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LOI NOI PAU

Ly thuyét Mach la mét linh vuc khoa hoc c6 y nghia quan trong trong
viée dao tgo ky su cdc nganh Ky thugt Dign, Dién tu - Vién théong, Tu dong
diéu khién v.v... N6 c6 pham vi nghién ciu rdt réng, nhdm cung cdp cho
sinh vién cdc phuong phdp phadn tich, téng hgp mach, la co sé dé thiét ké
cdc hé théng Pién - Dién tu.

Ly thuyét Mach la mén hoc ly thuyét, dong thoi la mén khoa hoc ung
dung. N6 duoc nghién ciu theo hai hudng chinh la: Phdn tich mach, tic la
tinh todn cdc dai luong dién khi da biét cdu tric mach vdi cdc thong s6 cia
né va nguén kich thich, va Téng hop mach la xdy dung cdc hé thong theo
cde yéu cdu da cho vé tde dong va ddp ung. Cd hai hudng nghién cuu déu
¢6 chung co sé todn hoc vd vdt ly. Co sé vdt ly la cdc dinh ludt vé dién ti
truong, con co sé todn hoc la todn gidi tich, ly thuyét ham hau ti va phuong

trinh vi phén.

Cubén sdch MACH PIEN trong chuong trinh dao tgo ky su Dién, Dién
ti - Vién théng va Tu dong, sé cung cdp cho sinh vién nhing kién thic co
bdn da néi & trén, nhung chi yéu la 6 phan phén tich mach.

Cuén sdch MACH PIEN duoc sogn thdo theo dé cuong da dugc Hoi
déng Khoa hoc cia Khoa Pién - Dién tud, Truong Dai hoc Bdch khoa - Bai
hoc Quéc gia thanh phé H6 Chi Minh théng qua. Cudn sdch dugc chia
thanh hai tdp ly thuyét: MACH PIEN I, MACH PIEN II va hai tdp bai tdp
tuong ung vdi néi dung hai tdp ly thuyét. Viéc phdn chia thanh hai tép la
do thoi gian b6 tri cho mén hoc trdi ra & hai hoc ky, méi hoc ky ba tin chi
3(3-2-6) d6i véi sinh vién nganh Ky thudt Dién. Vi cdc nganh khdc, tiy
theo yéu cdu vé néi dung va thoi gian ma c6 thé thay déi cho phu hop.

MACH PIEN I gém ndam chuong (1+5), dé cdp dén cdc vdn dé co bdn
ciia phén tich mach: Mé hinh mach, mé hinh todn, cdc dinh ludt co bdn
cia ly thuyét Mach, cdc phuong phdp phén tich mach tuyén tinh, tép trung,
ditng, & xde ldp diéu héa (sin) va mét chiéu.



MACH PIEN II gém bén chuong (6-9) nghién cuu cdc bdi todn phan
tich mach téng qudt hon, dé la: Mach dién & trang thdi qud dg, d xdc ldp
tudn hoan khéng sin, mach c6 théng sé rdi va mach khong tuyén tinh. Sdch
bai tdp dugc sogn theo sdt noi dung cdc chuong ly thuyét, dé giip nguoi hoc
c6 thé ung dung cdc phuong phdp phdn tich mach da hoc. Tuy s6 lugng bai
tdp khong nhiéu, nhung cing du dé ndm dugc cdc vdn dé cot l6i cia mon
hoc.

Cdc tdc gid dd viét cubn sdch nay vdi sy cé gdng suu tdm cdc tai liéu
trong va ngodi nudc, vdi sy déng gop tan tinh ciia cdc déng nghiép trong va
ngodi b6 mén, cung véi kinh nghiém gidng dagy moén hoc nay trong nhiéu
nam. Néi dung cia cuén sdch cing duge chinh sita qua nhiéu ldn tdi bdn,
tuy nhién khéng thé tranh duge nhing thiu sét. Ching téi rat mong nhén
duge su déng gép y kién cia cdc déng nghiép, cia cdc em sinh vién va cia
cde ban doc quan tém dén gido trinh nay.

Xin lién hé vdi chiing t6i vé B mén Co s6 Ky Thudt Pién, Khoa Dién -
Dién ta, Truong Pai hoc Bdch khoa - Dgi hoc Quoéc gia thanh phd H6 Chi
Minh - Dia chi:268 Ly Thuiong Kiét - Qudn 10, DT: 8647685.

Xin chan thanh cdm on.
TP. HCM thédng 12 nam 2002
CAC TAC GIA.



Chuong 1

~

NHUNG KHAI NIEM CO BAN VE
MACH DIEN

1.1 GIGI HAN VA PHAM VI UNG DUNG CUA LY THUYET MACH

Viéc nghién ciu cdc hién tugng vat ly thudng doi hoi phédi dan dén
viée mo ta cdc hién tugng dé biing cdc md hinh. Dya trén mo hinh vdi cac
dir kién ban ddu va bing cdc phuong phdp todn hoc ngudi ta c6 thé nghién
cttu phan tich cdc hién tugng vat ly. Mo hinh dugc tao ra phai phdn anh tét
nhat cdc dic tinh cia hién tugng, khéng dua dén sy sai khdc qua ldn gita
két qua nhan duge tir viéc phan tich trén md hinh va két qua do ludng thuc
t&. M5 hinh do d6 chi 12 gin ding vé6i thyc t&, mé hinh cang tét néu sy gan
ding cang chinh xdc.

DPé khao sat cdc hién tuong dién tu trong ky thuat dién, dién tu, vo
tuyén dién thuong dung hai loai mo hinh: mé hinh truong va mé hinh
mach, ma tuong ung ta c6 hai mon hoc: ly thuyét truong dién tu va ly
thuyét mach dién.

Trong ly thuyét trudng, mé hinh trudng duge st dung. Qud trinh dién
tir duge do bdi mot s6 hitu han cdc bién phan bé trong khong gian ciing nhu

-

- -
thoi gian nhu vecto cudng 4 truong dién E(r.t), cudng d¢ truong tir H(r,t),

- -

mit do dong dién J(r?t), mat 'do dién tich p(r_,)t) , v.v.. Viéc khao sdt dua
trén hé phuong trinh Maxwell, 12 hé phuong trinh dao ham riéng trong
khéng gian va thdi gian, lién hé gira cdc dai lugng trén. Tinh chat cda cdc
méi trugng trong d6 ta khdo sdt qud trinh dién tir dugc mé ta bdi cdc
phuong trinh chat ¢6 dang: B =eﬁ;v § =uﬁ; 3=yf_?:; v.v.
trong d6: hé s& dién thdm ¢, hé sd vl thdm p, do dén dién y la cdc thong
s6 didc trung ciia mdi trudng.
Cdc hién tugng dién. tir duge xét diung mo hinh trudng la: buc xa dién
tir, sy truyén lan cia séng dién ti, hiéu dng bé mat, man chidn dién v.v..
Viéc dung mé hinh trudng dé khao sat cdc hién tugng dién ti c6 uu
diém 1a chinh xdc nhung rat phuc tap vé mat todn hoc ngay ca déi véi cdc

hé don gidn.
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Trong trudng hgp kich thuéc hinh hoc ciia hé rat nhé so véi budc séng
dién tit cha tin hiéu, c6 thé khdo sdt qud trinh dién tir bing mot loai md
hinh don gidn hon moé hinh trudng, dé 1a mé hinh mach.

J mo hinh mach dung trong ly thuyét mach dién, qud trinh truyén dat
va bién ddi ning luong hay tin hiéu dién tir duge do béi mot sé hitu han
bi&n, chi phu thudc vao thoi gian ma khéng phan bs trong khong gian, nhu
dong dién dién 4p trén cdc cuc cia cdc phan td cia hé. Viée khao sdt dugc
dua trén hai dinh luit co ban la dinh luat Kirchhoff vé su can bing dong
dién ¢ ndt va dinh luat Kirchhoff vé sy c4n bing dién dp trong vong kin.
Ban chadt qud trinh dién tir trong cdc phan tid duge mé tad béi cdc phuong
trinh dai s6 ho#c vi tich phan trong mién thoi gian lién hé giita dong véi
di . du
—;i=C—,vwv.
dt dt

trong d6: dién tré R, dién cdm L, dién dung C, v.v. la cdc thong s6 dac

4p trén cdc cuc cda phan td nhuw: u = Ri;u= L

trung cia cdc phan ti.

1.2 MACH BIEN VA MO HINH

Mach di¢n 1a mot hé théng gém cdc thi€t bi dién, dién td ghép lai
trong d6 x4y ra cdc qud trinh truyén dat, bi€n ddi nang lugng hay tin hiéu
dién tir do béi céc dai lugng dong dién, dién d4p. Mach dién dugc cdu truc tir
cdc phan riéng ré di nhd, thuc hién cédc chic ning xdc dinh duge goi la cde
phdn ti mach dién. Hai loai phén tit chinh cda mach dién la nguén va phy
tdi. .

Nguén 1a cdc phén ti dung d€ cung cdp nang lugng dién hoac tin hiéu
dién cho mach, vi du nhu mdy phdt dién (bién d6i co nang thanh dién
ning), 4c qui (bién déi héa ning sang dién ning), cdm bién nhigt, v.v..

Phu tai 1a cdc thiét bi nhin ning lugng dién hay tin hiéu dién, vi du
nhu dong co dién (bién dién ning thanh co nang), dén dién (bién dién ning
sang quang nang), bép dién, ban 13, 6ng tia dién td, v.v..

 Ngoai hai loai chinh trén, trong mach dién con ¢6 nhiéu loai phan ti
khdc nhau nhu: phan t& ding dé€ néi ngudn véi phu tdi (vi du day ndi,
dudng day tai dién), phdn ti 1am thay d8i 4p va dong trong cdc phan khdc
cia mach (mdy bién 4p, may bién dong), phén ti lam gidm ho#c tang cudng
cdc thanh phén nao d6 cda tin hiéu (cdc bo loc, bd khuéch dai), v.v..

Trén mdi phén ti thudng c6 mét sd ddu néi ra goi 1a cde cuc dung dé
ndi né véi cdc phan ti khdc. Dong dién di vao ho#c ra phdn ti tir cdc cue.
Phan tit ¢6 thé c6 hai cuc, ba cue, bén cyc hay nhiéu cue.
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Vi dy, cudn day, tu dién 1a phan ti hai cuc

Transistor 12 phan td ba cuc; mdy bién dp, khuéch dai thuat toan la
phan ti nhiéu cuc.

- Néu phén t c6 kich thude rat nhé so véi d6 dai cia bude séng dién
tl, thi trén cdc cyc cia phan tit ¢é thé dinh nghia cdc dai lugng dong dién,
dién 4p va c6 thé dung hai dai lugng nay dé do cudng do chung (xét vé toan
bd) cia qua trinh dién tu xdy ra bén trong phan ti. Dién 4p va dong dién
dugce dinh nghia nhu sau: ’

- Dién dp gitta diém A véi diém B la A% A A
cong can thiét dé lam dich chuyén mét don
vi dién tich (1 coulomb) tir A dén B. sV -5V U
Don vi cia dién dp la von (V). Dién dp  _ .
duge ky hidu 1a u. B B ——
. . . a) b)
Trén H.1.1: u - 1a dién &p gitta A véi B:
ren ! ten ap gl Hinh 1.1
ddu + dugc dat & phia A
d&u — & phia B.
au phi / Al .
béi khi thay vi dung cédc dau +, - oy -
u,p - dién 4ap gita A véi B. ' Hinh 1.2

va ta cé: Upg = —Upa

Hinh 1.2a va 1.2b tuong duong vdi nhau.

- Dong dien la dong cac dién tich chuyén dich c6 huéng. Cudng d6 dong
dién (goi tit 1a dong dién) la lugng dién tich dich chuyén qua mot bé mat nao
dé (tiét dién ngang cta day din, néu la dong dién chay trong day dan) trong
" mét don vi thoi gian. Dong dién duge ky hiéu 12 i va don vi 1a ampe (A). Chiéu
dong dién, theo dinh nghia, 1a chiéu chuyén dong cha céc dién tich duong (hay
14 nguge chidu véi chidu chuyén dong cdc dién tich am). D€ tién lgi, nguoi ta
chon tiy y mot chiu va ky hidu bing mii tén nhu trén H.1.3 va goi la chiéu
duong cua dong dién.

. . . 3:2 N p 2A -2A
Néu tai moét thoi diém t nao do, A== As=—_
chiéu dong dién tring v6i chiéu duong
thi i s&¢ mang diu duong (i > 0), con l*:'{:l—-f U [J
néu chiéu dong dién nguge véi chiéu
duong thi i s8 am (i < 0). Hinh 1.3 B — B —
' a) b)
Hinh 1.4
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Hinh 1.4a va H.1.4b tuong duong véi nhau.

. Céc hién tugng dién tir gom rdt nhiéu vé, nhu hién tugng chinh luu,
tach séng, tao ham, tao séng, bién dp, khuéch dai, v. v.. Tuy nhién néu xét
theo quan diém ning lugng thl qud trinh dién tir trong mach dién c6 thé
qui vé hai hién tugng nang lugng co ban 1a hién tugng bién doi nang lugng
va hién tugng tich phong nang luong dién tu.

Hién tugng bign déi nang lugng c6 thé chia lam hai loai:

- Hién tuong ngudn: la hién tuong bién déi tit cdc dang nang lugng
khdc nhu co nang, héa niang, nhiét nang v.v. thanh nang lugng dién tu.

- Hién tuong tiéu tdn: 1a hién tugng bién dbi nang lugng dién tir thanh
cdc dang nang lugng khdc nhu nhiét, cd, quang, héa ning- tiéu tdn di
khéng hoan tré lai trong mach nta.

Hién tuong tich phéng nang lugng dién tir 12 hién tugng n#ng lugng
dién tir duge tich vao mot vang khong gian cé ton tai trudng dién tir hodc
dua tir vang d6 tra lai bén ngoai.

P& thuan tién cho viéc nghién ciu, ngudi ta col su toén tai cia mot
truong dién ti thong nhat gom hai mit thé hién: truong dién va truong tu.
Vi vay hién tugng tich phéng nang lugng dién tu cing gom hién tugng tich
phéng ndng lugng trong truong fr va hién tuong tich phong ndng luong
trong truong dién.

Béi vi dong dién va trudng dién tu ¢6 lien quan chit ché véi nhau nén
trong bat ky thiét bi dién nao cing déu xay ra ca hai hién tugng bién doi
va tich phéng ning lugng. Nhung c6 thé trong mét thiét bi thi hién tugng
nang lugng nay xdy ra manh hon hién tugng nang lugng kia. Vi du, ta xét
céc phan tit thyc 1a dién trd, tu dién, cudn day, 4c qui.

Trong tu dién, hién tuong nang lugng chi yéu xdy ra la hién tuong
tich phéng nang lugng truong dién. Ngoai ra do dién moéi gilta hai c6t tu ¢6
d6 dan dién hitu han nao d6 nén trong tu cing xdy ra hién tugng tiéu tdn
bién dién ning thanh nhiét nang.

Trong cuén day xdy ra chi yéu la hién tugng tich phong nang luong
trugng ti. Ngoai ra dong dién dan ciing gdy ra ton hao nhiét trong day dan
cGa cudn day nén trong cudn ddy cing xdy ra hién tugng tiéu tdn. Trong
cudon day ciing xay ra hién tugng tich phéng nidng lugng truong dién nhung
thudng rat yéu va cé thé bé qua néu tdn s6 lam viéc (va do d6 toc do bién
thién cda trudng dién tir) khéng 16n 14m.
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Trong dién tré thue, hién tuong chi yéu xdy ra 1a hién tugng tiéu tdn
bién déi ning lugng trudng dién ti thanh nhiét nang. Néu trudng dién tir
bién thién khéong 16n 14m, c6 thé bé qua dong dién dich (gita cdc vong day
quan hodc giita cdc 16p dién trd) so véi dong dién din va bé qua sdc dién
déng cam dng so véi sut dp trén dién trd, néi cach khdc bé qua hién tugng
tich phéng nang lugng dién tu.

Trong 4c qui xay ra hién tugng ngudn bién déi tit héa nang sang di¢n
nang; dong thdi cling xdy ra hién tugng tiéu tdn.

. M6 hinh mach ding trong ly thuyét mach dién, dugc xay dung tu cdc
phdn ti mach ly tuéng sau day:

- Phén t dién tré: 1a phan td ddc trung cho hién tugng tiéu tdn ning
lugng dién tit. Ky hiéu cda phan ti dién tré nhu trén H.1.5a. Quan hé gika
dong va dp trén hai cuc cia phén tu dién trd ¢ dang u = Ri, trong d¢ R la
mot théong sd co ban cia mach dién déc trung cho hién tugng tiéu tan nang
luong, goi la dién trg.

. Phdn ti dién cdm: 1a phan tu dic trung cho hién tugng tich phéng
nang luong trudng tir, ky hiéu nhu trén H.1.5b. Quan hé giita dong va dap
trén phan tit dién cdm thuong cé dang u = LE‘E’ trong d6 I, 14 mét thong
$8 co ban cda mach dién dic trung cho hién tugng tich phéng nang lugng
truong tu, goi la dién cam.

- Phdn tit dién dung: 1a phdn tir ddc trung cho hién tugng tich phong
nang lugng trudng dién, ky hiéu nhu H.1.5c. Quan hé gita dong va 4dp
thudng c6 dang i = C—?i%, trong dé C goi la dién dung la mét thong s6 co

ban cta mach dién dic trung cho hién tugng tich phéng nang lugng trudng
dién.

iR i i c i e I
u U U U U ‘
a) dién tr§ b) dién cam c) diéndung d) nguén ap e) ngudn dong

Hinh 1.5: Cdc phdn ti mach ly tuéng

- Phén tu nguén: la phan t& ddc trung cho hién tugng ngudn. Phan td
ngudén gém hai loai: phdn té nguén dp (H.1.5d) va phdn td nguén dong
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(H.1.5e). Phuong trinh trang thdi cia phdn t& nguén 4p cé dang
u(t) = e(t), trong d6 e(t) khong phy thudc dong i(t) chdy qua phén ti va duge
goi 1a sitc dién dong. Phuong trinh trang thdi cda phédn ti nguén dong cé
dang i(t) = j(t), trong d6 j(t) khﬁng phu thudc dp u(t) trén hai cuc cfia phan
td. e(t) va u(t) 1a hai théng s6 co ban cia mach dién dic trung cho hién
tuong ngudn, do kha ning phat clia ngudn.

R, L, C, e, j la cdc thong sd co ban cia mach dién, dac trung cho ban
chat cia qud trinh dién tir (tiéu tédn, tich phéng nang lugng dién trudng
hodc ti trudng hodc hién tugng nguén). Cdc phan ti dién tré, dién cam,
dién dung, nguén 4p, ngudn dong la cdc phédn ti 1y tudng co ban cda mach
dién, Ching la cdc phén tit hai cyc. Ngoai ra dé tién lgi va chinh xdc hon
khi mé hinh cdc phan ti thuc ¢6 nhiéu cuc nhu: transistor, khuéch dai
thuat todn, bién dp v.v. ngudi ta con xay dung thém cdc phan ti ly tudng
nhiéu cuc nhu: cdc phdn tif nguén phu thudc, phén tif c6 ghép hé cdm, bién
ap ly tudng v.v. (muc 1.3.2).

. Mot phan ti thuc cia mach dién cé thé duge mé hinh gin ding béi
mot hay tdp hop nhiéu phan t mach ly tudng duge ghép néi véi nhau theo
mot cdch nao dé dé mé tad gan dung (v6i d6 chinh xdc nao dé) hoat dong
cia phén ti thuc té. : '

C, ’ C,
=== == --"VV‘--I o '”‘““"
1 R L : . fe { I : :
1 ‘ |
ﬁ—l—‘vw—-fmJ--'——f f——-l bt 5 . ﬁ-—*—'m\-----&:v‘r————f
. L,

a) dién trd thyc b) tu dién : c) cubn day
Hinh 1.6: So dé thay thé ciia dién tré thue, tu dién, cuén ddy

H.1.6a,b,c 1a md hinh cla cdc phén tif thuc dién tré, tu dién, cuén day.
Céc phén ti 1y tudng dién cdm L, dién dung C, dién tré R theo thit tu phan
dnh qu4 trinh dién tit co ban x4y ra trong cudn day, tu dién, dién tré thuc. .
Ngoai ra, trong cac didu kién cu thé phai luu y dén cdc qud trinh phu (ky
sinh) x4y ra trong phén ti thyc bing cdch b6 sung thém vao mé hinh céc
phan ti ky sinh tuong dng.

Trong md hinh cugn ddy, ngoai phén ti dién cdm L, dic trung cho qud
trinh co ban trong cudn diy la qud trinh tich phéng ning lugng trm‘mg t,
trong nhiéu trudng hgp phdi luu ¥ dén cdc dién tré r, phan anh tén hao
nang lugng trong cuén day va trong 16i. J tdn sé cao con phdi ké dén anh
huéng cia dién dung ky sinh giita cdc vong day.
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Mb hinh cia tu dién trong da s6 trudng hop gém hai phén ti dién dung C
va dién tré r., trong d6, phan ti dién dung la phan tir quan trong nhat dac
trung cho qud trinh chi y&u trong tu dién 1a qué trinh tich phéng nang lugng
trudng dién, con dién trd rc 1a tinh dén tén hao trong dién méi. Néu tan s6 lam
viéc rat cao thi ciing phai luu y dén dién cdm L_ cta day néi.

O tin s6 cao, trong mé hinh ciia dién tré thuc ciing phai luu y dén cdc
tham sé dién cdm L, va dién dung C, ma trong da sé cdc trudng hgp cé
thé bé qua.

Mbi phin t& mach ly tudng tuong Ung véi mot cdch bi€u dién hinh hoc
(H.1.5). M6 hinh ciia mot phan ti thuc ¢6 thé duge mé t3 hinh hoc béi mét
so dé gdbm mot hodc nhiéu phan t& ly tuéng ghép ndi vdi nhau, duge goi la
so dé thay thé hodc so do tuong duong cia phdn tu thuc. Vi du, (H.1.6a,b,c)
1a so do thay thé& cia dién trd, tu dién, cudn day.

. Béi vi mach dién thuc gdm cdc phan ti thuc ghép néi véi nhau theo
mét so dé ndi day cu thé ndo d6, nén tir so d6 thay thé cia ting phan td
thue va so dd néi diy ciia mach dién c6 thé mé td hinh hoc mé hinh cia
mach dién thuc béi mét so db goi 1a so d6 thay thé€ (tuong duong) clia mach
~ dién, hay goi tit 1a so d6 mach. K&t cdu hinh hoc cia so d6 thay thé phai
giong nhu két cdu cia mach dién thye, tuy nhién méi phan ti thuc da duge
thay bing so dé thay thé& cia né.

Vi du, H.1.7 1a so d6 néi day cia mdt mach - =
dién don gidn gdm mot dc qui cung cdp dién ning
cho dén soi nung. So 46 mach ciia mach dién nay ®
duge cho trén H.1.8, trong dé dc qui duge md hinh
béi moét phdn ti nguén dp E (ddc trung cho hign Hinh 1.7
tugng ngudén trong #c qui) mic ndi ti€p véi mot
dién tré r, (dic trung cho tdn hao dién ning trong =

1}

nung chi ¢6 hién tugng tiéu tdn nén dugc dic trung Tie
bing dién tré r trén so dd (dién trd clia ddy néi
duge b qua). '

4c qui) goi 1a dién tré trong ciia ngudn, con dén sgi ; T

Hinh 1.8

1.3 CAC PHAN TU MACH

Trong phdn nay ta xét céc phén t mach ly tudng gdm cdc phan ti hai
cuc nhu phdn ti dién trd, dién dung, dién cdm, ngudn 4p ngudn dong va
mét s6 phan ti bén cuec. '
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1.3.1 Cac phan ti hai cuc

1- Phéan tw dién tro

Mot cdch tdng qudt, phdn ti dién tré duge dinh nghia 1a phan t& duge
dic trung bédi quan hé giita dong dién va dién dp trén phan ti cé dang sau:

u= fg() (1.1)

hoac: i= gg(uw) . v (1.2)
trong dé: fg va ¢g - 1a cdc ham lién tuc

Quan hé (1.1) hodc (1.2) goi 1a dac tuyén von-ampe (V-A) cda phén ti
dién trd. Téng qudt cdc dic tuyén nay khong 1a dudng thing: ta c6 phan ti
dién tré phi tuyén (khéng tuyén tinh).

Vi du, trén H.1.9 1a dic tuyén V-A cta mot loai diode ban dan.
W

Ai T — A
Wt u
é R u(t) T SR
< s H
- 5 i
- S— - -
0 Y 0 i
a) b)
Hinh 1.9: M6t vi du vé ddc tuyén Hinh 1.10: Ky hiéu va dgc tuyén V-A ciia
V-A ciia dién tré phi tuyén dién tré tuyén tinh

Né&u dic tuyén V-A la dudng thing (H.1.10b) thi ta ¢6 phan tir dién trd
tuyén tinh. Quan hé giita dong dién va dién dp dugc biéu thi qua dinh luat
Ohm: ‘

u=Ri (1.3)

véi: R = 91- (1.4)

la dién trd, do bing Ohm (Q).

Dién trd tuyén tinh c6 gia tri khéng am, va khéng phu thudc vao gid
tri cGa dién 4p va dong dién trén né.

Truong hop R=0tacé: u=0 (1.5)
déi véi gid tri bdt ky cia dong dién. Diéu nay tuong duong véi su ngin
mach hai cyc. M6 hinh loai nay thudng ding cho ddy din néi mach.

Phuong trinh (1.3) ¢6 thé viét dudi dang khéc:
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i = Lu=Gu (1.6)

=

trong dé: G - dugc goi la dién dan va dugc do bing Siemen (S)
hodc: mho (U ):1S=1/Q = Q' =0

Khi R = » hay G = 0 thi:i = 0 (1.7)
khéng phu thubc vao ap trén né

Piéu nay tuong duong véi sy hé mach. Mé hinh nay thudng diung dé
biéu dién sy hd mach. Aq

2- Phén ti dié¢n dung

Phan td dién dung 14 mé hinh ly tudng cia
tu dién, khi chi xét dén hién tugng chi yéu la
hién tuong tich phéng ning lugng dién trudng, 0
bé qua cdc hién tugng khdc. Phan ti nay dugc
dic trung béi quah hé giita dién tich tich liy

Yo

Hinh 1.11: Dgc tuyén cia

3 ) dién dung phi tuyén
trén c6t tu va dién dp giita hai cét tu:

q=f. () (1.8)
ma trong trudng hop téng quét dugce biéu dién trén H.1.11
Néu dic tuyén nay 1a dudng thing: ta c6 phan td dién dung tuyén tinh.
Trong trudong hgp nay:

| q = Cu (1.9)
trong d6: c=3 : (1.10)
u

1a dién dung dugc tinh bing Farad (F) c6 gi4 tri khéng phu thujc vao dién
ap. Ky hiéu va dac tuyén cia dién dung tuyén tinh nhu H.1.12.

" q
i 7
cC u(t) L :%= c
) -
a5 b) < i

Hinh 1.12: Ky hi?u va ddc tuyén cia dién dung tuyén tinh
Dong dién chay qua dién dung bing téc dd bién thién cia dién tich:

. dq(t)
t) = —— ’ 1.11
T (11D
* véi: q(t) = Cu(t) (1.12)

N&u dién dung tuyén tinh C khéng thay ddi theo thdi gian thi:
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. du(t)
t)=C 1.13
i(t) It (1.13)
Dién dp trén phén ti dién dung duge xédc dinh bdi phuong trinh:
1 t .
ut) = = _[ iodreuct,) (1.14)
trong dé: u(t,) = q(é o) (1.15)

u(t,) - 12 gid tri cda dién 4p trén phén t& dién dung tai thoi diém ban diu t,. |

3- Phdn ta dién cam

Phén t& dién cdm 12 mé hinh ly tudng cia cuén diy, khi chi xét dén
hién tugng chi yeu 12 hién tugng tich phéng ning lugng tir trusng, bé qua
cdc hién tugng khdc (H.1.13). Phan ti nay duge dic trung bdi quan hé giita
tir thong méc vong va dong dién chdy qua cudn déy:

‘ v =1 (i) ‘ : (1.16)

Trong trudng hq§ dic tuyén nay la dudng thing (H.1.14b) ta c6 phéan

t& dién cdm tuyén tinh.

Khi d6 ti s6 L=< khéng phu thudc vao dong dién i.
1 .
L duge goi 12 dién cam (hosc hé s6 tu cdm) va dugc do bing Henry (H).
Ky hiéu va dic trung cia né nhu trén H.1.14.

pre———

y M
o T :
Lg . U(f) v 1 -U{—= L
. i !
L
R - r e
0 o 0 i
Hinh 1.13: Dgc tuyén cia Hinh 1.14: Ky hi¢u va ddc tuyén cia dién
dién cam phi tuyén ‘ cdm tuyén tinh

Dién 4p trén phén tif dién cdm biing tGc do bién thién cda tif théng:
dvt) _

dt .
trong d6: ey (t) - 1 sic dién dfng cdm dng do tir thong bién déi theo thoi
gian gy nén.

u(t) = =-eyt) 1.17)

wt)=Li - (1.18)
Néu dién cdm tuyén tinh L khong thay déi theo thdi gian thi:
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d .. di(t)
t)=—(Li(t) =L .
u(t) dt( 1(t)) m (1.19)
Dong dién trong trudng hgp nay duge xdc dinh tir phuong trinh:
t
i(t) = —Iljtju(t)dr+i(to) (1.20)
trong d6: i(t@:% (1.21)

i(t,) - 1a gié tri ciia dong dién qua phén t dién cam tai thoi diém ban diu t,

4- Nguén dién ap doc lip
Nguon dién dp doc lap 1a phan ti hai cuc ma dién 4p ciia né khéng
phu thudc vao gid tri dong dién cung c&p tir ngudn va chinh bing sic dién
dong ctia ngudn:
’ u(t) = e(t) (1.22)
Ky hiéu ctia ngudn dién 4p va dic tuyén ngoai cia né (tic 13 su phu thude
ctia dién dp trén hai cuc nguén vao dong dién chdy qua né) nhu trén H.1.15.

g u

1d

w o

e

e(t) u(t)

d
r 4

Hinh 1.15: Nguén dign dp ly tuéng va dde tuyén ngoai

Dong dién ciia ngudn sé phu thl;éc vao tai mic vao né.

5. Nguén dong déc lgp

Nguén dong doc lap la phén t& hai cuc ma dong dién cia né khéng phu
thudc vao dién 4p trén hai cyc ngudn:

i(t) = jt) 1(1.23)

Ky hiéu va dic tuyén ngoai ciia ngudn dong dién nhu trén H.1.16. Dién
4p trén cdc cuc nguén phu thudc vao tai méc vao né va chinh bing dién 4p
trén tdi nay. ' '

—

i)
i utt)

u

d
+

Yy

0 i

Hinh 1.16: Nguén dong dién
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Dic tuyén ciia cdc ngudn thuc té sé kh.éc v6i biéu dién trén H.1.15 va
H.1.16. Véi da s8 cdc ngudn thuc, ngudi ta xay dung cho ching cdc md hinh
gbm mot ngudn ly tudng ndi véi mot dién tré Rer. Khi d6 dac tuyén ngoai
¢6 dang: u(t) = e(t) — Reri(t) - ‘ (1.24)
phu thugc vao dong cia ngudn cung ca‘{p;

R, it i)

+ » +
e(t) u(t) M R,y

a) —s b) L i ]

Hinh 1.17: @) Ngudn dién dp thuc; b) Nguén dong dién thyc
Ps&i v6i nguén dong dién thuc, mé hinh cda né gdm ngudn dong ly
tudng néi song song véi dién tré Rer (H.1.17b)
Dong dién chay tif ngudn phu thudc vao dién 4p trén hai cuc ciia nguén
u(t) !
tr

i(t) = j(t) ~Guu(t) (1.25)

dong: i(t) = jt) -

1.8.2 C4ac phan ti& bon cuc

1- Céc nguén phu thudc

Trai véi cdc ngudn doc lap c6 thé tao ra mot dién ap hoidc dong dién
hoan toan khéng bi anh hudng béi phan con lai cda mach, cac ngudén phu
thudc tao ra mdt dong dién hodc dién 4p phu thudc vao mot dong dién hodc
dién 4p & mét noi nao do6 trong mach. H.1.18 1a ky hiéu cla bén loai ngudén

‘phu thudc.
iz P A—
+ .
u, l gyy I‘l
a) VCCS ,__-———T b) CCVS «

»

+ l au, u
2

Uy i1l
¢) VCVS f——T ’ d)CCCS &

Hinh 1.18: Bén logi nguén phu thuéc

Céc ddu vao & bén trai tugng trung dién 4p ho#ic dong dién diéu khién
ngudn phu thudc. Cdc d4u ra & bén phai 1a dong dién hodc dién 4p ra cua
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nguén bi diéu khién.

Cdc hidng sé:r, g, o, B - 1a cde hé sd diéu khién.

a) Nguén dong phu thuéc dp

(VCCS: voltage controlled current source) .

Phan t& nay ph4t ra dong dién iz phu thudc vao dién 4p u; theo hé thic:
ig =gu (1.26)

Pon vi do ciia g 1a siemen (S), hodc mho (U)

b) Nguén dp phu thuéc dong

(CCVS: current controlled voltage source)

Phan ti nay phét ra dién 4p ugz ma phu thudc dong dién i; theo hé thic:
ug = rip (1.27)

Pon vi do cia r 12 ohm (Q) |

c) Nguén dp phu thuéc dp

(VCVS: voltage - controlled voltage source)

Phan t& nay phdt ra dién dp ug:
u, = ou o khéng thu nguyén (1.28)

d) Nguén dong phu thuéc dong

(CCCS: current controlled current source)

Phan tir nay ph4t ra dong dién ig:
iz = Biy B khong cé thu nguyén (1.29)

Cédc ngudn phu thudc thudng duge dung khi mé hinh cédc linh kién dién

t& nhu transistor, op- amp, v.v. va cdc mach dién tir chia ching.
5000 5000

&;(tY ) % <i;100ab% 2K %3}( &;(tX :) 1K} Uy <§;02u1 %BOK %

Hmh 1.19: Vi du vé mach c6 chya nguén phu thuéc
Hinh 1.19a,b 1a hai vi du don gidn cla cdc mach c¢6 chia nguén phu
thudc. Ching 13 cdc md hinh don gidn cia mt mach dién tit khuéch dai tin
hleu dung transistor.
Mach H.1.19a chita nguén dong phu thudc vao dong dién i, chay qua
dién tré 1kQ. Mach H.1.19b chia nguén dong phu thujc vao dig¢n 4p u; gida
hai ddu dién tré 1kQ.
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2. Hai phan ti dién cam cé ghép hé cam
Phan td bon cyc nay c6 thé xem nhu la mé hinh ly tuéng cia hai cudn

day c6 ghép hé cdm v6i nhau néu ta bd qua hién tugng tiéu tdn va hién
tugng tich phéng nang lugng dién trudng. . /D

Xét hai cudn day dit gadn nhau sao
cho dong dién bién thién chay trohg mot
cupn ddy sé tao ra tir théng méc vong
khong nhyng ¢ chinh ban than cuén day
d6, m¥rvéi ca cudn day kia. Va do d6, cam

1

\4
Ung dién 4p khéng nhimng & trong chinh - \r_ ) ‘
bén than cudpn ddy d6 ma cd & trong cudn Hinh 1.20: Hai cun ddy ghép

hé cam-

day kia. Mdi cu¢n ddy déu bi anh hudng
bdi tir tru¥ng gay ra do cun day kia. Khi dé ta néi hai cuén day c6 ghép ha
cam vd4i nhau. .
Tiu thong vy, méc vdong cudn ddy 1 gém hai phén:
Vi =¥ + Wy
Vv6i: y;; - tif théng méc vong cudn day 1 gay béi chinh dong dién i; trong cudn
day 1
Y12 - tif thong méc vong cuén day 1 giy béi dong dién iz trong cudn
day 2.
Tuong tu tir théng y, méc vong cudn day 2:
V2 = VYo + Yy
trong d6: y,, - tir théng méc vong cudn day 2 giy béi chinh dong i
¥z - tif théng méc vong cudn day 2 gay bsi dong i; trong cudn déy 1
Truong hgp méi trudng 1a tuyén tinh ta cé:
Y = Lifys vy = 2 My,
V22 = Laop; wyy = + My,
v6i: Ly - hé s6 tu cdm cudén dﬁy 1; Ly - hé s6 tu cdm cubn day 2
Mi2 = Mg1 = M - h¢ 36 hé cdm giita hai cupn day (Ly > 0; Ly > 0; M > 0)

L1, L2 va M phu thudc vao két c&u cia hai cufn ddy, vi tri tuong hé
gia hai cugn ddy va tinh ch&t méi trudng. Viéc chon ddu + ho#c - truéec M
trong céc biéu thitc trén phu thufc vao chiéu quan cdc cuén ddy ciing nhu
vao viéc chon chiéu duong céc dbng dién iy va is.

Nhu viy ta c6:
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v; = Lii; £ Mj, " (1.30a)

Vo = Lo, + Mij; (1.30b)

Néu cye tinh cla cdc dién 4p uj, uz va chidu duong cdc dong dién iy, io

dugc chon nhu H.1.20 (chiéu duong dong dién i; tir cuc tinh + cda dién 4p

uz di vace cudn day 1, chiéu du’o’hg i2 cling di tir cyc + cda ug vao cudn 2), thi
theo dinh luat cdm dng dién tir Faraday ta cé:

dy, dy, dy;, diy diy .
= = + =L, =+ M 2 31
T e T T dt T dt (1:312)
dy, dyys dy,, di, diy
= - + =L, —+M 1.31b
Uy dt dt dt 2 dt dt ( )

Dién dp uj gom hai thanh phén: - dién 4p ty cdm L, %ltl

A z ry hd di
- dién dp hé cdm + M—2

dt
A z A . N A oA 2 di2
Dién dp ug gom hai thanh phan: - dién dp ty cdm L, Ty
. < di
- dién dp hd cdm + M—2L
dt
h iy h Iy
[ ———— = ’ | — 2
* /'M\ + + M +
Uy L § Ly Uz uy L, La Uy
1% ’ 14 —v2
a) b)

Hinh 1.21: Hai phdn ta dién cdm c6 ghép hé cdm

Hai cudn ddy ghép hd cdm bé qua qud trinh tiéu tdn va qud trinh tich
phéng ning lugng dién trudng cé thé duge mé hinh béi phdn tir bén cuc
“hai dién cdm ghép hé cdm” va dugc ky hiéu trén so dé6 mach nhu H.1.21a
hodc H.1.21b. Trén d6 hai ddu chdm () dugc dung d€ ddnh d4u hai cyc
cung tén; vi tri ciia hai ddu chdm dugc xdc dinh tir chiéu qudn eé:c'éuép ddy
v6i qui udc sau: Néu hai dong dién i; va ip cing di vao (hodc édng di ra)
hai cyc ¢6 ddnh ddu chdm thi ti théng do ching gdy ra sé cing chiéu.

Vi du, véi chiéu quan cdc cudn ddy nhu trén H.1.20 thi hai cuc 1 va 2
la cing tén, hai ddu chdm sé duge dit trén hai cyc 1 va 2 (t4t nhién cing
c6 thé dit hai ddu chdm trén hai cuc 1' va 2').

Ti dinh luat Lentz, véi qui udc ddnh ddu cdc cuc cung tén nhu trén, cé
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o . - , . s " P » d
thé suy ra qui tic sau day dé xdc dinh d&u + hodc — trong biéu thic * M-d—l .
ciia dién dp hé cadm. Néu dong dién i c6 chiéu duong di vao ddu cé ddu
chdm (déu khéng cé ddu chdm) trong mét cuén ddy va dién dp cé cuc tinh

+ 6 ddu c6 ddu chém (ddu khéng c6 ddu chdm) trong cuén ddy kia thi dién

dp hé cdm la M%— truong hop ngugc lai la ’M(T:E

Nhu viy véi H.1. 21a ta viét duge:

u =1, 3,y S
) dt dt
di di
tmle g v MG
Véi H.1.21b thi:
u = L3 pdie
dt dt
di di
=L,—2 - M2
2 dt dt
Vé6i chiéu duogng dong, 4p nhu H.1.22a, ta dugc:
u diy _ ppdiz
! Lt dt
di di
u, = - L,—2 + M—L
2 2 dt dt
" ._IL _'E, Iy ip
S '\ s ! X
Uy Ly L, Uz uy L, $ L, u;
— ‘ -+ pi 7
a) b)
Hinh 1.22
Cluy = L]%l—l + dﬁ
v6i H.1.22b thi: o gF
1 1
up =-L,—2 - M—
TS dt

Mue do ghép hé cdm gidia hai cudn day duge x4c dinh qua hé sé ghép k
dugc dinh nghia:
M

k =
m (1.32)

Ngudi ta chitng minh duge k < 1.
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.
Khi M? = L,L, thi k = 1: ta ¢c6 ghép ly tudng, toan bo cdc dudng sic
tif méc vong mot cuén day thi déu méc vong cudn day kia.
3- Bién ap ly tudng
Mach hai cuén diy ghép hd cam néu ¢ muc trén néu ghép ly tudng
2
oo Lo (wy ) .
(k =1) va hé sb tu cam Lj va Ly la v6 cung 16n nhung ty s6 —“’-=[———2-] la
1 Wy
hiu han duge goi 1& bién 4dp ly tudng, trong dé: wy . s6 vong day quén cua
cudn 1; wo . s vong day quin cda cudn 2.

Véi so d6 H.1.21a ta cé:

o =L 3 vz (1.33a)
dt dt
di, diy '
= M=L 4+ L,—2 . (1.33b)
H2 dt 2 dt

Vi ghép 1y tudng M = /L,L, nén hai phuong trinh trén c6 thé viét lai:
di di. i i
u1=\/ﬂ(\/L—1‘d‘tl‘ + \/LZ_d?ZJ —n —
di di,
U-z:\/Lz(\/I—;l-“dTl + \/qut‘z‘J *

c +\L

~N

<!

Tiur d6 suy ra: Hinh 1.23

n - goi la ty sé vong. .
Phuong trinh (1.33a) c6 thé viét lai:
u _diy | Mdip &, di

L, dt L;dt dt dt
Né&u L, > thi =X -0 nén —i—lz—nﬁ suy ra i; =-ni,.
! L, dt dt
Bién 4p 1y tudng cé ky hiéu nhu H.1.23. Hé phuong trinh cdc cyc la:
u, = nu (1.34)

i, = Inli] (1.35)

1.4 CONG SUAT VA NANG LUQGNG

Xét mot phdn mach dién chiu tdc dong ¢ hai dau mét dién 4p u, qua

né sé ¢6 dong dién i.
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S Néu chiéu duong ciia dong dién i va dién dp u nhu
— . s
+ trén H.1.24 thi nang lugng dién dugc dua vao phan mach
dién dé (néi cdch khac la duge hap thu bdi phan mach dé)
u trong khodng thoi gian vé cung bé dt 1a:
- dw = ud.q = ui.dt (1.36)
—

trong d6: dq - 1a lugng dién tich dich chuyén qua phan

Hinh 1.24 .. N - e .
mach dién tir cuc + dén cyc - trong thoi gian dt.

Céng sudt tic thoi duge dua vao phdn mach dién (duge hap thu béi

phan mach dién) la:

p(t) = =uli i (1.37)

d
p(t) la mot dai luong dai s6 c6 thé am hoac duong. Néu tai mot thoi diém t
nao dé p > O thi tai thoi diém t d6 phdn mach thuc sy hdp thu nang luong
v6i cong sudt 1a p, cdn néu p < 0 thi tai thsi didm t dé phan mach thue sy
phdt ra nang lugng (tic ning luong duge dua tir phan mach ra ngoai) véi
cong sudt la Ipl.

T biéu thirc (1.36) suy ra néng lugng cung c4p cho phdn mach (hoac
nang lugng duge hdp thu béi phin mach) trong khodng thoi gian At tir t,

dén t, + At bing:
L totAt ty +At

Wito, to + At) = _[ p(t)dt = J' u(t)ict)dt (1.38)

to to ’

Néu chiéu duong cia dong i va dp u dugc chon nhu
H.1.25 thi tich u.i goi la céng suit titc thoi phét ra bgi phan
mach dién (néi cdch khdc l1a dua ti phdn mach ra bén
ngoai):

pe(t) = u(t).i(t) (1.39)
Hinh 1.25 pe(t) - la dai lugng dai sé.
Néu tai t, pg(t) > 0: phan mach thyc sy phdt ra ning lu’dng véi cong
sudt p;.
pr(t) < O: phan mach.thuc sy hép thu ning lugng véi éc‘mg sudt | pg 1.
Don vi cla cdng suit 14 Watt (W). DPon vi cia ning lugng la Joule (J).
Di nhién néi mét phan tir phat ra mét cong suat am, chdng han —-10W
nhu H.1.26b, thi ciing tuong duong vdi viée néi phan tr d6 hdp thu mot

cong suat duong 10W nhu H.1.26a. Trong ca hai tru’dng hgp, phan ti déu
thuc sy hdp thu cong suit 10W.
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2A - 2A 2A -2A
_—..__’ — — -—
+ + + +
I:l 5V sV 5v 5V
- -
a) b) a) b)
Hinh 1.26 Hinh 1.27

Tuong tu néi phan ti phdt ra céng suat duong ciing tuong duong néi
phan td hdp thu céng suat am. Trong cd hai trudng hgp trén H.1.27, phan
tir déu thuce sy phdt ra cong suat 10W.

1- Céng sudt va ndng luong trén dién tro

Céng sudt tic thoi tiéu hao trén dién trg R la:

pr(t) = u(t).it) = Ri%(t) = Gu*(t) (1.40)
véi: G= 1
R

Chiéu duong dong va dap nhu H.1.10a.

V6i R > 0, ta thay pg(t) luén duong, diéu dé chding to trong phéan tir
dién tré chi ¢6 tiéu hao nang lugng.

Ning lugng tiéu tdn trén dién trd trong khodng thoi gian tir t, dén t,

+ At la:
t, tAt . totat to AL

Wy = J prit)dt = j ‘Ri*(t)}dt =R I i2(tdt 2 0 (1.41)
to to to

2- Cong sudt va nang lugng trén phan ti di¢n dung

Cong suat tic thoi hap thu béi phan t dién dung C:

t
P.(t) =u(t)it) = CU(t)duT(tl (1.42)
v6i chiéu duong cia i va u nhu trén H.1.12a.
Ning lugng tich liy trong phén ti dién dung tai thoi diém t:

t t t

We(t) =AJ‘pC(‘t)d‘t = Cju(t)%dt = CJu du
1.2 -

We(t) = ECu (t) (1.43)

vdi gia thiét u( - ) = 0. » ‘
Khi lu) ting tir tri s6 lu, | 1én tri s6 lug| (>1u; 1) thi nang lugng dién
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trudng dugc tich liy vao phén t& C thém mét lugng:
AW = %C(u% -u?)

Khi Itil gidm tu lu,! xuéng lai lu;| thi toan bd lugng niéng lugng
AW trén dugc phéng ra bén ngoai. Trong phan tir C khéng c6 hién tugng
tiéu tdn, chi c¢6 hién tugng tich phéng ning lugng dién trudng.

3- Cong sudt va nang lugng trén phdn ti dién c&m

Céng suit tic thoi hap thu béi phan ti dién cdm L:

Py () = u®).i(t) = Lict) d(‘i(t“ (1.44)
v6i chiéu duong cGa i va u nhu trén H.1.14a.
Nang lugng tich liy trong phén tit dién cdm tai thai diém t:
t t . t
W (1) = j P (de=L [ i(t)—gfltd‘t =L[idi
1, .»
Wy (&) =< Li*(t) (1.45)

v6i gia thi€t i(-~) =0

Khi lil tang tu lij| 1én ligl (>1i;!) thi ning lugng tu trudng duge
tich ldy vao L thém mot lugng: AW, =%L(i§ i),

Khi ii} gidm ti i, | xuéng lai 11,1 thi lugng ndng lugng ndi trén dugc
phéng ra lai mach ngoai. Phan ti L khong c6 hién tugng tiéu tdn, chi cé
hién tugng tich phéng ning lugng tir trudng.

4- Céng sudt va nang lugng trén phéan tir bon cuc gom hai cuén day ghép
hé cam ‘ ’

p(t)=u1i1+l\]2i2 =i](L1‘gd—lt]j‘ - M%‘]‘*‘iz(Lz% T M%) (1.46)

Véi chiéu duong ciia dong va dp nhu trén H.1.20, thi p(t) cho bdi (1.46)
1a coéng sudt tie thai hap thu béi phan ti.

Nang lugng tich ldy trong phan td & thai diém t:

t
)
Wv) = [ pode=Laif) + %Lg‘;’m £ Miji, (1.47)

v6i gia thidt: i)(—e) =0, ig(—e) =0

Cé6 thé ching minh ring W(t) khéng am. Chi ¥ ring hé sé ghép:
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5- Phdn tit thu dong va phdn tit tich cuc

Dya vao viéc xét nang lugng cia cdc phan ti, ngudi ta phdn chia cédc
phéan t& mach ra hai loai:

- Phédn ti mach thu déng: phan tir mach 1a thu déng (passive element)
néu ning lugng cung cdp cho né luén ludn duong:

t t
Wity = J' p(rdr = J'u(‘t)i(‘t)d‘t =20 (1.48)

trong dé: t - 14 mot thoi diém bat ky
va gia thiét ring u(—e ) = 0, i(~e ) = 0, chiéu duong cta u va i dugc cho nhu
H.1.24.

- Phédn tit mach tich cuc (active element). Néu n6 khong théa man (1.48):

Theo dinh nghia trén, thi cdc phdn tit dién trd (tiéu tdn nang lugng),
dién dung, dién cam la cdc phan ti thu dong. Phén ti bon cyc gom hai dién
cam ghép hé cam véi nhau ciing thude loai phan i thu dong. Cdc phan tu
ngudn 4p, ngudn dong (déc 1ap ciing nhu phy thude) 1a cde phan ti tich cue.

Céc phan ti thuc t&€ nhu cuén day, tu dién, mdy bi€n 4p la cdc phan tu
thu doéng. Cdc nguén nang lugng dién nhu mdy phat dién, pin, dc qui la céc
phén ti tich cuc. Cdc phdn tii nhu dén dién td, transistor, khuéch dai thuat
todn ciing 1a cdc phdn t& tich cyc; moé hinh mach cia ching ¢6 chda cdc
ngudn phu thudc va ching c6 kha nang khuéch dai cdc tin hiéu dién.

1.5 PHAN LOAI MACH DIEN

1- C6 thé phan loai mach dién thanh mach cé théng s6 tdp trung va
mach c6 théng sé rdi.

o Cdc phénitﬁ’ 1y tuéng da xét trong muc 1.3 thudc loai cdc phan tif c6
* théng s6 tap trung. Cudng d¢ cia qud trinh dién tif ¢ phan ti c6 thong s
tap trung duge do bing cdc bién dong 4p trén cdc cuc ciia phén tir va céc
bién dong 4p nay khong phu thudc vao toa do khong gian ma chi phu thuje
vao bién thoi gian. Ban ch4t cGa qué trinh dién tir (tiéu tdn, tich ldy, v.v.)
trong cdc phan ti thong sé tap trung dugc md td béi cdc phuong trinh dai
s& hogc vi tich phéan trong thoi gian lién hé giita dong va dp trén cdc cuc
cha phén ti, thong qua cdc thong sd tap trung nhu R, L, C, M v.v. khéng
phu thudc toa do khong gian. Mach dién thuc ¢6 thé dugc thay thé bdi mét
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md hinh mach chi gdm cdc phan ti 1y tudng tdp trung (nhu di xét trong
muc 1.3) duge goi 1a mach cé théng sé tap trung. Qué trinh dién tir trong
mach ¢6 théng s6 tdp trung duge do béi mot sé hitu han bién dong, dp chi
phu thugc vao bién thoi gian, va duge mo ta béi mot hé phuong trinh dai sé
hodc vi tich phan trong mién thdi gian.

Trong mach c6 théng s8 tap trung, qua trinh dién tir xem nhu duge khoanh
timg viing & timg phan td, ning lugng dién tir xem nhu duge tap trung chi trong
cac phén ti. Su thay ddi cia cac dai lugng dién dong 4p cong sudlt nang lugng &
timg vung phén t& mach thong s¢ tap trung duge xem la xdy ra dong thoi, néi
cach khdc séng dién tir va nang lugng xem nhu lan truyén tdc thai gitta cdc vung.
Piéu nay sé ding néu kich thudc cia mach 1a rat nhé so véi bude séng clia trudng
dién tir trong mach; khi dé thoi gian lan truyén cta séng dién tir va nang luong
giita cac ving la rat nho so véi chu ky ciia séng dién tir. Thoi gian lan truyén nay
chi ing v6i mot giai doan bién thién khéng dang ké ciia qué trinh dién tir nén ta
¢6.thé bd qua xem nhu lan truyén tic thai.

Chu y ring, budc séng A duge dinh nghia 1a khoang dudng ma séng dién tir

tan so f lan truyén duge trong mot chu ky T = % nghiala A = -‘é— véi v 1a van téc

lan truyén, trong khong khi(v = ¢ = 3.10%, nvs).

. 0 phén t& mach cé théng s6 rai, cudng d¢ qud trinh dién tu cing
dugc do bdi cdc bién dong dién, dién dp tuy nhién cdc bién nay khéng
nhitng phu thudc vao thdi gian ma coén phu thuge vao bién khong gian. Qud
trinh dién ti trong phin ti théng s rai dugc mé ta bdi cdc phuong trinh
dao ham riéng trong khong gian va thdi gian. Mach c6 chda cdc phén td
théng s rai duge goi 1a mach c6 théng sd rai.

Phan ti c6 thong sé rai cé kich thudc so duge véi buée séng dién tu, do
d6 khong thé bd qua thdi gian lan truyén cia séng dién tit. Vi du vé phan
tl c6 thong s6 rai la nhimg dudng day trén khéng hodc cdp cé chiéu dai so
duge v6i budc séng (cd trén 1/10 bude séng), chdng han dudng day tai dién
dai c& 'trén vai trim km lam viéc ¢ tdn s§ 50 Hz dng vdi buéc séng

8
A = 3.10

= 6000 km ho#c mét dudng ddy fide dai chirmg vai chuc mét

ndi tir mdy phét séng cé buéc séng c¢d vai chuc mét 1én anten phit v.v.

Ta goi cdc dudng day nhu vay 1a duong ddy dai. Qud trinh dién tir &
dudng day dai c6 thé duge do gin ding bdi hai bién dong dién i(x,t) va dién
4p u(x,t) coi 1a phan bé, truyén doc duéng day (H.1.28).

Phuong trinh mé td dudng day dai c6 dang phuong trinh dao ham
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riéng nhu sau:
du di

-— = L— + Ri

x ot (1.49)
A C?2 + Gu

ox ot '

trong d6: L, C, R, G - 1a cdc théng sd cia dudng day dai.

My‘

]
Hi(x,t)
m&:—_—--—

M+ =TT

N :_U(X,t)
" -— ====
bi(x,b)

0 H X
X y >

|
1

Hinh 1.28: Pudng déy dai

Mach c6 théng s8 rai c6 thé dugc xép vao mé hinh truong béi vi né mod
ta quéd trinh dién tit dung cdc phuong trinh dao ham riéng trong khong
gian va thoi gian. Tuy nhién, nhu sau nay sé trinh bay (xem chuong 8), né
¢6 nhiing dac diém gin v6i md hinh mach. v

Vi du, cing do qué trinh dién tir & mdi tiét dién day bi#ng hai bién
trang thdi: dong dién va dién dp nén ngudi ta x€p né vao bén canh cdc mo
hinh mach, xem nhu 12 m¢t mé hinh mach bién tuéng.

Tém lai trong ly thuyét mach dién, ta s& dung hai mé hinh: mé hinh
mach da dinh nghia va xdy dung & cdc muc truéc ma ta goi 14 mé hinh

mach c6é théng s6 tdp trung, va md hinh mach c6 théng s6 rdi ma ta vira

gidi thiéu ¢ muc nay va sé dugc khdo s4t riéng & chuong 8.

Mot mach dién thuc dugc coi 12 mach c6 thong s6 tap trung hay rai tuy
thuc vao tdn s6 cda tin hiéu lam vige, néi cdch khéc tuy thudc vao quan hé
giita kich thuéc hinh hoc cia mach véi do dai ciia budc séng A cua truyng
dién ti trong mach. Trong thuc t€ mét mach dién dugc coi la mach cé
théng s6 t4p trung néu thda diéu kién: [y, < 0,012

trong d6: Imax - kich thuéc hinh hoc 16n nhét cia mach.

2- C6 thé chia mach di¢n thanh mach tuyén tinh va khéng tuyén tinh

(phi tuyén). .
« Mach dién dugc goi la tuyén tinh néu né théa man nguyén ly xép
chdng va nguyén ly ti 1¢. : }
Nguyén ly xép chéng phit biéu nhu sau: Néu ddp ing cia mach d6i vdi
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cdc kich thich fi(t), fo(t), ..., fn(t) tdc déng riéng ré theo thu tu la yi(t), ya(t),
ey Yu(t) thi ddp ung doi vdi tdc dong dong thoi n kich thich dé sé bang
téng n ddp ung doi véi tung kich thich thanh phdn: y=y,+ys+..+y,.

Nguyén ly ti l¢ dugc phat biéu nhu sau:

Néu ddp ung cia mach déi vdi kich thich f(t) la y(t) thi ddp ung doi
v6i kich thich Af(t) sé la Ay(t), trong dé A la hdng sé.

{fitt) —» yt)) = {Aflt) - Ay(t)} (1.50)

Néu mach dién chi gém nhing phdn t& tuyén tinh thi né la mach
tuyén tinh. Quan hé giita cdc dai lugng trong mach tuyén tinh duge mé ta
bing cdc phuong trinh vi phan tuyén tinh hoic dai s6 tuyén tinh.

vl A
T3 fs .
r *
r r, no$r, r,$ (4
E, s
a) b)J,=0 c)E,=0
Hinh 1.29 ' ™

Vi du 1.1: xét mach dién tuyén tinh nhu H.1.29 ¢6 hai kich thich la nguén
sitc dién dong E1 va nguén dong Jo. Gia sk ti€n hanh hai thi nghiém:

- Khi chi ¢6 tdc dung ciia E; = 40V nhu H.1.29b, dong qua dién trd r3
do dugce 1a 4A.

- Khi chi c¢6 tdc dung clia ngudn dong Jo

5A, dong qua r3 la -1A. Héi
20V va ngudn Jo = 6A thi

khi dong thodi c6 sy tdc dung ciia nguén E;
dong qua dién trd r3 bao nhiéu?
Giai. T nguyén ly t 1é suy ra:

- Néu chi ¢6 tdc dung clia E; = 20V thi dong qua r3 sé la:
4x20 ‘ '

= = 2A
40
- Néu chi c6 tdc dung cia J2 = 6A thi dong qua r3 sé la:
=220y 0

Do d6 theo nguyén ly x&p chdng khi c6 tdc dung ddng thoi cia ci hai
nguén E; = 20V va Ja = 6A thi dong qua r3 sé la:

i=i'+i"=2+(-—1,2)=0,8A
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Trong vi du trén, chid y ring viéc triét tiéu nguén dp E; tuong ung véi
viéc ngdn mach hai ddu ngudn, con viéc triét tiéu nguén dong Jg tuong dng
véi hé mach. '

« Mach dién khéong théa min hai nguyén ly xép chong va t 1é la
mach khéng tuyén tinh (phi tuy&n). Véi mach chi cAn chia moét phén ti phi
tuyén thi n6 da la mach phi tuyén.

Viéc phan tich mach tuyén tinh thi don gidn hon phén tich mach phi
tuyén. Nho tinh ch4t tuyén tinh ctia mach ta c6 thé dung cdc phuong phdp
s phuc, bién déi Laplace hodc Fourrier dé lam don gidn viéc phén tich.

3- C6 thé phan chia mach thanh mach dién ding va khéng ding.

Né&u ddp ng clia mach khong phu thudc vao thai diém ¢ d6 cac kich
thich ducc tdc dung vao mach thi mach goi l1a ditng. Nghia 1a ¢ mach ding;
néu cdc kich thich fi(t); fa(t), ... va fu(t) gy ra ddp dng x(t) thi cdc kich
thich fi(t-1); fa(t—1); ... va fu(t-1) s& gdy ra ddp ung x(t-1). Mach ma tat
cd cdc phan ti¥ cia né la R, L, C, v.v. khong phu thugc thdi gian thi né la
mach dung.

Mach chi cdn chita mot phdn td c6 tham s6 thay d6i theo thdi gian thi
né da la mach khong ding.

Pa s6 cdc mach dién trong thuc t& c6 thé duge mé hinh biing mach
dién dimg.

Trong ly thuyét mach déng vai trd quan trong nhét 12 mach tuyén
tinh, ding, c6 théng s6 tap trung (TTD). Mach nay c6 thé duge md ta nho
cdc phuong trinh dai s6 hay vi phan tuyén tinh.

1.6 CAC DINH LUAT cO BAN CUA MACH DIEN
Cdc bai todn vé gidi
mach dién c¢6 thé qui vé bai

todn phdn tich mach va bai
todn téng hgp mach.

Nbi dung bai todn phan
tich mach la cho mgt mach
dién v6i két cdu va cdc thong
s6 da biét, tim dong dién,
dién 4p, céng suat v.v. phan
b6 trén cdc nhanh céc phén
td ho#ic quan hé gilta cdc

(S)

Hinh 1.30
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bién v.v..

No6i dung bai todn tdng hgp mach 1a cho biét qui luat cia quan hé giita
cdc tin hiéu dong, dp hoic cho biét nhitng nghiém dong, 4p cdn c6 Ung véi
nhimg kich thich cu thé, phai lap dugc mdt mach dién véi két cau va thong
s6 cu thé thuc hién cdc yéu ciu dé.

Gido trinh nay chi tap trung chi yé&u vao van dé phan tich mach.

Nhung néi chung, du la bai todn phéan tich hay tdng hop, co'sé cla viée
gidi mach c6 thong s6 tdp trung van la hai dinh luat Kirchhoff 1 va 2.

B_iﬁh ludt Kirchhoff 1 chi ré méi lién hé gitta cdc dong dién 6 mot miit,
né néi lén tinh lién tuc cua dong dién.

DPinh lugt Kirchhoff 2 chi r6 méi lién he gnra cdc dién ap trong mét
vong, né néi 1én tinh chat thé. :

Xét so d6 mach dién trén H.1.30, ta phén blet thénh nhanh nut, vbng

Nhaénh: laiphén tu hai cuce bat ky, hoac la gbém cdc phan ti hai cuc néi
ndi ti€p v6i nhau trén dé c6 c'iing.dbng dién chay.

(Chu y, trong Chuong 3 sé trihh bay mét dinh nghia vé nhdnh chudn
thich hgp hon cho viéc phén tich mach dién dung ly thuyét ma tran).

Niut (hodc dinh): 1a bién cia nhdnh ho#c diém chung ctia cdc nhédnh.

) Vong: 1a mot tap cdc nhdnh tao thanh mot dudng khép kin. N6 c6 tinh
chait 1a néu bd di mot nhdnh b4t ky thi tap con lai khéng tao thanh vong
kin nita.

Trén so d6 mach H.1.30 c6 sdu nhénh:
Nhdnh 1 gbm hai phén tif e; va Ry ndi tiép
Nhdnh 2 gdm ez va Ry

Nhdnh 3 gbm R3

Nhdnh 4 gém Ry

Nhdnh 5 gém Rs

Nhdnh 6 gdm Rg .
Mach c6 4 dinh 12 A, B, C va D. Hinh 1.31: Mach khéng phdng
Cé6 7 vong: ' ' '

Vc‘mg;v (a) gdm ba nhanh 1, 6 va 4

Vong (b) gém ba nhédnh 2, 5 va 6 -

Vong (c) gbm ba nh4nh 4, 5 va 3

Vong (d) g6m ba nhdnh 1, 2 va 3
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Ngoai ra cdn ¢6 vong (1,6,5,3), (1,2,5,4) va (2,3,4,6).

D6i véi mach phing (la mach ma c6 thé duge vé trén moét mit phing
sao cho khong cé nhdnh nao cit nhau), con dinh nghia mdt lugi, d6 la vong
méa khéng chita vong nao bén trong né.

Vi du, mach H.1.30 la mach phdng, trong dé ba vong (a), (b), (¢) 1a ba
méit ludi con cdc vong khdc, vi du vong (d) khong phdi la mét ludi vi né
chita bén trong né ba vong (a), (b) va (c). Hinh 1.31 khong phdi 1a mach
phéng, d&i véi né khong c6 khdi niém mit lusi.

Téng qudt: mét mach phdng cé d nit, n nhdnh thi s6 mdt luéi la
(n-d+1).

Sau khi dinh nghia céc khdi niém trén, ta phdt biéu hai dinh luét
Kirchhoff.

1.6.1 Pinh luat Kirchhoff 1 (K1)
Cbn\goi 12 dinh luat Kirchhoff vé dong dién, dugc phdt biéu nhu sau:
Téng dai s6 cdc dong dién tai mot nit bdt ky bding khong.

z +i, =0 (1.51)

Trong d6 c6 thé qui udc: Cdc dong dign cd chieu duong di vao niit thi
ldy ddu +, con di ra khéi nit thi ldy ddu - v

Hosc c6 thé qui ude nguge lai: di vao ldy ddu -, con di ra ldy ddu +.

Vi du: v6i mach H.1.30, 4p dung dinh luat K1 cho bén nit A, B, C, D
véi chidu duong cdc dong dién chon nhu hinh vé:

nit A: iij+ig— ig = O (1.52a)
nit B: —ig—-ig—i5 = O (1.52b)
nit C: -ij+i3— ig = 0 (1.52¢)
nit D: ig+ig+ ig = 0 (1.52d)
B6n phuong trinh trén c6 thé viét lai § dang sau: )

nut A: iy +iy =14

nit B: 0 = iy+ig+is

nit C: ig = i)+l

nit D: ig +i5+ig=0

Vi vay dinh luat K1 c6 thé& phat biéu dudi dang: Téng cde dong dién co
chidu duong di vao mét nit bdt ky thi bang tong cdc dong dién co chiéu
duong di ra khéi nit do.
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Nhan xét riing trong bén phuong trinh (1.52a,b,c,d) chi c¢6 ba phuong
trinh 1a doc lap véi nhau, mot trong bén phuong trinh cé thé duge suy ra ti
ba phuong trinh con lai. Vi du, néu dem cong ba phuong trinh (1.52a,b,c) vé&
theo vé thi ta sé suy ra dugc phuong trinh cdn lai (1.52d).

Téng qudt, véi mach dién cé d nut thi ta viét dugc (d-1) phuong trinh
K1 déc lép vdi nhau cho (d-1) nit. Phuong trinh K1 viét cho nit con lai c6
thé dugc suy ra tir (d-1) phuong trinh K1 trén.

Pinh luat K1 con duge phét bidu & dang téng qudt hon:

Téng dai s6 cdc dong dién di vao (hodc roi khdi) mét bé mqt kin bdt ky
(bao mot s6 niit nao dé) thi béng 0.

Vi du: § mach dién H.1.30, xét bé mit kin S bao hai mit B va D nhu
trén H.1.30. Qua mat kin S c6 hai dong dién ig va i c6 chiéu duong di vao
mit S va hai dong dién iz va i3 c6 chiéu duong di ra khéi mat S nén theo
dinh luat K1, dang téng qu4t nhu da phét biéu & trén ta cé:

iy ~ig +iy +ig =0 (1.53)

Nhan xét ring néu cong hai phuong trinh (1.52b) (K1 cho nit B) va

(1.52d) (K1 cho nit D) vé& theo vé ta sé duge phuong trinh (1.53).

1.6.2 Dinh luat Kirchhoff 2 (K2)

Pinh luit ndy con goi 12 dinh luat Kirchhoff vé& dién &p va dugc phat biéu nhu sau:

Téng dai s6 cdc dién dp trén cdc phén ti doc theo tdt cd cdc nhdnh
trong mét vong bdng khéng.

Y tu.=0 (1.54)
.vong !

D4u ciia dién 4p duge xdc dinh dua trén chiéu duong cia dién 4p da
chon so véi chidu cia vong. Chiéu cta vdng duge chon tay y. Tuy nhién, dé
tién lgi thudng chon chiéu ciia cdc vong la nhu nhau (cing cing chiéu kim
déng hd hoac 13 cing nguge chiéu kim déng hé). Trong mdi vong néu chiéu
vong di tif cyc + sang cyc — cia mdt dién dp thi dién 4p mang d4u +, con
ngugc lai thi dién 4p Ay mang déu -.

Déi véi mach dién trén H.1.30, véi chiéu chia cdc vong va chidu duong

- cGa cédc dién dp dugc chon nhu trén H.1.30, néu 4p dung dinh luit K2 cho
bén vong a,.b, ¢, d ta dugc:

Vong a:  -e;+u; +ug-u, =0 (1.55a)

Vongb:  -uj+e;+us—ug=0 ~ (1.55b)

Vong c: u,—ug+ug =0~ (1.55c¢)
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Vong d: -e; +u; ~uy+e,+ug =0 (1.55d)
Bon phuong trinh trén c6 thé viét lai ¢ dang sau:

Vong a: u; +ug-u, =e (1.56a)

Vong b: —uy +ug —ug =-e, (1.56b)

Vong c: uy —us+uz =0 (1.56¢)

Vong d: u; —uy+ug =e; —e, (1.56d)

Ti d6 ta thdy rdng: Téng dai s6 cdc sic dién déng trong mét vong
bdng tong dai sé cdc sut dp trén cde phdn ti khdc.
D6 1a dang phdt biéu tha hai cda dinh luat Kirchhoff 2:
Y otu =Y te ' (157)
vong vong . .
trong d6: u, - la dién 4p trén phéan ti khéng phai 12 nguén sic dién dong.

Né&u chiéu cia vong di tif cuc tinh — sang cuc tinh + cia mét nguén sic
dién déng thi sic dién dong 4y mang dau +, ngudc lai mang ddu —.

DGi vé6i dién dp trén cdc phan t& khdc, néu chiéu vong di tir cuc + sané
cuc — cia mot dién 4p thi dién 4p 4y mang d4u +, ngugce lai mang d4u —.

Nhan xét ring bén phuong trinh (1.55a,b,c,d) khong déc lap tuyén tinh
véi nhau, mét trong bén phuong trinh c6 thé suy ra tit ba phuong trinh con
lai.

Vi du, néu cong ba phuong trinh (1.55a), (1.55b) va (1.55c) v& theo vé
thi ta dugc phuong trinh (1.55d). Nhu vay s6 lugng phuong trinh c6 duge tir
dinh luat K2 biing s6 vong cia mach, nhung chi y réng ching chua phai 1a
ddc l4p tuyén tinh vdi nhau.

Ngudi ta ching minh duge ring: vdi mét mach cé d nit, n nhdnh thi
s6 phuong trinh déc lgp cé duge ti dinh ludt K2 la (n-d+1).

D6i véi mach dién phéng c6 d nit, n nhénh thi s6 mit luéi 1a (n—d+1).
Do d6: (n-d+1) phuong trinh K2 déc lgp nhau cé th€ dat dugc bdng cdch
viét (n-d+1) phuong trinh K2 cho (n-d+1) mdt ludi.

Tré lai mach H.1.30, néu thay:

u; = Rji; |
uz; = Ryip
:2 : I;iz > (1.58)
us; = Rsig
ug = Rglg |
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vao bon phuong trinh (1.6.6) ta dugc:
Vong a: R +Rgig—Ryiy = ¢
Vong b: —Roiy +Rgis —Rgig = — €
0
Vong d: R;i; —Ryip +R3i; =e;-¢;

(1.59)

Vbng C. R4i4 —‘R5i5 +R3i3

_ Tir d6 ta thay ring,cé thé viét cdc phuong trinh K2 theo cac bién dong
dién nhdnh (khong cdn théng qua cdc bién dién dp trén cdc phén tu) ¢
dang sau day:
v [ £ Ryiy + LSk 4 —l—jikdt] = Y e, (1.60)
vdng dt Cy vong

Trong d6 dong dién ix nao cé chiéu duong cing chiéu véi chiéu cia
vong thi trude né s& mang ddu +, ngugc lai s&é mang ddu —.

D6i v6i suc dién dong (sdd) ek, néu chiéu ciia vong di tir eyc — sang cyc
+ ciia nguén sdd thi sdd 4y mang d4u +, ngugc lai mang déu -

Tém lgi, d6i v6i mach c6 d nit, n nhanh ta duge (d-1) phuong trinh K1
doc 1ap va (n-d+1) phuong trinh K2 doc lap (didu nay chi ding véi mach don
lién tdc céc dinh déu lién théng véi nhau, con d6i véi mach da lién gom m
mach don lién khong lién thong véi nhau thi s6 phuong trinh K1 doc lap la d-
m va so phuong trinh K2 doc lap 14 n-d+m). Nhu vay téng s6 phuong trinh
‘ddc lap c6 duge tif hai dinh luat K1 va K2 la (d~m) + (n-d+m) = n phuong
trinh v6i n 4n s6 1a n dong dién trong n nhénh.

Vi du 1.2: Viét c4c phuong trinh K1, K2 déc lap cho mach dién H.1.32 theo
cdc bién dong dién nhédnh.
Giai. Chon chidu duong ctia cac dong dién nhu (H.1.32). Mach c¢6 hai nit
nén viét duge mot phuong trinh Kl:

Nat a: iy +ig—iz =0 (1)

Mach phéng c6 hai mit luéi, viét duge hai phuong trinh K2 dgc lap:

R, L,
| i i
P T 2
b

Hinh 1.32
e e . di; 1
Mat ludi (1): 2142 iadt=
1 ( ) Rlll +Ll dt + Ca J.l3dt el (2)
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Mit lusi (ID): —ch:i ~Ryi, - cls fisdt = —e, (3)
Vay 1i;.ig.,i; 12 nghiém cia hé phuong trinh vi tich phan goém ba
phuong trinh (1), (2), (3). _1-1- 10Q a §9§2
Vi du 1.3: Cho mach dién c6 so d6 H.1.33. llz o
Tim dong dién chdy trong cdc nhanh. 45V 3002 Q
Giai. Chon chiéu duong cac dong nhu H.1.33. . %
Ap dung luat K1 cho nit a: Hmh 1.33 b
I -1,-13=0 (L
Viét phuong trinh theo luat K2 cho hai mét luéi: |
Mt lu6i (1): 101, +30I, = 4.5 (@)
Miét ludi (H): - 303 +60I3=0 (3)

Giai hé ba phuong trinh (1), (2), (3) ta dugc:
I, =0,154; Ig2= 0,1A valz=0,05A

Vi du 1.4: Xét mach dién c6 so dé a 120
H.1.34 \ o 3 I,l‘ Iz‘ —AM- tlg
a) Tim cdc dong dién I;,L,.13 sA 30 D 50 D 2oV
b) Tinh téng cong sudt phat bdi
cdc nguén va téng cong sudt tiéu tan ' b
trén céac dién trd. : Hinh 1.34
Giai. a) Viét luat K1 cho nuit a: :
1,+1,-1, =5 (1)
Viét luat K2 cho hai mét lugi (I) va (I1): »
~31, +6I, =0 (2)
61, - 121, = -24 3)

Giai hé ba phuong trinh (1), (2), (3) ta dugc:

I =4A; Ia=24A; Iz= 1A
b) Cong sudt phat bdi ngudn dp 24V theo (1.39) 1a 2413 = 24W.
Dién 4p giita hai ddu nguén dong 5A la: Vap = 311 = 12V
= cong sudt phat bdi nguén dong 5A la:  5Vap = 60W
Vay téng cong sudt phét béi hai ngudn la: 24 + 60 = 84W
Theo (1.40), cdng sudt tiéu thu trén:
- pién trd 3Qla: 3 = 48 W




38

CHUONG 1

24 W
12 W

- Dién trg 6Q la: 613
- Dién tré 12Q la: 1212

Viy téng cong suat tiéu thy trén cdc dién trd 1a: 48 + 24 + 12 = 84W.

Ta c¢6 nhan xét ring: téng cong sudt phdt bdi cdc nguén bdng téng

céng sudt thu trén cdc phdn ti khdc. Diéu nay dung trong trudng hop tdng

quét, né 1a hé qua cia dinh luat bao toan ning lugng.

Vi du 1.5: Tim dong dién trong cdc nhanh trén so d6 mach dién H.1.35.

Giai. Chon chiéu duong cdc dong trén nhu H.1.35.

Ap dung luat K1 cho nit a: I+, +I3=0 (1)
Ap dung luat K2 cho mdt ludi (I): 2I; +4I, =12 (2)
Lust K2 viét cho mdt lusi (II): 41, +6l3 =8I, (3)
v6i 81, 1a nguén dp phu thudc dong 1.
Giai hé ba phuong trinh (1), (2), (3) ta dugec:
I1 = 10A; Is =<2A; I3=12A
Lﬁv a 60 _I:i. d L, 50 c l%i a L
|2 + Li$10
12v<f>34sz :[D 8l, (f;sw 3 40
— 10u,
b b
Hinh 1.35 Hinh 1.36
Vi du 1.6: Tinh I, I, I3 trén so 46 H.1.36.
Giai. Viét luat K1 cho nut a:
-, -+, =0 o)
Viét luat K2 cho hai mit lugi:
(5+10), -I3 =10u; +31 (2)
41, +I3 =-10u, (3)
Mit khac theo ludt K2 ta ¢6: u) =uy, =u 4 +ug,
=u, =-5[; +31 4)
Thay (4) vao (2) va (3) ta dugc: 651, -1 =341 (5)
41, + I3 -50I, =-310 (6)

Tir hé ba phuong trinh (1), (5) va (6) suy ra:
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. ] ]
I1 = 5A; Ig =-11A; I3 = —16A. 500 —> a —to

Vi du 1.7: Tinh dién 4p U, trén so d6 H.1.37 +
q Qv s lesate
Giai. Chon chiéu duong cia dong I3 chdy qua |-

dién tré 95Q nhu H.1.37. Viét K1 cho nit a:

Hinh 1.37
Viét K2 cho vong nhu (H1.37):

5001, + 95I,=2 2)

Tu (1) va (2) suy ra: Iz = 0,02A
Do d6: Uy =951 = 1,9V

1.7 BIEN DOI TUONG DUONG MACH

Trong thuc t&€ déi khi cdn lam don gidn mét phan mach thanh mét
phdn mach tuong duong don gian hon. Viéc bién ddi mach tuong duong
thuong duge lam dé cho mach mdi cé: it phén td, it s6 nit, it s6 vong va
nh4nh hon mach trudc d6 va do d6 1am gidm di s6 phuong trinh phai gidi.

Mach tuong dudng dugc dinh nghia nhu sau: '

Hai phdn mach dugc goi la tuong duong néu quan hé giza dong dién
va dién dp trén cde cuc cia hai phan mach la nhu nhau.

Mot phép bién déi mach tuong duong sé khéng lam thay d6i dong dién
va dién 4p trén cdc nhdnh ¢ cdc phan cia so d6 khéng tham gia vao phép
bién déi.

Sau day 1a mét s6 phép bién déi tuong duong théng dung:

I- Cac nguén sic dign dpng mdc néi tiép sé tuong duong véi mot ngudn
stic dién déng duy nhat c6 tri so bing tdng dai s6 cdc sic dién dong dé:

ey =2 t e (1.61)

Trong hai H.1.38a,b ta déu c6: u,, =e; + e;-e;

€g=81+€;-6,

b)
Hinh 1.38

2. Cde ngudn dong dién mdc song song sé tuong duong véi mot nguon

dong duy nhat c6 tri s6 biing tdng dai s6 cdc ngudn dong dé:
i =F * bk (1.62)
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Trong hai H.1.39a,b ta déu c6:i = —j; +J, ~J3

b2 W

| i () b(% iaCD | (D de= v+ iz-is
a)

b » b

b) .

Hinh 1.39

3- Cdc phén tit dién tré mde néi tiép sé tuong duong véi mot phan td
dién tré duy nhat c6 dién tré biing tdng cdc dién trd céc phan ti dé:

Ry = ) Ry (1.63)
n n 1
Ta c6 theo luat K2: ug, =Y uy = » Ryi = [ZRI{}
N 1 1 1 y
a i R, Re p a . N b
=== E
+U,-  +U, +U, -
a) b)
Hinh 1.40

Suy ra mach H.1.40a s& tuong duong véi H.2.40b néu (1.63) théa.
Dién 4p trén méi dién trd 6 H.1.40a 1a: u, = Ryl

oy = Tkbab (1.64)
R,+Ry+ ... + R, .

4- Cace phén tit dién tré mde song song sé tuong duong véi mot phéan tu
dién tré duy nhat c6 dién dan bing téng cac dién dan céc phan tir dé:

Gua=2.Gc ' -~ es)

{

Theo luit K1 ta cé: "
a s a prmaren asr—== . R
e a O

:E Ry Ry R R, R,
i,ﬂ iz}
b # —d b b #
a) b)
Hinh 1.41 Hinh 1.42
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AR
1 ‘[2 R, ] ab _[ZGk ]uab
Suy ra hai mach H.1.41a,b s& tuong duong néu (1.65) thoa.

Dong dién chay qua méi phan tir dién tré H.1.41a la:
G,i

: Ugp
= Guu, = 1.66
HemRo T Rl TG IEG,+. 4G, (1.66)
Trudng hop chi cé hai dién trd mic song song nhu H.1.42 thi:
R;R
Gy = G, + Gy hay: Ry = ——2 1.67
td 1 2 ay d R, +R, ( )
va: i = Gii R,i . . Gyi R,i (1.68)

G.+G, R +R, = '27G,+G, R +R,

5- Nguén sitc di¢n dong mdc néi tiép voi mét dién tr sé tuong duong
véi mot ngudn dong mic song song vdi di¢n trd dé va ngugc lai.

. Hinh 1.43
O mach H.1.43a ta cé quan hé u va i nhu sau:
u=e-ri . ©(1.69)

O mach H.1.48btacé: j=1i+ir Vvéii ij=—

° suy ra: u=rj-ri _ (1.70)
So sdnh (1.69) va (1.70) ta thay hai mach sé tuong duang néu:
e = T (1.71)
hoic: i =2
r

6- Phép bién dbi sao - tam giac (Y-4)
Ba dién tré Ry, Rz va R3 méc sao (Y) nhu H.1.44a ¢6 thé dugc bién déi
tuong duong thanh ba dién trd Riz, Rgs va R31 mic tam gidc (A) nhu
H.1.44b, va ngugc lai, trong d6 quan hé gida cdc dién tré nhu sau:
Ry Ryp

(1.72a)
Ry +Rys +Ray

Rlz
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R,,R
R,=— 128 ___ (1.72b)
2 Rz +Ros +Ry;
R; = _ BuRe (1.72¢)
R12 + R23 + R31
ho#c ngugc lai: R =R; +Ry + R,R, (1.73a)
3
R23 = R2 + R3 + R2R3 (173b)
1
B3Ry (1.73¢c)

R.; =Rs+R, +
31 3ty R,

R, \
o o Y0 O
a) b)
Hinh 1.44

Céc quan hé trén c6 thé dugc ching minh nhu sau:

Vi hai mach 1a tuong duong nén cdc quan hé sau day thi bing nhau déi

. . u
vé6i hai mach: Ry =2

1

. _Uss
i Rygag ===

ig=0 12

. Uy
i Reggy ==

iy =0 I3

ig=0
Doi véi mach H.1.44a ta cé:

Ruyz =R +Ry; Ryggs =Ry +R3 var Rygs =Rz +R,
Péi véi mach H.1.44b ta cé:

 Ryp(Ryg +Ryp)

Rigio = Ryo M(Rog + Ry ) = —22-—28 ° 317
o N B Ris +Ry3 +Ry;
- Ry3(Rg; +Ryy)

RMZS =R23 //(R31 +R 2):__2:2__3_1__&
' R12+R23+R31

' Rs; (Rys +Ry3)

Rugt =Rgy MRy +Ryp) =312 - 28-
l R‘12+R23+R31

Do d6 ta co cdc phuong trinh sau:
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Rs(Ros +Ray)
R,+R,=—12"23 '~ 317 (1.74a)
! 2 Ri; +Rg3 + Ry,

R,s(Ra; +Ry)
Ry +Ry=—2331 M2/ (1.74b)
27 Ri; +Ry3 + Ry

Ry (Ris +Roq)
R.+R, =—3L"12 " 23 (1.74¢)
v Ris +Ry3 + Ry

Tir (1.74a), (1.74b), va (1.74c) ta dé dang suy ra (1.72) va (1.73).
Vi du 1.8: Tim dong dién i trong mach
H.1.45, véi: e(t) = 6sin100nt vén '

Cé nhiéu cdch dé lam don gidn
mach thu dong nhin ti hai diém a va f |f
thanh mot dién tré duy nhat mdc giita 1Q
hai cuc cia nguén dién dp e(t) bdng cdch

dung bién déi sao - tam gidc. Sau day la Hinh 1.45 9
mét cach tiéu biéu:

Mach thu dong nhin tir a va f ¢ H.1.45 dugc vé lai trén H.1.46a.

Néu thay mach Agpe (3 dién trd mic A giﬁ’é ba dinh a, b va ¢) thanh
mach Y véi diém néi chung 1a h ta duge H.1.46b:

a
0.802
h
1,40 0384
| d
1Q
9 b,
Hinh 1.46
— a
R,, = 2—%’;—_25 = % - 0,80 i® |
$2.680
R = 20 2040 |
2x1 2 t

R, = e 0,4Q Hinh 1.47
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Thay céc dién trd noi tiép trén mét nhanh thanh mot dién trd, sau dé lai
thay hai dién tré mic song song thanh mét thi ta sé duge H.1.46d, trong doé:

hd = M = 0.884Q
2,4+14

va cudi cung ta duge H.1.47 véi:
R, =0.8+0,884 +1=268Q

Tir d6 dé dang suy ra:
1= et =2,235sin100nt A
af '
Vi du 1.9: Gidi lai vi duj.4cda muc 1.6 dl‘mg phép bién déi tuong duong.
Giai. Thay hai dién tré 3Q va 6Q mic song song (H.1.34) biing mot dién
, 3x6

tré 376" 20 ta sé dugc H.1.48a. Sau d6 bién déi nguén dong 5A mic song
+

song véi dién tré 2Q thanh nguén sic dién dong 10V méc ndi tiép véi dién
tré 2Q ta dugc H.1.48b. '

a 120 20 8 12Q
vy
h, h,
b b
a) b)
Hinh 1.48

Ap dung luat K2 cho vong duy nhat cia H.1.48b ta dugc:
(2+12)I3 = 24 -10 =» I3=1A
Cing tir H.1.48b suy ra: ugp = 2I3 + 10 = 12V

u u
S (1 = =22 = 4A; [o = -2 - 2A
uy ra: i) = 3 2 6

Vi du 1.10: Tinh ti s6 u,/e; ¢ mach dién H.1.19b.

Giai. Ap dung cong thiic (1.64) cho phén bén trai H.1.19b ta dugc:
1000, 2

u‘ = e ei
500+1000 3

Do d6 tri s& clia nguén dong phu thude 12 0,2u, = liei

Ap dung céng thitc (1.68) cho phan bén phai cia H.1.19b ta dugc:

= —— = —g; = u, =-4000i = -500e;
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Vay: Y __ 500
€

1.8 PHAN LOAI BAI TOAN MACH THEO TiNH CHAT QUA TRINH DIEN TU

Tinh ch4t chia qud trinh dién tir xdy ra trong mach dién trong khoang
thoi gian (—ee,c< ) phu thudc vao:

- Nguén téc dong lén mach (thudng goi la kich thich);

- C4u tric ctia mach va su thay déi cda né theo thoi gian. C4u tric cia
mach bi thay déi khi ta thém vao hodc bét di sé phan t cdc nhdnh nao
deé.

