi ¢;; =¢;, i = I, n chinh I& long
cac tich cha cac phin tir trén hing [ voi cac phan phy it dai s¥ tuwong ng, nghia
1a ¢y == detd = |4}, Tir diy ¢6:~

|A, U e 0
< 0 1A] .0

A A - ‘ ‘ 'm
u. - 4]

va nhu vdy AA = A4 = RIS
o
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T day co:

4.2
{4
A ] - - _ . .
Bétm =471 ta o d. .._I & A™! thda min ditu kién ma tran nghjch

ddo cia .

Tém lai khi ¢6 A vuéng, khdng suy bign, d& tim A—!, trwée hét cln lap
A sau do c6: |

A -
ATt = 2 (4-8)
(4]
Vi du: '
Cho -
3 —2 2y
A= (._1 1 _1), xdc dinh A-!?
0 1 4
Vi deld =[A|==5 nén ton tai A—L
Lap A
Il-.l_—2'2. —2 21y ,
1 1 4‘ 1 —1 \ :
o . 5 10
i - 1—4 _II‘ 3 2‘#_\ 3 2’___( ; 12{1’)
0 4 0 4 -1 —1 —1 —3 1
l—-] 3 —2’) 3 —=2
0 0 1 ‘—1 1f
Yay | )
1 2 0
. 4 121
Al = — = 5} 5 5
| 4]
1 _32 1
| 5 5 5
Thi lai thfy 44~1=1. )
Mot 88 tinh chiit vé ma tran nghich ddo clinchiy:  ~
a) det(4—1) = (detd)~! . 3 L
b) (4-1)~1 =4
¢) (AB)™! = DB-14—1 , v

d) ()~ =47,

7. X4e dinh ma tran nghijch ddo nho cac ma tran Phuong phap nay c6

gia 11 li thuy&t quan trong va dwogc ding iam co s& d& xéc d;nh ma trin nghich
dao bing muy tinh.
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Gid thiét c6 ma tran vuéng cfip n
my; my, [ oo Miyn

My Myy | ... My
JI =

Ta chia M thinh cdc ma transon

Jj :(J’IQ AWB)
M, Mg)]

trong d6 M, — ma tran con cip s X s; Mp — ma ltrin con cip s X 4;
, JIIY — ma lran-con cap k >(s; MS — ma tran con cip k - k.
o ddy s+k=n

Néu ton tai M—1khi do M ™! ciing dwoc chia thanh

u—l:(M“ Mb)
Mc I‘Id ~

trong d6 cac clp cta M,, My, M., M4 lwong ung nhw cha M,, Mg, M, Mg,
Gia thi€t ma tran con Mg ton lai Mgl; Khi d6 vi

MM-1=1

,(Ma MB) (Ma Mb) __(I, 0)
M, Mg) \M, My 0 I/ "
Tir diy a4p dung phép nh&n ma trdn ta c6:

Mo Mo+ Mg M. =1,

MMy 4+ M Myg=0

M, M, + Mg M.=0"
Mooy, + My My= Iy

nén vi€t duoc:

(+-9)

Giai hé phuwong trinh (4-9Y xdc dinh duwoc cic ma tran con My, Wy, M’61 My
thEO M‘, A[p’ H»{, A!é. ' R }

—1
Mo= (e My b1, MK)

thz—Mp.Mp.Mgl
\ (4.10)
Mczﬂ'l-l.Mo{.Ma
CTeT s

(11{d = J[sl — ‘MG—I'MT . Mh
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Thuéng chia M dé Mg co cip thidp (1 bogc 2) d& dé dang xéc dinh M-,
Vi du. C6 ma tran
M = (4 3)
201
Xéc dinh M™t t{heo Llch chia 'M thanh céc ma tran con. Chia M thanh M,

M, = =(3); My == (2 Y Mg = (1)
Theo Bifu thire (4-10) 1a co6:

= (4);

e 1
Jlﬂzz(-t-——-g.l.._f)i:-—-—é-.
. ) , 3
My= 1 31 | =2
2 2
M,—1.2. — -1
2
z 3 |
Md:”l-—l.z.? = —
Viy
| _}_ i
Wi=f 2 2
- 1 =2
Thir lai
+ L 2 1 0
1”3"1-1::( 3 2 2 f——t )
‘ 21 01
1 =2 4 .

Chu ¥v: Mol sd ma trén dang dic biél 6 the xac dinb tirwe t1€p ma rdn
nghlch déo. '

Vi du
20 0

a 6 0,1
(U a U) = | U — 0

‘g a
0 g «a
o o X
’ : a
-ho#c

1 a b -1 1 — { —b
(!‘ 1 U) o= 0 §]
D0 1 ’ 0 0 1
-

8. Phcp tinh vi, !ich phan cia ina tram. Cho ma trin ma mdi I phin tr cua.
n6 la liam cda mot’ bi€n nio do, Li y dao ham-(hof¢ vi phan) ma tran theo bi€n
d6 la lay dao-khiwm (hoac vi phan) tieng phdn tu- theo bi€n do-

4
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i = (ai; (2))
dA d o | ]
| = = (?x' aiy (:r,)) (4-11)

Phép tinh dao ham ma tran cung ludn theo cac luit rua phép tmh dao
ham thong thuwong. Ching han :

Go ,
C = 4B thi

dC (IA B4 4 _(!_1_9_
dx d:r dx

O day clin chu Y thir tw & cac phép nhan.
Twong to ddi v(;ri phép‘ tich phan ma tran:

b b b
J' — I a;(x))dx = ( j () r) - (4-12) |
a a i a
Vi du. C6 ma trin
— = 42 4
4 = (Dx bz ) , xac dinh d
7 27 dx
di _ (5 120
dx 0o 2/

4-3. GIAI PiCH MANG PIEN BANG MA TRAN

Khi st dung dai s6 ma tran d& giai*tich mang di¢n ta thwéng bidu difn so
do ndi div ctamang dién duoi dang do thi (graph) Dwe¢i dév trinh bay mét vai

khéi ni¢m can thi€t vé graph. ‘ , \ &

1. Nnang khai ni¢m co ban v2 graph .Graph dwgc dinh nghia 12 mét tap
hop gém cic nut va cdc nhanh. Khi cic nut ndi lién thong véi nhau ta c6 graph
lién thong. [ _

Trong truéng hop dpn glan Ung vAi so 6 ndi day cta mang dién, nhanh
dwoc xem Ja lbng lré ndi lifp voi suc dién dong teér do hoic tong danyndi song
song vii nguon dong dién hoiic phy tai; nut la die¢m ndi (i ba nhanh tré 1én.

Vi du tir so d6 mang dién trén hinh 4-2 cé thé hiéu dién nhe graph trén
hinh 4-4. Do 12 mdt graph ¢6 hudng (theo chicu dong dicn).

Tuy nhién viée bidu didn so do mang dién chi la mot vi du don gidn vé@
graph. Dinh nghia cua graph téng quat hon: graph xic dinb méi quan hé chu-c
nidng gitra cac dai lrong khéc nhaus vi vay né cé irng dung rit réng rai,

Vdng cla graph la duwong kin di tir mot nut qua céc nhdnh khéng trang
tén va tré. vé nit cd. .
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Cay cua graph 1a tip hop At ci cée mut (dinh) c6 cic nhanh (canh) hén
thung ma khéng tao thanh vong kin.

Vi du d8i voi graph mang dién trén hinh 4- 4, cod thé thanh lap mol 88 cly
nhw trén hinh 4-3.

Hink 4-3 | Hinh 4-4

Bu cay cia graph la phiin con lai cia graph sau khi dd xéa cdy. Trén
hinh -3 ¥ méi lruong hop cdc canh c6 duong chm la bu ciy cua giaph

Hink 4-5

i ngi Tinh if co bdn cia graph.
%0/ 1y 1. Graph lién thong c¢6 n dinh, thi chy cia nd cé n-1 canh.
¢ du graph trén hinh 4-4 c6 4 dinh, thicéc ciy cda né déu cé 3 canh vl

con’ L tiv 4 s€ tao thinh vong kin. :

pinh ty 2. Graph ¢6 m canh, n dinh thi b cdy caa graph c¢6 s3 canh
s = rri — 1 1.

Dibu nay ¢6 thé thiy rd rang vi s canh cua bu ¢y bﬁng s8 canh cua gra h
tie T 33 canh enta cay, nghia la ’ Ip

s=m—(n—1)=m-n+ 1.

Vimach vong kin dugc tao thanh béi sé canh cda mdt cdy nao do va mét
caah ctia bu ciy, n6i cach khdc mdi canh cua bu cdy lap dwoc mét mach vong déc
lap. Tix day rit dwoc hé qua sau day :

Mol graplio co 1 dinh, m canh mad m > n (nghia la ton tai mach vong) thi-
~ta I'p duwye m —n + 1 mach vong déc 1ap. Do chinh 1a co s& d& xic djnh 8
phivoug trinh doc lap theo dinh ludt Kirchoff II.
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2. Mot 6 dinh nghia vd ma tran trong mang di¢n

Ma trin dién dp ‘nhdnh U 1A ma trin cdt c6 8 phin tir biny 8 nhanh Cl'lﬂ
so A6 va mo t4 gia trj dién 4p roi (hodc 10n thit dién ap) trén cac nhanh, D8 tién,
thuong vilt '

U, = (U, U, .. .L?.,.)
[ o)

U,

\Um)

' Ma trdn dong dién nhanh I ciing la ma®tran c6t gdm m phlu i, biku thi
gia tri dong dién di trén cic nhiuh, ki hi¢gn ‘ :

0 —

jt = (il iz ...in)
Ma tr/tjn stic dién déng nhdnh E cling la ma tran ¢4l gébm m phin t&, bidu
thy gid tri strc dién ddng ndi ti€p trong cac nhanh, ki hién

E, = (E, Eq .. En)

Trong mang dién cac nhanh tfnrc‘mg 12 nhiing téng tré thu ddng, vi vay E=0.
Ma tran ngudn dc‘mg’] J 1a ma tran cét gém .. phin ttr, bifu thi cac gia trj
dong dién di vao nut (khi nut 1a ngudn dién) hodc di ra tu nut (khi nut 1a phu
tai), ki hidu | -'
jg :(jl jz--- Jn)

trong d6 J; mang ddu — khi ila nit phuy tai, mang d%u -+ khi { la ngudn.

Ma trdn 16ng Ire rhanh Z la ma trin vudng cp m, bing s¥ nhanh cla
so d6, cac gia trj trén duwong chéo chinh la tdng tré tung nhanh con phén tir (i)
la tdng tré twong hé Zij gilia hai nhéanh i va j. Khi gidi tich mang dién lhwong
khéng xét toi hiéu wng cia truwong di€n tir, nghia 1a coi Z;; = 0 v6i moi i, j nén
Z ¢6 dang ma tran dudng chéo, ki hiéu |

Zoo0 .0
7 o= {] Zz Bt
Ml 0 VA

Twong tir, ma tran tbng d4n nhanh v trong truérng hop nfzy 14 nghich d&o
cua Z, - : : |

Ma trqn hé s&8 phdn bé nguon dong € la ma tran chir nhat ciip m:X k,
trong dé m la s3 nhanh va k la s8 nut doc lap (trir nut Jdy lam co s& céan bﬁng),
nghia la k = n — 1.'Nhitng phin tir ¢;; bidu thi gi4 tricla déng dién trén nhaph
do nguén dong & ntt j phin phdi cho. , o
Co6 thé xéy dung ma trin C nhu sau:
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Ta Didt rdng gm tr] ca dong dién I; {rén mét nhdnh i nio do du'oc gay
boi tal ca cac ngudn dong (va ngudn phu tai) J; tai cac nit j, j = 1, k. Nhu
viy col Jy, Jz2, ..., Jx nhw nhitng kich thich va ta nhin dwec céc ﬂép trng I;,

I=1, m trong dang cac td hﬁp luy'én llnh sau day

I =y, J'l 4+ Cradyt o+ Cudy ‘
fz — CRI J.l +.C22-]‘2 + ... + (1‘2],.-]']1

im:Cm1-j1+Cm2.j2+.-.+ :mkvfk

ii¢ phuwong trinh trén duoc viét trong dang ma (ran

*

g1' =CJ | (4-13)

VE v ughia ning lwong, cac phin tk Cy cia ma (rin hé 88 phan phdi €
dwoe giai thich va thanh lap nhw sau: B8i véi mang gém cac, ph%‘m ir tuyén
tinh htﬁb’ phan phoi C,;1a gid tri dong dién lrong nhanh ¢ khl ¢ 'nit j ngudn
dong ¢6 gia trl 1 don vi, & nut cAn bing nguén dong cd gid tri 1 don vi nhng
huong nguwoc lai, con o moi nut khéc gid tri 'ngudn dong bing 0 (xem hinh 4-6).

Ma tran £ déi voi mang ho ¢ nhirng dic di€ém sau day :

Vi & mang hé 88 nhanh m bing s8 nut doc 1ip (mang hé chinh 14 moét cay
cia graph) nén € ¢6 dang ma Iran vuong. Ngoai ra ciy gia tri Cj; trong truwong
hop nay ¢ 1hé xde dinh truc ti€p vi khong ¢é hi¢n twong phin phdi dong trong
raach vong kin, Cie phan tir Cyj 6 gié tri don vi (- 1 bodc — 1) n€u nhénh i do
nim tren dugng ndr dwge, L nit j @&n nil cén bang, co gia tri 0 n€u khéng

in b dudng di tr nut j qua nhanh { d€n nut can bﬁng Ngoai ra theo qui wéc
iy = -+ 1 ntn chifu di cung chiéu voi dong dién trong nhanh di cho, C;; = —1
néu ngwoe chitu, Ap dung qui lc trén, c6 thé lap ma trian € cho mang dién hé
frOnoainh 447,

‘I/fu_ e . B
. . S
) 1
Hink 4-6 ' Hinh 17
—~1 —1
C=1 0 — 1 0

() 0 —1

Ma tran néi day nut— nhanh M nhim biéu dién trong dang dai-sd céch
¢hap ndi cta so 46 mang dién., Sau day ta xét ¥ nghia va cach liap ma tran M.
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Gid (hiét mang dién c6 graph nhw trén hinh 4-4, & mdi nut c6 thé
Phwong trinh cén bing dong dién (dinh luat Kierchoff ) trong dang' -

m

E mu Iy = J; voii=T,n . (4-14)
k=1 |
trong do )

m  — s8¢ nhanh 1ong cong trong graph -

Iy — dang di¢n trong nhanh &

My, — hé sd c6 gia tri: .

m;, = <+ 1 khi dong Iy di ra tir nutt

My = — 1 khn dong I hwong téi nut i

mi = O khi dong Iy khong qua nut {

1 — 86 nut cua graph.
Tap hop n phwong trinh dang (4-14) c6 th€ vi€t trong dang ma tran sau:.

MI=J ' (4-13)
trong d6 | — ma tran. cot m phén tir dong dién nhanh

J — ma (rdn cot n phdn t&r ngudn 'dong & cac nit
M— ma tran cip n < m the hién cdch ndi day gilta cdc nit va nhénh
goi la ma trin ndi day nut — nhanh. - -
" dwece thanh lap nhw sau:s8 hing nung voi 88 nut, 88 c6t m ung voi
s& nhanh cha so dS. cdc phdn & m;; & hang i ¢ot j co6 gid tri '

m,; == -4 I n€u nhanh j dj ra tir nut i,
m;; = — 1 n€u nhanh j ditéi nut i
m;; = (0 n&u nhanh j khorg qua mit {

Dua vao quy lic trén diy, graph trén hinh 4-4 ¢6 ma tran nBi day nut—

nhanh nhu sau:

~1 1 9 o0 o\ ()
_ 0 —1 N —1—1 )10
noo—1 1 o J@)[™
1 o 1 0 17 (o)
RN ER RN
- nhanh =

Nhin vaod cic phiin tirctiard/ la thiy :

Mé&i hang wng voi mdéi nut va nhitng phiin t& Lrén hang 6 ting voi céch
néji day ctia cac nhanh ddi voinut do, n€u c6 gid trl 4 1 nghia ta nhanh lwong
trng d6 di ra tir nit nay, — 1 la di vio nut nay. Ching han tr hang 1 cha M
frén day la thiy ddi voi nit 1:nhanh 1 di vao, nhdnh 2 di ra con ' cic nhanh 3.
4, 5 khong qua nit nay. | -

M&i cot clia ma tran M tng véi méi nhanh cia graph va cac phin ti 4 1,
— 1 trén d6 chung té nhanh d6 ndi voi hai mit twong Ung ndo d6. Gid tri 4 1
nghia la nhanh d6 @i ra te nut nay, — 11a &i vao nil nay. Chdng han déi voi
nhaph 3 ta thdy né di ra tir nit cin biing 0 va di vio nut 3 con khong qua cac
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nit 1, 2. Vi nhénh chi n8i giita hai nit nén & mdi cot chi cé hai gia trj + 1 va
—~ 1 ¢dn cic gia tri khac bing 0. Nhw vAy tdng dai s§ cdc phiin ti theo mdi cdt
deu bing 0, nghfa la cac phin Wk cda mot hang b&t ki c6 thd suy ra tir cac bang
khéc, di€u d6 ching 16 irong graph cé mot nut phu thuéc va thuong goi la nut
can biing. Trong vi du nay la I8y nil N lam nut can bing. Khi d6 ma tran M
thuong chi vi€t voi nhivng nat ddc lap. O"day M cé dang

- -1 1 o 0 O
M=( h—1 0-1-—-1 )
0 0—1 1 0
Khi dil qui dinh vé nut can bing va cach ki hiéu tén va chi®u dong dién
trén cac nhanh ta cé lién hé don tri gifra hinh déng n§i day ctia so d6 va dang cua
ma tran M, nghia la tir ma tran M ta tai hién duy nhit dugc so do ndi day caa
mang dién.
B&i voi mang dién kin thuong 88 nhanh nhiéu hon 86 nit déc lap nén ma
tran M co dang chir nhat.
B3i voi mang hé, khong 6 vong kin, graph 1a cy voi s nhanh bing 11 —1
(trong do n 1a s§ nul ong) nghia la bang tong cac nut ddc lap. Nhw vay ma trin

ndi day nut nhinh 12 vudng cip (n— 1) khong suy bi#n ki hiéu la M,. Vi duco
mang dién ho trén hinh 4-7 ta lap duwgc M. nhu sau:

-1 1 0
Ma = ( 0 —1 0 )
' 0 0-=1

Trong Lrudng hop mang hé vi 3/, vudng khéng suy bi€n nén ur bidu thirc
(4-15) ta vigt' duoe:

I=M717 (4-16)

So sanh voi biu thuce (4-13) v8 ma tran hé s§ phan phdi ngudn dong C ta
rit ra k&t ludn: & mang dién ho td ¢co m’i lién hé gitta ma tran ndi diy nut —
nhanh va ma trin hé s6 phin phdi ngudn dong nhw sau:

Ce= M7! (4-17)

Ngoai ra dé tién lod trong tinh loan, d8i véi mang dién kin, ta c)ﬁa ma tran
n8i day nut — nhanh thinh hai ma trin con: -

M=(WM, IVB) (4-18).

trong dé M, 14 ma trin con {ién quan dén phin cay ctia graph mang dién. Nhu
vy M, vuong, khéng suy bi&n,

Mg la ma trin con lién quan d€n phin bu cdy cia graph. Ching han & vj
du trén, ma trin M, da xic dinh, con Mg cé dang

0 0
I"IB == (__1 —1 )
| 0
trong 46 phéin b1 cAy cua graph bao gém nhénh 4 va 5. .
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. / |
Ma trin néi day mach véng — nhéanh N. Trong trudng hgp mang dién gdm

cac sre dién dong E trén cic nhanh ma khong c6 ngudn dong thi thuong six dung
dinh lu&.t Kirchoff IT @& xac dinh dong dién trén cac nhanh.

\ 'Giéi thitt ¢6 so d6 mang dién nhw4rén hinh '
4-5 voi hai mach vong déc lap voi chiu qui woc
nhw teén hinh vé. |

Binh luat Kivchoff II dﬁ'o'c phat bidu nhw
sau :

. Trong mdi mach vong téng dai s§ dién ap
g1ang Irén cac nhanh bing 0, nghia la

m /

- * ‘ 3 |
Z ity =14 (4-19) Hinh 4-8
i=1 |

rong d6 Uj I di¢n dp giing lrén nhanh j, vi trong nhanh c6 suc dién déng E;
nén coé - _

C‘yj = Zjij - Ej (4'20)
trong dé Z; — tong trd nhanh j; I; — dong dién trén nhanh j; n;; — hé 85 co
gia trl: n;j =41 khi dong dién trong nhdnh j cing chidu véi mach vong i qui

wée ; ny; = —1 khi dong difn & nhanh j ngugc chiéu ‘mach véng; n;; = 0 khi
uhanh j khong thuge mach vong 1. !
N&€u mang dién c6 m nhinh, (n — 1) nat déc lap thi 88 mach vong déc
lap s 1a _
s=m—n+41

Cac phwong trinh (4-19) c6 thé vi€t trong dang ma trin nhw sau : o
NU=0 (4-21)

k%t hop v (4-20) ta cé ‘ o |
NZI—-Ey=0 " (4-22)
’ trong d6 Z — wma tran Ling ird nhanh ; I — ma tran dong dién nhanh; E — ma
tran stre dién déng nhanh ; ¥ — ma tran ndi diy mach vong — nhanh cip s X m

Theo qui tic xac dinh cic gid tri ny trén diy, wng voi graph hinh 4-9
ta lap N ohw sau .

Mach vong ,
s )
I -1 -1 1 1 0
I’ -1 I -1 0 ‘v 6 1.

Vay N c¢6 dang \ .
' . A —1 =1 1 1 0)
' —(—1 -1001 ,
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(r day cin b ¥ 13 khi chon mach vong khdc nhau dang ma irz‘m N st
khic tuy cung dina s cde nal va nhanh. Tir ‘ddy thdy rdng . khac voi ma trdn
ndi day mil — nhanh M, ma trin ndi diy N khéng cho du thong lin d& tai hién

duy nhil s¢ d6 mang dién. Boi voi mang hé, khong t6n tai ma tran N.
Vima trin N dang chi nbil nén khéng cé nghich dio, vi vay lrong tinh
toan d& thuin lién ta chia N thank hai ma lran con, trong d6 c6 mdl ma tran vuodng
| N = (N, Np) - @)
frong do N, - ma lran gon lién quan d€n cic nhanh cia cay. No — ma trin c6
thé chir nhit vi 86 hang [a-s8 mach vong doc 1ap, con sd ¢t la s8 nhinh cla cay.
Np — ma tvin con lién quan dén cic nhanh cua bu cdy. Ng — ma {ran . vuong
vi 88 mach vong ddc lap biing s6 nhanh cia bu ciy's=n —m -+ 1.
Ngoai ra thugng qui woe chi®u mach vong sao cho cing chiéu véi. cae-
nhanh & bu cay, nbhw viy Ng cé dang ma tran don vi

Neg=1 (4-24)
Tir bidu thire (1-22) ta vidt dwoc
. ' ’ ,
| N.Z2.I=N.E (4-25)
& day coi | NE = Ey . (4-26)

frong do Ev 1a ma (rin sic dién dong tdng cua tirng mach vong.
Trong truéng he, vi du trén hinh -9 fa c6 :

EL_’: Ekl
Evn
trong 46 Eyy = — E, — E,
Ek[[ _ - El - EJ.‘Z + E's + AL:‘4|

. Vay ta co phuong trinh ma trin sau day d& xac dinh dong dién tién céc
nhénh

N.Z.I=E N R Y5

2. Phoong irirl trang thai cha mang dien. Qua nhunG lip Indn trén day
[ Thay rdng wob trong nhiing muc dich chinh cia vice g:ax tich mang dién la
xac dinh gia tri dong dién trén cac nhanh khi di biét nguén dong tai cac nit va
stre ¢16n dong tmna ¢ace nhanh (néu ¢6). Khi d6 dua vao hai dinh [udt Kirchoff,
trans (hai cia mang a,en duwoc moé ta nho hai phlro'ng trinh (1-15) va (4- )7)

Mo =1 _
. . (4-28)
N.7Z . T=NFE = E;

. o
Ta co ihié hoy hai pawong trinh trén, n&u coi cdc ma tran M va NZ 1a cae
ma Lran con (ua ma tran thong s3 A cua he -

M | o
‘l——"——- 4'29
v 2) . (4-29)



2 ] N A 5 . a - A " it '
con f va NE = K, 1a cac ma trian con cia ma tran thong so lrang thai F
. (4-30)
E\
Khi d6 phwong trinh trang thai téng quit cta mang dién cé dang
\ : Al = ¢ (4-31)
trong a0 A la ma tran vudng va thuong khong suy bi€én, nén giai dwoc
[ = A" o (4-32)
Tir cie gia tri dong dién nhanh ¢6 thé sdc dinh cie difu kién lam viéc
Ehac (ton thit dién ap, tén thil dién nang v.v...). Tuy whién cép cia .1 thwong
ton, 1y A—! khe.
| _Ngoai ra khi gidi tich mang dién thuing st dung nhiing dic diém dé tinh
to: don gian hon, chdng han thwong trong mang dién cao 4p khong tén tai stre
di¢n dong trong céc nhanh, vi vay thwong dung dinh iuit Kirchoff I va viét
t:ong dang phwong (rinh dién th® diem nat dé xic dinh d'ng dién wén cac
nhidnh. Sau day s€ trinh bay noi €lung va thuit lo?n giiyi theo phuong phap dé

4. Phuwong trinh di¢n the didm vat trong dang ma tvyn

(Gia thi€t ¢¢ so 40 manyg dién nhw trén hinh 4-) gém ngudn: v cang cip cho

3 phu lai lai céc nut 1, 2, 3 vOi cdc gia tri dong phu i Jy, Jp Ja Mang dién

« 6m cac nhanh thu dong co cac gia tri tong trd 7y, Z,, Z5, <4 Zs.4an thanh lap
prwong trinhh ma tran dua vao dién 1h€ cac mit d¢ xic dinh gia tri dong dién
trén cue nhanhb,

CTa &y 0 faar nut can bing. Lap hé phuong

trinh Kirchoff § cho cac nut 1, 2, 5. 7
2 | ‘D
_‘{]. + I: + 'Il ="1) I 3 ‘ ’,/\Al
—la + 14+.]3 = o \\ .
. ; ' / S @
Ta (4-93) viél dwoc trong dang ma tran . o A -
: ) \ 2
| A : . /":ﬂ
—1 1 0 0 v I, —{ \ , \(@
v —1 0 =1 =1 |fg|=|—Y2 vj
' 11 o) |; j Lo
0 0 - — '
' I, o Hink 4-9 HE

0] day ta nhan duoc phwong trinh ma trin quan hé gida veclo I va / nhw

dang (4-15), tuy nhién lrong vi du nayv vi J gum ciac ngudn dong phu tai nén déu
co gia trl am, la ¢o:

Mi=1J | (4—33a)
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Ki hiéu dién up gidng trén ctc vhanh 1A U, ;1 =1, 2, ... 5, con dién th¥ tai
cac nut la U,;; j=0, 1, 2, 3, dua vao so d6 mang dién ta VIél dwoe :

LI—UAO-'(/AI |

Uy = Um — 0 A2 e :
U3 = UAO - bAs ' ‘ , (4-34)
U4 = UAS — U ‘ o
| Ug =0, — [,z /
Vi diém 0 18y lam nit can bing nén c6 thé coi cac gia tri lJ’Ai la dién 4p
cia nit j so voi nut 0. Tir day hé (4-34) cé thé vi€l trong dang ma tran sau:

ih\ =10

A )
fjs = 0 0 —1)- Uaz} (%35)
U, 0 —1 1 U s - -
U ] 0 —1 0 |
~ va dwoc vi€l gon trong dang o _
Y U=Mp, | (4-36)

trapg dé M, la dawg chuyén vi cla ma tran ndi diy nut — nhanh. -
Ngoai ra vi khong c6 sitc dién dong trén cdc nhanh nén dién ap giang trén
cac nhénh U dwoc bidu didn dwéi dang ma tran sau: |
’ U =zI , - (4-37)
trong d6 Z la ma tran tdng tré cic nhanh, vi khong xét toi tic dong tuong hd
gitta cac nhanh, nén £ c6 dang dwdng chéo chinb. O day c6:
Zy
Zy 0
g Zy
Z= 0 Z,
. s
Tir biu thize (4-37) vi Z la ma trin vuong, khong suy bi€n c6 Z~! nén xac
dinh duwoc I theo bidu thirc :

I=2" (4-38)

Thay (4-38) vio (4-36) tac6: I=2z1MIl, (4-39)
K&t hop voi (4-33a) ta co: “ '
MZM Uy =J (4-40)

: Bxeu lhu'c (4 -40) cho ta mdi lién hé gitta dién 4p nut va nghon dong tai cac
nit. Ta thdy thanh phin MZ~IM, c6 thi ngayén téng dan, dwogc ki hiéu la

MZ M, =Y, : _ (4-41)

Y, la ma tran téng dan nit cua mang dién, co thé xdc dmh theo bidu thuc
(4-41) hoéc truc iép tir so A6 nhu sau:
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Y, 14 ma trin vuéng, d8i xung, chc phiin tir y; trén duong chéo chinh la
lﬁng cie t&hg d&n cdc nhénh n8i vao nut i, con cdc phén Ifr'k'hﬁc y;; la gia trq
tdng din céia nhanh ij 1§y ddu ngwoc lai.

