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LOI NOI PAU

Gido trinh Ly thuyét — Mach dién tuyén tinh dwoc viét trén co sé ndi dung mon
hoc cung tén nganh Théng tin — Vién théng ciia Khoa Pién — Pién tir, truong Bai hoc
Giao thong Van tai da dwoc Hoi d‘ong nganh thong qua. Noi dung gido trinh gom 8
chuwong va phan phu luc, bao quat hét cdc kién thire co ban vé phdn tich va tong hop
mach dién tuyén tinh, twong hé va khéng twong ho Madc du khong co phan bai tdp,
nhung trong cdc chwong rat nhiéu vi dy minh hoa vé tinh todn, phdn tich, tong hop, ing
dung 1y thuyét.

Ngay nay cong nghé dién ti, vién théng, tin hoc phat trlen rdt manh theo phuong
phdp s6 va mét trong nén tang cua ching chinh la 1y ludn vé mach tuyén tinh. Piéu nay
la co so cho viée cai cach mon hoc 1y thuyét mach dap iing dwoc khoa hoc kj thudt hién
dai. V&i mot sé kinh nghiém dao tao sinh vién cac nganh dién — dién twr cua trueong cung
chuyén nganh vién thong, héi dong nganh da gianh nhiéu quan tém nghién ciru, cdi tién
b6 sung cho ndi dung mén hoc nay.

Trong gido trinh ngodi nhitng nghién ciu, nhin nhdn riéng cua tdac gia con co
nhiéu phan swr dung tai liéu, tham khdo la cdc dn phdam chuyén nganh rdt tot va sdu sdc
ciia cdc dong nghiép trong va ngodi nwdée

Vi lan bién soan va xudt ban dau tién 11/2001 va sau nhiéu khod giang day cho
sinh vién vién théng, théng tin cia truwong dai hoc GTVT, tic gia da bién soan, hiéu
chinh lgi cho hoan thién va thich wng voi viéc hoc tdp cua sinh vién theo huong tw
nghién ciru ciing nhw chudn bi cho viéc hoc tdp theo tin chi trong tuwong lai gan.

Tuy vay, chac con nhiéu thiéu sot, tac gia mong dwoc sy gop y cua moi doc gia.

_ Moi gop y xin chuyén vé Hpi dong nganh Vé tuyén dién va Thong tin lién lac —
Vien thong hoac Bo mon Ky thudt Dién — Khoa Dién — Dién tu, truong dai hoc Giao
thong Van tai.

Théang 10 — 2007
Tac gia
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* Théng tin vé tdc gid .

Hovatén: Leé Manh Viét.
Nam sinh ; 1949 .
Co quan cong tac :
B6 mon Trang bi di¢n.Khoa Dién -dién tir .
DPai hoc Giao thong Van tai (1971-hién nay ) .
Email : bmtbd@uct.edu.vn
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* Pham vi va doi twong sw dung gido trinh .

1/Gido trinh c6 thé ding tham khdo cho cic nganh :

-Ky thuat dién .

- Ky thuat dién-dién tir .

- Ky thuat ty dong hoa .
2/ Gido trinh cé thé ding cho cdc trwong :

-Pai hoc Bach khoa .

-Dai hoc Quéc gia .

-Pai hoc Dién luc ... .

-Céc trieong Cao ding cé cdc nganh Dién-Pién tir .
3/ Yéu cdu kién thirc trwée khi hoc hodic doc tham khdo gido trinh nay

- Pai s6 .

- Giai tich .

- Toan chuyén dé Ham phtc .

-Vatly .

* Tra cwu theo tw khoa .
Bién dbi trong dwong mach dién
Biéu dién ham mach
Bién nhanh, phuong trinh dong dién nhanh
Bién dong dién vong, phuong trinh dong dién vong
Bién dinh, hé phuong trinh dién thé nat
Bién ap cay, phuong trinh vét cit

Céc ma tran topé mach
Céc diéu kién dau va cac luat dong mo
Céc thong s6 trang thai va bién trang thai
Céc phuong trinh ddc trung mang 4 cuc
Céc thong sb song
Cén bang cong suat trong mach diéu hoa
Céc thong sb tac dong va thy dong cua mach dién
CAc hé phuong trinh mang 4 cuc khong tuong hd
Cau hoi 6n tap,kiém tra danh gia chuong 1 .
Cau hoi 6n tap,kiém tra danh gia chuong 2 .
Cau hoi 6n tap,kiém tra danh gia chuong 3 .
Cau hoi 6n tap,kiém tra danh gia chuong 4 .
Cau hoi 6n tap,kiém tra danh gia chuong 5 .
Cau hoi 6n tap,kiém tra danh gia chuong 6 .
Cau hoi on tap,kiém tra danh gia chuong 7 .
Cau hoi 6n tap,kiém tra danh gia chuong § .

26
122
51
55
60
65

38
42
46
107
128
103
9
154
34
105
153
184
221
238
248
294
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D Diéu kién dai thong ctia mach loc va tan sb cit 187
Do thi Bode 223
Pinhly Tévémin va Nobdc — tong 100
Do thi Bode cho céc phan tir ham mach 224
Dinhly Tévémin va Noodc — tong 100

G. Ghép ndi cac mang 4 cuc 114
Girato va NIC 166

H. Hai dinh luat Kiéchoof 29

K. Khai niém mang 4 cuc tuyén tinh 106
Khai niém vé mach va phan tr phi tuyén 28
Khai niém phan tich mach dién khong twong hd 239
Khuéch dai thuat toan (KDTT) 175
K¥ thuat tinh todn trong mach dién tir 234
Khai niém vé dic tinh tin sb ctia nhanh thuin khang 190

L. Locloaim 205

Loc khong d6i xtng 215
M. Mach stra bién do 217
Mach loc loai K 196
Mang 4 cyc dbi xting 119
Mang 4 cuc c6 tai 123
Mot s6 mang 4 cuc chirc nang 141
Q. Quan hé tuyén tinh 102
P. Phan tich mang 4 cuc déc biét va thong dung 139
Phan tich mach dién bang phuong trinh trang thai 47
Phan tich mach dién bang phuong phap toan tir 67
Phuong phap tich phan kinh dién phén tich mach dién tuyén tinh 82
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Phan tich mach dién bang phuong phap tan s6 86

Phuong phap xép chong v6i mach tuyén tinh 94
Phéan tich mang 4 cuc tuong hd theo cac ham truyén dat 144
Phu chuong: Mét s6 hé thic luong giac ha hypécbolic 152
Phén tich mang 4 cyc khong twong hd 159
Phuong phap dién thé nat phan tich mach khong tuong hd 239
Phan tich mach dién tuyén tinh trong hd c6 hd cam 244
Phan tich mach dién khong twong hd va c6 hd cam 246
Phu luc 1: Lap va giai hé phuong trinh trang thai bang may tinh 298
Phu luc 2: Bai tap 16n phan tich mach dién tuyén tinh 301
S. So db tuong dwong mang 4 cuc khong twong hd 157
S6 phirc biéu dién cac bién diéu hoa va phan tu 21
So d(:”) tuong duwong cua 4 cuc tuyén tinh thu dong, twong hd 136
So do loc va cac tré khang dac tinh 186
T. Tinh chét ddi ngﬁu cua mach dién 104
Tinh chét bai toan tong hop 248
Tdng hop mang 2 cyc v6i ham trd khang Z(p) téng quét 252
Tdong hop mang 2 cyc theo phuong phap Foster 257
Tdng hop mang 2 cyc bang phuong phap Cauer 268
Tong hop mang 2 cyc theo phuong phap Brune 274
Tdong hop ham truyén dat cia mang 4 cuc 278
Tdong hop mang 4 cyc hinh T loai RC va RC 285
Téng hop mang 4 cyc dya trén co so tach dan thanh

cac mang 4 cuc don gian 287

Thuc hi@n ham truyén dat cia mang 4 cuc c6 pha cuc tiéu,
tai chuan cua mang 4 cuc 289

Thuc hién ham truyén dj.lt cua mang 4 cuc bﬁng tach thanh
cac mang 4 cuc c¢6 dan nao bd sung 291
Tong quat vé cach giai hé phuong trinh vi phan cia mach 66
Tinh chét tuong hd trong mach dién 97
Tranzito 170
V. Véc to quay biéu dién cic thong sé diéu hoa 18
X. Xac dinh céc‘ thong ) mang 4 cuc bﬁng thuc nghiém 151
Xay dung do6 thi Bode cho ham mach phtrc tap 230
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Ly thuyét mach dién

CHUONG I
NHUNG KHAI NIEM CO BAN VE MACH PIEN

1.1. CAC THONG SO TAC PONG VA THU DPONG CUA MACH DIEN
1.1.1. Khai niém vé mach dién tin hiéu

Mach dién 12 md hinh h¢ thong tao ra bién dbi tin hiéu dién tir.

Céc hé théng dién tir — dién tir rit phong pht da dang vé moi phuong dién va co
nhirng chitrc ning khac nhau. M6 hinh mach dién duoc xdy dung nham phuc vu cac yéu
cau phan tich, tinh toan va tong hop cac hé théng d6. M6 hinh cac mach dién mang ca
tinh chit toan hoc (dang t6 pd) va vt 1y, sao cho timg phén tir ciia mach voi két ciu cua
n6 xac dinh dugc hé¢ phuong trinh vi tich phan hodc dai s6 hay toan tu thé hién dic diém
ctia hé thong ma né biéu dién. Tin hiéu dién tir va cac qua trinh bién doi ctia no rat phic
tap, dé biéu dién duge trong mo hinh mach phai chira dung du cac phén tor dac trung
duoc hién tuong éy.

Nhi¢m vu cua mén hoc ly thuyét mach 12 tim cach biéu dién céc qué trinh bién d6i
tin hidu dién tir xay ra trong hé thong, dong thoi xay dung cac phuong phéap phan tich va
tinh toan chung. Ngoai ra con co cac bai toan tir yéu cac cta nghiém tin hiéu can xéc
dinh cac mach dién thuc hién no, do la bai toan téng hop.

Trong cac h¢ théng k¥ thuat dién tir — vién thong voi cac thanh tyu maéi vé vt
liéu, cong nghé ché tao di tao ra rat nhiéu phan tir vira phong phu vira chinh xac. Tuy
vay khong it cac qué trinh xay ra trén cac phan tir cua hé théng ma mé ta toan hoc cia
chung con chwa ddy du hodc kho khan. Cac phan tir d6 1a phi tuyén hodc thong sd.
Trong diéu kién nhat dinh va khuon kho ciia gido trinh ndy cic phan tir phi tuyén sé
dugc gan dang va tuyén tinh hoa.

Mach dién nhu da dé cap o trén 1a moé hinh cu thé 1a tap hop cua céc phén tr dac
trung cac qué trinh bién doi tin hidu va ghép nbi chung. Trong k§ thuat néi chung con
¢6 khai niém so d6: nhu so do thiét bi, so d6 chirc nang, so dd nguyén ly. Mach dién co
thé coi 1a so d6 mach dién n6 khéc véi cac loai so dd & tinh md hinh ctia minh (m6 hinh
vat Iy — toan) da trinh bay ¢ trén.

Tin hi€u dién tir — dién to thuong dugc do bdi cac dai luong vat 1y sau day: dong
dién i(t), dién ap u(t), stc dién dong e(t), tir thong y(t), dién tich q(t). Mot loai tin hiéu
c6 thé dlen ta boi cac ham s6 toan hoc khac nhau: tin hidu lién tyc, tin hiéu gian doan va
tin hiéu sb. Tin hiéu khong d6i hay mot chiéu 13 trudng hop riéng cua tin hiéu bién
thién. Téng quét khi phan tich mach dién ta sir dung tin hiéu bién thién. Mot tin hiéu dic
biét — diéu hoa duoc quan tdm rat nhiéu véi 1y do don gian 1a: Tap hop céc tin hiéu diéu
hoa theo cach nao d6 du dién ta bat ci tin hiéu bat ky ndo. Diéu nay duoc thé hién trong
phép bién d6i va biéu dién ham — chudi Furié ctia mot ham thoi gian bat ky. Trén hinh
1.1 1a cac loai tin hiéu.
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Hinh 1.1.
a) Tin hiéu khong doi;  b) Tin hiu bién thién;
¢) Tin hiéu mot chiéu (bién thién); d) Tin hiéu diéu hoa; e) Tin hiéu gian doan.
Mot ham chu ky T c6 thé biéu dién boi chudi Furié:
+00
x(1)=Y A, sin(Ko+py) (1.1a)
0
voi: =2 = 27rl
' T
hogc: x(t):ZSK sinKa)t+ZCK cos Kot (1.1b)
0 0

trong d6:  Ax, Sk, Ck 1a cac hé sb.

Tir cong thirc (1.1) trén lam co s6 cho viée khai quat van d& phén tich hé thong tin
hiéu dya vao tan sd. Y trong la ¢ mot tan s6 phan tich duogc thi véi cong thuc (1.1) néu
hé thong tuyen tinh ¢6 thé tim dugc két qua phan tich & moi tin hiéu dang bat - ky. Hon
thé nita d6 1a nén tang cho viéc phan tich hé thong theo phd — tan sé va mot sé phuong
phap khac (don gian nhét 12 phwong phép s6 phuc tugng trung).

Trong khi xtr 1y todn hoc cac tin hi€u, trong cac hé¢ théng dién tir vién thong con

gap cac phép toan vi tich phan. Véi khai niém toan hoc vé todn tir vi phan va tich phan,

J A r d \ r , ; \ r \ r ’ 5 1 A 7. .

ta co the thay phép Z la phép toan tur p va phép '[ dt 1a phép toan tot —, doi véi hai
t p

loai bién thoi gian ¢ va bién toan tur:
x@t) va X(p)
o ) fit) va Fp).... ’ ‘
dé dé dang dién ta mach dién. Hon thé nira d6 cling 1a mot phan ndi dung cua phuong
phép toan tir phan tich mach dién.
M5 hinh mot qua trinh bién dbi tin hiéu dién hinh dugc vé ¢ hinh 1.2.
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Hinh 1.2. H¢ thong vién théng dién hinh.

Qua trinh bién d6i tin hiéu dién tir dién hinh cia mot hé théng vién thong gém
nhiéu qua trinh. Trong mdi qué trinh co thé thuc hién viéc bién dbi tin hiéu qua hai loai
tuong ty va tin hiéu s. Trong doi séng va k¥ thuat ching ta quen thudc nhiéu véi tin
hiéu tuong ty ciing nhu tin hiéu pho bién 1a twong tw, cho nén mot qua trinh bién do6i dé
dat duoc chit luong cao va chinh xac thuong gip quy trinh bién doi qua lai nhu hinh
1.3.

——:-_.-"-.;-']} —J—' iaeh s o LA i_l -

[ 104 Yl

Hinh 1.3. Cdc hé thong bién déi A/D va D/A.

Ngay nay cac mach s6 biéu dién cac thiét bi sb dang dugc tng dung rat rong rai
va nhiéu tinh wu viét ciia nd. Mot trong nhitng wu diém 16n nhat 1a tinh d& xu ly, luu trdr,
do phéan giai cao, didu khién bang vi xir Iy va may tinh. Be ¢6 tin hiéu sd can co cac
th1et bi bién d6i tir tin hiéu twong tu (analog) sang tin hiéu s6 (digital), va khi can thiét
lai can cac bo bién d6i nguoc lai: tir tin hiéu s6 ra tin hiéu twong tu. Trén hinh 1.3 d6 1a
cac bd A/D va D/A. Tré lai mach dién cua ching ta voi cac phan tr tich cuc va thu
dong.

1.1.2. Céc phan tir tac dong (tich cwe) ciia mach dién

Bét ctr mot thiét bi linh kién nao tao ra dong dién i(#) va dién ap u(z) déu dugc coi
1a phan tir tic dong hay tich cuc. Dé d& phan biét Vo1 cac phan tir khac ciing co dong
dién va dién ap trén no, ¢ day ta dinh nghia hai ngudn twong tng la dong dién J(7) va
ngudn strc dién dong e(?). Do tinh chét cta cac hat dién tich so voi chleu cua dién ap
nén bao gid ta ciing x4c dinh duogc: chiéu dong i(#) ciing 1a chiéu ngudn dong J(z) con
chiéu strc dién dong e(?) 1a nguoc lai véi chidu dién ap u(z).
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Trén hinh 1.4 ky hiéu 2 loai ngudn do.
Hinh 1.4. Cdc nguon sirc dién dong a) va dong dién b).

Chii y: Mot ngudn stre dién dong chuan (phu hop véi thuc té) ludn ludn co phan
tur thy dong (nhu dién trg, dién cam, dién dung hoac hon hop chung) nbi ndi tiép. Tuong
tu nhu vay nguén dong dién chuén phai c¢6 cac phan tir thu dong ndi song song. Trong
ky thudt nhiéu khi chi vi gin dung ma ta ly tuong cac ngudn sirc dién dong khong co
phan tir thu dong nguon (khi n6 c6 gia tri rat nho so véi cac phan tir mach ngoai khac).
Tuong ty nhu vy nguén dong dién ly tuong cing khong c6 cac phan ttr thu dong ngudn
ndi song song (xem hinh 1.4b’ va a’). Chii y thém mét diéu khong phai ctr 1y tudng hoa
1a 1am cho phép phan tich mach dién don gian hon va trong nhiéu trudong hop nd cé thé
lam phtrc tap céc phan tich va lap luan.

1.1.3. Cong suit tirc thoi va trung binh

Dé nhan biét mot ngudn thyc sy hay khéng ciing nhu A in
tinh chét cua mot nhanh hay cia mot phan tur nguoi ta dua ra el
khai niém vé cong sut tirc thoi p(t) va cong suat trung binh Ly :‘fff-'l
Ptb- rrranh :
Xét mot mach (2 cuc vao A, B) hay mot nhénh (co 2 R Q
dau A va B) nhu hinh 1.5. O day chiéu dong dién va dién ap
dugc quy wdc 1a cung chiéu (chiéu duong): Hinh 1.5.

Chiéu dong dp cho mét

u(t) =u,,(t) = @, (1) — @, (1) nhanh va mach

i(t) = iz(t) (dong ditir A dén B)
V6i qui dinh nhu vy, cong suét tirc thoi ciia nhanh hay mach duoc tinh theo
cong thuc sau voi thir nguyén 1a Woat.
P@)=u(1)i(t) (1.2)
Ta dinh nghia: Néu cong suit tirc thoi P(?) tai thoi diém d6 duong thi mach 1a
phan tur thu dong hay tiéu thu cong suat, con nguoc lai P(?) am thi do 1a phan ti tich cuc
hay tac dong.
P(t) > 0 — Phan tir thy dong
P(t) < 0 — Phan tir ngudn.
Nhu vay néu: P(¢) = 0 1a gianh gidi giita 2 phan tir trén. Tuy vy thuc té lai gap
cac phan tur tai cac thoi diém khac nhau c6 cong suat tire thoi khac nhau lam cho céac

LT-Mbell



Ly thuyét mach dién

dinh nghia trén chua chinh xac. Dé giai quyét viéc nay nguoi ta dwa ra cong sut trung
binh Py. G@p cac mach lam viéc voi chu ky 7' dé tim duoc.

P, :%.([P(t).dt : (1.3)

Theo (1.3) trong mot chu ky cong suat trung binh néu duong d6 13 phan tr thu
dong, con Py, < 0 d6 1a phan tir ngudn. Trd lai 2 phan tir ngudn sire dién dong e(?) va
nguon dién J(#) & trén, ta dé chimg minh duoc véi chiéu duong cua dong dién va dién ap
(hay chiéu am cia strc dién dong) thi chidu cua chung phai duoc quy dinh nhu hinh 1.4.

Lai phai hiéu mot céch su sic cong sudt tic |,

s \ L. , b , A A
thoi va trung binh khi gdp cac ngudn stc dién i
dong e(t) va dong dién J(t) trong céc bai toan co
lac né dat gia tri 4m va duong thi phai coi rang
ching dang thé hién cac qué trinh bién ddi ning
luong va tin hiéu cht khong bt bude ching phai
chi la nguén hodc 1a thy dong tai moi thoi diém. B
Pé don gian, ta phan tich & day 2 ngudn strc dién
dong va dong dién khong doi va mot chiéu (hinh
L.5).

et B AP0
|

Trén hinh 1.5 v6i 2 dinh luit Kiéchoof 1 va 11 1-5.Nguon sic dién dong va

2 ta c¢6 phuong trinh: dong dign don gidn.
mach a: u(t)=-e(t)—ri(t) (1.4)
machb: i(t)=J()—gu(?) (1.5)

O day: r 1a dién tré trong (6m — Q) clia e(?).

r om
'V6i dong dién i(2) va dién ép u() nhu da quy dinh va giéng nhau gifra 2 ngudn, ta
c6 thé bién doi qua lai gitra ching theo cong thuc sau day:

2= 1a dién din {L _ S} trong cita J(2).

ey =20 (1.6)
r :l (1.7)
g
Ity =9 (1.8)
r
g=1 (19)
r

Trong nhiéu bai toan mach dién viéc bién ddi qua lai giita ngudn sirc dién dong va
dong dién 1a rat ¢ lgi, né lam don gian hon phuong phéap phan tich.

Mo rong v6i cac phan tir thu dong ngudn phirc tap hon nhu hinh 1.4 s& c¢6 cac
cong thire bién doi twong tu khac cung dang cac cong thire (1.6), (1.7), (1.8) va (1.9) sé
xét & phan sau.
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1.1.4. Cac phan tir thu dong ciia mach di¢n

a) Nhanh R o
Nhanh thuan tr& hinh 1.6 theo dinh luat Om c6: Zig F
Ug (1) =r.15 (t) (1.10) _— e
hay: ip() =g .ug(?) (1.11) Hinh 1.6
véi: g1 Nhénh thuan tré r.
r

Cong suat duoc tinh:
P.(t) =u,(2).ip (t) = r.i°(¢) (1.12)

hay: P.(t)=g.ux(t) (1.13)
Tu cong thire (1.10) va (1.11) co the nhan xet dong dién va dién ap trén dién tro

cung chiéu, ciing goc pha, ¢6 hinh dang gidng hét nhau, dong dang nhau qua tri s6 dién
trg r (sd thuc).

Ning luong tiéu tan trong phan tir R luén dwong va xéac dinh ty 16 véi thoi gian:
Wy =Pi(t)t ; [w.s]
b) Nhanh dién cam L

Hinh 1.7 véi phan tir di€n cdm cé quan hé gitra stic dién dong cam ung va tur
thong, di¢én ap theo cam ung:

dy(t
0, ()= -, (0 =+ 74 (1.14)
trong do: w(r) 1a tir thong cua cudn diy. Cha ¥ rang - | Al
trong k¥ thuat cudn day thuong quan trén 15i thép hodc 15i tir — T
thdm p cao hon tir tham khong khi rat nhiéu. Bién d6i (1.14): o
d t
dt 81 . (t) dt
Hinh 1.7. Nhanh L.
dat 81.//(t) = L vacoi L = const, don vi Henri (H)
0i, (?)
. di, (1)
thi: t)y=L——— 1.15
uy (1) = & (1.15)
Doi khi hay str dung cong thirc nguoc suy tu (1.15):
i (t)—lj.u (t)dt (1.16)
L L ) L .

$ ~ 5 A 5 A A 5 A A a \ A
Y nghia cua dién cam L duogc thé hién & quan h¢ trén L = a—w va trong nhiéu
1

truong hop c6 thé suy bién thanh:
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L=V pay =¥ (1.17)
Al I

Cong thuc (1.17) tuy thudc vao mach dang 1am viée véi tin hiéu khong dbi, bién
thién, mot chi€u ma dugc sir dung thich hgp. Ngoai ra di¢n cam L chira dyng ning

lugng dién truong tich luy trong cudn day va cong suat cua no.
W, :%iz(z).szPMdz (1.18)
do co: P, =u(t).i(t) = L (z) _i d[’gt)] (1.19)

Theo cong thirc (1.15) va (1. 16) ta thay quan h¢ cua dong dién va dién é&p trén
cudn cam 1a quan hé vi tich phan. Dé d& sir dung va phan tich ta st dung toan tir hinh

thic P & i s€ co:
dt

u (p)= Lp- i,(p)= pL- i,(p) (1.20)

va: i,(p)= u (p)=—5runlp) (1.21)

Z 5
¢) Nhénh ¢6 hé cam

Trén hinh 1.8a,b thé hién 2 cudn day c6 | ik

hd cam vé&i nhau. Thuong dé ting quan hé hd g LEK T ol
c@m ngqbi ta thuong dung 161 thép chung c6 hé M;" T\f‘ﬁﬁﬁ
O tr tham p cao. 'Y i il
X 1A -2 A qAe. A ¥ i

bé y thay chiéu quén déy cua hai cudn Wy L. W S A
va W trén cung 161 tr 1a khac chiéu (c6 the nhin LT | L. !
vao mit cit cua 151 tir dé nhan xét) theo chiéu —! U=
duong cua cac dong dién i; va i, (dong dién qui a) h)
ude tu K to1 K, tu [ to1 I’). Khi d6 ta goi hai 3
dau /va K la nguogc cyc tinh hay cuc tinh K va Hinh 1.8. Nhanh co ho cam.

I’ lai cung cuc tinh. Céach ky hi¢u cung cuc tinh
la dau * trén so d0. Y nghia cua cuc tinh 1a 1am cho dién &p ho cdm c6 chiéu theo qui
udc: dién ap ho cam trén cudn day nay cé chiéu cung cuc tinh voi dong di¢n trén cudn
day kia khi hai cu¢n day ho cam véi nhau (nhu hinh 1.8b).

Trudc tién dién 4p hd cam duogc dinh nghia 1a quan hé sau day:

+ Pién 4p hd cam trén cudn day k do dong dién chay qua cudn day / la:

d 0 '
u, (f) = Vi _ l/{k! diy
dt oi, di
di, (¢
u () =My fh( ) (1.22)

+ Pién 4p hd cam trén cudn day / do dong dién chay qua cudn day K la:
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dyy _ Oy di
u, () =—"= =KL
w==y i, dt

di, (1)
dt
O mach tuyén tinh, khi 16i cac cudn day la khong khi hodc 15i thép chua bao hoa
thuong co:

e (1) = M (1.23)

8 5
W Vi nen My = Mg
Oiy oI,

Vi vay: Vi Wik
khi dong dién tirng nhanh khéac nhau: i, (¢) #i,(¢).
Céc thong s6 My; va Mk theo cong thirc (1.22) va (1.23) 1a:

P
M, = 8‘/;1“ : [H] (1.24)
K
0
M, = ;’fK : [H] (1.25)
L

chung c6 thir nguyén tuong tu nhu di¢n cam L 1a [H] — Henri.

N6i chung hai cuén day hd cam c6 thé dit & cac nhanh khac nhau (nhanh 1 va
nhanh K nhu da xét). Thuong gap 2 cudn day ho cam ndi noi tiep va song song vdi nhau
nhu céc hinh 1.9.

Hinh 1.9.
Cac cudn day ho cam noi tiép va song song.

Cac cudn day hd cam co thé méic voi cac cuc tinh thuan hodc nguoc. Ta s& goi
chiing 14 ndi cung cuc tinh hay ngugc cuc tinh nhu da noi ¢ phan trén. Trong cac so do
khi dong dién cung di vao cuc danh dau * thi cac cuc d6 dugc goi la cung cuc tinh (xem
hinh 1.9), néu khong thi 1a nguoc cuc tinh.

Chu ¥ riang cudn ddy 151 thép nhu da xét thi ban than timg cudn diy van ton tai cac
tri s0 dién cam L cia minh.

Phuong trinh cho dong va ap cho cac so dd hinh 1.9 1a:
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Ly thuyét mach dién

u@y=1, g g B
dt dt dt
u(ty=(L, +L, * 2M)ﬂ cho hinh (a)

dt
i(#) = i,(t) +1, (1)

: di di ‘
u(®)=i,(t).R, +L, 7; + M7t1 cho hinh (b)
di di
ult)=L, —=2+M—L
©=1L dt dt

Vi ddu + cho mach ndi cung cyc tinh va d4u — cho mach ndi ngugc cuc tinh..
di .
u, @)=uyt)=M, N tuong duong véi:

y (P)=uy,(P)=My,.pI(P) (1.26)

Ning lugng va cong suit hd cam duge truyén tir cudn diy nay dén cudn day khac
cling c6 céac cong thirc nhu déi voi dién cam.
Ki .
Py () =uy(1).i,(1)
IK .
Py () =uy.ig (1)

Trong (1.27) cong suat hd cam truyén tir cudn 1 (c6 dong iy(?)) sang cudn day K 1a
PX(t) vanguoc kai tir cuon day K truyén sang cudn 1 c6 cong suat P/X .

(1.27)

Trong k¥ thuét dién tir noi chung, phuong phép truyén cong suat va tin hiéu duoc
st dung rat rong rai, s€ xét & sau.

d) Nhdnh thuan dung C
gl

V6i phan tir dién dung C (hinh 1.10) khi dién }_I_':t.ti—| 1
tich g(z) dat vao tu hay tich trén cac ban tu thi dong :

dién dugc xac dinh qua tu: WAy
. dq(t)
1. (l)=—"—
() i | ) |

Theo (1.28) cong thire vat ly da bict ta co thé thay dong qua tu ic(t) chi xuat hién
khi c6 bién thién di¢n tich q(t) theo thoi gian. Bién doi (1.29) nhu sau:
_ () du, (@) _ . du, (@)

(128)  Hinh 1.10. Nhanh C.

(1) = ou(t)  dt dt (1.29)
véi: =90 5 don vi Fara [F] (1.30)
ou(t)

C duoc goi 1a dién dung cua tu 1,:uyé'n7 tinh theo (1.30). Ngoai ra cong
thirc sau day con dugc st dung rat phd bien, no6 suy ra tur (1.29) la:

uc(t):%j'ic(t).dt (1.31)
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Ning luong va cong suét trén ty dién dugc tinh:

po®) = (000, (6) = Co, (0 2D _ L oAl O

= 1.32
dt 2 dt (1.32)

va: w, = j P.(¢).dt = %C. [, )] (1.33)

Nhu vy theo (1.33) tu dién C néi 1én mirc do tich phong ning luong va cong suit
dién tir trén no.
Str dung toén tir hinh thace tir (1.29) va (1.31) co:
i.(p)=p.C.U,(p) (1.34)

1 .
u.(p) —Elc(p) (1.35)

1.2. VEC TO QUAY BIEU DIEN CAC THONG SO PIEU HOA
1.2.1. Ngudn phat diéu hoa

Trong ky thudt thong tin vién thong co it i
cac nguén phat dién ap hodc dong diéu hoa & ?— o -. _
moi tan s0. Chung 1a cac t0 hop cua céc linh ! el et R 1 LAl
kién tuypn tinh (R, L, C da hoc) véi phan tu I."j:','l-_'lu N IE
phi tuyén R(u), R(1), L(i), ¢(q)... hodc cac 7 —r
linh kién ban dan dién tu. _ y
Ll 1

Gia thiét dd c6 ngudn stuc dién dong
e(t) va nguén dong dién J(t) diéu hoa nhu
mach hinh (1.11).

Véi: e(t)=E, cos(ot+@,)

Hinh 1.11. Nguon diéu hoa.

J@)=J,.cos(wt+¢,)

C6 thé tim dugc cac quan hé sau day:
u(t)=-e(t)—R,i(t)— L, % v6i hinh (a)
i(1)=J(t)—i,(t)

di, :
Ri, () + L7; =u(t) v6i hinh (b)

Vi cac gia tri da biét Ry, Lo, R, L tir cac phuong trinh trén c6 thé tim dugc moi
thong s6 mach i(t), u(t), i,(t) chung ciing 1a diéu hoa w. Gia thiét rang nghiém cua
chung:

i(t)y=1,,.cos(wt+ @)
u(t)=U, cos(ot+¢,)

i,()=1,,cos(wt+¢,)
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Ly thuyét mach dién

Nhu vdy c6 thé nhan xét: Véi cac ngudn tac dong (c6 thé goi 1a kich thich) diéu
hoa tan s6 o thi cac dong dién, dién ap, tir thong, dién tich trong mach tuyén tinh bat
bién (khi Ro, R, Lo, L 1a const) déu c6 dang diéu hoa cing tan sb o. Cac dong ap trén 1a
két qua do tac dong cua ngudn didu hoa nguoi ta goi la cac dap ing. Moi dép ung trén
ngoai tan s gidng nhau chung phan biét boi hai dai lwong 13 bién do va gbc pha (doi
khi goi 1 goc pha dau).

1.2.2. P6 thi véc to quay

Vi khai niém vé véc to quay 1a véc to c6 do 1on bang bién do diu hoa, goc pha
1a goc pha dau cua diéu hoa, con ca véc to s& quay nguoc chidu kim dong hd véi tan sb
® — xem hinh (1.12).

R 0% T.
O |
v(t) = v.cos(wt + ) A
LR 1M =T
va véc to V(v,0) o - 1L
|'" . Tﬁ-\.u
|.| _‘_'_'__,_—'—___

Hinh

1.12 Hinh 1.13. Bé thi vac to mach RLC

Tir véc to quay dd dinh nghia ta c6 thé biéu dién moi dap tmg va ca kich thich caa
mach dién trén d6 thi véc to. Cung vdi cac phuong trinh diéu hoa ta cling c6 thé biéu
dién ching trén do6 thi véc to bang cac phép tinh cong trur d6 thi véc to.

Trude tién hiy xét 2 phép dao ham va tich phan ham diéu hoa va cach biéu dién
véc to cua chung.

Gid su dong dién: i(¢) =1, .coswt (1.36)
c6 dién ap trén cudn cam:

u,(t) = L% =—Lwl, sinwt=-Lwl, sinot

u,(t)=w.Ll, .cos(a)t + %j (1.37)
va dién ap trén tu dién:
u (t)_—jz(t) dt=— 1 cos(a)t—zJ (1.38)
wc 2
Dua vao cong thirc (1.36), (1.37), (1.38) chuyén chung sang véc to twong tng.
(1.36)co: I, (I_,0)

(137 ¢co: U, (oLl ,z/2)=U, (X, I,,7/2), véi X, = oL (1.39)

L m>

18 ¢ LT-MD



- (I -
(1.38) co: Ucm(—’”;—ﬂ/2j:Ucm(X1 —7/2), véi X, L (1.40)
wc wc

A

Thong s6 X , = oL cb tht nguyén la 6m dugc goi 1a cdm khang cua cudn cam, no
ty 1& voi tan sb va dién cam L. Thong sb X . = é c6 thur nguyén 1a 6m duogc goi 1a
dung khang cta tu,viy dung khang ty 1 nguoc véi ca tan sé va dién dung.

Tir cong thie (1.39) va (1.40) biéu dién trén do thi véc to hinh 1.13, ¢ day dién ap
trén dién trg dé thay: U, ({,,.R,0).
Ngoai ra theo mach ndi tiép R_L_C con c6 phuong trinh thoi gian va véc to 1a:
u(t) =up () +u, (t) +u (1)
U, =U,, +U,, +U,, (1.41)
Phuong trinh véc to (1.41) d3 dugc thé hién trén hinh 1.13
Trd lai mach dién hinh 1.11, ta c6 cac phuong trinh thoi gian va chuyén sang véc

to:
Um = Em - URom - ULom hinh (a)
im = jm - igm
oot hinh (b)
URm + ULm = Um

Trén hinh 1.14a 1a dd thi véc to nguén suc dién dong hinh 1.11a.
Trén hinh 1.14b 1a d thi véc to ca dong va ap cho ngudn dong dién hinh 1.11b.

v g gl I

o

H__}I.—J-I-m

"l| 0

A2

Hinh 1.14a. Do thi véc to nguén Hinh ].]{b. Do thi véc to
swec dién dong. nguon dong dién.

Qua day ta c6 thé két luan: Phuong phap dung véc to quay c6 thé biéu dién cac
dai luogng dong ap diéu hoa ciia mach dién va thuc hién duoc cac phép tinh cong trir véc
to ngay trén do thi. Hon nira vi ca dong va ap déu biéu thi duoc nén cac ohuong trinh
mach thudng 1a phuong trinh cong trir dong dién (luat Kiéchoof 1 tai cac nut) va
phuong trinh cong trir dién ap, sirc tir dong (ludt Kiéchoof 2 cho cac vong) dé dang biéu
dién trén cung mot dd thi.
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Pé tinh toan do 16n va goc pha cua véc to c¢6 thé sir dung phuong phap hinh hoc
hodc lwong gic. Vi du ¢6 thé tim tong dong dién 1 VO1 I ,,, dé dugc I ;,, theo:

~
I
~|

+1, la

3m

I, = \/(llmcosﬁl +1,,c050,) +(I,,sin8, +1,,sin0,)

1, sin6, +1,, sin6,
0, = arctg ek ek (1.42)
1, cos6, +1,, sin0,

voi: I, ,.,60) va I, (I, ,0,) d&chokétqua I, (I,,,6,)

Ilm>

1.3. SO PHUC BIEU DIEN CAC BIEN PIEU HOA PHAN TU
1.3.1. Biéu dién bién diéu hoa bing s6 phirc

Mat phang phirc ¢6 hoanh d6 1a sé thuc Re va 14
tung d6 12 s6 40 j (Jy) v6i gia tri bién doi thue — a0 1a:

\/1 a \./1
=1 (1.43)
Cong thuc O le quen thudc: ]

exp (j 6)=cosO+ jsin@ (1.44) 0 Vie R
Hinh 1.15. Mdt phdang phike.
dé dang bién d6i qua lai gitta hai dang biéu dién cua sé phirc:

V, =V, exp(e,)
hay Vi=VZe, (1.44°)
Vi=Vi+j", (1.45)

Quan h¢ cua (1.44) va (1.45) la:

Vo=V +7

= qarct: & ’ (1'46)
D 54 v
Vi =Vicoso, (147
Vla = V15in¢1 .

Xét cac diéu hoa dong ap sau day:
e(t)=E, cos(wt+@,)

‘ (1.48)
i(t)y=1,cos(wt+ ;)
Dua vao sb phirc ta c6 thé biéu dién diéu hoa (1.48) nhu sau:
o(t) = RelE,, explj(at + ¢, )|} = Re{E, expl j(er + ¢, )
e(t) = Re{expO'a)t).Emexp((oe)}
e(t) = Re{exp(ja)t).Em} (1.49a)
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Vo E, =E, exp(p,)=E, /o, (1.49b)
Nhu vay véi cong thirc (1.49a,b) ta da biéu dién cac diéu hoa e(t), i(t) thong qua
s6 phirc E >, va ham mii exp(jor) chinh thanh phan ham mil chi ra tan sb cua diéu
hoa.
Céc phép dao ham va tich phan ham diéu hoa nhd phép dién ta bang sé phic ciing
tim duoc cac quan hé sau day; khi xét cudn day va tu dién; v6i i(¢) = 1,,cos(wt —@,).

u,(t) = L% = XL.Imcos(a)t—goi +7z/2)

= Re{joL.1,, explj(ot — o, )}
u, (1) = ReljX I exp(jor)}

= Re{ULmexp(ja)t)} (1.502)
U, =jX, I, (1.50b)
O day: X, = wL nhu (1.39).
Tu C c6 dién ap:
u () = % j i(t).dt = X1 cos(ot—@, —x/2)
u, (t) = Re{.L 1,,.explj(or -, )]}
jac
u,(t) = Re{— jX I, exp(jon)} (1.51a)
U, =—jX_I, (1.51b)
va: X, = 1 he (1.40).
wc
Tir (1.50a) va (1.50b):
U, =Z,1, ,v6iZ=jX; (1.52)
U,=2.1,6 ,v6iZ =jX. (1.53)
Ngoai ra nhanh thuan tré c6 thé tim duoc:
Upy =Zgd, ,v6iZp=R (1.54)

Céc cong thirc (1.52), (1.53) va (1.54) dugc goi 1a luat Om phirc cho cac nhanh
dang cua chung la:

U=Z.1 (1.55)
1.3.2. Biéu dién cac phan tir thu dong bing sé phirc
Xét mach ndi tiép 3 phan tir R — L — C hinh 1.16.
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e v
wi e
S R
Hinh 1.16. Mach RCL Hinh 1.16a. Tro khang
Gia thiét dong dién: i(r) = I, .coswt
Mach c6 phuong trinh: u(#) = u, (¢)+u, (¢) +u_(t)
Str dung cac biéu thirc cho dong dién va dién ap twong tng:
U,=U,, +U,, +U, ,thay cac gia tri tuong tmg:
U =Rl + X, I —jX.I
U,=1,[R+j(Xx,-X.), dit Z=R+j(X,-X.) (1.56)
u,=1,7 (1.57)

Theo (1.56) thong sé Z duoc goi 1a tré khang ctia mach. Pon vi cta tré khang 1a
om (Q). Tré khang 1a mot s6 phuc 6 dang mé dun goc pha:

Z =z exp (@)
Vo1 z=vR*+X* R goiladién tré va
X=X,-X_, ,Xgoiladién khang.
nguoc lai co: R = zcos¢p
X =zsing

Tré khang mo6 dun z, goc pha ¢ hay dién tr6, dién khang déc trung cho quan h¢
cua dién ap va dong dién trong nhanh theo (1.57). Tong quat tré khang mach hay nhanh
1a mot s6 phirc déc trung cho nhanh hodc mach do. Vi la s6 phire n6 ciing dugc dién ta
bdi tam giac trd khang trén mat phang phtrc hinh 1.16a.

Xét quan hé dong theo ap, tir (1.57) co:

. U N
I, = Zm ,dzit%:Y va goi Y la dan nap ctia mach.
1 1 1 1 1
Y=—= =—/—@=—cos(—@)+ j—sin(—
7 oo 2 9= (-9) J- (-9)
1 R ) 1 X
Y = -J
JR2+ X2 VR + X2 TR+ X2 VR + X2
R X
Y= -7 =G+ jB , 1.58
R+x’ 'Rix / (1:58)
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VOi: G= ﬁ , goi la dan nap nhanh, don vi [-1/Q] hay [S].
+

B=-B= —ﬁ, goi la dién nap nhanh, don vi [1/Q2] hay
+
[S].

Y theo (1.58) duoc goi la din nap nhanh. Dan nap nhéanh ciing dic trung cho
nhanh va dang phuc mo6 dun goc pha:

Y =ye (1.59)
y=vB’+G’
trong do: B (1.60)
0= arctg(—j
G
Trong bai toan cu thé trén dé thay:
=L i o-—p (1.61)
z

St dung dang dan nap Y trong nhiéu truong hop rat thuan loi nhat 13 cac mach
song song. Vi du hinh 1.17.

V61 phuong trinh dong thoi gian:

i(t)=1i,(t)+i,(¢t)+i.(t), sang dang phuc:

1,=1,+1,, +I,, (1.62a)
Thay timg thanh phéan theo / = Y.U

I,=YU, +Y,U, +Y.U, (1.62b)
Tu (1.52), (1.53) va (1.54) ratra Yr, Y, Yc:

1 . )
Rm :EUm :gR'Um ’

VoI gr=—3 B, = =—; B, =—=0C (1.63)

thé vao (1.62):
jm :gRUm _jBLUm +.]BCUm
i,=lg,+j(B.~B,)U,
jm = Y//'Um H
vOi: Y, =gy +j(B.-B,), (1.64)
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Y, =\/g2+(B. - B,)’

B, -B (1.65)
0= arctg( < L ]
8r

D6 thi phirc cho mach R/L//C theo cong thirc (1.62a).

IE.l'I

il ll '
[
i,
L. i [
. Ee—
' —‘7 \ Ll
j ’ i| n

Hinh 1.17. Mach R//L//C Hinh 1.18. Néi tiép cdc phan tir R, L.

1.3.3. Tri s6 hiéu dung ciia dai lwgng diéu hoa
Gid tri hiéu dung Ing ciia dong dién diéu hoa i(t) 1a tri s6 clia dong dién khong doi I
(mdt chi€u) twong duong vé phuong di¢n ti€u tan voi dong di€éu hoa do. Theo nang
luong co:
T
r j i2(t)dt =rI*.T
0
O day vé trai la nang luong ctia dong diéu hoa trong mét chu ky T, n6 s& cén bang
vo1 nang lugng dong hi¢u dung trong chu ky ay.
Thay i(t) =1, sinot vao dang thirc trén, ta giai dugc:
1
I1=1,,=—"+
hd \/E
Tuong ty nhu vay, ¢ dién 4p va suc dién dong ta ciling co:

U E
U=-~ , E=-2

V2 V2
_ Trong ky thuat cac dung cu do luong cong nghiép dugc thiét ké dé do dong, ap &
tan s6 5S0Hz, khi do gia tri do dugc 1a tri so hi¢u dung.
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1.4. BIEN POI TUONG PUONG MACH PIEN

1.4.1. Bién doi cac mach don gian

Véi khai niém tré khang Z va dan nap K. 2,
Y doi khi dé don gian ching cling duoc ky =r|:|—ﬂ“r1—Lf;:|—“r~——~r“ —Ii:
hiéu boi hop chit nhat — nhu dién trd, nhung ' : T
ghi kem theo gid tri Z hay Y, xem hinh K £ Kijs,
(1.19a) va (1.19b). T O —1
Véi mach ndi tiép cac phan tir dién tro
va dién cam dé chimg minh duoc viéc tuong Hinh 1.19. Néi tiép
dxuong’chﬁr‘lg voi ‘Adlén trg va dién cam bang cée phan tir R L.
tong cac thanh phan.
K L
R=>'R ; L=) 1L (1.66)
1 1
O cac mach song song hinh 1.20 d& tim dwgc quan hé sau:
S
C=>C (1.67)
1
Thuc hién cac cong thuce (1.66) va (1.67) theo dang phuc c6 duoc:
K
Z = Zzi , & mach nbi tiép, (1.68)
1
L
Y= ZYS , 0 cac mach song song, (1.69)
1

Véi cac mach hdon hgp thudng tim tré khdng twong duong
Xét mach hinh (1.21), tim Zy cia mach.

[ 1 Llit) :
I | oo T ik

Hinh 1.20. Néi song song phan tir C Hinh 1.21. Mach song song

1 1
Z = — =
“ Ytd 1 + 1 +i
Rl +jXL1 Rz _chz R3
hodc: L:L+L+L
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Ly thuyét mach dién

VoI Z, =R +joL,; Z,=R,—j—— ; Z, =R,.
C,
1.4.2. Bién doi sao (Y) — tam giac (A)
Cho 2 mach hinh 1.23 va 1.24 véi diéu kién dong va dién ap trén cac cuc 1,2 va 3

trong 2 so d6 ndi sao (Y) va ndi (A) déu gidng nhau, ta d& ching minh dugc quan hé sau
day:

Hinh 1.23. Néi sao (Y) Hinh 1.24. Néi tam gidc (A)

ZIZ'Z31
ZIZ +ZZ3 +Z31
223'212
ZlZ +ZZ3 +Z31
ZSI'ZZS
ZlZ +ZZS +Z3l

ZZ,

L=

(1.70)

2 =

3 =

L,=7Z,+7Z,+

3

7,7,
Zy =2+ 7+ 2 (1.71)

1
Z,, Z+Z+ZZ

2

1.5. KHAI NIEM VE MACH VA PHAN TU PHI TUYEN
1.5.1. Phin tir phi tuyén
Khi cac thong sb cua phan tir khong phai 1a hing sb, ma chung phu thugc vao
dong dién va dién 4p qua n6 nhu R(i), R(u) ta c6 phan tir trd phi tuyén, rd rang lac nay:
R(i) # const va R(u) # const (1.73)
Véi dién tré thuong c6 dic tinh Von — Ampe 1a khong duong thing nhu hinh
1.25.

26 ¢ LT-MD



U (q) i
(v) U viq (i)
qlu
Riu)
0 iA) 0 i(w
! > A -
Hinh 1.25. Phan tir phi tuyén. Hinh 1.26. Ky hiéu va ddc tinh

ciia cudn cam (i) va q(u) phi tuyén.
Véi cac cudn day phi tuyén c6 quan hé:

L) = 88_1// # const (1.74)
i
\ A oq
va tu dién co: c(u) = ™ # const (1.75)
u
Thuong tinh chat phi tuyén ciia cac cudn cam : R L o

al
do tinh bao hoa tir 161 thép, con vdi tu dién do di¢n L+
mdi cua ching quyét dinh.

(3] [ 140
Trén hinh 1.26 bicu dién va ky hiéu cac phan tir ;
phi tuyén. Voi cudn cam thuong xét dac tinh tir thong =3 o !
— dong dién (W, — A) con tu dién 1a quan h¢ dién tich : )
— dién ap (Cu long — Von). of Jenngs
1.5.2. Mach phi tuyén Hinh 1.27. Mach phi tuyén.

Trong mach dién chi can mot phan tir phi tuyén
thi d6 1a mach phi tuyén. Vi du trén hinh (1.27a,b,c) 1a mach phi tuyen Do quan hé¢
phuc tap giita cac thong sb nén phuong trinh viét cho mach phi tuyén 1a phuc tap.
Thuong gip céc phan tir phi tuyén sau day:

+ Dién dan phi tuyén:
i=a.u’,voia,blacic hé so.
+ Dién cam phi tuyen:

w =ai+bi’
+ Pién dung phi tuyén:
g=qu+bu’; (1.76)

1.6. HAI PINH LUAT KIECHOOF
1.6.1. Két cAu mach dién

Mach dién dugc xay dung dua trén cac nhanh va nut (hodc goi la dinh).
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Nhanh 1a mot phén cua mach dién, chi gém cac phﬁn ter ndi tiép nhau va qua
chung chi ¢6 duy nhat dong dién chay qua. Nhu vay c6 thé coi nhanh c6 mot dong dién
chung chay qua phan tir. Nut ciia mach dién 1a giao diém cua 3 nhanh trd 1én. Trén hinh
1.28 1a mach dién danh sb theo cac nhanh 1,2 va 3, con 2 nut a va b. Nhu da xem xét
ngudn stc dién dong va dong dién chun, ta coi tu dién C; ndi song song véi ngudn J.

I<;

451

Hinh 1.28.
Mach dién. Hinh 1.29. Mdt lwoi va vong.

Nho ¢ cac nat va nhanh ma trong mach c¢6 cac vong. Vong (luén hiéu 1a kin) 1a
mot phan cua mach dién bao géom cac nhanh va nut hop thanh mdt duong kin, qua do
moi nhanh va nuat chi gdp moét lan. Trén hinh 1.28 ¢6 thé xac dinh dugc 3 vong.

O mach dién phang, noi co thé ap mach dién xudng mit phang ta co thém khai
niém mat ludi. Mat ludi la nhitng vong nhé nhat cua mach dién ma n6 khong bao (trim)
vong nao khac. Trén hinh 1.28 c6 thé v€ lai nhu hinh 1.29 véi 3 cong a, B, v, nhung
mat ludi chi c6 ava B. Co6 thé nhan xét mat ludi bao gid cling nhé hon s6 vong, va mat
ludi dé xac dinh nhat.

1.6.2. Pinh luit Kiéchoof va luit Om

a) Ludt Om

V6i mot nhanh bat ky ndi tiép cac phan tir c¢6 thé
tim duoc quan hé dong dién va dién 4p cua nd, d6 la )—@—{ vy 1—B<
luat Om tong quat. -

Trén hinh 1.30 1a nhanh, véi chidu dong ép quy Uk
udc ta co duogc: Hinh 1.30. Nhanh.
ug (1) = ey () =gy (1) =1 1 (1) —u g ()
uK(t)=eK(t)—Ri(t)—Lﬂ—l i.dt (1.77a)
dt ¢
Chuyén sang dang toan ttr hinh thirc:
: . 1.
ug(p)=ex(p)—Ri(p) - pLi(p) —;l(p)
1.
ug(p) = e (p)—(R +pL+E]-l(p) (1.77b)

Khi chuyén sang sb phirc:
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U,=E, - {R + j(a)L - iﬂj (1.77¢)
wc
U=E,-ZI (1.77d)
Céc cong thirc (1.77a), (1.77b), (1.77¢) va (1.77d) dugc coi 1a luat Om tong quat
cho nhanh c6 nguon suc dién dong.
b) Ludt Kiéchoof 1
i Theo vat 1y c6 phat biéu: “Téng dai s6 dong dién vao, ra tai mdt nit cua mach déu
bang khong”.

Dig()=0 (1.78a)

Chu y dong dién ¢ day chura ca ngudn dong J(t), con chiéu dong dién thuong qui
udc (khong bat budc) mang dau (+) khi di ra khé nat va (-) khi di vao nat.
Trén hinh 1.28 ¢6 2 nut:
(@ i -4 = —-j=0
by —i;+i+i,+j=0
Co thé thiy phuong trinh viét cho nut (a) va (b) phu thudc vao nhau vi doi déu
phuong trinh nay la phuong trinh kia. Do d6 trong mach dién nhi€u nut (16n hon 2), sau
day ta de chi ra s0 phuong trinh doc 1ap viét theo luat Kiéchoof 1 bang so dinh (nt) trir
1. Cé6 thé chuyén phuong trinh (1.78a) sang cac dang toan tir, phuc:

niit

Dig(p)=0 (1.78b)
iI'K(jwhiiK(jw):O (1.78¢)

¢) Phuwong trinh Kiéchoof 2
Phét biéu nhu sau: “Theo chiéu bat ky cua vong da chon, tong dai sb cac sut ap
trén cac phan to bang khong”.

vong

Dug(n=0 (1.79a)

Qui wdc diu cua cac dién ap trén cac phan tir nhu sau: Néu ap trén phan tir ciing
chidu vong thi n6 mang diu (+) va ngugc chiéu v6i vong thi mang dau (-).

Nhu di biét chiéu cia dién ap trén ngudn stc dién dong bao gior ciing ngwoc nhau
(vi du khi tro khang ngudn bang khong): —e(r) =u(7), tir 46 c6 cach phat biéu khac:
“Theo chleu bat ky cua vong da chon, téng dai s6 cac sut ap trén cac phan tir thy dong
bang téng dai s6 cac ngudn strc dién dong trong vong d6™:

vong vong

Du ()= e (1) (1.80a)
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Phuong trinh (1.80a) quen st dung hon (1.79). Trén hinh 1.29 ¢6 3 vong tuong
ung voi bai toan hinh 1.28,c06:

Vong o R (t)+L, @, 1 j i,(0).dt = e,(f)
dt ¢,
Vong B: Ry, (¢) L j i,().dt = e, (f)
s

. . di, .
Vong y: Rlll(t)+L17;Rzlz (1) =e,(t)e,(1)

C6 thé nhan théy trong 3 phuong trinh cho cac vong a, B va y trén c6 mot phuong
trinh phu thudc. Néu chon hai mét luéi o va f thi & d6 c6 2 phuong trinh doc 1ap. Vi thé
v6i bai toan nhidu vong ngudi ta thuong chon cac mat ludi dé viét phuong trinh
kiéchoof 2 (ta s& xem xét k¥ & phan sau).

Ttr cac phuong trinh thoi gian d& chuyén sang dang phirc, toan tir:

Vong a: Ry, (¢)+ pLii(p)+ i;(p)=e¢/(p)

C3
T
RI +joLl —j—1I,=E
ac,

‘ : N
VongB:  R,1,(1)-j—1,=E,

3

Ry (p) +——is(p) = &, (p)
V4

Cs
Ta xét lai nhanh K 6 hinh 1.30 theo cach 14p phwong trinh Kiéchoof 2:
di 5 A
u, (6) + Ryl + LﬁJrlJ-int =e,(t) va tir d6 tro vé luat Om cho
c

nhanh nhu da xét.

d) Nhanh chudn cho mach dién &) ;

Dé tién cho phan tich mach dién ta dua ra mot JH L v j(
so d0 mot nhanh chuan gom du cac nguon e(t) va j(t), 'u Z,
cung voi no tong quat 1a 1 tré khang Z, hinh 1.31. Ul -

Vé6i qui u6c cac chiéu ciua dong [ K,f x> cla . , P
S . . .; X . Hinh 1.31. Nhanh chuan.
Uy ,J ta lap phuong trinh theo Kiéchoof 1 va 2 va

dé tim duoc:

Ug +E, =Z ([, +J ) (1.81)
hoic: Ie+Je =Y, Uy +Ey) (1.82)
O day: Y, :ZL ,vachay: I, =1, +J, (1.83)
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Céc phuong trinh (1.81) va (1.82) viét cho s phurc, nhung ta c6 thé tim dang thoi
gian hoac toan tir mét cach tuong ung.

RO rang dang (1.81) lién quan t6i tré khang Zg, con (1.82) lién quan t&i dan nap
Y. Tur do cé thé tim hudng phan tich khac nhau, ta s€ xét & cac phan sau.

Mo rong cho mach dién co thé tim duoc quan h¢ dong ap, stic dién dong toan
mach theo cac ma tran quan hé.

e) Phuong trinh dong ap ma tran cho mach dién

Theo cong thirc (1.81) viét theo dang thoi gian:

U +ex () =Z iy O]+ 7, 0]} (1.84)
5 _ d 1
trong d6: Z, =R, + L, dt+cK Idt (1.85)

(O day ta chwa xét mach hd cam).
Theo cong thirc (1.82) viét theo dang thoi gian:

i)+ T () =Y, u, O]+ e O]} (1.86)
trong do: Y, :L (1.87)
ZK
Mo rong cho mach di€n v6i cac ma trn dong, ap, trg khang sau:
I U, € J,
) i u e J
[lNh]: s [”Nh]: s [eNh]: s [JNh]: ’
Iy Uy, I Nhe I i
Zl
Z 0
[Z.,]= 2 V6i Xy = Ry + Lyt Ljdt
dt  cy,
0 Z
Y,
Y. 0
va: [v,]= ’ voi Yy, = L (1.88)
Zy,
0 Y,

Chu y rdng ngoai hai ma tran tr& khang [Z Nh] va [Y Nh] dan nap 12 ma tran duong

chéo, con cac ma tran khac 1a ma tran cot,voi sb hang l1a Nh. Twr cac biéu dién (1.88) thé
vao (1.84), (1.85), (1.86) va (1.87) ta co:

[ ]+ lew 1= 12 Hlina 1+ [0, ) (1.89)
[iNh]+ [JNh]: [YNh ]‘{[uNh]+ [eNh ]} (1.90)
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Vi dy 1: Lap phuong trinh Kiéchoof 1 va 2 cho mach va sip xép ching c6 dang

ma tran.

"
T3 AT
3+ A
P 7 u
. Ra
2 — |
| I |
Hinh 1.32.

0 0 1 -1 |
1 0 0 o -1 [|a@] |0
0 -1 -1 1o ||RO) |10

d d||im|=| o

R R -LE o .25

b 3;’1 St | |1s(0) 0
1 .
- t

0 0 L c4jdz 0 | 5] e, ()

Vi du 2: Cung véi mach dién cho ¢ vi du 1, 1ap dang phuong trinh:

J+[iwm]

[uNh ]+ [eNh ] = [ZNh ]'{[iNh

Rl
fu, ()] [ 0] R, 0 RGINEFAG]
u, (?) 0 L d i,(1) 0
u )|+ 0 |- . L) |+ o |
u )| | e 0 o W] | o
us(®)| [ 0 | d ||Li5@] | 0 ]
I *dt

Vi du 3: Ciling vo1 mach ¢ vi du 1, 1ap dang phuong trinh:

[iNh ]+ [JNh ] = [YNh ]‘{[uNh ] + [eNh ]}
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—_—

R,
0] [40 . @] [0
L@ | o w@| | o
L+ 0 dt w0+ 0
0| | o L . w0 | e
0] | o v us] | 0

1
L—det_

Cdu hoi on tap,kiém tra danh gid chuwong 1.
1/ Cac dang tin hiéu trong h¢ thong théng tin ,vién thong . Chudi Furié ¢ y nghia phdn tich tin
hiéu nhw thé nao .Nguyén tdc truyén thong ciia hé thong Vién théng .
2/ Cdc logi nguén tin hiéu va so dé cia ching .

3/ Qui tdc biéu dién dong dién ,dién dp va cong sudt trong nhdnh va mach khi c¢6 nguon bén
trong .

4/ Quan hé dong dién ,dién dp va cong sudt trong cdc nhanh thuan tré, thuan cam va thuan
dung .

5/ Quan hé hé cam giita cdc cudn day 16i thép va cdch thé hién hé cam thudn va nguoc .

6/ Véc to quay biéu dién va tinh todn cdc thong sé cia mach dién diéu hod .

7/ 86 phirc biéu dié~13 cdc théng s6 cia mach dién diéu hoa; dong, dp cong sudt, théng so thu
dong, tro khdang ,ddn nap .

8/Y nghia tri 56 hiéu dung trong mach diiéu hoa .

9/ Cdc phép bién doi tuwong dwong mach dién .

10/ Phén biét phan tir va mach tuyén tinh véi phi tuyén .

11/ Hai luat Kiéchép va Ohm dp dung cho nhanh chan va mach dién .
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CHUONG II

CAC PINH LUAT VA PHUONG PHAP PHAN TiCH
MACH PIEN TUYEN TiNH

2.1. GRAF CUA MACH PIEN
2.1.1. Khii niém vé Graf Kiéchoof

Mach dién nhu da biét dugc thiét 1ap bdi cac nhanh va nit. Mach dién hinh 1.28
duogc biéu dién don gian hon trong hinh 1.29, trong d6 cac doan thing da thay thé cho
cac nhanh. Chiéu cua nhanh cung chiéu v6i dong dién va dién ap cua nd. Mdi mot
nhéanh véi s6 chi ctia minh chia dung cac thong tin vé nhanh, vi du nhanh 1 duogc hiéu:
c6 dong 1y, ¢b ap uy, cé suc dién dong ky hi¢u e, co tré khang Z,, Z,(p) hay Ry, L; va
C; ... Nhu vay mdc du chi la mdt doan théng ¢ chiéu nhung nhanh d6 da duogc dic
trung hoa rat nhidu théng tin kém véi sb chi cua né. Vay tap hop cac nhanh c6 chiéu
cung voi cac nut da tao ra mét hinh dang don gian hon bleu dlen mach dién. D6 goi la
Graf Kiéchoof hay Graf ning luong, trong d6 vé két cdu rat gan giii v6i mach dién da
biét.

Ban than cdc nhanh va cac nit theo tinh chit mach dién chira dung nguyén tic
chép nbi ndi tiép va song song sau day:

Néu ndi tlep cac phan tir trong nhanh (hinh 2-1) thi dién ap trén nhanh la tong cac
dién 4p thanh phan — goi 1a chap ndi nbi tiép.

U=u;+u+...+tu,

UziuK (2.1)

u u u u u
1 2 3 4 n

Hinh
2.1. Chdp néi noi tiép. Hinh 2. 2. Chdp néi song song.

Véi cac nhanh song song do luat Kiéchoof 1 tao nén dong dién téng bang téng cac
dong thanh phan, hinh 2.2.

n
=i +iy o, = Y iy (2.2)
1
Véi cac biéu dién bang Graf trén, tir chip ndi nbi tiép va song song Graf c6 nhimng

tinh chat hinh hoc (topd ddce 1ap vaoi tinh chét cua cac phﬁn tr va cac loai mach dién).
Tir d6 v6i cac luat Topo ta co thé dé dang phan tich mach dién.
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2.1.2. Graf con va cac thanh phin ciia Graf

Mot nhanh véi hai dau chira hai nut (hoac 1 nut) la mot thanh phan nho nhit ca
Graf. Moi thanh phan bat ky (g6m ca thanh phan nho nhat) goi l1a Graf con, hay Graf
con 13 mot thanh phan cta Graf. Cac Graf con c6 tinh chat 13 né tao nén nhitng khai
niém hinh hoc ¢6 nhiing qui luat nhét dinh (luat topo).

Trong Graf va Graf con c6 khai niém sau day:
+ Duong: 1a tap hgp cac nhanh ndi lién tiép nhau chay qua nit va cac nut khong
duoc tham gia hon mot 1an.
~ + Vong (hay vong kin): la con duong khép kin n6 khong co diém dau va diém
CcuoOi.
~ * Cay: la tap hop cac nhanh ndi v6i di cac nut nhung khong tao vong kin nao. Co
thé nhan xét quy luat sau: Néu mach, Graf co6 Nh — nhanh va N — nat (dinh) thi s6 nhanh
trong moi cay:
C=N-1 (2.3)
Nhu dinh nghia trén c6 thé tim thay rat nhiéu cay trong 1 Graf, nhung cai chung
cua cac cay do la so nhanh cia moi cay C. Xét mach di¢n hinh 1.28 ¢6 Graf ¢ hinh 2.3.

M M M EI
&
b b R o

Hinh 2.3. Graf don gian. Hinh 2.4. Cay va bu cay.

C6 3 cay, trong moi cay chi c6 mot nhanh 1a 1, 3 va 2. Rd rang v6i N =2 thi C =2
-1=1.
+ Bu cay: 1a tap hop cic nhanh phu 1én cdy di chon dé 1ap ra Graf.

Trén hinh 2.4 tng v&i 3 cdy da chon 1a 1, 3 va 2 (v€ nét dam), con cac nét nhat la
cac bu cay.

D& nhén thay cac bu cay trén hinh 2.4 ¢6 s6 lugng nhanh déu 1a 2.

Ta thay rang s6 nhanh trong moi bu cay B, dugc xac dinh:

B.=Nh-N+1 (2.4)

+ Tap cit: 1a tip hop cac nhanh va cac nit chia Graf thanh céac Graf con.

Nhu vay mot phép tach Graf bat ky déu tao ra tap cit.
Thuong hi€u tdp cat nhu 1a mat cat doéi Graf ra 2 phan bat ky
(khong phén biét bén to bén nho) va trén mdt cat chira nhanh cung
v&i cac nuat lién quan téi nhanh do goi 1a tap cat.

Trén hinh 2.5 xéc dinh tap cét S,. Trong SO chira 3 nhanh 1,
3 va 2 cung v6i nat hodc phia b hodc phia a. O day bai toan don

gian, nén S, 1a duy nhét cat d6i Graf. O mach phuc tap c6 S, tép Hinh 2.5
cit va cat thuong khong déu, nhung mit cit bé nhat chira mot nit o

Tdp cat S,.
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va cac nhanh noi ndi tiép, cadc nhanh nay chura it nhat mét canh cua cay.

2.1.3.Quan hé cac thong s0 ciia Graf v6i s6 phwong trinh
Kiéchoof

Trong mot Graf c6 nhiéu vong, ngudi ta dinh nghia vé loai
vong dic biét 1a vong chinh. Vong chinh 1a vong bao gom mot
nhanh ctia bu cdy va cac nhanh cia cdy di chon. RS rang mdi mot
bu cay B, cho phép 1ap mot vong chinh.

Trén hinh 2.6 véi cay chon trude 1a 3, thi c6 2 vong chinh a &
— do bu canh 1 1ap ra, con vong chinh  — do bu canh 2 1ap ra. Hinh 2.6.
Nhu trén da xét mat ludi o va B dé 1ap dugc hai phuong trinh Vong chinh.

Kié:choof 2 doc lap. Co luat vé s phuong trinh ddc 1ap theo luat
Kiéchoof2 nhu sau:
S6 phuong trinh Kiéchoof 2 doc 1ap = S& vong chinh = Sé bu cdy Be.
vOi: B.=Nh-N+1
Tur day, dé do nham 1§1r~1 cac phuong trinh viét theo Kiéchoof 2 & mach phirc tap,
ta nén chon céy sau do cir moi mot bu cdy cung voi cay dd chon 1ap mot phuong trinh.

Co thé nhan xét bang cach chon cay thich hop thi moi mot mit lu6i chira mot bu cay va
s6 phuong trinh doc 1ap ciing 1a s6 mat ludi.

Khai niém tap cit chinh dugc dinh nghia nhu sau:

Tap cat chinh bao gdm mot nhanh cta ciy va cac bu cay. Mdi nhanh cua cay cho
phép 1ap mot tap cit chinh. Xem hinh 2.4 v6i timg cay da chon (chi c6 1 canh — nhanh)
két hop voi hai bu cay ta co mot tap cit chinh, vay chi co 1 tap cat chinh. Co6 thé ching
minh duoc ket qua sau day sO phuong trinh Kiéchoof 1 doc lap bang s6 phuong trinh
viét cho tap cit chinh va bang sé nhanh cta cay C =N — 1.

Vi du: ’Cho Gr’af tuong ung voi maqh dién nhu hinh 2.7a. Hay chon cay, bu cay,
1ap cac tap cat va viet cac phuong trinh Kiéchoofl va 2 doc lap.

Giai:

Chon céy v6i cac nhanh 2, 6 va 5 (nét dam), cac bu cay 1a 1, 3 va 4 (net nhat). Vi
cON-1=4-1=3=c, vay can tao ra 3 tap cat chinh va viét phuong trinh Ki€choofl
cho timg tap cat nay. Chon Se dé né chi cat nhanh 6. O day S; 1a tap cat ung véi nhanh
cua cay.

Twr do 1ap cac phuong trinh:

Télpcé.tSQI +i+iz—i;=0
TélpCé.tSsI +is+iy,—i;=0
Tap cit S : Tigtigtiz—i;=0
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Véi chiéu duong (+) ciia dong dién
khi n6 cung chiéu voi dong dién cua
nhénh tao ra tap cat chinh.

Vi cay da chon co thé tim duoc 3
vong chinh va lap Kiéchoof2 cho tung
vong nay.

u1+ uz +Ll5 +u6=0

Uz — Uy —Us = 0
Ugy— U5 — U= 0

Véi chiéu duong ciia vong chinh 1a
chiéu cua nhanh bu cdy tao ra n6 dung Hinh 2.7a va b.
lam chuan.

2.2. CAC MA TRAN TOPO MACH

Céac ma tran té po cho’ biét cAu tric hinh hoc ciia mach dién béng cég: con s6. Cac
ma trdn t6 pod quan trong nhat 1a cdc ma tran nit A, ma tran B va ma tran vét cat Q.
2.2.1. Ma tran cAu tric[A]

C6 thé chon mot nat bat ky trong s6 N, nat cﬁ? mach dién lam géc, ma tran nat
cua mach dién c6 (N, — 1) hang va Ny, ¢t voi cac phan tir ma tran.

a; = 1 néu nhanh j c6 chiéu chi ra khoi nit i.
a; =—1 néu nhanh trén c6 chiéu chi vao nut i.
a; = 0 néu nhanh j khong ndi véi nit i.

Thu tu ky hi¢u cac nat va nhanh khong quan trong.

Hang cta nat bat ky dugc chon lam géc, c6 thé suy luan duoc tir (N, — 1) hang ng
vl cac nut con lai. Boi vi moi nhanh déu noi hai nat vi néu chi€u dong trén nhanh di
vao nit nay, tirc la di khoi nut kia, vi vay tong gia tri cac phan tir cua mot ¢t bao gio
ciing bang 0 (n€u tinh ca hang ing vdi nit goc), tir d6 dé dang suy ludn hang tmg voi
nut goc.

Xét mach diél} va graf & hinh 2.7. C6 ma tran[A] ¢ bang béq. V61 nhan xét theo
cdt co gia tri tong bang khong, vi chi ¢6 2 gia tri 1 va —1, nén c6 thé bo qua mét hang —
ung voi mot nut nao do. Nut bo di coi 1a nat chuan va gia thiét thé tai d6 bang khong. Vi
du chon @4 =0 c6 ma tréan:

Nh| 1 2 3 4 5 6

N
a 0 -1 0 1 0 1
b -1 1 1 0 0 0
C 0o 0 -1 0 1 -l

o,
—
(e
e
|
—
|
—
e
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0 -1 0 10 1
[A]=]-1 1 1 00 0 (2.5)
0 0 -10 1 -1

Ma tran cau trac [A] c6 cac dic diém sau:
a) Cip (1, —1) trén mot cot chi rd nhanh d6 ndi tir dinh nao téi dinh nao.

‘ b) Trén mdt hang gé thé xac dinh duoc co bqo nhiéu nhanh ndi vao dinh dé va véi
chiéu ra sao: +1 chi chiéu ra khoi nat, —1 chi chiéu vao nut, con 0 la nhanh d6 khong
lién quan.

c¢) Vi ma tran[A] déd bo di mot hang co thé khoi phuc lai d& dang do tinh téng
theo cot bang khong.
Tir cac dic diém trén c6 thé tim duoc:

luat Kiéchoof 1:

[4] [ixa] =0 (2.6)
va luat Kiéchoof 2:

[unn] =[4"] [o™ ] 2.7)

Trong d6: [un].[ins] — 14 ma trén cot c6 s hang bang s6 nhanh.
[A"] - 14 ma tran chuyén vi caa[Al].
[¢"] — 1a ma trdn thé dinh, ciing 12 ma trin cot co s6 hang bang sb
nat troe di 1: (N - 1).