Gia thiét ring trong mach tuyén tinh dimg tap trung c6 tdc dong mot
nguén mét chidu (khong d6i) hosc tudn hoan. Néu sau mdt khoang thoi
gian nao d6 trong mach ciing ton tai qud trinh dién mot chiéu hoic tuian
hoan thi ta néi mach da & trang thdi xdc lgp. Gid st mdt mach dién dang ¢
trang thdi xdc lap, néu ta thay déi ngudn tdc dong hodc c4u tric mach thi
mach sé& trai qua trang thdi qud d¢ trude khi dat dén trang thdi xdc ldp
méi. O trang thdi qud do cdc dai lugng dong dp trong mach khong phai 1a
mot chidu hodc tudn hoan. Viéc xudt hién trang thdi qud do chuyén tiép
gita hai trang th&di xdc lap lién quan dén viéc nang lugng dién tiu trong
mach khéng thé thay déi dot ngot ma can phai c6 mot khoang thoi gian.

Pé minh hoa ta xét hai vi du sau:

Vi du 1.11: Xét mach dién nhu H.1.49. Tai K i)

thoi diém t = 0, déng khéa K dua ngudén 4p

mot chidu E = const vao mach. Ta tim dién + t=0 +

4p uc(t) trén phén t& dién dung C § t > 0. <->E e ©

Gia si didu kién ban d4u la uc(0) = 0. T
Ap dung luat K2 ta duge: ri+u =E Hinh 1.49

du
vi: i= %ltg , hén: uc +t—(§=E (1.75)

véi: 1=1C - goi la hiing s& thoi gian cda mach.

Tir ly thuyét phuong trinh vi phéan c6 thé tim duge nghiém cia (1.75)

la: ug(t) = Ke"+E (1.76)
trong d6: K - 1a hiing s& tich phan duge xdc dinh tir diéu kién ban dau:
uc(0)=0 _ (1.77)

thay (1.77) vao (1.76) suy ra duge K = - E, vay:
ug(t)=-Ee " +E (1.78)
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Ta thdy uc(t) 12 tdng cia hai thanh phan:
- Thanh phdn tu do: ugy(t) = Ke™'"
12 nghiém téng qudt cla phuong trinh vi phdn thuan nhat tuong ung vdi vé
phai clia (1.75) bing 0 tuc la
d
uc + 1&e ~ ¢
dt
- Thanh phan cuéng bic: ucy, =E = const
12 mét nghiém riéng cta (1.75). Thanh phan cudng bic ciing khéng déi
(DC) gidng ngudn kich thich.
P6 thi biéu dién ug(t), ugy(t) va ug, theo thdi gian (t > 0) nhu
H.1.50. uc(t) "
N Ceb
Thanh phan tu do ugy cé tri /

tuyét doi gidm dan theo thoi gian.
Khi t — o thi thanh phén tu do
Ucyg = 0, nghiém téng uc(t) bing uglt)

thanh phan cudng bic ug, khéng !
thay déi theo thoi gian; khi dé6 ta néi
mach dién dia § trang thdi (ch& do¢)
xdc 1ap DC va vi ¢ ché& do xdc lap Ucw
nghiém téng uc(t) bing thanh phdn €

cudng birc ugp nén thanh phan nay Hinh 1.50
goi 1a thanh phan xdc l4p ugy .
Béﬁg 1.1
t 0 T 271 3t 41 51
= 1 0,368 0,135 0.05 0,018 0,007

Trang thdi cia mach trude d6 (khi con tén tai thanh phdn tu do ugy)
goi la trang thai qud d%.

Thanh phan tyf do uc chi tén tai & trang thdi qud do nén cdn goi la
- thanh phan qué ds.
Vé mat 1y thuyét thi trang thdi xac lap chi dat t6i khi t = -, nhung

trong thuc t€, nhu c6 thé thdy trén bing 1.1, sau mdt khodng thoi gian t =
4t+51 (v6i 1 = rC) thi c6 th€ xem nhu ugy =0; ug =ugy, =E, nghia 12 c6

thé xem mach da dat dén trang thdi xdc lap.
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K
Vi du 1.12: Xét mach dién H.151. Tai t = 0, ——% v o
déng khéa K, dua ngudn dp hinh sin tan sé w: 1 t=0 |
e(t) = Epsinwt vao mach. Ta tim dong dién i(t) C—) et L
trong mach & t > 0. Gia s& diéu kién ban dau
12 i(0) = 0. Hinh 1.51
Ap dung dinh luat K2:
ri+ L% = e(t) = i+t§—; = Er’lsinwt (1.79)

véi: T=-Ii - goi 1a hiing s6 thoi gian cia mach.
r

Tit 1y thuyét phuong trinh vi phén c6 thé tim dugc nghiém cia phuong
trinh vi phan cdp mét (1.79) la:

it)y=AeV" + E"lsin(wt—cp) (1.80)
z

. f . oL r
trong d6: z= r? +o’L?; $iN @ =~} COSP = e
Vr2 + 0’} Jr? + 0?12

A - 1a hiing sé tich phan duge x4c dinh tir diéu kién ban dau:
1(0) =0 (1.81)
R oL
thay (1.81) vao (1.80) ta suy ra duge: A R e
r’ +o°Ll

Tir (1.80) ta thay i(t) 1a téng ciia hai thanh phén:

- Thanh phdn tu do (con goi thanh phan qud dd): iy =Ae™*?
la nghiém téng quét cGa phuong trinh vi phén thudn nhat tng véi v& phdi

ciia (1.79) biing 0 tic 1a: i+1:-:—:=0,

. . 5 N
- Thanh phén cudng biic (cdon goi thanh phan xac lap): iy =—;’“—sm(m’c— )

1 nghiém riéng cda (1.79), ciing bién thién hinh sin tin s6 @ nhu kich
thich e(t).

D6 thi: i(t); iy (t); iy (t) nhu trén H.1.52.

Thanh phén ty do iy gidm dén theo thdi gian. Sau mft khodng thoi
gian t=41+51 c6 thé xem nhu thanh phan ty do iy bing 0, ddp ng tdng
i(t) bing thanh phdn cudng bic iy, nghia la cing bién thién hinh sin tan
$6 ® nhu ngudn kich thich e(t): khi d6 ta néi mach da ¢ trang thdi xdc lap
hinh sin.

C6 thé thdy trong hai vi du trém, trang thdi qud d9 la trang thai
chuyén ti€p giita hai trang thdi xdc 14p, xuft hign do viéc déng ngudn kich
thich vao mach: o ’ '
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- trang thdi xdc l4p thd nhat 1a khi t < 0, ngudén kich thich bing
khéng;

- trang thdi xdc lap thy hai 1a khi thoi gian di 16n ddp dng dong dp
trong mach ¢6 dang giéng ngudn kich thich.
4

m

\

Hinh 1.52

Tong qudt, d6i v6i mach tuyén tinh dimg théng sé tap trung, ddp ung
dong 4p trén cdc phan tif cia mach 1a nghiém ctia hé phuong trinh vi phén
hé s6 hiang. Nghiém nay cé dang téng cia hai thanh phan:

Thanh phdn ty do (12 nghiém cla phuong trinh thudn nhat tuong Ung
véi v€ phai bang 0 tic kich thich bing khong)- :

Thanh phan cudng buc (cé dac trung gidng ngudn kich thich).

Khi t dd 16n thanh phan tu do s& gidm vé 0, khi d6 nghiém chi con
bing thanh phin cudng buc va ta néi mach & trang théi xdc lap. Trang
thdi trudc d6 ton tai cd 2 thanh phdn goi l1a trang thdi qu4 d6.

Theo tinh chat cda qud trinh dién tif trong mach, c6 thé phan bai todn
mach thanh hai loai:

1- Bai todn phén tich mach & trang thdi xdc ldp déi vdi nguén kich
thich mét chiéu (DC) hodc tudn hoan.

- Trudng hgp ngudn kich thich mét chiéu ta c6 trang thai xdc lgp DC.
0 trang thdi xdc l4p DC, moi dong dién va dién 4p trong mach déu khong
thay déi theo thoi gian, do dé dién 4p giita hai ddu phdn t& cim sé bing

khéng (u, =L—dlii=0 vi 1 =const) va dong dién qua phén t& dién dung
A . _d R : .
bang khéng (ig =—(%C—=O Vi uc =const). Do d6 khi phén tich mach dién &

ché d¢ x4c 14p DC, ta c6 thé ngdn mach cde phén t& dién cdm va hd mach
cdc phan tir dién dung. Khi d6 trong mach chi con lai cdc ngudn va cdc
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phén ti dién tré viéc gidi mach rat don gian, cdc phuong trinh mach 1a cdc
phuong trinh dai s6.

Vi du 1.13: Xét mach dién H.1.53a, tai t = 0 déng khéa K. Ta tim cdc ddp
Ung xdc lap i, va ug .0 trang thdi xdc 14p DC, phan t& dién cdm 1mH
xem nhu ngén mach, phan ti dién dung 10pF xem nhu hé mach do d6 &
trang thdi xdc lap mach dién tuong duong véi H.1.53b.

=0 5KQ 1mH 3KQ p 5KQ 3K
; - rt - A
ixl 1+
1oV 2KO Tucx,

b)
Hinh 1.53
10 10
Ap dung dinh luat K2 dé& dang suy ra: i, = 5—+2—mA = TmA
10
Vi dong qua dién tré 3KQ bang khéng nén: ug, = 2 x - = 7V

- Truong hep ngudn kich thich 1a hinh sin tdn s6 o, ta c¢6 trang thai
xde lagp hinh sin. O trang thai xdc lap nay tat ca cdc ddp ung dong dp trén
cdc nhdnh, cdc phan ti déu la ham hinh sin theo t vdi cung tdn s6 w. Pé
phén tich mach dién xdc lap hinh sin ngudi ta thudng dung phuong phap
anh phic, lam tuong dng méi dai lugng hinh sin x(t) = X sin(wt+y) vdi
mét anh phic X = X,e'V, viéc giai hé phuong trinh vi tich phan d6i vdi cde
dai lugng dong, 4p tuc thoi sé duge dua vé viéc gidi hé phuong trinh dai s6
ddi v6i cdc anh phite. Phuong phédp nay sé dugc xét ¢ chuong 2.

- Trudng hop kich thich 1a tudn hoan véi chu ky T thi & trang thdi xdc
lap, cdc ddp ung ciing bién thién tudn hoan. Ta c6 thé nhd chudi Fourier dé
phén tich kich thich tuin hoan thanh tdng v6 han cdc kich thich hinh sin
¢6 tdn s6 khdc nhau. Sau dé sé dung phuong phdp phan tich mach xdc lap
hinh sin dé tim ddp ung déi véi ting kich thich thanh phan hinh sin, va
theo tinh chat xép chdéng clia mach tuyén tinh ddp Ung cin tim sé& bing
téng cdc ddp dung thanh phan nay.

2-Bai todn phdn tich mach & trang thdi khong xdc lép (qud dg) déi véi
kich thich bat ky c6 hé phuong trinh mach la hé phuong trinh vi phan.
Viée gidi né phai chi y dén cdc diéu kién ban dau cia mach. Nghiém c6 thé
dugc tim biing cdc phuong phdp truc ti€p hodc bing phuong phdp todn ti
dua vao viéc sit dung phép bién doi Laplace.

E
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Trong chuong nay ching ta sé xét phuong phdp phéan tich mach dién
tuyé&n tinh thong sé tap trung diung & trang thdi xdc 1ap diéu hda. Céac kich
thich 1a cdc nguén dp, nguén dong bién thién hinh sin theo thdi gian véi
cing mot tn s& géc o. G trang thai x4c lap didu hda (xdc 1ap hinh sin), cdc
ddp ung dong dién, dién 4p trén tat cd cdc nhdnh, cdc phan ti cing bién
thién hinh sin theo thoi gian véi cung tan sé o.

2.1 QUA TRINH DIEU HOA

Mot dai lugng f(t) goi 12 diéu hda néu né bién thién theo thdi gian theo
quy luat sau: A
f(t) = F, cos(ot+y) 2.1)
¢ day: f(t) - c6 thé la dong dién i(t), dién 4p u(t), sic dién dong e(t) hodc
ngudn dong dién j(t).
F_ >0 - bién do
o >0 -tan sd géc, don vi do 1a rad/s (radian/giay)
ot + y - géc pha tai thoi diém t, don vi do la radian hodc d6
y - géc ;?a ban dau, don vi do 1a radian hodc dé6 c6 gi4 tri :
~180° < y < 180°

hoic: 0<y < 360°
Pai lugng diéu hoa ciing duge dinh nghia dung ham sin:
flt) = Fsin(ot+y) (2.2)
Qu4 trinh diéu hoa 12 ham tudn hoan theo thdi gian véi chu ky:
T2 2.3)
®

(Chu ky la thoi gian ngdn nhat dé€ ham lap lai gid tri ca)

Dai lugng :  f=1-2 (2.4)

T 2n
dugc goi'la tin s6, don vi do 1a Hertz (Hz)
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Hinh 2.1: Qud trinh diéu hoa

Gi4 s c6 hai dai lugng diéu hoa cung tan sé géc w:
f,(t) =Fp; cos(wt +yy)

va: ~ £,(t)=F, cos(wt+ys,)
véi: F.1>0; F,,>0 la cdc bién dd

Dai lugng: ¢=(wt+y,)—(0t+y,)=y,; -y, goi la géc léch pha giita f,(t)
vai fy(t).
Néu: y, >y, (tic ¢>0):  tanéi f; nhanh (sém) pha hon f, mét géc ¢.
v, <V, (e ¢ < 0): f; cham (tré) pha hon f, mét géc 1 ¢ 1.
¢=1n (x180°: f, va f; ngugc pha nhau.
¢, =9, (p=0): f, va f, cung pha nhau.
Vi du : D& tinh géc lach pha giita hai dién 4p:
u;(t) =4 cos(2t+30°) va u,(t)= -2 sin(2t +18°)
ta phai bién ddi chiing sang cing dang cos nhu (2.1) hodc cung dang sin

nhu (2.2). Ta cé:
u, (t) = -2 sin (2t+ 18°) = 2 cos (2t + 108°)

Viy u, nhanh pha hon u; mét géc 78°, hodc u, chdm pha sau u, mét
gée 78°. | S

DGi véi dai lugng dién bién thién chu ky theo thdi gian ngoai cdc
théng s6 nhu bién do, tdn s6, chu ky v.v. trong k§ thuit di¢n ngudi ta cdn
dinh nghia khéi niém gid tri hi¢u dung.

Tri hiéu dung:

Tri hiéu dung I ciia mot dong dién i(t) bién thién tudn hoan chu ky T
bing v6i dong dién khong d6i gdy ra cing mot cong sudt tiéu tén trung
binh trén mot dién tré R. '

- Theo dinh nghia trén ta c6:
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T
%IRth: RI2 2.5) .
0

V& trdi clia (2.5) 1a cong suat tiéu thu trung binh trén dién tré R trong
mét chu ky gay bdi dong dién bién thién chu ky i(t), con v&€ phai 1a cong
suat tiéu thu trén R gy béi dong khéong déi I = const.

T (2°5) suy ra tri hiéu dung I ciia dong dién chu ky i(t) duoe tinh theo

cdng thire sau: :
17 ‘
— i2
I = '(!.1 (tydt (2.6)

Mot cdch tuong tu déi vdi dién dp u(t) (sde dién dong e(t), ngu(in dong
dién j(t)) bién thién tudn hoan chu ky T ciing dinh nghia trj hiéu dung U
(E,J) va duge tinh theo cic cong thie sau:

lT iT 1T
- | 2 . — |2 a2 . — =12
U= T(J).u (t)‘dt,AE T'o[e tdt; J TJJ (t)dt 2.7)

Trudng hop cdc dai lugng diéu hoa:

l(t) = I, cos(ot+y;)

ut) = Uy, cos (wt+y,)

e(t) = E,, cos(wt+y,)

Jjt) = Jmcos(cot+\yj)
vdi: w=—2—
T

thay vao (2.6), (2.7) ta tinh dugc quan hé giita tri hiéu dung va bién d6 cia
cac dai lugng diéu hoa:
1=ln yUn, g B j_dn (2.8)

NON V2 |
2.2 PHUONG PHAP BIEN D) PHUC

=

Cdc ddp ung dong dién, dién dp trong mach, trong trudng hgp téng
quédt 12 nghiém cia hé phuong trinh vi phan duge thanh l4p tir céc dinh
luat Kirchhoff. Viéc gidi truc tiép hé phuong trinh vi phén ciia mach dé tim
cdc ddp ung dong dp sé gip khé khian nhat la trong cdc mach phén nh4nh
phic tap 6 d6 s6 phuong trinh vi phan phdi gidi tang lén nhiéu.

D61 v6i mach dién kich thich didu hoa cung tin s6 @ & trang thdi xdc
lap, t4t ca dong dién, dién 4p trén cdc phan tu, cdc nhanh déu bién thién
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hinh sin cing tin sd o (bing vdi tdn s6 ctia nguén kich thich) va nhu vay
ching chi phan biét nhau vé bién d6 va géc pha ban dau hay néi cdch khde,
chi con déc trung béi cdp s6 bién dé pha ban dau nhu (I,y;), (U, .v,) v.v..

Nho tinh chdt nay khi phén tich mach tuyén tinh xdc lap diéu hoa, cé
thé trdnh viéc gidi tryc tié€p hé phuong trinh vi phan ciia mach bing cdch
dung phuong phdp sé phic. Theo phuong phdp nay, méi dai luong diéu hoa
$& dugc biéu dién biing mdt s8 phic (goi 1a Anh phic cta né) cé mdédun birg
bién do va argumen bing géc pha ban dau cia dai lugng diéu hoa va viéc
giai hé phuong trinh vi phan déi vdi cdc bién titc thoi diéu hoa sé duge qui
vée vige giai hé phuong trinh daj s6 tuyén tinh déi véi cdc dnh phiic cia.cdc
bién tue thoi

Trude tién ching ta nhéc lai tém tdt cdc céng thdc tinh todn va =&
phiuec.
2.2.1 S6 phic

Mbt s phic C c6 thé duge viét ¢ mot trong hai dang sau:

- Dang dai sé:

| C=a+jb (2.9)
trong d6: j = ¥~1; a,b - 1a hai s6 thuc
a goi 1a phan thuc cia C : a = ReC
b goi la phdn docia C :b=ImC

- Dang mi (dang cuc):

, C = ICle™™ =(Cl La (2.10)
trong dé: ICI - 1a médun + 4 Trye 2o
o - la argumen, don vi la radian hodc e c
dé: o = argC . o é
~180° € o £ 180° hodc: 0 < a < 360° §
C6 thé bidu thi s§ phic C trén mit phéng 5 - ';; Tri% thye
phic nhue H.2.2.2.
Hinh 2.2

Ta ¢6 cdc quan hé:
ICl=vaZ+h? (2.11)
= |C| cos a : (2.12a)
b=1Cl sin« (2.12b)
Vi du 2.1; Déi cdc s6 phuc sau tir dang dai s6 sang dang ma:
4+j3; 4-j3; -4+j3;-4-j3
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Giai. Ca bén s phife trén c6 médun nhu nhau:
ICl= V4?2 +32 =5
DPé tinh argumen c6 thé dya vao H.2.3. Déi véi s6 phic:

C=4+j3 « =tan“1§=36°87
C=4-j3: o =-—tan"1%= -36°87.
C=-4+j3 o=180°-tan" 2—:143°13 _

C=-4-j3: o =180°+tan™ %=216°87

Tom lai:
4 +)3 = 5/£36°87; -4 + 33 = 5£143°13
4-j3 =5£-36°87; -4 -j3 =5£216°87 = 5£-143°13

Hinh 2.3
Nhuvdy: C=1Cle® =a+jb=ICI (cosa + j sina)
trong d6 da dung cdng thic Euler:
el =cosa + jsinal ‘ (2.13)
S8 phiic lién hgp véi sd phitc C = a + jb = 1Cl Za duge ky hidu la c
dinh nghia béi: C'=a-jb = IClL-a
C4c s6 phuc dic biét:
j=12490°; -1=1/7180°; 1=14£0°; —j=1 £-90°
Phép cong trir hai s3 phic:
(,al +jb1) + (a2 +jb2)=(al + a2)+j(b1 ibz)
dic biét: C+C =2ReC=2avaC- C =j2ImC =j2b
Phép cong trit hai s§ phic c6 thé dugc tién hanh bing dé thi nhu
H.24, trong d6 hai s6 phic C; va C, dugc biéu dién biing hai vecto va sd
phitc C = C,; +C, s& dugc biéu dién béi vects tdng cia hai vecto trén.
Phép nhén chia hai s& phite: ‘
IClléal. |02|402=|C1|.|Czléa1+02 *
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dacbigt: C.C =I1CP=a’?+b? #=-1
IC, 1Zoy; 1Cy
1Cy 1 Loy  1Cy1

40‘1 -0y

(a; +jby).(ag +jby) =(ajay —byby) + j(a; by +azby)

a,+jby  (ag+jbg)(ag - jby) aj+bj
., 1 .
Chu y: 3=—J
+ih
glemmm e Ci 133+]4
()} ERSPEPEpEpR AU -__.._.._._::: C=C1+Cz
I
1
1
|
!
1
1
1 +1
1 >
0 7
Ap=mmmmo s Cp=4-j1
Hinh 2.4

2.2.2 Biéu dién dai lugng diéu hoa bﬁng s& phitc - bién d§ phic

Theo cong thitc Euler (2.13) ta duge:

Fmej‘“’”"” = F_, cos(wt +y) + jF,, sin(wt +y)

Nhu vay, néu dai lugng diéu hoa f(t) dugc dinh nghia ding ham cos nhu

(2.1) thi: f(t)=Re {Fmej(mt+\v)}
Con néu dung (2.2) thi: f(t) = Im {Fmej(wtw)}

Do d6 dai lugng diéu hoa f(t) nhu (2.1) (hodc
(2.2)) ¢6 thé dugc biéu dién bing s6 phic
F_el@*¥  hay néi cdch khdc c6 thé duge biéu

di&n trén mat phing phic bdi mot vecto c6 suét

+

. tryc o

Frn
ot+y tryc thyc

+1

Hinh 2.5

bing bién d§ F,, va lam vdi tryc thyc mot géc (wt+y) nhu H.2.5. Vecto

nay quay quanh géc O theo chiéu nguge véi chiéu kim déng hé véi van téc
géc o, tai thoi diém ban ddu t = 0 1am véi truc thuc mét géc bang vy . Dai

lugng diéu hoa flt) sé vb&ng phan thuc (hod#c phén &o) cia s6 phiec:

Jlot+y) _ iy Lot
Foe = F,elel
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hay s& bing hinh chiéu cia vecto quay 1én truc thue (hodc truc 4o0).

Bgi vi ta han ché& xét mach dién xdc lap diéu hoa, trong d6 tat ci cdc
dai lugng dong dién, dién 4p déu bién thién diéu hoa . o
vdi cung chung mét tdn s6 © nén céc s phirc bidu didn IR
ching déu c¢6 mét thira s chung la ™ hay néi cich F
khdc, trén miat phdng phic cde vecto bidu dién déu b, ¥
quay nguge chiéu kim déng hé véi cing mét tdc do géc
la . Do d6 ta chi cdn xét tai thoi diém t = 0 1a dq,
nghia 1a ta sé& biéu dién dai lugng diu hoa f(t) béi s6
phuc:

+1

Hinh 2.6

F.eV (la gid tri cia F_e/**Y tait = 0)

con trén mit phdng phic thi biéu didn béi vects c6 sudt bing bién dé F,
va lam vdi truc thuc mét géc bing pha ban ddu y cda f(t) nhu trén H.2.6.

86 phic: F=F el =F, 2y - goi la bién d¢ phic cha dai lugng didu
hoa: f(t)=F, cos(owt+y)
hodc: f(t)=F, sin(wt+y)

Ta c6 cong thic lién hé:

f(t) = Re{F &'} (2.14a)

hosc: f(t) = Im {F &} (2.14b)

Tém lai, khi phén tich mach dién xdc lap diéu hda, ma & d6 tat ca cdc
bién diéu hoa dong dp déu cé cing mot tin s6, chi con phan biét nhau béi

bién d¢ va géc pha ban ddu, cac bié€n diéu hoa duge biéu dién bing bién db
phic cia chiing:

it) = I, C?S(o)t+\|1i) el=I, 2y,
Sin
u(t) = U c_os(wt+\yu) aU=U_ 2y,
sin
e(t) = E, ::(a)tﬂye) = E=E_ 2y,

. COs .
jt) = Jy i (@t+y)) & J=J, 2y;

Thay vi ding bién d¢ phic, ngudi ta con biéu dién dai lugng didu hoa
béing s6 phic c6 médun bling tri hiéu dung va argumen bing géc pha ban

d4u cda dai lugng diéu hoa, goi la hiéu dung phuc th
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Fiq =F4W:£4\V=%

V2 J

Ta s8 goi chung bién dd phuc hoac hiéu dung phiic th la anh phdc caa
dai lugng diéu hoa f(t).

Sau day la mot sd tinh chat cda phép biéu dién dai lugng diéu hoa
bang anh phiec.

1- Nhan dqi lugng diéu hoa f(t) véi mét hing sé thuc k cang tuong ung
véi viéc nhan anh phiic F véi k va nguoc lai

kfit) & kF (2.15)

That vay gia st F 12 dnh phic ciia f(t), theo (2.14a) ta c6:
f(t) = Re (Fel")
- kf(t) = k Re (Fel™)
vi k 12 s6 thuc nén c6 thé viét: k f(t) = Re (k Felt )

diéu nay ching té6 kF la dnh phic cda kftt)
Vi du: 4 « = 2rad/s

fit) = 5 cos (2t + 30°) & F=5/£30°

3f(t) = 15 cos (2t + 30°) < 3F=15/30°

_3f(t)= —15cos(26+30°) e —3F =-15 £30¢
= 15 cos (2t + 210%) = 1542107
D6 thi vectd biéu dién f(t), 3f(t) va — 3f(t) nhu trén H.2.7

- 3F Hinh 2.7

2- Phép dao ham dai luong diéu hoa tuwong iing véi vigc nhan anh phitc

ctia né véi s6 phirc thudn do jw:

That vay gid st F la dnh phic ciia f(t), theo (2.14a) ta c6:

fit) = Re {F elot }

dfity  d o [ e - d ,m}
= It dtRe{Fe e dt(e )

d .
Vi: — (/)= jwe!™
1 dt(e )=)
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nén: afw Re{(jwf")e"""}
dt

Biéu thic nay ching té dnh phic cia -qg? la joF

+

Vidu: fit) = 5cos (2t + 30°) & F =5 ,30° ioF
df(t) 1200\(,, = 2rad/s
Tt— =-10sin(2t +30°) = 10 cos (2t + 120°) £
. . 30° +1
&  joF =j2F =2.£90°.5,30° = 10 £120° N, o°
dfct) nhu trén H28 v ’.:/j(e)

D6 thi vecto cia f(t) va

. 8- Phép tich phan dai lugng diéu hoa tuong iing véi vigc nhén anh phite
. 1 '
cia né véi sé6 phitc —
jo
1 .1: .
J' fit)dt & —F=—j—F (2.17)
» jo )
That vay ta c6:

J.f(t)dt = _[Rc{f«‘ej“" }dt = Re{le'jvej‘“dt} = Re{l«'“,—l-ei“"} =Re {(—I—F )ej“"}
jo jo

Biéu thic nay ching té —LF 14 4nh phic caa Jf(t)dt.
jo

Vi du:
f(t) = 5 cos (2t + 30°) < F=5,30°
5 w111 5
jf(t)dt:—-sm(2t+30 )or—F==F=2,-90°.5,30° =2 2 _60°
_ 2 jo J2 2 2

= Ecos (2t -60°)
2
D6 thi vecto cia f(t) va jf(t) dt nhy trén H.2.8

4- Phép cong (hodc tri) hai dai lugng diéu hoa (cing tdn 86) tuong ing
v6i phép cong (triv) hai anh phiie cia ching:

f(t) + f(t) © Fy £ Fy (2.18)

That vdy gid st: f,(t) < Fi; f,(t) & Fy
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theo (2.14a) ta c6: f,(t)= Re{l.?; ej“"}
fo(t) = Re{ﬁz ej“’t}
= f(t) £ fy(t)= Rc{f«‘l ei“"}: Re{ﬁ‘g ej“"} = Rc{ﬁl elot 4 }}2 e,-m}
fi(t) £ fa(t)=Re {(1.7‘1 + f‘g)ejm}

Biéu thic nay ching té f;(t) + f5(t) ¢ dnh phic 12 F"li- F.‘2 :
Vi du: £,(t) =3 cos (0t +30%) < Fy =3 £30°
£,(t) =4 cos (0t —60%) < Fy =4 £-60°

Fy+F, =3 £30°+4 £-60°= (2.6 +]1.5)+(2~]3, 46)
=4,6-j1.96=5£-23°

_ = f, (t)+f,(t) = 5eos(wt - 23°)

Trén dé thi vecto (H.2.9), vectd bidu dién f, +f, bing tong cia hai
vecto biéu dién f; va f.

Tuong tu:

F,-F, =3 £30° -4 £-60° |

=(2,6+j1,5)-(2-)3.46) = 0.6+j4,96="5 £83°1
= fl(t)wfz(t)=5cos((ot+83°1) ,

Trén dé thi vecto (H.2.9), vecto
biéu di&n f, -f, bing hiéu cia hai vecto
biéu dién f; va f;.

Tit cdc tinh chat cia phép biéu dién
ham diéu hoa bing anh phic da trinh
bay & trén ta c6 thé thdy ring: viéc giai
heé céc phuong trinh vi tich phan déi véi
céc bién dong 4p tic thdi diéu hoda, khi
phan tich mach tuyén tich xdc 14p diéu
hda, c6 thé duge dua vé viéc gidi hé cdc _
~ phuong trinh dai s6 tuyén tinh d6i v6i cée anh phic cia ching. P& minh

hoa, ta xét mach di¢n nhu H.2.10 kich thich bgi ngudn 4p:
e(t) = Ep cos(ot+'¥)
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R L : . o . - o a
W O trang thai xdc lap, i(t) cing bién thién
Ug U,

diéu hoa tén s6 w.

+ ;
G—Dem C T u Ap dung dinh luat Kirchhoff 2 ta dugc:
- UR+UL+UC Ze(t)

. . di 1.
trong do: ug =Ri; up=L—: up == [1(lt

Hinh 2.10 dt C!
do do i(t) thoa phuong trinh vi tich phan:
Ri+L£+lJ‘idt:e(t) (2.19)
dt C

Biéu dién i(t) bdi anh phic 1a bién dé phitc I

e(t) béi bién do phic E=E e =E_ W

Theo cdc tinh chat (2.15), (2.16), (2.17), (2.18) tu phuong trinh (2.19)
c6 thé suy ra I sé thoa phuong trinh dai s6 sau day:

RI + Ljol + ~ L1 =g
C jw

= (R +joL-jt1=g8
oC

E _ E,z¥

= = 1 - 1
R+jwL~-"-) R+joL-
I mC) N wC)

gia su: e(t) =10cos2tV
R=4Q; L=2H; C=05F
khi d6: E=102£0°=10V: oL=4. -L =1
oC
10 10
suy ra: I= = = 2/-36°87A
Y " 4+j3  5.36°87
do dé: ©i(t) = 2 cos(2t — 36°87) A

D& ¢6 thé b qua giai doan thanh lap hé phuong trinh vi tich phan cta
mach trude khi chuyén vé hé phuong trinh dai s6, nhim lam cho phuong
phdp phan tich mach dung sé phuc don gidn va c¢6 hiéu lyc hon, ngudi ta
dua ra cdce khdi niém tr¢ khang, dan nap ciing nhu cdc dang phuc cta hai
dinh luat Kirchhoff ma sé cho phép hé phuong trinh dai s6 d6i vé6i cde dnh
phic duge thanh lip truc tiép tir so dé mach, bd qua giai doan lap hé
phuong trinh vi tich phan.
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2.3 QUAN HE GIJA BIEN AP VA DONG DIEN TREN CAC PHAN TU R, L,
C - TRG KHANG VA DAN NAP
2.3.1 Quan hé ap - dong trén R, L, C & xac lap diéu hoa

1- Trén phdn tw dién tré R
Khi ¢6 dong diéu hda chdy qua dién tré R (H.2.11)

ig(t) = Igy cos(at+Y) (2.20)
4 Ug(t)
ilt) N
in(t)
o /A % |
_____ A —— —5 .
up(t)
Hinh 2.11 Hinh 2.12
thi trén hai dau dién trd s& xuat hién dién 4p:
UR(t):RiR(t):-R IRm COS((Dt"‘\P_) (221)
bién d6 dién dp: Ugy, = Rlpy (2.22)
Ugn 1 - Ikm

Dién dp trén hai dau dién trg va dong dién qua né cing pha vdi nhau.
ug(t) va ig(t) cung dat cyc dai va cyc ti€u hay biang khong tai cdc thoi

diém giéng nhau (H.2.12) +iA "
Goi: [jR - la bién d6 phuc ctia ug(t): ~
U,
UR = URm A\P y
I
Ir - 12 bién d6 phuc clia ig(t): - ¥ -
+
Ir =Igy <V Hinh 2.13
ta ¢6 quan hé saw: Ur =Rir ' {(2.23)
Hinh 2.13 12 d6 thi vecto biéu dién 4p va dong trén phén tit dién tré R.
i L
2. Trén phdn ti di¢n cam L S -
Néu qua phédn td dién cdm cé dong diéu hoa +oudy -
(H.2.14) : Hinh 2.14
iL(t) = ILm cos(mt + "y) (2.24)

trén né sé xuat hién dién ap:
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ug(t)= Lglg—?—)- =-w.L I, sin(ot +¥)
up(t) =.L.I, cos(ot +y + g) (2.25)
vdy bién d¢ cia dién 4p: Uy, =oLI, (2.26)
. . UL I
vé tri hiéu dung: Up =oL.I véi: Uy =W. I, = 5;

Dbién 4p u;(t) nhanh pha hon so véi dong i (t) mét géc wn/2 hay
dong chidm pha so véi ap moét géc L (lu.l5)

i(t)
Hmh 2.15: Quan hé dp - dong trén L
Bién d6 phuc cta dbng dlen i, (t):

iL = ILm‘AW

Bién d¢ phic cda dién ap :

" UL =oLI Z\u+£=mLé£ L, £ 0] *
b 2 g “tm <Y Hinh 2.16
‘ f]L = j(nL.iL =333 iL ‘ (2.27)
trong dé dat: XL =L (2.28)

goi la dién khang dién cdm hay g01 tt 12 cdm khéng. Pon vi do cha x, la
Ohm ()

Hinh 2.16 1a d6 thi vecto bidu didn ap va dong trén phan ti dién cam.

3- Trén phdn tit dign dung C i c
I JL
Khi d3t 1én hai ddu ciia phdn ti dién Rl
dung mét dién 4p didu hoa (H.2.17) N
Hinh 2.17
uc(t) = Ug,, cos(at +y) (2.29)

thi qua né sé c6 dong dién:

ic(t) = Cg—lic-iqt(ﬁ = —0.CUc, sin(wt +y)
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ict)=w.C.U¢p cos(wt+\|l+g) . (2.30)
Ta c6 quan hé giita bién do dién 4p va dong dién trén phén tir dién dung:
Icm =0.C.Ug, (2.31a)
) .
hay: U =——1 2.31b
y Cm @.C Cm (2.31b)

tuong tu vé tri hiéu dung : Ug =LCIC véi Ug =HC&; Ic =IC—m
.

V2 V2

Vé pha, dong dién i(t) nhanh pha hon so véi dién dp uc(t) mét géc
n/2, hay dién 4p cham pha so véi dong dién mdt géc n/2 (H.2.18).
: A

ic(t)

i uc(t) /—v\
i/ ' .
o]

Hinh 2.18: Quan hé dp - dong trén C

-------

&

Bién do phic cta dién 4p:
I.JC = Ucm A 4
Bién do phuc ctia dong dién:

fo =0.C.Ugy 2y+1/2=0CLn/2. Ugy £¥ =1 =j0CU; (2.32)

. 1 . . . 1 . i . .
hay: = Io; Ue=-j—=Ic=j.xcI (2.33)
ay Uc j.w.C ¢ Ug Jco.C c =J-Xc-lc
1
tr dé: =— — (2.34)
ong d6: x¢ =
goi 13 dién khang dién dung hay goi tit la dung {}*i i
kh4ng, don vi do 1a ohm (Q) ¢
W[Q +1

Hinh 2.19 1a dé thi vecto biéu dién 4p va dong
trén phén ti dién dung C. We

2.3.2 Khdi niém trd khang va dan nap

Ti s6 céia bién d¢ phic dién &p véi bién .dd
phic dong dién chay qua phén ti mach R,L hodc C Hinh 2.19
goi 1a tré khdng cia phén tir d6.

U
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Theo dinh nghia dé, tré khdng cua:

- phan ti dién trd la : Zg =y’—3—=R ' (2.35a)
I
o L
- phan tir dién cdm 1a : Zy, =—==joL=jxg (2.35b)
I,
e ain \ Ueg .1 .
- phan tu dién dung la : Lo =—>=-j—=]x¢ (2.35¢).
I'C oC

Téng quat, xét mot hai cyc (duge hiéu 1a mot phan cia mach dién lién
lac trao déi nang lugng tin hiéu véi bén ngoai théng qua hai cuc nhu H.2.21)°
khéng ngudn (bén trong khéng chida cdc ngudn dp doc lap va ngudn dong
doc lap nao) ¢ ché do xdc lap diéu hoda. Trén hai cuc c6 dong dién va dién

4p hinh sin tdn s6 w:
i(t) = I, cos(wt+¥,) vdibién dé phite I=1_ £¥,

ut)= Uy costwt+¥ ) vdi bién d6 phite U =U, £Y¥,

Ti s6: Z= H - goi 1a trd khédng cha hai cuc.

I
In R
# WV 7
Un a
. S Hai cyc
I jol + N
L. . ~ khéng
e F o 4 U nguén &
U 3 Xac lap
. G p—————  diéu hoa
_I_C_._ wC
# +1 = d
Oc
Hinh 2.20 Hinh 2.21

Nghich déo cta Z, ky hiéu la Y:
11 . L
Y == goi la dan nap cda hai cue.

Z, Y khong phu thudc vao U.I ma chi phu thugdc vao cdc thong s6 dic

trung cda phan tit nhu dién tré, dién cdm, dién dung v.v. ciing nhu cdch néi
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ghép céc phédn td. Ngoai ra trong trudng hop téng qudt tré khdng Z va din
nap Y phu thudc tdn s6 o, ching 12 cdc ham phuec clia tan sé ®.
“Tr& khdng Z c6 thé bidu dién & dang dai s6 va dang mi:
Z=R+jX=1Z1¢&" : (2.36)
phéan thuc R(w) goi 1a dién trd, con phdn do X(w) goi la dién khédng, 1Z1 la
modun trd khang, ¢ la argumen cia tré khdng.
X(w) c¢6 thé cé gid tri Am ho#c duong. .
D6i véi hai cuc thu dong (khéng chita cdc phan ti tich cue), thi ngudi
ta ching minh dugc rang dién tré R(w) ludn duong, khi d6 vi R(w) duong
con X(w) c6 thé am hoidc duong nén argumen ¢(w) cia trd khdng s& c6 gid
tri ndm trong khodng:
T
2
Quan hé gitta R(w), X(0w) v6i @(w), z(w) cho béi:

v_lzt.s(p(w)s (2.37)
1Z1I =JR% +X2; cp:tan-l%;R: 1Zl cos ¢; X =1Zl sin ¢ (2.38)

va duge minh hoa trén dé thi béi mét tam gidc vuéng nhu H.2.22a,b goi 1a
tam gidc trgd khdng.

R
J
a)op>0X>0 b)o <0 X<0 D X
Hinh 2.22: Tam gidc tré khdng
‘U U 2¥, U
Ta c¢6: |17l =— ==t =R Y -¥
e i ¥ In vt

do d¢6 tu (2.36) ta suy ra :

| {Z1 =H‘1=H (2.39)

. ) Im I ’
va: : o =¥,-¥; ' (2.40)

Vay médun 1Z1 cia trd khdng biing ti s6 giita bién do cda dién dp véi
bién do ciia dong dién, hoic bing ti s6 gita tri hiéu dung cda dién dp véi
tri hiéu dung cda dong dién; cdn argumen @ ciia tré khdng bing géc léch
pha giita dién 4p vdi dong dién. Trudng hop:

. X >0; ¢ >0, dién dp nhanh pha hon dong dién: hai cuc dugc néi cé
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tinh chat cdm (cdm tinh).

. X <0; ¢ <0, dién dp chdm pha sau dong dién: hai cuc duge néi c6

tinh chat dung (dung tinh).

. X =0; ¢ =0, dién dp cang pha véi dong dién: hai cuc cé tinh chat

thuin tré.

. R=0; p=%n/2, dién dp va dong dién vudng pha vdi nhau: hai cuc

c6 tén 1a hai cuc thudn khang, d6 1a hai cyc khong ton hao.

Don vi do ctia Z, tZ1, X, R 1a ohm (Q).

Déan nap Y ¢6 thé bidu dién & dang dai s va dang mi
Y=G+jB= 1Yl &®

Y] 1a médun din nap, o la argumen cda dan nap

Phéan thuc G(o) duge goi 1a dién dan

Phan 40 B (o) dugc goi 1a dién nap

vi: Y = l = Le"""
z |7
nén suy ra: 1Y 1. o=—Q
|Z|
' 1 1 R -X
at khac: Y = = = -
a Z R+X  RAX? ORI X
R R R -X
nén suy ra: G = —5——5 va =
R°+X RZ +X2
' 1 1 G . -B
tu Z=—= =
Y G+iB G2+B’ 'G2+B?
_ G -B
ciing suy ra dugc: R=———— v X=—"~
g suy 0 G2 D7 D

Vay G cung d4u véi R, B nguge ddu véi X.
Gitia G, B vdi 1Y, cing c6 cac quan hé:

1Y = VG?+B?, o = tan!

G =1Ylcos o, B= |Ylsin «

Q|

(2.41)

(2.42)

(2.43)

(2.44)

(2.45)

Céc thanh phén clta din’ nap tao thanh tam gidc din nap (H.2.23)

Trong trudng hop:
.B>0; o >0 :haicuyc c¢6 dung tinh
. B<0; a <0 :haicuccéciam tinh
.B=0; « =0 :haicuc cé tinh chit thuin tré.
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.G=0; a= ig : hai cuc thuin khéng.

Pon vi dociia Y, 1Y!, G, B 1a Siemen (S), hosic mho (T, Q1).

o G
iYl B
Hinh 2.23: Tam gidc dén nap Hinh 2.24: Ky hiéu cia trg khdng

Tém lai, mét hai cuc khong nguén & ché dé x4c 1ap diéu hoa, néu chi
quan tdm d&n quan hé dong 4p 6 trén hai cuc ddu ao, thi c6 thé duge dic
trung bdi tré khang hodc din.nap cia né, va thuong duge ky hiéu nhu
H.2.24. '

Vi du 2.2: Hay x4c dinh tré khdng Z, din nap Y cbda mach rLC néi tiép
(H.2.25) va xac dinh R (0), X(0),{Z (0)], ¢(0), Glo), B(0),lY (o)!.

Giai. Pinh luat K2 cho: _ i L
ur'"h}+uL(t)+uC(t) = u(t) + +u - *u -,
' ' +
Tiu tinh chat (2.18) suy ra phuong trinh u(t) Uo=C
déi véi cédc bién dg phic: - :
U,+Up+Ug = U Hinh 2.25: Nhinh rLC
. Suy ra tré khéng cée nhanh rLC néi tiép  ndi tiép J xdc ldp diéu hoa
la: o ,
Z = y-mg’—+[—}£‘+—qg = 7.+ 72 +Z¢
I 1 1 1
Z joL -] L \— r+'((oL———1~)
=2 = r+job-j—g =T+] e
‘ 1
Nhu vay: R (w) = r = const; X(w)=oL - <
N \ . 2 1
moédun tré¢ khang: |Z(w)| = ,r +(mL—;)E)
1 oL-1/0C
argumen: . o(w) = tan - ———
. 1
r-jl oL~-—
| ; [o1-20)
Dan nap: Y= 1_ = @

. 1 2
z ”J(‘”L“zo'éj r +(mL—;1~C—)
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Vay: Y = G() + jB () = y(w) %
voi:
1 r - mL_uTlC
Y (w)l :IZ(u))Iz — G(w)sz(w)=r2+(mL___l.)2
\/rz +(o)L——0—06) oC oC

D6 thi bidu dién su thay déi
cia R, X, 1YIl, 1ZI| theo tdn s6
duoc cho trén H.2.26.

Ta rit ra cdc nhdn xét:

O tan sé: ;

w=w, = thi X = 0 /

1
° JLC _ ,

B =0; 9=0; Z va Y chi ¢6 phdan o

thuec, dong i(t) va 4p u(t) cung pha
v6i nhau, hai cuc ¢6 tinh thuin tré.
Khi d6 ta néi mach ¢ trang thai
cong huéng va tdn s§ o, goi la tan

X(o)
Hinh 2.26: D6 thi biéu dién su thay
déi ciia R, X.lvlzltheo tdn s6 w.

s6 cong hudng cia mach (hién
tuong cdng hudng nay goi la coéng
huéng néi ti€p va sé duge xét chi
tiét trong muc 2.8.2).
. o<, thi X < 0; B >0; ¢<0: ta néi hai cuc ¢é dung tinh.
. 0>n, thi X>0; B<0; ¢ >0: hai cuc ¢6 cdm tinh.

Vi du 2.3: Tim dan nap Y, tré khdng Z cia mach gém r, L., C méic song song

(H.2.27). p )
e + . I I
Gidi. Dinh luat K1 cho: I=I+I +I¢ I h' hL e
x . S
Suy ra dan nap cua hai cuc: U r éij - 156
Y = —I— = I_.r_+£.£+£g_ = —Zl—_+zi+zi, -
L
v v uvu - ‘ Hinh 2.27
1 1 . . 1
=Y ==+ — + joC = g+jj oC-—
r joL oL
Véi, g=l
r

Vay: Y=G+jB=1Yl1e",
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véi: G(w) = g=const ; B((o)=<z>C—i
oL
1 O)C—-—}—-
[ Y{w)| = \/g2+(wC——)2 ; a(m)=tan"1——ﬂL—
oL : g
. 1
oo 1)
trd khdng: Z=l= 1 = oL
oo ) oo 1)
L g*(“’c‘;,;ﬁ)
Vay: Z=R+jX=1Z1e&"
v6i: R(o)= . ; X-= b/
2 1 2 1
oL (o~ )
g +(u) a)L) g+l 0O (x)L
' 1
oC- "=
| Z(w)] = 1 1 ; (p(o))=—a(o))=—tan‘1—~——@

Y ()| z g
\[g2+[mC— 1 )
oL

D6 thi cha 1Y(0)l; 1Z(w)l; G(o); B(w) theo thd tu c6 dang giéng vdi db
thi cia 1Z(w)1;1Y(w)!; R(w); X(w) ¢ mach rLC néi ti€p & vi du trudc (xem

lai H.2.26). Ta ciing c6 mét s6 nhan xét & tan sé:

0=, = thi B=0; X =0; ¢ =0;ZvaY chi c6 phan thuc, i(t)

1
JL-C
va u(t) cung pha, mach c6 tinh thuan trd: ta néi mach ¢ trang thdi cong
huéng va tdn s6 o, goi 1a tdn sé cong hudng (hién tugng céng hudng nay

goi 12 ¢cong hudng song song va sé dugc xét ky ¢ muc 2.8.3).
- o<w, thiB<0;X>0; ¢>0 : hai cyc cé cam tinh.

. o>, thi B>0; X <0; ¢ <0 : hai cuc cé dung tinh.

2.4 CAC DINH LUAT OHM, KIRCHHOFF DANG PHUC

1- Gilta anh phic cia dién 4p va dong dién cia mét hai cyc khéng
ngudn ta c6 quan hé:

U=Z1, hose: 1=YU (2.46)
Céc trudng hgp riéng véi:
- Hai cuc 12 phén ti dién tré R:  Zz =R=>U=RI (2.47a)

- Phén ti dién cam L : 7, =joL= U= joLl (2.47b)
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- Phén tir dién dung C : Zo=-j=s= U =—jmi (2.47¢)

Cdc bidu thic (2.46), (2.47a, b, ¢) c6 thé duge xem la su mé rong cla
dinh luat Ohm trong mién phue: ta goi ching 12 dinh ludt Ohm dang phuc.

2- Tu hai dinh luat Kirchhoff 1 va 2 déi véi céc dai lugng dién 4p, dong
dién tic thdi (xem muc 1.6), néu 4p dung tinh chat (2.18) ta suy ra duge hai
dinh luat Kirchhoff déi véi cdc &nh phic dién 4p, dong di¢n nhu sau:

Pinh luit Kirchhoff 1 dang phdc dugc phdt biéu duéi dang:

Téng dai s6 cdc dnh phic ciia cde dong dién vao hodc ra mot nut hodc
mét mdt kin bdt ky thi bang khong.

+I, =0 (2.48)

» )
nit (matkin)

Da4u + hodc — trong (2.48) duge xde dinh theo cach déi véi (1.51) ¢ muc
1.6.1 chuong 1.

Hoic c¢6 thé phdt biéu ¢ dang khdc: Téng cdc dnh phic cia cdc dong
dién di vao mét nit (mdt kin) bdt ky thi bang téng cdc dnh phiic cdc dong

dién di ra khdi nit (mgt kin) do. .
i =31, (2.49)
vaonit rg nit >

(mat kin) matkin)
Pinh luit Kirchhoff 2 dang phuc duge phdt biéu nhu sau:
Téng dai s6 cdc dnh phuc cia cdc dién dp trén cdc phdn ti doc theo
tdt cd cdc nhdnh trong mot vong bdt ky thi bing khéng.

Y 10, =0 (2.50)
vong '

D4du * trong (2.50) dugc x4c dinh theo cach déi véi (1.54) & chuong 1.

Ho#c & dang tuong duong: Téng dai sé cdc dnh phuc suc dién dong
trong moét vong bdng téng dai s6 cdc dnh phic cia cdc sut dp trén cdc phdn
tu khdc.

Y tUp =Y +E, | (2.51a)

vong vong

D4u +, — trong (2.51a) duge chon theo cdch dé6i véi (1.57) ¢ chuong 1.

Tit dinh luat Ohm dang phiic (2.46) ta suy ra c6 thé viét cdc phuong
trinh K2 dang phiec theo cdc bién dong dién nhdnh & dang sau:
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SYiz,0=) * E, (2.51b)
vong vong
trong d6: dong ik nao c6 chidu duong cung chiéu véi chiéu cda vong thi
" trude né sé mang ddu +, ngugc lai s& mang dau —
Céan nhic lai ring, d6i v6i mach c6 d nit, n nhdnh ta viét duge (n-
d+1) phuong trinh déc lap theo dinh luat K2 va (d-1) phuong trinh doc lap
theo dinh luat K1.

D& tién loi cho viéc phan tich mach, ngudi ta thudng phic héa so dé
mach dién. Theo d6 trén so d6 mach dién sé ghi cdc bién dnh phic vi du
phu U, L E,J v.v. (thay vi ghi u(t), i(t), e(t), j(t)), va bén canh cdc phén ti
nhu phén t& dién trd, phan ti dién cam, phan ti dién dung ta ghi kém gid
tri cdc tré khdng clia ching nhu R, joL, - j—(;lé. Tg goi d6 12 so d6 phuc cda

mach dién.

Sau day ta xét vai vi du vé phéan tich mach dién xdc ldp hinh sin.
Vi du 2.4: o} mach H.2.28 tim dong dién trong cdc nhéanh i(t), i;(t), iy(t) va
dién 4p trén cdc phdn tif ug,(t), uga(t), ug(t), uc(t) & xdc lap.

M 10 a | _i.m _a
0L h1 fl
R2
Q @ m 30
b

Hinh 2.28 Hinh 2.29. So dé phic
Gii. Tén s6 géc cia nguén: ® = 3rad/s

Bién d¢ phuc cia sic dién dong Scos3t la: 5£0°V
Tré khéng ciia cdc phén ti:

-dien tré 1Q 12 1Q

-dién tr6 3Q 12 3Q

- dién cadm 1Hla joL=j3 x 1=j3 Q

- dign dung 3 lpia —-j:o% =_jgi_l= -3 Q

9

S¢ dé phuc duge vé trén H.2.29, trén 46 1, il, i2, ﬁm’ fJRz ,IjL, Ug 1a
cdc bién 4 phuc.
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Viét dinh luat K1 cho nit a ta duoce :
i —il‘iz = 0

Viét dinh luat K2 cho m4t lugi (I) va (II) ta duge hai phuong trinh:

I.JR1+[.JR2+[.JL =5 = 1i+3il+j3il =5
—i]R2_fJL+[.JC =0 = —3i1—j3i1—j3i2 =0
Tit (1) = h=i-g
Thay (4) vao (3) ta duge:
i+l =0; =1, =-jii
Thay (5) vao (2) ta duge:

4-iyi=5= f=—2 -S4+

4__j3_ 42‘_"32

=0,8+j0,6=1£_36°87 A

(5) =1, =-j1(0,8+0,6)=0,6-j0,8=1£—53°13 A

4)  =I,=(0,8+j0,6)-(0,6-j0.8)=0,2+j1,4 =2 £81°87 A

Suy ra: Ug, =11=1£36°87V; Upg, =3I, =3,-53°13V
U, =j31, =3436°87 V; Ug=-j31,=3V2 £-813V

Chuyén sang gid tri tic thoi ta duge:

L3

(1)

(2)
(3)
4)

(5)

i(t) = cos (3t + 36°87) A
1 (t) = cos (3t - 53°13) A;
ip(t) = 2cos (3t + 81°87) A
ug(t) = cos (3t + 36°87) V;
" uge(t) = 3cos(3t-53°13)V
up(t) = 3cos (3t + 36°87)V,
uct) = 3 V2 cos (3t-8°13)V
Vi du 2.5: Tim dong dién trong cdc nhdnhi,(t), ig(t) & xdc l4p déi v6i mach
dién H.2.30
i I
aliz 41 1 , aliz ﬁ;i) =
+ =F ‘ ’
C’) 3sin4t Uy :E4Q 8 du Ct) o . +‘:4Q
A 1 2 " i& it A
b b

Hinh 2.30 - Hinh 2.31
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Giai:
Tan s6 géc o = 4 rad/s
3sind4t A & bién do phic 3 Z0°A

= trd khang cia % Fla -j— =—j20

4><l
‘ 8
So d6 phuc cho trén H.2.31
Viét dinh luat K1 cho niit a: i1+i2 =3 (1)
Viét dinh luat K2 cho mét lusi (I): —j2i,+%fjg—4i2 =0 2)
Thay f]R = 4i2' vao (2) ta duge : i'1+i2 =0 (3)
(1)~ (3) = (1-j)1, =3
s 3 3£0° 3
_—_>I = = = ——-4450A
YU1-) J2z-450 V2
- ' . 3 _ 3-j3-3

Do 46 tir (1) =1, =3-1; = 3—1_j = -]

i3 3£-90° _: 3 \

= = =1, =—= Z-45 A
1-] J2z-45° ° 2
3
Suy ra: i;(t)=—= sin (4t + 45°) A
y 1(t) \/—2_
3 . .
va: i,(t)=—= sin(4t — 45°) A
> 2 _

Tuong tu nhu § muc 1.7 chuong 1, c6 thé dung cdc phép bién déi tuong
duong déi véi so dd phl’ic ciia mach dién dé€ gidm bét s6 nit, vong, nhdanh
lam cho so d6 phdc don gidn hon, do d6 gidm di s6 phuong trinh dai s6

phtc phai giai.

Sau day la mét s6 phép bién ddi tuong duong thong dung, cdch ching
minh ching ciing hoan toan tuong tu véi cdch ching minh cac phép bién
déi tuong dwong & muc 1.7. Tuy nhién, & day ta ding dinh ludt Ohm dang
phic U=2i va hai dinh luat Kirchhoff dang phitc (thay vi 1a dinh luat
Ohm dang u = Ri va hai dinh luat Kirchhoff dang tic thai).

1- C4c ngudn sic dién dong mic néi tiép sé tuong duong véi mot nguén
sttc dién dong c6 4nh phirc bing téng dai s6 cdc dnh phic sic dién dong dé:
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E = Z + By (2.52)

2- Céc ngudn dong mic song song sé tuong duong véi mét nguén dong
c6 anh phiic bing téng dai s§ cdc dnh phic cdc ngudn dong dé:

J =Zijk (2.53)

3- N&i néi ti€p cdc hai cuc thu déng cé thé duge thay thé bing mot hai
cuc tuong duong cé tréd khdang bing tdng cdc tré khdng cia cdc hai cuc

thanh phén: Z= Z Zy, (2.54a)
i Z, Z, Z, Z, i Uao
a1 .- - b = ar= [ —tb
Co st h o T

Hinh 2.32: Né6i néi tiép cde hai cyc

That vay ta c6: Uap = iUk =zn:Zk i =[izk)i =
k=1

k=1 k=1

n
b
? ::ZE:Zk
I k=t
Do d6 ta suy ra (2.54a)
Dién 4p trén hai cuc thi k :

Zkljab

S (2.54b)
2, +2y+..+Z,

Uk =Zki=

4- N&i song song cdc hai cuc thu doéng c¢6 thé dugc thay thé bing mot
hai cuc tuong duong c6 din nap bing téng cdc dan nap thanh phén:

Y=>Y, (2.55a)

—————— ‘I;-_-- l I
Yy Y, D
Hinh 2.33: N6i song song cdc hai cuc
That vay ti H.2.33 ta cé:

k=1
Do d6 ta suy ra dugc (2.55a)
Dong dién qua hai cuc thi k la:
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. . Y, 1
=Y, Us —k> 2.
§ Y, +Y, +..+Y, (2.55D)
Trudng hop don gidn chi ¢6 hai hai cuc m4c song song thi:
Y=Y,+Y, haysuyra: Z= nZy (2.55¢)
Z,+Z,
il - Yl i - ZZ i
Y, +Y.
Dong dién: 1+Yy D+l (2.55d)
- Y, 21
Y, +Yy Z,+Z,
B i
af I a p—==
+ 7 + } yu
O E = | z J
bk b s
a) b)
Hinh 2.34 Hinh 2.35

5- Hai cuc tich cyc gém mét phén tu sic dién dong E mic ndi ti€p véi
tré khang Z c6 thé duge thay tuong duong bdi mét hai cyc tich cuc gbébm méot

phéan tif nguon dong J méc song song véi tré khdng Z va nguoc lai. Trong
d6 quan hé gida E va J la:
E=2J (2.56a)

hoic: J=YE | (2.56b)

Hinh 2.36
That vay, trong ci hai so dd H.2.35 ta déu c6 quan hé:

U=-Zi + E hoac f=-YU+J
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6- Ba phan tu hai cyc thu déng mic hinh sao (Y) c6 thé dugc thay
tuong duong béi ba phan tit hai cye thu dong méic tam gide (A) va nguoc lai.
Ching minh tuong tu nhu ¢ muc 1.7 chuong 1 ta duge:

ZSIZ12 . ZZSZBI Z12223

= 0 o= Dy =——12023 (2.57)
! Zyy+2Zy3+ 25, 2 Zyy+Zg3 + 275 2 Zyg+Zog+23
1 43 _ 2

Vi du 2.6: Xét mach dién H.2.37a dugc kich thich bsi nguén 4p:
e(t)=E, cos(2t+y), lam viéc & xdc lap diéu hoa véi tdn s§ w=2rad/s
1- Tim tr¢ khdng tuong duong Z, va din nap tugng duong Y,4 cua
mach hai cuc bén phai A va B.
2- Tim i(t) va ij(t) néu:  e(t)=5cos(2t+30°) V.
3- Tim e(t) dé cho: 1(t)=3cos(2t +45%) A .
Giai. Tan s6 géc: o = 2rad/s; e(t) = E,, cos(2t+y)

1H- j2x1=j2Q; 2H- j4 Q; 3H—- j6 Q

Sc¢ d6 phic nhy trén H.2.37b

_-I- -j20

Hinh 2.37

1- Tr¢ khdng Z, cda dién tré 1Q mic song song vdi dién dung -}F la:

7 = 1(=)2) _ -32(1+j2) 4-32
1= T = =

o
1-j2 5 5

Tré khdng Z, cia nhénh gém 2Q, 3H va -}IF méc néi tidp la:
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Z,=2+36+(-j2)=2+)4Q
Tré khdng Z; clia nhdnh gida C va D la Z; =4+j2Q

Tré khdng Z, cia 2H mic song song %F la:

_HED) L ug

YT 452

Két qua ta c6 mach H.2.37¢

Hinh 2.37
Z, va Z, ndi tiép nén tuong duong véi tré khang
Ty =Zg+Zy =4+j2-j4=4-}2Q
Trén H.2.37d, hai tré khdng Z, va Z; mic song song tuong dudng

vdi trd khdng: v
Zy-Zyy  (2+4)4-)2) _16+j12 _8+j6 _(8+j6)3-j1)

- = = = =3+jlQ
2 Za, (2+i4)+(4-j2) 6+j2  3+]l 10 ]
Do d6 tir H.2.37e suy ra:
Ty = Zy +Zngs =§—j§+3+j1 =3,8+j0,6Q =3,84748°97Q (1)
va: Y, =— 1 _0,26/-8°970=0,257j0,040 2)

Zoy  3,847/8°97

T (1) va (2) ta thay & tdn s& =2 rad/s, mang hai cuc (phan bén trdi
A va B) ctia H.2.37a ¢6 th€ xem nhu tuong duong v6i dién tré 3,8Q ndi tiép’
v6i phén t& dién cadm c6 tré khdng jO,6 Q nhu H.2.37f, hodc c6 thé xem
nhu tuong duong véi phan td tré cé dién din 0,257(0) mic song song véi
phén ti cdm ¢6 ddn nap —j0,04(0) nhu H.2.37g.

Hinh 2.37
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2- e(t) =5cqs(2t+30°) c6 bién d6 phic E=5,30° V

Suy ra:
E 5/30°
=Y, B=ot=—222" __13,21°03A
W7 Zy  3.847.8°97
ot =008 _Zaal_ Zul 90, o30g7a (3)
Zy 2y Zy+Zg, .
Vay: . ity = 1,3cos(2t + 21°03) A

i1 (t) = 0,92cos(2t — 23°97) A
3- i;(t) =3cos(2t +45°) A ¢6 bién dé phuc la: ij =3.,45° A

T (3) suy ra: i=§§@‘h =4.24./90° A

34
do dé: E=Z, 1=3,847,8°97 -4,24./90° = 16,34£98°97 V
vay: e(t)=16,3cos(2t +98°97) V

Vi du 2.7: Tim dién 4p ra U, & mach dién H.2.38a

noon 100 1000
Ji
+ 10002
14—( 5003 201} > 10008 600 Uo 14° Q 500 son Un
-V 20001
Hinh 2.38 b)

Giai
Vi&t dinh luat K2 cho vong bén trai suy ra:
1£0° 1

Ip = =
®=10+50 60

Bién d6i ngudén dong 201, mic song song véi 100 Q thanh ngudn 4p
ZOOOib méc néi ti€p véi 100 Q ta duge H.2.38b. Tir dinh luat K2 suy ra:

20001},

=—=b__ 1
100+ 60~ ;100 (1)

Cing c6 thé suy ra ngay (1) dung céng thice (2.55d) cho H.2.38a ma
khéng can bién d8i thanh H.2.38b.
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Tu (1)  =Uo=-60l,=10,6£-148 V
Vi du 2.8: Xét mach dién H.2.39. Tan s6 lam viéc 1a f = 60Hz

a) X4c dinh gid tri C d€ dong i(t) va 4p u(t) cung pha véi nhau.

b) Biéu dién din nap Y cia mach (nhin tir hai cyc A va B) bing mot
vecto xudt phét tir géc O trén m#t phang phite. Chung té khi gid tri C thay

d6i tir O dén oo thi ddu miit cda vecto biéu dién A+ . ’ I
+1 i, L.

Y sé vach nén mét nita vong tron (goi la d6 thi

200 < - 10Q
vong cua Y). U
¢) Xdc dinh gid tri C d& i(t) c6 bién d§ cuc j37,7Q i
tidu Ung véi dién 4p vao cé bién d9 khong déi. B8,
X . i Hinh 2.39
Giai. a) Din nap vao cia mach: Y=—=Y;+Y,
U
trong 46: Y, ='——1,———=0,0234A-62°1 =0,011-30,02070 (2)
20+3j37,7 ’
1 10-j
Y, == 3)
10+jxc  100+x¢
vdi: Xc = 1 = ————1— = —-—i— ‘ 4)

ivav cung pha khi:

00+ x%

ImY=0 =ImY,=-ImY, :>1—"—"—C-—=0,0207 =%, =-46,142Q  (5a)
hosc Xc =-2,167Q (5b)
Tit (4) = C = 47,59uF, hosic: C = 1224 uF

Tai hai gid tri nay cia C, Y chi ¢6 phan thyc va mach duge néi la &
trang th4i cong hudng. '
b) Ta ¢6 Y; =0,011-j0,02070, do d6 Y, dugc biéu dién bang mot vectd

nhu trén H.2.40a.

Y2 — .1.__0-':ix—c- = GZ + JBz =>G'2 =“‘_1'9'—?‘>O (Ga\'
100+x% 100+ x¢
B, = _"_X_C_T >0 . (6b)
7 100+x2
ti (6a)‘va (6b) suy ra:
G§+B§=-_1___2.=§2- = (G, -0,05)% + B2 =(0,05)* (7)
100+x3 10
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1
I =

Y\ I C= (\)\
a)  .j0,0207}- N b) >

0.05 01 G2
. Hinh 2.40 ‘
T (7) véichiy G,>0; B, >0 suy ra khi C tang tir 0 d6n -, ddu miit
vects biéu dién Y, s& vach nén nia vdong tron tam (0,05; 0) ban kinh 0,05
nhu trén H.2.40b.

iB
C téng
Y
0 2 " Y2
. . G
' ) .
I” v 2 Y2 ‘I
) [}
-j0,0207} - - YT R ;
Yy 0.1 ]

Hinh 2.41: D6 thi vong cia Y
Vi: Y=Y,+Y,, nén vecto biéu dién Y bing téng hinh hoc cda hai
vecto biéu dién Y; va Y,, do dé két hop H.2.40a,b ta dugc dé thj H.2.41,

d6 thi vong cda Y 1a nia vdng tron tam (0,061; - 0,0207) ban kinh 0,05.
Trén H.2.41, hai gid tri cia C d& i(t) va u(t) cing pha la 47,59uF va
1224 uF tuong dng véi hai gid tri Y, va Y, cia Y,, ddu mit céa hai

vectd bidu dién Y, va Y," la giao di€m cda dé thi vong véi truc thuc G.
c) Tir d6 thi vong ciia Y ta th4y Y s& ¢6 modun cuc tiéu (do d6 bién dd

ciia I ciing eye tidu) khi vecto bidu dién Y vudng géc véi do thi vong, nghia
la khi vecto Y niim trén dudng thing néi géc O véi tam O cia dd thi vong
(nhu H.2.42). T H.2.42, ta c6:

10,0207
0,011+0,05

Im Y, =0,05 sin 18,7°=0,0161
Re Y, =0,05-0,05 cos18,7° = 0,00265

o = tan =18,7°
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Vay , Y, =0,00265+ j0,0161=0,0163 £80°6
= Z2=§1—=61,35 £-80°6=10-3;60,53
2
1
Do d6: - 60,63 = x, =———— = C=43,8uF
¢ 377C "
iB // dd thi vong
[e) /L G
/
Y : 0
>~ '05
/ ! \\\ (é,,
Y, ’I \Ez ) \f/ﬂh)
i =~
40207 b N D LY PN
0,041 ‘ 0,05 ‘!

Hinh 2.42

2.5 b0 THI VECTO

Cdc dinh luat Kirchhoff dang phic duge thanh ldp & muc trén la co sé
dé€ di dén khéi niém vé dé thi vecto. C6 thé néi, dé thi vects l1a biu dién
hinh hoc cda quan hé giita cdc bién d§ phic (hodc hiéu dung phic) dong va
dp trong mach dién theo cdc dinh luat Kirchhoff. Gid s&, do dinh luat K1,
ta c6 bién do phic mot dong dién biing téng cac bién do phuc dong nao dé
thi trén d4 thi vecto, vecto biéu dién dong nay sé bing téng hinh hoc cdc
vecto bidu dién cdc dong thanh phan. Tuong tu trén d6 thi vectd, vecto biéu
dién mét dién 4p (c6 bién do phitc biing téng cdc bién do phuc dién dpaao
d6 do hau qua cta dinh luat K2) s& bing téng hinh hoc cdc vecto biéu dién
cdc dién 4p thanh phan. : :
Vi du 1: Hinh 2.43 1a d6 thi vecto dong va 4p ciia mach r, L, C néi tiép
(H.2.25) trong ba trudng hop:

- Mach c¢6 tinh chat cdm

- Mach ¢6 tinh ch4t dung

- Mach c¢6 tinh ch4t thuin trd.
Chon géc pha ban d4u cia i bing 0. Vecto I biéu dién 1 c6 sust bing
o
Im va géc (truc thue, 1) bing 0.
-

. fJR =ri = Uy cung pha véi I va c6 bién do rl,; vecto Up bidu

dién UR c6 suét bing rl, va géc (?,ﬁn )=0. ..
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. U =joLI = U, nhanh pha hon I géc 90° va c6 bién d6 oLl_;

- . . i - - . .
vecto Up biéu didn Uy c6 sudt biing wLI, va géc ( I,UL) bang 90°.

. . . . . 1
+ Uc =—j—1—I = Uc chém pha sau I géc 90° va c6 bién d§ —=-; vecto
oC oC

- L o I
iéu dién U, c6 sudt bing —2
Ugbiéu dién Ug ¢6 sua g C

Theo dinh luat K2 : U=Ur+Ur+Uc

- - .
va géc (I, Uc ) bang -90°.

- -

- -
= vectd U bing téng hinh hoc ciia ba vecto Uy ,UL,Uc .

U, Oc U
AN
U
. @ +1
- . truc thyc
i U e
Ue

a) >0 (cdm tinh)

0

U

b) ¢<O(dung tinh)

L:' ° ) U .
' U \ - U fTYL
b I Ugr +1 o U= l:JR +1
P . .
s Uc I
U

¢) ¢ =0 (thudn tré)

Hinh 2.43: D6 thi vecto cia mach r, L, C mdc néi tiép

Hinh 2.43a ing véi khi: 1UL1 > 1Uc|

tuc:

1
0> W, ==

Nirek

Hinh 2.43b ung véi: 1UL1 < Uc

w<w, =

8-
Q

Hinh 2.43¢ ing v6i: 1ULI = | Uc|

tuc: 0=

3]

&l
Q

- >
o=(I1,U0)>0, cdm tinh.

¢= (Y,ﬁ) <0, dung tinh.

- o
¢=(1,U)=0, thudn tré.

Vi du 2: Hinh 2.44 1a d6 thi vects dong va ép cda mach r, L, C mic song

song (H.2.27). Chon géc pha ban d4u cia U bing 0.

ir =% = Ir cing pha v6i U va cé bién dd Un (U, 1a bién d$ cua U).
r

iv =,—Ui- =1L chiam pha sau U mot géc 90° va cé bién 4% U—I":

Jw

.
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ic= joC U= Ic nhanh pha hdn U mét géc 90° va cé bién d¢ wCU,

Theo dinh luat K1 : i=ir+iL+Ic = vecto bidu didn I bling téng cda ba

vectd bidu dién ir.in, ic.

i Ig
) : ©
i X - 1 =
° l ic : +1
In +1 '3 Ig 1 p I=l
0T —
0 p 0 .
0 u u
I L I F 2 ie| i,
. 1. i
ic| {1, -

i,

a) ¢ > 0 (cdm tinh) b) ¢ < 0 (dung tinh) ¢} ¢ = 0 (thudn tré)

* Hinh 2.44: D6 thi vecto cia mgch r, L, C mdc song song
Hinh 2.44a \ing véi: 11 >Iic ]

g
& W< ®, =—==": mach c6 tinh chit cdm ¢=(1,U)>0.

A

ﬁy
Q

G H.2.44b: 1L 1< 11c1

0>, =J_—IIJE-: mach c6 tinh chat dung ¢=(I1,U)<0.
. . - .
Khi: w=w°=7L_1—C_ thi: IILl=1Ig;e=(1.U)=0: mach c6 tinh chat

thudn tré (H.2.44c).
Vi du 3: Xét mach dién H.2.28 va H.2.29
6 vi du 2.4, chung ta da tinh dugc:

I =1£-53°13A; I2=J2481°87A .
I=1,+i,=1436°87 A

Ure =32-53°13V; UL =3£36°87 V

I:Tc =I:Igz +UL =32 £—8°13 Vv

Uri=1236°87V; E=Um+Uc=52£0°V.
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Vi du 4: Xét mach dién nhu H.2.46: do duge: 1 = 2A; Uz = 100V,
Uab = 173V; Upe = 100V (hiéu dung). Vé db thi vecto biéu dién i(t), ugc(t),
uap(t) va upc(t). Suy ra gid tri R va xj, cda cudn day.

a I—MN——‘L W lMXL ——b l?Jac ‘\m )
cudn day 0 WA\ H
l:im: -iXe == . ' i
. KR/ Ua
C;‘- - ch
Hinh 2.46 Hinh 2.47

Gidi. Trong bai nay ta s& dung hiéu dung phic. Chon pha ban ddu cda i(t)
bing 0. Biét hiéu dung I = 2A ta vé dugc vectd biéu didn I trén dé thi
(H.2.47). Dién 4p upc(t) trén dién dung cé hiéu dung Up, = 100V, cham pha
so v6i dong i(t) mét géc 90°. Theo dinh luat K2: Use = Uap+ Ube
nén céc vecto biéu dién ching tao thanh mot tam gidc c6 ba ganh la:

Upe = 100V; Uyp = 173V; Uy = 100V
dung compa ta vé dugc _céc vecto biéu dién Uac va fJab nhu hinh vé. Chid y
ring géc ¢= (Y,l_)lab ) phai théa 1¢1<90°. Ta cé:

Ugc - Ugc - U2

cosa= “20, Un 2 0,865 = 0 =30° = ¢=60° = U, =173,60° V

Uab _ 173.£60°
i 2.£0°

Suyra:R =43,25 Q va x, =75Q.

Do d6: R+jXp =

=86,5260°=43,25+ j75Q

2.6 CONG SUAT

~ 2.6.1 Coéng sudt tic dung va cong suit phan khing

i(t)y - it

[ S —
+ Hai cyc + Hai cyc
u(t) xac lap u(t) x4c lap
- : diéu hoa - » didu hoa
e | - [ S —

a) ’ b)

Hinh 2.48

Xét mang hai cyc H.2.48. Dong dién va dién 4p & hai cuc la:
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i(t) = I, cos(wt+¥;); u(t) = U, cos(wt+'¥,,)
Coéng suit tic thoi:
p(t) = u(t) i(t) =U I cos(wt+¥,)cos(t+¥;) (2.59)

néu chiéu duong dong va dp duge chon nhu H.2.48a thi p(t) 1a céng suit tic
thoi thu béi hai cuc, con vé6i chiéu duong dong va 4p nhu H.2.48b thi p(t) 1a
cong suat tuc thdi ma hai cuc cung cdp cho mach ngoai.

Biéu thirc (2.59) c6 thé duge viét lai nhu sau:
p(t) = %Umlm cos(‘¥, -—‘l’i)+%UmIm cos(2wt+¥, +¥;) (2;60)
Biéu thuc (2:60) ching td cong suat tic thii cé hai thanh phén:
- Thanh phdn khong d6i: -;-Umlm cos(¥, —¥,)
- Thanh phdn xoay chiéu: %Umlm cos(2ut + ¥, +¥;)

bién thién hinh sin véi tdn sé 2w bidng hai l4n t4n sd cia dién dp va dong
dién. Gid tri trung binh cta cong sudt tic thdi trong mét chu ky la:

T
% [pctat = %U,,,Im cos(W, ~¥.) 2.61)

tic 1a bing thanh phan khéng déi, béi vi gid tri trung binh cia thanh phin
xoay chiéu trong mét chu ky bing khong.
Cong suat trung binh nay dugc goi la cong sudt tdc dung P:

P = 1U_I_cos(¥, —¥;) = Ulcos (¥, -¥;) (W) (2.62)
2
trong d6: U, I - 1 céc tri hiéu dung:
¢ U |
U=—2 1=
N/
Cong sudt phan khéng, ky hiéu la Q, dugc dinh nghia béi biéu thitc sau:
Q- %Umlm sin(¥, ~¥,)= UL sin(¥, -¥;) (VAI) (2.63)
VAr- . - Qo i)
Ar..ddn vi do cia cong suit phdn khdng (voltamperes .
reactive). +
Ta xét mét s6 trudng hop riéng: Ut 1; R
. a a1a . —_
Hai cuc la phdn t& dién tré (H.2.49) Hinh 249

Vi: ¥, =¥, =¥ nén (2.60) trd thanh:

p(t) = -;—Umlm +%Um1m cos(2mt +2¥) = R {1+cos(2mt +2¥)}  (2.64)
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Cong sudt tuc thoi khéng 4m (= 0) nén ning lugng dién ludén luén
dugc dua tir ngoai vao phan ti dién trd, khéng cé qud trinh ngugc lai (nghia
la dua tir phan ti dién trd ra ngoai).  u()

Toan bd ning lugng duge dua vao
phan ti dién trd bi tiéu tdn di, do
dé dién tré 1a hai cuc tdn hao.

Tir H.2.50 ta thdy cong sudt tuc
thoi dao dong vé6i tdn s6 20 (gdp doi
tan so 4p dong) xung quanh gi4 tri

trung binh %Umlm =RI%.

Cong sudt tdc dung trén phén
ti dién tré R, theo dinh nghia (2.62)

Hinh 2.50: Céng sudt tuc thoi trén

dién tré R. (chon yy, = y; = 0)

la:
P=ly.1 lpiz - Rp
= 5 mim = UI = ERIm = RI (265)

trong dé: U, =RI_ ;U = RI

Céng sudt phdn khdng trén phan ti dién tré bing ,
0, theo dinh nghia (2.63). . + 50

Hai cyc la phan ti& dién cam (H.2.51); () gL

. n
Taco: ¥, -¥, =5 U, =Ll =x1 nén (2.60) tré .
thanh: Hinh 2.51

) =L U1, cos(2at + 2%, + = 1 i

P / —5 m mCOS( Wt + i+§) = - EUmIm sm(2mt+2‘l’i)

p(t) = —x.I?sin(20t +2'¥;) (2.66)

Thanh phan khéng ddi bing u(t)
khéng, do d6 cong sudt tdc dung, i ot /"\./

. \

nghia 14 cong suit trung binh trong , 12:* /

mét chu ky, bing khéng. \

Cong sudt tic thoi dao dong véi ]
tdn s 2w quanh gis tﬁ 0 (H.2.52). Cé o\
thé thdy rdng ci sau 1/4 chu ky cda \ //\/ N Pe-
dong hodc 4p thi ddu cha cong sudt

lai ddi mot lan. Gia si trong 1/4 chu  Hinh 2.52: Cong sudt tic thoi trén
ky nay, p(t) > 0 nghia 12 nang lugng dién cdm L. (Chon y; = 0)
dugc dua tir bén ngoai vao phdn ti
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dién cam va dugc tich liy duéi dang ning lugng tir trudng thi trong 1/4 chu
ky k& ti€p p(t) lai 4m, khi d6 ning lugng tir trudng lai duge phéng ra ngoai.'
Qué trinh tich phéng nang lugng xdy ra mdt cch chu ky. Nhu vdy phén t&
dién cam c6 kha nang tich liy ning lugng va trong né khéng c6 hién tugng
tiéu t4n nhiét ning, nghia la phén t& L 12 phdn t& khéng tdn hao.

Coéng sudt phan khéng trén phan ti L, theo (2.63) la:

= UI
Q= sm2

- Q= EU“‘I’“ =UI=%XL 12 =x,12>0 (2.67)

Cong sust phan khdng bing bién d§ dao dong cua cong suat tiuc thoi
p(t), vi vay né la dai lugng do cutng do cia qua trinh tich phéng nang
luong tir trudng & phan ti dién cdm.

Hai cuc la phin ti& dién dung (H.2.54)

| i(t)
R

-
P P A ]

u(t)

-X I L ’ \ \\ .~
i(t) ¢ / \ /!
e ,
+ \\' N ot
[i] w I\\\\
U(t) :: c \ I
- ~- \
*—.——‘ - \ /
Hinh 2.53 . Hinh 2.54; Céng sudt tuc thoi trén dién

dung C (chon vi =0)
1
Tacé: W,-¥,==;
2’
do d6 theo (2.60)
. 1 .
p(t) = %Umlm cos(2mt +2'¥; ——125) =—2—UmIm sin(2ot+2¥;)

p(t) = —xc 2 sin(2t + 2¥;) (2.68)
Do d6 ciing gidng nhu & phan ti dign cam, d6: véi phan td dién dung
" céng sudt tdc dung cing bing khéng, nghia la trong né khoéng cé hién
tugng tiéu tdn nang lugng ma chi xay ra hién tugng tich phéng nang lugng
dién trudng mét cdch chu ky.

Cong suat tirc thei deo dong véi tdn s6 2w quanh gi4 tri 0, bién dd dao
dong (H.2.54) 1a: : '
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1 1
EUmIm = —EXCIﬁx = -xcl’

Céng suat phdn khdng trén phan ti C, theo (2.63) bing:
Q-= %Umlm sin(—%)

> Q=-1U,l,=-Ul- Sxlh = xcl? <0 (2.69)

Véy cong suat phan khdng ciia phan td dién dung C thi 4m va tri tuyét
déi cliia n6 biing bién dé dao déng clia cong sudt tde théi p(t), do dé né do
cudng dd cia qud trinh tich phéng ndng lugng dién trudng & phan tu dién
dung.

Hai cuc 1a hai cyc thu déng (H.2.55a) khéng chita cdc phan tu tich
cuc nhu cdc nguén dp, nguén dong (doc i)
lap ciing nhu phu thuéc). Trudng hogp f——‘
nay & ch& do xdc lap hinh sin hai cuc u(t) Hai cyc

cé thé duge dic trung bdi tré khang Z: - thy déng
) . [PE—
Z=R+jX=|Z|e" @

vaidinnap: Y=G +jB = |Y|ei* Hinh 2.55

. ‘ n n
véi: R0, G3o “5Sesy

. U, U I I
ta cé: Yo-¥i=¢; —B=—"=|Z|; m__ .|y
® L1 tZ1; U. U Y]

Cong suit tdc dung, tdc cong suat trung binh trong mét chu ky cung
cdp cho hai cuc, theo (2.62) la:

P = EUmIm cosp = Ulcosg (2.70)

vi U, =1Z|I,; U=Z|l nén: P=—;—|Z|I,2ncosq>= |Z 112 coso
thay: R = |Z|cos ¢ ta dugec:
1 :
P = 5lem = RI? (2.71)

néu trong (2.70) thay I, =1Y|U,, sau d6 dung biéu thic G = 1Ylcosg ta
dugc:
P- %GU?,, - GU? 2.72)

Hé s6 cosg trong (2.70) c6 tén goi la hé sd cong suit, né c¢6 y nghia
quan trong trong k¥ thuat ma chiing ta sé& néi sau nay.




MACH XAC LAP DIEU HOA 89

Néu hai cuc la thuan khdng (¢ = i%, R=0)thiP=0.

C6 thé chimg minh (xem muc 3.6.5 chuong 3) ring coéng sudt tdc dung
cda hai cuc bing téng céc céng suat tdc dung clia cdc phan ti bén trong hai
~cyuc (§ day 1a cdc phan ti dién tré). Cong suat tdc dung cia hai cyc lién
quan dén su c6 mit cia cdc phan tif dién trdé, né do cudng do clia qud trinh
tiéu tan. '

Céng sudt phan khdng dugc dinh nghia béi (2.63) la:

Q= %Umlm sing = Ulsing (2.73)
chﬁ‘y ring: U,=121,; 1Zising=X
ta duge: qQ = %XI,Z,, = XI? (2.74)
tuong tu néu trong (2.73) thay I, = 1 YIU,,, rdi thay: |Y|sing = — B ta dugc:
Q =—%BU',2,, = -BU® (2.75)
néu hai cyc: - 1a thudn tré: (¢p=0,X=0,B=0):Q=0
- ¢6 tinh chat cam: (¢>0,X>0,B<0):Q>0
- ¢6 dung tinh: (<0,X<0,B>0):Q<0.

Cé thé ching minh dugc ring (xem & muc 3.6.5 chuong 3), cong suit phan
khéng cia hai cuc bing téng cdc cong suit phan khang cia cdc phan ti bén
trong hai cuc (§ day 1a céc phén ti dién cam, dién dung). Cong suit phan
khéng cila hai cyc lién quan dén sy tén tai ciia cdc phén tif dién khang 1a dign
cam va dién dung, né do mdt cach toan cuc cudng d9 cla qud trinh tich phéng
nang lugng dién tif trudng trong cdc phéan tir dién khang dé.

Coéng sudt tiuc thyi, theo (2.60) la:

" p(t) = u®i(t) = %Umlmc()s¢+%um1mcos(2wt+2@i+q>) (2.76)

ulty
./

i(t)
VA,

Ulcosg

Hinh 2.56: Céhg sudt tue thoi trén hai cuc
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Hinh 2.56 1a 6 thi biéu dién p(t). Céng suat tdc thoi dao dong véi tan
s6 20 quanh gid tri trung binh Ulcose.

Bi&u thic (2.76) cha cong sudt tic thoi p(t) c6 thé viét lai § dang sau:

pt) = —12—Um1mcosq>+%UmIm cospcos(2wt + 2¥;)
1 . .
"EUmIm sin psin(2ot +2¥;)

p(t) = %Umlm cos {1 +cos(2mt + 2, )} —%—Umlm sin@sin(2ot + 2¥;)

Suy ra: p(t) = RI*{1+cos(20t +2¥;)} - XI*sin(20t + 2¥;) (2.77)

So sdnh v6i (2.64), (2.66) va (2.68) ta thay s6 hang dau tién ¢ vé phai
caa (2.77) luén duong la cong suit tuc thoi trén dién tré tuong duong R cia
hai cuc; con sé hang thi hai vé phai chia (2.77) 12 cong sudt tic thdoi trén
dién khang tuong duong X clia hai cuc, né dao déng hinh sin tdn s 2 véi
bién dé 1X1I* ma la tri tuyét d6i cha cong sudt phan khang cda hai cuc.
2.6.2 Céng suit biéu kién

Céng sudt bidu kién ctia hai cuc H.2.48, ky hiéu 1a 1S| va dugc dinh
nghia la:

IS| = %Umlm =Ul (2.78)

T (2.62) va (2.63) ta c6:

[S|= \/PQ +Q? (2.79)

DPon vi do cia cong sudt biéu kién 1a VA (volt amperes). :
ta co: P = 181 cos(¥,-Y¥;) (2.80a)

Q = ISI sin(¥, -¥;) (2.80b)
véi hai cuc thy déng H.2.55 dic trung béi trd khang Z = |Z|e® thi:

P=1ISI cosp (2.81a)

Q = ISI sing : (2.81b)

Cdc quan hé (2.81a), (2.81b) S| ® P -

c6 thé duge minh hoa biing d6 thi Q ' IS] a
béi modt tam gidc vudéng nhu e P ]
H.2.57 goi la tam gidc cong su4t. @ ¢>0 Q>0; b)p<0, Q<0
2.6.83 Cong suit phic Hinh 2.57: Tam gidc c6ng sudt

D€ tién lgi cho viéc tinh todn cong suét, ngudi ta dinh nghia khai
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niém céng sudt phitc S béi bidu thic sau:

S=P+jQ (2.82)
thay P va Q béi (2.80a), (2.80b) ta duge:

S =8 (cos(¥,-¥;) +jsin(¥,-¥)))

s =lslfe, -, (2.83)

: o 1
Vi: is|= 2 Unln
A 1 : 1
nén: ~ S = EUmIm [‘l‘u—‘l‘i = EUml‘Pu.Im!—\l’i
Do d6 : s=%fji (2.84)

trong dé: U - 1a bién d6 phuc dién 4p.

