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Choong elin _ Ce

T xAc PINH CAU TRUC TOI vU CUA MANG DIEN

A

- 9-1, M& PAU ﬂn DUNG HAM Muc TIRD.

Trong qua trinh qui hoach, thiét ké va van hanh hé théng dién (hoic hé
théng ndng luong n6i chung) bai toan xic dinh cAu tric 16i wu cla hé théng
luon ludn duge dit ra,

'Hé théng & day duwoc hiéu theo nghla rit rong, do la tap hop clia n’hieu
.phin tir c6 lién hé, tic dong lain nhau va c6 lién hé 7véu moi trudong. Do tinh
chit phong phu clia cach liéh hé nén noéi chung hé théng cod nhung déc tlnh
hodc chirc ning ma tirng phan ti rleng ré khong coé.

Theo dmh nghia d6, hé théng co thé la tén gm clm rit nhleu ddi tlrong.
khac nhau, cu the va trau tu'(mg ‘chang han mot t6 may,’ mol mang dién, mot
x1 nghiép, mat nén kinh té ctia qubc gia, mot hé thong ngdn ngir, mot xa hoiv.y

Ciu tric cha hé Lhdng chinh la méi lien hé gma ciac phan {& trong he
str chap noi gitra nhirng phin tu. Nhy vay ciu tric clia hé cé thé droc md t3
nho cac do thi hinh hoc (graph) hodc cac bang s6 (ma tr‘an) hodc nhitng quan-
‘hé ham (anh xa).

Mot dic diém quan trong lién quan‘dén cdu tric cha ¢ ma nguoi thiét
- k& va van hanh (didu khién) ciin quan lam dé st dung la: Khi thay d6i cau K
tric clia hé s& dan dén thay ddi vé chirc ning cla hé va do do co the tao ra
anh huong t6t hodc xdu doi véi.viéc thyc hién muyc titu dé ra.

Tir dic diém nay, da- nay ra mot nguyén li rdt co ban trang qua trinh
diéu khién he d6 la: Can xic dinh cau truc tdi ru cua hé nhim dat duoc muc
tieu dé ra. Néu trnng hoan canh mdi & treong con nhiéu bdt dinh thi can ])ha’l
luén thay ddi cdu tric (con goi la hoan thién cdu truc) dé heé thich nghl vai
hoan canh va th6a min muc tiéu qui dinh.

Bai toan xac dmh cdu iric tdi wu cha hé ludén luén gip trong qua
trinh tinh toan Kkinh t& — k¥ thuét & hé -théng dién, ching han xac dinh ¢} lé
" ¢bng suat phat t6i ru gitra cadc nha may dién, titc 1a bai toan phan phoi t0i uwa
cong suit di dé i cap & chuong tru(rc bai toan co ciu 18i uu cac to6 may (s6
16, méy va cﬁng suAt phat) trong nha may dién; bai toan (i 1é t6i wu dién ning
gura cac loai nha may dlén nhiét, thiy, nguyen tar...; bat toan hé cdp dién ap
toi ru trong mang cung Qﬁp dién; ba1 toan cdu tric t61 wu cia mang dlen (so

do nm day) ‘ALY
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\hﬂng bl todn néy trén 44y ddu co v ngh'ia kinh t& 1on lao khi qui hoach
thidt'ké he théng dién, tuy nhién chung ludn ludn mang tinh chédt dong, da chi’
licu. phin c¢ip va bat dinh nhua da tvinh bay & chuong sau. Beé gidi quyét ching
cin phdi s dyng nhitng phuong puap cia qui hoach toan hoc.ma noi dung
bd siach s& lan luot dé cap dén. \

Trong chuong nav s& st dung méc s6 moé hinh md.rong cua bai toan qui
hoach tuy&n tinh dé gidi bai todn xac dinh ciu trie téi wu cda mang dién thiét
K& méi. kKhi dn thang tin ban din (hoan canh tat dinh) va gioi han trong viée
xac dinh so do néi dav (0 wu cung cip dién & truong hop don gian. -

Bai toan aac fImh ciu trie t6i wu cua mang dién thudng co the phél
hicu nhu sau: A '

Cho biét cue digdm, cong suiat clia cac phu tai va ngudn dién, xac dinh
so d6 noi day t6i wu clia mang dién thict ké nhdm théa man cuc tiéu ham chi
phi tinh toan Z.

Cho dén nav dé gidi quyvet bai 1oan d6é thirong tién hanh so sanh mét s6
hitu han cac phuong an.so do noi day theo chi tiéu gia tri ham Z, bao gom
vén ddu tu va phi 16n van hanh hang nim [xem chuong 6]. O mot s6 truong
hop trong ham 7 co dé cap dén thiét hai kinh 1é do mat dién, nghia la co xét
thém muc tiéu. ve do 'in cay cung cdp dién cua (Urng phuong én [xem tap IIJ.

Sau khi tinh duge cac gi4 tvi ham Z cho cac phuong 4n dua ra, ta- xép
th¢ tu cac phuéno an theo gia tri Z va chon phwong an irng véi gia tri cuc
tieu (min) cta Z. '

Phuong phap lea chon cdu trae t6i wn ctia mang dién trén day c6 ou
ditm la don gidn va tan dung dwoc kinh nghiém tich liy cta ngudi thiét ké.
Tuy nhién cting boc 1o mat s nhwoge didm, nhw cé the bd sot nhirng phuong
an hop li vi néu xét dén mot phwong an noi day thi khpi luwgng tinh toan rat
16n. Ngohi ra thiit toan lua chon chwa ¢6 dang « chuong trinh hoa » d& c6 thé
nho sw giixp d& cua may linh di¢n t&. Dé khac phue nhitng nhuoc di¢m dé,
trong linh vyce su Jdung.mo hinh toan hoc trong qui hoach. thi€t ké va diéu
khién hé 'hong dién da cé nhiéu ¢d géng giai quyél bai toan xac dinh cdu tric
[Gi wu cla mang dicu theo hudng md 5y tong quit va « chlrong trinh hoax
trong thu tuc Him loi giai.

O dav chu y la bai toan dugce gidi han trong llﬁdl] canh '\Lut dinh, ng

la nguon, phu tai cho san va ngoai ra loi gidi.chi thda min dong théi hal
tiéu: cire ticu von dau tu va cype Litu phi tén van hanh; nghia Ia cye lleu ham /

San day can thanh lap ham muec tiéu cia bai loan.
Gia thiét & phwong an néi dav clla mang dién c6 S nhanh, khi d6 ham
chi phi tinh toan hiang nam 7 ¢6 dang.

=Yz, | (8-1)
< :

5

trong d6 Z,; 1a cac chi phi tinh toan hz‘mg nam caa nhanh ij thuée vao tap S
cac nhianh clia mang dién. Nhanh ij noi tir nat ¢ dén nut j.

y ! \

Ziv = (4 0O £ Y g | (9-2)
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trong &0 Ki; 12 v8n diu tu xay dyng dudng dav ij, |
Aon, @ 12 cic hé s6 van hanh, hé's6 higu qua vén-dau tw nhu di giai
_ | thich & chuong sau.. d@ tién loi, ki hiéu 1 = ai + @

\ ¥ pniy 12 phi tBn_ vé ton yhdt dién hang nim {rén doan dudng day iy
von diu tu K;; c6 thé bidu dién nhu sau:

iy
K, = (4 + BF.,)[:, '

“trong dé A — thdnh phun vén diu tu duong day ma khong phu Lhuoc vao
tiét dién day dén, ch&ng han, lién thim do 1 uvén, cot, mong. it ¢.v.

-B — hé so phin anh gld lién dév dau theo don vi tiét ditn, tha nrf'n(n
B 1a [d/km mm?] '

F\; — tigt dién diy dan ctia nhanh ij [mm?]
li; — chi®u dai nhanh ij [km]

Phi tdn vé ton that dién nang Y,a,; dwoc bita dién trong dzng:

Yanis = 35 Ry iC - @

trong do I.J - doncr dién cuc dai di trén nhanh ij [A]

/
R;; — dién tr& day dan nhanh ij [Q] g
: N
Ri = p
.. i=Pp Fy .

trong do p — dién trd suit ctia vat licu lam day dan { Qsmr ]
, - km
t — thoi gian ton thit cong sudt 16n nhit [h)
C — gia tién 1kWh tdn thit dién ning [d/k Wh]

- P3i voi mang @ien khu vwe, hodic nhirng mang dién c6 &5 thi phu tai
twong ddi bang ph%ug tiét dién day din dwoc chon theo di€u kién Z = min
la chil véu, nghia 14 chon theo mat dd kinh t&€ cha dong-dién j;,. Khi d6 co

In

- »]kt

Thay biéu thirc (9-5), (9-4), (9-3) viro (9-2) co:

Zij=a (A + B - L ) L + 3pr cI.Jli,

p Ikt .
trong d6 gi4 tri ji, = const hodc coi ju = {;B ~ [xem chwong 6],
- . g ’ o . . ’TC
| Ti diy c6 thd viét . )
. o Ziy= Al Ty ,
- 'trong d6 3 '
. ‘ N ! ‘ = aA
. aB ‘ .y . s f |
X B = ( — + 3ap1c) gia thiét la nhirng hang s0.

Jkt.
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Nhu vay bitu thirc ham chi phi tinh toan hang nim Z cia phuong an
phu thudc vao cac gia tri [;; theo dang

0 kki I;; = 0 . _ (9'-6)
ZAIH + EB[,inj khi Iii>0

Bai toan xac dinh ciiu- triie 16i wu ctia mang dién tré thanh bai toin xac
dinh ot tap gia tri cac dong dién'f,; (khi [;; = 0 ¢o ng:,hla 12 nhanh ij khong
cO trong so d6 noi day) sao cho ham Z(1;;) dat min.

Ham muc tiéu Z(,) o day ¢6 dang gian doan tai diém [;; =/0 va-gdm
hai thanh phén:

- — Thanh phan thir nhat AZL, phu thude vao tdng chiéu dai cdc nhanh
xuat hién trong so do

— Thanh phan p2[;,l,; phu thudc vao tong cac tich giira dong dién di
trén nhanh va chiéu dai bhinh twong tng.

Bay gio bai toan xac dinh cdu true téi vu cia mang dién duoc phét biéu .
trong dang toan hoc nhu sau: \.

Z(]‘ij) =

Nic dinh cac gia tri I,, sao cho \ .
Z(ty = iy =0 o f ©-7)
(AZ[” + lei_lli.l) = min khi I|_|>0 .
va thoa min cac rang budc (theo diﬁh luat Kirshoff I) |
Zlij = 1,' i = l,2,....n
i _ (9-8)
i+ J
va . -
111 > 0 (9'9)’

trong d6 I; la dong dién phu tai (hoic ngu'(‘)n phat) & nuat thi i O day gia
thiét mang dién cé n nit (hao gom cic ngudn va phu tai). _
Trong phuono trinh (9- 8) téng E liv theo moi nhanh di vio nati hoic
J
di khéi nitt ¢ voi qui uoc dong dién di vao /; c6 ddu nguwoe véi dong di ra I;J.
~ S6 lpong 4n trong bai toan nav rit lon. Néu mang c6 n nat thi s6 dnS
(bao gom ca dong di va dong vé) la

S = n(n—1)

Trong thuc € c6 thé bo qua nhirng dong dién di truc ’uep tir phu tai vg'
nguon nén cO thé bo bot mot s6 an.

SO rang bude dang (9 8) chi ¢o (n—1) phuong trinh doc lap

T day thay rang néu s dung phuong phap qui hoach toan hoc dé gl.’u
thi cdu truc-(6i wu ciia mang dién chi bao gém (n— 1) nhanh ddi voi mang eé 0
nit, nghia la mang dién t6i wu c6 dang hé (khong téon tai mach vong). Biéu 46
thé hién dic di€m cta bai toan la chua xét dén mae dd quan trong khaé¢ nhau
cua cac phu tai, hodc khi can ldllg cuong do tin cay cung cdp dién thi dung
duong day kép (khong so sanh kinh té —ky thuil). -

Sau ddy ta tim cach giai bai toan, tim cuc tri ham Z(/;) dang (9-6)';.-; g

A
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ta co

\

_ - \ :
Ham Z(I,;;) & day c6 dang phi tuyén d8i véi I,j, chiing han co thé vidt-

L e .
2 = z‘(_li

i

L, + gzu) [, khi I}, > 0
dat - |
\ Compby+ By
2 = 3Gy 1y
c6 dang phi tuyén vi cac hé s& C.\phg thuc_)c an'I,,.

T bi€u thire Z(/;) &°(9-6) khi I;> 0, viét duge

ZUy) = Z1 + Z4 o (9-10)
trong dé
' Z, AZL;
= B2L;; I;;

- Thanh phan Z, phan anh chi phi ti 1& voi téng chidu dai cac duong day trong
mang, chinh la chi phi vé& diu tu. Thanh phan Z, phan anh chi phi vé ton that
ong sudt (hodc dién ning) trong mang dién, la bo phan chinh cta phi ton
van hanh.. :

Piéu kién bai toan la: Xac dinh |/, sao cho
Inng(Iij) = Jnin (21 + Zz) (9‘11)

va luon ludn co, dleu klen

-~

min Z(I,,) > min Z; + minZ, : (9-12)

Bidu thic (9-12) s& trd thanh ding thire khi phuong an tng vai min Z,
lrung hoan toan voi phuong an ng voi min Z,, nghia la phuong an nodi_day
ctia mang dién via cé vién diu tu nhé nhét vira ¢ phi ton van hanh nhé.
‘nhdt. Trong thuc té it xay ra nhitng tfuong hgp nhw vay. Do do cén tim nhiing
qui tic ph01 hop nhitng phwong 4n ¢6 minZ, v minZ, D& lam duwoc viée do,
trudc hét cin néu lén phwong phap xac dinh riéng ré phuong an ¢6 min Z,
'va c6 min Z,.

! 9-2. THUAT TOAN TIM CAY BAOG Tm‘m NHO Nlh.

Trong muc niy s& st dung mot s6' khai niém co ban cha li thuyét (I
thi (graph) dé xac dinh phuong an c6 toéng clueu dai dudng day ngiin nhit.

.1. Mot 86 dinh mghia co bén

Mot d6 thi (con goi la graph) llén thong 1a tap hop cac nut va cac nhanh
ndi -lién thong giltra cac nut, Vhdnh con goi 1a canh va nat c¢on goi‘la dink.

Mot graph hoan todn la giira hai dinh bdt Ki‘déu ton tai canh ndi (xem
}linh 9""1)r ‘ - - ) / ' B

i
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Cay cia graph la tv@p hop cae canh di qua 18t cl ecac dinh cﬁ?*_dé thi
nhung khong tao mot mach kin nao, Trén hinh 9-2 trinh.bay mot cay tua graph
gom 4 dinh. R

S :
_—
./\}r .
1 . N
/ 0 )
‘ 1
Hinh 9-1 Hinh 9-9 A
Tir nhirng dinh nghia trén ta nhan dwge mot s6 két qud sau day:
Néu mot graph hoan toan ¢6 r dinh, thi so canh S cha 11§ la:
. 1 o
S = "(ﬂ‘-l)r;)— ¢ 13)

Thi du:«6 4 dinh thi s6 canh cta graph hoan loan la G.

Mot graph ¢6 n dint thi cav cta nd co n—1 canh, va la mot mang hf
lien thong. Cdn chu ¥ riang s6 ciay cua graph rit nhiéu (s& phuong an _cé the
ndi gitra cic dinh theo mang hd) va duge xic dinh theo cong thirc sau:.

SO cay ( cua graph ¢6 n dinh:
C = n** (9.14)

I A R

N
N Z KNS
. 7IX XX X

Hinh 9-3

Nhu vay khi graph c¢6 3 dinh ta c6 the lap 3 .cay, graph co6 { dinh di o6
the lap 1 = 16 cay va khi Lo 10 dinh thi s6 phuong 4n mang ha lap theo li
thuvét graph lén téi 10° = 100 triéu! Trén hinh 9-3 trinh bay 16 c4y caa graph
gom 1 dinh. - o |
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‘ Cay bao lrim nho nhat 1A mét (ﬁy lién lhong cua gr aplm va co l(mg chidu
daLla nho nhat,

A
T day thiy ring mot graph n dinh, tdng s6 ciy bao trum C 1a n®
nrhung s6. cﬁv bao trum nhd nhét cHi Ia:1 Bodc trong trudng hop c6 mol sd
eanh ngin nhu nhau ta c6 thé tim dwgc mot 'sé cay bao trum nhd nhit.

Nhu vy mot cdy bao trum nhd nhit clia graph mang dién chinh la mot

phuang an néi diy mang hé co t?Sng chiéu dai duwong day (5_‘.1,,) la nho nhit,

nghna 1a théa man digu kién cuc tidu yé tong v6n diu tu (Lm mang dlen

“Cé nhidu phwong phap xac dinh cay bao trui nho, nhﬁt cua graph. | au
day tFinh bay. hai thuat toan. \

2. Thugt toan Prim, Krustal. '

1) Thuat todn Prim. Dau tién chon canh ngin nhdt chia graph, ching has
nhanh &'y Tiép tuc chon eanh ngdn thir hai trong cac canh, ching han 7. Suu
khi chon dudc & canh ngan thi 1u( i Ugeen, Up. Goi Aj 14 tap hgp cac nut cla
k.canh dé6, ta tié€p tuc chon @anh [/'x;; ngin nhal trong cac canh ¢6 Mot diu
mut thude tap Ax va mot diiu mat khong thude tap A, (dé khong tao thanh mach

- vong), Qua trinh chon s& dirng khi & = n — 1. Khi 40 ta duge mot cay bao trum

(hen thong véi ndinh) 6 long ‘chiéu dai (‘é( Lanh 12 nhO nhét -

2) Thugt toan Krustal. Trude hel vé graph hoan toan
nn—-1) .

la
trng voi sO dinh i (ucrgla_ph gau A0 xét ciac mach vung va bo i caunh

dd.l nhil trén mach vong ¢ buoce dé. Qua trinh s& dung khi” khong con llnut
mach vong nao. Khi do nhdn dugc cay buo trim c6 18ng chigu dai (éc canh la.

_ nhn nhat. -« - |

Ca hai thuat toan trén day déu c6 thi thue hién theo chuong trinh tn.n
may tinh dién tir s6.

'9-3. THUAT TOAN DON HINH GIAI BAl TOAN MINZ:.

Phuong 4n mang dién hé ung véi minZ, chinh li phuong an c6 cue tigu
cita 1Ong cac tich giira chidu dai cdc canh va dong dién twrong ng di trén do,
chinh la-phuwong 4n ¢6 téong momen phu tai P, Iy nhd nhat hoic téng tdn »
‘thit dién nidng trong mang dién 12 nhd nhit, .

Bai to-én dwoe phat biéu nhu sau: Xac dmh cace gna tri. I,y sao c‘ho
T

va théa mén.

i3]

. Coipl; = Cy la hiing 56, bai to4n ‘trén c6 thé gidi nho thuat toén
don hinh. , ' ,
-Sun) day thfmg qua mot- thi du don gién, minb hoa viée ap dung thuat

toan don hinh giai bai toén tim, phuong an mang. dién hé cé mmZ,
!/ .

.16]9



Céd ngudn 0 cung cip cho 5 phu 1di 12, 3, 4, 5, nhu trong hinh 9-4 v6i
cile 80 licu sau: _

Cong sudl :

Sy = Y3.15 MVA
S, =vV3.17 MVA ‘
S, =V 3.20 MVA-
S, =V3 .13 MVA
S, =v3 .5 MVA
(do do ¢d S, = SH
i=1
Chic¢u dai cac doan dudng;
lop = 50 km; [l = 60 km; [o3 = 85 km;

loo =80 km: log = 10 km: [y = 30 km;
124 = 35 km: ")_f, = 65 kln; [15 = 55 km;
Hinh 9-4% IH = 80 km 1|3 = 70 km ; 112 - 50 km;
[34 = 10 km; l35 = 9 l;mi 145 =75 km:
Di¢n ap dinh mire toan mang Uy, = 110 kV.

Cian xiac dinh ciutrue ciia mang dién sao cho théa min diéu kién
r —_— T o . ’
7y = Zplyl,, = min |
D& thanh lap cac rang budc theo dinh luat Kirshofl T ta cin xac dinh
dong dicn tai cac nat 1y, 1., ... 1. ‘ '

I, = o = 163,5 4. Tuong tu co

I, = 155 Ay Iy =183 4; I, = 118 4, I; = 40,504,

N&i cac dinh ta ¢6 graph hoan toan, trinh bay trén hinh 9-4,

Co the ho qua ciac dong dién di tir phy tai vé nguon do Ia Lo, Iy, I3,
Lo, 150 Vay sO dncon lui ciin xac dinh la: n(n — 1) — 5 =25, vi & day nw= 6,
bo la cae an:

IUIv 102- 1()3v ]04v 105-,’5], Il:)'~ 152- 125v ]53) 13'.')' 15-!: 14"- )
T Dy Taay Tog Ty, Tsgs Lo Ly sy Loy, Loy, 1o, ;

Cha ¢: De ddm bao biét cia gia {ri va chiéu dong dien‘tr'ong nhanh, trén
moi canh la dang hai dong dién, mdt dong di vao nat va mot dong di ra khoi
nut do. | | |

Cac phuong trinh rang budc ¢ cac nat phu tai la (1dy nguén dién lam
diém ean béng): ‘ |

fo+1Isy — Dy + 1oy — Lo+ 13— Ty + 1y — 11, =1, =136,5 A
Tog +15: — Loy + Ieq —dpg +1og — Aoy + Iy — Iy = I, = 155 A
Jos+ 15y — Ios- 1oy — Iy Ty — Tap 4+ Ly — 13y =1, = 183 A
Lo+ Do — L+ Lo — Lot D=l + Ly — Loy [y=118 A
Lon+ i — doy + fss— Lsa+ Igs —1so + 115 — Iy = Ig =450 A
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Chu g: Khi thinh liap hé phuong ttinh rang bugc trén, & vé trai, dong
dién di vao dinh mang ddu + v dong di ra tir dinh mang ddu — (vi dong phu
tai Iy, .., I ciing di ra tur dinh nhung 0 vé phai nén thanh c6 diu +).

Gidi theo thuat toan don hinh & bu'()c 1 14y hé &n co ban la Iy, 102, I3,
104. Ios. Két qua tinh to4n & bwoc 1 duge ghi vao bang 9-1.

_ Bang 9-1
' / . ' - ) ’ Cj
He s6 &n | "Tén in g — g
co bin co bin | PhUong dn fooplgop| s p|sof(10p| 50B|75p
. lot oz | Jos |g I | Tos | T2 I3
508 . - Tot 136,5 1|0 0o |0 |0 [—-t |-t
60 B loa 155 0 | 1 0 0 0 1 0
85 B Tos 183 0 0 | 1 0 0 0 T .
80 B | log 118 0 0 1 o 1 0 0 0 |-
10 B | Tos . 45,5 0 0 0 0 1 0 [0
/ ‘ _ ‘
Za(lip) 41500 B o 1o | o | o |<<o|[<alo.

Trén bang 9 1 or cac cot I;jta ghl tén-25 4n v a 25 hé¢ s6°B L ing v&i cac dn:

Sau budoce 1 m01 A; déu co%u tri am hoiéc bang 0, nghia la loi gidi da dat
t6i wru. Vay mang co mmég la mot cay bao trim gom cac canh {01, 02, 03, 04,
05]. nghia la mat mang hinh tia, xuat phat tir nguon dién 0. Diéu ngy ciing dé
ding nhan thiv vi khi ¢6 mot ngudn cung cap, chi ¢6 mang hinh tia (khong phu
thude vao khoangm cua phu tai) moj thoa min dicu kien tai
dlé‘i’rﬂ'fﬁ"/hat nhat, nghla 12 c¢é (min Zl;l;;), vi chinh dudng tai dién gan
nhat la thdng tr nguon dé&n noi: nhdn khong di qua cac nat {r ung gian tuong tu
nhu bai toan van tal thong thu'Cmg)

Hinh 9-5 ‘ Hinh 9-6

*

Két luan ddy 6’ thé .chitng minh nhu sau: Chéng han cb mot nguon cung
cdp dién cho hai phu tai theo so do hinh lia (hmh 9-5y va so d6 ndi lién tiép
(hinh 9-6). So sanh tdng quat gia tri Z, = = Zllij cha haj phuong an nay.

béi voi phu'ong 4an néi diy trén hink 9-5 co:

_ '/Z(a) = Z/lijl\ij—-lll +12l2 .(aj».
[—)m vOi phuong an n01 day trén hinh 9-6 cé: ,
'/', - ?Z(b) =y zhjlr, s+ 1)l 4 12[12 N a (b) |

LA I .
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T bicu thire (b) ¢0 -

(b)

z) = Il + b+ ) D

ma bao viy cang co (I, + l,,) > [, nén ludn lubdn cb Z(b) > Z(a). nghia 1a khi co

mot ngudn cung cAp, mang hinh tia luon luon cho téng ton thit dién néng nho
nhat (khi dav dan (_‘un;J L1ét dlén) ‘

o két luan ray thdy rédng khi chon nhirng phuwong an c9 tong moémen
~phu tai nho nhit (2 P,l,) la chi*ddam bao Z, min. hoan toan khong khang dinh
duoce ld dani bao 161 wu chung (min 7),

Trong trwong hop mang ¢o nhiéu neuon cung c¢dp, phuong phap xac dinh
cau lrac mang (hdy theo chi tieu minZ, hoan toantuong tu nhu doi voi trudng
hop mol nguon. Hinh dang mang theo minZ, Ja hinh lia v4 dé dam bdo lién
thong s¢ ¢6 mdl s6 oat phu di nhon dién [ hal nguén dén, chang han co dang
niuw trén hinh Y-7.

Irén day la da néu cac thuat toan
xac dinh cicinang dién riéng ré& theo diéu
kién minZ, va minZ,. '

Noi-chung hai so do mang dién do .
khong trang nhau. Vi vay ldy mot trong
hai mang dién d6 déu khong dat muc tidu "
cuc tiéu ham Z,) téng. Tuy nhién viéc
Xac dinh cac cau true mang dién ng vai
minZ, va minZ., vit b6 ich va la nén tang
di tiep tuc xay dung cac thuat toan phdi
hop dé tim cdu truc-mang dién (h&) dat
muc ticu minZ. D6 la noi dung cia &ac
Hinh §-7 muc tiép theo cua chuwong nay.

9-4. BAI TOAN VAN TAl MO RONG — XAC
DINH CAU TRUOC TOI CU CUA MANG DIEN.

Ta gia thiét rdng phuoong 4n mang hd (ng voi minZ, l\hong trung vai
phuong an mang hd g voi minZ.. S&é su dung nhiing k€t qua cta bai toan
van i [xem chuong tam| vi mo rong xét phéi hop giira hai phuwong an dé. O
day goi ta bay toan vau tdl ino réng vi phuong an cudi cung ¢6 thé xuit hién
viéc chuyén tai dién nang qua cac phu tdi trung gian ma khong tryc tiép tir
nguon dién (khi yéu t6 vé vén dau tu Z, ddng keé).

Al

Trinh tuw tién hanh cac bude nhu saun:

1) lim phuong an thda man minZ., nghia la x4c dinh cay bao trum nhd
nhat caa graph mang dién | '

2y Ciidi tich (ning d6, xéc dinb gia tri dong cong sudl (hoac dong diény
di hen cac nhanh cGa mang (théa mip can bdng cong sudt tal eac difh). '

“ o
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3) Xée dinh thé vi “a &, & moi dinh, cin o vio gla tri C|J=BM clia
(n-Y) nhinh tj cb mit trong mang dién, va cac gid tri a;, a; ¥ac dmh theo:
) Ciy = a1 —a, = Bly O (9-15)

A \

trong d6 § la héng s6 da biét va li; 1a chidu dai doan ij. Theo qui wic khi
chigu dong. dié¢n trong nhanh di tir 1 dén J thi o > u; Ngoéu ra dé xac dinh n

gia tri thé vi a;; a; ta gid thift mot oy =0. | Ve [
4) Kiém tra chi tiéu t8i wu cua mang . dlen hién tai cidn c vao gia tri
Bli; cia nhirng nhanph kl?ong <6 mat & mang hién tai. o o
Phuong an 1a t6i™vru, néu ,

(s = ) = ply <0 | . (9-16)

. ' /
i‘rng véi moi nhanh chua ¢6 mit & phuong <u1 hién tai. (J()l hleu sO (a; — a, )~—
"‘BLJ—'TU T

3) Néu ton tai nhanh rs ¢o .
— Olg). — [3!,<>O nghia la 7, >0

"

* thi'can dua nhanh rs vao phuang dTl d& xét liép theo, tat nhién phai 10dl :a\\
‘'moét nhanh theo diéu kién phu'ong a0 khongtao Thanh mach vong.

+6) Xet xem nhanh rs dua vao cé lam giam gia tri ham Z tong khong, gia
thiét nhanh ij loai ra: -

Tinh gia tri luong tang (‘h; phi
\ o AZre; ='[‘A([rs ‘-: lij) — TrsPrs] \

'\

trong dé. P, ia céng suit di trén nhanh rs, ~
A(l,.s—-l.,) 1a phan tdng Iém ciia Z( khi dira nhanh rs vaQ va.loai t] ra
Tes PN la phan giam cua Z> khi dua nhanh rs vao. _
T day thay ring néu AZ,, <0 thi viéc thax nhanh ij bang nhanh' rs 1a
6 lgi."Thixr v6i moi nhahh co gld tri - T,,>(7 |

Chu y néu & moét bude cod 'nhiéu nhanh - uﬁ;, v 1’,1>0 thi chnn nhan])
' ¢6 i cuc dai dé dua vao. v

7y Dua trén cidu tric méi (co nhanh rs va bd nhanh ij Lhang han) tim
phan bd cong suit trén cac nhanh. Xac dmh gia tri thé vi cua cac dmh nghia
la qua trinh tinh toan ldp lai tir bwde 2, cho téi. khi moi y;; < 0,

Tém lai ta da xudt phat tir mang dién hé c6 tong chidu dai nhé nhit,
hiéu chinh din theo phwong huong k&t hop véi chi tiéu gidm ton Lhat dién
nang. & mbdi bubc déu kidm tra theo chi tiéu i6i wu chung la cyre titu ham 7.

AN

Fhual toan.trén day tuy c6 khéi hrong tinh tpan Lo, nhirng dwoge mo
ta theo cach «chuong trinh_hoa » nén cé thé str dung may tinh dién tir dé tim
loi gidi t6t wu. : v :

lApdung S Coe

- Ta. xét th ihl du don glan sau dﬁy NXac dinh cdu truc t8i wu cha mang
drén khi da bist gia tl},cong sudt nguon, phu tai, cdp dién a? tai dicn, khedng.

’ / »_ : f‘ Y | | ‘if - ‘ A\ 173

'



cach gitta cac nut va nhitng hé sd <khic. S6 lidy ghi trén hinh v& 9-8. Trong
dd ¢d hai nguon 1,4 cung cdp dién cho ba phuy tai 2, 3, 5. Chleu dai cac doan |
gitta cac dinh 1a km ghi canh nhanh tuvong wng. .

Khi tinh toan da-lay: =02 uyy = 0,04,
c =01 dkWh, 4 =252, nw d/km; B =66 d/km. mm?, 1 = 3000h;
U=110kV, cosgp =08

Tinh dwoc

B = 470 d/km.

Hinh 9-8 Hinh 3-9

1) Trude hel theo Lhuat loan Prim hoac Krustal ta xac dinh duwge phuong
an cay bao lram nho nhal 1ng voi cau IIUC mang di¢n thdéa min .minZy,, nhu

trén hinh 9-9,
2) Gidi tich mang dién hinh 9-9, xac dinh cong suil di trén cac nhanh, .
Co két - qua: .
P[z.: {)O\l\r\’
1’5y = 30MW
Py = MW
I)‘:') = 10.\1 \\‘
‘Chiéu cong suat dwge ghi trinh hinh 9-9,
3) Can citr vao cdc gia tri /;; cha nhanh 12, 23, 43 va 40 ta xac dinh cac.
lhe Vl oy, Ao, a\ T ge U5 : .

Co hé phuong trinh:

e ay — oy = 608
| ooy = 408

oy — x5 = 008

oy —as = 60B
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“Cho & =0 nhdn duoc' 4 = -6OB ay = ~1008; a; = —508; a5 = ~ 1108,
K&t qua duge ghi trén hinh 9-9. -

3) D6i véi moi nhanh chwa c6 mat trong hinh ‘-9, xac dinh gia tri
i Yiy = (o, — &) — Blj;

Chur y: d6i v6i cac nhanh c6 mit & hinh 9-9 thi Yy = 0. Véi'nhanh 1-5:

ta c6 [; = 70 km, vay .
Tis = (@ — 05) — 7OB = 110[3 — 70[3 = +4OB
vi vAy cin dwa nhanh 1-5 vao d& \ét & huoc sau, Véi nhanh 1-3: ta co
iy = 90 km, vay
| T3 = (a1~—a3)—90[3_. 1008 — 908 = +108
nhu vay nhanh 1-3 ciing can dua vao xél & buoc tiép theo.
E Chéng han xet nhanh 1-4; f; = 100 km, vay
| T = (23 — ag) — 100 = )0;3— 1008 = —508

nghla la khong can dwa mhanh 1-1 vao xét, ndi cach khac dwa nhanh 1-1 vao

. khong lam gidm dugc chi phi vé Z: ma nhat dinh lam ting Z; vi da xudl phat

't&r mang co6 min/,.

Tiép tuc xac dinh 7,, voi cac nhanh khac, déu nan durge gia tri <0

4) Buwa nhanh 1-5 vao xél, d¢ mang khong ¢d mach .vong ta loai nhdnh .
2-3 va c6 cdu tric mang mdéi-nhu trén hinh 9-10.

3s - 20 MW

|

Hinh 9-10l ‘ Hinh 9-11

5) Tinh gia trj AZ;; do dwa thém nhanh 1-5 vio va bot nhanh 2.3 dj:
Ale _-_=: (AIIS - Alz;,) - Tlspjs = (70—40)A — 40 . 30‘3 = —18900 < 0

nghla la dwa nhanh 1-5 vao va loal nhanh 2-3 di thi gia tri ham chi phi Z ting
mbt lrgng 4m. Do d6 phwong an mang dién hinh 9-10 t6t hon phuong an ung
‘y6i minZ; (hinh 9-9). . )
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Ti€p theo cAn xét thém vide dus thém nhnh {-3 vao va d¢ khéng tao
mach veng ta cang loai nhanh 2-3 (hink 9-11).

‘\2(‘ djnh AZ;s
\ -

IS5t
3

20 MW ‘
2 AZiz = Al — b)) = T3Py =

) d.MLv'

= (90 - 1hHA — 10. 308 =
0 ;
o = 184000 > 0. ,
p . Nhu vay phuong 4n khi thém ’
¢5Mw 50~ ~ Dhanh 1-3 va bo nhanh 2-3 thua phuong
an trug voi min Z,. I
40 Mw Vay se dung ‘phirong an hinh 9-10
5 dé tinh toan tiép lip lai tt budc 2 trd
;«ONW di. Két quad cudi cung £han dugce phurong
an t6i wru (7 = min) biéu dién tren
Hink 9-12 hinh 9-12

n-5. BAI TOAN QUI HOACH SO NGUYEY XAC DINR
CAU TRUC TOI UU CUA MANG PIEN

Trong mue nay sé trinh bav ap dyng két qua cua bai toan quy- hoach
<0 nguven hé phan cung vai vice st dung thuat toan Gomor\ [xem chucng 8]
Jd¢ ~ac Jdinh edan lru« (o1 wu ctta anang dién hi.

-Nan d¢ <lnm* dat ra mhir o muc triroce, nghia la tim cac gia tri cong suél
P, thoae [,) ditrén cac nhanh thuoe mang dién sao cho

Z — “"[Allj '_4 B[U})i‘] — min , (‘9_17)
Ta ki hleu Al',l = i, BIIJ = bij cO ||’lé I)i‘/éll (“én ham miue ticu ~ tro“g dang
7/ = Szit -
brong do
B : 0 khi P, = 0
// - ( I} . )
S 1, -+ b\ Py, khi Py f 9 18)

e dwne ve bai toan qui hoach s ngus ¢n bo phan ta thém an phy n,J vao
ham /2, nhua sau:

vai dieu kien
a 0 khe ', o0
" ! I khi 17,70
nghia Ih an nehy nhan gin tri nguyén 0, 1. y
s e nhitng rang faoe vé cac bicn n,, la qm thiet di biét cobng : u’rt
chuyeén Fai cue dar N drén m¥i nhanb ij. khi 40 cé thé dua lhom \ao cac

diéun kien ™
P, < n,V;, hodc :
PiJ - nleij < 0 ) . (9"20)
Pu day tioy rang bin iz, =teo Py = 0+ khing, = 1 ¢o Py SV

I
'

rd
[

/41| = iy, + bir} 1 (9'19)‘



Bai toan xae¢ dinh cdu tric t01 ru cua mang dién (ha) co the phit lueu
tmn;, dang bai todn qui hoach sé nguyén bd phin nhu sau.

Xac dinh gia tri [ Py} va {nij| sao cho:

Z = Z[Qijﬂij + bijpij] = min (9-21)
va thoa min nhitng rang budc sau:
EP”, =.-P| » (9_22)
J
P_ij — ﬂijNij < 0 (9-23) .
P; >0 (9-24) .
n;; la s6 nguyén (0 va 1) (9-25)

trong do P; la cong sudt tai cic nat, néu la p‘hu tdi c6 P; >0, néu nut la
nguon phit c6 P; < 0.

Bai toan qui hoach s6 nguyén bhd phan (chi cin thda man yéu ciu n;, la
s0 nguyén, cOn gia tri P;; chi cain khong. Am) trén day c6 thé gidi nho thuat
toan Gomory rhu da trinh bay ¢ chuong tam:

Tinh than chi yéu cta thuat toan Gomory la:

Trudce hét gidi bai toan theo phuohg phap thong, thuong cia qui hoach
tuyén tinh, ching han s dung thuat toin'don hinh. Néu trong loi giai t3i vu
moi gia tri cia An nj 1a nguyén thi qua trinh két thue.

Khi con mét s6 nghiém nj; chuwa nguyén, phii dua vao dleu kién phu
theo thudt todn Gomory va giai bai toan mdi theo thuat toan don, hinh d4i
ngau. Qua trinh k&t thic khi moi gia tri n;; 12 nguyén.

S 1. Ap dyng. \
Ta tré lai thi du xac dinh cdu trdc t8i wvu cia mang dién cho trén hinh

9-8 ¢Ga muc trude. |
Néu xét toi tdt cd cac nhanh &
graph hoan toan ctia mang dién thi sé

nhanh 1én toi —.I)—(n — Hn=10 vi & day

¢é 5 dinh va sé &n tdng cong vé dong
cong sudt P;; lén tai 10X 2=20 (vi trén
mdi nhanh giad thiét c¢6 hai dong cong
suit déu c6 gia tri khong am). Cung vai
20 An phuy’ - bai todn s& gdm 40 &n,
Tuy nhién dé tinh toan\d& c6ng kénh
¢6 the bd qua mot sb 2n, chang han ro
rang trong phwong 4n t4i wu cua mang
dién s& khong tén tai nhanh 1-4, ndi
truc tiép gitra hai ngudn dién rit-xa
nhau, cing nhu c6 thd loai bd nhirng
dong cong suft di tryc ti€p tir phu tai
. veé nguén‘dién, nhu Py, Py, Py, Pa, Py

. So 36 d& xac dinh cac in Py va
n;; duoce trinh bay trén hinh 9-13. ‘ Hinh 9-13
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, |
Khi d6 ham muc tiéu Z=Z (P, ny duge viel trong dang sau
Z = Qi + baPiy + apny + bi3Pis + aisiis + bisPis + anyy + basPas +
+ agpng + byuPy + anne + byPo 4+ aang + bisPys + assngs + bysPys +
+ @g3niss + bsalsy + Asaitsa + bsaPs2 + @sshss + basPas + dasnzs + busPas (9-26)

& day c6 12%n P va 12 &n n;; tdng cong l1a 24 An, nhung ta chi c6 4 rang
budc theo diéu kién can bing cong suft tai cdc nut, trong dé6 mot nit (ching
han dung nat 1) 14y lam diém cAn béng. Theo qui uéc vé d4u cta ddng cOng
sufil & moi nit, ta cod:

2O=Pu-,-P23—P25+P32+P42+P52
35=P‘3+P53+P23-—P33—P32+Pl3
43 = Py + Py + Pas

40:P45+P]‘,+P35+P25—‘P53—P52

(9-27)

Ngoai ra ta ¢6 mot sé rang bugc cua céc an n;; trong dang bt ding
thire & biéu thire (9-23) nhu sau:

P — 551 <0 -
Pr—350;,<0
Py; — 40n; <0
P23 — 351123 < 0
P32 — 20n3. g 0 7

Pu — 5506 <0 (-28)
P42 — 201’142 < 0
Py —40n; O , ' 4
P25 — 4On25<0 ]

trong d6 nhitng hé s§ dirng trude nj; la gia tri cong sudt cyuc dai phai tai qua
nhanh ij.

Chu y: Nhirng biéu thire trén day c¢6 thé viét d6i vai dong dién [ trén
cic nhanh.

Pua thém céc 4n phu vao ring budc phu (9-28) d& bién thanh ding thire
va lap hé an co ban d6i vo6i 4 phuong trinh can bang cong suit. Sir dung thuat
toan don hinh dé giai, & moi budc s& nhin duge 4 4n co ban P;; va 4 an
co ban n;, trongd6 n;; doi héi 1a s& nguyén (n;;=1ddi véi nhanh ¢6 mit
trong phuong an, n;; = 0 ang v6i nhanh khong cé mit), ,

Thay cac gia tri A, B, I;j bing s6, xiac dinh cac hé sd a;; va b;;, sau nhiéu
bude giai, thu duge két qui theo bang don hinh nhu sau. ;o

Bing 92

Pes | Pio | Pis | Py I ndy | m2 | ni5 | ngs

35 20 |. 30 10 (7/11 4/11 | 8/5 | 2/9
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Che gia Lri cOng suil Py o bdng 9-2 I lm uidi 16 wu cua hai lodn khi
chea xét d&€n diéu kién s6 nguyén ctia cac
gid tri ny, nghia 1a chi thuan tay xét vé
phuong dién chuyén tai dién ning hop U
ma chuwa xét dén didu kién xay dung mang
dién. Cu tric mang dién theo gia tri &
bing 9-2 chinh 1a mang dién c6 minZ,,
nhu trén hinh 9- 14.Khidé minZ,, =5650:103
[KW . km)

357w 20mw

| Vi cac gia tri n;; chwa nguyén (phii
+biing 1) nén cin ti€p tuc gidi nho thuat
toan Gomory,.dua thém céac diéu kién phu
vi str dung thuat todn don hinh d8i ngiu

Két qua cudi cung duoc:ghi trong
bang 9-3.

Iﬁng voi 160 giai do la kétcﬁutﬁn
‘wu eta mang dién trén hinh 9-12.

48 MW
Hinh 9-14

" Loi giai nay hoan toan phu hop voi
két qua & muc t\‘uéc, khi ap dung bai to&n van tdi mo rong- (hinh 9-12).

Bédng 9-3

Can chu ¥ rdng trén day la thi dy vé mot trudng hop don gidn ma khéi
lwong tinh toan da rdt lon: bang don hinh c6 may chuc cét va hang, phai
hang chuc budc méi duoc mpt két qua w.v... Khi sg nat téng lén, ro rang phai
viét theo ngdn ngit chuong trinh hoéa dé nhér sy giup do cta may tinh,

9.6. PAUONG PHAP CAN VA NEANH XAC PINH
cAu TRUC TOI UU GUA MANG DIEN.

Trong muc ndy s& trinh bay viec’ép‘d.ung phuong phap can va nhanh
d& xac dinh cfu tric t6i wu ciia mang dién hé, Vin dé dwge dit ra nhu sau:
Can x4c dinh cac gia tri cong suit Pi; di trén cdc nhinh ciia mang dién
t6i tru khi thiét k& sao cho ham chi phi tinh toaAn hang ndm 14 cue {ilu. ddng
thoi thda min nhitng rang budc theo didu kién can bing cdng suit & chc nit,

Ham muc tiéu. chi phi tinh toan héng‘ nim cua nhinh iy trong trudng
“hop nay co6 dang sau:

| 9-17)
a; + bijpgj khi P,j)O’ ‘ ( )

Zy =

17)



va
L= E Zi_] \z‘ Ea,-j + E b” p;‘)’ (9"18)
trong d6 a;y va b,; Ia nhirng h¢ s6 phy thudce chicu dai cac doan. [y

Nhuw da phan lich & muc 9-1 ciin xdc dinh Pj sao cho biéu thic (9-18)
dat cue tidu. Ham Z c6 thé phan ra:

L = ZI + Z:
trong do
7y = Eaij
Z,= Lb,P,
Nhu vay
mimZ > min/, + minZ, (9-19)

Ta goi minZ, = W, la gia tri b0 phan Z, cda him Z, &ng véi mang dién
c6 téng chiéu dai nhd nhit, Phuong phap xiac dinh minZ, da trinh bay &
muc 9-2.

Ta goi.minZ; = W, l1a gia tri ho phan Z, ¢ta ham Z trng voi mang dién
c6 tong moémen phu tai cue ticu. Phuong phap xiac dinh minZ, theo thuat
toan don hinh holc bai todn van tdi dd trinh bay & cac muc trude.

Nhu vay :
W =Ww1Ww, (9-20)
la gia tri cin dudi cua ham muc lieu Z cta ot phuong an bdt ky. Néi cach
khac ta khéong thé tim dwge mot phuong an co,chi phi tinh toan Z nhé hon gia
tri W. Gia'tri Z = W ng voi lrudng hup mang dién dong thoi c6 tong vin
dau tu cuc tiéu (cay bao tram nhd nhit) v tong ton thit dién ning cuc tigu
(chuyén tai di¢n ndng voi cwde phi it nhat). Voi tinh thin nay ta s€ tim thu4t
toan dé phdihop nhitng phwong an c6 minZ, va minZ, va luon ludn dé y dén
gia tri cua cgn W. .

S lwgng phwong an mang di¢n (tuy moi dé ¢ ap mang hd — cay cua
graph) ril 1on, voi mang ¢o6 n nil. {6ng s6 phuong an noi day (hé) la n"—2 Vi
vay dé giam bat khoi ler_mﬁ tinh toan ta ¢6 1thé bo qua nhirng tap hop phuong
an ma biét chic chan trong tap do khong chita phuong an téi wu. Véi tinh
than nay la tién hanh phan nhdanh: chia cac phwong dn thanh nhirng tap co
chita nhanh ij .va tap khong chira nhanh ij. 4] m01 lap trurde hét chi can tinh
gia tri can W,

bBo chinh la tinh than cba phuong phap can va nhanh (can la gia tri gidi-
han ciia minZy va minZ,. nhanh li phan nhanh cac 1oi gidi theo cac tap phwong
an, con goi la cav phuong an).

Cac bu6c chl yéu cha phuong phapcan va nhanh c¢6 thé trinh bay nhu sau:

1) DOi v&i graph hoan toan cla mang dién thiét ké, ta xac dinh W,
va W, théo phUO‘nU phip di biét, va xic dinh gia tri ctia cAn W tng véi diém
ban ddu O cua cay phuong an (xem hinh 9-15).

2) Ta di vé phia tay phdl lheo cac nhanh ¢6 chiéu dai 16n dan, nghia la
canh a ngin hon b, canh b ngan hon c.. cho dén khi ¢6 phuong an cay bao
trum nho nhit. O hinh 9-15, cdy bao tram nhd nhit gom cac canh: a.b,c,d.
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F)oinh 0,4.BC.D mo ta tdp hop cic cdy clia graph mang dién. Ching han
dinh O tng voi tap hop tit cd cac cay clia mang dién, nghia 13 tdp hgp n"-3
phuong 4an mang hd. Pinhe A ung voi tap 0

hop tdt ¢4 cic phuong.an (cdy cla graph) bit
buéc chira nhanh a va 3. nhanh bit ki khac
mién khéng tao thanh mach vong. Pinh B tng
v&itip hop. 14t ca cac cay bit.budc chira nhanh
avabuv,v.. ’

Tai dinh D ta c¢6 modt cay duy nhit (&
day la cay bao trum nhé nhAt) ta cin tinh gia
tri ham muc tiéu cla cay do.

Zop=Wip+Zyp (9-21)

Vi cac canh a. b, ¢, d tao thanh cay bao
trim nhd nhét nén Zyp = Wy = W,. Gia tri
Zyp tinh theb ti 1¢ véi tong cic tich giita cong
sudt P;; va chiéu dai ;; trén cac nhanh.

Ta lay gia tri Zp lam méc dé so sanh va
bat dau di trd lén dinh C.

3) Tu dinh C ta ré& sang trai. Khi ré Hinh 9-15
thi loaji bd nhanh via di len. & day tr C
ré sang dinh F ta loai bé nhanh d (ki hiéu d). Nhu vay dinh E tng véi tap
hop tit ca cac day bat budc chira cac nhanh a. b, ¢ va bdt budc khong chira
nhanh d. Tai dinh E ta tinh gia tri can W, tic 1a tim cay bao trim nhd nhit
cia cac cay phdi chira nhanh a, b, ¢ va. khong ch¢a d. Gia tri cdn W, & dinh
E c6 thé ldy gan dung la gia tri minZ, da tinh t d4u. RO rang Wy S minZ,,
vi ching chi bing nhau khi trong tip cdc cay & dinh E ¢6 cAy tng v6i minZ,,
do 1a trrong ‘hop-ddc biét. Nhu vay -gia tri can cla E '

WE = W]E + Wg (9-22)

So sanh gia tri Wg voi Zp. Néu Wg > Z, thi r6 rang ung voi dinh E
khong c6 phuong an téi wu, vi gia tri can. Wy da vuot Ep thi Zg > We nhat
dinh 16n hon Zp. Khi d6 ta tré vé C va ti€p tuc di lén dinh B. Trong truong
hop We < Zp ta can phéan nhanh ti€p nhu s& dé cap dén ¢ dinh F. Gia thiét

.4) Lén dén dinh B lai r& sang trai dén dinh F. Pinh F ung véi tap hop
cac cay (clia graph mang dién) chita nhanh a, b va budc khong chira nhanh ¢
(lic nay c6 thé chtra nhanh d). Ta tinh W

We =W+ W, (9-23)/
trong d6 Wi la gia tri Z; cha cdy bao trim nhd nhdt cda céc cay ¢ dinh F con
W, ldy gia tri ddu tién 3 minZ,. .

'So,sanh Wi véi Zp. Gid thiét We << Zp. | _

5) Pi tr dinh F wé phia tay phii theo huéhg cAc nhanh cé chidu dai
ting din, cho dén dinh @ng v6i mdt cay duy nhit va la cay bao trum nhé nhat
c6 didu kién (loai bé nhanh). Theo hinh 8-15 dinh I:érug véi tap hop cac phuoeng
an (cay) bufc ‘6 oic nhanh a, b, d va khéng c6 nhanh c, trong d6 chigu dai
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nhanh d lén hon b, lén hon a. Tiép tuc di dén dinly K bing cach thém nhanh
k, c6 chiéu dai k > d. Pinh K ung voi mdt cay duy nhdt gdm cac nhanh a, b,
d, k d6 chinh l1a ciy bao traum nhd nhit ¢6 dicu %kién (budée khong -¢6 nhanh ¢).
Tinh gi4 tri ham muc ticn 7, .

ZK = "V“\- -+ 72!( (9-24)

trong d6 Zk tinh ti 1& v6i tdng cac tich gia Wi Py va I cuaa cﬁy duy nhit ¢
dinh K.
Néu Zx > Zp ta vin ldy Zp lam mdc dé so sanh.
Néu Zy < Zp dung gia tri Zx lam méc méi d& so sanh & cac budc tiép sau,
Giad thiét c6 Zx < Zy. g

6) Tiép tuc tu K 1én dinh I vi ré sang (rai, dén dinh N. Dinh N 1rng
vOi tap hop eac ciy chra cac nhanh «. b, d déng thoi khong dugce chira nhanh
c¢vad k, Tinh Wy = Wiy + minZ,. Gia thié¢t Wy > Zy: & dinh N khong ¢6 phuong
an t6i vu, bt vé I va lén F.

7) Di tir F sang trai t6i dinh- P. Dinh P wng v6i tap hop cac cdy chira
cac nhanh a, b va khong chira «, d. Tinh Wp. P& don giin, & moi buée chi cin
tinh W, c6 diéu kién con W, luon luon 14y gin dang la gia tri minZ, ti. diu-
(tinh ghn dung chi lam ting cac buoc dan dén phuwong an téi wu). Gid thigt
W >2Zk.

8) Tiép tuc di lén diém A, ré sang trai dén L. Dinh L tng VO’l lap hop
tat ca cac eay c6 chira nhanh a va khong chira nhanh b. Gia thiét Wi > Zk.
bi lén dinh O. |

9) Tir O ré trai dén M. Tinh Wy. Gia thiét Wy > Zx. Hét dinh dé di
lén. Vay qua trinh ngung lai. A

Trong trurong hop ndy phwong an téi vu ung voi dinh K, nghia 12 co
cac nhanh: a, b, d, k. —

Nhu vay nho tinh thian cgn ta di khong can tinh chi tiét cho rit nhiéy
phuong 4n cé gia tri Z>Zx, ma chi tinh cu thé (dén gia tri Z) cho moét s
phuong an. -

Phuong phap can va nhanh 1a mét trong nhirng phwong phap qui hoach
toan hoc cho phép xac dinh cue tri tuvét d6i cha bai toan phi tuyén da cire tri.

Dé minh hoa cac budc cua thuat toan
trén taapdung chothi durat don gian sau day.

1. Thi dw

Co hai ngudn dién 2, 3 cung cdp cho
hai phy tai 1,4. Gia thiét da biét cong suat
cda phu tai vad nguodn, khodng cach giira cac
nut va nhitng hé s0 khac khi qui hoach. Cin
xic dinh cdytric t8i wu cla mang dién hd
‘nhim thda min muc tiéu cwe tidn ham chi
phi tinh toin bang nim Z. Nhirng s6 liéu
dwgc ghi lrong bang 9-3 va so d6 graph hoan
toan cua muug dién duoc trinb bav trén -
hinh 9-16. ' Hinh 9-16
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Trén hinh 9-16 c6: cong sudt ngudn:

P; =12 MW
hai phu tai
P, = 16 MW

h P4=4MW

LY
1

Chi&u dai ciac khodng cach:

i3 = 3km; l3; = 4km; {;; = 5km; Iy, = 6km; I3 = 8km; Ly = 10km. 7/
Gia thiét cé
aj; = 103[ij va ‘
bij = IO’lij ta ¢6 cac so llél] o bfmg 9-3°

Chir y: & day dé don gian va nham muc dich md ta thuat toan nén da
dung a;; = 10b,;, trong thyc t& thudng a; > 10b;; ching han & thi du trong muc
9-4 céb aj; = A[,j. bi; = ﬁlij ma o4 =-12500d/km con B = 470d/km, nghia 1a
an - 25b|_] - l‘

Nhu vay & thl du nay b c6 ‘gia tri kha cao, do d6 co thé du doén la
vai tro giam ton th4t dién ning sé ¢6 anh hudng nhiéu dén c4u tric téi wu
cua mang dién.

Bding 93
- Nhinh 1-3 2-3 1-2 24 3—4 1-4
L apt0™ | 73 4 5 6 8 10
bij.107* 03 | 04 0,5 0,6 0,8 1,0

Trude hét thiy ring mang dién c6 4 nut, vady s6 nhanh cha graph hoan
toan la: | ‘ l
AR

n ({1 - _ 6.
2
S8 phuong 4an ndi diy mang ho 14 n"-2? = 4% = 16.
Sau day ta s& khong xét ca 16 phuong an ma chi xét dén mot so nho

nh& thuat toan cla phuong phap cin va nhanh.

1) Xac d;nh phwong 4n c6 minZ, = Wl theo thu4t toan Prim tim cay bao
trim nhd nhédt cba graph mang dién. Két qua ghi trén hinh 9-17. Cay bao trum
nhoé nhat gom cic nhanh 1-3, 2-3 va '2-4. Cin c& vao phuong trinh cin bang
cong sudt & céc niit tinh dugc phan b6 cdng sudt tréf cac nhanh. Két qui cung
dwge ghi trén hinh 9-17. Gia tri Wy (3 + 4 4 6) 10° = 13, 108,
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2) Xac dinh phuwong an c6 minZ, = W, theo thuat {oan ‘caxa bai toan
van tai. .

0] day ta c6 hai ngudn phat a; =12 va
a; = & cung cdp dién cho hal noi nhin b, = 16;
b, = 4. Cu6c phi chuyén tai chinh la cac hé sO b;;°
(ta goi 1a ¢;y). Ta cén xac dinh gia tri cong suit Py
di tr ngudn phat ¢ dén noi nh4n j sao cho tdng
chi phi vé van tai dién ning (chinh la tdng tén
thit dién nang) trong mang la cuc tiéu, nghia la
dat minZ,.

Dung phwong phip goc tdy bic [xem
chwong tam], cua bai 1oan van tdi trong qui
hoach tuvén tinh, xac dinh dugc phuong dn
phan phdi cong suit so bo nhu trén bang 9-4.

:r‘ Trong bang 9-4 gia tri cwoce phichuyén téic,-s
ikl (chinh la hé s8 by 10-%) ghi & goc phai phia trén
Hinh 9 - 17 o tung ngan.
Bdng 9-4
2 |97 t-e | (@] 0
Yog| T 108
3 |40 39 ~0,2
—
| %
| B |os| 1o

Phuong an phan phoi cong sudt ban dau la:
Py = 12 MW Py, = AMW; Py = 4MW.
Dua vao gia tri ¢;; d-cac ngdn nhan cong sudt dé xac dinh gia tri thé vi
clia nguon va phu tai. 4 day c6 hé phuong trinh:

a'l;"i' Bl = 0y5
asz -,}" Bl = 0,3
(v &1 + ﬂ; = 0,8

trong d6 a, 1a thé vi cha ngudén 2 va B; 1a thé vi ctta phy tai 1 ¢.v...
Vi cin xac dinh 4 An: a,: a3; B;: Bs theo 3 phirong trinh trén mén
cho a; = 0. Tir day co: B
ay=0; a5 = —0,2; B = 05; py=1,0. |
Sau khi xac dinh thé vi.cla cac nut, d& kiem tra chi tidu t6i tu cué
phwong 4n can x¢t cac ngdn chua nhdn cong sudt chuyén tai, & day 12 ngan 2-4.
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Néu & moi ngin con tréng, .gia tri cude phi ¢;; > (@ + By thi phwong 4n dang
xét la t8i wu, vi néu cho nhitng ngin voi cuée phi ¢; 1én 46 nhan cong suit
chi lam ting chi phi tdng vé chuyén tai dién mang. :

Khi ¢6 ¢ij < (a; + B;) thi d& gidm chi phi vé ton thét dién ning, & budc
sau nén cho ngin d6 nhan cong sudt theo qui tic vong kin clia bai toan van tai.

Trong thi du nay cin xét ngin 2-4 06 ¢o = 0,6 ma ag -+ By = 1,0 nghia
la: ¢y << (o2 + B4). Nhur vay cin cho nhanh 2-4 nhan .céng $udt. Gig tri Py &
‘bude ti€p theo dwoc 14y 1a gia tri Pp;, & vong kin trén cic ngin 2-4; 2-1: 3-1
va J-4. Két qui: Pu =1 MW; Pgl =8 MW; P‘31 = 8 MW -rﬂm ghl irén béng ‘t)'sg

Bdng 9-5
Nhian 1 I ‘ 4 aj &
Phat _
0,5 06 i
8 1 12 0
0.3 0.8
.3 ‘
8 0 8 - 0,2
" bj 16 4 g
1. ) . \
Bj 05" 0,6

Co két qua:
ty = 0' a3 — —0,2; B] =’0,5; B4 = 0.6.

T Xét ngan 3-4. C6 C34 = 0,8 ma ay + 8; = 0,4, ngh'ia 1a Cyy >(33+ Bs). Vay
khong nén dé ‘ngdn 3-4 nhan céng suit va do do6 phucmg an chuyén tai dién
ning nhu bang 9-5 1a t6i vu theo muc tiéu cuc tiéu tOn thit trong mang (minZ,).
So 45 n6i day e¢ta mang dién hé dng voi minZ, duge vé trén hinh 9-18, gém
cac nhanh 2-1, 3-1, 2-4. Gia tri minZ, = W, la

W, = (8.0,5 4 8.0,3. + 4.0,6) 10° = 8,8.10%,
Nhu vy ta 60 ‘gié tri -gi¢i han dudi (can) ctia ham Z la:
W = 13103 +88.10° = 21,8.10°.

Tiep theo ta dting-cach phén nhanh (t'ao mot d&y chic. ‘phuong am) a8 pét
phéi hop gilta minZ, va mind,.