Iy U, D,
[iNh]: ;12 ; [”Nh]: ?{2 ) [¢N71]: :¢2 (2.8)
Ly Uy, Pna

2.2.2. Ma tran vet cat Q

Ma tran vét cat cua mach dién c6 (N, — 1) hang va Ny, ¢0t (trong do: (N, —1) 1a so0
vet cat co ban) véi cac phan tu ciia ma tran.

qij = 1 néu hudng cua nhanh j thudc vét cat i co6 cung chiéu voi chiéu vét cat 1.

dij = —1 néu chiéu cua nhanh trén ngugc véi chiu cua vét cat i.

dij = 0 néu nhanh j khong thuc vét cat i.

Vi mach dién graf 2.7 ¢6 ma tran tap cat Q.

Bang: Ma trin tip ciat Q

Nh 1 2 3 4 5 6
Sk

Sy -1 1 1 0 0 0

Ss -1 0 0 1 1 O

Se -1 0 1 1 0 1
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Dic diém cia ma trin Q:
a) Cot nao cua ma tran chi co6 ) hang gia tri 1 thi d6 1a nhanh cua cay da chon, vi
du nhanh 2, 5 va 6.

b) Cac sfS hang -1, +1 biéu thi trong mot hang thé hién cac nhanh do6 tham gia vao
tap cat, Chi s6 +1 la chiéu nhanh cung chiéu tap cat (chiéu nhanh cay) va chi s6 -1 biéu
thi nhanh ngugc chiéu.

Do tinh chét trén, ma tran tap cat dién ta:

Luéat Kiéchoof 1:

[O] .[ine] =0 (2.9)
Luat Kiéchoof 2: [

[Uni] =[0"] .[UL] (2.10)

Trong do: [U;] — 1a ma tran dién dp nhanh cua cay da chon, né 1a ma tran cot c6
s0 hang bang s6 nhanh cua cay (c).

U,
[ ]=| us 2.11)
Ug
2.2.3. Ma tran chip ndi B (hay ma trin vong nhanh)

Ma tran mach ctia mach dién c6 B, hang Nyj 6t (trong d6 B.nghiép vu 1a s6 vong
co ban) vodi cac phan tor ma tran:

b;j=1 néu chiéu nhanh j thudc vong i cing chiéu véi qui wdc caa vong.
by=-1 néu chiéu nhanh trén nguoc véi chiéu qui ude cua vong.

b;=0 néu nhanh j khong thudc vong i.

V61 mach di¢n graf ¢ hinh 2.7 c¢6 ma tran[B] ¢ bang.

Bang ma tran|B]

4 10 0 0 1 -1 -1

Véi cac vong lay cung chiéu véi bu canh B, ta ¢6 3 vong 1a 1, 3 va 4.

Dic diém cta ma tran[B]:

a) Trén cOt nao chi c6 mdt gia tri 1 d6 l1a ¢t nhanh ctua bu cdy. Vi du chon ra 3
nhanh bu cay la 1, 3 va 4.

b) Céac sb hang +1 va —1 trong mot hang chi ra c6 bao nhiéu nhanh tham gia vao
bu canh — vong d6. Vo1 +1 chi rd chi€u ctia nhanh cung chiéu vong va —1 chi ra chiéu
ngugc nhau gitra vong va nhanh.
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Do céc dic diém trén co thé 1ap duoc cac ma tran theo céc luat Kiéchoofl va 2.

[B] .[Um] =0 (2.12)
[ini] =[B'] lisc] =[B'] .[i)]  (2.13)
Trong d6: Ma tran[iy] hay[igc] 1a ma tran cot, cé $b hang béng $6 nhanh bu cay
B..
il
[iv) =[izc] = | i, (2.14)
i4
2.2.4. Quan h¢ giira cac ma tran[A],[Q] va[B]
V61 mot graf da cho co thé chon mot cay thich hop dé c6 cac ma tran:
[4c] = 15[Bac] = 15[0c] =1 (2.15)

Trong do: Ma tran theo cdy la C va ma tran theo bu cay la B.. Cay chon nhu vay
thuong c6 cay 1a nat goc voi mot nat khac nira, va chiéu cac nhanh
hodc cung di vao hodc cung di ra khoi ntt goc.

~ Ma trdn [A] va [Q] viét cho luat Kiéchoofl, con ma tran [B] viét cho luat
Kiéchoof2.
C6 thé thiy ma tran [Q] tong quat hon ma tran [A], hay ma tran [A] 1a truong hop
riéng cua [Q].
‘Ma tran[A],[Q] va[B] cho phép }oiéu dién tinh chét t6pd ctia mach bang ngon ngir
dai so va dung nd dé phan tich mach rat hiéu qua.
C6 thé tim dugc quan hé giita cac ma tran t6 po [A], [Q] va[B] véi mot graf theo
mot cay da chon.
[4] [B"]=0 (2.16)
[01.[B"]=0 (2.17)
Xét mot nat i v6i 2 nhanh ndi t6i n6 1a 1 va
j. Co the 12p ma tran[A] va [B] theo vong K.

[A]:
Nh . 1
N J
i -1 -1
[B]: Hinh 2.8.
Nh . 1
B, ]
K -1 +1
Lap va tinh:

[4] .[B"] = [- 1,—1].{{ 1} =0

Vay (2.16) da dugc chirng minh.
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Tuong tu chimg minh dugc (2.17).
Vi cac ma tran cay va bu cay[A.],[Qc] va[Bsc] co thé viét:

[A] =[Ac. 4p] =[1 . 4] (2.18)
[B] =[B . Bsc] =[B. . 1] (2.19)
[O]=[Oc. Op] =[1 . O] (2.20)
Trong do: [Ap],[Qp] la cac ma tran bu cay, con[Bc] la ma tran cay. Tur do co thé
viet:
UC
U ]= {Uj 2.21)
| L
[i = { IJ (2.22)
va co: [Us] =—[B.] .[uc] (2.23)
[£c] =—[Os] -[ir] (2.24)
. 1= 47 o] (2.25)

2.3. CAC PIEU KIEN PAU VA CAC LUAT PONG MO

Mot van d& quan trong trong vi€c gidi cac phuong trinh vi phan cua cac bai toan
ky thuét 1a tim ra cac diéu kién dau, tir d6 xac dinh cac hang sb tich phan cua nghiém
tong quat. Trong cac bai toan mach, cac didu kién dau dugc quyét dinh chu yéu trong
cac thong s6 quan tinh L, M va C, ma ¢ day co thé phat biéu dudi dang cac luat, goi 1a
luat dong ngat. Cac luat nay qui dinh tinh trang trong cac phan tir quén tinh ctia mach &
lan can nhing thoi diém dong thém va ngit b6t cac ngudn tac dong cung nhu cac thong
sO thy /dong, hay noi mot cach tong quat hon, ¢ 1an cén nhing thoi diém ¢ d6 co nhimng
dot bién trong cac thong sb cua mach. Ung voi hai loai phan tir quan tinh tir (L va M) va
dién dung (C) c6 hai luat dong ngit sau day:

a) Ludt dong qua cuon cam
Dong qua cudn cam bién thién lién tuc tai thoi diém dong mo.
ik (-0)=if (+0) (2.26)
O day, thong s —0 chi ché do truée lac dong mo cau dao, con +0 1a sau khi
chuyén ché do (da dong hoac mo cau dao), chi s6 K noéi 1én c6 bao nhiéu cuon cam thi
c6 bay nhiéu diéu kién dau.
Diéu kién trén d& giai thich tir dién 4p trén cudn cam s€ khong thé 1a dai luong vat
1y vo cung 16n ug (t) ma htru han, tu:
di (¢
OWESD
dt |,
O day dong iy (t) vi thé phai lién tuc (khong gian doan).
b) Ludt ap trén tu
Dién 4p trén tu bién thién lién tyc tai thoi diém dong mo.
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uf(=0)=u’(+0) (2.27)

Tuong tu ¢6 thé cin clr vao cong thirc dong qua tu hiru han i (t) tai t = 0 dé bat ap
trén no lién tuc.
du,(t)

(t)=C
()=

¢) Ludt bao toan tur thong trong vong kin
Thuc thé vat ly tao ra dong di‘én o kho tir 1a tur }héng cua no. Luat bao to‘a‘m nang
lugng dam bao chinh xac trong nhi€u bai toan thyuc t& (bai toan khong chinh vé mat ly
thuyet), trong khi luat dong qua cuon cam khong ap dung duoc.
O céc bai toan, ¢6 cac vong ma chi chira cac cudn cam v6i nhanh ly twong (nhanh
khong co gia tri R, L, C) can dung luat nay.
Do la: Tong tir thong moc vong trong moi vong kin phai lién tuc ¢ thoi diém dong
mo.
D Li (+0) =) L,i, (-0)
(2.28)
hay : ZWk (+0) = Zl/jk (-0)
d) Ludt bao toan dién tich o dinh
Téng dién tich & mot dinh phai lién tuc ¢ thoi diém déng mo:
Z CkUk (+ 0) = Z CkUk (_ 0)
(2.29)
hay: 3 q,(+0)  =>1¢,(-0)

e) Ludt bdo toan tir théng trong mach c¢é hé cam

Trong vong kin téng tir thong ctia cac cudn cam va tac dung hd cam cia nd cing
lién tuc tai thoi diém dong mo.

> Li(-0)£>. M,i, (-0)=D"L,i, (+0)+> M, (+0) (2.30)

Vi du 1: Cho mach dién hinh 2.9 v6i cac thong s6 sau:

E=1V;n =1 =1Q; L = IH; C = IF. Hay tim so kién cac dong 1,(+0), i2(+0),
13(+0) va cac dao ham cua chung i’1(+0), 1’2(+0), 1’3(+0). Biét rang ché do cli xac 1ap va
tu dién C chua nap dién.

Giai:

Céc diéu kién dau doc lap duoc xac dinh:

i2(=0) = i2(+0) ; uc (-0) = uc(+0)

O ché d6 cii khi k mé: g
E 1 \—L“— |
1(=0) = i2(-0) i 1+ G)[,\_) i \i"g:
Tu dién chua nap khi k monénc6  U(— EL /
|

0)=0. Vay: -
i2(+0) = ix(-0) = 0,54 —
u(+0) =u(-0)=0V. Hinh 2.9.
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Céac diéu kién dau phu thudc khac dugc xem xét tir h¢ phuong trinh mach sau khi

da dong khoa k.
i —i,—i,=0
] t
i, +uc(0)+E:|:i3dt =E
ri, +ni,+Li',=E
Tait=0 co:

I (0)_i2 (O)_ I (0) =0
ri (0)+ u, (0) =F
7, (0)+r,0,(0)+ Li', (0)= E
Thay vao (b) ix(t;=0) = 0,5A va u.(0) = 0 co:
i,(0)-0,5-,(0)=0
i(0)+0=1
i,(0)+0,5+i,(0)=1

Tu (c ) gidi duogc: i;(0) = 14; i3(+0) = 0,54 va i’»(+0) =-0,5A/s.

Pao ham hé phuong trinh (a) sau do6 thay t = t(0) co6:

I (O)_ i (0)_ i"3 (0) =0
ity 0+ 29 o
ri' (0)+ i, (0)+ Li", (0)=0

(2)

(b)

(¢)

(d)

Thay vao (d) cac gid tri: 1’5(+0) = —0,5A/s va i3(+0) = 0,5A da tim duogc & trén co:

i",(0)+0,5-1,(0)=0
i",(0)+0,5=0
i",(0)-0,5-i",(0)=0

Tu (e) giai duogc:

3(+0) = 0 ; 7/1(+0) = —0,54/s; >’ »(+0) = 14/5°.

Vi du 2: Véi ngudn mot chiéu J, hing sd, tim diéu kién dau doc 1ap khi khoa K

dong.

Vi ché a6 xac 1ap cii dong mot chiéu khong
di qua tu ¢ vi dung khang X ,(®=0) 1a v6 cung lon:

1 1 A A aea \
X, =—=—=o.Dién 4p trén dién tré R 1a: U
wc  o.c

=J,.R
O tan s6 ® = 0 thi cam khang trén cudn cam
X, = oL =0, khi d6 dién ap trén tu c:

1

%)

L

(e)

I

Hinh 2.10.
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U.=U-U=U-0=U
Vi U =1.X =0 o _
Vay: u.(-0) =J,. R =u.(0), E
ir(=0) = 0 =1, (0). ',

Vi du 3: V&i mach co nguén E, mot chiéu, .
tai t = 0 thi khoa K dong, tim 1u(+0), S
ir(+0). Hinh 2.11.

Trude khi dong khod K ta c6 dong qua cudn cam:

E ) .
I, = R —:R :lL(_O):lL(O)

Dién 4p trén tu C bang dién 4p trén dién tro R:
I, . R =u. = u/(-0)=u,0)

O vi du 2 va 3 ngudn 12 mot chiéu, Véi"ngu(‘”)n diéu hoa can chu ¥ t&i gia tri tirc
thoi cia dong qua cudn cam, ap trén tu dién, d€ sau do khi t = 0 s€ c6 i.(—0) va u,(-0).

Vi du 4: Cho ngudn diéu hoa u(t) )
= J2.220sin100¢ ; R = 50K, ¢ = 0,24F. — ¥ — —
Tim dién ap — diéu kién dau trén tu khi khoa l

LKE:

K md; biét rang trudc d6 mach dieu hoa & ché do

xac lap. \
Dung khéang cua tu: - -
6
X, :L: 10 =50.000Q2
wc 100.0,2
Hinh 2.12.
Dién ap trén tu phuc:
-JjX, - — 750.000. -
U =X o 750.000.220 J.220 220 450

" R-jX, 50.000 — jS0.000 1-j 2
Vay ap thoi gian trén tu uc(t) :
uc(t) = 220 sin (100t — 45°)
khi t =0, u(—0) = 220 sin (—45° ) =-220. 0,707 =— 1555V
1(0) = u(—0) =—-155,5 V.
2.4. CAC THONG SO TRANG THAI VA BIEN TRANG THAI

Nhin vao hé théng mach dién ngoai két cau hinh hoc 13 s6 nhanh, nat va vong con
phai quan tam t6i tinh chat ciia cac nhanh, tinh chét ctia cac phan tr & ché do qua do
chuyén tir x4c 1ap nay sang xac lap khac. Cac kho dién va tir ciia mach dién, hé théng
noi 1én murc d nang luong chuyén hoa gilra cac ché d6. Hay néi cach khac: nhin vao
cac thong s6 cua cac kho dién va tir, nhat 1a ¢ thoi diém dong mé (t = 0, hay diéu kién
dau), dé thdy mot phan anh hudng cia trang thai hé thdng tai thoi diém dong mo véi
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ché d6 méi. Vi thé phai nghién ciru cac diéu kién dau ¢ nhiing kho dién va tir cung nhu
gia tri cac thong so dac trung cho kho dién va tir (Ia dong qua cudn cam, tur thong qua
cac cudn day, ap trén tu va dién tich trén dién dung). Cac thong s6 trén dédc trung cho
trang thai (thoi diém) ctia hé thong nén n6 dugc goi la cac thong sé trang thai.

Toém lai c6 4 loai thong s trang thai trong hé théng dién—dién tir la: dong hodc tur
thong qua cudn cam, ap va dién tich trén tu dién. Tuong Ung v6i no khi chuyén ché do
ludn ton tai cac diéu kién dau va c6 qui lut chuyen hoa nhat dinh.

C6 bao nhiéu bién trang thai thi ciing can xac dinh by nhiéu cac diéu kién dau (t
=0).

Ngoai ra dung trén phuong dién tin hiéu, cic bién trang thai 1a cac dap ung va goi
no la dap umg loai 1. Néu trir bo cac kich thich tac dong vao hé théng thi cac thong sb
khac ton tai trén cic phan tir nhu: dong ap qua dién tro, dong dién qua ty, 4p qua cudn
cam ciing la nhiing dap ung va goi né dap ung loai 2. V€ mat phan tich h¢ thong, can
dat van de la: tim dugc moi dép tng ctuia hé thong khi kich thich va két cau hé thong da
biet. Nhiém vu dat ra 1a 1ap cac hé thong phuong trinh vi phan dé giai dugc cac bién
trang thai va cac bién khong trang thai (dap ung loai 2).

Nhu da phéan tich néu s6 cudn cam trong hé théng 1a my, s6 tu dién 12 m, thi sb
bién trang thai:

m=my; +m, (2.31)

Céc bién trang thai cua h¢ théng dugc dinh nghia sao cho ching tdn tai mot sb
tinh chat sau:

a) Trang thai cta hé thong ¢ thoi diém t; nao d6 1a tap hop cac s lidu x;(t)), x2(t))

.. Xp(t)) dé ¢ thoi diém t, > t; vdi tac dong ¢ t; da biét co6 thé xac dinh duoc cac dap ting
cua hé thong va trang thai cua n6 hay cé dugc x(t2), X2(t2) ... Xa(t2).

b) Bién trang thai la tap hop nho nhat cua céc bién x1(t), X2(t) ... Xy(t) ma gia tri
ctia ching & thoi diém t bat ky s& cho biét trang thai ctia hé thong ¢ thoi diém t.

2.5. PHAN TICH MANG DIEN BANG PHUONG TRINH TRANG THAI
2.5.1. O hé thong tuyén tinh chinh (hoic chuin)
O hé thong bit ky chiu tac dong bén ngoai ey, e, ... ¢, s& dua ra cac dap ung y,
Y2, ... Ym va bén trong no cd cac bién trang thai x;, Xa, ... Xx.
Quan hé cua bién trang thai va dap tng s€ la:
X =o(x, X2 ...xy €€ ...6,t) i=1,2, ... N (2.32)
V() =y (L x2 . xy e € .oy t) j=1,2, 0 M (2.33)
bat cac tac dong ey , dap ung yi va bién trang thai xy 1a cdc ma tran cot:

€ i X x'
e X x'

e= :2 ;Y= y_z cova x=| 25 [x=] 0 (2.34)
ep yn xn x'n

Vi biéu thirc (2.32) va (2.33) theo ma tran dang (2.34) c6 thé 1ap duoc:
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': b ’t
x'=g(x.e) (2.35)
Y= ;/(x,e,t)
Vi x’ la dao ham cua x.
Vi e 1a ham thoi gian d3 cho trude nén co thé viét gon (2.35):
x'=fx,t a
f(x.2) (2.36)
Y=g(x,1) b

Biéu thirc phuong trinh trang thai 1 x” = £ (x, ), con phuong trinh dap Gmg 1a: ¥ =
g (x, t) r I 2 r r
Trong hé thong tuyén tinh c6 thé viét h¢ thong (2—36) nhu sau:
X’ =Ax + Be (2.37)
Y=Cx+ De
trong do: A, B, CvaD —1a céc ma tran héng $6.
CAu trac cua hé thdng va phuong trinh dic tinh & cac nhanh s& xac dinh cac ham
¢, y va cac ma tran A, B, C, D.
Nhiém vu cua cac ky su phan tich la tir he théng dd cho tim duoc cac ham ¢, v
hodc pho bién 1a cdc ma tran A, B, C, D.
Nhu da phan tich cac bién trang thai dugc chon 1a dong qua céc cuon cam (hodc
tur thong ctia no), ap trén tu dién (hodc dién tich cua hé).
Vi du 1: Lap phuong trinh trang thai & mach hinh 2.13, biét rang trudc khi khoa k

dong trén tu dién c6 nap dién &p u,. Sau khi khoa - o

k dong dién ap trén tu sé phong dién nén nod bién ) L \ﬂ—‘

thién uc(t) va lam dong dién qua cudn cam cling 1

\ A ; roaw by \As 1s oaen 2 — Ml

tir khong c6 sau d6 tang dan va roi bi dién tré¢ Uy

tiéu nang luong nén dong lai gidm dan dén -

khong. Phuong trinh vong la: |
Hinh 2.13.

L%+Ri(r)+uc(t)=0

. &
% :_%'(t)—%uc(t) ) %\L LT EH

(%
o, (N du, du, _ 1.
lai co: o i(t)=c 7 — 7 —cz(t) |
Sap xép lai ta co: Hinh 2.14.
1
] |0 |
'] L _R\Li)
L L

Vi du 2: Cho mach hinh 2.14, véi céc gai tri C = 1F, L = 3H, R = 2Q, tu dién
dugc nap u, sau d6 khod K dong lai. Lap phuong trinh trang théi cho mach.
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Giai:

9 di, _1
u,(t)=L % suy ra ” —3uc(t) (a)
voi u(t) = ur(t) = ug ().
’ W) o)y due) o du,
co: lR(t)— R 2 zc(t)—c i nen lc(l‘)— 7

Luat Kiéchoof 1 ¢é:
ir(@)+i.()+i()=0
Vay: i(f) = —i(t) — ir(?)
W)y -l ®)

dt ‘
Véi cong thirc (a), (b) sap xép lai:

1
{ @} |3 {uc@)}
B )] _1 ol L)
3

Vi du 3: Hay thanh 14p hé phuong trinh trang thai cua mach di¢n & hinh 2.15 va
phuong trinh dap ung.

Giai:

Dé danh sb dong va ap mot cach thuan r : L
loi cho viéc &p dung tinh todn trén may tinh,
ta hay dat moi phan tor déu c6 dong va ap
cung mot chi s6. Vi thé so0 lugng cac phan ,”f i 0
tur trong mach la s6 cao nhat cua dong va ap, N
nhung chi so dong va &p trén céc phan tu
khong noéi 1€n s6 nhanh ctia mach dién.
Hinh 2.15.

Mach dién ¢6 s6 tu m.= 1, s& cudn cam m;, = 1 nén bac cla chung m=
m+ mp = 2. Bién trang thai la dong qua cudn cam is va ap trén tu us.

Phuong trinh trang thai v6i mach dé cho duoc hiéu 1a sau tac dong dong mo6 nao
do, ket cau mach nhu da vé. Tu d6 cé 3 phuong trinh theo Kiéchoof 1, 2 va Om (ting
vo1 3 nhanh).

iy—i,—i, =0
us—u,+u, =0 (a)
I, = GZ(el _”3)

Bién ddi (a) v6i diéu kién —iy = is co:
03”'3_G2(el _”3)+i5 =0
Ly's—uy + R,ig =0 }

(b)

Sép xép (b) theo chuan (10.15):
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u', | |-G,/C,  —=1/C; U, N G,/C,
= . e .
i's ~1/L,  —R,/Lg || i 0o |
tuong ung: X° = AX + Be,

vi u=e;—uz;i3=Csu’s va iz=—is+ i =—is + Gae; — u3).
Do d6 néu can quan tam t&i dap g upis thi:

u -1 0 u 1
I -G, -—1|]|i G,
tuong ung: ¥ = CX + De.
2.5.2. O hé thong tuyén tinh khong chinh (khong chuan)
Trong h¢ thong mach ching ta doi khi hay gap nhiing mach dién ma chira co cac
vong chi c6 ngudn E va tu dién C, ciing nhu cac vét cét chi chira cudn cam va ngudn
dong (L + J). Cac hé théng d6 goi 1a tua chinh quy, hay chi st dung dugc cac luat bao
toan dién tich trong vong kin va tur thong trong vét cat.
) S6 phuong trinh trang thai trong cac bai toan tya chinh quy dugc giam di nho vao
so vong (E + C) 1a b, va vét cat (L +J) 1a by, thi sO phuong trinh trang thai chi can la:
m=my +m,—b.— by (2.38)
Khong kho khin 1im c6 thé chimg minh hé phuong trinh trang thai va dap tng
ctia mach tua chinh quy c6 dang:
X'=AX +Be +B,e' }

(2.39)
Y =CX +De+D,e'

trong d6: A, B, By, C, D, D; — 1a c4dc ma tran hang so, e’ 1a ma trdn nguon dao
ham.
X — 1a ma tran cot dién &p cua tu dién trén nhanh cay va dong cua
cudn cam trén bu cay.

Vi du 4: Hay viét phuong trinh trang thai va dap Gmg ctia mach dién trén hinh

2.16. = O L.+l

Giai: o F‘._ o :
Chon u; 12 bién trang thai vong (E +C) u= —
co: U =€e;—uj. “"v.:;""

L, 1, (!
oot . AU R R
Tai nit A c6: T/ ‘{H}f
—Cu’; + Coe’—u’ )+ Glep—u; ) =0 R ]

Sap xép lai:
Hinh 2.16.
. -G G C,
u', = u, + e + e
C +C, C +C, C +C,
hay c6 dang: X =AX + Be + Bje’ nhu:
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-GC, GC, cc, |
= u, + e + X

C +C, C +C, C +C,
hay c6 dang: Y=CX+ De + Dje’.

Céc diéu kién dau cua cac tu phai dugc xéac dinh tir ludt bao toan dién tich trong
vet cat.

4

gv(+0) = ¢, (-0). 3

Trudce khi dong mo hay trang thai nao do dé tim dugc:
qv(=0) =—=C; u; (-0) + C; ux(-0)

Sau khi dong mé& hay trang thai nhu hinh v€ ¢6: u; + u; = e,

va: qv=—Cru; +Cru;
C —
Nén: u, =244y
C +C,

C,e (+ 0)_ q, (+ 0)

C +C,

Véi: q, (+0) = g, (-0).

Vi du 5: Xac dinh tinh chét cia mach hinh 2.17 va hudng ap dung céc luat dong
mé nao ciing nhu cac coéng thirc tim bién
trang thai va dap ung.

Giai:

Vi mach c¢6 modt vét cit chia
(J+L) nén d6 mach twa chinh quy. Sé
phuong trinh trang thai la:

m=my, +mc—b, =2+0-1=1
Hinh 2.17.

Bién trang thai co thé chon hodc i; hodc i, va cc dap g khac co thé chon ap trén
2 cuon cam. Dang phuong trinh g vai (2.39).

Tudo:  u,(+0) =
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2.6. BIEN NHANH, PHUONG TRINH DONG DPIEN NHANH PHAN TiCH
MACH DPIEN. PHUONG PHAP DONG PIEN NHANH

2.6.1. Khai niém bién va phwong trinh dong dién nhanh
Nhu da phan tich & trén’, v61 mach dién gém Nh, a)
N ntt thi s6 phuong trinh viét theo cac luat Kiéchoof
cho dong di¢n va dién ap doc lap: |
K;=C=N-1 (2.40)
K;=Nh-N+1 (2.41)
Vi graf Kiéchoof trén mot cay da chon ta da coi
rang cac dong dién vong — dong bu canh igc 1a da biet |,
trude va dién ap trén cac canh cua cay cling vay (u ).

Xét mach di¢n hinh 2.18 va graf cua nd. Sé
Nh=5,N=3.

Vay: K;=2 va K, =3.

Hinh 2.18.

Néu chon cac dong dién nhanh iy, 1am bién thi can phai 1ap dugc Nh phuong trinh

de giai. RO rang sO phuong trinh theo cac luat Kiéchoof trén co:
K/ +K,=C+Nh—-N+1=Nh

Tuy vay tir phuong trinh Kiéchoof 2 phai viét duoc theo cac bién nhanh. Piédu
nay lién quan tdi ludt Om trén cdc nhanh. Nhu da biét voi luat Kiéchoof 2 xét cac sut
ap trén cac phan tu. Mot cach tong quat di¢n 4p sut trén cac thong so thu dong cua
nhanh thtr k ¢6 thé viét theo dong dién trong nhanh d6 c6 cht y dén anh hudng do dong
dién chay trong cac nhanh khéc thong qua tac dung ho cam gay ra, nhu sau:

diy (2.42)

u, (t)=L, %+I’kik +Cikjikdtilzk“Mki
Trong do: r, Ly, Cy — 1a cac thong sb thu dong cuia nhanh thtr k ctia vong.
M, —1a hd cam gitta nhanh k va 1.
Viét gon (2.42):

u,(6)= 7,4, (0) 1+ > 7, {i,(0)} (2.43)

I#k
2.6.2. H¢ phwong trinh dong dién nhanh
Tur (2.40), (2.41) va (2.43), ta c6 hé phuong trinh dong dién nhéanh:
(N — 1) phuong trinh ¢6 dang: (K;)

30, (1)=0 (2.44)

k

(Nh =N + 1) phuong trinh dang: (K, )
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Z (L Ci’t + 70, +—j1k Z+ZMH dllﬂ Zek

k_

hofc : >z, ZZMM } Zek (2.45)

2.6.3. Piéu kién dau

Vi hé phuong trinh vi phan (2.44) va (2.45) dé giai duoc nghiém i(t) (cac dong
nhanh ixy), can phai c6 mot s diéu kién dau cua cac dong dién. Cac diéu kién dau can
thiét 1a gia tri tai t = 0 ciia cac dong nhanh i;(0), cc gid tri ciia dao ham céc cp cua nd
i’nn(0), zNh( )

Dé tim duoc cac diéu kién dau trén, nhu phan trude da xét, can phai phan biét ra
cac diéu kién dau doc 1ap va phu thudc 10i ¢6 cach xé4c dinh khac nhau. (Xem phén cac
diéu kién dau).

Nhu da biét voi cac luat dong md co thé xac dinh cac diéu kién dau doc lap, d6 1a
ap trén tu dién u.(0) va ap dong dién qua cudn cam i (0). Cac diéu kién dau phu thudc
(12 moi diéu kién dau con lai) s& dugc xac dinh khi 1ap phuong trinh cua mach — sau khi
da tac dong (dong mo) va xét tai thoi diém t = 0 cho cac dao ham nhiéu bac cua hé.

Vi 4cc bai toan mach, h¢ thong—mach dién—graf dd cho phai la ¢ trang thai da tac
dong (dong mé), nhur trén hinh 2.13. Dé tim cac diéu kién dau can phai biét cac gi tri &
trang thai cii (ché do cii) khi t < 0 hay 1a céc gia tri i;(—0), u.(-0). Dé tim cac gia trj cii
(-0) can phai biét mach trudce khi dong mo. Trén mach hinh 2.13 khong thé hién ché do
cii. Ché d6 cii va cach xac dinh cac diéu kién dau coi nhu phan tdi can thiét & bat cir
mach dién nao cling phai biét trudc hodc tinh duge. Vi du bai toan trén, ta da biét cac
thong sb dau:

[i, (0)] = ?(O )= ©) (2.46)

2.6.4. Vidu
Vi du 1: Lap phuong trinh dong dién nhanh cho mach hinh 2.18.
Giai:

V&i mach dién c6 graf tuong mg ta c6 thé lap cac phuong trinh sau:
Theo dinh luat Kiéchoof 1:
*TainGta: iy +i3+i—i;=0
*Tainatb: is—i3—iy—Js=0
Theo K5, khi chon cay 1a 5, 1, vay c6 3 bu canh 2, 3, 4.
* Theo bu canh 2:
uz + uy=ej
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di di .
hay: L, 7; _MTZ +Ri, =¢
Chl:l}" i5:i’5+J5.

* Theo bu canh 3:
uztus +tu; =e;
di di
hay: R, + L, ﬁ - i + ci_[isd“‘ Ri, =¢
5
* Theo bu canh 4:

u4+u5+u1=61

hay: LJ-i4a’t + iJ-isdz‘Jr Ri, =e
c, Cs
C6 thé str dung ma tran dé biéu dién hé phuong trinh trén:
-1 1 1 1 0
0 0 -1 -1 1 il [0]
R L, 4yl 0 0 L |Js
dt dt ol
Ro-mL rar, L o ijdz ST @4
dt dt Cs Iy €
R, 0 0 ijdt ijdt s ] L& ]
L €4 ¢

Khi két hop (2.47) va (2.46) co thé tim dugc _
cac nghiém iy, theo phuong phap giai hé phuong R
trinh vi phéan, (sé xét(")’phén sau). ali. zb z i cszf, i |d

Vi du 2: Lap phuong trinh dong dién nhanh cho i !
mach hinh 2.19, gia thiét cac tro khang Zx chtra céc
thanh phé.l’l ZK (RK, LK, CK) t%_li Zg va Zj co h6 cam
M35 = M.

Giai:

Lap graf mach dién nhu hinh vé&, chon cay 2, 3,
5 va 6. Lap cac phuong trinh:

*Nita: i +ig—i =0 Hinh 2.19
*Nut b: iy +i,—i, =0 . .;

) — Phuong trinh Kiéchoof 1.
*Nut c: is+i,—i,=0

*Nut d: I, =iy =g — J, =0
(Chl:l y: i7 = i’7 +j7 )
* Vong bu canh 1:

u; +u; +uz=e;
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hay: 2400+ 2,56+ Z s ()= 2,5 1 ()} = 4 0)
* Vong bu canh 4:
Uy + Us — U3z = €5
hay: 2O+ Z 4 (O + Z s (1= Zo (O} = Z,, s () = 2 (0)
* Vong bu canh 7:
Us T U7 — U5 = —€5
hay: Z i (O Zo4i () = Z s 0+ Z,y s (6 ==e (0)
* Vong bu canh 8:
us —u6+u5—u3—u2 =—€8+85
hay : Zy {is (t)}_ Z {iﬁ (t)}"' Zs {is (t)} —Z; {i3 (t)}_ Z {iz (t)}_ZM53 {i3 (t)}+
+ 255 {is (t)} =€ ¢
2.7. BIEN DONG PIEN VONG VA PHUONG TRINH DONG PIEN VONG
2.7.1. Khai niém vé bién dong dién vong

Xét vi dy ¢ hinh 2.18, c6 graf va chon cdy 1, 5 nhu & hinh
2.20.

Véi mdi mot dong bu canh igc khép vong qua cdy di chon
ta c6 mot dong dién doc 1ap, no6 khong phu thude vao cac dong bu
canh khac. Nhu vay c6 bao nhiéu bu canh thi c6 bay nhiéu dong
dién bu canh igc — 1a dong dién vong doc lap. Véi cay da chon ’l,
5,’ c6 3 bu canh 2, 3 va 4, ¢ vi du trén da tim dugc ma tran chap
noi [B]; va cac dong bu canh [igc] twong ung.

Hinh 2.20.
il [is 11000

lisc]=1is | =i | va [Bl=|1010 1 (2.48)
i | g 10011

Vé6i dong dién cac nhanh, theo quan hé topd (2.13): [ing] = [B'] . [isc/, ta c6 thé
xéac dinh duoc cac dong dién nhanh ctia mach. Pay 1a ndi dung co ban cua phuong phap
sir dung bién dong dién vong. Tat nhién sau khi tim dwoc cac dong dién nhanh thi dé
xé4c dinh cac dién ap nhanh theo luat Om (2.42) hoic (2.43).

ucl0)= Zelic O} + 3 20 il (0))

Cong thirc dong nhéanh iy x4c dinh qua dong dién bu canh trén thuc chét 1a trén
cac canh cia cdy da chon (xem hinh 2.20) c6 thé biét dugc bao nhiéu dong bu canh chay
qua va dong dién trén canh d6 bang tong dai sd cac dong bu canh chay qua. Xac dinh
didu nay tir phuong trinh trén:
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i 111 [y + iy + g,
i 100/ [iy, ip
i ]=1is | =101 0. iy | =i (2.49)
i 001 |ig, ip,
_i5_ _0 1 1_ i83+i34
Tu (2.49) rat ra:
[ =gy gy +ipy =0y +iy+1, (2.50)
Iy =gy +ip, =i+, |

2.7.2. Phuwong trinh dong dién vong
Véi cac bién vong 1a dong bu canh, ta di xay dung phuong trinh ciia né. Theo
(2.12) ¢6 quan hé ap nhanh theo Kiéchoof 2:
[B] . [unn] = 0(2.12)
V6i nhanh chuan c6 phwong trinh (1.84):
ug(6)= Z{lig 1+ [T O]} = e (1)
va mo rong cho mach Nh viét theo dang ma tran (1.89):
[”Nh (t)]: [ZNh ] { [iNh (t)]+ [JNh (t)] } - [eNh (t)] (1.89)
Thé (1.89) vao (2.12) co:
[B]'[ZNh]'{[iNh] + [JNh]} - [B]'[eNh] =0

Theo (2.13) ¢6: [ins] = [B] . [isc], thay vao trén:

[BLZ B [ise = [Bllew - [B11Z 1 17] (2.51)
Dit: [B][2.,]|B"|=[2,]. (2.52) goi 1a ma tran tré khang vong,
va: [B] [Ei ][ ) [Blews - [B) (2 ) [T )= e, ] (2-53)
goi la ma tran strc dién dong vong.
Viétlai:  [Z)]. [isc] = [e] (2.54a)
hay: [Zv] . [iv] = [e)] (2.54b)

 Cong thuc (2.54a,b) la phuong trinh dong dién vong viét duéi dang ma tran. Pic
diém cua ma tran tr¢ khang vong la:

* Ma trdn vudng bac:
B, = v — 12 s bu canh.
* Ma tran ddi ximg qua duong chéo chinh do tinh tuyén tinh la:
Zix = Zi.
* Tinh chat ctia cc thanh phan 1a: Zyxx tai duong chéo chinh bang tong cac trd
khang trong vong K — dong bu canh K.

Z = izi (i) (2.55)
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Zix — 1a tré khang twong ho gitra 2 vong i va K, & day c6 2
dong chay qua tr& khang nay va diu cua né la duong (+)
khi 2 vong — dong bu canh cling chiéu va nguoc lai.

2.7.3. Vi du: Véi mach dién hinh 2.21, 1ap hé phuong trinh
dong dién vong. Graf cua mach v€ ¢ hinh 2.20 v6i cay da
chon 1 va 5, ta c6 3 bu canh ung véi 3 dong vong igy, i3 va
1B4.

Rl
in 0
dt
R+ L, i
dt
[ZNh]: 1
—jdt
4
0
LJ'dt
L 5 _
Ta xéc dinh [Zy] mot cach tudn ty sau:
‘R
in 0
dt
d
11000 R, +L,—
dt
Bz, ]=[10101| .
10011 c_j dt
4
0

Hinh 2.21.
Véi ma tran [B] di viét (2.48), ma tran tré khang nhanh [Zxnh) sau day:

(2.56)
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R in 0 0 0
dt
Bllz,]=| & o rR+L, % o0 ljdt
Nh 1 3 3dt CS
1 1
i Rl 0 0 C_.[dt C—SJ-dZ |
(111 ]
100
[B]'[ZNh]'[BT]: B]'[ZNh]' 010)=
001
011
_ ) )
R1+L25 Rl Rl
d 1 1
= R, R1+R3+L3E+C—5jdt R1+C—5Idt
1 1 1
i Rl Rl+ajdt R1+C_4J-dt C—SJ-dZ_
Nhu vay co:
| d
(&+Lﬁ5j R, RR,
[z,]=] R R,+R JrijdtJrLi R+ijdz
14 1 3 1 Cs 3dt 1 C5
R R+Ljdt LJ'dt LJ'a’tJrR
I 1 1 Cs C4 Cs 1 |
(2.57)
Céc ngudn:
o]
110007 (0| [e
[Blley,]=|10101[.|0]|=]|¢
10011(/0
0
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o
0 01
Bz} ul= 18] [2u] 0 |=| [ Jsar
O 5
1
A _C—SjJs.dt_
0
€, |
vay: e 1= [BHew J+[B]. [Zu 7] = |0 | +] s
5
1
— | J,.dt
_CSJ- T
S
e, ] = CijJS.arHe1 (2.58)
5
1
C—.[Js.dt—el
L& i
Viay c6 két qua:
i2
2]\ | = le].
I

C6 thé tryc tiép nhin tir mach dé 1ap phuong trinh dong dién vong khi hiéu rd ma
tran tr& khang vong va ngudn stc dién dong vong. Strc dién dong mot vong bu canh
chinh 14 tong cac stc dién dong do nhanh va do ngudn dong nhanh sinh ra. Chiéu dwong
(+) duoc danh gia khi ching cung chiéu dong bu canh va nguoc lai mang du (<) 4m.

Xét vi du & hinh 2.19 12 mach khong hd cam. Vi viée 1ap ma tran ghép ndi [B]
nhu trén va ap dung cac cong thic (2.52), (2.53) va (2.54) ta tim dugc két qua.

Song ¢ day co thé nhan xét dé viét truc tiép tir mach cac ma tran:

L +Z,+7Z, -Z, 0 -Z,—7Z,
[Z] -7, L, +Z,+7Z;, —Z i+ Z,
Y 0 -Z Zi+Z,+Z -Z,-Z
-Z,-Z, Z,+Z, -2 ~Z, Z+Z,+Z,+Z.+Z,

(2.59)
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le.]= (2.60)

va: [i]=1]"

Khi gip bai toan c¢6 hd cam t6t nhat 1a tmg dung cac cong thirc ma tran ké trén dé
dd nham lan (nghia 1a khong viét truc tiép ma tran Zy).

Tré lai bai toan ¢ hinh 2.19 khi mach hd cam M;s = Ms; lap ma tran tr¢ khang
nhénh sau day:

2,,]= 2.61)

Trong ma tran nhanh c6 hd cam (2.61) tai vi tri hd cam M35 = M3 c6 trd khang hd
cam Zy3s va Zyss, voi dau cia chung do tinh cung cuc va ngugc cuc ho cam quyét dinh.
O bai toan xét hinh 2.19 h6 cam 1a nguoc, nén c6 dau trir (=) trong Zyisz va Zss.

2.7.4. Nghiém dong dién vong va cach xac dinh cic dong dién nhanh
V61 phuong trinh dong di¢n vong dang:

[Zv] . [iv] = [e]
da tim dugc cung vdi cac diéu kién dau d3 biét, do la gia tri tai t = 0 cia dong
vong va dao ham cua no6:
i (0) ' (0)

[,O]= : |; [n0)]=] : (2.62)
i5c(0) i'c (0)
ta s€ giai duoc [1,(t)].
T biéu thuc: [iyy] = [B'].[iv], ta im duoc cac dong dién nhanh clia mach.
Céc xac dinh cac diéu kién dau nhu da phan tich & phan trén khi dya vao cac luat

dong mé dé tim cac didu kién dau doc 1ap i,(0), u.(0) sau d6 tim tiép cac diéu kién dau
phu thude [i, (0)], [*(0)]...
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2.8. BIEN PINH VA HE PHUONG TRINH PIEN THE NUT
2.8.1. Khai niém vé bién dién thé dinh
Trén hinh 2.22a,b 1a mach dién va graf cuia n6. Véi cay chon C (2, 6, 5) c6 bu
canh 1, 3 va 4 (B,).
C6 lap ma tran cdu trac [A]:
0-1 01 0 1
[4]=|-11 10 0 0 (2.63)
0 0-10 1-1

) Nhin vao cay chon véi néu»thé’ tai (N-1) nat da
biét thi moi &p nhanh Uy, c6 thé tim dugc theo cong
thure:

Wl=la"].lp] (2.64)

- Va dua vao luat Om cua ting nhanh (1.86) co

thé tim dugc dong trong nhanh K:

iK(t):YK'{[”K(t)]+ [eK(t)]}_ JK(t) (2.65)

Nhu vay néu chon bién 1a cac thé cua ciy C (so
v6i nat méce nao do, & day g = 0) on-1 thi theo (2.64)
va (2.65) co the xac dinh dugc moi ix va uk(t).
2.8.2. Phwong trinh dién thé mit

Xuét phat tir:

[A] . [ine] =0 ; (2.66)

Hinh 2.22.

theo (1.90): [iy, ]= [¥,, . {[uNh J+[ew, ]} ~[7w] @67)

Gia thiét bao gid cling tim dugc dan nap nhanh ciia moi nhanh K: Y. C6 thé thay
moét nhanh noi tiép R va L co thé thay tuong duong bang dién dan G va dién dung B
theo cong thirc (1-58), hay la so do tuong duong cua chung (hinh 2-23). (Chu y: v6i
dién dung —jp thuc chat lai 1a cudon cam).

R R 1
G- - - 2.68

RP+X* R +(wl) R, (2:68)
g et _ 1 _, (2.69)

RP+X* R +(al) oL,
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Céc cong thuc (2.68) va
(2.69) thuan loi voi bai toan co tac
dung diéu hoa. V& mat tong quat ta

|

thtra nhan ludn tim dugc tré khang R
va dan nap cua nhanh bat ky, va G G iB
nhu vay cong thiuc (2.67) c6 thé Jol
xac dinh & ca trang thai thoi gian X
va todn tir, sb phirc. o ¢ B
Hinh 2.23.
Thay (2.67) vao (2.68):
[A][YNh ] {[uNh]+[eNh ]}_[A]'[JNh] =0 (2.70)
Lai c6 (2.64):
[Uw]=[4"].[0""] thay vao (2.70): @2.71)
pat: [4][ry, )47 ]= "] 2.72)
V6i [YV'] goi 1a ma tran din nap nat hay dinh, va nhiéu truong hop dat:
[Y'] = [Yp] cho gon, (2.73)
con dat: [A][JNh]_ [A][YNh][eNh] = [ Nil]: [JD] (2-74)
Tir (2.72), (2.73) va (2.74) thé vao (2.71):
] e =] (2.75)
hodc: [YD] : [ D] = [JD] (2.76)
véi: [0,] =[] (2.77)

Phuong trinh (2.75), (2.76) goi la phuong trinh dién thé nut hay dién thé dinh.

C6 thé nhan xét vé tinh chét cua cac ma tran dan nap nut dinh [ 1, [Yp] tir cach
xay dung trén nhu sau:

— La ma trin vudng, c6 s6 hang bang sd cot va bang sé canh cia cdy C = N — 1.

— V61 mach tuyén tinh khi R, L, C 13 const va khong c6 hd cam thi ma tran nut ddi
xung qua duong chéo chinh.

— Cac s6 hang trén duong chéo chinh 13 din nap riéng ctia niit iy, n6 1a tong cac
dan nap nhanh ndi t6i nit xét, va goila Y5 hay YR riéng ctia nut K, thuong ky hiéu
YKK; ij yeus

- —Cac 5O hang ngoai duong chéo chinh dbi xung nhau nén ¢6 Yik = Yk; va goi 1a

dan nap tuong ho gitra 2 dinh j va K. Gia tri cua dan nap twong ho bang tong cac dan
nap noi lién gitra 2 nat j va K.

O ma trén ngudn [Jp] dinh c6 nhirng dic diém sau:

— La ma tran ¢t v6i s6 hang [AN — 1.
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— Mach tuyén tinh va twong hd c6 gia tri ngudn dong tai hang K hay nat K 1a tong
cac ngudn dong va suc dién dong quy doi ra nguéon dong chay vao nat K. Dau duong
(+) cho cac nguon di vao nut va am (-) khi ra khoi nut.
2.8.3. Cac vidu

a) Lap phuong trinh thé dinh cho mach ¢ hinh
2.22a. Gia thiét rang ta co thé bién d6i 2 nhanh 2 va 4
thanh nhanh c6 cac din nap song song nhur hinh 2.24.

Mach dién (2—18) c6 graf ¢ hinh 2.16b va tim dugc
ma tran [A] ¢ cong thuc (2.63).

Tt mach (2-18) tim duoc ma trdn din nap nhanh
[Ynn]:

Hinh 2.24.

g1+LLjdt

td1

d
+C, ., — 0
&8> td2 dt

[v,]= L, (2.78)

86 |
0-101 0 1

Lap: [4][ry,]=]-1 1 1 0 0 0 |[ry,] (2.79)
0 0-10 1-1

_ ) ) _
0 _gZ_CtdZE 0 C4E 0 8s
d 1
[A]'[YNh]: —& — B gz"'CzdzE L_3'[dt 0 0 0
0 0 —ij'dt 0 —J-dt —g,
L 3 5 )
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0 -1 0
-1 1 0
0 1 -1
Tinh: [YD]:[A][YNh]'[AT]:[A]'[YNh]' 1 0 0 =
0 0 1
1 0 -1
I i d d
_g2+ctd2E+C4E+g6 _gZ_CtdZE —&s
d 1 d 1 1
— & _CtdZE & +de1 Idt"'gz +C’dZE+L_3jdt _L_3'[dt
1 1 1
i g _L_3~[dt L_3~[dt+L_5J-dt+g6
(2.80)
Tinh:
o | B
0
0 86€s
[l Hew]=lalul| | |= 0 (2.81)
—e, ——Iesdt g€
L & | 5 )
Tinh:
"o
0
0 -1 0 1 0 1 ] 0
[A[7,]=]-11 1 0 0 o oj3 - |-, (2.82)
0 0 -101 -1 0 Js
_O .
0 86€s
Vay: [JD ]: [A][JNh ]_[A]'[YNh ][eNh] =| —J;|- 0
j 1
/3 —L—Iesa’t—gé.e6
L 5 i
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86-€6
[7,] = - Js (2.83)

. 1
Js +L—J‘e5a’t+g6.e6

5

Vi (2.80) ¢6 [Yp] va (2.83) ¢o [Jp] dé lap:

[Yp] . [@p] =[Jp] du phan tich mach.

b) Lip phwong trinh thé dinh cho mach
hinh 2.22

Giai:

Tir cac nhan xét dic diém cua [Yp] va [Jp] c6 thé viét
tryc tiép phqong trinh tir mach, chon ¢, = 0, bién d6i nhanh
3 dé c6 so do hinh 2.25. Hinh 2.25.

1 1 d 1 d
+—|dt+ g, +—\|dt+C,— |.o, — +—dt+C,— |. @, = g,.
[& sz & de3'|- 4dtj ?, (g3 de3J- 4dtj O,= g,-¢

1 d 1 d d
—[ g, + J‘dt+C4Ej.goa+(g3+ J‘dt+C4E+C55].¢b:J5.

Ltd3 Ltd3
O day: Ligs la dién cam tuong duong nhénh 3 hodc coi 1a da cho trudec.
2.9. BIEN AP CAY - PHUONG TRINH VET CAT
2.9.1. Bién ap cay
Trong mach di¢n graf néu ap trén cay da chon da biét thi c6 thé xac dinh duoc moi
ap nhanh theo:
l=lo" 1] (2.84)
Nhu vay néu chon bién 13 sé 4p nhanh ciia cdy thi ¢ thé tim dwoc moi 4p nhanh
va sau do theo (1-90) tim dugc cac dong nhanh.
] = [V e+ e =1 ] (2.85)
Van d¢ 1a hiy lap phuong trinh dé tim 4p cy nhu thé nao.
2.9.2. Phuong trinh vét cit

Vi graf da cho, chon ra 1 cdy va lap ma tran cit cho nd. Vi du véi graf hinh
2.7a,b tacéd cay C (2, 6,5) va [Q].

111000
[0]=1-1 00110],taco: [Q].[im] =0 (2.86)
101101
Thé (2.85) vao (2.86):
[Q] [YNh] {[uNh]+[eNh]}_[Q]'[JNh] =0 (2.87)
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Thé (2.84) vao (2.87):

[Q] [YNh ][QT ][uc] = [Q]'[JNh ] - [Q] [YNh ][eNh ] (2.88)
pat: [0] [v,][o"] = [r*] (2.89)
Goi [YQ] 12 ma tran dan nap vét cit.
i [olul-Dllen]i= ] 290
Goi [J°] 1a ma tran ngudn dong cta cdy.
Vay (2.88) 1a: [v2].[U.]=|v¢] 2.91)

Phuong trinh (2.91) 14 phuong trinh vét cét graf véi cdy da chon.

Dic diém cua [YY] 1a:

— Céac thanh phan Yj? 1a dan nap riéng cua vét cit j (tong cac dan nap tham gia
vao vét cat j, dau (+) khi dan nap cung chiéu véi vét cat, va (—) khi nguoc lai).

— Céc thanh phén Y$ 1a dan nap chung giira 2 vét ¢t j va K.

— O mach tuyén tinh, twong hd ma tran dan nap vét cat [Y9] 1a vuéng va dbi xtung
qua duong chéo chinh, vdi hang=cét=C=N-—1.
2.9.3. Quan h¢ giira [Q] va [A]

Trong mot graf néu chon thich hop cdy va cc vét cat thi ma tran cdu trac [A] va
tap cit [Q] la tring nhau. Nhu vdy moi phuong dién tinh toan theo ma tran céu tric [A]
déu co thé ap dung cho ma tran tap cit [O].

V6i su tuong ty cua 2 phuong phap thé dinh va tap cit do [4] va [Q] twong tng,
ta s& khong di su vao phuong phap tap cat nira va thira nhan cac Ung dung cta né nhu
0 phuong phap thé dinh. Tuy vay cac uu diém cua phuong phap tap cit 1a tong quat hon
thé dinh va ro rang cho cay voi cac &p dong cay bu cay, hon nira sO phu:ong trinh thong
thuong 1a gidng nhau (bang C = N — 1), nhung khong can chon diém mdc ¢ = 0.

2.10. TONG QUAT VE CACH GIAI HE PHUONG TRINH VI PHAN CUA
MACH

Nghién ctru cach 1ap hé phuong trinh tong quat cua mach dién trong muc trude
thay rang, ta s€ gdp mot hé phuong trinh vi phan cap hai. Viéc giai hé phuong trinh co
thé duoc thyc hién mot cach hoan chinh va tong quat trong truong hop no la tuyén tinh
va c¢6 hé s6 hing, (cac thong sor, L, C, M 14 hing s6).

Phuong phap tric tiép dé giai he phuong trinh vi phén nay 1a phuong phap tich
phén kinh dién. Theo phuong phap nay, dé tim nghiém tong quat ctia hé phuong trinh vi
phan tuyén tinh, ta tim nghiém tong quat ctia hé phuong trinh thuan nhat (c6 vé phai
bang khong) tuong tmg, sau d6 cong thém mot nghiém riéng cua hé phuong trinh khong
thuan nhat.

H¢ phuong trinh thuan nhat cua mach duoc 1ap nén tr hé phuong trinh tong quat
bang cach triét tiéu tit ca cac ngudn tic dong (strc dién dong va dong dién ngudn) trong
mach.

Nhu vay, hé phuong trinh thuin nhét ching qua chi 13 dic trung cho mach trong
mot ché do 1am viée dic biét, khi khong co bat ky ngudn tac dong nao. Ngudi ta bao lac
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d6 mach lam viéc & ché d6 tw do va do d6 nghiém tong quat ctia hé phuong trinh thuan
nhét cling goi 1 nghiém ty do ctia mach.

Nghiém riéng ctia hé¢ phuong trinh khong thuan nhét 16 rang phai phu thudc vao
cac nguén tac dong, do d6 n6 con duoc goi 1a nghiém cudng buc cua mach.

Viéc ap dung cac luat dong ngit s& cho phép giai hoan toan bai toan phan tich cac
mach tuyén tinh bang phuong phap tich phan kinh dién, dong thoi cho phép xdy dung
cac phuong phap khac gon hon nhiéu.

Béy gid hady xét qua vé tinh chat ctia cic nghiém ciia phuong trinh mach. Nghiém
tur do dic trung cho tinh chat riéng va tinh chit ban dau cua mach (tinh trang xay ra &
cac thoi diém x4y ra dot bién). N6 chi phu thudc tinh chét ciia ngudn tac dong & muc do
cac ngudn ndy anh hudng dén tinh trang ban dau cia mach. Trong nhiéu trudng hop
nghiém tuy do c6 tinh chat dao dong chung quanh mot gia tri ¢d dinh bang hay khac
khong, lac dé n6 con dugce goi 1a dao dong riéng hay dao dong tu do cua mach.

Dao dong tu do ctia mach co thé ting dan hay tit dan cung véi thoi gian. Trong
truong hop thtr nhat, mach goi 1a khéng 6n dinh tinh hay tu kich va trong truong hop
th{r hai, goi 14 6n dinh tinh.

Ddi v6i cac mach 6n dinh tinh, thoi gian tdn tai cta dao dong tu do goi 1a thoi
gian tat ciia dao dong tu do. Trong mot sé trudng hop, thoi gian tit con duoc goi 1a thoi
gian qua do ctiia mach vi qua khoang thoi gian ndy trong mach chi ton tai dao dong dic
trung boi nghiém cudng birc. Qua thoi gian qua do, mach goi 1a chuyén sang ché do xac
lap.

Nghiém cudng birc dic trung cho quan hé giita mach véi cac ngudn tic dong lén
n6 va xac dinh tinh trang trong mach & ché d6 xac 1ap.

2.11. PHAN TiCH MACH PIEN BANG PHEP TOAN TU'

2.11.1. Bién doi toan tir Laplace

Ly thuyét toan tr Laplace — Furié cho ta cong cu don gian dung trong k¥ thuat
dién dé giai tim nghiém ciing nhu xét tinh chat, dang diéu nghiém cac phuong trinh hé
sO bang dao ham thudng va dao ham riéng.

Tinh than cta 1y thuyét 1a dong d6i phan bd thoi gian ham ¢(r) goi 1a gbc, v6i mot
ham bién phirc F(p), goi 13 anh, sao cho phép dao ham riéng theo thoi gian aa—f s¢ dong
doi voi tich p F(p). Do d6 hé phuong trinh vi tich phan hé s6 hing d6i v6i gbe o(f) s&
dong ddi vai mot hé dai sb tuyén tlnh dbi voi anh F(p).

Nho c6 quan hé dong d01 ay, co thé thong qua viéc giai phu:orng trinh dai s6 tim
anh F(p) dé tim duoc nghiém gde ¢(t); hodc qua viéc xét cac tinh chit vé dai s6 ciia anh
va nhét 1a cua ham truyén dat c6 thé hiéu nhimg tinh chat, dang diéu nghiém phuong
trinh vi tich phan. Mat khac qua viéc xét cac ham truyén dat ciing co thé chi ra cac diéu
chinh, téng hop hé vi tich phan sao cho nghiém ctia n6 dwgc nhitng tinh chat, dang diéu
can thiét.

Mo ta quan hé dong doi gitra cac cap ddi twong va cong viée & bang dudi
day.

Ly thuyét c6 2 cong thirc bién d6i sau:

= j: 1) e™dt (2.92)
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Biéu thirc (2.92) 1a bién d6i thun toan tir.

g Ddi voi goe Déi voi anh
Bién
1(t).x(t) « X(P)
. Vi tich phéan hé s6 hing Dai s6 tuyén tinh
Phuong trinh
o, x°, ... 0)=0 © &X PX, ...F)=0
) Tim nghiém 1(¢) . x(¥) < Tim nghiém X(P)
Bai toan . - ;
Xét tinh chat nghiém x(t) <> Xét dac diém dai so6 anh X(P)

Theo n6 co: A1), x(1), y(t) <> F(P), X(P), Y(P)
vakyhi¢u: L{f(£)} = F(p)
‘ bé téq tai F(p) trong (2.92) thi ham f(t). ¢ trong tich phan phai thoa min maot sb
di€u kién, dé cuoi cung tich phan hdi tu.
Bién d6i ngugc theo cong thic sau:

1 c+ joo
1(6).£(6) == [ F(p).e”.dp (2.93)
27 e
Cong thirc bién d6i nguoc (2.93) ¢6 can lay tich phan theo dudng thang co gia tri
thu;c ¢ tir —joo dén +j§>o cua truc éq. Giatric du:qc chon thich hop vé tich phan hoi tu, tinh
chat, gié tri ¢ con thé hién dac diém cua h¢ thong.
Trong khi sir dung ly thuyét bién doi toan tur Laplaxo ching ta thira nhan m6 hinh
vat 1y h¢ thong dién — dién tr thod man 2 cong thirc bién doi thuén va nguoc.
St dung 2 cong thirc trén c6 twong tmg 1 s6 cip bién doi thong dung sau:

TT Anh Géc
(1) (2) (3)
1 1 8 (t)
2 1/P 1 ()
3 1/p? t
4 1/p" ' /n—1
1 e—at
> pt+a
1 t.e™
° (p+a)’
P (1-at).e™
! (p+a)?
8 1 l(1 e*at)
p(p+a) a
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1 1
? (p+a)(p+Db) e e
P 1
10 m _a(be_bt —ae"at)
11 : - (e_bt —e_atj
p(p+2a)(p+b) (a+b) b-al b a
(1) (2) (3)
1 = Eaz cos at
13 : a i sin at
p-+a
" pcos?——ajhnb cos (at +b)
p-+a
15 psinl;)+a;:osb sin (at + b)
p- +a
16 = ?ag shat
17 2a : shat
p°—a
3 (p+a) e cos bt
(p+a)? +b?
0 b ¢ ' sin bt
(p+a)? +b?
20 (p+a)sinc+bcosc ¢ *sin (bt+c)
(p+a)’ +b?
. 22 sin’t
plp” +4
- pi+2 cos’t
p(p* +4
1 1
23 5 T
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2.11.2. Ham don vi 1(t) va ham xung 8(t) — diaric
a) Ham 1(t):
Trén hinh 2.26 dién ta ham don vi 1 (t): 1-’- *-" .
I(6) = il hay 1(t) = {0 t<0
2t 1 =1 1l
Véi ham don vi ¢6 tré: 1(f—7)= {0 <t T
1 t27
Hinh 2.26.
Ham don vi 1() va 1(+~7) dé dién ta cac ngudn
mot chiéu.
Vi du: E, = 100V dién ta 1(t) E, = 1(t) 100. Néu |T
sau khoang t = 2 séc m&i xuét hién E, thi cé: ' l 1
1(t—DE,=1(t-2).E,. 1
b) Ham xung &(t) CE T
Trén hinh 2.27 ¢6 cac hinh chir nhat ¢ chiéu cao h
va do r@ng T sa0 cho dién tich S = .
h.7 = hang so0. - .
Néu chidu cao h ting dén vo cung thi do rong t L
phai tién toi zérd (0).
Khi d6 ham c¢6 tén 1a xung dirac, ky hiéu 8(t). Hinh 2.27.
V6i tinh chét:
0 =0
§(t) B {oo t=0 "’

8 sao cho j“’ 5(t)dt = 1(f) hay: 5(t) = %. 1(¢).

. 5 5 0 =7
Véi xung tré c6 o (¢t — 7) dé: 5(t - r) =
© =T
Ham xung &7), 8 (t—7) dé dién ta cac gia tri cuia ham f(t) tai cac gid tri ti.

Ja=u) =f(t) = 6(—1)f (.

2.11.3. Mt s6 tinh chét cia bién d6i Laplace

Véi (1), F(p):

a) Tinh tuyén tinh: Yak fi(t) <> ZagFx(p) (2.94)

b) Tinh cham tré: (t—Df(t—1) & e? F(p) (2.95)

¢) Tinh dong dang: 1(0). flat) <> lF[ﬁj (2.96)
a a
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d) Tinh xép ham gc: jﬁ(r).fz (t-7)dr < F(p). F(p)

e) Pao ham anh: d;F S” ) o 1).(=2). £()
p

f) Tich phan anh: [Fp).dp > 1 (HEAZ t(’)
0
g) Cac gi61 han: linoll(t) fle)= hmp F(p)

lim f(). /(e) = limp . F(p)

h) Pao ham gbc: 1(¢) . £(f) <> pF(p)—f(+0)
i) Tich phan gbc: 1(¢), £ <> p>F(p)— pf (+0) - £'(0)

* Mot 16p: Tf(t).dt YRS Flp) L Jqf(t) dt
. +0 P P —o0
* Nhiéu 16p: [ [r@).at & iﬁ’)
p
m) Dich bién anh: Fp+a) < ¢“. A

2.11.4. Cong thirc khai trién Hévixai

(2.97)

(2.98)

(2.99)

(2.100)
(2.101)

(2.102)

(2.104)

(2.105)

(2.106)

Trong nhiéu truong hop khi giai cic phuong trinh toan tir duéi dang dai sb,

thuong dén dén cac nghiém toan tir c6 dang mot phan thire hiru ty:

H/(s) a,+as+ays’+..+as"
F():H(S):b+bs+b52+ +b,s"
2 o 1 2 m

Trong do: ay, aj, ..., a5 ; by, by, ..., by 1 cac hang so.

(2.107)

Hay gia thiét cac tir thirc va mau thire khong co nghiém chung, ddng thoi bac cua
tir thirc nho hon béc ctia mau thirc: n < m. Chung ta biét rang luon ludn co thé bién doi
dé mot phan thirc hiru ty c6 the thoa man nhirng dleu kién trén. Dén day c6 thé phan tich
phan thirc hitu ty F(s) thanh tong nhimg phén thire t6i gian, tir d6 dwa vao bang cac ham
gbc — anh cho & trén va tinh chat tuyén tinh cua phép bién d6i Laplace dé tim gbc cua

F(s).

Pé phan tich (2.107) thanh tong cac phan thic tdi gian, phai xét cac trudng hop:

a) Khi H,(s) chi c¢6 cac nghiém don, nghia 13 khi c6 thé viét dudi dang:

H>(s) =bu(s—57) (s —52) ... (S—8u)

Luc d6 c6 dang khai trién cta F(s) nhu sau:

F(s)= 4 AL =Zm: 4

s—8 5=, §—S i S5,

(2.108)

(2.109)

LT-MD ¢ 69



Ly thuyét mach dién

Dé xac dinh cac hé so Ay hily nhan cé hai vé caa (2.109) voi (s—si) sau d6 cho s —
sk sao cho céc sb hang & vé phai, trir 4; déu triét tiéu va nhu vay viét duoc:

4 = lim [F(s)(s =s,)] = }gg{ 2’8 (s -5, )} (2.110)

Vi Hs(sx) = 0,nén gidi han bén vé phai c6 dang vo dinh 0/0. Ap dung quy tic
Lopitan, tinh duoc:
H -5, ).H H
Ak — hm|: I(S)JF(S' Sk) I(S):| — 'I(Sk) (2111)
H', (S) H, (Sk)

Ap dung dong 10 trong bang anh — gf:)c cho mdi sb hang ctia F(s) viét dudi dang. ..
vo1 Ay xac dinh boi (2.111) s€ dugc ham gdc cua F(s) nhu sau:

S—)Sk

H(s,)
fe) = D exp(s,) (2.112)
kZ:} H', (Sk) ¢

b) Khi Hx(s) c6 nghiém boi, vi du c6 mot nghiém s boi r, sao cho c6 thé viét:

Hy(s)=bu(s—s)(s—sp) (s—57) (2.113)
Voi: k+r=m
Luc d6 c6 dang trién khai cia F(s) nhu sau:

Pty Ay A Aot Ay(s=s)+..+4, (s=s)"
§—5 s—S, S—8; §—5
(2.114)

O day cac hé sb tir 4, den Ay cung dugc xac dinh gidng nhu (2.111) va ham goc
cua cac phan thirc twong ng gidng nhu (2.108). Piu can phai xét & day 1a s hang cudi
cung bén ve phai cua (2.114) tng v6i nghiém boi s;.

Trude hét dé tinh Ay, nhan ca hai vé cta (2.114) véi (s — s)" r6i cho s —>
S1 S€ ¢o:
H,(s) :
Ay = lim[F(s)s—s5) ]= | 22 (5-5,) 2.115)

s HZ(S)

Tiép tuc tinh Aj;. Sau khi da nhan ca hai vé ctia (2-114) vdi (s — s;)" dao ham ca
hai vé theo s, r0i cho s — s; s€ co:

d ;
" [F(s)s—s5, )], =4, 2.116)
s
Ly luan tuong tu, 1an luot sé co:
1 d° ,
E'F[F(S)(S_Sl) le =4, (2.117)
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1 dr—l .
(=1} "ds" [F (s)(s =s) l =4, (2.118)

Sau khi da xac dinh duoc cac hé sb Ay 1=0,1,...,r—1), hay tim géc ctia mdi s

Ali

(S =Sy )r_i

theo dong 5, bang anh — gbc & trén trong do f{r) = ¢, va dong 10 s& 1a:

hang tuong g voi hé s6 do. S6 hang c6 hé so Ay la: . Ham goc tng véi no,

r—i—l

10)= gy o)

Sao cho cudi cung c¢6 ham goc cua F(s) nhu sau:

- i%(% ol { rA—ml)!tr_l +(r/i“2)!tr_2 +'"+%exp(slt)} )

r—1 r—i—l

. expst Z

eXp(Szt)
2 \s; = —l—l

t

Vi cac Ah xac dinh trong (2.115) ... (2.118).

. Cuéi cung xét trieong hop trong cdc nghiém ciia Ha(s) c6 mot nghiém phtc sy.
Neéu si 1a nghiém don thi kém theo* nd c6 mot nghiém phuc lién hiép si. Liac do, trong
(2-109) tng véi cac nghi¢m si va s i co:

H, (s, H;
'I(Sk*) _ '1* (Sk) (2.119)
H', (Sk) H', (Sk)

Sao cho ng voi ching c6 ham gbc:
Hl(sk )exp(skt) + H, (Sk)eXp(Szt) _ 2Re{H1(Sk )exp(skl‘)} _

H,(s;) H'(s,) H', (s, (2.120)
= 2|Ak|exp(0kt)cos(a)kt+ak)
Trong d6 dat: Hvl(sk) =4, = |4, exp(jr,) (2.121)
H, (Sk)
s, = 0o, + jo, (2.122)

Vi du 1: Hiy tim gbc cta anh dong dién:
Ip) = (p+2)/pp +3)
Giai:
Méu thirc: Fa(p) = p(p = 3)* ¢6 p1 = 0 va nghiém kép p,=3. Vay theo cong thic
khai trién c6 nghi¢m kép:

i(t) = M + (AZI +14,, )6731

1, (0)

Trong d6: F;(0)=2; F’(p)=(p +3)* +2p (P+3) ; F>(0)=09.
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Azz{ Eip) (P+3)} _prz 1
F2(p) p=-3 p p=-3 3
A21:i|: Fl(p) (P+3)2j| :i. p+2 :—z

dp | F,(p) s A p |9

Vay: i) = 2+ Gz ‘%j = i) e

Vi du 2: Tim gbc anh: X(p)=(4p + 3)/ (p° + 6p + 34)

Giai:

Tim nghiém Fi(p)=0co:
P1,2:—3 ijS

Fi(P))=4(-3+/5)+3=-9+,20
Fy (P)=2(=3+j5)+6=/10

x(t) = 2R{M

Vay gdc:
dy g 10
2.11.5. To4n tir hoa so' dd mach dién

sk } =43.¢7. cos (St +2 1”50').

D¢ 1ap nhanh cac _phuong trinh dai sO d6i v6i bién anh p trén mach dién, nguoi ta
thay thé so dd dang bién thoi gian cta sang dang toan tir. Trén hinh 2.28 1a cac so d6
toan tir cua cac phan te R, L va C.

i -0
Ll

FRURELY

Hinh 2.28. Todn tir hod cdc phan tir.

a) Cuon L; b) Tu C.

Trén dién tré:  Ulp) = rl(p) ; (2.123)
Trén cudn cam: U(p) = pLI(p) — L . i1(0); (2.124)
hay: I(p) = i,(-0)  Ulp) : (2.125)

p rL

- I
Tréntudién: U, (p) = u(-0) , L(p) : (2.126)

p rC

hay: I(p) = pCU.(p)—Cu—-0) ; (2.127)
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Véi bai toan hd cam dugc coi 1a 2 phan tir thuﬁr} cam va ap dung thém hd cam
pM. Khi so kién Z&r6 cac so do thay the don gian va giong hét so do dang thoi gian voi
cac thay the.

r—>r; L —>pL; C—> 1/Cp ; (2.128)

Céc luat Om va Kiéchoof trén so dd toan tur tuong tu cac biéu thirc va quan h¢
nhu trong so do dang thoi gian. N6i khac di ¢6 thé coi so do toan tor va cac luat Om,
Kiéchoof nhur so dd phtrc hod mach dién, nhung j thay bang p va c6 thém cac ngudn
uc(0); 2(0).

Vi du: Cho mach dién hinh 2.29, hay so dd toan tir cho mach.

il

i, i, gl Lip)

I'-’J_l [|*.-:| r,
I
@l.lm L R
* L‘J H L JEY |,‘ L. '.F.II
Hinh 2.29.
Lap phuong trinh dong dién nhéanh:

L(p) + Lp)-Lp) =0

i1

(s +le>.zl(p>+i13<p>=E1<p>+Ll.i1<o>—§uc(o>

(r +pL2>.zz(p)+i13(p>+r313(p>:Ez(p>+L2.i2<o>—§uc<o>

Ttr d6 6 thé giai ra cac dong dién, vi du i3(p):

1) = 20 ()« 20V g ), 20 ), 20D o)

Alp) ' Ap)
_Z(p)+2,(p) u(0)
AP P

Trong d6: Zi(p)=r1+pLi;
Z(p)=r2+ply;

1
Z3:—-|-I’3
pc

Ap) = Zi(p) - Za(p) + Za(p) - Z3(p) + Z5(p) - Zi(p).

LT-Mbe 73



Ly thuyét mach dién

2.11.6. Trinh ty phan tich mach bing phwong phap toan tir

a) Ldp so do todn tir cho mach dién

b) Lap phwong trinh theo cac phwong phdp da biét: dong nhanh, dong vong thé
dinh... hay cac nguyén ly tuong hd xép chong... dé xac dinh dugc nghiém toan tir ciia
dap ung can tim u(p), I(p)...

¢) Tir dnh dép g u(p), I(p) c6 thé tra bang, khai trién Hévixac tim u(?), i(¢) twong
ung.