I - 1a bién d% phuc lién hgp cia dong dién.
Sau day ta xét vai vi du vé tinh todn cong suét.
Vi du 2.9: Xét mach dién H.2.28 (vi du2.4muc 2.4). Tinh céng sudt tdc
dung, cong suit phan khédng ciia mdi phan tir trong mach.

Giai. Ching ta da tinh duge bién do phic dong dién qua céc phan ti:
I, =1/-53°13A; 1, =+2[81°87A; 1=[36°87A =4L5~‘3A

- Déi véi phén ti dién tré 1Q, cong sudt phan khang bing 0 con cdng
suat tdc dung, theo (2.65) la: P, = 1--1—3‘— = 1‘-(}—2)i =0,5w.

- B6i véi phén tit dién tré 3 Q, céng sudt phdn khdng ciing bing 0 con
~-I%E=3;-(}-2)—2-=1,5W.
- Cong suat phén khédng cﬁaAphﬁ‘n tir dién cdm 1H (c6 tré khdng j3Q),

2 82
-IIE"‘- = 3--(—1-2—)— =1,5VAr, con cong suit tdc dung bing 0.

cong sudt tdc dung la: P, =3

theo (2.67) 1a: Q, =3-

- Cong sust phan khdng cia phdn t& dién dung %F (c6 tré khédng

2
2
-)3 Q), theo (2.69) la: Q, =—3-122—’9-=—3-(—J§)—=—3 VAr, cdn céng sudt téc

dung béng 0. ‘
Céng suéit phic cung c&p bdi ngudn dp E = 5v, theo (2.84) la:

s
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1.0 1 . 4-j3 .
S; = ZEl = —x5x—— = 2-j1,6 VA
e M .
Suy ra cdng suit tdc dung cung cdp bdi nguédn la:
Pf =ReSf =2W

va cong sudt phan khdng: Q; =1 S; =-1,5 VAr
Pé tinh P; (Q;) ciing c6 thé dung cong thic 2.62 (2.63) :

Py = -;—Emlm cos(y, —y;) = %x5x1c05(0—36°87) = 2w

Q - %mem sin(y, ~ ;) = %x5xlsin(0—36°87) =-1,5VAr

cé thé nghiém lai: P; =P, +P, va Q; =Q, +Q, i “‘h t,
Truong hop tAng qudt ta cé: Trong mét g, ’ E,

mach di¢n, tong cdc cong sudt tdic dung (cong = ixc

sudt phdn khdng) cung cdp béi cdc nguén X, . R

bdng tong cdc céng sudt tdc dung (céng sudt

phdn khdng) nhdn béi cde phdn tu khdc. Hinbh 2.58a

P6 la néi dung caa dinh 1y can bing cong
sudt (sé dugc ching minh trong muc 3.6.5 ¢ chuong 3).
Vi du 2.10: Xét mach dién H.2.58a. Cho biét X =10Q; I, =12,7 £-78"45'A,
cong suat phic phat béi hai nguén E, va E, la:

S, =259 +j1250 VA:S, = 375 + j125 VA.

Tim E,, E,, I, I;.xc vaR.
Giai. Trong bai nay ta s dung hiéu dung phic.

Nguén 4p E, cé:

- Cong sudt tdc dung: P, =ReS, =259 W

- Céng suat phdn khdng: Q;l =ImS, =1250 VAr

Dat El = El AWEI ta 06: (‘Pl = \Vel _Wll = tan—l %’ - 78030
f1
= Vel =@y +j; = 78°30+(-78°45) = — 0°15"
. | P, '
va E=—01_- 259 =100,5V
Iycosp; 12,7¢0s78°30
Do dé: E, =100.5 £-0°15'V

Dién 4p giita hai nit a va b la: Uy, =E, -jx,I,
= 100,5 £-0°15 ~ 10 £90°.12,7 £ - 78°45
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=-23,93 - j25,7V = 35,116 £-133° V

Theo luat can bing cong sudt phan khéng:

Qp + Q2 =Qc +Qp Q¢ = Q1 +Qr2 —QL = mS; +ImS, -x (I}
Qe =1250+125-10(12,7)* = 2379 VAr

. 2 2
Mat khéc: QC =xCI§ =xC(Uab) =H&
=Xc Xc
2 2
=>Xc = U G510, _ 5180
V : QC -237.9

Do d6 dong dien I; chdy qua tu la:

U,, 385,166 £-133°
jXc  5182£-90°

I;=678 ~243° A"

13=

Dong I, cung c&p béi nguén ap E, la:
i, =I,-1, =678 £-43° -12,7 £-78%5
i,=242 +j7,82 =819 £72°8 A

Theo luat can bing cong suit tdc dung ta duge cong suat tiéu tdn trong

Rla: Pg =RIZ =Py, +Pr, =ReS; +ReS, =259 + 375 =634 W
suy ra: R= 634 5 =9,45 Q
(8,19)
Cuéi cung: E, = U, +RI, = —23,93 - j25,7 + 9,45 (2,42 + j7.82)

=E, =-1,06 +j48,2 = 48,21 £91° V
Vi du 2.11: Nguén dién hinh sin tan s6 50 Hz, dién 4p 440V (higu dung)
cung cép cho ba tdi mic song song: tai mot c6 cong sudt (bidu ki&én) 10 KVA
va hé s8 cong sust 1a 0,7 (vugt); tai hai cé cong sudt (tdc dung) 15KW va hé
- 88 cong suét 0,5 (cham); va tai ba thuin trd c6 cong sudt 5SKW (H.2.58b).
a) Xdc dinh dong dién (hiéu dung) tng trén dudng day va hé sé céng
suét cia hé (gdm ba tai). .

1
P:—. . .
b) D€ nang hé s8 cong sudt cia hé lén f Illc tai1 [tai2 |tai3

0,9 (cham), ngudi ta mic song song mot tu

dién c6 dién dung C. Xé4c dinh C va dong U=440v =C |
dién téng trén dudng day (sau khi méc tu). l T

Giai. a) Tai mot c6 hé s§ cong sudt 0,7 #
(vugt) nghia 1a c6 tinh chét dung, cong sufit

LS

Hink 2.58b
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tdc dung va céng suit phan khdng cia né la:

P, =10.000 x 0,7 = 7000W
Q; = 10.000 sin (-cos™*0,7) = — 7141 VAr

T4i hai c6 hé s6 cong sudt 0,5 (cham) nghia 1a c6 tinh chat cam:
P, = 15 KW = 15.000 W

Q, =15.000 tan(cos™1 0,5) = 25981 VAr
Téi ba thuan tré nén: Q; = 0 VAr; P; = 5 KW = 5000 W
Cong suit tdc dung va cong suit phan khdng cia hé:

P=P+P,+P; =27000 W

Q= Q,+Q;+Q; =18840 VAr > 0
= Céng sudt bidu kié’n:lSl: W = 32923 VA

Do d6 dong dién tdng trén dudng dayla: I = '%l 32923 =748 A

T440
~ A ’ 5 ~ P Y ~
Heé s6 cong sudt cia hé: cosg = '§| = 0,82 (cham).

b) Goi Q¢ la cdng sudt phan khdng cia tu dién.

Gid sit bé qua tén hao trong tu dién, xem nhu céng suat tdc dung cia

tulé PC = 0.

Céng suit tdc dung cia hé:
P = P +P, +P; +P; = 27000 W

Céng suit phdn kh4ng cia hé:
Q= Q+Q+Q;+Qc = 18840 + Q.

Mit khéc sau khi mic tu, hé s6 cong sust cia hé 1a 0,9 (chdm) nén:
Q =P tan (cos ' 0,9) = 13561 Var

Do dé: Qc = Q' - 18840 = — 5279 Var

Theo (2.69) ta ¢6:
Q¢ =-Ul; = -oCU%=-2x fCU?

_ Q¢ .
= C—2nfU2'=86’8uF ‘V61f=50Hz _

Céng sudt biéu kién cia hé (g8m 3 tdi va tu):

P' 27000
Sl=—— =40 _
l o, 5~ 09 30000 VA
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Suy ra dong dién téng trén dudng ddy sau khi méc tu:
1S'1 -30000

I'=e———_———— = 2
U 230 =68,2 A (hiéu duno)

Ta th4y sau khi mdc tu dién, dong dién trén dudng day gidm tir 74,8A
xuéng 68,2A.

Hé s6 cong sudt cosg cia tai cé ¥ nghia quan trong vé mit kinh té va
k§ thut: cosg cia tai cang cao (cang gin 1) thi khi truyén tdi dién ning ti
ngu6n qua dudng day dén tdi, dong dién trén dudng day cang nhé

(I=

U cang nhé néu cose cang lén véi cing P, U). Do dé, tén hao ning
cos P

lu’dng trén dudng day (do dudng day c6 dién trd) cang nhé, hidu suat truyén
tai ctia dudng day cao hon, dong thdi tut dp trén dudng day truyén tdi ciing
it hon. Mot trong cdc bién phap dé nang cao hé sd cong sudt cla tai la
ghép song song véi tai (thuong cé tinh chat cam) nhitng tu dién chuyén
dung goi 1a tu bu. v ' '

2.6.4 Po cong suit

D& do cong suat tdc dung ngudi ta cudn déng

+
thudong dung dung cu do goi la watt- I ‘
mét. Thong thudng watt-mét chda hai ~ U
cudn day: cudn ap l

Cu6n day dong cé tré khdng bé
dat cd dinh. ' Hinh 2.59: Ky hidu ciia watt-mét

Cudn d4ay 4p c6 trd khdng 16n dat :
trong long cudn day dong va cé thé quay dugc quanh mot truc.

Nhu vay, watt-mét c6 4 d4u ra trong d6 2 d4u la cla cudn dp cdn 2 dau
cdn lai 1a ciia cudn dong. Mot d4u cia mbi cudn day dugc ddnh ddu * (hoic
mot dau khdc nao dé).

Goi I 1a dong dién chay qua cudn dong cdon U la dién 4p dat 1&n 2 dau cudn
&p, v6i chidu duong ciia 4p va dong ddi véi cic ddu cing tén (*) 12 nhu nhau (nghia
12 ndu chidu duong ctia I di vao déu * cha cudn dong thi cuc + ctia U ciing & dau *

cia cudn ap). Khi d6 dp léch cla kim trén watt-mét tf 12 véi dai luong:
Ulcos (¥, -¥;) = Re[-;—UI) (2.85)

trong d6: U, I - 1a gid tri hiéu dung cta dp va dong
¥, -¥; -1a d¢ léch pha gida dp va dong

U ,I -1a bién dd phic dp dong; I - 1a lién hgp cia I.

Y
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Nhu vay dé do cong suit tdc dung cung cdp cho mét hai cuc c6 thé mic
watt-mét nhu H.2.60a, trong d6 cuén dong dugc méc ndi tiép véi hai cuc cdn
cupn 4p dugc mic song song v6i hai cuc. Béi vi cudn dp duge ch& tao c6 trg -
khéng rat 16n con cudn ddng c6 tré khang rat bé nén c6 thé xem gin ding sut
4p trén cudn dong bing khong va dong dién trong cudn 4p bing khéng nghia
12 sy c6 mat cha watt-mét khong lam thay déi tinh trang cia mach.

|

Hai
cyc

I Hai
cyc

*r c- +T

T C- o+

a) . b)
a) Do cbng sudt tdc dyng cung cdp cho hai cyc b) Do céng sudt tdc dung phdt ra bdi hai cuc

Hinh 2.60: Cich mdc watt-mét do cong sudt

Néu da mic ding nhy H.2.60a ma kim quay nguge thi c6 nghia 12 céng
suat am (hai cyc thue su phét ra cong suit tdc dung). Béi vi hau hét cdc watt-
mét khong thé doc khi kim quay nguge, nén cén phai déo ddu néi ctia mot
trong hai cudn day (vi du ddo d4u cudn 4p nhu H.2.60b).

'Vidy 2.12: Xét mach di¢n H2.61 v6i E = 240 £0° (hidu dung phitc). Tinh s6
chi cla watt-mét, cong sust tdc dung tiéu thu trén méi dién trd 40Q va 60Q.

L e Hinh 2.61
Gidi. Trong bai nay ta sif dung hleu dunig phiic.
Tré khéng tuong duong cia hai nhénh 409 va (60-+ j80)Q mﬁc song
song giita hai nit A va B la:
40(60 + j80)

Zpyp=—o 0 . - 0
AB =40+ (60+380) 30,24 +j7,8Q = 31,23 £14°46Q

Do d6 tir dinh luat K2 suy ra:

E___ 2d0z0° 240
1+32+zmB 1+J2+3024+J78 31,24+j9,8
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=1=7,332—-17°42A

Do d6: Uyp =2,51 = 31,23 £14°46.7,33/=_17°42 =229 - £2°96 V
Theo cdch mic clia watt-mét trén H.2.61 thi sé chi cda nd, theo (2.85) la:

P = Re(Uppl) = 229 x7,33xcos(~-2°96 +17°42) = 1625 W

(Chd ¥, 1a & day diung hiéu dung phitc nén khong c6 thira s6 1/2 & trude U.AB i)

Céc dong dién: I =U—££ =5,726 /—2°96 A
Uag

i, = B__-9229 £/-56°09A
60+ j80

Suy ra céng suét tdc dung trén tré 40Q la:
P, =401% =40 (5,725)* = 1311 W

Cong suat tdc dung trén tré 60Q la:
P, =601% =60 (2,29)% =314 W

C6 thé nghiém lai ring sd chi cia watt-mét: P = P, + P,.

2.7 PHOI HOP TRG KHANG GITA TAI VA NGUON

Gid s¢ ngudn cé suc dién dong:
E=E_, 2¥,., tré khdng trong la:

T
Z, =R, +iX, . Y
' X
cung c4dp cho mét tai cé trd khdng la: , : j, 5'
7, =Ry +jX;, (H.2.62). nguon ol
| L= Hinh 2.62
Ta hay xét su phéi hgp tré khdng giita
tai va nguén dé tai nhan dugc cong sudt tdc dung la 1én nhat.
Dong dién 1 tai: I= = -
ng dien qua al ZS + ZL (RS + RL)+J(XS + XL)
¢6 bién do: I,= : By
J(Rs +Rp )2 +Xg+Xp)’
Suy ra coéng suét téc dung trén tai la:
. R.EZ,
P= R I2 = 2. _ (2.86)
2 (Rg+Rp)* +Xg+Xp)"

Ta tim cdc gid tri cia Ry va X sao cho P lalén nhat,
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Béi vi dién khang tai X c6 thé duong hodc 4m nén ta chon X =-Xg
dé sao cho dong I, va cong sudt tdc dung P trén tai cé gid tri 16n nhat

(cosg clia toan mach bing 1). Véi diéu kién nay, cong suit tac dung bang:

2
S ). . (2.87)
2(Rg +Ry)
Ta tim gid tri cda R dé P l6n nhat.
_ 2
Ta cé: dP :'-(RS RL)EI; =0 :>RL =RS
dRL Z(RS + RL)
DY & I -
Cé thé nghiém lai rdang gid tri cia — tai Ry = Rg thi am.
L
Vay (2.87) sé dat cuc dai tai Ry, = Rg la:
E2
Pmax = 8er; (2.88)
Tém lai diéu kién d€ cdéng suat tdc dung trén tai cuc dai la:
XL = —XS (2893)
R, = Rg ‘ (2.89D)
hay: Z;, = Z; (2.90)

trong d6: Zg = Rg - jXg - 12 trd khdng lién hgp véi tré khdang nguén.

Khi diéu kién nay théa man, céng suit tac dung trén tai cho béi (2.88)
béng 50% cbng sudt ngudn, cdn moét nira cong sudt tiéu hao trén dién tré
trong ctia nguén.

Mot trudng hgp khéc cing thudng gip 1a tré khdng tai chi c6 thé thay
ddi vé médun con argumen khéng thay d8i duoge.

Dat: Z, = |2y 13, va: Zs = | Zg |e™s

Coéng suit tdc dung trén tai la:

_ 0,5E2 | Zy, | cosgy,
- (Rg+1|2Zy, | cosgp )? +Xg+ 12y, |singy, ¥

Xem P 12 ham cla |Z; | va khdo s4t sy bién thién cia P theo |Z; ] ta
s& thay P 16n nhat khi: |

12y | = JRE+XE = |Zg | (2.91)

D6 1a didu kién ph&i hop modun tré khéng gidta tai va nguén dé cong
sudt tdc dung trén tdi 12 16n nh&t. Cong sudt nay nhdé hon két qua tif
(2.88).




MACH XAC LAP DIEU HOA 99

. i
Vi du 2.13: Nguon hinh sin ¢é sic dién — ", -2
dong bién do: E, = 100V , 4 7 +
trd khdng trong: Z, =R; = 3000Q (t)E U, g"g U, z, U
(thudn trd) cung cdp cho tai 1a hai cuc cé

tré khdng: Z; =3 + j1Q.

Dé phéi hop trd khdng giita nguén va tdi  Hinh 2.63: Phéi hop tré khing
ngudi ta dung mot bién thé 1y tudng mic tdi v6i nguén ly tuodng.
nhuy H.2.63. Tinh ti s6 vong n dé cong
sudt truyén dén tai 1a 16n nhat. Tinh cong suat dé.
e s 5 . U
Giai. Tré khdng tdi déi véi mach nguon (mach so cap): Z; =—i—l
1

tir (1.34) va (1.35) suy ra: U, =le; I, =-nl,
- .

1.
~U, .
. / n 1 U2 . { ZL
Ta c6: Zro=n - _ - .—2. 7 =L
L _nIZ n2 12 L n2
trong dé: n - la ti s6 vong.
Tir diéu kién phéi hgp (2.91) ta cé:
i |ZL 'ZLl
Z.|=|Z iz, =»n= | —=
ILI |2, :>n2 124 YA

thay s6: |Z,|=v3%+1* =3,16 Q; |Z| = 3000Q

/3 16 1
do dé: = |20 -
° " 3.000 30,8

Tré khéng tai d6i véi mach nguén:

7, =ZL - (30,8/2(3+ 1) = 2846 + 948,70
n

Céng suit tdc dung trén tai la:

0,5(100)2.2846

= = 0,406 W
(3000 + 2846)° +(948,7)°

Nhan xét riing cong suit nay nhé hon gid tri tinh theo (2.88):

EZ  (100)°

S = 0,417 W
8R, 8x3000
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2.8 MACH CONG HUGNG

Mach cong huéng 1a mach dién trong d6 xudt hién hién tugng céng
hudng. Cong huéng xay ra trong mach tai tdn s6 ma ¢ dé (t6ng) dién khdng
X(o) hay (t6ng) dién nap B(w) cda mach triét tiéu. Nhu vay diéu.kién can
dé x4y ra cong hudng la trong mach c6 chda cdc phan ti dién khdng la
dién cdam va dién dung.

Trong cdc muc trude, tinh chat céng huéng cing da dugc nhdc téi &
mot vai vi du. Céng hudng xdy ra trong mach rLC néi tiép (xem vi du 2.2
muc 2.3.2) duge goi 1a cong hudng néi tiép hay cong hudng dién 4p, khi 4y
xudt hién su bu dién khdng gita x; va xc nghia 13 dién khéng téng
X = x|, + Xc cta mach triét tiéu. Con cong hudng xay ra trong mach rLC
méc song song (vi du 2.3 muc 2.3.2) hay mach rL//rC (vi du 2.8 muc 2.4)
duge goi la cong hudng song song hay cong hudng dong dién, khi dy dién
nap tong cia mach bing khéng.

Tan s6 ma & dé xay ra cong huéng goi l1a tdn s& cong hudng. O trang
thdi cong huéng, dong dién va dién 4p trén cdc cuc cha mach duge xét la
déng pha v6i nhau, d¢ léch pha giita ching bing khong, nghia la trong
mach ¢é su cong hudng pha (¢ = 0). Ngoai ra luc d6, cong suit phan khdng
cia mach bing khéng nghia la xuit hién hién tugng bu céng sudt phén
khdng.

Trong ky thuat vé tuyén dién, mach cong huéng thudng duge dung dé
t4ach riéng cdc tan s6 tin hiéu mong muén nao dé.

2.8.1 Pham chit ctia cidc phan ti thuc cuén day va tu dién

Trong phan tich mach cdéng hudng ta phdi xét dén cdc mé hinh thuc
clia cdc phan tif dién cdm va'dién dung tdc 1a cudn day va tu dién.

Trong cudn day (tu dién) ngoai hién tugng chit yéu 1a tich phéng ning luong
tir trudng (dién trudng) con xay ra hién tugng tiéu tan. Mo hinh gan dang véi
thuc t& cla cudn day 1a dién cam L., mic noi tiép véi dién trd R, (H.2.64a)
ho#c dién cam L., m#c song song véi dién trd Ry (H.2.64b).

Iy

RssL
_I_. RntL Lm i 2—_%_
f-——-—.——ovvv_:.___fuw\______; —_— o) — - p————
+ U -
- W
—_ L
I $S
a) So dé ndi tiép b) So dd song song

Hinh 2.64. So d6 tuong duong ciin cuén déy
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Rssc
—I> + L'J _I> Rntc Clnlt
—— + U -
Iy Css
a) So dé song song b) So dé néi tiép

Hinh 2.65: So dé tuong duong ciia tu dién
Tuong tu tén hao trong tu dién duge biéu thi béi mot dién tré mic
song song ho#c ndi tiép véi phan td dién dung (H.2.65a,b).
O mot tdn s nao d6 thi so d6 song song va ndi tiép tuong duong véi
nhau néu tré khdng hodc din nap cta hai so dé 1a biing nhau. Nhu vay tai
mdt tdn sé da cho khi da biét R, L, (Ry, Cyy) clia mach néi tiép ta cé

thé suy ra R, Lg (R Cy) clia mach song song hodc ngugce lai.

Vi du d6i véi H.2.64a:

Znt = RntL + ijnt
R, —joL
va: Y. =——1—= 1. =l 3(12) at
Znt RDtL + Jant RntLZ + (.0 Lntz
s 1 .1
cdn déi véi H.2.64b: Y, =——-]
RssL (‘OLss
R : szntz
V1: Ynt = Yss = RSSL = RHCL + R
ntL
R .
va: LSS = Lnt + 2ntL .
(O]

nt

Trong thuc t&, d6i véi cuéon ddy ngudi ta thudng dung so dd néi tiep
con d6i véi tu dién thudng dung so dé song song, vi ching gan ding vdi
thue t& hon. ‘

Pé€ dac trung kha nang tich liy nang lugng cia cudn day hodc tu di¢n,
ngudi ta dung dai lugng hé s& phdm chat Q duge dinh nghia nhu sau:
_Nang luong cuc dai tich liy duge Wyax g (2.92)

Ndng lugng ton hao trong mét chu ky Wy

Q=21t

Dé&i v6i so dé néi ti€p cha cudén day (H.2.64a), néing lugng trudng tir
tich ldy trong cudn day la:

“ WM'(t)=%Lmi2(t)=%LmIfn sin? (wt +'¥;)

1
= thmax = ELntIfn

Con nang lugng tén hao trong mét chu ky
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1 2 hud
wT 2 RntLI T== ntLI _0)—
W, 1 (DL nt
- suy ra: Q =2n 1M =
4 L Wr Ry

Doi véi so dé song song cia cudn diy (H.2.64b) thi:

W, =SLI2, ; véi: I, - 1a bién do cia dong qua Ly

2
U 1 U“
Vi: ILm = (J)Lx:s = thmax =5 2 ng
2 2
ot 2
con: WT=lUm 1 Uy 2n
2 RssL 2 RssL (.l)
R
suy ra: Q =—=k
oL

8S

Tém lai hé s6 phdm chat cia cudn day la:

QL - mLm - RssL (293)
RntL (")Lss
Mot cdch tuong tu tir dinh nghia (2.92) suy ra hé sd pham chat cua tu dién la:
1
—— = 0R.C,, (2.94)
Q = 0C, Ry - :
Pai lugng nghich dédo clia Q goi la hé sé tén hao d:
d, = = = Baw _ 0Ly (2.95)
QL (")Lnt RssL
de = — = WC,R,, = —— (2.96)
C QC - nt*+'ntc (l)RsscC :

Hé s phdm chat ciing nhu hé s6 tdn hao 1a ham cia tdn s6. Tu (2.93),
(2.94) ta thay hé s6 phdm chit bing tang cia géc tré khang (tri tuyét do6i
cua argumen cua tro khang, hay goe léch pha gita dong dien va dién dp
trén hai cuc cia cugn ddy hoadc tu dién) trong so dé néi tiép hay bing tang
cua géc dan nap trong so dé song song.

Ngudi ta con dinh nghia:

géc tén hao bdng 90" trix di goc tré khing trong so dé néi tiép

(hodc géc ddn nap trong s¢ dé song song).

Dé thady ring hé sd tén hao biing tang ctia géc ton hao.

Hé s6 phdm ch4t ciia cuén day khéng 16i trong thuc t& c§ vai tram, con
cia tu dién thudng rat 16n cé hang ngan.
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2.8.2 Mach céng hudng néi tiép
Mach céng hudng néi ti€p gém ba phan td R, L, C mic néi tiép

(H.2.66) trong dé6: R =R, +R 1 +R,c (2.97)
v6i: R, - la dién tréd dugc mdc vao mach R,y , R, - 12 cdc dién trd tén
hao trong mé hinh ndi tiép clia cuén day i R jorl
va tu dién. ;T‘a" ma—
N U
Mach dugc kich thich bdi nguén sic ) t S
dién dong hinh sin tdn s6 o cé bién do CDI%:EM@ V=156
phuc:
E=E, 2¥,V
va xét mach & ché do xdc lap. Hinh 2.66
Tré khdng cia mach:
1 . 1
Z =R +jolL+ —=R+ ((»L-——)
e joC ) oC A »
Z(Go) = R + jX(o) (2.98)
vdi: X(w) = oL ——}6 - 1a dién khdng cta mach (2.99)
®
2
1
médun trg khéng: | Z(0)| = VR +X? = \/R2 +(<uL—3(—3) (2.100)
1oL-1/0C
argumen tr¢ khdng: ¢(o)=tan™" -)I—i— = tan 12—1%-—0)—— (2.101)
Dan nap ctia mach:
Y(o) = & = —— = _-—J——l— (2.102)
E Z(00) g, j((oL— ~)
wC
x 1
médun cua dan nap: | Y(w)| = = (2.103)
. ; 1
2 (oL~
\ﬁ{ +(0 o)C)
argumen cia dan nap:
oL
a(m) = -@(w) = - tan”} ———ﬁg— (2.104)

* Tt dudng cong biéu dién 1Y theo @ trén H.2.67a, ta thay, tai tdn s&

0=w,= ———1—, 171 dat gid tri cuc dai 1a Y, =1/R tuong Gng v6i khi dong

JLC
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dién trong mach c¢6 bién db 16n nhdt bang E_ /R. 0 cac tdn s& chung
quanh gin o, thi 1Y| {va do d6 bién d¢ dong 1) tuong doi 16n, con & cdc
t4n s6 cdch xa o, thi 1Yl va I, gidm din. Nhu vay cdc nguén téc dong c6
.in s6 & gAn tan s6 o, c6 thé tao nén trong mach dong dién 16n nén dugc
coi nhu di qua dugc, con cdc ngudn cé tdn sb ¢ xa tdn s6 o, chi gay ra
trong mach dong dién nhé nén coi nhu bi chén lai. Ta néi mach cé tinh
chat loc théng dai (dai qua) nghia la cho qua mot dai tan s8 chung quanh
va chén lai dai tan con lai.

0,

1Y () 1 (o)
90
:L __________
max R 450
B '
+O7 = ; :
L BW//L 45
L\ /‘ 90
0 Wey 9o gy ©
a) b)
Hinh 2.67
Hai tan s6 o¢, va wog, ma tai d6 1¥(oc )l = 1¥(oc, )l = 7_2—y,,m

dugc goi la hai tan s cdt. Theo qui uéc dai tan s6: o, <w <o, goila dai
thong. ‘ ,
BW = o¢, — og, duogc goi 1a dé rong dai théng (bandwidth).

Tir diéu kién: 1Y(oc, ) = 1 Y(wg, )| = Yinax

V2

suy ra hai tdn s6 cdt o¢, vad g, 1a nghiém cia phuong trinh:

! .11
2 1Y J2 R
R +(oL- L)
o)
suy ra: wc, = —% +-£I: R2+j4-6L : (2.105a)
R 1 4L
= —4+-— |R?
¢ = toL + C (2.105b)
Do dé : BW = ¢, - og, =% (2.106)
ta c6 hé thiec: oc, -0, = Ll_C = o? (2.107)
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T (2.106) ta thdy dai théng ti 18 v6i gid tri dién tré R caa mach. R
cang nh6, dai théng cang hep, mach coi nhu c6 tinh chon loc tdn s& tét
hon. D& do miic d6 Iua chon tdn s6, nguoi ta dinh nghia hé s6 phdm chét
cia mach theo biéu thic sau:

We

= 2.108
Q BW ( )
Néu dai théng BW cang hep thi Q cang l6n, mach ¢é tinh chon loc
1
cang cao. T (2.106) vachi y o, = ta suy ra:
g Y 0, TC y
Q=l_ 1 _p (2.109)
R o, RC R
o 1 L S a1 . _ 5
voi: p=w,L=——== /= - goi la tré khdng dic tinh cGa mach.
w,C VC .
* Tu H.2.67b ta thdy, tai tan s6: o, = ——1—; o = 0, nghia 13 dién khéng

JLC

va dién nap cia mach béng khéng, dan nap va tré khdng chi c6 phan thuc,
dong dién i(t) cung pha véi dién ap kich thich e(t) clia mach: ta néi mach ¢

5 . 1 . N . A A N > 2.
trang thai céng hudng va tan sé o, = - goi la tan -s6 cong hudng. G
JLC
cdng hudng:

. . : 1 . . 1 3.
=1 - .—-—I = L— I = O
Uy +Ug = jo,LI J%C J(O)O wOCJ

E=Ug +U, +Ug =Ug =RI: toan bo 4p nguén E dat lén R.

D6 thi vecto dong, 4p nhu H.2.68 Us |40, N": 1
. . . LC
U¢ cham pha sau E géc 90° con ‘UL nhanh E=0,
pha hon E géc 90°, nén ching ngugc pha véi \ +
nhau va c6 bién d6 bing nhau: Hinh 2.68
‘ 1
ULm = UCm = (D‘oLIm zmlm
— ULm — UCm - woLIm - c‘)oL =Q (2.110)
E, E, RL, R

Né&u Q rat 16n thi & cong huéng Uy, va Ug, rdt1én hon E_, (Q ldn)
nén cdng hudng trong mach RLC néi ti€p con goi la chng hudng 4p.

e N I °
U cong hudng gid st i(t) = I, cos .t thi uc(t)= mmC cos(w,t -90°), do

4]
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d6 téng nang lugng dién tir chya trong Lva C la:

1.
WE(t)+WM(t)=—;—Cu%(t)+§L12(t)

1. (1Y 1
==C| =2 cosz(wot—90°)+—-LI,2n cos? w,t
2 |wC 2

- WE(t)+WM(t)=%LIfn - hiing s§ @2.111)

Vay 6 cong hudng, téng ning lugng dién tif chia trong L va C thi
khéng thay déi theo thsi gian. Ning lugng nay dao dong gita dang nang
lugng tif trong cudn day va ning lugng dién trong tu dién. Gia s trong 1/4
chu ky nay, ning lugng d6 dugc chuyén tif cugn day sang tu dién thi trong
1/4 chu ky k& né lai duge chuyén tit tu dién sang cugn day. C6 su trao déi
ning lugng noi tai vira hét giita L va C. Con cdng sudt tic thoi ngudn cung
cap cho mach dugc bién déi hoan toan thanh nhiét nang trén R.

Nang lugng bi€n thanh nhiét nang trong mét chu ky ¢ cong hudng la:

Wy = SRIZT = 1R12 2"
2 2 ,

Dé nghiém lai ring:

/s + Wy 0 cong huong

Q = 2n = - =L
Wi ¢ cong huong R

(2.112)

Dai luong nghich dao cua hé s6 pham chat Q goi 12 hé s6 ton hao d:
1 _1 Wy cong huong R

d=—==—-. =— (2.113)
Q 2n Wy +Wy cong huong p
Néu gia thiet: R, =0, tic: R = R, +R.
: 4 Rl 33 R
khi dé: d< R tRac | Bag +w,CRy ¢ = d=dy +d¢ (2.114)

) oL
trong dé: d.de - 1a hé s6 ton hao cia cuén day va tu dién & tan sd cong
huéng (xem lai biéu thde 2.95 va 2.96).

1 1
vi: dp, =—; dg=—
Q. Y Qe
A . 1 1 1
nén ciing c6: —=—+— (2.115)
Q Q Q

trong dé: Q, Q¢ - 1a hé s& phdm chat clia cuén ddy, tu dién 6 tdn s0 w,-

Ta thay hé s6 phdm chat cia mach nhé hon hé s6 phdm chat cia cuén
day va tu dién.
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* Sy thay d8i ctia bién d¢ cdc dién 4p trén L, C, R theo tin s dugc
khao sdt nhu sau:

g E R+jwL-1/wC)
K, = pL = .__._JwLI = joLY = : joL
E E R+ jwL-1/0C)
5. gl
K, = J¢ - __oC =—j—16Y= ~jl/wC
I E ¢ R+joL--)
suy ra: 1K, | = Ui _ oL _
Ew  JR*+(wL-1/aC)’
Kol = Dem - 1 :
E, O)C\/ﬁz +(wL~-1/wC)
IKg ! = —= R — = RY()
\/R‘+((0L-1/(oC)3
Bing cach khao sdt cac dao ham dikyl .————~diKCl , ta dé chding minh
dw dw

duge ring néu Q > 1/4/2 thi:

. . 1 s 2Q*
IK, | sé c6 cye dai 1K 1,,=Q/ [1-— taitan so: wy =0, =75
' 4Q 2Q° -1

X . . s 2Q% -1
va: lKCl co cuc dal IKCIn\nx = lKL‘llm.\ tai tan so: w, =W, ——é?i_’—— .
Cé thé nghiém lai cdc quan hé sau:
wy, > w, >0 (2.116)
o0 = W (2.117)
H.2.69ab trinh bay su thay doi cia 1Ky 1K I.I1K¢ i theo tan s6
1 1

trong hai trudng hop: Q > —E va Q < ok

. Trong thue t&, viéec nghién cdu mach cong hudng thudng gidi han &
lan can tdn s6 cong hudng. Vi vay, dé tién lgi ngudi ta dinh nghia cdc dai
lugng sau:

- d% léch cong hudng tuyét doi: Aw=w-o, (2.118)

e
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""""""" TN | IK,|
Q- re oA : 4
1 4 e N
: ' . IKcl
TR
R o
0 (B2 (D o1}
a)Q»> L
Vo
[ Kel e “ftl ______
N _________ Kl
: [0]
4] 0
b)Q«< 4
Vo
Hinh 2.69
- do6 léch cong hudng tuong déi: v =—w——9£=~f——£°— (2.119)
0w, o f f
A 14 A , o ] X(w)
- d6 léch cong hudng téng quat: & = R (2.120)
tai tan s6 cdng huong thi cdc do léch cong hudng bing khong.
Giva hai d6 léch cong hudng & va v c6 quan ha:
1 4
oL - —-
g=X.___aC_pfo o
R R Rlw, o
vi: p=o,L= 1 =&=Qv (2.121)
,C :

N&u d6 léch cong hudng nhé w=w, thi quan hé cia & va v v6i Aw cé

thé duge viét gan dung nhu sau:

Ve O o o® —w? _(0to)e-0,) 20(0-,) oy 200 (2.122)
0w, © 0,0 W0 W, o,
Do dé : £ = 229 (2.123)
@,

o

ta c6: Z=R+jX=R(1+j%)=>Z=R(1+j§)
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1ZI =R 1-&-?’;2 ;@ = tan_lg
1

1
= S 2.124
Z R(1+j% (2.124)
1 -1
1Yl = o=-tan " § (2.125)

6] cong hudng & = O nén:

1
Y. = 2.126
ch. R ( )
Do dé : Y 1. 1Yl ! : argY = —tan 1§ (2.127)

Yy 1+j8° |Ych|—\/1+2’;2

va argY theo & dugc biéu dién trén

- . . 1Y
Bé thi didc trung bién d9 I I
ch
H.2.70a,b. Cédc dé thi nay déu phu hop chung cho cdc mach céng huéng ndi
ti€p nén cé tén la: cdc duong cong hudng van nang.

Y1
i I¥enl

1

a) b)

Hinh 2.70: Duing cong cdng hudng van nang

Dong dién trong mach: i=EY

. I v
¢ cong hudng: Ih =EYy =g (2.128)
Ih ch

Sy phu thudc nay giéng hét (2.127) do d6 cdc dudng cong hudng trén

H.2.70 ciing dac trung cho bién d¢ va pha cia dong dién.

LA . 1Yl 1
Dai théng cia mach cfng hudng la dai tan s ma >—==0,707,
: 1Y, ! V2

nén tai hai tdn s¢ cdt g, va o, (tAn s6 gi6i han cia dai thong), do léch
cdng hudng tdng qudt § cd gid tri *1 cdon d6 léch cong hudng tuong dai
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1
v=t— (vi & = QV).
Q 3

Tu quan hé (2.123) suy ra:
2Q(wg, —0,) 1. 2Q(ag, -w,) -1

b

W, ,

Tu d6 suy ra do rong dai théng la: BW = g, ~ W, =%’-

Ta tim lai dude quan hé (2.108).

C6 thé thdy ring, do rong dai théng cang 16n néu tin sé cong hudng

cang l6n va phdm chdt mach cang nhé va nguge lai. 0 mét tin sé cong
huéng xdc dinh, mach s& c6 tinh chat chon loc t6t hon néu phdm chat 16n
han.
Vi du 2.14: Mach cong huéng néi ti€p ¢ r = 20Q, C = 60pF, tin sé cong
huéng f, = 3 MHz duge kich thich béi ngudn sdic dién dong hinh sin bién
dd 1V tan s6 f vdi do léch cong hudng (tuyét doi) Af =f-f, =6KHz. Hay
xdc dinh: bién d6 dong dién trong mach, dién khdng cda mach, bién dé
dién 4p trén tu dién, géc léch pha gita dong dién va suc dién dong.

A 1 . . . Af 6.103 3 . g
Giai. Vi d6 léch cong huéng nhé: T=§—IO~6=2.10 << 1 nén ta c6 the
o .

tinh todn gan ding d6 léch cong hudng téng quat € dung céng thitc (2.123).

Hé s6 phdm chat cda mach:

1 1 1
_ - - = 44,21
,rC  2nf,;rC  27x3x10%x20%60x10712
:>§32Q~A‘2____28i‘£=0_1768
u)O f0
Bién d¢ dong dién & cong hudng: I, =~‘1‘-=2—0=50mA .
r

Tu (2.128) suy ra:
L, 1Yl 1 | S

= = = ::Im = = 49,236 mA
Imch l Ych | \/1-1— éz \’1+§2

Dién khang cia mach: X = wL--%=§r= 3,537
W

Bién do6 dién 4p trén tu:

c =I§m_= Im = Imch = Em ~ QEm = 43,5V
W€ 0,C o cy1+E2 worC\ﬁH';z 1+&2
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Theo (2.124) d léch pha giita nguén sdc dién dong e(t) va dong dién
Wt ¢=W,-¥, = tan”' § ~10° (mach c6 tinh ch&t cam).

2.8.3 Mach cong hudng song song

Mach cdng hudng néi tiép duge dic trung bdi médun dan nap cé gié tri
16n trong dai tdn s& hep quanh tAn s6 cong hudng, hay c6 thé néi cich
khac 1a modun tré khang nhé nhat & cong hudng. Trong nhiéu ung dung
thyc t&, thudng cdn nhimg mach c6 tinh chdt nguge lai. Mach cong hudng
song song sé cho phép thda méin cdc yéu cau dé.

1- Mach cong huong song song ba nhanh

+ : 0 .
Gém ba phan ti dién trd, dién cam, dién b Lo TR
dung mdc song song (H.2.71). Gia su mach Cb 0 G$§ L§ c=—

dugc kich thich bdi nguén dong hinh sin tan J |

s§ © cé bién do phic: J=J, 2% A, va

mach & ch& do xdc lap. Hinh 2.71: Mach céng huing
DAan nap ctia mach: song song ba nhdnh
1 ' 1 :
Y(ie)y=G+——+ =G+ ((:)C———):G+JB
(30) joL —j—l-- ) oL
oC

1 1
véi: B = oC-—; G ==
' (@) oL R

2 LA > 1
Tré khéng cla mach: Z=_=——7—
Y NP
G +J(U)(,—--—L
[{

h]

duoc xdc dinh ti diéu

S

Tan s6 cong hudng ctia mach cing la: o, =

kién B() = 0. |
Uy 1

Mbdun cta tré khang: |Z]| = — Z=== =
In JG2 +(0C-1/0L)

Argumen tré khang: ¢= —tan! ___6_‘:.__

. Duong cong biéu didn 1Z1, ¢ theo o cing c6 dang giong nhu 1Y,
o trén H.2.67 & mach cong hudng ndi tiép. Tai o, 1Z1 dat cyc dai la
|Z e =1/G tng v6i dién dp c6 bién do 16n nhat bang J,,/G . Mach cang c6
tinh chat loc thong dai, cho qua mdt dai tan s6 chung quanh o, va chan lai

dai tan con lai.



112 ' . CHUONG 2

Hai tan so cit ®c, V2 wg, (gidi han dai thong) duge xdc dinh tir didu

5\ 1 by ~ 2z
kién: 1Z1Cog, ) = 1Z1(wg, ) = —=|Z|,., ma ti d6 ta suy ra:

J2

G 1 [, 4C
=L+ 62,40
AT
G 1 [, 4C
S B (e
" Tec T T - .

cling nghiém ding quan hé: wc, O, =o)§
Suy ra d¢ rong dai thong:
G
BW = (1)02 "O)C] = E (2.129)
G cang nhé tuc dién tré cang 16n thi déi théng cang hep, mach ¢é tinh

chon loc tin s6 t6t hon.

Hé s pham chat:

Q=20 _%C_ 1 _1 R (2.130)
BW G  o,GL Gp p
. 1 L .. . . L. )
trong dé: p=o /L= =./5 - la tré khdng dic tinh caa mach.
0,C YC
. 0 cong hudng, 4p u(t) cung pha vdi nguén dong j(t).
Ta ¢6 ¢ cong hudng: Ip,+I¢ = . + = j(0,C - 1 YU=0
jo, L S 1 oL
0,C
=J =16 =GU: toan bd ngudn dong chiy qua dién trg.
D6 thi vecto dong, dp nhu H.2.72. I o A
chdm pha sau J g6c 90°, con Ic nhanh pha J=ig I
) 1
hon J géc 90°, nen ching nguge pha nhau i )%_ﬁ
va c6 bién d6 bing nhau: '
I Iom  ©,CU_ Hinh 2.72

-Sim L q

Jon  Jn  GU,
Né&u Q rat 16n thi § cong hudng I;, va I, rdt 16n hon J, (Q l1an) nén
céng hudng trong mach RLC song song con goi 1a cong hugng dong dién.

Cung dé& ching minh riing & cong hudng tdng ning luong dién tir chda
trong L va C thi khong thay d8i theo thyi gian:
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Wi (1) + Wy (t) = %CU?,, = hing s6.

va hé s6 ph4m chat:

Q=2n Wy + Wy 6 céng hudng
'Ndng lugng t6n hao trong mét chu ky & cong hudng

- D€ tién l¢i, ngudi ta cling dinh nghia d¢ léch céng hudng tuyét dsi;
tuong déi gidng nhu & mach céng huéng nédi ti€p. Con ds léch cong hu’o‘ng
téng qudt duoe dinh nghia nhu sau:

_ B©)

2.131) "
) ( )

Ta cling c6 méi quan hé giita £,v, Aw nhu ¢ mach cong hudng néi ti€p:

£ =Qu, va: £=2Q2%, 249
@, w,
. 1
tacing ¢6: Y =G +jB =G(1 + ;Z— =
a cling cé j (1+)&) = G(1+J§)
G cong hudng: Z, =—é, vi $=0
Z _ 1 1zl 1 A
= = —, = , argZi=—tan™* §
ZCh 1+J§ 'ZCh | J1+§2
Dién 4p: U = 2J, & cong hudng: Uch =Z¢,d
U 1
Suy ra: —_—=
. 1 3
_ Uch +is
o as i ax R 1Z1 18}
Ta thay dé thi didc trung cho moddun: e
Chl 1Ucnl
.7z U  nx g . ,
VA argumen cia ——, —— , ciing dugc biéu dién bdi dudng cong cdng hudng
ch Uch

H.2.70 giéng nhu & mach cong hudng néi tiép.

 So s4nh cdc két qud nhan duge khi xét mach cong huéng R, L, C
song song véi mach cong hudng RLC néi ti€p, ta thdy c6 thé suy ra cdc két
qua & mach song song tir cdc két qua & mach ngi ti€p bing céch thyc hién
phép d6i 14n c4c théng s6 nhu sau:
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<.

(2.132)

N ®
t 888 ¢
< Qe

Sd¢ di nhu vay vi cdc phuong trinh mach trong hai trudng hgp la tuong tu
nhau.

Déi v6i mach cong hudng néi tiép RLC: E=Ugr+ UL+ Uc
) . . . . 1 - I
vdi: Ur =RL UL =jwLl; Uc=—1I; Y=T

Jw E

Déi v6i mach cong huéng song song R, L, C: J=lc+ic+iL

vdi: i(;=Gﬁ,ic=ijﬁ; iLz,LU; Z=H
jwL J

Néu thyc hién phép d6i 1an (2.132) ta sé chuyén duge tir phuong trinh
nay sang phuong trinh kia. Hai mach nay goi la mach dé6i ngdu. Véi cdc
mach d6i ngau ta chi cdn phan tich mét mach va c6 thé suy ra két qua cho
mach kia khi dung nguyén 1y ddi 14n & treén.

2- Mach coéng huong song song hai nhanh

Mach cong hudng song song ba nhanh H.2.71 phan nao c¢6 tinh chat ly
thuyét. Trong thuc t& ta thuong gap cdc mach song song hai nhanh
(H.2.73), méi nhdnh c¢6 thé gém mét phan tu dién khdng (L, C) néi ndi tiép

. v6i dién tré ton hao cia né (H.2.73a) hodc mét nhénh la mach cong hudng
néi ti€p (H.2.73b,c) con nhdnh tha hai chi c6 mét phan ti dién khdng (L
hode C). Cdc mach nay goi 1a mach cong huong song song phiic tap.

C
L, C. C, ' L,
L, L,
R
Ay R, R, R, R, 2
a) b) )

Hinh 2.73: a) Mach hai nhdnh théng thuong;
b) Mach hai dign dung (ba diém dign dung); c) Mach hai dién cim (ba diém dién cam).
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Pé phéan tich cdc mach cong hudng phic tap, ngudi ta thuong chuyén
cdc mach trén vé dang song song ba nhanh dé c6 thé dp dung két qué cda
né. Mach cong huéng hai nhanh 14 mé hinh ding ctia cdc mach thuec té
thudng diung véi diéu kién tén hao cia cdc phan ti nha. '

. Dé dua mach song song hai nhdnh vé dang mach song song ba
nhénh ta hdy so sdnh dan nap cda ching:

Véi mach ba nhdnh (H.2.71):

Y=G +—L +jaC (2.133)
joL

Vé6i mach hai nhdnh (H.2.73a):
1 1
= - + 1
Rl +J(.l)L1 R2+ -
joCy

(2.134)

Véi cdc gia thiét: R, <<wL;; R, <<—-é— (diéu nay ludn luon dat duge
Wl

trong mach thuc té&), ta sé viét dugc:

1 . 1
+joLy + —— R, + joL, + ——
R1+RZ+JmL1+ij2 R, +Ry +jol, jaC, RC, . 3
Y'= 1) (L./Cy) =, HieCig
R. +ioL 1 170G 1 1
Rl (R
véi: R= R, +R, (2.135)
So sdnh (2.133) va (2.135) ta dugc:
_RCG . ¢oq, L-L (2.136)
L,
D6 la diéu kién dé hai mach H.2.71 va H.2.73a tuong duong nhau.
Goi Ry -1 =—Ii=32— (2.137)
' G RC, R

trong d6: p= ’lél - 1a tré khédng dac tinh cia mach
2

Theo (2.130), hé s6 phdm chat ciia mach la:

- R (2.138)
p .
Suy ra ta cing ¢c6: Ry = Q’R (2.139)

R,y - dugc goi la dién trd tuong duong cia mach H.2.73a.
« Xét mach trén H.2.73b,c 1a cdc mach ba diém dién dung va ba diém
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dién cdm; dé rit ching vé dang mach H.2.71 truée hét ta chy y dén dién
khdng cia nhdnh mét. Trong ci hai trudng hop déu cé:
1

X, =0l -— (2.240)
wC,;

12 dién khdng cia mach cong huéng néi tigp, né 1a ham cda tin s§. §
nhimg ddi tan s8 khdc nhau, X; c6 tinh chat thay déi.

» Néu goi @y, 12 tdn s8 cong hudng ciia nhdnh mét thi véi:

1
O<w< = —— 2.141
‘”C}u[ ,——Llcl J ( )

ta c6 X, <0: nhdnh mot khi d6 c6 tinh chat dung
‘ Trong dai tdn nay nh4nh mét tuong duong véi mot dién dung Cu dugc
xdc dinh nhy sau:

1 1 1 1
—_— =(DL —_—— :)—:——(DzL : 2.142
@Cy ' oC, Cy C, ! ( )

» Trong dai tan s6:

1
<W< oo 2.143
r——~L1 C. ( )

ta ¢c6 X, >0: nhdnh mét c6 tinh chat cdm va né tuong duong véi mot dién
cdm Liq duge x4c dinh béi:

(2.144)

1 1
wLy =L, -—— =1L.=L. -
Nhu vay trong dai tidn s6 thya nh4t, mach ba diém dién cam sé& x4y ra
cong hudng gitta C,y véi L, 6 tdn s6 o, = Ocpss duge xdc dinh béi:
2 1 1(1 9
‘(E:‘ Wehss Ly J

1 1
JL +L,)C,  JLCG,
trong d6: L = L, +L, - 1a dién cim tdng xét theo mach vong tao nén bdi
hai nhédnh song song cta mach. v

Thay (2.145) vao (2.142) ta duoc gid tri caa Cu cla nhdnh mot & tdn
s8 cong hudng song SOng @y, cia mach ba diém dién cim:

Suy ra: Ochgs =

(2.145)

Ly+L C ’
Cidss =JT2'CI =21 (2.146)
2 P
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L L
trong d6: =2 =2
g P LT (2.147)
p - dugc goi 1a hé so phan bd dién cdm giita hai nhédnh.

Trong ddi tan sd thd hai, trong mach ba diém dién dung sé xay ra
cong hudng song song cia nhdnh mét véi C, & tan s6:

W = 1 1
chss — -
L4C, — 1 C,
: (Dchsscl

‘ C,+C, 1
= = = (2.148
OChss L10102 \[LIC )

‘ C,C, s 3ia , 5 ‘
- trong d6: C = oo la dién dung cia toan mach xét theo mach vong tao
1TV

nén bdi hai nhdnh song song.
Thay (2.148) vao (2.144) ta dugc gid tri cda L, clia nhdnh mét tai tdn

58 O, cia mach ba diém dién dung:

C
Luges =L +102 =pL, (2.149)
1
N C, C
vdi; = =— 2.150
! P C,+Cy, G, ( )"

goi la hé sé phan bé dién dung cia mach.

Bay gi¢ ta xét dién trd tuong duong ciia hai mach song song phic tap
H.2.73b, c. Trong dii tdn s6 thi nhat (0<w<1/{L,C;) nhénh mot cia
mach H.2.73c tuong duong véi dién dung Cy nén & ddi tdn s& nay mach
H.2.73c tuong duong véi mach H.2.73a. Tuong ty trong déi tdn s6 thy hai
(llJIjl—(l—1<m<w) mach H.2.73b tuong duong véi mach H.2.73a. Do dé6 ta

vin dung duge cong thic tinh Ry cGa mach hai nhdnh théng thudng
(2.137), trong d6 L hogc C ciia nhdanh mét duge thay bang cdc gid tri tudng'

duong 6 tdn s¢ cong hudng, con dién cdm va dién dung cia nhdnh hai van
gilt nguyén.
Nhu vay d6i véi mach ba diém dién cdm:

L L
Ry=—2—=p°—= (2.151)
%7 RCygee RC,
| 2 L2
trong dé: R= R1+R2,p=_L_=m

Véi mach ba diém dién dung:

e
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L L
R,, = —tdss _ 2 1 (2.152)
¥=Re, P RC
. _ G _cC
trong dé: p= C,+C, = C,

Cdc két qua (2.151) va (2.152) cho thay dién tré tuong duong cua mach
ba diém dién cam va dién dung cé thé viét dusi dang chung:

Ry =p’R'y . (2.153)
trong d6: R'y - 1a dién tré tuong duong cia mach H.2.73a c6 cung dién tro.
cdn dién cam va dién dung la cdc dién cam va dién dung tinh theo mach
vong cia cdc mach 3 diém dién cam va ba diém dién dung.

Két qua (2.153) chitng té ring ¢ mach ba diém dién cam va ba diem
dién dung c6 thé lam thay déi dién tvé tuong duong cua né biing cdch thay
doi hé s6 phan bd p trong khi van giit nguyén khong lam thay déi tan =0
c¢ong hudng song song.

2.8.4 Mach céng hudng ghép

Cédc mach céng huéng dugc I, ¢

——

xét ¢ trén 1a cdc mach cong huéng it

don. Trong thuc t€ con g@}p cach £ \) L1'§ é‘-z Rzﬁ
mach céng hudng ghép nhdm dé

¢6 dudng cong hudéng tét hon. W

Mach ghép la nhiing mach ¢6 kha

a) Mach ghép hé cam
niang adnh hudng ld&n nhau. Viéc

xét chiing ¢ ddy chi han ché trong = ——,

trudng hgp hai mach ghép véi L L.

nhau va it nhat mét trong ching °F g'-gh Cz

phéi la mach cong hudng. Gy R, R, T
F—w —AAA—

Trong thyc t& ta thuong gip
trudng hgp trong mach chi ¢6 mot

ngudn nang lugng. Mach duge néi 1 Jec
e A . « — T akLih
véi nguon ning lugng ta goi la L, L,
mach so cdp. Mach ghép véi mach E =C, RQ§
so cap goi 1a mach thi c4p. c, R, c,
Phan ti tham gia ca trong ! Mo —H
mach so cdp va thi cdp ta goi la €) Mach ghép dién dung
phan tir ghép. Hinh 2.74: Mgch cong hudng ghép

Tuy theo loai phan ti ghép ma ta chia cdc mach ghép thanh cic loai
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thong dung nhu H.2.74a,b.c:

\16 8

1

Z, =R, +j[(1)(L1 ~M) -
. 1

Z,=R, +J[(0(Lz M)—————]

[ 1
Zl =R1 +J((DL1 ——

, . 1
/J2 =R2 +J (DLQ ——
T cdc phuong trinh trén ta thay
¢6 thé bidu didn ca ba mach H.2.74
bdi mot mach tuong duong cé dang

téng quat nhu H.2.75. .
Tré khang Z;,. Z,; cua mach so Hinh 2.75: Mach tiwong diong tong

Xét mach ghép hd cam H.2.74a, viét dinh luat K2 cho hai mach so cap
va thu cap ta dugc:

1 di di.
e(t)=— |, dt+R;i, +L 1 +M—2
L,J ! 1 dt
di di,
0=M—Lt+—|i,dt+R L
dt CQJI’ 2+l
Chuyén sang dang phL’rc ta dugc:
K —————h+R1 11+_](1)L L+ 1(0’\/[1)
joG,
0:ju)Mi1+ . ! Lo+ R, i2+j(0L., Iy
joC, N
Hai phuong trinh trén c6 thé viét ¢ dang:
=2, L+jXy I (2.154)

0= jXq l1+7 L2

D6i véi hai mach H.2.74b.c. phuong trinh mach cing ¢ dang nhu la
(2.154). Ta c6:

X, =0M
X = 0Ly, (2.155)
1
X, = —
th m(‘gh
=2+ Ky, VA Dy = Zy+ Xy, (2.156)
w(/]] .
41 361 vél H.2.74a (2.157)
C
oC j )
VL 461 véi H.2.74b, ¢ (2.158)
wC,y
—{
zZ, i,
iXin

qudt eria cdc mach ghép H.2.74

-~



120 ‘ CHUONG 2

cdp va mach thi cap c6 thé viét lai:

Zy, =R, +jX}; =R, +j(wL11 _mC“ ]
Zoy =Rg +jXoe =R, + 3| Loy — L
929 =g +JAgy =g +] 22 @Cay

L,,=L;; L,, =L )
trong dé: i b 2}

doi véi H.2.74a
C11=C1:Cyy =G,

Liy=L +Lgh; Cpp =G
Loy =Ly +Lgu; Coe =Cy
Clcgh
C, +Cgh
- Czcgh
C, +Cgh

} doi vdi H.2.74b

Ly =Ly Gy =
déi véi H.2.74c¢
Ly, =Ly: Cyy

+ Tuong tu nhu doi véi mach cong hudng don néi tiép, déi vdi mach so
cap va mach thy cdp ta cing dinh nghia cdc khdi niém tin so céng hudng,
dd léch cong hudng tuyét doi (xem lai cdc bidu thic tir (2.118) dén (2.123) 6
muc 2.8.2).

D61 véi mach sg cap:

. . ) 1 .
- tan s6 cong hudng: «,; =—=== xdc dinh tir diéu kién X,, =0
° vL1iCyy a

- 406 léch cong hudng tuyét dsi: Aw, = w-w,

- dg léch cong hudng téng quét: &, =£R1l
1

s . A 2L .
va ta c6 quan hé: §, =R—“Awl, néu: w=w, (tic: [Aw |<<w,,)
1

Tuong tu d6i vdi mach thit c4p:

N . :, 1
- tan s0 cgng hudng: w,y =——==— xdc dinh tir didu kién X, =0

- d¢ léch cong hudng tuyét d6i: Aw, = 0= Wy
- d6 léch c¢ong hudng téng qu4t: &, =%”—
2

néu do léch cong hudng Aw, nhs thi: Ey = 211;22 . Awy .
2

Bay git ta khdo sdt dic tinh tdn s6 cta din nap tuong hé Y,, cia
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mach cong huéng ghép: Y,, = Iz/E T (2.154) ta suy ra dugc:
' ~iXh
Yo = (2.159)
211295 + X3,
ma c6 thé viét lai § dang sau day:
1 iA
JRiRy (1+A%-£&y)+; +E2)

trong dé: &;,&,- 1a cdc do léch cong hudng téng qudt cia mach so cdp va

Yo, =- (2.160)

mach thi cdp.
Xih

JR.R;

« Trudng hop don gidn va thudng gip trong thyc t& la trusng hgp hai

Con: A= (2.161)

mach cong hudng giong hét nhau duge ghép vdi nhau tic la:
khi dé: 0y =Wy =W,;  Awy =AW, = A0 =0,
X
=E,=£; A= Zth
g=t=8; A=
trudng hop mach cong hudng ghép hd cam (X, =wM) va véi do léch cong
M_oL M « LM
huéng nhé: A=SE O B T -Qk 2.162
ng nao R " RL RL ° (2.162)

trong dé: Q - hé s6 phdm chat; k= ,_.___M M l1a hé s& ghép.

Dén nap tuong hé Yy, trong trudng hop nay trd thanh:

b 1 A
Yy =—=-3- (2.163)
2 g R (1+ A% -E2)+j2¢
tai &= 0 (con hudng), thi: Yy, =Y, Sl A (2.164)
v = ong g), . 21 [+] R.1+A2 .
ta c6:1Y, I=-—-é———; médun |Y,! phu thudce gid tri cia A va c6 tri s6 cuc
R(1+A%)
daila 1Y, |, =— tai A=1.
2R
Tacé: f()= Yo ! _ 24 , (2.165)
1Yo lnas 1+ A% -E2)? +4E7
Xét: HE) o EE2-A2+1)=0 ' (2.166)

dg
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Do dé néu:
- A < 1, phuong trinh (2.166) chi ¢6 mét nghiém &= 0.

-A>1,(2.166) c6 ba nghiém la: £=0,E=+vyAZ -1

Dudng cong biéu dién ¥ L theo & va phu thudc tham sé A la ho

o 'max
dudng cong cong huéng (H.2.76). Tu dé thi ta thay khi:

- A £ 1, dudng cong chi ¢6 mot budu tai §& = 0, hinh dang clia né
thuong duge dung do ¢6 do biing phéng lén trong dai théng va do suy giam
16n hon ngoai dai théng so vdi mach cong huéng don;

- A > 1, dudng cong c6 hai budu va cdc gid tri cuc dai xay ra tai hai

diém: E=2JAZ-1.

Hinh 2.76: Buong cong céng hudng van ndng cua mach ghép



Chuong 3

CAC PHUONG PHAP
PHAN TiCH MACH

Trong hai chuong trudc, mach dién dugc xét thudng thudc loail don
gian, dé gidi ching ta da chd yéu 4p dung tryc tiép hai dinh luat Kirchoff
1, 2, ciing nhu cdc phép bién déi mach tuong duong dé lam don gian mach
truée khi giai. D6i véi cdc mach phifc tap, co s cda vige phéan tich van la
hai dinh luat Kirchhoff, tuy nhién c6 nhing phuong phap cho phép dp dung
cdc dinh luat nay mot cach hé théng hon, hiéu qua hon va giai mach nhanh
hon sé dugc trinh bay trong chudng nay. Céac phuong phdp, dinh ly, tinh
ch4t duge trinh bay d6i véi mach dién tuyén tinh & ché& do xdc lap hinh sin;
hau hét c6 thé 4p dung cho céc mach dién tuyén tinh thuan tré (chi chda
céc phan td dién tro, ngoai cdc nguon 4p, ngudn dong) cé kich thich bat ky
ho#c cdc mach tuyén tinh & ché do xdc lap DC, chi can thay cdc khdi niém
anh phuc dong 4p boi cdc bién tic thdi, thay trd khdng béi dién tré va dan

nap bgi dién dan.

3.1 PHUONG PHAP DONG NHANH

Gia si mach dién co d nit, n nhdanh. Theo phuong phdp dong nhanh,
dau tién tim n dong dién nhdnh bing cédch viét hé n phuong trinh déc lap
d6i véi n dong nhanh goém:

. (d~1) phuong trinh viét cho (d-1) nit dung dinh luat K1.

. (n-d+1) phuong trinh viét cho (n-d+1) vong hoac mat ludi (néu la
mach phing) dung dinh luat K2.

Giai hé n phuong trinh dai s6 tuyén tinh nay ta tim duge dong dién
trong cac nhanh. Tir d6 c6 thé suy ra dién 4p trén cdc phan td, cdc nhdnh
v.y.

Trong hai chuong trude ching ta da dung phuong phép dong nhdnh dé
gidi mot s6 mach dién trong cde vi du 2, 3, 4, 5 va 6 ¢ muc 1.6 chuong mot
va vi du 1, 2 6 muc 2.4 chuong hai.

3.2 PHUGNG PHAP THE NUT

. Chon mot nit trong mach va goi né 1a nut géc (c6 thé chon mét nut
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tuy y lam nut géc, nhung thudng ngusi 3,
ta chon nit c6 nhiéu nhdnh néi téi ()
nhdt lam nit géc). _ KYSJ i,

Vi du trén mach dién H.3.1, nit 3 T
duge chon lam nit géc. Dién thé (hosc ® Y '_Y; ®
goi tdt 13 thé) cia mot nit duge dinh B — i
nghia 14 dién dp cda mit d6 so vdi nut ‘
goc: Vay thé cla niit géc bing khéng. CD i 1y Y, [] d)jz
Tit difh luat K2 (ma vé mit ¥ nghia
vat 1y néi lén tinh chat thé cia trudng )
dién) suy ra c6 thé biéu dién dién dp <I:3=0
gita hai nit i va j bdng hiéu thé nut i Hinh 3.1
v4i thé nit j:

(pm'xt goe = 0 . 3.1

Ujj =(Pi_(bj (8.2)

That vay c6 thé nghiém lai rdng véi viéc bidu didn céc dién 4p qua
hiéu thé giita hai nit nhu (3.2) thi dinh luat K2 dugc ty dong lam théa
man.

Vi du xét sy can bing 4p trong vong gém cdc ddn nap Y,.Y. Y, ¢
H.3.1 ta ¢6: uyp +uys +ug; = (0, —@2)+(9; ~0)+(0-¢,) =0 nghia la théa dinh
luat K2 viét cho vong dé.

* Theo phuong phdp th& nit, cdc bién cdn tim dau tién la (d—1) thé
cia (d-1) ndt (trir ndt géc). Dung dinh luat K1 viét (d-1) phuong trinh ma
cdc 4n s la (d~1) thé nit cho (d-1) ndt. Giai hé phuong trinh d6 ta tim
duge cdc thé ndt. T d6 suy ra dién dp, roi dong dién trén cdc nhdnh. S6
phuong trinh phai gidi & phuong phdp th& nat nay 1a (d-1) it hon sé
phuong trinh phai gidi ¢ phuong phdp dong nhénh vi (d-1) < n.

Vi du xét mach dién H.3.1 véi nit 3 chon lam nit goc.

Ta 14p hai phuong trinh K1 déi véi hai bién la thé ¢,, ¢, ca nit 1, 2.
Viét K1 cho nit 1:

il—i3+i4 =j1--ja
thay: ix =Y, ﬁls =Y, (.Pl, i4 =Y, UIZ =Y4(‘i’1“‘.P2)

va - i3=Y3fJZl=Y3((.P2“b1)
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ta dugc: (Y + Y5+ Y9) @y~ (Y + Y,) @, = J1-Js (3.32)
Viét K1 cho niit 2: Tp+ly-1s = do+ds
Thay 1p=Y,Us=Y,0p Is=Ys(@y-0y) va Ls = V4@~ 05)

taduge  —(Yg+Y) @+ (Yo+ Vs +Y,) Py =—do+ds (3.3b)
Hé 2 phuong trinh (3.3a) va (3.3b) ¢6 thé trinh bay ¢ dahg ma tran:

Y, +Y3+Y, -(Y3+Yy) y Ji—d
0 - 1 3 (3-4)

Ta rit ra cdc nhan xét sau:

. Céc phuong trinh (3.3a), (3.3b), (3.4) khéng phu thudc vao viéc chon
chiéu duong clia dong dién trong cdc nhdnh.

. Trong phuong trinh K1 cho nit 1 tic phuong trinh (3.3a): hé sé cua

¢, 1a (Y, +Y;+Y,) biing tdng cdc din nap ctia cdc nhdnh néi véi nit 1; hé
s6 cta ¢, 1a — (Y3 +Y,) bling s8 d6i ciia tong céc din nap cda cdc nhdnh
ndi giifta nit 1 v6i nit 2; s6 hang & vé phdi la (J1-J3) biing téng dai s¢ cla
ngudn dong chdy vao nit 1.

Trong phuong trinh K1 viét cho nit 2 tic (3.3b): hé s& cia ¢, la
(Y, +Y;+Y,) bing téng din nap céc nhdnh néi véi nit 2; hé s cda ¢, 1a
~(Y;+Y,) biing s6 d8i cia téng dén nap cdc nhanh néi gitta nidt 2 va ndt 1;
s6 hang & vé& phai la (~Jo+J3) bing téng dai s6 cdc nguén dong chdy vao

nut 2.
Trong trudng hop téng qudt d6i véi mach c6 d mit, ngudi ta ching
minh dugc hé phuong trinh déi véi (d-1) thé nit c¢é dang sau:

Yy; ¢+ Yo G+t Vi g1 Qg1 = Ju « phuong trinh K1 viét cho mit 1
1Yy ‘bl*’ Yoo ‘bz + ..+ Y94 (.Pd-l = Jaz «— —-nt- nit 2
. . . . « -nt- nit d -1

Yy 1101+ Ya10 @+t Yacrd-1 Pa-1 =Jaa1

(3.5)

hoac trinh bay & dang ma trén:
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Y, Yoo Yig0 1 Jai

Yd—l.le~1;2 - 'Yd—l.d—l

0] [Jaa ]
~ trong dé

Y,;(i=1+d~1) = téng cdc din nap cia cdc nhdnh néi véi nit i

Y =Y;(i=1+d-1j=1+d-1j#j)=- (tdng cdc dan nap cla cdc nhanh
noéi gitta 2 nit 4 va j)

Jai = tong dai s& cdc nguén dong chdy vao nit i, mang dau “+”

‘ néu nguédn dong chay vao nit i, nguge lai mang dau “-” (3.7)

Trong trudng hop mach c¢6 chita ngudon dp méc néi ti€p véi mot trd
khdng thi ta c¢6 thé bién doi ching thanh nguén dong nhu H.3.2 truge khi
dung quy tdc (3.7).

Vi du 3.1: Tim cdc dong dién i1 trong mach dién H.3.3 dung phuong
phdp thé niit.
Giai

Bién doi ngudn dp 10£0 V néi ti€p dién tré 5Q thanh nguén dong

10£0~
5

=2Z0°A mdc song song dién trd 5Q, ta duge H.3.4.

. L @
E -
j

I?
=
20)
z :| Z 120 CD 2/-30°
10£0° A
Q T

g
Nlllm
)
o

1

v 9 -j2Q

Hinh 3.2 Hinh 3.3
Chon nit 3 lam ndt goc. Theo quy tdc (3.7) ta viét duge hé phuong

trinh K1 d6i v6i cdc bién the nit ¢, va ¢, nhu sau:
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1 1. 2
9+ j12 2 ||®
1 11

2 2 i | ™ | | 240°
Nhan xét: ma gén d6i xing
Riit gon lai: D~ 20 ®

0.74-10,0533-0,5][ ¢, =1 L
-0,5 0,7+j0,1 | ¢, L

11
=+
5 2

(-]

503 2/-30

= _ A
[msz—j} 2A oW

N

N
Wy

-~ _ ‘P:Fo_ -
Suy ra: Hinh 3.4

2 -0,5 ‘

1,732—_] 0,7+30,1 | 2,266.—_)0,3 ~8-j2.17V
0.74-j0.0533 -0,5 0,273+ 30,0367

-0.5 0,7+j0,1

0,74 —j0,0533 2 ‘

-0.5 - 1,732 3 2,228 —‘30,832 ~7.6-4.07V
0.273+j0.0367 0,273+ 30.0367

(bl::

‘bz =
Tu do:

i =-UE‘2-:1"1—’2-‘32—=0.2+J'0.95 ~0,97£78°11A

i =2+P—53—1=2—%‘—:0,4+j0,434=O.59447°33A

Vi du 3.2: Xét mach dién DC (dong (A

khong déi) nhu H.3.5, tinh céng suit N\ 250

Y var o E: 5 . ——— A+
phét bsi méi nguén dong dung phuong ! )
phdp thé niit. O !

Giai

Chon nit 4 lam nit gbc. Viét hé 3A 0,250 0,10
phuong trinh K1 déi véi céc bién thé
7

nit ¢,,9,,¢3 theo quy {ac (3.7) ta dugc: : < =

-
—— -
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0,25+0,5+0,25 -0,25 -0,5 [ o 3-9
X -0,25 0,05+0,2+0,25 -0,2 0y I=f 9
~-0,5 -0,2 0,56+0,1+0.2 || ¢ 0
Nhan xét. ma tran doi ximg
¢1-0,25¢9, - 0,503 =-6
= -0,25¢; +0,5¢0, — 0,295 =9

-0,59; - 0,2¢, +0.8p3 =0
Giai he ba phuong trinh trén ta duge: ¢, = 4V; ¢, = 23,3V; ¢, = 8,33V.
Cong suat phat béi nguén dong 3A 1a: p, = 3uy, = 3¢, =12W.
Cong sudt phét béi nguén dong 9A 1a: p, =9u,, = Ny —9,) =173, TW.

m 4 —
+ —'>__ Unnn
P Z R
' i _"Umn

E urnrv= Om = @y z' _] h Zi Zi Z]

n &~ — —

b)

Hinh 3.6

» Trudng hop mach dién c6 chda cic nguon phu thuée, c6 thé dung céc
phép bién déi mach tuong duong (vi du nhu H.3.6) dua ching vé dang
nguén dong phu thudc 4p. Khi dp dung quy tdc (3.7) c6 thé déi x{ cac nguén

phu thuéc nhu 14 nguén doc lap. @ 0,80 @
. . . . —_— W .
Vi du 33: Tim I;,I5,I3 §& mach I 3 I Hy
H.3.7 ding phuong phép thé nit. o '
gp g phap thé nit CDS% éo,zu §0,3U l 4,
Giai @
Chon nit 3 lam nut gac. 95=0
Mach c6 nguén dong phu thuge Hinh 3.7

411 =4x0,2xU13 = 0,8,

Ap dung quy tdc (8.7), d8i x&t ngudn dong phu thugc nhu 12 nguén dong
doc lap ta duge:
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0,8+0,2 -0,8 ][@ 5
-0,8 0,8+0,3]||¢,] |-0.8¢,

¢,-0.89; =5 }

= -0,8¢,+1,1¢, =-0,8¢,
. 0.86, =5 _ .

= #1700 hoic dang ma tran: 1-0.8 Pl 5
1.1, =0 ) 0 L1j[¢e, 0

Nhan xét: khi c6 nguén phu thugc, ma tran hé s§ ciia thé nit tic ma

1-0,8 .
tran [0 1] khéng dé1 xing.

Tir hai phuong trinh trén suy ra: ¢, =5V, ¢, =0V
Do dé:
1, =024, =1A; 12 =0,8U12 =0.8(p,~¢,) =4A; 11 =0,3¢, =0A
* Ta xét trudng hop mach c6 nhdnh chia nguon ép 1y tudng.
Vi du 3.4: Tim thé cla cdc nit ¢ mach di¢n H.3.8 dung phuong phdp thé

nut.
Giai 6U
\Mach c¢6 moét nhdnh chi chia v ® 30 ®
nguén d4p 2 cost [V] (ngudén dp ly O W Wy
tudng) khong thé bién d6i thanh ‘ I (bz .
A ; b3 t
nguon dong duge. e A W - J2eostV]
Ta chon mét trong hai ddu cia ®@
, oD

ngudn 4p ly tuéng lam nit géc, & day
ta chon niit 4. Hinh 3.8

Vay @3 =2 cost V] 1)

Hai bién con lai c4n tim la ¢, va ¢p, do d6 ta chi can dung quy tdc
(3.7) viét hai phuong trinh K1 cho hai nit 1 va 2 (ta tranh ndt 3 1la nit cé
néi véi nhdnh chda ngudn 4p ly tudng 2 cost [V)):

{(2+6)(p1 —2¢, 603 = et (2) «Phuong trinh K1 viét cho nit 1

~2¢, +(2+3+4)p, ~ 393 =0 (3)«Phuong trinh K1 viét cho nit 2

Tir 3 phuong trinh (1), (2), (3) suy ra:
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¢ = -égs—e't +:13—,(7)cost[V]

@2 =ie't +%cos t[V]

¢3 =2 cost[V]

Vi du 8.5: Tim thé cda cdc nit § mach dién DC (H.3.9) dung phuong
phdp thé nut.

Giai

Chon mdt trong hai
dau clia nguén 4p ly tuéng
2V lam nidt gée. Vi du
chon nit 5 lam nit géc. .
Khi d6 ¢5=0, ¢, =2V . Hinh 3.9

Viy ta c6 3 bién ¢,,¢3,¢, chua bi&t nén cin ba phuong trinh.

Chii ¥ nguén 4p ly tudng (3i,) mic giita nit 4 va 3 nén:

. u
@4~ 93 =3ip = 3-’? =-1,5¢,

= o 250,-93=0. (1)
Viy ta chi con cdn thém hai phuong trinh nita.

- V, P
Dung quy 14 (3.7) vist phuong trinh K1 cho niit 2 ta duge:

1 1.1 1
~=@ | =+= lpy —=0. =-9 (2)
2" (2 1) 21

Ta trdnh viét luat K1 cho cdc nit 1, 3 va 4 ma c¢6 n6i véi cdc nhdnh
chia nguén 4p ly tuéng. Thay vao dé ta chon viét dinh luat K1 cho mat kin
. (S) 1a mét ma cdc nhdnh di vao né khéng chita nguén 4p 1y tudng:
iy +i3+i;+2u; =0 « dinh luat K1 cho mat kin S.

thay i1=‘plz(p4’ i3=(p2']':(p3 , i2=—g4

P-4 4+ 92°90 @4
1 1 2

Tit ba phuong trinh (1), (2), (3), suy ra:
¢, =2V, @, =-2V, @3 =5V, ¢, =2V

» U =@, — ¢, ta duge:

+2(p, -¢)=0 3)
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Vi du 3.6: Xét mach dién nhu E, A _Z, h A 2 hi
H.3.10 trong dé - : g I :

. . : E. z, & 4 B2
Ea+Ep+Ec =0 0 @—B—"B—CIZF B ‘—H-i—_.—Oa '
a) Thd diung phuong @E_C__EFZ:} Cy L =

PR . . —
phdp thé nit tim @, ¢, Tes z| Iz z,
) Hinh 3.10
Chon ¢,= 0 (O la nit gdc). i i
c3 0 A3
Nhan xét. 2
b) Ap dung bing s6 vdi: Ea =120290°V, Ep =120£-30°V,
Ec =1202-150°V va Z, =2+j3Q, Z, =3+j3Q, Z3 =-j3Q.
Tinh @, . p,Pc, va dong dién trong cdc nhédnh.
Giai
a) Ta c6: ¢, =Ea, o =EB, ¢ =Ec.
. 1 1 1
Bét Yz =Y1+Y2+Y3 V(?l Y]':—Z:’ Y2 -—-EZ—, Y3 =Z—3
Viét phuong trinh K1 cho 5 niit A,.B,,C,,0,,0, ta dugc:
Y; ¢a,~ Y2 @, ~ Y3 @, = V1 Ea | (1)
YZ (pB‘ _Y2 (.pol _Y3 (pf)? = Yl EB (2)
Y}: (‘-pcl - YZ (.pol - Y3 (.p°2 = Yl EC (3)
3Y, ¢, - Y2 @, - Y2 05, ~ Yo ¢c, =0 S C))
3Y;¢,,~ Y3 ¢a,— Vs ¢p,~ Y3 ¢c, =0 (5)
T (4) = ®,, =§(‘PA,+‘PB,+%,) )
N . 1 . . .
Tu (5) = Py, =§(‘PA1+%1+‘PC,) (7N

Cong (1), (2) va (3) lai ta dugc:
 Yy(ga,+Pn,+00,)-3Y2 By ~3Ya 0y =Y, (Ea+Es+Ec) (8)

Thaylg, @, béc  (6)va (7) vao (8) ta suy duge
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¢A1+¢Bl+‘bc, =Ea+Ep+Ec 9
Thay (9) vao (6), (7) ta dugc:

. . Ea+Ep+Ec

®op = 9o, =——’—§——=0 (10)

Vi cdc mit O, O1, Og c6 cung thé

nén cé6 thé noéi chung lai véi nhau
thanh mét ma khong lam thay ddi tinh
trang cuia mach.

T d6 ta ¢6 thé tdch so d6 H.3.10
thanh ba so dé H.3.11a, b, c.

Dé tinh @, 1a,.ia,.01a; 6 thé
dung so dé H.3.1la; dé€ tinh
('pB1 .igl ,iBZ,iB;, c6 thé dung so dé

H.3.11b, va so dé H.3.11c duge dung dé

tinh ¢, .Ic,.Ic, Ie, . Cdc so dé H.3.11

thuong dugc goi 13 cdc so do mot soi, va
phuong phdp nhu trén goi la phuong
phap mot sgi. .
b) Vi: e |

E,+Ep +E¢ ¢) 0=0, =0,
=120 £90° +120£ - 30°+120£ ~150° = 0° Hinh 3.11
nén c6 thé d4p dung két qua cau a.

Ta dung so d3 mot sgi H.3.11a d6 tinh ¢, .1, . Ia,.1a,. Ta c6:

. Ea 120 £90° /90°
I, = = - 120790 _94,90°A
2% (2134 B+13)i3) (24013
Zo+Zs (3+3)+(-j3)
7,7
Ay = ot Ta, =(3-j3)(j24) =T2(1+j) = T242245°V
Z,+2Z4

_%a, _721+j)

I =24A
A2 7, 3+j3
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.. Ga T2(14] .
fyo oo _T204D o4 149)A =24422135°A

3 Zs 33

- Bdivi EB ¢6 bién do bing vdi EA nhung cham pha sau E, mot

géc 120°, nén suy ra I'BlviB‘z‘I.B;;’(bB] theo thd tu c6 bién do bing nhung

cham pha sau I.A],I'ATI.AS.([.)A1 mot géc 120°, nghia la:

iy, =1a e =24£-30°A

Ip, =1a, e =242-120°A

Ty, =I5, 32 =242 Z15°A va Gy, = gy, e 1P =72J2£-T5°V

Tuong tu vi Ec ¢6 bién do bang nhung nhanh pha hon EA gée 120°

nén suy ra i(71~i(?2~fC;;-(bC, theo thu tu c6é bién do bang nhung nhanh pha

hon I-AI'I'AZ'I'A;;’(‘)AI mot goc 1207,

nghia la:

[ =1, e'® =24/210°=242-150°A
-1 1

Io, =15, " =242120°A

o, =1,,e"™ =2472£255° = 242/ -105°A

va oc, =Pa, & = 72424165V

3.3 PHUONG PHAP DONG MAT LUGI

Phuong phdp nay chi dp
dung dugc cho cdc mach dién
phing ma & d6 ta cé thé dinh
nghia khdi niém mat ludi. '

* Theo phuong phdp nay,
dsi v6i mdi mit ludi ta gén cho
né mot bign (khéng c6 ¥ nghia
vat 1y) goi 1a dong dién mdit ludi,
tuéng tugng chay doc theo cdc
nhdnh thuo: mét lugi. Vi du 8

Hinh 3.12

mach dién H.3.12 ung véi hai m&t ludi ta gan cho ching hai bién goi la
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dong mét ludi I, va I,.

Chiéu cua cdc dong mit Iugi c6 thé chon tuy y, nhung thudng ta chon
chiing ciing chidu véi nhau (hodc cung chiéu kim déng hé hodc cung nguge
chiéu kim déng hd).

T dinh luat Kirchhoff 1 (vé— tinh lién tuc cia dong dién), ngudi ta thay
ring c6 thé biu dién dong dién chay trong moét nhdnh bing téng dai s§
cdc dong mit ludi chdy qua nhdnh dé:

I =4lp+iy B (3.8)

trong dé I, 1a dong dién chdy trén nhédnh s chung cho hai mt luéi thy i va
j, dong dién mit ludi nao ciung chiéu véi dong nhdnh s& mang ddu “+”,
nguge chiéu sé mang dau “-

Vi du 6 mach H.3.12 ta sé cé:
i3 = iml‘imz
I, =im : , (3.9)

i2 = —im2

Do tinh chat lién tuc cia dong dién mit ludi, mot dong dién mit lugi chay
vao mét nit nao dé thi sau dé lai chdy ra khéi nit dé nghia 13 dong dién mit
lué6i ludn théa luat K1 tai mot nit ma né chidy qua. Vi vy, néu biéu dién cdc
dong dién nhdnh theo cdc dong mit lu6i béi (3.8) thi dinh luat K1 sé duge tu
dong théa man. Vi dy, xét su can bing cta cdc dong nhanh tai nut 1:

f+1-1g = Imi# (< T2) - (Ami—Tpp)
= 0 théa luat K1.

* V6i mach c6 d nit, n nhdnh thi s6 m4t lu6i 1a n—d+1.

Theo phuong phdp dong mit ludi, cdc bién cdn tim trude tién la
(n—d+1) dong dién mit lu6i. Viét (n-d+1) phuong trinh ma cdc 4n s6 la
(n—d+1) dong mit lu6i cho (n~d+1) mit luéi ding dinh luat K2. Gidi hé

phuong trinh dé ta tim dugc cdc dong mit ludi. Tur (3.8) sé suy ra dugc cdc
dong dién nhdnh v.v.

Vi du, xét mach dién H.3.12. Ta l4p hai phuong trinh K2 d6i v6i hai
bién 1a dong mét lugi Imi.i,,.
/iét K2 cho mit lusi (I):
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Z, i1+Z3 i3 =E1—E3
thay il = iml,i3 = iml"im2 vao ta dugc:
(Zy +Zg) Tm1~Z3 Ly = By~ Eg (3.10a)
Viét K2 cho mit ludi (II): v
= 7,1, 2y 13 =E3-E,
~ thay I, =P—im2,i3 =im1—im2 vao ta dugc:

2y Im1+ (Bg + Z) s =E3-Ey (3.10b)

Hé hai phuong trinh (3.10a), (3.10b) c6 thé viét ¢ dang ma tran:
Z1 +Z3 —Z3 iml _ El“Es 3.11)

-2y Zo+Z T e o '

3 2 3 Im2 E3°E2

Ta rit ra nhin xét sau:

Trong phuong trinh K2 viét cho mit lusi (I) tidc phuong trinh (3.10a):

hé s6 cia Imi 12 (Z, +Z3) bing téng cdc trd khéng cla cdc nhdnh thude mit
luGi (I); hé sé cia i, 1a (-Z3) bang s& d5i cua trd khang cia nhdnh chung

cho hai mat ludi (I) va (II); s6 hang ¢vé phai la (E,-E;) bing téng dai s6
cdc ngudn sic dién dong thudc mit lugi (I).

Trong phuong trinh K2 viét cho mit luéi (1) tic (3.10b): hé sb cua
i, la (Z,+Z;) bang tong cdc trd khdng thuéc mit lugi (I1); hé sd cia fm1
1a (-Z,) bing s6 doi cla tré khdng nhanh chung giita hai mit lusi (1) va

(I1); s6 hang & vé phai la (El—l:J2) bing téng dai sé céc sic dién dong thude
mit ludgi (II).

Trong trudng hgp tong qudt d6i v6i mach c6 d nit, n nhdnh, s6 mit
udi L = n—d+1 ngudi ta chung minh duge hé phuong trinh d6i véi (n-d+1)
dong mit ludi cé dang sau:

Zy, Tm1 +Zy im2+...+ ZlLimL = Eml « phuong trinh K2 viét cho mit ludi 1

12y Tma+ Zyg Imat+ -t 2o I = EmZ « -nt- mt ludi 2

Zy, ImL+Zp, im2+ ety L= l:ij « -nt- mét ludi L

(3.12)
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hoidc ¢ dang ma tran:

(le Z12"' ZlL iml [-Eml

m2 | =] Eno (3.13)

Zy, Zyy.. 7 j_imLJ _EmLJ

trong dé:

Zij = tong cdc trd khdng cia cdc nhdnh thuse mét 1uéi i (i=1=+1L)

Zi;=Z;(i#j)=% (t0ng cdc tré khdng cia cdc nhanh chung giita hai mit luéi
ivaj)(i=1+L,j=1 + L) 14y ddu “+” néu trén cdc nhanh chung
hai dong mdt ludi chay cing chidu nhau, 18y dau “~” trong trudng
hgp nguge lai. Néu chiing ta chon L4t c4 cdc dong mit ludi ¢é cung
chiéu véi nhau thi trén nhdnh chung gita hai m4dt lusi hai dong
dién mat ludi luén chay nguge chidu nhau, do d6 luén 18y dau “-”.

Emi = tong dai s6 cdc sde dién déng thudc mit ludi i, néu éhiéu dong mat
ludi i di tir cue ~ dén Cyc + cua mdt ngudn sdc dién déng thi ngudn
sitc dién dong d6 mang dau “+”, nguoc lai lay dgu “-”. (3.14)

Trong trudng hgp mach c¢6 chia nguén dong mic song song mét trd
khéng thi c6 thé dung phép bien déi H.3.2 d& bién thanh nguén dp trudc
khi lap hé phuong trinh (3.12).