- 3) Bat dau tur dinh- O di vé phla tay phii theo c4c nhanh clia cfy bao
tram nhoé nhit va ?o chigu dai nkanh ting «d&n, nghia 124 gdm cac nhann 1-3, 2-3
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vi 2-1 qua cac dinh A4,B,C, (xem hinh 9-19). Tai dinh C ta c6 mot cay duy nhdt,
6 1a cdy bao trim nhé nhét ¢6 |

W]c = 13 . 103

via cAn tinh Z, cia dinh C

Zoc = b, P;;=(0,3.164 0,48 +0,6.4)10° = 10,4.103.
Nhur vdy gia tri hAm muc tiéu ctia dinh C la:

ZC = Wl(; + ch = 23.4. 103,

Gi4 tri Z; nay duoc 14y 1am mdc deé so sanh
trong nhirng buéce tiép. |

Tiép theo, ta di 1én dinh B, ré sang trai, tirc
l1a loai bo nhanh 2-4 va dén dinh D. Dinh D wng
voi tap cac cay phai chita nhanh 1-3. 2-3 va budce
khong chita nhianh 2-4. Ta cin xac dinh gia tri
can (W) cta dinh D. Gia tri Wp= Wip 4+ Wyp. _

GiA tri Wyp chinh la gia tri cia cay bao 4
traim nho nhit c6 diéu kién (co 1-3, 2-3 va khong -
¢6 2-4), d6 chinh la cay gbm cdc nhanh 1-3, 2-3 va Hinh 9-18
3-4. Do do

Win=3+44+3)10°=15. 108,

7 -

pe¢ don gidn tinh toan, &
moi dinh van dung mot gia tri
W,=minZ; = 8,8.10° (18 ra phdi tinh
lai, xac dinh cay c6 minZ, theo diéu
kién cia dinh D nhrr vay quéa trinh
gidi rit ngin mdt s6 bude, nhung viéc
tinh lai minZ, nhiéu khi phirc tap va
thoi gian tinh lai lau hon).

Vay

W ~ (15 + 8,8) 103 = 23,8.. 10%,

So sanh Wp voi Z¢. Thdy ring Wp>Z,
nén trong tip phuong an & dinh
D nhit dinh khong c6 phuong an téi
uu va vi vay khong cian ré nhanh tiép

W . 246.10° . 220.10° tir D ma tré vé dinh B vadi 1én dinh A. -
Wi e Th A ré sang trai, tac 1a loai
Hinh  9-19 bé nhanh 2-3 va dén dinh E. Xac dinh

gla tri WE :-'—WIE + “/3
Dé xac dinh Wi cdn tim cdy bao trom nhé nhit cé chira nhanh 1-3 va
buoc khong chira nhéanh 2-3. Tir graph hoan toan olla mang dién (kinh 9-16) ta
dé dang thdy cay ung voi Wyp gom cdc nhénh 1-3, 1-2 va 24 va gia tri '
Wie=(3+35+46)10°=14.10

do d6 ) .
We m (14 4+ 8,8)10% = 22,8.103,
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Vl We<Zc nén c6 thd trong tap cac cay & dinh E c6 phuwong an téi uy,
nén cin phii di ti€p vé phia phai.

~ Tu E di ti€p v& phifa phdi theo cac nhanh c6 chiéu dai ting din, qua-dinh
F va d&n G, 1tng v6i mot cay duy nhét: Can xac dinh gia trj Zg.

: Cdy duy nhét & G gébm céc nhanh,1-3, 1-2 va 2-4 ]a cdy bao trim nhé
nhit cé diéu kién, va di cé

Wig = Wig = 14. 10° cin tinh Zy.

Theo phan bég cong sudt trong'mang nay (chinh la cay c6 minZ, da xéc dinh
trén hinh 9-18) gdm cac nhanh 1-3, 1-2 va 2-4 c6

Za6 = (8.0,3 4-8.0,5 4 4,0,6) 10° = 8,8 . 10°.
Vay

Ze = (14 4 8,8) 10° = 22.8. 10,

‘Thdy ring Zs << Z¢ nén ldy gia tri Zg = 22, 8.10° lam mdc moi dé so sanh
0 cac budc tiép theéo.

Tiép tuc di l1én tir G dén dinh F va ré trai, nghia la loai b6é nhanh 2-4
dén dinh H. Dinh H wng véi tap cac cay chira nhanh 1-3, khbng chira 2-3 va

2-4."Nhu viy cdy bao trum nho nhit c6 diéu kién 0 dinh H, gdbm cac nhanh 1-3,
1-2 va 3-4 (xem hinh 9-16), va

W11{=(3+5+8)103= 16. 103,
do do o

Wi~ Wi + W = (16 + 8,8) 10° = 24 3. 10%,

Thiy ring Wy > Zc nén khong ciin r& nhanh tiép tir dinh H. Tlep tuc 1én
dinh E va ré trai, nghia la bo nhanh 1-2, dén dinh /.

Dinh I tng v&i tap cac cay chira nhanh 1-3 khong chira nhémh/ 2-3 va 1-2.
Nhu vy cdy bao trim mhoé nhit.cé diéu kién & dinh I gém cac nhanh 1-3, 2-4
va 3-4 (dva vao hinh 9-16) va

Wie (348 +6)10° = 17.10°
do do
Wi Wy Wo=(17 -+ 8,8) 10° = 25,8, 10°,

Vi W, > Zg nén trong dinh I khong c6 phuong an t6i wu va tiép tuc di
vé dinh A dé di lén dinh O va ré& trai, nghia la bd nhanh 1-3 dén dinh g,

Pinh K tng v6i tap cac cay khong®
chira nhanh 1-3 con chira 3 nhanh bat ky
khac mién khong c¢6 vong kin, Vi ta chi
quan tam trudc hét dén gia tri Wi nén
can xac dinh Wy do la gia tri cay bao
tram nhé nhidt voi diéu kién khong chira
nhanh 1-3 (xem hinh 9-16): Ta c6 cay
gdm céc nhanh 2-3, 2-1 va 2-4, do d6:

Wi = (4 4 54 6)10° = 15.10°
Wy~ Wi + W3 = (15 8,8)10° = 23,8.10°

Vi Wx>Z; nén trong dinh ciing -
' khong c6 phwong 4n t6i wu nén ta trg vé

1
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dinh .0. Do trén O khdng con dinh nao nita nén gai t'rmhnphﬁn nhénh két.
thic. Toan bd cdy edc phuong an gllu trén hinh 9-19 va «cdu itric t5i wu éta

mang dién la &ng voi dinh G gém. cac nhanh 1-3, 1-2, 2-4 durge tninly bé.y trén,
hinh 9-20,

Qua két qua tnén dﬁy thdy ring phtrong an t6i wru trung v@i cady co tﬁng»
ton thal dién ning cuc tidu. Diéu d6 thé hién muc tiéu .gidm chi phi vé tdn
that di¢n ndng déng vai tro quan trong, vi trong thi du nay céac gfé tri b;; 14y
lén nhw da Lrinh bay trudc diy va ciing da dw dodn vé mic d6 dnh hudng 16n
cia thanh phin 16n thit dién ning dén 16i gidi tSi ww vé :cdu triac ‘mang dién,

Trén day da str dung phuwong phap cdn va nhanh @& xac dinh cédu tric
téi wu cha mang dién voéi nhfrng gia thi€t don gian-héa bai toan. Khi’sé nit-
ting 1én, rd rang trén co s& thuat toan trén day cdn sy giGp do cla may*atmh

dién tir. Y,

\

9-7. KET LUAN. ;
1

Trong chuong nay di st dung méot s6 mod hinh mé rdng cua bai tt)"'t‘in{'
ui hoach tuyén tinh nhu bai toan vin 141 mé rong, bai toan qui hoach s nguyen
bd phan va phuong phiap can va nhanh d@ xac dmh cdu tric téi wu cha mang
dién voi nhirng gid thiét don gian hoa cua bai toan.

X4c dinh cdu'trac t6i vy la mot bai toan khé.va ¢6 y nghia 16n trong
qua trinh” téng hop va diéu khién hé théng néi chung.

Nhitng phwong phap trén day tuy con nhiéu nhugc diém trong viée giai
quyd&t bai toan, nhung da dong gép nhirng tiéng noi, nhitng,mé hinh nhim mod
ta bai toan xac dinh cfu triic t8i vu cua mang dién mot cach hinh thire héa va
dinh lwong héa nhitng quan hé gilta cic thanh phin cfia hé (nhuw vén diu tyr,
" ton that dién nidng). Nho nhitng mo hinh nay cac tha tuc tim 1&i giai t01 wu da
duge chuong trinh héa va thdi gian gidi duge riut ngdn dang k& nhé may, tinh
dién t&. T diy c6 thé chuln hoéa va-chwong trinh hoa cong tac thiét ké, so
bo tim cdu tria téi wu cha mang dién véi nhirng gia thiét don gian hoa.

Tuy nhién chinh do nhitng gia thiét dgn gian héa nay ma 1oi | glal nhan
tir nhitng phwong phap néu trén mang nhung nhuge diem dang ké.

Vi xufit phat tir nhitng phuong phap ciia bai toan qui hoach tuy€n tinh
va chi ¢dn et vao nhitng rang budc vé cong sudt (hodc dong dién) tai cdc nat
theo dinh luat Kirshoff I nén cdu tric mang dién c6 dang hd. Loi giai do ¢hi
thich hop voi nhl‘ing mang dién c6 nhitng phu tai cung mirc dé yéu cau thdp
vé do lin cay cung clp dién (ho loai 3) hodc khi cin ting cuong 40 tin cay thi
chi- dung dwong day kép. Ngoai ra viéc gia thiét cac nhanh trong mang dién.dén
chon tiét dién theo mat d6 kinh t& ji, trong do coi Jxe = const via dan denrhum
chi phi Zi; ¢6 quan hé tuyén tinh véi gia tri dong dién I;; trén céac nhanh '

Zn = al] + b:_]Iu

ma a;; = const va b;; = consl,-

¢

=

trong nhiéu truong hgp chwa chinh 'xac. Trong thec t€ t‘hu'eng ‘¢ac *he sﬁ *a.,

(c6 khi cd b)) phu thudc vao tiét dién day -dan, nghia la phu thudc vao Ii,.~.

nhu vay ham Z;5 co quan hé phi tuyén véi gia tri Jy;
s
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Cing nhu trong qua trinh xac dinh céc phuong an mang dién ho khong
dé cap dén gia tri tdn thit 16n nhit cia dién aAp AUp.. nhu vy c6 truong hop
vuot qua gia tri cho phép AU, va khi dé phii quan tAm dén nhirng bién phap
diéu chinh dién 4p ciing nhw dau tw phu cho mang dién.

Mot gia thi€t don-: gidn hoa lién quan dén ngay tr diu khi dit bai toan
la chi xét dén cdu tric clia mang dién dugc thiét k&€ moi hoan toin ma chua
dé cap dén trwong hop ciin xét cdu tric clia mang dién dang phat trién, hién
c6 mot bo phin dang van hanh. Truong hop nav thuéng gip trong thuc té cia
hé théng dién.

T4t nhién, nhu da trinh bay & phin mé dau cta chuong nay, nhirng loi
giai nhan dwoc ¢ day (ng voi truong hop cian biét day da thong tin ban diu
phu vi tri, d0 16n clia nguén va phu tai, cac hé s6 khi thiét ké v.v..., nghia la
bai toan dugc dat trong khung cdnh (4t dinh; ciing nhu loi giai t6i wu cla
ciu truc mang dién chi nhim thda min hai chi tiéu 1a cuc tiéu von dau tw va
cuc ticu phi tdn van hanh. Trong thyc té muén cé nhirng 1oi gidi téi wu gin
véi 1oi giai chinh xac cin dat trong khung cinh gidi bai toan téi wu da chi tiéu
cdu true caa hé trong diéu kién bat dinh.

bé khic phue nhitng nhuge didm néu trén, hién nay di c6 nhitng cong
trinh ¢6 ging giai quyét bai toan xac dinh c#u tric téi wu cta mang dién khi
gia thiét ham muc tiéu c6 quan hé phi tuyén véi dong dién cac nhanh, khi sir
dyng thém nhirng rang budc theo dinh luat Kirshoff Il vé mach vong, khi co
xét dén bo ph4an mang dién dang van hanh v.v..

Tuy nhién k&t qua con rat han ché. 4] day cdn luu y mot tinh chiit khi
str dung phuong phip mo hinh toan hoc la: Trong phiéu trudong hop nhirng cd
gang d& chi tiét héa mo hinh nhim mo ta ddi twong nghién ctru cang gin véi
thuc té lai din dén nhi€u khé khan tham chi khong nhan dwoc 1oi giai bang
con dudng gij lich. Diéu dé c¢6 nghia 1a thuong mudn Li€p can voi thue té
md tad diang ddn hién thyc thi phai vuot 1én nhirng gid thiét don gian hoa,
nhung khi d6 md hinh toan hoc duwgc st dung s& phie tap va. khong b6 thi
hiéu lvc d& nhan dugc 1oi giai va it c6 may mén giai duoc bing phuong tién
gidi tich.

Tir tinh chéitl nay trong nhiéu truong hop, & bude so bo ta st dung mod
hinh toan hoc don gian d& nhan dugc mot 1&i gidi t6i wu ban diu sau do hiéu
chinh dan theo nhirng mttc d§ phirc tap clia bai todn va diéu kién thue té.
Chéng han khi nghién ciru qui dao cia vién dan phai quan tam dén toc dd
gio, nhiét 40 khong khi, ma sat cha vién dan véi 16p khong khi va nhirng yéu
t6 bat dinh khac, nhung dé nhan 1 gidi so b ta van bing long véi mo hinh
toan hoe vé qui dao- parabol clia chdt diém chuyén déng trong chin khong (chi
¢6 tac dong cua trong luc). : :

Voi tinh than nhu vy, nhitng két qua thu dugc & chwong nay 1a bd ich,
cho phép ta xac dinh cdu tric hop li cha mang dién hé, tir d6 1oi giai sé dugc
hoan thién bing cach b6 sung nhirng thong tin pha hgp véi thuc té. Nhirng
tht tuc dan dén 1oi giai néu trong chuong nay cang té rd hiéu lyc khi s dung
may tinh cho nhirng khu vuc ma s6 phu 1di 16n nhung ¢6 tinh chét twong déi
gidng nhau (yéu céu vé do tin cay cung cdp dién khong cao)

{
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Chwong muoi

QUY HOACH PHI TUYEN AP DUNG TRONG HE THONG DIEN

10-1 M& piu.

Nhu da trinh bay & cac chwong truGe.day, bai toan qui hoach tbng qnét
c6 the phat biéu nhu sau: /-

Xac dinh gia tri clia vecto X = (%1, T20e Zo]T s20 cho théa ‘min ,cég_.
rang budc o

gi (Il' xﬂ-"" xn) = bi; ! = 1' 2"" k ‘ “9—"1)
gi(Ty, Ty, T) < hisi=k+ 1L k+ 2., m |

va dat cuc tri hAm muc tiéu sau
A Z(Il. X3yee.y Lp) - : (10-2)

trong do thudng doi hoi thém dién kién khong am clia gia tri céc An Tj, Ty Ty
hoic mot s6 4n phai la s6 nguyvén. |

Trong trudng hop néu co:

gi(.rl, T200e., Xp) = Z a;r; i = , 2....,‘m . (10-3)
i=1 ' '
va
\

n ;
Z(xy, X, Tp) = Ecj;r, (i()d)

trong d6 a;, va c; 13 nhitng hing s6 va cac x; > 0 thi ta c6 bai toan qui hoach
tuyén tinh. Con lai, nhitng bai toan qui hoach khdong thdéa man didu kién.
(10-3), (10-4) déu qui dinh thuoc dang phi tuyén. , ' d

Nhu vay 16p cic bai toan qui hoach phi tuyén rit réng, c6 thé him mue
tidu ho#ic rang budc phi tuyén, hoic ham muc tiéu biéu dién trong dang tBng
cdc ham hodc dang binh phwong.

D&i voi bai toan qui hoach phi tuyén ¢6 thd tim duge didm cuc tri dia
phuong nhung chua khing dinh duge d6 ddng thoi 1a ditm cyc tri tuyét déi.
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; Néu d6i voi bai to&n qui hoach tuyén tinh diém cuc tri i dinh cta da
giae l,bi {;iii cho phép, thi & bai toan qui hoach phi tuyén ditm cuec tri c6 thé
nim &' dinh, trén canh, hofc & bén trong mién 18i gidi cho phép. Ngoai ra néu
cac rang bude (10-1) 1a phi tuyén thi mién cho phép cia l¢i gidi s& khong 16i
[xem chwong 8] va ngoai gia tri t8i uu tuyét ddi con c6 thé ton tai nhirng diém
t3i wu cuc bo. ‘

Trong chuong nay s& trinh bay mot vai phuong phap giai bai toan qui
hoach phi tuyén, ching han phwong phap Lagrange nhu da trinh bay & churong
7 va sir dung dinh li Kuhn - Tucker trong viéc giai bai toan dang binh phwong;
tinh thin cla phwong phap gradient va 4p dung vao mét vai bai toan trong hé
thong dién.

Ta bit dau khio sat bai toan qui hoach phi tuyén bing nhirng vi dy don
gidn sau ddy béng cach gidi hinh hoc.

Vi dy 10-1. Xic dinh cac gia tri oy, ; sao cho ham muc tidu Z = (x; — 4)*+
+ (x3 —6)2 dat maxr va min d6ng thoi thdéa min

T+ 33> 1
- 2x1+3.'l'2<12
.’L’l> 0;21'2)0.

Mién 10i gidi cho phép tao thanh mot da | =,
giac 16i ABCD (hinh 10-1). Him Z ludén dwong, 6
1la phuong trinh duwdng tron tam M (4,6).

Khi z;, x; ting, ham Z ting va ban kinh
duodng trén ting lén.

Vay tir tam M v& dwuéng tron tiép xic
diu tién véi da giac ABCD tai diém E co

24 36 . e .
T = -3 VA Xy = ETY va Z dat gia tri min va K

196 ‘_///U//zll/jzlzz

bﬁng Zmin e 3 T . 6 déy cO thé nh@n .dlf(')'c i ’ 2 s Py 5 /5 f

1

:
|

1oi gidi (toa do didm E) bing cach gidi hé Hinh 10-1
phuong trinh cha hai duong thing ME va CD.

P2 tim gia tri max cia ham Z cén tim diém ti€p xuc gitta’ duong tron
tam M voi da giac ABCD khi ting ban kinh. Ham Z dat hai gia tri cuc dai dia
phuong: do 1a tai di€m A (1, 0) khi do Z(A) = 45 va tai didm D(6,0) khi d6
Z(D) = 40. Nhu vay dinh A la diém d& Z co gia tri maz tuyét déi.

2 2

Vi du 10-2. Tim gia tri x,, z; sao cho ham muc tiéu Z = x; 4 z, dat
max vd min va théa min
L TR T < 4 -z‘-—- . ~
) X + b ) > 5
s o T < 7
| ‘o | b

. '. .‘L‘;}O;x3>0.
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O day vi rang buodc co (lang phi tuyén nén mién cta cac 1oi gidi cho phép
khdéng 1a mot da gidce 168 ma gém hai phan ABCD vad KLMN nht trén hinh 10—

Vi him Z = a:l +x 1a dU()'ngtl'Ofﬂ

tam O, vy Z dat gid tri min & hai ditm
A4 va L 4,1, tai d6 Z(A) = Z(L)==
= 17. Nhu vay ham Z dat gia tri max &
hai diém D (2/3,6) c6 Z(D) = 328/9 va-M
(7,4/7) c6 Z(M) = 2417/49; trong &6 M la
diém cuc dai tuyét doi

Nhitng mo ta hinh hoc trén day

- chi thuin tién trong truong hop bai toan

¢6 khong qua 3 4n va rang bude cho

trong dang khong phirc tap. Trong truong

. hop chung cin tim 1oi gidi cia bai toan

Hinh 10-2 qui hoach phi tuyén nhd cac mo ta giai
tich. '

353

10-2. PHUONG PHAP LACRANGE VA PINH LY KUHN — TUCKER.
\

Nhu ditrinh bay & clnrong 7 bai toan qui hoach phi tuyén trong truzong
hop cac rang budc ¢6 dang ding thirc ta cé thé gidi biing phwong phap Lagrauge
Do 1a phuwong phap kinh dién x4c dinh cue tri c6 diéu kién (cuc tri vudng) clia
ham nhiéu bién khi ham d¢é lién tuc cung véi dao ham riéng bic nhdt cia né.,

Trong truong hop nay can xac dinh cac in x;, x,,... xn’sao cho ham

Z (X, Xauy..o x0) — MAX (mi"n) (10-5y
véi cac rang budc )
gi (X1, Tovonn T =0:i=1,2,.., m " (10-6)
Ham Lagrange c6 dang:

) . m -
L (x). T Ty A h hn) = Z(Z). Xo...., T,) + > Ai gi (X170 Zn)y
’ i=1
Thanh lap h¢ phuong trinh Lagrange nhw sau:

m ,
oL = 3z + > A Wi — s J=12,..,n A h
ax; dz, =1 oz - (10-7)
oL (2. T z,)=0;i =12 '
a;\ — q.l 1 Devesy \n) - s = L& I

Néu & diém X (0) = [x,(0), 22(0) ..., x, (0)] ham Z(xy, Za,..., o) dat cuc tri
tin ton tai vecto A (0) = [A;(0), AQ(O). » Am (0)] sao cho diém [, (0), x; (0),...,24(0),
A (0), Ag(0),..., 2,(0)] 14 1oi gidi cha hé (10-7). i

Vé li thuyet phucmg phap Lagrange c6 thé st dung ngay cd khi cac rang
budc trong dang bit ding thirc. Khi d6 cén dwa vao nhung An phu d% chuyérr
cac rang budc vé dang déng thie. Tuy nhién thuat toan gidi khi nay co phic ta,p
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nén thudng dung phuwong phip dua trén dinh li Kuhn — Tucker hoiic phuong
phap gradienl. Ngoai ra phuong phip Lagrange trong mqt sG treong hgp co
ing dyng han ché vi he phuong trinh (10-7) ¢6 mot §6 loi gidi.

Nhirng thi du va ap dung phuong phap Lagrange da trinh bay & chuong 7.

Vé dinh li Kuhn — Tucker trong phan mo rong phuong phap Larange ¢
chuwong 7 @3 duoc trinh bay modt vai nét chu yéu.

O day s€ nhic lai tinh thin co ban va néu viée Ap dung dinh )i nay trong
viéc kidm tra didu kién cwe tri ctia bai toan qui hoach phi tuyén va mé rong
viéc 4p dung d& gidi bai todn qui hoach binh phuong.

Dinh li Kuhn —~ Tucker déng vai tro trung tam trong li thuyét qui hoach
phi tuyén.

Gia thiét cin xac dinh [z, Ly, Tn ] 820 cho dat cue dai ham muc tiéu
Z(X,, X3,..., Ln) va thoa min céac rang budc
gi(xl: Tayesey xn)> 0; I = ].2,...,,171
Ty, Xo,...,XTp» U (10-8)
Ham Lagrange c6 dang

i . m
L(X,A) = ZX) + YA giX) (10-9)
i=1

Né&u théa man diéu kién vé diéu hoa, nghia la ton tai it nhat mot diém
X 48 c¢6 ¢i(X)>0 vOi moi i thi ta ¢c6 dinh li Kuhn — Tucker nhu sau:

Vecto X(0) chi la loi giai t6i wu cda bai toin (10-8) khi ton tai vecto
A (0) sao cho khi X(0) >0 va A(0) > 0 voi moi X >0 va A> 0taco

, L& A ©) < LX), A0)) < LX), A) ~ (10-10)
Pitm (X(0), A (0) ) con goi la diém yén ngwa cla ham L(X, A). |

Trong trudng hop cac hant Z(X) va g; (X) 1a kha vi thi bidu thae (10-10)
trong duong véidiéu 'kién Kuhn — Tucker sau day

(_‘;]: <0
AT; )X(O), A (9)
dong thoi (10-11)

2L _
x,(0) [ — - = ()
« )( AT )X(O), A0)

—

(.‘Lf_i) <0
O}\.j X(0),A(0)

A0 )(oL) =0 S\
X(0),AL0) |

AL > 0; ¢ = 1,2,.

va

10-12
déng thou ( )

OIJ Y . . Iy L 2
: 3 la gia tri dao ham riéng cua ham lagrange th
trong do (61,-))((0) A() g ! 8 grange theo xj(

va ldy 6 diem (X(0). A (0)) = (21 (0)...., 4(0), 4,i(0)....A5(0) ).
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Trude khi sir dung cac diéu kien Kuhn — Tucker ({10-11) va (1‘0 12) 4@
khio sat bai toan qui hoach binh phuong, sau déy néu mot vi du don; glﬁn ap.
dung cic diéu kién nay ¢ kiém tra diém cwe tri cha bai toan qui hoach phl tuyén, -

Vi du 10-3: Niac dinh [z, 2] sao cho

!
y

TIX), X = — :zc"]z - :c'j > INAT
va thoa mian cac rang bude
2T 4 2 2> 2
2, + X 8
T+ Ty <6
X > 0 \I2> L

Vi cac rang buoe tuyén tinh, ham Z(r) don gian, nén c6 thé tim dé‘dz‘mg
loi gidi cha bai todn bing mo ta hinh hoc. Ta nhan duge x, = 0,8: 7, = 0,4
va Z(x) = — 0,8. .

'l‘uy nhién dé kiém tra diém cuc tri [x), x,] = [0,8; 04].ta can chung
minh rdng ton tai veclu A(0) > 0 sao cho diem cuwe tri nay théa min cac dleu
kién (10-11) va (10-12).

Vi & day co 3 bat phwong trinh rang budc nén
AV = [y Aoy As]
2’ . |
Hém L(X’ A)= - xl - x§+Al(2x1+x2_2)+2\2(8'—le—x2)+}\3(6—xl—xz).
Xac dinh céc gia tri dao ham x‘iéllg: :

al. oL
-h-—::——QI]-—E}n—Aa;\ :'_2x1+?\1—)-2_?\3 !
0T, le}e o
al. oL
— =2 + x> — 2; — =8 —2x —x
ol] 1 2 OAQ ! 2
o, :6——:!:,—:!:_>.
0?\.3
Vieco zy=0,8: 2, =01 nén di u)—oi = 1) 2L =b6>0; Q—L—=48>0
| O?\.] 0?\2 OAJ
Nhu vay dé théa min diéu kién (IU-I“.Z)-:
L . 0
A0y j?\— = 031 =1,2 3 thi phii c0 Ay = 0; Ag =10
oA ‘
con A; c6 thé khiac khong. Voicaegid tri Ay, A3 nhu vay ta co:
oL
—_— D )x1+27\1‘~7\3= — 1,6—|—27\.1
A ‘
ol
AX
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L

. . : ' , T . aL
Vi T, >U0; 23>0 ma mudn thoa méan diéu kién (10-11) z(0) v = (
thi phii c6: |
al. a1,

L b o [ J )

= 0.

Tir day co A, = 0,8.
Nhu viy ton tai AT(0) =10,8; 0; 0], nghia la diem [ X(0), A0)] = [.8;
0,4; 08;0;0] théa man diéu kién Kuhn — Tucker va chinh la diém cyetri.
Chua y ring trén day khao sat diéu kién dat cwe dai-ham Z(X), trong
trudng hop cin dat cue lleu thi cac bat ding thiee & (10-11) va (10- 19) sé dao
nguogc lai.

10-3. BAI TOAN QUI HOACH BiNH PHUONG

bay la trudng hop rleng cua bai toan qui hoach- phi tuyén thuong gap
trong linh vuc kinh t&€ — ky thuat.
G bai toan qui hoach bith phwong cic rang budc la tuyén tinh c¢6 dang

n .
gi(:r.,, Ty, Tp) = 2 a;j_xj = bi; i= l, 2,,.., m (10'13)
j=1

vd him muec tiu Z trong dang t6ng clia nhitng ham tuyén tinh va binh phuwong
9 9 L
Z = ¥, + c2x2!+ . + CnTy + dﬁlxl +} d22x2 + ot dnnxlz, +
+ 2d 122 Ty + 2d23T2X s + ... + 2d, 10 Xn X, /(10-14)

Co thé viét gon bo phin bic hai cha ham 7 trong dang téng va dang
ma tran sau day:

H
M::

n
E dizx, = XT.D.X

Il
—

2,

trong d6 X 1a ma tran ¢dt n in mi dang chuyén vi X7 1a
X = [x[, Ty,..., L, ].
D la ma tran vudng cdp nXn eo cic hé s6 d;;, d6i xung qua duédng chéo
chinh, nghia 1a d;; =d,.

T day c6, thé moO td bai toan qui hoach bmh phuong trong dang m4
tran nhu sau:
Xac dinh vecto X sao cho:

maxr Z = CTX + XTDX (10-15)
va thoa min v i B
AN =B; X>0 (10-16)
trong dé fGT = [Cl’ Cayansy Cn] V
l'au Qiz .. Ay ) ‘
A="'ay ay .. G la ma tran hé. s6 cua m phuwong trinh rang budc
I. At Am2 «oo Qo

T = b, ba... L bl la veclo céclgié tri & v¢é phii cia rang budc (10-13),
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@ bas Loan Lrén day, vi rang budc 1a tuyén tinh, nghia la tap cac loi giat
cho phép la 16i vi vay néu him muc tiéu Z & (10-15) la 16i lén phia trén (hofig’
16i xudng phia dudi) thi gia tri cuc dai (ho#c cuc'tidu) dia phwong sé dong .
thoi la tuyét d6i. Nhir vy néu bo phan béc hai ciia ham Z Ja 16i thi viée tim
cire. tri sé duoc gidi quyét co két qua. | ‘ \ -

Tinh chét 156i cta dang bac hai XTDX phu thudc vao tinh chdt xic dinh
duwong, xic dinh Am, nira xdc dinh duong, am, hode khong xac dinh clia dang dé.

Dang bac hai XTDX 1a xic dinh am néu XTDX <0 véi mei X >0 trir gia
ri X = 0.

Dang bac hai la nira x4c dinh am néu X"DX < 0 voi moi X va khi. X=f=0
thi XTDOX = 0.

Dang bac hai la xac dinh dwong hodc nira xde dinh dwong khi — XTDX
lii xite dinh 4m hoiic ntra xdc dinh am.

‘Dang bac hai XTDX 1a khéng xic dinh khi n6 ¢6 gia tri dvong v6i mot
sO Lri cua A va am véi nhitng tri X khac.

De de ding nhin thay dang xdc dinh Am hoic duong, thuong ta dua dang
béc hai n dang chinh téc, trong d6 chi gobm toan nhitng s6 hang binh phitong
cha cac in x,. Chdng han bién dbi tir dang .XTI)X dén:

Z(X, Ty, T) = 2 J\x” (10-17)
)j=1

{rong Jdo xJ 1a in méi, két qua cla cdc phép blen doi tuvén tinh tir cac an x)
ban diu, A; 1a nhitng hing sé. ‘ \
Nhu vay t&r (10-17) néu moi A; > 0 ta ¢6 dang bac hai XTDX la xac dmh
duong. Néu moi A, <{0la xdc dinh &m, cén néu ¢6 A;>0: A <0 thi c6 dang
XTDX khoéng xac dinh.
Vidy ham muyc tiéu c¢6 dang:
9 5 5 -
Z(x\. T2, Ty) = -= 3T} + 20T, — T xi — ;%3 + i} X5 — —;—xz '

c6 thé sau mot s6 phép bién doi, dwa vé dang chinh tic sau:
I 2 183 .2

" LRl

xn,x’x =_3 L 2 .
trong d6 c6 nhitng bién doéi tuyén tinh sau:
/ . ‘
Xy = I
5' "
x_) = x_g -_— — x3
11
T, = x4 ~
va -
1
xl: Ty — — 1'2*}-———.13
) 12
Iy = X
Ty = Ty
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Tiép theo sit dung diéu kién Kuhn —Tucl\el (10-11) va (10-12) dé khao
sat ba1 toan qui hoach binh phuong.

Gia thi€t ham muc tiéu
Z(X) =C"X-4 X'DX la 16i
va rang buge AX = B c6 dang tuyén tinh, vi vay co thé s dung diéu kién
"Kuhn — Tucker dé xac dinh diéu kién cin va du cua loi gidi téi wu.
Ham Lagrange L(X, A) ¢6 dang ma trin sau:

LX,AN) =C"Y + X"DX + AT(B — AX) (10-18)
va phuong trinh Lagrange’
°; CT + 2DX — ATA
i (10-19)
— =B - AX
oA

Ti€p theo ta thanh lap diéu kién (10-11) cho trudng hop nay: Néu vecto
X*® la gia tri t6i vu cua baj todn qui hoach binh phuong thi phai ton tai vecto
A®, sao cho thoa min

2L _ 67 4 2nve — aTAs <O
20X ‘
va
L
X9 (22} =0
x0* (3 ) =
Ta dit vecto V* = A nhu vay V® > 0 va c6 phuong “trinh:

Cyey 2L _ ) nghia
2 X
CT 4 2DX® — ATAe - Ve =0

va -
(X" Ve =0 (10-20)
X¢e>0; Ve 0
Biéu thuce (‘10-20) chinh 1a diéu kién Kuhn — Tucker (10-11) cta bai toan
qui hoach binh phuong.
Vi cac dang budc la tuyén tinh nén ludn thoa min diéu klen (10-12) do

A . i
‘T6om lai néu ton tai X >»> 0, V> 0 va A, thdéa min diéu kién:

la A* (OL) =0 nén khong doi hoi diéu kién khong am cha gia tri A.

AX = B
2DX — ATA ;-T“//': O—CT } (10-21)

thi X la loi giai t6i wu ciia bai toan qui hoach binh phwong. Tu day thi tuc
giai bai toan qui hoach' binh phuong khi nay c6 thé tién hanh nhw sau: Dua
trén 10i glal co s& ban diu nao d6 théa min hé
. AV =B 0
21)3(-—ATA+V=-._CT£ (10-22)
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trong d6 vecta AT = [Ag, Ay Ay A ] va VT = [0q, 02y, 0] Tuép theo tién hénh
nhung bién d6i theo thuat toan don hinh nham théa min sao cho biéu Lhire
XT V gidm dan dén ‘
X"V =0
Khi d6 c¢6 X7 = [z}, 24,....%, ] 12 gid tri téi wu c%n tim. © -~
Vi duy 10-4. Xac dinh [ xy, 22] sao cho

. Zx) = 102, — & + 220, — 255 = mazx
va théa man cac rang hudc
x; + 22, < 10
T+ T 6
2> 0; >0 _
Ta dua vao cac bién phu x;, x, d8 c6 cac ding thire rang budc:
Ty + 22, + T3 = 10
Ty + X+ x4 = 6
LF1 X2 T35 122 0.
Baitoantrén day duoc dua ve dang (10-22) v&icac ma tran va vecto sau day:

- 1210];1;”:[10,6] -
1101 ,
1 100
1200 -
p=t =0 — [10, 0, 0, 0]
[ 0 0 0 0

XT =[x, %o, -3, 2] AT = (A}, A0 VT = [vy, vg, 03, 4]
Tu day loi giai co s& ban ddu dwa vao hé (10-22) c6 dang sau day:
m]+2xg+x3=!10 . '
x,—l—xz—{—x4=6 A
—2x,+2x2—7t1——7xg+01=-—10 “
2xy — 4532 — 2A — Ao 4 vy, = 0
/ - A] + U3 == 0
~ A 4+0v;=0
zi>0; j=1, 2,3 4
vi»0;i=1,2 3 4. -
Loi gidi co s& ban dau 1a:
=10, @, =6; Ay = 10; 03 = 10; v, = 10 vy = A,
Tiép theo c6 thé dung thuatl toan don hinh -hoan thién 10i gidi theo
phuwong huong nhim dat dugc

XT.Vv=0.
Két qua nhan duogc
xr = 2_3_ X Al xe 13 x 0 -
] 5 ’ 2 5 ’ 3 ’ 4=

U|=O;U2:O; p3=O£U‘=A2=-l?8.

169

khi d6 dat max Z(x) = -
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Trong mét 3 trudmg hop, dua theo diéu kién Kuhn—Tucker (10-12), thu
tuc gidi bai to4n qui hoach binh phwong c6 thé ti€n hanh theo thi tye sau day:
Trudc hét tir he rang buéc AX = B xac dinh m 4n phl_l-thu_f)c L), Toeeee Tns
Sau d6 x4c dinh sy thay d6i gia tri cia ham muc tiéu Z(zx) theo cac an doc
p Tty Tmizeen o Vi Z(x) c6 dang bac hai voi x nén cin xac dinh tri s0

L _oZ k=m+1, m42
PO . = » 1 geeey .
2 - Je M . + n
Néu moi gia tri 1z < 0 thi-hé m in da chon la t6i vu. Khi co gia
. Jo o} W ' .
. VA . X . .
tri —;— -:? > 0, nghia la néu cho xx nhan gia tri duwong thi ham Z(x) tang. Vi
k

& day xét bai toan max Z(x) nén khi d6 can'dua thém an moix; k & [(m + 1),
(m + 2),..., n] vao hé co'sé va loai mot an cii x;; [€(1, 2,..., m) ra, Qua trinh’

. » . . VA
tiép' tuc, trong ty nhu & thuat toan don hinh, cho dén khi moi 22 <0,

lofe N
Ap dung tht tuc trén day véi thi'du da xét:
Xac dinh [x, x:] sao cho | N
Z(z) = 10z, — T, + 25, — 2T, = mazx
vai cac rang bude (dd duwa an phu vao):
T + 21?’_) + Ty = 10
T+ Ty + T =6
> 0; j=1,2 3,4,
Loi giai co s& ban dau c6:
=10, 24 =6; 2, =0; 2, =0; Z(x) = 0
Vi _;_i = 5 (khi thay :ﬁl = 0: x; = 0) nén co thé lang x, dé Z(x) tdng. Can
b o i

x4c dinh pham vi cla x;, gia thiét x, van biing khong. Ta thiy:

x; sé bang khong khi x;, = 10; z, = 0 khi 2, = 6

-

vé\—1—-£=5—-x1+12-0khix1=5. ;

2 ax,

{ Tir day ta -dua vao bién tu d{) Uy =35 — Ty + x5 va lap hé an co ban
" mai, nhan dugc

) T = 5 — u + Xq

X3 D+ u — Ix,

Ty = 1 + u, — 2I2

2

Zix) = 25 4 10x; ~ x,z_,— u |

Léi giai & buoc nay la
X, =0;Ty=50:xy=1:2,=0;u, =0.

Z(x) = 2.
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Vi 6 1 ez 5 nén & budce tiép theo cin dwa x, vao hé ?m <o b?—in.-.;

X,
Khi ting gia tri x,, gia tri x; gidm. Tiép tuc xac dinh hé phmong trinh, an cg
ban mdai. Sau miy budc, ta nhan doge:

23 7 . 13 '
x,:T;xgz—g-;xﬁﬂ '-5‘-—:934=q u|=—;u2#0
va Z(:L‘):--I—G-g—
5
Vi 22 = 0, LZ-<O nén loi giai trép la téi vu.
e 2 2T,

Trong thiét ké va van hanh mang dién bai todn bu cong sudt phan khang
& cac phu tdi nhim gidm tn thdt dién ning trong hé th6ng dién c6 dang bm'
toan qui hoach binh phuong. :

Néu goi Q. la lugng cong suit cin.bu & phu tai thu i, thi chi phi tinh
“toan toéng Z, bao gém vén diu tuw cho thiét bi bu, 16n thdt dién ning trong thiét
bi bit va trén mang dién khi ddt b, co thé viél trong dang bac hai nhu sau’:

Z(Qy) = 2 CQy, + 2 Di(Qi — Qp,,)?

i=1 o .-
trong d6 Q; la cong suat phan khang cha phu tai i.
C;, D; la nhirng hing s6
Rang budc & day la tdng dung lwgng bu trong toan mang Qs
\

Zle - sz ‘

i=1
hodc dinh luat Kirshoff 1 v& cong sudt phan khang tai cac nut phu tai.
Bai toan nay c6 thé dung nhitng thd tyc.dd néu d@ giai.

10-4. PHUONG PHAP GRADIENT /

bay lJa mot trong nhirng phwong phap giai bai toan qui hoach phi tuyén,
duge st dung khi ham muc tiéu c6 dang bdt ki mién1a thda man diéu klen
kha vi va co Lh¢ ldy dao ham cac An phu thudc theo an doe lap.

Mot cach long quat c6 theé dinh nghia day la phuong phap ma huéng di
dén diém t6i wu cha ham muc tiéu trung véi hudng vecto gradient cta ham' do

’Can Iwu ¥ 1a khi c6 ham vo huéng Z(z;, x,... x,) thi gradient cua Z(:r) '
viél tat grad Z(x) = YZ(r), la mot vecto n thanh phan co dang .
v

FZ(X) = ["Z. °Z . "Z] -(10-23)
O.T] [} oP) AT, :

Str dung phwong phap gradient d2 gii bai toan qui hoach phi tuyen frong |
truong hop chung chi cho phép 1im duogc didm t6i wu cuc bo. Bi€m tdi-wu tuyét
d6i chi tim duoc khi ham muc tiéu va mién cac loi gidi cho phép déu co tmh
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chiil 16i. Ngoai ra phuwong phap gradient dura trén tha tuc lip, nghia'la tir mot
lon gidi ban ddu, qua trinh tinh toan lip din dén loi g:al téi wu, tuy nhién sy
hoi tu clia qué trinh tinh téan thwdng cham.

Tinh thin chi y&u cha phuong phip gradient c6 thé hicu nhu sau: Ta
bét dau tir moét 10d giai ban diu tuy y X(0) cha bai toan, cin xac dinh gia trj
ctia 1oi gidi & budc tiép theo X(1). Diéu quan trong la phdi xdc dinh mot hudng
S(0) & buodc diau tién do, sao cho voi gia tri A > 0 dt nho thi gia tri X(1) van
ndm trong mién loi giai cho phép, trong do

CX(1) = X(0) 4 A(0) . S(0) (10-21)
trong do S(0) Ja huong di chuyén cla loi giai sau budc diu tién, d6 chinh la

gradient ctta ham muc tiéu Z(X) & bude dau tién do, khi X(0) 1a diém & trong
mién 1&i giai cho phép, nghia la:

YA T . -
S$(0) = ¥ Z(X(0)) = [;—Ixi(O)] i=1,2.., (10-25)
X

Nhir trén da biét, ddi voi truong hop tim cyuc dai thi gradient cha ham
Z(x) s& xac dinh huong ting nhanh nhat cia ham do6. Vi vay khi dich chuyén
theo hudng d6, him Z(x) tang lén.

i Tir trén day thdy rang dén budc ldp tha & so v0i gid tri 1oi giai & bwde

(k—1) co , \
AX(k—1) = X(k) — X(h=1) = Ak=1). S(k—-1) (10-26)

] : )

Loi giai la t8i wu khi AXk) = 0.

Tfly thudc vao cach xac dinh hwéng S(k) & bude thit & ta ¢6 cac phuong
phap gradlent khic nhau. Nhirng chi Liét vé thi tuc gldl bai toan qui hoach
phi tuyén noi chung theo phuong phap gradient doc gia c6 thé tham khio &
cac tai liéu chuyén dé khac, chdng han [TK-16]. ‘

Sau day trinh bay viéc ap dung phwong phap gradient dg gxal mot bai
toan qui hoach trong hé thong dién.

Chang han cin xic dinh céc ian a1y Za,..., Iy sao cho
' - Z(x) = Z(Zy, Xu...l, Ty) = MR
\'7 ~ ~ -~ L)
va thoa man m rang budc sau, voi m < n:

g1 (X1, /x:,..... x,) = 0
g'l(xl- Lgyenen, xn) 0

Im(X1, Tageerey Typ) = 0

Trong n an trén day ta chia ra m An phu thuoc, chang han x,, 23,...., T
va (n—m) an con lai la cac in ddc lap: Tmer, Lmizseees Tpo

Trudce hét cho cac an doc lap nhirng gia tri tay y. T day ta xac dinh
duagce gia tri cua cac an phu thudc va xac dinh cac gia tri dao ham riéng cuaa
ham mauc tiéu Z(x) theo cac an dée lap:

2/(x) | LX) 0/(x)
[ g 1 -
oxm (B axm 2 i G:Cn

Néu tit ca gia tri dao ham riéng ndy déu xap xi bang khong lhl loi giai
Xy, Tae.., Tem 12 t6i wu. Néu cdc gia tri dao ham riéng do. chua bang khong thi
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phai xac dihh gia tri 161 gidi & bude tiép theo, khi d6 cin lhay ddi gia tri céc
an doc lap & bude liép dwra theo hudng nguoc gradient (vi & day tim min Z(x)).
Khi d6 gia s cua dn x; & buoc d6 duoe xac dinh theo biu thirc sau:

(' YA ) a
A.’Ui = axj

L (2]

j=m+1

(10-27)

trong d6 A la gia tri cta hude dich chuyén, duogc chon tiuy y theo cac gia tri
Ax, & buoc trude dya trén biéu thic:

n

j=m+l1
Sau khi xdc dinh duoc cac bién doc 1ap & budc mOi Tt TmizeernTn
YA '

ta ltim cdc gia tri moi cla ij = m-+1, m+2.... n va lai tiép tuc xac dinh céc

LR
bién doc lap moiv.v... Qua (rinh két thue khi moi gia tri tuyét d6i cha dao ham

rieng trég nén xap xi khong. . ¢
Theo ciac gia tri cua cac an dgc lap, nho cac rang buge ta xac dinh
{cac An phu thudc x;, xy,... Tm va xac dinh ham Z(x).
O bidu thire (10-27) d& xac dinh cac dao ham riéng clia Z(x) theo cac bién
déc lap, c6 thé dung biéu thure sau: |

Z 27\ T2\ AT .:
2y f (2

AT, =1 or; AT;

i=12..,m;j=m+1, m+2,..,n

irong do
37 chi khong ddi cac an doc lap khac
a;I'j
(31) la dao ham rieng bo phan khi cac &n ddc lap khac va moi in phu
dx :

thude déu khong doi.
Ngoai ra biéu thirc (10-29) c¢6 tinh dén khi thay doi dn doc lap Z; thi cac

bi¢n phu thudce x,; i = 1, m ciing thay doi theo dao ham 2T pe xac dinh gia .
. b6x;
tri dao ham riéng nay c¢6 thé dang h¢ m phuong lrinh luyen tinh sau :
’ m .
A _ (29 20\ 0T -
O (033_';) * E (oxi) dx; _ (10'3?)

k=1,2,.. m

, ) T - ]
trong dé —gk— 29 dinh nghia twong tu nhu véi ﬁ trén kia.
dT; A0F, AX;
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Vi-du 10-4. Xac dinh gia lfi cong sudl tac dung 'y P,..... I, cua 1 nha
may nhiét dién sao cho,cyc tiéu ham chi phi nhién liéu suu day
Z(P) = B\(Py) + By(Py) + ... + Bu(’,) = min

trong d6 Bi(Pi); i = 1,2,...., n la quan hé giira chi phi nhién liéu va cong suit

. @ nha may dién i.
-Rang budc sau day cin théa min:
gP) = P14+ Py + .+ P, — AP — Py = 0

Gia thiét Py + AP = const, coi P, la in phu thudc, la cd

dZ al,
— = €1, B3, &y, ——
aPl OP]
VA o,
- — &, €2 n- ’ \L *
LY OPZ
Gia tri 2D, : b1t .. duge xac dinh ti& phuong trinh sau:
OPI 01)2
g ( ag(ly v’ n fag(P)y” P, 0
aP1 01)1 ) al)n ) GPI
0. T day 0P = — ]
17 O'P1
. , AP, .
Tuong tu ta ¢o = — 1 v.v... vi viy c6:
GPg
2w L e vy
aP, U " ap, oo
Bat diu ta chon Wiy y gia tri cac an doc lap Py(0), Py(0),... P,_4(0) va
8Z YA

xac dinh P,(0) tr rang buoc g(P). Tiép theo xic dinh cac gia tri —; — ..
OPI OPz

Tiur day xac dinh dwoc cic s6 gia AP(0); APy(0) & budc nay theo biéu thire

(10-27):
- AP](O) _ (e — &5). h

n—1

3 (e — &)
=1

APQ(O) — (‘2 - (n)h

n—1

E (ej — ‘n)’
) =1

Tiép theo, xac dinh gia tri Py(1), [’(1) Po_iy(l) & bude 1 va gia s6
AP (1), APy(D,..., AP,_y(1). Gia tri cuc ti€u clla ham Z(x) sé dat dwoc khi moi

APi(n) ~ 0, nghla la c6 didu kién ¢ = ¢ = ... = ¥p_, = 5.
203



. ,
Day chinh 1a nguyén li cAn bing sudt ting tiéu hao nhién liéu ¢ = % |

§f i

nhdm dat téi wu phan phox cong sufit trong hé thong gém cac nha may nhlet

dlen nhr di khio sat & chuwong 7.

Trong trudong hop céac rang budce c6 dang bt déng thire, viée 4p dung
phuong phap gradient phitc tap hon, khi d6 sr dich chuyén theo hu()ng ngugc '
gradient phai dam bao théa min cic rang bude.

Ngoai phuong phap gradient, nhirng bai toan qui hoach phi tuyén trong'
hé théng dién thwong co nhirng ddc diém riéng va c6 thé st dung nhirng
phuong phap thich hop dé glal Chéing han Ap dung phuong phap cin vi nhinh

xdac dinh cdu truc t6i wu cua mang dién (chuong 9), hodc trong truong hgp
ham muc tiéw c6 dang téng cdc ham va yéu t6 thoi gian dong vai tré quan
trong thi phuong phap quy hoach dong t6 ra c6 nhiéu hiéu Iyc. Tinh thin co
bédn cia phuong phapsqui hoach dong va viéc 4p dung trong hé théng dlén
duge trinh bay trong chuong tiép theo.



\ i

Chwong mwdi mot

AP DUNG PHUONG PHAP QUI HOACH BONG
TRONG HE THONG DIEN

11-1. MO PAU, TINH THAN QUI HOACH DONG.
Qui hoach doéng la mdt phuwong phap qui hoach toan hoc nhiim tim 1&i
- giai t6f vu cia qua trinh nhiéu bude (hodic nhiéu giai doan). Tinh 1 «dong»
¢ day nhim nhidn manh vai tro thdi gian va sw xudt hién day cic quyét dinh-
trong qua trinh giai baitoan, cling nhuw thir ty cac phéptoancé y nghia quan trong.

Qua trinh khio sat dwoge chia thanh nhiéu bude, & mbdi budc ta sitr dung
mot quyét dinh. Quyét dinh & budc truwde ¢6 thé didu khién qua trinh & buadc
sau. Nhu vay quj hoach ddng tao nén mot day quyét dinh. Day quyet dinh do-
goi 1a sach lwge (hodc c6 khi la chién luge). Sach lwge thda min muce tiéu qui
dinh goi l1a sach luge t6i wu. Chi tiéu t6i wu phai thé hién do6i voi toan b
qua trinh nhiéu budec,

Sau diay dé chudn bi tim hi¢u ndéi dung co bidn cla phuong phap qui
hoach dong ta khdo sat mot thi du vé qua trinh digu khién nhigu bude.

Gia thiét cAn tim mot sach lwoe t8i wu d@& phan phdi ngudn vén ban
diau X cho mdt hé thong k xi nghiép hoat ddng trong n nam sao cho lgi nhuan
thu duoc tir k xi nghiép do sau n ndm la cuc dai.

O day ngudn v6én X ¢6 thé la nguon vat tu, sire lao dong, cong suat dit
cia dong luc v.v.. Ngoaira bai toan co6 thé xdy dung theo nhirng muc ti¢u
khac nhu chi phi vé nhién liéu la cye tidu, hiéu qua téng vé lao doéng I
cuc dai v.v... '

Sach luge 161 wu & day la bé gia tri ngudn vén diu tu cho titng nha
may ¢ mdi nim sao cho lgi nhudn tong sau n nim 12 cue dai.

Gia thiét goi X(li)lil gia tri ngyon vén dau tu cho xi nghi¢p i & diu nam j,
“trong d6 i =1, 2,.., kva j=.1,2.. n;ngoai ra thoa.man diéu kién vé can
bing nguén von & moi nam:

[‘.
E ‘\’(J'.) = \; j‘: 1, 2,..., n, (I1-1y
i=1

trong do X,-,lé ngudn von long con lqai, ddt vao-ndm jcho k xi nghiép.
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l.oi nhuan tong ¢ k xi nghiép sau n'nam ki hieu la W, glé Ari cha W
phu thudc vao nguon von ban diu X va s6 ndm hoat dong n. Co thé biéu dlén

W ola hiom ena eie gia i G j

L

Cowonn = wix®, x@ L x®) 1
\ \ 4
Day 14 bailoan dién hinh cta quihoach dong va c6 the phal biéu nhu sau:
Xac dinh tap gia tri }.\'(g)g; i=1,2..,k:j=1,2,.., nsao cho

W(X.n) = max ~ (11-3)

va thoa méan
k .
BN = X = 1,2 ath,
J ;.o
i=1 ‘
XV 0 | Coars),

trong doé bitu thire (11-3) & trudng hop miy c6 the bieu dién hing tong loi
nhuan cta n nam, nghia la

n - .
wx.n =Y WiX) - (11-6)
=1
trong d6 W, la loi nhudn cha k xi nghiép & niim j. Nhu vay ham: muc tiéu
W(X,n) co dang mot tBno dav la mot dang thuan loi khi str dung phuong phap
qui hoach dong.

O day gid thiét rdng nguon von X dua vao ndm dau tién ‘cho k xi nghlep
va hang nim khong duoc b6 sung. Khong nhlrng thé: luong ngudén von cia moi
xi nghiép qua tirng nim déu bi hao hut do sit dung dé sian xudt sinh loi nhuan,
nshia la doi voi xi nghiép i ¢o:

Am ~ \(n> S~ \(.)> S \.(;]) a1
~
LLoi gidi t6i wu & day duge xac dinh nho gidi quyét mau thuin sau day:
Thuedng i nghiép san xuit dem lai loi nhuidn nhiéu lai ¢6 1i 1é hao huyt vé
n.uon von cao (hu héng may moc, sir dung nhiéu vatl tu, thiét bi, lao dong).
Nyoai ra cin ddc biét luu y 1a loi nhuan ctia & xi nghiép pha: dat gia tri cye
duar sau n nim, ma khong phai chi xét trng nim riéng re.

Bai toan xac dinh sach luge t6i wu phan phdi nguén vén X cho k xi
nghiép san xudt trong a ndin trén day; co thé giai quyét theo hai huéng:

Hudng thie nhal. Xac dinh dong thoi bd gia [nj ‘de ham loi- nhuan a

W(W, W,..W,) dat gia tri cuc dal trong khong gian n chleu 'Ilong trudng
hop n nho cac ham W, la giai tich, kha vi, bdl toan co6 thé giai dwoe nhd .
nhirng phép tinh vi, tich phan. Xhi n 1on (ching han n = 10) bai toan da lro
nén rat phuc tap. ,

Hudng Lhir hai. Giai quyét bai toan trén day theo tirng bude. Hudng nay
cho thudt todn don gian hon, dac biél trong treong hop sé buée n (s6 giai doan,
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$6 niam) la lon. Huong nay thé hién noi dung tinh than cia phwong phap qui.
hoach dong: Viée 161 wu hoa duoc thue hién dan tang bwée, nhung phai dam
bio nhan duwogce 10i gidi 16§ wu cho ¢it n bual., DO Ly ot d'{u.' di¢mn quan trong
veé nguyén li16i wu clia qui hoach dong, nghia la trong qua trinh tim 1oi gidi
khong duoc phép nhin cue bd, tim téi wru riéng ré cho tirng bude na phai nhin
rong ra nhirng buée sau, vi trong nhiéu iruong hop mot quyét dinh dem lai
Yoi nhuin cyc dai riéng ré cho bude nay c6 th¢ dan dén hau qua tai hai cho
bige sau. Chlng nan trong thi du vé sach luoe quén li cac xi nghiép néu trén,
néu chi nhin cuc bd trong 1 nam thi d¢ dat loi nhuan t8i da, ta diu tu
toan bd ngudn von X cho xi nghiép ndo ma'sin xuit ¢O nhiéu l¢i nhuan nhél
mic du sau niam doé thi€t bi hu hoéng nhiéu gay thi¢l hai san xuidt cho nhirng
nam sau.

Theo tinh than cha phwong phap qui hoach dong-néu trén, ta thiy 6 moi
budc déu phai chon quyét dinh sao cho ddy quvét dinh con lai phai tao thanh mét
sach luge tdi wu. Po chinh Ja nguyén li t6i vu cva qui hoach dong. Nguyén li
d6 con c6 thé phat biéw nhu sau: « Mot bo phan clia sach luge t6i wu ciing la
mot sach luge téi wux». Diéu d6 phan anh quan diém hé thong khi xét t8i uvu
theo tirng budc nhu da trinh bay.

Tuy nhién ¢6 mot bude ma khi lam t3i wu ta khong can quan tam dén
twong lai, do la bugce cudil cang (bude thir n). Vi vay qua trinh qui hoach dong
dwoce tién hanh theo trinh'tuy ngwoe: tir bude cubi ciing 1én bude diu llen.

Trude hél ta qui hoLch cho budce cubi cang. Nhung khl do chua biét két
cuc cua buée trude do, nghia 1a chua biét bude (n—1) ket thace ra sao, chdng
han -trong thi du vé quan l| xi nghiép, ta chwa biét ndm thi (n~7) ngubn vdn
-con lai bao nhiéu, lgi nhuan di dat dwoc 1a bao nhiéu... Vi vay cach lam cuu
qui hoach dong la tim loi gidi to6i wu & bude n ng voi nhirng phuong an két
thiuc_khac nhau & budce (n—1). Loi gidi do duge goi la gia tri t6i wu co dicu
kién & budc n nhidm dat cyc tri ham muc tiéu & budc n (va khong quan tam
“dén trang thai clia he sau bwoc n).

Tiép tue can \a( dinh 1oi e;ml t0i uwu ¢o diéu kién & bude (n—1) rny
vai moi phuong an két thic ¢ thé cha bude (n—2) sao cho ham muc licu dat
cuc tri lrong ca hal bucce cudi (bude n—1 va n).

Tigp theo khio sat nhu vay dén bude diu tién. (' mdi bude ta tim duge
101 gidi t6i wu’co didu kien dam bio cho ci day quyél dinh Li¢p theo dén buwoc
n la 16i wu. Tha tyc d6 phan anh nguyén li toi wu da trinh bay.

Sau khi thue hi¢n xong trinh tur hgugce xdc dinh duwoc 1oi gidi (quyét
dinh) téi vu c6 diéu kién & moi bude, cin ctr vao trang thai ban dau di cho
cGa bai toan, ta tién hanh trinh ty thuan tir bude 1 dén bude n va xdc dinh day
quyét dinh t6i wu. Thuat toian cu thé. ¢ia hai trinh ty nay sé@ trinh bay & cac
muc sau.

Vé mit toan hoc, nhé viée chuyen nghlen ctru qua trinh n buéc vé tung
_buéde, phu'orng phap qui hoach dong da lam giam thua nguyén cua bai toan, tao
thuan loi dé giai. Ngoai ra nh¢ nhirng tha tuc lruy trirng mang tinh chait chuong
trinh hoa nén phuwong phapejui hoach dong dé dang thuc hién trén may tinh
dién t&r s6. Diéu do s¢ trinh bay chi ti€t & nhirng muc tiép theo,

‘
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b A4y can chi v ring vice mo th n giai doan (lrong thoi gian) cla qué
trinh ¢hi Ji qui wée, cling ¢d thé quan niém hé gdm n d6i lwong khao sal trong
mot giai doan thdh gian, liodc tdng quit 13 h¢ gom k d6i lvgng hoat dong trong
n gia) doan tho giun.

Sau day trinh bav vi¢e xay dung phuong lrinh co I)an cua phuong phap
qui hoach déng, con goi Id phuwong trinh phi€m ham Bellman 1 ~

11-2. THANH LAP PHUONG TRiINH PHIEM HAM BELLMAN

Trong muc nay st dwa trén thi du vé bai toian phan phéi nguén vén
" hoic con co dang twong tu la bai toan mua hdng [TK—21] dé thanh lap phwong
trinh phién ham Bellman, mé ti th(tuc clia qui hoach ddng.

Gid thiét ta dau twv ngudn vén ban diu X, vao moét xi nghiép dé san
xudl hai mat hang A va B. Qua trinh khao sat la n nim. Viao dau nim thi
nhat ngudn vén tong X, duoc phan lam hai phan: x; d& sin xuft m3t hang A
va (N, — x)) dé sidn xuit mnat hang B.

Sau nam dfu mat hang A mang lai cho xi nghiép mét loi nhuén theo quan
hé g(x)). miat haing B mang lai loi nhuin A(X, — x)).