_ Vidu 1: Cho mach dién c6 R; = 30Q, R, = 60€2, C = 100pF hinh 2.30a. Dién ap

nguon u(t) cé dang chit nhat trén hinh 2.30b.

B | [V f, Ut
Kok 17 .
| TP
dl
| : T s T
a) b)
Hinh 2.30.
Tim dién ap qua do trén tu uc(t) thoi gian:
\ ‘A R
a) T (0 = 0,5) gidy. W, KA.

b) Tt (0,5 + o) gidy.

- |..__._. .

7

\\/ R
Giai Uig)
Lap so d6 toan tir ¢6 hinh 2.31a voi u(-
0) =0, va nguon:
u(p) — ﬁ _ ﬁefo,sp

L&

P P
Hinh 2.31.
Do: u®)=10t) . uo— 1(t — t)u,
=1(t) 48 — 1(t—0,5) 48.
Dong I(p):
p)=e) o ulp) _ ulp)
Zv p) R i R + 7R2
2 1
R+ pc 1+ pR,c
R, + 1
pc
(l + pch)

I(p) = u(p)-(

R, +R,)+ pRR,c
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R R
=1I(p). 2 = 2
u(p)=1(p) 1+ pR,c (R +R,)+ pRR,c u(p)

a) Trong thoi gian nho hon = 0,5 séc thi u(p) = 48/P.
R, 48 2880

(R +R,)+pRR,c P  P(90+0,18P)
Phan tich u(p) thanh u(?).

Fi(p) = 2880.

F>(p) =p(90 + 0,18p) =0 cb nghiém p; =0, p, =-500.

Fy’(p) =0,36p + 90.

F»’(0)=90; F>’(-500) =-90.

u,(p) =

uc(l‘) — Fl(o) e’ + Fl(_SOO) e300
Fz'(o) F'2 (_500)

u,(t)= 2880 | 2880 s _ 3539 s
90 -90

u(f) =32 (1 —e>)
b) Trong khoang thoi gian tir (0,5 + o) séc ta co:
ulp) =2 = B oo
p p
nén: u(p)= 2880 2880 05
(0,18p+p) (0,18p+90)
Dua vao tinh tré c¢6 uc(?):
ue (=32 (1-e") 1) =32 [ 1= %97 1(+-0,5)
Khi t > 0,5 séc khong can xét tré ta co:
u(f) =32 —32¢ " = 32 + 32770 2
us(f) =32 ¢ (- 1).
Tai t=0,5 séc c6: 1,(0,5)=32 (1 —e>").
Vi du 2: Cho mach dién c6 ngudn dong dién J(£) = 10 cos 10z (4) va R=
R,=10Q2, L=1H.
Trudce khi khoa mé mach 1a xac 1ap xac dinh dong qua do ir(t).

Hf“ 5
iy L. R[[j . : :
(ﬁ) L < o R =
i — N
ol | fﬂ
a) b)
Hinh 2.32.
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Giai:
Tim diéu kién dau theo hinh 2.32b.

i,,=J, R 1000010

R+jX, 10+ 710

Vi XL=wL=10Q . .

. il

I, :i:sﬁz—w 4 )

1+ £
i, (£) = 5v2 cos(10¢ —45°), o Lit
t=0 thi: i,(0) = i(-0) = 54. -
So d0 toan tir & hinh 2.32c.
. P

Vi J (p)=10. ——— Hinh 2.32c.

() P?+100
Dié¢n ap trén 2 nlt usp (p):

1 1. 10p
LS ——i,(0)+——F—
o o L+, (p) = a0+
S N T N
R+R, PL 20 p
~ =5(p? +100}+10p>  20P  (5p>—500).20

() p(P*+100) " p+20  (P?+100)(P+20)

Dong qua dién trd: Iz(p).

I (p)= ”AB(p) _ 5p® —500 _ Fl(p)
R R+R, (p>+100)(p+20) F,(p)
Xéc dinh ip(?) tir Ir(p):

Fi(p) = 5p* — 500.

Fy(p) = (p* + 100) (p +20) =0 c6 p; =20 ; p, =+ /10.
Fy’(p) = 3p* +40p + 100

Fi(p1) = F; (-20) = 1500

Fy’(p1) = F>’ (=20) = 500

Fi(p2) = F) (j10) =—1000

Fy’(p2) = F5’(j10) = —200 + j400

.R( )_ F1(—20) .ezoz_’_zRe{FlG—jlo) elet}

~ F,'(-20) F,'(+ j10)
inlt) = 155(?(;) e 2R{—2(;01 301(')400 eﬂm}

ip(£) =3¢ + 24/5 cos(10¢+63°30').
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Vi du 3: Cho mach hinh 2.33a c6: R =R, = 10Q, L = 100mH, C = 100uF, nguon
1 chiéu E = 100V.

Hinh 2.33.

Trudce khi m¢ khod K mach 1a xac 1ap, tim dién ap trén tu uc(t) sau khi mé khoa

Giai:

Tim cac diéu kién dau:
. . E 100
lL(—O): lL(O): E = W = 10A .

u(~0) = uz (< 0)=0.
So d toan tir trén hinh 2-33b, véi u,(0) = 0 thi nhanh c6 tu chi con C.
E 1 1
= = —Li,(0)——
o PR ZL(O)R + Pt
Pigndp:  u.(p)=—— —
— +
R R, +P"
()= [EL-Li,(0)R]P+ER, _ F(p)
‘ P|RLCP* +(RR,C+L)P+R, +R| F,(p)

Thay s6 vao:

u(p)= 1000
‘ P10 p* +11.107.P+20)

Tim u(f) bang khai trién Hé vi sai:
F>(p)=0 c6 nghiém P; =0, P, =230, P; = —870.
Fy(p)=3.10".P*+22.107% p+20
Fy(p1) = F>°(0) =20
Fy’(p2) = F2'(-230) = — 14,73
Fy’(p3) = F>’(-870) = 55,67
u, (f) = ;‘1'(((()))) e + % o B0 % 55701
2 ) 5
u(f) =50-67,89 ¢ 2" +17,9 . &,
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Vi du 4: Cho mach dién hinh 2.34, biét e(t) = 180 sin 314t, r = 20Q), c
30uF, L=0,5H.

it X K

Hinh 2.34.
Giai:
1. Thanh lap so d0 toan tir
So do6 toan tir c6 dang veé tren hinh 2.34. Trong do tra bang anh goc co:
314 56.5.10°
PP +3147  p 43147
Va uc(—0) 1a ap trén dién dung & t = —0. Vi ché d6 trudc khi dong dao D di xac lap

nén ta tinh ap ndy bang phuong phap sé phirc. Trudce khi dong dao ta c6 mot mach r — C
noi tiép cd tong trd phirc:

e(t) & E(p)=180.

Z=r—-L=20-—L __ —20-106 =107,84/-79°18'Q
oC 314.30.10
Anh phirc dong va p trén tu bang:
E 180

[ o==m= = 1,67279°18' 4
Z  107,8£-79°18'

U, =1, [_—fj = 1,67£79°18'.(— j106) = 177 £ —10°42'V
woC
Ap tuc thoi trén dién dung thude ché do cii:
uc(t) =177 sin (314t —10°42> ) V

Cudi cung: u(—0) = 177 sin (~10°42> ) = 32,8V.

2. Tinh anh dong dién I(p)

Trén so do toan tir hinh 2.34 ta s& bién ddi twong duong hai nhanh bén phai dé tim
dong I(p).

Téng tré va s.d.d twong duong cta hai nhanh nay:

e
)4 p.
ZLC(p): 1 = 21C+1
pL+—— p
pC
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u,(0)
ELC(p) =L 1

Z,c(p)
Vay anh I(p) bang;
1 (p)= E(p)-E,c(p) _ (pLC+1).E(p)- pLCu(0)
' r+ZLC(p) r(szC+1)+ pL
Thay $b liéu cu thé cuia hai bai tinh vao ta co:

3
0310151070 (-328)

pe _ pL.Cu, (0)

p°LC+1

(p°15.10° +1)

2
pr+314
1(p) = e
20(p?15.10° +1)+0,5p
Rut gon lai ta dugc:
0,492p° +847p* +48,5.10° p+56,5.10°
L) = ’ .

(p> +3147)(0,3p” +500p+20.000)
3. Tim gbc I(t)

: F
Anh dong dién i(p) c6 dang: I, (p) = M , trong d6 F>(p) c6 4 nghiém don:

Fz(p)

hai nghiém thyc p, = — 1625; p> = —41,7 va hai nghiém phurc lién hi€p p; =;314; ps = -
j314. Vay theo cong thirc khai trién, goc s€ c6 dang:

l',(t)— Fl(pl) Pt Fl(pz) €p2'+2Re{Fl(p3) p3tj|

_FZ'(pl) sz(pz) Fz'(pz)e

Trong do:

Fi(p1) = 0,492 (—1625)*+ 847(—1625)*+ 48,5 . 10°(—1625) + 56,5.10° = 97.10°

Fi(p>) = 0,492 (—41,7)° + 847(—41,7)+ 48,5.10° (-41,7) + 56,5.10° = 55,9.10°

Fi(ps) = 0,492 (j314) + 847(j314)* + 48,5.10° (j314) + 56,5.10° = —27,5.10°

Fy'(p) = (p* + 314)% (0,6p + 500) + 2p (0,3p> + 500 + 20.000)

Fy’(p1) = [ (—1625)* + 314> 1 [0,6 (-1625) + 500 ]] =—1300 . 10°.

Fy'(py) = [(-41,7)" + 31471 [ 0,6(-41,7) + 500 ] = 48 . 10".

Fy(p3)=2.j314[ 0,3 (j314)* + 500 . j314 +20.000 ] =-98,5 . 10°. £3°30".
Vay [b6 cac thira sé 1(t)] ta duoc két qua:

ir (t)z 97 e 1625 _}_55,9 e 7 L2 Re -27,5 e/
—-1300 48 -98,523°30'

i(t) =—0,08 ¢ %' + 1,16 ¢ *"' + 0,55 cos (3141 — 3°30” )A.
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2.12. PHUONG PHAP TiCH PHAN KINH PIEN PHAN TiCH MACH DPIEN
TUYEN TiNH

O cac bai toan mach c6 hé sé hang va cac dap tng dé xac dinh dugc nghiém xéc
1ap xx1(7) thi phuong phap nay rat c6 hidu qua. Noi dung 1a dap ung qua do x(¢) 1a xép
chdng cta qua trinh xdc 18p xy(7) (nghiém riéng phuong trinh mach c6 kich thich voi
nghiém téng quat ctia hé phuong trinh thun nhét) véi qué trinh tu do xa(?).

X(8) = xx1(2) + xwa(?) ; (2.129)
+ V&1 x41(¢) 1a nghiém cua phuong trinh:
@1 [ X1, X'xts s i), 1] =05 (2.130)

Trong d6: fi(¢) 1a kich thich cua hé thong.
+ Vi xi4(2) 1a nghiém cua:

(PZ[xtdax’tda'”at]:O; (2.131)
Do tinh’tuyé'n ctia hé théng c6 thé ghép nghiém qua do x(t) theo (2.129)
ung voi hé thong.
@2 [x X", .., i) ] =0 (2.132)

"Phuong trinh tim nghlem xx1(t) (2. 130) c6 thé ‘tuong duong voi viée giai nghiém
hé thong & ché do xac 1ap da quen thudc. Do 1a hé théng phuong trinh dong nhanh, dong
vong thé dinh, xép chdng, twong hd, va cho két qua x,(?).

Nghiém tu do tht k ciia hé thong ludn c6 dang:
x, k(t) = A e™ (2.133)

Vi Ak 12 hing sb tich phan, con py 12 nghiém cua dinh thirc hé théng hay phuong
trinh ddc trung:

Alp)=0; (2.134)
Tir 6 nghiém tong quat cia (2.131) la:
Xig=2Z Ar exp (it ) (2.135)
va cubi cung nghiém qua do:
Xia=Xx1(t) + Z Arexp (prt) ; (2.136)

2.12.1. Trinh tw phwong phép tich phan kinh dién

a) Lap va giai phuong trinh x4c 14p hién hanh (sau khi c6 tac dong cia cac cau
dao. .., bién d6i mach) dé tim xy;(?).

b) Lap va giai phuong trinh dic trung ciia hé thdng. O day sé& xac dinh cac sé mil
dac trung px va dang nghiém tu do.

¢) Xac dinh diéu kién dau x(+0) theo cac luat dong mé va gia tri cua qué trinh ci
x(=0) & t =—0 cling nhu h¢ phuong trinh hi¢n hanh.

d) Lap nghiém quéa do tong quat: x(7) = xx (1) + 2 Ak &K va xac dinh cac hang sb
tich phan Ay dua vao céac diéu kién dau o t = +0.
2.12.2. Lap phuong trinh dic trung va nghiém tu do

Vi phuong trinh dic trung cho cac nghiém tu do nén cac ngudn trong hé thong va
so d0 phai duoc triét tiéu. Cac phép dao ham va tich phan theo thoi gian dwoc hinh thirc
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bang phép nhan véi p va chia cho p nén mg véi cc phan tir cuén cam va tu dién s&
duogc dai sé so d6 hod bang L— pL va C - I/pC.

Biét rang moi dap tmg tu do trong moi so dd déu c¢6 chung mot bo sb mii ddc
trung, nén c6 thé 1am nd nhu sau ddy: Xét dong tu do thr k 13 jia(t) & nhanh k va toan
tir trd vao ziy (p) cua nd. DE thiy tich ciia chung triét tiéu vi d6 1a dang phwong trinh
trang thai cta hé thong:

Zik (P) T () =0 (2.137)

Vi nghiém tu do khong triét ti€u, suy ra phuong trinh ddc trung phai tri¢t tiéu,
hay toan tir tré vao triét ti€u:

Zik (p)=0; (2.138)
- T d6 c6 qui tac: Lay mot nhanh bat ky, viet o
tong tré vao Z(p) va cho no triét tiéu, tir d6 tim duoc —
phuong trinh déc trung. "
Vi du: Cho mach dién hinh 2.35. Tim phuong D) K :% &)
trinh dac trung. ' Jip)
Giai: %F”

Sau khi cho ngin mach ngudn strc dién dong e
va ho mach ngudn dong j, ta tim tr¢ khéng vao tai

nhéanh c6 cudn cam L. Hinh 2.35.

1

rl 7C
Zu(p)=r+pL+ —L T cho Zi(p) = 0 dé tim dugc dang nghiém
B

pC

tu do.
h

Zip)=r2+pL + pCl =0
Rt
pC
-
rn+pl+—— =0
2P 1+ prC

(rmtpL)(1+prC)+r=0;
szCrz +p(L+rnC)+(rn+rn)=0;

Nghiém tu do c6 dang xy(?) = ZAk exp (pkt), trong d6 mdi sb mil py cho loai
1

nghi¢m riéng. C6 3 truong hop sau:
a) Truong hop px thuc, ¢ hinh dang & hinh 2.36a.
b) Truong hop px 1a phure va lién hi¢p pk* VOl px = oy + jog
x, ()= A4, .. ™ = 2Re{AK e’ }: 2|4,|.e™ . cos(w,t+y, ); (2.139)
Dang dao dong cua chung v€ trén hinh 2.36b.
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Yot
0 t 0> t Ow t
b) c)

Hinh 2.36.

c¢) Truong hop px bdi 2 lac do cd nghiém:
x,(t)=4,,.e* +1.4,.e™ hinh2.36c.
_ Xét thanh phan th hai t. Ay, e’ d€ thiy n6 tién t6i vo cung khi t — oo,

diéu nay khong thuc t€ trong céc bai toan vat 1y va mach dién.

C6 thé nhafu} xét chung l1a & cac béj togin thue té nghiém py ludn ¢ thanh phéan thuc
ok am (o < 0) dé qua trinh ty do phai tat dan.

Vi du: Thanh 1&p phuong trinh dac trung cho mach hinh 2.37.

Giai:

Ta c6 phuong trinh theo cac luat Kiéchoof ddi voi cac dong dién ty do:

Iy = by — g =0 |—R1—| : - /f'é
) l¢.
Ny + EJ-l3td dt =0 (a) R, iy
(D L
. . diy, g—
Ny + hHhlyy + L7 =0 L
Sau khi dai s hoa ta duoc:
1, — 1o, — 1. =0
1 2“1 s Hinh 2.37.
rly +—154=0 (b)
pC

Il + (G + pLl)iy, =0

Ta duoc phuong trinh dic trung bang cach cho triét tiéu dinh thic hé s6 caa (b):

1 -1 -1
1
A(p): r, 0 — =0 ; (©)
pC
r r,+pL O

Khai trién dinh thuc ta duge mot phuong trinh dac trung bac hai:
p’(MLC)+prnC+L)+(r+1)=0;  (d)
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V6i hai nghiém p;, p, mdi dong hay ap tur do s& 1a tong hai ham mii dang:
Xkd = Ak exp (pit) + Ak exp (pat).
Vi du: Dfmg phuong phap tich phan kinh dién tich cac dong quéa do trong so do
hinh 2.37. Biétr; =1, = 1Q
E=1V=const,L=1H, C=1F.
Giai:
1. Tinh cic dong xéc lap & ché do méi.
V61 E = const, sau khi dong mo, dén ché do xac 1ap dong sé chi chay quary, 1y, L
va bang:
E

ilxl = i2xl = = L = O’SA
rn+r,  1+1

iy =0
2. Phuong trinh dac trung da duoc 1ap trong vi du:
PP(LC) +p(rir, C+ L)+ (ri+r)=0
Thay s6 vao ta co:
pPP+2p+2=0
Tir d6 giai ra hai s mii ddc trung phtrc lién hiép:
pr2=-1=xj.1.
Vay cac dong tu do tong quat c6 dang:
iw=A; e sin (t+tor)
Ia = Ay € ' sin (t+ay)
i3 = Az e ' sin (t+a3)
Nghiém téng quét c6 dang:
1=l tiiw=05+A4,exp(—t)sin(t+ o)
Ip=lxtiw=05+Arexp (—t)sin(t+ o)
i3 = i3x1 T i3a = A3 exp (—t) sin (t + 03 )
3. Piéu kién dau va hang sé tich phan
Trong vi du trén da co6 cac diéu kién dau t = +0:
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1(0)=1; ’1(0)=-0,5;
2(0)=0,5; i’2(0) =-0,5;
i3(0)=0,5; i’3(0) = 0.

Thay cip diéu kién dau 7,(0) ; i’1(0) vao biéu thirc i1(f) va i’1(¢), & t =40 ta co:
i1(0) =1= 0,5 +A1 sin (04]

i’1(0)=-=0,5= Ai(—sin oy +cos a,)
Tu doé giai duoc:
A1=0,5; 01 = 1/2.
Vay: i1(1) = 0,5 + 0,5 exp(—t) sin (t + 1/2) A.
Tuong ty vay voi cdp so kién ir(+0); i’»(+0) ta tim duoc:
A>=-0,5; o, =0.
Vay: i(6)=0,5-0,5exp (-t) sin t. A.
Cudi cung voi cip so kién i3(+0); i’3(+0) ta duoc:
A3=0,707 ; oz = n/4.
Vay: i3 (£) = 0,707 exp(—t) sin (t +45°) A.
2.13. PHAN TiCH MACH PIEN BANG PHUONG PHAP TAN SO
2.13.1. Phép bién d6i Furié

Mot anh Laplace F(p) da cho c6 mot phén b phirc F(jw) x4c dinh & trén truc o,
do6 1a anh Furié cua goc 1(z), f(?):

F(jo) = F(p) ; (2.140)

p—>jo
Vi chi xét phan bd trén truc jo nén anh phic Furié sé don gian hon anh Laplace
trong viéc khdo sat dai so va giai tich.
Trong bang anh gbc F(p) <> f(1), néu thay p = jw s& ¢ cac anh Furié cua cac gdc.
Trong cac bai toan cac gde f{7) co sb mil ting am s,< 0 c6 thé ap dung 2 cong thirc
bién doi thuan nguoc Furié sau:

F(jo) = ]Ol(t). fle).e™ dt; (2.141)

1) f(t) = — [F(jo).e do ; (2.142)
Tir (2.142) xét diéu hoa nguyén to:

2l Fljo).dw. e = dA(jw).e’™ (2.143)
T
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Co bién do vo cung nho dA(ja))z 2—F(ja)).da) va tan sO o, va giai tan phu
T
tr —o0 —>+00.

C6 thé coi rang gia tri F (jw) 1a mat 4o cia ham A(jw) thong qua nguyén td
dA(j w), d o hay:

F(jo)= 27 dd(j) : (2.144)
do
Luc d6 nguyén to:
dA(jo) = 2i F(jo).do (2.145)
T

Biéu dién phd tin F(jw) co6 thé theo hai dang:
F(jw) = F(w) .Y ; (2.146)
Flo) = Fi (o) +jF;(0); (2.147)
Trong d6: F(w) — 12 mddun hay phd bién do.
y(w) — 1a goc pha hay argumen.
Fi(w) — 1 phd tan thuc va
F»(w) — 1a pho tan ao.
Vi ham 1(2), §(03) bét ky, noi chung cac ham F(w), y(w), F1(w), F>(w) 1a cac ham
lién tuc cua tan s6 hay chiing 1a phd lién tuc (phd dic).
Xét truong hop dac biét, & cac ham diéu hoa co:
1(t). e o _ ; (2.148)
jo £ jOQ
Thi,trén truc 40 & ‘céc ,tﬁn s& @ = # 2 s& 1am cho gia trji phd F () v cung 16n
(hay diarac). Trén tryc tan s6 ¢ cac gai tri @ = £ (2 s& co gia tri phd vach véi bién do
hiru han ung véi:
Ay cos (axt +ox ) ....; (2.149)
Tinh chét caa cc phd dé tim thay:
— Pho bién do va phd tan thuc 1a ham chin: — ddi xting qua truc tung

Flo) = F(- o), Fi(o) = Fi(- 0); (2.150)
— Ph pha va phd tan do 14 ham 1é: — d6i xtg qua gdc toa dd.
V(o) = vy (o), o) = -F(-0); (2.151)

Nho hai tinh chat trén c6 duoc:

F(jo) = F(-jo) (2.152)
Nghia 1a phd tin F(jw) sé& tré thanh lién hiép khi doi ddu tan sé. Piéu nay phan
anh trong (2.142) mét ham phirc F(j ) ¢, dw trong can ddi xung (—0, ) ma cho gia

trj ham thyc 1(¢), () c6 nghia 1a & tn sb bang va nguoc ddu biéu thirc dudi ddu tich
phan lién hi€p vdi nhau.
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2.13.2. N$i dung phwong phap phé

Pé giai cac phuong trinh ctia mach bang phuong phap tan sd, trude hét 1iy bién
d6i Fouriér cua ca hai vé, chu ¥ dén tinh chét tuyén tinh cua phép bién dbi nay. Nhu vay
s& c6 mot hé phuong trinh méi lién hé cac phd cua cac tac dong trén mach (cac ngudn
kich thich) va dap tmg cta mach (dong dién nhanh, dong dién vong hay dién ap nut can
tim). Do c4c tinh chét ctia phd, hé phuong trinh méi s& 1a mot hé phuong trinh dai sb
ctia cac phd dap ng va nhu vay viéc giai chung don gian hon nhiéu so véi viée giai
phuong trinh vi phan ban dau. Mot khi c¢6 cac phd cia dap tng, viéc tim lai biéu thirc
thot gian dugc thyc hién béng cong thirc bién doi nguoc Fourier hay cac bang phd. Mot
diém nira can chu y khi chuyén hé phuong trinh vi phan ban dau theo thoi gian sang hé
phuong trinh dai s6 cua cac phd, 1a phai chil ¥ dén cac diéu kién dau qui dinh boi cac
luat dong ngat da néu.

Trudc hét hiy viét lai cong thirc tinh phd ctia cac dao ham va tich phan va trinh
bay no6 dudi dang thich hop véi muc dich ¢ day.

Pho cuia dao ham cap mot: S,(j):

S,(jo) = IS exp( ]a)t)dt = ]a)S(]a)) + s( )exp( ]a)t) | ;(2.153)

—0

O day S(jw) 1a phd cua ham sb s(7), con Snh(w) la phd cho dao ham cip mot cua

ds
s(?): ()= —
(1) ) 3
Trong 1y thuyét tin hiéu d3 gia thiét ham s6 s(t) thoa mén diéu kién:
lims(t)=0 ; (2.154)

O day chu y, s€ xét phan tmg cua mach ké tir khi dong ngat mach, ké tir khi dong
hay ngit mach coi la goc thoi glan t =0, do d6 can tich phan trong cong thirc bién ddi
nguoc Fourier chi can lay‘tu 0 dén oo, sao cho ngoai diéu kién (2.151) khi t — oo, con
phai chu y dén diéu kién dau ¢ t = 0. Nhu vay, cong thirc (2.153) trd thanh:
Siy (@) = joS (o) -s(0); (2.155)
Ciing v6i nhan xét nhu vay viét duoc phd cia tich phan Scnjo):
1

Sen o) = —S(.jw) +t—
j@

, js(t) dt; (2.156)
jao

Tich phan bén vé phai cua (2.156) chinh 14 diéu kién dau cta j s(t)dt = s(0) véi
(2.156) co:
s - SUe) 1

— .5(0) ; (2.157)
Jjo Jo
Hai cong thire (2.155) va (2.157) 1am nén tang dé chuyén hé cac phuong trinh vi
tich phan ctia mach (dang dong dién nhéanh, dong di¢én vong hay thé dinh) sang hé
phuong trinh dai s6 d6i v6i phd ctia cac thong sb dién ap, dong dién, tir thong, dién tich.
Twong tng cuia cac pho:
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(1) o o). ult) o o)
q(t) & q(jo). vit) & y(jo)’
Do c6 cac diéu kién ddu ma trén cac phan tir phan khang — dién cam L, hd cam M

va dién dung c6 phd cua dong va ap:

(2.158)

0, (1) = Ldi;—t(t) i i) 1, (o) thi

u,(jo)= joLl (jo)- L.i,0); (2.159a)

di

uy, () = MT;‘ tuy,(jo)=jo.M .1 (jo)-Mi(0);  (2.159b)

7 (i
= j t)dt thi: u (jo)= M L L u (0);  (2.160)
joC jo
Xet sy g~i6ng nhau gitra pho cta dién ap trén cudn cam ug(jo) va ap trén tu u(jo)
so v&i bieu dién phuc cua chinh né (theo 1.52 va 1.53) nhu sau:

U, = joL.I,; (2.161)

. i,

U, =% ; (2.162)
joC

Ta nhén thay cac diém sau:

V& hinh, ngoai cac diéu kién dau i (0) va u.(0) thém vao thi thanh phan thtr nhat
rat gidng nhau mic du cach dién ta co hoi khac nhau (phd thi 1a ham cia jo, con phic 1a
& 1 tan s6 da cho).

V6i thanh phan thtr hai tham gia cua cac diéu kién dau s& mang ¥ nghia cia
nghiém ty do. Néu ¢ bai toan cac diéu kién dau déu triét tiéu iL(0) = 0, uc(0) =0,
nghia 1a khong ton tai nghiém tu do thi nghiém cta hé di nhién chi con 1a nghiém cudng
burc va v& biéu thire, cach giai hoan toan twong tu nhu & mét tan sb theo phuong phap sb
phtrc.

Mic du gidng nhau nhu trén, song ban chit cua phuwong phap tin sb khac hin
phuong phép hinh thirc s6 phirc.

Va c6 thé coi rang cach biéu dién béng s6 phtic trong phén tich mach dién 1a mot
truong hop riéng cua phuong phap tan s6 — phuong phap phd. O phuong phap phd,
ngay ca cac tro khang, dan nap ciing 1a ham ciia tin sd, nén phai biéu dién day du quan
hé nay.

Zjo), Yjo), Z(jo), Z(jo) ... ; (2.163)
V6i cac phuong trinh dong dién nhanh, dong dlen vong, dién thé nut viét cho dang
thoi gian & trén ta c6 thé chuyén chung sang phd cia chung. D& thay rang do ¢ dao
ham va tich phan ¢ hé phuong trinh dang thoi gian ma sang dang phd s& co thém céc
ngudn dong dién hodc strc dién dong ing véi cac didu kién dau cia dong qua cudn cam
Li(0) va ap qua tu u(0) / jew. D& nhan thiy cac so db toan tir hoa trong bién doi Furie —
ciing 12 bién d6i sang phd ctia chung,
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2.13.3. Cac vi du va irng dung

Cho mach dién l}inh 2.38 tai thoi (jiém t = 0, khoa K dong. Hay tinh moi dong
dién trong cac nhanh bang phuong phap tan so.

Hinh 2.38. Hinh 2.39.

a) Gidi mach bang phirong phép ldp phiong trinh dong dién nhdanh

. Dé thiy rd phuong phap tan s, & day ta gia thiét trude khi dong khoa K, mach co
so d6 nhu hinh 2.39.

Vé6i mach 2.38 st dung phuong phap s6 phirc c6 thé tim duoc:
i5(—0), uc2(-0), u3(-0).
Pé x4c dinh cac diéu kién dau ta sir dung cac luat dong mé cho L va C.
i5(0) = is(+0) = is(-0)
Ue2(0) = uea(+0) = ea(-0)
u3(0) = uc3(+0) = u3(-0)

Céc diéu kién dau phu thudce khac, vi du: i1(0), i1(0), i’2(0), i2(0), i’3(0), i3(0),
i’4(0), i4(0) va i’5(0) tim duoc bang cach 1ap phuong trinh cia mach khi da doéng mo
hinh 2.38 va dao ham nhiéu lan ching, sau d6 thay t =0 dé tim céc diéu kién dau tién. O
phan trén da xét k¥, vi thé & day coi rang cac diéu kién dau tién da tim duoc.

Sau day la h¢ phuong trinh dong di¢n nhanh dang thoi gian:
i1(0) +ix(t) —i3(0) T ia() = 0,
is(t) — (1) — i2(6) = js() =0,

: 1 r.
R,i,(t) + - [i,(e)de = ey,

3

: 1 .
R (¢) + - [i,()dt =

2

R (¢) +L, di;—t(t) + Ci [i,(0)dt = ¢, +e,.
2
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Chuyén hé phuong trinh trén sang phd ciia tan so:

o) + L(jo) - (o) + 4(jo)=0 (nata)
Is(jw) - L(jo) - L(w) - Js(o) =0  (nitb)

. . 1 1 . .
R4I4(J@) + 13(3(’3) . + = Uy (0) = ES(JCO) (vong o)
joc, Jo
. . 1 1 . .
R111(JC°) - IQ(JCO) ; +— U, (0) = EI(JCO) (vong B)
joc, JO
RI,(jo)+ joL,. I,(jo)-L,i0)+
. 1 ) . on
(o) —— + L u (0)=E (jo) + E,(jo) VOV
]COC3 ](0

Chu ¥: Phd cta ey(f) va es(f) co thé xac dinh theo cong thirc bién doi Furie thuén
E\(jw), Es(jw) va theo bang goc — anh todn tir Laplace khi thay p =jw.
Gia thiét co:

i ei(f)=E; cos wt , ex(t)=E3cos (w,t + ¢s) thi theo bang gdc co
pho:
. 10,
E(jo) = E,—1"— ; (2.164)
w, — o
) jocosw, — @, sing
E,(jo) = E, e (2.165)
w, — o
Néu Js = Js (const) thi:
J
J(jo) = = ; (2.166)
jo

Thuong chuyen phuong trinh phd theo dang vé _phai la dong hodc ap thu dong,
con vé phai 12 ngudn (gdm ca ngudn cudng birc va ngudn do diéu kién diu sinh ra).

H¢ phuong trinh c6 dang:
L(jo) + L(jo) — L(jo) + L(jo) =0

]5(]6{)) —11(/60) — 12(/60) = —

. , 1
1,(jo) = ———— (,sing, - jocosp; )~ — u,,(0)

R414(ja))+ ) ;
joc, 0’ - jo
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Rlll(ja))_

E 1
) [2(jw):j 260 : 2 +._”c2(0)
jwc, o -0  jo

) ] ) 1 )
Rlll(]a))+ ]a)les(]a))+ 3 13(]a))
joC

3

0k, — E, (a)a sin @, —ja)cosgo3)+ Ll (0)_Luc3 (0)

0 -0 0 -0
b) Gidi mach bang phirong phdp dong dién vong

Chon mach ¢6 3 dong dién vong 14 is(¢), i>(f) va i3(¢) nhu vy c6 thé coi ring ta da

2 _]a)

chon cay graf C(1, 5). Lap phuong trinh dong vong:

hay:

Vong i4:

d

d ) d) . .
(R4 VL E+le.z4(t)—(Rl v Ej’ () R () = —e (1)L,

dt

Vong i,:

(Rl + é jdt] iy (1) + R, ()~ Riy(£) = — ¢, (¢)

Vong i3:

d 1 . d) . .
(Rl . jdtj (t)—[Rl .L Ej’ ()R (1) =
3

= & 0)re,()+ 2,240

. di, (¢ . . d . .
R, ()L, ’;t( ) e R ()R- L, L )R =

d

EJs(t)

Ry 0+ — [1, () + Ry o) R o) = =e,(1)

2

== el(t)_LS

. d . 1 ¢. . d . .
Ryi; (t) + L Elz(’f)"' - _[13 (t)dt + R l4(t)_ L 5140)_1{112(’?):

)

_ d
= e (t)+ e,(t) + L, . J(1).

Phé hoé ta c6 hé:
(R4 + Ry) Ll(jw) — Ry. L(jw) + R1L(jw) + joLsla(j o) — jolsl3(j @) =

E J
=+ Ls . is(0) + Ls . 5(0) +j ——"— — joo.L,. >
W~ jo
) ) 1 . . oF 1
Ri. L(j@) + Ry. L(jo) - RiIs(0) + ——.1,(jo) = - j——— — —
joc, w, - jo
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R1]3(]a)) — R1]4(]a)) — Rllz(/a)) +]ooL5]3(]a)) — —a)13(/a)) —]a)L514(/a)) =
J

= ok & (o, sin(ﬂs—ja)COS(ﬂs)”w-Ls;-]_;Jr Lsiy 0)

o -0 0 -0

o

1 )
- U (0)_le4 (0)
jaw

¢) Gidai mach bang phwong phdp thé dinh
Khi coi ¢, =0, con lai @, va ¢p c6 phuong trinh sau:

(L+C31+L+C2i]¢a(t)—(i+c d]gob(t) = ljgdt—%el

R, ‘dt R ‘dt R dt 3

1 d 1 d 1 1
- —+C,— ¢ —+C,—+—|dt t)=—e —J. (¢
(Rl"' 2dtj(0a()+(Rl+ zdt+L5'[ j(ob() Rlel 5()
Ph6 hoa hé phuong trinh trén:

11 . . . 1 . .
(R—+— + joC, +]a’C2J(”a (jo)- (17 + JwCz]%(Jw) =

1 1 1

1 E, : . 1 jok,
=+ — @, SIN @, — j@ COS - -C 0)-
ja)C3( 0)02—0)2]( 0 O3 —] (03) R, a)g_a)z 3¢a( )

- G0, (0) + G0, (0)

1 , 1 1 .
—(;HwCZJ%(W){RTHwCﬁ — }%(}w)

1 1 JOLs
LR T 0)+ Copy0)- O
L W) —@ jo @
Thudng diéu kién dau 1a: u(0) va i (0) nén co thé bién doi:
_Cz[ a(O)_(pb(O)] = _CZuab(O) = _Czucz(o) ; (2.167)
1 @, (]a)) I (0)
T — d - ; 2.168
vis [0t o ol i (2.168)
C6 thé so sanh (2.168) v&i (2.125) cua phuong phap toan tir va thay p=jo

cling nhu so d6 hinh 2.20a.

Dé giai phuong trinh phirc dwa vao cach giai phuong trinh thyc nhu 3 hé phuong
trinh dong dién vong, dong dién nhanh va dién thé nit ¢ trén.

Gia thiét hé phuong trinh c6 dang:

[Z(o) ] . [I[(o)] = [E(e)] ; (2.169)
Biét rang cac ma trin phirc, ma tran phd déu c6 2 thanh phan thuc va do:
[ZGo) 1=[RGw)] + j. [X(o)] ; (2.170)
[[(o)] =[L(o)] +j [L(o)] ; (2.171)
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[EGo) | =[E(o)] +j. [E(o)]; (2.172)
Ghép (2.170), (2.171), (2.172) va (2.169):
{ [RGo)H] [XG )]} LG o) (L o)} = [EGo)] [Efw)];  (2.173)
Can bang 2 vé theo cac phan thyc va ao:
[RGD)] . [X(o)] = [X(o)] . [ LGw)] = [ EGa)]; (2.174)
[RGO)] . [L{o)] + [X(o)] - [ L(w)] = [ E(o)]; (2.175)
Khi ghép khdi cac phuong trinh (2.174) véi (2.175):

{R(jco) - X(jw)} {1, (o) } _ {E (o) } | 2.176)
X(jo)  R(jw)] | 1,(jo) E(jo) |
Theo (2.176) mot phwong trinh phd s& twong tmg véi 2 phuong trinh

thuec.
2.14. PHUONG PHAP XEP CHONG VOI MACH TUYEN TiNH

Mot tinh chat cia mach dién tuyén tinh 13 c6 thé ap dung dugc nguyén 1y xép
chdng. Bang cach xét phuong trinh cy thé ciia mach dién, s& minh hoa cho tinh chat
nay, ddng thoi tir d6 dé ra mot phuong phap thuén loi cho viée tinh toan mot sd mach cu
thé goi la phuong phap xep chong

Hay xét cac phuong trinh dong dién vong duédi dang tong quat cta nd. Néu goi Az
1 dinh thirc céc h¢ sb bén vé trai.

Z, Z, .. Z,
Z VA e 2

A= “vei [Z]. [ L]=[E]; (2.177)
Z, Z, .. Z,

va A 12 phan phu dai s6 cta phan tir Z hay Zy (khi 1 =k) cta A,.
Nhu vay, theo qui tic Cramer, dong dién vong cua | s& bang:

w) = iﬂ YE (o) ; (2.178)
k=1 Az k
O day v 1a sé vong doc 1ap (dd chon) ctia mach.
Trong (2.41) néu dit:
A
Lip(@)= LD E (@) ; (2.179)
z k

sao cho: I, (0)= ZV:IV,(k) (w) ; (2.180)

O day co thé coi Ly (o) 1a dong dién Vong sinh ra trong vong I chi boi cac nguon
dat trong vong k, cac vong khac déu gia thiét khong c6 nguon. Nhu vy (2.178) chi 16
rang dong dién vong sinh ra trong vong 1 boi tat ca cac ngudn cua mach bang tong cac
dong dién vong sinh ra trong vong 1 boi riéng cac ngudn dat trong moi vong k cua
mach. D6 1a mot thé hién cua nguyén ly xép chong. Thém vao d6 (2.178) con chi o
dong dién vong sinh ra trong vong 1 bai tit ca cac ngudn ciia vong k bang tong cac dong
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dién sinh ra trong vong 1 boi mdi ngudn k. D6 ciing 1a mot thé hién cia nguyén ly xép
chdng sao cho dong dién vong sinh ra trong mot vong I nao do cua mach bang téng cac
dong dién vong sinh ra trong vong 1 d6 béi mdi nguodn riéng ré ciia mach.

Nhirng nhan xét trén day ding cho dong dién vong, cling dung cho cac dong dién
nhanh va dién ap nut. Do do, c6 thé rut ra phuong phap xép chdng dé phan tich cac
mach dién tuyen tinh nhu sau:

— Panh sb céc pgué)n tac dong trong mach, ké ca cég nguén doc lap, nguén phu
thude va gia tri ban dau vé dong dién va di€n ap trén cac phan tir quan tinh.

— Cho lan luot méi ngudn tac dong lam viéc riéng ré. Cac ngudn khac khong lam
viéc phdi theo nguyén tac sau day: Nguodn strc dién dong thay bang mdt ngan mach (Z =
0) con ngudn dong dién thay bang hé mach (Z = ).

— Tong cong cac dap tmg cuia mach do tit ca cac ngudn tac dong riéng ré gy ra.

Co thé xac dinh cac dép tng theo tac dong trén co sd cac ma tran Topd nhu sau
day: Xuat phat tir phuong phap dong dién vong dang ma tran.

(B[ 2B 11°] = (B[ E™)-[B][z [li™] (2.181)
pat: [B]|z"||57]=[z']

Taco:  [z']i]=[BllE"]-[B)lz o]

Nhan ¢ 2 vé cia phuong trinh trén véi [ 2]

2Tz )=z T'Blle |-z T sz ]

Vi: 21 z7] =11 ; (2.182)
Nen: [i'] = [z ['BllE™ |- 2 (8] |2 [ ] (2.183)
Vi: [iv]=[8] .[i"].
vay: [ ]= 18] [z ['[B1le™ |- |87l [ [Bl[z ]l ] : (2.184)
[87]lz*] (8] =[] - (2.185)
~[B" Iz 1Bl 2] = [ "] ; (2.186)
Taco:  |[IV] = [Y])|EY |+ kO] ; (2.187)

. Phuong trinh (2.187) la phuong trinh ma tran dong nhanh viét cho nguyén 1y xép
chong.
Tir (2.187) rat ra phuong trinh dai s6 viét cho dong nhanh thi h:

Nh Nh
L, =>Y,E+ >YK)J, ; (2.188)
=1 I=1
(Tur (2.188) rat ra nguyén ly xép chéng: Dong dién trong nhanh thir h coi la tong
dai s dong di trong nhanh h do cac nguén tac dong riéng 1€ gy ra. Néu mach dién co6

Nh nhanh, nhanh nao ciing c6 ngudn ap va ngudn dong thi dong dién di trong nhanh h
bat ky coi 1a tong dai s6 ctia 2 Nh dong do cac ngudn tac dong riéng r& gay ra.
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Tt dinh luat Kiéchoof 1:

Al = o
ta rt ra hé hai phuong trinh ma tran tuong ung:
[4).[Y] = 0 chico Enn; (2.189)

[4).[K?] = 0 chicoTnn: (2.190)

Ciing chimg minh tuong tw, d6i v6i phuong phap thé dinh, ta c6 ma trén dién ap
nhénh.

o= [y P lallee]- [y Plaly e ] @aon

it: [47 [y [4]=[2] ; (2.192)
~lar o Ly = ] (2.193)
Taco:  [U]=[z][i™ ]+ KR©W]E™] (2.194)

(2.194) 1a phuong trinh ma tran cua dién ap nhanh viét duéi dang nguyén ly xép chong.
Tir (2.194) rat ra phuong trinh dai s6 cho dién ap trén nhanh thir h bat ky.

U, = ZZh,.Jl + ZK,S?) E, (2.195)
=1 /=1
Tur dinh luat Kiéchoof 2:
[B].[0"]=0
ta rut ra hé 2 phuong trinh ma tran tuong ung:
[B].[z] = 0, chicon; (2.196)
[B]. K] = 0, chicé Ex (2.197)

Vi du: Dung nguyén 1y xép chong tinh dong I 5 qua Zs (hinh 2.40).
Theo cong thic: I, =Y, E, + Y, E, + K J,

Tim cac ham truyén dat: Y3, Y3
va K.

Tir cong thire (2.188), gia tri ham truyén
dat Ysi vé tri sb b@?mg dong 13 khi cho

E, =1v0n, con cac ngudn khac bi loai trur, vay:

Hinh 2.40.
1
. —1Z
_ s Z T Z, _ Z,
Y, 3| =l=—-= -
i 3 L+L+L 2,Z,+2,2,+Z,Z,
Z, Z, Z,
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' Z—/Z3 ,
Y32:]3E—1V:j3:ﬁ: 1 l1 1 - :
2= z, 1,1 1 ZZ,+Z,Z,+Z2Z,
Zl ZZ Z3
ZIZZ
K3(13) :I._3 _ 1-3 A _ Zl -I-Z2 _ ZlZ2
J, e L2y 22,4 2,2,+ 2,2,
Y Z,+7,
Viy: = Z,E +ZE,+Z7227,J, .

ZZ,+ 2,7+ Z,Z,
2.15. TINH CHAT TUONG HO TRONG MACH PIEN

Trong muc 2 da dat diéu kién dé cho mét mach c¢6 tinh chat twong hd. O day hay
x€t biéu hién vat 1y cua tinh chat nay.
Theo biéu thirc (2.177) ciia dinh thirc suy ra ring mach c6 tinh tuong hd s& lam

cho:
Ay = Ak ; (2.198)
Thém vao d6, gidng nhu (2.179) viét dugc:
A
Lil@) = = 2B (@) ; (2.199)
z i

Do d6, néu cé:
Y Ew) = Y E(0); (2.200)
k !
va so sanh (2.179) véi (2.199) s& viét duoc:

Liw (@) = Ligp(0); (2.201)

Cac cong thire (2.200) va (2.201) chi rd trong mot mach twong hd, dong dién vong
sinh ra trong vong 1 boi cac nguon dat trong vong k bang dong dién vong sinh ra trong
vong k boi chinh cac ngudn do chuyen sang vong 1. Trong (2.201) di gia thiét tat
ca cac ngudn & cac vong khac k déu khong 1am viéc.

RS rang, két luan vé dong dién vong cung

dan dén két luan tuong tu cho dong dién nhanh —@—%— _ré}nl_

nhu sau: Dong dién trong 1 nhanh r sinh ra boi Em i €
mot nguodn e, dat trong mot nhanh m # r clia cing z,];'] Z
mot mach bé“mg dong dién ciling do nguén do dat

trong nhanh r gdy ra trong nhanh m. Tinh chit nay ?mi ier
dugc minh hoa trong hinh 2.41. o

Hinh 2.41. Tinh twong hé.

Tinh chét tuong hd 1a mot dic tinh cua cac mach tuyén tinh gém cac phﬁn tr thu
dong dan dién hai chiéu. Do dac di€ém cua n6 viéc phan tich cdc mach tuong ho don
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gian hon nhiéu so véi truong hop téng quat. C thé chimg minh tinh twong hd dua trén
cac ma tran TOpo va nguyén ly xép chong nhu sau day:

Tu nguyén ly xép chdng, theo cong thirc (2.187) néu mach dién chi c6 ngudn ap
khong c6 ngudn dong thi:

v =[] [E™] (2.202)
Bay gio xét 2 ché do ciia mach dién voi cac gid tri khac nhau cta cac ngudn ap:
Ché d6 thir nhét véi cac suc dién dong E,, E,,...,E,, c6 ma tran [E(jlv)h ]:

£ | = [E), E)\n ]
Luc nay c6 dong dién twong tmg: (ché do 1):

iy = ] £ (2.203)
O ché 6 tha hai véi: E,, E,,...,E,, c6ma trin [E(];”)“ ]:

[E0 ] = £, B, By ]
Ché d6 (2) c6 dong dién twong Gmg:

i) =] [6y] (2.204)

Nhéan ma tran chuyén vi s.d.d & ché do 1 v6i ma tran dong ¢ ché do 2, va nguoc

lai:
En ] il = [EnT ey (2.205)
I A A G (2.206)
Phai chiing minh hai vé trai cta phuong trinh (2.205) va (2.206) bang
nhau.

Thuc vay: Tt phuong trinh (2.206):

~Nh [0 |5 n s 0 im0

e ] i) = {[E<2)] i ]}

c6 diéu kién nay 1a do tinh chét cua tich 2 ma tran cot chuyén vi vO1 ma tran cot béng
chuyén vi cua tich 2 ma tran:

T i) = et 1 g

= eyl I EY] - (2.207)
= [y ) ]
Vi: [Y']=1Y]; (2.208)
Tir (2.207) va (2.205) rat ra: hai vé trai caa chung bé“lng nhau:
e I i) = [T By ] (2.209)

Tir phuong trinh ma tran (2.209) rat ra phuong trinh dai so:
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Nh i . Nh W
DE =Y E (2.210)
k=1 k=1
Van dung: Néu trong 1 mach dién phtrc tap tach ra 2 qhz’mh 1 va m, phr:in con lai la
1 mang 4 cuc khong nguon KN (hinh 2.42); 4p dung tinh chat twong ho:
E. =E.I ; (2.211)

Néucho: E=E thi I, =1 ; (2.212)

m

Dong sinh ra trong nhanh m

do nguén s.d.d ¢ nhanh 1, ma l#m, )
s€ bang dong dién sinh ra trong L KM | i | B .
nhanh 1 khi dat nguon d6 & nhanh m | '

(hinh 2.42). i

Hinh 2.42.
Vi du: Dung tinh chit trong hd tinh dong I trong so d6 hinh 2.43 voi gia tri bat ky
ctia tong trd Z. Cho E =10 £0° von.

=0 Hing?]
-5 N *.Ji A

——— e P
E i5° z i i5%
® j j

m

Hinh2.43.

Chuyén s.d.d sang nhanh tong trd Z, thi dong qua Z bang 0 vi mach cong huong
dong dién (hinh 2.43b). Dién 4p ddt lén 2 ddu ABla U, = E.

Do d6 dong qua tu C tirc nhanh (—5.0):
I, = £ _ 10 _ J2.4

—JjS =3

Dong I, do ngudn E dit & nhanh Z ciing chinh 1a dong I qua Z khi dat ngudn E &
nhénh c6 C.

Kétqua: I=j24 = 2.¢/ 4.
2.16. PINH LY TE-VE-NIN VA NOOC-TONG

Trong mdt sb truong hop, nhiém vu phéan tich mach khong doi hoi phai tinh tat ca
cac dong dién hay dién 4p nhanh, ma chi yéu cau tim dong dién hay dién 4p trén mot
nhanh, hay mot phan nao d6 ctia mach. Luc dé, viéc ap dung cac phuong phap da néu &
trén s& dan dén nhiéu két qua thira va phai thuc hién nhiéu tinh todn khong can thiét.
Dinh 1y Thvenin — Norton s€ cho phép giai cac bai toan nhu vay mot cach don gian hon
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bang cach thay thé mot phan mach c6 ngudn bang mot sirc dién dong hay dong dién
tuong duong.

Sau déy la phat biéu cua dinh 1y:

Mot pﬁdn mach co chita yguén va noi véi phdig con lai cua maqh o hai diém,
gitta hai phan khong c6 ghép hoé cam voi nhau, co thé duoc thay thé bang mét nguon
s.d.d (hay dong dién) tuwong dwong, co sic dién dong bang dién dp ho mach (hay dong
dién nguon bang dong dién ngan mach) cua phan mach do, con tr¢ khang trong tuong
dwong, chinh la tro khang cua mach nhin tw 2 diém xét.

Dinh 1y nay thuc ra c6 thé suy
tryc tiép tir dinh nghia ctia nguon dién.
Gia thu, xét phén mach A c¢6 chira
ngudn va ndi véi phan con lai cua
mach & hai diém aa’. Hiy xét A mot
cach riéng r€ (hinh 2.44). Dudi tac
dung cua cac ngudn chira trong A, &
hai dau clia n6 s& c6 mot dién 4p uay, - .
chinh 1a dién 4p ho mach trén A. Nhu & 4 A . %
vay, m¢ rong ap dung dinh nghia cua
ngudn, ¢ thé coi A tuong duong véi
mot ngudn va co thé biéu dién no theo

Al

b <l
hai cach: Ngudén suc dién dong va
ngudn dong dién nhu cac ngudn thong
thuong (hinh 2.44b va c¢). Tré khang
vao nhin tir 2 diém xét khi ngan mach

cac ngudn stc dién dong va hé mach ngudn dién.

Z(s) = U (s)

L,,(s)

Néu phan A chi gdm cac phan tir tac dong va thu dong tuyén tinh, thi ngudn twong

duong ciia nd ciing tuyén tinh.

Hinh 2.44.

; (2.213)

Vi du: Cho mach dién hinh a, tim dong dién qua Zs.

Giai:
Dung dinh Iy Té~vé—nin vdi so 6 hinh 2.44b.
E E
" Zvz, Y vz, 7
Vi so @0 hinh 2.45 xé4c dinh Z; :
Z,=2=(z2,112,)+(2,11Z,) = ZiZs | L
Z,+7Z, Z,Z,
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Vay: I

T Z+7,
Vi du: Dung dinh 1y Nooc—tong tim I 5 qua Z3 (hinh 2.46a).

sl HH“-. -+ -
@z. s N\ i N
. [l":l : ‘3I:\%.-:I (’E)ing ¥ L *l._', []
ILF:;IEI . IEﬁ I
a) b)

Hinh 2.46.
Tim dong ing cho Z3 = 0. Dung nguyén 1y xép chong tinh dong 7 e qua Z3;=0.
E, E
=L +=2+J,.
1 2

Tir so dd Nodc—tong thay thé (hinh 2.46b).
Ta c6 quan hé:

ng

Loy 1
T Z;
. . I‘ .
Rt ra: LAl, e _ 1
r+Y, L+Y, L
Vay: 1'3=1'ng.L ; Voi: Yv=Y1+Y2=i+i.
Y3+Yv Zl ZZ

Cudi cung thay cac gia tri vao I 3
i Z,E+Z7 .E,+27,J,
Y Z2,Z2,+2,Z,+ 7,7,
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2.17. QUAN HE TUYEN TINH

Néu trong mach tuyén tinh c6 mot dai luong bién thién thong sé thi dong hodc ap
trén cac nhanh c6 quan hé véi nhau theo:

y=ax +b; (2.214)
trong d6: y va x 1a cac bién dong hodc ap trén cac nhanh.
a va b 1a cac hé sb.
Thyc vay: Tir nguyén 1y xép chong:
) Nh ) Nh 0
I,= Y E +>k.j s (2.215)
=1 =1
Chi c¢6 ngudn E i bién thién, con lai giit bang hang sd, vay:
i i Nh . Nh )
Iy= Y, E + > Y, .E + > kg, 1#); (2.216)
=1 I=1
I,=Y,.E, +1, ; (2.217)
Vi (2.216) quan hé (2.217) da chirng minh xong.
Trong mach dién c6 hai dai luong bién thién thong sé c6 quan hé tuyén
tinh:
y=ax+tbz+c; (2.218)
Thuc vay: tir (2.215) v6i E; va E, bién thién thi:
I,=1,+Y, . E, +Y, E ; (2.219)
) Nh ) N
Vi L= DV B + Y kD)., s (2.220)
5;% =1
V61 (2.219) quan h¢ (2.220) da nghi€ém dung.
Vi du: Tim quan hé gitta 7, = f(/,) khi Z bién thién i |
hinh 2.47. et 2
Giita 1, va I, quan hé theo: I,= al +b Pli CN '
Xac dinh cac hé sé phirc: a va b.
Cho Z = 0 va cho Z = o (tirc ngin mach nhanh Z va
hd mach nhénh 7). Hinh 2.47.

100

KhiZ=o0 thi [,=0 va b=1,,_,.
Khi Z =0 thi jz(zzo)zajl(zzo)+ jZ(Z:oo) .
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Lo =1y
Rutra: a = 2(279) 2(2- ).

Iz(z:o)
2.18. CAN BANG CONG SUAT TRONG MACH PIEU HOA

Trong mach diéu hoa tong cong suit tirc thoi cia Nh nhanh bang khong.
Nh
Dy =0 (2.221)
k=1

Cong thic (2.221) chuyén sang gia tri phirc, voi tich ma tran chuyén vi tri ap
nhanh va dong nhanh lién hop:

Nh
Su,.i, > o] [i"]=0; (2.222)
k=1

Tir ma tran dong nhanh chuyén sang ma tran dong nhéanh lién hop:

M - M - {J} : (2.223)

Thay vao (2.222):

v - [INh} ~ o] {ﬂ = 0; (2.224)
Tur dinh luat Om duéi dang ma tran:

] = % ; (2.225)
Ratra:  [U™]= |21 ]-[EM] - (2.226)
Va: [ ] = [ [z ] - [ (2.227)
Thay (2.227) vio (2.224):

. *Nh . * Nh . * Nh

[0 ] [z ]T{Iz} = o] [ J } + [EvT |:[Zi| ; (2.228)

: SV BV 14 B 2 A LY A
Trong do: [I i ] [Z ] Iz | — Tong cong suat trén tai thu dong.

“Nh I *Nh I3 7 A

[U M ] J | —Tong cong suat do nguon dong giy ra.
~nh |7 *Nh 2 7 \

[E N ] [Iz} — Tong cong suat do nguodn 4p gay ra.

Tirc 1a téng cong suat do cac ngudn gy ra bang téng cong suat do cac tai thu
dong tiéu thy.
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2.19. TiINH POI NGAU CUA MACH PIEN

Qua viéc xét cac phuong phap dong dién vong va dién ap nut da dan dén cac
phuong trinh (2.76) va (2.54) ¢6 dang tuong tu nhu nhau. Mot cach tong quat ma noi,
néu trong cac phuong trinh trén, thay 14n cho nhau céc thong sé tré khang va din nap,
ngudn s.d.d va ngudn dong dién, dong dién vong va dién ap nat v.v... s& chuyén duoc
tir phwong trinh no sang phuong trinh kia. Do d6 ndy ra ciu hoi sau day: Néu tir mot
mach M da cho lap phuong trinh dong dién vong cho no, sau do, trong phuong trinh nay
thue hién mot su d6i 13n cac thong s6 nhu vira néu & trén dé c6 mot phuong trmh moi
cua dién ap nut, nhu vay phuong trinh dién 4p nit méi nay s& ing véi mot mach M nhu
thé nao? DT nhién cau héi ciing ¢ thé dugc nguoc lai cho truong hop chuyén tir phuong
trinh dién 4p nat sang dong dién vong.

iy

(ljmn | L_% ﬁ!.;;u" ot EIL ! C ‘[L'[n

SO .
ul ki

Hinh 2.48.

X 1> A M ’ \ * N A 5 A %] 5 ~ s 3 A
D¢ dang thay dugc rang cac mach M va M vira néu ¢ trén phdi thod man hai diéu
kién sau day:

1. Phuong trinh theo dinh lut Kiéchoof & cac niit cia mot mach chinh 13 phuong
trinh theo dinh luat Kiéchoof ¢ cac vong cua mach kia sau khi da thay cac dong dién
vong bang dién 4p nut.

2. Quan h¢ gitra cac dong di¢n nhanh voi dién &p trén nhanh ctia mot mach sau khi
doi lan chung vdi nhau s€ cho lai quan hé gitra cac dién ap trén nhanh véi dong dién
nhanh cua mach kia.

e —
—{ __t+— e }—
ulD=ri( (=g u()

— L
— VAN » 1} —
di . du
u(t)= dt i)=C di
— OO
- il - NN
hal 170
Hinh 2.49.

Hai mach M va M’ thoa mén diéu kién nhu trén goi 1a ddi ngéu vo1 nhau. Mot vi
du don gian vé hai mach do6i ngau voi nhau 1a cac mach hinh (2.48a) va (2.48b) gom cac
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phan tir r (), L, C ndi tiép va song song véi nhau. Cac mach nay c6 phuong trinh tong
quat sau day:

Mach hinh (2.48a): L9 + Ri+ [idt = elt)
d C

. . du 1 .
Mach hinh (2.48Db): CE + gu+ 7 J-udt —l(t)

Trong 2 phuong trinh trén, néu dbildnu,ivae,jva thong sOL,Cvar, g sécho
phép chuyen tu phuong trinh no sang phuong trinh kia. Tinh chat nay cho phép chuyen
cac két qua da phan tich trén mot mach sang cho mach dbi ngdu cua né ma khong céan
lap lai qué trinh phan tich. Mot cach chi tiét ching ta c6 bang cac thong sé ddi ngiu
trinh bay trong hinh 2.49.

Bay gio hiy xét cach lap mach dbi ngdu cho mot mach di cho. Trude hét chi ¥
dén cac yéu t6 hinh hoc dbi ngiu 1a nit va vong, do d6 viéc dau tién 1a 1am twong tng
chung v6i nhau. Thém vao d6, nhu di thiy rd trong vi du hinh 2.49, hai cach ndi ghép
d6i ngdu voi nhau 1a ndi tiép va song song, do dé cac két cdu nay ciing s& duoc ddi 1an
cho nhau. Cudi cing cac thong s dugc chuyén theo bang dbi ngiu trén hinh 2.49.

Céu héi on tip ,kiém tra dinh gid chuong 2.

1/ Graf Kiéchdp ,cac phan tir va cac ludt trén né.

2/ Ma trdn cdu tric A, Tdp cdt Q va chdp néi B ciia Graf.

3/ Phurong trinh Kiéc hop 1,2 dién ta bang cdc ma trdn A,Q va B .

4/ Cac diéu kién dau va 4 ludt dong mo trong mach dién tuyén tinh .

5/ Thong 56 trang thdi va cdc bién trang thai cua mach dién .

6/ Dang hé phwong trinh trang théi cho mach tuyén tinh chinh va khéng
chinh.

7/ Phan tich mach dién bang phwong phdp dong dién nhanh :chon bién ,Idp
ma tran A ,B,Z Y ldp céng thirc va cdch viét truc tiép phiong trinh
tr mach .

8/ Phan tich mach dién bang phwong phap dong dién vong :chon bién ,ldp
ma trdn B ,Z ldp cong thirc va cach viét truc tzep phuwong trinh tir mach .

9/ Phan tich mach dién bang phwong phdp dién thé mit(dinh): chon bién ,ldp
ma trdn A,Y ,ldp céng thirc va cdch viét truc tiép phwong trinh tir mach .

10/ Phaén tich mach dién bang phirong phdp todn tir - tim diéu kién dau,ldp so
dé todn tir, chon bién toan tir ,ldp phwong trinh todn tir ,gidi nghiém ,khai

trién tim nghiém thoi gian
11/ Phén tich mach dién bang phiong phdp tich phan kinh dién : tim diéu
kién dau ,tim dang nghiém ty do ,tim nghiém xdc ldp ,tim cac hcing 56
tich phan .

12/ Phaén tich mach dién bang phwong phdp tin sé .

13/ Phaén tich mach dién bang phirong xép chong khi mach dién cé nhiéu
nguon kich thich .

14/ Tinh chat twong hé va vmg dung né phén tich mach dién .

15/ Phdn tich mach dién bcing hai dinh ly Tévénin va Nooctong: chon nghiém
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can tim ,tim nguon mdy phdt twong dwong véi sire dién dong(hodc nguon
dong ),tré khdng (hodc dan nap ) vao ,xdc dinh nghiém .
16/ Quan hé tuyén tinh va sir dung né phén tich mach cé nguéon hodc phan tir
bién thién .
17/Cdn bang céng sudt trong mach diéu hoa: tong cdc cong sudt thu va phdt
(c tdc dung va phdn khang )ciia cdce nguon va cdc phu tdi phdi bang nhau
18/ Thé nao la tinh doi ngdu ciia phan tir va mach dién .

CHUONG III
MANG BON CUC TUYEN TiNH TUONG HO

3.1. KHAI NIEM MANG BON CUC TUYEN TINH

Bén cuc (con goi la mach hai cua) 1a loai mach ma trong thuc té chung ta thuong
gdp nhu mo hinh ctia mot s phan tir mach (mé hinh bién 4p tranzito, garito, NIC...) md
hinh phan mach nao dé.

Céc dinh lyat tong quat ding cho mach tuyén tinh déu c¢6 thé ap dung cho bén cuc
tuyén tinh. Ly thuyét bon cuc 1a mot trong cac 1y thuyét ding dé phan tich va tong hop
mach. Ly thuyét bdn cuc c6 khac véi cac dinh luat dung phan tich mach dién & chd no
phan tich mach dién theo hé thong. Lac 4y c6 thé nguoi ta khong can quan tdm dén
mach cu thé nita ma cho chung vao mot hop den va van dé nguoi ta can dén la quan h¢
dong va ap ¢ hai cira ciia mach. Ly thuyét bén cuc con cho phép nghién ciru cic mach
dién phurc tap coi nhu duoc n6i ghép theo nhiéu cach khac nhau tir cac bén cuc don
gian. Day la phuong phap rat hiéu qua dung trong phan tich va tong hop. Chung ta s& deé
cap dén bdn cuc tuyen tinh, bat bién, twong hd va mang bbn cuc dugc biéu dién & hinh
3-1 va vi du mot bién ap. bac diém v6i 2 cuc vao (1, 1), 2 cuc ra (2, 2°) twong ung véi
cac chiéu dong dién i; va i, déu di vao cuc
1, 2 vara khoi qua hai cuc 1°, 2°. 1

Thuong st dung mang bdn cuc cho lﬂ_’_
viéc truyén tin hiéu va nang luong nén co - y Mang
nguon ¢ cira 1: e; va tai ¢ cira 2: Zy, nguoi ; l ! t}f:‘
ta con goi mang bon cuc la mang hai ctra e o
vi I€ do. Dong va ap trong mang bdn cuc T
& bat ctr ché do nao, mot chiéu, blen
thién, diéu hoa, phirc, phd... song tong
quat céac phuong trinh ¢6 thé chi ghi: u,, Hinh 3.1. Mang 4 cuc
u, i1, iz

Neu trong mang bon cuc chi co cac thanh phan R, I, C 14 const va cac nguon s.d.d
e(?) nguon dong dién J(7) tuyen tinh da x¢ét thi do6 1a mang bdn cuc tuyen tinh tuong ho.
Trong mang bdn cuc c6 thé chira ngudn hoic khong.
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Phuong trinh dac tinh cta bbn cuc tuyén tinh thu dong chic chin phai 13 phuong
trinh tuyén tinh thuan nhat.
Dang téng quat cua phuong trinh dac tinh dugc viét.
anUy +apUy +bidy +bialb =0
g1 Uy +anU; + bydy + byl =0 (3.1)
Tur hai hé phuong trinh trén ta co thé rat ra hai dai luo’ng’bét ky theo hai dai luong
con lai (n€u nhu dinh thirc cac hé s6 khac khong) theo quy tic Crame. Nhu vay ta c6

(gj =6 t6 hop hai dai luong bét ky tir bon dai luong trén. Tir 6 t6 hop d6 ching ta s&

¢6 6 hé phuong trinh dic tinh khac nhau. Chiing ta s& xét lan lugt cac hé phuong trinh
dic tinh d6 cing v6i ¥ nghia cua cac hé sb trong cac phuong trinh d6 (duoc goi 1a thong
sO cia bon cuc) va cach do ching. S di chung ta phai dua ra cac phuong trinh dic tinh
khac nhau vi trong thuc té ing véi timg dang ctia bon cuc ta ¢ thé phan tich chung dé
dang hon dua vao mot loai phuong trinh dic tinh nhat dinh.

Vi nguyén 1y xép chong, ta cO thé phan tich mang bén cuc khong ngudn. Sau d6
cong thém cac dap tmg do ngudn trong bon cuc tao ra, s& duoc dap tmg toan thé. Sau
day ta xem xét mang bon cuc khong ngudn.

3.2. CAC PHUONG TRINH PAC TRUNG MANG BON CUC
1. Phwong trinh mang bén cwe dang tré khang hé mach [Z;]

Xét quan hé
U =21 +lelz} (3.2)
U,=2y1,+Zyl,
V6i cac thong sb tro khang Zy thir nguyén [Q].
D tra Uil [Z ]I1 (3.2)
ang ma tran =[Z )
3 g 3 Uz_ ik 12
o . _le Z,
Voi [Z,]= (3.3)
_ZZI ZZZ
[Zik] goi 1a ma tran tré khang
| =0 I
PO
a) b) 1U1 Uzl
Z12f ZZZ
Hinh 3.2. Hinh 3.3. Po Z;

C6 thé do duoc cac thong $ Z; nhu hinh 3.3a, b.
T (3.2) ta co:
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Z, = Y 32, = Y tuong ung vaé1 hinh 3.3a (3.4)
Il 1,=0 [1 1,=0
Tur (3.2) ta co:
U U .
Z,=—% ;Z,=—Y ,tuongtng vdihinh 3.3b (3.5)
1 1,=0 I 1,=0

Z11: mang y nghia tré khang vao ho mach cua 1.
Z51: la tréd khang truyén dat hd mach cira 1 t61 ctra 2.
77, : 1a tré khang vao hé mach cta 1.

Z15: 1a tro khang truyén dat hé mach ctra 2 t61 1.

Mot cach }5ng quat 4 théng sO trén hoan toan xac dinh dugc mach bén cuye. Nef:u
bon cuc dugc cau tao tir cac phan tur tuong ho, nhu céc tréd khang tuyén tinh lic dé bon
cuc tuong hd duge hoan toan xac dinh béi 3 thong s6 boi vi:

In=17Zn (3.6)
E?iéu nay c6 thé dé dang ching minh dya vao dinh nghia mach tuong hd (co thé
thay doi vi tri cia tac dong 1a ngudn dong 1y tuong dat & mdt cira va dép tng la dién ap
dugc do bang von ké 1y tudng & cira con lai).
Trong truong hop b(f)n cuc ddi xung, theo dinh nghia bdn cyc ddi ximg (1a bdn
cyc trong do hai cira ¢6 thé hoan toan doi lan cho nhau) thi hai phwong trinh trong (3.4)
va (3.5) phai hoan toan giong nhau, ndi cach khac quan hé dong va ap trén hai ctra phai
hoan toan giong nhau, c6 nghia la:
Z12= 7215 Zn=ZIm (3.5)
Tir (3.5) ¢ thé néi mot bén cuc ghéc chin dbi xung néu bon cuc do la tuong hd
va tro khang vao ho mach ¢ hai cira bang nhau. Vay d€ xac dinh bon cyc doi xing ta
chi can biét hai thong so.
3.2.2. Phwong trinh mang 4 cwc dang din nap ngin mach (Yj)
Xét quan hé.

I, =y,U, +J’12U2} (3.6)
I, =y,U, +y,U,

Hoac dang ma tran

Il—Y Ui 3.7
1, —[l-k]U2 (3.7)

Vi Y, 1= {y“ ylz} goi 1 dan nap ngan mach th&t nguyén [l} hay [S].
Ya Vn Q

Theo 2 phuong trinh (3.2) cua Zik va (3-6) cua Yi thi r0 rang ma trdn Y 1a ma
tran nghich ddo ctia ma tran Z c6:

Y:ZI:L Zp T Ip (3.8)
AZ| -z, 2z '
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NP z z z z
T doco: :A_zé;ylz :_ﬁ;)hl :_A_ZZI;)/zz :A_IZI 3.9)
Ttr diéu kién twong hd co: y12 = ya (3.10a)
Va diéu kién ddi ximg c6 thém: y;; = y» (3.11)

Dé do6 cac thong sb i, thyc hién trén hinh 3.4,

RI h |2 |2 R
po | PO l
E U N =0 =0 N U
? i ! y11 L y21 z ! y21 el yZZ 2
a) b)
Hinh 3.4.
Tir d6 c6 thé xac dinh

1 I
Y =— s Vo =2 (3.10b)

Ul U,=0 Ul U,=0

Theo (3.10) y;; dan nap vao cua 1 khi ctra 2 ngin mach dugc goi 1 din nap vao
ngin mach cia cira 1; y 1a ty. s6 giira dong ¢ cura 2 va dién ap ¢ cua 1 khi ctra 2 ngin
mach, dugc goi 1a dan nap truyen dat ngan mach

Ciing tuvong ty nhu vy, néu mic ngudn stc dién dong c6 ndi tré Ry vao cira 2,
ngin mach & ctra 1 (hinh 3.4) tir hé phuong trinh (3.6) ta c6:

1 1
Vo = U_22 Vi = 7;

U,=0

(3.11)

U,=0
Theo (3.11), y» la dan nap vao cua cua 2 khi ctra 1 ngin mach duogc goi 1a dan

nap vao ngan mach ciia cira 2; yj, 1a ty so gitta dong ¢ ctra 1 va dién ap ¢ cua 2 khi ngin
mach & cua 1, dugc goi la dan nap truyén dat ngan mach.

Tom lai cac thong sb yi duoc goi 1a cac thong s6 dan nap ngin mach, do d6 hé
phuong trinh (3.6) con duoc goi 1a hé phuong trinh dan nap ngan mach.

3.2.3. Phuong trinh mang 4 cwe dang hén hop Hy,
Phuong trinh hdn hop thuan dugc viét:

U, =h,I, +h,U,; I,=h,I+h,U, (3.12)
co thur nguyén: [h]]] = Q, [hzz] = S; [hg]] = 1, [h]g] =1 (313)
h tra Y [H] h (3.14)
ay ma tran: = .
y : 1, U,
‘. _ hll h12
trong do: [H]= (3.15)
h21 h22
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Can xac dinh cac thong $6 hy duoc minh hoa trén hinh 3.5.