Ching han & vi du nay ta c6:

Y. 0 00 0y j—1 0 0
—1 1 o0 0 o0\ 0o Y, 0 0 0 1 —1 0
Yy=| 0 -1 0 —1 —-l)ooYsoo 0 0,1
0 0 —1 1 06/ |0 0 07Y,0 0 —1 1
0 0 0 0 Y, 0 =1 0

Y, +7Y, -Y, o -

=( -Y, Y, +Y, +Ys =Y, )

0 =Y, Yo+ Y,

trong d6 ¥; = i,— L i=1,2,3 4,5

Vi ma trin ¥, vudng, khong suy bi€n nén tir bicu thire (4-40) la x4c dinh
dwoc dién ap cic nut thong qua s liéu ban diu 14 ma trgn J
Uy=Yz'J | | (4-42)

Ma tran dién ép gidng trén cic nhanh U6 dang , ]
=M, =MYz'] | (4-43)
Ma tran dong dién (rén cic nhanh c6 dang ,
[=2z'0=2z'MY-YJ (4-44)
~ Ti ma tran I co thé xac dinh tn th&t cong sufit va ton thit dién niing
trong mang dién. ‘ o
Toém lai giai tich mang dién theco phuong phép -dién th€ didm mit cé thd
ti¥n hanh théo so do khdi sau day:

-

‘ LépM;Z;]"} — @) Lap M, ‘
’ Tinh Z-1 ‘ ' I Tinh Y, = M Z—1 Mt"‘l
1‘ e
I.Tinh N |

| ,
lTinh UA. = Y;l ]1
l .
Tinh U = M, UA

Tinh I =Z-1U

-




Vlé(, linh to&n theo phwong phép nay thuohg gip khé khin & buoc xﬂc
dinh ma tran nghich ddo Y ! khi s§ nit lon. Vi vﬁy khi d6 co th® k&t hop véi
phuong phip mach vong ma nol dung s& trinh bay & muc khéc ctia chwong nay.

Ngodi ra qua cée bwéc cua phu'(rng phip dién !hé diém nut trén day, ta c6
th€ thily méi quan hé gitta hai ma trn ndi diy M/ vd N vhu sau:

P3di voi mang dién khong c6 stre dién dong Lrén cac nhénh, ta c6 phwong trinh

tong dién ap giing lrong cac mach vong bing 0, nghia !4 c6 phuong trinh ma tran
: !

N =0 (4-45)
Mil khac ma trin dién 4p trén cdc nhanh ¢6 quan hé voi ma tran dién ap
nut U, theo bidu thirc (4-5&) :

U= MU, - (4-46)
KEt hop (4-45) va (4-46) c6 :
NM, U = () (4-47)
Vi biéu thirc (4-47) thda mén véimoi dang cua UA nén co
\ NM,=0 : (4-48)

bay 1a phwong Lrinh néu ban chit néi tai cia so d6 mang dién, con goi la
nguyén li topé cuia manmg (tinh bit bi€n qua cic phép blén doi tuyén tinh, lién
tuc). Trong vi du pay cé: :
—1 0 0

1 -1 0

NMt=(—"1."1 11 0)‘ 0 0 —1 :(o 0 u)
- 00 0 0 0 1 0 1 1 0 0 0

0o —1 o

5. Vi du. Mang dién cé so d6 cho (rén hinh 4-10. Phu tai ¢ cic nat cé
tri 86 Uinh lodn va cho trong dang cong suft :

S, = 10 — j5)MVA
1/5\( 1)

5'2__ 1/5 (15 — j10)M VA

i Sy = —— 1/_ (20 —y15)MVA

Tong tré cac nhanh co gia tri
Z; =0+ jl0)Q; Z;=(10+ j15)Q
Zy= (104 j15)Q; Zy = (5 + jl0)Q
Zs=(15+ j20)S.

© Pién ap dinh mirc cia mang lam = 110AV. BDién ap nguon O luén gilr
khéng ddi va U, = 115 |0°4V. _

Cin xac dinh:
— Di¢n 4p duy fri tai caic nit 1, 2, 3
— Dong dién trén che nhanh 1, 2, 3, 4,

Hink 4-10
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R 1

Gidl,
Xac -dinh ma trin dong phu tai Jt = — (J; J, ) bé don gidn ¢ day coi

="y khictinh J. _
 Vay: Ly ’ ’ “
Ji=—(1lylg) = — (——‘:‘?‘)
o V3 U,
Thay cic gia tri-Sl,Sz. 6'3 €O

. 91 - 45
J= —1136 ;79T ] 4
182 = ;136 |

Néc dinh ma tran ndi diy nit— nhanh M.

t

. —1 Hn o0
-1 1. e 0 0 1 -1 0
M=1| o ~—1 v —1 —1]; M=]| w0 0 -1
/ 0 0 =1 1 0 - ¢ —1 1]
R G| S| 0]

Lap ma lf‘én léng tré nhanh Z _
5+ j10 0 0 T 0 )

0 10413 0 no. ¢
Z=| o i} 10 4+ j15 0 0
T U 0 5410 0
L0 0 VI 0 154 j20) j

v r - ' : - )
Vi Z c6 dang dwong chéo nén tim Z ™! don, gian.

- Ti€p theo ta tinh ma tran tdng din nul Y, ctia mang Y, == MZ"'M,, hoilc
lap trye ti€p i so dd, c6 k&t qui L : ,

0,071 — j0,126 —0,031 + 0,046 0 1
Vs ={—0,031 4 j0,046 0,095 — j0,138 —0,04 + j0.03 |—
' 0 —0.04 008 0,071 — j0,126

Y, la ma trin vuodng, d&i xirng (Y, =Y, ), khOng suy bi€n nén i6n tai Yy
\ﬂc dinh )A‘ (heo qui tac tim ma tran nghich déo, co

—8,45 — jI88  — 36 ~— 716 — 24 —j 402
Yiles| —3,6 — j 7,16 ~10, 3 —-—j179 — 724 —j 772 1073
’ —24 — 432 720 =j7, 72 —12,1 — j20,3
Xéc dinh ma tran dn‘n Lhé. nit (so voi t ) theo cong thire I . & )‘I‘J, co
k&t qua < B | '
T ). ——1(3]3-—1'990
)= | Uy | =] —2656 ~ jloog | ¥
Uas —3116 — j1191

6—42



v Véi dien ap nguon U di ¢ho Us = 115kV L{)° vay gia tri dién ap t..ai cac
nul la . . o

| .
(gi = Ug 4 Uy,
P 115 = 1,613 ~ j0.99 = (1134 — j0.99)AY ~ 113,55V
oo = 115 — 2,656 — 1,008 = (12,3 — j1AV  ~ 112,4kV
gy =115 — 3,116 — j1,191'= (112 — j1,2)/fv - 1121.-V.
bé xac dinh doug trén cac nhénh, cin hift dlen ap giang trén cac nh&nh

nghia 13 ¢in tim ma trin U, theo (4-46) 6 :

. U== MU,
Tinh ra, c¢6é k¥l qua
’ (¢ 1,61 + j0,99 )
, 1", 1,04 4+ ju,01
| U= =] 311 4+ j1,20 | &V
U, — 0,46 — j0,20
¥ 2,65 + j1,0 )

Ma trawn dong dién nhauh I xdac dinh theo

[ = Z“‘I"
'lhay i tri cla cace phdn Uk /,/ c() ket quéi; ‘ 2
" (11 ) [ 0144 — jo,089
. 0,032 — j0,048
T=11s|=] 0,91 — 0,108 kA
y jfa — (1,034 — jo, (l"“
Vs ) L 0,085 —jott

Clat i : .
— Dong dién I, mung dau Lriyy, chieng 15 6 chi€u ngwgc vm chiéu lay trén
so do hinh 4-10, :

— Vi khi tinh toan 1 khong xét dtn ton thit cony sudt trép céc nhanh
nén ta (.U thé thir lai didy kién can bing : 1éng eic dong dién phat ngudn {
phai can biing véri tng dong phu lai, ughia la :

L LT+ Is=0+0,4J,
& day '

I+ 1, 4 Ty = (390 — j256)A
Jida 4 Ty = (409 — 272)4
Sai s (rong pham vi Y. Vay k&€t qua cé the tin cay du'm
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Nhu trén ta da nm sir dung’ plnrorng plmp dién UE didm nut d8i voi mang
dién co6 38 nut déc lap (n — 1) lon s& gip nhiéu kho khdn khi lim nghjch dio
ma trin lOng dan nit Y3 Ta ciing thily riing so
mach vong dgc 1ap trong mang dién thudng it. Tuy
hhién phwong phap mach vong Lhufin liy chi phu
hop khi & cac nul khdng ¢6 ngudn dong ma lai co
strc dién dong cac nhanh (hinh 4-8). Bdi voi mang
dién thaong khong cé siwc dién dong nhinh, ma
leon ¢6 ngudn dong & céc nat vi vay miudn st

. . by 4 A B -
(ll;_mg k€t hop ‘phm:‘rng p-hap“mach vong de giam ch AN 7 4
cua ma Lran nghich dac cin phai co nhirng bitn \ s

ddi thém. Po 1a noi dung ctia mue Lidp sau. Y@
' 6. Phéi hop voi phwong trinh Tach vomg. 1
Gia thi€t ¢6 so d6 mang dién nhw trén hinh 4-11.
Trong truong hop nay nhiing nguén dong T s, J'*3 Nink 4-11

s€ g&y trong cic mach vong nhirng dién ap khong

can bing. D& loai trir dién ap khong can biing do, bén canh doug dién nhanh sé
xult hién nhirng dong dién mach vong P& tién loi (,hO tinh toan, ta gia thiét
‘ma tran dong dién trén cac nhanh gdm hai thanh phiin

=041 | (4-49)

trong do I' lidn quan v&i cac ngudn dong tai cdc nul J; va thda min dinb lujt
Kirchoff 1: ’

5

MI" = J o - (4-50)

Thaoh phin thw hai I” xdc dinh'b&i cac dong dién mach vong. Vi dong.
dién & méi nhanh la tdng dai sd cua cdac dong dién mach vong qua nhanh dé
nén cé thé vlét

I"= N, | (4-31)
trong do6 I: la ma (ran dong dién mach vong.

Vi ludn thda mén dicu kién can biing dong dién tai dac nat néa co:

Ml =]

-—

ma da co6 (4-50) vay
: MIT = MN I, =0 (4-52)

nghTa 14 ta coi dong dién mach vong khong Hén quan truc ti€p val cde ngudn
~dong. ) | '

P& don gidn ta gia (hi€t rdng nguon dong chi phans b trong cic nhénh
thudc cay ciia graph mang dién, nhw va}

) e

trong d6 I — ma tran dong .dién trong cac nhanh thudce cay

| lg — ma trian dong dién lrong cac nhanlr (hude bit cay.

Co — Ina tran hé s phan phdi*nguon dong ting voOi chy clia graph mang
' dién.
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Gid 1hi&t & cac nhanh khéng ch.sue dxén dong (Ey = 0) 1a viét du'o'(‘ phwrong
trinh (ua lung dién 4p giang trong che mach vong theo bidu thire (4-22) co;

NZf=qa (4 1)4)“
K&t Ligp voi (4-49), (4-51), (4-33) 6 |
NZ u" +1)=Nz (( “SJ )+ N[ik) =0 - (455

trong d6 Z la ma tran tdng tr& nhanh. Vi khong xét d€n tdng tré twong hé gitra
c¢ie nhanh va ta chia Z thmh ciac ma trin con theo dang

VA ()
Z:' * ; . 4-5
(u '/8) ’ (4-58)

/ ‘ B
trong A6 7, — ma tmn von lién quan d€n chc nhénh cla chy: A5 — lién quan
d€n cdc¢ nhanh cia bu cay.

Thay (4-.363 vao (4-39) co ‘- ‘ ' =
N (‘4" ,“) . (L"_J} +NZNT =0 (4-57)
T ( )
NZC,J = —NZNJ, (4-58)

Bat NAN, = Zy la ma tran. tong tré mach vong.

Ta thdy 7y la ma lran vuong, ddi xteng, khong suy bi€n 6 cip s, trong db
s {4 s mach vong doc lap cua so do.

Tu bidu thire (4-58) xéc dinh dugc ma (ran dong dién mach veng 1,:

Iy =—7Z . NiHe.Col  (4-59)

Bay gio ciin xéc dinh ma tran dong dién t8ng trong che nhanh I, Ta cung
ldLh I thanh hai ma {rin con '

q !%Gy e e

trong d¢ I« — ma trian dong dién trong cac uhanh cia cay,

Ig — ma lran dong dién trong cac nhanh cha by cay, chinh l1a ma tran
, dong dién mach vong Iy,
O day

fo = I + 17 =CJ 4 N, (4-81)

| trong dé Ng, 12 wa trau coll lhddu Ny, chi lién. quan d&n nhiing nhﬁn}x cua chy
{xem bJeu thire (4-23)).

Thay I & bitu thue (4-59) cudi cung ta c6

. 1 Nu Zi' N Z, o .
=0T T) () - 68
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Téry lak gidi tich mang dién kin, phll'rc ‘tap, khi s nut lon hon nhiéu 80
voi 86 mafh vong doc lap, d& giam khé khan khi tinh nghich ddo cia ma lrén,
cé thd phoi hgp voi phU'O‘& phdp mach vong theo trinh fr tinh toan sau day :

Lip N, Ny, Z, C,, ] I

)

Tich Ne, Ny, Nut, 24

l

-
l Tieh Zg? ||
|

Tinh I = —Z;1 NZ, CoJ

)1 |

. ./

| R |

| Tinh I’:[f@]:( oS+ WNaly,
ie e

7. Ve du. C6 mang dién nhuw trén hinh 4-11 v6i cac s5 liéu ban diu
Z,=1Q; 2, =20;7Z;=3Q; Z,=4Q, Z, =5Q
Jy = 1545 J, = 2k J3 = 3k.1. '
'Cin zac dinh dong trén cic nhanh. B
Giai. Lap hai mach vong ddc lap nhw trén hinh 4-11 v&i dung ¥ m6i nhanh
cba bu cay (dwong nét dut cia nhanh 4 vi §) co6 mit d»mot mach gong.

Khi d6 c6 .
N=(~1 —1 1 1 n)_
—~1 —1.0 0 1

1\7‘,:(--—1 —ll)val\,p:(l ﬂ)
—1 —1 0 0 1

Ung- voi cdy gom ‘cac nhanh 1, 2, 3 voi diém 0 lam nil cin biing, xac
dinh dwoc ma trdn hé s8 phan phdi C, (bodc €, = M~Y) nhu sau |

, ~1 —i ()
Co=| 0 =1 0

Vay -

0 n —1



Ti€p theo tinh dwoe Z :

- g -1 =111 % -~
S /‘k‘“‘\é‘\"(—l —1 v 0 1)
~1 —1}\
‘—i _"(lj __(10- 3)
“\3 3
1o VO
0 1 )

Nhwr dd bi€t Zy la ma tran vuoéng, doi xung, khong suy bi€n, lrong trudng

hop nay Zx co ¢8p 2 nén dé dang xdc dinh Z3':

1.4 8 —3
i '"“T(-:; Em)

7
nrs 1 (=5 —10 4
zanza._‘-:_.(__,7 T __9)

"Theo bitu thire (4-62) ¢6:

Tinh

) 10 0 —1 =1 1 —
1— N2 'NZ, ={0 v 0] —={—-1 =1} — (._
on 1/ TR 71 \—

] 5 —21 15
1o s wow

Cudli cung c6é:

50 24
| v : —12 47

. — Ny Z3'NZ, : 4T
I = (LZ_\I“(“VNA )(COJ)_—_-I— 5 19
& LI 71 5 <10
‘ 7

’ ] =243

/=1 =1 1 —1,44

A0 0 =1 3 0,52

—1,06

of

—14
—14

1Y
15
47 |.

—:24

%

-

4\ :
L)= "

Tir k€1 qua trén day thiy rdng cac dong dién trén cac nhanh 1, 4‘ 3 5 cb

chi®u ngugce voi qui dinh.
Ta c6 thé thir lai theo diéu kién can bing :

i1+i5+l-3=‘il+ jz -IF js
O day . | |
Iy + Fo g T, =595

| -l L4 d=s.
nhir viy k&t qua dang tin cay.
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4.4 XET LUAN

Trong chwong' nay dd trinh bay phwong phip ma tran dé gai tich mang
dién céd so do noi day bat ki dwra trén cac phmrng trinh trang thai cia mang.
Irong truéng hop.mang hé hodc mang kin nhung s nil khong lon linr thuong
su dung phu‘o'ng phap dién th& digm nut. Kbi 88 nul nhidu, viéc tinh nglijch dao
ma Irin 1dng dan niit Y, cua mang 8& gip khd khin, lrong treong hop nay nén
k&t hop véi phwong trinh mach vdng 7

Phwong phép ma irdn cang 16 16 hiéu lyc kbi cidn xac dinh nhirng théng

80 trang thai cia mang dién khi thay ddi cdc s8 liéu han diu (vé nguon, phu

tai, cdu truc mang di¢n, thong 88 phiin & v.v...), Liic nay bai loan thuong dll‘O‘(,
chwong trinh héa va giai trén may tinlk dlen L s8.

Tuy nhién qua_cic muc cua chwong nay ta thily tinh chat gdn d.un{, cua
phirong phap. Po 1a: khi giai tich mang dién nhim xie dinh dong dién lrén cac
nhanh va dién dp tai cice nut thu-o‘ng cdn cir vao céng sual §; da che tai cic nul,
tir cong sufit S cdn tim gia tri nguou dong J; tai nul i dé& sir dung chc biu thirc
giai tich. Nhunu khi xdc dinh J; cdn bn&t dién ap tai nut do, vi

I : =
R . V3
ma dién ap U, tai nut | Ja1 danb can xAac dlnh Vi \ay khi unh gan dung, ta
ding gia tri diép ap dinh mwrce cia mang dwn cho moi pul trong cac phép toan
xéc dinh J,.

. Ngoai ra ciing g cna thigt ‘b0 qua ton thit cong sual t1onu marg dnén khi xac
dinb dong trén cac mhanh.

P& khic phuc nhwoe di€m trén diy ¢6 (heé dung phlrong phap lap deé gidi |

tich mang dién. Phwéng phap lap cé nlu?u ¥ nghia (1ong viee tim loi giai khi
bai toan la phi lay&n, 1a bat dinh. Vi vay chuo-ncf ti€p theo danh d& mé ta va
ung dung céc thaat loan lap khd(, nhan nlmm giai lich mang dién.

‘CHUONG 5 o | \

PHUONG PHAP LAP GIAI TICH MANG BIEN

5-9. MO PAU. TINH THAN CUA THUAT TOAN LAP
/

Lapl) la thi tuc tinh loin cia phuong phap diin dung, nghia la/qua cic
bIrO'c V@i cung mot céng thirc thwe hién Ta disddn dco lod giai,

Cu diém chd y®u ciia thuat todn lap la bién qua trinh tim dap s§ thanh
mot chudi biru han cac buoc lgp don gidn, may méc, ¢ chwong trinh héa’dd
nhe su g]up d& etia- may tinh dien . Ngodi ra nire dé chinh sic cla loi gidi
tiy -a qui dlnh va d chinh zac cang lang khi 'sd bwdc lap ldng ;



4.

Tuy nhién & day phai tén tai diéd kién hoi tu clia l&n gn’a’u. nghia 1a ldl
giai phai dwoc tim th?ly va chip nhan-dwoc sau mét 80 budcehiru h 'n.
Ngoai ra vi qua trink gidi la cic bwoc Iip nén thoi gian kéo dai. e 1

Linh vuc diu tién thudng 4p dupg thuat toan lip (A khi dgi JU'UDQ dirpre
mo6 t& bidng s¥ rit 1on nhitug quan hé ham, t&t dinh tuy€n Linb, hodc mo ta. bing
‘quan hé phi tuy&n, khi dé d& tranh khé khan (rong tinh todn ta {hudng st dung
nhu'ng biéu thirc gin dung don gian, dirge thuc hiégn ldp lai nhicu lﬁn, nhurng
&.mdi bude lap k& qui dwge hiéu chinh, nhe do tién diin -dén loj gidi. ‘

Trong chwong nay sé trinh bi) ndi dung cua thuit toan kip ép dung uong.
linh vuc néu trén dsi voi viéc glal tich mang dién.

Vi trong thuit todn Lip & mdi buoc tinh toan, k&t qua dlro'c hléu chinh,
nén tinh thin nay r&t gin gdi voi thuat toin thich.nghi, hoc, nghfa la & m01_
‘buéce cin si dung lhéng lin tirc thoi d8 udn nén quyét dinh ctia buéc Li€p, nhe
dé c¢6 dwrge sich lwoe mé&m mai dé dat d€&n muc tiéu khi digu kién ngoat canh
thay d6i. Vé phwong dién nay thuat én lip c6 hiéu hre trong viée tim kigm loi

- gidi kbhi-ddi twong khéng thé mé 14 boi nhitng qui luit (&t dinh do su hiéu
'bi#l ciia ta v& d8i twong con (hi€u. Khi d6 sach luoc khén kbéo va hop ly nhit
khéng phadi 1a nhirng quy&t djnh cirng .nhfic ma,phai 1on- trong giai phap thdm

" do, sir dung thong lin phdn hdi, hiéu chinh Ling buge d? dat dén loi gidi.s :

l\hfrng 4p dung.trong linh vic nay clia thual toan lip mo 16ng trong
khuén kho ‘cia mé hinh thich nghi, hy vong st trinh bay voi ddc gid & tap Il’I
cua bo sach ,

1. Phép lip Neuton giai pimcng trinh. khi cé hanr f(a:) phi tuy€n, nhung
bigt tdn tai nghiém trong kho#ng [a, b], ta ¢6 thE tim = nh& phép lip Neuton.
Gia thi€t f(a:) c6 dang nbu trén hinh 51

Tinh tbdn chu y€u cua phép lip Neuton phur sau:
| ~ Tir mét gia tri x[o] ban d&u tiy ¥; c6 f(zxfo])s
, tir d6 ta ké ti€p tuydn voi f(x) va cit true x lai
jl gia tri x[1] va c6 gia tri twong Ung f(x[1]), ti€p tuc
céch lam do ta di din d&n nghiém x*. Tat nh;én
J phdi théa mdn mél sb gid -thidl vé f(x) d& qué

/15"”"’ m x trinh héi tu toi loi gidi.
: Tir trén hinh 3-1 vi€t dwoc bleu thuc

Hink 5-1 g « :_[’(x[o]) = x[ong)].‘z[l] o (5’1)

LT day co: :
f(z{o])

f'(x{o]), Lo
Nbuwr vy, glé trj loi gidi & budc sau duge tinh tr cac thong tin o\hqac
trudre. I'Bng quél, la c6 cong thirc lap dé di dén loi giai

w[li‘ = ¥[o] —

k). -
fk 4+ 1] = x[k : C (52
sk + 1) = alk] — 2o 6

s

Nhiing miic 5-2, 5-3; 54 cua chuong nay duqd vxét véi su tham gia chia Pham |
Vin Hoa, Nguyén Ngoc Hai va Vuong Van Liéu.
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Qua trinh giai difng lai khi x[k -4 1] =~'2(k], nghia la /(‘t[!‘]) ~ (.
. Trong trwang hop ham f(x) khé- I3y dao ham, c6 th thay lh%

[(x(k]) ~ [(alk —1]) | (5-3)
f(x[ h= (k] — xlk — 1] '

., Bidu Ihire ap (5-2) co thé nhan duwge. biing q.uh khai trién ham f(r)
quanh gia (b I[A] va bd cac vo cung bé bic cao.
Khi ¢ h¢ phwong .trinh phi tuy€n, nghia la f(x) ta mat vecto — ham

- . (@) = [[1{x)f2(x) ... [alT)]
thuit loan giai tim vecto nghiém x7 =[x az... %] cling twong ty nbu hiu

thire (5-2), nghias la co bitu thttc lap sau :

[k + 1] =.a(k] — % | | (5-9)

trang do I (z[k]) dwoc goi Ja ma tran Jacobi cia veclo hamw f(x), mo ta céc dio
ham riéng cta [(x), ... fa(x) theo céic bign x. o T vi 18y tui dum r = a[&].

o o, ney ]

ox, T, oy,

F(zx) = afZ(I) - af (1) ‘- af 2()

ox, oX's I, ) (55

oal¥) ofa(a)  Anlx).

L ory oy vy :

"~ Ma tran Ja(,obx F(x) vubng, khong suy bitn nén thuc‘ hién dwgce thual toén |
(5-4). Trong lrwérng hop hé phlrong trinh nhiu an viéc tinh F(x[k]) o\tu-ng
buoc rit céng kénh, thuong A& don gian, co tht glu neuyén gia tri cac phén
I+ cua F(t) cho moi budec. \

Phirong phap ldp trén day lhuo'ng sur dunyko hiéu qua khi i blét vung -
Jn can chira, vecto nghi¢nr v,

Vi du. Co he_: phuwong trinh

fi(x) =2} 42} v 8z, + 3 =10 » .
fo(x) = 2% — 2472 + 100, — 17 =1
1

K b S 4 . B o | N -
c6 mot nghiém & gin diém [t‘] = [ | 4]. Dung phép lip Neuton tinh chinb
x;

xac nghiém do.
GiGi. Str dung bitu thirc (5:4) voi ki higu
Amy[k] = x,[k + 1] — (K]

Aza[k] = Ralk +.1] — %[k}




Bidu thuc (5-4) duge viél trd‘nﬂ dang ma Iran

A' == ]. 2v 3..-
A.Tz[,\] = (),

Arlm] Foa [n,(a'[kn] (56)
| e [_ W o] (
trong d6 ma tran Jacobi F(x[k]) c6 dang
v () Bf()
o a.l.‘l : ‘6.1‘2
3f2(x) - 3fa(x)
L dx alfz
. - /
Liy diém [xa,[o] = [ .4] va tién hanh phép Yip theo' (5-6) véi cic budce
2 (0] —d _ .

Qua trinh dwoce dung lai khi dat d€n cie, gid tri Axy[k] =~ 0 5

Chit §. O mdi bwoc A& xbe dinh Axy[k], Avy[k] cdn giai bé hai phrrong

trinh dang (5- b)

Ret qua tinh toin ghi & bang san day

7

Bing 5-1
} o .
N 221 2 gl g , . .
' '_xl[’e] fl(-\)—x1+9¢2“_'b-\1+3 . 9%y + § — 9, AWLU"]
Buoc : F(x[k)]) = ' -
| g [k ] [ f2lx) = 5% = 2x03g + 1005 - 17 —2 N 21000 A, (4] |
0 4 "3 0 8 0,516,
—4 —9 —16 —2 0,375
i 1,516 0,407 —~1,032 7,250 0,0037 |
— 3,675 ~ 0,115 —116,282 ~0,968 0,8567 |
—_— ’ —— 7 i
2 1,5197 0,00285 - - —
— 3,5683 — 0,00002 — - —

bén bude lap thie 2 dd c6 f(v) =0 ;

tri nghiém la:

f2(x) = 0 vy cé th digng va gid

xrf —=4,5197
xy = —3,5683.

“~

Thuc clnal cia phwong phip lap & day la d& bifn bél toan phi tu.\,én
thanh mot dd\" ¢cac bal ndn tuvtn Ltinh véi tha tue g1a1 glong nhau. .

2. Phép 1ap xac dinh ma trgn ngh;ch déo Nhw ochu'cmg4 da 1101, thI}g
cac phép tinh ma trin ciing nhwr kbi st dung dai s8 ma tran gidi tich mang dién,
thtrong bu‘crc xidc dinh ma tran nghich dao gay nhiéu kho khan rong qu& trinh
giai, nhit 1a Lrwong hopma tran co c&p cao, |
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Tuy nhign ¢o nhan xélf la khi ma tran c6 dang duwong chéo thi tim nghlch
dao rit don gidn : ma tran nghich ddo ciing ¢6 dang duong chm ma cac” phﬁn
tir bing ‘nghich dio cic phin tit via ma tran diu tién,

Tir die difm. nay co the st dung thuat toan lap, nhe phép nghich dao ma
tran dwong chéo, qua mat 88 hitu han cdc buoe dé tim dén ma tran nghich déo
clua ma trin vuong ban dau \

Gid Lhi€l c6 ma trin .1 vuong, khong suy bifn. Cin xic divh 471

Truoe hét e A 1dy ra ma tran dwong Lhéﬂ Ad, nghia la chi gili lai cde’
phdn t&r trén dwong chéo chinly, ' '

Xdc dinh -zt va coi ld ma (rin gin dung diu tién A Nhw vy .1°! 88
léch 'voi k8t qua ¢dn tim 4~ mot ma tein /4, nghia la:

A8 i*' + B - (5T

Tir ¢inh nghfa A. l‘l =T (ma tran, don v1) nén \1et dwo

Vas (- .+ By =1.
Al =1 — 40— , (5.8)
Theo gia thiét t6n tai A—! nén Ly (51-8). xac dinh duoc ma tran B . |
= -t - - (5-9)
K&t hop (5-9) vari (5-7) ta o |
R e . Sl ( AT WER | (5-10)

Tir bidu e (5-10) thay riing : d& xiac dinh A-! thi & v€ phai lai cdn bigt

A= Nhw vay & day d¢ tranh nhing kho khin do tinh chit phi tuy€n gy nén
ta phai nhe @¢n thuit Loan Lip va ¢ moi buoc k linh gdn dung ta coj:

AU[A) ~ A= (K]
trong d6 ma tran giu ding 4=1 & buoc dau lien, liy hing nghich dio clig ma
tran duong chéo, nghia la 1=+ [o] = 15! [o]. |
Khi do biéu thiee (5-10) dl](:g vidt trong dang phép lup xac dinh ma tran
nghich ddo A;"1 nhu sau: ‘
A=k 4 1) = 311 4 A (K] (d — LI=T[R]) (5-11)

Bigu thire (3-11) cho phép xac dinh gdn dung ma trin nghich dio & b&'db
sau phu thudc vae ma trin nghich dao gin dung ¢ budc trwoc va duoc hiéu
chxnh boi dé chénh léch o :

_ ‘ (I — A1 [k,
dé} chinh la thong tin tic chén o buwéc k, can thidt d& din dq'{t A-1 dép A-1;
sao cho dd chénh léch (rén kia triél tién. Nhi vay qua lrinh ditng lal khl cé

1A“1 [A] = [, )

'



Vi du, Co ma trin

1,5 0 —0,5
A= — 0,9 0,495 ' — 1,25
0 Lo ),25 00,5833
Xao dinh 17! &_
Giai. Nghich ddo clia ma trao dudng chéo tir A la: .
1 ' 0,6667
1,5
1t = ] - 1,0526 |
4 0,95 .
‘ IR L 1,714
§ Co05833, | s

.
Coi ld‘ 14 ma hﬁn nghich ddo giin ding & bu0u dau tién 1! 6], d‘p dung

thuat toan (5-11) xdc dinh l~1[1]. co k€l qua

14,3508

3 0,6667 0
: , A1) = 03509 1,0562 0,4512
- () 0,4511 1,7144
' | \
Ti#p tuc d&m bude 3, nhin duoc Ky~
3 0271 04895 2,2063
’ J-'3) = | 04807 14688 10,6296
0,2062 10,6296 1,9796
Thir lai : o
N 0859 00001 0,0021
A2 =1 onoubt 09931 00,0000
—0,0055 - 0,0000 04,9973
la thay N 1[.f»] x%p xi ma tran don vi ] vay qua hmh c6 thé dirng va ta cé
EREEEIN

Qua vi du trén day thiyy ring o lhe dung thujt Toan lap xéc-dinh ma
tran nghich ddO dén do chinh xac tuy v, chi dua vdo cdc phép toan ma lran

théng thwong @ cong, nhan.- Khi trén may tinh ¢6 thé sk dyng dé dang
nhirng chwong trinh maa. - :

Uiai

Phuong phap gin diing xie dinh ma (rin nghich dio néu (rén o ra thuan
tién khi ma tran ddu tién .| (6 cic phgn 1 trén duéng chéo chinb- lon hon
nhiéu so voi cic phin (& con lai, dicu nay thwong gip & cie ma tran tong vy

nut Z hoiic tong didn nat Y, cia mang dién. Khi’cac phan tr trén du’ong chéo\
| chinh- (‘ua . qua nhd, qua trink lip 88 kéo dm

'3. Can thiet lajp khi tinh to#n mang dien, Khi llnét k& va Vg.n hinh
mang dién ngudi ky suw luén ludn gap nlmng bai todn phi” luyén de trﬁnh cong
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kénh i Lﬁng dd mire chinh xic v& k¥ thuaf, lhOng thuong ho su dung nhiing
tinh toan gin dang ma 18 ra dé& dam bio k¥t qud chinh xiic hon phai ti€n hanh
phép lip lien ti€p (khi sir dung may tinh dién ).