Pé san xuit cac mat hang, nguén von déu bi hao h‘ut Gia tlnet sau nam
diu san vuidl mat hang 4, nguén vén x; con: o

T, = ax; trong do 0 <<a <1, \ ~
ddi voi mat hang B nguén von con:
. ' , ; :
N — 2, =b(X, — ) trong d6 0 < b << 1.

Ngudn vén x, va X, — x, tié€p tyc dau tw vao nim thi hai dd sin xuft
mat hang A va B. Qua trinh tiép dién trong n nim.

Gia tri ban dau X, ciing nhu s6 nim n da biét. Do c¢6 sy khéac nhau giita
cac gia (1 g(x), X, — x,), a, b nén xuit hién yéu chu tim sy phan phéi tdi
wu ngudn von X, trong tirng nidm sao cho téng lgi nhuan clia xi nghiép sau n
nam la cuc dai.

1. Cach 44t bai todn mot ciach ¢d dién.

Bai toan phan phdi nguon von trén day co6 thé phat biéu mét cach ¢d
dién nhu sau;:

Can xdc dinh cac gia tri xy, Z,.... T, 12 luong ngudén vén diu tu d& san
xudl mat hang 4 ¢ nam thor nhét. thi hai,... th n, sao cho tong lgi nhuan
cha xi nghi¢p khi sdn xudt hai mil hang 4 va B sau n nam la cyc dai, nghia la:

Wiz, @y o) = g(x) + (X~ 20) + g(x0) + WX, — x0) + e

4+ gx,) + (N, - x,) = max (11-8)
Trong do 0o, <N, i=1 2% n (11-9)
va A
X, da cho
N; = ax, + b\, — x)) (11-10)
o |

\n = X, + b(\n 1 — Xug)
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Bai toan chuy&n thanh yéu cin x4c dinh didm cue daicia ham W(z,,
-f!,:-. Zx,) lrong khfmg gian n chiéu voi cac rang bude dang (11-9) va (1 1-10)

Trong ‘rudong hop n nhé loi gidi c6 thé nhan duoc bang phcp tinh vi
phan. Tuy nhién cin than trong vé mot sé truong hop cue dai c6 thé nim &
bién cla rang buédc, ngodi ra khi.n 1én, ching han n>>'10, bai toan trd nén
rdt-phirc tap. Khong nhirng thé, cach giai bai toan nhu vay cho qua nhiéu thong
tin khong céan thiét, vi khi da bi€t X, va a chi can xac dinh x; nhu la ham cua
Xy va n,nhu vay bai todn duwgc giai hoan toan, va suy ra x;, Z;,.... &n. Theo
y d6 ta c6 thé dit bai toan mot cach méi, theo tinh than .qui hoach ddng.

2, Cach dit bai toan theo tinh than qui hoach dong.

Dé don gian ta gid thiét cac ham lgi nhuan g(x,) va h(X, — x,) chi phu
thude vao luong von dau tu viao ddu pdm thér i la x; va (X; — x) ma khong
thay doi theo thoi. gian, nghia 1a dang ham g(xi) vu h(X; — x,) doc lap voi
thoi gian. o

Nho sach lrge t6i wu phan phdi ngudn vén, loi nhuan cha xi llghiép sau
n nim san xudt midt hang A va B dat gia tri cuc daif,(X) la ham cha ngudn
vén ban diu X; va s6 nim n khdo st.

.Néu qud trinh sdn xudt clGa xi nghiép chi'dién ra trong mnl nam thi loi
nhuan cyc dai fi(X,) ¢6 dang

fuXy = maz {gx) + (X — x))) (11-11)
0 << 2 < X,

trong d6 fi(Xy) la gi4 tri cyc dai cua loi nhuan khi s6 nam khao satn =1 va
s6 ngudn voén dit vao ndm diu tién 14 X,

Biéu thirc (11-11) cho ta cach xac dinh gia tri fi(Xy) nhu sau: cho x, nhan
cac gia tri khac nhau tx 0 dén X, tinh g(x)) va A(X, — x)) sau do xac dinh
f1(Xy). Tir day thdy rang néuchi xét qua trinh san xuit | nam, néu g(x;) > (X, —-x;)
thi toan bo X; diu tw dé san xudt mat hang A, mic du sau mot nam lrong X,
do sé& bi hao hut nhiéu (gia thiét a > b) nhung diéu 46 ta khong quan tam.

Bay gio khao sat qué trinh chi. hong ndm (khong phai hai nim diu cla
qua trinh nhiéu nam), nghia 12 n = 2. Khi d6, sau nam th&r nhdt nguon vén
diau tu d¢ sian xuit mat hang A Irong niam thw hai la:

X = ax,

déi voi mat hang B ¢6 (X2—x2) = (X1 —x0).

Theo nguyen li tdi wu cta qui hoach dong thi du cho nam diu phan phéi
X, thé nao, thi s0 von con lai 1a X, = ax, + b(X;—x)) ciing phai phan phdi toi
uu trong nhung ndm con lai, & day 1a 1 nam con lai. Vi vay loi nhuai thu
duoc & nam thi hai v6i s6 von X, phai dat cuc dai, bang fuX,)

fi(X2) = filazx + (X, — z,)] (11-12)

trong do fy(X2) la lgi nhuan cyc dai cla 1 ndm cudi clia qua trinh n=2 nim.

Ttr day c6 thé viét bidu thwre loi nhudn cye dai cha xi nghiép trong qua
trinh san xuidt n =2 nam.

f2Xy) = max_ [gx)+ h(X, - x) + f1(X2)} (11-13)
0SS X ‘
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Hoéc
fuXn = max |g(x, 4+ h(X;—%) + max () + h(Xz-Nxz)]l (11 14)
B QTIS X I X2

trong do
r: = ax;
X, — Ta = b\, — X3).

ay giér ta khio sat lnrc‘mg hop tong quat. xi nghiép cin xay dung saoch
Lirge phan phéi téi vu nguon vén X; trong qua trinh n ndm,

(iii thiét qua trinh chia lam hai giai doan: nim diu tien va (n—l) nim
con lai. Khi 46 loi nhuin téng clia xi nghiép sau n nim bang tong -hai khoan
loi nhuin: Khoan loti nhudn nam dau tién do nguon von X géy nen

g(@) + X — x)
va khodn lgi nhiuan cua (n- 1) ndm sau tao nén bdi ngudén von con lai sau nz’mi
thr nhat 1a Xy = axy —{—b(\l—x,)

Theo nguvén Ii t&i wu cta' qui hoach dong. di & ndm thir nhit gia (ri
ay; duwoe chon thé nao, thi s6 von con lai X, = axy + (X, — x)) cliing cin phai
phan phoi téi wu sudt trong (n—1) nim con lai dé nhdan duge gia tri lgi nhuan -
cuc dai f,_1(X3). Vi vay dé cho tong loi nhuan sau n niim la eywc dai ean xac |

dinh z, sao clio dat cuc dai phiém ham sau day: = ~
W*.,(:C,. 1\1) = [g(a:])-{*h(}(l — xl).+fn‘l('\’2) ’ =>ma;\' Sy (11'15)
Dat fo(Xy) = max W (z;. X)). b

ta c6 phuong trinh phiém ham Bellman, xac dinh thd tuc phan phéi téi twu
trong qua trinh n budc nhu san: -

fa(X1) = 1max !g(xl) + h(X) — 1)+ o [axl + b(X, - xr)” " (11-16)
0L 1L Xa ‘

, :
trong d6 fu(X)) la gid tri cwe dai ciua loi nhuén trong n ndm khi nguon von

tong dat vao ndm dau la X,

foalax, + b(Xy — :z:,)] f,, . (Xy) la giatri cue dai loi nhuan cga (n — l)
niim con lai khi ngudén von lono diat vao la X, (it nAm thir hai).

Phuong trinh phi€ém ham Bellman dang (11-16) c6 trng dung rong rai va
hiéu luc trong nhiéu linh vye qui hoach cac hé thong phire tap, dic biét khi so
buéc n 1on, thit tuc xac dinh z,, x4, ..., , dwoc chwong trinh hoa vél thue
hién trén may tinh dién ti.

“Phuong frinh (11-16) cé tinh chit truy trirng vi gia tri f(\,) xac divh -
thong qua f,_;(X3), lrong dé lai c6:

fn_l X?): max '(I(Iﬁ)“* h(")-wxﬁ)‘*'[_y [Gr')-i-b()()—x_g)” (11 ll)

0 1o < X2
vA tiép tuc tinh cho dé&n fi(X,), la gia tri cwe dai cda loi nhuan ! nim cubj
cing khi von ddu tv la X,. Gia tri fy(X,) duoc tinh truwdce tién.

O day
fitXe) = maxr  {g(ay) + (X, — )} (11-18)
Ogmn <Xﬁ ’
trong do: g _ e
xnzaxn_;; (4\ - X, = b a— X5 1) ' s
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11-8. A pync. D minh hoa thi tuc x4c dinh sdch luwge t6i wu theo
phurong trinh phiém ham Bellman ta xél hai thi du don _gién sau day:

‘ THI Dy 11-1. Van s& dung bai loan phan phéi ngudn vén (thiét biy X, cho
X1 nghi¢p sin xudt hai mit hang. Gia thiét hang nim mit hang A cho lgi nhudn
gx)=2;i=1, 2, 3; mat haing B cho lgi nhuin h(X; —z) =~ 2(X; — z)%
t=1, 2, 3. Sau mbi nim do hao mon, ngudn vén x; thanh xz;,=ax; véi a=0,75,
nguon (X; — x;) thanh (X;y1 — xiyy) = (X, — x;) v6i b = 0,30. Xét qua trinh san
xudt trong 3 nim. Cin xac dinh x; va ttr ddy c6 Zj, x;, X1 — 21, X3 — X, X313
sao cho lgi nhuin cla xi nghiép sau 3 nam dat cuc dai.

Nhu trén da trinh bay, qua trinh gidi duoc bit diu tr nam cudi cung, O
day la nim thi ba.

Ta xac dinh loi giai t61 wu co diéu kién cua nim thi 3, nghia la xac
dinh gia tri ngudén vén diu tu x; cho san xuidt mit hang 4 ¢ nam tha 3 khi
gid thiét ring tong s6 vdn con lai sau 2 nam la X; va phai dat lgi nhuan cuc
dai trong nam tha ba la fi(X,). 4} day c6:

fi(Xs) =  mar {z? 4+ 2X;— z3)°]
0< o3 <{Xs O

Vi cac ham g(xi) va h(X;— xi) kha vi nén c6 thé s dung cac phép tinh
vi phan.

Can xac dinh z; dé dat max fi(X5).

Cé afl(XS) =2:c3 _ 4(X3-—-x3) = 0 tir day
a3
2
X = -g' X5
3 .
vi hXa) g0

dx2
3

Hinh 11-1

nén gia tri x3 = -g- X3 ung voi cuc tiéu ctia ham

1(X3). Nhur vay ham fi(X;) dat cuc dai & cac gid tri bién ctia x; trong khoang
0 va.X; (xem hinh 11-1).

Véi 3= 0 co fi(Xy) = 2X3

Véi x; = X5 ¢o fu(Xy) = Xi- Vay\lai giai t6i wu la 2y, = 0, nghia la &
nam thir ba, hoan toan khong ddu tw von dé sin xudt miat hang A ma {4t ca
vén X, d& san xuit mit hang B. Pidu d6 dé hiéu vi loi nhuin do mit hang B
dem lai gdp ddi do A dem lai. Tuy nhién ti 1¢ hao moén vén khi sén xnit B rit
16n (70%) nhung vila ndmcudi nén ta khong quan tam dén nhitng nam ti€p nira.

Tiép theo ta xac dinh 1&i gidi t6i vu ¢ diéu kién & ndm thi hai sao
cho loi nhuan dat cuc dai trong cd hai ndm cudi (tht hai va thit ba). Loi

211



nhuén cye dai trong hai nim cudi fy(X,) khi ngudn vén dat vao nim thir hai
la Xy co dang:

f2(Xy) = niax xq + 2Ny —x)2 4 [i(X3)
0 rosL X2 - ’

mi & teén di tinh diwoc fi(X5) = 2X;
trong do
\i= 254 (Ng — a0 = a2 + b(Xy— 20) = 0,7525 + 0,3(X> — &) !
Thay gia 1ri fi(X;) vao ham fx(Xy), ta nhan dwoc mot da thirc bac 2 can
tim cwe dai: : ,
Ham fi(X,) ciing la mét parabol 16m va co gia tri cye dai ¢ bién (luono
tu hinh 11-1). Giai ra nhan dwoc:

Véi z, = 0 ¢6 [u Ny = 208X

. R —_—

V&i Xar = 4\3 cO /3(/\3) = 2,12:)/\0
Nhv vav d¢ dam bdo sach lvoe téi wu ¢ho ¢d hai ndm cudi thi & nam thi haj
loan bho nguon von - cung diing dé sin xual mat hang B. Khi d6 lgi nhuan
cire dat cua ca hai nam cudi la: |

fo(\) = 2.18‘\’,, khi lugng von con lai sau nam dau la \,.

Tiép theo la xac dinh l&i gidi oi wu o diéu kién cho ndm dau tién sao
cho dat cue dai loi nhuan trong ¢a ba nam va cé gia tri f4(X)), ing voinguon
vOn dau tu vao nam tha nhat la X,

f3(X)) = max T+ 2N — xy)2 + f2(X)
0 x1 <L X1
ma da tinh duoc
fo(X0) = 2.18X2 = 2,18[ 0,752 4 0,3(X) — xp T

Thay gia tri fo(X2) vao ham f3) dé khao sat cuwe dai. Twong tv nhu
hai truéng hop trén, ham f3(X)) la mot parabol 16m, gia tri cuc dai dat & bién
(x;, =1 va x, = Yl)

O day: voi 2 = 0 ¢6 fi(X)) = 2,20Xf
vl X, == X[ coO f]_(X]) = 2,23X2

Vav dé dam bao ¢6 sich luoc 16i wu phan phéi nguon vén tnong J nim
thi trong nam thir nhat phdi ¢6 o, = \,, nghia la tcan bd ngudén von diang dé
san xuiat mat hang A. Loi nhuin cire dai sau 3 ndm cha xi nghiép la

f2(X) = 2.23)(3

Tom lai khi cho nguén vén ban dau X, ta da nhan dugc sach luk_rc,t(ii}
wu gém mot diy quyét dinh nhu sau:
:x:,=X1; :Cg::(): :1:3=0

va f3(Xy) = 2.23){11a
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Qua thi du trén day cin chi v miy diém sau day:

1) Trép day chi khiao sat qua trinh sin xuét 14 3 niim. Khi s0 nam khio
sat la n(n> 3)’ ma nhirng s6 liéu cia bai toan g(xi), (X, — xi), a. b nhu ci
thi cé thé suy ra duge sach lwoe t6i wvu nhw sau:

Hai nim cuéi cung toan bd vOn dung dé san xudt mit hang B, con
nim dau cho dén .nim tht (n — 3) toin bd von dung dé san xuidt mit hang A.

2) Két qua cla thi du trén day la nhirng trwong hop diic biét, & moi
budc toan bd ngudn hoidc cho déi tueng A hoiic cho B. Thuc té thuwong gip
trudong hgp & mdi buode ca hai déi tuong A va B déu nhian ngudn von, diéu
d6 ang voi trudng hop ham fo(Xy); [fo_i(X2)... la nhitng da thac dat cue dai
véi gia tri x; trong khoang

0 < x < Xj.

3) Trong thi du trén cic ham g(xi) va f(X; — x,) déu giai tich-va kha yi
nén st dung duoc nhing phép tinh vi phan. 0] day viée tim cwe tri trong
khong glan 3 chiéu (x1, 23, a3). nho tinh than cia phuong phap qui hoach dong
da chuyén vé tim cuc tri trong khdng gian 1 chicu (mot thir nguyén) trong
ting budc. '

N

Viéc giam sé thir nguyén nho phwong phidp quy hoach dong con co the
ap dung d@ gidi bai toan qui hoach phi tuyén, khi ham muc tiéu c6 dang tong.
Trong truwang hop nay n dwoc quan niém la nhing d6i tuong (nhitng in) ma
viéc xac dinh t8i wu trong mét bude cho n d6i tuong sé chuyén thanh téi uu
theo n bude ma & moi-budec ham mue fiéu chi phu thude mot ddi twong. Dé
minh hoa ta xét thi du sau day. ‘

THi DU 11-2. Xac dinh gia tri |z, a1, 2, 'sao cho
F(xy, 22 x3) = xf + Qxi + xi = min
va thoa mam
T+ %+ x5=9
T, >0: =1, 2, 3.
Ta ki hiéu |
min F(z,, 1., x3) = f3(X3)
trong do f; thé hién can tim cuc licu theo 3 d01 tuong (x,, X, x3) Xy 1A
ngudén vén cin phan /phél cho ba doi tuwong trén. O day
X; =9 ==z 4+ x, + x3.
Ta goi ngudn vén cin phan phdi cho hai déi tugng x, va x, la X, khi dé -

X, = X3 — x3,
ngudn von cin phan cho déi tuong x; la X,, khi d6
* X1 = Xz — Xy.

Nhu vay véi tinh thin clia phuong trinh phi€ém him Bellman, véi nguén
*vén X; phan cho ba ddi twong z1, x,, @3 sao cho chi phi (vi cin x4c dinh cuc
ticu) dat gia tri cwe tidu va bidng £3(X;). Ta viét dugc (bit dau ta x3):

X,) = min} % + 2z :czf = min x2 X. —
f3(X3) 1+ 2+ ) 0cmy < X, 1 3"f'fz( 3 :1:3)
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trong d6 fu(X; — =x3) la chi phi cuc ti€u khi phan ph6i lwong ngudn con I_ai
(X3 — ;) cho hai déi tugng x, va x,. Biéu thire [+(Xg) trén day thé hién nguyén
li t6i wu cliia qui hoach déng, nghia la dit cho x; nhan bao nhiéu thi s6 nguon
con lai cling phai phan phdi téi wu cho hai déi twong ., x;. o

Trong trudug hop nay co
‘fg(x;g — X3) :f2 (Xg) = min

xf—f— 21’3‘ vOi T, + Ty = X2.

Twong tu nhu trén, phan nguén X, cho xy va % sao cho dat fz(Xz).
Viét duogc

fg (X'z)— ml(l 21’2+f1 (\0 — X9) ‘
0QT2 X2

ma X, — x3 = X;; ham f, (X,) c6 dang X1 , vi vay ta viét duac
frXo = min 422 + G-zt |
DL X2

Ham f; (X)) chi phu thudc an z,. Dung phép tinh vi phin x4c dinh cuc
tri, co ' o

afz (XZ) = 4:1:2 — 2 (Xg — X)) = 0
F Jo 2 T

| S ]

X 2
Ty = s [2(Xa) = 3 X

Vi agf2 (Xﬁ)

2
dx,

-

= 6>0 nén f,(X,) dat gi4 tri cuc _ti°éu vOi T, = -’-(3—2 ,nghiala x; nﬁan

-;—]uqng nguodn X, con x, nhan % X3 Nhu vay x; = 2z,.
Tiép theo ta xéc dinh

fs(Xs) = min ,x§+f3’(Xn)§
023 X3

Thay f2(X,) bang gia tri vira tim dwoc f,(X,) = 13 , Xg, ma Xo==(X;—Ts)
vy ¢p: -

fs(X3) = min
0 xa X3

(Giai tweng ty nhur trén, nhan duoc két qua

x +—(X3 xs)zf

2 18
Xy = 5 Xy va f3(Xy) = —-S—Xs-
Thay gia tri Xz =9 ta co:

Ia=-}5§— X,é:Q—-z,___..g?_
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do d6

1 . \ 7
x2=—-x2: -E_'VQT!::’EI—__(J_ 18
3 6 ' 5 H
T day cé 1oi giai cla bai toan qui hoach phi tuyén nhu sau:
18 9 18

|

min F (x|, T,, 23) =

-

Qua thi du don gian trén, ta cin luu y mot s6 didm sau day:

1) Trong truong hop ham mue tieu khéng c6 dang (ong thi du la ham
16i (c6 cuc tri tuyét déi) bai toan ciing’sé trd nén phirc tap nhicu.

2) Trong trudong hop s6 rang budc v8 mdi quan hé gita cic doi tuong
Ty, Tp. X t&ng lén, viée gidi ciing tré nén kha phuc tap, ma it dung dugc phuong
phap qui hoach ddng.

3) Quy hoach déng phat huy hi¢u luwe khi ham muc ticu la dang tOng,
c6 thé chi la nhirng bang s6 liéu thong ké (khdng cin cho trong dang gidi tich),
nhirng rang budc gita chc ddi- tuong la tuyén tinh va sach luoe tdi wu can
xac dinh trong qua trinh gém nhiéu giai doan.-

4y Thi du don giin trén diy chi nhim mod td kha ning st dung phuong
phap qui hoach dong de gidi bai toan qui hoach phi tuyén. Thuc ra trong
truong hop nay co6 thé dung phuong phap Lagrange gidi don gian hon nhu sau:

Xay dung ham Lagrange [xem chuong 7]
L(x) = x? +2x§+$§ L A@ + 22+ T3 — 9)

Xét dao mam L(:c) theo xi, 3, T3 cO:

AL (x) — 2 £ A =0
I )

L@ _ 4 ia=o0
ox, -

L) _ 9y i a=0
0 Iy

Tir hé théng phuong trinh nay giai ra duoec:
Ty = 273 = T3,
K&t hop v6i phuong trinh rang bube
i+ % +T3=19

Nhan duwoc:
11+%+$|=9
do do:
S U I
i ’._5'3 | 5
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L a?
va min E(x) = x‘]? + 2x7 |- xz = 1_2?_ (cO -ﬂfl > 0)
- ' 2

, \ 3T
N\ 1
Két qua hoan toan nhu did nhan duge khi st dung ‘phuong phip qui
hoach dong ma qua trinh giai don gian hon rdt nhiéu (do ham myuc tiéu cho
trong dang giai tich, lién tuc va kha vi). Tuy nhién khi ham muc tleu co dang
téng nhung mang nhiéu dic diém thi ta s& thdy phwong phdp qui hoach d6ng
rat ¢o6 hieu luc. D6 1a ndi dung cua muc tiép theo.

11-4 PHUONG PHAP QUI HOACH PONCc KHI HAM MUC T1EU CO DANG TONG.

Nhur trén da dé cap 16i. trong thwe té, nhiéu treong hop ham mue tiéu
duoc biéu dién trong dang da thire, 13 tong ctiia nhiéu thinh phin. Chdng han
loi nhuan cda- xi nghiép trong n nim bing tong loi nhuan cic ndm; chi phi .
nhién liéu dé sdn xudt dién niang cla toan hé théng bing tong chi phi nhién
liéu ctia cac nha may dién cung lam viée trong hé¢ théng Vv, -

Baii toan dit ra 1a xac dinh sich luge t8i wu dé phan phdi ngudn v6n\
X cho n d6i tuong sao cho loi nhuan la cuc dai ho#ic ton that 1a cue tidu, tir
day dan dén bai toan tim cuc dai hodc cue ticu.

Thong thudéng gia Lri lpi nhuan hodc 18n thit cta cac d6i tvong déu duge
do bing don vi chung va cung hoidc khac don vi v6i nguén von.

Vi bai toan tim cue dai c6 thé chuvén vé bai toan tim cue tidu va nguge
lai, nén & day chi dé cap dén ham loi nhuan (thu nhap) cia qua trinh phan
phéi ngudn von.

bé don gian, gia thiét viée phan ph6i c¢hi ti€n hanh trong mot giai doan
nhu vay bai toan duge phat biéu nhu sau:

Xac dinh x1 Zs,.... X, sao cho

W (2. £2) = g1(®1) + 92(22) + ... + ga(xn) = Inazx (11-18)
ddng thoi thoa man rang budc ‘ |
Tt Tt o ® =X (11-19y

va
x,>0:i=12,..,n (11-20)

trong d6 g, (x;); i = L2..., n la ham loi nhuan do diu tu 'nguén vén z; vao
461 tuong .

O day gia thiét rang loi nhuin thu dwoc tir mdi déi twong khéng phu
thuée vao gia tri nguén von dau tu cho déi twong khac, nghia la gi(x;) chi la
ham cha bién =z, I\goai ra cfmg cO gid thiét vé c()ng tinh cta ham W(zy..., x,,). :
nghia la loi nhuan téng bidng tong loi nhuan cha cac déi tuong. L

Bai toan trén day c6 thé gidi dé dang nho cdc phuong phap gidi tich cd
dién nhw phwong phap Lagrange, khi c&c ham y(x;) la lién tuc, kha vi va
khong c6 dang dic biét.

Chéng han st dung phwong phap Lagrange gidi bai toan trén, ta thanh
lap ham Lagrange

L(Zpns Ta) = g(ZT) + o + Go(Fo) + A (&1 + o0 + To —X) (11-21)
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Liy cic'dao hiam cla Lix...., x,). theo @i, i = 1,2,....n cho tri¢t tieu, Juoc
h¢ phurong trinh llagrange:

Gl@y+A=0;i=12. n (11-22

Két hop hé phuong trinh (11-22) v6i rang bude (11-19) giai du'm cac Uid
tri x; va cuc tri cia ham W(xy,.... ,).

bé minh hoa thu4t toan d6 ta khio sat thi du sau:
Xac dinh 2, x,.... ©, sao cho
W(zi..... ) = ala:f + aga:f +.. + a,,x';f = [ 1]

va théa min rang bnoc

Tir hé (11-14) co
2ax, +A=0;i=12,...,n

két hgp v6i diéu kién rang buodc ta co

_')n: Ay

; QGi

“Tu day rut gia tri A va x4c dinh duoc cac gia tri téi wu. 8 day Ia
0" W(Z. x2... Tn)

min W(xy,..., T,) vi > {.

*)
oX"
1

X
2a; E —_
i=1

Trd lai thi du bang s6 & cudi muc 11-3, co

I =

Wiz, x., x3) = :x:fl)‘ -+ 2:::?: - .rf“:

o +x+x=19

thavay = 1,a; = 2, ay= 1: X =9 nhan ngay Jduoe két qua nhy cir:
18 9 i8
T, = ;T = S
5 D )

Twr day thdly rang voi nhitng bai todn don gign uhuw trén ¢6 thé dung cac
phuong phap gidi tich ¢6 dién d& gidi. Nhung trong nhing bai toan kinh té
va k¥ thuat rdt nhiéu traong hop cac ham gi(x;) khong lién tuc, khd vi ma la
gian doan, gy khic va tham chi chi nhin duoe trong dang nhitrng cap gia tri
tir thong ké. Khi d6 rd rang phuong phap gidi tich ¢é din khong con hidu
luc. Ngay ca trong truong hgp cac ham gi(x;) lién tue, khd vi nhung c6 dang
dac biét ta ciing s& thiy xuit hién nhiéu khé khian cho gidi tich ¢ di&n. Ching
han ham gi(x;) c6 dang nhu trén hinh 11-2, thé hién nhiung dic diém vé kinh
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', d& 1a khi x, qua nhé, loi nhuin sé khéng ding k& va tang cham, nhung mit
khd(, kkhi ddu tu ngudn voén =, qua lon cling. s¢ dan dén hiéu trng « bio h()an

vé lgi nhuan.
Vé mil toan hoc, ham g;(2;) nhu trén hin‘h 11;2

rgu("“ 1a dudng cong phirc tap, chlng han la dathirc bac ba
clla x;, khi d6 phuong trinh dang (11-22) =
g (x)+A2=0

c6 thé c6 hai nghiém x. Phii chon m(‘)t trong hal‘

nghiém d6 ung voi cure tri tuyét d6i cha ham W(x,, ...,"

x. x.. Viée (hit chon d6 sé& rdt khr6 khin khi s6 d6i

Hinh 11-2 tugng n lon. Gid thiét moi phuong trinh (11-22) d&u

¢6 hai nghiém thi ta phai chon 2° truong hgp. Khi

n=10 di phai xét 1024 trwong hop, khi n =20 thi s6 trudng hgp cin xét
220> 1 triéu va tro ngai do kho co thé vugt qua khi tinh toan.

Khong nhitng thé phuong phap gidi tich ¢d dién khong xét toi trudug
hop cwe tri tuyét déi ndm & gia tri bién cta x, trong khoang [0, X].

Khi bai toan nwng véi cac truwdong hop nhu da néu, nhirng kho khin d6
s¢ duoc vuot qua nhé ap dung phuong phap qui hoach ddng voi thuat toan
x¢t t6i wu theo bude va ludon ludon ddm bdo nguyén li toi wu nhw da trinh
bay la «di cho trang thai & budc nay thé nao, hay xay dung sach lugc ;61 ru
cho moi budce con lai»n.

V&i nguyvén i t6i wu.Jdo, gia thiét ta cho doi tugng thir n nhan mot leong
ngudn von x,, voi 0 < x, < X, khi d6 luwgng ngudn con lai (X — x,) phai phan

phoi~cho (n — 1) déi tuong la =, Ty s Tyoy 840 cho dat lgi nhuin cuc dai
fo (X — o). O day co:

fn-l(X - xn) = max ‘gl(»vl) + ... + gn-l(a:n-l)t (11‘23)
vl .'Tl + o + X0 = X'— Xy :

Khi d6 loi nhuin tdng dem lai- béi n A46i luong. khi d6i tugng thi n
nhan x,, la
W(xy, s Za) = gol@a) + fo (X — x0) (11-24)
Ro rang pbhai chon quyét dinh t6i wu d6i véi déi twong n, nghia la chon
gia tri a,, sao cho lgi nhudn tébng Wz, .... ;) dat gia tri cuc dai fo(X):
fn(,X) = max ’gn(xﬂ) + fn_I(X - mn)' (11'25)
0 < In< X ) )

Pay la phuong trinh phiém ham Bellman, twong tu nhu biéu thwc (11- 8)‘
& day viét cho sach lwge phban phdi nguon X cho, n d6i tuong. Bidu thirc
(11-25) ciing duge x4c dinb theo thuat toan truy trung, vi

foalX — x) = max {got(Tnet) + foog (X = To— To)} -
0<xn-—-l<(x—$n) ‘

va tiép tuc dén , 2
f1(X) = g(X) ’ |

Tu day ta cing tinh ldn luot nhu sau: biét f; (X) tinh f2 (X) blet 2 (X)‘,'.

tinh f3(X)... dén fy(X). S '
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Ciing xuét phat tir nguyén li 16i un cfia qui hoach dong da néu, ta thiy.
viéc xét r, dau tién holic z, nio khac la tay tién, khong anh hudng dén ket
qua fo(X) va sach luge 16i vu {:m. Zyeenr T}, Diu nay din dén mot két luan
quan trong, ho#c ciing la mot hinh thirc khac phat biéu vé nguyén li 161 uu
cla qui hoach dong, d6 la: «Mot sach luoe 18i wu tao thanh mot didy quyét
dinh thi mgt bd phan bdt ky cla diy d6 déu t6i wu», nhung ngwoc lai thi
khong chic ding, nghia 12 mot s6 quyét-dinh 3 (6i wu khong ddm bao toan bo
sach luoc 1a t8i wu. MotNan nira nguyén li niy khing dinh quan diém tdi uu
tong thé clia tinh'than qui hoach ddng.

11-5 PHUONG PHAP QUI HOACH DPONG XAC DINH CO CAU
TOI UU CAC TO MAY LAM VIEC.

Mét trong nhirng bai toan quan trong cin giai quyét khi van hanh va
thiét k& hé thong dién ii wng véi mdi thoi didm can xae dinh $8 16 may lam
viéc va cbng suft tng vwoi mbdi td may sao cho dal cuc tri mdt him muce tiéu
nao do. Chi tiéu t8i wu & day co the la chi phi linh loan vé sin xufl dién ning
14 nho nhit, la tong dién ning sidn xuft ra la cuc dai, do lin cay cung ‘cip
dién cha toan hé théng dat cuwe dai v.v.. D¢ don gian chi ticu t6i wu thuong
xét lheo cuc tiéu lwgng nhién liéu tiéu hao trong toan hé théng. Trong muc
nay ta xét van dé theo chi liéu do.

Chi tiét vé phan ph(‘))i-téi uwu cong suit gitra cac nha may nhic¢t dién, giira
nhiét dién va thay dién da trinh bay & chuong 7. Khi d6 gia thiét ring & moi
thoi didm s6 tOo may n va phy tdi tdng Pg da biét, can xéc dinh P, 1= 12...,
n sao cho chi phi nhién liéu By < min. ‘

Trong muc-nay s& sir dung phuong phap qui hoach ddng x¢ét bai toan
xac dinh s6 t0 may t8i vu cin. thiét lam viéc & tung thoi diém (giai doan)
déng thoi xac dinh lugng cdng sufit téi vu phan phdi gitta chung. Nhw vay ¢
day twong duong vol bai toan xac dinh sach luge t6i wu phan phéi nguén von
téng Pp cho n d6i tugng Py, Py,.... Py trong cd thoi ky nhiéu buéc t = 1.2,..,,
T sao cho dat cuc tidu vé chi phi nhién liéu tdng By

Tru6ce hét dé& don gian, ta gid thiél la s6 lugng 16 wmay lam viée chi
phu thudc vao chi tieu lugng nhién li¢u tiéa hao ma chura xét dén anh hwong
ctia viée ngirng hofc mé lai 10 may, nghia la & diy chua xét dén ton hao
“nhién lieu khi m& may. Véi gid' thiét do thi qua trinh ¢6 thé xé doéc lap &
. mdi thoi diém. Diéu nay dung ddi véi cac nha may nhiét dién vi gid thiét rang
lugng nguon nhién liéu khéng bi han ché. Doi voi'thiy dién ein than trong
hon, vi quyét dinh lwgng cdéng sudt & budc nay céd anh hudng nhiéu dén
quyét dinh cla budc sau vi phdi dim bio luong nude tiéu hao khong ddi
cho cé chu ky diéu tiét [xem chuong 7]. Pac diém nay ta sé dé cap dén sau.

Nhu vay trurdc hét ta xét co ciu tdi wu cac td may nhiét dién lam viéc
‘& mbi thoi diém va phan phéi t8i wu cOng suft gira ching, nghia 1a bai toan
duwoge phat bitu nhu sau: Gia thiét hé théng gébm n t6 may nhiét dién. Ung véi -
mdi thoi didm t trong giai doan T, cin xac dinh cac gia tri cong sudt phat cla
. cac t6 may j
- .,Ph Pg.....' P,,
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sao cho

By = f B.(P;) = min \' (uizﬁ)-'j,

va thoa min rang bude =
) % P, = Py (11-27)
P.lm:.i SP<Pimas : (.1-28)

trong d6 By(P) 1a quan hé giita chi phi nhién liéu ctia 16 may i khi phat céng
suit 17, '

Py la yéu ciu vé cong sudl tong ctia hé théng c6 ké dén tén hao trong
mang dién. U day Py chinh la lugng ngudn von tong cAn phin phdi cho n d6i
twong. ’ :

Loi giai {P/]; i=1, 2., n théa mian chc diéu kién trén s& cho ta biét
vé co cliu tdi uwu che td may, rng voi Py = 0 chirng 16 & thoi diém do6 khong
nén.cho t6 may k lam viéc, |

Sau day trinh bay thuat to4n giai dua trén phuong trinh phiém ham
Bellman,

1. Thuat todn dya trén phwong trinh phién ham Bellman.

(¥ diy la st dung phuwong phap qui hoach déng trong 'sach lwrge phin
phoi toi wru nguon von cong suit I’ cho n déi tugng. Gia thiét d6i twong thir
n da nhan cong suat .. theo nguyén li tGi vu cla qui hoach déng, da P, 1a
bao nhicu, thi s6 nguodn c¢on lai (Pr — Py) ciing phai phan phéi mot cach téi vu
cho’(n — 1) ddi tugng. Khi d6 c¢hi phi nhién liéu trong toan hé théng la

B(Plv..‘-- l)n) = Bn(Pn) + fn. I(Pfl - Pn) (11‘29)

trong d6 Ba(P,) la chi phi nhién li¢u cha t6 may thir n khi eong sudl phéat ra.
1a P,
fa_t(Pr— Py) la chi phi nhién liéu cuc ti€u khi phan phdi lrong cong
sudt (P — Py) cho (n — 1) 16 may con lai.
Viéc chon td may nao la thit .. khong anh hwdng dén két qua tinh toan,
RS rang sach lwoc t6i wu la phai chon gia tri P, sao cho. dat cue titu
B(P...... P,). Tir day ta c6 phuong trinh phiém ham Bellman trong t'ru'dl.lg hop
nay nhu sau: :
[2Pr) = min | Bo(Po) + foi(Py — Py | (11-30)
0SPa Pr ‘

trong d o fo(Pn) 12 chi phi nhién liéu cue tiéu khi phan lwong cong. suit tdng Py,
cho n tO may nhiét dién. ‘ :
Bigu thire (11-30) c6 dang truy lriung nhu d8 biét, va viéc giai cfmg sé
duwoc tién hanh theo hai qud trinh: Qua trinh nguge nhim xé4c dinh 10i gidi
t6i wu co diéu kién, nghia 1a x4c dinh co cfu td may t6i vu véi nhirng gia tri.
ngudn khac nhau khi bat ddu tir buée cudi cung, 6. day la mot td may. Sau dé
xac dinh 16i vu c6 ditu kién cha hai budc cudi cing, & day 12 hai td miy v.v...
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cho dén n td may. Nhu vav qu4 trinh nguoc 14 chuln bi day di théng tin va
101 gidi t6i wu phuc vu cho quéa trinh thuan tiép theo.

Trong qua trinh thuan, cin ci vao Py di cho. .dwa vao nhitng két qua
chuan bhi ¢ qua trinh nguoe, xac dinh dwoc co cu téi wu cic té may lam viéce
va phan phdéi t6i wu cbdbng suit giira chung.

Sau day trinh bay thual toian clia qua trinh ngwoc va thuan d& giai bai
toan (A neu.

Qua trinh ngwoc bao gom céc budce saw day:

1) Tim lm giai t6i wu co diéu kién doi voi tirng o may, nghia la xac dinh
Bi(Py); i=1.2.., n, trong do P, nhan cac gia tri t¢ P, = 0 dén Pjm.,. [rong
trudng hop dac tinh tiéu hao nhién liéu Bi(P;) cho trong dang bang sé. ta co
thé s dung truc tiép. Két qua tinh & buéce nav duge ghi vao b nhé, chinh la
cac gia tr1 fuP) = Bi(P)).

2y D6i vai truong hop hai to may, ta ap dung phuong trinh phién ham
Bellman, c4n xac dinh

f'_g(p“) = ln"in ’Bz(l)g) “i‘f](P” —_ [’2)' (11-31)
Pﬂmin<P'1<P2mA\-
trong A0 [2(Ps) 1a chi phi'vrihién liéu cuc tién khi phan phéi phu tai Py cho
hai tO mayv
fi(P— P2 la chi phi nhién li¢u cye tieu cua 16 may mot khi co hrong
phu tai chung la Py va 16 may tha hai nhan D,

Ung vai buéc nay, d& xac dinh 1o giai téi vu oo qiéu kién ta can thirc
hién hai chu trinh, ’

Chu lrinh trong: Cho gia trt Py la, cuce tiéu: Pyy,, va thay doi gia tri P,
ta 0 dén Poma, (hofc tix Popia). VOi moi gia tn P, ta tinh chi phi nhién liéu cho
hai t6 may, sau do so sanh lay gia tri min, theo bi¢u thue (11-31). Nhu vay
1rng voi mot gia tri phu tai Primin. trong trtrong hop to may, ta ghi dwoc tri
s& t3i wu Po(Prmin) 12 cOng suit can phat cha té mav 2. Tat nhién Py=Ppmin— P

Ngoai ra cling ghi duge gia tri chi phi nhién liéu cue tiéu khi phan phéi Ppimin
cho hai t6 may,

Chu lri‘nh giita: Bay gi cho gia tri Py tang dan, tr Py = Pymin = AP
dén P = 24P..., trong do AP la bac cong suat chu.ng trong hé th()'ng

Ung voi moi gia tri Py, ta lai thay doi gia tri P nhu trinh bay ¢ chu trinh
trong v xac dinh dme Py(Piimin + KAP) va fo(Promw + I\’AP). K=1,2.

Tang gla tl'! Py den P,’Jnax = Pima + szax.

Tom lai & cudi budce hai nay, ddi vi hai t6 may ta ghi duge mét day két
qua vé phan phQi toéi wu cic phu tai P;.m.n (Pimin + KAP); K =1, 2,....;
(Pimay + Pamax) cho hat 16 may. Nhirng két qua dé la:

Py Primin + KAP) va f2(PNmin -+ KAP);
_ Nhitng s6 liéu nay chudn bi cho qué trinh thuin sau nay.

3) Trén day la cong viée chuin bi cho hai t6 may. Bay gio 63 tiep tuc
tinh cho 3 to may ta thue hién nhu sau:
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Chu trinh ngodi. Cho sé t5 my ting dén 3. Ung véi sé td may nhit dinh
(A =3) qua trinh tinh toan lap lai hai chu trinh trong. va gitra, ‘nghla la lai
thay doigia tri P, (véi P;, ¢d dinh), sau do lai thay doi Py,

NMhuw vay tng véi 3 td may, ciing x4c dinh duoge gia .tri cong sufit t6i wru
cua to may thir ba P3Py + KAP) va gia tri cuc titu cta chi phi nhién lleu C?O |
ba 16 may fy(P; + KAP) khi phu tai thay d6i (P, + KAP). 'k =0, 1, 2,.. :

+ Nhitng két qua nay déu dwoc ghi vao bd nho.

4) Xét tiép cho 4, 5,..., n td may.
bén day két thuc qua trinh nguoc va cong viéc chuin bi da xong, nghia
la d& co6 cac hé sd lidu sau:
Bi(Pp:i=1,2
f2Pr); PaPry)
f3(Ps) i Pa(Pry)

folPey) s P.(Psy)

= A =k‘+7
|
= f},.’:@,-}-AP

Tab Foz Bu(R) s oy (Fep ~Pe”)

khing AN 2

max

dung

r - —
Chon min ﬂ,: fe (PH) —| In Fk (F}f) va Pk‘(’?i)‘

khong : I
- Pt = Pt man L f———
khols k=n? |———-[ Dunrg
| _
_Hinh 11-3

trong d6 Pn duogc nhan cac gia tri khac nhau, W& Primin dén Pppa, tng voi-mdi
budo (1, 2,..., n to may). .

Qua trmh chuian bi gébm ba chu trinh: trong, gitta va ngOal tren day co .
th& mo ta so luge nhd gian do khéi nhur sau (hinh 11-3).
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'f‘iép theo troag qua trinh thuan, cin ctr vAo phu tii tdng dd cho & théi
diem dang xét P(?l) va s8 luong td méy n ¢6 kh3 ning tham gia, ta sé& xac dinh
duwoe s6 18 may c6 gia tri P,>>0; '

Biét P, va'sé n dua vao o liéu & qua trinh nguwgce, tir bé nhé rat ra
dwoge P, va fo(Pg), nghia 1a xac dinh duoc gia tri cong suat t6i wu clia t6 may

thir n va chi phinhién liéu cue tidu cho_n 16 may. Néu'tim ra R, = 0, c6 nghia
la t6 mav tht n khong lam viée.

Tiép theo xac dinh phu tai tng véi (n — 1) 18 may con lai:
- (n—-1) (n)
Py =Py =P

—-1)

U’ng voi lugng phu tai P(f‘; nay, voi (n—1) to méy ta tra duoc gia tri

. (n—1)
Pn_I va fn—l (P ft

may thu nhit), va xac dinh dwoc Py, P, _i,..., P, P; thoa man
Bn(l)n) + Bnr.l(Pn_l) 4+ Bz(Pg) + B1(P1) = MIN

Tiép tue lam nhur vay cho dén khi con mol 16 may (té

Trén day da trinh bay thd tuc xac dinh co cau téi ru cac 10 rhay lam
viéc va thm' phoi 131 wu cdng sudt giiva ching, ung vai gm tri phu tai
tdng Pr, & mot thoi ditm nhit dinh. Khi phu tai tdng thay ddi @ nhirng thai
diém khac nhau qua frinh tinh toan lidp lai tuong ty.

2. D3dc ditdm khi xudt hién thuy di¢n trong he théng.

Gia thiét lrong hé thong cé nhitng td may thiy dién co thé diéu chinh
cong sudt phat Prp; theo chir ki diéu tiét cila ho chira nuoc.

Nhu di trinh bav & chuong 7, bai toan xac dinh-co cau va phan phéi
t6i wu cong sudl gitta cac t6 may nhiét va thay dién trong lruong hop nay
phai thoa man nhirng rang bude sau day:

Chi phi nhién liéu ctia toan hé théng trong ca chu ki khdo sat la cuc

tieu (B s = min)

— Lugng nudc tiéu thu bdi moi nha may thuy dién trong chu ki diéu
tiét' khong virgt gid tri cho phép Q..

Thoéa midn vé can bing cong suit lrong toan hé théng tai mdi thoi didm
cua chu ki khao sat.

De giai bai toan nay ta van st dung thuat toan cta qui hoach dong,
nhung cin lvu ¥ nhirng di¢m sau day.

D6i voi cac 16 may nhiét dién van si dung nhung quan hé chi ph1 nhién
lidu, B; (P)) trong dang gidi tich hodic bdng s6 thong ke. Nhtrng déi voitd may
thuy diér phai’ chuyun thanh to may nhiét dién qui doi, khi dé ta nhan toan
bo gia tri luru lugng nude Q voi hé s6 hi¢u qua ning lvong A [xem chuwong 7)
trong quan hé Qy = f (Prpyx) ciia 1o may thay dién k. Sau dé cling tién hanh
qua trinh chuin bi dé xac dinh loi glal toi wu c6d diéu Kkién lmg vt cdc gia tri
phu tai tong Pp khac nhau.
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‘Trong quéa trinh thuAn sau khi xac dinh duroc gié tri Py 1 =12,.... n 6‘
hhirng théi didm khac nhau trong chu ki- digu tiét, nghia 1a xic dinh dugc do
thi phu tai ¢da cac t6 may. Nhitng gia tri nay la két qua @ng véi mot gia tri A
da chen. Vi vay phai kiém tra diéu kién rang buéc vé luu lugng nuée cho
phép trong chu ki diéu tiét cha thuyv dién. 'Néu khong théa mian rang budc,
nghia 1a gia tri leu lwong tinh toan Q. = Q. thi phai chon lai gia trl A ‘va
tinh lai cac qua trinh nguoc va thuan trén kia. '

Tém lai 1&i gidi t6i wu clia bai toan.xac dinh co cdu t6 may va phan-
phoi cong suat gitra ching trong tredong hop c¢6 nhiét-dién va thiav dién la su
ket hop phuwong phap chon ddn hé $5 A cda thuy dién véi thual toan cha qui
hoach dong.

Chit v: trong truong hop hé thdng gom toan cac to may thiy dién, thuit
toan giai theo phuwong phap qui hoach dong hoan toan nhu ddi voi hé gom
toan nhi¢l dién, khi d6 ham muc tiéu [a cue tidu lwong tiéu hao nuoc.

11-6. AP DUNC.

Trong muc nay sé khao sat hai thi , du don gian vé viéc ap dung phuong
phap qui hogch ddng xac dinh co cdu lam viéc t6i wu ciac t0 may nhiét dién
va phan phéi t6i wu cdng sudl gitta chung vai gia thiét chwa xét dén ton hao
nhién liéu khi ino may. Thi du 1 nham minh hoa trwdong hop khi ham chi phl
nhién liéu cho. trong dang ham 16i. kha vi thi kélt qua nhan dwoc nhlr khi st
dung phuong phap lagrange.

“THf DU 11 -3 Nace dinh phan phoi 101 wu cong suat Py, P,,... P, cia n tb
mav nhiél dién, sao cho
BE: B|(P1]+BQ(PQ)+-...+'BDan) "‘)I(Nl‘n B
va thoa min rang buoc
Pi+ Py, + ... + P, = Py
P < Puaxi i =1, 1,...n
Sir dung thuat toan c¢da qui hoach dong da néu. trude hét ghi nhé quan
he Bo(P,) cha 16 may tha n khi thay doi P, tu- 0 dén Po;,.
Sau dé tim phan phoi 161 wu gitta td& mav thir n va (n—1) & day co
[+(Pn) = min {B (P + fln — Pl ’ (11-32)
lrong dé fo(Pq) 1a chi phi nhien higu cye ticu cla hai t6 mav n va (n—1) khi
nhan phu tai chung'la Py,

[1(Py — Py)-1a ¢hi phi nhién liéu cue tiéu cua to may lhlr (n 1) khi
' téd nayv thir n di nhan P, 9] day fi(Pq — P,y chinh la B, _ 1(Pa_y)

Khi cac quan hé Bi(P) cho trong dang ham giai tich, 16i, cac gia tri t6i w
cta P, va P,y ¢é thé nhan duge bang ciach dao ham bicu thire (11-32) va cho
triet tieu. Ta co

B’D(Pn) — B.n—l(P“ — P =10

hoge By (Po) = B, (Pyi) = 0,

nghia la €p = Ejh_,
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Tiép tuc xét didu kién phan phéitéi wu cho 3, 4,.n td may, ta nhin dwee
diévu kién cau’bing suéit ting tidu hao nhién liéu: e = &, = ... = &, nhir di nhan
duwge nhd phweong phap Lagrange.

Tuy nhién phuong phap qui hoach dong phat huy hiéu lwe tot khi cac
quan hé Bi(F’i\) khong la ham 16i, hodc chi cho trong bang cac eip so licu, Thi
du bang s0 sau dav sé minh hoa cu thé.

THI DU 11-1. Xac dinh co cdu t6 may lam vige t6i wu va phan phoi to
uu cdng xudt gita chung trong nha may nhiét dién gém 3 to0 may co cde tinb
tiéu hao nhién léu nhw trong bang 11-1

Bang 11-1

- l
Pn [MW] 0 2 4 6 8 10 2
Bi[tan/h] 2 3 3.5 4 5 6 8
Ba[1an/n] 1 2 2.5 1.5 5.5 7 0
Bs| tin, h | 3 3 3 1 5,2 b7 10

Ta bal dau bang gua lrinh nguwuce nham chuan bi cae 1ol giai té1 wru ¢o
diéu kién wng voi s6 luong té may khdc nhau va gia tei phu tai téng khae nhau.

Truong hc_rp mot to -mé} ta co chi phi nhién liéu cuc tiéu chinh la gia
tri B(P):i=1, 2 3. v

Péi voi truong hop hai td may, can xac dinh chi phi cue (iéu vé phién
l1éu khi hai {6 may nhan phu tai chung la Py Khi do ta thay doi cac gia (ri Py,
clia tirng (6 may theo bang 11-1 va wng voi moi gig tri phu tai téng lai thay
Adi cac gia tri Py, P, dg chon gia tri min (By -+ B.) nghia 13 xac dinh

fal’r) = min | B2(P2) + By(Py.— P
0L P12
Va ])Q(P")

Pé tién loi ta dung bang 11-2 &> tinh két qua.

Trong biang 11-2 nhirng sé ghi trong cac 0 la gia {ri chi phi nhién lién
tong chia hai to may khi lam viéc @ng véi cong suat Pp va P, nghia la tdng
clia cac gia tri & cot By va hang B,. ,

['_E‘ng véi moi gia tri phy tai Py, = Py + I’ ta ¢o cac gia trv (B + .HB) theo
cac O trén duong chéo. Tir ciae gida tri nay ta chon tri sé cire fidu, 0 chinh la
fo(Pr). Trén bang 11-2 nhitng gia tri fy(Pyn) duoe khoann tron. Ung véi cac gia
tri fo(Pp) & Ot Py ta co gia tri cong sudt Pp 161 wvu va khi do P = I, + P,

" -Ching han khi Py == 10MW, ta nhin vao duong chéo tng véi P, + Py =
— 10 MW, thday rang chi phi nhién liéu cuc tiéu khi van hanh hai t& may
f2(10) = 6,5 tan/h va ' |
Py 10y = tMW, do do
Py = 10 — 1 = 6MW
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Tuwong ty ¢6 | |
fa(4) = 4,5 Wn/h, Py(d) = OMW: Py(d) = dMW
fo(6) = 5 tin/h i Py(5) == OMW; Py(6) = 6MW...

Bing 11-2
P 0. 2 # 6 | 8 | 10 | 12
AN
A 8, 2 3 | 35| 4 5 5 ﬁya R
|0 'El‘ )@‘,@’/4'2 531 (6 7/ 3‘;
2 | 2 &4» 5 5,5/ 6 771 &7 | 10

; e »
e /S
4 | 25,45 | 55| 6 -7,5 85)110.5
AN VR P LS ‘
§ | 4565 |25 8 |85 | 25 /./ 12,5
IZ / yd / _

8 155175 | 85| 7185 | 05|(ns5y]135s

7 7
18 7 9 i0 10,5 | 171 12 13 15
“ z z P
r / d 7 PR
2 Y 9 | n 2t iest 130 4 s @
/. P P2 '1/ )

Tiép theo. cAn x4ic dinh chi phi nhien liéu cuec tiéu cho 3 to may, &ng
vui cac gia tri P, khéac nhau. Ta cé

f(Pt) = min  |By(Ps) +f2(Pfl) — Py}
0K P3<C 12

trong A0 Bi(P3) 18y tu bang 11-1 va fu Py — P) 14 két qua cua bdng 11-2 véi "
nhirng gia tri fa(Pr) D¢ tién loi ta ding bang 11-3 dé xac dinh f3(Pg) va Ps(Pn)
Phuong pbap xac dinh chi phi nhién liéu téng

B.(P3) + fao Py

twong tu nhu ddi voi treong hop hai méy nghia la cOng céc gia tri f, theo
cot B; theo hang ta nhan dugce cac tri s6 trong tirng 6. Gia tri f3(Py) chinh la
trj s6 cue tiéu theo tung dudng chéo, nghia 1a irng véi moét gia tri phy tai tong
Py = P;» + Pgndo d6 va duge Khoanh tron trén béang 11-3. U‘ng vai f3(Pg)
13 P'{(P;t)

‘Thi du @ng voi Py = 14 MW khi van hanh 3 to may thi cl:u phi nhlén
licu cuc tiéu

fi(14) = 9,5 tdn/h va tuong dng c6:

Py (11) = AMW.

Nhw vay ta da tién hinh xong qua trinh chuln bi.

By gty voi mot gad tri Ppyocho trunc ta s& xacdinhduyc f (Py) va Ps, P'z. P1.
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Thi dy ¢ P = 20MW, Tir bing 11-3 tng vél dwong chéo cla P + Py
= 20NN, tim thay f20) == 12,5 tAn/h. ["’ng voi gid tri £3(20) ta co:

Pa20) = MW va
Pl2(20) = 1MW

trong do Pia20) la cong suat chung cia hai to6 may 1 va 2 lehi phai phuy tai
tong la 20 NW.

Tu bang 11-2 (tng voi duong chéa co Py + Py, = 14 MW, tim théyyg(iti) =
= 85 tan/h va Pold)y = INW do dd P, = 11 — 4 = 10 MW,

Nhu vay wng voi =20 MW, phan phéi tdi uvu gia 3 16 may la:
P; =6 MW; P, =1 MW; P, = 10 MW,

N ’ - ars e a I . - K . ’
Twong Ly nhu vay [a xél phan phoi L6i wu cong suit gitta 3 to may ng
voi cae gia (v phy tai tong khae nhau va tim dwge co cau t8i wu cac t6 may

ghi trong bang 11-1 sau day:

Bdng 11-4

[

P [MW] o246 s]tofr2ite] 16| 18| 20| 2224 | 26|28 | 3032|3436

f3 [tan/h]| 6|6 |6 | 7|75 3| 09[9.310,5 11,5 12,5 [12.7 [15.2 [16.7 [18.2 (19,7 [21,7 [287 | 27 .

pyfviw] [o ofolalolololal ¢ e s ¢ a8 [10]10]:2]12]12

Py [MW] [ oo loli]6]s]a 1010|1010 |11 10]10|12 12

[ %]
>
=N
—
-
F S
(o]

P; [MW] |0 s w] s | 8| s |10]10]12

Tu bhang 11-4 thayrang do to may 3 tuy suat tiéu hao nhién liéu cé
lom (3 tan h) nhng suat ting tiéu hao nhién liév ¢ giai doan dau -rat nhd so
voi to may 2 va 1(xem bang Il-1) vi vay to mav 3 duoc wu lién nhan cong

suat ¢ giai doan’ dau.

Lrén day da xél bai toan xac dinh co cau lam viée téi wu cha cac to
may va phan phoi t5i 1ru cong suat gitta chung trong truong hop khong xét
dén 16n hao nhién liéu (hode nwée) khi mo may, nghia la theo thuat toan tdi
wru ta cho cac to mav mai co sual ting tiéu Lgo nhién liéu bé vao lam viece”
ma kbong so sanh vaoi truong hop tiép tuc cho td may dang lam viée nhan
thém phu tai, tuy ¢o lam tang chi phi nhién liéu nhung khong mat lvong nhién
ligu dé khai dong 16 may mai. Sy so sanh d6 s& duge ¢é cap dén trong

muce tiep theo.
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11.7.. PHUONG PHAP QUI HOACH BONG XAC DINH cO civu TOI vU
CAC TO MAY LAM VIfC KHI XET PEN TON HAO MO MAY.

Trong muc nay loi gidi t6i wu thoa man cuyc tiéu chi phi nhién liéu
tong, khong nhirng phu thudc vao sé lirgng t& may van hanh ma con phu thudc
vao trinh ty cho mdé may cac td may do.

'Bai toan dugc dit ra nhu sau:

~ Co lwong phu tai tong F;, 1a° mol-dai lugng bién d6i theo thoi gian, theo
qui lual ham "tit dinh hoac duogc ghi chép trong bing thong ké. Gia tri Py
trong lirng giai doan (gio) duwyc phan phéi cho n may, Cian xac dinh s
luong t6i wu t6 may lam viée & mbi giai doan .va phan phéi cong sudt téi wu
gita chung sao cho chi phi nhién liéu 16ng trong ca thoi ki 1A ewe tiéu, trong
do co xét dén tiéu hao nhién liéu dé khoi dong cac 16 may & tirng giai doan,
Peé tién lgi cho qua trinh gidi, ta ki hiéu trang thiai cla t6 may & mbi
giai doan bing s6 0 va 1. Trong do s6 1 chi to may lam viéc, s6 0 chi 16 may
ngirng. Thi du hé th6ng c6 1 to may, trang thai cic 16 mav ¢ gio thi 2'1a
T, = 0110, nghia la chi ¢6 t6 may 2 va 3 lam viéce v.v..

Tir day thay rangy, ngav & m&i giai doan (glo) sO phuong an ve trang
thai cac t6 may da rat nhicu. Chidng han hé cé 3 to may thi & moi gio co thé
c6 8 phuong an trang thai sau: 001; 010; 100; 011; 110; 101; 111 va 000. Nhu
vay néu ¢6 n to mav, mdi {0 may c6 2 trang thai, thi & mdi giv s6 phuong
an trang thai cac t6 may (fwe la phuong an co cdu) lén téi 2" va trong ci
thoi ki khio sat, chidng han trong 24 gio thi $6 phuong an co céu 1O
may lén 161 (2", ) ‘ ‘

Tuy nhién & mdi giai doan déu ¢6 thé loai bot nhirng phuwong an khéng
cho phép thuc hién do nhdng han ché vé rang bude. Ngoai ra ta co thé si
dung nguyén li 16i vu cla qui hoach ddng ma & day thé hién la: du cho &
thoi diém (giai doan) hién tai hé & trang thai nao do thi viéc phan phdi phu
tai cho nhirng giai doap con lai ciing phai tuan theo chi tiéu téi wu, dicu 46
con c6 thé hidu l1a mot bo phan nao do6 cha sich luoc toi wu cling la mot
sach luoc con tdi wu.

Nho nhirng hiéu biét trén day khoi lugng phuong an co cdu va kh61
leong tinh toan duoc gidm di rdt nhic¢u. Dé sang té vé thuat toan gidi quyet
bai toan dd néu, ta xét mdt thi du don gian sau day ma 10oi giai 16i wu dat

duoc nho phwong phap quy hoach déng.
tHf DU t1-5. C6 nha mdy thuy dién gém 3 t6 may, lam vice véi ¢bt nuée

khong doi trong 6 gla Phu tai cta nha may dién thay d6i theo théi gian va
dwoe cho & bang 11-5. Ddc tinh tiéu hao nudc cua tung t6 may dwoe cho

trong béng 11-6.

Bing 1145
Gio thu t 0 l 1 2 $ 1 5 b
Pr [MW] " ( 3.6 | 10 12 20 13 0
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Bdng 11+6.