Ry __—_|: . = |2 R
| 0 200
E lu. Uy O rJ. th 1E
h, ¥ah, h,,vah,
al b
Hinh 3.5.
Tu do co:
U 1
hy, =—1 ; h,, =22 (3.16)
11 U,=0 Ii U,=0
U I
hlZ =—1 s hzz =2 (317)
(]2 1,=0 (]2 1,=0

Theo (3.16) A1, dugc goi 1a trd khang vao ngin mach cua cira 1 (hll = LJ, ha
Y

< 1 X \ 5 5 5 1 \ \ A A A
duoc goi 1a dan nap vao md mach cua cua 2 (hzz :—j, con Ay 1a hé so truyén dat

Zn
d(‘)n,g dién ngén mach tir cira 1 dén ctra 2, hy, 12 hé sb truyén dat dién ap ho mach tir ctra
2 dén ctra 1 (theo 3.17).
3.2.4. Phwong trinh mang 4 cwc dang hon hop nguoc Gix

Xét phuong trinh sau

Iy = gnUy+gph,; Us=g U+ gnb (3.18)

thir nguyén: [hi] =S5 [g2l=1; (gl =1 [g22] =, (3.19)

Viét (3.18) dudi dang ma tran

II—GU‘ 3.20
Uz—[]l2 (3.20)

trong dé: [G]:{g“ g”} (3.21)
8 82

va G=H"
Céc thong sb gik duoc xac dinh theo hinh 3.6.
Theo hinh 3.6 hé mach & cira 2, dit ngudn & cira 1 theo (3.18) ta co:

Il U2
gn=— gy = (3.22)
11 Ul 21 Ul o

1,=0

Theo hinh (.....) ngdn mach ¢ ctra 1, theo (12.24) ta co:
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I,
81 =7

I,

U
5 8»n = —= (3.23)

12 U,=0

U,=0

Theo (3.22) g1 duoc goi 1a dan nap vao hd mach cira 1 ( g, = L] , g2 duoc goi

11

. 1 : 3 n

la tr¢ khadng vao ngan mach cua ctra 2 ( g, = —j, g2 1a hé so truyén dat dong dién
22

ngén mach tir cira 2 dén cira 1, 2 la hé ) truyén dat dién ap ho mach tur cua 1 dén cira

2. Céc thong sb gik dugc goi 1a cac thong 6 ho hop ngugc.

R oD b LR
frntt———r— -
£ Bz
E |y, ‘ u‘.l U, -0 ‘ U, E
j_::”"\-"él E]] Euvu E]!
dal b
Hinh 3.6.

3.2.5. Phuwong trinh mang 4 cuc dang truyén dat A;,

Phuong trinh truyén dat ddc tinh dugc viét:

Ur=anUs +aplh,; I1=a; U+ axnl (3.24)
thur nguyén: [au] = 1, [a12] = Q, [a21] = S; [agg] =1 (325)
Dang phuong trinh ma tran cua (3.24)
Ul UZ
=[4] (3.26)
Il 12
.. | 4n ap
trong do: [4]= (3.27)
ay a4y

Y nghia vat 1y ctia cac thong so aj, s€ dugc hi€u rd qua cach xac ching theo so do6
mach trén hinh 3.7.

Theo hinh 3.7 hé mach ¢ ctra 2, dat nguén o ctra 1 theo (3.24) ta nhan dugc:

U 1
ay =— a, =—- (3.28)
Ul 1,=0 U2 1,=0
Ciing dit ngudn 6 ctra 1 nhung ngdn mach ¢ ctra 2 (hinh 3.7) ta c6:
U 1
ap=— ay =— (3.29)
12 U,=0 [2 U,=0

ai dugc goi 1a cac thong s truyén dat.
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PO M
U,=0%
a,vaa,,
a) b)
Hinh 3.7.
3.2.6. Phuwong trinh mang 4 cuc dang truyén dat nguoc By
Xét phuong trinh sau:

U =bUp +biply ;I =bo Up + bl (3.30)
thtr nguyén: (bi]1=1; [b12] =5 [b2]1=S; [b2] =1 (3.31)

Hé phuong trinh (3.30) viét dudi dang ma tran

UI—BUI 3.32
I, —[][1 (3.32)

.. . hl bn
trong d6: [B]= b (3.33)

n by
va B=4"

Céch xac dinh cac thong $6 by dugc thuc hién theo so d6 mach dién trén hinh 3.8.

L =0 L R ! L R

——— | : = ’
D[0) PO
U1 lu E |u=0 IU E
b'\ .‘VE\I bZ'\ b'\Z va b22
'—Q—"—‘

a) b)
Hinh 3.8.
Céch xéc dinh céac thong 6 by duoc xac dinh béng cach méc ngué)n tac dong o
ctra 2, con ¢ cua 1 dugc ho mach (hinh 3.8) thi:
U2 12

by=— b, =—* 3.34
11 U1 21 Ul ( )

1,=0 1,=0

Con néu cira 1 duoc ngin mach (hinh 3.8) thi:

hzzéé'

i (3.35)

; by, =—=

1

U,=0 U,=0
Céc thong sb by dugc xac dinh theo (3.30) duoc goi 13 cac théng s truyén dat

nguoc.
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3.2.7.

Quan hé giira cac dang phwong trinh mang 4 cuc

Bang 3.1 duoc sir dung dé 1ap mbi quan hé giita cac thong sd theo nhing quy tic

sau day:

1. Céc hang ty 1€ voi nhau, chi khac nhau mét thira s6 nhan. Piéu do giup chung
ta tinh dugc hang thong s6 bat ky nho mot hang thong sO da biét. Thira sd ty 16 1a thtra
sO trén hang thong sb da biét ndm ciing mot cot voi chir s6 1 trén hang thong s6 chua

biét.

Vi du: Tim quan hé cta cac théng sd yij theo hy;.

Theo bang 3.1 ta tim thdy cing mot cot voi chir s6 1 cua hang y, ta c6 thira sb ty

h Ah —h
Ay=—2y, =—y, = (3.36)
hll hll hll
h,, 1
Yun=7"3Yu=7— (3.37)
hll hll
Béang 3.1
BANG QUAN HE CAC THONG SO
Tré khéang hé | Uy =z1; +zpph | AZ
z z z z
mach Uy = 2]y + 2ol 11 12 21 2
Hon hop nguoc | I, =g U + gy 1 A
Us =g Uy + gy 11 g12 221 g g2
Truyén dat | U, =b;;U; + by
i b -b 1 —Ab | b b
nguoc I =by1U; +bxly 2 2 H 12
Truyén dat U;=a;1U; +apnph A 1
a a - -a -a
I = ay,Us + anl, 21 11 a 22 12
Hon hop Uy =hyl; +hpUs
i h Ah h —h 1 h
I = hot 1y + hyyUs 22 12 21 11
Dan nap ngén L=ynU; +ynU, A 1
mach L=y»uU +y»n U, y Y22 Vi2 Y21 | Y1
2. Su ty 1¢ theo quy tic trén ciing ding vdi cac cot.
Vi du: C6 thé tim quan h¢ cua cac thong s6 & cot 6 theo cot 1.
1 g b
Az=—:;g, ==L p =2 3.38
Ay 82 Ay 12 Ay ( )
ay hy,
=—h,6 =—= 3.39
o =i = (3:39)
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3. Trong mgt hinh chir nhét bat ky trong bang, tich sb ctia cac thong s trén duong
chéo bang nhau.
Vi du: ax hyp=—ap hp
4. Nhan xét chung.
Chung ta ghi tom tit diéu kién twong hd, diéu kién doi xtmg ctia bon cyc ddi voi
tung loai thong so.
Diéu kién tuong hd.
Z12 = 2215 Yi2 =Y, hi = —hy;
—g12 = g1, Aa =-1; Ab = -1 (3.40)
Diéu kién ddi xtmg:
Mach dién d6i xung tru:(’grc hét phai thoa man diéu kién tuong hd, tirc thoa man
(3.40), sau do phai thod man dicu kién sau vdi tung loai thong so.
711 = Zo2; Y11 = Y223 Ah=1;
Ag=1; aj] = —ax; by =-bxn (3.41)
Tém~lai, cung ta can biét bén thong ) (,ié xac dinh bén cuc téng quét;, néu bdn cuc
1a tuong ho, chung ta chi can biét ba thong s6, thém nira néu bon cyc la d61 ximg ching
ta can biét 2 thong so.
3.3. GHEP NOI CAC MANG 4 CUC
3.2.1. Ghép nbi ndi tiép (N — N)

Khi gip cac hé théng phirc tap, mot trong -h-—-i-—- ML S
nhirng phuong phép phan tich c6é hi¢u luc 1a coi l”? iUB
n6 nhu dugc hop thanh boi nhiéu hé théng don U, L,
gian hon noi ghép voi nhau theo nhiing cach khac h 1%
mhau. , o s I jus

Nhiéu bon cuc dugc goi la ghép noi tiep — peee—| L . .

noi ti€p voi nhau khi dong dién & cac cua cua
chung 1a chung, con dién &p trén cac cua cua toan
bd hé¢ thong bang tong cac dién 4p cua céc bon Hinh 3.9.
cuc thanh phan trén céc cua tuong duong.

Hinh 3.9 vé hai bon cuc mac N — N vdi nhau.

Vi cach ky hi¢u cac thong s6 nhu trén hinh v€, hay viét cac hé phuong trinh tré
khang cua bon cuc dudi dang ma tran.

{U%} - [Z']{I ! } {U%} - [Z”][I } (3.42)
U2 12 U2 ]2
Theo diéu kién ndi N — N ta viét dugc:

]1’=11’=]1,' 12,=]2’=12,'

U +U, =U; U,+U, =U,;

Cong hai phuong trinh trén theo timg vé, dit thira s6 chung cot dong dién, ta c6:
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Uiloizuz il=2 " 3.43
Uz_[+]12_12 (3.43)

Tur (12.39) rut ra:

72=7+27" (3.44)
Mot cach tong quat (12.40) co thé viét d6i v6i n bdén cuc mic N — N voi nhau.
zZ=>7, (3.45)
k=1

Vay co thé phat biéu: Ma trdn tré khang cua hé théng nhiéu bon cuc n6i N — N
voi nhau bang tong cdac ma tran tro khdang cua cdac bon cuc thanh phan.

3.3.2. Ghép nbi song song S — S

Nhiéu bbn cuc goi 1a ghép ndi
song song voi nhau khi dién &p &
cac cua la chung, con dong dién o
cac cira clia toan bd hé théng bang
téng cac dong dién cua cac bdn cuc
thanh phan ¢ cic ctra twong duong.
Hinh 3.10 v& hai bén cuc ndi S — S
v&i nhau.

Hinh 3.10.

Theo cac ky hiéu trén hinh 3.10 cac phuong trinh dan nap ciia cac bén cyc thanh
phan dudi dang ma tran duoc viét nhu sau:

[ e
UZ U2 12 U2

Theo diéu kién ndi S-S :

Li=17+1;” ; L=1+1L”
u=U0’=U7"; U,=Uy =Uy"
Cong hai phuong trinh trén theo timg vé, dat thira s6 chung ta nhan dugc:
11 Ul Ul
=[y+1"] ' |=[Y] (3.47)
]2 UZ UZ
Turdoésuyra: Y=Y +7’ (3.48)
Mot cach tong quat (12.42) cé thé viet cho h¢ thong cé n bon cuc mac S —
S v6i nhau.
Y= Z Y, (3.49)

Theo (12.43) c6 the phat biéu: Ma trdn dan npa ciia hé théng nhiéu bon cwc noi S
— S véi nhau bang téng cdc ma trdn dan nap thanh phan.
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3.3.3. Ghép noi ndi tiép — song song N — S

Nhiéu bén cuc duoc goi la ndi N
— S v6i nhau khi dong dién ¢ ctra 1 1a I
chung, dién dp ¢ cura 1 cua toan bd hé _lu,
thong bang tong cac dién ap & cua 1
ctia cac bdn cuc thanh phan, dién ap &
ctra 2 la chung, con dong dién ¢ cua 2 ' Iy
cua toan by hé thong bang tong cac o
dong dién & cira 2 cia cac bdn cuc *ll]’ I
thanh phan. '

Hinh 3.11.
Hinh 3.11 v& hai bdn cuc mic N — S véi nhau.

V6i cac ky hiéu nhu trén hinh v&, cac phuong trinh hd hop ciia cac bén cuc thanh

phﬁn duoc viét dudi dang ma tran:
U, I, U, I,
M=H M=H" (3.50)
12 U2 12 UZ
Theo diéu kién mac N — S di néu ¢ trén ta co:
u=u’+U" ; L=1"=L"
L=L+DL"; U,=Uy =0U,"

Cong hai phuong trinh trén theo tung vé, dat ma tran cot dong dién & cira 1, dién
ap & ctra 2 1a thira s chung ta viét dugc:

Ul ]1 11
=[H+H"] =[H] (3.51)
12 U2 UZ
Tedosuyra: H=H + H” (3.52)
Mot cach tong quat (3-52) duoc viét cho hé thong gdm n bdn cuc mic N -
S v6i nhau:
H=YH, (3.53)

Vay c6 thé phat biéu: ma tran hon hop H cta hé thong nhidu bon cuc mic N —S
vo1 nhau bang tong cac ma tran hon hop cia cac bon cuc thanh phan.
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3.3.4. Ghép nbi song song — noi
tiép S— N

Nhiéu bon cyc duoc goi la ndi S
— N v6i nhau khi dong dién ¢ cta 1
cua toan bd hé thong bang tong céc
dong dién ¢ ctra 1 cua cac bon cuc
thanh phan, di¢n 4p & ctra 1 1a chung
cua cac thanh phan véi ca hé thong,
con dong dién & cira 2 cua toan bg hé
thA’ong bang tong cdc d}en dp O cua 2qcua cdc Hinh 3.12.
bon cuc thanh phan, con dién dp & cua 2 cua
no6 1a chung cho tat cé cac bon cuc thanh phan.

Hinh 3.12 v& hai bon cuc n6i S — N.

Véi cac ky hiéu nhu trén hinh vé&, ta viét cac phuong trinh hdn hop ngugc cia cac
bon cuc thanh phan dudi dang ma tran:

Li| ey Un ], L | U
e I

Theo diéu kién méc S — N da néu & trén ta co:
L=L"+L" ; L=5L"=hL"
U=U0’=U";U,=0=0,"
Cong cac phuong trinh trén theo ting vé, dat thira s6 chung ma tran cot co cac dai
luong bang nhau (dong ¢ ctra 2, ap & cua 1), ta viet:

]l Ul Ul
=[G'+G"] =[G] (3.55)
UZ 12 12
Tu (13.55)suyra: G=G* + G”’ (3.56)
Mot cach tong quat d6i v6in bon cyc mac S — N ta co thé viét:
G=YG, (3.57)
k=1

Ta co6 the phat biéu: ma tran G cuia nhiéu bon cyc mac S - N véi nhau bang tong
cac ma tran hon hop nguoc cua cac bon cuc thanh phan.

3.3.5. Noi ghép day truyén

Nhi€u bon cue duoc goi la ndi day truyén voi nhau khi ctra ra cua bon cyc nay
duogc ndi véi clra vao ctia mot bon cuc khéc theo thi tu lién tlep Nguon tac dong dat ¢
clra vao ctia bon cuc dau tién, con dap ung liy & cira ra ctiia bon cuc cudi cung.

LT-Mbe 115



Ly thuyét mach dién

Hinh 3.13 v& hai bon cuc ndi ddy truyén véi nhau.

I [

N
A l—— — tr ——r—a—

1 s | Ladti| 0 5 R
ol .. = —_—
| I L
P = ——r— iyl .

||| ||| I LII:_lr*L-T I L l TL__I
|-|| -_— —_— —

Hinh 3.13.

V6i cach ky hiéu nhu trén hinh v&, cac phuong trinh truyén dat cua cac bdn cuc
thanh phan dugc viét :

U'| U,
Pl=4] 2 (3.58)
_11 n 12
U U,
=14 (3.59)
_Il _ 12
Theo diéu kién cac bdn cuc ndi day truyén voi nhau ta ¢ thé viét (hinh 3.13a).
U1=U; ur=uy ; U’ =0,
I, =1 ; I,=-I; I,=1,

Néu mang bdn cuc thir nhét I ta ddi thanh [4”]

1, I, ay, —day, |1,

trong do: hai thong sb lién quan téi I’ déu duoc d6i dau: —a17; —dx thi so do
tuong duong [4’] cua nd ¢ hinh (3.13b).

Chu y: khi d6 chiéu cua I’; da thuan chiéu cing voi dong vao ctia mang bon cuc
tht I1. Theo tinh xau chudi c6 thé xac dinh duoc:

Ul *' UZ U2
=[4",4"] =[4] (3.62)
]1 12 12
Vay A=4". 4" (3.63)
Mot cach tong quat ddi voi n bdn cuc méc ddy truyén véi nhau, ta co:
n=l1
A=]14 4, (3.64)
k=1

Toém lai ta ¢6 thé phat biéu: Ma trdn truyén dat cua hé théng nhiéu bon cuc mdc
day truyén véi nhau bang tich cdc ma trdn A cia cdc bon cuwc thanh phan, trong dé can
chii y dén chiéu dong dién ¢ cdc civa vao va ra nhie néi cdc bon cuwc véi nhau.

Trong cong thirc (3.64) can cha ¥ vi phép nhan ma trdn khéng giao hoan duoc,
nén khi thuc hién tich (3.64) can ton trong thr ty cdc ma tran, nhu vdy c6 nghia 1a trong
cach ndi day truyén cac bdn cuc phai cha ¥ dén thir tu ndi.

116 ¢ LT-MD



3.4. MANG BON CUC POI XUNG
3.4.1. Khai nién vé mang bon cuc ddi ximg
Mot bon cuc dugce goi la ddi xung vé mat dién, khi cira 1 vactra 2 ¢c6 thé doi 1an
cho nhau, ma céc thong so cua bon cuc hoan toan khong thay doi.
Phuong trinh trd khang ctia bon cuc duge viét:
Ur=znh +zip b Us =zl + z2l2 (3.65)
Néu bén cuc ddi xung, ta cé thé dbi cira 1 thanh ctra 2 va nguoc lai, c6 nghia la
trong hé phuong trinh trén cac chi s6 1 va 2 cua cac dai lugng dién ap dong co6 thé doi
lan cho nhau con céc thong so zjx van gilt nguyén, ta co:
Uy =zubh + ziohy; Uy = ziohy + 20s (3.66)
Vﬁ_y 10 I'é.l’lg: Z12 = 221 va Z11 = 222 (367)
Do 1a diéu kién dbi xUing cua bdn cuc ma ta da ndi trong muc.

13 2a1] i [Ja
- ] n L ] L] - L]
1 |
e 1.1 1.1
Llﬁl | 0 L
|
Hinh 3.14.

Su dbi xung vé hinh hoc ctia mot mach dién thuong dugc biéu dién 1a sy d6i xung
qua truc dung hai bon cuc thanh hai phan giong hét nhau (hinh 3.14).

Ngoai khai ni¢m bon cuc ddi xung vé mit dién, v& mat hinh hoc, ching ta con noi
deén bon cuc doi xtng dat. Bon

cuc ddi xtng dat (hinh 3.15) 1a l ! o .
cac bon cuc doi xtmg qua truc 'IO;
nam ngang. I f 1

Hinh 3.15.
Céc mach dién khong doi ximg dét
thuong chira mot day chung gitra dau vao va 2 2
d4u ra (hinh 3.16). o L {3

Cac bbn cuc dbi xung vé mat dién duoc
dac trung bdi 2 thong sb (z11, z12). Su khao sat
chung duogc dua vé sy khao sat mach cau hinh
3.17a. Mach hinh 3.17b dugc goi 1a mach cu
vi khi méc tai vao cac ctra 1 va 2 thi mach dé

-3
-]

77777

Hinh 3.16.
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duoc bién ddi thanh dang mach hinh (3.17a). B6 12 m¢t mach cau dic biét co tung cap
tré khang bang nhau. Diéu kién can bang cau 1a tich cac tré khang nam d6i dién nhau
bang nhau, trong trudng hop ndy Z; = Z luc d6 trén tré khang Z, s& khong cé dién ap,
su truyén dat ctia bon cuc bang khong.

Hinh 3.17.
Hay tinh cac tré khang hé mach caa mach cau.
U Z +7Z
=0 =2 liz.z,) (3.69)
I, 1m0 2 2
Khi hé mach ctra 2 (bo tai Z; ra), theo dinh luat Kiéchoof 2 cho vong 1 ta co:
1 1
_3121 +31211 =U,

. 1
Vay: U, :EI(Z11 -Z)

Dods:  z, =22 :%(ZH+ZI) (3.69)

1

1,=0

Bén cuc ddi xtng vé mit hinh hoc (tirc 1a dbi xtmg vé mit dién) bao gid ciing cd
so do tuong duong 1a hinh cau. Sy xac dinh cac tré khang cau trong so do tuong duong
duogc thuc hién dé dang theo dinh 1y Barklett — Brune.

3.4.2. Dinh ly Barklett — Brune

Dinh 1y Barklett — Brune dugc phét biéu nhu sau:

Bén cuc d6i xung co thé chira bién ap Iy tudng 1:1 hodc 1: —1 hodc cac day dan
chéo nhau trén truc d6i xtimg — c6 thé dugc thay thé bang so dd cau twong cho tr¢ khang
Z, bang trd khang vao cua nua bbn cyc ddi xtng khi ngan mach cac day dan ndi thang
hai ntra bon cuc va cudn thir cap ctia bién ap 1:1, con dbi voi bién ap 1: —1 (hodc hai day
dan chéo nhau) thi phai ho mach, co tré khang cau Z; bang tré khang vao cua nua bdn
cuc ddi xtmg khi 'ho mach cac day dan ndi thang hai ntra bdn cuc va cudn thir cip cia
bién ap 1:1 va ngan mach cudn thr cip bién ap 1: —1 (hodc 2 diy din chéo nhau).

O day chi néu cach sir dung don gian dinh 1y Barklett — Brune dé 1ap so do tuong
duong hinh cau cta cac mach bdn cuc dbi xtmg, con khong chimg minh.

Noi dung dinh 1y Barklett — Brune dugc minh hoa trén hinh 3.18.
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zd/2 zd/i2—— zd/2 — zd/2
Jeieel S5 oy
U £ S 18 c
(|2 22[322 I E Wz
3 B S 3 E :% 2z,
O ) ] 1:1
51 } T 7 z } ﬂ 7 % }1 :1%3 1U1 Z, Z, luz
p Em | Sz L2 f
L R IR O Tl z
e HBE i |
Q ] ] d
L] . L] —JZ/Q 7/2
a) b) c)
Hinh 3.18.

Trrong hinh 3.18 co thé hién viéc tach mang bdn cuc dbi x(g:ng thanh hai nira mang
4 cuc noi v&i nhau. Cach ndi voi nhau ctia hai ntra nay c6 mot so6 dang.

— Céc trd khang ndi thang voi Zd/2 (ndi nbi tiép)

— Céc trd khang ndi thang voi 2Zn (ndi song song)

Céc tré khang nbi chéo Z/2

Bién ap 1y tuong hé s6 bién ap n=11a 1:1 (ndi thang)

Bién 4p 1y tuong hé sd bién ap n =—11a —1:1 (ndi chéo)

Hﬁy xem xét phan tir bién ép 1y tuong.

Bién ap ly tuong 12 mot bon cuc duoe coi L 1n b L 1:n b

1a mot trong cic phan tir bon cuc co ban cua

mach dién. lu1 Uzl lU1 . U, l
Bién ap 1y tuong theo dinh nghia 1a mot

bdn cuc duogc cach dién mét chiéu gifra cac cua

vao va ra cd hé phuong trinh dac trung sau:

Hinh 3.19.
U, =nU,
I =—lll (3.70)
n

Cac vong day cua cudn so cAp — & ctra 1, va cudn thr cip — & cira 2. D6i véi bién
ap 1y tuong néu n = 1 thi theo.
U2=U1; 12=—]1 (371)
- Vay bién 4p 1: 1 twong dwong véi bon cuc ¢ hai day dan song song nbi tir cira 1
dén cura 2 (hinh 3.20).
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al b
Hinh 3.20.
Néu n =—1 thi bién 4p 1y tuong 1: —1 c6 hé phuong trinh dic trung sau:
Uzz—Ul; [2:]1 (372)

Vay bién 4p 1: —1 twong dudng voi bdn cuc c¢6 hai ddy din chéo nhau (hinh x)
nhu trén hinh 3.20.

3.4.3. Vidu: xét vi du sau:

Hay chimg minh mach dién sau (hinh 3.21) la so d6 twong dwong ctua mach cau
trd khang cau Z), Z);.

Z

——

Fi

f
e

Hinh 3.21. Hinh 3.22.
Bai giai:
Bdn cuc trén 1a bdn cuc ddi xtng va co chura bién ap ly tuong 1: —1. Vay ta co thé

ap dung dinh ly Barlett dé tim cac trd khang cau Z,, Zy cua nd. Pau tién chung ta chia
d6i bon cuc trén theo truc ddi xtng (hinh 3.21).

Sau d6 theo so d6 hinh 3.22 ta xac dinh dugc Z; , va theo so dd hinh 3.22¢ ta xéac
dinh duoc Zy. Khi hé mach cudn thir cdp cua bién 4p, thi trén cudn so cdp ciing
khong c6 dong dién chay, do d6 trén Z, cling khong c6 dong dién, vi vay tré khang vao
cua mach hinh 3.22b chinh bang Z;. Con khi cudn thir cAp cia bién 4p dugc ngidn mach
thi trén cudn so cdp dién ap ciing bang 0, do d6 tré khang vao ctia mach hinh 3.22¢
chinh br:ing Z. Vay bdn cuc hinh 3.21 c6 cac tré khang cau Z1, Zy chinh 1a cac tré
khang cau cta hinh X, d6 chinh 14 so do twong dwong cia hinh X.

120 ¢ LT-MD



3.5. MANG BON CUC CO TAI
3.5.1. Tré khang vao

Trong thyc té cac bon cuc thudng la
phan ttr dugc ndi giira ngudn va tai. Thong
thuong mach di€én nhu trén hinh 3.23a 1a
du. Nhin tir cira dat ngué)n tac dong, bon
cuc thu dong, tuyén tinh ¢6 tai, Z, c6 mat
nhu mét tré khang. Duy nhét c6 gia tri Zy,
chinh 13 tré khang vao cta ctra so cip.

Hinh 3.23.

Theo hinh trén tai s& c6 quan hé gitta dong va ap.

U, =-h2, (3.73)
Tur phuong trinh hai cia hé phuong trinh tré khang hd mach.

Ui =zl +zinh (3.74)

Uy=zul +zn b (3.75)
Ta co: 1, =-1I,

Z +z,,

Thay I, vao (3.74) ta co:

U, =z 0, +2, 20 ] =2,

Z,+z,, Z,+z,,

Tré khang vao cta ctra so cap sé& la:

Zy, U _Ensthe (3.76)

I, Z,+zy

trong d6: Az = zyp zjp — 212 221
Trong trudng hop bdn cuc khong co tai (ctra thir cp hd mach, Z, = ) ta co:
ZVI =Z11 (377)
tuc 1a tro khang vao ctia bon cuc hd mach & ctra 2 bang z;;.

Truong hop tai Z, ¢ ctra thir cap bang 0 (tac 1a ngin mach cira thir cip) theo
(3.76) ta co:

Z, =—=— (3.78)
Zn i
tirc bang nghich ddo cua dan nap vao ngdn mach cua cira 1.
Néu cira 2 dat ngudn tac dong, tai Z; dat ¢ cura 1, thi cling hoan toan tuong ty nhu
vay ta tinh dugc tr¢ khang cua bbn cuc ¢ cira 2 (hinh 3.24). Béi 1An cac chir s6 1 va 2
trong biéu thuc (3.76) ta viét dugc biéu thirc tré khang vao cia cira 2.
U, z,Z +Az

Z,=—t="2"1_—< 3.79
i A—s (3.79)
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75
L I, Z,
7, lu1 luz = ]z E
a) b) |
Hinh 3.24.
Vi bang quan hé cac thong s, ta co thé tinh tré khang va cac thong sé khac, vi
du:
+y,Z,+1 AhZ,+h, +a,Z,+a,
= = = (3.80)
+AZ,+y, +h,Z,+1 +a,Z,+a,,
+ayZ, +
z,, =20 "% (3.81)
+a,Z +ay,

Vi du: Hay xac dinh tr¢ khang vao cua I
mat bién &p ly tudng co tai Z, (hinh 3.25a).
Bai giai: ltn
~ Theo h¢ phuong trinh dac trung cua
bién ap ly tuong:

U,=nU,
I, = _111
n
Ly
Vayco: [4]l=|, (3.82)
0 —-n
Thay céc thong sb aj vao (3.80) ta co:
—Z
Z 2
z, =ttty a1 (3.83)

+ay,Z,+a,, —n n
~ Theo (3.83) ta c6 thé néi rang bién 4p ly tudng da bién doi tro khang tai sang cira
so cap mdt cach ty 1€ nghich vdi binh phuong hé so n.
3.5.2. Cac ham truyén dat

Quan hé gitra cac dai luong ¢ ctra ra va cura vao cua bon cuc dugc bi€u thi bang
cac ham truyén dat:

- _X()
N F(p)
Vi X(p) : 1a dap tmg

F(p): 1a kich thich
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Trong mién tan so phuc bang cac ham anh Laplace, ta c6 cac ham truyén dat.

U U
K(p)=—=; K =—=
(p) U ¢ (P) E
goi 1a ham truyén dat dién ap
U
Z =—21
+(p) 2
goi 1a tro khang truyén dat
12 . 12

YT(p):U_a
1

—

goi 1 dan nap truyén dat

(3.84)

(3.85)

(3.86)

Trong thuc té chung ta it dung ham truyén dat dong dién K, = L/I,, vi vdy trong
mach tuyén tinh khi n6i dén ham truyén dat chung ta phai hiéu do6 1a ham truyén dat

dién ap.

Néu thay p = jw vao biéu thirc ham truyén dat, ta s& c6 cac biéu thirc trong mién

tan s6. Lac d6 ham truyén dat duoc viét:
) — U2 (]a)) —

U,(jo)
hodc biéu thire trén c6 thé viét:

K(jo) = A(w)e""

K(jo K(p)|

p=j®

trong d6:  A(w) goi 1a dic tuyén bién do, y(w) goi 1a dic tuyén pha.

(3.87)

(3.88)
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Béang 3.2.
Liét ké ham truyén dat mang bdn cuc co tai trong 1 ) truong hop.

Taiso | Tai

Loai So d6 mach cap ﬂ}ﬁ’ Ham truyén dat
cap
U
1 I - = Ia Y Y ZT :I_2 = 221
rj%- N Y !
e T U, 2y
2 R 0 0 K :U_
SO e T
[— U, Zy R,
3 A @ . 00 R, Zy :1__ - +R
T il [y 1 2 2
L. .. I_
(3} T 2 T ™ -
L1y sl U yy,+G,
It
0 o ille, Kzf
5 — !

R, R, _ z, R,
(2, +R)(zy +Ry) — 21,2,

Céc ham truyén dat & bang (3.2) déu c6 thé chirng minh véi cong thirc:

1, :_(%] ,khi Ry=0; Ry=o0; Ry#0. (3-89)

2

Vi du: Trong truong hop 3, thay (3.89) vao phuong trinh thir hai cia h¢ phuong
trinh Z, ta co:

— _ 2
U,=2z,1 -z,

2

T do: Uz R22221 Rz 11 —222U2
Va ham tré khang truyén dat.

& _ zy R,

I, z,+R,

~ | <

Z =

D6i v6i truong hop 5 ta c6 thé viét cac phuong trinh sau:
U=zulitzinbh

Ur=zp i tzn b
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U,=-L R,
E=U +1L R
Heé phuong trinh trén co thé giai quyét bang quy tac Crame dé tim U, theo Z va E,
ta tinh duoc.
R,z,,

(z), + R)(zy + Ry) — 252y,

Tir d6 ham truyén dat s& 1a:

_ R,z,, _

(z), + R )z + R)) — 2152y,
3.5.3. Hé s truyén dat

Trong bang 3.2 cac ngudn 1y tudng duge mic vao bén cuc co ndi trd R;. Néu tir
cac nguon ly tudng ta co thé lay dugc cong suat 16n bat ky, thi doi véi cac ngudn khong
1y twong, dé chiing minh cong suat tac dung 16m nhat c6 thé nhan duogc la:

U
= (3.90)

2
P, = 4E_Rl (3.91)
Cong suit tac dung trén tai thir cp:
P, = U—22 (3.92)
R2

Dbi véi cac mach thu dong P, < Py ty sd cong suat Py va P, s& cho binh phuong
hé s0 truyén dat.

P =fos (3.93)

£
P, (R

Tuds:  |[]= N B K (3.93y
P 2U, VR

C6 thé viét I theo ham cua tan s phuc p.
E |R
[(p)=—"|-> 3.94
() 20, R (3.94)
I" dugc goi 1a hé ) truyén dat, day la ham phec.
I thuong duoc viét dudi dang 16garit tu nhién.
g=InT = In|Tle” | = In|F| + jb

g=a+jb (3.95)
Vay: a(w) = In|T| (3.96)
duoc goi la suy giam do bang népe N, con arg I' = b(w) (3.97)

goi 1a dich pha do bang rad
Suy giam duoc do bang déxiben (dB) néu:
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a(w) = 20 log]T| (3.98)
Quan h¢ gitra cac don vi dB va N nhu sau:
IN =8,7dB, 1dB=0,115N (3.99)

So sanh (3.90) va (3.94) ta thay ham I'(p) va K(p) ty 1é nghich v6i nhau.

Ham truyén dat K(p) dic trung cho mach dién tong quat, con ham I'(p) chi dung
cho mach thu dong trong truong hop 5. Tur biéu thirc (3.90) va (3.94) ta c6 thé viét:

_ (z;, + R )z, + R,) — 2,2,

I'(p)=
22y R R,

Theo bang (3.2) I'(p) c6 thé biéu dién theo quan hé cia bat ky loai thong s nao
ctia bon cyec.

(3.100)

Vi cac bdn cuc dbi xung thuong gap trong thuc té va c6 vai trd quan trong trong
ly thuyét mach nén chiing ta can viét biéu thirc hé sb truyén dat theo cac trd khang cau.

Néu cho R, = R, = R ta co:
_(Z +R)(Z,, +R)
(le - Zl )R
3.6. CAC THONG SO SONG
3.6.1. Su phdi hop tré khang

(3.101)

Néu c6 ngudn tac dong dién ap E véi trd khang trong Z; dwoc mic tai ¢6 try khang
Z; (hinh 3.26) khi:
Z, =7% (3.102)
(Z 1a tro khang phuc lién hop cua tro khang Z;) thi cong suat tac dung trén tai
chinh bang cong suét tac dung cuc dai 1dy duoc tir ngudn, tic 1a:

E2
P=P=—o 3.103
T (3.103)

(R; 13 thanh phan dién trd cua tré khang Z)).

Lac d6 nguoi ta noi rang c¢6 su phdi hop tré khang giira
ngudn va tai dé c6 cong suit cuc dai.

Biéu thirc (3.102) duoc ching minh nhu sau: Hinh 3.26.

Ta co: Zi=Ri+jX; LH=R,+j X

Vay cong suit tac dung trén tai Z, dugc tinh.

E’R
P, =I’R, = — 5 (3.104)
(R +R)" +(X,+X,)

Bay gio ching ta can tinh gia tri cuc dai ctia P,. P, 1a ham c6 hai bién (R, va Xz).
Theo nguyén tic tim cuc tri cia ham nhiéu bién, gia tri cuc dai s& xudt hién tai vi tri cac
dao ham theo ting bién bang 0. P& cho viéc tim dao ham don gian ta khéng ding truc
tiép ham P, ma tim cuc tri cia ham nghich ddo cua P, bdi vi ham nay s€ co cuc tri & vi
tri cuc tri ciia ham goc.
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Tur @6 co thé viet:

SRy Xy —e L (R R X X
P(Ry,X,) E R,

izixz(Ri—FRz)Rz_(Rl+R2)2_(Xi+X2)2

OR, E’ R}

o 12X Xy

ox, E’ R,

Tir phwong trinh cudi ta ¢6 X, = —X;. Thay gia tri d6 cua
X, vao biéu thirc 6f/0R, ta nhan duogc R; = R,. Thay cac gia tri
cua Ry, X; vao (3.104) ta c6 gia tri cuc dai cua P, theo cyc dai
clia nguon.

Bay gi¢ ta hay xet mach dién hinh 3.27 voi Ry, R 1a cac
dién tré thuan.

EZR 2
i + 2 i
Ta viét dugc hé sb truyén dat.
|1-|2 :&: (Ri +R2)2
P, 4RR,

Vi cac gia tri R, khac nhau (R, # Rj) ta co |F| > 1, ¢6 nghia la:

Py= P+ P, (3.105)
P, P
Hoic: l="24—r :szz (3.106)
£ B
: |P s A A
trong do: r = P’ duoc goi 1a hé so phan xa. (3.107)
0

Tu (3.106) ta tinh:

2 1= 4R;R2 :(RZ_Ri)z
(R +R,))* (R, +R)’

_ RZ_Ri
R, + R,

hay (3.108)

Khi R, = R; thi hé s6 phan xa r bang 0, ta néi rang lac d6 mach dugc phdi hop
khong c6 phan xa, hay con goi 1a mach dugce phéi hop tre khang. Vay khi cac tai (no1
tro cua nguon va tai) la dién tro thuan thi diéu kién phéi hop dé co cong suat cuc dai
nhan duoc cta ngudn va dé khong co phan xa 1a giéng nhau.

R, =R; (3.109)
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Néu tong quat hoa (3.109) trong truong hop cac tai 1a cac tré khang phtc, ta viét
duoc:
Z,-Z.
=—2 (3.110)
Z,+Z,

Néu Z, = Z thi hé so phanxar=20 tu:c laP,=0va luc nay P, = Py, nhung Py &
day khong phai 12 cong sudt cuc dai ma ngudn co thé cung cip cho tai.

E’R,
4RI +X])

0=

2
[POmaX = f?] v6i diéu kién phdi hop cong suét cyc dai Z=2">).

Tom lai khi cc tai 1a céc tré khang phirc thi diéu kién phdi hop dé c6 cong suét
cuc dai (Z, = Z ;) khéc véi dicu kién phdi hop dé khong c6 phan xa (2, = Z).
3.6.2. Cic thong s séng

Hay xac dinh céac tré khang tai trong mach dién hinh 3.28a sao cho ching dugc
phdi hop tré khang (ttire phdi hop khong cé phan xa) & cira 1 va ca & cira 2. Trong md
hinh mang 4 cuc c6 chiéu dong dién I, di ra, vi vdy ma tran truyén dat [a] ctia nd giéng
nhu [A"] d3 phan tich trong muyc I11.3.5 hay cong thirc (3.63).

R10

E R l ’
20
Zv="Za. K * ) Z.z-v;zzo
] |

Hinh 3.28.
Dé c6 phdi hop tro khang & ca hai cira can c6 hai diéu kién. Voi tai ¢ ctra 2 14 2y
thi tro khang vao ctra 1 phai la zjo va véi tai ¢ cua 1 1a zjg thi tré khang vao ¢ cua 2 phai
la z5o (hinh 3.28a,b).

Theo biéu thirc (3.80) tinh cac tr& khang vao theo cc thong sd aij ta viét duoc
thém co so hinh (3.28b, ¢).

a,., +a,, z

Z, zuzz10 (3.111a)
Ay +ay 2y
a,, +a,,z

Z, :M:Z20 (3.111b)
a, +a,zy,

Bién ddi cac phuong trinh (3.111) ta co:

Z10 @22 T 210 220 @21 — a2 —an z20 = 0
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Z20 a1 + 210 Z20 d21 — a1z — a2 210 =0 (3.111c)
Cong 2 phuong trinh trén lai ta co:
Z10%20 =22 (3.112a)
21
Tru 2 phuong trinh trén cho nhau ta c6:
Zo -9 (3.112b)
Zy Ay

Tir (3.112a) va (3.112b) ta lap duogc cc biéu thirc tinh z10, za0.

a,.a a,,a

_ , 1%, . _ , 2%
Zyy = ——; Zy = |[—= (3.113)

a, 4y a, ay,

cac tro khang zjo, z20 duge goi cdc tré khang song. Cac tro khang song chi phu thuge
vao cac thong sb cua bén cuc. Vi vay ching ciing 13 cac dai lwong dic trung cho bdn
cuc.

Trong truong hop cac tai 1a cac tré khang séng thi hé sb truyén dat T’ dwoc goi 1a
hé so truyen dat s~(')ng va ky hi¢u bang I'y. Thay Z; = z;¢, Z, = z9 theo (3.113) vao biéu
thue (3.100) cho A(p) ta tinh duogc:

Ay, + 2y + 2,00, +ay,2,)2y

2\1210220

_1ay + “0 Z2 [,

=5 as; ay 14210220
\/ZmZz() 220 ZIO

Vi Z10, 220 4] (31 13) co.

1 a a a a
— 012 21 +a22 11 +a11 22 +a21 12
2 a a a a

12 22 11 21

Ritgon: T, =\la,a, ++a,a, (3.115)

I, =

(3.114)

Hé sb truyén song g, duoc dinh nghia.

g, =LnI, :Lnl\/ana22 +\/a12a21J (3.116a)
Hé sb truyén song 1a mot s phirc.

go=aot jb, (3.116b)
trong d6:  a, : goi 1a hé s6 suy giam song, th nguyén Nepe [N].

by : 1a dich pha gbc, do bang Radian (hodc bién doi goe: do)
Trong thuc té thuong gap mang bon cuc di biét hé sd truyén song g, cic trd

khang song zjo, z20 can tim cac théng sd aj cua mang bon cyc. Giai phuong trinh
(3.112a, b) v6i (3.116a) chu y téi:

shg + chg, = e*° (3.116¢)
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—go

go
Vi céc ham: chg, = % = Jaa, (3.116d)

&o -

shg, = % =./a,,a,, (3.116¢)
/z
ay a Chga ) Ay =212 5hg,

ta duogc: (3.117)

/Z

_ %20

Shga s a22 - Chga
ZlOZZO Z10

Céc thong sb song zo, Z9, 8o hoan toan xac dinh bdn cuc tuyén tinh c6 thong sb
tap trung thu dong va tuong ho Theo (3.117) céac thong sd ajj cua bon cuc dugc xac
dinh hoan toan tir cac thong s6 song. Vay voi bang quan hé cac thong s6, tir cac thong
5O ajj ta co thé tinh bét ky hé thong sd nao theo cac thong sb song.

3.6.3. Y nghia ciia h¢ s6 truyén dat séng

V61 mang 4 cyc khong doi xung hinh 3.29 c6 céc thong sb zyo, z20 va g, khi noi
Vo1 tai z; = zp9 thi c6 cac quan hé sau day:

Ul U I
Il =g, =a+ jb=iinat oY (2o gl 20 (3.118)
2 U, U, \ 2y I, \ zy

5 Uul, P i
hoidc e

3.119
U212 PZ ( )

ety [z [ _ [

i =% Zﬂ; Uy l g Ug l LM
Z o
! 0 G120 - |, L L

[_2 ™

I

Hinh 3.29.

_
N

(3]

(=]

Vi du: Khi zi9 = 400 exp (-j20°), z; = 7o = 1600 exp (-j110°) dién dp vao u
= 10v, ap ra u, = 5v. Hay tim hé s0 suy gidm a va h¢ so truyén dat cong suat Kp = P,/P,.
Ttr cong thire (3.118) bién doi thanh:
e _ U |2y

ef =—L |20 (3.121)

Uy N Zyo

Vi phuong trinh tich phuc c6 gid tri mo dun.

a _|U1| [|%20

62.—

(3.122)

Vay a=In ‘ 160 —— =1n4 =1,38nepe
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Heé sb truyén dat cong suét theo cong thirc (3.120).
iZeZa 282,76 :16

PZ
Nhu vay c6 thé thdy g, mang ddc trung nang lugng va tin hidu ciia mang bdn cuc,
vay no6 1a mgt thong so6 co ban nhu hai sau thong s6 tré khang song z, 2.
3.6.4. Tré khing vao ciia bon cuec tinh theo cic thong s6 séng
Theo (3.80) tré khang vao cua ctra 1 duoc viét.
a,+a, z
Z, =—r——12 (3.123)
ayayZ,

Thay (3-117) vao biéu thtic trén ta tinh dugc tré khang vao theo cac thong sd
song.

/ z
\Z10Zp08hg, + [ 2chg,.Z,
Zy

Zvl =
chg0 ————shg,.Z
VZ10%20
Rt gon biéu thirc trén:
Z.ch h
Zvl :ZI 2c g0+ZZOS gO (3124)

‘ z,,chg, +Z,shg,

Theo (3.124)ta thiy tré khang vao cua bon cuc thudng khong bang véi tré khang
sOng nao ca.

— Néu Zz =220 thi:

Zy1 = 230 (dUng v6i diéu kién chiing ta da dit) (3.125)
Néu cira 2 bi hé mach, Z, = oo thi:
1
Z, =2y, =2 ——— 3.126
vl loo 10 thgo ( )
Trong trudng hop ctra 2 bi ngén mach ttc 1a Z, = 0 thi
Zvl = anm = Z10 thgo (3127)

Tur (3.121), (3.122) ta riit ra:

z
ZlO = Y ZIOCZanm ; tth = M (3128)

Tuong ty nhu trén ta co:

z
21 =70 Zorgn 3 thgy = | (3.129)

2200

Theo (3.126) va (3.127) ta co tl}é xac dinh cac tro khang song theo cac tro khang
vao ngan mach, hodc hd mach cia bon cuc. Co thé phat biéu rang, tr¢ khang song cua
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mdt ctra chinh bang trung binh nhan céc tré khang vao cta cira d6 khi ngan mach hodc
hd mach ctra kia (cong thue 3.128 va 3.129).
3.6.5. Cac thong sé séng ciia hinh ciu

Tro khang vao hd mach cta ctra 1.

Z, =%(ZI+Z“) (3.130)
Tré khang vao ngin mach cua ctra 2.
yAVA
Zingm =2—1 (3.131)
Z,+7Z,
Tu doé tro khang séng dugc tinh.
ZO :\/Zlngm'Zloc :\/ZIZII (3132)

Vay tro khang séng ctia mach can chinh 14 trung binh nhan cua céc trd khang cau.

Néu cac tro khang cau ciia mach 13 cac phan tir d6i ngiu v&i nhau (khai niém
mach doi ngau) nghia la:
7y Zy1 = R (3.133)
Luc do Z, = Zq khong phu thude vao tan so. Trong truong hop nay mach dién voi
tai la tro khang song duoc thuc hién bang mot dién tr¢ thuan. Truong hop nay thuong
gap khi thiét ké bd di€u chinh bién dd va diéu chinh pha.

Thay R=.,/Z,Z,, vao (3.101) ta tinh dugc hé s6 truyén dat song.
F _(Zl+\]le11le1+VZIZII)_\/Z+VZII (3 1343)
0 - .
(Zn _21)\121121 \/Zn _\/Z_l

Z 1N A A < R , A < A
bat ¢= /Z—l goi l1a quan h¢ cau, biéu thtrc trén dugc viet
11

r_l+a
I-q
A l+gq .
Lugng truyén dat g,: g, =Inl, = lnl— =a,+ jb,
—q
Néu tro khang cau 1a cac phan tir d6i ngau thi:
VA
R? z R,
Z,=—%,lcdb g=—tva T, = 4 =T
Z, R, _4
Rd

ttrc 1a hé sb truyén dat song bang hé sd truyén dat, tir d6 sy suy giam s& bang su suy
giam song, su dich pha bang su dich pha séng.
Trong mach dbi xung, vi zjg = zp9 = Zp nén:
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r-2=t |=»_£ _U (3.134b)
2W,\z, 2U, U,

(Vi U1 Zg do Zlozzvl)

Theo (3.134) trong mach bén cuc dbi

xung hé sb truyén dat — song dugc dua yé viec o—te g [-E
xdc dinh cac dién dp ¢ céc cua cua bon cyc. Ut-,!, T zmlu,
TNhém nita, luong truyén dat song dugc xac dinh -, * - | e
s¢ dang.
U
g, =InT, =In— (3.135) Hinh 3.30.
U2
hodc k=2 ow (3.136)
Ul

Vi du 1: cho mang bdn cuc khong abi xung ¢cd go, 210, 220 ndi voi phu tai z; = 2.
Hay tim ham truyén dat &, va ki ciia mach hinh 3.30.

Giai:

Véi i1, = I,z,, thay vao hé phuong trinh:

z
_IOChga \/210-220Shgo R }

{Ul} ) ZZO 2
! L hg, [ ehg, =
|V VZ10%20 Z10 ]

Khai trién tiép:

. : U
U, = Zichgo U, +4)z,.2, . —= shg,
220

20

=28 7, + [eng i,
VZ10220 Z10

Rat ra:
K = & = 1 — @.e_go
‘YU z
L P (chg, +shg) "
Z1o
K = 1—2 = 1 = Z;O,e_g“
I

i s z
P (shg, +chg,)
Z1o
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Khi d6 hé sb truyén dat cong suét
K,=Ky.Ki=e **

Tré khang vao zi,= zyo " L | AT o
Vi du 2: Cho mach c6 bién ap Iy tuong |
v6i hé s6 1: 2 ndi voi mach hinh I" ¢6 C = 1F, L 3 . L
= 1H. Hinh 3-31. Tim [aj] cho mang bon cuc ?
trén. !
Giai: : I a
Vi bién ap (co chiéu dong I, di ra): Hinh 3.31.
= 1 = 5 l =2=4 L co
2 U, n I,

i, =051, 0,5 0 |u,
i oaaf Y [a,,]= :
, =+21, L0 +2| 1,

V61 mang thu dong tu dién va cuon cam CL ta co:

1 jo Tu,] x. £
lac 1= . 2| xau chuoi 2 mang bon cuc
2 ]

2 1=[a 1fa. ] 05 0 1 jo 0,5 j050
a =la,,].|a = =
KT 0 12] jo 1ve*| |-je2 +2(1+0%)

3.7. SO PO TUONG PUONG CUA BON CUC TUYEN TiNH, THU PONG
TUONG HO

O phan trén ching ta thiy rang mach bon cuc tuyén tinh, twong hd hoan toan dugc
xé4c dinh nho ba thong sé (n6i chung cac théng sb nay déu la dai lugng phirc). Vi vay
quan hé giita cac dong dién, dién ap ¢ hai cira cua bén cuc bat ky s& twong duong
véi quan h¢ cia cac dai lugng nay trong mot mach bdn cuc ¢o ba trd khang dugc chon
mot cach thich hop.

Céac bén cuc chira ba trg khang, don gian nhét 1a bdn cuc hinh T va hinh .
3.7.1. So db chuin hinh T
Hay goi cac tré khang cta bon cyuc hinh T 14 Z,, Zy, Z. (hinh 3.32).

I F p_.._h z—"|— T—:—...-
Lj1l A g “Jl L_,Il Z e |:l|] Zos Zyn lLJ£

¥ tuong hi f it

=
- a

Hinh 3.32.
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Ta xéc dinh céac thong sb zij theo céc tr¢ khang trén. Khi /,=0 hé phuong trinh tr¢
khang va theo mach trén hinh 3.32.

Khi =0 U=z, =(Z, +Zb)11}
U,=zy,1,=2,1,

, 2y, =2, + 7,
Rut ra: (3.137)
Zgy = Lo,
Ciing nhu vay khi 7; =0 ta viét duoc.
U=zph=% 1,
U=z b=0ZA+7Zy) .1,
Rt ra: 212=Zb ) Z22=Zc+Zb (3138)

T (3.137) va (3.138) chung ta c6 thé xac dinh céc tré khang so d6 tuong duong
hinh T theo cac thong s6 z;; cia bon cuc.

L,=12,—2,
7z, =17, (3.139)

L,=17y — 2,
, 1+jo 1-0+] :
Vi dy: Cho mang bon cuc ¢6 ma trén [a;,] :[ ) o 10) 2](0} Hay tim so do
j® -
thay thé hinh T. Chii y phuong trinh [a;] ¢6 mé hinh dong dién I, di ra.
Giai:
Vé6i hinh T mang bén cuc ¢ thé chimg minh duoc cac cong thirc sau:

a, =1+i=1+ja)

z
_ 3 _ 2
a,, =l+—==1-w
Z3

Gaidugc: zi1=1,n=1jovaz;=jw

Vay co: R; = 1Q, 7z, = 1/joc v6i ¢ = 1F va z3 = jowL voi L = 14. biéu dién & hinh
3.34.
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3.7.2. So dd chuin hinh &t

| | 1. T

- i oy 11
I_- ENTTE | -\.Il — 1 u =112 '.'l
T |..l':'l'l:-_! L

o L. — A b

Hinh 3.33.
Dua trén so dd hinh 3.33 va theo phwong trinh din nap, khi ngan mach cira 2 (ttrc
U, =0) ta co.

L=yn U= .+Yy) U

L=yn U ==Yy U
Todoratra: y;; =Y.+ Yo y21=—Y, (3.140)
KhiU=0tacol; =y Uy=-Y, Uy
Turdoratra: yp ==Y, y2=Y.+ Yy, (3.141)
Tur (...) ta co thé tinh Y,, Ys, Y. theo ;;

Ya=yutyn
Yo =-y12 (3.142)
Yc=yntyn
. I:Iéu bé)l’l SI.IC 12‘,1: dé)l Xl'l’;l:lg (Z]z =711 = ZQ?) thi Ch‘i g | "'-.'.'?Zl!t-"'
can biét hai thong s6. So d6 tuong duong hinh T va 10 H
hinh 7 lic d6 ciing gdm ba phan tir nhung chi biéu thi .1
hai thong s0 va cau truc cua chung doi xting, trong so " e
dd hinh ,T ta co ) Z.= Za,, trong so dd hinh = ta co Y,
=Y,. P61 v&i bon cuc doi xing ta con c6 so do tuong )
duong 13 mach cau (hinh X) da noi trong myc trén.
Quan h¢ gitra cac thong s6 tro khang hd mach va cac Hinh 3.34.
trd khang cau dugc bicu thi trong céc biéu thirc:
1
Zn ZE(ZI+ZII):ZZZ (3.143)
1
Zp :E(ZII_ZI):ZZI (3.144)
Tu (3.143) va (3.144) rat ra:
Zn=171 % 712 (3.145)
ZI:ZH—ZIZ (3146)

3.8. PHAN TiCH MANG BON CUC PAC BIET VA THONG DUNG

Thuong gap mot s6 mang bbn cuc tuyén tinh dic biét va dé tng dung né lai rat
hi€u qua trong nhi€u truong hop. Sau day s€ xem xét chung.
3.8.1. Mang bén cwc chi ¢6 1 nhanh Z4 (hinh 3.35)
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Tu mach co6:

{Ul = Uz _Zdjz ﬂ'—*—-——-:l—-l—j-«-
Iy =-1, Lh lJ;l
1 -7
Vay: [A] = d 3.147 ¢ -
y: [A] {0 1 } (3.147)
C6 thé viét truc tiép ma tran [Y] tir mach. Hinh 3.35.
Yd _Yd ’e
[Y]= voi Ya=1/Z4 (3.149)
_Yd Yd
3.8.2. Mang bén cue chi ¢é 1 nhanh ngang (hinh 3.36a)
U =U
Tumachco: 4.' .72 .
I,=U,/Z -1,
[4] = 1 0 (3.150)
|1z, -1 '
Viét trye tiép: [Z] AA
1€t truc tiep. =
’ p Z}’l Z?‘l
= - I e UL DU B N
1 Ij L jL: [|l] L L |_l] 4
£ J ! Zu 1 Zu
. 1 ' S
a) b) C)
Hinh 3.36 a,b,c.

3.8.3. Mang hinh I" thuén (hinh 3.36b)
C6 thé str dung tinh xau chudi dé xét [4']=[4"n] . [4d].

. 1 0]
O day: A=
ay [4, ] 1z, 1
_ . 1 -7,
o= Lot Tz Z 3.153
1=z 1o o1 [Tluz, —[H—"J G.153)
L n | Zn
C6 thé lap [Z] va [Y] truc tiép tir mach
r _Zn Zn
[Z" ]= 7 7 .7 (3.154)
L “n n d
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[YF]: Yn Yd _Yd

_Yd Yd
Voéi: Y :L; Y, :L
Zn Zd

3.8.4. Mang hinh - ngugc (hinh 3.36¢)

Str dung tinh x4u chudi:

: 1
(AT =[4"4] . [4s] v6i [4]] {

1 Z,] 1 o]
1|1/Z2, -1|

0

[A]{

Viét trye tiép tir mach co:

[27]{

[Y7]={

Z,+7Z, Z,
VA VA

n n

Yd _Yd }

=Y, Y, +7,

3.8.5. Mang bén cuc hinh T (hinh 3.37)
Duing tinh xau chudi :
[Z7]=14;114,1[4,,1=[4"1[4,,]1=[4;][4" ]

[4"]=

Z

Lap ma tran [Z] tir so do.

1+Z—d1 —(Za,l+2d2 +

L 1+ ==
Z Z

ZyZa
VA

[ZT]= _Zdl +Zn Zn
L Zn ZdZ +Zn
L Za z I:
—_ —1 %
||..|| ‘. l..
T
Hinh 3.37 Hinh 3.38
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-1

Hinh 3.39

(3.154a)

(3.155)

(3.156)

(3.157)

(3.158)

(3.159)

(3.160)




3.8.6. Mang bén cwe hinh IT (hinh 3-38)

C6 thé dung x4u chudi tinh:

[Z"]=[4,114;1[4,,1=[471[4,,]1=[4,1[47] (3.161)
1+i -Z,
[4"]= i (3.162)
1 1 Z, Z, )
an ZnZ anZnZ an
Lap truc tiép [Y] tir mach.
Y, +Y -Y, |
[Yy={ ¢ " ¢ (3.163)
-Y, Y, +Y, |
3.8.7. Mang bdn cwe cit chéo (hinh 3.39)
U, =-U -1 0
A [4,]= (3.164)
I =1, 0 1

3.9. MOT SO MANG BON CUC CHUC NANG
3.9.1. Mang bén cue suy giam

Pé giam dién ap cua ngudn E c6 dién trd trong R (hinh 3.40) can phai tim mach
suy giam sao cho c6 mot so tinh chat sau.

o Mach [
.| -

HELG
A aa

Hinh 3.40 Hinh 3.41
Suy giam chinh xac véi d6 16n e” véi o> 0.

— Khoéng lam thay d6i dién tré trong ctiia ngudn R;.
Dé thoa man hai yéu ciu trén, mach suy giam phai la mach bbn cuc d01 xung voi

trd khéng dic tinh bang dién tré trong R; ctia ngudn. Nhu vay co thé thy truyén dat ddc
tinh g cia mach suy giam chi 1a thuc duong.

g=a (3.164)
va Zo=R; (3.165)
Vi diéu kién trén c6 thé tim duoc 2 so dd hinh T va IT ddi xtng (hinh 3.39) co:
R

R, =—"; R =R, EEE (3.166)

shoa thaa sha

1 1( 1 1
_ : S P 3.167

& R .sha 8a R, (tha shaj ( )
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3.9.2. Mang bén cuc phoi hop tré khing

Vé6i so dd hinh 3.42 nhiém vu ctia mang bdn cuc phdi hop tré khang 1a bién d6i
trg khang. O day 1a dién tré R; ctia ngudn sao cho pht hop véi cira ra ¢6 dién trd tai R;.

8 T o PO R
5 o T T I
- . — _L__ -
Hinh 3.42. Hinh 3.43.

Pé 1am duoc diéu nay hién nhién mang phdi hop phai 1a khong d6i xtmg. Thuong
gap cac mang bdn cuc don gién, hinh T hodc IT va thuin khéng c6 thé thuc hi,én duoc
nhiém vu nay vi chiing khong mat mat nang luong trong mach. Véi hai mang bon cuc T
va IT trén hinh 3.43 can phai lya chon cac thong s cuia nd cho bai toan ¢6 R; va R, da

biét.
a,,.a a,,.a
R = /M va R = /M (3.168)
a,,.dy a,-dy;

Khi hé mach ctra 2, I, = 0:

. 1
a, =1,/U, - :Z—3 (3.169)
Khi hé mach ctra 2, I, = 0:
. Z,+7Z V4
a,=U/U,| =" =140 (3.170)
- Z, Z,
Khi ngin mach ctra 2 ¢o:
5:122:1—l =1+é (3.171)
I, 0,20 Z,
Giai cac phuong trinh trén dugc két qua:
R,.R, R
Z, :](— j Z, =] R, _ R,
sinb 1gh : sinb tgb
R.R, R R. R
Z,=jl~—+- ; Z,=j ——-—+ (3.172)
sinb tgb sinb  tgb
R
[ VR R, Z,=—j| —*~
() A
sinb
O day dat: R, =+/R..R, (3.173)
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3.9.3. Xét mach hinh IT

Tu mach hinh IT khi ngén mach ctra 2 ¢co

a,=—1 =—=2 (3.174)

Tu mach hinh I'T khi hé mach ctra 2: 1, = 0 ¢o:

U Y,
an=gt o =1t (3.175)

I,=0 c

Tir mach hinh IT khi ngén mach ctra 2 (xem cong thirc 3.162).

1 Y
a,=-- =142 (3.176)
[2 U2:0 Yc

Gidi cac phuong trinh trén ta dugc:

Ya = ] 1 - 1
sinb,/R,.R, 1gb.R,

1 1
Y, =—j - (3.177)
’ ][sianlRl. R, R,tgbj

Y, :—j—
sinb,/R, R,

Cac cong thirc (3.172) va (3.177) cho phép voi cac gia tri cua cac dién tro ngudn
R; va dién tro tai R, c6 thé tim duoc mang bén cuc phdi hop trd khang nhu hinh 3.40 va
hinh 3.41.

3.10. PHAN TiCH MANG BON CUC TUONG HO THEO HAM TRUYEN
DPAT

Viéc sur dung mang bdn cuc lam cac khau truyén dgt tin hiéu 1a rat phé bién trong
ky thuét dién tur vien thong. Cac ham hypecpélic va hé so truyen dat cung cac tré khang
vao dac biét (ngan mach, hd mach) rat thuan lgi cho qua trinh phan tich mang bon cuc.
3.10.1.CAc thong sb dic trung truyén dat ciia mang bon cwe doi xirng

Nhu trén dé xét co thé xac dinh cic tré khang song dbi xing Z, va hé s6 truyén
dat g mang bon cuc doi xung dua vao cong thirc:

Z,=2,=\2,2, (3.178)

Z}’l
the = |28 (3.179)

ho
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1+thg
—thg

2g_

(3.180)

Trong d6: Zy,, Zp, : 1 tré khang ngian mach va hé mach cta mang bon cyc, voi
cac thong s6 ma tran mang bon cuc [Aik] va [Yi] co thé xac dinh.

zZ =—="n (3.181)
¢ Y;l A22

Z, =7, :% (3.182)
21

Z,=7,=\2, /Y, = "2 =7 7, (3.183)
AZI
thg=—— = (4 A /A& (3.184)

le /Yll
Vi quan hé ham Hypecbolic co:

shg =~ e _ 44, (3.185)

th’g
chg = \1+sh’g = /A, .4, (3.186)
=chg+shg = A, +A4,.4, ,Vv61A;1=A420. (3.187)

Tur d6 phuong trinh:

U, =U,chg +1,Z shg

I, :%shg+l'zchg (3.188)

o

Néu phu tai Z= Z, thi c6 quan hé¢ don gian cua dién ap va dong di¢n cia mdt va

hai.
U, =U,e*
1= 0e (3.189)
I, =1,.€*
Luc ndy trd khang vao 2 cira bang nhau va bang Z,.
I (3.190)
11 12
Hé s6 truyén dat 4p va dong bang nhau:
ﬂzi:eg (3.191)
U2 12
va tinh duoc g=InU,/U,)=1In(I,/1,)=0,5In(S,/S,) (3.192)

N6i chung hé s truyén dat g 1a phirc: g = a+ jb nén.
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a=nU,/U,| (3.193)

b=ArgU,/U,| ,véi $i=Ush. (3.194)
Vi du: Hay xac dinh h¢ sO truyén dat g cia mang bdn
cuc thuan tré hinh 3.44 khi né lam vi¢c véi tai 1a tréd khang 201 pie}
song. i
Giai: lU DLl
Tim cac tré khang ngan mach va tré mach. . '
7 2223 160 |
¢ 243 5 Hinh 3.44.

Z,=2+3=5om

vay: Z,=Z,.Z,, :\/%7:46m

Khi Z; = Z, =4 6m tré khang vao (hinh 3.42).
2+4).3
Q+4)+3

A

Z, =2+

Tim g biét: mach thudn trg thi g = a véi thg = tha = % =§

C6 thé tim a = arc th (4/5);

Doi khi chi can e nén co thé thdy e* = 3 13 nghiém va kiém tra lai nhu sau:
1
thg:ea_eia: i’:i
e’ +e 340 5
3
Vi du 2: cho mang bon cuc hinh 3.45 ¢o . _
R=1Q,L=1H,C=1F 6 ® =1 Rad/s. [r— L "
1 I e}
a) Tim phuong trinh ma tran [aj] cua | |
mang bon cuc. ! .
. - _t
_b) Xac dinh Z, tro khang song, hé so |
truyén datg=a+jb. : |
Giai: e — —
Tim céc tré khang. Hinh 3.45.
ZR=1, Zsza)L=j, ZCZ.L:—]'
joc

Xét mang bdn cuc hinh T g6m R, CvaLco:
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1+ﬁ ZR+ZL+M ..

| Ze Z, :{HJ J}

* L 1+Z_L ] 0
ZC ZC

Xét mang bdn cuc hinh T con lai gém CvaR co:

1 Z,
11
[a;]z 1 1+Z_R :{. }

Ze 7z WY

Xau chudi hai mang bon cyc hinh T va I cé:

i AT 1 .
[aik]=[a£].[a};]={+.’ ’H .}[’. ’1
J o 0jlJ 1+ JoJ

Mang bdn cuc nay dbi xung vi aj; = ay. Tro khang song Z,.
Z,=4la,/la, :\/%:\/5

Hé s6 truyén dat: g =InT, = In(a,, +M) = In(j + j~2)
g=In=(1+2)" =1n(1+ﬁ)+j%

Vay a=1+ \/E = 0,88 Nepe; b =%

Vi du 3: Cho mang bon cuc 1a ddi xung
6 Zo=2,a=0,88 Nep, b =1/2 nbi v6i tai la ==

tr& khang song Z = Zo. Bibt w=10v. Y, a «|
Hay tim dong dién vao [; , dién ap tai u, va = | b
dong tai I, (hinh 3.46).
Hinh 3.46.
Giai: R,
Vi Z = Z,nén Zy, = Zo = V2 —LF 1
u 10
Dong vao: [, =—L=—— =52 4
g 1 Z \/E Hﬂi
Piénapra: u,=U, e“ = 10" = 4,151

Dong dién ra:

L=Te*=52 .¢*=293A Hinh 3.47.

Vi du 4: Mang 4 cuc hinh T thuan tré hinh 3.47. Biét tré khang song
60002, h¢ so suy giam a = 0,4 nepe. Hay xac dinh R; va R;.

Giai:
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V6i mang bon cuc hinh T ¢6: Z, = \/a,, /a,, va mang b6n cuc hinh d6i xtng lai
co chg = ay;.
V61 mang bon cuc thuan trd thi Z, 1a thuan tré R, hé so truyeén dat 1a thyc g = a,

A

vay
Z =R =.a,/a, vachg =cha=ay
Theo so dd hinh T ¢6 cac thong sb aj
R R’ 1
a, =l+—; a, =2R +—; a, =—
2 2 R2
R
nén R, =.a,/a, =+2RR, +R] va chazlJrR—l
2
Vay c6 hai phuong trinh.
600 = /2R, R, + R}
ch0,4=1 +£
RZ
Giai 2 phuong trinh trén c6 thé theo cong thirc bién doi sau:
cha:1+2shz£:1+L
2 2
A ,a
nén R, =2R,sh 5

Tu day thay vao.

R
R, =+/2R R, + R} s& dugc: R, = R,sha hay R, = h"

sna

Thay s6:
R, = 000 =1460Q
sh0,4

R, =2R,sh’ % =118,20
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3.10.2. Phan tich mach hinh T d6i xtmg
Xét mach hinh T chuan , hinh 3.48a c6 thé tim duoc.

i A
n—l:l—’E-:I—ﬂ
| p/J
T
-a] (]|
Hinh 3.48.
Z, =Z = As _ Z,Z,| 1+ Z (3.195)
4, 47,
Vé6i mang hinh T d6i xtmg c6: 4111 = chg (3.196)
. Z
Dé thay duoc: chg =1+ 221 (3.197)

2

Vasuyra: sh(g/2)=sh(g/2)= Z, (3.198)
47,
3.10.3. Phén tich hinh TT déi xtmg (hinh 3.48b)

Xét hinh IT chuan ¢6: Z, = Z ., = \/ A, _ | 22 (3.199)
AZl i +1
47,

Vi At = A1 nén céac cong thire chg va sh(g/2) ctia hinh T cling 4p dung cho hinh
IT.

Nhu vy voi so dd chuan su khac nhau cia hinh T va IT dbi ximg chi 1a trd khéng
song Z, — trd khang déac tinh Z. con hé so truyén dat 1a tinh toan giong nhau.
3.10.4. So dd cAu va so dd ciu thay thé

Hinh 3.49.

Vi so dd hinh 3.49a can xac dinh céc tr& khéng ngén mach va hé mach theo hinh
3.14b co:
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Z| R+ Z,R
P Z,+R Z +2R

- oy —— (3.200)
ng
7 +R+ 228 Z,R Z, +27Z,+2R
Z,+R
Theo hinh 3.44c ¢é: Z, = RZT242+2R (3.201)
Z, +2R

Tucong thic: Z, =Z, = [Z,,.Z, =R (3.202)

Tir (3.202) ta thiy tré khang dic tinh khong phu thude vao Z; va Z,. Tiép tuc can
tim e® hay sir dung cong thirc:

Z.  Z +2R
the = |Zne - 21T -7 (3.203)
Z. 7 +27,+2R

0

Theo ham Hypecbolic e’ = vay thay vao va don gian ta co:

2% :ZI+ZZ+2R (3.204)
ZZ
Khi nhan va chia ¢*® véi Z, ta duoc.

Z}+Z,Z,+2RZ, (Z,+R)’

e = % FE (3.205)
1“2
Néuco: R*=Z7,.2, (3.206)
Tu trén suy ra: e® = % =1+ % (3.207)
Z Z
a:1n1+?1, =1+ (3.208)

Céc biéu thirc (3.208) va (3.202) cho ta gia tri Z, va e" rat don gian cta hinh T ddi
xung dang hinh 3.44, nhung voi di€u kién rang budc R*=Z7,.7Z,. Chuyrang Z, va Z, 1a
cac trd khang va tot nhat 1a thuan khang de:

R*=7 (jo).Z: (jw)>0 (3.209)

Xét so d cau thay thé hay tu:ong duong hinh (3-44d). ¢ day cling rang budc R?=
Z, . Z, thi cac cong thuc tim Z, va ¢* ciing nhu vé6i so dd hinh (3-44a) da xet. So dd nay
1a mot dang cua so d6 cau chuin theo Z;, Z; va R duoc ding phd bién trong k¥ thuat.
3.10.5. Cic thong sé dic trung ham truyén dat mang bén cue khong daoi

xirng

Xét so d6 khong déi ximg trén hinh 3.45a,b. V6i 3 thong s6 doc lap ciia [4i] c6
quan h¢ vdi cac tré khang ngan mach, hé mach.

Trude hét xac dinh cac trd khang ngén mach, hé mach. Khi do trén ctra nao ta sé
ky hi¢u cung véi tro khang ¢ cua do.

+ Ngén mach ctra 2 nhin vao ctra 1 c6: Zyg1 = A2/ A2y (3.210)
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+ Hé mach ctra 2 nhin vao ctra 1 ¢O: Zno; = Ay / Any (3.211)
+ Ngén mach ctra 1 nhin vao ctra 2 c6: Zy =—-A12/ Ay (3.212)
+ Hé mach ctra 1 nhin vao ctra 2 ¢6: Znop = — Az / Ay (3.213)

O cong thirc (3.212) va (3.213) chiéu cua dong dién I, van nhu trong mé hinh

mang bon cuc truyén dat cia cong thie (3.210) va (3.211).