Duéi diy ta néu lén vai trwong hop minh hoa s (Y C lCOluz""
cin thi€t sir dung thuit toan, lip .khi linh toin 2@ : ™ £ e,
mang dien. ‘ _ Hinh 5-2

Ching han cé dwong diy tdi dién nhu hinb |
vE 52, Thuong di bigt®phu t2i-P,. 0, v bist dien ap i} & diu duong diy. Cin
xdc dinh dién Ap cudi dudrng day I"'z dé ti€n banh cz’ig bi¢n phap diéu chI'hh..

 Gia tri IJ'E c6 the xdc dinh theo bifu thte don giin sau: '

- . \

Uy =1 — Al (5-12)
trong dé Al 12 12 d]én ap gmng trén dweng day tir didm ! dén ditm (.
Gia tri AUu xétc dmh theo bi¢u thire-sau

@
Al_‘lz —- 'L/J IA
hodc 1y gin ding Dbing gia tri o
¥ -, PR 4+ O,X -
Al'yy = “S‘Q‘ L (5-13)
. Mg . X

trong do Py, Q, — congsuiit & diu dwéng day - '
R, X — tham s8 tdng {r& dwong day (k& ci tram bi€n ap).
Nhung P, Q1 phii xic dinh tir 1’5, (J,, nghTa

Py =Py + AP
Qp == Qy + AQ,

trong dé AP, AQ la tbn {hal coOng sudl trén du-dmg day. Vi bift P,, (), nén ¢6 lhé-'
sac dinb

4 I
P = (";“ R va
¢ Q:ux |
R (2 - *

Tir day th3y riing trong phwrong trinh xac dinh U, (5-12) & v€ phai lai phu
thudc [ 2, nhir vay viéc xdc dinh chinb xdic gia tri &, la,kho k han.

[hong thudong tinh gfin ding U, nhu san: Dua vao gid tri Py, (, vd cou
Uy =Uyn €gid trl dinb mirc cia duong dﬁy) tinh ngwoc lén,:lim AP, AQ r&8i Py,
Ql Véi Py, Q) vagia tef Uy di ‘cho 1a tinh xuﬁng, xdc dinh A&lz theo bieu thire
(5-13) rédi xfic_dinh U, theo (5-12) [xem chuong 3].

I'at nhién gid trr Up khi linh xudng s& khic voi U = Uqy, 18y diu tién, nén
n€u mud nh xa&c hon phil ti€n bhanh ldp, ti€p tuc tinh lén va xudng... cho dén
k}n gi.l trj & bwac sau sai Iéch r&t nho so véi bude Lrwoe dé, vai pham i sal.
80 qm dlnh ‘ f

Ioac nhw & cudi (hmrnu 1 da n(’n, khi giai tich mang dién biing ma trin,
thwong cidn cir vho dong dién cic nul dé tim pa dong dién trén cdc nhanh va dxén
ap tai cac nit. Nhung dong dién tai cac nul lai phu thude vao di¢én 4p lai nut
do, va'é day cling™e6 guan ho ph.j"tuyé'n. Khi giai tich gin dung, d& xac dinh
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dong & cac nutl d¥u gia thigl dién ap niit biing gia (r! dinh mic."Muln gidi tich
chinh xie céin u@p tuc 1gp d& di dé€n gii trl thuc cta dién Ap Jai cde nut. Dé lﬁ
nguyén nhan st dung thuat todan lip d& tigh lofn mang dién ma ndi dung s€trinh ¢
by & cac muc ti€p theo. Tuy nhién ciip luwu ¥, thudt toan lip phat h;xy tac dung
101 khi Dbai tn.m dugc chu'omg trinh héa vi gidj trén may tinh dién (.4

'5-2. PAUGNG PHAP LAP GAUSS — SEIDEL G1AI Tici MANG BIEN -
o

Nhw da trinh bay & muc mé dii, lrong-'lru'dng hop d8i twong duge mo L&
b&i hé perO'nU trinh tuy&n tinh dang AX= F d& (ranh nhing tinh toan cBng
kénh khi gidi chinh ¥ac, d&c biét khi sd phwong trinh nhiéu, ta c6 the dung 1hu&t :
toan Lip ab gidi. Khi @6 hé phwong trinh dua w8 dang:
N =Dy, of biyxy +. et bin%a + 01
' l‘\z ‘—_7['1721‘1‘1 + bzsas + ave + bzg“‘#r.—f—' gz » d X (5"14)

¥

A Ln -_— bllll‘l + bnz'lz + + bnn—11n~l + gn

: Sau d6 cho X = [Uu x, . n] mot gid trl ban diu A [0] roi xdc dlnb cée
buoc 1i€p theo bling cich lgp: - :

g X(k+1] = BX[K] +6 ' k=0,1, ' <}J\(5-15),~

trong do B-va G la cac ma trin hé s3 b;; va ¢; 0(’1 14). gk L..
5S¢ buéc k ting din, X[K] hoi (u toi gia’trl X* cin tim. Noi chung qua

trinh [dp ding lai khi ¢6 :

' . I’K[k]-—X[k—'I]l<e _ (5-16)'

frong d6 la gia tri nhd quidinh.
. Lap theo biéu thirc (5-15) gei la thuat toin Iup don, nghia l1a glé trl glnr
ding & buée sau chi phu thudc vao gid Irf cdc in khac & buwoce ngay truée @6, -

Viéc nghién ctru di€u kién, 1i6i tu cia thuit todn (5-15) ¢ lién quan d&€n
ma trin B duoc d& -odp & nhirng tai lidu chuyén d€ tuy nhién- nhungjal loAn
giii- tich mang dién thwong thoa man dify kién do.

PE ting mitc dé hdi Ly, Gauss va Seidel di x&y duwng phu-ong phap lEp véi -
tinh than chl y#u nhuw sau: Gi& R+ cda 4o x5 [£] & buoc k duoc tinh tir gla tri
cta fin d6 & buoc k— 1, nghia la-a; [k — 1] va cac An khac (k). i =12 080
va ] =i voi gia tri mdri nhén duoc & budce k& do. Tinh thin nay p an 4nh’quan
diém hé lh(Sng va khia canh tmcl hoc clia vandé, do la: m¢ét déi twong bao gidr
ciing c6 quan hé védi qua kht cua né va ‘quan hé v&i cdc doi lu-orng %xdc t:ung
lrang hé thng & hién tai. Chinh nhung gia (rl méi nban dwpe cid cac in tai
‘butc k '& diy déng vai tro thong tin tirc 1hoi d& hién chinh., '

Vé&i tinh thin dé ¢o6 thé xdy dung thuat toin l.ap (xauus-—~Se1det i voi hé 3
phu'orng trinh tuy&n tinh/t8ng quat nhu sau; ) R

2y [k] = anxy [k — 1] 4 ayzx, [k — 1] + .+ alnrn/[I‘ ~1]
a3 [k] = uarvy [k] + a2 [k — 1]+ -F- (2000 [K — 1] T
13[1‘]——“3111 [k] 3+ aaz’“z{k‘]'l-“sala[k'— 1]+ . +“3nw [‘k-ﬂ-l] Ik ;

TN

x.tkwanla,m+anzr21k1+ + g (k-u' . L g

94



20 4

Theo lhuat to&in (5-17) cée phwong trinh dwoc gidi vong tron va quéc trinh
k&t thuc khi

Cdmlk—nk= )< wii=Tn
Sau ddy ta sir dung thuit todn (5-17) trong véig“c.v'g’iéi tich mang dién. |
BBi véi mang dién ta dd e6 quan he gifta-ma trin dién a'lp. nat U, v ma
tgdn ngudn dong J. theo bidu thire '(4-42) & chirong 4 nhw sau:
| Y,. fA__I T , @13y

trong'ié Y — ma lran lbng dﬁn nit cia mang dién, dang vubng, ddi xu-ng va
khﬁng suy bi€n.

U, = - ma trin dién dp cac nut so voi dién ap nut cén bﬁng ' P

2 J — ma trdn nguén dong & cic nut. .
Béi voi mang dién ¢6 n nul déc lip ta co: R
T ! 1
" ¥ k 1"11 Y}g ._..' Yln 1 ’
| » o ) = l.?21 Yiz ... Yau |
i
\ Yul i-l;z Ynn G;’
ANES 3
Usr Jy
\l ( ! [:/' . J‘.l
i i A2 2
AN A s ] =
! ¢
- Vg o
1 UAn AT Jn
Kbhai trién (5-18) tg c6 hé phuwong trinh :
' }"11(.'4 - I.’12[.712' + o+ )}rl;(ZrAn;‘: jl VG
_ ffznl'"u+ 1."22(:'112 +...+ ‘YZBUAEZ. jz ) ' 'i5.19),
Yaring + Yagliaz + oo + Yool =1 |

trong d6 chegia tri ngudn dong J; & v& phéi lui phu thudc vao dlen ap tai nut [
thee biéu thwc :

S

Ji=-"1; (i = 1,h) (5-20)
. - }17i s ¥ g, )
\
irong dé $; — cdng suil toan phén (phic sd) tai nut i
\ U — gxé irj lién hop clia dién dp tai null £

6.‘“-}' W %< Ul:’[p'*'(m {1
B b W .t T";rf'l
{ ¢ ﬁéi:
. 2



l |
Muc tidu cua giai tlch mang dién & dAy 1A xéc dinl cﬁc gla tr l P& 1 2"
. Sau &6 e chc gia trl nay ac"- xuc dinh dwoc déng dién trép céc nhénb ;

2 1,, = ¥y (U - U) (5:21) "
. cong sufit di- trén céc nhanh (& lda‘i'y vigt cho gia trj pba) g ¥
~ = Uy I : (5-22)
vé 1dn th&t cong sufit'trdn céc nhanh \
ASy = | Uy — T2 ' (5-23)

Vi cac gia (r] Y'“, ng- Ya —khac khang, nén két hop hiéu Lhirc (5- 2()) vao
(5-19) la mo ta cac in U,;; iy = 1, o trong hé phuong trinh sau:

_(.'/_11 '—“",1—, [ f - .leU&z =i Yl_n ’An ] 1 | :
y ¥ 11 I-'l ! -
o i 1 S, . P s 7
¢ Upp= 21— [ 32 ¥yl — e anl'ﬁn] . .
. 22 Uz| we . : » ; (5_21’
. i | S T - Eo i :
U'An Y [ f‘ —.) ﬂll'_Al — -—'- Yn(n__l) (fA_n_jﬂ -
E nn = " ]/4
S&r dung thuat ‘oan lap (o- 17) la vi€t duoc dﬁx voi bude 1 Y
l:"/_\,lﬂi == . ) ( -Sl £ Y12UA2 [0) — o — YxnUAnIO]] \
5 Yy L Ujo]
| | ) Sz : - .
Upall) =—— [—2— ~YulUnr(l]— ... — Yz-l'An[‘ﬂ]
22 L L.'z[(’] e : _ » - .
3 - B Ky . ;. ot 3-2
Up 1] =" [ 2 — YU p[1]=YgUng[1] — oo = }snl-‘An[oll ok :_5)
Y ol A7 et e
o e . . - |
Urall] = — [ Sn - = YaUnill]— nzl &2[1]—". n(n— uUAn 1[1] .
Yun 'L U,f0] ‘ :
i Ti€p tuc tinh cho cﬁ.,_- buwée 2, 3, ..., k, cho dén lic théa min dicu kién _
o 7 fp[/\"‘f‘l]—lm (k] < 8

Chu ¥ 1a tfong hidu thie (5-25) cic tdng dén neng Y, cia nat. i la_tbng ,
cic tbng din ciia eac nhanh ndi véi nit i, con 1611g dan lién lac Yy; gitia ha; mit.
i va j duoe lay gid tri ngufoc diiu-ctia tong dan nhanh ij. Néu trong so d6 khOng
“¢6 nhanh ij thl Y;;=0. Ngoai ra vi 1,, = Y;j nén ma (ran dng diin nut )4 la
ddi xirng gua dudng chéo’chinh.

Khi gidi tich mang dién cic gia tri Yy, S, U,: d2u la nhung 86 phlrc. dé .
tién loi thirong tach lhanh phiin thyc va %o d& tinh toan. Trong trwong hop ‘nay
thuong 18y cac gia (ri-U; [0] & buoe ban dau bing.gia tr‘; djén ap dlnh mirc clia
Juoi dién vi chi gém phin thuc,, : ,

'r.,'- |
v
l"‘"d
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Khi 6 viét duge |
Uai= Ukt + jUR:

Ji = Ji’, — jIY ©(5-26)
Yij:__".l _ 1 4 R.,—jX‘, vy — vy
Z3j Ri; + jXy; 4+ X,,
Bé bhitu dién Ji, J qua gia lri cong sufit & nul i vi U, UY la ¢o s
J, = S, _ _Pi—jo __ (B —}Q)([ + U _
U; U, — juy : ’2+ 722 |
PU £ 007 P U
oy 1” 1 + Q_'l’[ i - — j - Pvl’l 1 + Q’l 1 — J: — j.]i, (5_27)
L 2 + (r_ 2 [, 2 + U‘ 2

Trong truéng hO’p nay hicu itre (5-24) duge vigt, chidng han cho nuat i
lrong dang sau:

’ crTry I . Py _ 7y XY’y ’ 3 34X -
Usick jUNi = e [ U= 08+ 1 (= ¥ W+ UX) (528)
j=1 |

Khai tri¢n biky thie trén day, tich phan thuc va o, cudi cing,nhén dwoc
biéu thirc xac dinh cac dn Uy va U5
,Ai = C,(J; —l—- Ai) -_ D,(J;, + B,)
. ‘ (5-28a)
Uk = Diy(Ji -+ D) + Gi(J7 + By)
lrdng dé C;, D; la n‘wﬁ'-ng hdng s§ phu thude cic tdng dan
- Y . p o= - Yii
TO RO T W+ O

45 Bi 1A nhirng ham phu thuéc gia trl dién ap & cac nul lién quan voi

i

nut ¢:
n '
4 = Z (Y3 Uajp 4+ Y5 Uy
=1 \ (5-29)
B; — Z (Y Upj — Y33 UZD

=1 | )
: Nhw vay khi cac gia tri S;, Yy, ¥y, U a: cho trong dang phirc s8, tu st
dung bidu thirc (5-28a) theo thi tuc lap nhuw sau:

— Xéc dinh’ moi gid tri hg 8§ Y}, .Y, );,, Y,, j trong ma tran t8ng din nut -
cia so d6 mang dlén sau do xéc dinh C;, DI, i =1, n.
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— Cho gia (ri ban diu ctia dién ap tai cac nit [5[o], Ui'fo]; i == 1, n,
Thuong gia thigl Uilo] = o. ‘

Tinh cdc gia trl & bwae 1: A1), B;[,]], i =T, n, linh jlo], J{’(6) theo
(5-27).

Sau d6 tinh {73;[1], U};[1] theo bidu thire (5-2%a). ] L

(Chi ). O day theo phép lip Gauss — Seidel ciac gia Wi Uyilk] vay Uyilk]
dvoc sir dung két qua vong tron. nghia la ching han khi lmh Ualle); Uy [A]m'-

nut 3 & bwoc &, ta st dpng k&t qui vira nhan dwge cua nat 1 va nul 2 o buérc
k do.

— Lap Uép véi k tang din vi qué Lrinh dirng khi thda mén didu kién
JUAi [k + 1) = Ualh) ) < ¢

| Che (k4 1) — U &) | <
voi Il = 1, n, ‘ |
Sau d6 cac thong sd trang thai khac cia mang dién whu déng dién trén cac

nhidnh, 1on thit dién ap, tOn thit cong suiil cia mung dién v.v... dwoe xge dinh
theo cic bidu Lhire (5-21), (5-22), (5-23). '

Vi du. Cé 'so d6 mang dién nhw trén hinh 5-3 gém 11 nut, trong do nut 11
lay lam diém can bing va 11 nhanh voi cac gia tri téng tré da biét. nhw sau:

Zi,=0 425 ; Zz=105 + j0,92

_ ® N Zga==12 4 j218; Zag=0 -+ j3,9
 ® s \ Zag =081 + j1,47; Zig =095 4 j1,72
$ -7 72 1o = 0,41 + j4,74; Zgr= 0,34 ++ j4,32
&) PR Zymyg =0.21 4 j0.48; Zgo = 0,424 j1.94
is. e ®| % Zign =0+ j0.54,
' Cée nut 5, 9 14 nguOn dién voi cong
suhit: ‘
Sy = 0,45 + ]3 33 MV
® ® ® |5 | Q_Iau-j-;s_.? MV A |
- Y Céac nut c¢on lai la phu tei voi cong suil qui
%7 dinh mang d#u am : |
Sp=— (2090 + j 1,50) MV.A;
Sy = — (37.056 4+ [25,95) MV 4
S, =— ( 8.U6+ | 6,42) MV.1
Sg = — (13,65 4 ] ©.,46) MV {
S =— (9754 j 6,04) MV.A
Sg = — (25,36 + j15,31) MV A4
Se=—(78 4+ j4383)MV.1

4

Sio=—( 8,64 + j 5,32) MV |
Nut 11 |4 ngudn dién, co cong suat dam bdo can bing trong foan mang.
Mang dién co cé@p dién ap dinh mirc U'gy = 35 kV. . : B}

Van hanh voi Uy, = 37 kV | 0° Gi&i tich mang dién-trén day.
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Gidi. Trwoe hét cin cir vao tOng tréd cdc nhanh, ta xéc dmh 16ng: ddn riéng
Yii va lien lac gitra cdc nut Y;;. ) day co: :

. . . -1 ’ . . 1
Y., =1 = Y, = = Yi,— jY 7 = (— 0,4 —-
1 12 21 le 1 J 1} J 0
. . 1 , o . .
) 23 = ) gg = — = Y 29 — J{ "23 — 0,46 —_ JO’RIL

Z2s

Yo, =Vog+ Yo + Yo+ Y, 3= Vig— ¥,
7 }33:)32”")34——)33_])33"‘
Sau d()i tinh cac hdng s6 C;, Dy, { = 1, 2, ..., n & cae nut Chfing han

) )

C, 1 —
N

D, = Yiz :2,5 V.V...

(Vi) + (V332

Cho gié trj bah diiu d&i voi cac dién ap nut, Chéng han U}, = Uy= [y =
= 37 4 j0 kV, con lai cic nit phu tai cho U; = 35 + jO kV.

— Néc dinh cac 4; [o]; B5[o], i =1, 2, ... 11 theo {5-29).

Chéing han tinh dwoce 4, [o] = 0; By [o] = — 14; .15 [0] = 26,57; B, [o] =
= — 65,9 v.v... ’

— Xdc dinh gia tri nguon. dong ban diu j [o],j" [o), i =1, 2,... 11 theo
bidu thire (5-27). Chéng han dinh dwoc trong don vi ampe :
- Jifo] = — 6,085 J[o] = 0,05
Jilo] = — 0, [0J==()172vv
Sau d6 st dung bidu thic (5-28a) va cich ldp Gauss-Seidet, xic dmh duoé
cac gia tri dién ap nit & bum 1: ,
iy Uy 1y, i=1t, 2,..., 11,0 Chitng han tinh dwge chc
gia tri trong dou vi kV: - ‘

(" [1] = 34,84; U} (1] = 0,21,

U7 1] = 34,84; U7 [1] = — 0,12 v.v... '
Tiép tue d&€n budc lEp 29 qua trinh hdi tu voi ¢ = 0,001, K&t qua clc gia
tri dierrap & cacnit U + jU” 1 = 1,2,..% 10 duoc ghl lrong bing sau .
'%-
Bing 5-2

Nut ; 0 3 4| 5 6 7 8 9 10

C U+ jUT | 32,94~ 35,11—| 31,75—| 31,67~ 32,17—| 32,05~ | 35,45—{ 34.50— | 36,74—| 36,00~
(V) j5,24 | 5,05 | 5,49 | 5,40 | j4.81 [ 5,18 | j1,59 |[j4.90 | 3,68 | j1,25




Gia trf dong dién trén cic nhanh duoce xac dinb theo cic biéu thirc
) i,j e (ll —-l.f’) Yij
va ciing gom hai thanh phan : thwe va ao. Chdng ban d8i voi nhanh 1— 2 c6:
igz = I}, 4+ ;I 4 troug do:
1‘12 == ([“ -_ lv:) 1'12 + (U’] -_— [‘]:Z’) ’1,2‘ = - “I,Ub‘ \
It = (U}, — C) Y1y — (U — U3) Yig = 007 A vav...
(+ia el cong sudt di 1én cic nhanh dwgce tinh theo biu thie :
b.x; — 1 Il] = U5y — jQy .
Chang han vol nhanh 1-2 @6 , A
Sizo= Uidyg = (U3 + 00 Uy 4 17 == Prz — jQua
Py =Ui 1y —Up Iy, = — 2920W
QIZ—U 112'—-0 Iz=—]b)‘u‘/lR VeV,
Gia trj 1dn thill cong sufl trén cac nhanh duoc xdc dinh theo biéu thirc .
Abtli = Aij—|—jﬂQij = ]U'i — (,:ﬂz );ii
Chéng han ddi v&i nhanh 1-2 ¢o
AP, = (U = U+ Uy = U2 Y, = 0 MW
AQpy, = (U] — U324 U7 —Up)? Yiz = 0,027 WMVAR vov.

P kidm tra k&€ qua tinh todn, la c6 thé thi lai dleu kién chn bﬁng gong
suft tai cac nul. Ching han véi nul 1

vay -

/
LP = P4 Py = 290 — 293 = — 0,03 =~ 0
. PO = QO+ Q1 = 1,80 — 1,82 = — (,02 = .
Tai aut 2 ~

S owa Py Py 4 Py_jg 4 Pyg 4 Pog = 90,75 4 2,13 — 30,92 +
+ 376 —194 = — 0,04 =~ )
B0 = 6044 136 — 114 26,18 — 2002 = 044 ~ 0.
Phuwong phap Itp Gauss—Seidel co vu d1i€m la dua irén Lhual todn dun gian, -
dé chuoog trinh hoéa trén mav tinh sd, st dung it bo nho vi kLo lwong lmh
toan & nyoi bwoe lip clng it. Tuy nhién phuong phap nay co nhwoe dicm 1a e
do hoi lu chn. Viovey ¢dn co bign phap dé tang ubanh hoi ty.

5-3. PHUONG PHAP MA TRAN TONG TRO NUT Z, GIAETICH MANG DIEN

Phirong phap nay dwa lrén viéc giai hé phuong trinh moé ta mdi quan hé

giira dien dp cac nut Uy va nguon dong J; lai cac nul. 1héng qua cic Lhong s

~clia mang la 16y dan cac out Yy va Long dan nhanh Y, trong dang biéu thuc
(4-42) hodc (5-18). B

Ban chit véin d¢ & day la : d6i voi mang dién gom n wuiL doc lap (rva m()l

nut cén bﬁng) khong ton tai strc dién dong trong nhinh, gid thiét da bi€t gia tri
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‘ngubn déng J; (pli’u hodc phu tii).o cac nul va thong sd mang la tuy&n tinh thi
6 thl coi gid tri J; & nat { 1a td hop tuy®n tinb Lua cac dong di¢n ghy boidién
ap tai nat do IA va dién ap lai cac nat khaé OA s | == 1. DBo chinh la nguyé"

Ii x8p chdng trong mach tuy&n tinh. Khi dé ta vi€t dwoc -
Y [.Al + Y. UAz + et Yil'yn = Ji
Yo Usy + Yoo Uy + oo+ Youl o = U, (5-30)

YnlUAl + Ynz[’;Az + ... YnnUAn = j,,

L
trong do, nbwr dd bigt gid 1ri cia Yj; 1a tdng cac 'dng din cic nhanh ndi véi
nut i, con Yy 1a gid tri cta tdng din nhanh ij v&i ddu nguoc lai. v

Hé phuong trinb (5-30) dwoc vi€t-gon trong dang ma tran nhu da bist

Y, Up=J ) A (5-31)

Mot muc lidu ddu tién trong giai tich mang dién la xac dijnh dién ap cdc

nat U, sau d6 cdin xac dinh dong dien Llrén <4c nhénh vi nhirng thong s trang
thai kh&c. Nhir vay trrge hét cin giai hé (3-30).

Vice gidi hé (3-30) co thé dung phép khir lién tidp, hoac lheo phu'cng phap
Cramer vO1 vice dung dinh thwe. Tuy nhién nhing phurong phap nay tred nen it
cOng kénh khi s phuong trinh n lon.

Ti€p theo ta giai hé (3- 30) nho su dung phuong trinh na tran (5-31).

Vi ma tran tong din ntit )A ctia mang dién cé dang’ \u(’mg, cdp 2 X n .
d8) xung, khong suy bi¥n nén 18n tai },! va giai (3-11) 6 :

h Cy=Ygt] (5-32y

O day YIT = Z, va goi la ma trgn tdéng tré nut Z, cia mang dién (chu
< phan biél véi WOng Lré nhanh Z cda mang chi gom cac phin tr trén dwong

chéo « hinh, 14 tdng trd cua cac nhanh). Nhwr vay .

Uy == Z,J : (339
Kho khdn chia y&u cia giai tich mang dién theo phuwong phap nay la xac
dinh Y—l. nghia la tim cac phén t& cla ma tran Z,. :
' Ta phan biét hai lrwong hop khi giai tich mang dién tneo phuong phap
ma tran, Z,. ‘
1. Truong hep cho J; gia thi®t mang gém i« nut déc lap' va gia thiél & chc
nut nguon va phu tai déu cho {rong dang dong dién nut J.i=1,2,.., n. khido
gia trf dién 4p nut U,; dwoe xdc dinh theo bidu thire

f P . 9 ?

UAIT le le . s Zlﬂ Jl
Upa| = t 221 Za2 -+ Zn Jy (5-34)
L Ugad  VZay Zag oo Zewd L,
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teong d6 ma lvin Z, =[Z;] duge xde dinh to Y1'. Trong trirong hO‘P n bé, cb

the sie dinh £, (heo phwong phép ding ma trin phiin phu dai 8 cua Y,, nghia

N Y,

la Z ¢ TT Trong trwong hQ‘p 1 lén, ¢6 theé ding thuil toan ldp, dua vio
e

nghich daio ma tran duong chéo cia ¥, 1a Y4, dé xic dinh Y3 1 nhu trinh bay
o mue mo diu (la chucmd nay, hodc ¢6 thd phan chia V', llmnh cic ma trin khéi
nhu trinh bay & chuong 4. ‘

Ngoai ra vi ma iran tdng tré nul /£, ctha mang dién dling ¢6 ¥ nghla vat
Iv nhw ma tran Y. nén la cung c6 thé sic dinh £, Lruc Li€p tir so A6 ndi day
cua mang dién, Khi do Z;; la tong tré ddu vao nhin lLir nut i dén nil can bing,.

khi & moi nut &k ¢é Jy =0, k=i, con Z,; la tong tré twong hod gitta nit i va nut

J- Tuy nhién“viéc xac dinh Z,,, Z;, llllL tiep tir so d6 co kho khdn hon so voi viée
xac dinh Y55, ¥, tor so do.