P [MW] | 2,5! 3,0| 3,3 4,0 £,5| 5,0 5,5] 6,0 6.5/ 7.0 7.5 8.0( 85| 9,0/ 9,5 10,0 | 10,5

— (Y- % Y

Qi [m¥s) (30,8'33,7 36.8140,3143.7(47.5(51.4{55,6( 60,0 61,5/ 69,3/ 74.3| 79,5 81,9| 90.4| 96,0 | 102,0

——

‘53.8 58,583,3 68,3 73,31 78,4|83,7/89,1 94,6 100,2 | 105,8

] s

Qs [m?/s]128,8/32.9/37,141,3(45,5(49,9 34.2/58,6 /63,1 s7.sj72,2 76,9|81,5/86,3| 91.1| 95,9 |100,8

—

Qs [m3/s] [28,0.32,1|36.2/40,4 [44,8]49,3

Tir bing 11-5 thdy ridng: co cfu t6 may & gio 0 va 6 da biét, d6 1a 000.
va 000, nghla la khéng t6 may niao lam viée. O nhing gio 1 dén 5. co cdu td
may c6 the & mot trong 7 trang thai sau:

001, 010, 19006, 011, 101, 110, 11l

Tuy nhien & mét sd thoi didm c¢é nhirng co cdu khong thé thye hién
dwoc. Ching han & gio thir nh4t, vi phu tai tdng Py, = 3,5 MW ma P, clia méi
may [a 2,5MW nén c¢hl cho chay I may nao d6, vi vay loai hé uhitng phwong
an co cfu flam viéc 2 va 3 td may (011, 101,..). Cung nhw tir git tht 3 tré di,
cong sudt P; > 12MW ma cong suft cuc dai cta mdi 16 may l1a 10,5MW, vay
phai thye hién phan phdi cho 2 hodc 3 t6 may.

Trong so d06 tinh toan hinh 11-4 nhirng co ciu khong thyc hién, duge
mo ti trong khung dirt nét, con nhitng 6 vuodng lién nét mo td nhirng co clu
¢6 tht & mdi thoi diem. MOi 6 vudng trén hinh 11-4 gdbm 3 ngin: ngin bén
trai ghi phuong 4n co cfu to m4y, ngan bén phai phia trén ghi tidu hao nuée
trong gio¢ khdo- sat ang véi‘co cfu d6, ngdn phii phia duéi ghi tdng tidu hao
nuwde bé nhat tir ddu cho dén gld d6 {rng vai phuong 4n co ciiu nay, c6 ké cd
tén hao nudc 48 khdi dong t6 may néu cin.

Gia thiét tiéu hao nu6e dé mé méay ldy deu cho moi t& may bing.
7200 m%h, nghia la Q_, = 2m¥s,

Trén hinh 11-4 chi vé 1htrng duwong chuyén theo nhirng qua trinh t6i wru,
nghla la &ng v6i moi co cdu cha gid thir ¢ ta xét-moi dudng di {r cic co cfu
clia gio thr ¢ — 7, so sanb v6i nhau vé& chi phi nuéc. chi gitt lai dudng ¢ chi
phi cyc tiéu tir moét co cdu nao dé6 ¢ t ~ 1 dén co cau dang khﬁohisél ot

Sau day gidi thich moét vai buéc tinh toan theo so dd hinh 11-4.

. 1)y'Tw gio 0 sang gio thr nhatl, ¢6 3 phuong an cé the: 000 — 001 : titu
hao nuéc cla Q; rng voi Py =3,5MW 14 Q; = 37,Im%s va them Q_,=2m%s
vy Qy =139,1m’s. Nhirng 8 liéu nay dwgc ghi trong 6 diu cta gio thir 1.,

Tuong tu” )

000 = 010: 36,2 + 1Q_,, = 38.2 m%s.
000 — 100: 26.8 + 1Q,, = 58 8 m?
2) Tix-gio thir nhat sang gio thir hai: co the chuycn tir 3 co ciu trén dén
co cdu c6 thé ghi trén hiang ba hinh 11-4, Ta xét tung co cfu cla gio thi
hal Chang han ¢o cdu 001 ¢6 thd do co cdu 001 hodc 010 hodc 1100 & gid- thir

nhit chuyén dén. Tt méi co cfu & gio the nhit chuyén dén co ciu 001 o gid
tha hai ung voi mo6t c¢hi phi nudec nhu trong bang 11-7.
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Bdng 11-7

; )
Pén co ‘cfu gio thir hai: 00!
Tir co cf0 gio thir nhit ‘
vor 010 100
Txéu hao nudc & gio the ohit |
[m®/s) 39,1 88,2 38,8
I‘l{u heo nmurée trong ,glér tha -
hai lln /S] . 95-9 + OQmm 95.9 + lQmm 93.9 + 1Qmm
Tiéu hao nuwéc tdng [m'fs] 135 138,1 136,7

Trén bang 11-7, & gio thwt hai voi P, = 10MW vi dang khdo sat co cdu
001 nén c6 Q3 = 95,9 m¥s, khi chuyén tir co cdu 010 hodc 100 & gio thir nhit
dén thi phai ngung 10 may 2 hodc 1 va mo td may 3 voéi Qunm = 2m3/s, tit
nhién khong ti¢u hao nuoc (hoic nhién liéu) d& ngirng t6 may. T két qua &
bang 11-7 thdy réng ddi voi co cdu 001 & gid thir hai thi t3i wu la chuyén tir
co ¢idu 001 & gio thir nhit vi ¢6 Qp . = 135m?/s, vi vy trén so d6 hinh 11-4
chi gitr lai daong chuyén do.

D6i voi hai co cdu 010 va 100 & gio thtr hai duge khao sat hoan toan
twong tu nhu d8i voi co cdu 001, két qua tinh toan dugc ghitrén hinh 11-4,

Riéng d0i véi cic co cdu ¢b hai td may lam viéc trd lén, viéc tinh toan
c6 phuc tap hon: D8 xac dinh tiéu hao nuéc trong gid thi hai, phdi xét phan
phéi t6i wu phu 1ai P = 10MW cho hai hodc 3 td may sao cho dat Qs — min,
Viéc lam nay co (hé st dung phuong phap can bing suit ting tiéu hao nudc
hoidc phuong phap qui hoach ddng nhu & muyc trude. K&t qud duoc ghi & céac
& chia gio tha hai hinh 11-4,

O day cin chu y ring sau tuhg gio ta déu biét duoc gi4 tri tiéu hao nuée
tdng cuc tidu (& diu cho dén gio d6, chéng han & gi¢ thi nhit Qs i =
=38,2m?/s, & gio thir hai Qy . = 1348 m®/s.- D6 la nhitng gia tri 16i vu cye
bo, diéu ta quan tam la gia tri Qy .. sau 6 gio lam viéc, tir ddy méi xac djnh
duoe siach luoc t6i wu cda bai toan.

- Déi voi cde bude ti€p theo & giy thr 3, 4, 5, 6 qua trinh tinh to4dn hoan
toan tirong tu. Ké qua dwoc ghi lai trong cac 6 trén hinh 11-4.

~ Trén hinh 11-4 chi ghi tiéu hao nuéc khi chuyén tur gio 0 sang gid 1 ¢o
ké dén ton hao md may coOn & nhirng g:o khac cach tinh tuong tu, két qua da
ghi ¢ phia bén phai cla cdc 6 vuodng.

. Tw hinh 11-4, thdy rang sau 6 gio lam viéc, chi phi nuéc cuc tidu la
565,83 m3/s, nghia la & gio tht 5 tng véi co cdu 101. Tir co c4u nay di tré va
cac ni('y trén (gio 4, 3, 2, 1, C) xac dinh duoc con dudng t8i vu din dén co ciu
101 & gio 5. D6 chinh la duong c6 hai nét trén hinh 11-4. RS rang mudén dat
duoc t6i vu [orm thé (trong ca 6 gio) thi phai di theo dudng dé. Tal nhién néu
s6 gid klao sat khac di thi con dudng téi wu cérthp khac. Mot bo phin bit ki

1 B
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cla con dudng t6i wu tir { = 0 dén [ = 6 cing la t6i wu, vi chi co theo dung
bo phan d6 moi dat duoe Qs = min trong ca 6 gio.
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&4 0 ! ) )
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Hinh 11-4

Con dudng t6i wu trén hinh 11-1 tao nén sach luge co cdu téi wu cua 3
td may thiy dién lam viée trong 6 gio va trinh by trong bang 11-8.

Bing 11-8

Gio tha 0 1 2 3 4 5 g

~
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Tuy nhién cin lwu v la sich luoe t67 wu trén day chd yéu nham gidm
chi phi nhién liéu a chua dé ciap dén cie ehi tien khic nhw dé tin oky cung
cap dién chGa loan hé chiu dnh hudng nhiéu bdi 56 to may lam viée cling nhu
nhirng han ché k¥ thual khic cha céc t6 may v.v... Ching han theo sach luge
toi wu trén day sudt trong 6 gio to may thir hai déu khong lam viéc. nhu vay
c6 dnh hudng dén du tri nong cong sufit cho hé.

Viéc nghién ciru co cdu t8i wu céc tO may trén nén ting thoa miu da
chi tieu la bai toan déng quan tam va hi vong c6 dip trinh bay voi déc gia.
l

11-8. NOI THEM VE Ar DUNG PULONG PHAP QUI HOACH DONG.

Trong cac muc trén day da dan ra phuong trinh phiém ham Bellman
dua trén thuat toan truy tring dé tim <ach lwge t6i wu cia qué trinh nhiéu
budc va dé cap dén mot so ap dung xic dinh co cdu toi wu clia cdc 16 may lam
viée trong hé thdng dien.

Trong nhitng ndm gan day viéc ap dung phuong phap qui hoach ddng
tim loi giai t6i. wu cla qua trinh nhieu buéc rdt duoc cha v. Nguvén i t8i wu
cha tinh thin qui hoach déng duge st dung ¢d ganyg gidi quyét nhirng bai toan
qui hoach nhi¢u bude trong trudng hop thiéd thong tin, khi dé qua trinh dwge
diéu chinh theo phuong hudng thich nghi.

Qua trinh nhi¢u bude duge hiéu rat rong rai, c6 the 1a tap hop céc co
ciu 16 may cta hé thong dién theo thoi gian vin hanh, co thé la qua (rinh
phat trién cta hé théng dien quluau ndm khac nhau cda thoi gian qui hoach,
¢6 thé la cac ting khac nhau cta mot tén lia nhiu ting, c6 the la ké hoach
san xuat nhieu ndm cta ol to chire kinh 1€ v.v, ‘

NSau ddv trinh bay thém moét vai van dé vé ap dung tinh than qui hoach
dong trong viée xac dinh loi gidi téi wu.

1. Mo ta bai 1od4n qui hoach phat tritn h¢ thong dien.
Bai toan c6 thé phat biu nhu sau: .
(Y thoi diém bat ddu qui hoach, hé théng di¢gn dang & mot trang thai -
nao do. Can xac dinh mot sach luoc (k& hoach) phat trién 18i uu hé théng
dién trong T nam nhin thoa min muc tieu chi phi tinh {oan tdng 1A ewc tidu.

Trang thai cua he-théng dien duge hiéu lOng quai la tap hop eac tham
s6 dic trung cho cdu trac va chire nany ciia hé & thoi diém khao sat, chéng
han tong cong sudt, co cau to may cap dién ap tdi dién, t6ug von dau L, tong
16n thiat dién ning trong hé théng v.v.

(y mo6i nam hé (hong dién cé lh'é nhan nhéng trang that khae nhau, &
chinh 14 cac phurong an cua hé thong ¢ ndm do.

Tap hop ké liép cac trang thai to nim dau (¢ = V) dén ndm cubi cla
thoi gian qui hoach (I = T) tao thanh mot ddy quyét dinh hodc con goi la mot
siach luoc phat trién hé théng di¢n. Sach lugc théa min mé6t (hodc nhigu) chi
tidu dé ra goi la sach luwoce toi wu,

Mé1 sach lwyge phat (rién hé thong dién trong 7' ndm ng véimot chi
phi tinh toan Z(T). Gid tri Z(T') phu thuoc vao chi phi tinh toén ciia hé & nhirng

233



trang thai ké tiép Z();t =1, 2,... T va chi phi tinh toan phu Z(¢t — 1, 1) qeé
chuyCn hé théng dién tor trang thai & (¢ — 1) dén L.
Nhu vay Z(T) cé the bi¢u dién trong dang:

T
Z(T) = Z [Zd — 1, t) + Zaty (11-38)
(=1

Sach luoe t8i wu phéat trin hé théng dién trong T nim cé chi phi
lwong tng
‘ fiT) = mun Z(T) (11-34)

T dav thay riing bai toan phat trién t6i wu hé th6ng dién c6 thé mod
tA tuong tu nhu bii toan xic dinh co cdu téi vu cac 10 may trong mot sd bude
thoi gian nhur dd trinh bdy & muc truéc. Trong d6 chi phi phu dé chuyén
trang thai (dau tu x4y duwng méi va cii (20) duge xem nhu ton hao mé. may;
con chi phi tinl toan & trang thait duge xem la tidu hao nuéc (hodc nhién
liéu) trng vl co cdu & thoi di€m dé. Nhu vay c6 thé sir dung nguyén lf t8i wu
cla qui hoach déng thOong qua nhirng thuit toan di trinh bay & muc truéce
de giai.

Ciing nhu bai toan xac dinh co cfiu lam viée t8i wu cac 18 may, néu sach
luge 181 vu lya chon trén co s& liét ké moi sach luge cho phép thi khéi lurong
s3 it 1én, vi néu qua trinh qui hoach 7= n nim ma mdi nim hé théng c6
thé nhan k trang thai, thi s sach lugce cho phép S 1én taGi

S=k"
Ching han n = 10 nim, k=4 thi §=4'"">10°
Nhung nho dp dung tinh thin cla nguyén li t6i wu nén c6 thé gidm s6 -

phirong 4n cdn xét mot cach dang k&. O mdi trang thai & bwée t ta chi giit lai
duong chuyén toi wu tr mdt trang thai nao dé trong tat cd cac trang thai &
“bude { — 1, tiép tye nhu vay cho dén bude t =T, dua trén gia tri cue tidu chi
pht tinh toan tong sau 7' bude, ta x4c dinh duogc con duong ph4t tridn (sach’
lugce) tdi wu tir trang thar ban diu dén mél irang thai nao d6 & bubel =T
(cach lam nhu d& trinh bay trén hinh 11-4 trong dé ciac 0 duwoc xem nhu cac
trang thai cho phép ctia hé théng di¢n tai cac bude ( =1, 2,., T). V& nhitng
vin dé phat trién 16i wu mang dién theo phuong phap qui hoach déc gia ic6 thd

tham khdo & [TK-Zu]. .

2 Tinh bgt dinh caa thong tin ban dan. ‘
Trong Lt cd céc muyc cia chwong nay khi khdo sat ta déu dat bai
toan trong khung canh 4t dinh, nghia la nhirng thong tin ban dAu v& bai toan
J¢u day db., Chdng han khi nghién ctu vé sach luge 161 vu san xuht mit hang
A va [ clia mét xi nghiép trong thoi gian n ndm [xem muc 11-2] ta d&u gid
thiét c6 sy x4c dinh hoan toan vé nhitng <5 liéu ban diu nhu ham loi nhuin
¢(x) do mit hang A dem lai, hodc ham h (X ~x) do miit hang B dem lai, cung
ahu gid thiét v& tinh tit dinh cla nhitng ti 1& vén con Jai sau tirng nim cta
utat hang A va B 1 a va b, Cong nhu trong bai lodn xét co cdu t8i wu cic td
may nhivng s liu vé liéu hao nhién liéu va nhitug chi phi khac déu gia thiét
fa tat dinh.
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Trong thuc (& moi du doin d8u chiu thc dong cha nhiéu yéu té ngiu
nhién va chinh do sy hidu 'biél khong diy di cha ta vé doi tugng khdo sal
ma ta vin thudng goi mot cdch té nhi 13 Jd6i trong ¢6 tinh « bt dinh », bude ta
_phéi co nhirng thong tin tire thoi vé thue titn dé xic dinh sich luge U5i vu mét
cach dang dan. D6 chinh la yéu chu thich nghi d6i voi sach luge.

B37 toan trd nén phuc tap khi phii xic dinh dudc sach luoc t8i wu kh
két cuc’'ciia moi hoat dong la bit dinh.

€ Tr ¢6c hét thdy ring khong the tim, chiing han gia tri cwe dai v8 lgi nhuin
cha xi nghiép sau n nam, vi dai lugng d6 la ngau nhién, phy thudc nhiéu yvCu
t6. O day phai chuyén sang tim cuc dai gia tri trung binh (hodc ki vong toary
cta lgi nhuén tong sau n nam. |

Véi tinh than d6 bai toé11g x4c dinh. siach hwoe t8i wu san xual cla xi
nghiép cn bd sung nhitng didu kién sau day:

1) Khi sin xudt mit hang A tur luong ngudn vén x, voi xdc sudl p ta
thu dwge loi nhuan g ,(x) va s3 von c¢on lai sau nim diu 132 a.z. Nhu vay voi
xfc sufit p; = (1 — py) ta thu duge loi nhuan g(x) va sé von con lai la a.x.

2) Tuong tu nhy vay, ddi voi miit hing B v6i sd ngudn vén (X —x):

Véi xac suil gy ta ¢6 by (X—x) va b, (X —x)

Vé6i xac sudt g, = (I — q1) 6 hy (X—x) va b, (X —-2)

Nhirng hdng s0 trén day théa min diéu kién:

i

0 <ay, as, by, by<1
P& don gian, ta.khio sat qua trinh vo han, nghia 14 sd nim n — oo. Khij
d6 lgi nhuan cye dai cu® xi nghiép véi luong ngudén von ban diu X 1a [(X)
c6 dang o
[Xh)="tm fuX) (11-35)

o -+

trong d()'f,, (X) 1a loi nhuan cuc daj sau n nim véi lwong ngudn vén ban diu X.

Trong truong hop nay f (X) nhw 14 ki vong toan ciia loi nhuan khi ngudn
~v6n ban diu X nho sich lugce san xuldt46i wu mét hang A va B. Bing cach
14p luan ‘ta tinh thin qui hoach ddng, gia tri f(x) duogc biéu dién trong phuong
trinh phi€ém ham sau:

f(X) = max } D qilgnic + (X —x) +f[aix+ b (X - x)]]-+—
0 X

+ D (12[91(:1:)4' h, (X-j:I:)+ f[alx + b (X — )] J-{—

£
+ D2 qi [gz(x)+h1(X-—:r)+flazx + b (X - z)] |+

+ P2 q: [92 (@) + hy (X — ) +,f[agx + by (X — 1)) I f (11-36)
Phuong trinh (11-36) véi nhitng hé s6 da bi&t, s& dwoc khdo sat nhw trong

treong hop tdt dinh. Nhu vay thay rang: sau khi dwa vao khai niém ki vong
toan hoc ta chuy&n v& quéa trinh tdt dinbh dé khao sat.



Tuv nhién vige xac dinh sich lrge 101 wa cha qua trinh nhiédu bude khi
tom fai, nhirng bat dinh la mot bai toan phite tap ndm trong khung cianh cia’
li thuyét diéu khién 161 wu khi qua trinh c6 nhiéu. Hé théng dién cﬁng nhu
nhirng h¢ lhong kinh t&€ — k¥ thuat khac luén ludn doi hdi duge quan Ii dua
trén viée Glal quyét nhung bai toan nhu vay. /

Hy vong mot sd g:al d4p vé nhirng van dé nay déc g:i cé the tlm thay
trong cic coéng trinh chuvén khio. ] . o

3. Phuong huong didu khién thich nghi cua qui_hoaeh dong.

Thie chat ctia viée xac dinh sach ' luge toi wu ciia qua trinh nhiéu buée
la xav dung nhitng quvét dinh dé diéu khién qua trinh khao sat di dén muc tiéy
d¢ ra (Joi nhuan n nam la cye dai, ehi phi nhién'liéu sau 7' gio 1a cyre tiéu v.v...)
N6i cach khae diéu khign tdi vu moét qua iwrinh nao d6 la ludn git né & trang
thai qui dinh. Vi tron!g> qua trinh khio sat tén tai bat dinh nén trang thai cna
h¢ kho @it méi & vi tri 16 wu. D¢ diéu khién trang thai hé vé vi tri t8i wu.
phiii ¢6 chi phi. Chi phi nay gom hai bo phan: bo phan thir nhdt phu thude vao
d¢ sai léch gitra trang thai khuo sat va trang thai té6i vu. Bo phéan chi phi thi
hai {1 1é voi von dau tu cho ban than cic phuong tién diéu khién. Myc tiéu
cta diéu khién 16i wu la hé luon & trang thai yéu ciu vai tong chi phi, bao gom.
ca hai bd phan, 1a cuc tiéu. —

Thi du: muc ticu echa viéc diéu khi€n (3i wu chit luong dién ap tai cac
nat phu tai trong hé théng dién la xay dung mét sach luge nhim ludn ludn
giit gia tri dién 4p bang gia tri yéu ciu véi chi phi vé thiét hai kinh té& do léch
dién ap va chi phi dau tu cac thiét bi diéu chinh (may bu dong bo, tu dién v.v...)
la cye tién. Muc tiéu cta viée diéu khién t8i wu d@ {in cay cung cdp dién la
luon ludon dam bao dé xdc sudl ngitng cung cdp“dién Khong 16n hon mot gia’
tri qui dinh khi chi phi tong, bao gdm thiét hai kinh té do mit dién va von diu
fir vé du trit trong hé théng, 1a cue tidu v.v..

Tong qual bai toan diéu khién t6i wu co thé phat bidu mot cach so lwge ™

nhwr sau: ¢

(iia thiét trang thai cua hé duoc mo ta béi vecto;’ (\) théa man phuong
trinh dang: .

g —_ — / cor
4z _ 47 + 7w (11-37)
ar |
z0) =7¢ (11-307)
trong d6 A la ma {rin hing . \

_f" (1) 1a vecto dai lvong diéu khién
z (0) la vecto trang thai ban ddu cta heé
14 vecto hing. |
Gia thiét?‘(l) la vecto trang th4i yéu ciu (16i uu) clia he, F (;70 __;;')
li_phién ham dénh gia chi phi v& dé léch gird 2 va z.
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' Gid thigt G(T) 1a phién ham danh gia chi phi v& cac phuong tién didy
hién.

"Khi do chi phi tong bang
KT Yy=F (& - ?c') - 6 () (11-39)

Baitoan ddt ra la: phai chon f(t) sa0 vhn dat min J [ ). bay la lop
ciac bai toan bién phan ma& mirc do phire tap tay thude vao cac lop phlen ham
lrong biéu thire (11-39).

Phuong phip qui hoach déng cung voi khid ndng cia cac may tinh sé
trong nhiéu trudng hop da giap ta tim loi gidi bang s8 clia nhirng ‘hai toan
_diéu khién trén day mot cach nhanh chong ma mdy chuc nam vé truede nhiéu
nha toian hoe da phai lui buoe.

Ngoai ra nho nguvén li tdi wu clia phwong phap qui hoach dong: « Hay
hanh dong theo cich tét nhdt déi vai tinh hudng da cho» ta ¢6 thé xay dung
nhirng thuat toan. qui tic, lhit tue dé tim 1o gidi ciia nhirng bai toan di¢u khién
ngau nhién va bhat dinh (khi do & phwong trinh trang thai eta hé (11-37) cé
thém thanh phan nhiéu).

Mot nguyén tac quan trong cua viée dién khién khi tom tai ngdu nhién
va bat dinh la dya trén thong tin tre thdi lién hé nguoce tir déi twong va tir
do sach luwoe didu khién nhim lam thich ngzhi hanh vi cua déi twong voi su
thay ddi clia ngoai canh. Noi cach khac vi sir hiéu biét ciia ta vé dai {rong lie
ddu con it, chua du. nhung theo thoi gian, sy hicu bitt do dirge bo aung vy
nho nhitng thong (in bo sung do ta thay doi bién phip didu khign, thay ddi cdu
tric cia h¢ v.v... nham dit dan h¢ dén muc tiéu da qui dinh, nghis 1a tao cho
hé nhitng hanh vi mém deéo va lam cho h¢ tré thanh ludn Dit bien vai nhitng
thay d6i (nhiéu) clta ngoai canh,

Nhirng bai toan vé diéu khién thich nghi hé thong dién trong qui hoach,
thift ké va van hanh khi xét dén tinh bat dinh cua ban thin déi tugng va méi
truong hien dang dwoe quan tam nhiéu trong nganh nang luong. Trong tap 111
sé¢ frinh bay mot sd co sd phuong phap luan cus vin d¢ nay va nhitng ap
dung buoc dau. '
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~ PHAN THU BA

TAI BIEN BI XA VA ON PINH cUA HE THONG DIEN

,v

~ ‘Trong phin nay ngoai nhirng dinh nghia v& thong sé ché 46 va
thédng s6 phin 1ir, di khio st nhitng ch& dd lam vigc binh thudng va
ddc biét cha dudong day tdi dien di xa dya trén phuong lrinh dudngday
théng s6 rdi. DA néu mél s6 ndi dung thidt k& duong dir tdi dién
di xa. ’

Phim chit 3n dinh cta h¢ théng dién dwrgc khdo sat trong ché 46
lam viéc binh thuong (linh) dua #rén dudng dic tinh coéng sudt va ché
do cb6 su c¢d (dong) dua trén phuong phép di¢n lich va phidn doarn lién
tiép nhim xdc dinh théi gian giédi han cdt sur cé.

Bai tofn tdng quil v& dn dinh duwgc khdo sat thco phuong phép
tryc ti€p cha Ljnpanov va &p dung dé khiao sat dp dinh d¢ng cta h¢
théng dien.

Chwong muweoi hai

HE THONG TAI DPIEN DI XA VA €AC CHE PO LAM VIEC

12.1. HE THONG DIEN

1. He thong dien

L4 tap hop bao gom cadc ngudn dién va cdc phu tai Jicn duoc néi lidn
véi nhau boi cac tram bi€n ap, tram cét. trom bién ddi doug dién va mang
dién véi cac cdp di¢n ap dinh mic khéc nhau.

H¢ thdng dién ]am phiém vy sin xudt, chupén tdi vd st dung dién ning.
Hé théng di¢n lad mot bo phﬁn cia hé théng ning luong va thudc trong hé
théng kinh té qudc dan.
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M8i thi&t bi efu thanh hé théngdién duoc goila phdn i cia h¢th8ng dign.
.6 nhitng phan tir truc tiép san xudt, bién déi. truyén tai va tiéu thy dién-
nang nhu: mav phal dién, may bién ap, may bién doi dong dién. day dan cac -
loai... C6 vac phan 14 gitr nhiém vy diéu khién, diéu chinh va bao vé qua
trinh sdn \udl va phan phon dién nang nhwr: tu dong diéu chnﬁnh kich thich,
bio vé rou le, may cit di¢n

Mdr phan 1y ctta hé théng dién dwoc dac trung bz’mg cac thong 5O, cac
thong so nay xac dinh boi cac tinh chat vat v, so do noi cac phdn it va nhiéu
di¢u kién gian wdc tinh toan khac, Noéi chung cac lhong so cla cac phan tir
co gia tri phuy thude vao ché do cong tac cua hé thong dién, song lrong nhiéu
lruang hop Lhwe té ¢o thé xem cac thong s6 do la bal bién. diéu nay lam dé
dang cho viée khio sat hé thong dién Iuec.

Cée thong s6 ctia cac phin ti cha hé thong dién lwe diroe goi la cac thony
. i - ar . oA v ‘o . A A > . A’ . a . A "1
st cua hé thong dién. Vi du vé cdc thong so cua h¢ thong dién la: tong tro,
tong dén cta dudng day, may bién ap, hé s6 bién ap, hé s6 khuéch dai cua
thict bi di¢n ehinh kich thich..

Céac phan "t cach sip xép va médi lien hé qua lai gitra chung ac dinh
cdu lriic caa hé thong dién '

Tap hop cac qua trinh ton tai trong hé thong dién va vac dinh trang
thai lam vige cta no (rong mot thai diem hode mol khoang thoi gian nao dé
goi la che d¢ ciia he thong dign.

Ché d¢ ctia hé thong dién duge dac trung boi cac chi tieu dinh luong \é
trang thai lam viéc ctia no. Cac chi tiéu doé 1a cang sual tac dung via cong sudt
phan khang. dién ap. dong dién, tdn s6, goc 1éch pha gita cac vecto sirc ‘dién
dong... Ciac chi tisu nay duge goi la cac thong so cua ché do. Cac thong so cua
ché do chi xuat hién khi hé th('jng dién lam vice. Trai vai cac thong sé hé¢
Ihéng, cac thong so ché do hién doi khong ngieng theo thoi gian, tuan theo
cac qui Tuat ngau nhien. Nhicu thong so cua cac cheé do cong tac‘bmh thirong,
cua hé thong dién. frong phiéu di¢u kién tuan theo ludt phan bé chuan. Vi

du: phu tai dién, dién 4p cua mang dién phan phdi...
[
Cac thong 6 ché dd ¢6 quan hé nhan qua doi véi nhau, xac dinh lan

nhan thong qua cac thong s6 clia hé thong. Vi du:

2 )2 M
vl rip=""iap. XY g

i -

Nhu vay cac theng o hé thong va thong 6 ché do quan hé mat thiét véi
nhau, tac dong qua lai 1an nhau. Khi cac thong so hé thong thay doi s lam
thay doi cac thong s6 ché do. dién nay duoc st dung'dé diéu khién cac ché
A0 cla hé thong dién. Cac thong s6 cfia ché do thay ddi ciing lam cho cac
thong sb hé thon;, thay d6i. Chéng han, dién khang c¢lla duong day phu thudc
vao tan sé cua dong dién di trén d6. Song sy phu nay nhd nén chi cin xel.
dén trong cac trudng hop dac blét nhu khan sat ché¢ dd khong déng bo.

Céac ché a6 lam vice cua he thong diéncco thé chia lam hai loai: ché 40
xac lap va ché do qua do, l ‘
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Che a6 vdc [Qp1a ch& dd trong 6 chc théng s§ clia chd dd thire té khéng thay
ddi theo thoi gian, Co ché 49 xic 1ap binh thudng va ché dé xic.ldp sau sy cd.

Ché dé qud d¢ 1a ché 49 trong 46 cic thong s& ché dd bién thién manh
theo thoi gian (ngn mach, dao déng ¢dng sudl clha cac may phal..).

Déi véi ché d¢ xac 14p binh thudng la ché 40 lim viéc thudng xuyén
cta hé théng di¢n nén véu ciu phidi ddm bio dd tin cfy, chdt luyng dién ning,
va cic chi tiéu kich 18, D61 véi ché dé xic 14p sau sy ¢b cac yeu clu trén day
duge giam di, song ché d¢ nay khong dugc kéo dai m3d phdi nhanh chéng
chuyén v& ché d¢ binh thuong. |

D61 voi cac ché d9d quﬁ dd vEu cAu phai ké’l thte nhanh bing clce
ché do xac lap va cic thong sd ché do bidn thién trong gioi han cho phép.

Nhu vy 40 tin cAy cung cip dién, chdl lugng dién ning, tinh kinh té&
I3 chc chi tidu co ban dé danh gia ché do lam viéc cling nhu cdu lruc cla
hé thong dic¢n trong ché do lam viée binh thudng. Con thoi gian qua dd
va bién 30 cla cac thOng sO chié 49 la chi tiéu chn yeu dé danh gia cac ché
10 qua 49Q.

2. Djc didm cOng tde cda h¢ thdng dien,.

1y See sdn xudt, iruy2n tai. phdn phéi v sit dung dién niing xay ra ttc
thot. Do khorg c¢6 phuong tlign du rit di¢n ning nén phy i tiéu thu bao
nhiéu ndng lugug thi dong thdoi ngudn di¢n saec xuit ra bAy nhiéu va truyeén
tai dén pby {ai theo mang dién. Trong qua irinh san xufit, Lruyén tai va Lliéu
thu m@t phan dién ning bi mdt mat do phil nong day dfin, 70 dién va ving quang.

Sy cdn bing cOng suidl gita nguZn dién va 26 {itu thu duge thyc hién
mAt cach 1y nhién. Khi cdng sufit cha ngudn didp gidm di ihl cOng sndt tidu
thu cha phu 4t céng ty dong g'am di theo vd nguge lai. nhung khi dé chdl
luong dién ning la dién ap va tin sé bi thay doi

Cong suil lac dung clha ngudn didn cung cip cho phy {al dwge xem la
da kbi ton 53 cha hé t18ng di¢n bing dink muc, 50 hay 60 Hz. Con cOng suit
phin kbang dugce xerm la db khi dién Ap ciia h¢ thong diér ndm trong gioi han
cho phép. Khi thidu c¢ing suit, 13n $6 va di¢a bp a8 giam xudng, chil lugng
di¢w nang bi xfu #. D3 dim bio chil ivgng dién néng ~ha he théng dién va
di¢u chinh n6, doi 1oi trong hé thdng dién ludn ludn cd da cbng suidl tac dyng
v phan khing, muin thé cin phai c6 mdl {fwgng cong sudt dy trit.

2y Cac qua tiinh trong hé thdng dicn x£y ra rit nhanh chong, vl viy
cn phai #6 cac Whigl bi ty dong tac dong rdt vianh d2 dién kbiSo va hao veé
hé thong diép. ‘

3) He théng dién cung ofip ning lugng cho tit cd cic frg?mh kinh té&
quac dan va sial hoal etie whdi dan, vi thé sy phal Ivicn cua bé théng dién
phoi kip thoi djp #ng yév cdu vé ning lugng mgiy cang fing cua ditl nude.
Muop vay su pnv trién cus hé thong gicn phai vugl truve mél bude 8o voi
sw phat Lrién cva che nganlt kinh 1€ khac.

Cac dic di¢m trén ity cdn duge quan trigt day 4% frong n6ng the qui
hoach, tnét k& va van harh hé théng dién.

Xu huong phat tritn clia h8 thong ¢ién 13 tix céc nha mdy dién riéng ré
cung cip di¢a riéug ré cho cic hu vyc phy 1ai 0o 13p, cac 1b) may di¢n va
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cdc phy 1Ai dwge ndi lidn véi nhau thanh cie hé théng khu vie va cudi ciing .
cie hé thong nay Cuoe ndi licn birg cie dudrg day dai thainh hé thong dién
thong nhil qude gia.

Viéc thanh 12p cic hé théng dién khu vyc va hé thdng du,n théng nhit
quoc gia mang lai nhirng loi fch sau day / :

1) Tang cwong d6 tin cAy cho céc phu tdi. Cac phu tai lén quan trong
e6 thé nhian dién tir nhidu nha may di¢n khac nhau,

2) C6 thé sir dung moét cach kinh té cac ngubn nhién lidu khac nhau
(than ¢4, thay ning, diu md, ning luong ngivén {&..) bing ¢“ch phin L&
kina (& cOng sufit cho cic nha m'y dign. Co Lhé thie hién cac chd 46 vaa hanh-
cO l¢gi nhdt cho cac loai nha may dien.

3) Giam duwge dang Lé cong sul du trir treng hé théng dién. Cho thép
xay dung cAc nha may dién c6 td may cong suit 1dn c6 cac diic tinh kinh té cao.

4) Cho phép sir dung cao hon cong suiit dit cua céac nhi may dién do
do thi phu tai ctia hé thong dién dugc san bing hon so voi do thi phu tai
cua ting phu 1ai riéng ré

Hé thong dién lam viéc licn tuc va khing rgirng phat tri'n,

Trong khi lam viee hé thdng dién chiu ldc ¢or-g cla cée yéu t6 npau
nhién tuin theo cac luft }"h n 16 Lhi« rtecu (cuw Lli€n (¢rg ngiu nhién clia
phu tai, cic qua trinh kdrg L.6c do féc ¢d1g lin 1pciivkhu qua Cién ap, ngén
mach...); dong thoi hé ll.onc; ¢ién khi van hanh ¢6: hdoi rhai dat duoc nhidu
chi tiéu dong thoi (chdt lwong Cién ndryg, ¢§ tin cay, tinh kinh té).

H¢ ihong dién rhat trién treng Ciéu kién bdt cdinh do che y&u t8 ngoai
cAnh trong tuwong lai la kbonz bilt truic mot cach chic chin.

Tom lat he thdng lién 1a heé thd g Ja ch’ lita, van hanh dudi tic dong
cta chc yéu to ngau nh'én va pht triéa trong -liéu kicn bat dinh. Do <6 viée
xdy dung dwuge modt cdu tric clia hé théng i'n ¢d tinh thich nghi cao, tim
dugc cac phwong phan va phuong tién ¢idu khién (6t nhit sy phat tridn hanh
vi cia h¢ théng dién 1a moét vize khé khiin phire tan. Trong cac-linh vuce nay -
né’ chung da dat duge mot s6 than'y tyu va cong tic nghiln ciru dang phat
trica manh, Nbirng vin dé lién quan dén li.h vuc nly sé duwogec dé cap & tapr
II1 cda bo sach. s

12-2. TA1 DIEN DI XA

Su phat trién cha hé théng dién thud"g gip phkai tinh hinh 13 'ngudn
nhi¢n liéu dé sdn xuflt didn ning nhicu khi & rit xa t: ‘ung tam tiéu thu cién.
Do d6 vén dé dit ra la nén van ci uycn nhién li¢u dén trung tam phu tai roi
san xudt diin, hode sin xudt . ién & c¢hd ¢é nhién llcu roi lrugvn tai dién
niig ve trung tam phu tai. Boi voi c¢'c ngudn thu»v ci¢n thi duorg nhién la
phai truyén tai di¢n ning, Lén d6i voi e o ngudn rhién ligu khac thi voi cac
phuong ti¢n va ky thudl vanlai nhu hidn nay thuéng viée tai dién ning kinh’
1& hon, nhét la voic.c loai nhidn liju'c6 nhi¢t du g thédp. Vi cac 1y do dé
xudl hxcn trong hé thé.g ciin cic dudng diy tai cién dai hoje rit dai ndi L:én
cac nha' méy dién & xa voi cic trung tim tiéu thy dién, cic nha méy dién
ndy cung voi cac duong day dui tao taanh h¢ lat di¢gn di za.

242



Mat khic do su phét {rign rong 16n vé dja du, viee néi lién cac khu
viuc khac nPiau clia hé théng dién hofic’ ndi cac hé théng dién khac nhau clia
ca nudce cling can ¢6 cdc durong day tai dién dai. Cac dudng dayv loai pay duoc
goi I céc d‘u‘ang day lién lac Duong day lién lac chuyén tai dién ning qua lai
gitta cac mién khac nhau cda hé thong dién thong nhit. Néu kha ndng tai cla
cdc dudng dﬁy nay twong duong v6i cong sufit phat cfa cdc mién thi duqc
goi la dudng day lién lgc manh, con khi kha ning dé chi bing 10 -- 15% cla
mi€n c6 cong snft nhd nhdt thi goi 1a dudng day lien lac yén. |

3 Ngoai ra cling c¢6 trweong hop dung dwong day daicunz cap dién cho phy
tai. c6 cong suit lon 6 xa hé thong dién ma viée xay duig nguin dién & do

khong kinh té

So dé cac loai duong day tii dién noav chiéu di xa trén day duge trinh

bay-trén hinh vé& 12-1.
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Hinh 12-1
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Viéc truyén tai dién ning cong sudt 16n di xa doi hoi dién ap ciia dudng
day tdi dién phairit cao. Cac dd thi trén hinh 12-2 cho thdy sy phat trién clia

dién ap mot chidu va xoay chiéu t&r nim
1916 dén nam 1972 [1].

Hién nay & cac nudc cong nghiép
lon dang nghi¢n ciru va thiet ke cic duong
day tai di¢n xoay chiéu 1000 — 1200kV va
mét chiéu tir 1500 dén 2000kV.

Kha n#ing tai dién cia cac dudng
day tai dién xoay chiéu dién 4p cao ¢
pham vi sau day:

Véi dién ap 110 kV khéd ning tai 30 MW

- 220 kV — 120 MW
_ 330 kV - 450 MW
- 108 kV - 550 MW
_ 500 kV - 850 MW
- 750 KV - 2000 MW
_ 1000 kV — 4000 MW
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Cac gia tri trén day twong ung voi do dai tai dién dudi 1000 ktm.

/
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Khi ning taf ditn bing ddng didn mdt ehitu con l¢n hon nira, n6 Iﬁy

Lhitde vio cdng sudl cha cde Lhilt bi Licn ¢oi dong dién
Vi¢e str.dung di¢n '1p cao (L1227 KV hode stcu cac (> 920 L\ xoay . h!eu
df xa glp phai nhirng vin <& N theat | hae tep ma ¢ cfe ofp dicn £p Il‘*p

dudng diy ngdn khong hé co. Vige gidi quy&i nl.ong v&n d¢ nay lam gidm i rdl
nhi¢u tinh Kinh té cla viée tai di¢n di xa Ling dong di¢n xoay chitu di¢n 4p cao,

G#n lign v6i di¢n 4p cao 14 hién luong ving quanz didn gAy ra (0p thit -
dién nang rdt 16n. Khi dién 4p tr 80 kV tro [én, ving quing di¢n 14 y€u ti chi t chix
y&u a% lia chon turﬁ dﬁy din va IA yéu 18 quan tr¢pg quyét dinh khodng
cich gita ching nh’am glam {On” that dién niang dén mire chip nhan duge. 1'éi
vy tidt dil : i I6n. Diung day din dic tiél dién
16n nhu vay khéng kinh l’I bé gidi quyél vin d& niy ngudi ta diing cic day din
& Ml_l’a_p_}mglm?_,_d_a&)_in 1anh song song v&i nhau (diy din phin nhinh).
Bi¢n phip nay vira han ch@ dwoc ton tldt ving quang via khéng phdi Jding
cic day din ¢6 tiit dién qui 16n. Day din phan nhanh dugc diang bit ddu tir
cdp diin ap 220 kV thdag qua so sanh kinh t& k§ thual voi diy ddn dde. To
dign 4p cao hon thi hiu nhu higa nay déu diang diy phan nhanh,

Do di3n 4p cuo céich di¢n & cic tram Lién dp va dudng diy trd ndn 1
phitc tap va chinh vdn d& cach dién lam cho vén diu lur cic dudng diy dai
rt cao, han ch& kha ning kiah (& cla ching. Biin phip chiph d¢ gidm cdch
didn cla cdc hl thdng dién 4p cao la ndi ddt trye U€p trung tinh cha cic may
bida ap, khi d6 cich dien chi cin tinhmmoi 3
day 13 he thing bicll difn khi cham @4l mét pha (thudsg 15 cham dit thearg

qua), d¢ khéc phuc nhuge dilm nay ¢6 thl st dung ty dong doag lai mol pm
tein cac daong day tai dién.

d
i

Khi duong day dai lam vide khdng tai, xay ra hiin tugng ting cao dicn
4p & cudi dudng diy tal di’n phia h3 mach, néu dudng day d: ai 1000 km dicn

ap c6 the t:ing gip d(}: Diéu nay khong thé cho phép, do d6 & cic dudng day
dai phidi s& dung cac (hilt bi bu rdt dit ti¢n d3 diBu chinh dizn 4p.

Khi lam vi’c khong tdi, & cac mdy phat dién ndi véi cac dudag dav dm '
c6 thé ydy ra hiln tugag Ly kich thich. Do di2n dung cia duang day rit lon,
lac khong phdt cong sudt lac dung may phit mang phu tii ditn dung. Dong

diin dung linh ndy L héa stalo caa may phal ciung chidu véi dong dién kich
thich tir hoéa rotor, vi vav diin ap miy phit ¢6 chilu hudng tu tang lén. Hién
tugng nay hay xay ra khi G dud. g day dai trude khidua vao vin hanh hoije
sau cde sw ¢b niing né.

Ilan c¢h& co Lan nhit vite st dung ditn 8p cao xoay chidu d¢ lai dlcn'
di xa.la vin d8 6n dinh, tuc la gitr ving Lllé do lam viée dong bd cha cac may
phil lam vig¢c song song. Muon gir duge dn dinh, cong sudl ldi trén daong
diy ddii khong duge vugt qua Long sudt gioi han nao do, (Ong suit nay therdng
nh) hyn cong su.xl g:ai hgn 1on nhil I\hoang 29—=70%. Dudng day tai di¢n cang
di thi cong suit " gioi han nay cang thip, dé khic | huc phai uﬂng di¢n 4p lén

rit cao boi vi cong suit gigi han (i I¢ thudn v6i Linh phuong cla dlgn ap \é
t i¢ rghich voi dizn khing duong day.

De 1di di¢n di rit xa phdi s dung edc Li¢n phap dgerbi¢l dé néng 0eo
- On dinh, 88 duye Jd cdp ohi Udt & cae chuong seu. _
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Nhttng kho khan phtto tap trong vite thi dién di xu bling dong ditn xoay
chidu trén day da ddn.dén nhirrg nghién ctru va thye hi¢n 1di"di¢n di xa' bing
ding dién mol chidu idn 4p sicu cao. Vide 1d7 dién mot chicu khic phuc duoe
et vian d@ phie tap cio- 1di dicn xoay chéu ¢d néu Irén diay. Ngcai ra vige i
dwn mot chidu con coenhicu thuan loi khae nira nhu: — chi dong 2 day din
do 16 ndu tdi cung <éng sudl thi vin diu lu vé duong day ré Lon; — ton
thil ving quang nhd non so vai dong dién xoay chidu do d6 co theé cion d y
dda nhd hon; — cach dién dwong day d& dang hon, viée dung cap dac Licl
thudn lgi hon so v&i dong di¢n xoay chitu vi cap co {h3 chiu dién 4p mot
chidu cao hon nhidu lin di¢én 4p xoay chidu. Néu dién &p nhu nhau thicap
cbiu dwge dong dién mot chidu lon hon cong dijn xoay chitu; — 6 the dung
4st lam day dan trg vé. .

So dd nguyén 1i clia dudng day lii di¢n mét chidu trén hirh 12.7, (J hay
8hu duong day t3i dién c6 dit caéc tram bidn dli dorg di¢n xosy chicu thinh
mit chiéu vd nguge lai

- K9 M,g a‘c?g

I

O-@-

Pon bn oS o ad
xooy ek gt it MmOt chidy LTy ot

llinh 12-3

’ide 121 dién mdt chiZu hién nay cdn glip nhirng kho khin sau day:

~ C#c thidt bj bi&n ddi dong dién dong thoi lam vai tré may 4t dicn
iam cho cac tram & hai diu dudng day ridl phie tap va dit tign. '

— Vi dong di¢n md! chitu chi 13i cong sudlt tic dung cho nén phii dat
c¢ac ngudn chng sudt phin khing & diu phia phy Lii cia dudng day (Gng vdi
1-wW cin dat ur 1 dén 1,5 kVAr)., .

- — Can phai co thidt bi d¢ loc cac séng ditu hda bic cao bio dim dang
hinh sin «ta dién 4p xoay chit¢u sau khi bi¥n doi tir mot chidu sang.

—~ Do chua lam duge céc MLQ@ mol chiéu cho nén dudng diy
mdL chidu khong tht phin nhinh ma chi ¢6 the tii cong suidl thing (r diu nay
dén diu kia dudng diy. .

— Chua lam duge cde thi¢t bj bio vé chéng qua diln 4p.

Do cac han chd Lrén ‘day vite tdi dign moL chidu chura hodn todn thfing
th@ so voi dong diln xoay chidu (trir cic truong hoo clin ndi litn cde Lt thérg
dién ¢6 lin s8 khaz nhawn. Do d) troag lurng lai vige l3i di*n bing doag di'n
goay chigu vin st coa phal triin manh va 00 (ai song song \6i (i di n b "
dong dié¢x mol chicu. | / ,

G cac chwong Liép theo s& chi x¢t vdn d¢ t3i di¢n di xa bing déng ditn
xzoay chitu di¢n ap\cao, 46 1a vin d& hi¢n thye trude mit cda hé¢ théng diin
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nuoc ta. 'l‘xung do sé trinh bay ciac phuong trinh co ban dé tinh Loan cac chd

dé lam viée binh thuong ciing nhu cic ché doé dic biét cua dudng day tdi dién
di xa va céc nét 16n v vin dé thiét ké ching, sau d6 s& xét vdn dé ©n dinh

va cdc bién phap nang cao dn dinh. )

12-3. CAC PHUONG TRIND CO BAN CUA DUONC DAY TAI PIEN DI XA.

1. M& dan.

Muc dich cua vi¢e gidi tich dwong day tai dién di xa la thiét lip nhirng-

quan hé nhim vac dinh nhirng thong s6 ché do cua dudng day dai trong cac
tinh trang van hanh khac nhau.

Céc thong s6 dwge quan tAm dén nhit la cong sudl P, @ vadiénap U &
hai ddu va tren dudng day, ciing nhw gée 6 gitra cac vecto dién 4p & hai diu
duong day. |

Két qui gidi tich duong day dai la co sé dé tién hanh céc tinh toan kinh
té — k¥ thua!l khi thiét ké ciing nhu khi van hanh dudng day tai dién di xa.
(‘hﬁng han phai lya-chon cic phan (& cia dudng day, lua chon cac bién phap,
thiét bi dicu chinh, diéu khié.a sao cho khi van hanh cac thong'sé ché do duoe
gitt trong pham vi cho phép, khd niing tai cia duong didy dugce nang cao va
“chung to sir hop 1y vE kinh té cha cac lua chon dé.

Bin chat cda -qua trinh truyén tai ning lwong dién theo dudong day tai
dién la qua trinh séng, trong do cac séng di¢n ap vi dong dién khong ndirng
truyén nang luong Lir ngudén dién dén noi ticu thu.

Doi véi cac duorng dav i diéh ngin (I <7 200 — 300 km) va dién ép |

thip (I’ << 220 kV) viéc tinh toan cac ché do trén co s& gid thiét don gian héa
la dudug day ¢é thong sd tap trung.

~  Khi dudng day rit dai hodc dién 4p rit cao,, viéc tinh toin béng phuong
phap trén cé sai s6 khong cho phép. Liac nay cén phal xét dén tinh chit c6ng
cia qua trinh truvén ning luqng tirén dudng day tai dlen vol cac thong s6 rai
d&u trén toan hd chidu dai cua nd.

Trong wyc nay sé dan xudl chc phuong trinh song co bin cda du'a\ng

day dai.

PR 2. Thanh 13p he phuong trinh
T ox R, Xytlx { vi phan co ban.

'—"-"C:"‘(YY\ - |
Ta gia thiét duong day tﬁl dién

di xa 14 déng nhét (co cac thong sd

v 3 "“']- raideu trén toin by dudng day) va
by 6 8dx |v mang tdi ddu trén ba pha.
___T Ta xét mdt phin t& nhd cha
duong diy c6d do dai dx & cach didm
_ cudi duwdng day, tire 1a diém nhan dién
ﬁ . P ndng, mot do dai x (hinh 12-4).
- Cac thf)ng sO cua phén 1 duéng:
Hinh 12-4 day nay gom c6:
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— Dién tré R dz [Q]

— Dién khang X dz = ©L dx[Q]

— Dién din tac dyng G, dx[Q1]

— Dién din phan khang (dung din) B,.dr = C,.dx[Q 1

Trong cic biu thikce trén day: R, — dién tré [Q/km], , X, — dién
khing [Q'km], L, - d) tw c¢dm [H/km], G, —di¢n din [1 Qkm], B, —dung
din [1/Qkm], C, — dién dung (F/km], d&u tinh trén moét don vi 46 dai duong
day tai dién, f—tin s6 cla dong dié¢n, o = 20f.

Néu dién 4p pha va dong dién & phia cudi cha phin ti du()ng dz‘ly la u

va L thi & dau phin tr duwong day di¢n 4p va Cong di¢én s& la: u + —- " gz va
oX

t 4+ — dx.
X

Tur hinh 12-4 thdy ring: s& di cé su bién doi dién 4p nhu trén 13 do cé

ot
giang 4p trén dién trd iR, dx va trén dién khang L JAr — K Con su hién d0oi

dong diin 12 do co dong dién do chay qua diin dan tac dung G.dru va dung

2
Fodt T
1'heo dinh luit Kirchof II cho mach vong nhu trén hinh 12-4 ta ¢6 thé viét :
u+ - dr —u— Ryidzx — L, 2L dx =0 (12-1)
L F ot

Giin uw6c phuong trinh ta co:
ou

dx

(12-2)

Theo dinh luat Kirchof I cho die¢m nuat & cudi phﬁn t dh‘(‘:rng day ta cé:

¢+-—d:1:—1-—Gd1u—Ca:z:—w~—a0 (12’3)
0T ol '

Sau khi’ gidn uée ta dugc:
’ o ¢
ot

(12-4)

Cac bidu thire (12-2) va (12-4) 14 cie phucrg tiinh vi phin co b yic
dinh sy bién doi cla dién 4p va dong dién lién duong cay tai dién di xa. Giaj
(12-2) va (12-4) s& duoc quan hé cha dién ap vd dong dién bién doi trong khong
gian va theo thoi gian.

3. Gidi h¢ phuwong trinh dudng day dai cho di¢n 4p va dong dign hink sin.

Dién 4p va dong di¢n hinh sin duge diln 14 Li g cac s6 .phﬁ'c Uval
Dao ham cia U valtheot ta co:

_dU_ di |
= «U — = jol -
- =Y jo (12-5)
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Thay (12-5) vao (12-2) va (12-1) 1a duge;

—-—-:U == R.i + j:oLot = i(Ro + ij.) = IZ. ) (1:\2'6)

; .

:‘ C.0 + JoC0 = UG, + juCo=0%, 27
o o

Trong (12-6) va (12-7) Z, va Y, 1a tOng trd va {3ng din cila mot don vi 4 d}\l
dudng diy.

Lan hrot 14y dao ham bAc hai cta U va | theo =, sau a6 sit dung cle
bicu thae (12-6) va (12-7) ta dwoc: : :

a0 _dl_ %2 wrD (12.8)
dz? “dx: |
a1t _ U Y, =127, =17 | (12-9)
dis- dx :
Trong cac bitu théc trén:
T= VY2, = VG, F JiCXRa+ oL =p+jamiTic®  (12:10)

duoge goi 1a hé s truyén séng. )
Chuyén vé& (12-8) va (12-9) ta thu duoc chc phuong trinh vi phin co ban
¢la dudng diy tai di¢n xoav chiéu ba pha:

LAY ' \
: - 10 = 12-
PN (12-11)
d'l
- =6 | (12-12)
Phuwong trinh (12-11) ¢6 nghi¢m 10ng quat:
U, = Kie¥ 4 Kee-7? (12-13)

Liy dao ham clia (12-13) theo x rdi thay vao (12-6) ta duge
t.l usn "%— (K 187' - K)C—T‘) =

T/(GO + JuC YR, 4 jol) (K,er -K e

R + juxL =
—?{—jf% (I{e‘h - Rzeﬂn) - o
- -
- _Z_.(me" — K™ | (1219
Trong bilu théc trén
2oa V| Botivle _ /% _ |5 10 = Z.0 . (12-15)

G, + juC, Vv,

goi 12 tOng trd wéng clia dwdng ddy dii, Z, chi phy thube vio cic {thong &
cua dudng day. ‘
T va Z, 13 hai thong 8 dJc trung cla dudng day tai dién di xa.
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Che bidu there (12-13) va (12-1) cho phép xdc dinh vecto 4lgn 4p vA

dong di¢n & moi didm trén dudng day tai dién. Cac hing s6 K, va K, duoge xac
dinh theo cac dicu ki¢n b.2n cho Lruoe.

Ta hdy tinh di2n 4p va dong didn tai ditm L#1 ki-cla dudng day khi

biét dién ap U; va dong, di¢n I, & ditm cuci duong day i cién, nghia 1A vai
« == {,

Viét l3i cdc phwong trinh (12-13) va (12-14) cho didu kién nay, c6:

U] = I.{l + Iﬁ\"

l, == _]_\‘_'Z'_[_\‘!, (12-16)
Glai he¢ (12-16) duge:
l.\’j - ';— (UQ + Ig Zg)
(12-17)

% 1,
I\, = '2— (Uz - 12 21)

Thay (12-17) vao (12-13) va (12-11) ta c6 chc ham s& xfc dinh dién 4p va dong
dién tai di€¢m x bdl ky tinh t& cudi dudng day:
|
0, e —;— U, + 2 e™ + —1-([’J, -1,Z)e " =

s L 4 — p-YZ
- ~e -+ e —t I Z e ] (12-18)
t - 02 + I'l ze evt — U‘E - {‘.l Ze e~Y%
~ ’ 2Z, 27,
. Tx ~T2 LOR YX . p=—YH
-1, St 1 2 = (12-19)

2 Z, 2
Chuyen (12-18) va (12-19) v& dang lugny git.c Liyperbol v6l chc quan hd :

YX _ -3 Te -y
ShT2 w ¢ 2(! vi Ch7x = € -1-20

ia duge:

O.=0,Ch vz 1,2, Sh 1=

tz =1, Chrx +g—i- ShT1s (12-20p

Cac gia tri di¢n ép U; va don@dlén [, & d3u phst di¢n clia duong ddy tai dip
83 nHan duge i (12-20) khi thay x bing d¢ dai ] cda dudng day tai di¢n

Uj - Uz Ch 7 I-+- i‘ Z¢Sh Tl

[,=1Car -+ gz- Shtl (12-21)
/ [ ]
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Dan xuat t.uung (u Lo coO thé xac dinh dién ap va dong dién khi biét diény
ap Uy vadong dién I, & dau diy tai dién, khoz’mg cach x ldy tir ddu duong day:
U,=0, Chrx-1,Z. Sh 1z

t =1, Chrz - g' Sh Tz 3 (12-22)

Dién ap U, va dorg dién I, & cubi duong day:
. U (12-23)
L=0LChTl~ -Z-'Shrz

[

'Céc bidu thts (12-27), (12- (12-22) va (12-23) dang d@ tinh to4dn céc.
ché 46 van hanh cia dudng déy tax dlén Céc cong thire nay st dung cho dién

4p pha. Khi ¢an tinh di¢én ap day can phai nhin thém V3 vao s6 hang cla cée
ham dién 4p. '

4. Phan tich qua trinh séng trén dwong day dai.

Céc hing s8 K|, K, va (dng tré séng Z. déu la cac s6 phirc do d6 céﬂthér
viét du6i dang modul va argumen
K, =K, Jr1 » Ky=Kilp,: 2.=2. 10 (12-24)
Thay (12-24) vao (12-13) va (12-14) dugc: : k
[.J; = K|€ px 65“‘+i“’1 —{——ng‘"e"_i"*‘j“z
' . - (12‘25)‘
i = K Brgiaxtioi=i0  Ra —Px —jox+ip; ~ 8
¢ c
T edc him phirc trén day, theo céc quy i4c d3 trinh bay trong co s& lf.
thuy&t mach dé dang ldp dugc cde ham thyc caa din ap va doéng dién, dé l1a
cac ham bién thién theo thoi gian t va do dai duong day x: '

U= V2 K e* sin (o + oz + @) + V2 K,e ®* sin (wl — az + @)
' (12-26)

1

la = V2 ? e?*sin (ol f-ax+@~0)+ V ’2“%(— e=P* sin (of —aZ-+p2—8)

c

Ta hay khdo s4at ham u_, D2 cho tién ta gid thi€t @, = @3 == 0, nhu vy
hdm u,,, gom hai thanh phin chira sin (w/ 4-ax) va sin (ol —wuzx).

Truéde tién ta xét thanh phdn dién 4p chira sin (0! + ax) ky hifu 1i u:
u, = ke** sin (wl 4 ox) (12-27)
tai mot thoi diém bat ky, vi du t =0, dién 4p u, phin b6 theo dang séng hinh
sin trén chiéu dai duong day tai dién, ¢6 bién d6 tang din theo chidu ting cla
z (hinh 12-5, dudng 1).
0] séng hinh sin ndy c¢6 buGe séng, tire 1a 49 dAii gitta hai ditm cda °

dudng day ma dién ap u, & céc diém d6 tring pha véi nhau, ta ky-higu la A

thi g6c bi&n thién aA gitta hai diém cach nhau mét dé dai song s& la 2x, do do6.
A= 22 (12-28)

250



Bay s;i(‘; Lo lay thod gian ting len mol luong 1a Al ta nhan thay song
hinh sin van gitt nguyén dang nhuno dich chuyé en vé [)hld trai theo chiéu
giim di cua  mot goc

v s - la wAt (duong 2). Nhu
1 ffd’ vy sau thoi gian At
| ' -7 séng dich chuyén duge
| = mol goc wAl, goc ndy
2= - néu tinh theo 46 dai
“’A“t““d" , / duong diay Oz se la
oA %\‘ | 7 ‘z’f" ) AX oAz, nhu viy: oAl =
n v 3. /zn ex = afz. Tu dAy téc¢
¥ N ! / do truyén séng v tinh

[T T T —~——— _ / / duge 1A
\\\«1‘_ »’J V= Az =2 (12-29)

™~ a
‘\

S . Véi gia thiét ban diiu

la £ = 0 irng v&idiém
cudi, dim nhan dién
cia dudng di--, chiéu truyén ning luong la tv dhu dén cubi duodng day. Vay
séng ap u, dich ¢huvén theo chiéu truyén nang lugng, c6 bién d0 giam dan ta
goi la séng {6t hay la séng thudn.