Tuong tu nhu v6i mang bdn cuc dbi ximg c6 cac thong sb:

Zoy = Zo =201 Zyy = Ay [(Ayy Ary) =\ Z,, 1Y, (3.214)
thg, = \|Zgi | Zjy =N Aip- Ay (A Ar,) =1/ Z,,.Y;, (3.215)
Zy =2 = Z g2 Z1gr = Ay Ay (A Ay)) =25, 1Y, (3.216)
thg, =\ Z,42-Z,r = App- Aoy (A Ary) =1/1Z,,.7,, (3.217)

Néu ciing voi mang bdn cuc khong ddi xting do theo chiéu nay ta quay chiéu

nguoc lai dé do thi ghi rd rang dé kiém tra diéu kién tuong ho.

thg; = thg, hay g =g>=g (3.218)
Dit: shg =thg/\[1-th’g =,/ A,,.4,, (3.219)
Va chg =4/ A,,.4,, (3.220)
Vi cong thitc €® = chg + shg, ta co:
ef = A4, ++/ 4,4, (3.221)
Tur do:
g =In|\4, 4, +/4, 4, (3.222)
Tur cong thirc (3.218) dén (3.222) ta xdc dinh .
dugc [A4i] cua mang bon cuc khong doi xirng nhu 4i2 Z,/2
cong thuc (3.117).
Vi du: Tim cac tr¢ khang ngin mach va ho 27,
mach, hé sO truyén g cho mang 4 cuc hinh -4
(nguoc) hinh 3.45a va 3.45b. o
¥
Giai:
Zng1 = Z1/2; Hinh 3.45.
Zho1 = (Z]/z) +27,
Z, =2, Z Lo = \/Z VA (1+ ! j (3.223)
2
%
anz > Ly =27
“L+27,

148 ¢ LT-MD



(3.224)

Goi hé sb truyén dat cda hinh I" 1a g/2 theo nghia n6 1a ntra cua truyén dat hinh dbi
xtung T (hodc IT), 4p dung cong thic (3.180).

Z Z
& = |Zmt _ |Zw | 21 /(82,) (3.225)
2 Zyoi Zy 1+(Z,/4Z,)
s}% =z 14z,  ; ch§ =\f1+z,/4z, (3.226)

3.10.6. Pic trung Logarit ciia khau truyén dat mang bén cuc

Mang bbn cyc nhu 1a mot khau truyén dat, no xac dinh mot ham truyén F(p) hay
F(jw) vi vay thuong xét dac trung loga cia cac ham nay. Xét truyén dat ap.

K(p)=K(jo)=Us (jo)/ U (jo) (3.227)
Khi lam viéc véi tai 1a tro khang song co:

K(jo)=U, (jo)/ U, (jo)=e & (3.228)
Vay: Ln [K(jw)] =—g(jw) = - a(w) —jb () (3.229)
Tir d6 c6: a(w) = —Ln|K(jo)| (3.230)

b(w) = —Arg[K(jw)] (3.231)

3.11. XAC PINH CAC THONG SO MANG BON CUC BANG THi NGHIEM
) Dé x4c dinh cac A cta mang 4 cyc tuong hd, tuyén tinh nhu nhitng hop den, ta
tién hanh do trong 3 trong 4 thong s6 dédc biét ngan mach va ho mach cua no. Tur d6 xac
dinh cac thong s6 Aj. Tu tré khang vao theo 2 cua.
_ All'Zt +A12 . Z _ A22'Zl +A12

v — s v (3232)
A,.Z,+ 4, A, 2, + A,
Khi ngén mach va hd mach 2 ctra ¢6 thé tim duoc:
Z, +7Z Z +7Z
Z\, =27y, %; Zy, =Ly = (3.233)
2ho+Zt Zlho+Zl
Véi Zing=Ann/Axn Zino = A1/ An
Img= A2 1411 Zono = A2z | Any (3.234)
Tur céc cong thirc (3.234) tim dugc:
Z,. 2. Z,,
4, =\/Z ; lhz = Ui (3.235)
2ng( lho — 2ng) \/Z2ho (Zlh _Zlng)

Vi tinh twong hd co:
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Zvs _ Lo (3.236)
Zlho ZZho
Nho (3.236) thay vao (3.235) ¢o:
Z
4, = |[— e (3.237)
ZZho - Zan
Tu do6 suy ra:
A
4, = le >
lho
Ay =42y,
4, = e
Zlng
Z
A, =7, 2ho (3.238)
. " Zlho _Zlng
Ay, = ! (3.239)
\/Zzho (Zlh - Zlng)
Ay = |— Lo (3.240)
Zlho _Zlng

Céc cong thirc trén cho phép xéac dinh cic Ay ctia mang bon cuc.
3.12. PHU CHUONG: Mt h¢ thirc lwgng giac va Hyperbolic
3.12.1. Luy thira cac ham diéu hoa
Cos’x=0,5 (1 + cos 2x), sinf x=0,5 (1 —cos 2x)
Cos® x = 0,25 (3cos x + cos 3x); sin’ x = 0,25 (3sinx — sin 3x)
Cos’ x = 0,125 (3 + 4cos 2x + cos 4x); sin’ x = 0,125 (3— 4cosx + cos 4x)
3.12.2. Cac ham lwgng giac va Hyperbolic
Jx

1 . —jx . 1 ix —jx .
cosx=—(e” +e); sinx=—(e"+e); tgx=j———
2 2 e +e”"

—Jx

—e

chxz%(e)c +e); chzx—shzle;shxzé(ex —e)

e'—e " thx
thx =———; shx=——

e +e 1-th’x
5 1+thx
e’ = ;

1—thx

e’ =chx+shx;e™ =chx—shx
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3.12.3. Quan hé cac ham hyperbolic d6i sé phirc v6i cic ham lwong gidc ddi so
thue
Chjx=cosx ; chz=cosiz; shjx =j sin x;
Sinz=-sinjz; thix=jtgx; thz =—j tg jz
Ch (x £ jy) = chx chjy + shx . shjx =chx . cos y £ jshx . siny
Sh (x + jy) = shx . chjx £ chx . shjy = shx . cos y & j chx. siny

Ciu héi on tdp ,kiém tra danh gid chwong 3 .

1/Mé hinh mang 4 cwc va cdc théng sé ciia ching .

2/ Pinh nghia ,dédc diém cdc phwong trinh dang Z,Y,H,G,A va B ciia mang 4
cuee tuyén tinh twong ho khéng nguon .

3/Quan hé, bién doi qua lai giita cdc théng sé cia cdc dang phwong trinh
mang 4 cuee tuong ho .

4/Cac dang ghép néi cic mang 4 cuwc va phan tich cdc hé phwong trinh ciia
cac ghép noi dy .

5/ Cdc dic diém ciia mang 4 cwe doi ximg : so do ,cdac théng sé ,phiong trinh

6/ Cdac mang 4 cuc ddc biét : bién dp Iy tuéng ,mang 4 cuc néi thang ,noi
chéo ,bién dap Iy twéng noi thang, noi chéo .Pinh 1y Barklet-Brune irng
dung phan tich mang 4 cuc .

7/ Y nghia va cdch sir dung cac ham truyén dat cho mang 4 cue: dién dp ,tro
khang .dan nap ,dong dién o cdc trang thai lam viéc cua mang 4 cuc :
khéng tdi ,ngdan mach va cé tdi .

8/ Y nghia cia viéc phéi hop tré khang ,hé s6 truyén dat phirc tap(p), g(ju), hé

s6 suy giam a(u) ,hé s6 dich pha b(u) doi véi mang 4 cuc mang tai.

9/'Y nghia viéc phoi hop tré khing Y nghia va cdach tinh hé sé phan xa r.

10/'Y nghia va cach xdac dinh cdc tré khang song Zo(hay Zc),ham truyén dat
phitc Ao, hé s6 truyén dat phirc g, khi tdi la cdc tro khdng séng .

11/Cach xdac dinh cac ham hypecbolic : shg,, chg,

.Cdc hé s6 ma trdn Aik theo cac ham hypecbolic shg,, chg,

12/ Y nghia hé sé truyén dat phirc g, .

13/Céc loai tré khang vao mang 4 cuwc khéng doi ximg va doi xirng xdc dinh
theo tro khang song va nguoc lai .

14/Céc logi so do twong dwong ciia mang 4 cuwc tuyén tinh twong ho .

15/8w dung cdac mang 4 cuc dac biét (hinh chi co tro khang doc ,ngang
, hinh A thudn va A nguoc ,hinh T ,é va mang 4 cuc noi cheo ) déphdn
tich mach dién .
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16/Phdn tich mang 4 cwc doi xirng dia vdo cdc cdc théng sé séng va cdc
ham hypecbolic theo g, .
17/Cdc théng sé dic trung mang 4 cwc khéng doi xirng xét theo cdc théng so
song va cac ham hypecbolic cua g,.

18/ Xac dinh cac thong so mang 4 cuc bang thuc nghiém .

CHUONG IV
MANG BON CUC KHONG TUONG HO

4.1. CAC HE PHUONG TRINH MANG 4 CUC KHONG TUONG HO
4.1.1. Pic diém chung cia mang 4 cuc khong twong hd v6i ngudn diéu khién 1y tuong

Mot mang 4 cuc thu dong dinh nghia la bdn cuc co tai bat ky, nang luong nhan d-
ugc trén 2 cua khong am.

w =" [u,(0)i,(r) + u(z)i, (r)[dr > 0 véi mei t 4.1

Trong do6: wuy, ip; up; i, — la cac dién ap va dong trén cac cua.

Mach dién tich cuc dugc dinh nghia: Mach dién tich cuc 1a mach di¢n ma véi tac
dong di€u hoa, cong suat tin hi¢u trung binh & dau ra ctia mach dién 16n hon & dau vao,
c6 nghia la khuéch dai cong suat 16n hon 1.

Ngudn diéu khién 13 phan tir dic biét. Cac ngudn diéu khién dong vai trd quan
trong va ban than chung cling 1a cac bon cuc. Ching ta s& thay mdt bon cuc tuyén tinh,
khong tuong ho, tich cuc bat ky déu cé thé duoc thanh 1ap tir cdc phan tur tuyén tinh t-
wong ho, r. C, L va 4 ki€u nguodn diéu khién.

Nguén diéu khién 12 mach hai cuc c6 dién ap (hoac dong dién) phu thudc vao dién
ap, hodc dong dién ¢ nhanh khac. Nguon diéu khién tuyén tinh la ngudn dién ap (hay
nguon dong di¢n) ma ap (hay dong) cta né ty I¢ thuan véi dong hay &p & nhanh khac.
Tuy theo nguon 4p hodc nguon dong phu thudc vao ap hay dong & nhanh khac, ta c6 4
ki€u nguon diéu khién.

Trén hinh 4.1 1a céc nguon didu khlen ly tuong co nghia 1a néu 1a ngudn dién ap,

chung c6 dién tré trong bang 0, con néu 13 ngudn dong dién thi dién tré trong bang vo
cung.

Trén hinh 4.1a duoc viét:

L= 0 . [/u o] ., [0 0]
s W Sh el o) 42)

Trén hinh 4.1b 13 ngudn dong dién diéu khién bang dién ap.
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Dic trung cia nguon ndy 1a dién dan. Phuong trinh cic ma trin thong s6 c6 ¥

nghia cua no:
I,= 0 0 1/g 0 0
; |4l= ; [V = ; 4.3
R T R TU R @3

Trén hinh 4.1c 13 ngudn dién ap duoc diéu khién bang dong dién . Pic trung cua
nguon nay la dién tr¢é . Phuong trinh ma trén c6 y nghia cua nd.

U= 0 [0 0] 0 0]
{Uz nl,’ [A]_[l/r 0} [Z]_[r 0} 4

Trén hinh 4.1d 14 ngudn dugc diéu khién bang dong dién DPic trung ciia ngudn la
hé s0 khuéch dai dong dién. Phuong trinh ma tran c6 y nghia cta no:

U= 0 0 0 0 0
: [4]= L H]= ; (4.5)
I, = al, 0 la a 0
Cac théng s6 diéu khién
U, g, r, a trong nhiéu truong IS L e
hop 13 sb thye, nhung vé mat  Aa P L' -'.I l--l
nguyén 1y c6 thé la s6 phuc hoac ' L4

ham so cua p.
V&i mdi nguon didu khién,
ma tran truyén dat va thém mot h I
ma trdn nira c6 y nghia. Ma trdn .4, _,,
truyén dat nguoc khong c6 ¥ l
nghia véi bat ctr ngudn nao. : _ - '
o o 1K

Hinh 4.1.

Céc ngudn diéu khién 1a cac bdn cuc khong twong hd. Theo cac biéu thuc (4.2 dén
4.5) AA=0. Céc nguodn di€u khién 1a cac mach hai ctra tich cuc, vi i; = 0 hodc u;= 0,
do do6 cong suat nhan duoc ¢ so cap p= ui = 0. Con bén thir cap nguodn dugc mac tai la
hai cuc s€ cung cap cong suat cho tdi, nghia la:

p2<0 va p;+p,<0.

Céc ngudn diéu khién c6 tré khang trong, cac ngudn diéu khién dai dién cho phan
tr co ban cua hai ctra khong tuwong ho.

Mach hai ctra tich cuc c6 thé dwgc mé hinh hoa mét ngudn cé tré khang trong, do
la nguén dong dién va dién ap theo Tévonin hoac Noton. Cling twong tu nhu vay, cac
nguon diéu khién dugc bo sung thém tré khang trong Z, bén so cap va tré khang trong
Zy bén thur cap, ta s€ c6 cac nguon diéu khién cé tré khang trong hinh 4.2.

Ngudn A A: — ap diéu khién ap.

ol 2 St
= . ; = . (4.6)
U, u o Zy| |1 1, Y./ =Y Zu] |1,
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Nguon diéu khién DA: — ap diéu khién dong.
A e B e
1, g Y, ||U, 1, YY/g +Y,/g
Nguon A D: — dong diéu khién ap.
(] [z, olf1n] [U] [Z,/r -Z,7Z,/r| U,
u,| | r Z,,_'_Ij;{ll}:{ 1r —Zb/r}{ljm'g)
_Il_z_Za o"'ll}{m}{—zan/a +Za/a}{U2}(4.9)
u,| |a Y,]|U, I, -Y,/a +1/a I,
Vi moi nguén diéu khién, ta c6 nhan xét 1a:
z12=0; y12=0; h2=0; g2=0; A4=0

Ngudn DD.

Zb |2 |1 |2
uy, luz lu1 Z. [ 48U N2y luz

Q) AN ) b DA

i VAN h 2

lUI Z, % rly le lU1 Zai] % ol %Zb luz

<) A'D d) DD

Hinh 4.2.
Diéu nay c6 nghia la phia thir cap khong tac dong trd lai phia so cap (U=

Zal, hay I, = Y, U, khong thé phu thude vao U, va ), vi vay cac ngudn diéu khién 1a
mach bon cuc khong tuong hd.

Néu Z W= YL , Z, = YL khong léy cac gia tri cuc tri thi bdn nguén dién diéu khién
n b

c6 thé thay thé 13an nhau. Chi co diéu can cha y 1a U, hay 7, 1a dai lugng diéu khién, vi
Ui= Z.I,. Cing nhu vay ngudn dién ap dugc diéu khién véi tro khang trong Zy, c6 thé
duogc thay thé bang nguon dong dugc didu khlen voi tro khang trong la Z,. Con néu Z, =
0 §h1 ChquO thé I, 1a dai lugng diéu khién, néu Z, = 0 thi chi c6 thé nguon dién ap duoc
di€u khién.

Khi bién ddi twong dwong cic ngudn diéu khién thi ciing can tinh tuong dong cac
thong sb L g, 1, 0 theo Z,, Z.
4.1.2. Céacviduy

Vidu4.1: Hay viét thong s6 ay; theo céc thong s6 va so d6 mach khac nhau:
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Theo AA: a,, = 1 , Theo DA: —u = g7, do do:
7

— -Y,
g =—L -5, (4.10)
gz, g
Theo A’Dthi/y =Y, Uy nén pU, =vl, =rY,U,, vy p=rY, , tur do:
1 Z
a, =— =20 4.11
"y, (4.11)
Theo DD thi —uU, = 6/, Zy= 0Y,UZ,, do 46 u=—-0Y,Z, va
— -7,
a, = ! = ab . (4.12)
aY,Z, o

Vi du 4.2: Hay thanh 1ap tit ca cic ma tran thong sb c6 thé v6i ngudn diéu khién
A A dugc dac trung bang cac phuong trinh sau:

Ul = Zall
; (4.13)
Uy=uU,+2,1,
Ttr hé phuong trinh trén ta co thé viét:
" Z, 0
[Z]= ; (4. 14)
_/lZa Zb
Theo bang quan hé cac thong sb ta viét dugc cac ma tran khéc:
Y, 0 1/ -Z,/
1= o, Y}’ [A]:[Y /iz vz /ﬂy}
L b b a a“™b . (415)

Ly ) L a]

4.2. SO PO TUONG PUONG MANG 4 CUC KHONG TUONG HO

Chung ta s& n6i dén hai loai so dd twong duong, loai so dd twong duong thuc té
gom hai tré khang va hai ngudn diéu khién, va loai so d6 twong duong T va 7 tich cuc
goém 1 ngudn diéu khién va 3 tro khang.

MGbi loai cua so d6 twong dwong thuc té gin 1ién voi mot hé phuong trinh dic tinh.
Chung ta hay xét loai phuong trinh tr¢ khang:

Uy =2Znh + Ziah; Uy =201 + 2ol (4.16)

Theo phuong trinh thir nhit, dién ap o cua 1(U1) bang téng dién ap sut, trén tro
khang z;, do dong I; gy ra va ngudn ap diéu khién bang dong z;, [». Ciing twong ty nhu
vay c6 thé suy luan cic phan tir & cira 2 theo phwong trinh thir hai. Tir d6 ta c6 so do
tuong duong hinh (4.3).
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| 1. .
5 h.. =
I, ] I-_[ L, ”'U ? i
- le-l- ' ¥ E 'I
A | i

| Al

Hinh 4.3.

Theo cach trén ta co théNVé so d0 twong dwong theo hé phuong trinh dan nap hinh
4.3b, theo h¢ phuong trinh hon hop (4.3¢) theo hé phuong trinh hon hop ngugc hinh
4.3d.

Hinh 4.4.

Céc so dd twong dwong trén hinh 4.3 vi 14 loai so d6 gém hai tré khang va hai
ngudn diéu khién. Bay gio ta hiy thanh 1ap loai so d6 trong duong gdm 3 tré khang va
mot ngudn diéu khién.

Bén phan tir doc 1ap cua so dd twong dwong trén c6 thé chon sao cho trong s6 d6
¢6 3 phén tir thy dong va chi ¢6 mot ngudn didu khién. Cac so d6 nay co thé duge lap
thanh tir cac so dd chuén hinh T va hinh i, bang cach gian ndi tiép ngudn dién 4p diéu
khién vao mot trong ba nhanh ciia cac so do hinh 7 hodc mic song song ngudn dong
diéu khién vao mot trong ba nhanh ctia cac so @b hinh 7.

C6 thé viét hé phuong trinh dan nap ciia cac so d6 hinh 4.4,

L=, +Y,+g )V, -1,U,

L=-Y,U +(,+Y,)U, *.17)
Theo so d6 hinh 4.4b:
I, =Y, +Y,+g,)U,-Y,U, ; @.18)
I, ==Y +g)U, + (¥, + 1)U,
Theo so d6 hinh 4.4c:
I, =, +Y,)U -Y,U, 4.19)

12 :_(YB +gc)U1 +(Yc +Y3)U2’
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Cé.C mach hinh 4.4b,c giéu la mach khong t-
uong ho vi yi; #y21 cac so do twong duong b, ¢ co
thé dung duoc.

Cac so ‘dé trong duong c6 ba tr¢ khang va
mot nguon diéu khién thuong gap nhat la cac so do
hinh 4.5.

I =y,U +y,U, £y,U, - (4.20)

I, =y, U+ y,U, £y,U, £ y,U,

Theo Sy do trén néu Y21 =Y2 (hoac Zn=
zy1) tuc 1la néu mach dién twong ho thi cac so do trén
lai tr& Yé dang so dd chuan hinh 7 va hinh T mach
tuong ho.

4.3. PHAN TICH MANG 4 CUC KHONG TUONG HO

Phuong phap phan tich mang 4 cyc khong tuong hd noéi chung khong khac so voi
mang 4 cuc tuong hd, tuy vay v6i so do didu khién can phai lap duoc cac phuong trinh
mang 4 cyc, sau do dua vao do moi tinh toan dugc. Ngay ca khi dé c6 cac ma tran dac
tinh [A], [Z], [Y], [H], [G] cua mang khong twong hd va can cha y voi bon thong sé doc
1ap, cac cong thirc & phan tuong hd s& khong dugc ap dung nira. Chu y bang quan hé 6
ma trn do (bang 3.1) cho v6i 4 thong s6 doc lap cua 6 ma trén, d6 la téng quat dung d-
uoc cho ca 4 mang cuc khong tuong hd (khi 4 thong s6 doc 1ap) va ca twong hd (3 thong
s6 doc 1ap) nhu da xét ¢ trén. Nhu vay téng quat hon sir dung cac ma trdn 4 thong so
doc 1ap ¢ mang 4 cuc khong tuong hd, sau diy qua mot s6 vi du dé thiy rd diéu do.

4.3.1. Cho so dd tim cac ma tran mang 4 cuc

Vi du 1: Cho so d6 hinh 4.6. Tim c4c ma tran co thé

clia mang 4 cyc nay. L S
i =jIZa L U,
Giai: ) Z.(] ull
uy =1,Z, + pu,
{ Z,1
iy = uZ 1+ 2.1, Hinh 4.6.
ay c6 [Z] {Z" 0 at 1,1, tir [Z]
vay co: = rat 1,1, :
#Zﬂ ZC
1 .
I, =—1U,
Z, .
1 . u
12 =Z—u2 —Z—ul
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_ 0
vay co [Y]: u L
Z., Z,
1 . .
I =—1u U=z =—u,-z,z.1,
z, P
hay: | |
l,=—u,~-z1, I, =—u,—z1I,
e, Mz,
l _ZLIZC‘
vay [A]: 'ul
- _ZC
HZ,
An  _An
—a A oM
AA AA

Nhu vay AA = 0 s& khong thé tim [B] hay [B] khong ton tai.
Xét tiép [H]:

u, =2,1,
zZ . ;
I, ——,ch -1, + Z u,
Z, 0
vay: [H] = Z, 1
ay: [H]=| _ ule
ZC ZC
1 .
. I, =—u, X 1 0
tim [G]: z, ; Vay: [G]=| Z,
U, =i, +Z1, uoZ
Vi du 2: Cho mach hinh 4.7. Lap c4ac ma tran co thé cua mang 4 cuc do:
Giai:
Lap phuong trinh vong:
u, :jl(Za +Z,)
i, = i, + 1,7,

1'11 = il(za +Zb)
u, =u(Z, +Zb)il + Zciz
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véi [Y]=]z] co: Hinh 4.7.
1 .
1= u
Z, +7Z, '
u . 17
]2 :—Z—cul + Zc u,
VA 1 Z 0
A — a + b
Vay [Y] - _ﬁ L
ZC ZC
1. oz
u, :;uz _; 2
lap [A]: :
u, z,

1= - I,
ﬂ(za +Zb) /Ll(zn +Zb)

1 _Ze
viy: (= s
ﬂ(za +Zh) ﬂ(za +Zh)
Xét: AA:l{— Ze }rz—c L
ul Mz, +z,) ] pouz, +z,)

v6i A4 = 0 s& khong ton tai [B]

u =(z, +Zb)j2

Lap [H . . ;
P [H] [2:_ﬁ(za+zb)ll+Lu2
ZC ZC

z,+z, 0

vay: [A]=| wm(z,+z,) 1

ZC ZC

I = ! u
lap [G]: z,+2y,
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1 0
vay: [G]= z,+z,
H z,

Vi du 3: cho mach hinh 4.8.
Tim ma tran [Z], [A], [H] cho mang 4 cuc.
Giai:

Lap céc phuong trinh:

jl:jb_glfzz (a)
Lll:lea+ijb (b)
u, = szC + (©)
Thé (a) vao (b):
u =12, +7,(, +gu,) "
I/.ll:]'[(Za-f-Zb)-}-gauz
Thé (c) vao (d):
ulzjl(Za +Zb)+ga'(jZZc+W1)
u=(-guz,)=1(Z,+2,)+8Z,Z 1,
Z +7Z, . 77 .
I,.ll: a+ b Il"f' g b ¢ ]2 (e)
(I-guz,) (1-guz,)
Thé (e) vao (c):
7 Z VA4 . 7 7
U, =07 +u-2eto j o, 8% j
(I-guz,) (1-guz,)
Z,+7,) . 2.
u, :M_zl +(ZC +%j12 ®
(I-guz,) (1-guz,)
1- 1—
Tu (e) va (f) co: [Z]= (1-guz,) (1-guz,)
(I-guz,) ¢ (1-guz,)
Tim [A]:
: 1. Z,
T iy =iy = =< ®
H u
. y Z
Tir (d): ==ty (h)
Z,+2, Z,+Z,
: . - z .
Thé (g) vio (hy: [, =——28% 4 2o L j (o

-z |
wZ,+2,) ° u Z, +Z,

a
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1 z

. , £ 41 U U
T (g) va (e) co: [4] = 1- ugz, z,
/Ll(Za+Zb) ﬂ(za—i_Zb)
Lap [H] tir (d) c6: a1, = (z, +z,)1, + gz,ii, (m)
Tir (c) ¢6: h=—ty Ly,
ZC C
thé (m) vao: I, =iu2 N
z, z, z,
I, :Z_(l_ﬂgzb)”z _Z_(Za+Zb)Il (n)

T (n) va (m) co:
Za +Zb ga

= 1
HI=_ 2, 4z (- ugz,)

c c

4.3.2. Tim cac ham truyén dat

z z
Vidu 1: Cho mang 4 cuc co: [Z] ={ ! 12} v6i Z¢ nhu hinh 4.9.

Zy Zy;

Hay tim truyén dat ap va dong.

ZEE Zpl L‘
-—l‘—-—-—- ||
I Zy zZ, Lz
] — s -,1.|1
Hinh 4.9. Hinh 4.10.

Giai:
Dung so dd thay thé 2 nguén hinh 4.10, ¢ day ghép z ndi lién vao zy, dé c6 ma
tran tré khang méi [27].

Chu y ma tran (Z°) & ché d6 ngan mach i, =0 nhung I, = I,
- Zn %
Vo: Zy=zy+z, co:[Z']=
Zyn Ip
uy =zl + 2,1,

Véi u, =0co: {

u2 =0= 221j1 +Z;2j2
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, z z
Rt ra: 2=l 2l ) 4.21)
I, Zy Zytz,
. u
Tim: k, =—%7?
u,
k _u_z_ IZZpt _Zpt _ _Zpt
u . ; Ol -
u, z I, +z,1 N L 4 Zu
1272 2t
2 i
B —k,z, B +Z .2y L Z,Zy (4.22)
‘oz +kz, —z,z, +z,(z,+z) Az+z,z ~ .
11 i“12 12421 1120 pt 114 pt

Yi du 2: Cho mach di¢n c6 mang 4 cuc
da biet Y, va [Y] nhu hinh 4.11 vdi

1
Y, = Z_,,, .
Hay tim &y, & ?
Giat: Hinh 4.11.
Str dung so dd thay thé hinh 4.11 khi ghép song song y», va Yo dé Y=

y22 + Yy thi so @6 ing v6i 4 mang cuc (¥”) bi hd mach 7, =0, con i, =u,.

{Il = Yuly + Yl
1; =0=y,14, +Yzlzl/.‘2

Ritra;  k,=-2=-22- "Ja_ (4.23)
u, Y, J’22+th
I -Y u -Y Y
Tim: k=t =t == L (4.24)
Iy yguy + i, y”ki_,_ylz AY+y11th

Vi du 3: Tuong ty nhu vi du 2.
Hay tim k&, ki v6i mang 4 cuc cho trudce:

[H] — |:h11 h12:|
h21 h22

| h_||

Lap so dd twong duong hinh 4.12. Khi llJ hagts

1
ghép Y // hyy dé co: o
. 12
H,, = h,y, +Y,, v6i mang hé mach 7, =0
s€ ¢O: Hinh 4.12.

1
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u, = hy 1+,

I, =hyl, +Hyiiy =0 > hy Iy =—Hyl, —
pt
-H
Hay: 4, =h,.—2u, +h,u,
21
R - B — (4.25)
Uy —hH' hyhyy = hy H o, AH+h11th
12 2
hy,
Tuong ty tim dugc:
_jz :_hZIth __h21'th (426)

l jl Héz sz+J’2z

Vi d}; 4: Cho mang 4 cuc lam vi¢c voi tai /i |
Zy vangudn E c6 Z hinh 4.13. ! a2
Tim céac tré khang vao Zjy tré khang ra %U'l 2 ¢U£ 2
Zov, truyén dat k. = uo/E. i ]
Giai: Xét so d6 hinh 4.14
Hinh 4.13.

Ghép Zy ndi tiép Z» dé ¢6 Z,, = Z,, + Z,, va cb:

L Zy
Iz, L
u =1z, +1,zy FLF ;L i; | J*‘lLJIJHP-
Tu ul:[1(211+2121‘_2):II(ZII+ZIZki) R R S
1
a, = 11(211 —Z",ﬁJ (a) Hinh 4.14.
Zy
Dit 1, = z,,/, thi tir (a) co:
Zy = Zn— 212221_; (4.27)
Zptz,

Vay tr¢ khang vao ctra 1 z;, 1a ham cua zy va z,.
Neéu déo dau cura 1 cho cua 2 thi xac dinh dugc z;, tuong tu nhu zjy,

Z.,Z
1221 .
ZZv = Z22 - s (428)
z, +z
Vi cua 2 1a ctra ra nguoi ta goi zpy 1a trd khang ra ciia mang 4 cuc hay:
Zi~Z
1221 .
Zyg T2~ 5 (429)
Zy +2;
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Hay xac dinh:  k, =—

Nhén xét trong so do thay thé hinh 4.14 voi [zik] cua mang 4 cuc ta co thé ndi tiép
z va z)) clia mang dé ¢6: z,, = z, + z,,.
Khi d6 theo hé s6 khuéch dai ap: di biét & phan trén.
1/22 ZZIZpt

k =—2—

u .
U, z,(zy +Zpt)_ZIZZZI

Thay z;; bang z’1; va sau d6 1a z;; + z; dé co.
ZZIZ

k, =% = u ; (4.30)
E  (z,,+z,)zy +2,)— 2,2y

Cong thire (4.30) 1a rat t(f)ng quat khi phan
tich mang 4 cyc. Tur ddy c6 thé tim dugc cho ca O
cac ma tran [Y], [H]... theo bién doi hoac t- - A

wong tu. LE e ‘f.q]
by =

‘T E (hy, +2,)(hyy +Y,) = by,
(4.31)

Hinh 4.15. ‘ i
Hay theo so do phan ap hinh 4.15 c6 thé tim:
PO S R
CE oz, ,+z "

Zyy ( J’21) (4.32)
z,+z; y22 +Y

k =

e

4.4. GIRATO VA NIC
4.4.1. Girato
Ky hi¢u cua Girato dugc vé€ trong hinh 4.16.
Thuec té Girato 1a mach 3 cuc, do d6 cac cuc dudi c6 thé ndi lién nhau.

H¢ phuong trinh tré khang cua Girato:

Y=l (4.33)
U,=rl, "’ '
Tu d6 r 1a dai long c6 thr nguyén I ; L \ L

dién tr¢, noi chung r mang gia tri thyc
(dwong hodc 4m), nhung vé 1y thuyét r L, D Uy (L | S,
cling c6 thé liy dugc cac gia tri phue, l‘ C ¢ " <>—r| ¢ ‘
hodc 1a ham cua p, (p 13 tan sb phuc), . . e .
chiéu clia r cling c6 thé liy nguoc lai, Al b}

lac ay thay vi viét r ta viét gi tri (- r).
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Tur hé phuong trinh co ban cua Girato, ta thdy rang cac phwong trinh hdn hop ng-
ugc khong ¢ y nghia. C6 3 ma tran thong s6 dung dugc cho Girato:

1

0 —r 0 - 0 -r
7= Y = f A=|1 ; (4.34)

T 0 1 — 0

-~ 0 "
r

Theo cac ma tran trén, Girato 1a phan tir khong tuwong hd, vi ta nhan thay:
Zun=-z1; Yyn=-ya; A=1; (4.35)

Vi cac thong s6 mang nguoc dau v6i diéu kién tuong hd, nén ngudi ta thuong goi
Girato 1a bon cuc phan tuong ho.
Chung ta hiy x4c dinh ham thoi gian cta cong suét Girato:

p(t) = u, ()i, (1) +u, (i (£) = (ri, >[— ﬂj +u, (00, (1)
r
= u, ()i, (£) — i, (D), (£) = O

Cong suat tirc thoi ciia Girato bang khong, c6 nghia 1a d6 1a phan tir quan tinh,
vay day la phan ti khong twong ho, nhung thy dong.

(4.36)

Hay tinh tré khang vao cua Girato néu cira 2 dit tré khang tai Z(p).
u, —rl —rL r’
=== L=—; (4.37)
I, u,/r -ZI,/r Z
Vay véi Girato quan h¢ gitra tréd khang vao ¢ cua nay véi tréd khang tai ¢ cua 2
duoc:

Zy. Z=1% (4.38)
Vay theo (4.38) tré khang vao cua Girato ¢ ctra nay voi trd khang tai ¢ cua kia la
hai phan tir d6i ngau v6i nhau. D6 1a tinh chat quan trong nhat cta Girato vé mat trng
dung.

néu: Z = L
prC'
thi: Zy =1 pC=pr’C=pL, véi L="C (4.39)

Diéu nay c6 nghia 1a néu mic tai 1a tu dién thi khi nhin tir ctra 1 Girato s& dong
vai tro mot cudn cam. Boi vi tu dién 1y tudng co thé thuc hién dugc gan dung mot cach
dé dang, Girato s& gitp vao viéc thuc hién gan ding mét cudn cam ly tuong, ma viéc
nay khéng bao gio c6 thé thuc hién duoc bang phuong phap ché tao truc tiép.

4.4.2. Mach bién d6i ngau khang am — NIC
NIC ky hi¢u trén hinh 4.17a.

Phuong trinh NIC:
th =kt (4.40)
I, =k~ '
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O day k n6i chung 1a s6 thyc, thuong 6 gia trj k = 1. Tuy theo gi tri k ma NIC
¢ tinh chat riéng. Vi k=1 thi:

hi=ih (4.41)
I,=1, '

Va duge biéu dién & hinh 4.17b. Pac diém do nguoc chiéu cua dong nén goi 1a 1
NIC (ngugc I). V6i k=—1 thi:

u, =-u,
; (4.42)
I'y=-I,
_ Vadugc biéu dién ¢ hinh 4.17¢. Pic diém cung chiéu ctua dong dién nhung nguoc
chi€u dién ap nén goi 1a U NIC (nguoc U).
Ta c¢6 nhan xét hé phuong trinh ctia NIC chi khac

hé phuong trinh cia bién ap 1y tuong & diu dai s trong L — ol
phuong trinh thir hai. Theo hé phuong trinh (4.40) do ll# LI:\BS:] LI
thay ring doi véi NIC, hé phuong trinh tré khdng va dan a) . S
nap khong c6 y nghia. ) | — |
Cac ma trén c6 y nghia: &LJ, ks UJ
0 k 0 1/k k0
Iy LINIC U4
(4.43) ' k—-1 | 3
NIC ciing 1a bdn cuc phan twong hd (vi Ad= 9

+1). Néu xét cong suit tirc thoi tong cong ca hai cira cia NIC ta khong thé co gia thiét

gi vé déu, do d6 NIC 12 bén cuc tich cuc.

Tro khéng vao ¢ cira 1 khi méc tai ¢ cira 2: Hinh 4.17.

Z, =ﬂ:&:+k2&:—k222;
1 Lk 1
Vay: Z,=-k*Z,(p); (4.44)

Theo (4.44) trd khang vao ciia NIC chinh bang tré khang tai véi ddu nguoc lai, do
d6 co tén goi mach nay 1a bién doi tro khang am. Vi du, ta c6 tai la dién tro R thi dau
vao cta NIC twong tmg véi dién tré am (— R), néu tai 1a dién dung hodc dién cam thi
dau vao tuong dwong voi dién dung hodc dién cam a4m. Vay véi NIC ta co thé thuc hién
duoc cac thong sb dién dung, dién cam am. Con cé thé nhan théy hai mach NIC mic
song song voi nhau s€ tao ra dugc mot Girato. Tuc la co thé tao ra thong sb dién cam tir
thong sb dién dung. Vay véi cac phén tir dién trd, tu dién va mach NIC, ta c6 thé mé
hinh ho4 bat ky mé6t bdn cuc tuyén tinh nao.

Vi dy: Cho mach ¢6 so @6 2 NIC k =1 va k=—1 véi cac dan nap G nhu hinh 4.18.
Lap ma tran Y cho mach.
Giai:
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Hé phuong trinh dan nap ctia NIC dugc méc thém dién tro duoc viét (voi k= 1;
k=-1).

: I ,
I, =GU, +GU, vi (Ul :El_Uzj ; I, =—GU,+GU, (vil; =1).

. . : \ I
I, =-GU, -GU,vi (I, =-1,) ; I, =-GU, + GU, vi [EZ+U1 :UzJ.

Dan nap tong hop cua 2 mach NIC mic song song dugc viét:

[Y]=[Y]+[Y"]= 0
- =26 0
Nhdn xét: [ Y] vira dugc tinh déng dang v&i ma tran Y cua Girato theo:
1
0 _
[Y]= " (4.45)
1
-— 0
,
G 13
NIC
o | . k/:71 |2
J U1 H,’ G |£/ UZ
NIC
] K=

Hinh 4.18.
Vay so dd mach trén twong duong vi mot girato c6 thong so:

g =2G hay (rzg)

4.5. TRANZITO

Rranzito duoc coi 1a 4 cuc, voi cac tinh chat sau
day:

— Dong émito duoc phin phdi giita bazo va
colecto, ty s6 gitra dong colecto. i. va dong émito ig cla
mot tranzito cho trude thuong 14 hing sé x4p xi bang 1.
Hinh 4.9a.

lC

o =—=0,98+0,998; (4.46)

E

Dong bazo:

/;:_CZIL_[;>1; (4.47)
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(4.48)

(4.49)

) I, 1
ip=(1-a)iy; y=—"=—"=0+p);
i, l-a
a=—ﬂ ;
1+ 4
B E
ju U
- ‘.C - —

Hinh

4.9b,c.

Dong émito chu yéu dugce xac dinh bdi dién ap ugg va phu thuéc mat it vao dién
ap colecto. Tur d6 dong colecto i, = 0 ig cling phu thuoc mat it vao di¢én ap uce.

QUE= g

o

I's U2¢

Hinh 4.10.

Tur cac tinh chat do cua tranzito c6 thé xay dung so d6 tuong duong cia né nhu
trén hinh 4.10. Trong so d6 nay cé nguon dong phu thudc oig, cac dién trd rg, rg va re
duoc xac dinh boi hé cac tuyeén cua tranzito. Cac dién trd nay la cac dién trd vi phan cua

cac thanh phan dong xoay chiéu ¢ bién do nhé dam
bdo, doan lam viéc tuyén tinh trén dac tuyén cua
tranzito. Noi cach khac, tranzito lam viéc voi diéu
kién khuéch dai tin hi¢u nhd. Cac dién tré rg va rp t-
wong d6i nho (rg 1y gi tri vai om dén vai truc 6m,
rg ldy gia tri dén vai trim 6m) trong luc d6 rc rat
cao (tir vai trim kQ dén vai MQ). Trong mach
tuong dwong hinh 4.11a,b,c nguén dong phu thudc
ig Vi noi tré rc duogc thay thé bang ngudn dién ap
tuong duong voi ndi trd rc. Pién ap cia nguon
bang:
eng =0 lic— rc=rmie; Odayry=
0. rc; (4.50)
Su khuéch dai tin hiéu trong tranzito c6 duogc
do cong suat tidu tan trén dién trd tai boi thanh phan
xoay chiéu ctia dong ic 16n hon rat nhiéu cong suit
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cua ngué)n tin hi¢u dat vao cap dau bazo— émito ctia mach dién.

Tuy theo cach chon cac dau vao va dau ra co thé co ba loai mach khuéch dai
tranzito, hinh 4.9a,b,c.

Trong hinh 4.9a dau bazo 1a diu chung cua cira vao va cira ra, trong hinh 4.19b,
émito 1a dau chung, trong hinh 4.19¢ colecto 1a ddu chung. Chung ta hay thanh lap cac
biéu thuc tinh dong va 4p & cac cira mach trén. Dé don gian cho tinh toan ching ta hiy
bo qua céac tu dién gilta cac cyc cua trazito, do 1a diéu cho phép khi tranzito lam vi¢c &
cac tan sd khong qua tai MHz. Trong trudng hop ndy, trong cac so d6 twong duong chi
¢ cac dién tr thudn rg, rg, rc do do6 cac bién do phuc E, I co thé duoc thay thé béng
cac gia trimo dun E, .

Trén hinh 4.11 ¢6 3 so dd nbi tranzito co ban. Xét phuong trinh cia ching.

Theo hinh 4. 11a d6i véi mach bazo chung ta c6 thé viét hai phuwong trinh sau:

{Ulz(rE+rB)11+rBlz : (4.51)
U,—e, =1zl + (1. +1r5)l,
Thay ey = rml.= rml}, ta viét duoc:
Uy =(rp +1p)l, +151, i Hinh 4.11. Ba so dé twong
U, =(r, +ry), +(r. +ry)l,° dwongcua tranzito
C6 thé tinh duoc cac thong $6 Z: i
In=rgtry
Zy =T
2o ; (4.53)
Zy =1, +1y
Ip =Tt
Fo =211 =212
=z
bk : (4.54)
Fo=2p—Zp
Fn =221 =212
r.+r r
Tir d6 co: [ZB]{ EoE b } (4.55)
N

Theo hinh 4.11 dbi v&i mach émito chung ta c6 thé viét hai phuong trinh sau:

{Ul =(rg +r)l, +r1,1,

; (4.56)
U, =g —r ) +(rc —rp)l,

(U, cung chiéu véi ey va ey = rmlg = rm(l1 + Ip). Tur cac biéu thirc (4.56) ta rat ra
ma tran Z trong truong hop nay:

[z:]= {FE o ' } ; (4.57)

Vg —r, Yr.—r,trg

Ciing tuong tu nhu vay ta tim dgc ma tran Z cia mach colecto chung trong hinh.
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I”B-‘r-l"c l"c—l"m
: (4.58)

I”C+7"E—l"1

[Z:]1= |:
c m
Nhu vay ma tran tré khang hd mach Z cta cac loai mach trén déu duoc biéu dién
theo rg, rc, rg vary, = 0 re.
Tt ma tran Zg ta c6 thé tinh dugc cac ma tran ¥, H dua theo bang quan hé cac
thong sb. Tir biéu thirc trén ta co quan hé 6 theo &: (4.49)

o= p
1+p
Va véi gia thiét rg <<(1- 0) r¢ ta tinh duoc ma trin Y cta mach émito chung nhu
sau:
1 z -z
[v;]= —{ . ”} (4.59)
AZ| -z, 2z
Thay céc thong sb Z; trong biéu thirc (4.59) vao AZ va thay gié tri Fm =
o rc ta co:

AZ=z1z12— z12z21 = [(1— O )rg +rg] rc + rere

S

Sau d6 thay a =
1+

vao vé phai AZ bo qua rp, 7 ta nhan duogc:

[r, + 1+ B)r, e

AZ ~ g : (4.60)
+
Ta viét duoc:
1 A+ p)r,
|+ A+ By [+ 1+ Byl |,
DS T g et | (361
ry+ 4+ Byry [ry + 1+ ByreJre
Ma tran H duoc tinh:
AZ
EAE ZLL ) Zﬂ; (4.62a)
ry +(L+Byr. A+ P, /v,
[H]= B 1+ ; (4.62b)

Te
Ma tran H thudng duoc dung nhiu nhét trong 1y thuyét va tng dung cua cac
mach khuéch dai tranzito.

Trong mach dién c6 tranzito méc émito chung, cac thong ) hjj trong hinh 4.13 c6
nghia sau:
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Uy =hyply +hy U,y
Iy = hypdy + hy U, (4.63)
(, =1g,1,=-1c)
~ hyiz 1a h¢ s khuéch dai tinh dong dién khi
ngan mach cua ra.

h;;: 1da tr¢ khang vao khi nang mach
cua ra.

hyp: 1a ty s6 dién &p ctra vao vdi ctra ra cua
tranzito khi mach ho ctra vao.

hy: 12 dan nap ra khi hé mach cira vao.

A . N R Hinh 4.13.
‘Theo hé phuong trinh hon hop cta bon cuc ta
c6 thé bi€u dién dong colecto cua tranzito nhu sau:
Ic = ha1elpt hpeU (4.64a)
U
Vi: I,=—- vaZ, =R, tachd:
Zv] 1 1
Ul
Ie = hyp -+ hUy = SU, + U, (4.64b)
S 1a d6 ddc cua duong dic tuyén Ic (Ugg). Tai diém Ugg = Ugeo
— d]C — h21E
dUy R,
. 1.
Trong d6:  hy, =—|ucpy s (4.65)
IB
Tir biéu thire trén ta c6 thé v& so dd trong duwong clia mach colecto cua tranzito va
che¢ do lam viéc  tuyén
tinh cia mach khuéch  dai
tranzito  co . I émito chung.
= |
| Nz
R, 7 AN
sU, ‘ o, IR []4Y: i >
_.LE__ <§ U]
t
a) b)

Hinh 4.14.

Thay I. = — Y1U, vao biéu thirc (4.25) va chia cho ca hai vé cho U; ta nhan duoc:
(khi Hy2H5; <<1):
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PV N Y (4.66)
h22+Y R (h22+Y)
Néu /1p)<< +Y, ta co:
Y,
S= h21E/ Rlv (468)

Ba mach khuéch dai trong hinh 4.9a,b,c co6 cac tinh cht khac nhau.

Tir phwong trinh din nap Y ¢6 so dd twong duong hinh 7 cta tranzito ndi émito
chung (cht y dén cac tu dién ky sinh) trén hinh 4.15.

Hinh 4.15. Hinh 4.16.

Dbi véi tranzito ndi bazo chung, tir phuong trinh dan nap Y, ta v& duoc so do t-
uong duong hinh T nhu hinh 4.16.

4.6. KHUECH PAI THUAT TOAN

Mach khuéch dai thuét toan chira cac phﬁn ttr tranzito, didt, ph?m ti thu dong R, L,
C va ndi chung sao cho trén cic clra vao va ra cia nd c6 nhitng dic tinh dic biét phu
hop cho nhiéu timg dung cua k¥ thuét dién tur.

Mach khuéch dai thuat toan 1a mot trong nhirng phén ttr dién hinh cua bbn cuc
khong tuong hd, tich cuc, né dong vai tro quan trong trong tmg dung thuc té. C6 thé néi
mach khuéch dai thuat toan ngay nay dé trd thanh phan tir co ban thay thé cho vi tri cua
tranzito trudc day. Mach khuéch dai thuat toan 1a tén goi cho cac mach khuéch dai duoc
ndi truc tiép voi nhau co hé sé khuéch dai cao, trd khang vao 16n, tré khang ra nho va
véi cac mach phan hdi khac nhau, mach thuc hién nhitng chtrc ndng khac nhau. Vé mit
1y thuyét ciing nhu vé mat ung dung thyuc té mach khuéch dai thuat todn cang tro nén
quan trong do sy phat trién nhanh cia su t6 hop. Trudce hét do su san xuat hang loat cac
mach t6 hop tuyén tinh don tinh thé, cac mach khuéch dai co ban c6 tinh chat nhu vira
ké trén dugc san xuat Vi s6 luong 16m, voi gia thanh ha. Mach khuéch dai thuat toan c6
nhiéu wu diém vé k¥ thuat va vé kinh té nhu c6 thé thuc hién mach theo cac tinh chét
cho trude nhd mach phan hoi c6 do tin cdy cao v.v... hodc do viée ding véi sé luong
16n cac mach co s¢ cung loai nén gia thanh cua toan mach ré du mach do rat phuc tap.
4.6.1. Pic trung so dd khuéch dai thuit toan
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Ky hiéu ciia khuéch dai thuat toan (KPTT)

trén hinh 4.17 v6i cac dau vao ngudn, chung va ra VAD | g 1Ll
. - |
nhu sau: vda R
— Cung cap doi xtng duong U, va am Chtlﬂiﬁ L "
Ve L o
— Dau vao chung thuong noi dat (M) va \ B
chung cho ca hai phia vao va ra co6 thé oM = A
0.

— Hai dau vao khong dao (+) va dao (-) ¢6 ¥
nghia thay do6i chi€u dién ap ra U,,.

Pé tién phan tich thuong khong v& ngudn va !

ldy dau chung 1am gdc cho cac dién ap vao ra hinh 1|‘ _

4.17b. o /= &
O hinh 4.17b thuong ky hiéu ap dit vao  h) -

khong dao U, , dao U, va cac dong vao I, ,1,

, O .. Hinh 4.17.
twong Ung. Ca dién ap vao va ra U, dugce so voi

chung M (mat).
Céc thong sb dic trung KDTT (tdng quét cho cac loai) gdm:
— Hé sb khuéch dai (tinh mét chidu) K, hay K, 1a hé s6 khuéch dai vi sai.
U U

K, =K, = " =T (4.69)
Uo _Uo Uo

Chu y rang day 1a hé sd khuéch dai vi sai U, =U; —U, va mot chiéu. Mudn c6
khuéch dai tuyét ddi hodc bién dbi xoay chiéu tin hiéu thi phai thuc hi¢n cach méc riéng
hodc thém cac phan tu phu khac.

Thuong thuong K, c6 thé dat tir 10° =10° tuy loai KDTT.
— Dién trd vao cia KPTT Ry =Ry (tung dau vao khi ngén mach dau vao con lai
v6i dau chung M). R, dat tir 10* +10%(Q).
— Dién tro ra Ry, tong quét tuy theo loai KDTT ma chung c6 gia trj tir vai chuc
(10) dén vai tram 6m (2 +3) (10 = 100) Q 6m.
— Tan sd cit, f; va tan s6 don vi f;.
Khi tin hiéu vao diéu hoa va mot chiéu cong dién hoa thi quan hé cua khuéch dai
dién ap c6 phuong trinh phuc hay pho:
. Kll
K, (jo)| = ————=K,(®); (4.70)
1+ (wt,)
O day: r, ~K, /27f; 4.71)
fi— 1a tan sd don vi

7, la hang s thoi gian twong ting.
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Trén hinh4.18 c6 dic tinh tan s nay véi:
@, =27, va @, =2xf,; (4.72)
W, va f; 1a tan sb cat cua khuéch dai.

Chu ¥ rang khi chi c6 mot chiéu @ = 0 thi cong thic (4.70) chi con K,. Thong thu-

ong KBTT ¢6 f; ¢& 0,5 dén 10 MHz tuy loai. Nhu vay néu mach KDTT lam viéc £; nho
hon 0,5 MHz c6 thé coi:
Ky(w) = const = K,,.

+ Pién tro tai R, chuan. D& KDTT lam viéc 1au bén, néi chung dién trd tai phai co
gia tri cao hon dién trd ra tir (5+8) 1an vi thé nén chon R, c¢& (1+5)K 6m khi
ngian mach cac dau vao véi diém chung. Tong quat dong tiéu tan tir 4 dén 30mA. Khi
phan tich mach khuéch dai thuat toan con quan tam toi gia tri tuyét ddi cua dién ap ra.
Do tinh vi sai ciia ddu vao va céng nghé hién nay noéi chung dién ap vao vi sai u, ¢
chuc milivon (10mv) va déi khi dé han ché n6 ngoi ta thuong lip cac bo han ché (dau
didt) dé bao vé dau vao sao cho u, chi dat gia tri trong khoang trén.

]

L

i
4 0ol

Hinh 4.18. Hinh 4.19.
Po 16n ciia Umax phu thudc vao ngudn cung cép.
Ura max < Ug; (4.73)
Tuy theo KDTT Uy, ¢6 thé tir (5 + 15V).
Trong nhiéu truong hop 1y tudng hoa dé phan tich mach chira KDTT ta thudng

gia thiét:
I =0
{IO “0 : (4.74)
0 =

i ! — .

+'-'u . _I_L. . @g,_l_ Vl‘ ‘J .
A, | -1, L[ .

ul ki
Hinh 4.20
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Mach khuéch dai thuét toan hién nay duoc thyc hién vdi cong nghé MPS chia [am
hai loai:

— Mach khuéch dai c6 dau ra 1a dién ap duoc goi 1a mach khuéch dai thuat toan
(Operatinnal amplifier ky hi¢u OPA), hinh 4.20a.

— Mach khuéch dai c¢6 dau ra 1a dong dién ky hiéu OTA hinh 4.20b.
4.6.2. Phan tich mach chira KPTT

Phén tich mot s6 mach KDTT thong qua cac vi du:

Vidul: Biét U, =AU, =AU, -Uy).

Vé6i 4 =10°biét Ry, R,.

. U .
Tim K, =—"%7 vaR,.

1
Giai:
Xét diém (0) c6 I, ~0 nén cb
mot dong dién /; chay qua R, va R, thé

tai day la @,. Co6 phuong trinh vong 1 va
2:

U=LR+o,
U,+ 1R, =0,
Voi: —Uo= P Hinh 4.21.
Rut: I, = Ri((po —u,), thé U, = A.U, vao:
2
[ = (o —Au) = (cu — du Y=+ ) (1)
1 R2 ¢0 2 R2 o 0 R2
J R2 A N R2
Rut ra: U, :—nll thé vao: U, =1,R, - U, :I1R1+n11
+ +
R
U =1 R +—2
1+ A4
U R
Vay: R, =—1=R +—2—; 4.75
Y A (4.75)

Tir (4.75) néu R, # 0 thi dién tr& vao bang chinh R, vi Ry/1+ A 1a rat nho. Tir
(4.75) co:

U
I, = (1 AE (4.76a)
R + R, R,+(1+ AR,
1+ 4
_U,_ 4R, (4.76b)

“T U, (A+DR +R,
V6i I theo (4.76) néu 4>>1 (4= 10°) thi rd rang:
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I, = % (4.77)
Biéu thuc (4.77) phu hop voi gia thiét phan dau la:
I, =0 va ¢, =0 hay U, = 0; (4.78)
Vi diéu kién (4.78) d& thay:
Uy=—1Ry; (4.79)
Tu (4.79) va (4.77) co:
K =Yu U R (4.80a)
Ul Ul Rl
Mo rong voi tro khang Z,, Z;:
K, (jw) =—M; (4.80b)
Z,(jo)

Vi két qua trén c6 thé vé so do thay thé mach & : ! —
hinh 4.22a. I D ﬂém o
Z
Véi: u=-—2% va 4.22b.
1
Véi: r=— Zz . |
Vi du 2: Tim K, cho mach & hinh 4.23. ‘

E i .
[RPN I- -J'| q LJJ
Giai: l Z %rh ¢
Dién tro R, va R, tao nén phan hoi ty 1& voi U, véi e

al

dién ap trén R;. b)
R, U, =u, (a) Hinh 4.22.
R +R,
Lap phuong trinh vong dau vao:
_UV+U0+Uph:0; (b)
Uo :Uv - Uph; (C)
Theo KPTT co:
AU, = Uy (d)
Hinh 4.23.
R
AU, -———U, |=U,; (e)
R, +R,
= Rl N 1A A 5 Al 3
dat p= 1a h¢ s6 phan hoi thi (e):
R +R,
AUy - 0U)= U, ()
U
Giai ra: K, =—= 4 ; (2) (4.81)
U, 1+p4

Trong k¥ thuat thuong £4 > 20 +30 vi thé gan ding.
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R, +R R
Kﬁ%: & 2:(1_,_?2} (4.82)
1 1

Vi du 3: Tim dién tr& vao va ra cho so dd mach hinh 4.24.

J-’i :SI._I,L K, L fr. |__|I+
+=

Hinh 4.24.
Giai:
Pé tim dién trd vao cua cira ra can phai ngan mach Uy (cuc 2 ndi v6i dat nhu hinh
ve).
: Lap phuong trinh dong qua R, U; va Us. Chu y rang véi hoi tiép Ri/(R,
+ Ry)= 0 ta c6 dién ap trén R; 1a 0 u; va vi qua KDTT ¢6 Us = — 0 AU,. V61 dong dién
vao qua Rj 1a i; co:

Us— U;=— Raiy; (a)
— 6AU~ Uy, =— Rzi, = Uy(64+1)
R
L= v, __& ; (4.83)
i, 1+p4

Theo (4.83) dién tro ra giam rat nhiéu lan c¢& (20+30 = 3A) so v6i R; dién tré ndi
lién cuc ra cia KDTT. Dya theo diéu nay ngudi ta thuong bé v& ngdn mach dau ra bang
cach ndi R = 100 +200 6m Q. Néu R; = 0 ta quan niém rﬁng ban than KDTT Co6 dién
tro ra 7, nao do (cd vai chuc + vai tram 6m) thi theo (4.83) dién trd ra ctia mach:

__R, . (4.84)

Rra 2
1+ pA
Twong tu nhu trén c6 thé coi rang dién tré vao (gitta 2 diém 1 va 2) 1a R, va vi

vy n6 1am thay doi R,.
R
Rv — Vo 5 ;
(1+p4)
Hay: R, =R, (1+p4).
Cong thirc (4.85) di 1am tiang dién tré vao khi c6 hoi tiép.
Vi du 4: Tim dién trd vao va ra cho so d6 hinh 4.25.

(4.85)
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Hinh 4.25. Hinh 4.26.
Giai:
A L ‘ R,
Nhu da phan tich ¢ vidu 3, néu cé R,=0, Rj=o thi: = =1.
R +R,
Vay so d6 4.25 1a mach héi tiép 6 = 1, ap dung cong thirc (4.84) va (4.85):
Ru=Rw/ A vi Ry=RyA;: (4.86)

Theo (4.86) nho c¢6 mach 1dp lai 6 = 1 da lam gidm dién trd ra va tang dién tré vao
cua KPTT. bic¢u nay dung lam hoa hop gitta ngudn va tai.

Vi du 5: Xéc dinh truyén dat ap vao mach hinh 4.26.
Giai:
Gia sir chua c6 dau vao Uy, va R, ta c6:

Ura = — Auy, L= (Uyi— U/ R

Va Ivl = (U1— Ura))/R3.
Giai 3 phuong trinh trén:
U AR
, === 2 ; (4.87)
U, R, —-R(+4)
R
Véi: (4+1) >>173 vid=10°=+10°
1
-R
Nén: K, =—2; (4.88)
Rl
[y UVI
Khi do: R, = - - R (4.89)
1

— "3 thi theo mach tuyén tinh v6i uy, c6

Véi U, ta c6 ham truyén dat K, =
1

R r A A A A 5
K, =——> c0 thé xép chong két qua.
2

Ura = Ky uyi TK 2. Uyy +...;  (4.89a)
Vay tu (4.89a) néuKy=Kp=... Kpn=1 nghia 1a R; = R,= Rj thi ta c6 mach cong




ap ngoc.

Ura = _le - UVZ_ ka; (489)
Vi du 6: Tim khuéch dai cho mach hinh 4.27.
Hinh 4.27. Hinh 4.28.

Giai:
Dung phwong phap xép chong v6i mach dau vao vi sai 4.27 ¢ thé coi 1a 2 bai
toan tng véi 2 dau vao Uy va U, nhu cong thuce (4.88) va (4.89):

u,=U, R, (1+&J—Uﬂ&; (4.89)
R, +R, R, R,
- N A . N . R, £ .
Chu y trong cong thuc trén mach vao Uy, da bi suy giam . Néu chon c6
2 3
quan hé:
R3/ R3 = Rl/R4 ) (490)
Thi: Ura = (Uvz - le).(R3/R1) 5 (4.91)
Cong thirc (4.91) duoc ap dung cho mach trir, néu R; = R, thi:
Ua=Un—-Uy ; (492)
Vi du 7: Tim quan h¢ gitta dong dién vao [, v6i dién ap ra & mach hinh
4.28.
Giai:

Mach dién chinh 1a mach bién doi dong dién vao thanh dién ap.
Xét vong thé hién trong mach véi xép chong:

R,—R R
UI—II[R2+#j+U =0

R, +R, “ R, +R,
O dayco: U, |= AU,
Giai phuong trinh trén co:
R, R
U,=R|1+—=+—21|I ; (4.93)
R, R,

Phuong trinh (4.93) thé hién dién ap ra Uy, phu thudc vao ngudn dong Iy, néu R4 =
R2 = R3 thi:

v O v
Cong thuc (4.94) dé tinh U, theo dong vao va R
o o ud -
Vi du 8: Cho mach hinh 4.29. luv ‘ Uny
Giai: =
Vi u, = 0 thi uy, =i;(¢). R Hinh 4.29.
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Ly thuyét mach dién

1,
== [i ()t

Vay ura = _l uv—(t)dt
R
u_ = —Lju (t)dt; (4.95)
ra RC v > °

Cong thuc cho quan hé tich phan cua dién 4p ra theo di€én ap vao va mach hinh
4.29 goi la mach tich phan.

Vi du 9: Lap cac so dd st dung KDTT thudng gip va thay thé n6 bang céc so d6
tuong duong dé dé phan tich.

Giai: C6 3 dang thuong st dung ¢ hinh (4.30a,b,c) c6 thé 1ap so dd twong duong
hinh (4.30d,e,f):

-J.:." - —_ _.hh""-\-.. JI
" . i, "
'S . . . U . JV':'! <0 'Ir; |_|.‘._.=._ .
(4] YT S
=1 =
a) d)
| L o
iﬂ, T L, K
+
b) e)
- .HH"'L }
‘H:?"" " | -1,
= -1 - 1
iy | U= -KU, -y il
L |
— T . .
c) f)
Hinh 4.30.
Véi mach KDTT khong c6 nbi dat (mat) c6 thé sir dung 3 so d6 hinh

431ab,c. Co thé 1ap céc so dd tuong duong ¢ hinh 4.31e.f, g, va cac h¢ sb6 Ky, K; cta
no.

_:H"-x. . : . n -
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voi K ~—==

¢|1%__'L! T.I;
N I
A
=
b) f)
. I, R
voi -0
1 RH
— Aoy, B
-'—%:_'_:H“H
| YT a s 0 Jw
Iy __." b u! e
Rt
R
c) g)
k=LK
! Ul Rl
Hinh 4.31.
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Ly thuyét mach dién
Cdc cdu héi on tgp, kiém tra ddnh gid chwong 4.

1/Cdc mang 4 cue khéng tuong ho 1y tuéng (khéng cé tré khang ,dan nap, 1
nguon diéu khién )cé cdc dang ndo va déc diém cdc phuong trinh cia
chung

2/Cdc mang 4 cuc khéng tuong hé thuc té (cé d tré khdng ,dan nap va 1
nguon diéu khién )cé cdc dang ndo va déc diém cdc phuong trinh cia
chung

3/Cdc dang so do tuong duong ciia mang 4 cuc khong tuong hé (hinhé,é véi
mét nguon diéu khién va so do hai nguon diéu khién ).

4/ Phuong héng phdn tich bai todn mang 4 cue khéng tuong hé : tinh todn
Ke,Ku,Ki va cac Zv.

5/ Pdc diém Girato va iing dung ciia né .

6/ Pdc diém NIC va iing dung ciia né .

7/ Céc so do thay thé Tranzito khi n6i chung khdc nhau (B,E va C chung)

theo cdc thong s6 Vo , Ve, Ve va ¥m,6,0..

8/Phdn tich so d6 Tranzito E chung theo cdc phuong trinh ma trgn : Z, Y
va H.

9/Cdc théng sé va cdc ddc trng ciia khuyéch dai thudt todn (KPTT).Phdn
tich cdc so do ding KDTT thong ding trong ky thudt :khuyéch dai ddo

Jkhéng ddao ,vi phin ,céng ,phéi hop tré khéng ..
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CHUONG V
MACH LOC TAN SO

5.1. KHAI NIEM TONG QUAT

Mach loc la mang bdn cuc dic biét co tinh chat loc
d6i vai tan sb. Do 1a cho qua dé dang tin hiu ¢ giai tan

nay (goi la g1a1 thong) va chic chin cAm, han ché tin KL ———

hiéu ¢ giai tan khac (goi 1a giai chan). Nhu di biét mot a-= e FU
mang bon cuc déu c6 tinh chat suy giam va mach loc thé mtries ' i
hién nhu sau: & giai thong do suy giam a(wm) la rat nho ey, w, ©

hodc bang khong: a(w) = 0 con & giai chin suy giam
bang vo cung l6n hodc rat lon: a(w) = c. Mach loc 1y
tuong co tinh chat sau:

Hinh 5.1.

U 1 trong giaithon

U,(w) |0tronggiaichin
Trén hinh 5.1 biéu thi k(o) Vé’ tuong ung a(w) trong do giai thong la
(01+my) cd a=0, k(o) = 1 con hai gidi chan (0+m;) va a(®) = o cd k(w)=0.
Dé d& ¢6 diéu kién
a(w)=0 hay k(w)=1 (5.1)
trong giai thong thi mach loc voi tu cach la mang 4 cyc phai lam viéc voi tai hoa hop ¢
ca hai phia ctra 1 va ctra 2. Véi hé s6 khuéch dai.

eg :ea.ejb U (]0)) Il(Ja)) (52)

U,(jo) L(jo)

dé co a(w) =0
thi: g=jb=jArg[u (j0) /ua ()] (5.3)
Theo (5.3) diéu kién vé goc 1éch pha cua tin hi€u gitra hai ctra khong anh hudng
téi tinh loc cuia mach loc.
Néu quan tim t6i dong thoi ca dong va ap trén 2 cira mach loc thi tir (5.2) co:
Uy@) _ 1,()
U,(w) I,(»)
Tu (5.4) ratra: Uy(w) = Ux(o)
Va L(®) = L(®) (5.5)
Pé thyc hién duoc (5.5) r‘nach loc phai la tl}uﬁn khang dé khong mat mat nang
luong qua no. Vi vay mach loc tan so ¢o6 hai dac diém so bo la: lam viéc véi tai hoa hop
va thuan khang.

= "@ = (5.4)
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Ly thuyét mach dién

5.2. SOPO MACH LQC VA TRO KHANG PAC TiNH

Mach loc don gian phét la dang F thuan va 20 200
I' nguoc nhu hinh 5.2. O day ta chuan hoa véi . .
nhanh doc chura tré khang z; / 2 (hay z,/2) con
nhanh ngang chira try khang 2 . z, (hay 2z,). Néu 20 7

ghép nbi xau chudi cac mit loc I... trén ta c6 thé
1ap dugc cac mach loc ddi xung hinh T va t nhu "
cac hinh 5.2a, b. Pé ting hiéu qua loc (ting do

chon loc tan s6) co thé x4u chudi cang nhiéu cac

mét loc, lac d6 mach loc 1a dang xau chudi lién Hinh 5.2.
tiép ctia mét I'... nhu hinh 5.3c.

q
-

U L e

[all|

£:

Hinh 5.3.

Chu y rﬁng véi mach loc ddi xung hinh T hodc hinh IT ta c6 nhéanh doc Z; va
nhanh ngang Z, .

Viéc chuin hoa so d6 cac mit loc trén s& dé dang xay dung cac cong thirc phan
tich chiing. Sau day s€ xac dinh tr¢ khang séng cia cac cira cho moi mat loc.

V6i hinh T (5.3a) c6 thé tinh:

u z
A, =chg, =— =0~ I+
i, 2z,
(5.6)
2
/4+
4, S U,=0— el 2122; (5.7)
I, Z
I 1
4,, =— =0~ > (5.8)
U, Z

Theo cong thirc trd khang séng clia mang 4 cuc ddi xing hinh T.
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Zop =Zop = Ap ! Ay = z0 14+ 2,2, = \/zlzz(l+zl /4z,) (5.9)
Véi hinh 7 (5.3b) c6:
A11=chgn=l+zl/222 (510)

Tuong tu nhu cach tinh véi mang hinh T trén sau khi tim A, A;; cua hinh 7 ta c6
cong thucs sau:

Zon = Zen =212, (142, /42,) (5.11)
Xét cac mat loc khong ddi xung hinh I' thuan va I' ngugc trén hinh 5.4a,b
c6 thé thay tinh khong doi xting theo cach xét trd khang song 2 cira zg; va zg, hay z.; va
Zc).
Vé6i mang 4 cuc khong d6i xtimg tim cac tré khang song theo cong thuc:
All 'A22 . _ A22 'AIZ

; Zy, = (5.12)
AZl 'A22 " A21 'All

Ap dung (5.12) c6 thé tim duoc z;, zo, hay z.1, z, dic biét 1a du theo hinh T
thuan hay hinh I’ nguoc, néu nhin vao ctra d6 thiy n6 giéng trd khang hinh T thi ¢6 zer
va thay giéng hinh IT s& ¢6 zcp.

Tir két qua nay ta thdy mdi quan hé gitra cac mat loc dbi xing va khong ddi xtng,

cling tir diéu d6 con tim dugc nhiéu quan z.12 2.2
hé tuong tng khac. 1 A

Két luan lai, tr& khang song, tro =
khang dac tinh cua mach loc véi so do s Z,
chuan hoa z;, z; nhu hinh 5.2, 5.3 thi moi - Zes

mach loc hinh thang (dang 5.4) bét ky chi
c6 hai két qua.
Zop = \/zl.zz(l+ z,/4z,)
Zeg = \/ZI.ZZ /142, /4z,)
5.3. PIEU KIEN GIAI THONG CUA MACH LQC VA TAN SO CAT
‘ Vi mach loc da biét két cau z;, 2, 95n xac dinh diéu kién cho mét tan sd nao do
nam trong giai thong hay ngugc lai dai chan cua mach.
Nhu trén da dinh nghia c6 dai thong a(w) = 0 thi.
glow)=gjb (o) (5.13)
hay thg=jtgb (o) (5.14)

Thém nita dé khong mat mat nang lugng qua mach loc, chiing 1a thuan khang thi
c6 thé viét trong giai thong cac trd khang z;, z; chi la di¢n khéng.

z, = jx (@)
z, = jx,(w)

Xét cac tro khang déc tinh zct va zcp ma trong mach loc can 1am viéc hoa hop voi
tai tai giai thong véi dicu kién thuan khang cua z;, z, (theo 5.15) thi:

(5.15)
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Zer = A= %, (14 x, / 4x,) (5.16)
Zen = A%%, [(1+ X,/ 4x,) (5.17)

Theo cong thirc tinh 4,, = chg cua hai mach loc hinh T va hinh IT thi thdy rang:
khong phan biét T hay IT chiing déu c6 cong thirc (5.18) sau:
A, chg, =chg, =1 +2Z—1theo (5.6) va (5.10) (5.18)
Zy
Toén hoc cho cong thuc:
Chg =ch (a +jb) =cha.cos b+ jsha.sinb (5.19)
Can bang chung (5.18 va 5.19)

cha.cosh + jsha.sinb =1+—1 = A4, (5.20)
2z,
Vi diéu kién thuan khang cua z, z, nhu (5.15) thi 4;; 1a s6 thuec.
4, =1+ =Re (sbthuc) (5.21)
2x,

Tu phuong trinh (5.20) rat ra hai phuong trinh:

(5.22)
cha.cosh =1+—1 =+ L
sha.sinb =0
Trong giai thong a(®w) = 0 nén cha (o) = 1 suy ra tur (5.22).
cosh=1+—1 =14+ 21 (5.24)
2z, 2x,
Vi—1<cosb<1nén:
S PS FI By V. | (5.25)
2z, 2x,
Tu (5.25) ta co:
A<+ 2N gy 1< (5.26)
Z, 4z,
va: I+22 <1 hay —21<0 (5.27)
2z, 4z,
Phuong trinh (5.26) va (5.27) 1a hé phuong trinh x4c dinh giai thong viét gop lai.
1< <0 (5.28)
4z,

Mach loc thuan khang do z; 1a jx; va z; 1a jx, nén
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-1<L.<0 (5.29)

4)c2

Tur (5.29) suy ra: x; /x5 <0. (5.30)
 Cho ta nhén xét dién khang cua x; () va X (w) trong gidi thong phai ¢ gia tri
dau nguoc nhau (trai dau cia x; va x;).

Xét (5.29) —1s4z—1 suy ra:0£1+4z—1

Z Z

(5.31)

4x,

Theo (5.30) c6 x; /x, <0 thi suy ra x; .x, <0. (5.32)
Thé x; (0) . X2(0) <0 va 1 +x; () / 4%, (w) > 0 vao cong thuc (5.16) va (5.17) s&
danh gia duoc tro khang dac tinh zcr va ze nhu sau:
Trong giai thong:
Zer = Rer (@)
Zen = Rep (@)
Do 1a gid tri thuc cua trd khang dac tinh trong giai thong du ¢ mach loc hinh T
hay I'T va mo rdng cho ca hinh I" thuan va nguoc.