Vi du 3.7: Gidi lai vi du3.26 muyc 3.2 (mach dién H.3.5) diung phuong phép

dong mét ludi. ;
Loy
N

Giai

Bién déi cdc nguén dong thanh I s
cdc nguon 4p, thay céc tri s¢ diéen @ @
dan (S) bdi tri s6 dién tré (Q) ta - 403 116

dugc mach nhu H.3.13. Mach ¢6 ba
mit lusi duge gdn cho ba dong mit 1av
Wi Iy Ing.Ing €6 chiéu duge chon

>
2002

nhu hinh va. Viét hé phuong trinh
K2 doi véi I.,,.1.,.1.. dung quy
tdc (3.14) ta dugc: '

Hinh 3.13
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4+2+10  -10 -2 M7 12
-10 1045420 -5 ||L,|=|0
-2 -5 4+2+5Y1,| |36

Nhan xét:  ma tran déi xing
161, -101,,-21 o =12
- ~101,,, +351 , 51, =0
=21, = 51,5 +111,,5 = 36|

Gidi hé ba phuong trinh trén ta tim dugc:

7 25
Iml =2A; Imz :’éA ; Im3 :_E“A
Suy ra dong dién trén cdc nhanh ¢ mach H.3.13:
25 25 13
Il = Iml =2A. 12 =Im3 =—é’A: I.‘i =Im] "Im3 =2__é_=—-é‘A

25 7 7 5
I e :F—Eng: Iy =1 ~Tn2 =‘2‘g=‘éA

-

[
IG = _Im2 = _-EA

)¢
uy = 3641, =36_4x:62:%§v

=> cong suat phat boi nguon dong 9A la: p; =9y, =174W
up =-41, +12=-4x2+12=4V
=» cHng suat phat boi ngudn dong 3A la: p, =3u;y =12W
Vi du 8.8: Xét mach dién H.3.14a trong dé nguon dong j(t) =10 cos(2t +

307). Tim uy(t) ¢ xdc lap.

oF -j 0,250
T | | .
ir LD

@ 10

Hinh 3.14

Giai

Tan 6 goc © = 2rad/s. Bién do phic ciia j(1) 12 J =10£30°A



138 CHUONG 3

Tré khéng cia 2F 1a —j§;1<—2 =-§0,250

9H la j2x2=j4Q.

So d6 mach phic cia mach dién H.3.14a duge vé trén H.3.14b trong dé
nguén dong J da duoc bién déi thanh nguén 4p E=1J=10£30°V =8,66+j5V .

Viét hé phuong trinh K2 déi véi im1,im2,im3 (v6i chiéu chon nhu hinh
vé) dung quy téc (3.14) ta dugc:

' -8,66-j5
2+j4 4 1 It )
4 3+j4 -1 I | = 0
1 -1 2-j0.25]| I, 0

Nhin xét:  ma tran déi xing
2+j4 -8,66-j5 1
M 0 -1
1 0 2-j0,25
2+j4 M 1
4 3+ -1
1 -1 2-30.25
_ —22,68+)79,28
124225

= io =im2 =

=3,23 Z44°A

= U, =215 =6.46 £44°V =5 ¢_(t) = 6,46 cos(2t +44°)V

. _Trubng hop mach dién ¢6 chita cdc ngudn phu thudc, cé thé dung céc
phép bién ddi mach (vi du nhy H.3.15) dua ching vé& dang nguén 4p phu
thugc dong. Khi d4p dung quy tic (3.14) c6 thé déi xd& cdc ngudn 4p phu
thudc nhu & nguén dp déc lap.

Z
. ——
L

Y, % [] <l>90. z 0, = Zi, Z[] 0UZ,= g2z,

N
-

4
F
+

wi

-

Y

a) b)
Hinh 3.15
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Vi du 3.9: Tim 1 ¢ mach H.3.16 o 6U,

. U -
ding phuong phdp dong mit ludgi. ————wi———-——@————
Giai il

- 0,5Q
Mach chita nguén dp phu thudce 4#; *_5 /\—> [ []2-j£z
im1 ’

6U, =6x0.51 =31

Ap dung quy tdc (3.14), ddi xu
ngudn dp phu thudc 6U, =31=31m Hinh 3.16

nhu nguén dp doc lap ta duge:

[o,5+o,4—jo.s _0.4+0.8 Him,}_ 41073

—0,4+j0-8 2—J+04_308 11112 3iml

. (0.9~ j0,8) L1 +(-0.4+j0.8) I, =4.107
(<0.4+30.8) [mi+ (2.4 j1.8) 1,5 = 31m1
. (0.9~ j0.8) [1+(-0.4+j0.8),,, =4.107
(=3.44j0.8) 1 +(2.4-j1.8)1,, =0
hoac dang ma tran:
0.9-j0,8 -0.4+j0.8 ||Im|_ 110
|-3.4+j0.8 24-jl8 | Lm2 0
Khéng déi xiing

Nhdn xét: khi c6 ngudén phu thudc ma tran cdc hé sd cia dong mit ludi
khéng con d6i xung.
Ti hé hai phuong trinh trén suy ra:
4107 -0.4+j0,8
0  24-jL.8
0,9-j0.8 -0.4+j0,8
-3,4+j0.8 2,4-j18

i-——im] ==

=924.10"% £53°13A = 24 £53°13mA

# Ta-xét trudng hop mach c6 chua ngudn dong ly tudng.
Vi du 3.10: Xét lai mach dién H.3.8 & vi du 3.4 (muc 3.2). Diung phuong
phdp dong mit lugi, tim dong dién chdy qua nguén dp 2 cost va dign dp ¢

hai dAu nguén dong e™".
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Giai
Mach ¢6 mét nhédnh chi chia

ngudn dong e 'A (nguén dong ly /@
tuéng), khéng bién déi thanh 1

ngudn 4p dudgc.
Chon chiéu cia ba dong mdt
luéi nhu hinh vé. Ta cé:
I, =¢"A (1)

Hai bién con lai la 1 ,.1,;—~

can c6 thém hai phuong trinh.
Ta dung quy tic (3.14) viét hai Hinh 3.17

phuong trinh K2 cho hai mit luéi )

11 va III (ta tranh mét ludi I c6 chita ngudén dong ly tudng):

1
ilm +[4+%)In :13111]3 =-2cost (2)
1 1 1 11
2Iml 3In12+(°2_+§+6)11113=0 (3)
Iml :e“tA
T R . 15 ., 72
U ba phuong trinh (1), (2), (3) suy ra: {1, =ﬁe ——17cnst A
27 24
1.3 =§Ze t —ﬁcost A
Vay dong dién chady qua ngudn dp 2 cost la:
Il ':_Imil ="—1"§e 1 +BC()§t A
17 17

va dién dp ¢ hai dau ngudn dong e™ la:
1 9 + 30
Uy, =Elm3 +2cost =—6—8—e ! +ﬁcost v

Vi du 3.11: Tim cdc dong dién 1;,1,.13 ¢ mach

DC H.3.18 dung phuong phdp dong mét lugi.

Tacé: 1_,=-2A (1)
m3 ~ Iz =5A (2

Hinh 3.18




CAC PHUONG PHAP PHAN TICH MACH 141

Viét phuong trinh K2 cho vong khong chia ngudn dong gém nguoén dp
38V, cdc phan ti¥ tré 4Q, 1Q va 3Q ta dugc:
41, + 11, +3I3 =38

= AL,y =L )+ WD =Ty )+ 31,5 =38 : (3)
Tiur ba phu’qng trinh (1), (2), (3) =1, =-2A. 1, =1A, 1,3 =0A
Do dé: T, =Ly ~Tpy =8A: I =15~y =8A1 I 51y =64

Vi du 3.12: Tim u; ¢ mach dién DC H.3.19 diung phuong phdp dong mat 1uéi.

3
2"
Hinh 3.19
Giai
Véi chidu ciia cdc dong mat ludi nhu hinh vé ta dugc:
Im3 - Iml =4A (1)
3 3 . 3
I, =2u, ==x1xl, ==x1x( -1
m4 2“1 9 2 9 m4 ml
= BIml _Im/l =0 (2)
Dung quy tdc (3.14) viét phuong trinh K2 cho mét ludsi 11 ta dugc:
1+, ~11,3 =18 (3)

Viét phuong trinh K2 cho vong khéng chda nguén dong gom nguodn ap

41,, nhanh c6 dong Iy, nhéanh cé dong 13 va nhanh cé dong I,, ta duge:

= 2( 'Im‘z ) +2(Im4 - Im3)+ 1'(Im4 _Iml) = "4(1m:s ¢t
Giai hé bén phuong trinh (1), (2), (3), (4) ta dugce
9 27
L.==A1,4=—"A
ml 21 m4 9
Suy ra: u, =11, =10, -Ia=9V

* 3¢ phuong trinh phdi gidi déng thoi ¢ phuong phap dong mat ldi la

n—-d+1 it hon so véi phuong phdp dong nhdnh (n-d+1 < n)
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- Néu n < 2(d-1) = n-d+1 < d-1 tic phuong phdp dong mit ludi c6 s6
phuong trinh phai gidi déng thoi it hon phuong phép thé niit.

- Néu n > 2(d-1) thi phuong phdp thé& mit cé s6 phuong trinh it hon
phuong phdp dong mit ludi.

3.4 MACH CO GHEP HO CAM

» Trong muc 1.3.2 ¢ Chuong 1 da trinh bay van dé hai cuén day co
ghép hé cam. Néu bd qua dién tré cda hai cugn day va cdc dién dung ky
sinh, thi mé hinh mach cia ching nhu H.1.21. C4c phuong trinh lién hé
gita 4p va dong cho béi (1.31a), (1.31b):
diy _ , diy

=Ly M (1.31a)
diy . di
uy =L, d’f + ML d‘tl (1.31b)

Trong dé M la hé s6 h6 cdm gita hai cuén day, ddu “+” dng véi hinh
(1.21a), dau “-” dng véi hinh (1.21b). Viéc xde dinh dau “+” hodc “~” trudc
M da trinh bay trong muc 1.3.2 (chuong 1).’

r £ J
—— - 7 Lg———— p——
+

tho ML hoo M) ke
v, oL EimLz U, u, oL, % E ioly  y,
— - ;
al by
Hinh 3.20

Trudng hgp mach ¢ ché& d¢ x4c lap diéu hoa thi:

U, =joL, I;+ joMi, (3.15a)

U, = joMi+ joL, i, (3-15b)

Trong d6 d4u “+” \ing véi so dé phic H.3.20a, dau “~” Ung véi H.3.20b.

Téng quat ta c6 n cudn day ghép hd cdm v6i nhau. Vi du véi n = 3
(H.3.21)

,

di di di
=L 3y Gy g, dig
L 3t 1274t M;; e
di di di
up =My L +L, =2 d‘::tM23 d‘: (3.16)
di di di
Uy =+M,, —L+M,, —2+ L., —3
P Maar ™72 gy a
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ma & xdc lap diéu hoa tré thanh:

Hinh 3.21

U, = job, I joMy, o joMy I

[')'3 =+joMy, ilijwMaz i2+ij3 i3

trong d6 M,, = My, : hg s6 hd cdm giifa cudn day 1va2
M,; = My, ! ' -nt- 2va3
M;; =My -nt- 3val
. Sau day la vai vi du minh hoa céch phén tich mach c6 hé cam dung
phuong phdp dong nhdnh, phuong phdp dong mét luéi. Phuong phédp thé
nit va cde phuong phadp khdc dé phan tich mach hé cdm dugce trinh bay
trong muc 3.8
Vi du 3.13: H.3.22 12 mo hinh
mach ciia bién 4p tuyén tinh gom
hai cudn day (cuon so cdp ndi véi
nguén va cudn thy cap ndi véi tai)
ghép hé cam quén trén mdt 15i
chung bing vat liéu tir tuyén tinh.
Cudn sd cip c6 dién tré r, dién
cdm L,; cufn thu cdp c6 dién tré -
I, dién cam L, ; trd khéng tdi 1a (phia sd céip) (phia thir cdp)
Z, =1, +jX,. Chiéu duong dong, Hinh 3.22: Bién dp tuyén tinh

4p chon nhu H.3.22.
Tinh:
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- tré khdng vao Z, = U

L
. : a o as L
- ti 88 4p [—Ji, ti s6 dong -=.
U, L
va khdo s4t su can bing céng suat tdc dung.
Giai

Véi chiéu dudng dong, 4p va vi tri cdc cuc cing tén cia hai cuén day
nhu hinh vé ta dugc:

01 =Z1 il‘j(!)Mig (1)
U, =-Z, 1+ joMI, (2)
02 = Zt iz (3)

trong dé: Z; =n +joL,; la tré khdang riéng cia cudén so cap .
Z, =1y +joL, la tré khdng riéng cia cudn thi cap.

Tit cdc phuong trinh (1), (2), (3) dé dang suy ra:

. Trd khédng vao Z, = U Zy + 2y (4)
L
2012 2np2 o2 M2
V6i Zy = w'M” 0" M(ry + 1) Lo M* (oL, +x,) (5)

Zy+Zy (r,+1,)%+ (0Ly +x)® (1 +1,)? +(0Lg +x,)°
Zg la thanh phdn xuat hién do c6 ghép hd cam, goi la trd khang quy
déi vé phia so éé‘p cua mach thu cap.
-0*M* (0L, + X.)

(r, +1,)° +(wLy +x,)?

Dién khédng quy d6i Xg =Im(Zy)=

ngugc du véi dién kh ing téng (x, +oL,) cha mach thy cap.

- Néu x, > 0 (tdi c6 tinh chat cdm) = xg <0: trd khéng quy déi co
tinh chat dung.

- Néu x, < 0 (tai c6 tinh chat dung) nhung |x, |<wL, = x5 <0: trd
khdng quy déi ¢6 tinh chat dung.

- Néu x, < 0 (tdi c6 tinh chat dung) nhung |x, | >wL, = xg >0: trd
khang quy d6i c6 tinh chat cam.
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2012

- Néu x, =-wl, = x5 =0, Zg = 1a thuén trd.

Iy +1,
Cing nhan xét rding Zp phu thudc vao M? (chit khéng phai M) do dé
Zg khong phu thudc vao vi tri cda cdc cuc cing tén clia hai cuén day.

joM

. Ti s6 dong L_
Zy+Z,

I
phu thugc tai Z, va vi tri cdc cyc cung tén cia hai cudn day.
. Ti s6 dp ﬁ:ﬂ%&,%_l_=%_1_2=;2.g= : 23‘9Mzt

Ul I Il U1 v 11 Ul oM +Z1(Z2+Zz)

phu thudc tai Z, va vi tri cdc cuc cing tén cia hai cudn day.

(7)

Néu c6 thé xem gan ding r, =1, =0 (b qua dién tré cia hai cuon day)

M
vInL,

cupn day déu méc vong cuon ddy kia) thi Z; =jol;;Z; = joL,;
Z,Z, = —(02L1L2 =-w?M?. Khi d6 (7) tré thanh:

Uy _joM _M _yLily _ [Ly (8)
[.Jl Zl L] Ll Ll

va k= =1 (ghép ly tudng, toan bd cdc dudng sdc tir méc vdng mot

ngudi ta chimg minh duge rdng: L, = ow;, Ly = ol
trong d6 w, la s vong cudn so cdp, o, la s6 vong cudn thy cap, o la hing
s6 phu thudc vao tinh chat vat 1y cia bién dp. Do dé:
Uy _o
U, ™

. Cong sudt tdc dung do ngudn cung cap tit phia so c4p:

= ti s6 vong (3.18)

P, =%Re(f]1 i1)=—;—R€[Z1 il_iji2)i1]

=%Re(Z1 i, il)+%Re(-ij 1)

1 e 1| s BBy
=§Re(Z1 L Il)+—2-Re[—J(DM12 :in‘ 12}

=%RC(Z1 il i1)+%Re(22 iz iz"‘ Zf. i2 12)
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1 1 1 2
= P, =§r11fm +§rzlf‘2’.m +§rt12m

.1 A & b & A aia X s <
véi Erllfm - cong suat tdn hao trén dién tré cudn sd cap
1 ~ A%y A - s 2 ~ P .
§r2I§m : cong sudt ton hao trén dién trd cudn thi cap

-;—rtlgmv: cong suat tdc dung tiéu thu bdi tai.

1 -, 1

P, =P - rII ——r212m+-2—rtI§m 12 phdn cong sudt tdc dung dugc

2
truyén tit mach s c4p sang mach th cdp do hé cam.
Vi du 8.14: Xét mach c6 hd cam “’M
nhu H.3.23. | [:._121 @ o
« Theo phuong phdp dong 1i1 jol., jan 112
nhédnh, lap hé phuong trinh d6i
véi bién la cdc dong nhdnh Eq> an []Zz
i, i,,1; v6i chiéu duong chon i, 1
nhu H.3.23.
Viét luat K1 cho nit (1): Hinh 3.23
i,-1,-i3=0 (1)
Viét luat K2 cho mat luéi (I):
7,1+ joL, I, - joMiy+ 2315 = E 2)
Viét luat K2 cho mét luéi (1I):
oL, Ta— jOM T, + Z, 1o-7.1,=0 (3)

Giai hé ba phuong trinh trén suy ra dugc il,ig,i;;
. Theo phuong phdp dong mit lu6i, lap hé phuong trinh d6i vdi hai
dong mét lu6i im va I, c6 chidu nhu H.3.23. Ta cé:
il = iml; i2 =im2, i3 = iml—imz (4)
Thay (4) vao hai phuong trinh (2) va (3) ta dugc:
Zliml+j(l)L1 iml—jwM im2+ Z3(im1—-im2) = E
ijz im2" j(l)Miml+ Z2 imZ—Z3(im] —imz) = 0

°



.
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sdp xép lai ta duge:

r(zl +joLy +Zg) Tm1- (Zg + joM) iy, = E (52)

|~(Zg + jaM) L1+ (Zy + 23 + joLip) Iy =0 (5b)
ho#c dang ma trén:

Zi+joly+Z;  ~Zg-joM | |Im | _|E ©

| —Z3-joM  Zy+joly+Zs| {Ins 0

Nhén xét riing ma tran cdc hé s& cia dong mét lu6i c6 tinh déi ximg.

Vi du 3.15: Xét mach cé joMyg
hé cdm H.3.24. g /—®\~
1
Gidi. Theo phuong phdp — 11— — -
dong nhénh, ta lip hé S e i,
phuong trinh cho ba dong joM;p imng joMzy
nhénh I,.1,.15. '
=+
Viét luat K1 cho nit (1):  © 93 o D L] Z,
.. an
1.1*12—13 =0 (1) : ’ z, ’
Viét luat K2 cho mét I
lu6i (1):
Hinh 3.24

Z,1,+joL, I,+joM,, Ip— joM,3 I3+ joLg Io+ joM,;, I, - joMag I,+2,1.=E (2
Viét luat K2 cho inét lugi (I1):
'y ~Zy I+ oLy Iy— joMy, T+ joMys I3+ jolLs f3— joMys Ip- joM,3 11+2313 =0  (3)
. Theo phuong phdp dong mét lui, ta 14p hé phuong trinh véi cdc 4n
55 13 hai dong mét lu6i im: va I, c6 chiéu nhu H.3.24. Ta cé:

il =im1; i3 -——imz; i2 ’—'-iml—'imz (4)
Thay (4) vao (2) va (3), sdp xép lai cuéi cung ta dugc:
(Z, +joL, + joLgy +Z, +2j0)M12)im1—(j0)L2 +Zy +joM;p + joM;3 +joMyg)I o =E

‘(ijz + Z2 +j(.l)M12 +j(1)M13 +jwM233iml+ (Z2 +ij2 +ij3 +Z3 +2ij23)Im2 = O
' ' (5)

hoic dang ma trén:
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71 + joLy +joLg + Zg + 2joMi g ~jwLg ~Zg - joMjo - joM13 —.jo)M23 Im1 | |E

mjolg-Zp—joMiz —joMiz—joMas -, L oLy + jolg + 23+ 2j0Mas | Ima] |0
(6)
Nhan xét riing ma tran cdc hé s6 ctia dong mit ludi cé tinh d6i xing.
Téng quét, cé6 thé thanh 1ap truc tiép hé phuong trinh d6i véi dong
mit 1u6i theo nhu quy tdc (3.14) nhung trong Z;, Z; b6 sung thém cdc tré
khédng hd cdm theo cdch sau:
- Né&u c6 ghép hé cdm giita hai phan ti dién cdm trong cung mjt
mdt ludi i thi trong tré khéng Zj; sé b6 sung thém s& hang bing hai
l4n tré khdng hé cdm. Tré khéng hd cadm lay ddu “+” néu chiéu cia
dong mdt ludi i cung di vao (hodc ciing di ra) cdc cyc cung tén cia

@ »

hai phdn t dién cam, 14y dau “-” trong truong hgp nguge lai.

- Néu c6 ghép hd cdm giita hai phan tf thudc hai midt lugi i va j thi
trong tré khdng Z;; c¢6 thém thanh phan tré khdng hé cdm. Trd
khang hé cdm nay 14y ddu “+” néu chiéu ciia dong mét 1ugi i va chiéu
cia dong mét ludi j cung di vao (hodc cung di ra) cdc cuc cung tén, 14y
ddu “~” trong truong hgp nguoc lai. (3.19)

Vidu, mach H.3.24 cla vidu 3.15, trong mit ludi (I) c¢6 hai phan tir L,
va L, ghép hd cdm, chiéu cia mét ludi (I) cing di vao hai ddu chdm cia L,
va L, nén trong Z;; ngoai s§ hang Z; +joL, +jwL, +Z, nhu thudng 1é con
¢6 thém s6 hang 2jwM,,; trong m4t 1u6i (I) c6 phan ti L, ghép hd cdm véi
phan ti L, va phan td Ly cta mit ludi (II) nén trong s6 hang Z;, c6 thém

hai thanh phdn —joM;, va —joM;; (d&u “-” vi chiéu cta Imi di vao diu
cha&m cla L trong khi chiéu cia I, di ra khéi ddu chdm cda L, va Lj),
ngoai ra trong mit ludi (I) cdn ¢6 phan t& L, ciing ghép hd cdm véi phan
ti Ly cia médt lu6i (II) nén trong Z;2 cdn c6 thém thanh phdn -joM,, (ddu

&9

vi chidu cia Im1 di vao ddu ch&m cda L trong khi I, di ra khdi déu
chdm cda Lg).

* Trong mot vai trudng hop, c6 thé bién ddi mach c6 hé cam thanh
mach tuong duong khéng hé cdm. Vi du xét trudng hop ba phén ti cim mic

hinh sao c¢6 ghép hé cdm véi nhau nhu H.3.25, ¢6 thé duge thay tuong
duong bdi ba tré khang jx.4;, jX4o VA jX,4; méc hinh sao va khéng c6
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ghép hd cdm véi nhau nhu H.3.26.

I
©) /

joMy, E o joM,,

jolg jol, @
/ i(!)Mza ‘i\
I, 2
Hinh 3.25

ol
JXtg2
X4 @
AN
I
Hinh 3.26

Hay tim bidu thiic clia Xy, Xyg2.Xys tinh theo Ly Lo, Lg, My Mg, Mg, .

Poi véi H.3.25 ta cé:

[.113 =010+603 va Uy =Uy+Ug; .

Do dé:

U3 = joL, I+ joMyg T+ joMj, 13- joLg I3 joMy; Ti- joMy, i, (3.20a)

Thay I3 =-I;-1, vao (3.20a) va (3.20b) ta dugc:

Uy = jXLy + Ly —2Mg) Iy + joXLy + My ~Mag ~Mypi, (3.21a)

Mat khdc déi véi H.3.26 ta c6:

613 =I:110-+ﬁ0'3 Vé. 023 = 020~+00'3 . DO dé'

U =% L1~ %3 ls

Uss = jXae 2= iXus s

(3.22a)

(3.22b)

Thay Iy =-1,-1, vao (3.22a), (3.22b) ta duge:

Ul = i(Xeq1 + Xeaz) Ty + i%uas L2

[j23 = jXqas [+ J(Xeag + Xpa3) L2

(3.23a)

(3.23b)

Sc sdnh (3.21a) véi (3.23a) va (3.24b) véi (3.23b) ta suy ra duge:



(Xiq3 = (L3 + M —My3 - My;) (3.24a)

Xyag = (Lg + Mgy — My - Mps) (3.24b)

Xea1 = O(Ly + Mgz — Mg, —M;p) (3.24¢)
Téng quat ta cé:

(Rear = Ly + M35~ M3 -M'y5) (3.25a)

Xigo = WLy + M'3; = M'j5—M'y3) (3.25b)

| Xeas = (Lig + M 13- M'p3—-M'3y) (3.25¢)

trOng dé M'lz =iM12,M'23 =iM23,M‘31 =iM31
M'; ldy ddu “+” néu cic cyc cung tén cia L; va L; nim ciung vé mot

phia so v6i nit chung (O), 18y ddu “~” trong trudng hgp ngugc lai.

\ i’ joM / \j‘ .
\ joM
@

Hinh 3.27

Trudng hgp chi ¢6 hai phdn tir ghép hé cam nhu H.3.27a hoac H.3.27b
thi cing c6 thé duge thay tuong duong bdi ba trd khdng jx.. j¥ge VA

JX.q3 méc hinh sao va khéng c6 ghép hé cam véi nhau nhu H.3.26.

béi véi H.3.27a thi: &
(Xyqy = (L, - M) (3.26a)
Xyaz = Ly ~ M) (3.26b)
Xpq3 = 0M (3.26¢)

Dé6i véi 3.27b thi:

| (%447 = oLy + M) (3.27a)
L %4z = Ly + M) (3.27b)
Xg3 =-0M (3.27¢)

Caccéng thitc (3.26) va (3.27) c6 thé dugc suy ra tif (3.25) bing cdch
cho L3 = 0; M23 = M3; = 0; M1g = Mg; = M.

Vi du 4p dung cong thie (3.26) mach c6 hd cam H.3.23 c¢6 thé dugc



CAC PHUONG PHAP PHAN TICH MACH 151

bién déi thanh mach tuong duong khéng hd cam H.3.28. Tuong tu dp dung
cong thic (3.25), mach H.3.24 c6 thé dugc dua vé mach tuong duong H.3.29

trong dé:

Xeap = Ly —Mps ~My3 +Mpp)
Xyqp = (Lig + My3 + Myp + My3)
X¢as = O(Lig = Mo + Mgg —My3)

joo(Ly-M)
joM

Hinh 3.29

Hinh 3.28
. Céch phan tich mach dién chia phén ti bién dp 1y tuéng
Bién 4p ly tuéng da dugc gidi thiéu & muc 1.3.2 (chuong 1). Hinh 1.23
1a ky hiéu cia bién 4p 1y tudng véi n goi 1a hé s& bién 4p hodc ti s0 vong.
Cdc phuong trinh mé td duge cho béi (1.34) va (1.35). Trudng hop mach ¢
ché& db xdc 1ap didu hoa thi (1.34) va (1.85) tré thanh:

U,=nU, (3.28a)
i,=-1i, (3.28b)
n

trong d6 chiéu duong dong 4p va vi tri cua cuc cung tén nhu H.3.30a.

Néu vi tri cdc cuc cung tén ngugc lai nhy H.3.30b thi:

U,=-nU, (3.29a)

i2 ="1-i1
n
Chd y ring néu

(3.29a) va (3.29b).

— 1:n —t — ln —
+ . + + . N +
R I1 . ° 12 . ) 11 ° 12 .
U1 " U2 U1 " U2
L J
; , _ — —
a) b)

Hinh 3.30

(3.29b)

trong (3.28a) va (3.28b) thay n béi -n thi sé dugc

"
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Tit cdc biéu thire (3.28a) va (3.28b) ta thdy c6 thé thay thé bién ap ly
tudng H.3.30a béi modt trong hai mach tuong duong H.3.31 hosic H.3.32.

Iy I,

—_— —

+ *
U, nl, nL.J1 u,
Hinh 3.31 Hinh 3.32

Vi du 3.16: Tim dién dp u,(t) & xdc lap cia mach dién H.3.32

Giai

16 cos 3t < 16.£0°

Chon 9, =0
Suy ra 9, =16V (1)
Theo (3.28) ta duge: 4:;3 T
. iy i
L=-Ttva =% (g Ot=w—& = ®
2 2 ¢ = 2 2¢) 1:2 ‘4’ .
Viét K1 cho niit 2 ta dugc: C"P 16cos3t s " 2 40 202
1 o
i3-—i4-—i2 =0 v
Thay I -—-i—l vao suy ra: @
27 yra Hinh 3.33
L-L+t=0
3 4 2
N P3—9, % %m0 =0 (3)

8 4 4
Tu (1), (2), 3) = ¢, =U, =12V
Do d6 uy(t)=12cos 3t V

« Trudng hgp mach dién c6 thé phan thanh hai mach so cdp va thua
cap tdch biét nhau (khéng c6 dong dién chay qua lai giita mach so cidp va
thi cdp) thi cé thé dung céc phép quy déi sau:

1- Quy déi mach thit cap vé phia so cép
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I, I, .
— —=1in —— LA
— | S | ¥ 7 — B ey | ""41 . .
I, Z, A|. ‘. .+ A, - i‘ z, + + l ni,
E U, é" ?U U, | |72 o C, [12
! _ 2 = C._ E, U =2l |=
B, B, ) n-Tn
Hinh 3.34 B,
Xét mach H.3.34. Ta cé: . Hinh 3.35
Ul = ﬁz/n
Il = ni2

Tré khang vao nhin tit hai ddu phia so cdp:

Ul Uz/n_ 1 02
—— =

Zv = F . 4
i o, ™ I
- z,=% (3.30)
’ n

Nhan xét:
. Bién dp ly tuéng c6 thé dung dé bién d6i moédun tro khdng tdi: trd

khang tai Z, da dudc bién dé6i thanh E—j- nhd bién 4p ly tudng.
n

- C6 thé thay bién ap ly tudng va mach tha cap boi mot mach tuong
duong bang cdch:

— Chia mbéi dién dp ¢ thid cap cho n

_ Nhan méi dong dién & thd cdp cho n
2

(3.31)
— Chia mbi trd khdng cho n

Néu vi tri cia hai cuc cung tén dao ngugc lai thi thay n bdi (-n).

Vi du 3.17: Mach chua bién dp ly tuong H.3.36 cé thé dugce thay bing mach
tuong duong khong chita bién dp 1y tudng nhu H.3.37 biing cach dung phép
quy déi (3.31). G day n = 2. :
Giai. Mach H.3.37 ¢ 13i gidi la:

. . . _

U'(' = 3\;, I‘4 = IA: I’3 -———“T'l‘ r“JGA

L)

L N
Ti d6 suy ra: U, =2U,=6V: I =—§- =0.5A: I =-2§=—-_]3A



154 CHUONG 3

<

>
>
N
—
[y
+ % >

i L\ Ll Vi, e

2
2 + + + .
- : . .15 o i1 Em .
. 0 Q U
wQiper 0BIE mgmZi Ow o0 G °

i

1 g

B, B, B

Hinh 3.36 Hinh 3.37

Chi y phép quy déi (3.31) bdo todn cong sudt, vi du cdng suat trén
dién tré 12Q ¢ mach H.3.36 bing cong suit trén dién tré 3Q ¢ mach da quy
ddi H.3.37.

2- Quy déi mach so cép vé phia thii cap

Xét lai mach H.3.34. Ta cé:

L
fIz =n[.71 =n(-Z, i1+E1) _I-:/n — M 112
=-nZ I,+nE, Ct)"'; nU,= U, [] Z,
=-—nZl(niz)+nE, éz
U, =-n2Z, ,+nE, (3.32) Hinh 3.38

Tu (3.32) c6 thé thay mach H.3.34 bi mach tuong duwong H.3.38.
Téng quét, cé thé thay bién 4p 1y tuéng va mach so cadp boi mot mach
tuong duong bing cdch:
~Nhanméi dién 4p, méi ngudn sic dién déng cho n
~ Chia méi dong dién, médi nguén dong cho n

(3.33)
- Nhan mbi tré khang cho n®

Néu vj tri ctia hai cuc cing tén dao nguge lai thi thay n béi (-n).

Vi du 3.18: Mach H.3.36 c6 thé dugc thay tuong duong bdi mach H.3.39
bing phép quy ddi (3.33).

i', A
 Giai. Mach H.3.39 ¢6 13i gidi: f 1.“ s L
% 1 o o J-I.2 y . )
U0=—2-40 x12=6.£0°V 1Oy -eq 20 j20§129 +U'
24 ‘ -
- -
I, =—2=0,5V i
* 712

B,

. 3 Hinh 3.39
i, =I—,J22 =_j3A - "
J
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fro=iy+ls=05-j3A =1, =21, =1-j6A
iy =-Is=j3A = 1, =21, = j6A

Cht y ring phép quy déi (3.33) béo toan cbng suat, vi du cong suat,
phét béi ngudn dong 120°A & H.3.36 bing cong suat phat cia nguén dong

% Z/0°A & mach da quy ddi H.3.39.

. J
Vi du 3.19: Tim Ugzdmach dién H.3.40a.

Loyoc 10000 C
R e
869" RV - u;[ 60+]800
0,
o
2) Hinh 3.40

Giai
Dung phép quy déi (3.33) ta dugc mach tuong duong H.3.40b (chu y
n = 10). Ding phuong phép thé nit cho H.3.40b ta dugc:

ot g, -2 00010,
1000 60+ )80 1000
Suy ra: ‘ U, =542 £-135°V

3.5 MACH CHUA KHUECH BAI THUAT TOAN (OP-ANP)

Khuéch dai thuat toan (operational amplifier) thudng duge goi v6i tén
théng dung la op-amp, 1a mot phan ti nhiéu cuc. Ky hiéu ctia op-amp nhu
trén H.3.41, ¢ d6 chi trinh bay nam cuc chinh cta op-amp gom:

- Hai cyc dé cung cap hai ngudn dc trdi cyc tinh. Piém néi chung cia
hai nguén nay duge xem nhu la 44t (1a nut goc hodc nit chudn dé tinh thé,
quy udc thé cia dat bing khong, trén so d6 dugc ky hiéu bdi 1), Thong
thudng cap nguén duge cung cap d6i xdng +V (khodng tif 10V dén 15V).

- Mot d4u ra.

- Hai ddu vao: mot ddu vao duge ky hiéu biing d&u — goi la dau vao
ddo, con dau kia duge ky hidu bing d&u + goi 1a diu vao khong ddo. Néu
dat mot dién thé duong 6 diu vao dao con dau vao kia noi dat (tie cb thé
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bing khéng) thi ddu ra sé cé thé am. Ngudc lai néu dit mot thé duong &
d4u vao khong ddo con diu vao

ddo ndi dat thi d4du ra s& c6 thé | "9”6"} e
d ducng T
uong. dduvao g J, =
Ngoai nam cyc chinh trén, | khong dao ] déura
p R - . N\ 4
op-amp cdn ¢6 mot s cuc nda | 4auvao ¢ - i
ding dé hiéu chinh dic tinh 1\ dao gt ;
lam viéc cia op-amp cho tdt # — , +
. . . . nguén am g + .t
hon, ma ta khoéng vé trén : -
H.3.41. Hinh 3.41 P

B6i vi ¢ didy ta chi quan
tdm dén dic tuyén vao - ra cia phan td nén trén mé hinh mach chi quan
tAm dén dau ra va hai ddu vao, khéng can dé y dén hai cuc dé cumng cdp
ngudén. H.3.42 12 mdét mé hinh mach gan ding ctia op-amp. Pién tré vao R;
rat lén (thudng > 1IMQ), dién tré ra R, rat nhé (thudng < 100Q) va dé loi
A rat cao (thuong > 10°%).

day vao khéng dao dau ra
* + rd
+ +
lu+ o]
P = +

Hinh 3.42: Mach tuong duwong ciia op-amp
Cdc gid tri dac biét d6 cia R;, R,, A khién ngudi ta c6 thé dua ra cdc
mo hinh don gidn hon nita cho op-amp. Vi du vi dién tr¢ R, rat bé nén cé
thé xem biing khong; dién trd R, rat lén nén déng dién vao i, va i. c0

thé xem nhu gin diing biing khong, nghia la ngd vao hé mach (H.3.43)

-]

b =0 | ———
+ +
U, i_=0 - <+> A{u,-u_) [u,
e ,
u_ ,
>~ = %
T

Hinh 3.43: Mot mé hinh mach don gian ciia op-amp (xem R,=0,R, =)
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Gi4 tri 16n nh4t cda |u,| bi gidi han béi gid tri cia ngudn cung cap nhu

tréen H.3.44.

vung bao hoa

Vi do lgi A rdt 16n nén +V [T .
chi cdn |u,-u| lén hon '

mot tri sd rat nho cd vai 0 vaiwammv (U.-U)
+ -

tram pV (microvolt) thi dau

ra sé bi ldi dén ving bdo /. ... v
hoa duong u, = V = tri s6  ¥U"9 bao hoa
' ngudn cung cdp duong néu ving | tuyén
u, >u_, cdon néu u_>u, thi _ tinh
Hinh 3.44

sé& bi l4i dén vang béo hoa
am u, = -V = tri s6 ngudn cung cdp am.

Do d6 néu mach c6é chda op-amp dugc thiét ké dé op-amp lam viéc &
ving tuyén tinh hodc khéng qud sau trong ving bdo hoa thi c6 thé xem gan
ding.

u,-u_=0
hay u, =u_
M6 hinh mach cda op-amp trong d6 ta xem gan ding
i+ = i_:O (3343)
u, =u. (3.34b)

goi 1a mé hinh 1y tudng ctia op-amp.

Vi du 3.20: Xét mach chua op-amp R,
nhu H.3.45. N&u thay op-amp bdi
mb hinh & H.3.42 ta dugc mach R, A
tuong duong H.3.46. W ® - __._.,,@
Céc phuong trinh K1 cho nit | M —+ +
(1) va nit (2) dung quy tdc (3.7 E i, Ue
la: ' ) @ .
| = Hinh 3.45
1 1 1 1 € 1)
bt — | P2 =T
(Rl R, R, ]“” R, ? R
<
1 11 Au,
e o | e |y = (2)
R, 0 [Rz R, )‘Pz R,
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®© ®
A A :
Ue R; A .
. <t>es + @ Ue U,
Hinh 3.46
Thay u, =—¢, vao (1), (2) va sdp xép lai ta dugc hé phuong trinh nhu
sau:
1 1 1 1 el [e,
e e e — -
R\ R, R, R, | | |R, @

R, R, R, R, 1)) 0

1 _AYe
U, =g = (Rz ROI 1)
[L+L+L](_L+_1_)_(_1_IL__A_ )
R, R, R [R, R, ) (R, Ry R,
Ry

u, 'R, (1)

wfrs)

-Gid sit A = 10°, R;=10°Q, R, =10Q, R, =1kQ va R, =5kQ thi d¢ lgi

4

2|

]

T

e
& -
£
e
| -
ow -

dién 4p ciia mach bing:
Do = _ 4,9996994 ~ — 5,000
es
Chi ¥ réing: néu trong biu thic (4) cho A — o, ta duge:
(5)

lim (‘-‘2 ]: ~Rs _ 5000
A-=| g 1

Béy gi¢ ta thd gidi lai mach H.3.45 ding mé hinh 1y tudng cha op-

amp. Trong mé hinh nay:
i,=i_ =0 . (3.35a)

u, =u_ (3.35b)
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Trong mach H.3.45, ta ¢6 u, =0 =u_=¢, =0. Viét phuong trinh K1
cho nit (1) v6i chi y i_ = 0 ta duge:

0-e; O-u,
=0
ta suy ra dugc ngay:
u, RZ
L =-—=<0 3.36
e, R, ( )

K6t qua nay trung véi biéu thic (5).

Béi vi ding mé hinh ly tudéng cia op-amp khi phan tich mach thi dé
hon nhidu nhung vén cho két qud gdn chinh xdc so véi khi dung mé hinh
thuc (342), nén ngudi ta thudng ding mé hinh ly tudng khi phan tich mach
chia op-amp.

Do e, =R,i; va u, =——l}1—2-es nén op-amp va 2 dién tré R,, R, méc nhu

1

H.3.45 c6 thé xem la mot nguén dp phu thudc dp nhu H.3.47a hodc mdt
nguén dp phu thudc dong nhu H.3.47b.

!

+
R, 2 U R,
Hinh 3.47
Vi du 3.21: Xét mach chia op-amp nhu H.3.48. Tim d6 lgi u,/e,.
I+
@ — 1+ ®
i
— - +
@ nE Y
e, R, -
o R,
O
Hinh 3.48 |
Dung mé hinh 1y tudng cia op-amp, tacéd i, =i_ =0
Q3 =P =6

Viét phuong trinh K1 cho nit (3), chi y i. =0 ta dudc:
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- " R
%fpi+(pi =0=u, —¢2:[1+—R—?-)(p3
W Ry (3.37)
€ Rl

Nhan xét ring u, khong phu thujce vao tai R, .
Cing nhan xét ring op-amp véi hai dién tré R, va R, mdc nhu

H.3.48 ¢6 thé xem la mot nguén dp phu thude dp nhu H.3.49.

ii=0
S22
”

] : >
: |+
1
L : R, ! |
C_)es : (1+E)es : Uo §R'
| L
1 1
L 3
Lol L _______________ ; >
Hinh 3.49

Bay gio ta xét mach H.3.50.
D6 1a trudng hop dac biét clia mach H.3.48 khi R, = 0 (ngdn mach) va

R, =« (hd mach).
’_________1‘
I T LU, R, 7
Khi dé d6 lgi ctia mach la —2=1+=%=1 - +
€y 1 = U
nghia la u,=e,. Vi vay mach H.3.50 goi la -
o —
mach lap dién 4p béi vi dién 4p ra luén bing = —-'?—
dién 4ap vao. Mach H.3.50 cing ducg ila
wnap ; g duge gol Hinh 3.50

mach khuéch dai dém bdi vi né thudng duoc

dung dé€ cdch ly mot phan mach nay véi moét phdn mach khdc. Vi du xét
hai mach H.351: ¢ H.3.51a dién 4p hai dédu tidi R, 1la
. Rt
R, +R,
cdch ly ngudn e, véi tai R, (hdu nhu khong cé dong dién chay tir nguén e
vao dau vao khong ddo cua op-amp) nén dién 4p hai ddu tai R, 1a u,=e,.
@ truong hop dau (H.3.51a) nang lugng cung cAp cho tai la 1dy tir nguén e,
con ¢ truong hop H.3.51b nang lugng d6 hidu nhu khéng lay tir ngudn e,

u

o =6 — IR = ¢, <e,, con ¢ mach H.3.51b nh& ¢6 mach démn op-amp

ma 14y tif cdc ngudn cung cap cia op-amp.
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a)
Hinh 3.51

Vi du 3.22: Xét mach chifa op-amp H.3.52a.

Dung mé hinh 1y tudng ciia op-amp ta c6:
9y =03 =0 '
i_=0
Viét luat K1 cho nit 2, chi ¥ i_ =0 ta dugc: i) =1y
= Cadg(ui -92) '—‘%(‘Pz -u,)
duy;

Vi ' =0 =-RC— ' 3.38
i @, =0=2u, T ( )

Tin hiéu ra ti 1 véi dao ham ciia tin hiéu vao, vi vay mach H.3.52a goi

v )
tiz ————15—————
c @ N A

M T T ® —AN— -
l\J( ) ) i 0

i(t A Y] +
‘ + U, (1) Ui(t) | + UL
* RE) — = 2 "

Hinh 3.52a Hinh 3.52b

1a mach 14y vi phéan.
Vi dy 3.28: Xét mach chia op-amp H.3.52b
Viét luat K1 cho nit 2 ta duge:

d 1 :
Ca((l)z'“o):-ﬁ(ui f‘Pz)

Vi @, = 0 suy ra:
duy

; =-RC at
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t
-1 i
dods  u )=z _o[ui(t)dt+u°(0) - | (3.39)

Néu tu C khéng tich dién tai thdi diém ban ddu t = 0 thi u,(0) = 0 do dé:

t
(t)= ——— 3.40)
u,(t)= R c) u; (t)dt | (

Mach H.3.52b goi 1a mach 14y tich phén.

T —
Z,
© & @ a

+ =0 ®

+

0, . .,

p @ 5

=
Hinh 3.53

Vi du 3.24: Xét mach chita op-amp H.3.53 & x4c 1ap didu hoda. Tim p—l
) U,

Gidi. Ding mo hinh 1y tuéng ciia op-amp ta cé: §3=0, =0 va i_=0

Viét phuong trinh dién thé& nit cho nit 3:

U U o U 2 (3.41)
Zl Z2 -['JI Z1

Vi dy 3.25: Xét mach dién H.3.54a 6 xdc

lap dxeu hoa. Tim E— Ding mé hinh ly @ v
. 1

U, -
tudng clia op-amp. , Y +
o ! U,
Giai - s —~
Ta c6: (i)a =0, (.Pl =ﬁ1, (bz =I.Jg ' ' Hinh 3.54
Viét phuong trinh thé& nit cho nit 4 va niit 3:
N+ Y+ Y3 +Y,)0,- Y, §,- Y, ¢ =0 (3.42a)

“Y30,~-Y59,=0 (3.42b)
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Tit hai phuong trinh trén c6 thé suy ra:

U2 4’2 _Y1Y3
Y2 _ 9 _ 3.43
. I'Jl &,1 Y3Y4 +Y5 (Yl +Y2 +Y3 +Y4) ( )
3.6 CAC BINH LY MACH c0 BAN
; -
i(t) , i(t)
- a -— &
+
Mach A Mach A +\ _
u(t) (- e(t) =u(t)
b b
a) b)
Hinh 3.55

3.6.1 Dinh ly thay thé& (substitution theorem)
Xét mach dién nhu H.3.55a. Theo dinh ly thay thé:
- Néu da biét dién dp u(t) gida hai cyc a va

a

b, thi tinh trang cia mach A sé& khong thay déi +
néu ta thay thé phan mach B béi ngudn sic dién Mach A 1 uw)( T)i=in

b

déng e(t) = u(t) nhu trén H.3.55b.

. N&u da biét dong dién i(t) & cuc a, b thi
tinh trang cGa mach A s& khong thay ddi néu ta
thay th& phdn mach B béi mét nguén dong j(t) = i(t) nhy trén H.3.55¢.
Vi du 3.26: ' .

— W\~ i
3KQ 3KQ
+ 10KQ 10KQ
Ugt) Z2104F iem 10KQ — C)“e(,) .g8KQ  $10KQ
$ =
) 10V
: B

Hinh 3.55¢

10V
a)
Jiw 1KQ 1KQ
g amH  $3KQ  $2KQ D = i 3KQ  $2KQ 12mA
» 12mA
c) d)

Hinh 3.56
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Gia st ¢ mach H.3.56a ta biét dugc dién dp uc(t) trén tu la:

. 30V <0
ug(t) =
¢ 2.5+27,5¢0% t>0

Khi d6 c6 thé thay thé dién dung 10uF boi ngudn dp e(t) nhu H.3.56b
véi:
30V ,t<0

e(t)=uc(t)=
¢ {2,5+27,5e—“°-°“, £20

Dong 4p trén cac nhénh, cdc phén t& 6 H.3.56a,b 1a nhu nhau.
Vi du 3.27: Phan ti cdm & H.3.56¢ véi dong dién chay qua né:

1mA ,t<0
8-7e210” m, t20

¢6 thé dugc thay thé biing ngudn dong

1mA ,t<0

=i, (t)= __t

8-7e 210° mA t20
nhu H.3.56d. ‘ ”
Vi du 3.28:

Xét mach dién H.3.3 dugc

vé lai nhu H.3.57a. Ta da tinh
dugc (6 vi du 3.1 rm_lc 3.2):

i, =0,59 £47°33A

U, =-8+j2,17=8,29 £164°82V

i
_9 A= ©@_ = 0
rlel 4Q . N L 40
3 D 0, i) Cbz&g"A £, ) (Dz Jao%h
‘ 90
Vol e -

@
©

Hinh 3.57
Theo dinh ly thay thé&, cé thé thay nhdnh gém nguén 4p 10£0°Vva
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dién trd 5Q bdi nguén dong J1=0,59 £47°33A nhu H.3.57b. Khi d6 cdc
dong dién I, i;, Iav.v. trong cdc nhdnh van Khong déi. Cing theo dinh ly
thay thé, néu trén mach H.3.57¢ ngudn 4p E1 c6 tri s6 bing
|, = 8.29,164°82V thi dong Iz, Is van nhu trude tdc nhu H.3.57a.

. Ching minh dinh ly thay thé:

Téng qudt hé phuong trinh mach (ma cdc 4n s6 la dong, 4p G cdc
nhénh) 1a hé phuong trinh vi phan. Trudng hgp riéng néu la mach thuan
tr& thi 1a hé phuong trinh dai s6, néu 1a mach xéc lap diéu hda dung cac
anh phic dong 4p thi 1a hé phuong trinh dai s6 phic ddi véi cdc bién phic.
Dé&i v6i hé phuong trinh dé ton tai mot nghiém duy nhat (thda man cdc
didu kién d4u cho trude, néu 1a hé phuong trinh vi phan).

Vi cau tric cia phan mach A trong H.3.55b va H.3.55¢ giong nhu phan
mach A trong H.3.55a nén cdc nghiém dong, 4p 6 phdn mach A H.3.55a
ciing théa hai dinh ludt K1 va K2 viét cho phdn mach A H.3.55b va
H.3.55¢c, do d6 theo tinh duy nhat nghiém cia hé phuong trinh mach, cdc
nghiém nay ciing la nghiém cta phin mach A H.3.55b va H.3.55¢.

'3.6.2 Tinh chat tuyén tinh - nguyén ly x&p chdng va nguyén ly tilé
1- Quan hé tuyén tinh gida cac bién trong mach tuyén tinh
Xét mot mach tuyén tinh & ché d6 xdc lap didu hoa. Gid sl ta goi cdc
nguén dong, ngudn 4p doc lap 1a cac kich thich, ky hiéu 1la F (dnh phuc) va
cdc dong dién, dign 4p trén cdc tré khdng, céc nguén phu thude 12 cdc d4p
dng, ky hiéu 1a X (anh phic).
* Ta cé6 dinh ly sau:
“Trong mét mach tuyén tinh c6 s ngudn kich thich Fi, Fa,...Fs thi méi
ddp ing Xx sé quan hé tuyén tinh vdi s kich thich dé dang:
S .
Xy =Ty Fit Tg Fot .+ T Fs = Yk (3.44)
1=1 :
trong dé Ty la cde hdng s6 khong phu thuge véo cde kich thich".
That vay tif hai dinh luat Kirchhoff 1, 2 va c4c phuong trinh lién hé

giita dong va 4p trén nhdnh ta thdy céc ddp ung va kich thich & trong céc
quan hé tuyén tinh cé dang tdng quét:
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YK X+ K;F =0 (3.45)
i i :

trong d6 K;, K'; 1a cdc hiing s6.

Vi du: - D6i véi cdc dong dién & mot niit, theo dinh luat K1 ta c6:

T 1i=Y4] (3.46)

mit nit

- Déi v6i cdc dién dp trong mét vong, theo dinh luat K2 ta cé:

+U=Y zE (3.47)
2 tU=3

vong vong
- Déi véi dong ii , 4p U, trén trg khdng Z; ta c6 quan hé:
U; = 2,1 . (3.482)
véi Z; trong trudng hgp téng quédt c6 dang Z =r+ j(wL—-:}C—), d6i véi

snach tuyén tinh r, L, C, va do 46 Z;, khong phu thudc dong, 4p.

- Déi véi nguén 4p phu thudc 4p: fJi =0y flj (3.48b)
nguén 4p phu thudc dong: fJi =1 ij (3.48¢)
nguén dong phu thudc dong: I, = By ij | (3.48d)
‘nguén dong phu thuge 4p: I, = gij ij (3.48e)

- DGi véi hai phdn td cdm c6 ghép hé cam nhu H.3.20 ta c6:
U, =joL, I+ joMI
. 1 J 14L71) 2 (34%
trong d6 déi véi mach tuyén tinh a;, Ty, By. g M, L, Lé khéng phu
thudc dong 4p. '
T (3.45) c6 th€ suy ra cdc ddp ung la nghiém cda hé phuong trinh dai
s6 tuyén tinh cé dang:

[ . . . . . .
All X1+A12 X2+...+A1n Xn =B11 F1+B12 F2+"'+B18 Fs

1Ay 5(1+A22 X2+---+A2n Xa =By, I:‘1*'1322 1:“2+---+st Fs (3.49)

Ay Xi+A,, X¥[":'+Ann Xa =B, F1+B,, Fo+...+B_, F,

N
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trong dé Xk laA cdc dong dién
(hodc cdc dién 4p).

Tu (3.49) c6 thé suy ra méi 3 (D 7, +>Ez
ddp tng X, s& quan hé tuyén tinh ' T

véi s kich thich ¢ dang (3.44).

Pé minh hoa ta xét mach
dién H.3.58. Hinh 3.58

Viét luat K1 cho nit 1:

Viét luat K2 cho hai vong nhu hinh vé:
Z2 iz—Z3 i3 =—E2—'l‘i2
Z2 i2+-Z1 il = —E2+Zl j]

Sdp x&p lai ta duge hé phuong trinh d6i véi cdc ddp wng 1, I, I; nhu
sau:
r. * 3
i,-1,-13=0
(Zy+1)p+ 2y 15 = s - (3.50)
Z1i1+Z2i2 =Z1 jl—EZ
Vi du bling s6 Z, = 5Q, Z, = 30Q, Z; = 10Q, r = 30Q. Khi dé:
i,-1,-13=0 |
{-601,+101; = E2 , (3.51)
51,+301, =5J,-Es

\

Tit (3.51) suy ra:

(. 7. 4 -

=4 -—E (3528.)
L=33h"6 2 4
. 1: 3 -
li, =13 -2 & (3.52b)
L= 130" '
. 6: 1.

_65_1g (3.52¢)
=136 "

* Tit (3.44) c6 thé suy ra dinh ly sau:
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Trong mach tuyén tinh c6 s nguén kich thich, néu chi ¢6 p (p < s)
nguén kich thich bién déng con (s-p) kich thich khdc gi nguyén thi méi
ddp ting sé & trong quan hé tuyén tinh véi p ddp ung tity y khdc dang:

Xk =Ck] X1+Ck2 X2+"'+Ckp Xp+Xko (353)
trong dé Xkor Cys+ Cras -Cyp 12 cdc hling s6".

That vay, néu chi c6 mét ngudn kich thich 13‘1 bién dong, thi theo
(3.44) c6 thé viét:

Xy =T, F+ X0 (3.54)
X, =T, F+X¢ (3.54b)
trong dé: Xy =Ty F, +o+ T I:‘s, X‘,’ =T, I*;2+...+T,S F

T (3.54b) suy ra Fy =(X;-X})/T;,, sau dé thay 15‘1 viua tinh dugc vao
(3.544a) ta dugc:

X, =AX, +B (3.55)
v6i A=Du p.xo_Taxo
Tll Tll

Vay X, quan hé tuyén tinh véi mot dap ing khéc 1a X, .
Trd lai mach dién H.3.58 v6i Z, =5Q, Z, =300, Z; =10Q, r = 3052, néu

J; =2£0°A giit nguyén con kich thich E, bién dong thi tir (3.52) ta c6:

. 4 - 14 .
I, =—-—E,+— : 3.56a
15765 2" 13 . )
<I =—-———E — ’
27180 2713 (3.56b)
: 1. 12
Ig= —%E2+—1—-3— (3.56¢)

tlr (3.56) ta c6 thé suy dugc céc quan hé tuyé&n tinh sau day:

. 8. 2
i, =%j.-2
! 5 3 5
S
I, =21.-%
2 53 5 (3.57)
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. 8. 2
I ==I,+-
17373

# Trudng hop mach tuyén tinh ¢6 p nhédnh cé tré khang bién dong
quan hé (3.53) vAn ding nghia la méi ddp dng ciing ¢ trong quan hé tuyén
tinh véi p dédp ung tuy ¥ khdc. That vay khi ¢6 p tré khdng bién dong thi
cac dién 4p trén p trd khdng dé ciing bién dong theo cdc quy luat nao dé.
" Theo dinh ly thay thé cé thé thay p dién dp bing p nguén suc dién dong

bién dong theo ding cdc quy luat dé, va nhu vay ta da dua vé trudng hop

mach tuyén tinh ¢6 p kich thich bién dong, ‘ a |

do d6 (3.53) nghiém ding. , '
+

Vi du 3.29: Xét mach dién H.3.59 véi Z; = ‘ ) B/

. ) z, Y Z
j10Q, Zo = 30Q, E; =110£0°V . Khi tré khdng g ¢ '
tai Z, bién dong, dong dp cdc nhdnh seé bién

b
dong theo. : , —
o : L Hinh 3.59
Tim quan hé giita dp U va dong I trén
tai.
Giai
Mach c¢6é mét trd khang la Z, bién dong nén ta c6 quan hé tuyén tinh:
U=AI+B (1)
D& tim A va B chi can xét hai ché do tng v6i hai tri s6 cu thé cua Z,.
Ta xét hai trudng hgp déc biét:
- Khi Z, ~o=>1=0, nghia 1a hai cyc a va b hé mach. Khi d6 tir so dé
suy ra

- E1Z, 330
~U, =1%o 990 _104,364£-18°43V
U=Ubo Z,+Z, 3+]

mat khac tir (1) véi i=0=U=B
Vay B=U,, =104,36£-18°43V .

-Khi Z,=0= U =0, nghia la haicucavab ngin mach. Tir s dd suy ra

[=1Ing =gl—=-j11= 11£-90°A
1
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B U

mit khdc tr (1) véi U= O:A_—-.—-=——.ﬂ=—9,5£71°57
Ing Ing
Tém lai: U:[_‘ijhc Jnum
ng

=-9,5/71°571+104,36£-18°43

2. Nguyén ly xép chong
Trong quan h¢ tuyén tinh (3.44) néu dat: X} =T, F,(h=1+s) thi:

ta thay XE =X, khi chi ¢ F, #0 con (s - 1) ngudn kich thich khdc bing
khéng, nghia la Xf; la ddp dng tao bdi mot ngudn kich thich Fh tdc dong
riéng ré (cdc ngudn kich thich khdc bing khéng). Nhu vay, tir (3.58) ta c6
thé phdt biéu tinh chat sau:

Ddp ing tgo bdi nhiéu nguén kich thich tic déng déng thoi thi bdng
tong cdc ddp ung tao béi méi nguén kich thich tdc déng riéng re.

Tinh chat nay goi la tinh chat xép chéng dép ung déi véi cdc kich
thich, ma thudng quen goi 1a nguyén Iy x&p chéng. P6 1a mét tinh chat co
bdn cia mach dién tuyén tinh.

Hinh 3.60
D& minh hoa xét mach dién H.3.58 dugc vé lai trén H.3.60a. Mach c6
hai nguén kich thich 1a nguén dong doc lap J; va ngudn doc lap E,. Néu

chi cho mot minh E, tdc dong, triét tisu J, thi ta c6 mach H.3.60b véi cdc:
dép ung la I',1 '»,I';. N&u chi cho mét minh J; tdc dong con E, triét tleu
thi ta ¢6 mach H.3.60c v6i c4c ddp tng la I, 17,1, '

Theo nguyén 1y xé&p chéng:



CAC PHUONG PHAP PHAN TiCH MACH 171

I, =141
I, =1'y+1"
13=I’3+I"3
: 4 - . 3 . . 1.
trong dé 1N=-—E,, I',=——E,,I'y=——E
g 17785 2 27 130 % g6 2
. 7. . 1. . 6 .
I""=—d,,["y=—4d,,I"y=—4J
1 13 1 2 13 1 3 13 1

Vi du 3.30: Trong mach dién H.3.61 tim I,, U, khi:
a) By =E,=E ;b) By=-E;=E ;0 E =1+))V va B, =3+5V
I,

10
10 20 @ j2Q 10
A T
. . a1 : e
Ot 0, Tl4ﬂ &
®
Hinh 3.61
Giai -

a) Chon ¢,=0. Khi E, =E,=E, do tinh chat 461 xing ta cé
¢, =@, =1, =0. Do d6 theo dinh ly thay th& c6 thé hd mach nhinh I, dé
dugc mach H.3.62. Dung phuong phép thé nut ta duge:

2 1|, 28+ o _E
—+—— U, = =>U,= 1
1+j2+ 1Y 1452 ¥ -3+j2 M
_J_ .
» 4
10 o @ 20 10

L 1,
4

@
Hinh 3.62
b) Khi E, =E, E, =-E, do tinh chét déi xing ta c6 U, =0. C6 thé thdy

diéu nay biing cdch dung nguyén ly xép chéng nhu H.3.63.
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Hinh 3.63
Do tinh chat d6i xing ta c6: U, =-U",=U, =U,+U", =0
Vi U, =0 nén dong qua nhdnh c¢6 phan ti dién dung bing khéng, do

d6 theo dinh ly thay th& c6 thé hé mach nhénh nay dé duoc mach H.3.64.
Phan tich mach H.3.64, ta dé dang suy ra:
M4
*T1+j6
Chid ¥ rdng vi Uy =0 nén theo dinh ly thay thé ciing c6 thé ngin
mach nhdnh c6 phén ti dién dung dé€ dugc H.3.65. Phéan tich mach H.3.65

2

ta ciing duge ix nhu (2).

10 L

‘-—MN—'——.—
i 1
10 | Q20 e | 10 10 @ - N
©) ® ®
E -E
@ | .
P@:=0
Hinh 3.64 Hinh 3.65
¢) Néu dat: ' ‘

E, =%(E1+E2)=-;—(1+j+3+j5)=2+j3V
Ey=5(B-Ey)=54+j-3-9)=-1-j2V
ta cé: E, =E, fE,,
E, =E; -E,
Do d6 c6 thé ing dung nguyén ly x&p chéng nhu H.3.66
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Hinh 3.66

Nhan xét ring mach 3.66b 14 ung véi truong hgp cau a, do dé6 dung két
qué 6 cdu a ta dugc:

i'x'_'O;U'x: Ea. 2+J.3
-3+j2 -3+j2

=-jlv

Mach H.3.66¢ 1a ing v4i truong hop cau b, ta duge theo (2):
= 34. .4=_]4(—1-.—32)=8—].4A;U"x20 .
1+j6 1+36 1+j6

Do d6 theo nguyén ly xép chong:

x=i'x+1"x=§ﬁ%A va U, =U,+U0" =-j1V

I

3- Nguyén ly ty 1¢

Tit quan hé tuyén tinh (3.44) c6 thé suy ra tinh chat sau day:

N&u tdt cé cdc nguon kich thich trong mét mach tuyén tinh cung dugc
tang lén K lén thi tdt cd cdc ddp ung ciing déu tdang lén K lén. Pdc biét néu
mach tuyén tinh chi c6 mét nguon kich thich duy nhdt thi méi ddp ung sé
tt 1 vdi kich thich dé. K la héng sé thuc hodc phuc.

Tinh chat trén 13 mot tinh chit co ban cia mach tuyén tinh, goi la
tinh chat ti 16 hodc nguyén ly ti 1&.

Vi du 3.31: Thi dung tinh chat ti 18, xdc dinh dién 4p U, ¢ mach dién

H.3.67. , 440 -13? a_._’gl,r b - i
Giai 1 L -j1Q lh B
R +
Ta xdc dinh sdc dién doéng q55 =7/0° 3Q mé 0, %1’19
E' tdc dong lén mach dé cho T Voo, W -
dién 4p U, c6 mot gid tri cho Izl
c »

truée ching han U’, =j1V

Trinh ty tinh nhu sau:
Hinh 3.67
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. 5 i
U'0=j1V=>I'5=J_—1=1A,I4 =—J-1—=31A
J

Iy=1,+15=1+jA
Uy =-jll's =<j1a+j1)=1-j1V

U'aczU'ab+Uo
. U1
=1-j1+j1=1V=1y = —2 = _A
1-j1+) =le=5 =3
T T 1 4 .
1=+ =1+j1+==—+j1A
Iy =T3+1 J 331
. st (4. 25
U'da=(4—J3)I'1=(4—J3)[§+Jl) 3V
. - 25 28
Cuéi cung E'—Udc=U'da+Uac:?+1=—3—V
E 7 3.
=—=——=—lan
E' 28/3 4
Néu nhan E' lén K 1in dé tré thanh E,=740°V thi

1'1.1'2\1’3’1'4,i’5’U’0

I, =K =3 4+J1 1+j§A
413 4

cling sé tdng lén K 1an d€ tré thanh:

I, =K1, =—-§——-A Is =K1, _—(1+31)A

1, =KI' ='—A;1 =KI' =—A;U
4 4 J4 5 5 4 o

= .'='—V
KU, J4

3

Phuong phép gidi dung tinh chat ti 1é nhu trén tién dung cho cdc mach
c6 dang cdi thang (ladder network) va chi c6 mot ngudn kich thich.

3.6.3 Dinh 1y Thévenin va dinh Iy Norton
Gid si mdt mach dign c6 thé duoc

tdch ra hai phdn nhu H.3.68. Xét mach &

ch& do xdc lap didu hoa. Mach A
R i i (tuyén
Phan mach A 1A tuyén tinh. Néu tinh)

trong mach A c6 chita cdc ngudn phu

Mach B
(tuyén
tinh hodc
phi tuyén)

thujc thi cdc bién ddng 4p didu khién
chiing, gia st, ciing ctxng n3m trong phdn 'mach A.

Hinh 3.68

Goi Ila ~dodng dxen va U Ia dién 4p giita hai cuc a va b vé6i chidu

duong. nhu. }nnh ve.
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I i, i
——, a Mach A 2. . a _’.'.'2; a
Mach A (triét tidu
(tuyén O tlt ca cac 0 , | Macha
tinh) ngudn déc
1ap) £
b b b
a) b) c)
Hinh 3.69

Theo dinh 1y thay thé, c6 thé thay thé phan mach B bdi mot ngudn sic
dién dong c6 tri s6 ding bing U nhu H.3.69a, khi dé dong dign I & hai cuc
a, b ciing nhu cdc dong dp khdc trong mach A 1a khéng ddi so véi H.3.68.
Mach H.3.69a 1a mach tuyén tinh, ddp ung dong ila gdy ra bdi cdc kich
thich gém ngudn dp doc lap U & hai cuc a, b va cdc ngudn ddc lap bén
trong phan mach A. Do d6 c6 thé dp dung nguyén ly xép chéng dé dugc:

I=1,+1,, (3.59)

trong d6: 1, 1a dong dién gy ra béi nguodn ap U. con t4t ca cdc ngudn doc
lap trong mach A bi triét tiéu (H.3.69b).

I, 1a dong dién géy ra bdi cdc nguén doc lap trong mach A, con ngudn
4p U bi triét tidu nghia 1a ngdn mach hai cyc a va b (H.3.69¢). Dong .
goi 1a dong dién ngdn mach.

Vi & H.3.69b, phan mach A khong chida nguén nén giita Uval c

méi lién hé:

i, = _ZH (3.60)
; ~

trong d6 Z, la tré khdng tuong duong cta mach A nhin tir hai cyc a va b
khi triét tiéu t4t ca cdc ngudn doc 14p bén trong mach A.

Z, goi la tré khéng Th'évenin cda mach A.

Thay (3.60) vao (3.59) ta dugc:

I =-Z£+i,,m ‘ : (3.61)
+] N .
Quan hé (3.61) ding véi moi ch€ d lam vic cia . =
- mach. Xét mét ché& do dac biét dng véi khi hai cyc a Mach A +
va b bi hé mach nhu H.3.70. -] (tuy&n tinh) Upm
Khi d6 I,y U=Uy, goi la dién 4p hé mach va | I

quan hé (3.61) tré thanh: Hinh 3.70
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_ Uhm

0= Z, +1m

=Upn =Zlm (3.62)
thay (3.62) vao (3.61) ta dugc: '

1=,—ZE+§ZM=>U=UM-ZOI : (3.63)

[¢] [+]

Bay gi¢ ta khdo sdt cdc mach ma duge mé td béi cdc phuong trinh
(3.61) va (3.63).

Mach dugc mé td béi phuong trinh (3.63) duge vé trén H.3.71a gom
mét ngudn sitc dién dong c6 tri s8 bing dién dp hé mach U, néi tiép vdi
tré khdng Thévenin. Ta goi d6 12 mach tuong duong Thévenin ciia phan
mach tuyén tinh A. '

Dinh 1y Thévenin dugc phdt biéu nhu sau:

C6 thé thay tuong duong mét mang mét cua tuyén tinh béi mét ngudn
dp bdng dién dp trén cda khi hé mach mdc néi tiép véi trd khdng Thévenin
ciia mang mét cia.

(Phan mach A goi 12 mang mét cita, vi né lién lac trao ddi tin hiéu va
ning lugng dién ti véi bén ngoai théng qua mot cita gdm cdp cuc a va b).

Mach dugc mé td bdi phuong trinh (3.61) goi 124 mach tuong duong
Norton clia mang mét ctra A, duge vé trén H.3.71b. ‘

1 a : I a
— # = 4
z * T
. o . .
Unm u Mach B L. |12, U Mach B
; - ;
b b

a) Mach tuong duong Thévenin b) Mach tuong duong Norton
Hinh 3.71 »

N6 gom mot ngudn ddng c6 tri s6 bing dong dién ng4n mach I, néi
song song véi tré khdng Thévenin ciia mang mét cira A.

Dinh 1y Norton dugc ph4t bidu nhu sau:

C6 thé thay tuong duomg mét mang mét cia tuyén tinh béi mot ngucfn
dong bdng dong dién trén cia khi ngdn mach mdec song song vdi tré khdng
tuong duong Thévenin cia mang mét cuua.

Biét mach tuong du’dng Thévenin ¢6 thé suy ra mach tuong duong
Norton va ngugc lai nhd quan hé (3.62).



CAC PHUONG PHAP PHAN TiCH MACH 177

D& tim tré khang Thévenin Z,, c6 thé diung céc cdch sau day:

Céch 1: Triét tiéu tat cd cdc ngudn doc 14p bén trong mang mot cia A.

Mach A ¢Il. a Mach A
(trigt tiéu (triét tidu
tat ié céc E tat ca cac
ngudn doc ' ngudn doc

lap) lap)

b
z,- B
I,
a) b)
Hinh 3.72

Kich thich & cfa ab mét ngudn dp nhu H.3.72a (gié tri E, c6 thé chon
tiy y, vi du E,= 1V). Xdc dinh dong I, chdy vao mach A tir ngudn E,.

Theo (3.60) ta tinh duge Z°=];it . Ciing c6 thé kich thich & cda ab mét nguén
t

dong J, nhu H.3.72b (gid tri J, ¢6 thé chon tuy ¥, ching han J, =1A).

. : U )
X4c dinh dién 4p U,, tir d6 suy ra Z, =:.Ii.
t
Csch 2: Lan lugt hd mach va ngdn mach hai cyc a, b dé xac dinh dién
dp hé mach U, va dong dién ngin mach I, . T (3.62) suy ra: :

7, =Jmm (3.64)

Inm
N&u mang mét cita A khong chia nguon, thi khong thé dung cdch nay
vi khi 46 Uy, =0, I, =0. :
Cédch 3: Trudng hop mach A khong chda céc nguén phu thudc nao
ngudi ta thudng tinh Z, bang cdch sau: Triét tiéu t4t cd cdc nguon doc lap
bén trong mach A, sau d6 diung cédc phép bién ddi tuong duong (2.54a),
(2.55a), (2.55¢), (2.57), (2.58), (3.25a,b,0), (3.26a,b,c), (3.27a,b,c) dé tinh Z, .

Vi du 3.32: Xét mach dién H.3.73.
5Q j10Q2 a 50 j10Q a

20&0: | 3Q []Z'
v -j4Q2 T
b

Hinh 3.73 Hinh 3.74 ~
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a) Tim mach tuong duong Thévenin va Norton cho phan mach bén trai
hai cyc a va b.

b) Tim gid tri Z; dé céng suat tdc dung trén né la cyc dai. Tinh cong
sudt cuc dai dé.

Giai
a) Trudc tién ta tinh dién dp hé mach U,, ding H.3.74.

_20£90° - (3-j4)

= - —~=10£0°V
(5+510)+(3-¢4)

Ta cé: - Upm

Dé tinh tré khdng tuong duong Z,, ta triét tiéu ngudn dp 20-£90°
(H.3.75); dung cdc phép bién ddi tuong duong (2.54a), (2.55¢) ta dugc:
(5+j10)3-j4) \
° T (5+j10)+ (3 j4)
=5-j2,5=5,59/-26°57Q

5Q j10Q a
—— AT 4

3Q ‘—l z,
T

—

'Hinh 3.75
Ta dugc mach tuong duong Thévenin nhu H.3.76.

.Dong dién ngdn mach: T #
i = Uhm — 10 :
" Z,  5,59£-26°57 i z, [] z,
I,=1792+26°57A b
ya
Mach tuong duong Norton nhu H.3.77. Hinh 3.77

b) T H.3.76 ta thay d€ cong sust tdc dung truyén t6i Z; la cuc dai,
theo (2.90) ta phai cé:
' Z, =7, =5+j2,56=559226°57Q

Khi d6 dong dién Iqua tai la:
‘ _ Uin _ Upm 10

= = _- =1A
Zo+2, Z,+Z. (6-J25)+(5+J2,5)

Do d6 cong sudt tdc dung cuc dai truyén dén tai Z; la:
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_1 2
Pmax—ERe(Z )&% = x5x(1) =2,5w

Vi du 3.33: Thanh l4p mach tuong duong Thévenin va Norton d6i véi hai
cuc A, B cia mach H.3.78.

40 _ /,59\
— T
I 18(2/— ;8Q
10/0° 10L
Hinh 3.78

Giai
Trudce tién ta tinh Uhm. Viét luat K2 cho H.3.78 ta duoc:
(4+ j8+4+j8-j5-j5) 1 =10-j10
4+j3
= Uy, =Uap = (4+j8-35)I+j10
U, =5+j5="7,07£45°V

=1=

10£90°
v

Hinh 3.79
Pé tinh I ta ngin mach hai ddu A va B nhu H.3.79. Viét luat K2 cho

hai m4t ludi ta duge: ,
(4 +j8)l; +j51, =10 (1)
(4 +j8)I, + j5I; = j10 (2)
Gi4i hé hai phuong trinh (1), (2) ta duogc:

I, = 0,659 - j1,6434;

i, = 0,259 + j1,157A.

Suy ra:
i =1, +I,=0918-j0,486=104£-27"9A
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2 Uhm 7’074450 °
o ——bm __LUILR0 g8 9090
Tré khéng tuong duong z, I 1,042-27°9
AM Jm‘ AM W
4Q j30 Ba 40
j5Q
A
1
Hinh 3.80

Cé thé tinh Z, biing cdch dung phép bién ddi (3.26a, b, c) bién mach c6
hai phan ti cdm c6 ghép hé cdm thanh mach khéng cé hé cam H.3.80 (& dé6
ta da tri¢t tiéu hai nguén dp 10£0°V va 10£90° V). Tt H.3.80 ta d& dang
suy ra:

Z, =5+ E1IEID) | 6 50-6.8,72°00
(4+j3)%4+33)
Vi du 3.44: Xét mach dién DC nhu H.3.81. 0,5Q a
2 vz 14
Xdc dinh gi4 tri cia Ry d€ cong suit trén Ry Yy,
12 cuc dai. 1Q
10 R.§
Giii
1al 6V 2Ux
Néu thay phadn mach bén trai hai cyc a b
va b bdng mach tuong duong Thévenin, ta Hinh 3.81
duge mach H.3.82.
Ta c6 I= (3.65)
a
e A e
RO
CP U, R, §’ E=1V
~— m <
b
Hinh 3.82
Coéng sudt thu trén Rg 1a:
2
P=RJ2=_UmR (3.66)
(R,+R,)

Biéu thitc nay c6 dang tuong tu véi (2.87), nén ching minh tuong tu ta
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sé dugc diéu kién dé P cyc dai la:
Ri =R, (3.67)

Pé tinh dién tré tuong duong R,, ta triét tiéu nguén dp 6V, kich thich
& hai cuc a, b mot nguén d4p E = 1V nhu H.3.83. Ta xdc dinh dong I; cung

cdp bdi ngudén dp nay.
Chon ¢, = 0. Taduge ¢, =E=1V
Viét phuong trinh K1 cho nit C ta duge:

%“—+—-——("°OT;°" =2U, =2(9. = 9,)

=0, =0
. P, -
: =12 1A ], =22 =2A
Do do Il 1 9 = 0‘5

=>It =Il+12=3A

- : E 1
5 R =—= —Q
Do d6 It

Vay gid tri cia R¢ dé cong sudt truyén dén R 12 16n nhat la:

R, =R, =1g
3
Vi du 335: Tim U, ¢ mach H.3.84 .
dung dinh ly Thévenin. —
' a
Giai . , ~N
Ta tim mach tuong duong . + U,

. i1 2/0 (D o ot L
Thévenin cho phdn bén trdi hai cuc “a P o_
avab.

Truéc hét timU,, dung g
H.3.85a. , Hinh 3.84
ST ' -j10
1 ' c a
< :_4< > R - ”
I, =2A ‘ I 20 + 13‘ + 201( '
+ ' . . i
- _ b
a) b ¢ b)

Hinh 3.85




182 : CHUONG 3

Dé thdy ring: I, =2£0°A
=U, =11, =2,0°V
I, =20, =4.,0°A
Do dé Upm =U,, = U, + Uy =—(=jDI, +11,
Upm = 2 +j4V
K¢ dén ta tim I, dung H.3.85b.
Dung phuong phdp thé niit, chon ¢, =¢, =0

Viét K1 cho niit C: -i1Q
1 1 : il ;
[-i ‘—IJ(PC =2+2Ux =2+2(pc 20 t14
_J X a
T . | O
= ¢, =-1 3:13—T—1 J . .
Do d6 I, =2-1;=3+j1A 1220, U«CDJ':‘A
Tré khdng tuong duong: - -
U 2+ . )
° 1 T3+ =1+j1Q Hinh 3.96

Cang c6 thé tim Z, bing cich triét tiéu nguén dong 2£0°A va kich
thich & cia a, b mét nguén dong J, =1A nhu H.3.86. Ta tinh U,.

TuH.3.86 =U,=1J, =1V N
- . . h"‘
:>I4 =Jt f2Ux=—1A z, =1+jQ +
= U,=-j1,+U, =1+j1 Upm Up == -j1Q

Do dé Zozi=1+j19 ,
It Hinh 3.87
Trong H.3.84 thay phin bén trai hai cuc a va b béi mach tuosng duong
Thévenin ta dugc H.3.87. Tir d6 suy ra:

o Uy _ 2+
Zy+(-j1) 1+j1-j1

=2+ j4A

=U, =-jli=4-j2V =245 - 26°6V
3.6.4 Dinh 1y ba
Xét mot mach dién tuyén tinh & ch& do xdc lap diéu hoa. Gia si tré
khdng Zy cia nhdnh k duge ting mot lugng AZ, tré thanh Z' =Z, + AZ,;
khi d6 dong dién I, trong nhdnh k cing ting mét lugng Al, thanh
I = I, +Aik, va dong dién trong cdc nhdnh khde, vi du nhédnh /, ciing ting
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mét lugng A, thanh I\ =1,+Al, (H.3.89).

c, ,_a L IC a —.:k—= ik +A ik
Pl + . +
Mach tuyén Lz, h_ 1=, Mach tuyén | ()t 7 =7 +AZ
tinh A l_J“ L+4], tinh A “ =TT
# ' # .
d b d b
Hinh 3.88 Hinh 3.89

Dinh 1y bu cung cdp cho ta céch tinh Al,, Al, ma khéong can tinh
I, 1. Gia sir bay gio trong H.3.89 ta méc néi ti€p v6i Z'x mot ngudn sic
dién dong E, nhu H.3.90a, va didu chinh tri s6 E, cho dén khi dong
trong nhanh k c6 tri sd béing i, . Khi d6 so véi mach H.3.88 phdn mach con

lai (ngoai trir nhénh k) khong thay ddi, dong dién & nhdnh k cling khong
thay déi, nén ching minh tuong tu nhu & dinh 1y thay thé, ta c6 thé suy ra
dién 4p gita hai cuc a va b van la U, ciing nhu dién ap dong dién trong

cdc nhanh khdc, ching han trong nhénh [, 12 khéng thay ddi. Tri s cda
E, dé dat dugc tinh trang nay, theo H.3.90a, la:

E, =-Ux+2Z' Iy (3.68)
Mat khdc theo H.3.88 thi U, =Z Iy
thay vao: Ey = Z 1y +Z' I,
= B, =AZ, 1, (3.69)
E, dugc goi la nguén sic dién déng b, hodc ngudn ép bi.
N6 ba lai lugng thay d6i AZy ciia tré khang nhénh k, d€ gi cho tinh
trang ctia mach khong déi.
O mach H.3.90a céc nguén kich thich gdm: ngudn 4p bu E, va céc

ngudn bén trong mach tuyén tinh A. Do d6 ta c6 thé si dung nguyén ly x&p
chéng nhu H.3.90. G H.3.90b chi c6 céc ngudn bén trong mach A tdc dong,

con ngudn 4p bu Eb bi trigt tiéu, d6 chinh 1a truong hgp cia mach H.3.89
v6i dbng trén cdc nhdnh la i1y & H.3.90c chi c6 ngudn dp bi E, tdc

dong, triét tiéu tdt cd cdc nguén bén trong mach A, dong dién trén céc
nhanh 1a Iy 1.

Theo nguyén 1y x&p chéng ta c6:
i, =1y -1
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i
. . . (o] a _k’
) I[ = I I_I ! 1 " l
(ddu "-" béi vi ta dit ngudn dp bu b i Nlacp X - =
. : . en tn
Ey 6 H.3.90c¢ c6 cuc tinh nguge lai ! Uy A ! Uy D). ]
d - E,=AZ,1
6 H.3.90a). £ L
Suy ra: : a) b
i"k=i'k—ik =Aik II
. . . . (b&ng)
Iy =I'-1, = Al .
A ' ¢ a, Ik
Tém lai theo dinh ly bu lugng # — L
gia ting dong dién trong cdc ’ . Mach .
. 5 . 1 ¥ tuyén tinh Zy
nhdnh khi tré khdng nhdnh k P
ting mot lugng AZ, dugc xdc dinh ‘14 ‘
theo cdch nhu sau: triét tidu tat ca b) b
cdc nguén doc l4p bén trong mach,
dit vao trong nhdnh k néi tiép véi l -
R . tru
tré khdng Z'y mét nguén sic dién ftrd) I = AL

a

dong bd c6 tri s§ E,=AZ. I, sao ==
cho ¢hiéu dong dién dam vao cyc ||, . [ MachAvdi z,
i _ I', = Al tat ca cac
tinh duong nhu H.3.90c. nguén déc lap £ _\zi
. s aline ar b= Mk k
. Gidi mach H.3.90c ta s& bi trigt tiéu |

duge cdc lugng ting dong dién o) b

Al Al vov., Hinh 3.90

Vi du 3.36: Xét mach dién H.3.91
a) Tinh dong I, qua tré R = 5Q.

A S

<

~b) Gid sit R ting ti 5Q lén 8Q, ding 30
dinh ly bu tim d¢ bién thién Al,,Al,,aAl,

cia dong dién trong cdc nhénh.

j4Q

Hinh 3.91

Giai

a) Dung phép bién d3i tuong duong ta duge:

. 10£0° : o
I = __,_W =1,448-j0,62=1,576£-23°20A

B+3+j4)
b) AR =8Q-5Q =3Q; E, =ARI, =3x1,576.£-23°20 = 4,727/ - 23° 20V

Thanh lap mach dién nhu H.3.92 (triét tiéu ngubn d4p 10£0°, thay vao
d6 1a nguén 4p bu E, da tinh & trén). Giai mach H.3.92:
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. Rz
. E, = —
= Al
AL = B0 3 @ 200
8+ = i Biso
P+E3B+)4) b 40
1 !
= -0,4 +j0,324 = 0,515£+141°A oo}
Aiz _ (j5)Al, . Hinh 3.92

= _0,2544 0,095 = 0,272 +159°43A
B+ 3+j4) e

Al = Al - Al, = -0,146+10,23 = 0,27 +122°56A
3.6.5 Dinh ly Tellegen - Can biing céng suit

1- Pinh ly Tellegen

. Gia sif ta c6 hai mach dién A va A’ ¢6 s& nhanh bang nhau la n va c6 ciu
trtic hinh hoc (céch thic lién két giita cdc nhénh) hoan toan giong nhau mic du
c4c nhénh tuong ing trong hai mach c6 tinh chat vat 1y c6 thé khac nhau. Vi dy,
xét hai mach H.3.93 va H.3.94, mb&i mach c¢é bay phan tir. Né&u xem mdi phén ti
la mot nhénh, thi méi mach c6 nam dinh va bay nhanh. Néu khong dé y dén
ban chat vat ly cia cac nhanh, trong mdi mach ta thay mot nhanh bang mot
doan thing thi sé dugc cing mot cdu tric hinh hoc nhyu H.3.95, goi 1a graph cla
hai mach dién. Vay hai mach di¢n H.3. 93 va H.3.94 c6 cing cdu tric hinh hec,
hay néi cu thé c6 cing graph nhu H.3.95. Goi uy, ix 1a dién 4p, dong dién &
nhdnh k (k=1+n) cia mach A uk, i'x 1a dién ap, dong dién & nhdnh k cua

mach A’. Gia st quy ude chiéu du’dng cha iy va ug (ciing nhu cia i’k va u’x) duge
chon sao cho chiéu duong cia ddng dién hudng tir cyc duong dén cuc 4m cia dign
ap (ciing c6 thé quy udc nguge lai).
@

+ Ug -~

+ Up - + Uy -~

Hinh 3.94
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Dinh 1y Tellegen dugc phét biéu nhu sau:

Vdi mét graph n nhdnh néu cé hai tgp bién [uy, ug, ..., up, ...up/ va fu'y,
Wo, ., Wh ..'n) théa dinh ludt Kirchhoff 2 d6i véi tdt cd cdc vong va c6
hai tdp bién fiz, iz, ..., ik ...in} v@ '}, @2, ..., ip, ...int) théa dinh ludt

Kirchhoff 1 tai tdt cd cdc nuit thi cé quan hé sau:

n n n

D ugdy = D u i = D ugd'y =iu'k i, =0 (3.70)

k=1 k=1 k=1 k=1

@ +u,(u'p) — @ +u,(U'y) - @ +ug(u's) — @

Vi du ¢ H.3.93 va H.3.94, dung cdc phuong phdp phan tich mach da
biét ta tim duge:

uy = 9V ip = 3A u'y =9V ih = 1A

ug = 3V < ig=3A u'y = -3V i's = —1A
ug = ~6V iz = ~1A u's = =12V i'3 = —2A
ug = 2V ig = 2A u'y = 4V i'g = -3A
us = 4V i5 = 4A u's = 8V i's = 0,2A
ug = 6V ig = —2A ue=-32V  i6=-32A
u7 = -2V i7 = -2A u'7 = 40V i'7 = -3,2A

Tir 6 liéu trén, c¢6 thé nghiém lai dinh 1y Tellegen:

uiiil + ugigz + ugiz + ugiq + usis + ugig + u7is =0
u'yi'y + u'ei's + u'zi's + U'4i'q + U'si's + U'gi'g + Uiy =0
uji'y + ugi'eg + uzi's + ugi'q + usi's + ugi'g + u7i'y =0
u'yiy + u'eig + u'ziz + U'qly + u'si5 + u'gig + U'7i7 =0

- Béy gio ta sé ching minh dinh ly Tellegen. Hiy chiéng minh

n

Euki'k =0

k=1
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B&i vi cdc dién dp u, thda dinh luat Kirchhoff 2 nén, nhu da décap @
muyc 3.2, ¢6 thé biéu dién dién dp clda mot nhdnh néi gitta hai nat béng hiéu
"thé& giita hai nat dé:
d v
Uy = Zaik% 3.71)

trong dé d: s niit
- ajk = 0 néu nhanh k khéng néi véi nidt thd i;
ajx = 1 néu nhanh k néi v6i nit i va cyc tinh
+ cda ug & vé phia nit i (nghia 1a dong ik, ik
huéng ra khoi niit i);

ajk = —1 néu nhanh k néi véi nit 1 va cuc MY
tinh — cGa ug ¢ vé phia nit i (nghia la dong ix, 1'% - U+
hudng vao nit i). Hinh 3.96
Vi du véi graph H.3.96 thi d =3, n =4 va:
u; = ¢, -9, nghia la ajp=+1, an=-1, a3 =0
Uy =@, — ¢ nghia la ajg =1, asg =0, agg = -1
uz = P -3 = ai3=0, ag=1, azgz = -1
ug = 93-¢y = aj4=0, aga=-1, asa=1
Tw (3.71) suy ra:
n d n
zukl k —2 zalkq’l z apl'y ]
k=1 k=11 i=1 i=1 | k=1
n
Chiy ring D, api% =0 _ (3.72)

k=1
bi vi (3.72) chinh la dinh luat Kirchhoff 1 viét cho nut thi i.
. n
Do dé ZUki'k =0
k=1
Vi du vé6i graph H.3.96 thi:
Ui + Uiy + Ugi'y + Uglly = (@1 = @)+ (@~ P3)i'p+ (g = 93)i'g+ (93 = Pp)i'

= (i) + i) + (i + Tg- I'g)py + (- 1'p- 13 + 4)@3
vi i'p +1i'9 =0 (luat K1 ¢ mit 1)
-i'y +i3-14=0 (luat K1 & nit 2)
—i'g_ig+i4=0 | (luat K1 & nuit 3)
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nén uji'y + ugl's + ugi's + ugi'y =0
Chitng minh tuong tu ta cing duge:

n n n
Dugi =0, Y i =0, D uiy =0
k=1 k=1 :

k=1
2. Can bing cong sudt
» Xét mot mach dién c6 n nhanh. Dong dién, dién dp ¢ nhanh thit k 1a
i, (t) va uy (t). V6i chiéu duong dong chay tir cuc + dén cuc Am cia dién dp
thi tinh u(t)ig(t) 1a cdng sudt tic thai tidu thu béi nhanh k, con —ug(t)ik(t)
la cong suat tic thai phat bsi nhanh k.
Theo dinh ly Tellegen ta cé:

1 n
D i (®) =Y u By (£)=0 (3.73)
k=1 k=1 o
= ZPk(phét) =0 (3.74a)
k=1
va D P (thu)=0 (3.74b)
k=1

Vay tong cong sudt thu (hodc téng cong sudt phdt) tdc théi trén cdc -
nhdanh trong mét mach dién luén biing khéng.