Hinh 12=5

/'I'u'ung tu nhw trén, séng 4p:
u, = K.e"*sin (wf — ptaf) (12-30)

14 séng chuyén dich theo chidu tang cia x, ciing v6i 16c A6 nhw séng thudn,
tire la chuyén dich ngwge voi chiéu truyén nang luong ta goi 1a séng phdn xq
hay la séng nguoc. 6ng nguge cing c6 bién d6 gidnm duau theo chidu truyén
song (hivh 12-6).

Dién 4p trén moi di€m cia dudng day td: dién ia tdng cla song thugn
va sbng nguoc

u,, = U+ up (12-30a) 2

Tuo khdo sat trén
ta thiy, thanh phén B
clia hé $4 truyén <0ng
¢6 tac dyng lam gidm
bien d6 song ta goila
he¢ sd suy gidm, don vi
1a ([Neper/km] hay
[ dexiben ] (INp =
= 8,68db).

Con o néi lén
téc d6 bién thién goc
pha- clia séng doc theo
toa d6 x clia dudng diy
goi 12 h¢ s pha, don vi ,
1a [rad/km] hay [*/km]. Hinh 12-6

g‘ciﬁ'
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Cac he s6 suy gtim va he sd pha phu thuée véo edo thong 86 cfa dudng
ddy va tin £8 cfa dong dicn. O lin s6 50 Hz véi duong diy (rén khong B
thudng 6 g tri Lir 0,0001 don 00007 Np km. v oi cap B vao khoéng 0,003 Np/km,
con o ¢0 g;m Uit 0,001 déa 0003 rud km doi voi dudng day trén khong,
0,0G1 ral km doi vai eqap.

Lci voi dong dién a4 trinh truyds séng cling tuong tu.

D€ k&t thac mue n)y cin leuw v ving, vite tich dién 4p ciing nhu déng
¢i’n thanh céc séng thulin va ngugs !a dé d8 dang khido sil qua Lrinh truyén
tii dién n7ng. Thue chidt trén mgi diém cla duing diy tai diin, & moi thal
gian chi ton tai mot gia tri 4p va dorg cuy nhdt x4c dinh béi biéu thice (12-26)

12.4. CONC SUAT TU NIOIEN.

Céng sudl fy nhttn 12 dai lwong &3¢ tfirng quan trong cho ch& do cbng
tAc cua dudng déy tdi di¢n di xa. Ché& d§ van hanh véi cong suil ty nhién cls
du(’mg day dai xdy ra khi t¢ng trd cla phu tdi & cudi dudng day bing tdng
tr& séng Z,, tlc 1a

Z,= .UE = 2, (12-31)
I
Rat f; to (12-31) rdi thay vao (12-17) ta duoe
k=T, (12-32)
Kg = 0

Do K; = 0 thanh phldn séng phin xa clia dong di2n va dién &p bAng khong.
Séng dp vid dong chi cdn cic séng thujn. Theo (12-13) va (12-14) ta cé cée
séng 46 la:

U, = U, PLE I 0, err . el

. [.T / U \
L= S2eis 2ebx e P 12-33
7. Z | ( )
T& (12-23) ta nh4n lh’f} Céc pha gitra ¢ién 4p va dong dién & moi ditm
d&u bdng argumen 0 cua ing trd séng, gé: pha gitra di¢n ap & dau U, va &
cuci duong day U, Ling al. -
Theo di¢u ki¢n (12-31) ta tinh du'oc cbng suft ty nbién:

$umi0. L= 3% o p, 4 0 12-34)

7z, Z
trong (12-3%) di¢n 4p 1Ay gi4 tri pha, Ul s phte 11én hop ctia C.

Do khong c6 s6ag phdn xa, ché dd vin hanh v6i cOng suit ty phitn b
cic vu diém sau ddy:

1. Phan 16 di¢n 4p tren dudng day 12 bAng phdng nhiy.

DY chénh léch di¢n 4p gitra chc dicm cla dudng day chi phy thude vie
hé s6 suy giam B md khong phu thude vio sy giao Lhoa gilta séng nguqc va
s6ng thudn nhu o cac ché do lam vide khae.
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Dac bi¢t 13 a6i voi che dudng dhy khong (Bn theL c6 Ry = . G, = 0, kh
46 cbd

Y= Vjul,. juC, = joVLC, =0 + ja (12-35)
_ 1/ drde 2 v Ly (12-36)
L. = wCy — VG, .

Ta thiy h$ s& suv gidm bing khong, do d6 6 16n cha dig¢n &p i hing
86 trén toan b dudng diy va chi cé gé.: pha lhay ddi vi |

U, = [, el** (12-37)
Tong trd séng Z, 1a s6 thye do dé6:
U,
.= [tel=s 2-3%)
7 a

Dong dién cling ¢4 bién a8 khéng dCi va khong trang pha véi di¢n ap. Cong |
sudl ty nhién [1 cOng sudt thula lic dung: ;
[

Pln ot 3 ey ' (12'39)

‘C

Cfc hién tugng trén day cé 118 gili thich bing sy cin bing niirng luong
gita tir trudng va didn lruong trén tung phin tr cua dudng day (lg bu). That

vay dé sinh ra di¢n trudng cin co ning lugag —;— C,U? va d¢ sinh ra i trudng

cin ¢6 ning luong —;—LDI’. Ta thiy ning lucng di¢én trudong gin nhua khong ddi

vl dién 4p U thay a5i it, con ning lugng Lir (rudng phy thude vio déng dién
phy Wi I. O trang Lhai can Ling ta ¢é: ‘

1 . o
— C,? > — L, I? 12-4
g O =g (12-40)
tx day rdt ra
U L
- ———9—- o2 2' l
s z, (12-41)

Ty 56,—(1i déng thoi cling 12 1dng tré cha phy tdi ¢ cudi dudng day tdi

dign, Nhur viy khi Z,, = Z. s& xdy ra hi¢n twong ty bj itrén dudng ddy tii
dién, Khi dé khong cin c¢d dorg di¢n (r ngudn dé sinh ra céc trudng, do-dé
dong di¢n va dién ap ludn 1a hing s6 va tring pha véi nhau,

Ta cling thdy la nfu cdng suiit (i cla dudrg diy nhé lon ‘céng sufit ty
nhién thi ding thire (12-40) bi pha hoai v vi gid tri I nhidé nén cong suil plin
- khang do di¢n dung cua duong dAy sinh ra 10n Lon tOn thit céng sudt phin

hang trén dién cam. Do do6 ¢6 dong dién durg iy ngudn dén lam clo dién 4p
trén duong didy ceo hon ¢ diu ngudn. Ngugc lai khi cCng suil (i cao hon
cong sufil Ly nhién, cdng suit phin khing do duong diy sinh ra khing ad La
va0 10n Lhiit cdng sudl phan khang trén dudng day, do €6 c¢6 Corg dién dién
cdm chay tir nguon vio dudng day lam cho di¢n 4p rén-ducng diy thdp hon
gt vivi digo 4p ddu nguon.

~
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2. Hi¢n sunt taf dien cao nhidr.

Cac ché d6 khac ch& do c¢ing sudt tu nhién, do ¢b séng nguwoc nén mét
phan ning lugny truyén dén phu tai phin sa nguge trd lai, ma khong di vao
phu tai. Hon ntta do ¢6 séng nguge ¢ién &p trén dudng dav s& Ién cao kéo
theo ton that vang quang phu thén. Do vay chc ché do nay déu c6 hiéu suit
kém hon ché do cong suat ty nhien. _

Do co cac dic ti h tét trén day, d%c bitt 1a diic tinh san bing dién 4p,
ché do van hanh v6i cong caét ty nhién 1a ché do rit thuan loi va cong suit
tu nhién duogc coi 1a thong 56 dac trung cho kha nang tdi ctid duong day tél
dién di xa.

Bang 12-1 dudi day cho cac gia tri ctu cc')ngrsuﬁt fir nhién ¢ha cac dudng:
day tai dién v6i cac dién 4p khac nhau.

, Bang 12-1
€3ng sulit ty nhién cda duong day tai dién '
Pién 4p dinh mire ‘ | . o
[kV] 60 110 220 400 00 1 650 750 1000
5 K ; A 2 ‘ a2 i . .
Tdng tré séng [Q] 320 \ 390 4L 90 290 r 280 280 270 |'Duéng
Cong sufit ty nhié ] | Ty tréo
T%HSA‘;] g nhién | 30 i 120 5307 | 850 } 1380 ]l 2190 | 4000 | khong
: | |
I—- .
Tdng tré séng [Q] 40 b0 40

] . Dudng daiy cép
Cong suat tw mbien | o0 | 300 | 100 | 5500

[MW]

. Lo -
(=]

12-5. TINH TOAN CAC cii¥ PO LAM VIEC cUA PUONG DAY
KHOXG TON THAT (R=0, G=0),

1. Cac thong 86 djc trung.

Pbay la dudng day tdi dién ly tudng. Trong thyc t& khpng ton tai dudng
day khong {6n thit, iuy nhién & cac duong day tai dién di xa dién 4p cao do st
dung cac day din liét dién 16n va do cach dién hoan hdo nén cée gia tri cdhw
R, va G, nhé hon nhiéu so véi X, va B,, do dé c6 thé bd qua anh hudng clia
R, va G,. Vi du, v6i dién &p 220kV, day dan khong phan nhanh 1v 56 X, /R,=9/1,
dién ap 400kV, day dan phan ba nh:’mh c6d 11 86 XO/H =111,

Do R, =0 va G, =0, tong tror séng co gla t1L thyuc, hé s6 suy giam béng
khong, chi ton tai hé s6 pha «,

zc:\/%-T o= o VILo

Thee (12-28) tdc dd truvén séng v s3 14

v= 2= io_,,_ = - 1_—,—_ (12-42)
' V [,L,u..,) L
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la bi¢t ring:
LC = P eem = poene, = - poes (12-43)
14 C? -
trong cdc bi€u thite trén p, pr, €, & 14 cdc do Ur thim va hing s§ diép moi
-clGa chan khong va cia méi trudng, C, = 300.000km/s 1a t6c do anh sang.
Do d6:
_ .G
- VLG,
bdi véi duong day trén Klidng p, =1, ¢, =1 vi vay tCc dé truyén séng biing
téc do anh sang.
Do dai séng theo (12-28) cé gia tri:

'\r/[. rer

A = 27 - 21w :—U—[km]
@ W f
néu tin s6 dong dién f = 50Hz thi
A = 300000 _ 4 600km
o0

Pé&i véi duong cap p, = 1, e, = 4 do d6
| v = 150.000km/s, A = 3000km.

2. Tinh toan cie ché dq l1dm vige

Truong hop [hoog thudng nhil khi tinh todn ch& 4o cia dudng day tii
.dién 12 tinh toan phan bd dién 4p trén duong diy, dién 4p va cOng sufit & diu
dung day tai dién khi da biét di¢n ap va céng suit & cudi dudng day tii dién

“te 12 & phia hé thdng nhan di¢n.

Ta ky hitu cac thong s6 & cudi duong diy tai dién 13 U, Q, va & dau
dudng day tai- dién la U, Q. Nhu vay cén xac dinh Uy, @y phan b6 dién ap
trén dudng day U,, goc & gitta’ Uy va U,. Do khéng ¢6 tén thit nén cong suit
tac dung & dau va & cudi duong day nhu nhau va ky hi¢u 3 P.

Do R =0, G =0, theo cic quy tic cha luwgng giac hyperbol :

ChYx = Shjox = cosax
Shyx = Shjox = jsinax
do d6 cac phuong trinh co ban (12-20) s& trd thanh:
Ux = UQCOSaI + j.ngCEinax
i, = l,cosox +] Us S Nax (12-10)

Ta xét ham dién ap U, tr\ono (12-45). Eiéu thuc nay viét cho dién 4p pha, tron g
thie t8 thuong tinh theo di¢n 4p day, do d6 cian nhan thém V 3 vao hai vé& ciia
(12- 43), liy vecto U, trung voi true thue va van gilr nguyen cac ky hiéu, ta (6;

U, = Uscosax + jV & 3 [,Z.sinox (12-46)4

Doc gid cin chi y ring biCu thic (12-46) la cho dién ap day, tur day vé sau
"che bidu thire s& déu viét cho dién 4p day ma khong thay doi ky hiéu.
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BAy gitr can DIfn ddi (12-10) sao cho U, 1a ham s6 clia P vA Q,, U, 6cu61 |
dudng day.

Ta ¢6: -7

\
P an :
- 12-47
= V3l e
tong trd séng Z. c¢6 thé bidu dién theo cOnw sudl ty nhién p,, va didn ép dinh
muc Uy : ‘
z Ui (12-48)
¢ Pu
U2
Thay (12-47), (12-43) vdo (12-46) va nhan thém VA0 —> bt
U2
2
2 2
. v U
. g7 P—jO Tam T2
U,=Uxcosax+jV3 . ——I2 . ~
- g V33U, Fiuo g2
2
= Uy(cosax + K2, 0y siv-x + JKPrsinsmy (12-49)
Trouog (12-49) P* va QJlaty s6 gitra cOng sudt yén ciu vi coig suftte nbhien va
L.
=

Rhi Uy = Ugp thl k=1 vd (J2-i%) s& don gidn con:

U, = Uy(cosax + 0, sipr T + jP*sinax) (12-50)
Dién ap ¢ ddn duang diy:

0, = Us(cosal + Q; sival 4 jPrsinal (12-51)
trong 46 1 13 46 dai dueng diy Uob bing km

Dan xuwit tuong Ly ia cH:

i, = V ‘I;ZZ 2P nn + J(oinaz — ng;("»amx)] (12-52)
T
t = ‘7%7 (k* Pt nsal 4 jisined & "),* cnari)} (12-53)

Cac bicu thac (12-19), (12-70y ve (17272 30 p)h(p fai toan gia trf hidu dl,mg
cna di¢n ap ddy va dong d.dudras diom b ol e dudiag Ayt diéo.

Cong sudi & didn dAv coo dusuy day N f‘:ﬁné la chHing Anat do nguén dién -
FuySn vao dudng day:
i ‘/3 ”4 ’! e AL ﬂ)} ' (13-54)
U2
0= | el PG ] ol i'al)
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Géc léch pha gitra U/, va U, la
P*sinal

cosal + Q; sinal

b = aretg (12-55)
Ty s6 tuyét doi gira dién ap o cudi va & déu duong day la:

U,
U,
Ton that dién ap: AU = (K-1) 100 [%]

Trong truong hop biét trieae Uy, Q, F can tinh Uy, Q) ta ciing bié’nld('n
trong tu nhw trén, o bieu thire (12-22) ldy vecto Uy tring vai truc thue ta duogc:

K =

= V(cosal + Q;sinal)’ + (P*sinal)?

U, =, [cosaxr — Q*l Sinax — j*sinax]

i L . -~ - (12:56)
« = e [Pocosax — j(sinax + (), cosax)]
Thay x =1/ ta se i(hrc_r.c Us. 15, cong suat & cudi duong day Ia:
o= Ula= 1 O, (12-57)

-Trong bieu thuc (12-56) néu hé s6 k == 1 (tue Uy £ I74) thi phai nhan hé
sO k% vao cac phan 1t ¢é chua P* hoac 0%,

3. Khio sat sw bién 4di di¢n &p doc dwong day tai dien di xa.

boi voi cac dwong day dai sy phan Lo dién ap doc duong dav co nhiéu
dac diem. Khi thiét ké via vian hanh can phai quan tam.

Ta hay xét ham dién ap U, (12-50) trong cic truong hop sau:

1) Q; = U, nghia la phu tfai Kkhong yéu cau cong suat phan khing,
duong day tai loan cong suat tac duyng. Khi da

U, = U, (cosax + jP*sinzx) (12-38)

Khi cong suat tac dung bing cong suat tir nhién tuc {4 " = 1, taco:

U, =1, (cosaz + Jsiriaz) (12-59)
néu ax bién thién t 0° dén 360" twong ung voi v bién thién tu U dén 6 000km
(duong day trén khong). dau mut vecto U, theo (12-59) v& ncn dudng tron co
ban kinh U, (hinh 12-7). Ta thay dién ap khong thay do6i theo d6 dai duong
day tai dién ma chi thay d6i goéc pha

Khi cong sudt tdi khac cong suit tu nhién, P*==1, vecto U, sé& v& nen
cac duong elip: Néu P* > 1, cong sudt L3i lén hon cong sudl tir nhién, truc chinh
cha elip s& nam ngang (dudng 2), tu nhan thdy dién ap 6 do dai 3000km va
6000km lubn bang dién ap & dan dudng day tii dién. Dién ap & 3000kin
thi léch pha vai dién ap 0 dau duong day mot goc 180°, con dién ap & 6000km
¢hi trang pha voi-dién ap & diu duong day. Dién 4p 6 cac do dai khac déu
bi giam di. Néu P®<C1, cong sudl tAi bé hon cong sudt tw nhién, truc chinh

ir=11rh RV



cla elip triang voi truc ding cua d6 thi (dm‘mg 3), lte nay dién. Ap & cac b
dai dwong day khac 3000km va 6000 km ting lén so voi dién ap U,.
Ta thidy ring khi cong sudt phu,
90° |(13004m) tai khac cong sudt ty nhién dién ap
phan b6 khong déu doc dudng day
tai dién.

Trén hinh 12-8 1a 46 thi khai
trién cta dién ap va dong dién trén
doc dudng day tai dién 300kV dung
day dan 3 ACO —-500 d6 dai 4 500km.
Chd dién 4p va dong dién c6 gia tri
nhd nhéit goi la nidt séng, con chd
ching cuc dai goi la bung séng,
Trén hinh 12-8 ta thiy ring khi
duong day khong tdi P* =0, & céc
nil séng dong va 4p déu b?mg khong,
dé la cac séng dung, cac nut soéng

déu cach nhau -&— do dai séng tat la
1500 km.

360°(6000 tem,

"a.j”swm’ 2) QF + 0. Trudong hop nay
phdi st dung biéu thiéc (12-50) dé
tinh toan. Néu vé& do6 thi vecto, ta
thdy d3u mut vecto dién 4p cling vé nén cac elip nhung cdc truc chinh cla
cht’mg khong tring véi trudng hop Qf = 0 (hinh 12-9). Khi Q2 > 0 truc chinh
clia elip nghiéng voi truc thue mat goc tie 0° dén 90° (dudng 1), khi Q2 <0
tir 90° — 180° (duwong 2).

Hinh 12-7

/
N
SO0 SO0 3500 3000 ZsuD 2000 o8 1006 50 0

Hinh 12-8

Trén hinh 12-10 134 46 thi dong dién va dién ap cua vi du d3 néu trén
day nhung QF = —1, §* = P* —jI.

Ta nbhan thay, sy ¢ mat caa @, lam ting thém d6 khong déu cha dién
ap, ngay ci khi cong sudl tac dung bdng céng sufit Ly nhién, tuy nhxén khi cé
46 khong déu cita dién ap 1a nho nhat, :
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Viéc tai cong sudt phin khang trén dwong day tai dién di xa con bt lot
& chd gay ra tdn thdt dién nang trén dvong day. Vi vay, d& tranh ton thit do
cose trén dudng dAy dai doi hoi
rat cao, {it 0,95 dén 1, nghia la
sé bu cong suit phan khang nho :
thiét bi bu dit tai cdc ho tiéu thu.

90° (1500 k)

183-6. TINH TOAN CHE D0 CUA
PUUNG DAY CO TON THAT VA
PUONG DAY CO DIEN AP HAI
PAU KHONG DOI

-

X220
180G (3000km) 1360°1 5000km)

1. Pudng ddy cé diéntro
khdc khéng.

Truong hgp théng thuong
nhit cla duong day tai dién di
xa la ty s0 gira dién trd va dién
khang kha nho (dudi 1/10) con ,
dién din t4c dung nho dé&n muc 210° (4500 km)
c6 thé bo qua (G = 0) ma khong Hink 12-9

Lim
TSI w00 3%0 K00 2500 200  7%a 1000 seo @

Hinh 12-10

gay anh hudng gi dang k& dén phan bé dién ap trén duong day tai dién, B
tinh toan dién ap phai st dung cac bieu thic (12-20) va (12-21), trong d6 phai
tinh dén Z. va 7.

Ta lam cac bién do6i nhu sau:

N1 7. ARYE o rouyy A A Py Y
Z. o= —"j’-'B_o'"'—‘= B. 1 J_Yo_ =2Z. \/1 ]Xn

. ] " R. _ o
t= VEF 0B =\ PR (1-iy) =i -y
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bBai  lugng VI —j-ﬁi- c6 thé phin thanh chudi, chudi nay hoi tu khi

[§)

- 1< L < I. Do ty so Ro e nén ta chi ldy s¢ hang diu clia chudi niy
. R, . _Re
Vieigs=(1-i5)
Cubi cung ta co:
: X, . R, Y ( . R, )
Ac = vB—o (1 —.] -EA.O") = ZC |1 - j?X"o- (]2‘60)
T . R, R, : .,
T:]\/XOBO (]—J—?..Y_) :-if—a+Ja=ﬂFf-Jd (12-61)

ST dung (12-68), (12-61) vao cac ham lugng giac hypefbol ta c6 thé thuc hién
c4c phép bién doi gan dung sau:.

Chvx = Ch (7};’— oz + jaa:))

[s]

R g g R
= Ch “—ax|).Ch Sh 2 . Shjx
( 3X. a ) Jo X + ( 2X. a.x) Shjx z
m~ COSAT + J———.ax.sinax (12-62)
. : . . . , R
bdi vi: Chjox == Chax. Shjaz = jsinax va do ty s 7% rat bé nén:

R R, R
Ch (B az)~1, Sh (_ x)-= Ao
h (21\_0 a:l:) 2X. @ 2X. ar
Tuwong tu:
Shtz = Sh ( 5%% az + ja:r)

[o]

aT . CcosxT + Jsinax (12-63).

<*o

Thay (12-62), (12-63) vao (12-20), bién 4ot vé dién ap day ta dugc:

U.=0, (cosm: + J 2[{; a TSina x) +

»

“«tp

. RO Ro -
+ 3{,2‘:(1 —_] 2Xo) (Eyo—ax.cosax +Jslna:z)

- (12-64)

‘
o

i, :ia(cosaerj f;" aX.sinax 4

U, (
- R
V?Zﬂ(l L ) 2%,

1o

aXCosax + jslna:r)

2X,
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’ N . N , r . LN . « . . » ? =3
Cac biéu thire nay ¢6 thé hicn ddi vé duuyg phy Thuoe vao cong suat o cuol

dudng day.
Cho dién 4p U,:

Ux = Uz [cosax - (ax . cosar + sinax) X .o
R, :
X oX PZ—}— Q: sinax +jU. ‘ )f’ Qxsinax 4 1000 km
4 P; $inax — (axcosax - sinax) R, Qf
2X, - 508 jem
(12-63)  s00a £ 6000/
Trong bi¥u thirc trén Q; va P; la ti s6 | ’
4
gitra cong suit phédn khéang va cong suit
2
U-‘
tac dung vé&i cong sufit co sé P, = 2.
Z. 4590 Am
. * JIL
V& 46 thi vecto cua U, ta sé duge )
hinh xoén &c, (hinh 12-11), Hinh 12-11
Ty s6 dién ap:
.U [ R T
1\ - ——— — . o [
U, vlcowl + X (alcosal + sinal) 12 +
+ Q* sinal 2 R, lsinal + P sinal —
y st |+ [ o "
s
- (alcos:l+sinal)-91;° Q: ] (12-66)
Géc &: ,
K, *x R, ‘ *
alsinal - P‘) sinal — T (alcosal + sinal) Q
lgb = d - _° (12-67)

R, * .
cosal 4 Y (alcosal 4 sinal) P2 ~+ Q2 sinal

Viéc tinh toan tdn thdt cong suit vi tén thit dién ning cia duong diy dai
khi tinh dén tdt cd cdc thong s6 rai déu clia né kha phirc tap. vi thé sé trinh
bay riéng & muc 12.8.

2. Dromg day eo6 R = ¢ va ‘G == (.

Trong truong hop nay ta phai bién déi ChYx va ShYz thanh chudi;

(Tx) | (Tz)!
Chiz = 1
+ 5 + a1 -+
) (Tz)
ShT2 = 7x (
+ 6 + 120 *
ta cﬁng cO: L ]
.uzc = ,V Z(, _ Zo -é
Yo VZ.Y, T
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hay la

- v Yo = \'0 = Yo .
vz, Y, Y T
Thay cac k&t qué trén vao (12 20) ta nhan duoc hé phuong trinh duong‘
ddy dai dwéi dang chubdi, c6 the tinh toan dé dang:

2 . 2
Ux = U2[1+(Tx) PRI +1/’3_12Z0a:[1+(m,:) Laet J |
9 2 6 120 (12-68)
: . (Tx)? (TX)4 U, < (Yx)® (T:r)
iy = b1 —2 ¥,z|1
; 2[+2+24 J+V3 z[+6 120+_]
Trong biéu Ihirc trén:
Z, = R, + jX, Y, =G, + jB,
7"‘/20370 = B 4 ja
—1/1 , 1 2 2 2 2 12-69
b=z @6, - XBo + 5 V(& + 12) (62 + B2) (1269
= 1/L _ L Vip2 | w2\ (2 2 12-70
a v BX,— RG)+ 5 V(R + X2 ) (6% + B ) (12-70)

3. Phan bo di¢n ap tren duwong day co di¢n ap hai dan khong 4&0di.

Bing cach d#t cac thiét bi bu trén duong day tai dién di xa co thé giir
cho dién ap & mot 86 di€m nao d6 trén duong day dai & mot gia tri nhit dinh
nhur viy lam giam d¢ khong d&u cia dién ap dén mirc cho phép.

Ta cin tinh phin b6 dién 4p trén duong day gita hai diém c6 dién ap
cho trude Uy va U,, cach nhau 46 dai L

Ta viét lai hé phuong trinh (12-20) va (12-21) cho dién 4p day

U= UlChitx + V'3 1,Z.Shix (12-71)
. U,
I, = i.Chvx ShY
2 tysz o
U, = U,ChYl + ¥V 3 1,Z.Shti
i, = L,caml U, Shil 12-72
1 2 +V 3 Zc ( 1 )
ta rat [, tu phuong trinh diu cua (12-72):
iz _ [.]1 — [ngth
V'3 2.Shi

roi thay [, va I, theo (12-72) vao (12-71), ta duoc:
Shix o ShY({ ~x)

0 =0 .

ST T T s '

1 — __U| ChTx _ Ug C'hY(l—x) S (12-73)
' V3Z. Shrl V3 Z. ShYi



Ta thiv su phan bd dicn dap vi dong dicn phu (hude vio gin tri tuyet
d6i ctia dién ap & hai dau duwong day va goc pha gilra ching.

Trén hinh 12-12 13-két qua tinh toan dién 4p trén dudng day tai dién
500kV day din 3x ACO—500, dién 4p & hai d3u duoc git bing nhau, duong dam
1a ¢6 k& dén dién rd va dudng chdm 13 khong k& dén dign trd cha duong Jay.
Ta thdy khi cong sudl tii nhé hon cong sudt ty nhién dién ap ¢ gilra duong
day cao hon hai diu, con khi cong sudt tai l6n hon cong suat tu nhién thi dién
ap ¢ gitta duong day thép hon.

v
Ugy 115 |
1_"0 3
(“‘-

10
095}
g%}
0
080} R#0

Hinh 12-12

Can chu ¥ rdng khi duong day dai-- buoc song tire 3000km thi khong

can phai diéu chinh, dién &p hai ¢au Jduong day cing béng nhau,

12-7.TINBH TOAN GAN DUNG CHE B0 CUA DUONG DAY TAI PIEN PI XA BANG CAC
SO PO THAY THE.

D6i voi cac duong day tdi dién ngan, quang 500 — 600 km trd lai, viée
tinh toan cac ché do lam viéc bang cic so do thay thé ridt nhanh chéng va
dam bio do chinh xic cho phép. Phuong phdp nay cho phép thinh lap de
dang cac dic tinh co ban cta duong day nhu cong sudt gigi han, ton thit cong
suit, hiéu suit... Nhuoc diém cua phuong phap nay Ia khong tinh duwogc phan
bé dién ap va dong dién doc duong day.

Viec sir dung cac so (6 thay thé ghep lién tiép cho phép tinh toan cic
duong day khong dong nhat, duong day c6 tram bién 4p, duwdng day cd tram
biL.. Trén co- s& d6 co thé lya chon t6i wu chc thong s6 ctha may bién ap,
thiét bi bu... theo muc tiéu da deé ra.

1. So db tdng quat caa dwong day dai

Puong day dai ¢o the dién ta bidng so 26 mach hai cira (hinh 12-13a)
_ véi cac thong s6 ddc trung 4. B, C, D, cac thong sé cua ché dé 14 U, i, U, 1.
Khi da biét Uy, I, thi U, I x4c dinh theo biéu thirc:
U, = AU, + V3 Bi,
(12-74)

s ) .
L= — 0,4+ DI,
1 73 2+ 2
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So sinh vai (12-20) ta thdy rang trong lruong hop duong day co Lhong s0
rai déu va dé1 xirng

A =Chvl. B =127 Shl

C = %smz, D ChYL = 4

L

(12-75)

Truong hop duong day khéng ton that cac thong s6 (rén sé la:

sinal

Awmcosal = D, B = jZsinal, (=]

4

6 truong hop cac phuong trinh cha duong day dai viét duéi dang tong tro va
tong dén riéng, 16ng tré va tdng din tuong hé (hinh 12-13 b, ¢).
2o .
U= = YU+ 2l
Ly, (12-76)
. o,
I] = yl + =
(AT AP

U] = ‘.’22 U: N .,1
\r_) ‘1:

i, = v, + YU,

L (12-77)

——— ABCD I
"2

Minhh 12-13
trong do A /_, la tong tro rieng
71 la tdng tro tuong hd

Yi, Y. |4 tong dan riéng

Y, la tong din tuong hd.
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Gitra t0ng 1rd va tong dan va gita 16ng ¢ va cic heé 56 chung ABCD c6
cac quan hé sau:
| Y . [
Zn:—-l—- = d . Z_,::-.—l———:— Zi»= —— =B (12-78)
Yll D Ygg A Ym
Cae quan hé giira cac thong 5o U, I, theo U, 1, viét theo tOng tré va tong dén
vit cong thite tinh ABC/) theo tng tré tong dan trong bang 12-2.

2. Cic so 40 thay thé don gidn.

D@ gidi cac duong day ngén. ta thay ching biing cdc so dd thay thé don
gian nhu trén hinh 12-13d, g, h.

So d6 thay th& hinh 7 (hinh 12-13d)

Cée thong sé cua so do nay la:

7 = 7.0, Y=Y.I (12-79)

Dién t& cac thong s6 ché do & hai dau dudong dav theo (12-74), biing cac phép
tinh mang dién théong thuong ta xac dinh duoc:

A=+ Z°}°" - D
L 7 X I8
B =171t + Z":{"l (12-80)
(=Y,
Véi so do6 hinh @t ta c6 (hinh 12-13g)
Z,Y, 3

“ — 1 0*0
. + 9

B =7, (12-81)

C =Y. (1 + Z°T°‘)

So dé6 hinh T hoac 7 su dung 10t cho cae duong day duadi 300 km,
Khi d6 dai duong day toi 600 km thi nén dung so d6 thay thé hinh 12-13h
(so 45 STEINMETZ), khi dé6:

-2 2
- . 2 Z Y 14
Am1 4 Z°2Y°l + 0360
‘ o (12-82)
v 0 7474
C :)ZOY(Il‘ (6] (o]
=Y, Il
B =Yl —==+ —55

Ngoai cac so do thay thé trén ddy con c6 khi dung dén cac so do khong ddi
xtrng hinh 7', 1 hodc I' (vi du: so d6 may bién ap, dudng diy ghép voi méy

bién 4p) (hinh 12-14a, b, ¢).
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So d6 hinh 7 ¢hinh 12-14a) ¢o

A= l-f-ZA‘Y .
B = ZA + ZB + ZAZBY
cC=Y _

D=1+ ZsY

So dd hinh N (hinh 12-14b)

B=2 .
C=I=YA +.Yn+ YAYBZ
D=1+4 YAZ

So d6 hinh T (hinh 12-14¢)

(12-83)

(12-84)

(12-85)

Ta nhan thdy tdt cd cac théong s6 A, B, (/, D d&u la cac s6 phirc cO modul 14

|Al, |B], IC|, |D} va cac argumen 1A ¥a, vp, Ve, Yo.

Hinh 12-14

3. Gheép néi cde so dd thay thé.

Khi duong day ti dién khong ddng nhit hoic c6 dil thiét bi by, hotic
xét dén ca may bién 4p v.v... thi phdi st dung so do ghép, trong d6 mdi doan
duong diy dong nhdt, may bién 4p, thiét bi bu dwoc thay thé bing mét so dd
thay thé don gidn vGi céc thong s6 A, B, Ci. D; riéng. Cac so d0 nay ghép
lien tiép thanh so dd chung v6i cac thong s6 tong quat 4, B, C, D (hinh 12-15),
Cac thdng s6 nay la hiam cta cac thong s6 so do thianh phin 4, B;, C;, Di. Cé

Hinh12-15
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nhidu cach d& tinh cic thone so Long qual, song phuung phap ma lran la Lien
loi hon ca. Theo phuong phap ndy ma tran che thong sé chung bing lich eia
cac ma tran théng s6 thanh phan.

[A B _ A[ Bl] Az B?]
¢ bl l¢ bllc, bl ”

Bang 12-2 du6i day cho két qua tinh to4n cta mét s6 truong hop lap
ghép cac so d6 thuong gép.

RBéng 12-2
. .
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4. Tinh toan ché d¢ cua dwong day tdi di¢n theo so dd thay thé.
A

Nho hé pawongz trinh co bl (1-71) vai cic t9d1g s6 Luy theo loai so dd

thay thé duoc xac dinh bdi cac bicu thire tir (12-79) d&n (12-85) ta ¢6 thé tinh
toan moi ché do cha duong day tii dién di xa.

O diy chi ddn xudt chc bidu thire tinh toin cong sudt tac dung va phén-

khang ctia dudng diy dai theo goc 6 gita U, va U, khi gia tri cla cac dién ap
nay da x4c dinh. ‘
Ta viét lai cac phuong trinh (12-74) Idv vecto U, lam truc thwe, Khi
dé céb
U,=4U.+ V3 B

. 1 . (12-86)
I S
ta rut fz tx phuong trinh dau: )
i, = U, — AU,
| ‘T VI B
roi thay viao phuong trinh thir hai, ta duge:
: I DU, — ADU,
I = — C[]": e
=Ty T Ty
Cong suidt biéu kién ¢ dau duong dav tai dién la:
Sl=V3017;=U,(ELf':+ DUi—'ADUZ_
b
D BC -Dx
D B
theo lf thuyét mach hai tira c6: BC — DA =1 cho, nén
« D i
Si= =24 —Uvlas (12-87)
B B ’

Phan thuc cia Sy la cong suit tac dung, phan o 14 cong suft phan khang.
nghia la:

- D Wy .
P|=R.51= ? U? sin (1PD+G)+ Ull:- sin(é - «)
) D | , (12-88)
Q=1In S = — Uf cos(Yp + o) — Uiy cos(é — a)
B - B
Trong biéu thirc trén a = 90° — yy
Twong tu c6 thé tinh Py, Q; & cudi duong day:
: A . . B "1
P, = -——B— bz sin(Pa + o) + Uit sin(é + a)
A U ' (12-89)
Q= — 5 Ug cos (Ya + a) + Ulll__:*— co§(a + a) \
A /
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Cac bicu thire (12-88), (12-80) cé thé vist dudi dang tong tré diu vao va téng
tr& tuong h& nhu sau:

U2
Py = ._’_lsina”'-}- U sin(é — ayg)
Z 12 :
U2
Q= —L cosay — L cos (6 — a3) (12-80)
‘ 12 - 12
UZ Ul
P, = —— sinag,;+ ! 2'\S.in (6 + a12)
/i29 12
Uz @ U
Q2 = ——= cosanm + — > cos (8 + aj3)
22 ‘12

Céac biéu thic (12-88), (12-89) hay (12-90) sir dung dé tinh toan ché dé cua
dudng day co ba, tinh kha ndng tdi va kha niang 6n dinh cda dudng day tai
dién di xa. )

Cong sudl cuc dai co thé truyén tai trén duong day tai dién la:

-2
D a5 . UyU, Uy U\Us :
P Ax i (‘l S n( + = Sin + (13'91)
1m B n(gp + &) + 7 7 -3 7

Vi du: Voi so d6 thay thé don gian nhat chi gom dién khang X, taco A =1,
B=jX=X[90°Cm0, D=1vi

Mudn tim gia tri t6i wu cda thong s6 mot phan ti nao do theo diéu kién ndng
cao khd ning tdi. ta lap quan h¢ gilta Pim,., theo thong sé 4y, cac thong sé nay
thé hién trong D, B: Sau d6 khao sat ham Pu,,. Thong qua gia tri D hoic B
sé tim duoc thong s6 t6i uu.

12-8. TINH TOAN TON THAT CONG SUAT vA TON THAT PIEN NANGC.
TON THAT BIEN AP.
1. Tdn thét eong suft.

Tén thit cong suat trén duong day daila hiéu s6 gilta céng suidt dau vae
P; va cong suat diu ra &'cudi dudng diy P,.

Ta ¢c6: .
P, = R.S;= R.V3 U], (12-92)

Thay U, va I, theo (12-86) vao (12-92):
.p1 = VTRC [AUz +V§Bi3) (""'-12.— ’C\L;Q ~+ b Tg) =

«

= R.ACUZ +V3 V3 BDI; + ADV3U,T, +¥ 3 BC Usl,] (12-93)

264



s &
VIVTl= L
]

VE.UQ.‘I-: - 82 zP: - jQz; \/TUﬂi2- PZ +IQ2
Thay vao (12-93):

~ ~ S2 ~ o~ ~ ~ S
P, = Re[/\CUi + BD 7}% + (4D +BEP, + j(BT — A D)Qse=

2

A _ P? . N
= R[ACUZ} + RC[BD Uf— + (gD + BO) P ]+
2
. Q
BD — + J(BC — AD)Q,
U2
2

+ R,

Ton th4t coéng sudt tdc dung:

AP = P, — P,
PZ
= R[4 CUY + R, [36 2 4D + BE — 1Py | +
U§
-+ RE[RD ’7 + (Bl — A D) (J,g] (12-94)
2

Ta nhan thay AP gom 3 thanh phan:
- Thanh phéan tén that khong tai ehi phu thuée U,
— Thanh phan t6n thit phu thudc cong suat tac dung
— Thanh phan tén thil phy thuoc cong sudt phan khang.
Co thé tinh AP theo Py, U,:
2 2
Py +Q

r;%

AP = R. [1)’61/,2 + BA — (DA + € - 1P, — j(BC — DX)QH]

(12-95)
Tuwong tu ta c6 ton that cong suit phin khang

AQ = 18 — Qs =

12

~ —_ 52 = - - - '
= ln,[.\CU§ + B0 2 4+ (AD + BOP. + j(AD — BT — 1HQ, ] (12-96)
2

Khi su dusg so d6 thay thé didng day don gian nhit chi géom cé tong trd
Z =R+ X cécthongséla A =1, B=R+jX, C=0.D = [ thi s& tré lai
cac cong thuc quen thude khi tinh todn mang dién:

9 2 2 2
AP = ﬁT]Jr_Q_ R. AQ = PI+Q X MW, MVAr,kV,

270



2. Hien suat tai dien
Hi¢u sudt tdi dién dwoc dinh nghia bing bidu thic:
M = LEST (%) (12-97)
P
Hiéu sufit tai dién c6 thd tinh theo tdn thit cong suit tac dung cho bang ehc
biéu thic (12-94), (12-95):
n= D1 =8P g - _Pr g
P, P, + AP
Ciing co the tinh theo cic bidu thuc xac dinh Py, P, (12-88) va (12-89).
Khi da cho trwéc dién 4p & hai dau duong day tai dién. mudn tim ché
do cOng sudt c6 hiéu suit lén nhiit phai gidi hé phuong trinh sau

M = 0; ﬂ) = {.

o P aQ)

nghiém cda ching P,, Q, xic dinh ché dd c6 ton thidt cong sudt bé nhat va do
d6 hiéu suit tai dién s& lén nhat.

3. Todn that dien néng :
TOn thédt dién nang tinh Lheo hiéu thire:

A= [Pt = <aP, + 1P, (12-98)
T
Trong dé-T la thoi gian tinh tén thiat thuong la moét ndm, ¢ 14 thei gian tdn

that cong sudt 16n nhit, phu thude vao thoi gian st dung cdng suat lon nhit
Trmax, c6 thé tinh theo biéu thac gan ding sau:

. Tmax 2
r - (0,124 o ) 8761) (12-99)

t 1a thoi gian duong day tai dién co dién ap, i T
AP; — ton thit cong suit phy thuge dong cong sudt tai trén dwong day
AP, — t6n thit khong (di, chi phy thude vao dién ap cha duong day.

4. Tdn thdt di¢n ap.
Ton thil dién ap trén dwong day tai dién la hiéu giira dién aAp & hai
dau duong day: . ! ) ’
AU = U — U, , (12-100)

Cach tinh U,, U, chinh xac di trinh bay ¢ cac phin trén.
0] day chi xét trwong hop don gidn nhat la duong day duoc thay thé
bing tong tré ¢6 dinh Z = R 4 jX khidé: :
 PR+QX ,.PX-QR
+ Q + PX-QR
U U
Trong d6 P, Q, U 14y gia tri hodc cing ¢ déu hodc cung & cubdi duong day tdi dién
Biét AU c6 thé tinh duoc U, U,.

AU =

[kV. MW, MVAr, Q] (12-10
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- Biét Us Qs Py
Uy = U+ AU=ULIS

th = V(Ug + P:R + (X )2 L ( PoX - QR )2

i, 1,
P,X — Q:R
U.
= t =
é arctg P.R 7 OX
Us + T

— Biét Uy, Oy, Py . -
Ug = (-"1 - AU = ["2|2._

zu=voh_P£+&Xr+(PJ—@Ry

l'I (-'|
PN — Ok
§ = arctp L
U, — PR+ OX
I _

12-9 cAe CHE 00 PAC BIRT CUA PUONC DAY TAI DIEN PI XA

Co nhirng tinh trang lam viée cua dwdng day tai dién di xa khong theé
coi Ih che do lam viée binh thiwong ciing khioug phai 1la ché dé sy ¢d, do do
ngudi la goi ching la cac ché do dac bi¢l, Cac ché d¢ nay co theé la xac 1ap
kéo dai. hoac o thé qua do rdt ngan. xdy ra trén duong day 6 trang thai tot,
hau qua e no ¢6 hai can phai ¢o cae hién phap ngan chidn. Do la cac ché do
xay ra khi duang day dai lam viéc khong tii, lic nay duong day trd thanh
nanon cong sudt phnn khang lon. Dong cong sual di¢n dung 1é6n nay lam cho
phan bo dién ap tren duong dav rat khong deu. 1am qui tai cdc may phat
dien, gay Lho khan cho vi¢e dicu chinh dién ap ¢ phy 1ai, ¢o thé gay ra tu
kich thich may phat di¢cp. lam mat on dinh ¢ic may phat lam viéc song song
virt duong ddy... Npgoai ra khi kKhoag lai, hién tuong ho quang lap lai trong
miay cat dién khi thao tac, hgan mach khong déi xing sé gay qua dién 4p lon.

Ngoai cac che dd dac hiél gian Jién voi tinh trang khong tai ca duong
dav dai nhu trén, mol so ché do sav day cting duge xem la ché do dic biét.

Pé 1a ché do ty dao dong ting dan. ché d6 khong dong bo va hoa déng bo,
che d6 khong dor xuirng.

San day s¢ aet k¥ mot s6 che doé dac biéi dang chu y dén nhat khi thi€t
k¢ va van hanh hé thong dién, '

1 Che d¢ khong tai xac Igp -

Ché db nay xay ra khi dong dién ap d¢ kiém tra cach dién, trudce khi hoa
dong bd va kicm tra ty dong hd cic dwong dav tai dién di xa. !
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Cong suft dién dung do dudng day phat ra rdt 16n lim ting cao dién 4p
& cudi duong day hé mych, trén cue cha phy tai ddn dén lam héng cach dién,
gay kho khan cho hoa dong bo va di€u chinh dién ap & phu tii. Cong suat
dién dung ndy coOn gay qua tai may phat dién.

P& khic phuc Gic hién tuong trén cin phdi dit khang dién hodc may bu.
ddng bo lam viée & ché do thiéu kich thich, ciing cé (hé dit bu doc bing ty
dién tinh.

Duéi day sé triph bay cu thé cach tinh toan ché d¢ khong tai.

1) Ché d9 khong ldi xde Idp cta duong day dong mach phia ngudn, ho
phia phu tdi. Khi coi dién ap trén toan bd duong day la khong doi va biang
gia tri dinh mirc, cong suat phin khiang do duwdng day sinh ra c6 thé xac diah
gin dung theo bi€u thirc sau:

= []2
Q. Udm B,l |
Pé&i vai dién ap 330—750 kV ¢o6 bi¢u thue gin dung:
XoBo=1,15,10""°

’
Do dé -~ » ,
BO — M_ Vi ZC = v ‘XO
Zc ’ Bo
va /
U2
Q. = 1,07.10-1, =942 — 1.07.10-%p,, (12-102)

“c

Bing 12-3 duwdi day cho tri sé cia Q. [MVAr] trén 100km duong day cé cép
dién ap va sO day dan trong 1 pha khac nhau,

~
\ | Bing 12-3
Sé day din trong mot pha
P Ugi kV . b

1 2 3 4
[
220 13 17 - -
330 . - . 38 - -
300 - — 100 -
750 - = - 240

/

Luong cong sual phan khang trén day sé bu mét phan vao ton ihit cong suit
phian khang trén dwong diy, phan con thiua la:

2
Q=%~AQ=&—(;

/

2
) Xl = 1,07.10- . P,y

dm

.S ~ S 32
~ 107107 Ze —— = LOT.103L.Pyy — 1,07,10° ( 3 ) Pl =
Udm " '
: S\
= 1,07.10—"1.131,, [1 — ( b ) ] Or(l - PO?) (12-103)
tn

-
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t'ir bidu thire Irén La thiy néu P*=0,1--0,5 thi cong sudt thirasd&la (0,850, 75)Qc,
doi hoi phai dat thiét bi dé tiéu thu Iwong cong sudt ndy trén duong day. bo

ting cao dién 4p & ddu hd mach duoc tinh nhu sau: O che dé khong tai 12 =0
do do:

\

/U] = AUg = CthUQ
Néu bo qua dién tr& va dién dan tae dung thi

01 = COSa[.UQ
Voi dién ap tir 330—750kV thi

a=VX,B, ~ 1,07. 107" rad/kme= 0,061°/km

do do ] ' .
U, = Ujycos (0,0611) (12-104)
Ty s6 dien ap hai diu dudng day:
U, cosal cos(0,061.0) a

Tll’ biéu thirc trén ta thidy dién ap & cudi duong day ndé mach cao hon dién ap |
&°diiu dudng day va do ting cao nay phu thudéc vao do dai duong day.

by ting cao dién ap & bit ky diém nao trén dudng day tinh theo
biéu thire:

| U _ cosall —2) \oi 20,11 (12-106)°
U, cos al ~ :
Theo (12-102) ¢6 thé tinh dugec:
| = 500km, U, = 1,2U,
| = 700km, U, = 14U,
[ = 900km, U, = 1,8U,.

Trong khi dé quy trinh chi cho phép U, U, << 1,1Uqp,.

Ngoai hién tugng tang cao dién ap, cac may phat phai chiu phu tai dién
dung rdt l6n. Cong suit nay co thé tinh gan dung béing biéu thire:

® -

U2 U
Q. = —(71-) [gal = — 2'72 sin2al ! (12-107)

~¢

Trong do6 Z. 14 tong tré séng cua duong day. Cong suit dién dung may phat

phai chiu la:
Qrc = Qc — AQs .
AQg 1a ton thit cong suidl phan khang trong may bién 4p ting ap.
Dong dién chay trong Stator la:
” I}r = -&-
V3 U
trong do: Up = (U, — AUg) Ky 12 di¢n ap trén cwc may phat, AU 1a 16n lh&t
dién ap trong may bién ap, Ay 1a h¢ sé bién ap.

Néu ké dén ton thdt cong suil tac dung thi cong sudt & dau duong day
tinh theo biéu thic:

2 2
_ U2 Ro l . 1 RO 2[2 . l - .
(o) ‘ -
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%Khi khong tal, may phat ciing ¢6 khi phai phat cong suflt tac dung rit
lon dé bu vao ton thdt trén dién trd duong day va may bién ap do dong dién
dung giy ra va ton thdt vang quang (do dién ap duong day téng cao).

Bang tri s6 cla dong dién stator va thoi gian (6n tai cda né ¢6 thd kidm
lra qua tai may phat va tim bién phap khic phuc.

D& khic phuc hién twong dién 4p ting cao ciing nhu qua tai, may phit
1)%151 dat cac thiét bi bu ngang bang khang dién, mayv bu dong bo hodc bu doc
bang tu dién tinh.

2) T'inh todn ché d¢ khong tdi cia dwéng day cé bu.

Truéce hét ta hay xét trudng hop bu
ngang bing khang dién diat & cudi dwong N2 Ly
day (hinh 12-16a). —

Ta co: Qe @
Un = -—(:I—l— Qr

T

A
. . Copoa . ) U, !
trong do A la thong so. tong quat cha so a) I~ ABCD Y, _l.'.{f
6 thay thé ghép gilra so d6 dudng day ¢6 A

cac thong s6 A,, By, C;, D, va dién khang
cO cac théng sO A, BQ, Cg, Dg. . | XK t G
U . T » . U, : || /2 2/
D6i voi duong day khong ton that _@,L. | .
c0 A, =cosal, B| = jZ.inal con d6i voi

khang dién dac trung bdi tdng dan ¥ thi Xp

( 2 . 0
Ay=1,B,=0,C, =Y, Dy = 1. Theo béng b) ‘a8 0 _‘ 4,8,C,D,1-o"
12.2 1a ¢6:

A=A +YB, =cosal + YjZsinal,

Néu khang dién dat & chd bat Ky thi ta sé c6 so d6 ghép ba gom hai doan

duong day hai bén va khang dién ¢ gira. Thong s6 chung A tra theo bang 12-2,

T cac bidu thirc trén d& dang tinh dugc cong suit phan khang & diu
duong day néuw biét cong sudt cha khang dién la Q,: '

Hinh 12-16

2
U . "
2 sin2al Q: V¢ Q:
= ) -1 4+ 2= cotg2al 12-109
Cic Z, 2 [( AN ) 2 tn e ( )

khang dién lua chon theo diéu kién gir dién ap o cubi duwong day U, < 1,1U4gp.
Truéng hop dudng day dat ba doc voi dung khing X, cach tinh toan
cling trong tr nhu trén, ta c6 so do ghép gilra hai phian duong day va dién
khang X ¢ gitta (hinh 12-16b). Theo bang 12-2 ta tinh dugc thong s3 chung A
tit d6 tinh duoc dién ap Us,.
—C(’)ng sudt phan khiang & diu duong day la
‘ 2 oy I
U‘l2 2Z. 4+ Xilg %
' Ge=—1 Z. Xy+2Z.cotgal
X, eling duge lya chon theo diu ki¢n ddm béo dién ap (', trong gidi han

clio phép. Sau khi ¢6 Xy s€ lya chon duge cac ty dién.
- \ :

(12-110)

275



_ 3) Che d¢ khong tii xdc lap ciia dudng day ddng phia phu ldi, ho phid -
nquon . ; B
Khi d& hd mach phia ngudn, thi cong suit phin khang do dudng day sinh -
ra s& di vao phu tai qua may bién ap ha ap lam cho dién 4p trén duong day, .
trén cuc phu tdi ting cao vi may bién ap co thé qua tai. Trueong hop nay xay
ra khi hoa dong bo & phia nguon hode sau khi s ¢0 phai cit & phia ngudn.

P& tinh loan dién ap ting cao va cong suil phan khang ta sir dung‘sdf
d6 trén hinh 12-17. Trong dé phu tii duge thay thé boi tong trd c6 dinh Zp,,
cic nhd may dién ctia hé théng nhan dién ddc trung boi dién khang clg mang

dién X, dién khing may phat \d va suc dién dong £ =

Hinh 12-17

Mav bién ap ha ap c6 so do thay thé hinh [ voi Xp va Xp. Duong day dung
so do hinh o voi Z va Y/2.

Ta can tinh dién ap & phu ta U’pt va dién ap & dau ngudn U, khi dé@
hé mach phia nguon. .

Ta Cé;

Upt. =E - IX)

Trong d6 £’ la sire dién ¢ong qua do ctia may phat ddc trung cho hé théng
nhan dicn, tri sG cua no tinh & ché do trudce khi xdy ra hién twong khong tai,
[ 1a dong dién khi khong tai.

P= L

R Z [de
dZ Zo+Zaa
trong do6 X’dz = X;i + X..
Zgota dién trd ddng tri clia durémg day tai dién va may bién ayp hy ap,
Cudi cang ta co: ) ‘
\ ; X (Zpt + Z44)
U, = E|1 L < (12-111)
JXys (Zaa+Zp) +ZpZaa

bicn ap U; & phia dau nguon tinh nhu sau:
Tt gia tri dién ap cu6i duong day

Uz = (U;)t b AUB)KB
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tinh duoc:

!
Uy = U, (12-112)
cosal
Dong cong suit phan khang di vao hé¢ théng nhan dién
2
(v;)
Q. = —2— (12-113)

Z 44

Cac két qua tinh loan s& so sanh vaéi cae gia tri cho phép, néu cao hon
thi phai ¢6 cac bién phap dé khic phyc. Co thé dat khang dién & phia dau
ngudn dién cua duong day. Hodc céd thé dat may b dong bd ¢ diau phia nhan
dién dé tiéu thu cong sudt phin khang cla duong dav, déng thoi ning cao 6n
dinh & ché do cong suat cure dai. Ngudi ta thuong khong dit khang dién & phia
nhan di¢n cua cac duond day 330—500kV.

4) Ghé do khong lai xdic lap cia dwong day déng o ¢d hai phia
Khi & ca hai phia dwong day déu cé dién ap Uy = L5 thi co thd xem nhu

cO hai duong day khong tai do dai ‘)L va:

=

. ., cosax . cosax
U, =U, —/— =1/, n
COSo E’ CcCOSa —

x tinh tu diém gita dwong day. Dién ap s& cao nhdt & gitta duong day, khi
do x =0 . j
U U, U

I\ = l = ‘ l (12-114)
("2*) cosa — cos & —
: 2 2

Ro rang la dién ap khong tiang cao bing truwong hop hd mach mot phia.

Cong suat phan khang chay vé 2 phia duwong day la:

v | i
Qe = Qe = — 7. sin a l (12-115)
khi dién ap U;4 U, thi phan b6 dién ap tinh theo biéu thite sau:
cos (L — X ) :
] 9 sina.x
U, = U, 1 + AU ———— (12-216)
COS ot — sin o —

il

Trong 46 AU=j V3 I, Z. sina L.

2. Ty kieh thich cdc mady phat di¢n mang tai di¢n dung.
bo la ché do caa may phat di¢n, ma khi do trén cuc may phat hoic trén
duong day xac lap moét dién ap khong trong Ung vaéi d(‘)ng dién kich thich cla
may phat, do 16n cua chung & mot sd6 diém vuot qua tri sé cho phép, gay nguy
hidm cho cach dién cha dwong diay hoic may bién ap. Trong qua trinh tu kich
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thich dién 4p va dong di¢n c6 thd ting 1én khong chu ky hodic chu ky. Tu kif:h
thich khong chu ky rdt nguy hi¢m déi véi hé thdng dién vi bién 46 dong va ap
tdng lén nhanh dén mue cac thiét bi tu dong diéu chinh kich thich khong dap
ang kip.

Khi dong may phat dién viao duong day khong tai cé thé xay ra tu k.ich
thich vi lic nay tdng tréd ding tri’ cla dudng diy mang tinh dung, dong di¢n
chay trong may phat vuot trude vecto sire dién dong cua may phat. Trong mét
s diéu kién nhit dinh dong dién ndy s& gay ra kich tir dong chiéu véi dong
di¢n kich tir trong rotor, do do lam cho dién ap tu dong ting lén giy ra hién
twong tu kich thich.

May bu déng bo, dong co khong déng bo déu cb thd tu kich thich.

Dé han ché tu kich thich c6 theé dat khang dién trén duong day khong
ldi (nhung phai kiém tra 6n dinh gilra chiing voi nhau).

Dudi day xét diéu kién xay ra tuw kich thich cta cac may phat dong bd.
CGac diéu kién na} dugc xac dinh bdng cach thanh lap va gidi hé phuong trinh
Park — Gorev cta hé tai dién di xa.

So dd ddng tri cha hé tii dién

. E v - khi khong tdt duge v& trén hinh

Ta chuy dén so d6 cubi ciing, trong

X, X, Zatd d6 dién khang ding tri cha dudng
' J_ — ':I "“° day la X. va R., dudng nhién 1a X
ia’d !_fld mang tou-lh dung vi duodng day
1— > T khdéng tai
g Xe R béi vai may phat thiy dién
o VA —— c6 thé ¢6 3 mién tu kich thich.
$ — Mién I. ty kich thich
Hinh 1915 kieu khong chu ki con goi 1 tur kich
e thich dong bd, xac dinh bédi b4t
dfing thire,
AXq < A’e < Xd
R, < Xq — X, (12-117)
— |

— Mién II. Tu kich thich kiéu chu ki con goi 1a tu kich thich khong dong
bo, xac dinh bdi bit ding thuc

X, < Xe < X,
X - X, (12-118)
2

R,

— Mién HI Ty kich thich khong déng bo cé the x3y ra ngay ca khi

x. < A va 6 mot gia tri nao dé cua dien trd R, va cac thong s6 khac cta may
phat. Da) la mot mien rat hep.

v
{
1
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Ci ba mién xac dinh theo cac dicu kién trén dugc dién ta trén hinb
12-19. Can luu ¥ réng theo cac ditu kién-trén day, cac mién ¢6 dang hinh vuong
con gidi chinh xic theo cac phuwong trinh Park — Gorev thi chung 1a cac nta
hinh tron. /

XQI
Xd

4

xd

2

\

f

2
N

Hinh 12-19 Hinh 12-20

D6i vai may phat tude bin hoi, cuc an, khong cé mién ty kich thich dong
b6 ma chi ¢6 mién N tirc 1a mién tu kich thich khong dong b0, mién nay dugc
xac dinh nhu sau:

Xq ~ X:i /‘

' Xe Xa: R.
Xd< < X4; R. K 5

(12-119)

va mién LI ciing 1& mi&n tu kich thich khong dong bg, cac mién II va 1l duoc
dién ta trén hinh 12-20.

Muén kiém tra t1nh trang tu kich thich, phai tinh dugc R. va X,.

R, va X, la cac thanh phan cla tdng tré dau vao cla duong day tai dién
Z,;. Sau khi lap duo’z so dO thay thé cua hé tai dién, ta tinh dugc cac thong s6
dic trung ABCD, sau d6 tinh duoc Zy; theo 12-78. .

Cu61 cung cin noéi vai loi vé d&iéu kién ndi song song cac may phat vao
duong day khong tai. Ta c6 so d6 hinh 12-21, trong d6 Xg 1a thong so thay thé
bao gom dién khang cta may phat thiy dién va may blen ap tang ap, X, 1a
dién dung ding tri cha mang "dién, tirc 14 phan 4o cia tong trd diu vao cia

dwong day. .
P& bio dam 6n dinh gura hai may phat, diéu kién la moémen d<ng ho phai
dwong, nghia la ‘

E [
dP 'Q
— m— COS (& — y>0 -
ds  Zi; (6 —au)> (12-120)
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Mot cach gan dang cé thé xem

X2 :
Zip~ Xy = 2Xq — -2 (12-121)
X. 3
3 o, ) Khi X, c6 gia tri am, tirc 1a X, <<0,5 X4 thi sé
6}601 ) dan dén momen dong bo am va s& mdit-6n dinh,
Fldng dicy tr didu kién nay c6 thé tinh dwogc d6 dai cho
5 s phép clia duong day dai khi dong cac may phat ‘
@-!’ { | song song mot cach gan dung:
N
28
~ixy qu v Icp == o (12-122)
N e Vg Xq.Bo. .Uy :
— Fe trong do S la cong sudt may phat, Usn 12 dlen
_L ap dinh mc cda lwdi.
Hinh 12-21 Pdi voi may phat tuabin hoi
28 .
lep = ; (12-123)
Na By Uy -

X4, X A4y gla tri tuong doi da cho trong 1y lich may. Néu cé n may thi thay
2 trong (12-122) va (12-123) bing tri so n.

12-10. KHA NANG TAI CUA DUONG DAY TAI DIEN
VA CAC BIEN PHAP NANG CAO.

Kha nidng tai la cong suat lén nhat co thé tiai duoc trén duong day tai
dién sau khi da tinh dén tit ca cic yéu t5 gidi han cha né.