(5.33)

Nhu thé, ngoai dic diém thuan khang ciia Z, va Z, tinh hoa hop trong giai thong
ung voi cac trd khang song Zcr, Zcr thi con ¢6 hai di€u kién nira la: Trong giai thong
cac tré khang song cac ctra phai c6 gia tri thyc (5.33) va tinh trai dau cua cac dién
khang x;(®) va x().

Cung véi tinh chat trén c6 thé xac dinh giai théng ciia mach loc theo (5.29).

4x2 (a))

Ranh gidi gitra giai thong va dai chan goi 1a cac tan sd cat. TUr bat phuong trinh

trén xac dinh cac tan sb cat lai giéi han cua chung.

x, () _
—4x2 @) = (5.34)
va x1(0) =—4 X, () (5.35)

O phuong trinh (5.34) ¢6 2 truong hop xay ra:

Néu x, (o) 13 hitu han thi: x; (0) =0;  (5.36)

Néu x; (o) 12 hitu han thi: x, (©) =0,  (5.37)

Ba phuong trinh (5.35), (5.36), (5.37) cho phép xac dinh moi tan s6 ctia mach loc.
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5.4. KHAI NIEM VE PAC TiNH TAN SO CUA NHANH THUAN KHANG
5.4.1. Dic tinh tin nhanh ndi tiép L-C
Véizic =] xp + jxc = jxLc L
x, =oL = T |

L]

Véi 1
Xp =——
wc

V& cac dd thi x (o), x(@) sau d6 cong d6
thi co
Xic (@) =x (o) + XL (@)
Céac dd thi duoc thé hién trén hinh 5.5b.

Tai xic(w)=0co6 @, = la tan so

1
VLC
dac bi¢t riéng ctia nhanh. Trong k¥ thuat dién t
quan tdm t&1 Yic — dan nap nhanh.

Hinh 5.5.
. 1 1 . 1 )
VOl YLC = = - = +J|: :| = JyLC((’O)
Zice  KXie - X c(®)
x 1
Vay c6 dan nap mo6 dun y, . (@) =
— X0 (@)

Dé thuc hién phép tinh yic(®) ta nghich dao x c(w) va dao dau, d thi yic(o) v& &
hinh 5.5b ¢6 v6 cuc () & tAn s& .

5.4.2. Dic tinh tin s6 mang vong L//C (hinh 5.6) _-m-_}_
Vi Yuic = jye +jyL = jyuic i | =
Ve =aC 4 |
Véi 1 it | 4 Lt
Yo =7+ _.r?l ; LT
D4 thi ye (@), yi (@) vE & hinh 5.6b P Ty
Cong d6 thi co: yuic (w) =ye + L P
Céc db thi dugc thé hién trén hinh 5.5b. v R ’f A
. 1 o i
Véi @, = ——— la tan so riéng vong L//C i {
JLC S
Khi xét
1 ) Hinh 5.6.
Ziyje=5—= = JXpc
Yiie  Yipe

188 ¢ LT-MD



nhd phép nghich dao va dao dau.

S€ v€ duoc: x, (@) =
Yiye\®

Do thi xuyc(w) co diém cuc (o) tai .
5.4.3.Dic tinh tin cic nhanh LC ndi song song
V6i mach c6 nhanh LC ndi song song c6 thé tim duogc dic tinh tan y(o) hay x(o)

bang db thi. Xét mach don gian thuong gip hinh 5.7a, b c¢6 thé cong do thi.
Va(®) = yLic1 (@) + y12(@) v6i hinh a.
(@) = yLic1 (@) + yro(®) v6i hinh b

Thé hién y, (®), yp(®) 6 hinh 5.8a, b.

L=

3
I — 1

Hinh 5.7.

I |- :
0

I |

- -
. R
B ﬂul e _7 ;'J'___.-.-i o ="
" e e
-

/I/ | £
5 ..."
Ly
o

a)
b)
Hinh 5.8.
Céc tan s6 gia tri o, \/_ \/_ 1a cac tan s riéng cua nhanh 1.
Con tan sb dic biét s& tim theo.

Ya(@) =0
(@) =0

co M1a
co sp
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5.4.4.Dic tinh tan cac mach vong L//C ndi nbi tiép ' L
hinh 5.9

FO——

C6 thé suy luan dé tim x,(®) va xp(®) v6i mach &
hinh 5.9a, b nhu cic mach hinh 5.7a, b nhu sau: —

L
Xa(@) = xL1c1 (@) + x12( @) -
Co

xp(@) = xLic1 () + xco( @) — I
Puong cong x,(m) c6 dang yp(w) ¢ hinh 5.8b con
xp( @) c6 dang duong y,(®) ¢ hinh 5.8a.

Hinh 5.9.
5.4.5.H¢ s0 suy giam a(w) dich pha b(®) va tré khing diic tinh Z(®) ciia mach loc
thuan khang

Nhu trén d3 phén tich cac dic diém cua giai thong voi Xi(w), Xo(w), Zc(w) 6 loc
thuan khang. Sau day s& thiét l1ap cac cong thirc dé xac dinh cac thong sd quan trong
a(o), b(®), Z(o) cta loc & ca hai giai thong va dai chin.

Xét trong gidi thong a(w) = 0, cha(w) = 1.

—1£cosb=1+Msl
2x, (@)
Vay b(w) = Arcos{l ) } (5.38)
2x, (@)
Zoy =Ry (w
“ en (@) ; xem cong thuc (5.16) va (5.17) (5.39)
Zer =Rer(@

Xét trong dai chin a(o) # 0 thi sha(o) = 0. Dé cho phuong trinh (5.23) sha(w). sin
b(®) =0 voi sha(w) # 0 phai co.
sinb(w) =0 (5.40)
Vi (5.40) c6 hai truong hop.
* b(w) = 0 thi cos b=1 va theo (5.22) cé.

cha(w).cosb(w) = cha(w) = 1+ % (5.41a)

hay: a(w) = Arcch{l + ZXT(EQ)} (5.41b)
* b(e) = +7 thi cosb =—1 va theo (5.22) ¢6.

cha(w).cosb() = —cha(w) =1+ ;(T((“z) (5.42a)

hay: a(w) = Arcch{— 1- %(Z)J (5.42b)
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Vay trong dai chan tuy thudc vao b(w) = 0 hay b(m) = +IT ma a(w) cb gia tri theo
(5.41) hoac (5.42).

Trong dai chan véi cac dieu kién nguogc lai cua gidi thong la:

x@ (5.43)
4x,(w)

H(@) (5.44)
4x,(w) -

Thé (5.43) va (5.44) vao (5.16), (5.17) s& suy ra trong dai chin cac tré khang dic
tinh Zc, hay Zcr phai 13 s6 o.

Zpp =t) \/ x,(0).x, (a)){l +La’)} =+ jx . (@) (5.45)
4x,(w)
fen = \/ %, (@), (@) { X1 (@) } =t o () (5.46)
X, x, (o)

Chu ¥ khi khai cin cta (5.45) va (5.46) c6 thé xét cac trudong hop sau.

NENE) =+
NENED == (5.47)
VENEF) =1

Theo (5.45) va (5.46) cac trd khang ddc tinh zcr, zen ¢6 thé twong dwong nhu cac
phan tir dién cam (+j) hodc dién dung (—j). Du 1a dién cam hay dién dung c6 thé chi ra
tinh chat ctia chiing 13 ludn ludn ting theo tan s, nghia la:

i[i jXc]>0 (5.48)
ow

Tinh chat (5.48) rat thuan dé khao sat do thi tan sé hay pho cia cac tré khang dic
tinh.

Véi cac diéu kién khac nhau cta b(w) trong dai chin co thé xac dinh sy tuong
quan cua Xj(w) va Xa(w) vo1 b(w).

b(w) cling ting theo do ting cta tan sb
Va b(w) = 0 thi X,(w) va Xa( ) cung dau.
X, (@)

Con trong dai thong a(w) = 0 thi b(w) = arccos{l +
x,(w)

}thu’c‘mg cung véi ddu

x1(®)

Vi du 1: mach loc hinh 5.10a ¢c6 L; = 10mH, C; = 1uF., C; = 0,5uF. Hoi co thé
1am loc duoc khong va néu c6 thi giai thong 1a bao nhiéu, xac dinh a(w), b(w) va z(w)?
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I|':-: A

LR
| ,'-" I,“_ I
T :

L

] 1 [ ——
L
r
. b

!
Hinh 5.10.

Al

Giai:
Xay dyng dic tinh tan dé phan tich hinh 5.10b.
1 j 0*L,C, —1

z, = jx(w) = j(COLl -

oC, wC,
P
2 =7J oC,
NPT A ) b , X, (o) y L R s \ "
Tu dieéu kién cua loc thuan khang —1<—————<0c¢06 thé tim ra ®; va o, trén
4x,(w)
hinh.
1
Tai Xi(w) =0 suyra: @, =—
1 LICI

Tai Xi(®) = —4X>(w) suy ra: @, = LL(L +ij
1

Thay vao trén:  ©; = 10* Rad/s
Wy = 3.10* . Rad/s

-8
Ta co: x, (@) = o. I—Lzloz(a)—lo j
@C, @
xz(m)z_—1=—2.106/a)
C,
xl(a)) _ 1 _la)Zl()S

Lap =—
2x,(w) 4 4

Ap dung cic cong thirc ¢ trén trong giai thong a(w) = 0 con.

2
b(w) = arccos(l I ] = arccos(% -107* a)_j

w2x, 4

Trong dai chian a(w) # 0 dugc chia 1am hai doan.
Tir: a):O+a)1:;:lO4Rad/s
LICI
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a(w) = arcch 1+ | = arech 2—10’8 o’
2 4 4

Xy
va: b(w) = 0 vi x;(w) cing dau x,( ).
tu: m=m2+oovéi(02=3.104Rad/s
a(w) = arcch 1= | = arech —§+10’8 o’
2x, 4 4

b(w) =+ 1 vi xy(®) trai dau x(w).
Déi véi tré khang dic tinh co:

8
zCT:\/—xlx{H:TlJ:so.\/lo—lo 2 —91@%
2

Céc thong s6 a(o), b(®), z.(w) v& trén hinh 5.10c.

Hinh 5.10c.
Vi du 2: Cho mach loc hinh I" hinh 5.11 ¢6 L = 10mH, C = luF Hoi loc nay lam

hoa hop gitra may phat va tai ma may phat c6 tr¢ khang trong thuan ro = 25002 thi giai
tan nao 1a giai thong, lac d6 gid tri tai 1a bao nhiéu 1a tot cing tan s6 dang lam viéc.

Giai:

. . A 2 . 2 oL
So sanh v6i so @6 chuan I' cé: x,(w) = ——, X, =—
wc

Thay 6 vao: x; =-2. 106/a); X, =107 /2.
Cira 1 nbi voi ngudn.

X 1
= J—x 1+ =100, | ——
Fan J xlxz( 4x2j 1-10°"/ o’

Cura 2 voi tai:

8
Zor = \/ X1X2(1+KJ—1001/1—16{)L2
2
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Phuong trinh tan s6 cat: x1(0) =0 @, = 00; x1(@) = —4x2(®)
0, =, =——=10"Rad /s

° JLC
V6i giai thong o) + 0, = 10* + o Rad/s

Can lam viéc hoa hop vé phia nguon.

7o=zcr = 250Q2.
Vay: 250 =100 ‘/;
4 Vi1-10°/ 0’
Suyra: & = o'y =10%/0,84; aw = 1,09 . 10* Rad/s.

Vay: f, = ;"ﬁ = 1,74KHz

Sosanh: o > = 10* Rad/s.

Vay n6 nam trong giai thong tai oy, chon dién tré tal thich hop
bang zcr cua lgc.

8
R, =20y =100, [1- 12 = 400 Hinh 5.11.
a)lv

5.5. MACH LQC LOAIK

Mach loc loai K thoa man diéu kién: tich téng tro khang doc z; va nhanh ngang z,
bang K* vi K 1a mot hing sb.
Zi(j®) . Zo(jw) = K> (5.49)
5.5.1. Loc thong thép loai K
So dd hinh T va IT cua loc thong thép loai K cho ¢ hinh 5.12a, b.

L/2 L2 L,

Z, =joL, va Z, =—
) L,

Z).Z,=K,suyra K = C_ (5.50a)
2
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Hay: Xi(o) . X2(®) = oL, (— lc j: -K? (5.50b)
2
Tan sb gidi han giai théng: Z;(jw) = 0 suy ra o = 0.
Z1=-47;hayjolL, =] 4 ;o Suy rao= (5.51)
a)CZ LICZ
Trong giai thong.
X L ?
a() = 0.cha(w) = 0.cosh = | 1+ L@ | ___@h 20
| 2X,(w) 2/oC, @,
-
@
b(w) = arccos = {1 — 2(—] (5.52)
W,
. 20°
Tai: =0, b(0) = 0 = arcos {1 = }
W,
0= W, b = arccos (-1) = m.
Nhu vay trong giai thong a(w) bién thién tir 0 ti 7.
Xét trong dai chan a(w) # 0, sha () # 0 c6:
Sin b(w) =0 b(w)=m, cosb(w)=-1.
X 2
Vay: a(@) = arch| —1-—=29) | _ e p R (5.53)
2X,(w) @,
Xét cac tro khang dac tinh.
Zor = - xx, 1250 ] vsion =k
CT 1“2 4X2 :
(5.54)
(5.55)
Khi: (5.56)
(5.57)
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Céc tham sb a(w), b(@), Ze(®), Zen (@) duge vE trén hinh 5.13a, b.

L] L
. 'I.r | 4
. 5 : _L '3 "r||
WL o T ehling
) ™, o l:| . i T
al
Hinh 5.13.
5.5.2. Loc thong cao loai K
So @6 hinh T va IT loc loai K v& & hinh &+ i
5.14a, b. ' H .
| 1 1 . E.EI; )
Z, = =—j—=j|——|=jX,(® :
: JjoC, ]a)Cl ]( a)Clj (@) I
Zr=joly = jXo(0); Zy . Zy =-X1. Xp = K*
Hinh 5.14.
L
K== (5.58)
Cl
k=L
Cl

Tan s6 gidi han giai thong:

Z=0, =0 suyra @, = ©
1
. -1
Voi Z1 = —422 hay X1 = —4X2; — = —460L2
wC,
1
Suy ra: W, =0, = (5.59)

2.JL,C,

Giai thong nam trong dai tan @ = @, t&i @, = o

Trong giai thong co:

cosh(w)=1+—-=1+ =l-——
2Z,  2X,  20°C,.L,
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/e 2 1 a)g
Vi W, = suy ra: cosb(w)=1-2—-
4C\L, @
Khi 0= @, thi coshb(w)=—-1 suyrab=-xn

® =00 thi cosb(w)=+1 suyrab=0

Vay trong giai théng b(w) tién —t dén 0

Xét trong dai chin a(w) # 0, sha (@) # 0 rat ra sinb(w) = 0

b=m, cosb =—1.

X 2
Vay: a(w) = arcch| —1——— |=arch 2(0—2 -1
2X, ,

Xét cac tro khang dac tinh.

a bk b Tidm

Cvién Lra

khidng,
a 27(
£ W
[] JJJJJJ F I i |<

rrrrrr l,) /
h [] .-a.i.ib.i.i

Hinh 5.14 a,b.

Zoo = - x, 1450 | o g 1=
4X, @

X
Z.o=-XX,/|l+—|=K/,[1-—=
CT1 \/ 1 2 ( 4X2j
Khi: o=0; Zer =—j o, Zcn=0
0= Wy, Zcr=0, Zcn = o,
® = oo, ZCT:K, ZCH:K

D4 thi a(w), b(@), Zer(@), Zen () vé trén hinh 5.14c, d.

(5.60)

(5.61)

(5.62)

(5.63)

(5.64)
(5.65)
(5.66)
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5.5.3. Loc thong mot dii loai K

Két hop loc thong thap véi thong cao s& ¢ loc thong mot dai. Nhanh doc méc ndi
tiép cac phan tir doc ciia 2 so dd trén, nhanh ngang méic song song cac phan tir ngang
ctia 2 so d6 trén. Hinh 5.15a, b 14 loc thong 1 dai hinh T va IT.

|2 20, 20, 1 | (:

R

| 1
I 0 2|:% in L ;_'|‘.% ool
. . .

al

Hinh 5.15a, b.
Tinh céc tro khang doc va ngang.

) o1
Z =joL —j—
J

ja)Lz .~ .
7 joC, _ joL,/C,
2 2
joL, - j o L,C, -1
2
Tir didu kién Z; . Z, = K* thi ¢o:
1 1
®, = _ (5.67)
\/LICI \/LZCZ
hay suy ra: L,;C; = L,C, (5.68a)
L L
K*=—"1L=-2"2 (5.68b)
CZ Cl

Diéu kién (5.67), (5.68) 1a tan s6 cong hudng nhanh doc bang tan sd cong hudng
nhanh ngang. Thay @, ¢ trén hinh vao Z;, Z,.

L —JjaJ/L,/C
Z =] _1(2_&} zZ, =—‘] 2° 1 (5.69)
C\o 10} (a) a;oj
0,

Xét cac tan s6 cit Z1/Z, = 0 ¢o:
(@’ L,C,) (@’ L,C, —1)

(@’ L,C, -1

](0) ‘ICI )/a)Cl :O hay . :O
]za)Lz/Cz w CILZ/CZ
o' L,C, -1

C6 thé tir (5.69) :
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—_—— suy ra @ = ay. (5.70)
Z 1L, G
Cvl 1
L 2
)
Véi 7,/ Z>= 4 suy ra: —l(ﬁ— J —4 (5.71)
2 a)o @
Thay : & = L vao (5.71) s€ co:
Cl LZ
@ +20. @) \|L,C, -} =0 (5.72)
dat n= w, L,C, thayvao (5.72
: b V2 y ( ) (5.73a)
2 4 2
hay . L, _ C o *20.0,n—w; =0 (5.73b)
L, C, o’ +(2wn).o—-w; =0
Giai:
AN =(w .n)}+ o, bod qua gid trj am c6 2 nghiém.
5.74
o, =w,Nn"+1-n (5-74a)
(5.74b)
o, =w,Nn*+1+n
ghép lai: o, =0, Vn® +1 inJ (5.76)
o, = |——s 1 4 | (5.77)
’ L1C2 LICI L1C2
cong thirc nay x4c dinh nhu sau:
L
vOi: n’=w!.L,C, = 2 :&
L2C2 C2
thi: Jiiri= S 915
CZ C2
w,, =wNn’ +1tne, =\o!n’ + o tno,
L,C L
véi: no, = o’ |L,C, =~—— Lk
ICI 1 C11
L L
b SO LD N Y B Y A
Ll Cl LICI Ll Cl LICZ LICI LICZ

Tur cong thiic o), dé thay.

@, =+ 0,.0, (5.78)
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Cong thtrc (5.78) noéi 1€n gid tri trung binh nhan clia ®; va ®; 1a ®,. Xét hé sb tat
a(w) theo tuong doi a(®/w,).

2
z
cha(o] @,) =1 + G ﬂ—"’" (5.79)
2z, | 2¢ ®
Ciing tuong tu xét b( @/ a,).
2
cosh(@/ @) =1+ 2 1= 2| @ _ @ (5.80)
27, 2C\o, o
Tro khang dac tinh.
2
Zowlo)= 22142 = [l [_ G @ @) (sq
47, C, 4C\o, o
L,/C,
Zy(olw,)= (5.82)

Cac dudng cong a(®) b(w) z(w) thé hién & hinh 5.16a, b.
Cac cong thirc trén c6 thé st dung dé thiét ké loc: tinh gia tri Ly, Ly, C;, C; theo
tro tai da biét R,

Pau tién chon: K =R, =./L,/C, (5.83)
Hiéu hai tan s W, — o, =20,n == 20)5 JL,C, = %
25N
Vay: C S (5.84)
. ’ Rt (0)2 - a)l)
Tu: 0 ! 0,0,
L2C2
R,. -
Vay: I, = = Rd@=®) (5.85)
,C 20,.0,
Vi R =,L,/C
2.R 2R
Nén: L, =C,.R, = ! (5.86)
R(w,—w) ,-o0
Lai co: C, = ! G2~ (5.87)
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no
=l

Lhdng F

v My
1 -1
o khirg

Hinh 5.16.
5.5.4. Loc chan mt dai loai K
La mach loc két hop loc thong thép va loc thong cao véi nhanh doc 1a song song
hai phan tir L//C con nhanh ngang 1a ndi tiép L — C. Trén hinh 5-17 biéu dién loc dbi
xtng hinh T va Il.
Téng tré cac nhanh.

— jol L, 1
z,=—IL% . 7= jlo-—— (5.88a)
©’L,C, ~1 2 oG,
V6i didu kién Z, . Z = K thi (5.88a) 10, = ——— =
JLC LG,
Nén L1C1 =L2C2; (588b)
L L
va K*=—b="% (5.88¢)
CZ Cl

Thé (O vao Zl va Zzi

Hinh 5.17.

Tan s6 cat xac dinh theo phuong trinh sau:
Z,/7Z,=0 suyraZ; =0 voi Z, hitu han s€ co6:
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JoL,

2
[

==
20

Phuong trinh tAn sd cit thir hai 1a: Z;, = —47,.

2
jo, {1 _ w}
W,
—if_e (@)
wC, @, w;

dat: n=@,,|—=—_|— (5.91)
4 4\ L,

thi (5.90) c6 hai nghi¢m:
_ 27 _
o, =wo,Wn* +1-n hay wlz=l\/ 1, 16 _\/ 1 (5.92)
Nnt+1+n T4V LG LG L,C,

Tur phan tich trén c6 dai thong © = 0 +m;; w,+ o va dai chan ® = ©;+w,.

=0 nenow=0va ® = .

hay: =4 (5.90)

+

W, =0,

Va theo (5.92) ¢6: @] = @ . @ (5.93)
Hé s6 dich pha b(w) trong giai thong theo cong thirc:
Z
cosh(w/w,)=1+——=1- & 5 (5.94)
2Z, o o
2C| ———~
0, o
Heé s6 tit — suy giam trong dai chin a(@/w,) 1a:
VA C
cha(w/w,) =l +— |= 1- 2 5 (5.95)
27, ‘ 0 o
2C| ———"°
0, o
Troé khang dac tinh.
L
Zop === [1- & (5.96)

C 2
2 (“) -~ J
o, o
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L C
Zo = |22 1= 2 (5.97)
1 w w
2c| @ -
o, @
dab Z‘ cim
khédng
al | ? Rs 7+l 7 \K
K
b b
/ N
0 o, 0, O, . o 0 o, m, o, ©
Zy ‘1
Dung
khédng
a) b)
Hinh 5.18.

Cac dac tinh a(w/®,), b(®/®o), Zc(w/@,) duge v& trén hinh 5-18. Cac cong thuc
(5.88), (5.89).... (5.97) cho phép tinh toan mach loc chan mot dai nhu sau:

Lay dién trd tai Ry = Z¢ ¢ tan soO .

L L
R=K=|"2= |2 (5.98)
CZ Cl

R

Rut dugc: L, = ——— (5.99)

2(0)2 - 0)1)
L = 2R (0, — @) (5.100)

@,.0,
_ Ao, —ay) (5.101)

2 2R, .0,.0,
= _ (5.102)
2R, (0, — ;)

5.6. LOC LOAIM
5.6.1. Nhuoe diém loc loai K

La tré khang dic tinh Zer va Zep trong dai théng nd phu thude vao tan sd, dé khic
phuc nhugc diém nay can cdi tién cau triac cua loc dé dat chat luong cao hon goi 1a loc
loai m.

5.6.2. Chuyén tir loc k sang m

Xuét phat tir loai loc k chuyén sang loc m bang hai cach:
a) Chuyén noi tiép: Gom céc budc sau.
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o: Chon khau co ban hinh T va tinh todn dua vao tré khang cuia nhanh.

B: Nhanh doc Z; chi giit lai mot phan tré khang cta né sao cho né tr¢ thanh.
Zv=mZ (m<1) (5.103)
y: Chuyén mdt phan tré khang nhanh doc sang nhanh ngang Z, sao cho né
tréd thanh 275.
0: Xac dinh Z’, dua vao diéu kién can bé“lng, tr¢ khang déc tinh cua cac khau
loai k va m.
Z’CT=ZCT (5104)

. Trong do diu phéy chi cac théng sb loc loai m. Khau 1(_)9 loa;li m x4y dung duoc
bang cach nhu vay la khau loc m ndi ti€p. RO rang no cling c6 két cau hinh T. Hinh 5.19
minh hoa qua trinh chuyén noi ti€p vura trinh bay ¢ trén. Theo dicu kién (5.103) va céac
cong thuc Zer, Zen.

2.2, 1+ 2| = |mz, 7. 144 (5.105)
47, 47,
z, [ 4z, mz [ 4z
hay: Rt I B R e W P (5.106)
2\ z, 2\ wmz

Giai ra:
2
- z
z =4 4,’: )z, +=2 (5.107)
P £l
L
|
—_— - —_———
al
Hinh 5.19.
2
- z
z -4 4,’: )z, +=2 (5.107)

b) Chuyén song song
a.: Chon khau co ban hinh IT va tinh toan dya vao dan nap ciia cac nhéanh .

B: Trong nhanh ngang (Y>) chi giir lai mot phan din nap ciia nd sao cho né try
thanh.

Yi=m Yz(l’n<l) (5108)

y: Chuyén mot phan din nap ctia nhanh ngang sang nhanh doc (¥}) sao cho né trd
thanh Y;.

0: Xac dinh Y’ theo céac diéu kién can bé“mg, tré khang dac tinh ctia cac khau loai
k va m.
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Zen = Zen (5.109)
Déu phay chi thong sé loc loai m. Goi la khau loc loai m song song né ciing két
cau hinh IT biéu dién qua trinh néu trén.

¥y
» 1 -
¥ *
¥, Y,
al
Hinh 5.20.
Gidng nhu cac chuyén d6i ndi tiép hiy xac dinh dan nap ctia nhanh doc

Y.
Tir cong thire (Zcrr) chuyén sang dan nap voi:

1
l Y2
Ty = ZZ Yi (5.110)
1+ 2 1+ Y,

Ap dung diéu kién (5.100) va cha y (5. 1 10) ta co:

N
I
|
m/
N
I

EN _ 2 1 (5.111)
YZ Y2
2
Suyra: ¥ ="y h (5.112)
4m m
5.6.3. Loc thong thap loai m
- . 1 1 1
Voi: Z =joL =—; Z, =— =— (5.113)
Y, JjoC, Y,
Theo (5.103) va (5.107) cé:
Z, =mZ, = jomL,
: —m® 5.114
7= jor=" & ! (5.114)
4m JjoC,.m
II-'"I |.'I:': |-| - L
'....-'Uuh'n_'_-'!\ll\_- .._"I."n’\."h—
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Hinh 5.21.
Hinh 5.21: minh hoa chuyén nbi tiép.

Theo (5.110) va (5.112) cé:

.. 1-m? 1
Y, =jo C, +
IR jomL, (5.115)
Y, = jomC,
" _ - R
—‘7[::."2 TC;J'E '-”‘_;:: T e A1 I ij‘[:“
4
a) : b '
Hinh 5.22. Minh hoa chuyén song song.
5.6.4. Loc thong cao loai m
1 _1
- jel, ¥, (5.116)
) .
Z,=jolL, =—
2 = JOL, Y,
: 1
Z =——+
b jaC
1
' 1 jol, (5.117)
Z,= I +
ja) _ 2C1 "
Theo (5.103) va (5.107) co:
— b —
. T o dme,
|-
. | ]
al b
Hinh 5.23.

Hinh 5.23: Biéu dién cach chuyén di ndi tiép loc thong cao loai m.
Theo (5.108) va (5.112) trudng hop chuyén song song.
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Yl._]a)C1 1
]a)l_ 2L2
| 1
Y, =
P jol,
m

(5.118)

Hinh 5.24: Minh hoa cich chuyén song song loc thong cao loai m

L3
::_.
L 1
v .-!
H :
R
; i

L 9
n
L

il L1

Hinh 5.24.

5.6.5. Loc thong mot dai loai m

Chuyén noi tiép:

C 1
le_]a)le——l
a)i
m
1—m? 1 1
Z, = jo—" 1 - +
4m 4m
a)l 5 C, 1
—m .
oC
J 2 COLZ
m

Hinh 5.25: minh hoa cach chuyén nébi tiép.

(5.119)

(5.120)
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L/2 2c,  2c, L2

mL,/2  2C/m  2C/m  mL/2

'—fm_.l l'_'_m'_'f
Lm2L
2 4m
1. %
e

g
L2 mC,
— — il
a) b)
Hinh 5.25.
Chuyén song song
. 1-m’ 1 1
Y =7 C, -
1 ] @ 4m 2 o 4m
1-m? 1
Jj| omL, — c
O (5.121)
m
Y, = j| omC, - oL,
m
Minh hoa béi hinh 5.26. 4m |
1me -
" me .
$ e ’
Ly C; ]i;nz
4m <
/2 o 21, mCE/%_EL_: 2L, T_l:;ﬂz
2 m
C2/2 mCy’Z m
a) b)
Hinh 5.26.
5.6.6. Loc chin mot dai loai m
1 1
Z1 = 1 = ?
Jj oGy ——— '
ol (5.122)
. 1 1
Z, =] oL, - =—
C,) Y,

Chuyén nbi tiép.
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(5.124)

Z = 1
i oC, 1
m  wmlL,
. 1 wL, 1
Z, = +( nz__ananj (5.123)
.w4mC1_ 1
1w (1_,%2]
) L,
4m
Minh hoa béi hinh 5.27.
s L ml 2 mb 2
’_|_| |_: . _"_,I_' 20, /m
i, L_.% e
o T“I d
il #' "
b}
Hinh 5.27.
Chuyén song song.
Y = 1 ny oC, 1
m  wmlL,
i 4m 3 1
2 2
1-m 1—-m c,
4m
Ve
[ oL, 1
j _
m  omC,
Minh hoa hinh 5.28.
= 1 ..=_
L ||'|'|:Ll' TR
'—
——Le T ; s ;
2L, 2L, I — ili.-'mi
C‘ 2 [Z;.-’E ITTLO el
T T 1 T,
al L=
Hinh 5.28.
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5.6.7. Tinh chit ciia loc loai m

Muc dich xay dung loc loai m 1a dé khic phuc nhuogc diém cua loc loai k, vi trong
loc loai k téng trd dic tinh Zc phu thude vao o, cac diéu kién (5.104) va (5.109) tong
tr& ddc tinh can bang gitra loc loai k va m chi lam cho hai loai loc nay c6 cung dai
thong, chwa thé hién mot sy cai tién nao vé tong trd dic tinh.

Song c6 thé xét vin dé nay theo khia canh khac, cu thé trong cach chuyén ndi tiép
néu xét tong trd dic tinh cua khau hinh IT va cach chuyén tiép song song xét tro khang
dic tinh ctia khau hinh T thi sy cai tién vé téng tréd dac tinh kha ro nét.

Thuyc vay, doi voi khau hinh IT cta loc loai m noi ti€p

so d6 vé& trén hinh 5.29. ; ‘T‘.jmz —
Coé: Zyy :22;;' ;z_:{ ];z'_.
4z
1+ —* . )
1 ‘
Thay gia tri Z’, theo cong thuc (5.107) va Hinh 5.29.
1+—2
1
2 2
Z = Em g Ll m g [I2m 24, (5.126)
4m m 47, 4 Z,
I+
1
trong d6: Z., =27, 1 la tré khang ddc tinh cua khau hinh I1 loai
1+ —=
1
k.

) Két qua (5.126) cho thafly tré khang déc tinh cua loc loai m khéu IT (trong chuyér}
noi ti€p) con phu thudc h¢ so6 m. Diéu dé chi ra kha ndng néu chon m thich hop co6 thé
Zcn khong phu thude vao tan sd.

Dbi voi khau hinh T cia loc loai m song song c6 so dd hinh 5.30.

:— /1+ [ (5.127)
Thay Y’; theo (5.112) va /1+T theo vao (5.112) rit ra:
2

Z'CT = =Zr

(5.128)
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trong d6:  Zgp = 1 4Y,
2Y, Y,

tinh cua khau T loai k véi (5.127) cling ]
c6 nhan xét nhu (5.126). "

Hinh 5.30.

Xét gia tri cu thé cua m qua vi du sau dé Zep it phu thude tan sé, cho loc thong
thap loai m voi.

1
Z1=joli; Z, =
/e ? joC,
Theo (5.126) co:
: L g
Z.. = —1;{1—(1%2)”—2} (5.129)
G, l_ai Wy
;
2
trong d6: @, =—— (5.130)

Theo (5.128) Z,., = \/7/1—— (5.130)
O | (1— m)—

Hinh 5.31a va b biéu dién su phu thudc cua Z’c(r)

vao tan sO ® vdi cac gia tri khac nhau cua m. m=1 tlaai ki
=0
=00

- 71—, 4

Tir hinh v& nhén thay véi m = 0,6 s& thoa man yéu
ciu Z’carmy it phu thude vao tan sd. L,

Xét hé sb truyén dat g cua loc loai m va chu yéu la 2
hé sb tét a(m). Loc loai m khac k & chd. Nhanh doc Y, va
nhanh ngang Z’; cua nd phtre tap hon va trong ching c6
thé xay ra cong huong cuc by ¢ nhanh doc va nhanh
ngang lam ngan mach Z’ hay hé mach Y’;. Khi xiy ra

hién tuong nay thi hé s6 cit a(w) 13 vo cung lon cho nén =04
{rmg voi nhitng tan s6 cong huong ndy cé tén 1a tan sd suy gl
giam vO cung ® o (ng vdi ®wo cd a(w o) — o). Xac Wl TS
dinh nghiém o oo theo c4c phuong trinh. - '_f‘_lo‘i' <

o 1-m’ Z . W

Z, = +-2=0 5.131
2 dam ' m ( ) b)
2
hay: ¥ ="y + 5o (5.132) Hinh 5.31.
m
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4z,

hay: 0 (5.133)

1
Tir (5.133) thay rqﬁng’ tan s6 suy giam vo cing o, déu nam trong dai chan cia loc
vi ing v6i chung co thé viet.
47,
- =l-m’ <1 (5.134)

1
Khong thoa mén diéu kién dai thong (5.28). day 1a két qua tat nhién va c6 thé
nghiém lai bang céach tinh toéan chi tiét cho cac loai loc cu thé.

Loc thong thap.
0, =2 _sa (5.135)
1-m?
_ 1
“2/L,C,
Loc thong cao: @, = w,\1-m’ < w, (5.136)
1

LG

Loc thong 1 dai.

a)wlza)o[\/lp \/1p ]: ot 1=Ap )<, (5.137)

a)ooz = a)()(

7> P (5.139)

\/1 J: o1 -Apn)> @ (5.138)

Véi: p, =

Tan sO suy gidm v0 cungm.; va 0.y cua loc thong 1 dai loai m ¢ tinh chat giong
nhu tan so cat.

WDl - W2 = a)o (5140)
b = 2 1 0, -,
! \/Llcz \/1—m2 \/l—mz

o, 0, =20, (5.141)

Loc chin 1 dai.

—a)l\/p(l m>)+1—p'(1- m)+1J a)(pm—i—l \/7)>a)1 (5.142)

w,, =, L/p(l m>)+1+:p'(1—m )+1J o, ( pm+l+\/Z)<a)l (5.143)
Véip'm=p (1-m )<p’ (5.144)
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Doi voi loc chan 1 dai loai m ciing c6 dicu kién.

w,,.0,, =0, (5.145)

_ 2
0, o, =20p =" _ (0 —oW1-m’ (5.146)
: 2JL.C,

Hinh 5.32 minh hoa sy ton tai cua céc tan s6 suy gidm vo cung @, cua cac loai lgc
m, cling nhu a(w).

HHY LTS

i
i
t

Ty X

al il

N | 5 . [
: I

Nl

HHI - R L 2 v 1, H

i
5 il
Hinh 5.32.
Ket lugn:
+ o ditr ok > o, thiatang tt 0 > o0 wu diém loc loai m.
+ Tan sérdi qua c}éi thong thi a lai giam do 1a nhu:qc diem cua loc loai m so véi
loai k, & dai chan yéu cau a # 0 va tdng cang 16n cang tot.
5.7. LOC KHONG POI XUNG
5.7.1. So d0 va tré khang dic tinh
Vi hinh 5.33 tir cong thic.

[ 4,4 [4,,A4
Z, = A11A12 C Zy = A22A12
21422 21411

C6 thé tim dugce dic tinh tro khang  r..
cac cira dung nhu tré khang nhin vao cta
do, xem hinh 5.33a,b. Cac tré khang hinh
T va II theo cong thuc quen thudc. ul
Hinh 5.33.

LT-MDb e 213



Ly thuyét mach dién

Z
Lo = \/ZIZZ(IJr 4212 j;

5.7.2. Ché d6 hoa hop ciia 2 cira ciia mang 4 cwe khong ddi xing

V&i mang 4 cuc khong dbi xtmg can phdi hop tré khang nhu hinh 5.34.

Vi cac thong sfS Ay ctia mang hinh T thuan T’ nguoc nhu hinh 5.33. Tir d6 ¢6 thé

tim dugc cac thong so.
chg, = v 4,4y
shg, = v 4,4,

/ A, A
Zl() — 11712
A21A22
— A22A12
A21A11
T (5.147) c6 phuong trinh [A4jx].

YA
Z—lochgo ++/Z,0. 2,y Shg,
20

shg, N zZ
ZlO'ZZO

(5.147)

ZZO

7]

Khi hoa hop Zi = Zyo; Z = Z» ¢6 thé tim dugc.

20 chgo

ZIO g0

—=ef
21

. . /Z
11 212 Z_zo'ego
10

Khi ghép ndi 2 hinh T thuan va nguoc dé cé
hinh thuan T hogc IT d6i xémg nhu hinh 5.35 va thiy
rang.

U, =0,
(5.149)

_1
g, =58

Trong do6: g : h¢ $6 truyén dat cua mang 4 cuc
doi xung T hoac IT.

(5.150)
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J z
L.

g

=

Hinh 5.34.
(5.148)
. s .
o ) {1 ]
! |2z, o7, |?
Sl Y.
— 1 ] —
,J.f;¢| [I‘_}.EJ'.
Hinh 5.35.



5.7.3. Loc thuin khang loai k hinh T
. oA . 1 Z.
Véi diéu kién g, = 5 g cac cong thuc a(w), b(w), Zc(w) cua loc do1 xing hinh T

va hinh IT dén ap dung duoc cho loc hinh T thuan va nguoc véi:

a,(@) =~ a(w)
2 (5.151)
b,(@) = b(®)

Ngoai ra cac tinh chéat khac & loc dbi xtmg hinh T va IT déu & loc ddi xtmg T’
thudn va nguoc.

5.8. MACH SUA BIEN PO
5.8.1. Khai ni¢ém

Mot mach bat ky c6 dic tuyén tan sb phu hop véi thong s6 ctia mach. No6i chung
dic tuyén nay khong phai lic nao cting phu hop voi yéu cau dat ra. Vi du trong ky thudt
thudng mong muodn c6 dac tuyen bién d¢ la hang trong mot dai tan dit ra voi d6 chinh
xac nao do. Pé lam dugce diéu nay cé thé ndi xau chudi mot khau goi la khau sua chira
bién d6 véi khau di cho dé téng hop cua 2 khau d6 s& c6 dic tuyén bién d6 mong mudn.
Thuong dai bién d6 yéu cau khong chira @ = 0 va @ = oo ciing nhu yéu cau vé do dich
pha 13 khong dit ra. Trén hinh 5-36a c6 v& hai dic tuyén: 1 1a ctia khau cho trudc bat
ky, con 2 1a dic tuyén téng hop sau khi sir dung khéu stra bién do, & day a(w) = const.

a ' R,=R
2] 5:1 N
1 E ¢| R,=K
0 ®, o) *
a) b)
Hinh 5.36.
Mach stra bién do thuc‘mg la mach 4 cuc lam viéc véi
tro khang vao va ra 1a thuan tré nhu hinh 5.36b. 5 -
Mang 4 cuc dbi xtng hinh cau dang hinh 5.37 ding b 4 _l
lam khau stra bién do kha thuan loi vi tré khang vao 2 ctra P ITI
déu 12 thudn tro. L3
Znw=Zp=R (5.152)
Mach stra bién d(:) thuong goi 1a mach bic cau, n6 ndi
gitta hai phia 1a mach cau stra bién d¢ va tai. Hinh 5.37

Nhu da xét trong chuong 3, cong thuc (3.207) da co
ham truyén dat I".
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F:l+%=eg (5.153)

Néu dién tré ngudn da biét 1a R thi can thiét phai xdy dung mach sira bién do sao
cho véi ham truyén dat T hay hé sd truyén dat g véi do suy giam a(w) = Re[g(jw)] co
dac tuyen bién d6 thich hop dé bu sira bién do cho mach da cho. O day dat van dé don
gian la can tim mot mang 4 cuc hinh cau c6 thong sb thich hop (hinh 5.37) dam bao c6
dac tuyen bién d6 dat ra ma dic tuyén nay da sua dugc dac tuyen ctia mach dé ra theo
yéu cau. Nhu da biét ham truyén dat I quyét dinh a( a)) va tinh chat ctia Z. Trén bang 5.2
din ra mot sé mach stra bién d Gng véi ham truyén dat T’ va dic tuyén a(w) cia no.
Bang nay lam co s¢ cho viéc lya chon dang mach swra bién d6 cho cac bai toan thiét ké
va tong hop mach sira chita bién do.

Theo diéu kién (5.152), (5.153) va so do hinh 5.37 c¢6 thé tim thdy nhanh doc Z va
nhanh ngang R*/Z 14 d6i ngdu. Vi thé trong bang 5.2 thiy rd diéu nay.

5.8.2. Thiét ké mach sira bién do

PAu bai cho trude dién tré tai R va dic tuyén bién do a(w). Cac budc thuc hién
thiét ké nhu sau:

a) Buoc mot

Chon hé don vi chuén cho dé tinh toan. Céan phai chon wch, Lch, Cch va Rch,
chon sao cho ¢6 quan hé don gian véi R tai va cac tan sd cit ciia a(w).

b) Buoc hai

bac tuyen bién do a(w) can dugc v& trén toa do
logarit Va xap xi dic tuyén bang cac duong giy khic. .
Sau d6 gan dung thi 14p ham T'(P) theo cic duong giy
d6. Sau khi biét I(p) thi ¢ thé tim dugc Z theo (5.153). a 15 45 |T<'|_'|Zf|

Z=[T(P)-1]R (5.154)

9.54dB

Hinh 5.38.
Thong thuong chon chuan sao cho R = R, = 1 d€ c6
Z=T(P)-1 (5.155)
¢) Buoc ba

Thyc hién tré khang Z hay Z(P) chinh 1a ham [['(P) — 1]. Trong mét s6 trudng
hop don gian c6 thé suy luén tim ra Z(P) d¢ dang. Gap cac bai toan phuec tap thi phai xét
van dé tong hop mach ¢ chuong sau.

5.8.3. Vidu
V& thiét ké mach sira bién do.

Trén hinh 5.38 1a dic tinh suy giam dd gan dung cta khau sira bién do, hay thiét
ké no, biét tai R = 600Q.

Giai:

PAu tién chon don vi chuin vdi Ry, = 600Q va fy, = 15KHz theo R tai va tan s6

cit. Suyra w, =2 . 7. 15.10° =941 . 10" Rad/s.
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R, 600
w, 941

ch —

107 =637mH

c, 1 1

— — — S
TRyw, 9aLioieier O IRl

Khoang cach giira hai diém gay theo loga tan sé.
log% =1log3=0,477D

D6 dbc cua duong giy khuc.

9,54.dB
0,477.D

=20dB/D = 6dB/oct

Dac tuyép suy giam trén hinh 5.38 c6 hai diém gy tirc 1a tong hop ciia hai do thi
Bode thanh phan bac 1.

Ham truyén dat s& 1a:

P
1+
I(P) = o 1+P _1+P
P P T34p
1+— 1+—
W,

Theo (5.155) c6 tré khang.

Z-T(P)—1—3ltP _ _3+3P-3-P 2P

+P 3+P C34+P
Ham Z(P) trén c6 thé doi.
2
2P —P2
Z(P) - 3+P - 2 2/3 4.25mH
3 2 12000
Ham Z(P) nay la song song cua hai ,_.,_é 13 s pied
nhénh dién tro hai don vi chudn va dién @0_ . @BOOQ
cém‘2/3 don vi chuan. So d6 hinh 5.39 vé A 11.8nF
so d6 mach stra bién d6 véi Z(P) & trén. 1
Cac gia tri thuc L va R la:
Hinh 5.39. L-
C-
R-
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Chu y: Tinh d6i ngiu cia hai nhanh doc va ngang nén cé gia tri tuong tmg L, C, R
va R/2 nhu hinh 5.39.

Bang 5.2.

Xap xi bang duong

Mach dién H¢ so6 truyén dat gy khic

=1+pL
a
o 1+pC 20db/D
="oC
d
_1+pC+p’LC
pC

]

ro 1+pC+p’LC
1+p°LC

)

r_1+R+pCR
1+pCR

i
L:Ihl LJ|‘|: ]
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¢
G
FJJt: 1. r_1+R+pCR 2
1R 1+pCR N
) ¢ . I—
- UJhI Uth {2
Mach dién Heé s6 truyén dat Xap x1~bang’du0’ng
gay khuc
L _1+R+pCR+p’LC(+R) :
1+pCR +p’LC
i3]
_MT_I d
|T Pu
=1 r R+pL(1+R)+p’LCR
ik R +pL +p’LCR
T 0
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Céu héi on tdp ,kiém tra danh gid chuwong 5 .

1/ Chirc nang cua mach loc tan sé ly twong .Cdc logi so do mang 4 cuc

thwong dung lam loc

2/Piéu kién nao dé mang 4 cuc co dai thong ,nghia la tao thanh dwoc mach
loc tan sé . Hé qua cua diéu kién tao thanh mach loc thé hién theo cdc
tinh chdt théng sé khdc nhw thé ndo.

3/ Cdch vé cdc dang ddc tinh tan sé cia nhitng phan tir ,nhdnh ,cdc loai
mach(ndi tiép ,song song ,hon hop ) thuan khéng .

4/ Xay dung cdc cong thike tinh hé sé suy giam a(w) ,dich pha b(x) va tro
khdng ddc tinh Zc(x) trong ca dai théng va ddi chan .

5/ Pdc diém cia cdc mach loc thuan khdang doi xvmg logi k (so do,tré khdang
doc X1,ngang X2 ,cac cong thirc xac dinh a(v) , b(x) va Zc(v) trong ca dai
thong va dai chén)

6/Pdc diém cua loc thudn khang logi m va cdc tinh chat ciia né .

7/ Ddc diém ciia mach loc thuan khéang khéng doi xieng so véi loc doi xitng .

8/ Khdi niém vé mach sia bién do .
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CHUONG VI
PO THI BODE

Dé phan tich cac hé thong dién tir cAn xay dung cac do thi theo tan sb. Cac gia tri
loga cuia d6 10n cac thong sb gitip cho viée biéu dién cac do thi rat don gian vé tinh toan
chung. Cac ham mach dac trung bdi cac diém cuc va diém khong nén dd thi cua céc
ham mach nay dugc vé trén co so cac diém dic biét nay sé& rit co y nghia trong viée
phan tich chung. Cac gia tri twong d6i cua cac thong sb mach tién cho phan tich ciing rat
hiéu qua.

6.1. BIEU DIEN HAM MACH

Céac ham truyén dat toan tir dd xem xét trong phuong phéap bién doi Laplec dugc
goi 12 ham mach. Ham mach thudng 1a cic ham phan thirc hitu ty biéu dién tong quat 1a
mot phan thuec.

A(p)

F(p)= B(p)

Thuong biéu dién theo:
Dudi dang ty so cua hai da thuec:

(6.1)

AP

A +Ap+..+4,p" z

F(p)=2o AP P 2D (6.2)
B, +Bp+..+B) iBP"

Duéi dang tich céc thira sb:

. o N ﬁ(P—PI)
F(p) :ﬂ: (p p i )(p p 2 )(p p m) — K i=1 (63)

B, (p=p)p=pD)-(r=P) L (p-p))

(6.4)

(1 - p](l - p,}..[l - ”.J ﬁ[l - p.)
y2 P, D —k i=1 P
o ’ p

Véi k, =2

Céc ham F(p) trén c6 dic diém:
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lim|F(p)|=0
P p;

Vi vay céc tan sO p, goi la cac diém khong. Con cac tan s6 p =p; goi la cac diém
cuc cua ham mach vi:

lim |F(p)| = o
PPy

Cac diém khong, diém cuc va hing s6 k hoan toan xac J
dinh dugc ham F(p). Ching ta s& biéu dién cac diém cuc va ol
diém khong nhu hinh vé& trén hinh 6.1. O day cic vong tron ky ="
higu diém “khong” con ddu chéo ky hiéu diém “cyc”. Do A(p) o .
va B(p) 1a céac da thirc hé so thuc, nén nghiém cua chung chi 1a .

thuc hodc cac cap nghiém phuc lién hi¢p.
Hinh 6.1.
Bang cach thay thé p = jw ta chuyén cac ham mach F(p) vé ham cac mién tan sb

F(jw). D6 thi Bode dugc xay dung dé vé d6 thi trén co sé cac diém cuc va diém khong
véi cac don vi loga thich hop.

6.2. PO THI BODE
Thay p =jwvao (6.4) co:

[l_w](l_faf}.{l_wj

pz’ p2 pm

(1—"5’}(1—@}.{1—@}
pl p2 pn

St dung cac phép logarit co s6 khac nhau dbi voi F(jw) s& co don vi do khac
nhau:

F(jo)=K, (6.5)

Néu biél} dién da:lc tuyén tan s6 cua ham mach trong hé, toa d6 16garit thi chiing ta
s€ co dac tuyén tan s6 bién do, cd don vi la Neper (Np) néu lay logarit ty nhién cua
Fjo).

ay (@) =In|F(jo)| [Np] (6.6)

Néu 13y logarit co s6 10 cia F(jw) s& co dic tuyén tan sé bién do v6i don vi 1a
decibel (dB).

a,(w) =20.Log| F(jw)[dB]| (6.7)

Trong (6.7) c6 hé s6 20 c6 ¥ nghia lién quan téi cong suat s& thdy & phan sau. Pic
tuyén pha thé hién goc hay do dich pha la argument ctia F(jo) do bang rad.

b(w) =arg F(jw) rad (6.8)

S& di chiing ta v& dic tuyén tan sé dudi dang logarit ciia ham vi hai Iy do sau:

— Thay cac phép nhéan trong biéu thirc ham bang cac phép cong dbi voi logarit
cua ham.
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— Céc thira s6 ¢6 dang khéc nhau trong toa o co6 truc hoanh dugc chia theo 16garit
cua tan s6 duogc v€ gan ding bang nhiing doan thang va nhu vay viéc v€ gan ding dac
tuyén tan so tong hop dugc thyc hién don gian, thuan loi.

Truc hoanh dugc chia theo 16garit cua tan sd nhu sau:

Theo log co s 10 cua ty s6 gitra tan sd va tan s6 chuan @,

v =log-2- decad (ky hiéu 1a D) (6.9)
a)OO
Puoc chia theo log co s6 2 clia tAn s va tan s6 chuan.
v =log, 2 octv (ky hiéu 1a Oct) (6.10)
@,

Va chung dugc biéu dién trén hinh v&.
2 -1 0 1 2 3 v [D]
0.01 0,11 1 10 100 1000 o/

;. w (7))
voi y =log— =1g—
a)() a)()
;. w
2 -1 0 1 2 3 v [Oct] VYOI 710g2a)—
0

025 05 1 2 4 8 /o

Hinh 6.2.
6.3. PO THI BODE CHO CAC PHAN TU HAM MACH PIEN HIiNH

Dé xay dung do thi Bode cho ham mach phure tap ta can xay dung dugc do thi cho
ting phan tir hay cac ham mach don gian, sau do tong hop lai véi ham mach phuc tap.

6.3.1. Ham mach hay phén tir bang sé

F(p)=k, (6.11)
Vi k; ¢6 thé duong hodc am 16n hon 1 hay nhé hon 1 nén:

a(w) =201glk,| [dB] (6.12)

a(@)> 0 khi |k,|>1 (6.13)

a(®)< 0 khi [k, <1 (6.14)

b(w)=0néuk,>0
b(w)=nnéuk, <0
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D0 thi trén hinh 6.3.

al:lli| arac) |
ERIETIEN K 1=l =
i Tl N
N I (SO — il L0 U2 W
e T "0 1l 1] an LI D | 1 110 1 el —-_Tr\-
k1=l
Hinh 6.3.
6.3.2. Ham mach hay phén tir c6 dang F(p)= P
Phén tir ¢6 dang F(p)= P (6.17)
(6.18)

V61 (6.17) c6 nghiém p =0 va F(jw)=jw
Co a(w) = 201g|ja)| = 201gﬁ = 201gv[dB] v6i @, 1 tan sb chuan thudong chon
)

o

tuy theo bai toan cy thé théng thuong chon w,=1rad.

Vay a(w) =201g—| = 201glw| = 201gv (6.19)

@
a)(l

Con b(w) = /2 trong ca dai tAn (6.20)
Theo (6.19) néu o = 1 thi a = 10 thi a = 20dB theo budc log, ham a(w) 1a dudng

théng‘cc') d6 déc 1a dB/D hodc dB/oct. Con pha cta né bang 7/2 khéng phu thudc vao tan
$0. D0 thi cua ham nay thé hién trén hinh 6.4.

| R
T
T
—_ ] —————
el P s

Hinh 6.4.
Trudng hop nay goi 14 cé diém khong ndm trén gbc toa do, trén hinh 6.4a ta thiy

d6 dbc duong thang 20dB va di qua gbc toa do.

6.3.3. Ham mach

P (6.21)

F(p):(1+—j
W

h
Nghiém cua né p = —a, nam trén truc thyc vé phia &m nén ndé nam & nira mat

phang trai (hinh 6.5a).
1422 (6.22)

h

Xét: a(w) = 201g|F (jw)=201g|
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2 2
—201g /1+‘”—2:101g{1+(ﬂhj } (6.23)
o, @

Xét goc pha: b= arg[l + Ej = arctgﬁ[rad ] (6.24)
W, h
Néu ﬂ<O,1 c6 nghia 1a ® nho hon @, khoang b
W,
decad thi a = 10/og1 = 0. iy 5
Néu 2510 ¢6 nghia 1a ® 16n hon @, khoang 1 . adf
Wy
1= @ 1‘_} 1
decad thi a = 20log—dB. O L
Thay vao phuong trinh trén: . U=
w=0,1m,tacod: a=0dB L ;
w=10m, ta co: a =20dB y — 1 VR [ e

o=100 o, ta co: a =40dB

Vay a(w) trong (6.23) c§3 thé, lay x4p xi bang 1 du:(‘n}g
gdy khuc c6 diém hay tai tan sO @ = o, va c6 do doc
20dB/D hinh (6.5b).

Tai w= ey, thay vao (6.23) ta c6 a(m,) tai diém giy a(hw)=10lg2= 3dB.

Néi cac diém da xét a(w) = 20dB & 100h voi a(w) = 40dB & 100, va ching ct
truc hpénh tai @ goi la duong gan ding. Tai ® = @, s€ ¢o sai s0 3dB. Con o < a, d-
ugc gan dung bang a(w) = 0 (hinh 6.5b)

Xét goc pha theo (6.24).

Hinh 6.5.

Khi 2 <01 thi b=0
@,

Khi @> 10w, thib = n/2

Tai diém giy ® = an thi b = /4.

Dic tuyén pha cling doc xap xi bang duong thing nhu hinh 6.5¢ sai sé cuc dai ¢
day 1a 0,1rad hay 6°.

6.3.4. Ham mach c6 cap nghiém phirc lién hi€p

Xét ham mach: F(p)z( —ﬁ]( —ﬁj (6.26)
P D,
Hay: F( p):(l— £ j{p pm] (6.27)
,e w.e"

+i0

Nghia la c6 cdp nghiém p1, = @ . e 1a phtic lién hop. (6.28)
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2
Bién déi (6.27) F(p)=1-L-2cos0+ (ﬁj (6.29)
(OB ;

1 1

Trong cac bai toan k¥ thut hay gip cac cip nghiém phirc ndm & nira mit phang
trai hinh 6.6.

Véi cac goc 0; > n/2 thi cos 0; < 0 ta dat bién phu —cosO;=¢ (6.30)
Tu (6.30) thi (6.29) c6 dang:
2
F(p)=1+ 2g{ﬁj + (ﬁj (6.31)
, , —
[n
Chu ¥ véi cac diéu kién: (6.30) thi & < 1.
+ Véi 0 = 90° c6 — cos 90° = & = 0 bai toan cé cap
nghi¢m &o. Hinh 6.6.
Po=we? =+ (6.32)
+ Véi  0=120°cod—cos 120°=E=1/2 (6.33)
+Vé6i 0=150° ¢6—cosl50° =& = g (6.34)
+ Vai 0 =180° cd — cos 180° = & = 1 bai toan cd cap nghiém thuc
Po=w e = (6.35)

Bai todn véi mot nghiém am thuc — @, da xét ¢ trén thi bai todn cdp nghiém am
thuc kép @, s€ thuc hién duge. Truong hop nay co6 do dbc 40dB/D va goc pha cling tdng
gap doi tai . Néu & >1 thi c6 thé phan tich F(p) thanh hai nghiém thuc khac nhau.

Fp)=@-p) @-p2) (6.36a)

Voi P1 ;épz la thl.IC.

Xét (6.31) khip=jw

2
a=20log]l + j2g{£ - (QJ
w; w;
. [dB] (6.36b)
2 2
=10log {1—(ﬂj +4§2(ﬁj
, ;
2@
.
b =arctg———— [rad] (6.37)
w
1-| &
Q.

1

Béy gio chiing ta hdy v& cac db thi Bode ctia truong hop sau:
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Néu @ 20,1 thia=1logl =0.
.

1

.

1

4
Néu L S10 thi a=1010g(£j = 40log 2 [dB]
. .

1 1

Do thi cua a tiém can voi dic tuyén gy ma diém gdy la @ Trude @ mot dé cac
dac tuyén bang 0, sau @; mot dé cac dac tuyen la duong thang c6 do doc 40dB/D.
Tai diém gy gia tri chinh x4c cua a la:
a(@) =10 log 4 &%, [dB] (6.38)

Vi cac gid tri khac nhau cua & 1a 1, 0,5 va 0,25 co thé xay dung dugc déc tinh
a(w) nhu hinh 6.7a)

l.-'.rllt

A7)

1__'|
R T N T TR X T NG RO B R T (FTR Y

¢l ' b
Hinh 6.7.
Xét dac tinh pha b(w) tai.
w=0c6b(0)=0
o= cO b(w)=m/2 (6.38)
>> @ cOb(o> w) =7
Ngoai (6.38) b(w) con phu thude vao &, dic tuyén pha b(w) duge vé trén hinh 6.7.

Nhan xét rang truong hop cap nghiém phirc lién hop nay 1a tong quéat nhat. Khi &
=1 v6i cap nghiém thuc am ta c6 2 d6 thi Bode cua mot nghi¢m thyc am —ax. V6i £ =0
hay 6 = 90° cip nghiém s& 4o s& doc xem xét k§ & phan sau ddy.

6.3.5. Ham mach cé cap nghiém do lién hi€p

Khi cap nghiém do p, = H o,

(6.39)
C6 db thi hinh 6.8.
2
Thay vao: F(p)z(l—ﬁj(l—ij ta co: -
D 2 "
1!
Fp)=|1--2 |1+ 2 (6.39) -t
jo, jo,

Hinh 6.8.
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2
F(p)=1+ [ﬁj (6.40)
@;
2
Thay p = jwvao (6.40) c6: F(jw)=1— [EJ (6.41)
.
J
2
’ w
Xét: a(w) =201gl — [—] (6.42)
@,;
-
b(w) = arg| 1 - (ﬂ] (6.43)
;
Néu ol <0,1 thi a(w) = 201gl =0
Néu Wl > 10 thi a(@) = 40lg 2| [dB]
.
J
Néu 0= thi a(a) =20lg [1-1/=— oo
Néu o=+20, thi av2.0, )= 201g[l -2 = 2011 = 0
Néu o=0,3  thi a(a)j\/i)zzmg‘l—%‘=201g%=—6[d3]

Tir cac sd liéu trén xay dung dugc a( ) trén hinh 6.9a.

aill In, =

I I8 | O I o

s g 11 e e ———t———
: ——
_“T\\VM' G Ty oo

Hinh 6.9.

-

Xét dic tuyén pha b(w).

b(w) =arg|1- (ﬂJ
@,

0>0; co b(ow)=m
Véi: 0<o; co h(w)=0 (6.44)
O=0; co b(w)=0

Két qua nay duoc thé hién trén b(w) & hinh 6.9b.
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6.4. XAY DUNG PO THI BODE CHO HAM MACH PHUC TAP
6.4.1. Quan hé cac diém “khong” va diém “cwe” véi do thi bode

O trén da phan tich cac ham mach don gian chira cac diém “khong” 14 cac phan tir
nam trén tir so.

Néu céc phﬁn tir ndm & mau sd thi d6 lai 1a cac diém cuc cua mach. D) thi cua céc
diém “cuc” nay la doi xing véi do thi bode ctia ham mach voi diém “khong” tuong tng
qua tryc thyce tan so v.

Trén hinh 6.10 1a d thi bode ciia ham mach.

1

F(p) = ——
[+ 5)
wh

Va d& thay db thi nay 1a ddi xtimg qua tryc tan s6 v so véi
ham (6.21).

Hay xét d6 thi bode cia ham mach dang nghiém ndm phia
phai cta tryc 4o thi dé thay bién d6 a(w) la khong d6i nhung
tuyén pha b(w) phai d6i ximg qua truc ®, hinh 6.11b. Xét ham
mach. Hinh 6.10.

F(p):(l— pmj(l— p_mj (6.46)
w,e ;e

D6 thi nay c¢6 dang hinh 6.11b con c6 nghiém phan thyc duong nén Q<
7/2 dugc vé ¢ hinh 6.11a.

(6.45)

i3 A0ilBA D
[3] o, i
la,rad

T [[M8 o

e

)

a) b
Hinh 6.11.
6.4.2. Phuwong huéng vé d6 thi Bode ham phiic tap

Chung ta da khao sat cac dd thi Bode cua céc loai nghi¢ém khac nhau cua ham
mach. Ham mach s& duogc vé tir cac dic tuyén giy phan tir dd noi ¢ trén. O day vi ham
mach duoc v& trong toa do 16garit nén phép nhan trong ham mach twong tng vdi viée
cong cac ddc tuyén gdy phan tir, con phép chia twong mg v6i viéce trir cac déac tuyén gay
phan tu, nhung vi tuong tng cac diém cuc, cac dic tuyén giy dugc biéu hién & phan
am, do d6 dd thi Bode cua ham mach sé& 1a dd thi két qua cua viéc cong cac dd thi Bode
thanh phan.
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Trong nhiéu truong hop d6 thi Bode ctia ham mach vo1 dang déc tuyen gy cling
da du dé khao sat tinh chat ham mach nén ngudi ta khong can v& dic tuyén chinh xéc
ciia ham mach qua cac dudng.

Vi cac ham mach phue tap thue hién v& cac phan tur ro1 rac sau do thyc hién cac
phép cong trir db thi theo tinh chat diém “khéng” va diém “cuc” & tir s va mau sd.

6.4.3. Céc vi du xay dung do thi Bode

Vi du 1: Cho mach dién nhu hinh 6.11b. R;=180Q,
R2=2OQ’, L = 180mH. Hay vé dd thi Bode cua dic tuyén tan sb
cua ty so dién &p ra va dién &p vao ctia mach dién.

Ung voi phuong phép toan tir ta viét dugc ty sé dién ap ra

va dién 4p vao cua mach. Hinh 6.12a.
R,pL L
K(p) R, + pL PR, L P R,
p)=— = -
IR+ R,pL RR, +p(R1L+R2L) 1+ pL R +R,
"R, +pL RR,
-3
- _ L _180.10 10
R~ 180
Hay dat: R AR 2 .
r=L TS oy S :103(1+ﬂj:102s
RR, R, 20

C6 thé viét lai ham K(p) nhu sau:
K(p)=1,—F—
1+ P

1/z,

Theo biéu thtc trén, dd thi Bode ciia ham K(p) s¢ 1a tong hop cua ba dic tuyén
thanh phan cua truong hop 1, 2 va 3 duoc xét & phan 1y thuyét.

Ung v6i hing sb 1, ta ¢6 a;=20log 1; = 20log 10~ = — 60dB.
Ung v6i diém 0 tai gbc toa do tirc 1a biéu thyc p trén tir s, ta co dic tuyén 1a d-

wong thing di qua gdc toa do.

Con tmg voi diém cyc thuc tai (1 —lj ta co dic tuyén la duong gy co tan sb giy
T
tai 1/to=10%s™" va do dbc 1a — 20dB/D.

D6 thi Bode (bién do va pha) cia ham K(p) dugc biéu dién trén hinh 6.12b,c.
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4 | blw),rad
o1 2 3 WD /2
(O]
50 0 12 3 LU.D
4.:/4% ®
40
76_0_ 1'[/2
b) c)
Hinh 6.12.
O tan sb cao ham tuyén dat dién ap tién dén gia tri.
T R
a, =a(©)=20lg—~=20lg 2 =-20dB

T

2 1 + 2
Vi du 2: Hay xac dinh dd thi Bode cua dic tuyén truyén dat dién 4p cuia mach dién
hinh 6.13.
(R; —40kQ, R, =10kQ, C = 100nF)
Giai: Ham truyén dat ap.

R
é/(Rer é]
K(p)=ta-_L=2 P=2) R,/ pC,
“i R+ Rzl/pCz 0 RI(R2+1 J-f- &
R2+7+7 pCz pCZ
pC, pC,
_ R, _RZ/R1+R2):k 1
R +R,+pRR,C, |, RR " p
R, +R, w,
R, 10 _
N * R +R, 40+10
vor R +R 40+10).10°
o, =Tt (40+10). —1250:[1/5]

" RR.C, 40.10.10°.100.10
Ham truyén dat gdm 2 phan tir k, va diém “cyc” thyc am—
ax tao nén. Goi aj(w) = 201g k, =201g 0,2 =-1" dB, b(w) = 0.

1 1
a,(w)=201g — 5 b(w)=Arg| ——— -
1+7¢ 1+ ;7% Hinh 6.13.
@, W,

Céc dac tinh a1(w), b1(w), ax(w), bo(w) da dgc xem xét & trén va v€ nd trén hinh
6.14a,b.

as(w) = a,(0)+a,(®)

O day thuc hién phép cong d6 thi:
by () = b, () + b, (w)
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Nhin vao dd thi Bode 6.14a ta

. dB
thdy o cang cao ay(w) cang am, e 1 2 3 2,54 oD
nghia la 4p ra cang giam va mach c6 o o,
chirc ndng nhu mach loc théng thap 101 14dB o
RC. a) 20 & \—QOdB/D
Vi du 3: Hay xac dinh do thj
Bode cua ham truyén dat dién ap b rad
, . L, E ’ 1 b=0 2 4 D
cua mach hinh 6.15 véi céac gia tri : -
khac nhau cua L=1H R= by %
1kQ, C=0,1uF. /4 :
Bai giai: .
, Ham truyén dat dién ap duoc b) w2
viet:
Hinh 6.14.
RpL
U ’L |
K(p)=—*= 1R+l£)L - pLC I i rl I
Ur L RPY 2 e o3
pC R+ pL R |
1 1
bat:  wj=—=—"—2=10"5" 5 0, =107 =3160s"
LC 1.0,1.10
Nghiém cta mau s6 s& 1a: 14p.10° +p* 107 =0 Hinh 6.15.

Li.-:." }
|__._I-.__35_'-:_-; g s
1] T
£
a] -4
RN
T ]
TL r
I : 5 T, L
w i
e
k- b )
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Tur d6 ta lai c6 hai nghiém don:

pi=-1,12.10s"; 7=-89.10°s"
Ham K(p) co thé viét:
p2
o} k,(p)
K(p)= y = !
+p)0+p) K'(p)k'(p)
|p1| |p2|

bat cac dac tinh:
k, ¢6 a,(w); b (o)
k, ¢6 a,(®); b,(w) chiung veé dugc trén hinh 16a,b.
ky ¢ a;(w); by(w)

Co: as(w)=a; + a; +a;
bs(w) = a1 + az +az

6.5. KY THUAT TINH TOAN TRONG MACH PIEN TU

Cac thong s6 tuyét ddi cua mach c6 khoang rong qua 16n nén cﬁn’bién phap gon
gang trong thé hién va tinh toan nd. Nguoi ta sir dung cac don vi twong doi lam cho biéu
dién va phan tich plach thuan ’tién hon Thém nira néu dung céc gia tri chuan con cho
phép danh gia chuan hoa hé thong rat hiru hi¢u.
6.5.1. Cac don vi twong ddi

Pau tién chung ta hay noi dén cac dai luong tham gia trong hz‘m} mach la R, L, C,
n, o. Vino la dai‘ luong khong c6 don vi nén ching ta khong néi dén. Vay h¢ don vi
chuan dugc bao gobm Ry, Cep, Leh, @cn Va glta chiing c6 quan hé.

1

@.,C,,

Rc’h = a)cthh; R =

ch

Vay trong bdn don vi chuan ké trén c6 hai gia tri dugc chon tu do.
Céc vi du tng dung (6.37) s& 1am rd cach sir dung don vi tuong dbi.
Vi du 1: Chon don vi chuan cho so dd hinh 6.17.

al Il

Hinh 6.17.
Giai:

Ta c6 thé chon: Rep, = 1kQ; Loy = ImH va :
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R, 10’
L, 107
11
R,w, 10°.10°
Céc gia tri twong tng dugc thé hién & so d 6.17b.

Vi du 2: Véi so d6 thong s6 twong ddi hinh 6.18a c6 chuan Re, = 5000; fen
= 1KHz. Hay xéc dinh cac gia tri thyc cua thong so.

=10%rad /s =1Mrad | s

a)ch

C, =107 F =nF

2Jml | 2ol |

12

= L [] L IV

al Il

Hinh 6.18.

Giai: dau tién ching ta c6 thé xac dinh tan s6 Q.

w,, =2xf,, =27.4.10° =25krd / s
R, _ 500
o, 25.10°
1 1
R,m, 500.25.10°
Gia trj thyc dugc thé hién trén hinh 6.18b.
Ngoai cdc thong s6 thy dong twong doi con ¢6 cac thong s6 dong dién, dién ap va
cong suat chuan lién quan dén n6 bang.

R, = &; Py U dy, (6.38)

ch

Twdo: L, = = 20mH

C., = 80nF

Vi cac dai lugng diéu hoa o thi con c6 thoi gian chuén.

) (6.39)
f o

Vi du 3: Hay tinh tré khang cia mang hai cuc

hinh 6.19 sau d6 tinh tr& khang & tin sb 160Hz va e " E‘”’
320Hz. e
Giai: — .
Chon  Rg=5.10°Q; Sl
Ca=2.10"F.
Hinh 6.19.
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1 1
R,C, 5.10°2.107°

Co: w, = =10"Rad / s

Vay: f, = ‘;’; = 160 Hz

Trd khang ctia mach tinh theo gia tri tuong dbi Z¢ duoc tinh.
Z N (Ryy +1/ jaCyy)/ joCyy
1 1

Ry + - +-
joC,, joC,,

Theo gia tri chuan co:

Riyu=1,5; Ra=1, Cua=1; Ciwa = 2 thay vao
(1+1](1j 362 4 35.5
Zy =154~ JOAID) 1200 £ 0.0
1+,L+,L —20° +3jo
Jo  Jo,
Vi fen = 160Hz thi:
160 .
fltd:ﬁzl VOl @ =1
320 .
fm:E:Z VOl @y =2

Thay w4, g Va0 Zig trén:
1-3+35,56 —-2+35,56 (=2+]55)(-2-j3)

Zia = : : =1,58-j0,385
-2+3) -2+/3 4+9
_ 2 . _ . _ . _ _ .