Néu xem mdi phdn ti mach 13 mét nhénh va phan cdc nhanh ra lam
hai nhém (nhém gom cdc nguén, va nhém gém cdc phan ti khdc) thi c6 thé
viét (3.73) 6 dang:

Y wWi®= Y w®it (3.75)
cdenguén. céc phan
tit khace
= Z Pk(ph:iti = Z Pltthu) (3.76)
cac ngudn cac phin
tit khdce

Viy trong mot mach dién, tdng cong sudt titc thoi phat béi cac ngudn
bing tong cdng suat tic thdi tiéu thu trén cic phéan td khac.
Céc dinh ly (3.74a), (3.74b), (3.76) goi la luit cin bing cong suat titc
thai. '
+ Bdy gi¥ ta xét mot mach dién & ch& do x4c lap hinh sin, ¢6 n nhanh. -
Bién d¢ phic dong dién, dién 4p & nhanh k 1a i,. U,. Goi I la s& phic
lién hgp cia ik.



CAC PHUONG PHAP PHAN TICH MACH 189

Vi tap bién {11,12,...ik,...in}th6a luat Kirchhoff 1 tai cdc niit nén suy ra

tap bién {h,Iz,...,Ik,...In} ciing théa dinh luat Kirchhoff 1.

J

Do d6 theo dinh 1y Tellegen ta duge:
n . n. o, n
Y Ukl ==Y Uk =0= Y s =0 (3.77)
k= k=1 k=1

Vay tdng cong sudt phic trén cac nhanh trong mot mach dién ludn bing
khong.
Tit (3.77) ta ciing suy ra dugc:

Y Skehv= Y, St (3.78)
c4c ngudn c4c phan )
tit khéc

Vay trong mdt mach dién, téng cong suat phic phat & cdc ngudn bing,
téng cong suat phuc thu & céc phén tir khéc.

Céc bidu thdc (3.77), 3.78) 1a cdc luat can bing cong sudt phdc. Lay
phan thuc hai v& cla cdc bidu thuc (3.77), (3.78) ta sé dugc ludt can bing
cong suat tdc dung nhu sau:

ZPk =0 , ~ (3.79a)

hozc z Peonin = Y, Praw (3.79b)
c4c ngudn céc phin
i khac

Tuong ty 14y phan do cia hai v& cdc bidu thite (3.77), (3.78) ta sé dugc
luat can bing cong suat phan khdng nhu sau:

n
2 Q=0 (3.80a)
hogie 2 Qi(phat) = 2 Ql(thu) (3.80b)
céc ngudn cg;: hé:

Vi du 8.37: Xét mach dién H.3.97. Dung m{t trong cﬁc phuong phdp phén
tich mach da trinh bay, ta tinh dugc: | @ sa @ 22 @
i, =0,59.247°33A : i '
I, =0,97£78°11A g=10v
i, =0,5532-68°81A

I, =1,932-1°48A o ®
Hinh 3.97

J =24:30
A

]
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U, =51, =2,95247°33V

U,, =21, =1,94,78°11V

U,, =8,29/-15°18V

Uy, =8,62£-28°17V

Zsphét =%EL+%U23 J=2,95/-47°33+8,62.1°83

= 10,615 — j1,894 VA
= 10,78£-10°11 VA

. * . * 1. * 1 . *
Zsthu = %U‘u II+%U12 I2+‘§U13 IS+§U23 I4
= 10,602 - j1,891VA = 10,77£~10°11VA

Vay: zsphét = zsthu

Vi du 3.38: a) Xét mach dién xdc lap diéu hoa nhu H.3.98. Ching té céng*
sudt tdc dung hap thu béi phan mach b 1a:

4

P=—é—Re(UA0 iA+UBO i}3+Uc0 ic)

A Ia A L

Phén B, g Phén Phén B Is Phén
mach a b i mach b mach a g : mach b

s s c N < s c Ig L s
(xac lap ’ = (xac lap ) (xac lap ’; — (xac lap
hinhsin) | io hinh sin) hinh sin) o 0, " | hinh sin)

—— ._.'1 o—r]
Hinh 3.98 Hinh 3.99

b) Xét mach xdc lap diéu hoa nhu H3:99. Chiing t6 céng suat tdc dung
hap thu bdi phdn mach b la:

P =%RC(UAC iA‘l‘UBC iB)

Re(UA01 iA+UB01 iB+UCol iC)

SRR

1 . * 5 * . .
= -2-Re(UA°2 Ia+ IIBO2 Is+ U002 Ic )
Giai

a) Theq dinl} ly thay thé, c6 thé thay phdn mach a bdi ba nguén sic
dién ddng U,,, Ug,, Ug, nhu H.3.100. Téng cbng sudt tdc dung ph4t béi ba
nguén nay la:
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1. * 1. * ' 1. -
P=RC[EUA0 Ia ]+RC(EUBO Is )‘FRG(—Z‘UCO IC) 1)
A Unc :
. _/ = I
g O
0 g = Phan _{} B o Phan
C 8 mach ~ . 0 . mach
—L.J——-@—-f-'—_.:— b Ugc C Ig b
Co Ic ‘e
Hinh 3.100 Hinh 3.101

" Theo luat can biing cong suét tdc dung (3.79b) thi P cho béi (1) ciing
chinh bing céng sut tdc dung h&p thu bdi phan mach b.
b) Theo dinh ly thay thé c6 thay th& phin mach a béi hai ngudén sic

dién dong UAC, fJBC nhu H.3.101. Téng cong suit tdc dung phdt béi hai
ngudn sdd nay la:

. * 1 . * R

P:RC[%UAcIA ]+Re(—2-UBC IB ] (2)

Theo luat cin bing cong suat, (2) cling 1a cong sudt tdc dung hap thu

béi phan mach b.
Néu thay Unc =Uso, ~Ucop-Unc = Ugo, —Uco, V20 (2):

=-;-R(3{UAO1 iA+ﬁi3°1 iB_UCol (IA+IB)}
vi ic =—(iA+iB)nén suy ra:
1., 1. = 1. s
P=Re| =U,, Ia [+Re| =Ug, Is [+Re| =Ug, Ic (3)
2 1 2 2
=Upo, —UCOZ Usgc = U1302 - UCo2 vao (2) ciing suy ra:

1. * i 1. * 1. *
EUA°2 IA ]+ Re(—éUB% IB )"l’ Re[EUCOZ IC ) (4)

Tuong tu néu thay Upac

P=R

o

Néu chii y biéu thic (2.85) & muc 2.6.4 (chuong 2) thi tif cdc biéu thic
(1), (2), (3), (4) c6 thé suy ra cdch mic cdc Wattmet dé do cong sudt hdp thu
bdi phdn mach b trong céc H.3.98, va H.3.99.
3.6.6 Dinh 1y tuong hd |

. Gid si c6 mot mach dién tuyén tinh & xdc l4p diéu hoa ngoai p
ngudn 4p doc lap va S ngudn dong doc 1ap chi chia cdc phén ti dién trd,
dién dung, dién cam va hd cdm. Xét hai trang thdi cia mach:
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- Trang thdi 1: Cdc nguén 4p cé suc dién dong E’k , dong dién chay qua
ngudn dp E', 1a I',(k =1+p); cdc ngudn dong c6 tri s6 J, dién 4p giita hai
ddu nguén dong J7, 1a Uy(1=1+s).

- Trang thdi 2: Cdc nguén dp cé sic dién dong E"), dong dién chay
qua nguén dp E" 1a 1"y (k=1+p); cdc nguén dong c6 tri s6 J",, dién 4p
gitta hai ddu nguén dong J", 1a U"(I=1+s).

Chiéu duong dong dién dugc chon hudng tir cuc 4m dén cuc duong
ngudn &p; cuc tinh duong cda dién 4p trén nguén dong ducge chon nim 6
phia dau mii tén (trong ky hiéu ngudn dong).

Khi d6 theo dinh ly tuong hé, ta cé hé thic sau day:

iE'k 1"k+iU)J", =§p:E"k i'k+iU~,J-, (3.81)
k=1 =1 k=1 I=1

+ Trude khi ching minh dinh 1y, ta xét vi du minh hoa sau:
Vi du 3.39: Tim dong dién I; & mach dién H.3.102. Cho bist E, =2V,
By =2V.J, =15A vari=r2=6Q,13=2Q,14=2Q,r5=30Q.

Ty

Giai ‘

Ta thu dp dung dinh ly tuong hé.

Xét ciac mach dién H.3.102, H.3.103
va H.3.104.

- Mach H.3.103 ¢6 thé xem la trang
thdi 1 cia mach H.3.104 véi:

E‘l =O, E‘a =0, JI4 =0
Gia st In=1A

Hinh 3.102

= i"z =1A: 1‘5 =-""‘1‘3 =i'l+i|2 =2A
ﬂE'5 =I‘21'2+(r4 +r3 +r5)1'5 '-=20V, 11'4 =—4V

W
fi, " i
T gt I §r2 ) § U;J
és ‘i,s +Ar
Oy
Ts

Hinh 3.103 Hinh 3.104



CAC PHUONG PHAP PHAN TiCH MACH 193

- Mach H.3.102 c6 thé xem la trang thdi 2 cia mach H.3.104 véi:

E"I =E1 =2V,E"3 -_-Ea =2V, jM4 =j4 =1,5A, E"5 =0, i"5 =i5

Do d6 theo dinh Iy tuong hé (3.81):

E'l i||1+E'3 i"3+E'5 i"5+Ul4 J"4 - E"l il1+E"3 i'3+E"5 i'5+U'l4 Jl4

= E's i5 +U’4 J4 = Eli‘1+E3i‘3 = 15 = 0,2A

. Bay gi® ta ching minh dinh ly tuong hé (3.81). Gia s mach c6 n
phén t& trong dé: tit phdn ti 1 dén phén td thd m 1a m phén ti dién cdm
c6 ghép hé cam véi nhau; ti phén ti thi m+1 dén phén ti tht c=m+b la b
phédn t& dién tré, dién dung hosc dién cdm (khéng cé ghép hé cdm); ti
phan t& thit c+1 dén phan tir thi a=c+p la p phédn ti ngudn 4p ddc lap; tir
phdn t& thd a+1 dén phdn ti n=a+s la s phén t& ngudn dong doc lap. Xét
hai trang th4i cia mach:

- Trang thdi 1. Dong dién va dién dp trén phan t& thd i la
I’iy U'l(i =1+n) .

- Trang thdi 2: Dong dién va dién dp trén phdn t& thd i la
Ij) U'(i=1+n).

Néu phén td thit i 1a nguén dp doc lap thi chon cyc tinh dién dp sao
cho U, =-E;, néu phén ti thiila ngudn dong doc lap thi chon chiéu duong -
dong dién sao cho I, =-J;. '

Ap dung dinh ly Tellegen (3.70) ta dugc:

n n

ZU'ii"i =ZU"ii'i =0 (3.82)
1 1

m m+b c4p a+s .

- S0y i+ 3 0 I - DB - 04
1 m+1 c+l a+l
m m+b c+ a+s . .
=Son i YU - S i-Som i 3.83)

1 m+1 c+l a+l

Xét s6 hang thit hai & v& trdi va v& phédi ma tudng ing véi b phén tu
dién trd, dién dung, hoic dign cdm (khdng ghép hé cdm). Ta c6:

l.I'i = Zi i|i va I.J"i =Zi i.i
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,

g , phan t{ dién trd
. |joL. , phén t& dién cAm
trong dé: Z, = ) ‘1 P ¢
‘ ' —-j——, phan ti dién dung
oC,

.

m+b mt¢b  myb
= Y Uyl = Y Uniy =) z1i Iy (3.84)
) m+1 m+1 m+1
Xét s6 hang thi nhat & v€ trdi va vé phdi ma tuong dng véi m phan ti
dién cdm ghép hé cdm vé6i nhau. Ta c6 (theo 3.17):

m
U =Y tjaMy. 1 (i=1+m)
Y
trong d6 quy udc tM;; =L;

m m m
= Y U =3 Y sjeMl;iy " (3.85a)
1 i=1 j=1

ZU"i I = iiiijiji"j I (3.85b)
i=1

Y Uiy =f:U"i iy (3.86)
1

Tir (3.83), (3.84), (3.86) suy ra:

c+ . . a+s . L c+ i R a+s . X
iE'iI"i+2U'i J"; =2E"i1'i+ZU"i J (3.87)

c+1 a+l c+l a+l
Biéu thuc (3.87) chinh 1a (3.81).

Trudng hgp mach cé chia nguén phu thudc, thi néi chung dinh ly
tuong hé khéng théa. Vi du, gid st mach c6 thém mét phén ti tha n+1 la
phén ti nguén dp phu thuje vao dong dién I, trén phén ti thd ¢ = m+b.

Khi d6 & v& trdi cda (3.83) c6 thém s& hang U',,,1".,,, con & v& phai
c6 thém s6 hang U, 1'.,,. Ta c6:
U'n+1 i"n+1 = ri:i"nu va U"n+1 i'n+1 =rl "e i'n+1
Né6i chung U' 1", # U" ,I',; = (3.87) hay (3.81) khong théa
man.

« Dinh ly tuong hé con duge trinh bay & hai dang théng dung sau day:
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Néu 4p dung (3.81) cho H.3.105, véi trang thdi 1 ng véi H.3.105a va
trang thdi 2 ung véi H.3.105b, ta dugc: v
E 1 +E, 1 =B I +E% T,
vi E,=0E",=0=E, 1" =E",TI,
Do dé véi H.3.105 néu: B, =E" =1,=1"

(3.88)
(3.89)

(3.89) 1a mot dang thong dung cia dinh ly tuong hé.

1 2 ,1
Mach A . i Mach A
E', (khéng ngudn, 2 1i"1 {khéng nguén,
chi chua , chi chua
r,L.C,M) 2 - r.L.C.M)
1 | 1
{ngén mach)
a) b)
Hinh 3.105
2 1 2
4 PRE—
Mach A + + Mach A
(khéng nqu&n, 0.2 01 (khéng ng!uén, . 3
chi chua chi chira
- Z .L.CM
r.L,C.M) L r,L.C.M)
o 1 2|
a) {hd mach) b)

Hinh 3.106
Ap dung (3.81) cho H.3.106 ta dugc:
Uy dy+ U5 d7 =Un 3+ U5 3y
vi I =0,d,=0=0,J7%=U"J
Jy=Jd7=U0,=U"

(3.90)

Do d6 véi H.3.106 néu (3.91)

(3.91) ciing 1a mét dang khdc cia dinh 1y tuong hé.

Vi du 3.40: Ding céc phuong phdp phan tich mach da biét, c6 thé tinh duge
dong I', ¢ H.3.107a béng vdi dong i, 6 H.3.107b: I, =1, =0,27453°75A

Nghia la dinh 1y tuong hé nghiém dung.

.n
$10Q I

Hinh 3.107
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Vi du 341: G H.3.108, c6 thé nghiém lai dinh 1y tuong hé:
U, =U" =35£-12°1V

1 +
100 50 . 10Q
CD j20A 2 0,
. I +, . . )
. 5Q  -j2Q _|_ _Uz' _ 52 ]QQT
. : -
Hinh 3.108

3.6.7 Dinh ly chuyén vi nguén

1- Chuyén vi nguén ap

Ta cé dinh 1y sau:

Dong dién chdy trong cdc nhdnh cia mach dién sé khong thay doi néu
trong tdt cd cde nhdnh cing tdi mét nit ta néi vao cdc nguén dién dp giéng
heét nhau va cé cuc tinh duong déu & cing vé mét phia so véi nut do nhu
trén H.3.109.

a) b)
Hinh 3.109

Trén H.3.109a, nit j néi véi cdc nhdanh [, m, n, p. Theo dinh ly trén,

néu trén mdi nhanh dé ta méc thém vao mot ngudn suc dién dong E nhu
H.3.109b thi dong dién chdy trong cdc nhdnh cdc phén t& cla mach sé
khong thay ddi. That vay, cdc phuong trinh K2 viét cho c4c vong thi nhu
nhau ¢ hai mach H.3.109a va H.3.109b, d6 1a do c4c sic dién dong xudt
hién thém, néu c6, hai 14n trong méi vong, mét 14n chidu vong ddm vao cuc
"+" va mdt 14n chiéu vdng dam vao cyc "-", do d6 ching sé tu khi nhau va
khéng 1am thay déi tdng dai s6 cdc sic dién dong trong vong. Tit d6 suy ra
phép bi&n déi khéng lam thay ddi dong dién trong mach.
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Pinh 1y nay cho phép chuyén nguén 4p ly tuéng tit mot nhanh dén cdc
nhanh khdc cung néi vao mét nit nhu trén H.3.110.

Il

. . b)

Hinh 3.110. Phép chuyén vi nguon dp

Trén H.3.110a, nhéanh [ chi cé nguon dp ly tudng E,;. Theo dinh ly
trén dong dién trong mach sé& khong thay déi néu trén cdc nhdnh [, m, n
(n6i v6i nit j) ta méc thém vao ngudén 4p c6 tri s biing E; va cyc tinh nhu
trén H.3.111. Khi dé trén nhénh / téng dai s¢ ngudn dp la E,~E, =0 tuong
duong véi ngdn mach, do d6 ¢6 thé xem nhu nguén &p E, & nhdnh [ da
duge chuyén dén cdc nhanh m, n, p nhu H.3.110b.

Trong phuong phdp thé niit, néu trong mach c6 nhanh chi chita nguén
ap 1y tudng thi khong thé bién d6i thanh ngudn dong tuong duong duge dé
ap dung quy tdc (3.7). Khi dé ¢6 thé dung phép chuyén vi ngudn dp
H.3.110 dé khir di nhanh chda ngudn 4p ly tuéng.

Vi du 342: Giai lai vi du34(H.3.8 muc 3.2) dung phép chuyén vi nguén dp
truge khi 4p dung phuong phdp thé nuit. :

’ Hinh 3.111
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/\12cost A

N
AN
60

60 2008t V Geost A
20
OF—&2 W

t o' o 2costV G

=@ ®=0
Hinh 3.112 : Hinh 3.113
Giai
Chon ¢, =0
Diing phép chuyén vi ngudn dp, doi nguén dp 1y tuéng 2 cost sang hai
nhdnh 6U va nhdnh 3Q ta dugc mach H.3.112. Khi d6 niit 3 s& trung v6i
nut 4:
93 =0, =0
Bién d6i cdc ngudn dp thanh nguén dong tuong duong ta duge mach
H.3.113. Viét phuong trinh thé& ndt cho hai nit 1 va 2:

(2+6)0; + 2¢, =e™ + 12cost (1)

2@, + (2 + 3 + 4)p, =6cost (2)
Gidi (1) va (2) suy ra:

L0 =-é%e_t +%g—cost v

1 —t 18
-— +—cost V
(07} e Ccos

Chi y ring truge khi dung phép doi nguén dp thi nit ba cé thé la
®3 =2cost V con sau khi bién ddi thi ¢, = 0.

Vi du 348: Tim dong i1, iz ¢ mach dién H.3.114.
Giai

» Ding phép doi ngudn 4p ta duge mach
H.3.115a. Chd y nguén 4p phu thudc 4iy phu

thugc vao dong dién chay qua né nén tuong
duong véi dién tré 4Q (H.3.115b).

Viét K2 cho vong (I):

Hinh 3.114
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(1+3+4i1=4 =i;=0,5A

Viét K2 cho vong (II):
li, = 4i; =>i2 = 2A

Hinh 3.115 b)

2) Chuyén vi nguén dong: ‘

"~ Ta c6 dinh 1y sau:

Pién dp trén cdc nhdnh cia mach sé khong d6i néu song song vdi moi
mot nhdnh cia mét vong kin ta mdc vao mot nguén dong ly tudng giong
hét nhau va cung cé chiéu thugn véi (hode cung co chiéu ngugc vdi) chiéu
ctia vong. A

That vay béi vi téng dai s6 cdc nguén dong chdy vao mdi nit déu
khong d6i nén theo phuong phap thé ndt suy ra thé ciia cdc nit khong thay
déi. ' '

Pinh ly nay cho phép chuyén dich mot ngudn dong ly tudng dén céc
nhdnh khéc trong vong nhu trén H.3.116.

Hinh 3.116: Phép doi nguén dong %

A 2 3 3 . ”

Trén H.3.116a, gitta nit i va j ¢6 ngudn dong ly tudng Ji. Theq dinh 1y
trén, néu song song véi méi nhdnh m, n, p, { thudc vong kin (nhu hinh vé)
ta mic vao cdc nguén dong Ji nhu H.3.117 thi cdc dién 4p trong mach
khéong thay ddi. Khi d6 giita hai nit i va j c6 hai nguén dong tri s§ bing
nhau nhung nguge chidu nhau nén tuong duong véi ¢ hé mach nhdnh [, do
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d6 c6 thé xem nhu nguén dong ly ) K
tudng Jy duge chuyén vi téi cdc ’

nhénh p, m, n thugc vong nhu ----
H.3.116b.

Trong phuong phdp dong mit
lu6i, n€u trong mach c6 nhdnh chi
chda nguén dong 1y tudng khéng thé
bién d8i thanh nguén 4p tuong
duong dé 4dp dung quy tdc (3.14)
dugc, thi c¢6 thé dung phép doi ngudn
dong H.3.116 d€ khi di nh4nh dé.

Vi dy, 461 v6i mach H.3.118a, c6 thé dung phép chuyén vi nguén dong
nhu H.3.118b, c. )

Hinh 3.117

Hinh 3.118

Vi du 3.44: Gidi lai vi dy 3.10(H.3.17) & muc 3.3, dung phép chuyén vi
nguon dong trudc khi 4p dung phuong phép dong mit luéi.

L 1/602

@ )

120 @ 180

I, wea

Hinh 3.119
Giai

Ap dung phép d¥i ngudn dong d6i vdi‘ mach H.3.17 ta duge mach
H.3.119a.
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Sau dé bién d8i cdc ngudn dong thanh cdc nguén dp tuong duong ta
dugc mach H.3.119b.
Viét phuong trinh K2 cho hai mit ludi (I) va (ID):

111 1 1 .
(5*5*5]% “3lee =3¢

Vi dy 345: Tim ti s6 =2 trong mach di¢n H.3.120

Js

A I I
Pi 1
>
3 QB iF: Re U,

Hinh 3.120

Giai

Ap dung phép chuyén vi pgudn dong ta dug
h nguén 4p tuong duong ta dugc mach H.3.121b.
bi diéu khién béi chinh dong dién

¢ mach H.3.121a. Bién ddi

c4c ngudn dong than
Né&u thay ngudn 4p phu thudc PRyl
i; chay qua né bang dién trg BRz ta dugc mach H.3.121c.
Tu d6 suy ra: ' '
i = RSjS
7R, +R; +(B+DR,
. -BR.R3j
= —R = S s
to sPh R, +R;+(B+1R,
= 9_‘?- = _BRsRa
js Rg+R)+ B+DR,
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—f
WA/ ¢
+

'C> SR 3R, <>m, <>m1 $h,

% |

+X

iRa

\il

+ %

Rgjs
<> Bi, § Rs U,
s / BRZ

pir§

oo

L ¥

c)
‘Hinh 3.121

3.7 GRAPH VA TOPO MACH

Cédc phudng trinh viét theo hai dinh luit Kirchhoff chi biéu didn quan
hé gitta dién dp trén cdc nhdnh va quan hé giita dong dién chay trong cdc
nhdnh, ching khéng phu thudc vao loai va tinh chat cda phédn ti cdu tric
nén nhdnh,ma chi phu thugc vao cdch thyc lién két giita cdc phan ti. Ti d6
ndy sinh van dé nghién ciu tinh chat ciia mach lién quan dén céch thic néi
cdc phan tit v6i nhau. P& nghién cifu cdu tric hinh hoc cida mach va 4nh
huéng cia né dén tinh chat mach ngudi ta dung 1y thuyét topé mach, mot
Ung dung cda ly thuyét graph vao ky thuat dién.

3.7.1 Graph ctia mach dién

+ Néu trong so d6 mach thay mdi nhdnh bdi mot doan thing ta sé
dugc mot c4u tric hinh hoc goi 1a graph cia mach. Doan thing ing véi cdc
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phanh cia so dé mach goi 13 nhdnh cia graph. Bién (d4u mit) cia nhanh
goi 12 nut (dinh) cla graph.

] L
—— IE

d) So d6 mach b) Graph khéng dinh huong ¢) Graph dinh huéng

Hinh 3.122: Mach dién va graph

V6i mdi nhédnh, nit cia graph ta co thé ddnh s& hodc ky hidu theo
nhénh, nit cia so 44 mach. Nhdnh cia graph c6 thé duge dinh hudng bing
cdc mii tén. Khi tdt cd cdc nhdnh déu duge dinh huéng, ta cé graph dinh
huéng. Ngugc lai 1a graph khong dinh huong.
Vi du: mach dién H.3.122a c6 graph nhu H.3.122b va H.3.122c. Chiéu cia
nhédnh (chidu mai tén trén nhénh) c6 thé duge chon tay ¥, vi du cé thé chon
tring véi chidu duong cia dong dién trén nhdnh tuong dng trong so dd
mach nhu H.3.122c.

. Ta dinh nghia mét s6 khdi ni¢m cAn thiét vé graph:

- Graph con cia graph 1a mot phan cda graph, bao gdém mot tap nhdnh
- dinh bat ky nao dé caa graph.

- Graph don lién 13 graph ma moi dinh déu lién théng vdéi nhau. Vi du
graph H.3.122b,c 12 graph don lién.

L, Coe Ls%/\
@
a)
@, ©® ® A©
LN
® ® ©
b)

Hinh 3.123: Mgch ghép hé cim va graph ciia né
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- Graph da lién 1a graph gom m (>1) graph don lién khéng lién théong
nhau. Mdi graph don lién 4y 1a mét graph con. m goi la sé lién théng cia
graph va graph da lién nay goi la graph m - lién théng.

Vi du: graph ctia mach ghép hé cam H.3.123 12 4
graph 3 - lién thong.

Néu trong mach H.3.123a, cdc dinh, (2),
(5) va (7) néi lai véi nhau thi graph ciia né tré
thanh don lién nhu H.3.124. Viéc néi cdc dinh
(2), (5), (7) lai 1am cho chiing c6 cung dién thé,

graph tré nén don gian hon (chi con 5 nut), 1
Hinh 3.124: Graph don

nhung khoéng lam thay d6i dong 4p trong gidn ciia mach H.3.123

mach.

- Graph phing la graph c6 thé vé trén mét mat phing sao cho khéng
¢6 nhanh nao cdt nhau.
Vi du: graph H.3.125a la térrz‘alph phing vi ¢6 thé vé lai n6 nhu H.3.125b
trong d6 khong c6 nhénh nao cit nhau. H.3.126 1a graph khéng phing.

6
9 6 9 10 1
5 10 2
2 7 ,
5 1 3
8 4
"W /12 3| /11
12 : 11
4 8
a) b) ,
Hinh 3.125: Graph phdng Hinh 3.126: Graph khéng phdng

Duéi day la dinh nghia cia mot s6 graph con quan trong: dudng, vong,
tap cdt, cay, bu cay v.v.

- Vong (t@p kin) 1a mot tap di cdc nhanh khép thanh mét vong kin
(néu bé di moét nhanh thudc vong thi tap nhanh con lai khéng tao thanh
vong kin nia).

Vi du & graph H.3.127, cdc tap nhénh (1,2,5), (4,5,6), (2.3,4), (1,3,6),
(1,3,4,5), (1,2,4,6) va (2,3,6,5) 1a cdc vong. (1,2,4,5) khong phai 12 mét vong,
né thira nhanh 4.

- Duong: mét dudng giita hai dinh 14 moét tap nhdnh lién théng gida
hai dinh d6 va khong tao thanh mét tdp kin nao. Trén dudng gap mét
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nhénh hay mét nit bat ky chi mét lan.
Vi du & graph H.3.127, gida hai dinh (1) va (2) ta ¢6 nam dudng: 2, 3-4,
1-5, 3-6-5, 1-6-4.
- Tgp cdt 1a mét tap di cdc nhdnh ma néu vit bd ching di sé 1am téng
s& lién thong (d6i véi graph don lién thi sé chia graph thanh hai graph con
khong lién thong). S, 3
Vi du: d5i v6i graph H.3.127 thi tap nhénh ,/@m ®
(1,2,4,6) 1a mot tap cit, néu vt b ching e . ! ! .
thi graph sé con lai hai phén ¢ 13p (khéong B
lién thong) nhau nhu H.3.128. Pé dé hinh

/ \\

\
dung hon, c6 thé lam tuong ing mét tap H S
cdt véi mot mat kin cdt ngang cdc nhdnh \\ @ /'/
clia tap cit va bao hoan toan mot s& nhédnh ===
nit khde. Vi du tap cdt (1,2,4,6) tuong ung Hinh 3.127

véi mat kin S; (H.3.127) cit ngang cdc
nhénh 1,2,4,6 va bao hoan toan nhdnh 5 va hai nit @ va @; cdc nhdnh
1,2,4,6 ¢6 tinh chat 1a lién thong gida cdc dinh bén ngoai S; véi cdc dinh
bén trong Si, do d6 néu vt bd ching di thi sé tdch graph thanh hai phén
¢d lap nhau. '

Mst s6 tap cdt khdc cia graph H:3.127 12 (1,5,4,3), (3,2,5,6) v.v..

Néu mat kin bao chi mot dinh thi ta ¢6 mot 3
tap cdt dac biét goi la tdp cdt dinh. Vi du tép /@\
nhénh (1,2,3) ¢ H.3.127 1a mot tap ct dinh tuomg (D ®
ing véi mat kin Sz bao duy nhat dinh @ va cit 5
ngang cdc nhénh 1,2,3. Tuong ty tap nhdnh (2,4.5) @
12 mot tap cit vng véi dinh @. Hinh 3.128

- Cdy, bu cay:
.Cay cta mot graph don lién 14 mot tap nhanh cia graph ndi da tit ca cdc

dinh nhung khéng tao nén vdng nao. Céc nhénh ctia mdt cay goi 1a canh.
' 3 3

/,, \\‘
, N
~ 7
2 | 4
N 5
\\ ‘6
’
1\,
b) )

Hinh 3.129: Graph va cdc cdy, bi cdy
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Mot graph c¢6 thé c6 nhiéu cay. H.3.129 vé mot graph va hai trong cdc
cdy cla né: cdy (2,4,5) gom ba canh 2,4,5 (H.3.129b) va cay (3,2,5) gém ba
canh 3, 2 va 5 (H.3.129¢). ‘

Véi graph da lién thi cdy ctia graph m - lién gdm m cdy con ctia m
graph con.

Bu cay: 13 mot tap nhanh 14p vao mot cay dé thanh graph da cho. Cdc
nhanh cia mét bu ciy goi 1a bu canh.

Vi du véi graph H.3.129 iing v6i cdy (2,4,5) ta ¢6 bu cdy (1,3,6) gdm ba
bit canh 1, 3, 6 vé bing nét dut & H.3.129b; iing vdi cay (3,2,5) H.3.129¢ ta
c6 b cay (1,4,6) gobm ba b1 canh 1,4,6.

+ Tir dinh nghia cta cdy, bu cdy suy ra mét sé tinh chat sau day:

- Cay khéong chita vong. Tinh chat nay suy tir dinh nghia cia cay.

- Bu cay khéong chita tdp cdt. That vay, ngay ci khi vat hét céc ba
canh chi cdn lai cdy thi theo dinh nghia tat c4 cdc dinh van lién théng béi
cdy nén graph chua c¢6 phén nao bi t4ch cé lap ra ca.

- Méi bu canh khép rieng mét vong xac dinh qua mét 86 canh ciia cdy,
£9i la vong chinh hodc vong co ban.

Vi du xét cay H.3.129¢c, bu canh 1 cung véi hai canh 2, 5 tao thanh
vong chinh (1,2,5), bu canh 4 cing véi hai canh 2, 3 tao thanh vong chinh
(4,2,3) va bu canh 6 tao thanh vong chinh (6,5,2,3) cung véi ba canh 5,2,3.

Tinh chat nay suy. ra tif nhdn xét ring gida hai nit (cda bu canh) luén
ton tai mot dudng trén cay va dudng nay la duy nh4t (néu tén tai hai
dudng khdc nhau thi cay sé chya vong, trdi véi dinh nghia).

- Méi canh lgp riéng mét tap cdt xace dinh cing véi mét s6 ba canh, goi
la tgp cdt chinh hodc tdp cit co bgn.

Thét v4y, néu vit bd canh d6 ra khéi cay thi ciy sé bi tdch lam hai
phéan ¢ 14p do d6 n&u vit bé thém mdt s8 bu canh thich hop thi graph sé
bi tach lam déi.

Vi du xét graph véi cay H.3.130, canh 3 cing v6i hai bu canh 4 va 6
14p thanh t4p cit dinh ing v6i mat kin S;, canh 2 va ba bii canh 1, 4 va 6
tao thanh tap cit Sg, canh 5 va hai by canh 1 va 6 tao tap cdt dinh Sj.

» Vé s6 lugng canh, bu canh ciia mét graph ta c6 dinh ly sau:

- Graph don lién c6 d dinh, n nhdnh thi s6 canh la ¢ = d-1 va s6é b
canh la b = n-d + 1.

- Graphsm - lién théng 6 d dinh, n nhdnh thi s6 canh la ¢ = d-m va
s6 b canh la b = n—-d + m.
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Chitng minh: Xét graph don lién d dinh, n nhéanh.

Canh d4u tién ndi giita hai dinh; sau d6
muén néi thém méot dinh thi cdn thém mot
canh. C thé suy ra sé canh C = d-1.

Do d6 s6 b canhb=n-c=n-d+ 1.

Xét graph m - lién théng gom m graph
con: graph con thud k.cé dix dinh va ng nhanh  S2' \

N ——

va do d6 c6 s6 canh 1a ¢, =dk - 1 va s6 bu
Hinh 3.130

canhlabg =ng—-dg+1
m m .om
Suy ra: c=2ck=2(dk—l)=2dk—m = d-m
1 1 1
=b=n-c=n-d+m

3.7.2 Hé du phuong trinh dgc lap viét theo hai dinh luat Kirchhoff

1- Hé¢ du phuong trinh doc lap viét theo dinh lugt Kirchhoff 2

Xét mot mach dién véi graph dinh huéng. 1 nat
Goi dién 4p trén mbi nhénh thit k 1a ug, va gia
st chon cuc tinh sao cho chidu miii tén cda
nhanh k cia graph huéng tit cyc tinh + dén
cuc tinh — cla uk (H.3.131).

D&i v6i mdi vong, theo dinh luat K2 thi nut

t6ng dai s6 cdc dién dp trén cdc nhdnh thudc Hinh 3.131: Chiéu ciia
nhdnh graph va cuc tinh
Z dién dp trén nhdnh.

+
Uk

vong bang khoéng:

trong d6 14y d&u + néu chiéu cla nhénh cing chidu véi chiéu cla vong.
Chiéu ciia vong c6 thé chon tuy ¥, tuy nhién ta quy wée chiéu cia mot vong
chinh la chidu ciia b canh ung vdi vong + U~

chinh do.

. Xét graph dinh huéng H.3.132 véi
cay gém ba nhdnh 3, 2 va 5. Ung véi ba
bl canh 1, 4 va 6 ta c6 ba vong chinh S ’s
(1,2,5), (4,2,3), (6,3,2,5). chidu ¢\l

ciavong “* M. 5 ,

Viét luat K2 cho ba vdng chinh trén ol
ta dugc ba phuong trinh:

~ Hinh 3.132
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u; +ug +u; =0 (3.92a)
Uy ~uUgtug = 0 (392b)
u5 ‘—LI3 +UZ +u5 —_-0 (3920)

Tit d6 ta thay cdc dp bu canh uj, ug, ug c6 thé tinh theo (phu thudc
vao) cdc 4p canh ug, ug, us theo cdc phuong trinh:
U = Uy —Ug
uy =uy—us
Ug = U3~ Uy —Ug

Ta c6 dinh ly sau:

Cdc dp canh trén cdy lam thanh mét tdp di dp nhdnh déc ldp. Moi dp
nhdnh khdc (dp bt canh) c¢6 thé biéu dién theo cdc dp canh.

That vay, vi cdy khong chifa vong nio nén cdc dp canh khong bi rang
budc béi dinh ludt K2 do d6 ching déc ldp vdéi nhau. Vi médi bu canh khép
mét vong qua mét s& canh xdc dinh, nén tif luat K2 viét cho vong chinh dé
suy ra dp ba canh phu thudc vao cdc dp canh.

« Nhu da dé cdp ¢ chuong 1, trong cdc phuong trinh viét theo dinh
luat K2 cho tat ca cdc vong chi e'(’). mot s phu’dng trinh 1a dgc l4p véi nhau,
s6 phuong trinh con lai ¢6 thé suy ra dugc tit cdc phuong trinh doc lap kia.
Ly thuyét t6p6 mach cung cdp cho ta mdt phuong phédp cé hé thong chon
cdc vong d€ viét duge hé di phuong trinh dac lap K2, nhu dugc néu trong
dinh 1y sau:

Voi graph m - lién théng n nhdnh d dinh thi (n-d+m) phuong trinh
cdn bdng dp K2 viét cho cdc vong chinh lam thanh mét hé dit phuong trinh
déce lap.

That v4y, vi mdi vong chinh chita riéng méot b canh nén mdi phuong
trinh K2 viét cho vong chinh sé chita mét bién riéng l1a 4p bu canh ung véi
vong chinh dy. Do d6 cdc phuong trinh dgc lap nhau. S6 phuong trinh nay
béng s§ b canh va bing (n-d+m). Hé phuong trinh nay 1a di vi s§ phuong
trinh vira bing s§ bién phu thudc (4p bu canh).

Vi du véi graph va cay H.3.132 viét luat K2 cho ba vong chinh ta dugc
hé di phuong trinh dgc lap K2 14 (3.92a), (3.92b) va (3.92¢).

» Doi v6i graph phing, c6 mot cdch khdc don gidn hon dé vist duge hé
di phuong trinh doc 14p K2 cho béi dinh ly sau:

V6i graph phdng c¢6 n nhdnh d dinh thi sé ¢ (n-d+m) mdt ludi va
(n—d+m) phuong trinh cdn bang dp K2 viét cho cdc mdt luéi sé lam thanh
hé du phuong trinh déc lgp.
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D6i vé6i graph phdng duge vé trén mdt mét
phing mit luéi duge dinh nghia la vong ma
khéng chita vong nao bén trong né. Vi du déi véi
graph phing H.3.132, cdc vong (1,2,5), (4,5,6) va
(2,3,4) 1a mit ludi; cdc vong (1,2,4,6), (2,3,6,5),
(1,3,4,5) khong phai 1a mit ludi.

Xét mot graph phidng don lién c6 n nhénh,
d dinh. Ta ching minh s6 mit ludi L = n-d+1.
That vay, ta tudng tugng khi thdo roi graph ra
va xay dung lai graph timg mit ludi mot. Mét
lu6i ddu tién cdn k; ndt va k; nhdnh. Mét luéi
thit hai duge xay dung ké tip mit ludi thi nhat

209
®@ @
5—1©
O @
2 @ @

Hinh 3.133: Graph
phdng c6 4 mdt luci, 8
nut, 11 nhdnh

sé can ke nhanh va (ko-1) nit, mit luéi thit ba cdn k3 nhénh va (k3-1) nit.
Ctf ti&p tuc cho dén mit ludi cudi cung la mit ludi thd L cin ki, nhénh va

(k;,-1) nut.
Vi du quéd trinh xay dung graph H.3.133 dugc minh hoa trén H.3.134
O] ®
00] _—
® ®

a) mét lusi (I) cdn 4 nhanh, 4 nut

@® @

(b
av \D

1 ®

®©

2 ® ®

" d) mé&t Iudi (IV) cén 1 nhanh, 0 nit

® - ®
D @
@ ®
®
b) mé&t luéi (I1) cdn thém 3 nhanh,
2 nut (nut 5 va 6)
B @
l @
1 8
@ ®
5 o @

¢) mét lugi(fif)cdn thém 3 nhanh,
2 nGt (nut 7 va 8)

Hinh 3.134: Qud trinh xdy dung graph H.3.133
Viy s6 nhdnh téng cong la n=k; +ke+..+kL
S6 nit tdng cong 1a d=k; +(kg- 1D+ ..+&kL-1)
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=k;+ka+..+kp-(L-1)
=d=n-(L-1)
Tudésuyra:L=n-d+1
V6i graph phdng m - lién théng gém m graph con, goi n; la s6 nhdnh
va d; 1a sd dinh cua graph con thy i thi s6 mit lu6i cia graph con thit i la
L, =n; -d; +1. Suy ra s6 mat ludi tong cong cia graph la:

Nhu vay s6 mdt ludi bdng s6 bu canh.

Ti qud trinh xdy dyng graph phing nhuy trén ta thdy méi mdt ludi méi
(duge thém vao) chia it nhat mot nhdnh khéng c6 mit trong cdc mit ludi
truée, do d6 (n—d+m) phuong trinh cén bing 4p K2 viét cho cdc mit luéi
tao thanh hé di phuong trinh déc lap.

Vi du, hé phuong trinh K2 déc l4p va da viét cho ba mét lugi cia
graph phéng H.3.135 la:
Mt lu6i(I) : u;+uy+us =0
Mt lu6i(Il) : ~uy —ug—ug =0
Mt W6i(II1): —us +u- +n, =0}

Cué6i cung, d6i vdi khdi niém mét tuoi
ta c6 nhdn xét ring: véi mot s6 graph
phang c6 thé chon cay sao cho t4t cd cdc
vong chinh déu 12 cdc mit luéi, vi du véi
graph phdng H.3.135 néu chon cay (2,4,5)
thi ba vong chinh (1,2,5), (6,4,5), (3,2,4) la
ba mit ludi; tuy nhién cing c6 graph
phing ma khéng tén tai cdch chon cdy nao
dé€ cho moi vong chinh déu 1a mit luéi, vi
du graph H.3.136 va H.3.137.

Hinh 3.135

310

Hinh 3.136 Hinh 3.137
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2. Hé du phuong trinh djc lgp viét theo dinh ludt Kirchhoff 1

Xét mot graph dinh hudng clia mot mach
dién. Goi dong dién trén mdi nhanh thd k la
ik, gid si quy udc chiéu cia nhédnh triung véi .
chiéu duong cta dong trén nhénh (H.3.138). ‘ l"‘
' Péi véi mébi tap cdt (ing v6i mot mat kin),
theo dinh luat K1 thi téng dai s6 cdc dong dién |
trén cdc nhdnh thubc tdp cdt (tic chdy vao  Hinh 3.138: Chiéu nhdnh

hodc ra mat kin ing vdi tdp cdt) bing khong: graph va chiéu duong dong
+i, =0 dién trong nhdanh
ap cit
(tn{:gtckin)

trong d6 14y ddu + néu chiéu
ctia nhanh cung chiu véi chiéu
ctia tap c4t, ngugc lai 14y dau —.
Chiéu cia tap cdt c6 th& chon
1a chiéu di vao hodc di ra mat
kin dng véi tap cét dé. Tuy
nhién ta quy wdc chiéu cda mot

tap cdt chinh la chiéu cia canh AN Ao
ung véi tdp cdt chinh do \ S v/‘ | S,
N7’
X6t graph  dinh  hudng ‘\ ~LS o
R - \ ! v, ' S'J /7
H.3.139, chon cay (3,2,5). Ung N ‘\ @/ 4
N 7’
véi ba canh 2, 3 va 5 ta c6 ba . R
tap cit chinh (2,1,4,6), (3,4,6)
va (5.1.6) Hinh 3.139

Tap cdt chinh (2,1,4,6) ing véi mat kin Sy, chidu cla tap cit chinh nay
1a chidu cta canh 2 tdc di vao mét kin Si. Viét dinh luat K1 cho tép cit
chinh nay ta dugc: )

ig—iy+ia—ig=0
i; va ig mang d&u — vi chiéu cia canh 1 va canh 6 di ra khéi méat kin S; tuc
ngugc véi chiéu cha tap cit. Vist dinh luat K1 cho hai tép cdt chinh codn lai,
k&t qué ta dugc hé ba phuong trinh:

i ~i; +is -1 =0 . (3.93a)
i5 _il ‘is =0 (3.93C)
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Ta thdy cdc dong canh ig, i3 va is ¢6 thé tinh theo cdc dong bu canh iy,
ig va ig theo cdc phuong trinh:

iy =i — 14 +ig
i =i, —ig
g =1; +1ig

Ta c6 dinh ly sau:

Cdc dong bu canh trén bu cdy lam thanh mét tép di dong nhdnh déc
ldp. Moi dong nhdnh khdc (dong canh) cé thé duoc biéu dién tinh theo cdc
dong bu canh.

That vay, vi bu cidy khéng chia tap cdt nao nén cdc dong bu canh
khéng bi rang budc béi dinh lugt K1 do d6 ching déc lap v6i nhau. Vi mdi
canh ludn cing véi moét s6 bu canh nao dé tao thanh mot tap cdt chinh,
nén tr dinh luat K1 viét cho tap cdt chinh dé suy ra dong canh phu thubce
vao cdc dong bt canh.

Trong cdc phuong trinh K1 viét cho tat ci cdc tdp cdt chi ¢6 mot sé la
doc lap véi nhau, s6 phuong trinh con lai ¢6 thé suy ra duoc tir cac phiong
trinh d¢c 14p trén. Dinh 1y sau day néu 1én mét cdch chon cdc tap cdt dé
viét duge hé dd phuong trinh déc lap K1:

Voi graph m - lién théng d dinh thi (d-m) phuong trinh cdn bdng dong
K1 viét cho cdc tdp cdt chinh lam thanh mét he dii phuong trinh doc lap.

Thét vay, vi méi tap cdt chinh chia riéng moét canh nén mdi phuong
trinh K1 viét cho tdp cit chinh s& chita mot bién riéng 1a dong canh ung
v6i tép cdt chinh d6. Do d6 cdc phuong trinh déc lap nhau. S8 lugng céc
phuong trinh bing s6 lugng tdp cdt chinh tic s6 canh d-m. Hé phuong
trinh nay 12 dd vi s6 phuong trinh vira bing s6 bién phu thudc (dong canh).
Vi du vdi graph va cdy H.3.139, viét luat K1 cho ba tap cit chinh ta dugc
hé dd phuong trinh doc 1ap K1 1a (3.93a,b,c).

Mot c4ch khéc don gidn hon d€ vist duge hé phuong trinh doc 1ap K1
1a viét cho (d-m) dinh (nhu ta da biét trong chuong 1), cho béi dinh ly sau:

Vdi graph don lién d dinh thi (d-1) phuong trinh K1 viét cho (d—1) niit
lam thanh hé dd phuong trinh déc ldp.

That vay, truée tién ta nhan xét ring phuong trinh K1 vi&t cho mét
t4p cdt b&t ky c6 thé dugc suy ra bing cach 14y t8 hop tuyén tinh céc
phuong trinh K1 viét cho cdc dinh n3m bén trong mit kin ting véi tdp cdt
ds Vi dy, tdp cdt (2,1,4,6) cia graph H.3.139 ung véi mat kin Sy chia hai
d nh 1a (4) va (2); viét K1 cho hai dinh (4) va (2) ta duoc:
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dinh (2):ia+i4—-156=0
dinh (4): i1 —ig +i5=0

Céng hai phuong trinh trén ta dugc: iz + ig — i1 — ig = 0, dé}'l'chinh la
phuong trinh K1 viét cho tap cdt (2,1,4,6).

Nhu vay hé di phuong trinh doc 14p K1 viét cho cdc tap cdt chinh gom
(d-1) phuong trinh c6 thé duge suy ra tir cdc phuong trinh K1 viét cho cdc
dinh. Do d6 s8 phuong trinh doc 1ap K1 viét cho cdc dinh phai bing véi s6
phuong trinh déc lap K1 viét cho cdc tép c4t chinh, tdc bing (d-1). Véi
graph da lién m - lién thong gdm m graph con, thi véi mdi graph con thud k
c6 di dinh ta viét duge (dx — 1) phuong trinh K1 doc lap. Téng cong sé& dugc
(d-m) phuong trinh déc lap K1.

3.7.3 Ma tran topo

Cung v6i cdch mé ta bing hinh v8, cdu tnic cia mot graph c6 thé duge
mé ta bdi cdc ma tran tops. D6 1a cdch mo ta cdu tric graph bing cdc bang
s6. Cdc ma tran topd quan trong nhét 1a ma tran dinh A, ma tran tap cdt
Q, ma tran vong B. Nhu sé thdy cdc dinh luat Kirchhoff 1 va 2 ¢6 thé dugc
trinh bay ¢ dang ma trdn nhg cdc ma tran topd nay.

Xét mot graph dinh huéng cé d dinh, n nhédnh va don lién (m = 1).

1- Ma trGn nut (dinh) A

Chon mét nit bat ky trong d nit lam niit géc (nit chudn). Ma tran nit
A duge dinh nghia 1a ma tran c6 (d-1) hang va n cft véi phan ti ma tran
ajj dugc xdc dinh nhu sau:

a; = 1néu nhdnh j néi véi nit i va hudng ra khéi nit
a.. = -1néu nhdnh j ndi vdi nit i va huéng vao nit

i
’ = Onéu nhdnh j khéng néi vdi nit i

Nhu vdy s6 cft cia A bing véi sd nhédnh n, mdi cét dng véi mot
nhanh. S§ hang cia A bing d—1, mdi hang g v6i mot nit (khéng ké nit
goc).

Né&u ma tran nit duge viét cho tdt cd cdc nit thi dugc ky hiéu la ma
tran A’ (c6 d hang va n cét). '

Vi dy: ma trdn A' cGa graph dinh huéng H.3.140 la:
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1 0 0 -1 -1 0] « nit()
Cl-1 a1 0 0 0 -1 « nit@
A=lo 01 0 1 1|« nit®
0 1 -1 1 0 0|« mnit(4)

H N Y N A N |

Nhéanh 1 2 3 4 5 6

Nhan xét rling téng cdc phan ti
trén mdi cot cia ma trdn A' luén
bing khong, bdi vi médi nhdnh déu
néi hai nit néu chiéu cia nhdnh
huéng vao nit nay thi sé huéng ra
khéi nit kia.

Néu x6a bat ky mét hang nao
cia ma tran A' thi s& dugc ma trén
nit A véi ndt goc 1a nit dng véi
hang bi x6a. Vi du, néu chon nit @
lam nit géc thi trong A' ta x6a di
hang 4:

Hinh 3.140

1 00 -1 -1 0] « nit@)
A=1{-1 -1 0 0 0 -1| « mnit(2)
0 01 0 1 1| e nit(3 (3.94)
T TTT T 7
‘Nhénh 1 2 3 4 5 6

Néu dat: i, =[i1ig ... ~in]T ]a ma tran cdt ca tat ca cdc dong nhdnh thi
tir dinh nghia cia ma trdn mit A ta thdy dinh luat K1 c6 thé viét & dang
ma tran nhu sau: ' '

Aip=0 » (3.95)
phuong trinh ma trdn (3.95) tuong duong v6i hé dé phuong trinh doc 14p
gbém (d-1) phuong trinh K1 viét cho cdc nit.

Vi du v6i graph H.3.140 va A cho béi biéu thic (3.94) ta c6:

i ]
10 0-1-1 0] |'2| [i;~iy-is
. 13 . . s
Ai ={-1-1 0 0 0-1 T e
0 01011 i: i +i5 +ig

i ]
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i, —is —i5 =0 « K1 viét cho niit 1)
Ai =06 {-ij-iy-ig=0 « Kl viét cho niit (2)

. Gia sit v6i mbi nit tha k ta gdn cho né mot bién goi 1a thé caa nit k
va ky hiéu 1a ¢, . Quy udc th& cda nut goc (chon tuy y) bing khong, va dién
dp u; gita nit thit i v6i ndt thit j duge tinh theo thé ctia nit i va j theo
biéu thuc sau:

: uj =@y - 9; (3.96)

Vi du: véi graph H.3.140 dién 4p trén cac nhdnh sé la:

u; =9 — P vi u; la dién ap gida dinh (1) vé6i dinh (2)
Uy = Qg —Pp =—P2 V1 dinh (4) chon lam dinh gdc nén ¢, =0
us =3~ 9y =93

Uy =@~ 9 ="

us = @3~ P
Ug =93~ 92
¢6 thé viét sdu phuong trinh trén & dang ma tran nhu sau:
fu,] [1-1 0]
Uy 0-10
U 001 L% AT 01
u, “l100 G2 1= 02
U 101 D3] D3
lug | {0-1 1]

trong dé AT 14 ma trdn chuyén vi cia ma tran nit A cho bdi (3.94).
| Téng qudt néu dat: .un = [u; u2 ... un ]T 12 ma tran cdt cdc dp nhdnh va
@=1¢; Oy - Py Pra1-- @17 12 ma tran cot cdc thé dinh véi dinh k dugc
chon lam dinh gdc (¢x = 0) thi ta c6 quan hé ma tran sau:

u, =AT¢ (3.97)

2. Ma tran tap cit Q

Xét mot graph dinh huéng c¢é d nit, o nhdnh, don lién va da chon mot
cay xdc dinh. o

Ma tran t4p cit Q duqbc dinh nghia la ma trén ¢6 (d-1) hang va n cft
véi phan tif ma tran qj duge x4c dinh nhu sau:
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q;; =1 néu nhdnh j thuc tdp cdt chinh thiti va cung
chiéu vdi chiéu cia tdp cdt chinh thiti
g;j =—1néu nhdnh j thugc tdp cdt chinh thiti va ngugc

chiéu véi chiéu tdp cdt chinhi

q;; =0 néu nhdnh j khong thudc tp cdt chinh i

Cét & ma trdn Q dng vé6i nhdnh, con hang ding véi tdp cdt chinh. S¢
co6t biing s6 nhdnh n, sd hang bing sé tap cdt chinh tic s& canh (d-1).
Nh4c lai ring chiéu tap cdt chinh, theo quy udc, 1a chiéu cia canh dng véi
tap cdt chinh dé.

C4c nhdnh c¢6 thé duge ddnh s& thid tu tuy ¥, tuy nhién dé€ tién lgi
thudng ngudi ta ddnh s6 thu tu cdc canh cua cdy trude, k&€ d6 dén cdc bu
canh. S& thu tu cdc tdp cdt chinh trung vdéi s8 thit tu cda canh.

Vi du: Xét graph H.3.141 véi cay (1,2,3) 27T TN
0 day c4c canh da dugc dénh s& ,’/ Rl N
tht ty trude 1, 2, 3 k& dén la cde b ARG '\ s, \
canh 4, 5, 6. Ung vé6i ba canh ta ¢6 ba s,! \\\ \
tap cdt chinh: Ly’ o
- Tap cdt chinh I la (1,4,5) dng véi :,( ‘ \;. 5
mat kin Sy; /,"‘ 1 ! \\
- Tap cdt chinh II la (2,4,5,6) ung 7 o) <7

v6i mat kin Sg;
- Tap cdt chinh III la (3,5,8) tng
véi mat kin Sg.
Dya vao dinh nghia, ta lip duge Hinh 3.141
ma tran tap cdt Q nhu sau:
1 0 0 -1 -1 0]« tap cdt chinh I (1,4,5)
Q= {0 1 0 1 1 1|« tapcdtchinhII(24,5,6)

0 01 0 1 1|« tapcitchinhIII(3,5,6)
TTT T 1T (3.98)
Nhdanh 1 2 3 4 5 6
e —r [S——
canh bii canh

Nhén xét riing v6i cdch ddnh s8 thit tu cdc canh trudc, ma trén tap cit
Q c6 thé duge phan hoach theo cdc canh va b canh du6i dang sau:

Q = [lc Qb] (3.99)
trong dé: 1c 12 ma trdn con don vi bac (d-1) biing s& canh, Qp 1a ma tran
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con c6 s6 hang bang (d—1), s6 ¢4t bdng sé bt canh tuc (n-d+1).
100
O vi du trén thi 1, la ma trdn don vi bac 3: 1,={010
001

-1 -1 O}« tapcdtchinhlI

va Q= 1 1 1|« tapcdtchinhIl . (3.100)
0 1 1)« tap cit chinh III
T T
bl canh 4 5 6

Tu dinh nghia cia ma tran tap cdt Q ta thdy hé di phuong trinh déc lap

K1 viét cho (d-1) tap cdt chinh cé thé viét ¢ dang ma trian nhu sau:
Qi =0 (3.101)

Vi du vé6i graph H.3.141 va Q cho béi biéu thice (3.98) ta cé:
]
100 -1 -1 0|2
Q=010 1 1 1][3|=]iy+iy+is+is
001 0 1 1) |ig+is+is

I~y — 15

i~y —i5 =0 « K1 viét cho tap cit chinh I
Qi, =0 iy +iy+i5+ig =0 « K1 viét cho tap cit chinh II
iy +ig+ig=0 « K1 viét cho tap cdt chinh Il
Nhan xét ring vdi cdch ddnh sé thi tu cdc canh trude, ma tran dong
nhdnh i, c6 thé dugc phan hoach dudi dang sau:
i, = [l° } (3.102)
Iy,
trong d6 ic 12 ma tran con dong canh va ip 1a ma trdn con dong bu canh; ca
hai 12 ma tran cét.
Thay (3.99) va (3.102) vao (3.101) ta dugce:
i .
[lch ]I:ic ] =0= ic +leb =0
b
=i, = -Qyip (3.103)

Vay tir dinh luat K1 suy ra cdc dong canh ¢ thé biéu dién theo cdc

dong bu canh & dang ma tran (3.103)
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i iy
Vi du vé6i graph H.3.141 thi i, =i, |; i, =|15
i3 i6
va Qp cho béi biéu thic (3.100)
Theo (3.103):
il —1 -1 0 i4 il = i4 +i5
i2 == 1 1 1 i5 [—4 i2=—i4—i5—i6
i3 O 1 1 is ia = '—i5 —iG

3- Ma trgn vong B
Ma frén vdong B ]2 ma tran cé (n-d+1) hang va n c6t véi phan td bj;
duge xdc dinh nhu sau:

b; =1 néu nhdnh j thujc vong chinh i va cing chiéu
vdi chiéu cua vong chinh i

{b;j = =1 néu nhdnh j thugc vong chinh i va ngugc chiéu
v6i chiéu cua vong chinh i

b; =0 néu nhdnh j khéng thuge vong chinh i

M&i cot Wng véi mdt nhanh, con méi hang ing véi mot vong chinh. S6
¢t bling s6 nhédnh, s§ hang bing s6 vong chinh tic s bu canh.

Ciing giéng nhu & ma tran tap cit Q, d6i v6i ma tran vdng B dé ti¢n
loi ciing ddnh s6 thit ty cdc canh cia cdy trude, k& dé mdi dén cdc bu canh.
Vi du: Xét graph H.3.141 véi cdy (1,2,3) ma ta vé
lai 6 H.3.142, dng véi ba bu canh 4, 5, 6 ta c6 ba
vong chinh: .

- vong chinh 1 1a (4,1,2);

- vong chinh 11 1a (5,1,2,3);

- vong chinh II1 1a (6,2,3).

Chiéu cia mot vong chinh la chiéu ctia bu
canh dng véi vong chinh d6 (chiéu clia cdc vdng
chinh nhy trén hinh v&). Hinh 3.142

Dya vao dinh nghia, ta 1ap dugc ma trdn vdng B nhu sau:
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1 -1 0 1 0 0|« vongchinhl(4,12)
B=i1 -1 -1 0 1 0|« vongchinhII({51,2,3) (3.104)
0 -1 -1 0 0 1lle vong chinh III(6,2,3)
T T T T
Nhénh1 2 3 4 5 6
N —— —
canh bt canh

Nhén xét ring v6i cdch ddnh s& thi tu cac canh trudc, ma tran vong B
¢6 thé duge phan hoach theo cdc canh va bu canh dudi dang:
B=[B.1,] ’ (3.105)
trong d6 1p 1a ma trén don vi bac (n—-d+1) bing s6 bu canh, B¢ 1a ma tran
con c6 s6 hang biing (n—d+1), s6 cdt béing s6 canh tde (d-1).

& vi du trén thi 1p, 12 ma tran don vi bac 3:

v 1 -1 0|« vong chinh 1
va B,=|1 -1 -1}« vongchinhll '
0 -1 -1|« vong chinhIII (3.106)
T 7T 17
canh 1

2 3
Nhéan xét gita hai ma trén Qb va B, c¢6 quan hé:
, B, =-Qf (3.107a)
hay Q, =-B7 : (3.107b)
Quan hé nay ciing ding trong trudng hop téng quét.
Ti dinh nghia cia ma trdn vong B suy ra hé di phuong trinh doc 14p
K2 viét cho (n—d+1) vong chinh c6 thé viét & dang ma trdn nhu sau:
' Bu, =0 (3.108)
trong d6 uy =[u; ug ... un]T 12 ma tran cot cdc 4p nhénh.
Vi du: véi graph H.3.142 va B cho béi biéu thidc (3.104) ta c6:

Wy
Uy » .
Bu,=|1 -1 -1 010 u“‘ ={u, —up —ug +ug
0 -1 -1 0 0 1| *| |~uz-ug+ug
Ug
U6
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u; —ug+uy =0 « K2 viét cho vong chinh I
do dé: Bu, =0 Ju; —uy~ug+u; =0 « K2 viét cho vong chinh II

—Uy —Uus +u6 =0

« K2 viét cho vong chinh III

Ciing véi cdc ddnh sé thy tu cdc canh trude, ma tran 4p nhdanh u, duge
phan hoach dudi dang sau:

u
wu, =| °
Uy

trong dé uc la ma tran con dp canh, up 12 ma tran con 4p bu canh; cd hai

(3.109)

la ma tran cot.
Thay (3.105) va (3.109) vao (3.108) ta dugc:

[Bclb][::J=0=>Bcuc+ub=o 5110
=uy, =-Bu,
Vay tif dinh luat K2 suy ra cdc dp bu canh c6 thé bidu didn theo cdc ap
canh ¢ dang ma trdn nhu (3.110).
Vi du véi graph da chon cay nhu H.3.142 thi:

u; u,
u.=juy | . uy, =|u; |va B, cho béi (3.106)
Uz Us |
Theo (3.110) ta dugc:
uy 1 -1 0]y, Uy =-uy +u,
us |=—-f1 -1 -1flu, [¢>{us=-u;+uy+ug
ug 0 -1 -1j[ug Ug = Uy +Ug

4- Ma trégn mat luéi M cia graph phéng

Xét mot graph phlng duge vé trén mét miat phing nhu H.3.143a gém
ba mit luéi (1,2,4), (1,5,6) va (2,3,6). Vong ngoai cung (3,4,5) duge goi la
mdt ludi ngoai (outer mesh).

Ciing v6i graph phing trén nhung néu vé lai nhu H.3.143b thi (3,4,5)
tré thanh mdt lu6i, con (2,3,6) tré thanh mit ludi ngoai.

Cing c6 nhén xét tuong tu khi graph phdng dugc vé lai nhu H.3.143c
va H.3.143d.

Vé6i mét graph phing c6 d m’xt,' n nhdnh ta dinh nghia duge (n—d+1)
mit ludi, do d6 ciing c6 thé dinh nghia ma tran mit luéi M nhu sau:

Ma tran M c6 (n—d+1) hang va n cot véi phén ti mj; duge x4c dinh nhu
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sau:

m;; =1 néu nhénh j thuéc mét luéi thi i va cing chiéu
vdi chiéu cia mét luéi i

qmy; =-1 néu nhdnh j thudc mét lu6i thit i va nguge chiéu
v6i chiéu ctia méit luéi i

m;; =0 néu nhanh j khong thudc mait luéi i

Mbi cdt ung vdi mét nhdnh, cdn mbi
hang dng véi mét mat luéi.

Chiéu cia mbi mit luéi vé nguyén tdc c6
thé chon tuy ¥, tuy nhién dé€ don gidn ta quy
ue chon chiéu cha tdt cd mit luéi la nhu
nhau (ciing chiéu véi nhau).

Né&u ma tran mit ludi duge viét thém
cho mit ludi ngoai (nghia 1a c6 n cft va n-
d+2 hang) thi dugc ky hiéu 1a ma tran M'.

‘Hinh 3.143

Ta quy uéc chon chiéu cia mit ludi ngoai nguge v6i chiéu ciia cdc mit
ludi (trong). '

Vi du: néu chon ct‘)iéu cdc médt ludi 1a cung chiéu kim déng hé, cdn
chidu ciia m&t luéi ngoai 12 nguge chidu kim déng hé thi theo dinh nghia ta
14p dugc ma tran M’ ciia c4c graph phéng H.3.143a, b, ¢, d nhu sau:

’ 1 -1 01 0 0}« mét ludi (1,2,4)

-1 0 0 0 -1 1|e mitlusi(L56)
M=o 1 1 0 0 -1l métluwi263
0 0 -1 -1 1 0« mitluéi(3,54)

+ T Tt T 7

Nhénh 1 2 3 4 5 6
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Trong s6 bon mit ludi trén thi c6 mot cdi la mit ludi ngoai, tuy theo
cdch vé graph lén trén mit phdng. Vi du § H.3.143a thi (3,4,5) 1a mit luéi
ngoai, § H.3.143b thi (2,6,3) 1a mit ludi ngoai, v.v.. _

Nhén xét ring téng cdc phdn t& trén mdi cét cla ma tran M’ luén
bang khéng. D6 la vi méi nhanh déu thudc vé hai mit lugi (trong) hodc mot
mit ludi (trong) va mit 1udi ngoai, va néu chiéu cia nhdnh cung chiéu véi
mit ludi nay thi sé ngugc chidu véi mdt ludi kia.

Néu x6a bat ky mot hang nao cia ma trdn M’ thi sé dugec ma tran mit
ludi M vdi midt lu6i ngoai 1a mét ludi ing véi hang bi x6a. Vi du néu chon
(3,5,4) 1a mit luéi ngoai tic ing véi H.3.143a thi trong M' xéa di hang thu
bén ta sé dugc ma tran mit lugi M cta H.3.143a:

1 -1 01 0 O}« mitlusi(1,24)
M={-1 0 0 0 -1 1|« mitluéi(l,5,6)
0 110 0 -lj« mitlusi(26,3)
TrTTT T T ' (3.111)
Nhdnh 1 2 3 4 5 6

Tuong tu néu trong M’ xéa di hang thi nhat thi sé duge ma tran mit
luéi M cia H.3.143d véi (1,2,4) 1a mdt ludi ngoai, con néu x6a di hang 2 cia
M’ thi sé dugc ma tran mit ludi cia H.3.143c véi (1,5,6) 1a mét ludi ngoai,
v.v..

Tit dinh nghia clia ma tran mit ludi M, suy ra hé di phuong trinh déc
lap K2 viét cho (n-d+1) mét lugi c6 thé viét & dang ma trian nhu sau;
Mu, =0 (3.112)
trong dé u, = [ug uy ... un]T 1a ma trdn dp nhédnh. A
Vi du: véi graph H.3.143a va M cho bdi bidu thie (3.111) ta cé:

Lt
Ug
1 -101 0 O wl [Wuztu,
Mu,=/-1 0 0 0 -1 1 *|=|-u-us+ug
u N
0 110 0 -1ff *f [uy+us-ug
Ug
| Ys |

u; ~up+uy =0 & K2 vi€t cho mit luéi (1,2,4)
dodé: Mu, =0¢>1{-u,-u;+ug=0 « K2 viét cho mit lu6i (1,5,6)
up+uz~ug =0 « K2 viét cho mit ludi (2,6,3)

- Trong phdn xét vé ma trén nit A, d6i v6i mdi nit c6 thé duge gédn
cho mégt bié’n goi 1a th& (nit) véi quy ude th& cda nit géc bing khéng va
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dién dp u, ctia nhdnh [ ndi tit nit i dén mitj bing ¢; -¢;. Mot cdch tusng

tu, doi véi mbi mit ludi thd k cia mot graph phéng c6 thé gdn cho mot

bién (khéng cé ¥ nghia vat ly) goi 1a dong dién mit luéi (mesh current) ky
hiéu la iy, , véi quy uéc nhu sau: dong mét luéi ngoai bing khong, va dong

dién i, chdy trén nhdnh tht [ chung cho hai m4t luéi thi i va j bang tonor
Jui =6 hai dong mair hidi do:

JUE o FRPRCI S
trong d¢ 1dy dau + neu chiéu nhdanh ! tuie chiéu duvng cia i;) cung chiéu
véi chiéu ciia mit luéi, 1y ddu — trong trudng hgp ngugc lai.

Vi du: xét graph phéng H.3.143a véi mit Iudi I (1,2,4) ta gédn cho dong
dién mit 1udi im1, mat luéi II (1, 5, 6) dugc gdn dong mit ludi ip2 va mit
lusi 1 (2,6,3) duge gdn dong mit 16 i im3.

Nhsuh 1 12 nhénh chung ciia hai mit lugi I va II trong dé nhédnh 1
ciing chiéu véi chiéu mit 1uéi I va nguge chiéu véi chiéu mat ludi II do dé:

i1 =im1 - im2
mot cdch tuong tu ta c6: iz = im3 ~ lm1
‘ ig = im2 — Im3

Nhsnh 3 chung cho mét ludi II1 va mdt ludi ngoai trong dé nhénh 3
cimg chiéu véi chidu mit ludi III con dong dién mit luéi ngoai theo quy udc
biing khéng nén:

i3 =im3
tuong tu ta duge g = im1

i5 = ~im2
sdu phuong trinh trén c6 thé dugc v1et lai 4 dang ma tran nhu sau:
[i,] [1 -1 0]
iy -1 0 1
i 0 0 1{][. .
‘ i::: 1 0 0 ;m2=MT;m2
| [0 -1 ot ™ m3
ig] [0 1 -1

Im1 1mi

trong dé M 14 ma tran chuyén vi cia ma trdn mét luéi M cho béi (3.111).

Téng quét néu dat: im1 = [im1 im2 ... im, n.d+1]T ]a ma tran cét (n—-d+1)
hang ma céc phén ti 13 cdc dong dién mit ludi, thi ta ¢6 quan hé:
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in = MTip, (3.113)

3.7.4 Quan hé giita cdc ma tran topd
Dinh Iy 1: Néu ma trdn vong B va ma tran tap cit Q dugc x4y dung
déi v6i cung mét cdy ciia mot graph thi:
QBT = 0 hoic BQT = 0 (3.114)
Chung minh: Goi n 1a s§ nhdnh, d 1a s& dinh. S6 t4p c4t chinh bing s&
canh d-1; s6 vong chinh bing s§ bu canh n-d+1. Ma trdn Q c6 (d-1) hang
va n cft; ma trdn B ¢6 (n—d+1) hang va n cét.

bat S = QBT = phan t cia ma tran S la:

§; = Zqikbjk (3.115)
trong dé: i=1+ (d-1)
j =1 =+ (m—d+1)

qik 12 phan t ciia Q ung vdi tap cdt chinh thid i (ciia canh m) va
nhdnh k.

bjx 1a phan ti cia B ung vdi vong chinh thi j (cda bu canh p) va
nhé4nh k. '

Vi vay tich qix bjk trong téng (3.115) chi khdc khéng khi nhédnh k l1a
nhdnh chung cla tap cdt chinh i va vong chinh j. Néu nhanh chung la canh
thi né phai 1a canh m (béi vi tap cdt chinh i chi chda mdt canh duy nhft la
canh m, con ngoai ra 1a cdc bt canh), cdon néu nhanh chung la bu canh thi
né phai 1a bt canh b (béi vi vong chinh j chi chita m¢t bi canh duy nhat 1a
b canh b, con ngoai ra 1a cde canh). Mat khédc néu tap cit chmh i chia bu
canh p (tic 12 mit kin S; c4t bu canh p) thi
vong chinh j (4ng véi bu canh p) s& chita canh
m (ing v6i tdp cdt chinh i), nguge lai néu
vong chinh j chia canh m thi tdp c4t chinh i
sé chita bu canh p. '

Tém lai giita tap cdt chinh i va vong
chinh j ¢6 hai truorg hop X4y ra:

- Khéng ¢6 nhanh chung nao, khi dé

s8ij=0

- C6 hai nhdnh chung 1a canh m va bii canh P, khi dé

Sii = Qimbjm + Qipbjp = bjm + qip

Hinh 3.144
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vi Qim =1, bjp=1
C6 thé nghiém lai riing véi bat ky chiéu nao ciia canh m, bu canh p ta
déu c6 bjm + Gip = 0. Vi du, v6i chiéu nhv ¢ H.3.144 thi nhdnh m nguge
chiéu vé6i chiéu vong chinh j nén bjy = -1 cdn nhdnh p cung chiéu véi chiéu
tap cdt chinh i (nhdnh p cing di vao Sj nhu la canh m) nén gjp = 1, do d6
Sij = bjm + qip =0
Vay trong ca hai trudng hop déu cé sj; = 0. Do dé:
s=qQB" =0 = (@B") =BQ"
Hé¢ qud: Néu ddnh s& thit ty cdc canh truéc dé cho B va Q dugc phan
hoach & dang B = [B. 1p] va Q = [1° Qp] thi:
' B, =-Q} hoic Q, =-B; (3.107)

T
That vay QB” =[1ch1[?° }=B§ +Q,=0=Q, =-B
b
T
:QE =(—-B;r) =B, :—QE

Pinh ly 2: Néu cdc ma tran A va B dugc xay dung cho cing mot graph

thi:
ABT = 0 hoac BAT =0 (3.116)

n

Ching minh: Pat S = AB" = Sij =Zaikbjk

k=1

ajk 12 phén tif cia A dng v6i nit i va nhdnh k, bjk 1a phan t& cia B ung véi
vdng chinh j va nhédnh k. Do dé ajkbjk chi khdc khong khi nhanh k néi véi
nit i va thudc vong chinh j. Mat khdc nhin xét rﬁng néu vong j chia
nhanh k ndi véi ndt i thi né phai chita thém mét nhdnh 1 (1 # k) nira cing
ndi véi nit i.

Vay c6 hai trudng hgp:

- Khong c6 nhdnh nao ndéi véi miit i va thudc vong chmh j, khi Ay
Sij = 0

- C6 hai nhdnh k va [ néi véi nit i va thude @
vdng j
sij = aikbjk + aibjl (*) K |
Cé thé nghiém lai riing vdi bat ky chidu nao N
clia cdc nhdnh k, nhdnh [, vdng chinh j ta déu c6 véng chinh |

tdng (*) bling khong. Vi du vdi chiéu nhu H.3.145
Hinh 3.145
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ta cé
ajk = -1, aj} = -1, bjx = -1, bjl = 1 nén suy ra s;; = 0.
Tém lai, trong cd hai trudng hop ta déu c6 sj; = 0
=8=ABT=0
T
=(ABT) =BAT =0
H¢ qud: Néu ddnh s8 thit ty cdc canh trude dé cho A, B, Q ¢ dang
A =[A; Ap], B = [B, 1], Q =[1c Qb] thi:
Q, =-B =AJ'A, (3.117)
trong d6 A, Ap la cdc ma tran con cla A ung véi cde canh va cdc b canh.
Thét vay, tir (3.116) suy ra:
B]
1,
= ACBCT = —Ab = B’cr = —A;lAb

ARBT =[AcAb][ ]: ABT+A, =0

Vdy néu biét ma trgn A thi c6 thé suy ra cdc ma trén Q va B
Dinh ly 3: Néu cdc ma tran A, M, Q dugc xay dung cho cung mot
graph phéng thi:

AM" =0 hoac MAT = 0 (3.118)
QM7 =0 hoic MQ" = 0 (3.119)

Cdch ching minh giéng
nhu d6i véi cdc quan hé (3.114)
va (3.116)
Vi dy: X6t graph dinh huéng
nhu H.3.146 ¢6 nam nit va
,-tdm nhénh.

Cay duge chon nhy hinh
vé v6i cdc canh dugc d4nh s&
thi tu trude: cay (1,2,3,4) va bu
cay (5,6,7,8). ‘

C6 bdn vdng chinh ing
v6i b6n bu canh la: (5,3,4),
(6,2,1), (7,4,3,2,1) va (8,3,2,1).
Ma trén vdng B la:

Hinh 3.146
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0 0 -1 1 :1 0 0 0|« vongchinh (5,3,4)
B- -1 -1 0 0 : 0 1 0 0|« vongchinh (6,2,1)
-1 -1 1 -1 :0 0 1 0l vongchinh(7,4,3,2,1)
-1 -1 1 0 : 0 0 0 1|« vongchinh(8,3,2,1)
rTrTT T Tt (3.120)
Nhénh 1 2 3 4 56 7 8
Nrgapetsimg st Ry
canh bu canh .
0 0 -1 1
. -1 -1 0 O
B c6 dang [B, 1p] v6i: B? =1 41 1
-1 -1 0

Cé bdn tap ¢t chinh iing véi bén canh la: (1,6,7,8), (2,6,7,8), (3,5,7,8)

va (4,5,7). Ma tran tap cit Q la:

1000 : 01 1 1}« tapcétchinh (1.6,7.8)
01 00: 01 1 1« tapecitchinh(2.6,7,8)
Q= 001 0: 1 0 -1 -1|« tapcéitchinh (3,5,7,8) (3.121)
0001 :-10 1 OJ| tapcitchinh (4,57
TTTT TT T
Nhanh 1 2 3 4 5 6 7 8
canh bu canh
01 1 1
. 01 1 1
Qcodang [1 Q] véi Q=) . .
-1 6 1 O

C6 thé nghiém lai rdng QBT =0, Q,=-B.

Ma trdn nut A, véi mit ® duge chon lam nit géc, nhu sau:

1 0 00 0 1 1 1|« nit(l)
A—1100 0 0 0 Ol nit(2) .
10 -1 -1 0: -1 -10 0|« nit(d (3.122)

0 0-11 0 0 0 -1l nit4)

. £ S N N A Y Y N
Nhénh 1 2 3 4 5 €6 7 8
R
canh bl canh
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A c6 thé phan hoach & dang [A; Ap] véi:

1 0 0 O 0 11
-1 1 0 0 0O 0O
= a A, =
A=l o 10| a0
0 0 11 0O 0 O
1 0
. ” . -1 1 1
ma tran con A. c6 nghich ddo la A;' = L 1
1 1

0
-1
00
00
-1 0
11

c6 thé nghiém lai cdc quan hé ABT =0 va Q,=A'A,.

Graph la graph phing nén cé thé dinh nghia cdc mit luéi 1(1,2,6),
11(6,5,7), I11(5,3,4), IV(7,4,8) nhu H.3.147. Ma trdn M nhu sau:

11 0 0 0 -1 0 0]«
Mo|00 0 0 -1 1-1 0l
00-1 1 1 0 0 0«

00 0 -1 0 0 1 -1j«

L Y Y Y I Y N
Nhénh 1 2 3 4 .5 6 7 8

C6 thé nghiém lai cdc quan hé AMT = 0 va

mit luéi (1,2,6)
mdit ludi (6,5,7)
mit luéi (5,3,4)
mit luéi (7,4,8)

QM’ =0

Hinh 3.147

3.7.5 Cac dinh luit Kirchhoff dang ma tran

1- Dinh lugt Kirchhoff 1 dang ma trén

(3.123)

Hé di phuong trinh ddc lap K1 viét cho cdc niit, theo (3.95) la:

Ai, =0

(3.95)

Hé dd phuong trinh dgc 1ap K1 viét cho cdc tdp cdt chinh, theo (3.101)
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la:
Qi =0 (3.101)
(3.101) c6 thé viét ¢ dang:
i, =BTi, (3.124)
That vay theo (3.103), tir (3.101) suy ra:
ic = -Qbip (3.103)
theo (3.107b) thi @, =-B nén i, =Bi,

: Ts T
do d6 i, =[f“}=[3f‘b}= B. }ib —[B.1,] iy =B,
1y 1 1, _

D&i véi graph phdng, theo (3.113) ¢6 thé biéu dién cdc dong dién trong
cdc nhénh theo cdc bién dong mat ludi:
in = M'im (3.113)
— Ai, =AMTi, =0 vi AM" =0
Qiy = QM =0vi QM =0
Vay d6i véi graph phéng, néu vdi mdi mit lugi ta gan cho mot bién goi
la dong mit lugi va bicu dién cdc dong nhdanh theo cdc dong mdt luct boi
(3.113) thi cdc dong nhdnh sé tu dong théa dinh lugt Kirchhoff 1.
2- Pinh ludt Kirchhoff 2 dang ma trgn
Hé di phuong trinh doc 1ap K2 viét cho cdc vong chinh, theo (3.108)
la:
Bu, =0 (3.108)
(3.108) ¢6 thé viét & dang:
u, =Q u, (3.125)
That vay theo (3.110), tu (3.108) suy ra dudgc:
up = —Beue (3.110)
theo (3.107a) thi B, =-Q; nén u, =qu?

e u; _ 1. _ T _ AT
dé dé un —[ub}—[quc]—{Qg}uc _[lch] uc -Q uC

Theo (3.97) ta c6:
u, =A"¢ (3.97)

—Bu, =BAT¢=0 vi BA =0
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Vay néu véi mébi niit ta gdn cho mét bién goi la thé& nit va bidu dién
cdc dp nhdnh theo cdc thé nit bdi (3.97) thi cdc dp nhdnh sé ty déng théa
dinh ludt Kirchhoff 2.

Déi v6i graph phdng, theo (3.112) hé di phuong trinh déc lap K2 vist
cho cdc mét ludi la:

A Mu, =0 (3.112)
Vi du 346: Xét lai graph véi cdy da chon nhu H.3.146. Cdc ma tran B va Q
cho béi cdc biéu thic (3.120), (3.121).

Ta cé6: in = [i1 ig i3 i4 15 ig 17 ig]T

. . . . .. T
iy = [i5 ip i7 igl

do d6:

[i;, T [0 -1 -1 -1
iy 0 -1 -1 -1
iy -1 0 1 1],
" 15
iy 1 0 -1 0}].

i, =BTi, = TG
|is 1 0 0 oll”
. 1g
ig 0 1 0 0
i 0 0 1 0
lis | L0 0 0 1]

il = —iﬁ —i7 —i8 «— Kl Vié’t ChO tép Cét (1, 6, 7. 8)

1y = —ig —i; ~ig <~ K1 viét cho tap ct (2, 6,7.8)

I3 =15 +1i7 +ig « K1 viét cho tap cdt (3,5,7,8)

iy =i5 —i, « K1 viét cho tap cit (4,5,7)

Ta c6: u, = [t ug u3 ug us ug uy u8]T va u; = [uj ug ug U4]T do dé6:

[u, 1 0 0 O

u, 01 0 0

ug 0 0 1 0

u, 00 o 1™
ux'A=QT"lc<':> = iz

u; 00 1 -1]|"™

ug 1 0 s

u; 1 -1 1

lus | [1 1 -1 o
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ug =ug—uy « K2 cho vong (5,3,4)

Ug =U; +Uy « K2 cho vong (6,2,1)

u; =u; +uy —uz +uy « K2 cho vong (7,4,3,2,1)
Ug =U; +Uy —Ug « K2 cho vong (8,3,2,1)

3.7.6 Déi ngiu

1- Graph déi ngéu

Xét hai graph phéng. Néu tén tai cdch chon niit géc, mdt luéi ngoai
(outer mesh) thich hop va cdach ddnh sé cdc nit, cdc nhédnh, cdc mit luéi
thich hgp sao cho ma tran nut cia graph phéng nay bing ma tran mit ludi
cia graph phing kia va ngugc lai:

A1 =M (3.126)
M; = A
thi ta néi hai graph phéng trén d6i ngiu véi nhau.

Tir (3.126) ta rat ra cdc nhédn xét:

- Hai graph déi ngéu c6 s6 nhanh bang nhau la n.

- Né&u goi dj, do la s6 nit cua graph 1, graph 2 thi:

di - 1 = s6 méit lu.é‘i Lociagraph 2=n-d2 + 1 (3.127a)

dg ~ 1 = s6 mét lugi Ly cia graph 1 =n-dl +1 (3.127b)

- Nit géc cia graph nay thi tuong ung vdi mit lugi ngoai cia graph
kia, va ngugc lai.

- Niit tha k ctia graph nay thi tuong dng vdi mit luéi tha k cia graph
kia va nguoc lai. S8 nhdnh néi véi ndt thd k cia graph nay thi bing sé
nhdnh thude mit ludi k ciia graph kia va ngugc lai.

Néu 6 graph nay, nhdnh thd i ndi véi nit k va di ra khéi (di vao) nit k
thi ¢ graph kia nhdnh thi i cing thudc mit lugi k va cung chiéu (ngudc
chiéu) v6i mdt ludi k va nguge lai.

Tit cdc nhan xét trén cé thé suy ra cdch thanh lap graph déi ngdu véi
mét graph phing cho trude theo cdch thitc sau day:
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- Dat trong méi mdt lui cia graph ban ddu mét dinh; ¢ bén
ngoai graph ban ddu ta cing dat mét dinh (dinh nay la nit goc cia
graph déi ngdu tuong ung véi mdt ludi ngoai ciia graph ban ddw)

- NGi tang cap dinh méi béi cdc nhdnh sao cho méi nhdnh dé (3.128)
déu cdt nhdanh ciia graph ban ddu.

- Dinh hudng cia graph déi ngdu theo cdch: néu nhdnh cia
graph ban ddu cing chiéu véi chiéu mdt ludi thi nhdnh doi ngdu

husng ra khéi dinh déi ngdu, néu nguge chiéu thi huoéng vao.

Vi du, ta xay dung graph déi ngdu cho graph H.3.148. Trén dé cdc
dudng chdm chdm 12 graph déi ngdu duge xdy dung theo quy tdc trén.
H.3.149 la graph d6i ngdu duge vé tdch riéng. Nhan xét ring hai nhdnh 3
va 4 m#c néi tiép trong graph ban dau, con & vraph dsi ngdu hai nhanh 3

va 4 tré thanh méc song song véi nhau.