Ché d¢ van hanh voi cong sudt ty nhién la ché do van hanh thuan loi
nhit cho nén trong nhidu trudong hop céng suit tw nhién duoc xem 1a kha
nang tai cua duodng day tai dién di xa. . :

Yé’u t6.chlt yéu gioi han kha nidng tdi cta duong aay tai dién di xa la
diéu kién' dn dinh tinh. Theo diéu kién nay dudng day chi co thé tai nhé hon
cong sudt gidi han, tic la cong sudt cuc dai mot luang bing d6 du trit on
dinh tinh.

Cong sudt cuc dai cua duong day khong ton that la.

P — UQU?. — U]Ug
: 3 Z sinal
néu lay U2 = b'dm- U] = KU2 thi..
i L
I ‘
P, = M C(12-124)
Zesinal .
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Néu xét dén cd may phat va miy bién ap & hai dau dwong day thi cong suit
cuc dai cia h¢ tai dién 1a (hinh 12-22) '

Pmu - LU

trong d6 X la dién khang ding Lri cha cac thiét bi & hai dau d’udng day.
Ro6 rangla cong sudt cue dai cia hé B
tai dién nhé hon ciia duong day tai dién, @_ 04 @
“ D& cong suit cwe dai cha hé 1ai @
dién dat dén kha ning chuyén tai lon
nhit c6 thé s dung thiét bi tu dong
diéu chinh kich tir tic dong manh (TDK).
Ta hay khao sat ¢12-124) (hinh
12-23), thiy ring doi voi dudng day tai dién di xa cong suit cue dai phu thudc

- X
x 2z sina!
!m_-* . c Jl_m‘\_-'

Hinh 12-22 ’

vio d6 dai I Khil= % tire 12 1500km ddi voi duong day trén khong thi al =90°

vasin al = 1,-céng suat cuc dai dat gia tri nho nhat, con khi ! = 3000km thi

al = 180°, sinal = 0, cong suii cwe dai dat gia tri vO cung. Theo diéu kién 6n
dinh hé tai dién chi co thé lam vige & goc 6 <900, & = 180" —— 270°, tirc la tng
vai 1 < 1500km va [ = 3000 = 4500km. Cho n¢n néu dudng day tai dién c6 do
dai [ > 1500 km thi phii kéo dai nhan tao né bing cach hi¢u chinh thanh dudng
day dai 3000km (dudng day ntra bude song).

Trén hinh 12-24 la quan hé giira cdng sudl gioi han én dinh tinh, tinh
voi goc & = 60° va do dai tai dién l Ta thiy dudng cong P* = g,,/Pm cat gia
tri.cong suét tir nhién P* = 1 & dd dai khoang 1000km dié¢u do6 ¢6 nghia la khi
| < 1000km thi co thé tai cong sudt lon hon cdng suit ty nhién. Con khi
[ > 1000km thi kh4d ni#ng tdi nho hon cong sudt ty nhién, luc nay can phai
thyre hién cac bi¢n phap bu dé nang cao kha nang tai cia dwong day l1én bing

cong suat tuw nhién. .

Pmar 1 | ¢ .
| ' o]
| H
i ¢
i ¢ "I
1 ] ,' ¢ ‘.
y Fl’*u' | : 2]
} 7
R S
800 3006 S0 GOOd So0 1000 150D
Hihn 12-23 ‘ | Hinh 12-24
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Nhu vay la’ khi dudng (iéy dai khoang 700 — 800km trd lén cé thqé Phéi
bi d& ning cao &n dinh, con duong day dai 1500km thi phdi hiéu chinh de
nang cao kha nidng tai. I

Bit nhiin muc dich giiim téng tro song hodc hé s6 tuyen song dong th’f"i
thay ddi cong sufit gi¢i han va cong sudl ty nhién, C6 the bu ngang bang may
bit dong bho hodic ngudn cong sudt phan khang ion, bi doc bang tu dién tinh
Vi tri dat bu thuong & gitra dwdng day tai dién. Vi du vé cae so do bua dudng -
day tai dién trén hinh 12-25a, b, . !

Hi¢u chinh nhim muc dich giAm 7., ting «, ting coOng suat tu Hhi'éﬂ: va
kéo dai nhan tao dudng day tai dién, c6 thé hiéu chinh bing khang dién, ty
dién. Vi du v& ciac so.do hiéu chinh trén hinh 12-25d, e, g. '

g, Uz Oy & 3
L : Y, :

@’t

e,. 8) ,v_guﬁf;' CSPK ion
p) Miy bi: %ig 9

U, ) f/z -JXC (/2 0.?

” 111 :

Sy
¢) 8y dx ket sop bu ngang - d) 8d ngang
Jj 7 lf2 Vs 4, [, . 0
b YN vy LN Pil g L ) WS V' e Wiy
1 1

&) &G coe T 1

~ g) Bu doc két hdp bungarg
p .

Hinh 12-25

Cudi cung can lwu ¥ rdng, kha nang tai thyue té€ d¢ tinh toan duong day
tai dien di xa thuong dao dong quanh cdng suidt ty nhién. Kinh nghiém thiét
L& va van hanh dwéng day tai dién di xa & Lien X0 cho thdy ring dudng ddy
990KV tinh toan v&i cong sudt tac dung P> P, dudng day 330kV. P m Py,
duong day 500kV, P <C P., (néu [ > 800km), duwong day 750kV, P > Py,
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Chwong muéi ba
: THIET KE DPUONG DAY TAI DIEN PI XA

{

13-1. M& DAU.

Thict ké duong day tai dién di xa thuong géom cac cong viéc sau day

‘1. Lya chon cdp dién ap tai dién |

2. Lwra chon s0 mach dién va so do

3. Lua chon tiét dién day dan va sO0 day dan trong mot pha

4. Lua chon cac thidt bi bu, thi€t bi diéu chinh, bao vé... dé dam bao:
cc‘)ng tac cia duong day trong moi ché d¢ lam viéc binh (huong ciing nhur su
¢6 va dé ning cao kha ning tii cia dudng day. o

Nguyén tic chung d2 lya chon cdu tric va cac phan tir cla duong day
la dam bdo v& ky thuat va hop ly vé kinh t€, c6 nghia la trong cac phuong
an cho phép v& mit ky thuat cén chon phwong an hgp ly nhit vé kinh té.

Pudng day tai dién hop ly vé mit kinh té la dwong day co gia thanh
tai dién nhé nhit, dd tin cay cao nhit. Mudén dam bao tinh kinh té trong moi
ché d6 van hanh thi hé tai dién phal la mot hé ¢6 diéu khién va thich nghi.
Khi ché d6 thay doi thi cac thong s6 clia cac phéan tir hodic cdu tric cua duong
‘day tai dién phai thay d06i theo, sao cho hiéu suit tai dién ludn ludn cao nhit,

dong thoi kha niing tin cdy cao nhdt. /

Nhirng co s& dé tinh toan thiét k& duwong day tai dién la cong sudl tac
dung cin chuyén tai trén duong day trong ché do max, tong lugng dién ning
chuyén tai hang ndm, vai tré cla du'bng day tai dién trong hé thong dién, do
dai duong day tai dién, hudng phat trién tuong lai...

Viéc lrra chon cdu truc 16i vu ciia dwong day taj dién' rat phic tap, vi sé
thong sO pha1 chon rit nhiéu, cé anh hudng lan nhau, ché d¢ van hanh bién
do6i rong, nhiéu muc tiéu phai dat dong thoi... cho nén s6 phwong an co6 theé
rat 1on. Bai toan thiét ké dudng day tai dién la bai toan kinh té — k¥ thuat
tong hgp rdt phirc tap. Vi¢e tach né ra thanh nhitng bai toan riéng ré nhu &
trén mang tinh chdt twong ddi song d6 la cach duy nhdt hién nay dé thiét ké
duong day tai dién di xa.

Dudi day s& trinh bay ty my hon cic cong lac can lam khi thiét ké
dyong day ti dién di xa.
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13-2 LUA CHON CAP DIEN kp.

Mui yeu 10 ¢6 tinh chat quyct dinh khi lya chon cép dlén ap tai dlén 1a

cong sudt tai va d¢ dai duong day tai dién.
e o) Ta da biét'cong sudt tu nhién ting
'y nhanh theo dién ap. Cong suft giéi han t¥
lé voi-binh phuong dién 4p dinh mite,
trong khi d6 gia thanh duong day va cac
tram bi€n ap ting lén tuyén tinh vai
dién ap. ’

R T T Tuy nhién do tang kha niang tai phu
thudc nhiéu vao dé dai tai dién, hinh 13-1
Hinh 13-1 cho quun hé gira c¢ong suit giéGi han va
dién ap dinh muc. Khi do dai tdi dién [ <C 200+ 300 km thi khi ting
di¢n ap dén 200 kV cong suit gidi han s& tdng nhanh, sau dién ap d6 thi di
cO ting cao dién ap, cong sudt gidi han ctng khéng ting lén nhiéu nira vi lic
nay tong (ré tuong déi cia dudng day tro nén nhdé so voi tOng trd clia may
phat di¢n va may bién ap. Khi [ = 800 — 1000 km thr tang dién 4p dén 500kV
s¢ hiéu qua, con khil = 1200 — 1400 km thi phai s dung dién ap ti.600 kV
tro lén. ' '
Khi ting cao dién ap. suat von dau tu (d/kW) va gia thanh tai dién
(d/kWa) cho duyng day co do dai nhu nhau sé giam di.

_Bing 13-1
Vi du vé chi tiéu kinh t&8 c¢da dwirng ddy tal dién xoay chidu (Lién Xa).

Dién ap kV \
Chi tic¢u
330 500 750
(ong sudt ty nhién [MW] 310 890 2 190
Gia 1 km drweng day [10° rap] 20— 230 30—35 40—-145
Ty s6 chi phi von dau tu cho
TEW va 100km [rip] 6—¢ 3,5-4 A 2—-2,5
Gia thanh tai 1kWh, cho 100km
(1072 rup] 0.02—0,03 0.015 0,004 — 0,005
Sud! hu hosg teen M0km nam 1,0 —1.,5 0,6 ’ -

-~

Khi dién ap tdng cao thanh phén ton thit cong sudt phy thude vao dong
di¢n tai s€ giam di nhlrng phan ton that cong suidt phu thudc dong dién dién
dung va ton that viang quang ting lén, do d6 khi cOng suit tai nhé sir dung dlen
ap thap s¢ dat hi¢u sudt tai di¢n 1on hon khi sit dung dién _ap cao,

Cau triac cua ludi dicn san ¢6 cing c6 anh hudng lorn dén viéc lwa chon
dién ap tai di¢n.

Cac cdp di¢n ap dinh mire hién co thuong la [kV]: 20, 35, 60, 110, 220,
330, 100, 500, 650, 700, 1000, 1 150.
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Lwa chon cdp di¢n ap tar dién ta bai toan phirc tap, cho dén nay van
. ¢chwa c6 phuong phap hoan hido dé gidi quyét. Hién nay nguoi ta st dung
phuong phap so sanh kinh t& kj thuat cac chi tiéu clia cac phuong an vdi céce
cdp dién 4p khac nhau. Trong mdi ‘phuong an déu xét dén sd mach dién ciu
tao thiét bi, cac loai tnet dién’day dan cé thé, chi phi cho tram ting, ha 4p va
nhiéu vdn dé khac.

Véi phuong an tht i, co chi phi linh toan:
L= a K + Y, 4+ H; (13-1)
Trong dé6:
‘ K; — von dau tu
Y; — chi phi van hanh hang nim
H; — Ton thit kinh t€ qudc dan do ngirng cung cdp dién.

Ay, = '—‘1—12‘1 hé sd hiéu qua von #

tc {Mw] xoay chiéu gt chiéu - _{
dau tw, T, la thoi gian tiéu chuin P
thu h01 von dau tu. Tw chi phi 201 ' 750Ky
tinh toan Z; va phu-tai tinh toan P
tinh dugc ty sudt chi phi tinh toan 1500
[A/MW]: | | 500 Kv
7.
Zi= —— (13-
P 2 |
Cap dién ap duge lya chon dé thiét 330KV
ké dwong day taidién la cap dién ap %[
trng voi gia tri nhé nhidt trong cac z;. 220KV
B'é (linh hUé’ng SO bé ban diu zslp ) 5&0 ]Li) ’0‘00 12‘50 l?km]
khi lua chon cdp dién ap ngudi la Hinh 139
n -

xdy dung cac do thi quan hé giira cap
dién ap va cong sudt, d¢ dai tai dién (hinh 13-2).

13—3. LUA CHQN SO MACH VA sO b0 TAI DIEN.

S6 mach dién nhiéu qua sé tén nhiéu dédt, nhiéu von dau tw, kim loai
mau va cac vat lieu khac, cho nén xu huéng chung la giam s6_mach tal"(llé_ll
song, song.

Viéc lra chon s6 mach dién phu thudc vao twang quan gilta cong sufit
tai trén du'ong day va cOng sudt cta hé thong nhan dién voi kha nang duw trir
cong sudt cua no.

Khi cong suit tai nhé hon 10 — 15 % cong sudt cia hé thong nhan dién
thi c6 the xdy dung dudong day tdi dién mot mach, vi lic do di c6 sw cd dudng
day tai dlén, voi du trir di ¢6 hé thong van gitr duge ché do van hanh binh
thuong. Néu cong sudt tdi lon hon thi khong nén ding dudng diy mot mach.

Khi chon s6 mach dién phai khao sat On dinh, tinh kha ning tai dién va
“cac bién phap nang cao, ngoai ra ciing phai tinh dén ton that kinh té do
mdt dién.
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S6 mach tai dién thuong la mot hodc hai. Khi thdy cin phai xay dung
ba hay bdn mach thi nén xét dén phuong 4n c6 cdp dién =’1p dinh muc cao hon.

So d6 duong day tai dién c6 the 1a khéi hodc lién thong (hinh 13-3). So
do khéi (hinh 13-3a) 1a so db trong d6 cic mach clia dudng day tai dién k& ca
may .phit dién va m4y bién 4p doéc I4p véi nhau. Con so db lien thdong
(hinh 13-3b) trong dé cac mach dién lién lac véi nhau bing céc tram cét dat
tréen duong day. .

So sanh hai so d6 ta thiy mdi so dd c6 nhirng wu diém sau:

So do kh6:

a) Cit mot mach khong anh hudng dén cdng tac cia hé thong néu he
théng da du trit cong suit.

b) Khong phai xay dung cac tram ndi va thuc hién cac bién phap nang
cao 6n dinh dong, do d6 ‘duong day ré hon,

c¢) Can it thiét bi cao ap.

B F
F 8 ’ @
H— SN
 saoky DUong ddy
F 8 du phong
cle» ol s

Hinh 13-3

So do lién thong:
a) Han ché dugce s mach dién (khong nhiéu hon 2).

b) Gidm dugc dy trit nong cong suit trong théi gian phu tai cuc dal.
(*u diém ndy rdt dang ké khi cong sudt tai cia mot mach dién so sanh dwoc
vOi cong suil ciia hé thdng nhan dién.

¢) Thuin lgi hon trong viée t0 chire van hanh va td chitc tu sira. dmh>
ky. Khi can-stta chita mot doan nao d6 cla mach dién khong pha1 gidm cong.
sudl tai, tuy do tin cay c6 giam di.
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d) D& déng déng phu tai vao cic doan trén dlrdng day tai dién, dé dang
cho viéc phat trién hé théng dién,

e) Dé ndi duong diy vao h¢ thdng nhin dién, khong phai ting cudng
lwdi ha 4p d& du-trir cong suit nhu & so dd khéi.

g) Gidm dugc qua dién ap khi st dung cac phuong tién bdo vé va thong
tin chat legng cao.

-

Doi voi cac duong day tii cong sudt lon dé kinh 1€ hon t{mong dung
so 4o lién thong.

AY

13—4, LUA CHON TIET DIEN DAY DAN. &’

Luwa chon day din bao gébm lua chon sé day din trong moi pha va tiét
dién cua chung,

Déi voi cac dudng day dién ap 220 kV tré xudng tiét dién day dan duoc
chon theo diéu kién mat do kinh té tiéu chuin cia dong dién vi ring day dan
chon theo diéu kién nay thuéng c6 tiét dién 1on hon tiét dién tdi thidu theo
dieu Kiéh giam 16n thit ving quang. Truong hop dav din chon theo mat do
kinh té nho hon diy dan t6i thiéu cho phép thi phai chon dé\y din co liét dién
(Gi thidu cho phép (110kV — 70 mm?; 220 kV — 400 mm?; 330 kV — 600 mm?;
500 kV — 1330 mm?).” Do chon tiét dién diy din nhuw vay ¢ho nén & cac duong
diay nay ton thit vang quang khong ding ké va co thé bo qua khi inh toan.

(5‘ dién 4p 110 kV tr& xudng chi nén dung day dan don. O dién ap 220 kV
cin ph(u,j,so sanh nén dung diy dan don hodc phan pha. Tu dién ap 330 kV
trd lén chi nén dung day dan phan pha vi né cho phép ling nhan tao ban
kinh day dan, gidm dwgc 10n thit ving quang ma van si dung hét khd ning
kinh té clia tiét dién dav dén. Dayw&ma g dién dung, gidm’
dién cam chGa duong day do do taqg cdng suidt ty nhién, va kh& nidng lai cuaa
dwong day. Tat nhién dung day din phan pha dat tién va van hanh phic
tap hon day dan don.

Tiét dién diy din siéu cao ap (> 220 kV) lwa chon phirc tap, béi vi tiét
dién day din khéng chi anh hudng dén chi phi vén, cic hé s6 van hanh ma
con &nh hudng dén gia tién ton thdt dién nidng. Tiél dién day din va s6 day
din (rong-mdi pha d4nh hwdéng nhiéu dén cdu tric co khi cia duong day (4i
dién.

Vi vay cach lya chon day dan & day 1A so sanh nhiéu phwong an duong
day lai dién voi cac li\é’t dién day dan khiac nhau.

S6 day dan trong mdi pha duge xac dinh theo kinh nghiém. Dién ap
330 kV- 1 dén 2 day, 450 — 500 kV: 2 — 3 day, 750 kV- 4 'day din moi phd.

Cac bude tién hanh chon tiét dién day-dan nhu sau:

— Tinh toan dong dién theo cong suit tai P:

[ = D A MW, KV (13-3)

V3.m.U.cosgp

m la s6 mach d}én caa duong day. Gia tri co.scp thueong 1y so bo: dién Ap
330kV: cosp = 0,9 — 0,95, > 400 kV: cosp = 0,95 — 1.
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— Tim tiét dlén day dan theo mal du kinh té lrung binh J,» va sb day
dan n trong mét pha:
I

F—= - [ mm?, A, A/mm?] (13-4
th . N
— Sau d6 lua chon 2 tiél dién tiéu chuin gin F nhit, dé 14" F, va F;
F, < F < F,.

— Tinh toan dong dién gioi han kinh té cha tiét dién F, 1a Iy,,. So sanh,
néu Iy, > I thi chon day dian F, va mat do dong dién kinh t& cla dudng day
la 7= L Néu <1 thichon FyvaJ = ——. |

1 2 N

Du6i day trinh bay phwong phap tinh mat d6 kinh té va dong dién

gidi han kinh té.

1. Tinh mgt d0 kinh té.

Néu sé day dan trong 1 pha la xiac dinh thi chi phi tinh todn cho dlrorng
day tai dién duge tinh theo bi¢u thire sau :

Z=ak +a K +Y, 4+Y, ‘(13-5)

Trong do: K = (K, 4+ K.F)l — chi phi v6n xay dung dudng day,

K, — thanh phan chi phi khong phu thugc tiét dién day dan

K, — thanh phan chi phi phu thude day dan —(l—]

: mm* km
| — do dai duong day [ km ]

a,n, — hé s6 van hanh .

a,. — hé s6 tiéu chnian thu héi vén dau tu

Y. — chi phi cho tén that dién nidng lain nong day dan [ d]

Y, — chi phi cho ton thit ving quang [d].

Liy dao ham ctha Z theo tiét dién F va chq bang khong ta tim duoc

mat do dong dién kinh té:

Jo = 10 V 10K; (avh + @10} [ Ajmm? ] T 13-6)
o 3p C(t + 8760K,)
O day pda di¢n tro sudt cla day dan [ Q/km.mm?]
C i gia tién ton thit dién ning [ d/kWh ] /
= la thoi gian ton that cong sudt lon nhit, ¢6 thé xac dinh gian dang theo
viéu thirc

0,124 + Limax 28760 h 13-7
- ( ‘ 10000) LRl (150

K. la h¢ sg tinh toan ton thit do vang quang.
/ .

Ta nhan thdy Jy cta duong day siéu cao ap phu thude viao thanh phin
von dau L gan lién véi day dan. Thanh phin nay lai phu thudc vao khu vuc
dwong day di qua, cdu tric ciia duwong diay. TOn thit vang quang ciing phu thude
vao cac di¢u kién dia phwong. Do d6 mat dé kinh t& cha dudng day tii dién
siéu cao ap la mot dai lwong bién doi.
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G Lien X6 J,. bin d4di tir 0,7 (ving chiu Au) dén 0,9 +~ 1 (Sibéu) cho
dlen ap 500 kV.

2. Gioi han kinh t€ caa day din dwoc tinh nhur saun.
, Néu duong day duge tinh cho déng di¢n I thi chi phi tinh todn @ng véi
ti&t di¢n day din Fi(i = 1,2) la:
3R,
1000
Trong 46: AP,; — t0n thit cdng sudt trung binh hang ndim do viing quang
Ung v&i tiét dién Fy [kW/km] "
z, 2’ — chi phi sin xuit ra di¢n ning d& ba vao ton thdt d6t néng
day dan va Ldn thit ving quang [d/kW] L
Ki — chi phi vdn cho 1 km dudng day tiét dién Fy.
R, i= 12— di¢n trd cha diy din F,.
Néu F;>F, thi K2> K3 Ry < Ry, AP,y < APy, va d9 chénh léch clia chi
phi tinh toin phu thudc viao dong di¢n I, Con khi:

Z, =12, (13-9)
ta cé gid tri gidi han kinh té ctia dong dién Jy,;. V&i dong dién nay ding déy
ddn ; hay F, d&u c6 chi phi nhu nhau. Day din tiét di¢n 16n tuy dat tién
nhung do giimdugc LOn thit nén két qua cling c6 chi phi nhu day din tiét di¢n bé.

T diéu kién (13-9) ta co:

s Zi = (aw + a) K + z +AP,2 (13-8)

Ikl! x 10 V K(a\'h+atc) + IUAPVZ’ (13.10)
3(Rl e Rz)z
{rong dé AK = I(g — Kl, AP‘ - APVI— APW" i Z?
Tuwong tu cé thE tinh duge giéi han kinh t§ : Fon
ciia dong dién gitta tist disn F, va Fy., v6i mbi / e’
-tiét di}n day din ta xiy dung dugc mién s dung | .
kinh t& md nfu dong dién ndm trong mién 46 thi -~

tiétdi¢n diy din nay cho chi phitinh toin clia dugng C
day di dién 12 nhd nhdt, Mién kinh t&€ cla &t diga ‘

day din duge minh hoa trén hinh 13-4, L R
Sau khi Iya chon liét dién day din, néu chj Lo Ixty I
diung moét day h'ong mot pha thi cic thong sé cla Hink 156

duong diy nhua Re, Xo, Co ¢6 the tra trye tiép & cac
bing, céon nZu trong v.gt pha c6 nhiéu day dan thi cic théng s6 trén cam

phdi tinh toan.
K,h; c6. n day din trong 1 pha, mdi day din c6 dién trd R, thi didm trd

chung clia m¢t pha la Ro/n.
peé tinh X; va G, trude tién can tinh dugc ban kirh tuong duong ola

ddy din Fu:
= © (131

rm::r""fa °

16=HTD ' e o .. 289



trong d6 n la sé day din trong mot pha,
1 1a khodng cach trung binh hinh hoc gifra cac day dén i’rong*mot pha
la ban kinh cia mot day dan.

Néu n= 1. thi ry=r, 9thi rg= Vr.a n-3thirm—Vr a®va n=1

thi rg = V V2 r.e3 ,néu n ting dén vo6 cing thi r—»a. Nhe vay ban kinh
tuong dwong phy thude vao khoang, cach trung binh hinh hoc giira cac day dén
va thay i ata c6 thé thay ddi diém cam L, dién dung C clia duong day. ~

Ta ¢o cac biéu thie xac dinh C, va L, nhu sau:
0,0241. 10— |

cC, = [ F/km ] . (13-12)
. D
lg —
I'ta
L, = (4,61_(] b 05)10——= [H/km] (13-13)
r(d n ’ '

Tuong ung c6 ding dan B, va dién khang Y,:

7,58.10°¢ 1 1 J o
BU = mCO = ! (13-14-)
lg D [ Qkm |
I'ta
: 0
Xo=uwl, = 0,1445 lg b + 0,016 [ 2 ] (13-15)
ra n kin '

& day w=2m% f va f=50 Hz, D la khoang cach trung binh hinh hoc gilta cac pha
Tir cac biéu thirc trén, thiy ring:
Ting i s& lam X, giam di, B, ting 1én lam cho tdng trd song giam di va
cong suat tir nhién cia dwong day tang lén.

Cac thong sé chia duwong day ciing phu thudc dang k& vao s6 luong day
dan trong mot pha. Bang 13-2 sau day cho quan hé gitta X,, B,, Z. v P, va
36 day dan n trong mét pha. .

, " Béng 13-2
Cac théng 38 cia duong ddy phdn .pha véi Uam = 500 kV.
/ .
Tri s§ n va md hi¢gu day din
CAc théng s6 ~ . -
1.ACO—1500 | 2.ACO—706 | 3.ACO—500 | 4. ACO—400 | 5. ACO—300
Xo [Q/km] 0,408 N 033 0,301 0,279 0,262
Bo10-8(1/Qkm]| 279 | 338 3,70 3,08 421
7. [ 391 siz | o285 285 265
Py [MW] 840 R0 » 880 1 944 1000

T@ bang 13-2 ta thiy voi Uy, == 500 kV thi n =2 hay 3 la t6t nhit, tﬁng'
n lén 4 hode 5, gia tri Py, khong ting _bao nhiéus Ngoal ra gia tri cua a cing
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-khéng thé tang tdy v d& ting ra. vi crréng do6 dién triwdng F cua b mit day
ldén phu thude vao a, khi a =40 cm thi £ = E min., kln 2 l6n hon 60 em thi L
tdng lén rdt nhiéu lam tang tén -that vang quang. Thuong ldy a bing 40 cm,
d6i khi dén 60 cm.

13-5. LT?A CHON THIET BI BU VA® CAC THIET BJ KHAC.

Sdu khi luva chon duoc dién ap. day dan, s6 mach dién va so d6, cin
tién hanh tinh foan cac ché d¢ binh thuong va kiém tra cac ché dé dic bi¢t clu
dudong day (ai dién di xa. Trong {ruong hop ¢o cac lhong s6 vugl qua gioi han
cho phép trong ché doé binh thuong cing nhur trong ché do d&c biet thi can
phal lwa chon cac thiét bi bu (loai, 'vi Iri dat, cong suat) dé lam cho cac thang
s0 d6 giam dén gia tri cho phép.

Thiét bi bu'duge chon va kiém tra theo cac diéu kién sau:

— Dam bdo gia tri dién ap ¢ moi diém trén duong day va trong moi
ché d6 ndm trong gidi han cho phép.

— Diéu kién tl;\kich thich may phat

— Diéu kién héa déng bo

— Dbiéu kién 6n dinh.

Cae thiét bi bu ¢6 thé la: Bé tu va khang dién c¢ didu khién, mav -bu
d6ng bd, ngudn cong sudt phan khang ion.

Trong' truong hop kha ning tai cua dudng day tai dién di xa thap hon
P, thi st dung thiét bi bu dé nang cao kha nidng tai.

Cac thiét bi khac nhu TDK. bao vé role... cling lwa chon trén co so
ning cao kha ning tai dién. dam bdo on dinh tinh, 6n dinh déng va dam bao
cac chi tiéu kinh t€ cia duwdong dav tai dién di xa.

Bai toan lwa chon thiét bi bu rvat phtre lap, vi the khi lga chon phai
tinh toan kinh t& k¥ thuat ti mi & c6 thé Ina chon dwoc phwong an hop Ly,

13-6 CAcC cHI DAN TINA TOAN THIET KE.

Muc dich tinh toan thiét ké la dé tim duge si quyét dinh hgp 1y nhit
vé ky thuat va kinh té trong viéc lua chon cac thiét bi can thiét cho duong
day tai dién di xa. Cin phai tinh toin cic ché do lam viéc khac nhau mot
cach ti mi, nhdt 1a cac ché do c6 cac thong so de vigt ra khoi gidi han cho
phép vé k¥ thuat va co nhirng doi hdi nhigu phét vé thi&t bj. Bio dam cac yvéu
cau k¥ thult cin thi€t & cic ché do nay thi ciing ddm bdo dwoc dién kién lam
viéc binh thuéng 0 cic ché do con lai.

Cac ché do can tinh toan la ché d6 cwc dai, ché dé cywe tidu va cac che
d¢ dac biét.

Thyc té cho thdy r?mg chi cé thé thi di¢n b%ing duong day déng nhat.
(khéng c6 thém thiét bl bu) & d6 dai 300.— 400 km trd lai. Véi dé dai 1én hon
phakdat thém cac thiét bi bu ma&i dam bido cac yéu cdp Ky thuat. Do dé vige
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tinh todn dudng day phin nhitu phdi st dung phuong phap tinh dudng dady
khong dong nhit (c6 bu), dé la phuong phap ghép cac so d0 thay thé nhu da
trinh bay trong chuong 12 !

-

1. Tinh toan ché d¢ cyc 43i.

Mot trong nhirng yéu ciu k¥ thudt quan trong 13 &im bdo dién 4p &
moi noi trén dudng diy tdi dién trong gidi han'cho phép. Giéi han 46 lA:

Di¢n 4p U, & cudi dwdng day phia nh&n diém (hinh (13-5) phai thda man
dicu kien Usmin S Us < Usmox. Trong d6 Usmax duge x4c dinh theo diéu kién lam
vi¢ge clia cach dién duong day. Usmer < 1.1 Ugm khi Uam <0V, Uspay £ 1,05
Usn kK0i Ug > 730kV. Gid tri Usmi, duoc xac dinh bédi dién ap & phu tai, day
12 dién ap t6i thidu phai gilr trén phu tai theo diéu kién cong tac clia phy tdi
va diéu kién On dinh tinh

Up = (Us = OUg)/Kp (13-16;

Kg 1A hé s& bién ap, 14y gia tri tay theo khi ning didu chinh cta may

bién 4p. Tt 13-16 tinh duge Usgia- |

£ :’v ¢ ] y 8

% l
bt § 5 St

Hinh 13-5

Ditn ap & cAc phu tdi khac clng pbai dim bio cac yéu ciu tuong ty
vi du U, (hinh 13-3).

Di¢n ap Uy ¢ dau dudng day tii di¢n droe chon vai cac gia trj nhur sau:

Voi Ugp = 220KV, Uinay = 1,100 = 252kV

Véi Uy = 330KV, Uinex = 1,1 Uy = 363kV

Véi Ugg > 500KV, Uipay = 1,000 g0 -

Con Uinia »» 0,950 4.

T céc hgn ché trén cla Uy, Uz ta x4c dinh duge do syt 4p cho phép:

P& didm bio On dinh tinh, cosp cia may phit khéong duge nhd hon
/0,97 = 0,98 khi doéng di¢n la dung tinh.

Trong ch&€ d) van hanh cyc dai, m¢t vdn d8 co bin phii chi y dén 13
cin bing cong sudt phin khang & phy tdi di¢n. Cé ba cach dim b3o cong suit
phin khang cho phu tdi: d6 13 lugng cong suit clia miy phit truyén qua duong
day tdi di¢n, edng suit diin dung thira ciia dwdng day va d4t thém ngudn cong
suit khin khang & phu tii (thuong dang may ba ddng bd ¢ TPK tic dong
manh). Khi lya chon phuong an cung cdp cdng sudt phin khang cho phu tdi
can phdi tinh dén cic han ché v& ky thuat.

Cong suit phan khing tii trén dwong day bi han ché béi dé sut ip K,
bé s6 nay lal phy thudc vao do dai tai dién I va cong suft tac dyng By. Khi
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P > Py, thicong sudtl phin khang bi han ché va & A0 dai tai didn nao do6 thi
hoan todn khong thé duge vi 40 sut Ap K lic nay virol qui gigi han cho phép,
ldc nay phéi dit mAy b doag bo & phu Lii. Trong ~hé dé nay <6 the phai
dédt thém thiél bj ba d¢ dim blo dién ap & cac pha lay uén due duang day
khong bi gidm qua gioi han cho phop

Khi P < P, cdng suil phian khang trén dxong day thus va i v¢ hai
phia, lGc ndy d& dam bdo git trj cosp cho phép cio may phat phai dil khing
dign & diiu dudng diy d@ tidu thu cong suat phan khang. Khang dién nay
thudng khong cé may cét va né duge st dung trong cac ché d9 con lai.

Tém lai trong ché d6 cye dai cin phii chon dién 4p & diu duong ddy
dim bio hé s6 sut 4p K i wu sao cho hidu suit tai dién cao nhit, lya chon
diém dit va cong suit thiét bi bu & trén dudng day va khang di¢n & dau
dudng diy.

2. Tinh toAn ché 40 cye tidu. ’

O ché d® nay cong sudt thudng vao khodng (0,2 = 0,4)P,,. Codng suit
phan khiang do duong ddy sinh ra rat 16n, voi Ugm = 330kV ¢6 Q. = 330 —
400kVAr/km; Ugm = SDIkY ¢6 Q. = 1IMVAr'km; Ujn = 750kV c6 Q. = 2,3~ 2,4
MVAr'km. Cin phii thy: hiin caz biln phip d2 gidm lugng codng suit thira
nay. Co thé giam thdp dién ap ddu duwdn diy U, xudng dé&n gia tri min cho
phép, nhung phai kidm tra dn dinh. Padi n3itét cac bd tu bu doc, vi day ciing
14 ngudn sinh ra cong suit phan khang. Mav phat dién va may ba ddag bd dat
& phu tdi ciing tidu thy mot phin cong sudt phdn khang. S8 cong sudl thira
con lai cin duge tiéu thyu bing cac dién khang. Cac khéng dién nay dwoge phan
bé ddu trén dudng day trong c4c tram bd dit cdch nhau chirng 200 — 330km.
Cac thiét bi ba & ché dd max ciing duge tinh dén cho ché dd min. Niu cac
thi¢t bi ba dang & ¢h& d® cuc tidu thi phldi dit may cit d& cét ra khi ché d9
cuc dai. Gita cic doan dudng day dat khang dién dién ap c6 thé ting cao,
cin kiém tra va xuir ly.

Tém lai trong ché dd ewe tidu cin tinh to4n gidm dién 4p & hai diu dudng
dﬁy hop ly; x4c dinh khd ning tiéu thu cdong sudt phin khang cla phu 1ai,
clia may bi dong bd dat & phy tdi, cha may phat dién; xic dinh noi dat va
cong sudt khang dién; kiém tra di¢n 4p trén cac doan dudng dai nhit cla
dudng ddy.

3. Djc ditm tinh todn clc de¥ng day tdi di¢n di xa.

Thong tin ban diu thudng cho theo hai cArh: 1—cho cdng suit tac dung
& diu (hodc cudi) duong day, dién ap & cudi dudng day va & cac tram trung
glan Cin phai kiém tra can bing cong suit phan-khang phu tdi, trén co
sd do chon thiét bj bu va dja Qhem dat ching. 2« Cho cong sudt tic du
phan khang va di¢n 4p & dau hoic cudi dudng day, cin tim dlen ap & cic dlem
khac, chm thict bi bu va dia diém g"l chung Khi tinh toan ché dd phai tinh
e thim Thit cong suit, co the bhé qua 1on thit trong tu dién vﬁ Lh{mg dién vi
ching kha nho.

Duong day tai dién thiye t& 1" wdnz c6 cae tram tidu tha & giita. cic thiét
.bj bu (ba n,ung hodc doc Liuig ty di¢u, Lhing di:n hodc may bu dong bo) va
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cac thiél bi khac. Vi du vé so do thue 18 cua dudng day tai dién trén hinh (13-6a).
Dé c6 1hé tinh toan dwong day 13i dién nay can phii lap so do thay thé, thuong
c6 thé str dung 5 loai so d6 thay (hé nhu trén hinh 13-6 b. ¢, d, e, g. Cian cu
viio thong s6 ban diu 's& lua chon so do thay thé thich hgp, sau do st dung
cic edng thire da trinh bay trong chuong 12 dé tinh toan.

Vi du, néu cho biét dién ap & hai dau duing day, cong:sufit tac duibg
& diu duong diy thi nén ding so 48 thay thé 13-6d hofc 13-6g, theo cac bidu
thuc (12-88), (12-89) hode (12-90) ta tinh duge Q. Q, vi goc &, k’iEm tra diéu
kién can bing cOng suft phdn khang, néu khong dap tng yéu céu thi phai
thay ddi cong suiit bu hodc dit thém thi&t bi bu, diéu d6 s& din dén thay ddi
cac thong s6 ABCD hodc 7y, 7y 7a. sau d6 lam lai phép tinh cho dén khi
két qué dat yéu cau.

&@ﬁﬁ A,V B Yy s,

us - 4 T & U U,S,
| 4,00 ——-‘—-E;z 8, ¢,0, _%_u_._ A 8,8, D,

Y“ Y_Z_A__ Yas Y
Th T%
¢ | 2
. Y St C:z ) Up $4 ' —
al ABCD = X -Li 2 Zu 212 222 dily
¢op
@)
e) g)
Hinh 18-

Néu cho hiét dién ap U, va dién ap &cac phu tii trung gian U,, Up va
P. thi nén dung so d6 13-6b. Néu cho biét cac thong sd & cudi hodc diu dudng
dav thi nén dung so do 13-6¢ hoidc 13-6e. phép tinh s& thyc hi¢n din t diu
no sang diu kia cia duong day, sau khi tinh néu c6 thong sé nac khong théa
man diéu kign ky thuat thi phdi tim bién phap khic phuc. !

Viéc tinh toan duong day tdi dién di xa, c6 thé thuc hi¢n trén may tinh
dién té. S& dung may tinh cho phep tinh todn nhanh ei.6.g nhiéu phuwong 4n
khéae nhau vd chon dwge phuwong 4n t6t nhat cho cac phan U ciing nhu toan
& duong day tai dién di xa. '



Chwong muaéi bon

ON DINH TINH cUA HE THONG DIEN

14-1. M& DAU. PO DU TRC ON DINH TINH

Hién nay ngav cang xudt hién nhiéu 11ha may thiy dién, nhiét dién, céng
sufit 16n & xa trung tim tiéu thu dién va dwge néi lai véi nhau ntho nhirng
-duong day tai dién di xa cao ap (hoic siéu cao 4p) thanh nhitng hé théng dié¢n
16n. Trong truong hop nay moét trong nhirng vdn dé quan trong vé chit lwong
clia hé thOng dién la tinh lam viéc On dinh.

Trong nhirng hé théng dién 16n, nhiing sy ¢6 lam ngung cung cfp dién
mot cach nghiém trong, phan chia hé théng thanh nhitng phan riéng ré thuong
do mit on dinh giy nén,

He th6ng dién co tinh dn dinh cao, nghia 12 lic binh thwong nhu cu
di¢n ning chia phu tdi dugc cung cdp mot cach chic chin, chit luong dién (rua
tri tin $¢6 va dién 4p) ludn duy tri trong pham vi cho phép. Ngoai ra khi xaj
ra nhirng dot bién v& ché do lam viéc (d6ng cét duong diy, may bién ap mang
tai...) hodc khi xdy ra su c¢6 (ngin mach cac loai), nhitng dao dong phai tat
dan va hé théng dén duwogc trang thai xdc lap voéi nhitng théng 86 6n dinh. Nhu
vay tinh lam viéc 6n dinh clha hé théng 'dién dwogc ddc trung bGi mire do
dong bd vé téc dd quay clia cac roto may . phat dién va ddng co trong hé
théng. Tir day viéc nghién ctu 8n dinh nhim xét qua. trinh qui d6 xiy ra
trong hé théng dién khi ton tai nhirng.dao dong co nguy <o’ lam mat dong bo
va tim nhirng bién phap loai trir nhirng dao dong d6, Tinh 6n dinh cha hé théng
dién c6 lién quan co hoc véi toc Ao quay clia may phat dién va lién quan dién
hoc v6i nhitng dai lwong dée tru-ng ché d¢ lam viéc ctia hé théng dién (cobng
sudt, dién ap...), vi vay nghién citu on dinh chinh la xét hanh vi cfia hé théng
dién v& qua trinh co — dién khi x4y ra nhirng dét bién.

P& tién loi cho nghlen ctru ngudi ta phan biét: On' dinh tinh duqc khéo
sat khi hé thong dién lam viéc binh thudng (mang cong suit cyc dai va chi
ton tai nhi}ng dao dong nhJ). On dinh dong dwgc khio sat khi trong.hé théng
dién xAy ra nhitng dao dong lon (ngin, mach céc loai).

Trong chwong nay d& cip dén nhitng vdn d& v& 8o dinh tinh cha hé
thdng dién. ) .

On dinh tinh cfa he théng dién thuéong duoc nghién ctu vé phuong dién
xét kha ning chuyén tai cong suit tac dung P tir nha may dién lén F qua duong
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ddy tii ditn 0 dén trung 1Am ticu thu holc cdn goi 1 hé théng nhin dién
(viét 1t la HT) nhw didn 1 rén so A6 hinh 14-1,

DE nghién ctru khd nang chuvén tii cong suit vao hé théng ta ciin tharh
1ap bidu thiue quan hé gitta dai legng cong sudl truyén di P va cac tham s&
clin h¢ thong. D& don gidn trede hét gid thigt rifg cong suit cha hé thong
nhin dién 1T lon gip nhidu lin (irén 7 —<4) lin) céng cufit clia nha méy F
truycn di, khi do nhirng dao dong bé & phu 13i PT cla hé théng hiu nhu khéng
dnh hurdng va co thé coi di¢n 4p U & thanh cai hé thong 1a hing s6. Ngodi ra

—
-—-.-p P v

- (o
F r o= ' ]

T

Hinh 14-1

chi xét dén tham s6 dién khang x cda cac phin tif, Nhu vay so do thay thé t6i
giin va do thi vecto cha hé thdéng di¢n trong truong hLop miy dugc vé nhu
trén hinh 14-2 va 14-3.

g D el J'.r
s -l oM
z 21 %“"""“T_\"-—" v
[ 4 Io
Hinh 14-3 B Hink 14=3

T hinh 14-2 ta c6:
Pién khang tdng cOng cla hé thdng c6 gia tri:

p+ o .
The =5I?+IT+T+$T

Khi coi U = const, tir dd thj vecto hinh 14-3 ta cé6:
L= U—I—ji:rm
trong 76 E 14 vecto stc dién dong cda nhi may truyEn di, U 14 vecto dién &p
thanh cai hé théng nhan di¢n. Thuong 48y U lam gée, nghin la U = I70°, khi d6
¢6 E=L18 |
Trong d6 8 14 g6c gilta veclo EvaU G628 ¢érg vai lrd diic bié\t quan

trong khi nghién cu 6n dioh cla hé théng di¢n, s& dugc dé& cjp chi Liét san
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Trong truong hgp nay cong sudt P & dian duong day va cung cdp cho
phu tai 12 nhu nhau (chi xét z). Gia trj P x4c dinh theo bidu thie:

. P = V3 UIcosyp (14-1)
D2 bidu didn P thdng qua gia tri E va goe 8, tir d& thj vecto hinh 14-3 c6:
OA = Esins = V 3 I z,, cosp (14-2)
- Vay YT Icosp = Esinb
Tnt
va P= EU sins (14-3)
Th

bay 12 mot cong thire quan trong bAe nhit khi nghidn ctu 3n dinh tinb
clia hé théng dién, né md t4 khi ndng tai cong sufit P tu diim cé di¢gn 4p E
dén @i€m c6 dién 4p U,

Kha nang tdi P i 1&¢ nguwgce véi dién khing tdng twong hd gitta hat diZm
46, th 1é thuan v6i tich s cha gia trj didn 4p E va U, nghia 1a gin nhu ti l¢
thudn v6i binh phuong dién ap U éha duung day tai di¢n. Bdc biét, biéu thie
(14-3) xAc minh mdt nguveén li vé tai dién, ¢6 la: mudn tai cOng sudt tdc dung
P tir nguon £ dén noi tiéu thy cd di¢n ap U phai 16n tai goc l¢ch pha & gitra

- vecto dién 4p [ va U (E vugt truée U).

Khi cui sttc dién dong E = const, bitu thirc (14-3) dién t3 duong ddc
tinh céng suidt! phu thudc goc ¢, duge trinh bay trén hinh 14-4.

1P
(‘ v
) o ap b
4 ' l \

| ]

46—
I %
Ilink 14-4 Hinh 14-8%

Tir hinh 14-4 thdy rdng & trang th4l va[n hanh binh thudng, cbng suit
co P, clia tude bin hoi hofc nude phdi cin bing véi cong suit dién P phét ra
vh hé th6ng di¢n 1am viéc v6i tin s6 &n djnh, tng voi t6c d9 quay ddng bo
clia may phil w, = 25l va goc &,

VE ¥ nghi'a cla gbéc 6 dugc moé ta trén hinh 14.5, Trong a6 vecto U gid
thiét lubn quay v6i téc 4o ddng b w, (t6c A9 tr trudng quay clla may phat
dién) con vecto E Iudn gin chit véi réto (c6 phuong thing gée véi true doe
clia roto), nghia 1A quay v@i téc d§ cha tubcbim w va & thai didm 1am viée
ban dau E nim loch pha v6i U mot géc 6, Khi hé théng lam vige dn dinh,
nghia la miy phit quay dong bg voi tr trudng quay o = w,. gia tri 8, khong
ddi. Khi suit hi¢n dad d9ag trong h¢ thdng w+w, din dén thay d3i gia tri &
theo thoi gian va sy thay d6i d6 phdn anh phim chit én dinh cda h¢ théng.
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beé hieu rd hon ban chit va co dinh nghia chinh xac vé On dinh linh cita
hé thong dién ta nghien ctru duong dic tinh cong sudt P-= P(s) trén hinh 4-14..
R \ )

Khi cong sufit truyén di 1a P, (ciing la cong sudt co cta tude bin) ta cd
hai diém can bing a va b (tnz voi gia tri goc 6, va &, Can xét voi gia tri
nao hé théng lam viée on dinh. N

Gi4 thiét hé théng lam viéc véi 8,. Khi trong hé théng ¢6 mét dao dong
nhé nao d6 ddn dén goéc 6 ting 1én mét gia tri nho As. Khi d6 céng suét dién
P phat ra bédi rﬂéy phat dién ting lén mét lwgng AP, nhirng cong sufit co- P,
cua tude bin coi nhu khong doi (bd phan djéu chinh chua tac dong) nén P >P,
vd trén truc roto phat sinh mémen ham, 1am réto quay cham lai, tré vé vj tri
8¢ (diém 2). Néu dao dong nhé lam &, gidm di, trén truc réto s& phat sinh
momen ting téc dua roto vé trang thai & diém . Nhu vay & diém a (go6c 6,)-
hé théng c6 &n dinh khi lam viéc binh thudng. |

Tai didm b, ing vGi goc 5, hién tugng xay ra hoan toan khée. Néu c6
dao déng nhé im gbc 6y, thi do P>P, nén gbe 6 tiép tuc giam va hé thong
tré vE trang thai & diém a, con néu dao dong lam tdng 8 thi do P,> P nén
goéc 6 tiép tuc tang, hé théng mit &n dinh. '

T thdo ludn trén day c6 thé néu lén dinh nghia v& On dinh tinh cla
hé théng dién 1a khé nang tu tré vé trang Lhdi ban ddu cia hé théng khi xdy
ra nhitng dao déng nho. ' -

‘ ) day xufit hién khai niém v& dao d6ng nhé. Dao d6éng mhd thuong
xuvén xay ra, hinh dung nhu «hoi thé » ctia hé th6ng, ta khong quan tam dén
nguvén nhin xay ra ma chi tim didu kién d& sao cho nhitng «hoi thd» d6
khong trd thanh tr dao ddng ldng ddn din dén -méit dong bd gilta chc may
phat dién trong hé théng. Nhu vay 6n dinh tinh la diéu kién can khi lam viéc
binh thuong cha hé théng dién. |

V& goc dd mod hinh toan hoc, dao dong dwoe coi 1a nhd khi phuong trinh
chuvén dong ctia rdoto c6 thé tuyén tinh hoa, nghia 1a doan aa’ trén . hinh 14-4
coi la thing. Gia thiét pay s& dugc dé cap chi tiét sau, )

To nhing thdo ludn trén diy va hinh 14-4 so b6 thdy ring hé thdng
wudn c¢6 o6n dinh tinh phai lam viée & nhitng diém vé phia nira ting clia dudng
ddc tinh cong sudit P = P(8). Tir day c6 thé rat ra tieu chuin diu tién d& phan
do4n &n dinh tinh ctia hé théng dién don gian la '

P

0 hoic & > 90°
do> oac 6 >

déng thire %—i— =0 hodc & = 90° la gioi han ,vé on dinh tinh ctia hé thdng dién

don gidn. Khi dé céng sudt truyén di theo bidu thue (14-3) dat gia tri cue dai .
Pmax bgng * i
EU
T pi

Do du trk dn dinh tinh K% chia hé thong dién dwoe xée dinh theo
biéu the AU

(14-4)

Py =

Pmax'—'P

KX = ° 100 | (14-5)

- [a]
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Trong thye (& h¢ thdng lam viée on dinh thwong K% ¢6 gia (ri khoing
20 — 30%.

Déi voi hé théng dién don gidn, nghién ciru 6n dinh tinh & budce so bd
dwge qui vé viée xay dung duong diac tinh coi g sufit cta 1L méy truyén di
P = P(s) va xéc djnh gia tri Pn.; Sau ¢¢ cdn cir vao gia tri cong sudt truyén
di trong trang thai lam viée cyc dai P, d% xéc dinh 6 du trit 6n dinh tinh cia
hé théng K, %. Nhu viy viéc x4y dung duong dic tinh cong sudt la mét bude
quan trong. Vi vy ti€p theo s& xét trong nhiing truong hop khéae nhau,

14.2. XAY DUNG PUONC PAC TINH CONG SUAT

Tt muc trén da thay ring dudTgdic tinh céng suidt P=P(s) tir nha méxv dién
truyér/vao hé théng nhén- dién pku thu 6c nhitu yéu 16 nhu dién 4p cla thanh
cii clia hé th6ng U, tham s6 cic phdn tit cia hé thdng xy, cac yéu té dnh
hudéng dén sitc dién ddng cha nha may lI‘U} éen di E v.v.. Trong truwong hop
don gian, ching han coi Hé théng nhan dién co céng suit vé cung lén (gép 8— 10
lan tré lén so voi cong sufit nha may truyén di), khi d6 U = const, cac tham
$0 cia mang dién chi xét dén diin khang x, & may phat dién coi stre dién dong

' E = const, nghia la khoéng xét dén tac doéng clha bd phan tu dong diéu chinh
kich tir (TDK) thi cOng suit truyén tir nha may vao hé théng duoc xéc dinh
theo biéu théec don gidn (14-3). Bay gio ta khdo sat dudng dic tinh cong sudt
khi loai bd nhitng gia thidt trén d& gin voi thuc té hon. |

: \ N
1. Khi x¢t ed tdng tro Z cka cac phan tir

-0 day van gid thi&t U = const, E = consl, chi xét thém c4c tham s6 dién
tréd R, dién din tac dung G, dung khéng B clta mang dién, nghia 1a déi vai céc
phin t ta dung tham s3 tdng trd Z dé tinh toan.

Sau khi bién d01 mang dién ndi gitra swc dién déng £ va dign ap U, ta
dua veé so 45 thay th& nhw trén hinh vé 14-6.

@'—’fj_r ‘\..Z:..J v z, <, v
—— —’ZI ..,}_. E _m-@—— I |
o ‘ [} * IB !'2:
£ z
l' - d -
~ — . N o
Hirh 14-F Hina 14-7

Cbng suit tae dung truyén tr nha may. vao hé thén,g nhin dién cé gia

tri phu thuéc vao lich s6 gitta E va 1. Tinh toan mach dlén hinh 14-6 c6 thé tién
hanh nho nguyén lf x€p chéng, mang dién hinh 14-6 lwvong duong véi hai mang
dién trén hinh 14.7.

Trén hinh 14-7 dong dién Iy trén nhanh Z, do st dién dong E (phis 1)
gay nén, Iy [a dong trén nhanh Z; do dién ap U (phia 2) ghy nen.

Theo cic biu thire v& co 88 li thuyét mach dién, dong dién phat ra tw
nha may dién cé biéu thuc

L=ln-0a (14-6)
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irong do : »

b=~
le
véi Z;; la tdng trd diu vao cla mang dijn khi nhin t& phia E.
L’
I =~
Zi

voi Zy; = Z; 1a tong tré tu'omg h3 gitta ditm £ va dlem U.
Déng dién di vao he thong nhin dién

Ig = [21 - Igg (14"’7)
trong d6:

Iz = —g-—. vGoi Zy; 12 tdng trd diu vao cua mang dién khi nhin tir phia U.

22

Trong lrudng hop ding khio sat & diy, ta c6:

-ZZ%;_ Zf“—zzl—zl+72+ -7—4?

ZZs

Z+Z;

D§ x4c dinh obng sufll téc dung P truyén i nha may ta viét céng thie cbng

suét bitu kién S

Zy=2,+

Zm872+

S=LCh (14-8)
trong 46 E veeto lien hegp cla E
K&t hop véi (14-6) c6:
L ]
-_° 2 LU
=L (I 12) Z Za

Liy vecto U lam g6c, khi @6 ¢6 £ = E[3. Cac tdng trd duoc viét trong
dang :

Zu=znlpns Za = 22|

trong 46 zy, 713 12 gid tri mbdun tdng ré va Yy, Yo 13 cde gée clia tdng trd

bat géc phu ay = 90° — Yy va a3 = 90° — yy,. Viét duge v
T E=yn LU =6y
n | 212

Cong sufit tac dung ctia nha may truyén di duge xdc dinh theo bidu thfrc
phin thye cla S '

~ 72 LU : |
. P=R, ’ S , = — COsYPy —= — cOs(d 4+ VP;2) / ~
In Z13
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Timy a = 90° — ¢ ta duge
X . FU
P = —E— sinay + Et sin(6 — ay3) (14-9)
. Z1 P :
Tuong ty cé thé 13p bitu thire cho cdng suit phdn khang
73 0
Q= E—- COSx); — _E_l{_ cos(8 — an) (14-10)
Zn Z1
Tir ddy thdy ring bidu thitc (14-9) tdng quat hon bidu there (14-3), néi
chung vi xét dén tinh 10n thit cia mang dién (r, g) dudng dic tinh P{s) khong
qua gbc toa dé. Khi 6 = 0 cong sudt P c6 gia tri phu thudc ay va agp:
™2 .
P= £ Sindu - "E Sinﬁu
Zn 1
Trong trudng hop chi xét dén dién Lhdng clla cdc phan tir trong h¢
théng. nghia 14 vy = ;2 = 90° va «;, = 23 = 0, bidu thirc cong sudt P theo (14-9)
trd vé truong hep cla biéu thie (14-3).

2. Thi dg v2 tinh 3n dinh iInh.

Xac djnk dd dy trir dn dinh tinh cla hé th€ng dién. Tham s6 cla che
phian t& duwge ghi trén hinh 14-8. Cong suiit truyén vao hé thong nhdn dién
(cOng sudt vo cung lén) 12 P, = 200Mw, cosp = 0,98.

Tinh todn digc ti€n hanh trong h¢ don vi tuong déi, 14y céde gia trj co

bén 1a S, = 220MVA; U, = 209kV. Ldy doan duong day ti dién 220kV lim co
ad d& qui dof.

S+—D- o~
B s BOMw S H0Mw L s 230K S, - 280MM R < 220 e
Y o gskv  k cuyyz  x. 002" /km K <220/t o5t 098
Ty 2 1004 Up - 14% reons/hm UL h Yy o Moav
sasy. 08 zkz.. 3% & 2 QUOSMF frpy "‘,ZL" 3%
Hink 14-8

Trudc hét cin xac dinh cac tham sO trong hé don vi tuong d6i, qui v
dogn 220kV. Ta co: |

2 *
U 2 ) 3
x,:fl%_.-si-._iﬂlc==ﬂ..@.({p'5~) .’3’_?_) = 0,982
100 " Sem g2 100 300 ‘\=00) (103
cb
.2
Uc% S U 14 220 7242 \2
1 = » ———— . T e ———— (“ —)' — O'I%
100 Sew 2 100 " 360 "\ 209 /)
cb '
9 3
e o 14220 .(2~0‘) — o122
100 ~ 280 " \20%
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p = ~i rl Sib- : -])-—0.42 230. -(‘]204- = 0,244 !
) ”c‘b )
' Y 9
Re = ~I— L Dcb = —I 0,105 ——Hz-nv = 0,061
. ["-1 (209)?
“Ch

Bl = 2wCL . 10-5 (2 mach) = 2.314 . 0,009 10-° . 230 = 0,0013[&-]

oy Sew 3 s g [_I_J
0 2 100 (242 o

Am

Tueng tu B = 1,735, 10-1 [_é_}

S k6 thay thé clia hé thong dién khi co xét dén dién tré duong day Ry,
dung khang duony dav Bp va dung khang may bién ap (t6n hao tir hoa) By

Eovicam khang v elia cac phan tit dwgce trinh bay trén hinh 14-9 va thu gon
thanh so do hinh 14-10,

i

- A., I, R, x. ":
A —f-%m s

jj-;’- L

Himh 14-9

Hinh 14-10

Tw o o hinh 14-9, nhan duoc gia tri cdc tham so tren hinh 14-10 nhu sau:
Z] = j(a}!r v+— .ET) = J 1,12
Zp = Rp + jop = 0.061 + j 0,244

lej(t—?i-?-—BT) ]4(“11 10-13

y;;j (%_BT)..-.,]'4,765.10 [

:oIH O~

Viet lrong don vi tuong d6)
o " g
Y; = ’ 1,9‘73 . ]ﬂ" “_(‘-11 ~— j 0,0983
'\‘r*h
Yi = 7 0,0945
P chutn biosay hiag dudng dac tinh edng suét. xac dinh gigi han cong
sual truyer di P eAn xac dinh cac gia tri I, P, trong hé twong déi:

I v 000
- ”” ho I)(-'}r-)- Tl 1.0 (chinb vi muon col/=1,0nén dia chon Ud,_ZOQkV)
el -
t‘)
p,= Lo 20 _ 0
Sep 220

0, = Potgep = 0.2.
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b xac dinh'dd dir trir 6n dinh tinh cta hé thdng can tim gia tri cuc dai cira
dudng dac tinh cong sudt ' /
! E?

P= —"—sinay +
24 Zi2

\ln(é — &)

nghia la phai xac dinh cac tdng tvd phic Zy, Zy, va gia tr1 sic diem déng E cla
nha may truyén di.

Xac dinh gia tri E dya vao tinh trang lam vi¢e da cho, cdn ¢ vao so
6 hinh _14-10, xuat phat to diém cudr cing ¢oi

U=1000": P, = 10; (), == 0.2

-di dan lén dén E.
Ta cé:

—

I, = So o 1202y | = 11020
U 1 —

U= U, + jloxr = 1.032]6°. 46’

la = U, Y. = 0,0976 |96 46’

bo=1 +i.=0993]—6°

Uy = U: + [Zp = 1,165 | 17°.50°

iy =1, ¥, = -~ 0,0352 4 j0,1098

[, =1, + iy = 0,953 | 0°. 15’

bién ap trén cuc may f)hél Ur cdgia ri
Ur = U, + jlar=1215125°.15

Tt day xdc dinh duoc gia tri cong sudt truyén di ban ddu 1o nha may dién
So(F)
S gy = Uel, = 1,062 + j 0,454
nghia la P_., = 1,062 (dén cudi cung duong day con P, = 1,0).
Tiép tl_J-C? xac dinh
E = Ur + jlizr = 1,8]52°. 15

Nhu vay.co trang thai ban dau:

F =18
6, = D2°15°
ﬁ P, = 1,062

Flep theo can xac dlnh Z]I.-Zm, oy, oy9.
Tu hinh 14-10 d3t o = 3,1— =~ j10,15; o = }—,1— = — /10,58 bitn abi
2

1
tam gjac Ty, Zo, T2 thanh hinh sao nhw trén hinh 14-11,
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Trong 46
Zp. b A

Lp+x4+ 2,
ZD « 3

‘ i ———————

Zp+T,+ 2

= 0,0304 + j0,12

Z = 0,0318 + j0,1255

Iy Tq

Z.= il 0,0152 - j 5,248
pit |
£ o Z, = j(zr + 27) + Zo = 0,0304 + j 1,24
= Zy = jer + 2y = 0,0318 4, j 0,248
Zy=Z, = — 00152 — j5,248
Tong rd diu vao
Zy = 2 +Z;Z:Z3Z—3 = I.SIM
~?  T3ng tr& tuong hd
Hirh 14-11 ' A2

Zo=2Z1+ 22+ —— = 143 |87 50"

3

Nhu vay ta c6 cle gid tri tuyét 461 2z, = 1,5; z;; = 1,131 va cac gbc ay = 2°30‘
A1 = 2010.