2td:1 3.22+J§,5.2: 114711 _ (=11+,11)(-8 ]6):1,54_].0,22
-2.2% +3j.2 —8+ j6 64 +36

Gia tri thuc cua Z; (v6oi f=160Hz) va Z, = 320) la:

Z1(160) = Z1a . Ren = (1,58 —j 0,385) . 5. 10° = (7,9 —j 1,925) . 10°(QY)

75(320) = Zoyg . Ren=(1,54-70,22) . 5.10°=(7,7—j 1,1) . 10°[Q]

6.5.2. Cac don vi logarit

Céc don vi logarit thuong dugc dung vi nhitng nguyén nhan sau day:

1. Mot phﬁn cac hién tugng ty nhién (vi du do nhay cua tai) cé tinh chét logarit.

2. Gia tri cia mot so dai lugng thong nam trong khodng rat rong.

3. Dbi voi cac khau khuyéch dai ndi ddy chuyén thay vi phai nhan cac h¢ s
khuyéch dai, ta chi phai cong cac dai lugng 16garit trong trudong hop ty sO cong suat
phai trir cac dai luong 16garit.

Céc dai lugng 16garit thuong dung.

a) D6 voi ty s6 cta cong suét ta co dai lugng.
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P
a=10log—-[dB] (6.40)
F,
b) i vai ty s6 dién ap.
Tir (6.40) ta viét duoc.
P, U/!R, U, R,
a=10log—=101lo 0 =20log—L+10log—-
&p UR &U &R

0 0% 0 0

, U
Néu: R, =R, thi a :201ogU—1[dB] (6.41)

0

Néu lay log tu nhién cua ty s6 dién ap ta co:

a= lnﬂ;[Np] (6.42)
U,
Tir (6.41) néu R, = Ry ta c6 quan hé ctia cong suét:
1. P
a=—In—L;[N 6.43
25 [Np] (6.43)
Quan h¢ gitta dB va N
aldB] =20 logﬂ =20.0,435 lnﬂ =8,7a[N]
UO UO
Vay IN=28,7dB; 1dB=0,115N (6.44)

Trong h¢ thong truyen tin thong so sanh moi cong sudt (hodc dién ap) voi moi
cong sudt (hodc dién ap) nhit dinh nao do, luc do ty so cong sudt (hodc dién ap) tinh
bang dB duogc goi 1a mirc. Néu cong suat ldy lam chudn Py = IW lac d6 mic s& 1a:

s = 10log P, [dBW]; Sp = ap [po=1w (6.45)
Trong d6: P, liy don vila W
Néu cong sut chuan P, = ImW thi muc s& la:

s = 10log P,[dBmW] (6.46)
Trong d6: P, lay don vi 1a mW
Néu dién ap ldy lam chuén 14 0,775V thi mirc dién ap duoc tinh:

s =20log Y,
0,775V

dB Su = Sp u,=0,775v

¢) Doi voi 1y s6 ciia tan s6
Nhu da trinh bay ¢ muc dd thi Bode céac don vi cla log cua tan s6 1a:
V= log&,DV =log, ﬂ,oct
2N N
Tir quan hé 10'°8* = '8
logx = log)x . log2 = 0,3 logrx
Co nghia la:

236 ¢ LT-MD



v[D] =0,3; v[oct] (6.48)

Kétqua loct=0,3D; 1D =3,33cot (6.49)
Vi du 1: Trén mot dién tro ty 5O tin hiu voi nhidu 1 45dB. Hiy xac dinh ty sd
dién 4p tin hiéu véi nhidu va ty s6 cong suét ciia tin hiéu so v6i nhiéu.
Giai:
-1
a, = 2015{ Y i j =45dB
tinhiéu

Ptm hiéu B
a, =10Ig =45dB

nhiéu

Vay:
Yaien _ 1150 _ 1 78 107
U iéu
2
Pn’n hiéu — 1015/1() — 3317104 — [Un’n hieuj
P nhiéu nhiéu

Vi du 2: Hay xac dinh di¢n trd vao cua bo

khyyéch dai ¢ hinh 6.20 cho biét d6 khuyéch dai cong — e— o -
suat ap = 20dB va dlén ap dau vao uy, =75Q 1a U_'__'J,_F]l =20l U’l R, —75
Sy =26dBm, tinh U.,, I, L.
Giai: ] Bl
Theo quan hé: Sw —26dBm

R a117a14
a,=a,+10lg—% vay R, =10 R, Hinh6.20.
R

U, U,
=20lg—"*--20lg—*~a, = Su,, —Su,,,
vio 0, 775 0,775
Voi:

Su, =20lg —2_ |- 1248
0,775

2

Vay: a, = 26[dB] - 12[dB] = 14[dB]

a,-a, 20-14
Rt R,, =10  R,=10 * R, =10"°R, =10"%75=300Q
Sum
Tinh: Us=1020 x0,775=10"x 0,775 = 15,46[V]
I, = U _15,46 _ =0,206[ 4]
t
3,1
I, = =""=-0,0103[A]
300
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Céu héi 6n tdp ,kiém tra danh gid chwong 6

1/Pinh nghia,cac dang biéu dién va dic diém ciia ham mach.

2/ Dinh nghia dé thi Bode va cdc thé hién bién, ham trén mdt phang trong
do thi bode.

3/ Vé dang dé thi bode cho céc logi phcfn tr ham mach : hang 56 ,dao ham
,quadn tinh bdc 1 ,dao dong tdt dan va dao déng vinh ciru.

4/Quan hé cac do thi bode c6 nghiém “khong “voi dé thi cé nghiém “cuc”.
Cdach vé dé thi bode cho cdc mang 4 cuc xau chudi phiec tap .

5/ Cdch tinh todn cdc thong sé tuong doi ,théng sé6 1éga cho tan sé , dién dp
,cong sudt,mike dién dp ,mirc cong sudt trong kjj thudt dién tir .
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CHUONG VII

PHAN TiCH MACH DIEN PHUC TAP
KHONG TUONG HO VA HO CAM

7.1. KHAI NIEM PHAN TiCH MACH PIEN KHONG TUONG HO

O mach dién phirc tap c6 chira nguon diéu khién c6 thé st dung phuong phap ma
tran dé phén tich. Cac phuong trinh thé dinh c6 dang nhu ¢ mach dién tuong hd, song
ma tran dan nap nhanh [Z,;] va ma tran cdu tric [4] phai thanh lap khac. Phuong phap
dong dién vong khong dugc img dung ¢ bai toan khéng tuong hd vi khong hiéu qua. bé
don gian hiy phan tich cac bai toan khong twong hd ma khi tac dong diéu kién dau uc(—
0), i(-0), w(-0), g(-0) déu triét tiéu. Luc d6 nghiém cua hé thdng u(?), i(r) dang thoi
gian ung vdi dang phd chi 6 thanh phan cudng buc hay xac lap. Cac nghiém phd nay
gidng hét nhu cac dang sb phtc ciia nd. Cho nén hay xem xét cac bai toan ¢ mach
khong twong hd nhu 14 giai nghiém cudng buc theo tan so.

7.2. PHUONG PHAP PIEN THE NUT PHAN TiCH MACH KHONG TUONG
HO

7.2.1. Viét phwong trinh thé dinh theo mach dién

Cho mach dién c6 hinh 7.1 véi cac thong so
mach va nguon da cho. Hay lap phuong trinh thé dinh
de tur do tim dugc nghiém.

Nhin mach ta nhén xét thy:

— Ngoai cac ngudn dong doc lap Jots Jo2 Va jos
con co cac nguon phu thudc hay diéu khién.

- Véi nguon diéu khién giu, duoc hiéu véi Q4=
0 da duogc chon thi:

Uy = Qa— Pi= OQa ; (7.1) Hinh 7.1.
Con nguén &> up dugc dién ta theo dién ap trén nhanh G, nén:
Q= (0 — @) (7.2)

Nhu da biét qui tic 1ap phuong trinh thé dinh ctia mach & phan mach tuyén tinh
tuong hd ta co thé ap dung vao mach khong tuong hd véi mot luu y sau day: Do 1a cac
ngudn diéu khién c6 ¥ nghia ciing nhu ngudn doc lap, nd sé& tic dong kich thich cho cac

nuat twong mg. Tur d6 c6 phuong trinh ctiia mach:
0.(G,) - ,.G, - 9.0 = Jo+ Jo
~0,G, + 9,(G, +G, + G;) - 0.G; = &,(0,~ 9,) = jun (7.3)
0 -9,Gs +0.(G) = Jos + &0,
Sép xép lai:
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¢,.G, —9,G,— 9.0 = Jout Jo
~0,(G,+8,) + 9,(G, + Gy + G+ 8,) — 9.0 = — jy, (7:4)
-0,8 — ¢,Gs + .G = Jos
Sép xép (7.4) theo dang ma tran:
G, -G, 0 ?, Jor T Joo
_(Gz +g2) (G2+G3+G5 +g2) —Gs || @ |=| —Jn (7.5)
— & -Gy G Q. Jos

H¢ phuong trinh (7.5) ciing c6 dang [Yu] . [¢q] = [J/p] nhu ¢ mach dién tuong hd
tuyen tinh nhung ma tran dan nap nut dinh [Y4] ¢6 khac. Su khic nhau chinh 1a do cac
ngudn diéu khién sinh ra. Nhu (7.5) ta thdy [Yq] 12 ma tran khong d6i xtng va cac dan
nap diéu khién da tham gia vao céc vi tri ¢ lién quan t6i dinh ma né tac dong va nhanh
ma tir d6 c6 dién 4p diéu khién. Vi du ngudn g,u, s& anh hudng téi 2 dinh ma né bom
vao (dinh b) va rat ra (dinh d ) va 2 dinh lay 4p diéu khién ¢, dinh a, ¢, dinh b tir quan
hé Uy = @y — Qp.

Néu quan niém ma tran dan nap nat & mach khong twong hd 13 tong hay xép
chéng gilta ma tran dan nap nit & mach tuong hd [Y D"’] v6Oi ma tran dan nap nit & mach

chi c6 khong twong hd ngudn diéu khién tac dong [Y i ]:

[Y,] = [Yo]+[vs] (7.6)
G, -G, 0
vacuthé: [1/]=]-G, G,+G,+G, -G, | ; (7.7)
0 e G,
0 0 0
re]=1-g & 0] : (7.8)
-g, 0 0

Nhdn thay (7.7) di xem xét & mach tuong hd nén rat dé lap tryc tiép tr mach. Con
(7.8) la phai xay dung. O day ta c6 thé tim qui tac dé 1ap [Y°] ma tran dan nap nut chi do
cac nguon_ didu khlen sinh ra. Tuy vay phuong phap nay khong tién loi néu mach phuc
tap va nhiéu nguon diéu khién. Con néu it ngudn diéu khién thi ta thyc hién nhu cach
lap phuong trinh thé dinh da xét & bai toan trén.

7.2.2. Xay dung phuong phap ma tran
Cho bai toan mach khong twong hd phuc tap.

Nhu trén da phan tich dang phuong trinh ma trin cua mach tuong hd va khong
tuong ho rat twong tu nhu sau:

2| loo] = 78] ; (7.9)
Vi 5] = [ 0][J ]- [AO][Y]\(/)h] [Ew] ; (7.10)

240 ¢ LT-MD



] = vy ]- 14|

Céac phuong trinh (7.9) va (7.10) di viét cho mach khong tuwong hd khi ky hiéu
dau tron ¢ cac ma tran [A”], [Y A?h], [Y DO] va dé thay chang khac gi & mach tuong hd, van
dé 1a xac dinh cac [A”], [Y ;’h] nhu thé nao. Sau day ta s& xdy dung qui tic lap chung.

a) Ldp ma trdn cdu triic [A°] cho mach khéng twong ho

Ta c6 cac loai nhanh trong mach khéng tuong hd nhu & hinh (7.2). Cha y ring tat
ca cac nguon stc dién dong e(t) déu phai chuyen sang dang nguon dong j(?), tat ca cac
ngudn diéu khién khac déu phai chuyén vé ngudn ap diéu khién ngudn dong dang gnux.

Hinh 7.2.

l

C6 4 loai nhanh la:

— Chi ¢ ngudn doc 1ap (a)

— Chi ¢6 ngudn phu thudc (b)

— Ngudn doc 1ap c6 dan nap (c)

— Song song 2 ngudn doc 1ap va phu thude (d)

Ta sé chon chiéu nhanh chuin nhu d3 ky hiéu trén céc hinh (7.2a,b,c,d).

D@ thay nhanh ¢ day dd mo rong cho ca ngudn dong ddc lap ciing xac dinh mot
nhanh (a) chiéu cua nhanh nguoc voi chiu cua nguon dong doc 1ap, con chiéu cua
nhénh c6 ngudn diéu khién s€ lay cung chicu (b, d). Khi 2 ngudén song song nén ghép
vao mot nhanh (d ).

Trén co s& qui tic vira néu lap graf cua mach hinh 7.1 s€ dugc hinh 7.3. Ma tran
[4°]:

1 1.0 0 0 O

[4°]=]0 -1 1 -1 1 o0

0 0 0 0 -1 -1

b) Lap ma tran dén nap nhanh [Y]\?h] :

Lap bang nhanh — nhanh nhung phan bié¢t cot
va hang theo tinh chit cua ap diéu khién va dong Hinh 7.3,
bi diéu khién. O dudng chéo chinh la cac dan nap
nhanh chinh nd. Trong bai trén chi c¢6 cac gid tri G,, G3 va Gs. V&i cac nhanh chi 1a
ngudn dong doc 1ap hay phu thudc ciing 1iy gia tri 0 trong ma tran. Ngoai dudng chéo
chinh & vi tri nao tuong ting voi.
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Bang ma tran [ Y]

Béang 7.1.
~ Nhanhdp 1 2 3 4 5 6
Nhanh dong

1 0

2 Gy

3 G;

4 o) 0

5 Gs

6 g1 0

— Hang 14 ky hiéu nhanh chtra ngudn diéu khién.

— Cot 1a ky hiéu tmg voi nhanh chira dién ap diéu khién.

Trong bai toan trén c6 hai ngudn dugc xét nhu sau:

Vi nhanh 6 ing vo1 hang 6 va c6t theo dién ap cua nhanh 1 1a u, vo1 gia tri giu,
ta c6 hang 6 va cot 1 c6 phan tir Ye; 1a g;. Con nguodn gru; the hién & nhanh 4 s€ phan ti
Y4 v&i gié tri g trong ma tran dang thanh 1ap.

Nhu vay co:

[YNh] =

¢) Xac dinh [Yg], [Jg] :

- ]
G2
110 0 0 0 .
vl =l0-1 1 -1 1 0= :
&> 0
0 0 0 0 —1-I
GS
—& 0
0 GG, 0 0 0 0

0 —(G2+g2) G, 0 G;
-g 0 0 0 -G,
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1 0 0 ]
1 -1 0
0 G, 0 0 0 0 0 1 0
[AO][YNh][AOT]: 0 —(G2+g2) G, 0 Gs 0 0 -1 0
-g 0 0 0 -Gy O 0 1 —1
10 0 1]
G, -G, 0
= —(G2+g2) g, G, +G;+G; —G;
— & -Gy G
_Jol ]
1100 0 0] | o + Jo
0 0 0 .
[JD]:[A ]'[JNh]: 0-11-11 0|= 0 = ~Joz
0O 0 0 0-1-1 0 Jos
__j06_
Ghép lai dugc phuong trinh:
2] e, = 18] : (7.11)
G, -G, 0 ?, Jout Jo
—(G2+g2) g, G, +G;+G; —G; Dy | = —Jo ; (7.12)

- & - G; G; (%% Jos
So sanh (7.12) véi (7.10) 1a gidng nhau.

Két lugn: O phuong phap thé dinh dung ma tran voi mach dién khong tuong hd
can phai 1ap Graf riéng (téng quat hon Graf da xét ¢ phan trén) voi cac nhanh nhu ¢
hinh 7.2. Sau d6 1ap ma tran [A4°] cta graf nay. Tur mach dién va graf xay dung ma tran
dan nap nhanh c6 qui tic nhu ¢ bang 7.1. Ap dung cac cong thire twong tu nhu & mach

tuong ho:
[Yl;)] = [AO][YNh]-[AOT] va [Jg] = [ 0]' [JNh]
Dé sau d6 c6 phuong trinh thé dinh (7.11).
7.3. PHAN TiCH MACH PIEN TUYEN TiNH TUONG HO CO HO CAM
7.3.1. Ma tran din nap nhanh ciia mach c6 hé cim

Xét mach dién nhiéu nhanh nhung 2 nhanh k va 1 hd
cam (hinh 7.4). Lap phuong trinh cho 2 nhanh xét trén hai
phan tu Ly, L. va ho cam véi nhau: Mg = My, = M.

U,=joLl, +joM_I, ; (7.14)

ke®e
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U,=joM, I, + joLlI, ; (7.15)
Dang ma tran: Hinh 7.4.
U, ] I
- ja)[Lke AR (7.16)
_Ue Ie
U, | L M i
MENCIE A R (7.17)
_Ue_ Mek Le Ie
. Lk Mke
Voi: |L | = ; 7.18
L] [Mek Lj (7.18)

Ma tran [Lic] 12 ma tran dién cam véi cac phén tir trén dudng chéo 1a cac thong sd
dién cam, céc phan tir nam & hai bén duong chéo la cac thong so6 ho cam gitra 2 nhanh k
va 1. O mach tuyén tinh ¢6 M. = M nén ma tran [Ly.] 1a doi xmg.

Bién ddi (7.17) theo dang:

L :L[Lke]‘.rk} : (7.19)

5 .i[rke].[l.]"} ; (7.20)
I | Jjo U

e

Cong thirc (7.20) lién hé gifta cac nhanh c6 hd cam véi nhau thong qua ma tran
[Tke] goi la ma tran “nap dién cam”.

Khi xét toan mach véi nhidu nhanh ch@a dién cam va co hd cépl voi dién cam &
nhanh khac thi timg c@p ta c6 quan hé nhu biéu thire (7.20). Trong biéu thuc (7.20) voi
ma tran “nap dién cam” cua tung cdp ho cam phai dugc tinh toan trudc va coi la da biét.

N Vi du: mach dién trén hinh (7.5) véi 2 cap dién cam
c6 ho cam la:

Ll vOl L3 co M13 :M31

L6 vil L5 co M65 = M56.

C6 thé 1ap cac ma tran phu trg nhu (7.16) dén (7.20) = [

nhu sau:

Ul . _Ll M, .
. = Jjo 5 (7.21)

_U3_ _M31 L,

Us . I Ls _M65 . |
.| =Jjo ; (7.22) Hinh 7.5.

_Us_ __Mss Ls

L _ ;[ L, rm} ; (723
1, jo | Iy T
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I :L{Féﬁ F65:| , (7.24)
I Jo | Tsg T

Trén co s& cac ma trin “nap dién cam” (7.23) va (7.24) lap ma tran dan nap nhanh
cho mach (7.25).

T,/jo 0 T,/jo 0 0 0 0
0o v, 0 0 0 0 0
I,/jo 0 Ty/jo 0 0 0 0
Yol=1 0 o0 Y, 0 0 0 | ; (7.25)

0

0 0 TIy/jo I'ss/jo O
0 0 Iy/jo I'y/jo 0
0 0 0 0 Y,

0 O
0 O
0 O

C6 thé nhdn xét [Yxn] van 1a d6i xtmg va thé goi 1a tuong hd.
7.2.2. Phéan tich mach ¢6 hd cim

Céc biéu thire tinh toan khi mach c¢6 va khong c6 hd cam dit trén ma tran dan nap
nhénh [Yny] déu co6 dang:

o | e 1= ] (7.26)
Véi: vy | = [4] v ] [47] (727)
i 1= T4l - [l ] £ (7.28)

Trong cac cong thirc trén do [Y i ] 1a dang (7.25) néu cac biéu thirc con lai c6 phu
thudc vao né. Trong cac ky hiéu ta str dung M dé dién ta biéu thirc c6 chira hd cam.

Trén céc biéu thirc ta thdy ma tran sau ddy la khong dbi voi mach c¢6 va khong co
hd cam 1a: [4] [/, ] [Ew]-
7.4. PHAN TiCH MACH PIEN KHONG TUONG HO VA CO HO CAM

Két hop cac cong thuc (7.26) dén (7.28) va 1y luan dé 1ap ma trén cdu trac cia

mach c6 ngudn diéu khién [4°] ma trin nap nhanh c6 dong diéu khién [¥°] ta hoan chinh
cac cong thire cho mach dién khong twong hd va c6 hd cam.

rou] = [a] [rov ] [ar] (7.28)
o )= [ ) )= el L £, (7.29)
o ] le,]= o] (7.30)

Vi du: Cho mach dién hinh 7.6a véi cac thong s6 sau: Ry = 1Q, C, = 6F, Ry =
0,5Q, Ls =4H, L¢ = 10H, M = 6H, g = 0, e; = 1. cos(0,5¢). Lap phuong trinh thé dinh
cho mach.

Giai:
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Lap Graf ciia mach hinh 7.6b chon gdc @g = 0 14p ma tran [4°].
Xac dinh ma tran dién cam:

46
[Lse] = { } Nh 11203456
i 6 10 N
o [A°] a | 1]0]0]0 10
Ma tran “nap dién cam: b ol 11lo0lo!l-1l1
25 —15 c lolol1]l1]ola
[1"66]2[1156]1:{_15 1 }

Tur trén suy ra:

Hinh 7.6a,b.
1 2 3 4 5 6
1 1 0 0 0 0 0
TR | 1
4 0 0 0 2 0 0
5 0 1 0 0 —Js 13
6 0 0 0 0 J3 —j>

Chui y: O ‘hang 3 va c6t 2 co h¢ s6 cua ngudn diéu khién gu.. Ngoai ra cac bai toan
déu qui vé ngudn dong bi diéu khién bang dién ap. Xdy dung cic ma trdn ngudn.

el = 0
[ENh]T - [_El 0000 0]
Thuc hién:

246 ¢ LT-MD




1-j5 j8 -3
rov]=laefrorlar]=| j8 —ji0 s
—j3 8+j5 2-j2

1
b J==lac)lri (e, ] =| 0
0
Phuong trinh thé dinh ctia mach:
®, 1 1-j5 j8 —j3
v ].lo, [ = 10| voir [r¥]=1] j8 —j10 js
@, 0 -j3 8+j5 2-j2

Co thé nhdn xét [V | 1a khong doi ximg. Nguyén nhan khong déi xtmg boi
ngudn diéu khién — tinh khong twong hd.

Céu héi on tp ,kiém tra ddnh gid chwong 7.

1/Cach lap ma tran dén nap Yd truc tié'p cho mach dién khong twong hé .

2/Cach lap ma tran cau tric A cho mach dién khong twong hé .

3/Cach xdc dinh ma trdn dan nap Yd cho mach dién khong twong hé bdng
ma tran .

4/Cach ldp ma trdn nguén mit Jd cho mach dién khéong tuong hé bang ma
tran.

5/ Cdch xdac dinh ma trén dan nap nhanh cua mach co hé cam .

6/ Phwong phdp thé dinh phdn tich mach dién tiwong hé c¢é hé cam .

7/ Phirong phdp thé dinh phdn tich mach dién khéng tiwong hé c¢é hé cam .
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CHUONG VIII
TONG HQP MACH TUYEN TiNH

8.1. TINH CHAT BAI TOAN TONG HQP
8.1.1. Pic diém bai toan tong hop

Cac bai toan phén tich mach da ndi ¢ trén thuong V(')rivkich thich da cho nghi¢m
hay dap tng cua hé thong thuong la duy nhat. Voi bai toan tong hop la xac dinh cac so
d6 mach cung thong s6 cac phan tir theo cac ham mach da cho (hay d6 thi tan s6 da cho)
lai khac han vé nghiém, co nh1eu két qua thoa man dau bai. Chinh vi vy bai toan tong
hop phtrc tap hon. Mot s6 van dé dit ra ¢ bai toan tong hop:

@) V&1 ham mach da cho cua dau bai phai kiém tra ching c6 thoa man diéu kién
dé thuc hi¢n bai toan tong hop hay khong. D6 1a cac bai toan thuc hi¢n duoc khi céac
ham 1a ham cho phép.

b) Thyc té thudng gip cac do thi da cho can tim ham cho phép nhung két qua bai
toan téng hop cua ta chi 1a ham F(p) nao d6 ma c6 nhitng tinh chat gan v0i ham da cho.
Dé danh gia mirc d chinh xac ctia nghiém can phai thuc hién bai toan xap xi.

¢) Thiét 1ap so 6 mach va tinh toan cac thong s cac phan tr. Noi dung nay la
nhiém vu chinh cuta céc k¥ su.

Dau bai cho cac bai toan tong hop thudng gip 1a: Cho trudc cac dic tuyén cia tro
khang, dan nap, cic ham truyén dat dudi dang graf hay d6 thi... con cac ham cho phép

viét dudi dang phan thtc hitu ty. Chung ta can tim cac so d6 mach hodc 2 cuc hoic 4
cuc thyc hién cac dang dAu bai trén.

8.1.2. Ham truyén dat — ham mach va diém “khéng” diém cuc

Céac diém cuc va diém khong déc trung cho mach dién.

Chung ta phén tich cac qua trinh truyén dat trong cac mach tuyén tinh theo tan sb
phitc p = o+ jo, va xét cac ham cua chung dya theo cac diém cuc va diém khong cua
ham.

Mach dién duoc dic trung boi ham F(p). Ham nay c6 thé 13 trd khang hodc dan
nap cua mach néu 1a mach hai cuc, c6 thé 13 ham truyén dat (ty ) gitta dai lugng dau ra
va dau vao) néu 12 mach bdn cuc.

Alp)

B(p)

F(p) 1a ham phan hitu ty cua tan s6 phtic ¢6 dang: c6 thé biéu dién ¢ nhiéu

dang khac nhau. ) i
1. Duéi dang ty so cua hai biéu thic

m

D 4.p,

F(p) = A, +Ap+A,p°+.+4,p" =
B, +Bp+B,p+.+Bp
l ’ 2.Bp,

; (8.1)

2. Duéi dang tich phan thira sb
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A (p=p' Xp=p,)..(p=p A i
F(p) = g(f 7 ‘,.);(p - .?)) ((p - p,,';): B—'”—,,‘ ; (82
n p pl p p2 p pn n (p_p|])
i=1
Néu dat K, = ‘;—m thi F(p) duoc viét:
v | [T(-r.)

B\p-p \p-p:)--p-p, :
( 1 x 2 ) ( ) H (p -p; )
i=1
Néu dat pi” hodc p;”’ thanh thira s6 chung cta mdi thira sb (p—p;’) (hodc p — p;i’’)
thi F(p) co the viet dudi dang:

( J[ j - ( J
[ _pj{ _pzj '”( _p”j
ln " "

f-,
' P .
n b
I1 (1 - p.,J
i=1 P
Trong cac biéu thuc d3 viét & trén, cac diém cuc va diém khong dugc xac dinh
hoan toan, nhu vay rd rang cac diém cyc va diém khong dac trung cho mach dién. Dya
theo cac diém cuc va khong cuc nay ta ¢ thé vé dugc dic tuyén tan sb ctia ham F(p).
Do biét duge su phan bd cac diém cuc va diém khong ta co thé biét duoc dic tuyén tan
sb ciia mach.

F(p)=

(8.4b)

Ngoai ra viéc st dung céc diém cuc va diém khong, ta co thé tim dé dang ham dac
trung ctia mach dién theo tan s6 @ hodc theo thoi gian ¢ bang cac phuong phap:
— Dung d6 thi Bode dé chuyén ham F(p) sang ham F(j w).
— Dung phép bién d6i nguoc L chuyén ham F(p) sang ham £{7).
f@0 = LFp) ; (8.5)
— Dung phuong phap do thi dé tir cac diém khong va diém cuc F(p) xac dinh
|F ( J a)) .
Quan h¢ gilra cac mién thoi gian tan s va tan sd phtic cing cac bién phap phan
tich mach tuyén tinh chi ra ¢ bang 8.1.
Quan hé cac mién
Bang 8.1
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Tén goi Mién thoi gian Mién tan sd Mién tan s phtc
Ham dac . (o) K(p) F(p) : U(p) y(p)
¢ k JP s
rng |0 4@ o kw)e s
Phuong trinh vi phan Phan tich Fourier | Cac chuong trinh dai
) , , . |s6, phép bién dbi
di 1 SO0, P
Cong cu u=Ri+L 24— I idt —> tinh todn phuc Laplace — tinh toan
dt C tap dom oié
gian
— tinh toan phuec tap
2 ham s6 theo ®
Cach viét | Mot ham s f(t) ~ modun [A(w) | GAc diem Teue” va
diém “0
—arg Fjo)
$101] ! Y80l
r{c)
Do thi s 1
5 N o Bién d¢ — pha — .
Ham thoi gian téilen 0 — pha phéing thirc
) Do modun dé Khoéng c6 cac phuong
b Don gid .
© glan Do pha khé hon | phéap do
Thiét ké Khong dung Cé dung it Dung rat tién loi
Quan hé
gita cac | 1) = [k (p)] P = jo.Lk®)] K(p) = L[k(t)]
micn

3. Ham thuc duong

Ham cho phép lién quan téi ham thue duong, vi vAy can xét no.
a) Dinh nghia

Ham F(p) 12 ham thuc dwong néu nhu:

1. Néu p = o thi Im F(c) = 0 ham F(p) bién doi truc thyc ctia dbi s6 thanh truc
thuc ctiia ham so.

2.Néuo >0 thi F(p)>0

C6 nghia ham F(p) chiéu nira cia mit phai cua p thanh nira mit phai ciia mat
phang phirc ctia ham s6. Hinh 8.1 dién ta tinh chat ham thyc duong.
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Hinh 8.1.
b) Diéu kién dé xét mét ham la ham thiee dwong
‘ Pé xét mot ham sé ¢6 phai 1a ham sb thuc duong khéng, ta co thé xét theo nhimg
diéu ki¢n sau day:
a) Cac hé sb phai thyc:
— V& mat vt 1y, diéu kién o duoc suy ra tir chd 13 d6i voi mach thu dong tuyén

X 1 N S
tinh, c6 thong so tap trung thi c6 cac tré khang R, pL, v nén 10 rang cac hé so6 cua p
P
déu thuec.

) Boi voi cac diém “cuc” va diém “khong” can phai thoa man 3 yéu cau sau day:

(B1+Bs):
B F(p)= 4, +Apr -+ 4,p ;o m<n (8.6)
B,+ B p+..+ B p"

Hiéu gilra bac 16n nhat cua tir va mau va gitta bac nho nhat cua tir va mau chi co
thé 16n nhat 1a 1.

— Cac tré khang R, pL,% ban than thoa man diéu kién . Trong truong hop
P

mach ndi tiép hodc song song, can phai qui dong mau s ta thdy hiéu cua bac tr va mau
ciing thoa man diéu kién /3.

B2) F(p) khong cc') diém cuc va diém khéng trén nira mat phai.

— Didu kién £, vé mat vat ly bat ngudn tir tinh hoat dong ctia mach trong mién thoi
gian. Véi cac diém cyc nim ¢ nira mat phai thi cac ham ting theo ham co s6 e, ma dbi
v&i mach thu dong thi hién tuong tu kich khong thé co duoc.

B3) Cac nghiém nam trén truc j don gian va gia tri thing du cua ching phai 13 thuc
duong.

- Diéu kién [ noi vé cac diém cuc va diém ,khépg trén truc j. Céc diém cuc va
diém khong nay chinh la cia mach dao dong don ndi ti€p hoac song song. No c6 thé cod
dang:

p  1/2 N 1/2
l+p* p+j p-J

Néu tré khang dang p /(14p®) dwoc méic nbi tiép hay song song vdi nhau thi cac

nghi¢m cua chung cting 1a nghiém don.

; (8.7)
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v) ReF(jw) > 0 c6 nghia 13 phan thyc ctia ham khéng 4m. Piéu nay twong duong
voi arg F(jo) < w/2.

— Diéu kién vy suy ra dé dang nhat vé mat vat ly Cong suit tac dung cua hai cuc la
. ReZ(jw). Néu R oZ(j @) khong duong thi cong suét tic dung mang dau am, didu nay
mau thudn véi tiéu chuan thu dong ctia mach. Can mot vai luu ¥ sau:

— Cha ¥ 1: Chi vé6i diéu kién B, thi cac diém cuc va diém khong & vo cung méi 1a
nghi¢m don.

— Chu y 2: Gia tri thang du Res cua ham F(p) = A(p) / B(p).

ResF(p) = M

p-pi B(p)
hodc Res F(p) = lim [F(p).(p—pi)] ; (8.8)

— Chu ¥ 3: Tur diéu kién o ta thiy rang cac nghiém phai don hodc
la nghiém phtrc thi cac h¢ s6 mai 1a thue duge.

Céc diém khong cia Z(p) 1a nghiém cta phuong trinh dic tinh do
d6 chung phai mang phan thuc 4m vi vé mit vat 1y ching xac dinh su
suy gidm cua cac dong ty do trong mach cho trude, hoac noéi cach khac:
Hinh 8.2.

— (8.9)

Dlem khong cua Z(p) chinh la diém cuc cua Y(p) ma diém cuc cua dan nap khi
chuyén vé& mién thoi gian, no phai mang phan thyc am dé ham giam theo ham s mii e.

8.2. TONG HQP MANG HAI CUC VOI HAM TRO KHANG Z(P) TONG
QUAT
8.2.1. Piéu kién tré khang Z(p) ciia mang 2 cuc
Mach 2 cyc dugc dédc trung boi mot thong s6 duy nhét 13 thong sb tré khang Z(p);
Z(p) phai thoa man cac diéu kién sau:
a) Z(p) phdi lam ham phdn hitu ty dwoc viét nhuw sau:
D Ap'
A+ Ap+.+4,p" i~0

Z(p)= =2 e = — ; (8.10)
( ) B,+Bp+..+B,p ZB'pj
J

b) Z(p) phai la ham thuc dwong

— Moi mach dién 2 cyc déu thoa mén hai diéu kién trén, diéu d6 chimg minh diéu
kién trén la can d61 voi mach dién.

—‘Céc ham thoa man hai diéu kién trén déu co t}lé thuc hién duogc thén}l hai mach
cuc, diéu do chung minh hai dicéu kién trén la dﬁ’dé (;ho mach dién cé thé’ thuc hién
duoc. (Mach dién tuyén tinh, thu dong, tap trung, bat bién, chra R, L, C va bién ap).

Sau déy ta s& phan tich mot s6 Z(p):
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Céc ham sau day co thé 1a ham tr& khéang mach hai cyc dugc khong?

242 4
Vidyu8.1: a) F(p)= 5P+4—P+

p+3
Diéu kién B khong dugc thoa man (m —n =—2).

2 2
Vidy82: b) F(p)= 2220 _ 12p 0
p +4p p(p +4)

biéu kién a, B, B2 dugce thoa man:

F(p) _ L5 N —0,1§ N —0,1‘5
p p-Jj2 ptj2
Gia tri thang du tai cac diém + ;2 trén truc 4o < 0 nén B khong thoa
man.
2p° 2
Vidu83: F(p)= 2 *PT<
p+1
p. =-1

1 f15 1
=——xj. ) —=—1-1%j+15
Do 4 J 4 4( J )

Céc diéu kién o, B thod man.

Phan thuc:
ReF(ja)) _ Re—2a)2 +.2+ja) _ Re [(2—2a)2 )+ jZ)J(l—ja))
I+ jo I+ w
_(2—2wz)+ o 22—
- 1+ o’ 1+’

Nhu vay véi o > V2 thi Re<0 —> v khong thod man.

8.2.2. Tong hop Z(p) ciia mang hai cuc bing cich tich din cic mach vong don
gian (hinh 8.3)

Cac budc thuc hién nhu sau:

3 A(p)
Voi: Z\p)= ——=% ; (8.11)
)= 4(y)
2y Famp
Ay Mt prm? o
ap p I:Nj E’j A1l
Hinh 8.3.

a) Chia A(p) cho B(p) dé tach ra thanh phan bac mét cua p 13 a’1p (néu c6). Nhu
vay a’j 1a gia tri dién cam L doc lap.
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b) Tach thanh phan chi c¢6 gia tri p & miu sb a, /p. Hé s a, duoc xac dinh:
A
a, = ResZ(p) = {M} : (8.12)
p—0 B (p) =0
O day:  B’(p) 1a dao ham méu thire [B(p)]’ theo p.
Gia tri a, tao ra tu dién dung: C,= 1/ a, ; (8.13)
c¢) Tach mach vong LC véi cac diém cuc nam trén truc 4o + jok VOl gia tri cua
2 . . :
vong % . Hé sO ay c¢6 thé xac dinh:

2

a, = RecZ(p) = {M} : (8.14)

P> joy, B (p) P> ja,
C6 thé tim dién cam Ly va dién dung Cy theo Z(p).
1 1
pL,— e
pC pL C
z.(p) = = = L— s @®19)
pL+—— P Rt >+
k Lka
. 1 N 1
va: — =2a,; w = ; (8.16)
C, L .C,

d) Tach thanh phan trd khang khong c6 diém cuc trén truc 4o (tré khang ham mun
nho nhat).
Véi cac bude a, b, ¢ trén v6i m mach vong LC da c6 gia tri Z(p) dugc tong hop:

n 2
a\ p P (8.17)
k=1 p + a)k
Vay trd khang con lal Z\(p):
m 2a p
Z(p)=z(p)-|d\p e (8.18)
k=1 p +50k

e) "l:(l)ng hop thanh phén tré khang kh6ng c¢6 diém cyc trén tryc a0 Z;(p). Bai toan
nay co thé gap 3 truong hop sau day:

o) Zi(p) 1a sb thyc duong:
Vé6i Z,(p) 1a s6 thuc duong co6 thé xac dinh d6 1a dién tro R.
Zi(p)=R; (8.19)
va thé hién trén hinh 8.4a.
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B) Zi(p) = 4 (p ) v6i A1(p) khong chira hang s6 khong bi rang budc boi thanh

B, (p)
phan p (mic du chira p) nghia 13 khi p = 0 thi Z,(p) = 0. Trong truong hop nay cé thé
tach Z,(p) thanh téng cac ?...72... c¢6 dang: M nghia la:
p+m
ay (p)
Z(p) = X - (8.20)

p+m

M&i thanh phan twong ng véi nhanh song song dién trd R, v6i cudn cam L, nhu

hinh 8.4b. Xéac dinh R, va L, nhu sau:

R R

p—}; thi a = Ry vd m= (8.21)
+ g

P

n

Néu gip my =0 thi trd Ry tdn tai mot minh.

Y) Zi(p) = 4,(p) v6i A,(p) chira hing sb, khong 14 ham p.

B, (p)

Bay gio co: Zi(p) = X

b,
p+d,

+b (8.23)

o

Moi khau tuong tng v6i nhanh song song thi Cy véi dién tré Ry, (hinh 8.4c).
Tinh Cy va Ry nhu sau:

Vay: b, _ L vad, = !
Ck Rka

f) Ham tré khang nho nhét Z;(p) ¢6 diém “khong” trén truc 4o va vo cing 1on.

L, Le 2 <

I I 15 — :
\ L} | hY

al [+) rl

; (8.24)

Hinh 8.4.
7 _ A, (p) L , . n _ s
1(») voi 41(p) co nghiém p =+ ax va p = oo. (8.25)
B, (p)
Dé xét truong hop ndy ta chuyén Z,(p) sang din nap Yi(p) = 1/Z,(p).
I _B(p)
Y, (p) = = 1 ; (8.26)
1 z,(p)  A(p)

Theo trinh tu nhu xét Z(p) to ndi dung a, b, c, d, e ta xét ddi véi Y, 1(p) dé c6 dang:
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1 B,(p) b 2b,p
Y,(p) = = o p= Yy (p) (8.27)
1 z(p) 4Al) ' p Tprel 7
Néu ton tai cac thanh phan b’ \p, —%, Eb" P — va Z,(p)da thay vi tri cta Z(p) &
p \p to

phan dau thi véi dan nap s& c6 cac nhanh nbi tiép sau d6 song song chung lai, nhur hinh
8.5a.

al |

Hinh 8.5.
Vi du 8.4: Xac dinh mach c6 tré khang Z(p) sau:

Alp) _ p+p*+2p
7 = =
() B(p) p'+p’+1

Giai:

a) Vi A(p) va B(p) cung bac nén a’; = 0, vay khong c6 cudon cam ddc 1ap.

b) Vi B(p) = 0 khéng c6 nghiém p = 0, nén a, = 0 va khong c6 tu doc lap.

¢) Xét cac diém cuc: B(p) = 0.

pHptprl =@+ )@+

p12 = £, tim c4c thang du d¢ xac dinh mach vong LC dau tién. Chu ¥ thang du p
=+ j cling bang thang du p = —j vi chung déu 1a s6 thyc.
M} _p3+p2+2p_—j—1+2j_l
B(p)|. — 3p*+2p*+1 -3+2j+1 2

Jp=j

4= Res z@){

p=J

Vay mach vong LC la:
I N B
2a, 2.0,5 o C, 11
Mach vong L; =1 ; C; =1 v€ trén hinh 8.5b.
d) Tim thanh phan khong c6 nghiém trén truc 40 Z; (p).
2P p
P+ o} - p’+1

C, =1.

ba co:

‘v pi+2
Z(p)= P *2 b P

Vay: = .
n p+p+p+rl p+l  p+l
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e) Xac dinh mach do Z(p)

Voi Zi(p) = Ll nod twong duong voi nhanh song song L va R.
p+

a,p R

Co: , Voiac=1, m=1.Vay: Ry=ay=1; Ly = —* =1.
p+m, my
C6 so @6 trén hinh 8.5b.
8.2.3. Khai niém tong hop mang hai cuc theo phwong phap Foster, Cauer va
Brune

Trong mang 2 cuc nhu trén di xét c6 thé phan ching theo 3 dang:

Mang 2 cuc thuan khang chi chtra cuén cam L va tu C (LC).

Mang 2 cuc c6 tr¢ va tu (RC)

Mang 2 cuc c6 tré cam (RL) hay (GL).

Mang 2 cuc chira 3 phan tu RLC.

V61 2 phuong phéap Foster, Cauer va Brune déu thuc hi‘én duoc trén cac loai mach
d6 nhung véi nhitng hi€éu qua khac nhau. Sau day ta s€ xét tuan ty ching.
8.3.TONG HQP MANG 2 CUC THEO PHUONG PHAP FOSTER
8.3.1.Tong hop mang 2 cue LC

Theo su phan bd cac diém cuc va diém khong cua Z(p) ta co thé phan doan vé
murc d6 ton hao nang luong dién cua hai cuc. Cac diém khong phirc cua ham cang phan
bo gan truc 4o thi ton hao trong nhirng di€u ki¢n nhu nhau cang it , hinh 8.6.

1I!: sl -‘E:_'I'—' ol
L
i ul ]

Hinh §.6. Hinh 8.7.
Tré khang mach 2 cyc LC chi gdm céac phan 4o:
Zjo) = jX(o) ; (8.28)

Thay p = jo vi 6 = 0, nhu vay argumen cua trd khang phai bang 90°. Péi véi
mach LC
dX (o)

>0; 8.29
1o (8.29)
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nén co cac dd thi dic tinh & hinh 8.8.

B T] 9 9

I i m g —r PO (a)

d {;} e 2O

Hinh 8.8.
‘ Mach hai cuc LC mudn thuc hién duge phai 1a ham thuc duong. Dq d6 voi nhitng
di€u kién ctia ham thuc duong thi mach hai cyc LC phai c6 nhitng tinh chat sau:
1) Z(p) thoa man biéu thirc:

2 12

p°+ o p -+ o
Z(p) = Klp( ) (2 2)
(p? + col)...(p + %)

(@ 12 s6 thuc khong phao 1 sé phirc, khong phai 1a sé 40). Biéu thirc (15.6) ¢o ¥
nghia la:

: (8.30)

— Céac diém khong va diém cuc Z(p) phai ndm trén truc 0.
= Béac tir va mﬁg luén luén hon kém nhau 1, nghia Ia tai géc toa do bao gio cling
la diém khong hoac diém cuc.
— Céac diém khong va diém cuc phai xen k& nhau. Néu chang khong xen k& thi ¢
vai tan s6, goc cua nd = + 180° trai voi diéu kién di néu trén.

2) Z(p) phan tich thanh tong cac phén thirc:

koo kp
2(p)==+>Y—L Lk p 8.31
(p) p i ;pz +o! T HeP (8.31)

Cling nhu 6 trén dé ndi trong téng hop mach c6 thé c6 nhiéu S0 d6 cung thoa man
ham tan s cho trudc, nhung diéu quan trong 1a phai chon so d6 tdi uu, tirc 14 chira it
phan tir nhat.

Dinh Iy Foster 1 va 2 cho phép tong hop mach hai cuc LC véi s6 phan tir it nht.

Dinh ly Foster 1:

Mach hai cuc phan khang LC c6 thé thuc hién duogc béng cach mic nbi tiép nhiéu
mach dao dong don song song, trong d6 mdt mach cé thé bién thanh L & ® = oo va mdt
mach c6 thé bién thanh C & w=0.
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Hinh 8.9.
Dinh ly Foster 2:

_ Mach hai cyc phan khang LC c6 thé thuc hién dugc bang cach még song song
nhiéu ‘mac’h dao dong don noi tiep, trong do6 m(f)} ma:lch dao dong gion 9(’) thé bién thanh
C (6 tan so o), c6 mot mach dao dong don c6 thé bién thanh L (¢ tan so 0).

— Foster 1 thuc hién cac diém cuc cua Zc bang cac mach dao dong don song
song.

— Foster 2 thuc hién cac diém cuc cta Yic br:ing cac mach dao dong don noi tiép,
hinh 8.9.

Céch xé4c dinh céc gia tri cia cac phan tir LC:
1. Cach Foster 1
Theo so d6 mach tong quat thi Z(p) c6 thé viét dudi dang:

Z(p)= = + .+ L= L (8.32)
p p to
Cy' =lim[z(p)p]; (8.33)
L, = lim{M ; (8.34)
P2l p
P+
C, = lim [Z(P) : } ; (8.35)
P jo, p
L= . (8.36)
Cowrc '
2. Cach Foster 2
1 L' p !
Y(p)= —— = 2 + k.4 pC, (8.37)
(?) Z(p) p P+
1 1 p .
L, = pli% —Z(p) ; (8.38)
1
C. = lim : (8.39)
P*‘”{ Z(p)p}
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2 2
L= lim —— 2 *%% (8.40)
P joy Z(p) p
I
L = ; 8.41
k a),~2 Lk ( )

Vi du 8.5: Bang phuong phéap Foster hiy tim j:ét ca cac so dd
mach hai cuc phan khang thod man sy phan bd diém cuc va diém
khong sau day, hinh 8.10.

Biét réng mach c6 tinh chét tu dién C, = 1 don vi ddi véi tn sb
thap.

 Theo sy phén bd cac diém cuc va diém khong cua Z(p) co thé
viet ham Z(p) nhu sau:

(pz + ;j(pz + 1)

)
p\p 4

Xac dinh k bang cach xét Z(p) khi p — 0 theo diéu kién ban dau.

Zp) = k

Z(p)=k1/—9:ﬁ:L=l. Dodé:kzg.
1 9p pC, p 1
Py

Va nhu vay ham tré khang cua mach hai cuc dugc thyc hién la:
2 1 2
+ — +1
9 (p 9 (p )

Ap) = p[p2+1j
4

Thuc hién bang cach mac ndi ti€p cac mach dao dong don song song va chtu y

1. Cach Foster 1:

A ’ + R 5 . , A A . 1
thyuc hién cac diém cyuc cia Z(p) tai cac tan s6 p = 0; £ j E; 0,
Z(p) duoc viét dudi dang:

-1 o
Z(p)zc—°+...+& + pL, P P |
p 1

2
+7
p 4 i, S

C,' =lim[z(p)p]=1- C,=1.
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p +Z
C' = hml Z(p)
p—j= p
2 1 2
+7
o 9(” 9(p )_15. 16
= lmAl1 Z > e I—E.
Py p
1 1 15
L = = = —.
1 a)lz C l E 4
415

Foster 2: Thuc hién bang cach mac song song cac mach dao dong don ndi ti€p véi
su cht y cac diém khong cua tré khang hay cac diém cuc ctia dan nap.

Y(p) duogc viét dudi dang:
pL’1 pL_1
r’ +§ P

1

4| p* +-
) (p 4) 5
= lm| ———% |=—

it Zp) Al 9D | 72
a3
5 5
1 5 1
=17 =5 5)
95
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: tl = !
1544 o i
A Ly g Ly %
16415 G G
Hinh 8.12. Hinh 8.13.
N A o . : 8 3
Cling nhu vay tinh véi p =+ duge: L, = 3 ; Gy = 3

8.3.2. Tong hop mang hai cwe RC
1. Tinh chdt mach RC

Ham cho phép cua hai cyc RC phai co tinh chét sau: Mot ham c6 dang phan thirc
hitu ty 1a tré khang, hodc dan nap ciia mach hai cuc RC khi va chi khi:

a) Cac diém cuc va diém khong don nam trén truc o khong duong (tirc 13 nira truc
(o) ké ca diém khong).

b) Céc diém cuc va diém khong ndm xen k& nhau.

c) Déi véi tro khang, cach xa gbc toa do nhat phai 1a diém khong hodc gia tri hitu
han. D6i véi dan nap cach xa gdc toa do nhat phai 1a cuc diém cuc hodc gia tri hiru han

(c6thé 6 @ = o).

d) Béi voi tro khang, gin goc toa do nht phai 1a diém cuc hodc gia tri hitu han.
Dbi voi dan nap gan gbc toa do nhit phai 1a diém khong (co thé & tai gbe toa do).

Bao gid Z(p) hodc Y(p) ciing c6 thé phan tich ra thanh tong cac phan thirc nhu sau:

k,
=k, ; 8.42
+;p+a (8.42)
Y k,+k,p+ 8.43
(p)= W ;pm (8.43)

Trong do: ki, k , k,, o,la sb thuc khong am.

2. Phwong phdp Foster I thuc hién cdc diém cuc cia Z(p)
Ham Zrc(p) viét dudi dang tich thira so:
7 ( ) — k(p+0"1)(p+o"2)... (p+o"m) . (845)
RC " " " 5 .
plp+a))p+oy).. (p+o)

~ Theo cac tinh chét cua tr6 khang Zrc(p) dugc phan tich tir biéu thirc (8.45) ta c6
thé v€ dugc sy phan bo diém cuc va diém khong cua Zgc nhu trén, hinh 8.16.
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Hinh 8.16.

dZ(o)
do

Néu thay p = 6 vao (8.45) ta co: <0 tir d6 ta co thé v& duge duong dic

tinh cua Zrc(o) nhu trén bang 8.2.
Biéu thuc (8-45) ¢ cac dudng dic tinh v& ¢ hinh 8.17 khai trién dang:
C' C,'
Zre (@) = R+ o+ —— + ..+ 2 (8.46)
P+ 0 P

Vay theo Foster 1, ham tro khang Zrc (p) c6 thé duogc thuc hién bang cac mach
RC song song méc nbi tiép v6i nhau vi trd khang Z; cia mach RC mic song song bang:

R"lc c’
Z = L{‘ b (8.47)
R +—— P+ o
pC,
Trong d6: o, =—— : (8.48)
g . i RiCi ’ '
Céc gié tri cac phan tir trong (8.46) duoc tinh:
R, = lim Z(p) ; (8.49)
p—>®©
C,' = 1lim pZ(p) ; (8.50)
P>
¢l = lim |(p+0)Z(p) : (8.51)
pP—>—0;
1
R = — 8.52
i) (8.52)

D) thi va duong dac tinh cua trd khang RC, Z(o).
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Bang 8.2
B Wi
——-u=
) N
Z(o)=—
pC
Ry Ly

1 p+o,
Zlp)=R+ —=
(p) pC pR, -1
o = 1
* R,
I
& -

oo (il S Fo}
i CI, _!.|11III|:.Z'|:,_

— -

_ Ziz
_ w TN I

i N— >~

Hinh 8.17. Tém tat phwong phdp Foster 1.
3. Phuong phdp Foster 2 thiec hién cdc diém khéng ciia Z(p)

Dan nap mach hai cyc RC viét dudi dang tich cac thura s6:

1 (p"'o"l)(p"'o"z)-" (p"'o"m)

Y = =k - = - ; 8.53
O 2 T ora Npron) o pray) O
-1
hay duéi dang: Vo (p)= R + .+ 2R+ L p (8.53b)
pt o,
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Vay dan nap hai cuc RC ¢6 thé duoc thuc hién béng cac mach RC ndi tiép mach

song song voi nhau hinh 8.18. Dan nap ctia mach RC néi tiép (Yro).
1 R R
Y(p)= — = P 1 =p+ ; (8.54)
R— p+— pro
pC RC
Theo (8.53) ¢6 thé tinh cac gia trj cac phan tir cia mach RC nhu sau:
1
R = lim|—| ; 8.55
o 0 _Z(p):| ( )
C, = lim 1 L} ; (8.56)
P> L p p)

Ttr biéu thire (8.54) tinh duoc:

R = lim K&j Y(p)} ; (8.57)

POk p
C, = 1 ; (8.58)
‘o R '
a)
I i
Cw R,
1 T
b e : N\ _ 10,
_ oo\‘— -0, x ) 0 o
Hinh 8.18.
C, = hm{ Z(l j 1 }, R, = lim{Y(p)p—ko-k}
p—>®©
prp P ;5 (8.59)
R, = lim{L} ; C, = b
Z(p) oR,
So sanh tro khang mach RC va mach LC, (bang 8.3)
Z -\s
Zne(p) = —I'Z( ) ; (8.60)
s2=p

Néu thay s = jw vao s%, ta cd -’ =—c cb nghia 1a bién d6i s> = p ta di chuyén
truc 4o thanh truc (—c ), vi vay cac diém khong va diém cuc nam xen k& nhau trén truc
do dugc chuyén thanh cac diem khong va diém cuc nam xen k& nhau trén truc (—c ).
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Bang 8.3
RC LC
R SL
N 1 1
pC C
C C
o——{f—o p+6, i s*+ o
o_.lck R, pRl_il L, Cq SL—kl
C; 4 L 1
o-@—o C; *I__/::’—" C
R p+o; v s* + o’

Vi du 8.6: Hiy thuc hién tr¢ khang sau day bang mach cuc RC theo phuong phap

Foster:

Z(p) = & (p+5)(p +2)

A

L jia

(p+3)(p +1)
Theo su phan bd diém khong, diém cuc ta vé

duong déq tinh hinh 8.19 tr d6 vé dugc mach =
Foster 1 gom: dién tr¢ va hai mach RC song song

1)

mic ndi tiép voi nhau. Gid tri cia chung dugc tinh:
R, = lim [Z(p)] =1
p—o®

Hinh 8.19.

¢’ = lim [2(p)(p+1]=2 > €=
pP—-

P
o,C

C,' = lim [Z(p)(p+3)]=1 > C,=1
p—-

R L1
c,C, 3

+ Theo duong dac tinh trén ta v€ mach Foster 2, mach nay gém hai mach RC ndi

tiép mic song song v4i nhau.
R' = lim L :i;RO:E;
0| Z(p)| 10 3

R

p—ooy P2
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1 1 1
Vé.y R1=6Q va C1=_122_,6:E'
R2—1 — llm (p+1)(p+3) _i
p—3 (p+2)(p+5) 15
RS o 1L _ 8 _8

8 ' 5R, 515 75
Mach hai cuc RC c¢6 y nghia thuc té quan trong bdi vi cudn cam rat kho thuc hién
O tan so thap voi cac mach t6 hop chat ran.
Két qua thé hién trén hinh 8.20b.

4 b
Hinh 8.20.

8.3.3. Tong hop mang hai cwe GL hay RL

Tinh chét mang hai cuc GL dugc suy luan ddi ngau tir mach RC.

Céac duong dic tinh tré khang Z(o) cta hai cuc GL don gian nhat biéu dién trén
hinh 8.21.

~ So sanh cic biéu thitc ¢ bang 8.3 v4i cac biéu thirc trén hinh 8.21 ta nhan thiy
rang:
Zo = s Ze(s)._ s (8.61)

=P

T sy so sanh nay
suy ra cac diém cuc va _ L Tl
diém khong cua hai cuc R N - R - 4

GL nam xen k& nhau trén ' e
truc (-0 ), sao cho gan gbc s V¥V, . T o
toa do nhét la N 7 =
diém khong va D_{j]_“__.; N - Filyl
dz(o) - - [,
1o > 0; ReZ(]a)) tang el g | 'IPC' .-""L . 3
theo tan s& va Im Z(jow) ) yaum
duong. Péi véi mach GL, s 3

cac diém cuc tai cac tan so
hiru han c6 gié tri thang du

thuc am.
Hinh 8.21.
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8.4. TONG HQP MANG HAI CU'C BANG PHUONG PHAP CAUER

Dbi voi phuong phap Foster, ta phan tich Z(p) thanh tong cac phan thuc, trén co
so d6 ta thuc hién cac sb hang bing cac phan tir ciia mach dién. Con ddi véi phuong
phap Cauer ta phan tich Z(p) theo hinh céi thang.

: 1
Frpi A —
'I',+-.I

1] ]
Hinh 8.22.

Z(p) ¢ dudi dang nay s€ dugc thyuc hién béng mach hinh cai thang véi cac phan tir
Zx (vidu: Zs, Z1, Z, ) trén nhanh ndi tlep va cac phan tir ¥; trén nhanh song song (nhu Y5,
Y3, Y1), chu y chi xet dbi v6i cac mach ¢ cac phan tir trén nhanh nbi tiép cung loai va
cac phan tir trén nhanh song song ciing loai.

8.4.1. Mach LC

i Lia ja 1 i1
L kiZ L, L. i,
. -
- l:l £ 3
=i |'_L L | ] Wil
4 ) ¢l i Ml

L L L.

Hinh 8.23.

_ Giasu can tong hop mach LC c6 duodng déc tinh cua tr¢ khang nhu hinh 8.22a
bang phuong phap Cauer 1. (So do hinh 8.22b).

Buéc 1: Thue hién diém cuc cua trd khéng &6 @ = o0 bé“lng cudn cam L; trén nhanh
noi tiép hinh 8.23a.

Buéc 2: Thuc hién diém cuc dan nap 6 @ = © béng cuén cam C; & nhanh song
song hinh 8.23b. Cur lan lugt nhu vay & cac budc 3, 4, 5, 6 ta thuc hi¢n diém cyc & © =
oo cua trd khang, réi ciia dan nap v.v... cho dén di€m cuc cuoi cung hinh 8.23a, d, e, f,
g.
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Puong dic tinh ¢6 bao nhiéu doan thi c6 timg ay ph%in tu trong hinh cai thang.
Ciing tuong tu nhu vay, duong dac tinh hinh 8.22a dugc tong hop theo phuong pahp
Cauer II thuc hién 1an luot cac diém cuc cua trd khéng va dan nap tai w= 0.

L L L

L T I N L ' '
72 3 e R Y R i e i
1] 4] [l I | I | th :

Hinh 8.24.

Qéc budc thue hién diém cuc tai @ = 0 duoc v& & hinh 8.24a, b, ¢, d, f dé c6 duoc
cac phan tir trong hinh cai thang vé ¢ hinh 8.24g.

Cac truong hop co thé xay ra ddi véi dudng dic tinh cua mach LC cung cac mach
duogc tong hop bang phuong phap Cauer I, I dugc tom tit bang so do twong duong
Cauer cua hai cuc LC trong bang 8.4.

e TTT) 10T
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Duéi day l1a nhiing vi du thuc hién theo cac phuong phép Cauer I, Cauer II.
Vi du 8.7: Mach LC '

1+ 5p° + 4p* | /.
Z == _/r
) == 7
Ham c6 bac 4 tr 1a duong déc tinh c6 4 doan dugc .
thue hién bang 4 phan tir hinh 8.25. Hinh 8.25.
Theo Cauer I:

2p°+1 4p*+3p°
4p*+5p" +1): (4p’ +3p)= p+
(2) (4p" +35p"+ D) (dp” +3p)=p a1 3p 012p 41

3
(Y) (4p° +3p) : 2p* + 1) = 2p + f 4p +2p
2p°+1 O0+p

(Z)(2p2+1)3p=2p+%.

So d6 tong hop theo Cauer I v& trén hinh 8.26.

2
1 L. =
Hinn 8.26.
Theo Cauer 1I:

1 Epz +4p4 1—|—4p2

(2) (1+5p°+4p*): Gp+4p° )= — + > . 3

3 3p+dp +?p2+4p4
8 36 ,
D 3+ —p
(Y)(3+4p2)1[£p+4p3j:1%l+ 1111 _ 181
3 p 7p+4p3 O+ﬁp2

11 § 1211 11
_+4 2 L — = — — 4+ —
(2)(3 pj n?" 2, 27F
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So dd téng hop theo Cauer II v& trén hinh 8.27, 8.28, 8.29.

& 24702
1 < I T

Hinh 4.27. Hinh 4.28. Hinh 4.29.
8.4.2. Mach RC

1. Phuwong phap Cauer |

Mach hinh céi thang RC c6 céc di¢n.

Cach thuc hién nhu sau:

Can thyc hién tré khang Z(p) = % . Khi bét dau thyc hién phép chia ta phai xép
P

A(p), B(p) theo th ty giam dan. C6 hai truong hop xay ra:

a) Néu Z(p) khong c6 diém khong vi diém cuc & @ = oo (tirc 1a A va B cing béc)
thi ta thyc hién phép chia A/B mot cach lién tuc. So d6 két qua theo hinh 8.29.

b) Néu Z(p) c6 diém khong & @ = oo (thrc m—n

= _1) thi ta phai thuc hign phép chia Y(p) = % mét I
cach lién tuc. So dd két qua theo hinh 8.30. LRI |:

2. Phuong ~ phap  Cauer  II L —
Hinh 8.30.

Mach hinh cai thang RC c6 cac dién tr¢ trén nhanh song song. Khi thue hién phép
chia ta phai xép da thic A(p), B(p) theo thi tu tdng dan.

a) Néu Z(p) co diém cuc & @ = 0 thi ta thuc hién phép chia A(p)/B(p) mot cach
lién tuc. Két qua theo so do hinh 8.31a.

b) Néu Z(p) khong c6 diém cuc & =0 thi ta thyc hién phép chia Y(p) =
A(p) / B(p) lién tuc. Két qua theo so do hinh 8.31b.

J1 » ]
A 1
i E]
H _— ; -
Hinh 8.31.

Céc trudong hop dudng dic tinh trd khang c6 thé xay ra dbi v6i mach RC tom tét
trong bang 8.5.
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Vi du 8.8. Hay thuc hién tré khang: Z(p) = % theo phuong phép
prijp+

Cauer.

Mach Cauer I:
Trudc hét can xét Z(p) c6 diém khong & @ = oo khong? Trong trudng hop nay,
Z(p) khong c6 diém khong & @ = oo, do d6 ta hay chia 4(p) / B(p) theo thu ty giam dan.
Bang 8.5

Puong dac tinh Cauer I

Cauer 11

o | FF | T
o~ | 71| TT
ok | T T
o

o | FF} | UL

@+ Tp+ 10 P+ ap+3—1+ LT T
p 4p +3
1 §p+3 a o 0D
2+4p+3:3p+T=—p+ L 1
Mpr*ap*3:3p+7=3p+ 33 p Ly L
5 9  8/5 [T
D3p+T7:—p+3 =—+
3 > ép+3
3
s.», b Hinh 8.32.

5
Y)— 3:—=
W3p+3:5=5,p+
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Mach Cauer II:
Z(p) khong c6 diém cuc & @ = oo nén phai bat

SL1AC | 27555

dau bang Y(p) = B(p) / A(p) (céc da thirc xép theo thix —| ~
tir giam dén). R Qm:z []l]ma.-ful ;

3 1

Y=2
10 T 100 1
19p 361 1 Hinh 8.33.
630 396 1
152p  8/63

Vi du 8.9: Dung phu:orng phap Cauer tim so dd mang hai cuc phan khang thoa
mén sy phan b dlem cu:c va diém “khong” trén hinh 8.34. Biét mach c6 tinh chit tu
dién C, = 1 don vi nbi tiép tan thép.

Giai: Xem vi du 8.5 c6 két qua nhu bai nay.

1 =
9 [p2+9j(p2 +1) 1
Z(p) = — .
4 2 1 _.':_:
pp +Z i
2 1) 2 N
Pt (p +1) 2 4 in2
Cauer I: Z(p)Z% 2 1 = 1+10p4+39p _
p(pz +j ptap ﬂl.
4 -
Thuc hién céc diém cuc & ® = oo. Hinh 8.34.
9 9p4+jp2
(2) (9p* +10p* + 1) : (4p° +p) = VLT E—
“p+l
4
L=
4
16
4p*+ —p
3 16 31
Yap'+p):| =p*+l| = —p ——2—
(¥)(4p p)[4p j T
31
_ 16
b3
31
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Hinh 8.35.
Cauer II: Thuc hién cac diém cuc tai o= .
1 1+4p°
1+10p*+ 9" ) : (p+4p°) = — C, =1
( p~+9p" ) (p+4p7) 4 6p7 195"
1+2p2
(1L+4p"):6p+9p') = — — 0L, =6
12
6
(6+9pz):E =1—.l; Cczg; Ldzﬁ.
6 5 p 2 5

8.5. TONG HQP MANG HAI CU'C THEO PHUONG PHAP BRUNE
8.5.1. Khai niém vé cac tinh chit t6i thiéu

Co thé lay khoi Z(p) cap diém cuc trén truc 4o bang mach LC song song trén
nhénh noi tiép. Tré khang mach dao dong don song song sé¢ la:
pC”

2 2

ZLCS: =
p to,

c6 diém cuc tai +w,; (8.62) j
Sau khi thyc hi¢n mach dao dong don song song thi . ’
trd khang con lai khong con diém cyc trén truc 4o nira, tré - = &
khang c6 tinh chat nhu vay goi la tré khang c¢6 phan di¢n

khéng toi thieu.

_pC
P+’

Hay tinh gid tri L, C, Zug.

Z =7+ (8.63) Hinh 8.36.

2 2
SA L sReq:R ., A £ . t+ o
Bién doi biéu thtic cach nhan 2 vé voi p—o;

(8.64)

cl=z2Z%) (8.65)
p=Jjo,

(vi s6 hang thtr nhat bang 0 voi p = ja, ) va:
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(8.66)

|
£ g UL
fll a E & fl'.'ﬂ
1.
~
dl kn

Hinh 8.37.
Thira sb (p+ a)g) s€ dugc gidm udc vi Zumr khong CON diém cuc ¢ d6 ntra va nhu
Vﬁy béC ZMR > béC Z.
Vay Z(p) khong con diém cuc trén truc ao nhung con diém khong. ]—/)iém, khong
trén truc 4o chinh 1a diém cuc cua Y(p) va cé thé lay di bang mach LC ndi tiép mac song
song.

Lfl
Yiew = ! = fl 2 (vo/’i a)lz = 1 j; (8.67)
pL, +L bt LC,
1
Lfl
Vay: v=—L2 iy s (8.68)
Pt o

Phan con lai cua Y va Yys khong con diém cuc trén truc 4o nira va duoc goi la dan
nap c6 dién nap toi thiéu.
Hay tim gia tri L, C;.

o . . 4 w?
Bién dbi biéu thirc bing céch nhan 2 vé vei £ 2
p
2 2 2 2
+ +
Y% = L'+ 7Y, o (8.69)
Vi s6 hang thtr hai bang khong véi p = jo; nén:
2+ 2
L' =y2 % : (8.70)
P pP=jo
1
€= —— (8.71)
1
pL;
YMS = Y— m (872)
1

Bic Yys < bac Y vi duge gian ude voi (p+ ] )

Neéu mach hai cuc khong cé diém cuc, khong c6 diém khong trén truc do thi duoc
goi la mach hai cuc c6 dién khang va dién nap toi thi€u: chung c6 céc diém cyc va diém
khong nam ¢ ntra mat trai, con di€ém cuc bang s6 di€ém khong tirc bac cua tr va mau
bang nhau (Zyrs).
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- Co thé léy ca mot phﬁn dién tro khoi zyrs sao cho Rezmrs(jw) > 0 (thod man
dicu kién v).
ZM = ZMRS—R 5 (873)
Zy g0i 12 tré khang c6 dién tro toi thiéu vi phan thyc ctia né tai @, = 0.
Tryé kh;'lng mach hai cuc c6 dién khang, di€n nap, dién tro ti thiéu goi 1a tro
khang t6i thiéu, ky hiéu Z;.

8.5.2. Phwong phap Brune K
ﬁ-'"'\-'--"-—-—| I—! |_| (%
Céac budc nhu sau: / — B v f= ¢ My
a) Bién Z thanh tro khang t&i '] ? T

thiéu, tirc 1a lay di cac diém cuc, cac

diém 0 trén truc 4o va dién tro 16n —_— —s --
nhat. s = : é %]
. . A = |
b) Nhu vay Z; tai jo, chi co 1 L....T

phan 4o va dugc viét:

Hinh 8.38.
7 (i
Zi(jan) = jarly — Ly = M ; (8.74)
J @,
Z,= 7y —pL; ; (8.75)

Z> ¢6 diém 0 tai + jo, (vi phan thuc va phan 4o déu bang 0).

I
ithy JEn,
’@J = 7
-, - jery

Hinh 8.39.
¢) Thyc hién diém cuc cta Y, tai + jo, bang mach LC ndi tiép & nhanh song song:

-1

R (8.76)

p to,
pZ +0)2

L =Y, - —=| (8.77)
p p=jw,

C, = L. (8.78)

S '

Bac Y3 > bic Y, vi (p® + 0,7 ) duoc giam ude.

Phuong phap Brune c6 thé lip di lap lai bac Z(p) tiép tuc giam cho dén khi Z(p)
duoc thuc hién hoan toan.

Vi du 8.10: Thuc hién ham tré khang sau day theo phuong phap Brune.
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p +p+4
Bude 1: Xac dinh céc diém cuc va diém 0.
2 \ 1 3
biém O: = —— xj.|—
P2 > J >

2 " 1 15
biém cuc: = — +j./[—
UC. D, > J >

Nhén thay bac tir va miu bang nhau Z 13 tr& khang c6
dién khang va dién nap toi thi€u.

R
Hay xét phan thyc cta tré khang: 1
2, .2 14
, —0’ + jo’+1 el
Z(]a)): T 5 -2 i
-0 +jo+4
4 .2
. -0+ jo" +4
ReZ\jo)= —F—F—
() —0' +7w+16
Hinh 8.40.

0 -4’ +4=0 > @*=2+-4-4=2
Tai o, = iﬁ thi phén thuc ciia ham béng 0;
Vay tro khang t6i thiéu Z; bang trd khang Z.

7 - pz2 +p+1 .
p +p+4
Budc2: Taip==xjap = i\/Z_Z1 chi ¢6 phan 4o.

2(143) - 24241 -2 N2+

—= = jo,L,

242 +4 2442 2W2+)) V2
A J 1
Vay: Ll:\/2_jx/§:5'
Tré khang cua Ly ra khéi Z; :
p2+p+1 _ D _ —p3+p2—2p+2 B (p2+2)(l—p)
p2+p+4_ 2 2(p2+p+4) - 2(p2+p+4)
RO rang tai p = ij\/z , Z, ¢6 diém 0.

Lr=721—pL=

Budc 3: Thyc hién diém cyc cia Y =2 taip = + j\/E bang mot mach dao dong
don LC ndi tiép trén nhanh song song.
Z(p2 +p+4) pL;1
2 ) + X
(P> +2)1-p)  p*+2
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o2 eprd)| _2l2ep244) 204 2)
opl-p) | s N20-42) 0 242 T
R 1 1
Vay LZZE; CZZWZI
pL; 2p+p+4) 2p  2pP +2p+8-2p°
S O R )
p o p+2(1 p) p +2 p+2(l p)
_ 4p’+8 4
(-p)p*+2) 1-p
. 1 p 1
Bu6c4: Z,= —=-=—+— = pL, + R,;
Y 3 Y, 42 PLy 3
1 1
L3 = —Z ) R3 = Z
Hay tinh cac gia tri ctia bién ap (vi c6 cudn cam am).
1
L11—L12=E; Ly =1
1 1 1
Ly—Lpy=-— 5 Lp=—; Lp=—;
22 12 4 22 4 12 2
Ko Lo U2
JLoL, /4
L e
5 - §1 1
TI Tl _
) I
Hinh 8.41.

278 ¢ LT-MD



8.6. TONG HQP HAM TRUYEN PAT CUA MANG 4 CUC
8.6.1. Cac ham truyén dat cho phép
a) Mang 4 cuc co pha cuc tiéu

Xét ham truyén dat bat ky ciia mang 4 cyc: truyén dat
ap co tai va khong tai, truyén dat dong co tai va khong tai,

truyén dat trd khang Zr, truyén dat dan nap Yr.... dang tong Bt
quat:
D L i
K(p)= (p_p1)(p_p2)(p_pn) : (879) k¥ | I_i+ +|
(p=p)p=ps) - (P-P,)
O day: p1, p3, pn — 1a cac diém “khong” — “0”. Hinh 8.42.