O day khi giai llch mang dién theo phuong phip nay trén may tinh dién
tw, c6 thé xac dinh cic phdn ti ciia ma tran Z, theo phwong phap « mé& rong din
so A6 ». Tinh thin chl yéu cia phwong phidp nay la: chon métl vai phdn ti cda
mang dién de df‘ dang lip dwge ma trin Z, ban ddu. Sau do thém dian cac phin
tir thi ma tran~ %, duoc mé réong din dcn khi du n nut doc lip. Phuong phap.
Nav Ceng ¢o w(l khi gidi tich nhiing mang dién o ciu tric thay dof va bai
,to/im dwce chwong trinh hoa trén mav tinh s6. ]

2. Trueng “hop cho cong sufit 13i cac nut S;. Trong thue 1€ nguon phat
thode phu Laittal cae nut thuéng dwoe cho trong dang cong suit S, =P; — j0;.
Khi do-de giai ‘tich mang dién theo biu thire (5-30) cdn xac dinh dong dién tai
cie it J, nhirng lai phu thude vao gid tri dién ap lai nit i, trong d6 U, la gia

fri hién hop oo dién ap U

J, = 21 =T n (5-35)

Sy g b 1, i (5-35) vao hé (5-50), la nhin dwoi hé phwong trinh
o bh luyen. Bé trunh nhing khé khan v& qua trinh giai, ta st dung phuong
o ~ heo thi tue sau day :

— Truwde W€t coi gia tri phdn thue cta dién ap ban diiu (2i cde nutl phuy tai
[0 ¢ =102, .. n da gid tri dinh muce Ugn cia mang dién hodic mol gia tri
gin do, phin édo liy bing khong. Tur day xic dinh dwgc vecto — ot ngudn déng

J: [0] tai cic mil & thoi diém ban diu:

Jilo]= — = — | (5-36)

— Xic dinh cac thanh phdn ciia ma tran tong dan 1’y
 _ Finh toan cho bwdc lip 1. Thay n gia tri J; [o] vao hé (5-31), gidi céc
mié tri Uyi[1] nhe bitu thie / |

Uslll=7J[o] (5:37)



l

— Sau khi giai dwoe {7;|1]; { =1, n nhe phuong trinh ma (rin, théng

qua ma lran nghich ddo cia Y, :

Iy 111 = Y o) (5-38)
de chuyén sang buoce lap 2, ta lai tinh gia tri cie ngudn dong & cudi buoc 132
.il[l] theo bién thue '

. N,

Ji] = ———

U [1]

Thay vao hé (5-31) ta xuce dinh duwgce gia 1ri dién ap nut f’Ai [2] O buoc 2.
Tiep tye ciac bude lap cho d€n khi théa man didu kién

AU 0 = U5 K] <

(5-38)

Chu g

-~ ) moi buoc déu st dung cing gia tri cong suatl Lai cac nul S, nghia la
chura xét dén die tinh tinh cta phu tai

— O moi budc -déu dung cung ma trim Y,

_ — Sau khi xiac dinh duoc gia-iri hoi lu cua l."A,-, do la so voi gia tri dién,
ap nut can bing ', Gia (ri tuyél d3i cua dién, ap cac nut dwoe sdc dinh theo
biéu thuc

M=CUnu+ 0, i=Tn (5-39)
— Khiap dung voi 88 liéu cu thé cin luwu

v néu S; cho fa cong sual 3 pha, U, la dién ap day

thi dong dién nut J; phai xac dinh theo cong thic

: S
Jp = (5-40)
SREY ol |
Vi du. So d6 ndang dién cho trén hinh 5-4 " Hink 5-4

voi cac so  Liéu san day -
Cong suit tirh toan cda cac phu tai
S = V316,56 — j11) MV A
52 =V3(33 — j22) MV
Sy = V3(12 — 8y MV

Téng lrdr cha cic nhéanh

Zoy = (334 j10,3); Zo, = (844 j16,2

»

Zog = (105 4+ j20,5): %= (9,9 4 j13.4)
o= (11,5 4 j15,4).

Bien op dinh muc cla mang A [gm = 100 &Y. Ngudn phat 0 14y lam nut
can biing, vOi gid ri dién 4p van hanh

Uy =110 =121 KV,
\
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Can xdc dinh dién 4p tai cac nut U,

Giai. i .
Truge hél ciin xac dinh ma lran 1dng dén nut ¥,, & day c6 thd tim truc
ti€p tir so d6 mang dién : g
| Yiu Yoo
, . , R . 1
Y=Yy Vi Yy |trongdo: ¥y =Y04 ¥, = —m 4 —— =
L0 Yy, Y, Zio iz
o ) —= 0,076 — ju,126
Yy=Fpp=— o (0,036 — j0,049)
| 12 '
¥y, = Vgp == e —— = — (0,031 — j0,047)
23 f
. , : 1 1 .
) 33 = } 09 + 1’32 == - + = - U,U5] —_— JU,OS-
. ' Zos Z3s ‘
Vay _
075 — j0,126  — 0,036 -+ jo,018 0
Yi=|—=0036 4 jo.049 0092 — j0,138 —0,031+ j0,041
v 0 — 0,031 4 j0O,b41 0,051 — jO,U8

Y, la ma trin vuong. khong suy bién nén c6 4, = Y7 g
Theo phwong phap ma tran phan. phu dai s, xac dinh ZA trong dang

’ 141} ATEAT 3934 j7.2 1,52 + j3,27 0864 j1,8
Is =ty Zar Zyg] = | 1524+ j3.97 442 4 7,57 2,02+j4,32
Loy Zay Loy 0,66 + j1,85 2,02 + j4,32 6,59 + j11,26

— Cho vac gia tri dien ap nil ban dau

| [y [o] = U3 [0] = l'—g [o] = 1214V
— X« dinb ma lran nguén phu tai ban diu

7, (0] _ — (16,5 — j11) ,
. ; ' S . 1
Tol=]/200] | = — = | =3 —j2) =

I3{0] YIJC”[O] PEA @ —

—0,136 + 0,091
=] —0,273 + j0,182 | k.l
—0,182 + j0,066

— Xdac dinh ma tran dién ap nut U, [1] & buéc 1 -

_ 1] Zyy 21 Zi Jylo]
Uﬁ’.[J] =|Upl1]| = Zay Za2 Zyg| X | Jylo] | =
| Upsl1] Zy 233 Zss J3(0]

2,431 4 j 1,537 |
= — 3,732 4 j 2125 | kV
3,531 4 j 2,622
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— T day tinh J[{]:

I SyVE [’1[11] : {0.138 — j 0,085
T[1) = | B = |8y VT Gy = = 0,276 — 0,191
SN P A ST 0,185 — j 0,072 ]

— U buéce tap 2 tinh duee

| U2 ] 2,541 4 1,540 1‘
Unsl2] ] 3,677 4 j 2,501 |

Lic buoce sau linh trong Ly Khi linh bing tay, véai do chinh xac toi 1/10kV
ta co thé dirng sau buwdce 2 va xic dinh gia tri dién ap tuyél doi lai cac nut:

Cy= 1, + U

O dav co

: . ‘1 v . _ T z _ 7 _

iy 2541 158012 [ 118,450 — ;1,549

; Ty = =51 +'j 2.0 + | 121 ;: 11700 — 2,250 | KV
Uy ( 3677 4 05910 121 ) 117,520 — 2,511 l

i (1ong so kb dac trong trang thai mang dién nhu dong tvén cac nhinh,
Len Lhot cons susl tren nhianh v, dwoe vae dinh twong tw nhir & muc truoe,

Qua vi du trén dav lhay ridng khi gidi lich mang dién la phai lhao tac vau
nbdng ma lran phtre 83. Sau day (rinh bay tong qual cach chuyén thanh cic ma trin
86 thire nhidm tinh toan «é dang va thuin lot khi duwa sivlidn vao may tinh dién U,

NUi zidi lich mane dién ta thirong gap 4 loa ma tran v co thé tach ra
phin thuc va ao. do 1o '

T

Ma tran tong dan nut Y = Yy — jTy

Via tran dien dp ot =000 4 jUY

Ma tran cong su'laut Y =P — ji)
Ma tran nguen dong nat J = J — IV
Phuong trinh ma tran xéc dinh dién ap nut duce vigt trong dang :
0 Ty R 8E) .-, . 33 Ty . '1)1 [ vt r ey ]
Yi, =it }lz_jyu'”}“‘“‘:})ln Uy HI0L
),';1 —'ﬂ‘él }:’_’ ”’22 "'SZD w]}Z’n - "32 a j( ;2 —
T L . DAt B LU o e
g ]
jl - J]1 .
/
= | ] — jJ” )
- (5-41)
J' — ]Jn 1
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Kiai Lrifn v& trdi cha bidu thie (5-41), cAn biéing phiin thyc, phin de.
troms (g véi vE phai, 9au d6 x&p lai trong dang ma trin, ta nhan dwoc phrong
trinh: sau : |

v v v v ] [a]

Yy Vi o Yio| YR YR Y| % 7

Viglhe o Y| Vi Vae Yl [U) [

. ' = || (5-42)

P T e E e T o 1T I

Yy, Y;, Yool =Yy =Y, .. Y3, | | UY Ja

Yoo Yo, oYL =Y. —Yo. —Y.. (. J)

’ L .J L

hozc viét trong dang ma tradn kh&i gon hon:

I FRE)

Heé phwong trinh (5-42) hodc (5-43) rat tién loi dé tim gid tii cdc thanh phan

U Uy e O ova U2 U, U’ vi chc phiin tir trong cac ma tran déu la
ap A an a1’ a2’ An
nhitng s§ thuwe tao dicu kién dé dang khi dwa s& liéu va khi tinh toén. Khi

ahan dugc két qué moi lap lai thanh nhiing s8 phirc :

Upi = Uy + ILm ; L= 1,n

A -

P

Ngoai ra ma tran [T

Y'} ciing c6 dang d&c biét nén cé thé st dung

tinh chit dédé tiét kiém b6 nho khi gidi bai toan trén may tinh di¢n tir.

Trong truong hep phu tdi & cac nut cho trong dang cong suit S, thi &
moi bwoc lip cdn xac dinh chc gia tri Ji va J)’ theo biéu thirc sau:-

. 1 Py — O L —
Jl[k] —= '—'—-: o S . =1,
Ve V3 Uk — Ui
hidn doi va tach phin thuc va ao ta co
) = L p:{k]+ QU3 [k]
| VI (kD? + (UV(BDF
0:l (k] = PiUp (k| L,
V3 (Tk)E 4 U k]2

Phwong phip ma (rin Mnﬂ tro nut Z, c6 wu difm -héi tu nhanh nhirng.

16n nhitu bo nhe va trong mét 83 (rwrong hop viée xac dinh ma trin-Z, la
khé khin.

~

(5-49)
I"[k]
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5-4. PHUON? PHAP LAP NEWTON GIAT TiCH MANG BIEN

7l0ﬂg muc mo dau cva chirepg nav da trinh bay Imh thian ¢hd yéu cla

viee gial phuong tnnh hoge hé plarong trinh theo phuong phap Lip Newton,

trong d6 ban ¢hit ¢’ia vin dé dwoe giai thich tir khia canh hinh hoc. Sau day

nhunw kil qua ve cong thire ia lhunl toan lap Newton s& dwoc nhin tor lap

:J“:;H gial Lich va sau dé dwee G dyng lrong vide linh tedn lrang thai mang
FCTY,

Gia thidt o6 phrong trinh mt bidn
[(r) = 0 (5-59)
¢O nghiém Laa*. nghia 14 [y = 0. o
Gia thi¢l da biet mol nghicm win dung ban din cha f(2) 1a x[0]. Khai
trien phirong trinh ( 2-45) quanh diém z[0)] ta nh in duoe '

L]y + —1}'— frGauh (e — xf0]) + “.)-'-- [7(x[0]) (x — x[0])?
o= (3-4i)

trong do ["(x[u)), [~ (JI'J]) fa dao ham bac 1 v dao ham . bic 2 cua ‘ham [(x)

khi 18y v gid trj v = .
T (5-48) hd G vo ving be bace Lotré 6o, ta nhan dwoce phwong trinh

tuy&n tint hoa dang

Fei -5 Gy (a2 — 2[0]) = 0 (5-47)
Grai phwong tvinh (5-47) (rav bod gig tei a nhitng buoce HEp theo. ta
nhan duvoce biéu (hae lip Newlon lrong dang |

= 0= — M_

, " (i)

hodc viéet trong dang tong qual
1) = apk] — LOED (5-48)
[(xk])

/
nghta la gia tri cva nghi ain dung & budc k41 ¢d quan he vor gid tri cia
n6 & buoc A ngay trude d6 va nhung théng lin nhan dwoc .vé z[k] do la

[(x[R]) va falk)). | w
RG rang qua (rinh lap (3-48) 1a hoi tn khi gig tri [(2[k]) nld din, va qua
trinh dung lai khi th~a min diu kién
FICTRD | ' { 49
Sau dly véi tinh than trén ta xét trudng hop bé phwong trinh dai sg
phi Luyén,
Gia thi€t co n phuong trinh cia n nghiém :
[1(r; ., 1xq) = U
[2 (‘lllv vy otp) = Y (5_5”)

[a (‘Tl’ e dg) b
hogc c6 hé vidl Irong dang veclo — cot ede ham [i(x)

[(x) = | (3-51)
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trong dé .« la vecto—col  An

x =} hodic [z} = [y, Tg .+ Xy

I,

trong do ¢ chi k¥ hiéu chuyén vi ma iran.
Gida thict ¢6 n gi4 tri nghiém gin ding ban diu [x [o]], = [%; [o] ... 24 [0]],

" khai tri¢n Taylo hé phuong trinh (5- 5[)) tai didm x[o] va bo tir vO cung bé. bac
2 ta dwoc: , N

\
[1(21]0] e a [0]) + "’f‘('”‘[_ojr“’ alo) (3, — v, [0]) +
1
+ ..+ af1(vy[0] ..- ¥n[0]) (Tn — zo[0]) = D

a1y
f2(x1 [0] .o. ZalO]) + o2z [1 Za[o)) (x; — aq[0]) +
, 3
+ ..+ 5/(2(1‘_' [OB]I"' T [,O%) (Ta — xg[0]) =0

[ulri(0] ... 2n]0]) 9 w1 0] ... *al0]) (xy — 7 [08]) +

9T
et "f"(”["_]r'“ 18 191) 4y — af0]) =¥ (551

Biéu thire (5-31) cé thé viét trong dang ma trin sau

[ fL(zlo]) | [ afi(x)  9f(x) ofa(r) 1 T (2, — 2,[0]) ]
211 T, 0.y
f2(z[o]) ola(7) a{Z(I) L 22 | (xz — x2[0])
4 Iy Ix, ox _ — 0
rle ofn(x)  ofu(2) 3fa(x) _
[al]o]) ) oy 4T,  8r, N (¥a — Zao]) ] (5-‘52)

trong d6 ma trin cdc dao ham bac nhit trén day goi la ma lran Jacobi, kY hiéu
F(v), lay tai a2 = 2ol

Heé (5-52) c6 thé vigt gon 'rong dang:
f(x[o]) + F(x) (x — x[o]) = | (5-52)
Vi F(.z:.) la ma trin vuong, khéng suy bi€n, nén tir (5-52) giiii“ du{_ﬁ*c .
x = x[o] = ~[F(z[o]))™! f(x[0)) |
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1‘1? (cé4l\:1)<‘: |(lp thui! todn lﬁp tim vecto in & bwoc (k+1) theo bidu thirc twong
)
. T [k41] = x[kl — [F(x kD). f(x (£)) (5-53)
T‘L[) theo ta 4p dung thuat toan lap (5-53)rén diy d& mo ta va gidi bai
loan giai lich mang dién.

Be o .dang hé phu-mm trinh f(x) = 0 ta vié€t cho diéu kién cln b?mg cong
SU&t & n nat doc lap cha mang dién:
l

[0y =8 — J,0i=0; i = Tn (5-54)
lrong dG yr— céng sudt toaa phin & mil i (ngudn phal hodic phu Lai)
J; — nguon dong dién tai nut i; zf]i — dién 4p tai nut ¢
Dura vao bidu thue xdc djnh ngudn dong dién tai nut i thong qua déng di¢n
géy ra boi dién 4p cac nut (7, Uy &k = 1,2, we, 141 va k ==itheo nguyén lj
x€p chong : )
n+1 p
Ti = yul's + y yals; k=i ~ (5-55)
k=1
trong d6 n la 88 nut déc lap cla mang dién.
K&t hop (5-55) voi (5-F#Fco:
n+1
[y = Si—pal?— ¥ galle =0 (-36)

Phuong trinh cfn béng (3-56) co thé tach ra phén thue (U, U) va phin
ao (L'}, U')’) la nhiing ham cna hai veclo bign s& Ja phin thwe dién 4p cac nut
Ui = [U] U5... U'3] va phiin @0 cia chung U} = (U} 0. 072, nghfa 1a°

F(i ) = [ul], f”)+sz(l Bl =0 (55-7)

Nbu vay d3i v&i mang dién gém n nit “doc 13 dp, la thanh Iap dwoc 2n phuong

trinh can bang dang (a 57) cua 2n ?n v phdn thwe U vi phiin do U} ctia dién ap

lai cac nut.
Bé thanh 14p thuat toin lap Newton, xic dinh gid tri cac veclo " val”

& buoe (A4 1) la ciir xac dinh ma tran Jacobi ciia hé () 37) & buoc k:

o Ay \

ol” ol '
F(UIK]) = "f o (5-38)

iz Yi2 |

o ol

Tiép theo st dung thuat todn (5-53) xac dinh duwoc gia tri vecto dién ap
nit & buoc (kK4 1):

e =[] -[2]
<Lgmiml e



Piéu Xkién dirng clia qua trinh Lip 1a:

| [(U K] U7 (K] < <
. /20 (K], U K]]I <<
Ap dimg cia phép lap Newton dé giai tich mang ‘dién phu'(, tap, ban doc
cin nghicp ctru co thé tham kheo trong cic tai lién dmyén ds.
Phwong phap nay ¢6 win didin 14 hoi L nhanh, tuy nhién & méi buéc phai xic
dinh dung nghich ddo ctia ma trovn Jacobi cling gay - phie tap lrong tinh loan va
chitm nhiéu bo nhé ctia may tinh. ‘

LHOONG 6

LUA CHON CAC PHAN TU CUA MANG DPIEN -

N 3 -

May bign ap, diay din ciing nhu cac phin tir khic cia mang dién dwgc lua
chon cdn ¢ir vao cac chi tiéu k¥ thuat va kinh (€. ' '

Vé mat k¥ thuat, ¢dn lua chon may.bitn 4p sao cho nhiét @6 phat nong:
cic cuon day nhd hon tri s8 cho phép nhim dam bao tudi tho cia may bi€n 4p
khoing 20 ndm. Trong khi dé ti€t dién diy din phai théa min hang 'loat yéu ciu
kS Lhuat. Ngoai phdt néng va t6n lhiil dién 4ap la hai yéu cdu chung nhl, céc
loai vit dan khac nhau, do ciu tao va lip dat khac nhau, con ciin 41héa min mdt
38 yéu cfiu rieng. Ti€t dién Wy dan cia dwong day lrén khong ph;ii dam béo
ditu kién lan ché v:ng quang dién va do hen co khi, thanh dan cin on dinh
‘dong va 161 cap cin on dinh nbict khi xdv ra ngdn mach.

V& mat kinh (&, ¢ic phan t} duoc lva ¢hion theo cung mot chi tiéu : ham'
¢hi phi tinh toan nhdé nbat ’

Trong thuc (& thitt k€ mang dién Wi fa Lmung lim yéu ciu dic trung .
alit trong nhilng veu ciaa df ra cho mdi phdn & dé can cir vao d6 lwa chon
phin tir, sau do LEn hadnb kiem tra k¢t qua lya chon theo cac yéu cdu con lai.
Vi du, v Jdin dwong diy trén khéng mang dién khu vyc dwoc lua chon theo

Chi tiéu kinh € va ki€ e theo cae bl tdu k¥ thudt; trai lai, day din mang
dmphuom ira chon theo wi€u kién ton that dién 4p, ddy ddn mang dlen phan
sudng lwa chon theo phht ndng v.v.. .

Lwa chon dung cic phin ¥ cia mang dién s lam cho mang dién thuce
hiéh t8t nhicm vu chuyén !ai dién ning diam bao nhitng véu ciu k¥ thuit, dong
thoi gop phan quan trong néng cao ltinh kinh (€ cua mang dién thi€t k&, - |

6-1. LUA CHON TIET DIEN DAY DAN VA CAP THEO CBI TIEU KINH TE -

Bi#t ring cbl tiéu kinb 1€ khi so sdnh cic phwong an mang dlen 14 ham chi
phi tinh toam [xem chuong S :
Z = (uyp + Gc) K + codd
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Tigl di¢n day din se du'oc goi la Ligl dlén kinh 1 néu nhw v&in6é ham chi phll
tinh toan Z dat gia tri cuc idu.
Bé xic dimh ti€t dién kinh €.0ba diy din triree h€t ciin thanh Iap hém chi
pbi tinh todn phu Ihuéc vao ti€t _dién Z(F).- :
Von diu tu cho duong day mgng dién ¢6 thé biudién giin ding bing méy
him sd duong thing
K = (k;,_ + kJF)1 o
lrong a0 L - chi phi xiy dung 1 km dwong day cta phin khong phu thuée vao
tiét dién day ma chi lién quan d&€n viéc tham do, thiét k&, \ach
tuyén v.v.,
k' — chi phi my dung 1km dwdng day phu thude viao ti€t dién day ma
chi y&u la phu lhudc vao gii tién ban (han day dan.

‘[6n thitt dién nédng hang nidm trén dwong day manyg dien biéu dxén qua tiet
dién day dan

Ad = 312

| ol
maxRT = 3Ilznax"v' ‘QF
Nhw vay, bam chi "phi tinh loan hang nidm cta dudng dﬁy mang dién quan hé
voi tidl dién diay din theo bi€u thic '
1 [ - - ’
’/(F) = (th+ufc) (A + A F)l + 31ml! ; = JK + JAA (6-1)
Quan hé glua thanh phan ham chi phi tinh toan lién quan dé€n gia tién day
dfin Z,. va thanh phidn ham chi phi tinh todn lién quan dén ton lhdt dién nang
tén dwong day Z,, cling nhr gita .
ham chi phi tioh toan va titt dién
day ' cho trén hinh vé (In’nh 6-1).

Ti€l dién kinh & ctia day dan
cic dinh duge bing cach lay dao z
hani ham  (6-1) theo F, sauw do6 cho
bang tI.

r[/(r )
A

vh + atc)/‘ 1~

el

=1
2

— W O

R O

Hinh 6- 1

suy ra ' ‘ 7 .

Fimin = Imav ] BCOPT -
o V (4 F @)k 2

Tir d6 thi ham Z(F) nhan Lh3y rdng doan dudng cong lan ¢in tr] 88 Zmg
riit tu, nghia la trisd Z thay déi r&t it khi /7 dao dong 1an can Fop,. Vi vay co
thé lua chon tiét dién day din nho hon trl 88 Famp, ditu do khéng lam chi phi
tint: toan lang ‘bag nhidu ma 1€t klém duoe lrgng kim loai mau kha lon. Tidt
dlen dugc lua cHon nhwr vay goi la tit dién kinh t& Fy,.
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* Mat do dong dién trong day din co ti€t di¢n kinh € goi la mal do kinh

té cia dong dién .
| Jye = Imax ’ (6'3) )

. Fk: ; -
Mil do kinh 1@ cia dong dién cfing c6 (hé xace dinh gin ding dua theo

cong thure (6-2) -

1 ) ' .

Jo, n T -\/ Ueh Gy )I ‘ . (6-4)
kt Fzmln Sr(jop't :

Nhan thily mat dé kinh € cua dOng dién phu lhudéc rél nhléu yeu 6. Tri
80 etra 16 thay ddi theo sy phat trién n¢o kinh t&8 qudc dan ~va trinh dé ki thuat
ctia tirng quéc gia, 1img Lhei ki. Chiing ta ¢o thé tham kbao tr] s8 Ji; hién dang
duoc dung & Lién Xo (bang 6-1)
Y Bing 6-1
Mat do kinh té cua dong dien

Thoi gian st dung cong sudt

- lon nhit
Tén day dan
1000—3000 | 3000— 5060 Trén 5000

Day dan trin:

dong 2,5 2,1 1,8

nhém 1,3 1,1 1,0
Cap boc gidy va day din -

boc cao su, ]oi: : \

dong ~ 3,0 2,5 2,0

nhom 1,6 1,4 1,2
.Czip boc cao su, loi:

-ong N 3,1 2,7

nhdm 1,9 1.7 1,6

Ciin chi v rdng nhing sd liéa cho trong bang la nhing tri s§'trung binh, chwa
¢l dwoe bl nhing diéu kién dic hiét khi xiy dung dwong day qua mdi ving
cu thé. Trong vhirng dicu kién cu thé o thé 4p dung” plitong phip khoing chia
kinh t& dé lwa chon titt dien day dan mang dién. )

T oh y lwa chon UEL dign day dAn va edp theo phuong phap mat d¢ kinh
1€ nhu sau: xédc dinh tri s dong dién lon nhal chay qua day, cin cit vao Lhoi
gian st dung ¢ong sudt lon nhial Toey tra bang 6-1 tim mat d¢ kinh (€ cia dong

dién twong ing voi loai day dén

f o, 4 :_é_‘:_m 2 _Z_',,_ 3 ciin dung, sau dé xic .dinh ti€t
R f R dién kinh t& theo céng thic |
s C ) :
xh S A . Toax s =
2 +—~-—-—«1 C Fu= S (65)
/ - . : kt -
/ ‘—1 Cudi cung Wr Fy, chon dung co
Hink 6-2 day dan tiéu chuﬁrlgﬁn nhit,
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BYi v(rl duong day mang dién ¢6 mét 3 phu tai (hinh 6- 2) c6 lgi hon ca Ia
mdi doan duwdng day. dﬁng mot (i€t di¢n khac nhau. Mubn-vay, truéc hél clin 34¢
dinh tr{ s§ trung. binh ctia théi gian st dung cong suft I6n nhit

I3
i

T ety = Tmalemuxl + Tmangmaxz + . + Tmnxn maxn | (6-6‘)
e maxl + Prnax?. + .+ Pmun

Tra hang Hm Jy, theo Tmnxtb. sau @6 dua‘ vio (G-5) xac dinh tigt dxeq kinh (&
cho tirng doan djty ‘

i - .
= Tmaxi ' -
Flti _ ——— )

. Tuy nhién, cuhg co lurun,g h¢p mudn ding cing mét ti€t d.lén trén 1§t
ca 'dwong day. Khi do clin xic dinh dong dién ding tri Iy, Puong day chuyén tai
dong dién ding trj qui wée d6 sé tyong dwong #& mit ton thit cong suﬁt v&i
duo-ng day chuyen tai cdc dogg dién thuc

31%,pL 3p e
;:P = (I3 + _”131,+...+I§1_,) e

suy ra

; - d g ' n : ‘ ) . . 0
- = g ‘_ ) : 1'2 I: ‘ & - 9

. ' . . /'E i - } - | (6-7)

13 - Idt : .. . > N -

' L

Tiét dién kinh (8 clia toan b6 duong day xéc dmh theo bilu thuc
/

N Fkt — lf;dt
- ' kt ~

Bac blet néu cdc phu tai bﬁng %ihau iy = Qg =-.., Iz V& khoing cach gifra chﬂng
cling bing nhau va bing L. Gha y la: ‘ °

13__:3__I I, —ig iy =21 ; 11—11+12+!3:-_31
khids __— y N

Z Ph=11+ DY+ @) = 1?1 (1% + 22 + 3%)

i=1 | |

*

Bgi voi dti'c'mg day n phu tai s& cé

E 1%, :‘_'-121(1z + 2° + 82,+ + nz)

n(n + 1) (ZR + l)

va

Lai chu y ring ‘tbng ctia chubi s6-trong ngodc bﬁng s
L = nl, cong thirc (6-7) cé dang - . o
| - zdtﬂ\/12(1z+1)(2n+1) L
B&i vi dbng 6' dﬁu duwdng dé.y L= nl, nghia 1a ] = — 11 A do do
o (n+1)(311+1)
T l"' —Li. 6n?

-2 13



o | | ,
Chia ca hai v€ cho Fy, cé6: : |

A

n4+1)(2 1
‘ Jkt"'-'-’lll ( + )6£2{1+ ) . ‘ o
“hay Ia ;o \ O _
h Jkt1=Jkt"

"Bn?
(n41) (2 +1)
rwong hop dwong day ¢6 mot phu tii n=1 va k = 1, do do Jing = Je r—dlbu
+d0 hién nbién nhur dd bx‘ét Khi s phy 1ai bing nhau fa 2, 3, 5 10 thi k. c6 tri
s& lwong Ung 14 1,275 1,395 1,54 va 1,62, \ 4
_ Khi p — o, nghla 13 khi phu tai phén b& déu doc du'dmg dﬁ.y k—-ﬂ/d

.= 1,73. . \ ! ; < :

Vi du 6- i’ Mang dnén IIUkV cung cip dién che 3 phu tai cong nﬂhlép

(hmh B- .3) Liwra chon ti€l dién cho cic duong day mang di¢n do néu dung day AC

= kJu 'y (6-8)

va uét dlen moi dfoan khac nhau, ) ‘ /
~ :5‘, = +0 ¢ /30 MVA4
Al ‘ . . 7mc,r, 7‘;-_ A0 h 3 |
I b4 Bt x : J.._'_' e T e
N = R
\ 552204 IS MVA -
' Trmax 2 = 5000 b
\ L
Sy=12+J9MVA | A : :
© Tmax3:=4000=", . | T
'mu3 DI | 7 \

| m;h 6-3 o

Giai. Truoc hét, xac dinh tri s§ trung bish cta thm gian - str dung céng
suit lon nh’ét

40 . 5500 4+ 20. 5000.+—,12 ] 4900,

Traxty = i 5.10@1!
| 40 4 20 + 12 ’ .
Tra bang 61 vOi Teszs =-5100h va ddy AC cé Ik, = 1. Dong dlén chay irén
mdbi doan _ i : ‘ P
13 L 'V/]Qi-f— 1 02 103 — 784 ‘ '
S VY31
{ 4 e
Lo = YEEETE s e
e prey =" w b
2.V 10 ‘
; (40 B) ' 2 ' ARy
I, = V(0 + 20 4 12)* + (30 415 4 9) = 9344
2.v3.110 -
Tidt dién kinh téimc’)_i do{n _ _ . - ¥

Fi,. =781 .= 78 mm®
3 5T ;
’Fkt = 651 = 65mm?
Fkt = 234/1 = 234 mm

Nhuw \ay, irén doan 1 d&y AC '740 doan 2yva 3. dﬁng day AC-70
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6:2. XAC PINA' TIET DIEN DAY DAN THEO ’I‘ON THAT mEN AP
CBO PHEP ' i
Mang dién dxq phuong, do c6 nthu phu tai mﬁc Lrue t:ép khOng qua méy

bign ap nén yéu cdu chidt lwgng dién ap ril cao; mit khac khé ndng d@itu chinh
dién 4p clia né. ciing han ch€ nhitu so véi mang khu virc.. Vi vay khi thit k&

‘mang dia phU'orng thuéng cdn ctr.vao mire di¢n “ap, cho phép dé lwa chon tiét
/dién dﬁy dén. {

O chuong 2, voi duong diy co mOt phu tai da xhe dinh du'o'c cdhg thlrc
linh tdn th#t dién dp )

AU = M — AU’ (F) +AD”(F)

7 I dm
Trong d6 AU’ (F) — thanh, phan loq th&t dién 4p do cdng suft tac. dung giy ra-
: AU(F) — thanh phiin tén thit dién 4p do cOng sust phin khang Fay ra.