Cong suft truydn di tr nha méy dién duge xic dinh theo bidu thie
P= £ sinz;, + £U sin(8 — a;2): Thay cae tri s6, ta co:
Zn Z12
P = 2,165in(2°30") + 1,27sin(s — 2°10")
Truéc khi xic dinh Pu,,, ta cd thé thir lai, voi 6,=52°15"co PO(F)=2,165in(2°30')+
+ 1,27s5in(50°5") = 1,062 nhu d3 thdy trén kia. V3y qua trinh tinh toan didng.
Gioi han co6ng sudt truyén di:
Po. = 2,16sin¢2°30") + 1,27 = 1,35
H& s dy tri¥ dn dinh linh K, % cla hé thdng
) P.—-P, 1,35 — 1,082
e T

Néu chi x¢t d&un cho tham sd» x cua cdc phin i, ta ¢é

100 = 27,1 %

2 = Ty -~ o1+ p + T7° = 1,150
va

P = sind

Ly

Trong trudng hep niv E duge tinh don gian hon

. O _T\? P.xy \2 ‘
E=)f{v+Te ( ) 1.972.
(. % ) M a7 e
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Vay

el
1,486
K% = 1'33_1?0&9. 100 = 339

T day thdy ring khi xét dén nhitng tham s6 dic trung tOn thit trong
- mang dién dé On dinh tinh cha hé théng gidm xuéng.

3. Anhb hwt‘rng cua ty dong di2m chinh kich tir dém dn djnh tinh,

Trong c4c mic trén kia khi xay dung duong ddc tinh cong suit d& xét
: Bn dinh tinh cfia hé théng dién, may phat dién & nha may truyén di dwoc thay
bing gia tri sirc dién dong F dat ding sau dién khang zr. PO du trix 6n dinh
‘tinh cia hé théng dién phu thudc tryc ti€p vao gia tri cia F va xr, ma hai
tham s6 nay phu thudc vao tinh trang & may phat dién c6 trang bi thiét bi tu
dong diéu chmh klch tir (TDK) hay khong, va néu c6 thi la loai nao.

Trong truong hop & may phat dién (loai nhd) khong co trang bi ‘TDK
khi tinh toan 6n dinh tinh, may phat dién dugc thay thé bing sirc dién dong
E dit sau dién khang déng bo x4 cia may phat. Gia tri E dé giit khong déi
trong su6t thoi gian khio sat. Vi gia tri x4 16n nén d6 du trit 6n dinh tinh trong
truong hop niy nhd. |

" Hién nay & may phat dién hiu hét dwoc trang bi TPK nhim thay doi
gia tri sitc ‘dién ddng' E cia may phat theo phuong hudng gitr dién ap Ur &

cuc may phat dién it thay ddi ho#ic khong doi 1, & e -

"khi trong hé théng c6 nhirng dao dong nhd. L. £ .y
Nguyén1li lam viéc co ban cha thiét bi TDBK 1 : e 4
dwgc trinh bay trén hinh 14-12. ] t ; :

Khi trong hé thong xudt hién nhirng dao t\ \
ddng nhoa, chﬁng han lam ting dong dién phu JJ :
tai I va giam dién ép Ug, nhu'ng dao dong nay

- gay nén tin hiéu i & diu ra cua bd phan diéu : s
chinh, tin hiéu i, cung dong dién i, lam ting  ~pt—
" dong dién kich tir iy, do d6 stc dién déng E _ '—"—"""{-—— rA '
clta may phat dién ting 1én lam cho Ur d& giém
hoac khong gidm. Nhu vay nho tic dong cla

TDK, khi xuit hién dao _dong nhd. sic dién dong E ludn thay d6i nhim nang
cao khi niing tai dién ctia hé thdng.

Hinh 14-12

Duong dic tinh cong suit cia hé théng dién khi c6 TDK c6 thd xiy dl_rﬁg
nhu trén hinh 14-13. Trong trang th&i binh thwong hé thdng lam viéc & didm q
ung vOi cbng sudt truyén di P,. Chf}ng han P, ting 1éndén gia tri P, sirc dién
dong cia may phat do tac dong cia TBK s& ting 1én, do d6 duong dic tinh
cong suit duoc nang lén, rng v6i gid tri E méi, cit duong P, tai diém b, d6 1a
diém lam viéc moi cha hé théng. T4p hop cac di€m aq, b... tao nén duong dic
tinh cong suit ctia hé théng khi co TPK. )
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Trong tinh toan $0 bb thuong khong xidc dinh khd nang chuyen thi cfia
hé thong theo hinh 14-13 ma vin sit dung hidu thirc

P =

. Er EU .
siné, hodc P = — sina;; + — sin(é — ay3)
Lht ~ CZn Z12 ]

trong do gia tri E vd xp c6 xét dén dnh hudng caa TDK.

|

P

Hinh 14-13 Hinh 14-14

Qua thdo ludn trén diy thdy ring TDK giir cho dién 4p Ug trén cyc may
phat it thay ddi hojc khong ddi khi xuit hién dao dong nhd trong hé théng,
diéu d6 c6 nghia l1a 1am gidm 4nh hudng cha dién khing zr (hofic 12 dién khang
ddng bo x4) cia may phat khi tinh todn 6n dinh tinh. Nhuw viy trong so d6
thay thé tinh to4n 6n dinh tinh, TDK .d2 b mét phin hodc toan phan gia tri
%¢. Trén hinh 11-14 md t4 so do thay th& cla may phat dién khi c6 TPK cic loai

Khi khong ¢6 TDK may phat duogc thay bidng E va 4. Khi ¢6 TDK loai
ti 1&, may phat duwoc thay bing E' dat sau x; . Khi ¢6 TDK loai tac dong manh
mAay phat duoc thay bing Ur va ay = 0. _

- TDK loai ti 1¢ di¢u chinh theo d¢ léch céia dién ap ho3c déng dién so
véi gia tri dinh mic. Vi tin hidu chi xudt hién khi cé6 dd léch nén ton tai viing
khong nhay, do d6 TPK loai nay khong gi¥ dwge Uy = const ma chi giir duoc

E’ = const dit sau Ty

TBK loai tic dong manh, ngoai gia tri d¢ léch, con diéu chinh theo dao
ham bAc nhit va bac hai cua tham s6, nghia 1a theo t8c dé va gia téc clia sur
bién ddi cac tham sé (dién ap, dong dién). Nho vdy TBK tac dong manh gii:r
dugc Ur = const, nghia la da bu hodn toan (zf = 0) dién khéné clla may phat
lrong so dd thay thé& tinh 8n dinh tinh. | - '

Nhu vAy khi méy phat dién c6 trang bj TDK. d® xéc dinh"d6 du trit 3o
dinh tinh, gid tri cyc dai cua cong sult truyn dj duge x4c dioh theo cong thie:
~ Khi c60 TPK tac dong ti 1¢

4] "’ .
Pmu - E,"Sinﬂ“ + —E-'—tj‘ ’ P
11 Sz
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trong d6 E’ la strc dién dong ctia may phat dién dat sau di¢n khamg qua 46
x; cla may phat dién

11. la tong trd diu vao va tong lro turong hd cta hé théng khi may

phat dién dll‘QC thay bing dién khang qua do T (2 <o)

~ Khi ¢6 TPK tac dong manh |

2

U Ul
F SiﬂqH + i
11 212

Pmnx=

trong do6 Ur la dién ap trén cuc may phat dién

zy|. 215 tuong tw nhu truong hop trén, chi khac la & day khong ¢6
dién khang cua may phat.

TDK cé6 tac dong bu dién khang cia may phat xp, ma gia tri x¢ chiém
phdn quan trong trong toan bd dién khang wyy ctia hé thorg. Vi vay TDK lam
ting khi ning chuyeén tii ca hé théng dién va d6 la mot bién phap chi yéu de
nang cao on dinh tinh cta hé théng dién.

4. On dinh tinh khi he théng nhen di¢m c6 eong sust hern han

“Trong nhirng muc trén, dé don giin ta di gid thiét cong sudt cha hé théng’
nhan dién 12 vo cung 16n, nghia la lén gip nhiéu lin so v6i cOng suit cha
nha may truyén di, khi d6 coi dién ap & thanh cai nhan dién U = const va
nhitng dao ddng nhd khdng ¢6 anh hudng gi. Nhu vay voi gid thiét 6 ta da
coi dién khang clia hé théng nhén_dién bing khong.

Hinh 14-15

\ Trong thuc té c6 nhiéu trudng hop hé théng nhan dién cé cong suit khong
gap nhidu lin so v6i nha may truyén di (dac biét khi xét 6n dinh tinh gitra
hai nha may dién). Khi d6 can thay hé thdng nhdn dién boi mot stre dién ddng
ding tri E; nao d6, dit sau téng tr& Zy bao gom téng tré mang dién va dién
khang dang tri cha céc may phat dien (hinh 14-15). Trén hinh 14-15 gia thiét &
nhi may truyén di va ¢ hé thong nhin dién cac may phat dién déu trang bi
. TDK loai ti lé. 2

T so d6 thay thé clia hé thong dién trén hinh 14-15 thdy ring cbng suft
chuyén tai ti nha may 1 vao he thong co gia tri P phu thudc vao gia tri

E E , goc léch pha &y gitra E E va tong tré giira hai dizm E E



Khi gia tri P lang lén, vi E;, E, khong d0i nén gia tri U la dién &p ctia™

di*m nim gita E| va E, s&¢ gidm xudng vd nhu vay duong ddc, tinh cong
p sudt P = P(6;) s& thidp  hon kh1 gia thiét
‘ U = const. Didu d6 c6 thE giai thich trén hinh
! - 14-16.. o

( trang thai binh thuong hé thdng lam
viéc & didm a, tng voi P, va Uy, = 100%. Khi

P, ting dén P, vi cong sult h¢ thong nhin

dién 1a hiru han nén U giam xudng codn 80%
U, — Hé théng lam viéc & tinh trang méi:
didm b. Gia tri P, tiép tuc tidng, U tiép tuc
Hinh 14-16 giam, tap hop cac diém o, b... tao thanh dudng
dic tinh cong suit khi U<const va c6 gia

tri cuc dai thip hon trong trudng hop coi U = const.

Hién tuong gidam 46 dyu trir on dinh tinh clia hé thong dién khi xét dén
tinh hiru han vé cong suit noi nhan dién ciing c6 thé gidi thich nh¢ so d6 thay
thé hinh 14-15. Vi tdng trd clia hé nhin dién tham gia vao so do tinh toan nén

da lam « xa» khodng cach giita hai diém E1 . E, (sovoi E} va U truoc kia) do
d6 lam gidm kha niing chuyén taj gl&a F‘ va E.

Tir so dd thay thé hinh 14-15, khi n#ng chuyén tai cong suit P tir nha
may. dién E; duge x4c dinh theo biéu thirc trong ty nhr truée, nhung o day

coi Iz, = const, viy coO: /

E; E: E:

P = sinay, 4+ —1—2 sin (613 — aj2) 7 (14-11)

n 212

trong d6 zj la tdng tr& ddu vao ciia hé thdng nhin tur E}, bao gdm cad tdng
tréd phu tai Z, va tdng tré cta hé nhan dién.
zi2 14 tdng tr& twong hd cia hé thdng gilta diem Eva Ej.

Vi céc gia tri zy, z)2 déu 16n hon so voi truong hop coi U = consl, nén
cuc dai cta biéu thire (14-11) thip hon so v6i truong hop coi U = consl.

Khi gia thiét cong suit hé nhan dién la hiru han, phuy tai tdng dat & thanh

cai U ¢6 anh hudng dén tinh &n dinh iinh cta hé théng. Anh huéng d6 c6 the
xét dén mot cach chinh xac hodc gan duang.

Khi céng suit truyen di P thay d6i lam cho gia tri U thay d6i. Khi U thay
d6i cong sudt tdc dung P va phan khang Qn nhin boi phu tii cling thay d6i
(i 1& v6i binh phuong U) theo dudng dic tinh tinh ciia n6. Do cong swat phu
tai thay d6i lai lam thay ddi cong sudt truyén trén dudng day tai dién... Qua
trinh dnh hubng lién tiép d6, n€u xét dén mot céch chinh xac khi nghién et
5n dinh tinh ctia hé théng dién cin tinh su thay ddi cta cong sudt phu tiitheo
ciac duong dic tinh tinh. Ngoai ra bin than phuy tdi cling doi hoi khio sat theo
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'chl tiéu dn dinh tinh vi n&u phu tdi m4t 6n dinh (chdng han dong co dién ngilrng
qay) c6 thd din dén mit on dinh toan hé théng.

Nhung chi tiét vé vxéc nghién ciru 6n dinh tinh cfia hé thdng di¢n khi
xét dén dwdng didc tinh clda phu tii va tinh 6n dinh clGa ban than phu tai duoc
_trinh bay & [TK 5, 8, 9].

Thudng trong thuc t&, 4inh hudng cla phu tdi dén 6n dinh tinh cla hé
thdng dugc xét dén thong qua-gia tri tong trd cua phu tai. Vi phu taico cc‘)ng
suit Pp + jQpu dat & thanh cai c6 gia tri dién ap U, khi tinh 6n dinh tinh cta
hé thdng, phu tai dé duoc thay thé bdi tong Y& Zyy co gia tri

Zn_ (cosyp + Jsm(p) (14-12)

vP +Q

“trong d6 ¢ la goc-léch pha cua phu tai, voi

Qne

t = —

ge Py,
"Sau khi thay phu tai bing Z;, = Ry + jX1 ., moi tinh toan bién doi so dd
duge tién hanh dé xac dinh cac tong trd 7y, Zj;, tit d6 xac dinh duoc gioi
han cong suit truyén di theo biéu thuce (14-11) va dd du trir On dinh tinh K,%.

Tém lai viée xac dinh do du trir 6n dinh tinh clia hé thdng dién thu v@é

viéc xac dinh gia tri cuc dai cha bi€u Lhirc cong suit truyén di
) / .

2
El

P =" sinay “1"? 2 sin{8;; — a3) (14-13)

i Zn Z13
. trong dé cac giatri E, E,/,\zn. zi2 tay thudc trudng hop & may pflét dién c6
TDK loai nao, voi gia thiét cong sudt hé nhan dién hiru han ho#c vo cung lan.

Qua nhung muc trén day, tuy khong de cap chi ti€t dén nhirng bién phap
ning cao 6n dinh tinh cda hé théng diénm, nhung qua biéu thirc co ban xéc
dinh kha ning chuyén lai cong suit ta da thay nhirng phurong hudng chi yéu
ng cuwdong On dinh tinh chia hé thong bao gém:

— Trang bi TDK cac loai & may phat dién
— Bu tu dién doc trén duong day tai dién cao 4p nhim gidm dién khang
chung cua hé théng

— bat thiét bi bu & thanh céi he nhan dién nhim ning cao dién ép U va
giir né it thay do6i khi c6 dao dong nhd trong hé théng.

" *314.3. PHUONG PHAP DAO PONG NHO NGHIEN CCU
ON DINH TINH CUA HE THONC PIEN

‘[rén day khi nghién ciru 6n dinh tinh cia hé théng dién ta da dua vé
so d0 gdm nha may. dién truyén di — duwodng day tai dién — hé thong nhan dién
c6 cong sudt hiru han (hoﬁc vo han). Khi khdo sat do du trir dn dinh tinh ta
da chap nhén. nhirng gia thiét don gidn héa nhu: chua xét dén tac dong di¢u
chinh cia tudc bin (coi céng sudt P, luon 1a hiing s6), ?mh hu&ng cla TDK cac
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loai chi thé hiém qua cac gid tri dién khang may phét xp va st dlén df)ng E;
nhirng nha may & hé théng nhan di¢n ¢6 thé ghép déng tri. V6i nhirng g gi thiét |
don gidn do, ta xay dung dudng dic tinh cOng suit P va chi tiéu ¢n dinh tinh
cua hé théng la

dP ‘ >

0,
1612> o

trong 4o 6,; la géc léch pha gitta stke dién dong ctia nha may truy&n dl ‘'vanha’
may dang tri cua hé nhan dién.

Viéc tinh toan nhu vay don gian va chdp nhin duogc khl khio sat S0 bd
vé &n dinh tinh cta hé théng dién.

Trong thuc 1€ c6 nhiéu trudng hgp khong cho ph&p chap nhan nhirng gia
thiét trén, Chang han d&i véi hé théng dién phirc tap gdm n nhi may ma khoéng,
each giita ching xdp xi. nhau, néu ghép (n—l) nha may thanh h¢ nhan dién s&
khong ‘chinh xac. Khi d6é 6n dinh tinh cha hé’ théng phu thudce vao dao ddng
cla cac goc tuong ddGi b, 813,..., b1ns 623, Oggree. . Vi cong sudt lruyen ai Py,
P.,..., Py tr n nha may phu thuoc vao cac Géc tren Viéc xdy dung céc dudng
dac tlnh coOng suil tré nén rdt phire tap. I\goéu ra trong nhiéu truwdong hop can
khio sat &nh hudng cha thiét bi tu dong diéu chinh (tubc bin, kich tir...) mot
cach ti mi, ching han cin x4c dinh cac hé s§ diéu chinh tdi vu nhim gidm nhanh
cac dao dong. Khi d6 phai coi cac thiét bi diéu chmh la nhitng phin tir clia hé
théng ma hanh vi cda chung anh hudng dén tinh On dinh chung. ,

be gLal quy&t kho khin d6 ngudi ta dung phwong phap dao ddng nhé .
nghién etru 6n- dinh tinh c¢da hé théng dién phitc tap, nghia la danh gia va dé
xuit phirang huéng diéu khién hanh vi hé thong dién khi xuét hién nhirng dao
dong nhd. Nhitng dao dong do6 phai tit din trong qua trinh hé théng lam viée,

Noi dung chi yéu clia phuong phap dao dong nhé la xay dung mot hé
phuong trinh vi phan tuyén linh héa moé td chuyén dong cla cac roéto tllong
hé thong dién khi xuit hién dao dong mho. Trong hé phwong trinh vi phian do
da bao gf)m‘nhf'rng dnh hudng cha cac yéu t6 cin xét. Tiép d6 do dic tinh cha
hé phuong trinh d6 ta chi can xét phrong trinh dic tinh va trong nhidu truéng
hop kh(‘)hg cin gidi hé phwong trinh vi phan ma chi khio sat dang diéu cac
nghlem cia phuong trinh dic tinh tir d6 phan xét vé phim chit on dinh tinh
eta hé thong dlen va dé xuit nhlrng phuong hudng diéu khign cac tham s6
nhiim niang cao 6n dinh tinh cta hé thong.

Sau day d& chulin bi khai quat
hoa, ta ap dung phuong phap dao dong

b nho nghién citu 6n dinhs tinh cho
AP trrong hop don gian nhit vox gla thiét
QLE | ¢ hé nhan dién c6 cobng sudt vo'cing lom,,

U = const. Khi d6 duong ddc linh cong

f \ sudt duoc xac dinh theo U = siné
' ] a8 L Tht
. . V& bitu dién trén hinh 14-17.
4 Giad thiét hé théng lam viéc &
Hinh 14-17 diém « san dé do xuldt hién mét dao



\

dong n116 ting goc &, mét gM trj As, hé théng chuyén dén dfdm b. 0 day gia
thiét dao dong nhé cho phép xem doan ab 1a thing.

Tai didm b ta cé cdng suit dién-P phat ra 16n hon cong sudt co £, va
lugng cong sudt thira

~AP =P, P '

¢6 tinh' chft him téc (nén AP thang ddu tro), tae déng lén rote lam roto quay
eham lai, tr& v& diém a.

\~_Trong truéng hop nay phuong trinh chuyén déng cla roto co thd viét
theo hé thic sau:

T,V = — AP | (14-14)

trono d6 T; la hing sé quan tinh cua roto dic trung cho khéi lugng cua may
phat dién.

Y 1a gia téc cua roto khi chuy@n dong tuong adi so voi t6c do dbng
bo w,. L

3
Bitu thitc (14-14) c6 dang dinh luat Newton 11 v& chuyén dong cua ot

vat thé c6 khoi lugng m chiu tac dong cta lwe F sé chuvén dong Vi gla toc 7
F = mv.

Phim chit On dinh tinh cda hé thong di¢n & diy dugce dde trung bdj
tinh tit dan clia dao dong As quanh tri s& xac lap 8, = const. Vi vay ta khio
sat phuong trinh vi phan dang (14-14) thong qua tri sé As.

Gia téc 7 c6 thé viét /

ds  d¥s,+ Ab) _ d*Aés

T = = , = 14-15
ST dr? di? (18-19)
Vi As 14 dao dong nhdé nén coi ab 1a doan thiing, do d6:
dP
P =0Dstge = As — 14-16
ge = as (14-16)
- K&t hgp (14-15), (14-16) thay vio (14-14), dat gid tri dao ham ctia dudng

dic tinh cong sua‘itid};—'z S, dat toan tr dac ham theo thoi giun ;—t = p, ta co

T1p*As + S.06 = 0 ' (14-17)

DAy 1a phuong trinh chuyén d(‘)ng» twrong doi cia roto, hodc cdn goi la
phuong trinh vi phan co ban mé ta qua trinh qua d6 co diép cua hé thong
- dién khi cé dao dong nhd.

Ty (14-17) rit ra nghiém

As — 0 0

T +S D(p)
Vi phuong trinh vi phan (14-i7) co vé€ phai bﬁng 0, hodc tir- (14-18) thay rang

ta chi cin khao ,sat As khi phuong trinh dac tinh D(p) = 0 vi khi d6 As = 0,
Trong tru'(hng hop D(p) %-O thi As = 0, tal nhién hé thdng ¢6 6n dinh tinh.

{ (11-18)

Nhuir vay xét 6n dinh tinh cia hé thong dan dén viéc xét phuong trinh
ddc tinh D(p) = 0, la mét biéu thic phu thudc bac clia dao ham theo thoi gian
eta phwong trinh chuyén ddng réto.
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Ta c6: _
DPPy =T;p*+S=20 (14-19)

Gidi phrong trinh (14-19) nhan ducc hai nghiém p,, p;. Khi d6 gia tri
Ab c6 dang

As = CieP't + CreP® (14-20)

trong d6 C,, C; 1a nhirng hing sé tich phan phu thudc didu kién ban dau.
® truong hop dang khao sat, ta c6:

P2=—'7§—J hodc P|-2=i\/—_

Gia tri p;, pg 12 2o hodc thuc l1a tuy thudc & ddu clia S (vi T, ludn ludn
duong). Ta c¢6 hai trudong hgp sau:

. . S
a) S>>0 tie la £>0, khi d6 co — £<O va c6 thé thay — — = 20,2
dé T, T
S
trong d6 a = o
J

‘I'rong trudng hop nay py,a = + ja va

As = Clejat + Cge_jat
khi d6 bién doi thanh
As = Csin(al + ¥) (14-21)
trong 46 C la hing s8, ¢ 1a géc pha ban diu, véi

2 A2 Cy
C = '\/CI+C2. P = arcthT

Bieu thirc (14-21) thé hién gia tri A8 dao dong quanh digm &, mot cich
chu ky voi bién d6 khoéng d6i (khohg tat). Nhung & day ta chua k& dén tinh
ton that cia hé thire, ching han tac dung clia cudn cdm trong réto, ma sat v.v...
Vi vay dao ddong nay tit dan va hé théng dién cé On dinh tinh. K&t luin pay
hoan toan phu hop véi diéu da xét ¢ nhirng muc truéce, trong truong hop'hé

théng dién don g;én, chi tiéu phin doan on dinh tinh la % >0, & day chinh
la §>0.

b) VéiS(Otacé—-—;——>0nén P2 =+
]

— &t

va = Cie™ + Cye (14-22)

Nhu vAy tuy ¢6 bd phan Coe ~ * t4t din theo thoi gian, nhung bd phan Ce™
ting dan theo thoi gian, nén gia tri tong As theo bidu thuc (14-22) sé ting dan
theo thoi gian va hé thdng madt on dinh.

Qua trudong hop don gidn trén day ta thiy riing do tinh chdt vé pbai bing
khdng cta phuong trinh vi phan chuyvén déng tuong d6i cta réto trong duo
doéng nho nén ta chi can khio st phuong trinh dac tinh D(p) = 0 va qua dang
diéu cua cac nghiém p; ta phan xét tinh chat cia nghiém As phin anh dao déng
va tinh 6n dinh ctia hé thong,.
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Trong truong hop hé théng dién phire lap thudng ta khdo sat nha méy
“truyén di con nhirng nhi may khac dugc ghép déng tri, nhung dnh hwréng cla
TEK cac loai duoc x¢t dén théng qua phuond trinh vi phan co ban chuyén
@ong twong déi chia roto. Khi do c6 thd viét 1éng quat trinh tu cha phuong phép

dao dong nho nhu san:

béi voi nha may truyén di cé:
T‘le‘zAbl -+ AP] =‘0 (14-23)
D6i véi hé théng nhan dién (nha may ding tri) co:

Ty, *As; + AP; = 0 (14-24)

Két hop (14-23) va (14-24) ta viét duoc phuong trinh vi phan, mo ta qua
trinh qua do co dién trong hé thdng voi nghiém_cin khap sat la dao dong cla

il

goc tuong déi giira nha may truyén di va hé nhan dién Aép, & day

Ablg = Ab] — Aég va Apm = AP] - APg,
ta ¢6 ‘
(TJ1 —— TJ2)p2A612 + AP;Q =0 (14-25)

trong dé gia tri do du cong sudt APy, c6 thé bidu dién khong nhirng theo su
thay doi clia g6c Ady, ma con theo su thay ddi cla cac tham s8 khéac, phan
anh nhirng anh hudng cta TDK cac loai, ching han theo E;, I v.v... nghia la

AP = :}:1’22 A + °°P“ AE, + ”:;‘.? Al + ... (14-26)
Thay gia tri APy, vao (14-25), xac diph phu\o‘ng trinh dic tinh dang
D(p) = a,p” + a;p"~' + ... a, =0 (14-27)
Nghiém tdng quat cia phu'ong trinh (14-25) cé dang: o d
Abyy = C,epl' 4+ CePat .. + C,ePut (14-28)

nhur vay dang diéu cua Aé;, phu thude vao tinh chéit clia céc nghiém p,,
P2o ) pn-

Diéu kién dn dinh {inh cla hé thdng dién la tét ca cac nghiém p;, P2, -
Po déu c6 phan thuc 1a am, nghia la déu nim bén trai truc 4o trong mit phing
nghiém s8 (hinh 14-18). Diéu kién d6 duoc viét

vV pi "‘)‘Re[pi‘ <0; i=12 ..,n

Chi cian c¢6 mot trong r nghiém p; co ph‘a‘m thuc duong thi dao déng ting dan
va hé thong mal on dinh. Khi phan thuc cita mot nghiém nao dé bang khong,
nghla la hé théng & ranh gioi cta On dinh, khi d6 cin xét thém tinh chat cu

the cta hé thong.

Tu day thdy ring phuorng phap dao ddng nhd rnup ta nghién ciru oOn
dinh hé thong dién mot céch 16ng quat, khong nhirng thé né cho ta tlm duogce
nhirng bién phap nhim di¢u khién hanh vi hé théng dién dé {ré nén 6n dinh.
Tir didu kién 6n dinh tinh clia hé théng theo vi tri cic nghiém p;, ta thdy cin
c6 bién phap sao cho moi pi nim bén trdi truc do. Vi tri cac nghiém p; phu
thude vao céu tric cua phuong trinh déc t\inh D(p) = 0, nghia la phu thuoc
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vie ede h8 30 a,, ai, @z, .., 4, Vi vy c6 th¥ tae dfmg vao cdc hé sd do deé
diéu khién vj tri p. '

¥
“ Pa

Hinh 1418 ' Hinh 15-19

Mot trong nhi‘rng bién phap tic dong vao cac hé s6 a,, aj, .., @ 1a thay
doi cac thong sé cia THK. Tu day xac dinh dugc cac thong 36 t6i wu ciia TDK,

Y

nhim nang cao 6n dinh tinh cta hé théng. Ching han vé&iloai TPK tac ddng .

manh, tng voi moéi cdp gia tri cha thong s6 diéu chinh theo dao ham bac mot
K, va theo dao ham bac hai K, ta xac djnh duwgce diém on dinh cha hé {hong
Tap hop cac cidp gia tri do tao thanh ving" 6n dinh (xem hinh 14-19). Néu lﬁy-
K., K; khic, hé théng s& mit on dinh.

Ti hinh 14-19 xac dinb duoc pham vi cho phép thay ddi cac gia tri K,

va K,. Phwong phap xac dinh cac hé sé diéu chinh ne‘ly goi la phuwong phap
phan vung hinh D, rét tién lgi dé nghlen ciry tac dong cha thiét bi didu chinh
trong viéc nang cao &n dinh tinh clia hé théng dién, ~

Theo tinh thin cia phuwong phap dao dong nhd, 6n dinh tinh ciia hé .

théng diéntc6d thé duge nghién ciru nhu d8i véi mot chuyén déng co hoc,
.tuan theo nhirng chi tiéy phin xét vé& on dinh (chi titu Routh, Lyapunov,
Hurtwith...) ma déc gid c6 thé tim thdy & nhirng tai liéu chuyén d&, ching han
[TK 6, 8, 9}.
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Chwong mwei lim

ON DINH DONG CUA HE THONG DIEN

!

_3

15-1. MO DPAU. NHOUNG GIA THIET CO BAN

Trong chwong mudi bén khi nghién ctru én dinh tinh ta dd xét tinh 1am
viéc On dinh ctia hé théng dién trong diéu kién binh thuong, nghia la chi t6n
tai nhitng dao dong nho.

Mot hé théng dién c6 6n dinh tinh chua khing dinh duge né c6 On dinh

dong, nghia Ia c6 thé lam viéc khi trong hé théng xdy ra nhirng dao dong lon.
I

Nhitng dao dong lon (con goi la nhitng dot bién) thuwong bao gém cac

loai: cdt phu tai dot ngédt, cat dlforng day, may phat hodc may bién 4p dang
mang tai, Dic biét nguy hiém la suw ¢ ngén mach cac loal ‘trong dé ngén mach 3
pha tuy it xay ra nhung do tinh nguy hiém ddi véi on dmh nén phai xét dén
khi thiét k& hé thong dién.

Nhirng d6t bién néu trén day thuong dih dén thay §0i cdu triic ciia hé
théng & tinh trang sy ¢4 va noéi chung lam giim thdp dudng ddc tinh cong sudt
truyén di. Ching han cit dot ngdt mot 1o clia dwong day kép lam ting gip ddi
t(’ing tr& cia dwong diy do dé ha thip giéi han cong suét P.x truyén di, hoic
ngin mach cic loai trén duodng day tdi dién déu lam dién ap noi ngdn mach
gidm thdp va gia tri Pg., ciing gidm di. Khi ndy coi nhu ngdn mach da lam
khé khin viéc tai dién tr ngudn vao hé théng. Dic biét trong truedng hop ngan
mach 3 pha, do dién 4p noi ngin mach tut xudéng gin bang khdng nén toan bé
cong suit dién khong truyén di dugce (P~ O) ma cong sudt co P, khong kip
gidm nén lam roto 16ng lén, néu khong cit nhanh, loai trit ngan mach, hé thdng
sé mat 6n dinh. Didu nay s& khdo sat chi tiét & muc sau.

Khai niém vé on dinh dong duge trinh bay trén hinh 15-1. Luc binh
thuong hé thdng lam viée & diém @, ung voi duong déc tinh cong suédt I. Khi
trong hé théng xiy ra dot bién, kha ning chuyén tii gidm xudng va hé théng
lam viéc theo duong II, la duong déc tinh cong suat khi sy c6. Vi roto may
phat dién la mot khéi co hoc, ¢6 quan tinh, nén gia tri gbc ban déu é, khéng
thd dot bién, do d6 hé thdng chuyén trang thai dén ditm b. O dim b cong
suit dién P nhd hon cong suét co P, (gia thiét P,= const sudt thoi gian khao sat .
vi vay trén tryc roto xuét hién cong sudt thira AP lam tdng tde, nghia la bat diu
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xuét hién van tdc tuong d6i  gitra téc do cua rdto w va téc-dé dong bo. &
dfly I = w — W,

Sau didm b hé théng ti€p tué

) didg bién theo dudong 11, vi cong sudt

‘ thira AP=P,—P vin deong nén v tiép
tuc ting. Dén diém C v4n téc v dat
gi4 tri cuc dai vi sau diém C, cong
sudt co P, bé hon cdng suidt dién, ro-
to bit dau ham, nghia la t6c dd v bit
diu gidm xuéng (tuy o vin 16n hon
w,). Trong truedng hgp & hinh 15-1, hé.
théng dién bién dén diém e nhung

o 4 tOc dd tuong d6i khi d6 chua bing
khong. Sau diém ¢, lai ¢c6 P, >P
nén roto tiép tuc téng toc, v tié€p tuc
ting va hé thdng mit 6n dinh.

Hinh 15-1

'I‘u' hinh 15-1 thdy ring diéu kién dé hé théng c6 On dinh dong phu thudc
vao gia tri van t6c tuong doi v cna roto itng véi doan ce trén duong Il

Néu trudc khi dén diém e gia tri v da triét tiéu thi tai do goc 6 dat glé
tri cuc dai, roto tiép tuc glarn tdc, hé théng trd lai ditm ¢ va c¢6 on dinh dong.
Trang thai lam viéc moi cia hé thdng 1a diém ¢ @tng vaoi géc b..

Truong hop gigi han On dinh ddng cta hé thdng la toi dlem e mm co
v =0.

Ciing tir hinh 15-1 thiy ring van téc twong d6i ctia réto v phu thude
nhidu vao dién tich ', va F.. Trong qua trinh dién bién tir diém b dén ¢,
d6 1a qua trinh tang téc va dong ning tich lai trong roto trong dwong véi dién
tich Fupe, vi vAy Fape goi la dign tich tdng t6c Fuuse.

Qua trinh tir didm ¢ dén e, roto tra lai dong ning (quay cham lai, tuy
vin con 16n hon téc d6 dong bo), vi vay F.. goila dién tich ham téc lon nhil.
¢ the Fiimae Néu dién tich Fpimax << Fuse thi dén diém € gia tri v chua triét tiéu
va hé théng mit én dinh dong.

Tu lhao ludn trén day cé thé so bo nhin xét tong quat 1a: Mudn hé thdng
dién c6 tinh On dinh cao cin lam ting dién tich Fym.x hodc lam gidm Fuse khi
xay ra dot bién. Mudn dat dwgce diéu nay c6 thé thuc hién bidng hai cac
sau day:

1) Nang cao duong diac tinh cong suidt khi su ¢6 II, nghia la phal chong
lai viée giam dot ngét dién 4p noi su ¢6. Bién phap dé doi héi vén dau lu
nhidu va thuong chi 4p dung d6i véi su ¢6 ngin mach 3 pha, do6 la ghim roto
khi su ¢8, s& trinh bdy sau trong phan st dung cac bién phap nang €ao On
dinh dong.

2) Cit ngin mach, d2 h¢ théng khong lam viéc & dubng IT ma chuyén
sang lam viéc & duong ddc tinh cong sudt cao hon duong 11 (thuong thap hon
dudng I), ung yoi trang théi sau su ¢d. Chéng han cit 1 10 ngin mach, con I
16 lam viéc trong hé c6 dudng day hai 1. Khi d6 Fhusax duge nang cao rd rét,

Bién phap cat nhanh su ¢é néy duge su dung rat rong rdi, la blen phap
chi yéu dé ddm hio va nang cao on dinh dong cla hé thdng dién. - .
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Trong chuong nay sé d2 cAp dén nhitng phuong phiap nham xac dinh gla
tri giéi han cia thoi gian cit su cd dé dam bdo On dinh dong va trinh bay so
luge nhirng phuong phap ning cao dn dinh déng. Ngoai ra dé tham khdo c6 d&
cdp dén viée 4p dung phuong phip ham Ljapunov nghién ciru 6n dinh dong
cia hé théng dién & chuwong tiép theo.

On dinh dong cla hé thdéng dién dugc tinh toian dya (rén nhirng-gia
thiét co bin sau day:

1. Ve so dd th-ay thé khi ngdn maech.

Viéc xét On dinh dong clia hé théng dién dugc dwa vE bai toin xé4c dinh
thoi gian cho phép cit ngin mach céac loai.

D& fién loi ta sir dung so do mang ph&c hgp d@ thay thé cho cac truong
hgp ngan mach khac nhau, nghia la trong trang thai ngfm ‘mach tai diem-NV ta

chi viéc ndi song song thém vio diém N mot tong tré ZA co gia tri phu thuoc
vao dang ngin mach (hinh 15-2) nhu sau:

(3)

Ngin mach 3 pha (d6i xunﬂ) Zp =0

Ngin mach 2 pha ndi dit Z(1 D =(Zys [|&,5)

Ngén mach 2 pha ZA‘ = Z,y

Ngin mach 1 pha (cham dit) Zp' = Z,5 +Z,5

Trong do6 222 va ZOZ Ia téng tr¢ thi tu nghich va thia ty khong cta hé théng

dién tuong rng voi diém ngin mach N.

i

O+ T - @

Hinh 15-2

Cin ctr vao gia .tri cua ZE) ta ciing phin biét duoc mirc dd nguy hiém

chia cac loai ngin mach Gia tri Z(E) cang nho, dién 4p tai diém N canb tut thap,

cang ngin cach hai di¢m ngudn va h¢ théng nhén dién vé khd ning chuyén
tdi cOng suit gitra ching.

Véi so do6 thay thé trén hinh 15-2 ta chi c6 th® xac dinh dvoc dong dién
thir tu thuin I; khi xay ra ngin mach tai diém N. Dong dién toan phan la tong
vecto ctia dong thit tu thuin, nghich va khong, nghia 1a:

i=0 +L+1
Tuy nhlén duéi déy sé chung minh dwge ring dong dién I, va I, khong
.4nh huwdng dén On dinh ddng cia hé thdéng, do dé trong trudng hop ngiin mach
ta chl cin xét dong I; voi so dd thay thé hinh 15-2,

A\

317



Dong I, va §, ehi awat tuen ki xdy ra ngan mach khong déi xirng. Cac’
may bicn ap thudng néi theo so d0 Y/A ma cudn tam giac vé phia may phat
dien, vi vAy khi ngin mach khong doi xting ¢ dau dwdng diy, dong dién thir
tu Lhong s&¢ khong vao may phit do d6 khong anh hudng dén su -bién déi cong
suit P cia may phat. Dong di¢n th ty nghich I, di qua may “hign Ap vio may
phat di¢n, tao thanh & khe hé gita stalo va réto mét tir thdng quay nguoge
chiéu roto voi van tée w =~ m,. Nhu vy tu thong nay co6-van 8¢ lwong d8i véi

roto 12 2w va s& sinh ra dong dién c6 tin so 2f = % Vi roto cc')\ quan tinh lén

nén khong kip dao d0ng theo tan sb6 d6. Ngoai ra dong dién nay sinh ra mé
men cé gia tri trung binh rat nho nén hiu nhu khong anh hudng dén song
didu hoa co ban cia may phit di¢n. Vi vay cling khéng <in xét dén déng dién
i, khi tinh 6n dinh dong.

2. V& vi tri di2m ngin mach va tham s6 may phat dien.

Khi xét 6n dinh dong ciia h¢ thong dién mire do nguy hiém cha ngin
mach khong: nhuncf phu thude vio dang ngidn mach, ma con phu thude vao vi
tri xiy ra ngin mach trong hé¢ thong. Vi vay can tinhk toan khi ngdh mach xay -
rad vi tri tram trong nhit, nghia la téng trd tuong ho trong hé théng la nhé nhit.

DGi v6i cac tong trd thi tu khong Z va thir tu nghich Z _ vi dugc:

0Z 22

tinh twong trng v&i didm ngin mach nén s& ¢6 gia tri nhé khi diém ngén mach
¢ ddu duong day (diém N trén hinh 15-2). Con d6i v6i tong tré.thié tu thuan
tat nhién di¢m ngan mach cang gan nguon phat cdng suit cang nguy hiém. Vi
vay trong tinh toan On dinh dong cla hé théng dién thwong chon diém ngfm
mach ¢ diu duong day ‘tai dién, phia ngudn dién can khao sat on dinh. . .

Vi nghién cfru 6n dinh dgng cua hé thong dién tie 1a khiio sat qua trinh
qua do khitrong h¢ thdng xay ra nhirng dot bién, vi vay nhirng tham s6 cia may
phat dién & so do thay thé dé tinb ngan mach phai phan anh lrang Lhai qua .

Khi trong hé théng xay ra dot bién, ching han ngin
" mach, dong di¢n & cudn day slato cia may phat dién tiing
lén dot ngdt, do d6 phan (ng phin ¢ng ddi voi roto ciing
tang 1én dot ngdl. Nhung cudn day kich tir & roto ¢ tinh
chdt chn yéu dién cam (r ~ 0), coOn goi “la tinh siéu dan,
nén dé dim bdo dong dién kich tir khong dot bién khi xay
ra ngin mach, trong cudn kich tr khi do xudt hién dong
dién ty do chong lai phin @ng phin w@ng. Vi vay trong
qua trinh qua d¢ Lo thong khong di qua cudn kich tr
ma khép mach qua khong khi (hinh 15-3), ¢o6 tir tro
16n. Vi vay ddc trung cho tham s6 clia may phat & thei

Hinh 15-3

di¢m nay la x, o gia Lri nhd hon dién khang cha may phat x4 & trang thai

duy ‘tri. Tham sé :rd goi la dién khang qua dé cha may phé\t.

bién khang qua do x; khong nhitng dugc thay thé cho tham s8 may

phat & thoi diém ngin mach ma con dugce dunﬁ trong sudt qua trinh nghién
ctru, Diéu do6 duge giai thich 1a: dong dién ‘tu do trong cudén kich tir & réoto
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tuy tt din, nhung v6i hing s6 thoi gian 1on 3 — 5 sec ma nghn mach sé duge
cit nhd bdo vé role chi sau khoang 0,1 — 0,3 sec, nghia la suét thoi giam
- nghién ciru, qua trinh qua 44 trong méay phat dién van chua két thic.

Tham s8 sitc dién dong cha méy phat dién khi nghién ciru dn dinh ddng
duogc thay boi gia tri E* dit sau x) . Gia tri E giir khéng doi trong suét thoi
gian tinh toAn.

15.2, ON PINH PONG KHI CONG SUAT Hf NHAN DIEN LA VO CUNG LON

‘Trong muc nay ta bit diu khio sat truong hop don gidn, gid thiét dién

ap thanh c4i nh4n dién U = const, ngén mach loai N™ x3y ra tai dau mot 16
elia dudng diy tai dién kép (hinh 15-4). D& don gidan nhung khong méttinh tong
quat, tachi xétdén dién khang

F r 0 Ay cllacac phin t&. T day thanh
@-l—@' ' 1ap duroce so @ thay thé clia hé
: théng trong tinh trang trudc

}"’ (n) v=0ost Lhi fﬁy rag ngin m'z_lci (hinh
~ 15-4) va x4c dinh duge dudng
—h s = dic tinh cdong suit P, tiur nha
€ xa;, x x, X!, 'Ueconst may truyén di, s6 1 ki hiéu
- 2z tinh trang truée khi ngan

Hinh 15-4 mach, Ta cé:
- Thu 4

trong d6 6 1a goc léch pha gitta dién ap U va vecto stre di¢n dong E’.
Ty 12 dién khang tuong hd tong cong tir E’ dén U trong tinh trang trudce
khi ngin mach. O day c6:

. 1
x!lﬂ—xd + xT+7 Zp + xT’

B

Pyong biéu dién cong suit ctia hé thdng truwéde lic ngin mach duge vé
trén hinh 15-6, dyong 1. Hé théng lam

viéc tai diém a. 2) £ P N () | o
Trong tinh trang ngén mach, & 5 :rz‘ )2—“-“4;9—-{
so db thay thé clia hé théng duoc mic a == re
i e
thém mot dién khang z, tai diem N'®), 1
Gia tri cia =z, tiy thudc dang’ ngin
mach (hinh 15-5a). e 5 |
T hinh 15-5a, ta djt 4 e u
v x e
.’D + xr =2, 2. /H“‘ 7
[ ;0
x
.__D_ +xT. = Xy
2 . Hinh 15-6
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va bién d6i vé so d6 dang tam giac (hinh 15-bb), c6: TRy

T.T
Thiz = s + Tp + >
LA o _
Vi cdc dién khang x.. va xy mic truc tiép & nhirng nat cé dién ap khong

E :
doi trong qua trinh tinh toan nén ching kh(‘mg anh hudng dén cdng sudt P,

truyén tu £’ trong tinh trang ngdn manh clla h¢ thdng. Do d6 gia tri P; duoe
xac dinh theo biéu thue

Pz=

~ sind ‘(15-2)
Thtz L

Vi 2, > 2,y nén giéi han cha Py cao hon P, (dudng 2 trén hin{'l 15-6a);
Vgén mach cang trim trong r, cing nhd, Ty, cang lon vz’n giédi han' clia P,
cang thap. :

Trong trudng hop ngin mach 3 pha, vi x4, = 0 nén 2, = o do d6 Pz ()
(khong xét dén dién trd cna mang dién) va toan bd coOng suiit co P, lam réto
ting toc dir doi din dén mAit ddng bo néu khong kip thoi cét ngin mach.

Tir dwong dic tinh 2 trén hinh
15-6a thiy ring sau di€m b ludn ludn
ton tai mémen thira c6 tinh téng tée
dat trén truc tudc bin, nghia la chi
c6dién tich ting tdc Fy, néu khong c6
bién phap loai trir ngin mach.

tP

Thoi gian loai trir ngin mach
phai A4 nhoé dé ddm bao cho diéntich
ham t6c 16n nhit cé thé Fypma phiu
cAn bidng vai dién tich ting téc Fy.
Tat Jnhlen loai trir ngan mach cang
soém cang tét cho 6n dinh déng cla
hé thong, nhung lai xuit hién yéu cdu -
khe khit d6i voi may cit dién va thiél
bi bdo vé role. T day thiy ring co
thé xac dinh dugc gia tri gi¢i han
8cargh Nhdm théa min digu kién

Fn - I‘hlmlc (15 3)

Hinh 15-6 G day Frmax droc xac dmh theo

duodng dde tinh cong suiit P; clia hé

théng dién sau khi cit mot 19 cha duong day tai dién. Sau khi cit ngidn mach

dién khéng cua duong day tai "dién trd thanh xp va Iim ting glé tri dién

khang cua hé théng so vd&i trang thai binh thudng, vi vay gidi han cia dwong
dic tinh P; tuy 16n hon P, nhung thip hon P, (dudng 3 trén hinh 15-6a), '

Tir hinh 15-6a thdy ring, sau-khi cl ngan mach & géc cht gidi hin Segpy
hé théng chuyen trang thai lam viéc lén diém d. Vi & déy xét trudng hop cit
gioi han, nghia 1a Fy = Fhmax, nén rdto dao ddng téi diém e, nghia la goc 8
ting dén 8pax , khi d6 ddng ning do ting tdc da tra hét, roto bat diu quay cham
hon tdc d0 dong bd w, va sau moét s§ chu ki dao dong, hé théng trd lai lam
viée & didm can bdng maoi: diém c.

.7
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| ‘Trén hinh 15-6b trinh bay quan hé van téc Luung doi cia roto theo god

s trong qu4 trinh qua do, trén hinh 15-6¢ trinh bay quan hé gia tdc T cla roéto,
¢hi ¥ ring gia tri cha 7 ludn ludn ti 1& voi gia tri cong sudt thwa P,— Py,
¥ = 2, 3. Ngoai ra thiy rang duong cong T la dao ham clia duong cong v, cling
nhv dién tich gigi- han boi duwdng T v6i truec hoanh d¢ ciing phan anh dién tich
~ling tée (khi T > 0) va dién tich ham t8c (khi 7 < 0).

Nhu viy 6 budce nay can cir vao nhirng dudngdac tinh khi chua x4y ra ngan
‘mach (dé& xac dinh &,) va cac dlrérng dic tinh cdng suiit khi ngdn mach va sau
_ khi cét ngdn mach, ta xéc dinh duge-gia tri gioi han cia géc 8 phai cét ngin

mach nhim dim bio 6n dinh déng, ki hiéu 1a bcaign. Nghla 12 né&u cit ngin,
mach vOi 8eae > Scargs hé thong mdét 6n dinh. : /

Gia tri goc bcagn dugce xac dinh truc ti€p trén gidy ke milimét vuong,
trong mot s trudng hop don gidn, khi cac duong diic tinh Py, P,, P; 1a hinh
sin, giA tri &cgy cO thé xac dinh bing giai tich, vin dua trén biéu thic
Fll = thmlx- .

Phuong phap xac dinh 8cgn goi la phuong phdp dign tich.

" Phuong phap nay don gidn, nhung chua cho ta biét thoi gian can cét
ngin mach dé thiét ké bao vé bing role va may cét dién. T diy thiy ring,
mol cach tu nhién, can xac dinh thoi gian giGi han cét ngén mach teagn, do la
thoi gian d& roto chuy&n dong tir goc 6, dén Scagn.

T Noi cach khac fcawgn 12 thoi gian tinh tor thoi didm bdt diau ngin mach
dén thoi didm phii cdt ngdn mach dé dim bao 6n dinh dong cho hé théng dién,
nhu vay feagn la gia tri gioi han lén nhit cho phép tén tai ngan mach trong
heé théng, vi viy con goi la thoi gian cal cho phép.

RO rang la ciing nhu Scagn, gid tri feagn cang 1on cang dé dang cho thiét
k€ bao vé bing role va may cit dién, nghia 14 cang dé dang cit ngdn mach
v6i thoi gian tegr << fengn. Tuy nhién d& c6 lagn 1on lai phdi ¢6 nhitng yéu cau
hoan thién cdu tric hé thdng dién nhim gidm Fy . ting Fyuynee, ching han phii
nang cao dudng P, va Py, nghia la lién quan dén ahirng bi¢n phap kinh té.

Sau day sé trinh bay phuwong phdp phan dean lien tiep’dé xac dinh gia
tri Iclt‘l

- Phuong phdp phan doan lién tiép. Noi dung co ban cia phuong phép nay
la xay dung gin dung quan hé goc é theo thoi gian & = ](t) trong qua trinh qua
do, sau doé dua vao gia tri 8cagn xac dinh leagh.

Phuong phap phan doan lién tiép Lhuce chit la gidi gan dung lién tiép
phuong trinh vi phin phi tuyén mo ta chuyen dong twong ddi ctia roto khi
hé trong thdng ¢6 nhirng dao dong lén (dd léch hitu han).

, {Nhu da bidt khi xuét hién dao dong lon, ching han ngin mach, cong
sufit third AP = P, — P lam cho roto chuyén dong vai gia téc 7. Phurong trinh
chuyén dong tuong dsi cta roto c¢6 dang

nv =A4AP | (15-4)
Khéac v6i 6n dinh tinh nghién ciru dao d(_‘)ng\\nhé. coi AP di nhd dé dudng dic
“tinh P 12 tuyén tinh va cO thé thay thé

P=22 Ay
db
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Trong Lruong hyp nay AF gia thiét c6 d¢ 1on hiu han va co gia tri!
AP = P, ~ Py(b) . (15-5)

Trong d6 Pi(s) la dudng dac tinh cong suft cha hé théng trong tinh trang
ngdn mach P(8) va sau khi cit ngdn mach Py($), dang dudng cong P;(é) 1a phi
tuyén vai goc b ¢

Thay gia téc T bing dao ham bdc 2 theo thoi gian clia gée 8, nhan dugc
phuong trinh vi phan chuyén dong twong ddi cta rdto khi xdy ra dao dong
lon trong hé théng

2
7, %-:—-P — P#)  , (15-6)

Pay la phuwong trinh vi phan bac hai, phi tuyén c6 vé phai khac khong,
n6éi chung loi gidi chi nhan duge nhé¢ phuong phap gin ding, 0] d\éy ta sir dung
phuong phip « phin doan lién ti€p ». Tinh thian cua phuong phap dé nhu sau:
Chia qua trinh dao djng cia hé théng thanh nhirng phan doan nho At theo
thoi gian. Trong mdi phan doan Af, gid thiét cong sufit thira AP = const. Lugng
AP tac dong lam roto chuyén dong tuong ddi so voi tdc d0 dong bd, nho A6
v dugc quan hé 8 = f(t). Nhuwe viy mic d) chinh xdc ctua 1oi gidi cang tang
khi chon gia tri Al cang nho.

Sau day trinh bay cac bude d& xac dinh teagn theo phuong phap phan
doan lién tiép.

O thoi diem ngin mach duong dic tinh cong suit tut xudng manh (dwong
Il trén hinh 15-7), cong suit thira c6 tinh ting téc la AP0) = P; — Py, tac
dong 1én diu doan (1) do d6 réto ¢ gia tde 1a 7(0), xac dinh theo quan hé

AP(0) = T;7(0) e e (15-7)
p 1 Trong sudt phin doan (1) réto quay nhanh

| hon t6c do dong bd w, nén goc & ting thém
mot gia tri As(l) va téc do twong d6i cha
p ! a roto v ciing ting thém mot gia tri Av(l).
‘ - T

’/T l Theo dinh luat vé chuyén dong, viét
A;" obyy By 2 duge: Av(l) = 7(0). At (15-8)
b.A" As(l) = 1(0) -et—z- (15-9)

G day cha y réng Au(l) = v(1) =~ v(0),
Jo "'/u JI&/ trong d6 v(l) la téc 46 tuong doi cua rolo

Hinh 15-7 & cubi phan doan (1), v() Aa téc ¢o tuong
do6i ciia roto & diu phan doan (1).

Vi roto c¢6 quan tinh nén & théi difm ngin mach gia tri v chua xudt hxen
nghia l1a v(0) = 0, do 46 Av(1) = v(l).
Tir bicu thire (15-9) thay gia trj Y(0) & (15-7) c6
AP0) At
T, 2

Ad(l) = (15-10)

022 e



 Trong bitu thirc trén chc gia tri géc's, Af va T tinh bang radian, a8
thudn tién, thudng d8i sang don vi séc véi cac quan hé:

. Ab(’):: 3601 .Abd(rad)
We
t(s)zt(rad) vi T(s) = Ty(rad)
Wy We

Khi d6 bi?u thire (15-10) trd thanh;

A 2

T As(l) = 3b0" At i A{:(U) (15-11)

] &

3
bat 360. Al = K = const
T,
ta co:

As(l) =K AP(O) (19)-12)

T day thiy réng néu biét cong sudt thira AP(0) tic dong 1én phin doan
(1) ta xac dinh du'oc do ting vé goc As(l) & trong phan doan (1). Trong d6

AP(0) = P, — Py(sind,) (xem hinh 15-53).
Biét As(1) ta xac dinh duge goc 6 & cudi phan doan (1):
. s(l)y =8, + Do(l). (15-13)

_ Vé&i gia tri 8(1) ta xac dinh cong suit thira AP(l) tac dong lén phan
doan (2), ¢ day
AP(1) = P, — Py(sins(1))
Vi & cudi phan doan (1) vian tée twong doi clia rolo v(1) da co, nén do
ting vé goc A&(2) & phan doan (2) do hai yéu 6 la v(1) va AP(1) gay nén, thco
bidu thirc:

As(2) = v(). Al + l(,)—l—)— At? (15-11)

a—

O day cin bidu dién »(1) qua gia toc 7. Vi p(1) 12 van tdc tuwong ddi clia
roto & cuéi phan doan (1) duoc tao nén béi gia toc cla roto trong sudt phan
doan (1), ma -trong thoi ki dé gia toc bién doi tir T(0) dén T(1) nén c¢é the coi
gan dang

(1) = -;— [7(0) + 7(1)] At
Nhu viy (15-14) tré thanh
As2) = -é-— [T(O) + T(I)J At? -+ % YDA = T(_zﬂ) A2 + 1(1). AP

Vi T(O) = va dya vdo két qua (15-12) & phian doan (1) ta viét
. d .
duwoc bitu thirc @0 ting v& géc & phan doan (2):

As(2) = As(1) + K. AP(1) (1"5-15)

AP(0)
T



[‘lep theo, xic dinh §(2) = 8(1) + Ad(2) va
AP(2) = P, — Py(sind(2))
béi voi phan doan (3) tién hanb tuong tu nhu phan doan (2).
Tém lai, chi d6i v6i phan doan (1) ta ¢6:
As1y = kPO
con tur phan doan (2) tro di cé6:
As(n) = As(n—1) + K. AP(n - 1); n=2,
Nhé ciac budc trén day ta xay.dung dugc quan hé’ bzt). thoeong vai
At =0,05s. T quan hé §(/) voi gia tri Scit gh xac dinh duge f.5 gp-

Vi du 15-1. Xac dinh thoi gian cit gi¢i han nhim didm bao 6n dinh ddng

clta hé thong dién khi ¢6 ngan mach hai pha ndi dit N D tai dau mét 16 cha

duong da) tai di¢n (xem hinh 15-8a). Gia thiét chi xét dén dién kh&ng ¢hia cac
phan tir. Cac tham s6 cho nhu ¢ vi du cua chuong 14, ngoai ra c6

Ty % =30%; Tip% = 45% ; Ts = 6s

St dung nhirng tinh toan & vi du cua chuwong mudi bén vai Sq=220MV A,
U, = 209kV. Ta tinh duogc:

l:‘l = 0,295: X p = 0.432 va Tj =0 Sdm

cb

= §,18s

bién khing thir ty khong clda dudng day 1ai dién coi gan ding bing 4 lin
dién khang tha tu thuan. Vay cé

o -p
ToL =4 -5 = 0,976,
2
Doi voi c4c may bién ap ¢ day co6
ToT = X7 = X7 = IT,

Truwée hét can lap so do thay thé cla hé théng trude khi ngin mach
(hinh 15-8b). V6i P, =1; @, = 0,2; b == | ta x4c dinh E* va 1h. !‘:ong do

Tpe = 0,295 + 0,138 + 0,244 4 0,122 = 0,799

: |
E = V(U+ < “') + (%) = VII6) + (0.7997 = 1,41

0,799
tgbo = —176—' = 0,688 Vé.y 0, = 34,530

buong ddc tinh cong suat lae binh thuong c6 dang

p, = E'U
Thu

sind . = 1,765siné.

duge vé thainh duong 1 trén hinh 15-8f. & dav c6 thd thir lai voi 8, = 34,53°
phii ¢6 P =P, = 1,0.

'
I
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\ b¢ x4c dinh dueong dic tinh cong suit khi ngin mach ta can xav dung
so 40 thay thé th& tu nghich (hinh 15-8¢) va thir tu khong (hinh 15-3d) va
nhan duogc cac gia tri: ‘

T,y = 0,222 ; T, 3 = 0,123,

U= const

~EH

g

. OGN
~CM)

Sy S u=1
F' :; Xy . 27t Vo' |
b) oS AV s S k=1
V' Le=02
* Xy
b Xy Lt , T
£2 2 L\
AN Il \ -
¢) | - 15
Upz
L
A J I, o ‘
| Xr1o Tyio ) $
g} -
UN0
A\ U
£ Xy Xr %U__ﬂ
]
. N xA
p
‘a
18
Y
1é
1.2
1.0
08t
X
04
0,2 A " J
0 —”‘: _ e —dpe
& “ct gh
Hinh 15-8

Tiép theo xic dinh gia tri x, khi ngin mach hai pha néi dat

LI X —-—M_OU?Q
AT E st Ty T

i
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~ So d6 thay thé khi ngin mach d& tinh on dinh dgng ¢6 dang trén hinh
15-8¢, Khi do

4

. 1
‘ 1 (xd + :r-r) (::T. + 5 rq,)
Thig = (xd -+ 1) + (? XL +xT)+

= 2,814
X, |

va duong ddc tinh 11 c6 dang

P, = EU siné = 0,502sino.
Tan
Vi duong 11 luon ludn thiap hon gia tri P, nén dé dam bao 6n dinh dong

phai cit ngidn mach. Sau khi cidt ngidn mach, dudong day tai dién con mot 19,
ry = 0,488, khi d6 xpg = 1,043 va

P, EU

= = 1,35 siné (duong III trén hinh 15-8f)
Thia

Can bang dién tich ti‘mg toc (F,bc;) va dién tich hdm toc 16n nhit ¢o the

(I o) 1 €O Beaign = 62,

Tiép theo, dung phuwong phap phan doan lién ti€p dé xac dinh feugn.

hd

O moi phan doan ldy At = 0,05s. Khi d6 ta co;

K =3%f ap_ 55

J

béi vai phan doan (1) co:

AR(O) =P0—Pb

Vi chi xét dén dién khang z cua cac phin t& nén P, xac dinh theo:

Py = Papsiné, = 0,502 sin 34,53° = 0,285,

AP(0) = 1,0 — 0,285 = 0,715.
‘Tt day t©o:

Asl) = K AP;“’ - 1,970

(1) = 8(0) 4 As(1) = 36,5°
Doi voi phan doan (2) co:
AP(1y = P, — P(1)

P(l) = Py,sin 8(1) = 0,502, $ing6,5° = 0,3
AP(1) = 0,7
AP(2) = As(l) + KAP(1) = 5,82°

5(2) = 42,32,

trong do
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Tinh toan Li€p cho nhirng phdn doan sau, két qud ghi trong bang 15-1.