P2, P4, Pm— la cac diém “cuc” — “X”.
MObi mot thira s6 (p — px) ¢ thé viét thanh Py el voi pk* la mo6 dun con, yy la
goc pha. Tir d6 (8—79) viét thanh:
K(p) — pl p3 pn [(l//]awz’“'l//n)(V/Zal//4,-“‘//m)] . (8,80)

* 3

J 2

Néu cac diém “khéng “ cua K(p) ndm & bén trai truc thuc (nghia 1a khong nam
trong nira mat phang (hay truc) phai thi ta goi d6 la mang 4 cuc c6 pha cuc tiéu. Chi can
1 nghiém — 1 diém * ’khong” nam o nu’a truc thyc phia phai thi d6 la mang 4 cuc pha
khong cuc tiéu. Cha y rang cac “cuc” ludén nam bén nira trai cua truc thuc va cac diém
“cuc” va “khong” xen k& nhau. Khi so sanh goc pha giita hai truyén dat mang 4 cuc thi
mo dun cua ching bang nhau (vdy ciing mot m6 dun nhung goc pha khac nhau. Trong
cac mang 4 cuc c6 pha cuc tiéu thi mdi gia tri mé dun s& tuong Ung day du voi mot gia
trj gbc pha, trong khi d6 & mang 4 cuc pha khong cuc tiéu s& khong co diéu nay. Nhu
vdy y nghia quan trong clia mang 4 cuc c6 pha cyc tiéu 1a dé& thyc hién mang 4 cuc
(téng hop mang) theo dic tinh bién do pha di cho.

b) So dé cdu déi xirng véi tdi hoa hop

Nhu di biét so d6 cau tro khéng nhanh doc Z; va chéo 2,
c6 tro khang séng R thuong dung ché d¢ hoa hop co:

R =177, ; (8.81)

C6 thé xac dinh ham truyén dat K,:

Hinh 8.43.
j Z,—Z,)R
K, = Yy _ 2,-2) (8.82)
U (Z,+Z,)R+22,.7,
Thé (8.81) vao:
X - (R,/Z,-Z)R  _ R* -7}
" (Z +R,/Z)R+2R*  Z}+2RZ + R*
R-Z
L= L, (8.83)
R+Z,
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Vi du 8.11: Xét hai truong hop mang 4 cuc cau lap lai nhu hinh 8.44a,b.

Hinh 8.44.
A »_ L
Déu co: Zy.Z,=R = E ; (8.84)
C6 ham truyén dat:
K¢ = R(j;p_l RCp+.2 ; (8.85)
Kb = (p_pl)(p_p3) (886)
“ (p-p.)p-p))
Voi: KL P1, p3 la nghi€ém phuong trinh.

INLC p>— LP +L/C = 0.

P2, P4 1a nghi€ém cua phuong trinh.
INLC .P*+LP ++L/C = 0.
Vi du: véi L=C =2 thi: P;3=0,496 . /7" ; P,,=0,496. /"""
Ca hai m6 dun ciia ham K“(p), K’(p) theo (8.85) va (8.86) déu mo dun bang 1.
K¢ (jo)| =1

kGl =1 | O

ool el

Cac dac trung pha y (®) va phan
b diém “khéng”, diém “cuc” cia hai
ham trén dugc vé ¢ hinh 8.45 va 8.46.
Hinh 8.45.

Nhu vdy modun bang 1 con goc
truot pha phu thudc vao tan sd. Cac I: M
mang 4 cuc trén la loai goéc pha khong

ntra phai cia mat phang thuc doi xting
vo1 cac diém cuc qua tryc do. 1.

cuc ti€u. D€ thdy cac diém khong nam  eme — = .
A\

So d6 cau ddi xung lap lai thuan al Il
khang c6 pha khong cyc tiéu lam nhiém .
vu hiéu chinh va téng hop mang 4 cuc Hinh 8.46.
rat thyan lgi.
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c¢) Phan tich (tach) ham truyén dat cia mang 4 cyc c6 pha khong cuc tiéu thanh
tich hai ham truyén dat.

Gia thlet c6 mot mang 4 cuc pha khong cuc tiéu voi mot diém ’khong” cua ham
truyén dat ndm bén nira mit phang phai p, con cac diém “khéng” con lai ndm bén trai
mit phang p. V&i p; ¢ Re{ p; } >0 va:

(p—p)p-p,)p-p5) .. (P-p.)
K(p)= n) 8.88
(») (p-p.)p-p)p-ps) - (P-p,) (8:59)
Nhan thanh phan sau vao K(p) 1a: Prp K(p) la:
pPtp
K(p) = Ki(p) . K2(p) ; (8.89)
. (p-p)(p-p;)p-ps) .. (P-P,)
Véi: K,(p)= nl 8.90
6t Ki(p) (p-p.)p-p.)p-p6) - (P-p,) (850
K,(p)= 2= 20 (8.91)
P+ D
: |:‘ , ._—l_..r'| %
| [l = ] T
Hinh 8.47

Ham truyén dat K;(p) biéu thi mang 4 cuc c6 pha cuc tiéu no khong co diém
khong nam trén ntra mat phang phai (vi Re{ —p; } < 0). Ham truyén dat K>(p) co thé
biéu thi mot mang 4 cuc doi xtmg lap lai tai hoa hop co pha khong cuc tiéu va né lam
nhiém vu dich pha.

Trén hinh 8.47 thay thé mang 4 cuc c6 pha khong cuc tiéu H¢ bang sau chudi hai
mang 4 cyc c6 pha cuc ti€u M¢ va cau doi xing 1ap lai. Trong tong hgp mang 4 cuc c6
thé thuc hién nhu so d6 hinh 8.47.

d) Hé sb suy giam khi 1am viéc hiéu qua, hé sb suy giam tuong dbi va hé sé suy
giam hi¢u dung cua mang 4 cyc khi lam viéc véi cac ché do tai.

C6 3 cach danh gia anh huong cua mang 4 cuc dén viée truyén dat cong sudt tir
nguon toi tai.

Hai trong 3 cach dua trén viéc danh gid tinh chét mang 4 cuc theo dic trung
truyén dat cong suat toan phan bang viéc str dung cac khai ni¢m vé do suy tuong doi va
do suy giam khi lam viéc.

Cach thtr 3 danh gia tinh chat mang 4 cuc theo dic trung truyén dat cong suét tac
dung (tich cuc) khi st dung khai niém h¢ so suy gidm tac dung. Trén hinh 8.48 1a cac
ché do lam viéc dac bi¢t cua mang 4 cuc.
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.E| -l?-_1 %1 EI
Tl ,_-.I%S:} "'Il'l %ﬁ
[E j . |
al I rl il

Hinh 8.48.

Ché d6 lam Viéf: tong quat ctia mang 4 cuc & hinh 4.48a. O day tré khang ngudn

Z1 =R, £ jX, v6ingudn E; con ctrta 2 ¢6 Z, = R, + jX; vanodi chung 7, # Z,;.
~ Nho mang 4 cuc tuong hd khong ddi xung voi Z, nao d6 khi nhin vao cura 1 ¢6
the thay Z;, c6 mang 4 cuc va Z;, nay c6 ba ché do nhu cac hinh 8.48b,c.d.

Dién ap trén tai U , va dong dién I , VO1 tai Z, = 2. e’” s& xac dinh cong suét: Sy,
= U, . L= Iz, (46 16n cong suat — cong suat biéu kién) con cong suit tich cuc P, =
Unl, cospr = 122R2 .

N6i chung 8.48a 1a ché d6 khong dic biét v6i Zy, (Z2) # Z1 & ché do 8.48b 1a khi

Zr =27 = Zzz la tré khang déc tinh cua ca hai mang 4 cuc thi Z;, = Z; lai ding b?mg tro
khéng nguon.

Vé6i ché d6 8.48¢ khi tro khang tai bang trd khang song cta 2 thi cira 2 1a trg
khang song cua 1 Zy, = Zi. = Z10 = Z».

Vi ché do 8.48d qua mang 4 cuc trd khang vao ctra 1 ¢6 gia tri dac bi¢t Z;, =

Z,; Z, 1a tro khang lién hi¢p cia Z; nghia la: Z, = R, ¥ jX,.
, No6i cach khac do Z, bat ky nho bién d6i cua mang 4 cuc va Zj, co thé co 3 ché
ché d6 nhu hinh 8.48.
+ Xét hinh 8.48b voi:
Mb dun cong suat toan phan trén tai Z,:
2

E E}
Sy = — .z = (8.92)
Z,+Z 4z,
+ X¢ét hinh 8.48c ciing md dun cong suét :
2
E
S, = ! Lz, 8.93
2¢ Zl + Zl 2 ( )
+ Xéthinh 8.48dchuy: Z, =R F jX, ; (8.94)
nén dong dién 1a cuc dai.
E
I=—; (8.95)
2R,
, * E2
va cong suat tac dung trén Z, 1a: P, = —— ; (8.96)

2R,
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Céc hé s suy giam duogc xac dinh:
+ Heé sb suy giam lam viéc:
1.8, 1. E}l/4z

Yo2s, 20 Iz (857
+ Hé s6 suy giam twong doi:
E |
1S, 1 |z+z, 7 E
b,=—In2= —In——F"— = In————; (8.97)
28, 2 I z, Z,+ Z,|.1;

+ Hé s6 suy giam theo cong suit tac dung:

2
b, = %m%: %m% ; (8.98)
2a 242 ?,
e) biéu kién’dé cac thong sb Zix, Yic va ham truyén dat dé thue hién duoc nd béng
mang 4 cuc thuc te.
+ Xét ma tran [ Zix | cua mang 4 cuc.

7 Thang du cua cac thong gé Z11, er2, Z12 tuong ung la K, K. Khi khao sat céac
diém cuc cia chung. Tai mot diém cuc bat ky c6 diéu kién thang du.

K, =K, -K >0 ; (8.99)

_ Chung minh (8.99) kha dai dong c6 nhiéu & céc tai liéu, ta s& khong dan ra ¢ day.
bicu kién (8.99) goi 1a dinh thirc thang du cua ma tran tré khang ho mach Zj 1a khong
am.

* Xét ma tran [ Y | gﬁa mang 4 cuc cling co QHQC trong tu, néu K 10 Ky va Ki»
la thang du cua cac thong so Y11, Y2 va Y thi tai diém “cuc” bat ky co diéu kién.
K, K, - K122 20 ;
Xét truong hop dac biét, néu gia tri thang du tuan theo biéu thirc:
K,K,-K} =0; (8.100)
thi tai diém cuc ay ta goi 1a cuc “nén”.
Néu tai moi diém “cuc” déu co diéu kién (8.100) thi goi mang 4 cuc d6 13 mang 4
cuc (theo Zj va Yix ) “nén”.
) Ngoai diéu k‘ién t,hafm’g du trén con cod di‘éu kién phan thyc mang 4 cuc véi thong
sO Zi cua no tai tan s bat ky o (p = jw) can phai thoda man diéu kién phan thuc la
(Febepua).

rll.rzz—ré >0 ; (8.101)
n = Rele(ja))
Oday:  r, =ReZ,(jo) | ; (8.102)

hy = Rele(ja))

Diéu kién (8.102) ddi v6i mang 4 cuc thy dong goi 1a diéu kién phan thuc duong.
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Hai diéu kién (8.99) va (8.101) s& han ché gi4 trj khuéch dai Q ciia mang 4 cyc
duoc tong hop.
DPdi voi ma tran Yig cling c6 diéu kién phan thuc la:

21-8n —8h20; (8.103)
g :ReYu(ja))
Voi: g, =ReY,(jo) : (8.104)

g = Rele(ja))

Mang 4 cuc con duogc phan loai nhu sau:

Véi cac mang 4 cuc khong hd cam va khong c6 cuc chung ta goi n6 1a mang 4 cuc
mac can bang. Con mang 4 cuc c6 diém chung thi goi 1a mang 4 cuc mac “ndi” khong
can bang tién loi hon vi it phan tr hon.

Céac mang 4 cuc ndi khong can bang can phai thoa mén cac diéu kién ghensta. Do
la cac dieu kién:

+ Heé s theo cac béc cua p cua ti s6 va mau sd cac ham.

—Y12, Y11 va Yzz la khéng am.

+ Heé sb bac P twong ing ciia ham —Y,, khong vuot qua hé sd cing bac P cac ham
Y11 va Y.

Khi tong hop mang 4 cuc thuong cho trudc cac ham truyen dat ma cac ham nay
¢6 nhitg diéu kién khac nhau. Vi du ham cho trudc cé thé 1a ham truyén dat dién ap
hodc dong dién khi c6 tai hay khong tai, co tinh dén trd khang ngudn hay khong tinh...

Théng thudng thudng gip bai toan cho ham truyén dat dién ap khi khong tai.
Kuho hay Kuo.

— th0 — le — _le
Ul le Y22

Céac diém “cuc” cua Ko gém qéc diém “khong” cua Z;; ma n6 khong déng thoi voi
cac diém “khong” cua Zj, va cac diém “cuc” ciia Z;; ma no cling khong dong thoi duoc
tao ra boi cac diém cuc cua Z;;. Co thé viet K, :

; (8.105)

a P"+a, P"'+..+aP+a

K _ m m—1 o ; 8106
uo(p) an”’ + bn_lPrkl + ...+ b1P+bo ( )

pry ot pry 4 pL
Va bién déi: K, = Z—m. b“m “l;" Z ; (8.107)
no pry b prly 4l pge
b b b

. s a F 1Al 1 SN LA A e .,
Tri s6 b—'” duoc ky hiéu 1a K (hay ¢) goi 1a hé so khuéch dai ciia mang 4 cuc.
Khi téng hop mang 4 cuc can phai biét cac tinh chit ciia K, va céc thanh phan tao
nén no: Zyy, Z1; hay Y1, va Y. Céac di€u kién cua ching la diéu kién thang du va dicu
kién phan thuc.
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Co mét‘sé diéu kién phu ciing khong kém phzin quan trong, song ta khong di sau
vao nhiing di€u kién nay ¢ nhiing truong hop cu thé dat ra. Sau day ta dwa ra mot loat
cac diéu kién quan trong dé thuc hién ’du:(_)rc cho viéc tong hop mdt mang 4 cuc thu dong
bat ky va mdt s6 di€u kién phu pho bién riéng.

8.6.2. Diéu kién vé quan hé Zyy, Z12, Y11, y12 va K, doi véi mang 4 cuc thu dong

A. Can phai thoa mén diéu kién thing du va phan thyc duong.

B. Diéu kién vé quan hé cua cac diém “cuc” cta ham.

1) Cac diém “cuc” cua Zya, Y12 va Kyo khong nim & gitra mat phéng.

2) Véi Ky, khong c6 diém “cuc” tai gdc toa d6 va diém vo cuing oo.

3) Céac diém “cuc” Z, va Y, trén truc do phai 1a nghiém don véi cac gia tri thuc
cta thang du.

4) Cac diém “cuc” Ky, trén truc 4o j can phai don va thang du am.

C. Piéu kién vé quan hé cac diém “khong” ctia ham.

Céc diém “khong” ciia Zi5, Y1, va Ky, ¢6 thé 1a kép (bdi) va ndm tai diém bat ky
trén mat phang P.
8.6.3.Nhimng tinh chat ctia ham truyén K, & mang 4 cuc ndi khong can bang va khong

ho cam

1) Cac diém “khong” c6 thé nim & bat ky chd nao trén mit phiang phtrc nhung
ngoai truc thuc duong.

2) Véi cac thuc duong cua P, gia tri ham truyén dat phai nam gitra diém 0 va 1.

3)He s6 khuéch dai va ham truyen dat K (hoac Q) phai duong (mdt phan trong d6

c6 thé bang 0) va khong vuot qua he s6 tuong tmg clia mau so trong truong hop khong
rat gon duogc thanh thira sb chung.

Cac dang khéac nhau ctia mang 4 cuc c6 diém chung la céac so dd bdn cuc chudi
(cac khau nbi voi nhau)

4) Ham truyén dat clia cic so do chudi c6 nhing tinh chat phu 1a cac diém

“khong” ctia n6 khong nam & nira mit phing phai.

Cac diém “khong” ctia ham truyén dat so d6 chudi gom chi cac dién tré R va dién
dung thi n6 chi c6 thé ndm ¢ phan thuc am.

5) Nhitng tinh chét ctia ham truyén dat K, & mang 4 cuc ndi cin bang.

1. Piém “khong” ctia ham truyén dat c6 thé nam & diém bat ky trén mit phing
phtic, ngay ca trén truc thuc duong.

2. Véi phan thuc duong cua P thi gia tri ham truyén dat can phai ndm trong gidi
han —1 dén +1. Gia tri cuc han (cuéi) 6 thé nhdn duoc chi khi p=0hayp =,
hodc ca hai tru’(‘)’ng hop nay.

3. Hé sb khuéch dai ctiia ham truyen dat c6 thé am nhung khong vuot qua gia tri
hé sb twong tng ctia mau s6 khi ham sé khong rat gon thanh thira s6 chung duoc.
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8.7. TONG HQP MANG 4 CU'C HINH I" LOAI RC VA RL

Hinh 8.49 1a mang 4 cuc hinh I'. Ham truyén dat cia n6 & 41

ché do khong tai. y = J
-1 -'".. =
Kuo(p): Uz(p) _ Z, p) : (8.108) l i EI
Ul(p) Zl(p)+ Zz(p)
N N
bat K, d — 2= 8.109 >
a ang UM ( ) Hinh 8.49.

_Gia thiét rang (8.109) thoa man céc diu kién vé ham
truyén d~at c1:1a mang 4 cuc nhu da xét ¢ trén. O déy N va M 1a da thirc bac theo P. Chia
tor va mau so cho da thire Q(p) = QO nao d6 va cé két qua:

Z,  N/IQ .
Z,+7Z, M/Q "’

(8.110)

DPa thire Q ¢6 bac nao sao cho cac nghi¢ém cta n6 cling tudn tu nhu cac bac cia N
va M (cac nghiém xen k& nhau N va M).
N M—-N
Tu (8.110)co: Z, =—; Z, = — ; (8.111)
0 0

Trén co s& Z,, Z) nhu (8.111) ta thuc hién cac mang RL hay RC.
Vidu 8.12: Cho ham truyén dat khong tai ctia mang 4 cuc:
N 2p

K,=—=—F———
M 6p°+9p +1

Hay lap so d6 mach hinh T ctia mang.
Giai:
DPiém “Nkhéng” ctia ham truyén dat nam & trén gdc toa do. Cac diém “cuc” ctia ham
la nghi€ém mau thtrc:
M=6p"+9+1=0 c6: P,=-0,121 va P,=-17379.

Chon da thire Q sao cho nghiém cuané Q =0 s& tuan ty ciing voi nghiém cia N =
0 va M = 0. C6 thé chon 3 dang Q sau:

a) O=6P+1; b)O=P+1; c)Q=P+0,5.
Tir d6 ¢6 3 két qua: 3 so d6 mang 4 cuec.
Néu O =6P + 1 thi:

N 2P . M-N  6P*+7P+1
) = va Z,= = = P+1.
0O 6P+1 0 6P +1
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2
op 3P

6P +1 2P+;

Tuong tng v6i so dd hinh 8.50a, trong do: Z,= . Vay cudn cam

2P va tro 1/3.

1.5 4/50

al )
Hinh 8.50.

4 . 2P .

NeuQ=P+1thi: Z,=—— vazZ, =6P+1.
P+1
Twong tng v6i so do hinh 8.50b.,.
2
Néu Q=P +05thi: 7, =— 0 g 7, =L+ 70+
P+0,5 P+0,5

Tuong tng trén so dd hinh 8.50c.

8.8. TONG HQP MANG 4 CUC DUA TREN CO SO TACH DAN THANH
CAC MANG 4 CUC PON GIAN

Nhiém vu dit ra nhu sau: Biét ham truyén dat cua mang 4 cuc ¢ tai hoa hop di¢n
tré R, ham truyén dat thod man cac dicu kién tong hgp da noéi ¢ phan trén, hay thuc hién
mach cu thé cho mang 4 cuc nay. Tu tuéng 1a véi ham truyén dat da cho ta tach dan
thanh tirng mang 4 cuc da biét 1a: mang 4 cuc suy gidm hang so, mang 4 cuc truot pha,
mang 4 cuc cé pha cuc tiéu.

Vi tich cac ham truyén dat ciia mang 4 cuc twong tmg véi mdi tudn tir (xau chudi)
chung, thi nhi€ém vu dat ra la thuc hi¢n (xay dung) cac mang 4 cuc tai hoa hop va truc
tiép tinh dan cdc mang 4 cuc nay.

Gia thiét ring trong sd cac diém “khong” ciia ham truyén dat mang 4 cuc c6 mot
s0 diém “khong” nam & nira phai cia mat phang phirc ham cé dang:

K(p)= o L=PNP-R)(P-R)..(P-F)
(P-P,)(P~P,)(P~F)..(P-P,)

Vi du: C6 nghiém P; = ¢, nam & phan thuc dwong cua mit phang, con hai nghiém
phuc lién hiép

: (8.112)

Py=a3+jbs va Ps=as—jb; ; (8.113)
Cac nghiém con lai: nghi¢ém “khong” va tat ca cac nghiém “cuc” cia mang 4 cuc

déu nam ¢ nua trai cua mat phing phure. Dé tao ham K(p) thanh dang tich cua hang loat
cac ham truyén dat don gian, ta nhan vé phai véi thira so:
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P+P P+P P+P,

; (8.114)
P+P P+P P+ P,
Ta co:
PP, (P-P)(P-P) (P-FR)(P-P)(P-P.)..(P-F,)
K(p)= 0 ;
P+P (P-P)(P+PR) (P-P,)(P-P,)(P-F,)..(P-P,)
(8.115)
K(p) = Ki(p)-K2(p).K3(p). Ka(p) ; (8.116)
Voi:
Kl(p): 0
P-P
K — 1
2(p) P+ P
P-P, P-P (8.117)
K = . >
() P+ P, P+P
% ( ): (P+P).(P+P).(P+F)...(P+P)
! (P— P).(P+P,).(P+P,)...(P+P,)
Ham truyén dat mang 4 cuc duoc dién
ta thanh tich cua 4 ham truyén dat thanh — «ipy b Ko paf— Kyipif— kg f—
phﬁ_l’li K], Kz, K3 va K4 (hil’lh 851)
Hinh 8.51.

Ham truyén dat K;(p) = Q la mang 4 cyuc suy giam khong phu thudc vao tan s,
hinh 8.52a. D6 1a mang 4 cuc doi xtng 1dp lai véi tai hoa hop R. C6 thé xac dinh dugc
R., Ry, theo R va Q nhu sau:

1—e® l+e* 1

; R, =R ; gzlné ; (8.118)

R, =R.
1+e® 1-e78

Ham truyén dat mang 4 cyc thtr 2 K»(p) phu thudc vao tan sé :

K, (o) = 224

. (8.119)
jo + a,

Mb dun cua ham K>(jw) 1a mot va véi sy ¢6 mét cua nghiém “khong” & mét phang
phia phai phirc p = a; thi day 1a mang 4 cuc truot pha so d6 ¢ hinh 8.52b. Pién tr¢ vao
may cua mang nay vai tai hoa hop 1a R gié tri cua cac phan tr xac dinh bang cong thuec:

L/C=R*; (8.120)

Mang 4 cuc thir 3 c6 ton tai hai nghiém “khéng” nim ¢ ntra phai ctia mit phang

phuc 1a Py va Ps :

Kz(ja)): j(a)—b3)—a3 j(a)+b3)_a3

j(a’_bz)"' as . j(a’_b3)+ as

; (8.121)

Mo dun cua K;(jw) cling bﬁng 1 va khong phu thudc vao tan sb. Mang 4 cyc thir 3
nay cling 1a mang trugt pha hinh 8.52c. Gia tri cac phan tu dugc tinh:
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LP

1 =

LCP*+1°
2
22:% (8.122)
va L/C = R>

Mang 4 cuc thir 4: K4(jw) khong c6 diém khong ¢ nira mit phing phai va vi vay
no 1a mang 4 cuc pha cuc ti€u. Thuc hién mang 4 cuc nay boi so d6 cau doi xung lap lai
s€ xét & phan sau day.

) 5 ) L ) el
b b
/
Ra C e
4 b Lo -
a) . b) c)
Hinh 8.52.

Chii y: Trong nhiéu truong hop khong phai tat ca Q duoc xep vao mang 4 cyc suy
giam ma mot phan ciia n6 c6 thé dua vao mang 4 cuc ¢6 pha cyc tiéu.

8.9. THUC HI];?N HAM TRUYEN PAT CUA MANG 4 CUC CO PHA CUC
TIEU. TAI CHUAN CUA MANG 4 CUC
bé thyc hién mach c6 ham truyen dat v6i pha cyc tiéu bang so dd cau lap lai ta
gia thiét rang chung lam viéc véi tai chuan.

Tai chu?;ln 1a tai tro c6 gia tri 16m: R = 16m (). Néu nhu tai khong bang 16m, vi
du m Om thi tat ca cac tré R, L, C nam trong Z; ciing phai thay d6i dé Z; tdng 1én m lan.
Con Z, x4c dinh ti: R* = Z, . 7, ; (8.123)
Xac dinh ham truyén dat khi tai R = 16m.
R-Z, 1-2, ) _
T R+Z, 1+2, Kilje) 5

(8.124)

, Sau day ta thay Z; viét br:ing Z.va Z» br:ing Z, va coi rr:ing K4 =K, la ham cua P da
biet. Tu (8.124) co:

1-K
Z, = Lo (8.125)
1+ K,

Can phai xét d6 phc tap cua K.

Néu nhu cdu tric K, twong ddi don gian vi du nhu dang & sau day thi hop 1y nhat
la thuc hién n6 bang mot so do6 cau trac doi xang 1ap lai va tim Z, theo cong thirc
. C a4 1
(8.125) va sau d6 x4c dinh Z, = by
a
Néu nhu ham truyén dat K, phuc tap thi thuc hién né phai bang mot s6 mang 4
cuc dudi dang xau chuoi véi nhau theo cac ham truyén dat don gian.
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K = Ku1 K Ku3 ) (8 126)
Cac mang 4 cyc don gian trong cong thire (8.126) la cac mang 4 cyc ¢ pha cuc

tiéu voi tai hoa hop. Viéc tach ra cac ham truyén dat don gian theo (8.126) sao cho sb
mang 4 cyc 13 it, s phan tir trong timg mang 13 it va d& thyc hién.

Ta s& chon céc loai ham truyén dat don gian nhét sau day:

1
K, = 0 véi: O'<a
p+a
K,=0"2*¢ voi: "< hay 0" <1
p+a c
1
Ku3:Q’”2— voi: O™ <b (8.127)
p +ap+b
P+C
K1¢4:Q1V2;
p +ap+b
‘+ep+d
KuSZQVIpz p
p +ap+b

O (8.127) QI + Qv 1a cac hé sb ¢6 lién quan téi hé s6 khuéch dai cua mang 4 cuc.

Gia tri 0"+ OV chon sao cho ham truyén dat 1a ham thuc duong. Gia tri O'+0"dicod
(8.127) con Q" va OV kha phirc tap ta khong dan ra & day.

trén.

ham:

al —

290

Doi voi tat ca cac mang 4 cuc c6 pha cyc tieu cac hé so a, b, ¢, d déu phai duong.
Cau truc cua K3, Kus va Kys ¢6 thé lai chia thanh cac K va Ky, nhu da xét ¢
Vi du 8.13: Thuc hién mang 4 cuc tai chuan c6 ham truyén dat.

P+2
A=

Giai: Mic du ham khong phai phirc tap song ta van thyc hién tich K, thanh 2

Ku = Kul -Ku2 5

Voi: K, = % va Ku2=Q”E
P+4 P+3
Thyc hién mang 4 cuc tho nhét:
1-k, P+([4-0')
“ 1K, P+@+0)
Pé cho K, 1a ham thyc duong thi cin Q' < a. Ta chap nhén Q' = 4 dé
P

P+8°

LT-MD



alP . A Coaa
k la nhanh song song cua di¢n trd Ry = ay va dién cam

Vi tré khang dang
my
Lk = Rk / my. Vi Véy Ral = lém; Lal = 1/8 Henri.
Tro khang nhanh chéo cua so dd cau véi tai chuan duogce xac dinh:

Zy=— =P 1 1 Vaydé1aRy= 16m, Cy = © Fara.
Zal P Pl 8
8
1
; e
! ”%’1//8
'//\_.
-—ﬁl-—.—'——
a)
Hinh 8.53.

So d6 Ky, v& dugc ¢ hinh 8.53a.
Xét mang 4 cuc thir hai theo Kyp. Pé 1a ham thuc duong can theo diéu kién:
Q <2 -3 hay QU<1.
c 2

theo dang ayp / (P + my) c6 thé xac dinh

, ~ 1
Ta chidp nhdn O" =1 thi: Z , =
P 0 “? 3p4+5

duoc: Cp = 2Fara va Razzé om va nhanh chéo Z,, = L =2P+5,n6 gém Ry, =
al

56m va Ly, = 2 Henri. So do vé K> ¢ hinh 8.53b.
Kiém tra hé s6 khuéch dai: Q=0'. 0"=4.1=4.
8.10.THU'C HIEN HAM TRUYEN PAT CUA MANG 4 CUC BANG CACH
THANH CAC MANG 4 CUC CO PHAN TU BO SUNG (DAN NAP BO
SUNG Yax)
Tac gia [1.H. Matkhanop thyc hién phuong trinh nay gom hai budc:
a) Vi ham truyén dat Ku(p)=K(p) khi tai tich cyc dién tro Zy=Ry= 10m, ta dat
thanh cac mang 4 cuc thanh phan dé tich cua ching la K(p).
Céc mang 4 cyc thanh phan c¢6 ham truyén dang:
bp +c va a1p22+b1p+cl : (8.128)
b,p + c, a,p”+b,p+c,

Trong (8.128) c6 thé mot hé sd bat ky nao dé triét tiéu.
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Khi phan tich thanh tich cta thira sé nhu trén can phai sao cho cac diém “khong”
(cling nhu diém “cuc”) khong bi tach riéng giita mot nghiém lién hiép va didu d6 ciing
tao nén cac ham truyén dat cua mang 4 cuc thanh phén thoa man cac diéu kién vat ly vé
tong hop mach da néu trén.

(P+P)P+PR)..(P+P)

K(p)= Q'(P+ P) P B) o (P P) = K,(p)-K,(p).. K,(p) ;  (8.129)

Vé6i Q’ 12 hé sb khuéch dai chung.
b) Mang 4 cuc can tim lam viéc ndi tﬁng xau chudi cac mang 4 cyc don gidn tai
hoa hop, cac mang don giadn thuong 1a so d6 I hinh 8.54.

I -1
- ! P iy I I E
! Iz I I z ;
/=1 ’ [ i ;
A A d ;
R D I
Hinh 8.54.

Trén hinh 8.54 tirng mang 4 cuc don gian chi 1a hinh T" v6i Z, va Z,, con dan nap
bd sung Yis dugce ndi thém vao cac mang I nay twong tmg. B6 sung dan nap Yy, di tao
nén mang 4 cuc hinh [] (hinh pi).

Cac mang hinh T véi cac tré khang Z; va Z, 1a mang phan ap, con dan nap Yi,
duogc bd sung sao cho trd khang vao ciia cac mang thanh phan bang 16m.

¢) Xac dinh cac tro
khang Z,, Z,, Yus cia mot )
mang 4 cuc thanh phan
theo ham truyén dat K(p) 7 =1
vo1 phu tai 16m va dién
tré vao cua tung mang
thanh phan bang 16m.

al

Hinh 8.55.
Néu nhu tré khang song song Z; va Zy (hinh 8.55a) ta ky hiéu:
Z,.Z
Z, L 2ty ; (8.130)
},9 ZI +ZH

Ham truyén dat ap khi do:

VA
K(p)= — 8.131
=77 (8.131)

Xét dang tong quat ham truyén dat ciia mang 4 cuc thanh phan véi Q 1a hé sd
khuéch dai:

K(p)= Qm ; (8.132)
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N(p) va M(p) 1a da thirc theo béc p va khong duoc vuot qua bac 2. Thanh l4p biéu
thire ﬁ —1 va sir dung (8.131) dé tim Z, va sau do theo (8.132) va sau d6 co thé c6
p

két qua cudi cung.

o (z, Yz,
Theo (8.131): O (zz +Zaj 1 2 7,7, ; (8.133)

1 M(p) M(p) - 0.N(p)
Theo (8=132): —— —1 = 1= : 8.134
O T T o) ) (619

Can bing (8.133) va (8.134):
Z,Y = M(p)—Q.N(p) : (8.135)
0.N(p)

Véi: Y =7, +YH=Y,+1;Y,:ZL : (8.136)

Chon gia tri ¥; tuy ¥ vi thé ¢6 thé c6 mot s6 phuwong an ddi véi mot mang 4 cuc.
Vi du: C6 thé chap nhdn ¥; =0 thi Y = 1 va d6 ciing 1a mot phuong an c6 nghiém
> nghiém tho hai c6 thé nhon dugc néu ta thira nhon Z; 1a mét cudén cam L. Khi

doy, = é va Y, —l+é Nghiém tht ba 1a chip nhan —Y;=PCva ¥ = I + PC va

Sau khi da Iya chon duoc Y; tiép tuc tim Y, theo (8.135).

. M(p)- Q.N(p) ®.157)
0.N(p).Y,(p)
Thuc hién phﬁn tor Z, theo mang 2 cuc va ) géng sao cho Q 16n cang

tot.

Giai doan cubi cﬁpg dé tinh toan mdi mot mang 4 cuc la V@éc xac dinh dan nap
Yux. Chon Yys sao cho dan nap vao (cung ung voi trd khang vao bang 16m) la mét don
Vi.

[+7Y,
Vb ey (8.138)
7 ) I+ Z,+ 7)Y,
.+
[+7,

Tur (8.138) xac dinh dugc Y.
Vi du 8.14: Mang 4 cuc c6 tai hod hop Zy = 1 6m c¢6 ham truyén dat ap:
P + 0,05 P +10
K(p)= :
P+117 P+9283

= K,(p). K,(p)

Hay thuc hi¢n mang 4 cuc ¢6 ham truyén dat trén.
Giai:

LT-Mb ¢ 293



Ly thuyét mach dién

Phéan thanh 2 mang 4 cuc do K»(p) va K;(p) tao ra.
P+ 0,05

N
Xeéet K K = = 2
2(p): Ka(p) Pl 0, M,

Tro khang Z,” cia mang 4 cuc nay chap nhdn bang vo cung hay ¥;” = 0. Khi do:
Yis=0 + Yy=1. Tirdo tim Z,”.
A Mz — Qz Nz

’ 0, N,
Chép nhdn hé s6 khuéch dai 0> =1 thi:
g P+LI7-P-005 112
* P + 0,05 ~ P +0,05

Z,” tao nén tu dién dung 0,893 Fara va song song voi dién tro R, = 22,4 6m. pé
xé4c dinh Y, theo:

. Z,
Y, +;,.=1, suyra:Y, = —*—= L2
1+Z7, Z,+1 P+117
hay: Z, =0,893P+1,041.
. P+10 N
Mang 4 cuc thtr nhat K;(p) 1a: K = ——=0,.—.
ang ) 1(p) 1(p) P +983 Ql M,
Theo (8.127): 0, =% =283 _ 083,
c 0
= = il | e A

£.000 75

L0073

£, 75

o e e e

Hinh 8.56.
Gia thiét ¥, = 0 khi do:
7' M, -ON, P+983-0983(P+10) 0,0173
2 O,.N, 0,983(P + 10) P+10
7, tao nén tur dién cam Ly" = 0,00173 Heri va song song v¢i dién tr¢ tich cyc R =
0,0173 6m. Dan nap bo sung:
Z',  0016P 7 1 621 + 1
P.0,00173

Yll)x - ' - ’ bx — ' =
1+7', P+932 Y',.
So d6 mang 4 cuc v6i K;(p), Ko(p) thé hién ¢ hinh 8.56.
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Céu héi on tdp ,kiém tra dinh gid chwong 8.

1/Phdn biét bai toan phan tich va t(fng hop mach .Yéu cau va dac diém bai
todn tong hop mach trong thuc té .

2/ Tuong quan gitka mién thoi gian va mién tan sé .Dinh nghia ,tinh chat
cua ham thuc duong .

3/ Piéu kién tré khdang Z(p) ciia mang hai cuec thiee té .

4/ Phuong phdp tach dan cdc mach vong don gian dé tong hop mang hai cye

5/ Tong hop mang 2 cuee thudn khéng bang phuong phdp Foster .

6/ Tong hop mang 2 cwc RC bang phuong phdp Foster .

7/ Téng hop mang 2 cye RL bang phuong phdp Foster .

8/ Tong hop mang 2 ciee bang phuong phdp Cauer .

9/ Tong hop mang 2 cuee bang phuong phdp Brune

10/ Tinh chat mang 4 cuc co pha cuu tiéu .Dac diém so do cau doi xung voi
tai hoa hop .

11/ Piéu kién cac ham truyén dat cua mang 4 cuc thyc té.

11/ Nhitng tinh chdt ciia ham truyén dat dp ciia mang 4 cuwc néi khéng cén
bang va khong hé cam .

12/ Téng hop mang 4 cwc hinh A loai RC va RL .

13/ T 5ng hop mang 4 cuc dwa trén co so tach dan thanh cac mang 4 cuc

don gian .

14/ Tinh chat ham truyén dat cua mang 4 cuc co pha cuc tiéu tai chuadn .

15/Thwc hién ham truyén dat cua mang 4 cuc bcing cach tach thanh cac
mang 4 cuc ¢é dan nap b6 xung .
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PHU LUC

PHU LUC I: LAP VA GIAI
HE PHUONG TRINH TRANG THAI BANG MAY TiNH

Khi K tac dong mach c6 dang

S6 phwong trinh trang thai: m = m+m;= 2

Phuong trinh trang thai c6 dang: X = AX+Be

Theo cac luat K, K, ta co:

Tainata: —i;+i3+is=0 (1)

Tainut b: bh—1i5=1J, 2) : Fi

- 4=
Tai nut c: i+ 1= ), 3) g,j l 'xJ ! 5 1
y

Vi cdy c(2,3,4). z = I
Bu canhl: U+Us=¢; (4) [+ ‘
B canh 5: U, +Us,—Us+Us= ¢ (5) P
T (2) va (3) > is= is.

e —U
Tur (4): =13

4 I
Ta co hé:
~U ,
~iy i+ =0 —61R—3+i.U3 +i, =0
U,+U,-U,+U, =0 ! ’

Ly, —U, +(R, + R, )i, =0

Tu (3) ta c6: iy = i, — Jo. thay vao hé trén ta co:

R, +R R, +R
e-U;, 1 . . iézﬁ— S+,
— L Ui+i,—J, =0 L, L L,
. % G . < ' (el _U32)C3 :
Lzlz_U3+(R4+R5)(lz_J2):0 U3:T+J2C3_lzc3
1
R, +R; 1 0 R, + R
U; -C, _C3 U, & C, J,

Thay s6 vao va dao tht ty:

A Us|[-048bs =37 Tl [37 ] 4, [3200] 1 5
5] e | Tl =529 2645503] |6, | 5200 T 0 |

Program phan_tich_mach_bang phuong trinh_trang thai;
uses crt,graph,printer;
const n=2000;
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w=46800;
t0=0;
tx=20000;
ty0=0.8;
ty01=30;
ty1=50;
ty2=0.2;
tc=00.025;
var
Gd,Gm,i,k,l:integer;
h,t,a,b,hl,y1,y2,v1,v2,y0,y01:real;
y30,y301,y11,y22:integer;
k21,k22:real;
x,p:array[1..1000] of integer;
y:array[1..3,0..2000] of real;
procedure window;
var 1,j,k:integer;
begin
for 1:=0 to 600 do
begin
setcolor(red);
putpixel(i,getmax Y div 2 ,15);
putpixel (getmax X div2- 280,1,15);
end;
for 1:=0 to 700 do

k:=40;
while k<=GetmaxX-40 do
begin
for j:=0 to Getmax X-40 do
begin
putpixel(k,j,red);
inc(j,1);
putpixel(j,k,red);
end;
inc(k,40);
end;
setviewport(GetmaxX div 2-280,Getmaxy div 2,GetmaxX,GetmaxY,Clipoff);
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outtextxy(getmaxx div 2+220,5°X’);

outtextxy(-15,-getmaxy div 2+12,Y");

outtextxy(getmaxx div 2-240,5,’20°);

outtextxy(getmaxx div 2-160,5,’40°);

outtextxy(getmaxx div 2-80,5,°60’);

outtextxy(getmaxx div 2,5,”80’);

outtextxy(getmaxx div 2+80,5,100’);

outtextxy(getmaxx div 2+160,5,”120°);

outtextxy(getmaxx div 2+240,5,°140°);

outtextxy(getmaxx div 2+320,5,°200°);

outtextxy(-15,-getmaxy div 2+200,’1”);

outtextxy(-15,-getmaxy div 2+160,’2’);

outtextxy(-15,-getmaxy div 2+120,’3”);

outtextxy(-15,-getmaxy div 2+80,’4’);

outtextxy(-15,-getmaxy div 2+40,’5’);

outtextxy(-15,-getmaxy div 2-200,’-1);

outtextxy(-15,-getmaxy div 2-160,’-2);

outtextxy(-15,-getmaxy div 2-120,’-3");

outtextxy(-15,-getmaxy div 2-80,’-4’);

outtextxy(-15,-getmaxy div 2-40,’-5’);

setcolor(14);

outtextxy(-20,-15,0.0);
SETtextSTYLE(7,0,2);
setcolor(6);
outtextxy(getmaxx div 2-200,-240,”VE CAC NGHIEM Uc(t) & I (t)’);
SETtextSTYLE(7,0,1);
outtextxy(getmaxx div 2-30,-220,’ty0=0.8,w=816,n=2000");
outtextxy(getmaxx div 2-30,-200,’ty1=50, ty01=20 ty2=0.5 tc=0.025");
outtextxy(getmaxx div 2-30,-180,’tx=20000");
outtextxy(getmaxx div 2-30,-160,”E¢=20 V2 sin(1001t)’);
outtextxy(getmaxx div 2-60,+170,’Bai tap Ly thuyet mach F2°);
outtextxy(getmaxx div 2-10,+190,’Khoa Dien-dien tu DHGT”);

end;

function fO(t:real); {ham kich thich }
begin
fo:=20*sqrt(2)*sin(1000%*t);
end;
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function f1(t,yl,y2:real):real; {ham trang thai 1}
begin
£1:=-9481,5*y-37*y,+37*20*sqrt(2)*sin(1000*t)+6400;
end;
function f2(t,y1l,y2:real):real; {ham trang thai 2}
begin
£5:=-529,1*y,+264550,3*y,+529,1*20*sqrt(2)*sin(1000*t);
end;

BEGIN {chuong trinh chinh}
clrscr;

writeln;
writeln;
writeln;
WRITELN(“*** Giai he PT trang thai va Ve do thi ket qua ******”);
writeln(‘Ve do thi va in bang ket qua yk(t) °);
writeln(‘Mac dinh Ve do thi ©);
writeln(‘Thay doi He PT trang thai trong muc khai bao’);
writeln(* Xem ky chuong trinh truoc khi chay °);
writeln(‘Doc vao va sua chua cac thong so: y1(0) ,y2(0),ty3 °);
writeln(‘, tc, cac he so tx,tyo,tyl,ty2,n,w,E0 .°);
writeln( © Enter - run °);
Gd:=Detect;
writeln(‘Gia tridau : t0=0 .°);
writeln( ¢ Enter - run °);
writeln(‘Gia tri cuoi : tc = 0,025 .%);
writeln( ¢ Enter - run °);
Writeln(‘Ham R(t)= V2 2sin1000t’);
Writeln(‘Ham Jy=2");
writeln(‘Tan so chuan w = 816 .°);
writeln( © Enter - run °);
writeln(‘So luong diem chia n =2000 .¢);
writeln( © Enter - run °);
writeln(‘Ty le truc X : tx=20000 . °);
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writeln( ¢ Enter - run °);
writeln(‘Ty le truc Y ham chua f0 : ty0=0.8 . °);
writeln( ¢ Enter - run °);
writeln(‘Ty le truc Y ham chua f01 : ty01=30 . °);
writeln( ¢ Enter - run °);
writeln(‘Ty le truc Y Dien ap Uc(t) : ty01=50 . °);
writeln( ¢ Enter - run °);
writeln(‘Ty le truc Y Dong dien cam I1(t) : ty02=0.2 . °);
writeln( ¢ Enter - run °);
readln;
h:=(tc-t0)/n;
writeln(‘Doc vao cac dieu kien dau :y[k,0] k=1,2°);
write(‘Gia tri dau t0 — y[1,0] : °);
readln (y[1,0]);
write(‘ Gia tri dau t0 —y[2,0]:");
readln(y[2,0]);
writeln( ¢ Enter - run °);
gd:=vga;
gm:=vgahi;
initgraph(gd,gm,’d:\tp\bin’);
cleardevice;
window;
fori:=1 ton do
begin
t:=t0+(i-1)*h;
y0:=f0(t);
yO1:={01(t);
yl:=y[L,i-1];
y2:=y[2,i-1];
v1:=h*fl(t,yl,y2);
v2:=h*{2(t,y1,y2);
k21:=h*f1(t+h/2,y1+v1/2,y2+v2/2);
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y[1,1]:==y[1,i-1]+k21 ;
k22:=h*f,(t+h/2,y+v1/2,y,+v2/2);
y[2,1]:=y[2,i-1]+k22;
x[1]:=round(t*tx); { Lam tron va Gan gia tri cho mang X}
yll:=-round(y[1,i]*tyl); { Lam tron va Gan gia tri cho ham trang thai 1}
y22:=-round(y[2,1]*ty2); { Lam tron va Gan gia tri cho ham trang thai 2}
y30:=-round(y0*ty0); { Lam tron va Gan gia tri cho kich thich 1}
y301:=-round(y01*ty01); { Lam tron va Gan gia tri cho kich thich 2}
putpixel(x[i],y30,2); { Cham cac diem ung voi ham f;}
putpixel(x[i],y301,2); { Cham cac diem ung voi ham f,}
putpixel(x[i],y11,9); { Cham cac diem ung voi trang thai 1}
putpixel(x[i],y22,11); { Cham cac diem ung voi trang thai 2}
end;
writeln( ‘An Enter de Ket thuc .’);
repeat until keypressed,
readln;

end.
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PHU LUC II ,
BAI TAP LON PHAN TiCH MACH TUYEN TiNH

Cho mach dién véi cac so li€u sau:

R; = 1500 R, = 850 e N

Ls=0,85H Ls = 1,05H N e

C4=12,5 uFf=150Hz C 13 o @
Ey(t)=115sin(ot)  V ORI ’

J1(t)=1,8cos(mt+60%) A
1. Tim moi dong dién xac 1ap khi khoé K chua tdc dong béng:
+ a/ Phuong phap dong dién nhanh véi hd cam M=0,5H.
+ b/ Phuong phap dong dién vong véi hd cam M=0,5H.
+ ¢/ Phuong phap dién thé nit khi hd cam M=0.
2. Tim dong dién va dién ap qua do trén cudn cam, tu dién bang phuong phap toan
tr sau khi K tac dong:
+ Xac dinh c4c diéu kién dau.
+ Lap h¢ phuong trinh trang thai
+ Tim nghiém dap ung anh I (p), Uc(p).
+ Xac dinh nghi¢m thoi gian i(t),u(t).
Bai lam:
=27 =300r (Rad/s)
R, =150Q2; R, =85Q2
L, =105H = X, =1,05.3007 = 989,6Q2
Ly =085H = X, =0,85.3007 =801,1Q
1 1
C,o0 12,5.107°.3007
X, =M.0=0,5300r =471,23Q
E,(t)=115sin(wt) =115cos(ewt —90°) = E, =—-81,3;
J,(t)=L8cos(axt +60°)=J, =0,9+156;
1. Tim moi dong dién x4ac 1ap khi khod K chua tac dong:

C,=125uF = X, = = 84,880

Khi khod K chua tac dong va Rs= 0. Ta c6 mach di¢n nhu hinh vé:
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a) Phurong phdp dong dién nhanh véi hé cam M=0,5H
Ta c6 Graf mach dién nhu sau:
Chon cay 2,3,5 = ta ¢o6 cac bu canh 1,5:

@ 5w
— Ap dung dinh luat Kiéchoof 1: ; _ '
+chonat(a): —1, +1,+1,=0 (1) . C 3 C\ =
+chonut (b): I, -I,=J, () (a) P ©
+chonut(d): I, -1,-1,=0 3)
— Ap dung dinh luat Kiéchoof 2:
+ theo bu canh: U, +U, +U, -U, =0
QjXLSI.S+jXMj3+R1j1+R2j2_jXL3j3_jXMj5 (4)
+theobucanh 4: U, +U,, = E,,
<:>jXL3j3+jj5XM _jXC4jL4 :E4 (5)
Tu (1), (2), (3), (4), (5) ta cOma tran sau:
[0 0 1 -1 1 1] To]
1 0 0 0 -1 I, J,
0 -1 -1 1 0 1L 1=]0
R, R, j(XM_XL3) 0 j(XLS_XM) j4 0
100 JX 13 JX cq JX i _js J LE4 ]
Thay sb:
0 0 1 -1 IV Y
Lo 0 0 -1 L 09+156/
0 -1 -1 1 0 {11 | = 0
150 85 -—-51837 0 329,87 j4 0
| 0 0 9896 —8488; 471,23/ I, | =813/

Sau khi chay chuong trinh ta thu duoc két qua sau:

I, =—0,5536+0,0917
I, =-0,0036-0,2283
I, =0,0008 + 0,00534
I, =—-0,0028 —0,2817
I, =-0,0036—0,2283
Ta c6 két qua cudi cung nhu sau:
i,(£) = 0,79 cos(3007 — 9°24")
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i, (£) = 0,32 cos(300¢ — 90°55")

i,(¢) = 0,08 cos(3007 +89°8")
i, (£) = 0,40 cos(3007 —90°34")
i5(£) = 0,32 cos(3007 —90°55")

b) Phirongphdp dong dién vong véi hé cam M=0,5H

Graf cia mach dién nhu hinh vé:

()
1
{e)
chon cdy 2,3,5 = ta c6 bu canh 1,4:
Ma tran chip ndi B:
Nhanh
1 2 3
Bc
1 1 1 -1
4 0 0 1
1 1 -1 0 1
+ [B]=
00 I 10
_Rl 0 0 0 0
0 R, 0 0 0
+ [ZNh]: 0 0 JX,., 0 JX
0 0 0 —JjX ¢4 0
0 0 JjX, 0 JX ;s
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R 0 0 0 0
_ 0 R, 0 0 0
11 -1 0 1 _ ,
[B][ZNh]: 00 1 1 0 0 0 X, ‘0 JX
+ - 0 0 0 -jX., O
_0 0 JjX, 0 JX s
:—Rl Rz j(XM_XL3) 0 j(XLS_XM):|
L 0 _Rz jXL3 _ch4 jXM
_|_

[ZV]: [B][ZNh][BT]

_Rl Rz j(XM_XL3) 0 j(XLS_XM)}

_O -R, JX 15 —JX 4 JX 0

|
—
S = = O O

Rl +R2 +j(XL3 +XL5 _2XM) j(XLS _XLS)j|
j(XM_XL3) j(XL3+XC4)

Thay s6 ta co:

[ZV]:

— Tinh céc nguodn:

235+848,24; —51837;]
~51837/  1074,88; |

ey 0

o Mo o o
Il
1
Jﬁm-o
| E—

LT-Mb « 305



Ly thuyét mach dién

[B][ZNh][JNh]:

= |:R1 Rz ](XM i XL3) 0 j(XLS - XM )

0 -R, JX 5 - jX . JX,,

[EV1=[B][ENA—[B][ZNA[JM]{ ! HRJHRJ}

E, 0 E,
[-135-234;
| -813)

_|_

Mat khac:

[ZV]FI}:[EV]®{235+848,24J —518,37]1[1’1}

I, ~-51837;  1074,88; || I,
[-135-234)
- { ~813; }
Giai hé, ta duoc:
I, =-0,0036—0,2283
I, =-0,0028-0,2817

Ta co:
1 0] [0,9+1,56/ |
1 0. 0
I
[[Nh]:[BT][[V]+[JNh]: -h [1.1}4- ’
0o 1|-* 0
1 0] 0|
0,280,195 |
0,19-0,24;
=10,09+0,05
0,89 +0,51;
0,09 +0,05; |
Vay:
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I, =—0,5536+0,0917
I, =—-0,0036—0,2283
I, =0,0008 +0,0534
I, =-0,0028—-0,2817
I, =—-0,0036—0,2283
Ta c6 két qua cudi cung nhu sau:
i,(¢) =0,79cos(3007 —9°24")
i,(t) =0,32cos(300 —90°55")
i,(¢) = 0,08 cos(3007zz +89°8")
i,(t) =0,40cos(300 —90°34")
i5(¢) =0,32co0s(30072 —90°55")
¢) Phuwong phdp dién thé niit khi hé cam M = 0
Mach c¢6 Graf nhu hinh vé:
Chon theé tai (d) bang khong: ¢, =0
Ma tran:
?,
[(PD ] =1 P |
Py
ta 1ap duoc ma tran cé cAu triic [A] & ma tran nap nhanh [Y Nh]
0 0 1 -1 1
J4]=(1 0 0o o0 -1
0 -1 -1 1 0

L 0 0
Rl
1
0 — 0 0 0
R2
j
[r,]=| 0 0 —-—— 0 0
Nh XL3 .
0 0 0 J 0
Xy
0 0 0 0o -—L
L XLS
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Ly thuyét mach dién

o o -4 _J __1
X5 Xy JX s
1 J
+  [4llvul=|=— o 0 0
v Rl ) XLS
0 - _J ! 0
B R, X JX 4 |
_|_
[v,]=[4][r,,][4"]
o o - _J L1009
X3 Xy ]).(LS 1 0 0
I DR 0 0 J 0 0 1
0o -— 0
R X X 1 -1 0
L 2 13 JA 4 - -
o d j j o
XL3 XC4 XLS XLS XL3 XC4
_ J 1 J 0
‘XLS ) Rl XLS ) .
Jo_ T 0 1 J g
L XLS XC4 R2 XL3 XC4_
0,0095 j 0,0012 ~0.0107;
< [r,]=] 0,0012; 0,00667 —0,0012, 0
—0,0107; 0 0,0117 +0,0107
0o o -4 _J Lo
X3 Xeq JX s 0
1 J
[A][YNh][ENh]: - 0 0 0 ~ 0
Rl XLS E
1 j 1 4
0 —-— : 0 0
+ L R, X3 JX ¢4 g+ -
_JE,
Xc4
= 0
JE,
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i
0 0 -1 170 0
+  [A][vu]=l1 0 0o 0o —1|jo|=|J,
0 -1 -1 1 0]|o 0
_0_
JE,
X, 0,958
+  ol=lllvu]-lallvallEL]=] g0 |=]09+156)
_JE, ~0,95;
L XC4_
Ta co:
[YD][ D]:
0,0095 j 0,0012 j -0.0107; o,
=[7,]| 0,0012; 0,00667-0,0012; 0 ?,
-0,0107 0 0,0017+0,0107/ || @,
0,598
=10,9+1,56;
~0,958;

Giai hé phuong trinh ta dugc:

o, 89,03 +11,99
0, | =|-82.09+12,003;
o, 0,002 +11,98 ]
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Ly thuyét mach dién

0 1
0 0
[UNh]:[AT][(”D]: 0
-1 0
1 -1
[—82,09 +12,003; |
—0,002—-11,98j
=| 89,03+0,01j
-89,03-0,01j
| 171,72-0,01j |
_|_
82,09 +12,003 |
—0,002-11,98;
[Uu]+[Ev]=] 89,03+0,01/
—89,03-0,01;
| 171,12-0,01; |
+
[[Nh]:[YNh]{[UNh]"'[ENh]}
Ly 0 0
Rl
0 L 0
R2
=lo 0o - o0
XL3
0 0 0 J
Xc4
0 0 0 0

Giai hé trén ta duoc:

310 e LT-MD

= 89,03+0,01;

[—82,09+12,003]
-0,002-11,98

171,12-0,01j |

89,03+ 11,99
—82.09 + 12,03
0,002 +11,98j

[—82,09+12,003/ |
-0,002-11,98;

—4,18-0,01/
171,12-0,01; |

89,03 + 0,01
—418-0,01]




[—0,5493 40,0776 |

0,0007 — 0,2424 j
[7,,]=| 0,0003-0,1050;
0,0007 —0.3474
| 0,0007 —0.2424

i,(¢) =0,76 cos(300 —8°2")
i,(¢) =0,34cos(3007zz —89°50")
i;(¢) = 0,15c0s(30077 +89°56")
i,(t)=0,49cos(300 +89°53")
i5(¢t) =0,34cos(3007 +89°50")
2. Tim dong dién va dién ap qua do trén cudn cam, tu dién bang phuong phap toan
tur sau khi K tac dong.
+ Xdc dinh cdc diéu kién dau
Ttr mach da cho va céc luat dong mo, ta co:
Ucy (-0)= Ucy (+0) = Ucy 0)
Iy, (-0)= I, (+0) = I, 0)
Tir cau ¢, d cua phén trén, ta co:
i,(¢) = 0,15c0s(30072 +89°56") = i,(0) = 0,0002 (A)

U,=-418-0,01j = u,(t) =59cos(300z +180°8") V)
= u,(0)=-59 (V)
+ Lap phuong trinh trang thai
Khi K dong, ta ¢c6 mach dién nhu hinh vé:
) cudn cam m;=1
Sotudiénm, =1
= S4 phuong trinh trang thai: m = m; + m, = 1+1=2
Chon cay 2, 3,4 ta c6 cac bu canh 1, 5.
Ap dung dinh luat Kiéchoof 1:
+ cho nut (a): i, +i;, —i, = j, (1)
+ chonut (d): i, —i; +i, =0 )
Ap dung dinh luat Kiéchoof 2:
+theobucanh I: u, +u, —u; =0 (3)
+theo bucanh 4: u, +u, =e, & (4)
T (2) = i, =i, +i, =i, =i, + -2
2
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Te(3) = i, =i, + 24 o
2
— — o +- 2 R
Tu (3), (4)’ (5) — l‘4 :l-3 " €, —Uu, (]1 I, 13) |
R2
R
= 14(l+—1]——”—4+i3(1+_1]+e_4_ A
2 2 2 R2 R2
- . R
TR R T TR AR MR R
1 2 2 ) . 5
R
= Cy=—————+i+————, 1
R1+R2 R2+R1 R1+R2
u4 i3 e4 Rl

U=ty 2 ~J ©)
Ci(R+R,) C, C,R,+R) ’Cy(R+R,)

Tu (4) = u,=-u,+e, (7)

Tu (6), (7) ta c6 ma tran sau:

1 1 1 R,
{ua(t)}: CG(R+R) C, {um)} Ci(R,+R,)  C,(R +R,) m
i5 (1) _ L 0 |LB® 1 0 Js
L L3 L3

Thay s6 ta lap dugc phuong trinh trang thai:

uy ()] [-5555 11115117 [u, () L[5555 -833333][e,
i@ | | -1l 0 i, () 0 i

+ Tim nghiém dap vng anh I1(p), Uc(p)
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Toéan tir hoa so d6 mach dién:

L

P
{3 -—
i \x
L3
. P e i
B4 (P 3
RZ

psin0? +3007z cos0’
p’ +(300x)’

A
pcd

Ta co:

E, (1) =120sin(et) = E,(p) =120

_ 3600r
p>+(3007)°

J,(£) = 0.9 cos(t +60°) = J, (p) = 0.9 L% 6(2)0 —3007 — 60°
p~+(300x)
_0,45p—734,59
~ p? +(3007)°
Theo diéu kién du cua bai toan:
i,5(~0)=0,0002 (A)
ue, (0)=-59 (V)
Chon cay 2,3,4 ta c6 cac bu canh 1,5:
Ap dung dinh luat Kiéchoof 1:

+chonut (a): 1,(p)—1,(p)=0 (1)

tchonut(d):  I;(p)-1,(p)+1,(p)=J,(p) ()

Ap dung dinh luat Kiéchoof 2:

+cho bu canh 1: 1,(p)R, + 1, (p)R, — I,(p)pL, — L,1,(~0) =0 4)
1 Uc4 (_0)

+ cho bu canh 4: 1,(p)

C +1;(p)pL, = E, + L;1,(-0) - (5)

Tu (4) suy ra: R [J(p) +1,(p) = I(p)]+ R, [1,(p) - 1,(p)] - L, pLy = 1,(-O)L,
I,(=0)Ly — R, J,(p)(R, + R, + pL,)
R, +R,
Tu(2)suyra:  I,(p)=1,(p)+J,(p) 3

Thay (6) vao (5), ta co:

Bién ddi ta duoc: 1,(p)=

(6)
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Ly thuyét mach dién

I,(=0)L, =R, J,(p) R, +R, + pL,
+1,(p)

(R, +R,)pC, (R, +R,)pC,

Bién d6i chuyén Iz(p) vé 1 vé duoc két qua cudi:

Uc4 (_0)

+pL3] =E,(p)+Ly1,(=0) -

_ Ucs(=0) " R J,(p)
p R, +R,

1
(R, +R2>pc4{E4 (p)+ LI, <—0>(1 TR +R2]

(R, +R,)p°C,L,+ pL, + R, +R,
Thay s6 tim dugc két qua sau:
3,24.10°° p3 - 0,100131192 +2038,62p —9434,4

< Li(p) =

I =
(P) [p? +(3007)%]0,0162 p* +0,9p + 200
. 1,(-0)L R +R, +pL
+tr (2) suy ra: [ =2 737 +L -z £33y
(2) suy ra: 1,(p) R TR, 3(p) R+R, 1(p)

Thay s6 ta duoc:
2,916.10~° p* —59.107 p° +17,72p + 2494 p + 20552
|p? +(3007)%(0,0162p> +0,9p +200||

< 1,(p)=

. I
Ma: U.,(p) = e (p)
pC,

2,916.107° p* =5,9.107 p° +17,72p + 2494 p + 20552
£90.10°[p* +(3007)*[0,0162 p* +0,9p + 200 |

+ Xac dinh nghiém thoi gian i(t), u(t)

Xac dinh ip3(t)

Nén: Uc,(p) =

3,24.10° p° —0,10013p> +2038,62p —9734,4
|p? +(3007)? [[0,0162p> +0,9p + 200
Pit: F(p)=324.10° p> —=0,10013p> +2038,62 p — 9434,4

F,(p) = |p> +(3007)* |[0,0162p* + 0,9 p + 200]
Cho Fy(p) = 0 ta dugc:
P, = 13007

Dy =—27,77+107,58;

Ta co: I,(p)=

Thay vao ta c6:
F(p,) = F (3007) = -5402 -1,92.10° j
F (p;) = F,(-27,77+107,58,) = —149,87.10" + 219,9.10°
Mat khac ta co:
F,(p) =|p* +(3007)* J0,0162p* +0,9p + 200]
< F(p)=0,162p* +0.9p° +14590p° +799437 p +177,65.10°
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= F,(p)=0,0648p° +2,9p +29580p + 799437
Khi dé:

F,(p,) = F,(3007) =-1,6.10° —26.37.10°

F,(p;y) = F,(=27,77+107,58 j) = 9926 + 3,099.10° j
Ap dung cong thirc Hévixai:

i,(t)= 2.R6[M6”" } + 2.Re{Lp3)e“’}

£ (p) £ (ps)

=1i,,(¢) = 0,14cos(3007 +184°5') +0,17.e """ cos(107,58¢ —35°32")

+ Xac dinh ucq(t):

+ Xac dinh ucqy(t)
2,916.107° p* =59.107 p* +17,72p + 2494 p + 20552
£90.10°|p? +(3007)* [[0,0162 p* + 0,9 p + 200
Pit: F,(p)=2,916.10°p* —5,9.107 p°> +17,72p + 2494 p + 20552
F,(p) = p.9010°*|p> + (3007)*][0,0162 p> +0,9p + 200]
Cho F»(p) = 0 ta duogc:
Pra = 3007
Py =—27,77+107,58;

Ucs(p) =

ps=0
Thay vao ta co:
F(p,) = F,(30077) = —13,44.10° +7,29.10° j
F,(p,) = F,(=27,77+107,58 ) = —245.10° +168,2.10°
Fy(ps) = F,(0) = 20552
Mat khac ta co:
F,(p) = p90.10°|p> + (3007) |0,0162 p* + 0,9 p + 200
& F,(p)=1458.10° p° +8,1.10° p* +1,31p° + 71,95p> +15988,5p
= F)(p)=7,23.10" p* +3,24.10% p* +3,93p> +142,9p +15988,5
Khi dé:
F;(p,) = F;(3007) = 36432,09 — 7940,744 j
F)(p,) = F;(=27,77 +107,58 ) = 2342,472 + 555,572
F,(ps) = F;(0)=15988.5

Ap dung cong thirc Hévixai:
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Ucy () = %e”st +2.Re{%e‘”"}+2.Re{%e“’}
2 Ps PAVA 2P

= u,,(t) =1,28+0,22¢c0s(3007z + 62°%) + 224.e 7" cos(107,58¢ —16°56")
Vay: i,,(t)=0,14.cos(300 +184°5)+0,17.e""" cos(107,58¢ —16°56")
e, (£) =1,28+0,22cos(3007 + 62°2") + 224.e 7" cos(107,58¢ —16°56")
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Ly thuyét mach dién

MUC LUC

Lo1 né1 dau

Thoéng tin vé tac gia .

Pham vi sir dung cua giao trinh .

Tra ctru theo tur khoé .

CHUONG 1. NHI’NG KHAI NIEM CO BAN VE MACH DIEN

1.1.
1.2.
1.3.
1.4.
L.5.
1.6.

Céc thong sb tac dong va thu dong ctia mach dién
Véc to quay biéu dién cac thong sb diéu hoa

S6 phire biéu dién cac bién diéu hoa va phan tir
Bién ddi trong dwong mach dién

Khai niém vé& mach va phan tr phi tuyén

Hai dinh luat Kiéchoof

Cdu héi én tdp kiém tra danh gid chuong 1

CHUONG 2. CAC PINH LUAT VA PHUONG PHAP PHAN TiCH

2.1.
2.2.
2.3.
24.
2.5.
2.6.
2.7.
2.8.
2.9.
2.10.
2.11.
2.12.
2.13.
2.14.
2.15.

318

MACH PIEN TUYEN TiNH
Graf ciia mach dién
Cac ma tran topd mach
Céc diéu kién dau va cac luat dong mo
Céc thong s trang thai va bién trang thai
Phén tich mach dién bang phuong trinh trang thai
Bién nhanh, phuong trinh dong dién nhanh
Bién dong dién vong, phong trinh dong dién vong
Bién dinh, hé phuong trinh dién thé nat
Bién 4p cdy, phuong trinh vét cit
Téng quat vé cach giai hé phuong trinh vi phan ciia mach
Phén tich mach dién bang phwong phap toan tir
Phuong phap tich phan kinh dién phan tich mach dién tuyén tinh
Phén tich mach dién bang phwong phép tan sb
Phuong phap xép chong v6i mach tuyén tinh
Tinh chét twong hd trong mach dién
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26
28
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34

35
35
38
42
46
47
51
55
60
65
66
67
82
86
94
97



2.16. Dinhly Tévémin va Nodc — tong

2.17. Quan hé tuyén tinh

2.18. Can bang cong suét trong mach diéu hoa

2.19. Tinh chat dbi ngﬁu cua mach dién

Cdu héi én tap kiém tra danh gia chuong 2

CHUONG 3. MANG 4 CUC TUYEN TINH TWONG HO
3.1. Khai niém mang 4 cuc tuyén tinh

3.2. Céc phuong trinh déc trung mang 4 cuc

3.3.  Ghép ndi cac mang 4 cuc

3.4. Mang 4 cuc ddi ximg

3.5. Mang4 cuc ,c() tai

3.6. Cac ‘Ehéng sO song , )
3.7. So do6 tuong dong cua 4 cuc tuyén tinh thy dong, twong ho
3.8. Phan tjch mang 4 cuc dac biét va thong dung

3.9. Mot s6 mang 4 cuc chiric nang ‘
3.10. Phéan tich mang 4 cuc tuong ho theo‘céc ham truyén dat
3.11. Xac dinh cac th()ng’sé mang 4 cuc bang thyc nghiém
3.12. Phy chuong: Mot s0 h¢ thirc luong gidc ham hypécbolic
Cdu héi én tdp ,kiém tra danh gid chuong 3

CHUONG 4. MANG 4 CUC KHONG TUONG HO
4.1. Céc hé¢ phuong trinh mang 4 cuc khong twong hd

4.2. So d6 twong dwong mang 4 cuc khong twong hd

4.3. Phan tich mang 4 cuc khong twong hd

4.4. Girato va NIC

4.5. Tranzito 170

4.6. Khuéch dai thuat toan (KDTT)

Cdu héi én tap kiém tra danh gia chuong 4

CHUONG 5. MACH LOC TAN SO

5.1. Khai niém tong quat

5.2. So dd loc va cac tro khang dic tinh

5.3. Diéu kién dai thong ctia mach loc va tan sb cit

5.4. Khai niém vé dic tinh tin sb ctia nhanh thuan khang
5.5. Mach lgc loai K

5.6. Loc loaim 205

5.7. Loc khong ddi ximg

5.8. Mach stra bién do

Cdu héi én tap kiém tra danh gid chuong 5

CHUONG 6. O THI BODE

100
102
103
104

105
106

106
107
114
119

123
128
136
139
141
144
151
152
153

154

154
157
159
166

175

184
185

186
187
190
196

215
217

221
222
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Ly thuyét mach dién

6.1.
6.2.
6.3.
6.4.
6.5.

Biéu dién ham mach

D6 thi Bode

Do thi Bode cho céc phan tir ham mach

Xay dung d thi Bode cho ham mach phirc tap
K§ thuat tinh toan trong mach di¢n tur

Cdu héi én tap ,kiém tra danh gié chuong 6

CHUONG 7.

7.1.
7.2.
7.3.
7.4.

VA KHONG TUONG HO

Khai niém phan tich mach dién khong twong hd

Phuong phap dién thé nat phan tich mach khong tuwong hd
Phén tich mach dién tuyén tinh twong hd ¢6 hd cam

Phan tich mach dién khong tuong hd va c6 hd cam

Cau hoi 6n tap ,kiém tra danh gia chuong 7

CHUONG 8. TONG HOP MACH TUYEN TiNH

8.1.
8.2.
8.3.
8.4.
8.5.
8.6.
8.7.
8.8.

8.9.

Tinh chat bai toan téng hop

Tdng hop mang 2 cyc v6i ham trd khang Z(p) téng quét
Tdong hop mang 2 cyc theo phuong phap Foster

Tdong hop mang 2 cyc bang phuong phap Cauer

Téng hop mang 2 cyc theo phuong phap Brune

Tdong hop ham truyén dat cia mang 4 cuc

Tong hop mang 4 cyc hinh T loai RC va RC

Téng hop mang 4 cyc dya trén co so tach dan thanh

cac mang 4 cuc don gian

Thuc hjén ham truyén dat ciia mang 4 cuc c6 pha cuc tiéu,
tai chuan cua mang 4 cuc

8.10. Thyc hién ham truyén dat cua mang 4 cuc béng tach thanh

cac mang 4 cuc c¢6 dan nap bo sung

Cdu héi én tdp ,kiém tra danh gid chuong 8
Phu luc

Phu lyc 1: Lap va giai hé phuong trinh trang thai bang mdy tinh
Phu luc 2: Bai tap 16n phan tich mach di¢n tuyén tinh
Tai liéu tham khao
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PHAN TiCH MACH DIEN PH(’C TAP TUONG HO
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Chiu trach nhiém xuét ban
Lé Tu Giang

Bién tap
Nguyén Trung Kién

Ché ban va stra bai
Xudng In Truong dai hoc GTVT

Nha xuét ban Giao thong vén tai

80B Tran Hung Pao — Ha Noi
DT: 04. 9423345 — Fax: 04. 8224784

Truong Dai hoc GTVT. Quyét dinh xuét ban s6: 47/QD-GTVT, ngay 25/3/2008. Gidy
xac nhan dang ky ke hoach xuat ban s6 51/XB- QLXB, ngay 9/1/2008. S6 dang ky ké
hoach xuat ban s6 58-2008/CXB/79-51-79/GTVT. In xong va ndp luu chiéu quy II ndm
2008.
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