N&u 14y tdn th¥t dién ap trén du'orng day bing trisd cho phép, cd :
v _ 'op = AU(R) + AUAEF)

-

Nhé lai quan hé gum*:r va- hél di¢n theo cong’ thue (1-3) s thay phuong trinh
trén thudc 1oai phwong trigh siéu viét, khé xac dinh t’-u'c ti€p F theo AUcp
Trong truéng hop nay hai phai ding phwong phap gin dung. '

Nban thiy cdm khang dwong day trén khong thwéng thay dbdi trong pham -
vi kha hep To = 0,33 — 0,48Q/km, vi ih trong buwéc ljp diu tién co thé 1dy
mot tr] 83 cdm khéng, trang binh r, = 0,36 — 0,40Q/km. Voi z, d& dang xic
dinh dugc thanh’ phan t6n th’ét dién ap’do Q gﬁy ra .

. .

'AU!“(F): onl

dm

T do xac dinh du'O'c tei 36 cho phép cua thanh phﬁn tdn thit dlen ap trén
dlén tro'

AU;P (F) = AU — AU"(F)/ N | ‘ (6.9)
Mit khac, b&i vi B |
U AL (1;,.-) _ _Prl Pyl
P Ud,,, Ugm F

do do xac dinh-wdll'()’c uét dién day dﬁn c{n um

F='—-£"l'— B ‘ - (8-10) |
\ : : AUchm _

Tiél dién tinh duoc theo (6-10) cin d8i chidu voi day ti€t dién tiéu chhﬁn aeé
thon Li€t dién tiéu cbufn gin nhﬁt Vi tidt dién nay trd bé(ng tim tri 88 ro, T,
thie, sau dé tmh 1dn that dzén ap . trén dwong diy va so *sinh v&i trj sd cho’
phép. Néu AU < AUqp thi uét dién -tim duwoc 1a 1o giai chda bai oén; néu
AU > AU, thi cin chon t#t dlén-ifm ho'T mét cdp va lai tiép tuc klém tra difu

k!én AU<AU01 |



Truong hop dwong day cung Cdp cho mot si’S phu 1ai, tucmg r cung cho

mol gid tri treng binh x, va xiic dinh duoe : : Y

I

C(6-11)

“~

AU(F) =

sau do xac dinh ll‘l sb cho phép cia thanh phﬁn ton tb’at dxén Ap trén dnéu trd
theo (6- Q) Cu?_n cling, lrén co 80 cong (huc P \

' P 1.
AU, (F) = —— Y b

dm

: i=1
xilc d]jnh dugc tigt dién clin Lim
{ ’ .

! Py e,

F= o Z o @12)

i=1
pBA ! 961 vori ducrng day - phan nhanh
g (hinh 6-4) ciin xd¢ dinh AU”(F) i6h- nhit
1

theo céc nhanh (AU},, hodic AU _,25), sau.dé
ti€p tuc ti€n hanh nhw trén.

BE xac dinh tiét dién 10i cap lﬁy '
%= UOSQ/km
Vi dy 6.2, Mang“ dlen 35kV cung cdp
Hink 6-4 cho 3 phu tai (hinh 6-5, a). Hay zéc dinh
tiét dién day-din cho mang diéh do n€u
toan bo mang dién dang day nhém. Cho bi€t tén thit dién 4p cho phép la AU = 6%

4 ~ Gidi, LAy tri 88 tfung binh T, = 0,4Qzkm, sde d‘mh dugce tén lhﬁt dién ép':
trén cam khapg toan dwong day

w
"

~
o 0,4 -
AU = —-(3+9+z)8+()+ 2o + 2 .3 ==940V.
A 8 km 7 Skm 2 3km . 3 s
o 4+j3€v4 : 3tjz 2442 ‘
A -
3.6+)2,84 2.2841,775 195+ J1065
A 7 ! 13
'?b 4¢3 %2 5442 55 2.j2 " -
v ‘" ¥
Hink 65 o o

Trj 86 chd’ phép Yia thanh phiin -ton l_,b?it dxen ap trén dién trd
Al” = 6% .35000 — 940 = 1160V

16



Ti€t di¢n day toan bo dwong dﬁy téc dinh du'(,)c theo cOng thu'c (6 12)

/

31,5
F— _3Ld ; _
1160.35 (4"' + 2)8 + (.3 +2)5 4+ 2. 3 80mm
Chon ding day A-70. |  am

Véi day :}JO vit D— 1 2am cor, == 0,45 Q/km, o = 0,355Q/km. Xéc dinh
dwoc tdng ré cac goan duwong day (hinh 6-3, b) \| .

= 5 + jo,355)8 = 3,6 + j2.84Q
. zz = (045 + j0,355)5 = 2,25 4 j1,775Q
Zs — (0,45 + jo, 355)3 = 1,35 + j1,065Q

. Ton thit dién, 4p trén toan b¢ dwong day -

| 9 6 .1,
AU, % = ( 3, +5 2 25 + 2 1,35) -;5(27 84i+4 1775 + 2.1.085) 44,
= e 2%! o . )
So voi AU, = 6/ thay rang co Lhé chﬁp nhan tist dién A-70 la tiét dlén -

can Iwra clron tho duo'ng day g

6-3. XAC D[NH TIET. DIEN DAY \)AN THEO TON THAT PIEN NXNG
NHO Nm(r. - :

Ngoai phu'o'ng phap hra chon ji€t dién day dan theo ton that dién 4p cho
phép va loan” bé dudng diy chon cing ti€t dién, cin xét triong hep cac dosn
dwong d&y c6 tiét dién khac nhau cé thé sé kinh & hon do giam ton thist dién nédng

_boidc gidm chi phi kim loai mau. Nbhur d& noi, tidu chuﬁr‘ co béan nhit d& lya
chon ti€t diéo diy din maeng dia phwong la tén that @ién 4p khong dwoc virot qua
tri 88 cho phép. V&i duing diy c6- mét a5 phu tai (hmh 6-6), dleu kién doé la -

(I

\AUI + AU: + AU cp4 . [
- 1 |
T A o, K 1 kR 2 l3,Fs 3
\ Iflpn Ql . l ‘Z:?lgla? . { -\IJ,%/Q.?— { ' i
AY, .| Av sy ’ ‘ ,!'
e : | -
B AlUgp
/ Ny Hink 6-6
- .

/

Pd thire hién didu ’kién nay co thé dé ra nhiéu phuong an béng cach thay dbi
luomg ton th#it dién 4p roi trén mdi doan du‘frng day. Viduy, co thé ting tiét.dién
day din doan diu va gidm twrong tng Lt dién dﬁy doan khac. Vin d& dsgt ra 1a
" ciin tim mét trong 88 nhirng phuung 4n thda min yéu clu k¥ thuat, dBng thoi
phwong 4n d6co chi ’héu kmh t¥ tot nhat nghia la phuong .‘m c6 him Chl phi ¢
tlnh toan hé nhit. . ' S . : -

17



cO dang
Z(Fy, By, Fy) = (am + ac) Tk (U + b+ 13)+ ky (Fily + Faly +

o 131 131, Il
il C 11 33)__
+ Fiig)] + opv(Fl + Rt

= Z,(Fy, Fz- Fa) + /M(l‘l- Fa 3)

-
. 1

Khéng thé giai triee 1i€p Hham Z(Fy, I,, Fy) dé xic din’h llél dién F,, Fa, Fg vira

théa man di%u kién tdn thit dién ap vira lam cuce tiéu ham chi phi tinh toan. Do

d6 clin tim loi gidi gin dung. : | e '
Nhan thdy rdng néu mang dién. cung cap cho nhiv ng ho tieu thy 6 thoi

gian st dung cong sudt 1on nh#t Ta,, lén thi thanh phdn Z,, chi®m ti trong lén

trong ham chi phi tinh toan. Trong trareng hop nay phwong 4n co. tén thit dién

ning bé nh#t s€ 1A phwong an c6' chi phi tinh toan bé nhat. Vi vay, T]hung tict

Ham chi phi tinh toén hhng ndm cuaa mang dién nay vigt thgo (6-1) se' f

dién t8i wru clia mang dién nay sé dwoc lya chon theo muc neu ton thit dién nang ‘

bé nhdt khi thay dbi chi phi kim loai mau.
Bi€t riing khdi lwong kim loai mau ciia mot day din duéng déy"bﬁng

| v =F111‘+ Faly + Fylg i

- suy Ta \
| )F3=—(V—Pll-1"212) A -
) 3
Thanh phan bAm chu phi tinh todn Zpa 58 vigt duoc nhu‘ sau
13 1%, 1212 .
Z F,F,F U‘ZCOPT(ll-"—E‘f— _ 33 ' )
AA( 1 2 3) - F’_ Fz" + ~_V - [;‘lll _ FZPZ‘
Bao ham ham Z,, @6 theo F, va cho bﬁngp ' . Co
37 \a ( R T o ¢
—=2= = Cop7 | — 0
aF, | °r F, + (V F111—lez)2)
T do 6 thé vidt | , '
' l‘f£1 + ' 12131 - — =0
X - F{ (V — Fily — Foly)
av a -
| 17 T |
Frt e -
/
suy ra ¥ » -
—L = %, nghia la Jy = J,.
F, F, nghia la J; 3

Twong W, lay dao ham Z,, theo Fp, nhan dugc .Iz-:.:J3 Nhir vay, tdn

thit dién nang (do dé6, Z,,) trén mang dién sé nhd nhit khi mat d¢ dong dlén '

trén tit ca céc doan dwdng day khong dsi
Tye=Jy =y = J

Chinh vi th¥ phrrong phap Iwra chon tigt dién day dﬁn theo tdn thit dién ép cho
phép va tbén thilt dién ning nhd nhit con dwoc goi mot cach khﬁc 12 lya chort
~ tiét dién day dan theo mat d6 dong dién khdng dsi, »

118

= 40
’



i

, Thi tuc lua chqn ti€n hgnh nhu sau :

Cho mét tri s8 cAm khing trung binh X, XAC dlnh du'oc thanh- phﬁn tbn
that dién ap AU" va sau d6 AU,,p Vé&i mang dién binh 6-6 0o the viét

Pipl, ¥ . Paely 4 Pyely
FlUsn  Fllaw © FsUen

Chu V. E’ing P, -1/3 M aml; Lostb vay \

\ AL/C,P = AU’ e Aa2‘+ \U’ —

AU: : ‘5_\/3 (I 11C03¢1 + Izlz(;o’(pz + 13{3003(1)3)

- F, - Fy o Fy .
. trong do-. cosd; — hé 86 cOng su#t-trésd doan du‘érng dby i. Thay vao bwu thite
lrén, mat do dong dié® khong df‘n nhan duge . ) R

X . | - v . AUy
' V3 (llcostbl -+ I5co8®, + l,cos(l)a)
Tong Yquat, véi dwong day c6 n phu tai =

J= 7{,“”3’ ~ b ©(614)
| V3 Y licos®, | o o
- i=1 - .
,trong d6 7 = r 7—«- dién dan suit cia vétt- litu lam dﬁj dan,. km/Q mmz
- Tidt dlénptﬁn wu trén méi doan dudérng day xc dinh duoc 'theo tny 56 mét

d6 dong dién khong ddi theo bxéu thire
I

.

-Fi __-_— T a (6‘15j . A 0_’ lf.I,Ff ! ltc FZ ‘ ) [Jo F;J J f-.? |
Truong hop mang dién -co - Pr':Q,,‘#y {9 Pz,ﬂg,?z < - ;
phan nhanh (hinh 6-7), didu et I

‘kién lra chon ti€t dién.t8i wu M1
vAn tuén theo (6-13) nﬂhurng khi | ! xk
xac dinh tr] s T theo (6-14), 4l

n _‘ - -g‘é:_p
cin tinh (04n véri tbngz:licosd)i ' - l:l
ok N
. . . i i sbe.

“ton nhit. Gid thit voi mang B Hinh 6.5 |
dién di-cho, téng d6 lon nhéit - ' , ' N N
theo tuy&n A-1-2-4-5. Khi d6 B . .

( fJ‘ . T - AU‘:P

1/3 (lycos®y + szOS¢2+l4COS¢ + l5cos¢5)

., . Cac uét dlén dﬁy nim trén tuyén 6 dwoc hra é‘hou theo cong thirc (6 15)
F,, Fy, F,, Fs. Sau d6 xic dinh tén thit dxén ap thyc trép doan A- I 2 va thn

'{hit dién ép cho phép- trén doan 2- 3

o . - 119



Tt 46 tinh dwoc

AUcp23 = Al’ﬁ,z:; —_ stola :

Uam

Cudi cing x4c dinh du'oc Ligt di¢n doan 2.3 S
- o oPils
A AU cP23Ldm

Cin chu y la mat do dong dién xac dinh dwgc theo (6-14) cén so sénh vl mat d(}
~ kinh t& Jy, tri 88 nao nhd hon sé du’O’C diing d& xac dinh ti€t dién day din. T#t
inh:én sau khi luwa chon dwoce tigt
dxén day can tién harh kiém tra’
‘didu kién t3n thit dién ap. '

0.6+ fossmua - Vidy 6- -3. Mang dién 10 kV
cung cdp cho 3 nghiép bing
- duong diy trén khong, day din
nhom. Théi gian str dung cong
suit |&n nh#t cua cac phu téi la
Tmax = 4500 h. Hiy xac dinh tiéf
~ dién day din cho mang dién 46 -
‘(hinh 6- 8) ntu tén thdt dien ép
cho phép 1a 6%.

‘ Giai. Cho X, = () 35. Xic
Hink 6-8 | dinh Quoc tri 86 AL” theo tuyen.
A-1-31a - A

3=

0.8 +)0,6MVA

0,35

AU:a =
= 0274 kV = 274 V
Ton th&t dién ap cho phép trén dién trcr tuyén A-1-3 - L /
4\( o= Ao = 1'" =69 . 10000 — 274 = 326V ‘

\i4t 45 dong dién khong ddi xéc dinh nhu sau e
| YAU s

1/3 (lycos®y + lscosd)a)
Tlico bing 1-1 tra duge y ==31,7.107% km/Q. mm?, va chu ¥ I3 lrong {ru'o'ng :

~ hop nay do hé s§ cong suit cta 3 phu tai déu bang 0.8 nén cbs(m/ cos@a =08,
Do dé ‘

_J =

-3
J — 31,7.107°.326 ’—IOA[
3(3.0.84+4.038)
Véi déy nhém va T,,,.x = 4500 h tra dlro'c Jyp = }-1 Thﬁy rﬁng J < Jiy, nén dung‘
J = 1,05 A/mm? xé4c dinh tigt dién “

1, P . 1408406/ S
’F frared - - = ! .108: 158 mz.
| 0,8 ' o
Fo—= 3 = — : 10% = 52,5 mm? .
STy V3 .1,05.10. 08 : - -

1 ~.
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Chon ti&t dién doat 1 14 A-150, dodn 3 la A-50.
Tra bang voi D m 1in ¢co |
? Zoy = 0,21 + ] 0,319 QJkrh

L Zos = 0,63 + j 0,355 Q/km.
'Kiém tra lai ton thit dién ap véi nhing ti€t dién vira chon

AUAS = | . ‘ ! \ ’ .
_ (140,84-0,600.21.34 (0,75 + 0,454 0,6)0,319.3+0,8.0,63 .4+ 0,6. 0,355 .;
* T 10 - :

!

= (,608 kV = 603 V. .
" So sanh (ri s& do voi AU, -= 600V, thdy rdng nhirng ti€t dién vira chon
la hop i '
Ton thit«dién ap cho phép trén doan 1:2

.&Ucplz — z/_\\Ucp - AUAI = | -

600y (L 08+ 0.5) 0,21.3 4 (075 + 0,45+ 0,6)0,3;9.) .3

AN

100 = 277V
. 10 .
va -
LA ) .
AUy = 277 = 29 'IOL;"‘“"’ 108 == 232V.
Tt dién doan 1-2 ' '
31,5.0,5.3 .

‘ Fy = = 24,omm?,
. | 532,10

! Ti.é't/dién tiéu chuln chon ding trén doan 12 la é5mm2, A-25.,

6-4. XAC DINH TIET DIEN DAY DAN THEO CHI PHf KIM LOAI iT NHAT

DPsi voi nhivng mang dién c6 Tmex nhd, vi du mang dién cung cip* cho
phu i nong mghiép, ¢hifu sang, thanh phin Zx chim t} trong lom hon Zg,
trong ham &hi phi tinh toan 7. Vi vay ham Z s€ co tr] s6 nhé. nhat khi Zy nhé.
uhél. Tiél dién day dan lua chon sao cho Z; &at gia tri nhd nhat goi 1a li€t dién
t8i wn theo chi phi kim loai it nhat (boi vi Zx ty 1é thuan voi kht_‘ii lwong kim
loai). .Gia thigt c6 mang dién cung cdp cho mét s3 phy (i (hinh 6-9) véi 16n
thit dién ap cho phép la AUc,. Cho mot tr} s3 trung binh x, 88 xdc djnb duoc

AU” va AUL, .
T Aly= AU+ AU+ AU;

A . 1 L. o L3 Fy 3
\ P ; P @, t 7.6 {,/
: | I K
o / S _
| Hinh 60 ‘
trong d¢ y '
£ ¢ g P!, " Py,
P - Ui= ———; AU = ———;
R T Py
AUQ’ = .—;P_a_l_:_;—_- . |
: vUam Fa
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J Ti&tl dién (,clL doan day tinh dwoc. theo cae trl's§ AU’ theo cac biu thirc

po_ Pl p Py oo Pyl
T U AUy T YU AUy Y U AU
DA bigt bidu thire cia ham Zy i /
2y ‘P)w—("‘h‘}‘atc) [ks (11 +I2+[3)+k” (Fy! 1+ F212+ Falg)]'="" %"
=a ks + kT (F 111+F212+F313)] S

Thay cic hicu thire cla F; theo AU van bigu thuc cia Zx (1'-) nhdn duge;

D ky [ P2 P2
v Z (]; —q lf; o 214 2'2
(&)= [ + «,rUdm (<AU;_+ AU, T

| | T AU, — AU1 — AUz )J
bé co Zy(Fy) nhod nhﬁl cin |4y dao ham Z va cho bﬁng khong

oLy - kY \(__ P13 + N )
o (A U (AL})? (AU§~th-—AU02
Suy ra . : : - o~
- PR _ Plz

(AU (AU)"
L4y cén hai v& nban dwoc

LVPL _ 1yF

AU AU,
Tlrorng tir, my dao ham ham Zy theo AUZ, nhin duwoc =
- ,-3 IZVPZ — 3\/P3
# . Ul » Us
Bay gi thay AU} bing cac hidu thic theo Fj : P
- LYP,  LVYP,.  lyP,
_ B Bl T Pyly
\ YU am Fe Uam.Fp - YU4m Fq

Sau khi don gidn nhin dwoc :
| VP _ VP, _ VPy
Fl - FZ - FS m

Téng quat, voi mang ¢6 n phu tai, dneg kién ltra chon tiét dxen deé dat du'crc chi
' phi knm toai nhd nhat (do do Zy nhd nhgt) la

/ VP o .

_ o= hing, 35 : . - (6-16)
Nbo dicu kien (G- 16) @& dang xéc dinh dirge. Ligt dien & ry cic "doan
: du—rrng dav y

A[}ép — . Pl[l + lez‘ + : P313 :
Wam By Usm Fy YUgn Fy o
Py P,l, Palysi T .

YUamv—“- Fs | YUdm V TUdm Fa



T @6 suy ra

'Fa”—*#[is”—r’ (VP + 1,7 P, + 1gVP;]
Y[-’dm A(-‘cp ‘ ‘ ‘ , '
" Twong ty e
R L ST Tt Sl oo
2 YUdm AC"’, v
F :—v‘-li'———fn/l’ - "21/P ' ':H/t‘ o
i - T( ﬂuv i

TO“R qual, ¢Ong thire xac dinh FiEL dién (o wu theo (‘hl nhi k1m loai it nhit cua
doan‘duong day & & mang 6 2 phy tia nhw sau:

e YPD N e |
. bk —_— “{L,drﬁ 3‘7“; Z 1-\/ Pi ) . ) (6-17)
. ' i=1 '
Boi v(ﬁ mang dlgn ‘phdn nhanh (hinh 6-10), vm nhitng ky hiéu quy wéoc uén
hinh v&, c6 tbe vidt .

Al o = AU 21 + AU.;pu = Alz"épl + AU;Pl“’

e

~ O
b 1
-
au,
AV . ,
>
Hiﬂh 6-1>

L

N#u nhv xac dinch duogc ton thal dién ap cho phép trén cic phin duong day thi
‘c6 thé xdc dinh dwoc tlét dién cua chung theo nhirng biéu thirc sau :

T Ply+Pply . M
I 1l »"am.AU ¢pl TUam AlUtp
Pyl + Pyl Mu
Fp = 381 44 -~  —— 6-1
" YUam AU TUam AU (6-18)
Fryp = Pyls + Pyl — Mm
7 YU AUy 1w AUgpyg
. |
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Trong triéng-hop nay ham Zk c6 dang
2 (F; ) = a [k, + k. (FuLr+ Fu Lyt + Fm L)) =

{k + k' (MILI +‘ MuLu+MmLul )]
Uam AULi - AU, — AU

Liy deo ham va cho bing khong B

' | A M; Ly +. MuLn + MmLm _
(AL ) (AUCP‘)Z © (AU — AUy

San mbt vai bitn dbx nhém duo'c | o

AU =

AU
1+ My Ly + M L '
. . ' My Ly C e
. o i . ‘ . .
Tir day xac dinh dwgce tén thit dién 4p cho phép trén cdc mach nhanh: ’/
o . AU :‘AUc'pui = AU;F — AUy ' e

Cu8i cung, nhé cac cong thire (6-18) xéc dlnf] dwoc tidt dién t8i iru, trén méi phéin_

mang dién. Sau dé ti€n hanh kidm tra lai difu kién ton that dién ép.
Mudn dat dwoc loi gidi kinh 1€ hon cin so sanh cac tiét dién tim dwoc

theo (6-18) v&i cac Li€t dién linh theo m4t d¢ kinh 1€ cia dong dién. Néu CO‘tlgt ‘

dién nao 46 bé hon ‘cidn My ting lén bing Fy,. Viéc lua chon nhtr vay &€ lam
. tdng chi ph1 kjm loai nhung chi ph1 tinh toan tdng s& gidm 3zudng. °

V1 du %-4. Mang: diég 104V cung c&p cho hai tram bom (hinh 6-11), tﬁn

that dién ap cho phép bing 69%. Hiy lwa chon'ti€t dién day din theo hai phrong:

: theo mat 6 dong dién khong doi va theo chi phi kim loai it nhat; phan tich
ket qua.

[ ”
éd ' 4‘[‘-”1 ' —Af 5!(/71 - Z . a
—_——— . I tay ) I i Uhe
’:l‘, 0’ f '?.’.vo.‘.’ N - ‘_
1177 + 1880 kva - 195 + 162 kvA
Hink 6-11

1

Giai. Cho z, = 0,4 Q/km), xc dinh dwgc ton that dién 4p lrén cam khdng -
dwong diy
: 0,36

AU = —5 (162 + 880) 44 162.5 = 179V
Ténthit. di¢n 3p cho phép tréh di¢n tré
AU’ = Uep — AU = 600 — 179 = 421V
Pe xac dinh tidt dién day theo mit do glbng dién khéng dbi ciin blét he 88 cdng

sufit trén cac doan (ky hiéu la cos®, con & phu ti ki hiéu cosqo)
i 1.
162
. cosdPz == cosp, = =" = 0,95
P gt e Y
4
cosd, = 9 + 177 = 0,847

(493 + 1179)* + (16‘)+ 880)2

421

(6-19)

Pl s

l"'._,

1&



Mat d6 dong dxén kBOng dbl trén toén mang dlén SRS

V3. (Il cosd, + lzcoscbz) 3(4.0.847 + 5.0,95) - A
‘Ti€t dién diy din 't'rén mbi doan '

Fim — P, oo AT+ 83 g nme
V3 Uamcosd,d V3 .10.0,847.0,96

Fy= P = 75— '493 = 31,2 nim?.
V3 Uim cosd, J v3.10.0,95.0,96 N

Lua chon diy d&f A-120 va A-35. Khong ciin klém tra tén thdt dién ap vi cic
tigt dién d8a dwoc chon lon hon tri s tinh toén -

Theo (6-17) xic dinh duoe tist d1én diay din &&m bao chi phi. kim loai it

nhit
’ . -2
VP, .
i=1
V493, 103 | o -
.~ T0.421.317 W‘/"“’?? + 4 V1670] &= 45mm 5
Tiét dién doan 1 xacedimh theo F, dua vao quan h¢ (6-16) =~ -
' ) ]
P e AJTFI a2
Fl o P Fz 493 45 — 82 mm ‘ )

Lua chen Ligt dlén trén doan I va’2 la A- 70 va A- 50 Véi D=1im va &ay A-70,
A-50 tra bing c6

401 = 0,45 + j() 341 Q/km
- Zys =, 0,63 + j0,355 f) km,

Ton'thﬁt dlen r ap toan mang dign_,

AU O, — (1670. 9,45 + 1042 . 0;,41)4-1-(495 uﬁ.)+16> 0,355) 5
T U o

10_0:
= Béfy L AUCP/O

f DE tién sd sanh hai phuorng phap lua chon Ligt d:én ti€n han'h hnh t6n tifat
cong su@it va khdi lwong kim loai'mau cho lu-ng phuong an.

“Day - A-120 c6 r, = 0,27, A-35 ¢6 ro, = 0,91 Q/km Khdi 1wcng kim loai mau
~dung cho phuong an [

Vs =3Fl + 3Fyly = (z;/;zo_. 4.10°+3.35.5. 103) 1076
= 1,965m3. , T

1
v

'I_‘Bn-thﬁt cong suﬁi trén mang di¢n phn'dng an I

2 4 nz 2 2 ,
ro ‘(1615)(10)2(1042.) 0,274, 493) (1':’]")2(162) . 0,91.5 =54 kW
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Twong .y linh duge & phwong an 117

Vu = (3.70.4.10% + 3.50.5.10% 1i7® = 1,59 m*

(493) + (162)

2 . 2. ‘
(1670)° + (1042) 0,91 :5 = 78kW.
(10)? o b

(10)2 , 0.45 . 4

i - AI')“ -

Py

T nhung k€t qua trén nhan thdy phwong 4n Iu'a chon tiét dién. theq matr
d6 ding dién khong d6i ¢ 16n thit comg suiit it nhirng ciin chi phi kim loai ;néu
kha lon con phuong an kia, thi nguoec lai, chi phi kim loai mau it hon nhwng tén
thit cong sudl fang lén vd ret. Quyﬁl dinh chon tigt dién theo phu'orng an nao cén
tuy thudc vao tri 88 Twax.

Vi du 6-5. Mang dién 35 AV cung ciip cho mol s3 tram bom nong nghlép cod
Tnay = 12004 (hinh €-12). Xé4c dirh tigL dién ‘day din, bi€t ring AU, = 5%.

m_.. 7105 rivA

H| "
A gl
4“‘ =y rT’ *
i * ~
‘ ! ”
k 2km ! K e 5 hen . i
5?,75" R ¥ 15005 y
21y 05 15 4]0
Ez_ L1' fhl[_: :xr . .
| N - Tt T T
Hiﬁh 6-12 -

7/

Giai, Vi Tmax khé bé, (8t nhit fa lua chon tiét dién day din lheo phi th
kim loai it nhﬁt

Cho Ty == ) 4Q|1cm xéc dinh dwoc tri s€> Al Iéen nhEt trong mang dxen

= 150V

044 (2500 . 2+1500 34 300 . 8) .

—: T Al']‘:s — 30 «

e

Tén thét cho phép trén dién trg
AU, == 5% 35000 — 150 = 1750 — 150,== 1600V.
Tén thil dién ap cho phép trén phin I

AU’ 1 == ‘ AU:P =
P | 4 MuLiy + MutLin
ML,
/ ]+VI,5.8.8+14.6.5"— |
‘ ) o (6,5.2 + 4,5.3) 5,
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'T8n thl di¢n 4p cho phép lrén cdc nhénh
| AUtpr = AU =1600 % 820 == 730V.

T dé xéc dinh duo-c tiét dién t8i wu chic phin mang dién
N L 65.244.5.8 |5

== _ = 29,5mm?
TL.-C,,,,N.:CPI / 31,7 .35 . 820 o
C M 3.8 .
Fy = - "” — I’J. '_S 108 = l4inm?*
"(UdmA( cpll 31.7\. 35 . 780 :
. _ ]
) ' , ] ,
g = Mix = 1.9 108 . = 5.8mm*.
Ud,,,A( épin 31,7.35.,780" i

Chon day d&n phin I 1a A- 23, hai pt.an con lai A-16 (chu v ittt dnen nho nhat
cho phép vé @6 ben co khi ciia dwong §dﬁy tvén ®hong li 16mm?).