6@ gbc) _
' @ (nut géc)

Hinh 3.148 : Hinh 3.149
Goi Aj, M; 12 ma tran nit, ma trdn mit luéi cda graph H.3.148
A2. M; 12 ma tran nit, ma tran mit lu6i cia graph H.3.149 dsi
ngau. C6 thé nghiép lai ring:

1000 1 -1 0
M,=A,={0 1 00 -1 0 -1 (3.129a)
0011 0 1 1
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0 00 0-1-1 1
1 0 0-1 01 0
A =M, =
177270 -1 1 0 0 0 -1 (3.129b)

0 ¢6-1 1 0 0 O
Gia st & graph H.3.148 ta chon cay (4,5,6,7), bu cay (1,2,3) nhu
H.3.150.
C4c tap cdt chinh la: (4,3), (5,2,1), (6,1,3), (7,2,3).
C4c vong chinh la: (1,5,6), (2,7,5), (3,4,6,7).

@ @) (gdo)

Hinh 3.150 Hinh 3.151

Con & graph déi ngéu H.3.151 thi (4,5,6,7) tré thanh ba cdy; (1,2,3) trd
thanh cay; (4,3), (5,2,1), (6,1,3), (7,2,3) trd thanh vong chinh; (1,5,6),
(2,7,5), (3,4,6,7) tré thanh cdc tap cdt chinh.

Téng quét, mot cdy bat ky cia graph ban d4u tuong tng v6i bu cay cia
graph d6i nghu va ngugc lai. Céc tap cdt clia graph ban diu tuong ng véi
cdc vong cta graph ddi nghu va nguge lai. Ma trén vong cia graph nay
bing véi ma tran tap ct cia graph kia va nguge lai:

1 000 1 -1 O
B,=Q,=/0 1 0 0 -1 0 -1
0011 0 1 1
00 -11000
11 00100
Q=B:= , 5 10010
0110001

So sdnh cdc phuong trinh K1 viét cho graph H.3.150 véi céc phuong
trinh K2 viét cho graph déi ngiu H.3.151 theo béng sau day:
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Céc dinh luat K1 Cdc dinh luat K2
viét cho graph H.3.150 viét cho graph H.3.151
Ajin =0 < Mou;, =0
Qiip =0 A Boup = 0
i, =Bli, & u, =Q3u,

i, =MJi, & u, =Alo

Ta thay ring:

- Vi A = Mg, Q; = B3 nén: néu trong cdc phuong trinh K1 viét cho cdc
niit (cdc tap cdt) & graph ban diu ta thay cdc dong dién nhdnh béi cdc dién
d4p nhdnh (thay i, béi u,) thi cdc phuong trinh nay sé trd thanh cdc
phuong trinh K2 viét cho cdc mit ludi (cdc vong) & graph déi nglu, va
ngudce lai.

- Vi B} = Q2 nén néu trong phuong trinh i, =BJi, thay cdc dong bu
canh bdi cdc dp canh, cdc dong canh bdi cdc dp bu canh ta dugc phuong
trinh wa, =Q§‘uc.

- Vi M; = Q2 nén néu trong phuong trinh i, =M'1rim thay cdc dong
nhdanh bdi c4c 4p nhdnh, thay cdc dong mit luéi bdi cdc thé nut ta duge
phuong trinh u, =A§(p.

Cdc dai lugng, khdi niém sau day la d6i nglu vdi nhau:

dién 4p < dong dién ciy < bu cay
thé nit < dong mit lusi  canh < bu canh
dong bu canh < dp canh tap cdt & vong
dong canh & 4p bu canh ma tran tdp cit < ma tran vong
dinh luat K1 < dinh lust K2  ma tran nit & ma trin mit ludi
niit goc < mit ludi ngoai ndi tiép &  song song
nut <  mit lusi ng4dn mach < hd mach
(u=0) i=0)

2. Phén tir d6i ngéu

Hai phén t& hai cuc duge goi 13 d6i nglu véi nhau néu trong phuong
trinh lién hé gita u va i cha phdn t& nay ta thay u béi i, i béi u thi dugc
phuong trinh lién hé giita i v6i u ciia phén ti kia va nguge lai.

- Hai phén t{ dién trd r; va ry 1a déi ngdu nhau néu tri s6 cia r; bing

- rd kA 1 » ’
tri s6 cda g2=;— (vi du 11 = 5Q va g2=—1-=58). That vay néu trong
2 T3
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phuong trinh quan hé u = rii cia phén ti dién trd r;, thay u bdii va i bdi u
ta s& dugc i = gou (Vi r; biing véi go vé tri s6) la phuong trinh quan hé cia
phén ti tré ro.

- Phén tir dién cam L va phén tir dién dung C la déi ngdu néu tri s6
cia L biing tri so cia C(vidu L = 5H, C = 5F). That vay; phuong trinh cia

phan ti dién cam Ia u =L%‘t-. Thay u béi i, i béi u, vi L = C (v tri s6), nén

sau khi thay sé dugc phuong trinh i = C%—lti cia phan tui dién dung.

Trudng hgp téng qudt néu phén ti dién cdm dic trung bdi dic tuyén
y(i), con phan ti dlen dung dic trung béi dac tuyén q(u) thi hai phan ti sé

doi ngau néu dac tuyen i) trung véi q(u).

+u
(u=ryi) (i=g™) (u=e) (i=j(1))
a) b)
i L c j ¥ u- + U -
+ U = + U - ‘l’(i) q(u)
i . dUJ dy dy di . _dq_dq du]
L9 2C— Ak i 2=
Lu Ldt) (' dt (” gt di dt,) [‘ at  du at
c) d)
Hinh 3.152

- Phin ti ngudn 4p e(t) va nguon dong jt) la déi ngiu néu tri so e(t)
bing tri sd cla j(t) (vidue=5V,j= 5A).
Nhu vay ta c6 thém mot s6 dai luong déi ngiu nhau:

dién tré r dién din g
dién cam L dién dung C
tir thong ¢ dién tich q

ngudn dong j
didn nap Y

nguén sdd e
trd khdng Z

$388°0.

3- Mach déi ngau
~ Hai mach dién dugc goi la d6i ngau néu graph cia ching d6i ngiu nhau va
cdc nhanh tuong ing chda cdc phan t{ d6i ngau nhau. Pé xay dung mach dién
d6i nghu v6i mdt mach dién cho trude, co thé dau tién xay dung graph dai
ngau, sau dé thay thé mdi phan ti cia mach cho truge béi phén tit di ngau cia
no.
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(@) (not géc)

————— -
- - bl
”~
rd

S

~ o
10cos 2tA -~ S\ 2c0s(2t-30 )V

/,@
’ 50 /, @ s

a)

|

10cos2t

A 50

b)
Hinh 3.153
Hinh 3.153a trinh bay mét mach dién va cdch xdy dung mach déi ngau
véi n6é (ma sau dé dugc vé lai riéng ra trén H.3.153b). Chiéu duong cda
dong dién, dién 4p trén mdi nhdnh dugc chon theo cdch minh hoa bdi
H.3.154a,b.

Ta chd ¥ cdch xdc dinh @ ® ® @
chiéu cia nguén dong déi » i, ) i,
ngau va cuc tinh ciia ngudn = + =
dp d3i ngidu. G mach 5Q up 5 5Q S0 vz o 50
H.3.153a trong nhénh 1’ ta i +
¢6 Uy = =10 cos 2t V va ® ® ® 0)
trong nhdnh 8 ta ¢6: i’g = 2 a) b)

cos (2t-30%)A, do d6 & mach Hinh 3.154
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d6i ngiu H.3.153b ta phai c6 i; = 10 cos2t A va ug = 2cos (2t-30°)V. Vi viy,
ngudn trong nhanh 4 nguge chidu véi chidu nhénh 1, va chiéu nhénh 8
dam vao cuc + cta ngu6/n dp trong nhdnh 8 (theo quy udc ¢ H.3.154). Tu
46 c6 thé suy ra quy tac sau dé xdc dinh chiéu ciia nguén dong déi ngau:
“Néu chidu cia mdt ludi (cé chua nguén dp) di ti cuc + dén cuc — cia
nguén dp trong mach ban ddu thi & mach d6i ngéu ngudn dong doi ngdu cé
chidu huéng ra khéi nit d6i ngdu va nguge lai”.

Ciing nhu quy t4c xdc dinh cuc tinh cia ngudn 4p d6i ngdu: -

Néu chiéu mdt ludi (cé chua nguén dong) cung chiéu véi?:lai’a nguén
dong trong mach ban ddu thi & mach déi ngdu cuc tinh + cila ngudn dp doi
ngéu & vé phia nut déi ngdu, va ngugc lai.

T nhitng trinh bay vé graph d6i ngéu (muc 1) va phan ti déi ngiu
(muc 2) ta thdy ring néu trong hé phuong trinh mé ta mach ban d4u (gém
cdc phuong trinh K1, K2, céc phuong trinh lién hé giita dong va 4p trén
mot phén ti) ta thay cdc dong dién béi cdc dién dp tuong ung, thay céc
dién &p bdi cc dong dién tuong dng (vi du thay 1’1 bdi uy, w'y béi i1) thi s&
dugc hé phuong trinh mé td mach d6i ngdu. T 6 suy ra néu trong 10i gidi
dong 4p ctia mach ban diu ta thay dong bdi 4p, 4p bsi dong nhu néi & trén
thi sé dugc ngay 19i gidi cia mach d6i ngau.

Mach H.3.153a < Mach H.3.153b
'1(t) = i'y(t) = 0,59 cos (2t+47°33)A - < uy(t) = uz(t) = 0,59 cos(2t+47°33)V
u’3(t) = 6,636 cos(2t+21°19)V < ig(t) = 6,636 cos(2t+21°19)V
W4lt) = 4,977 cos(2t-68°81)V < iglt) = 4,977 cos(2t—68°81)A
P’5(t) = 0,97 cos(2t+78°11)A & ug(t) = 0,97 cos(2t+78°11)V

Pe(t) = i'7(t) = 1,93 cos(2t—1°48)A & yg(t) = ug(t) = 1,93 cos(2t-1°48)V

. Mach H.3.155a ¢6 mach déi ngiu la H.3.155b. Khi xdc dinh d6i nglu
ciia khéa, chd y dén sy d6i ngiu gilta “ng#n mach” va “hd mach”.
Ta c¢6 mach H.3.155a:

¢ oV, t<0
Ux(®=1_16e4t v, t>0

va 6 mach H.3.155b:

i 0A, t<0
BZY 16t A t>0
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© @
Ly g0 w20 (Do
©)
b)

Hinh 3.155
3.8 PHAN TiCH MACH DIEN DUNG MA TRAN

3.8.1 Phuong trinh nhianh dang ma tran
Trong muc nay ta xét cdch thanh lap cac phuong trinh nhanh dang ma
tran biéu thi quan hé giita ma trén 4p nhanh u, véi ma tran dong nhénh iy
Ta xét mach & ché& d xdc lap hinh sin, goi ma tran cot cic anh phic ctia
cdc 4p nhanh 1a Uy, va ma trén ¢t ce anh phic dong nhénh 1a I,

Ta xét trong titng trudng hop sau: Jx
(=)
1- Mach chi chita cGc phdn tiz di¢n S NS
tré, dign cam, dién dung, nguén déc lap T oz, Ex

Oelliz 1 Q@
, . —
Tong quét, mét nhanh k bao gém =

trd khdng Z, , nguén 4p doc lap E, va R

R —
nguén dong déc lap Jk mic nhu Hinh 3.156: Dang téng qudt ciia
H.3.156 nhdnh
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Ta c6: Uk :Ii{ Zk—Ek
thay 1', =1, +J, vdo ta dugc:
Uk =Zk(ik +Jk)—Ek (3130)

Néu dat Y, =—ZL thi tir (3.130) c6 thé suy ra:
k

I, =Y, (U, +E-J; (3.131)
bat U, = [UIUQ... U,..U, ]T goi la ma trdn dp nhdnh
I, =[j1 I,.. jk...jn]T goi la ma trgn dong nhdnh
E, =[E1E2... E,..E, ]T goi la ma trdn nguén dp nhdnh
J, = [JlJz... Jpoodp }T goi la ma trgn nguén dong nhdnh

v6i n 12 s6 nhédnh.
Hé gém n phuong trinh dang (3.130) viét cho n nhdnh c6é thé trinh bay,
& dang ma tran nhu sau:

CARY VLT T8I T8
U, Z, o |5, J, E,
= . + -
U, Zy Iy Jy Ey
0 . .
_Un 1 L Zy | LIn J LJn J LEn J
hay: U, =Z,d,+J,)-E, (3.132)

trong d6 Z, 1a ma trdn chéo n hang n cot, cdc phén tif trén dudng chéo
chinh 1a cédc tré khéng cdc nhénh tuong Ung con cdc phén t& khdc ndm
ngoai dudng chéo déu bing khong. ’ :

Z., goi 12 ma tréan trd khang nhédnh. _

Tuong ty hé gdm n phuong trinh dang (3.131) ¢6 thé duge viét & dang
ma tran:

I, =Y,(U,+E,)-d, (3.133)

trong dé:
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goi 1a ma trén ddén ngp nhdnh, cing 12 mét ma tran chéo n hang n c6t ma
céc phin ti trén dudng chéo chinh 12 cdc ddn nap nhédnh cdn cdc phan ti
khdc déu bing khéng. . :

Dé nghiém lai ring Y, =Z;' hosc Z, = Y;*
Vi du 3.47: Xét mach dién H.3.157a véi graph dugc chon nhu H.3.157b gom
nam nhdnh va ba dinh:

- Nhdnh 1 chi chia tré khdng Z,;

- Nhdnh 2 chi chia Zo;

® O
- —
N PR T
zs * z,
©s 1 []= A
Es .
E3
®
a)
Hinh 3.157

- Nhénh 3 gém nguén 4p E; néi ti€p véi Z3;
- Nhdnh 4 chi ¢6 Zy4;
- Nhénh 5 gdm E;, Z5 va nguén dong J5.

Ma tran 4p nhénh la:  UZ[0; U, U, U, U, [
Ma trin dong nhénh: I, =[i1 1,1, 15 ]T
Ma tran nguén d4p nhénh: E = [0 0E; 0K ]T

Ma tr4n nguén dong nhénh: J, =[O“0 00-J; ]T

G nhénh 5, nguén dong Js nguge chidu véi chidu chugn & H.3.156 nén
mang déu -
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Ma tr4n tréd khdng nhédnh va dn nap nhdnh:

Z, 0 0 0 O Y, 0 0 0 O
0 Z, 0 0 O 0Y, 0 0 O
Z,={0 0 Z; 0 0|:Y,={0 0 Y, 0 0 (3134
0 0 0 Z, O 0 0 0 Y, ©
0 0 0 0 Z] 0 0 0 0 Y

+ D& dang nghiém lai ring, phuong trinh nhénh s& khong ddi néu dang
téng quét cia nhanh duge dinh nghia nhu H.3.158, nghia 12 ta van c6:

Hinh 3.158: Dang téng qudt cia nhdnh tuong duong vdi dang H.3.156
U, =Z (I, +J,)-E; (3.130)

va ik =Yk(Uk +Ek)-Jk (3.131)

* Néu ¢6 nhdnh ! nao d6 chi chda nguén 4p 1y tudng (Z; = 0) thi trong
ma tran tré khdng Z,, phin td tha [ trén dudng chéo chinh bing khéng.
Ma trin din nap nhédnh Yn khong lap dugc viY; =—Z1—I=oo; trudng hgp nay
¢6 thé ding phép chuyén vi ngudn 4p (xem lai muc 3.6.7) d€ bi€n déi mach
khit di nhédnh I chia nguén 4p 1y tudng dé.
Vi du 848: Xét mach dién H.3.159 chia
nguén 4p l& tuéng Eg

D& lap Y, c6 thé dung phép chuyén
vi nguén 4p d&€ bién d8i thanh mach
H.3.160a véi graph nhu H.3.160b. Mach
méi c6 c6 ba dinh vaA nam nhédnh (s§ nit
va s8 nhdnh gidm di mét so véi mach
ban d4u, nit 4 dugc ndi tdt véi nit 1). - Hinh 3.159

So v6i mach ban d4u, dong dién
- 1,,1,,1,,1,,15 khéng thay déi.

Ma trén ddn nap nhdnh:
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Yn = Y3

E, =[-Es-Es0 0 0]

JH0000J,]

Phuang. trinh {xhénh: _
L =Y,(U,+E))-J,

véi: U, =[0,0,0,0,0,]"

(3.133)

b)

Hinh 3.160

®

» Néu nhénh / nao d6 chi chda nguén dong ly tudng (Y; = 0) thi trong
ma trin din nap nhdnh Y, phdn ti thi [/ trén dudng chéo chinh bing

khéng. Ma trian tré khdng nhdanh Z, khéng
lap duge vi Z, =-Y3—=oo; trudng hop nay cé
l -

thé dung phép chuyén vi nguén dong (muc
3.6.7) dé bién d8i mach khi di nhédnh
chita nguén dong ly tudng.
Vi du 349: Xét mach dién H.3.161 chwia
dong ly tudng Jg.

D€ lap Z, c6 thé dung phép chuyén vi
ngudon dong dé€ bién d4i thanh mach

Ja
\JJ'S
i, i, z
e e | @
Olyi, ,
OF
Z .
3 ‘15
Zs
@
Hinh 3.161
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H.3.162a. Gid si chon graph cia mach H.3.162a nhu H.3.162b gém bén
dinh va n#m nhédnh (gidm di mot nhdnh so v6i mach ban ddu H.3.161),

So vdi mach ban ddu H.3.161, céc dong dién I,,I;,I; khong thay déi;
dong I, va I, bi thay déi nhung dong qua tré khdng Z; va ddng qua Z2 thi
khéng déi.

Ma tran tré khdng nhdnh cia mach H.3.162a:

I, J I | Js I
S Z ) Z,
e, . Ok
ti‘ Z, ‘i:s Zs lIs
a) @
Hinh 3.162
(Z, 0 0 0 0]
0 Z, 0 0 O
Z,={0 0 Z; 0 O
0 0 0 Z, O
0 0 0 0 Z
E,=[000E,-E]
J,=[-Js Js 00 0]
" T
Un =[U1 U2 U3 U4 U5]
P o
In =[Il 12 13 14 15]
Phuong trinh nhdnh: U, =Z I, +J,)-E, (3.132)

2- Mach c6 chita hé cam

Ta xét mach c¢6 chia cdc nhdnh c6 3hép hé cdm véi nhau, nhung
khéng chia nguén phu thujc nao.

Gia sif trong mach c6 hai nhénh k va [ ¢6 ghép hd cdm véi nhau nhuy
H.3.163.
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Hinh 3.163 ‘

Phuong trinh nhdnh la: v
Uy =Z, (I, +J )+ 20, +d) - K, (3.135a)
va U, = Zy (I +d,)+Z,(4, +))-E, (3.135b)
trong 46: Zx = Z'x + joL,

va Z;=7'1+ joL, 1a cdc tré khdng riéng cida nhanh k va nhénh I.

Zy =Vijo)Mk,
va  Zp =*joM;, la cdc tré khdng tuong hé gitta nhdnh k va nhénh L.

Vi My = Mk = hé s6 hé cdm giita hai phdn t dién cdm nén:

Zag = Zix = +joM,, =+joM,

Trong biéu thite cia Zyj, Zix 14y ddu “+” néu chiéu cda hai nhdnh cung
di vao (hodc cing di ra) hai cuc ciing tén cia hai cudn day.

Chd ¥ cdc quy ubc vé chiéu trén H.3.131 va 3.138.

Hai phuong trinh (3.135a) va (3.135b) c6 thé viét & dang ma tr4n:

I

trongd6 - Zy =[§“ ZZ“] (3.137)
. Tk “I

Né&u ZyZ; — Ziy Zix # 0 thi ma trdn Zy c6 'ma trgn nghich dao la:
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YM '—_Z—Ml

khi dé tir (3.136) suy ra:
U E J
=Yy || K|+ R -] E (3.138)
E, E, J

I,
ane

Téng qudt néu trong mach dién c¢6 m nhdnh ghép hé cdm véi nhau,

mbi nhdnh c¢6 dang nhu H.3.163 va gid skt cdc nhdnh nay dugc ddnh s& lién
tuc tif s+1 dén s+m thi ta dugc:

Us+1 iS+1 Js+1 Es+1
US+2 — ZM IS+2 + JS+2 _ ES+2 (3139)
Us+m iS+m Js+m Es+m
Zs+1 Zs+1 5+2 e Zs+1,s+m
Z 1 Z .. 2 ‘
véi ZM _ s+2,54+1 S5+2 s+2.s+m (3.140)
Zs+m.s+1 Zs+m.s+2 e Zs+m

trong d6 Z, (k =s + 1 + s + m) la tré khdng riéng cia nhdnh k:
Zx = Z'x + joLy .
Zy = *joMgU =s+ 1 + s + m); Mg =My 1a h¢ s6 hd cam.
(k=) _ .
Z, = *joM, = Zi 12 tré khdng tuong hé gita nhdnh k va nhdnh L.
Gia sit Zy ton tai ma tran nghich ddo Yy =Z3f thi:

Is+1 Us+l Es+l Js+1

Us+2 + Es+2 . Js+2

Le |y, (3.141)

is+m Us+m Es+m JS+m
© Cde ma trén Zy, Yy la ma trgn doi xing (m x m)
Biét cdc ma tran Zy, Yy ciia cdc nhdnh c6 ghép hé cdm, c6 thé dé
dang suy ra ma trin tré khdng Zy, din nap nhdnh Y, cia toan mach theo

cdch sau:
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. [Z, 01 0 ] Y, 0 0
0.0Z ., 0 el
Zn = L Yo = L S
t Zjymn O i Yiimer O
0 10 T Zy ] 0 10 Y

Vi cdc ma tran con Zy, YMm la dé6i xing nén ma tran Z,, Y, cing déi
xing, tuy nhién ching khdng con la cdc ma tran chéo nita.

Chii y ring: Y, =2;!
" Vi du 8.50: Xét mach dién H.3.164a véi graph duge chon nhu H.164b.

2
o @
3
(N
® @ 5
1
4
. ®
a) b)
Hinh 3.164

Hai nhdnh 2 va 3 12 hai phén tit dién cdm c6 ghép hé cdm véi nhau.

Ta cé: U =2y L
Us I
. joL, =~joM} . [L, -M
v§ Z = =
' M [—-jcoM . ija] WMo,
D d6 ma tran ré khéng nhdnh la:
Z'0 o 0

0 .
0 ; joLg —joM]0 0 « nh4nh 2
0

Zy = 0 {-jeM_joLg :_0__ 0 | < nhénh3 (3.142)
0 0 -0 : Z4 O
00 0 'o 2z
1 T
nhdnh nhénh
2 3
Te nghxem lai su diing d4n cia (3.142). Theo (3.132):
Un - zn(ln + Jn) "‘En (3.132)

thay: Z, béi (3.142)
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E:[E,0000]" ; J, =[00000]"

vao (3.132) va thuc hién cdc phép nhén, cing trit ma tran ta dugce:
U, | (2.4 -E,
U, | | joLegl, - joMI,

U, | |Z,

Us | | Zshs ]
U, =21, -E; « phuong trinh nhédnh 1
U, = joL,l, - joMI; & -nt - 2

& {U; =—joMi, +joLgl; « -nt - 3
U, =2,1, « -nt - 4
U; = Zsls “ -nt— 5

Ma tran nghich déo cia Zy 1a (gid sif LeLs - M2 #0):

-1
ez il L W] ]
jo|-M Lg jo L,Lg-M? |[M Lo} [Ys Ys
L, L, M

Y =————-——————"‘"Y = : Y :Y = —
2 ju)(L2L3—-M2)’ 3 jw(LzLa—Mz)’ 23 32 j(.o(Lst—Mz)

véi

Do d6 ma tran ddn nap nhdnh la:
Y0 0 o0 0

07 Yy Yo3:0 O « nhénh 2
Yo= [0 Y3p Y310 0 « nhénh 3 (3.143)
0 0 0 :Y4 0
0 0 0 . Y5
) T
phanh nhénh
2 3

1 1 1.
trongdé Y, =—, Y, =—, Y5 =—
BT T g

Vi dy 3.51: X6t mach dién H.3.165a v6i graph dugc chon nhu H.3.165b.
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e / Ty
Ao g
oMy, joLsg joMz, Is‘ 1

Hinh 3.165

Hai nhdnh 1 va 2 ¢6 ghép hé cdm véi nhau va ta cé:
U I Z, Z
=2yt | vei le=[ ! 12]
U2 I2 Z21 Z2
trong d6 Z; = r; +joL;; Z2 = 12 + jolL,

Hai nhanh 3 va 4 c¢6 ghép hé cim véi nhau:

Us i3 . [ Z3  Zy, ]
U =Z V6l Zyo =
[U4 J " [14 J "2 Zy

trong d6 Z3 = r3 + joLs; Z4 =14 + joLg
Z34 = Z43 = ~joM3, =—joM,,
Do d6 ma tran tré khdng nh4nh 1a:

(21 Z1200 0 0 07 —nhénh1 }ghép
Zo1 29 _i- 0 0 0 0| «<nhanh2 |hcim
7 10 0 123 734 0 0 | <nh4nh3 )ghép
"Tlo o i Zyg Zg, 0 0 | <nhénh4 [h3cam
0 0 0 01 Z5 0
0 0 0 00 2z »
Phuong trinh nh4nh dang ma tran theo (3.132) la:
U, = Z I, + Jn) -E,
. . . . . . T s . . s+ . .+« =T
trong dé U, =[0,0,0,0, U Ug] : 1, =11, 1,1, 1 I
. 9T
E,=[00000E]; J,=[0000-j; o

(3.144)
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Z, cho bdi (3.144).
Gia st Z1Z2 — Z12Z21 # O thi ZM; ¢6 ma tran nghich ddo 1a Yy

tuong tu néu Z3Z4 — Z34Z43 = o thi Zyz o6 ma tran nghich ddo 1a Yz
Y, L y,= 4 |

4, Ay
—Zyy

1

Y, Y
Dit Yy, = Z;) =[ 11 } véi: Ve =Y,, =
1 1 Y21 Y2 12 21

Ay =242y - ZyyZy

_ Y; Y3, . -
YM2 = ZNII = |: véi: You =Y,0 =
2 Y43 Y4 34 » 43

Ma tran din nap nhdnh la:

Y1 Y12: O
_Y_2_1___Y_2_: _________ )
v - P Y3 Yag
i v Y43 Yy
_________ E_:?;-_(_)_
o L0 Y

3- Mach dién cé chita nguon phu thujc
a) Thanh ldp ma tr@n tré khdng nhdnh Z,
Gia si cdc nguén phu thudc trong mach dién déu thuoc loai duy nhat
12 nguén 4p phu thudc vao dong dién (CCVS). Néu trong mach cé chira cdc
loai nguén phu thudc khdc nhu ngudn 4p phu thudc dp, ngudén dong phu
thuée dong, nguén dong phu thudc 4p thi ta tim cdch dua ching vé dang
CCVS bing cdc phép bién ddi tuong duong mach (vi du xem cdc phép bién
déi H.3.15).
Xét truong hop don gidn trong mach c¢6 hai nhdanh k va 1 ¢6 chda
nguén phu thuéc nhu H.3.166.
Phuong trinh nhénh la:
Uy = Z (I, J) + g, +d ) -Ey (8.145a)
{Ul =Z,(h + 3+ o (I +dy) - By (3.145b)
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trong d6 ris, rik 1a cdc hé s8 diéu khién cdc ngudn phu thube.

+

Hinh 3.166

Hai phuong trinh trén c6 thé viét ¢ dang ma tran:
) i 3 .
I.Jk = ZCS .]\ + b.]l\ - Ek’ (3.146)
U, Lyl E,

z
ch=[ k r’"] (3.147)

trong doé

noéi chung ri; # rikx nén Zcs khong déi xung.

Trudng hgp tdng qudt mach ¢6 m nhanh c6 dang nhu H.3.166. Gia su
cdac nhdanh nay dugec ddanh sé lién tuc tif s+1 dén s+m, nhdnh thd
k(k =s + 1 + s + m) chifa nguén dp phu thudc c6 tri s¢ bling:

s+m
z r1, (3.148)
L2k

Khi 46 ta dugc:
U, L, B E.
Us+2 =Zeg 1§+2 + Js+2 _ Es+2 (3.149)
Ugim Lim] [Jsem]) [Borm
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Zs+1 Tsil.e42 - Tstl,s+4m
. v Ts+2 541 Z 2 e L
trong dé: ZCS = | “st2. st s+ $+2.8+m (3.150)
Toem.s+l  Tsem.s+2 Zs+m

v6i r (k=s+1+s+m l=s+ 1+s + m) la cdc hé sd diéu khién cia

(k1)
ngudn dp phu thufc ¢ nhénh k.

Zy 1a tré khdng ¢ nhdnh k.
néi chung riy# rix: ma trén Zcs khong déi xing.

Biét ma tran Zcs cia m nhénh c6 nguén phu thuje (ké ca nhdnh
khong c6 nguén phu thudc nhung dong dién trén nhanh dé diéu khién
nguén phu thuéc & nhanh khéc), cé thé dé dang dua ching vao ma tran trd
khdng Z, cia toan mach theo cdch sau:

7, 0! 0
0z}
Zn= sy . (3.151)
E Zym+1 O
0 Co0 1z,

Vi Zcs khong déi xing nén ma tran Z, khi ¢6 ngudén phu thuge, néi
chung, khéng d46i xding.

b) Thanh lgp ma traén dan nap nhdnh Y,

Gia sif céc nguén phu thudc trong mach déu thudc loai nguon dong phu
thudce 4p (VCCS). Néu c6 mat céc loai nguén phu thudc khdc thi ta tim cach
dua vé dang VCCS biing cacphép bign d6i mach tuong duong (vi du H.3.6).

Xét trudng hop don gidn trong mach c6 hai nhdnh k va ! c6 chia
nguén phu thusc nhu H.3.167.

Phuong trinh nhénh la:

ik =Yk(Uk +Ek)+gkl(Ul +El)‘- Jk (3.152a)

I, =Y,(0,+ED+gn (U, +E- J; (3.152b)
1 1
trong dé Y, -——, Y, =—
g do kT, 1T,

gis» €1 12 cdc hé s6 diéu khién cdc nguén dong phu thudce 4p.

Hai phuong trinh trén viét lai dang ma tran:
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o]

Yk gkl]
trong dé Y, =[ (3.154)
g cs gx Y,
R Pl
+
l:’lk Yk
J -
0} <;>
k
gklU‘[ .
Ex
Hinh 3.167

Trudng hop téng qudt mach c6 m nhédnh c6 dang H.3.167, dugc dénh
s6 gia st tUf s+1 dén s+m. Gid si nhdnh tht k (k = s + 1+ s + m) chia
ngudn ddng phu thudc cé tri sé bing:

s+m

> &l (3.155)

I=s+1

(k)
Trong trudng hgp nay ta dugc phuong trinh:

Is+1 Us+1 Es+1 Js+l
Is+2 =Yg Us+2 + Es+2 _ Js+2 (3.156)
is+m J Us+m Es+m Js+m
trong d6:
Ys+l 8541542 gs+1.s+m
YCS = gs+2,s+1 Ys+2 gs+2,s+m (3157)
_gs+m.s+1 8simse2 - Ys+m
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v6i gy k=s+1+s+myl=5s+1+ s + m) la cdc hé s§ didu khién cda

(k=l) |
ngudn dong phu thudc § nhénh k.

Yk 1a d4n nap & nhédnh k.
néi chung gy # gik: ma tran Ycs khong déi xing.

Biét ma tran Ycs cla m nhénh c6 nguén phu thudc (ké cid nhéanh
khéng c6 ngudn phu thugc nhung dién 4p trén nhdnh dé diéu khién nguén
dong phu thudc & nhénh khéc) c6 thé dé dang dua chiing vao ma trén dan
nap nh4nh Yy, cia toan mach theo cdch sau:

Y o : 0
O Y _,
Yn = L¥c§|’_ _______ (3 158)
1t Yseme1 O
0 o0 Y,
N6i chung Yc¢s khéng déi ximg va do o
d6 Yn ciing khong d8i xing. U
Vi du 352 Xét mach dién H.3.168 c6 2 | i, Is
chita mot phan tif ba cyc transistor ¢6 cuc hl ® \ _Zé
phét ndi véi mit @, cuc thu néi véi nit @ +\ /
va cyc nén ndi niit . E1 0, U
a) Cho biét phén td ba cuc dugc dic N _/
trung bdi hé phuong trinh dang Z: ' @
Hinh 3.168

U4 =[le ZIZ} i4 (3159)
U5 Z21 Z22 15

Z @ z L @
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Tit (3.159) ts; thdy c6 thé thay phan ti ba cuc bing hai nhdnh 4 va 5
¢6 chia nguén 4p phu thuéc nhu H.3.169a. H.3.169b 1a graph ctia H.3.169a.

Theo (3.151) ta ldp duge ma tran tréd khdng nhdnh Z, nhu sau;

[Z, 0 0:0 O
0 Z2 0 E 0 0
Z,=|0_ 0 Z3i0 0 | (3.160)

0 0 0 E le le «nhdnh 4
0 0 0 Z21 Zzz_ﬁnhﬁnhs

Phuong trinh nhénh dang ma tran cia mach la:

Un=Z,(In+Jy) - E, o (3.132)
trong 6 U, =[0,0,0,0,0,T; 1, =[1L,11,85]"
E, =[£,0000] ; J, =[0000 O]

b) Néu phén tit ba eve duge cho hé phuong trinh dang Y:
i,] [Yy Y, ][0 i
S =[ M ‘2] 41 @81
| Yo, Yy Usg
thi c6 thé thay phan t{ ba cyc bing
hai nhdnh 4 va 5 ¢6 chia nguén
dong phy thugc nhu H.3.170. Chon
graph giéng nhu trude (H.3.169b).

Theo (3.158) ta lap dugc ma
tran dan nap nhdnh Y, nhy sau:

Y1 0 0!
0 Yo OE
Yo={0_ 0 Y3! 0 0 (3.162)

e ek Rl

Phuong trinh dang nhénh ma tran:
I, = Y, (Un +En)"Jn (3.133)
trong d6 E, =[£,0000]"; J, =[00000]"
Chi y ring Y, =2 -

Vi dy 353: Xét mach dién H.3.171a véi graph dinh hudng chon nhu
H.3.171b. Mach nay chia nguén 4p phu thudc dong rl,.
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Hinh 3.171
a) Lap ma trdn Zn:
Ta c6:
U, ] I, [z2 0 ]
l=Zeg| .7 | V6L g = (3.163)
[Ua_ * [Is] Bl %
. (2,0 0 0
bl Pttt i
0! 0:0
= Z~|, bor 23] 0. (3.164)
(0 0 02
Phuong trinh nhdnh dang ma trén:
Up = Zp(In + Jn) -En . (3.132)
. o e oo AT ... AT
véi Un =[U1U2U3U4] ;In =[11121314]
E[000E,] ; 4, =[0000]"
Dé lap Yq ta bién ddi ngudn dp phu thude ndi ti€p 2
tré khang Zs thanh nguén dong phu thude mic song
song véi tré khdng Z3 nhu H.3.172. . 1 z,
Ta cé: Za
3 8% Hinh 3.172
vi UZ =Z212 + 02 ~ @
Do d6, mach H.3.171a c6 thé dugc bién Az, ® Z LI, Vi
1

L,

déi thanh mach H.3.173 c6 chia ngudn dong
phu thuéc dp. t)E, []23 []Z,
rY,Y,U0,

Graph ciing dugc chon nhu H.3.171b.
Ta c6:

Hinh 3.173
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I, U, | . (Y, © ] _
=Yg 9| VL Yoq = (3.165)
IR b RS

-
! (3.166)
0LrY,Y;_ _Y.a..:_o

0 0 041Y,]

Phuagng trinh nhdnh dang ma trén:

I, = Yu(Uy + Ey) - Jy (3.133)
véi U, =[0,0,0,0,] L, [1, L1, 1, ]
E,=[000E,]";  J,[0000]

Nhan xét: Yy, cho béi (3.166) 1a nghich déo ciia Z;, cho béi (3.164).
Vi dy 3.54: Xét mach dién H.3.174a véi graph duge chon nhu H.3.174b.
a) Lap ma tran Z,: '

Hai nhédnh 1 va 2 ¢6 ghép hé cdm véi nhau:

U I
=2yt vei zM=[le Zl“’]
U, I, Zyy Ly,

» trong 46 Z11 = Z; + joL,; Zg2 = Zy +joLy; Z12 = Zg1 =joM .

Z, I,
B e IR
i L7 4
B ol ey L
OF—{—3F—u,
{i .
® joM jol, Z,
Z i,
és 22 r 14
a) b)

- Hinh 3.174

Nhénh 3 chia nguén 4p phu thuéc duge diéu khién béi dong i4 trong
nhdnh 4. )
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l:.[.J:s =ch[!:3:| V(,ji ZCS= Z3 ! :l
U4_ I4 L..O Z4
[Z11 Z42, O
Zp_ Zogy o __,
Suy ra: Z,= V23 r ! (3.167)
10 Zg
Lo T

vA Up = Zn (In + Jp) - Eq v6i E, =[0000E, ] ; J, =[00000]"

b) Ldp ma trgn Y,:

Gia si Zp c6 ma tran nghich ddo la Yy va dat: —
L _[Yu Yoo 2 :
YM = ZM = I’U4
Yo1 Yoo Z, L] Z.Z,

Nguén 4p phu thugc & nhénh 3 c6 thé bign déi
thanh ngudn dong phuy thuéc 4p nhu H.3.175. Ta cé: L

i U, Hinh 3.175
. YCS
Iy U,
' Y, -rY,Y.
Cha y Yos = Zog v6i YCS=[ 8- 8 4}
0 Y,
Y11 Yiz: 0
Yo Yool ...
Suy ra: Y, = E Y3 —rY3Y4| (3.168)
L0 Ya .
0 ' Y5
Chi ¥ Y, =2

3.8.2 Cic phuong phéap phén tich mach dung ma tran

Viéc phan tich dua trén cg sé dinh luat Kirchhoff 1 va 2 dang ma tran
va phuong trinh nhdanh dang ma trédn.

Dinh luat Kirchhoff 1 dang ma tran:

hoéc AIn =0 (31693)
QI =0 (3.169b) .
DPinh luat Kirchhoff 2 dang ma trén:
BU, =0 (3.170a)
hoic (chi dung v6i graph phdng) MU, =0 (3.170b)

Phuong trinh nhdnh dang ma tran:
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U =2 (d,+J,)-E, (3.171a)

hoic In = Yn (IIn +En)—Jn (3.171b)

Néu thay Uy béi (3.171a) vao (3.170a) hodc (3.170b) thi ta suy ra duge:

BZ1, =BE, -BZ,J, (3.172a)

ho#c MZ I, =ME -MZ J, (3.172b)
Tuong tu néu thay I, béi (3.171b) vao (3.169a) hoidc (3.169b) ta dugc:

AY, U, =AJ_-AY,E, } (3.173a)

hoiic - QY U, =QJ,-QY,E, (3.173b)

Tit cdc phuong trinh trén ta thay cé thé€ phan tich mach theo hai c4ch
sau:

- Gidi hé n phuong trinh déi v6i n 4n s6 l1a dong dién trong n nhdnh:
hé n phuong trinh d6 bao gém (d~1) phuong trinh K1 dang (3.169a) hoic
(3.169b) va (n—d+1) phuong trinh dang (3.172a) hosic (3.172b) néu 1a graph
ph&ng. Sau khi gidi hé phuong trinh ta tim dugc I, tir d6 suy ra duge Uy
nho (3.171a). Phuong phdp gidi mach nay goi la phuong phdp dong nhdnh.

- Gidi hé n phuong trinh d6i v6i n 4n s6 la dién 4p trén n nhdnh: gém
(n—d+1) phuong trinh K2 dang (3.170a) ho#c (3.170b) néu la graph phéng
va (d-1) phuong trinh dang (3.173a) ho#c (3.173b).

Sau khi tim dugc dién dp nhdnh U, dung (3.171b) ta dugc dong dién
nhédnh I,,. D6 1a noi dung ciia phuong phdp dp nhdnh.

Hai phuong phdp dong nhdnh va phuong phdp 4p nhdnh goi chung 12
phuong phdp bién nhdnh. S phuong trinh phai gidi déng thdi & phuong
phdp nay la n (bing s8 nhdnh).

Sau day s& xét mét s6 phuong phdp khdc ma cho phép gidm ddng k&
s8 phuong trinh phai gidi déng thoi so véi phuong phdp bién nhénh.

1- Phuong phap thé nit

Theo (3.97), cdc dién 4p nhdnh c6 thé dugc tinh theo cdc thé nit béi

quan hé: .

U, =ATp (3.174)
. . . . T s .
trong dé (p=[(p1 (g ... Pp_1 Py +1...q>d] goi la ma tran thé& nit, ma tran cét c6
(d—l)ha-n}vdi d 12 s8 niit. Nut k duge chon 12 nit géc (¢, =0).

Trong muc 3.7.5 d4 chimg minh r¥ng céc 4p nhdnh tinh theo cdc thé
nit bdi (3.174) sé ty dong thda dinh luat K2.

Mét khéc tir dinh ludt K1 viét cho cdc dinh (3.169a) va phuong trinh
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nhdnh dang ma tran (3.171b) ta da suy ra duge (3.173a):

AY, U, = AJ,, - AY, E, (3.173a)
thay Uy béi (3.174) vao (3.173a) ta dugc:

AY,AT¢ = AJ, - AY,E,

bat: Yy =AYnAT goi la ma trén dén nap nit (dinh), 12 ma tran vudbng

(d-1) x (d-1) (3.175)
Jys=Ad, -AY E  goi la ma trgn nguén dong nit (dinh), 1a ma tran

cdt c6 (d-1) ﬁt_'m% (3.176)
Ta duge: Y¥=4J, (3.177)

(3.177) 1a hé (d-1) phuong trinh K1 dsi véi (d-1) thé nit viét cho (d-1)
nat. .

Giai hé (3.177) ta tim dugc thé nut:

(p=Yd'le : (3.178)

Biét ¢ ta dung (3.174) dé suy ra Up, tir d6 dung (3.171b) cé thé tinh
dugc I,,. D6 1a ndi dung ctia phuong phdp thé nit.

Nhén xét:

« N&u mach khéng chia nguén phu thudc thi ma tran Y, d61 xing, do
d6 ma tran Y4 ciing d6i xing. N&éu mach chida nguén phu thudc thi néi
chung Y, va do d6 Y4 khéong 461 xing.

+ Xét trudng hop mach khéng chita hé cdm va khéng chifa ngudn phu
thude, nghia 1a nhénh c6 dang téng qudt nhu H.3.156. Khi d6 ma tran din
nap nhanh Y, ¢6 dang ma tran chéo. 7

Tir biéu thic Jq = Ad, — AY,E, dé dang suy ra phén ti & ha—ngthl’x i cia
ma tran Jq bing:

Jy = iaik e - YEO (3.179)
k=1
trong dé: a;x 1a phédn ti cla ma tran nit A.

Tt bidu thie Yq = AY,A” c6 thé suy ra phén ti clia ma tran Yq biing:

n
Yo = zaikajkYk(i #J) o (3.180)
k=1

Yai = z(aik Yy (3.181)
k=1
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Tit (3.179), (3.180), (3.181) ta c6 thé suy ra quy tdc (3.7) dé thanh lap
tryc tiép cdc ma tran Jq va Yq nhu da trinh bay & muc 3.2.
Vi du 3.55: Xét lai mach dién H.3.157a v6i graph H.3.157b trong muc 3.8.1.
Chon nit 3 1a nit géc (¢; =0) ta duge:

¢ 11-100 _
= T A= ; Yp, cho bdi (3.134);
0 [fpz] [1 o 0 1 1} n cho bai (3.134)

£, =[00E,0E, ] ; J"=[6000 -5

Suy ra: Y, =AY, AT = Y+t 4
a4 -Y, Y, + Y, +Ys

. Y;E;
va J;=AdJ, -V E)= . .
~J5 - Y5E5
Ta thay ma tran Y4 d6i xing.
Vi du 3.96: Xét lai mach dién H.3.164.
' o)
Chon nit 4 12 nit géc (¢, =0). Ta duge ¢=| ¢ |; ¥n cho bdi (3.143)
' ®3
-1 1 0 00
A={ 0 -1 1 0 1;E
0 0 -1 -1 0
Y, +Y, Yo3-Yy Yoy
Suy ra: Yy =AY, AT =| Yy, -V, Yo+ Y3+ ¥5-You-Y5 Yp3-Y3
~Y3o Y3 - Y3 Y5 +Y,

. =[E;0000]"; J, =[00000]"

trong d6:

1 1 1 L
Nimgo Yy Nty - ¥y =2
JO)(L2L3“M2)

) Y2 = N )
1 4 Zg jo(LiyLg ~M?)
M

Yo3 = Yo =
JO)(L2L3 - Mz)

ta thdy ma tran Yq d6i xing (mach ¢6 hd cdm, khéng c6 ngudp phu thudc)
Y,E,
Jd = A(Jn —YnEn) = 0
0

Vi du 3.57: Xét lai mach dién H.3.173 véi graph dugc chon nhy H.3.171b.
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9,

Chon nit 3 13 nit géc (¢3 =0)."Ta cé: (p:[
P2

]; Y, cho béi (3.166)

{01 0 -1} 3 . T . _ T
A_[l 1 O],En_[ooom] . J, =[0000]

=Y, =AY AT= Y2+Y4 —Y2
d n _Yz + rY2Y3 Yl + Y2 + Y3 - I'Y2Y3

J,=Ad, —YnEn>=[Y“(;E4]

Nhan xét ring ma trdn Yq khong d6i xing (mach chida ngudén phu
thudc) '

2- Phuong phap dong mat ludi

Phuong phdp dong médt ludi chi d4p dung duge cho mach c¢é graph
phéng.

Theo (3.113) cdc dong dién nhanh c6 thé duge tinh theo cdc bién dong
mit ludi béi quan hé:

I, = M1, (3.182)

. . T ; .
trong dé I, =[Im1 | P Im.n‘d+1:| goi 1a ma tran dong mit ludi, 14 ma trén

cot ¢6 n-d+1 hingvéi n 12 s8 nhéanh, d 13 sé nit.

Trong muc 3.7.5 da ching minh rdng cdc dong nhdnh biéu dién theo
cdc dong mét lusi béi (3.182) s& ty dong théamandinh luat K1,

Tit dinh luat K2 viét cho cdc mit ludi (3.170b) va phuong trinh nhdanh
(3.174a) ta da suy ra dugc (3.172b):

MZnIn = MEn hed MZan (3.182b)
thay I, béi (3.182) vao (3.172b) ta dugc:
z 1. =E, (3.183)

véi: Z, =MZ,MT goi la ma tran tré khéng mit lu6i, 1a ma trédn vudng

(n-d+1) x (n—d+1)
E, =ME, -MZ_J, goi 12 ma trén sic dién dong mdt ludi, 1a ma trén

cot c6 n-d+1 hang.
(3.183) 12 hé (n—d+1) phuong trinh K2 d3i véi (n-d+1) dong mit ludi viét
cho (n—d+1) mét lu6i. Gidi (3.183) ta tim dugc cdc dong mit luéi:
I, =ZE, (3.184)
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Biét I, dung (3.182) ta suy duge dong nhénh I,

Nhdn xét:

. Né&u mach khéng chia ngudén phu thuge thi ma tran Z, va do d6 ma
tran Zmp d6i xing. Néu mach c6 chita ngudn phu thude thi néi chung Zy, va
do d6 Z, khong d6i xing.

. Truong hgp mach khéng chira hé cdm va khéng chda nguén phu
thudc thi tif By = MEy — MZydn va Zy, = MZ,M'" v6i chd § Z; 12 ma trén
chéo ta suy ra cdc phdn ti cia Em va Zy, bing: ‘

Epi = ) my By -ZJy) (3.185)

Ly = Zmikmjkzk (1#)) (3.186a)
k=1

Limii = Z(mm )2y, " (3.186b)
k=1

trong d6 mjk, mjk la cdc phan ti cia ma tran mit ludi M.
Tir (3.185), (3.186a) va (3.186b) c6 thé suy ra quy tdc (3.14) dé thanh
lap truc ti€p cdc ma tran Ey, va Zy nhu d4 trinh bay & muc 3.3.
Trudng hop mach c6 hé cdm nhung khéng c6 ngudn phu thudc thi:
n n
L5 = zzmikmjlzkl (3.187)
k=11=1
v6i Zyy 12 phén t clia ma tran Z, (Zy; = Zixk néul # k)

Tir (3.187) ciing c6 thé suy ra quy tdc (3.19) d€ thanh lap truc ti€p Zm
(xem muc 3.4).

Vi du 38.58: Xét lai mach dién H.3.157a véi graph H.3.157b. Chon mit luéi
nhu H.3.157b. Ta dugec:

I 1 1 0-1 0
I =l M=[0 0 0 1 -1|;Z, chobdi(3.134)

i, 0 -1 -1 0 0
. . T .
E,=[008,08,]"; J,=[0000-J,]
Suy ra: Z,=MZM"=| -Z, Z,+Zs 0
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0
_E3
Nhén xét réing ma tran Z,, déi xing.
Vi du 3.59: Xét lai mach dién H.3.169a véi graph H.3.169b. Chon ba mit
luéi nhu H.3.169b. Ta dugc:

Iy 100 1 0
I,={I,iM={0 0 1 -1 1];Z, cho bdi(3.160)
i 010 0 -1

m3

E, =[E,0000]; J,=[00000
n n

Zy+2Zy Zyy-Zy, ~Zyg
Suy ra: Z,=MZM" =\Z, -2, Zy+Zyy+Zpp—21p 23, Zig—Zy,
~Zy, 2y ~Zyy ‘ Zy+Zy
E,
va E,=ME,-MZ,J, =| 0
0

Vi du 3.60: Xét lai mach dién H.3.164a véi graph H.3.164b. Chon hai méit
lu6i nhu H.3.164b. Ta dugc:

Im=[¥m1]; M=[3 (’; i ‘; (1)]; Z., cho béi (3.142)

m2

E, =[E,0000]"; J,=[00000]

Suy ra:
z. - MZnMT _ Z,+Z, +ij'J2 +j(o1‘,3 -2joM -Z, —jcoLa.+jwM
—Z4 "J(.l)La +J(0M Z4 +Z5 +J0.)L3
E,
va E,=ME ,-MZ_ J, = 0

Nhén xét: ma trdn Z, d6i xing (mach c¢6 hé cdm khéng c6 ngudn phu
thuéce).
3. Phuwong phap dong bii canh (dong véng)
Theo (3.124) dinh luat K1 viét cho c4c tap cdt chinh c6 th€ trinh bay &
dang: ,
I, =B (3.188)
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trong d6 B 1a ma tran vong, I, 12 ma trén cft céc dong bu canh con I 1a
ma tran cot cdc dong nhénh.

Mit khéc tit dinh luat K2 viét cho cdc vong chinh (3.170a) va phuong
trinh nhénh dang ma trdn (3.171a) ta da suy ra dugc (3.172a):

BZnIn = BEn - BZan (3.172&)
Thay I, bdi (3.188) vao (3.172a) ta dugc:
Z]1, =E, (3.189)

trong dé:
Z, = BZ,,BT goi la ma trén tré khdng vong, 1a ma tran vudng kich

thude (n—~d+1) x (n—d+1) (3.190)
E, =BE,  -BZ_J, goi la ma trdn suc dién dong vong, 1a ma trén cot

¢6 n—d+1 hﬁn%o (3.191)
(3.189) 1a hé (n—d+1) phuong trinh K2 d6i véi (n-d+1) dong bu canh viét
cho (n—-d+1) vong chinh. Giai (3.189) ta tim dugc cdc dong bu canh:
I, =Z]'E, (3.192)
Biét Ip ta suy dugc dong trén tat cd cdc nhanh I, = BTIb.
C6 thé gan cho méi vong chinh mét bién goi 1a dong vong, cing chiéu
va tri s6 bdng vdi dong bu canh ung vdi vong chinh doé. Ky hiéu I, la ma
tran cdt cac dong vong thi:

Z1I, =E, (3.193)
= I, =Z]'E, (3.194)
va I, =B"I, (3.195)

Tit bidu thdc (3.195) suy ra dong dién trén mét nhanh bing téng dai s6
cdc dong vong chdy qua nhdnh dé, dong vong ndo cing chiéu véi chiéu cia
nhdnh sé mang ddu “+”, nguoc lai mang ddu “-”. _

Ciing ¢6 nhan xét ring néu mach khéng chita nguén phu thugc thi ma
trdn Z, va do d6 ma trdn Z, = BZnBT déi xung, cdon néu mach cé chua
nguén phu th’uc}c thi n6i chung ma tran Z, va Z, khéng déi xiing.

'Ngoéi ra tif cdc biéu thirc (3.190) va (3.191) cha cdc ma tran Z, va Ey

suy ra c¢6 th€ thanh 14p truc tiép cdc ma tran nay theo cdch thic tuong tu
nhu d6i véi Zy,, Ey, & phuong phdp dong mit luéi.
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" Vi du 8.61: Xét mach dién H.3.176a v6i graph va cay, bu cdy duge chon nhu
H.3.176b. C6 ba canh 1, 2, 3 va ba bu canh 4, 5, 6. Ba vdong chinh la:
(4,2,3), (5,1,2) va (6,3,2,1).

g,

is f i‘ (:) - (:) e

0] o i e i o [©) NSO
25
Es

Z1 Z4 ‘ N

tis

Z,
a)

Hinh 3.176

V6i mdi vong chinh ta gdn cho mdt dong vong c6 chiéu cung chiéu vdi
bu canh dng véi vong chinh d6, nhu hinh vé.
I i,

Tacé: I, =|1,, |=|1; [=]

vl

Iv3 I6
2, -
_ Z 0 : :
0 1 -1100 2z E,=[00E; 0-E; 0]
B={1 1 001 0[;2,= 3Z ;
-1 -1 1001 4 =04 j
1 o z J,=[0-J,000J]
L ZG_
Suy ra: _
Zo+Zy+Z, Z, ~Zoy-Zy
Z,=BZ B" = Zy 7y +Zg+ 7y -Z -Z,
Zy-Zy T2y Iy+ly+Zy+7g
'—]33 ﬁ'iﬂzirz

E, =BE, -BZ,J, =|-E; +ZyJ,
By~ 2,5 - Zeds
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Nhan xét riing ma tran Z, d6i xing.

I =1,,-1, « qua nhénh 1 ¢6 hai dong vdng I, va 1,5 chdy

i,=1,+I,5-I,; ¢ quanhénh 2cé badong vong 1,;.1,; va I,3 chdy
I - B*Iv - ?3 = ;vl +1,4 « qua nhénh 3 c6 hai dong vong I, va I3 chdy

I =1,

is = iv2

L.is =1y

4- Phuong phap ap canh
Theo (3.125) dinh luat K2 viét cho cdc vong chinh c6 thé viét & dang:
U, =Q'U; (3.196)
trong d6 Q 1a ma trén t4p cdt, U¢ 1a ma tran cét cdc 4p canh.

Mat khdc ti dinh luat K1 viét cho cdc t4p cdt chinh (3.169b) va
phuong trinh nhdnh (3.171b) ta da suy ra duge (3.173b):

QYnUn = QJn - QYnEn (3.173b)
Thay Up, béi (3.196) vao (3.173b) ta dugc:
YU =4d, (3.197)
trong dé '
Y. =QY, Q" | (3.198)
goi 1a ma tran dan nap tép cdt, la ma tran vudng (d-1) x (d-1);
J.=QJ, -QY E (3.199)

goi la ma trdn nguén dong t4p cit, 12 ma tran cot ¢6 (d—1) hang. (3.197) l1a
h¢ (d-1) phuong trinh K1 d8i v6i (d-1) 4p canh viét cho (d-1) t4p cit
chinh. Gidi (3.197) ta tim dugc céc 4p canh:
U =Y,'J, (3.200)

ti d6 suy ra dugc dién 4p trén t4t cid cdc nhdnh Uy = QTUC.

Nhén xét ring néu mach khéng chita nguén phu thuéc thi ma trén Yc
ddi xing vi Y, d6i xding, nguge lai néu mach chita ngudn phu thude thi néi
chung Y. khéng d6i xing.

Tit bidu thifc (3.198), (3.199) cia Y. va J. ciing c6 thé suy ra cdch
thanh ldp truc ti€p cdc ma trin nay trong trudng hop mach khong chia hd

.cdm va khong chia nguén phu thudc nhu sau:



CAC PHUONG PHAP PHAN TICH MACH 267

Phan t& J,; & hang thd i cda J. bing tdng dai sé cdc ngudn dong (k&

ca cdc ngudn dong tuong duong véi ngudn dp) clia cde nhdnh thudc tap cdt
chinh thy i, néu ngudn dong nguge chiéu vdi chiéu tap cit thi mang dau “+”

«® o

con néu cing chiéu véi chiéu tap cdt thi mang d4u

Phén td Ycii (n¥m trén dudng chéo chinh cia Y¢) = tdng cdc din nap
clia cdc nhdnh thudc tap cdt chinh thit i.

Y.ij (i#j) = + (t0ng cdc dan nap cla cdc nhdnh chung cia hai tap cit
chinh thi i va j); 18y ddu “+” néu chiéu cia hai canh dng véi hai tdp cdt i
va j la thuln chiéu khi di tr mat kin nay sang mat kin kia, ngugc lai 14y ddu

& "

Vi du 3.62: Xét lai mach dién hinh H.3.176a véi graph va cay dugce vé lai
trén H.3.177.

Céc canh: 1, 2, 3
Cdc bu canh: 4, 5,6
C6 ba tap cdt chinh (1,5,6), (2,4,5,6) va(3,4.6).

6
Ta cé: >
U, ®
Uc = U2
U,

E,=[00E; 0-E; o]T

J,=[0-3,0005]

Hinh 3.177

(Y, 1
Y, 0
100 0 -1 1 .
Q=010 -1 -1 1|;Y,= ,3Y
4
001 1 0 -1 0 Y,
L YG~
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Js - Y5E;
Suy ra: Jc = QI — QYnExn = |-J5 +J5 - YsEs
-Jg - YaE;
Y, + Y5+ Y Y+ Y -Y;
va Y, =QY,Q"=| Y;+Y, Yp+Y+Ys+Y¥s -~(Yy+Ye)
~Y; —(Y, +Ys) Y+ Y, + Y

Nhan xét ring ma tran Y. doi xing.

Khi di tir mat kin 81 (dng véi canh 1) sang mat kin S3 (iing vdi canh 3)
theo dudng gébm ba canh 1, 2, 3 thi ta di cung chiéu véi chiéu cta canh 1
nhung lai di nguge chiéu véi chiéu cia canh 3 nén s6 hang Y13 = Y31 cia Y
lay ddu 4m la -Ye. Khi di tU mat kin S; sang S thi ta di cing chiéu véi
chidu canh 1 va ciing di cung chiéu vdi chiéu canh 2 nén s6 hang Y12 = Y21
14y dau duong 1a Y5 + Ye.



Chuong 4

MACH BA PHA

4.1 MACH NHIEU PHA VA BA PHA |

D& din dén khdi niém vé mach nhiéu ' .
pha, ta gid thiét ring, trong tif truong dudc
tao nén do sy quay ctia nam cham hai cuc cla
méy phat (H.4.1), c6 dit hai cuén day & cdc
vi tri ranh thich hgp. '

C4 hai cudén day dat doc theo vong tao
nén mot géc o. '

Bt du cudn day thd nhat duge. ky hiéu
1a 1’ va két thic cia né 1a 1, va tuong tu dsi
v6i cudn day tha hai cé bit dau la 2, k&t
thic 1a 2. Néu nam cham duge ché tao sao
cho phén b6 cam ung tir doc theo mach 1& Hinh 4.1: Hai cuén de cia
sin, thi trong cuon day 4 s& cam ung mot mdy phdt tgo nén 1 géc o
dién 4p: °

)
1
1
3

e, =B, sin(wt+y) (4.1)

va trong cudn day thd hai : ‘
eg = Eop, sin(wt +y—-0) (4.2)

§ day v 1a géc pha ban d4u caa dién 4p ei tai thdi diém t = 0, thudng
duge chdp nhén gid tri bang khong, do dé:
e, =B, sinwt

Nhu c6 thé thdy, ca hai dién dp cdm Ung dédu c6 cung tdn sé géc (hay
f), n6 chi khdc nhau mot géc dich pha o.

Bién do va gi4 tri hiéu dung cta dién dp cdm ing Eim, Eom, ti 1é véi s6
vdng day qudn trén mdy phét. N&u s6 vong day 1a nhu nhau, thi dién 4p
cdm dng c6 bién do (va tri hiéu dung) 1a nhu nhau.

- Cédc cudn day cé thé duge sd dung riéng ré nhy mdi ngudn doc lap, dé
cung cap nang lugng cho cdc tai. M&5i mot trong ching, cong v4i tdi, co thé
tao nén nhirng mach dién riéng biét. Chu ¥ ring cdc dién dp cam uUng.co
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pha khdc nhau, do d6 mdy phét dién trong trudng hgp nay dugc goi la mdy
phét nhiéu pha.

S& pha clia mét mdy phét c6 thé hai, ba hodc nhiéu hon, nhung phd
bién hon ca 12 mdy phat ba pha. M4y phdt nhiéu pha goi la d6i xding khi
dién 4p hidu dung cia méi pha biing nhau, con cdc qud trinh thoi gian sai
khédc nhau mét géc pha nhu nhau.

Trong cdc mdy phat d6i xing c6 sé pha 1a m, cdc cudn day duge ché
tao nhu nhau va duge d4t d6i xding, sao cho géc dich pha cla cdc digén ap k&

ti€p nhau cé gid tri 1a (K E], trong dé K 1a s6 tu nhién (K < m) biéu thi
m
bac d6i xing. Théng thudng ngudi ta dung d6i xing bac nhédt tuong ng vdi
gid tri cia K = 1. Vay trong mach c6 déi xing bac nh4t, cdc pha ké nhau
khéc nhau mét géc bing (gﬁj
m

Mach dugc cung cdp bdi mdy phét nhiéu pha duge goi 1a mach nhiéu
pha, phé bién nh4t 12 mach ba pha déi xung, trong d6 géc dich pha giita cdc
dién 4p k€ nhau la 2—;(tt’rc 120°). Trong chuong 4, ta sé dé cap chd yé&u dén
loai mach nay.

Mbi mét pha trong mach ba pha duge ky hidu 13 A, B, C hay a, b, c.

Pién dp tuong dng trén méi pha khi di xdc dinh pha A sé& c¢6 dang nhu sau:
e, =K, sin (ot+¢)

ep =E;psin (0t + ¢ —-2-?::)
. 4
e, =Epsin (ot + ¢ -?) (4.3)

trong d6, Epmy 12 bién do dién dp méi pha, ¢ 1a géc pha ban dau cla pha A,
thudng ngudi ta chon ¢ = 0. Céc chi s pha ching ta s& ky hiéu qua céc ky
tu a, b, c.

Hinh 4.2: a) Mdy phdt hai cuc  b) Phdn tink (stator) ciia mdy phdt bén cyc
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Sg dé cha mdy phét ba pha hai cyc duge biéu dién trén H.4.2a. B4t ddu
ciia cdc cudn day pha, ta ky hiéu qua cdc chit Ag, B4, Cq va két thice 1a Ag,
Bc, C.. Céc cudn day duge dat trong sdu ranh d6i dién nhau ting cap.

Mot vong quay cia nam cham c6é mdt cadp cuc tuong Ung véi mot chu ky
ctia dién dp. Trong trudng hop téng quat, vdi sd cdp cuc la p va téc d6 quay
ciia nam cham 12 n vong/phiit, thi tdn sé cia dién 4p cdm Ung tuong tu nhu
d6i v6i mdy phdt mdt pha. :
pn
60
- Trén H.4.3a la quéi trinh dién dp cdm ung trong mot pha cia may phét
ba pha, con trén H.4.3b 1a d6 thi vects. Cdc vectd ¢6 mddun duge ky higu
1an lugt 12 Eam, Epm, Eem 6 gid tri hidu dung Ea, Ep, Ec. Néu vecto dién dp
cia pha A dugc chon 1a vecto co sd clia mach ba pha, thi dp dung phuong
phédp bién db phic, ta c6 vects phuc dién &p cédc pha lan lugt ]a:

E,=E, e’®
L 2r 2n
. Wo-=) . —im o 1 \/5
Eb =Ep e 3 =Ea e 3 :Ea(__2—._J_—2_)
. 4m .4n
P LSS L
E, =Eye 3 =Be 8 =E (——+J‘/2§) (4.4)

Trong trudng hop minh hoa trén H.4.3a,b ta da chon géc pha ban dau
¢=0.

Mach ba pha trong dé mbi pha duge dung nhu 1a mot ngudn 4p doc lap
cung cdp cho cdc tai duge goi la mach ba pha khéng k&t néi. Mach nhu vay
dugc biéu dién trén H.4.4. N6 bao gbm mdy phét ba pha (dugc vé dudi dang
so dd cda cdc cuon day ba pha), sdu day d&n ndi gita ngudn va tai.

Ec

Eam

120

_/
| m

wl

2

120

E,

b)
Hinh 4.3: o) Qud trinh thoi gian b) D4 thi vecto
Mach khéng két ndi khong duge dung phé bién do cé rhidu day dan
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khéng cdn thiét dé néi ngudn va tdi. C6 thé thdy rang, véi hai mach dién
A

bat ky, c6 thé néi véi nhau tai

moét diém, ma khong gdy nén %75 ﬂ]z
0 N 2 qs a a

mdt sy thay doi nao vé dong va

4p trong mach, diéu d6 cho phép - gy 48
ghép ndi mach ba pha véi s6 day c K&{ \Eb%\a % \
dan it hon. Mach ba pha thudng [

duge ghép néi theo hai kiéu phd ‘
bién: kiéu sao va kiéu tam gidc.

Hinh 4.4: Mach ba pha khong két noi

4.2 GHEP NOI MACH BA PHA

Khi néi t4t cd cdc ddu cudi Ac, B, Cc ciia cdc cuén day pha cia mdy
phdt ba pha lai véi nhau, ta s& ¢6 hé thdng ngudn néi sao. T cdc d4u day
A4, Bg, Cq ¢6 thé doc lap ndi dén tdi. Ba ddy dan xuat phét tir A;, Be, Cc c6
thé thay thé& bing mot day dén hodc c6 thé bsé di. Nhu vay ta sé c6 so db
mach néi sao ba diy hay bén day (H.4.5a, b). |

Z

Hinh 4.5: a) N6i sao ba ddy b) Néi sao bén ddy

Ngoai ra, ngudi ta ciing thudng biéu dién kiéu ghép nay theo hinh vé
khéc nhu trén H.4.6a,b.

A
T
Ea A a B
B U N B om0
B b AN BN C
N W Y = Uca T ! 2
E. ¢ _VYsc E Y * Uen
T * —
Hinh 4.6: a) N6i sao ba ddy; b) N6i sao bon ddy

Diém chung dé néi cdc ddu day ba pha ciia mdy phét duge goi la didm
trung tinh cda nguén. Trong mach bén ddy, va déi khi trong mach néi sao
ba ddy, di€ém nay dugc néi dat (H.4.6b). Khi d6, dién ké cia didm nay bing
dién thé cua dat.

Day dén ndi tir diém trung tinh dugc goi 1a déy trung tinh clda mach.
Ba day con lai dugc goi 1a dy pha.

Trong mach ndi sao ba diy, ta cé ba dién 4p. M3i dién 4p dugc xdc
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dinh gita hai day pha khdc nhau, d6 12 U,p, Uy, Uca chi s dién 4p dugc
" danh theo thi tu la a-b, b-c, c-a. Trong mach bén d4ay, ta phan biét dién 4p
gita hai day pha va dién 4p gilta mét day pha va day trung tinh.

Dién 4p gitta hai day pha bat ky, dugc goi l1a dién 4p day.

bién 4p gitta mot day pha véi di€m trung tinh hay day trung tinh (&
mach néi sau bén day) dugc goi 1a dién 4p pha. Néu mach néi sao khong cé
tai, thi cdc dién 4p pha badng nhau va tuong dng véi dién 4p ngudn cung
cdp cha tung pha ey, ep, ec.

Dién dp giita cdc pha duge ky hiéu 1a chit U véi chi s cia hai pha da
cho va dugc biéu dién nhu trén H.4.6.

Ta cé:
Upp =Uan— Upn (4.5a)
pc = Upy— Yo (4.5b)
Ucs =Ucn — UaN (4.5¢)

Né&u céc 4p pha dugc biéu didn dusi dang:
ugn = Upp sin(et +¢)

upy = Upp, sin(wt +¢ -120°)
ucy = U sin(ot +¢—240°)
Thi ta sé cé:

- uap = Uy sin(@t+@)—sin(ot +¢-120°)
2U cos t (ot + ¢ —60°)sin 60°
V3U,, sin(wt + ¢ +30°)
= Uy, sin(ot +¢+30°)

il

Tuong tu cho cdc dién 4p con lai:
upe = \/—STUpm sin(ot + @ —90°) = Uy, sin(ot +¢—-90°)
Uga = V38U, sin(ot +¢—210°) = Uy, sin(ot + ¢ -210°) (4.7)
Trong cdc cong thdc cha (4.7), ¢ 1a géc pha ban ddu cia pha A. Gi4 tri
Udm = 3U,,, 12 bién do dién 4p giita céc pha 16n hon bién dé 4p pha 3
lan.

Ugm =V3U,n (4.8)

Khi chia hai v& ciia (4.8) cho +/2, ta ciing s& dugc quan hé giita c4c gia
tri hiéu dung cta 4p day va 4p pha: '
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Uy =30, (4.8a)

Trén H.4.7, ching ta di biéu dién ba vectd UanUsyUcn cta cde dién
4p pha doi xding. P& c¢6 duge vecto U,p chiing ta si dung bié’u thuc:

UAB = UAN _UBN
tic 1a cong vectd Uny v6i vects — Upy c6
chidu nguoc lai véi vects Upy.

Nhu c6 thé thay trén hinh vé, dién 4p
U,p nhanh pha hon so véi Usy mot géc 30°,
con vé modun, thi 16n hon V3 lan. Tuong ty
cho cédc dién dp khdc: Upg va Ug, .

Trong thuc t&€, hé thong bon day cé dién
dp pha 220V dugc st dung phé bién hon ci.
Pién 4p day (gita cdc pha) cia né la
Ugq = +/3.220 = 380V. D& mo ta hé thong nay
ngudi ta thudng viét 380/220V. Diéu d6 c¢6 nghia la dién 4p day la 380V va
dién dp pha la 220V. Néu diém trung tinh cda ngubn dugc ndi ddt thi
khong cé day din nao cé dién dp cao hon 220V.

Uge .
Hinh 4.7: Dé thi vecto ciia
dién dp phava dién dp ddy

Do giéi han trén cta dién 4p thap la 250V so véi dat, nén hé thong
néi sao cé dién dp 380/220V thudc vao mach dién dp thép. _

Mot tinh chat dic biét cia hé théng ba pha déi xing la tong cia ba
dong hay 4p d8i xing, dich pha nhau mot géc 120°, tai méi thoi diém bat
ky déu biing khong. Ta cé:

Ea+Eb+Ec=Ea 1—'2—'-.]—2'—§+J 2

1_¥3_1 ﬁ:l =0 (4.9)

Do d6, ¢6 thé dua ra mot kha nang néi cdc cudn day ciia may phét ba
pha d6i xdng biing céch ddu cudi cia cuén diy pha nay néi véi ddu cda cudn
day pha kia d&€ tao nén mach nhu H.4.8. So dé biéu dién cach néi nay tao
nén mét tam gidc, nén mach nay dugc goi 1a mach tam gidc.

Nhu vay hé thong ndi tam gidc 12 hé théng
trong d6 cudi cia cudn day pha nay ndi véi ddu
cia cudn day pha kia. Tl cdc diém néi chung cia
cdc cudn diy tao thanh cdc dinh cia tam gide,
ngudi ta ndi ba day dan di dén tai (H.4.8).

~ Cdc day dén trong hé théng ba day dan dugc Hinh 4.8: Mach néi
ky hiéu bing cdc chit cdi A,B,C. Dién 4p pha cia tam gidc
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mach ndi tam gidc biing dién 4p diy clia né, ta ky hiéu bing hai chir s6
Uag.Usc.Uca -

Cén luu ¥ ring, khi néi sai tam gidc cGa cudn day ciia mdy phat, vi du
néi ngugc mot day pha, thi téng dién 4p ngudn tir ching s& bing gap doi
dién dp ngudn pha bi néi sai, do d6 trong mach tam gidc déng kin c6 thé c6
dong rat 16n, sé ddn dén lam hu cde cudn day.

Trén H.4.9a 1a dd thi vecto cia ba dién 4p ngudn d8i xing cia hé hé
théng ba pha néi tam gidc. Trén H.4.9b 1a db thi tdng dién dp khi néi ding
tam gidc va H.4.9¢c la 43 thi khi ndi sai cdc cuc pha C-A. Dién dp nguén
téng trong mach cdc cuén ddy khi néi ding 1a bing khéng con khi ndi sai
nhu trén la —2Uca.

b) ¢ 20,
Hinh 4.9: o) Pé thi vecto dién dp khi mach ddu tam gide

b) Téng dién dp bding khéng khi mde ding

¢) Téng dién dp bang - 2Uc, khi mdc sai pha C-A.

4.3 MACH BA PHA NOI SA0 D01 XUNG BON DAY

Trén H.4.4, ta biéu didn mach ba pha khéng ghép néi, trong d6 méi
pha ciia nguén cung cAp cing véi tdi hgp thanh mot mach dién riéng biét.
Néu ba day trd vé dugc néi lai v6i nhau, tic 1a khi ta chi dung mot day trd
vé cho ci ba pha clia ngudn, ta s& dugc hé théng ba pha bén day trong
mach c6 tai (H.4.10a). Piém trung binh clia ngudn dién 4p ta ky hiéu la N
con tai la O.

Ngudn cung cip duge xem 1a 1y tudng néu dién 4p trén cdc cuc cia né
khéng phu thudc vao dong tdi. Piéu kién nay sé dugc théda min khi trd
khéng trong cda ngudn va tré khing dudng day tit nguén dén di€m cung
cdp la nhé khong déng k&. Khi d6 dién 4p nguén sé khong phu thuge vao
dong tai. Ta cé: ‘ .
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a) Ucen

b) N Uen

(5

¢) N ~oo

1

Hinh 4.10: a) Hé théng bén déy néi sao; b) Hé théng bén dday vdi tdi ba pha va

mét pha; c) Hé théng ba ddy vdi tdi ba pha va mét pha

i — UBN
B | ZB

. U

i, = CN
C ZC

(4.10)

Cé4c dong dién chdy qua cdc cudn day pha cia ngudn dugc goi 1a dong
pha ngudn. Tuong ty ta c6 dong pha tdi. Dong dién chay trong ddy dan

dugce goi 1a dong day.

Trong mach nédi sao, ddng diy bing dong pha. Qua ddy trung tinh sé

c6 dong dién:

iN =iA +iB +iC

(4.11)

Trong trudng hgp tai ’dc‘)’i xing, tic 1a cdc trd khdng tdi hoan toan
gidng nhau Za = Zp = Z¢, v6i ky hiéu 12-Z khéng cdn chi s6 bén canh. Khi

d6 dong trong cdc pha cia tai sé la:

U
IA= QN
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U Uan _i120° 5 -i120°
| IB = ZBN - QN e j120 = IA e j120
ig =——U§N =——UZAN N Kl (4.12)

Va dong trén day trung tinh:
iN =iA [1+e‘j12°0 +e‘524°°] =0
R6 rang theo cdc phuong trinh cia 4.12, dé xdc dinh cdc dong dién

trong mot mach ba pha d6i xing ddu sao, ta chi cdn xdc dinh gid tri dong
dién cta pha A. Va nhu vay, dong dién I, sé& dugc tim tir so dé H.4.11.

Phuong phdp phan tich mach ba pha d&i ' L

o

xing, ndi sao, trong dé chi xdc dinh gid tri
dong dién pha A bing so d6 H.4.11, rdéi mdi C»b U []Z
suy ra cdc gid tri ¢ cdc pha khdc bing cédc
phuong trinh 4.12, duge goi 1a phuong phép so N )

dd mét soi. Hinh 4.11

Phuong phép so dé mot soi duge xem la
phuong phép chi yéu dé phan tich mach ba pha déi xing.

Ba tai mot pha giong hét nhau dugc néi sao va dugc mic sao cho ¢é
thé déng thdi déng vao va déng thoi ngdt ra tir mot hé nguén ba pha, c6
thé dugc coi nhu mét tdi ba pha trong hé théng noi sao. Ta thudng gap
trong thuc t& cdc tai ba pha duge ndi theo qui tdc d6i xitng. Loai tdi ba pha
d6i xing phé bién nh4t la céc dong co ba pha.

Hé théng bon day chi dugc dung trong linh vuc dién dp thdp. Cdc tdi
ba pha dugc ndi vao ba diy pha cia hé théng, con cdc tai mot pha (trong
‘cde thiét bi chidu sdng va gia dinh) thi duge ndi gidta mot day pha va day
trung tinh (H.4.10b). Mot s& tai mdt pha dic biét, vi du nhu bién dp han,
duge néi giita hai day pha. '

D&i véi cdc hé thong sao ba day, cdc tdi ba pha va tai mot pha dugc
mdéc vao theo so d6 H.4.10c.

Vi du 4.1: Cho hé théng ba pha nhu trén H.4.10a, biét Uy =220£0°V va

cdc trg khdng pha Za = Zp = Z¢ = 17,3 +j10 (Q). Xdc dinh cdc dong dién
trén cdc ddy va trén day trung tinh. ‘

Giai

Theo quan hé déi xing, ta chi cdn x4c dinh gid tri dong dién pha A:
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_Uay . 22020°  220£0°
Zy 17,3+j10 20£30°

Va do dé: Iz =11£-150°A
Ic =11£90°A

=11/-30°A

Ia

Dong dién qua day trung tinh:.
Iy =1, +1p +1g =0
Trong trudng hop tai bat dsi xing, tdc 1a cdc gia tri Za, Zp, Zc khong
bang nhau, thi viéc phan tich mach ba pha bén day thudn tdy chi dua vao
cdc phuong phdp phéan tich mach va cdc dinh luat Ohm, dinh luat Kirchhoff
dang phic (xem chuong 2 va chuong 3). D€ don gidn chiing ta xét mét vi du
sau day.

Vi du 4.2: Cho mdt hé ngudn ba pha d&i xting 380/220V néi vao mot hé tai

nhu trén H.4.12a. Bist R = o L = _1(5 - 220. X4c dinh céc gia tri dong day
®

va dong trén day trung tinh.

i Iy

IN \ iA

. F
0 iN /
i /\\C/X”\ i
B - b)

i
a)
Hinh 4.12
Gidi. Ta c6 thé viét gi4 tri cac 4p pha clia nguén:
U,y =22020°V
Upyn =220£-120°V
Ucy =220£120°V
St dung cdc phuong trinh ludt Ohm dang phdec:
_Upn _22040°

i =10,0°A
AT Z, 22
Ugy 2202 -120°
Ip = —BN _ =10£-210°A
B 7, 22
: o
ic = Uon _220£120° 10£210°A

Zo —j22
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Vay iy =1, +ip +1c =-7,32A
4.4 HE THONG NOI SAO BA DAY

4.4.1 Hé théng cung cip néi sao - Tai ndi tam giic

Trong hé théng ndi sao ba dy, cdc tai duge néi dén cdc dién 4p day:
UAB’UBC’UCA dUQ'c XAac dinh tu:

UAB = UAN _UBN
U'BC = UBN —UCN
UCA = UCN - UAN

O
[ve)
—
@

a)
Hinh 4.13: o) Mach ba pha tdi ddu tam gide; b) D6 thi vecto
O day ta luén ludn cé:
Upp +Upc +Ucp =0 (4.13)

Céc dong pha cia tdi dugc xdc dinh bing cédch chia cdc dién 4p day cho
cdc tré khdng tuong ing:

== (4.14)

Ching bj chuyén dich so véi dién 4p U s, Ugc.Uca , mot géc bling céc
argumen @ap, Pbc, Pea Cla cdc tré khdng tuong ung Zap, Zpc, Zca (H.4.13b).
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C4c dong dién day dugc xdc dinh bdi dinh luat Kirchhoff vé dong dién
viét tai c4c dinh cia tam gidc tai:

iA = iab —ica }
Iy =1, -1, (4.15)
Ic =_Ica Iy

Khi hé thong nguén cung cap la déi xing, va tai ciing déi xung, thi ta
¢6 hé thong cdc dong dién pha va dong dién day ciing 1a cdc hé ddi xdng.
Ta cé:
ica =iab e_3120"
Vay: In=1Ia fica
fo 1o ]

= Iy [2—1—?] =103 [—%—jﬁ]

2
Ipiv3 e 2
1ab J§ e".i30°

1}

i

Cusi ciing, ta duge:
iab = —1_
J3
Néu ta goi tri hiéu dung cia
dong pha va dong day lan luot 1a
Ip va Iq thi ta c6 quan hé.
Iq =3I, (4.17)

i,eR” (4.16)

Nhu vgy, trong trusng hop
tdi doi xung ddu tam gide, duoc
cung cdp bdi hé ngubén ba pha
d6i xitng, thi dién dp pha cia tdi
sé bdng di¢n dp ddy, con dong .
-di¢gn pha cia tdi nhé hon dong la
day V3 ldn. .

D6 thi vecto cia dong dugc
mé ta trén H.4.14. Hinh 4.14: D6 thi vecto truong hgp

tdi d6i xung, néi tam gidc
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4.4.2 Hé thong ba day - Tai ndi sao

Ea A I, Zy
-~ - i__}
7 z
N [f" B L — 1o
E C Ic ZC
'0'&!‘ . i
- . +
Uon

Hinh 4.15: Nguén ba pha néi sao déi xitng, tdi ndi sao khong doi xing

Trén H.4.15 1a hé thong ndi sao ba ddy. Diém trung tinh cia nguén la
N va cda tai 1a O. Tré khéng tai cdc pha 1an luot 1a Za, Zp va Zc.

Khi st dung phuong phép dién thé dinh ta s& nhin dugc mdt phuong
trinh mot bién, dé la dién dp Uy, dién dp giia diém trung tinh tai va
trung tinh nguén.

YAEa +YBEb +YcEc
Y, +Yp +Y¢

Uon = (4.18)

Trong d6: Ya =—1—,YB =—L,YC =i, bd qua tré khdng cia ngudn va
Zy Zg Zc

cia day dén tit ngudn dén t&i.

Dong dién trong cdc pha, déng thoi cing 1a dong dién day, dugc xdc

dinh theo:
iA =YA (Ea —UON')
iB = YB (Eb —UON) . (419)
ic = YC (Ec _UON_)

Dién dp trén cdc pha cia tai:

| UAo = ZAiA
Upo =Zgplp (4.20)
Uco =Zcl¢

Cdc cong thirc 4.18, 4.19, 4.20 la ndi dung cia phuong phédp phén tich
mach ba pha b4t dsi xing c6 tai va ngudn d4u sao, dugc goi 1a phuong phdp
dich chuyén diém trung tinh. Myc dich cia phuong phdp nay la d€ kh3o s4t
mét mach ba phadday d4u sao, ching ta cén tim d6 dich chuyén vé dién dp
cda diém trung tinh tai so véi diém trung tinh cda ngudn trudc, sau dé dua
vao gid tri nay, ta sé suy ra dugc cdc dai lugng dp va dong trén tai.
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Khi tai ba pha 14 d6i xing, tac6 YA=Ys=Yc=Y

: Y(E, +E, +E
Ta sé& cé: Ugn = (a3Yb c)=0 (4.21)
va:
. _E
I, =YE, =%
A Za
{1z = YE, _B (4.22)
Zg
. _E
I.=YE, =—%
C c ZC

Vay ta thdy:

» Dién th& di€m trung tinh tdi O, khi tdi d6i xing nsi sao, sé bing
dién thé diém trung tinh nguén N, khi nguén ba pha la déi xing néi sao.

- Dong dién trong cdc pha cia hé théng néi sac d6i xing dugc xdc
dinh bing tich clia dién 4p ngudn véi din nap pha tuong ung Y, hodc bing
ti s8 cGa dién 4p nguén vdi trd khdng pha tuong ng.

Néu khéng cé di€m trung tinh clha ngudn, ta hoan toan cé thé tao ra
diém trung tinh nhan tao, vi du nhu ba dién tré, dién cdm hay dién dung
giong nhau néi sao. Théng thudng diém trung tinh nhan tao dugc s dung
rong rai trong cdc hé théng do va an toan.

4.4.3 Thi ty pha ciia nguén va b chi thi thy tu pha

Trong mdy phét ba pha, néu nhu ta hodn ddi vé hat ky hidu hai cuén

day pba B va pha C l4n nhau, thi ta sé cé:
E, =E e %
B, = B e

Hé théng ba nguén 4p doc lap E,.E,,E, nhu trén ciing 1a mot hé dai
xing va dugc goi 1a hé nguén d6i xing thit tu nghich. Nhu vay, hé nguén ba
pha d6i xiing c6 thé phan thanh hai loai chinh:

» Hé théng d6i xung thy tu thuin:

E,=E £ 0°
E, =E, £-120°
E, =E, £-240°

- Hé théng d46i xing thi ty nghich:
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E, =E,£0°
E, =E,£-120° (4.23)
E, =E,2£-240°

a) £ b)

c

E,
Hinh 4.16: a) P6i xung thu ty thudn; b) D6t xiing thu tu nghich

Pé thi vecto cho cdc hé théng nguén déi xing nhu trén H.4.16.

Pé x4c dinh thi tu pha clia nguén cung cdp, ngudi ta dung hai dién tré
R va mot phédn t dién cdm L ho#c dién dung C. D& thay thé& cdc dién trg,
ngudi ta c6 thé dung hai voltmeter giong nhau, c¢6 dién trd nhap Ry va cé
thé doc truc ti€p dién 4p clia né. Bén canh 46, ngudi ta c6 thé dung céc
béng den giong nhau dé thay thé& cho cdc dién trd. Viéc thay thé cé tién lgi
l1a ta c6 thé quan sdt d6 sdng t6i ciia cdc béng den. Cac gid tri dién khéng
X1, hosic X¢ duge chon sao cho cé cung béc véi dién trd 1a don gidn nhat.
Vi du 4.3. X4c dinh dién 4p trén cdc voltmeter cia mach trén H.4.17a. So
dé mach tuong duong nhu trén H.4.17¢c. Chdap nhan X¢ =R
Giai. Goi cdc dién 4p pha clia ngudn 1a E, E,,E.. Dj dich chuyén diém

trung tinh tdi so véi nguén la:

A—— A —prru-r A ___'_-L
]
B B
0
C C R R
P
ol W c
B
a) c)

Hinh 4.17: a) Bé chi thi tha tu pha diung voltmeter; b) B6 chi thi thi ty pha ding
béng deén; ¢) So dé mach cda bg chi thi thit ty pha

R 1 1.

.](‘l)CEa + 'ﬁEb + ﬁEc

1.1
oC+ Lt L
J(o+R+R.