Bang 15-1

(s) 8(0) sind W p Ap Ad

0 34,53 0,566 -| 0,285 0,715 1,97
0,05 |~36,5 0,659 0,300 0,700 5.83
0,10 42,32 0.673 0.339 0,661 9,46
0,15 51,78 0,786 0,396 0,604 12,78
0,20 64,56 0,903 0.435 0,545 15,78
0.25 80,34 0,086 0.497 0,503 18,35
0,30 98,89 - - - -

Dwa vao két qui tinh toan trén day ta lap dugc quan hé & = f(t). Ung
vai gia tri eagn = 62,7°, xdc dinh dwoc taugn = 0,195, nghia 1a ngan mach phai
duoc oai trir khong cham hon 0,19s k& tir thoi diém xay ra. V&i yéu cau nay
nhirng may cit dién loai khi ép cé thé thuc hién duoc.

15-3. ON DINH PONG KHI HE THONG NHAN BIEN CO CONC SUAT HUU HAN

Trong nhiéu truong hop cong suit cua hé lh()'hg nhan dién khong lén
hon nhiéu lan (7 = 10) so v&i cOng sudt nha may tzuyén di, nén khong thé coi
dién ap thanh cal U lia hing s6. Khi U=/= const, phuy tii cia hé théng s& c6 anh
hudng doi voi dn dinh dong. Khi xdy ra dot bién, mudn chinh xac, phdi xét
dén qua trinh qua do co dién trong cac dong co, nghia la phai dé cap dén dac
tinh dong ctia phuy tdi. Tuy nhlen, dé don giin, trong tinh toan kiém tra 6n
dinh d()ng ctia hé théng dién, & tredng hop nay (U = consl) phu tai duge thay
bing tong trd ¢d dinh Zp.

D6i voi mang the tu thuin Z; co gia tri;

| U? U2
Zipy = = (cosp + jysing) .(15-16)
g 3pt spt
trong d6 S, 1a dai lugng phirc lién hop cong sudt bitu kién ctia phu tai,

& mang thir tr nghich thwdng coi Zzp =~ (0,35 — 0,4)Zy,.

Vi thuong phu tdi méac ding sau may bién ap c6 td néi day tam giac
nén Zop khong sudt hién & so d0 thay thé thior tv khong,

Ngoai ra khi tinh on dinh dong, hé théng nhan dién dugc thay bang nha

may dién tuong dwong co strc dién dong Ez/‘” const A3l sau dién khang T, va
néi voi phu tai bing tdng tr& ciia mang dién.
So 40 hé thdéng dién trong truong hop nay dugce ve trén hinh 15-9.

E, T , T £

——— (n’ -
5 n "i )

Minh 15-9
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Trong truong hop nay cong sudt Py truyén tir nha may E) hodc tir E,

(t¥e P;) déu phu thuoc vao goéc twong do6i &, gira EY va E. Bitu thire cua
P, va P, khi xét dén cac tham so .r, 1, g, b cO dang sau:

E? EE,
P, = 7 sSintxy + Zm Sin (417 — aya)
E* EE;
2 2
P’ = l:z sinagg— é;z Slﬂ(bu + 042)

_ ¢
trong d6 chi ¥ la &, = &; — 8,, ma 6, la goc gira E; va U, con é; la goc gilra
E; va U.

4

2 D ’ a ~ s oa - > s

O day s& nghien ciu on dinh dong cua h¢ thong dién thong qua hanh !
vi clla gbéc 8, theo thot gian, nhu vay ta phai xét dén gia téc tuwong d6i 7y,
gita nha may E,
on dinh dong la truong hep khi x&y ra ngén mach & dau dwong day tai tién

va nha may déng tri E;. Nguy hiém nhidt che diéu kién

(hinh 15-9) nha may El ting téc, con nha may Eé. 4, xa ditm sng{in mach va

gan phu tai lon, thi bi ham téc. Khi do6 gia tée twong doi Y3, cang léon va hai
nha may cang mit déng bd. Trudng hop ca hai nha may déu ting tdc, nghia
la &,, 8, déu ting theo thd&i gian, thi tinh dong bO trong ‘hé thdng cé theé
vdn dam bao, nhung tan s6 chung trong hé thong tdng lén va vin can cét
ngan mach.

Gia toc tvong d6i Y3 duogc biéu dién trong dang;
712 = T, —-T’ (15'17)
trong do Y. 7; la gia 16c tuyét doi ctia nha may E]', va E2 Ta cé
360f
) |
360f

Is

T = AP,

T’ = APz

& day Ty, T la hang s6 quan tinh cGa nha may E1n E; . AP;, AP, 1a cong
suat thira & nha may E{ Eé trong cac trang thai khac nhau, nghia la
!

AI)I = P;(. — Pl va AP2 = 1)29 — Pg.‘
Tir day ta co

T,,..-.360[( EF AP?)

o o (15-18)

Vi APy, AP, phu thudc gbéc 355, nén ta co the biéu dién quan hé gitta T,
theo 8;; trong tinh trang ngan mach biang dudng 11 trén hinh 15-10, ung voi goc
ban dau a3yy.
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T dudng I trén hinh 15-10 thdy réing: khi xdy ra ngin mach, gia
tdc tuwong do6i Yy, phian 16n 1a duong, nghia la tao nén dién tich tdng toc
Fope, 1am roto cha may phat E; quay

nhanh hon so vo6i réto clia may %

. )
phat E_ b &

_
s
|
1

Poan duong cong ¥y, mang gia n
tri Am qua nhod, tao nén dién tich . -
ham téc khong dit can béng vé dién . l
tich ting tdc nén hé thdng s& mal én o ai '
dinh doéng n&u khong cét ngdn mach.' oo
Sau khi cit ngdn mach. gia tri AP, ‘ L
AP, thay d0i (do cac tong trd Py, Py, :

P, thay doi) dudng T2 = f(81) trd nén f \F,
c6 gia tri Am & hiu hét moi noi, thé Hinh 15-10
hién trén duong IIl & hinh 15-10

Can biing dién tich ting toc F,,. v6i dién tich him tée 16n nhat c6 theé

Feerg ta xac dinh duge géc cit gidi han opcatgh

Sau dayv triph bay vigc st dung phwong phap phan doan lién liép deé
“xac dinh ledigh trong truong hop nay.

Ciang twong Lir nhur & muc trude, qua trinh ngan mach dwge chia thanh
nhiéu phan doan Af.

Ko phan doan (1) d6i v&i nha may Ll co:

| . AP . Al AP, (D)
Ad(l) = Ky ——— = 360 . —
0:(1) = Ay ; f T 5

P6i véi nha may dang tri E2 co:

AR (0)  _ g6p AL AP2(0)
2 T 2
Tir day xac dinh dwoc d6 ting veé goc tuong dbi o trong phan doan (1)
AP [ AP, (D) AP, (0)
2 [ Ty B Ty, ]

As, (1) = K,

Aﬁgz(l) = Ay (1) -- A, (1) = 360f

Theo biéu thirc (15-18) cd theé viét

Y12 (0) = 360[[

I : TJQ
trong d6 Ty (0) la gia téc tuong doi tac dong lén ddu phan doan (1) gay nén
do ting Aapz (1) trong phian doan (1). Nhu vay co:

At?
Adgy (1) = T2 (O) .

(15-19)
Pa biét gia tri xuat phat v, xac dinh dwoc gia tri géc twong déi sy, &

cu6i phan doan (1)
312(1) = 610 + B8y (1)
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T& phan doan (2) tré di, vi & diau phan doan van tée twong doi vy =0
nén biéu thirc xac dinh Aeyg (n) vOi n>>2 c6 thé nhan dugc trong dang

A (n) = Abyq ‘(H - 1) + Tp(n—1). At? (15-20)
trong d6 gia tri 7y, (n — 1) tra tir duong cong Il hinh 15-10 ung vGi gia tri
LI (ﬂ - 1.
Sau dé xac dinh géc 8;; & cubi phan doan (n);

82 (N) = 812 (n—1) + ADéy2(n).

Tom lai déi voi trudng hop hé théng nhén dién cé cdng sudt hiru han, _
cac biéu thirc xac dinh quan hé &, = f(f) theo phuong phap phan doan lién
tidp ciing twong tu nhu trong trudng hop coi U = const. Nhitmg bigu thirc
(15-12) va (15-15) trung voi (15-19) va (15-20) khi thay hé s6 K béng At? va thay
AP (n — 1) bang ¥y, (n—1).

 Deé dé nhé ta néu biang twong tu sau day

an

- \-.
L2
a

Khi xét U = const -1 Khi U == const
As(l) =K. AI;‘O’ Asy (1) = Al —1'&2(9
As(n) = As(n-1) + A (n)=Adys(n-1)4
+ KAP(n—1) + AT (n—1) !
np?2 na>2

Vidy: 15-2. Xac dinh thoi gian cét giéi han fes 'd€ ddm bio On dinh
dong caa hé théng dién (hinh 15-11) khi x3y ra ngdn mach mét pha N () tai
ddu mot 16 cha duong day tai dién

g, =P pewv;asamm - v Log
50 287N ?,,m . S= 1400 NVA
25uw  PT ‘ '
- Ps 1000 MW
Y . cs¥a00
Hinh 15-11 “~

Co xét dén cac tham s6 r, b cha dudng day tai dién. Van ldy S, =200MVA,
gia tri twong doi cha cac phin tir tinh theo phuong phap gin ding U, la gia
tri dién 4p trung binh tai m3i doan. Két qua tinh toan ghi & sa do thay (hé
cfia hé théng trén hinh 15-12,

g JAUI Jaos Je218+0,0421  je124. Jaoi43 jac285 E,
—d e M\ l"l{ e 1N /N Nt
pe_. r-—-p
B - 20
» ~J37 5,79
l 0,6907 %
. Jjeose
Hinh 15-12
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Trang thai vAn hanh binh thuéng chia hé théng trude khi ngén mich
dugc xAc dinh theo diéu kién sau;

~ Nha miy dién phat hét cong sudt cung cdp cho phu tai, phin con lai
do nha may ding tri E; cung c4p.

— Di tir nha may E.1 biét Py ldy dién ap dau duong day tai dién bing
110% Uam = 242 kV. Tir d6 xé4c dinh duge gia trj U. Liy vecto U = U] 0° lam géc
tinh lén El va E2 két qua tinh toan nhan duoc:

U = 0,842 0°

E = E |60 = 1215]3,2°

\J

2

E2 | 820 = 1,037 | L1°

T dﬁy co: 6120 = 39.2 —-— 11 = 28.2°.

Cong suit tic dung tir nha may El va E, (S = 200 MVA)

Py 20+ LP gy
200

; Py, = 1000 — 225 — 3.875
200

Tiép theo x4c dinh cdc tham s6 trong tinh trang ngén mot pha Af(l’. Khi do
ZA’:'_' Z.z + Z;E bi tinh duoc:

Z, v 0,0121 + j0,184
Z,5 = 0,0002 + j0,089.

pit Z, vao dau duong day tdi dién, bién d6i so do, tw nhin duge cac gia tri
tdng Ird sau day: '

Zy=0,436188,2°  vay oy = 90° — 88,2 = 1,8°

Zip = 1,238 [993°  viy ap = —9,3°

Zoy=0,3311[587°  viy az = 31,3°

T day xac dinh dugc dwdng dic tinh cong suit Py, P, khi ngdn mach

02 [ d
E E E
p, =— sinay + sin (812 — &) = 0,1085 4 1,017sin (6,4 + 9,3°)
1 12 d
E? E E,
Py = — sinay; - sin (812 + ay2) = 4,265 ~ 1,017sin(é;; — 9,3°)
122 “12

\
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Ti€p theo xie dinh gia (é¢ tuyét d8i clia hai nha may dién
608 pp .y, = 360
I L3
trong dé Ty qui vé co ban c6 Ty = 8,25s; Ty, = 11s.
Cong suat thuwa xac dinh theo:
AP, = Py, — P, = 1,089 — 1,017sin (812 + 9,39
AP, = Py — Py = —0,390 + 1.017sin (83 — 9,3°)

T]: AP2

Lan luot tinh Y, Y, va 7y theo cac gia tri goc khac nhau, k&t qua ghi
trong bang 15.2 ,

Béang 15-2
20 40 30 60 80 ' 90 100 120
1. 10~ 1,290 0,039 V0,467 0,300 0,135 0,185 0,280 0,658
Yy. 1077 -0,032 | —0,021 0,044 0,064 0,091 0,098 0,101 0,609
Yia. 10— 1,322 0,672 . 0,423 0,236 0,065 0,086 0,179 0,568

Quan hé Yy; = f(85) trong tinh trang ngan mach bidu dién bing dwong I
trén hinh 15-13. T diy thdy rang mot gid tri 7,2, déu duong, nhu vay mudn
ddm bao 6n dinh dong cha hé théng dién, phai cit ngin mach.

Tiép theo ta xay dung quan hé T = f(8,2) trong tinh trang sau khi cit
ngan mach (con mol 19 cha duong day tai dién). Bién doi so 46, két qua tinh
toan co:

Z]] = 0,899 83,40

Zyp = 1,065 | 97,8°
Zaz = 0,1361 | 55,5°

""{.iy ay = 6960

Vay Ryp = —7,8°

Vﬁy &2, = 34,5°

Ti day xic dinh dudng ddc tinh cong suit sau khi cidt ngan mach :
Py = 1,089 + 1,182 sin (8;; + 7,8°)
P'_) = 1,48 —_ 1.182 sin (612 — 7,80)

Tiép theo »ac dinh dwoce cong suat thira:

AP, = Py — Py = 1,008 — 1,182 sin (813 + 7,8°)

APy, = Py — P’y = —0,605 + 1,182sin (8, — 7,8°)
iy OP ] .
T, = JbOf—-T}— = [2,]93 - 2,5803“] (812 + 7,80] 10_3
J1
NPNYAY L . l :
Ty = J60f T = [—0,0972 + 0.1902 sin (8;3 — 7,8°)]10-*

Quan hé gitra ¥y,

.= Yy — Y,»va cac gié tri goc 6y, ghi trong bing sau, irng
vaiduong I trén hinh '

15-13.
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A

all | w 50 7 80 90 100, | 120
Ti.107 0,284 0,012 - ~0,325 ~0,383 -0,360 | —0,260 | 0,158
Ta. 10/-3 0:004 0,0305 0,071 0,0838 000111 | 0.0928 | 0.0188
Ti2.1073 0,280 —0,0185 ~0,396 _ —0,467 —0.451 —-0,353 | 0,079

O day can Iuu ¥ la phai tinh dén khi Y, ¢6 gia tri trd nén dwong, dé co
dién tich him t8c lon nhit co the.

Tiép theo cin e Fy = b’n
Fiume: xac dinh 8peagn = 61°. | S
Sau day sir dung phrong phap .0
phan doan lién tiép d& xac 1

dinh feagn. 0.8-

Liy At = 0,05s. Da c6 06
8130 = 28,2°. Tra ta duwong Il 5.4
trén hinh 15-13 duoc rlg(O) = ’
1,040 . 10, 02
( phan doan (1) cé: 0 T L . ' f——
2 d 120
Abdix (1) = Tia() —-A—;- = 1,3° .02] 120 l
. -0t 4
Vav & goc cudi phan doan 7
(1) la T
812(1) = 8120 + Qb2 (1) = = B Hinh 15-13

28,2 + 1,3 = 29,5°
O phan doan (2), tir 8;2(1) = 29,5° tra theo dudng I ¢6 T3 (1) = 998 vay
L A8 (2) = B (1) + T (DAL = 1,3 4998, 25, 10-3 = 3,790
Vay 812(2) = 615 (1) 4 Ay (1) = 29.5 + 3,79 — 33,290,

Tiép tuc tinh todn cho tdi gid tri 812 >8pcargn k&t quid duoe éhi trong
bang 15-3.

Bang 15-3
t[’] 81 [O] Tia [0/32] Ti2. Alg‘[O] | Asyp [°]
0 28,2 1040 2.6 1,3 -

0,05 29.5 | 998 2,49 3,79

0:10- 33,29 877 2,19 5,88

0,15 39,27 700 1,75 i3

0,20 47,0 488 1,22 8,95

0,25 55,95 305 0,76 9.71

0'30 65166 - — -

® Hinh 15-13 & true Y12 cée gia tri dwgc nhan .thém véi 10°
l
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T& nhitng két qua trén day ta xay dung duge quan hé &, = ft) va véi
dotigh = 61° ta cé Py = 0,277s. ' :

13-4. ON DINA PONGC cUA HE THONC BIEN PEACC TAP

& muc trén ta da xét dn dinh ddéng cha hé théng dién theo so dd «nhi
may dién — dudong day tidi dién —hé thdng dién c6 cOng sudt hiru han»: So
d0 nay phu hop v6i nhirng trudng hop cin khio sat hanh vi 6n dinh ddng cla
nha may dién cdng suit lon (thly dién ho#c nhiét dién 16n & bé nhién li?u)
& xa trung tdm phu tdi. Khi d6 nhitng nha may dién con lai dwge ghép déng
tri trong hé théng nhan dién.

Trong truong hgp cic nha may dién c6 cong suft twong duong va khoang
cach dén trung tam phy tai khong khac nhau nhiéu thi sir dung so d0 trén sé
pham sai s6 lon. Trong truong hop nay xét &n dinh clia hé théng phdi quan
tam dén sy bi&€n ddi theo thoi gian cha 14t cid cdc géc tuong dé6t ;5 giira cac
nha mday dién. Vi 36 lugng cac goéc 8;; nhidu nén khong theé x4c dinh duoe gée
dcs gioi han, ma phdi dang chi tiéu tcer gi¢i L'an nho phuong phap phan doan
lién tiép.

Noi dung chii yéu phuong phap xét dn dinh déng clia hé théng dién phire
tap bao goém nhirng diém sau:

Gid thiét hé thdng gdbm n nha may dién néi
\or voi nhau boi mdt mang lién &t nhim cung cip
dién cho phu tdi nhu trén hinh 15-14,

L D& xac dinh dic tinh .cong suit P; truyén
Mang lery ket -.——@ di tir nha may i trong céc tinh trang: trudc, trong
) €, VA sau ngin mach ta st dung biéu thirc sau: »

? .
é é’; P; = R, ’Ei' f;‘: t=12, .. n (15-21)

= £ trong d6 1; 1a dong dién di tir nha may i. Gia tri
! 2 I; duge xac dinh theo nguyén li xép chdng, nghia
Hinh 15-14 '

1a f; bao gdm thanh phan £ tac dong khi moi E,

J

k + t bing khong vA thanh phin tdng chc thc déng cla El; k=1 2, ... nvoi

k=i, khi E] = 0. Ditu d6 dwgc didn ti nhu sau:

» n |
i, = ;((doE; tdc cwng) VE =0; ket (2 E; ldc déng)E} _ of
k=1

T day cde gia tri [;; ¢ =1, 2, w., n dugc viét trong biéu thirc:

L=ti+te+ o + 6
Lr=To+ 0y 4+ .. + 1 | (15-22)

in = intx‘*“ in?. + ‘e + in. n-1



lFong do

E’ E'
fii=—'-'; \lii:"'—J—
YA ' Z;

va

E =E s : Zi = 2 |90 — au

Tt bidu thire (15-21) két hop vai (15-22) ta viét duge cac dwdong ddc tinh
tinh cong sudt cua nha may dién P;i=12 ..,n

\
E’ n E E, |
P = - sin a;; + 2 L. sin (b;x— &ix) (15-23)
i k=1 ik '
k=i
tl‘ODg d6 chu y dix = — by Zix = 2y
Chéng han hé théng gom 3 nha may dién, ta c6:
E} E| E; E; E;
Pl = sin ayy + sin (8;3—an) + - sin(8;3 — xy3)
711 Zy2 : 13
2 . ) ’ .
E : E1 E E2 Es
P = sinag; — sin(éi3 4+ ag) + ———— sin (823 — a3)
Za 12 Y A%
E; . EjE E;, E,
P, = sinazg — sin(8y; + ay3) — (sin 823 + @33)

33 13 23
Sau khi xac dinh trang th4i lam viéc ban diu clia hé théng dién (trudc
khi ngin mach) nghia la biét &,,, tha tuc tinh n dinh déng tién hanh theo cac
budéc sau: |
1) Theo duwéng dic tinh cong suft & trang thai ngan mach, xac dinh luong
P,(0) & thoi diém ngan mach. '

E* n EE; -
P(0) = —— sin ai;; + > ———— SR (Sixo — k) VOi Zii, Zy,
! Zii k=1 ik
- k=t

la gia tri & tinh trang ngin mach,

2) Xac dinh cdng suét thira tic dong lén phan doan (1), d6 la AP(0):
i == 1, 2. ey 0T -
AP,(O) = Pio - P,(O)
3) Xac dinh 4 tang clia cic goc tuyét d6i As; trong phag doan (1):

Ad(1) = K; APQ"O) i1, 2 .00

{

4) Xéc dinh goc 8 & cudi phan doan (1) e
bi(1) = 85 + Asi(1)
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5) Xiic dinh cac goc luung doi 8, » cudi phan doan (1)
(D) = 6 () =8 () voi i=1,2 .,n; k=1,2, ., nvaisk
6) Véi cac gia tri 8,(1) ta x4c dinh duge cac lugng cdOng sudt cha cac
nha may { & cudi phan doan (1), dira vao dlr()ng dic tinh cbng sudt P; & trang
vhai ngdn mach, nghia la xac dinh duge Pi(1); i = 1, 2,
7) Tu day xac dinh duge lvgng cong sudt thira tac déng lén phan doan (2):

AP(1) = Py, — Pi(1); =12 .,n ‘

8) Xac dinh 40 ting vé goc As; & phan doan (2) va v& sau cé khéc 50 V@i
phian doan (1). Nhu di biét As, (2) c6 dang

Ab(2) = A8i(1) + K; . APy(1) b

9) Cho trudce gia tri thoi gian cit ngan mach tesr. Tinh toan véi cac phén
doan tiép theo. V(n gia tri cic phin doan Al = 0,05 — G,1. Cha y la khi dén
phan doan vuot qua gid tri teacr thi cac luong coOng sudt thira phai xac dinh
theo cac duong dic tinh cong sudt & trang thai sau khi cit ngan mach dac gia
t” Zn. Z,k mé'l)

10y Néu cac gée twong ddi &y qua cic phan doan tiép tuc ting 1én mai,
nghia la hé théng mat n dinh, thi cin ldy gia tri lca2 << i1 d€ linh toan lai
cac buédce trén day.

11) Néu cac géc tuong d6i 6;x bat dau gidm din theo thoi gian, dén gia
tri duy tri nghia la hé thong c6 On dinh dong, tuy nhién c6 thé LO gia tri leatn
d6 chua hop li, co6 thé cit ngian mach cham hon, hé théng van c6 bn dinh. Vi
vay cin ldy gia tri fosz > tenz va tinh lai cac buoc trén day.

Mﬂd“kofn’)
0T, 2. -
ke23...50¢n

f U

Yy = £ 5 0i5m ? Q}

WV T SV R - N, |

» , dbng. Hé on dinh :
i 7 1

S tdt(mu( {cﬁéﬂ

l" fm‘i‘(nw 2 ledtn

ae ol

Hinh 15-15

Tu day adc dinh duoc gia tri gioi han cta thoi glan cét ngﬁn mach Peagh

va tha tuc d6 dugec mo ta trén hinh 15-15,
\
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' | "
/Wlec tlnh todn Bn -dinh doéng clia he' thong dlén phll‘C tap theo phuong
Phﬁp p‘hﬁ»n doan. hcn tiép trén day to ra thuén tién khi duoc chuOng trinh hoéa
Vﬁ glal !rén méy tinh d]én tl.l' : TN . . %

‘Trong tru'émo hop ku’%m tra so bd vé Bn dlnh dong cua hé thong dlén
khl dﬂng thn'(g? tinh, d& don gian, [hudng Sit dung so dp ¢ nha may lruyen i
“dudng day tai dién — hé théng nhﬁn dién ed cong suit hiru Jhan» va strdung
phlrong phap dign tlch va phén doan llen tiep de xac d;nh Lcargh.

15-5. NHONG BIEN PHAP CHU YEU NANG CAO \ S R

ON mNH DQYG cUA HE FHONG. PIEN

- Nhu da biét sw kién mgt on, dinh dong cha hé’ théng du,n cé thé do ‘
nhleu nguyén nhan khac nhau, Chﬁn(f/hln do sét daph gdy nén ng&n mack rac
dang do dirt day, do cét dwong day, mé\ ‘bién 4p mang 1ai nﬁng Vv,

Mait on dinh dong thuung dan. dcn nHirng hiu qna nﬁng nc. Lnn tan ra

. hé& théng, vi 'vay tim- nhung bién ph&p Hand cao tinh On dmh Aong 12wt

'dién tich hdm téc ting 1&n, dam: bdo 3h dinh cho

trono nhlmg nhlem vu quan’ tronﬂ k 1i thiét ke va diéu khlen he thong dlen i

/ . f

Nhitng blen phap c,hu 'yéu nham nanﬁ o Bn ‘dinh donn la:

! 5 [

1) Cdt nhanh sy ¢§ nho hién dai horz trluél bi bdap vé rale\ua may cdt u'u'n

Khj cat nhanh s& gi¢i han khéng cho sy c¢6 lm tran, Ngoai.ra khi cat nhanh

dirge su ¢4 cho phép ta 1ruyen di luong cong suil f’ lo6n-vin damr bdo dicy
kién dn dinh dong. P e

!

?) Tar dong déng lgi duong day (7 DL) sau Hu cal sir ¢d. Vi ph in 1on ngén

“mich trén dudrng day mang tinh chif tam thoi (sct hénh) nén sau khi Ldt duong

day, s cd hét, ta co theé tir dong donﬂ lai duwony d’éy d6 sau mot klodng thdi
gian (0,1 — 0,15 s)' d¢ ion cus h0 quapg & diém- ngdn mgeh duge khit hét
Jhoi gian dé thyc hién TDL tuv 16n hon thoi gia :l] dé ion, nhung phai nho dé
¢ théng. Trong thuc té TPL
rat c6 hiéu qua dox voi nhirng day.ndi toi phu’ tai. ‘Khi s lién lac gitra hai hé
théag dién la dwong day tat dién mot 19, viée ‘TPL dudng day dé cin ph(‘ﬁ
bcrp v6i bo phin kidm tra tinh dong bo glua hai hé théng. 2

AGia tri gioi han clia tOng thorl gian ciit va thoi gtan TBL cund duoc xac

dinth theo diéu klén can bing glua dién tich tang toc va dnen txch ham toc lom -
nhit cq theé.

../v . - LT /I
6 day cah Ity )’r 131 hang sé quin tm}{TJ cla mav ph{lt din c¢6 4nh huornu

: dén qua trinh- ']’DL Gia”'tri twong ddi cha T\) cang lon thi TDL cang dé dang

vi roto ting cham. Gi4 tri toong ddi Ty cha nhi may truyén di so véi edng.
sudt toan hé thong cang lon, nghia 14 hé thong nhan dién lén gip nhitu lan
cong suat ‘nha; mc;)( truyén di, khl do thuong ’I‘BL khong gap kho khan gl

'

I\mroc lar d6i woi nka may dién 16n, & xa va hay nhuw toarn - b6 cong. suﬁi

duoc fruyén dén hé théng nhin di¢n-co cong sual hitu, hdﬂ bdng dtrong day
'mét 16 thl vé nguyén tic la khéng thuc hién 'I‘DL it dam» bao on dmh dong

‘ S e N Bary

jlzza—nm L - " a7



3) Bu doc va dal t;uc tram cdl trén du-drng ddy 1di 51&11. Pit céc. b& tl}ﬂ
‘,dien trén duong diy nhim gidm dién khing Zp ‘clla dudng day, dowld néng
cao duong dic tinh coéng sudt khi sy c6 va sau khi cat 3w cd, din dény glim
dlen tich ting t6c va tang dién tich him tdc lén- nhit c6 the, ning cao db’dq

trit On dinh déng. - . . L ‘

Ngoii ra trén nhitng dudong day tai dlén di xa thudng xay dwng: n‘hﬁ’ng
tram cét d& khi xdy ra s ¢4 chi ciit phin doan c6 sy cd, lam cho dlén khéng

toan mach khpng ting lén nhiéu trong trang thai sau khi cit ngin mach.- 2

%) Mot s8 btén phdp phu. Nhirng bién phap néu trén thudng dam bacr pn
dinh- ‘déng nha cdi thién didc tinh céc phdn tir chinh (may phét dién, may~ Gﬁt 2
dudng day tdi dién.. )cua hé thdéng. Ngoai ra con diang mot s6 bién phap phu'
thém nhim ning cao On dinh dong. Ching han ndi @it trung unh mot ‘s§ méy
bién 4p dién luc qua dién tré hodc dién khéng Blén phap nay 1am ting Z,y ofia

magg thur tu khong, khi ngian mach khong aogi xung cham dat, Khi tong trd Z 03

ting, gia tn Z, tang, lam cho téng tré tirong hd  Zy, glam. do d¢ gia tn ..conh Z
sudt truyén di & trang thai ngén mach, (khong ddi xu'ng) titng len \a dlen ﬁch\'
tﬁng 16c¢ gidm dl |

b

Bién phap nay khong hneu nghiém d6i vai loai ngan mach don xu-ng-
(3 pha). Vi vay khi dé thwong dang bién phip ghim dién hoic ghlm éo' hoc. '.

Ghim dién 1a d6ng phu'tdi dién tré vao phin tinh méy phat dlg_n trong
*truong hop ngin mach 3 pha, nhim tiéu thy lugong cdng sudt thira do tude bin ”
sinh ra, lam cho roto d& quay 16ng 1én va c6 thé dem lai on’ dmh cho hé thong,
Nho phu tai dién trd do ticu thu cong sudt’P khi ngin mach nen d’len tich ting ;
tée khong 16n lam, va thoi gian cét giGi han'cé the lon hon R ‘

Ghim co hoc 1a“thiét bi him roto mdy phat khi xay’ i‘a ngan mach tram '
trong trong hé thdng. nhiim ling hiing s6 quan tinh Ty cha’ may . phat 1am qui
“trinh ting cla géc & Khong Xay ra manh mér do 46 c() th@ keo dai thoi gian .-
cit cho phep : '

4] da) cin chd y I3 moi bién phap ning cao dn dinh déu kém theo Stt
Ling vin dau tw, hoge anh huwéng toi cac chi’ txeu chat hro'ng khac cha he thong, :
vi vay khi lua.chon cin phai dya trén nhitng 50" sanh-toan dién va kinh t& k¥
thuat, Chiang han d@ ning cao 6n dinh {inh cta h‘e thong ta mydn @éy th
dién lam viéc voi hé s§ cosp thip; vi khi do kha ning phat ra cong suit phin
khang Q lén, sitc dién. dong E cua may phdt €0 gia tri cao va gi¢i -han duang'
dac tinh cdng suit P cao. Nhung may phat 1am viée voi cosp thip khong kinh
té, vi tAn dung thdp khi ning cong sudt thiét k& §, khong nhirng thé lu'cmg ﬂt
phat di 16n sé Iﬁm ting ton that dién nang trén du'dhg day. - ;

Hojc ciing vi dicu kién niang cao on dinh- ta muén thiét ke mﬂyfphat d.én
c¢6 tham sé T4 nhé, nhung khi do khong nhfmg may phat pha: ¢ kich thu*éc
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16m. 42 c6 khe hé khong khi 16n (48 gidm 2., va 24) dit tien, ma nhitng may

phat d6.con cé gia tri dong dién ngdan mach dau cuc lon l/tl 1é voi ), gay kho
\ T4
khdn cho viéc chon thiét bi dién.
Ngoai ra ciing luu ¥ rang bd tu dong diéu chinh kich tu (TPK) cac '
logi cé téac dyng rd rét dé nang cao, 6n dinh tinh, nhung déi voi 6n dinh déng,
tac dong do bi han ché vi cudn day kich tir ‘c6 hing s& thoi gian, néen dién
ap kich ttr khong th& tdng rdt nhanh dén gia tri gidi han (kich tir cudng bire),
mi ugan mach lai phai cit voi thoi gian nhanh. Vi 18 dé-trong thai gian ngan
mach, qua trinh tang clda ste dicn’ dong E’ c6 4nh hudng khong 1on lim dén
viéc lam giam di¢n tich tiang toc va tang dién tich him téc.

Cudl cung can noi thém la c6 nhiéu truong hop sau khl cit su cd, hé
thong dién con chiu dao dong duy tri va lam viéc trong tinh trang khong dong
bd. sau d6 can thuc hién tai dong bd. Nhitng qua trinh qua 40 cta hé thdng
d1én & trang thai khéng dong bo va diéu kién dé¢ tai dong bo doc gia co theé
tham khao & tai lieu khac, ching han [TK—8]. '

Al
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Chuong n!.u'o'i sadu

SI' DUNG PHUONG PHAP HAM LIJAPUNOV NGHIEN C(OU
ON DINH DPONG CUA HE THONG DIEN

16-1. MO BAU

Nhur & chwong trude da trinh bay viée khdo sat 6n dinh dong cta hé
thong dién thuong tién hanh nho nhirng plinong phap tich phén hé phuong
trinh vi phAn phi tuvén nhidm phan xét tinh 6n dinh cGa hé thdng qua tinh 6n
dinh v¢ nghiém cda hé phueong trinh vi phan nay. Vi tinh phi tuyén, phire tap
cia hé nén da st dung nhitng phuong phap gidi gin dang (pban doan). Uu
diem cua nhirng phuong phap nay la cho phép thiay su thay doi cia cac thong
s0 ché do theo thoi gian, cling nhu thiy duoc nhitng yéu t6 anh hudng dén
qua trinh qua d6. Tuy nhién khi st dung phwong phap tich phan sé trén day
khong dua ra dugc nhitng chi tiéu chat ché dé danh gia 6n dinh nh4t la trong
truamg hop hé phire tap, gom nhiéu t6 may.

Phirong hudng tht hai nghién cuu 6n dinh dong cta hé théng dién la
dwa bai toan vé viée khao sat tinh on dinh cta chuyén déng theo khia canh
dinh tinh, nghia la khong can xac dinh nghiém cia hé phuwong trinh vi phan,
ma c¢hi lim diéu kién, tiéu chuan nhim dam bdo nghiém la 6n dinh. Phuong
phap nay do Ljapunov [TK«7] ddt co §& ddu tién vi vay con goi la phuong
phap truc tiép Ljapunov. Phuong phip nay mang tinh téng quat, hién nay dugc
quan tam nhiéu. Tuy nhién cling con nhirng mat can khéc phue, chdng han chua
thiiy dugc sy anh hurdng cla cac yéu t6 khac nhau vao qua trinh qua 49, viéc
xayv dung ham Ljapunov chua c6 thu tuc tdng quat v.v...

Sau day s& trinh bay nhirng nét chl y&u vé noi dung phuwong phap ham
Ljapunov khao sat 6n dinh dong cia hé th6ng dién.

16-2 HAM LIAPUNOY—CHNi TIED ON DINE BONC
Nhu da biét bai toan dn dinh dong ciia hé thing dién din 16i viée nghién
ciru tinh 6n dinh nghiém cla hé phuong trinh vi phan phi tuyén sau:
s
de?

= £(s) (16-1)

149



lrong d6 8 1a vecto n chidu, thd hién cac géc &, tnyét doi ciia cac nhi
mdy dién,

F(8) vecto ham cfia nhirng bién 8.

. (‘T\ché’ 40 lam viéc ban diu, hé thong dién duoc diac irung boi vectio
khong ddi & = s, 1a nghi¢m cia phuong trinh F(8) = 0.

G ché d6 on dinh sau khi ciil ngan mach, hé thong dién cling duoc ddc
trung bdi vecto khong doi & = 8, 12 nghiém cla phuwong trinh F,(8) = 0.

. D\_ra theo tinh thin phuong phap thw hai (truc tiép) cta Ljupunov ta xél
on dinh cua hé théng dién & tinh trang sau sy cd, rng voi 6,.

| Goi quan hé cla 8, theo thai gian 1 chuyen dong khong nhiéu 84(1). day
chinh 12 chuyén déng cin xét &n dinh.

Nhung goc 8 bi kich dong (ciit ngitn mach) nén c¢6 gia tri khac é,. vi vay
goi 8¢ty la chuyén dong bi nhiéu.

O thoi diéem ban dau ¢, gia tri 6(t,) khac 6, nhung néu hé thong 6n dinh
khi f— 2 ta cO §(1)—b8,. TU day co dinh nghia 6n dinh theo Ljapunov nhu
sau (hinh 16-1): )

Chuvén dong khong nhicu e,(F) Ia 6n dinh néu vor moi s e 7> 0, be tay
voche trude, Juon tuon tan tai so me) > 0 sao cho moi clhipven dana bi nhiédu
Aty khi thoa man diéu kién din

| 8g Ug) — 8 ({1 <mthi v&1r moi f >, co:
| b l) — 8 (Hr | <€

bé tién loi, 1a thue hien bién doitoa do, bing cach dal hién

As =8 — &, (16-2)
Nhy ovav viee xet on dinh cua chuyén l‘
Jeng Fhong nhiéu 8, (t) duge chuyén :
ve ot endinh eda qua trinh As (=0, i:
nglia lo \él on dinh cta diém can

hang khi ton lai nhiéu. Khi! - e

A4 () —0 14 cOo on dinh tiém can,

nohia |
ImA &6t =0 P ->-
| —> ®o f,:O i
( thosi diém cat ngan mach goc Hinh 16-1

6 lech so voi 8, la As,. Voi thai
gioan cat ngan mach khac nhau co cac giai‘tri ‘nhiéu As, k}u’w nhau va anh hueng
inh on dinh cda nghiém A$ (). nghia la c6 quan hé

As = As (L, As,) (16-1)

“toi

Tn day thdy rdng phan tich quan hé (16-3) cho ta tra 1&i veé tinh d6n dinh
As = 0. nghia la cla ché do duy tri sau Lhi cal ngin mach (dac
(rung boi goc be)- Ngoai ra C(;) lh.c‘ tim du.(_.rc gioi han cda nhiéu ban dau
As, dé dam bao As (t)— 0, nghia ?!a otim .thm gian cdt ngan mach cho phép.
po chinh la tinh than clia lieu chuén on dinh theo Ljapunev.

rua nghi‘:‘m
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Khai niém lrung t&in cla phuwong phap thu hai (trye tiép) Ljapunov i4
fighién cuwu trwe tip st ou dinh cha vi Uri can biing cta hé phucng trinh
(16-1) bang cach xiy dyng ham Ljapunov V ma klLong cin lim nghiém cha hé
phueng trinh do.

Vo la mot ham vo hudng, & day V phu thude vecto bién As nén ki hiéu
V(As).

Piéu kién dua cia dn dinh dugc phat bidu dudi dang dinh li sau day:

1. DPtnh 1f Ljapunov-vé dn ditnh. Néu trong mién Q lan can goc toa d6

ta xay dung duoe ham V(As) > 7 sao cho —(([i—:‘/ Lo thi vi- tri di¢m can bing

As = 1a on dinh.

Ham Ljapunov V (A#) 0 day ¢dé nhiang linh chdt sau: lién tuc cung voi
dao him riéng cua noé trong mién Q lan can goc toa d6, xdc dinh ddu trong
micm O (& day gid thiét la xac dinh dll'O’ng)’\}ﬂ ViAs) = 0 khi As = 0.

Bicu dién hinh hoc cua ham V(AS) theo hai bidn As,, Aé, trén hinh 16-2a.
Ngoai ra vi V(A8) 1a don iri nén nhirig duoag mac khi V= C = const trén
mHt phang A&, As, nhu trén hinh 16-2b c6 tiah chit la: tng véi gia tri V
lon, (]:1n‘n'|1g mut hoan toan bao nguai mic Gng voi gu tri V bé. "

Hinh 16-2a Hinh 16-2b

Pinh li vé& 6n dinh trén day c6 thé nhan thae duoc mé* carh true giie.

]
nhy sau: Vi ham V(As) lién tuc ma ludn ludn duong, nguoc lai iid\— <0, nén
t

néu co diem & lan can goc toa do, qui dao chuyén Jong ciua di€m dé s& hwéng
veé chieu giam gia tri V, nghia la di xudng goc toa do \a qué trinh la on dinh
_Chung minh chi tiét doc gia co thé tim thiy & [TK—7]). Khi %—:— << 0 thi géc

toa d6 co on dinh tiém can.

Chd v 13 dinh 1i trén day néu didu kifn dd clia 6n dinh, nghia la khi co

‘-5

nhirng dic¢u kién trén thi he 40 14 6n dinh, nhung khi nhung, diéu kién tren |
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khong ¢o thi chuwra han heé khong 6n dinh. Vi vay con noi dinh li Ljapunov vé
on dinh la qua chit.

Vi khao sit 6n dinh d6n7, ngh¥a 11 kh ninz 6n dinh clia hé khi ¢ nhitng
nhiéu l6n, néa diéu quan lrong la phii xéc dinh mién 6n dinh © md khi dé
ton tai haim V(As), hodic cin xac dinh gia tri nhiéu As, ldn nhit ma khi do
hé con 6n. dinh. Didu nay dugc thye hién nhu sau: Can xac dinh dudng mae
16n nhdt I(As) trén mial phing As con nim trong mién 6n dinh Q, tir dily xac
dinh dugc gia tri cuc dai As, cia nhiéu ma ché dd sau sy ¢6 van On dinh,
Nhu viy c6 thé néu 1&n chi tiéu 6n dinh theo phwong phap ham Ljapunov k&
tim mot khdi nhiéu chiéu (bién As 1a nhiéu chiéu) cé canh 2en,,, niam hoan
todn trong vung ton tai ham V(As) & lan can gbc toa dd. Khi dé rng v6i nhitng
nhiéu ban dau As, khac nhau ta cé cic gia tri ham V(As,) khac nhau, vay tieu
chuin 6n dinh la

V(As,) < l(3max) (16-4)

trong d6 gia tri goc écar hoidc fcar dd phdn Anh wao nhidu As,

[(8maz) 12 gi& tri cuce dai ciu ham l(e), nghia la ham V(As) khi thay As = ¢
dl(e)

de

va cho = 0.

Tir bat ding thire (16-4) v6i cdc gia tri fcar khac nhau, ta xac dinh duoc
gi4 tri giéi han chia vhién ban diau As, va suy ra laws nham ddm bdo bn dinh
dong clia hé thong, nhu vay da c6 loi phan doan chit ché.

2. Xay dyng ham Ljapunov.

[lién nay chua co6 li thuyét téng quat dé xdy dung ham Ljapunov V che
moi trudng hop, tuy nhién da tim duoc phuong phap x4y dung ham V cho
mét sé dang phwong trinh khac nhau. V& ¥ nghia vat li, c6 thé hiéu 1A ham
V dic trung cho nang luong cua hé, vi linh on dinh clia ‘vi tri hé co ilién quan
dén nang lugng cua hé trong trang thai dé. Ro rang vi tri la on dinh khi ning
luong cha hé & trang thai do la cuc ticu. Tiéu chu%n on dinh theo Ljapunov
la sy m& rong cia y nghia nay.

Sau day ta xét mot vai vi du don gidn vé cach x4y dung ham Ljapunov

va khao sat 6n dinh cua diém can bang.

vi DU 16-1. Xét phuong trinh vi phan bie 2:

x4 g(x) = 0 (@)
trong d6 g(x) 1a ham kba vi voi moi .

Phugng trinh nay cé thé hiéu nhw dinh li ehuyén déng cta chit didm
duéi tac dung cua luc g(x).
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Dwa vé dang hai phwong trinh vi phian bac 1, bang cach thay bién

r= 1

x:x-;

Khi d6 co hé phuong trinh vi phan sau day:

-1.71 = X
) (b)
X, = —g(Il)

hé (b) twong duong voi (a).

X\

Gid thiét dat G(x) = fg(x.)dx,. Néu ¢g(x) >0 va chi bang 0 lai x, = 0 thi:
Q

G(x1)> 0 nghia It ham xac dinh dwong va la th¢ ning cua hé. Con dong

ndng cua hé & day chinh la . Vi vay ham V{(x,, x,) duoc chon trong dang

ning luong {oan phan
¢

lO [ ]

-+ J‘(}(In)dxi

Kui do V(x;, x;' xic dinh duong, nghia la V(z;, x,) >0 va V@, 0) =

Tiép theo ta kiém tra tinh 6n dinh nghi¢m clia hé (a) theo dinh li Ljapunov.

Liy dao ham 2" “:’;; T2 duwa vao (b) co:
V = TaTo + g(x.):f:l mi Tn = —qg(xTy) vi :x:'l = Z» Nén

V(xy,%2) = 0, nghia la théa min dinh li Ljapunov va nghiém x = 0
la én dinh.

Vi bU 16-2. Khao sat tinh 6n dinh cha mach dao

, L dong R, I, C Lhong nguon nhu trén hinh 16-3, nghia
JI_r_ | 1a khao sat sir 6n dinh ctia trang thai can biang hlen.

tai (i = 0) khi xuat hién nhiéu

Ta viét hé phuong trinh vi phan o6 ta dao déng

Hinh 16-3 cliia mach :
t
[%{4-1?\#——.].:'(1!:0 (a) °
' o
t
(y day c6 thé coifidl 14 gia tri dién loeons ¢ va ki hiéu la bién z.
Q
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Khi do z 13 dong dién i va phuong trinh (a) co dang tong quat nhur sau:
Lz + Rz + | x4+ gz, &) =0 (c)
C

trong d6 g(z, )13 ham phi tuy&n béc 2 trd 1én, mé té {ye nhi¢u nao do.

XéL On dinh nghiém 0 khi x = 0, X = 0,

bat T = X

Hé (¢) tré thanh :

Xy = T
. R 1 g(xy, T») (d)
X9 —= = — Ty — L, — 2 27
L™ oL L
chon ham
2 X1
V_a:2+p ! x+Lg(x xs)|dr
2 J cL T LT T
[+
2
> TaL® J L 9T T
[ ] 0o
‘ x2 )
Thanh phan_? 4 ! z° 14 ham xic dinh dwong, con thanh phan

2 ocL 4

1 o~ ~ . 2 ~ ‘ 4 v .
Jfg(xl, a)dx; 1d ham phi tuvén vO cung nho bé béc 3 tro lén. Vi vayv dau

ctia V xac dinh theo thanh phan dau.

Tiép theo xét V' theo (d) ta co:

. 1 1 )
‘I' = sz + [CL T + —Eg(ClTl, 1'2)] T,

R 1. W

=X — - Ty — —— — — g{xy, Xs *
[ L CL‘ 7 9w+

[611: T, + — g(ll. I")Jx

= = e CU: < 0
Vay diém x == 0; x =0 la 6n dinh tiém can, phéh anh ban chil vat I
cGa bai toan.
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16-3. TIEU CHUAN ON BJNH DONG THEO LJAPUNOY CUA Hf THONE BIfN.

Trong mye nay trinh bay wng dung phwong phap ham Ljapunov X4c
dinh di¢u kién 6n dinh dong cia hé théng dién voi gia thiét la hé bdo tean
(khéing xét luc cln), ching han coi mav phit Jdién c¢6 sirc dién dong 14 hanc s -
va bo gna qua trinh qui 10 dién tir, bé gua dién tré cita cac phin té, he thong
nhan dién co coOng suit vo cung 1on. |

Trang thai chuvén dong tirong doi cua hé thong dién gébm n may phat
dugc mo ta boi hé phuong trinh vi phan bic 2 sau day '

g (%6 ,
Iyj— % = Py =~ Pi(6), ... 8,) = 0P, (16-9)
dt-
1=1, 2. , It
trong dé §; la goc cla may i so vai vecto déng bo
P, I cong sudt ban ddu cua may «
P; Ia coéng sual dién cua may i trong cac trang thai khac nhau (khi
st cO va san suoeh)
T, Ia hang so quan linh cua may 1.
N
Khi xay ra ngan mach s can bang cong suat bi pha vo, vecls goc
6 == (#1. d2...., 6,) bi€n thién thco qui luat~la nghiém 6(t) cua hé (16-3) véi
L]
vé phai AP == 0
Khi su ¢o duoe loal trir sau thoi gian fesr nao do hé thoéng neu duoe
on dinh thi can bang cong suidl Jdwoe khoi phue o ché do xac lap sau s eo

dic trieng boi vecto goc 6, = const. Khi do ¢

AP, = Py, — Pi(s,) = U (16-6)

Nhuw vay bii toan on dink dong ctn he thong dién dwoe daa ve xé: On
dinh cha trang thai xde lap sau su c0 8 v g0i 84(1) la chuyén doéng khong
nhiéu ing voi nhieu ban diu nao doé: Abé, = dcar — bg, trong ¢ doy i goe irnyg
voi thoi diém cat su co.

Tom lai 1a tim dia tri gidi han ctia nhiéu As, de §,(1) la on dind.

be ap dung phuwong phap ham Ljapunov ta chuyén hé phirong trinh (16-3)
veé dang®viét theo bién nhiéu A$.

Irong truong hyp don gian. he (16-3) viél duue [xem chueng 13]:

£l o EE
P = Siré; + E i, sin 6,y (18-7)
Liu =1 Tix x
k =i
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Thue hi¢n phép d6i bien d¢ nghién ciu tinh 6n dinh cua chuyén dong
bi nhiéu e, (£) = 8,4 + Ab; () va tuong tir c6:

ik (1) = 8ixy + A8 (1). Tr day, hé (16-5) viét trong dang:

Ty

4 2 &
d 6" . (A8, = I, - [blt Sin (6, + Abi) +

a T T T

n -

+ E Ei_lfk SiH.(é.nﬁ + Abik]
ki ik

do do:

LU.

TJ_] dt: — Poi — | ——(sin [N cosN8, -+ SinAbiC.Sé_qi)] +
) Lin /

FiE,
Xk

n
+ ) (Sin 84 cosDby + sinlbiy cosb,,,ik)]
k=1
k=1

Theo bieu thite (16-6) & ché do xac lap san sw ¢d ta cé:

. u ’
P, = Pi(é.) = £V Sin 641 + Z Ei£y sin 8.k
Ty k==1 Tik
k-1-i

Lhay gia tvi I’,, vio phuong trinh trén, ta duoc :

2 e / )
TJi ! Ar,é‘ = — b' cOs 6.1 SlnAéi - Ell sin éﬁli (1 - CQSAOJ) -
(Itu Iiu ! in
1n ~ A DA .
-y Bty cOsb g SINAby — Fb Sindgix (1 — t'm‘;\é.g)] (16-8)
k=1 ik ik |

k=Fi

Trong truong hop chi xét dén tinh doéng bo gita n may phat voi thanh
cai dién ap U = const, ma b6 quu s lien hé ngang gitta cdc may phat, nghia
la ghép ddng tri cac may phat do do: Asy = 0. khi d6 phuong trinh chuyén
déng bi nhiéu (16-8) co dang.don giin:

2 Ll . NI :
T ’.__1 As = — | — c0sb,s5InAs — ! siti 84 (1 = cosA8) (16-9)
dl2 Tiu xu ’

voi i — 12,0
(O day luay 1a cac dien khang .oip o (16-8) duoe xédc dinh theg so d6 sau
khi cat su cO.
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s oA . . 1 61 N A~ ~ [ a - A . >
Dat bien moi dj‘tb = ! T = S, Ia ¢ sO truot hode toe do tuung doi cua
{
roto may i so véi téc dé dong bLO w,. Khi d6 hé phuong trinh.vi phan bac 2

dang (16-8) chuyén thanh hai hé phuong trinh vi phan béc 1 sau day:

db _ ,
dt (16-10
dS

7,82 = g (Le) — HI
2 dt 7t

trong do As la vecto n bién gia s6 goc As,
S 14 vecto n bi€n hé sd truot.

Ty 1k ma trz‘_ui duong chéo clp n cic hing s6 quan tinh.
g(Aé) Ia vecto ham n phiu tiv phu thudc As;

H i ma lran vuong cip n co cac phan ti trén dwong chéo chinh bing 0,
con cac phin tir khac 12 ham caa Aé;y, trong do Aé; = As; — Adva
bgik = a.i — bgx

I la vecto den vi hang n.

Bai toan bay gio la xét on dinh dong cia géc toa do, nghia la 6n dinh
ctia hé nghiém $ = 0 va Aé = 0 cua (16-10) gén 2n phuong trinh vi phan bac 1
\’(I)i 2” an Si Vﬁ Ab. » i = 1, 2, cevy AL

D& dua ra chi tieu 6n dinh dong theo Ljapunov ta lap ham V(S, As)

trong dang ning luong toan phin nhu & vi du trong muc trude -
A‘i Abil;
o 1] o 9 n
(S, As)y = Y STusSi+ = | gasndrs, + ) H(Abi)dAs;,  (16-11)
i==] i=1 ° i<k .. ‘
72%

Vi gl:l thiét hé lhfSng bao toan, nén V = =0, Tuy nhién trong cac

il .
triwong hgp ¢u thé can xdc dinh mién @ng voi gia tri nhiéq ban dau Aéu ma heé
on dinh, nghia la théa min dinh li vé 6n dinh Ljapunov: V>0 va V < 0.

Sau day ta xét cho truong hop don gidn: hé th6éng gdbm mot may lam
viéc v@i thanh U = const va c6 xét dén dién tré trong mang dién. Khi do hé
phuong trinh (16:10), do cac Aé; = 0. nén tré thanh:

dAs .
~ar =0

ds (16-12)
Ty——— = —qg(Ad
"Tdt g(as)
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trong dé

g(Aé) = cOS(8y — )sinAd — sin(be — a) (1 — cosAs)

Z la téng tré twong ho gitka I7 va U

a L goe phu cta tong tro £

8 it g0 xiu lap ¢ trang thiai sau sy cd

Ham Ljapunov V(§, As) xay dung theo (16-11) c6 dang:

£U cos(bg — a)cOSAS — LY

sin(éy — a) (A6 — sinds)
(16-13)

ViS, B8) = = TuS* +

4

Tiép theo can xac dinh chi tieu on dinh dong dwa theo bit ding thire
(16-4), nghia la phai xac dinh hinh vuong trén mit phﬁng (S, As) vai canh sga,
sao cho ¢6 dudng ml'rfc I(e) la cuc dai ma van con tén tai ham V(S, A#). Vi
thanh phan 7,8% ludén dwong va triét tiéu & S = 0 nén ta khong cin quan tdm
khi xac dinh I(s), O day khi thay A8 = ¢ vao V(AS) c6:

l(s) =

coc(bq — a)COSAR — E7U Sin (b4 — a) (& — Sing) (16-14)

dl(e)

Tim eqma: 520 cho [(e) dat max, nghia la = 0, tacoH:

Emax = 2artg [cotg(be — a)] =  — 2(54 — ) (16-15)

Thay gi4 tri €mn,c vao (16-14), 4p dung bt dang thic vé chi ticu 6n dinh déng
theo Ljapunov (16-4) ta c6:

T1S; !
— 18(0e — &) (A8, — sinAb ) — cosASs, <

EU
2—2— cos(bg — &) . |
<1—1g(bg —a) [T — 284 — @)] —sin[w — 2(8, — a) ]} (16-16)
trong d6 Aé, = 8, — L
Nhu vay thay doi by, VOI cac gid Lri khac nhau, ¢6 b ., vi As, khic ‘nh.ju
va dat dén gia tri gi6i han khi biéu thiwe (16-16) trd thanh ding thue.

D3i voi hé gdbm nhiéu may ta ¢6 phiwong phap gidi twong tu, cun luru v
khi 46 I(s) phu thudc khdong nhitng vio cic A$; cha tirng may doi véi thanl
cai U ma con phu thudc vao nhirng As;, gitra may i va k,
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Tir nhitug thao lugn [rén day lhay rdang phuong phap khao sat on dinh
* d A A ) Yo . o . , ” ~ 9
dong cua hé thong dién co thé tién hinh theo cac budc sau day:

1) Thanh lap hé ptuong trinh vi phin mo ta trang thai hé théng dién
sau khi cat siw ¢6 Chuyén hé n phuong trinh vi phan bac 2 thanh 2n phuong
trinh vi phan bac nhdt v&i nghiém la & va As.

2) Thanh lap ham Ljapunov V(S$, As) cta hé théng dién & trang thai sau
khi cat su co.

3) Xac dinh l(e) bang cach thay e = Aé¢ vao ham V(S, As). Tim max I(e)
tr do xac dinh ep,y. /

45 Voi tcét ztuétl“nh gia tri ham V.(S,, A8,), trong d6 As, = 603“1— 8, :
dAs

.lS‘ = : =

’ dt It=0

Dé xac dinh Asé, cin gidi hé phwong trinh vi phan ctia hé thong & trang
thai s co:

a5
dt
ds
— = —g($)
i J
tir day ung voi tca‘itl xac dinh duoc 8 st 1 va As,.

3) So sanh gia tri Vg voi {(8nay).

Néu V', = l(en,x) thi chinh sty la gia tri gioi han cha theoi gian cét su ¢6.

Nen V.<l€ema,) thi lay Loapo>1g ) va tinh lai tir buéce 4. Thuong bit

dau bang st 1 nhé dé c6 V, <{(emaz), sau d6 ti€p tuc ting # ., dén f st gh*

16-4. AP DUNE.

St dung phwong phap ham Ljapunov nghién ctru dn dinh ddng ciia hé
thong dién don gidn c¢é so d6 nhw irén hinh 16-4, trong do tong tro twong ho
7 gitta Ky va U & tinh trang sau khi cit su cd. O day
Z]Z‘_'

L =7+ £
1 + Z

va da tinh duoc :
Z = 0,575 va a = — 15° 40’

Giia {ri goc 8, & trang thai xac 14p sau sur ¢d (van hanh mot 16 cia duong day
tat dién) da xac dinh 84 = 310,
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Tiép theo xac dinh VS, (A8) va [(8a:):
Hemax) = 1 = tg(8, — ) f[ 90— 2(8, — &)] — sin [ — 28, — @)] } = 0,455
Tilp theo xac dinh V,. Cin tinh As =4
Can gidi h¢ trong tinh trang su cf:

wat — Sa VOl cAC t o khac nhau.

a0y
dt
2
(S 1 , 1 E1
— = — (P, — P,]= — N —_— —
t T, [P, 2] T Po [Zu Shia, + Ziu qm(é Ol)] {

tro‘ng dé Zy, Zyy, oup, & ung voi trang thai su co, voi sO kién 6,:=16°30; So = 0.

e 2
?—c::;-—_r___;—_ﬁ —
! 23 U= consy
Hinlh 16-%

Thay cac gia tri t . khac nhau, so sanh Vi va [ (enay) cudi cung nhan dugce

Khi ngan mach 3 pha: t g, ah 0,145s

Khi pgan mach hai pha néi dat: ¢ ah = 0,165s.

16-5- KET LUAN:

Phuong phap th hai _cﬁa Ljapunov mot cach true tiép di khao sat tinh
on dinh dong cia hé thong dién nhu mot hanh vi clia chuy®n déng noi chung
va nhu vay cho ta mot cach nhin téng quat, mot chi tiéu chal ch& vé 6n dinh
dong dua trén bat ding thie '

Vo Z Hemax)

trong do gia tr1 V, duoc tinh vér nhirng gia tri #.4, khac nhau. Vi vay mét cich
co v thirc da xdc¢ dinh duoc it b kh1 do V'odatydén moc l(emay). Trong truéng
hop nay khong can giai cac hé phucng trinh vi phan nham xic dinh cac duodng

cong chuyén dong é; = f(t) &tng v&i cac gia tnl l\hdc nhau nhu ¢ phiromg
phap phan doan lién tiép.

Tuy nhién phuong phap ham Ljapunm cho diecun kién da cia on dinh,
nghia 13 hé théng ton tai ham V(x) thi 6n diuh nhung néu chura tim duoc ham
V(x) thi chua néi dugc Ia hé khong 6n dinl). Ngoai ra viéc tim ham V(r) chua
c6 tha tuc tong quat nén viée ap dung phuong phap ham L japunov dé xét on
dinh dong cua hé thong dién con hun ~he so voi cac phwrong phap gidi gan
ding hé phuwong trinh vi phan mé ta b v vi cua he thong dicn trong dao déng
lon va hiép thuc trép may tinh dien tu.
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