Vo day A-25; D ="1.25m ¢é Z, = 1,97 + j0,391 Qjkm

Voi day A-165 D = 1,25m 6 £, = 1,96 + j0,4050 Q/km
Thu lag ditn kién tbn th#t dién &p ,
(6,5.1,27.2 4 2.50. 0,391 . 2) + (4,5. 1,27 . 3+ 1,5. 0,391 . 2) +
/ 5 . .

= C nr ‘ '
+(1,5. 1.3%54- 05048 _ ooy

L}

AU,y =

]

hay fa ¢ _ .
- AUGY% = 22 100 =V5,05% ~ AU,

Tuy nhién, n€u cac tram bom 46 la quan trong, hoic dwdrng diy qua ving-
d6ng dan cin chon diung A-¥5 cho toaun mang dién.

!‘a"

L -
6-5. CHON TIET DIEN DAY DAN MANG DIEN KIiN.

" Lya chon tigt diér diy ddn.maiig dién kin la mét bai toan khoé: Mudh lya,
chon dung i€t dién day din ciin bitt phdn b8 cong suit chirh xac, di€u nay khong
hé lam duoc vi chyra bi€l Wng tré cic doan day do chwa Digt ¢l dien. Vi vay,
cht ¢6 thé xac dinh ti€t dién diy dan mang-dién kin bing phwong phip din dung
Bgi v&i mang dien khu vue, do phai chuyén tdi coéng su#t lon, ti€l dién day dao
thucug kha lon nﬂlua la R < X, do ¢6 phan b8 cong suit chi y&u phu thuoe X.
i\hu-ng xo hitul nlnr khong thay doi gi ti€t dién thay doi nén X lai chi yéu pha
thuoc chiéu dai day. ®&i nhan xét d6co thé rul ra k&t luan la voi mang Aién kin,
khu vuo cong suat dwoc phan b8 gin dung theo chidu diii cac doan day. Tur do
suy ra phu'qng phap iya chon tigt dién cho né nhw sau: Xac dinh phan b3 cong .
suft gdn dung theQ cluu dai [eong thire (3-11), (3-12)] cin cir vio trf s8 cong
suit chay trém méi doan xac dinh 1i€! dién- day din theo mat 46 kinh & dong
dién [cong thuc (6-3)), cudi cung ki€m tra ti€t dién lya chon theo che didu kién
ky thuat sau day : ,

Dong dlén lon nhit khi su c¢é nhod horn dong dlén lan dai cho phép
i e <.lop S (6-20)
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tdn th#t dién ap luc binh thm&ng nhd hon tdn .lhiit dién ap cho phép lic binh

thuong
| Uy A”.pm ' et il (6"21)
ton thit dién 4p luc su ¢d nguy hitm nh#t nhdé hon tdn th#l dién ap cho»phép
luc su ¢o . ,
AlUse << B epse (6-22)

bdi voi mang dién kin dia phwong néu nhu cac phu 14i twong ddi day thi

t6t nh&t nén chon cung wdt ti€t dién day trén 1l cd cac doan.’Nhu vay; c6 thé

ti®n hanh phin b8 cong suét theo chiéu dai, sau dé lLra chon tiét dlen sday lheo

phuong phap di bnét '

: . 'Inro'ng hop céc phu;tal cach

—e 307 j20MVA xa nhau, cfin phéi chon mdi doan day:

° . mot tiet dién khac nhau. Chi y rdng

: t6n thil dién ning ciing: nhu chi ph

- kim loai miu déu ty 1& voi chiéu dai

diy, ¢6 thé so bo phén b cong sufit

theo nguyén léc sau dﬁy:nﬁéc phu

tai dwoc nhan dién lir ngudn gan_

nhit. Nguyén tdc do cho phép dé

L‘» o dang tach rhang kin lam hai. mqng hé
20+ [10 MVA

a) z _\ cdn cir vao khoang cach tir ngudn
p [, 7 ;3 1 d&n phu tai, sau dé ti®n hanh Iira
o ' T . | gi chon ti€t dién binh thwong cho hai
S g, oA 3/j20iva  mang dién hé do.
. é] < 2 B
> Hinh 6-13 Vé¢i mang dién kindia phrong,

ti€t dién lwa chon dwoce ciing phai:
\ Lhda mén cac ditu kién (6-20)— (6 22).

Vi du 6-6. Mang™dién kin khu vue 110 &V cung cip dién cho hai phu tai
c6 Lhoi gian sir dung cong sudt Jon nhit Ty, = 55004, Yéu ciau lua chon tiét dién
thda mén 16n that dién ap cho phép luc binh thwong biing 109, khi su c8 “bling 15%

- Giair Ph.m b0 cong suiit mang dién (hinh 6-13) theo chiéu dai: -
(30 4 j20) (4() + 30) 4 (20 + j10) (30) - - 27 { ]171‘” Ao

S
e © 30 + 30 + 40
/' bz__: (20 + j10) (40 +- it))g_+ (30 +€120) 30 __ o n ijVA
S3=3 + j3MV A S

Vori T = 550011, day nhom, tra bang O Jye 2= 1. Tidt &%n kinh & {rery mbi
doan dtrong day biing
R, RS YE
/

— Y3 . 110.1
V232 4 132
V3 .110.1
V3T 43
T VR0, 1

108 —=170mm?

Fy = = 140mm?

— 22,3mm2_ ‘
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!

. Chon dung day din ctc doan i AC-185, AC-150 vi AC-70 (chu ¥ ring 70 14
tigt dlen nha nhit guy dinh cho du-ung day 110 kV uham han chg vﬁng quang dién).

. Véi cie i@t dién trén va D == B, ¢o »
Zor = 0,17 4 jO407 5 Zyp = 0,21 4 j0,420; Zgy = 045 + 10 442 Q/km
Bilm Ico di¢n ap thdp nhdt mang dién, vi 1he x4ce dinh dwoc ton thdt dién 4p
l&n"nh&t lue binh thuong la
AU, % = 27201730 4 17 0,407, 30
1102

L . , ] / ,
Truyong hop suycd nguy hiém uhil 1a diet doan day Al, lhic do tréd thanh mang
di¢n ho 1-2-1 Ih‘mh 6-13.b). Dong dit_"fn chay trén doan 1 va 3 s& bing

100 = 2,86% < AUcpn = 10%

V502 + 302
) . —_— = 3064 [c e 0154
YR 110 S fep
V302 + 202 ')U" »
max? — = ]US = 190A < Ic = 2604
2 V3 110 S fer

TOn that dién ap lén nhiit khi su cd

a0 = 0017500, 1(7)30“4;2(3“ 0,45 + 20 .0,442)40 100 =

= 12,0% < Allcps, = 13%
Céc ti€1 dién lra chon nhwr trén 1a thda man.

Vi du 6-7. Hai phu tai cong nghiép duwoc cung c;p dién tir hai nguén A
va B (hinh 5-14,a). Yéu cdu sdac dinh ti€t diéh ddy din théa min didu kién tdn
th#t dién 4p cho phép hic binh lhu’b’ng la 59 khi suw c8d 109%. Biét riing dién 4p
mang dién {4y = l(JkV va 80 gior sir dung cOng sudt lon nhil T'y.x = 52004,

A Shm ! Skm 2 Shm 8
O- o- - © |
! C oy *
T jrme, 1.5+ j1.5MVA ’ N
aj;

A 5401 i , I Skm 5

1441 MVA 15215 +VA - i

) b) f
- Hink 6-14

; Giai. Véi mang dien nady nén chbn moéi doan mot ti€t dien. Mudn vay, tach
ra lam hai mang h& (hgnh 6-14.b). Ti#l dién mdi doan duge xéc dinh theo mit
do dong dién khong doi. . o

T = A : - \
Cho tri 8t x, = 0,35 Q/km. '

1.0

Al'Yy == 11,35. 103 = 173V

AU — 262F.
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T8n thit djen ap cho phep trén di¢n tr& méi doan

A =59 1nunu—17o_325v : fa
e 30 . i

Al'R2 = 5% . 10000 = 262 == 248V :
Mat dé dong dxen khong‘ddi m&i doan -

Iy = 31,7 . 3“0 1073 =1 ho A/mm
V3 .5.0, 71
N
: i Jgp = —= 10 1,25 A)mm i _
| 2TV5 5001 N - :

Nhan thay J Al = =105 > Jp, =T,25 > Jyy = 1 nén chon tﬂét dién theo Jg,
Tiét dlén kinh 18 cdc doan : '

1/12 1 5 . . B
F,. = __.____..__I 10° = 81,5mn~¢2
M YR 0.1 - o

2 32

Chon ti€t dién doan Al 1a 95mm?, doan B2 la 120mm? déan 12 13 95mm?. Khong
cAn ki#m tra ton thdl dién ap trong ch® 16 lam vi¢c binh thwong. :

St ¢8 nguy’ hiém nhit la dut day B2. Luc d6 'dong dién lon nhﬁl .chay trén
doan A; I1&

= 123mm?

2 3 4
S VRS 4+ D) 4 2054<10p_325A i
V3 10

Véi diy A-95 va D= 1m cb = 0,33 + jo, 33zQILm i

~

AU 412% = (2,5.0,33 4+ 2,:) . (),332)01—;-2 (,5.033+15.0 332)5 100 = 3

C=13,39 5 AU e = 10%.

Cén pha} nang i€t dién doan Ay len 120 nen?, n,ghTa la Iin luot chon dl‘mg~
chae day dau trén 3 doan la A-120, A-95, A-120, - ¢

"k
,n

6-6. LUA CHON MAY BIEN AP witer | R

S luwyng may Dbi€n ap dat lrén mdt lram cdn cir chi y&u vio yéu ciiu.
dAm bao cung cip dién clia h tiéu thu: tram cung c&p cho h loai mét chn a4t
'it nh#t 1A hai may, voi ho loai ba thwong chi clin dat oL may. Cofig suie méj,*t
bin 4p dwoc chon sao cho tram c¢6 thé dap u'ngduu'c phu tai lo6n nhit, nglmi
1 voi lram 1 mﬁy : / :

Sdma > Smnx : - (6 25;1‘

V&i tram n may . ' ] ! i
Saap > Bk RS s (6-2}3

R : DNt .i‘q
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trong do

——

Samp -- cOng suilt dmh mirc clia, may bién ap. .

Cong suft dinh mirc cda miy blén ap la cong suit dﬁm bo cho miy bién
ap lam vi¢e lién tuc khoang 20 ném trong diu kién dién 4p dinh mic va nhiét
d0 moi Lrwong dinli murc. Khi nhiél @6 méi teyong 6 khac dinh mirc -6,, mudn
dam bdo 1udi thd dé clia may bn n ap, cdn lhicu chmh (,Ong au.;t theo c(‘mg
thire sau J‘.,IO

N

) — 6 : '
S,a‘mn———samn(w ) e (6—25)

Nhu- ai h]ét _phu _tai luén luén bi€n dong theo thoi gian kh(’mg phii hic
nao tram bi€n ap ciing phdi lam viéc vOi Smey, vi thé trong may bién &p con dir

Atnﬁ ctich di¢n, cho phép xét 1&1 kha ning qua tai ma khong lam glam tudi tho
-cua chung. = : '

Qua fzu binh lhwong clia may bi€n .lp ‘duoe xac dinh cén ot vao hauquy
tdc: quy tac 30 va quy thc 1Y%. Theo quy tdc 39 méy bi€n ap-c6 thé tdi cong
sudt lon hon dinh mire tay thude vao hé sd dién kin phu tdi ngay dém:

- k=1 +(1 — k0,3 . (6-26)
lrong do ' \ : |
k, — hé s3 &j cho phép clia may blé’n hp theo quy tic 3%, ky > 1.
1.., — hé si‘S di&n kin phu lan ' .
. ( :
_2_'319' \ o’ ®
L Sits |
' Stb i=1 -
. S = ' 6-27
. SN k= g = e (6-27)
. ’ -

Quy tic 19 phat biéu nhu sau: - cir mbi phin trim non t&i mua hé, may ]nén &p
dwgc phép quk tdi 1% v& mua dong nhung khong duge qué 15%:

. Cé thé-ap dung-dong thei hai quy tic trén @& xéc dinh kha ning qua ti
ctia may bitn ap nhwng tdng cong suiit qua lai khong dugc virot qua 30%.

Miic di di xél qua tai binh lhu'o'ng méy binsap vin con du trii cach dién,
lwgeng du triv cach dién nay co the str dung xét qua tai su cd. Trong ché do su
¢& cac may bi€n &p ddu lam mat bﬁing khong kii dwoc phép qaa tii dén 409%
trong 5 ngay dém vori thei gian qua (@i khong qua 65 gio moi ngay hhl dé be st
dxén kin phu i phai théa mih diu kién )

Sin

) dm

8 ky=

<o 75 N ()
. Ngoai ra, khi sur c8, khong phu thuo(, vao hé 8¢ tii truee do va nh;él do (ua mo]
‘truérng, cho phép qua lai ciia may hi€n ap nbw sau : ;

Qua tai, % 30 60 75 100 200
. \ [ i ‘ I ' -
’Ehb‘i gian qua tai, phut 120 45 20 10 1,5
Nbhuw v&y, voi tram n may bi€n ap, khi sw & mol may nhu‘ng may con la;
lam vige qua tai 40% pbdi’ chuyén tdi dd cong suiif yéu cdu S, la céng suit cha
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phitng phu tai quan (rong khong. W& ngirng cung ciip dién, vi du hé ]oax mﬁt

Mudn va_y cong suit méy bign ap ean dugt lra chon lheo bﬁt ding thll'c

S .
Samp > ]4(11— 1) :

'

Fo
P!

-(6.29)”:

Nh& xél qua tai binh thuwirng va sw ¢8, lrong nhicu lurong hop 'co thé chon duO'c |
may bi#n ap nhd di mét cép. Song, diéu do khqng phai lic nio ciing c6 loi. D&
c6 dwoce 107 gidi dung cdn ti¥n hanh (inh toan kmh t&€ k¥ thuat so Sdnb— hll.lJ

phuong an,

Vi du 6-8. Chon mxiy bign ap 11()/10AV cho phu 1ai loai 3 coé as thi phu :

tai pdm va ngay dém nhu hinh vé (hinh 6-15). Bigt ring may bi€n ap do Lién X0

'san xuit va phu tdi nim trong khu vuc Ha Néi.

J .S(MvAY‘ . ",
10 \ . K
gjiL_#j. S
8 - 1 _
(I |\ 8 -
6l L __ 1. _L
| ) |
C 3 S Sl N R
| | ' !
zd_——il———-—l—-.-—__——ll"/——-lt-_ I ; .
i [ | ' : |
0 : A ! I . E_" \rfh)_r' _
fap0 3600 5000 7000 8000 8750 :
Js(mm) \ a) | /
4
/N
l [
8L Sams H
| » L.
. . l |
5 - - - b e -~ L
{ | |
| | |
! - | ! I
9 I m_’L 1 L.,lvrﬁ, ! n 7_‘1"(,7}
. 6 8 .12 20 24
. b) - JLT
!
Hinh 6-15

Giai. May bién ap Lién X6 duoc ch tao v&i nhiét dé dinh mirc la 8°—= +'5°E. &

.j-l-'-

¥
1 ‘J" 2
4‘«1

-’"{ .J'-E"L""'-"-'.'

khu vwe Ha Néi céd nhiét do tn?ffg binh hang nim la 0 = 4 24°C, i v&y cﬁn.
hiéu chinh cOng suil theo nhiét . Phu Ldi loai 3 chi cin dit mot méiy blén ﬁp ““'
| Céng suat may bi€n ap lra chon theo diu kién (6-23):

5 LY
Simp =& 1 4+ —— IOUOOkVA Y
dmp dmB ( + 100 ) >

Fi

B
‘ . ¥
i 9
3 g
i 1:' Jif e
1ok -,".::.'_‘\

w‘-"i



nghia 13
10000

Samp > ==12.350kV A.

Néu khoéng xét qua 1ai cBn chon may bitn ap 16.000kVA. Mudn xét qué 1ai

_ binh thwong can xac dinh hé sd dién kin phu tdi theo db thi ngay dém
' (hmh 6-15,a):

ESihl :
i= " : Y45 -0 . 134
o i=1 0.248.1045:2¢3.8 B
= s N 24,10 sqy — -0

" Hé sd tai cho phép theo quy tac 39, Bﬁng
k, /6 I 4+ (1 —=0,56)0,3 = 1 13.

Mat khac, tee d6 thi phu tai fAm nhan thily su chénh léch phu thi gitra cac mua
kha lon, co thé cho phép qua tai theo quy tic 19 toi 1.)%. khi d6 ‘may bi€n ap
dwoc phép van hanh v&i hé s8 hu l S

‘ k == 1,13+ 0,15 = 128,
Khi xéi d&n qua tai binh thuéng, cong suft may bi€n ap xa¢ dinh nhwr sau:
A . 1,23.5,}-.,,3 > Smnx
nghia la S :
: ‘ 10.000 . v a4
Sam ———— = 0.650kV A.
5 > o8 0l .
. "Vay, néu xél qua tai co thé lua chon may 10.000kV 4. Cin ti€n hanh tinh |
toan kinh t& k¥ . thuat d& so sanh hai phwong 4n may bién ap 16.000 va 10.000kV 4,

May bi€n 4p 16.000kV. 1 co AP, = 24kW, APy —= 85kW, cin civ vao do thi
phu tai ndm xdac dinh dwoc ton tRAt dién ning lrosg may 1 nim la

_1_“___) 10Q 4+ (&._(1__)2 2000 -+
081,16 /1" 081 16 ) "7

+’(’_i_'- 004 () 2o (Y 1000 +
‘ ,0,81.16)' 0,81 .16 0,81 . 16 »,

+ (—2—- 60] = d42. 104W.
081 .16 |

Adyg = 24.8760 - 85 [(

 May bifn ap IU.Uf)OkVA co AP, = 15.5kW, APy =B60kW, tén ihﬁt/dién
ning trong no 1 nim la . .

Ay =155 . 8760 + 60[(-10—-)2 000 +(—9—.)z>< -
195 0,81 | 81.186 |

8 \%. 6
; - ,._L()OO —— . 1000
X -2000 + ( 0,81 . 10 ) + ( 0,81 .10 ) +
! 2 3
s g = {827 10° kWA.
+ ( 0,81. 1() J ¥



Ly gm lin Ay bifn ap; 16.000kVA 1a ‘35(} to’d, may 10.000kV.4 1a
280 . 1034, Ten = 0.1, a. =10, 120 Co="0,1d/kWh, chi phi tinh todn hai phu'omg
an bing :

i i ) ; o )

415——(()1-}-0'1‘)5) C330 . 10% + 0.1, 442 10% = 123, 103a‘
1o == (0,1 4 11,125) . 280 . 10° 4 0,1 - 527 . 10%= 1157 . 10%¢.

Nhan th3y r?mg véri che 88 liéu vE gid cd 1§y nhu Lrén. Lruémg bop nay nén chon
ding miy bign ap 10.000 kV A béi vi phwong én nax vira c6 chi phi tinh toan
bé vira ¢6 v&n ddu (u nhd.

4 - Vi du 6-9;'Nha may co khi lrung [am ¢6 phu tiiﬁmh lodn 13 1700AVA
trong d6 phu tdi loai 1 chigm 60%. Hay lua chon 88 lu@ng va dung lwgng may
. bi€n ap d#t tai tram hién ap lU]O4kV cda nhit may. :

v

Giai. Vi nba may la phu lai quan trong voi 609 la loai 1 nén tram phal ;
dit_hai may. S€ ‘chon dung miy bi&n ap do Viét Natn sin xu#it nén khoéng cin
hitu chinh nhiét d9. Trong di€u kién lam viéc binh thlwng cdng su¥t may bi&n
ap cin th6a man dll‘u kién (6-24) .

' Samn > %(19 = 8504V A,

f

 Khi sut cd 1 may, may con ldl phai chuyén tai Sy = 6()/ 1700 = 102(}kV4 céng
sult may bi&n ap ciin théa min didu kién (6-29). /

Semp > _1102_”&7'30“74 /

Can cu vao tri 58 730kVA co thé chon 2 may 750AV4, can cr vao tri s8
850 kV.{ cén chon 2 may 1000 &V A.

LZ ra ciin phai @& ra hai phwong an phucmg 4n 2 may 750kVA va pbwong
an 2 mdy 1000kVA4. Song, do thiéu d6 thi phuy tii nén khong the xét dwoe qua
tai binh thwéng. Vi vay, trong-bwédc so bd, chon aung hai may blén ap Viét Nam
- 22X 1000kV A. : ‘ !

= ’

CHUSNG 7 Y

VAN HANH KINH TE MANG DIEN
{

‘Hé thényg dién, nhw da bhi€l, gém ha phdn . cAc nha may dlen, maug dxén
va cdc ho tiéu lhu dién. Nang cao tinh kinh (&8 (rong van hanh méi phhn sé lém
- cho tinh kinh t& clia toan hé (hing diep tang Ien Trong van hanh 'mang dién, -

A8 nang cao tinh kinh 1€, ngwoi ta thwong ap dung moi bién phap ¢4 ths phim
giam ton that c}lén niing. Bwong day la phin tir gay tdn thil dién nEing vhidu
nhit, trong d6 16n th#t trén dwong day. 10kV va thip hon cHigm dé’n 60 — 70‘,’/
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t3ng tdn thit dién nang todn mang dién. Mﬁﬁr bi&n ap la thidt })1 dién co lnéu suat
rit-cao (Y8 — 99%), song mang dién thuéng cé nhitu cfip dién dp va so 1u0ng
may bi€n dp djt r&t nhilu, do d6 L&n thit Lmng chung ciing chlﬁm gin 209%. .

. Cac bien phép nhim gidm 1dn th&t dién ning Lrong mang dién 6 thd chia
thanh hai losi. Loai thir nh&| bao gém nhikng bién phap khong doi héi thém viu
3 diu tw : vin hanh kinh & mang dién kin, van hanh kinh (& m:iy,lné’n ap, nang
cao mirc dién ‘ap van hanh, gidm s3 l&n it d& sia chia dwong diy v.v... Nhing
bién phap thudc loai thi hai doi hdi chi phi thém v&n ddu tw : xﬁy dyng thém
dwong diy, dil thém mfty bi€n ap, Lhay ti¢t di¢n day dan bing c& loén hon, nang:
cdp dién ap, dat thiét bi bu cong suft phan khang v.v..

L\hung bién phap thude loai thnr.nhit, mic di co hiéu qua thip hon. song
voi wu didm ndi bat khéng doi hdi thém vén diu tu phai dwoc d8 cap dén truoc
tien trong van hanh kinh t€ mang dién. - .

f

7-1. NANG CAO MUC DIEN AP VAN HANH

Biét rﬁng tbn th&t cOng sul téc dung quan hé voi dién ap theo cfmg thue

2 ;o
AP-_-S—-R

_}

nghia 1a t5n thit cdng s'aat ty 1é nghich v&i binh phU‘OHU dlen ap. Vi vay, néu
dién &p vin hanh dwoc nang lén. d&€n murc cao nh#t ¢é thé cho phép vé miat-k§
thuat thi ton®hi dién ning st am xy8ng dang ke. Tmn toan cho thily 1a cir
ning cao mure dién 4p 1én 19 thi ¥3n th#t dién ndng gidm xudng 2%, 'ddng thoi
cong suit phan khéno do dung.din cha dwong day sinh ra cling tiang 29%.

Kba ning nang cao muc dién &p van hanh tuy thude vao céch -dién cia céc
thi€t bi dién. Vé&i mang di¢n d€n 20kV cho phép néng dién ap lén 20%, mang
35 — 220kV lén 15% va mang 330kV Ién 10% sp voi trj s8 dinh mic. Trong thue
& thurong ¢6, the néng cao mirc dién 4p vin hanh lén 5%, nhw vay dé lam cho
18n thit dién ning giim xudng 10% va lam cho céng suft phin khdng do dwrdgng
day sinh ra tiang dwoc 10%.

Khi ip dung bién phdp nay & mang dién sién cao ciin diic biét chu y hlen'
‘twong vAng quang dién. Tdn thdt do viing quang dién s& lang lén cliing véi viée
ning cao mirc dlél”l ap. Trong nhirng thoi gian non tai tdn thdt do vdng quang
dién co the s& 1é6n hon phin tén thﬁt dién ning giam dwoc do néng cao nmic dién
ap.van hanh. Biu dé6 néi lén ring, voi du'érng day siéu cao, bién phap ndy ;khéng
phii lac nio ciing c6 loi. Tréi lai, kbi phu tai bé, gidm mirc dién 4p van hanh
1ai kinh (& hon. :

P&i voi mang dién dia phuo’ng, vén d& dam béo yéu cdu k¥ thuat, nghra la
dam bao d¢ l¢ch dién-ap ché phép tai cic ho ding di¢n, 1a v&d d8 chi y&u. Mang
dia phu(ynu th1ro'ng ¢6 nhitu nhanh, thwdng ndi tripe iEp VA0 thi€t bi dur g dléu, ‘
vi thé kha ndnC‘ thay d6i mirc dién &p van hanb lhuﬁmg riit han ché. ("uhg cin
noi thém 15ng khi ting mirc dién ap trong ‘mang phan phéit thwirng dén Loi ting
cong sudl phan khang lidu thu, do dé -b]en phap ndy chi thire lnen dwoc khi
trong mang c6 du trir cong suét phin khing. . _

[}
\

) : .
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Dién ap van hanh dwoc ning cao bing céach nang cao dién ap cua may phat:
hoac béng cach thay d4i diu phén 4p clia cac may bi€n. ap tang va g:ém ap. F

Hink 7-1

"2
52

[ &m

AP =

R1 +
Chy ¥ r%mg

o Sy =8, — 51, = (P1—L)+j (Q —

r = H
15 5 | b,

7-2. VAN HANH KINH TE MANG'
PIEN KiN Yo

b8i voi mang di¢n kin kinh t&
hon cd la phan b8 cong sufil .lrén cac
doan duwong day ciia né thed dién tré.
Vi vay, ph&n b3 cong sufit theo dién
lré dwoe goi 1a phan b3 kinh (& cong
sufit lrong mang kin. DPiu dé dwoc
ching minh nhu sau. Gia thigt c6

'mang dién kin mol ngudn hai phu tai

2
[dm

(hinh 7-1).

To6n th#t cong sudl
lrong mang'dién d6 bing -
S’- .

dm

lac dyng

Rz+

Q)

Sy == S, —bz-—(PH-P — Py)y + j@i + Q. ""Ql)

Thay nhung bxéu {hitc ‘d6 vao phwong trinh AP ¢o :

| e
AP = . + QZ R + (Pl — Pb)z["l‘ (Ql Qh)z Rz +
dm N 2 :
+ (Pb+Pc—Pl)2+(Qh+Qc; Q'l)z'H3.

Um

Lﬁy dao ham ham A P(Py, Q) r6i cho hing khéng nhin-dwoe &

aAP 2
3P, U3,
sAP 2
90, Ui

Giai ra duwoc:

__ _Py(Rs + Ry) + PcR,

[Py H1+(P1_Pb)R2—(Pb+P ~P1)R3]—0

[0/t + (@1 — 0By — (@ + O — QD Ryl = 0

_ Op(Ry 4 1%3) + R.Ry ' | Ty
Qlkt — -
Ry + R+ Ry :
.. . ' - N
A S4 { 2 i n _,_E‘E.___B \ 1 é el
L' {54 ‘ 5. '_. ‘E | ‘ 4 _
= LnA - ﬁ‘TL '“?ﬂ*ﬂ .
Hink 7-2 - ' Ly e "1
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Tdng quat, v4i mang kin c() n phu thi, ph‘tn b8 kinh \& cong sufit s tuﬁn theo
céng thirc sau (hinh 7- 2)

-/

Sa= 2=, (1)
AB | f v
n .
E SiRlA ‘
- ; =1, '
Spr = l‘R (R2)
AB

Theo cong thiuc (3-9) [chu'o'ng ba] c(mg suit lmng mang dlen kin bat ky
dwugc phian b3 theo téng (ro

Trwong h(yp mang kin Ié'mgno ddng nhil, nghia la ¥ s§ giira died lré va. cAm
khang tit ca cac doan trong mang do bing nhau XyR, _hing so, céng thu'c (3-9)
c6 thé viét dugc nhir sau : .

n X, o n “
FEEEITE I

oo =t =1 (T3

L)A"-— I3

(] - ’ Y B) RAB / RAB
Ryp

Bai chifu cong thire (7-3) vai (7-1) nhian 'thily mang dién kin déng nh’ﬁ th mang
c6 phian bd cong suiit kinh (&, tén thit cong suiit tac dung tr ong no la nh6 nhﬁl

o
ZZUIW ) _X/R i
®
x/R:fa . ' XR= 10 -
b \
- | . ,
ok - YREMS Y
&  J e . - o ‘ S‘
h) ; 1
! J;‘53 ' “3 . .
Hink 7—3 o
\ 9 é’ lﬂ

Tidc 1§ng trong thyc (& v4n hanh thwong gdp mang dién kin rit khong
ddng nb#t (hinh 7-3); do 46 phin bd cOng' suft luv nhién trong né theo 'tong tro
la rat khong kinh t€. Vi mang dién nay, duwdong diy cé dién 4p cao hon (220kV)
cé kha nang tai lon thi non tai, trai lai direng diy 110kV lai b; qua taj. Hién trrong
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dé-dan d@n ting vot ton lhﬁt dién néng trén dwd ng dAy 110kV va khéng si dung | {3
h&t kha ning tdi clda dwdng day 2204V. Vi vay, ciin nghxén cru cac phu'cng phap
van hanh kinh t& mang dién kin, / ‘ :

Phuong phap dfu.tién la chia cht mang ¢o dxﬁn ap th?;ip .hon thanh hm
mang dién h&: Phwong phap nay hay dwroc dung vi né don gidn nh#t v khéng -
doi hodi vin- dhu tuw phu. Thlrong chon di€m chia ciit la didm &6 tr] &8 cong’ sufit
chuy&n qua nhd nhit (vi du didm A trén hinh 7-3). Viéc chia cdt nhw vdy s€ lam
gidm tdn thét dién ning trong mang di¢n 4p thdp hon, nhirng ‘mirc ddm béo lién
tuc cung chp dién bj ha thip. Bé khic phuc nhugc diém nay ciin dit thigt bj tr -
dong dong mach khi bil ky dwong day nao irong mang kin bi sy c8. Ciing cin
lru x 1A ton thgt céné su#t phdn khang trong muing dién ap thép ting lén, néu
nhw mgang d6 khong co du hu cong suit phdn khang. B¢ khic phuc diéu dé cifi
ddt thém thiét bi b,

Phwong phap thir hai la bu doc, nghia 1a dat ndi tlép b@ tu dién trén du'crng_
day tai vi tri thich hgp (hinh 7-4,a). Bu doc lam tang do dond nhét cia mang
‘dién, lam t3l difu kién 8n dinh va nAng cao -khi ming (ai cla du'omg day. Cong
suft do b tu bu doc phat ra khong déng k&, chll y¥u la lam giam cam khéng ctia
duong day bing dung khang cia bo tu X.. N&u fruec khi b cim kbang cia
dudng day la X; thi cdm khéng tong cia dirong day sau khi bt doc la X’= XL—Xc-
va tdng tr& cia dudng diy Z' = R+ j (X — Ac) (hinh 7-4b). Tén th&t cong
sudt phén khéng glam di twrong Ung :  °

\ . *

'.‘52 ‘ >
80 = 5 (B — X,

Cling vi do téc dung lam thay ddi thong s8 ciia duong diy nén B0 doc con du'o'c,”
gox la bu thong sd, khac véi bu ngang goi la bu cong suit phan khang.