UON =
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Béivi R=—
[}
: jE, +E, +E,
Uy =2—a77b " e
OoN j+2

Né&u hé ngudn la déi xding thi tu thuén, ta s& c6 tiép tuc:

.1 .43 1 . B
J- 2 J““‘E J*‘z“' a 1.
. =J Ea

j+2 j+2

== = E, =(-0,2+j0.6)E,

Ta c6: E, =E,Z0° v6i Ep 1a gid tri hiéu dung cia 4p pha cda nguén
nén ta c¢6 dugce:
Uon =(-0,2+j0.6)E,

Dién 4p trén cdc pha cia tai:
Upo =E, ~Uoy =(1.2-j0.6) E,

Ugo =Ey -Uon =(—-;——J'-\/2§+0,2—j0,6)Ep

= (- 0,3 j1,466) E;,
Uco = Ec ~Upy = (-;—+j—\/2—§+0,2—j0,6)Ep
Ugo = (- 0,3 +j0,266)E,

Tri hiéu dung cia cdc dp pha néi trén:

Uao = y1,22 +0.6°E,, - 1. 34,
Ugo = 0,32 +1,466°E,, = 1,5E,
Uco = 0,32 +0,266E, = 0.4E,

Néu hé théng ba pha cé dién ap day 220V, thi ta sé cé:

Uso = 1 34220 _170v

J3

Upo = 1, 52—29-—190V

NE]
Uco = 0,422 _51v

J3
R6 rang, ta c6 thé thdy ring, voltmeter nao néi v6i pha B sé& c6 chi s&
1én hon pha C. Tu dién luén duge néi vao pha A.
Néu su dung bd chi thi tha tu pha dinig béng den, thi phan tich tuong
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ty ta ciing ¢6 k&t luan: béng dén nao séng hon thi sé 1a pha B ctia hé thong
d6i xdng thy ty thuén.

Né&u bo chi thi tha tu pha dung RRL thi cé két qua nguge lai. Cudn day
duge néi vao pha A, béng dén pha nao sdng hon thi s@ la pha C cta hé
théng déi xdng thy tu thuan.

4.4.4 Hé théng néi sao ngudn ap thue

Trong hé théng ndi sao ba diy ma ta di xét ¢ muc 4.4.2 néu trd
khédng cGia ngudn va cia day dan la khéng thé bd qua dugc, thi khi dé, dién
ép trén cdc cuc cda tai khong bing dién 4p trén cdc cyc cia ngudn.

Trén H.4.18 1a hé thong ngudn dién dp ba pha déi xing c6 tré khing
trong mdi pha la Zp, tré khéng cia cdc day din 1a Zgq va ba tdi néi sao

khéng d6i xding Za # Zp # Zc.

E, Zn Z, - A _Za
Jm 1 ~ l—
E. Z VZd Zg
N : ——— B —1 0
E. Z, Zq C Zc

Hinh 4.18: o) Hé théng néi sao, nguén va ddy dén c6 tré khdng; b) Dé thi vecto
D& phan tich cdc mach ba pha dang nay, vé nguyén tdc, ta van s
dung phuong phép dich chuyén diém trung tinh nhu da dé cap 6 muc 4.4.2.
Trudc tién, do dich chuyén diém trung tinh tdi O so v6i diém trung tinh
ngudén N duge tim:
Uox = YAE, + YaEy + YcEc
Yo+ Yg+Yc
1
= 7. +2q+2Za
1
_= Z,+2Zq+Zn
1
- Z,+Zg+Z¢

Va cdc dong day vén dugc xdc dinh theo cdc cong thic ¢ muc 4.4.2:

L

Trong d6: Ya
Ys

Ye (4.24)

L
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Dién dp trén mdi pha cia tai dugc xdc dinh béi tich cia dong pha véi
tré khdng pha tuong ing.
rUAO = ZA]‘:Ai
Ugo =Zplp
Uco =Zcle
Dién dp day cida tdi duge x4c dinh:
’UAB = UAo ‘UBO
) UBC = UBO - Uco

\UCA =Uco - Uno

R6 rang, trong trudng hop tai dsi xing thi ta ciing c6 UON =0; khi dé,
cdc hé thong dong pha, 4p pha, 4p day cia tdi la cdc hé théng d6i xing.
Trong trudng hgp néu nhu hé théng néi sao bon day thuc (H.4.19) thi

Z } z
e N
Eb Zn '——12d iB l——-—lzB

N L — — 1 0
E. Z, Zy I Zs
—Wr—1 N
Z, I
—

Hinh 4.19: H¢ théng néi sao bon déy thuc

ta xdc dinh d9 dich chuyén diém trung tinh theo:

on = Y,E, + YE, + Y E, (4.25)
YA +YB +YC +YN
Trong d¢, Ya, YB, Yc dugc tinh theo (4.24) con YN theo:
Yy=—1 . (4.26)
Zy

Céc dong pha, dp pha vin duge tinh thec cdc ‘¢dng thic nhu trude cbn)
dong trong day trung tinh c6 thé xdc dinh theo:
_ . . Uo
hay. IN = YNUON TR e (4.27)
Zy
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4.5 HE THONG NGUON TAM GIAC - TAI NOI TAM GIAC HOAC SAO

Hinh 4.20: Hé théng ngudn va tdi ndéi tam gide

Nguén 4p ba pha d6i xing, nhu da xét trong muc 4.2 12 c6 thé néi
thanh tam gidc, bsi vi téng dién 4p bing khong va trong mach tam gidc
déng kin khéng c6 dong. Trén H.4.20 1a hé thong nguén ndi tam gidc va tai
ndi tam gidc. '

Né&u nguén 4p 1a 1y tudng va trd khdng day ddn c6 thé bd qua, thi cdc
dong pha cta tai: I,I..I,dugc tinh bing ti s6 gitta dién 4p day
Uas (: Eab),UBC (= Ebc),UCA (= Eca) v6i cdc tré khdng tuong ung ZaB, ZBC,

Zca nhu tinh trong muc 4.4.1.

Trong trudng hop ngudn thuc t& c6 tré khdng trong Z, va céc day dén
¢6 trd khdng Z; khdc khéng, thi viéc tinh todn cdc dong dién can phai xay
dung hé phuong trinh dong mic luéi c6 ba phuong trinh (H.4.21a). Mgt
phuong phdp don gidn hon d6 13 bién déi cdc mach tam gidc ngudn va tai
tré vé mach tuong duong hinh sao. :

Nhu ta da biét, tam gide dién 4p day trong trudng hop d6i xdng 1a tam
gidc ddu. Cdc vectd dién 4p pha ciia hé thong sao tuong duong c6é dudbi la
cdc dinh clia tam gidc dién 4p. Diém trung tinh cia hé théng dién 4p pha
ndi sao c6 thé chon bat ky, khi chon né la tam diém cia tam gidc dién 4p
day thi ta s& c6 hé thong sao d6i xing tuong duong. Dién 4p nguén cta né
nhu trén H.4.21b.

Ta c6:

Jig, = Boe goio® (4.28)
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a)

b) B

Hinh 4.21: a) H¢ théng nguén tdi tam gidc thuc

b) H¢ théng sao tuong duong
. . . Z A
Tré khdng trong ciia nguon sao ddi xing tuong duong la —5‘3— Nhu vay,

ta da chuyén hé théng néi tam gidc vé hé thong ndi sao ma viéc phan tich
da dugc dé cap trong muc 4.4.4 véi phuong phédp chi chét 1a dé dich chuyén
di€m trung tinh.

Khi da xdc dinh dugc cdc dién 4p day tai cac diém A, B,Cva A, B, C
thi ta ¢6 thé tinh cdc dong dién pha va dong dién day.

Néu tai da cho la d6i xing, tdc 14 Z,g =Zpc =Zc =Z thi tré khéng

méi pha clia mach sao sé 1a %Z. Dua theo so d6 H.4.21b thi dong day i,

¢6 thé tinh:

E, _ 8E,
-lZn+Zd+lZ Z,+3Z4+Z
3 3

i, =

(4.29)

Cdc dong dién 13 va 10 dugc tinh theo cdch tuong tu khi thay E_a
bing E, va E_, va ta ciing c6:

iy =1,

ic = 1Ae—2400

Khi d€ ¥ ring: E, =—E—:&e""3°o o 1 .:l\/‘%ejaoo , ta duge

Jé » %ab
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_ \/gE ab e—j300

AT +3Z4+7
Va: I, = -‘%—b =3I,
Nén
: E
L. = ab i
=G 137, +Z - (4.302)
E
1. = be i
b7 +3Z4+Z (4.30Db)
. E
[ =— —fca ’ )
@ 37,47 (4.30c)

4.6 CGNG SU[\’T TAC DUNG TRONG MACH BA PHA - BO cONG SUi\’T
Xét mot hé thong ba pha bon diy nhu trén H.4.22a ta c6 cong sudt tic
thoi nhan duge trén tai dugc tinh:

p(t) = UANIA + UBNIB + UCNIC* (4.31)
Cong sudt tdc dung dudc xdc dinh béi:

3 4 Zp
‘uau‘ i —r_A:ﬁ
Z
N 'Uefo‘ 2 = 0 e 0
éc C ZC "~ ZC
T 1 C w
N
a) b)

Hinh 4.22: a) So dé ba pha bén ddy; b) Po cong sudt vdi ba wattmeter

P= —'Ipdt UANIA CcOS Py +UBNIB COs Pp +UCNIC COSQP¢ (4.32)

Trong d6: Uan, UsN, Ucn la cdc gid tri hiéu dung cia céc dién ép pha;
Ia, Ip, Ic la gid tri hiéu dung cta céc dong dién pha, va ¢a, ¢B, ¢c la géc
léch pha giita cdc dién 4p va dong dién trén.
Céng thiic (4.32) c6 thé viét lai dudi dang:
P=Pa+Pp+Pc (4.33)

Céng sudt tdc dung trén tdi ba pha bing tdng céng sudt tdc dung trén
mdi tai pha.
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Trong trudng hgp nguén va tai déi xding, tat cd cdc dién dp pha c6 gid
tri hi¢u dung nhu nhau: Up = Uan = UpN = Ucn cédc dong pha Ip = Ip = Ip
= Ic déng thoi cdc léch pha cha dién 4p va dong dién ciing nhu nhau
9P = 9A = ¢B = ¢c. Khi d6, cong thitc (4.32) viét lai sé c6 dang

P = 3Up Ip cos ¢p (4.34)

Vay, d€ do cong sult tdc dung trong hé thong bon day, ngudi ta cdn c6
ba wattmeter, ching duge néi nhu trén H.4.22b, va do d6, ngudi ta goi
phuong phdp do cong sudt dang nay 1a do céng sudt ba wattmeter.

Mbi wattmeter do cong suat. tdc dung cia mbi pha tdi. N&u ngudn va
tdi déu d6i xing, chi s6 trén cdc wattmeter 1a nhu nhau, khi d6 ta chi cdn
do cong suat ctia mdt pha réi nhan gi4 tri d6 véi 3.

Quay trd lai cong thic 4.31, ta da cé:

uaN = Upmsinot

Nén:

P= Upmlpm [sin wt sin(wt - ,)+sin(@t ~120°)sin(wt —120° - @,)
. +sin(wt - 240°)sin(wt - 240° - @, )] ‘

1
= EUPmI]Jm [3 cos S¢p ~cos(2mt — @, ) - cos(20t — @, ~240°) - cos(2wt ~ Pp— 480°)]

=3 Ume m cos @, =3U_ I coso, | (4.35) |

Coéng sudt tiic thoi trong hé ba pha déi xing c6 gia tri khong déi, tic
14 khéng c6 trao d6i nang lugng giita ngudn va tai.

Céng thic (4.32) ding d6i v6i moi hé théng ba pha d6i xing ba hodc
b6n day khong ké 1a ndi sao hay tam gidc. Trong cdc hé théng ba pha, vigce
do dién 4p va dong day thi d& dang nhung khé khan khi do cdc dién 4p va
dong pha. Vi du khi khéng c¢6 diém trung tinh cda cdc cuén day cia mdy
phat hay ddng co néi sao ho#ic khéng c6 cuon ddy pha trong trudng hgp néi
tam gidc. Dya trén cong thic (4.34) v6i cdc loai néi:

Sao i Tam gidc

U Cot U.=U

Up = . P d
T | A
L=l , P f3

Sé dua dén mét cong thiic phd bién dé \tinl,x cong suft tdc dung trong hé ba
pha d6i ximg:

o P= V3U, I  cosg - "~ (4.36)
trong d6: Ujg: dién ip day hiéu dung ‘
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Iq : dong dién déy hiéu dung
¢ : gbc léch pha cia dién 4p va dong pha
Coéng suit tdc dung trong hé thong ba pha dé6i xing bing tich cia dién
4p day, dong day nhan véi hé s§ +/3 va cosin ciia géc léch pha giita dién 4p
pha va dong pha, ma dugc goi la hé s6 c6ng suat.
Hé s8 cong sudt thudng duge cho trong cdc bang d6i véi cdc tai da bist,
mét khéc né c6 thé duge xdc dinh trong phong thi nghiém.
Trén cdc bdng cla cdc dong co thudng cho trude cdc cong sudt si dung
Pgq hodc higu suat n. Khi d6, cong suat nhan cé dang:
P,y =nP =n/3U I, cos ¢ (4.37)

Trong trudng hgp tdi khong déi xding, ngusi ta thudng khéng ding
cong thic nao khédc ngoai tdng céng suat tdc dung clia mdi pha.

Céng sudt trong mdi hé théng ba pha bén diy dugc do bing ba
Wattmeter duge néi nhu trén H.4.22b. Céc cudn dong ciia Wattmeter duge
ndi ndi ti€p véi cdc ddy pha, con cudén 4p dugc ndi gita day pha va day
trung tinh. M6i Wattmeter do céng sudt cla mdi pha. Néu hé thong ba pha
la d6i xing, chi s6 cia cdc Wattmeter 1a nhu nhau, do dé cé thé dung mot
Wattmeter va 14y két qua nhén vdi 3. '

2z 1 i 4
'L I-—A—l A w/ 'A "::j-___
* > i Z
I 0 . [y—e 2 |
c Z \r i Z
P 4I_C—L C 'C —ﬁ__—_
a) R b)
Hinh 4.23: a) Hé théng ba pha ba ddy; b) So dé do cong sudt
Xét hé thong ba pha ba day nhu trén H.4.23a. Luu y réng ta cé:
ia + i + ic = 0, nén ta c6 biéu thitc céng sudt tic thdi nhan duge trén
tai: : '
p(t) = uaoia + UBOiB — UCOiA — UCOIB
= (ua0 - uco) ia + (uo — uco)iB (4.38)
trong dé:

ia, iB, ic: gi4 tri tuc thoi cla cdc ddng day;

UAQ, UBQ, Uco: gid tri tuc thdi cdc dién dp pha cla tdi trén H.4.23a,
hoac 1a dién 4p pha ciia hé thng néi sao tuong duong, khi tdi néi tam gidc.
~ Viét lai (4.38), ta c6:
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p(t) = uaciA + UBCIB (4.39)
Tuong tu khi biéu dién ip hodc ia qua cdc dong day con lai ta cling sé
6 cdc cong thic tuong duong khac cho céng thic cong sudt tic thoi:
p(t) = UABIA + UCBIC (4.40)
p(t) = uBAiB + UCAIC (4.41)
Tit cdc cong thic (4.39), (4.40), (4.41) ta c6 thé rit ra két luan:
¢ D& do coéng sudt trong hé théng ba pha ba day, ta chi can hai
Wattmeter nén codn goi la p'hu’dng phdp hai Wattmeter. Céc bcucf)n dong cla
chiing dugc néi vao hai day pha bat ky clia mach ba pha cin do, d4u cla cdc
cuén dp néi dén cdc day pha dé, con céc ddu cubi cta ching thi néi vao day
pha thi ba. (xem H.4.23b)
Theo nguyén tic dc; cia cdc Wattmeter thi chi s& cda méi Wattmeter

trén hinh sé la:

Py =I,cla cos ((PUAC - (PIA)

. (4.42)
P, =Upclp cos ((pUBC - ‘PIB)
Khi d6 téng cia ching: Ue ]
P=P) +Py o
bidu thi céng sudt tdc dung trén tai _
khong k& d6i xing hay khong d6i Tg Va
xing. ¢ L’ \\ )
Néu nh hé nguén ba pha 1a d6i 0° N W e
xdng, khi d6 dién dp day Uac = Ugc ~
= Ug 1a bing nhau, dong day Ia = I Vel 0 Ure
= I4 ciing bing nhau va géc léch pha \\
giita cdc 4p va dong nay xem trén- 'Uc\\
H.4.24. AN
Ta c¢é : Uge
(Puac —‘Pm) =¢-30° Hinh 4.24: D6 thi vecto trén
(Oppc — i ) = 9+30° H.4.23 khi heé la d6i xing.

v6i ¢: géc 1éch pha giita 4p pha va dong pha tdi d4&u sao. Tu d6, chi s cia
cdc wattmeter tuong ung voi:
{Pl = Uy, cos(o—-30°)

(4.43)
P2 = UdId COS((p+ 300)
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Téng cia chiing:
P, +P, =2U4I; cosgcos 30° = J3 Uyl cosp=P
Ja cong sudt tdc dung trong mach ba pha d6i xing. Cdc cong thic (4.43) c6
thé viét dudi dang:
P; = Uglglcos ¢ cos 30° + sin ¢ . sin 30°]

=—J_UI [1+g“’]—1'11t—*‘3‘B
alq cos@ 5 2‘+\/§

Tuong tu, ta cé:

Do dé:
P, %(Hth;p]
p . (4.44)
go
P=—|1-—=
=508

Tit cdc cong thic trén, ta thay khi téi d6i xing va géc léch pha ¢ = 0
thi ¢4 hai wattmeter chi thi phdn nda cong sudt cia tai téng, ngoai ra:

l¢l < 60°: chi s6 cia hai wattmeter tuong iing gi4 tri P1, P2 duong.

gl = 60°: mdt trong hai wattmeter do toan bd cong sudt tai, cdi tha
hai chi thi khéng.

lol > 60°: mdt trong hai wattmeter do cong sudt duong 16n hon cong
sudt tai, cdi thi hai do cong sudt Am.

Dua trén chi sé ciia hai wattmeter trong trudng hdp tai doi xing cé

thé x4c dinh hé sé cong suit cia né. Khi tinh téng va hiéu cia céc chi s6,
ta c6:

P, +P, =v3Uglcos@ (4.45)
P, -P, = Uglysine '
P, -P.
Nhu vay: tgop = V35— (449
P, +P, .
hay hé sé cong sudt:
cosQ = 1 _. R @47

Jl+tg?e 2/P2+P}-PP;
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4.7 CONG SUAT PHAN KHANG, CONG SUAT BIEU KIEN VA CONG SUAT
PHUC TRONG MACH BA PHA - HIEU CHINH HE SO CONG SUAT

Céng suit phin khdng duoe phét ra tir mot nguén ba pha bat ky sé
bing céng suidt phdn khdng nhdn dugc cda tdi ba pha, 1a chinh bing téng
cdc cong sudt phdn khdng cia méi pha.

Néu mét tdi hay nhiéu tdi trong hé théng ba pha dugc biéu dién bing
mdt hé thong tré khdng tuong duong (H.4.22a) thi cong sust phan khdng
ctiia né:

Q = Qa + QB + Qc = Uagla singa + Upolp singg + Ucolc singpc (4.48)

Trong trudng hgp d6i xing:

- Q=3U,I,sing, =3Ulysing (4.49)

(thudng b6 qua ky s& dudi gée pha ¢ khi tdi d6i xing). _

Khi do céng sudt tdc dung bing hai wattmeter trong hé théng ba day
c6 ngudn va tai doi xing, ta da c6 cong thue:

P; - Pz = Uglg sing
Vay: Q= V3 (P,-P,) (4.50)
3 Z

A = w/ g SIS

B { }— 0

C L

Hinh 4.25: Do c6ng sudt phin khdng tdi ba pha d6i xing bdng mét wattmeter.

Céng sudt phan khéng ciia tai ba pha déi ximg c6 thé duge do bing mét
wattmeter dugc ndi nhu H.4.25. Cudn dong ciia wattmeter duge néi vao mot
day pha bat ky, cdn cudn 4p thi duge ndi vao dién 4p day cta hai pha con lai.
Vi du nhu trén H.4.25, ta da sit dung I va Ugc. Ro rahg s6 chi clia wattmeter
trong trudng hop nay la: Ugly cos (90° - ¢) = Ugly sing, d8 tim cong sudt phan
khéng ciia tai ba pha ta chi cAn nhan s& chi nay véi 3 .

Céng suét phic cia hé théng ba pha bling téng cong sut phic cia mdi
pha:

S=8A+Ss +Sc
S=Pa+Pp+Pc +j(Qa+ Qg + Qc) (4.51)
Cong sudt biéu kién cia nguén hodc cia tai mét pha 1a tich cdc tri
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' hiéu dung cda 4p va donglS|= Ul do
| I8l= P2+ Q2
Céc cong suat biéu kién clia mdi pha:
Saj= JPZ+Q%;(Ss|= P +Q3:|Sq=yPE+QE
Cong suat biéu kién clia hé thdng ba pha:
IS]= VPP 4Q® = Py +Pp+Po)* +(Qa +Qp +Qc) (452)
Cong sudt bidu kién c6 y nghia thuc t& trong trudng‘hqp déi xing. '

I S|= 3Upl, = VBUyI, (4.53)
N6 thudng duge cho trudc trén cdc théng sé cla mdy phdt hay mdy
bién 4p.
Hé s6 cong sudt cia hé théng ba pha:

cos ¢ = P _P__F
V3Ugly 18l p?+Q?

R6 rang, khi hé s8 cong sudt cang nhd thi cong sudt tdc dung P dugc
tinh cang nhé:

(4.54a)

P =|S|cos¢ ' (4.54b)

Nguyén nhan gy ra hé so cong suat nhé la do cdc dong co dién khong

dd tai, va nhu vay, van dé hiéu chmh %6 cong sudt trong mach ba pha cé y
nghia thuc t& rat 16n.

Pé hiéu chinh hé sd cong suat ngudi ta dung céc bd tu dlen ba pha,

gdm c6 cdc dién dung C ndi tam gidc khi dién dp day khong vugt qud 1KV,

hoic néi sao khi dién 4p day 16n hon 1KV (H.4.26).
A

B
C
N

(WY ()
B

Hinh 4.26: Mach hiéu chinh hé s6 céng sudt trong mach ba pha dién dp thdp
Cong suit phan khdng Qi cla by tu dién cén dé€ hiéu chinh hé s§ coéng
sudt tir gid tri cose dén gid tri cosg véi mot cong suét tdc dung da cho dugce
tinh theo cong thic:
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R

Qk = P (tgo — tgor)
Mat khdc, cong suit phdn khdng cda by tu & dién dp Uy trong méi
pha:
Qx = 3UZaC

Tir d6 ta c6 thé tim ra dién dung C cia bd tu dién mdi pha:

- % (4.55)
3UZw
trong d6 Ux = Ugq trong trudng hop néi tam gide va = Up trong trudng hop
néi sao. - ,

Trén H.4.26 1a mach dung dé hiéu chinh hé sd céng suat khi dién 4p

thap (bé qua cdc thiét bi néi, thiét bi déng ngit, cdu chi, bao vé...). Céc bd
tu dién trong méi pha dugc biéu didn béi mét tu dién cé dién dung C, mic
du vé mat ky thuat c¢é thé c6 nghia tu dugc tao nén do nhiéu tu bé hon néi
song song hodc néi tiép.
Vi du 4.4: Cho mang ba pha dién dp 380/220 V, c¢6 néi mot déng co cong
suat P = 10 KW, hiéu suit n; = 0,85 va hév s0 céng sudt cosg; = 0,83 va 10
dong co, méi dong co c6 cong suat P = 1,5 KW, hiéu suat ng = 0,8 va hé so
cong sudt cosgg = 0,76. C4n c6 cong sudt phan khéng cia bd tu dién la bao
nhiéu d€ c6 hé s& cong sudt tdng hop la cosp; = 0,9?

Giai. Cong sudt tac dung ph4t ra tif mang:

10
P; = —— =11,76 KW véi =
1 0.85 véi cos@ = 0,83
tge1 = 0,672
15

Py = 10. 08 = 18,75 KW véi cosgg = 0,76

tgog = 0,854

Vay P = P; + Py = 30,5 KW

Coéng suat phdn khéng:
Q1 = P1tge; = 11,76 . 0,672 = 7,9 KVAR
Q2 = Patgps = 18,75 . 0,854 = 16 KVAR
Q = Q1 + Q2 = 23,9 KVAR
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Gid tri cAn thiét cla hé s& cong sudt cosey = 0,9 (tic 1a tger = 0,484)
tuong dng v6i cong sudt phan khéng téng hop:
Qi = Ptgoy = 30,5 . 0,484 = 14,77 KVAR
Cong suat phan khang cén thiét cia bd tu:
Qx=Q- Q1 =239 -14,77 = 9,13 KVAR
Ta chon trén Catalog gid tri cong sudt phan khéng cia bd tu ba pha
gin gid tri tinh duge nhat, ta ¢6 Qx = 10 KVAR
Pién dung mbi pha cia tu khi néi tam gidc:
Co Qw _ 10.10°
3020 3.380%314

=73,5uF

4.8 SUT AP VA CONG SUAT TON HAO TREN DUGNG DAY BA PHA

4.8.1 Pién cam dudng day ba pha

Sut 4p trén dudng day mot pha phu thudc vao tré khdng cia dudng
day, vao dién cam riéng cua ngudén va tai. Khi tinh todn dién cdm cda
mach nay thi vai trd chi yéu la dd dai cia dudng day, khoang cach gilta cdc
day, va ban kinh mit cdt cia day din, ta thudng goi d6 la dién cam riéng
cua duong day.

Trong mach ba pha ching ta c6 ba (hodc bén) day vdi cdc dong dién
khdc nhau. Sut dp trén mot day bat ky 1a do anh hudng cda tir trudng tao
nén do dong dién chay qua céc day dan. & day ta chi han ch& dé€ xét dudng
day ba day, véi gia thiét cdc day duogc b6 tri d6i xung & cdc dinh tam gidc
déu (H.4.27a) va ca truong hop phan bd khong d6i xiung (H.4.27b). Céc
duong ddy thudng dugc hodn chuyén sao cho trén mbi doan day c6 dd dai

. 3 ~ e ~ - 1
nhu nhau, ching sé cé cdc vi tri tudn tu. Nhu vy méi day c6 trung binh 3
dé dai cha dudng day tir ba vi tri.
® R -
., N\ i
AN O i
7 \ - \
P PN . PR AN
d/ 1 \d dsl -7 ’,dIO \ d12
7 G \ . /d 7 \
;O @ -7 2Pl g
,,/ \\\ ’/’—4’ i g \@
et L x3gi Si-mmmmmmmm BN
_________ R -———— B
ic d ic \.__. dyg

Hinh 4.27: @) Puong ddy déi xung; b) Puong ddy khéng déi xung
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Khi xét hé thong dudng ddy la d6i xing, thi dién 4p cdm img & pha A

sé la:
uLA = LAd;—f+MAB-(3—f+MAC%’— (4.56) -
trong dé: La = %[ln%%%—] = ;_(:[1“%5"*%}
MaB =Mac=M = -%—ll:lnﬁ+b'—j|
2n( dr 4
Khi chii y: 1A + 1B + ic = 0 ta sé& cé:
: ua=a-M) Sa

Véi hé thong d6i xdng, dién cdm clia méi pha l1a nhu nhau, ta ky hiéu
ching qua chit L v6i chi s6 p va goi d6 l1a dién cdm pha:

Holl, d pp :
Lp= 2| In—+L 4.57
P Zn{nr+4] : : ( )

Khi h¢ thong khéng déi xing, d dugc thay béi khodng cdch trung binh
giita cdc day dén 1, 2, 3:
‘ d= d12.d23.d31 ' (4.58)

Vi du, khi 250 < % < 500, d6 1a cdc day din ngoai trdi thi dién cdm

trén lkm cia mét pha sé-la:

T" =Ly = (1,15 + 1,3) mH/km (4.59)

(khi po = 47 . 10”7 H/m, [ = 10°m)
Con dién khdng pha cia méi day trén don vi chidu dai:
X’p = (0,36 + 0,41) Wkm (4.60)

Khi cdc s8 liéu trén khong duge cho trudc, nguoi ta thudng chap nhan
X’p = 0,4 O/km

4.8.2 Sut 4p trén dudng day ba pha

Sut dp trén du’dng day ba pha 1a higu cdc gid tri hiéu dung ciia dién 4p
day 6 dau va cudi day.

Sut 4p c6 thé xdc dinh bing cdch do dién 4p & ddu day va cudi day cda
doan day cing mot pha dang xét, bdi vi trong trudng hop tdi khong déi
xung, dién 4p day trén tdi Uap, Upc, Uca c6 thé khéc nhau.



- MACH BA PHA _ ‘ 299

Trong hé théng bén ddy, ngudi ta dua ra khdi niém sut 4p pha la hiéu
cdc tri hiéu dung ctia dién 4p pha & diu va cudi dudng ddy dang xét.

Viéc dua ra cong thic tuong }
d6i don gidn dé€ tinh sut 4p
trong trudng hgp tai khéng doi
xing la khéng thé duge. Do d6
ta chi xét trudng hgp déi xung.
Va dé don gidn, ta xét ngudn va

tai déu duge ndi sao (vi néu ndi Unn
tam gidc thi ta vdn c6 thé .
Xala

chuyén vé sao tuong duong). .

Trong hé thoéng sao doi o
xing, ba ddy hodc bén day, do . X
Ugy ~ Hinh 4.28: D6 thi vecto xdc dinh

sut dp trén duong ddy ba pha.

léch diém trung tinh giita nguén
va tai Uon = 0, vi vay c6 thé xét
mdi pha mét cdch déc lap nhu d6i véi mach mot pha.
Cing nhu cdc phan trudc, ta da ky hiéu:
Uan.Upn.Ucy : cdc dién ap pha d4u dudng day
Uao.Upo.Ugo: cdc dién dp pha cudi day
Z4 = Rq + jXq: tré khdng cia méi pha.
I,.15.1;: cdc dong dién day |
Uan =Uno +(Rg +iXa)Ia
thi ta sé cé: Upn =Ugo +(Ryq +iXg)lp (4.61)
Ucn =Ugo +(Ra+iX)lc
D4 thij vectd tuong ing vdi (4.61) duge bidu dién trén H.4.28.
Sut 4p pha khi d6 biing hiéu médun ciia cdc dién &p pha bét ky.
AU, = 1Upy) - Waol (4.62)

Dé x4c dinh né, ta c6 thé dung cong thUC gin ding: chiéu ldn lugt céc
vecto lén trén vecto Upo:

AU, z(Rdcos(p+dein¢)Id o (4.63)

trong dé: I4 - Gid tri hiéu dung cia dbng dﬁy bat ky va cos (p hé s cong
suit cia tdi.

Céc vectd dién 4p pha & ddu va cudi ddy tao nén cédc hinh sao dsi
xing, va do 46, cdc vecto dién 4p ddy tao nén cdc tam gidc déu, c6 céc canh
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16n hon ¥3 14n so véi hinh sao. Khi ta nhan hai v& ciia (4.63) véi V3 ta sé
c6 hidu cdc gid tri hiéu dung cda cdc dién dp day (Uxg—Upasp), va do d6,
sut 4p day sé la: : ,
AU =+/3 (Rycos @+ Xgsin@)y (4.64)
Néu dong dién khéng duge cho trude, ma cho truée cong sudt va hé sd
cong sudt cia tai, hodc cong sudt tdc dung P va cong sudt phan khéng Q,

thi cong thitc (4.64) dugc viét lai khi ta sl dung:
J3 I4 cosm:ivé J3 I4 sin(p=——Q—— la:
Uy Uyg

AU = PR+ QXq (4.65)
[SF
P
hay: AU =— (R4 + X4tgo) (4.66)
Uqg
Khi muén biéu dién sut 4p biing phan tram, ta nhan hai v& cia (4.65)
100
cho —
d
100 100P
AU% = o= [PRq +QX4] =—U—2-[Rd + X4tgol (4.67)
d d

Trong mach dién, ngoai khdi niém sut 4p ngudi ta con c6 khéi niém vé
dién 4p tén hao. Dién 4p t6n hao 1a tich cha tré khdng dudng day véi dong
di qua né. Trong dudng day ba pha, tich cia tré khdng dudng day va dong
dugc goi 1a dién 4p tén hao pha. Ta dé dang thay, dién 4p tén hao pha:

AU, =Z41; = U,y -Upo
Vi du 4.5. Dudng day ba pha trong khéng khi c6 chidu dai I = 500m, tiét
dién day din S = 70 mm?, day biing déng, dugc cdp bdi nguén 4p 380V va
¢6 hai tdi: mot c6 cong sudt Py = 12KW, ¢6 cos ¢; = 0,8 va mjt c6 cong sudt
Py = 6KW, c6 cos @2 = 0,7. Hay x4c dinh sut 4p phin tram va tuyét déi khi
cho X’p = 0,38 Q/km (dién khéng pha trén don vi chiéu dai).

Giai. Ta c6 thé x4c dinh:

cosg; = 0,8 = tg ¢1 = 0,75
cos@g = 0,7 = tg @2 = 1,02
Vay céc cong sust phan khéng cla c4c tai:
Q1 = Pitg ¢1 = 12. 0,75 = 9 KVAR
Q2 = Paotg ¢2 = 6. 1,02 = 6,1 KVAR
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Dién trd va dién khdng cia dudng day:

l 500 . N
Rq = ;S—=_5677_0— = 0,127(2 (cho day dong)

Xq=Xp.1=038.05=0190Q
Sut d4p % sé la:
100

U§

AU% =

(RdP + XdQ)

) 31;(?2 [0,127(12 + 6) + 0,19(9 + 6,1) . 10°1= 3,57%

Sut dp tuyét doi:
_AU%Ug _ 357380 _ 4oy
100 100

AU

4.8.3 Tén hao cong sudt trén dudng day ba pha

Do c6 dong dién xoay chiéu chay trén day din ba pha nén xay ra tén
hao céng sudt tdc dung cling nhu cong suit phan khéng. Tén hao cong sudt
tic dung trén dudng day bing téng tén hao cong suat tdc dung trong ting
day riéng biét. Khi cdc day din c6 dién trd giong nhau va dong dién khong
nhu nhau thi ta sé cé tén hao cong sudt tdc dung AP dugc tinh:

AP =Ry(1% + 1§ +13) (4.68)
Va tuong tu cho ton hao cong suat phdn khéang:

AQ=X (0% +13 +13) (4.69)
Khi hé thong la déi xding:

AP =3R415 (4.70)

AQ =3X413 (4.71)

Néu cong suat tdc dung va phan khdng & cufi dudng day 1a P va Q=P
tg ¢ thi cdc cong suat & dau day: ' :
Py = P+ AP=P+3RgI3 (4.72)
Qi = Q + AQ=Q+3X4l] (4.73)
Va hé s6 cong suat 6’d{iu day:
P,

cosQl =
JP2+Q}

Vi du: X4c dinh tdn hao céng sudt tdc dung va phén khdng & vi du trudc.

(4.74)

Giai: Ddng dién trén dudng day:
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s _{P+@?

I = =
=B JBU
2 2
L= J(12+j% +3(;)(;6,1) . 10° 235,74
Vay: AP=3R4l3 = 3.0,127. 35,7% = 485 W

AQ=38X,13 = 3. 0,19. 35,7% = 725 VAR
4.9 PHUONG PHAP CAC THANH PHAN D01 XUNG

4.9.1 Cic thanh phin d6i x\ing

Trong cdc hé théng ba pha, ngudn cung cdp thudng 1a d6i ximg dé 1a
sy d6i xiing do mAdy phdt. D&i véi tdi ngudi ta ciing c6 ging dé€ cho d6i xung.
Mic du vay, trudng hgp tdi khong déi xiing vin thudng x4y ra, va diéu dé
lam thay d6i hé théng ba pha vé mit dién tir. Bén canh dé, truong hop
khéng d6i xing cdon xdy ra do ddt ddy din, cham d4t, cham pha v.v.. Do
vdy can phai c6 kién thie vé phan tich mach dién & trang thdi khong déi

-~

xing. . .
Viée tinh todn mach ba pha c6 tré khdng khéng déi xing da trinh bay
& cdc muc trude. O day, ching ta s& tim hiéu mét phuong phdp méi la
phuong phdp cdc thanh phén déi xing. Co sé cia phuong phép nay la méi
hé théng khong d6i xing cia cdc vecto bi€u didn cdc qud trinh dién dp hay
dong dién sin c6 thé phan tich thanh mét s§ cdc thanh phin déi xing nao
de. '

Tir day ta c6 nhan xét: viéc phéan tich mot ha théng khong d6i xing nhiéu
pha c6 th€ dugc tién hanh béi viéc phan tich mét s8 cée mach nhiéu pha dé
xing va két qua s& nhan duge qua vige x&p chéng cac két qua rieng 18.

& ddy ta chi gi6i han xét mach ba pha khéng d6i xing. Cdc qud trinh
cia mdt dai Iugng vat ly trong cdc pha A, B, C ciia mét hé thdng ba pha ddi
ximg c6 thé dich chuyén so v6i nhau méot géc 1a: .

a) % tic 120° theo chiéu ngugc;

b) 532 tic 240° theo chidu nguge hay 120° theo chiéu thusn;

¢) 2n tide 0° (khi cung pha).

Ta thuémg chon pha co bén 1a pha A con céc pha B, C thi djch di so
véi né.

H¢ théng thi nhét duge goi 1a hé théng thyt ty thudn, duge ky hidu véi
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chi s6 “1”.

Hé théng thit hai dugc goi 1a hé théng thd tu nghich, dige ky hiéu véi
chi s§ “2”. o

Heé thong thi ba duge goi 1a hé théng thd tu khéng, duge ky higu véi
chi s “0”. v

Ta sé& sip xé&p cdc chi s6 1, 2, 0 tuong ung cho cdc bién d§ va géc pha
ban ddu cho cdc dién 4p ngudn va tuong ing véi né 1a cdc gid tri phic trong
c4c hé thong ba pha thuén, nghich va khong.

ea1 = Epj sin (ot + ¢1) E,, =Ee/*
ep1 = Emr sin (@t + @y — 1209 Ey =Eale'j2_3n'
ect = Em1 sin (ot + @1 — 240°)  Ey =E81e'j4?n
ea2 = En2 sin (ot + ¢2) E,; = E,e'® (4.75)
ep2 = Emo sin (0t + g2 + 120°) By =E,,2e._23£
ecz = Emg sin (0t + g2 + 2409 Eg; =Egze 3
g RN
€.,
Eus
a) b) )

Hinh 4.29: D6 thj vecto ciia tdc hé d6i xing
a) Thi tu thudn; b) Thi ty nghich; ¢) Thu ty khéng

€ao = €bo = €co = Emo 8in (@t + 9o); Ege =Eyp, =Eq =E,e'%

Dé thi vectd cia cdc dién 4p ngudn trong cdc hé théng thi ty pha khdc

nhau dugce cho trén H.4.29.
) 4R

2n JAn
—J—--
vae 3 la

= i
Trong cdc cong thic (4.75) c6 cdc thira s6ed,e3,
cdc ham mi, thita s& eJ 3 | ta s& ky hiéu 12 chit a. Thia s6 a dugce goi la

todn ti quay mét géc —235 theo chidu duong. N6 fa mot s8 phiic, c6 cdc tinh

2=
e 3

chét sau:
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.2
- 1 .43
a =e'3 = c0s120°+ jsin120° = —-—+_]£
' 2 2
s 1 V3

2 - 8 =cos240°+jsin240° = —= - j——
a“=e cos jsin 5 _]2

a3=ej2"=a3k=1(k=0,:1,:2...)

a4=a3k+1=a k=0,+1,22..)

d=a2_a2 (k=0,21,22.)

Céc sd 1, a va a’ 1a mot hé d6i xing cha cdc vecto don vi, c6 téng bing
khong: ’

2 "2 2 "2
Tudésuyra: 1+a= —a’ (4.77a)
1+ a2 = -a (4.77b)

Khi st dung todn ti quay a, thi ta cé cdc dién dp d6i xing cé thu tu
pha khdc nhau dugc biéu dién duéi dang: \

Eal = EpEbl = azEl'Ecl = aEl
EaZ = Ez’Ebz = aE2,Ec2 = a2E2
E,, =E,, =E, =E, , (4.78)

4.9.2 Phén tich hé thong ba pha khéng d6i xitng thanh cdc thanh
phin déi xiing
Vé6i mét hé thong khéng d6i xing dién 4p pha bat ky U,,U,,U, ta
hay tim né duéi dang tdng chia cdc thanh phédn d8i xiing tuong \ng:

U, =U, +U,p+U, (4.79a)
U, =U,+U,+U, (4.79¢)

Khi sit dung eéng thue (4.78),' ta sé viét (4.79) du6i dang:
U,=0,+U,+U, (4.80a)
U, =a?U, +aU, +U, (4.80b)
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U, =aU, +a’U, +U, (4.86c)
Ta nhan dugc hé ba phmmg trinh tuyén tinh, tit d6 c6 thé tim ra cédc
thanh phdn d6i xing U;,U,, U, cia mét hé théng khong déi xing
U,,U,.U, . Két qui nhu sau: ‘
o Cong ba phuong trinh cda (4.80) ta c6:
| u, =%(Ua +0,+0,) (4.81)
o Nhan (4.80b) véi a, nhéan (4.80c) véi a° réi cong ba phuong trinh, ta c6:
U, =%(Ua +aU, +a’U. ) (4.82)
« Nhén (4.80b) v6i a%, nhan (4.80¢) véi a réi chng ba phuong trinh, ta c6:
U, = —;-(Ua +a?U, +aU.) (4.83)

4.9.3 Tinh chit cac thanh phan ddi xing

Nhu da xét trong muc trudc, viéc phan tich mdt hé thong khéng déi
xiing thanh ba thanh phin d6i xding cé déc tinh tdng quat. Tuy nhién, van
tén tai nhimg hé théng dong va dp, ma trong d6 khéng phai tdt cd ba
thanh phan déu xuét hién hoic c6 thé xudt hién.

Khi téng ba vects cia mot hé khong déi xing dong va 4p bing khéng,
thi hé théng d6 sé khong chia thanh phén khéng. Diéu kién nay thdéa méin
cdc dong dién trong hé théng ba ddy va cdc 4p day trong hé thong ba hay
bén day.

Dong dién trong hé théng ba ddy khong c6 diém trung tinh néi d4t c6
thé chi bao gdm cdc thanh phdn thuin va nghich, nhung khéong c¢6 thanh
phén thi tu khong.

Trong hé thong n6i sao bdn diy, dong trong ddy trung tinh bing ba
14n gi4 tri cla cdc thanh phin thyd tu khong. Trong céc hé théng ba day c6
diém trung tinh n&i d4t, cdc thanh phédn dong thy ty khong c6 thé khép
mach qua d4t nhu trong ddy trung tinh.

Téng cdc dién 4p day, ca trong mach ba dfy va bdn day, déu bing
khéng, tir 46 ta c6 nhan xét:

e Dién 4p day trong céc hé thong ba day va bén day chi bao gém céc
thanh phén thd tu thuén va nghich.

e Mic d khong d6i xiing cia dién 4p ddy, theo dinh nghla 1a ti s6 gilra
gi4 trj hiéu dung thanh phén thi tu nghich dp day vdi gid tri hiéu dung
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thanh phédn thi ty thuin cia ching, va dugc tinh theo phén tram.

% =22 100% (4.84)
Ul

Trong thuc t&, céc hé thong dién 4p day duge goi 1a ddi xing khi & < 5%.

Mic du khong c6 thanh phin khéng trong cdc dién dp day, nhung né
vén c6 th& xust hién trong cdc dién 4p pha. Ta goi E,.E,.E, 12 cdc dién 4p
pha ciia ngudn ba pha 1y tuéng ndi sao, gia thiét ching c6 dd cédc thanh
phén thu tu.

E, =E, +E,+E,
Eb = azEl +aE2 +Eo
E, =2k, +a’E, +E,

Tif cdc phuong trinh trén, ta nhén thdy ring, do dp day 1a hiéu cdc
vects dién dp pha, nén thanh phan khéng cia dién 4p pha khéng 4nh
hudng dén gid tri cia dién 4p day. '
4.9.4 Tr§ khéng ba pha d8i xing va cde thanh phén d6i xiing

Trong phuong phép cédc thanh phén d6i xing, ngudi ta thudng st dung
nguyén ly x8p chéng. Cdc hé cung cdp khong dsi xing dugc biéu dién dudi
dang ndi tiép ba ho#c trong trudng hgp déc biét hai ngudn cung cap ba pha
d6i xung c¢6 thi ty pha khdc nhau. Néu nhu tdi d6i xing thi khi d6 mach
khéng d6i xing c6 thé phan tich thanh hai hodc ba mach ba pha cé ngufln
va tai doi xding. Tir d6 ta thdy riing, trong mach ba pha d6i xung dugc cung

c4p bdi ngudn 4p déi xing c6 thd tu pha yd

bat ky, cdc ddng dién ciing ddi xing va A —

¢6 cing thd tuv pha nhu nguén dp. Nhu g é 0
vdy chi c¢dn tinh cdc thinh phén déi

xing cla dong dién trong mot pha. D& C- - A—':Z:

thyc hién diéu d6 cdn phai biét tré y : R

khdng cia mach ba pha d6i véi cdc ; ’
dong c6 thit ty pha khdc nhau. Hinh 4.30: Mach ba pha bén ddy

~ Trén H.4.30 1a so d4 tai ba pha déi déi xung vsi ZN & déy trung tinh
xung v6i ZN trén ddy trung tinh. Néu ta |
néi dé’n. cdc cyc-A, B, C, N mot nguén 4p ba pha d6i wimg c6 thi tu ph?
thugn Uy, Uy, Uy thi cdc dong dién ciing sé d6i xing va c6 thy ty thudn -
igl,ibl-va I, . '

o Ti s giita dién 4p pha bt ky véi dong pha d6 trong mach ba pha déi
xing, duge cung cip bdi ngudn 4p ddi xing cé thi ty pha thuan duge goila
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tré khéng thi ty thudn, va ta ky hi¢u né 1a Zy:

[:Jal = I:Jbl = I:Ja

Iy ;o I

Trong mach trén hinh (4.30), ta ¢ Z) = Z. Téng céc dong dién thd tu

thuan bing khéng, do d6 khéng c6 dong di qua dﬁy trung tinh (IN = 0). Vi
vy trd khang Zy trén déy trung tinh khong &nh huéng dén gid tri Zs.

Tuong tu, néu ta ndi dén cdc ddu A, B, C, N mft nguén 4p ba pha déi

ximg c6 thi tu pha nghich Uaz,sz,U , & gdy nén trong tdi cdc dong dién

c6 thit tu nghich Iaz,Ibz,Icz

=7, | | (4.85)

e Ti s§ giita dién 4p pha b4t ky véi dong ciia pha d6 cia mach ba pha
d6i xing, dugc cung cdp bdi ngudn d6i xing thy tu nghich, duge goi 1a tré
khéng thit ty nghich, ky hiéu Zg: -

Uus _ Uz _Uer

Lo ILe I

=2y (4.86)

Trong mach dang xét, tat nhién Zg = Z

Néu ta dua dén cdc cuc A, B,C, N cua mach trén H.4.30 ngudn ép doi
xing ¢6 thi tu pha khong: Uy = =U,, =U,, thi cdc dong dién sé dox xing va

c6 thu tu pha khong:
S

o

(4.87)

L, I I ,
Dién 4p ciia mot pha bat ky, vi du pha A s& dugc tinh béi tdng cdc
dién 4p trén tré khdng Z va ZN. - :
U,, =21, +2y (31,)
B&i vi trén ddy trung tinh c6 dong dién bing 3I,.
Tit day suy ra tré khdng d6i v6i cdc dong c6 thit ty pha khong
Zo=7+3IN , (4.88)

Néu trong mach tdi d6i xing dang xét dudc ‘cung cﬁp bdi cdc ngudn 4p
khdng d6i ximg bao gém céc thanh phén thuan U; va nghlch U,, thi cdc dong

sinh ra bdi céc dp nay cung ¢6 céc thanh phan thué.n 11 va nghich I,:

1 ' ' ‘
=Yz (4.90)
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Khi tinh todn cdc dong ba pha bing phuong phdp cdc thanh phén déi
xiing ta sé sit dung cdc so dd riéng 18 cho cdc thanh phan cu thé. Trong céc
sg dd d8i v6i thanh phén thudn va thanh phan nghich cia dong dién ta sé
bb qua tré khang Zy (H.4.31ab).

A e A —}— AL
z, Z, Z 3z,
B ——o B8 43— Bo—-T3—1{"3—J
Z, Z, 4 3z,
9] { } c 1 c —1 1
N Z N Z N _ z 32
a) b) ' c)
Hinh 4.31

Trong cdc so dé d6i véi thanh phdn thit tu khong, xudt hién trong méi
pha gi4 tri 3Zn (H.4.31c)
Pha co s§ duge chon khi tinh todn cdc dong ciia thi tu pha bat ky ta

thudng chon la pha A, va ta thudng dung cdc sg déd mot s¢gi nhu trén
H.4.32 a,b,c.

Ae————F— A}
z, ' ' z, '
N N o—
a) b)
Hinh 4.32

Vi du 4.6. Dgng co cdm ng duge néi sao, ¢6 trd khdng pha
' Z1=4+j3(Q);Z2=0,1+j0,4(Q) :
Bugc cung cip bdi ngudn 4p d4y khong d6i ximg c6 gla tri hiéu dung
390(V), 390(V) va 360(V). Hay tinh dong trong cdc pha cia déng co.
Gidi '

Tam gidc dién 4p ddy 1A tam gidc cdAn. Ta hdy dit ching lén mit
phéng sao cho trung tuyén cia canh 360(V) nim trén truc thuc (H.4.33).

- Céc dién dp pha clia mach:

U, = 3907 _180° = 346(V)

Up =~j180(V)
U, =j 180 (V)

Céc thanh phén Uo,ﬁl,ﬁz ‘dugc tinh:.

),
C:

3,
180 %
0 ..
180
2 Hinh 4.53
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U, =5(Ua +Ua +Uc) =116.3(V)
U, =%(UA +aUp +a%Ug)

_%(346+ 180°£30+1802 - 30°)
- %(346+ 9.180.0530°) = 219,3(V)
U, =1(U, +2U5 +alc)
3

=%(346+ 180£ - 210°+180£210°)

= %(346 +2.180.c0s(-210°)) =11,4(V)

Mic di tén tai thanh phdn thd ty khéng cia dién dp, nhung khéng
xust hién thanh phén thd ty khéng cla ddng, vi ZN = =

" C4c thanh phén thuén va nghich:

4-j3)-35-i26.3
7, aep 2 T

.U 1.4 114 . ’
i 2Uz__104 1124, 404)-6,7-j268
2= =onr 31 07 Y )

Céc dong dién trong céc pha:
iy =1, +1;=41,7-j53.1

iB = a2i1 +ai2

1 \[5 . 1 .43 :
_{21_:¥3 |a5_i26,3)+| -=+ == |(6,7-j26.8
[ 5 b] 2 ](35 32 3)+[ 2+_) 2 ]( j )

= -40,3 - j17,2 + 19,86 + j19,2 =-20,4 +j2
.‘c = ail +a2i2

1 .43 . 1 .43 .
1,93 | 35-526,3)+| == = |6.7-i26,8
{ ~+3% )(35 3263)+[ 5 12)( j26,8)

= 5,28 + j43,5 — 26,56 + j7,6 = -21,3 + j51,1
Gi4 tri hiéu dung cia cdc dong dién:

Ia = 67,5 (A); I = 20,5 (A); Ic = 55,4 (A);

I = 43,8 (A) I2 =276 (A)
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MANG HAI cUA

5.1 KHAI NIEM CHUNG

Mang hai cita 12 mach dién trao déi ning lugng, tin hiéu dién tir véi
bén ngodi qua hai cta. Mdi clta 1a mjt cdp cuc & d6 néng lugng, tin hiéu c6
thé duge dua vao hodc 14y ra; ¢ mbi cda dong dién chdy vao mot cuc thi
bing dong dién chidy ra & cuc kia.

mang
hai clra

1|
(cda 1) (ctra 2)
Hinh 5.1

Ta giéi han xét mang hai clta tuyén tinh khéng nguén (khéng chia céc
nguén doc 1ap) & ch& do xdc 14p didu hoa. Tuy nhién, hdu hét cdc két qua ¢6
thé suy ra cho ché d¢ xdc lap DC ho#c cho mang hai cda tuyén tinh khéng
ngudn thudn tré (chi chia cdc phén ti dién tré va ngudn phu thude).

5.2 CAC HE PHUONG TRINH TRANG THAI CUA MANG HAI CUA

Trang thdi va. qud trinh ning i i
: 1 2

lugng trén hai cita duge ddc trung va 1p0——"| . P2
. . . . + Mang 2 cua +
do béi hai cip bién trang théi o, . tuyén tinh S
U, I;, vaU,,I,. Coi bai todn mang _ I khdng nguén | I,
p—=——1 xaclgpsin (== 2
hai ca tuyén tinh 1a bai todn mot hé. zcaa " xéc lap sin (clia 2)
théng c6 hai phan ti bién dong dit & Hinh 5.2

hai cita, theo muc 3.6.2 (Chudng 3) mbi
bién sé& duge xdc dinh theo m¢t quan hé tuyén tinh véi hai bién khéc. Do
d%, néi chung trang thdi cia mang duge mé td bdi mét hé phuong trinh
trang thdi lién hé hai bi€n nay véi hai bi€n khéc cé‘dang:

X; =a,X;+a,X, +a,

Xy =by X +b,X, +by
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trong d6 a1, az, a3, b1, bz, b chi tuy thudce két cAu va théng so cdc phan td
bén trong mang hai cda; X,.X,.X3,X,, 12 mdt trong cdc bién U, 1, U, 1.

DP&i véi mang hai cita khong nguén, khi hai trong bén dai luong bing
khong thi hai dai lugng con lai sé bing khong do d6 suy ra a3 = 0 va bs = 0,
nghia la:

X, =a; X5+ a2X4}
X, =b X3 +bX,

Béi vi c6 sdu t8 hop hai dai lugng bat ky tir bon dai lugng trén, nén ta
¢6 sdu hé phuong trinh trang th4i md ta hanh vi mang hai ca. Tuy theo
_ bai toan cu thé s& sif dung hé phuong trinh thich hop.

5.2.1 Hé phuong trinh trang thdi dang Z

Bidu didn U, va U, theo i, val,:

U, = Z1, +Z1212 (5.1a)
U, = Zonly + 299, (5.1b)
ho#c dang ma tran: _
F‘} // [I’} (5.2)
U, I
véi: Z= [Z“ Zl"‘] (5.3)
' Zoy Zgs

Chiéu duong ciia I;, I, U,, U, nhu H.5.3.

711, Z12, Z21, Z22 khong phu t’hut‘_)tfz cé\c ! _1-1— Mang —_Tz_:
dong, 4p ma chi phu thuoc vao két cau va u, khéng nguén U,
théng s8 cdc phdn td ¢ bén trong mang hai g tuyéntinh S

‘cifa. Chiing 13 nhimg thong s6 dac trung
., . o " Hinh 5.3
cho mang hai cua, go1 12 théng s6 dang 2.
Tit (5.1a) va (5.1b) suy ra:
Zy =LJ—1— . . trd khang vao ca 1 khi hé mach cfa 2
I, |I2=0
yA% =El . . tré khéng vao clta 2 khi hé mach cira 1
) 12 I] =0 i ) (54)
7 U, " 41§ khang tuong hb cita 1 d6i véi clta 2
1257 11, =0" khi hé mach ciia 1
7 U, trg khéng tuong hé cia 2 dsivéiclral
| 21777 |ig=0" khihé mach cita 2
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C4c thong s6 dang Z goi 1a cdc thong sd tré khdng hd mach, don vi do
12 ochm (Q). Cdc mach tuong duong dugc mé td béi hé phuong trinh dang Z
dugc vé trén H.5.4. | |

Su tuong duong giita cdc mach H.5.4 véi hé phuong trinh (5.1) c¢6 thé
dugc kiém tra bing cdch viét dinh luat K2 cho hai mit lu6i & méi mach.

Vi du 5.1: Tim cdc théng sé Z ctia mang hai cia hinh T (H.5.5).

Giai
_i_1_ I, Viét phuong trinh K2 cho hai mit ludi:
— 1 ==

Z + (Zdl +Zn)il +lei2 =Ul
Znil +(Zd2 +Zn )12 = Ug

d2
e G
A Vay:Zy, =2y +Zn. Zyp =24, +Zy. Z13 =25, =Z, (5.6)

’- 4 Nhén xét ring ma tran Z d6i xing.
Hinh 5.5 ‘

(5.5)

Vi du 5.2: Tim cdc théng s§ Z ctia mach dién H.5.6

(hd maﬁ
Hinh 5.6 ~ Hinh 5.7

Giai

Ta tim cdc thong s Z dung biéu thic (5.4).
+Hé mach ctta 2 (I, =0) ta duge nhu H.5.7. Tir hinh nay ta cé:

U, =-BU,R, +U, =1-BRy)U, = (1-BRy)Zy,
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g, Uz _Ri0-BRy) i, .
S 5 ; + R, Ry +
«Hé mach cia 1 (I;=0)ta dugc
mach H.5.8. Tt hinh nay ta cé dong dién 0, %R, <} BU, U,
chdy qua R; va Rg 1a I, -pU,(vi 1, =0), .
, . - ‘ I~pU, -
do dé: £ 7
(hé mach) Hinh 5.8
o U, R
U, =R,{, -pU,) =2,y =Lt =—2
1 =Ry -BUY) 277" " 14pR,
Mat khaéc:
U2 =R3i2 +(R1 +R2Xi2 _BU].) = (Rl +R2 +R3)i2 —B(R’l +R2)Ul
= {(R, +Ry +R;3)-B(R, +R3)Zp M,
U, R,+R,+R;+BR,R
Suy ra: Zyy =2 =123 173
Yty 1+PR,
Nhan xét ring Z;; # Z,,, nghia 1a ma trdn Z khong dai xing.
5.2.2 Hé phuong trinh trang thdi dang Y
Bigu dién I, va I, theo U, va U,:
Il = YllUl +Y12U2 (573)
i2 =Y21U1 +Y2202 (5.7b)
hoac dang ma tran:
Loy veiy = [Y“ Y“] (5.8)
I, U, Yo Yoo
Chidu duong cua I,.1,.U,;, Uy nhu H.5.9.
Y11, Yig, Y1, Yoo goi 12 cdc thong s6 __1_1. <Iz_
Y; chiing 1a nhimg théng sé dac trung cho  + Mang ' T
mang hai cia, khéng phu thugc vao cac U, khéng "9"5" U,
0 X A ud 2 tuyén tinh
dong, 4p ma chi phu thugc vao két cau va —
théng sd cdc phén td ¢ bén trong mang Hinh 5.9

hai cia.
T (5.7a), (5.7b) suy ra:
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Y, - ~: d&n nap vao cia 1 khi ngédn mach cia 2
Ul U2=
Yoo =—¥2— ~ : d4n nap vao cia 2 khi ngén mach cita 1
U2 Up=
1 . _ ~ } (5.9)
Y I _ d4n nap tuong hé cia 1 46i véi cua 2
27 U,|01=0 ~ khi ng4n mach cita 1
v .Il_ _ d&n nap tuong hé cira 2 d6i véi cta 1
| 217 U,|U;=0 ~ khi ngdn mach cifa 2
1 32_4
+ +
YutYee Yoot Yoz U,
(Y21" Y1z )01

b)
N Hinh 5.10

Céc thong s6 dang Y cdn dudc goi 1a cdc thong s6 didn nap ngdn mach,
don vi do la mho (Q1) hoic Siemen (S).

C4c mach tuong duong mé td bdi hé phuong trinh dang Y duge cho
trén H.5.10a va H.5.10b. '

Su tuong duong gitta mach H.5.10b véi hé phuong trinh (5.7) c6 thé
duoc kiém tra bing cdch dung phuong phap thé nit, viét hai phuong trinh
K1 cho hai nit (& hai d4du cia trd khdng -Yi2), xem I, va 12 12 hai nguén
dong chay vao hai nit dé.

Vidu 5.3: Tim cdc théng s6 Y clia mang hai ;
I, 2

cta hinh n (H.5.11). : - — -—
+ ‘_Z_Jv +
Giai d
C6 thé tim céc thong s6 Y dung bidu * [[* Zny U
thare (5.9) )
« Ng#n mach c¢ita 2 (U, =0), d ~ —
gan mach cia 2 (U, =0), dong qua Hinh 5.11
Z,, bing 0 do dé:
U= ’Zdiz =2, (i1 +iz)
=Yy = Lo 1 ' (5.10a)

U, 24
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I 1 1
Yy ===+ (5.10b)
Ul Zd Zn]
I, » 2z,
F e IS e | .
= WSS puussmney -—
+ i2 12
l.J1 Zm Zn2
e =0
a) b)
Hinh 5.12

*

Ngin mach cda 1 (U, =0) nhu H.5.12b, ta c6 dong qua Z, bing

khong, do dé:

T (2) = 1, =[_R°‘__LJUI +[__+_1_]U2

=Y, R U (5.10¢)
U, Zg '
Yoo L 1,1 (5.10d)
U2 Zd an
Nhan xét riing Y12 =Yo1: ma trdn Y déi xung.
Vidy 5.4: Tim céc thong s6 Y ctia mach H.5.13.
i
Gii A =
: ; + - R, +
Ding phuong phdp thé nidt. Chon L R,
¢c = 0, ta cé: é
0 ::'U1 va ¢B=U2 Y ? R ) U,
al,
Viét phuong trinh K1 cho hai nit,
d8i xit 1, va I, nhu hai nguén dong chdy . c ”
vao niit A, B ta dugc: Hinh 5.13
. 1 1) 1 .
i,=| —+— [U;-—=—U (1
(5 & g, O
12_9_‘HI_=_ 1 U, + 1.1 U, (2)
Rs Ry R, Rg
(3)
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Tix (1) va (3) ta thdy:
1 1 1 1 1 a 1
st Y mo—tm, Vip=ooe, Yo =
R, Ry, R, R,’ ® R, ® R; R,
Nhan xét ring Y12 # Y21: ma trian Y khéng déi xing.

5.2.3 Hé phuong trinh trang thai dang H

Biéu dién U,va I, theo I, va U,:

Ul = Hllil +H12U2 . (5.113)
hodc dang ma tran:
‘ i H, H _
V* =H|! | v6iH = [ n 12] (5.12)
12 U2 H2l H22
Chiéu duong cta 1, I,, U, U, nhu trén H.5.14.
Hi1, Hig, Hai, Heg goi 12 cdc thong s6 L <I_g_
H; ching 12 cdc thong s§ dic trung cho [~ Mang — 7
mang hai cia, khéng phu thuge vao cde U, khéng nguén U,

dong, 4p ma chi phu thudc vao két cdu va #— tuyéntinh | _ 5

théng sd cdc phan ti & bén trong mang hai Hinh 5.14
cua.

T (5.11a) va (5 11b) suy ra:

H, = LJ_I_ 1 trd khéng vao cira 1 khi ngén mach

I, |Uz=0 Yn ctta 2, don vi do 1a ohm (Q)
Hy, = Hl_ : hém truyén dat 4p tir cda 2

Uy |Li=0 dén cda 1 khi hé mach cia 1

‘ _ : (5.13)

H,, = 12 : : ham truyén dat dong tit cia 1

I, [Gz=0 dén ctta 2 khi ngin mach cira 2
H,, - ‘Iz_ _1 : dén nap vao cia 2 khi hd mach cia 1,

Uy|hi=0 Z33  don vi do 1a mho (Q7) hodc siemen (S)

H12, H2) khong c6 tha nguyén.
Cdc thong s6 H con dugce goi 1a cdc thong sd hén hop.
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Mach tuong duong mé ta béi hé phuong trinh dang H dugc cho trén
H.5.15.

Hinh 5.15

Vidy5.5: Mach tuong duong cia mach chia op-omp H.5.16a dugc cho trén
H.5.16b. Tim c4c thong sd H. '

p—
+ v
S+
U, R, U,
e AN —
£
= a)
+ 0 - R, .I?.-
:_—;'VW — WA
= R X
11 ! Ia
% "
R ti
u, P 1 ‘4
AL,

c) --l_-— .
Hinh 5.16
Giai
. Ngn mach cita 2 (U, =0) ta duge H.5.16¢.
Tu H.5.16c, ta suy ra: ‘

U R, R,
H,,==1=R 1
11 Il 1 R1+R2
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R’l il R I AU AR Il

I, = ;

3= R1+R2 4 Ro RO

. . . R, ARI

=0, -1, = 11~ itl

= L= -1, R,+R, R,

i, (AR, R
H __.2..__.. ‘+____1_
do dé | 217y (Ro lesz

« Hé mach cia 1 (I; =0)ta duge H.5.16d. Ta c6 U, =R;I; =0, do d6
nguén dp phu thuée AU, =0.

Do d6: H22 = U—2'=R—°+R1+R2
R,+R,; +R,
2" R,R,+R,;)
. UZ
_U, _R; _ ' R,+R, R,
70, U, U, "R, +R,

5.2.4 Hé phuong trinh trang thdi dang G
Biéu dién I,va U, theo U,va I,:

il = GIIUI +G12i2 ) (5.14a)
ho#c dang ma tran:
[.Il || veiG= [G“ G“} (5.15)
U, I, Gy Gy

Chiéu duong cta I, I,, U,, U, ciing nhu trén H.5.14.
Tit (5.14a) va (5.14b) suy ra:

G I1 __1  dén nap vao cffa 1 khi hd mach cia 2,
1= U,lle=0  Z,; ~don vido la mho hoic siemen
G = I _ham truyén dat dong tir ctta 2 dén ciya 1
27 1,|00 " khi ngdn mach cta 1 (5.16)
G = U, _ham truyén dat 4p tir ctta 1 dén cda 2 '
270, =0 " khi hé mach cifa 2’
G = 22_ __1  trd khéng vao cita 2 khi ngén mach cira 1,
2 I, |01=0 Y22 don vi do 1a ohm

Gi2, G21 khéng ¢6 thit nguyén.
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Céc thong s6 G dugc goi 1a cdc théng s8 |, i,
hén hgp nguge, ching ciing 1a cdc théng $6 F—— ey
dic trmg cho mang hai cia, khéng phu + Z Zs ¥
thude vao cdc dong, 4p ma chi phu thuje vao Yy 2 Z, U,

k&t cdu va thong sd cdc phén ti 6 bén trong

mang hai cia.

'Vidy5.6: Tim cdc théng s6 G cla mang hai
~cira H.5.17.

Giai

«Hd mach cita 2 (I =0) ta duge H.5.18.

Hinh 5.19

Ta cé6: ' .
G =i_1= 1 - Zo+Z3+24 oo
n 1 Z +Z2(Z3+Z4) ZI(Z2+Z3+Z4)+Z2(Z3+Z4)
V2 + 2y + 2, ,
; Z,1 : ' Z,Z,1
I =21 U, =27Z,1 :___2_—4——1——
3 Z2f23+Z4=> 2T T 7423+ N
U, U, I 7,7
Do d6: G =.,&—_-___2..,_1__-____2__.4___..G
- U, L, G Zo+Zg+74 1
= Gy = Zos

Zy(Zg +2Z3+Z4)+Zy(Z3 +Z4)
» Ngdn mach cia 1 (U, =0) ta duge H.5.19.

. Zo + 172
U, Z“( 3+zl+zz,J_ ZigZy(Zy +29)+ 2,292,

Ta c6: Ggp=7%=

ZiZy T (Zy+Zy) 23+ )+ 1hZy

1)
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1= (2)
Zy+7Z,
Tir (1) va (2) suy ra:
i ~ZoZy
G = -l = 274 = —G
5.2.5 Hé phuong trinh trang thai dang A
Biéu dién U, va I; theo U, val,:
Ul = A11U2 —A1212 (517a)
il = A21U2 "‘A2212 (5 17b)
hoac dang ma tran: ,
UrloalP | (5.18)
L -1,
A A
véi A= [ 1 12} (5.19)
Ay Aygy
Chiéu duong cta I, I, nhu H.5.20.
Tir (5.17a) va (5.17b) suy ra:
U 1
A11 =—1 . =
Usjilz 0 Gy
U 1
A12 =——Tl Us 0 B —Y—
i 2 o (5.20)
1
A, ==L -
B0, 0 2y
i 1
A = "1 = ———

A11 va Agp khong c6 thi nguyén, A12 ¢6 don vi do 12 ohm, Ag; ¢6 don
vi do 12 mho hodc siemen.

Céc thong s8 A duge goi 1a céc théng s§ truyén dat; chéng ciing la céc
théng s6 dic trung cho mang hai cfa, khong phu thudce vao csc ddng, 4p ma chi
phu thudc vao két cdu va thong s& c4c phén tir & ban trong mang hai cia.

I

P

+
0,

Pr—

Mang
khdéng nguén
tuyén tinh

Hinh 5.20

Hinh 5.21
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Vi du 5.7: X4c dinh cdc thong s6 A cta mang hai cta hinh I’ (gamma thuén)
(H.5.21)

Giai
Ta c6:
.U, . U, 2
. 1 . Z1 )
I ==—Ug—-|1+— I 2
1 Z. 2 ( anz (2)
Tu (1) va (2) suy ra: ‘
1 . Zy
A=|1 L % (5.21)
Zd Zn

Vi du 5.8: X4c dinh cdc thong s6 A cia mang hai cita hinh T (gamma ngugc)
(H.5.22)

Ta c6
. U, -
I ==2-1I (1)
1 Z. 2 |
e U, . )«
ZD
) - Zg )\ . ‘ o
Hinh 5.22 Up=| 1+~ Ug -Z4lp (2)
. n ~
1+'§—d‘ Zd
Tu (2) va (1) suy ra: A= 1 " (5.22)
- 1 :
ZD

Vi du 5.9: X4c dinh cdc thong s§ A cia mang hai cfa hinh céu (hinh X) dai
xing (H.5.23).

P



322 CHUONG 5

Hinh 5.24

Giai
So dé H.5.23 goi l1a so d6 cdu vi c¢6 thé vé lai nhu H.5.24. D€ tim cde
théng s6 A, c¢6 thé dung cdc cong thic (5.20).

Hinh 5.25
+Hé mach cita 2 (I, =0) kich thich & cita 1 bing nguén 4p U, ta dugc
H.5.25a. ‘

Ta c6:
L U Y
3 Z,+Z, 2
. Zy-7,)
U, = Zoly - 21, = L2 =4
2 213 143 Z1+Z2
2 2 T o

@, L U__2 2)+Z, 2
U, U Uy Z,+Zy Z2,-2, Z,-7,
» Ngin mach cta 2 (Uz =0),\l\;ich thich & cita 1 béi nguén 4ap Ul ta
duge 'H.5.25b.

- Do tinh d6i xing ta th&y ngay dién 4p trén mdi tré khang la —[—12-1— Do dé:
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: 5.23
2 Z1 + Z2 ‘ ( )
2o-2y Zo-7y

Vi du 5.10: Xdc dinh céc théng s6 Z, A
cia mach H.5.26. Néu méc & clta 2
mét dién tré 5Q, va kich thich & ciia
1 ngudn 4p U, =10V, tim dong dién

chdy qua dién tré 5Q doé.

Hinh 5.26

Giai
Dung phuong phdp dong mit ludi, viét K2 cho hai mét 1uéi nhu hinh

ve:

(100 + 50)1; + 50i, +100i3 =U, (1)
501, +(50 +50)i, ~50[3 =U> (2)
trong dé: ' ’
i; =0,05U, @)
Ta c6: U, =501, =50, +1,) |
(4).

(3) =13 =2,5(, +1)
Thay is béi (4) vao (1) va (2) ta dugc:
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U, = 4001, +300I, 5)
U, =-751; - 25, (6)
Vay: Z11 = 400Q, Z12 = 300Q, Zg1 = -75Q, Zoo = -25Q
Giai (5), (6) timU,,I; theo U,,I, ta dugec:
16, 500
U, =——=Uyg +—1 (7
1 3 2t 732
1. 1
I, =—-—U,-=1
177752 372 ®
16 " 500 1 1
Vay: Aj1 = ——, Ay =——, Ay =——, Apy = —
ay: A11 3 12 3 21 75 2273
Khi m#c § cita 2 dién tré 5Q thi U, =-51,.
3 580 58
5.2.6 Hé phuong trinh trang thii dang B
Biéu didn U,'va I, theo U; va I;:
12 = BZIUI —BZZII (524b)
hodc dang ma tran:
U, | U )
[. 2]:3[ .1} (5.25)
I, -1
v6i B= [B” Bl“’] (5.26)
. B,; By
Chiéu duong cda I,, I, U,,U, nhu trén H.5.27.
Tu (5.24a), (5.24b) suy ra:
B U .1
§ Uyjh=0 Hyy
U,| 1
B12 =‘—Tg“ = ——
=L |o=0 Y,
il ' 1z (5.27)
1
B =—_2—- = ——
2T 2y
I 1
By =—2- =
2 L0 Gy
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B11 va Bgg khéng c¢6 thi nguyén, 1, i,
Byy c6 don vi do 12 ohm, By c6 don vi —
do 14 mho hodc siemen. . mang khéng .
) ] Uy nguén tuyén tinh U,
Céc thong s6 B duge goi 1a cac thong _
s8 truyén dat nguoc; ching cing la cac |

thong s§ dac trung cho mang hai cda, Hinh 5.27
khong phu thudc vao dong dp ma chi phu '
thudc vao két c&u va thong s6 cac phan ti § bén trong mang hai clta.

5.2.7 Quan hé gia cdc by thong sé ciia mang hai cita.

* N&u mot mang hai cda c6 dd sdu b thong s6 2, Y, H, G, A, B thi tu
mét bo thong s6 bat ky ta c6 thé suy ra tat cd cdc bd thong s6 con lai. Sau
day 1a mot s6 vi du minh hoa cédch xdc dinh mot bd théng s6 tir mot bd
théng s6 khdc.

« T (5.2) va (5.8) ta suy ra hai ma trdn thong s6 Z va Y la nghich dédo
cta nhau:

z =Y,Y=2" . (5.28)
-1
vi Y! Z[Yll Y12} 1 [Yzz ’Y12] Z=[Zn Z12}
Yo Yoo AY | -Yy Yy Zyy Lo
trong dé AY = Y11Y22 —Y12Y21 (5.29)
. Y. Y Y. Y,
dO dO le =A—2YZ", Z12 = - AlY s Z21 A@ 5 Z22 -_--A'% (530)
Tuong tu tt Y = Z7' suy ra:
Z Z Zoy Zyy
Yu =_Z2Zl’ Y2 =_TA%’ Yo = AZZ Yoo = Alz (5.81)
trong dé AZ =Z11Z22 — Z12Z21 (5.32)

«Tut (5.12) va (5.15) ciing suy ra hai ma tran thong s6 H va G la
nghich dédo cta nhau:
H-G',G=H" - (5.33)
Tir d6 suy ra dugc: '

_ G _Gu g - Su g,-Sn 534
Hy=—5" Hyp=-745" Hy =-—a B2=3q 34)
H22 Hl I121 _ IIII
=222 =_12 G, =——2L Gyp=-—- (5.35)
Gu=7g Cu="3g "»7TaH" % #H |

Trong dé AH = H11H22 "H12H21 ’ AG‘ = G11G22 - G12G21 (5.36)
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» Tir (5.18) suy ra:

U, ~A-L U, =_1_[A22 —AIZ:I Ul]
-1, I, | AA-Ay An| I

U, _ 1 fAy Ay U,
=|. "= . (1)
I, AA[Ay An|-L
trong dé AA = Aj11A99 — Aj2Agy (5.37)
So sdnh (5.25) vdi (1) ta suy ra duge:
A A A A o
By = Af: By, -"Z—X" By = AZI Bye =A_X— (5.38)
B B,, B B
Tuong ty ta c6: A, = A2B2 A, =—12 AB , Ay =-A—2Bl, A22=—A—1Bl (5.39)
Trong dé AB = Bj1B2s - B12Ba1 (5.40)
Nhan xét ring: AzB™!, Bz A™! (5.41)

« Ta thi tinh cdc théng s6 H theo cdc théong s8 Z.
Hé¢ phuong trinh dang Z, theo (5.1) 1a:

U, =Z,,1; +Z;,l, (2)
U, = Zy, 1) +Zp,1, 3)
T (3) suy ra: I, = _Zn =L A —U2 (4)
Zgy 22
‘Thay (4) vao (2) ta dugec:
) . Zy)
U, =2Z2,1,+2 e 2 ——U
1 =4y 12[ Zog 1+Z22 2]
U, = 21129y~ 2197, i, +@U2 (5)
Zyy Zyy
So sdnh (5) véi (5.11a), (4) vdi (5.11b) ta duge:
Zgy Z22 Zzz
Z 1
H,, ==2L H,, =—
2 Zy % Zyy

* Trén day ta xét mot s6 vi du vé cdch tinh mot bo théng s6 theo mot
by théng s§ khdc. Ching minh tuong tu nhu vy ta sé& duge bang 5.1 cho
phép tinh mét b thong s& bat ky tir mét bp thong sé bat ky khdc.
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Bang 5.1
¥4 Y H G R A B
2, Zyp | Yo Yo | AH o} 1 Gip | Au  B8A | B 1
AY AY | Hez  Ha | Gy Gy | Azy Az | Bar Bay
r4
Yo Yoy | _Hyo 1| G AG | 1 Ap | AB By
Zy Iy AY  AY Hy, Hyp | Gy Gy Azi Ay | By By
Z Zin | v, Y | - -T2 AG Gz | A _MA | By T
AZ AZ Hiq Hyy Gay Ga2 Az Ap | Bz B
Y
Zor Znn Hy AH | Gy , t | __1 An | 4B By
Az Az | Yo Ve Hyy  Hy Gz Gz Az Az | Bz Br
A Zp |V M2 | h, Hy Gy, _Gi2 Aip  AA | Bp 1
Zya Zp | Yivo Y AG AG Ay A | By By
H
Zy | Yo AY Gy Gu | 1 Ax | 8B By
Zo Zoz | Y Yn | Ha He AG AG Azz Az Bi1 By
1 Zyp | AY Yz | Hp _Hi2 | Gy Gip Agy _BA | By 1
11 Zyy | Ysa. Ya AH AH Ay Ay | Bz Bz
G
Zyy AZ | Yo 1| _Ha o Hn 1 A | 4B By
Zyy Zyy Yoo Y22 AH aH | Gai Gzz Ay Ay | B B
.ZL £ _12_2_ _i —A‘i -—m _1_ .(_3_22 A11 A12 522 ?1_2_
Zyy Iy Y1 Yo Hay  Hay | Gz Gay AB  AB
Al 1z | v M | He 1 Gn a8 B By
Zy1 2y Y21 Yo Hpy  Hzy | Gos Go1 21 22 AB  AB
Zp Az | Yy V| L Hy | _AG G Arp A | B B
Zip Zyz Yo Y2 | Mz He Gz Ge AA AA
Bl 4z, | LAY Yo |Mp M | Gu o _ 1 | An Au
Ziz Zy Yi2 Yiz | Hiz b Giz G A AA | B Ba
Apy Ay App Ay _ AA
Tacs:  AB=B; By~ BBy =2 Sl-T12. 2o =
R e VNV VR VRNV
— AB=— (5.43)
~ AA
Ching minh tuong ty ta cé:
AH=-L (5.44)
AG
AZ =— (5.45)
AY
cia déu

« Tir bang bién déi 5.1 ta nhén thay khong phdi moi mang hai

¢6 di séu bd thong s6 A, B, Z, Y, H, G. Vi du, néu mot mang hai cira ¢6 bd
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théng s6 Z, nhung:
- Néu Zgg = 0 thi s& khéng c¢6 bé théng sé H.

- Néu Z1; = 0 thi khéng ¢6 b théng s6 G.

- Néu Z2; = 0 thi khéng c6 bd thong sé A.

- Néu Z12 = 0 thi khéng c6 bs thong s B.

- Néu AZ = 231222 — Z21Z12 = 0 thi khéng ¢6 by thong s& Y.

« M6t mang hai clra ¢c6 du sdu bo théng sd thi goi la mang hai cia
chinh tdc. Mot mang hai cira 1a chinh t4c thi tat cd AZ, AY, AH, AG, AA,
AB déu khdc khéng ciing nhu t4t cd bén phan tit cda méi ma tran Z, Y, H,
G, A, B déu khéc khong. Cdc mang hai cira hinh T, T, T,n, X (di xét trong
cdc vi du trude) 1a cde vi du vé mang hai cita chinh t4c.

« Sau day la vi du vé cdc mang hai clta chi 15 -o 7
¢6 hai ma tran théng s6: U,

- Nguén dp phu thuéc dp (VCVS): -

Phuong trinh mé ta:
=0 . Hinh 5.28
{ ! (5.46)
u2 = aul .

trong d6 o = const # 0
S& ¢6 hai ma tran:

(5.47)

+ 3
+ X

iy 12
U1 = Bii Uz

Hinh 5.29 Hinh 5.30
- Nguén dp phy thuée dong (CCVS):
Phuong trinh mé ta:

u, =0
{ P . (5.48)
U2 =1‘11

véi r=const # Q

00 00

Cé6 hai ma tran Z = =

in [r 0},A 1 0 (5.49)
r



MANG HAI CUA 329
- Nguén dong phu thuéc dong (CCCS):
Phuong trinh mé ta:
=0
{f" : (5.50)
i =Bi;
v6i B =const # O
Cé hai ma tran:
0 0
00
H = A= 1 (5.51)
pol-A=]o-2
B
- Nguén dong phu thuéc dp (VCCS):
Phuong trinh moé ta:
{fl =0 (5.52)
1; =gu;
trong d6 g = const # O,
- C6 hai ma trin:
(5.53)

« Sau day 12 vi du vé cdc mang hai cda chi ¢6 bén ma tran thong s&:

- Bién dp ly tudng:

7 S,
Hinh 5.31

Phuong trinh mé ta:
U2 = nul

Véi n = const (s8 thuc)
C6 bén ma tran:

1:n
+ +
o glE u

Hinh 5.32

(5.54)
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0 = 0 -n 1o n 0
H= n,G:[ 0},A= n ||B=]| 1 (5.55)
21 0 L On| n
n ‘ »
- Mach héi chuyén (gyrator): Mang hai cia nay — . =
la mot mach dién t& duge thuc hién bing cdc phan U h > C K U
ti tich cuc (ngudn phu thuge), vi du né c6 thé duge b :
thuc hién ding op-amp. Ky hiéu cda mach héi »— S
chuyén nhu H.5.33. : : : Hinh 5.33: Gyrator
phuong trinh mé ta: -
{”1 STHe (5.56)
uy =ri ' :
trong dé r = const # 0, don vi do la ohm ()
C6 bén ma tran:
0 -r o L [0r 0 -r _
7 = ,Y = ma=|1 |.B=] 1 | (5.57)
r 0 1 =0 -2 0
-] IR i I
r
- Mach bién déi tré khdng dm (NIC. negative impcdance‘c_onverter):
Mang hai cita nay 1a mét mach dién td dugc thuc i iy
N A . : — . ~— +
hién bang cdc phan t tich cue, vi du op-amp. NIC G NIC U,
1
khéng c6 ky hiéu dic biét.Phuong trinh mé ta la: - — — -
uy = kuy : Hinh 5.34
. . .58)
i =—1i.
1=k

trong dé k = const # 0. Thuong k =+1

NIC ¢6 bdén ma tran:

1
o L kK 0 1
0 k 1
H = G=| ¥l a=| 1lB=|%x © (5.59)
ko 1 0 -=

Cdc mang hai cuc c6 bon ma trdn va hai ma tran duge trinh bay & trén
duge dung nhu la cdc mang hai clta nguyén t6 (co sd) trong viéc téng hop
mach tich cuc.

I
\
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5.3 PHAN LOAI MANG HAI CUA

5.3.1 Mang hai cia thu dong va tich cuc

Dinh nghia vé tinh thu dong va tinh tich cuc cia mang hai cda cling
giong nhu déi v6i phan ti hai cyc (xem bidu thic 1.48 & Chuong 1).

Mang hai cira 1a thu déng néu nang lugng cung cap cho né luén ludn
duong (véi moi diéu kién lam viéc ¢ hai cia):

t
W)= j {ul(T)il(‘t)+u2(‘t)i2(1)}dt >0 véimoit, (5.60)

trong d6 uy, iy, ug, iz 1a dién dp va dong dién trén hai cla véi chiéu duong
nhu H.5.1, uj (~e0) = U2 (—°) = 0, i1 (=) = iz (—) = 0.

N&u mach & xdc lap diéu hoa thi diéu kién cia sy thy dong la cong
suét tdc dung cung cdp cho mang hai cia luén duong (v6i moi diéu kién lam
viéc § hai cira): '

P=Re {%Ul i1+-;-U2 iz} >0 (5.61)

Mang hai cta la tich cuc néu khong théa (5.60) hodc (5.61).

T dinh luit cdn bing cong suét (xem muc 3.6.5 Chuong 3) suy ra néu
mang hai cia chi chia céc phén ti thu dong nhu R, L, C, hd cam, bién thé
v.v. s& 1a mang hai cia thu dong. Cdc mang hai cita c6 chia cdc phéan tu
tich cyc thi chua hén da 1a mang hai cia tich cue.

Vidy 5.11: '
« V6i bién thé& ly tudng, cong suit tic thoi cung cdp cho né la

p(t) = up(b)iy(t) + ug(tig(t) = wriy + (nu1) (—%) = 0. Vay né6 la mang hai cia
khéng tén hao, cho nén la thu dong.
« Véi gyrator, cong suét tic thoi cung cdp cho né 1a (chd y (5.56)):
p(t) = ugij + ugip = (-rigiz + (riv)iz = 0. Viy né 1a mang hai cia khéng tén
hao, cho nén 1a thu dong.
. Véi NIC, tir (5.58) suy ra cong sust tdc thoi cung cap cho NIC la:
p(t) = uyiy + ugiz = (ku2) (—E—) + ugiz = 2ugiz.

N&u cita hai ndi v6i tai 1a dién trd R thi ug = —Rig, do d6pt) = -2Ri3<0
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t t
Theo (5.60): W(t) = j p(t)dr = - f 2Ri2dt < 0.

Vay NIC la mang hai cta tich cuc.
« T4t cd bdn ngudén phuy thudc déu 1a mang hai cla tich cue. Vi du ta
thit ki€m tra tinh tich cuc cia ngudn dong phu thugc dong (CCCS)

Tir (5.50) = p(t) =uiiq + ugio = usis.

Néu cita hai néi véi dién tré R thi ug = —Rig

= p(t) = -Rij =-Rp%? <0

Viy ngudn dong ’phu thudc dong 1a mang hai cita tich cuc.
5.3.2 Mang hai cita tuong hé va khéng tuong hd

Mang hai clia tuong hé 1a mang hai cia théa dinh 1y tuong hé (muc
3.6.6 Chuong 3).

; =0 i,=0 )
b | =—.,2 1y—=] :
4 . + + .
L Z U, U Z Iz
" ey 2' 1" N—
1 (hd mach)  (hd mach) 2
Hinh 5.35

Xét mét mang hai clia dic trung bdi bo thong s Z (H.5.35).
0 H.5.35a ctta 1 duoc kich thich béi ngudn dong I,, cia 2 hd mach
(, =0), tir (5.4) ta c6:
Z91 = —[-J—z . (5.62)
I, {1;=0
0 H.5.35b cita 2 dugc kich thich béi nguén dong I',, cita 1 hé mach
', =0), tit (5.4) ta c6:

Zi2 = h . (5.63)
I'y |Ih=0

Theo dinh ly tuong hd dang (3.91), néu I, =1', thi U,=U", do dé6 ti
(5.62) va (5.63) suy ra:
Z12 = 7y (5.64)
Nghia la ma tran Z phéi 1a ma tran d6i xding. Didu kién nay la didu
ki¢n can va di dé€ mang hai cita 1a mang hai cia tuong hd.
Tuong tu xét mang hai clta dic trung bdi bd théng s6 Y (H.5.36). Néu
ap dung dinh 1y tuong hé dang (3.89) cho H.5.36a va H.5.36b ta duoc:
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1 2 1
L.J1 + y ﬁz 1'11 y L.J'z
g '2 {ng&n mach) ;‘- 2>
Hinh 5.36
“Né’u Ul = U'Z = 12 = i'l ?
I I'
21 U, {tz0 U'y|0r=0 12

Nghia 1a ma tran Y phai 12 ma tran d6i xing.