- ' 'ﬁ}_ .

2 .
‘ ' Hinh 7-4 ,
i Tuy nhiép, phuo'ng phap nay véu cdu chi phi vin dfu tir khé I(’m, Chb”
dung c6 lei khi 96 nhdnh dién 4ap cao khong vhiéu lam.

‘Phuong phﬂp thir 'ba 1a dit may bign ap bd tro. N‘hlem vu cua mély bién
ap bd trg 12 tao ra ¢ac stc dién déng phu ngang va doc d€ chuyén s phan b
cong sual lu nhién sang phan bé kinh 18, Phwong phap nay c¢o nhuoc diém la v6n
dau lr qao va doi hoi pha; kiem tra ch€ do lam viéc va diéu khién tuy dong su'c
dién ‘déng Lheo dj8u Kién cda ch® do 181 wu. Trutrng hop mang dién phir¢ tap cin
d&t mot vai may bi€n 4p b6 trg, viéc diéu khién tu déng sitc dién dong rét khé
khin. MAy bién 4p. bd trg' ¢6 ciau tao nhw hinh v& (hinh 7-3), bao/gom may bién |
&p cung c&p By c6 cudn so cdp BC n@i trire ti€p vio mang dién va may bitn ép )
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By.¢é cuon day AB-u8i ndi ti€p vori cuOrjf(/iiy ¢ua mdy bin ap chink. Nhér b. phan
chuyén ddi K 'va dién tré R, miy bi€n #p B; c6 th® tao ra mél sirc dién dong,
bd tro. dwec ché_tao cé cong suft dinh mirc"tir 4024kV4 dén 120 MVA voi céc
dién 4p dinh mirc khc nhau. Stre dién' ddng b8 tro co thE thay ddi trong gioi
han 4 (1r— 16)% biing tay hod#ic tu déng. : :

! - ] Hiﬂ’l 7-5

7-3. VAN HANH KINH TE MAY BIEN AP

Ton thit cong sullt tac dung trong may bién ap gdm t3n thit lrong thép va
trong céc cudn ddy [cong thiwe (2-3)), frong 46 tdn that trong thép khéng phu-
thuoc vao phu tdi con tdn thit, trong cac cuén ddy ty I¢ véi binh phuong
phu-tii (hinh 7-6). § ‘ - :

\

LAPe

Hink 76

Khi may bi&n ap lam viée véi phy tai loén t8n thit lrong cdc cudn dby lon
hon tén thét trong thép nhigu, song véi phu 1ai vhd S < 8, tdn thit trong thép
lai l¢n hon. Vi vay &nhitmg tram co mdl vai may: bi€n ap lam viéc song song,
dé giam tén théit céng sufit va dién nang, nén cit b('rt' may bié_q ap ra khdi ludi
- dién khi phu t&i nhd hon tr] 83 ndo’ d6. Noi dung ctia bai t?an van hanh yph

/
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(& may bitn ap la: xac dinh nhivng gid tri giéi han clia phu tai, theo cnung, tuay:
ddi 3 lweng may bién ap lam viée nhﬁ.m glém dén mutc thip nhdt tdn thﬁt céng
suiit va didp niing. :

LY

Gia thi#t tram co 3 méy
: bi€n ap .cuing dung ltong Ssm.
V\!‘ - : ".18n thil trong méi mayYa AP,
. va APx. Bing cach xdy dung
dirong cong $0n Lh#t cong sudt
trong toan tram khi vdn hanh
1 miy, 2 may ,va 3 may
(hint®7-7) xac dinh ‘dwoc cac
‘gia trj gioi han 8y, ;. Tir céc
.dwong cong 18n thit d6 nbin
 thdly ring khi phu tai c6 gié'
tri tir 0 dén S; nén van hapli
mo6t may, khi phu tdi co glé
iri tir Sy d€n S, nén van hanh
~ hai may, khi phu/tal ting tir
S, tré 1én cdn déng thém may
5 thir ba. §; va Sy la cbng suft
Hink 7-7 . giti han d&.chuyén cé loi tir'
‘ | ' van hanh mél méy lén hai may
va Lir hai may Ién ba may.

Tong quat néu tram dit n“may bién ap giéng nhau, tong t6n thit cong suﬁt

tac dung khi van hanh n may la: »

R A
AP, = naP, o - APy (~_) <

28

I — —— — — —

Sdm )

Khi vin hanh n + 1 may, (5ng On th&t sé bing

1 S
AP
n+4 1 N(Sdm)

Cho c4n hang hai bidu thic lrén 8¢ lim der’c cong sudl gioi han S.ae (,husyen cb
levi tlt van hanh n may 1én n 4 1. méy '

2

AP, = (n+ 1) AP, +

. \.}\

-8\ S 33
zAP — APy ( ) = (n+41) AP _— AP ( )
. ¢ + Sdm ( + + +]_ B Sdm .
Suy ra SR
- L e AP, .
AS, = .Sdm IVn(n + 1) AP WTh (__7-4)-
trong d6 5 la cbng suft glo'l han cda ca tram n may. - o

T dAy gia tri céng suit gml han cia mm may bién ap txong tnro'ng hop.
nay la:

o =S s VEED AP
'.,1_._-n—=:: din n - APn L

q ' . A : . "
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Truong hep ddc biét khi tram co mét s§ méy bi€n ap; dung ltto'ng‘khém
nhau lAm viée song song, biing cach xdy duwng cic dwdng cong tdn th&t nhu
hinh 7:7 twong tng voi ce may bi€n ap 46 s& tim dwoce tri 88 cac cong sufit gioi
han, Ciing ¢6 thd (hanh lap dvwoc cOng thirc gidi tich cho trirdug bop niy voi gid
thigt gun dung lﬁno: néu cic may co cting mét “tri 83 dién &p ngan/ mach thi phu
tai mtn may nlmg dwgc s¢ ty 18 véoi -dung lu'omg cua no, nghia 1a

S‘dmi

- n '
Y Sami Fau
ja :

Si= S

trong do 5 — phu tal toan tram. /

Khi tram vén hanh n may va (n + 1) m&y,:tBng tdn thit cong sudt
s¢ bing

Pyt " - % :
API:AP01+---+APM+APN_I "n_'— ++ -
‘. d : E Sami J7
. ? i=1 .
I e y : : S 2
‘ ‘ + APyy [ ———— =
n :
E Sami =X
i=1 : e
' i ey ’\ ; kg 2
‘ APﬂ+l — APOI +..-+A_Po(n+l)+APNl -n——— ‘ +_._'+.
E Sdmi‘ . k
i A i=_1 . »
+ APnp.y [—\,
n
Y Sims
Cén bﬁﬁg hai Itrong tdn thit dé.\nhéiniitrqc : | %
\ | / n n+1. '12 vl
. / \ \ AP.n' E Sc;mx E SdmrJ :
hY : : bada . 7-8)
i (n+1 1rn+1 ’,2 ¢ 'f)
E APNi _ bdm E [\PNl E Sami ..
i=1 ‘_ l“'l A t

| |



1 S (MyA) : | TR . ’ Vi du 7-1. Tlam blén ap
 110/11kV d4t hai may bifn 4p.
15 —_— . dung lugng 10000 kV.1. Hay sav

‘ A : ' dinh phwong thirc vAn hank
kinl 1€ tram vawxac dinh khodn’
ti®n ti€t kiém dwoc.so véi phirong

s TTTrr———— < \  thitc v&n hanh hai mdy suBt
T T - niim, cho ‘biét gia tién 1kWh Ia
SRS S ¢ S SR PR Co == 0,15d|kWh va phu (i
I o H L4 - tram cho nhu hinh v& (binh'7-8).

2000 5000 r 8760 = p bl
: Giai. Cong suat gioi ban
Hink *7-8 LT d¢ chfy&n Lir vin hanh mét may
‘ ‘ lén hai may xdc dinh tneo (7 4)

- . ]
| S.—:Sd.,,Vn(n-f- l)—A{T——lU\ 1(1+1)-—1-5—5— =7,17MVA /

Nhw vay, phuong thire v@n hanh kinh 1€ tram la: trong thoi gian 11 van hanh ')'_
mdy con trong t; va ty chi vén hanh mét. Tdn th&t dién ning todn tram lm.rng
ung voi phuwong thire van hanh kinh té la:

. ~ 2 :
Ad, —_—2.15.5.2000-1-1.1o.a,s7eg+_“3_"_(%) .200‘0+-‘5—1°-><

x (%) . 3000 i‘i (—1%-) 3760 = 445 . 10° kWohw

~Tdn thﬁt dién niing trong tram khi van hianh ha: miy sudt nim

60 [ 15 7
Ay =2.155. 8760 + — (=) . 2000 —(—) '3000
2 +2(.1o,.)r '+2_ 10 +
+-§(,—(1iw) 3760:4801”3 AWh,

Tdng dién* ning li&t kiém dwge moét nim do van hanh kinh &€ tram la:
AAg — AA; = 480 . 103 — 445 . 10® = 33. 10’kW1a
hhoan tién (il kiém'trong mol niam la: !
AK = C,.35.10° =0,15.35, 103 = 525105 d.

7-4."BU CONG SUAT PHAN KRANG ’I‘REN MANG mEN 3

Phﬁn Ion cac bé tidu thu ngoai cOng suit tac dung P con titu thu mOt
lrong dang k& cong sufit phan kbang Q. Cit ddng co dién khong d8ng bé tiéu
thy nhiéu cong sugl phan khang nhdt : chi€m d&€n 65 — 709 tdng cong sugt phén
khang, san’ d6 dén cic may bién ap 20 — 25% va duong day tai di¢n khodng
109%. K& qua la hé 88 cong sufit cosp clia phu tal giani thip d€n mirc cic dwong
ddy coa-mang dién phdi chuyén 1ai mét lwong cong suiét phan khéng lon hon
cong sufit lac dung. Viéc chuyEn tdi lwong. cong sukl phdn khapg lén trén. mang
-dién rit khong kinh 1€ trwoe h&t [a vi n6 lam ting ton th#t cong suilt tdc dung
" trén cac phﬁn it cua mang dién, mive ling d6 khi lon do AP ty 1 v(n Qzlxemu
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cdng. thire (2 1) Sau nita n6 lam tﬁng tbthﬁt dxen 4p [cong Lhite 2-24)], gnam
khé ndng tai cong suft tﬁ(, dung clia dwong ddy va cudi cung la lam cho cée
may phat, do yén ciiu v& cong su#t qua lon, phii. lam. vige khong kinh 1§ voi hé )
s8 cong suft bé hon dinh mic nhidu. :

B khic phuc tinh lrang trén nguoi ta quan' thm frwge hét dé’n nhirng
blén phap nh#m néng cao hé $§ cong suiit ciia ban than cdc. bd tidu thu: thay
thé cac dorg co non fii bing ddng co c6 cong suit bé hon, han ch& tinh lrang
lam viéc khong tai cda déng co, dung déng co ddng b¢ thay cho déng co
khéng ddng bé & nhirng noi qua trinh cong nghé cho phép, gidm dién 4ap dit .
Y20 déng co bing cich ddi ndi A-Y, ndng cao chit lugng sira chiva ddng co v.v...
‘Nhiing bién phap d6 gép phin quan trong vao viée cai thién hé s§ ¢ong suit,
- song cosp cda cAc ho tiéu thy van con rdt thip so voi tri 88 mong mudn
0,92 — 0,95. Vi vay vin phai 4p dung thém bién pha.p khac d& van banh kinh
t& mang dién, do la dit cac thi€t bi phbat ra corfg sufit phin khdng Q tai cic hé’
tidu thy dé gidm bét lwong cong sufl Q chuyén tii trén mang dién. Thi&t bi '
bu thwong duge dit & phia thanh cidi. ha 4p 10 hodc 6 KV Lua tram giam ap
(hinh 7-9,a). Bién phap nay dwee goi 14 bu ngang hay bu céng suit phin khang.
Bu cong su#t phan klidng 1a hién phap gmm tdn th#t dién niing r&t c6 hiéu luc
do cO thé tuy ¥ dat céng suiit thmt bi bii d¢ dat dwoe - hé 88 cqng suﬁz mong .
muon (hmh 7-9, b)..

- ' ' S

20 - N0k 5 10k

]

Hink.7-9

Hién nay trén mang dién thwong dimg hai loai thigt bf pbat cong sufit
phin khéng 13 may bu ddng bé va tu dién. May bu déng bo c6 khi ning ditu
chinh tron lixeing cong sadt phat ra khi cén thigl cé thd Lién thu cong sufit phan
khang nhirhg né c6 nhuoc difm co ban I tiéu thu nhiu cong suit téc dung, -
khodng 2 — 49; cbng su#tt diph mirc cia n6. May bi déng bé chi duwog ché’ tao

6 cong suft tir SMVAR lve lén, dién #p G hodic 10kV.

Tu dién dwoc ch€ lao vii dién ap tir 220V dén IOkV mOl pha va ba" ph ,
cong suit don vi 5 + 100 kVAR. Biing cach ghép. ﬁm ti€p va song song 38 ¢c6 du-o'é
_ bd tu dién. c6 cOng suit va dién dp Wy ¥. Trén mang dién, tq dién dwoe dl‘mg phB
bi#n hon may bil chit y€u la do n6 ¢6 nhiing wu diém ndi bat: tiéu thu rit it cong
suat tac dung, kheang 03 + 0,5% cOng suﬁl dinh mirc, va vin hanh, sua chua
don giah. / i

Tu dién,va dic biét mdy bu d5ng bo 1A nhitng lluet bi dét tién, dung chung'

chi ¢6 loi khi nao khoan txen ti€t kiém duwoc.do hiéu qua glam tdn thit dién nang

1om hon khoan tién chi phl vao viéc dit Lhigt bl bu. B tu cén dit & dau, voi

-céng suat bao nhiéu, do 18 1&i gidi ca bai toan kinh (& dya trén tiéu chudin chi
. phi tinh toén hang ndm nhd nhit, :
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Noi dung bii toan bu inhie $au : tai mdi nul phu 14 dit mét An 88 Q bu
Qb1s Onzs <«or Qbas thanh lap ham chi phi tinh todn clia mung dién lign quan dén -
cic dung hrUng bu 7 (Qvy, Ubgs . Qon), lam cure liGu hiaun chi pln tinh tofin d&
xde dinh céc dung lm)nd bi t3i tru thdéa miin dicu ‘kién rang budc Qu > 0. Vi
mang di¢n nho, sé dn Qh. khong lu.1 I§m.c6 thé gidi bai loin bu bdng cach lryc
tig¢p 18y dao ham ham / theo cac in Qpi, cho biing khong : :

) :
z = (}

0y N
YA | | '
= 0 : : (7-7
e 3 ﬂ.( -7)
oz — 0
3an J .
Trong khi giai hé phwong trinh (7 7) dt xac dinh (Jn; cdn chi y diéu kién
rang budc. 7 -T { _
_ C (>0 _Q 5 ~E. (7-5)

' néu ¢ mod1 nghiém nio dé nhan dwoc gia tri am, vi da (s < 0, nghla la tm ho k
' khong nén diit llnet b! bu, Qp =10, c(m x6a b phirong trinh thir k trong he (7-7)
/(le)
Qb

= (), sau do tlep luc giai lai hé (n—1) phrong tnnh dé lim (n—1) in crjn lai.,

Sau day thanh lap bai toan bu cho mot s0 mang dién don gian thu'O' ng ,p
trircre hﬁt 1a mang dién hé mot phu tai (hmh 7-10; a) . "

e 3
Ot —— Qg
T - - | . -t : -

aj . Qe
F Pl ;
o— i 1 - 1 %__' o-u, 4

£) l “

Hink 7-10

Ham chi pln tinh toim cia mang dién-nay ciing vi€t dwoce cén cir vao bildu
_thrc tong qudl | L
| Z’(Qb) = Zk(Qb) +f ZAA : (Qh) '
trong dé T
Z.(Qp) — thanh phin lién quan dén vdn dan tur thidt b; bu

‘K(Qbu) - (avh + a[c) I\OQ}) ) (7-.?)
voi I\ la gin tl(n mol don vi dung lrgng bu

L ((p) — thanh ph%‘ln lién quan dén (6n thid dién na\nu sau khi bii, bao g‘om 15n
thdt dién ning trén m.mg “dién va 1on (hal dién Ddllg do ban ‘than b tu dién

tien ton

L ope Sl R
Lan(@) = CAPQT + G 2 @) & ki

/ . . ] : l
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trong do

AP, — tbn th#t cong suit tac dung trén mot don vi dung luwong bu
I‘W/kVAR T — Thoi glan lam viée cia bo g ; R — dién Iré6 mang dién linh o
vitri dit bo fy dén nguén cung cip, trong mang dién trén, R la tong dién tré cla
may tang ap By, (lucn}gdav va bign ap. Bz (h:mh 7-10..1) :

Chu y

lwgng bu, c6 thy khong Can ké dén trong ham A(Qb) Vay ham chi phi linh toén
tdng cia mang dién nay bang

Z(Qp) = (aw + @) KoQ + Co ARQLT + C,7R (Q Q’“) (7-11)
Liy dao ham ham (7-11) theo Qy r6i cho bing khéng
L2 - (agy + ) Ko+ CodPT = 25BT (0 =0
dQ, _
Gidi ra nhan dwoc: ' .
.
0= U = VL@t @) Ko + CodP.T) 712

2C.Rt ,
Néu tri 88 Qb<C 0 thi co nghia la dil thidt bi cho mang nay sé khong kinb (€.
B3i voi mang dién hé co mot s phu tai (hinh 7-11) tai m6i phu tai dat
mol dung lwong b Qb;, Uvy, Ubg va chi phi tinh todn trong truong hop nay viét

quqc theo cong thirc (7-11). : Y
-+ Z(le, sz, ng) = (avh+ ayc) Ko(le + Qs +- Qia) +
Qba)-2 \Ra +
+ (Q2 + 3 — sz-'- Qba) Rz -+
+ (1 + QO + Qs — Qb — sz — Qba)2 Ry, - | (7-13)
A L% . [ < | 5 3
"77! 1 /= _1_ ' 7 {
) - i@, -0y ) Qs -G
! @ @y ( -~ ) .
~ Hink 7-11 ’ o

Pé lim phan b8 dung lwong b tdi

wu trong mang dién kin (hinh 7-12), trwée
hét cin. xac dinh phin bd cong sudt phan
khéang

(1 — G (Ra+ Ry) + (Q2 — Quy) Ry

= R + R, + R,
Qg = (Qr— Uby) R+ (Qz — Usby) (R, + Ri) ;
B R, + Ry~ R, .
Q12 = Ux — (1 — Q1y) Hink 7-12

10-42 | | : . 1456



Hamchi phi linh toan cia mang dién kin
Z(0g1, Unp) == (itvy + i) (Uny + Ou2) Ko + CoB Pt (Ony + Urp) +
Ry + Q%,R; + Q%Rg) (7-14)

Ti€p tue 1y dao ham cac bi¢u thwe (7-13), (7-14) theo cic in s, cho bing
khong, giai cic h¢ phwong trinh thu dwec s€ xac dinh dugoc dung lueng b tdi
wu tronu cac mang dién.

Vi du 7-2. Mang dién 110kV cung cdp dién cho hai phu tai bﬁng duung
day lién thong va hai tram bi€n ap, 110105V, cic so lién vé phu tai v mang
dién cho trén lunh vt" (hiph 7-13,4). X&c dinh dung lwgng b kinh & tai thanh
cai T0AV tram 1 va D, bi€t theri gian 19n thit ¢ong suilt lon nhiit © = 43004,

A AL 70 I_q; 0+ 10
[P gt mmeempnes— .- il ~— e ./
' 301 } 40K + MVA
I4) 00(7/”0

2al5.000 /110
!

q) ’
g qzamm
A 4.08
e ] :5—4:?—['%] -4y,
(300, -8y, ) [—'];'3’5‘ 10 - Qpg )

30 - OJ,.‘ 'abz_

Y- GW

Hink 7-13

Giai. T cac s6 ligu vé day dan va may bi€n ap linh dwogc tong trd trén
Ccac phan tie cua mang dién. Trén so do thay the (hinh 7-13, b) chi ghi nhung
so lién cdn thi¢t phuc vu bai loan bu. Cho tu dién van hanh cA nam [__SIBOII

VoI AP, = 0,@00, lay an, =@, — 0,1, K, —7()J/I‘V Hv C = (), ld/kW’h ham chi
phi tmn lodn cua hai bi€n so le, (Jvy bdng /

Z(le’ Qb2) - (” ] + “ 1) F“('gbl"‘{“ sz) + 01 U OUD bw

i
(b1 Cr2) +\(;*]le o [(](lequ)g )C 6 + (’(f' 1()3 — le)z

T (300, 103 ~ Qpy ~— sz) 4,05]

Lin lugt J4y dao ham ham Z va cho .bding khoéng

PYA ' / '
= 1+ 438 4+ 2,7.1075 [—7.2(20.10% — —~
oo [ ( Qv1)
8,1(30.10% — Uyt — Qyy)] =
97
so = 1 A+ 2T 10°F (51,2310, 10° — Quz) — 81
b2

(30.10° — @y —~ Upp)) =
14@



Rut gon lai dwoc. hai phl{crng trinh sau
15,2Qp1 + 8Qp, = — 1,36.10°
_ 8Qp, £ 51,20p = 2,32.10°
Giai heé phwong trinh trén nhan duoc )
. _ U1 = ;12.5r'l|]k".»ll{, sz = 2.250kVAR 1
vi Jp; <O nén tai ho 1 khong nén dit thi€t bi bu, b0 phwong trinh thit nhit,
chi gitv lai phwong trinh thir hai cba he phuong (rinh trén lrong do df"t\_

vho le = .
51,2Qp, = 2,32.105

Nhw vay dung lwong "bu kinh 1€ taj thanh cai l\OkV ho thi 2 bing
U == 4. 500KV 4R
Hé s cong sufit tai do truoc khi bu va sau khi bu bing

10
COSPyp = Wz = 0;71
. 10 -
COSQD?_— W——- 0,875
CHUONG 8

NHUNG NOI DUNG. CHU YEU THIET KEf MANG DIEN

8.1. KHAI NIEM CHUNG VE THIET KE MANG BIEN

Vi s¢ lieu ban ddu [3 ngudn va cdc phu lai dd bi€t, Lhi®t k&€ mang dién
bao gém nhitng néi dung cha yéu sau day lwa chon ciu lric t3i wn chap ndi
giira nguon v& pha lai, lwa chon cép dién ap, lwa chon ;ié’l dién day dan, lua
chen s8¢ lirerng va cong suiit mdy bién 4p trén tHl ca céc tram, lya chon so do6
ndi day cho cic lram ting giam ap, phan b3 kinh (€ cic dung luong bu cong
sufit phdan khang, lya chon cac phwong tién diéu chinh dién ip. BS6 14 nbing
noi dung chd y&u thit k€ phin dién, sau do6 chuyén sang Lhi€l k& pifin co :
lwa chon k&t ciu cot, xa, méng dwing day tai dién, k&L ciu kifn tric lram bién
4p, lua chon khodng vwot kinh (& cho mdi ti€t dién day, moi vung khi bau, vach
tuy#n di day hop L nhdl trong di¢u kién dia hinh cu thé.

Mang dién thi€t k& cdn dam bao nhitng yéu ciu ki thuit : dam bio do tin
cay cung c3p dién tiy theo- tinh chidt h¢ tiéu thu, dam bdo chil lwong di(_én
ning, dam bio an_toan cho ngwoi va thit bi, thuin lién cho van hanh, sira
chita v.v... B8i voi-nhitng h¢ quan trong, dd tin cin cung cfp dién dvoc dim
béo bing cach ndi voi chung nhidu dwong day tir mhi®u ngudén cang clp toi
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hofic diit Lhém nguén du phong. Ch&t lwong dién niing (h& hi¢n & chi tiéu thn
38 va dién ap, trong d6 nhiém vu cta mang dién phdi diam bldo sao cho d¢
léch dicn ap Lui moi nut phu (&i ndm (rong pham vi cho phép biing Lﬁc phuong
tien didu chinh dién ap.

)
RS rang 14 8 ¢6 vo sO phuwong an thidt k& mang di¢n dam bho nhun yéu
cdu ki thujt dé ra. Phuong an lwa chon cudi cung la pbhuwong an o Chi tiéu
kinh (& gt dhil,

- Hién nay chi liéu kinh t€ dung Lrong tinh todn kinh 1& — ki thuit mang
dién la chi phi kioh (& quy d6i thuwong dwoe goi la chi phi tinh toan. Chi phi
tinh toan lia mat ham c¢ia r3t nhicu bién s8 L%‘m tim: 1i®l dién day dan trén tat
ch cic doan dudng day cia so dé cfiu truc, lri s0 dién ap cda cac cép, sb lugng
va dung lwgng cic tram gidm 4p, dung lweng bu tai moi nut phu tai.v.v..
Muén xic dinh duoc phtrcrng an-thiét k& mang dién 181 wu cdn tim cuc tieu ham
chi phi tinh toin thdéa min difu kién riang budc la nhitng yéu cédu ki thuét va
nhirng diu kién thwe t8. Clng cdn noi thém la phu 3i dién juon bi€n déng theo
thei gian, cac théng s8 vé cHu tric cling nhw céc thiong 88 vé che do tam viéc —.
chinh la cdc bin s§ ctia ham chi phi tinh'toan — ciing phai bi¢n ding theg moi
hoan thanh dugc nhiém vu cung cip dién trong moi LAY ki. ’

-Bai todn thi®l k& 16i wru mang dién c6 thé dugc xem la bai_toin quy hoach
dong, piu luyn. V€ \nguyén (ic ma nél bai toan quy hoach ddng, phi luy€p co
thé gidi dwoc trén mdy tinh*dién (. Song, hién dang con gip nhidu kho khin
trong viéc tim loi gidi cho bai toan thigt k&€ 18 wu mang dién. Kho khin trwéc
h&t la kich thuéc khéng 16 chia bai toan do s8 lwong bi€n s8 quanhicu, dic biét
la v&i mang dién hién dai cung cEp cho mot ving réng lén-bao gom nhiéu ngudn,
nhigu cp dién 4p va rit nhiéu niut phu tai, Sau nita 1 riit kho thanh lap cong
thire giai tich cho cée difu kién rang budc caa bai toan. Vi vay, cho d€n nay
vin chwa ¢6 dwoc moét phwong phap chung chit ché va chinh xac dé tim cuc
tifu ham chi phi tinly toan r&t phuc lap cia mang dién. Bai {oan nay dang duwec
nghién ctru giar quy#l theo hai huong: hoan lhién cic phwong phap Linh va~
nghién cin cac bién phap rit nhé kich thuoe bai toan. Bé tranh nhitng kho
khin chua thé gial quy@l dugce, 'nguwoi ta thwong chia nhd bai toan thidl k& mang
dién, do 1A so do noi day t8i wa, hé ¢ip dién ap 181wy, vi tri va cong suit tram
t8i wu, vi tri va dung lwong bu t61 wu v.v... Bing caclr &y co thé J& dang hon-
trong v:ec Lim loi giai toi wu cue bo song chic chiin 1a chwa dam bao tinh kmh
t€ toan many dién. ‘ '

Hién nay troug U t& thift ke dang ding véug rii phuong plap so sanh
phuanrf fn. Noi duny oia phuong phap do uhw sau: ngu(ri thigt k& vach ra tht
ca phwerug an cd Lhe, tida hanh so sanh cic phwong dn vé mit ki thuat dé loai
bb nhurng phuong dn khong Lthéa méin yéu ciu ki thuat, sau doé ti€n hanh tinh toan
kinh (€ — k¥ thuat nhdm xdc dinh tri 86 ham chi phi tinh toan c¢ho mdi phwong
an dwgce gite lai, cudi cing phwong At pio ¢6 tri s8 ham chi phi linh toan bé.
nhit s&€ dugce lya chon lam phwong 4n thigt k& mang dién. Trudng hop cic phrrong
an ¢6 tri'sd ham chi phi Unh toan x&p xi biing nhau, nghia Ia chi sai khac nhau
mot lugng ndim trong gioi han -cho phép cia sai s phuong phap tinh, sé dwgc.
coi la cac phwong in ddng kinh 18 Khi d¢6, A& lya chon phwong an hgp Iy 'nhit
cin so sanh (hém mol s3 ch! tidu kinh 1€ — k¥ thuat kbac: v8n diu tw, L6n that
dién ning, gia tlen truyén tdi dién ning, khdi lugng - kim loai mau, kha nang
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thujn tién cho vin hanh, sia chita va phél trién mang diév_v.v... Phuong phap
So sanh phwaong an dp dung lién loi cho nhirng bai todan thidl k& mang dién don

gian, trong d¢ s3-bi®n sd Khong nhidu lim va dam bdo cho nguoi. llnél k€ trong
Hn vach, ra cic phwong an khtfmd bod sot plurornq an 101 wu. .

8-2, PHUONG PHAP TINH TOAN KINH TE — KY THUAT MANG DIEN

Tioh kinh 18 cda mdt phurung in mang dién dwgc dinh gia théng qua nhiéu

chi tidu, trong d6 vén diu tw va phi tdu vin hanh hang nam Ia hai chi tiéu co
ban nhii. :

Vén dde tw K /irén mang dién bao gém chi phi trén cong trinh duong
day vi trén coéng trinh tram bi&n 4p: :

K=Ky4+Ky . (8-1)

Vén diu tw lrén dudng ddy dang vao viéc mua dat vach tuyén mua cot, s,
day dan va xiy lip v.v... V8n diu tw trén cong trinh rang gom (iéu mua dit
san nén, tién mua may b1en ap, thi€t bl phan phdi, do |U‘O'n0’ didu khién va cong
tap dat v.v.. :

Phi tén van hanh hang nim bao gém cac khodn khu hao vén diu tir cho
hao mon. sira chira, phyc vu mang dién va gia tién tén th4t dién ning moét ndm:

V=Yp+ Yo+ Vus= avspK 4 aungk + CoAd (8-2)

trong do: dunp, ath — ‘khau hao van hanh, con om la he 86 van hanh, caa du'o'ng
dav ~va tram bien ap, %. - .

C, — Gia titn 1kWh tdn thdt dién ning.

Chinh phi tén vin hanh hang nim quy&t dinh gia tién chuyén tai dién ndng, .
b&i vi theo dinh nghia, gia ti®n chuyén t&i dién niang bdng ti s6 gitva phi ton van
hanh lhang nam va dién\n{ing chuyén tai qua mang dién trong mot nim

Y

€=
4

(8-3)

Phuong an mang dién kmh € nhat la phwong an c¢6 hai chi tiéu kinh &
ces hao thap nhat ‘ ,
K = min va Y = min. : (5-4)

Song, dicu mong mudn do hdu nhw khong ¢6 trong thyc (& I'nwong in cd vin
diu L 14n thuong dan d8n lam nhé phi 16n van hanh, trid lai, phuong an ¢6 K
nhé thi ¥ lai tdng Ién. Vi du nhw dwdng day Li#t dién chen 1on hon, do d6 von |
dau lw K ohiéu hon, s€ c6 16n thgt dién nang it hon.do dién_tvé nho di. Vi vay,
a8 xét Linh kinh € cia phuong 4n cén cdn quan tdm d€n thoi han thu héi vén
din tu chenh lécin, Y ughia ctia dai lrong do la viéc xdy dung mol cong trinh nao.
d6 chi co loi nfu nhw co thé thu héi duoc vén ddu tw  chénh lich-trong mot
thoi han khong lon. Thoi han thu héi vén ddu tw chénh léch dwec quy dinh tuy
theo moi nuoc, mét {hoi ky phdt drién kinh 1€ qudc dan, no thwong dwoc goi la
thoi gian tiéu chudn thu héi v8n ddu tw chénh lgch Ty Vin dda ta, phitén van
hanh hang ndm, thoi gian thu hdi vdn diu tw chénh léch cua mot phwong an
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mang dién dwroe xét dén thong qua moét chi tidu kinh 8 tong quat: chi phi nén
kinh t& qudc dan hay la chi phi tinh toan -

7 =

7 + Y = mcK + Y (avh + we)K F+ C, A8 (8-9) .
i¢ .
trong do «, -- hé sd thu héi v8n ddu tw litu chudn hodc hé s¢ hiéu qua vdn

diu twr.
Phuong an mang dién kinh t€ nhét la plmmi}g 4n k&L hop hai hoa gia
von didu tw va phi t6n van hanh dam bao cho Lr s6 chi phi tinh toan nho nhﬁt

£ = min ) (8-6)

Ham chi phi linh toan theo (8-5) dd dwoc thanh lap voi gid thi€l rdng v8n dau
tw clia cdc phuong 4n bé vao mang dién trong cing mét thoi gian (lhoi han xay
dung khong qud 1 nam) va phi t6n van hanh hing ndm cia mang dién” khong
thay ddi trong khoang th&i gian nghién etru. Truong hop cdn so sanh nhing -
phrong an co thoi gian xay dung kbac nbau, tiéa chuin kinh (€ 1a cuc tiéu ham
chi phl tinh todn tong da \aquy v& ciing mot thoi dlem thuong laf‘ [a nam diu
lien ctia thoi ky sy dung T ' ' ’

\ T

T T o \
ps z Z
=) 4= E(1+tam)‘zz a:’ &P
t=1 t=1

t=1

Coug Lhic (8-3) ciing c¢ht dung voi lrwong hop so sinh cac phwong 4n co cung
de (in coy cung cdp dién. Neu cic phwong d4n ¢6 do tin ciy cung cap dién khac
nhau can dua thém vao ham Z ki vong 16n thit n&n kmh t¢ quoc dan 1 ndm do
ngung cung chp dién H

Z = (aw + )k + €04+ H (58
s cta ki vong ton tht H duoc xéc dinh theo bidu thic s-au:
H=a¢ W (8-9)
! T — gia tifn 1kWha dién néng' thigu hut

W' — lwong dién ndng thi€u hut trong 1 ndm do ngirng cung cap dién
. deole Uieo xdce suflt ngirng cung cap dién A -

"V = Pmax. Tmax . h ‘ (8-10)

Nae suldl ngorng cung céap dién xac dinh du'oc déi véi mot s/ do cung cap
dién nho hai dinh nghia sau day :

Nic saal xay ra sw cd trén cic phin (o mang dién

_ Qsctq

1= = T , (8-11)
va xac suil sua chira dinh ki
\ o | o
f= T | ‘ (8-12).
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trong d6. t,. — 88 gity sw ¢8 lrong theri gian quan sut T
Ose — 88 180 su ¢d 1 nin
tq — Lhoi gian stra chiia 1 su ¢O
{¢— 58 gio stra chiia dinh ki tvong thoi gian T,

So do 1hucrng gap nhat trén mang dién la so A6 cung cip dien theo duong
didy 1 16 (hinh 8-1). Xac sufl nging cung ¢fip dign Lranyg lmon'f horp nay 13 mot
bitn 6 phtre tap, biing bign ¢d 1dng clia e bifn c: su ¢ may chl, su cd
duong diy, su 6 may bin ap, sta chita dinh ki may ¢it, sia chya dinh ki
dl!un“ day, sua chia dinh ki may bi€n ap. Chu y riing thoi gmn sura chua dinh
ki duonn day la lad hon ca, lrong thoi gian dé nguoi ta tranh thy sira chira dong
thoi miy ciil va may bifn ap. Xéc suiil ngung cung c#p dién cla so d6 do biing

A =g + g0+ g+ G2 + [0 (8-13)

A ok n G o
- ) | g H
e T e G D A B
Hinh 8-1. So do cung cip di¢o bang duong day 1 lo.

Cac tel 88 4o qp) qD‘ [p tinh duorc theo (8-11), (8-12) can clr vao céc 8 Jitu
théng ké Q... £g, t;; B8i vai dudng diy 1 16 tbuong bitt duyc cac s li¢u thing
tké 1 nam trén 100km, vi thé

| gp = oo (8-14)
8760 10D

Truéng hop hé tidu thu dwoc cung cap bang duong day kép (hmh -2)
wic sudl ugung cung cdp dién bdng xac sufit xdy ra sy ¢6 dor g thoi lrén ca 2 16 cong
voi xac suitt su cd dwdéng day nav khi stra chita dudng da) hia. O déy so lidu
thong k¢ cho bidt xdc sul! xdy ra su ¢d trén dwong day va Lhoi giao sta chita
dinh ki duorng day déu lén hon cia may cit nhifu nén o thé bo qua cic tri s8
xac suit cia may cit, khi @6

h =gy + 2Ky . fp (8-15) ,
4 CI§ D c2
&‘—~M{ZZP —— T ,
| e ol
E cf 0 c2

Hirk 8-2. So do cung cdp dien bang duong day kép

trong dé gp — xé4c Sudt xav ra sy cd trén 1 06 dudnyg day; g -- < sudl xay ra
s ¢§ dong thoi trén ea 2 10 fp — x&c sudt sia chita dinh ki duong diy ;
K, — hé s& bé hon 1 ét dén nhiing bién phip dugc thuc hién nhim dam hio
cho dwong day con lai vin hanh 15t hon khi sta chiva dwong day kia,

Dot vei dutrng diy kép sd liéu thong ke cho xic suft sir 4 trén 1 16 hao
gom ci xac suil su ¢ dong thoi trén 2 1o, frong dé xic sudtl s § dong thoi
trén hai 1o chitm khoang 12 == 25%. vi thé:

C (1= (015 = 0,25)] Ut /

' - (815
o 8,60 100 (
v (015 = 0.25)Qply . | ’

= : (8-17

Ip 8760 100 5-17)
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Twong tu, xdc dinh dwge xéc sudl ngirng cung ciip dién cho so do tram,
may bi€n dp (hinh 8- 3)

h= (e + gp + ger)? + 2kf5lger + 9p + 1) (8-18).

Hink 8-3. So do tram hai may bién ap.

Khi 1hiét k& cung cdp dién cho hé tiéu thy loai hai cin thiéi bhal xét dén
tdn thit nén kinh t& qudc dan d& so sanh hai phwong an cun{) Cﬁp dién c6 du
phong. ,

Vi du 8-1. C6 hai pheong an cung_cip dif}n lr ngudn A dén hai phu tai
1 va 2 (hinh 8-4). Voi cac tiét dién lwa chon ghi-trén hinh vé ca hai phwong an
déu théa min cic yéu ciy ki thuat. Yéu cdu ti€n hanh tinh toan kinh € — ki
hual dé lua chon phwong an t8i uu. Bi€t dién ap mang dién 13 110kV va
T = 4000 4. ‘

Giai, V&i cac loai diy nhu hinb v& xéc dinh dwgc dién trd suit ung voi
AC-70, AC-95, AC-120 12 0,46; 0,33 : 0,27 Q/km va gia lien 1km dwong day &y
130 lwot 1a 50.10%d, 57.10%, 65.103d. Do gidm duoc tién thim do va mua dAt
Auong day hai 1o ¢6 gia tifn bing dwong day 1 16 nhan véi 1,8

(Coi phiin tram cua hai phwong an gidng hét nhau, khong cﬁn xét t&i khi
thanh l\p ham chi phi tinh toan. Bong thoi do tin cay cung cap dién hai phu-cmg'
in x¥p xi biing nhau, cling co thé bd qua. Tién hanh moi tinh toanl cdn thiét

cho phirong an I.

2 2 2.1 202 0
A —[1“ + 10 0,46 .20 + 307+ 30° 30

7102 o 0,27k 1000 . 10° = 3 . 108 kWh

Ky =18.05.10%, 30, +
+50.20.,103 =45.10
neu 1y ayp = 0,04; a,. = 0,2,
Co=10,1d/kWh, chi phi tinh
toan phwong an I bing |
Zy = (0,04 + 0,2)4,5. 105 +
(013, 10°% =1,38.. 10°d
Twong ty cling tinh dwoc
céc chi tiéy kinh t& cfia phwong’
Aan I, cudi cung thanh lap dwoc
'béng so_sinh hai” phwong an
(bang 81)
Qua bang k&t qua tinh
: toan nhin thdy phvong 4n .I'
kinhfté” hon, vay dugc chon lam phuo'ng &n thlét k€ mang dién.

Hink 8-4
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Bang §-1

toan kinbh té —ky thuat hai phwong an

Két qua tinh
Cac chi ticu kinh t& Phuong an I Phuong an [I
‘ - .
K, 1084 45 5,1
b, 108 W 3,0 2,54
Z, 1084 ‘ 1,38 1,55

Vi dy 8-2. So sanh hai phuong dn cung c?ip dién cho maot hio tién thu leail
2 (hinh 2-5)0 Bitt riing { g, == 1O0AYV, v = 3000/ ¢ie sh lica eon L trén hinh ve

oy B rp 2
e AC_150 , 50 km — 20 mMw
e B - e - £0004
31500 {10
_ o1 5 ‘4C T B cr 2
* - ' -0, >
S 7 SO 22 AT
j i - Tigez 7100
-~
_,__{——}_, . — —
, ¢x 15000 /110

Hiulk 8-5 .

—=

Giai, Truoc hel tind todn cho phwong an dwong dav 1 1.
Liv fep == 1730, U = 0.5 lan/nam, tep = 10h, Qg == 0,02 {(n = 60; Qc; =

= A5 L = 405 Qop == 0,000, L4 = 2, xac su@it s ¢ cua ducny day dé xac

dinh duoc theo cong thire (3-13)
PR LI O 11 002.60 01,0052 175
8T 8769 100 87640 8760 8760
— 0,137 TP 0,295 01078 0,137 L 107 e et 107 w0 107

LIRS [

ki vong thitu hutdien nani 1 nam do ngirng cung cap dién
201035000 26,56 . 1073 == 2,66, 108 kWA,

Wi = ‘”mangaxhl

Néu 1oy «51: licn ton thdl kinb (€ quoc dan la 3qd/kWh, xac dinh duoc ki
vong 160 ILil ds nglng cung cap dién '
H ==o. W, =3.206.10° =6,18.10%.
voi phitng s6 licu cho trén hinh v& ¢6 the coi gin @ung hai phwong 4n c6 tén
thit dién niing bing nhau, khi @6 ham chi phi tinh (oin bing
Zl —_— (avhc "}—'a[c)Kc + Hl ' '
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L WY Qe = 0,2, donp = 0,04 teug = Gyne = 0,1
g ticn daw 1 85, !t)3J/I\m Ky = 500.10% ; K| == 280 10%; K 2_5() 103d
chi tinh tinh (6dn cia phwong an duéng day 1 16 bing

Ay o= (0,04 4 0,085 . 10% . 50 4 (0,1 4 6,2)500. 108 +
1+ 0,2) (285, 10° 4+ 50. 1(3)+6 18.108 = 7.45. 10‘5(1

boi vor phwong an duivng day kép, ] 10 qua xitc sudil rit nhd cia dao cach
ot dong ~a may ccn ha ap, xac sual ngirng cnng cdp dién gin dung bing tong
i sufit dong thot sy ra st ¢§ trén hai dwong diy, dong thei xdy ra sy cd trén
hai may cil cao ap, ldc sta chira duong ddy nay xay ra swr ¢ trén “cac phédn tlr

cua duwong day kia. Lue do:
\

fty = qp + qf, + q; +2K:/p(gp + ¢ei + 98) =
C ' 2
o 02.05.10 0 50 (0,03.40)2 (0,02. 8&)2+

3760 - 100 8760 8760
- —_ 3 5 N | 0"
L2030 0 [\(1 u‘,ﬁz_)q. 0,5.10 50 .03‘.40 +. 0,02.607 __
: YLy 100 87¢1) 8760

= 0.033.10=* + 0,019 1073 + 0,019.1073 4 7,2, 103 = 7,3.1073

Lay gia tién duwong dav AC-70 1a 50.10%d[kin ; dao cach li tu ddéng 13 2x40.16%,
may bi€n ap la 2 < 350 .103@, chi phi tinh toan phuong an dwong day hai,ld
bing :

/f, =0,24.1,8.50.10%. 5u+n 3(2.285.10% + 2 40.10% 4+ 2.350. 10% +
4 3.50.10%) 4+ 3 C10%.5000.7,3. 1073 =5,23., 108d

. e i m~ £y N
So sanh tri s5 £, va Z, nhan thay, woi diéu kién sua chira dwong day co
cal dién va voi nhing sd tiéu 14y & trén, phuong dn duong diy kép kinh (€ hon

8.3. LUA CHQN PIEN AP DINH MUC CUA MANG DIEN

Lua chon hop i ¢@p dién ap dinh mirc 1a mot trong nhiing nhiém vu quan
trong vhil khi thi€l k& mang dién, béi vi tri s8 dién ap &nh hwéng true ti€p va
gnar trong di'n cdac chi tiéu kinh 1€, k§ thuit ciaa mang dién thi¢l k& : vén diu
tr, s thit dién nang, phi ton kim loai mau, phi tdn van hanh v.v. Xu#l phat tir
tri 86 phu tai di cho va dién 4p lwa chon ngiroi ta 11&n hanh hra chon (it ca céc
phdn Lo cia mang dién. Tri s§ dién ap diph muc n€u lua chon lon s& nang cao
kha nang tai cia duwong day, lam giam ton th#t dién ap va dién ning, gidm phi
Lén kim loai mau, song lai lam ting cao gid thanh cong trinh dwong day va cic
thiet hi dién khac.

Trisé dién ap dinh muc hg)p li nhat la tri s8 lam cho mang dién co chx
phi livh toian nhé nhit. Coé thé.st dung phwong phdp so sanh phwong an d& xac
dinh Lri 88 dién ap dinh muc bidng cach vach ra mot s phwong an dién ap, tir
dé lwra chon cac phdn twr cda mang va tign hanh tinh toan kinh te— ki thuat aé
xac dinh chi phi tinh todn cia moi phuwo ng an. Tuy nhién, pbuong phap nay ¢iing
gdp khé khidn khi mang dién co nhleu! nguon, nhiéu di€ém phu tai. -
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Teong thue t8 tinh toan, d_&Lso b6 xac dinh tu_s_fS_ﬂng nguai ta thuong
str dung mot s cong thie kinh nglnem. BiEt viing {ri st dicn ap el y&u phy
thuoe vao chidu dai ! va céng suil S ciin chuyén tdi gna chidu dai dé, ciae nha
thigl k& dd tim ra mHt 86 cong thie don gian rit tién loi cho ngeéd ding. Tirde
heét phai k& dén cong thire eta StiH (7).

o= VI 1wl iy (-18)
ll""‘]f; do "" R Y Sdl cll .L AT \. N lf’l] ‘[“, . - - l|(\ Lpn t;"\-!) L-E“L\'C“ {:j_] /;“]'
wong thie Stil cho kOl qua kba tin ¢y ing vai |- o0k v S O0MWL @O

nhnnn l\’lo‘n« cich lon hon v cong =ul o chuayen t2i 1én hon nén ding cong lhuve
- Lalesski (Licn x0)

fo ]l"l—l'(_lu;,?—}— (1,015 ’\."]__) 9% ‘ (3_19‘)
trong (6 cong suit Loh bhimg AW

Nenai ra, ¢6 the dung cong (hive ~ta Yavker! (iate)

0= 3VS -+ 60f LV ‘ (e
trong do S[MU V) va {[dm]

‘Béiovi dién up pliu Qfuoc rat nhecurygu 10 khie ngoar S va /. vi thé cin
nhace [2f L cac tri sd didn o xde dinh dwoe teo cic cong thie trén chi la so
ba, gdn dung. - .

Tgong huwoc su bo (dng co ihé tham khao cic khoang chia kinh 1€ cua dién.
ap theo S va [ cho hing do6 thi (hinh 8-6) hodc bang bang (bang 3-2).

! i et N i
s [‘ ;_.?:i:;:}_"_—_."' =t = (f'*‘"f | :
X 5 +
' i \ ~ 100 |
l NN 50 |
60
. N"g
' 3
N 20
N\
Spe 1084
351 ,
L - ]
200 N wwwhma —
5 i i T I | <~ T ' -
ol N N I 1 P {
* 38 0 20 30 40 50 60 70 60 km

L. . b ]

=/

Hink 8-6. Do tht xdc dinh gita dudng diéndp theo cong
£ ¥ . ~ ° .
sudt va khoang cich chuyén tai.

Quan hd gioa dien &p vei cong sudt 2a chigu dai
chuyen tai

Ly S, MW 1, km
35 5—10 30 — 15
110 30 — 40 150 — 120
220 100 — 120 250 — 200
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Urén ot mang dien thuong ding nhiéu cip dién ap. Vi dy, mang dién
Lien x0 ¢o nhirng cip @icn Ap sui: 3 — 6 — 10 = 35 — 110 — 134 — 220 — 330 —
— 0B AY ; moang dien Phiap:3,2—=5,5—10—15 — 20 — 30 — 45 — 60 — Y1) — 110 —
150 — 380AV : mang dien MY: 24 — 4,8 — 12— 144 — 23— 31.5—46 — 69— 115 —
WHLAV, mung dien Due: 1 —3 —6-10—15 — 20 — 30 — 45 — 90— 110 — 1504V,
Mang dicn Anh: 6 — 11 == 12 — 35 — 66 — 88 — 110 — 165 AV, . -

Trr so dién ap caa cip nay sé anh hwéng dérr chi tiéu kinh € ki thuat
¢lia itp kia va nguoe laic Vi vay loi giai kinh (€ cia mang dién v& yndt dién
Ap 1A Lol gido Gy voihe cip dién ap Wi wu. Hé cdp dién 4p t8i vu cho. mdj
nwoe, moi khu vie phu thude rél nhicu y&u 18 mat dé dan cw, trinh dé kinh L&,
phan Lo -cong, nong aghiép, chinh sach gid ca, didu kién khi hiu, dia hinh v.v...
Bai itoan wwe dinhyhe chp dién 4p (8 wu noi «chung v&l pbuc tap, & day khong
dé cap o / .-

/

8-1 Klids Tit CAN DANG CONG SUAT, BAI TOAN BU K] THUAT

Bac hig¢l tna san ot dién nang 14 tai moi thoi diém d&a ¢6 s can bang :
ong s¢ dien nan, phot ra béng dung luong dién ning yéu cliv. Vi vily lrude
Kl bot tay cvao thiit ke mang dién cdn kiém-tra diéu kién can bing cang suél
d¢ so o danl git kha ning cang c¢ip cua ngudn (rwde yéu cdu cba phu [l Smau
niy, Lhi cong viée thiet kt o vao giai doan hodn chinh cling e¢dn phai kiem
tra lain.

-3 7 2 ar > oy Y . . r o AT

Khi nang phat ra cong suit cha ngudén cdn phai lon hon long cong sufy
Liéy L ke ca b dung, nehia la:

SPy > TP, + TAP 4 TPy (8-21)

lrog do

ZPu. Z0p — Long cony suit tic dung va phan khang cua phuw lai 18y tai
1o dicm cue dat, néw pho tai e dung vi phan khing khéng dong thoi cuce dai
Lhar (in hanh can bing & cae thol diém khace nhau, ,

AP, ZA0 — ton thit cony suit tic dung va phan khang cue dar trén toan
mang dien o ' .

T Y0 — ong couy suat by dung lon nhEL cda cde nha may diéu.

i == wung cony stat phan khing do cac duong ddy caa mang dicn sinh ra.

Vi dom bae oicu kion (An biing, cac nha mdy khong pbat toan bo cong

. ) N o . . o . - N . > . .. %

sudt o6 the man ele phodl ra mat legng nhial dinh theo yéu ciau cua ltirng theil diem

Sl = IP, 4 ZAP 4 TPy (82
Zp == Z0p + ZAQ 4+ SQq — B0, (3-24)

L;r(_mg cong sual Lhong hil ra gor 1 cong suat duy triv cia mang dién hay he
thdng dicn

P4 = TPy — ZP; (8-25)
Q= ZUn — ZQp | . (8-26)



Khi Dbt diu thi€t k&€ mang dién, chua the co 6 liéu chinh xéc vé cic
frong ton thiit va tu dung co thd 1ay gdn dung theo thiing ké hoic kinh nghiém
nhiu sau

TAP = (53 +—15%) %
AN ( ) “Ppl -} vAJ’) voi che nhid way n'mi ien va

Py =10, (E pt + ZAP) voi nha may thay dign.

o= 10

L7

PCY vl mang dién 110 — 150 £V trong buoe win dung din tien co thé
coil ton tht cong suat phan kbang ton thit trén mwang dicn duve Hoo fal hitug
cotgg s phan khgmg do dwong diy sinlk ra, con ton thet erry suitl phin khing
trong eic may bifn ap xdc dinh gian dung theo conyg th. ¢

Al = nQ,, . Z, (8-26)
trong Jdon — sg ofp bign ap, vi du meng ditp 191100510 O o
Gpe — lom thial twong ddi caa may. bice ap, L0 =~ 01,

Lriong cong suldit d trdr tae dung cia he thong theong chong duce hé hon cong
sulil - (o tiay phat 1én nhit va 13y bing

EPP". = (1“ ol ]590)(2ppr + EL;IJ) (;l_LT)
M EQd": (7 - :;C'U)(Eth "I_ T/_,O) (8_28)

Ntu nhw di€u kién (8-21) va (3-27) khong thoa man thi he théng UnEu
cong sufil lac dung cdn dit (hém mdy phal hay xay dung thém oha may
dicn moti. ‘

Ntn di®u kiéen (8-22) va (8-28) khong thda min, hé thdng chi thifu cong
suzt phan khiang, tot nhat la dzfllothi'é'l bi bu tai cic hé ticu thu dé phat ra lwong
cOng suat phan khang thi€u hut, ¢ buve so i, dung lvong b xic dinh nhl\f sau :

S > Z0p + ToUn + EQu 4 Z0g N (8-28)

v

ochina o SG do cung clp dién, chua bitt e thong so T manyg dicy
O BUoe s - hd dung lmrng EQb dum,,plmn bé true gide choy ciw dicm phu tai
1heo n'-uw‘n Lic b cho nhing ho O xa v ob coss thiin, comg viee do goi o bu
s ho. 3) giai doan thigt k€ hoan chinh, s xac dinh dugce chmi; xae Long dung

jurong cony suftl thieu hut [rén co o sé tinh fodan chinhe </c cle tugns tan HhNt Lrén
Fien

N, > th + EZ—-QD + /\Q Ju + _!),” ZQ. — 2(11\ ’ q N

»

mnnd

Dung luong 20, n€u phin b lrong myng dicn theo nhiing phoong an
khac nhau sé gay nén ton thit dién nfing khac nhav teon nrang dién. Gdp tim
inol phuang an phan bd 20, kinh t¢ nhit, nghia ta viri nd ¢6 chi phi tinh todn
be¢ nhit, d6é chinh 1a ndi dung cua bai toin bn ki thusl. Bin toan bl kv thudt
duce phat biéu nhw sau: hd) lim che tri sd dung luong ho dial lai cie phu tai
Ubys by - Gpn lam curc huu ham chi phi tinh toan Z(Qpi) voi difu kicn
rang buoc X

ZQni == Quy + Ubz + oo T U == Z0s

Qi >0 (&30
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Ciing giéng nhw bai toan bu kinh (&, voi nhitng mang dién don gidn c6 thd
2iai bai todn bu ki Lhuat bdng cach lruc ti€p liy dao ham ham Z(Qy;) theo n bién
83, ¢ho bing khong, rgi giai he thdng phuong trinh do k€t hop voi diéu kién rang
bhuoe (8-31) s€ xae dinh duoc vi tri viu dung lwong bi (o1 wu. Trong bai toan nay
khi thanh Tap ham ¢hi phi tivh loan khéng ¢in quan lAm d&n thanh phin lién
quan dén von diu tw, béi vi moi phwong an deu phiad bu véi mot dung wong
tong bing nhau, vén diu tw va ticn lip @l thi€l bi bit coi nhu bing nbau voi
mol phuong &n.

—ralhabf

A : e 0 s

a/ \3__-_ Qj Qb3
A R, 7 Rz 2 R3 3
T + py g j y
a)-ab1 QZ‘abZ aj"Qbh?
b, ’
' Hink 8-7

B&i woi mang dien hinh tia (hinh 8-7, a) ham Z(Qy;) bing

0 Qn2)% Ry +

Z(le) ==
‘{" (Qs - EQD -+ le '+‘ Qb2)21{3]
1.ay dao ham hivn Z(Qy;) theo Qy; vix Qpy cho bing kbong, giai ra (IU'Q'Cl. Qu;, Qb2

Vi pg = S — Uy — Uia.

o5 vad mang dién <o mot 8o phm tai hin Z( () bilng

— Ubg)*Rg + (Q2 4 Uy — Qg — Qr2)*R2 +

L0 = »C;T
+ (01 + G2 + Qs — ZQu + Qu + Qs2)*Ry}

Cac tri 56 Uby, Unz, Uog cling tim duge twong lu nlir trén.

Vidu 8-3. Mang dién pban nhanh 10kV cung cip dién cho 3 xi nghiép
cong nghiép (hinh 8-8). Tinh toan cho Dbi€t la mang di¢n Lhi€u hut mér luong
cong' sudit phdn khang la IUUU kVAR. Hay phan b6 hop ly uhit dung luong bl)
do trén thanh céi 10kV cua 3 tram bi€n 4p xi nghiép. -
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Gidi. B3t Qp=3Qv— Qi —Us2

= 1000 - Q,a — Qp2.. Voi tri 1009 Qb
s0 dién 1ré dad cho trén hinh vé
ham chi-phi tinh todn ctia mang
dién bing :
Z(Qv2 ), Qbs)— [(1000—Qh2)z 2 0.50 M
+ (ooo —‘th)-z 4+ ) 500- Qb1
+(‘lﬂnu — 1000 + Qps + Qug)“. 0.5)
oz )
= — 4(1000 — ) -
20me ( Qs2) | + | 500 - Qp;
: Hinh 8-8
+ 1(1000 + Qyz 4 Qug) = 0 "
VA - ' ;
b3 .

G]al hé phuorng trinh trén nhan duoc
sz = 050]{V-1R Qbs == QSOI\V 1R
Cudi cung sac dinh duge dung lwong bu tai xi nghu_ap 1

vy = 1000 — (530 4- 250) = 200kV AR.
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