Day ciing 1a didu kién cdn va di d€ mang hai cita la tuong hé. Néu
mang hai cia c6 cd hai ma trdn Z va Y thi vi hai ma trdn nay la nghich
dao ctia nhau nén tir didu kién (5.64) c6 thé suy ra (5.65) va ngugc lai.

T (5.64) hoic (5.65) néu ding bang bién ddi 5.1 c6 thé suy ra diéu
kién tuong hé cho mang hai cira ddc trung bdi cdc ma tran H, G, A, B. Két
qua dugc tém tit trén bang 5.2.

Bang 5.2

Ma tran p Y "R G A B

Diukién [Zi2=2Z21 |Y12= Y21 Hyp = -Hay |Gi2=-Got | AA = AjAgp— |AB=B4Bpp-
tuong h6 A12A21 =1 B12821 =1

Vi du: t4t cd cdc ngudn phu thugc 12 khéng tuong hé; gyrator va NIC
ciing khong tuong hé; bién thé ly tuéng la mang hai clta tuong hd (c6 thé
kiém tra lai bing cdch dung bdng 5.2) ‘

Mét mang hai cia chi chifa cdc phén ti R, L, C, h3 cadm va cdc phan ti
tuong h§ nhu bién thé 1y tudng 12 mang hai cifa tuong h§. Mang hai cia c6
chita cdc phdn t& khong tuong hé nhu cdc nguén phu thudc thi néi chung
khéng cé tinh tuong hé.

Ti bang 5.2, ta thdy riing cdc ma trén cia mang hai cia tuong hd chi
¢6 ba phdn ti djc 14p nhau. Nhu véy mét mang hai cira tuong hé chi dic
trung bdi ba thong sé doc lap. Do d6 c6 thé thay tuong duong né bdi mot
mang hai cifa gém ba phdn td. Két cdu don gian nhét 12 ba trd khéng ndi
hinh T (con goi 1a hinh sao) hodc hinh = (con goi 12 hinh tam gidc).

Xét mét mang hai cita tuong hd c6 théng s6 Z da biét. Ta tim mang
hai cita tuong duong hinh T va hinh =. Theo (5.6), cdc théng s6 Z clia mang
hai ctfa hinh T la: ‘

Z11 = Zg, + Zn, Z22 = Zgy + In, Ziz=Zn=2Zn (5.6)
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—1 1 - __J=—" — 1 7

+ Zay Zop I * + o, Za I,

Ui Zy L.Jz Uy Zn, Zn, U,
Hinh 5.37: Hinh T (Sao) Hinh 5.38: Hinh © (tam gidc)

Tt d6 dé dang suy ra céng thic tinh cdc tréd khang cla mang hai cla.
tuong duong hinh T theo cdc théng s6 Z: »
Zn =212 = 293, Zd'l =711 - Z12 va Zd2 = Zoo — Z19 (5.66)

Dung phép bi&n déi sao ra tam gidc, ta dugc céng thic tinh céc tré
khédng cia mang hai cifa tuong duong hinh n theo cdc théng sé Z:

Zy =2y +Zg, + Zq, 4, _ZuZy -2
. ! 2 n ZlZ
Zy. 2 —72
Zy =24, +Z,+ 4 _ ZunZgy — 2y (5.67)
Zy, %22 —?12
Z,,Z ~72
Z,, =Zg, +Z, + da®n _ 229y ~ 75,
d, Zyy -7y
Theo bang 5.1, ta duqé:
A AA 1 bi
le = _'_2'9 Z12 = o, Z21= A Z22 = 2 (5'68)
Ay Ag Ay - Agy
Thay (5.68) vao (5.66) va (5.67) ta dugc:
Z = ——,Z = 11 . Z = 22 (569)
" Agy & A 4 Ay
Vé Zd = A12, Z = A12 Z =._.éll_ (570)

Céc cong thic (5.69), (5.70)‘ cho phép x4c dinh mach tuong duong hinh
T, hinh 7 cia m§t mang hai cifta tuong hé cé
thong s6 A da biét.
Vi du 5.12: Xét mang hai cffa 12 mot bié€n thé +
tuyén tinh (bd qua dién tré hai cudn day) nhuy U, ol
H.5.39.
Viét luat K2 cho hai mach so cép va tha Hinh 5.39

WLI

-

cép ta duge: c 3
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U, = joL,I, +joMI,

U, = joLyly + joMI;
‘Vay thong s6 Z cia mang hai cda la:

Zyy =joLy, Zoy =jobg, Zip = Zy1 —J(DM
Suy ra mang tuong duong hinh T, theo (5.66) la:

Z, =joM,, Zy, = jo(Ly = M), Zg, = joly = M) (5.71)
Ciing tir (5.67) suy ra néu M2 #L,L, thi bién thé c6 mang tuong duong

n la: . :
(LL,-M2) ., . (LiL,-M? . (L,L,-M?
Zd =J(O[_1—-2I{[——} an =J0{—IT_,_22?1\—/.[_} an =Ju{—-1rlg:'ﬁ— (572)

5.3.3 Mang hai cita d6i xing va khong déai xing

Mang hai cifa d6i xing 1a mang hai cta ma khi ta d6i 14n cda 1 va 2
nhu trén H.5.40 thi sé khong gdy nén su thay d8i dién 4ap va dong dién
trén hai cda.

Gia s mang hai ca dugc mé ta béi ma tran thong s6 truyén dat A va
lam viéc trong mach nhu trén H.5.40a, b.

I,
-2
+ [ Mach
* * Uy | ngoai
- 2
2!
a)
° *
b)
Hinh 5.40

Dé&i véi H.5.40a ta c6, theo (5.17): .
U, =[A11 ‘Am] Uz] ' (5.73)
i, Aoy ~Ag | |1 |

Déi véi H.5.40b (sau khi da hodn vi hai cifa: mach ngoai 1 nbi véi cla
2 con mach ngoai 2 néi véi cita 1) thi cing ti (5.17) suy ra:
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U'2 ___[All "AlzJ U'lj] (5_74)
I, Ag—-Ag ] I
Uy l:Au"Am]' U
(5.74) =1 . = .
[I'l J Ag ~Ag (I
- p'x =_1_[A22’A12] pz (5.75)
I AA{Ag -Ayp ||y

trong d6 AA = Aj1A922 — Aj2A9;. ,
Theo dinh nghia, mang hai clra di xing néu
U, =00, =U%y, I, =1, I,=1y
nghia 14 néu quan hé (5.73) va (5.75) phdi giéng nhau
[Au —Aqp } - _I_I:Azz ‘Alz]
Agy —Ag | AA[Ay -Aj
& A=Ay VA A=Ay Ay, -ApA,y, =1 - (5.76)
Biéu thitc (5.76) 1a didu kién cén va di d€ mot mang hai cta duge md
td béi ma tr4n A la d6i xing, trong d6 nhan xét riing didu kién AA=11a
diéu kién tuong hé (dd xét & phén truée). VAy mét mang hai cira d6i xiung
truée hét phdi théa man diéu kién tuong hé da trinh bay & phén trude (tic
¢ béng 5.2) sau d6 phdi théa man thém diu kién A;; = Ags goi la didu kién
déi xung tré khdng. ‘
Néu sit dung bang bién ddi 5.1 thi ti diéu kién dé6i ;ning tré khdng
A11 = Agz déi véi dang théng s& A c6 thé suy ra diéu kién d6i xdng trd -
khdng déi véi tung dang théng s6 B, H, G, Z, Y, dugc tém tdt trén

bing 5.3.
Béing 5.3
Ma trédn ¥4 Y H G A B
Didukién | Zy1=2Zp | Yy1=Ya AH=H Hy, | AG=Gy(Gpz- Ay1=Ag B14=By
a6i xiing —HygHyy =1 | B12821=1 '
trd khéng '

Vidu: Mang hai cita hinh X (s¢ d8 c4u) (H.5.23) 1a d6i xung.
. Mang hai cia hinh T (H.5.37) 1a d8i xting néu:: Zy, =24, .

Mang hai cita hinh ~ (H.5.38) 1a d6i xing néu: Z,, =1,

Bién 4p 1y tudng la d6i xing néun = 1.
Céc ngudn phu thude, gyrator, NIC 1a khéng d6i xing.
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Mang hai cifa hinh I' (H.5.21) vaT (H.5.22) 1a khéng d6i xdng.

Mot mang hai clra d6i xing théa cd hai diéu kién: diéu kién tuong hd
(bdng 5.2) va diéu kién d6i xing tré khdng (bdng 5.3), do d6 cdc ma trén
‘clia mang hai cita d6i xdng chi c6 hai phén t& doc 14p nhau. Nhu vy, mot
mang hai cita d6i ximg chi cdn dic trung béi hai théng s doc lap. Do dé6, cé
thé thay tuong duong né bsi mang hai cita hinh T d6i xing, hinh = dé&i
xung hodc so d8 cdu (X) déi ximg. :

Béang 5.4

A Y4 Y
N ) Y4 Z 2(Z4+22Z5)
Hinh T d6i Ayq=Agp =1+ =1 2y =2y =4 Z Yyq= Yoo =l 2027
11= A2 +2Zz 1= =5+ 42 =Y = 712, +42,)
xung | Z12=221=2; 47
Ao =21 Z1 Y12"Y21 =o——2
12 =44 +——-4Z Z1(Z1+422)
1
Agyy==
21 Z
: X - Z 2Z,(Z4+2Z,) 1 1
H]nh ' d6| A11=A22 =1+—2—z1— Z11=222=—2Z-—-.£# Y1‘=Y22 =Z+EE_
" 2 1 2 2
ng Ap=2 B
1274 473 v 1
A 1 " 21 z12 221 Z+422 ) Y12—Y21-—z
21 4z,
SUG6C§U(X) A"=A22=§1—-+ZZ; Z“=222=Z—1+é—z-2- Y11=Y22—Z1:zz
2—4& : ' 2
déi xting :
2222, Z-2, Yip =Yy =222
. Az Z,-7; Zip=Zy =25 12=Y21= 575
2 . .
A=
21 Z,-7,

Bang 5.4 cho cdc thong s6 A, Z, Y clia mang hai cita d6i xing hinh T,
= va X. Trong biéu thic (5.6) thay Z, = Zg va Zy =24, =—él_ ta s& dugc cdc
théng s& Z, sau d6 ding bang bién déi 5.1 sé dugdc cdc théng 86 dang khéc
clia mang d6i xing hinh T.

Tuong ty trong biéu thde (5.10a, b, ¢, d) thay Z4 = Zy, Z, =Z, 222

duge céc thong s8 Y, sau d6 ding bang bién ddi 5.1 s duge cdc dang khéc clia -
mang hai cita d6i xing hinh x. Mang hai cita ciia so d3 hinh cdu c6 cdc théng

88 A dugce tinh béi (5.23), tir 46 dung bang 5.1 sé duge cac dang thong s& khéc.
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a) Mang hinh T d6i xiing; b) Mang hinh ® d6i xung; c) Mang hinh X (cdu) déi xung
’ Hinh 5.41

5.3.4 Mang hai cia bilateral va unilateral

Tay theo kha ning truyén tin hiéu theo mot chiéu hay hai chiéu ma ta
c6 thé chia cdc mang hai cita thanh unilateral va bilateral.

Mang hai cira bilateral c6 hai ma trin truyén dat A va B, diéu dé

ching té c6 kha ning truyén tin hiéu vé ca hai i, 1,
phia. ’ | f_’ | "‘1
Mang hai cita unilateral chi ¢c6 mét ma tran L.J, z, z, 02
truyén dat. Néu mang hai cifa c6 ma trdn A ma - -
khong tén tai ma trdn B thi mang hai cia d6 chi - O

¢6 kha ning truyén tin hiéu ti phia cta méot Hinh 5.42

sang cia hai, con néu ton tai ma tr4n B ma khéng c6 ma trin A th1 mang
hai cita chi ¢6 kh3 ning truyén tin hiéu tir phia cia hai sang cia mét.

Mang hai cita khong c6 ma trin truyén dat nao sé khéng c6 kha néng
truyén tin hiéu vé cd hai chiéu.

Vi du mang hai cia trén H.5.42.

‘Céc mang hai cita loai bién 4p ly tudng, gyrator, NIC 1a loai bilateral.
Céc nguén phu thudc 12 unilateral (chi tén tai ma trdn A).

5.4 CACH NOI CAC MANG HAI CUA

5.4.1 Néi day chuyén (cascade interconnection)
Céch n6i ddy chuyén hai mang hai cifa dugc biéu dién trén H.5.43a.

‘i‘ i"z 1.1 Iz i1 iz )

+;_.—; 'g _s_-_t:zd . ;..; :—-=‘-- ' . _.s—f+ .
o, A o A 20 |A=A.A 0,
“— 2 5 i

Hinh 5.43

Gia thiét tén tai cdc ma trdn truydn dat A’ va A" ciia cdc mang thanh
phﬁn
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" o o .
Tacé: |. 1] =A’ U. = A’ .U = A’A” U?
- . Il "'I'z Ill “12

Vay hai mang hai ca ndi ddy chuyén A’ va A" nhu H.5.43a s& tuong
duong v6i mdt mang hai clta c6 ma tran:

A=A'A" _ (6.77)

Vi du 5.13: Hai mang hai cda hinh T va I' ndi ghép day chuyén vdi nhau

nhy H.5.44a sé tuong duong véi mang hai cia hinh T d8i xing (H.5.41a

hodc H.5.44b) ’

] I i !
1 : 2
b 4if2 ' ' 2 :
1 ' 1 :
2] v L2 |
i | 1 !
' I 1 !
14—t — g2 1 ’2
' Hinh 1§ | HinhT i . ' : ‘
a) Hai mang hinh1 va T néi déy chuyén b) Mang hinh T déi xing '
Hinh §5.44

Trong biéu thic (5.22) thay Z4 =—zé1—, Zn = 279 ta sé duqc ma tran A,I

clia mang hai cita hinh 1 (phén bén tréi ciia H.5.44a):

1+A_ _Z_l
2
A =Aq= 1422 (5.78)
— 1
27,

‘ . Z, ’
Tuong tu trong biéu thic (5.21) thay Z4 = —21- Zn = 222 ta dugc ma

trdn A[ ciia mang hai ca hinh T (phén bén phai cia H.5.44a):

p 4] |
A=A=| g (5.79)

e — +___—

27,  4Z,

Do d6 mang hai cia tuong duong tidc mang hai ca hinh T dﬁ’i’ ‘xitng

(H.5.44b) sé& cé: : o
o)
‘ 2Z,

Ap=A'A"=A A= (5.80)
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Vi du 2: Hai mang hai ca hinh ' val néi ddy chuyén nhu H.5.45a s&
tuong duong véi mang hai cita hinh = d6i ximg (H.5.41b hodc H.5.45b).

1 pu- : oo ! L : 1 Ly 2 14 [ g | ‘2
l Zg2 v 1 Z2 : 2
] i I 1
1 ' 1 L —
. 1 ] 1 = 2Z 2Z
: 2Z, I i 2z, i : 2 2
' o :
1 , .-
1 ] ] 12 1" 2
L t T T ™™ 7 4
' i i 1
' Hinh P ! ! Hinh 1
a) Hai mang hinh T va "1 néi déy chuyén. b) Mang hinh = déi xitng
Hinh 5§.45

Trudng hgp nay mang tuong duong tic mang hai cita hinh = d6i xing
sé ¢6 ma trdn truyén dat la:

A, =AA'= A, Aq (58D
thay Ar bdi (5.79) va A4 béi (5. 78) ta dugc ma trdn A, nhu di cho trong
bang 5.4.

5.4.2 Néi néi tiép v ,
So dé néi néi ti€p hai mang hai cifa nhu trén H.5.46a. :
Gid thiét tdn tai cdc ma tr4n trd khéng Z' va Z" cha cde mang hai cifa
thanh phﬁn Ciing gid si riing sau khi n6i, & méi cita clia mdi mang hai ciia

thanh phﬁn dong dién di vao médt cyc nay thi bhng véi dong dlén di ra cuc
kia: khi 4y ta néi phép néi 1a ding.

—_—_— ' |
* l.}I1 Z 11 d 12
- v . RO — o2 .
I . 1] " .
X ' 0, Z=Z+Z|
. U i, — mm—
_ Uy Z"
N —
-

L Hinh 5.46
Tiur H.5.46a ta c6:

0] (U0 ] [04] [on i, .
0l B et 8 Il Y Do 2 A Z+7 5.82)
) [UJ [U'z"’U'] [U"z].k[u'z]' [IJ+ [IJ @ ")[Iz] ! .

Tir (5.82) suy ra hai mang hai cifa c6 ma tran z vé Z" n6i néi tiép nhlf
H.5.46a s& tuo'ng dtwng véi mft mang hai cita c6: ‘
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Z2=7+127" (5.83)
véi didu kién phép néi 1a ding.
1 ' 2 1 2
g 7 - — 7 ‘
p—
+

" ;-— "
Az, Azl
P . | +

a) Cdc cite 6 cita 2 dé hé b) Cdc cuc & cia 1 dé hd
Hinh 5.47

" I
z |t

Hinh 5.48 Hinh 5.49: Phép néi khéng ding

Phép n6’1 néi tlép sé ding néu théa didu kién U, =0 khi hai mang hai

clta duge néi nhu trén H.5.47a va 5.47b. Trudng hep diéu kién ki€m tra nay
khéng théa thi c6 thé mic thém vao mot bién thé€ 1y tudng 1:1 nhu H.5.48

& didm bdo & mbi ctra dong dién di vao mot cyc thi bing vdi dbng dién di

ra khéi cyc kia.

Mot vi dy vé phép ndi khdng dung 1a nhu trén H.5.49
vi du 5.14: Tim mang hax cliia tuang duo'ng vdx hal mang hai cia n6'i néi
tiép nhu H.5.50. | s




342

e i )
P | — i 1 —
1 — ) ,
. Z,, z, P mang 2 cua
1 ' 1
' P M
1 t
l_ _____________ ]
Pmm = e - = - '
L Y
' ! mang 2 clia ‘—_-r_z‘—:' i
! z, r dy
' Y ¢} z,
1 2 1
| [} Zdz
p 1 —1 — J £ 1}
! Z ]
] d2 ]
Hinh 5.50: Phép néi diing Hinh 5.51
Giai

Cé6 thé kiém tra rang phép néi 1a ding, mang hai cda (I) 1a hinh T, d&
dang chirng minh dugc ring né c¢6 ma tran tré khdng la:

CHUONG5

Z. Z
7., +Zn  Zn
2|72 2
Zy Zy
2 2 |
Mang hai cita (II) 12 hinh T c6 ma t rah tré khang 1a;
2 2
z" -
Za 5 ,Zn
2 ety
Mang hai cita tuong duong (H.5.51) cé6:
) Zd +>Zn Zn
Z=Z+2"=| '
- [ Z,  Zy,+Z,

D4y chinh la ma trén tr& khéng clia mang hal ctra hinh T.

5.4.3. N01 song song

S¢ d6 néi song song hai mang hai cita (cé ma trdn din nap Y' va Y")»
nhu trén H.5.52a. Gia si réng sau khi néi, § méi ca cia m8i mang hai cira
thanh phén, ddng dién di vao mot cuc thi bing véi dong dién di ra cuc kia.
Khi 4y ta néi phép néi 12 diing.
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+ ’ —
la A o +
3 Y, Y I U, i, I, i
| - & ———r— 2
+ —— — — -
0 I, L, Vo= ¢ o+
! ' o, — O [I=¥+Y 0,
= y g — —
" ‘__ +
—‘ 11" Y 12“ Uz
i1" i2“
Hinh 5.52

Tir H.5.52a ta cé:
i1 [igein] (5] (0] o f01], .0 '
t= Ml Tl =y Y =0T Ui (5.84)
Tir (5.84) suy ra hai mang hai cta c6 ma tran Y' va Y" ndi song song |
nhu H.5.52a thi tuong duong véi mot mang hai cda cé:
Y=Y+Y"

véi didu kién phép ndi ding.
Phép ndi song song la ding néu thoéa

(5.85)

didu kién U, =0 khi hai mang

hai cifa dugc n6i nhu H.5.53a va H.5.53b.

2 1

Y' (ngén mach) ‘ y'

+

Ce
o
U

+
Y,

y" ‘ (ngdnmach) | - Y"

2 1

b)

Hinh 5.53

~ Trudng hop didu kién kiém tra nay khéng duge théa thi c6 thé mic
thém vao mot bién thé 1y tudng 1:1 nhu H.5.54 dé dam bdo & mdi cifa ddng

dién di vao mét cyc bing véi dong dién di ra cuc kia.
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»

Hinh 5.54
Hinh 5.55 14 mdt vi du vé cdch n6i khéng ding.

Hinh 5.55: Phép néi khéng diing

Vi du 5.15: Xdc dinh ma trdn din nap cia mang hai cita gdm hai mang néi
song song nhu H.5.56a.

Gidi
Mang (I) 1a hinh T, ¢6 thé nghiém lai rdng ma tr4n d4n nap cia né
la: ‘ '
. Y1 +§ _E.
Y' = 2 2
Y, Y
| 2 2
Mang (II) 1A hinh T c6:
| [ Y
; 2 2
Y=
Y. Y.
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Fm——m—— s a-()
Ll
1
]
I
]
1
}
L
1
! & I g
1] = SR 4
: Ya
I
: Y, Y,
1
! ‘ #— 1
~— (I}
Hinh 5.56
Do d6 mang hai cifa tuong duong (H.5.56b) cb:
Y=Y+Y"= 5.86
* [—YZ Y, + Y, (5.86)

Day chinh 1a ma tran din nap cia mang hai cira hinh =.

5.4.4 Noéi tiép - song song

—_
+ +"’ R
2| H -
- 2
== ey
. 11 ’ " -+
0, . H=H+H U,
I i
-: . 1A}
oy, H
~ — b

Hinh 5.57
So dé néi néi tiép - song song hai mang hai ¢ta (c6 ma tran hén hop
H' va H") nhu H.5.57a: phia cita 1 noi ndi tisp con phia cla 2 ndi song ‘
song. Gia s ring sau khi n6i, 6 mdi cia ciia mbi mang hai cia thanh phén,
dong dién di vao mét cyc biing véi dong dign di ra cuc kia. Khi dy ta néi
phép néi 1a ding.
Tu H.5.57a ta cé:

U, _ U'l*'U"l _ U'lv_"_ U"l] '

iz . i.2+i“2 . i'g : 1"2

=H" I.‘ +H" 1.1 »=(H'+H")[I.‘ ] (5.87)
U2 U2 U2
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Tt (5.87) suy ra hai mang hai cia c6 ma trdn H' va H" néi néi tiép -
song song nhu H.5.57a sé tuong duong v6i mét mang hai cita ¢6 ma tran:
H=H +RH" (5.88)
Vi du 5.16: X4c dinh ma trdn hén hgp H cia mang hai cita gdm hai mang
hai cifa néi néi ti€p - song song nhu H.5.58.

1

Hinh558 Hinh5.59
Giai

Mang hai cia (I) 12 mang hai cda hinh T, c6 the nghlem lai rdng ma
tran hén hgp cha né la: :

H=_1 [lez Zz]

= 5.89)

Mang hai céta (II) gdm mang hai cita “hai day dﬁn giao nhau ndi day
chuyén véi mang hai ctta hinh T':

- Ma trén truyén dat cda “hai day- dﬁn giao nhau” la:

-1 0 |
A = : ' : 5.90)
7lo -1] (
- Ma trén truyén dat cia mang hai ciya hinh T, theo (5.21) 1a:
. z, .
Ar={1 . Z,
| 2 Z,

Suy ra ma trén truyén dat cia mang hai cita (II) la:

~1 -2,
An = . 1
Aelir= [—1/21 —<1+Z2/Zo} | G

Ding bang 5.1, ta suy ra dugc ma tran hén hgp tuong ing la:
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H" = . 1 leZ2 _Zl
Do dé theo (5.88) ta duge:

H=H +H"=

1 [2zlz2 , zz-zl] (5.92)

T2y | Zy-Ty 2
D4y la ma tran hdn hop cia mang hai cia hinh ciu doi xing H.5.59.
Né&u dung bang 5.1, tir (5.92) c6 thé suy ra ma tran A nhu bang 5.4.

5.4.5 N&i song song - ndi tiép

So db néi song song - ndi ti€p hai mang hai cffa (c6 ma tran hén hogp
ngude G' va G") nhu trén H.5.60a: phia ciia mot n()'i song song cdn phia cda
hai néi ndi ti€p. Cing gid sd ring sau khi néi, & m01 cita cia méi mang hai
ctta thanh phén, dong dién di vao mgt cuc bing véi dong dién di ra cyc kia,
khi 4y ta néi cach néi la ding.
I,

|
1 * +
G _12. U, 1, I,
- ——— e
. + +
02 = G=G+G 0,
I,
— +
e P
. 12 U2 -
2
Hinh 5.60

T H.5.60a suy ra:

il _ i'1+i"1 - i'l ]+[i’”l]
Uz U'2+U" U'Z U"2‘ . ‘
=@ U‘ +G" U?];(G'+G")[I.J‘] : (5.93)

Do d6 hai mang hai cda ¢6 ma tran G' va G" n6i song song - ndi tiép
| nhu H.5.60a s& tuong duong véi mot mang ha1 cia ¢6 ma tran '
[ Vi du 5.17: Xdc dmh ma trén h6n hgp ngugc G cia mang hai cda g&m
ngudn 4p phu thudc ap ndi song song néi ti€p v6i bién dp 1y tudng nhu
H.5.61.
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prosenuny 4
i=-d o+
al, 2 n .
1:n U, =(a+n)U,
- s
hy
” ‘—n" nu,
y
Hinh 5.61

Giai
- Ma tfén hén hop ngugc cia ngudn 4p phu thudce dp, theo (5.47) la:
[0 o0
G =
o

Ma tran hdn hgp nguge cia bién 4p ly fu’éng; theo (5.55) la:

i

Do dé, theo (5.94) ta c6:

G=G+G"= [ 0 ’“] (5.95)
a+n O .
Tu (5.95) =i; =-ni, va u, =(a+n)u, (5.96)
Néun = 1 thi:
G- [ 0 '1] (5.97)
a+l 0 T
Va - i; = —ig, ug = (o +1)ug : (5.98)

Mang hai cita nay thudng dugc dung trong tdng hop mach tich cuec.
5.5 CAC THONG SO LAM VIEC

Cho dén day cdc thong s6 cia mang hai ca dugc bigt 1a cdc phén ti
cia cdc ma tran dic trung. Ching dic trung cho mang hai cita ¢ diéu kién
lam viéc ddc biét nhu trang théi ngin mach ho#c hé mach. Trong trudng
hgp lam viéc binh thudng, mang hai cida thudng dugc néi giita ngudn va téi
nhu H.5.62 trong d6 Z; la tré khang trong cia ngudn 4p E,, Z, la trd
khdng tdi. Thong thudng ngudi ta coi cita néi véi ngudn la cda so cdp, cia
ndi véi tdi 12 cira thi cAp. o
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Mang L +
hai cla 0, . Z,

(Nguén) 2+ ' "~ (Tai)
Hinh 5.62
~ D& mo td trangv th4i lam viéc ctia mang hai cta, ngudi ta thudng dung
cdc thong s6 1am viéc nhu: tré khdng vao, hé s¢ khuéch dai dién dp (ham
* truyén dat 4p), hé s& khuéch dai dong dién (ham truyén dz;t dong), hé sé
~ khuéch dai cong suit. Cdc thong s6 nay cé thé dugc xdc dinh qua cdc phén
t clia cdc ma tran dic trung ciia mang hai cfa. Ching ta thi tim chiing khi
diing cdc phén ti cia ma tran tré khéng Z.
5.5.1 Trd khang vao
Trg khédng vao gém tré khdng vao (cita) so cép va tré khdng vao (cta)
- thd cap. ’
1- Tré khéng vao so cép
Tré khdng vao so cip biing ti s& gida dién 4p véi dong dién & cia so
c&p mang hai cta khi cita tha cp méc téi Zs.

z, =91 : (5.99)

1 Il ‘ .
| Gid sit mang hai cita dugc mé td bsi h¢ phuong trinh tré khdng
" (dang Z): ,
' U, =2y,1; +Z,1, (5.100a)

, U, = Zyl, +Zgol, (5.100b)
Trén tai s& c6 quan hé giita ddng va dp nhu sau:
U, =-2,1, (5.101)
Thay (5.101) vao (5.100b) ta suy ra:
j,=—fah - (5.102)
Thay (5.102) vao (5.100a) ta dugc:
‘ 2, =7 - Zy5Z _ZuZy +AZ | (5.103)

Z2 + Z22 ) Zz + Zzz
'~ Néu ding béng bién ddi 5.1, ta c6 thé suy ra cong thic tinh Z, theo
cdc thong s8 khéc, vi du theo cdc thong s6 dang A nhu sau:.
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_AnZy+Ay

o = (5.104)
2. Tré khdng vao thit cGp i, i,
Pay 1a tré khdng nhin tir phia . mang ‘ A
thit cap khi tridt tiéu nguén E,; z, 0, hai cita G
phia so cdp (cho E;= 0) va dugc T "-0
. . : 2
x4dc dinh béi ti so gitta dién 4p va ‘ d) Zv,= —I-
‘a R , . , . 2
dong dién trén cda thd cap Hinh 5.63
(H.5.63).
Lic nay 6 phia so cap ta cé: _ .
U, =-Z,], (5.105)
thay (5.105) vao (5.100a) suy ra:
fo_ful ' (5.106)

2y+7Z,,

Thay (5.106) vao (5.100b) ta dugc: ;
_Us g Zily _Zp? +AZ

Z, =—=2=7, (5.107)
. % Zy+Ly o Ly +2y
Ding bang 5.1 c6 thé suy ra:
= Apli Ay (5:108).
2 AnZ+Ay
3- Cdc tré khang vao ngdn mach va hé mach
N I, =0 RN -
+ + ’ . Ngén
L}‘ |:_—: H3 mach l__J1 g U= 0 mach
Zis a) . ng b)
1,=0 L I
+ Ngé .
" gén .
H& mach 0, mach |Us=0 U,
i [ e I hu
- z
) Zon ‘ d) 2ng
Hinh 5.64
Dinh nghia: ‘
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’ 7o = U, la trd khéng vao cla 1
1 =7 -0 khi h& mach cita 2 (H.5.64a)
7. = U, 1a trd khédng vao cita 1
g = § |uz=0 khi ngénmach cita 2 (H.5.64b)
. .
7. = U,| 1a trd khéng vao cia 2
20 =7 lii=0  khi hé mach cita 1 (H.5.64¢)
7 = U,| 1 trd khéng vao cia 2
| 08~ I, |01=0 khi nginmach cia 1 (H.5.64d)

T 'céc biu thdc (5.1a), (5.1b), (5.7a), (5.7b), (5.17a), (5.17b) v@ bang
5.1tasuyra:

Zy =2_7, (5.109a)
Ay
A 1 AZ
Z =2 - =2 _ (5.109b)
) g A22 Yll Z22
7, =22 _7, - (5.109¢)
A.Zl : :
A 1 _AZ
Lgpy =—22 = —=or (5.109d)
208 Ay Yo Iy
Chd y rdng:
Zlh =Zv1 zz:w, Zlng vi z2=0 (5.110&)
Z2h = ng zl=°,; Z2ng =Zv2 2y=0 (5.110b)

Tit cdc bidu thic (5.109a, b, ¢, d) ta suy ra giita bén dai lugng trd
khéng vao ngfn mach va hé mach c6 quan hé sau day: :

Zing _ Zang _ ArpAy (5.111a)
Zy Zon Anhg
hoic: Zing-Z2h =Z1nh-Z2ng = AZ (5.111b)

Nhu véy chi c6 ba trong bén dai lugng dé 1a doc l4p nhau.
Gia s bay gid ta xét mang hai cita tuong hd, khi d6 theo bing 5.2 ta
c6:
Z12=1721 (5.112a)
hogc AA = AjjAge - A2 A21 = 1 (5.112b)
Ti cde phuong trinh (5.109a, b, ¢, d) va (5.112b) c6 thé suy ra:
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Z
A= . Az = A11.Z2ng;
b Z2h "Zan
Ag = AU g =ToyAn = AIZIZZh (5.113a)
th 1h

Ciing tif cdc phuong trinh (5.109a, b, ¢, d) va (5.112a) c6 thé suy ra:

Z11 = Zin, Zo2 = Zoh, Z12 = Z21 = \[Zop (Zyp ~Z1ng) (5.113b)

Vay d6i v6i mang hai clra tuong hd, néu biét duge cdc tré khdng vao
ngdn mach, hé mach (vi du bing phép do lugng) thi di dé xdc dinh cdc
phén tif ctia ma tran dang bat ky Z, A, v.v. ciia mang hai cia.

Ciing c6 thé tinh cdc tré khdng vao so cdp Z, va thit cdp Z,, qua cdc

tré khdng ngdn mach va hé mach nay.

Trong (5.103) thay Z11 = Z1p, Z22 = Zgn, AZ = Z1h.Zaong (b6i 5.111b) ta
duge:

21, (Zo+Zs..) .

Z,, =_“lz_i_z.ﬂ_ (5.114a)
2 2h
Zon(Z,+2

tuong ty - Zv2=ﬂ(—l:—1—°§l (5.114b)
Z1+Z1h

5.5.2 CAc ham truyé.n dat

1- H¢ 86 khuéch dai dién ap
Hé s8 khuéch dai dién 4p 14 ty s6 %2— hosc Hl khi mang hai cda lam
1 1
viéc v6i ngudn va tdi nhu H.5.62. '

U
P& tinh —Ez— ta c6 thé dung dinh ly Thévenin thay mang hai cda,

1 ,
ngudn E; va tré khdng trong Z; bdi mach tuong duong Thévenin nhu

. H.5.65. Trong d6 tré khdng tuong duong Thévenin chinh 1a trd khéng vao
thi cdp Z,, cho béi (5.107).

'Khi h& mach cita 2 thi mang hai cda tuong duong véi trd khéng hd
mach Zyy = Zj1 néu nhin ti hai cyc 1 va 1' (H.5.66), khi d6 tixt H.5.66 suy
ra: ’

E,
Z,+Z,,
va (5.100b) trd thanh:

il=
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. . 7..E
U,y =2y 0, =211
2h T &2111 Zo, +2, (5.115)
Tir H.5.65 suy ra:
2 2
+
z,, '
02 Z, Ziw= 2y
Uz ‘
2 |
Hinh 5.65 ' Hinh 5.66
. . U 7, .
U, =-2yly =—Z,| - 2= 2—Usn
2 Zy=2,, | Zy+Zy,

Thay U,, béi (5.115) va Z,, béi (5.107) vao biéu thic trén ta suy ra

duge:

& = ZyZon (5.116)
E, Zy(Z,+Z)+ Z\Zyy +0Z

T4t nhién ciing c6 thé suy ra (5.116) truc tiép tif bdn phuong trinh sau day:

_Phuong trinh mach so cdp: B, =21, +U; (5.117a)
—Phuong trinh mach thy c4p: U, =-Z,1, (5.117b)

-Phuong trinh mang hai cia: U, =2,1; +Zyol, (5.117¢)
U2 = Z2111 + Zzziz (5117d)

Né&u trong biéu thic (5.116) ta cho Z; = 0, E, =U, thi suy ra dugc cong

thic tinh hé s6 khuéch dai 4p %
1

Up__Zoln (5.118)

——

U, ZyZy;+AZ
T4t nhién cing c6 thé suy ra (5.118) tryc tiép tir ba phuong trinh
(5.117b), (5.117¢) va (5.117d). '

2. H¢ 86 khuéch dgi dong
Hé s6 khuéch dai dong 1a ti s giita I, v6i I, khi mang hai cita lam
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viéc vdi ngudn va tai nhu H.5.62. Tit biéu thic (5.102) ta suy ra dugc:

L. “221 (5.119)
I, Zy+Zy
3- H¢ 86 khuéch dqi cong sua:
Ta tinh hé s6 khuéch dai cong suat % trong dé:
1
P2 1a chng sudt tac dung tiéu thu trén tai Zo:
Py = —';—RC[UZ I }=%Rc(zzi2 I )
1. (2
P, =-2-|12| R(Z,) (5.120)

P; 1a cong suat tdc dung dua vao cta 1 cua mang hai cia:

* 1 . 12 p
P —ERC(Ulh) 2&(2 i, h]: E|11| Re(Z,,) (5.121)
; 3'2_‘ i,[* Re(Z,)
Py i1

" Do dé:
: RL([J‘I

. Thay i—‘ bdi (5.119) ta duo’c:
A 1

_l Zo, - }|2 R"(Zz)
:Pl |zz+222| Re(Z,,

trong d6 Z, cho béi (5.103)

(5.122)

vt
,

Mbdun ctia hé s§ khuéch dai la cdc dai lugng khong thd nguyén,
thugng duge tinh biing neper (nep)-ho#c decibel (db).

Goi K, 12 hé s8 khuéch dai 4p, K; 1a hé sé khuéch dai dong thi:

K, |[nep]_1n| 2, K, [db]=201gl—t.J-2—| (5.128)
o e g

K, |[nep]_lnl| ; |Ki|[db]=201g=—;?—||
1

Quan hé giita neper va decibel nhu sau:

(5.124)

K, |ldb]= 201g||U} 2OInnge 20x%0, 43431n|I }
1 1

=K, |[db)=8, 686|K , |inep] (5.125)



MANG HAI CUA 355

Con hé s6 khuéch dai cong suit K, = % tinh bing neper va decibel
1

nhu sau:
1 P
Kp[neplzaln P—f
P,
Kpldb]=10lg P (5.126)

1

Vi du 5.18: Cho mang hai ctta dugc mé ta bdi cdac théng so tré khdng Z lam
viéc trong mach dién trén H.5.67. D€ tim cdc théng s6 E va Z; cia nguén
dién dp thuc t& cung cap cho mang hai cfa, ta thuc hién cdc phép do sau

I,

I

z, 7 2 ‘. [] ,

day:
Hinh 5.67 .

a) Ngdn mach thi cdp do dong I, chay qua so cép.
%) Iio mach thit cdp do dong I, chay qua so cap.
1. Hay tim E va Z; theo I,, va I,, cdc phan ti cia ma trin Z.

Tién hanh tinh todn véi I, =2mA, I}, =-j2r:\ va
1+j1 j1
z=| " ko
i1 i
2. V6i E va Z; cia nguédn tinh todn dugc hay tim dién 4p U2 trén cac
cye thit cap, néu mang hai cuc ¢6 tai:

Zo = (0,5 — j0,5){KQ]
3. Tinh céx‘lg suat tdc dur.g va cong sudt phdn khdng trén tdi Zs.
g

Gidi
1. Khi ng&n mach phia thi cdp (U, = 0) trong phép do a thi. c6 thé
thay tuong duong mang hai cita béi tré khang ngin mach Zjng nhu H.5.68a.

Tuong ty khi hé mach phia thit cdp (I, =0) trong phép do b thi c6 thé

thay mang hai cita béi tré khdng hé mach Z;n nhu H.5.68b.
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Hinh 5.68
AZ

Theo (5.100b) thi:  Zypg =—=
22

Tuong tu theo (5.109a): Z1h = Z11
Tu H.5.68a va H.5.68b ta dugc:

; E
Iy =— (1)
Z1 +’——
Z22
E
_ 2)
1b Z,+Z,

Gidi hé phuong trinh (1) va (2) déi véi E va Z; ta dugc:
= Z12Zoy i1311_b

Z22 Ila - Ilb

Z = iE_ Zn
1b
Khi thay cdc s6 liéu da cho ta dugc:
E=4-j4V
Z, =1+j1 KQ
2. Dé tim dién dp U, ctia mang hai cia cé tii Zz ta diung dinh 1y
Thévenin thay mang hai cita va nguén bdi mach tuong duong Thévenin nht
H.5.65, trong d6 theo (5.115) va (5.107):
_ 2y B

= =-j2V
2h le+z1 J

El—z-ZZA=0,5+jO,5KQ

Z, =2y -
Ve 22 Z1+ 1

Tu H.5.65 suy ra:
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3. Dong I, =—p—2=j2 mA
Z,

Cong suat tdc dung trén tai:
.2
P, ==i,[" ReZ, = 1mW
2
Cong sudt phdn khdng trén tai:

Q= %IiZIZ ImZ, =-1mVar

5.6 CAC THONG SO SONG CUA MANG HAI CUA

5.6.1 Tré khiang séng

Tré khdng séng con goi 12 tré khdng dac tinh cta mang hai cia.

Z1=zc1 i1

I2
- -

+ +

E'51 Us r A U, 2=

ZV =Zc1 ZV2=Zc2
Hinh 5.69 )

Xét mang hai cita dac trung bdi ma trén thong s6 A lam viéc trong
mach dién nhu H.5.69. Ta thi tim cap gid tri Zc1, Zc2 sao cho khi Zg = Z¢2
thi tré khdng vao cta 1 1a Z, =7 va ngugc lai khi Z; = Zc1 thi tré khdng
vao cia 2 la Z,,2 = Z.o. Tt (5.104) va (5.108) suy ra Z¢1 va Zc2 l1a nghiém cta
hai phuong trinh sau day:

Z., = ApZg+Ap (5.127)
C ApZgt+Ag '

va Z., 2 AgpZg +Byp (5.128)
“ ApZatAn

Giai (5.127) va (5.128) ta duge:

7, = [Aube oz, - Aggfip (5.129)
AyAp Ag Ay

Zc1 goi 12 tré khang séng so cap.
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Zco goi 1a trd khdang song thi cap.

Néu phia cira 1, mang hai cida cé tai la Z¢; hodc du’éc cung cap béi
ngudn cé trd khang trong bing Z. thi ta néi ring mang hai cta duge phéi
hgp séng (hodc phéi hgp tré khdng) ¢ cira 1. Néu phia cita 2, mang hai cda
6 tai la Z.2 hoic dugc cung cAp bdi ngudn cé tréd khdng trong bing Z.y thi
ta néi mang hai cia duge phéi hop séng ¢ cia 2. Néu mang hai cia duge
phéi hgp cd phia so cap lan thyd cdp thi ta néi né duge phéi hgp séng hai
phia.

T (5.129) va (5.109a,b,c,d) c¢6 thé suy ra céng thic tinh Zgy, Zeo theo
cdc tré khdng ngdn mach va hd mach:

Ze1 = \ZinZong V2 Zeg = \[ZonZopg (5.130)

Ngudi ta con dinh nghia:

A
Ay,

- Ti 6 tré khdng séng p = /—Ziz— = ’_A_z_z (5.132)
ch All

p do mic d¢ doi xing cia trd khdng clia mang hai cia.

- Tré khdng séng trung binh Z, =/Z,Z, = (5.131)

Ta c6 cdc quan hé sau:

Z.
ch =—pL; ch =ch (5133)
Néu mang hai cita thoa diéu kién Ajy = Agg thi tir (5.129) suy ra:
v
ch = ZC2 = Z(? = '~£ (5.134)
21

khi d6 p = 1. Vi vay, diéu kién Aj) = Agg hoic cic didu kién tuong ing véi
cdc ma tran thong s¢ khdc (bing 5.3) goi 1a diéu kién déi xung tré khéng.
5.6.2 Hé sé truyén dat séng

Xét mang hai cia lam viéc trong mach H.5.70a, dugc phéi hgp séng
(phoi hop tré khang) vé phia thit cap (Zg = Z.2) va tén tai ma tran A nghia
1a mang hai céta c6 khd ning truyén ning lugng tif phia so cap dén thi cap.
Hg¢ 56 truyén dat séng so cdp g1 dugc dinh nghia boi:

1, U,
g = —ln—2- . 353)
"2 Uol'y | 2277 1

Néu thay U, =2,1', va U, =Z.1; ta dugc:

|
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1, Uz, 1, 1z,
g =—In——2% ==In->L 5.135b
2 vz, 2 1%z, (6150
tir d6 c6 thé suy ra:
U Z e™!
il U ch Bl == (5.135¢)
2 c2 p
I Z.
T1 = [2e2 o8 :pe‘“ (6.135d»
2 zcl
-4 2 y b
+ +
? U, Z; Loy L_J" 92
2' ‘ v

a)

Hinh 5.70

by

trong dé p la ti s6 tré khdng séng dinh nghia béi (5.132)

Tt (5.135b), (5.17a, b) va (5.129) c6 thé suy ra cong thic tinh g; theo

cdc thong s6 dang A nhu sau:
g =In (\/Aquz +VApA,, )

(5.135e)

Xét mang hai cira lam vige trong mach H.5.70b, duge phdi hop tré
* khang phia so ¢dp (Z1 = Z¢1) va tén tai ma trdn B nghia 1a mang hai cia ¢é
kha ndng truyédn nang lugng tit phia tha cAp dén phia so cap. Hé s6 truyén

dat s6ng thi cdp go duge dinh nghia bdi:
2 U,I4|%=2
thay U, =7Z.,0, va U, =Z,l, vao (5.136a) ta dugc:

1 U321, 157

==In~=
272" Uz, 2 197,
= -2 =pef?; .12 =E§2—

U, I p

Tuong tu vdi (5.135e), cé thé suy ra:
gz =In({/By;Ba, +y/B12Ba; )

(5.136a)

(5.136b)

(5.136¢)

(5.136d)

Né&u mang hai clta ¢6 ma tran A thi dung bdng bién déi (5.1) ta suy ra

duye:
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2 =ln[‘/A“A22A1‘/A12A21 ] (5.136e)

« P& thuan tién, ngudi ta con dinh nghia cdc thong s& sau:

- Hé s6 truyén dat séng trung binh g:

g = 81 +82 =1n[\/A11A22 + VA An ] (5.137)
2 VA
- T{ s6 nang lugng p,:
p, =elB1782)2 o AN (5.138)
Ta ¢6 cdc quan hé: g1 = g + Inp,; g2 = g—Inp, (5.139)

Né&u mang hai cita lam viéc nhu trong mach H.5.70a thi tir (5.135¢),
(5.135d) va (5.139) c6 thé suy ra quan hé sau:

Ui esPe (5.140a)
U, p
-.I—l- =efp.p (5.140b)
Iy
« Néu mang hai cia 1a tuong hé thi AA = 1, khi dé:
| Pe=1
va _ g1=82=g=In(JAj Ay +ALA, ) (5.141)

g1 = g2 nghia 13 dong ning lugng chdy vé hai huéng la déi xing nhau.
Do d6, cdc mang hai cia tuong hd cdon duge goi l1a cdc mang hai cia “doi
xing nang lugng”. T s6 ning lugng p, 12 théng s6 do mic do déi xing

ning lugng cha mang hai cta, né bing mét khi mang hai cta déi xing ning
lugng. ‘

Tir (5.141) suy ra:

VA1 Ay +JA A, =ef =chg+shg (5.142a)
Mat khéc ta c6 AA = Aj1Ag2 ~ Aj2A21 =1

= (\/AnAzz +JAAs )(\/Aquz ~VApAy )= 1

= JA1Agy —JAA, =e7F =chg-shg (5.142b)
Tu (5.142a) va (5.142b) suy ra:

chg=A,A,; (5.143a)
Shg = \’A12A21 (5. 143b)
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Tit (5.143a), (5.143b), (5.129) c6 thé suy ra céc céng thic xdc dinh cac
théng s6 dang A theo cdc théng s séng: -

Ay =,/§CI chg; Ay =,’2C2 chg;
c2 cl

shg (5.144)

Ay = \/ZﬂZc.zshg ; Agy = —Z—\/——Z——‘
c14c2

Néu mang hai cita 1a d3i xdng (tic thoa didu kién tuong hé AA =1va

didu kién d6i xing tré khdng A1 = Az2) thi theo (5.134):

ZC1=ZCZ=ZC: —}—\I—Z-Vé p=1
.

Khi dé (5.135b) va (5.135¢) tié thanh:
L, UL (5.145)

=1n—.——=ln. T =
& B, V0, Iy

Con (5.144) trd thanh:
) shg
A1 = Ase = chg; A2 = Z. shg; A21:—Z-— (5.146)

c

« Bay gio ta ban dén y nghia ctia hé s6 truyén dat séng.

Ta xét hé s6 truyén dat séng so cip g1 = a1 + jb1
bat U, =U1\/—2—ej(m , Uy =U, J2ei2 1 211\/§ejw1 , Iy = 12‘/5‘3”2

véi U,. U,. 1;, I, 1a céc tri higu dung dp, dong.

Khi dé (5.135a) trd thanh:

e

g _1_ In {UIIL ellprrwn-tezriz )]}

T2 | Usl,
1. UL 1484
: —Reg, = Lot o Ly (5.147)
Suy ra a; =Reg; 2nU212 2n‘sz‘
(5.148)

1 1
b, =1mg; ='2‘((P1 “P2)+§(‘V1"\U2)

trong d6lS;1= Uil; 1a cong suét biéu kién & phia so cdp;
| Sgl= Ualg la cong sudt bidu kién & phia thit cap.
Viy a; do muc d¢ suy gidm cta cong suit bidu kién qua mang hai cda

trong truong hop phdi hop trd khéng.
by do muc do dich pha cia dién 4p va dong dién khi di qua mang hai
cita trong trudng hop phéi hgp tré khang.
hé s dich pha. a; va

a; dugc goi 1a hé sd suy gidm con by dugc goi la
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by 12 cdc dai lugng khéng thit nguyén. a; duge tinh bing neper (nep) hoiic
decibel (db) con b tinh bing radian (rad).

al[nep]——ln:—si: zn[db] 101»1‘:;“

Y nghia cia hé sé truyédn dat séng thit cdp ciing duge xét mot cach
tuong tu. Trudng hgp mang hai cita la d6i xing, theo (5.145) ta co:

U, 1
gl =g = g =a+jb= b= ln—L
o 1!
= a:ln-—'—— ln‘—J;- va b=y 0, =gy, (5.14N
O L

Vay trong truong hop nay a do mite do suy gidam caa dien ap hoac dong
dién qua mang hai cta khi ¢6 phai hgp trd khdang. Don vi do cia a la neper
ho:c decibel.

%Uz; ; .1 %UJ i
alnep] =In - In ' aldb] = 200y -2 L 201y~
UL Uy, Ii

! |

(5.150

Vi du 5.19: Xdc dinh tré khdng song. h¢ s8 truvén dat song ciia cdc mang
hai cua sau day:

7,12
2z,
a) Hinh | b)Hinh I’
, Z
+— — -} ”
Z,2
2, 27,
¢) Hinh T dai xing d) Hinh 7 ddi xdng

Hinh 5.71
Giai
Ca bon mang hai cia nay déu tuong hé.

a) Ma tran A+ cua mang hai cua H.5.71a cho béi (5.78). Ap dung cong
thie (5.129) ta tinh duge cdc trd khang song:

DA
Z = Z Z{; 1+ 1 5) { )
el 1 \[1 _( 4Z2} {(5.151a




MANG HAI CUA 363

(5.151b)

Mang hai cita hinh T,nay la tuong ho nén hé s6 t.ruyén dat song ¢ so
cip va thit cdp biing nhau va duge tinh béi (5.143a), (5.143b). (5.78):

Z Z
chg1= [1+—— , shg1= |—— 5.152
&1 \} 4z, 28 T4z, (6.152)

b) Ma tran A (H.5.71b) cho bai (5.79). Tuong tu ciu a ta suy ra dugce:

Zar =Ze2q {5.153a)
Zeor =24 (5.153b)
chg =chg, shgr=shg (5.154)

¢) Ma tran Ar cia mang hai cua déi xing hinh T (H.5.71¢) cho bdi
bang 5.4.
Tu d6 suy ra dugc:

Zgr =2y =2y = Z1Z2[1+ Z, } ) (5.155)
2 47,
(5.146) = chgy =1+—Z_—‘- (5.156a)
27,

va shgy = ,/chng ~-1= ’%{ 1 +1g'z—‘— ) (5.156b)

d) Ma tran A, ciia mang hai cifa ddi xung hinh = (H.5.71d) cho trén
bang 5.4.
Tuong tu ciing suy ra dugc:

chn =Zc2u = ch = ZIZZ2 - (5.157)
1+-.._.l,..
"4z,
Z
(5.146) = chg, =1+ (5.158a)
27,
. Z Z
va hg. = -1 1+—- (5.158b)
SHE« zz[ 422)

Nhan xét ring:
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: Z,Z
chr = Zc2"1 = ch = ! Z21
1+—~
47, (5.159)
Z,
Zegr =Ly =Zer = /212 1+j472 ‘
’ 1 1

g,l :gr =§gT =§g1'[ (5160)

5.6.3 Cic mang hai cita ndi day chuyén trong trudng hgp phdi hop
séng
Xét n mang hai cita néi day chuyén véi nhau, lam viéc trong mach
H.5.72. Ta gia thiét ring:

Zy=Z¢y |1u Lz e Ja Ly g L
+ + + ¥ + ¥ L=
£ hal ! U2y Uik k Uax Usn n Uzn zczn[

Hinh 5.72

- Tré khédng tai clia mang hai ctta cuéi cing bing trd khdng séng thu
cdp clia né. ,

- Tré khdng trong clia nguén bing tré khdng séng sd cdp cia mang hai
clita dau tién.

- Tré khdng séng so cdp cdc mang hai cia thit k+1 bing tré khdng
séng thi cdp ctia mang hai cta thit k véi k = 1, 2, ..., n—1 (c¢6 nghia la céc
mang hai ctia duge phéi hgp séng véi nhau).

Goi: Zcik, Zegk 1a tré khdng séng so cap va thd cdp ciia mang hai cia
thit k, gk 12 hé sé truyén dat séng trung binh, p, 1a ti s& tré khdng va p.
14 ti 86 ning lugng cta mang hai cita thli k.

« Ta xét cdc trd khang vao nhin tit phia so cdp cla cdc mang hai cifa.
Xét mang hai cita cuéi ciing ta cé:

Zvin = Zcin

Theo gid thi€t Z¢in = Zegn-1 = Zyyy = Zeony

D6i v6i mang hai cifa thi n-1 thi Zyy, 12 tai, do d6 trd khéng vao so
cdp cla n6 1a:Z,,, 1 =2, ;. Theo gia thiét Zein1 = Zean2 = Zy1pq = Zezn2-

Doi véi mang hai cifa thif n-2 thi Zy1,.1 12 tai, do d6 tré khdng vao so cdp
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cua né la Zyin-2 = Zcin-2-
Tiép tuc nhu thé cho dén mang hai ctia dau tién ta sé dugc tré khdng
vao so cap cia mang hai cta thi nhat 1a: Zyi1 = Ze11- PO cing chinh la tré
khang vao so cdp cia toan b hé théng: “
Zyi = Zv11 = Ze11 (5.161)
. Né&u xét cdc tré khdng vao nhin tif phia thit cdp cha cdc mang hai
cita nhung theo chiéu ngugc lai tic 1a b4t ddu véi mang hai cia thit nhat,
thd hai, ... cho dén mang hai cfa thd n, va lap luan tuong tu nhu trén ta sé
duge tré khang vao thd cdp cua toan hé thong la:
U

Zv2 =Zv2n = = Zc2n (5162) .

E=0
. Ap dung quan hé (5.140a) cho mang hai cua tha n ta dugc:

Uin _ g Pen (5.163)
U2n Pn
Vi ¢6 su phdi hop tré khéng gitta cdc mang hai cira nén c6 thé dp dung
quan hé (5.140a) cho mang hai ctra thd n-1:

Uln—-l =eg,,_1 Pen-1 (5164)
U2n—1 pn—-l

Tai ché néi cia mang hai cita thd n-1 v6i mang hai cda thd n ta cé:
Uln = U2n—1

Do dé tit (5.163) va (5.164) suy ra:
U}n—l = fn-178n Pen-1Pen (5.165)
U2n Pn-1Pn

Tién hanh tuong tu cho tat cd cdc mang hai cita ta dugc két qua sau:
[:Jll — g(B1+E2* *En) Pe1Pe2:-Pen (5.166)
U,y P1P2--Pn

(Chi y & day ky hiéu g1, g2 1a hé s6 truyén dat séng trung binh cia
mang hai cifa thd nhat va thd hai, chd khéng phai 1a hé s6 truyén dat so
c&p va thit cap nhu da ky higu trong muc 5.6.2).

Céc bidu thic (5.161), (5.162) va (5.166) cho phép thay n mang hai cua
néi day chuyén, phéi hgp séng véi nhau 1am viéc nhu trén H.5.72 bdi mét
mang hai ca tuong duong lam viéc nhu trén H.5.73. Mang hai cda tuong
duong nay c6 trd khdng séng so cdp bing Zc11, trd khdng séng thu cip
bing Zcon, hé s6 truyén dat séng trung binh g = g1 + g2 + -+ + 8o ti sb tré
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khdng p=p;ps.-P,, i 6 nang luong p, =p.Pez--Pen -

I

[] 2= Z on

n
= Z

Zoy=Zeyy 9 K=1 S
n

. p = Hp,

E 1
n

Pe= 1lpg,
1

Zy=12,

Hinh 5.73

cZ

Z,=2

Dé dang ching minh duge réng, déi véi cong suat bidu kién phia so

cap va thu cap c¢6 quan hé:
lg - e2a
1S,]

v

a = Re(g) = Rcng
k=1

5.7 LOC DIEN

(5.167)

Mang hai cita va ly thuyét mang hai cita duge ing dung réng rai trong
cdc linh vyc dién ti va vién thong. Mét trong nhimng vi du vé ing dung cua
n6 la mach loc. Mach loc 1a cdc mang hai cia didc biét c¢6 tinh lua chon tan
s6, n6 cho truyén qua mot cdch dé dang cac tin hiéu dong 4p thudc dai tan
s0 nao dé goi la dai thong va lam t4t (suy giam) cdac tin hiéu thudc dai tan
s6 khdc goi la ddi chdn. Mot mach loc ly tudng c6 hé s suy gidm a = 0
trong ddi thong, con trong dai ch4n hé s& suy gidm a = .

_ dai théng dai cha daichdn  daithéng dai chan
0 (!3: ” i © 0 ©g O o
a) Loc thong thdp c) Loc théng dai
déi chén déi thong daithéng  daichdn dai théng
 Sm— g - s oy o =

b) Loc théng cao
Hinh 5.74

d) Loc chén dai

Theo pham vi t4n s6, mach lgc ¢6 thé duge chia thanh cdc loai chinh:
- Loc théng thdp (thdp qua): dai théng 12 0<w< o, , ddi chdn 0> q,.
- Loc théng cao (cao qua): dai théng la 02w, ddi chin 0<ow<q,.
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- Loc thong dai (dai qua): dai théng l1a @, <wsS©,, ddi chdn la
0<w<m, va 0> 0.

- Loc chin dai: dai thong la 0<w<wo, vda 020y, didi chidn la
0 <O< Wy

Céc tdn s6 w,, w,, O, goi la cdc tan s6 cit.

Theo céc phar t&f ding dé tao thanh mach loc, ta c6 cdc loai chinh:

- Loc thu dong LC: chi gém cdc phan ti L, C.

- Loc thu dong RC: chi gom cdc phén ti R va C.

- Loc tich cyc RC: gom cac phan tit R, C va cdc phan td tich cuc nhu
transistor, op-amp...

- Loc dp dién (thach anh) va v.v..

Trong muc nay chii yéu xét dén céc mach loc thu dong LC cd cdu tric
hinh cdi thang nhu H.5.75.

Hinh 5.75

z,/2 2,2

N bR LT R T E

] 1
4 1
4 t
) )
1 1
1 1
) 1
1 i
r t
] '
¥ i
t ]
1 ]
] '
t 1
T b

e rm e -

1
[
1
J
1
1
1
'
1
[l
1
i
t
)
1
+

1
[
'
1
]
1
1
[
'
+
¥
3
1
)
'
'

Hinh 5.76: N6i déy chuyén cdac mdt xich nguyén to
Gid thigt ring cdc mang hai cia H.5.75 lam viéc trong diéu kién phdi
hop séng ca hai phia. Céu tric hinh thang trén H.5.75 ¢6 thé duge bidu
dién duéi dang ndi day chuyén cdc méc xich hinh T va T dugc phoi hgp
séng v4i nhau (H.5.76).

5.7.1 Diéu kién d€ tré thanh mach loc

Céc théng s6 séng cia cdc mdt xich nguyén t6 hinh T, da dugc xét
trong vi du & muc 5.6.
Theo muc 5.6.3 ta c6 hé s6 suy gidm va hé s6 dich pha cia toan bd
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mach loc biing tng hé s suy'gidm va dich pha cia céc mit xich nguyén t6.
Mach loc hinh T hosic n gém hai mdt xich nguyén t&1 ,I" ghép lai
thudng dugc goi 1a mit loc co ban, va cdc mit xich nguyén té hinh Tva T
duge goi 12 nita mit loc. Goi g = a + jb 12 hé s6 truyén dat séng cia mdt loc
hinh T ho#c =, theo (5.160) ta ¢6: |
g

g,= 8r= 'é

Tir (5.152) suy ra:

sh%_—.sh[%+j%]=sh3cos—g+jch%sin =z (5.168)

- el (5.169)
47,

Chu y mach loc ta dang xét ding cdc phéan ti dién khdng nén Z; = jX;
va Zg = jXa.
Xét hai trudng hop khi (X3 va Xg) cing ddu va (X; va Xp) trdi dau:

ch% = ch(§-+j§)= ch%cos%ﬂ sh—Z—sin

- Truong hop X; va Xz cung déu: khi d6 \[%— va \/1+£ZL 1a cdc sb
2 2

thuc nén tir (5.168) va (5.169) véi chyi y ch—;- luén > 1 c6 thé suy ra:

a X a X -t :
sh==+ /-l vj ch== -1 - .170
5 iX, va ¢ 5 1+4X2 (5.170a)

sin% =0 (5.170b)

Vay a(w) luén > 0 (hofc luén < 0) & moi tdn sd: mach khéng cé tinh
chat loc.

- Truong hop X1 va Xo trdi déu: % <0
2.

{ Z, .. f-xl o
el SRS i 5
1z, 3 i, 12 58 thudn do

14— 1a 86 thyc né’u02—§—1—2—4
2

N 4Z, ’ X X
+if-}1+-=1-}{1a sé A u L <-4
| 3 [ *IX, ) sd thuédn 4o néu X, <

Khi dé:
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ta chia ra hai dai tan sd dé€ xét:

. Déi t4n s8 Ung véi 0 2% 2-4: tlr (5.168) va (5.169) suy ra:

a b

h2cos2 =0 :

S 20052 , (6.171a)
a. b -X

h—sin—=1% [—L 5.171b

d 2sm2 ix, ( )

ChECOS_z 1+4XT12 (5.171c)
a. b

sh—sin—=0 (5.171d)
22 ,

Tt céc biéu thic (5.171a, b, ¢, d) c6 thé suy ra: a =0 : (5.172)

sin—l—)-=i :—)-(—1— (5.173)

2 \4X,

V4ay trong dai tdn s6 nay a = 0 nghia 1a tin hiéu khi truyén qua khéng
bi t4t: day 1a dai théong.
Vi trong dai tdn nay Zi1Z9 = -X;X2 > 0 va 1+:1Z—Z1- > 0 nén tiur (5.159)
2
suy ra cdc tré khdng séng 1a cdc sé thue.

+ D4i tdn s6 Ung v6i -4 > -;—((i: tir (5.168) va (5.169) suy ra:
2

sh2cos2 =0 (5.174a)
2 2

hlsnRoy K : (5.174b)
2 2 \4X,

ch2cos2=0 ‘ (5.174c)
2 2

A a . b Xl )

h2sinD =+ || ¥+-=L (5.174d)

shahe ( 4X, ] |

T cdc biéu thie (5.174a, b, ¢, d) suy ra:

cos-l—)--O smk-il (5.175)
= X sh—- ot {1+ 2 (5.176)
2 4X, "’ 4X,
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Vi trong dai tdn nay Z1Zg > 0 va 1+ Zzzlﬂ < 0 nén tir (5.159) suy ra céc
2

tré khdng séng la thudn cam hodc dung. Khi phéi hgp tré khdng néu chon
d&u cia trd khéng thich hgp thi a > 0, tin hiéu khi truyén qua bi tdt: déi
chin.

Tém lai diéu kién dé mach H.5.75 1a mach loc 1a X; va Xg phai khéc

d&u, khi dé dai thong dng vdi 0 2%2-4 (cdc trd khdng séng la s6 thyc
2

tdc thudn tré) con dai chidn ung véi z}i—l—<—4 (c4c tré khdng séng 1a thudn
2

a0 titc thudn cam hodc thuan dung). Céc cong thic (5.172), (5.173), (5.175),

(5.176) md ta su suy giam va dich pha trong dai thong va dai chdn cia

mach loc ¢6 cdu hinh T hodc n dugc cu tao tif cdc mit xich nguyén t& hinh

1 va T. Néu bs loc bao gdm n mit xich nguyén t5 khi d6 suy giam tuong

duong va dich pha tuong dudng sé bing:

ay = n2 (5.177)
2
b
by = n"z'
Trong phan sau ta s& xét hai loai mach loc thu dong LC hinh thang la:
- Loc loai k
- Loc loai m

5.7.2 Loc loai k
Mach loc hinh thang (H.5.75) c6 tich cac tré khdng: '
Z1Z2 = k%> 0 (5.178)
trong d6 k 1a hiing s& duong, goi 1a mach loc loai k.
D& dang nhan thay riing viéc thda mén diéu kién (5.178) ching td biéu
thitc sau day ciing théa:

1
Ezl.zz2 = Zop Zox =-X1 X, =[X|[Xo| =K (5.179)
X k2 X2 s ,
Y;— = ——)—(gz -k—; nén diéu kién ddi théng 0 2 % >-4 tuong duong vdi:
0< k oy (5.180a)
2|X,|
X
hodc 0< Xy <1 (5.180b)
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Con diéu kién dai chdn ;l— <-4 tuong duong véi:
2

_k_
2[Xs|
X
2k

3 X, k¥ X}
Ciing thay —= ——2-=———2— vao (5.173), (5.176) ta dugc:
X, X35 k

>1 (5.181a)

hoic >1 (5.181b)

- Trong ddi thong:
=%— (5.182)

a = 0; sin E=i
2

C6 thé chuing minh b cing ddu véi X, va ngugc ddu véi Xo.
- Trong dai chdn:

a_ | 1|
cha— 3 2|X2| ok’ in (5.183)

Cidc tré khdang séng theo (5.159) la:

yAY/ k k
ch[' = Zc2'1= ch = R = (5.184)

Z 2 z
14+—=L |X1| k
@ [ 1‘[5@
Z |X| k 2
Zeor =21 =ZcT=1’ZIZZE'+ZZ1—)=k =k,[1- le (5.185)
2

T (5.180a, b) va (5.181a, b) ta thdy trong ddi théng cdc trd khdng la
s6 thuc con trong dai chdn la thuan do.

Sau day ta xét cdc mach loc loai k cu thé.

1- Loc théng thap logi k

Céc nita mét loc hinh T, va cdc mit loc co ban hinh T, n duge cho
trén H.5.77. '
trong dé: Z, =jX; = joL, (5.186)

1
Z,=jXy =

k =225 = J— | (5.187)
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— e — + 'WE‘——'
— ..E‘_ C. == -— —_— C. 2_1
Zer 2 =7 Ze, Zor T 2 Zey
2
a) Hinh "] b) Hinh T
L
— - - di0h ! ~
__L_‘l_ J_ .L’_ — c J_
? 2 c, 2 -— 7 == 22 _cé_ -
T Zer Cr 2 > I Z..
¢)Hinh T d) Hinh

Hinh 5.77: Nita mdt loc va cdc mdt loc co bdn ciia mach loc théng thdp logi k

Diéu kién dai thong theo (5.180a, b) la:

L
0 < Y& oy LG
2 2
oC,
Do dé dai théng la:
Osw= 2 (5.188)
JL.C, :
Vay gi6i han duéi cia dai théngla w = 0 (5.189a)
Giéi han trén 1a g = 2__2k_2 (5.189b)
» JLICZ L, kC,
Cdc hé s8 suy gidm va dich pha, theo (5.182) va (5.183):
- Trong dai théngla:a=0,b = 2arcsin — (5.190)
W
- Trong dai ch4n la: a = 2arch2 , b= n (5.191)
¢

Céc trd khdng séng theo (5.184) va (5.185) 1a:

2 K '
Zor =k 1-(£) , Doy = (5.192)
¢ 2
(0]
. 1-| —
[“’C)

D3 thi ciia a, b, Zcy Z, theo tdn s§ o duge vé trén H.5.78.
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k ,/”
I'd
X
a ZCT ,,’ CT
/
0
(.l)c «©
o '
0 '
Q¢ '
k Z i
b o E ©c ®
0 T -
: -~
(] ' /
: H I, Xcx
‘ v
0 ! 'y
O¢ v : ,'
‘ Hinh 5.78: Cdc théng sé séng cia mach loc théng thdp logi k
Trong gidi thong Zor Zc, la s6 thyc; trong dai chdn Zcr = jxcr va
ZCn = jXCn .
2- Loc thong cao logi k
~ Jt 4 P (]
b Ll v . '
2c, 2c,
Zey 2L, Ze, 2oy E 2L, Zex
a) b)
— — — I —
2C, 2c, Cy
Zor L, Ze - Zc, gsz ?2"2 Ze.
c) d)

Hinh 5.79: Mach loc théng cao loc k
Trén H.5.79 gi6i thidu cdc nia mit loc va cdc mit loc co ban cia mach

loc théng cao loai k. Trong d6:
1

1

Z1=

» Zy = joLy

(5.193)




374 CHUONG 5
K= |tz (5.194)
C,
T (5.180a, b) suy ra dai thoéng la:
(NP2 (5.195)
2,/L,C,
Gidi han dudi cia dai thong la:
1 k 1
= = = (5.196)
Tt 2L, 2KC,
Gidi han trén la: =00
Cédc hé s6 suy gidm va dich pha, theo (5.182), (5.183):
- Trong ddi théng: a =0
b =-2arcsin 2C (5.197)
®
- Trong d&i chdn: a= 2arch <. (5.198a)
®
b=-n (5.198b)
Cdc tré khdng séng theo (5.184), (5.185) la:
2
Zer =k 1-[‘—"9] A S (5.199)
) 2
S
®
D6 thi cha a, b, Z¢T, Zc, cho trén H.5.80.
a
o
Zer

¢ 7

[0 4k 7

N

) o
0 ——
. . _ -
L4

0 -

0,

Hinh 5.80: Cdc théng s6 séng ciia mach loc théng cao logi k
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Hinh 5.81: Mach loc théng ddi logi k

3- Loc thong dai logi k

Céc cau tric co ban cia mach loc thong dai cho trén H.5.81.

Trohg dé:
LiCq1 = LeCe (5.200)
Z, =j(mL1 L ] (5.201)
oC, :
Z, 1

(5.202)

w
i
o
il
o

Nhénh doc va nhdnh ngang c6 cong hudng ap hodc dong G tan so6:

1 1
o, = = (5.203)
JLiCr  JLeCy

Tu (5.180a, b) suy ra dai théng la:
Qg SO 0cy : (5.204)

. ’ 1 1 1
véi = + - (5.205a)
¢y VLng LG, JL.C .

12 tdn s6 gidi han dudi cia dai thong
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1 1 - 1

[, + (5.205b)
va 2 =T, LG, VLG,

1a tan s6 gi6i han trén cia d4i thong.
a

0 ¢y Oc2 ® 0
7
7/
4 X
/
/
b ]
h :
1
4 g ,| h
, L I, !
| 7 ) I
gy 1 kK F---- ya |
J , V4 1 1
0 . (J)o c2 (0] y; 1 i
1 / ] I
| 7/ Xcq | :
. 1 ’
T 0 1 1 o
[} 0, ] -
t I -
1 r 7
1 1 7 Xex
| 4

Hinh 5.82: Cdc théng sé séng cia mach loc théng ddi logi k

Ta c6 quan hé:

e Wgp = 0 (5.206)
Tir (5.182) va (5.183) suy ra cdc hé s suy gidm va dich pha:
- Trong dai théng: a = 0 ' (5.207)
va b = 2arcsin [%0%“’—5’—] (5.208)
trong dé AQ =l((o02 -gy) -1 (5.209)
2 JL.C,
- Trong déi chdn: b = +x (5.210)
va a = 2arch [m;:)% %] (5.211)

Véi AQ cho bdi (5.209)
Tix (5.184) va (5.185) c6 thé suy ra cdc trg khédng séng:
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k
Zo, = : (5.212)
1 _(@,ﬂ% ..ﬂ?-svp_)
20 AQ
O+o, O- 2
Zer =k 1| 2 —— 5.213
cT ( 20 AQ ) ( )
4- Loc chdn ddi logi k
L,/2 i —y — L,/2
Lo Lo Y
2C, T ry 2 2C,
Zer E 2L, Zey Ze, 2L, Zer
a) b)
L,/2 3 - L,
— c C
2c, C.  2c, - G =
Zer L o Zor Zex
CT 2 CT C 2[_2 2[_2 C
) d)
Hinh 5.83: Mach loc chdn ddi logi k
Loc chin dai loai k dugc vé trén H.5.83 véi:
L].Cl = L2C2
Nhanh doc va nhanh ngang c6 cong hudng ap va dong & tan sé:
ool 1
° JIiCy szcz
. 1
Zl = ————!——“—' N Zz = J(O)Lz ——‘—J
il 0C, -+ Gz
T (5.180a, b) suy ra da1 thong la: _
(56.214)

0<w<wg va 0 20

ddi chdn la o¢; <o <ogy
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a , : ] '
E ZCn : ,I : ZCn
: \ /7
' kpeZ--n-- B PRl SRR EREE
' II / :
: ' ’ '
| : R l .
E J ¢y E ,/'o)o E Ocz ©
: Y '
; 2 by !
1) Ocy B2 02 : l,XCx .
) '
‘.')- t :
x(:Tl," i
G ,J/‘"i ________________________
Zer ,’/ E Lot
0 gy (')°§ ) -7 s T
E ;/ Xer
Hinh 5.84: Cic théng so song ciia mach loc chdn ddi loai k
Vi oo =] e 28 L1 (5.215)
LG, L,C, (LG, |4
1 16 1 )
Weg = + + (5.216)
(\’chl L,Cy * {LyC, }Z
Ta ¢6 quan hé: g, .0, = 0F
Dat aAg=Yce=% __ 1 (5.217)
2 4,/L,C,
Tir (5.182) va (5.183) suy ra cdc hé sé suy gidm va dich pha:
- Trong dai théong:a =0 '
va = —2arcsin[ 20 _AQ ) (5.218)
’ O+0, O-0,
- Trong dai chdn: b = #n
va a= 2arch( 20 _AQ } (5.219)

0+, O-w,

Tu (5.184) va (5.185) suy ra cdc tré khdang séng:
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Zer = k (5.220)
2
1 2o A0
W+, 0-w,
20 AQ Y
ZcT=k\/1—f el (5.221)
L wt+w, o-0, )

K&t lugn: Tu viéc phin tich bon loai mach loc k trén cho thdy ring:

a) Trong dai thong trd khang séng la thuc va 1a ham cua tan sd, ngoai
dai thong la ao va cing la ham cua tan so. DPé dam bao phoi hop song (phéi
hop tré khang) trong dai thong ca vé hai phia s¢ cap va ‘hi cdp, cic trd
khang tai va tré khdng trong cla ngudn cung cdp cimg phai thue va bing
cdc tré khdang séng Zepva Zg, tuy theo dang cac nia mi loc ¢ hai dau
mach loc.

b) Tir d6 thi cdc théng s§ séng theo tin s6 cua cdc leai loc rén cho
th&y nhuge diém co ban cia mach loc loai k la:

- Tré khéng séng thay déi nhanh trong dai thong lam ~ho vi¢e phdi

hop tré khdng giita bo loc véi nguon va a ¢ phéihop
. véi tai khé thuc hién. Néu khéng phdi rd khang -
hop tré khang tét thi dic tinh tan a(w) ‘ \';:‘;“9”
clia hé s6 suy giam sé& kém chat lugng /,’ trd khany
(vi du nhu H.5.85). -7
. v 0=
- Su tang cua hé s6 suy giam a We ©
trong ddi chdn qué cham. Hinh 5.85: Hé¢ s6 suy gidm a (¢
5.7.3 Loc loai m ctia loc théng thdp logi k khi ¢6 va

X . " khéng cé phoi hop tré khdn
Nhitng nguyén nhan dan dén phai rong co phot hop g

xét mach loc loai m la:

- Cén c6 tré khang séng khong thay ddi trong dai thong.

- Tang téc dd tang cta hé s6 suy gidm a trong dai chdn.

Dé thuc hién cdc muc tiéu trén, can phéi thay déi cdc thanh phan cia
nita mét loc cd ban loai k, dé sao cho véi nia mit loc da bi thay déi ta c6
duge tré khdng Zcp hodc Zc, khong bi thay déi. M4t loc bi thay déi nhu
vay duge goi 1a loc loai m. Sy bing nhau gida tré khang séng cua mit loc
loai k va loc loai m ddm béo hai loai mach loc c6 cung dai théng cing nhu
cho phép néi day chuyén giita chuing véi nhau.

1- Cach tgo mach loc logi m tw mach loc logi k

Sau day 1a hai cach d€ tao mach loc loai m tit mach loc loai k:
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» Tao mach loc loai m néi tiép:

P - - B s B
) P S— e
z,/2 Zim _ mZ,
2 2
= 2z, -— — [] 27 -—
Zcﬂ [] ZCT ZCnm o ZCT
a) Loc I loai k b) Loc r loai m ndi tiép
—{ 1} — T J—
Z1/2 Z‘—mz m_z1—
2 2
— 2z -— — 27, -—
Zer ? H Zex Zer ? [] Zeam
¢) Loc 1 loai k d) Loc "1 loai m ndi tiép
—{ 3} g N —_— Y11
z,/2 z,/2 Zim _ mZ, Zim _MZ;
2 2 2 2
—— ZZ D e ——— 22 e el
Zer Zer Zen " Zer
e) Loc T loai k ) Loc T loai m
Hinh 5.86: Tao mach loc logi m néi tiép
Xét H.5.86
Chon Zj;, = mZ; (5.222)

v6i0 £m<1
Ta tim Zgy, dé cho Zory = Zet

Ta cé: Zeqp = ’Z]Z2(1+
- Zim mZ
Loy = ‘jzlmz2m ( 47, ]= ‘ijIZZm [1"’ 4Z2r1n )
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Zor = Zomm = MZ Zgn L1+ ;‘;ZI ]: 7,7, (1+A)

2m 4Z2
Z, Z;(1-m?
Lz, =l2,Adom) (5.223)
m 4m
A A . ", P Z2
Vay Zom gdém hai tré khdng —= va % y
m mZ,
Z,1-m? . . : 2
LU0 s tiép, vi vdy ta goi 12 mach 2z
4m m
loc loai m ndi tiép. Zer 2Zzm f2
Ung v6i mot mach loc théng thap 1.m2z
(théng cao, théng dai hodc chdn dai) loai k am

ta s& ¢6 mot mach loc théng thap (thong

T

4
14

cao, thong dai hodc chin dai) loai m néi
tiép tuong Ung. : Hinh 5.87: Loc logi m néi tiép
Vi du véi loc thong thap loai k thi:
Z, =joL, < dién cdm L
1

== & ‘dién dung Co
joGC,

2

= Z, =mZ, = jomL, & dién cdm mLj

Zo.. =
2™ " m 4m
2
== 1 "’J'ﬂl?1 = L
jomGC, 4m
. I . aea 2 1-m?
& dién dung mC2 mic néi ti€p véi dién cam - L,.

H.5.88 1a loc théng thap loai m néi ti€p hinhT.

Tré khdng séng Zou, # 2o, va la: — 0 —
mL,/2 _l_
mC,
ol 2 i —
ZCT 2 ZC:m
1my
2m

thay Zim = mZ; va Zom béi (5.223) ta dugc:

Zcm=" Z1Z2 [1+(1 m )Zl]

V 1424 4Z, Hinh 5.88: Loc théng thdp hinh
2

T logi m néi tiép
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2 Ly
1-m*)Z ‘
o Zgo = Zog | 1+ 57200 (5.224)
4Z,
+ Tao mach loc loai m song song:
Xét H.5.89 .
Z. . ‘
Chon Z,, =—2% v6i0 <m < 1 (5.225)
- m
Ta tinh Zj,, dé cho Zgpy = Zcy
’ 2.2 ’ 70 Zo
Ta c6: e Cn111 lm 2m
1+2Z; /422 Ziw! 425
1
oty Twly/m 11 (5.226)
1+ é L. 1+ Zlm.’}} Zlm I'I]Zl __éil}_ 5
47, 47, 1-m? °
. . L . . m p .
Ta thiy Z1,, gom hai trd khdng mZ; va —-Z; mac song song nen
1-m~
ta goi la mach loc loai m song song.
# — 4 — (%} 4
Zy Z,/2
2 ol 2z s
S -— Z 2 Z
Zex lj 22, Zey “ []222”’:?—; e
# 4 — /
a) Loc " loai k b) Loc I loai m song song
- I 4 —{ 3 +
£ 2,2
2
PR — 222 —
Zer [] 222 Z,, Zgtm [] 2Z2m= " Zca
# 4 y S— v
¢c)Loc 1 loaik d) Lec 1 loai m song song
# I L ,l - | o | f
Z, Zim
2z
—— 27 -— — _222 2m B
Ze, [] 22z z Z, Zon [] Lom= [] 2% Zex
' T ™ m
# 4 4. —

a) Loc n loai k b) Loc n loai m song song

Hinh 5.89: Tgo mach loc logi m song song
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—1
mZ,/2
| mm— — ]
—{ 1}
Zetm i-m* 2 ™ Zen

Hinh 5.90: Loc 1 logi m song song
~Tré khdng song Zery, # Zer va la:

Z
ZCTm = JZImZZm (1"’ 4Zl;nm ]

thay Z,, =Z_ni va Z1m bdi (5.226) ta dugc:

1

2
14 =mDZy
47,

(5.227)

ZCTm = ZCT : [

V6i mét mach loc thong thap (théng cao, thong dai hodc chdn dai) loai
k ta s& c6 mot mach loc théng thap (théng cao, thong ddi hodc chdn dai)
loai m song song tuong ung.

Vi du véi loc thong thap loai k thi Z; = joL,, Z; =- 1
JoCy
Z, 1 A
Suy ra: Zy, =—==- &> dién dung mCy
m jomGC,
1 1 1 1 1
= + =~ +
Zyy mZ, _4m , jomL, 1
1-m? "’ ' jwl.lr..lﬁc
4m 2
——
mL,/2
e <
- =
2
ar— mcz mCZ el —
Zetm 2m 2 T Zc,

— 14

Hinh 5.91: Loc théng thdp hinh 1 loai m song song

2
1-m C,.
m

& dién cdm mL; mic song song vdi dién dung

Hinh 5.91 trinh bay loc théng th4p loai m song song hinh 1.
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2. Tinh chdt ciia mach loc logi m

+-Néu diung biéu thic (5.176) d€ khdo s4t hé s6 suy gidm a trong dai
chdn cda mach loc loai m, ta s& thdy dic tinh tdn a(w) c6 dang dinh tinh
nhu trong cdc H.5.92a, b, c, d.

Tt H.5.92 ¢6 nhén xét & mach loc loai m trong dai chin xuat hién cdc
tdn s6 ma & d6 hé sd suy gidm a l6n vé6 cing. Céc tdn s& nay cé tén goi la
tdn s§ suy gidm vé cing «_. T4n s& nay phu thude vao gid tri cha hé s6 m.
Vi du H.5.93 trinh bay sy thay ddi cia w, theo vai gi4 tri cia m doi véi loc
théng thdp loai m. Nhu v4y ta thdy c6 thé lam cho dic tuyén suy gidm
a(w) khi di ra khéi ddi théng c6 d¢ déc 16n tay ¥ bing cach chon hé s6 m
thich hop. Pay 12 mét wu di€m 16n cia loc loai m so véi loc loai k vi do déc
cia a cda loc loai k khi di ra khéi dai thong c6 gid tri hitu han va khéng
16n 1&m. Tuy nhién tir H.5.93 ciing thay ring khi tin s& di ra khdi tdn s6
suy gidm vé cing vao sdu trong dii ch4n thi a lai gidm xuéng kh4 nhé. Pay
la m¢t nhuge diém 16n cda loc loai m so véi loc loai k vi trong loc loai k tdn
s0 cang di xa khéi dai théng thi a cang lén.

a ! !
' X
i t
. '
' '
) — )
0 o¢ O o) , 0 0, g ©
a) Loc thdng thép loai m b) Loc thdng cao loai m
2oy : a | :
s : ! i i
H : 1 1
: s : :
: | :\/:
o | Ne
: : | E E
0 Ol Oc1 o Oz Oup o 0 O 0 0, g Oz ©

¢) Loc thdng ddi loai m .
d) Loc chén ddi loai m
Hinh 5.92: Bgc tinh tdn a(w) cda loc logi m

Sy tén tai cla cdc tdn s6 suy gidm vé cung & mach loc loai m c6 thé
dugc thdy bdng cdch nhén xét ring: khdc véi loc loai k & loc loai m cdc
nhénh Z)y, va Zgp phiic tap hon (vi dy xem céc H.5.88, H.5.91) va trong
ching c6 thé€ x3y ra hién tugng cong huéng néi ti€p hoic song song lam
ngdn mach Zoy, = 0 ho'ac hé mach Z;p, = 0 ma dén d&n a vé cing Tén (tin
hiéu hoan toan bj chin lai) & mgt vai tdn s& nao d6.
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hiéu hoan toan bi chiin lai) & mét vai tan s6 nao dé.

m =0,75

m = 1 (loai k)

Hinh 5.93

Tu (5.224) va (5.227) ta thdy ring cdc tré khdng séng Zop, vad Zom

phu thugc vao hé s6 m. Piéu dé chi ra kha ning néu chon m thich hgp ¢6
thé 1am cho Zopy, VA Zog, it phu thuge vao tdn s§ nhat, nhé d6 viéc phéi

hgp tré khéng dugc thuc hiér dé dang hon.

- m=1

ZCnm ]
(loai K)

ZCTm

m =04
m=0,6

m=0,8

m =1
(loai k)

b)

Hinh 5.94

Vi du trén H.5.94a, b trinh bay dnh hudng clia m lén tré khéng séng
Zopy VA Zeg, 46i v6i mach loc thong thdp loai m. Ta thay trd khdng séng
it phu thudc tdn s nh4t trong dai théng néu chon m = 0,6. Nhu vay c6 thé
dung céc m#t loc hinhT hoic I' loai m néi ti€p hodc song song dé phéi hagp
trd khdng vdi ngudn va tdi nhu trén H.5.95.

Trong I! £.95 nhiém vy loc duge ddm nhéan béi hai loc hinn 1'(n) loai k
va loai m ma bé sung wu khuyét diém cho nhau. Mt loc T(r) loai m d€
Gam bac khi ra khdi dai théng @ tdng rat nhanh. Mit loc T(m) loai k dé€

&
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ddm bdo khi di sdu vao dai chdn a ting l6n.

Néu hai mit loc & gitta 12 hinh T, thi d€ phéi hgp tré khdng véi nguin
ta ding nira mit ioc hinh T loai m néi tiép véi m = 0,6 (xem H.5.86b) va
Zy =Zgmy > cdn d& phéi hop tré khéng véi tai Zo ding nia mét loc hinh
Tloai m néi ti€p véi m = 0,6 (xem H.5.86d) véi Z, =Zcrm - .

Né&u hai mit loc 8 giita la hinh =, thi ding nia mit loc hinh T loai

= 0,6 song song (H.5.89d) v6i Z; = Zcrm d€ phéi hgp tré khédng véi
ngu6 va aung nita mit loc hinh T loai m = 0,6 song song (H.5.89a) véi

Zy = ZoTm d€ phéi hop tré khéng véi tai Zo.

phéi hgp phéi hgp
trd khang nhiém vy loc trd khang
—A e, _~ N - —
I— Loc Iqai : Loc loai
Z, m=06 Loc Loc m=06
hinh T *_;‘"" hinh hinh ']
) noitigp |- T® T("_) . néi tiép ‘ ]Zz
£ loai loai
1 (‘1 song k m {I'song
' scng) | - song)
ZowmlZeTm) Zer(Zey) ZarlZc,) Zer(Ze,) Zeam(Zetm)
Hinh 5.95
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